1 PEPTI DE- LI PI D CONSTRUCTS AND THEI R USE | N DI AGNOSTI C AND THERAPEUTI C
APPLI CATI ONS TECHNI CAL FI ELD 5 The invention relates to nethods for
effecting qualitative and quantitative changes in the | evels of peptide
expressed at the surface of cells and nulti-cellular structures, and
constructs for use in such nethods. 10 In particular, the invention relates
to peptide-lipid constructs for use in diagnostic and therapeutic
applications, including serodiagnosis. 15 BACKGROUND ART The ability to
effect qualitative and quantitative changes in the | evel of peptides
expressed at the surfaggpgg égﬂ%f&DaegNgﬂﬁﬂﬁ@cgﬁﬂtyng&Rsééyctures provi des
for a range of diagnostic % and therapeutic applications. Qualitative and
quantitative changes T DIRGNQIKRAL] ANP PHERAPBEEIC HEFLESABPNE t he surface may
nodi fy trans-nmenbrane transport, cell-solute and cell-cell interactions,
and thus the 25 functionality of the. nodified cell or nmulti-cellular
structure. KHSHAIRRENDFEPof ef fecting such changes incl ude gene
mani pul at§ on, chem cal nodification of endogenous nmenbrane 30 peptides, and
"cell surface painting” using lipid anchors such as GPl. 2 The

speci fi cat i off*acEERPaIRfi A7 iterRal PotRAs dFpI F LRI ORI nttilelative and

PCT/ N22005/ 00052 t fpi iceahdan imurber 14012005/ 293368) etlescikihest tte

preparation of water_soluyble ar?ghydr tﬁ;lig'd onstructs for _use _in
ha-ST At Pt

met hods of efFEEFnyt qUaretatg v& At PFERISVESRhangesS TR the | evel of

car bohydr at e rexpressedicat m¢tieodsur f ace of cells and nulticellul ar.
structurgs. The specification acconpanying international application nunber
DCT/ Nz2006/ 000246 (publicati on nunber WO 2007/ 035116) 10 descri bes anot her
met hod for tie'Pprépeatiar ophofinggneios ol aibites cbe ey dfat ¥-Aidpi d constructs

where the carpehvdral &orSuidie el ¥aRs sty UioM & aehdi c WsR19bat ihGonst ruct
to nodify enbryos and pronote association with endonetrial cells is
descri bed. 3n¢ uding serodlagn051s. .

15 BACKGROUND ART

The ability to effect qualitative and quantitative changes in
the level of peptides expressed at the surface of cells and
multi-cellular structures provides for a range of diagnoStic'

20 and therapeutic applications.

Qualitative‘énd guantitative changes in the level of peptideé
. éxpressed at the surface may modify trans-membrane transport,
cell-solute and cell-cell interactions, and thus the » -

25 functionality of the modified cell or multi-cellular

structure.

Known methods of effecting such changes include gene
manipulétion, chemical modification of endogenous membrane
30 peptides, and “cell surface painting” using lipid anchors such

as GPI.



15 Relatively little work has been perforned on the site-directed coupling
of peptides to phoepholipids as individual conponents .prior to their
incorporation in self assenbling lipid structures, such as |iposones, or as
woul d be required to 20 provide peptide-lipid constructs for use in nethods
of effecting qualitative and quantitat?ve changes in the |evel of peptide
expresSed at the surface of cells and nulticellular structures. 25 A

vari ety of standard techni ques have been described for the coval ent
coupling of peptides to |iposonmes surfaces. Martin at al (1990) has

revi eved et hodSorale 6L AENNAC PRI eR | N6 i, 00LRAPLLARR. ! he surface

of |i posones. l'ume et S the water
sol ubl e d u- f)Pfa%ETﬁ ﬁ@@éHZ%Qﬁ5I/p96%§?rrésub§'l<t¢felq¥enh®@9rdé@c?@(P)"e/d)9@96?(Ung and

Redemann (1986dcr;Hag GH@?:%%Iarwn 6¥- gl s(o?zublé &&E@AM&@L@@@{@WI)

carbodi i m de hydrochl ori is used to activate the posones prior to
i ncubati on of°tHe&U&EEI ¥k é’(fel P IESheds uesherdic6h1 i t%a@ﬁa‘b’l‘@sﬁpﬁogen

Pr ot eo- PEG cqlaareﬁtlaweéo&mg%tlm @hy- pkasimdrogenbaonzbess | kpaktashed to the
ends 5 of the stear¥ %‘\{)h g%%%xl eth noI m ne (DSPE)- PEG 00011 are

provi ded. Hadki dlr aBPet® d@% %uéa’ﬁeﬁtéﬁlS P Sict i onal

crossiinker used to facilitate the prepar atl on of 10 i nmunol i posones. The

crossl li nker esi.sed fro a_di am ne derivative 0 l.y( et hyl ene
gl ycol) (PE&AeZv%%g%gl% “ecul af a'né’ﬁ?g e&afi on' ll§ﬁgr ‘%&%&e crosslinker
has 2- (pyriynbei ¥ ooy POGPRGOP) pantii ¢ thypdr owy@;c@pn?@ﬁh’éﬁééﬂék (NHS) as

functi ongd gcﬁé%‘bngeg-Sanét%@ dﬁe%o&'foﬁ@t@e”pr@%é%éﬂﬁﬁ oNg. {U.LRBA gL on of

|'i posones bearin % %/ | ene gl ycol -coupled transferrin. Transferrin was
conj ugat ed VF&POREdre ‘?ﬁ%“’ré’lldc%ﬁ%%ylst? e‘é’i%ﬁi‘etbﬁ PSRl piE todeHt hThe

| i posomes Wes& kPRSIt ras i Baydidg Ubkdidy dnR bangtofuv;lcveo @daBpkasm c
targeting of henot her%geutlctfes%ents or pi,asmd DNAs to target cells.

Massaguer et®™H"YP30¥1Y Fdeert SCHAL TR OF P BRI EF2h PPt dé sequence
(GERGRS) andidwydibphiobi ¢ derivatives to the 25 surface of chemcally
activatef |'i posomes. The incorporation was carried out through the carboxyl
group of N-glutaryl dipalmtoyl phosphatidyl choline (NGPE). Mssaguer et
a/ (2001) ndisddtinaty clongildevdnighpet ekt glerifnr8@ vinv ahappltieccdt Festssd wher e

steri ity andhsiiRbi ol b uould Bechoms o e LoStds ULl AN aLeuiement s,

processes based on chenical reactions on the surface of |iposonmes inva ving
extra steps BWGFdtBethifdre iaFeaogaltton olrbéesléaﬁfé%?f@dlaﬁ %JIfRald i ndustri al

level . A hydiepbebi&s desiicald via pobohde, REPLisdRoSROBENEEqWaS dentified as
provi di ng opt| mal, properties for incorporation tgo the surface of |iposones.
rovide pe tide-lipid constructs for use in methods of
effecting qualitative and quantitative changes in the level of
peptide expressed at the surface of cells and multicellular

structures.

25 A variety of standard techniques have been described for the

covalent coupling of peptides to liposomes surfaces.

Martin et al (1990) has reviewed methods of attaching moieties
including peptides, to the surface of liposomes.

30 ‘
Blume et al (1993) describes the coupling of the water soluble
.Glu-plasminogen to liposomeé by the méthdd described by Kung
and Redemann (1986). The chemical ECDI (l-ethyl-{(3- '



5 Chung et al (2004) describe the antigenic determ nant shielding effect of
DOPE- PEG i ncorporated into the nenbranes of cells and specul ated concerni ng
the potential of |ipidPEG n) (s) to regul ate biological cell responses and
the extension of this concept to the introduction of functional 10

nol ecul es at the end of the PEG chain.3 Kato et al (2004) describe a nethod
for anchoring of nacronol ecul ar proteins into the nenbranes of |iving
manmal i an cells. A diol eyl phosphati dyl et hanol anmi ne (DOPE) derivative 15
coupl ed with hydrophilic poly(ethylene glycol) (PEGB0) was used as the

synt hetic ne ne.anchor tides were c ugat.ed t the di taI term nal
of the PEG rrg?%? hyl?%”ﬁ’ﬁrgﬁi’ﬁp §8filwdﬁ- ﬁyé’f‘ga}’;}é’ﬁé% ni'i 48° %erl vative of

the synthetiectnbnritrane: diohsone2@rIhe RECBGuh®i Bty of athd |atcat.ealted
sol ubl i sat i on, of,chlie. SYNLDEL] o, (TRNBE ane ANGNGL.I N WabEl,- A% DoLed by Kato
er, esirab

et a/ (2004) the a IS |nso ein e and
conpl i cat ed pipregsesvighchlaseldspésoner poeparatiatanchachéof st omdsf 25

| i posomess with theqcglday S ‘E@M he H-e8ubh &t t(@san G-E66H Gl ugat es
into the cell nenb ranea X?S?’Ptédl tIaOI’l ad\}aant age noted )E{/@Kato et al (2004)

was that synPFeti%€dnenbrane anchors with high hydrophile-1ipophile 30
bal ance val ues (attributable to PEG spacer with a hi gh nunber of

oxyet hyl ene units) were concluded to have C activity. However,
difficulties? aasrei@%m]iﬂnert ff& @del ]0%95§ya‘f"?1°ert’1b8 '?(Fbtr%%%h‘guréﬁé%?s i ncl udi ng a
PEG spacer \Amwssalhk@h e bhes fraafcwxyeftm;dhenerwuﬁa&;oﬁl s5tly, the expression

of the cgpju ept i de ot her dogenous Ll_sur e peptides may
be masked by e\égfi%) sofjngcszerqlr (%ﬁ leq(eﬁEéss e{lét%g \l/\f d;fr%ﬁ gh nunber of
oxyet hyl ene drintigendgrighieve Wi)rmémé@ﬂfyl@nadhbyme BEGfpra(ﬂeéF%e (i ncl udi ng

anti bodi es ':ﬁbl(‘e%ﬁéf me'las’:ltvw@%iaalo@nsﬂs%rwe nApspegi 16 kacthyation of the
conpl enent cascade. nger et al (1996) describes the conjugation of

br onpacet y| atRFiBgPE W) Pﬁoﬁr?fﬁrilol(PPE)r rnsat'ely deraisEpt HE1C6npFTSing at its

C-terninus theigy Bk mMalachusmam tdyopbi n-recept or pepti de agoni st
(ES—--SeHDheLeuLeuAr gAsn). 15 Hashinmoto et al (1986) describes the

conj ugation of iodoacetylated DSPE with thiolated conpounds. A need exists
for peptide- llslhpldd eonst r(acms tdeatcr tladns hﬂleusedpetmtzenedstf dooguads t ati ve and

quantitativ ges In féne 6% CQI ge§n£1 %?%E?d %&ﬁhggééggface of
S.

cells andrrutl- ruct’ure an o IS invention to
provi de peptwadieﬂprlmqﬁtzg Enmﬁth%@?smlfkﬁdt CgatDPls.‘ﬂy rteﬁitéuméefd DEPEHREG-east

provide a us®fdil. CHQl G8posomes were proposed as having utility in in
20 vivo cytoplasmic targeting of chemotherapeutic agents or.

plasmid DNAs to target cells.

Massaguer et al (2001) describes the incorporation of a
peptide sequence (GGRGRS) and hydrophobic derivatives to the

25 surfdce of chemically activated liposomes. The incorporation
was carried out through the carboxyl group of N—glutaryl

dipalmitoyl phosphatidyl choline (NGPE).

Massaguér et al (2001) noted that considering potential in
30 vivo applications, where sterility and simplicity would be
some of the most important requirements, processeS»baséd on
: chemical>reacfions on the surface of liposomes invdﬁving extra

- steps would be more difficult to be scaled up at the



DI SCLOSURE OF I NVENTION 30 In a first aspect the invention provides a

nmet hod of detecting reactive antibody in the seruM of a subject including
the steps of: 6 Contacting a sanple of the serumw th a suspension of
cells nmodified to incorporate a peptide-lipid construct of the structure
(L-S-)1F(-S-1.)j to provide a mxture;* 5 Incubating the mxture for a tine
and at a tenperature sufficient to allow agglutination; and Determ ning
the degree of agglutination of the cells in the m xture; 10 where: Fis a
pepti de conprising an epitope for the reactive antibody; 15S is a spacer
coval ently lijakispg; 5 h@oki. and nhaksprddicPidr saleot esk funenpéhe@r oup

consi sting of diacyl- and dialkyl-glyeerolipids, including.

gl ycer ophospifeMEPFeisasamdertidigdj 2arkF radeperi®ent'ty OF ® r?}eszofoépti onal |y,
t he met hod iiRebugesatike psedtidrsnarycstgplopfcsomdddi ng an anount of the
peptide to the sanple of the serum 25 where the anmount of the peptide is
sufficient to neutralize non-specific agglutination or confirmspecificity
of the reactdnwagaat idiodg004)7 degpti omaltdhg, athegemetchddteémcinades t he

iDternEdiaF%ﬁﬁi?QECﬁ:effec€Wg¥'B%P%DPﬁgnfnbg éf%ﬁédghgg%”éﬂl ﬁ@ﬁgggﬁéé to the
m xture prior fo det erm nrng the degree of agglutination of the 5cells of
t he m xt ur e.ofPref ks atndy spehiel asghj eetcarsing hpmmpotential of lipid-

PEG(n) (s) to regulate biological cell responses and the

extension of this concept to the introduction of functional

10 molecules at the end of the PEG chain.

Kato et él (2004) describe a method for anchoring of
macromolecular proteins into the membranes of living mammalian
cells. A dioleylphosphatidylethanblamine (DOPE) derivative

15 coupled with hydrophilic poly(ethylene glycol) (PEG80) was
used as the synthetic membrane anchor. Peptides were
conjugated at the distal terminal of the PEG moiety via an
amino-reactive N-hydroxysuccinimide derivative of the
synthetié membrane anchor. '

20 _ v »
The PEG80 moiety facilitated solublisation of the synthetic
membrane anchor in water. As noted by Kato et al (2004} if
the anchor is insoluble in water, -undesirable and complicated
processes such as liposome preparation and the fusion of

25 liposomes with the cell membrane may be required to anchor the

conjugates into the cell membrane.

An additional advantage noted by Kato et al (2004)‘was that
synthetic membrane anchbrs with high hydrophile—lipophile

30 balance values (attributable to PEG spacer with a high number
of oxyethylene units) were concluded to have no cytolytic

activity. However, difficulties arisé in the use of synthetic



Preferably, the cells are red blood cells'. 10 Preferably, the
anti-subject globulin antibody is anti-human gl obulin (AHG anti body.
Preferably, the reactive antibody is reactive to an antigen 15 selected
fromthe group consisting of: dycophorin A G ycophorin B, or nutations

t hereof (including the MNS bl ood group system. The spacer (S) is
selected to provide a water soluble peptide-20 |lipid construct. Preferably,
S is a spacer covalently linking Fto L via an oligonmer of ethylene glycol.
25 Preferably, the structure of the peptide-lipid construct includes the

substructure; YAI ere M tion
(M), nis @?“%rfﬁe r|Ssl(?\ﬂn FhanPBEﬁ space I\/tv)qllgh?)?e g; {H%gr o3

structure ofoxmhpe@m deitspid construct 5 is either: (Xaa) XC,\/S (Xaa) y
10

iFirstly, the expression of the conjugative peptide or other
5 endogenous cell surface peptides may be masked by the PEG
spacer. Secondly, a PEG spacer with a high number of
oxyethylene uniis may elicit non-specific adherence of protein
(including antibodies in certain individuals) and/or the non-

specific activation of the complement cascade.

10
Winger et al (1996) describes the conjugation of
bromoacetylated DSPE with a thiol terminated decapeptide
comprising at its C-terminus the minimal human thrombin-
receptor péptide agonist (HS-—--SerPheLeuleuBArgAsn).

15

Hashimoto et al (1986) describes the conjugation of

iodoacetylated DSPE with thiolated compbunds.

A need exists for peptide-lipid constructs that can be used to
20 effect qualitative and quantitaﬁive changes in the.level of
peptides expressed at the surface of cells and multi-cellular

structures.’

It is an object of this invention to pfovide peptide-lipid
25 constructs that satisfy this need or at least provide a useful

choice.
DISCLOSURE OF INVENTION

30 In a first aspect the invention provides a method of detecting
reactive antibody in the sérum of a subject including the

steps of:



0 where Mis a nonovalent cation (Mt), nis 6 to 14, wis 1 or 2, the
sumof x and y is greater than 5, z is greater than 5, 15 and * is other
than H Preferably, the sumof i and j is 1. Fis a peptide including a
proxi mal term nal 20 sequence (PTS) selected to pronote solubility of the
peptide. 9 In a prefernent of this option, the PTS of the peptide is
selected fromthe group consisting of: . SerLysLysLysLysA@y Al aAl aAl aAl a
GySerdySerdy 5 Preferably, F is a peptide conprising an epitope of
antigens selected fromthe group consisting of: dycophorin A @G ycophorin

D, or mutations thereof. (includi.ng the MNS bl ood,group system..10 Mre
preferably, F s anﬁ)%%tﬁn&eas%ﬁ‘n&lteea%fﬁ’bemsteﬁ@mﬂi”gcth 6f° eope%"lsdglsl.oﬁvbst
preferably, F iscelpeptdddéiseltectiedofpomtiche gemupgeconsicsiongt ofct 15
A nThr AsnAspLysHi_sL r _ TyrALa AL.aAl a XS ‘ .
G nThr AsnAspLysHiongiﬁr%%g%Qn}%égygeﬁé%ygér %%\g’lde 3 mixtures
A nThr AsnAspMet Hi sLysArgAspThr Tyrd ySer d ySer @ yCYS
Ser Ser G ndhr As sHi.sLy Thr TyrCys. .
Thr TyrPr BSAI, aHi IS#EB kfalaAtslné ﬁ@g?@% UE’%’ o%ffralal itéu?%ra daSCSC na tue\r/ngle&/gure
Ser G nThr AsnAs pLys HE stiesir §AspQps AbalaktaiMagAbaNaniet Tyr Al aSer Serd y
A ySerd ySerd yVval Met Tyr Al aSerSer@y Preferably, L is a
gl ycer ophosphol i pid. Mrre preferably, L is a gl yeerophospholipid sel ected
fromthe groOp®céaséstimggofhe degree of agglutination of the cells in
1, 2-0-di ol eoyl - sppgl ycgr@e3: Phosphati dyl et hanol am ne ( DOPE)
10

where:

F is a peptide comprising an epitope for the reactive
antibody;

15 S is a spacer covalently linking F to L; and
L is a lipid selected from the group consisting of
diacyl- and dialkyl~glyéerolipids, including
glycerophospholipids; and
i and j are independently 0 or 1,

20

Optionally, the method includeé the preliminary step of:

* Adding an amount of.the peptide to the sample of the
serum;
25 »
where the amount of the peptide is sufficient to neutralize
non-specific agglutination or confirm specificity of the

reactive antibody.



10 and 1, 2-0-di stearyl -sn-gl ycerc- 3-phosphati dyl et hanol am ne ( DSFE)
Preferably, the peptide-lipid construct is an exenplifying 5 enbodi ment of
the second or third aspect of the Invention. |In a second aspect the

i nvention provides a peptide-lipid construct of the structure: 10L-S-F
where F is a peptide; 15, S is a spacer’ covalently linking Fto L via an

ol i goner of ethylene glycol; and L is a |lipid selected fromthe group
consi sting. of diacyl- and dialkyl-glycerolipids, including

gl ycer ophosphol i pi ds. 20 Preferably, the structure of the peptide-lipid

construct ingludesiine SlbsLingd uheinded oM i ndamehies € Mdep- 8¢ monoval ent
cation (M), nis 6 to 14 and * Is other than H 11 In a prefernent of

this option, the PTS of the peptide is selected fromthe group consisting

of 1 Ser LySLySLyS%ﬁgga A Qﬂ@@%l‘a@t %yo%%ﬁgqy%igo)ﬁy to the mixture
brior to determining the degree of agglutinatioﬁ of the

5 cells of the mixture.
Preferably, the subject is a human.

Preferably, the cells are red blood cells.
10

Preferably, the anti-subject globulin antibody is anti-human

globulin (AHG) antibody.

Preferably, the reactive antibody is reactive to an antigen
15 selected from the group consisting of: Glycophorin A,

Glycophorin B, or mutations thereof (including the MNS blood

group system).

The spacer (S) is selected to provide a water soluble peptide-

20 lipid construct.

Preferably, S is a spacer covalently linking F to L via an;_

oligomer of ethylene glycol.

25 Preferably, the structure of the peptide-lipid construct

includes the substructure:



5 Preferably, the term nal sequence of the peptide is selected fromthe
group consisting of: dyLysLysLysLysSerCys Al aAl aAl aAl aCys
G ySerd ySer d yCys CysSerLysLysLysLys@y CysAl aAl aAl aAla Cysd ySerd ySerdy
10 Preferably, S is covalently linked to F Via a sul phide bond forned with
the Cys residue of the peptide. Mre preferably, S is cbvalently |inked
to F via a sul phide bond formed with a Cys residue of the peptide at or
proximal 15 to a term nus of the peptide. Mdst preferably, Sis |linked to F
via a sul phide bond formed with a Cys residue of the peptide at the
car boxy-termjynys gf ;¢ he paptife: 29 The gpacer ;6Sk i$ 19f abde structure
S1-S2-S3 and selected to provide a mater sol ubl'e peptide-lipid construct.
St is an ol i ¥8eT thenethyl ene glycol. 12 Preferably, S2-S3 is sel ected
fromthe group consisting of: where P.1 is a termnal carbeon of SI, R2 is
t he sul phur of the Cys residue and wis or 2. Preferably, the structure
of the pept 't PEPETHHSt r bt 3%”%%)" « €08 RoBkdfie~LiRie PRI ta
nonoval emd cid ic@Ahé24.4), nis 6 to 14, wis 1 or 2, the sumof x and y is
greater than 5, and * is other than 15 H Mre preferably, n is 6. Mst
preferably, y is 0. Preferably, F is a peptide conprising an' epitope of
antigens sel ected fromthe group. consisting of: G yoophdfashcss X&lycophorin
or nutations thereof (including the MS bIood 20 group sy ten) Mor e

preferably, Fis a peptide selecte /ﬂiig% t he | t of Peptl es| 13 Mbst

preferably, F\”s tide sel ecte i ng|of:
O“‘P_O S

(CH2

or

10

oM

9]

T
b

where M is a monovalent cation (M), nis 6 to 14, w is 1 or
2, the sum of x and y is greater than 5, z is greater than 5,

15 and * is other than H.
Preferably, the sum of i and j is 1.

Optionally, F is a peptide including a proximal terminal

20 sequence (PTS) selected to promote solubility of the peptide.



G nThr AsnAspLysHi sLysArgAspThr Tyr Al aAl aAl aAl aAl aCys

A nThr AsnAspLysHi sLysArgAspThr Tyrd ySerd ySer d yCys

A nThr AsnAspMet Hi sLysAr gAspThr Tyrd ySer d ySer d yCys

Ser Ser GLnThr AsnAspLysHi sLysAr gAspThr Tyr Oys

Thr Tyr Pr oAl aH sThr Al aAsnd uVal Cys Pr oAl aH sThr Al aAsnd uVal Cys

Ser GLnThr AsnAspLysHi sLysArgAspCys 5 Preferably, L is a glycerophospholi pid.
More preferably, L is a glycerophospholipid selected fromthe group
consisting of: 1,2-0-diol eoyl-sn-gl ycero- 3-phosphati dyl et hanol am ne ( DOPE)

and 1, 2-0-di s earyl,sn;glyeer ;3 pAesahaLdybel hahelam aa (OSPE) . 10 In an
exenplifying Tirst &nbodi nent -~ of t 1e second aspect the i'nvention provides a
pepti de-|i pi gelortstr Geon dhet preoust cgesusteing of:

A nThr AsnAspLysHi sLysAr gAspThr Tyr Al aAl aAl aAl aAl aCy where Mis a

nonoval ent .cation (De) and desi gnated DOPF- PFG7 PAl a- Mal - PTS- 1MJTK) (‘M) .
14 I n an exenplifying second enitsedilgehtslofsiybelwecond aspect the invention
provi des a peptide-lipid construct of %hé structure: where Mis a

nonoval ent cation (M) and desi d’rjr&f* gt - PEG6- PAl a- Mal - PTS- 2MUTK) (M2) .
In an exenplifying third enmbodi mBRkc01§Necsgcond aspect the 10 invention
provi des a peptide-lipid construct O the structure:

A nThr AsnAspMst M sLysAr qAspThr Tyr@ ySer d ySet A yCy CH3( CH2) 7CHOH( CH2)

5 Preferably, F is a peptide comprising an epitope of antigens
selected from the group consisting of: Glycophorin A,
Glycophorin B, or mutations thereof (including the MNS blood

group system).

10 More preferably, F is a peptide selected from the List of

Peptides.

Most preferably, F is a peptide selected from the group
consisting of: .

15 .
GlnThrAsnAsplysHisLysArgAspThrTyrAlaAlaAlaAlaAlaCys
GlnThrAsnAspLysHisLysArgAspThrTyrGlySerGlySerGlygxg
GlnThrAsnAspMetHisLysArgAspThrTyrGlySerGlySerGlngg

SerSerGlnThrAsnAspLysHisLysArgAspThrTyrgzi
ThrTyrProAlaHisThrAlaAsnGluValCys
ProAlaHisThrAlaAsnGluValCys
SerGlnThrAsnAspLysHisLysArgAspCys
AlaAlaBlaAlaValMetTyrAlaSerSerGly

GlySerGlySerGlyValMetTyrAlaSerSerGly

Preferably, L. is a glycerophospholipid. . Mo;e_preferably, L is-
a glycérophospholipid selected from the groﬁp consisting of:
1,2-0-diocleoyl-sn-glycero-3-phosphatidylethanolamine (DOPE)



0O O cyOrb 0143(057) 7m cit(c612) where Mis a nonoval ent cation (M)
and desi gnat ed DOPE- PEGG- 15 PAl a- Mal - PTS-3MUTM MB). I n an exenplifying
fourth enbodi ment of the second aspect the invention provides a
peptide-lipid construct of the structure:

Ser Ser GLnThr AsnAspLysHi sLysArgAspThr Tye Cys 15 In an exenplifying fifth
enbodi nent of the second aspect the invention provides a peptide-|lipid
construct of the structure: ProAl aH sThr Al aAsnd uVal Cys 5 CO3 (CH2) 7cHCKi
(C®)-0 003 (CH2 ) ;CHM (0112)cy- where Mis a nonoval ent cation (M)
and desi gnatgegd POPE; REGE .04 asMah o J8MIE (AR NF6)1 0 4R ol 2 exenpl i fyi ng
si xth enbodi nent of the second aspect the 1 nvention provides a

pepti de-1i pi @SEBhstruct of the structure: SerGLnThr AsnAspLysHi sLysAr gAspCy
15 where N is a nonoval ent cation (Me) and desi gnated DOPE- PECG-
OAIa-NhI421NUTK%NQ;%V(n:6). I n an exenplif¥ing sevent h enbodi nent of the
second aspectt tRE P Hire i EoReRT GG dERIh PEFtFdet 14%Fl THISELEE"Df t he

structure. -embodiment of the second or third aspect of the invention.

In a second aspect the invention provides a peptide-lipid

construct of the structure:
16 v L-8-F -
where

F is a peptide;

15 S is a spacer covalently linking F to L via an oligomer
of ethylene glyccol; and
L is a lipid selected from the group consisting of

diacyl- and dialkyl-glycerolipids, including

glycerophospholipids.
20 _ '
Preferably, the structure of the peptide-lipid construct
includes the substructure: '
o] ]
ﬁ P /ﬂ\\
o , 0 :
# 0—P—0 NH NH *
1 n
oM . .
*/O .
25

where M is a monovalent cation (M'), n is 6 to 14 and * is

other than H.

$ Optionally, F is a peptide inéluding a proximal terminal

30 sequence (PTS) selected to promote solubility of the peptide.



20 Gud uThrd yd uThrd yal nLeuval Cys 0 CH 3 (CH2) 7CHCH (CH2) 30H")-7,
0-P-0- OOMCH3 ( CH )7CHCH (CH2) O 16 where Mis a nonoval ent cation (M)
and desi gnat ed DOPE- PEGS- pAl a-Mal - Hi | 3(M23) (nT6). In an exenplifying
ei ght h enbodi nent of the second aspect the 5 .invention provides a
peptide-lipid construct of the structdtre:

A nThr AsnAspLysHi sLysArgAspThr Tyr Ser Ser anThr AsnAspNet | | i sLysArgAspThr TYr GLY
Serd ySerd yCY 000 owcH2) 7clicH(cH2)3 0 O P-ONHNH 0 2016

cH3(cH2) 7cHen(cn2) 31(0 O where Mis a nonovalent cation (M) and

desi gnat ed DOPE- PEG5- 10pAl a-Mal -PTS-M It (K, M. In an exenplifying ninth
enbodi nent of the second aspect the invention provides a peptide-|ipid
const r uct ofIQIﬂep§FF?ﬁﬁ99Fe? this option, the PTS of the peptide is

selected from the group consisting of:

SerLysLysLysLysGly
AlaAlaAlaAla

GlySerGlySerGly

Preferably, the terminal sequence of the peptide is selected

from the group consisting of:

GlyLysLysLysLysSerCys
| AlaAlaAlaAlaCys
GlySerGinerGlyQYE_
CysSerLysLysLysLysGly
CysAlaAlaAlaAla

CysGlySerGlySerGly

10  Preferably, S is covalently linked to F via a sulphide bond
formed with the Cys residue of the peptide.

More preferably, S is ‘covalently linked to F via a sulphide
bond formed with a Cys residue of the peptide at or proximal

15 to a terminus of the'peptide.

a

Most preferably, S is linked to F via a sulphide bond formed
with a Cys residue of the peptide at the carboxy-terminus of
the peptide.

The spacer (S) i§ of the structure S;-5,-Ss3 and‘selectgd to
provide a water“;oluble peptide-lipid construct. SLifs an

oligomer of ethylene glycol.



G nThr AsnAspLysH sLysAr gAspThr Tyreys CH3(CH2) 7CHCH(CH2) 0 0 0 /OM

CH3(CH2) 7CHCH( CH2) 30 15 where Mis a nonoval ent cation (N') and designated
DOPE- PSG6- PAl a-Mal TM It (K) (nDO). 20 In an exenplifying tenth enbodi nent
of the second aspect the invention provides a peptide-lipid construct of
the structure: 17 where Mis a nonovdtent cation (M) and desi gnated

DOPE- PEGG- Pla-Mal-MIt(M. 5 In an exenplifying el eventh enbodi nent of the
second aspect the invention provides a peptide-lipid construct of the
structure:

€] nThrAsnAspLysHlsLysArgAspThrTyrSerSerGJnThrAsnAsprtHlsLysArgAspThrTyreys
Ooo o. O -11-.----- CH3 (CH CH) 1.1(0,----,0 pik-0------- m 6
NHi o --orlP?§§§r€?$Q )Sg Sx]qekp?kaqfe? %¥oq)tf8 group consisting of:

PN

(CHZ) N Ry
O
5
where R; is a terminal carbon of S;, Ry is the sulphur of the
Cys residue and w is 1 or 2.
Preferably, the structure of the peptide-lipid construct is:
10

{Xaa) ,Cys(Xaa).

0

T jAo_@_o_ANN A

where M is a monovalent cation (M'), n is 6 to 14, w is 1 or
2, the sum of x and y is gréater_than 5, and * is other than

15 H. More preferably, n is 6. Most preferably;, y is 0.

Preferably, F is a peptide comprising_an'epitope of antigens

selected from the group consisting of: Glycophorin A,

Glycophorin B, or mutations fhereof (including the MNS blood
20 group system).

.More preferably, F is a peptide selected from the List of
Peptides.



where Mis a nonoval ent cation (ML and desi gnat ed DOPE- PEGG-
pAla-Mal -M It (K M. In a third aspect the invention provides a
peptide-lipid 15 construct of the structure: L-S-F where 20 F is a pepti de;
S is a spacer covalently linking Fto L via an oligonmer of ethylene glycol;
and Lis alipid selected fromthke.group Consisting of 25diacyl- and
di ai kyl -gl ycerolipids, including glycerophospholipids. 18 Preferably, the
structure of the peptide-lipid construct is: 0z HO F-0 0t4 ( /n0 5 where
Mis a nonovalent cation (M), nis 6 to 14, z is greater than 5, and * is
other than Hiodbpeepsefarablkyis i bepliie select@ iroBal the dros a peptide
including a term nal sequence 10 selected to pronote solubility of the
peptide. | n SBPEFErAEHt of this option, the terminal sequence of the
peptide is selected fromthe group consisting of: SerLysLysLysLysdy

Al aAl aAl aAla A ySerdySerGy

GlnThrAsnAspLysHisLysArgAspThrTyrAlaAlaAlaAlaAlaCys
GInThrAsnAsplLysHisLysArgAspThrTyrGlySerGlySerGlyCys
GlnThrAsnAspMetHisLysArgAspThrTyrGlySerGlYSerGly§Z§
SerSerGlnThrAsnAspLysﬁisLysArgAspThrTyrgX§
ThrTyrProAlaHisThrAlaAsnGluValCys
ProAlaHisThrAlaAsnGluValCys

SerGlnThrAsnAspLysHisLysArgAspCys

5 Preferably, L is a glycerophospholipid. More preferably, L is’
a glycerophospholipid selected from the group consisting of:
1,2~0-dioleoyl~sn-glycero-3-phosphatidylethanolamine (DOPE)
and 1,2—O~distearyl~sn—glycero—3—phosphatidylethanolamine

(DSPE) .
In an exemplifying first embodiment of the second aspect the
‘invention provides a peptide—lipid construct of the structure:
GlnThrAsnAspLysHisLysArgAspThrTyrAlaAlaAlaAlaAl'aCy
' 9 - 0 o '
e o}
CH3(CHZ)7CHCH(CHZ)3\n,O:]/A\o_g_Oﬁg/f\Néu\v(o\V/%tmﬁu\v/f:g:fgr'S
' 0 oM
CH3(CH2)7CHCH(CH2)3\I o) : 0
OT ,
15

where M is a monovalent cation (M') and designated DOPE-PEGe-

BAla-Mal-PTS~-1IMUTK) (M1) .



Preferably, F is a peptide selected fromthe group consisting of:

(Xaa), Val Met Tyr Al aSerSer@y; where z is the integer 4, 5 or 6. 19
Preferably, F is a peptide selected fromthe group consisting of:

Ser LysLysLysLysd yVal Met Tyr Al aSer Ser G y Al aAl aAl aAl aVal Met Tyr Al aSer Serd@ y
G ySerd ySerd yVal Met Tyr Al aSerSerG@y 3 Preferably, L is a

gl ycerophosphol i pid. Mire preferably, L is a glycerophospholipid selected
fromthe group consisting of:

1, 2- 0- di ol eoyl - sn-gl ycer o- 3- phosphat i dyl et hanol am ne (DOPE) and

1, 2- 0-di st eafyl s BxGhyC8H0n3- MRRRANBLL JYELRape! @Rl BecddSRE e cd Ol an
exenplifying first enbodinment of the third aspect the invention provides a
pept i de-| i pi tNEOTSPR IREOVEFSE e REPFEEE UFi@id gonstaMgt (eHA D7 SHEFFY@92) 30 Om
CH, (cH2),cHcH (CH2)3.11,0 15 where 14 is a nonoval ent cation (M) and
desi gnat ed  DOPE- PEGL4- Syph. In a fourth aspect the invention provides a
nmet hod of 20 preparing a peptiae i gy eorst P oY ESE® 5 t he second
aspect of the invention including the steps qf: . Prepaging a

mal ei m do-deri vati ves,ak,) s @GUL Sar cgﬁsgwcwyv%gw a :

mal ei m do-donating reagent with éj)/r\é)ci,[fsor "®5construct fhe 'structure
L-Si -NH2; and 20 Re4&t g tHe~nfal ei m do-derivative of° the precursor
construct with a peptide (F) inaduding a Cys residue and solubilised in a
sol vent. $ where: : '

where M is a monovalent cation (M') and designated DOPE-PEGes-

BAla-Mal-PTS-2MUTK) (M2) .

In an exemplifying third embodiment of the second aspect the

10  invention provides a peptide-lipid construct of the structure:

0 0 o
0 .
CH3(CHﬁ7¢HCH(CH2)yﬂ/o:rfxo_g_O7ﬂ/»\NQL\{O\//%yéL\/A:ifﬁ%gs
6 OmM S

CH3(CH2)7CHCH(CH2)3\H/O
o

GlnThrAsnAspMetHis LysArgAspThr'l‘yrGlYSerGlySe rGlyCy[

where M 1s a monovalent cation (M") and designated DOPE~-PEGe~

15 ‘BAla-Mal-PTS-3MUTM (M3).

In an exemplifying fourth embodiment of the second aspect the

invention provides'a peptide-lipid construct of the structure:

SerSerGlnThrAsnAspLysHisLysArgAspThrTyrCys

. ‘ Q Q o]
0
,CH3(CH2)7CHCH(CHZ)3\H,O:I/A\O_g_ty_J/A\Nﬁﬂ\v(o\v/f}Nﬁu\v/A:S:fSrrS
1 6
© g

oM
CH3(CH2)7CHCH(CH2)3\H,O :
: o

20

where M is a monovalent cation (M') and designatea DOPE-PEGs~

BAla-Mal~13MUTK(M13). -



Lis alipid selected fromthe group consisting of diacyl- and

di al kyl -gl ycerolipids, including glycerophospholipids; and S1 is sel ected
fromthe group consisting of oligoners of ethylene glycol. Preferably, the
structure of the peptide-lipid construct is: where nis 6 to 14, wis 1
or 2, the sumof x and y is greater than 5, and * is other than H.
Preferably the nal ei m do-donating reagent is selected fromthe group
consisting of: N-oxysuccinimd ester of mal ei mdobutyric acid; and

N- oxysuccini m d ester of mal ei m dopropionic acid 25 Preferably, SI is an

ol i goner of ethylene glycol selected fromthe group consisting of 6 to 14
mer PEG (PEG to PEG ). Most 'prefdr.ably, SI is PEG. 21 Preferably, the
sol vent is s&t et edefnldfivine st cebersinent ngf e Ferenddepethdhsl ; DVS, or
m xtures thefeoh:i ol iRhiablVa JReiGyYs 981 duestirsicad $erdienat r{tsrkesi due. 5
Optionally, Fis a peptide including a proximl -term nal sequence (PTS)
selected to pronote solubility of the peptide in the reaction solvent. 10
In a preferment of this option, the PTS méaitlerpepiisdeiuwsicsel ected fromthe
group consisting of: SerLysLysLysLys@y Al aAl aAl aAla d ySerE] ySerdy

Preferably, the term nal sequence of the peptide iys {Sel ected 15 fromthe
group consi sting ofF%G$VE?gﬂﬁgEyﬁgzﬁﬁﬁiﬁyé\ﬁﬁa%Faﬁya a s

A ySerd ySerd yCys GYangldsbysl ys@y CysAl aAl aAl aAl s@ySer@ySerdy
Preferably, F is a peptide seledted fromthe List of Peptides.

where M is .a monovalent cation {M') and designated DOPE-PEGs-

pAla-Mal-18Mur (M18) (n=6).

10 In an exemplifying sixth embodiment of the second aspect the

. invention provides a peptide-lipid construct of the structure:

SerGlnThrAsnAspLysHisLysArgAsprI

- 0 o
o}
[¢]
CH3(CH2)7CHCH(CHZ)3\H,O:T/~WD_E*O_~//\NH g \V/%}Néu\¢/i;;f§f“3
. ! n
o oM g :

0
N
CHs (CH,) 7CHCH (CHy) 3~ -0
T A
15 where M is a monovalent cation (M') and designated DOPE—PEGG¥A
BAla-Mal-21MUTK (M21) (n=6). '

In an exemplifying seventh embodiment of the second aspect the
invention provides a peptide-lipid construct of the structure:
20 -
GluGluThrGlyGluThrGlyGlnLéuValeI

' 9 0 o
Q
CH3(CH2)7CHCH(C82)TTrO:]/A\O_3‘0-,»\Néu\v(0\/’}Nﬁu\v/\zifﬁrks
1 ) n
° I

oM
CH3(CH2)7CHCH(CH2)3\H,O
o



20 Preferably, F is a peptide selected fromthe group consisting of: 22
A nThr AsnAspLysHi sLysArgAspThr Tyrd ySer d ySer d ygys

A nThr AsnAspMet Hi sLysAr gAspThr Tyrd ySer d ySer d yCys

Ser Ser GLnThr AsnAspLysHi sLysAr gAspThr Tyr Cys

Thr Tyr Pr oAl aH sTnr Al aAsnd uVal Cys Pro&l aH sThr Al aAsnd uVal Cys

Ser GLnThr AsnAspLysHi sLysArgAspCys Preferably, L is a glycerophospholi pid.
More preferably, L is a glycerophospholipid selected fromthe group

consi sting of: 1,2-0-dioleoyl -sn-glycero-3-phosphati dyl et hanol am ne ( DOPE)
5and1,2-0|ter - S ti dyl F). In a
fifth aspect ‘e ?}n%llsen Pgnoyaﬁ%v?dg‘%@ﬂ% Rpa) qéfgiﬁ%gg%?%g%l%??tgatl ve and
quantit ati vetrdlraigestiili Mhd) | @réls of peptide 10 expressed at the surface
of cells and nulti-cellular structures including the step 'of. contacting

the cells or multi-cellular structures with a solution of a geptlde l'i pid
construct ofIt & &¥¥HHd [H#na Bighith derpeaert off the F5RPEAL PRt

concentr &t i omhvandiéRrpdviéd® ApRdpt eapariat ur eorsihhibel @mtthteOsaderetme
construct. to incorporate into tﬁe surface. Preferably, the
peptide-lipid construct is a construct of the 20 second aspect of the

i nvention. Prehapaplyiithiergelri-searserpirtprospieglar gttt il escafecser ect ed
fromthe group consisting of: red blood cells; and eng)ryos JMor e,
preferably, the cells or multigakd, WuadicsStr YC rfes_ﬁ{ek;{ ells

or-Zmul ticellular structures. 23 Preferapl tJ;],etlrre ‘ands t e ature is
no greater than 2 hours at 37 €O 2% Heeys at 4 C In all”aspects of
the invention Mis typically H but may b& 5 replaced by anot her nonoval ent
cation such as Nal-, K4 or DR4+. In the description and clains of the

spect 1 cat! Gt Bew " ol LORAG AGHAYEB: orP B 65102085 # T8 NS tpaeﬁmeam ng

P 10 pAla-Mal-PTS-Milt(K,M) .

In an exemplifying ninth embodiment of the second aspect the

invention provides a peptide-lipid construct of the structure:

GlnThrAsnAsbLysHisLysArgAspThrTeryT

0 ELV/\ 0
o—J/\m¥\4o\/%yH ;{f}—s
g

Q
1

CH3(CH2)7CHCH(CH2)3\H/ :]/”\O

P~
om
CH3(CH2)7CHCH(CH2)3\7,

15

where M is a monovalent cation (M') and designated DOPE-PEGe~

RAla-Mal-Milt (K) (MOO) .

20 In an exemplifying tenth embodiment of the second aspect the

invention provides a peptide-lipid construct of the structure:

GlnThrAsnAspMetHisLysArgAspThrTeryT

0
CH, (CH,) 7CHCH(CH2 3\ﬂ/ :T/N\O g o Nit \V/f}Nﬁu\,/\;;fﬁ>f

oM
. CH;(CHj,) 7CHCH (CHy) B\H/



"Di agnostic marker" means a nol ecul e, the presence of which in a body fluid
of a subject is diagnostic of a phenotype or pathol ogical condition of the
subj ect. 15 "MN3 bl ood group system " neans bl ood group antigens or

epi topes of those antigens and mutations which are present on either

gl ycophorin A, glycophorin B or nutatilons which result in glycophorin A/B
hybrids. 20 "Proxinmal term nal sequence" neans that portion of the peptide
sequence proxinmal to the aM no- or carboxy- term nus of the peptide (F).
"RBC' neans red blood cells. 25 "Reactive anti body" neans an

i mmunogl obulin, the presence of which in a body fluid of a subject is

di agnostic of a phenotype or pathol ogical condition of the suty ect. 30 "Via
an ol i gomer 8rerét Hyt erfe "gnyEdientneahisom ol yanst et BdtgreRFigiRFEe!

consi sting ofn12-ue1-32 1K) and specifically Cccludes via a polyner of

et hyl ene glytol consisting of greater than 32 ner. 24 "Water sol uble”
nmeans a stable, single phase systemis forned when the construct is

cont act edd wi Irh awatesmpdri fgahd relefranth ea@olaBﬁéntatofatnemm:mﬁaaémtof at | east
100 pg/nl a q1 i thzgn l%nabsg%c of or arg €,$0 %/ents o det er;_gents - The
phrase is use5 synonyrmu y W th %t} erm "ar sy sper Sib Exenpl i fying
enbodi nent s gfrurherd:nventi on are clainmed and will now be described in
detail with reference to the Figures of 10 the acconpanying draw ngs pages.
BRI EF DESCRI PTI ON OF DRAW NGS Figure 1. 11+-NME spectrum of the
pepti de-1i p|?i“%ﬁ%‘??%fHld@‘:?i‘"@jﬁéﬂéﬁFYm?EerfSIFTE%“%SRV%FHMSWgﬁPE’PQTKW ) (5
mg/ M in CD300/ CDC13/020/0.9M CFICOOD 60/ 20/ 10/ 1, 600 MHz, 30 C

Figure 2. MALDI TOE nass- Spagts,uprcfcat tfge_}n MW
DOPE- PEG6- 13Ala- Mal - M 1t ( K) ( ML3) (2856h\§ E,ep 28
20Pept i de- DOPE ( M+Na) ; 28945 Peht FeLc (NHK) 2900 Pepti de- DOPE (M+Na, Na
salt); 2916: Peptide-DOPE (1, 41K, Na sal Figure 3. EEL mass-spectrum
and analytical HPLC of the peptide

Ser Ser GInThr AshAspLysHi sl XSAr gAspThr Tyrd ySer d ySerd ?{7&% the
pept i de- 251 i"PFE® forist AUBL Y& FGhatBd DoPE- PEES- ﬂ%ﬁf&‘a WEfEt CRF ML) .
Figure 4. 1HaNVE1sipertieyrmof. t he peptide 5er Ser GLnThr AsnAspl ysHi sl ysArg
AspThr Tyrd ySerd ySer d yqs of the peptide-lipid construct designated

DOPE- PEG6- HAl a- Mal-M 1t (K) (ML3) (4-6 ng/m in D20, 600 MHz, 30 C, 6 ppn).
30 In a third aspect the invention provides a peptide- llpld

SI gnat ed

15 construct of the structure:

where
20
F is a peptlde,
S is a spacer covalently linking F to L via an oligomer
of ethylene glycol; and
L is a lipid selected from the group consisting of
25 diacyl- and dialkyl-glycerolipids, including

glycerophospholipids.



Figure 5. Photom crographs of zona free enbryos nodified to incorporate the
M2 peptide-lipid construct by contacting the enbryos with a di spersion of
the construct at a concentration of 1 ng/nL for 2 hours. The upper
phot om crograph is the DI C inmge. The | ower photom crograph is the

35f | uorescent image showi ng 3.0t fluorescence. 25 DETAILED DESCRIPTION In
general terns the invention provides peptide-lipid constructs of the
structure (L-S-)1F(-S-L)j where: Fis a peptide; Sis a spacer covalently
linking Fto L, Lis alipid selected fromthe group consisting of diacyl-
and di al kyl - robipids, .in i.ng:; I 10sRhgl LGSl d | are
independentlgh%ggfg%%Pghﬁ thﬁﬁggeo?fﬁﬁggéggégg?gzgﬁ?p%gkggﬁgﬁrﬂ%&s in

di agnostic and therapeutic applications. Were i is 0 and j is 1 the
peptide-lipid constructs are of the strucbure: F-S-L Where i is 1 and j is
O the peptide-lipjd cgnstructsoare of thej]|strfcturae: L-S-F 23, Were Sis

* (£

linked to F via tﬁégﬁ —nUS~6f\Théﬂbe&%l - truct is
represented by the ru¢ture of substructure L-S-F!

t n 30 ere Sis linked to
F via the carboxyl tegtfinus of ™t he peptide the construct is represented by
the structure or supgstructure F-S-L. 26 Wiere Sis linked to F via a
sul phi de bond forned via the sul fhydryl group of a Cys residue of the
peptide the residue is identified with an underscore (Cys). 5 Wiere S is
| inked to F via a sul phide bond forned with one or nore Cys residues of the
pepti de, 3 hewheapr @sentatoanveoferttheapegt i @8} ) impiics éonstirduct by the structure
L-S-F-S L, L-S.F or '

yreater than 5, and * is other than H. More preferably, n is

14.

Optionally, F is a peptide including a terminal sequence

10 selected to promote solubility of the peptide.

In a preferment of this option, the terminal sequence of the

peptide is selected from the group consisting of:

SerLysLysLysLysGly
AlaAlaBlaRla ‘
GlySerGlySerGly
15
Preferably, F is a peptide selected from.the group consisting
- of: |
(Xaa) ,ValMetTyrAlaSerSerGly;
20

where z is the integer 4, 5 or 6.



F-S-L is not intended to inply the sul phide bond is forned exclusively with
termnal Cys residues. 10 The use of the peptide-lipid constructs in

di agnostic applications is illustrated with reference to the use of -
constructs including the substructure: 15 0 H.OPNIl ON O where Mis a
nmonoval ent 'cation (144), nis 6 to 14 * is other than H and the peptide
is selected fromthe group of peptides consisting of peptides included in
the List of Peptides 20 provided on the follow ng pages where z is an
integer fromO to 6. [followed by pages 27 & 28] 27 28 List of Peptides
>S<er )Glg hr AsnAsHeY sHT 5 LYSAL 9ASRIXAR) ZENS LA - FAShASPL RS LY SARGASPTr Tyr
aa), Ovs

A nThr AsnAsptiisHi sLysAr gAspThr Tyr Ser Ser G nThr AsnAspMet Hi sLysAr gAspThr Tyr ;
Xaa) aCys G nThr AsnAspMet Hi sLysAr gAspThr Tyr ; Xaa), Cys

Ser Ser d iraThr AsnAspLysHi sLysAr g( Xaa) zCys

Ser Ser G nThr As nASisys b wilysAy g ASYEHMEY T Y R af 2 OyerGly

Ser Ser G nThr AsnAspiey i SLYSALIRS R NnTHE{ X3k YS!

GlySerGlySerGlyValMetTyrAlaSerSerGly

5 Preferably, L is a glycerophospholipid. More preferably, L is
a glycerophospholipid selected from the group consisting of:
'l,2—O—dioleoyl—sn—glycero—3—phosphatidylethanolamine (DOPE)
and 1,2-0O-distearyl-sn-glycero-3-phosphatidylethanolamine

(DSPE) .
10
In an exemplifying first embodiment of the third aspect the
invention provides a peptide—lipid'construCt of the structure:
2 ﬁ\/( \/)\ ‘ :
CH5 {CH,} ,CRCH (CH,) o] oo~ 0] GlySerGlySerGlyValMetTyrAlaSerSerGly
3 277 2 J\TOr :]/\O EMO NH 140 I
CH; (CH, ) yCHCH (CH,) 30
T
15

where M is a monovélent cation (M') and designated DOPE-PEGiq-

Syph.

In a fourth aspect the invention provides a method of
20 preparing a peptide-lipid construct (F-S-L) of the second

aspect of the invention including the steps of:

s Preparing a maleimido-derivative of a precursor construct
by reacting a maleimido-donating reagent with a precursor

25 construct of the structure L-5;-NHjz; and



Ser Ser GLnThr AsnAspLysHi sLysAr gAspi hr Tyr Ser Ser G nThr AsnAspMet Hi sLysAr gAspThr
Tyr (Xaa) zCvsl (Pe) SerGLnThr AsnAspLyslil sLysArAspThr ( Xaa) zCysi

Thr AsnAspLysH sLysArgAspThr Tyr Pro( Xaa) zOys ------
r-s-Ap2(ePX) TeAnG | uTS5ATS- 7ql nTSATSI LI I nTSNTS

- 75z( EPX) nari ur eATQJ41 nTOATSI gl TI TONT@TO _

G uThrd yd aThr d ynnLeuVal Hi s( Xaa) zOys]

Ser Pr oPr oAr gAr gAl aAr gVal Thr ( Xaa) zOys

SA32( Pex) nTssAr fl awoadAl SM sAri nt ssAri oi di gyf ALLI vJAI 8avi Aw

..... TrpGﬂnPr P AL gl X LOvs Thelle Y, oG]yThrSIu
(Xaa) zCys $ %%éé%ﬁgﬁoggcéfagfer glglbou%sl “of tlep Q;Ehrége aélg&lgéggtgl ed
according to TabpensmoﬁmApp@hdapezteﬁeAﬁhexncwnﬁnghé %ﬂhﬂﬁﬁsﬂ?%ﬁﬁvb

I nstructions undepyfihe Batent L£aeperation Treaty dated 7 February 2007 and
in accordance with the convention: 5 H2N XaaXaaXaaXaaXaaXaa- COOH There is a
need for inexpensive and low | evel sensitivity test systens for a range of
di agnostix mnpdeerrs in donated blood, in 10 transfusion recipients, or in
antenatal patients (where the unborn child may be at risk of haenolytic

di sease), e.g. syphilis markers and markers of the MNS bl ood group system
A particul ar advaniageJﬁpo&igﬁﬁcbydthﬁmimwen@hﬁ@ csnt hecigpport unity to
enpl oy established ood Ly atfor Loy 15 de ect a range of peptlde
anti gen- antlbodygln? Faé |d%§n§¥ e %%F&$ﬁf o8t & ags%cf%ted with
establ i shing a neWwdchmgphosphcl igdday way t herefore be avoi ded. Sone
clinical{y significant blood group antigens are rare (or

- 51 is selected from the group consisting of oligomers of

ethylene glycol.

Preferably, the structure of the peptide-lipid construct is:

15
(Xaa),Cys(Xaa),
0
i
\WT/ :]//\\b—“P——0n~//\\uﬁlL\“< \\//9\ (S 5
Q

where n is 6 to 14, w is 1 or 2, the sum of x and y is greater

than 5, and * is other than H.
20

Preferably the maleimido;donatidg reagent is selected from the
group consisting of: N-oxysuccinimid ester of maleimidobutyric

acid; and N-oxysuccinimid ester of maleimidopropionic acid

25 Preferably, S; is an oligomer of ethylene glycol selected from
the group consisting of 6 to 14 mér PEG (PEGs to PEGy). Most

"preféfably, S, is PEGs.



20 rare in some popul ations) For exanple nutations of the MNS bl ood group
systemresulting in MItenberger antigens are rare in Europeans, but Conmon
in Asians. Being able to create' antibody detection and identification
panel s requires that these antigens be present on the diagnostic screening
cells. .25 Obtaining ells suitable fo?fl anti body screening/identification
having rare antigens is therefore problematic. Being able to add to cells
rare anti gens prepared exogenously is therefore a nmajor advantage. 30
According to the nethod of the invention epitope containing peptide
sequences f s, 2ora00e @hediaunostis Jmrkers, flsaapm@sglso%c%hglsr&agtsl ng

anti bodi es, an be | ocalized to the surface of red blood cells (RBCs). These
modi fi ed RBCY: ‘may” t herwreetha lus 8850n cex skt #0888 ypi ng pl atforms to
detect bl ood antobodi es or pathol ogies. Al though the invention is
illustrated with reference to the 5 nodification of red bl ood cells and
enbryos t he 'FREEF2RUHf 488 ©fs dreRéfUT el & SREMARAY FYReT9S4F4F st ructures is
cont enpl &t ed. However red blood cells are preferred for use in diagnostic
assays becaLbs s acilit gl h whi.c theserromgrlngi et% cel Ils coul d be
used in bl ooé) yp?n bot at &TPEE%e 10 THRE PRVEIP S Beht a8 1T hi d const ruct

i ncor por at ecGeiqnencd h(@"fsel semrnkrdane mofomped wdloddlée) | st itbecpentriclel ed by t he
concentrati t t n the dispersion contacted with the
suspensi on.q[glhgg%r%;%ecﬁggﬁo%&? algtnostl c markers may 15 then be assessed by
aggl utination whether direct (induced by centrifugation of cells) or

i ndi rectyo(i ﬁ@uﬁelgr@ﬁéz%@i%n&f afian gtbmy dhresiedragad nalptt RO is

i mmunogl obul i ns of the subject) nmet hods of assessnment nay be

enpl oyed i nAPAEFHR FoF E&%r%oélp roRErtitRg eindiveri et al 1979) and enzyne
l'inked 20 inmmunosorbant assays (ELISA). In contrast with the preparation of
constructs where the function (F) is a carbohydrate, the preparation of
constructs where F is a pepti deSEFT@S%rYtSéYaLE% nation of technical 25
difficulties. Firstly, it is de Fg@p; £ .59t the peptide (F). ligated to the
LS or SL nOety to be dispersible in tﬁe solvents used for the ligation
chem stry: Overcom ng this difficcutdncimagrcegui re 30 the selection of a
proxi mal term nal sequence (PTS) to pronote solubility w thout nodifying

t he desired biological properties of the construct,t 31 Secondly, it isr
for the condrkietailly, Sthe Sdrnina§-fequenfeSot tihe perbedaliispersidieel in wat er,

or at |gast f@oglg@@}ghbbé&lsfﬁangﬂéélCh as buffered saline, according to
t he reqwrenents of 't he proposed application (i.e. |t is desirable for the

‘ GlyLysLysLysLysSer§X§
AlaAlaAlaAlagzg
"GlySerGlySerGlyCys
CysSerLysLysLysLysGly
CysAlaAlaAlahla

CysGlySerGlySerGly
Preferably, F is a peptide selected from the List of Peptides.

. 20 Preferably, F is a peptide selected from the group consisting

of:

GlnThrAsnAspLysHisLysArgAspThrTyrAlaAlaAlaAlaAlaCys



5 construct to be "water soluble" as defined herein). Overcomng this
difficulty requires the selection of a spacer (S) to pronole solubility of
the construct. Thirdly, where the proposed application is the nodification
of 10 cells such as red blood cells (RBCs) for use in diagnostic
applications, including use as qualit$ controls in blood group typing or
detection of diagnostic antibodies present in - patient serum it is
required for the construct to be dispersible without participating in
antigen-antibody cross 15 reactivity not specific to die diagnostic narker.

Satisfying this r r t 1 equl the iLdenti tabl e
structural noti fs(’%’fqll’l"lh ?%%D?& %g%é’{%%rggap%}rg}irbﬁ%gt er?ﬁge? l@ggquence (PTS)
when the latter isphesespreEni e Heyekopmert-cofssanpkergrgparation
procedures that neutralize or at |east 20 substantially mtigate the
undesired cross reacti vi t%ﬁréﬁdGl@T&mPiShéeﬂLm‘HifSéb’é%rqé‘@ﬁTbrm t shoul d.

al so be noted that where the applj.cati dlflcatlon of

the surface of cells or multi-cel ktf?f iﬁk{lﬁépﬁgﬁa§segluva a—enbryo) with

a viewto pronoting the association of pggglgmq@gmpg;;%mu@gl dified
mul ti-cellular structure with a target surface (e.g. the endonmetrium

exposing the cell or multi-cell ulsarGGnrucksnepl.osSoilyeAtrsAdeyisnconpati bl e
with maintaining the cells or multicellular 30 structures in a viable
state. 32 N or G termnus of the peptide may also allow the naturally
occurring cdireifgaraty.of 6f 2 e vsepepiesbedipite Meratpraferabine el

surface.to ke appLpxiiRbagd: i ke sQ'fL@é@éH atbaneid drdeppentdide;sgay@nce in the
tertiary (or quaternary) structure of 5 the parent pol ypeptide or pr ot ei n)

TRyt hey ef orle Jba- il MAKAGS 78 FGHGNS O WeTBHOL IR HEP S ¢ OF

cont enpl at edmhhat2a@pillsde&yms@nbgly@@ﬂﬂ43sgelo§@atﬂ1e1ywﬂfaameamin@el l's via

mul tiple resi gggi For exanple, where both a residue proximal to the 10

ani no term no d a residue proxi mal to the carboxyl terminus are used to
| ocal i ze the peptide, "l ooped” configuration of the peptide nay be
pronoted at .t hg S g E pacer
to pronote 1!%‘ O?Hb&]a%% egpetkhlr%o&ﬂ%rll—%%ry?fmﬂg%er?e%nésg&géd %EG@n%gétllﬁjthrfere
with the exmuéésii@w‘@nénfiuwnteﬁaéivq We‘lapep@l e té}le teeelsuefagertide t he

pepti de-ibi pid c008dd UGt 8n0fs 8 cknyentd;an anq aldi199meE 1 Rfi-6t hyl ene glycol (6
to 14 ner) is selected as a conponent (S1) of the spacer (S) linking the
lipid (L) afdr2etpeit itd@eled)ng ePrgdhet £%6f et hyl ene gl ycol inpart |ess
solubility-to peptide-lipid constructs of the structure L-S-F than pol yners
of PEG The d|ff|culty referred to above therefore arises 25 when it is
desired to obtfai FOPSSELES- HiicGLednt rirdtd ~Epat 18 e S B TS EP b e 17

bi oconpati bl e sosvaitisnast £arpheddseibid cbréhads of eid eetbng qualitative
and quaqtsl tative che}:p% i de exgrgrssted at éhfeo surface

f. t
of cells’and mul T el ISB?%{] sgtrﬁg‘fulr%ven%éﬁgegt coneentration an

a time and temperature sufficient to allow the construct .

to incorporate into the surface.

Preferably, the peptide-lipid construct is a construct of the

20  second aspect of the invention.

Preferably the cells or multicellular structures are selected
from the group consisting of: red blood cells; and embryos.
More preferably, the cells or multicellular structures are

25 ~human cells or- multlcellular structures.



The properties of the peptide-lipid constructs nmust be such that they can
be readily dilapersed in biologically conpatible nedia in the absence of
solvents or detergents, bit 33 incorporate into the lipid bilayer of a
menbr ane when a solution of the construct ie contacted with a suspension of
cells or multi-cellular structures. 52Peptide-lipid constructs with these
potentially conflicting properties are prepared by adopting the conbination
of structural notifs described here. The preparation of the peptide-lipid
constructs where Sis linked to F via a sul phide bond forned with a
term nal Q'slarre@@mygy,ofthreh@ixpee%ed@e@ertah@réwiscz%b@xygtte%r Rhiws of the
peptide is preferred as the peptide is-less prone to oxidation. Adopting
t he combi natiBws Bf %ﬁl’ﬁcﬁﬁré% PRBEF f&E iYn “8ccordance with the description
provi ded here a range of peptides may be 15 prepared as peptide-lipid
constructs ‘for e in nethods of effectipg. qualitative apd quantitative
changes in Hﬁbagzv%ﬁ%?95f Bgﬁﬁfﬁénéi%Wﬁgégd1%ﬂ3?ﬁ§aih¥ﬁ%cguBfE@% Fs and
mul ti - celd ulmplstedciuresthe?@ohbvalddt betivdernshoes NdfatK'f or 8. .
non-specific interaction, such as the interaction between diacyl- or
di al kyl gl ycerol i pids or glycerophospholipids and a nenbrane, structural and
stereo-i sondms tbe drariakiyn cocuridmy bifptds wmsibecdtumet Fomal |y
equi val ent. #0h0 oRXMMRILonlhs | PnérsCOM-GMPL AL S, Lhat hdiacyk gl ycerol.
2- phosphat e coul d be substituted for phosphatidate (diacyl glycerol
3- phosphat eProEufthernore it is contenplated that the absolute
configurati on of phosphatidate can he either Ror S. 30 Preparation of
DCPE—PEGB-A&@.?% 34 Jtngl,,in dry 12 gs m) a solutiog f, EWDC-PEG—NCS
(4) (237 ny, 0 88Y7 MiolMFcont &CAMNG AFOGE E0% OF RETTIAE NG o"gﬁfscuc&f‘ni m de
ester)) in érpo@HERi@loAl g =amdeEt 2NHA3Onod)ianvas addechot spdher sol uti on was
stirred for ;ghglggiégg glu;q%% EL3 \Iﬁsgﬁ.nlg was added, and the m xture

€ R %t 20 Ut o

was mai nt ai or  at- 8 C. € SO ion was then diluted with

toluene (10 m ), evaporated under reduced pressure (10 to 15 torr) and

dried unger -Wa§UWBoql Q- Jhe SrWdR * exiduesyasy d$3p! ¥ad JeRs H20/ MeOH AcOH
m xture (10:5:1 (v/v/v), 3 nl) and the solution was slowy applied to a

reverse phaS8lBAReT SEURRCTEL BN IeRRIE) Muat s NAYHh GPsBERIFItPEe and
mz;\lr PEG D(OD/Ei§ﬂér V@%@o@h&lﬁﬁd afr Qm//&c?ﬁfﬁﬁ% )Ltnzn moc b bi RO WA HRO rb;salex(// ;/) (30
, 1:1 (vlv 15 .an 1. (vlv 15 ml). Target H2N-PEG DOPE (7) was
el ut ed fromlflh%&écoﬂpﬁ‘r?%lwlg/ﬁazl{?gs%ﬁ%o m) and then with MeOH to MeOH CHC12
m xtures (4:1 (v/v), 3:1 (v/iv), 2:1 (v/v) and 1:1 (v/v); 30 m each).
Fractiong ca 1.ni.Ng G () i - e under
reducengresg%%gﬂ%gotggﬁ%ggtgr gﬁ%ﬁ 5%?@%'%%%2?g§g€ﬁﬁgf ¥ﬁg%%%§?§ﬁe
obt ai ned assaJeitde PrPHi®HL thee the sk nwal P5 wbogyt r bMd@ W &NRi t h hexane

(2 x5 n1)-§ggtgﬁgq@gunder vacuum :

“RBC” means red blood cells.

25
“Reactive antibody” means an immunoglobulin, the presence of
which in a body fluid of a subject is diagnostic of a

phenotype or pathological condition of the subject.

30 “Wia an oligomer of ethylene glycol” means -a polymer of
ethyiene glycol consisting of 2 to 32 mer and specifically
e&xcludes via a pblymer of ethyleﬁe glyéol consisting of

greater than 32 mer.



26to yield 143 ng of 112N-PEG DOPE (7) (78% on DOPE) as a white solid. TLC
Rf = 0.62 (ethanol/water/pyridine/ AcOH, 3:1:1:1 (v/v/v/iv)). 1H MW (500 MHz,
CD300, 30 ©O: 6 - 5.541 (m 4H, 2 -CH=CH ), 30 5.416 (m 1H, OCH2CHCH20),
4.624 (dd, J =12 HzZ, J = 3.2 Hz, . 1H CO OCHCHCH2), 4.373 (dd, J = .12
Hz, j = 6.6 Hz, 1H COACHCHCH2), 4.19% (t, J = 5.6 Hz,. 211;,i' OCH2CH2N),
4.117 (m 2H POCHCHCH2), 3.968 (m 4H, OCH2CH20, OCH2CH2N), 3.932 (t, J =
35 6.2 Hz, 2H, 00112CH200), 3.827 (m 272 H, (-0CH2CH2-)n, n = 68), 3.683
(m 2H, OCH2CH20), 3.622 (t, J = 5.6 Hz, 2H OCH2CH2N), 3.397 (t, J =5.0
Hz, 28; OCH2CF12N), 2.678 (t, J - 6.2 Hz, 28; OCH2CH200), 2.519 (m 4H 2
CH2C0), 2.228 (m 8H, 2 5CH2CH CHCH2), 1.801 (m 49; 2 C1T2C112C0), 1.508
(m 401-1; -®r4gr)solukdes fegns e8stabiEHz Fippia PPPEPaF&tidn 1ef fPESE de-1i pid

constructs 19 Natel i derderi viat i¥esa of e HPEn REGRrN6R weriecusestf @s the
preparation of peptide-lipid constructs (L-S- Fof agymt he met hod of SCHEME 2

via the nal B dat thiGrcr erternagli ¥t draFbaldt Syithedi §°%ia t he

mal ei M dor deydsvaté ves RGaPPERRCHE NH: hiasedderpart | T aghradvald ages over
synthesi s via iodoacetate deri v%ti ves as difficulties and lowyields as a

consequence BPBXT R IYoN b tife “8aT'f WAy &G Fi8s of the peptide and

subsequent dinmer formation. Reducing agents (e.g. tertiary phosphi nes) may
be used duri conjugation. .20 Ml einido-~derivatiyves Wel&.symheshzed with
65 to 70% yié;)(lgar‘g?%Jf it ﬁéb??%nrﬁn o%f/rsquh%cilgl%rﬁ&tdl%est ers o l‘r?al el m dobutyric

and nal ei m dopr bpi driarikeildsn (B4218byitharelipiesasectedtiorpioieat i¥n ar ose due

to the p{oesq:@lgeaggorﬁgggﬁgg%i kCh.appeared to be 25 highly reactive
towards the mal eimde function. Phosphine was therefore used only in

sub- equi val ent anounts (0.1 to 0.2 equivalents). 30[foll owed by page 36]
36 SCHEME 1 BRIEF DESCRIPTION OF DRAWINGS

' Figure 1. !H-NMR spectrum of the peptidé—lipid construct designated DOPE-
15 PEG¢-PAla-Mal-Milt (K) (M13) (5 mg/ml in CD;OD/CDC1l;/D,0/0.5M CF;COOD
60/20/10/1, 600 MHz, 30 °C, & ppm).

Figure 2. MALDI TOF mass-spectrum of the peptide-lipid construct
designated DOPE-PEGg-BAla-Mal-Milt (K) (M13) (2856:Peptide-DOPE (M+H); 2878:
20 Peptide-DOPE (M+Na); 2B894:Peptide-DOPE (M+K); 2900:Peptide-DOPE (M+Na, Na

salt); 2916:Peptide-DOPE (M+K, Na salt)).

. Figure 3. ESI mass-spectrum and analytical HPLC of the peptide
'SerSerGlnThrAsnAspLysHisLysArgAspThrTyrGlySerGlySerGlyCys of the peptide-
25 lipid construct designated DOPE~PEG6—BAla—Mal~Milt(K)(M13).

Figure 4. !H-NMR spectrum of the peptide SerSerGlnThrAsnAspLysHisLysArg ’
AspThrTyrGlySerGlySerGlyCys of the peptide-lipid construct designated
DOPE-PEGg¢-BAla~Mal-Milt {(K) (M13) (4.5 mg/ml in D,0, 600 MHz, 30 °C, & ppm).
30 '
VFigure 5. Photomicrographs of zona free embryos modified to incorporate
the M2 peptide-lipid construct by contacting the embryos with a dispersion
of the construct at a'concenfration of 1 mg/mL for 2 hours. The upper
photomicrograph is the DIC image. The lower photomicrograph is the

35 fluorescent image showing 3.0+ fluorescence.



37 Trifluoroethanol used as a co-solvent in the preparation of 10bC where
the peptide was G nThr AsnAspMet Hi sLysArgAspThr Tyrd ySerd ySer d yCys
appeared to be highly efficient for 5 solubilization of both reactants.
However, the solvent also caused unwanted acidification of the reaction
medi um whi ch may inhibit the Mchael #eaction. The isolated yield of 10bC
in this experinment was -25% Preparation of 10aC where the peptide was

A nThr AsnAspMet Hi sLysAr gAspThr Tyrd ySer d ySer Sl y- 10 Cys

( DOPE- PEG6- 1311/ 21a- Mal - 3MUTM (MB3)) carried out using DMSO as co-sol vent
was nore suqgRestid mixdrpperminded a 43% yield. The same sol vent strategy in
t he preparation of 10bC where the peptide was -

A nThr AsnAspLysHi sLysAr gAspThr Tyr Ser Ser d nThr Asn- 15

AspMet Hi sLy ST gAspddr Tyekab alcaAhadhadlys pbOPk PEht 0N -a-iMabPTS-M It (K, M)

fail ed because the peptide s | i ed appeared to_be yery acidic and caused
sol ubi | i zat.i GWSpF B tPser?g. gkr%&%&%kif%f &T%B():iﬁdﬁst”ﬁ})% w\éﬁb tinment was only 23%
and abouts hal f of the peptide was recovered. 20 Ml ecul ar wei ghts for the
peptide lipid co SJHEEEE% were determned to be: DOPE- PEGS-0Al a-Mal-M 1t (M

" 3029. 48 25 DOPELPEGS ORI ANal -M 1t (K, M - 4591.12 As expected for

pepti des beari ngStime aglntest meveésntite ldankihe MNtoekm nus, all preparations
contain variabl epajount$,90f 3Q.ktebated,PyYragkys bndeld:vgtbyes, M 17 in
M5, due to |oss of NH3. F1>'he formation of related pyroglytanyl derivatives
was nmitigated i ndpEptli-desd i kK T et ¥AaTal LBkEs é§Fé'ﬁl‘@§g 38 The use of the
pepti de-loi pi d cogsgddiebsosphdmbhads for effecting qualitative and
quantitative changes, i.n the IeveI$ of J)%pti de expressed at the surface of
celI's and nul ti-*cB9 di 8F° steEPHreEe % % PFustrated with reference to the 5
serodi agnosis. Mdification of red blood cellswith peptide-lipid constructs
(general ne d Red_bl ood cells. are mdified m_Xi_n rt by vol une
of washed pggaeéh%gﬁebﬂf)ot el P%pV\HEﬁ lfp;rl;grforbsge;rblgf!%n%l 89‘93%%%3&%4 iypi d
construct diesgeratkrautac comdenttation of 10 to 1000 pg/m in cell nedia
(Cel presgl m. 15 The suspensions are either: 1. incubated for 2 hours at 37
C before bei ng washed and suspended in a cell nedium for. serological

anal ysi s at "8°E®nk et PadPdn df 6. B PR ERetHod gymstgrichg are of

the structure:

CF-S-L
20 '
Where i is 1 and j is O the peptide-lipid constructs are of
. the structure:
L-S~-F

25
' "Where S is linked to F via the amino terminus of the‘peptide
the construct is represented by the structure or substructure

L-s-F.

30 Where S is linked to F via the carboxyl terminus of the
peptide the construct is represented by the structure or

substructure F-S-L.



2. incubated for 3 to 4 hours at roomtenperature (circa 25 C) followed by
18 hours at 4 C before' bei ng washed and suspended in a cell nediumfor
serol ogi cal analysis at a concentration of 0.8 to 3% (Method 2). 25

Modi fication of red blood cells w th DOPE- PEG-0Al a-Mal M1t (K) (400) 4.7
mg of the |ipid-peptide construct DCWR PEGS- PAl a-Mal - 30 MIt(K) (MO)was
reconstituted in 0.47 mM of Celpresolmby sonicating for 10 mn and
allowing to stand for 1 hour to provide a clear 10 . My/ ml stock solution. -
39 SCHEME 2 _Ecr".-70 (7). (8a w=1l;, Bb w=2) cys (Xaa.) (10aN w=1;
10bN w=2) Hime. s. & 4)inkes (PRa vilys Niiphﬁée ,bdlg) Formed via the

sulfhydryl group of a Cys residue of the peptide the residue

is identified with an underscore (Cys).

5 Where S is linked to F via a sulphide bond formed with one or
more Cys residues of the peptide, the representation of the
peptide-lipid construct by the structure L-S-F-S-L, L-S-F or
F-S-L is not intended to imply the sulphide bond is formed

. exclusively with terminal Cys residues.

10

The use of the peptide-~lipid constructs in diagnostic
applications is illustrated with reference to the use of
- constructs including the substructure:
0
ﬁ .
o] : O
¥ O——Pf—O——“//\\NH *
l n
oM . :
o
15 -7

where M is a monovalent cation (M*), n is 6 to 14, * is other
than H, and the peptide is selected from the group of peptides
conéisting of peptides included ;n the List of Peptides

20 provided on the following pages where z is an integer from 0O

to 6.

(followed by pages 27 & 28]



or 0, 0 (10aC w=1; 10bC w=2) 40 The stock solution was diluted two-fold to
provide a solution of 5 ng/m and a dilution series then prepared for the
peptide-lipid construct at the follow ng concentrations: 51 ng/m (1:5
dilution in Ceipresol ) 0.5 mg/m (1:10 dilution in Celpresolm 0.25 ng/m
(1:20 dilution in Cel presolm) 10 200 ¥l of M Itenberger negative red bl ood
cells (MIt- RBCs) were washed two tinmes with PBS and one tinme with

Cel presolm 40 pl of a washed packed volunme of MIt- ABCs were mxed with
40 pl of a dilution of the peptide-lipid construct and 15 i ncubated for 2
hours at 37 C. The nodified RBCs were then washed with Cel prebol m and
stored in Celpresolmuntil used in tube serology testing (3 days and 24

days). 20 Tube serol ogy testing &f J+modified.red bl (a)\% Il Ser el ogi cal
reactions are |graded of sg r{qﬁ tg @q'tc@r* 5@15{@{ a§f Iii%hég sﬁs,@ (0 orno
aggl utination, 14-of 3|= R5 |uBriy vieak -agg! utd nat ﬁn,i’Zi?orEETU: weak
aggl utination,| 3+ of 8|= nbdefat® |s§ ridhg agdl ufi ngtl%n,mél-kum;(g 16/ 12 -
strong aggl utijnat/i on) X et alPbdite 4k praf Fot irs| Tsigd &t @ ?SI'Lbe éﬂ dition of
reagents and 30 reac¢tants It |t asd i & ofy glvass B8r oﬁ():? taIhes and af ter
appropriate incubations, V\Sasihg'j ng.ard [&entr i Buggt | Bnl Bb ﬁr\ﬂﬁri ~ eactions
macr oscopi cal lly hy. eye and(‘};alncﬁ(])gg nagniy il cat Gonley@pi Bcies anll |spod ng) and
Bi oVuom (addi t/i on of reactant's ihtd 4115 1518121815 131513
nlm o (= i g [ @ (8 |8 j& (O | 1O
0] 0] — — a3 (s} [is} ~ w S| o] o ~ o
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Cys(Xaa)zTrpThrProProArgAlaGlnI;eThrGlyTereuThrValGlyLeuThrArgArg
Cys(Xaa) ,TrpThrProProArgAlaGlnIleThrGlyTyrArgLeuThrValGlyLeuThrArgArg

Cys(Xaa)zValMetTyrAlaSerSerGly‘




cassettes containing beads (including some reactants) and after appropriate
i ncubations and centrifugation observing the reaction patterns traped
within the Gel matrix). BioVue is the serol ogical colum agglutination
platformof Otho-Cinical 5 Diagnostics. Serum sanples were avail able from
47 bl ood donors of negative antibody ¥creen status. These sanples were

desi gnated "negative sanples", but not determ ned not to have anti- 10

M | t enberger antibodies). Three serum sanples known to have M|t enberger

rel ated antibodi es T217, T6025, T5896. These sanpl es were desi gnated
"positive sanples", but not determned to have anti- 15 anti bodi es agai nst
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GlnThrAsnAspLysHisLysArgAspThrTyrSerSerGlnThrAsnAspMetHisLysArézééTﬁ

SerSerGlnThrAsnAspLysHisLysArgAspThrTyrSerSerGlnThrAsnAspMetHisLysAr




(n - 21) 0.25 (n -21) 3 Negative sanpl es AHG+F1AHG AHG+ AHG AHG+ AHG
1146 0 21 0 21 Table 1. Sunmary of reactivity of sanples of serumfrom 47
bl ood donors not expected to have anti-MItenberger activity ("negative
sanpl es"). AHG+ neans sanple reacted by the anti-human globulin test. AHG
means sanple is Sunreactive. RBCs wer® nodified with the peptide-lipid
construct designated DOPE- PEGG- 13/ 11a-Mal MIt(K) at the concentrations

i ndicated. Sera were tested against nodified RBCs followi ng 3 days storage.

Age of nodified RBCs

The amino acid residues of'peptides are identified according
to Table 3 of Appendix 2 of Annex C of the Administrative
Instructions under the Patent Cooperation Treaty dated 7

February 2007 and in accordance with the convention:

There is a need for inexpensive and low level sensitivity test
systems for a range of diagnostic markers in donated blood, in

10, transfusion recipients, or in antenatal patients (where the
unborn child may be at risk of haemolytic disease), e.g.
syphilis markers and markers of the.MNS blood group system. A
‘particular advantage provided by the invention is the
opportunity to employ established blood typing platforms to

15 detect a range of peptide antigen-antibody interactions. The
capital costs associated with establishing a new diagnostic

assay may therefore be avoided.

_ Some cliniéally,significant blood group antigens are rare (or

20 rare in some populations). For example mutations of the MNS
blood group system resulting in Miltenberger antigens are rare
in Europeans, but common in Asians. Being able to create
4antibody detection and identification panels requires that
these antigens be present on the diagnostic screening_cells.

~25 Obtaining ells suitable for antibody screening/identification
having rare antigens is therefore p;oblematic. Being able to
add to cells rare antigens prepared exogenously is therefore a

major advantage.

30 According to the method of the invention epitope containing
peptide sequences for a range of diagnostic markers, such as
specific reacting antibodies, dan be localizéd to the surface

of red blood cells (RBCs). These modified RBCs may then be
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Concentrati on of

DOPE- PEGS- HAl a- Mal - 4i 1t (K) (MDO) (mg/ M)  Serum 1.0 0.5 0.25 3 T217 2+
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used on exisfing blood typing platforms to detect blood

antobodies or pathologies.

Although the invention is illustrated with reference to the
modification of red blood cells and embryos the outer surface
of other cells and multi-cellular structures is contemplated.
Howevef, red bldod cells are préferred for use in diagnoétic
assays because of the facility with which these.modified cells

could be used in blood typing laboratories.

The level of pepfide~lipid construct incorporated into the
cell'membrane of red blocd cells is controlled by the
concentration of the construct in the dispersion contacted
with the suspension. The presence of diagnostic markers may
then be assessed by agglutination whether direct (induced by
centrifugation of cells) or indirect (induced by adding an
antibody directed against the immunoglobulins of the;subjeét).
Other methods of assessment may be employed including, for
example,.rosetting (Indiveri et al 1979) and enzyme linked

immunosorbant assays (ELISA).

In contrast with the preparation of constructs where the
function (F) is a carbbhydrate, the preparation of constructs
where F is a peptide presents a combination of technical

difficulties.

Firstly, it is desirable for the peptide (F) ligated to the L~
S or S-L moiety to be dispersible in the solvents used for the
ligation chemistry. Overcoming this difficulty may require

the selection of a proximal terminal sequence (PTS) to prqmote
solubility without médifying the desired biological prqpefties

of the,consfructt;

1+ -



- ill- 1217 - 24 16025 2+ 2+ nt. 24 T5896 .- - nt. 10Table 2. Results by
tube serology of 3 seruns known to contain antibodi es agai nst anti gens of

the M| tenberger conpl ex.
anti-human gl obulin test,

strong, -
pepti de-|

means sanple is unreactive.3RBCs were nodified with the

Score results show sanple -reactivity by the
1+ = weak, 2+ - nmedium 3+ = nedium strong, 4-1

pid construct. at the concentrations indicated. 15Sera were

tested agai nst nodified RBCs-following 3 days and 24 days storage.
not tested). 43 Age of nodifiedi
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Secondly, it is r for the Qonstruct'XL-S-F—S~L, L-S-F or F-S-
L) to be dispersible in water, or at least a biocompatible
medium such as buffered saline, according to the requirements
of the'proposed application (i.e. it is desirable for the

construct to be “watér soluble” as defined herein).

Overcoming this difficulty requires the selection of a spacer

(S) to promote solubility of the construct.

(n.t.

Thirdly, where the prbposed application is the modification of

cells such as red blood cells (RBCs) for use in diagnostic

applications, including use as guality controls in blood group

typing or detection of diagnostic antibodies present in -
patient serum, it is required for the construct to be

dispersible without participating in antigen-antibody cross

reactivity not specific to the diagnostic marker. Satisfying

this requirement requires the identification of suitable’

structural motifs for the spacer (S) and proximal terminal

sequence (PTS) when the latter is present, or the developnment

of sample preparation procedures that neutralize or at least
substantially mitigate the ‘undesired cross reactivity and

likelihood of false positives.

It should. also be noted that where the application is for use

in the modification of the surface of cells or multi~cellular

structures (e.g. an embryo) with a view to promoting the
associa?ion of the modified cell or modified multi-cellular
.structure with a target surface (e.g. the endometrium)
exposing the cell or multi-cellular structure to éolvents is
incompatible with maintaining the cells or multicellular

structures in a viable state.

The?ability to localise peptides to the,éurface of cells or

multi-cellular structures via a residue proximal to either the’
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N- or C- terminus of the peptide may also allow the naturaliy

occurring configuration of the peptide sequence relative to

the cell surface.to be approximated. The presentation of the

‘ peptide sequence in the tertiary (or quaternary) structure of

the parent polypeptide (or protein) may therefore be mimicked.

Although not demonstrated here it is contemplated that
peptides may be localised to the surface of cells via multiple
residues. For example, where.both a residue proximal to the
amino terminus and a residue proximal to the carboxyl terminus
are used to localize the peptide, a “looped” configuration of

the peptide may be promoted at the surface.

The use of polyethylene glycocl (PEG) as a spacer to promote
solubility is known. However, polymers of PEG may interfere
with the expression and function of the peptide at the
surface. 1In the peptide-lipid constructs of the invention an
oligomer of ethylene glycol (6 to 14 mer) is selected as a
component (8;) of the spacer (8) linking the lipid (L) and

peptide (F)..

Oligomers of ethylene glycol impart less solubility 'to
éeptide—lipid constructs of the structure L-S-F than polymefs
of PEG. The difficulty referred to above therefore arises
when it is desired to obtain peptide-lipid constructs that are
dispersible in biocompatible solvents and can be used in
methods of effecting qualitative and quantitative changes in
the levels of peptide expressed at the surface of cells and

multi-cellular structures.

The prdperties of the peptide~iipid constructs must be such
that they can be readily di%persed in biologically cqmpatible

media in the absence of solvents or detergents, but
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incorporate into the lipid bilayer of a membrane when a
solution of the construct is contacted with a suspension of

cells or multi-cellular structures.

5 jPeptide-lipid constructs with these potentially conflicting
properties are prepared by adopting the combination of
structural motifs described here. .The preparation oflthe
peptide-lipid constructs where S is linked to F via a sulphide
bond formed with a terminal Cys résidue of the peptide at the

10 carboxy-terminus of the peptide’is‘preferred as the peptide is

less prone to oxidation.

Adopting the combinations of structural motifs in accordance
with the description providéd here a range of peptides-may be

15 ©prepared as peptide-lipid constructs for use in methods of
effecting qualitative and quantitative changes in the levels
of peptide expressed at the surface of cells and multi-

cellular structures.

- 20 It will belunderstood that - for a non-specific interaction,
such as the interaction between diacyl- or dialkyl-
glycerolipids or glycerophospholipids and a membrane,
structural and stereo-isomers of naturally occurfing lipids
can be functionally equivalent. For example, it is

25 contemplated that diacylglycerol 2-phosphate could be
substituted for‘phosphatidate (diacylglycerol 3—phosph§te).
Furthermore it is contemplated that fhe absolute configuration

of phosphatidate can be either R or S.
30 Preparation of DOPE-PEGg-NH; (7)

DQPE—PEG5~NH23%L—81—NH2)(7, 800 mg) was preparéd byf%he method
of SCHEME 1. To a stirred solution of DOPE (5) (36 mg, 0.0484



) - - Table 3. Results by Dimmed colum serol ogy of 3 seruns known to
contain anti bodi es against the MItenberger conplex. Score results show
sanpl e 5reactivity by the anti-human globulin test, 1+ = weak, 2+ - nedium
3+ = nmediunm strong, 4+ = strong, - neans sanple is unreactive. RBCs were
nodified with the peptide-lipid constfuct at the concentrations indicated.
Sera were tested against nodified RBCs foll owing 3 days and 24 days
storage. 10 Peptide inhibition A5 ng/mmM stock solution of the peptide

A nThr AsnAspLysH sl rysArgAspThr Tyr Cys di ssol ved in Cel presol mwas prepared.

A 4 pl 15(2QR4)Peptddetnynl ygenof ot BeL $tiosk ogobmd-PRcUASs addedsto a 30 pl
vol une- of each serunlsangle (Test). A 4.EI vol ume of Cel oresol mwas added
to 30 pl of Wach: &t uMrSAnAWtEEBHIF Goput -8 &eodnfSahfl &5 (Test and Control)

were then ingylateshiatdkooadenpes ainy ent RN (1f ary Hhdmed,Na2Q34 830 pl vol une
of a 5% suspension of the nodified RBCs was added to each sanple and

i ncubat ed at"2872€%¢%r 45 nin. The incubated RBCs were then 'iqgashed 3 tines
with PBSSin an | mmuf.ugem One drop of Epiclonem anti-human gl obulin (AHG

"1 an Dt UGB L Ser e ngee TigheY. STuBeem b 67 50 ART SBIGl gy Sores
recorded. | was ddded, and the mixture was maintained for at 8 h at 20°C.
The solution was then diluted with toluene (10 ml), evaporated
under reduced pressure (10 to 15 torr) and dried under vacuum.
10
The crude residue was dissolved in H,0/MeOH/AcOH mixture
(10:5:1 (v/v/v), 3 ml) and the solution was slowly applied to
a reverse phase Ci¢ column (15 ml, water). Salts, N-
hydroxysuccinimide and H,N-PEG-DOPE (7) were eluted from the
15 column with MeOH/H,0 1:2 (v/v) (30 ml), 1:1 (v/v) (15 ml) and
2:1 (v/v) (15 ml). Target H,N-PEG-DOPE (7) was eluted from the
column with MeOH (30 ml) and then with MeOH to MeOH/CHC13
mixtures»(4:1 (v/v), 3:1 (v/v), 2:1 (v/v) and 1:1 (v/v); 30 ml
each). Fractions containing HgN—PEG—DOPE {7) were combinéd,
20 evaporated under reduced pressure (10 to 15 torr) and dried

under vacuum.

The residue obtained as a thin film on the flask walls was
_ extracted twice with hexane (2 x 5 ml) and dried under yacuum ’
25 to yield 143 mg of HZN—PEG—DOPE (7) (78% on DOPE) as a white
sol#d. TLC: Re= 0.62 (ethanol/water/pyridine/AcOH; 3:1:1:1
(v/v/v/v)).

H-NMR (500 MHz, CDsOD, 30 °C): & = 5.541 (m, 4H; 2 -CH=CH-),
30 5.416 (m, 1H; OCH,CHCH,0), 4.624 (dd, J = 12 Hz, J = 3.2 Hz,
1H; CO-OCHCHCH,), 4.373 (dd, J = 12 Hz, J = 6.6 Hz, 1H; CO-
_FOCHCHCH,), 4.195 (t, J = 5.6 Hz,;ZH;ﬂ%OCEﬂﬂbN), 4.117 (m, 2H;
POCHCHCH,), 3.968 (m, 4H; OCH,CH,0, OCH,CHN), 3.932 (t, J =



1 Concentration of DORE- PEGS-Wa- Mal-M 1t (K) (MDO) (nmg/ m ) Peptidel Serum 1.0
10.5 CONTROL T217 3+ 2+ T6025 4+ 4+ T5896- - TEST T217

6.2 Hz, 2H; OCH,CH,CO), 3.827 (m, 272 H; (-OCH,CHy~)n, n = 68),
3.683 (m, 2H; OCH,CHO), 3.622 (t, J = 5.6 Hz, 2H; OCH,CH,N),
3.397 (t, J = 5.0 Hz, 2H; OCH,CHN), 2.678 (t, J = 6.2 Hz, 2H;
OCH,CH;CO), 2.519 (m, 4H; 2 CH,CO), 2.228 (m, 8H; 2

5 CHCH=CHCH,), 1.801 (m, 4H; 2 CH,CH,CO), 1.508 (m, 40H; ~CHp-),
1.096 (~t, 6H; 2 CH;) ppm. -

Preparation of peptide-lipid constructs

10 Maleimido-derivatives of DOPE-PEGe-NH; were used for the
preparation of peptide-lipid constructs (L-S-F) by the method

of SCHEME 2 via the maleimide-thiol Michael addition reaction.

Synthesis wvia the maleimido—derivatives of DOPE-PEGs-NH, has

15 particular advantages over synthesis via iodoacetate '
derivatives as difficulties and low yields as a conseqguence of
oxidation of the sulfhydryl residues of the peptide and
subsequent dimér formation. Reducing égents (e.g. tertiéry
phosphines) may be used during.conjugation. .

20
Maleimido-derivatives were synthesized with 65 to 70% yields
starting from N-oxysuccinimid esters of maleimidobutyric and
maleimidopropionic acids (8a, 8b). An unexpected complication
arose due- to the presence of excess BuyP which appeared to be

25 highly reactive towards the maleimide functibn. Phosphine was
therefore used only in sub—gquivalent amounts (0.1 to 0.2

- equivalents).

30 ({followed by page 361



T6025 T5896 5 Table 4. Results by tube serology of 3 seruns known to
contain anti bodi es against the MItenberger conplex and inhibited with
pepti de. Recorded scores show sanple reactivity by the anti-human gl obulin

test, 1+ = weak, 2+ = nedium 3+ = nedium strong, 4= strong, - neans sanple
is 10unreactive. RBCs were nodified wd¢ h the peptide-lipid construct at the
concentrations indicated. [foll owed by page 45] 15 46 Monocl onal
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Trifluoroethanol used as a Co—sdlvent in the preparation of
10bC where the peptide was GlnThrAsnAspMetHisLysArgAspThrTyr-
GlySerGlySerGlyCys appeared to be highly efficient for
solubilization of both reactants. However, the solvent also
caused unwanted acidification of the reaction medium which may
inhibit the Michael reactionf The isolated vyield of 10bC in
this experiment was ~25%. Preparation of 10aC where the .
peptide was GlnThrAsnAspMetHisLysArgAspThrTyrGlySerGlySerGly-
Cys (DOPE-PEGg-BAla-Mal-3MUTM (M3)) carried out using DMSO .as .

co-solvent was more successful and provided a 43% yield.

The same solvent strategy in the preparétion of 10bC where the

peptide was GlnThrAsnAsplysHisLysArgAspThrTyrSerSerGlnThrAsn-
AspMetHisLysArgAspThrTyrAlaAlaAlaAlaCys (DOPE-PEGe¢-BAla-Mal-
PTS-Milt (K,M)) failed because the peptide supplied appeared to
be very acidic and caused solubilization problems. The yield

of 10bC in this experiment was only 23% and about half of the

peptide was recovered.

Molecular weights for the peptide lipid constructs were

determined to be:
DOPE-PEG¢-BAla-Mal-Milt (M) - 3029.48
DOPE-PEGe-Ala-Mal-Milt (K,M) - 4591.12

As expected for peptides bearing the glutamine residue at the

N-terminus, all preparations contain variable amounts of

related pyroglytamyl derivatives, M-17 in MS, due to loss of

.NH3. The formation of related pyrogiytamyl derivatives was

mitigated in peptides with N—termﬁnal Ser residues.

1 a al
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The use of the'peptide~lipid constructs in methods for
effecting qualitative and quantitative changes in the levels

of peptide expressed at the surface of cells and multi-

‘cellular structures is illustrated with reference to the

serodiagnosis.

Modification of red blood cells with peptide-lipid constructs

(general method)

Red blood cells are modified by mixing 1 part by volume of
washed packed red blood cells with 1 part by volume of
peptide-lipid construct dispersed at a concentration of 10 to

1000 nug/ml in cell media (Celpresol™).
The suspensions are either:

1. incubated for 2 hours at 37 °C before being washed and
suspended in a cell medium for serological analysis at a

concentration of 0.8 to 3% (Method 1); or

2. incubated for 3 to 4 hours at room temperature (circa 25
°C) followed by 18 hours at 4 °C before’ being washed and
suspended in a cell medium for serological aﬁalysis at a

concentration of O.8_to 3% (Method 2).

Modification of red blood cells with DOPE-PEGg-BAla-Mal-
Milt (K) (MOO)

4.7 mg of the lipid-peptide construct DOPE-PEGg-fAla-Mal-
Milt (K) (MOO)was recoﬁstituted in 0.47 ml of Celpresol™ by
sonicating for 10 mln and allowing to stand for 1 hour to

provide a clear 10 mg/ml stock solution.
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The stock solution was diluted two-fold to provide a solution -
of 5 mg/ml and a dilution series then prepared for the
peptide-lipid construct at the fbllowing-concentrations:

1 mg/ml (1:5 dilution in Celpresol™)
0.5 mg/ml (1:10 dilution in Celpresol™)
0.25 mg/ml (1:20 dilution in Celpresol™)

200 pl of Miltenberger negative red blood cells (Milt™ RBCs)

were washed two times with PBS and one time with Celpresol™.

40 pl of a washed packed volume of Milt™ RBCs were mixed with
40 pl of a dilution of the peptide-lipid construct and

incubated for 2 hours at 37 °C.

The modified RBCs were then washed with Celpresol™ and stored
in Celpresol™ until used in tube serology testing (3 days and

24 days).
Tube serology testing of modified red blood cells

Serclogical reactions are graded orvscored‘by either of two
established systems (0 or ‘- = no agglutination, 1+ or 3 =
very weak agglutination, 2+ or 5 = weak agglutination, 3+ or 8
= moderate strong agglutination, 4+ or 10/12 = strong

agglutination)

Serological platforms used are Tube (addition of reagents and
reactants into plastic or glass serology tubes and after

appropriate incubations, washing‘and centrifugation observing:

_reactions macroscopically by.éye and a 10X magnification

eyepiece and scoring) and BioVue™ (addition of reactants into
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cassettes cbntaining beads (including éome reacténts) and
after appropriate incubations and centrifugation observing the
reaction patterns traped within the Gel matrix). BioVue is the
serological column agglutination platform of Ortho-Clinical

5 Diagnostics.

Serum samples were available from 47 blood donors of negative
antibody screen status. These samples were designated
“‘negative samples’”, but not determined not to have anti-

10 Miltenberger antibodies).

Three serum samples known to have Miltenberger related
" antibodies T217, T6025, T5896. These samples were designéted
“positive samples’”, but not determined to have anti-
15 4antibodies‘against the peptide of the peptide of the censtruct
designated DOPE~PEGg¢-pARla-Mal-Milt (K) (MOO).

A suspension of 3 $ modified RBCs was prepared in PBS and 30
nl of the suspension mixed with 30 pl serum sample. The

20 mixtures were then incubated for 45 min at 37 °C. .Following
incubation the RBCs were centrifuged for 10 s in an Immufuge™
(setting: “high”) and observed for agglutination before being

washed 3 times with PBS.

25 After washing one drop of Epiclone™ anti-human globulin (AHG)
was added and the tubes then centrifuged for 10 s in an
Immufuge™ (setting: “high”). Tubes were then read and

serology scores recorded.
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52d Pepti de sequence Term nal

[followed
by page
42 ] age of Concentration of
modified DOPE-PEGs-PAla-Mal-Milt (K) (MOO) (mg/ml)

RBCs

{days)

1.0 0.5 0.25
Serum
(n = 47) (n = 21) (n = 21)
Negative AHG+ AHG- AHG+ AHG- AHG+ AHG-
3 samples 1 16 0 21 0 21

Table 1. Summary of reactivity of samples of serum from 47 blood donors

not expected to have anti-Miltenberger activity (“negative samples’). AHG+
means sample reacted by the anti-human globulin test. AHG- means sample is

5 unreactive. RBCs were modified with the peptide—lipid construct designated
DOPE-PEG¢-BAla-Mal-Milt (K) at the concentrations indicated. Sera were

tested against modified. RBCs following 3 days storage.

Age of
modified Concentration of
RBCs DOPE-PEGg-BAla-Mal-Milt (K) (MOO) (mg/ml)
(days) v
Serum 1.0 0.5 0.25
3 T217 2+’ 1+ -
3 T6025 4+ 4+ 4+
- 3 75896 - - -
I 24 T217 - - n.t.
24 A T6025 2+ 2+ n.t.
24 75896 - - n.t.

]O‘ Table 2. Results by tube serology of 3 serums known to contain antibodies
against antigens of the Miltenberger complex. Score results show sample
‘reactivity by the anti-human globulin test, 1+ = weak, 2+ medium, 3+ =
meqium/strong, 44 = strong, - means sample is u@reactive. RBCs were

. moéified with the peptide-lipid construct at thg concentrations indicated.

15  Sera were tested against modified RBCs following 3 days and 24 days .

storage.

(n.t.

- not tested).
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Age of
modified: Concentration of
RBCs DOPE-PEG¢-BAla-Mal-Milt (K) (MOO) (mg/ml)
{days) ‘
Serum 1.0 0.5 0.25
3. T217" - - . 1+
3 T6025 1+ 2+ 1+
3 T5896 - - -
24 T217 - - ~
24 T6025 2+ 2+ 1+
24 T5896 - ' - ' -

Table 3. Results by Diamed column serology of 3 serums known to contain

antibodies against the Miltenberger complex. Score results show sample

5 reactivity by the anti-human globulin test, 1+ = weak, 2+ = medium, 3+ =
medium/strong, 4+ = strong, - means sample is unreactive. RBCs were
modified with the peptide-lipid construct at the concentrations indicated.
éera were tested against modified RBCs following 3 days and 24‘days

storage.
10
Peptide inhibition

A 5 mg/ml stoék solution of the peptide GlnThrAsnAépLysHisLys~
ArgAspThrTyrCys dissolved in Celpx.;esolm was prepared. A 4 pl
15 {20 pg peptide) volume of the stock solution was added to a 30
pl volume of each serum samplé (Test). A 4 pl volume of
Celpresol™ was added to 30 pl of each serum sample (Control).
- Serum samples {(Test and Control) were then incubated at room
temperature (RT) for 10 min.
20 |
A 30 pl volume of a 5% suspension of the modified RBCs was
- added to each sample and incubated at 37 °C for 45 min. The
incubated RBCS were fhen gashed 3 times with PBS in an |

Immufuge™. One drop of Epiclone™ anti-human globulin (AHG)



PE 48 Identity of polyclonal sera and nonocl onal antibodies (see Table
5) SIET zava.ffroe lu | lu 1U411 du 4u8 gT1 ZT 111159 411 0o IT STIRO

44
reagentfwas then added to each sample and the tubes

centrifuged for 10 s in an Immufuge™ (settiﬁg: “Yhigh”). Tubes

were read and serology scores recorded.

Concentration of
DOPE—PEGs—BAla—Mal~Milt(K)(MOO)
(mg/ml)

Peptide Serum 1.0 0.5

7217 T34 o2+

CONTROL T6025 4+ 4+

T5896 - ’ -

T217 - -

TEST T6025 - -

T5896 - -

Table 4. Results by tube serology of 3 serums known to contaiﬁ antibodies
against the'Miltenberger complex and inhibited with peptide. Recorded
scores show saﬁple reactivity by the anti-human globulin test, 1+ = weak,
2+ = medium, 3+ = medium/strong) 4+ = strong, — means sample is

10  unreactive, RBCs were modified with the peptide—lipia construct at the

concentrations indicated.
[followed by page 45]

15
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#4ls, #6 10 4 #2 #6 #8 Serum al one 5 5. 18 8il1l'2 8 Serum + peptide
0000 o- 10
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The majority of polyclonal sera demonstrated cross‘reactivity
with one or more modified red blood cell populations (Tables 8

and 9).:

5 Where false positives were observed these could be
substantially eliminated by pre-treatment of the sample of

serum with the peptide of the peptide-lipid constructs (Table

10 and 11).
Ml modified cells M2 cells vs serum
Identity of sera #4 #5 #6 #2 #6 #8
Serum alone 5 5 10 8 8 8
Serum + peptide 0 0 0 0 2 0

10
Table 10. Sera reactive with RBCs modified to incorporate the M1 peptide-
lipid construct or M2 peptide-lipid construct constructs by contacting the
cells with a 500 pg/ml dispersion of the construct (Method 1) were
“neutralised” with the peptide QTNDKHKRDTY and retested against the

15 modified cells. Sera were neutralized by adding 10 pl' of 1 mg/ml solution
of peptide to a 50 pL volume of sera and incubating for 30 minutes at 37

°C. Testing was performed using BioVue™ cards.

M13 modified cells

Identity of sera #3 £42 437 #34
Serum alone - 8 8 8 8
Serum + peptide 0 -0 0 0

20
Table 11. Sera reactive with RBCs modified to incorporate the M13
peptide-lipid construct by contacting the cells with a 500 pg/ml
dispersion of the construct (Méthod 1) were “neutralised” with the peptide
SSQTNDKHKRDTY and retested against the modified cells. Sera were

25  neutralized by adding 10.pL of 1 mg/ml solution of peptide to a 50 uL
volume of sera and inﬁﬁbating fo% 30 minutes at 37 °C. Testing waé

performed using BioVue™ cards.



Table 10. Sera reactive with RBCs nodified to incorporate the M
peptide-lipid construct or M2 peptidc-lipid construct constructs by
contacting the cells with a 500 pg/m dispersion of the construct (Method
1) were "neutralised" with the peptide QINDKHKRDTY and retested against'
the 15nodified cells. Sera were neutraized by adding 10 pL of 1 ng/nml
solution of peptide to a 50 pL volune of sera and incubating for 30 m nutes
at 37 C. Testing was perforned using' BioVuem cards. 2113 nodified cells
Identity of sera *3 | #42037 #34 Serum alone 8 e 8 a Serum + pepti de

20 Tabl e 11.M&er@ caeass iore bk b RRGCsH Bkl fJepdi&o-1ipcar peiat@cthe 1413
Of "t he- conot FUCD"CREY HRT 1y LT G ben e T 5 Gadt 6k &%)t he peptide o
SSQTNDKHKRDTY and ret ested. against the nodified -cells. Sera were
2Sfeut 1l | 2ef L AUCLIG 0Bl 1t S04 SOLUUL O OLPERY Rel o S0 L
usi ng Bi dVuemmardsoved by incubation in 0.5% pronase solution for circa

5 minutes at 37 °C. The zona pellucida removed embryos were

transférred to microdrops containing media alone and contacted

with a dispersion of the peptide-lipid construct designated

DOPE-PEG6-BAla-Mal-PTS-Milt (K) (M2) at a concentration of 1

10 mg/ml for 2 hours. The dispersion of the peptide-lipid

construct contained azide as an anti-microbial agent.

The incubated embryos were washed four times in handling media.
and transferred to microdrops containing the Gam monoclonal

15 antibody (see Table 8) and incubated at 37 °C for 40 min. The
embryos were then washed four times in handling media and
transferred to microdrops containing secondary antibody

(FITC anti-mouse)at a 1:50 dilution.

20 The microdrops were incubated at room temperature.in the dark
for 30 minutes before being washed four times in handling
media, placed on microscope slides, and overlaid with mineral
o0il. The embryos were visualized using an Olympus™ BX51
fluorescent microscope at 200 x magnification with WIB filter

25 550 nm emission wavelength. The scale used for grading
fluorescgnce was 0 to 4+, where 0 1is no fluorgscence and 44 is
very bright fluorescence. The mean fluorescence of the
modified embryos was 2+ versus zero for unmodified embryos.
The grading of fluorescence is recorded in Table 12.

30



50 Modification of enbryos with the peptide-lipid construct designated
DOPE- PEG5- PAl a- Mal- PTS-M It (K) (112) The zona pellucida of day 3.5 enbryos
prepared as mcrodrops 5 were renmoved by incubation in 0.5% pronase
solution for circa 5 mnutes at 37 C. The zona pellucida renoved enbryos
were transferred to mcrodrops contai Ring nedia al one and contacted with a
di spersion of the peptide-lipid construct designated DOPE

PEG6- OAl a- Ma1-PTS-M It (K) (M) at a concentration of 1 10 ng/m for 2
hours. The dispersion of the peptide-lipid construct contained azide as an
anti-m crobi al adgent. The incubalgd, il X0S.wer € washed four tines in
handl i ng nedi a and—transferred tc mcrodrops containing the Gam nonocl onal
15 anti body (see {Tabl e ¥) Féréentitubat ed jat 37 CH%b® a4%eni n. The enbryos
were then washed |f our tines, ph handling{nmedia and tgyansferred {o m crodrops
cont ai ni ng secondary—antibody—(P-TO-anti-nmouse)at—a—1:-50-dilutd on. 20 The
m crodrops were incubated at roon1tenperature in the dark for 30 m nutes
bef ore bei ng™Risfgd FOiFesrrifs i PRETdIIChY e &P pitaR%d! On"i cr oscope

sl i des, and rseerdealididvicttrtmoneteal gn@idd, DOPREPES iRy OEa WBTEMitgidMRizét usi ng an
A ynpus' BXShoffodoseesgent: nderossopa at).200 x magni fication with WP
filter.” 25 550 nm em ssi on wavel ength. The scal e used for grading
fluorescence was 0 to 4+, where 0 is no fluorescence and 4+ is very bright
fluorescence® ™M@ Aeaprdiaroresetnte wof phesnvl fioed teabryes prasuidayer sus
zero for unmgichibed SHMMBES. noHRe: 8d a%nglrpéozfﬁo&lgwsct%@cepép&e@cmd&ﬂ in
Table 12. 30 51 Mean Eluorescence* M2 ESL- tide dia al one 0
Tabl e 12. FIW&F&E‘éhc€e6¥g%fiy@gpﬁoléﬁ9q*é5&lByM%brﬁTéc‘t"IiLHg I?/?A(Piﬁ t he %o’

pepti de-|i pifdueeBstemed d§§l gﬂb&%edecDOEErFS%qt&oélaeMyoETS- Mrit( RRd-M2) 00

enbryos per group; .scal
y fb é% Qtlon o? treated embgyos was attributed to the presence

of azide in the dispersion of the peptide-lipid construct.

Alfhough the invention has been described by way of
exemplifying embodiments it should be appreciated that

15 variations and modifications may be made .without‘ departing
from the scope of the invention. Furthermore where  known
equivalents exist to specific features, such equivalents are
ince;porated as if speeifically referred td in  this
specification. V

20 . .



A nmean fluorescence of 2+ was observed for the zona pellucida renoved
enbryos nodified to incorporate the peptide-lipid construct designated
DOPE- PEG6- pAl a- Mal - PTS-M It (K) (M2). No fl uorescence was observed for control
enbryos. The de- 10 conpaction of treated enbryos was attributed to the
presence of azide dn the dispersion ofzthe-peptide-lipid construct.

Al t hough the invention has been described by way of exenplifying

enbodi ments it should be appreciated that 15 variations and nodifications
may be nmade without departing fromthe scope of the invention. Furthernore
wher e known gaur¥atgnt s exi st to specific features, such equivalents are
incorporated as if specifically referred to in this specification. 20 52
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of a subject including the steps of: 5 Contacting a sanple of the serum
with a suspension of cells nodified to incorporate a peptide-lipid
construct of the structure (L-S-)1F(-S-L)i to provide a m xture; 10

I ncubating the mxture for a tine and at a tenperature sufficient to allow

aggl utination; and Determ ning the degree of agglutination
of the 15cells in the m xture; where: F is a peptide
conprising an epitope for the 20reactive anti body; is a spacer covalently

|l i nking F teakmsand is a lipid selected fromthe group consisting of
di acyl - and di al kyl - gl ycerolipids, including glycerophospholipids; and 25i
and | are independently 0 or 1. 2)The nethod of claim1 where the nethod

includes the prelianineahydsbepddfscB30A0dagtake admUiBolf ihhenpeptige to the
sanpl e of the seru where the anount of the peptide is sufficient to
neutral i ze non-spéti i EUAggFht iMAUIBRD R eoRERPMMSeci ficity of the
reactive antibody. 5 3)The nethod of claim1l where includes the
internedi ate step of: Adding an anti-subject globulin antibody to the

m xture prior to detefpihdpginthe degrée of tQaggwtn matthon efispéesicel | s of

the m xture. 4) The th 1 et he bject s.a.h n, 5) The
net hod of claim1l mhg?e ?%%P%e 4%?%3%? ﬁgdlﬁfégﬁw%gﬁéslgép%lge Hfgad
construct of the structure (L-S-);F(-S-L); to
provide a mixture;
10

. Incubating the mixture for a time and at a

temperature sufficient to allow agglutination; and

. Determining the degree of agglutination of the

15 cells in the mixture;

where:

F is a peptide comprising an epitope for the

20 reactive antibody;
S is a spacer covalently linking F to L; and
L is a lipid selected from the group consisting of
diacyl- and dialkyl-glycerolipids, including
glycerophospholipids; and

25 i and j are independently 0 or 1.

2) The method of claim 1 where the method includes the

preliminary step of:

30 o Adding an amount of the peptide to the sample of

the serum;
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6) The nmethod of claim1l where the anti-subject globulin antibody is
anti-human gl obulin (AHG antibody. 20 7) The nethod of claim1l where the
reactive antibody is reactive to an antigen selected fromthe group
consisting of: dycophorin A, dycophorin B, or nutations thereof
(including the MNS bl ood group systen). 25 8) The nethod of claim1l where S
is a spacer covalently linking Fto L via an oligonmer of ethylene glycol.

9) The nethod of claim1l where the structure of the 30peptide-lipid _
construct includesyhde: sRSLRHYGHUI & thOQPRhiBePLl Id(rriNFent N where Mis
a nonoval ent cation (W, nis 6 to 14 and * is other than H_10) The net hod
of claim1l where tRStGldceuPeofPehel e piddet Lrpt tPE oHstaét Ii's either: 0

0 HN1( O specificity of the reactive antibody.
5 3) The method of claim 1 where includes the intermediate
step of:

] Adding an anti-subject globulin antibody to the

mixture prior to determining the degree of

10 agglutination of the cells of the mixture.
4) The method of claim 1 where the subject is a human.
5) The method of claim 1 where the cells are red bloocd
15 cells.
6) The method of claim 1 where the anti-subject globulin

antibody is anti-human globulin (AHG) antibody.

20 7) The method of claim 1 where the reactive antibody is
reactive to an antigen selected from the group
consisting of: Glycophorin A, Glycophorin B, or

mutations thereof (including the MNS blood group

system) .
25
8) The method of claim 1 where S is a spacer covalently
linking F to L via an oligomer of ethylene glycol.
9) The method of claim 1 where the structure of the
30 peptide-lipid construct includes the substructure:
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1 P Oom
cation (M),

(Xaa), Ovs (Xaa) y or O HO P OM O 15where Mis a nonoval ent
nis 6 to 14, wis 1 or 2, the sumof x and y is greater than

5, z is greater than 5, and * is other than H 11) The nethod of claim1
where the sumof i and j is 1. 20 12)The nethod of claim1l where Fis a
peptide including a proxi mal term nal sequence (PTS) selected to pronote
solubility of the peptide.

e}
\”/ T\O_ITI_O__/\NH/U\/< \/a\ (CHz)wN L

*//i::(/ﬁ\\o——@——o——J//\\NKJL\\/<O\\///>\N§JL\*
| n

oM

/O

*

where M is a monovalent cation (MY), n is 6 to 14 and

* is other than H.

The method of claim 1 where the structure of the

peptide-lipid construct is either:

(Xaa) ,Cys (Xaa),

0

g °

o]

5
10)
10
15
11)
20

or
0]
O
* 0 0 X
DR IS S
I n
(¢] OM e}
* O

where M is a monovalent cation (M'), n is 6 to 14, w
is 1 or 2, the sum of x and y is greater than 5, z is

greater than 5, and * is other than H.

The method of claim 1 where the sum of i and j is 1.
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5 13) The nmethod of claim 12 where the PTS of the peptide is selected from
the group consisting of: SerLysLysLysLys@y Al aAlaAlaAla dySerdySerdy
14) The nethod of claim1 where F is a peptide conprising 1l0an epitope of
antigens selected fromthe group consisting of: dycophorin A @ ycophorin
B, or nmutations thereof (including the MNS bl ood group system. 15 15) The
met hod of claiml1 where F is a peptide selected fromthe List of Peptides.
16) The nethod of claim1 where F is a peptide selected fromthe group
consi stingief: 20 @ ThAsaAspLystinslly sAgAspThE Tyrﬁ@ﬂ%ﬁéﬁ@&hﬁ@@

G nThr AsnAspLysH sLysArgAspThr Tyr G ySer d yser d

G nThr AsnAspMet Hi st %@S&.’W@ 6?5@#%@%@&6@%5&’@3/[@%19@@ to promote

Ser Ser GLnThr AsnAs pdyistdi g by A g Asipd Ifoge'@trl@és

Thr Tyr Pr oAl aH sThr Al aAsnd uVal Cys 0Al aHi sThr Al aAsnd uVal Cys

Ser GLnThr AsnAspLysHi sLysAr gAspCys Al aAl aAl aAl aVal Met Tyr Al aSer SerG y

A ySer G ySesd yValivet TerAbaSer Serddny 1327)&;@%”%5&?'%@ ﬁ't%'e%%p‘é‘@@é ejd is a
gl ycer ophosphol ipid. 5 18) The nethod of claim1 where is

gl ycer ophosphol i pitFI$EtEEt EGOF r gt tHe Vipr éeﬁsazéhsm%t%g of :

1, 2- 0- di ol eoyl sn-gl ycer o- 3- phosphati dyl et hanol am ne (DOPE) and 1, 2-

0- di stearyl -sn-gl ycer o- 3- phosphat i dyl et hanol am ne ( DSPE) .

SerLysLysLysLysGly
AlaAlaAlaAla
GlySerGlySerGly
14) The method of claim 1 where F is a peptide comprising
10 an epitope of antigens selected from the group

consisting of: Glycophorin A, Glycophorin B, or
mutations thereof (including the MNS blood group

system) .

15 15) The method of claim 1 where F is a peptide selected
from the List of Peptides.

16) The method of claim 1 where F is a peptide selected

from the group consisting of:
20

GlnThrAsnAspLysHisLysArgAspThrTyrAlaAlaAlaAlaAlaCys
GlnThrAsnAspLysHisLysArgAspThrTyrGlySerGlySerGlyCys
GlnThrAsnAspMetHisLysArgAspThrTyrGlySerGlySerGlyCys
SerSerGlnThrAsnAspLysHisLysArgAspThrTyrCys
ThrTyrProAlaHisThrAlaAsnGluvValCys
ProAlaHisThrAlaAsnGluvValCys
SerGlnThrAsnAspLysHisLysArgAspCys

AlaAlaAlaAlaValMetTyrAlaSerSerGly
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10

17)

10

GlySerGlySerGlyValMetTyrAlaSerSerGly

The method of claim 1 where 1L is a

glycerophospholipid.

The method of claim 1 where L is a glycerophospholipid
selected from the group consisting of: 1,2-0-dioleoyl-~
sn-glycero-3-phosphatidylethanclamine (DOPE) and 1,2-
O-distearyl-sn-glycero~3-phosphatidylethanolamine
(DSPE) .
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