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NOVEL ALBUM NS Field of the Invention The present
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specifically located, even though albumin is believed to be the main zinc transport

- protein in the circulation.




26 January 2007
1. 26 January 2007 WD 2004/011499 PCT/ GB2003/ 003199
Zinc is an essential elenent in the body and is
present in over 300 enzynes. It has many i nportant
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Figures 1 and ese resid
hi ghl y conserved anongst all nmammalian al bum ns

‘S“ﬁ'@&éﬁ%@g;ﬁ‘%ﬁ%e (see Table 1). The nunbering
ein relates to the amno acid found at
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Figures 1 and 2). All four of these residues are highly conserved amongst 2ll

mammalian albumins sequenced to date (see Table 1). The numbering referred to
herein relates to the amino acid found at the particular position of the human serum
- albumin amino acid sequence after the prepro-albumin sequence has been cleaved
following translation (see Table 1). Identification of this site provides a rationale for

the design of therapeutic albumins for controlling the levels of available zinc andfor
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the design of therapeutic albumns for controlling the
| evel s of available zinc and/or 2 26 January 2007 WO
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LVNRRPCFSALEVDETYVPKEFNAETFTFHADI CTLSEKERQ
- | KKQTALVEL VKHKPKATKEQL KAVMDDFAAFVEKCCKAD
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XSI=>K LC-PQEI(I) RS T;V,WY In a fourth aspect of the
Q_r,ese@tp gnyention, there is provided the nut ant as
defined ' _above conprising at |east one mutation at X1,
X, XBDRE4. In afifth aspect of the present

Lovent caf G, NSP r \sl-[s’lqdwayrrutant human serum
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g
Xs HFSG??AP&E:E g’t%%ﬁe@t" % Yt he present invention,
Xp SHET &, DSRM @) m,ejgnar Uk set,ov, 8 ivd sequence .
.del = A;D;B,F,G,I,K,L,N,P,Q‘R,S,T,V,W,Y ’

In a fourth aspect of the present invention, there is provided the mutant as defined
above comprising at least one mutation at X, X5, X3 or X4.

In a fifth aspect of the present in‘vention,r there is provided a mutant human serum
albumin comprising the mutation Asn 99His, Asn99Asp or His67Ala.

In a sixth aspect of the present invention, there is provided a nucleic acid sequence
capable of encoding a mutant serum albumin as defined above.

~ Inaseventh aspect of the present invention, there is provided an expression cassette
. comprising a promoter operably linked to a nucleic acid sequence as defined above.

In an eighth aspect of the present invention, there is provided a pharmaceutical

composition comprising a mutant serum albumin, a nucleic acid sequence or an expression

bassctte as defined abpve and a pharmaceutically acceptable carrier therefore.
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capabl e of encoding a nmutant serum al bum n as defined
above. In a seventh aspect of the present invention,
there is provided an expression cassette conprising a
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typically conprise at |east one nutation at positions
XI to X1l with respect- to a natural amno acid. of a
particul ar species "al bum n" found at said position.
Nevertheless, it wll be appreciated that natura
vari ations can exi st between individuals of a species
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Bi¥ Oﬁltlo s _except ed) wAth‘an i dentified sequence.
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proteins which are to be nodelled. It is to be
understood that the nutant serumalbumn is isolated
in the sense that it is free or substantially or
partially free of other proteins with which it may be
4b 26 January 2007 WO 2004/011499 PCT/ GB2003/ 003199
associated in the proteonme of an organi sm and does not
t heref ore enconpass any native forns of al bumn
within the proteone of a cell or organism The above
sequence i s based on the human form of serum al bum n
after a |eader sequence (ie.
MKW/TFI SLLFLFSSAYSRGVFRR) has been cl eaved fromthe
sequence. Disclosed are al so nutant sequences
i ncl udi ng such | eader sequences. Wile the above
relates to nutants of human serum al bumn, it is to be
understood that the present invention is not limted
to only nmutant human serum al bum ns. Serum al buni ns
across. all species display a high degree of
conservati-on and it is well- within the expertise of
the skilled addressee to identify the am no acids
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in the positions represented by Is in the sequence
above, from al bum ns of other species and change said
WO BMMH9%ci ds in order to alter netal bi ndiPCE/GRACH3083199
ot her physi ol ogical characteristic(s): Table 1 in
fact shows an alignnment of mammalian serum al bunmin
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exanpl e be found wunder accession nunber P02768. O her

albyminss fegHn albumurssacrasy alh saesics displey achigh degree of conservation
andVMS REIDWITHTA 1B Gx emse bﬁﬂﬁ@ﬁgwéﬂg&fe‘é @Qide 54;@ tﬁ%ﬁﬂ{) Soidf
e s an alr 1 n

the present 1nv antion ma
in therpesitions gegmeemd b}p%rmlthe S&qhehcn ghavies Ii‘ome&lbumm b other
eci e

soebf8 ke SR Tufh, Pl el i ol s e wiaBiEE e affes o
phmgmabtmcmrsnc(e]; Thige :artdctrm@w arigsnnght 6f F@bifian

I oi. sm@gnds of a nutan serum.al bumn are siml ar

Se‘t"a YR, polypentide spqugraes in phich the regiduesayhich may bpjmutated
acooRlitleto Ie prestilt FRbateR, AF lﬁ cited. 3P T RfAEABLA kIRY 3 1ast one

di spl.aying simlar secon ystructuretothe native

of sk rg¥idlugs ishonldb ewhérthmﬁml@nbﬁedtquﬂee@wm drder 4o génorate
a ! il SR, nih! Bh Ol Hork Bl Bindid Whlibe ool "

respect tot e na I've al
Ph)’d@hgwebbhamctnmts(s) withtrespect ta thanate epmlmmal[gnmmel I

et e o7 ey e afuiniisdes SPomant ek valble Bom
the o[éembaﬂcs dai@bast gt/ €&S xdniplérethal Ndionsli Qent&6 fo}anmcnncﬂ%7

WO 2004/ 011499 PCT/GBZOOS/003199 affinity
Tnfogfjogy WHRLASOLPIEEB.E6Y. HUR M S AnGEIay 27 @:aam?e be'found
. n t r
undét R9és5Bh HudbRr paijda! g{her htBssBR rﬁ%}beg ﬁﬁf‘eor 6b¥: %E@watas

i ncrease or decrease a factor
wwyalbyminers. of 10 or 100 when 1 ooki ng at Kd val ues |n

TPl SRS S A e B

simitao cienhy ol general mehllafoldﬁr%rm fbpetao Gile kiveitendh abua?:cof
i splay, altered binding

the ETﬁQ‘? Essét’??f %f?%l?lamm&ﬂwmm sigjdies Apayche wﬂwéed to
sec Wheth&! oreitfl Sl 3{n 4?' c)frcﬁlslle 1c%fsﬂmaalﬂ‘l;32>‘[”£‘ i
bi n |ng affi or zi nc nera

display altere nit
serumtpdbusin erestimitanttalnative sedinn glbamfn rifthyy wiel simiber ﬂms twould be

indi RYe ?tctﬁw trrﬂjtﬁlt rsrgrtu% ali)umm di sp‘faymg su%"i]ar sécoodary structure to the

L

natlve serum albumin.
‘The mutants of the present invention should display an altered metal binding

affinity with respect to the native albumin from which the mutant is derived or other
altered characteristics e.g. cell adhesion andfor growth alteration in culture. Abered
. metal binding affinity is understood to mean a decrease or increase in metal binding
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of residues thought to be involved with netal binding
to residues which do not possess appropriate netal
bi ndi ng side chains are postulated to result in

wo dgeripased netal binding affinity. Conveis@ﬁ@ymggﬁoﬁt)g on
of residues not involved in nmetal/netal 1on binding,

but which are in the vicinity of the residues which

th ht b [ l.ved | i ndi .1 tal, .t
oS (4 D o e Geren A7 it Ty B 5 BBt Dyt
the@udaelC t]?&éfeiaﬁlyl tREMERSR oﬂ@écﬁdasethyﬂdfaﬁtgr &ff%, Uk 6ysuchF8a factor

the followi ng nytati on postul ated to

of }%gHFQO wheruleelfle&gfeﬁd vilgasdn tms ¢f g 8 Falues 3. Hetgemiped in
phy/'s\xo'l: 5@21‘ c&lglitld}nls a’cQalﬁuﬁg(ﬁ'i %’)’ a\ﬁﬁ\ﬁpprzﬁna@ whth chicefifratibns dhd al

tenﬁae@ﬂrga |Qf gb(mt [20{@ F37S§ T, 'Khe\mezais,mhxeh may [isplay altereg bmglmgN
afﬁnit (s}Bh n§ltan-l£_ b}{fmrbi ard zf0 d‘fdigg%ﬁ&‘b?% a?é cébaft! ' (i‘? fhel ©

ndi ng
mugmt/ﬂbumms dlsplay hireedessiing afinityobo kiat. eﬁemﬁllgl thaﬁlfelreii thatal

is is, al a
bingigg Y, Tl b i rERpR T & it lon S B8 2% A2 o Mpratipn
of fesidkes thoufht &4be=inbolvéd with nfetalbikikg ta(?temdl.ﬁs “lehEdoTh@t
i nventors have_found that petal bindin

 Possess FpRrepnate mretdl binding i@q@*@ﬂls %5 Ppsiylatgd gft Fegulp %ee"rcﬁgseflA

metlll bl§3i‘ﬁ£@?ﬁmt C. Cd%ver@l} ﬁ‘l@@iﬂ@ﬁ of ReidRR 1R B Red I mehiAR Rl
r, Proc. t! Acad Sci. USA 100, 3701-3706

- 1on(t2mtm, tyut wlmhnzpanm ﬂwm@nltst pf the-residyes Syhiehc ara rthonghif to be

i 185 e, AL S Rl ),

expRGed @Bﬁﬁ@&émgﬁd(ﬂﬂdﬁiﬂitm 5) bound reveal that, in
{ f -
or 17k B BRIl P Byl B s

me@DBBAIAg affinaipd | | bends and the two. half-sites in
unl i ganded_r HA no ym)rethan 10 Ato forma

lcc_rhtl néoEchIalﬂi'W Pé@u’?‘:r%tT ¥, W.Mandel kow, H., Brick,

& F 1 ngfr uct Biol. 5 827-
X28% ). ’flgt]'{’i) g Z§ bi ndi'hg results in a novenent
X;ofnresA,quesmzqzmpone@Tpv,wwa A away fromthe

ot her two _residues, H67 and N99, in the proposed Zn
Xssite Ps8eG LKL NP QRSTV,W,Y

- and mutation of a side-chain to introduce a metal binding ligand that is likely to give
rise to increased or modulated- metal affinity include:

Xs = C,D,E,H (this is already a His residue in pig albumin)

X = CDEH
Xs »>. CDEH
X; = CDEH
X3 = GCEH
Xy = CDE
X =»> CDE

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. J.
Sadler, Proc. Natl. Acad. Sci. US4 100, 3701-3706 (2003).) . Comparison of the X-

- ray structures of fatty-acid free albumin and albumin with 5 molecules of myristate

6
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Figure X3e (a & b). D249 al so changes its side-chain
conformation to maintain the Hbond to N of H67 and
fornms an additional H bond to N99. H247, which is H

wo 20000608 to NO9 in the unliganded struct urgyrdmedfefs H
bond with E100 in the fatty acid-bound structures.

The proposed switching of the zinc site in human

| humi,n b fatty acjd binding.,s i nt ui n
(o ) v oy Bk Dt a0 PPN oy e R BB he 5o
camgﬂ:mzﬁg §tet 7 RNbngilx a;anﬁ&;ﬁﬁ@amadmsnpi:ﬂln b&ids, a8l IREtvde
H247- E100 H bond 15 expect ed gt abi I'i se the

half-gifgstip naligantiet fHA move by snere thoreld Fi foreypeoamE s Aty
(Co Igg}tﬁlt eftbwHhO %Eﬁclg] c}iIJ n*)% H%L,%Q@@SS e, 'shh&" Bl '8 827-

met al’/ y atid
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4 8550 oV S RS RIBHRLb 0 T A Pl 1 e

'Fxgdream (ac&lt)y Did bles emahgésr m:ﬂdadlmmmdnﬂmhmm twlmﬁntajﬁ elek

ceII dla esi.on ' ire ]
oot kP e g iensh £ ot 25D R ovtigh ts -
boﬁﬂéﬂ 3K B/90)n tHeaum 1géh9éd Qfuctfte, Fosms @t ¥ borE Wilk EN0® M the fatty
al bumi n i nvol veS non-specific bi nding of albunmin to

| acléﬁ@w@étwc@mﬁ dbepropgsed awtvhme%fhe Zipg pitedp i poplapmin by ©

00585 SRR U s Bl

orgauic atsint aad ianl essential wetal doni §inob thedl47-E186 Hkhomi & axgected

to gﬁfgﬁger}hg' "s%%ﬁzﬁédn fgfﬂﬁaﬁﬁgh@iéidhvt'léﬁ JEL rr%ﬂﬁ‘gﬁg rrfuta io !i BEELGh

ace
mlg‘]ﬁsnﬂileﬁt&\tba‘ mteraaﬁmﬁetﬂﬁ‘aﬂtﬁmébrh&ng of the nutat ed

Xorimt e pOh e Huf b RIPREH & BoflaWnll/ 11 b st o ne

reSAﬂ&iﬁ&a’ll{)V Rlo¥eE Fochii? ét{lHi%E Hl@éf%s}%al'éh ReRdFpurkial ks Qhe
have simlar inpact on [ hesi on and/or growth

musedienssHOTA, NMOIDE and NO9H d1|s(pla1 prqnernps drgngpallgdnfhan&,ﬁowhw
il HFE wibniagd in Belf nfify Boer CoRacheqforfls ympeired in ot she
H6appné dOSHahtarh L is %némﬂﬁfadﬁmﬁelbyéh& kver af;rﬁ.go faiyiadids from
nonmencl.ature is.used.thr hout, t.hi s | 6
st o b N E B ca A S5t e 6 Pl
. conféltmxtlenatbfchidge oZIﬂ%-ldallhinﬁdlmdegﬂé ®. (Ig MeB,UF] M. \ESrlmgton 1
cat | es everal nm I.an
Bio}y 5‘% a%ﬂé% %glz? slt%%gs%en@l‘ﬁ@dsﬁei‘ s fagf adbdpvolygd:
stalﬁhﬁ?ﬁ %}nafnhi-a&ﬁau@ﬁ%ﬁcesr bRt HChoRfls, NThe aRiafng Al h%hgg

er and Viles (1996) Inorg, Chem 35, 4490-44 J
muta@pn Bt itha dompin 6 interfacedmy asevare impapt authe pifect ofithp mtate

-albtgrﬁﬁl &84 céﬁ?» wgé’esgqga]?%ge‘l}allgg\g% Hlféh?r%t 'szf:t‘:h % 815 E)t gocmam I

cont ail ni ng rogen an
histidine residues involved in inter-domain H bonds, can also have similar impact on

~cell adhesion and/or growth.

Xo—> A,D,E,F,G,LK, L NP,Q R, S, T,V,W,Y
X0=AD,EF,GLKLNPQRSTV,WY
X1 =A,D,EF GLKLNPQR,ST,V,WY

It should be appreciated that standard one-letter amino acid nomenclature is

used throughout this description.
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i m dazol e nitrogens, respectively. Zn2+, Cu2+ and N 2+
ions can displace Cd2+ from the latter of these sites
WO 20040414800 al bunin. The present inventors' POIIGR2003:403199
nodel ing based on the crystal structure of al bumn
(PDB 1 A06) suggested that the nulti-nmetal binding

"sit ernyﬁHﬁ-e bf‘iﬁ@bi(’@ HiltnCitd UnCibddis Svas tlrﬁﬁal d by g‘?ﬁg‘ﬁ\m

and As p pr esent Il nventors es 1€
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conpetition ST
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to, R g v ot i Gpstiine; , Migle mlasolspiipaen and 23
imidapole g3l Rpdctivelys THe CHENG Bud 4 ﬂﬁﬁﬁ'w + 8m

QI\éUtatlon of other residues e.g. tyrosine 3 5) and
alfen of ghesersites srhpmag alburin. sEigcresen inventosy nqumlabméqﬂwg.

Rt e 0 |00 By i
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may be synth

eaffit e b NV Kt emiopatly Bhp b eTearsBted 2B e TR, which
idefPf3 TR HafineHe ONHIONEST biipOikated td NRGRe. Séﬂch |r€ﬂiiesehtﬁu61n§

eart The mutated al bum ns can, for exanple, be derived
used elspwhare indhe deseriptighbuni n by carrying out site-directed

T LRAANGR of Bl TAREL 392 'iPlerle 98 \GkeP SR e 36 X s

subsequent expression
envigagedol dffektranobindiolg. arymsme Bedioémotémdrtp Ithe tmtaBpm‘me,omit

| : t
hydfef bands it Bo WS pandlo Wntl- 3557 Aot st
30 Birsaffens de matalanﬂaiﬁg gite€ i bacldRre aﬁﬁonymﬂafﬂlymcmtﬂe@geﬁ
ant.,serum al bum.n a descri bed_herein.
b°ﬂ5%f9 JREUETEng BTGP AL s TP b afiect Hroimasial r‘i’"}dl‘f‘geﬁ‘tﬁost
OF aaBiniifited BBumMN GF e pidfor? SMRRANENGO ribst P dHOR)!

al bum n protein my expressi on

but peedarehly ghey ar prodagd IbMAemmm m@emlw tortheseckitiedn
in thO3k 29k 4l ttédog Ting a&}"rﬁ bg’fh%ﬁgedchph the native

econblnan y pro

albumlg by apoying &aq mqulmteduﬁﬁtameﬁiﬁ gfmli@ fssocated @bne sequence
te nuary

8 | o¢
and SHRHGIGE o SERIRo8 B O FhgapTelan 5 rICh dochniguEsoRre a\psfil] pvmead
- deschi0ed KiCoxaRpRER Sﬁﬁﬁ:}odkset"‘dl T(@%D) mﬁe&uﬁ\‘ iofth SK'ﬂa}bg%Eorjé

the routine worker 1.n the art: e resu tant no

Ma%h@aldrﬁpﬁlgg Hadbor Laftiratory Qlolde$mmg Hagbor,iiked in a proper

S re be introduced into the
a[%scqgseg Isa nucle1c agld sequence, whlch encodes a mufant serum albumin as

descnbed herein.”
For recombinant production of the mutant albumin in a host organism, the

nﬁcleotide sequence encoding the mutant albumin protein may: be inserted into an
expression cassette to form a DNA construct designed for a chosen host and
introduc.ed into the host where it is recombinantly produced. The choice of specific
.r-elg_uiatory sequences such as promoter, signal sequence, 5’ and 3’ untranslated
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chosen cell using techniques well known to those in
the art, such as cal cium phosphate precipitation,

el ectroporation, biolistic introduction, virus

i ntroduction, etc. Suitable expression cassettes and

vectors and nethods for reconbi nant productlon of
SGEQ'ISEI%EC%I aCrcI'e agll t!_.'bl Illlj [F]lfi})é ?ppé%%%te%él%{i{o (1] OSI'I\}B prltnglag:ﬁeve
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RO RS TEACT, E1UDPOTcg: bRk JRCURERm g mgtHstion g1,
Su:i.taslﬂoe é?:sressﬁbiz em@m b, ve%ﬁrand' meﬁﬁ&d&fbﬁ ﬁecbdﬁi\nli\%ﬁlt @foduéiigﬁ) of
ctroporatio [ : ods
Pf%ﬁelalf* ary l&‘ivgb?or%f Esms'%rsur‘é e%ﬁbpﬂaﬁﬁee exgrwswglégan
Mo, 1.eol. Biol. 386 113101 950Y; Wi6siwtO DR AR50 6807 yeast 4dde €1) -

TR AT R R T R
- Luekdvi sHdeSumaREre) mlcar&nédls@ l4o s B8) dhd Wntndidd c8iDdissubleulfrd 34
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or i herong) Sy Bpstbehnd SRk Fdy Goilign U Nsdods Mol BRefoops

13&N 135¢1%, eg&b%r&@sqm&mcmou@m Biok! 8400t 980: pgeg@bl y
linked to a nucl eotide sequence as described herein

elegtroporAtiag (Beiser WintMethads Mal Biels20085 £30: B &3 Heprereepmbinant
mhﬂéstwameﬁw SRAUS z@em&*g 86 (HS49mgl bum ns, whi ch

may be nutated as di sclosed, are al'so readlly
av T tehBigeestipompreRsincallerim o rdisroateaniems, partiguladlyt yeost, and

for%ﬁ%hﬁ?ﬁ Q‘roh?*thé cRRaE &ﬁiﬁtdg&gis%lfié%ﬁﬁﬁ’ﬁstd 81y §AMBE6Y319 2

al bum n as scrl erein and

22%@&%@%ﬂ7@aﬂl#%@mmm€dhﬂm byrempwaceut i cal | y

e T dthel o Skl Rty B Uit S PRl B fholaild | 0
opepablst Enkgd| tp 0 n@deoltidp Iso:fslptkvates desdribed herem EncB8ing al mutent

t | | bl. .
il (80AkkYher BRI BB SRl SERERIARS, yaicn
may bspensidan dl,sclaS‘ed awalbosreaﬂlsz avElabltﬂioaSthe Getitank dapbagis

sol,ve r r | ene eth | ene. gl yco
o g Bliifel oo RN et oot i ameind gt
dhmmgammﬂ?ﬂﬁﬂhﬁ&m&m@hm@?nﬁﬁﬂ¥hn$hﬁq&ﬂﬂeéﬂM?ous carriers
i nclude , water,. al coholic eous sol ytians
harmagatigally ageeptehleicapmers arfhwlﬁmw tg gy, dilled dn the art
and biau‘de I ardRidt BmitkBloem! &1 ald pf@ﬂafasigezﬁoszmﬂogphhﬂé $ar&Qdi um
January 2007

0 hIor| sol ution, Rlnger
0.8% salo o‘g@l ¥ sederhammrcetsigaliyacesntable qaeiers may by aeous

 or 1BAGRIOLS s@ltidsX Aidp isiofn, shAGSRU Bxant IR 6f Bn-deduide
fluid and nutrlen 'eni shes, electrol yt
solvendy prgretydene el aclyethrises sisasbevesstalg ofls duch as olive oil

-and injectable organic esters such as ethyl oleate. Aqueous carriers can include

water, alcoholic/aqueous solutions, emulsions or suspensions, including saline and
buffered media. Parenteral vehicles can include sodium chloride solution, Ringer's
9
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Ri nger's dextrose, and the |ike. Preservatives and
ot her additives nay al so be present, such as, for
exanpl e, antimcrobials, antioxidants, chelating
agents, inert gases and the like. The nutant al bum ns
of the present invention nay be provided as
pharmaceutical fornul ati ons wherein the nutant al bunin
dekﬁos@dﬁexﬁ@éé aftti sBaifin RIRAGEASEHL ﬁﬁgel:rié o?g'gt 1‘?sb hficaGiHobd €
(e.g. binder, correctivé, corrigént egrator,
vebighes gickde fluidoinginstmient l‘eldﬁm@@mtelagtrolswl rmtiamﬂme suchas gfiose a
pafi@nMeceutical conposition by a conventional manner,
which is formul ated into, for exanple, tablet,
capsul e, granule, powder, syrup, suspension,
sol ution, injection, infusion, deposit agent,
suppository and adm nistered for exanple orally or
parenterally. Wen the tablets are used for ora
adm ni stration, typically used carriers include
sucrose, lactose, mannitol, maltitol, dextran, corn
starch, typical lubricants such as nagnesium
Stearate, preservatives such as paraben, sorbin,
anti oxi dants such as ascorbic acid, a-tocopherol,
cysteine, disintegrators or binders. Wen adm ni stered
orally as capsules, effective diluents include |actose
and dry corn starch. Aliquid for oral use includes
syrup, suspension, solution and enul sion, which may
contain a typical inert diluent used in this field,
such as water. In addition, sweeteners or flavours
may be contained. In the case of parentera
adm ni stration such as subcutaneous injection,
i ntravenous injection, intranmuscular injection,
intraperitoneal injection or infusion, the pH of the
~active ingredient solution may be appropriately
adequately adjusted, buffered or sterilized. Exanples
of ~usabl e vehicle or solvent include distilled water,
Ri nger water and isotonic brine. For intravenous use,
the total concentration of solute is adjusted to nake
the solution isotonic Suppositories may be prepared by
adm xi ng the conpounds of the present invention with
a suitable nonirritative excipient such as those that
are solid at normal tenperature but becone liquid at
the tenperature in the intestine and nelt in rectum
to release the active ingredient, such as cocoa butter
and pol yet hyl ene gl ycols. The dose can be determ ned
dependi ng on age, body weight, administration tine,
adm ni stration nethod, conbination of drugs, the |evel
of condition for which a patient is undergoing
- therapy, and other factors. Wile the daily dose may
vary depending on the conditions and body wei ght of
patients, ‘the species of active'

Oa
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i ngredi ent, and admi nistration route, in the case of
~oral use, the daily dose may be 10 26 January 2007
WD 2004/ 011499 PCT/ GB2003/ 003199 about 0. 1-100
wo 0sB6fgeson/ day, preferably 0.5-30 ng/ per sy @desobiled he
case of parenteral use, the daily dose may desirably
be 0.1-50 ny/ person/day, preferably 0.1- 30

g/ person/day for subcutaneous injection, intravenous
Riger's destiope, and-he Bk shrenervtives apdethersAditingg mayialsabe oreasnt,
sudf'fs Rirhddpie, timT&?oiﬂEta%BBxiédn@ﬂ BhebtinBlagtie RGESRA and

Invention ey be of use for exanple In- human or
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- anghadminigteted faryexamplo agpllyrer pdreriéralli ng af finity may be used

ndaPEE U bl e 54 6] P Pidri G G ARE B
inchide snirosejriigtobs mamnitbie maltidvelndefirad néddin wiatchhtypizyl librichnts

hloride,ions, also |leads tq the possibility that
such 45 FAERESIUR] TRATHIATE DRSS SHSh HPAReH SUm, SRRy soch
as BROGRIacidNELt REFIRSS, dyRteinBEdidRteSriersbr BRders COMbRbBRnired
bl ood chioride concentration (this mght also control

orally eapapsyles, effactive dijnents irdudsleciesaend dry eamotaschh o dqed Sy

e . al i n .
orf 56 nkfiled S3in, WlRR0R' LA aud SEALRN A1kl " Contein o
typinal ingrialiludittarsed fra titis fieldn sichvas water. efrf additionn swéngeners or
fl di strail ut i on. 9 cells bound to a substrate and those
WOHEY % PRE"REdi um 1t has al so been observed that
Sonk that casd ©f atentefd NAIMMARtran duehdist uboutemeahd injection,

. .increased, cel | %r owf h, ,The present invention.therefore
intrgyengus igjecions Inframpsculan o eHon. dtrapertanegk injection or infusio, the
. pHAbD U REvAGREREHEM Sollioh NRayP b8 SpPlophist¥le nédeq.mdig adjukied,
romh characteristics of cells in culture. The

buffgredepraaribized. Exgmplas tof upndleavahicty atsplventdngluderdistillgd water,

‘ . . i |
er%?:g&\?\%ﬁ—‘ag# gb@tﬂlﬁﬁaﬁ‘@&”ggﬁﬁ{r&fé%@. e, el Aéa'h en nt%kf gglgie

: distribution between
is adjuisted toanake sltkhsetutidn sotbnichose f ound di spersed in nmedi um

. i ff bet d . | abl L | dh
or SeposaRRCRy, e SRRGH: B R Bl the Pyt ifen, S BCIRGSR,
‘inveitlobWith adRialle neiRRAIvalekdipieRichuch 4sthose MRITER! sobd atCitirinal

culture and particularly serumfree nedia., The nedi um
tempgraiygs but begpane liquid at the temperature in the intestine and melt in rectum

to release the active ingredient, such as cocoa buiter and polyethylene glycols.

The dose can be determined depending on age, body weight, administration
tiine, administration methoﬂ, combination of drugs, the level of condition for whicﬂ 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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nodi fied al bumi n of the invention is added may or nmay
not contain copper, zinc and/or cadm um Suitable
exanpl es include Eagl es' nedium Dul becco's nodified
wo 20886 &eSs nmedi um (Dul becco's m ni mal nedi u 0
and F12 nedia, Iscove's it nodified Dul Jg‘é%ﬁ?@%lg%um
and RPM nedia. In the case of such nedia that 11 26
January 2007 WD 2004/011499 PCT/ (3B2003/ 003199
abi il 3 R nidan| BERrARL Ofe hiinersee/day. pri the Gaset ol

paf’eﬂt\él%f‘ﬁée o 1By @c(ﬁeﬁ{é Ykdifal %@ 0. lp% Fn%eﬂBn/H%ogﬂeY Erdp®f 0.§.he

native al bum™n n or owne of ‘may b ded ‘to an
BOanymson!dayeﬁcc sutwutahequh dnjediona intravanons injéetiah, bigtramusculer
i tg.enca etrof ts%@ lms% 2 that do not normally contain
}3318 PREYUSETTT &Y buni n of the invention may be

ad d'Ebla gnifiaﬁt ﬂB’dlnjnms bﬁthe\/]i.ilesexltt metmfemw it io$ uuﬁ&d exampldin
an anil, ce, S, rticula VI an SucC
Ry o Brimabmetiaia gt Bh tiegea! of tefiendy Alitatfe ad: iptions,

treRtfreABIOE nSidf Novadfoad TRRE/BY ) for wonﬂmaﬁmtwl{ew c&amﬁa ldanméar |
rat or nouse) cells. The cell ty na derived
notﬁ{svher

concepratignsmey baskinked fothe phvsialneical fv@cql@ Goethsr mptal ion
thelial, dermal,
o Lrl]de%{‘gimc ﬁpl‘émﬂ%}éu&%sa %&ﬁggﬁhﬁgﬁgbt he i ke . It may
al sk nag absn ba podsilaioapsulass the suewnt afa metals lsnéhorsvine, present
f b I
in ﬁxéd@m%hg mélr?]alﬂ%: £Iﬁ 1Jr|%s Sﬁlh g{es&?/ ngrglf’?tlog, %L%%&%eégngm of
a dily'lattl dﬂﬁp‘lﬁ}éng phﬁtemshmﬁstzem dbscd'pmn ¢ dMdrepvehhutas ealbumins

i By PR A oy I OPATE G PLRE DS WA BEsepRR oy

deté@t nlefals iAQh @HirdiBient, CES of beads or they may be
sus ended freely in the nedi The cultured cell

ddigonally oberataciensathigt thegie Pued {hfhe albwmiamay w the |
fOl‘H‘lr d}%ﬁ@e\gh@ﬂ nfal) SinRdhiokiad ll(ﬁl[; AR IEads @ t}kl'bﬁymm tﬁh@ albumin

englneere to express oth er pro uct s, such
withHhenad gine imaypbeobssi ris 2 Ehterids| seBsor pad aehessionide ﬁ@n@iﬂd be

regfids B9 15 cfiBAlaCORLARIES WO RIGPhI S AR i)

ain‘variaple re and
k apPiee prbseghtnvemals rhaye alkd olmserved diat imutant albumins a(:@mdmg s
in,ll

_ I.S V I d Xl nti= thro
thegeinyettior R i o Gt (L B TR ooh bve an
effedd b tHe lidsiitartidn ofells bbﬁﬁd&b ﬁ@ﬁlﬁﬁ&tﬁ afditHasefouhdinghid medima

|nterferon g&,lﬁ?rowh factors (such as insulin- I|f<e
it G :

Altonbgencehsery SHBE HHRNL A8 JITTHUNP fonJgach Tepvesall
mcpe?@drcgﬁ IRARE. aRe rd@érﬁ‘%@eﬂ%ﬁﬂer&ﬁ?@a}ﬁ@%ﬁtéﬁg i AbbdSr

the i'nvention nay be 1ncluded in tissue culture

usareldinatapt eqsemendbuing pecokdingytor the pgsantyisyention de ajten growth
cha?éégen%c%dof%glt)s in ceﬂg t *rﬁ' %?aﬁﬁx‘? b %‘Sch i a&@?feﬁ&fc% e 19%12%,

nver t ébrat’e uce a desire
_changeslis adigsioh, ;&scentage v1ab111ty and/or cell growth e.g. titre, cell dlstribution

between those substrate adhered and those found dispersed in medium, or differences
between dead or viable cells adhered or in the medium.

Albumin is commonly included in cell culture media, especially media for
mammﬁlian 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 inciude 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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i ncreased adherence, dgrowth and/or expression and
secretion. It is within the ordinary skill in the art
to determ ne an appropriate concentration of an
wo 2000MeRbi ve nodified albumin in a sel ect edp@ybs0§3R03199
medium I n one enbodinent, the nodified albumn is
i ntroduced into a cell culture systemat a
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awa@ @dutzl)l g6 cﬁb@mp nﬁﬁ&aﬁarﬂéeﬁlg ek Es ﬁ&ﬁa%c biHeF ﬁln&e 3%

he nodi f bum ns of |nven 1 on

mqnlﬁ%ﬂ,eaé@de@tl Gsu@!dtsebamwrn@y Obemuan) §@3$ v e icell &ype anayi ber
h opr o] t S

ool U8} BubOr QIAGE, B Gl 30l % 5901490 5

endnﬂwhelt; apjtheliylp dercal, Insuralez,nn;éwaytml etsmacell sanﬂ ma like . Tt may

t i fi
osf B e PRASHEGH B B eowPBI B SLPHENE R dnbfeq
tumotiganit &)teﬁcﬁletuﬁhbfiédnﬂz\/\’mhmd hépasdcytes; SBIl lﬁlﬁplhdtyﬁﬁl 1§bridomas,
d|f| ed, al bumi ns  bei g presentcsl? e surface in the

baby, ngp sedls @Wq%? s apdihyprpembryenic Kidney

celRDihE 'c@lfg Ay Cuure@on Sl ackd) WEdh ds QBssEIOwas, Foibuls dafices or
i ncl udes non-coval ent interaction, non- speC|f|c

beagty thiseinesy, benapendsd dieelpidn t Iﬁ’-lmﬁ@&lgbs In one enbodi ment
Of 'Hflae cﬁllﬂl\f&f‘ EdiRMnay! BEudk t\:H rBar c ?’%ﬁ% ?ggéé) e g natur

to a surface.
prqdemdlhydhﬂagﬁméarazdﬂ oo ey may e engnfeereé tol\tupoéss ptha's:aroducts
suqﬁlgggq%g%)ﬁgt%gé}o{%hgc a%r& &5 lﬁﬂude ﬁgggﬂ? %gln%l lh%ié?ry atm? gna‘iooghesat
thetea® fquck anismglecehainagriable fregiow fiaginkrits ahdtiifarized IgG kappa

iggibioh plto ufiiheion nih wfacet Sy Vi 54 ke S5 e
thréAbid S AE.C dRbkides (&ich dasy ﬁ.ﬁaﬂehkmcaw exdnibl@ﬁ%ﬂﬁlhn-z and
enbodi nent, _the al bum n and gne of he proteins

, mtqaﬁegm Bieh 2g erEera-@ onjsATeR-Bi aﬁgwlhfq@t@ ych ag insplén-like
h
oW e ordS BrERRhERNS ikl SAhAGE. DRGrAAN Nand

anci ng no ns o e present Invention
plamncgenare sui table for prormtl ng adherence and/or

ur e iR aftinihe o s HABRE RN B ER o Be Sudl

meﬁia m&tedli@i prSRWw&Qﬁd yeéagt, as wulhagdulturet! h&l ssnd tigoe deeiyede
oreactor which all Ws ce I s to attach in

at bi
ﬁm@ \fsﬂe%fra?eaygé uysrigbrates focRragice ’é%ﬂ:? & of hercells, sugh g y
incRY¥edladRéBndd SorBRal A8 ex pRisidh ARICHREREon.

It is within the ordinary skill in the art to determine an appropriate

concentration of an inventive modified albumin in a selected culture medium. In one

embodiment, the modified albumin is introduced into a cell culture system at a
concentration of about 50uM to about 30mM. In a further embodiment, the peptide is
introduced into a cell culture system at a conceniration of about 2504M 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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the cells to 3-D surfaces nodified with the inventive
peptides. Wth specific reference to the types of
surfaces which may be used in the practice of the
WO 200§/@389t i nvention, suitable surfaces woycddipdswefie

but are not Iimted to, ceramc, netal or polyner
surfaces. Most desirably, the present invention is
used in the treatnent of polynmer surfaces_and

produteg multipleseffects (if gach mofdifed-elbumin g & differentgifeptpnsthe sype

celi9e I n the present invention, include, but are not
["Tmted to, plastic dishes, plastic flasks, plastic
m c e modified lalbuedns of khesinvention bdich isweasecallsadhersaromainbes |

o bi oreact ors d m.cro i cl POl
aisgvPE tn g B Eh A Fare” B pOee " B 55 copf TR AHRRE cutre
sulsstdage( Ety ﬁﬂﬁep(ylﬁ?hgﬁ ﬂﬁltgnmﬁhybﬁh'ﬂﬂmorag@tyﬁé $EIWI £oe example, a
erephthal ate), poly(tetr or oet nhyl.ene), .
soe EOHAARISe Bk g1 EATE SGO DR EDRG I 2 Fosdaieyion ey be
- distitiREd ofth ld &PA&: SMADRRESIn Srdofe AHERGRSd FRY rdsiRd HAKId
mq%%/cerol .propyl sil-ane bonded gl ass. 13 26 January 2007

glpthunnsibegiy presyrt apdivosyrioesst O fomsefiagkied file al so a
cel r ' i S n '
< THE dhdds) oF AMRCHIUR BPIRY Spdlfed AL bt W LM &

suifgpgeincludes Tibrecqaleste interactivan tiiovspesificl adsotivre 4ndr conatent

. i b . i \
HnfERET L o R BRI En i I e SR iRt
toh hxr&e.dldmmﬁh@ embodinentcthe Eemﬁlﬁ nfay rhsalmdsgﬁeﬂm a saHheewhiclas
repor,t in PDB,1A06, wt e ta i ndi sjte .
‘hag GRGREY PPesPrRsoREe F, e R PGS o Jeons < s folpying:
keytRie lifpbtthdendbyaiid, d6llages, HErofdbtih "R afobdysine, angeptide
around _the proposed zinc bhinding site; Figure 3a

hawpgna sqll-vusfaeq JPcepion eTecagniton Seqyents, | #1 \impneglplulin, a
_an . . " ( " o

Pog %H\%ggr{ag’c%ﬁhc%?at eg,tblison%réo%\_?{e}%r ?r‘g@’élf’ﬁ%?’ tg Z| n“::msa;ntg grﬂ igﬁg

thegrpiing dessribed abave are mpphied|sbawiancously, eitbenfaeei o ahawpringate

- (1A06). Force-field energy of the zinc site:
m@gg'i&%%allnol; Fi gure 3c shows nodel for the netal

si t &he prowiie edhandgHnedifiad alvhiminsrof ticoprpsant iscantion which are

W ds t . _F field f t
sl s B S S R o RS b
- celly. b shixfaceq iélhding Yipe ddReloddlTon thrék SiheAsionkl gifRes3d For
shqows. nmodel for the net site

eSSBS B OF HELPE & DSAAFIOR GA ot oo ggoxa%cguﬁ% =
arrdysN OVIBtel Bhididht BREOGLBrsthan presently exist can be designed by attaching
the cells to 3-D surfaces modified with the inventive peptides.

With specific reference to the types of surfaces which may be used in the
practice of the present invention, suitable surfaces would include, but are not limited
to, ceramic, metal or polymer surfaces. Most desirably, the present invention is used
in the treatment of polymer surfaces and ceramic, e.g. glass surfaces. Suitable
surfaces 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(hydroicyethjr]ﬁlethacrylate), poly(ethylene tere;;hthalate),
poly(tetrafluoroethylene), fluorinated ethylene, poly(dimethyl siloxane) and other

. silicone rubbers. Glass surfaces may include glycerol propylsilane bonded glass. -
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zinc-free wld-type and nutant al bumns. a: Wl d-type;
. y-acid | oaded wild- type; c: Asn99H s nut ant
WOQH%}gEﬁ%ygd: Asn99Asp nmut ant nodel ; Fi gure A4PCHGHRN03/003199
circular dichroismspectra of wild type (solid |ine),
and H67A (dashed line) al bumn; Figure 5 shows "' Cd
NVR of native and H67TATHA with 2 nol equival ent -of

"' Cfitddosedris@leb 8 &l é‘l‘ﬁ@ﬁé@ne&i%ﬁaggm%g%fml{t t ?e\{&%& ngl.llzuﬁlggsla nd

a& li)le% lent of ""CdC 2 in the Ppresence o

%%‘c %ﬁeé?', Figure 7 shows Wvisible absorption spectra

2t ), hative rHA and (b) H67A rHA with 0.2 to 2 nol
tigyy 0 eptiom. 2 not equi val ent steps :

(bot TIRBrE@nt fnPdhkion Witd Hgg ) fﬁﬁﬁ%{\gﬂﬁ%c%&ecf ﬁ)t&e}r?.;r io? F}%xilplfé: and

binding site in an asn99%asp nu
iaference tothe figuresradhinhtshown t he right side overlay is
007 WO

20041814 108 phdtBh oo smS gnsprioma stare st gign sprum

albimein ras trepoetbd Sih tROE 18064 wWithothé ! Hiﬁdiiégﬁ Sited RiefiffedNcrdfn,
6 kcal / nol-) and

-hi r, than that of t he w | d-type (55.
hlgllﬁ%ngg’p%hi s site (75.6 kcal/nol). Figure 9 shows the
- ID'H NEfR “qr QUQ"" _ le R W
t X e:ggiﬁeq As,rfggaﬁgdﬁudte%ﬁta%w t I’llalglﬂ%n‘):%eqw vgﬂ él\rll\%dgd%?Md
the 'gﬁ%ﬁ‘ﬁdf'ﬁfb'ﬂdihﬂgﬁfﬁé: 1 mM protein, 50 M Tris-d, 50
mM Jhe 10."' Cd NVR.
cpes ity 3 Sk by, il watllof MRl B Selggurs affomin,
COMBITONWith apo-cibd YIA®E)h 2 nol equival ents of "' Cd2+
(copdjtiqQns: 1 nmM, protein, 5 Tris-d, .50 mM Nadl ,
zgs%“‘fefﬁ’n%% W R AATh dpf B ,mrﬁrgr&'g fF & 4ne’ ditosmdrpe

human satrh alvamid, ik comivparisén Withhp6SHREN A06), P@ﬂge-zﬁeﬂ’ enl oy oY
.2.ino

ot assi sphate). CuCl2 was added in
thegzdﬂf’lsae'pégrrﬂ@%&ineach case. Shown are difference

S PEFipire, 3¢ Shé f Pty C | Do

P qupeo 5 IORT Rl Gl B emEar e e HonBorah Spltags in
comgparseLyith woldrivee 88 riid X grecoh Féroe Geld\érergyi fbf tieesimesite is

o3 2Rl il A P e S S S S

* (20FigyseBd shosvsmiddbHorthe nbiGinein04n09A% MehE ¢ aci d) .
| f-height width ca. 25

. Notwe_the narraw |l i.ne .shape , (ha , '
Doy 2 Rl orin SC Bt o potedtiel ey e arodes of
. zincafiletuells-typei G futddtoalbliains. @ WHBYDS: 8f Fatpy-acid loag%d wild-
resol on-enhanced 1D ' H NVR spectra o recondl nant
~ typ“af’b&# ubant groded; g Awg9Aspmutant medelj e show portions
Of Figdre £MoWs circular dichroism spectra.of wild type (solid line), and F67A
(dashed line) albumin; |
- Figure 5 shows '"Cd NMR of native and H67A rHA with 2 mol equivalent of
111
CdClz,
Figure 6 shows "*Cd NMR of rHA with 2 mol equivalent of "*CdCl, in the
presence of a) zinc and b) copper;
. Figure 7 shows UV-visible absorption specira of (a) native rHA and (b) H67A
THA with 0.2 to 2 mo} equivalent of CuCly in 0.2 mol equivalent steps (bottom to

- top)

~ Figure 8shows the potential zinc 'binding site in an asn99asp mutant without
- zinc bound. shown in magenta onthe right side overlay is the v\riid?type structure. the
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NVMR spectra of wild-type, H s67Al a, Asn99H s, and
Asn99Asp rHA, respectively, showing H's H62/ Hsl
cross-peaks. Al sanples were |l mMin 50 mM Tris-Q,
wo 2@0118991 NaCl , and all experinents were Caﬁé-]!-/@ﬂm%n@;
310 K. pH vaI ues vary between 7.28 (N99H) and 7.40
(H67A) whi ch accounts for slight differences in

ifts for individua ot.ons. rvabl
S T LI e Gy e e
. thitof fRRtveld- Gth@éﬂ/ﬂ%@ﬁd% OhEs sie Pnolphi f
st andar d; wlﬁ—?(gure 15, shows Eogbtl or?s gP%rlR[gﬁan%§2D TOCSY

spedigue QishewsrthpdD e spectra gtiesgorplyppnt ai;bustyr)s (wild-
kg i2Fi
S ABhdHR hEtbAS Witk Pib oGhi0RERP BRI Citlifodd ok?d, m

shows ortlons 0 n ennance
-pr@tﬁmmmmMTxyqo@ 5¢4aM NaGIVEI KB 0 m\/l Tris-d, 50 mM Nad,

pH* 1y of o oate: Fi qure
Db s, O fnolls e M3 YO SBERUNGR or o Ains Wl
typmc&xﬂnﬂaﬂéAs;nmutaha witha? nefhichtivaledts of ${CdH feondigidns: 1 mM

prdbest; T s HEVERe 23 K #pokiodibspiichr at i on o

Cd2FidtireM 1 fho®6 tiRNRALIEns SONEM A Syith! coﬁg@ (Iﬂl"@H
equlvi-gﬁlll Gl2, 50 MM Tris-C, 50 Cl 0%5201 pH

potpssium hgsphate). 1 futhnvesaddehie0-2TRel emtuPetionoin weh one.
Sh@@ﬁﬁie%!ﬂ?&r&ﬁé@ bfedtd. xo&&kera%ﬁhé %bﬁmoﬂ selﬁatlgﬁ,f %h in 17b

shows the tine-course for m%w va t he
ac qﬁxg«;ret 120%hows thealisiact copwetison ot thekesfectavanipus raountschf Kol hit

on e V- 98I SRR B AP GRS | ment) of
eac spectrum has been t en as at ne aver age
t i n‘ﬁlgpmi 1 Bhows Feguvelutb8 FRICRMIS glebtruno ofi twilditppd Y4120

o B i 208 et %% afst e | Mteine ey o s

(haPfUEkigT \nddth ca. 28 DHJWRLIPEHELRS thefdefbblicd oF Shalf AR S %h&ucts
counts in nediumusing native and nutant serum
al bum ns; and Figure 18d shows percentage of dead
cells in nmediumusing native and nutant serum
al bumi ns. Figure 19 shows mnutation i dent ified as being
i nvBiguredlddostraws a Isusveyl oﬁuesohmmn—enimntedcln H MR ipectes of

n h ) r
reefib e BrRy St Biebrrs Rp R, Ee Bow Birtiam Rhaogsy
Nl\m;spe)caia kuﬂ‘m:td-t(rﬁpﬂxsﬁaarae Fsn20His oslé AsAIINspWEEA, wespebtively,
gﬁ;ho t_as startL P0| nt for the npdels. The
showmg Ho2/Hel cross-peaks. All samples were I mM in 50 mM Tns-Cl 50
mM NaCl, and all experiments were carried out at 310 K. pH values vary between
7.28 (N99H) and 7.40 (H67A), which accounts for slight differences in chemical

shifts for individual protons. Observable Hel protons are labelled with numbers, £

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 H62/Hg1 cross-peaks;
' - Figure 16a shows portions of resolution enhance;d 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 octancate on

chemical shifis of histidine Hel protons;

15




26 January 2007
nodel s were built in Sybyl (TRIPOS Inc., Version 6.8)
and submtted to energy mnimsation in order to
optim se geonetry. It was noted that in previous runs
WO 20041@114991r ogr am had i gnored t he presence ofpEhiGabhdsidd§ioo
bonds, which had | ed to hydrogen atom addition and
breakage of the di sul fi de bonds. This probl em which

"ot Fiis? 101k RO rea By S ook il Bufid oo ™ e

rm?_gie Pmoﬂ bc%iﬁ%} ‘llmwf F?j RO Meis<C1, dﬂt)rmlmeaan mme; PR, 298,
orce | e S use ter sSpecC

lof‘B‘Fcﬂg@ Pebe Jhe éFPé'ESitfla@ ¢ “eﬁp?ﬁmﬁh‘aplﬁébﬁa]i‘%ﬁl bovent Ehe

grANA WERASKRS tlflemeZEb%fse f%? Wnéhuwﬁleﬁ‘s S{M Qhé"ﬁ‘cq(l%ttlgﬂ oﬁ)esach

aspartate or g ut amat e . , and wat er
speoirtie takeadt bthe midrpodnt @e. rtgfo hwm mstagtingyike exppyment) of each

il SHEHARBARG o025, 12,2 o

al sBigagrl@e showsieelt esmtistis ldyerusingmatiyesad mufant kemm) dibuming;

t he_net oprotein dat netto,

HonFiBs, 80 @O Dorpiptapt of dgndacels 35 G inepiapive S, myapt
serbf. albuktiigyie, M E., Nucl e| c Aci ds Res., 30, 379-382

(Zogé?]. For ge con tants were_ taken fromthe TRI POS

f or Kigute; Beqshoms fall £oymts It APestivie using e and, grutant serum
albbRstd@ ned. In a first step, the geometry around

Zn2+ was optim sed by 100 steps of energy

m nFighredBd showsaricenjagernisleadesds in mesdiy usingnative and mhtant

protein ligand residues, and the water

Serhn@%ebfc‘:l% S A further 50 steps of energy mnimsation
- wer EBigoiedf shppd mettion alentifddiasdwing Saedved ddmiidl, — dovdain II
00%4%%2%[ E‘Pd the Zn2+ ion and the water nolecule, to

TRV 6’8 georretrl es and van der Waals contacts which

had been introduced through atom novenents in the

first step. Finally, 30 nore steps were applied to the

entire protein for the sane reason. The overlays in

the figures were generated in Sybyl with the "Fit

nononer s" routine, which also supplies the rnsd

val ues. - For the nodelling of the nmutant. zinc-free

al bum ns, the N99 side-chain was nutated in silico to

t he desi red si de-chain (Asp or His), and possible bad
- MageninmidsMathods r el i eved by appl ying 30 steps of energy

m ni msation to the whol e nolecule. For the zinc-

cont ai ni ng mut ant nodel s, the sane approach enpl oyed
a) Molecilaempidlfhg ype nodel was used, exploring several

possi bl gsstartl ng structures,wth dlff ren

met &1 Published gEyspl stupHec Bl 90t Aedd undigindg é?v%"a@man@%d

accERARRIAE I ACRH YA @SedPiht- ARABRL S MR St/ thethe QHbdetsS | PRE
Clustal W European Bioinformatics Institute

‘mofelgwreebuilicn byl (IRIBOW Incwi Versiane6 8k Ak subwiitted tregndigiom
minﬁﬂ;g%fr?@a iﬁirog{l]e?' th ’opﬁ’ﬁfsla %Q@thetgﬁ M vas fng{ed Bh e BQUBLQ fihs 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
speclﬁc 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, MM. Acia Cyst;' D57, 401-411 (2001), hitp://tanna bch.ed.ac.uk.
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(www. ncbi . nl m ni h. gov/entrez). 3-di nensi onal
coordi nates for human al bum n (PDB 1A06) were
obt ai ned fromthe Brookhaven Protein Databank

WO 20000¥4406Csb. org/ pdb/). Site-Dire cted Mt agene€siors 003199
A i gonucl eoti de-directed nutagenesis was used to
prepare cDNAs encoding the H67A nmutated form of
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Site-Directed Mutagenesis

' Oligonucleotide-directed mutagenesis was used to prepare cDNAs encoding
the H67A mutated form of albumin. The mutagenic oligonucleotides 5°-
GCTGAAATTGTGACAAATCACTTGCTACCCTTTTITGGAGACAAATTATGC-
3’and | ' _
S’GCATAATTTGTCTCCAAAAAGGGTAGCAAGTGATTTGTCACAATTTTCA
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chr omat ogr aphy on a DEAF fast flow colum (col um
volume = 167 nL). The colum was equilibrated with 15
colum volunes of 30 nmM acetate, 27 nM NaOH, pH 5.5.

wo 200@190nduct i vity of SP-sepharose el uent spowasgraddionsibed
to 3.0 n5 cm1 with deionised water before | oading
onto the columm. After |oading the colum was then

hed with | un. f 15.7 mM K2B4O74H20, pH
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Expressipp i vBie#ti9t containing 2 M NaCl, pH 6.9. Delta
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mM (s8diA0acsatd\olERE, NpiE GGTEPR AliQed Supthikdtstete ShlitViflo two
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Secondar uct ur.e esti i ons were cal cul ated usin
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column was' equilibrated wi column volumes of 30 mM acetate, 27 mM NaOH,
pH 5.5. The conductivity of SP-sepharose eluents was adjusted to 3.0 mS em™ with
deionised water before loading onto the column. After loading the column was then
washed with 5 column volumes of 15.7 mM K3;B4074H,0, pH 9.2. The column was
eluted with 0.75 column volumes of 85 mM acetate, 110 mM K;B40745,0, 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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"' Cdd 2 was generated by dissolving "' CdO (95. 11%
isotopic purity, Cak Ridge National Laboratory,
Tennessee, USA) in the appropriate anount of 1 MHC .

wo 20046d3HVR st udi es were carried out using gdefcEibidibiedr
H s67Al a nutant protein at the same concentration.
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delay of 0.24 s. Prior to Fourier transformation,
data were zero-filled to 32 k data points and
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i ne-broadening). d)1HNVR spectrqscopy To elim nate NH
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(trimethylsilyl)propionate; TSP). The pH* (pH neter

r eadi ng) was adjusted to 7.3- 7.4, corresponding to a
pH of 9 7.0 (d asoe, P K and Long, F.A. J. Phys.

. Chem, 18 1960 an xperi nent.s
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Cdlﬁféléu)z @ympn&l dsyext@ngt stendasd. eﬁméoméeceudwauwase@chwtﬁd bre
coPed83isk Relolflif Bk BARD. Pl sambids Wiero YEERIY

using a’si epresturatlon
TrisupHe7. k elpoanifeN4Cl) 10%sdattaiumiatide with momelsmuunof MCdls

111 xation del.ay)., The daf ro-filled t .
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" National Laboratory, Tennessee, USA) in the appropriate amount of 1 M HCL
MEd-NMR studies were carried out using 1.5 mM rHA or His67Ala mutant

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
eéch 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

_acquisitionr time of 0.10 s, and a recycle delay of 030 s. Pror to Fourier
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squared sine bell and Gaussian functions for '
resol uti on enhancenent, and Fourier transforned. For
2D TOCSY experinments (90 excitation pulse, 8.4 kHz

wo 2eaps dth, mxing time 65 nms, 1.3 s re}mﬁmmgg
delay), 48 or 56 transients for each of 2 x 512

i ncrenments (hyperconpl ex acqui sition using
ti me-proportional phase incrementation (TPPI)) were
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(1.3 YRIBRRGPRHEYSS to explore zinc and al bumn
cytotoxicity were devel oped. The approach used in
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uorescence- ac
trafsfcomed.y Fardd TOCS ¥eppdriaanisq)°, exeitdiion plﬂ@&l 4dﬂzls§zeepw1dth,

-mixing time 65 ms, 1.3 s relaxation delay), 48 or 56 transients for each of 2 x 512 ty

increments (hypercomplex acquisition using time-proportional phase incrementation
(TPPIL)) 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 pdints. )

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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have been stai ned by propidiumiodide. The second
approach has several advantages; it is nore efficient
with respect to both tinme and naterial consunption. i)

wo 200f/@n@ard cul ture condition WRL-68 cel | s wereg@alobiised
in DMEM (Dul becco's nodi fied eagl es nedi um
supplemented with 10% FCS (newborn calf serunj,
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requi red. ||}y 'l Viability Counts Using Trypan Bl ue
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renoved and the cells washed with PBS” Cells were then

albumisamadants t h reconbi nant human al bumin (rHA) al one (40
mg/ M), H67A human al bumin (H67A) (40 ng/m ), rHA and
h67A with 0.1, 0.5 and 1.0 nolar equivalents Zn and
with Zn alone at the sanme concentrations. All
treatnments were nade up in supplenented DVEM
Controls were also set up were nedi um al one was

- ) Cdidatturetdxpalitentstn asseSidptokmiciywo ni ghts fol | ow ng
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r e |t . -1 to
e L e R L
‘have been stained by propidium iodide. The second approach has several advantages;

it is more efficient with respect to both 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 b_y monitoring the
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medi um and cel|l suspension were then centrifuged. Once
centrifuged the supernatant was aspirated off and the
pell et resuspended in PBS. To estinate the
‘wo 00pmaentrati on of viable cells and total peldpinesdasivs
in the collected nediumand cell layer, 200 pl the
well m xed sanple, 300 1 PBS and 500 | of 0.4% trypan
bl ue (Signma). sol uti.on vvere .m xed and | eft rQom
b‘?"é‘i‘ﬁﬁ‘é‘r(ﬂ elpia” ingfoatar 70 She rmpdibs Mihna Kellepe elpwi lsting
su%fl@lﬁ&ﬂt&foh Qfhs tn@ce@saﬁﬁe@ﬁgé’ LG S mVﬂi%lQ@E’ecHﬁb 38 Ridnt they
us inverted phase-contrast |ight mcroscope and
Werp arﬁ%#ﬁdezsmgﬁrswerad EpTAend BRS. The Gﬁg spspetsinmrwas sentrifiged s

ot SO A 45F B0 mihy 9, £ OSes et OB o2 Bl s

foﬁﬁEﬂl (b2 GO RMAO31 98 rerhoﬂeﬂ and uleer gellgirafdellsi rasubenddd. in Hiselfien
angel Id counts, were used to estimate the total nunber of
OB T inber of live cells (viability) according
to the follow ng equations: cells/nl= average cell
r) x 1x10 (haenocytoneter

5 (dilution fact
")(,C%QMI’W aetntynsAiypreBlel | s/l = nunber of live
hl Bluekis isédiol ééﬁr'n&t@ t]feaﬁl{)géﬁloff of mﬂa@%xﬁ&@%ﬁrﬁ%ﬂﬂﬁ U §he

c anber. factor Vil a ;l
reagtigiil effthostain is/ aa@ﬁ @ they éaqﬁ@imﬂw r@)mnhor@a mepasivelyfoheaged s

anﬁﬁﬁ%e&ropge?ct ﬁ%r‘? qm'l S ﬁ{e nﬂ'h dg Qﬁtﬂaﬁ%@ EREWI%IS{%)BJGHS

d ce
doanatitaké ghine dye,andﬂea:dl(a@evmblle) ellsido.i ) Anal ysis via Fl ow
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dlna ing a Beckman Coul ter
" %%E‘%ﬁﬁ}ﬂg{eﬁéﬁf nH’EH er of events after 60
Omge otmlmfagadabe supernatant was asplrated off and the pellet resuspended in PBS.

To estimate the concentration of viable cells and total cell numbers in the collected
medium and cell layer, 200 pl the well mixed sample, 300 ul PBS and 500 pl of 0.4%
trypan blue (Sigma) solution were mixed and lefi 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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recorded to determ ne cell nunbers for.conparison
bet ween groups. 23 26 January 2007 WD 2004/011499
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Si f \/LI s (199 Chem 35,
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fa&%‘i 234). The crystal structure coordinates of human
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Dat abank ( PDB 1A06) and were exam ned using WebLab
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each othér. This led us to believe that H s67 and

Hi s247 were | nvoI ved in the zinc binding site. The
Thesgeliguresiviene then displayetér grapkicad ferm tor shawdtotah ingmbgrtaf cells
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wellg Flatgsavrre than left orerught to 6@‘% lifsate.c She mediuny wes then aairated 2

ofﬁhﬁ thel celfﬁﬁyé}n»dashecﬁ%hrm dgﬁﬁeq&ﬁ}%@ ehd Wefbet%ateﬁ wikh
coli 5'-endonucl eoti dase and ki dney bean purple

megh@smalﬁ@gréyd with 0; AR 308 95§66 #M@thll% thecabisice Ok prieseats e
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he pré di'ct &d region o
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i An tial f
el e Ay Sed TR AR ThREAE o i€ s Toeafind Y selBUE gl
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VI e CC rs I N SI.te Was, node
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that the shif t he resonance i s dependent on
FCS added prior to cel] sorting. Propidium iodide (1ng/ml) was added to samples

immediately prior to counting to detect cell death. Samples were then run using a
Beckman Coulter EPICS cell counter. Total number of events after 60 seconds was

recorded to determine cell numbers for comparison between groups.
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the C - concentration, which makes bi nding of chloride
under physiol ogical conditions highly likely. Water
as a fifth ligand is another possibility. 24 26

WO 200@hdgey 2007 WO 2004/ 011499 PCTI (382003/ @ﬁgg
nodel was inported into Sybyl v6.8 (TRI P for
energy mnimzation to optim se geometry u3| ng the
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step root nean square deviation (rms
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A E RS oAl ot ofigeh i B Bl Bt b
sidtcin A for the ligands residue atons only. Figure 3
h I t t
SO A e TR A T
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axi al p03|t| ons. The chloride |igand s toward
furthiee suggeginghisfio taa gitelesite fqz\@mctbmdm Sm)Blemles hcnd 2
t f r r
i, SN, ekl ELEE o il B SSHREE o)t pES
invientiorson t he opposite SI de of the Zn. Attenpts to nodel
a tetrahedral site containing only the protein |igands

Modelling of Zinc info Proposed Binding Site

An initial model of Zn-containing albumin was built based on the published
‘crystal structure (pdb accession code 1A06) using Weblabviewer (Accelrys). Thé
zinc site was modelled as S coordinate containing Cl' 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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yi el ded, despite applying angle constraints, a
geonetry resenbling the distorted trigonal bipyramd
found in the 5-coordinate nodel, with an enpty

wo 0t i al binding site where the O - hagrbBgRMLR9 26
January 2007 WO 2004/ 011499 PCT/ GB2003/ 003199
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besaseefoBZ e dvithedcobalinatien fummbren bf Hmootguler neumi’o‘rn@dngl%re ot

(Figure 6b). The addition of 1 nol equiv of
be &[E%-QZTm d not affect Cdz+ binding. This is nost |ikely

duend ® f'hh&tdm ﬂi@ gabiétry drpurlf§ th&aine Waaroptilised\Vby 200rstepsSof

th z+ dis t
endfi (RISTIEHIOB RS GG Plt. (] DU Brotsin Tkt rodegs 22 Siow
chibhad ioRiohy. BA Rathe10 GER I Bfier, %f finihisitidnOV&é thed Bplo éaadil

to Cdz+, 'that Cuz+ al'so binds corrpetltlvel at t

thesentiee prafein i Esemoxe baskesometiies apel, Wpw dercea! %)Pornc%vhlﬁlbbad
beéﬁhﬁ‘{;d&g&’{h%@ﬁttﬁe om mlir&nﬁ'nltssiﬂ thé st ﬁ uﬂ% ré‘oﬁﬁﬁ Square
e dic

Sstmlar Sign rragnlt s of CII‘C
deham!hs(rlﬁsﬂ) valaes stéuchmm—iedﬁpatmﬁmfstm@mlrtbﬁf@mcﬁwhmen &7 A

ok A e ERRAARA R HEA ol bt o1

gen coortd
foﬂtbel@ﬁdsﬂeﬂidwﬁmﬂ@ﬂy and protel ns |s known to affect

oo A b L, B B R5E S s
hycﬁ@!gélh%] Qﬂ&h@&reﬁéﬂﬁnﬁ%or& ARJERER Xn lﬁﬁ’hfstra\tiﬁ g 2640 onli¥élativel

pot assi um phosphate, pH 7. 4. absor t| on band at 525 -
smﬂihqnwaf@amwegﬁ tl%cpssw@o QCFQ*%‘FOCE‘EPd'thﬂ@}? Yrdingifep, The site

fpﬁrfzh{' ﬁ%g'k&g% o WSR3 ilthe B¥ial
dlsgggi £a delltrg%gf (g_"qu\klliJ rc o@lﬁé coor ati onlet{i 0 Uzt e
- podHdavmsy é"rhe ahloeidk Bghnd ipbints teweds ithe outside of the protein. Additional

modelling attempts with different starting structures fiurnished sites with similar

* geometries, but with the chloride ion on the opposite side of the Zn.
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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absorption was observed after the further addition of
-1 nmol equiv Cud 2 to each of the proteins. The native
protei n devel oped a second absorption band at 625 nu

wo 2084)6k14d9e nutant a nuch broader band at 7@,@%&%Qy§e
7). These bands suggest coordination of Cuz+ to 2

and 1 N respectively ( .t et at (1990) J. Chem
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onlf '8RF SAaSSHof BhdidP Al Btk S trHekh §8sune EIRVAERO sifAB! 8t
out on an Asn99 H S mut aq; and n99Asp nutant Mt ant

greptot] affigity tewash dan than tpj r,ébat@%slao hwés empefitivgly at this
site> RIS tthQ 9&9 ¢ SFHR *7?3h'n§e§al BEdr@hatonee form

denonstr ect's o e nutations on _
i ntls'otedaimthat I’F;gireogesinommﬂal\/\Mgmamﬂ ghgmplldw of, ciroilar

. i.n.conf tiQnal .
dichfgisi Bt i bR, BT TS W iRisp R, B 7, A having
sxnﬁlupmﬁddafyfmbtd:eaoﬁdﬁ&éamumant serum al bum ns can be -
uced V\/n ar e _capabl e of .bi RY. Zi nc
KT i plrot HERTR porgroie: B r s i apes 4% Hroadih
is léioWArfb RARRGHO wastlenpihcof the dd Bssorpliby Bhik @9 kifesd complexes.
characteri sti céd) Probing the nutated netal site The

Aliguoteeferirls were added to B iV |swgtlm$ o5 b endhihe A peutant in 200
M pbiabsfilth bhosPiftd, Bﬁ #AN (A hbdo?PidnSand at 525 nm appeared after the

first addition of CuCl, indicative of N-terminal loading 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 T mol equiv CuCl; to each of the
proteins. The native protein developed a second absorption band at 625 nm and the
m_utant 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. Dalton. T vans.
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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"invisible" to nost spectroscopic techni ques. The nost
comon approaches to circunvent this inherent problem
use other metal ions such as Co(ll) (for UVN s

wo 208p@giposcopy) or Cd(11) (for NVR spect r OsEo@nhes/dfios N

are relatively simlar to Zn(ll1). Another approach
uses coloured Zn(ll) indicators. In the follow ng the
i nventors describe results regardi ng the new nut ant

Fﬁmma&u@ﬁim&ﬂﬂgww%eﬂ%utm&ﬁﬁﬁOpy and
titrations with Cu(ll). 27 26 January 2007
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I cal conditions. The Fle?ur es clearly show that,
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str S Tpdt a1 a0 e B e ol 0BT B Tt e 2 spatgms,
onlypessétntiblly suggesfific thpothé piaa kitdh albominie progasisee of 80 nM

chloride. Conpared to wild-type rHA (131 ppm and 27
ppm), this neans that the netal binding site Bis not

b) MiRnix ?@tﬂ@s YWeRe 41b8 @drkieR ou¥ BYE bR ASn SRS E@fdnl‘ hnd ASn99Asp

the nmutant site Ais alittle nore shielded than in
myige i | d- t ype. It m ght be predicted that substitution
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Zn2+ clearly influences peak A, but even after

Probing the mutated metal site

The assessment of zinc binding in proteins can be difficult, as the Zn(II) ion is

invisible" to most spectroscopic techniques. The most common approaches to

circumvent this inherent problem use other metal ions such as Co(Il) (for UV/Vis

_ 'spectroscopy) or Cd(II) (for NMR spectroscopy), which are relatively similar to

Zn(IT). Another approach uses coloured Zn(JI) indicators. In the following the
inventors describe results regarding the new mutant albumins obtained by '*'Cd NMR

spectroscopy and titrations with Cu(Il).
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addition of 3 equivalents, 111Cd peak A is still
present in the spectrum In contrast, 1 nol equiv of
Zn2+ is sufficient to conpletely obliterate peak Ain
wo 20d4oftiadoype rHA spectra, suggesting that %ﬁeﬁﬁﬁs/&ﬁﬁg

di spl aced conpletely. The findings can
lﬂt reted, to sone extent, by consi derl ng the hard

@‘l F"é@‘i‘(ﬁ'“&(ﬁ'ﬁﬁ%ﬁses principle. Cd2+ is a
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m%ﬁsmlﬁﬁﬂsthm@@@ jd-typonpared to ca. 150-200 Hz for
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Cab ICdzrm saﬁf;blbsz Md(tﬁbﬂ 9;8 )Zn’*T:ﬂar}y imflaBioas pealyfGub &%h a€er

R L M e b

mol equiv. of Za™ is sufficient 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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A" and Tris (or, alternatively, nonspecific sites on
the protein). b) Binding of copper(ll) nonitored by
UV- Vis spectroscopy It has been shown previously (see

WO 2004/6194951 Qure 6b) that addition of Cu2+ tq, 3Jo¥60
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- b) Binding of copper(Il) monitored by UV-Vis spectrascopy
It has been shown previously (see also Figure 6b) that addition of Cu* to
wild-type rHA leads to the obliteration of the **'Cd 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
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the sane two wild-type cross-peaks, again suggesting
that the three residues -nentioned are indeed in close
contact to each other. Cross-peaks 1 and A are
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_y?ﬁﬁégls&pﬁ%rt“&g %ﬁ{eodrsﬁ %o ARG 4758 Hidlyyoduced into

e magnet fte keepli ng the sanpl es overni ght at
279 K, the precipitate had dissolved again. The

A o0 SR R BN
Ash¥psspt ﬁfdsgmfaHﬁnitn}tarﬁpgmisa!;oemft?ﬂtvglm the prmdablndlng ism’i
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) a ) aif
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mentloned are indeed in close contact to each other. Cross-peaks 1 and A are
- assigned to His247 and cross-peaks 3 and B to His67.

-6."H NMR: histidine Hs1 resonances as diagnostic probes for binding events
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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bound to albumin, but during exercise, this number can rise to 4. (Peters, T., Jr. A/
About Albumin: Biochemistry, Genetics, and Medical Applications. Academic Press,
N_ew Your (1995)). The maximum number observed in vivo is 6, although X-ray
- structures of albumin  show between 5 (Curry, S, M,andelkow, H, Brick, P. &
Franks, N. Nat. Struct. Biol. 5, 827-835 (1998) and 10 (Bhattacharya, A.A., Grime, T.
& Curry, S. J Mol. Biol. 303, 721-732 (2000) fatty acid bindings sites. Binding of
~ fatty acids to albumin has been extensively studied in the past, using a variety of
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F2 is expected to allow the re-formation of the
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acid binding sites with higher thermodynamlc stablhty than site F2 appear to be

saturated. In the final spectrum of a sample containing 5 equivalents of octanoate,
peak A is not present any more. )

. 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 jon.
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Asn99Asp and Asn99Hi s. The graphs in Figure 18
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| The following conclusions can be drawn from the results presented in Figures
18 a-d.
a) It was confirmed that elevated levels of Zn* lead to celi death and loss of acihesion.
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FEIENELSW 48OLNRB@JEINE\ISERVTKCCTESLVNRRPCFSALQVDETYVPKEFSAETFTFHADLCTL 540
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HOMBDIVCTL 5 JPSONIRN SAE |
iRl CVL BER T B GERYer KCCSESL VNRRPCF SGLEVDET YVPKEFNAETFTFH
FELABL CTL 540nonkiak |shE
Bg fRL CVLH ERYTKCCTESL VNRRPCFSAL QVDETYVPKEFSAETFTFH
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rAsbNRL VL. HESFRVSERWT KCCTESL VNRRPOESAL TPDETYVPKAFDEKL FTFH
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ADI CTL 539 PIG

CVé. HEKTPVSE LVNRRPCFbSAtWLéIéEDrIrEA%tPr(lFa’ a%F\a{ 1(13-;}'l 1lilTFH

Ta mo acl sequence
-Rei%% cb;%? wm p&f@&@@ﬁ@%@%@*ﬁm

' - ampy @ﬂ_ Eeaigue xed area, are part of the min
sequegee @0 ek P@H%ES(%EWP@F@NJ‘?BEWKEFWFH
nunjpgraf gmoseqqgm are Human, P02768; Macaque, M90463; Canine,

- CABGARIOF rlieor RAASH) Revires RORE. &WMMWAE
P4%06K snd R&pBO27TVACAQUE
SEKEKQVKKQTAL VEL VKHKPKATKEQL KG/\DNFAAFVEKCCKADDKEACFAEE
GPKFV 592 CAN NE
PEAEKQVKKQTAL VEL L KHKPKAT DEQLKTVMGEDFGAFVEKCCAAENKEGCFSE
EGPKLV 600 FELI NE
PEAEKQ KKQSALVELL KHKPK?&TEEQ_ KTVI\/GDFGSFVDKCCAAEDKEACFAE
EGPKLV 600 BOVI NE 3
PDTEKQ KKQTALVEL L KHKPKATEEQL KTVI\/ENFVAFVDKCCAADDKEACFAV
EGPKLV 599
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SHEEP
PDTEKQ KKQTALVEL L KHKPKAT DEQLKTVMENFVAFVDKCCAADDKEGCFVL

EGPKLV 599 PIG
PEDEKQ KKQTALVELLKHKPHATEEQL RTVL GNFAAFVQKCCAAPDHEACFAV

EGPKFV 597 RABBIT
PETERKI KKQTALVELVKHKPHATNDQLKTWGEFTAL L DKCCSAEDKEACFAVE

GPKLV 600 RAT
PDKEKQ KKQT ALAELVKHKPKA'I%\/NGDFAQ:VDKCCKAADKDNCFAT

EGPNILY 604n isalatsinnuas bitadiser6 OSaiivah GhiBtaaiaipiainprisic the
Wﬁ%ﬁé \LV- 608 FELI NE AAAQAALA- 608 BOVI NE

- SHEEP . ASTQAALA- 607 PIG | EIRG LA- 605
RABHIRIS EFSSRIRERD I SHBENRKA FREKERAQ X A0Q QCPREDH V! -

EYN P Rl AD AT R THERSE TR AT AT "

mv@mmcmmmmem&nmmpmmwmam no

he boxed
R A B b A RR X BV w AR La R SR ot ng
- t&rrensﬂfatﬂmQmwm?AetnmﬁDEm%ﬁGKmﬁﬁdﬁ%gu”bef s
P02768; Maca 463; .

. (S sequences are Hunan
AstaEFs VARLSQHFPESEFABYSKIE Tmmg

P02 gg%%(\]anua@%;%?l'%?l ]\R@ﬂ%?ﬁl so?gﬁ ed

‘ ﬁﬁmmmzemmmammmvmkbmxu i ng

AR AR R A B R Y S T B AR Y ETTLE

RGO PEFFHIE CYALE VADKEK BLXI FEFQGRKIEONTELFEQLG

T e T A T s R e

MR ROGGABIAACE £ RRECHARTIEBRY TKCCTES
FKAV\AVARLS FPKAEFAEVSKLVTDLTK .
m EA FAVAR TENBHE) BERTKSEKERQ

| ﬁ&é@q@ﬁﬁhﬁﬁﬁﬁ&@ﬁ%ﬁiﬁ%ﬁ@%ﬁcmw
DKETCFAEEGKKLVAASQAALGL e

wherein X, is other than H; X; is othér than N, X; is other than H, X, is other than D;

X is other than Y; Xgi is other than L; X7 is other than G, X5 is other than E, Xy is

- other than H, Xyo is other than H, and Xy is other than H, such that said mutant
dlsplays an altered metal binding affinity and/or other physiological characteristic(s)

with respect to native human serum albumin,

2. The mutant according to claim 1 wherein the other physiological
 characteristic(s) are a change in cell adhesion to a substrate, percentage viability of -
cell and/or cell growth of cells in culture,

3.  An isolated mutant mammalian serum albumin substantially
compnsmg one of the sequences as shown in Table 1 wherem at least one of the '

residues identified by X.-Xn is mutated such that said mutant serum albumm

- -displays an altered metal bmdmg affinity or other physiological charactenstxc(s) wzth.

fespect to the natlve seqnence from wh:ch the mutant is denved. L
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YAEAKDVFLGWFLYEYARRHPDYSWVLLLRLAKTYETTLE

KCCAAADPHECYAKVFDEFKPLVEEPQNLI KONCELFEQLG

EYKFONALLVRYTKKVPQVSTPTLVEVSRNL CKVGSKCCK

HPEAKRVPCAEDYL SVWLNQLCVLHEKTPVSDRVTKCCTES

LVNRRPCFSALEVDETYVPKEFNAETFTFHADI CTLSEKERQ

| KKQT ALVELVKHKPKATKEQ_KAVI\/DDFAAFVEKCCKAD -

DKETCFAEEGKKLVAASQAALG. wherein XU is other than It X2

is other than N, X3 is other than H X4 is other than

D, Xs is other than Y, X6 is other jthan L, X7 -

ot hef. t han plajed mutagsemm gibmin coogding do agy H@Pﬂ‘l‘%ﬂa‘ﬁ,
whiel id 8t b %0od R i v Cihe%wb §e@&H@fr&mﬁubﬁ the yftant is

t salrd nutant ays an altered netal binding

“derived.ni ty and/or ot her physi ol ogi cal characteristic(s)

W th. respect to native human serum al bumn. 2. The
mut ant according to claim 1 wherein the other
physj.ol ogiheahutant isaluamilaums ucoo(ckl)g tarany presieding claim, whishis

dhesion, t a, substr
sShvaraaly ciblarnotiRe BF sl Sveral (e Bl bpsbeg! e bhe i,
séth AIbhimiXPIREE hitich. it Bedivadal bum n substantially

conpri sing one of the sequences as shown in Table 1
wherein at | east one of the residues identified by .
X1- X1 i SrE Wb derbtiCaTbuniia bodbalifl MU re@arngma:hmdmem
di splays an altered nmetal binding affinit %h
thelalpercdinetgl binding pHinity is destense 08 ) )mwmn mf'é%‘é e
natlve sequence fromwhich. the nutant is der| ved. 37

T 26 January 2007 4. An isolated

mut a‘ht S é?tmmaﬂa@mcnrdmgcto rady rpgeceding rofaimr whereinrige aetal s

" Which is at least 90% identical with the native

z'§‘é’quence fromwhich the nutant is derived. 5. The
mut ant serum al bum n according to any preceding:.claim.

whi ch bst ant t,
overl | (R A g prepeine i il 3 figtne of
RlfNiRE Wb@Fbigi ch it is derived. 6. The nutant serum

al bum n according to an ﬁpr ecedi g'g cl'aim wherein the.
Xal wer edﬁ,rﬁﬁllﬁth,ﬁ’gQaﬁf & VyWi ¥, & BeBr ease or

ncr eas The mut ant
)iacC'_Br d| ’{gm&bggdg%%%l m elfz"el n the netal is
%31 85 8A, Ehe, Kl BN, RS R 8Ty, Wy WG yEeceding claim
conprising at |ast one o
¥ = AFRGILKLNPQRSTVWYCEH
Xsg = C,D,E.H
Xs = CDEH
X =» ‘CDEH

= A,CFGH,I,K,LNPQ,R,STVWY
Xo = AD,EF,GILKLNPQRSTV,WY

Xp = ADEFGLKLNPQRSTV,WY

N Xll = - A,D,E,F,G,LK,L,N,P,Q,R,S,T,V,W"Y

9. The mutant according to any preceding claim comprising at least one

mutation at Xj, Xz, Xz or Xs.
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the followng nutations: X1 = A F, G L, N P, Q R
S, T, V, WY C D E X2 B
AF,GX KL P QRST VWY,CDE H!X3

AFGIH KLNPQRST VWY,CDE X4

AFGL NP,QRST VWY,CEH X5 C , E. H X6 =>
C.D E H X7 C D, , HXs A, -C F. G H 1, K L,
N P, QR S T, VV WY Xy - . . :
ADEFGKLNPQRST, VWY Xto

& 110y & gt B st bl cpmgsing e ROyl APEES,
A@ﬁ@%ﬁbﬁg}smmn precedi ng clai mconprising at |east

one nutation at Xi, X2, X3 or Xs. 38 .......... 26
January 2007 10. A nmutant human serum al bunmi n

conpjj si ng nh&lﬁg\ Py %F%@ﬁbe’%ﬁﬂa&?@ﬂ éhcodif)p & ARMHMP se@lim albumin

Hi-s6 Ala:" 11. A nucl ei c acl d sequence capabl e of
aesousking) tagnypregeding clgisr um al bunin according to any
preceding claim 12. An expression cassette conprising
a pronoter operably linked to a nucleic acid sequence
accorli ngAn exmesiom cedsettd Somprisiigaa rpeweeiel operably linked to a
C osktion conpri.si tant serum al bunin, a
_‘I.Y'Fgedn‘}’)‘é‘f’ s“ﬂ&?’b"%@%&%ﬁ%@%ﬁm " expressi on cassette
according to any preceding claimand a
pharmaceutical ly acceptable carri.er therefore. -
- Cer 1T ul vhpRaal R OB e GREFNE Aot A B2
a1 5@ s&quedeiof af SAMENIBR cAetR hcEOrding $6 ki préceding iclatm and
according to any one of clains 1-12. 15. Use of a
a pharmaceutiesliyraceapiable carrientherefre aci d or expression
cassette according to any one of clains 1-12 in

culturing of cells for affecting cell adhesion and/ar
cel | 14gr owh ket balhue medinmtdomprising a mytensspom dbumin; & prclgjc

owt h characteri.stic f . [ [

o Sl Pb g f RArEh e p g g g R Sl #192.
in the presence of a mytant serum al bumin according
to aﬁy ‘on(?seo(f)f a lm"illltarr]l]tS se}'fllp%'albumin, nucleic acid or expression cassette

according to any one of claims 1 - 12 in culturing of cells for affecting cell adhesion

and/or cell growth characteristics.

16. 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 1:12.

17. A method of obteining 2 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:

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

b) conducting a mutagenisis reaction on said nucleic acid in order to alter said -
nucleic acid whereby said altered mucleic acid sequence encodes a mutant albumin

polypeptide comprising at least one mutation with respect to said native albumin;

397 .-
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17. A nmethod of obtaining a nmutant serum al bum n which

displays an altered netal binding affinity and/or

ot her physiological characteristic(s) with respect to
a native albumn fromwhich the nutant has. been
derived, conprising the steps of a) providing a°
nucl ei ¢ acid sequence encodi ng a nucl eic al bum n

pol ypepti de; b) conductlng a mutageni sis reaction on

o hreBpng g v Ao Ftedbd bk etst b uhie op vt i

aci d sequence e&y % gl
. ‘MUt ARhnt alvariin displagd ;:pemeddmeteldnpdmg pRdforygther R

nutatlon vmég respect to said native al bumin; 39 26
C) expressing said nutant al bumi n
polypeptlde and detecting whet her or not said nutant

e Sl e A e

. ek @ésmué;Xi/\hXh% Ehdvdineinrmblarlt al buni n
conpﬁ?gggnat(xﬁéast one nutation to residues X1 - X11

as shown in Table 1. 111 40 ' |
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