TI TLE: ALBUM N VARI ANTS AND CONJUGATES 1 Reference to sequence listing
This application contains a Sequence Listing in conputer readable form The
conputer readable formis incorporated herein by reference. 5 FIELD OF THE

I NVENTI ON The *)r esent invention relates to conj ugat t
al bumi ndIThEy ALBUMINVARIANTSIANBIGNMGAEES and their conj mmmm@at
| east one noi ety and to pol ynucl eoti des encodi ng t hem B THE

| NVENTI Qé'f& QH& ,F]Hovi de val uabl e scaffol ds t o which'BP¥aeti ve
nol ecul es e fus el ther through genetic fusions or chem cal fusions

to inprove t ertles of the fuse C e I
(2004) . Bi oo?@ ' wfza*?tnslazr?ﬁ%%m%ég%"ﬁ Hfﬁf*ﬁéﬁéﬁ%’%bl‘é forrg; Th 5005
Bi oconj pgﬁeﬂeadad]é(eﬂrm is eOfpoBgtedBhéraim byMeferd¢ncal . (2006) . Anti vi r Ther 11(1):
35-45; EP 0 413 622; WD 90/13653; EP 1 681 304; WD 1997/ 024445; WO

01/ 7§27HELD15F1ﬁEbIWV d al bumn particles are also inportant for
carrying and dellverlng rugs and pro- drugs to their sites of action (Kratz

(2008) Jour nagy, gr%g{ Orﬂehf?&} E@ét‘é@stg dﬂ’lﬁﬁ ’coﬂrﬁéye}ﬁ Litiming Ucr?r'dog'lbgr‘ﬂﬁl\-

particle techno rove s due to nﬁﬂove

phar mac cﬂtatﬁ@rppb'pmt@pe»rande@elrsmo]wgatgs helihf at| Iea% oewtrn@rgtyo And &n @olyaycleatisesy e

bi oavai Eﬁ&ih diddthe@nd protect the fused bioactive nolecule frominactivation.

20The bioc r% stry, genetics and nedical applications of albumns are well

character- ized ("Al about Albumn", T. Peters Jr., Academic Press N Y.,

and htt BWQUHD%THEdNyENTKPMWan serum al buni n (HSA also referred to

as HA) is the nost abundant protein in human plasnma at -60g/L. The sequence

of MBA is pr89iugealbumirsserovidenpluable meaffaldy tq/a'hrcan@@adweme%ewn%eea

list of fdé@@"\élﬂfér Xﬁrﬁﬂé}hbéﬁﬁilc'fﬁs@hé’ 8P chémithiNaSioRs tté nﬁbro% thd Qgﬁhresk&fnfhémt at

2529(8): 1007-16., tp://www. uni prot.org/uniprot/P02768
fused molecule(s) (Leger R et al. (2004). Bioorg Med Chem Lett 14(17) 4395-8; Thibau-
deau, K., et al. (2005). Bioconjug Chem 16(4): 1000-8; Balan, V. et al. (2006). Antivir Ther
11(1): 35-45; EP 0 413 622; WO 90/13653; EP 1 681 304; WO 1997/024445; WO 01/79271).

15  Albumins and albumin particles are also important for carrying and delivering drugs and pro-

drugs to their sites of action (Kratz (2008) Journal of Controlled Release, 132 (3), p.171-183).
Fusion and particle technologies offer improved dosing regimes due to improved pharmaco-
kinetic properties, such as half-life extension, and may improve bioavailability and protect the

fused bioactive molecule from inactivation.

20 The biochemistry, genetics and medical applications of albumins are well character-
ized (“All about Albumin”, T. Peters Jr., Academic Press N. Y., and http://www.albumin.org/).
Human serum albumin (HSA, also referred to as HA) is the most abundant protein in human
plasma at ~60g/L. The sequence of HSA is provided in SEQ ID No. 1. Natural variants of
HSA occur and a list of know polymorphisms is given in Minchiotti et al. (2008).. Hum Mutat

25  29(8): 1007-16., and at http://www.uniprot.org/uniprot/P02768.

The production and purification of recombinant human albumins are well established
(WO 95/23857; WO 00/44772; WO 2006/066595; EP 0 305 216; Sleep et al. 1990 Biotech-
nology (N Y). 1990 Jan; 8(1):42-6)) and include recombinant human aibumin for pharmaceu-
tical applications (Bosse et al. (2005). J Clin Pharmacol 45(1): 57-67). The three-dimensional

30 structure of HSA has been elucidated by X-ray crystallography (Carter et al. (1989). Science
244(4909): 1195-8; Sugio et al. (1999). Protein Eng 12(6): 439-46). The HSA polypeptide
chain has 35 cysteine residues, which form 17 disulphide bonds and one unpaired (free) cys-
teine at position 34 of the mature protein (Seq ID No. 1). Cysteine-34 has been used to for
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The production.and purification of reconbinant human al bum ns are wel |l
establ i shed (WO 95/23857; WD 00/ 44772; WD 2006/ 066595; EP 0 305 216; Sl eep
et al. 1990 Biotechnology (N Y). 1990 Jan; 8(1):42-6)) and include

Soon OSLea AR (RIS e B BICIBSE U o BoodhORE LARSOIARSE Pt o

of HSA h3@5- &e’Eh”ba&Jdaatu date@0D5). )Blbmnjlig’ ghéral 1604 amtysx @at tpeovidesad preciseso) .

S nce SR 2 P, B B 0 85 0

di sul phfodattbdmmla&nt ahd singie moiedy thasl tr(efre &0 d}c?;deeofrmna.tganmsmta a9ds<13ma)prot/ihe
t t 34
Con TigauPBAT B eRriiaelSh gtk mes Fel e end foigty S B FinkBaish o Resh ehem

Lett 14ban'ri)1 mei8&Be. 8V haths beguired is an atbbmlr( @05Yle vBiidcpnoyidgs Ghe or e piter-
1000- 8)h tand rowrﬂ Sed precise, well defined site for conjugation.
However , aB'Srﬁ FOR"SY cysteine-34 provides only one site for attachnent
of a si ngle noi ety thus there is no choice of conjugation site. Al so, the
provi - SUMMARY 6F BHE INVENTIOM ] ugation sites nmeans that only one noiety can
be conjugated to each al bum n nolecule. What is required is an al bumn
mol ecul e whi cBagadoi aresnalysis of thedfiree-dimensisagl steuckire o B eimanserdy albyoNvARY

E t re of
2 hiomn o Lo By e g e PR Bafiberioss ol RN TR S hefebt

residues wtHhi um n
pol ypepthedaventerd hase uieaignp@lvgmmm@iy@astldehdmﬂﬁlns)tof@lbwemmm haye enel@si gned

variant .pol y |gﬁ§or41 il Qiteird red gﬁé@‘ﬁh WEfng |?h|8%1’cﬁ|hnﬁﬁ"?s H#i5ed'Rérin to de-

conjugatlon C stelne resi dues term bumn' 1s used
herei n seibgeancal uuémaﬁrlamtbuhwmcmris&ﬁtonﬂmrmpr@@npalreﬁe@'stﬂw @sidygs.PAtiRai r ed

cystei n%?%ﬁ BT VAR i Whigh b¥e 3P m%lrc?%g u\‘n?éﬁé&ﬁéyslerhé’\@s%eg@GeQF\otrER:'ie of

t he unpail cyste|ne resi dues does not oc- cur in a natural y occurri ng
var lant c@fin @rnaéﬂrbwwurrrnlgu@nanttqﬁ iap-aiumiing Thuss thio-alowninga @i ‘eeniegmien sefMent

al bum npe'tef?t e&lll)ﬂﬁn?in’al QHIW tfeerEPe"rr‘é % b9y sineVaribRl tandbiraRt of an
al bu Thr oug out t I'S speci |cat| on, the term"'al bum n' includes

nat ur aI Iy occehblgibut ths 3héification the téri %ﬁtﬁ%nﬁrlﬁél%wnét[lﬁéllyfﬂcbémhé ddier eof

such as natural and engineered variants. Variants include pol ynorphisns,
f r agment Bins @mirrelad Preteianand vasiantniipies! syohaasmatral 2 engirgased Yargnts

pr ot ei ”SVaFBH?s RlclIdE By H?éﬁf@ f?atgﬂeﬁ%séucﬂoas &Qnalﬁganggub %Qmaﬁ'@ friigme®s. 97,

98, 99 %simlarity or identit hus a thi o-al bum n of the

i nvaht i ofNdHeRfugien arodRins. Jaﬂal}cémm mamhaug ablgg@tdm@ﬁo ‘%Qn>700$0 S0 B5. 0 8 98
The unpagg %jsﬁflgﬁt?'o?‘?dern‘ﬁ U TBNOLE, PhVA q’ﬁé’ a8tk ifvbntil Infdyl Kta

substitution dition or extension of an al bum n sequence. 25The i nvention
al so rel é@re@twq)ofaorcfem?aﬁgdtoe avmfisush alpumin. | east one, for example 2, 3, 4, 5
or 6, conjugation partners such as bioactive conpounds and a poly e_ti de
accordi ng to ThRunpajedcystaingHesidysanay be PEvidediydosertan. é?el?étbﬁowbﬁ@k' lon,

desi gni ngqdiiH dtdnSion ©PHR ibBRIin Sddudnce.

25 The invention also relates to a conjugate comprising at least one, for example 2, 3,
4, 5 or 6, conjugation partners such as bioactive compounds and a polypeptide according to

the invention
The invention also provides a method for designing conjugation-competent albu-
mins.
30 BRIEF DESCRIPTION OF DRAWINGS

Fig. 1. is a table showing criteria used to select sites in human serum albumin (SEQ
ID No. 1) for amino acid substitutions, insertions and deletions for the generation of conjuga-

tion competent cysteines.



m ns. 30 BRI EF DESCRI PTI ON OF DRAW NGS Fig. 1. is a table show ng
criteria used to select sites in human serum al bumn (SEQ ID No. 1) for
am no acid substitutions, insertions and del etions for the generation of

conj ugati on co. t.ent cysteines. . . Fig. 2. s an alignnment.o e
onoatt o scRBbz BB G e aminasnid redlsels phfvgn eb A Al sEd
P02768. | Np. W=t Huradrbu IA02368. p@iwith fallretnofrbarfifteenmotter avanimalinespeciebbMar i t y'
shows t he, consensus sequence. '+ Maj'&r.i t&,‘ sho ;t,&r]e.rerliatilve h%m)l ogt{
bet ween!24M SRGWs B8 CODRR{I7ER SEIUGNGEH A MAIRY ts’Péﬁ’P\r,fﬁer alive hamelogy BFfwesy 3l he
bar i ndsigtebssetenceslimbanehdmoforrhwhergythatheidbt ofithe e, indCatas thel &l8tive Foe

21 ooy o A 0Pl 2B, TR oS o el e s ool pro -

S22 o 1 e B SV i 8, B, S0 S
shows t (RD2768.atd ¥ SEQnIDONG.gY) Withtadaening fromtthirty ttwo btiee spexizs, some ©f whichare char t

f wh | i ght, of i ndij - ) . '
20, "0, Mg AR v die SRR aediBncls ¥ MATC Shls 1R ERE IR nce.
P02768. proigybetvesen dRAGIRG thrpe eeqmlmmuésgip;bd?é@ﬂﬁibgmr wheredhe hBigbBAF2heber indieg;

XL E4. : X . : ; ok 1 .
AnDb0sE S SR noBEEY aB2 At b b0 pnd 100 Dl i seieet TR he
PO7724. [eader senueace. HOEIBB_ppo: chunmang) ;PORGRT.pld: hoginey BHO06406 Batp RAS8R2ptwi: t ;

8522. ): T ;15 - .sh ; 7 ; :
(()?r2 angut gér;]é) P@S)?%éprg?gﬁgﬁﬁyc kéjﬁ;%%‘?@g)rz%srrb@f e%%Fgég%qogéﬂaqzbgﬂ%ghp?%ggg% pro:
turkey AAQRDOSE.pro: QUIBEBRIQY PRS 147 preahdreerfR28522Qed: aTTacague; PEER4lraerpneyse;

pP21847. gq'gﬁkw]f- IpoSAPSI3> rg; shgi.per 'zsig%(L : us;
NP_OOlOEQ . plr)'o:prl é)(eﬁgpusgriAﬁg&g%gdé?’gﬁ °'sg%‘%tﬁ'edb§§"?2a' ndgfgr}e%ﬁSTéEE%?o:

At | a5t | B14639%wn; sReg84B8IPpPo112&1 0&ipioi coraagutam; PAARNGHO4 . ghicken,SitdAddore: 20
punct at ys.., P83 i A¥sd L.a of 1. Sy o 9 Sl : nogl.ed ;
AALO857S}.%%kreol?l: %Equﬁ"gsorm rgé)fﬁsr%n:‘tuh&ég} dv’gﬁ"l‘—ﬂmg?5 . cl:és%rzfg)? enn |aag'ra g{%pés)ﬁow ng
t he cl a@9&a74proansea elaatpreyns 23 84&pree e hullfiognt ZWARRPBES.proi dRana  shqiperica; Fi gs.

5A, 5B, 5 { L NG .qf e | ' n
e 25 1 ABRLPBEer Refibs 1S _RB100A38Y Bfb: Ko, Ay BORIEBIcF SpPlite SaleheddPhC
and del @OBOSfproorAtiahtic gelnmmat P21848 fpranatiantic nealmono WAMAR104pra; oHipleenedon

cystei ng. i ' .6 et oW . d

ot el | Fenstas; Baro AR RS, iR S ST HGNGEE RoBR: AARESIERRED
di sul phBdristoserda nfapsonihe generati on of one or nore conjugation conpetent
cysteines. 30Fig. 7. is a map of plasm d pDB2244. Fig. 8 is a map of

pl asni d pDB228i8. 4Fis@ Venn diggeamalovdng {theagassessiDBRd relationship betpiegn twentys a
table s logiQreferred sites for conjugation grouped according to their
relative p05|{|bn on a folded albumn of SEQ ID No. 1. Fig. 11 is
a tabl e show ' rfdsﬁ? Y MR um
al bumn to geﬁ@?'%ajr?ﬁ?giau es ﬁ%\?@ﬁféggﬁg\!\lﬁ IeOL;Brggg pﬁ'ﬁlellc?) §'¥é§uﬁ I'n addition
to &ys- 84 @bumin (SEQHDNNe b)efou amindagiil isubstitutions Fingertions jagd sleletipn forghasni d
pDB3927

generation of one or more conjugation competent cysteine.

Figs. 6A and 6B are tables showing groups of preferred sites in human serum albu-
min (SEQ ID No. 1) for disruption of one or more disulphide bonds for the generation of one

or more conjugation competent cysteines.
30 Fig. 7. is a map of plasmid pDB2244.
Fig. 8 is a map of plasmid pDB2243.
Fig. 9. is a map of plasmid pDB2713.

Fig. 10 is a table showing preferred sites for conjugation grouped according to their
relative position on a folded albumin of SEQ ID No. 1.
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5Fig. 13 is a map of plasm d pDB3964. Fig. 14 is a map of plasm d pBD3936.
Fig. 15 shows SOS- PAGE anal ysis, and HPLC data (bar chart), show ng the
expression (pg/m wth standard deviation) of al bum n nol ecul es having a

free thiol graup,at -34 of SEQ 1D No. 1 an n_addi tional. free-thiol at
the posi ti on T Hdl CaELHDB aNRMine RETRieRs eiseepnd odlmff ey B e hEREhYEP)
show ngrumutibumim® deheeats amtsutilesdiavimg)a siagle ftea thiat groap linadditisre talGysBhwfi n t o
generat e_mpl ecul es having.one or nore free thiol groups in addition to

b

Cys34 oF &MU SR 2 (fm al buni n and/ or havi ng Cys-34 renoved.
Fig. 17 ShomFi?ﬁ%i‘\%ﬁ a@?@{%ﬁiﬁ@@%@ﬁ% PLC data (bar chart), show ng the ex-

15pressi on (pg ion of al bum n nol ecul es havi ng one

or npre free &i iﬂiis%rrﬂ gf_é%@gﬁgvtggg&_to Cys-34 of native human serum

al bum n and/ or“havi ng S Fig. 18 is a table show ng

t he fernent at,i_-ignmyiisgl,q?fg%ﬁﬁ)@?hpggg@vel of conjugation to al bum n

nol ecul es conpfi sing o ee-thiols. Fig. 19 is a

mass spect r ogg; f 1 u [ t v f =thials._20
(Ore- 31, - noc oS chiys PIBAGERIERS HHIRLS iR el The, [hEfn6YE e =2
mass speEssion (kgmbvith standardoiiexiation) gt sibymisdmolechigs daving e free dkiok grogp &t
(Cys-34p,A ) WiAE By TORRSRTRS [ IS &
mes. spoltsaot SRc Ro) 1A 3 SeofhafaRie Mol o e fstiop ndieqted bllobp Lo
(Cy$0 34¢cham1 29C, C360S and L585C) before treatnment with DINB. 25Fig. 22 is a
mass spectrogram of a rHA nol ecul e designed to have four free-thiols

(Cys- 34, D129g. t&Bie@dablaghewigs mutations (sae wesont ARlURN) Mady fgenative human se- g, 23

is a m | i idnt hi ol s
(Oye- 30 SRR LB Il TRYRG NG, PSS (e, ARHEs I o o
Fi g. 2434 ef native §9map serurbebemingndior hppingSlyesdirengedd- gned to have three
free-thiols 30(Cys-34, A2C and a C-termnal_free-thiol % .. DETAI LED

DESCRI PTI ON GA9THE sheweESRSRAGE analysis, and HPLC data (bar chart), showing the ex-

15  pression (ug/mi with standard deviation of albumin molecules having one or more free thiol
groups in addition to Cys-34 of native human serum albumin and/or having Cys-34 removed.

Fig. 18 is a table showing the fermentation yield and relative level of conjugation to
albumin molecules comprising one or more free-thiols.

Fig. 19 is a mass spectrogram of a rHA molecule designed to have three free-thiols
20 (Cys-34, A2C and L585C) before treatment with DTNB.

Fig. 20 is a mass spectrogram of a rHA molecule designed to have three free-thiols
(Cys-34, A2C and L585C) after treatment with DTNB.

Fig. 21 is a mass spectrogram of a rHA molecule designed to have four free-thiols
(Cys-34, D129C, C360S and L585C) before treatment with DTNB.

25 Fig. 22 is a mass spectrogram of a rHA molecule designed to have four free-thiols
(Cys-34, D129C, C360S and L585C) after treatment with DTNB.

Fig. 23 is a mass spectrogram of a rHA molecule designed to have three free-thiols
(Cys-34, A2C and a C-terminal free-thiol) before treatment with DTNB.

Fig. 24 is a mass spectrogram of a rHA molecule designed to have three free-thiols
30 (Cys-34, A2C and a C-terminal free-thiol).



A first aspect of the invention provides a nethod for designing and/or
preparing variant al bum ns conprising one or nore conjugation conpetent
cysteine residues. Therefore, the pol ypeptide may be considered to be

conj ugaj.LQn; ] y be 5 referred to as a

"t hi o- abES&%EEQE PT'?&@E%@&W% an albumn. The term

' conj ugati on et en steine' inc

whioh e not ASTSeRas TS hiRCr st rmefyBiE Rk dfln toedtig Vit

pr ef er abhtyalburnins ltbmpkisidg fone ror aoTe Wgajugatipnt conapedeitarysteirecreaidees. viFecéforeay be

ni nr anREovRafs EaEIREL BRrd iR GonlepH Gt b iR SUEF 3 BIbRhifay B2 on o
f ol dgd mjérpqnenotascb this-atbuedin’tdnass d ttysitéine varaat’ Ioalaheallfummcmq tegat canjugation A

nunber of s cti ncrl aLi a nog ..b

Cont: nabtBReP Pl nsLBGe ARy TR e S tREEF s e Myideplib o

conj ugaiancoihemystmteeand whyish &, pﬁeferebly,dmm bictked &bor enjudating twmu‘the)‘rqueqﬂe des a
met hod d i e i t cid
sequench B ks arenee ihrBR SorlusaiER beithgrTedylo RhreRbliBiete® wilalged .

i ntrod uifBat is, uefarabiyt tbe lavatjorbef the tysteinel withinas oncafioltied otypeptidedasych thahig

al bym n. the variant albumn is based nay be SEQ ID No. 1
or gér?y '5' m@re&n%ﬁ exanpl e, the variant albumin nmay be be based on
an al bum n which does or does not have a cysteine at position 34 ot the
amno acid se I or
may not be mtﬂthgﬁpo g 8P%el€a§'°§%g{rewﬁo %@ﬂé%hgt&%t ﬂsﬁaﬁ&Qﬁs@ﬁvgﬁﬁ%@é? 20
tion, exineardente léﬁrmlfxaadtableomtes $pr igtodualion of Awpniveatianecarapalentaystpinenresi-
referencg,d Orr%ré?ored'tt{@efﬁ%rﬂl%ﬁl prﬁ\tnaé’scﬁ%ﬁhgé afl o?lrLkﬂHé"f& EY rIHﬁrde?ﬁ'ﬂflcéuBﬁrtﬁOf
The followng critéeria used to sel ect swta l'e sites: (a)
Sol vent gitaset aniamincsagid ae@eqr:eaf qlbamrnfastd@mca:mmgﬁtlpn competentgysigine may

Pr e?@r abpy |ﬁtrb%u§élf TS ﬁf\egerﬁ%'/ B! r'e?éfre'dstohééﬂbang QéteePé@m]b§ TR &fisiraiAl 36-t he
surface ac- cessi bi I's at | east nore preferably, from 60, 65,
70, 75, 8@9“085)“ wtich the, vaggnt alqumings baseggn% d?Uo Yor a@oothssa'bgm'n 95,
96, 97, g the
ot hods IR tEHltent SRR FRY ceibd %%??d"”%ﬁ B R oY he
resi due dNechcysdgine alepasition 3d et §"l§>r€ffal0@ agid Geguensel Pran equivairnt ppgjtien. Cystesr
exampl €. igkfisighd¥ by of et g%t bEYRrd¥BEebyBYG B fghe!bf ARRARGR SIS, [dblen!
229.0 and this 1s the es scor g residue In A. hi gher surface
acc@@si bfion, tgxtensiincanccgdditien. Jites mayiofeay §obhe tseteciad Wﬁbée@fertqqetop? otein
and is tE RsBha) s‘i%@l'u f@dﬁ Jlﬂf .h'o'?q tt@r’&ﬁ ﬁ?ecf%ﬁé\hlh{; lhifeYia WY d?¥nay not

cal cul at e usi ng as escrl her el n. Présence or absence of
crystal | bgpa%to@egct sigtable(sitps: B- f act or [ nd| cates rel ative
flexibility of an amino acid residue within a 3-dinensional structure.
Preferably the B—factor is fromat |east 30, 40, 50, 60 70,.80 or 90 %to
at |east 40, &0 Solygnt Agsessible Syfags Ansad S)GWP@ECW"W (%eSAPDY- be rel ative
to the maxi mal. B-factor score of any amino acid residue wthj

nol ecul e. For Prg&aply the Slim)accﬁ?sétf"é}‘ isohigh-tFros eamgle; Bfef%ragl(ydb% SF'ga‘}'ﬁ A,
ggaﬁgge c%éﬂﬂﬂt@ts At Gt Sg% mibfs p:%@bratﬁ? fro?ﬁ)60865 7@075 Q;oe@gO?% é@tsgge lsfﬁ% 040
system ags/qu fﬁrﬂé& Ohgi-’ (§0n§5 9& PQré%Wv%ﬁ )?thﬁéo%/"f %§6$A§(‘ﬁ}’rt@ ?Fé?m%e(; 838 than

or equakadcdf@Ousify theBfethdls déribé®Pherdfh ordfay BE caletilatb réfatidstodths Gtoleast

herein. The B-Factor (root nean square fluctuations) of the C-al gha cgr bon
at oms dthe regidue whick hagdhe maxiguse swiircsraceassibilityin teirseteitaorexampiedha s

using tBgmfd QFTI'BrQﬂ 1258 haQarrﬁ@&mumVﬁrf%b@%c@es%bblh §192}293@ aﬁd thf@ris tey higpegt! , E.
Li ndahl, B G. G oenhof, Mar k a ;n sen: :

) GROVACS:
Fas@0 Fﬁ@@(lnsues'ﬁwﬁjm#% A U'Qh@oﬁﬁ'ﬁ‘acﬁws@'&tyﬂﬂf"C%%Taiff‘fge?' gois)on thesur-
Pr esencgycafof #tssrafeth Sid 3aRERRM ¥va$17abl\é%l‘~'t5lﬁd|6§%uch]é58§3|&ﬁmhﬁlﬁ56 caleglatiue

may or may not be | ocated within secondary structure for ex- anple H

(Hel i x) ed@sipp@onethediapeeseribed e or E (Extended sheet). Location of the
resi due outside of secondary structure indicates that the residue is |ess
likely to be i(Rpoiesenme qr@b§%rﬂ§5W§ta§?9’HErﬂ'ﬁBga%iﬁﬁ?)or is nore likely to be

avail able for binding than a residue | ocated within secondary structure.
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20(d) Rel ative honol ogy with other al bum ns. Wthin a given protein
sequence, an am no acid residue show ng hi gh honology with other simlar
sequences is likely to indicate such a residue or region is likely to be

i nport ant tothe structure and/ or function of the protei. efore it is
preferred t haB-facterdndicaiss eelatve; flgyibiiboha Mg ASidgyidye W'\Bg’sa Bf?é[ﬁe'l%"(’f‘a%

rel ati vetrdctural Pr@zﬂﬁ%]& tHef B-tdeeorad Ma‘ﬂ IdaBt 30114050, 60, 26, SO&ﬁlglbL% td at Ib@@tatt@d
wi th known al bum ns 9(?31 mamral i an al bum ns such as t hose

or a con®i$fat’Posl. &P |"‘£5‘|'thﬁay AoMmayRRhRe I 'VSIt‘P)Lnﬁ maxigg T:H'f\é”%%f ?ﬁfg%
shown i gf driydamidd -acitl reSiaee Adikinahe hktuleh#or HBA.(e981A06), phsferaly, the B-fadfdr 85,

Fonof igﬁwﬁﬁgh Tt erRRE Homeatiga s pgort. cRnBOTHbER 2% FHob at B EE ¢
(23121(12 t2 ;all 60, 27% 80Cho) smelor H\gf gfem\sr/mme asiag the B$&4<)r scking eysaeng@nedmuaemwn Cact
and sené‘ rpgtéve tf‘? |Bpf38t°§ aeRie ﬁ'??é’l_goﬂglg &@Ht% e(gHaljo 3105 %@A&%Zﬁe& (E’acg&rpqpf Appl

Bi osci  56,2r:1085 lasdescridledvireinonol ogy i ndi cates that the residue is not
particularly inportant or critical to the structure and/or function of the

protein. Pref emaBLsactdie{rdw mn‘.daagsquaﬁe ﬂiﬁﬂlﬁﬁtlﬁhﬂ)@@f thetchalpbeﬁ e:aebmeat?mstdwng
1 | t
~ oo P BT hadSe ol GTURE siygiotandy B8 chiafialel ising, frél GlonlY ol Sariite .

2

nonl%ranth

conser vesrsioAS.3 based on D. van déiVSgoel) EanindahinB. Hess) Gs@lum‘nb@, A.&addark aed tie has

ad; acent” BnBoPosY STOURLSE Fatts FRAGRLAMER FonoRaty PBrePv (SOLIZIR

al bum ng006hi s i ndicates that the candidate resi due is unlikely to be
particularly 5 inportant or critical to the structure and/or function of

t he protein. (EhPseseachelcabsercd dfeSecandhrgStractues(SSye is |ikely to be | ocated
within a relatively unconserved region of the protein. It is therefore
prefigrred thaThe bandidatel resitue masorduay net bedocaieq witkintseeondasy stoustuwthiferexhas

100 % i an f s
omol ogg Ty KO BLTL el oale BT brEtERERR e ekt SERETBRERLES.

be adj asidatof smndmsflstﬂuemre( indieates it e rreelslueluaeleés liletyntortee impertant t0§ewnct-he
candi da e t t ' ;

et ducs L 3oRh 0B B Hoh plsbleBLp B i ol sl B i

al bum nsesandayrstrotued. bum ns (e. g. F|g 2 or F|g 3). It is preferred that
the candi date residue is adjacent one or two residues having a honol ogy of

| esg0t han 100,(d)Relatd@, hodriologyyithasthergthun®bs. 80, 75, 70, 65, 60, 55, 50, 45,
40, 35, 30, 25, 20, 15, 10, 5 - these levels of honol ogy nmay be 15 referred
to as 'threshWitli'a glvmwmotm;ysem:ﬁntm adengnoracid desidueckhowiriddigh hemelogy withki ng
into ac 1 2 ative
o a ol vijeFsltsReadt kel B hRlcdhe 4006 4 RERLE SR Aol RENRE pBSiBofiST
acid whtmﬂnemrunmte armq/acfencntloarqfttmmnmtelracTr@erar@etaldlmg‘etra@ thed @otangidatehiesishol d
as 0, [ c t he
Chresho gé H&isag hgmoﬂ%y%? Ie%s%nm??]do% %ﬂél@g?&gw%n@m e aﬂﬁdrﬁln‘?ﬁ%gog\' UL acids
excéedi repidueds ﬂcmawh\@lﬂdkracaNrQalb(lm)nSEeagdmwal@n qi@lwlnﬁrspm gantose shown in - A
pol ynor se a
phenotygltac§c 'gﬁ:o@b?w%ﬂ?rﬁ]gﬁpé@ua e| W ?lera 1 eascr:{g%S at“gﬁH '

r esi dueFigs 3hdA hamolagpotiess thanftQO Qﬂl % 93, pél Wpﬂﬁs&ﬁ daug0.rip, #0phn?fl.ypi c
change i r g PyLef.ar i i i

osi t1 ooy & Ana0.%, 20016 18] 81 dsfeiad Ham6RRY cdRbE defHred dshnd b,

i nst abi kingwn mFtbé;artcsupmas r@usk:ﬂowg ClustaHBA(ThSERsoeNal, (18p4hMNuckbia AcileResn

Fig.,1 I " 29(8):
10030 16 220687 0 TReRpof PR V5 bdes o, A P B Bipon, LrORGE Pact RIRERINE L
and/ or efultipts sequeacqoailgymnpmrsannmgcdmmtmjérﬁonﬂméd\ppl‘ Biosei oeipl @1-8y. lsaweari ng a
K .
ool yror DT EBEHAGES et AR 1S patchiy imSCHBRPEr Bugh 160 Rfche
t her mal andvst fumictiort yi)thasxdie@nﬂ’refenablyrtge &opologyis phtesrmnﬁmvathl feferemeanio the

t
i no araren e AOef aloliirorFio Slr % iy hrb® RRFIAfh Mhd ok AMALE,
knoah claﬂwmof'ﬁrgaﬁefore sone am no acids are 35nore closely related than
ot hers. The introduced cysteine residue nmay or nay not maintain a
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relatively high |level of conservation with the candidate amno acid. Fig. 4
Is a Venn di agram whi ch provi des one system by which conservation | evel can
be quantified. The scoring systemof Fig. 4 uses a scale of 0 to 5 in which
substitutions |

& hi ﬂh co servattj on have a sc re.dof 0, substitutions of | ow
conservation WE £esg %%8?%’38?"%0 a?rﬁ’&?cgﬁ}bcﬁnﬁ?rd?ﬁgf)‘?‘?é USP- i nt er medi ate 5
conser vat i on Mﬁe a score ﬁf 1, 2, 3%};3{ 4, PE]ef erabrl t\4\,0su sctei él%ti on q; t he
candi date resYd0E aNATBP a5 sEALeItEFRR0T SN 17 B7F Sniwoadiacentresidlpe La) v
(using tdrelidterdsifyedy mraadiatelyFddiaced) orieher maredtesidtes hadrigial wdbesolngy, ralave
Con et Sl A8 Sk H eSS B Sherest s BAFLGe B kekary
scor® ofmpbrtaBt orritical to ther strystueé endrbt function. of The protein.i T‘tgs BsylEcause thedmadki ved
11 AR R Bt S AR S BR8B! Aol 1 g
exlpr ?§SM{eibl;eﬁprbiemeU tbét. the da?aisatelxﬁsidg@%isf B, acf}f)berﬁ@, reSidpe #hich8Bas 900 86 1%)%
i v 0 e .expr.essi on n_ uanodi fi.ed al bupi n.(s )
fTom & Ga by EeiESRI e ShbaRed ot Mo HBURE M Rofud BBl hirs® Hehlihey W B J- 2)
e.g. S. teammnediasidesgribed rereid\sTier gindidate reBlduamaydecadiacent ivanresidues §.ecanebe
det ' f ' tei. .
quant | [ete G erfiRTR Ened FERARGIAETePhyd, A BPBIrkytud Rl Rlatve to
conpet ethescandidetetrasidued|vihich eachenave n 00réé/harodlobyratatize o glignimeant bf thé albumin
' ti nce, f 2 . . . 95
200, o s iR RnG T RBLARE e g Play 20 S0 T B, BhiclrBE ot the, palfisef resite 2o '
SEQ | D bient obe loa twaon psiuley havieg adomolpgyi of tess dnge 1 @h 98¢ 96,135, A4, 22, 90y 83480,
Conj ' t d i | ati ' t ahl
ol bcor 25070, B8RS 4126 BB 35080, UelTpBCHh (18 Bl s PR RIS i) Be
mol ¢gul eeferedatd asibireshads’. Idgreolo@e nayrbiendeteomined as escritreduhgreimad gking into
; Lvsi Ll cali ot Civi 0. on
ot v B Ao Richy HraBRihe I BB o athR oG rbishie/ o obriEriedpaiof>
havi ng ealyibghquantified) dor exampterbe seoring ars amivat adid winioh ialnobadjetént@nyramino

roasur oo ity feodl BEi g MRERLU A, HBhEy afpiie ALt Rarf o8, 2,
achi eveaminoi avid exoeadiogdie threstaidcsl yyamd sqaning ehamino a¢if whinht adjaaept o ami-
f8”2@3‘9@%&@%g?%%ﬁ?"gdi‘?ﬂ;g%h%@ﬁg?' bum n of the invention may be conjugated

ner), for exanple a bioactive conpound, such
that the conp ff.\?lhﬁ egy Lof ac- tivity relative to its activity
i n an unconj ugg ed staa@ i I)%Eberb@%{@ SI)'y, t he conjugated conpound shows at
| east 1, 10, . . : | ¥%ad 08t e Lt s
activity rel a_&%n{/@or{) ﬁgrint'goauﬂ%rger%cﬁgg?@og" gg‘f'g’aaﬁﬁr’?gﬁﬁﬁ%e?g? a conj ugated
conpoungheuatypicchsngh to thegesdiangprotain.i Rrefeyatilsthelrandidaterresidae és nat@t gurestit y
of conj > | . | | : Whemb brafily dRsi 1 ed
Cher apeﬂg?to‘?g\frf%g?%@ﬁ]&p%% cakidda PhBhGYSc n&Ss & KnBivh efbre Ere atly,
25 candidate residue is not at a position for which a polymorphism causes, or is known to
cause, thermal instability. Polymorphisms known for HSA (SEQ ID No. 1) are detailed in Fig.
1 and are also discussed in Minchiotti et al. (2008). Hum Mutat 29(8): 1007-16 and at
http://www.uniprot.org/uniprot/P02768. The presence, absence and/or effect of a polymor-
phism may be quantified, for example by scoring a known polymorphism that has no pheno-
30 typic change as 0, scoring a polymorphism where a phenotypic change is known (but not
known to cause thermal instability) as 1 and scoring a polymorphism which is known to

cause thermal instability as 2.
(9) Relative conservation of candidate amino acid and cysteine.

Amino acids fall into various well known classes. Therefore, some amino acids are

35 more closely related than others. The introduced cysteine residue may or may not maintain a
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(k) Receptor binding capacity of al bumn The conj ugat ed- and/ or
non- conj ugated thio-al bumn my or may not have a.receptor binding activity
of at least 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 % of the receptor

con ugatSavel g Bvel H FRser R ith e oo e AL et o R ISR over
r ecept Ovhieh ipdovidesastel syisteyn bpivhhaispsérvationmedd] can béQuartied3d he%onr’@sysGO
det er ni FEOLGI9-A UEEH & SE0A ob 19 B Pt e R A Pie] Cosmargn haeid ety
shows t b0 saubststiods el cfbaatidl khvees lsdarslcf/fLS b‘ﬁ@zﬁlﬁﬁ@trﬁﬁ Il&mntér)nédgaéti gggh

of paraneters to Eor clarit i '
RN QR asEraict Tt 2 Bl &1 Piefasayly substigiBaiay e Gl lesuRs o ¢
a | eadenots@rfiusdtmeervéd substindion, ﬁ@qrsem@eratsy Qsaryvipd sebfing sygemesfHig 4) th85

d t t Th f t
o ot ef neAnigEly biefuR Bes gt ngh PGRlon scofk R P TR BP) oA MURE R0 15
di sr egablgshd bandidate tesiduerhas eshighe coasetvition reiative foheysines(@l gl wescodd ofSEQ, | D

No. 1b sethe esolvedr t he, 3D. npde her ef ar.e.. . i due 1 of
rodel A8 GRt Boteuptorabld VTS Rae el B aedpER Rine ORLTE BTSN CiRerlAS
spemd)fl ﬁmsmtnmbm (belswilues are cited with reference to SEQ ID No. 1,

unl ess stated ot hervvi se. The immature sequence of HSA (i.e. HSAwith its
natural C-te(hyiBxplessioatbel. sequence) is provided in SEQ ID No. 102. 20The
colum | abels of Fig. 1. are detail ed bel ow Position in 1A06:

Refers to the amno acid position in the crystal structure of human serum

al buni n f r om’ b BhigzalBpminy By Phmay nabbm karablssdt heingoerressd At aevst 8) Fdeast with

the entyy a4 130, MBd @9”‘?0 t8Y§ @6“%@1@(‘5%]@-@%& t%“tﬁb%xpr%ssroﬁ\of KA shhiMRifie@taly- -
(1999). F‘rotern 6): Note that conpared to the nmature HSA

En
sequencBiT SEeh Pssﬁg)lbD Nehb frmoe sg@abl% eXRIeSSRTESYStep L sch @s yaastde - 58°¢MA t h
theq§i r gdmykedre. ﬁos %réirs/aéy%eaﬁ Afsbé}@illhbERe‘fétfvtéféTfoe%%roﬁMefsl d&h&i@&ﬁetéﬁmﬁé’cﬂA of

SEQ I D Nol (with the |ast am no acids absent fromthe structure%

am no atqr@xyaghet by, Axpression Wéh%PWtQ'BfQI'QS/éﬁ|bMé1U96%f°?i'th§Y 8BS AGE. H Lﬁ@rﬁer ate
conj ugaWég{b,ﬁgmaﬁ{gent cystel nes are referring to the positions in SEQ ID
Nol, not lao6. Position in Mature HSA: The amino acid position in SEQ ID
No. 1 taken fromthe 30 585 residue secreted form of HSA, National Center
for Bi ot echnb) Geiu9atrs cRERPEISACE: ACCESSI ON: 1A06 A VERSI ON G : 3212456

(24- SEP-2008), Chain A  Crystal Structure q‘aqg Serum Al bum n %%Stégl o]
etal . (1099), ThF Hiesphuisi, ey OEmay.ngb havg a righ EVeT G soLEBIon GarPeL
Seqyencexanisié at Féa§tC50t be, mosotgoogs bR 10t réraﬂr/@coema%dnrhgétmanonmmmewaum

al bum n containin m ng acjd s creto%%( qaﬁader S o]

Aci d: TROUSILERISHS “%Hgsﬁfgt@é\m dJHYING AN oeC gn Eﬁnaﬁﬁg%cyéﬁq"b%at(%ysg An-

Ala = Ataarmmagatuaﬁ/cc&ﬁﬁéen@may@b\d@t&rm&féaeélatnrd@amyrd‘ aﬁb%&nclébmal(edred for
each residue, usin DSSP software described in K chan f;nder

(1983) . JUS?B%bP%fFP@f)s"fﬁGrfé forgxampiesy biopglive eJPGUR O 3 g%sP%n §UPF ar ea

was di Vhaiesh rdy Be ﬂtraunﬂﬂhdssvé\deéeorﬁq@rry bRGyHabit q@ﬁnﬁéat@mdnmeaéntldutj OftAd bida t hat
position and rrultlglled 100, theret;%/ @?al nin ﬁ’ nta e of t
R dety

st aRdar 8°HV81 GERoYPd SHEM aﬁé@r fhigeescenge tpge BY'Bg ?u&ﬂgce

areas f egnjudiioR Gompetedcé i tahlt may BRovAeiidentten) tronecsf mdledules ngtr@nmrd etter
codes for the am no acids): A=62, C=92, D=69, E 156,

, 130,
1=84, Kapymin. Lchryugaw]_@gmpg}ggge mayehe "@gi'f?d @Ppeté_tgilmer our\§‘d8 l0-
WE126, Xplifhs- may be (a) those BrhithCdchleve Titxinkdl XohjabatRe qudklyCorBoy S6wgr  val ue for

the C-al pha atomwas extracted directly fromthe PDB file. The B-factor is
in colum nurrgg & f the 1ao6 PDB file PDB, 15
(http:// ww. @ grv YB (Rpopted compoundss ( Secondary Structure): The secondary

structure de ﬁ for E%ﬁh resi due usbg%thet[()ﬁ P softwar Kabsct
Sand®r (19835- e '86 U7, OF 18, inyeition may bgaeonjygated, fo a GogipeLp @?Wﬁﬁ'ﬂ% is
defi ged pérner), (fdnledxamble Bb(otasm)eaiomi)obﬁa asulh titk ahe Gclim;E)L(rEX"tasnadladh $dvebdf) ac-t he
resi due..i rwi se a

level f8 Iﬁ/a%?agy? gq-,ﬂgﬁf:tlvdty I an, yihe gnng#ﬁ&si‘tajﬁ%regerag]y the conJuV\Lted compouﬁgI ogy

shows at least 1, 10, 20, 40, 50, 60, 70, 80, 80 and most preferably 100 % of its activity rela-
tive to its unconjugated state. An advantage of a conjugated compound with a high level of
8



bumin famly proteins with HSA (SEQ ID NO. 1), identified as P02768
conpi | ed using MegAlign program (DNASTAR, Lasergene, version 8.0.2) based
on Cl ust al W six levels of honology are determined with the highest =100%

d the | t =0% di . 100% s
(AT o agWiny R Raeh FR GRS Bbcdaght or i iES compat i) i ARIEY a SRS P
(100% M@g%e@wtrﬁ%euﬁc aﬂfe@ned wth the mam"ral ian al bum ns of Fig. 2.

A score of O iIndicates the residue is not adjacent to a residue with 100%
honol ogy whe e .manmal i an al bum ns of Fig. 2; a score

ﬁf 1I i ndi %tggﬁgﬁ%&totm%d '?%%E?pﬁﬁ'éy %’:sat'%ﬁ? Qcent to one re5| due with 100%
HSA
nat carss 't nalfe shoiastich 388 o TEAHNE] PaBUMman 8t iy BOR & odkers.,

whers HS®r bindimlgi agtivity ofiiat leaster0rad; 30; 4a) $0,160n20, 80, 90 or 120 P/gmf tIZe (eceptor Sppsl- V) :

risa (Smep s STt st Py bR S R KL iRl i labeRie” Rl T

( DNAST ARpn-targeyatgh thjo-aibarsinomad .00 nidly riad $ade arioﬁkuﬁcabtok/bursmg activiy foraeix-

h I det

ncr encige 2 BReRd (DA e Bo,/ o785 % aay b N SBRIA bt Heoegtor

whet her biadingattivity peyyecdgiérivimed by dssaywsuelt as he'emnm bioding tp FeRRm.due. Single

am no aci d pol ynorphi snms of human serumal bumin (SEQ ID NO 1) were taken

fromd M nchi oFigi 1.eshows the 2@0E of mmawmtaac@wﬂjue afdiSA (SEQ 1RMNe. 1) for each

the” unpb bHrdelre Ll 36) ReP bRkl BEARG ok i rAENP Brficeu BRY Boe s ag, o

secr et opiptdine il whichethe dingt dyeatydfoanaminesasidhae agea@rtaqeeu@mnaaedem Seet t er

o 1G9 oo IPRFAL 4,70 RO e BReEhepagic °

r epr esegationgthemeatuawreteirnt ig 'refefreg teas SEQ 1O Nhahd'éﬂecﬁnuﬁtmoﬁ iHafneodel 4306 ces

o Ao BRI SRR TR o e srsed e oo et~ 1

any of altesmﬁesomeudonmﬁwea?uD ods!. b’bsnefqr@rreeldn@émquel ARS isesiuiygient t9 TSEQJJ'PD NO.
excl gk gEQqD%@qg?hlroﬁﬁﬁ{%th] &@%@%&B&ﬁ@rﬁ%ﬁ Sl |t A tekdr¥ncetoSER

nmut ation at this posSitio escri as causing reduced
t her mal I Nabi |urtleyss stated otleoms«erﬂ@dnm&tweusgﬁuwe Oixr‘sﬁ%b(we HSA withhitenatefalr r i ng

to how &% mlﬁﬁ %ﬁfg gqbl}egg?ﬁg\g%gdgglup é@(ﬁ’g)%gd to cysteine, as derived

from Fi gure ranging 20 from1l to 5 for nutations

to gysteine. Tﬁé&ﬁ%ﬁléyels]of' qsg} Q{é?gleﬁ foQP nost conservative changes

possi ble (e. anine to cystelne ranglngtoascore of 5 for the

| onest of conservation conpared to a cysteine hi stidine to cysteine).
Al t hough t hePesitioptin 4A0S: Reters to tha @minod @@@awwruﬁgh%yﬁﬁaéﬁr%Mf]atimaﬂ

four prsé,%ﬁ{@suarn%mﬁ t% %mte.ﬂ [S4thb % cﬁaA ht@!//\ngﬂw F?)sbafr@/ e@/wthbtaé by

way of exa e onl hese al so e referred to

as Sel ee@mw'tmﬁn&mentlta(nw% ©f d8pé dSugiel §) : A Kas lma (ei)alAUaaP} irrateiny Fpo
preferr e rﬁ%@mmteqﬁattéa%pfawostb i mea%reqisA QSquéh\éSQSEQWDON@’V)' gRs1/06Et hod
for deS|gn|ng and/ or preparin i o-al bum n, the nethod risin

pr o di Blguciurestasts-aliresidus %‘-ﬁéﬂ'ﬁ’rﬁbéélﬁtdoﬁmmp Gcidg a&tsemté@@% tf@r%r nﬁ% aﬁf@gf"bf an
al bum ”nsﬁ@&%@ﬁ@A GPéEbelrl:ﬁ‘NBY (Wu‘ﬂ?tﬁeﬁéﬁ% 4l 84i@0 8bsd 48 ! A RRIré)0 TAS

am no acid sequence of bum n and nost preferably the the am no acid
sequencamgp qqifbp@ﬁltmpmqseg @q[gaghtg)edqsgnt%g Resitions to alter to generate conjugation com-

petent cysteines are referring to the positions in SEQ ID No1, not 1a06.

Position in Mature HSA: The amino acid position in SEQ ID No. 1 taken from the

30 585 residue secreted form of HSA, National Center for Biotechnology Information, ACCES-

SION: 1A06_A VERSION G1:3212456 (24-SEP-2008), Chain A, Crystal Structure Of Human
Serum Albumin. (Sugio et al. (1999). Protein Eng 12(6): 439-46).



provi ded, the am no acid sequence may conprise 1, 2, 3, 4, 5, 6, 7, 8, 9,
or 10 am no acids which are not resolved at the G and/or N-term nus of the
three dinensional nodel, prefera- bly the amino acid sequence is 'full

l ength', i. m o aC|d uen of the. albu- nmn):

sel ecting a B%‘EPB@M‘@P [i?ﬁ &“8"?%&%%@ tPﬁﬁ? 383'(&\?%\5' f uggfgfggﬁ%ég o

cor r espmirfan s&ruinBbdmin Sbntam@Rahd 24 bhiindacid setrétorydeaderfseuereei due rel ati ve
tothe N or G termnus of the al bum n sequence (of the nodel or of the

am no acid enge nee

di nensi olnal B o c% sgar{cﬁggg ngﬁn?fbﬁ%&/e %nga%l §fnthg éd |B%ga§éf%ﬁe\g]
secondaAlp ssAladinelr e; surface accessibility (SASA) of at | east 90 A);
B-factor score of at |least 60; |ess than 80% honol ogy to known mammal i an
e [on o B SASA: TH3 solkht B ASRY odrfill SHEP i idhed fof dden PO Gikink Inés DO
manmal i an al umns{ rsmw th a known

change; DS&& sofwarecdessebadid Kabisohanaoand &amlng@%@) Bicpadyrmers\di2(12) a2fs7€cﬁ 100f
5 or ab t

Fesi dactiel poveny apesiBRp ke Bfkas GligBEbY a Uarldifs S it BRBGATHE, |
sel ect edo laelshfdum in that posnt@ptandrmmltlyhedaw hep, dhereby Ohiﬁrrmgadcneme@me of the

al terat %tgﬂéa EQ/amq PEQ&H%@;[ 8q’]"ﬁ@génﬁ%ﬁrs%l\feﬂpgcc%lsglﬁfeagdr%@e'a? ord9paci d
del eti on, sEITuti on ensi on I'on or 1nsertion 150ptional |y
prepar | dlgewnpehymepcldsiarmdeimg! aﬁétimrmqone-{aﬂteamﬁ@ fori thle Smjoe Aeisls): A=62,

Wth refe £ = - L n z 127,

i denti flbe by séﬁeﬁgﬂon cri er| a ?’i‘?ﬂ%ﬁ%& LIS_?g WD?%X% @ngg?s%?,

A504, EB8811,Bro4arrBOCN681.iW=1RE vehddng order of sol vent accessibili ty) and
are also shown in Fig. 5A (B) Anot her preferred enbodi nent of

the first asggefeeét gh%%#s&‘ﬂﬁ%ﬂahﬁe sofgef& J&i5e fordRe @élBﬁ’Qafoﬁ’f wQ@%kﬁéHtétﬂdﬁ”d/ or

preparing a thio-al conpri sing

t hr ee- drestyn &oantie AR dile. JhepBantargs 4 cplumst numfeen Hs?faﬁ‘@e“@ﬁ %@Baﬂ“!)ﬁ’ﬁ%Bn
seqygncg.mg?;m&gglo)rg/ﬁm three di mensional nodel relates to an amno acid

sequenc an al and nost preferably the the am no acid sequence of
the al bum n se uence is also provided, the am no acid sequence nmay conprise

1, 2, 3, 4, §S(8econdagy Structire)(hgseerndany daichise daterRingd fre3eh residiensy at
the C ﬁﬁg%efo%ﬁ RbvaeSKasch %dt@érﬁﬁr (é*l Q&WSBBBabmaﬁdﬂ(nzpr%fwr&bl ¥ thee

am no acrd sequence is 'full ture am no acid sequence

of the B®NARM)Structure is defigeq éét"l “a) &a@ﬁﬂ'ﬁiﬁ‘i ée@nl?fri’@e)aﬂ B (Eé‘@f‘ﬁ%sm’r?t} he

al bum ny3agsBNER ratked M€ ofARke 85 '@f the ami no acid sequence) which
(preferably in relation to the three di mensional nodel) 30 fulfils the

foll ow ng conditions: present within secondary st ruct¥ surface
acc@®si bi | i t Hligh 1{MamumsW)ophehomolpgy feye! ok an aligment o é%%‘i”sdﬁamf'@g%" ghan

80% honpLA@yrafnily gﬁb@é@ﬁb wmmsw (BECAIDONGI N idebtifbd &9 BO2788; co a@luemg rMegA-
residues with 100 % honol ogy to known panmmal i an al bum {eg ﬁ? no
g8 °§ me*aci d

pol ynor g RREHM @“&“%Waﬁﬁ@ﬁa? yHsTion B Qrd dasethan ﬁam«

change b%ab@a&bmm With @3hé RiRhestof100oRdeRSRg in 20% incPémGrts ! fot theJowest or
nor e of e selected amino acid residues with cysteine or inserting

cystei ng0%t(Finé)- N- si de or C-side of the selected residue,

25 Adj. 100%'s (Align 1): The score according to whether the adjacent residue was
highly (100%) conserved when HSA is aligned with the mammalian albumins of Fig. 2. A
score of 0 indicates the residue is not adjacent to a residue with 100% homology when HSA
is aligned with the mammalian albumins of Fig. 2; a score of 1 indicates that the residue is
adjacent to one residue with 100% homology when HSA is aligned with mammalian albu-

30 mins; a score of 2 indicates that the residue is adjacent to two residue with 100% homology

when HSA is aligned with mammalian albumins.
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optionally making one or nore additional alterations to the albumn
sequence where each alteration is an amno acid del etion, substitution,
extension, addition or insertion; and 50ptional|y preparing a polypeptide

havi h cjd 1A06
and S0 | b B9 2 Wal HitavE e RHRIE Hintoren by ol BB SebFrBhYy
i ncl udepfieits witb HBA (SEELID IR 1), .&amf.easazonozmzompmw&aﬁg MegAtIIgaspmgchmg

d t bil.it
(0 ei\nﬁimﬁéﬁ%@%&%ﬁébﬁkﬂémé&ﬁ@esw?I'Isiq' A 3flavehpt Borectpn ars e
pr ovi demiredMitiethb bighestr=100%, gacragsiaic/ 200% peepsents)do thetlbwest s0BL(Fig 3).t he
nmet hod conprising providing a three-dinensional nmodel conprising at

I i I
model rer at oboBRaIRRz Tk SariHE: Bngfd s e PRl s At AFE sl P
t he t heidaesidoe.aRingle asipceacic polf/mbi'pshlsmsbmfmumamaqauﬁma&)umn SEQ IIprNﬁ'l Dagret he

am'noal seguenc ris 0 a

acids 1 %l@‘ﬁmargﬂrﬁ'{m rsgo}l ve (205%) d-lf}and uqat gfsr% nu1506(2f1%f hegbﬁree
di mensi bﬂml/wwwdfeilprotmrgmelpadMPjDZYfBﬁa wathianon@ecid psaqaumnteben romitig Unpreersishd

i.e. th I a
candi da éﬁgo%%%%agge eS| u’ﬁgwgﬁ ﬁg tr?% u%ﬁnr?osé’é&'%%%gto%l]pa&j%r Seﬁbé&fé gﬁgof

t he1@am descaibed usmg] ﬂtemtm)daonMle(tgrameo abidwode (e.gl R29\Orefers to he aspartieacid

di mensi Qn fu fi conditions: not present within
secondaBe'ﬁgfﬁ% t%a reT%I gsigrﬁ&ég |B\t,i4§/6]o) at least 80 % B-factor score
of at Ieast 50; less than 100% honol ogy to known mammal i an al bum ns (e.g.
Fig. 2); | esE’heh@lNPG(!%dmn’DI%WrQ cepreseniing it SSeueiyinefrgheaptygiseehange deg. ~ 3;
i ho. acver SRV BNoLd of in; HRnEBpic DRt (R aRl e B g
one or wbere; 6f= nhénw eber@uymﬂmﬂg&cﬂﬁ a pberniyic @h@ﬂgeclg}@ﬂ leearedencribeds 8t | ng
Cysﬁ@' NGnybs ﬁg%&'é%n%‘:?t%ls Eafc’h&fac&'fmpérgﬁ’ 1S HeSebRe | alf%Eéi"l‘b NO: 1, excllﬁ?ﬁd gnal l'y

I ng one or nore terations to the um n se uence wher e
each al thangeiresuliing indeanenses theinerl gtsibdity, @rF a sutationtalithis positon lérSﬁQ)ID NO:

addi tion . 0hed-AS&S hd Mbsir qu&%é@% Lgtag paring a pol ypeptide having the

requi red amno acid seq ence rence to nodel 1A06 and SEQ | D No.
1, candidate residues identified by se- lection criteria (C) are shown in
Fig. 5C. Consenvpd Migatien verGysteinetAsaorsdrivaing tomoweelt ¢anservad faeaMpf t he

| nvent i gg 3erdqglc@ﬁ§>a?ed%téye@ ifedtas %ﬁbﬂi‘fr@ﬂ RGO ((RERRI Wéfof),dHe0raAGiRg M

t he met rovi ree- di nensi onal
conmp®i sfraq Ao I5e%i>§tm nﬁri@tcdﬁf@@eof‘\ %ﬁ?fﬁlobdn'ﬁrﬁ%@q%ﬁ@éh? prast é%%ﬁryatt\/ﬁe

three dumpssBalERes! b Shalogsldhdladiangndf o 5689816 B IGMbstbhugin and

nost pre e amno dacld sequence of bum n sequence is al so
provi deaervetm mw%@&w@qﬁ#&hwﬁ‘}lneéﬂ@fsﬁwl 2, 3, 4, 5 6, 7, 8, 9,

or 10 am no acids 5which are not resolved at the C and/or N-term nus of
the three di mensi onal nodel); sel ecting a candi date am no acid

residue in tA8heughdhe ﬁe|§@ttﬁ’lﬂé-‘rﬁ'€%'a\mr‘(9$ ysgd &7 amadgsjred copdingtion fourpreierredny ee
di mensi grabs rap@eIeLnJmér&éfIaS(A he ¢ ob) Qm d&cﬁ@é&j'HyIWof Qié?ﬁ;ﬂé'fonlgl bBloW. Of

secondary structure; surface accessi |I|t§o l'east 80 % factor score
of &b | diese (Aand (B DayiRise %@%’W@%P%&?'E’F Wﬁmsﬂﬁ?ﬁtﬁﬁr%ﬁ’eﬁm ns (e.g.

Fig. 2); less than 80% honol o% t he
(A) A particularly preferre embodlment of the first aspect of the invention provides a

method for designing and/or preparing a thio-albumin, the method comprising:

providing a three-dimensional model comprising at least one instance of an albumin

sequence (preferably the three dimensional model relates to an amino acid sequence of an

30 albumin and most preferably the the amino acid sequence of the albumin sequence is also
provided, the amino acid sequence may comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acids
which are not resolved at the C- and/or N-terminus of the three dimensional model, prefera-

bly the amino acid sequence is ‘full length’, i.e. the mature amino acid sequence of the albu-
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10various al bum ns aligned in Fig. 3; no polynorphi smknown to cause
thermal instability; and no unconserved am no acid change to cysteine with

a score of 4 or above; substituting one or nore of the selected am no
acid resui_ues Wi th cysteine or inserting cysteine at the N-side or C-side
of the T¥Vected residue, optional |y maki ng one or nore

ddi ti I I ' h | bum ' [
2 2 no-ac -ate i Randee g i e ERE A B il eBIER WRER AR, ' 2
S\sz Lopg?;bc%ngﬁ gip?gﬂrﬁgsaop?%m rfbdardﬁoEerT\i:r)egdmm?Iatieqm thecN-aoriGrdemuings ofdbeence.
an . ; n . .
et | £ PR sequbadR o ine Ppdel BT e i S8 siaudTRBEPEIER (et in rela-
ﬁi ngz_e ] Ftigru goet;tegﬁf[eﬁgdﬁmeﬁrfei‘om;\ dndiiél){:fmﬁ![sstbé dallowings cdnuitions:i igotrpgesent mithincedodm
eadi ngs S ) candi residu
oyat el Sandat RlidhutrR s anchomling SR 3L S 7%, BEpB0E e TP B i
mol ecul kes§ itart $6% taselogly tbi8AowSRE@NMalND. aldymindée.g. Bige2)t hodidiadephieasisiuednds

d ther of ) : ; o : . i . At
i ch ol 1DfeEdoRyeeY if Bt R Bk HEl e s o 2 A Qo ts | 1°°
| n or dekndwn Ritengéyper citaege; aramaigaonseTved apitoaatid changeitosysteine withraibelie e

residue e deleted or may be substituted with a different am no acid,
parf?cuf’g?{&g@é@’, Thr, Val or Ala in order to create a free thiol at the

partner cystei . teine. ' . i ch: i n-
Vol ved i n i SUFSAEEEE LS 5B b EHE e RridFarlgh et i o SPIE b o
Cl168, Ctysteinget the N-sidepr Seside affthe $alete@rbsiliadi dat e resi dues are nore
favoured than ot hers. Cysteine residues were visually inspected

usi ng the PyMaionsty making onedor meate ladditienal ralteratinrs foythelaltimia sgReence e cs

System " - SGl 1 £1.C n . i | .org),

and t ne eagAEHoN & plloCrcdelc Ao R A, dengidiPaadiidrilr R4S ! - O )
15 optionally preparing a polypeptide having the required amino acid sequence.

With reference to model 1A06 and SEQ ID No. 1, candidate residues identified by se-
lection criteria (A) include L585, D1, A2, D562, A364, A504, E505, T79 and E86 (in descend-
ing order of solvent accessibility) and are also shown in Fig. 5A.

(B) Another preferred embodiment of the first aspect of the invention provides a
20 method for designing and/or preparing a thio-albumin, the method comprising:

providing a three-dimensional model comprising at least one instance of an albumin
sequence (preferably the three dimensional model relates to an amino acid sequence of an
albumin and most preferably the the amino acid sequence of the albumin sequence is also
provided, the amino acid sequence may comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 amino acids
25  which are not resolved at the C- and/or N-terminus of the three dimensional model, prefera-
bly the amino acid sequeﬁce is “full 'Iength’, i.e. the mature amino acid seq'uence of the albu-

min);
selecting a candidate amino acid residue in the albumin sequence (of the model or
of the amino acid sequence) which (preferably in relation to the three dimensional model)
30 fulfils the following conditions: present within secondary structure; surface accessibility of at
least 90 %: B-factor score of at least 40; less than 80% homology to known mammalian al-
bumins (e.g. Fig. 2); no adjacent residues with 100 % homology to known mammalian albu-
mins (e.g. Fig. 2); no polymorphism with a known phenotypic change; and no unconserved

amino acid change to cysteine with a score of 5 or above;

12



categories: those that can be replaced, for exanple, by serine, |eaving
Its counterpart cysteine as a free thiol that has a high probability of
bei ng a conjugation site. These correspond to C75, C91, Cl24, Cl168, C169,

e ngrts TRrE h ormof ofhs SfRcied Aine Al LSRR EbiOKe BPIEERng

bei ng acysteipel gtihe daside beC-sideas ¢thecsrleatasp@sidueo C90 Cl101, C177, C265, 0279,
C278, C289, (C369, (C392, (438, C476, 487, (C514, (C559. those that can be
repl aced by epgtidnally makiagiong drtngore @dditieng) alteratisnsatof the aalbumio [seqéencehwere | ow

200 16 aé%f"iﬁg’ﬂ 3 9@?@‘%%‘?&'&%@45‘“}3@%{#%5%mm%{téﬁﬁeu L1
pond?of 't he. DTEARTEEFIELA bitfeside hfing feBhdied i B%ef?“‘%”ep[‘ "de. o ng
this | Udg”enWIfﬁe}gﬂréH(c 0o E¥I§fl§i86r%dr$é WRE. chal'ﬁﬁ'%a\’@rreﬁggéé’ E‘i@-nﬁ’ﬂed by se-

modi fication' SCOre and T anke medl um or ure pI’OVI des
a |ist (ectied kriteria (B stckideeD 1295 iRfi40s A\Eﬁi .cR12fa\E82a SA7§h Qiﬁalefﬁdcéﬁm)ﬂnsﬂﬁ)r e

(right g@%ﬁﬁlnﬁ%rgmsolb@ﬂ'a%@éésmlt)?%ti F2LE Shékh AFigfs@ cysteine residue at

thi's posi woul d result ITni1ts counterpart cystéine providing a free
thiol that hgé) ﬂn&h&hplfé?é?%béhbéd' meht Q?{H’égﬂét“agﬁéﬂt %fftﬁé lh\?e‘ﬁtléﬁ povides a

conj ugati on gure 6B, provides a list of the counterpart
cysflei ngwthagder @mnmgm@v‘prmmrmgathlpmhunmﬁh@m%hm%ms@e thiol), have a
hi gh probability of being suitable for use as a conjugation site The colum
| abel s for FPEpVidngaa dhreerdimansionplomodel sompraing &t iRagt peg instagce of gniaiPynpa

addi - t igaente (ﬁ@f@rgﬂlfﬁfe' tﬁféeSﬁﬂéﬁ‘slorﬁja@frﬂd?ﬁﬁreﬁ’a‘ies B S amind Bk H8duePice of @W  as

descri bed herein. D's de Information: sunmarises disul phide pai r| ng in
SEQ | D Rtpumin and most pr@fﬁr@bly thentbr Ayipe acH Segrence phiae phumin ﬁ%%%\caﬁé so
| abel | egrovﬂéh)’!ﬁ@ratﬁlﬂno aéﬂ%eq@é?ﬁ@%%pé‘on%}ﬁﬁglez BN4.F4 &, 718, 9, or 10 arfih6fagidsed

cyst ei ne residues di fication coul further ‘selected based on the

ot hdp i whishrase |n@hre|§plm¢ abtﬂ'euqr arsdémr'\bt%mm% 0& thethreesdimgngianal dpess frgfera-

Struct Up,thé ¥Rl A8 s&RieHEE & Wlltléhg'ﬂi’ iad icRBiure amFRY ¥Rl séfiehdsl e6the HIsLPo
anongst mammal i an al bum ns (al i gned by 30C ustal W, no known pol ynor phi sns

causi ng "bWenot ypi ¢ changes. Al ternatively cysteine residues for
nodi fication could be sel ected by exam ning the enyi ronnent@gf t he cysteine

resi due (cont 8¢IaFtiRg acandidatq amino w%w&)dugé%%@'aww%amq theomogeart s

count er pifHe &ninb Ycesddtiehcl) SISO brEstablp ifrdlatioh Ahe Ghrae afihedisidl @fodeych as
i gh fulfils the following conditions: not present within secondary structure; surface accessibility of
at least 80 %; B-factor score of at least 50; less than 100% homology to known mammalian
albumins (e.g. Fig. 2); less than 80% homology to the various albumins aligned in Fig. 3; no
polymorphism known to cause thermal instability; and no unconserved amino acid change to

cysteine with a score of 4 or above;

25 substituting one or more of the selected amino acid residues with cysteine or inserting

cysteine at the N-side or C-side of the selected residue;

optionally making one or more additional alterations to the albumin sequence where

each alteration is an amino acid deletion, substitution, extension, addition or insertion; and
optionally preparing a polypeptide having the required amino acid sequence.

30 With reference to model 1A06 and SEQ ID No. 1, candidate residues identified by se-
lection criteria (C) are shown in Fig. 5C.

(D) Another preferred embodiment of the first aspect of the invention provides a

method for designing and/or preparing a thio-albumin, the method comprising:
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/ OSASA may be preferred (Figure 6B, fifth colum). For clarity, for
al bum ns other than the human serum al bumin of SEQ ID No. 1, equival ent
resi dues are favoured for mut ati on. Such equi val ent residues nay or nmay not

have identical resi d rrbers ;
clearly i den?® V'dgglae H}vgnglonéllzpﬁ]ei%%@p%l%g ‘eg?{\%&ea&‘rﬁ{gga%\n l%‘?Jer %nce
t o honoteagened (mamuﬁthwthrbeﬂﬁﬁbddibﬁ‘dbmoﬂiemwteﬁ foean ahtmona'cmssem,uehceasf amose

at 160 APoRRLRLrPsoer=ciy ledhe T aqlioan s bGREFRBheR B PR L

nunber spnided stheminescid aequeticé ey compsise 10223, 415, 67,08, 9, b590iamihepeids \WL34
t t, L1571 | , ' f d that, -
%Sri " ploBARER ratvpt e G A R g7l ofeR i enidna) BoBE 0T L7 1
i t 10, 9, f
\glci dI gf SEQ Iﬁq?\?omgf c’a??gat% a"lﬁré? gc'ggos\qpe"%gh E?]Bwﬂ'rrr‘%ngw&& ca ?H S&Iewﬁee r an

am no amiredlatien i thiithreg dimeribﬁbrampdelamlfdlstmffol@mrag\dmrdmoesma@tauﬁhm gsc- SEQ

| D No. r abl e
than t RSN Fge S BHRROMY i 85! & &, pFaGURsofd oP R o6, EChER

G oup ( @)0% hdmiotoglyde knawremanmeslipn afbemirs (@.g. rig 213e33htbe@ 80% rgnaelpgy )the

The, et h - Rindi ng
capa(g:a ‘ gé)rgorlil ﬂ{lng@ 8%8 Erb [0:1 5 r% Bﬁlgﬂp@hﬁs% Qr?&vﬁ g éyuﬁg 6@%&38@9@8@& aR4

opt i onaht yntsxmlsexyed Eollt:) qmﬂ wwpe|t<nieymm@wlthla%or@rofdm@bmﬂ have a receptor

bi ndi ng capacity and/or conjugation conpetence. 20'Preparing’ a polypeptide
may or may nedbstiihgdee expesyithrysaleriedaminoasid rgeidues with sxsteipe or IngedNgr
purifyi g}ggftéll;@aﬂ%)(pg@ b%—s&e%?ﬁ%%éé}%gregdeQOSt cell nedia. The nethod may

conprise favouring selection ues neeting one or all of the

fol | ow ng Crbét gg af(lﬁﬁ EQF%? syl HEItlQﬁéﬁéltéﬂé’h ﬁ’é:f% tﬂ@%@cﬁﬁhlp'sleh&é/nc@r\@nere

preferred to Ravi ow SUFface access| conservatlve

nmut 4% i ofAdctf alienationds Aramineiass daletipnt subsiitutien, r%teé‘ﬁ@np?dé*té)r"r%dpsﬂ@r" and

non- conservative mutations; Alternatively, or in addition, selection
criteria as q@ttoaalher@repaﬂng@myneptlﬁe Ba\émﬂaﬁ\effﬁwﬁdcﬁm'ﬁ@§C‘6ﬁeﬁW°ﬁot be used
to select residues in the nethod of the first aspect of the invention.

A second asp¥éih referance to mpdal 1ANR FREQER Ne. 1 rrapdigrinesiduesidsptifiadhy -

pol ypepldctsh gﬂe@@”%@%mmsrg B@). ypepti de desi gned and/or produced
according to the rst aspect of the invention. Preferably the

pol ypepti de sincad FidipeyToA BB 5P o Rkd Q&ectBh@ﬂ‘r%ﬁfihEMret NandeblrPtdadmgss an
i sol ated and/or purified polypeptide. Preferably the pol ypeptide is

syn€het pee thAGAML- does not natural ly occur in nature. Specifically,

the invention provides a pol ypeptide which has an am no acid ﬁ/gue ce whi ch
s at |oast ACANAYEIR REEHE T bek PR G5 MO Bf BgygieinsgEsidpesvoyed in gisul-

f ragmenphigé bbhdih® PresBRt |ﬁ(ﬂ'fe alb@nmhélbcule in the case of HSA, SHQ D N@Sﬂ tth@r'é are
equi val ent to position 3 SEQ. No , there is a conju

5conpet dAdiseipbide; bpndp @sd dmrefomw% CYSte'“eS 'WBVG‘EF%@WBP'Qelbﬁnf"Hg) J&W@Eﬁ i de
t her e i ﬁeQWImar@anﬁeQBVthﬂﬁﬂérﬁﬂb BTIPRLE B refehelitd Qs PesuntiiSsts’ Ahrgdrabl y 2 -
nor e. I'n ition the invention provides a co g(?tlon
ConBet cAPNesEley,ESI RO BABPSIST RS BinealNE FaNAERE reTE Ried BRITICIIEY & BAY PBast
?88:%0'ndt§%rﬁs}tlﬁﬁéfd vfh %mﬁéﬁﬁsarﬂmb%c@%ﬁ%ulﬁﬁﬁsbp'MP vl orlA@lin arder &g GRJate ar
ereof, in whic

free thiol at the partner cysteine. The 34 cysteine residues of SEQ ID No. 1 which are in-
volved in disulphide bonding are C53, C62, C75, C91, C90, C101, C124, C169, C168, C177,
C200, C246, C245, C253, C265, C279, C278, C289, C316, C361, C360, C369, C392, C438,
30 C437, C448, C461, C477, C476, C487, C514, C559, C558 and C567. In relation to the in-

vention, some of these 34 candidate residues are more favoured than others.

Cysteine residues were visually inspected using the PyMOL software (Warren L.
DelLano "The PyMOL Molecular Graphics System." DeLano Scientific LLC, San Carlos, CA,
USA. http://www.pymol.org), and the cysteines in the disulphide bonds were divided into 3
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(a) at a position equivalent to position 34 of SEQID No. 1, there is not a
conj ugation conpetent cysteine residue; and (b) elsewhere in the
pol ypeptide there is one or nore conjugation conpetent cysteine residues,
preferaghég% Qr nore or 3 or nore. 15The pol ypeptide nmay or nay not

conpri se f 5 6, 7, 8 9, 10, 11, 12, 13, 14, 15, 16, 17, 18 19 or 20

t
conl Gt % GREPERF iy BYBHELES, HENIE pysapr, AW AERIMR oA BE
such as SEQ &fehidhiollthatiags a)hlginmrobﬁhllltyzoﬁmlng;e aonpigetiomsitee Tbese correspond  ( a)
substitution oé7§ d@qncwflt(ﬁegec%’g %1 ?ng b%b@e at a position

correspond- 26) Ing’'to a oh~ equi va reS| dues L585, D1, A2,

and 9578 of GBS MBTRET bﬁ?gp?aceﬁao? sem%bsa%ﬁ‘%r %@Eﬁﬁéfg?”?é?éyfg%ﬁ'ﬁ'ﬁéf Mg £257
posi ti on adj medum probablityoof Keingiadeorjdgation sitendhess dowgspohd rtayCel, G, not

et USSR E I S S o
A578 25 X i i i

ta posi ¢ RofloaRTE oRRDS srPiaeey tyserae Fhad P dfer et d Byl g YT O
C177, C567, mrmrobaﬁilﬁy o189y £koajugaiibnCIEs Thiese Ivorraspand toa§SHhoe62eC200,

gen%ated b%?ggégén%‘%o?%%yﬁ %}%icﬁgd‘ 4-;:,’360 C316, Cr75, (C168, (558, 0361,

0124, ron of a cysteine to the N side of

the N ter i "Fhe | BRhANEisOlasEl of| QHALE aBEeo MBS HAYREtdtfin f frd e b

the CGterm na an al bum n sequen hat the net
resul t Gtbetéd bordibithe tpatential, fragethiot redmlvea@metfptdnd Polypeplisie: U@tmgetblén'ﬂ@"dﬁnt( a),

(b), (C)aa%fgf tﬁg)cggl?mg}@gldﬁ% J’ng?/&eré’ iveRY MEaktn H%eér‘ﬁmanﬂé&tag'

resi dues SequencCe IS 1NCrease ative to the

pol ypeptriediimperlow. t o the substitution, insertion, deletion and addition
events. Wthin (a) to (d), above, the residues all of the residues are
pref®rred. HbigeteebA, ebYitiesha distoof adjfthee gystein@yesidusp werieh ave, a high medificalies ar e

listed yp,Q éﬁ@{t h%hd g@ﬁmslh@igatmgeti\gtr GBGificatidh c}fq %sf’é i PSR B 1R ﬂ&bﬁoHOt

i ncl ude a one~or nore natural occurring free-th
gr oup( swoulduewlfas Iteycguréewertsastewelmw&@fnel thjgl thay hasi g hl@bcﬂr‘?baé’d't)t @f bfh

am no agig%uﬂgﬁlglfbr'ﬁe'égta c&x@h teFOr exanple, cysteine may or nay not be

repl aced™by an am no aci as a relatively high conservation score

(e.g. 1, 2 OFgﬁrﬁB ﬁéﬂ)\%’ésaé ﬁ& &QE@ ESUH?&RER c?étgmeéllf]asfm WRerRUREHiIB8 (s

serine. Ath clude a pepti de where one
or @%r epreaidinga frge tb\c,qi)uha\rﬁga hisb@rqhﬁbtbty @rb@m\p(sy)tabl@wwsaéswygﬁ@@ﬁtei n HSA

(SEQ I D No. 12] are present.
e column labels for Fig. 6 are the same for those described for Fig. 1 with the addi-

tion of:
Modification Score: defined as ‘high’, ‘medium’ or ‘low’ as described herein.
Disulphide Information: summarises disulphide pairing in SEQ ID No. 1.

25 (Polymorp.) Phenotype Change: summarises the columns labelled ‘Polymorph.’

And ‘Phenotype Change’ in Fig. 1.

Preferred cysteine residues for modification could be further selected based on the
other information provided in Figure 6A, such as assigned secondary structure, cysteine res-
idues with no adjacent conserved residues (100% amongst mammalian albumins (aligned by

30 Clustal W), no known polymorphisms causing phenotypic changes.

Alternatively cysteine residues for modification could be selected by examining the
environment of the cysteine residue (containing a free thiol group) generated by modification
of its counterpart cysteine residue provided in Figure 6A, characteristics such as high
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As detailed herein, the invention may be achi eved by intfoducing cystei ne
resi dues by one or nore of extension, addition, insertion, substitution or
del etion. An addition may be nmade by extension and/or insertion. 15For

exanpl eg) %aggyg?é%ﬁ?crﬁe%@%@%é%f%rggﬁ t cysteines may or may not be

creat - I'h an sion; e.g. by adding an extra cysteine
residue to t e 0 : - 1 I i Ry, _may
not be addedpgrsél\%hgifélpg %{ﬁ?:@gs'f) &eh@arwetrgéjgﬁrﬁ%n %‘%}Ea‘gg‘?’ﬁ@n°gesréﬁg'gmﬁgﬁﬁq§re" whi ch
cont ai naleoneesbluesrare: favonjedgfat mutatvonPechke etuiggientciesidees Timy aryiaginet have

resi due : ' ' ' t = b A fy-d he

al bum n&%‘b&wﬁsﬁf ralng" I vé% y{mﬁg %%Fﬁé%%agb@ggﬂémo\p&r@? S%E%aﬁér"?%”%'hﬁ%é é’?i"&é

r esi 8lueskilledcpersah, ot evaerple vith Kefareice to Gomelogy ralignroénts wéthaSEQ DrNant anthe

cyst ei ng,resi S) . t tei i 2 ded. or
2t or oner Ehi e Bl Ag FAGaCEDL T PR AR L2 AR RCRug AT DO
ot her apositonadcitdé0 df dhe dredrquital ‘terf arenequivatens buthaveodiffetings residyuehnumbers om 1,

10, 20, remiNati ] i ds;: om,l . } Eds. A
or ef or 1 23 poftenBe 3 BeRRY ik hcldsPBl; Crso puritn, Wilaa & oot raghieR: TisF
adj acenin Maeadgue andi M9 ¥ mausmtltiiseprafemiedi that forean alignmeant sere@Stigf2Om it s

| eagler : Far: I ; a I ) risSi r LS of
seo D R $HGiient GG i £, 008, 7 b7 b, DY arfiBlacld oriR Sty
(D1). SawmimoatiddfHRR D Nay1.Jderviasratode the alignmeptindicaigaiwiethes ag amimyaci¢iSA'

(where L T Emns; ] ggrg,%' erm nal extensions
of al bu%ﬁﬁtgﬁihﬁ as @EGQPE%%&HH&@%? %‘%gfa%/ég'-gﬂ}%ﬁm bum n such as

Cys- Al a- HSA. 1A, RLELRh rcﬁgerig'otf @r&wg{) aﬁ%%%FbSbr‘éEéréﬁe b tRESH & Grdup (B Wich

i mredi ately adj acent the C-termn of ‘an albumn, such as a nature

al buni nin WET aexangs erefarable dhamihioserioh Growp (¢ sandyiroturt 8rs More REpfeRbISHIAN D No.
1, ¢ys Ih%sﬁb?é?cfuﬁt(b)( imediately CGtermnal to the last Leu (L585) residue.
Such an albumn may be referred to as 'al bum n-Cys', e.g. HSA-Cys. O her
preferred C ygrs Meltitd rfay GRAPAG feHheR COMPristSdeteratiniAg thereceit? BIRING capac-

i ncl ude al bum n-Al a-Cys, such as HSA- Al a-Cys. Pol ypeptides suitable for
provi di ityaed(ecthsiconygation epswetanse @f theoralyreptide ard aetinnallvselestingra RRIYREP-t he
C or, Rhe WhiR ®eslF ddelendtnals a'\FecEEIBFTbIP\@|ngaé5d39itﬁ§h&yopf:oﬁjb@at%hmﬂﬂﬂﬂb- such
as to the C-side of L5685 in SEQ ID No. 1. : The pol ypepti de may or
may not teM@et her conprise a further linker to which a conjugation partner,
such as a bioactive conpound, may be |inked. For exanple a |linker may corn-
5 pPPse a prifierasingra priyRaptifle By Rr mayinekinclude expreggng thepplpeptids ahon
conpet epd) &¥BSrIURBIng MY pRlypBFtteTRIm B Kdseai RekticBIl Aedfl. IMBInflethdd MAg @bk-on;
for exanpl e by ‘adding one or, nore additional cysteines w thout renoval of
an ani neriseciaMoyBgisglgtian ef fesiddesanertingPne o gk atBe QoW di®& i t uti ng one or
nmore adjacent amino acids with a |larger nunber of residues containing at

| east one cyst &psidues: hayingehigle suifang accessibilly are peaferedipythrsehayipg low sur-

pol ypeptide. Fqp.LxaBRiGiya cysteine residue may be introduced i mediately
adj acent an albumn residue identified herein. The cysteine residue may be
i nt ppduced ag j i ' o Bl i |

pol Soept | de oy Be T b §TREREERrHRr iy W BRIN B bRferret Sl

20, 30, or 40 tneni@nsgrgativegnutatipnsr 50 anmi no acids | ong. 15Alternatively, or
in addition, the invention includes substitution of one of the cysteine

resi dues in Bliernativelyp peindadslifionh pelediopsiniterigrassietaileduriovatpytihig speéifieatient

am no agj j ' [ ' g it i onal
Free t hio o e B e o Aol e e don
naturally occurring disul phide bonds of HSA may be substituted to provide a
conj ugat i on- 8o@san ﬁﬁpng/@F denibverdign pravidena tthipalhumin campesing H"ep%'ygé)%'pﬁe

whi g gl Jenge BAb/OPBEINpsHiRE [debighed ah@oP Brod Q0L Acddfifg B theSrstrapdet & thdi ng
partner and therefore provide a free thiol group. Conjugation conpetent
cyst ei nEWeRH#R. be provi ded fromone or nore of the naturally occurring

di sul phi de bonds of an al bumin such as 1, 2, 3, 4, 5, 6, 7, 8 9, 10, 11,
12, 13, 14, Preferablydhe polypsptideis :eacamiinedt Rlvpeptide, Srefesanly e ROVRERIAS I8t an
al bum na§46iiated ahlor perifbd, epfRid\Prefblabiy-tHe J%ﬁféﬁli@e isOS\tiatietfHdne doesi due
whi ch naturaIIP( forns a disul-" 25 phide bond with another cysteine residue
may or Relnatgalecceibdetyeted with a rel atively conserved amno acid
residue, particularly Ser, Thr, Val orfl6Ala. Wth reference to SEQ ID No. 1,
cysteine residues involved in disul phide bonding are C53, C62, C75, (91,
C90, C101, C124, C169, 0168, Cl177, C200, C246, (C245, (C253, (C265, C279,
Cc278, C289, 0316, C361, C360, C369, C392, (438, C437, (448, C461, 0477,
0476, C487, (C514, (Co559, C558 and 30 C567. Cysteine residues preferred for
nodi fication (i.e. deletion or substitution) may in particular correspond
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In addition, conjugation conpetent cysteines may or nay not be created in
al bum n 35by del etion of one of the cysteines of a disul phide bond in the
protein structure, so breaking 19 the disulphide bond to provide an

additional fr t.hi roup.. Al ternat]j r in additi one or
Tore of the cymaieAD. MEIRuRTen prouiishe RvPeRtAa Mt s AbARIT i Binuehte

i nvol veghich iﬁét&ééﬂl@[)%ﬁndbﬂfbdi tweéueu& 1 €y 5883 6f SPQLIDENG: aAsér Hfrafrbéht! dp fdéion 1)
may or {!Ilﬁ ?ot e deleted (i.e. without substitution with a different am no
acid) o e?‘/ﬁi’y Pray not be substltuted with a different amino acid,
particularly Thr eptide conprising two
b ore. con @32t oesismiAlent yE pastinn p4.of Hrcl 10 R Mot o B FEHGRHEY, <

f ol ded, cdrhgeterntitystgintk iresideoapét ent cystei ne residues may or may not be
relatively evenly distributed over the surface of the folded protein. The
term ' f ol ded(b) elseivheresn thal mhilypgptide thepois ywpe pr nobed porgbgationiconpetent cysédine al
confi guratdluon re_(or @x Ie the nost 10 thernodynam cally stable fol ded
confi gu?ezﬁlt Sw.P ﬁag Pt @8{8 of relatively even distri butl on is that it

| h
Steric i nor BactBadiebievh ks Eoa e S fghthebhe e dh
t he advaminageido$equiencenivbich dg ataeabt@pt%odmitlbqi telrésiduest tmgﬁSﬁo@ftﬁﬁlllalNd dss of
aCtlld/I tgréjﬁ’ rﬁ%}tpﬁ@#@ taﬁg@h r%'erl ¢ hindrance between adjacent noieties
p

(conj ugat o Pe conjugated to the thio-al bum n. 15Such
noi eti es, rek e

Pr eferabl y t{?&gf%%%’%‘?‘ﬁ&%%ﬁéﬁ%gg %nﬁ%ﬁé{éﬂ%@@ﬁDq@%%trge}r%gssﬂm%ragwdll aport‘)ut ed

over t heorapatéricysteinetrésidueniand al buni n nol ecul e such that they are spaced as

far fromeach other as possible, for exanple geonetrically possible.

Pref erably t(beelsewherade th@epqmventlde/\meter iSppe ©r OWng ougation competeaheysisine ei nes

is at or 80 Angstrons. 20 Preferably each
conj ugah@%e%g’rﬁ%%%gﬁ%ry@ rgloﬁgolrgr%? Ieast 10, 20, 30, 40, 50, 60, 70, or

80 pngst roms el pIfskp (it By m&} A& co 9@?&&%@1&1' 56, CRBS! ¢ 1LY §8N48 45 the
nol ecul e. The d ce bet'ween two ugation coripetent’ cysteines’is

pr ef er abh, Wa%h1§t<m2@@omugetmn|cpmetqrémteln@resmeseo 40, 50, 60, 70, 80, 90,
or 95 % and nost preferably 100% of the Ien%téh of the | ongest axis of the
fol ded al bunMarensnestiigally, thecrolypeniids evhieh mRYRA dercribegdacelatan tard KMawmaln. 25
For exagghf se&ﬁ'&ée%ﬂgﬁ‘ﬁi SBY D 1. 1§ﬁ@¥lhernm$’ no%c@fﬁ FEOME driindte@Fei n structure

1A06 is approximately 85 Angstrons ore, I's preferred that the two

or nore of t(&‘?sﬁb(s%hﬁ‘bﬂ%fé‘ﬁ%h‘w&ém@%ﬁuﬁé aéu@@vﬁﬁ aQ@ste?an at BpdiftionRdirefpdHaer abl y
80 Angstrons apart. Most preferably each con at| on cogl)etent cystei ne

r es2ueinpdo atpositign eauivalenidp asy of é%dues¢53§»00 2,469, ARe.ripdd, BPeY.ct bl v
100% of E8§®1|29nl559 N8k @1i10%?3§2ﬁ><b%9?%n& a75 ot 4e€ 18INpiAL n 1ol ecul e.

30Preferably the si'de chain$ of conjugation conpetent cysteines are

directed away,) ﬂr{s‘émo‘ﬁad?*b %l}shﬁﬁe anglioesitich LEat&H the N RAIC-aidbeAY afii a@dt ed
to the cysteine wll rected away fromthe centre of the al bumn

st r uct uwlich Wﬁysmﬂf@(/P@é@ffﬁﬁ@f‘d’dOé}wP%ﬁg@"cﬁqumaWéFPc amyof reeidpeg P P bé¥een

the conpsgatB4TREGS, IEsD5aNP, Erael 1926 H5YY, r/lxsm’?I B, ie2ekh70, Q397 and A578 Wt h
reference to an am no acid sequence, candidate am no acid residues may be

35 %suaﬂsP'*:le"?l%‘ﬁeﬂ:'t ed using software such as PyMOL (Warren L. DeLano "The
PyMOL Mol ecu- | ar G aphics Systent DeLano Scientific LLC, San Carl os,
CA, USA. htt{® F\Xﬁ@ﬁ)”ﬁmla ffﬁed}"o' Q‘i&’HBlaHatPES'H‘Pﬁ Which fayermay Ml CcAIre3RASE P nt o

cat egor éﬁ‘ysoft@%@dcgm tdwi cpy 0@5@7 bméoof% fmregnefm%ﬁd @fsss %Fch%%“@r mEgr

exanpl e, ‘candi date dm no aci'ds may be divided into

or 10 ceetdwogenesated tbyldgleﬁp@péusweﬂltqtlﬁatof E36Bi Ral6.¢web. &@ﬁéﬁ%@@hrﬁ%
aci ds aEg24169 and/or C567.

30 (d) addition of a cysteine to the N- side of the N-terminal residue of an albumin se-

quence and/or to the C- side of the C-terminal residue of an albumin sequence

such that the net result of the substitution, deletion, addition or insertion events of (a),
(b), (c) and (d) is that the number of conjugation competent cysteine residues of the polypep-
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5 lected fromdifferent categories. That is, it is preferred that a

t hi o-al bum n contains one or fewer nutations fromeach category. Wth
reference to SEQ ID No. 1, PyMOL was used to anal yse the candi date residues
of Figs,.5A and 5B i.n order to identif rticularly favoured copbinati ons
of cyet insStinch s ifkeSesdarbfis B potp i phtiBind sl R RS pretion. 4Ble.

t hi 0- al tierrand Baditiorg evemts. ONitHID (&) o), Labve,1the residoes alboptHecenesidoys b pres-

i dues. ti : 1_and dto.th l.ect.i. i terl A
and (B) PR HBBPYPol i e ok s (SaS A8 dpe (el B8 A6 VBEH Rordersr o™ (Y
descri be@abiag idferegd.ecti on Group 3 corresponds to the residues identified

in Fig. 6B. Particularly favoured residues are given in Figure 6A and 6B in
whi ch t he col Arthiofattariingsayasremayacisiaciedeaa pdivpeptidenwherg. orle o inlore hatueadlgi t i on

of 'Selection oup'. .and, ' .Proxi mty, G oup: ri er el Noue e
bsul t s iR SRIBESER AR SbieeePin BSATERE IPRE P iciRunddto RS
t he sanmema® dditbwhich$edoti systeing. Far examplé;i cysterewnty ot hreryaudi beireplacdd by an

imty. : I i on. of i mt. d j i
easr | vamirRad nGh . Bl P et lotitn AFOREE" A28 RE Califblétd-©
exanpl ecordmgdo dFig. et) antmes atanther @sieduesA ded-atbuaih maySelneay hefrindudaip pbly-

it hoPaicR el 16 &nele I acttg et HAE BlpL e RS RAIT ©

pr oxi m {SEQ D dbbherareprdsens of Sel ection G oup 1. Five groups were generated
(labeled Ato Ein Figure 10 'proximty group', right hand colum), four
wer e gener at Ad dbtailed Berain, thespentidromay Ge @ghieFed byintiodgcirghtysteing fagiques bdues
not vi sj i i . wien t dtermnal region. In
nddi 1 oae B e Rl Oh Bl By REod Jubiboch BeRib®: LMD PR Oy aroup A
Simlarly am j [ ' ion Goup 2 (listed in
figure 5B) m”)éﬁ%d@@éﬂg{a?%b%{d%&féﬁ?ﬂndﬁ{igs ﬁbb_ software, and the am no
aci sel ect iV ' G Ak j i hf mB { thel 0
othes membor COPRLB b BF o LGB CEBEI AR IR g*’éﬁ%ﬁ o8l 54 98 et
i n Fi gueéinan alppmid bl exfergions.g. byiaghingrearrxtraslystgine residussiginedi-tgfminuger
preferrgg ; i | i td i i} in
Fi gur e oo SR Sidkiule MncHTRayi6i Ao} Bt (eaiodid PRgE O EBIng realse
di sul phagl@ lpegripolypeptidei whigh icontains et arcdMersi apgiugatorPeNIPets Bl exaiaines. AhE t he
anm no ag)diéing ARiU6RY i/ 5o Sdek Hhelicly SALEIRIER. BRIl f1Ghé aRUAIL M LY
t hat gro

to ot her” nmenbers o group. Four ps were gener ated abeled K-Nin

Fi gao e Alernptivek. itharg mayokeone pr giere hihed andicuacly resitues lpedted petwgendhadt-he
resi dueg, @b, 8ab&GhLLBr SeUtbuniin eth&'c&%tlgin'éer%'ﬂ)gH&?%%gﬁeﬁ bfo bE#Yrd 2Pdteine

conj ugati on conpetent cystelnes e.% g. rder to generate such a
conj ugafésisves arpaddedt saye pedlhef the added cysleings may-he separated fioergashothefSyei ne

(€.9. Fife opf%Bei &n%rfst%?igg aﬁg%ﬁ@xa\?@g@ by from! Chol2 érﬁﬁmgfatsf&rch%am ¢, R

I

del etion or substitu n c@nbl nation of two or nore
nut at i oRE, 3% ofdfiamal aeids fofreil®, R8s s onAP emingcacids.iA piaferfag Mrierminal
1 pr | 3 U . A _| ed 5
over t nctnyiph R1R3 adiich of e I RaRHAY EGobeht Mt bf g A SRR & ¢
t her e agbumin geavedifrany itgleades s¢queace)AFpnexdmple.ifof an pibumin ceEPtiNRG Or ¢4t a
t hi o- al i i j i §i ) 8l is
oo or Song oA NI, Ele Bl Erer) R A R o T B0 e
gr oups. amtadumin maytbe refesrast torase Gys-aluminicega CyriHSAI(WhererH 30 dss HHB@N ¥t ai n
two or ' ' : [ & I, j j _oup.

Rith %@“g#wér%i%ﬁg?g{-@%mgyé&&%i%%ldrlr}englgs &‘Q]éﬁ‘éé‘stbemsﬁ&% ¢-oup

A large nu pe I'ons exl st this criterion.
For 3exaniHe Cysda-albumirpsughbamCrs-NarH8At AdvefetediGrigrming! exteesiemjsothe pddirps

resi due i i L hat n d i t hen
75+ Adah eF Bfs Hfimefaleh, o e CLBhA oS FoGNP o) 56 B MALES b,
conbi ne Fai examg&foi an alboximéanyprigingugs consisiingl of S5 {2 Blpeil r €ys s \Rseferably im-£86
whi ch bPr{egi ?&f 'd)r-tehﬁ'inglrt?)ihéqa YL Q%851 YestoECSuGPAP LB Ay 'baGEH I eR%0 as
cystei ne- f t Is preferred not to seﬁect residues from _

‘albumin-Cys’, e.g. HSA-Cys. Other preferred C-terminal extensions of albumins such as

35 SEQ ID No. 1 include albumin-Ala-Cys, such as HSA-Ala-Cys. Polypeptides suitable for

providing extensions, as described above, may be added or inserted to the C- or, N- side of
18



proximty groups A, For K That is, it is preferred to select residues
fromone or nore of proximty groups Bto E;, Gto J and L to N.
Exanpl es of preferred rrutations selected fromwithin Selection Goup 1 may

& oup. 1o i - et i A o8 s G s 26T, B 108 oBEA Im ST Reg ' "

such as1T79 + A364, Simlarly, amno acid resr dues sel ected from proxi m ty
groups C + E, such as A364 + D1 are also preferred. Al so, amno acid
resi dues fro‘ﬁmq)pmx;beﬁtidqngaycunmaymotﬂ&thesuoﬂnpme aMe&um@rm whichlrecaBjgaele of

L585 + £ or fromG+ |. uch as S 5 ref d r 3
oino. afSrpRner ofigh 3 & bibadlE dpBRodad dudh o ikegh For SLaigi®, 5 Tker PRy P o
whi cd oprdsera primgny@xiime $ychgisallpsind + C + B are preferred such as T79 + A364
+ D562. Simlarly, amino acid residues selected fromproximty groups B + C
+ E, such asObh&®@? mroréxasmugauesa compabesil cystéidbe mayldr, may eobbe oreatesf ieraredl- For
4 amni no, aci res sel ec ed from Sel ectron ou ) i jdues
30 wh CROTBIRchy ROl Sor el e G, 758, B o B i B st R it P ¢
D562 + é&dvamiop aaidtresrdraa& froraltye dIBOMin d8§6Ence, ABBYIsubslitBBg aneopmfeaadjetdant Even

. : Y Lo o A 5
TPE P AR i AP pRRbEY SRR R Rl Sloadi O RiT) duf BB F T 2

am hd  athecvesdlilengts obibk eotypeptideo foiSaaee, (mcyeta'mq)re!stduamhay(ﬁeahﬂtrddwc@sliimlues

35whi ch | +L585

DL ar DS paBre Eh AR SR B Bl Ricl ey nf T

pr ef er r dated asEheinglb oysieine msrdmem‘ vallhmmpnlywptldan'ffse mﬂxp&@tldwym@tffw Rtter

conpri s t E rin@ I LSion

i n anot ﬁer méc(?dsqgn& pr&\éia%ﬁ(pr?gen%% ‘pré erre ?ru1toa?cr) gérpsg'g r‘eégta‘?rﬂﬁ? ra(gpné

wi thin Begection Goup 2 may include the following: 5 For 2 amno acid

resi dues selected from Selection Goup 2; amno acid residues which occur

i n pF oxi m t yAdgroatpyelyGor-inl adsition. the isEnton Imﬁséﬂbstrwtwef?froé@ Of/ﬂPQ eysteinevel vy,
amno a RS +

0120 ar e T SHES: HBlAs g SO Abiin it P Bt Aol i Te s

G oup 2$0 hrgakiog #us disulphide be@d toJeavgrarcadditional fréenthil gsauRi For quamn!ﬁs acyster + F

such as; i dues

i oh- o8 gy ond of it gt 147 HefrBHAELITRY i R W Sf Yo a0 2eStuied, ¢

pr ef er r tedprovifea oonmratm eammeteresayeleee Suthes subistitutiom @akes theorysteinsughigh

a%gnéte%fgmsﬂm o A0GYhger hale PSP bRURY SaHNEF Shl ShirBroRS pre? 70 +

vide a free thiol group. Conjugation competent cysteines may be provided from one or more

A58

of the naturally occurring disulphide bonds of an albumin such as 1, 2, 3,4, 5,6, 7, 8, 9, 10,
11, 12, 13, 14, 15, 16 or 17 of the naturally occurring disulphide bonds of an albumin such as
HSA (e.g. SEQ ID No. 1). For example, one cysteine residue which naturally forms a disul-

25 phide bond with another cysteine residue may or may not be substituted with a relatively
conserved amino acid residue, particularly Ser, Thr, Val or Ala. With reference to SEQ ID No.
1, cysteine residues involved in disulphide bonding are C53, C62, C75, C91, C90, C101,
C124, C169, C168, C177, C200, C246, C245, C253, C265, C279, C278, C289, C316, C361,
C360, C369, C392, C438, C437, C448, C461, C477, C476, C487, C514, C559, C558 and

30 C567. Cysteine residues preferred for modification (i.e. deletion or substitution) may in par-
ticular correspond to C360, C316, C75, C168, C558, C361, C91, C124, C169 and/or C567
thus generating a conjugation competent cysteine at one or more of C369, C361, C91, C177,
C567, C316, C75, C169, C124 and C558 of SEQ ID No. 1.

In addition, conjugation competent cysteines may or may not be created in albumin
35 Dby deletion of one of the cysteines of a disulphide bond in the protein structure, so breaking
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15 For 5 amino acid residues selected from Selection Goup 2; amino acid
resi dues which occur in proximty groups G+l +F+H+J such as S270 + A581 +
E82 + D129 + B97 are preferred. However, D549 is not preferred in

combi na nmut ati ons, A578, . A581. S nutati ons to D549, A578, A581
or are &&%ﬂ%&?@&%ﬁf@%%ﬁdﬁeﬁaﬂvﬁhwﬁé QHPon of L585 from Sel ecti on
G oup 1. 20Ex ref rred site selected from I n_ Se ecf3 Grou

| es. of
S ToP Lhe” coniaRaRlye o Brasiion: on o a5 REayene HSMES FresePb i For
2 am nomatindlecels] butewt Bﬁbl@@d modi$ulshidSbbredirig (mg.@ysupt if;the@ paseoofREQ IleNn dues

whi ch ogcur in roxpmt roups M+ L are.preferr Suc 177.

S 1 ar 1 ey-gB By Ak By el 8o ayeRlfubh B r iferat Frind ek B maw ot

di srsipt mag ndt iseisystitieedogitits difeent anmopicef, partiealarly $ére Thh Makomalat | oned

al bumin variants may or may not further conprise a cysteine at Cys34 of SEQ

| D No. 1, orFata polypeptide adoeptisipgttive ioo mdre camjogdition cnipetent cysteine residues,

ot 2B el bebi, R B Bk o Aol AR Py S,

Sel ect i ba rélativefy @venhdistnibGedrovet thel surdalcy ob thed toldesldproteirs | Thestesro| ‘totdeddinFr om

“nct udet R4S Bis'er arnopeski BTyl Bl ds Bl o8 0 ARy riost ™

Al t @0 nathewabddynamirzilyl stableffolded pomfigurdtion. Am adyntagetof Gelatively averhdistsib@®h iss S270

rsor 1t R BNBAT HrdefoR hEWBRer ingie ThafetEs fa fre S Mingihot SRAS k3R *

r esi duebetiveemi@® opmore ofi thg cgmjogaied Moieties +Thib bag theaeivagiage of ar8misir@l20d ar e

I ,
ol ute SPELER gimiptng, SERRACEsS ot BH0AT dub PSS Shcfl s SiBHERinkraed B
C316, f tweenmdiaceni myietipsolepsjugation lp,artsenshwla&h Asyberconfiigatedsio dhe thid-albuienin.
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I f
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(iv) H Angsttoms distant frcrm@llacbrmare:oajulgnmmcwapetamttwstefneshe tnlenm@Iﬁcubn Theisor may
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cqui val e SEREEh e onifdltf clfmpBlont Wit s Brombiably i uibaainh 8t igast
ski | | ed10.e2G 30, #) 50, 60p 768Gt W, oh 86 %ra@dgnosmreferahlmGQ&ﬂwétthe)lengm efhe t han
one ”eféelcqg L Qis Wfofa%gry&ﬂﬁgrﬂréh@ﬂscﬁ%%?teﬁgﬁwpﬁystﬁfo%)m U GudPSF Eﬁﬁﬁ ed

from Se I on ou S approach may al'so be used
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ot her r , iS¢ ed
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tion competent cysteine residue is at a distance of at least 80, 90, or 95 % and most prefera-

bly 100% of the length of the longest axis of the folded albumin molecule.

30 Preferably the side chains of conjugation competent cysteines are directed away from
each other and/or directed so that a moiety conjugated to the cysteine will be directed away
from the centre of the albumin structure. This provides the advantage of preventing interac-

tions between the conjugated moieties and/or the albumin moiety itself.

With reference to an amino acid sequence, candidate amino acid residues may be
35 visually inspected using software such as PyMOL (Warren L. DeLano "The PyMOL Molecu-

20



addition to the naturally occuring Cys at position 34 (SEQ ID No. 78,
contrsuct TA33'). A nore preferred thio-albumn conprises SEQID No. 1 with
Cys at p03|t|ons 2, 364, 562, 585 in addition to the naturally occurl ng Cys
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whi ch conprises a conjugation partne such as a bioactive conmpound, and a
pol ypepﬂvéegf@mﬁowerﬁrﬂffletﬁt@ﬁéab&l%Attodil in figare 1O ‘RraWmity grenht il haad cakbr i s

l'i nked hﬁ’ilng/rf@urp&% lé%%*a‘i'é'd b LRUSNnEpe . UsBlp @cﬁﬁﬁﬁ@%ﬁmo 518 r&didResr uti due

of the pol Ypepti conj ugation partner e a therapeutic,

di agnosvis®legip 1|Aﬁﬁgwh@h @mrbmwmt%mrm g N- Iﬂﬁ@@ah’@ﬂﬂ% maad%%!t wasghserved
conyzygairﬁt 34:@ éée?x?m%h%ro&ﬁﬁ% afor exanple 2, 3, 4, 5, 6, 7,8, 9 or

conj uga artners ach be di fferent and/ or may be nultiple

COpI es of t h§lr@@nlv apurepacith tesidues fseleglsdyin Selestiore 6rUPGiflistad 'péﬂgvrﬁeﬁB)wy,erﬁ nked
to the peléam}% ee@d&@rngq@pwée%ﬁaa@ 8hd ﬁ@@ﬁh@a&.dgxéka@aw@awme ifth the

pol ypept i wever conjugation partners may | i nked_by ot her neans for
exarrpl e calpgeriagebrser o' ti@lrowowlttéwlﬂ@ﬁtmmh@rg Qfosqi@frttoaﬁ@épr?e FiYg SEPUREI ds

such asylysidie ataégsﬁ»égé/oeﬁfmn @9?&10 ﬁf-oxm?y rﬂh';?nﬁ%irﬁ'ﬂaﬁd’ el a met hod of

producmgapOé I nvent1 on “conpri s culturlng
a hdet cell Fiei the prqfenr%freenvﬁﬁqm@remérsel@sm"ﬁ ﬁ@h@h@maouﬂ digted in

expr ess kR b}, NehidP ik 8Bt ddieratéd 8y mutations causing disruption of disulphide bonds
were visually inspected using the PyMOL software, and the amino acids selected were divid-

ed into categories based on their proximity to other members of that group. Four groups were
generated (labeled K-N in Figure 10 ‘proximity group’, right hand column). When referring to
35 the residues of selection group 3, the cited residues are the resultant conjugation competent
cysteines (e.g. Fig. 6B). In order to generate such a conjugation competent cysteine it is

21



(b) recovering the polypeptide fromthe host cell and/or from host cel
grow h medi um 30Accordingly, the present invention also provides a nethod
for producing a polypep- tide (or protein) of the invention, the nethod
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dilhent.  por cdnlhilols RAGA0 LltbiRE. N0 HrrrBE ot 85 SeRATRIRORS fftim
maki ng a pharmaceutica |ngre09e§ and/'br a pharnaceutical pro uc?
conpr i spregimityigireupsah, tFard<. Jihbuisi ihisapceferreld togselast rdsilues oamend envaeneiab prox-

opti Ona{rﬁi%gq?@{ys@ﬁ)té r?goﬁ\{ At el mol ecule to the thio-albunin, optionally

formul at e resdul conjugate with a pharmaceutically acceptable
di | uent and/Bxarcples pkprefeirad anwdatiansrseleictedfranp aithingSeléntiop Graue | M3y inglude
dosage {h%rgﬂowin ) A tenth aspect of the invention provides use of a
pol ypep |(§e 2CEr di ng to the invention for the production of a

t hi 26 al buni nFardhamataeid residues seleoted fedre\Satddtion Spaqt 1;@Emind acid mesiduesdrom

. d . . . . . . . / . d b
et hod acoor BeKETY SRR S ABHIRENER QBn Tz AT Sl ScBRUiREE Y
i Il ness and/ duesdsedeptexsfrem proximity AraupelC tHHE,cmich@s AJ64 h®1i arecaisa prefesreslyi des

| P . ! ( . i |
may be {or e ByeANS 2l BRI R AR SRR IS . ShAF e TR Ror SHe 37y,
i ncubat i ng a@G-sidebafid5a5 $A1or o Gt |,.sushen S260 + Afi81aareirefelred. t enper at ure

: t t 5 25 0.4 dy, 36 t

5575 prer F80° By sbberebyes sSseRt T etk PuBchierEERELf et 20 1
such as a stwhich ofcugén prosimityegrougsdA #1C €8 ars prefemed sudy 2sTThg ASThe RIGRAIM n

ey e PR S A R SeRefe S Mt S 2 L sl B
a medi cal deDbéz+d36dressonsa2ef ABGY + BX{ are also prefdried it s application on to
or insert i.o ”F&”E 0an%ilnoh ljag%nre%{dugsr] isgréttegofgc}/r% "Selection Group 1; amino acid residues
30 which occur in proximity groups A + C + B + D such as such as T79 + A364 + D562 +
A504, or alternatively T79 + D562 + A364 + L585 are preferred. Even more preferred
are amino acid residues selected from proximity groups A + B + C + E, such as C34 +
D562 + A364 + A2 T79 + D562 + A364 + D1. '
e For 5 amino acid residues selected from Selection Group 1; amino acid residues
35 which occur in proximity groups A + C + B + D + E such as T79 + D562 + A364 +L.585 +
D1 are preferred. Similarly, E86 + D562 + A364 +A504 + A2 are also preferred.
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The pol ypeptides and/or conjugates of the invention nay be used to prepare
nano-particles which may be used, for exanple, in angiogenic applications,
anti -angi ogeni ¢ applications and to coat a nedical device such as a stent.
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provi defi)nmngpartl cles con5| sting only of thio-al bum n accordi ng to the

i nventi on whj or ot be conju ate ty (.conjugation
parther). The %\?@ﬁ?‘? @ﬁ'd @“%? 89'?8@@ f 'P%ac%@u?érrﬁé'g? dt FSEIUES buni n
according t Whlbﬁo&&hrnmmemm@@mmn@h | 88sh ax:sm+ AG81 bk prefqrmgaAmetnattvea

nDIety and One or er C nStltuentS (0] rt or
o ot et o 4R egues e Oﬁ%f'@w%amﬁyn%m@ PH Scfias SToih TRy
accor di ng t oarelpgefertg@nt i on conpri ses at Ieast t Wo conj ugation conpetent
cystei ne reS|du s l.ocated on the surf of . the p tide. Suc

Ui o= al bunf o ey AR 26H resriugt seFieparan stn Ssipclen RIRUB 2 Ariia cor eeiven one
or m®re conj whiah b@derﬁrﬁ)ﬁmtnﬁﬂtgrély;ﬁ @i+nie+ Eutieas $270 +a56 e E82 ade preférhe.

| < toed for AAAY: BRTecACH oG ANOBPeba ErREP T IURE AR * 1 syof 36 1

bi oacti ve noSgrod A581 + D129 Hi@pieferaddl i on rel ates to all al bum ns. Wil st
preferred resi dues have been identified i reI,ati n tqg SEQ I D wo 1. the
skilled pefsb hamige geidaissidues, spigetsd;fram gﬁﬁ‘%’aﬁ‘ PUP i3IBS acld B5idYeRer
al bumi n Sequﬁﬁl@ﬁécc&Wﬁoﬁlﬁm?@@o@s@ml AF dHssicASe 6270 +E\5]34f€582 +emt293 and
under stand that_nutations al bum ns &g“her t han  SEQ : such
equi¥al ent ® r B} 978N Agidpresidugs selgeted t§eﬂﬁFt'°E£IPU%I2erﬂm'P%§° ?s':"dé’ﬁﬁ be

identified byhich @&cmﬁWHf@ki‘ﬁut t@;@cmplsctgy |aIFr glnmeoeuam hSSHI: INB8MNa- EdR + B1pesi due
in an al bum n other than SEQ 1 D No. or may not have an jdenti cal

resi due coor 8iG3%/ are @rqf%rgecbma%ﬁ)wé%nemgeteffeewtrbblﬂetlomwﬂtrﬁu%attorte i n-

25 vention pagrg, d&81tAES- rﬁutbﬂt!ﬁsﬂ& D528 SA57) ABBY oPhiHBt Prei@rfvtEiCdmMbHtibn as
t he sequences. shown, in_ Tabl e and??r{;‘gre preferably those shown in Fig. 2

and/ or 3. B‘d@%ﬂ‘“@?ﬁ'onloﬁkﬁﬁfé%“ RE§C {38 of an al bumi n sequence to

i nt ppduce ONexfhpl8PbEpraféiietisieakletted frohhivithis Selection GroUpeS furtthélasHjugdtibr M ns
can of fer advant aﬂ‘gs over_animal -derived al bum ns by having a higher |evel

of conj GYJAPSERLS ivisdngy inelude thei fellowiibups, and can be nmanufactured with-

30 out theerfFgka Qm.ﬁ&%beme@ehw@embteb Rt EsURbA d%ueras amﬁo \dcld Felfduedn
advantage of a thioal bum n conjugate is that the thio-al umng Wll"gf?)}/ be

prepar ed sep¥Righ SFgurtn, PERXERLY 95@%&5 Mt loare pigterred@cbras e369%h & 1h
t hi o- al bum an@y.ﬁqﬁzu%ﬁga@Q pRigflice many different thioal bumn conjugates.
Al so, the individual n&{nents of the conjugate can be manufactured by
di f 2&r ent rreMﬁtﬁjt@aaﬁfuo MyEtienpdisruptieg disylphide bends arg 195 RIC'8IMAGI e net hod, such
as heterol g- Tﬁ”éag&)é agfahsa leﬁﬁtm\‘fa?%h@r}néforamggﬁ&t fofther COH{pRs@ S PstéRst -
Furt her nore, 1 o-al bumn rmay conprise multiple conjugation S|tes and
therefore a §vs~agtcé&EtQtDblbbhmatm9qtb@lemppmgm @cﬁrto&errﬁ%emtlman one type of
conj ugat ] on. BahbiMgliods ket ERRSIEIG RIS, 1.0 B8 3%4draiRo 8R! mabér g N0
agent, i magi ng agen or to multiple copies one or nore types of
conj ugasliesnfrcparaalmtlon ﬂteupab|ar¢ typicadly @tﬂi?r(@}atOeSlteISefrqﬂmS@l%Fl%ﬁfﬂun 8. whicher ent
typ 0 I n of a multi-functional
§§ Br#g&bé{%%%ftg@e?g;%%ﬁj E'SS‘FEW% H?tg)ha bEﬂr)ngn to nultiple copies of a
conj ugatl on Bxamples ofbitesvicorn ﬁelact;m&rmun;ﬂ hi2 oAy insludeuiesidues fiemi prexiety ed
and 5 t.h nj gate
é%@é&fcoi £ Julf SEABB4 Esﬁwgﬁwatl\iy ly. YalisgR frcf?{u gtcﬁtn‘?ilf%rgliﬂ% R £ |

require I vén purpose re a conj avin a S|ng e

copy of S!tlcmea%@ﬁjl dgﬁzﬂooh /’ééﬂ tirem proxdridhgreyes Aot HdtaIG vdr syl 3 G34 +\/[i)15129at'1

| b |
Bxp. Thos 2885 Mo S4B oty GtoaEE RS s |"sch 7o ASoa +po8idr resinBoie O
conpaigapiaximityfgrotms € merH sach asoddal hAG81 sDM29 ane alshvprefeargds.  10Fur t her
details whi CFxéméflerﬁ ‘ eg’f% fh ﬂ%cﬂﬁr‘?%é%;bsiggq A3) Gfide! r@sfdi}ﬁs 'fer‘b('ne&Bklﬂﬂyar e

descri bed bel ow | mensi ona

di scl osgroephast bedh swgblas iG34reC 169 HR316, frave peoiximity giownsde i+ Lk suothasid38406
(Protein Data Bank) which relates to @Q ID No. 1. Figure 1 gives the am no
acid resi 15 dues for 1A06. However, ‘the invention relates to all

al bum ns and their structures. Structures of albumn are available to the
skilled person, for exanple the atom c coordinates for the tertiary
structure of human al bum n are avail able at the GenBank DNA dat abase at
VW ncbi . nl m n| h -gov. ZOStructures may be viewed using suitable software

o ~ —— E—~ NN
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The polypeptide may or may not comprise at least one mutation that reduces glyco-

sylation.

A third aspect of the invention provides a polynucleotide which encodes the polypep-

tide according to the invention. The polynucleotide may or may not be codon-optimised rela-

30 tive to the host from which it is to be expressed. SEQ ID No. 2 provides the usual coding se-
quence of HSA (SEQ ID No. 1). SEQ ID No. 3 provides a coding sequence of HSA (SEQ ID

No. 1) which is codon-optimised for expression from S. cerevisiae. SEQ ID No. 2 or 3 may be
mutated in order to provide a polynucleotide which encodes a polypeptide according to the
invention. Preferably the polynucleotide is synthetic and/or recombinant. Preferably the poly-

35 nucleotide is an isolated polynucleotide. The polynucleotide may encode an HSA with or
without a leader sequence. For example, the polynucleotide may encode an HSA with the
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to SEQ
Saccharomyces (e.g. S. cerevisiae), a P/chla or an Aspergillus cell.

15 A sixth aspect of the invention provides a conjugate which comprises a conjugation
partner, such as a bioactive compound, and a polypeptide according to the invention, where-
in the conjugation partner is linked to the polypeptide through a conjugation competent cyste-
ine residue of the polypeptide. The conjugation partner may be a therapeutic, diagnostic or
imaging compound such as those mentioned herein. The conjugate may comprise 2 or more,

20 for example 2, 3, 4, 5, 6, 7,8, 9 or 10, conjugation partners which may each be different
and/or may be multiple copies of the same compound. Preferably, each conjugation partner
is linked to the polypeptide through a conjugation competent cysteine residue of the polypep-
tide, however conjugation partners may be linked by other means for example by a genetic

fusion or covalent bonds to non-cysteine amino acids such as lysine.

25 A seventh aspect of the invention provides a method of producing a polypeptide of

the invention comprising:

(a) culturing a host cell according to the invention under conditions that allow expres-

sion of the polypeptide; and
(b) recovering the polypeptide from the host cell and/or from host cell growth medium.

30 Accordingly, the present invention also provides a method for producing a polypep-
tide (or protein) of the invention, the method comprising: (a) providing a host cell of the inven-
tion comprising a polynucleotide encoding protein product of choice as defined above; and
(b) growing the host cell (for example, culturing the host cell in a culture medium); thereby to
produce a cell culture or recombinant organism comprising an increased level of the protein

35 product of choice compared to the level of production of the protein product of choice
25



SA Africancl awed frog Xenopus |aevis P08759-1 37.3 608 SA Bovi ne Bos taurus
(SEQ I D No. 94) P02769-1 76.1 607 SA Cat Fe/is catus (SEQ ID No. 95)
P49064-1 82.2 608 '

achieved by growing (for example, culturing), under the same conditions, the same host cell
that has not been genetically modified to cause over-expression of one or more helper pro-

teins.

The step of growing the host cell may or may not involve allowing a host cell derived
5 from a multicellular organism to be regrown into a muiticellular recombinant organism (such
as a plant or animal) and, optionally, producing one or more generations of progeny there-

from.

The method may or may not further comprise the step of purifying the thus expressed
protein product of choice from the cultured host cell, recombinant organism or culture medi-
10 um.

The production method may comprise linking a conjugation partner to the polypeptide
of the invention through a conjugation competent cysteine residue of the polypeptide. Suita-

ble conjugation methods and conjugation partners are described herein.

An eighth aspect of the invention provides a composition comprising a conjugate ac-
15  cording to the invention and at least one pharmaceutically acceptable carrier and/or diluent.

A ninth aspect of the invention provides a method for making a pharmaceutical in-
gredient and/or a pharmaceutical product comprising making a thio-albumin according to the
present invention, optionally conjugating a further molecule to the thio-albumin, optionally
formulating the resultant conjugate with a pharmaceutically acceptable diluent and/or carrier

20 and optionally preparing the product in unit dosage form.

A tenth aspect of the invention provides use of a polypeptide according to the inven-

tion for the production of a thio-albumin-conjugate.

An eleventh aspect of the invention provides use of a conjugate according to the in-
vention and/or produced by a method according to the invention for treatment of disease,

25 treatment of illness and/or diagnosis.

A twelfth aspect of the invention provides a gel comprising one or more albumins ac-
cording to the invention. The gel may be formed by any suitable method. For example the gel
may be formed by incubating an albumin solution, or suspension, at a suitable temperature
e.g. room temperature (15 to 25 °C, such as 20 °C) or body temperature (36 to 38 °C, pref-

30 erably 36.9°C). A gel may be used to coat medical devices, such as a stent. A gel may be
used in or on a wound dressing. The albumin may be applied to the medical device or wound
dressing before or after it has gelled. The albumin may be applied ex situ or in situ (e.g. ap-
plied to a medical device or dressing before, after or during its application on to or insertion

into a human or animal body).
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SA Chicken @Gl /us gal/us P19121-1 (Version2 text) 46.5 615 SA Cobra ALB
Naj a kaouthia @@1134-1 30.9 614 SA Dog Canis lupus faml- iaris (SEQ I D No.
96) P49822-1 80.3 608 :

The polypeptides and/or conjugates of the invention may be used to prepare nano-
particles which may be used, for example, in angiogenic applications, anti-angiogenic appli- -
cations and to coat a medical device such as a stent. Nanoparticles are effective at targeting,
for example to non tight-junctions, and therefore can be useful for targeting tumours such as

5 cancerous tumours. Nanoparticles can also be useful to target antigen in order to provoke an
immune response since nanoparticles are particularly susceptible to engulfment and presen-
tation by phagocytes. The invention provides nanoparticles consisting only of thio-albumin
according to the invention which may or may not be conjugated to a moiety (conjugation
partner). The invention also provides nanoparticles comprising thio-albumin according to the

10  invention, which may or may not be conjugated to a moiety, and one or more other constitu-
ents of a nanoparticle which may or may not be albumin related. In a preferred embodiment,
a thio-albumin according to the invention comprises at least two conjugation competent cys-
teine residues located on the surface of the polypeptide. Such a thio-albumin may be used
for the preparation of nanoparticles in which one or more conjugation competent cysteine
15  residues may be used in the formation of a nanoparticle and one or more conjugation com-
petent residue is used for conjugation to a conjugation partner, for example to a bioactive

molecule.

The invention relates to all albumins. Whilst preferred residues have been identified in

relation to SEQ ID No. 1, the skilled person would be able to identify equivalent residues in

20 other albumin sequences, such as the albumins disclosed in Figures 2 and 3, and under-

stand that mutations of albumins (other than SEQ ID No. 1) at such equivalent residues are

part of the invention. Equivalent residues can be identified by, for example, homology align-

ment with SEQ ID No. 1. A residue in an albumin other than SEQ ID No. 1 may or may not

have an identical residue coordinate to its equivalent residue in SEQ ID No. 1. Thus the in-

25 vention provides thio-albumins based on any albumin sequence, such as the sequences

shown in Table 1 and, more preferably, those shown in Fig. 2 and/or 3. ‘Based on'’ includes
modification of an albumin sequence to introduce one or more additional free-thiols.

Recombinant albumins can offer advantages over animal-derived albumins by hav-

ing a higher level of conjugation-competent free thiol groups, and can be manufactured with-

30 out the risk of contamination with pathogenic prions and viruses. An advantage of a thio-

albumin conjugate is that the thio-albumin part may be prepared separately to a conjugation

partner. Therefore, one batch of thio-albumin may be used to produce many different thio-

albumin conjugates. Also, the individual components of the conjugate can be manufactured

by different methods and therefore are not restricted to a single method, such as heterolo-

35 gous protein expression in a host cell such as a yeast. Furthermore, a thio-aibumin may

comprise multiple conjugation sites and therefore a single thio-albumin may be conjugated to

more than one type of conjugation partner (e.g. therapeutic agent, diagnostic agent, targeting
27



SA Donkey Equusasinus (SEQ ID No. 97) (BXLE4-1 76.6 607 SA Eur opeanwat er
frog Rana shqi perica QQYGH6-1 31.5 603 SA Bl ood fl uke Schi st osoma nman-
AALO8579 (Q5VB7-1
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20

25
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agent, imaging agent) and/or to multiple copies of one or more types of conjugation partner.
The ability to conjugate the thio-albumin to different types of conjugation partners allows the
provision of a multi-functional species. The ability to conjugate the thio-albumin to multiple
copies of a conjugation partner allows the concentration of molecule to be increased and
therefore increase the amount, or volume, of thio-albumin conjugate required for a given pur-
pose relative to a conjugate having only a single copy of the conjugation partner. Advantages
of delivering drugs via an albumin fusion protein are discussed in Osborn, et al. (2002). J
Pharmacol Exp Ther 303(2): 540-8. It is expected that delivery of drugs via a conjugation of

the invention would have similar advantages.

Further details which may or may not be used in accordance with the invention are
described below:

Three dimensional (3D) Models

The above disclosure has been made in relation to the albumin model known as
1A06 (Protein Data Bank) which relates to SEQ ID No. 1. Figure 1 gives the amino acid resi-
dues for 1A06.

However, the invention relates to all albumins and their structures. Structures of al-
bumin are available to the skilled person, for example the atomic coordinates for the tertiary
structure of human albumin are available at the GenBank DNA database at

www.ncbi.nim.nih.gov.

Structures may be viewed using suitable software such as RasM.1 Chime (Sayle, TIBS 20,
374, 1995). Available albumin coordinates include:
1A06, 1BMO (Sugio et al. (1999). Protein Eng 12(6): 439-46), which was among the
top 17 requested proteins.
1UOR, He & Carter (1992). Nature 358(6383): 209-15.
1bj5 and 1bke, Curry et al. (1998). Nat Struct Biol 5(9): 827-35.
1e7a,1e7b, 1e7c, Bhattacharya et al. (2000). J Biol Chem 275(49): 38731-8.
1e7e, 1e7f, 1e7g, 1e7h and 1e7i, Bhattacharya et al. (2000). J Mol Biol 303(5). 721-
32.
1GNJ, Petitpas ef al. (2001). J Mol Biol 314(5): 955-60.
1HA2 and 1H9Z Petitpas et al. (2001). J Biol Chem 276(25): 22804-9.

Albumin

The albumin used in the invention may be a naturally occurring albumin, an albumin-

related protein or a variant thereof such as a natural or engineered variant. Variants include

28
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76.0 608 SA Mongolian Gerbil Meriones unguicu- latus (SEQ ID No. 035090-1 /
JC5838 73.2 609 Protein Comon Nanme Species Sw ssProt Accession No
Identity to SEQ D NO1 (Clustal V) Length (aa)

polymorphisms, fragments such as domains and sub-domains, fragments and/or fusion pro-
teins. An albumin, of this invention, may comprise the sequence of an albumin protein ob-
tained from any source. Typically the source is mammalian such as human or bovine. In one
preferred embodiment the serum albumin is human serum albumin (“HSA”). The term “hu-

5 man serum albumin” includes a serum albumin having an amino acid sequence naturally oc-
curring in humans, and variants thereof. Preferably the albumin has the amino acid sequence

of SEQ ID No. 1 or a variant or fragment thereof, preferably a functional variant or fragment
thereof. The HSA coding sequence is obtainable by known methods for isolating cDNA cor-
responding to human genes, and is also disclosed in, for example, EP 0 073 646 and EP O

10 286 424. A fragment or variant may or may not be functional. For example, a fragment or
variant may retain the ability to bind to an albumin receptor such as FcRn to at least 10, 20,

30, 40, 50, 60, 70, 80, 90 or 100 % of the ability of the parent albumin (from which the frag-
ment or variant derives) to bind to the receptor. Relative binding ability may be determined by

methods known in the art such as surface plasmon resonance studies.

15 The albumin may be a naturally-occurring polymorphic variant of human albumin or
of a human albumin analogue. Generally, variants or fragments of human albumin will have
at least 5%, 10%, 15%, 20%, 30%, 40%, 50%, 60%, 70%, (preferably at least 80%, 90%,
95%, 100%, 105% or more) of human albumin's ligand binding activity (for example FCRN-

binding), mole for mole.

20 The “albumin” may comprise the sequence of bovine serum albumin. The term “bo-
vine serum albumin” includes a serum albumin having an amino acid sequence naturally oc-
curring in cows, for example as taken from Swissprot accession number P02769, and vari-
ants thereof as defined herein. The term “bovine serum albumin” also includes fragments of

full-length bovine serum albumin or variants thereof, as defined herein.

25 A number of proteins are known to exist within the albumin family; a non-exclusive list
is shown in Table 1, below. The list indicates full-length of sequences including the mature

protein and leader sequence (unless indicated otherwise).

The albumin may comprise the sequence of an albumin derived from one of serum

albumin from dog (e.g. see Swissprot accession number P49822-1), pig (e.g. see Swissprot

30 accession number P08835-1), goat (e.g. as available from Sigma as product no. A2514 or
A4164), ), cat (e.g. see Swissprot accession number P49064-1), chicken (e.g. see Swissprot
accession number P19121-1), ovalbumin (e.g. chicken ovalbumin) (e.g. see Swissprot ac-
cession number P01012-1), turkey ovalbumin (e.g. see Swissprot accession number
073860-1), donkey (e.g. see Swissprot accession number Q5XLE4-1), guinea pig(e.g. see

35  Swissprot accession number QBWDN9-1), hamster (see DeMarco et al. (2007). International

Journal for Parasitology 37(11): 1201-1208), horse (e.g. see Swiséprot accession number
29



98) SA Goat Capra hircus (SEQ ID No. 99) B3VHW-1 74.3 607 SA Qui nea
Cavi aporcel lus (SEQ I D No. 100) QGWDN9-1 73.0 608

P35747-1), rhesus monkey (e.g. see Swissprot accession number Q28522-1), mouse (e.g.

see Swissprot accession number P07724-1), pigeon (e.g. as defined by Khan et al, 2002, Int.

J. Biol. Macromol., 30(3-4),171-8), rabbit (e.g. see Swissprot accession number P49065-1),

rat (e.g. see Swissprot accession number P02770-1) and sheep (e.g. see Swissprot acces-
5  sion number P14639-1) and includes variants and fragments thereof as defined herein.

The albumin may comprise the sequence of an albumin such as a serum albumin or

an ovalbumin, for example those shown in Table 1, below, and includes variants and frag-

ments thereof as defined herein.

Table 1: Albumins from various species

Protein | Common Name | Species SwissProt | Identity to | Length
Accession | SEQ ID | (aa)
No NO: 1
(Clustal V)
SA African  clawed | Xenopus laevis P08759-1 37.3 608
frog
SA Bovine Bos taurus (SEQ | P02769-1 76.1 607
ID No. 94)
SA Cat Felis catus (SEQ | P49064-1 82.2 608
ID No. 95)
SA Chicken Gallus gallus P19121-1 46.5 615
(Version 2
text)
SA Cobra ALB Naja kaouthia 30.9 614
Q91134-1
SA Dog Canis lupus famil- | P49822-1 80.3 608
iaris (SEQ ID No.
96)
SA Donkey Equus asinus | Q5XLE4-1 | 76.6 607
(SEQ ID No. 97)
SA European water | Rana shqiperica Q9YGH6-1 | 31.5 603
frog
SA Blood fluke Schistosoma man- | AAL08579 | 76.0 608
soni Q95VB7-1
SA Mongolian Gerbil | Meriones unguicu- | O35090-1 /| 73.2 609
latus (SEQ ID No. | JC5838

30
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SA Horse Equuscabal /us (SEQ I D No. 101) P35747-1 76.4 607 SA Human
Honosapi ens (SEQ I D No. 102) P02768-1 100.0 609 SA AustralianLung- fish

Neocer at odus fos- teri P83517-1
Protein | Common Name | Species SwissProt | Identity to | Length
Accession | SEQ ID-| (aa)
No NO: 1
(Clustal V)
98)
SA Goat Capra hircus (SEQ | B3VHM9-1 | 74.3 607
ID No. 99)
SA Guinea Pig Cavia porcellus | QBWDN9-1 | 73.0 608
(SEQ ID No. 100)
SA Horse Equus caballus | P35747-1 76.4 607
(SEQ ID No. 101)
SA Human Homo sapiens | P02768-1 100.0 609
(SEQ ID No. 102)
SA Australian Lung- | Neoceratodus fos- | P83517-1 22.8 101
fish teri (NL)
SA Macaque (Rhe- | Macaca mulatta | Q28522-1 93.5 608
sus Monkey) (SEQ ID No. 103)
SA Mouse Mus musculus | PO7724-1 72.4 608
(SEQ ID No. 104) | Version 3.
SA North American | Rana catesbeiana | P21847-1 36.1 382
bullfrogs (NL)
SA Pig Sus scrofa (SEQ | P08835-1 75.6 607
ID No. 105) Version 2 '
SA Rabbit Oryctolagus cunic- | P49065-1 75.3 608
ulus (SEQ ID No. | Version 2
106) '
SA Rat Rattus norvegicus | P02770-1 73.4 608
(SEQ ID No. 107) | Version 2.
SA Salamander Ambystoma macu- | Q8UWO05-1 | 38.8 626
latum
SA Salmon ALB1 Salmo salar P21848-1 25.0 608
SA-2 Salmon ALB2 Salmo salar Q03156-1 | 24.8 608
SA Sea lamprey Petromyzon mari- | Q91274-1 16.9 1423
nus
SA Sea lamprey Petromyzon mari- | 042279-1 17.4 551
nus -AS
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22.8 101 (NL) SA Macaque(Rhe- sus Mnkey) Macacanulatta (SEQ I D No. 103)
@R8522-1 93.5 608 SA Mouse Musmnuscu/ us (SEQ I D No. 104) PO7724-1 Version 3.

72.4 608 SA NorthAmerican

Protein | Common Name | Species SwissProt | Identity to | Length
Accession | SEQ ID | (aa)
No NO: 1
_ (Clustal V)
SA Sheep Ovis aries (SEQ I.D P14639-1 753 607
No. 108)
SA Sumatran Pongo abelii Q5NVH5-1 | 100.0 609
Orangutan
SA Tuatara Sphenodon punc- | Q8JIAS-1 43.8 527
latus (NL)
SA Western clawed | Xenopus (Silurana) | Q6DJ95-1 | 10.5 572
frog tropicalis (NL)
OA Chicken Gallus gallus P01012-1 10.9 383
Version 2 (NL)
OA Turkey Meleagris gallopa- | O73860-1 11.4 386
vo Version 3. (NL)

SA: Serum albumin, SA-2: Serum albumin-2, OA: Ovalbumin, NL: No Leader sequence

Many naturally occurring mutant forms of albumin are known. Many are described in

Peters, (1996, All About Albumin: Biochemistry, Genetics and Medical Applications, Academic

Press, Inc., San Diego, California, p.170-181). A variant as defined herein may be one of the-

5 se naturally occurring mutants such as those described in Minchiotti et al. (2008). Hum Mutat
29(8): 1007-16., and http://www.uniprot.org/uniprot/P02768,.

A “variant albumin” refers to an albumin protein wherein at one or more positions there
have been amino acid insertions, deletions, or substitutions, either conservative or non-
conservative, provided that such changes result in an albumin protein for which at least one

10  basic property, for example binding activity (type of and specific activity e.g. binding to bilirubin
or a fatty acid such as a long-chain fatty acids, for exampleoleic (C18:1), palmitic (C16:0), linole-
ic (C18:2), stearic (C18:0), arachidonic (C20:4) and/or palmitoleic (C16:1)), osmolarity (oncotic
pressure, colloid osmotic pressure), behaviour in a certain pH-range (pH-stability) has not signif-
icantly been changed. “Significantly” in this context means that one skilled in the art would say

15  that the properties of the variant may still be different but would not be unobvious over the ones
of the original protein, e.g. the protein from which the variant is derived. Such characteristics

may be used as additional selection criteria in the invention.

Typically an albumin variant will have more than 40%, usually at least 50%, more typi-
cally at least 60%, preferably at least 70%, more preferably at least 80%, yet more preferably at
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bul | frogs Rana cat esbei ana P21847-1 36.1 382'(NL) SA Pig Sus scrofa (SEQ ID
No. 105) P08835-1 Version 2 75.6 607 SA Rabbit Oyctol agus cunic- u/us (SEQ
| D No. 106) P49065-1 Version 2 75.3 608

least 90%, even more preferably at least 95%, most preferably at least 98% or more sequence
identity with a naturally occurring albumin such as SEQ ID No. 1. The percent sequence identi-
ty between two polypeptides may be determined using suitable computer programs, for ex-
ample the GAP program of the University of Wisconsin Genetic Computing Group and it will

5 be appreciated that percent identity is calculated in relation to polypeptides whose sequence
has been aligned optimally. The alignment may alternatively be carried out using the Clustal
W program or the Clustal V program and therefore allow calculation of % homology between
sequences of a multiple alignment and/or caluclation of % identity between sequences of a
pairwise alignment. The parameters used may be as follows:

10 Fast pairwise alignment parameters: K-tuple(word) size; 1, window size; 5, gap penal-
ty; 3, number of top diagonals; 5. Scoring method: x percent. Multiple alignment parameters:
gap open penalty; 10, gap extension penalty; 0.05. Scoring matrix: BLOSUM

Custal W: Pairwise alignment parameters: ‘Slow-Accurate’, Gap Penalty: 10, Gap Length:
0.1, Protein Weight Matrix: Gonnet 250, DNA Weight Matrix: IUB. Multiple Alignment Param-

15  eters: Gap penalty 10.00, gap length penalty 0.20, Delay Divergent Seqs(%) 30, DNA transi-
tion weight 0.50, Protein weight matrix = Gonnet series, DNA weight matrix = IUB.

Clustal V: Pairwise alignment parameters: Ktuple: 1, Gap Penalty: 3, Window:
5, Diaganols: 5; Multiple alignment parameters: Gap penalty 10, gap length penalty 10.

Conservative substitution

20 As used herein, the term “conservative” amino acid substitutions refers to substitu-
tions made within the same group, and which typically do not substantially affect protein
function. By “conservative substitutions” is intended combinations such as Gly, Ala; Val, lle,
Leu; Asp, Glu; Asn, Gin; Ser, Thr; Lys, Arg; and Phe, Tyr. Such variants may be made by tech-
niques well known in the art, such as by site-directed mutagenesis as disclosed in US Patent No

25 4,302,386 issued 24 November 1981 to Stevens, incorporated herein by reference.

In one embodiment, the Venn diagram of Figure 4 may be used to determine con-
servative amino acid substitutions: Using Fig. 4., a conservation mutation score (ranging
from 0 to 5) may be calculated. A score of 0 is the highest conservation, which, for cysteine,
is only assigned for substitution of a cysteine residue with another cysteine residue. For

30 changes from any other amino acid to a cysteine, the score may be 1, 2, 3, 4, 5. A score of 1
is a more conservative substitution that a score of 2, 3, 4 or 5. A score of 5 is assigned to the
lowest conservation between a substituted amino acid and the cysteine. The score of 0 to 5

is calculated from Fig. 4 as the number of boundaries (i.e. lines) crossed to go from cysteine
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SA Rat Rattusnorvegicus (SEQ ID No. 107) P02770-1 Version 2. 73.4 608 SA
Sal amander Anbystoma macu- | atum BUW5-1 38.8 626 SA Sal non ALB1 Sal no
sal ar P21848-1 25.0 608

to the appropriate amino acid. Thus the score for cysteine is 0 as no boundaries are crossed.

Likewise, the score of aspartic acid (D) is 3, since 3 boundaries are crossed.

The conservation mutation score (with respect to Fig. 4) for the 20 different amino ac-
ids are defined as (using one-letter codes for the amino acids). A=1, C=0, D=3, E=4, F=4,
5 G=2, H=5, =4, K=4, L=4, M=3, N=2, P=3, Q=3, R=5, S=1, T=1, V=3, W=3, Y=3. With refer-
ence to Figs. 1, 5A, 5B, 5C, and 5D, these scores are provided for each of the amino acid
residues in the column labelled ‘Conserved Mutation to Cysteine’. Using the conservation
mutation score residues with a score of 3 or less, i.e. aspartic acid methionine, proline, glu-
tamine, valine, tryptophan, tyrosine, glycine, asparagine, alanine, serine and threonine are
10  preferred since they are relatively conserved with cysteine. More preferred are those amino
acids with a score of 2 or less i.e. glycine, asparagine, alanine, serine, threonine. Most pre-
ferred are those with a score of 1, i.e. alanine, serine, threonine. Similarly using the conser-
vation mutation score system of Fig. 4, residues with a score of 4 or more, i.e. glutamic acid,
phenylalanine, isoleucine, lysine, leucine, histidine and arginine are less preferred and may

15  not be preferred at all.

Alternatively, or in addition, “conservative” amino acid substitutions refers to substitu-
tions made within the same group such as within the group of basic amino acids (such as
arginine, lysine, histidine), acidic amino acids (such as glutamic acid and aspartic acid), polar
amino acids (such as glutamine and asparagine), hydrophobic amino acids (such as leucine,

20 isoleucine, valine), aromatic amino acids (such as phenylalanine, tryptophan, tyrosine) and

small amino acids (such as glycine, alanine, serine, threonine, methionine).

For example, a conservative substitution of alanine-2 in SEQ ID No 1 can include gly-
cine or serine. Non-conservative substitutions encompass substitutions of amino acids in one
group by amino acids in another group. For example, a non-conservative substitution could

25 include the substitution of a polar amino acid for a hydrophobic amino acid.

Fragment

The term “fragment” as used herein includes any fragment of full-length albumin or a
variant thereof, so long as at least one basic property, for example binding activity (type of and
specific activity e.g. binding to bilirubin), osmolarity (oncotic pressure, colloid osmotic pressure),

30 behaviour in a certain pH-range (pH-stability) has not significantly been changed. “Significantly”
in this context means that one skilled in the art would say that the properties of the variant may
still be different but would not be unobvious over the ones of the original protein. A fragment will
typically be at least 50 amino acids long. A fragment may comprise at least one whole sub-
domain of albumin. Domains of HSA have been expressed as recombinant proteins (Dockal et

35 al, 1999, J. Biol. Chem., 274, 29303-29310), where domain | was defined as consisting of ami-
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no acids 1-197, domain Il was defined as consisting of amino acids 189-385 and domain |l was

defined as consisting of amino acids 381-585. Partial overlap of the domains occurs because of

the extended a-helix structure (h10-h1) which exists between domains | and li, and between

domains Il and Il (Peters, 1996, op. cit., Table 2-4). HSA also comprises six sub-domains (sub-

5 domains IA, IB, lIA, 1IB, IIIA and llIB). Sub-domain IA comprises amino acids 6-105, sub-domain

IB comprises amino acids 120-177, sub-domain IIA comprises amino acids 200-291, sub-

domain 1IB comprises amino acids 316-369, sub-domain llIA comprises amino acids 392-491

and sub-domain |lIB comprises amino acids 512-583. A fragment may comprise a whole or part

of one or more domains or sub-domains as defined above, or any combination of those do-

10  mains and/or sub-domains. A fragment may comprise or consist of at least 50, 60, 70, 75, 80,
85, 90, 95, 96, 97, 98, or 99 % of an albumin or of a domain of an albumin.

Additionally, single or multiple heterologous fusions comprising any of the above; or
single or multiple heterologous fusions to albumin, or a variant or fragment of any of these
may be used. Such fusions include albumin N-terminal fusions, albumin C-terminal fusions

15  and co-N-terminal and C-terminal albumin fusions as exemplified by WO 01/79271.

Homology

Figures 2 and 3 show alignments of various albumin family proteins with HSA (SEQ

ID NO: 1), identified as ‘P02768’. The protein sequences include the albumin leader se-
quence. These alignments can be used to identify conserved regions and amino acid resi-

20 dues corresponding to those in HSA selected as described above. One or both alignments
can also be used to assign a homology score to an amino acid residue in an albumin se-

quence.

An example of such a procedure is the MegAlign program (version 8.0.2) developed

by DNASTAR Inc., part of the Lasergene suite, based on Hein, J.J. (1990) “Unified approach

25 to alignment and phylogenies.” In Methods in Enzymology, Vol. 183: pp. 626-645. Using the
Jotun Hein Method and the settings GAP PENALTY = 11, GAP LENGTH PENALTY = 3 for
multiple alignments and KTUPLE = 2 for pairwise alignments a series of percentage identity
values can be calculated. Alternatively the Clustal V Method and the settings GAP PENALTY

= 10, GAP LENGTH 10 for multiple alignments and KTUPLE = 1. GAP PENALTY = 3, WIN-

30 DOW=5 and DIAGONAL=5 for pairwise alignments a series of percentage identity values
can be calculated. Alternatively the Clustal W Method and the settings GAP PENALTY = 10,

GAP LENGTH PENALTY = 0.2, DELAY DIVERGENCE =30 DNA transition =0.5 and using
GONNET SERIES for Protein Weight matrix and IUB for DNA Weight matrix for multiple
alignments, and Slow accurate, GAP PENALTY = 10, GAP LENGTH PENALTY = 0.1, and

35 using GONNET SERIES for Protein Weight matrix and IUB for DNA Weight matrix for pair-
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wise alignments a series of percentage identity values can be calculated. Alternatively the
Clustal V method may be used (above).The alignment of two amino acid sequences may al-
so be determined by using the Needle program from the EMBOSS package
(http://femboss.org) version 2.8.0. The Needle program implements the global alignment al-

5 gorithm described in Needleman and Wunsch (1970) "A general method applicable to the
search for similarities in the amino acid sequence of two proteins.” J. Mol. Biol. 48, 443-453.
The substitution matrix used is BLOSUM62, gap opening penalty is 10, and gap extension
penalty is 0.5.

Fig. 2 shows an alignment of sixteen mammalian albumin family proteins including

10 HSA (SEQ ID NO: 1, identified in the alignment as P02768) compiled using MegAlign pro-
gram (version 8.0.2) based on Clustal W. The protein sequences include the albumin leader
sequence. Each sequence is labelled with the animal from which it derives and its database

accession number.

Fig. 3 shows alignments of thirty three albumin family (both mammalian and non-
15  mammalian) proteins including HSA (SEQ ID NO: 1, identified in the alignment as P02768)
compiled using MegAlign program (version 8.0.2) based on Clustal V. The protein sequences

include the albumin leader sequence.

Homology may be determined with reference to Fig 2 and/or Fig 3. The degree of

identity between a given amino acid sequence and SEQ ID NO: 1 may be calculated as the

20 number of exact matches in an alignment of the two sequences, divided by the length of the
shorter of the two sequences. The result may be expressed in percent identity. An exact
match occurs when the two sequences have identical amino acid residues in the same posi-

tions of the overlap. The length of a sequence is the number of amino acid residues in the

sequence.

25 Conservation of adjacent residues

In addition, individual amino acid residues of HSA can be ranked according to their
conservation to the amino acids of other albumin family proteins at the same position. Figure
1, column labelled ‘Align 1 (Mamm. W (‘mammalian, Clustal W)) provides the homology level
for each position of SEQ ID No. 1 as calculated by the alignment of mammalian albumins
30 given in Fig. 2. The homology level score may be calculated. One method to score the ho-
mology level, which is used herein, is calculated by using the strength of the histogram pro-
vided by MegAlign program (version 8.0.2) (ranging 0 to 100%); six levels of homology are
determined with the highest =100%, decreasing in 20% increments to the lowest (0%) and
shown by bar height in Figure 2. A score of 100 is the highest conservation and indicates

35 there are no changes at that residue when the sequence from human serum albumin is com-
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pared with other mammalian albumin sequence, whereas a score of O indicates the lowest

level of conservation between the aligned sequences.

Similarly, the homology level score for each amino acid residue in HSA (Figure 1,
column labelled ‘Align 2 (Var. Sps. V (‘various species (ie. mammalian and non-
mammalian), Clustal V’)) calculated using the strength of the histogram provided by Megalign
when various albumins (including non-mammalian albumins) are aligned using Clustal V. A
person skilled in the art will appreciate that a range of different albumin sequences and

alignment algorithms may be used to calculate the homology level score.

When using homology scores, such as those described in reference to the alignments
of Figs 2 and 3, to identify candidate residues for the present invention, preferred residues
include those which are not highly conserved (for example those with a score of less than 40,
more preferably less than 20 and most preferably 0) are preferred and those with a higher
level of homology (for example those with a score of more than 40, more than 60, more than
80 and most preferably 100) are less preferred.

Each of the amino acid residue in HSA (SEQ ID No. 1) were scored according to
whether the adjacent residue was highly (100%) conserved when HSA is aligned with mam-
malian albumins (Figure 1, column labelled ‘Adj. 100%’s (Align 1). This is because if an ami-
no acid is within a highly conserved domain, it may be important to the structure of function
of the protein and thus disruption may be undesirable. In Figure 1, a score of 0 indicates the
residue is not adjacent to any residue with 100% homology (with reference to the alignment
of Fig. 2) when HSA is aligned with mammalian albumins; a score of 1 indicates that the res-
idue is adjacent to one residue with 100% homology when HSA is aligned with mammalian
albumins; a score of 2 indicates that the residue is adjacent to two residues with 100% ho-
mology when HSA is aligned with mammalian albumins. Residues with a score of 0 or 1 are

preferred. Residues with a score of 0 are most preferred.

For example, amino acid residues with a score of 2 (such as valine-7 (V7)) are pref-
erably deselected using the method of the invention since these amino acid residues were
assumed to occur in a region of high homology which would be unlikely to accept a mutation
to an alternative amino acid. Similarly, phenylalanine-11 (F11) is adjacent to one 100% con-
served residue, in a region of conserved residues, and is less preferred to a residue, such as

alanine-2 (A2), which has no adjacent 100% conserved residues.

In accordance with the invention, additional information such as preferred sites for in-
sertion, deletions or substitutions may also be obtained by alignment analysis. For example,
mouse albumin contains 36 cysteine residues, all the cysteines involved in disulphide bond-
ing (by homology to HSA) are present, as is cysteine-34, however a cysteine residue is pre-

37
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sent at 579 on mature mouse protein but not other mammalian albumin sequences therefore
thio-albumin mutein S579C may be preferred as its lack of homology with other mammalian
albumins suggests that it may not be particularly important to the structure and/or function of

this albumin.

In addition, using' the alignments of various mammalian albumin family and Clustal W
(Fig. 2) shows that compared to other mammalian albumins, gerbil albumin has an additional
alanine residue between alanine-2 (A2) and histidine-3 (H3), indicating that insertion of a
cysteine residues after residue 2 (e.g. A2 of SEQ ID No. 1) and before residue 3 (e.g. H3 of
SEQ ID No. 1) is preferred.

Compared to other mammalian albumins, guinea pig albumin has a serine residue at
cysteine-34 (C34). In examples where deletion of the free thiol group at cysteine-34 is re-

quired, a mutation such as C34S may be preferred.

Most mammalian albumin sequences (with the exception of human serum albumin)
have a sequence which is less than or equal to 584 amino acids in length (less thén or equal
to 608 amino acids including leader sequence). Using the alignment in Fig. 2 the additional
amino acid residue present on human serum albumin appears to be at the C-terminus with-
out any cognate alignment amino acid residues in the other mammalian serum albumin se-
quences. Thus a thio-albumin variant containing G584C and a deletion of L585 may be pre-

ferred.

A number of albumin sequences (Bovine, Donkey, Goat, Horse, Sheep, Pig)are 583
amino acids in length (607 amino acids including leader sequence). Using the alignment in
Fig. 2, it can be seen that these species albumin sequences do not have a residue corre-
sponding R117 (R141 including leader sequence) therefore a thio-albumin containing V116C
and a deletion of R117 or a thio-albumin containing a deletion of R117 and P118C may be
preferred. In such a thio-albumin the length of the amino acid sequence would be reduced
relative to SEQ ID No. 1.

The alignment used in Fig. 2 and the conclusions drawn are in particular with refer-
ence to mammalian albumins and Clustal W, the skilled person will appreciate that the teach-
ing applies likewise to other members of the albumin family and to alternative alignment algo-

rithms.

Alignment and identity

The albumin variant may have at least 40 % identity with SEQ ID NO: 1, particularly
at least 45%, 50%, 55%, 60%, 65%, 70%, 75 %, at least 80 %, at least 85 %, at least 90 %,
at least 95 %, at least 97 %, at least 98 % or at least 99 % identity.
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Identity may be calculated using any method, for example those described herein.
Conjugation

The thio-albumin may optionally be fused to one or more conjugation partners for
example through a genetic or chemical fusion. For a thio-albumin which comprises a genetic

fusion, the fusion may be at the N- or C-terminus or comprise an insertion.

With respect to genetic fusions of albumin, the skilled person will also appreciate
that the open reading frame of any other gene or variant, or part or either, can be utilised as
an open reading frame for use with the present invention. For example, the open reading
frame may encode a protein comprising any sequence, be it a natural protein (including a
zymogen), or a variant, or a fragment (which may, for example, be a domain) of a natural
protein; or a totally synthetic protein; or a single or multiple fusion of different proteins (natu-
ral or synthetic). Such proteins can be taken, but not exclusively, from the lists provided in
WO 01/79258, WO 01/79271, WO 01/79442, WO 01/79443, WO 01/79444 and WO
01/79480, or a variant or fragment thereof; the disclosures of which are incorporated herein
by reference. Although these patent applications present the list of proteins in the context of
fusion partners for albumin, the present invention is not so limited and, for the purposes of
the present invention, any of the proteins listed therein may be presented alone or as fusion
partners for albumin or any other protein or fragment or variant of any of the above, as a de-
sired polypeptide. Examples of chemical fusions (also known as conjugations) of albumin are
given in Leger et al. (2004) Bioorg Med Chem Lett 14(17): 4395-8; and Thibaudeau et al.
(2005). Bioconjug Chem 16(4): 1000-8.

An advantage of using a genetically or chemically fused albumin is that either or all
of the molecules which contribute to the fusion may have improved properties relative to the
unfused molecule(s) (Balan et al. (2006) Antivir Ther 11(1): 35-45). Albumins and albumin
particles are also important for carrying and delivering drugs and prodrugs to their sites of
action (Kratz, F. (2008) Journal of Controlled Release, 132 (3), p.171-183). Fusion and parti-
cle technologies offer improved dosing regimes due to improved pharmacokinetic properties,
such as half-life extension, and may improve bioavailability and protect the fused conjugation

partner, for example bioactive molecule, from inactivation.

The polypeptide may display modified (e.g. reduced) glycosylation, such as, but not limited to
reduced N-linked glycosylation or reduced O-linked glycosylation. The N-linked glycosylation
pattern of an albumin molecule can be modified by adding/removing amino acid glycosylation
consensus sequences such as N-X-S/T, at any or all of the N, X, or S/T position. Albumin
polymorphisms exist with N-linked glycosylation. Albumin mutants may have recycling time
such that the efficacy of a mutant as a bioactive carrier is improved. Recombinantly ex-
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step or steps of cell immobilization, separation and/or breakage.

25 Cell immobilization techniques, such as encasing the cells using calcium alginate
beads, are well known in the art. Similarly, cell separation techniques, such as centrifugation,
filtration (e.g. cross-flow filtration, expanded bed chromatography and the like are well known
in the art. Likewise, methods of cell breakage, including beadmilling, sonication, enzymatic

exposure and the like are well known in the art.

30 The at least one other purification step may be any other step suitable for protein pu-
rification known in the art. For example purification techniques for the recovery of recombi-
nantly expressed albumin have been disclosed in: WO 92/04367, removal of matrix-derived
dye; EP 464 590, removal of yeast-derived colorants; EP 319 067, alkaline precipitation and
subsequent application of the albumin to a lipophilic phase; and WO 96/37515, US 5 728 553

35 and WO 00/44772, which describe complete purification processes; all of which are incorpo-

rated herein by reference.
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of O to5is calculated fromFig. 4 as the nunber of boundaries (i.e.
| i nes) cr ossethd bosjeefll nay ey anyetype of cell. The host cell may or may not be an animal

(such as mammalian, avian, insect, etc.), plant (such as Oryza sativa), fungal or bacterial

cell. Bacterial and fungal, such as yeast, host cells may or may not be preferred.

Typical prokaryotic vector plasmids are: pUC18, pUC19, pBR322 and pBR329 availa-
20 ble from Biorad Laboratories (Richmond, CA, USA); pTrc99A, pKK223-3, pKK233-3, pDR540
and pRIT5 available from Pharmacia (Piscataway, NJ, USA); pBS vectors, Phagescript vectors,
Bluescript vectors, pNH8A, pNH16A, pNH18A, pNH46A available from Stratagene Cloning Sys-

tems (La Jolla, CA 92037, USA).

A typical mammalian cell vector plasmid is pSVL available from Pharmacia (Pisca-

25 taway, NJ, USA). This vector uses the SV40 late promoter to drive expression of cloned genes,

the highest level of expression being found in T antigen-producing cells, such as COS-1 cells.

An example of an inducible mammalian expression vector is pMSG, also available from Phar-

macia (Piscataway, NJ, USA). This vector uses the glucocorticoid-inducible promoter of the
mouse mammary tumour virus long terminal repeat to drive expression of the cloned gene.

30 Methods well known to those skilled in the art can be used to construct expression vec-
tors containing the coding sequence and, for example appropriate transcriptional or translational
controls. One such method involves ligation via cohesive ends. Compatible cohesive ends can
be generated on the DNA fragment and vector by the action of suitable restriction enzymes.
These ends will rapidly anneal through complementary base pairing and remaining nicks can be

35 closed by the action of DNA ligase.
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35 transforming fungal (including yeast) cell, plant cells, bacterial cells and animal (including verte-

brate) cells. Methods for transformation of yeast by electroporation are disclosed in Becker &
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Production of conjugation conpetent al bum n ("thio-al bum n") The

t hi o-al bum n or fusions of thio-album n and another protein or proteins can
be prepared by methods know to the art (Sanker, (2004), Cenetic Eng. News,
24, 22- Sc 200 p robiol. Biotechnol., 65, 363-372)
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The skilled person will appreciate that any suitable plasm d nay be used,
such as a centroneric plasm d. The exanples provide suitable plasmds
(centroneric YCpl ac33-based vectors) for use to transformyeast host cells
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test result). The diagnostic agent may be used in vivo, ex vivo or in vitro.

The ability of albumin to accumulate in damaged muscle fibres of dystrophic muscle

has been well described. For example, a Gadolinium-DTPA-albumin conjugate may be used
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Met hod #1: Following purification the free thiol containing al bumin nutein
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nanoparti cles my 0 entrap broactive conpo ey pro- 30 vide

a nmechaalbymirt eanjugateditdregs. del i very of drugs such as bioactive conpounds, or

uptake by target cells and/or a reduction in the toxicity of the free

bi 036t i Bfodchve eBmipdAG! Organs which may result in an increased therapeutic
i ndex and/or reduced side effects. In addition,

The bioactive compound may be a therapeutic or diagnostic compound. The thera-
peutic compound may be a chemotherapy drug for use in cancer chemotherapy. It may be
cytostatic or cytotoxic; it may be a tumor-inhibiting agent.

The bioactive compound may already contain a free thiol group, e.g. a polypeptide

25 containing a Cysteine residue with a free thiol group. Alternatively, the bioactive compound

may be modified so as to contain a free thiol group. Thus, the amino acid sequence of a pol-
ypeptide may be altered so as to include a Cysteine residue with a free thiol group, or the

bioactive compound may be chemically derivatized to include a free thiol group.

The bioactive compound may be a polypeptide (protein), particularly a recombinant
30 protein pharmaceutical. It may be a chemotherapy or radiotherapy drug used to treat cancers
and other related diseases.

The free thiol containing albumin mutein of the invention (thio-albumin) can be con-
jugated via the free thiol group, or groups if the albumin mutein of the invention contains
more than one free thiol, to at least one bioactive compound by methods know to the art. The
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10Al ternatively thio-al bumn could be conjugated to |iposones or
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The al bumin nmutein (thio-albumn) of the invention can be covalently |inked
to one or 5 nore conjugation partners such as bioactive conpounds by
nmet hods known in the art (for exanple those provided by Pierce, Therno

Fi sher Scientifi Rockford, 1L, USA
htt p: //Mﬁ.l et.confil es/1601361Crosslink. pdf). These include, but

R e ie rossl | . ! .
or onto the conapuTaReqEl B nRoRtssSo Rt 18 Ko Ea2r iRk fpothBE 11 0

engi neePEm¢gFR®Got her free thiol present on the conjugation part- 10 nen or
by incorporating or engineering a pyridyl disulphide group on the

conj ugaPudficgtioritags; or by incorporating or engineering an iodoacetyl group
on the bioactive conpound or or by incorporating or engineering a mal eimde
group on the Toeplbgain oAy @sot beefuseddo ops anpicee pNEfidajibmidgsi svict eas( (MM Tp-
Pierce) .2 1 N0~ 2" AN NOE 21 N fropat Pierc ; .
N- bet ang[ptzaf,%md%g'rd %Y%%%ﬁgﬁlgﬁ%f@g,&% I er c%%,a @eﬁh@rﬁ{eﬁnﬁ z'aonneoﬁ Rllugtg G?lf‘%r\{lat e
(MVITS, Risgr calnpdilinubinding pretsine{(GBPY; nellubnsei bindifgidemad)s, (CBD's), chitin binding

£ od gl ; ' b . N iy
et byl cSmal kiR aselass & fiyE el forfer), FLacy

( AVCA- HpewtideP{R¥KIR)DDK), galactose-binding Hpeoteion jaliiethiona-Sptaansierase a4 ) ngregn

I i h j et N i id dt
the 1o plGreSbenl pefet o) Eof ofifioe, APl iRl HerEu AT iffuchegvus (DIEL L0
but not His-patetethiaredoxiny HifataigoHSBrtag K8l Hac4i eGelaciosidese )l maltesegpinding erateinsuch

as, but IN 'teoqgf; 'i“nf@b- i g = i Q) ; -

1, 4-Bi Sgl\rﬁgﬁt’éi%ﬁg&d_ ,@qm%?/ﬁﬁlgé%xy u?dadr?eﬁH e%ma8’PF@P%&aE‘cglég@ng?%?yﬁlteg‘oehexane
(BMH, PpelyphenyalBhise mi-tagnistapbyloaersal Bratein A estepjococcal protein G, T4 gp55,
1,8-Bis R B0 eF COli o (: PEQ 3 Pierce);

1, 11-Bi lkﬁ‘%ﬁ%@%%f %ﬂ%ﬁﬁ%gl ‘3‘%:' Lf' "BM PEC] 4 Pi erce):

1,4-Di-[3' -(2' -pyridyldithio)- 25 propionani do] butane (DPDPB, Pierce),

di t h@i oligandhindingi doet hane (DTME Pierce); 1,6- Hexane-bis-vinylsul fone
(HBVS, Pier ceé and Tris- E_Z-_mal ei m m doet hyl ] am ne (TMEA, Pierce). .

It the conj ugbBAdipsgigardbindingead esterassrdiviien asideseripaddn (A BPYH AR IRen | t
may be FOELfelLSt LR aUBHRMBERNS YOTRe RGaridsifdifg! BFopaFtRYAscikie BhdiRgto ahiBACal
nodi fication or genetic engi met hods know to the art (Chapnan,

A. P. (200 news} ligaydsgpuch ap .nrégé{a'in,nf%m%siga.-bil'ggbiB@Q.d othefpripesianeqyspigapds. 5| .
Prot ei nTﬁQ%d@;@&{airﬂfﬂaﬁy Q%ﬁf's,galgf% (&bgg,t %ﬂmbggbm%& |rh%|eic5(c9f8:2),2%?eari8§én8:3907) :

Wil e these two refefences descri ologies to cross-link PEGto an
eng”teepeaghidpais (ER0:4) and painitoleis (-1 barayknewn hPindbBA- f r agnent , t he

t echni ques ma¥ be used to cross-link a cog!j ugati on partner tQ an en%i/ neer ed
free thiol withe¢ Rolypaplide RiayYiinclyde iesertions. delationsandisubatitutiQnseifior coRIEVa-he
Drug Af {iid1bf Morf-BsHRkRXtiMAEN si@CiHIAEEYo ABY SURRAMaY reElEs thédusesiPigand-nc.
(Montreal, Quebec, Canada, H2X 3Y8) may be used, e.d. as described in
W0200069dind, mBkRolegieal PR FesePion Pingings Prapgriiepicathvmion iar exemplertp FqRN. diilfyg
conponeRibid Ao fity @id" ?ﬁé)%l?béﬂti@efn%y Hive @ HaSt 5%t 11§96t ¥5%, 20%230%N4C%,
attached toothe0 drug conponent , and 30) a reactive chem str%/p@%roup at the
opp8ai t &r 8% §0%; KB%, iahleast 8Qleu oy 9375 30Q% o1 &% 105 FRGTE OF SWMaR: saidm ralpu-
thiols; nﬁn'é"?éc%?ﬁ\' BRding aEﬁ\ﬁtg%%fe_fHﬁrﬁBfé! Tﬁ‘é‘g&giepﬁﬂé maytHa0s irktPesed alinfty for

conj ugation nethods 5 are described in W2007/071068 i ncorporated herein by
r ef er en@B albuminrecepof.  he conj ugati on partner does not contain a thiol
reactive group but does contain one or nore ami no groups then it may be
nodi fied to Hgand pHdindestadies san s eerfaimed aneHed and alpYmiy singhfe d$o-

nodi fi ceddr@g ﬁ)étiﬂﬁtcﬁfbﬂﬁ]ekr?Qﬁmhéd)tr{ahﬁa@rbkeﬁ 'éﬁilfbb%?;qﬁélﬁe&'ff& s purpése: I9akki ng
reagents such as, but not limted

t to, . . .
N- 538z Algszaniberrssdisated tydeiatiing (ogamb N.ands). Fi fopies(1968). Biochemistry 7(6):
N- [ bet a-qpd-8p hepporaidl Heraih bzlr'@fﬁféhb_@) ffosd B thidPbldekingli(So¢i; M., H. A. Pe-
N- et amal ei m docaproi ¢ acid (EMCA, Pierce), )
N- [ et a- tRIseN. @ abH390\Bieshemisty (1) APHS. iBsprperated reseindhyfiefergnce) and subse-
N-[ et a- ghérti g8l femmation (cArorlatatrasik GhE MirdirdCctvdLherleratbd Fortlotalbithinb GRN,
N- [ gamra- mal ei m dobut yryl oxy]succi ni m-de ester ( S, Pierce), N [gama-
mal ei m dobut yryl oxy] sul f osucci ni m deest er (sul fo- GBS, Pi erce), N-kappa- 15
mal ei m doundecanoi ¢ acid (KMJA, Pierce), N [kappa -mal ei m doundecanoi c
aci d] hydrazide (KMJH, Pierce), N [kappH
- mal ei m doundecanoyl oxy] sul f osucci ni m de ester (sul fo-KMJS, Pierce),
m mal ei m dobenzoyl - N- hydr oxysucci ni m de (MBS, Pierce),
m mal ei m dobenzoyl - Nhydr oxysul f osucci ni m de ester (sul fo-MS, Pierce),
N-succi nim dyl S-acetylthio-acetate (SA-TA, Pierce), N succinimdyl
S-acetyl t hi opropi onate (SATP, Pierce), succinimdyl 3-

o ~r~ A N I T 1 L T T




| odoacet yl ] am nobenzoat e(sul f o- SI AB, Pi erce), succinimdyl [4-[ N
mal ei m donet hyl ] cycl ohexane- 1- car boxyl ate (SMCC, Pierce), sulfosuccini m dyl
[4-[N- mal ei mi donet hyl ] cycl ohexane- 1- car boxyl ate (sul fo-SMCC, Pierce),

?E(é? ISR/CES%% 8(2#?[\0% r%r examp gn%g)t]¥ulls%uerﬁn Xeagoemparggrat}%x%ngtlongf% gﬂgﬁtw oate

succi ni estdplishegcar bonyl - net hyl - al pha[ 2- pyri dyl di t hi o] t ol uene ( SMPT,
Pi erce), sul fosuccinimdyl-6-[al pha-nethyl-al pha

02- pyri q%hﬂaigégi%ﬁ)ﬁabyagfo] hexanoate (sul fo-LC SMPT, Pierce), succinim dyl

4-[ p- mal el eny tyrate (SMPB, Pierce), sulfosuccinim dyl

4- [ pral ei m do?ﬁ«?%ﬂ:]n:rﬁﬁ%ﬁ.u%?r?&rﬁo %EBHH r@l\cgm: ﬁnvéDn'nSSR ﬁﬂ be %b’&a%rﬂl.'yﬁh* t%o@'ue[cfrbet a-

30mal ei m dopr opr onam exanoa | erce succl nrm ridyld
i t hi ®] pmoe eARILEtOPIRIPRES B, m@aqﬁlwmcampp@:c(szby methods known in the art (or

pyri dyl giﬁ’uﬂbB)H{ B! mmeﬁolbg T’?&Q@t %leﬁm?su hér %’ﬁ@; ul ﬁfé?&' rL A;L3 -

2- pyri I thio)pr p| onam xanoat e fo- L | erce)
N- succi hitpileywplercenetgbrifildsstto Boterossiink. pdBVBrese; @pk@é9 byt argerot tilemted to

advant a?\%gfbb%rétﬂgmr%lnggﬁﬁga%qmame'%@tnfel%ﬂogp ﬁg}? oﬁ?} Fﬂﬁsﬁd@%ﬁoﬁ’ afRd pgndan

etal . B oconj ugat em 17 e conj uga I on partner
does no@xample zhynn%prpwamg eléaragmaﬁémg reaiheniiee duelspresamnt #nrthe aaiugationppast-

car hgny nt
ol oy et 8 biireB o Ang o KhgRberng GRS AAEnAg of B rftngRsh o drner, |
met hods Ok RYEotRerating curetngmgmgaen ﬂqﬁi@ac@ﬂ aIpur PBdhe bioartivegCanREYEA s o5 bYh as,

but t I\&Iglm -
42N— Rgl ler10bmm§ Eﬁﬂ? Wen&l‘néﬁrﬁeﬁﬁgjrﬂ?g%éﬁaﬁ%%eaﬁr j<';1i‘]zglgge Cllr}g; Ifjclﬁoxane%( GIE/JQ(C::(ZE)

Pi erce) et?’@"‘?ﬁi¢'éﬁ'dﬁ nyliereR)r oframingc? dni anethiglplfonaten o Pierce), N-beta-
3[ 2- pyr hihydiidoBipRdrit 9&& ?@MbArP‘erc@f Itk %nﬂhﬁfsﬁ@nate (MMTS bferéé)eﬂuo-

conJ ugat I on part ner does not contain a th reacti ve group does
confl@i nresgeind-matginaide yRipeee)|5- lgawstan%l%ﬂum@sm(%lé\Fanﬂfq)@a Nr[é -i-aebepbr at e
one or RRIRIdIAhRYinRaEtdnYiBo )0 MR- @MZ'fd(}ﬁm/IGﬂ{lo]m%fcfdl&%‘iﬁl@é‘ bAAMEA g, known

to the art 'such as the use of cross- l'i'nking reagents such as, but not
|'i m t ed PigsceIN[ p- mal ei mi dophenyl I'i socyanate (PMPI, Pierce). Conjugation
conpet ence of al bum n variant The conj ugatlon conpet ence of

pol ypept i des HBfthe [penjugation; parinefepniginst alsleast ae thiak grewrs dhen they EPMIvER}0ANd

cel lul a aHrHErEHf% b@érogﬁﬁﬂ(e'dti@%é%b%ﬁrﬁ&‘feﬂof%e mvéﬂ*t%@y méthBdd REGARto tﬂfa- Cel |

Bi ol ogy, 105 Presley et al., (1993), The ‘Journal of
Bi 0R®gy: artfggh agztgli_not I|m|ted to, oxidation or by the use of cross-linking reagents such as, but

not limited to, 1,4-Bis-maleimidibutane (BMB, Pierce); 1,4-Bis-maleimidyl-2,3-
dihydroxybutane (BMDB, Pierce); Bis-maleimidohexane (BMH, Pierce), Bis-maleimidoethane
(BMOE, Pierce); 1,8-Bis-Maleimidotriethyleneglycol (BM[PEO]3 Pierce); 1,11-Bis-
Maleimidotetraethyleneglycol (BM[PEO]}4 Pierce), 1,4-Di-[3’-(2-pyridyldithio)-
25 propionamido]butane (DPDPB, Pierce); dithuio-bis-maleimidoethane (DTME Pierce); 1,6-
Hexane-bis-vinylsulfone (HBVS, Pierce) and Tris-[2-maleimimidoethylJamine (TMEA, Pierce).

If the conjugation partner does not contain a thiol reactive group then it may be mod-
ified to incorporate one or more such groups by either chemical modification or genetic engi-
neering by methods know to the art (Chapman, A.P. (2002) Adv. Drug Deliv. Rev., 54 531-

30 545: Humphreys, D.P. et al. Protein Engineering, Design & Selection vol. 20 no. 5 pp. 227-
234, 2007). While these two references describe methodologies to cross-link PEG to an en-
gineered free thiol within an antibody or antibody fragment, the techniques may be used to
cross-link a conjugation partner to an engineered free thiol within the albumin mutein of the
invention. Alternatively the Drug Affinity Complex (DAC™) technology developed by Con-

35 juChem Inc. (Montreal, Quebec, Canada, H2X 3Y8) may be used, e.g. as described in

62



15 1241. QO her nethods of testing conjugation conpetence include
conjugating the albumn to another nol ecul e such as HRP. Subsequently, the
mass of the resultant conjugate and/or the activity of the conjugated
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maleimidomethyl]cyclohexane-1-carboxylate (SMCC, Pierce), sulfosuccinimidyl [4-[N-

maleimidomethyl]cyclohexane-1-carboxylate  (sulfo-SMCC, Pierce), succinimidyl-[4-[N-
25 maleimidomethyllcyclohexane-1-carboxy-[6-amidocaproate  (LC-SMCC, Pierce), 4-
succinimidyloxycarbonyl-methyl-alpha[2-pyridyldithio]toluene (SMPT, Pierce), sulfosuccin-
imidyl-6-[alpha-methyl-alpha12-pyridyldithio)toluamido]hexanoate (sulfo-LC-SMPT, Pierce),
succinimidyl 4-[p-maleimidophenyl]-butyrate (SMPB, Pierce), sulfosuccinimidyl 4-[p-

maleimidophenylj-butyrate (sulfo-SMPB, Pierce), succinimidyl-6-[(beta-
30 maleimidopropionamido)hexanoate] (SMPH, Pierce), N-succinimidyl 3-[2-
pyridyldithio]propionate (SPDP, Pierce), succinimidyl [3-(2-

pyridyldithio)propionamidolhexanoate  (LC-SPDP, Pierce), sulfosuccinimidyl  [3'-(2-

pyridyldithio)propionamidolhexanoate (sulfo-LC-SPDP, Pierce) and N-succinimidyl-[4-

vinylsulfonyllbenzoate (SVSB Pierce). It may be advantageous to block certain amine resi-
35 due as described by Kavimandan et al., (2006) Bioconjugate Chem. 17, 1376-1384.

If the conjugation partner does not contain a thiol reactive group but does contain
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20 constructing expression plasm ds containing HSA codon optim sed for
expression in S. cerevisiae are described in WY 2006/ 013859. The native
nucl eotide sequence encoding HSA is provided in SEQID No. 2. A HSA
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pDB2713. Those skilled in the art will appreciate that expression
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the sane relfative to the N-termnal end of HSA For exanple, fromFigure 2
pos?? i oROEYYCtHT eieression plasHlidmeandainiag iHEfecodanaptimiseder @presspdnd. gre-
resi due LR i i | Nes eyl s HSA
Cor r aapbalae aRE aRA¥bEY i ARLI0G 01865 RatkehuciSbiiie Sédubnod 8hERdl ABATk
( Fi gur eppridedidns SEQHB N AH$A oHe!peliderseguenmezozion-opimisgd dorexpigssipndn 572 A,
"FL': f USheQ; %}g{,@ . 2244 was digested with restriction
enzyrresyésj\(/avgl?lagn Hggf@?ﬂgtﬁﬁqgr"éﬁ%e bl unt ends) and self-ligated to form
pDB3927. To ' El rdoct QR lcleeS
were nodifi egra?ﬁﬁfﬁgé%u@%%eﬁggﬂ%ﬁ% éo?lcf uléﬁllgﬁ{N%él gé%g%&g%gg%@cv‘f t hout
nmodRg yi asestMell torreleasethe- 9% dipainean sesurp @ibuniie @xpiession cassette.esul t ant DNA
sequence i s sequence I D No. 4. 1)Introduced enzyne sites: (basepair
posi ti ons i nPlasaidk @BACRaTia rdarivatiyes pt PEAS3i by Shinernp arg. Himphidie(1989NEurn
Genet. 16, 21-25, and in EP 286424. Plasmid pSAC35 (11.037 kb) was digested to comple-

tion with restriction endonuclease Notl and dephosphorylated using calf alkaline intestinal

phosphatase and ligated with the 2.992kb Nofl human serum albumin expression cassette to
30 produce 14.037 kb pDB2244 which has the human serum albumin expression cassette ori-
entated in the same direction as the LEU2 gene (Fig. 7). A person skilled in the art will ap-
preciate that the expression cassette may or may not be codon optimised and that the ex-
pression cassette may or may not be cloned in either orientation in the expression vector as

part of this invention.

35 Alternatively plasmid pDB2690 may be used. The construction of plasmid pDB2690 is
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Restriction site SEQ 1D No. SEQID No.4 Position a Sacll: GAGICAGCTGAAAA
-(to) GAGITCCGCCGGAAAA (bp 173-178) b Nhel/Bntl: AAGGCTTCGICTGC - (to)
AAGCGCTACGCTCTGC (bp 571-576) C Xhol :

described in WO/2005061719 A1. Plasmid pDB2690 (13.018kb) was digested to completion
with restriction endonuclease Notl and dephosphorylated using calf alkaline intestinal phos-
phatase and figated with the 2.992kb Notl human serum albumin expression cassette to pro-
duce a 16.039 kb plasmid pDB2713 which has the human serum albumin expression cas-

5 sette orientated in the same direction as the LEU2 gene (Fig. 9). A person skilled in the art
will appreciate that the expression cassette may or may not be codon optimised and that the
expression cassette may or may not be cloned in either orientation in the expression vector
as part of this invention.

As an alternative to site-directed mutagenesis expression plasmids for thio-albumin

10  (i.e. conjugation competent albumin) variants of this invention could be made by subcloning

synthesized DNA fragments into plasmid pDB2243 (Fig. 8) prior to cloning into pSAC35 or

pDB2690. A method for the construction of a thio-albumin subcloning plasmid containing one

extra conjugation competent cysteine (relative to SEQ ID No. 1) is described, by way of ex-
ample only, below

15 The albumin DNA sequence of pDB2243 includes two Hindlll restriction endonucle-
ase sites.

The synthetic DNA may be modified such that the human serum albumin protein en-
coding sequence is modified at a selected codon to a cysteine codon, or an existing cysteine
codon is deleted or modified to a codon for another amino acid. Alternatively, the coding se-

20 quence for the mature thio-albumin may be extended at the 5’ or 3’ end(s) or insertions made
within the polypeptide to add novel sequence(s) coding for cysteine or polypeptides contain-
ing one or more cysteine .

Alternatively synthetic DNA may be modified such that the human serum albumin pro-

tein encoding sequence is modified at a selected cysteine codon to an alternative codon to

25 create an unpaired cysteine. Alternatively synthetic DNA may be modified such that the hu-
man serum albumin protein encoding sequence is modified by substitution of two codons at a
specified site to a cysteine codon (the amino acid chain length is reduced). Alternatively syn-
thetic DNA may be modified such that the human serum albumin protein encoding sequence

(e.g. SEQ ID No. 2 or SEQ ID No. 3 in relation to HSA) is modified by insertion of a cysteine

30 codon at a specified site (the amino acid chain length is increased). Plasmid pDB2243 may
be digested to completion with Hindlll restriction endonuclease and the fragment (approxi-
mately 4.383kb ) is recovered and dephosphorylated, the synthetic DNA containing the ap-
propriate modification to the human serum albumin encoding sequence may then be cloned

to produce the required thio-albumin subcloning plasmid. The thio-albumin subcloning plas-

35 mid may then be digested to produce an expression cassette, which may be cloned into a

suitable expression plasmid in a similar manner to the construction of pDB2244, pDB2305 or
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TCTGCTTGAATGTCGC 4(to0) TCTGCTCGAGIGTGC (bp 751-756) d BanHl : GTGGGCAGCAAAT
-3(to) GITGGGATCCAAAT (bp 751-756) e Sall: GGAAGTCGATGAAA - (to)
GGAAGTCGACGAAA (bpl1477-  1482) The codi ng sequence of HSA in pDB3964
S prow[sg s SEQ ID No. 4. DNA synthesis and cloning was used to generate
pDB3964P DB3927 (DNA2.0 Inc, USA). Synthetic

Those skilled in the art will appreciate that expression cassette for thio-albumin var-
iants with additional modifications to the albumin protein sequence could be produced using
a similar method to that described for the construction of a thio-albumin subcloning: plasmid
5 containing one extra conjugation competent cysteine (relative to SEQ ID No. 1).

A S. cerevisiae strain, e.g. Strain 1, may be transformed to leucine prototrophy with
pDB2244 (WO 00/44772), or pDB2305 (W0O/2006/013859) for expression of human serum
albumin or the appropriate thio-albumin expression plasmids. Yeast may be transformed us-
ing a modified lithium acetate method (Sigma yeast transformation kit, YEAST-1, protocol 2;

10 lto et al, 1983, J. Bacteriol., 153, 16; Elble, 1992, Biotechniques, 13, 18). Transformants may
be selected on BMMD-agar plates, and subsequently patched' out on BMMD-agar plates.
The composition of BMMD is described by Sleep et al., 2002, Yeast, 18, 403. Cryopreserved
stocks may be prepared in 20% (w/v) trehalose from 10mL BMMD shake flask cultures (24
hours, 30°C, 200rpm).

15

EXAMPLE 2: EXPRESSION OF ALBUMIN MUTEINS WITH SINGLE AMINO ACID
CHANGES COMPARED TO HSA

Thio-albumin variants with single amino acid changes were selected from Tables 5A,

5B and 6A. These variants were identified as the preferred mutations according to the meth-

20 ods described above. Details of each variant are given in Figure 11, which provides a Con-

struct Reference (e.g. TA1 for rHA A2C), the name of the plasmid encoding each thio-

albumin variant expression construct and flanking sequences required for in vivo recombina-

tion by gap-repair, and the number given to a cryopreserved yeast stock (the yeast stock

number) producing each thio-albumin variant. Details of the mutant codons compared to

25 SEQ ID No. 2 are also provided, as are the SEQ ID numbers for each thio-albumin variant
(DNA and protein).

To modify the amino acids in non-human serum albumins, the equivalent positions to

a particular position in HSA may be determined from an alignment including human serum
albumin (SEQ ID No. 1) such as Figures 2 and 3. The skilled person is familiar with align-

30 ments and can readily determine whether or not an amino acid in a sequence is equivalent to
an amino acid in another sequence. For example, the position of the amino acid in the non-
human albumin is not necessarily the same relative to the N-terminal end of HSA. For exam-

ple, from Figure 2 position 239 of HSA is an alanine residue, whereas the corresponding res-

idue of the bovine sequence is serine-238. Similarly, valine-479 of HSA corresponds to leu-

35 cine-478 of sheep albumin. The plasmid pDB3927 (Figure 12) was constructed from plasmid
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10 DNA fragnents were designed to alter specific amno acid codons within
the al bum n gene of pDB3964, or with conbinations of nodifications (see
Exanpl e 3 below). DNA fragnments containing these nodifications were
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The thio-albumin variants proteins were produced by axenic culture of each of the five
yeast strains in high cell density (HCD) fed-batch fermentation. The aim of the fermentation
35 was to achieve maximum biomass and productivity by controlling feed rate addition so that
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one mole of 5-thio-2-nitrobenzoic acid (TNB) (per mole of protein sulfhydryl group). This re-
action also results in a yellow colour from free TNB being released in solution. Alternatively
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700 pL of the test protein sample was added to 100 ul Buffer 2 (4 mg/mL DTNB and
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35 pHB8.0). The preparation was allowed to mix for 25 minutes at ambient temperature (21-25
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on closer inspection of Figure 24 the presence of secondary peaks 23Da
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:ngz)lr gn 3 ?in:a(téiglﬁgég\éfmagswtfoﬂqg tFGAy ShRobb ! MsPiméit doRRSitarfladt? ackiiditiéh hagt or
processing were pe’rformed using AnalystTM QS v1.1 software (Applied Biosystems).

The results of the above analysis of the purified thio-albumin samples are described

below. On addition of DTNB all samples quickly turned yellow as expected due to the pres-

20 ence of numerous free thiols. When the samples were visually compared to an equivalent
sample of rHA, containing a single free thiol, the colour change observed for the thio-albumin
samples was significantly more intense, strongly indicating the presence of multiple free thi-

ols on each thio-albumin molecule. Results are summarised in Figure 18, with increasing

colour intensity increasing denoted by increased number of “+”.

25 The thio-albumin variants produced at higher fermentation yields were preferred for
analysis by the mass spectroscopy method described above. Therefore, the recombinant
proteins rHA (A2C, L585C) (total of 3 free thiols), rHA (D129C, C360S, L585C) (total of 4
free thiols), and A2C rHA-Cys (total of 3 free thiols) were analysed by ESI TOF (electrospray
ionsation time of flight) mass spectrometry pre- and post-DTNB treatment to determine the

30 numbers of free thiols present on each molecule.

When rHA (A2C, L585C) was analysed pre-DTNB treatment (Figure 19) the major
deconvoluted peaks observed were at 66633Da and 66807Da which corresponds to 172Da
and 346Da above the expected mass of 66461Da. These modifications were likely to be due
to species, of ~172Da present in the growth media cross linking to the free thiols in rHA

35 (A2C, L585C). Post DTNB treatment mass spectrometric analysis (Figure 20) resuited in a

major a deconvoluted peak at 67428Da which was 376Da above the expected mass for the
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ii1) no polynorphi smknown to cause thermal instability; C)
substituting the selected residue with Cysteine or inserting Cysteine at
the N-side or 15C-side of the selected residue, d) optionally, naking
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15  which was 373Da above the expected mass for the protein with 4 free thiols. This extra mass

is most likely to be due to an extra TNB linked to a free thiol and a further 176Da, this strong-
ly suggests the presence of a 5 free thiols and a possible a further thiol blocked with a spe-
cies of ~176Da. Hence, the rHA (D129C, C360S, L585C) thio-albumin variant is particularly
surprising in that it has provided more than the expected number of groups available for con-

20 jugation. Also present are a series of peaks ~396Da apart these are due to excess DTNB still
present at the time of ionisation causing DTNB adduct formation with the labelled rHA
D129C, C360S, L585C. This adduct formation is known to occur in the presence of excess
DTNB.

Finally when A2C rHA-Cys (total of 3 free thiols) was analysed pre-DTNB treatment
25 (Figure 23) the major deconvoluted peaks observed were at 66747Da and 66919Da which
corresponds to 172Da and 344Da above the expected mass of 66574Da. However also pre-

sent was a smaller peak corresponding to the expected unmodified mass at 66575Da. This
mass spectra indicates the blocking of some free thiols while a proportion of the molecule is
present containing the expected 3 free thiols. Post DTNB treatment mass spectrometric
30 analysis (Figure 24) resulted in a major a deconvoluted peak at 67142Da which was 23Da
below the expected mass of 67165Da of the protein labelled with 3 TNB molecules, this was
likely due to the presence of two TNB molecules and a 175Da modification, suggesting the
presence of 3 thiols, one of which was blocked by the unknown ~175Da species. However
on closer inspection of Figure 24 the presence of secondary peaks 23Da above each spe-
35 cies can be seen. These secondary peaks correspond to small shoulders in the raw data (da-
ta not shown) which are likely to indicate the presence of the molecule modified with 3 TNB

74



b) el sewhere in the polypeptide there are three or nore conjugation
conpetent cysteine residues. 106) A conjugation conpetent pol ypeptide
conprising an am no acid sequence which is at |least 60 % identical to

resi due 5 - NO 1, . q i foTN

wni cn: - pecki8s HeRnor e Ml T ol nfbitd FHERC kel 43 B0 REERTOTNE ¢
a conj ugtilt present athe tme of yartissitioe cresingl DINBaadtuth formeticre wile itee jabetieterHA

POl y PePhh 8 L ESdS, 685¢ i@ bRl forfiafibd RAdAA 6 YIBG! fithe BGSBALL 6r EfRLLues.
) A conjugation conpetent polypeptide conprising an am ho acl d sequence
which i BTHB. | east 60 % identical to residues 1 to 585 of SEQID No. 1, or a

fragment or fusion thereof, in which: 20a) at a position equivalent to
posi%ion 34 bf c@rDslob, Horande of rie-@lbusim yariante daye peen dmodused eviknthres of ei ne

resi duehlo?@%r@)rgpa%ﬁ Eéﬁmgét@nti Qslefte rggigﬁée%‘s? %b %Snjt@%go‘ﬁ A&{F;rﬁﬁe;%g gﬁtgﬁeg&;@be

conjugation c etent cysterne resi e according
to any infregions nkthat may pr owmypot baveysenonflary structure; anglet may of yrayenot bergen-

" est duesrails ROR! datFBCaiSNE bBRLS, 'MARP Shy Bag Bl o HinitBhal HlelidsNasi- 1. 9)
A pol ypeptide according to any of clains 3 to 8 conprising four or nore
conj ugafvem(suehpreystainaipsideenexterdingilies the vaturabEHomeipes ofdiSeor ding to
clakgn 9 conpri si ng: a) conjugation conpetent cysteine residues at
positions equivalent to positions 2 and 30585 of SEQ ID No. 1; and b) a

conj ugagkAMPLE B HEGRMATION @'F'lﬁlaiﬁ' TAIO-AMBUMINDPARIANTSPOSI tions
equi val ent to positions 364 and 562 of SEQ ID No. 1. 11)A pol ypepti de

accor di ngf t 0saMplelTor alaa5Be.303® Adb4l BBk Badifieh RPhAtRRMY iodeuring 34§ aRd one
or nore_of:
TA33 (i.e. A2C, L585C in addition to naturally occurring C34) were incubated at room-
temperature for 24 hours and both formed gels.
156
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a) substitution of an am no acid, other than cysteine, with a cysteine at a
position corresponding to a position equivalent to any of residues L585,

D1, A2, D562, A364, A504, 5E505, T79, E86, D129, D549, A581, D121, E82,
S270, @97 and A578 of SEQ ID No. 1; b) insertion of a cysteine at a
position adjacent the N or G side of an amino acid corresponding to a
positi oGLASval ent to any of residues L585, D1, A2, D562, A364, A504,

E505, T79, E86, D129, D549, A581, D121, E82, S270, @397 and A578 of SEQ ID

10No. 1; i - " Lidd ding to any of
G360,y & mEBio8 o Bt dinda ETIGRR-BnpBreiidepllu L BABART 07 (2T Ro. 1
SO as to generate a conjugation conpetent cystejne at any of FC]:369 C361,
91, C177.2)CBEYdings Breq-¢imengiopg m &OQHHS'%SQB‘,%‘&%‘H)‘? '&8%(‘??8 ap loymin

cysteine to idifiehbe Shdecostonbite Provigihgiamabmiresacldaeqliere of thamalbupeguence or
to the G side of the Cterm nal residue of an al bum n sequence such that

t he het resufif®sf t he substitution, deletion, addition or insertion events
of (a), (M), sdl6dtingrh drflihoikid ridub e thlabemiréequentd ghich wdrrespareisadtthe

cysteine resjdues of the pol ypeptide se- quence . s jncreased relative to

t he pol ypept *'rate SEEONSh it ?‘?‘r’é%s‘?iﬁ@irﬁﬂa?%ﬁatfvﬁst&dﬂ? BIﬁ,orcﬁ:él BT FoRRPe

addi ti on evedgliehce b? theltod¢l @r vp et amifo acid@eduattet ar wiigh infeachanstance dfahd 1,

wherein at |east. one cysteine residye has been substi.t ut ith a different

A no. aci d r SERHseaHEH G EftTal s Tas hreerfmenianalhodky. St o BMnB sEnite

acceg di ng totiggy of clains 3 to 12 conprising 3, 4, 5, 6, 7, 8, 9, 10, 11,

12, 13, 14, 15, 16,,6 17, 18, 19 | 0, conj ugati on conpetent cysteine

resi dues. 25&4)33\%’%%%@3? P%Sﬁé@@rﬁﬁhﬁamﬁaﬁy of claims 3 to 13 in which,

when the pol ypapfacte sesrepr atdeast30f hr eeor nore conj ugati on conpet ent

cysteine resj.dues, when.th ol ypeptide is, fol g . there is a distance of

at |east 10 w\ﬁjwgtqw&?rn%mgpgmﬁgc%ﬁse%eémégﬁfta 'ﬁ&i on conpetent cysteine

resi dues. c) subslitulig fre sgteqiéd dsidae aathdCysteih® oamgexing Gyateire & the Nkdide or whi ch

one_or nore qf .the conjugation 30conpetent cysteines is conjugated to a

bi o0&t i ve rmgésé‘{ﬂ‘gthe %?‘g\eé)@sﬂ%'gpti de according to any of claims 3 to 15 in

whi ch t he d)obptieplly, deakirgsadiitionaicditerat@ns & theBilburiin, seédlenve Whérteiedentaltera-t o

SEQID No. 1, . . , . _ : ,
tion is an amino acid deletion, substitution, or insertion, and

e) preparing a polypeptide having the resulting amino acid sequence.
2) A method according to claim 1 in which the residue is:

20 a) not within secondary structure and, optionally, the B-factor is at least 60 and/or op-
tionally the surface accessibility is at least 90 %;
b) within secondary structure and, optionally, the B-factor is at least 40 and/or optionally
the surface accessibility is at least 90 %; '
c) not within secondary structure and, optionally, the B-factor is at least 50; or

25 d) within secondary structure and, optionally, the B-factor is at least 30.

3) A conjugation competent polypeptide obtainable by the method of claim 1 or 2.

4) A conjugation competent polypeptide according to claim 3 comprising an amino acid se-
quence which is at least 60 % identical to residues 1 to 585 of SEQ ID No. 1, or a frag-
ment or fusion thereof, in which:

30 a) at a position equivalent to position 34 of SEQ ID No. 1, there is a conjugation compe-

tent cysteine residue; and
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a) A polypeptide according to any of clains 3 to 15 in which the
pol ypeptide has at |east 95% sequence identity to SEQ ID NO 1 and
conpri ses conjugation conpetent residues 5 |ocated at: (a) A2 + L585, (b)

o he ot RS ere Y poilrighidé 18P RSN i bre syt BoBbetoE g iR T 1S

D562 + A364 residues.(h) T79 + D562 + A364 + A504 (i) T79 + D562 + A364 +

Doz ) Aakdhilaati ol pqivilieg dhoolifo o ﬁﬁafaéiﬁéa%éﬁ%?w 5% ase1

+ E82; ( p)queadwhioh isratAe8st 60 Widdnticgldd r&d’@sﬂ 35 of $BQ ID Nol A9 or arflagS270 +

A581. + E8 (P30 + CLT7; (1) A364 + ASBL; (u) T79 + A3sd
+ ABBI: ek fidioh {migdr, in (W) A364 + Cl77, (x) D562 + C369; (y) D129

+ C3609; (za)) aﬁ@bomtmeewvment(taugosmsazmme«; ID KE36D. thare1i)nat gotangativnle

according to j 0 in which the pol ypeptide further com
prises a fur%ﬁﬁgetgriﬁtnc&%trgfnggeﬁﬂ?ec (g bi oactive conpound nay be |inked. 18)A:

pol ynucl edy)i eleewere in theqotesplidecthprel arp dree de moire aonjugstioolcampetedt cystdime 19) A
pl asm d conpfd ﬁ# Yl the pol ynucl eotide of claim18. 20)A host cell

conprising a polynucl eotide of claim 18 and/or a plasmd of claim19. 2021)
The1hos6) delcbnjogation adompetent \pielypeptide conyrising @telammqoamdm@auemqeywalch is at

Sacchar omyEate§ % RUNTLA® f8Shles 7R e ONEOR Roti G FARI SERsRathaR6H, Ve

conpound and a polypep accor 0 any o wherern the
bloactlvelwmhpbund is linked to the pol ypepti de through a conjugation

conpet ent fgyé Pﬁsq"c;n Slenplo Jgggﬁion%hya?% No2P3 %rén&é”&b géétﬁ)n%Wed' ng

to claim r|S|n one or nore further bioactl ecom pounds,
each bi oactitﬁ@t@)@mmldbew@ | i nked to the pol ypeptide through a

o otfier ng 0] EPRET U RjidHfol fRrg Uf Blo b o LRl Sompouly BRIgIRE ©

cul turing t heesldyes. cell of claim 20 or 21 under conditions that allow

expr ess r}\ %?Jﬁgﬁ%oﬁ dﬁﬂ)‘%@%ﬂt g)%ly’:)@& bé%n’i&%@\éeéﬁ Qﬂ'néﬁ%]g\cﬂ@e)ég@rﬁge' fRich dQ Bt he

host ce and hod of produci ng
t he conj udeast66fs igleatical residuey1 W&ﬂ'ﬁ@ﬁ@iﬁ’ Nes 1, ar@dragent or tiatontthereof,
conpound to.khe. pol ypeptide of any of clains 3 to 16 through a conjugation
conpe-

20 a) at a position equivalent to position 34 of SEQ ID No. 1, there is not a conjugation

competent cysteine residue; and
b) elsewhere in the polypeptide there are three or more conjugation competent cysteine
residues.

8) A polypeptide according to any of claims 3 to 7 comprising conjugation competent cyste-

25 ine residues at positions equivalent to positions 2 and 585 of SEQ ID No. 1.

9) A polypeptide according to-any of claims 3 to 8 comprising four or more conjugation
competent cysteine residues.

10) A polypeptide according to claim 9 comprising:

a) conjugation competent cysteine residues at positions equivalent to positions 2 and
30 585 of SEQ ID No. 1; and

b) a conjugation competent cysteine residue at one or both of positions equivalent to
positions 364 and 562 of SEQ ID No. 1.
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tent cysteine residue of the polypeptide. 26)A nmethod according to claim 24
or 25 in which the host cell exhibits enhanced chaperone activity.
27) A conposition conprising a conjugate of claim?22 or 23 and at | east one

e T i S8l SRR RSP 4 W 008 GARRE-ELE, 5

to any of ¢hfwresf:-22 to 23. 29) Use of a conjugate according to claim 22 or
23, or produced by a nethod according to claim?24, 25 or 26, for treatnent

of diseas | )/ g [ StairdD. : d of
clai m o & SWSHRIENb okl "R RO LR fyBlorte, AR Rromket s pobiopTReR ©
capacity ang$mndtﬂgéo@mﬁmgaeﬂ@ml@dn@enbnﬁesbﬂes ke85 Oy AR Pvare AR AR4ect i ng
a polypepti [ b RieRdi Ci | '

conptt nce. STt 538, AT HEBE O e SR Y NS e AT B 1P
and/ or of a Menj;ugate according to claim22 or 23 for the production of a

gel . 20 b) insertion of a cysteine at a position adjacent the N- or C- side of an amino acid corre-

sponding to a position equivalent to any of residues L585, D1, A2, D562, A364, A504,
E505, T79, E86, D129, D549, A581, D121, E82, S270, Q397 and A578 of SEQ ID
10 No. 1;
c) deletion of a cysteine at a position corresponding to any of C360, C316, C75, C168,
C558, C361, C91, C124, C169 and C567 of SEQ ID No. 1 so as to generate a conju-
gation competent cysteine at any of C369, C361, C91, C177, C567, C316, C75,
C169, C124 and C558;
15 d) addition of a cysteine to the N- side of the N-terminal residue of an albumin sequence

or to the C- side of the C-terminal residue of an albumin sequence

such that the net result of the substitution, deletion, addition or insertion events of (a), (b), (c)
and (d) is that the number of conjugation competent cysteine residues of the polypeptide se-
quence is increased relative to the polypeptide prior to the substitution, insertion, deletion

20 and addition events.

12) The polypeptide according to any of claims 3 to 11, wherein at least one cysteine residue
has been substituted with a different amino acid residue, particularly Ser, Thr, Val or Ala.

13) A polypeptide according to any of claims 3 to 12 comprising 3, 4, 5,6, 7, 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19 or 20 conjugation competent cysteine residues.

25 14)A polypeptide according to any of claims 3 to 13 in which, when the polypeptide compris-
es threeor more conjugation competent cysteine residues, when the polypeptide is fold-
ed, there is a distance of at least 10 A between two or more of the conjugation competent

cysteine residues.

15) A polypeptide according to any of claims 3 to 14 in which one or more of the conjugation
30 competent cysteines is conjugated to a bioactive molecule.

78



10

15

20

25

16) A polypeptide according to any of claims 3 to 15 in which the polypeptide has at least 70,
75, 80, 85, 90 or 95% identity to SEQ ID No. 1.

a) A polypeptide according to any of claims 3 to 15 in which the polypeptide has at least
95% sequence identity to SEQ ID NO: 1 and comprises conjugation competent residues
located at: (a) A2 + L585, (b) A2 + A364 + D562 + L585C, (c) A2 and aadjacent the C-
side of the C-terminus of the albumin (d) T79 + A364; (e) A364 + D1; (f) T79 + D562 +
A364; (g) D562 + A364 + D1; (h) T79 + D562 + A364 + A504; (i) T79 + D562 + A364 +
L585; (j) T79 + D562 + A364 + D1; (k) T79 + D562 + A364 +L585 + D1; (I) E86 + D562 +
A364 +A504 + A2; (m) S270 + A581; (n) S270 + D129; (o) S270 + A581 + E82; (p) S270
+ A581 + D129; (q) S270 + A581 + E82 + D129; (r) S270 + A581 + E82 + D129 + Q397;
(s) C369 + C177; (t) A364 + A581; (u) T79 + A364 + A581; (v) A364 + A581 + D129; (w)
A364 + C177; (x) D562 + C369; (y) D129 + C369; (z) A581 + C369; or (ai) D562 + D129
+ C369.

17) A polypeptide according to any of claims 3 to 16 in which the polypeptide further com-
prises a further linker to which a bioactive compound may be linked.

18) A polynucleotide which encodes the polypeptide of any of claims 3 to 17.
19) A plasmid comprising the polynucleotide of claim 18.
20) A host cell comprising a polynucleotide of claim 18 and/or a plasmid of claim 19.

21) The host cell of claim 20, which is a yeast cell, particularly a Saccharomyces cerevisiae

cell.

22) A conjugate which comprises a bioactive compound and a polypeptide according to any
of claims 3 to 21, wherein the bioactive compound is linked to the polypeptide through a

conjugation competent cysteine residue of the polypeptide.

23) A conjugate according to claim 22 further comprising one or more further bioactive com-
pounds, each bioactive compound being linked to the polypeptide through a conjugation
competent cysteine residue of the polypeptide.

24) A method of producing a polypeptide of any of claims 3 to 23, comprising:
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a) culturing the host cell of claim 20 or 21 under conditions that allow expression of the
polypeptide; and

b) recovering the polypeptide from the host cell and/or from host celi growth medium.

25) A method of producing the conjugate of claim 22 or 23 which comprises linking a bioac-
tive compound to the polypeptide of any of claims 3 to 16 through a conjugation compe-
tent cysteine residue of the polypeptide.

26) A method according to claim 24 or 25 in which the host cell exhibits enhanced chaperone
activity.

27) A composition comprising a conjugate of claim 22 or 23 and at least one pharmaceutical-

ly acceptable carrier or diluent.

28) A gel comprising a polypeptide according to any of claims 3 to 17 and/or a conjugate ac-
cording to any of claims 22 to 23.

29)Use of a conjugate according to claim 22 or 23, or produced by a method according to

claim 24, 25 or 26, for treatment of disease, treatment of iliness and/or for diagnosis.

30) The method of claim 24 or 25 which further comprises determining the receptor binding
capacity and/or the conjugation competence of the polypeptide and selecting a polypep-
tide which has receptor binding capacity and/or conjugation competence.

31) Use of a polypetide according to any of claims 3 to17 and/or of a conjugate according to

claim 22 or 23 for the production of a gel.
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