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The inventors have found that metal binding at the proposed site is influenced
by fatty acid binding (A. J. Stewart, C. A. Blindauer, S. Berezenko, D. Sleep, P. I.
Sadler, Proc. Natl. Acad. Sci. USA 100, 3701-3706 (2003).) . Comparison of the X-

ray structures of fatty-acid free albumin and albumin with 5 molecules of myristate
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(pdb 1 bj5) bound reveal that, in order to accommodate
a fatty acid anion in the so- called binding site 2,
wo b@4loonage hel i x connecting domains | and || bePdBEGBawd/003199
the two half-sites in unliganded rHA nove by m)re
than 10 Ato forma continuous cavity (Curry, S.,

zar UCHS? \g%lpd T%VeafS{jl?t ng g[fé’r F5 %Eg&n?%atté %gtgt%% gﬁ aglon in the so-

rcﬁ.ﬂékl bﬁ]dliﬂ’g gitenphentotlg hefix rceﬁnéhﬁmg ddﬂﬁ?nsalndldm%mﬂw and the two
y fromthe other two re 7 and

ol e i UpBEERCHTE BV DY GmOTe! G 0540 A Sphiuoss cavity
B@Pryclgar}a eiﬁoﬁ( ng gEL@g 9&1&[ T@Si@i&) Ty rmhm %91 5, 827-

H bon or ns an additi onal
t83|5@ t BhiNGaty ddddl Binddgi retulﬁssnf&mbmﬂ”ded of cesNb@s iHR4{ hmd D249 by

d t f b i.th E100
P 8 RS e i e R RUREES T B S e BN SHOPei A She (e
qflg&l‘%e}(?é (E&SH) eD24Y RsuTBRAngEP FTsTlehainf dnFotmatidito maintain the
binding is an’intriguing exanple of an allosteric

i htbend do iNnobhHOResad famms an gd@iﬁ@nﬂuﬂrhoﬁdttom 1247, which is H-
ex pegcg (IE:@NQ?IS bagﬁll an@c{]ﬁﬁm& E%ﬁ%c?‘ﬁ]ﬁ%ro E]h %@dlﬁis(ﬁ) in the fatty

picaiibedreidsthueaired. MEhd grbpased rsgnmhingtdfahrs,zm_é sifted BOhunmangdlbumin by
I_fnf l uencgmt %eg iqngqe{n?r%uln\ége e)gf?r%gl /%a Xll%(t:el,rr% aiyrggc{ﬁ)g'\b%\%een an
Aﬂ'ghﬁlb ﬂﬂﬁ'lem’ ancf@f SsERGEREtaP o ﬁﬁcé"ﬁ\‘é ?ﬂ@@l@O@bBMﬁs expected

umns wt mut ati ons H67A, NI99D, and
ctpsﬁpamlysegh@ﬂswml@é" ﬁnamtt is paedigtedithat éh@fqllommmons of E100
cul.t dia. Cell
e IR R A e RV RBE 0 Roon
i aBt A, CIF|G, HIORNLI Kap, QPR aker,by, whe |iver of, e.g.,
fatty aci ds from al bumin invol ves non- specific
bi ndi nddditionalblnmare: eecee sigigs Baye a@@alean@!afaﬁlh%% apith the

SRR ADENSI 6y PUATBALA, o o
OBd-tE/ hed B8&Y) i Ln l&'flgcu’rtﬁratm&‘zﬂla es(ilediluaﬁleabflz 1ia|(i:1121r3]et1ired in both the
AR A B TS PHE. IRk AR R iegiTBe igHofes B ady hoids from

tzfl@urgm'v&vlaé hbn-bpecaTcl RAENB BT afbuheiv 26 €hd dBAGEaEd) ahdl@n induced
effect of the nutated albumn on cells suggests t hat

t¢naformationsinghange af thsnalbumi sielesieR 1@ ith ¥y Purrington, J.
hﬁm‘i ﬁ)'hgx% 2%2' %873 k‘yhvob\é@g t ' 'T‘hé %Stlr egolggldﬂes an%ogﬂjsinvolved in

have’ si m on esion and/ o

gﬁtangXH)mawi\ I-dbmeﬁi:—IIFcoxﬁactb VIKHLbonﬂls F’l‘heQﬂnangShatTa single
K. L, N P,

)@gtaplog aEé‘;]é (fg/?\lpa?lpd%[l Wepila@ wssa qre\@ ac} 9n g}?oe}feat Bféthe mutated
aﬁﬂﬁtﬂﬁi 8h &dd E@é egﬂﬂﬂﬁg NG ingt nflatidfe Rehi@f tdfer to7d(\)/%am 71

nonencl ature | s throughout this descri ption.
2161@@0116& 1e58B1ePGROGRACH Buitenddasin Hivendsaican alsohayegmilapimpact on
ol i cﬁx%mgrlltagd/gpgrolwkg#m n was indicated by 113Cd NWR

Xo= A, D,E,F,G,LK,L,N,P,Q R, S, T, V, W, Y
Xio=A,D,E F,G LK LNP,QRSTV,WY
X;; = A D,EF,GLKLNPQR,STV,WY
It should be appreciated that standard one-letter amino acid nomenclature is

used throughout this description.



studi es. Several manmmalian al bum ns have two strong
binding sites for Cd2+ with chem cal shifts

webanact4ey i stic of N O coordi nation (Sadl er aneC¥GBe®3/003199
(1996) Inorg. Chem 35, 4490-4496). For human
al bum n, 113Cd shifts of 24 and 114 ppm (relative to

O CLOR gtk £ G o7 DERUSRED AR efeF P o

rSQRRECT SRkl - m%ﬁ@thax@lgdrmmdhd\hea‘bvol ﬂﬂﬁngﬂﬁHlﬂg %ﬂésﬁlﬂﬁ‘ Cd2+ with
Cd2+ from the latter of these sites in hunman

Themjsab shifss qharrﬂémlétrl% of R¥Peeoprdination £5adhy an@‘a‘é{das 61r?96) Inorg.
lnfchaly FSACHI AN TR B3804t
ab USi(E€toH afe?mdikaﬁn@ﬂof Hts%bﬁteamdg/&spﬁglg imidezoler sitregén and 2-3

i.ny rs established the, l,ocatdon af,this site
tlml%&@ﬁ wifrpgent; FeseacHie B AR enEli AndrNi”|ouE Fap JisgfaghiGeE from

ftRd 1a00RSE M¥seBikdin MATRGIbihAN THe RERA M‘v&rﬁors molecular modeling
i sotopically enriched cadm umusing 111Cd NVR

(asrdeort thereaystal stmctgrqmgallbenme(BDﬁsbA 6}l suggested that iiiei ronlti-metal
R R R L8 Pl RISALASRN D AR Sh AU IACAL present

sen onh'is ere in

tlﬂﬁn@cﬂ’é Cstaplishea. thé/llb@hbﬁrbfwlsomfeethm@ dlt@&lr@.t@i mutagenesw of
rosine 30 (X5) and dycine 248, ( L£enyi sag a?
lﬁ@c{w flaﬁwebfqlﬂawr%@ byTipERs .Cfaeps*oﬂ%é%ldwatmﬁ} FRPLQRiC lbfeemched
a1t h
TS O SR, gkl M, i
ddentififies gt histidinevattpisition rédi hegmgmueted'rth eldnarek Horeb representation is

d bonds t d 99 d
S AP ool

bi ndi Nguitibe .- of ThiBerMttsiues ed. yrosiie 30 (Keamd Sigdihe 248 (Xy) is
i nvention may be synthesized, de novo, but preferably

teRipagadetoptisgt ging bwhrrgec&mswsrﬁo dreamet Wéndﬂo Kh%mtatl @er se, but
fﬂggﬁ%?ﬁ lf)'oln!isel% re§1 fc?1 is EH dtdt %taﬁl qug§ of residue
er | ve um

rom-t e nat lve
G&r capi art@eom the metaé ‘bindieg sitel rﬁhealgaehbenescanhortyh of G1y248 hydrogen

BB S n S EaE R Ay L0 PR B AR SRaifl sie

descr ifiRAmbated®NBUrRINS of ﬂhegﬁféﬁéﬂtCihv@Itlommﬁ}lE@Q))nthemzed de novo,
Mol ecul ar d oni ng: A Laborator Manual Col d

it pestereblyghey @mroeeﬂeé bSpfﬁFﬁ‘@XmP‘b‘ﬁ?a“SW“ lméwp F%Q@ﬁ% skilled
RVRELON "ltvl\i%eﬁ'n]n{a?erdeal SthsCE&LE %? xBmplen $e! (ﬁe'rﬁzegcﬁ&n the native
sequence, encodes a nutant sefum al

atmonidi g cdroyihg @up siesdinéctéd veutdgeoesis borthe essom‘atedagaw sequence

prqQduction of the nmutant al bumin_in a host organi

tond subsravent PYRrCSiauehdle BRUEA ng e deELR otk Bl rown and
RleSrftiell BR%xRRpleNa Mahtfobl kP aa(n989)< mcﬁ@éﬂam@aﬁ@em €.aboratory
to forma DNA construct designed for a chosen host and

iManusd (edd Spring Hatbor h@b«vrawm@olﬂtspirlsg HagorpNNant | y
prod UK e&}%—%@{ F Q/gﬁtgo% tﬁge%c%g %isfol e%tendgg)ugﬁ\sdccf§¥ aélﬁos%&ue%gé‘, which

such as uence

Watodea sl rabtest se&rﬂ@bﬁ&%é&bi&iﬁ@ tdP(RE/prEs20id &didh 99
sequences, enhancer and, term nator apl%roprl ate for the
a

choserF Jigecombinggtt ;paugtiga ¢foths| mutant albumin in a host organism, the
nucleotide sequence encoding the mutant albumin protein may be inserted into an

expression cassette to form a DNA construct designed for a chosen host and
introduced into the host where it is recombinantly produced. The choice of specific

regulatory sequences such as promoter, signal sequence, 5’ and 3’ untranslated



of skill of the routine worker in the art. The

resul tant nol ecul e, containing the individua
web@apnt439 | i nked in a proper reading frane, nmapCDHEB2003/003199

introduced into the chosen cell using techniques well

known to those in the art, such as cal cium phosphate

prec i tat electro ora

| s&gpg@aﬁzteﬁnbwc%?r}d&grr{uﬁ or aélﬁ ?Eﬂat@ f(gljtﬁ(}:xg Eflc%en ho% is within the level

EXPEIGR SIOMhe CREBRS Woskerd thecdror ST mntésmahhmtﬂedlﬂﬁ containing the

reconbi nant production of prot are wel] kno ﬂP h

H@ém@@;&mn@m@ Lnked insa H?rOR?éIrFa(f% Taey mag; “gf }@(‘ﬁ into the
f Lat t Fliglésé%o ltech%é]g vgezﬁg knc”vﬁ t(olaﬁﬁé 'in Bt'hgséryssuc@’\'fs calcium

(see e. ei der and

%splﬁdté prd\iﬁﬁthtxorEmte)ctmboriﬁm bﬂ&tl@ 1@9&9&@@‘@ virps égroduction, etc.
cells (see e, Lucko

aiabiss s AR A G190 SReTioth i A gt fduction of

t J iR& (reahRRRuRh B E.Galif {8 & Studier and
!\g&%kﬁgyh b?(/eltélkgﬁ\%%glg% 1o %% 135- AL}S Schenblogn Ee\é ueler an

CM@lffaft mm:haisl 189: IBBc(|198@06ms1qs3@N&§57891§1989)) yeast (see e.g.

S AR IS 08 0 s e
SL@éldmeand:)SMﬁﬁlex%OEQ)/’PetgmoBG GZX198349mY ih)amnTeérah riel] (@ssue culture
ot RS oty At RO REEMEAH on

| 637,594 1
ki 457%@5%%&1;}3 t\rﬁlﬁ% BlerSP4 Mt & RRA BRR 2@0@ Y€D: 155- 64)

are 1 ncorporated herein
r eléetnqrmmonT@Eus&f W@ Methods MeliBiobr2000; 139 1ﬁT3dx)| qfggcombinant

an, ex p er operably
e FaT ST C Pt B oL AR eB BRIPEET  OPer -
encodi 'IGCIﬁuqlfé'dtf&%xp?ésﬁiﬂ@albtﬁﬁndﬁSmbtdo@nhmepmlcularly yeast, and

iy meifyingdt Gam e sEboPaRARETATE I eepibang 631308, US 6 034
C_gf g iﬁ& 08l4%7R % gglgilhl e if6Rdratl Gerbm®P feffence.

tabase’ tion, the inventidn provides
a phar Thertfidrecthk 1m@n1:101$ ifritoem p@f@‘nms aJl eNpressiomeassgtte comprising a
al bum n as ri bed herein nda r
R B PSSP o BB TR B encoin o

Caftdr raﬁ)u%hﬁ a!"ﬁéécrlk&p%eiho Nﬁw&ﬂld& Kbd]deﬂébsldﬁccbdlﬁg agrtim albumins,
and i nclude, but are not limted to, 0.1 Ma

pmicy myybea nosated jih eegstdanceiith dhe presers. 18%%1%% s also readily
Agda'u é?ent? %h%ég&ﬁni?%{ pRgeutically acceptable
carr

ueous Or non-aqueous sol uti ons,
suspengn @ﬂl@ltloﬂl’tﬁe &mdﬂltahqnswdEx a mbh@&acgﬁlcnmmémszompnsmg a

RN R R S Tt
or gani c]‘?’hgﬁﬁ@creﬁtlcca‘l’i? t&c@ei)tﬁﬁé"%irr@}seﬁé SvellAGBRAUS tikae rskﬂiléd m the art
i ncl ude wat er cohol 1 ¢/ agueous sol utions, enul si

orand irsghedes bonare nioh bmmad ey G AN pad prefesbiy &0 M Ph%»%&h%te buffer or
PSR XA, KRG QL BHE BRI hThe agueous

| 2% tRnesuBbid SdlutforRf sﬁ@éﬁﬁoﬂb land drﬁdilmaimn(ﬂxamphdsl off Bsn-aqueous
include fluid and nutri ent @I eni sh e

| ect.
" splventssirermsomsiin ecotpkctilean ShiFoL o epeD8 G st g ofive ol
PG4 %%%Qgﬁfeogrg&lgg esters such as ethyl oleate. Aqueous carriers include water,

alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered
media. Parenteral vehicles include sodium chloride solution, Ringer’s dextrose,
dextrose and sodium chloride, lactated Ringer’s or fixed oils. Intravenous vehicles

include fluid and nutrient replenishers, electrolyte replenishers such as those based on

9



Ri nger's dextrose, and the |like. Preservatives and
ot her additives nmay al so be present, such as, for
wezaaplr anti m crobi al s, anti oxi dants, chel atP@mGB2003/003199
agents, inert gases and the like. The nutant al bum ns
of the present invention nay be provided as
armaceut i cal rmul ati ons erei,n_ .t he tant al.bum n
S RERTER trons, e Ehe T Praeoa T exine ptiet A et healfy P present,
(RcB a5, PioP d@4mpl6 OhithfictotRals, Ckibkidents, ciéling! RSAE! Mest gases and
emul si'on, excipient), diluent or solubilizer to give a
phalkeiceuti cal conposition by a conventional nmanner,
whi ch s fornmyl ated .into r I .
capsul €° d?lg%l @?burlﬂgﬁd‘%fr ,tﬁgyP%)é&qung Brét%%?o'ﬁ‘{ly be provided as
SsHatthadRBtical NfoRftiiaidns | WhersinOnhe dapant taltageint js admixed with a
supposi tqr){ and adm ni st ered fl_ge exanple orally oc{, )
(haepacerigally acppriable rarfes e & dinklen QEERIYS CoPigent, disintegrator,
AGM8bs LB |t SR b MbitB &k oCRYd & BhatmabRlcHA&mposition b
sucrlggg’,gx?%tli:@@égm{%é%ﬁist gF‘, rralotcg?t ol 5 drenft r ar?, cg}pr?m fon by &
sdoavettiondlypamet, Whibh iicfmnslatasiinto, der eragpds; itablet, capsule, granule,
st eay at e,gﬂ{’)r eservat i ves .such. a lga.r ben, sorbti 0ot it '
RATETei Ve SUSRFORION SO PSR FUSIEN; JERpetdsht, suppository
Condta@hiifisteFIISHNERAN Srafly OF phtiehdellly. Wien admi ni st er ed
orally as capsules, effective diluents include | actose
and drWhewthe satdete rare aised dor @ralosdmipistption etypisellvidsed carriers
SVI. e , i G el Si j .
SHEEe sSSREIROR, bl AARE, RN’ Atn JRLEQERY tubricants
squch agsaghséstum stearaael dirésepiativesnaehes gamben, softiiavantiozidants such
may be contained. In the case of parent g[a({ . . d
ASrAseATBIcastd; griogerhgrolscysishtcy fisttesiaiorsr difders, When administere
| L RRRER WA ATHS G RE ahd iSSP Brarch. A liquid f
i%pgéi%s?@ﬁéé?fﬁgﬁé;@ﬁeoﬁ 1or I nfusi o%, tﬁg rpI—JaEJCf thelqm. o
aopl uge inctpdeslisgrip, sodpension, sedytidye anp pmupsi¢mtwehiph may contain a

QpPATe GRRE R In 488 skt PRk sof BRdySlaRByidhers or

Rif@ars MRt 8 cobtdinéds ot oni ¢ brine. For intravenous use,
the total concentration of solute is adjusted to nake

the solnutheopasesef parenteraly pduistetion ssushy 2% SubfuEanspRy injection,
Rl AP OSRBLANS e RipaBhen NTEH Phsion, e
t pHdt ofatte salviedingredient nwlluticdne mpar ¢ waperdpuiatele adequately adjusted,

s %o T S R bl
CRIn@8r Witkf £1d iBAtEnRUrMRL M} RMRVEHIE RS thel iifal dORENGARNOISE solute
det erm ned dependi ng on age, body wei ght,

ald pilpyisted teymialsg thetsoliion AspOme.st r at i on met hod,

cort, e P, 15 PR M o

Viliv Eicdnhgit il @ishiya blke aenirritytiweasycipieepacdhnthosatitahere solid at normal
condi ti ons and bod v,\gi ght of patients, .the. specjes of
alempgeeture pupbecamentiquid AbthedRMRPRHE M BiF TPGENS andimelh én rectum

SRR 68 s P Pt e o

The dose can be determined depending on age, body weight, administration
time, administration method, combination of drugs, the level of condition for which a
patient is undergoing therapy, and other factors. While the daily dose may vary
depending on the conditions and body weight of patients, the species of active

ingredient, and administration route, in the case of oral use, the daily dose may be
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about 0.1-100 ny/ person/day, preferably 0.5-30

ng/ person/day. In the case of parenteral use, the
waaikyidose nmay desirably be 0.1-50 ny/ per son/Bew/GB2003/003199

preferably 0.1- 30 ng/ person/day for subcutaneous

I njection, intravenous injection, intranuscul ar

2P Prcief Pisteehir e e R B586 90 Bl el case of

PAANRIrA UsB, thE BT d6de BEY H@hram?djed) DGOfr@g/péx’@wﬂﬁﬁ@téfalably 0.1-
of deficiency diseases and infections, treatnent. of

At g/ pevsenidex cfonrsubaitarieans dpeHan; dRisaVRRRYS Njestiono intpmuscular

ncentr.a e linked to the
Wgtoéll %‘3 lgté?re?tﬁnc(ﬁiﬂglr? 0 'gl ther another netal ion or
an or gehei utabl glbuhnins cfuhé pacsent 1dwexglonrmm3abel fofiluse for example in
nmol ecule. It may, al s be possible_to_.re 8Iet

m@moroefnnaahmegwmes@eﬁlel%.érezﬁn??et o deGgiRtey fiscasengnd infections

i NS ANt o@érf&lm BSd/BF fohe cORBIERL WIYENEIRRdI 6f metal
aC| Itate treatnment of a subject displaying problens

vmohhenmmmsabspbeptmkﬂd tolvbe playséaloginal tfamation| df ¢ithersanothigr aistal ion

s R eBminbeftiorieny o SRR TR ugED, L Y

envi r gpRplalsoARGokdibieab kéguwéﬁfe\a&tOMﬂsf i hetal tsneh zs ch present
bound to the albumn nmay be in the

rrmblqadwmgmhe mta@tua&\gmn%lpgﬁle%%ﬁ&gt Welitr?él’ Bbég%’é?tP |tf€9tment of
?ﬁbﬂ@é& gﬂe é\” DAYRGF e %rﬁﬁnusﬁfor@&eﬁ mutant albumins

access to Zn cou
r\elguh disphy tmrtliﬁudmly srtdngm'mel wodiog ffinityi may pe el mi lgbgensors to

al so control catalytic activity). The present

4?\'/‘“@?1 ’Hé‘@?éenéﬂrg%“%‘ﬁserved that nutant al bumi ns

accor di itidmullyt siReRa8S®hat théeihd Bﬁuﬁtﬁt(ﬁt}@f:ﬂlﬁiﬁhﬁl @By be in the
ceII@g ¥¥th in culture. The nutants can have

dofraeof Zon whishdnay bing ghloside aonse alsp deads it Hlempsgblllty that albumin
SURs t’0r £ -A0 dm%)ﬁh %?eus];(? 4gd, %MOE@@ sJRG: %g& (é(!egs *E@%hé‘kﬁ é)uld be
al sone n

baen o serve ants e. can
tregaiuied dly Ibloddnmﬂc&a&exdmcaitﬂatlgn ¢ohismi gﬂl’h@lscp(:@ﬁl@h Catalytlc act1v1ty)
i nventjon therefore also rel ates

t he nethad or use,.
of  mut HiR PERR AR IAS HER SPATYeY 1Bt D ARG atfding to
' ﬁﬂk‘?%érﬁ%&éﬁtl@h 1h8¥e SIFQRN h clNaoAER B dutfur€ STRY mGintsScahhave an
ure. The alteration in growh characteristics can

i evfﬁdcumthechsmg@tson <pf cetin bowmrshto qowfbéféﬁ? agd: thase pundiy the medium.

or_.ce r r I t 1
SR NE hu BN s SR b ShISRUL LR et 10 ver
dﬂnﬁl&@ieﬁ&ﬁlllg?oﬁvﬁdl Uhe pﬂersexdhfﬂ‘/amen Gbaefob:eakwedauéeaxﬂt}mrmethod or
viable cells adhered,or in é‘he rre ium Al bum

cesenRinyiank Spie & bumiR proogding s frelipsst HVERo, fq glter growth
n&%%a%té;rﬁﬁcs lid 3ﬂt&§.‘ g‘h@ Wltdroidn ﬁf%‘o% Elia%ﬂtéﬁsltﬁ% can include

serumfree ned a. flumto the nodif
athaugésrin afihésien, pancentagoviabidityantiéor salgrowtingg. tites, cell distribution

contain.co r, zi nd r c dmi,u

Bt RERRa lfeS% BlefFEsAE lfg, cggiterences
%&w@erﬁdéza@rwmb(mlbagwe@omnnhmedmaﬂl um), Hams F10

and F12 nedia, |Iscove's nodified Dul becco's nedi

and RPMbuminiis.commanhye incededom egllc HUIH%@I‘&@Q‘%&&SPGCHHY media for

mammalian cell culture and particularly serum-free media. The medium to which the
modified albumin of the invention is added may or may not contain copper, zinc
and/or cadmium. Suitable examples include Eagles’ medium, Dulbecco’s modified
Eagle’s medium (Dulbecco’s minimal medium), Ham’s F10 and F12 media, Iscove’s

modified Dulbecco’s medium and RPMI media. In the case of such media that
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WD 2004/ 011499 PCT/ GB2003/ 003199 normally contain

al bumn, the nodified albumn of the invention may be
waeumgiee ed partly or wholly for the native BCDGBRV3/003199

(human or bovine) or may be added to an anount in

excess of the normal anmount of albumn. In the case of

%Baﬂ@@bﬁainhzﬂf)uﬁ& tROhoMGEARIBuynif TR ﬁxv@ﬁt‘%ﬂ%@ bk RBbstituted

modi fi'ed al bumn of the invention may be %’

aelrtlys of avholifyi foh theeatimedaloumins(hyuswa m@nvm@)amwnam |bma|dded to an

cells artlc vian ( h ken

i e e o SRt STyt AN e SRR oPfuchpedia that do

NAR kiédallydontaAl Slbhmﬁﬁ Yedmadified Atu@iin of tHe iBVentioH S8y be added.

cells. The cell e may be derlved fromany tissue,

f or exH?ﬁp‘FeélStfhféWIhlcgﬁbif megipan {8 wsed mayche anyhanimal cells, particularly

I
G vga(?lt QSH Q %1%?#3 *lﬁ rbé%maﬁa[q{ E@is s salLUén%ryh %? ‘i)}ﬁfn%a‘fea such as
Qﬁbxhkey)JCdsr ﬁtﬁleﬁt (eybh Iadd’rlialsteExmtr[ﬁremonﬁe) suild allthe @l type may be
LR BT D PRSI SN g s

kénqeﬁlxhﬁebt@hel&hlcréﬁﬁﬁ laasmt erymsw@a*yﬁc cgé&lsceﬂ%dhmeme It may
oni C S ece smay be cultured on

sl be es, artificipl a@l @@@Séf’; a\ha/brléomporwm pf gwitablsr cells include
%}ﬁ%%%g?nﬁ% roerg eéénépax%r? %mscgﬁl?rﬁé‘n? %@P%ogﬁo% u]% ngﬁgoﬁéjs', 1 bridomas,

Siabg hameeer kithkey i IcSllsﬂ ﬂh&ﬂe@é hamstpr oeturg eellsndthignan embryonic kidney
particul ar_cell thg may, be enﬁl neer ed %@q ress
oteller T E? sellcmay be gagregen ﬁH"éﬁ‘%ﬁ’Eﬁ%‘F @S ¥e5elewals, porous matrices or

I %;ugee QRE hedugs and anal ogues
ﬁ%ﬁ%gf?&(ég dIP g%{:éﬁlallﬁ@%/éarl abl e region

f r agnmebies c‘alndedh welin mzaedbd g@dkmo produté ghy submm) that 1s naturally
RG5O BT BT 5 5P} b oot procues
| SUER RS Ehékapéﬁuc prdtéins. eRa4Aples indturlel reortdclondl ardibddies and analogues
I nt erferons such as interferop-a_or interferon-7y i)1

gth%rﬁpﬁ quaéta@rsgnglg (Fhpingariahle regien frpgmengs g humsatzgd )igG kappa

t1pg Lﬂw c19>|tt ﬁi‘cﬁ)?s @ﬁeﬁ hgtBRers MIEWAKI RAGRI XIH), anti-
asm no ified albumns of thé Invention

nthsnnlﬂ:am H&I wde:dkmeas (sush uss dotetlewkins, néati axgnplpanré@rlembm-Z and
pr ok ot es.and st, as.wel.l as.cultur cel |

LR SR B an e R F BB oM GEIFE B 88 Pgin-tike
peredte e factegsi tiadn®bieahlimn glhentst | Synthe@ke, aSprourokinase  and
i ncreased adherence, gr owt h and/ or expressi on and

sHRYNPEAN. 1t is within the ordi nary skill in the art
to det’ﬁ‘iﬂrﬂ) dﬁ'%a ngﬁﬁﬂ?rgs[l bfa{h% invEnk Scﬁ‘r ?tl%jpoﬂlc dl??gn tissue culture

i nventive no mnin a
nraekdial preplareddioe prokatyotkisrmd yeast hes WﬂanSfoudidradl dellsrand fisues derived
Ctgtroduc dinto a cell cultures

oSSt AR EbiA BECAEb SRBHIETTS o g such as
eiﬂ’&‘égéeﬁedaherehé@ gRARhI 278/ ok 8xprediidPshdcReretiph 0 a cel |

cul ture system at a concentration of about 250gMto
about ItZGWMItMIDrtégvelrdmanﬂlwlblle whisdiafti del datermine sanmappropriate

Sprerien &t dp ittt F PRI BREsAGHE SR ECrRgm. 1 one
tfifbcuehbst) tBé th&ified albumin is mtroduced into a cell culture system at a
concentration of about S0uM to about 30mM. In a further embodiment, the peptide is
introduced into a cell culture system at a concentration of about 250uM to about
20mM. Moreover, multiple modified albumins may be added to a culture medium

surface to produce a synergistic effect (if those have the same effect on the cells) or to
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12 WD 2004/ 011499 PCT/ GB2003/ 003199 produce nmultiple

effects (if each nodified al bumn has a different
webdoeot140m t he sanme cells). The nodified al bur€TI&€BG03/003199

the invention which increase cell adhesion nmay be

di ssolved in a carrier such as water to produce a

f,é’r'ﬁ epkBle R Ofesh arp et nbiapE Y Skt onghe same
le, a solution containing one or nore said

nDdIerd al bum ns of the invention nmay be distri buted
ont o aThemodiftedzalenraing eﬂthennaerrtwewblé aareasegelhadhgsion may be

Jlgt{oéve%swr% g%rjéler %a‘lthhas \?Bgﬁdoﬁxdoéﬁ S a9 DJ?LOP %Pg%a% géfgé“e culture
odubsiritachmethier @hirfacs dompedwihedf alnbiwsrage-typé delle  For example, a

| nvent| on to a surface incl udg H% coval e%
lér%)cwrswmngoﬁneseemom saidgqmedibiefl lbumiag of gheivyeption may be

#E&Iﬁ@gﬁsﬁ oﬂt@ tin0f rE\%?sé DR 11 ?d tﬁﬁeresults in said
a

m ns nay sorge irectl to a surface. In
faodiffied athviodols hmmg preséng op gpt suuiﬁlcemythb doratisftar drixd ﬁlm a

ot 11 R b0t AgadPmE of 8o MeBHET BPFBiAY 6. e Hvenion 0 o

k@vﬁ@é einbiudBE thoRav e aitdtacticl, | AGLEhecificOhddesionN.and covalent
| am nin, polylysine, a peptide having a cell-surface

led@g%r nr@@@@rhomwt obdgdnvantiognthe ahuriey By pe adsogbed directly
Y
gt(rar,bo rren it oag a?ﬁx’rthgllr %Iﬁ?n&{l ﬂéﬁcdt}%ﬁ)%bgfée m%xﬂ g@gcr@stgpgd to a surface which

desalichdyl badsmpxec@ated ajth) bieds siomlibtied doust! lyast en¢ hfthe following:
fre r..as a,con at e o the,surface. The growth )
A8 B PR bR sl deehy bl eapin; UEiefgn e peptide

Wtu 3§ ecelBtirtRB! eed‘e@br pf&&gﬁmeﬂ 36IRh&N) C 8n affkh@Roglobulin, a
gromh of a vari et anchor age- dependent cells on

shlymeeharidener mrcrvghtfmwd. Hepngtersimbediment.cihe albumin and one of

TSRS, A US55 Sl R Snch P, L PRy B

Solhe surfays. More effl ci ent bioreactors than pr esent I y

exi st n be ned by .a chin the cells to.
o T ac BB eyl b modi b SRS of aSprEiho vl Which are
sf@eblel or 5?&::%&@%11&@11&&&4/&@%6 ovith of HaAEE SofWtkdtagBiependent

be used in the racti ce of present |nvent|on
scmlltsam em@nes,awgldmm bwio idirmensienal part thasgee dimensionati susfaces.  For
t r
fp%% ﬁ;ﬂ/e g\%rﬁzgc% rg%ysg IBP ven tor%%(gtl&gﬁfﬁl%g C?IIYB?J% Cf:l'l1seto attach in 3-D

t drﬁ@tsﬂ&ﬂbrd)éfﬁmhwereasws‘ thaf presedtly exidtrian, beed@igngll d9attaching
surfaces. Suitable surfaces for use in éhe pr esent

i the &l or3-Di sveteersanodified with theinventiveReatides. pl asti c
di Sheszt}pb?eﬁﬂccretfér@%Sm tﬁ’i'e?rtg?ésc ofns&‘?&tek tv&l@clphﬁgl% used in the

plastlc tu surtures anes,
bprecté@ctfahe preseat mventlop,ammuab]eesslrfapcﬂ \ymdd lmlmdaabetsarnrmt limited
i hclude, but ar

ptgf ﬁ?rﬁ%‘io M@Hq{ﬁoﬁ@?e{gggwe& &/Ioétpdoe]svtb& Hpef gxﬁ:éent invention is used
tigr grhirbah@hebf pobahdt( §uptacdd |aH@rt§b€ilhﬁé| @ML)glass surfaces. Suitable

fluorinated ethyl ene, poly(dinmethyl siloxane) and

otuigages for use in the present invention, include, but are not limited to, plastic dishes,
plastic flasks, plastic microtitre plates, plastic tubes, surtures, membranes, films,
bioreactors, and microparticles. Polymer surfaces may include, but are not limited to,
poly(hydroxyethylfnethacrylate), poly(ethylene terephthalate),
poly(tetrafluoroethylene), fluorinated ethylene, poly(dimethyl siloxane) and other

silicone rubbers. Glass surfaces may include glycerol propylsilane bonded glass.
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silicone rubbers. G ass surfaces may include glycerol
propyl sil ane bonded gl ass. 13 WO 2004/ 011499

wWEDAEBRYO3/ 003199 There is al so provi ded a crCT/GB2003/003199

cul ture nmedi um conprising a nutant serum al bumn
according to the present invention. Detailed

w il riireds et REVCRISE D TyHS REFSET banBIERL s fytant sorum

vilbuiniheles@ipaottie progent Ingemitis. vvhl ch show. FI gure 1
shows a nodel of the three dinmensional structure of
human serum albumn as reported in PDB 1 AO06, with

! ﬂ&ﬂ@j& ﬁ%scpli[ﬂghqg thid ;ffgehﬂsnt ified herein,
in nore deta| | amno acid

si de- cHiai pﬁasémammdom withmgwabe further wheeriped pp ey off example and
S|te ure ows an initial nodel of zinc

s‘i‘"{ﬁe eWeI‘iﬁPt{‘?/bgurﬁT’ Hﬁﬁ?}hs compari son with apo-rHA

( 1A06)FighiedH sRow® a SHQIB of @l?eah@éé dinRshsioh ANt ARG BPHEBMan serum

of a zinc site in wld-type human serumalbumn, in

caibmaml sorepairtel iaRPB HA 6 A8 theanetel binding sigeidggtifistd herein,

t,he, .z site: 59.1 kcal/nol; Figure 3c shows nodel
f}B hlﬁ% dmetal site in the Asn99H s mutant, in

conpargi g@ﬁ, Wishdwirkn ﬂllofe}/a)aalzmnﬁﬁMaélgrs&kﬂéhalrﬁdbczﬁ‘ecf incdrd] around
energy for the 2|nc siteis 83.2 kcal/nol. rned to
viihe @rappped zipebindmesien: to wil d-type zn-al bunmin: 0. 56

A, Fi OibGre39a SHRWE AP GGtial %ocfeh%f”ﬁh@lsn%' {ne whla- Sf%@ albumin, in

Asn99Asp nmutant; Figure 3e shows inter-domain H
actommtelsmwmhtalpalrrHA(déxCﬁ)te in nodel s of zi nc free

\|,:Ma|t ? yt%g}%&agg gg]é\tgg\%c[a upatf% 1mpéovegsv¥ngg Xip S flte in wild-type

NRARdn sehamASHGRAS i Bathgdtisondel apd:rI@Alr(eA@@th&e-ﬁeld energy of
circular dichroismspectra of wwld type (solid line),

aihe zig ke YHhked@ali ne) al bumin; Figure 5 shows 111Cd

NVR of
111 Cg %axte' e ug}gb%g’_ﬁﬁé\elr %1\6% %Ne%/%ngke ?ﬂ;{\h\éfm az%ﬁt@bH%f mutant, in

paaisemmﬂf wild3@uCZR rHA (dreen)prEaes fieldog¢nerdy ﬁxrrtbe aing site is

LA BRI et SRR R o B BRSSP R elhinip 35 A

to 2 npiguRMd dhemodef focukelAetalsite ﬁitﬁ@hs@?ﬂs}l&m&ﬁﬁt
st eps 1(‘_bottomto top); Figure 8shows the potentjal
b

zi nc bFigdrende shaves inferlamainbickends gt therroteptiehzne site in models of
zinc-free wild-type and mutant albumins. a: Wild-type; b: Fatty-acid loaded wild-

type; ¢: Asn99His mutant model; d: Asn99Asp mutant model;

Figure 4 shows circular dichroism spectra of wild type (solid line), and H67A
(dashed line) albumin;

Figure 5 shows "'Cd NMR of native and H67A rHA with 2 mol equivalent of
Medely,

Figure 6 shows 11,1Cd NMR of rHA with 2 mol equivalent of **CdCl, in the
presence of a) zinc and b) copper;

Figure 7 shows UV-visible absorption spectra of (a) native rHA and (b) H67A
rHA with 0.2 to 2 mol equivalent of CuCl, in 0.2 rhol equivalent steps (bottom to
top);

Figure 8shows the potential zinc binding site in an asn99asp mutant without

zinc bound. shown in magenta on the right side overlay is the wild-type structure. the
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zinc bound. shown in magenta on the right side overlay

is the wild-type structure. the 14 WD 2004/011499
wEIAeBRY3/ 003199 force-field energy of the par/aBe@3/003199

site (101.4 kcal/nol) is insignificantly higher than

that of the wild-type, (55.6 kcal/nol) and the asp99his

Sf'ol‘c% fgeqé S J'éc aolf nanatté: ggeL @iOﬁsfg&méﬁ)hﬁ 1&5%&1%%%1%& than

spe ctra o
, Ahﬁlﬂﬁ‘&h@wﬂultﬂm()ss o Kchl/@olyahd eledsyootensis (as 6 1R IR,

N Figgis dphovrs GarkD 16 COMINR SPRATSISY rgaembiRaRt albumins (wild-
[5b 2

Aiﬁéékép@%ﬁ?ﬁn Rl R 2 ) Wb Mcht of YRELT Teopgiions: 1 mb

(promh 150011M Tris-Giy50 M NG, 2B0KM Tris-d, 50 nmM Nadl ,

295 K at 11 the . .

295 X il il SR RBkR e 1 AR GHipe vt

RopASAd u&enpbﬁap hatal) witi Gl snorasupdants N CE NBbndEdisY 1 mM

portions in each case. Shown are difference s ectra

aqupteirs 58 an¥ickrist Gle S MGLo?O 0K ibnasstated otimry

shows d n t

amouncHae H 9P SAERRa o L il &ﬁ@ew?ééﬂéﬁk‘ip%fT“’ 02 M

Vpdtdhshyrp(phas’[ﬁaﬂ&yt AClamas ridded i P2 endl qahopsrtions in each case.
convol ut FT-1 CR- M5 spect W |.d-t rHA (20
Rt dh R gcense SPeRtTagRQFEACHAST melafb%ra%@t oAl BPHY . Not e

the naFl%Qx\@! 13 8fwe hﬁ@&rec(t%hfpah%xgm th\é"e%& &a@tou?}%njraﬁ)lts of Cu**

whi ch abl es the detection of I I -nol ecul e adduct s;
Fingthe & VI-A4s difibvanicaispgtre of “@lﬂ—twes @tlldmutant dbimaince d 1D 1H

NMR spegctra recomnbi na nt
Vb, o R ol (ROBL ARG L RS s TRk ge LR a0
QiMWin! $1 i PeET, A, S§%°\hﬁthaﬁ§n 9945 #2etiaiel dASNBRASR rfahléw line shape
respect | Vel% showi rl)%ng s H62/ Hal cross- peaks.

hga.

phheighiai AN Pa) Wigckgnahlgsthedetedipn qfﬁqnmg@polegﬁg adducts;

aII experinments were carried out at 310 K pH val ues
vary between 7.28 (N99H) and 7.40 (H67A), which
accounts for slight di ffer ences in chemcal shifts

for individual protons. erv bl.e ro

| abel 158U {5 HlHEer §“WFY i Bgowgl‘ﬁm&él HR AR pectra of
heesmBideRdaIBEmA Iﬁﬁ‘ﬁﬂiscﬂ usdY {4b St anfliog dhovr 'pBH[cﬁls]& 2D TOCSY
shows portions o and 2D TOCSY spectra with 1

MR spaepra ofambrbtyp@,pﬁtsé77qus7f)sr§%w ﬁgd iﬁss‘t?%ﬁm éHA, respectlvely,

B P PR SRl R R SRR e I O 300 sl 50

(dAMTMaCn £ AVeddetigrelts wo@ diMidRGht atPHD K. EHZ\ﬁiluéM vafy between
var%w%aam)unts of octanoate; Figure 16b shows the

ef.2 H) iand r b4 (g7 Ahouhicl aspowts Serodlicht efferepessig sghemical
%S@ggg@? Bﬁ)gil Bhs '_Iad)btf%rr&atb%}?fsl ]pgfot\(l)\ﬁ)s gr%olﬁégi]ezhd'\%ﬁh numbers, f

denotes formate, which had been added as a chemical shift standard;

Figure 15 shows portions of 1D and 2D TOCSY spectra with 1 mol equiv Zn**
added (pH*= 7.37) showing histidine H52/Hel cross-peaks;

Figure 16a shows portions of resolution enhanced 1D NMR spectra of wild-
type rHA (1 mM in 50 mM Tris-Cl, 50 mM NaCl, pH* = 7.26) with varying amounts
of octanoate; Figure 16b shows the effect of increasing amounts of octanoate on

chemical shifts of histidine He1 protons;
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Figures 17a & b show titration of Cd2rHA wth

octanoate. Conditions: 1 mMrHA 2 nol equiv 111CdCl12,
wGmNLTHPY s-Cl, 50 nM NaCl, 10% D20, pH 7.1, 2P8I/&B2003003199

nm BBO probe. The acquisition of one spectrum

typically takes 4 hours. The graph in |7b shows the

‘time-gourse,for 4 equi.vale t LSLt| . .

e SRS 0 B ASTH KL O BEAH L (s 1

heLN, 2 @bl @uist'dCdding o M Fxisad]j HEniM) NalCl,eleh DOy ekl 7.u298 K,

has been taken as the average ti rre-%cl)i ntéj;. Fi gure 18a

it BBQ prabantkhe #pqpisifion AsomegSHEEvm Y kil fafted hours. The

SRR Y ThRs. the i RurdB0roP O VRiPALRS TASUR: Lqdfth of each
s i1n Tayer using native and nutant “serum

apbetrin sakes4 huthe midepoditaine. tevml Houcsafter staitimgrtbel experinsint)pf each

native gn nmut ant set{fum al k%um' NS and Figure 18d

SREGHEH 8% Pé@%’n&ﬁt AYGA88 NP di um usi ng nat i ve

and NMuytigite 188 ShdHR &IVSThRSn 1dvef Usifg AfivehawsmutktablugDalbumins;

identifred as being involved domain | - domain I

cont adtigurgi 18brshowis disrcentage rafalesd #alds elebierdesing pative and mutant

Mol ecufgar inm_)del ling A published crystal structure at

2CEIMALSHMIRY i ganded (apo) al bunin (PDB  accession code

1A06) Hgsreub®dsiidwgglh@otintdsins mediuimgsipgi mitive candt matant serum

npdel s. Tlge nodel s were built in Sybyl (TRIPCS Inc.,

\BPWNigH dg) and subnmitted to energy ninimisation in

or der Figulgﬁ%ﬁ @hﬁ@s 9&9@;&5%&’& ddad s Ah&HuhhBing Mtive and mutant

previous runs the "program had ignored the présence of

ciesh Ribdmitzonds, which had |l ed to hydrogen atom

ddi ti kage..of .1 he.di ide b i ,
0 SRR oGRSt PR B SPE g - domain 1

SdonthetsUA£H Yamtls not the zinc site itself, has now been
corrected in the final nodelling runs. In the
m ni m sations, the TRIPCS force field was used, after
specific force-field paraneters for zinc had been
i npl enented. Bond | engths for Zn2+ bound to histidine
(2.00 A), aspartate or glutamate (2.00 A), and water
(2.06 A) were taken fromHarding, MM Acta Cyst..
D57, 401-411 (2001), http://tanna.bch.ed.ac.uk. 16 WO
2004/ 011499 PCT/ GB2003/ 003199 These val ues al so agree
with results fromanalyses of the pdb via the

hodyt sbase (Castagnetto, J.M, Hennessy,
S.W, Roberts, V.A, Getzoff, E.D., Tainer, J.A,
Pique, ME., Nucleic Acids Res., 30, 379-382 (2002).
ForMeleccolas nadeBinger et aken fromthe TRIPOS force

110 \2an G055, 81, 2106 vet € ot SOl {58k oo
ORLCEdE oeehdey1 AGS) HaSRSePthrBBSIAIY as starting point for the models. The
models were built in Sybyl (TRIPOS Inc., Version 6.8) and submitted to energy
minimisation in order to optimise geometry. It was noted that in previous runs the
-program had ignored the presence of disulfide bonds, which had led to hydrogen atom
addition and breakage of the disulfide bonds. This problem, which slightly influences
overall protein structure, but not the zinc site itself, has now been corrected in the
final modelling runs. In the minimisations, the TRIPOS force field was used, after
specific force-field parameters for zinc had been implemented. Bond lengths for Zn*"
bound to histidine (2.00 A), aspartate or glutamate (2.00 A), and water (2.06 A) were
taken from Harding, M.M. Acta Cyst. D57, 401-411 (2001), http://tanna.bch.ed.ac.uk.
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m ni msation taking into account only the Zn2+ ion,

the four protein |igand residues, and the water
wodogoul4e? A further 50 steps of energy m ni m BEL/GBR003/003199

were then applied to residues 65-69, 97-101, and

247-251, and the Zn2+ ion and the water nolecule, to

SRS RO R 0, -0 B e

f datstiass (Egstagnetta) J. W1, H@nﬁﬁssﬁ SWepRobetse VaAp| G&doff,OF DheTainer,

re pr rea erlays in
R Bl S bk DS SR BB L s wer
al
\r/rﬂa%ﬁgtggrﬁﬁllztgré 01:1%%’@% fo\P&T' ﬁlagg ﬁ?mdsﬁgfégﬁt?o;&{d%%{ g% not constramed
alnbarfirsts step,htheNS@®nsitiyearohad 1¥.nfh svasLapdinegskdi by slioOj sIe.ps oD energy

B ERUOR TS B BGhainb 7Y 8701 o8 SoBpdotatn Baiigpsicues,

Naddl it $atdrableculd. hA fﬁhﬂé:esmé@cc;fleﬁergﬁeﬁmm@aﬁdm\%m then applied
containing nutant nodel s, the same approach enpl oyed

f’@rreﬁlﬁ'@s -6, t3p 0 lsad IFZ4M§1 ndethe Zé'x plogrand ghe water apolecule, to
leeadsé@d}(tné A& 3hd 4a “&&SW%fsh?ghIcft{ r\?\ﬁ‘lnéh had been mtroduced

-to I connectivities er prograns and
Eﬁntm@saﬁsn S&memoe ialthgfirse step. \Fﬁfaﬁypm mioeglstopl weiRi alpghed to the
Bi oi nf\?atrmtl cs lnstit

Etu ean e .
(SR Binicindop She fne SpRPT. Wi LoveERuL A e Bistias Mesge eppsted in
Eoyye %ifR At ei ’md}'féﬁ*ﬂe?ﬁaxlouﬁ?é"t\ﬂﬁclf 91&0 Eu;sﬁu%g BROIAWalues. For the

I nformation ~(www ncbi . nl'm i h. gov/entrez/).
3medleting pﬁthalmlet@nirzﬂnmﬁt@slbﬂmnm tlwdﬁ%md@mhmn v(asmanated in silico

oot% ¥e Qtt: %M]S Ig a%dooﬁgg elpad on otd were relieved by
pdBr)Eredi e

W\NWI'CS rec

M}ip&gﬁ@@@l steﬂ |ogcumetgyeﬁﬁmdﬁsaﬂﬂohemt the thlagmbkﬁulg }F@S the zinc-
used .t.o prepare encodi n the H67A nmytate
?on&lwa&]nwtww%ﬁn@ w%a&h s eAdes th wild-type model was

%ﬁé@]&ﬂﬁ%ﬁ%@@%ﬁﬁgﬁﬁaﬁmﬁﬁ Fetal-to-ligand

GOAMPEAFItRGT CTCCAAAAAGGGTAGCAAGTGATTTGTCACAATTTTCA 17
WD 2004/ 011499 PCT/ GB2003/ 003199 GC-3' were supplied
by Delta Bi otechnol ogy Ltd., Nottingham Mitagenesis

erforned u he QJI kChange(r) Site-Directed
K@?’g@]@ﬂe@""é’@@?ﬁa@%ﬂ%’%@ne) A clone containing the

desi r egbquutct | ipntehtd ARk f cadiely Jﬂ&'c'Lﬁf?ﬂg' d@ltéﬁwen%ropean
anal ysi s across the nmutation site by dideoxy chain

t Bioiiformatiss k@qmmw&wmmmﬁw) thlAsaqaaneﬁs@rtmecﬁ from
:]@nrﬁtgeza PHC%eMeaStNa%f&%rleSSIé) ng\éegte 9 s n@lottec% glogyrmdlnformatlon

Sacch aromyces Ccerevi §i
efveei mopiatl Al ik Rov/ENPEAR S| Brdimenkidtial | ddogdthited for human albumin
(PDB 1AO06) were obtained from the Brookhaven Protein Databank

(www.rcsb.org/pdb/).

Site-Directed Mutagenesis

Oligonucleotide-directed mutagenesis was used to prepare cDNAs encoding
the H67A mutated form of albumin. The mutagenic oligonucleotides 5°-
GCTGAAATTGTGACAAATCACTTGCTACCCTTTTTGGAGACAAATTATGC-
3’and
S’GCATAATTTGTCTCCAAAAAGGGTAGCAAGTGATTTGTCACAATTTTCA
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The S. cerevisiae cell cultures, follow ng growth at

30C for 4 days were centrifuged at 3,000 rpmfor 30
wWorRov4/0TH1e9 super nat ants were then renoved and PCT/GBe@d/003199

The reconbi nant protein was concentrated fromthe

supernatant, using cation-exchange chromat ography. An

§§F§ephar osep cf B}Ir\&ge(?tgqlg %ﬁqo&excw?ﬁo&u F%nnnm?alglétr@sis was
ViRrfoiRisd Qking (Be QUIMCBAR®NTiBLBirdtied thxﬂcagénesﬁl'Ké (gtratl_ e). A
filtered supernatants were split into two batches o

aqi@reomrmmr@g;th@ desiregoulitatinnovesaidentidedibys nacldetitle(seqEennt analysis

M_so n each
Shirfhs ol s Gl BP0 DR JuRRAL SRR,  the gputated
V@\Iﬂdwu&lﬂg%rieﬁ mtd TBUOY yeast tehpﬁesl@mlv&e%rVﬁfdefransformed into
before |l oading onto the colum. After |oading, the

celrtompieest aeavisigessrdla bielertreperationm vol umes of 50 M
acetate, 8 MM NaOH, pH 4.0 and 4 colum volunes of a
27 mM sodi um acetate buffer containing 2 M Nad, pH
dEXprestionramddPoarifalatioms carri ed out vvith 10 col um

vqurres of, the eqU|I|brat|on buf f er. ally the
col unml Bas- efrgrisigeviellncwiugss) W%lsy 3 365 fay 4 days were

t
S&Hirlﬂ}%&? Gt 3 (!%OC:?:%F?%ICV Bg Qﬁlgnp‘;ﬁhé’%g&ﬂh&né%gpe #8bh Femoved and

P- sephar ose en further
pﬁltqréd edIey r@ummdxmwmjnamyewas foocatepdaphym tre supPbAtnt, using

BRomPAER o ERTREPES ¢ ArUe- TBMIRRE Tat SR ehange

asoRindh €colwmin RYIUN&OH225 Pl awds. eqliitébreea G 4 ¥blishnGfolumes of a 30
SP- sepharose el uents was ad| usted to 3.0 M5 cm-1 with

sodivm eetate byEEL R Soadilhe fHisred superpaganismvereyspligrinto two

I t t |

Al & oty %2‘%40?%%”@&%%%6%%@%8@%@ ofa2M
eiohttwd) W tdack) .batchcaiduthe M@Imvesdjoﬁted%?oo M\§ awitt atetic abid) and the
m 4 4H20O,. pH, 9. 4. E gl .
SRRt mnteY T e B Ao S wgroE Refoen loading onto
Bhel€olagal OSRer(540ME tthecdRimi Glas Mfc@SYashied With 8(Rlmiolumes of 50
vol unme = 423 ni The colum was equilibrated with 2

cBM asetaie| s NoDH: PP 0eM 4rebrnnwelames af & 27 e¥lfsedium acetate
|
p[ﬁlgf%(r: g Qtﬁfn% % h?ﬂg%@ggg%%ﬁoﬁgﬁﬁ Vgaﬂe&ﬁéd EQ?QIWQO column

R@Tdr@ZODﬂieOﬂﬁlﬂﬂﬁatlmbm. Virihdl1 6 theotalumn wedsugheted ofitht Becolumn

equi | i br buffer. The col umm eluted . w

SO S AL S e S St & AT crlhoIg GRidaPHIE 2
M NaCl sp-Béprardie Fagt Fl@w%ldbﬁtsedvé&%ml@n Aether Eyﬁ‘ﬁiﬂed by anion-exchange
concentrated usin Pall Filtron

Ghramataataphy jant @D rfesitﬂmv tcgltanlpé¢qllsma|\tqlmpmrp67 mL). The
V%%%urgﬁ @qﬁ%@ra’c@cﬁ thgfl%c Sﬁ“érm vol 7erglg JHM acefate 27 rﬂlgl NaOH,

recovere ntrate I on omt

H 615, €The derQiﬂlUﬁﬁty/\@BSEhséphhﬁﬁetehleﬁtsmasﬁdjuﬂétﬁtol@0 lmSNaﬁa with
cElled to an SDS-PAGE gel. The gels were nade and

ipniseryaten Reforedqading oftsrthe ol adRel loading hg calumygveas then
2pddshed GAE fﬁgéam};%lﬁﬁés HaA3. ’ﬁﬁﬁ}é 'R%EM 41 (?,‘BI—P 9S0ORB\fun was
bl'ue stain an I'ver stain
eluted with 0.75 column volumes of 85 mM acetate, 110 mM K,B4074H,0, pH 9.4.
DEAE eluents were then purified further by affinity chromatography on Delta
Blue Agarose (Prometic Biosciences) column (column volume = 423 mL).. The
column was equilibrated with 2 column volumes of a 250 mM ammonium acetate

buffer, pH 8.9 before loading the DEAE eluent. After loading, the column was then
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reveal ed no other proteins to be present at the 1%

| evel (therefore protein is approxinmately 99% pure).
w@eogoh&p9 Di chroi sm Native reconbi nant human aP@IIGBR003/003199

(rHA) (Delta Biotechnology Ltd., Nottingham and the

H67A mutant al bum ns were diluted to approx. 1.5 ng

bed D Bl aP o Sag ISR R e RS Ras e
0o & gaﬁ% m&qem@n@ﬂ%@gﬂa@wff&mﬁmm I INFEL, §JH 6.9,

Secondary structure estimations were cal cul ated usi nlg )
t he SHEE\Blecheuts were Lpniconcent{aied usinga 4 &t MWCO Pall Filtron

04 , K 500 > [ i
B PP R VB B P B M g0ty 125
FHETALa Vi mre v ad R4dveréd ARfhpRSofesheshtratedsbatidafidm the purified
Prot on decoupl i ng was hi eved by conposite

I
crwobuspiasgllutaig SAREL Tnst 1 HLSURARBLEREs a0 SORPAPEygel. The
S Rel b ds b Rt b s O M Roa, FOPALARHS LT Nature 27,

B FH. eThd elinas alaiedguith GoR ¢Simdsiitobilsosiapi endositvet wtain and

OGak Ridge National Laboratory, Tennessee, A) in the . .
agpredast ingt ethghipteingf to1beypresent g4 Tthel. Nforlcveh, Bihgefope, protein is

C ' [ 1.5 MM rHA or H s67Al a nut ant
p%@%%’?ﬁa{a%w%% Igshge' concentration. Various equival ents

of ZnCl2 or CuCl2 were added for netal titration

eé ‘erli nths,. t he pH was checked and adjusted (if

r ’gfﬁ'?’g&c Bf%®%r each addition. Spectra were acquired

over aNsNRERe¥dAbiRaf hd@akHIb( 230 @EHA) (Déler Biotechnology Litd,
conpl ex data points, with a 111Cd pul se width of 17.5 1.
sNowipghamsand the dieide pugant aloumipg Wees @lf%?fw%q #pref lop mg mLo in

s a 0 i RISHI BF oD of th

OG0 B ERE R 0T 0 108P o T REr o Raritg foF i of the

v@oeeimser Thé instreachenbuded wasoatl ASEE) 690 pecteqpotiirinesterbySecondary

exponential .nmultiplication.(120 i br oadeni ng) .

* STICHIRIGRR AR RS é&ergff‘l ﬂ@‘g?@ég iﬁﬁ%@bﬁﬁpﬁsﬁﬂf@e- nut ant

rHA were carried out using 1 nM sol utions of nutant

al bum ns. Mst spectra were acquired over a sweep

wi dth of 32 kHz (300 ppm) into 8 k conpl ex data

poi nt syytdy Aphl b 64 o9 MOEOh inel
1D ﬂdaa?th-ﬁi Iiﬂlgﬁ{l %%ktt?ig %d&dgi Brike&t 15 )w%lﬁe #foutine y

transi ents, 0.13 s, and a recycle
dedqaited afsing. 2410s mnPBRO (Hivedtoalsesre) tprales headnatt 29n K and 0.1 M
dat&lwere zero-filled t

32 t i nt d .

a8 el B woﬁéﬁﬁtﬁpﬁnﬁﬁapéﬂg?éfw{%okH%Csf%‘aﬁ‘?% was achieved by

h&&ﬁp&ﬁt@}@%@id&%wﬂk ,%H@P@Ammteﬁlcsam&wabig@hmu}e in 50 mM
n ophi

H resonances, | I Sed sanples vwere dissolved in .
DP0s,(199.01, Pa0 s oYiQ, pRfvei deuterpnirgxid with Z gol sguiv of * CdCla.

N4 kept at 295. K for, 48 I d e, ; iloL .

2Qe It A sfere bl oG, " AP IR GigH T R Dak Ridge

DR@ti S Labsviafiy, Sfennessee, USA) in the appropriate amount of 1 M HCL
ME4-NMR studies were carried out using 1.5 mM rHA or His67Ala mutant

fa™)

protein at the same concentration, Various equivalents of ZnCl, or CuCl, were added
for metal titration experiments, the pH was checked and adjusted (if required) after
each addition. Spectra were acquired over a sweep width of 30 kHz (280 ppm) into 4
k complex data points, with a "''Cd pulse width of 17.5 ps (90°), 36 k transients, an

acquisition time of 0.10 s, and a recycle delay of 0.30 s. Prior to Fourier
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nmM NaCl, 50 mM Tris. Sodium fornmate was added at a
concentration of 1 mMas internal calibration

wGet@adarg (8. 48 ppmrelative to sodi um 3- PCT/GB2003/003199
(trinmethylsilyl)propionate; TSP). The pH* (pH neter
readi ng) was adjusted to 7 3- 7.4, correspondi ng to a

EfaRttorgipn: daih w0803l 40 40 4 il Rt fiexponentia

Vi’ﬁﬁlﬁpﬁ@éﬁdnr(@héf Heaink beshdesthgat 310 K on a Bruker
Avance, 600 spectronet er ogeratl ng at 599.82 MHz using

a Z- gr adiehVR stidss enrAsng Az end the, Asn§eHisignipnipitbavere carried

158 P o T LS o B o R over

tsw@p GAdE 8f SRKEZ (BO0 Phia) 1ﬂ15l8n© camplexplata pmesa’wuhat %lt(m pulse
ul se sequence for residual water, suppression (1
r‘@ldﬁkgf 108 nedPRY) 36 kHansients agayisition tige ¢f §. b’ds,ta@d@zrekycle delay

s. hs %‘d mfa&rg Foung! s c?rﬂxa‘ﬁBHb&ld%é‘tv}e%‘z&%-ﬁlf%‘él%@rﬁq( data points

ssi an unctlons for resolution
amldalpoémad] by espuhefidal mudtiplidatian §16Y e Une-borad@ing)OCSY
experiments (90 excitation pulse, 8.4 kHz sweepw dt h,
mxing tine 65 nms, 1.3 s relaxation delay), 48 or 56

tlﬁ&@ﬁ]\’ﬂﬂ?§ pdcBlos@pyh of 2 x 512 ti  increnents
yper conpl ex acqui sition using tjme-proportjonal

phase Toeminate MH tgspnapcespypphi agdes Werd disselyediin D20 (99.9
doggﬁo%)fnc ? ap %ﬁ{ aLl!Sé ngS? rﬁ%/ﬂ& tl&eﬁ{ LY 268 I?(a@&re?B h, and were

gra I n-echo sequence
rl@sp}dli%d A€ rand Uhgar dissolad. toTyield HatM solationainoDi@ @dntaining 50

AR SRETR0 i Ty ok S S D 23940 B SETGRAON of | mM as

Sa®nat PehalibratiBh t@?anél\érhd LR V\E%]ﬁ‘n al sglafivcor@ed dodium  3-
0.1 M potassi um phosphate KHP uffer. It was noted

t (eamethiiksily preipiratates H‘|SPb s The an‘e(nH anetefi fvadipg) wapadjyyted to 7.3-
4/ 011499 r ot a

e rABRE OO L PR Ol BB LR DS, P Chem,

s64yn8B ﬂ%(ﬁ Whidd mﬂ lHupufvﬂebzbdrnmdﬁthEufrbemnauomae@dut @310K

spectra taken at the sane pH* Dta

00 & Biukerepvanesd0Quspestigmeser PH%QQ% i 103 gl@f#fﬂa% a Z-gradient

at‘ﬂi?)leare%x%n%é L OPG 1 ab bRl 1Ty1m§ﬂ11'93§ 1D a8hsidy %ré fcquired

be optlna for nDSt experlnents carri éd out. Above
tibr 3he dbn mq:tma(@ﬂonxclttahen pulset Pz pweenvddtho 8k time damain data

B0 L BOREE S Pl AR e B ALY M Bporesion
h@nsis idhexacibn dblay). sol ut| ons (e g pH adJ ust nent m XI ng
wth reactants) difficult. e) Vi s spectroscaop

Copper The datarwese seratilledith 3§M@§IZ%WéhfnrﬁWw%§ qﬁ’mhlrrﬁtwn of
SRy 5L 59,4 RS  f b A Bt ] Forier
Oréhsfiomede Glor 2D. ”EO(ASY&X]BM@SS (8| exccitedithopulst 4 kHu‘pM@epmdth

FBEOPIEae Wy b SFlras SAR0TS BTG SRRt PUp it SRkeE? X S12
bi%%ﬁ%ﬁ%ts‘l@@percomplex acquisition using time-proportional phase incrementation
(TPPI)) were acquired into 4k complex data points, using a sensitivity-enhanced,
double-pulsed field-gradient spin-echo sequence for residual water suppression. The
data were apodised using squared sinebell functions, and the real Fourier transform

was carried out on 2k x 2k data points.
Some spectra for the wild-type were also recorded in 0.1 M potassium

phosphate (KHP) buffer. It was noted that the chemical shifts of the histidine Hel
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to 800 nmafter 5 mn. Initially, solutions turned

pi nk, whereas the |ater additions led to clouding,
waobdnglimerounts for the overall increase in abBOT/pB2@A/003199

observed in the spectra. The onset of cl ouding

(formation of Cu3(PX)2) clearly differs for the

vari ous | bum n nutants., Cell .culture experjnments to ..

Eelons aisA oy dRPRIer, TP Bf e Puerg Gerets!yg Figals plgshifted

WRERAGIETP bR RInPafedZioNPe@dfftaRbba Thdsanfey§ 1Pt QY¥tak¥n in D,0)

wer e devel oped. The approach used in initial )

ax Jirisi bufer.s Thelquaity of thehspectretiesimilantandm pypteiesoncentration of 1

viabili .t h Trypan Bl ye, the second proagh .

S b, blenckouny A B G o ey SRR P ROGR qup Apove i
fdof¥édatiBARhE sdlutiiiBlbeEdthé ID) visdub avhicieasheastb be divadeantageous
been stai ned bﬁ propi di umiodi de. The second approa

) h
Hew shimpeing as a6l a8 forgths line jwidihs ofheosignals, apd makgp bwd‘fmg of the

r ' 3 R mﬁi on. i)

§§ gjg@gl% &é %Jﬁj %Jg%&%gﬁdﬁl?ﬁgg? I&Fgfgéé%rﬁ@gj S were cultured

in DVEM (Dul becco's nodi fied eagl es nedi um

S nted with 10% FCS (newborn cal f serum,
ﬁi%%ﬂ%?fﬂﬁ’cg?ﬁ%ﬁ’_ Bl nd  x 1 concentrate NEAA
(Non- egdGRih Sdmpsted (ered hidd)or 2CRIM $n 26U SN peIAsih pHdsphate, pH
cn? tissue culture grade flasks at 37C, 5% CO2 in an

i ht.uBean @, 700eMsCufely stock gplutieneh? ¢ aliguotts fcoesspordiag 0.2 mol

every .2-3 days or .as ,Lefui ' ' t 2 .
SoBo s St st SArHo 1hE G MEI TR bl At Med® and Bv-vis
!s@ﬁd}tﬁzﬁﬁv@fe ﬂ'eBortlé‘tBlllsﬂ@il lSﬂimedeixﬁJﬁZﬁBIB(bnpectiblﬂgt]ometer ll)etween 400
indi cati ng suppl epentation was necessary. ce cells.

P o T A SO OB, SOl R e The e dsions led
Ysi cﬁ&;cgﬁég’, Pshich hic&ddhf RRANERBReraliMBcfeld in%b%@ﬂﬂﬁn‘nw'sg&bséﬁ%d in the

centrifuged at 1000 rpmfor 10 mnutes in a )
Mps¢tra | THOOGeod vl quidingdommation of Gye(POa)2) olazrly diffensefgr the various
Thlg supertnatt ant was renoved and the pellet of cells

reS PR n nedium and used as required. ii) Cell
Viability Counts Using Trypan Blue Trypan blue is used

to estimate the proportion of viable cells in a

popul ation. The reactivity of the stain is based on

the fact that the chronophore is negatively charged

and does not react with the cell unless the nenbrane

i3 GHiromiyace edpeximepitsitalosseys gablogicitdo not take up the

dye a dead (non-yvi ab cells do. Cells re .. -
o oS e BRRRd Ry s Sep “uppropels g S ineggng albumin
(Re6dxicRy o6 Hededped. VEHeUpYbdch Used InyinBlah ¥apdriméitorelied on the
small cell culture flasks. These were then left

odesermipgttontaf celdwiabilisy avith Trypan Bivadhe seeondapgreach eppoys FACS
WM [ i

BAARIIEH D PSR LonyPeobhen, BRIkl ded o

HG%A bleemevainadl by piopiditkn7idflide 4 Thegtednyl appidactahat segatal advantages;

ith 0.1, 0.5 and 1.0 nolay . . .
V\{It gs more efficient V\ali!;h respect to bth time and material consumption.

i) Standard culture conditions

WRL-68 cells were cultured in DMEM (Dulbecco’s modified eagles medium)
supplemented with 10% FCS (newborn calf serum), penicillin and streptomycin and
x 1 concentrate NEAA (Non-essential amino acids). Cells were grown in 80 cm’
tissue culture grade flasks at 37°C, 5% CO; in an incubator. Cells were

supplemented with fresh medium every 2-3 days or as required by monitoring the
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equi valents Zn and with Zn al one at the sane
concentrations. Al treatnents were nade up in

waapploerent ed DVEM Control s were al so set up IeT/6B2003/003199

medi um al one was added. Flasks were left for two

ni ghts followi ng treatnment. Follow ng incubation wth
n_and zinc the nedi renmoved and kept

i uraeS SRS Clicator, Bt the oo WL e e GOgHE pindicating

Pﬁ%pﬁ:ﬂﬂ:nﬁaﬁbﬁ WRSTc¥RSyaddREk EQist %P@wﬂqﬁ“ﬂé@kscﬁ’éc]aﬁfét &Afluent they

The cell layer was then renoved | asks using

TwyrediarvestcdDIiag Tagmsimt ERETA had RBS. e sclhaspension whs FBgifuged

18 gt By BB N R CFPR A pRRE SRt was

QoeRed eThé sipeeRchnt RAs seperedaindihe paset as eelrs&b@ﬂpafdﬁed am ehedium
the pellet resuspended in PBS. To estinmate the

cidcused parenwiredf vi abl e cells and total cell nunbers
in the collected nediumand cell layer, 200 | the
wel | m xed sanple, 300 I PBS and 500 | of 0.4% trypan
bt uEel] Bic@ﬂﬂ))Csmbthsmgﬂ@mehmed and left at room

Fiher Bhieda usel 1 pikernse Jeomoparion AT GG Hopulaton. The

QedORuS dfMNE§thiads BRRE A8 i@ $hatthOEHroMbpERE §OREaBVly charged
the nunber of dead (blue) and I|ive (colourless) cel Y

vindedass mat wdctwitththe celantpss the membrase gy damageduhiyn(yiable) cells

was, fagde. upg[ﬁe}/&) %O(f(ge{agj(lﬂ'nggxag / 03/ 003199 of 10

square ari ese C COUﬂtS were used to

- eGtllsate ﬁyﬁeall}obaldedh wsingro.s afl a:telﬂ 3 xard celigrh (n@fd toi otck this
to the fol

|1 it di
gw?ﬁhlﬁ .Vé&vks ?(gb'éi Bﬁvwﬁg Sgt%v 'ér?lglé ecelle Pltye, Lﬂﬂsk%( g”tea? IWREE dhen left
f@&‘éﬁ“ﬁgﬂt 8 e&&‘xill%t& hﬁ%ﬁiﬁﬁﬁ’%@éﬁﬁve& Iaﬁm% rcellJ ’@%h@fi ith PBS.

Vi abl e cel = nunber of live cel 5 (dilution
f @dtsowyrenh@_n mmd (vmbemoyubumat dnmag raﬁwm (ﬂ&ﬁ) elone €40 [mg/mi),

VH@PA lhB‘g%? QI&%&%@} @e@pl lmig trﬁtAaElnd 99&' witle0! q 0.5 Cimd 1.0 molar

nonvi a Wer e t en di'splayeée

odcuialendd Zh @ndwith zh%ﬁeoataihemaﬁieewoneénmebm AﬂlOﬂﬂdSKﬂmbﬁts were
t he, medj um nd cel | | ai(/ﬁr and VI ability of these

capfesup n supp Awamyg. EPBPIEY B} St R gvere medium alone was
Fldies esagne %vé%: tléﬁ’ %regvocﬁféjhtssﬁfllto% {rEAfAs) ﬁgilé)@l h&ubation

pl ated onto | ate 106 cel
uwith glb(un&n mhd pec thevmbdlummvut mmcwed end h@m fd)leefrlalysw The cell layer

B (el hpeh PE RS nnd Dt TS YR AR e ppgiom coltectea

Snlb&@xmu@yarlumttm reflol&d ﬂ@ﬁﬁﬂisﬁk@ agxag Tyggsth + BB AIM gain the flasks
suppl enented with 0, 60, 300 or 600 M ZnCl2, in the

awewnveshed WitleBBAcad this was addednio e isatkisuspegsion. Al samples of
F&éﬁlﬁi‘ agld d“‘ﬁ@?ﬁ&m %m“t%@@%éﬂ ffpgant albumn. Cells

I'um a were use trols Fol | ow ng 48
h@na:escelnmfugmi the su;ielmatmitaﬁafsaspmﬁeé offrrad tizenzdl g eduspsndegl in PBS.

B Sl TR bice SR  iPRlE SRTE Bl s SORGRER e collcted
adld@itmt dt B 145RA 1268 f1hRE wBAhiREE Sample, 300 pl PBS and 500 pl of 0.4%
trypan blue (Sigma) solution were mixed and left at room temperature for a 2-3
minutes. The suspension was transferred to a haemocytometer, viewed using an
Olympus inverted phase-contrast light microscope and the number of dead (blue) and

live (colourless) cells were counted within the 4 x 4 square grid. Counting was made
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renoved. The cell l|ayer was then renoved using Trypsin

+ EDTA and washed twice wth PBS and these washi ngs
w@owedit4eo t he cel | suspension. Al sanpl es hadPdD&B2066803199

added prior to cell sorting. Propidiumiodide (1 g/m)

vesl Oastjdare grids a;atqbdles Theeseneetli cauetsywere ugad tbesttwatetthaitptdl grumber

B RIHBRE P b e up i e e KRR feappions

events after 60 seconds was recorded to deternine

cel | nunbers for conparison between grqups. 23 WO

23/ Frvemgpcrll apan 63y Gidstionfacrhrpk ks ( mﬁ%ffqmﬁ@ﬁ chamber

iync Bi nding Site by Ml ecular Mdelling NN IR

es have reveal ed that 13Cd chemi cal shifts upon

binding to al bum n suggest netal coordination to t he

protein_at 2 sites Sadl er and Vi org.

d’]@h%e osgs/mAzrgwmb&s; ef lclvwe“zs Fre @l?@omﬁé@ﬁizﬁo d(@sma%gmeter
mcal shift is in the range for

coorglnatl n of the netal to the protein to involve

2-3 imdazol e nitrogens (CZ et al. (1998) Biochen1

éﬁhkﬁﬁwgyééz aﬁgﬁﬂﬁagkﬁﬁ qﬂﬁ@¥ %%%?%hﬁ ron1the

Br ookhaven Protein Databank (PDB 1A06) and were

epRid TRHredShéte tNGPURBIayM fapEfc@l Y(ﬂmoto( MosetdtiStumber of cells
H stidine resi dues were h ghted (since these are

tfhend inethe meidiump grechcedlolager an VI‘"’é’SllltM wEthespreglsot ei ns for
nmet al coordination) and di stances between each were
nmeasured. The present inventors found that only one

Sii) Analpsis i Flﬂ@l@%ﬂzﬁrjh@dz' Bhesaodnce-Aviisated Cel Sortzng (FACS)
side-chajns withip Afr n1each

to bel teevernalated %16? Igrieelplaisa ot @@5%{ ¥ A5 o?%dnh Y5t RS mi per
Zi8E Plafdiviige $hdnlleft BRemiktH €0 telghili6Akd. OT'hé’FneQﬁl'ﬂ?(vas then aspirated

resi dues around this site reveal ed that Asn9
Asfp 249 theeeal layks washadhivith RS e Sehsaayenthr ti <mllsywetr9 treated with

provi de ox en I| o 0

ShegbBoeBRERR ey ARDET ol Yoo oy Al n 95 BpfEN Bresence

?(gﬂoxgﬂd-@ylﬁtmbmﬁml, o8 H1§67dﬂ8 CREnIDAsH, dﬂA&Mﬁs (inietaseti aibumin. Cells

1) Acta st. D57, 401-411, . . .

Hvit ed g Algnborere asegcamwr&f arflioyving ¢ hopigdneubatipg the plates

%‘éqhéha&ﬂa ed GsiflE TR cythm rgt ?bf‘ﬁus ﬂh@%?e’ﬂluﬁﬁ wdddbmaved and the
er proteins contain zinc bound H's, 1 Asp and
Jpellslmyar wshmb@m( WitheB S al o mesl lwns atEieddo lthe medium that had been

- end d kid b
SRR heeSe e s hen SRSl TRATERTE FEPTA N washed twice
Siie PBY ardd ihesdivashings aRE 1ol ilcel shsprAsion., Anwaambles had 10%
show t he predicted region of netal  binding

dé@%raﬁd%@rmytowrél iﬂ"é%nﬂ’foplﬁl\vléhtoélﬂ‘ie (1 W&éll)|vy4§gadéipd to samples
hﬂﬁedn{lag n;Fro?p: ‘E'd a&gc? L t, nsyngie el Péhf fun wsing a

n-con Ased on t he publ i
Beckman Coulter EPICS cell counter. Total number of events after 60 seconds was

Hoeifh

recorded to determine cell numbers for comparison between groups.
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crystal structure (pdb accession code 1A06) using
Webl abvi ewer (Accelrys). The zinc site was nodel |l ed

wW@32003/0caoy di nate containing G- as the fifth |PCEGH2003/003199

since in our ID 111Cd NMR studies we have noticed
that the shift of the resonance is dependent on the
Ment rati on, which makes bi ndi ng of chloride
under physiol ogical conditions highly likely. Water

as a fifth ligand is another possihility. 24 WO
olgefretian of ﬁ%?/@ﬁﬂ@é’ﬂ@é%&@éﬁcu%ﬁé’??f%ggzg was i nport ed
into YoM Houi& & Fﬁséale'actrgahf@fcae@ﬁé,ﬁaeamsmﬂgﬁi &8 8hding to

to optimse georre%%, usi ng e TRIPOS force
aflb@ninssnppess pestalfdoordigdioametiergoteor atZ2 sites h§Shdbarand Viles (1996)

defined. Band | t for Zn2+ bound,t,@ histidine .
(ot Cheyn v UTFHPE: Af DG eaF R e phace (g5 the chemical
W& @ it 3K QRe fra gl Y SldpGindtZR0 Y tRE hiiktal QoSthe potein to involve 2-3
401-411, and a bond Il ength for an Asn-Zn2+ interaction
(inid&zoly) nitvagense(€zi atrad. £PBxBéashem. Cplk Bigly'de,223-234).
structures of .cal ci neuri ‘- N

e ooy B LS D DB Rl a8 e om o
oBikh8&n PaRih Badbakk (BIYB N1 AOSPtaaid nwhizt akmmiked pding WebLab
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TRYGHRE D' eh DR poh it hE pBub o 2 iy W A an®Thon residues
s timnvinaial chvearring . bel Sieaniohheleatidage aed kidheybeam mirple phosphatase)
(hlack) w thout . hydrogens), and t he. present inventors
it e‘g%g@%msjgﬁaﬁég?m%%kerﬁéfﬁ 5 S RPGRE, 1 Figigr | and 2,
”Wﬁg:'ﬂegﬂo%v WBE SraBGES S8Li¥n (F ReG@PHIRIIAE Qs {d¥er@intd by the present
binding site. The site displays a distorted trigonal
binygntard. dal geonetry with the two histidines in the

axial positions. The chloride |igand points towards

the outside of the protein. Additional nodelling

apIglBRing ofizi iltd Prpesvd BihdingiSivg struct ures furnished
sites wth simlar eometries, but, with t,E%achl oride

i on onAnHaiti perdel ef Lngentinipg albpmin was built based on the published
crystal structure (pdb accession code 1A06) using Weblabviewer (Accelrys). The

zinc site was modelled as 5 coordinate containing CI” as the fifth ligand, since in our
1D ™(Cd NMR studies we have noticed that the shift of the resonance is dependent on
the CI” concentration, which makes binding of chloride under physiological conditions

highly likely. Water as a fifth ligand is another possibility.
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Attenpts to nodel a tetrahedral site containing only

the protein ligands vyielded, despite applying angle
weosntEint s, a geonetry resenbling the di st orp@€dGB2003/003199

trigonal bipyramd found in the 5-coordi nate nodel,
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\ simlar secondary structure to native
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Quitjons.c Eheadiaidedigand ppints tovwes reatsideot the eugtein”  Additional

Ho [ a rked.di fference._i. i-On: . . -
BB Bl AP FRIAR ol AR RSP g, wih simia
tiis, BackitPihetdiborideli®t € tie.oppbsitensidd ofeheZat ei n

evel oped a second absorption band at. 625 n{n al_rﬂd the .
Attempts to model a tetrahedral site containing only the protein ligands

yielded, despite applying angle constraints, a geometry resembling the distorted
trigonal bipyramid found in the 5-coordinate model, with an empty equatorial binding

site where the Cl” had been.
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mut ant a nuch broader band at 750 nm (Figure 7). These
bands suggest coordination of Cu2+ to 2 Nand 1 N

wo empocdvely (Pettit et al. (1990) J. Chem SPCT/GB2003/003199
Dal ton. Trans. 3565-3570). This suggests that the

bi ndi Il
Lol 10 RRL FBHBEVRUER, ot o7 vt o a5t o

whet hehet Bﬁes@atz’m\}eafb‘ﬁs Sd)dpfdssecblthel atitanhi H6BAt & Saccharomyces
(without the involvement of Hi S%;éz or el sewhere on © hini
persvisias. ceils wctonmf@ﬁﬂlzﬂggtqocﬁ? 0k 503 6 nge BRbs attinity

%{EJO%%L&%% e%}gpdedll'éu?agr h xgﬁ}rﬁlre\féafeﬁs nb r}n%ij AMbraBbRUH Recondary

i nven ave been able t npr ove 111
rmdahid tegweai the mﬁgyutamyanddbd: wnfidsty pey prolein 6?1gmrgyl) Cd-NMR

Siesiong . St aent PgpeipEats REAR s R THS B 7.1 with 2
] féﬁ?ﬂ%‘ dfedddbg cgﬁﬁ’rmfﬁilnd?tﬁé hi 2 sigdst(@ A BYiWich paaRe at 27 and 131

, to allow neanin ari sons between the
\pam Getative dol €d(Glﬁ4)b heesperc@wlaw der dhe sayne condjtigns the HE7A

IR 5 A RS0 eI AR ok 1 mo

tehﬁlv dZANC1OteSTHID ﬁﬁdhe ()i%ts@]o%a))f,z rapberquuf ooMadit ereﬁldtﬁd ih iaatecrease
we have now used water as a fift

d
rlmraenf@tm# the pepk 8t 1Y ppdl l%lfezéh)A) 2 q@d ‘5@% nequw of
E he%é%éﬁéé%fez pm' quﬁ()tdﬁ"é&@ﬁ Aol Ppéfedlo aﬂ'ect cd*

67 A r the zin S|te atons onl

emmrg atashieyB anrg tpelstb ithregfor mattiont hfaa zncwg Edtpeak at B mun(ﬁgure 6b).
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suppor hat t ant  ser. e o .
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%ctﬁoﬁm‘ bes@ntor mtilé ndddyre7ah maspRcindicativé bﬂ Hewe rHA having
al bumi n and/ or di spl’ayi ng ot her physi ol ogi cal

cimiaicicepndary gugpure @ sIvAG lpwminput at ed metal site The

glsfsfls {ﬁurgéert rx’l?tg%(:ﬁ (lil)gggdé Ebo%mﬁﬁﬁ%;ﬁ) @lgm upﬁeptxdes and proteins
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sim

ar to I'). " Anot her approach uses col oured
Zurst agldltlnnilcrfa(tluiﬁls indivative of JWterming lopding of the proteins by Cu®

characteristic of 4 N coordination to Cu®*. However a marked difference in
absorption was observed after the further addition of 1 mol equiv CuCl, to each of the
proteins. The native protein developed a second absorption band at 625 nm and the
mutant a much broader band at 750 nm (Figure 7). These bands suggest coordination
of Cu®" to 2 N and 1 N respectively (Pettit et al. (1990) J. Chem. Soc. Dalion. Trans.
3565-3570). This suggests that the His67 residue is important for Cu®" binding as
well as Zn?*, although does not provide information as to whether the Cu®" ions still

bind at this site (without the involvement of His67) or elsewhere on the protein.
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inventors describe results regardi ng the new nut ant
al bum ns obtained by 111Cd NVR spectroscopy and
WO paoratidsons with Cu(ll). 27 WO 2004/ 011499 PCT/GB2003/003199
PCT/ GB2003/ 003199 a) 111 Cd NRI R of nutant al bum ns
111Cd (or 113 Cd; both nuclei can be used) NWR
experinents are a relatively straightforward nethod
tPwRhOON dl&duddr RbAIing of Metnl Bited By Mutant @luisisls t he
netal -1 oaded protein can be B{Pepared with
i sot opfeapTegers iveatoayhavg(heen ablerde impEqyemaodstling @ethodology, by

0 udli r it ' a i.00S qi :
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ar di | bound. Note that the line widths of the
p@%ﬁ%e%w&ﬂ ype and nutant rHA spectra are

conpar @ everdingesian cfthe skl insdelf ddeh aopdghificamlyediffé?from the

(peak A) and 28 ppm (peak B) jn the presence of 80 nM
cMeBIePY &oddoﬁia&ﬁeﬁ apgrg, T &q éﬁﬁbthame (hr%e nPWrHsah avaser as a fifth

i : hes . ®badin [ ' toriod
P (I elBRS, § D SRS R QPPN P Pethen Rforiginal
t $tmuchre gpdb ittyel A06;EFigureiX]) hed theonedeld i @pdddfor itzawzingsite atoms
the wild-type. 1t.mght, be predicted that substitution
otrPessalth Supsebink bt ok 6 KT Som iRl
. deshi el di ng, but the observed novenment of peak A
towards | ower ppm values can be qualitatively
ublaModelbisg studigsewers plvoecartigd ouh @mrcdsmtils mitapicand Asn99Asp
nyl?lgml is much shorter than the O-Cd bond in the
w ['d-type. This is a reasonable assunption, because
Asn i sMatangmyodetsadee Ishgandy Fagures Be, 3heamhBor Figwaewd9 showing the

o0 e P, SRRSO s o
biRd-dofhath B}/Hl%geﬂ b&RH, WhichX Regiteslay @rroletin cbibrmational dynamics
a

inventors al so probed the conpetition between Cd2+ and
lipgtesigdntargctins2+ t o Cd2r HA sanpl es. Addition of

i t1 5 it O BRAERE ey “pp e Skt mutant serum
palbsmints dan behpeodiped tvhichn ar nagabhd oflsinding matds e@qaing abh different
Zn2+.is sufficient to conplgetely obhliterate pe Ain. .
iFigiey i rieppect i i, SRl g BUSHT n@‘%{%a‘?‘s&ﬂq‘g i terpahfpiological
dimpdRGREcGoPl etely. The findings can be

interpreted; to sone extent, by considering the hard

aRrbhing thamiugated metddates principle. Cd2+ is a

500 R PR NER A A OB Byt o on i
stih@isibsedf 6 imosishéctidBlapiddechnijursi NTheronest faavonsmaapproaches to
tcr:]i?crl]mlnvnent this inherent problem use other metal ions such as Co(Il) (for UV/Vis
spectroscopy) or Cd(I) (for NMR spectroscopy), which are relatively similar to
Zn(Il). Another approach uses coloured Zn(Il) indicators. In the following the
inventors describe results regarding the new mutant albumins obtained by MCd NMR

spectroscopy and titrations with Cu(II).
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wi |l d-type rHA. Essentially, the experinents show that
Asn99 contributes to the zinc site in wild-type M

wapa4nhapd t he nutated site can i ndeed bi nd Cd2RCEO®2003/003199

Zn2+. 28 WD 2004/ 011499 PCT/ GB2003/003199 ii)

ng tant Fiqure,10 summari ses the results on
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the inventors' usual conditions for 111Cd spectra (see
Figure 10, |l egend), no peak A was detected. Extending

t,ﬁ]gﬁm%yan?hift scale did not reveal any nore

peaks. To ensure that enough 11111Cd was avail able, 2
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pwibd-typiet skl emutastsrHb specrachre womiperabR Thelbbgmipaleshifimbf the peaks

due t he fac hat Tri,s_binds Cd2+ a t .

7 47 (ReBE )RR 24 R Reek BRI TR prseresrol s fhoride. Compared
Gl ¥y pk THAOG 3P PN &td 2P PpH), thisARBanks That the mdla$ BiddiM site B is
val ue observed for peak Cin Figure 10. The peak A ‘in

tie agfected bysthe sutatianh adegeas h¢ CdGH) Bn ipghe musant site A fiea little
rlﬁgn%%hfe?c{ed]tﬁa?ngq tﬁ’é ‘t"'ﬁﬁ'('%éet h one nitrogen and between 3
an oxygen do

nor s éman, J.A., Methods Enzynol.
227, 1®-ndight bd pedlictedrhat Gubstjtuffauof e yoxyger with a nitrogen donor

cupy1a 19 1o Sl SlsE Mg ghs SEeeeed RoLsR &F Riiuf fognds lower ppm
thidlesichR b@}igﬁll&ﬁweﬁy dddbEHod S if veadsiing N tHeal T d B ilthe mutant

or slow (3 exchange bet ween the mnutated binding

sis t muchy sharier thanstheoP-Cdl benichan i the| yild-#ipes peldiis jig a reasonable
| tei.n). | ndi: 0 o) .
s, e, Xy PR BT i BB haye previousty
peseimiatedsthyt the €@eZalbead s atonad @)5 Ahlahg, adeipatedrtodlf.955026 A for a
to _wil d-ty&e rHA | eads.to t he qbl iéerati on of the

14 D¥4H}s BRdy, Ajsipiias dkend ds pgeted fonfdr o cu2+ can al so

bi nd t-pnd iy ntBisWscSproBed Lo MYEROAHRNGRACAEY aRUEN by addi
titiat%etn@k]g?ta%?gsf?lﬁtsg ?&g‘s‘?@‘?m of w | d-typg ang y acting
rdn’ame CabrblArsansplesy AWditios of fadl clesty influetnes pasle As buheven after

£ LR TR A—
avel b@tiv OF 28" iPkufficient to completely obliterate peak A in wild-type rHA
spectra, suggesting that Cd*" has been displaced completely. The findings can be
interpreted, to some extent, by considering the hard and soft acids and bases principle.
Cd*" is a "softer" metal ion than Zn®**, and nitrogen is a "softer" ligand than oxygen.
Rendering the binding site "softer" will make Cd*" binding more favourable than in
wild-type rHA. Essentially, the experiments show that Asn99 contributes to the zinc
site in wild-type rHA, and that the mutated site can indeed bind Cd* and Zn*".
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straightforward. The experinents shown in Figure 11
reveal that Cu2+ binding to the 29 WD 2004/011499

WERODAGBAOD3/ 003199 Asn99 mutants differs fronP@€haB2106/003199

the wild-type. It is also clear that they do bind
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these can be assi . 1 Q .IasSI | n ' .
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cross-peaks in the type spectra, consistent wth
t thes solebilisdsat. Thechemivaltshift fos $helod/ Tris cpmplexds AP prmdat 295 K),

anof her. Hs (H s247). tat| I -
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b) Binding of copper(Il) monitored by UV-Vis spectroscopy

It has been shown previously (see also Figure 6b) that addition of cu* to
wild-type rHA leads to the obliteration of the MCd peak A, indicating that in vitro
Cu®* can also bind to this zinc site.

The inventors carried out titrations of Cu®" into apo forms of wild-type and
mutant albumins by UV-Vis spectroscopy, because such experiments provide quick
qualitative information about metal binding, although a quantitative evaluation is not

straightforward. The experiments shown in Figure 11 reveal that Cu*" binding to the

29



consequences on the dynam cs of H s residues as judged

from 1D and 2D spectra. Several peaks are heavily
w@bdogotaey whereas peaks 4, 6, 7, 8 and 11 renBCTGB2003/003199
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After having assigned the two peaks corresponding to His67 and His247, it is

important to explore whether there is an effect on these residues upon zinc binding.

a) Zinc binding
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fatty acids to albumin has been extensively studied in the past, using a variety of
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An important result of this study is the conclusion that binding of fatty acids
does not only prevent metal binding, but that binding of metal and fatty acids is.an
interactive process, and the binding of fatty acid anions appears to lead ultimately to

the dissociation of bound metal ion.
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a) It was confirmed that elevated levels of Zn* lead to cell death and loss of adhesion.
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WOYOSN 48D RAT PCT/GB2003/003199
KLGEYGFQNAVL VRYTQKAPQVSTPTL VEAARNL GRVGTKCCTL PEAQRL PCVE
DYLSAI 480 *:* ****::****:* )k khkkhkkkkk*%k :‘k.‘k‘k **::** _k
-k o Ex KRR HUVMAN
L NQL CVL HEKTPVSDRVTKCCTESL VNRRPCFSAL EVDETYVPKEFNAETFTFH
540 Egg%“m“ffiiiﬁﬁ%’ﬁﬁi85%?85?35%35§QEE$§Q§SEE§E 112
L HEKTP RS A B REGhSA KA ST GiTES 420

ABMBTEL 532 Ol INE LLRLAKEYEAT LEKCCATDDPPACYAHVFDEFKPLVEEPHNLVKTNCELFE 420

Agg%?\/LHEKTP R N R A B K P R TR L 410
L 540 ki LLRIAKTYEAT LEDCCAKEDPPACYATVFDKFQPLVDEPKNLIKONCELFE 417

LAXBRLICVL HEKT PHSERVTICTEFRES EAINRRPHIFS A TR BHPSNAUNTHLEE 420
APECTL 540 B0 NELLLRLAKKYEAT LEKCCAEGDEPACTGTVLAEFQPLVEEPKNLVKTNCELYE 420

LNRL CVLHEKTPVSEKVTKCCT ESLVNRRPCFSALTPDETWPKAF DEKL FTFH

ADMQTL 539 SHERPONALLVRY TKKVPQVSTPTLVEVSRNLGKVGSKCCKHPEAKRMPCAEDYLSVV 480

o KT P KR Aokt o e SE s FeRD V) 450

L 539 ﬁ(ﬁ GFQNALLVRY TKKVPQVSTPTLVEVSRSLGKVGSKCCTHPEAERLSCAEDYLSVV 480

LENRIL\@\/L HEKT P¥SERVIOCCRESKYASRRPTFSAR TROE TRAKPREEMEGTHET el 479
/—\T?E}@TL 537 ﬁ FSFNALIVRY TRKAPQVSTPTLVE I SRSLGKVGTKCCAKPESERMPCTEDYLSLI 479

LB GV HEKT PSR R S e e D iy YA A e SR VAR Bt Ao ] Lol 450

ARrFCTL 540 RAEYGFONAVLVRYTQKAPQVSTPTLVEAARNLGRVGTKCCTLPEAQRLPCVEDYLSAT 480
L NRL CVLHEKTPYSEKVTKECSESE VERRPCESAL TVDETYVPREFKAETF TEH

%« kkk %k k%
SBUGTL 540 * fuciaviierrovetrvikdchst ke aLe vk ivVEkE miaeffridanfdhn s40
VAR  * o xxk LNPH:JMTPVSEKVTKCCTESLVNRRPCFSALELDEAYVPKAFNAETFTFHADMCTL 532

/ RS 540

%@Q‘ KKQTA R EREBAEVERCLERIPREIEE LS, <40
V 600 K TPVSEKVTKCCTESLVNRRPCFSALTPDETY VPKAFDEKLFTFHADICTL 539
SHEKEKQVKKQT ALVECWIKEHKPIOAEQI I CGMIVRINE RAFRVE K G ADRKEAGPAEL 539

KEV 592 KTPVSEKVTKCCTESLVNRRPCFSJ—\LTPDETYKPKEFVEGTFTFHADLCTL 537
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EGPKLVY 600 FELFNE&***“( shkkkkky kk skkkkkE ok kkgk Kk K Fkkk gk kkk
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v 600 QTALVELVKHKPKATKEQLKGVMDNFAAFVEKCCKADDKEACFAEEGPKEV 592
PDWEKQ KKQT. AEMEK@MH%RNAIIEE@N’FMVENFWWWW 600

V 599 KKQSALVELLKHKPKATEEQLKTVMGDFGSFVDKCCAAEDKEACFAEEGPKLV 600
LKTVMENFVAFVDKCCAADDKEACFAVEGPKLV 599
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BGPKLV 599 PJI:L@<QIKKQTALVELLKHKPHATEEQLRTVLGNFAAFVQKCCAAPDHEACFAVEGPKFV 597
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PETERKI KKQTAL VEL VKHKPHATNDQL KTWGERT AL L DKCCSAEDKEACFAY
%é 6 O O AARLGL 609
KKOT AR AR ARHRHKATEDGL KTVMEDFAQFVDKCCKAADKDNCFAT

BEBNEV 600 . MRORAIAY Ghi: X *xkx e
(BOVINEX k) SCRALGL 609 MACAQUE AASQAALA- 600
CARINE AAA 0%0: FELI NE AAAQAALA- 608  BOVI NE

VISBITALA- GOEssKSHEEl@oaASTQAALA- 607 PIG I|EIRA LA 605
REBBI T ESSKATREF E08°8 RAT ARSKEALA- 608 * Table 1.
Conpari son of am no acid sequence between nmanmmal i an
al bum ns. Residues, which nmay be nutated are

hj, ghl i ght no acids before the N term nal
&‘ (%} lg %omp’g{pson o? arr?ino acu? sequence between mammalian albumins.

Residues, which may be mutated are highlighted. Amino acids before the N terminal
amino acid (residue number 1), in the boxed area, are part of the pre-albumin
sequence and are cleaved following translation to give albumin itself. Accession
numbers of the sequences are Human, P02768;, Macaque, M90463; Canine,
CAB64867; Feline, P49064; Bovine, P02769; Sheep, P14639; Pig, ABPGS; Rabbit,
P49065 and Rat, P02770.
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am no acid (residue nunber 1), in the boxed area, are
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PCT/ GB2003/ 003199 , CLAI d t
al bumin whi ﬂ??@%@léﬁa%?‘%ﬂ“e@;&l SO“?‘h@‘thamlﬁfr‘an Seriﬁjsuchthat

othé Rhast a&pmbg ecfnegltéfE& ghet@ BRHANE aﬁfm@l Eﬁ’d/@nn SHIRF physmloglcal
ot her physi OMQ%I cal characteristic(s) Ww respect

aphn@ptevlétlca(s)a rrefpeginiavai nakive atbuminaiem hﬁlycbébfn mutant has been
d rl&gd 2. The nmutant according to clainml wherein the

ot her 'physi ol ogi cal characteristic(s) are a change in

cell adhesion to a substrate, percentage V|ab|I|ty of

cell and/or_cell growth of cells, in cultur
sol atied miFhhmyiaHn ACCOEN N 9] BRI %%%‘Paﬁle athey physiological

C&%’éieﬁbﬁ%&% 2 8MAnB0 iRGLY 1 3RAUENESa substrate, percentage viability of
DAHKSEVAH DLGEENFRALVLI AFAQX5LQQCPFEDHV

Kiel/ B/ DEESKZOWADB SAHINGDEBRXE. TL FGDKL CTVATL
RETYGEMADCCAKQEPERX2 X8 CFX6 QHKDDNPNL PRLVRPE
VDVMCTAFHDNEETFLKKYLYEI ARRX9PYFYAPELLFFAKR

YKAAFECCQARR b d- IRl kA Om i (dRiakstbstantially comprising the
ASL QKFGERAFKAVWAVARL SQRFPKAEFAEVSKLVTDLTK

\BRAi0q et $8XRFeREe: | ECADDRADL AKYI CENQDSI SSKLKEC

R e S

KCCAARDENEDY B DEMPD RS NIO IRISCEX FEQE GDKLCTVATL

e

LWWA%WEEME?EWR@Z&&EKERQPELLFFAKR
| KKQTAL VEL VKHKPKATKEQL KAVVDDFAAFVEKCCKA

OE RO AR OSBRI Ch @l A BER DES R ASSA KRBLKC

AN R Ry A AR RERIRBFAR VERIV EDIK,

ot W&X1 o TEOC T XX 4 LI BC ADD RAINL B K XBCENQDSHS S KIKRBCH,

e o B K0 A v EMp kD LB 82 A ABRR bk
YAEAKDVFLGMFLYEYARRHPDYSVVLLLRLAKTYETTLE
KCCAAADPHECYAKVFDEFKPLVEEPQNLIKQNCELFEQLG
EYKFQNALLVRYTKKVPQVSTPTLVEVSRNLGKVGSKCCK
HPEAKRMPCAEDYLSVVLNQLCVLHEKTPVSDRVTKCCTES
LVNRRPCFSALEVDETYVPKEFNAETFTFHADICTLSEKERQ
IKKQTALVELVKHKPKATKEQLKAVMDDFAAFVEKCCKAD
DKETCFAEEGKKLVAASQAALGL

wherein Xj, is other than H; X, is other than N, X3 is other than H, X4 is other than D,
Xs is other than Y; X is other than L; X7 is other than G, Xs is other than E, X is
other than H, Xy is other than H, and Xj1 is other than H, such that said mutant

displays an altered metal binding affinity with respect to native human serum

albumin.
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di splays an altered netal binding affinity wth
respect to native human serum al bum n. 37 WD

WQO®400H29199 PCT/ GB2003/ 003199 4. An i sol at edPemGaR103/003199

manmmal i an serum al bum n subst anti ally conpri si ng one
of the sequggces as ,shown in_Tab 1 wherein, at

one of Hthe “Pedriaied it f’?’%‘&“}ﬁ/’aﬁr éﬁmgha?ﬁbH’@"rf szf'bstantlally
nadndiriéhgs B of Bid s@@bstesal ARbwhShUMALM bmaemdatsx@isame of the

an altered nmetal binding affinity or other
pesidnesn idgniified bngraycshadingtis srusgtedisuch thategqaé@tutm smh:en albumin

DA, SEOHFIE Bt SO b5 FHEEBbvlad oo win
afespdcatdmc Aative stquarat &om whizh thematanPR%etident i cal with

the native sequence fromwhich the nutant is - derived
6. The mutant serum al bum n according to any

br eceds ng chaiiinba ﬁﬂti F ?ﬁﬁpﬁh&ﬂm lcbi élf%r 6f¥alms 3 or4

terns of general overa wthre ect

nehichés at Grastn®C¥obidentival wathn thia rrahve tsequencke ﬁ’DHE’d’hlcﬁ thd meutant is
tanﬁ@1 serum al bum n according to any preceding claim
é‘rVS n the altered netal binding affinity is a

decrease or increase in netal binding affinity. 8. The

mut ant _accordi ng to any pr ecedi ng ¢l aimwherein the

netal ¢s zThemutant Premplhumin accetsting Wwenydregefdingrdaips which is

PRty PP S e 0 Y B W e

Xerum\albu@ih filéml wRic®itRs 8erlvedV, WY, C, D, E, H X3=>
AFGI,KLNPQRST,V,WYCDE X4=
AFG,IKLNPQRSTVWYCEH X5= C, D, E, H X6=

CR:’ , E, ’H \)§7Tl§3 m@tanEserﬁln)@ﬁlﬂm Socofdingtdady frebedhd clafdh wherein

Ahe Eersd @efal rbm_dmg ﬁﬁ(gtwss decyeape r inkiesse in mepal tindimg affnity.
I,KLNPQRSTVWYXllADE
F.GI,KL,NP, QRS T, VWY 38 W 2004/011499

PCT/ GB2003/ DB dfiffant ldcording toubayn prevediag dilaich vbe@ity tineetal is
toinch ains 3 - 8 conprising at | east

9. The mutant according to any one of claims 3 — 8 comprising at iast one
of the following mutations:
X;= A,F,G, LK LNP,QR,ST,V,W,Y,C,D,E
X:2=> AFGLK,LP,QRS,T,V,W,Y,C,D,E,H
X3=> AFGLK,L,NP,QRST,V,W,Y,C,D,E
X4=> AFGLKLNPQRST,V,WY,C,E,H
Xs=> C,D,E,H
Xe¢e= C,D,E,H
X;= C,D,E,H
Xs=> A,C,F,G,H,LK,L,N,P,Q,R,S,T,V,W,Y
Xo=> A,D,E,F,G,LK,L,N,P,Q,R,S, T,V,W, Y
X10=> A,D,E,F,G,LK,L,N,P,Q,R,S,T,V,W, Y
Xiu= A,D,EF,GLKLN,P,QR,S,T,V,W, Y
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one nutation at X1, X2, X3 or X4. 11. A nutant human
serum al bum n conprising the nutation Asn 99H s,
WS8R or His67Ala. 12. A nucleic acid sequreiieB2003/003199

capabl e of encoding a mutant serum al bum n according
to any preceding claim 13. An expression cassette
conprising a pronoter operably linked to a nucleic
aci d sequence according to claim12. 14. A
phar maceuti cal conposition conprising a nutant serum
album n, a nucleic acid sequence or an expression
casset ac n .
cassetis, 2o Pty oG PR R0 307 BRI AINEEDE coyprisp at leas
cerid mutation peX et MpocKgpri sing a nmutant serum al bumi n,
a nucleic acid sequence or an expression cassette
according to any one of clains 1 - 13. 16. Use of a
nut ant 1 ger U @ldaHMhinad s Abdhindechpreskiy @ﬁ&h&ﬁtmn Asn 99His,
cassette according to any one of clains 1 - in
cAnPAsper dfiscddla.s for affecting cell adhesi on and/ or
cell growth characteristics. 17. A nethod of altering
growt h characteristics of cells in cell culture
conpri $2.ng Ahmickdieicidkeqightel capaylecst dnsoding aehhtagibetunt @lbumin
in the presence of a nutant serum al bum n according
t 3Feary %Weanaffpf%qeain%aimls 18. A nmethod of obtaining a
nmut ant serum al bum n which displays an altered netal
bi nding affinity and/or other physiol ogical
char aci?erl sAmce{@)eswpn rcaswpemnprtsmgaa rrapingter @pprahiynlinked to a

m. Y 185 1 . Cﬁ K bee{bderlved conprising the
s‘i“é e§ 8¢ S‘iu BF%?/CI ai 8%?'}81 €i'c aci d sequence
encodi ng a nucl ei c al bum n pol ypeptide; 39 WO
2004/ 011499 PCT/ GB2003/ 003199 . b) conducting a
nut agekt-si sAy RBENAGSHLIGH) CORIPESIHAR |COMPTISIER ¢ Mtapt spawmatbumin, a
B ol e N S R CorBirs R0 ity BREA caim and
copparimcagically heapthblewerrientheréfore.wi t h respect to said
native albumn; c) expressing said nutant al bumn
pol ypepti de and detecting whether or not said nutant
al bum ns.di sp| @Yl&ﬁﬁr@ﬁlb@lﬁﬂﬂcmpﬁém@hﬁﬂitﬁﬂ RAMM albudiih el nucleic
physi ol ogi cal characteristic(s). 19. The nethod
ARLOPUIVATCR & 4| APIPSSIEN (RFERtES WCWéngﬁs’taampnapBﬂmnw 1-13.
conprises at |east one nmutation to residues X1- X1l
as shown in Table 1. 40

16.  Use of a mutant serum albumin, nucleic acid or expression cassette

according to any one of claims 1 — 13 in culturing of cells for affecting cell adhesion

and/or cell growth characteristics.

17. A method of altering growth characteristics of cells in cell culture
comprising the step of culturing cells in cell culture in the presence of a mutant serum

albumin according to any one of claims 1-13.

18. A method of obtaining a mutant serum albumin which displays an
altered metal binding affinity and/or other physiological characteristic(s) with respect
to a native albumin from which the mutant has been derived, comprising the steps of:

a) providing a nucleic acid sequence encoding a nucleic albumin polypeptide;
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b)

19.

conducting a mutagenisis reaction on said nucleic acid in order to alter said
nucleic acid whereby said altered nucleic acid sequence encodes a mutant
albumin polypeptide comprising at least one mutation with respect to said
native albumin;

expressing said mutant albumin polypeptide and detecting whether or not said
mutant albumin displays an altered metal binding and/or other physiological

characteristic(s).

The method according to claim 18 wherein the mutant albumin comprises at

least one mutation to residues X; — Xi; as shown in Table 1.
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