9 Cctober 2006 WO 03/087824 PCT/ GB03/ 01505 CHARGE- BALANGH:GEHENGSELECTI VE
LI NKERS THE PRESENT | NVENTION relates to constructs in which a plurality
of active 5 1 noieties are attached to a carrier, for exanple a protein, a
glass slide or a polyneric surface and to |linkers useful in the formation
of such cord@eye84 In particular, the invention rel at eBCT/GBEWISISI UCt S
havi ng a chenosel ective and sel ected quantifiable degree of |oading. For
exanpl e, high | oading soluble protein constructs are provided, in which
the active noieties, or epitopes, are linked to the carrier via a 10

| i nker. The linkers also forma part_of the invention and are_sel ected such
that the chem cal @HARGEMN@E&ICHEM@SEE@I‘W%d carrier
is chenosel ectively controlled and the charge pattern at the surface of
the | oaded carrier closely resenbles LE[T@KE ghe unl oaded carrier. 15
Background The coval ent chem cal attachnment of an active noiety to a
carrier is a fundanental process that lies at the heart of a diverse range
of scientific disciplines. For exanple, the attachnment of peptides,

ol i gosacchar i ddsJ VDNARESERIN VENHAM ielatesor gamstwcts i vbish lagduralaty gif astéves| i des
or chips has given_ri r field of,diagnostic,20 [ eeni ng,
w th exanpl e gpp i%lgftelﬁ%nér%s%@%egsqgtaggl cor gg’i Sﬁalmpgeegtp???ambfl %%5\7\/ Sil 2 al
entities and geobtmeticpuahéd amigto Bbkteac hpafinlt inofhet foamaiameoft suple cohstimobsecinl es t o

polyneric surfaces h applicatjons in diverse fields such as affinity
Do T eati on oradiear T SRR aeRS Io sPafhéS iRtk peternsiiva el bk ¥
e: icit a ph?/si Quagifiable deg@e?nmdfﬁg. F?aniapﬁ, hifE loMdinaho®R) ﬂr&@ilnptfoﬂﬁitﬁﬁzﬁsp
~Alternatively, attachnent such nol ecul es to 25 i mmynosti nul at ory,
proteins has aﬁms’feﬁ%ﬁnwﬁ@ﬁﬁe 1HF ERodtied PR CAEPPY a{ffé&@?iéﬂ thg &eih ent .
Wthin eagh of inkeserid Blids, auUBEe 35t ofanp inveAidnOmdi ste SRR\IAARIGH P t he
stringent control, of a nunber of key chem cal and é)hys_l ochem cal
par anet ers bei §HeBIEH; Roju @f reaction betweeh. the active moiety and catrier is chemoselectively
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 inmunostimulatory proteins has application in the field of synthetic vaccine

development.

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

contrel of a number of key chemical and physiochemical parameters being achieved.
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quantitative and qualitative control of the covalent attachnment chem stry

since this should provide a final construct that exhibits an optinal

conbi nati on of nol ecul ar di splay and physi ochemi cal characteristics. Each

appl i cati onwonassTeany subtl e variations of these key requpCEGBIBINS5050

consider, given the 5 range of chem cal diversity and intrinsic

characteristics present in active noieties such as peptides,

ol i gosacchari des, DNA or snall bioactive organic nolecul es and the

di fferent physi ochem cal properties of a glass slide when conpared to a

pol ymeric bead &8y &bjspiéteeisnto dpainrauapiéaiiney ando pinbitative fontyelt ofetie ccovelewti nes

di spl ayin e r [ ons
Playing pepbihnaiPbicaRas, %9& HE AL prfl o c&lfsgéese I%eex}sﬂ,?t

need to be considered as scribed bel ow. ept |
epi topes for vapémHecombinationwé molmlaaldisylay agd |Ph1691®b¢mmglachatﬂntenﬁtlcscﬁ¢chl er

prot et s Lo bt Quifleich IROSLY SRl MO esk 8oPLONElR AN, LTE JL6RAQNS 1O

15 the | ow nol e ar wel I mmunogen 1 n vivo SIS
Schene 1 bel owrangeoéc]ann@pﬂitmpéy frk) intrimsic ebarbobetistiest presanicin laptmgamfceet(eﬁ}suchnd a

carrier protein (3 An .i deal vacc 0 ruct
woul d contain & i(‘i’ %f]’?t%u‘%fg(gﬁ%a}baﬁ@%sr’ }é}ikoqf g’l‘%‘ B BT BB ﬂfih@ar rier
protein, whil sﬁlffeﬁnalphysitg:h&bgbl PGpeiesSofSO plaky élidbywhen%dipﬁﬂc@ m@lalpolyrﬁdi}ﬁ

| i nkage create tvveen the carrier protein and epitope ideally would 20 be
i mrunogeni cal | ératpr%?ﬂ} not involve residues or functionalities critical
to epitope recogniti on (Briand. J.P., Miuller, S. and Van Regennortal,

M H. V. J._|nmupol hods 78, 59- 69 1985). Presently, the_nost corrm)nly

used et hb‘hs of® th&é‘ﬁ'f enpf yithetievaseiaprdisteving Beptidiqpitoprenion Pxamply fnes

i nvol ve chem Cﬁhrhh(er%%hbﬂé R&GdtohEndc@aChd &Hﬁdé&\k&&v&h%ﬁéﬁhﬁiﬁﬁéﬁﬁv (Avraneas,
S. and Ternynck, T. 25 mmnochem stry 6, 53, 1969; A H, Feal rheI I er,

S.H and Fil achi one, E. M J. Bi ol . 65, 525 1972 Rei chl i n,

Met hods in_EnzygpliedientiRld-as ElitopeSifor viRM %@ﬂeﬁt al ?Ié%u
[ Academ c Pr essgﬁNew e%r B Blofgg igg f&g ca?%{ (N des (ﬁ]rl end,
T.L., Levine, karighpfolels MBI‘OV(QGB cogsiiushwidh which t0 Provoke an immune response to

15 the low molecular weight imununogen iz vive. This is iliustrated in Scheme 1 below

where an epitope (1) is reacted with a conjugate (2) and a carrier protein (3) to give a
construct (4). An jdeal 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. I.P., Muller, S. and Van Regenmortal, M.H.V. J. Immunol.
Methods 78, 59-69, 1985). DPresenily, the most commonly used methods of
conjugation in the preparation of experimental vaccines involve chemically non-
specific reactions with glutaraldehyde (Avrameés, 8. 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..T . [Academic Press, New York] pp. 151-159, 1980), bis-




1964; Baum nger, S. and WIlchek, M in: Methods in-Enzynaloegyer2esd . 70,
eds. Van 30 Vunakis, H and Langone, J.J. [Academ c Press, New York] pp.
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di azoti zed benzidine (BDB) (Gordan, J., Rose, B. and Sehon, A . H J. Exp.
Med. 108, vBYe3/088B8) or utilise nmaleimde derivatives thatT/GBisypisan t he
presence of a thiol nmoiety (Liu, F. I., Zi nnecker, M, Hanmaoka, T. and
Katz, D.H Biochem stry 18, 690, 1979; Yoshitake, S., Yanada, Y.,

| shi kawa, E. and Masseyeff, R Eur. J. Biochem 101, 395 5 399, 1979;
Green, N, Alexander, H, Oson, A, Alexander, S., Shinnick, T.M
Sutcliffe, J.Gdiaggired benredine @DR) (Gerden,Jg Rasg B. and§ohon, Sikhok Eun dlach 498, cal
nature of the 9P | bgé’)%nﬂ Ehﬁ}&zﬁid% %u%%echt g%n% ﬁf‘eQéﬂcQSfEﬁﬁél 'S a
rapi dly advancing di'scip |ne the a tec% I ques are no | onge
fully 10 conp#tindf.€l. y\Zmecﬂ&heMDHanmmaledl Kar:n, ol eBiohlemiigtyrlide620, THED;

i ntroduction o St r.uct u char ac rlsa n-an I nts
such as the usfgoo |su(%famc?é1a’cohi;s |?’i§tlanp Bﬁs og%rsgal% 2’ 'gﬂlctﬁugga

m m cs of §he 6¢8,t197€; iGredn] S\Iﬁa.ﬂexmdegnﬂj r@isore ., Hlequder,es shérmick] @.xnd
acutely control]e t od of ¢ nsure the chem' cal integrity
of the | oaded 8PF ﬁ%%g emgx]gé* %%gtzg’o‘ﬁfu%gﬁ on nethods suffer froma
nunber - of 15 experi nent aI difficulties (Schene 1): (a) QJaIitative and
guantitative asses rre t of | oaded, epitope fromthe cgg truct

sonet i mes chenPt&f ity caumisphnalies efdhe cperh avfirgarhy ke OfrﬁPB#ngtapqwﬁber of
chem cal pr 009§ dl 'zﬁivﬂﬂidi’@ BI¥BphiSe, (nﬁlhrv]f%ﬁ'(ihe gbdve: tebihiduRE areSho BdGerVAilly
Regennortal , [ 'munol . ods 78, 59-69,1985). (b General ly,
as the suld acec¢ww1&thém¢ ajvapged egitops chgmipirien dhe iodestion af imapeved pe
i ncreases, | OWstﬁ&ﬂnéerﬁ&%%ﬁ dafbh &é&hﬁﬁbﬂeha&%s QIchtaQﬁaeQBQéf‘ dikiiad RnQRaee ved
(Qamar S. , Islam and Tayyab, S. "J. Biochem 4, 786- 792, 1993). 25
(c) Introducti beptige IQﬂpngf%@uwlrm@@lo’éé@tctp@eBe ilslts:mtmele@awmeay reqyae
presence- of t hgpecfﬁ*a aﬁh a%ﬂ&gkéﬂh%ﬁkd b &BHeE B8 B Hihd S TRk SicA g5 ARG S ed
conj ugation and nmay |ead t

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 mumber of

chemical processes, is problematic (Briand. I.P., Muller, S. and Van Regenmortal,
20 M.H.V. J. Immunol. Methods 18, 59-69, 1985).

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

25 |
() I.ntroduction 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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PCT/ GB03/ 01505 4 CONSTRUCT Epitop +Conjugat + Carrier Epitop Conjugat
Carrier Protein Protein (lI) (2) (3) (1) Linkage chem stry is poorly
controlled (2) Loaded antigen quality and quantity difficult to neasure
Const ruct swqes/dsiseal airy those with high surface cover ape/ebo3mosofugat ed
epitope are of | ow and unpredictabl etaqueous solubility (4) Schenme 1.
Tradi tional conjugation of an antigen to a carer protein A nunber of the
above issues have began to be addressed in a new generation of constructs
detailed in WO A-0145745, which describes the i nvenkhsrrQbr @ process that

allows the controlled |Iinkage of—a. peptidic epitope to a carr protein.
The process 5 prgyidas a—const rfwatied 7) from which{he gualjtg
quantitative ass to%ﬁ”pﬁl oadi ng can~ge

chemcal neans as (M lustr@ted i hemes 2&3. CONSTRUCT CLi™W PP
Linker Protei (7) ($) (6) (1) UkRage cheni st ri¥irbetmiaai hammahe 2o

Epi tope' --' Linker chemistry is stable in biolagical nedia, but ‘easily
chemcally reversible 1> epitope quality and quantity i% readily defined
Li nker-Carer Protein Intermediate and final consEdithimebatdnoasar|y those

with high surface coverage of |oaded epitope aﬁ@“ﬁ?“?%ﬁfﬂ%d unpr edi ct abl e
aqueous solubility

Scheme 1. Traditional conjugation of an anfigen to a camier protein

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 loadiﬁg can be determined by simple chemical means as illustrated in Schemes

2 &3.
CONSTRUCT
. |Epitopa :
i : - Carrio
*_" Linker 1 protoyy) ——  Loptopd=—t Linker o pieiy) (7)
—
(5) (6) {1) Linkage chemistry is conkrolled

(2) Epltope—= Linker chemistry is slable in biclogical
media, but easily chemically reversible

I:} epltope quality and quaniity is readily defined

-

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

Scheme 2. WO-A-0145745 controlled conjugation of an epliope to a carrler 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 fonctionality provides a point of attachment




Scheme 2. WD A-0145745 control |l ed conjugation of an epit9opetob& 2e0ecarri er
protein WO A-0145745 descri bes a chem cal |inker (5) that contains a
carboxylic acid and an 10 al dehyde functionality. The carboxylic acid
provi des a point of attachment to the carrier protein by the formation of
a secondar wasiageszbond between the linker and the carriBIT/@EBGIEIN

accessi bl e surface lysine residues - & process that yields an internedi ate
Li nker-Carrier Protein (6). The al dehyde functionality provides a point of
attachment 9 Cctober 2006 WD 03/087824 PCT/ GB03/01505 to a peptidic
epitope in a controll ed and chem cally reversible manner. Since the

pepti di c epi t offedibeRtidis eprpedsf semrofieth gnd sesmically| srverable pgwer. Since the
functionaliti _G§e;(ﬁ§{6! GRop@RLdl 8P bstifin ThAS BORCAS, FARHRI BhRRInAMS Gmino
carboxylic acid, thiol, alcohol’, imdazole, indole), controlled reaction
to (6) is achiasieeesidie oidgivhripecainining epast rayeoxylie aeid.dhiobfalwhels ymigaacls, o

hydr azi de functj I | nt i1 i i ene
3). HO Carri e}rﬂdgfl%?’ r?hlg%&%%ggﬂ %t@? %Skh%%l)%pﬁld t%(%t% vg{ei dg%mg%n%l n llgﬁmgg(ra oxylic
acid Jl. % Caf@)ivdth adhyf@yide fiinatiey, inttofucsd sitmthSepitapediat syathetis (Hehdiet Jeen

~epitope hydrazide and |inker al dehyde Epitop NN '~ Carrier (7) Linker H
‘Protein 0O Chemcally labile bond for easy quality control / and '

quantification of |oaded epitope Biologically staptesCONSTRUCT Schene 3.
WO A- 0145745 control | ed and rev%ﬁgi Bor ;ﬁ;oldgali giargdry an epitope to a
carrier protein The hydrazide, bei ( eak base,\"F6is a stable

acyl - hydrazone bond with the

Activation of linker carboxylic acid

)H\ j\ Carvier 6
0 ﬁ/ Protein/  (6)

Conftrolled reaction between epitope
hydrazide and linker aldehyde

(o]
4 H Carvier
N\N/J‘\ﬁ/ (7)

_ o
Chemically labile bond for easy quality control‘-/
and quantfication of loaded epitope Blalogleally stable GONSTRUCT

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 _nﬁcleophjles on the epitope are proionated 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 vig 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
spéciﬁc 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, L., Jones,




al dehyde functionality in (6) at mldly acidic pH At théecpbér2b@si c side
chain 10 nucl eophiles on the epitope are protonated and excluded fromthe
conjugation reaction (Jencks, WP. J. Am Chem Soc. 81, 475-481, 1959;
Reeves, R L. in: The Chem stry of the Carbonyl Goup, ed. Patai, S

(I ntersci emaegsiogmadon) pp. 600-614, 1966). Hydrazone f orcmEGBGOISAS

previ ously been enployed in conjugati®n reactions via G term nal

hydrazi des and N-term nal al dehydes that are traditionally generated by 15
sodi um net aperi odat e nedi ated oxi dation of an N-term nal serine residue
within the specific (grot ei ns and p%(%ti des 5(Ki ng, T.P., Zhao, S W and Lam
T. Bi ocheni st r§-Mgnd Gtford, B.E. Figgr. kéee, 21154-199) 4%Us Sacynes, HFpKoese K- R |
Veuni er, A Fbsh B Tif9s, il Rbegd 20084, 0. OHUAR @96nPETHERRR 01505
6 RM and Oford, RE. Bioconj. Chem 2, 154-159, 1991, Gaertner, HF.,
Rose, K., Cott¥d) R, Tims, D., Canble, R and Offord, R E. Bioconj.
Chem 3, 262-268, 1992). 5 The process described in WO A-0145745 offers a
cl ear advance conpared with previous nethodol ogies due to the controlled
nat ure of % he Tomprogedsi descrired ciedWiOrA-017514S pifos es sleal ddyamceacomipgted | widlel of

construct qual jity. control, .ta be achjeved rough hem cal..rel ease and
analyt | cal TcnaripE; eliBrohBey el R Seroleli BHHE of T Crb BB s has
provi ded an i npiiepgicess Aldwanddghileys nd cpiseuctapalityiohiosigo be Hchiwredrthrouple whol e
guestion of construct solu ilils;%c’ n e%ual_lé %ﬁgortgnt.t consi deration for
the raising of°l’§ﬁ‘ﬂ‘? Tlfascand ipe @Jc?}ﬁﬁ‘ﬁ ORPIRE T BB L BN OB Y essed. W del y

used carrier proteins such as bovine serumal bumn (BSA), oval bumn and 15
keyhol e |j nmpet__haenocyanin (KLH), have a finpely, bal apced, surface

di st ri buth%n oWO-érPéﬂéé‘?S B PRy e o a:\apraswenﬁdéfﬁ%@pp‘fyaﬁ% B meteds t o
these and ot hefoRéwt eiths Whoilé UiieStion! RE BRsBRGe sakilif S | dypdliyonmPérimbar ge
within the protein and | eads to an overall change 1in its ispelectric point
(pl) and of t encopaiderptien fop thegrising ek ankiberiespng sascnatenciens sothsenpddrespsd. at a
rel evant pH As detailed in Schenme 3, each linker unit reacts with an

accessi ble 20 surface |lysine residue to forma secondary am de bond, thus
renovi ng a posMidele used carrier proteins such as bovine serum albumin SA), ovalbumin and

.15 keyhole limpet haemocyanin (KLH) have a finely balanced surface distribution of

charge. Conjugation of a linker/epitope preparation to these and other proteins disrupts
the baiance 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 carrder protein surface. As the surface coverage increases, a
concomitant increase in unbalanced surface negative charge occurs, along with
increasing steric hindrance within the construct (An_sari_, AA,, Kidwai, S.A, and
Salahﬁddin, 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.
Aecta 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




charge fromthe carrier protein surface. As the surface soeebageos ncreases,
a concomtant increase in unbal anced 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).

Conf or mat i ov@ds/astenge i s brought 25 about as the | evel s pfT/aBosloasos on

i ncrease, as shown in a previous study of the succinylation of BSA in

whi ch a change of Stokes radius from3.7 to 6.3nmwas observed upon 87%
succinyl ation (Tayyab, S. and Qasim M A - Biochim Biophys. Acta 913,
359-367, 1987). This may eventually | ead to a destabilisation of the
carrier protefi® PEref ﬁleSOE{BFRJ@t Wéreén@dpf‘lé%‘i’%h?sathf‘o‘ﬁwofso? A BADEr et .

Furthernore, begayze &f r§@m§ he éjr&f}ﬁﬁﬁsﬁ {hB d&%ﬁc Hﬁ@i@tﬁl&?b&ﬁﬁégﬁmé 'ﬁﬁel | of
the nodified protein |s reduce as Oct ober 2006 WO 03/0

PCT/ GB03/ 01505 (Shaws el Grigtsieyh 6 RyoVekaviev; §}I oMekasey, dhd. apbPisackds If’ﬁé new
i soel ectric poight ot cy i pi.t idic
medi a t hen becg}f:rkeswm)ﬁ\yg)e6 %S?Eg?ﬂ F{@%éﬁﬁ&&&ﬂ% gfl ns @y@ré%éw aocE

G |., Makarov, cowvgatiamdsiiRache ﬁ@all\hydmzmte. bongclormdtdp tepGes bﬁl,topzomi)lmk@hl s is
partlcularlyr a o efe . Tt of .5 J tign I t he
final hydrazonggrﬁ%rn]g’%?%nr AI’% be %J t‘"’ﬁ‘dé“'pPI?gg%W%"dPIﬁ?Qﬂ@?‘%@c‘gr %mzé’r\ggot ein
(6) is perfornBdgateyad®.Oli Chpiduicdoinhy L., Bthridink) K.Boamd (ferineZeHF, BMgon).
Reganey, P.O., e vi.ch, L.V .. Standin ertne

B ocon) | ChenCin. b aa2isk 1ophclnteet i die ot RO- 3045 B s ionis e
precipitation Ghkdriarmiet ipfteii -ittaiddRte [B) OVl fbskive® HITee i bifendpfdd Wadinglger ved
prior to attenpt.ed |oading of 10 epitope. A major cause of construct

i nsol ubi I {%y afPifiP§h surface coverage may be due to the build-up of

unbal anced surface charge upon | oading of epitope-linker. Mdification of
groups contributing negative charge may result in a net increase in_ the

i soel ectric 15AJBARE catpof é%h'&?ttl%ﬁoa’tbllﬁh aphigh arfrgGovsross Banpe dupitatheng
functions may @Ry of WbAGhced AREIE BB Eze Upoh ﬂﬁdin}é/%? gﬁﬁb&;é—lﬁm@ ohhifeltda

protein. As the relationship between sol ubil Is a function of
the isoel ectri &oypy genteputingcegatiye chprge mvy wHilt it ¢ nebmc@meal@eth@ﬂm@mc

15 point, whereas alferation of the positive charge bearing functions may result in net
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, proﬁdes 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 conjﬁgation (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 frivial, since the chemistry involved in the
initial linl;er—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 écylation of the carrier protein with the linker. A more

pragmatic approach to charge-restoration would be through the introduction of a




- positive or negative charge |ost through chem cal nodifi @adtabe; 2006 0vi des an
efficient way of controlling/inproving the aqueous solubility of highly
nodi fied proteins. This 20 necessitates the design and construction of a
char ge- bal anced linker (8). Restoration of charge balance within the
construct iVEOe¥IERpt ually sinple and nmay be brought aboetT/GBes/asws case,

t hrough the inclusion of an anmine to Beplace that substituted during the
conjugation (a negative charge may be repl aced through the inclusion of
functional groups containing a proton that readily dissociates e.qg.
hydroxyl or car bazx lic acid 25 noi e& es). However, this solution is not
trivial, since e ¥ThSA IR iSRGt v be dHeteRAY miRkpgen dears; thy psitivg Fhasge,
protein format x@ie teféRintGterbidi fehd @Bdatfoar mat i on and as such, any amne
functionality within the Iinker would need to be protected prior to and
unmasked follow ng the acylation of the carrier protein with the linker. A
more pragnmati ¢hagRs. : s-af |l

i ntroduction og‘ha 90%6%%%3%8@%%3% (Ii)1 768@20%%##&%%) %%%E& Q%{E‘gg‘éaf ernary
amoni um g oupH- T¥Heo.oMatlerbaseshi, -t Mygyambebr Kosdke, Mosite, i X.eandHaroge, T. Jhi | e
remai ni ng i neri; _aey | effec a I.Zat | t he
solubility of %’r‘%’t?eé’:;' ;igkﬁhgzm%ﬁ i i%ﬁ’ggﬂn‘%gﬁ“’( %’ﬁé g?JYE%?ﬁﬂfﬁf een%’?db@#? of
Kobayashi, A., syveliygpotymels andosatomolddular lcbmstrudts (Fshiku) Kotand Riiand, H. Bl ochem

116, 852-857, 4 has 4l s e I | t.Q I npr S bility of

synt heti c pol y#egt?%gla%ggﬁaﬁ%r g%n‘bl g%stgl igsggﬂs%ﬁg’t sﬂl‘af'g'gi %&Kof(‘gtﬁ% lé']}('ano, H.
J. ] Col loid | nSdiafrmgT' BauSer, T.,Zzﬁsseﬂ,%.LlﬂaBBo&Qﬁ%}, vm?/ﬁw'cwjﬁm%ﬁm’e%% F.,
Scharrin usen, T, essen e Boer, A G, rhoef, J.C, and.

Jungi nge?fbaH. = Gy R . 17 2l wc%e.%%%eéwﬁew tHECHIREH PO such a
linker to the willhdfo qHigh Rading whd solhitRe Bokivachaldetbalafadilmberadthic plotdd €,
positive charg ? I anceg i%lr;@l}ﬁr,-carri er pro(Lei n..(9) (Schene 4). In
addition to t h@h g‘ﬁ‘%‘ﬁé fien fo,the fmproyeds sqluhility Charaeiprstiey constmst Ot oul d

al so be prepar gfi@slsd TeOfBpHdOeK af &3 Bk r8peRY iehsbliHs ivhbm @E@Bﬁﬁ@d bpn of

vacci ne candi dates and allowing a nore precise conparison of different
i mmunogens.  1¥Accine candidates and allowing a more precise comparison of different immunogens.
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o)\] Linker ] +ve Charge {/H\OH +
*NH
(8) ’

i Activation of carboxylic acid

oj\ l/(”)\ Carrier
i Linker ! +ve Charge N7\ Protein
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(9}

Scheme 4. High loading and soluble positive charge-balanced linker- carrier proteln 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 necéssity of breaking down the




HO xIIl Carri.er ~" Linker +ve Charge OH + Protein ($)9Obbber2g@ i vation
of carboxylic acid j o Carrier o~ Linker +ve charge N Protein H (9)
Scheme 4. High | oading and sol ubl e positive charge-bal anced |inker- carrier
protein conjugates A second highly desirable attribute in the preparation
of construmaoedos7szhe real -tinme anal ytical nonitoring anecwmerdnos of the
conj ugation process. In WO A-0145745 9nonitoring was only achi eved by the
use of a chem cally destructive release of the 20 intact epitope fromthe
construct. Clearly, it would be advantageous to nonitor the rate and
extent of construct fornmatjon w thout the necessity of breaking down the 9
Cct ober 2006  ¥ADSWBY §8eYgh powieBEarovidushe mpsablist of roptrdlipgige sergygation

noni toring proigogégé the possibility of controlling the conjugation
process. Wiile the increased solubility of the constructs is mainly

I nportant in solution phase 5 applications, the ability to nonitor the

ot 209, ot eningl g ASSELH 00yt AL LOPbEL B OEpR LAy BT IHL
| i nker (8)5is applisatiops, itisd #igfity tol ermiicli the ratasdd, exvant bf mreabticnhis imapoytanttiothk | | nked
(8 shoul d be. [RGB IREHIRRGED & e carrier surface charge (for
exanpl e the protein surface |lysine charge) that is renpved upgn coupl i ng,
and provide a ’%ﬁengierss?gnogn %Ir'g%grra c?ll %f Fgthao'bust positive charge balanced linker (8) is a
surprisingly demanding task, within which many interlinked properties need to be
10 considered:- _
(8  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 (¢)  Carboxylic acid activation of (8) prior to addition to the cartier (for example
catrier protein) should procaéd smoothly with minima! 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.
(¢)  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.
i) The reversible acid lability of the acyl hydrazone bond between the active
25 moiety-hydrazide (for exalﬁple epitope-hydrazide) and (9) requires the linker element
of (8) to be an electron-rich aromatic moiety. '
{g)  The reversible acid lability of the acyl hydrazone bond between the active
moiety-hydrazide (for example epitope-hydrazide) ah_d (9) should not be adversely
altered by the presence of the positive charge.
30 '




(b) The preparation of (8) should be snmooth and reproducblic@berbod C)
Carboxylic acid activation of (8) prior to addition to the carrier (for
exanple carrier protein) should proceed snmoothly with mnimal interference
fromthe positive charge. (d) Formation of the secondary am de bond

bet ween (8W#PSTIRE carrier (for exanple carrier protei®T/eBBakss proceed
smoothly with mininmal interference fri8mthe 20 positive charge. (e)

Formati on of the acyl hydrazone bond between the active noiety-hydrazide
(for exanple epi tope hydrazi de) and positive charge bal anced | i nker- carri er

protein (9) sho roce d snoothly with m ninmal mterference from
posi ti ve charg&. T% B Oé’%‘é}gsl?rﬁf’eég/ét% fogb¢ Epmpipted USe th destiusive Apa Y

bond bet ween t&ehﬁ@del H%ntlgali_’ tHEBdeR b By éléx'n&ﬁ b1t BB Rl Perties descnbed in
epi t ope- hydrazi de and (9) requires t | i nker elenment  oOf (8) to be_ an

el ectron-rich & ommég)iie thepietsptjon ¢ighe W@fshb@\/@tdsiabﬂlté’ %fdh%laqt’éfﬁmqquX/(e@ﬁORe’he acyl

hydrazone bond %%%C i

epi t ope- hydra2|‘§@) an n%h%ngﬁ%uﬁ%gs not tl? g%‘/g@gé.}lgﬁs gﬂt‘%“?&&g’ysﬁ"g tB?esence
of the positi vivadddepijepe IB0rgideon otrshru@@aEScha@ed3/ 087824 PCT/ GB03/ 01505 10
If the construct formng process is to be nonitored using a destructive
‘anal ytical technique, a critical theoretical design elenent relevant to

t he properti esHdeswr, ifethei akdehfde) Hidiclgialitys withia (9¢t1erliohdmﬂ tf a1 hppropiaelsi bl e
acid lability act.i ve, noi i.tope azone

const ruct  (10) TETREEARRTEY Tf HRHE Yok lperneoat AFYlorBGRE P A UPSull
epi t ope hydr azt@etren ibﬁii‘e&ibﬁq@bceéﬁinaf Sehaidrs). b}lﬁﬁﬁy@&r of tHe dbl&ﬁbﬁdcdah&de

functional jt thin ded to an rquat derivati sed i et
(R o1 oun1d 1% Hhrpetind: Shodst @BRSHGEH betar 8 A BRI onssent el p and ™ Y

construct for nmyqaa@&@ﬁ&%mdiﬁamaddr essed by anal ysis of the absorbance
and 10 fluorescence spectral differences between the carrier protein alone

and species (9) and

4] o]
/“\ N Ho H0 /u\ E H
Epitope ' \( —_— Epitope ﬁ/ \]<3
H
R

(11} *©

(10)
R = Linker-—positive charge balance—carrier proteln
ut (cat)

o H Mt " o )J\ A
——
\r - fOH * Epltope ¥
R

®) (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

' climination 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 6arbocati0n (12).




(10), at appropriate pH conditions. 0 O H Hzp H Epitope'titetobpidoope HH / H
(10) (1) RR R = Linker--positive charge bal ance-carrier protein x+(cat)
ol Y~ Epitope "NH2 OH R (9) (12) Schenme 5. Mechani sm of hydrol ysis of

epi tope hydrazone-I|inker construct (9) A nechanismfor the acid catal ysed
hydr ol ysi s Y4 6080824 pr oceeds through the addition 15 of ReR/EBo300505hhe

car bon-nitrogen double bond giving (1¥#). This would be followed by
elimnation of the epitope acyl hydrazide (hence readily available for

anal ysis) and formation of an internediate carbocation (12), then | oss of
a proton to give construct (9). The ease of this hydrolytic process wll

I n part depend upon the resonance stabilisation of carbocation (12). 9

Cct ober 2006 WO 03/087824 PCT/ GL103/01505 11 ry H OH b, OH H EL/ OH OH
Rammauc H Schene 6. Resonance.gtabi | i satNgn of carbosation (12
+fOH R=2atfc o . N
- - B -
(12)

Scheme 6, Rescnance stabilisation of carbogation: (12)

Resonance stabilisation of carbocation (12) is most readily achieved through an
aromatic ring, preferably an eleciron-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 IN 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 construct 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 Iirocess, for exémple the degree of loading of the carrier with oﬁe or

more active moieties.




Resonance stabilisation of carbocation (12) is nost readslogtopetroes ed
through an aromatic ring, preferably an electron-rich aromatic ring and
nore preferably a ring 5 that contains ic-electron-donating substituents
si tuat ed omdnas/oarsdd para (see Schenme 6). Many exanpl es exXPGH/GBII01348
literature describing the relationshilp between acid lability and
substitution stereoelectronics 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 q§8) so that the

epi t ope- | iThir asppetinghs e fidraspeet alotheapresent; veniopdrovides aj RASifYE oIS ¢

aci d ( TFApajan8ed |rrmbaédcwmgtmgleﬁlerﬁpreﬁhma@nétdmt do not adversely affect
peptidic epitopes and will allow easy hydrolysis and representative

anal ysis of epitope fromconstruct (9). The structure shown above, in which
the al dehyde functionality (9) is bonded to an 15 eglggetron rich aromatic
ring has the additi{Bf?al advantageftfat it makes it possible to nmonitor the
formati on of gRe cdgstruct byxco [ ?(3/0r fl uorescence

spectra of the uifassogij ated car t hose of }he pegi es (9) and (10)

at appropriate pi_copditions. 1t,is ar"i—th‘JIarIy ri he aromatic
ring i s substitute vmthagrg{/p i |on|ses a%YaresuIt of a change in

pH. The ability to nt or the 20 progress?of the const ruct® form ng

reaction also nakes 1t possible to control various aspects of the process,
for exanple the degree of |oading of the carrier with one or nore active

nmoi eti es. 59 COct ober 2006 WD 03/087824 PCT/ GB03/ 01505 12 Thus,

accordingly, a first aspect of the present invention provides a positive
charge- bal anced |igker according tergeneral fornulae (la to Ie) CROCRO -

CR, O R2X RX R2X - | -Re ~R/ R3Y] RBY Ib Ic YR3 ‘
. — General formulae (1)
Re— '
n =
RaY '

wherein:
X=0orS;
Y is O, S or CH;, CHR, CRR, where R is Cy.7 alkyl;
ZisOorS;

10 RyisHor Cig alkyl;
Ry is H or Cy.7 alkyl;

R4 is H or Cy.7 alkyl at any vacant position on the aroniaﬁc Ting;

'Rj is Ci7 alkyl-Li-Rs-Ly- Re-COOH, Cs.y9 cycloalkyl-Lj-Rs-La- R¢-COOH or Ar-Cog

alkyl-Ly-Rs-Lo- Re-COOH;

15 | |
each of L; and L, is absent or a suitable linker such as an amide CONH; or an
eth& -O-, or a thioether -S- or a sulphone ~SO5-;

Rs is Cy alkyl, Cs.10 oycloalkyl or Ar-Co. alkyl each of which is substituted
with either NRgRo, where the nitrogen atom is capable of being protonated in




5 CR O CR10O CGeneral fornulae (I) RIdle /J\R4 R3Y woereba2006C0rS;, Y

Is O Sor CH, CHR CRR where Ris C-7 alkyl; ZisOorS, 10 RI is H or

Cl -7 al kyl ; wowniss2H or Cl-7 alkyl; R4 is Hor CI -7 al kyl P@{n@}yﬂ,%ant
position on the aromatic ring; RBis QB 7 al kyl -LI - Rs-Lr R6- COOH, -10
cycloal kyl -LI-Rs-1 z- R6-COOH or Ar-Co-7 alkyl-LI-Rs-L2- R6-COOH; 15 each
of LI and L2 is absent or a suitable |inker such as an am de CONH, or an
ether -0-, or a thi oet her -S- or a sulphone -SO2 ; R5 is C-7 alkyl, C3-10
cycl oal kyl or Ar - Co-Spluipin e NHEBRopR Caatesnasy bisoptnatom N R oisHthat
NR8R9, - where the ni tgsggﬁglng%%gglﬁ @g@@bl e of being protonated ni 9 Cctober
2006 WO 0 3/0 8 782 4 PCT/ (B031 13 solution to give N HR8R9; or a
guat ernary nitrogen atom N R8R9Rro such that R5 contains a positive

charge; each of R8, RO a ende tl
cycloal kyj or 5 Ar-Co.7 kyI ﬁ? mg(?\ Pen?érﬁ%' é\” ﬂgyl E@“’a‘ﬁél%ﬂkgl or
together f6rman ali cychr-cosralkal )drahy d:w@bt fiofd JTOR S R taBTR ¢ together form an

alicyclic or arylalicyclic ring system;
R6 is C1.7 alkyl, Cg-m cycloa]kyl or AI-CD_‘] alkyl;

or a salt, hydrate or solvate thereof.

in one embodiment, there may be provided a complex or prodrug of the positive charge-

balanced linker as defined above.

Compounds of formula (T} can be reacted with a carrier to give a derivatised carrer 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 pattem is substantially
15 unchanged, it is possible to achieve high degrees of ldading of active moieties onto a
protein carrier without substantially compromising the solubility of the protein.

In addition, if the carrier is a polyheﬂc 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 as disclosed 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.

The formation of constructs from the charge balanced linkers as disclosed may be
~monitored through the absorbance and




R6-is C1_7 al kyl, C3-1o cycloal kyl or Ar-Co-7 al kyl; or g®cedbisgodydrate or
sol vate thereof. In one enbodi nent, there may be provided a conplex or
prodrug of the positive charge- bal anced |inker as defined above. Conpounds
of fornula (1) can be reacted with a carrier to give a derivatised carrier
in which tWweozwréf2zace charge pattern is substantially thecyrepsiasst hat of
the original <carrier. The carrier nal be a protein. Because the charge
pattern is substantially 15 unchanged, it is possible to achieve high
degrees of | oading of active noieties onto a protein carrier wthout
substantially conprom sing the solubility of the protein. In addition, if
the carrier isflaomswengeesicstral differeeces befvegn dbe vglopdrd carier, [Linkgeederiyatisedat i sed

carrier Contai@%ﬁ&g@ﬁ%ﬁﬁﬂﬁhﬂﬁ&RﬁEéQﬁﬁﬁ %m%ﬁﬂﬁpit beneficial solvation

properties and or a chaotropic effect that will enhance presentation
of the | oaded active nmoiety . |In addition to their increased solubility,

the constructs.farmed usi the charqe, bal anc | inkers . as_di sed can
e used t o 1 oadh G PaerTtsiRfishid, BETrE e BRC B BNAET RribRF IS
chenosel eci i venimperefN); The 25 degree of | oading can be selected to be
optimal for the intended use of the construct and can be determ ned

quantitatively for analysis purposes. The formation of constructs fromthe

char ge bal ancecdHilbgiseddinasilshrme (DsatorimYChend bRomibe(myl t hrough t he
absor bance and 9 Cctober 2006 WD 03/087824 PCT/ GB03/ 01505 14 fl uorescence
spectral differences between the unloaded carrier, |linker derivatised

carrier and thegf, 1*%%;%146&'1%1:61@ id Médnt &PRlcBOSEBY Q&ai%ﬁt R_r bRGcHA AEStic
specification, the term "heteroatom defines oxygen (0), sulphur (S) and 5

ni trogen {AN); SaipisseRunwEmaipbearhn fhaing Eotpying ORE & Faven FLEPOR AleMYSIR G ne

l(JrB;Z]c hegléri- Slhg%é!;héd’ nyRRRboEH, RESEH1, 4-BuldBA3bul L +bBS, $eRyS dPdRy1Shddi, gt  or
heptyl and any simple isomers thereof. Additionally, any Cj.7-alkyl may optionally be
substituted at any point by one, two or three halogen atoms (as defined above) for
example to give a trifluoromethyl substituent. Furthermore, Cy4-alkyl may contain one

15 or more heferoatoms (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
éubstituted with one or two hydrogen atoms. A heteroatom or halogen is only present
when Ci.7-alkyl contains a minimum of two carbon atoms.

20 _
‘Cs.10-cycloalkyl’ as applied herein is meant to include any variation of ‘Cy.7-alkyl’,
which additionally contains a 3 to 6 membered carbocyclic ring such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl. The carbocyclic ring may optionaily 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.7-alkyl’ as applied herein is meant to include any variation of Cy.7-alkyl which
additionally contains an aromatic ring moiety ‘Ar’, The aromatic ring moiety Ar can

30 . be astable 5 or 6-membered monocyelic or a stable 9 or 10 membered bicyclic ring




10 saturated or unsaturated carbon chains containi ng onegiRics&Was Car bon
atons such as nethyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
t-butyl, pentyl, isopentyl, hexyl, heptyl and any sinple isomers thereof.
Addi ti onal Mo oxzsys2 _7-al kyl may optionally be substitupegcafsaitys POi nt by
one, two or three hal ogen atons (as defined above) for exanple to give a
trifluoronethyl substituent. Furthernore, O _7-alkyl may contain one 15 or
nore heteroatons (as defined above) for exanple to give ethers, thioethers,

~sul phones, sul phonam des, substituted am nes, am di nes, guani d| nes,
car boxyl i ¢ aci ¥&ich I%H%SB‘B% ‘Bassaromptiqring mejetiahomnay be hdstitinnally aubstitagsiiyn

termnus then jlo Ja.8200reR! LRl Wh b%tlhr&}ét %hmv\h@%lp e-gkgt}@‘%sl}é’sﬁ ogen

atons. A heteroatom or halogen is on presen ins a
m ni mum of t\ADIS@amrﬂﬁﬂleatOmwcnﬂ@momsfm- cycl oal kyl' as applied herein is
meant to include any variation of ~C _7-al kyl"' whi ch additionally

contains a 3 to 6 menbered carbocyclic ring such as cycl opropyl,
cycl obutyl,  cyclopentyl, cyclohexyl. The carbocycllc ring may optlonally be

substi t ut egkn%hhotﬂﬁﬁnlofncﬁ@ése ahaéaﬁge@%rét@ dr oﬁ‘% RYEL agmﬁ $r§%jreu(rgg ﬁotéotgs (as

defined 25 abovlér%‘Clé ﬁ)n'g e ? ran,
pi peri di ne ~BPFY z?%éjﬁ? Sror PrHenady.s amhw G@Fﬁlﬂdlmentr inghides adlk Jdomess of
appl i ed hest@repchemivabeentres ahd @ll @dabiad MonY donitrd SlicrOds Qltge? o (Y lor Wi4rimen

o1 0nel ) LR S BB el a1 05 o
10 rrenber e&omwﬁ iigcopporiing other dirippez(ib® the@nos/covn®RlomRsToGREBNMIE505 | s
IhLShIg s, Ui of G BB e b PR TR D Bl onel Y,
Ar-Co_7-al kyl, the substituent |s sinply the aromatic ring noiety Ar. An
or T ﬂ'e”eé‘é%ﬁlﬁe'n AR B phe B i B S PR iR T S RO ORI o s
al | i soner sefek tosaheepﬁo@ermnmdto;meat aeltgaﬁtbdltatﬁe ;Sia%hi mvbetivh, idsoa@ive such as
entgegen (13 ég Zw:fl,anpgccessaxy, be derivatised in order to allow them fo react in a
15 chemically 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 carboxylid 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 fo 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 glyoqsylamine, via the Kochetkov reaction (Vetter, D. and Gallop, M. A.
Bioconj. Chem. 6, 316-318, 1995). The glycosylamine may be converted inio a -
25 hydrazide by trans-hydrazinolysis (see Prasad, A. V. N. and Richards, J. C.
 'WO9702277). As a further example, oligonucleotides can be prepared that contain a
modified base that contains a specific hydrazide functionality (see Strobel, H. ef al,
Nucl. Acids Res. 30(9), 18691878, 2002) or oligonucleotides can be prepared that
contain a 2, 3 or S-prime hydrazide moiety.
30 '




(Z) al kenes and syn or anti hydrazones. Disclosed hereingatg8pabgsy compounds
i ncorporating other isotopes than the nost common ones, for exanple

i sot opes of carbon, hydrogen, oxygen and nitrogen such as 14C, 2H, '70 and
15N. In the context of the present invention, the term"active noiety" or
"active nomaios@s’s2a refers to an epitope, a m notope or adWesrdises n the
present invention, the active noietil®¢s will, if necessary, be derivatised
in order to allowthemto react in a 15 chem cally selective manner with
the linker of general formula (l1). Suitable derivatives for a chemcally
sel ective reaction include hydrazi de anal ogues. Where _the active noiety is
a peptide, derinsapesies.orere hanpectype dhaaiveAngey mey beattacked BASETI  reacti on
of a lysine side chain or Ntermnal nitrogen or C-term nal carboxylic acid
wth a reagent to provide a hydrazide. |If the active npiety does not

i ncl ude a sui t Bl terne Gendiobet feforretota molecie which dhcapablp pE piadiag spesifical foea
derivative su . i i ; . | L i d a
aroup. ¢ 1 ougr P SEo BB g e Byt i BBt LA Rl YRS RUEE

ol i gosacchar i dmsy ntmy abdragmenterfoe dexatiplehen raatipeiin gletndinests cdeaived efrom ca t he

gl ycosyl am ne, vili the Kochetkov.reaction (Vetter, D, and.Gall A

Bi oconj . Chem caéb%?f%g@igr?%ﬁg%e?h &fﬁu&co (saﬁmél?ﬁ ﬁ&a%?f‘mﬁé’f 516\%&1%%/{ “into a
25 hydrazi de bpxdnipdesothysliiopas whickisdas Yeswsed Ryits this méthol. indludeancytédic had ds, J.
C. W9702277). a further exapple, aligonucl eotides ca r red that
Contain a moWTEoRRHEEST fael St e s IoP et g e PR PR O | 1y
(see Strobel, &kurfbe dlgosacthieide bl Lfthidgéenic SQ4iI9m sukB@9a B&AGia 2002) or

ol i gonucl eoti des can be prepared that <contain a 2, 3 or 5-prine hydrazide

noi ety. 3% 9 October 2006 WO 03/ 087824 PCT/ GBO3/ 01505 16 |n sone cases,

nore than one AYREmehpdGh b ¥iERL flolechiR YhaPRidlch Behaeity@fan éffopber . The term
"epitope" refers to a nolecule which is capable of binding specifically to

a biological nolecule such as an anti body, antigen or cell surface

e fgp%@;]énye dgﬁi\g/%ge js 2mBRY {38 n bR IR MoepthiOind KGHR k&péifte AR igdRd by
‘ be a 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, ctc.

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

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




car bohydrate, protein or peptide nolecule or a variant ogoaggdrogae of such
a nol ecule. Exanples of epitopes which can be used with this nethod

i ncl ude oxytocin and anal ogues thereof, B-cell and T-cell epitopes and
antigeni c ¢gf Rfgiggants derived from a surface ol i gosaccher/caes/dism a

pat hogeni ¢ organi sm such as a bacteriza 10 A "m notope" is a synthetic

nol ecule that mmcs the activity of an epitope. A "ligand" is a noiety
that can bind to a receptor and elicit a response. A ligand may be a
pepti de, protein, sugar, lipid, nucleic acid, alkaloid, vitamin_ or a_ small

organic 15 nutmefetrn, Tredo-trensanyin, e phaspharplpsd B, a A gehztyﬁéas%omye% ibActgmal EI | SA
or in sone other assa ro fac a
protein sui taﬂ?f%te%@%gglefﬂrog'lg\%%ﬁﬁg \é¥t i‘%e?l%{thggg[np PEE ﬁa? EIE

prlot ei lns SUCE @ﬁwhe@h AL chﬁ,héneﬁ?%t w%l yslovtrlljremeiabtgﬂﬂtﬂ m;om@calesmehms)ng
nmol ecul e such as a chronmophore (bioche si.ca c ,

fl uorophore (ti? obspechrades, (SPRAEISS: sﬁgﬁéqseoﬁiﬁﬁ‘é*ﬁfé’g'ﬁ‘? n&’ﬁh’mre%%g%}ﬁm)

(bi otchem 4&} pm gl jrffudfipesp6Binks Mmmmmam alkaldidsc himactival ,
quant um e

ron spin tag, nmagnetic particle, nuclear
resonance tag Vllsuslpastwleadeg the evrewatigentof §lepatitisc® riRketeP Eﬁzgqcf%;b'ﬁ'im cal

(e.g. increasedyr eé;‘ Ft@ﬂ?zﬁze)sso %fz%ﬁew@b%ﬁmﬂeﬁ]ﬁ&aﬂﬁ%ﬁa sl @rdatatntla et c.
25 The "carrier > prot'ei naceous” nol ecul e contajning a plurality of

active Sites m&wmedammrﬁosﬂlﬁpwfyatu@ﬁfﬂﬁﬁeml tope through a
conjugation reaction. Exanples of suitable carrier proteins include bovine
serum al bum n (BSA), oval bumin and keyhole |inpet haenocyanin (KLH), heat
shock prapei ndnEbiSPuppbhst qgrhod!nnhs, the ternfreaig?” aityl applyrie pe gxspluble ROBABG U

t oxoi d, purlfle otel eri protinin, hen egg-white
| ysozyme ( HEWSS % Eaa‘?iﬁ’ ai%‘?t("& %%&%gﬁé apo 9 Cctober 2006 WO

03/ 087824 PCT/ GB03/ 01505 17 transferrin, hol o- transf err| n, phosphoryl ase
B, p-gal act osi dase,

{’;\{]_.Frlal @)ge{}cg an 1 proteins well
known to thosé:%ﬁ?“‘l""éﬁ'q ﬁd‘f"r‘?Bs term)s; igang; 7 i Hgay arrier may be
chosen from | 3h@Rhafdeatb ¥ S AbdoSRibAFRARY &ighilld%’&o stigphd’band/or “carrier”

15 _to “carrier”.

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

protein in a chemically non specific manner.

20 L inker” 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 enchanged. .




pol ysacchari-des, (sepharose, -agarose, cellulose) cell ul og®kgadsos pol yneric
am no 5 acids, polyners, including copolyners and sone vitam ns and

al kal oids. Inactive virus particles (e.g. the core antigen of Hepatitis B
Virus, see Murray, 1C and Shiau, A-L., Biol. Chem 380, 277-283, 1999) and
att enuat ed waev@riza such as Sal nonella nmay al so be usedrasGB@ronsoers for
the presentation of active noieties. O In solid supported applications,
the term"carrier” may apply to an insoluble polynmer such as a resin bead
or plastic sheet or glass slide etc. For certain enbodi nents, the terns
“l'igand" and "carrier” may be interchangeable in order to acconmodate

li nki ng "1i gand® “Pesitive; haige balspepd dinker 45 o ghiprge bakneed linkeyy eamying a pesiffijeugat e
refers to a nolggylbe which is capable of Iinking an epitope to a carrier
protein in a chemcally non specific manner. 20 "Linker" refers to a

nol ecul e which is capable of undergoing a specific chemcal reaction with
both a carrier I j y-X i t i the
fvo together 1 A BesAEpaTks KEx iDL bt {13 pREE R BeB el et
functional5group w thin a conpound that contains nultiple functional
groups) manner ..., 25 "Construct' refers to a carrier linked to a plurality of
active nnLetie§K$f§y$?hkers or conjugates. A "charge balanced linker" is a
| i nker which i s¥chayged. such that when it reacts with a carrier, the

overal | surface, charge pattern of the carrier renainsg essentially
unchanged. 9 O?t*6{)@?&%8@3@605%38V§EEY‘#@3P@€6§P@?@8§& sl‘gglqlef' positive
charge bal ance®,lis Bidbgeni 6 (3.4 @31 9@th Ridre BreRirel bl Srung ARVl R, & gbh Ve
charge. In_the coqgoun%gyofagfneral formul a (“ﬁ§ It is preferred._that,
i ndependef? |y SReUSbREt YL pasiicylpdy divgepgsn or vosthylogagythg, 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 Rs 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 Rs are those which include a cyclopentyl or cyclohexyl moiety,
while examples of aromatic groups include phenyl, alkyl phenyl (for example benzyl)
or pheﬁyl alkyl. Specific examples of suitable R3 groups are:

-(QHz)n-L1-R5~L2-R5-COOH -(CHz)mO\ \@\ .
_ _ L1-RgL»Rg-COOH L1-Rs-Lo-Rg-COOH

wherein Cn o=2-6;

25




Rl is hydrogen, nethyl or ethyl, with hydrogen being par wiGdbardogé suit abl e;
R2 is hydrogen or Cl-4 alkyl with nore preferred conpounds having R2 as
hydrogen, 10 nmethyl or ethyl, particularly hydrogen or nethyl and the nost
preferred bein hydrogen; LI is an am de CONH;, and L2 is an anm de CONN.
15 Wthin t"H@%8f¥hition of R3, the positive nitrogen atBET/RIFBSMeeds to
be an appropriate distance fron1the3Qronat|c 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 fron1rezdlly avail abl e starting reagents and

i ncor poration of R5, pr 'd R3 substituents in general fornmula (Il) are

chosen 20 from si rrpl e (| . unsubstituted) straight chain al kyl groups or
si npl e cycl oal yI or sinple aromatics containing a carboxylic acid.
Particularly s @H“Bm ;‘? BROXI6S 2i Rpsitize aytensem glam Wit dpsemhles wde a
cycl opentyl or clé}i(&ﬂ' ab gydibiEahet operﬁ@@ldfech@wmhesﬁr@ée @&iﬁ%&ﬁl&egﬁwﬂ%

i ncl ude phenyl, alkyl phenyl or exanpl e benz eny I

Specific e%anpﬂ%%gnﬁ %mﬂimé’blAé itgnaliveo imperderrie faczlﬁate (d@mym'pmtmsofu% REHICOON

- (CH2) ma~all LigRemledof?o ﬂmﬁ ber 2006
WO 03/ 087824 PCI/ GBOS/01505 19 in e}aﬁ EE’%@Q?Q %%’e agalﬁ Fi %%%?%

provi des a posittif peefasred il dle ﬂlﬂJﬁilenlmeHRE@émh@s ttesNHG$ pmebfthad, pmsaty bI e

h h d
'toemp;nogerghglsfiaﬁotgglhﬁyg %\t%('g?h erzl%l%&?%m I| ﬁ’he té‘?fﬁal%’oalrcgd[’iegﬂuBSF ' one

within the frapeton kSlde{cmmEmtqnata@]elamﬁmIﬁm&nm]ﬂqa (1) fromreadily avai I abl e
starting gdeagents it is preferred that the substituents NHR5CO (where the
NH is part of the Li noiety and the COis part of the L2 noiety) are
chosen from si Afoeprefairetbinathi diefisitiogl o€ SHRIGO is an amino acid residue that, through

linker (8), directly incorporates 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[(CHz);N " RsRsR ;4] CO-

wherein p is 1 to 5 (preferably 1 to 4 and more preferably 1 to 3) and Ry, Re and Ryg

are as defined above.

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

and Ryp groups include Cy.4 atkyl, with methy! being particularly preferred.

Within the definition of Ra, the substituent Rg 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




- contain a side-chain protonatable am ne functionality. 19 o5& p6eferred in
the definition of NHRSCO is an am no acid residue that, through |inker

(8), directly incorporates the charge-balance to the carrier protein. Thus,
a high |oading and sol uble positive charge-bal anced |inker-carrier protein
(9) resultswommsth4 ot herwi se through the addition of a proteGhesdsam ne
functionality in R5 would provide 15 2n internedi ate construct (9)
containing a latent am ne functionality and suffer from the previously
described | ow solubility problens. Suitable am no acid residues for NHR5CO
may be represented by the fornula: 20 - NI—l-CH[(CHZ)le RBRORi ol CO wherein p
is 1to 5 (prethsashy Oqotan@l—m%wmﬁteéﬁ@mcyi eanglgpd3p ragepispigon eigheng R o
are as defined t i B, 0 steric
hi ndr ance, thecﬁgggggﬁﬁgzgq% ﬁggaﬁgﬁmaﬁg*g§%k§?@83§‘?%675 t.%ﬁr ﬁ?

wi th net hyl belﬂ*?g1%&10tA1@mllbj5M3c11;kmmmthdarth¢1mﬂet:ltwmte’fﬂnattlﬂtaewhvaﬁfonlaﬁ "the
substituent R6,iLs def acer s, re &?r enab e the.snooth

as
Setivatton of BEel Sidedfin o EDASE B0 kit il RSy gt
bal anced I5i nketondaitons and piiei ssult (O ynwdntedi ﬁde/\&hcknohmMgmhédae:oﬂsicterﬂfonpept i de

chem stry that Qct o 2006 .. WO 03/ 0878 PCT. 3/ 01505

activation of '&g%?fﬁ ‘H‘?’efilﬁgﬁ?ﬁ er et LREE’ oA Hafﬁé{‘?%@%p?w f"%g?“ittbeémlgatl on
of the Ca- chipralide emtdsiy t@ivlied 52B0A3EDB4E Aihctiddalily, and Kuroda, K Int. J.
Pept. Prot. Res. 17, 197, 1981). Also, it is well known in the art of

peptide chem stry that the activation of the non side-chain protected

am no aci ds whit Gprafele® iRl R éRchif wiffaun ey 'gtdhﬁ%teﬁﬂ;@q}o% the 1G dekitd hfiiBe and
often result in unwanted side reactions. Takinhg these considerations into

account, ¥he stsa@eal%otl@ﬁw@pra@alq@ldam@m%ﬂ@fpmﬂ%bove potenti al
difficultles and provide an easily activated carboxylic acid
functionality. is preferred that R6 conbines with an NH group derived
fromthe L2 nnﬂ@f&cﬂﬁdAvﬁﬁiﬂéﬁxﬁérnlnaI COOH to forman amino acid residue
of the fornul a:

where ¢ and r are each 0 to 3, prowded that both q and r are not both 0;
15 sisQor 1; 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 thatr 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,0.

General formula (i},

OR;




NH- (CH2) g- As- (CH2) rCOOH; where q and r are.each 0 to 3, posubgedod hat both
g and r are not both 0; 15 sisOorl;and Ais a 5-10 nenbered stable
nonocyclic or bicyclic aromatic ring or a 3-6 nenbered carbocyclic or
alicyclic ring. It is nore preferred that r and s are 0 and g is 1 or 2.
20 To faci Wa&f087834/nt hesi s of |inker (8), routes conmmenctarGRwBomes eadi |y
avail able starting reagents are pref#rred. Thus conpounds of general
formulae (la) are preferred, particularly |linkers designed around a

2, 4-di al koxy substituted benzal dehyde as defined in general fornula (I11):
25 CHO R20 General. fornul a 1), 9 QOctober 2006 WO 03/087824

PCT/ GB03/ 01505V 54 i, pesppauad éfl%%lﬁ%%“%fﬂ Shhigh a&ﬁ%ﬂa%%ﬁs ﬁﬁnmch X
and Y are 0, Rind®, dt gt abatsl R3 are as defined above. A nore preferred
enbodi ment of the conmpound of general fornmula (Il1) is detailed by 5
general formula (I1l): CHO HO/ ( \ Ry General formula (11l) OPRoO

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

5 general formula (III):

CHO
HO.
Ta
0 ( I\rP\_Rg General formula {Ilf)
p Ruw
0
Rs
\b"J\N “cooH
°o H
ol

wherein:
0 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 R, Rg, Rs and Ry are as defined above.

In the embodiment of general formula (II), 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 carrier

- 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 :
: l\lzle

N+<--Me General formula {Iv)

. 0 ( 2-4 Ry 2
} P
. N OH
: 36 H
’ O




OR6 N'-COON o HO' wherein: ois an integer from 2-6; gpciober@bogd Nt eger
fromlto5 (preferably froml to 4 or even | to 3); and 10 R6, R8, R9 and
Rio are as defined above. In the enbodi nent of general forrmula (I11), the
conbi nati on NH-R5CO (where NH forns part of the L1 noiety and CO forns
part of th&Q®@0ABRety) is represented by an anino aci d REEGRNIE1SAMI ch
contains a side chain with a quatern&?y nitrogen atom The 15 NH R5CO group
can therefore replace the charge of a side chain lysine on a carrier
protein which reacts vvith t he carboxylic acid gr oup attached to R6. A still
nor e preferredg t of the“,co oy general for Fﬂglla

detailed in geHBsER e F 8t R - ipee ey @itemise by |v) O (
2. ROOON NOH 3-6 HO 9 Cctober 2006 WD 031087824 PCT/ GB03/ 01505 22

wherein RIO = Me or RO = "-", where the nitrogen ﬂHLternlse by
protonation. EownpRrmdsiel smerhfumyla Ddr i ¥ ap .Ln%& qan bR gvithesiseé  CONH

can be synthesggR solution or on the solid phase. Compounds of general formula (T) in which L,
5 and L, are CONH can be synthesised on the solid phase by:
(i)  reacting a compound of general formula V:
H;N-Rs-COOH V)

10 wherein R is as defined for general formula (T); 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-Rs-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):
CRO CR,O ORiC
/ AN
R Y _
Vila Ru¥ Vilb i Vile
YRy .

25




either in solution or on the solid phase. Conpounds of ggaetsdrzbey mula (1)
in which LI 5 and L2 are CONH can be synthesised on the solid phase by:

(i) reacting a conmpound of general fornmula V: H2N R6-COCH (V) 10 wherein
R6 is as defined for general formula (1); and wherein the conpound of
general foMAMASTM is bound at its Cterminus to a sol i BCT/GEB@EOF5; 15 with
a conpound of general formula (VI): 2WNHR5-COOH (VI) wherein: 20 R5 is
as defined for general forrmula (I); and Wis a protecting group. (ii)
removal of the protecting group Wand reaction with a conpound of general
formula (M1): CR1O Y CR~-O R2X RZXrBZX R11Y VIila R11Y MIb Vile YR14
25 9 October 2006 WD j03/087824 PCT/ G§03/ 01505 23 CR1O CR, O CGener al

fornmul ae (V1) RCRF:Y ,'z vVild °/ R4 ZRnY General formutas (Vi)

\ \
YR1 1 \ v/
Vild [ Re Vite
RyY
wherein

X, Y, Z, Ry, Ry and R4 are as defined for general formula (I); and
5 Ry is Cia alkyl—COOH, C3,10 cycloalkyl—COOH or Ar-Co.-, a]kyl-COOH; and

(i) removal of the product from the solid support.

Accordingly, a second aspect of the preéent invention provides a

process for the preparatidn of a compound of general formula (I) in which L,

and L, are CONH, the process comprising:
(i)  reacting a compound of general formula V:
15 S
H;N-R¢-COOH )

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):




} wherein X, Y, Z, R, R2 and R4 are as defined for geneteiohéreppall a (1);
and 5 R11 is O _7 alkyl-COOH, C3 10 cycl oal kyl -COOH or Ar-Co_7 al kyl - COOH;
and (iii) renoval of the product fromthe solid support. Accordingly, a
second aspect of the present invention provides a process for _the
preparation of a conmpound of general baggmula (I) in which L1 and L2 are
CONH, the process conprising: (i) reacting a conpound of general fornmula V:
15 H2N-R6-COCH (V) wherein R6 is as defined for general formula (1) in
claim1; and 20 wherein the conpound of general formula (V) is bound at its
C-termnus to a solid support; with a conpound of general formula (VI):
R T WANH-R;-COOH -- 9 Octygper 2006 23a W NH R5- COOH (V)
wherein: 5 R5 is as defined for general formula (1) inclaiml; and Wis a
protecting group. (ii) renoval of the protecting group Wand reaction with
a conpound of genenglepif-ormula (Vii): CROCR O CRIO R2X RRX R2X RIIY

Vila RI1Y VIIb Vile YRI1
5 R; is as defined for general formula (I) in claim 1; and

W is a protecting group.
(i)  removal of the protecting group W and reaction with a compound of general
formauta (VII):

CR,O CR(0 GRO

RoX
NN m T
—R, R,
z / NP R"Y/ F NR,

RysY

(iii) removal of the product from the solid support.

Viia Viib Vile
10 11 ’

CRO CR40

(’k e General formulae (VII}
Re— 2

Bt -

W o \ X Vile

Iid 4 Rq
Ri1Y
wherein _
XY, Z,Ry, R; and Ry are as defined for general formula (I) in claim 1; and
15 R[] IS C;.7 alkyI-COOH, C3_10 cycloalkyl—COOH-or AI'—C(;_-] alkyl-COOH; and




10 CR1O CR10O A Ceneral formulae (M) Rg Z YR, Md 1 /9Qcdobddoese R 1Y
wherein X, Y, Z, R, R2 and R4 areas defined for general fornmula (1) in
claiml1; and 15 Rl | is Cl_y alkyl-Co, C3_10 cycloal kyl -COOH or Ar-Co_7
al kyl -COOH;, and (iii) renoval of the product fromthe solid support. 9
Oct ober 2006 23b Suitable solid supports for use in the nmethod include any
resins suitable for the 10 synthesis of peptide carboxylic acids such as
2-chl orot ri tyl s#igblensolidesippérts for Ak ifi the nRttodt Mblude Sy réaR fGakle foreted by
treating the prodquct %ﬁthﬁfn acid, for ex nple‘%igitlgoroacetic %p'd in a
pol ar or ghi ¢ SBHGER ©f Rptide; cabealic gl A 2-chloEotgvbrett-| REPVHAORV i s a
uret hane pr ot egfldbitflIeR cth e achiSc@ Ly Rl A8 Jromet WRRSn abal, Arhahhple. E
and Sheppard, R_C 1n "Solid Phase Péptide Synthesis: A PracCtica
Approach' , | RLiBpargacetie 96d in 3 pelarpreanis swlignt syelsesrdighlorometbanesol i d phase
synthesis via the 9-fluorenyl nethoxycarbonyl (Fnoc) protection strategy)
whi ch can be renoved when required by treatnment with piperidine in
di net hyl f or manThgproteding greupn®t is  airgthane propestingl groop ¢ gemgroap shcbraskimwc($ep can
be prepargd fr epal. tor (V] nd . by
traditi onlgl SO%%%%Q@Z%%&«?S@ @hé“m g?}{rﬁyﬁﬁa%n%gp%%%dse %’?é‘%tl’% hc‘)&v\n?r%%w?hose
skill ed in theApmroachUORP Frass|d984. fgenbomligh deseription of 3dlid phide)symthebis w4 thg ar e
9

readi ly avail e _an e wel | kno to thaose.of,.skill, in th rt.
erober 2005 osBinshSm bR Pieldn SOA5S) Vhichdan'be rinbiis weh

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. | |




24 In general, it is preferred that Li is an am de CONH amdtobst 2086 an am de.-
CONH, primarily due to the ready availability of am no acid reagents.
However, non am de Li and L2 containing linkers may al so provide the
chenosel ective, quality control and 5 charge bal ance properties through,
for exanpl &0 B9&Pdtinds of general fornmulae (VII1); OHO EHZEBB@IHO Ve Mo M
y~M 2 \R o0 O\12 O HI' ( 24io0 N¥#X\ O Al OLt OHLs v b 2-6 ~-NH
3~HO (VIns, Lt = ether'O) (MIlb, Lr =tlriaether'S) (Vind, Lz =
ether'O) = (Vale, Ls =thioethe'S) (Mle, Lt sulphone 'S021) (MIIf, Lz=
sul phone' SOy) CHO HO M (M IIg, Lt ether'Q L2=ether 'O~ L-Me (Mu ib, Lt-
ether '0'; LZ=thioe(her'S ) O (VIQ, Lt=ether'Q Lz-sul phone' SO ")

In general, it is preferred that L, is an amide CONH and L, is an amide CONH,

primarily due to the ready availability of amino acid reagents. However, non amide L,

and L, containing linkers may also provide the chemoselective, quality control and

5 charge balance properties through, for example, compounds of general formulae
(VIID);
CHO cHo
HO. HO.
Te Me
NE—Me I
(e 7 (NS
o 5\)}\ o /giiu\)l\o
Lz
Q
(VII, L, = ether'0')

(VIIId, L, = ether'O"
(VIIle, L, = thioether 'S
(VIIIf, Ly = sulphone 'S0,7)

(VIIIb, L = thioether 'Sh
(VIHc, L, = sulphone 'S0,

CHO

HO.

M
¢ (VIlIg, 1, =ether ‘0" L, = ether'0"

II\I*--—-Me : (VIIIh, L, =ether'0"; L, = thioether 'S

( AN o (VIIH, L,=ether'DY L =sulphone '§0,%)
24 Fao (VIIY, L,=ihioether'S; L,=ecther'0)

Ly (VIIIk, L,=thiosther's’; L= ihiosther's")
mL OH (VI L, = sulphone 'SOy"; L; =sulphone 'S0,

{
General formula (VIII}

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 con{rersion 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 sodivm hydride




" C2~\~10 L2 Il CYML; thioether L4= ether Lz (MIk, Lj=thigasddneroodé, Lz=t her
her "W) |-t OH (VITA Lt=sul phone' SO2' ; L2=sul phone' SG) 2-6 Ceneral
formula (M11) 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. Se@oywys2peger beck, F. et al, J. Chem Soc, PerkimBilm@sns. 1,
11-14, 1993. for conversion of am no %cids into a-hydroxyacids; (b)
Souers, A J. et al, Synthesis, 4, 583-585, 1999. for conversion of

am noacids into a-bronoacids; (c) G abowska, U et al, J. Conb. Chem,
2(5),475-490, 2000, for sqlid phase syntheses). For exanple, treatnment of
an a- hydr oxyac F’&‘?W ?lﬁyls}lﬁ‘ﬁiiwmﬁﬁqncf@eg Adferustinely Atrgtnentys ©a-berRzcid with

PCT/ GL10310150%: A1 3] afa,vﬂwlmjtaah&dq“&%@lg{ﬁ%@ B0 r&hgf %xid{é&gﬁg ggoﬁ{id%e' Y
treatnment of an a-brompacid with an alkyl thiol” provides a thioether.
Thi oet her s nay SHehansg P embivstions g&thesaobysicoshenéoal saaktirine mezy. beConbitn atdvisles  of

t hese basic chem i S rovi.de . conpounds of ner al

formul ae (VI )@ %ﬁlngigﬁ%%ﬂgﬁgémgﬁe%@#oﬁg? gnpge t oirlﬁséfjtr?av 4 acgmpgmﬁ:

(M 11b) is5det &irnatk (Vlilsgh detaile in &2h@melbpxyl activation e.g. HBTU HOBt/ Mod

O Il M IMe M (ii) HATh~ " N~M MN~M | \~Ma ( 4 \0 Ixo (XD 4 ~Maa
4 Tle NOH OH Br PG HzN Br

{i) Carboxyl activation
e.g. HBTU / HOBt/ NMM

o
) \)k TB
Me Me Hal ra [
X1 (

. L"——MB ?Lt'—"l\;‘la 4 \Me g

H
: ( 4 \Me ( 4 \“B N\)‘\
OH OH Br PG
Hal Br .
HO

(=)
c

' ®
HO.
HQ.
&)
Iiile .
( \RMB o A H /Bass
4 10
\(\,r\s Q\)l\n (if) 'PG' deprotection
4

H

(VIED, L, = thivether'S)

Scheme 6. Preparation of L; = thioether S’ linker.

10 Treatment of amino acid (IX) with sodium nitrite / H,S0, / potassium bromide
provides the o-bromoacid (X) (Souers, A. J. et al, Synthesis, 4, 583-585, 1999) with
retention of configuration. Coupling of carboxyl activated o-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 lsuch as the 2-chlorotrityl ester.

' Nucleophilic displacement of bromide (XII) with thiol (XIII) with base catalysis




(IX) (XKO CHOWCHOHOHO \ Me /O N-Me O a H/Base 4 ddidpePisodel otectio
4 H(MIlib, L, = tbioetber'S ) Schene 6. Preparation of L1= thioether 'S
linker. 10 Treatnment of amino acid (I X) with sodiumnitrite / H2S04 /

pot assi um Ry®pd/edes24 Pr ovi des the a-bronoacid (X) (Souers, |,
Synthesis, 4, 583-585, 1999) with regention of configura“t%%cr%’.’”@%sﬂ%nng of
carboxyl activated a-bronoacid (X) to the free amno of a carboxyl
protected glycine (XI) provides building block (XIl). Typical carboxyl
protecting groups well known to those skilled in the art nmay be used such
as 15 tent - but yroceedsewitly invesionsall ¢afighation. Benidvels efthg reambpsylsprotectan (dpe

2-chlorotrityl r.. cl gophi,li.c di.gpl acenent, of brom de (XI I 1

e ey o 1
m se inhifer @dMin€ito Bdm g GBrmy al o €

car boxyl prote tid?n e.q.,.95%q trifluoro cetiﬁ?ﬂaci wher e ‘PG(NZ_ )

tert-butyl estzﬂ'fs) nggetﬁs?%? P WPPP‘H#;O e formplard) greiof paefer ligking

similar nmesiner ativeQulEis Beth a0 bpilpeiotarddy, Mt eRarhplVhrotefis, di scussed in detail

above, compounds of general formula (1) are of use for linking 5 active

noi eti es such as epitopes to carriers, for exanple proteins. Therefore, in
a third asfeetefwd, inhe thirdagmdct oh RN piedBnt ihHBn! fheRd RVpE6ided QMO &f
gener al fob@Hérﬁl f@?ﬁlu}(g '(XIW, OCROCRO

CRO CRC

R : ReX
X I ReX Xy ™
| = | I,
P / Ny
RyzY
YRiz ‘
- .
' 2 Xavb Xive
CR,0 , CRO
General formulae (XIV)

T
&

V4 ' Xlve

. Rz
10 wherein

X,Y,Z, Ry, Ry and R; are as defined for general formula (7); and

Ry is 01.1 a]kyl—Ll-Rs-Lz-RGCONIIQ, Csao cycloa]kyl—Ll-R5-Ia-R500NHQ or Ar-
Co7 alkyl-L;-Rs-L-RsCONH-Q;
15 wherein L, Ly, Rs and Rg are as defined in general formula (X);

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;




R2X R2X --R4 | _YZ RI12Y R12T YR12 Xl Va XIVb XIVC CR, @dckbe Gemer al
formulae (Xnt) R--6YZZZ YRI2 XIVd XIVe R 2 10 wherein X, Y, Z Rl, R
and R4 are as defined for general forrmula (1); and R12 is Cl1-7

al kyl - Li - Rord . @0BB&ONHQ C3-1 0 cycl oal kyl - Lj - R5- L2- R6 CONHRCIvGB#/015@8 7

al kyl -LI -Rs-Lr-R6CONH Q 15 wherein L27 L2, RS and R6 areas defined in
general fornula (1); Qis a residue which is part of a carrier and which

ei ther contains groups fromwhich the "NH' noiety in R12 is derived or has
~been derivatised so as to include such groups; 9 Cctober 2006 WD 03/087824
PCT/ GB03/ 01505 27 wherei n the carrier may contain nultiple Q residues that

al ready have 0,1, e | daRk& " I 18 efc@zh E0ouk ! Arebdy hav
attached; wherein t e |nt eger nn ?ngtcﬁ)e t ot a‘Pﬁ% % f7Q resl due))s °
avai l able for 5 at&h&hmtmhérmolmmfgm@émlﬂt@@a tific carrier,

br ot oi naceous ol oot e ik B dy SBE Gpif bRl REQ xS TikiRge T 7 2
derived fsom a | ysiatiectsieteofhimber molecule to a specific carrier, where nn will be different

for each specific carrier.

The carrier may be a proteinaceous molecule and in this case Q and the NH moiety in
Ri2 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
" (eg the core antigen of Hepatitis B Virus, see Murray, K. and Shiaw, A-L., Biol.
Chem, 380, 277-283, 1999) and other proteins well known to those skilled in the art.

Non-protein carriers may include large, slowly metabolized macrorholecu_les suchas

20 polysaccharides (sepharose, agarose, cellulose), cellulose beads, j:olymcric amino
acids, copolymers, inactive virus particles and attenuated bacteria such as Salmonella
1ﬁay also be used as carriers for the presentation of active moieties.

A fourth aspect of the present invention provides a process for the preparation of a

compound of
25 general formula (XIV) as defined above, the process compnsmg reacting a compound

- of general formula () as defi ned above WIth a carrier. In one embodiment,
the carrier-can be 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




10 Suitable carrier proteins include bovine serum al bum 9,0deytmbe | i npet
haenocyanin (KLH), oval bum n, heat shock proteins (HSP), thyroglobulin,

i mmunogl obulin nol ecul es, tetanus toxoid, purified protein derivative
(PPD), apr gié pissrsaen egg white |ysozyne (HBW), car bonipﬁm&sﬁge,

oval bum n, apo-transferrin, holo-trangferrin, 15 phosphorylase™B,

P- gal act osi dase, nyosin, 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
thosg Iski | :j ed i:hesllbmmmll' i 'daesteN@;h;:ﬂfeﬁie&l'(ﬁrtﬁllayrhineﬁﬁalrmgydﬂﬂ(@,hﬂﬂﬁrdi{w, 9fan 84i@W Y
met abol i zed magroopl ecyl es, suc 20 pol ysaccharj des (sepharose, agarose,
cel lul ose), celPUIt¥ ’,aBSI?t%ﬁHQF‘?R!m%?}iWE’L %{&%,ﬂ%@g‘ﬁreﬁe@@} o Histi ve
virus particl eskiBeindbd £1) s SvdasicR kb Binfie)) s@ifoxRR AP RelpeAnrd BYE:6h 18 the
used as carrier&,f r the presentation of active noietie§S. A fourth aspect
of the present>9 fv&Ht Prsfradhodt wem smpergee s The reaptinn wpp pocendugted ¢ aq
compound &f 25g@meethah7formula (XIV) as defined above, the process
conprising reacting a conmpound of general formula (1) as defined above
with a carrier.. In one enbodinent, the carrier can be a protein. The
reaction c | CA U 0 I f

Carri er i ool IS tor R AVl B a0 ol BRI AR In Gl S1f s
deri vat i ve arh@tiepe orf grigandinpn difth axpesbef thropesempinyentysy dmefe pPERraiies) 1505
28 the sucebmpairieoieehéial fofiEekV) cal or unsymetrical anhydri de,

mal eimde, or an acid fluoride or chloride, a pentafluorophenol ester, or
ot her actlDve ester known to those skilled in the art, in a solvent such as
di rethyl sulfoxide at a tenperature of from15 to 50C, but preferably at
room tenperat ure. Rilhe [Qagtid on MR efcﬁm%%ed at a pHnGb o® than 7.
Conmpounds of genera ormula (XIV) be Tifnked to a derkGatised active
nmoi ety such as _an epitope or a ligand. In a fifth a&pect of the present

i nvention, th ' ovi ded aReX _ N

XVa Xvb
— . = General formulae {(XV}
\ .

RyoY

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

15 Rysis (CH:)CONH-E, CONH-E or G;
tis an integer from 1 to 5;




conpound of general forrmula (XV): 10 R\ //NNHCO R, 3 R1\ 9o Odbi&:085 v
R~-NHGO R~3 L" C- RzX RRX \ \ R2X Z R12Y xva R12Y XVb XVc YR12 Rl
~] NNHCOR, a RI NHCOR, 3 General formulae (XV) YRL2 Xvd xve R12Y wherein X

Y, Z, R, RRoamek7$¥4 are as defined for general formula (|yercBishibe as
defined in general formula (XIV); 15 Bd3 is (CH2)tCONH-E, CONHHE or G t
Is an integer from1l to 5; 9 Cctober 2006 WD 03/087824 PCT/ GB03/ 01505 29
E is derived froman active noiety which either contains an am no group or
_has been derivatised to do so; and NHE is derived fromthe am no group of
the active noiety; Eds fesivadh franx amastineineiety witceltheo cant@ncar dntiny plopp velisde

t hrough a carbon at | R the L Ve l.ety.i S .an epitope

m netope or a li gang%g{}g%g&?dr RIS %@gﬁ%@? %De%veﬁlr%?lgitﬁ? @B?uﬁgv,ogthlei pi d,
a nucleic acid, an ativahiafly; a vitam n and a | abeling nol ecule. Wen the
active moiety fromwhich Eis derived is a peptide, the am no group may be
derived froma side-chain |lysine or NNterm nal am ne. The conpound of

fornula XV may conpGiiss fXiv¢iidicty BR a6 thecsiBohIBRirfAdR Miowph EarbdPsiemact i ve
nmoi eties. This can be particularly useful in applications such as raising

and wherein the active moiety is an epitope, a mimetope or a ligand selected from a peptide,

a protein, a sugar, a lipid, a nucleic acid, an alkaloid, a vitamin and a labeling molecule.

When the active moiefy 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 mojeties. This can be particularly usefut in applications such as raising
antibodies to an epitope or mimotope, e.g. where both a T-¢ell and B-cell epitdpe 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) can be prepared from compounds of general
formula (XIV).
In a sixth aspect of the present invention, there is provided
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 deﬁne_d above,

The reaction may be carried out in an aqueous or a hy&rophi]ic organic solvent at a
temperature of from 15 to 50°C but preferably at room temperature. .




anti bodies to an epitope or mnotope, e.g. where both a Ba®bkrang B-cell
epitope may be attached to each carrier protein, or an adjuvant can al so
be linked to a carrier, or in analytical nethods where a probe and a

mar ker can linked to the carrier. The conpounds of neral fornula
(XV) can be‘pg?%ogz‘rﬁéd from conpounds of, general fornula (135 BOOLYY sixth
aspect of the present invention, there is provided provided a process for
the preparation of a conpound of general forrmula (XV) as defined above,
the process conprising reacting a conmpound of general fornmula (XIV) as
defined above \Woldpownds @Fpeiend fenultepeV wh%%gfﬁeawana&%yhme fuch ¥V C)
E- NH CO (CH2) CONHNH2 ( XVIa) E-NH CO- NHNH2 (XVib) G CO- NHNH2 (XVIc) -where
E, Gand t are?23spitoes by eipmaseleetiverpstipn fcselegliverrasetive acmsingle fnstiena] growm

aqueous or a hygheprhidh [ L : Qm:laet o
50C but preferably a!t:dnlrl%g?ﬁﬁ tg%?rpbgr}t%%re. é@%@#&fg@%@i’%‘ggf@%nzﬁf

PCT/ GB03/ 01505 an Zpitapsniysing desidife eyeare Naterthipalnarhiae (Sxaipayvith an corepgwné pdirteel f r om
an active 4i ey SieRVvAS). an epi tope by chenosel ective reaction (a
selective reaction at a Single functional group wthin a conpound t hat
contains multiple functional groups) between a side chain of an epitope

| ysi ne residue or an N-t ) ) up with ound of the 5
formula (XVIla): H@C(%%WWI a) V\her@(‘?ﬁ?s as defined above
and J is a protecting group such as Boo (tert- 10 butoxycarbonyl) or Fnoc
(9-fluorenyl oxygar bonyl). . The carhoxylic acid of conmpouynd (XVI|la) can
be activated s eag adii: g‘?ﬁé‘@ﬁi rﬁ%ﬁyﬂé’nasfé? 2 prolFcHRg rgreu SHEh ah BAmEeti cal
anhydri dao mal itsRyd@boryl) 6k P (S-flubiéayinféthoRycaftih@ni de, a pentafl uorophenol
ester, or other active ester known to those skilled in the art and

The carboxylic acid of compound (XVlla) can be 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 (XVlla) can be achieved by reaction of an
. otherwise fully protected epifopc (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-tenminal 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
_ subsﬁtuﬁon of the amine by the dihydrazide compound (X VIiIa):

30 ) H;NNHCO(CH2)CONEINH, - (XVIIa)




15 reacted with a side chain of an epitope |ysine residu® @iobaipadst er m nal
am ne group. Chenosel ective reaction of a side chain of an epitope |ysine
residue or an N-termnal amne group with a conpound of formula (XVIIla)
can be achiveyeghsbgrar eacti on of an otherwi se fully prot egﬁ@g}ogﬁge (see
At herton, E and Sheppard, R C. in "Sglid Phase Peptide Synihésis: A
Practical Approach', IRL Press, 1989. for a thorough description 20. of
side-chain protection strategy) containing a single free side-chain |ysine
residue or N-termnal am ne group. An otherwi se fully protected epitope
containing a single free side-chain lysine residue or N-term nal am ne

group may be p st andard j.d se pept.ide synthesis
t echni ques, or bﬁg‘%é@ﬁ g ﬁﬁ%“’%ﬂg ?%Wﬁ@s‘ﬂgih)@pﬂ@ﬁéed g gm eIt mmanRe; e s
known to t hoseamskdtiveambiéty) shdteasar dlycodfailde @iy /by chéAFRREBASIRIogiaRET al

formul a (Xvka) e ared froman acfive _noiety, such as a

gl ycosyl anune P@‘@B%ﬁﬁtﬁgmmm Byl dily deagide sempeund X VIRt i t ut i on of
t he am ne sby t he di hydrazi de conpound (XVIIla): 30 H2NNHCO( CH2) t CONHNH2
(XVIlla) 9 Cctober 2006 WD 03/087824 PCT/ GB03/ 01505 31 Conpounds of
‘general formula (XVIb) nay bENNHGONENHn an equi®Mbht nmanner from an
active noiety, such as a gl ycosyl anine for exanple by chenosel ective

nucl eophilic substitution of the am ne by the carbonyl dihydrazide

conpound (XVI | FempoundipRigrreciHivERile X¥VId) oan Genpepandsfroh ayeasivalmbietyrbyl a
STt oo g nARBHRCAER BT M Ul L YuBduenfR B FrboARwt R Tl

art towards the i"ntroduction of a carbony
mol ecul e10] n copsgamieiobfculeor mul a (XVa-e), (XVia) and (XVIla) and (XVIlla),
the gro up - (CH2)r- is preferred, but nay be replaced by d-7 alkyl, C3-10

cycl oal kyl or Ar-Cr .
‘ In compounds of formula (XVa-e), (XVIa) and (XVIIa) and (XVIlla), the group -

(CHo)- is preferred, but may be replaced by Cyq alkyl, Cs.10 cycloalkyl or Ar-Co,
alkyl group. '

15
The technology described herein with particular exemplification in the controlled
conjugation of active moieﬁw 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 disclosed further herein is 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 fo the following.

- 30




al kyl group. 15 The technol ogy descri bed herein w th par bicgttbar2006
exenplification in the controlled conjugation of active noieties to
carriers, has many applications, both in solution and on a solid phase
support. | RygashdseHl ar, conpounds of general fornula (XV) |
medi cal applications and therefore di g¢l osed further hereﬁ'(ﬁ”ggwé?lgérrpound
of 20 general fornula (XV) for use in nedicine. The use in nedicine my be
either for a therapeutic or a diagnostic purpose. Conpounds of general
formula (XV) in which the active noiety E or Gis a therapeutic agent may

be used in theSblugan piast amplications appr opri at e nedi cal conditi on.
Al ternatively gen,_ the corrpound of general fornula

, n E G is_.an ant
(XV) may be usgﬁheh Cagli'{)]é?(,gﬁPﬁécm’T‘ﬁ%&eEﬂﬁﬂ%W gt ingliyde, brarg pot ispieted tog XV)
may al so be USpebtides \p@étéxﬁé}%u@dr@qrjﬁ&t 'nﬁcl@iléFHcidQ %Ed )00 LifA @%@ﬁm&%f whiggol 1 d
or solution phas ays Exanpl es of such appli‘cations include but are not
restricted to =o VioHr Mgt Tes%ct@i & treptdes poeinsy\engray, 08 srucleic acids,
PCT/ GB03/ BL505idiRidRoitirhiBh) SAF Grhl n 2 a
carrier (exanples of which'incl udre, u%n%gﬁ:{g%n%%cg?%s . %:(E:gt g%h{){gsll%pggtﬂﬁ%es
pr ot ei ns, suga@é’eﬂt{qﬂpl ds, nucleic acids etc.) to a ligand (exanpl es of
whi ch include but are not restricted to, peptides, proteins, sugars,
l'ipids, nucleic acids, 5 alkaloids, vitamns, small organl c nol ecules etc.)
usi ng t he corrp’ﬁbfrrtfpmnlmothhr gpeatrwfﬁwtpreaent Hhertieh chres isiphovidealt Heommepeef of
the present L OV dac nd of general fornula (XV)
which is sol ub%lglglltajn%gn& Us ‘§’§1 Bt‘ﬁs ?1“%?&’63%?03?§03‘1‘P0,5‘hase appl i cations of

this invd@tion include, but are not restricted to the follow ng.

Solution phase applications of this invention include, but are not restricted to the
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.

Higher epitope/mimotope concentrations can be loaded
| onto the carriers with the retention of epitope/mjmotope-canier conjugate solubility,
25 thus improvix_:g 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). Conjngation of epitopes/mimotopes may also be combined with
co-conjugation of immunomodulating compounds (e. g 11p1ds adjuvants,
30 mmunoshmulaimg DNA sequences cytokines, etc.).




Conj ugation of epitopes/ m notopes to carriers such as pr oteidasr 2085 ( See
EXAMPLES 1-5) Wen the active noiety Ls an epitope or mnotope, it nmay be a
fragnent, for exanple an antigenic determ nant, derived froma protein or
pepti de nol ecule or a variant or anal ogue of such a nolecule or a
carbohydrate e.g. a surface oligosaccharide derived from a pathogenic
organi sm such as a bacteria. Exanples of epitopes and m notopes 20 which

can be us ] L i t hod include oxytocin and anal ogues thereof. The
- carrier vmeﬂ.fe%fP% Er'gﬁi)%/ egngqsogg?erﬁ'et%grep\so?r@f’ﬂ‘?‘f Bj gpnouadof gpaeral fasmblgdXV) in
concent r atWi¢sE @af ipdetiveddeth amepitdpher admotopes Wi th the retention of
epi t ope/ m not ope-carrier conjugate solubility, 25 thus inproving the
i mmune response. Since the conjugation is a controlled process, npre than

one agent nay Dptiomailyythaicatpsuad bh geredl Foretula GXVNbIAGes GAGthe@avOnofy) e and
mul tiple i mungl ogi.cal |y yel evan &Etopes/ m npt opes (e.g. B-cell and

e
T-cell epitop lﬁntaBpegﬁm“”@&?ﬁ‘&@ g orfoBwoupd t sWbs/ # ndt dipdd, magiusnto be
‘conbi ned with inffuesstinuBiahs DNANequdhes Gy thtii dttiched BIMOURHS: (€. 9. i pids,
adj uvants, 30 inmmunostinul atjng DNA seqlences, cytokines, etc). 9 Cctober
2006 33 Therefore, in an enbodinent, there is provided a conpound of

gener al forrrul@mﬁ%g&,dgaf Mkt Borks g%q,j ' & ' Snitd

nmi not ope. Optionally, thg corrpour"l'%r g%n‘g%\éﬁ%rﬁu’ﬁoa i%@; %ﬁngﬁ?u e@°SMot her

active noi ety m¥RQtopes b usediin 3 methed fotitaising spgcifio apithodits sgaihstabe epitoppi d,

adj uvant, i mgingsid | ces or-.cyt okine at.tached to th

carrier. Conpounds %t%g%%ra or%ﬁi a %X@mg%m%iac bﬁ%% ?scoalrl’"%affrom

an epitope or geagrplfoopdy(X¥h be used in a nethod for raising specific

ant i bodi sai_gai &s’t t he ﬁ:itope or minotope, the nmethod conprising

i nuni si %j WGl BcteVRMasPechohdmaresent gartion providasiaamelvg. fongaisingi ngl y,

a sevent spedifpeartibodies hgaipstebe BpitdpevathimoopR! el Hethod cBMbiAth nthulighgang

i & SABEU AR LGB odrdFar IRV In WRIEPE PG s bEeditons an S5llope’ °' "
of mimotope. '

Thus, an eighth aspect of the present invention provides a compound of general formula
(XV) in which E or G is derived from an epitope or mimotope for immunising a subject in
order to raise antibodies to the epitope or mimotope. A ninth aspect of the present invention
provides the use of a compound of general formula (XV) in the preparation of an agent for
raising antibodies against the epitope or mimotope.

Immunogenic compounds of general formula (XV) can be used as vaccines.

In a tenth aspect of the present 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.
An eleventh aspect of the present invention provides 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

pharmaceutically acceptable excipieht.

The pharmaceutical composition may be a vaccine composition, in which case it may
also comprise a pharmacentically acceptable adjuvant.




subject with a conpound of general fornmula (XV) i'n whi chsBcber@o0s derived
froman epitope or mnotope. Thus, an eighth aspect of the present

i nvention provides a conpound of general fornmula (XV) in which Eor Gis
derived frogman e |tope or m notope for immunising a subject in order to
rai se anti BYYP¥E%¥782% the epitope or nminotope. A ninth aspBEF/GBE/MHS present
I nvention provides the use of a conﬁﬁund of general fornmula (XV) in the
preparation of an agent for raising antibodi es against the epitope or

m not ope. | mmunogeni ¢ conpounds of general fornula (XV) can be used as
vaccines. In agte Dr esent | s > i s provided a
conpound of genbC%kagﬁﬁﬁﬁﬁécﬁfﬁ%F&#?&"d-r: 54 FRFBEaL 0THA

epi tope or m mit.gPdL(bh) witep@eeig vacci ne. An eIeventh aspect of the pr esent
i nvention provi ceutical conposition conprising a conpound of
gener al fornulé igﬁﬂﬁﬁ ch Eor Gis derived froman epitope or m notope
together wth a pharmaceutically acceptabl e excipient. The pharnaceuti cal
composi tion naﬁhbdammM&ﬁ?Fmépﬁﬂﬁ@@&%%mﬁmgnm&;ﬂhhﬁ&yﬁ&ﬁgmhﬁﬁﬁﬁVb y BldEect
conpri se pha a ta adj uvant Oct ober 2006 WO

03/ 087824359 &@ g‘{@géﬂe Essq@fet R B¢t Tmetheds bt wpansterestigr afhe
reaction of a bioiey with cﬁﬂﬂegeaic (mh{ml@: az) (19497 Whoi(&ob)r)., 19871 P 1R B4, NS

(See EXAMPLE 6) TE sgbern1n tion of tein concentratlon has routifely
been carried ofit 2hy(1Pnkh /e C%E’Zim&?%r?«ﬁé: Beadforeeelil Rt nat fiioadienrp | 248+ 72;

i ndi h
i ndi rect net OgﬁntheétYaNQ@“SS} NGal %%C{z]éri?nlfof 7@)0&%&&6@%%1%&Een?§1{}%§%{‘ &Cl 051).

(Gomal I, et. at

J. Biol. Chem? ,1(%902)32é@nd@pécnfoﬂ@res(cgmﬂpbemmd resgiinst I“félnmwaQAMolmllar
Smth, ety at,p 1(0%8@@1@ ﬁﬁ%’ehe, (ﬁg’gg?)% fPrag:ﬁ 7@3 s 1§s|u Bk e&%%%gt S

(Fﬁugland R (2002) Pescent esS and resear
chem cal s, Ml é‘éhﬂ“ agacting profiess with riye re@gertbat m;laytﬁm)mog@mmhlaﬂaﬂd‘lmcst hi s

has usual |y begRnCidhdihth BY broBih or by derivatisation of the proteins with specific reagents.

Indirect methods are usnally destructive in nature and protein samples are not easily
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 samplé to be recovered. Due to the nature of
naturally occutting 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
waveleﬁgths 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 finctionality 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 examplé ofa




either reacting proteins with dye reagents that display elOdusegmosC
characteristics upon binding to the protein or by derivatisation of the
proteins with specific reagents. Indirect nmethods are usually destructive
in nature and protein sanples are not easily recoverable. Direct nethods
on the ot hdYORH§®2¢el y on the nmeasurenent of absorption BESr/epemusa due to
t he presence of specific amno acids,3usually phenyl al ani ne, tyrosine
and/ or tryptophan, and/or the peptide bond. This nmethod is relatively
simpl e and non- destructive allow ng the proteins sanple to be recovered.

Due to the nat tura C no ac ei t her as npononers
(ami no aci ds) grrg%oq‘fld or}a ener(aipé%ﬁ %et%[v ﬁr O?E r@?ctra ﬁ@PPﬁ%B‘é&?ﬂ’ﬁh & ectra,
in the absencen@ghgﬂﬂwambmbinef biSo-BOREHR  abdt: 36D lluhrrenmes e exRMelranglibigerbel ow

300 nm (Teal e an i ochem J. 476-482) . This neans that
protein spectr&? gltbq’?aé) ]g’ﬁ‘i‘%‘@rijl%l%c’tie%%fq ‘Pfem?m@é‘?dr arnédlué‘ﬁ’cﬁeﬁtdﬂe%@é(v@@ngt hs

bel ow 300nm anehet fs6rptiBi @fedire RQS Fidke 15 Ofofr%f?éc%ﬁlr aglslé@méﬁa&li {hQn]?QA ~TML
be

protein carrier with a |Iinker of general fornula (I) ow neutr al

pH, Iinker fSPeﬁ’é??efoéleX%PWaWﬂ"?le}lﬁhwﬁﬂ%w% qﬁfe@rmcly@ruaﬁv@cefv&en
exanpl e the TMgdidkerio (tiié)éurr?eétl}heﬁégd% SR/ fcﬁ-b %gotﬂe Bﬁéﬁb ?Qiogrd?é}}l

however at pH values greater than neutr such rs ex
hyper chroni ¢ sé@mﬁsaﬂlomﬁ@haéﬁf@ﬂisstqf(ﬂ@ fiengogenici maﬂeaia]ﬂuxam ©ée Exmmpli@ cindxy|

functionality are

ret ai ned when F |1 nﬁﬁke gener&?dd'fe§ Sﬁliﬁ}gifﬁ@éﬁ 78 cég%wrgeerg t%‘%ﬂ}d’i’%
proteins (for mﬁh&ﬁ;ﬂqmrempmmdl orthoflolbgreantig a HesﬂkﬁiVeWchllnqﬁSA gi vi ng
BSA-TM., gp exanple of a 9 Cctober 2006 WO 03/087824 PCT/ GB03/01505 35
conmpound of general formula (XIVa)). This spectral property together with
the negligibl Addmmmﬂlp; s axtit@ion -apkotavtleszth kbwe S’BOQnr(ﬂar eRdaé @bort 3¢5 ext ent
of the linker act.i.on | i nker. | oadi ng) ins to_be nonitored
and quantifi edma > FELEFS, d%’f“ffﬁf dtWﬁhi]Bg?ﬁ S‘F‘rfgd(vf@"’é"? slerem Buretad Tor
spectral assesemgm (eogE B TRSMeThibit ﬁumm&%hlssftﬁr(s&mé €3)2tThe pYépydk engt h

of 376 nm This fer a.clear ad ce when caqnpared to the currently used
‘methods for as¥e %Pﬂé’eWF’ér’iﬁ ﬁ&%rﬂ&f‘ébﬁprwﬂﬁ@s%wdw wopitpreds by he use

of the flmrogﬂﬁuresc&ﬁyagpg@&oﬁbw am (see Exanple 2 and

In addition to the extent of final derivatisation, the rate of derivatisation of a protein,

for example B'SA, 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 pi'ocessed 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.




Figure 1). The absorbance nethod is sinple and non-destr gcicioser 200@r eas t he
Fluram nethod requires experinental nethodology and is a destructive
technique. 10 Additionally, upon excitation at a wavel ength above 300nm
(for exanplygg gdaRa4 375 nn), proteins derivatised with |IP(H%ECE]?0 ﬂ general
formula (1) wherein R2 = H X = oxyggh (e.g. BSA-TM.) exhi {or escence
em ssion (see Figure 13). The progress of the reaction between the |inker
and the protein can therefore be nonitored by 15 fluorescence spectroscopy

In addition tol. extent ﬁl fi naI derivatisation, the rate of
defi vatisation epV‘&te“e h aspgt ok fherpspsenbigsentipnither isieyided a gemdesituctive

formula (1) V\hgﬁﬂoﬂ xanpl e .TM. |inker
be assessed in a non- estruc |t€ee8&n%%%g?fo{)%e?§ Er?éﬁtpr?ff’me‘fﬂg’o? éé?ﬁi@for
f1 uorescence sgereral mmlﬂ(ﬂbmwllgcthulsHamddhsm thévme23d couplisinpdith@act i on,

anal ytical sanples may be renmpved, rapidly processed to Isolate the
l'i nker-protein species fromunreacted |inker (process nethods are avai I abI e

to perform suéh i smb@unnglﬁleemmﬂﬁwl Abgordhiidai Speliu taf3) wavERBeth SBLAL

l'i nker - proteins %degt rrpg% n be uan ified fromthe absorption spect ral
neasur ement (conce rat geﬁ%/ QIOE 49 detest thgfosmation efraaeomnounyd ofHh
utilising Beer géarabfurtuslaZRIV)EW whSHR,IS H dod 984 b; oPhysi cal Chenistry, Second
Ed., Oxford University Press, Oxford, UK) or fluorescence spectral

measurenent. |If desired, the analytical |inker- protein sarrpl e may then be
returned to the bu'th@ﬂuO&ﬁ&%§s1& ne%a@f%{l% BLIL R 03 01505
36 Theref aspect of the pr I nven |on ey e

;
provi ded IQ norfn(?e@flt‘}lj\&t?“\? e ipfnation of ﬂcqmammdfofgngemlrfemna@mmathHzate of
reacti on of a ipHaheXv4swW.th a linker of general fornula (1) in which R2 is
Hand Xis 0, the method conprising either: 5 a) neasuring the intensity of
t he absor bance spectrum at a wavel ength above 300nm and at a pH greater

than 7 in ord f n of un eneral fornul a
T Cﬁ"’héﬂotlhs BIRE it QR B b BlrBlenPo FRTPRE OF redliionTE W BctalaSs

urality 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 spectram may be measured at a wavelength between 300 and 400nm,
typically about 350-400nm.

A typical suitable wavelength for excitation in order fo measure the fluorescence
25 emission is 300-400nm, preferably about 375nm.

Analytlcal assessment of chemoselective addition of ligands to hnker-protems XIv)
to provide protein constructs XV).
(Sec EXAMPLES 7 and 8)




b) neasuring the fluorescence eni ssion upon excitation at Greidhel 206ed

wavel ength 10 in order to detect the formati on of a conpound of general
formula (XIV) in which R2 is Hand X is 0. Wien the process is used for

- the measur 059§4t he rate of reaction, it will include a plurality of
measuring steps SO that the variationgn the intensity ofGTHEP%BEEF bance

15 spectrumor of the fluorescence em ssion over tine can be calculated in
order to 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 Uﬁajadkér;s diddicéed hBreirdhvEhice é‘thﬁt?&ﬁeb@t%h%%%lé&%g‘%){thl%e measur ed
at a wavel ength, bet ween 300 and 400nm typically about 350-2400
typi cal suit ablBVeREaAEt & rf@?tﬁmﬁoﬁo%ﬁémg&ﬂfwmwgdmal,tbactmma}m etc.)

fluorescence Zfteboad £21: é§fI§ Y m_Anal yti cal
assessment of chenosel ecttve a%gctigo %l%tp angsJO Og?‘ﬁﬁi% §t°81“Rg“‘%/1§<| V)
to provide Prot¥pppesdfamplid®EVOXY) (See EXAI\/PLES 7 and 8) 9 Cctober 2006

WD 03/ 087824 PCT/ GB03/01505 37 The linkers disclosed herein have the
ability to react chenosel ectlvely with a di verse set of prote| ns, froma

range of nol ec k Da Vi d| ng conpounds of
general formul g 2 52| %% %&tffg eDl?‘ Mglf‘]ﬁg af@ E{ﬁ“’l‘ﬂhﬂlﬁé‘“f e Parkeryhi t h
t he char ged- bahdrmed ailaloguersudf as oBipenR] (1EPEovH h dxtehsivé ﬁfole%ifl%‘@&%hi el M
l'i nker (14)), gﬁ‘?h t he use &kﬁﬁf r boxyl bt activated anal ogue such as
conpound ( 15) Jisere a5 agratqmin ( E’h?%rw lytoeyina fifekDa)) hephiiféscd) vimse
apr ot oni rli( 6. Scdr®alelta EgRIATWDA)E chbtME ViiBydrdd $50Da)160ablinS(45 RHd)US
bovine serum albumin (66 kDa), apo-transferrin (88 kDa); holo-transferrin (88 kDa);
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 Ry; is (CH,)CONHE or G. These applications are
demonstrated in Figures 14 and 15 which illustrate the gel-shift analysis of proteins
upon chemoselective reaction with activated TME 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)
(whetein 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 litfle absorbance above 300 nm is




iO core delta antigen (17 kDa), carbonic anhydrase (29 k@@cmbmb@um n (45
kDa), bovine serum al bumin (66 kDa), apo-transferrin (88 kDa); :
hol o-transferrin (88 kDa); phosphorylase B (97.4 kDa), -gal actosidase (116

kDa) and mypgbiestsd> kDa). Each of the conpounds of generlQ:lT,(ffﬂLn;?ngg (XI'V)
may undergo further chenpsel ective ehgboration with a set o razi des,

I ncl uding, but not limted, to biotin-hydrazide, 15 Texas Red- hydra2| de
and oxytoci n-hydrazide to provi de conpounds of general formulae (XVa) in
which R13 is (CH2)tCONHE or G These applications are denonstrated in
FihguresI 14 and obszrwsti(sde FIGURS Iﬁat-e--t}}&aq :?_%Ik_le)is méﬁhho&n?‘lay;&bﬁuﬂlﬁnhw qbeeigﬁlsf upon
chenosel ective re on ctjvate i nker n subsequent
derivatisation® Weﬁi ’%}’B‘fl r(&ﬂy% aJ geAmple grefgingidl, ( ) gWQBPLRﬁ%m%ﬂI ysed
by Vestern 20fiala @Vhysid &OFort SEmPILERAARY &Eméw %Muessﬂas%ﬁwheimt ric

characterisation of reaction of TM. |i nked Bg?tEI nd with biotin- h drazi de

to provide bi olirked| ripleln easterchobaenesd ferrmlp {26V She cumlpBEs-FMinbioy o5 As
det ai | ed @Ove%ﬁ)ﬁﬁnﬁ%ﬁaicﬁﬁ Of\loﬁ' Phat 6l s%tﬁbpﬁ(b'snw caisnaae fa% rm'a

(1) (wherein = oxygen) provides er-protein

exhi bits an aﬁ%@ﬂbaﬁ@éﬂ)n@hibmelaperahmmeBlaﬁqmt hllghm@rhiérto 3@@ exient Oﬂ’ or

S)ﬁgrr]rgi(ed?fioﬂn]ée\%{&go s?&?seeﬁéwyl(%ah&%ﬁ% K"gir&%aé%ar ac er%zg{ee\‘l &s of

this species chamgb fommba(XVH, by omkkn 'Esselwmﬂ ﬁ@paty, antiich erighsl dugl toes, f or
exanple pH 3.5, .where ttIe ahsor,banc above 300. i n I S. tobe %;)6 WO
03/ 087824 PCT] 081 s5ni o GHIoRhote, Uppns SRl | Si_ g

Reaction 10f a kydﬁazenmbdndm bﬁbl& pmra%amlf ext@m e kel re:idﬁbﬁuf @rdtéih‘mker §pe¢’1e¢
exanpl e protein

dra2|deo ral forrmula (XVla, Qr c),
For  exampl o bi 18 hsipied fe Moo dod i dlveni BBy shiotmiin Brdhe:
construct of OREEFIGURES M6/l 1(7)<Varhe aﬁseibaﬁeeaﬁwseaﬁ%ﬂ %ue@hﬁifu'\@ af¥essent
aprotini n- TM.- tla}o h{lgw when assessed at 5, constructs of
general formf® @%?ﬂ £ b eample,of fhis Fﬂgmla sbwsftbetqvﬁtabwomw@nm to
the extent of at324nm,pH 3.5 for the formatlon of the BSA-TML-biotin and aprotinin-TML-biotin
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. |

Therefore,.in a thirteenth aspect of the present 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 meésm'ing the intensity of the absorbance spectrum at 2

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




reacti on between protein-linker of .general fornula (Xl Va)e Gousbetdveshydrazi de
of general fornmula (XVla, b or c¢c). This spectral property, which arises
due to an extension of the aromatic chronmophore upon conjugation with the
unsaturated 10 hydrazone bond, enables the rate and extent of the reaction
of protei n-"F?W@Mépeci es wth hydrazide to be nonitor eBCEFBOISNGt i fi ed
directly fromthe absorption spectra ¥ see FIGURES 16 and 17). The

absor bance neasurenent is a quantitative assessnent of |oading, and, as an
exanple of this, Figure 17 shows the total absorbance neasured at 324 nm
pH 3.5 for the formation of the BSA-TM.-biotin and aprotinin-TM-biotin 15
constructs of general formula (XV). The total concentration of surface

| ysi ne resi duedVhenths prateseisfused foe @t meRurainkit ofl ieirtk OF raafti@eneniRinche gul a
(1) is approxi ”E%ﬁ]t_% fl times that of %Protj ni n_for BSA, This ratio is
clearly refl ecPEGHH Of HEAHHES Stoah & that entasabian ingthe dntensyy ofithy shsobarsar ed
to 0.90 (BSA). sgheumeaet ithie oaY belsRuBRdf8! d:94ed Bernfild B8R ﬂfé@hﬁ’?iﬁu&ﬁ gure
18) and Western bl ot analysis (Figure 19). 20 The conbined ability to

control both t H¥hosel ective nature of construct formation along with a
real -time quantitative analysis of the extent of construct formation

provi des clear and significant advances upon the current nethods used for
production of The gesesslis tyrisallprastied pef. at Thoor thopreraiure (abautt 1 tot258@ dndag pect of

the present | ngnkls RS Gnb JBEAYIHHPLs Bl \RREASS el ve et hod for

quantifying the extent and/or rate reaction o I'nker-protein of
general fornmula (XIV) wherein RR is Hand Xis 0O, with an active noiety

hydr azi dey, t he ri.si asuring the intensity of the
absor bance spe‘& %%&gﬁg‘ée%%g@' V\é/atvellrﬂgl}lg %gbé%%%%eﬁa?ﬁﬁﬁnawayé’eﬁﬂ?aﬁ‘&‘zlﬁ % 7. 9
Cct ober 2006 ¥@o$.310 8 78 2 4 PCT/ GB03/ 01505 39 When the process is used

for the neasurenent of the rate of reaction, it will include a plurality
of neasuring steps so that the variation in the intensity of the absorbance

spectrum over Using tisiprobms, doik pudsitled prépatty HlQlibhGortahil oA tife bdi8o balbRatef

pr oduct . . ) . . . .
. 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
prqvides a ligand-linker-protein construct of general formula (XV) that contains a

50% loading of each of ligand hydrazides 1 and 2. For exaniple, 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.




5 formation. The process is typically carried out at roomCcebEeoed ure
(about 18 to 25C) and at a pH of about 2 to 6, nore usually pH 3-5 and
preferably pH 3-4. 10 A typical wavel ength at which the absorbance spectrum

may be meagiy Bllsisss 300- 400nm Using this process, it is i to
prepare a cal%é r-at‘} on graph or table gnd to calculate tﬁgi)@gﬁ‘l’rr]g% possi bl e

absorbance intensity for different carriers. The maxi mum 15 absorbance

intensity for a carrier is related to the nunber of avail able Q residues on

that carrier. Since the formation of the |igand derivatised |inker-protein

construct can be nonitored in real-tinme by assessing the absorbance signal
324 nmin the 20 case of a protein-TM-biotin

at above 300nntl(tgi§%i, |

construct), th ?yp}tll%Epsé'B%t? PERZGE RmpeTd of egparaldpramia GEY) whichbesa y

hydr azi des nmaysdpicdC Biop¥@idnbyr %6 OmaiibIA re 8l tibiRa Ok 'EEH' GiRCioigy gD ety

hydrazi des for set reaction tinmes. For exanple, Il_gan 3ra2| de 1 may be
V.

added to a conftuively. whichhas selentediprapqriiony) ofdisep uesn@i Ipade ewith

absorbance nmegglLeRRE; BadivE Boi 3.5 has reached 50% of the maxi num
val ue, then the 251- reacltff‘i%)erll1 mglglurc#eg anged to |ligand hydrazide 2.

Continuation of reaction until the absorbance neasurenment at 324 nm pH

construct o ous iR 0lnde AR Bkt b s Rt AP DS I |
li gand hydr azimemrdioanda 2ompamd ef genptab formulai(ByY) as defined sove pf @hiehn coul d be

derivatised with bgfh B-gell . and T-cell antigen to provide a 30
construct with irrp:i%\’%gainﬂﬁﬁﬁggeni c and antigenic responses. 9 Cctober 2006

WD 03/ 081824 PCT/ Giéaaidhas mdipletedidics Qpay, it is possible to prepare a

conmpound of general fornula ( whi ch has a, selected proportion of its
avai | abl e residues? %ﬁﬂ%ﬂe“ﬁdt Rtag of the Qrigsidugs irderivatispd Wtk 3 BBt fctivRhi ch

has sel ected propomidigisandf optiofalgvai | abl e residues Q loaded with 5 two or

more different active noieties. )
further 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 compoun_d of general formula (XVI) at a pH less than 7;

20 b. monitoring the progress of the reaction by measuring the intensity of the
absorbanée, 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
g@neral formula (XVI), monitoring the progress of the reaction by measuring the
'igtensity 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




“ Thus, in a fourteenth aspect of the present invention, thasgeszdasovi ded a
‘process for the preparation of a conpound of general formula (XV) as
defined above in which: R2 is Hand Xis O 10 the carrier has multiple
residues Q a first selected percentage of the Qresidues is derivatised
with a firdfO4¥e8782¢ noiety; and, optionally further sel ecT/edopessent ages
of the Qresidues are derivatised witf further active noieties; 15 the
process conprising: a. reacting a conpound of general formula (XIV) in
which R is Hand Xis O with a first conpound of general fornula (XVl) at
a pHless than,7; .20.b. noniforing.the_ progress of the reagtion by .
nmeasuring the iAﬁtvgﬁ)sThF)Pr%cfeSSt#%q ﬁ‘ﬁ@é Shorctete phreaction Qb SPsgTaiein
above 300nm aneithtadydiapide} e prRakls §PiciiESrridd Rt bitb6A Hrlperddfre (ADGuARSHr bance
spectrumreacheg the first selected percentage of the Known maxi mum
intensity; and%@ﬁ%%ﬂamﬂ%‘?@bel.lurt@écmorrgwﬁéfﬁéé@@ép@fer@ﬂle@ﬁ("a) and (b)
with one or nore further conpounds of general formula (XVlI), nonitoring
the progress of the reaction by nmeasuring the intensity of the absorbance
spectrum at a wabeicahyerelapthagfovkicls tenshserhancstsppytiumyman de measwed tn3When t he
intensity of thgyabsorbance spectrumreaches further selected percentages
of the known maximumintensity. 30 9 October 2006 WO 03/087824

PCT/ GB03/ 01505 41 As with the process for quantifying the extent or rate

Cypi cal 1y carr Adtblifie BB bling Bt inB i stiemt R B RS Tty oy o
about 2 to 6, diffeeentisuivkmoigids 3r &leared ppopeftibhdbthe 1REoB-a4 isokindtid ytieelof
wavel engt fb at W fvg rllznc;ie e—h%} %zozcriebs 16 I%PK%(I:I% %Jaq]isnﬁi%seaem o asrl{:{ar%a(g t(i) %on%ggﬂsatgoon m
for the differing rates of reaction for different hydrazides). It is possible to. calculate
the correct proportions of the isokinetic mixture if the rates of reaction of different
active moieties 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
¢pitope (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 moniton'ng_of releass of a active moiety hydrazide from a compound of general




An alternative nethod of achieving a conpound of general 9fGefated 2006 XV)

| oaded with different active noieties in selected proportion is the use of .
an isokinetic mxture of 10 active npiety-hydrazides (i.e. a m-xture that

i s biased iwoousat erns to conpensate for the differing Ifc%}(fﬁ)sfaiso eaction
for different hydrazides). It is possible to calculate the correc
proportions of the isokinetic mxture if the rates of reaction of different
active noieties with the conpound of general forrmula (XIV) and the nmaxi num
| oadi ng of the carrier have been cal cul ated using the nethods descri bed
above. 15 Si rrpfomula;ﬂxé[c) ermyTie aoéompish&b&g&rskmmblfﬂmem&ﬁd;ﬂ bf thel aotbaves

noi eti es and praotekns the i tio ow, t hat sarre asi c_principals
can be used t o RYORI ESPK ?thaewf‘éeéi"g{bo%ovﬁgo% Ef’?a\%’ Afe{“? H pledeatd t h
anyH p;( otein thF@uthzO),h@omaez;tménta‘fth)kdﬂiiﬂ?ﬁétrhagﬁ‘ﬂﬁh&&y E&l@ﬁﬂlﬂtﬁniﬁlla}l a}@i&'ﬂége' n R2
= = oxyge aracterisatjon o e cl eavage reaction o

protein-|i nkerﬁé&ﬁgﬁ%‘ﬁw Op dhand 39+ igurq Apshopxa) edyctiop g the 3§4§é‘t al | s
the qualitati va;saﬁﬁhcetaamda{«@elm ﬁ%ﬁ%&@@ﬁém@fbfﬁi@éﬂ%@d&ﬂl@?% 16;
general fornul a Vi de ound general fornu d the

o]
l'i berated acti¥ Sﬁ‘ﬁagéﬁzﬁs)aewazmmﬂth uctien intheiptensishefithe Wiektern/ b ddestaaltoon of
oxytocin epi tlgaﬁl((f]tﬁgglcavl‘{g@c&gtﬁ@é’age reaction, and hence anal yti cal
assessnent of the |oaded active noiety, may al so be noni t or ed by a reverse
of the absorbance characteristics described above which were used to
nmoni tor the | padj eacti o Therefore real 30 tor| . of
rel easé of a f@% Eﬂ) PP 9&%[??%"}%8%@8&%8@%@3@? "b%ﬁ%‘f&f%%@f’}%@?
2006 w0103/ OSBREMNRHHI/ QBO 8f AdIERS of 4D dctivenshaiety X )draziiy ﬁﬁnaﬂﬁtﬁﬂﬂiﬂuhdhﬁd by
assessnent of r ct i t sorban .SP ral k at.a
wavel engt h ab#&'@o ‘ WU] e’s?aWE’I]é M?Eﬁﬁp‘ﬁ‘ cowbsmget%)
upon treat rrentm&aﬁurﬂ:naitelfﬂ:teldaﬁdfmnca mmmamﬁwel@ Vibé¥e F00nRGnd, €. J.

IN HCl (see Fi 0, .21 and 22). Fl gure 20 shows a clear reduction in
the 324 nu agf)][[l?csséah‘?. ‘

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 D hase biochemijcal/biophysical/biomedical app. lications.
EXAMPLES 7, 8 and 9 have detailed that essenﬁaﬂy any hydrazide functiopalised
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




5 absorbance as cl eavage tine progresses (opposite of theogbl@eboglet ail ed
in Figure 16), whilst Figure 22 shows a parallel reduction in the
intensity olwddmsidéstern blot stain to biotin of the cl eporgBI3MOSSt I UCt S.
In a fifteenth aspect of the present isvention there is provided a nethod
for quantifying the 10 extent and/or rate of release of an active noiety
hydr azi de froma conpound of general formula (XV) in which RR is Hand X
is 0, the method conprising the, neasurenent of the absorbance spectrum
maxi num at a weand]cenitalled apanper. JbGraPeRNEP on exiRsive sAgE REFAITENINEN SH
process is usedap%ﬁca%gﬁsgul ate the rate of release of the active noiety
hydrazi de from®*the construct, a plurality of neasurenents wll be required

in order to calculate the reduction over tine in the absorbance spectrum
intensity. Agai thi < C . 1S 1 VI cgréi kaeRgsature
(about 18 to 2 K crsle’%g’gt%;lm%ﬁgeo%ﬂlﬁé%éhh%n g%a&%rlg&ﬁgﬁy_lﬁés t han
pH 2. A typi caltoVimvebmitogidh It thishéast thehdefmitionr dfdipaad spydier entended thincldasur ed
is 300- 400nm 25 Sol ut.] an Qh‘%ge %che%gl(é.bi g@%ﬁibcal / b‘icﬁnﬁdicﬁe%ical)

appl i cations. B Eg0IFHESs SUGT 3D CHRTASP (iagh N N I T
hydrazi de functfiesphbes biodinive, blaphsical kg dhemival)e pirhinpghores (odpmicd; a
ligand such as a ima_.ll %Lms&% new cqr;ﬁigi cal,ﬁfsgt %%Nﬁ Hetron

di agnosti ¢ nmar Kagphyzicgl op & osghiarergence, fagipehemicals, q {9 i&hner
to a whol e hostgiftaidl @b 'eg§ afiled, Ut HENRtCTBiMAck tafs, &8 Gipt, thicmavate

Cct ober 2006 - 037 087824 PCT/ GB03/ 01505 43 and_control]ed nnFr. Thi s
opens up A% extiegis eleetrochemicaloelestrorliyicaly (G dnerrased Jetistencely PP For

exanpl e, chem g&éfgﬁnbw KRB Emey, 2td | the phesén®irvefion BrRAARLEA BB taged By

I nteractions t e monitored. In this"case the definition of | i?dal?d may
be extended t o ailigehddeeatingap splublgdnieonediate svith yhtichamolenvlanintrniiens could be

(P ochem ! S o e SRR e i oo

Therefore, disciosed herein is a compound of geﬁeral formula (XV) in which E pr '

I'G is a labeling 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 'samplm (a time-coutse experiment monitoring formation of the construct) were
' ‘absorbed onto an Emmulon 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 identicel reaction monitored alternatively by
absorbance measurements shown in Figures 16 and 17. A Westem blot for biotin
30  analysis (Figare 19) (a time-course experiment monitoring formation of the construct)




bi ophysi cal or chemi cal), phosphorescence, radi ochem cal §0c@b&bosn dot s,

el ectron spin tags, magnetic particles, nuclear magnetic resonance tags,
X-ray tags, wowhgeave 10 tags, el ectrochem cal, el ectrophsgsi/crisiof®sg.

i ncreased resistance), surface plasno®4 resonance, calorinetry, etc . Using
the present invention carriers wuld be tagged by a ligand, creating a
soluble internediate with which nol ecular interactions could be nonitored

by a conpl ementary physical, chem cal or biological technique. "E‘ﬁ 1?aore
di scl osed her euﬂmﬂgswmmwﬁ@ﬁwptﬁmﬁma@ stogely spmplerpenisibe,

i's a labeling B%forﬁﬂﬁﬁ carsaeﬁamn%m{aa .12.1&?:%#2/&&? B 8y BBNoflah8SméA3trebifts

bi otin, and chronophores suc Texas Red : e principles of
exanpl e di agno@ﬂ@%@%ﬁtﬂ%ﬂﬂnwﬁlg@mhﬁ,llédﬂ‘i PB.Figures 18 and 19. Here,
the formation of the BSA TMrbiotin and aprotnin-TM.-biotin constructs of
general formula (XV) has been characterised by an ELI SA (Figure 18) and
Western Dbbot fAtygicabpiantiahdiagsistic @pplipatien hay be Emmdembasaluﬁm the puipeiples he

protein-TMrbi o sa rrpl me- comnme mnl ry|tion
of the construc‘iekaﬂﬁi gwg%é:‘ﬁs ontd °5rfn?ﬁ?n§g’3’r? B ' a{l@éﬁh@? "Fag' g@and
probed with a Ioh&ﬁbde&dumytcdi@wyltota)cdmatpratexnﬁh@ugletbba;seloe‘armeshbgmemhe

detai 1 od for t HEMTALHM BIPREALY RSP 251 aUPLiftrE PRaREy AT g oo R

etailed for t sOrbance
measur enent s S@%mihﬂk&lﬁﬂgdﬁ&) 1énsiastt Infay AheeBd Qbﬁbﬂbﬂdobntboi shifidel (.30

anal ysis (Figure 19) (a tinme-course experjnent nitorin rmat i of the
constructi 09 oé{%@ﬁcmm«/@%f@swmﬁ 2910%

the timecour sesaheQO\GHaVink ah AR daBEbddydnpaaRBbys )‘iﬂiﬁ%ﬂﬂﬁ&aﬂh@@(ﬂ&fﬁ

detailed for the identical reaction nonitored alternatively % absor bance

nmeasurements  gerived If & natient\pas the pabagenihillapss, ancantibgly respo

typical practi | e ﬁﬁlﬁge ;,gga
principl es weflgg Eo ;&gﬁ@#ﬁ@b@&g@ﬁ&m‘;}g&’ nown H&Zt ogen?rg

- antigen(s) maym a general labelled anti-antibody to generate a qualitative response, which, if
15 present is an indication that the patient has the pathogemc 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
2 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.
Therefore, in one embodiment 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 as disclosed herein include, but are not restricted to those set out

below.




-'chenosel ectively coupled to a carrier protein through theodseer@oam | i nker
of general fornula (1), exploiting the quantitative and qualitative
benefits detail ed above. The protein-Ilinker-antigen(s) construct nay then
be absorbed onto a surface (e.g. a 10 diagnostic strip) and the surface
cont act ed W® PP/ ¥78# 0l ogi cal sanple of a patient that is PEUEPBSO®I of
having an illness caused by the pathdgen(s) fromwhich the antigen(s) are
derived If the patient has the pathogenic illness, an antibody response
will bind to the protein-Iinker- antigen(s) construct on the surface . The
surface may theg,enRLRRRHmWMikbniSanslal. .l abel I ed anti-antibody to
generate a qua Iﬁ%’mxmm present is an indication
that the pati er{SeﬁﬁﬁAMPéJEd@D hogenic illness. Solid Phase Applications The
chem cal I1inka hase non-.sol uti on phas exanpl es of
whi ch i ncl udegﬂ‘taﬂtﬁlql ar eIl Wi&lcfih E@efger“ité)f LRETS, of hpiaganay eﬁ%?@]mil%ﬂds‘m(asﬁﬁﬁweas
hydrocar bon baséel soi@ phh@} bhables eﬂp&sylfaebﬁtheqhmlhseﬂreigeiﬁ% 'anﬁzéleextaﬁge)of

g. cotton), lipi

nat ural polymers. such ot e| sugars
(1i posorres% et® 8111% Blaﬁ’l gé I’é‘%ydf’fe yEroved ibeic wesheng. b dmmebdisativot

restricted to, tﬁ&éfoi‘edﬁ!i}wspﬂ’eﬁhﬂémﬁf {RUSAEt WHilR! dfirtes WE iGhGna géa%?e This
.alkaloids, vitamns, _etc¢.) using the conposition of this In

Therefore, in ?Fé‘n’@%ﬂ’&i“eﬁ?é%nai’ﬁéméﬂﬂpée TIPS b@nlerﬁm@mmdglofeag@mmthbut
formula (X\) WIGHQ sbdur A s xbrerRhE doBUdARE oAl dSnbARBd Hiles "

aqueous solution. Solid phase applications as erein
are not restri deeniquss (rEdhe cmploy owch heletwdology include; but are- rot- Kmited %o,

Cct ober 26096 \MRP340848 45 Sol hase biooheni cal /b| oph
si cal applicati ons. (Segéﬁggd@%%&gﬁﬁ% c?]oues #1% o R ablg &Iﬁ iar
reagents, of cgreeiongyo be monitotsill Insthis caseahes preﬁmenveﬁuorecou@ct)lbb @s&hfb‘ie)

enabl es exposur cagent e of sol ut es
whi ch, after @f}%tédgﬁudh b a%%%‘i/ ed %& |a?f§ys (%m’ls dageiRhpymon

resonance, quartz crystal m1croba1ances atomic force microscopes, efc. Selective

but

covalent linkage of material to solid surfaces, will also allow generation of
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
confrolled release reaction has other applications where a capture and release.
mechanism is useful. For instance, a compound of general formula (XV) suchasa

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).

Separafion/puriﬁcation.
{(see EXAMPLE 11) :
25 Purification is a basic technique utilised in the life sciences {(Scopes, R.X., (1993),

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

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




therefore allows retention of the reagent while sol utes aleiober 2006

i nterchangeabl e. This technique therefore enables nmultiple steps to be
performed on a single reagent without |o0ss of reagent and all ows nore
specific detection by renoval of unwanted solutes. Techni ques which enpl oy
such a net NUH&VEHP4 i ncl ude, but are not limted to, 10 cheméBEII0snkage of
a ligand and/or carrier to a solid phase to enable nolecular interactions
to be nonitored. In this case the present invention could be used for
applications such as enzyne |inked i nmunosorbent assays (ELISAs), surface
pl asnmon resonance, quartz crystal g crqbal ances, atonjc force mcrqoscopes,
ot c. Sel ect | vemoEGe Sl e @féfeéf@%f%wﬁ 1t §rdkioio| RIOiGp PR MHETALS a1 o
al | ow gener ati @ sfilly.1 SANc&mYAE bRYSrifidaleh 46 ROmREPB), WHePdbY eRblbuiRaRt i des,
proteins and nucleic acids) (e.g. see Figure 23 for the attachnent and

rel ease of bi o¥PFaKY e hasig of %lu@wa%%mﬁﬂrla%r@aemeﬁ APeR @etiflening ef mpdecules
quantitative apg,, Lot 4 icaf | t.al a ] ol l ed
rel ease reaction ﬁ%?ig?ﬁ%@ﬁgbgﬁr%g?ﬁéﬁgpaﬁgﬁgégbgg%tEggﬁgﬁggﬁgyggﬁgﬁé
mechani smd s ueadgatisedFsfo varpuaieskniquescbavpdunen de eineand| the selwtibm phasey such

: 20 t ei n-=lii | i i Li d. 96- . 0.
e gure by by T IR0 AR, el TIPRRIP B oM haflae ol bR (S 9
“a 96-wel | pl at BiratiGe hyjraphohtc; dudmatofobisia, affinity, 4 BoRXARELE1993), Ptein
Puri fi ti i basi hni ili.sed.i t.he_lif i ,
Rk Clo0s). | PulieBokC pheRM dpf et o 3 Bt S e R g 19 | ERRO°S
Spr i -Verl abédy Williarhe) BAr. xad 3Vikdn, BV (1198 Biddodist'sanflie\¥ PaadipleiK. |
(%ég?ergg o?gm@g?{' S ;gwl ?o F’Elﬁn i1 Jgsmi( gmmcrll |éwlje§m f .Prglcjt*ip al
i oohen S0y SEeiatnl Brtionl Bigcterkienn 2 HL, BT AT (RHSHTS Lty

di fferent nethosiglog) e used for purification of a wide range of .9 Cctober
2006 WD 03/087824 PCT/ (B03101505 46 nol ecul es, which are separated from
m xtures in order to produce purified materials for study. An exanple of

purification ignCRERPRIIGHSREY of WNRkEDYS BBHRE Ub@RulAIS in the purification (i.e.
capture) of a protein from a mixture is detailed 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, efe.

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




separated on the basis of physiochem cal properties upongpatbértooeni ng of
nol ecul es  between a solid phase (i.e. resins) and a sol ution phase.

Chr onat ogr 2pRP*HE$4be 5 categorised into various techni qEEHGBA¥YESUpon t he

resin and the solution phases enploy®¥d. Exanples include, but are not
limted to, ion-exchange, reverse-phase, gel filtration, hydrophobic,

chromat of ocuai sigteehf adpetty of et prdsSAORRERtIR: fus ArdAID a Mol & separating. a
"d ., Springer-Verlag f\%)waﬁpo?k,

Purificati on.. Pri ngl lpI es and Practice, 3

| ncor por at ed FALPE @ BUre 8 Wi son, K., (1983), A Biol ogist's guide to
Pri n?:ijpl(esbllo ﬁmhcﬂ@ohpﬁm@mnﬁcﬁﬁg e trhicfire Bitlhmlaaﬂp@mf' ayf gé’ﬁbraEf (fonmfﬁdmandk f
Arno Publ i sher td.. Londq An exa e { he .use of. I nker o
general forml & P%m-bﬁfjf‘%é’edﬁr‘?#l&iﬁ P’br‘fﬁ :[‘Tﬁl.gan &’S‘f“g‘r@? Fpealﬁ%?ﬁ%é‘r e rom a
mixture is det abhpshnd o He septicatedshd the SLRATE PSidREEHA S 15 derivatised with
TML linker (14) to give a conpound of general formula (Xl Va) which is then

react ed w t A seventeentinpsheat ofithetpreggnt ewantoongisauprdvidés gemssal meiodwbmpriging/a)
wher ei n t hegofiadiihd Srn'lixt%% a sepharose bead. This biotin derivatised bead is

then wused to attfact cagt_qre) the protein ExtrAvidin-HRP from sol ution.

Addi tion of a Suspesédr efi eon @e\aeplyies with sosampouidh of igengmalefoanela GFV) as
Extr Avi di n- HRP3Gaek % : : q&iﬁ > L QLR ol A

st ai ni ng of th% sephﬁgyﬁgég%?gﬁge éwgfé%:h@%@a ' |r¥k[§éheeco a Ef'nldgand
to a solid phabecareris esolidshpport ve separation of nol ecul es based on
physi cochgm cal properties. Applications include, but are not restricted
to, affinity purification, chiral separation, etc. 25 Wen the conpounds
of general forMedical Deviyresare for use in assay or separation/purification

met hods, E an bl _often be.der.i froma |i d ich is specific for
the anal yte oﬁbhg-ﬁlé\%%g%tﬁ'ﬁ%“ﬁ%n Bfem'g‘éﬁé Ef and o Wil presenisionofy £
or G such as biolbgitallylactie sfih&tioRciley at?d GRudIliaRuiFitetiftetic. QR lex@hiple 30 9
Cct ober 2006 V\qmqf;/ 087824 PCT/ GB03/.01505 47 .

controlied 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.

An eighteenth aspect of the present invention also provides a wound dressing comprising a
compound of general

o
i

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.

Disclosed herein is a method of treating wounds comprising applying to the wound a
dressing as described above. Also disclosed is a

compound of general formula (XV) wherein the carrier is a functionalised polymer of
the type commonly used in wound dressings and B 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




A sixteenth aspect of the present invention thus provi deg cricb&izoosl of
separating a conpound froma m xture, the nethod conprising contacting the
m xture with a conpound of general f offrul a (XV) as described above in
which E or Gis a ligand which binds specifically to the conpound to be
separated and the carrier is a solid support A seventeenth aspect of the
present i nreatmieothofatesiodpr ovi des an assay net hod conprising contacti ng a

m xture sUaRftdi&sht J?Esﬁé?rgﬁiafhgﬁ&eﬁﬁn@@rﬁ‘oﬁ%‘?@%éﬁ&@ Jfs8 rgf)og @gmgg V@e&ﬁﬂ’e%eral

formla (XV) escr

speci fi cal 10{7"@8 (X¥bwherginhe camigr isyhBingtignalised noyr@?rgﬁlth%ltyﬁwpmmonh{mswém cal
| Dle?/l ces. Chewidcdlessiags wad iEsat ol »f pé'rmde Grdwifl FHELEE Sa aﬁ\an&gm%mﬁabb@ﬁem a

al | owi ng py |ca

£ sevel ol TG 3t AhiB8tor onpl R b T nglorfiion <3 e foE s gl Bt
pepti de gr@wa\mfi%\ctors cheno-attractant proteins or 15 anal ogues of both,
to finctiomahi meationl ¥amRics dfqmﬁbéht?dﬁeﬂ'lér@ ugvﬁeolae@cmﬁyé@qabmg n&\mﬁésﬂ w

devel opnen ner |on ioact i ve wound

oo creafieaPd tr RRE T, Bl RGSrkiRCg s '?rPepP‘Vﬁ‘EérS”'ﬁ’P?%}%e‘fset 8

al | ow hepﬂlalﬁlﬁwblﬂmﬂmm@ds bepadint he surface of the pol yner, decreasing
the risk of contact activation of the blood coagul ati on process. An

ei ghteenth aspect of the present invention also provides a wound dressing
conprising a Ruothponerd, difclgssdeieadin fsca cothpound\df geiealeforndid E\DWHErGIA tHeS a
functionalised pol ymer of the type commonly. used in wound re55|ngs and E
or Gis a pept &t BReUmEEBHEble Tor vep indiakris tebingand E o Gishaparin farugail or
an anal ogge oftopephtidniTaRlysH dighgsed herein is a met hod of treating
wounds conprising applying to the wound a dressing as described above.

Al so disclosed is a conpound of general fornula (XV) wherein the carrier is

2 functi onal | s sALHEE P bow iSdota SPPNBRL NedP R il )l BRgS 21

EorGlsapeptl act or
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 dodecy! sulphate-polyacrylamide electrophoresis gel showing
the molecular weight of BSA compared with that of three BSA constructs, TML8S5,
TYa85 and BALSS.

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




30 chenp-attractant protein, aligand or an anal ogue of grg8f: dohgse for
use in the 9 Cctober 2006 48 treatnent of wounds. A nineteenth aspect of
the present invention provides the use of a conpound of general formula
(XV) wherein the carrier is a functionalised polyner of the type comonly
used in wOUNP/WIBEsi ngs and E or Gis a peptide grow h PEREBI301HS
chenmp-attractant protein, a |igand d¥ anal ogue of one of these in the
preparation of a dressing for use in the treatnment of wounds. In a
twentieth aspect of the invention, there is provided dialysis tubing

conprising ¢ af general, fornula. ein the carrier is

ol yrrer s t aol R 405 £FREbCRosp SR B At B ERDr &y Do, End
Furthernore, dilagtsah: behitglith of SinkercBBYD oviRtu@d (20223 irad. 1 Mosotiuhafotdd atvher ei n
the carrier IEH% pol ymer suitable for use in dialysis tubing and E or Gis
heparin for us M 10 the preparation of dialysis tubing. The invention

w Il now be discussed in greater detail with reference to the draw ngs
descri bed bel ow and the Exanpl es, which are not intended to be limtjng. 15
FI GURE 1 ShowsFXHRE S8 @enpleingh #tserbance rugits ¢aUbpt Bama ¥ logs concemiratipn Apd
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and gradual ly 1 ncreasing the” other, ateau was reached, indicating a
poi nt of equi vellosphate at pEithce the number of free amines in BSA is known, an
estimate of the nunber taking part in 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 nBIGARE érisweplghof absorB&ke amitp AT atpi0nmt yeaflogfoncéntatoBSud

construct.s, TM.8 Tf a8 1 5 Fl i | ot. 0 ce
units (Ad)% at - %‘Flartﬁsvs‘.3 Sq‘éﬁﬂ o%ﬁ%‘?‘? %?‘fgocr?nsatm%@%lz %r"%‘fs? @a elso MB %g‘{sﬁg?l ity

of baker BSA cplsplratecit pH(720- 22) in 10nM anmmoni um bi carbonate at pH 8.

FIGURE 7 is an sodium dodecyl sulphate-polyacrylamide electrophoresis gel
showing the molecular weight of BSA compared with that of BSA.BAL, BALS53-
15 Conj, BSA.TML and TML-conj.

FIGURE 8 shows the HPLC analysis of the BSA-TML85-epitope conjugate (24) after
hydrolysis with IN 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 oxyiocin 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-BALS5-oxytocin

and BSA—TML—oxytbcin constructs are raised in mice immunised with BSA alone.




9 Cctober 2006 WO 03/087824 PCT/ GB03/ 01505 49 FlI GURE A4 gickidBedopé Of
absorbance units (AU) at 650nmvs. |og concentration and illustrates the
solubility of |inker-BSA constructs (20-22) in 0.1Msodiumformate at pH
4.5. 5 FIGQURE 5 is a plot of absorbance units (AU) at 650nm vs. | og
concent r at (YYhO38EB24 i | [ ustrates the solubility of |inker-BIAGBBASHSUCt S
(20-22) in 10 nM potassi um phosphate?at pH 6. FIGURE 6 is a pl ot of
absorbance units (AU) at 650nmvs. |og concentration and 10 illustrates
the solubility of Iinker-BSA constructs (24 and 27) in 10 nmM potassi um
phosphat e at pHGUREIIGURE [ u m de
el ect rophoresi s gel Ishowwggﬂl&hgﬁﬁigg?lﬁﬂagﬁ& S?’X‘{]]tqa %&Egﬁﬁc%%ﬁ%fg&x& h t hat
of BSA. BAL, BAgogsiruch Jsumeitic) BSAaiFk Iandlléﬁl\/hnmmnfad FifBURE ASB Ahfasxsttdvin HPLC
anal ysi s of th&m%ﬁé ; IM.85- epi tope conjugate (24) after hydrolysis with IN
hydrochl oric aci nd shows that hydrolysis regenerated BSA- TM.85 and the
epi tope (13). 20 FIGURES 9 to 11 show the results of ELI SA anal ysis of sera

from nmcegi one ure 9 y. n conj ugat ed
to BSA usi nw éXILth S@%t e B‘{ﬁg Gyon 6} nﬁg ﬁl‘#ﬁ%ﬁj?}@mi’ﬁ) Bot h
constructs ar econstongipsadcbyntitatics bedirased il 02 HEnESAd RN BsSAMIMIRSI S to
be expected sinc BSA i.;S the carrier 25 protein present within both
constructs and °B PEPFes a positive control. FIGURE 9 shows that titres
of antibodies that recognise both BSA-BAL55-oxytocin and BSA- TM.- oxyt ocin

constructs ar ed_in _mce imunised with BSA al one. 9 Cctober 2006 WO
03/ 087824 PCT?F(% 1505 BSAgTML absorption spectra at various pH values exhibiting

10 hyperchromic shift with increasing pH. Inset is a plot of the absorbance at 376 nm
versus pH.

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-ExtrAvidintIRP 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 am for BSA-TML (O0) or
Aprotinin-TML (w) upon addition of biotin-hydrazide at pH 3.5.

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




FI GURE 10 shows that titres of BSA (non-specific) and BS4pBab&a2oxytocin
construct (specific) are raised in mce inmunised wth BSA-BAL55-oxytocin
construct. 5 FIGURE 11 shows that titres of BSA (non-specific) and

BSA- TML85- oxytocin construct (specific) antibodies are raised in mce

i muni sed WQ®OBBA TML85- oxytocin construct. FI GURE 12 BIAHIO1MHSOr pti on
spectra at various pH values exhibitihg 10 hyperchronic shift with
increasing pH Inset is a plot of the absorbance at 376 nm versus pH.

FI GURE 13. Fluorescence em ssion spectra of diluted sanples of
post-dialysis buffer (100 mM sodium formate; pH 3.5); aprotinin-TM. and
BSA-TML at pH 12. 15 FIGURE 14. Silver stained SDS- NUPAGE gel of proteins
and TML- NHS ( FHpUREe&®.edWeptent @ion faqpehdrd hinpldeBrdh. thd NBoetic reaction of

exposed- Extr Avj di.nH rea VVDF bl ot, .of bi.otinyl ate 0 protein

sanpl es. FI wﬁé’f‘it%‘%n%%f?ﬁgﬁfﬁ?ﬁﬁgﬂ@%ﬁn@é}!%h@%%?d@%ﬁs Bt ¥a upon
addi tion of WIGURBShysInazigie 2u). Dt %&tﬂ&5Aﬁo&R@1ﬁmSKis%§&e&fﬂe—
absor bance change, at 324 for BSA-TM. (0) or Aprotinin- (u) upon
addition of bl ?%WEQ]QE‘SE% at pH 3.5. FIGURE 18. ELISA of sanples from
the kinetic reaction of Aprotinin-TM. or BSA- TM. upon addition of

bi oti n- hydrazi de éf%ame sanples as FIGURES 16 & 17). 9 October 2006 WO
03/ 087824 PCTFEBIBER508rectal ¢hagpymen BPA-TS +liptin B 2idifiepiion cmdd H&kp| es

bi ot - hydr ag et o Rl soARARCH Sl Ko Bt i PHRSRRERILER, Ua ent
Aproti ni n and iRgyspeetrmforun-didyted yample. 5 i xed prior to | oading.
10
FIGURE 21. Nu-PAGE gel of samples from the kinetic reaction of Aprotinin-TML.-
biotin or BSA-TML-biotin upon acidification to 1 M HCI. 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 dotied box).

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

biotin in the wellé (producing a yellow colour).

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




FI GURE 20. Spectral changes in BSA-TM.-biotin upon aci di icebéaod 0 1M HCL.
Dotted line represents normalised spectra for un-treated BSA-TM.-biotin
produced from spectra for un-diluted sanple. 10 FI GURE 21. Nu- PAGE gel of
sanples fromthe kinetic reaction of Aprotinin-TM.- biotin or

BSA- TML- bi 3Y® ¥W/4§58H acidification to 1 M HC . Equival ent POR6EBAS0M50A and BSA
sanpl es were pre-mxed prior to |oadi¥g. 15 FIGURE 22. Western bl ot of
sanples fromthe kinetic reaction of Aprotinin-TM.- biotin or

BSA- TML- bi oti n upon aci difi cati on to 1 MHC . Equivalent Aprotinin and BSA

Zg\r/ne): g;e\é\erEit P%ﬁ%ﬁ%}txﬁ%k 3’ ‘lfglorg)g g@ﬁd’é‘%ﬁéﬁ%éﬁ%tﬁqﬂw%ld&WﬁBpr opyI

silane, TM | i oielirleasyd bi oti n- hydra2| de. A imge of devel oped slide; B,

t hree-di nensi onal surface intensity plot of a section of the slide (approx.
area shown by dotted box). FIGURE 24. Row of a Reacti-Bind mcrotitre
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of i, LU 25 QL M LA36 988 nA0LMESH | R0

wel I's (produci BigudinY@IA WarSi
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( EXAMPLES 1- 5)The<@wpipl1ﬁyattoh$dssmibe$wﬁoms;f a b5 charge-bal anced |inker in
the contrg|led conjugation of an epitope to bovine serum al bum n (BSA)
carrier protein. A series of in vitro solubility and in vivo inmunisation

experi ment s i sl.dégnihediedf dxaple epicopt hiyd Bikewstrdchigessuper i or characteri stics of
a charge- 2. Solubility studies with BSA-linker constructs

3. Solubility studies with BSA-linker-epitope constructs

4. Chemical analysis of BSA-linker-epitope constructs

5. Immunisation studies with BSA-linker-epitope constructs

15

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 (Noitingham, UK) with the exception of Fmoc N-g-
trimethyllysine, which was purch_ased from Bachem UK Litd. (St. Helens, UK), along

with Fluram (fluorescamine). PS-carbodiimide resin was obtained from Argonaut
Technologies (Mutienz, Switzerland). All solvents were purchased from Romil
(Cambridge, UK). Solid phasé syntheses were performed manuaﬂy ina polypropyléne




bal anced |inker construct for the generation of an anti bgdcb&spense to an
I mmunogen. The exenplification is described as follows; 10 1. Synthesis of
exanpl e epitope and linker structures 2. Solubility studies with
BSA-Iinker constructs 3. Solubility studies with BSA-I|inker-epitope
construct s WQ03/8f@#i cal anal ysis of BSA-1inker-epitope cCREREBUOINS15 5.

| mruni sation studies with BSA-1inker-¥pitope constructs Experinental

Met hods All reagents were of the highest commercially available quality and
were used as 20 received. Unless otherw se stated all chem cals and

bi och I d f h (P
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and Novabi ochemat¢éleigiti WINGS asdorMDah, #4886 BH&RAtdna flm@ at%a%th'\bﬁemstauon
trimethyllysine, which was purchased from Bachem UK L (St. Helens, W),

along with FI dPatfiwere oresmalyseseyere pmrfommadoen Brdataxy éumm GRateverse ahased fr om
Argonaut  Techpghogi (B LY & Melhaz), 2 ﬂ&&&ét@@ﬁ'i %nﬁﬁﬁmsl%ﬁf%ﬁhg plBseR1sg has ed

fromRom | (Canbri ase eses were manual | y
in a pol ypropyI'J%'ne"ﬂllelﬂiS -Use -Were (A) 01%— mfhwroacetw achd Cmtwbtelr agO0B) W%

03/087824 PCT/ GBORLOF500, elﬁé:t%%d;%fl}(t% g{neadﬁg{gam ger 6%%35&&5%{5' th L0

allow filtration under vacuum
1100 series in8&YoBrewmrsy inhmtesediqhﬁnafc@]l&ﬁﬂmte, tphahieg nat Gl Buoyr Agnisyietagdn Wit h

a GL322A gegas pd 658 e . wavelength UV-VI S
det ect or.” Dat aﬁi\/vggrmm;p ge%ttaﬂgl tﬁ‘fné %‘%ﬁrt‘h n&ﬁ@ﬁss ?cgtaﬁ%“ﬁ cglugp re-
sof tware. The aqalibyrstbm. m@ompqu oweredpmtﬁea Bor bad-prépanatitS HEMES s€inphase

Phenomenex Jupiter C4 reverse phase column (250 x 10 mm i.d.) at a flow rate of 4

ml/min, using the equipment and eluents described above. The molecular weight of
compounds was determined on an Agilent 1100 series LC/MSD electrospray mass
15 spectrometer. BSA conjugates were concenirated using Centricon centrifugal filters
(50,000 MWCO) (Millipore, MA, USA) and purified by dialysis using Slide-A-Lyser
dialysis cassettes (10,000 MWCO) (Pierce, IL, USA). Molecular weight estimations
and purity of the BSA conjugates were made by polyacrylamide gei 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 instroctions. 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 - Proll75c; Hewlett Packard). Fluram fluorescence assays were camied out in
Microfluor W1 96-well microtitre plates (Dynex Thermo Lifesciences, UK) using a
Gemini plate fead_er (Molecular Devices, Crawley, UK) and monitored at 390 nm
(excitation) and 460 nm (emission). Turbidity measurements wete made at 650 nm -
using a Spectramax384 96-well plate reader (Molecular Devices), carried out in 384-

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




colum (150 x 4.6 mmi.d.), at a flowrate of 1.5 m/m ngoRpirtBsd Ng at 215
and 254 nm Eluents used were (A) 0.1%trifluoroacetic acid in water and
(B) 90% acetonitrilel/ 10% eluent A and used to run a gradient starting at
10% B, increasing to 90% B over 7 m nutes, holding for 1 mnute, returning
to 10% B oV} B8Mhute and 10 then remmining at initial RGHEBBIOGHS for a
further 4 mnutes to all ow col um re-54eqU| i bration. Conpounds were
purified by sem -preparative HPLC, using a Phenonenex Jupiter C4 reverse
phase colum (250 x 10 mmi.d.) at a flow rate of 4 m/mn, using the

equi pnment and el uents desc d abgv | ecu of ounds
was det er ni ned 6% B AEY & %éggﬂ% ]§e§? g %"Ql%@t ?:%g% )?“HQQ%O];@
spectronet er. BoAcof, GlaiceteryieeURRNCcent rated using Centricon centrifugal

filters (50,000 MNCO) (M Ilipore, MA USA) and purlfled by . di al SIS usi ng
Sl i de- A- Lyser gﬁ‘?gﬁl W?’%e’c%g’é{ét@? (’TPBGS@B@ V% spptmred | ysing g pfewlett

Mol ecul ar wei ghick@atdTmbAMRSneRABHpIBHAS By BEcilibe SBRAS£9Dh USRERS oESuiRde by
pol yacryl am de gel el ectrophoresis in the presence, of sodi um dodecyl

sulfate (SDS-P Suémﬁgfsav%%uNMW@él% a pginimumy reselaemot 698idsewsing). K. )
enpl oyi ng the gzd NafdPr@h no DW ystem
(I'nvitrogen) accord1 ng(@t %l{)m?\ﬁ?éag%%}grrg&!{%g?&rlﬁctﬁ%%ssé ﬁ% %%&hﬁ

vi sual i sati on lexm@@ﬁ rGagph)- odmaaman@mﬂﬁen@pm&@smpw&ssars@(hmt Wing Imagel
(I'nvitrogen). were dried using the gel drying kit
(I'nvitrogen) an H ; &?Z’g% At at o%% ‘poses, gels were scanned at 300 dpi
resol ution using grey scale false colour (OficeJet 25 Proll75c; Hew ett
Packar d) 1d:I ur g 9S GENEE: i M crof luor W

96- wel | mcrot1—giﬁéﬁfy]“Ig—ﬁaﬁ--es—ﬁ - i E C K¥ using a Genini
pl at e reader (I\/bl ecul ar Devi ces, CraV\A ey, UK) and rmnltored at 390 rim

(excitation) a 460 SSi 0 enments. were nmade at 650
m using a Spg@(ﬂ? 2% ’&ﬂe"‘l”a ogge edlj gha}gqrg‘gl%agig{ﬂcqumbg{}qoglgg}lsm%ar ri ed
out in 384 30 weldardPBlwioardphRirRs afd BRGY SéIREhasSRShMgRE @8 AtliohSE ahiS) ,

whi | e Bradford_assays 9 QCct obedlr:%l2006 %\‘O 03/ 087824 PCT/ GB03/ 01505 54 wer e
measured at 508 RAIYR oB- PR Roptigh Swndlssioch Brardieal phipreadls, TRighress

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.

o
NHNH,
S 3 HN
Ac-Cys-Tyr-Tle-Gln-Asn-Cys-Pro-Leu-Gly-Lys-NEI, o
Oxytocin analogue {13)

20




St onehouse, G oucestershire, UK). |nmage capture, analysi g fifedHo86€Ssi Ng.

| rages were captured using a Hew ett Packard C7710A scanner enpl oying HP
Precision ScanPro 3.02 software on default 5 settings. |Inages were
routinely scanned at a mnimumresolution of 600 d.p.i. using true color
(32 bit). WAb¥®8%ére nmarked with | egends enpl oyi ng PoweP@BGRE3/01508 cr osof t
Corp.). Image anal ysis and processi ng™was carried out using |mage)

software (http://rsb.info.nih.gov/ij/). 10 EXAMPLE 1- Synthesis of Exanple
Epi tope and Linker Structures Synthesis of the oxytocin anal ogue (13) and
linkers (14-19) proceeded snmoothly using standard solution chem stries and
Fnmoc solid phase techniques (see Atherstgsy, E and Sheppard, R C in “Solid
Phase Peptide Synthesis: A Practi cal A;{Q,tiaoach | RL Press, 15 1989) to
provi de the desired corrpqpng,ﬁ in good Yyjeld and purity. The | i nkers were
stored as the free acids (14, 16, 18) apd the activated succinimde ester
of the linkers (15,17, 19 freshIOy repar @ when required. 0 NHNH2 pS
S~ HN Ac-Cys-Tyr-11le- G n- Alsa ~, $-N112 0 Oxytocin anal ogue
(13) 20 9 COctober 2006 WD 03/087824 PCI/ @B03/01505 55 CH3 CH3 +N -CH 3
OOHO 11)'NNv 'R H

Trimethyllysine linker (TML) {14) R = OH
(18) R = 0Su

0 OH
k@ 0
O/\/\/U\R
Backbone amide linker (BAL) (16) R = OH
(17) R=08u

OH

“f:j\o/\/\/ﬁ\ “\j\R

Traﬂuoroacetyllysme linker (Tfa) (18) R = OH
(19) R=08u

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




Trinmethyllysine linker (TM) (14) R= OH (15) R.= OSu OQdaEudro6o8 R
Backbone am de |inker (BAL) (16) R= OH (17)R=CSu O F3CINH OOH O HO \
O v v ‘N N H O Trifluoroacetyllysine |inker (Tfa) (18) R=OH (19) R =
OSu nt hesis of Oxytocin Anal ogue (13) Oxytocin anal ogue (13) with

t he sequen P& et ter code) Acetyl - CYl QNCPLGK( COCH2 GPICEMBNLERS - NH2, was
synt hesi sed manual |y using 9 QOct ober %006 WD 03/ 087824 PCT/ GB03101505 ' ..
56 Frnoc/tBu protection strategy on TGR resin (0.25 g, 0.05 mmol,
substitution: 0.2 mol/g). Coupling of the Frmc am no aci ds was

acconpl i shed wi@R BT RluegPRhNOERULH @199, I FELi) f QhERAde cas the

sol vent, using 3 equival ent's AR oup I ng reagents wWth
respect to thentogi ﬁguldlﬁlgwﬁéler‘ﬁmcrannﬂ'mmm Egcamgilshedwﬁl aueHBTEéH(bBt a 15

m 0, ST LA AR BRE o DRNLACIRE 860 Fund R
ort hogonal depmdteotlingrreafnia vithtregpesittagiee mamg ef El,érréditesmﬁ FnAfct gﬁu]_ﬂmc
depr ot ect %on Or];mOVed by a 15 min treatment with 20% piperidine in dimethylformamide. The C-
terminal lysine residue was introduced with Dde side chain protection, to allow
orthogonal deprotection at a later stage in the synthesis. After Fmoc deprotection of
the final residue, the N-terminus was acetylated using acetic anhydride (48 pL, 0.5
mmol) and diisopropylethylamine (43 uL, 0.25 mmol) in dimethylformamide for 2
10 hours and the Dde protection of the lysine side chain removed with 2% hydrazine in
dimethylformamide for 15 mins. The free amine of the lysine side chain was extended
by reaction with suceinic anhydride (50 mg, 0.5 mmol) and diisopropylethylamine (43
uL, 0.25 mmol) in dimethylformamide for 2 hours and then hydrazine, coupled as a
10% solution in dimethylformamide using HBTU/HOBt (in excess) for 3 hours. Final
15 cleavage of the peptide from the resin was performed with 92.5% trifluoroacetic acid /
2.5% triisopropylisilane / 2.5% water / 2.5% ethanedithiol (40 mL/g resin) 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%. ESI-MS m/z: 1291.3 (calc. for M+ H' 1291.5). HPLC fetention time: 3.44 mins.

B. Synthesis  of  {5S5-(Carboxymethylcarbamoyl)-5-[5-(4-formyl-3-hydroxy-

phenoxy)pentanoyl aminopentyl}trimethylammonium (£4).

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




the final residue, the N-term nus was acetyl ated usi ng agejicger2otydri de (48
L, 0.5 mol) and diisopropylethylamne (43 L, 0.25 mml) in
di met hyl formam de for 2 10 hours and the Dde protection of the lysine side
chain renoved with 2% hydrazine in dinmethylformam de for 15 mns. The free
am ne of tMNEOVY878% sjde chain was extended by reacti onPGHEBI3SLEE ni c
anhydride (50 ng, 0.5 nmmol) and dii sosﬂropyl ethylamne (43 L, 0.25 mml) in
di met hyl f ormam de for 2 hours and then hydrazine, coupled as a 10%
solution in dinmethylformam de using HBTU HOBt (in excess) for 3 hours.
Final 15 cl eav : i de~firom the, resin.was per 1 th.92. 5%
trifluoroaceti %g.g%% ?ﬂgﬁggwegf?féoﬁ%so%"%%lﬁ foélﬁg:d/us?.gS% %@?Qfﬁ?%nﬁ o°é
et hanedi t hi ol (Mt didéthylfemiamjde Brthdlveat a8l 3 eqlivalens if AmvRacideiid \coahly
filtration and _the filtrate was congentrated. by sparging with nitrogen.
The crude prod(EERRE BFERrHe iieéﬁa‘ﬁrfﬁjoﬂﬁgﬁeé’&' %‘“? ﬁmg%gﬂgwﬁmmqvgé {’Y ut yl
ether (3 x 50 rnh)minbeémmentbeitn @ove phesdind e dithsthAR¥niade) ca-gﬁh%n:ifts-td-e and
| yophilised. 2Q Th eptide was_re-di ssol ved in amoni um bi carbonate (0.1
M pH 8) 10 a TCBHESTRITRGAE) RSO Q-iok (e Lo Patgaasgploheh Yt oxi de
(1.5 eq) for 4Bestofttzole-TREokRAL (AR BB hdsBhG Furiex ki T iyt h

Re (d M’Ehﬁ%& ok xé&oﬁﬁﬁho@ﬁm@@dr?)

El l man's reagent and finall .quenched with 1 acetic acid (i
excess). The m@@%@%@eﬂyéﬁﬁhw& dignethyermamideasdheisal vahagsi i ¢quivatenisyof
sem - preparat i e V3 is ARG, iRk %, EST of -
1291.3 (cal c. :‘(%r)aﬁ/ld?%# fz*g"%%ﬁs. et 1 4ndWRling 07 ] Yop" AT TR S8
Synt hesi s of {B@efiding Hexyeat Was dealisieddy | fpmBvd By 4stérofomped 3t Hed?-bydroxyl
phenoxy) pemt angyl::.am t i i ) d. nas
Syt hodl 500 mAva o I8 R ok HefRLTY] AEERR M A ke s SATRRAT St
chlorotrityl resier! treatmentsof $% 19flworprctic qeideinldichtbeanethdnk, gbly fbir Genins. The

(substitution: OVZ 3/087 CT/ GB03/ 015 57 .
nunol / g) . Fm)c-r‘%lﬁls %br%@g%egv%éggéﬂ%\f{n\g @18@’ Bﬁﬁg‘g%ﬁl‘f en‘ﬁasa??n @F%&FPW%M
wi t h di et hyl f edtireniiragen.dehet dnadespbdiet tranprdeiBitaalandal shdédswith cddintéthyderd and
coupling reagents wt.h.respect to the,l ing of the resin. . The Fnpbc group
was removed by%@yﬁ%rﬁeﬁor? ?@3% ﬁ%éffso Vegﬁl %g/({aﬂ? ﬁ@&%ﬁé‘“& i?"’gmhseg' Finally
- di met hyl f & mantleeom@oud wagpueiiied bl 4emi-preparative RP-HPLC, the pure fractions pooled
' and lyophilised once more to yield an off white solid. Yield: 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. {58-[(2,5-Dioxopyrrolidin-1-yloxycarbonylmethylcarbamoyl]-3-[ 5~-(4-formyl-
20 3-hydroxyphenoxy)pentanoylaminoJpenty! Mrimethylammonium (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 mmol,
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).




5 fornyl - 3- hydr oxyphenoxy) pentanoic acid (BAL) (16) wasgaeeesqzhoshed with
a benzotriazole-Il-yl-oxy-tris-(dinethylam no)phosphoni umhexaf! uoro
phosphate (BOP) (BOP/HOBt) nethod utilising dinethylformam de as the
solvent and 3 equivalents of (16) and coupling reagents with respect to
the | oadi ng"®t¥%¥Hé resin. A final 20% piperidine treat RERCHIHIOHc] uded to
renove any ester forned at the 2-hydr8xyl 10 position of the BAL. Final

cl eavage of the linker fromthe resin was performed with several
treatnments of 5%trifluoroacetic acid in dichloronmethane, each for 5 mns.

Th i g{@)ﬁ ' j t I filtrat

C oﬁc e:r? ? :a'? e\éva;%iﬁ-s pdar g%ﬁgynz\%\nlh%wd%ﬂo?% 8 (C;Hr?g mlgﬂgang 8%5@’%?%@%%@%@‘% tated
and washed wi t$ Gbldnolptwend stirexdtvigdiottsiyl atedor@ ifor doefnbisen hahydgous @cdbmsind ved in
30% (a acet onitri ophi lj sed inally, 15 the_ conmpound wa

pur i 1£ i 231 by se@nlsé Sﬁémﬁﬁ'éér%ﬁk’ ﬂlﬁsf‘% (4?‘5?’ ﬁ&?%ﬂ{f"ba"&ﬁ "gﬂ‘? 1538?8@“"%2@

| yophi | i sed onthe misitue braught 1@l Ozeatle Rflfix WristRuSOThdteactiof s alfRvello cdbl @75

mrol, 39%. ESI-M niz: 466.(12 (calc. for M+ H+ 466.26). HPLC retentjon
tinme 3. 7 g mi nomtemperature and the solvent removed in vacuo. The résidue was partitioned

S-((2,5-Di OXOm&&&hiwﬁﬁt&-(hewhﬂ?j)éﬁ@%ﬁ?ﬂwe&%@M'xﬂl@?'i‘ﬁ@ l!ls'?és(?ésﬁéi fagen 1- 20
3- hydr oxyphenoxy) pent anoyl am nol pen yb)}trl met hyl anmoni um (15).  Conpound
(14) (35 ny, 0Pyl destatel(3 d0vil) pad the rrembined organiv bek-gvashed)withand
added to a sti ' = L d1d in

di chl or onet han‘g&??gﬁﬁw '?'ﬁleﬁ%ug%ar%gés\agg b%ﬂa%fegg gégﬁggsvaﬁmo%%%%esst he
addition of Nheyebingsedeil wasteckeystalised frog (@RS (3Aml.) awdi ropiohe/@0 nilh). The

di et hyl fiygr manj ( 2071 The r ) tified at Q

t enper at ul?e an%q&ﬁn}gnht%ﬂ—)e)%ta%‘?;i g&%cdﬁﬁotciﬁd ﬂlc?%@%{}:g@ﬁ%( éf%?oﬁnr@) ?I{G?'ﬁgﬁ?desi n
was renoved byvigdrusiyaatireem tenhgeratakvBnthisrsohtive dras added dithiam apdrokide (X Dgpound

ueed vl B g o g, Qe TR 7 1
5- (4-f or nyl - 3-wascreduoppd He naxyy) pehtienesutaaicoity (Silug dilbe]. with Galeplf®y 06 WO
09057524 T s G12%G Reay Y G RS o ™
vi gorouslly at Hyafchilofic 28d ahd extrdeted WIHIEBI Hc@BE (PRI 307 ik B 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

(CDCL) &: 11.26 (2H, br.s), 9.69 (1H, s), 7.41 (1H, 4, 1=8.6 1Iz), 6.51 (1H, dd, J=8.6,

2.2 Hz), 6.40 (1H, d, J=2.2 Hz), 4.02 (21, t, J=5.9 Hz), 2.44 (2H, t, J=7.0 Hz), 1.84

20 (44, m). mp: 88-91°C. ESI-MS m/z: 239.1 (calc. for M + H' 239.08). HPLC retention
time: 5.34 mins.

E. S-(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)
stitred 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 forther 20
mins before the addition of N—hydroxysuécinimide (0.46 g, 4.0 mmol) dissolved in

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




(150 nlL). Methyl-5-bronoval erate (42.3 g, 0.216 nol) wasgad@des 2006 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 sol vent renoved
in vacuo. The residue was partitioned between water (100 nlL) and et hyl
acet ate (50V¢#¥08782he aqueous was washed twice nore w t hP@EGERI30EIBt ate (2 X
30 nL) and the conbined organi c back-Washed with water, dried over

anhydr ous magnesi um sul phate, filtered and evaporated to dryness. The
resulting red oil was re-crystallised from ether (30 nL) and heptane (20

m.). The 10 rreth t ai |ssol i n tetrahydraofuran, 120rr1_
anZ:I stirred g]rt%?fﬁ%f{g{? ﬂﬂﬁ%@rg etrFﬁl%Wé‘%‘ieH%g @?PW@? ( :
l'i t hi um hydr OXﬂfé%o(vgnﬂreﬁovedorn%&rd@id)ﬂﬁ] !ﬁﬁeﬂ(ﬂr&ﬁl@t iefbrwl%@d (60 Bdpropad). t he

m xture stirred for 4 hours. The solvent was reduced in réigcuo and the

resul tant oi |y Yiddilihe a8Iumell daie FSTtSer/z 386 h(gale. fordhiedl apde MG
met hyl tert-butyl.igt gk d B0 M), acidified to pH 2 with cone. 15
hydr ochl ori c améé11 gﬁextract ed with ethyl acetate (4 x 30 nmL). The

conbi ned ethyl acetate was dried over anhydr ous magnesi um sul phat e,
filtered andeapor@g&é__&gﬁgue | A ’ ield:
0 86 g, 0.041 Fol &S &ﬁé"f’g’wﬁ@‘% ek i %@C—G@H, s),
7.41 (1H, d, Jaaﬁmﬁ)hlekanoylﬁmﬁma(c&ﬁdracdﬂTfa)#m)ﬁ 2.2 Hz) 6.40 (1H, d, J=2.

)4 O2 2tk sonmada i Ay 57 S5l Fufi Bl ofte T

5.34 mns. E. medtﬁmrwbﬁoa-shyiﬂg}owﬂhﬁm@mlﬂ&dﬁ ORE,Q. 2did]) Apre-loaded with

o 505l e opBftaions P apeianit Cob@ideat o AR D P BomEHEY 1 e
to swell the r@gh e 2QoAMKEAR 4z R) 1-413-1Q 3B -tefradetiiRichindRSx ARl ghospllitesol ved

in dichl ororretgy[ﬁ x) 0 nL) and t he regun m xture stirred for a further 20
m ns before th&SaPeZeaste NHRIHBOPOL aetind nitdisingo dimsthyl OQP@IWF) e

di ssol ved in ghivent, Rikink & o aliﬁts(cff aido acldénd &R ghﬁ%férg@% WilERssdct for e at
room tenperature and 9 Cct, ober 2006 WD 03/087824 (GB03/ 01505 59
loading of the resin. The Fmoc group was removed by a 15 min treatment with 20%

15  piperidine in dimethylformamide. Coupling of S5-(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 puré 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)pentanoylaminoJ-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




nonitored by HPLC until conpletion (18 hours). The resi nowsdbérewoyed by
filtration, the solvent renoved in vacuo and the final product
re-crystallised fromisopropanol. Yield: 1.3 g, 3.8 nmol, 92% ESI-MS
nz/z: 336.1 (calc. for M+ H 336.1). HPLC retention tine: 6.18 rains. 5
F. WO 03/087824 PCT/GB03/01505

f 2S-[ 5- (4-f or nyl - 3- hydr oxyphenoxy) perf®anoyl ami nol - 6- (2, 2, 2-tri f | uor oacet yl
am no) hexanoyl am nol acetic acid (Tfa) (18). The conpound was synt hesi sed
manual |y by solid phase synthetic nethods, using Frmc/tBu protection

oL at ey on, 2 SRRl E) ot e TR RSP e

acconpl i shed V\Ntl{ydfbxysucmmmde (11 mg, 0.095 mmol) dissolved in dnneihylformamlde {1 mL).

2(IH—benzotr|a ol e- , 1, 3, 3-t et ranet hyl ur oni ymhexaf | uor sphat e/ N-
hydr oxybenzot r?r "z&?a&m( 1}Teﬁ1r1?f ORI qﬁg‘l’rﬁgmalwtﬁmdfu@f E@E’?}d‘gﬂ s the
sol vent, usi ngecnBeitnv@l m&s? ‘Phe ﬁe@hrk@as%hﬂvm SRR, MBe ARG REBovet TR
respect to the loading of the resin. The Fnoc _group was renoved by a 15

mn treatent vioupandbie compaysd pped wighouhfvgheranrfisation NegidaeS meoPtd waobf
5- (4-fornyl - 3- BydrvRsene%Y) 2 T(@feﬂpﬁw@r%qw @%ﬁ@re&&@nﬁeﬁé saahispyed as

above using BOP activation. inal 20% pi peridine treatment was i ncluded
to renove any ester forned at t he 2-hydroxyl position of the BAL. Final

cl eavage of th@yl of T QMRS shESRMEss -ﬁlrge?ng'?s%ﬁ tng sever al

treatments of 0 each for 5 mns.
The 20 resin wBwraneAssagd by filtration and the pooled filtrate was

concentr db Ln i troge e crude rod ct itated
nd washel! i 18 SRtk 8P sidet Lo Py 385 aaehilE o AP RiBE Ss CopindBORUP. 3 T
50% (aq) acet osudium [hgdxage:h phoepiatd bufled (8 b Flluram walad1ssmmlnna:bemmlputl fied
by sem - preparatl HPL t he pure fr | ed ilised
once nore to yf"€ aa“\%; lfle%%ﬂs 581“9‘%8’?%3 3%% sh%olg m%dﬂfﬁg'@g rf?')C%ESI S
m z: 520.2 (Cafﬁsﬂﬁﬁb%ﬂtfﬁaﬁsé&h@eﬁﬁzﬁgﬁrﬁmﬁﬂ time: 5.12 mins. G
12S-15- (4-fornyl - 3- hydr oxyphenoxy) pent anoyl am nol - 6-(2, 2, 2-tri fi uoroacetyl
am no) hexanoyl am nol aceti c acid 2, 5-di oxopyrrolin-1-yl est er (Tfa-0Su)

(19). . Compound (18) (49 ngy, 0.095 mmol) was dissol ved in dinethylformm de

(2 nm) 30 and added to_a_ stirred solution of PS-carbodiimde (375 ng, 0.475
mol ) in 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 pL 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 iransferred across the plate with double dilution into di-basic sodium hydrogen
phosphate buiffer. Fluram was dissolved in acetonitrile (20 pg/mL) and 5 pL (0.1 pg,

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




9 Cctober 2006 WO 03/087824 PCT/ GL103/01505 60 di chl or omefobeizeog 10 nlL) .
The m xture was stirred for 20 mns before the addition of

N- hydr oxysucci nim de (11 ng, 0.095 nmol) dissolved in dinmethylformam de (1
m.). The reaction was then stirred at roomtenperature and nonitored by
HPLC unti| WQ@M8I8¢i on (5 hours). The resin was renoved BEI/6BIHAT i on, the
sol vent renoved in 5 vacuo and the cdpound used wi t hout further
purification. Yield: 55 ng, 0.089 mml, 93% ESI-M nk: 617.2 (calc. for M
+ 1T 617.1). HPLC retention tinme: 5.64 mns. EXAWPLE 2 - Solubility

Studies wth Bafs hiakel (@nﬁtﬂ)rgg{agmﬂolmm ARG HcafSshbiteS@APE LR et andar d

(10 L) was added to an assay p wel | containing di-basiCc sodium

hydr ogen phos phuivets buplysed by 88 eleptrophbrgsiam was di ssol ved in acetonitrile (1
ng/nmL) and 5 L of this solution was added to each well, m xed and al | owed
toreact for 5 mns before a fluorescence readi ng was obtai ned. 15

St oi chi onet ri Brédfaduatayon of BSA Acyl ation. BSA was dissolved in 0.1 M

sodi um acet at 7. to..pr ce 10 /nL . sqlution.,. o i.ch k0 L was
et ercgy”( BnSBidef B3A shituiBh RS B et A o RGNk, b
hydr o?en pgosmmafa&dddhtbfvealils(c@nﬁi_nkig \g&dengto@wae_ iB’Eota_gI:vo!:n_‘meidS\‘.lE‘ld(}_f)apt:)tpII_&?& sivaitar20
transferred across ate wit oub) e. di ion.int i -basi c sodjum
hydr ogen phodfate Bﬁf’?@?“’.teﬁt—’f"ﬂ? P dﬁ‘ig’s‘ﬁ‘ﬁ?é QFPP %@:P%WWW@W%& g/ mL)

and 5 L (0.1 qr) Eib8ofirfedgentfiod DLpwasahe ddapd wanipddriddtaad earkelwahd them xed
and allowed to react for 5 mns before a fluorescence readin

obt ai ned. 25 Ppladesamixsd With pomult-hagpel yRdier Jéﬁsplftzowlm)i.g @‘éﬁr%?% ng, 29

nnol ) waggdi s$hpéeurk Fo05 IniMd BGHUTV RBhRéiBentslwélb talthl Froli cotdéhtrafisiied to
BAL-OSu (17) (2.5 ng, 7.46 nol), Tfa-OSu (19) (4.6 ng, 7.46 pnol) or

TM.- OSu (15) (erexetgymined by coppirisor with theistaadad erve geogratdsBSAul f oxi de (0.5
m.). The reactions were stirred at roomtenperature and the di sappearance

of free am ne
Solubility Measurements of BSA-Linker Constructs (20,21,22) at pH 8.

I mL of the BSA-linker constructs (20,21,22) in ammonium bicarbonate buffer was
15 concentrated fo 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 construcis (20) and (22) was adjusted to 5 mg/mL while the preparation
derived from (21) was adjusted to 4 mg/mL. 40 pL of each solution was transferred
into wells (in triplicate) of a 384-well microtitre plate and 20 uL 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 fliration. 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 éycles of dilution and concentration with the

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




30 nonitored with Fluram Once conplete (approx. 2-3 houg®eionk¥@ok €action
mxtures - ------------ 9 Cctober 2006 WD 03/087824 PCT/ GB03/01505 61
were dialysed (3 x 2 L) against 10 nM anmoni um bi carbonate (pH 8) and the
products anal ysed by gel el ectrophoresis. Bradford Assay. 5 A standard BSA
sol ution (OV®'34§783¢) was prepared and a range of vol unmesP¢UGBO3PES05|) added
to wells containing water to give a t%tal volune of 100 L. In a simlar
manner, 5 L of the test sanple was added to wells (in triplicate)
containing water (95 L). Bradford reagent (100 L) was then added to both
standard and t@stbetsl 1%, AR pidign c&feén%f&%oﬂaeﬁ&&ea/‘%&ghﬁ@yk&ogvﬁ*}%ﬁﬂe“é
10 ture fo W ns

pi pette. The plate was then | eft at room t enper %efore
UV neasur enent &fereast thpesssessad by @i Bradfordoassayr 4@ jubrog eacheoletichew e transfected y

conpari son W th.t 3 I : for B ol ubilit
Negg urenments o tOB@%!SmE%?E%?;Og £ \régé'?‘geﬂ%g}c%%e 7 %)te aant%%g HﬁB(.’ efc%fm%fle PRd
BSA- | i nker contsmefgered a¢rogy, (e pR@) with deuhie dilutionhhoaobiomafoendbe b (0asM, 15

concentrated t r Qi ly a fi.fth.qf its original volu by centrifugal
filtrati otrsl an‘g{ t%%g gﬁ%{%h ﬁle%glﬁ%eeﬂ[owgfiﬁ (FORE s S PHm 10°e f‘B‘?‘/ﬂél &E"é%ly. The
concentr at i on tofbidityencaBSmbitniver takemst ructs (20) and (22) was adjusted to 5
nmg/ mL while the preparation derived from(21l) was adjusted to 4 ng/nL. 40

L of each solution was transferred into wells (in triplicate) of a
384-wel | m cr Restltscandl Biksagyd 20 L of each sanple was 20 transferred across
the plate wit ble dilution into ammpni um bicarbonate buffer. The
sanpl es were %"g"&%\‘ﬂ ?fghé’gfﬁmfeb COgsiiCIsp 203 R-olre PrdgD tonpssesshe gparoximals di t y
neasur emgnt s wRhdet ok @Re aahddbh oline NeRsH LBIRM %éﬂ:’ WA afdp ucts
(20,21,22) at pH 4.5, 25 1 nL volunes of the BS%%{)n er_r onsttuct [s%%w
(20, 21, 22) i n bk Tanroningatiose A slpishiomstricasvalnetion of dhegeatiombeaedngn amine
appr oxi mat el Y Bedifid tthhoRficd) Sbdper” (rliciR] a¥P B | f J bration.
These filters sﬁWeere thgn cerrpl oaggd (ltFn @ vent exc?%énpggﬁ%é%lée%’gﬁ%egmg bhé

reactant constant and gradually increasing the other, a plateau was reached indicating a

point of equivalence (Figure 1). Since the number of free amines in BSA is known an
15 estimate of the number taking part in the reaction was made (approx. 21-25).

Three BSA-linker constructs containing TMLSSI (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-TML85 (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-TML85 (20) and BSA-BALSS
(22) showed reasonably good solubility at around 2-3 mg/mL, while BSA-Tfa85 21
| precipitated around 0.5 mg/mL (Figure 3). '




repl ace the original ammoni um bi carbonate buffer with a gegdiupbey mate
buffer (0.1 M pH 4.5). This was achi eved through cycles of dilution and
concentration with the 30 new buffer (approx. 5-6 cycles) until the

t heoretical ammoni um bi carbonate content 9 Cctober 2006 WO 03/ 087824

PCT/ GB03/ 0¥H0%/087824 62 was bel ow 1% The protei n cont entP@HCBIGH1S05
concentrated preparations (nowin for%date buffer) was then assessed by a
Bradford assay. 40 L of each solution was transferred into wells (in
triplicate) of a 384-well mcrotitre plate and 20 L of each sanple was

but Tor (0.1 A4y sl <orfioneoht ol B L b (0 and bSa2et Bl Goted Lo

over 30 mins befwpkeubility Qidgprtebi PIFERES b QABRSHNR Dot AR ng/as wﬂeﬁeaﬁmm-
Di scussi on Sol ub| I |t of BSA- LI nker,  Constructs (20-22). In order to assess

t he approxi mat & hﬁ@?seﬁdfﬁoh@l%% ahgyepd |fﬁ§/nﬂreﬁﬂﬁ%1fﬁlﬂurﬁhﬁ {5B8A)

carrier protei ?amt:ﬁlﬁfly Wab&tanB Rl PEifcel QF RNEY IO Nhe %oﬁjhg‘dtféﬁ' RAEbLRI C
eval uation of the redction betweeh an amne specific fluorescent reagent

(Fluram ahd BSAwReE cqrsinics e apitoy i hepiongedtive at paidie phin (idemdly weefprmedrad
gradual Iy incr n oi nt
of equi val ence(B?IFAf ggr5 eh%ugbgﬁ so1uﬂ11ﬁ§é91f]§§ Mé‘. JO? ?c{égﬁga%aﬁgfgﬁﬁ]is%%g\ el?known
an 15 esti mat detofnenﬂablnrhlumﬂgmnatlpahf}mghlpéwaﬁedBSAhenJuymst| on was made (approx.
21-25). Three BSA-linker constructs containing TM.85 (20), Tfa85 (21) and
BAL85 (22) were initially prepared, via coupling wth activated |inkers
(15, 17, 19), EXAMPDE®« Sodtitelity SBEH6s-withBBA-tialkkrepitak Casgassi bl e surface

am nes (eiélma ed bt\f Fl 2 nitorifg). Characterisation of the BSA
nodi fi ed onst&m#@ig’—]gm&@ confirmed the expected increase
in nol ecul ar wWBSgh@ gnadiacl) wak hlsbc?eadrmto VBRI Bﬁﬂun(a&ltaﬂtl(ﬁnl) pHTh25)BhA- TM_85
(20) construct ifi r ot tai,n

aqueous sol ubi Pﬁﬁ)‘{eg g@iﬁg’gﬂﬁ @‘éi 3)e7 E\M‘Féﬁ)e §SOE'85& ﬁ@#@xﬁg,@é
fromthe BAL ailf. Thé rdaetidieWas Watsl hteHomSRYbhRre Md fid &sapﬁe%anwle@ffreé%)

and BSA- BAL85
amine monifored 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 Coniugatibn 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 1)
against 10 mM PBS (pH 7.4). The conjugates (24) and (27) were characterised by gel

electrophoresis.

Solubility Measurements of BSA. Conjugates 24.27).




(22) showed reasonably good solubility at around 2-3 ng/ abctowditizbes BSA- Tf a85
(21) precipitated around 0.5 ng/nmL (Figure 3). 9 Cctober 2006 WO

03/ 087824 PCT/ GB03/ 01505 63 At nore acidic conditions (pH 4.5) BSA-BAL85
(22) and BSA-Tfa85 (21) exhibited low solubility and precipitated at
concent r at Wshi3/0818de 250 g/ nL, whereas BSA- TM.85 (20) pYSEERSBEHS0l ubility
wel | above 3.5 ng/nL (Figure 4). Thi$*is a particularly inportant finding
since, as detailed earlier, the conjugation reaction 5 between construct
and epitope is chenpselective at acidic pH, (ideally performed at pH 4 -

4.5). Th | ybilit f A- | J nk t t i di H i
extrenely  dot) PiHRERS] ff ERGBTAEEFOR GRa Ghi) Tt e Bt es.
EXAVPLE 3 - Sodhd@in! e, Ywerk WohRftred B ith K9z Sfth o ARiConial Welusme k0
Preparati on of BSA-Linker Construct (23). BSA (2 , 29 nnol) was dissol ved
in 0.1 M sodi uithtziéegehtilirafion gad the protejn cosfeng afcfhe a‘e&}fg%ﬁtt%i HEALaEaRs ‘(’affge“( 0.25
my, 0.746 gl eddhss ‘B&/‘é%&i&f@r&%;@ﬁl by 150 h@rdoBioGrad tratbibrred IR WERH ON Was

stirred at roomtegerature an e di sappearance of free am ne nonjtored

wi th FI ur &m untriblicatep of @x3845%h misyptiite pete adl 26 6dn of eashssomple (s frapserrads 2

hours). The re I 1 xt i S; lﬂ:?i%f IM,aponi um
bi car bonat e (p%&% %z}n %h‘gﬁ}grdo u%'?g&g&réa]ﬁ%sglg %9%&%% e eé?@%&%@?lesi Sm

Hydr azone Conjaligatd dm cofe Epietraipieriifnl Iyert 30 BEA- baforkdnrbEbtysmeageremenis Wexs)
Providing Conjugates (24,27) 20 2 nL of BSA-linker constructs (20) and
(23) in ammoni bi carbonate buffer were dialysed (3 x 4 L) agai nst sodi um
formate buffer (0.1 M pH 4) producing a final concentration of approx. 1
nmg/ mL. )6tocilr,\1 nal e (13) (2.6 ng, 2.1 nol) was dissolved in dinethyl
sul f oxi de'’( 1. 6@%&%—%\9& to the BSA-linker construct solutions (2 nl),
thf final COntmﬁareﬁfonghdfsﬁlhwﬂibﬁdﬂﬁmiiﬂ@r-btﬁiol?@ﬁﬂﬁﬁﬂe@ (melé 350/? 25 T?e

sol utions were_stirr at ropm tenperature for ,18 hours an i alys 3 x 2
0y Vagai nst - 10T RESPRRkYSh forHiE Caeldf s ESUNS ieas e Helpisrce
characteri sed Ryl@etYIQNCIPLG), and was chosen as a model epitope with which to carry out

conjugation and immunisation studies. Typically, the conjugation reactions between

15 BSA-linker constructs (20-22) and epitope (13) were performed in an aqueous
buffer/dimethyi 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 conjugaies BSA—TMLSS-epitopel3 (24) and BSA-BALS85-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-BALR85-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 fo proceed with
immunisation studies, a soluble conjugate based around BAL linker (17) was required
and such a conjugate, BSA-BAL55-epitopel3 (27), was obtained with a reduced
éurface loading of approximately 55%, through BSA-BALS55 (23). Solubility studies
showed that the BSA—TNESS-epitop613 (24) and BSA-BAL55-epitope (27)




el ectrophoresis. Solubility Measurenments of BSA Conj ugat @Ocfddd;, 2209 . 9

Oct ober 2006 WO 03/087824 PCT/ GB03/01505 '.. 64 1 nL volunes of the BSA
conjugates (24,27) in 10 nM phosphate buffer, at the chosen pH, were
concentrated to approximately a fifth of thelr original volunme by
centrifugal®” ?P???é%lon and the protein content of the coREERBIXMHG
preparations was then neasured by a Br adf or d assay. 40 pL 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
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Resul ts and Disuifdsi on Preparation and Sol ubility of BSA-linker-epitope
Conj ugat es (24-27). The neurohypophysi al hornone oxytocin, is a disulfide
constrai ned nonapeptide (cyclo-[CYIQNC]PLG, and was chosen as a nodel

epi tope wi th wiklcdledt@plaesisyy coufimed €iz] dgradse GA nadlebul AAMALHS *binpared Wit i{BS .

Typi cal ly,_the %Bnbg ?éion eactions between 15 BSA-linker constructs
(20-22) and eph 8‘ Pe performed in an aqueous buffer/dinet hyl

sul foxide nediumat pH4 - 4.5. Loading reactions were conplete after
approxi mately 18 hours, using 2-3 equivalents of the oxytocin anal ogue
hydr azi de (13)E MMBPLE 4 -l hemiabApalysisof B linlter-gpitope Cs Siacehyde accessi bl e
for - conj ugat i oRydrbRkik bABSX-TMORV Y otRM HBRkE F245SA- TML85- epi topel 3 (24) and
BSA- BAL85- epltopel (26) were 20" adequa prepared since the poor

sol ubility of Equal mdmeaxefgenjpgety andois ydmf;nnmé@vewmama@dmw bxlefforts
to producg theyg &ﬁﬁg%g?ps - Tf a85-epitopel 3 (25). Upon dialysis into
phosphat e bufferq? however, the conjugate obtained from

'BSA- BAL85- epi t opel 3 (26), preC|p|tated and aggregated becom ng -very poorly
sol uble. In Coﬁ&‘ﬁiiﬁlhgg 8@jugate BSA- TML85- epi t opel 3 (24) remai ned
relatively 25 S0l ly a slight precipitate seen in the sol ution.
I n order to prdgpdelfsisiafBBSA-TMLB5-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 cantion.

. Acid hydrolysis of the hydrazone bond within BSA-TML85-epitopel3 conjugate (24)

20 regeneraied 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




i mruni sation studi es, a sol uble conjugate based around BAloddnakaos(17) was
required and such a conjugate, BSA-BAL55-epitopel3 (27), was obtained with
a reduced surface |oading of approximtely 55% through BSA-BAL55 (23).
Solubility studies showed that the BSA- TM.85-epitopel 3 (24) and

BSA- BAL55- &pP P¥F&8%¢27) 9 Cctober 2006 WD 03/ 087824 PCT/ BEDGRBIBYS 65

conj ugates had good solubility at pH % and pH 7.4 of around 0.5 -1 ng/nL
(Figures 5 and 6). Gel electrophoresis confirmed the increase in nolecular
wei ght - conpared with the 5 native BSA (Figure 7). EXAMPLE 4 - Chem cal

Anal ysi s of BSA-l | - api dr olysi . BSA- M : Oxyt oci n
Conl ot e (20 ot BRKES WS ARSofRR 16 Wl B iMoo il M 07
m xed and assatheduibptitrCplate) TMS plates rwerd Bevehipad vsifie s blkslina nftoddhstasesitiked

Hydr ol ysi s of A- TM_85~epi t apel 3 .conj ugate (.24). Reversihility of the
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qual i ty contr ohbsofbatide®f edch well a8 gedkiat pUadaict i on process. Unl ess the

chem cal integrity of the | oaded epitope can be confirned post-conjugation,

the vali diSty of any results obtained with the conjugate nust be treated

with caution. Pgd gestiydiel shows iRTFigies bydr aziene PeRFvsMhbbéth constructs are
BSA- TML85- epi t opel 3 conj ugat e 20 regenerated BSA-TM.85 (20) and

24
epi t ope (13). TPRREHEGEY B 06156(§ﬁi@§§@(¥%8¥% Fpichdy torbel pxpecied since B8Ars
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free thiol within thi's hydrolysis product wmth E n's reagent proved

negative, confirmng the integrity of the disulfide bond within epitope
BSA al ond Cor v TRt ot anbddy s kgl BEE-BAFRLO R Yt 8, ©'
TM. |inker, i nansothp BSAeTVIL8Smulytecimdpusitactt revéRlsedistinciedifiercaces in the nature of
the antibodies produced. Results from mice tﬁmmﬁsed with the BSA-BALS5S5-
oxytocim comstruct (Figure 10) show a greater proportion of BSA (non-specific)
antibodies produced than those antibodies specific for the whole construct itself. Tn
15 contrast, mice immunised with the BSA-TMLB85-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 resuits show that the TML85 construct has greater epitope surface coverage and
20 greater aqueous solubility than the BALS5 construct. This is supporied 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 X1V

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 #




then boosted on days 14 and 28 with 50 g of the appropri giReaMesNnd in

i nconplete Freund's adjuvant before final bleeds were harvested on day 42.
The ELI SA analysis 30 was carried out in Nunc-imuno plates and coated with
free oxytocin t| de. Casein 9 Cctober 2006 WD 03/087824 PCT/ GB03/ 01505
66 was usedv%gfoé Bt ocki ng solution to prevent non-speci f PEV/ER3OMHEt i on of
antibody with the microtitre plate. %fhe plates were devel oped using an

al kal i ne phosphat ase |inked anti-nouse |1gG secondary anti body with

di sodi um p-ni trophenyl phosphate and the absorbance of each well was read
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the anti bodi es produced. Results frommce i mmunised with the BSA— BAL55-

oxytoci n const jample PRs geieening uging\ihe Fiiremtassaypies sissaripeh abpvespploying
(non-speci fic) Fm@@ﬂr%)?ﬁ' ROvaHiQaLG f&é thb &lfib}AR8S Eorffd]. Jﬂ%& §§ta %Bl%qiséd g thor the

whol e construct 1ts I'n 15 contrast, m ce | mmunised
BSA- TML85- oxytbﬁéisrfowmmngth?ﬁﬂ@u’pémM)st@meﬁWﬁ@f q&@inpr@tegb the proportion
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added 42 pl 10 mM TML-NHS (15); to BSA was added 65 pl 10 mM TML-NHS
(15); to Apo-transferrin was added 80 pl 10 mM TML-NHS (15); to holo-transferrin
15 was added 80 pl 10 mM TML-NHS (15); to phosphorylase B was added 15 pi 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.
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(15) and to rryc‘l')e%c‘)rilpr‘l3 r%% %rai(;%e‘é&Tg%m Imc}f]efi]ﬁr?f\l/%ﬁﬂfi-’ R ﬁgjs ”Ilr‘ﬁaes rglﬁt%n%gl@gy\%er e

i ncubat ed at r eb265 M fpatiaidid sdded o thE sample. Th sampheowiymiaed®ind g3t i gfagbat i on
in the fridge (-.8C),. .The TM.-N 15)-protein_jyeacti.on m.xtures were
subi vi dedd e G RSiE AT e o THRGe { ShS SR Gy AL TG one
portion of eackengferdniie foMO-oNSnd Hoeh-oveBiphi & ~8PCATHd @iotd prbidin@SmpRS were

di al ysed, in benai)(é)%l at%g ialysis tubing (SpectraPor 1.2 kDa cut-off

menbr ane; Si gm@a%Ed 28 ?‘%C?a:belﬁ‘o‘" one batch agai nst three changes of 1800 m
10 mM sodi um acetate; pH 7.25. The first two procedures were carried out

f 60 -

or (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




mn. each followed by a further overnight dialysis cyclegglfgerSoop! €s were
25 subsequently dial ysed as a batch against 1800 ml of 10 nM sodi um
formate; pH 4.0 for 60 mn. The sanples were recovered and stored in the
fridge until required. 9 October 2006 WD 03/087824 PCT/ GB03/01505 68 (b)
Chem cal cdUpt¥oagp2of Hepatitis B virus core delta anti gerCiiésncose delta
Ag) with TML linker (14) and reactid® with Biotin Hydrazi de Reconbi nant
HBV core delta Ag, strain ayw, was purchased from Advanced | nnnunoChem cal
Inc., Long Beach, CA, USA To 75gl of a 1nmg/m solution of 5 HBVcoreAAg

dded 7.5 | 5 Th d d
:‘A?gmat h?s pool W}g‘%\h a 1'quo H%gpﬁ‘l ﬁﬁ&éi&@@ﬂﬁg@g : féﬁgﬁifl r‘g‘i'ﬁ‘l p*lal\llas
(15) added t]? ITMLANHS g8)pke added afledn0 pipatd th@&axgﬁlé stu?@dlﬂﬁwﬁlﬂ@e&z? go%ﬁp
tenperature for i s incupation period, a further
renoved and 2 W%ﬁkﬁegﬂrg‘c’? egﬁaﬂlpgdﬁ’é&e@&elie and diakyped. as'hﬁ@r%ﬁﬂﬂs&

n xed and 1. 37 100 nfNl sb@iudOfcthAtd)i y¥ B13-10Y 86 %ﬁhdﬁ’rei"%cﬁq{jﬁgs &19[y§19%u%@1n§95s

Thi's sanpl ated at room terrperature for

was | nc
ey nr ot &, " Stz b fiach sy @ﬂ@phogawzg%m@n@theambywm@omm bed

bel Cel T @pﬁﬁ

((135§)Wpr (();:Zal n sgﬂbﬁgﬁgﬁlﬁ?rgﬁnree?gsg ’rﬁﬁ'%ﬁgﬁys&ge@%ég%g% gfl\&i’ %édng t he
UPAGE system @{TE%P@Q oRrEn forukd . andlﬂmbmstamtrmﬂedwﬂPAms wge Iu'eamd s NMEES

N

runni ng buffer gdRipigiAsere visualised with SilverExpress stain kit. The
protocols were carried oat according to the manufacturers instructions

(Figure 14). Z@rqtigjn Grogueasi thﬂsoh"éd BSAm] 40 coMpoebsium phosﬁhﬂte,(mhj) Ogﬁdl aed

Pot asst um Ghos S e BRI UkEs difichita SRl S51-die] Skl Ridnalopem

wei ght cut - of f agaBhsit dd’alSQ smm,potawiﬂnh @hosphatisNsl 959 4t 08n temperature. The protem
sample was recovered (~1.8 ml) and while stirring 100 pl 10 mM TML-NHS (15) in
100% DMSO was added. The sample was stirred at room temperature for 120 min.
after which the sample was dialysed as before against two changes of 5 L 100 mM

15 sodivm formate; pH 3.5 for 60 min. and 120 min. respectively. The protein-TML
sample was recovered (~3 ml) and cenirifuged at 13,000 r.p.m. for 5 min. and the
supematant collected. This was treated as the Aprotinin-TML sample.

(e) Characterisation of absorbance spectra of TML linker (14) conjugated proteins

- Aliquots (10 pl) of BSA-TML and Aprotinin-TML were diluted with 190 pl 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 abéorption spectra were collected in
UVStar 96-well microtiter plates (G:reiﬁer) using a Spectramax384 instrument

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

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




25 -mM pot assi um phosphate; pH 9.3 for 60 mn. at room t eppefoBérengs The
protein sanple was recovered and while stirring 200 pl1 10 nM TM.- NHS (15) .
in 100% DVBO was added. The sanple was stirred at roomtenperature for 20
mn. after 9 October 2006 WD 03/087824 PCTI GB03/ 01505 69 which a further
200 gl TM.Y@&5/98%123 added and the san;gl e stirred. A furtPEVGBBA1I05 TM.- NHS
(15) was added after 20 mn. and the Sanple stirred for a further 30 mn.
The TML-NHS (15) treated sanple was recovered and di al ysed as before
against 5 L 100 mM sodium formate; pH 3.5 for 60 mn. after which it was
di al ysis buff erAmmts510:;&1@_@19;6&-&%55%@% AP MR ﬂ%&ggﬁﬁégj B and

t he sanpl e di al ysed overnight at room tenperature. e protern- Sanpl e
was recover ed (ané Aprgting ML e preve; dilwpdawittn 901 81 60D mM potassin phdsPhate buffand t he
super nat ant colrj,@g;ge Th t-rea he . - TM. _sanpl e. rLotinin
(2 my) was dissol ved@imrrl1 %H?ﬂm?g nr%qvlﬁpg?%g%?%%eh %ﬁlgggﬁastpgc!ﬁapﬂ .ﬁo%ﬁgdtlﬁe 10
sanpl e di al ysedlicwidper Wopewsll anicxesieg iptates (Tharfh : DyBpectsialfo Gemi gisiment

over ni ght 5agai(ﬂﬁi%&ﬁé@cﬂ%ﬁ%%ﬁ@&%@@éﬁ%@)?i 1pH 9.0 at room

tenperature. The protein <sa .8 m) and while stirring

100 I 10 mM TML-NHS (15) in 100% DMSO was added. The sanple was stirred at

room t enper at udEXAMPLEZD Chtetnoseleafiteddditoh opiikdhds SAMRELroREs KBNS BRvAR

‘bef ore agai nst anges .af, 5 L 100 nM 15 sodi umformate; pH 3.5 for 60
mn. and 120 MM The protein-TM. sanple was recovered ((3

m) and centri {a)gRectivn dSBRAA Hydfzile Wit pdteil-TML A8t dolifd
col | ected,, Thi s treated as ) he Aprlotlljnien-Tl\/L san%)l e.S %%éﬁ&gﬁﬁﬂha

Characteri8ati # prappoands Rl gepegal dyrmply (XMnker  (14) conj ugat ed

proteins Aliquots (10 I) of BSA-TM. and Aprotinin-TM. were diluted with
190 1 50 n 2(1'0[1111&HE&Mmdﬁh@iﬂﬂﬁte@leﬂdﬁﬁlﬁéﬂ%’lﬁkﬁlﬂs%f@é&a%ﬂﬁ-@o%ﬁ-mll- 0.

The buffers were nmade, to the required p m Xi ng appropriate portions
- of 50 nM di -pofeﬁgtéqwxgﬁ%&ég%ﬁmﬁﬁo%ﬂﬂaé aéﬁ?ﬁy%ﬂmaﬁ@ﬂlﬁ%@f&%@i&hiﬁ}@rogen

phosphat e. \Whehpdradp{Alesich S@dk umdn; dh D) e Y55 Lprditintii L REs0E The
absorption spectid e 3ade 268 hETb i biotin-hydrazide: fo 112 nl HEWL-TML react
; N reaction
15 mixture was added 22 pl 10 mM biotin-hydrazide; to 79 pl carbonic anhydrase-TML
 reaction was added 15 pl 10 mM biotin-hydrazide; to 80 pl ovalbumin-TML reaction |
mixture was added 15 pl 10 mM biotin-hydrazide; to 88 pl BSA-TML reaction
mixture was added 15 pl 10 mM biotin-hydrazide; to 71 ul 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 ul 10 mM biotin-hydrazide and to 66 pl 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.

o For the transferrin experiments, to 140 ul apo-transferrin-TML and 140 ul holo-
25 transferrin-TML, both in 50 mM potassium phosphate; pH 9.0 buffer, was added 140
11 0.2 M sodium formate; pH 4.0. The samples were mixed and 100 1 10 mM biotin-
hydrazide added to ‘both samples. The reactions were incubated at room temperature

- for2 h and then overnight at ~8°C.




UvStar 96-well mcrotiter plates (Geiner) using a Spect padeksd®dod nst r unent
25 (Mol ecul ar Devices, Cawmey, UK ) (see Figure 12). (f) Characterisation
of fluorescence spectra of TM. linker (14) conjugated proteins 9 Cctober
2006 WD 03/087824 PCT/ GBOG3101505 70 Aliquots (10 I') of post-dialysis

buf fer (100VOMWO8B#H um formate; pH 3.5), BSA-TML and AprRATGBOIIOTERE wer e
diluted with 190 pl 500 nM pot assi um’bhosphate buffer ranging from pH
12.0. The fluorescence eni ssion spectra were collected in Mcrofluor W
96-wel |l mcrotiter plates (Therno Dynex) using a Gemni instrunent 5

(Mol ecul ar Devi ces, WG U K ).(see Figure 13). LE 7,. .
Chermogel act i veh BTN br A (B abicb oA eps BERTERE 34§37t Gelgiedhy e
protein const rymksyldted/ dialyses) hBﬁ%C@@dﬁraPcﬁr B2 Ok iy afenthPaned Bignfar edtef n- TM.
conmpounds of general forrmula 1 | V) providing conmpounds of gener al
formila (XV). BYRhdomthermeaustiehmolmieodin wsigechial §ed 0aieiHR™1 each
of the proteing 2a 'ogguﬂ'lgj t Exaam £ yi ng
anount s of 10W§%/F{%?tg%§n%ﬁydrazei§d%gr Elecgr%%(rgh cat It(gfecﬁgfi%%e; ﬁ@%e%%%%ﬁx&_?{) 133 |
aprotini n3TM. awelygisi on ni xture was added 26.6 pl 10 nM bi oti n- hydrazi de;
to 112 pl HEW.-TM reaction 15 m xture was added 22 pl 10 nmM

bi oti n-hydrazide; to 79 Al carbonic anhydrase-TM. reaction was added 15 gl
10 M bi ot i n- hipdBelz$hds and Wesrn|blwwadlysiam fiprofdih-TMabiotio nonstrivots 8 was added
15 p1 10 nmM bioti n-hydrazide; to 88 pl BSA-TM. reaction mxture was added

15 1 10 nmM bi ofi Lde- s ' 1 Xture
was added 15 p 628&%% %)cﬁi&?f- ydglétfl?%g? ﬂ? %@%%ﬁgﬁgf%ﬂiggg&%‘?zz%@on

m xture was addelysabbypIDEPAGE binploying thedWelzA Gl systrah (lovie6gdn) nsinsa -T2
reaction m Xt ur. d . i.oti R hy i de. T I wer e

i ncubat edlrﬁlat ;%%Pnygﬁgurrggggt%ei S‘ﬂ#holrlﬁggm Pn&ﬁg bgﬁﬁpt g%’%&}% g’?@d‘p &ﬁéﬁgﬁéoﬁr i%lge (-
8C) for severnPddy snerkloand tsing thariddvex biot texgfer sysemt @nvitrogelil Mhe protocols
apo-transferrin-TM. .a

Were carried gut]a%c(:)orgnjig E)Qti]é) manufacturers instructions,

The PVDF membrane was blocked by gentle agitation of the membrane in 50 ml
phosphate buffered saline confaining 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)) Ywere 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




25 transferrin-TM., both in 50 nM pot assi um phosphat e; p#loBicPertrubd er, was
added 140 pl10.2 Msodiumformate; pH 4.0. The sanples were m xed and 100
Al 10 nM biotin- hydrazide added to both sanples. The reactions. were

i ncubated at roomtenperature for 2 h and then overnight at -8C. 9 Cctober
2006 WO 03Yo®MB8224 PCT/ GB03/ 01505 71 After incubation, BIWGBIEI®IF0&acti on

m xtures were recovered and each dial*sed, in benzoyl ated dial ysis tubing
(SpectraPor 1.2 kDa cut-off menbrane; Sigma cat # D2272), t oget her agai nst
4000 mM 20 mM sodi um acetate; pH 7.4 for 120 mn. room tenperature. The

Ieswererc edadsore n the fr un furfher .5 anal ysis.
?‘35”’ Gol Shift Bnd NEBETeR: o ' f ﬁa‘ﬁmégﬁ ﬂ\tlem%) E@%ﬂﬁﬁ Mch LT
(XV) The di al ysamcipg eﬁmquma%meﬁ Adde® BBUCE Sarhj91X. Eﬁam(%eﬂmé InddReS by

recovered and anal sed PAGE enpl oyi ng t he NuPAGE system
(I nvitrogen) u§ ‘%G eﬁﬁ)@}’ﬂ!ﬂ)t |1§Tu%5§ NemCENGEP L) (HINEES 4r idfinibifgBuf f er .
Protei ns Wef e Nu?ﬁ@ﬁ%e eﬂ%ﬂPMES ﬂmﬁl\@':bdi‘}%ﬂb PGS Wl LS ’\Glife&éc&hﬁ

transfer stem (I nV| rogen) protocols were carri e out acco |ng to
t he rranuf t ur EwesulpeiarersiRteions. TeteiPvaDEs werstyisanisedbsewst ocked by gentle
agitation of the nenbrane in 50 mMl phosphate buffered saline containing 1%
Tween 20 (PBST; Sigma cat # P3563) 15 containing 1% (wv) BSA for 15 mn.
The recovered ﬂ@rﬂﬁ&henamsaﬁ@ﬂﬁadeﬂﬁuﬁa@ldompemdsbijg@matfoena]gﬂfmi on, in 100

m PBST for 5 m yiele. ecove henln ted in
50 m PBST contal i ng“kf& J'L)Jn&cfol'r i Sa%féi%ﬂ)r AWW% i gma

E2886) for 30 BamplesTﬂaa:teime]ﬂ amenm&ramée oxe b:&ded ommf'féldbvish r&h}liotsr‘(&ﬁl)iolﬂ PBST

()

’:

and allo rtla dry R 20. act,i v wer e
vi sual i se by 5 |qP‘F dgu%‘?g‘tt%?ﬁ?oa rpé‘?f(“ﬁ\%ﬁ‘ {P%U
substrate (Si gsm;ihm#ltf@iﬁfai‘ tl@sﬂﬂiﬁpénb@l ﬁltcahl%-vﬁmnbﬁxﬁtﬂ&a ZHBtﬁ{crcﬂimr}ﬂﬂél ate
exposure, the ge was recovered, _wa he% wat er and a ried prior
to analysis an §01(:%(g§ sg;gﬁg]ge Palkan igg;te was covered an mca ated at

37°C for 60 min. after which it was washed three cycles of 200 pl of PBS containing

Tween 20 (PBST; Sigma) per cycle. The plate was shaken dry by hand and 100 pl 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 Hnker-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 pottion was concomitantly sampled by withdrawing and aliquot (10 pl) at the




25 (c) Texas Red(r) labelling of TM.L activated proteins. ghwebelizmbysed
protein-TM. sanples (ex Exanple 6(a)) )were recovered and to 10 | of each
sanple was added 2 pl DVMSO and 1 | 10 nM Texas Red(r)-hydrazide (Mol ecular
Probes). The sanples were m xed and incubated at roomtenperature for 3
----------NO0YsWY ober 2006 WO 03/ 087824 PCT/ GB03/ 0150BCT/GR03191505
‘Subsequently, 2.5 gl of sanple |oading buffer (Novex) and 1.25 | sanpl e-
reduci ng buffer (Novex) were added to each sanple. The sanples were

anal ysed by SDS-PAGE enpl oying the NWPAGE system (I nvitrogen) using a
4-12% bis-tris NAPAGE gel with MES running buffer. Protocols were carried
out accordi ng ¢ OfSeaﬁlhﬁgﬁaaC@ﬂlE?t’@Psanidn%]FP%@ igaLX DS et KNHBAGlidpading

visual i sed by &)@y, Thelirofdal. Shhaptn¥RddSsabich wetel Foz8€ (thindt DY wwRrReupds of
general formula (rXV) %%%/rre-ll?ﬁéked im‘rgr?osorbent gssa %ﬁl SA) of BSA- TML

and apr ot i ni n-Thequeacha peiein serarletweretanalissed ty SIN BAGE GPASE wtem) el out as
follows. Aliq f : uepc §ea§§% Il i 00 4l
10 mM phospha%ﬁﬁé@t agadle%%é’g‘?@gbg?' elgxl %ﬁa o cﬁ%ﬁ%%sﬁs %éhf%ng?it%ésﬁsed
into a 96-wel | sampies upen 2¢iBleniraphotesisraed plamning, the Bi-AdLl samplSeing aprotinin-

Basi ngst oke, . ' bat 37C for 60 mn.
af t Ier g\/\/ni ch i tUr %ém&glgﬁve’% © ?@é&%@xy@ﬁ%@%@% O%SOE’IIdﬂ%f%m%éEg%%%t aining Tween 20

(PBST; Sigma) per cycle. The plate was shaken dry by hand and 100 | 1 15 in
5000 di | uti on BXAMRIEN. CharectdiliSdion ofitha gibtrengé Siaction)of achtkda TMI -Bgeml] wel | . The
plate was covengaicgnd i ncubated at 37C for 30 mn. The plate was recovered
and V\aﬁhadl I asrrdomzﬂiq&?t (200 jﬂ@lobﬂiliﬁi‘m}ﬂa-lbg)tiﬁzﬁs iQd Qomw]&ﬁuﬁbﬁnhi(:&iigrm) ~added
to each well. e . col our was wed to deve] op .h e and .the reaction
st opped by hidh| R Fet e J{ﬁwﬂﬂﬁepw%@%ﬁ%yﬁe%f%%mnm?@@ ead at
492 nm ( Spect r gnem B36Y thelsomeld ditked 3hd dBRIddNGitE ehOpbrtidtRaid @ad {oreelidttigir e

18). EXAMPLE 8. Spectrophotonetri ¢ assessment of chenosel ective addition of
ligands to |9k aispiaptien preciaps g funstion effitae (spe Biguten 28bnstes srepad portign

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 gquenched
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

feaction 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, ez al, (1999), J. 4m.

Chem. Soc., 121, 7967-7968). The amine-functionalised slides were stored at Toom

ternperature until required.

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




" (a) Spectrophotonetric characterisation of the reaction efodwbetdons hydrazi de
with TM.- 25 conjugated proteins To an aliquot (100 |I) of BSA-TM. and
aprotinin-TM. was added an equival ent volune of 10 mM bioti n-hydrazi de
(dissolved in 100 nM sodium formate; pH 3.5) and the reaction m xed. The
sanpl e was v wa/ded4 with one portion being used for 30 ceti/eBisionsesof the
absorption spectra as a function of t#ne (see Figures 16 and 17) as the
second portion was concomtantly sanpled by w thdrawi ng and aliquot (10 |)
at the 9 October 2006 WO 03/087824 PCT/ GB03/01505 73 end of each data

col l ection and quenched into 4X LDS buffer (NuPACE | oading buffer;

I nvitrogen). T ﬂacﬁéﬁ@we@llsg@ﬁbqleégwwre@b@rﬁ@ééwﬂ( v ok dy etting 10 r ed.

The quenched pf SM%GNIHSS( @g‘?@ﬁﬁ%@@%&s s gl%;em%g(&‘%ﬁﬁf;ﬁldséﬁ&gm and

Western blot a escrl faci |tate [ conpari sons between
proteins 5 sampleds (Bd@ﬂdjgle) el tspasisroslislss swaedcoyerad randgincetated BEAroRmL

ondi ng onto | REPEARE EXRGBEET RS Self SR RN Wikl Sk B Bovhfe 1 on

of proteirs- TI\/Leyic]egratﬁidef@VISO[ HidxmL whidr, 740 arl skihepnodt~10200DMSdnd ~10 mL

BSA- TML-biotin added 0 I 20 and the .reaction
moed. Thesanifl BV AUFTRIRGshale B e d 26 MinBikehslpRrtuad iteSe O a6
HCQ , the sanpl@ofitxeperanet iiiviegeitbd. Wi t h one portion being used for
collection of the absorption spectra as a function of tine (see Figures
20) as the second portion was concomtantly sanpled by w thdraw ng and

al i quot (20 I)@Deﬁmsaﬁaﬂop@agﬁpmdﬁsk&vkﬁltﬁ@thﬂwdzm and quenched into 4X
LDS buffer (NuPAGE | oading buffer; Invitro enl The quenched sanples were
I

frozen (niPhus 4G&L linker elabuaist slide wargevesionitin & Y bintisi ydegidpfisoNgd i

~anal ysed by SO RAFaNURAGE: a%ﬁ&nﬁ%go%ﬁ@wﬁbOTh@alae%me}eeqn@bove
(Figures 21 and 22). 20 EXA rivatisation of Solid Phase

Sur f aces usi ngmqtpbgtem R el0 pim) atamm temperature. The slide was recovered, washed
thoroughly with water (~20 mL) followed by methano! (~20 mL) and then sonicated in

40 mL of methanol twice for 2 min. per cycle. The slide was recovered, adropof 1 M

15 HCl 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 Litd,, Tatténhall, U.K.) were amine functionalised by
coupling 1,4-diaminobutane as a lmg / 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




reaction with Biotin hydrazide (i) G ass slides (Fisher Sobesterfooe; Menzel
Superfrost 76x26 mm |SO Norm 8037) 25 were cl eaned and am ne
functionalised by derivatisation with am no-propylsilane (Acros, cat #
15181000) as descri bed previously (MacBeath, et al., (1999), J. Am Chem
Soc., 121, WRB8%87843). The amine-functionalised slides WBEHGBYMEd at room
tenmperature until required. 30 (a) SlT%de derivitisation with TM. |inker
(14) 9 Cctober 2006 WO 03/087824 PCT/ GB03/01505 74 Am ne-functionalised
slides were el aborated with TM.L |inker by spotting 10 mM TM.-NHS (15) in

100% DVSO ont o S ace. Usi a.blunt-end syri.nge .n | .
(Rneodyne) . el B8 s AR bl NE VR Rk Db bl Gt at B8 Berp e e in
tenperature fof.168 sudivn Tbetats| pHIFLSvenaibud SE4UeR) DM Ther! husisng rbdie
following 5 cycle: -10 O =10 m_ water, -1 met hano) ,, -10 niL DMVSO
and 100 10T PR ob S B R ohali TS e ik ABPE: e
slides were stgil@ibnabf ofilpan DM RPELAL AbeRtc B b.25 QAkhed. SEPXvPEDMEG itsat i on

of dass-TM |inker wt b_b}oti hydrazi de 10 A TM. |inker el aborated slide
was covered wi PIRVESEORFYS-othenvailidveas ithra once agaiy Seshed with copigus gatouvts oér nat e;

pH 4 contai ni nDI\WOO(IVWdeMta‘Eg,G‘[g{ §hk 484 Wakr &ﬂ\é&&%ﬂstﬁgﬁa tcitnﬁ&'d{ﬁ?é g for 30

mn. at roomtenperature. The sli was recovere oroughly with
wat er (-20 ni)™EB¢dowed by methanol (.20 nl) and then sonicated in 40 niL
of nethanol twice for 2 min. per cycle. The slide was recovered, a drop of
1 M15 HO was placed onto the mddle of the slide for 15 min. at room

t enper at ur e. IPérivetisptierhefTML thinkevfunetionalised BedcHBimhohidrotierglacs with o a 50

L Fal conjgt ubey; g 50 nL PBST containing 1:5000 dilution of
Extr Avi di n- HRgblgg_ﬁfl%dééa%l&y(Si gma). The tube was gently rolled on a
rol | er-bed forBibsnhydrazide waoompleéd bpibe AMIL Enked functiinhliked Ras:ti-Bied plaes asgla and

et e B AR R el RS e o B 59022 e
coupling solution was also added to control wells not previously treated with TML
linker. 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 pI). 100 uL 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-FIRP 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 uL) before addition of 100 pL of o-
phenylenediamine (OPD) peroxidase substrate (Sigma). The colorimetric reaction was
left to'develqp 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 pl 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.




| i qui d peroxi dase substrate (Sigma) was dropped onto theggli.gs 2apg the
colour was allowed to develop by eye (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 | m dYQI¥U87884 pl ate (Reacti- Bind Plates, Perbio Scremces/ouidsLtd. ,
Tattenhall, U K') were am ne functiorilised by coupling 1,4-diam nobutane
as a 1nmg / nL solution in 5% sodi um carbonate, containing 60% DVSO (v/v),
for 2 hours at 37 C. Foll ow ng copi ous washing with 30 DMSO, water and 5%

sodi um car bonate, TM.- | i nker (15 s couple 0 SO 9. Cct ober . 2006
WO 03/ 087824 M@B‘i‘gﬁé@ 0'}%63&?1‘1)‘@%6%& wéﬂ?cfmwm SIS usi ng
a 5 nM sol uti ag 20h1 bR, afid réakies whab MeBbatddat rSond dMpeRdirs! o BOSLAL id REd 7. 25
containing 50% (v/v) DMSO for 2 hours at room tenperature. A proportion of

the amine funch¢ eaiaasked Wit FBSThert@mlk eated with a blank solution of only
0.1 M sodium a‘i‘ﬁ% ?1?@1‘ wilthed Fle%ﬁl &é&@ﬁcﬁb&b@%tﬁg%?l&g/stﬁmﬁ'@@ﬂi{? sQOPJiRYbA6E
s edwth c

controls. The we S _were then once again was t opi ous anounts of
DVSO, 0. 15M s deitefmidia-&iRGt @igom) far. 5memdt weatoctemaeratusst SFhedesin wetagpvered

t enperature unjil qul I\t i ' i .
functionalise ewaag%el%f E% %%‘grr% %ﬁ%??ﬁ%%eﬁ%@%@gﬁéweﬁ%%?l ﬁ.[nr(]igrdgrg%tyde'

Bi oti n hydr aziad awas!l ok edhdewh beind Mglakd piate ahd dispdnsmiahiosdiiaRiaSlide Bi nd
pl ates as a solution i.n,0..2 sodj rqat.e; pH 3.5 containing 50%
Bheo (viv) - i CER oS Bet g Ui GRCY ST Sahs ik, ARt RE, °°7°
pr e\éi ouls: y tr éH*t/JBcHh RP tshbs’ri]i‘ézle (Sig'ﬁ(ab(&ras iffddacedZntootie Slid chamben ztxﬁnthercalbgn’ e,
each we was washed. w t x.200. 15 L water (1 x 200 L), an
phosphat d0buf (EFEgR 9o dBvAdE: ]n?*ﬁalgt%)aﬁ d%‘)slop@s@ﬂm%eg wege %&Eﬁ using gL
PBST was then aiiadedpe (@38 ITOmREdmetlslicidicore! Bitef) Fetdzay.ed at 37 C for 30

mnutes in order to block any unreacted sites in the wells. After further
washing with PBST (3 x 2001iL / well) 100 ttL of ExtrAvidin-HRP conjugate
(Sigma) (1: 10000 :




dilution in PBST) was added and the wells incubated at 3% dstdoerzo8sf urt her
30 mnutes. 20 The wells were again washed with PBST (3 x 200 L) before
addition of 100 L of o- phenyl enedi am ne (OPD) peroxi dase substrate
(Sigma). The colorimetric reaction was left to develop by eye and finally
quenched byyé fgsadgli tion of 0.1 Msulphuric acid (100 LycfEbfifs23) . 25
EXAMPLE 11- Capture of ExtrAvidin-HRPfrom sol ution using TM.-resin EAH
Sepharose CL-4B (2 m; 7-12 gnol/m am ne; APBi otech, Amersham U. K ) was
washed, in a scintered plastic colum, with copi ous anmounts of water

foll owed by water:nethanol (50:50), nethanol and finally dinmethylformam de
(DMF). To the washed resin was addedCJ0A /WSO mM TML-NHS (15) in DWF. The
reaction was 30 incubated at roomtenperature for 60 min. and then the
resin washed with DM. 9 Cctober 2006 WO 03/087824 PCT/ GB03/01505 76 To
an aliquot (0.6 m) : RNy I |0t i- razi de
(4.5 mol) in g n1}b@&#hgﬁg eg%??%%ﬁgg%g?%@ﬁ%%?gﬁﬂ%?%gggﬁkggﬁggﬂﬁture for
60 mn. and then the resin washed with PBST (-40 m ). The PBST washed
resin was incubated with a 50 m solution of a 1 in 5000 diJution of 5
Extr Avi di n-HRP (Si g®®)° for 30 min. atCRi®@omtenperature. Thé Tesin was
recovered ang wash dto run
dry under gravfty ette and
di spensed into a e, CA
RyWAS
the~Col our 10 redstion allowed to
devel op. During col qur d@vel opnent inages were eaptured using a mcroscope
(QX3 CCD Ganera m croscope; Intel) (Figure 24). 9 Cctober 2006 WO

03/ 087824 PCT/ GB03/ 01505 77 CLAI M5 ‘

CR(O CR,0
(/K P General formulae (I}
R/ Z Z
R( .
YR; \ 7
Id - le
Ry
RaY
wherein:
X=Om&

Y is O, S or CHj,, CHR, CRR, where R is C;.7 alkyl;
10  ZisOorS; |
Ry is H or Cy7 alkyl;
- RpisHorCryalkyl;
R4 is H or Cy.7 alkyl at any vacant position on the aromatic ring;
Rj3 is Cyi.7 alkyl-Li-Rs-L- Rg-COOH, Cs.pp cycloalkyl-L;-Rs-Lo- Rg-COOH or Ar-Coy
15 alkyl-L;-Rs-L,- Re-COOH;




1. A positive charge-bal anced |inker according to generalgdowbeidoae (la to

le): CRIOCRIOCRIO RXRXRX Z-RA RRRBRY/ ~R4 laR3Y Iblc YR3 5
CR10O CR1O Ceneral forrmulae (I) R4 ZYR31dZRIle 4 R3Y wherein: X=0 or
S, Yis OWOW@s1p, CHR, CRR where Ris Cl-7 alkyl; 1BCHGBE/r S; RI
is Hor Cl-7 alkyl; R2is Hor C-778lkyl; R4 is Hor d-7 alkyl at any

vacant position on the aromatic ring; R3is C-7 al kyl-L1-R5-L2- R6-COCH,
C3-10 cycl oal kyl -L1-R5-L2- R6-COCOH or Ar-Co-7 15 al kyl-L1-R5-L2- R6- COOH;

9 Cctober 2006 WO 03/Q87824.PCT/@&B03/ 015 78 each of | .S absent
or a suitable Ii nkg?‘%sq%i'ﬁ and a5 a Fﬁnggr ?ﬂ{ﬁ%&eﬁ%nﬁg% aélrangi%e-aﬂ?gg%gadﬁn
thi oether -S or aefst hpna thiveiler -SRor 4 sulbbne -S0ky| , C3- 1o cycl oal kyl or

Ar-Car alkyl each of Wl Chy B SUDS louHE S Ar-Cor alkyl each of which is substituted
with either NRgRg, where the nitrogen atom is capable of being protonated in
5. solution fo give N'HRgRy; or a quaternary nitrogen atom N'RgRoR 1, such that

R; contains a positive charge;

each of Rg, Ry and Ry is independently Cy.g alkyl, Cs.10 cycloalkyl or
Ar-Cy 7 alkyl, or any two or more of Rg, Ry and Ry together form an
10 alicyclic or arylalicyclic ring system; '

R is Cy.7 alkyl, Ca40 cycloalkyl or Ar-Cy.7 alkyl;

or a salt, hydrate or solvate 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, methy] 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. - Acompound as claimed in any one of claims 1 to 3 wherein R; comprises

ACH LRl Re-COOH 4%@ \@\ :
' . _ N MLRelyRgCOOH LyRs12-Re-COOH




with either NR8R9, where the nitrogen atomis capabl e of dumitdbgr oot onat ed
in 5 solution to give N HRBR9; or a quaternary nitrogen atom N R8RaRi o,
such that RS contains a positive charge; each of R3, RO and Rio is

i ndependently Cl1-7 al kyl, C3-1o cycloal kyl or Ar-Co-7 alkyl, or any two or
nmore of R8wdis/@misRi o together forman 10 alicyclic orpgfyh@dis¥cl ic ring
system R6 is Cl1-7 alkyl, C3-io cycloal kyl or Ar-Co-7 alkyl; or a salt,
hydrate or solvate thereof. 15 2. A conpound as clainmed in claim1 wherein,
i ndependently or in any conbination: X is oxygen; Y is oxygen; 20 Rl is
hydrogen, nmethyl or ethyl; R2 is hydrogen or Cl.1 alkyl; L1 is an am de
(CONH); and L2 is an amde (CONH). 25 3. A conpound as clainmed in claim 2,
wherein R is hyéjr.ogen. 422?9conpound as claimed in claim2 or claim3,
wherein R2 is WYaFogen 8r “ethyl. 30 5. A conpound as claimed in any one
of claims | to 3 wherei mR3B-3conprises (CHz)n Li-Rs- z RsSOOOH Lt-Rb

Lr Hr cOOH Lt - RSLTROOOOH 9 Cct ober 2006 WO 03/087824 PCT/ GB03/ 01505 79
wherein n = 2-6; m=1-3. 5 6. A conpound as clainmed in any one of clains i

to 5, wherei n HHRSQOcdMptRIAE 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 finctionality.

7. A compound as claimed in claim 6 wherein NHRsCO is represented by the

10 formula:
-NH-CH[(CHz);N RsRoR 10)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.
9. A compound as claimed in any one of claims 1 to 8 wherein Rg, Ry and Ry
groups are each independently Cy4 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~{CHjy)q-As-(CHz),COOH;

where q and r are each 0 1o 3, provided that both q and r are not both 0;
sisOor1; and
A is a 5-10 membered stable monocyclic or bicyclic aromatic ring or a 3-6 membered

30 carbocyclic or alicyclic ring.




the NHis part of the Li moiety and the COis part of the dctcdermbety)
conprises a sinple amno acid residue that contains a side-chain

prot onat abl e am ne functionality. 7. A conpound as clainmed in claim®6
wherein NHR5CO is represented by the 10 fornula: -NH CH (CH2) pNRORi o] CO
wherein p iveo dsdsf2d and R8, R9 and Rio are as defined abp¥ggposhesed A
conpound as clainmed in claim7, whergygn pis 1 to 4. 9. A conpound as
claimed in any one of clainms 1 to 8 wherein R8, RO and Rio groups are each
i ndependently C -4 alkyl. 20 10. A conpound as clained in any one of clains
1 to 8 wherein R6 conbines with an NH group derived fromthe L2 noiety and
the termnal COOH to forman amno acid residue of the fornula: 25

NH- ( CH2) g- As- ( CH2) r DOOH; ere[.%gand NI each 0 1o 3 ovi.ded that both
q and r are not " both efrrorad ayclpg im claim 19 wherein 1 and s 758 BT &t abl e
nonocyclic or bicyclic aromatic ring or a 3-6 nenbered 30 carbocyclic or
alicyclic ring,.9 Cctober 2006 |, .03/ 087824, PCT/ GBP3/ 1505 80 11, A
conpound as cl K- med™ PRI sleiuatdR amnone of lies hiell vaieh gy pmpougd o5 1o,
A conpound as &dnddaRembia (AN RAtedh chl@is 1 to 11, which is a conmpound of
5 general fornmula (la) as defined in claiml. fi 13. A conpound as cl ai ned
in claiml12, which is a conpound of general formula (I1): CHO R20

13. A compound as claimed in claim 12, which is a compound of general formula
(II):
CHO

R0
General formula {l3),

OR3

10 which is a compound of general formula (Ia) in which X and Y are O; RyjisHand R,

and Rj are as defined in claim 1.

14. A compound as claimed in claim. 13, which is a compound of general formula

(ITDy:
CHO
HO.
Ta
o ( N+\_\—R9 General formula (Iil)
p Ropo _
Q.
Re
\\’)JLN “SCooH
o H .
0
15
wherein:

o is an integer from 2-6;




General. formula (11), OR3 10 which is a conpound of genematob&r@onsl a (1)
in which X and Y are 0, RLis Hand R2 and R3 are as defined in claiml.
14. A compound as clained in claim 13, which is a conmpound of general
formula (Im CHO HORS ~ ~ RO 0 General formula (111) P Ro ORs N COOH
o0 HO 15 whetsiss 0 IS an integer from2-6; 9 COctober ROP6gozR93/ 087824
PCT/ GB03/ 01505 81 p is an integer framl| to 5, and R6, R8, RO and R10 are
as defined in claiml1l. 15. A conmpound as clained in claim14, wherein p is
an integer fromlto 4. 5 16. A conpound as clained in claim15, which is

a conpound of general formula (1V): CHO
p 18 an integer from 1 to 5; and

Rs, Rg, Ro and Ry are as defined 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.
l\lde
NE-—Me General formula {IV)
Q ( 2-4 Ry
\\,)J\ N\)J\
N OH
36 H
O
" wherein Rjo = 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
HoN-R4-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):




HOIMe k- ,Me General formula (1V) OO 2-4 RNII N N ©HctoBer@obt O

wherein R10 = H or nethyl 10 17. A process for the preparation of a
conmpound 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) wher ei wdg/sm28s defined for general fornula (1) in gdwgBeshisoand 20
wherei n the conpound of general formska (V) is bound at its Ctermnus to a
solid support; with a conpound of general formula (VI): 9 Cctober 2006 WO
03/ 087824 PCT/ GB03/01505 82 WNH R5-COOH (VI) wherein: 5 R5 is as defined
for general formula (1) inclaiml1; and Wis a protecting group. (ii)
renoval of the protecting group Wand reaction with a conpound of general

formul a (V| | ) . W-NH-R;-COOH (VD)
wherein:
5 Rs is as defined for general formula (I) in claim 1; and
W is a protecting group.
(iiy  removal of the protecting group W and reaction with a compound of general
formula (VII):
CRO CR,O GRio
RoX
RpX RoX 2
2 AN 2 Xy I A %
o I L2
/ S N = Y/ R4
11
Vila Rar¥ Viib Vile
YRy
10
CR4O CR,O
% \ = General formulae (V11)
—i p 4
=/ L
YR44 \ v,
Viid 7 Viie
Ry
RyY
wherein
X, Y, Z, Ry, Ry and Ry are as defined for general formula (I) in claim 1; and
15 Ru is 01.7 ﬂlky1-COOH, C3_10 cycloa]kyl-COOH-or AI-'C()-';. alkyl-COOH; and

(iii)  removal of the product from the solid support.




CR10 CR1O CR1I0 R2X RRX Ra Ra RZX 'Ra 'R jY Vila R11Y Vi biOctoWérl2e06 YRL, 10
CR10O CR10O General formulae (VII) Ra Z Z YR11 Vild /--/R Vile 4 RI11Y
wherein X, Y, Z Rl, R2 and R4 are as defined for general formula (1) i
claiml;, and 15 R | is C-7 al kyl-COOH, C3-10 cycl oal kyl -COCH or Ar-Co-7
al kyl - COOHwmesths7s¢4 i i) renoval of the product fromthe sgdi;deSwpport. 9

Cct ober 2006 WO 03/087824 PCT/ GB03/ %505 83 18. A process as clained in
claim17 wherein, in the conpound of general forrmula (VI), Wis a urethane
protecting group. 19. A conmpound of general fornmula (XIV): CR1O CR10 CR10

,~C RZX RRX RRX Z Ra Ra Ra RlzY R12 /
18. A process as claimed in claim 17 wherein, in the compound of general formula

(VI), W is a urethane protecting group.

19. A compound of general formula (XIV):

CR0

RaX g RoX
== ] Ry
7 L
R

YR
XVa XIVb XIVe :
CR(O CR4O

o

Z

General formulae (XIV)

/
Rq—_""
|\.~( ~
YRig \ 2
Xivd / & Ry
RyaY

XlVe

wherein
X,Y, Z, Ri, Rz and Ry are as defined for general formula (I); and
10 Rz is 01.7 aHCYI-Ll-RS-Lg—R5CONHQ, C3_10 cycloallcylFLl—R5—L2—RGCONHQ or Ar-
" Cg alkyl-Li-Rs-Ly-RgCONH-Q; '

wherein L, Ly, Rs and R are as defined in general formula (1);

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

15 the “NH” moiety in R;5 is derived or has been derivatised so as to include such groups;




YR12 XliVa XIVb XIVC CR10O CR10 8// General fornulae (X ¥octolRw 2d08<I Vd R
XIVe a R12Y 5 wherein X, Y, Z R, R2 and R4 are as defined for general
formula (1); and 10 R12 is CI-7 al kyl-L1-R5-L2- R6CONHQ, C3-10

cycl oal kyl -L1- R6-L2- R6CONHQ or Ar- Co-7 al kyl -L1-R5-L2-R6CONH Q wherein
L1, L2, RSvemas/BfB2are as defined in general formula (1);pdd/&Boi@didossi due
which is part of a carrier and which ssither contains groups fromwhich 15
the "NI-1" nmoiety in R12 is derived or has been derivatised so as to

i nclude such groups; 9 Cctober 2006 WO 03/087824 PCT/G1103101505 84
wherein the carrier contain nmultiple Qresidues that already have
0,1,2.... nn ||nkewhmi>;eﬂw| exrignf mepeneandgin fronltiple aQ( 1ejideest Hehalieadyhb¥&i n t he
integer nn is the | _pu EVEY 5 attachnent of
a linker nolecule ?qtza ggemlg%egrgﬁ%%eg Zﬁr)e nnlﬁﬁ{ %Ee different for
each specific carrier. 20. A corrpound as claimed in claim19 wherein Qis
part of a protelnac ous cule ol cch rid cel.l ul ose a

pol ymeric am no ach B:lg‘l ﬁ‘ %%? g%gemﬁliues avallag)g ?%actl ve

virus parsicle or aﬂtetcmﬁtu:ﬁtofd Himﬁ'trﬁdﬂbcﬁlle ok Spé\nlﬁﬁ@ﬁﬁﬁwﬁem‘ aft Wﬂl pr diffarenit | on of

a conmpound as cl ai ?ed iin claim19 or claim
_ r each specific carrier.

20. A compound as claimed in claim 19 wherein Q is part of a proteinaceous
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):

Ry

R . Ry . NNHCO-R13
1\0 _ANNHCO-Ryg \c ANNHCORs \c//
RoX N RoX N
| = | Re
s A
RigY
XVa 12 XVb
YRy
R R
1\0 ANNHCORy 1\0 ZNNHCO-Ry;
= = General formulae (XV}
R4 .
\ \
YR-lg \ 2
xvd . /._{/ R, XVe.




20, the process conprising reacting a conpound of generalydRbouogs (1) as
defined above with a carrier. 15 22. A conpound of general formula (XV):
Rte /NNHCO-R13 RI\C '"NNHCORt3 RR~C iNNHCORt3 RRX RRX /| | RRX Z Ra / | R4
R4 RtzY JKQOBME4XVe YRI2 R1\ G oNNHCO R13 RI C/ NNHCO- RPSTEHNEPLOS f or mul ae
- (XV) R4 YRt2 Xvd W R12Y 9 COctober ¥006 WO 03/ 087824 PCT/ GB03/ 01505 85
wherein X, Y, Z, Rl, R2 and R4 are as defined for general formula (1); R12
is as defined in general formula (XIV) as clained in claim19; R13 is

( CH2NCONH- E, H-.E o | ' f o ¥orhfuy: 5 E is derived
from an activ%’é?@%ﬁ%ﬁ%%‘ﬁ%&géﬁé al nshgﬁ%am No group or has been
derivati sed t aRgés Bdefimddn piferd Sorohata (KEY) 4 daimnedin darindd; gr oup of the
active nmoiety; G.i ctive ' ound to the carbonyl hydrazi de t hrough
a carbon at om%ﬁm%&ﬁ%ecﬁ%éﬁbi ety is an epitope, a mnetope or a
| i gand sel ect ed fr qig @ ipREdrifd 1 to 5; -

5 E is derived from an active moiety which either contains an amino group or has

been derivatised to do so; and NHE is derived from the amino group of the

active moiety;
G is an active moiety bound to the carbonylhydrazide through a carbon atom

and wherein the active moiety is an epitope, a mimetope or a ligand selected from a peplide,
a protein, a sugar, a lipid, a nucleic acid, an alkaloid, a vitamin and a labeling molecule.

10 23. A compound as claimed in claim 22 which comprises E or G groups derived

from two or more active moieties,

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 formul_a
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 wherein E or G is derived from an
epitope or mimotope. '




a protein, a sugar, a lipid, a nucleic acid, an al kal oi dg cRicsérioapg n and a
| abel ing nol ecule. 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 formula (XV) as
defined in claim 22, the process conprising reacting a conpound of general
formula 15 (1GVY) as defined above with a conpound of general fornula
(XvVla), (XVIb) or (XV10): E-NH CO (CH2NCONHNH2 ( XVl a) E-NH CO NHNH2
(XVib) 20 GCO NHNH2 (XVic) where Gand t are as defined in claim?22.
25. A conpound as clained in claim22”or claim23 wherein E or Gis derived
froman epitope or m notope. 9 Cctober 2006 86 26. A conpound as cl ai ned
~in clai mg5 WgsRiding Q@clﬁﬂeﬁ%@laﬁZ@wﬁér@ﬂWé |t0€gm[ eaeﬁfdméln? foraé}ar?tpl{a' geni ¢

determ nant, derived froma protein or cul’e or var [l ant
t her eof awt'gw'fc%ﬁ%%@mﬁat derived Gemadrqtein ef %ﬁpﬁﬁiezrsolewle:%ﬁ\fw%twﬁ%qfeu n the
epltope is aBcell or T cell epitope. 28. A corrpound as clainmed in any

one of ' no act N et | ected from
an |mTunormduAf gt?m; O?Jngzs XY(Q)tn%Q "‘sﬁgc’h'%ggra 'Tt&gd" herel] vgﬂlf‘)peésha Rl or T
i mrunostaelapPiaPEng DNA sequence or cytokine attached to the carrier protein.
29. A nmethod for raising specific antibodies agal nst t he epitope or

m not op t he net hod rlsln i i Si wi th a conpound as
cl ai rrede%Sn a%‘ycoé'?i’é’”%q a%ﬁa%ﬁ' %Ong‘gaa'”@ 19\263' Bm‘?lﬂ'd%?sa'lf’lﬂﬁ AEYCi n any
one of chaigtysseRStedofr@8 dnoimrmumurod slating aorspdmnecsn.zcin ras arlipely dduvad ae _

ant i bOd'lrﬂﬁuﬁ t:ﬂﬂla?ﬁéﬁ@@e@%a%@ﬂﬁgﬁﬁe at?éi:hed B%e%ﬂlepﬁro?e: ompound as C! al med

in any one o0 I'n"the preparation an agent for raising
anti bodi es agai nst an epitope or m rmt ope. 32. A conpound as clained in any
one of clogai M M&théDfoP RisingspbiGife: aREbAid6aYBINBBhe epitope or mimotope, the method

comprising immunising a subject with a compound as claimed in any one of claims 25 to 28.

30. A compound as claimed in any one of claims 25 to 28 for immunising a subject in
order to raise antibodies to an epitope or mimotope.

31. The use of a compound as claimed in any one of claims 25 to 28 in the preparation
of an agent for raising antibodies against an epitope or mimotope.

.32 A compound as claimed in any one of claims 25 to 28 for use as a vaccine.

33. A pharmaceutical composition comprising compound as claimed in any one of claims
25 to 28 together with a pharmaceutically acceptable excipient.

34, A pharmaceutical composition as claimed in claim 33 which is a vaccine composition
and which further comprises a pharmaceutically acceptable adjuvant.




33. A pharnmaceutical conposition conprising conmpound as e¢liosgdobg) any one
of claine 25 to 28 together with a pharmaceutically acceptabl e excipient.
34. A pharnmaceutical conposition as clained in claim33 which is a vaccine
conposition and which further conprises a pharnaceutically acceptable
adjuvant. 9 October 2006 87 35. A non-destructive nethod of quantifying
the extent and/or rate of reaction of a protein wth a |inker of general
formula (1) as defined in claiml in which RR is Hand Xis 0, the nethod
conprising either: a) nmeasuring the E?tensity of the absorbance spectrum at
a wavel ength above 300nm and at a pH greater than 7 in order to detect the
formati on of a conpound of general formula (XIV) in which R is Hand X is

O or b)sgreasurdridsiitavd hE@bESCRA CRRAR gg?i#g ?%dg'?} égeﬁgra;@é&f'r%ﬁ JP& aa&roetﬁre] sel | ect ed

wavel engt

f or mul aq'( E('I ?/Y"Ké? fg%qnfe'ﬁg@"f‘wagbé‘ﬁ ergpd in glay it i wiish iRe '?-IHa?ﬂﬂ’ Xi5Q. e 36. A
non- destmetbed somprisindheithef:or quanti fying the extent and/or rate of reaction
of a linker- protein of general fornmula (XIV) as defined in claim19
wherein R is Hand Xis O, with an active noiety hydrazide, the process
conpri siflg mERRSSHINGghS Intenpilyt &fifas eRsodanesapesioe® Bba Mewslergle 8bava BOgM a

wavel engind agdh pregrediénnanamigl orieptd detsebthk RMation of 4 coMpRInAGe§shefPforhhls
preparaﬁkRQ&RLmavgqgﬁgﬁgg é general formula (XV) as defined in claim22

in whic the carrier has multiple residues Q a first
sel ected percentage of the Qresidues is derivatised with a first active

noi ety; b)andmééQ&rln@'lﬁé leoréééléﬁ&eémﬁﬁJaﬁﬁﬁcﬁpex% zﬂfc\)ﬁnatt 306ecld \R/Qfaele tﬁqr?' dues are
derivatis further active noieties; Focess corg)
Oct ober 02(&560 detect the formation of a compound of general formula (Xi1V) as defined in clalm 9

‘in which Ry is Hand X is O.

36. 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 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.

37. A process for the preparation of a compound of general formula (XV) as defined in
claim 22 in which:
R.isHand 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, optionaliy
further selected percentages of the Q residues are derivatised with further active
moieties; '

the process comprising:




- WD 03/087824 PCT/ GB03/ 01505 88 a. reacting a conpound ofs@anerambsf or nul a
(XIV) as defined in claim19 in which RZis Hand Xis Owth a first
conmpound of _general fornula (XVlI) as defined in claim 24 at a pH Il ess than
7. 5 - b. %&P%’Q??‘Tzﬁg the progress of the reaction by nmead§HiGRY3/613es
intensity of the absorbance spectrunfat a wavel ength of above 300nm and
stopping the reaction when the intensity of the absorbance spectrum
reaches the first sel ected percentage of the known maxi mumintensity; and

optionally 10 c. r .1 N he ct St ). R - . Or nore
further corrpouahds %%%&g%%gélﬁ?ougérgﬁgﬁnﬁmfwng%so%%%ﬁé@ﬁé&%rlgélggglfﬂof t he
reaction by nmiySsHiand X RO withbdinst conipaind o gerbhd dorbalo@VIpascdefined iatclaim

wavel engt h of _gbove..300nm and stopping the reaction when the intensity of
t he absor banc@%sag%B ﬁ“r%rt]l?"é&ghes further selected percentages of the known

maxi mumintensity. 15 38. A nethod for quantifying the extent and/or rate
of release of _.an active noiety hydrazide froma conpound of gener.al

formula (Xv) & defoptipring, the Brogres of fhe,pepetion by measyging, the yntedsity) of; the

met hod conpr i SbgHhdnde sptRRSH e M Ratel Qlot FEbERSTIIANGR stozﬂﬁﬁttﬁélf&éﬁﬁﬂmém at a
wavel engt h above 300nm and at pH less than 7. 20 39. conmpound as_cl ai ned

“in claim22 wike atessity of the abso Sescirwg maeshes the first schected mstremfassef ®Bpai ned
_inclaimZZOE&W{,ﬂdﬁﬁmﬁ &R akd Mtioflys @ |1 9gand which is specific for
an anal yte or a conpoun tggﬁglgesep él)tea'.S R -- 9 Cct ober 2006

89 41. A conpound as clainmed in claimd40 which contains additional E or G

gr-oups rived er?m | Rkt . ﬁE[l A a
conmpound romg'a m Xt ur g}ﬁlfﬂﬁe nepﬁ%%%g%}ﬁa%gl(@ﬁ%&%%% o dtipdudd 3
: 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
38. 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
Ry 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

39. A compound as claimed in claim 22 wherein E or G is a labeling moiety.

40. A compound as claimed in claim 22 or claim 23 wherein E or G is a ligand which is '

specific for an analyte ora compound to be separated.




~contacting the m xture with a conpound of general fornul @ do¥er @esdefi ned
inclaim22 in which Eor Gis a |ligand which binds specifically to the
conpound to be separated and Q is a residue which is part of a solid
support. 43. An essay nethod for detecting the presence of an analyte in a
m xture suspected of containing theggnal yte, the nmethod conprising: a)
contacting the mxture with a conpound of general fornula (XV) as defined
in claim22 in which Eor Gis a ligand which binds specifically to

~anal yte and Qtuo%r@oum@as fnddirt Bain® 4@%&ﬂlcrpéorﬁa.§é)ha&1n&+ép&06.le @B GsP)
~ detecti ng%rfveggﬁg] nee of the anal yte bound to the solid support via the
Fa

conpound F"gr"i]ﬁi‘l’%'('e[sX\/) 44. A wound dressing conprising a
compound as clained in claim22 or claim23 wherein Qis a residue which

is part g a A%ﬁb@'&f%b&ﬁﬁwﬁ%%ﬁﬁf ofld tﬂJaan LW%uFeO’TN{PAé(hodJ%ﬁ#CQs wound

dressings and
prot ei n, “@AqigaHE rB'P‘tué%W'ﬁh%P@fQE@"’GfOfSﬁ'é‘afélffOWé%@W)45 defmeddmrploima2 s cl ai ned

I n cl ai nwRigh Brord igiaigddd whieh Binds Shédiically ©Ihelséydiing o bs se d;ra?étéd 8hd &
functional |r§§g?@‘§mmrmﬁfoﬂa§8 gd%pgﬁom‘mnl y used in wound dressings and E
i%

or Gis a pepti cheno-attractant protein, a ligand or
an anal ogue of one of these for use in the treatnent of wounds. 46. The

use of CWDOWe%‘é ﬁ{eﬁidﬂﬁé‘r dé?ecﬁlhé'tr{@ p’)fgsé?fce%l‘ér'l ﬁﬁﬁft WE%éttﬂeglaé cied! €S due

which is part.o nallse ol ynmer of ype conmon used in
wound dr‘éf Pﬁwgtﬁﬁaﬂ %"\eg"og CBEH'?‘B% growth factor, a chenp-attractant
protei n,a)a | icatdting tmnmxmramglaecmﬁpmd dﬂfgehé‘resfbrrhmat(m) Eéelléﬁrﬁéﬂ inon of a

dreSS|ng for

conpri oi'nga 42t 32n yhEn'el i3 Whoels w55 s lnealy f S50 RT iR o 1 s a
resi due whi cH'e$'§U$‘é{'?"Fh isfpag ogsalsyh@umertmdl e for use in dialysis tubing and
- E or Gis heparin. 9 Cctober 2006 90 48. A corrpound as claimed in claim

22 or clagim?2 |sare|duevvh ch
6} osetéMt} %e p?esence of t e analyte bound to the solid support via the
compound of general formula (XV).

44, A wound dressing comprising a compound as claimed in claim 22 or claim 23
wherein Q is a residue which is part of 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.

45, A compound as claimed in claim 22 or claim 23 wherein Q is a residue which is

part of 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.

46. The use of compound as claimed in claim 22 or claim 23 wherein Q is a residue
which is part of a functionalised polymer of the type commonly uséd 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 in the preparation of a dressing for use in the treatment of
wounds.

47. Dialysis tubing comprising a compound as claimed in claim 22 or claim 23
~wherein Q is a residue which is part of a polymer suitable for use in dialysis tubing and E
or Gis heparin. '




part of a polyner suitable for use in dialysis tubing andCgtebé 2006 S heparin
for use in the preparation of dialysis tubing.

90

48. A compound as claimed in claim 22 or claim 23 wherein Q is a residue which is
part of a polymer suitable for use in dialysis tubing and E or G is heparin for use in the
preparation of dialysis tubing.




