A METHOD FOR ASSAYI NG TROPOLONE COVPRI SI NG COVPLEXI NG
TH S MOLECULE WTH CU ( | | ) The present invention
woeb@tessivo the field of anal ytical chem stry BAQ@WEP2004/008985
production of reconbinant pretein fromcell culture.
It devises a nethod for determ ning anal ytical anounts
of tropolone, which is a cell culture supplenent for
in _animal cel] |ture an '
» bRl R af rraf Bl o Ry AR P B3 B i poons wamm cocam
Tr opol gne, 2-hydroxy-2, 4, 6-cycl oheptatrien-|l-one, is a
Thegrasend vavertipn sHatenie] the Geldiof apalytical chamisime rdaprogiection of

el n-= i mal [ ture nedi : .
recPfl o orol i O TR ool by S R WP kRl ifelica
amBlints Bf appdlome waddlsis arvell bulsurs eigdermant forl in kipintkd cell adlture and may

si der ophores known f.r.om. bacteri [t excels both by
contarmafs Pragic) PRBPYTIEPS IPRGHCR pell iR SYBPBREAL | es and

its non-toxicity, that is it interferes not with any

cellular functions and does not negatively affect
Treprodavteh2-Gify deoply+2sd,6-cp¢ibentatriethé-one) ie e avell-ldwsinrigen hslator that is

synthetic chemgal , .an i ophar maceut i cal oduct
sufheid arOB0 B8 Rl o BB EEh B e il BEREE fptake by the
cells) h$ @dseribeiEiel ER-01 (10474 B Repd16tie dckstia ehis 884D hfuch like natural

.contam nation by carry over of tropolone in the course .
sidgroppories knewt fient bastapiet 1 exeatshath b ita petabbpigeersible iron chelating
: N FEi e LUt

BB L2 A oA S SRR ARG o
not mgatitdlpaffea goavihof aaimadbellsyih tlcadelenmitiosingor assayi ng

tropol one fromcell culture supernatant or

protei naceous solution, in particular from _
AsRf ShleR@cRAMsa1S Ay HibAhrm TRk bRt RORAM G QL 8o tropolone-

that is enriched™to a concentration of 1 ng/nL or
suprilethented el @iltuly meets foshedodtedfpr byce disounts ¢drathnpihatidneby carry over
of éﬁcﬁl\glgﬁt ﬁn{}@%’ ?cﬁltééeg Ju%lrﬁg Sojlﬁyl ) %e(rg]g i(\)flg 81'11(? {ﬂ%éstaanalyﬁcal method
allSwWHeIoT3t fiRlenOfeslulbR bEIrOIRIGRUS réz@ired.i on contai ning an

enriched product protein, conprising the steps of a.

separating the tropolone or its derivative from

It if Eﬂibﬁf.eet mﬂe pl@gén? fn\}eﬁtﬁ%tdegfse %fl Eu%rlyﬁctﬁ"ltneﬁl%g Ror assaying

tropolone from cell culture supernatant or proteinaceous solution, in particular from

proteinaceous solution comprising a product protein that is enriched to a concentration of 1

mg/mL or higher.

This object is solved by the method of the present invention for assaying tropolone or a
derivative thereof from animal cell culture supernatant or a proteinaceous solution

containing an enriched product protein, comprising the steps of

a. separating the tropolone or its derivative from protein and, prior to that or after that
step,

b. complexing the tropolone or its derivative with Cu(Il)-ions in solution and

c. assaying tropolone or its derivative by means of reverse phase HPLC with a

hydrophobic stationary phase and a mobile phase, preferably a water-miscible
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b. conpl exing the tropolone or its derivative with
Cu()-ions in solution and c. assaying tropolone or its

wdeopniswatilye by nmeans of reverse phase HPLC wi t RC&EP2004/008985

hydr ophobi ¢ stationary phasesand a nobil e phase,
preferably a water-m sci bl enobil e phase, which nobile

phase rises,c r 0 [) i

P on TR R RO et goPea e ariors bl byl igpend an
enmbgeki- paﬁhg@éa the i nvention. Wat is shown is: Figure

la: Tropolone Standard (2.0 ng/nL) Anal ysed on an ACE
C2.1 mMmRP HPLC colum in a 0.1% CuSO / 0.3%iSA / 10%

Acetonitrile Mbile Phase. Figure Ib: Tropol one
Standard (2.0 ng/nL) Analysed on an ACE C18 2.1 mm RP

ThelPigGreSekamplifysi pugsibleCeniBiedEndGDof the.idvehRdn./ WhaXds shown is:

Acet oni t rile Mobile Phase Figure 1c: Tropol one

St and 2. mm RP HPLC
Col urm’ %é ggi&h%&f@%ﬂl}%ﬁ? f%o;a w@/%ﬂ/)%w sad @ gRAGH €18 2.1
Mobi | e Phase Fi gup&kH HPLEcg & OstafamQy/ 087 1y/ W%
Anal ysed on an ,ae@togltglezMgb IRe.HPLC Columm in a 0. 1%
CuSO/ 0.3% HSA / 10% Acetonitrile Mbile Phase. Top

Panel : Tropol one Standard, Bottom Panel: Mobile Phase

Fi gure 2a: Exanple Chromatograns of Non- Spi ked |1gG Lot

&S?Oarf Buffer Ciontrol fg‘% Zﬁ%b r@gf ?%C1821
1859 and spl ked fR oigpn %@%gq’ A/10%
Chr omat ogr ans  of sCEEtHY &1 ™MebHs 36 one Spi ked 1gG

anti body Lot 1859 and spi ked buffer control Tropol one

i s 2-hydroxy-2, 4, 6-cycl oheptatrienyl-I-one. Synthesis
of Tropol one is described

Figure 1c:  Tropolone Standard ( 2.0 ug/mL) Analysed on an ACE C18 2.1
mm RP HPLC Column Using a 0.1% CuSOy4/ 0.1% MSA / 10%
Acetonitrile Mobile Phase

Figure 1d:  Tropolone Standard (0.1 pg/mL) Analysed on an ACE C18 2.1
mm RP HPLC Column in a 0.1% CuSO4/ 0.3% HSA / 10%
Acetonitrile Mobile Phase. Top Panel: Tropolone Standard,
Bottom Panel: Mobile Phase

Figure 2a:  Example Chromatograms of Non-Spiked IgG Lot 11859 and
Buffer Control.
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in Doering et al., J. Am Chem Soc. (1951), 73:

828-838. Synthesis of derivatives is described e.g. in
wO203/0134968 and JP44031595 B. Accordi ng to theCpEes®anossss

i nvention, suitable derivatives of Tropolone are those

derivatives which are capabl e of chelating ferrous or

S der RO éoa.”ffﬁﬁép @ﬁ;ﬁa@? hfe Sk hem) 150
Wi t hout negativ ed 3$@V€P Telynction, i.e.

wi t hou toxic S|deeffects Exanpl es of a toxic
tropol one derivative which is exenpt fromthe scope of
t he present invention are e.g. colchicine or

col chi ficall di st
bl ﬁb g%%fﬁ Emeéprksed IgG
Tt 18 oot pogts: %ﬁg@a%élw S £

si derophoric properties with living cells. Preferably,

in order to allow of chelator properties, a suitable

tropol one derivative according to the present

i nvention conplies with above definition and further

has the structure | Wherein R ,R2, R3, R4 can be,
Tr@icﬂm&: io R-tiydraxgrhi, Bﬁybl@ﬁeptﬁyiéﬁ}ﬂgeéhe Sbﬂft}déms & ’epYbue is described

kynyl , ar yl, ara kenyl , al a
in P@?le‘?%ﬁra}fb Het ‘éh%rgclﬂ%(;ll»‘?ﬁ)h%% &2838(3&} ﬁ)@ﬁ SlSdrf derivatives is
I I

e 051 A i AU 1558 BE ARE N80 Wit e,
suiitztbd;tecﬂefrivraﬁvetseif Tirbpoioe ate thiosadenrativésewkioh are'ﬂapabiadf d&laﬁng
P R4rr93éb further substituted WItL] 8
efﬁ%seg peige iPgdSpd iRt PEmarang Peirebleneiferopric iron

chélBof irf ﬁﬁhﬂ@@ll@ﬁlﬁﬁéﬁmﬂﬁﬁ%‘hég%ﬂe&& aﬁ‘%ctﬂ%’@éﬂﬁ‘l@?ﬁmctmn 1 e. withou
permeability of a necessarily anphiphilic si der ophor e.

toxig ﬁd@foﬂﬁtSnEKﬁlmﬂ'es aiesmbezicttmpolong died vdtye RyhichRB ex¢rgptafian dre scope

of ks Ryl o Fe SR YeTafoni=0i B el 4R

furidamentpedibie fandtiont fat thiisare SSAVE thxacio e, nl@ls h@t ﬁd@ﬁble to use or
met hod of the present invention. Derivatives of

testrthepofon piderppBordsdmonesties Yih {iKing oghs Prefersply, srrsdergo gy of
f
ch%?ﬂg% gllfv??fe’e%s %1’%51% %ﬂop ge Hérfl%vagl rraeéctggdlféé f t% pl%gézﬁt Aielbon
compli¢roditla tbvasisfinition ahd fiathel kaspghe parcaire dn descrl bed in
this specification, where not relating explicitely to
Tropol one derivatives, apply likewise to this
preferred enbodi nent.

)

R4
HO R3

| RA1 R2

Wherein R1,R2, R3, R4 can be, alone or in combination, hydrogen, alkyl, alkenyl, alkynyl,
aryl, aralkyl, alakenyl, alakynyl, heteroaryl, heteroaralkyl, heteroaralkenyl or
heteroaralkynyl groups, with the proviso that R1=R2=R3=R4= H is excluded - which
would be tropolone itself rather than a derivative thereof. The radicals R1 to R4 may be

further substituted with e.g. halogeno, keto, amido functional groups where not interfering
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Reverse phase HPLC is well-known to the person skilled
inthe art and e.g. routinely applied in HPLC of
woepisioded9 | n reverse phase HPLC, the stati onaPgT/ EiR2®e/008985
consi sts of an inert supportgamaterial having high
mechani cal strength such as typically e.g. a
[
withl th i h?e?rut}?ﬁg% of %eﬂlb?gl%eﬁle%{h ng?)gg%g?e%gago}{ amghlghﬂlc siderophore.

Inpimaﬁm;atmnhmemhbhlrﬁ:dléa]mRﬂJ ROH3 grddotR4 may el ®olit yubstituents of
nded to t$ sug ort or matrix material. Such reverse
th Qedngniiops %WQFI fgﬂ’ﬂ?ﬁs can be e.g. butyl, cyano,
di vi nyl phenyl, phenyl, hexyl, decyl, dodecacyl,
octadecyl. It is also p055|ble to use so- called
In g firéied erbf@TedeﬁndmddBmtrlewéPerolptmstdy thott ismssayed accordmg to the

mefia 4 HhEPlendhl BB REHLi P RTHRR o RS LT it ey
Trép16H¥18 varyovdltikddgvnSfo s POR Yt AFsLSs @@ Ehdthtlele pRbferties. All

readily comercially avai | abl e, e. g. from
preferrsl erahadimgrats ofgiagsay syithodemd aspeotsont sy@plsrpsgvpgtion described in

thJéﬂsjp%cﬁica{:> 51{?}; ee?{’ﬁ%%rel&%gaé@é?{tai t(‘? Elﬁ)i)?loﬁg h &att gg 4 o} a{}y likewise

1°’Onar
toﬁmymﬁ&hﬁdpnﬁbémahty with a dOto C20 alkanyl, nost
preferably with C18-octadecyl al kanyl. Further
preferred is that that in conjunction with the

Re%r@é ﬁﬁa{sg @TﬁL@ﬁtWéqua{o“Qf B YRSperddtk iRl e B d‘:ﬂﬁl . rhiitinely

lica. Thus the preferred stationary HPLC
ap}d@don dﬂ:PrI@ ofpephidesp resuerse plmse MPLEH th%st&imnaﬂy@lasaa domsists of an

inel T Pah e A el st Pust B2 g o silicn-based,
cotEDAd iR sedl o nﬁb’@lﬁa{ci‘ﬂlﬁoﬂﬁﬁéﬁc%dﬁﬁdﬁ AGREYS Fop ré\%fé'ég)h%e a
resol ution of tropol onée peaks, columm capacity an

hyrepBelkia fenstignal geopp is PwaﬂG}lﬂl}’é’@Qd@t}é tlaeosuaag@ ppmnatmc materipleSuch

rev%fs%? %Xct%?ﬁ%n%e%ﬁg%% b%tt)ﬂ c%faﬂg t(P 9 g}/l%flenty? é)é}&%t I%exyl,

I 'nven on-pal

deqyibtiodacaest, betadécyt. i is alsppessitile &duﬁm’gaﬁlléﬁéﬂﬁaﬁmmﬁwded
bel ow. An | on ent according. to the present
R P b e b PR
kndwRtZHE |s§ﬂle§ g&@@ﬁ( @uit&blg 3l & $MT§€]}BV@§ #ps@ﬁﬁﬁl .qhases for
transiently to the Cu-tropol one il st
HPh4vim geadily spmaiencialtyf availallefeog. ftane SupalerElekpGhemie, Switzerland,

or MR BRR PRt at onar y phase. I n short. an

i on-pairing
Preferably, the reverse phase HPLC stationary phase is made up from a matrix
functionalized with alkanyl, preferably with a C10 to C20 alkanyl, most preferably with
C18-octadecylalkanyl. Further preferred is that that in conjunction with the preferred
functional groups, the matrix material is silica. Thus the preferred stationary HPLC phase
according to the present invention is an alkylsilane, more preferably a C10 to C20
alkylsilane, most preferably a C18-octadecyl-silane. These preferred embodiments are
particularly advantageous in terms of resolution of tropolone peaks, column capacity and
avoidance of sensitivity loss due to adsorption to the stationary phase when used in the
method of the present invention along with the ion-pairing reagents and in particular its

preferred embodiments described below.
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reagent according to the present invention is defined
by having a carboxylic group noiety and increasing the
woeb@mi7anm time of a Cu()-tropol one conpl ex onPAT/EP2004/008985
reverse phase-Cl8 HPLC columg at 20C in 10%acetonitri
in water in the presence of 0.1 % (wv) CuSO4.
Preferably, the ion-pairing reagent is nore
hydr ophobic than trifluoroacetic acid (TFA). TFA is
Armr xoutpa[migyreegﬁnt ayceddlingtortby present pvastorHela Ceaplendiprites at least
and [ st conS|d%fed a universal gold standard

% ﬁ%f exylc gremthptgan gt Jeast tyaasienthpbingd iyba Curisepolone

coﬁ%}/e%rﬁlﬁls@ Hﬁﬁﬁ%y&rﬁm ArriER ?oﬂﬁéjfe‘?f&lgg ?h%e F&ﬁoﬁﬁk%hﬁ‘s@, thus
compound I's characterized, in it a

retgimirld the Cmbtmdlqmlcom@lex@ndhe stasormneplease i shorgtaariémbairing

re A0 23 TR ST SRS R eroup moicty
andd @Rk é@king AhORMENYIbh EnROFd, CulH)- EM%&%@&B?@I@X 8€ b $overse phase-C18
hexylsulphonlc acid or the salts thereof. Mire

HPF;,Cef: Y 0°CHa 10 s etpRitign meatay én thetpgeserce of 0.1 % (w/v) CuSO4.
hydr obobi city, as judged by the nunercial value of its
specific dielectric constant, that is equal to the

Préfgmibhyptictio-phiyingfreagentiis mofe hptgshobid thaﬁmﬂubfbacetw acid (TFA).

d
Tﬂ%&?@&%ﬁ%@?@ﬁé@%& a%‘? ﬁ?ﬁ&é’% E'epﬂq%E ang isplpastcppgdered a
univefd =‘§61d 'sﬁnéﬁh AR heRR ﬁ&ﬁsfgx{ é’ﬁﬁ r?%c .%ieﬂgfgﬁ) feverse phase

but yl - sul phoni c acid, pentyl
HH&0A mond Inftoephobiecipal pairing csmplmndhe clmaqtermé; imiits ackieform, by a

RS o B R B R BRoRBES . sl
iorepddank Feapénts 8@ 4. caﬁaaatmaaﬁn@rﬁ@a%talaté Hagmho@%%e RER,

aci d, nore referablg n- hexy | phonic acid

megydsuphaic acidrhresylatphoniaacid ﬂt’@iﬁ tsalmth@mochfm pi’ﬁf@amyt the ion-

ol Hodbnl s By BB b TGl 3 sl

didbgotii ©giietaint that dpeutl to she Dfdréghebieity PO 568 11@fanl’g@b$@ﬂ’v¢é€n the
hy. even nore accurate means. of

B3Ry L Lt BHPRONc Aridand P horgracid ARGy sle fon
pai?_%%%@ag’é‘ﬁﬂﬂgsﬁgaéwﬁﬁﬁpﬁhe 0 glagnsﬁ’gtﬁig%ﬁbuﬁypg glt-dd{?@am&'ﬁieﬂ%ll—

met hyl sul phonic a exyl su onrc a
sulphéuge @wd@ndrhmedwalphomSwH ofr addxt}m;e@f evheineis theesdkyleulbstituents

maysb dnranche ]:)rl WbrAh& pré’feraf)ly un }/a%gﬂed. In a particular preferred

embodiment, the ion paring reagent is hexyl-sulphonic acid, more preferably n- hexyl-
sulphonic acid, most preferably employed in a concentration of from 0.1 to 5%(w/v) in the

mobile phase.

It may be possible, for the purposes of the present invention, to define hydrophobic
properties for the purposes of reverse phase chromatography even more accurately by
means of creating a retention index ranking for a given reverse phase HPLC embodiment
of the present invention, using TFA, methylsulphonic and hexylsulphonic acid as the
reference materials. Such index system has been e.g. used to define polarity of solvents
(polarity index, L. R. Snyder, J. Chromatogr., 92, 223 (1974), J. Chromatogr. Sci., 16, 223
(1978) and may be adopted in a suitable context to define polarity/hydrophobicity of ion-
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(polarity index, L. R Snyder, J. Chromatogr., 92, 223
(1974), J. Chromatogr. Sci., 16, 223 (1978) and nay be
wadotetsipn a suitabl e context to define PCT/EP2004/008985

pol ari ty/ hydrophobicity of ignpairing reagents).

Preferably, the concentration of the ion-pairing

r.eagent is of from0.01 to 10% (wWvVv), nore preferably
pal_BLPg ¥ ﬁ’iltf‘)) 1to 5%wv), nost preferably of fromO0.1 to

1% (W v). In a particular preferred enbodi nent,

hexyl sul phonic acid is used in a concentration of from
Prefierably othg conappirgfion) of the)ioa-HairingHergephistof dignd-0Y to 10% (w/v), more
PR o R s A R Bl BP0 d DR s
paﬂti@uluspefdmd eoibot imadnit, diex yistilph@iic adilk d ussd ireneorst@tdtionaf Yrom

T CI e R AT
theWBh&4ti s $41 fQL ﬁeéchgéﬂ ﬁil thP ﬁ)ﬁfng{agﬁlaﬁovet 88 é@ﬁ'cbﬁbﬁﬁﬁ&? with an

conpri ses pr ef era to 20%
alkglréilane ofatiogay phaster pﬂe&rab‘m e Cd&@tctadectyﬂrstaaonzsryrphase

adm xture with at |east one further polar solvent. The

nobi | e phase may still conprise further solvents

Theabile phdre fOrIPHE expédlictilySOh p6iat, @M-@@@bl@mcﬁrd |Preferab1y, the
Preferably, the further polar solvent is water

mObrlepbrSﬁrsplylpﬂﬁﬁs hnt@b%OfVe(Vﬁr)aeﬂeredzrﬁ%rabbéé ta0% é¥(¥} om%omtﬂle The
acé&fg%@{e Wt Glimidrl S A gfﬁ Jjéja?(s é;rléequRé} rPlof‘ar g&@a?ofﬂé%b?@ﬁhase may

as a source r ono

stifl computisecfnrthdr sbiventSbegide therfmrtlmn eolao sodirent aadralcdtmmﬂm d
di ssoci ati on of the reversible conpl ex upon HPLC. More
preferably, the concentration of CuSO4 or the Cu(ll)

Préf&'ﬂﬁl 'ﬂﬂe%ﬂ%&@blak Bl idRBet, Sa R0 BRGerhly ti hbDGi1d A8 cARhiprises
2% BBy Fomo. P

5%to 0.2% (W v), nmost prefer Is of f
atlb@tQO%«V%)\WaW@r As said above, it |s preferred to
assay Tropolone or its derivative from protei naceous
solution. More preferably from protei naceous sol ution

Pref&@aplyi e Mgbbile @h@gél&tnp@rset @1!1804 8od sbsrc@€6f CE(MBIdnt,An drder to
concentration of rrP/ L or gher. In a further

progaade &rpatior ahibgiGeR)- romlenesfa@aﬂet angfo ereithdiseeiation eighe

I I [
o BB BB DR ISP R BT Sl
Cu(l)SoHs in general in the mobile phase is in the range of 0.05% to 0.2% (w/v), most
preferably it is of from 0.7 to 0.14 %(w/v).

As said above, it is preferred to assay Tropolone or its derivative from proteinaceous
solution. More preferably from proteinaceous solution comprising a product protein that is

enriched to a concentration of 1 mg/L or higher.

In a further preferred embodiment, the separation from protein is achieved by precipitating
tropolone or its derivative along with protein with a Cu(II)-salt, preferably with CuSO4,
and recovering the precipitate and secondly removing protein from the recovered
precipitate by ultrafiltration. Ultrafiltration may be carried out with devices well-known to
the protein or biochemist, ie. Amicon filter membranes or spin filters using such

membranes. This preferred embodiment allows of very efficient, complete recovery of
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and recovering the precipitate and secondly renoving
protein fromthe recovered precipitate by

wabkoesafirdivrati on. Utrafiltrati on nay be carri edTme2004/008985
wi th devices well-known to the protein or biochen st,
ie. Amcon filter nenbranes or spin filters using such

referred rrbod | ows of ver .
troffFBRe A derblife B6E' B bfnf TRl Rl BoyRhR of pariFteY formation
in & ahgheatdpva@oxfgrwnm bdparaioh AVIB&impanmltly, ieinhtho@atl oWy dT@liffinating

nplex formation in a single step along wth

int%fé?fmgdpms RPeqiRssPhosphafet c&ﬂnn@ thohero nee resenbRgusfers used for
s S RO IR PIE S D006 RRE i BRRRD L By sy

forstapoiong. No deshitivef afiseniplerioteguiredfod opbnandm oD]HPI:C SE!ﬁfheE,Sthere is

no g o s i iy IarigE ol PR o BisdiBke dn Griaby C
amminie %ulfété"?f mtﬁtlwaé'h%%ﬁnér?% Elﬁ)?bﬂ ERPr&AEinQrediGitation in the art

| oadi ng of the sanple onto I'n contras
woaldrbawerarsigblhingnpamepleisirecor tryrof &topelonerdixppdiently, pyesipitation is

carp 8 6 PR OB CheBrsafdunpafeaB it s (V9 Clap s

Expediently, precipitation is carried out with 0.5 to
10% g) salt, nore preferably with 1 to 5% (w v)
Expgyimentss | t | Experi ments Different routes were tested
for sanple preparation frompurified, conplete |IgG
anti body sol ution nmade up from standard PBS buffer
(physi oI ogi caI phosphat e buffered sali ne) and spi ked

il 0418 attes (oeted BRI ReRHGAion, 5y PGS Comp eIzt antibody
solﬁﬁ&ﬂna@é uf Gboln Gxldatt BBS BY R &C(ng?idl@%cﬁ'ﬁgﬁfhﬁ&tbu@féw&%gﬁne) and

8 i dentical sa e method resultin

Sp1k¢d mtbéﬁé tlg};ﬂebﬂtrmolqmbcﬁeb waltire ormdite usrallyicnaiprises around 10
appl e was det rmne best working, precipitation

1\/\% fﬁol{%ﬂelf)mmt %ﬂésgt?(}cﬁgﬁell ®more detail. The nethod

was found to perfomequally well with true in-process

sanpl es derived fromcrudely purified 1gG anti bodé o
Byfcogpanedidfrent mpthqds of wﬂ@n&m ilsnticoh panples the method Fesulting in

gredfbst géfa"&ﬁ UlOBR%’gg fic y 1n9f sali lé;&e/.l(% &&@ﬂl 1%&16 Thlél- Egst working,

super nat ant proc

preé}pﬁiaphlawdxhéjufﬁb,dmasog'bmhhynorbdmhﬂsp| ked and unspi ked
sanpl es were tested. Schematic Qutlines of Tropol one
Sanpl e Preparati on Met hods Exam ned

The method was found to perfom equally well with true in-process samples derived from
crudely purified IgG antibody from NSO cell culture supernatant which cell culture was
grown in the presence of 30 uM tropolone. The supernatant had only been processed with

Protein A-Sepharose chromatography; both spiked and unspiked samples were tested.



Test sanple 04- Cu -precipitation Acidification |

kDaM crocon centrifugal ultrafiltration 4 mn, 1 rcf
woaeds/ofitdiber with conbine filtrates CentrifugaPComPRAgS08985

through SPE min, k x rcf cargridge Dry filtrate under

ni trogen gas Redi ssolve in organic sol vent kDa

M crocon Elution with ethanol Centrifugation/ renoval

f sal s centrifuggl uktrafiltration an recipitates
Sefigmfi, bR of TepBon i Rle s e GR AR Eained

Reconstitution Reconstitution DryingAfter drying in

the U travap nitrogen drying unit, worked-up sanples

were reconstituted in 200 nL nobil e phase for anal ysis

by RP HPLC as descri bed above. SPE:. gravity-operated

Strata X 3 nL sol i Tegtkampleextraction cartri dges nade

up froma pol ystyrene divinyl benzene solid polyner,

pre-conditioned with 500 nL etharql and 500 niL 5 nM

H2SQd~ 1. CuSCd Sanpl eyPreci pita??%ﬁandard

tropol one solutions prepared as said above were m xed

Wi él!il %?%cgéijg@g%t 0 aAI:iidHﬁlatigrp ncent f i;clfr?céé/f) 1( }NQA) ét
i i)
%OX\KE‘i e

+ (!
Preci alts were renoved b?l e
15 000 rcf for minutes. M crocon( Oﬁi}:%p

(

10 I,dDA MM cut off 500 niL-filters
equi{llri brated by the agdition of 400 nL fyol | owed by
centwifugation for 40l m nutes at 13 000 x rcf. The
sanpl e supernatants were then appVasdiltey withd1iQ, combine filtrates
filters. The filters l
Centrifugation Pass through SPE
15 min, 15 k x ref cartridge Dry filtrate under nitrogen gas
v
l l Redissolve in organic solvent
10 kDa Microcon Elution with ethanol Centrifugation/ removal of salts
centrifugal ultrafiltration l and precipitates
50 min, 13 k x rcf l
Dry under nitrogen gas
Dry filtrate under nitrogen gas

: l

Filtrate Reconstitution Reconstitution

N /

Drying
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were centrifuged for 40 mnutes at 13 000 x rcf. The

filters were then washed with 100 nL and the filtrates
woaals@d7517he pooled filtrates were dried in gl BES/EPR@UB08985

under nitrogen, reconstituted in 200 nL nobile phase

and anal ysed by RP HPLC. The nmethod resulted in a 84%

yield. In general, for sanples spiked with 100 to 2000
AfiegArsiing inche Udingvap mitsoger drying ooy, evork@l-uw ssinples were reconstituted in

20§ SEESH5L B o SRTRN 5% BT B S, ST e

St B Smhi @ifidashald Yiracioh eéa?@iﬁ?é’se h]\éde tdib' ﬁoﬁr Q%Mfﬁene divinyl

was performed w thout dr

ﬁg @gl n}g pr oved
- benggne sdidaolyaefpreetpnilitioneewi tSDOmL@dlap@b@@cu (el FheM H25804.

filtrates were anal ysed neat by RP HPLC. The opti onal
wor k- up net hods shortly descri bed above resulted in
nmean recovery rates of <20% (solid phase extraction)
1 06 Yo (M rocclatnlulltraflltratlon) 2. RP HPLC RP HPLC
- an Advanced Chromat ogr aphy

SR o e T e A AR im0

fin@lcdoRt f4tias 8F 0% CusdLev/ay. M@&lﬁftatg@ E’dﬂs%vé?@ ?e?ﬁ‘ovekl I‘Ib‘?ec%ntnfuga’uon
conditions of isocratic elution, flowrate O.

at 1 00 nreftfop @inéasect i on at 242 n and 100 nL |nJ ection
vol une. The HPLCsystemwas an Agilent 100 HPLC system
[ rii§iagav e r
MiBlocBW, HiBEre, (AT’ 10, HOA" DAV ENEOCRL-MIBEM10)  were
ethbnamdr‘qyl the addtiangf 440t L BHO ifsli@tredisy mfrtm@tﬁn\fexrm Minutes at 13
cur e for

hi Th | ut I
008 st The SIS Sinprmimanis,eteuign PRPIGAGARS Yiqesdan fgs.  Bhe filers
wefd &ntﬂifug&ljfo% 46 nShHMs & 1l3toam< R YRS fidbrs *avewﬁeﬁ» @ ¥Bhed with 100 uL

nobi |l e and stationary phase, except that different ion
HoPaindithe) fittesdeganootedwdibe posked f(lffﬂﬁs wae dvisd in gksewid]s wder nitrogen,

SR o 1 St e DA B L et

84YcayigRis Ql@|g€neﬁ£lo<féi€ s spil@dagiih D00 Yo ¥BS0 AL BapbloAd ks mean
purified means of Protein ASepharose

recemrarm@mgir@wumh@s freamplas| spikad ivo s vay doyiawemnisrofttrapolone in

vaogﬁdlgg?ﬁz}?nﬁ?%dn Qﬁanguf@%c%tl %9‘49 PACE & & colum

-Alternatively, this procedure was performed without drying of samples; drying proved not

to be required in the optimized procedure. The filtrates were analysed neat by RP HPLC.

The optional work-up methods shortly described above resulted in mean recovery rates of

<20% (solid phase extraction) and 65% (Microcon ultrafiltration).

2. RP HPLC

RP HPLC was carried out with an Advanced Chromatography Technologies ACE C18 2.1
mm column as the stationary phase and a 0.1% CuSO4 (w/v)/0.3%hexane sulphonic
acid/10% acetonitrile-in-water mobile phase, under conditions of isocratic elution, a flow

rate 0.2 mL/min at 25 °C, detection at 242 nm and 100 pL injection volume. The HPLC
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Pol ystyrene- Di vi nyl benzene 4.6 mmreverse phase col um

was carried out. The PRP-1 polyneric columm eval uat ed
wenReosioatEby was re-investigated for use w th nBOTIE®2004/008985

phases as the tol erance of t{qe

pol yst yrene-di vi nyl benzene stationary phase for

sol:ut i rats the use of higher polari
o R 0Tt Bl B e,
biraey gt ahérynosncedesiemh Rempat@siti 88 atiosEnsitr, bloapetisne
elution. As tropolone failed to elute with 0.1 %
ign sefbV e VEIioRAGP1 erhigherni nut es in the absence of

acetonitrile (data not shown), varying percentages
acetonitrile (isocratic 5 % (followed by organic
The odlutnon aireafonp twpelops stAndardanalWedamtids BaPsstshodi ibFih 1a and 1d.

.gr.adi ent) .were ,eval uated, The flow rate used wa
Fied R e i PV SRR s G Fap Bl SHosD ey prespt that
difRR&886n Yafifg }éagehtwefeuﬁta& A b VYA RERad el 1), | €
contents and the results Trom anal yses under these

conditions are summarised in Table 3. At a

. t of -5% acet onit.ri.l e. acceptabl e, retenti.on
Figt PAZBPR ob AR LY PPy f rinasP3E A0Sy E0Rh 58 tare
scaleproddettind The aetibddy was ofly fartlallFufiied b b e FbRAAAr d
s achi eved. However, the normalised peak height of 2
Seﬁ%ﬁ?eﬂ%ﬁ@&%@- Hrthggsxplapations greygigen infhe figyres” captions.
detection using these conditions (Table 3). In
addition, peak tailing at this concentration was nuch

' .t h or, / TE .1. 61), hi gher .
A D90 0 B0 Ml i S g gy tcaiont e
PolystyesitetDivirpfibenrzaRod.6 nemeSeike phikeScoldifl wallUsSuried out. The PRP-1
unaccept abl e. Tabl e 3: Tropol one, Standard (0.1

[ L
PORIRETS <91y ﬁﬂ&lu;%tﬁimyeyﬂ@lsmwmrﬁm@theﬂh@é@quahﬁ§SO4 mobile
P % IBEAR O 0 ROGSER, ARG ) 0 g
solptions der@itCHiBO1CH T emipbarity mpoGile poasam (dosgpdreédcte (01 Rcdi@mns) to

Rs4 rmal i sed %v,.T 2. K3 4 Reagent. 4 Peak i ght.
poiSguDpinETEas e wtokyidn g g torslapeeg gt A D6PaIong isd to clut
with 6144 CuD, Imeflledbhdde Mt 153mbilitek- i 4nQaendY é¥ acetonitrile (data not
shown), varying percentages acetonitrile (isocratic 5 % (followed by organic column clean-
up step), 21 %, 40 % and 3 % to 11.5 % gradient) were evaluated. The flow rate used was

constant at 0.8 mL/min at a temperature of 25°C.

Mobile phases were then evaluated with various acetonitrile contents and the results from
analyses under these conditions are summarised in Table 3. At a concentration of 5%
acetonitrile, acceptable retention (k > 1.0), tolerable tailing (TF 3.02) and reproducible
detection of 0.1 pg/mL tropolone standard was achieved. However, the normalised peak
height of 2 indicated 0.1 pg/mL was close to the limit of detection using these conditions
(Table 3). In addition, peak tailing at this concentration was much higher than for 2.0
ug/mL (TF 1.61). At higher concentrations of acetonitrile (21 % and 40 %), retention of

tropolone was k < 0.5, and thus unacceptable.
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tropol one. Buffer salt renoval was carried out by
precipitation with 2% CuSO The tropol one sanpl es were

wanedsygedoby RP HPLC. Peak areas were recor dedPamaP2004/008985

pl otted agai nst tropol one copcentrati on and |inear
regression plots were constructed. The |inear worKking

range ygsp fined as the concentration range giving a
li near-'—rcség%@'@% 0.99) with acceptabl e precision

(< 5% CV). Calibration curves for tropol one
quantitation were constructed from sanpl es anal ysed at

concenin akidRRbeRiv RerehfdingZfe RPOHPILO GnethiiPof SPBHRmBRD ?bove and

4000 ng/nL tropolone. The precision of nmeasurenent o
each tsaoypll praparaidercwathed of owerimeniahalioysed. A | i near
response was observed both visually between 1 ng/nL
and 4000 ng/nL and by regression analysis. The square
of the correlation coefficient (r2) value indicated
acceptable linearity (r =0.9997). For routine

quant i (apLimmaripyir poses, cal i bration curves were
constructed for concentrations between 0 ng/nlL and

2000 / r2 > 0.99). Linearity..was exam.ne

five diPPaphe SRRl PRI Mot g RE SERam g outl gs set fortn
summardbeeél ai sonlakttfiods off @b1,&, 10, Re e $60, F00 2608 4@M000 ng/mL
Five Assais Assay reference r2 Slope Intercept P

(inter onerj Paitfe\salt ygmopd Waogawied autaly pracimiation 1with 2%
6. 7325 50 oBo U PRI i BRI R Hens were
0. 07 Tabt@ddd arkepjotsdbagamsbDabpolbicoconbententids aay finds segression plots
rlfeggggwn%.g f&é@l’sic%i 4"1"1?;} glgp%{e Ss;oﬂgﬁé Iézi?r;g%(r:\?(lzqes)%e)ﬂnleg _ag [c}?ecgosn?:entration
range giving a linear response (1* > 0.99) with acceptable precision (< 5% CV).
Calibration curves for tropolone quantitation were constructed from samples
analysed at concentrations of 5, 10, 20, 50, 100, 500, 2000 and 4000 ng/mL
tropolone. The precision of measurement of each tropolone concentration was
analysed. A linear response was observed both visually between 1 ng/mL and
4000 ng/mL and by regression analysis. The square of the correlation

coefficient (1*) value indicated acceptable linearity (1*=0.9997).

For routine quantitation purposes, calibration curves were constructed for
concentrations between 0 ng/mL and 2000 ng/mL ( r* > 0.99). Linearity was

examined on five different occasions and the regression data are summarised in

Table 1.
Table 1: Regression Data from Five Assays
Assay reference r Slope Intercept P (intercept)
Final evaluation | 0.9999 | 6.1244 -21.70 0.14
Accuracy 1 1.0000 | 6.0353 -2.02 0.67
Accuracy 2 1.0000 | 6.7327 -10.68 0.05
Accuracy 3 1.0000 | 6.3212 -11.04 0.07
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Resolution (R ) of the tropol one peak from sanple
buffer rel ated peaks was determ ned for standard

woroepeitne sol uti ons (2000 ng/ nl). The nean RsPCSaP200d/008985

% CV were recorded over fiveqssays fromtriplicate
anal yses. As discussed previously, a sanple buffer

rel ated peak which was visually resolved from

t ropol one el ut e@abkicBegesiop Indd from Riveojsshysne (Sectl on
from tpaoBar s, dlovea heotie TS HEROR, 20 | PR
syst e suftBiBeess t v |s &A% 6482t ]i ons 64 i ve separ0a3c46
assays using the USP defined nethod. The nean tropl one
resolution factor (Rs), sd and % CV were cal cul at ed

and the results sunmarised in Table 2. Table 2:

Resol ufb) Specificity opol one System Suitability Sanples

(2000 ng/ L) fromthe Fornmul ati on Buffer Rel ated Peak.
Assay Résaiutids (Rd) &€ theArapol@eypehk Nioin NadpN Buffe aelatedypeaks was

1.7 0. ceur 6 In-process 1.5 0.0

1.4 Lo‘? @f?%@ &’fégégﬁﬁl“%’o}@ﬂﬁ SO&&I&‘P E%Q%PC@Z‘P@) é“%ﬁénean Rs, sd
for mul ﬁfdl%rcxbwef&rec&ﬁ%o&@&f% hedys 58 tHpRGd SaR)sd | on
factors were all > 1.5, in |cat|ng accept abl e

resol ution fron1the precedi ng buffer related peak and
denonsAs slissyssed quptiatile @ spaateabiffirt sﬁls(t@l/ peaks3 whicky wapjovisually

i nter fr% dl@&i ?r%ﬁn??r nfgﬁ&% ?e%rl\ﬁ%?etfl%tgfn g‘%str%poo%%e ] @ga’uon 4.5.2;

prepara 1 on or uct” sa

t he speigifes dBtayd ab).t I’Ihe R2otdtiot oESﬁ)@yslofn@ Mrdnk éhislBhEatrieied peak
and quantitation of tropolone.(¢) Limt _ of

Det ect V&nFaeipted ot heee sYstom seitybility camplnaechinpt s five separate
gﬂgl ysaﬁga}fsotfsﬂg RRATED YieNREE nidiRd. t"?héaﬂe'aﬂqlto‘f)lctn%ereéo%mn factor

(Rs), sd and % CV were calculated and the results summarised in Table 2.

Table 2: Resolution of Tropolone System Suitability Samples (2000
ng/mL) from the Formulation Buffer Related Peak.

Assay Mean Rs sd % CV
Accuracy 1 N/A N/A - N/A
Accuracy 2 1.7 0.0 0.8
Accuracy 3 1.6 0.0 1.6
In-process 1.5 0.0 1.4
Lot 17362 1.5 0.0 1.6

N/A: Not applicable as no formulation buffer peak detected.

The mean resolution factors were all > 1.5, indicating acceptable resolution
from the preceding buffer related peak and demonstrated acceptable
repeatability (CV < 3.0 %). No interfering peaks were observed from sample
preparation or final product samples. This confirmed the specificity of the RP
HPLC assay for the detection and quantitation of tropolone.
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LOQ for tropol one anal ysis. The | owest concentration
of tropolone tested giving a detectable signal was

wagsisgneddas the LOD. The | owest concentrati onPOT/EP2004/008985

tropol one which could be neasgired with acceptabl e
repeatability (< 5%)CV) was defined as the LOQ This
was foyng i D), o il ) L Ag the LOQ

was de r11e ftas t he

sensitivity I|n1t for the assay nethod of the present

i nvent Tmpolote sEmales analgrsedofoHFPhé‘m{fymbre uses tooektindate EH_OD and

on Pl Db d MRS GRS A ey BeslopncRR At tpppione tesed

t r opol gRECORESRKH1S ng@dl"@%s(ésﬁgﬁémﬁhsth@@;@t €RE &flyadt Ldhcentration
reversed phase ion pairing using three different

reage nofstrQﬁolwwlmnlg cényldbe phaaimred twth a?fdr@mla/\mpmtablhty (£5% CV)

et hy | S0 GiT 368 HORVBAY "iroRuP et Gl LOR gpprox. | ngim

hexanegd!ITho kiag d@t‘éhﬁn@@bouﬁ he > LB Y IR QB ivity limit for the

Mobi | e phases were prepared con aining the ion paiTing
r eagentssaymetipd ol thegaessnl inyention. HPLC par aneters used
are summarised in Table 4 together with the obtained
rel ati ve peak hei ghts and chromat ographi c test
nmeasures. 4.1 TFA lon Pairing Retention of tropol one
st andards was not suff|C|entIy increased (k < 1.0)

( Tabl e=4204 - ifaf= : .
was c Oﬁ’%bé‘ij-qgn mn{b‘?exﬁﬁ Bn Whtlﬁn |1%11fti (I@fﬁ@

tropolone 4. Z NSA Ton Palring NODTTE pndséLCUhtalnlng

0. 1% MSA gave inproved retention tinme (k > 2) under

i socr af\ndlyds of ithh copnekrigrdrapdoamcomples @19 HPLGBAumns were

Ho k.tail
05 ay el RS S BBy B0 ARREL Bt 0 varying
ng/ L leyidophoBiciey/ mMDhesel eerel Stgiflabroaddic! @cidN@F®), the most polar,

cont ai ni ng
methylsulphonic acid (MSA), moderately polar and hexanesulphonic acid

(HSA), the most hydrophobic. Mobile phases were prepared containing the ion
pairing reagent, 0.1% CuSO, and acetonitrile. HPLC parameters used are
summarised in Table 4 together with the obtained relative peak heights and

chromatographic test measures.

4.1 TFA Ion Pairing

Retention of tropolone standards was not sufficiently increased (k < 1.0) using
0.1% TFA in the mobile phase to be acceptable (Table 4, Figure 10). Analysis

under these conditions was concluded to be not suitable for assay of tropolone.
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0. 1% MSA and 10 % acetonitrile (Figure 11)
denonstrated i nproved detection of the 0.1 ny/nL

wonropoitne standard (normali sed peak hei ght of PA%/EP2004/008985

Table 4) than for 5% acetoniisile / 0.1% NMSA

(nornmal i sed peak hei-ght of 2), but peak tailing was

ext endgd Bﬁgﬁﬂ,gﬁfﬁn 4.3 HSA lon Pairing A significant
increase I n tropo OHe retention tinme was achi eved

using isocratic elution with a 0.1% HS A/10 %

acet onMobilé @hasebedrraipings® 1Yk MS A ghve Tiaplogedt ketention time (k > 2)
Furthernpre, increased peak heights for |ow tropol one

concentdst 19REtigrelgion Yk p% westenisHe and ddl % s fal Hewaver, high

peak hgj Of, ol 5:11 N d .

acc epthg%@(glgn%ea%otan%g%ggﬁse A(%)Sor %do?ﬁlﬁi&_r té%?n fgﬂ g’omaéoncentratlons of
concendtamdardiested €&1 agd/nilT End2.0. 1 PYmLY- dht hes 6DmEbildsRKe containing
area repeatahility was acceptabl e at concentrations of _
3 0 ol o 1 Ao, Y Seapmnie (e | Dotemansiegd improved detection
t ropol 618 r t I )

2 ST R Lopd A Yt (CARLAR LA 9%, T o
denonsthrater HPésebionigrileesbl %t MSA (ubiralised ptek heightld, 2)Rbut peak

< 1.1),...The tropolo d bi | e phase peaks were not
abl e ttgﬂﬁlg“éaéﬁé%ﬁg%‘g&m@g gradi ent of acetonitrile
(10%to 42 %9 nor by inreasing the analysis
tenperature to 40C (Rs< 1.0, Table 4) or decreasing
the tenperature to 20 C and the flowrate to 0.1
niL/mn &ﬁ”; 1.3), Variation of the ion-pair (HSA)
mobi | e*p ToapRaisingr at i on was eval uated. A 0. 3% HSA /
10% acetonitrile / 0.1% CuSO nobi | e phase (flow 0.2
ML/ M NA sfonifidaniViRrdabd ﬁpﬁbﬁ%ﬁoﬂeqreteﬁﬁ&‘ﬁﬁ oG ORRRNEA Bsi
separation of tropolone fromthe nobile p%ase peak
bot h telupal with £0AteRiSAAL0 &6 scdtdritrild nmbilBiphuseetk 248.4MThble 4).

15, Taple 4). A.further decrease in flow rate (0.1 |,

L/ i ﬁlibu@eﬂ%?ffﬁt MCESRS° Beﬂiwelslﬁﬁ tletoW HoPelpasrsatcenfations of 0.1
tropol gie1r 98l dbdrof (Bemalisd Prak FARR! IS0 il
nmet hod was established w t%] a?cept abl e | Fmﬁ“?bslégfﬁﬁd-geak tailing
det ectwamngccpalide and comparable for both tropolone concentrations tested (TF <

n% isocratic
a

1.9). Furthermore, peak area repeatability was acceptable at concentrations of
2.0 pg/mL (0.9 % CV) and 0.1 pg/mL (3.2 % CV) tropolone (Table 4).
However, tropolone eluted close to a mobile phase peak and the two peaks did
not demonstrate baseline resolution (Figures 12 and 13; R; < 1.1). The
tropolone and mobile phase peaks were not able to be separated using a
gradient of acetonitrile (10% to 42 %) nor by inreasing the analysis temperature
to 40°C (Rs < 1.0, Table 4) or decreasing the temperature to 20 °C and the flow
rate to 0.1 mL/min (Rs < 1.3).

Variation of the ion-pair (HSA) mobile phase concentration was evaluated. A
0.3% HSA / 10% acetonitrile / 0.1% CuSO, mobile phase (flow 0.2 mIL/min,
25°C) was effective for achieving baseline separation of tropolone from the
mobile phase peak at both tropolone concentrations (Rs = 3.5, Figures 14 and
15, Table 4). A further decrease in flow rate (0.1 mL/min) did not lead to any

further improvement in tropolone resolution (Rs > 3.8). In conclusion, a RP



symretry and reproduci bility for the assay of

tropol one standards. Tabl e 4: Tropol one Standard (0.1
wausesioiang 2.0 ng/ nL) Anal ysis on the ACE Cl8 RETHHPLIG4/008985

Usi ng Mobil e Phases Containi{yg 0.1 %uSO and Three

Different lon Pairing Reagents. Columm/I1D % Acid/ % %

T Flo e 13 Ik ( 1. P O .
(0 (R eieaey eeobalby Sy’ Flboule bR ot deaiop. peak
Peak %y@mndiiParkd3epioddcibdiagfontheiesghif tiipalontieiagldrd®
Peak Area Area ACE 0.1/ TFA 0.1 5 25 0.2 1842 NT 2.21
0.75 VA NT NANANANACOC 8/2.1 348 ACE 0.1/ NMBA
0.1 525 0.2 NT 3.44 2.00 VA 26 NT 9.64 2.06 NA C
8/2.1 1074 ACE 0. I/MS5A 0.1 NVA 146 0.5 12.05 0.83 N A
C18/2.1 10 25 0.2 3.6 2.68 1.06 526 ACE 0.1/ HSA 0.1
0.9 1.62 3.48 1.1 27 3.2 1.87 3.46 0.8 C18/2.1 10 25
0.2 6U ACE 0.1/ HSA 0.1 10-42 0.3 1.54 3.42 1.0 32
1.1 1.51 3.40 0.8 d 8/2.1 25 0.2
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ACE 0.1/ HSA 0.1 10 40 0.2 1.0 1.61 3.30 0.9
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or after that step, b. Conplexing the tropol oneor its
derivative with Cu( )-ionsin solution c. Assaying

woropoitne or its derivativeby nmeansof reversePOna®e004/008985

HPLC with a hydrophobic statjgpnary phase anda nobil e
phase whi ch nobil e phase conprises both Cu(ll) ions
Q9n ion-pairing reagent. 2. Method accordi ngto
ctaimL, characterisedin that the hydrophobic
stationary phase is an al kyl -silane stationary phase.
3. Method according to claim2, characterised in that
the al kyl -silane stationary phase is an unbranched

al kwl 7.1 rably i s 3 = Si .
SR R0 L AN ol 8yt e AR LA
t he sugamgiaitor aproteiageents sodutam doatyrang amenrchedprodhticprotein,
acid, or. .a sal E thereof, that is nore hydrophobic than
tri FPUBHERE 81 epgg?d_ 5. Method according to claim 4,

char ac{ eSesghindtht B8holbR€or iR MRV WBorh $RAGATanEGRiR to that step
di el ectric constant that is equal to the dielectric

const ant or afterrthatisiepsul phoni ¢ aci d or hexyl sul phoni c

acid i in the.ran defined by.the.dielectric .
const e Coateinr BOPRET LISl Gl B s im ption
aci d, andspayedeiapblyné or isedewbeet by @BAdsRHE réiefePhase HPLC with
consi sting of praopyl-sul phonic acid, butylsul phonic

acid, pe ﬁgvﬂgquﬁab%@) BliaHongey phasg e A JAbPR phise Wdaslomabide phase

salts of cbﬁgﬁgégfbotﬁl%(ﬁ?g&ﬁ%g %ﬁg&%ﬁhﬁﬁné Raflgl mor 1,

characteris Int e ase“conprises 1 to
30 % of acetonitrile in adm xture with at | east one

fur ol ar,.sol vent . 7., Met hod .accordi ngto cl.ai nb,.

chi Mitho ReBiRE ok AtHe i ey Bl (e Tappfostc Tationary phase
et hegPdikyleiRan@hinadpiddel xt ure thereof, preferably

the nobile phase conprises at | east 60% water. 8.

Met hod accordingto claim, characterisedin that the
SEPRIGhIL Qccforrd?r@ e e%il%'i? chatacterised in that the alkyl-silane stationary phase

is an unbranched alkyl-silane phase, preferably is a C-18 alkyl-silane.

4. Method according to claim 1, characterised in that the ion-pairing reagent is an ion-
pairing carboxylic acid, or a salt thereof, that is more hydrophobic than

trifluoroacetic acid.

5. Method according to claim 4, characterised in that the ion-pairing reagent has a
dielectric constant that is equal to the dielectric constants of methylsulphonic acid
or hexylsulphonic acid or is in the range defined by the dielectric constants of
methylsulphonic acid and hexanesulphonic acid, and preferably is selected from the
group consisting of propyl-sulphonic acid, butylsulphonic acid, pentylsulphonic

acid, hexansulphonic acid and salts of thereof.

6. Method according to claim 11 or 1, characterised in that the mobile phase
comprises 1 to 30 % of acetonitrile in admixture with at least one further polar

solvent.
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achi evedby firstly precipitating tropoloneor its
derivative with CuS and recovering the precipitate and

weeesrndf3ior enovi ng protein fromthe recovered PCT/EP2004/008985

precipitateby ultrafiltratiop 9. Method according to
claim11 or 8, characterized in that the nobile phase
conprises CuSO as a source of Cu(ll) ions. 10. Method
according to claim9, characterized in that the
conddethodbéoording to@IGE6,| dhaxfabtensﬁdﬁh |t1&3 tbh 961@.1' écﬂvérﬂl id Water,

ran 05 %wv) tqQ 0.2 % (w

acc g??}ﬁﬂ’g’?te&lw ?frﬁn)ladantf{? thergah aﬁ%ﬁ‘?lgé‘ép linﬁbltlenléhaﬁ% gomprises
nobigk GaRsewhier Wat erm sci bl e. 12, Method according to
claiml, characterised in that the supernatant or

pr ot ei naceous sol ution conprising protein is enriched

to a concentration of 1 ng/m or higher. 13. Method
according to claim 12, characterised in that the

egr iM&REd Rtcetdhtd daith DIcAgkd6terifdqh elab the separation from protein is
achieved by firstly precipitating tropolone or its derivative with CuSO, and
recovering the precipitate and secondly removing protein from the recovered

precipitate by ultrafiltration.

9. Method according to claim 1 or 8, characterized in that the mobile phase comprises
CuSO4 as a source of Cu(Il) ions.

10. Method according to claim 9, characterized in that the concentration of CuSQy, in

the mobile phase is in the range of 0.05 %(w/v) to 0.2 % (w/V).

11. Method according to claim 1 or 10, characterised in the the mobile phase is water-

miscible.

12. Method according to claim 1, characterised in that the supernatant or proteinaceous

solution comprising protein is enriched to a concentration of 1 mg/ml or higher.

13. Method according to claim 12, characterised in that the enriched protein is a

product protein.



