WO 01148016 PCT/ AUCO 01585 1 Separation of fibrinogen from plasna
proteases FIELD OF THE I NVENTI ON The present invention relates to nethods

for purifyingodiiaddagi nogen. In 5 one aspect, the present PO RRfob/RRsd €l at es
to a method of separating fibrinogen fromplasma fraction | precipitate.

I n anot her aspect, the invention relates to the purification of fibrinogen
usi ng i on exchange chromat ography. BACKGROUND OF THE | NVENTI ON 10 The
i sol‘ation of human fibrinogeii has traditionally been carried out by

classical plasma fracti orS¥pasdticiesf isiin g‘—an mgg rétegsdspi tated from
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(Takeda, 1996), P al ani ne/glycine Qakobsen and Kieruif, 1976), polyners

(pol yet hel ene I ﬁ%ﬁ%b ¢ strength solutions (Holm 1985) 15 with
relative high yie éF onogeneity. Further purification of fibrinogen

precipitates can be Mﬁﬁlwnﬁﬂﬁrﬁlﬁ#&#&m@ﬂm&f@mﬂmngﬂﬁaﬂmam Ik ons
(Stathakis &t aine akg&&) e%ﬂthﬂénhon@@laﬁﬁ% AThAREY of ﬁhﬁ'knog%ﬁgo)
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al, 1979). Predhppusificetiomof ﬁbmisoanelsingiehpxdsmgefchromdtegmphy.f acture of

comTerci al *fibrinogen. Chromatographic nmethods are now being explored as

an alternative i of fibrinogen concentrates. WO

99/ 37680 descrl’gég&gkbmxﬁﬁ gﬁﬁﬁ‘%&@ N scale separation of 25
fibrinogenirom ot h&‘hehéahmbmmfchmnmﬁbﬂndsgeﬁdllshiadﬁibmllywén cdiedcess

i nvol ves the u ii’c R terlal for
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pur Y P12 AR sbeeE D 3“%%8 A el Tt one
of the two 48" with relative high yisld and homogeneity.
. Further purification of fibrinogen precipitates can be achieved by
- {on-exchange chromatography conditions (Stathakis ef al, 1978) and affinity
chromatography (Kuyas et af, 1990). Specific contaminants can be absorbed
- out for example fibronectin on immobilised gelatine and plasminogen an

20  immobilised lysine (Vuento ef al, 1979). ' '

Precipitation methods are widely used for the manufacture of
commercial fibrinogen. Chromatographic methods are now being explored as
an alternative or to improve the purity of fibrinogen concentrates.

WO 99/37680 describes a method for the large scale separation of

25  fibrinogen from other blood proteins in human blood plasma. The process
involves the use of a heparin precipitated paste as a starting material for the
purification of fibrinogen. The heparin precipitated paste is a by-product
from the manufacturing process of Factor VIIT (Antthaemophilic Factor, -

30 Attempts to produce fibrinogen free of plasminogen or to purify
plasminogen itself have been widely published in the literature. The most
common method is to utilise the ability of lysine to bind to one of the two
“kringles” in the plasminogen molecule, The use of affinity chromatography
step was first disclosed in a paper published by Deutsch and Mertz in 1970.

35  Baxter International Inc. utilised this technology, which incorporated the use

-of lysine-sepharose material in a dedicated step to remove plasminogen from




"ki Tingl-es” in the plasm nogen nol ecule. The use of affinity chromatography
step was first disclosed.in.a paper published by Deutsch and Mertz in 1970.
35 Baxter | niyvorgiagoienal Inc. utilised this technol ogy, whirciT/Atoe/easgsor at ed
the use of |ysine-sepharose material in a dedicated step to renove

pl asm nogen from WO 01148016 PCT/ AU00101585 2 their fibrinogen as

di sclosed in the patent WD 95/25 748 for the |large scale nmanufacture of a
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of kringle contihdyanPhéWweedSthe Wirk piBliNRd byFResR8n Provep rayOsta Aftutd 1€
resin of choice. A{Iiso conbi %gn of, gel . frltration ,anil 1 on- exchémge
chr omat ogr aphy JPREHGE RqgeL et e Qﬁcaéll’é%‘??Fﬁgﬁ'éWP TRIpRioR et 4
1965) . SUMVARY piediibtion BeANTI ON The present inventors have now found that
fibrinogen may be 2 Rl eo,nf.HrB ?c%ré 2B dngsgnat eri al
consi sting- of Fra t%ﬁ%ﬁgwgst,efﬁ%ﬁ% |'§ﬁan reg(r)é\Zere(?s‘? (%lhiragldg@ocess
s free of HestHind e esmnoses mgep %éé RAPIE AEPIH N Hnccs.
Fi bri nogen recodiscloskd in ¢ patentr§iWine94/06d83) ladged dn 4894 by Novo NokdishiAd® i s
required to enhgnesnigans pafificktidhb@ifle containing proteins. This method
chooses S-sepharose as the resin of choice. Also, a combination of gel
filtration and ion-exchange chromatography has been utilised to purify
20 plasminogen. (Robbins et al, 1965).

SUMMARY OF THE INVENTION
The present inventors have now found that fibrinogen may be
25 recovered in a purified form from a starting material consisting of Fraction I
paste. The fibrinogen recovered in this process is free of destabilising levels
of plasminogen and other proteases. Fibrinogen recovered in this manner
also contains factor XIII, which is required to enhance the cross-linking of
fibrin polymers in the production of fibrin glue. Furthermore, the yields of
30 fibrinogen obtained by this process are unexpectedly higher than those
obtained in methods which use alternative starting materials, such as heparin
precipitated paste.
The present inventors have also developed an improved method for
recovering fibrinogen from an ion-exchange column which involves the
85 addition of at least one w-amino acid to the fibrinogen-containing material



fibrin polymers in the production of fibrin glue. Furthernore, the yields
of 30 fibrinogen obtained by this process are unexpectedly higher than
those oOWAOHEER1G n net hods which use alternative startiM/AMOOIBE| s, such
as heparin precipitated paste. The present inventors have al so devel oped
an I nproved nmethod for recovering fibrjnogen froman ion exchange colum
whi ch involves the 35 addition of at |€ast one wamno acid to the
fibrinogen containing material WO 01/48016 PCT/ AUOCO 01585 3 applied to the

col um or tq} @d&ptuetddmmﬂscﬁc{omemﬁoﬁ%ge&f&ma{e'dwuﬁa rfirithi on of the
fibrinogen. &tate" refers to

uﬁtﬁeﬁ{erel n. the phrase "Fraction | preci

frozen pl a§r 8’;\ t hawed and the cryoprecipitate renoved by 5
centrifugati on Whenrwed hersin, the)plnaqeeﬁmmtmml preciphtete” nefeesttodirodenct hanol to
precipitate Whlk aﬁ?e& ﬁpwpr esent

I nvention pro a Hrrle tﬂ?%g{lj%? &YPP%I‘I oge‘nle&{1 met hod

conpri sed e?PPHi &ﬁﬂn&%}ﬁ? tag’g:,s o1 n}é?‘%Wb‘iteéb%nQN°adm Xi ng
t he Fract i omprécipitetei Erad:imrelvm th an 10 extraction buffer such that -

fibrinogenis s rk”l%'jg asﬁfé& Akt xtraction
buffer conpri sesAg&} ’a{hc%oﬁﬁl]gg { r#IQ#E;R?ﬁ{ OPW% r#{ﬁg‘gari n at a
concent r at | & purifyipg fibzinogam whichimethad som@s'mc@m ripogen ffom Re fir st
aspect, the Feqitivartt leeilmt@s adinixing $helFracHas T pleciPlataWvith @i ef erabl y at

emhodi migt SRUPEISH} *ﬁ@%la&g%e@?%ﬂ%em seﬁbﬁffeﬁa#é? FARRIBEG, | oot

one salt selvherein p@mﬁ%orgbbﬂermm&esrsnljabacoumntzahmofphmhate and
acet at e sal tpsiMand hﬁnmafc%haéﬂtvaﬁaﬂﬁ’ffdﬂ@@t&bﬁﬂm] In a further preferred

Tri -sodi om gi tr 3 5'3% e REBhmetR o od BSsaRecl b EonSentol Bl
preferred erddatieastr®t 2 mare preferablpateast 0.4Memere prefarably about 0.8M.f ur t her
conprisag at |eagia ﬂﬂﬁé&‘;ﬁ@faﬁ%d%%dlﬁéﬁ{ S B itst ésgsctaihé &afictiofhe CO-am no
acid is pr e%%?fter a'::gmtpﬁgeseé({[ 1645t ond 3 elfe SodFro the Qrcou%téo%iis O% at  least
S5mM
chlonde, phosphate and acetate salts, and more preferably comprises NaCL.
In a further preferred embodiment of the first aspect, the extraction
buffer also comprises Tri-sodium citrate at a concentration of about 20mM.
20 In a further preferred embodiment of the first aspect, the extraction
buffer further comprises at least one w-amino acid. Preferably, the at least
one o-amino acid is present in the extraction buffer at a concentration of at
least 5mM.
In a further preferred embodiment of the fust aspect, the extraction
25  buffer comprises antithrombin ITI (ATII) at a concentration of at least about
1 IU/ml.
In a further preferred embodiment of the first aspect, the extraction
buffer comprises Tri-sodium citrate at a concentration of about 20mM, NaCl
at a concentration of about 0.8M, heparin at a concentration of about 60
30 IU/ml and at least one @-amino acid at a concentration of about 5mM.
Preferably the extraction buffer has a pH of about 7.3.
In a further preferred embodiment of the first aspect, the extraction of
fibrinogen is performed at about 37°C. Preferably, the extraction is
performed for at least 60, more preferably at least 90 minutes.
35 In a further preferred embodiment of the first aspect, the method
further comprises the step of incubating the extracted fibrinogen solution




Ini a further preferred enbodi nent of the first aspect, the extraction 25
buffer conprises antithronbin Il (ATII1) at a concentration of at | east
about 1 |1 Uwb.otgeie further preferred enbodi nent of the RCTEURBLSECt, t he
extraction buffer conprises Tri-sodiumcitrate at a concentration of about
20mM NaCl at a concentration of about 0.8M heparin at a concentration of
about 60 30 |Um and at |east one a)-anmirfo acid at a concentration of
about 5mMM Preferably the extraction buffer has a pH of about 7.3. In a

Fi'br i nogen- 1 o PR ARG g e lobis PRt uealip of bl 8 el

per f ornmed for aﬁfeﬁ@&gte 60, nore preferably at least 90 mnutes. 35 In a
further preferred enbeﬂum réferrel @nibodheMSTaBé firdtlagpdte] i@ Gnethyd t her
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0148016 PCT/ A

centri f ugat iSon fibrinagenwehitionfby the additiani qflatgly@ne saline (GlyANe€l) lpuf&rer red
embodi ment of -t igfekdHIy! 8 GMaCl biferBitiadses i bt £ oiehEfoh B Step of
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Na-citrate at entration of around 20nmM sodiumchloride at a

concentration o around 3. 6M and Cl.2 at a copncentration_of nd 2.4nmM
10 In a furtther pre%?f%hgrﬂiéﬁmg%mlwmﬂ@fuﬁﬁmt thﬁahod

further conpri sestheheomprigesthe spaifuebidiubilisingtthe ﬁbnhbgemgempﬂam tate in
it et ComP RSl S IR G % oL 2
Iris at a concepncantrafionef arpandhd. IMNa-citateais meatrafaorteﬁ%rémi atmddk of
-15 around 45rr1\&1smafcaha&iﬂaﬁantdi aforttd tmBheid siferébe alt B cdnbetitididh ¢fr ef erred
g][rbodl ment ﬁ‘ th £a4bsml\£syprgfégdbl§rg§ﬂxa gabo&réger conprises the steps
In a further preferred embodiment of the first aspect, the method
further comprises the steps of;
applying the extracted fibrinogen solution to an ion exchange matrix
under conditions such that fibrinogen binds to the matrix;
20 ehuting the fibrinogen from the matrix; and
optionally recovering the fibrinogen from the eluate.
In a further preferred embodiment of the first aspect, the method
further comprises washing the ion exchange matrix with a buffer comprising
at least one w-amino acid prior to eluting the fibrinogen from the matrix,
25  Preferably the wash buffer comprises the at least one w-amino acid at a
concentration of at least 5mM,
In a further preferred embodiment, the wash buffer comprises (i) tris at
a concentration of about 50mM, (ii) at least one e-amino acid ata
concentration of about 20mM, and NaCl at a concentration of about 90mM.
30 Preferably, the buffer has a pH of about 8.0, Preferably, the buffer has a
conductivity of about 11.1 mS/cm,
In a second aspect, the present invention provides a method of
purifying fibrinogen, which method comprises:
{a) extracting fibrinogen from a Fraction I precipitate by admixing
35 the Fraction I precipitate with an extraction buffer such that
fibrinogen is solubilised in the extraction buffer, wherein the

)




applying the extracted fibrinogen solution to an ion exchange matrix under
condi tions such that fibrinogen binds to the matrix; 20 eluting the

fibri nogeMOPH#M& he matri x; and optionally recovering ?W‘W’@%{sﬁogen from
the eluate. In a further preferred enbodi ment of the first aspect, the

met hod further conprises washing the ipn exchange matrix with a buf.fer
conprising at |least one an-amno acid prior to eluting the fibrinogen from
the matrix, 25 Preferably the wash buffer conprises the at |east one
wanino acid at a CGib@aedbh duffef csthpAbes RSt aXitMcehBatiod of dthedstpr ef erred
enbodi nent, the was ffer conpri ses (1) tris"at a concentration of about
50mM (ii) at |east *0-amno acid at a concentration of about 20mM and
NaCl at a concenfb)atprecipitatingdhe fibfindgengenédr ef er abl y, the buffer has a pH
of about 8.0. Pr ers%@&ﬁihs Eth@%i-i% fn@solﬁﬁﬂﬂ% Jiﬂsgggsﬁfle&%hl& éul

ms/cm In a seco as ect prese J nv a net
purlfylnéflbrlnoge eReendEsEPR § ctlngflbrlnogen
froma Fraction In@pmfemd atrbokljmenimfﬁhmgecoﬁﬂ aspectFtlmcﬁdmanﬂratlmeof pitate

ext ract on s e SRt 8 o UL RS mie BBl BUbeR RN o

buf fer conprnewePreferablya ﬁu'&Q)ﬁMentratlon of at least 0.1M (b)
preci pi tatl ng thmiﬁhﬂnémefbrredminﬁd&nﬁﬁtdbﬁhlelsﬁcm asprect, iths extegrion N a

east | 100wE s coftelben Rkt AR e o8l Bl ol seé%ufa%ésh%{ekc e O O

concentratlcﬁmféﬁ eﬂpﬁphﬂeﬁﬁéaé&tﬂeaﬁ?ﬂ'qso@ preferably qazapnises NaGll nor e
preferably at |erdfe1Qb e etigtiohdifer Alsy cobitised TeModitmaifratetdiar
preferred e m %t%ﬁmgﬁd aspect, the extraction 10 buffer
conpri ses at east one sa t Se

ted fromthe group consistin
chl oride, phosphlt@pzaferred embodiment of th en@pomdraépmteﬂ@r@mayhen%pﬂes es Nad .

15  further comprises heparin at a concentration of at least 10 IU/ml, more
preferably about 60IU/ml.

In a further preferred embodlment of the second aspect, the extraction
buffer further comprises at least one @-amino acid. Preferably, the at least
one o-amino acid is present in the extraction buffer at a concentration of at -

20 least5mM,

In a further preferred embodiment of the second aspect, the extraction
buffer comprises Na-citrate at a concentration of about 20mM, NaCl at a
concentration of about 0.8M and heparin at a concentration of about 60
IU/ml. Preferably the extraction buffer has a pH of about 7.3.

25 In a further preferred embodiment of the second aspect, the fibrinogen
is precipitated in step (b) by the addition of a glycine saline (Gly/NaCl)
buffer. Preferably, the Gly/NaCl buffer comprises glycine at a concentration
of around 2.1M, Na-citrate at a concentration of around 20mM, sodium
chloride at a concentration of around 3.6M and CaCl, at a concentration of

30 around 2.4mM.

In a further preferred embodiment of the second aspect, the fibrinogen
precipitate is solubilised in step (c) using a buffer comprising NaCl at a
concentration of around 100mM, CaCl, at a concentration of around 1.1M,
Na-citrate at a concentration of around 10mM, tris at a concentration of

35 around 10mM and sucrose at a concentration of around 45mM. Preferably,
the buffer has a pH of about 6.9.



Préferabky, the extraction buffer also conprises Tri-sodiumcitrate at a
concentration of about 20mM In a preferred enbodi nent of the second

aspect, the ewodomsdiscon buffer 15 further conprises hepari pCBAUR/015SS
concentration of at least 10 11U mM, nore preferably about 601U M. In a
further preferred enbodi nent of the second aspect, the extraction buffer
further conprises at |east one wamino acifl. Preferably, the at |east one
wamno acid is present in the extraction buffer at a concentration of at

20 least 5nM In a fy ﬂ?ﬁ di oft dase , the
extraction buffer corrprl sesb%g&%&f%ﬁﬁémﬁtengeg égﬁ?f} §P8 e g 201V
NaCl at a concEnthesqosprisesiabout 0. 8M and heparin at a concentration of
about 60 U . Prqlprapplying'thesit H fﬁfo%é ol 3
25 In a further ferreg e le rren 3 Egc n sa@ge]at?%lﬁﬁ ri nogen

i s precipitat edn%#%flg‘f} E W%Pn Iﬁi%l%@msne (4 y/ NaCl)
buffer. Pref®rably, (Bheeli@dg‘&elﬁbbmbgatﬁommhélmﬁxgéndll ne at a

concentration of arg of around
20m sodi um chl orlge apgog%ce ﬁa |o %i.n% ﬁé(ﬁ%&g%ﬁg% CaCla at a
concentration of é-“lﬂﬁn of ﬂ}PtS?@ﬂ mspeaty thequethod farthen of t he
second aspect, tdnnphsésrwmsigngttheﬁbﬁ@kﬁheh@teQndtﬁx%ﬁ’th@bhff&e&wkﬁgt usi ng

a buffer conpri 100 at a
concentratlon Oﬂ&%&iﬂé f%“\/‘ oﬁ@%@ﬁ{iﬂé@ tnnog?&%h'@ ﬁ’re %
10nMM tris wifer compriseg theatdenst one pvming acidcataseongentzation of
concentratlon oit leagt a4 5mM  Pr ef er abl y the buf fer has a pH of about

Gecond aspect. | he ABEHORSY BEPER aBpBienk o g Redhnl bRt BRmRator i nogen
sol ution from shelferqomprises ti) ‘ﬁ;ﬁﬂ@mmmeaﬂmof aboum 6 0mM, (tijalf leastromesasc h
that fibrinogenaminmogcidat & kendskiativn of absit 20N A Kbe)  PEdrdegeakdd o t he
MaAtrix; andgg about 90mM. Preferably, the buffer has a pH of about 8.0. Preferably, the
buffer has a conductivity of about 11,1 mS/cm.
In a further preferred embodiment of the second aspect, the fibrinogen
containing solution (preferably comprising the @-amino acid) is diluted such
. that the conductivity is below 10.5 mS/cm before it is applied to the ion
20  exchange matrix.
In a further preferred embodiment of the second aspect, the fibrinogen
is eluted from the matrix in a buffer comprising about 10 mM Tris, 10mM
citrate, 45mM sucrose; and NaCl at a concentration of between 200mM to
1.0M, more preferably about 400mM. Preferably, the buffer has a pH of about
25 7.0
In a third aspéct the present invention provides a method of purifying
- fibrinogen, which method comprises:
(a) extracting fibrinogen from a fibrinogen containing material by
admixing the materfal with dn extraction buffer such that fibrinogen is
30 solubilised in the #xtraction buffer, wherein the extraction buffer comprises
at least one @-amino acid at a concentration of at least 5mM;
(b) applying the extraction buffer from step (a) to an ion exchange
matrix under condiffions such that fibrinogen binds to the matrix;
{c}) elnting the fibrinogen from the matrix; and
35 {(d) optionally recovering the fibrinogen from the eluate.
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(f) optionally recovering the fibrinogen fromthe eluate. In a preferredr-
enbodi nent of the second aspect, the nethod further conprises washing the
i on exchaW@8UMM& i x with a buffer conprising at | east RFRAERIGISHO acid
prior to eluting the fibrinogen fromthe matrix, Preferably 10 the wash
buffer conprises the at |east one o-amjio acid at a concentration of at

| east 5mMM I n a further preferred enbodi nent of the second aspect, the wash
buffer conprises (i) his at a concentratlon of about 50mM (ii) at |east

one co{ atm no acima p ﬁfm@mbaaﬁ%éut?ﬁﬂ%ﬁhpwﬁeab@% eﬁt ? bout
concentrati q efera e bu of abou
8.0. Prefera '['“]'sfgg’a%ftg?l% %‘6‘85‘71%%91 bvﬁﬁﬂaf? %‘B/cm In a
further prefcémm astone axdmineagidcond aspect the f| br| nogen

cont ai n| ng sol ut P fdiRiteaspeaihg Hﬁ&e‘i‘.ﬁoh/kjﬁoﬁb phﬁ%ﬁﬁ%m ed
such gt zﬂae cond ctlvﬁ?@ el ow, ore | |s ap d to the
i on 20 eXch ?I’ioin G‘EHPW% FRPEFRS: second

aspect, the fi brﬁaﬂuomlymgt‘usnluﬂoﬁManﬁd:eemhange{mHﬁriﬂ, thlﬂeiebndamsl sing

about 10 nMgEh $h t]fﬁﬁ‘i\ﬂ Gh‘bit?&s% ?ﬂ\ﬁtﬂ Crose; and NaCl at a concentration
of between 200 e X nor e &kﬂg erafﬂy about 400mMM Preferably,' the

buffer has a pH %ﬁhﬂngﬂel?n@xclmgamwdmb uty qxbcqmmat nvention
provi des a riedshore efampino dcyd;ng fi bri nogen, which nethod conprises: (a)

extractisgf i brinogen 4 terial by admXxing the
mat er i aI WI th du&th rlag]?% &J%%@%ﬂgg%[ﬁ‘%ﬂ#w :alra\ogen I's 30 sol ubilised
in the traction (i reptionghgreqavering the fibrinegen fromithe elusderpri ses  at | east
one w-am no aci dixed prefeped embb@inat of thetfourraspest the fdethodRikthes " t he

such that f iBF "ﬁ'é‘e%%&%‘h%&?’%a@%%et & b8 3o G L Rl Eattp SRR BB 11 om
the matri x; tlampm,ec Q)Flﬁh‘@hal |y recovering the fibrinogen fromthe
el uate. 18 WO 01/EBhbGoRtekt SHEY ®i#%nd fourth aspects of the present invention,
the fibrinogen containing material may be any material derived from plasma
which includes fibrinogen. Examples of such solutions include, but are not
limited to, plasma (including anti-coagulated plasma), or plasma fractions.
In preferred embodiment, the material is a heparin precipitated paste, which
20 is a by-product in the manufacturing process of Factor VIII. The heparin
precipitated paste may be solubilised with a salt solution to provide a .
fibrinogen preparation of high specific activity. A process for precipitating
fibrinogen from a cryoprecipitate extract using heparin as described in
Winkelman et al. 1989, the entire contents of which are incorporated herein
25 by reference. Alternatively, the fibrinogen containing material is extracted
from Fraction 1 precipitate, preferably in accordance with a method of the
first or second aspects of the present invention.
In a further preferred embodiment of the third or fourth aspects, the o-
amino acid is present in the extraction buffer at a concentration of between
30 5-500mM, more preferably between 50-500mM, and more preferably around
100mM.

- In a further preferred embodiment of the third or fourth aspects, the
fibrinogen containing solution {preferably comprising the @-amino acid) is
diluted such that the conductivity is below 10.5 mS/cm before it is applied to

85 theion exchange matrix.




7 in a preferred enbodi nent of the third aspect, the nethod further

conpri ses washing the ion exchange matrix after step (b) with a solution
conpri si ng atyologassis one (r)-amno acid. In a fourth aspectPCriaoposssent
invention provides a method of purifying 5 fibrinogen froma fibrinogen
cont ai ni ng sol ution which method conprises: (a) applying the solution to
an ion exchange matrix, under conditions such that fibrinogen binds to the
matri x; (b) washing the ion exchange matrix with a solution conprising at

| east | | . and
(S?Sopflngn;lol 3mr ggoverl ng %@%@h%@g@%gﬁ?ﬁgﬁ%ﬁ?%&m i)a pr eHalr)r(edan
enbodi nent of twewaedtpwg&ﬂtemnw@chmgnwtﬂmcpmnse%ﬁh’gmas‘,@s addi ng at

| east one mamma@héwoﬂduauwmeQﬁ) @Mo%ﬂ%d&ﬂc@nuambmbﬁchange

matrix. 15 In the f f Sy Of ot resent
i nventi on, eébfnfﬂ@? @é‘ﬁ? 16‘?19“"”5" ghﬂ’sﬁ‘bgr%?ﬁbﬁhf}berh[? ®deri ved
from pl asma 5 \M‘hauhpﬂofebtmt &0. bPref&:‘gblgr ﬂié)hlfiet‘bas etcosdudtivityl aftabouts11.hcl ude,

but are not |igs to, plasna (| ncI ud| ng anti -coagul at ed plasm), or
plasrrafractlons referre nt, I, S ahep in
preci pi tated paste, i‘b\h?‘é‘ﬁf‘ n@ fhtﬁ M 'gt%ﬁr ocess
of Factor VIII ﬁﬁhmgbnﬂaelmedfmm&mmahﬁdnamffermpﬁangmbumio M Trisi h a
salt solution tﬂJﬁM) fb %@430954“8 3 naﬁmjf' %'e | fic
activity. A process for reC|p| I'n rin om a cryopr itate
extract usi’rf-g HO9EYL o 30N cere prafera YaWMO @Ma?refe}@gg’ Bitire
contents of whileds aapFe ofab‘(ﬁﬁmat ed herein 25 by reference. Alternatively,

breci pitat e profor %F?%@?@?QW bt M B3eE o Thaed BE ki dspogts oo
aspects of the qfithe prasenhinyention the p-amingracitbeoniains ot leagt 4 perbon atames ¥ t he
third or fourt ugeakhatilBeRon i Bﬁbéﬁygl;dcid BA@ SIRS\b-alzfind BRu@x tTHAC | On

buffer at a _conc ntr on 0 ampq“éopomt%bpe ?ﬁeearr%ba{ﬁ{inbet ween

50- 500mM atd riF ’ér‘%ﬁ?f?ﬁbﬁ%‘%ﬁa

amds are 4-aminobutyric acid, 5-aminopentoic acid, 6-aminohexanoic acid (e-
amino caproic acid (EACA)), 7-aminoheptanocic acid, 8-aminooctanoic acid,
and arginine. Examples of cyclic o-amino acids are trans-4-aminomethyl
cyclohexane carboxylic acid (tranexamic acid) and para-aminomethyl

. 20 benzoic acids. In a particularly preferred embodiment, the ®-amino acid is
EACA.

Ion exchange matrices are known in the art and any suitable matrix
may be used in the present invention. A preferred matrix is the MacroPrep
HQ Resin (BioRad, catalaogue no. 156-0041). In a further preferred

25  embodiment, the ion exchange matrix i¢ loaded into a column.

It will be appreciated by those skilled in the art that the methods of the
third and fourth aspects have the potential to provide an alternative to
affinity chromatography for the large scale production of fibrinogen free of
destabilising levels of plasminogen and other proteases. The methods in

30 these aspects require only a single processing step using ion exchange
chromatography for the isolation of fibrinogen free of destabilising levels of
plasminogen and other proteases from biological fluids with a high recovery
rate (approximately 75%). The use of this novel method for the purification
of fibrinogen from blood proteins has the potential to enable a simpler

35 method of manufacture leading to a product which is superior in both purity
and stability.
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In a further preferred enbodi ment of the third or fourth aspects, the
fibrinogen containing solution (preferably conprising the ca-amno acid) is
dil uted SHOHV#AE the conductivity is bel ow 10.5 nS/ cm BeH/oP®OLS| s appl i ed
to 35 the ion exchange matrix. WO 01/48016 PCT/A1J00/ 01555 8 In a further
preferred enbodi nent of the third or foyrth aspects, the buffer used to
wash the ion exchange matrix conprises %Ji) tris at a concentration of
about 50mM (ii) a as-amino acid at a concentration of about ZOrM and

NaCl at a concenThatédhnoligyals Qhéc&ﬁaﬁdm%ﬁﬁ@ﬂiaﬁéﬁé,maﬁyaa ft%es%nhﬁs a pH of
ou

bout B.O P b ff duct t ah 1 SJ
in a furtherf%a[fg § BPpith oot PP RSqRR A gho e PF ABHBRBAR Tid e
fibrinogen i rmmaé@tfmw&hmmwalﬁldamogen&mpthesﬁhmqgenut 10 nM
Tris, 10 mﬂoﬁlﬁdn%h@alléﬁs fHd\inaHafaehfter Hadi Aot hal Rggati on of

bet ween 10 2001 pr ef er abl.y ab t A ferably, the
buffer Ras QBJL%OH a&?@tm&‘%ﬁﬁumw %SYaE‘HYeEAFnPFFErftPrSt
second, t hi rabtain the desiredsipbitity of tfe Biblmqgensmmpanlenemd ﬁbrintgllue 0 -am no

?S?Soiﬁﬁt ?' B?ﬁ“*‘m%%ﬁ‘m*f‘i’&%“ﬂ%ﬂ clf1g oBRrpSIEIE Wit WE Y, |10 o
cyclic. PELB%STY@*?IIPWﬁHg‘E‘m%ﬁn&%# ﬁ%ﬂd&“ﬁ\l@ 4- am nobut yric
acid, 5- am nopenFmafﬂyaﬂ:lecbrodueMnmodiHscafm toreexchafige re3fh i3dacmpi®@i ¢ aci.d
(EACH)) 107~ SRR E nEB ARDELSE s ST

Exanpl es of ﬁ%ﬁ acl cycl'ohexane
car boxylic @F?& chyoraategpaphy pracedies- hyl 20 benzoic acids. In

a pﬁrtl cul a{I y pThicighedt thibegd dmﬁtmntth@ wWerd 20 n?&;drirémtﬁﬁ@éuchog g
exchange natJ_in kp®, e e use
in thegpr esea;\t 8&3 gi:é\% g%%‘?sé#gf?‘&g%e (ra.e@%.%fﬁ@ﬁﬁ?%&‘: %ﬂoﬂg esin

( Bi oRad, catséﬁtaéglﬁ-!n?ﬂi» H!E%I@@M’@Pa or groxpfaf elereentprintagerscer stepsehsbdi ment ,

the ion mwxchitdhe BREMENIOF ahy dtied dléih&taﬂﬁédﬂ&i stdp,, opgidupsT eléine@s] at ed by
t hose skill eiﬂtég@rst@rest«%st. t hat the nethods of the




third and fourth aspects have the potential to provide an alternative to
affinity chromatography for the | arge scale production of fibrinogen free
of destabi | iwdopsbwvel s of plasm nogen and ot her proteasepeibfigshods in
30 these aspects require only a single processing step using ion exchange
chromat ography for the isolation of fibrinogen free of destabilising |evels
of plasm nogen and ot her proteases from bldol ogical fluids with a high
recovery rate (approximately 7596), The use of this novel nethod for the
purification of fibrinogen from blood proteins has the potential to enable
a sinpler 35 . nethod of manufacture |leading to a product which is superior
in both purity Abhepviations used hewdn01/ 48016 PCT/ AUOOD 01585 9 The technol ogy
of the current invention offers nmany advantages with regards to both the
manuf acture of Librinog d the use of fibrinogen in a fibrin sealant
product The ren@tal of Sﬁﬁ@%?ﬂﬁﬁbn fromthe fibrinogen conponent allows

t he manuf act®r e€Pt he | i Glottaploprotein havi ng to add 5 inhibitory agents,

ei ther human, apgppl org Bptically derived, in order to obtain the
desired stabili of th I brinogen conmponent and fibrin glue. Addition of
i nhi bitory age can Igﬁﬂnxgself to other problens which are avoided by
the renovi ng plBlasmnogeBlabidmogehe final product Finally, the production

costs -of an ioFNexchangﬁ k.0 is far nore 10 econom cal than the cost of
[ Fé&?gg‘ which are used in affinity

| ysi ne- sephar os TﬁE i Mo 'lﬁii ne resin

chr omat ogr ab‘hy% edur- 8BtithmapbimHbut t his specification the word

"cgrrpri se‘(‘j, or.'ggi at Lomcﬁ?ﬁh_pagg ;c'corrpri ses'('j orI “conprising”, will be

understood to i y t eSJ’IE{éﬁ%?g%%Fg stated. elenent, integer or step,
ap § pest

or group 'of elenents, in 5®put 15 not the exclusion of any
other el enent, 4#¥Rger Hysregs] absorpsdegiukitised fraetidrs] padtet eger s or st eps.

WO 01/48016 PCTGASKERY O01RéSelubiflsed SRMGMEIAEADfatsd SO R0 Haclibn ke P Ot ein
16 SDS-PAGE Sodium dodecyl sulphate - polyacrylamide gel electrophoresis
Gly/NaCl Glycine/Saline
SD Solvent/detergent
eACA epsilon aminocaproic acid
TNBP Tri -N-butyl phosphate
20 AlOH), Aluminium hydroxide

RT Room temperature
PET Plasma Engineering Technology
IEX Ion exchange

SHP Solubilised heparin paste supernatant



5 CP Cottable protein FX Il Factor XIIl FIT Factor Il Plasm Pl asm nogen
FN Fi bronectin 10 ATIII Antithronmbin Ill FIP Fraction 1 paste SFP

Sol ubi | i S®@01/4898€ i on 1 paste ASFP Al hydrogel absorbed s’éﬁ"ﬁﬁl‘l"{“@ﬁ fraction
1 paste GASFP Resolubilised GlylNaCl precipitated solubilised fraction 1
paste 15 SDS-PAGE Sodi um dodecyl sul pthte - pol yacryl am de gel

el ectrophoresis dy/NaCl dycine/Saliné SD Sol vent/detergent sAGA epsilon
am nocaproic acid TNBP Tn -N-butyl phosphate 20 Al (OH) Al um ni um hydroxi de
RT Room tenperature PET Plasma Engi neering Technol ogy |EX |Ion exchange SHP
Sol ubi |'i sed ' 01148016 PCT/ AUO0/ 01585 11 BRI EF
DESCRI PTI m@?%@%ﬁwd of clottable fibrinogen obtained
in paste to buffer ratio 5 study (1) Figure 2: Yield of total fibrinogen
obt ai ned in .t Oyi [ indd o blsr t ot al

fi bri nogen c?g iqédoﬁfllr%l%gﬁlg&?gbgluﬁeg&rlg%?%nég%zgﬁze%o 10 E?gﬁre 4: Yield
of clott &bl &M nogen obtained over tine during extraction of Fraction |
paste. Figure 5. Effect of tenperature on extraction of fibrinogen from

Fraction | piondd@3! eyield of total fibrinogen obtained in paste to buffer ratio study (1)

Figure 3: Yield of total fibrinogen obtained in paste to buffer ratio study (2)

10 : .
Figure 4: Yield of clottable fibrinogen obtained over time during extraction -
of Fraction I paste.

Figure 5: Effect of temperature on extraction of fibrinogen from Fraction I

15 paste.

Figure 6: Flow chart depicting a preferred fibrinogen purification process
incorporating the ion-exchange chromatography method of the present
invention.

20



Figure 6: Flow chart depicting a preferred fibrinogen purification process

I ncorporating the ion-exchange chromat ography nethod of the present

i nvention. 2@0iois4803 01/ 48016 PCT/ AUO0/ 01555 12 DETAI LED BETAUMMAISESN OF TIC
FRI ETH EMBODI MENTS EXAMPLE 1: Extraction of Fi bri nogen fromfraction |
precipitate 5 1.1 Materials and Methods 1.1.1 ,|'eparin paste extraction
procedure Fraction | paste is extracted at 12, ratlo of 1g:8.33g heparin
paste 10 extraction buffer unless stated otherw se. The extraction is
performed at roomtenperature for 2 hours, 1.1.2 Heparin paste extraction
buffer 0.4 MNad , 15 6nmM cACA, _20nM Na-citrate, H7.3 1.1.3

Al hydr ogel Abs PETAUEDBESCRIFTION, QF FHE JBEEERRER EMBADIMENTS: Al (oH) $,

al so known as alhydrogel is added to solublllsed heparin paste supentant
(SHP) at a conggj __,- wWith stirring
for 15 mnute E j f S T ot mrotes, and the
pellet disdarded. 25 1.1.4 GI y/ NaCI Pr ecipitation The ai hydrogel

super nat ant ( ASEPMaefald aid¥ethdddf fer are heated to 30C 3C. The
supernatant is Then added to tne Gy/Nad buffer, over 4.5 mninutes, at a
ratio of 1:2.05. The supernatant is then i ncubated at 30C with 30 stlrring
for 20 m ns, betl.BlcHepatini gaste extrictiord pravedgrent 5010g. The

Fraction I pasts is extracted at a ratio of 1g:8.33g heparin paste
10  extraction buffer unless stated otherwise. The extraction is performed at
room temperature for 2 hours.

1.1.2 Heparin paste extraction buffer
0.4 M NaCl,
15 &5mM eACA,
20mM Na-citrate,
PH 7.8,

1.1.3 Alhydrogel Abserption

20 A solution of 2% aluminium hydroxide Al{OH);,, also known as
alhydrogel, is added to solubilised heparin paste superntant (SHP) ata
concentration of 10.8%. The mixture is incubated with stirring for 15
minutes at room temperature, centrifuged for 10 minutes, and the pellet
discarded.

25
1.1.4 Gly/NaCl Precipitation

The alhydrogel supernatant {ASFP) and Gly/NaCl buffer are heated to

30°Cz 3°C. The supernatant is then added to the Gly/NaCl buffer, over 4.5
minutes, at a ratio of 1:2.05. The supernatant is then incubated at 30°C with

30  stirring for 20 mins, before centrifuging for 10 mins at 5010g. The
supernatant is discarded and the precipitate resolubilised using a volume of
Buffer D equal to one third of the mass of the supernatant obtained after
extraction of fibrinogen from Fraction I paste. The precipitate may be stirred
at room temperature during resolubilisation.



supernatant is discarded and the precipitate resolubilised using a vol unmg
of Buffer D equal to one third of the mass of the supernatant obtained
after eXWPAU#OWN of fibrinogen from Fraction | paste. BGFAYOOLSHi tate may
be stirred at roomtenperature during resolubilisation. WO 01/48016

PCT/ AUOO' 01585 13 1.1.5 dy/ Nad buffgr 2. 1M glycine 20nmM Na-citrate
3.6M NaClL 5 2. 4nM CaCl2 1.1.6 Buffer D~ 100nM Nad 1. 1nM Cadl 2 10 10mM
Na-citrate 10mMtris 45mM sucrose pH6.9 15 1.1.7 Sol vent Detergent

Tr eat ment Sql,ysn(c;]_,g[y&e:ggﬁ?ertreat ment is perfor med by addi ng 196

pol ysorbateEBMc NBP to the resolubilised Ay/NaCl precipitate

( GASFP) at Treatment 20 Sol vent detergent treated fibrinogen
i s diluted ZOmBMNa-gitesdecentrated sucrose/glycine buffer to a final
concentratlcyvaquN@jqpr oximately 1 ng/nL protein, 60% sucrose and 1 M

gl yci ne. ezlim ed product is heated to 60C and i ncubated for 10
hour s. 2§ 1 change Chronmat ography Wet heat treated fibrinogen is
applied to an equilibrated anion exchange resin. After washing of the
resin, the plpgughsespe! uted using a salt- containing buffer. 30 1.1.10
Stability at 317!& (_Hrocess sanpl es were incubated at 37C in a water bath
and sanpl es 10 a

1.1mM Ca(Cl,

10 10mM Na-citrate
10mM tris
45mM sucrose
pH6.9

15  1.1.7 Solvent Detergent Treatment
Solvent detergent treatment is performed by adding 1% polysorbate 80
and 0.3% TNBP to the resolubilised Gly/NaCl precipitate (GASFP).

1.1.8 Wet Heat Treatment

20 Solvent detergent treated fibrinogen is diluted 1/15 with concentrated
sucrose/glycine buffer to a final concentration of approximately 1 mg/mL
protein, 60% sucrose and 1 M glycine. The formulated product is heated to
60°C and incubated for 10 hours,

25 1.1.9 Ion Exchange Chromatography
Wet heat treated fibrinogen is applied to an equilibrated anion
exchange resin. After washing of the resin, the product is eluted using a salt-
containing buffer.

30 11,10 Stability at 37°C
In process samples were incubated at 37°C in a water bath and samples
taken and frozen at regular time intervals. The stability samples were
analysed by SDS-PAGE under reducing conditions. Stability was assessed
qualitatively as the last time point where no degradation of the o subunit of
35 fibrinogen was observable by eye on the gel.




taken and frozen at regular tine intervals. The stability sanples were
anal ysed by SDS- PACE under reducing conditions. Stability was assessed
qual itativel woraushe | ast tine point where no degradati on RET/AUM/OESS ubuni t
of 35 fibrinogen was observable by eye on the gel. WD 01/48016

PCT/ AUCO 01585 14 2.1.11 Extraction | Procedure Fraction 1 paste was
obtai ned fresh fromproduction. 6 g was exdfracted inmediately using
heparin paste extraction buffer. The solubilised fraction 1 paste was then
al i quot ed and sj§gr.ed tp.- 80 ntil assayed. 5 1.2.12 Extraction 2
Procedure Fr act#’g'ﬁlmggg%%&?\gpg‘gﬁ‘gnﬁed fresh from production. 12 g was
extracted i medi atef%@ﬂrﬂgpmwmi abteineddreshiirors preductions &rg waheximeted was
treated with Al i(nﬁhma grhepaﬁﬁ pﬁét& %k&dcﬁb‘ﬁ Wff@ whivaelubiket Fractibier 10

precipitate was soI u S take at each stage
and frozen at - &fen;fia g}la‘ge gg&?ﬁ Gﬁmﬁ was stored at
- 80C 1.2.18 Extractlon 3 (frozen paste) Procedure 15 Fractlon | paste
(30g) was thaweglzg g;% usi ng heparin paste extraction

% Pgtse a?ﬁactlon

buffer. The solu asteécgva freate Wlth AI OH) g and
%Fill‘@@ s then

precipitated using
resol ubtlised ummtdﬁﬁﬂmediatelﬁﬂﬁﬁg\lapaﬁmpm exmmmmnﬁasm plabte was

| ubi | d
200mM and 501 %‘g‘?ﬁé@ﬁ%ﬁéﬁﬁeﬁ‘ﬂq%‘%ﬂ%@ésse r ﬁlﬁ%.ty 3 s

Resol ubi | i ¥4 ripriniiete yrerespiubilised jn Suffer B Sempleswers hetrgeo  the
MacroPrep HQ i candefrotn@es0°0 wiitl askdyad! Renminiag fragdbh ¢ mcktab&cav
assessed for st ity at 37C. 25 1,1.14 Extraction 4 Procedure Fraction |

paste was obtained fresh fromproduction. 40 g was extracted i medi ately
usi ng heparin paste extraction buffer. After 2 hours of extraction, the

fraction 1 pastg1V@SERRucHeNB!(Bosér paste)Pidcedare The materi al

15 Fraction 1 paste (30g) was thawed at 37°C and extracted using heparin
paste extraction buffer. The solubilised fraction 1 paste was treated with
Al(OH), and precipitated using Gly/NaCl buffer, The Gly/NaCl precipitate
was then resolubilised using Buffer D. eéACA was spiked info samples of the
resolubilised Gly/NaCl precipitate at concentrations of OmM, 20mM, 100mM,

20 200mM and 500mM. The samples were then assessed for stability at 37°C.

Resolubilised Gly/NaCl precipitate was treated with SD and applied to

the MacroPrep HQ ion exchange column. Fractions were collected and also
assessed for stability at 37°C.

25 1.1.14 Extraction 4 Procedure
Fraction 1 paste was obtained fresh from production. 40 g was
extracted immediately using heparin paste exiraction buffer. After 2 hours of
extraction, the fraction 1 paste was not completely solubilised. The material
was centrifuged* and the supernatant (solubilised fraction 1 paste #1)

30 treated with Al{OH), and Gly/NaCl precipitated.. The Gly/NaCl precipitate
was resolubilised using Buffer D. eACA was spiked into 2 sets of samples of
the resolubilised Gly/NaCl precipitats at concentrations of 0mM, 20mM,
125mM, 250mM and 500mM. One group of samples was incubated at 37°C
immediately and assessed for stability over time. The other group of samples

35  was stored frozen at -80°C for 60 hours, thawed and then incubated at 37°C



was centrifuged* and the supernatant (solubilised fraction 1 paste #1) 30
treated with MOM and G y/NaC precipitated.. The Ay/NaCl precipitate was
resol ubl IWQ8H4804§ ng Buffer D. sSACA was spi ked into 2 seRGY 00023%p| es of

the resolubilised Gy/NaCl precipitate at concentrations of O 20nV
125mM  250mM and 500nmM  One group of sgg’pl es was incubated at 37C

I mredi ately and assessed for stability over tinme. The other group of

sanpl es 35 was stored frozen at -80C for 60 hours, thawed and then

i ncubat ed aforesmm@ Ollﬁél?&ﬂﬁnﬁgﬂe&m&&@yfbﬂa@lbﬁém sltalivdsish The

remai ni ng reﬁg ld kﬁn H“’aﬁf‘ﬁﬁ? & g@{l}gﬁ eit was SD “treated and applied to
the ion: exchange o R $UBER fraction 1 nateri al (14.13 9)
was then re-extracted in 5 heparin paste extraction buffer containing 0.8

:CVINaCI. The*gg%eaillfdoa%hié%efdﬁmf&m% 44843 gfwhs Yk Rl dxirie : iéﬂigandtstorid
rozen a ; | 0 c raction
paste wa E‘FB?%B&T SHHp df(') hﬁ} ég\kgﬁﬂéﬁ &ba sp&'!:'nhng 4.5 days at
4C and t he Oahtien Aanétezinl (#2%)@vas| arhcleotezd mdoﬂoraﬁm@zeneatt-aﬂfal ons were
performed using the 4C (fresh paste) and the -80C (frozen paste) extracted

I n buffer t U n ATM addi ti onal change to the

st andar d extﬁ'ﬂﬁ% zﬁﬁ§°m"ﬁ’€?’ in salt concentration to 0.8 M

Fraction 1 pasteF‘I(aﬁgc)nﬂmstexmaobmheﬁﬁemmdhcﬁﬁn&ﬁtbhwwasWrgd fab

condi ti gps: r, 0.8M
el 4(51&a2F 5’22 9°C BAd e Sthlet ﬁsif%iie éﬁ: nﬁ%@%ﬁ :‘é&g’é A

Yo H7 Fresh paste exirac 0.8M
NaQl | p R pyme Pg :§h32§ Iﬂaét?bﬁn M@O‘t’%ﬁmndtasw?c and then

extract ed i ex@actnd idbGffer with, alﬁthBéﬁﬁl IIﬂ)’u&MkmlAnIHddYu&al(c fozen paste
e, e e e G o
al hydr ogel absor]fi‘@FB?P 12@5"&498)&’@3%@61%@%@ eﬁgﬁef;h efotlowing f er. The
preci pi uat egonditionshen split in
(1) Fresh paste extracted in 20mM NaCitrate, 5mM eACA, 0.8M NaCl,
pH7.3.
(2) Fresh paste extracted in 20mM NaGitrate, 5mM eACA, 0.8M NaCl,
1 IU/mL ATIH, pH 7.3,
20 (3) Frozen paste thawed at 37°C and then extracted in 20mM
NaCitrate, 5mM eACA, 0.8M NaCl, pH 7.3.
(4) Frozen paste thawed at 37°C and then extracted in 20mM
NaCitrate, 5mM eACA, 0.8M NaCl, 1 IU/mL ATIII, pH 7.3.
The solubilised fraction 1 paste was subjected to alhydrogel absorption
25  and precipitated using Gly/NaCl buffer. The precipitates were then split in
half. Half the precipitate was stored at -80°C and the other half was
resolubilised using Buffer D. The resolubilised precipitate was then split in
half again and 0 eACA or 250mM gACA was added. The samples were then
assessed for stability at 37°C.
30 The frozen Gly/NaCl ppt was thawed at 37°C and resolubilised using
Buffer D + 100 mM sACA (warmed to 30°C). Resolubilisation was performed
at 30°C. The samples were then assessed for stability at 37°C.
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hal f. Half the precipitate was stored at -80C and the other half was

resol ubilised using Buffer D. The resolubilised precipitate was then split
in half agawoousssid sACA or 250nM SACA was added. The saRPT/ATOMMAFE t hen
assessed for stability at 37C. 30 The frozen Gly/ NaCl ppt was thawed at 37C
and resolubilised using Buffer D+ 100 mVi'SAGA (warned to 30C).

Resol ubi l i sation was perforned at 30C ThR sanpl es were then assessed for
stability at 37C. 35 WO 01/48016 PCT/ AUOO/01585 16 1.1.16 Addition of
heparin to extr 69 obt ai ned from production
after storage flair: 'gd‘ﬁg{o;ﬁ;tf@&aﬁﬁn t exper nt extract ons wer e
per f or ned usi ng bufF’@F Wﬂww%mwa@mMMq T SHTags §§r‘|’@§sof 20
U L or 60 | Uatrie®thehpttisexperimart] 4 extrdetions weré pafformsl wihg baffedwithder each

5 v Saca, 0. 4 i AR BT AFL i 3 beRRE Wﬁgﬁ&& AR oo
in 20 mM Na8it r at e, FECHan d/4@ate (6g)was extrciedomdes@ashupfiherfollewing, pH 7. 3.
(3) Fresh past eegditioagted in 20 MM NaCitrate, 5 mV eACA, 0 4 M NaCl, 20

NaG trate. 5 v EAH) cPeash peferiatind il pd e NobReS, §EmigRb R oid 17 o

15 The sol ubilised fradﬂa@nzuwhempﬁém ed with AL(OH)a and
precipi tated using @y/PeM p &qggf&mg;{mf\nﬁ SBWO%F)MI tin
E%gc and the ot her half was

hal f. Half the precipi e red, at
resol ubilis€d using BL#%@P B&Sfpﬁegﬁ’@g& 85 TPsed precipitate was then split
in half again and @]s%bpwémtmwmmmmMaﬁﬂHeQMe t hen

assessed for 20 stabil ixyc@be e frozen pellet was
perfornmed by the adtdat IFQII’I ? If?'[f xﬁﬁ é@%&@%&ffo 30C) into
the frozen Qy/ Nad 4 eshpaste extractec inZO Cltl'&te,
NaCl, 60 IU/mL heparin, 1 TU/mL ATHI, pH 7.3,
15 The solubilised fraction 1 paste was treated with Al{OH), and

precipitated using Gly/NaCl buffer. The precipitates were then split in half,
Half the precipitate was stored at -80°C and the other half was resolubilised
using Buffer D. The resolubilised precipitate was then split in half again and
0 eACA or 250 mM eACA was added. The samples were then assessed for
20 stability at 37°C.
. Resolubilisation of the frozen pellet was performed by the addition of
Buffer D + 100 mM sACA (warmed to 30°C) into the frozen Gly/NaCl
precipitates. Resolubilisation was performed at 30°C. The samples were
then assessed for stebility at 37°C,
25
1.1.17 Paste:Buffer ratio study
Study I:
Fraction 1 paste was obtained fresh from production. 1.5g,3g,45g,6
g. 7.5 g & 9 g were resolubilised in 50 g of extraction buffer containing 0.8 M
30 NaCl, Samples were taken for total and clottable protein. Remaining
material was discarded.
Study II:
Fraction 1 paste (Batch # 3715001253) was obtained fresh from
production. 4.5g,9g, 13.5 g, 18 g, 22.5 g & 27 g were resolubilised in 150
85 mL of extraction buffer containing 0.8 M NaCl, 60 IU/mL heparin at 37°C for
90 minutes. Samples were taken for total and clottable protein.



precipitates. Resolubilisation was performed at 30C. The sanples were then
assessed for stability at 37C. 25 1.1.17 Paste:Buffer ratio studg Study I:
Fracti on WOPH0t was obt ai ned fresh from production. 1.BCHAUWOESES, 5 ¢ "6
g, 7.5 9g & 9 g were resolubilised in 50 g of extraction buffer containing
0.8 M 30 NaCl. Sanples were taken for t70tal and clottabl e protein.

Remai ni ng material was di scarded. Stu Il1: Fraction 1 paste (Batch #
3715001253)  was obtained fresh from production. 4.5 g, 9 g, 13.5 g, 18 g,
22.5 g & 27 g were resolubilised in 150 35 nL of extraction buffer

containing Q i &Aﬁga .60 IUI m_ he |n at 37C for 90 m nutes, Sanples were
faken for t dtLfd darastion 4y 01/ 48016 PCT/ AUOQY 01585 17
1.1.18 Extracti oErdcﬁnndrpastemsohu;nederahfmmproMQﬂ wisg wias ai ned fresh

from prOdUCtdﬁg%Fteaﬁﬁgl?@% of %6 tl\?étﬂr&telg%ﬂkm?tf’smﬁﬂé‘tﬂo 5 m

SACA, 0.8 M rs at roomte rature, ot her 18 g
was extr &ct é’dh‘i“ﬁs EP%WF?@W Md@ A8e8 W8S gxirastedhin doGmiy , pH 7.3
for 2 hours liStz@traie,rmhMeAmeatmmap}msﬁdmhoﬁ@ atBm°C. Sdémpies. and

120 m n. thr t rotein. The
sol ubi | i sed paste {})‘fqnmﬂ( é@%{l ecEif' ﬁpﬂ ‘i é‘rpl?cPJ (ﬂfé) en 10 1.1.19
Pr oducti on sﬁ,@lﬂéﬁeﬂ ortotal pagte was Fraction

1 paste was del g@aﬁangtﬁe&@ I@ﬁk@ﬁ,i on. 20.0 kg was extract ed by PET
group in120 mMM NaCitrate, 5 mMMeACA, 0.8 MNaCd, 60 15 IU nL heparin, pH

7.3 at d@aratio of 1 paste : 8.33 g buffer. Extraction was perforned at
37c for 90 rd-%19 tionsaale extractiomstud¥t e was t hen subjected to

al hydrogel production scale extraction It
Fraction 1 paste was obtained fresh from production. 20.0 kg was
extracted by PET group in 20 mM NaCitrate, 5 mM eACA, 0.8 M NaCl, 60
15  IU/mL heparin, pH 7.3 at a ratio of 1 g paste : 8.33 g buffer. Extraction was
performed at 37°c for 90 min. :
Solubilised fraction 1 paste was then subjected to alhydrogel
absorption and Gly/NaCl precipitation were performed. The precipitate was
split in two and half the precipitate resolubilised in Buffer D containing 100
20 mM eACA and the other half frozen at -80°C. The resolubilised Gly/NaCl
- precipitate was then treated with SD, wet heat treated and applied to the ion
exchange column. The eluate was collected, sampled and frozen at -80°C.
Resolubilisation of the frozen pellet was performed by the addition of
Buffer D + 100 mM eACA (warmed to 30°C) into the frozen Gly/NaCl
25 precipitates. Resolubilisation was performed at 30°C. The samples were
then assessed for stability at 37°C.
Production scale extraction II:
Fraction 1 paste was obtained fresh from production. 30.0 kg was
extracted by PET group in 20 mM NaCitrate, 5 mM sACA, 0.8 M NaCl, 60
30 IU/mL heparin, pH 7.3 at a ratio of 1 g paste : 8.33 g buffer. Extraction was
performed at 37°C for 90 min, Samples were taken for total and clottable
protein.




absorption and A y/NaCl precipitation were perfornmed. The precipitate was
split in two and half the precipitate resolubilised in Buffer D containing
100 20 nM sABrowsaiét he ot her half frozen at -80C. The reseCusUMW0/0$58d

G y/NaCl precipitate was then treated with SD, wet heat treated and
applied to the ion exchange colum. The eluate was col |l ected, sanpled and
frozen at -80C. Resol ubilisation of the f¥ozen pell et was perfornmed by the
addition of Buffer D+ 100 nmM eACA (warned to 30C) into the frozen

G y/ NaCl 25 pr S. Resolubilisation was performéd at 30C. The

sanpl es were £2 Rla(E‘ﬁ{sgssed for stability at 37C. Production scal e
extraction Il: Fraction 1 paste was obtained fresh from production. 30.0 kg
was extractedmu Bxiragtion Procé@umeM NaCitrate, 5 mM sACA, 0.8 M Nad, 60

30 UL h f 33 f f Extracti
was per for rerggr Iatn 3%?%%@851%@5' 2 ‘é’i’ﬂ%sﬁ %Qlf%h m%togltbé’ﬁeénd clrgtct :atglne
protein. W3®O01 qlémmgmhﬁug@im%&? gisipemataitaras collected andithe palleti on 1

Procedure Fracfispaeddédpaste (6g) was solubilised in 50 nL extraction buffer.

5 Followi ng cegtrifugati 2.47 g supernatant was col | ected and the
pel l et di scarg’&? ﬁﬁg{ag?q#sgﬁg} acterisation The solubilised fraction |

paste was assayed fHire sobibilisqu foaction 1 pasie twabhesayed fardotal pfcnmhocloﬁhblb

pl asm nogen an LR PIREst ﬂﬁ’ﬁo@e g@éﬁ d
fibrinogen ergfi'ﬁ' Eﬁ‘}?ﬁ ?fas I sh%%dcf{hé_ a?rid%%%d\%er%lhﬂe 'ggcl usi on
anal ysi s ‘g qb?ﬁ@erlweﬁgws @3%%’6"@ a’tfﬂ‘élsr‘@%‘i}’r qtg @ detailed

in Table 3. Tab:kcéu&ioﬂﬁnﬂystsm pefforned esingBuperose s, td wbalks efewhichacs | on |

te S | Tt|96CPFXIIIPI FN
past e, Sarpl o SHEEgLEAME | noger, Total 90 P P11 Prasm nogen FN (o)

Table 1
15 Protein characterisation of solubilised fraction 1 paste

Sample | SFP | Protein | Fibrinogen | Total % CP [FXII  [Plasminogen |[FN

() |(mg/ml} |(mg/ml) |fibrinogen (%) |(E/mL) |(ugfmlL) (mg/ml)
(mg)
SFP 52.7 | 26.56 17.20 902.5 85 13.57 125-129 0.44

The characterisation of the solubilised fraction 1 paste shows that high
levels of protein are extracted of which approximately 65% is clottable
20  protein or fibrinogen. The solubilised fraction 1 paste also contains high
levels of factor XTI and plasminogen but has low levels of fibronectin.



SFP 52.7 26.56 17.20 902.5 85 18.57 125-129 0.44 The characterisation of”
the solubilised fraction 1 paste shows that high |l evels of protein are
extract ed Vo O¥#89%€h approxi mately 65%is clottable 20 p PGEAUR0RLSES
fibrinogen. The solubilised fraction 1 paste also contains high |evels of
factor Xl Il and plasm nogen but has | owgdevels of fibronectin. WO 01/48016
PCT/ AU0O0O/ 01585 19 Table 2 Yield of fibrinogen fromsolubilised fraction 1
paste Sanple Total F1 F 1 paste Total Mass of Fibrinogen YIELD paste
extracted fibrinogen starling plasna (gI kg pl asma) generated (g) (mg) (kg)
SFP 60600 6.02 902.5 7476 1.22 5 Thepyhr!# of fibrinogen from solubilised
fraction 1 paste is hj i corrparlson sol ybi lised heparin paste, with
1.22 g fibrinogen extygh{iflé’gﬁbénogkﬂ Eﬁhﬂbﬁl Monﬂ)l’ﬂ%l e 3 Superose 6
anal ysis of sol ubil sed fractlon 1 paste . Sarrpl e 96 Area 96 Area 96 Area 96
Area ot her T rTn _en| EK%Y progerns =~ SFP [ 24 4.9 . 88 28.0
Superose 6 & i s %gbl ubi ¥ A 2%te  f 0% on 1Mssfe shoptbripesen) i mat el y
6596 fibrinogen nonpwete W t h|étactbdv ¢ Bsrimphera d gtating plesna)iig/kd fismapr egence of

| ow nol ecul | N3 SDS- PAEyanal g GE anal ysis Jresults
show the pre gcul ar “wei gh i ' non rleduci ng
conditions a : —a PP oXI-B - ' r educi ng
condi tions. otizmateﬁryeda rich i riz‘zl br| noge .

Stabilitycat 32C 25 The sﬁablllty oT sol ubiTrsed traction I paste was

appr oxi ma? ely 24
The yield of fibrinogen from solubilised fraction 1 paste is high in

comparison to solubilised heparin paste, with 1.22 g fibrinogen extracted per
kilogram of plasma.

10 Table 3
Superose 6 analysis of solubilsed fraction 1 paste

| sample 1 9% Area % Area % Area 9% Area other
aggregate 1 aggregate 2 fibrinogen LMW proteins
SFP 1.24 4.89 65.88 28.0

Superose 6 analysis of solubilised fraction 1 paste shows
15  approximately 65% fibrinogen monomer with low levels of aggregates but the
presence of low molecular weight proteins.

SDS-PAGE analysis
SDS-PAGE analysis results show the presence of high molecular
20  weight proteins under non-reducing conditions and three major bands at
approximately 40-60 kDa under reducing conditions. This profile is typical
of material rich in fibrinogen.

Stability at 37°C

25 The stability of solubilised fraction 1 paste was approximately 24
hours. The solubilised fraction 1 paste sample clotted between 24 hrs and 32
hrs incubation at 37°C.




hours. The solubilised fraction 1 paste sanple clotted between 24 hrs and
32 hrs incubation at 37C. ia. V\(c) 01/ 48016 PCT/ AUOCO 01585 20 2. Z2

, Extracti on wootuseedure Fraction 1 paste (12.06g) was exPcaavew1sss 100. 5
m. extraction buffer, centrifuged, Al (OH)a absorbed and d y/ NaCl
precipitated. 5 Prote| n Characterisation Al sanples were assayed for tot al
protein, clottable protein, factor X I1,%actor Il, plasmnogen and
fibronectin and the yield of fibri nogen per kil ogram of plasma cal cul at ed
(Table 4). Size exclusion analysis was 10 perforned using Superose 6, the
results of which are detailed in Table 5. Table 4 Characterisation sunmary
Sanpl e Prot ei n #2-BrieiogetiomProcedurex: L F11 PI asm FN PThrinogen nyg/niL

nghnL fi bri nogen %Fid(:ﬁbnh%ﬁie(ﬂt S%) mﬁlaﬁghggbgg #2 2200
78 12.61 0.53 120 8 00 1 77 10.29 UD# 100. 56
0035 1 42 cnsitenged AlfoR, herbs a&i%@%ﬁ%&!’ Log 1.13 15 #

undet ect ed €haracterisation of solubilised fracti on I past e showed

extraction of mp@ah CRY@E&ErRGtd Ot €i n of which approxi mately 73% was
cott abke protein. Xﬂls result is coa |st Bgt V\nth obt i,ned from

Extraction L Again, WS &S4ys %H’io CORd | ow
| evel s of fi brdﬁﬂcfactnmm@aﬂhimgemmd ﬁbtoﬂctuT hndyhegﬂld)éf ﬁbﬂrmgangen per

Ki | f pl
Sbsocpti on. +acgpmiies fleafaRaliildbd (Fallsef il exGhulitalflyhwdd) b
sol ubi I i sed% r %equﬁlé'gt persg 6y Hecesulineff whichiaze defsiled imTaklstsei n was

observed to be 779 and the concentrations of FXIII, plasm nogen

Table 4
Characterisation summary

Sample | Protein | Fibrinogen | Total CP [FXIm@ |FO Plasm |FN Fibrinogen
mg/ml | mg/ml. fibrinogen |% |[TU/mL |I0/mL |ug/ml |mgml |YIELD
(mg) (gkg
plasma)
15FP 28.11 12042 2200 73 112.61 1053 120.35 10.64 1,83
ASFP |1943 [15.00 1706 77 110,29 ({UD# |100.56 [0.38 1.42
ASFP [17.63 |16.25 1355 92 {14.98 |UD# 72,25 0,08 1.13

15  # undetected

Characterisation of solubilised fraction 1 paste showed extraction of
high levels of protein of which approximately 73% was clottable protein.
This result is consistent with that obtained from Extraction I. Again, high
20 levels of factor XTIl and plasminogen and low levels of fibronectin were also
extracted. The yield of fibrinogen per kilogram of plasma was also high at
1.83 g/kg.
Following Al{OH), absorption, factor i, which was observed to be
0,63 IU/mL in the solubilised fraction 1 paste, was undetectable. Clottable
25  protein was observed to be 77% and the concentrations of FXIII, plasminogen
and fibronectin were relatively unchanged. The yield of fibrinogen per
kilogram of plasma decreased by approximately 22% which is an expected
result over this step.



and fibronectin were relatively unchanged. The yield of fibrinogen per

kil ogram of

pl asma decreased by approxi mately 22% which is an expected

result oV&P 018046 st ep. WO 01/ 48016 PCT/ AUOO 01585 21 FPEGH/AHE01585

precipitation increased the purity of the fibrinogen to 9296

renoved fi br
Sanpl e 96 Ar

clottabl e and
Table 5 5 Superose 6 anal ysis
LMV aggregate 1 to 2 fibrinogen

onectin to negligible |evel
ea % Area % Area % Area ot hér

proteins SFP 10.85 4.78 52.47 81.90 ASFP B.32 3.20 58.86 31.62 GASFP 8. 25

10.59 74. 24
purificatio
i ncrease in

Lo

6. 93G_1y2N_ﬁ@I %iﬁtaﬁ&ﬁ'tﬁrz]i&ie&sag tHepuity f Slse fiﬁ?ﬁbgé‘h ttafme_dt th he
1 DI L nogen er regipitation step w an
bl gba FRRS esfropelin £ § "?3%'@%‘5& : b

R$ %496 of the total

ar ea.

SDS PACE anal ysi s SDS- PAGE anal ysis of solubilised fraction 1 paste showed

very simlar

SDS- PACGE anal ysi s of
purifi cath on of fibri nogen over
G y/NaQ precipitate sanple contains fewer

protein conposition to 4Klbhsgenerated in Extraction 1.
15 in procgss sa%al.so denonstrated t he
HRexgsg Y8 ep. The resol ubilised
hi gh nol ecul ar wei ght protein

bands when gnal ysed um reducl condi {1 L,ons. and bsen bands at
200 kDa, 15 gﬁﬁ%l? and g@&’i?ba A hal ys ag"murﬁ%ler naﬂ’-e‘&rr%apﬁ%r%gmg)nditions.
20 1.2.3 Extlraction 3|egsregated phageregatpocefbpinogdy act pooteint paste |21, 13Q)
was extractg@gpn 176 | ghgbuffer|gagentrifhgesh Al (OH)3|absorbed
and d y/ NaClI precrprtza [gi Tion of | _product [0 Jy/ NaCl byffer, sone
product cl ot g P Nac—25588% oi it h#8%as—SDt+pat ed,
applied to gmAsERn excharge col uimo.snd t he| 742bri nogeasvas el uted]in a

salt-containing buffer.

10
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20

25

30

Superose 6 analysis of in process samples showed the purification of
fibrinogen over the Gly/NaCl precipitation step with an increase in the
fibrinogen peak from 59% to 749 of the total area.

SDS-PAGE analysis

SDS-PAGE analysis of solubilised fraction 1 paste showed very similar
protein composition to that generated in Extraction 1. SDS-PAGE analysis of
in process samples also demonstrated the purification of fibrinogen over the .
Gly/NaCl step. The resolubilised Gly/NaCl precipitate sample contains fewer
high molecular weight protein bands when analysed under reducing
conditions and the absence of bands at 200 kDa, 150 kDa, and 55 kDa when
analysed under non-reducing conditions.

1.2.3 Extraction 3 (frozen paste) Procedure

Fraction 1 paste (21.13g) was extracted in 176 mL extraction buffer,
centrifuged, AI{OH), absorbed and Gly/NaCl precipitated. On addition of
product to Gly/NaCl buffer, some product clotted. Resolubilised Gly/NaCl
precipitate was SD treated, applied to an ion exchange column and the
fibrinogen was eluted in a salt-containing buffer.

Protein Characterisation _
All samples were assayed for total protein, clottable protein, factor
XTII, and factor IT and the yield of fibrinogen per kilogram of plasma




Protein:Characterisation Al sanples were assayed for total protein,
clottable protein, factor 30 Xill, and factor Il and the yield of
fibrinogen peoodsptsgr am of pl asma WO 01/ 48016 PCT/ AUOO/ 01BE€HAURAIEES cul at ed
(Tabl e 6). Size exclusion analysis was perforned using Superose 6, the
results of which are detailed in Table 7._Table 6 5 Characterisation
summary Sanpl e Protein Fibrinogen Total %% act or Factor Fibri nogen nyg/ nm.
ng/ mL fibrinogen CP Xl Il Il g/Kg plasma |WnL IUhnnL SFP clotted clotted

clotted clotte 7% ; 21
10. 07 836 82 c?%r%%ﬁéﬁ ag_iezlza. %ll%:'*g)(e’%: z:% Qégﬁigség@g pgﬁggnéggfiﬁﬁﬁﬁgfﬁ?e
#undet ected ChafRdpaitsofwhishgre inTehlefraction | paste was not
performed as 10 the sanples clotted on thawi ng. One sanple of resolubilised
G y/NaCl precipitate also clotted on_t.ﬁ@e%g and as a result no data is
avai lable for factor XIll. levels at this step. Sanples that were anal ysed
denonstrate® simlar profiles tochmﬂmi%ﬁpsﬁmact I on experinents.
Clottable protein was approxinately 60% 15 after AL(OH)a absorption and

WS, present _af SRRy (EvaR of FIAIOER) BTeBbor pi fon | Teder { orir | Hoaggen |
undet ect abl e. | The yi diigaaxl fingii.nogefbmpRpenkil lopgr fxmof | ! asnpg/@saddaw|wi t h
2ppl 166 o t Mromhohamgelcotym ey oy i, DT WS [ her
pl asm nogen. 114#@@1&% gttedQ/ 01 585 - clo’cteg clotted | -
o LASFP {1778 {1048 2028 {59 Je95 |UD 0.98

GASFP | 1221 | 10.07 836 82 |dotted | UD 0.40

IEX 3.72 2.1 358 56 |- - 0.17

column

eluate

#undetected

Characterisation of solubilised fraction 1 paste was not performed as
10 the samples clotted on thawing. One sample of resolubilised Gly/NaCl
precipitate also clotted on thawing and as a result no data is available for
factor XHI levels at this step. ,
Samples that were analysed demonstrated similar profiles to the
previous extraction experiments. Clottable protein was approximately 60%
15 after Al(OH), absorption and increased to greater than 80% after Gly/NaCl
precipitation. Factor XII was present at 7 IU/mL after Al(OH), absorption
and factor II was undetectable. The yield of fibrinogen per kilogram of
plasma was low with only 0.4 g/kg detected after Gly/NaCl precipitation. The
GASFP was then applied to the ion exchange column to purify fibrinogen
20 from plasminogen.



23 Table 7 Superose 6 analysis Sanple % Area % Area % Area % Area ot her ~
aggregate 1 e ate 2 fibrinogen ents SFP clotted clotted clotted clotted
ASFP 8. 35w001480261. 31 43.85 | GASFP 6.42 19.59 63.56 10. PCV/ABRIEE, ose 6
anal ysis showed very high levels of |ow nol ecul ar weight proteins at the
Al (OH) 3 stage. Purification of fibrinoggn was again seen after the

A y/NaCl precipitation with an increaseé in the fibrinogen content from 409
to 6096 of the total area. 10 SDS- PAGE anal ysis The first sanple of
solubilised fraction 1 paste was not anal ysed by SDS-PAGE as the sanple
clotted on thaw ng. SDS-PACE anal ysi igﬁ zarrpl es after AI(OH)3 and

Gly/ NaCl steps, under reducing and n % luci ng 15 conditions, shows the
purification of fibrinogen. Anal $epeross6analystsn exchange col umtm el uate
showed that the nmajor protein conponent is fibrinogen. Stability at 37C 20
The first spnpre—t2dhrsy—of—sotrpbrs oI paste was not | anal ysed
by SDS- PAGE| Sammplhe sahihldgeac| ot t Ao t hawj YdreaThe ricddreadther of the

sol ubi l'i sed{fraction [,BRsde1 St Pidalepdty2 S Rogeh Ot tlehemes@wWher e bpt ween 24
hrs and 32 TS _arter pelng reft th edAI(O—I)B spnpl e

showed evi d of fi- pFPHEgen—bi-ESGewn NaCl
precipitati pASFH i bri npgiem was_s 43.85r eakdown s evi dent
at 144 hour$ 72 h)ylrlzsanpl e 3.43r 500 mv SECA was
added to thé otthtrtret—t-y+ n ' table for

greater ®han 240 hours. After elution fromthe ion exchange col um,
fibrinogen was sg@hdr8sd ©analysis showed very high levels of low molecular weight

proteins at the Al(OH), stage. Purification of fibrinogen was again seen after
the Gly/NaCl precipitation with an increase in the fibrinogen content from
40% to 60% of the total area.

10
SDS-PAGE analysis

The first sample of solubilised fraction 1 paste was not analysed by

SDS-PAGE as the sample clotted on thawing. SDS-PAGE analysis of samples
after Al(OH), and Gly/NaCl steps, under reducing and non-reducing

15 conditions, shows the purification of fibrinogen. Analysis of the ion
exchange column eluate showed that the major protein component is
fibrinogen.

Stability at 37°C |

20 The first sample (24hrs) of solubilised. fraction 1 paste was not
analysed by SDS-PAGE as the sample clotted on thawing. The remainder of
the solubilised fraction 1 paste stability sample clotted somewhere between
24 hrs and 32 hrs after being left at 37°C. Analysis of the Al{OH), sample
showed evidence of fibrinogen breakdown at 24 hours.

25 After Gly/NaCl precipitation, fibrinogen was stable at 44 hours but
breakdown was evident at 144 hours (no 72 hour sample was found). When
200 or 500 mM eACA was added to the resolubilised Gly/NaCl precipitate,
fibrinogen was stable for greater than 240 hours.

After elution from the ion exchange column, fibrinogen was stable for

30 atleast 208 hours (the last time point tested) without the addition of any

eACA.




30 at |least 208 hours (the last tine point tested) without the addition of
any EACA. WO 01/48016 PCT/ AUOQ 01585 24 1,2.4 Extraction 4 Procedure
Fresh fract ivonot4spmst e (40. Og) was extracted in 333 M. exPCHAUMOMSSShuUf f er,
centrifuged, A (OH)a absorbed and A y/NaC precipitated. SAGA was 5 spiked
into 2 sets of sanples of the resolubiiised Ay/NaCl precipitate at
concentrations of 0 M 20 mM 125 mM 258 nM and 500 mM One group of
sanpl es was incubated at 37C i medi ately and assessed for stability over
time. The other group of sanples was stored frozen at -800C for 60 hours,

t hawed and then incubated at_37C for stability. Resolubilised Gy/NaC 10
preci pi tate wad2bExtraction 4 Brace ¥ to an ion exchange colum and the
fibrinogen was el utRrdsh fracticred pasto (4m0g)iwed dxtat®d in 380 nalh bxieimionct er i sat | on

3115 Thetor 't Puta s ity Al gﬁ%ﬁ%ﬁ i@@“&?%ﬁs&%ﬁ%ﬁ&ﬁé@ | ogram

of plasma Bal epiked éntoiZsetnef saumlesmofthe s itateatf i r st
extracti on wagoh@meatibAs b6 nA! 50 RS €5 xﬁmmm&n@s%o%bp@ne glogpei n

characterisatio of thIS oxheld pl asma led in
Tabl e 9. Super 85 ?@#@s& téf a%é@sqegﬁ?%kqg sga%ﬂ?ty over
Char acteri sat i umesdﬂmaohheﬁgmpp@fﬁamphsmdﬁlsmdcﬁ@eeﬂ' at -an"@(ﬁﬁl‘&u:hdurFN

Fi bri nogen ng erg) (‘RU
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9.0 UD# 0. 3% 11%3471@9&3#;&5 Eeat&dr applia 5‘68%90’3& © | EX El uate
8.49 8.e0 704 SiliriNbger\NWhs bltitedlitDy sal#cmdmﬁmhﬁﬁr
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Protein Characterisation
All samples were assayed for total protein, clottable protein, factor
15 XTI, factor I, and fibronectin and the yield of fibrinogen per kilogram of
plasma calculated in Table 8, The pellet remaining after the first extraction
was re-extracted with buffer containing 0.8 M NaCl. Protein characterisation
of this sample and yield per kg plasma is detailed in Table 9. Superose 6

analysis was not performed.
20
Table 8

Characterisation summary

Sample  |Protain [Fibrinoge [Total % |FXI0 |FI FN  |Fibrinogen
mg/ml. |nxg/ml {fibrinogen JCP {IU/L (I0/mL  {mg/ml]YIELD

| (mg) glkg plasma)
SFP 23.69 [16:.09 {5680 68 119 lo.36  [045 [1.85
ASFP 1730 |11.68 4472 67 l9.0 uD#_ lo.31 |145
GASFP__ |19.82 1768 4126 89 {150 |UD# {0.06 |1.35
1EX Bluate 1848 8,00 704 94 [NT* _INT* INT* |1.07
# undetected

25 not tested



25 not tested WO 01/48016 PCT/ AUOO 01585 25 Characterisation of in process
sanpl es showed results consistent wwth previous extractions of fresh
fracti on wopassoes Approxi mately 68%clottable protein ¥eEAWHHEREt ed from
the fraction 1 paste. Al(OH)a treatnent reduced factor Il to undetectable
| evel s and the G y/NaC precipitation izgcreaseo! 5 clottable protein to 89%
and reduced fibronectin to negligible I"8vels. The vyield of fibrinogen per
kg plasma at the solubilised fraction 1 paste stage was 1.85 and dropped

to 1. 35 daf ter fdhéﬁ?&ﬂaé%e&fssﬁéﬂsﬂn piodedd sundynéd st | okl EdrBisteryhith i S

expect ed over these steps. e Jecovery over e ipon.exc

chr omat ograﬁ?WQF%E"%@P%ﬁﬁ}gggﬁﬁr&aEPW%@%sgeloA 0% t@@&ﬁ’gﬂmﬁmd and
applied to tpreteimwasexiracige from thfractidiel pasiat A1(RE), steetmentyeduced gh i n
clottable pr I | ' | evel of

pl asm nogen f?%t‘é éégg@é%ge%é d:gﬁﬁgﬁgée I{éﬁ?ﬁ?e M@@véﬁ:g%l asm nogen
over theviorf & : o8 mL
fibrinogen aaelde¥fibriiwgeh pet kg plasnga thesdlubilised dtagtive 1qmstetstaget was ess t han
1.6 pg/nL i t o | ; ests that
the ion exc% g?@ﬁ%@@%ﬁ%ﬁgﬂmﬁaﬁ {;}P%Icl)dra nfﬁ\i}gi@%isﬁlnﬁg%%én from
t he product .whigchigeypeqted overthesedeps. Therasoverypver theiop.exe on # 1) was
sol ubi | i sed dhiomdtbghdphy/steh waslapprixiatetyxvesct i on buffer (0.8 M NaC, pH

7.3). Taple 9 Charact i te #2
Sarr%al e aoote ein F ZB%HW%QIW%(% %@P@ﬁqﬁ‘{‘%ﬁ?’“ﬁﬁgﬂb :ﬁm'ﬁgzeﬁ

mg/ nL ng/ mL Theeluategeas erowtorbe highrin dleiighle protein and eppteinedjowors 18 17. 73
2144 68 12. Gelald bf Plabtifofth. 2Phellaobledfqilasthpgs® R GASFP! wasaiotftédied nogen per

57 51 £ B T i b b it
calculated. However, 8 mg/mL fibrinogen and <0.2 ug/mL plasminogen in
15 the eluate equates to less than 1.6 ug/mL in a concentrated product of 60
mg/mL. This result suggests that the ion exchange column is acting
efficiently to remove plasminogen from the product.

(Bt O

o

_ 14.13 g fraction 1 paste (remaining after extraction # 1) was solubilised in
20 117.7 mL fibrinogen exiraction buffer (0.8 M NaCl, pH 7.3).

Table 9
Characterisation summary of solubilised fraction 1 paste #2

Sample | Protein | Fibrinogen | Total % |Factor X@il |Factor Il {FN Fibrinogen
mg/mL |mg/mL fibrinogen|CP |YU/ml, TU/mlL | (mg/mL) { YIELD

(mg) . (g/kg plasma)
SFP 26,18 (17.73 2144 68 112.6 0.34 0.41 0.69

25 : '
Therefore the total yield of fibrinogen per kg of plasma could be calculated as
1.85 + 0.7 g = 2.5 g fibrinogen per kg of plasma at the solubilised fraction 1
paste stage.

30 SDS-PAGE analysis
SDS-PAGE analysis shows the presence of fibrinogen in all fractions.
After Gly/NaCl treatment, fewer protein bands are observed under reducing




30 SDS- PAGE anal ysi s SDS- PAGE anal ysis shows the presence of fibrinogen in
all fractions. After Gy/NaC treatnent, fewer protein bands are observed
under reduciwgoiMlol148016 PCT/ AUOQ 01585 26 conditions ®€mAmse/o1sssS ng t he
purification of the fibrinogen nolecule that is also seen by protein
characterisation, Stability at 37C 5 The resolubilised Gy/NaCl precipitate
is stable for 64 hours when zero and 20 #nhM eACA is added to the sanpl e,
After 64 hours the sanple clotted. Wth the addition of 125 nM sACA t he

sanple is stable r.7 re Ie i i,dent at
The 100 hr 1 | meoBURRS SxipbesE the USRCRRAR of the hitaE R SBEOE T
stability of tnbosmenbssmtem:hesmnmajupmao precipitate to greater than 124
his, the |ast sanple taken. Resolubilised dy/NaCl sanples:-spiked with

zero or 20 mM AN ozen for 60 hours at -80C before starting the
stability tri a%a%@gyggéggs‘érved to be |l ess stable than resol ubilised
non-frozen Preci pi tﬁewsﬁ%ﬂxieﬁ@lmmpmpl&teis gablo for 6£hourk/weheB/ zerdne

54 Pours. i n t naiada bt egCa éd@dttsﬁ%‘&g%“ “%' *ﬁ‘?'l& 250
mM and 500 M %&'ﬁ%&é&%ﬁ%@ﬁ&éﬂﬁ SBRL Eh’éjsfﬂf rr?@g}lﬂ‘\uﬁ ut.96 his,
Lhe last tinme Emﬂ;rﬂmﬁhe!ﬁdl&dtldisttvtMtdtﬂfeemoéugimépomu y fromI 124
ours seen with the e e at
-80C only with the %g%@i[o Oo%ﬁg h%o %Arﬁéﬂ%{swg% %afp.ﬁpi anal ysis of
the ion exdfangesoly Cmﬁaﬁéommumﬂa&ﬂlﬂﬁh@%ﬂﬁl tion of
eACA. 1.2,5 Addékeﬁn of ATI Hto extraction buffer 25 Fraction 1 paste (69)

f h df , . t

U AT - cont rereoBalifs ¢ @g@i&%ﬁ@@%&@ AR ARl e
preci pi tate wafrozph ifQT GOnh.ors at beforﬂestpﬁmibeﬁ'@bdﬂy\mgl ez eloseaved 80C and
the other half Mﬁl&s@%ﬂib‘l@tﬂa‘n%@éblﬁﬁﬂﬁ&iﬁbﬁﬁ%&e tatd, CWRH b dddaebn

preci pitat %5 "o 2 rlolotr ionmﬂlf‘ azIACX%‘ sam&%s were gfﬁbl% for El? his Aeter Phich time

they clotted compared to 64 hours in the non-frozen samples. However, the
addition of 125 mM, 250 mM and 500 mM eACA increases the stability of the
fibrinogen to >96 hrs, the last time point taken, which did not differ
significantly from 124 hours seen with the non-frozen sample. Thus,

20  fibrinogen is stable at -80°C only with the addition of at least 125 mM eACA.

Stability analysis of the ion exchange eluate was shown to be >170 hrs

without the addition of eACA.

1.2.5 Addtion of ATHI to extraction buffer
25 Fraction 1 paste (6g), fresh and frozen, was extracted in 50 mL of the
extraction buffer (+1 IU/mL ATII), centrifuged, Al{OH), absorbed and
Gly/NaCl precipitated, The precipitate was split in half, Half the precipitate
was stored at -80°C and the other half was resolubilised using Buffer D. The
resolubilised precipitate was split in half again and 0 eACA or 260 mM sACA
30 was added. The samples were then assessed for stability at 37°C,

Protein Characterisation
Extraction 1
Fresh fraction 1 paste (6.04g) was extracted in 50.34 g buffer
85 containing 20 mM NaCitrate, 5 mM sACA, 0.8 M NaCl, pH 7.3. The



30 was added. The sanples were then assessed for stability at 37C. - Proté€in
Characterisation inaction 2 Fresh fraction 1 paste (6.04g) was extracted in
50. 34 g bwOOE#80186 containing 20 "M NaCitrate, 5 nM sAGCT/GUW/OMSNACI , pH
7.3. The WD 01148016 PCT/ AUOO 01585 27 solubilised fraction 1 paste was
then treated with-A (OH) 3 and preci pitaged using Ay/Nad buffer. Al

sanpl es were assayed for total protein®and clottable protein and the vyield
of fibrinogen per Kilogram of plasnma was cal cul ated (Table 10). 5 Table 10
Characteris Qbhlﬁbﬂis%ﬂrﬁﬁiftﬂbnsﬁﬁ&%lt@wﬁé el Redtbd Wﬂ?ﬂg@@ohﬁ& p’i‘éc‘i’%i'td’c@&e” 96
clottable Fi b“%@r@@aﬁ% protein WKg plasma SFP . 56712."14 608 62 0.85
GASFP 15. 151448 T47 GASFP + 13.89 11.84 313 85 0.44 250 mM eACA

10 Char act er i satAlisandplésweneassayed faniitalprotein and alottable prot¢inanideher ot ei n

was again c ' VY] g?ifﬁ Haswas\?ﬁﬂ t’m % clottabl e
protein ms@??ggpgg%%ﬂc}%ﬁlragd |or???ﬁ§aste |éﬁéwas ihléergg'sed to 8596
clottabl® protein after the dy/Nad precipitation step. The yield was

| omwer than previous extractions w tTable®® g fi bri nogen extracted per

ki | ogram of §£ paste (5.98g) ‘was

15 plasma. Extraghi . %m'&on I
extracted in 49.84 g buffer c(ﬁcl)ir??g?tﬁflngﬁ ® itrate, 5 MM sACA 0.8 M
NaCl,1 U AIMpH 7.3 20 The solubilised fraction. 1 paste was then

treat ed W {0 § Tnsbua” oCf iyl #5inbath 136000l Fdydn Sho! e

wer e assaygqd for total

11jg)grhng[t'ei n

agd clo

Erggtgle protin e%r;]

prot

§Kg plasma

SFP

19.56

12.14

608

62

0.85

GASFP

15.15

13.20

337

87

0.47

{ GASFP +

13.89

11.84

313

85

0.44

250 mM eACA

10 Characterisation of in process samples for total and clottable protein

was again consistent with previous results. Approximately 60% clottable
protein was extracted from fraction 1 paste which was increased to 85%
clottable protein after the Gly/NaCl precipitation step. The yield was lower
than previous extractions with 0.85 g fibrinogen extracted per kilogram of
plasma.

15
Exiraction 2

Fresh fraction 1 paste (5.98g) was extracted in 49.84 g buffer
containing 20 mM NaCitrate, 5 mM eACA, 0.8 M NaCl, 1 IU/ml ATIIT pH 7.3.
The solubilised fraction 1 paste was then treated with Al(OH), and
precipitated using Gly/NaCl buffer.

All samples were assayed for total protein and clottable protein and the
yield of fibrinogen per kilogram of plasma calculated (Table 11).

20



yield of-fibri

nogen per

ki | ogram of plasma cal cul ated (Table 11).

WO

01/ 48016 PCT/ AUOCO 01585 28 Table 11 Characterisation summary of

sol ubi | i sed Fvaomsses |

Fi bri nogen ny

past
/L

e

Sanmpl e Protein Fibrinogen TopciyaBbophsskt abl e
mg/ mL fibrinogen protein g/Kg plasma Lxqgl ~ SFP 16. 15

10. 48 524 65 0.74 GASFP 13.63 11.79 288 86.5 0.40 GASFP + 250 nM 13. 76

11.86 294 86 O.

usi ng extracti
extraction buf

42
on buffer
fer w thout

extracted fromfraction |

protein after the @y/NaCl 10 preci pi tafl’abhllﬂtep The yield was al so | ower
t han previ ous extract |mﬁ-am§.j§ahgnm

eACA 5 Characterisati or?8of
cont ai ni ng |

I n process sanpl es generated
iUk ATMwas very simlar to

AT[IL Approximately 65% clottabl e protein was
paste which was increased to 8596 clottable

'Bf 5o19EA

iC%;gg;ﬁ\éﬁféﬂ?gvved

pl asma. Eztractivn 3 Frozen fraction 1 paste (6. and
extracted in fer.containi ng 20 MM NaCitrate oM sSACA 0.8
NaCl, pH 7.3. Mplesol ubi | i|Peleth I pEib Mz%nl aat € Wg6 Liesle! I FaRMoght D
Al (OH)$ and prilecipitated dy/ buffer. Al sanpl eg re asshyed
for total protlein and clott i'fﬁr{g[‘ g?’n a1§£3?’?’?§anyip§qt%nof fi @&%ﬁ’g@’@ﬂ ber
ki | ogram of plfasoa..cal cul atled (Tabl e 12). |01/ 44016 PCT/ AJOO 01585 | 29
Tabl e 12 Char gogperi sati on qugHir Y| ffagsol ubg S sed HRraction 1 te Sanpl e
Protein Fibri rio(gAeé1 Tot a1 1jbrT noge %ﬁo‘ 4 "Suei rmogen IF?%WVL €4P)
Protein plas FP 13.63 11.79 283 86.5 0.40

GASFP + 250 mM | 13.76 | 11.86 204 86 0.42

eACA

5
Characterisation of in process samples generated using extraction

buffer containing 1 IU/ml. ATII was very similar to extraction buffer without

ATHI, Approximately 65% clottable protein was extracted from fraction 1

paste which was increased to 85% clottable protein after the Gly/NaCl

10 precipitation step. The yield was also lower than previous extractions with
0.74 g fibrinogen extracted per kilogram of plasma.
Extraction 3
Frozen fraction 1 paste (6.06g) was thawed and extracted in 50.5 g
15

buffer containing 20 mM NaGitrate, 5 mM sACA, 0.8 M NaCl, pH 7.3. The
solubilised fraction 1 paste was then treated with Al(OH), and precipitated
using Gly/NaCl buffer,

All samples were assayed for total protein and clottable protein and the
yield of fibrinogen per kilogram of plasma calculated (Table 12).

ki | ogram of

M



SFP 12.75 8.59 416 67 0.59 GASFP 7.84 6.57 140 84 0.20 GASFP + 250 nmM -
8.59 6.32 140 74 0.20 EACA 5 Characterisation of
of frozen fraction 1 paRGEABHOLESS

gener at edWOO1/489%6 ng extracti on
extraction of 67%clottable protein which

G y/ NaCl precipitation.
between fresh and frozen paste startin
of plasma was | ower than that extracted fromfresh paste
0.6 g fibrinogen extracted per

fraction |

These cl ott abl

containing 20 M NaCitrate, 5

protein
mat eri al .

I n process sanpl es

i ncreased to 849 foll ow ng

results are consi stent
The 10 yield per

with l.ess

kil ogram
t han

kilograntof pl asma. Extraction 4 Frozen
extracted in 50.59 g 15 buffer
18 MNaCl,1 1UNL AT, p

paste (6.07g) was thawed

r’d\/IEA

H7.3.

The sol ubilised frﬁ}hhrameﬁsqmmgmaryoﬁslﬂuhiﬂsedﬁrﬁﬂdﬁ-i pastad preci pi t at ed

using dy/NaCl buffer. Al sarrpl es were assayed for tot al prote| n and
cl ot t abl e protermTamt—tire- oottt rrogeT—pe nm
cal cul at ed| fameple e 13). >B:0$abl FibrBogeh af Batdl Ebiimngen bi | i sed
Fraction 1|paste Sanpl e| Regii LPrin y Total bl e
Fi bri nogenf _m niL B VC J48;ﬁ;pr0[ el n SFP 19. 90 10 SFP 9. 73
8.21 191 8 : sepl 12.7550 | 889 g0 14184 171 74 AGS 18016
PCT/ ALOQ' 01 &&SFP 30 Char pg.beri Jaggzon of | 140 process{ sanpl es ggaerat ed after
extraction I on past e butfter gontailniy TU my AT
showed ver) &ASFJ-E—%%(?me >u'§%s vrst resp{eic“p to clot g |l e prcgezpn and yield to
t hose obt alad@A : '

5

Characterisation of in process samples generated following extraction
of frozen fraction 1 paste showed extraction of 67% clottable protein which
increased to 849% following Gly/NaCl precipitation. These clottable protein
results are consistent between fresh and frozen paste starting material. The
yield per kilogram of plasma was lower than that extracted from fresh paste
with less than 0.6 g fibrinogen extracted per kilogram of plasma,

10

Extraction 4
Frozen fraction 1 paste (6.07g) was thawed and extracted in 50.59 g

15  buffer containing 20 mM NaCitrate, 5 mM eAGA, 0.8 M NaCl, 1 IU/mL ATIIL,
pH 7.3. The solubilised fraction 1 paste was treated with Al{OH), and
precipitated using Gly/NaCl buffer.

All samples were assayed for total protein and clottable protein and the
yield of fibrinogen per kilogram of plasma calculated (Table 13).
20

Table 13
Characterisation summary of solubilised Fraction 1 paste

Sample Protein | Fibrinogen | Total fibrinogen | % clottable | Fibrinogen
mg/ml. | mg/mL (mg) protein g/kg plasma
SFP 15.80 10.34 509 65 0.71
| GASFP 9.73 8.21 191 84 0.27
GASFP + 250 mM |{ 9.60 7.14 171 74 0.24
eACA

s



5 from previous extractions ATIII. Stability at 37C SDS- PAGE anal ysi s of

I n process stability sanples fromeach extraction experinent was
performed. 1Ovabsassisabi lity (in hrs) of solubilised fracti PCI/AU@ALSSS,

Al (OB)$ absorbed and Gy/NaCl precipitated sanples fromfresh (4C) and
frozen (-80C) paste, extracted in buffers with (+) and wthout (-) ATIII
are detailed in Table 14 below. t5 Table34 Stability of fibrinogen
(hours) 4C -80C ATM +ATM - ATM +ATM SFP 40 74 >112 >112 ASFP 63.5 92 >112
>112 GASFP >92 >112 >112 >112 GASFP + >112 >112 >112 >112 250 nmM eACA 20
Anal ysi s of frozen/t wed/ resoht Il zsed GASFP The frozen d y/ NaCl
precipitate was tha in progpsfremplesBengEited after pdsaction of 00

mVBEACA at 30C. ﬁbmnﬁrmﬁqmiﬁ&ﬁehﬁbﬂfwhohta’iﬁﬁ Vil 1o, AP sHowedSREP| €S were

Stabi ity at 23@%%%&6%%%&&%@%*%& *%&T?i'g?eé&?%%s&hﬁ%é
resol ubilisetl drgmNpreviops exiastionsd AFEP Protein Fi bri nogen Tot al
fibrinogen clottable Fibrinogen nL) rotein %lasma Extraction 1 16.21

14.18 277 87 O.Mga%&action 2 12.80 11.18 206 87 0.20 4C, ATM

SDS-PAGE analysis of in process stability samples from each
extraction experiment was performed,
10 The stability (in hrs) of solubilised fraction 1 paste, Al(OH), absorbed
and Gly/NaCl precipitated samples from fresh (4°C) and frozen (-80°C) paste,

extracted in buffers with (+) and without (-) ATTI are detailed in Table 14
below.

15 Table 14
Stability of fibrinogen (hours)

£C -80°C

-ATIE | +ATIH | -ATID | +ATIO
SFP 40 74 >112 >112
ASFP 63.5 92 >112 >112
GASFP >92 >112 >112 >112
GASFP + 1 >112 >112 >112 >112
250 mM eACA .

20  Analysis of frozen/thawed/resolubilised GASFP
The frozen Gly/NaGl precipitate was thawed at 37°C and resolubilised
using Buffer D + 100 mM eACA at 30°C. The precipitate resolubilised within

80 min. Samples were then assayed for total and clottable protein in Table
15 below and for stability at 37°C.



Extraction 3 12.74 10.91 195 86 0. 27

0.19

-80C Extraction 4 8.81 7.65 134 87 -

-80C, A5 Protein characterisation shows that the freezing of the

precipitaweotesss not affect the | evels of clottable pretEAvo®issgi el d of

fibrinogen/kg plasma in
anal ysis of the thawed resol ubilised Gl
the fibrinogen fromall
This result
precipitates stability.

extraction cond

!

the resolubilised Gy/NaCl precipitate.
/[ NaCl precipitates 10 showed that
tions was stable for

120

is consistent with that of the non-frozen dy/ NaCl

1.2.6 Addition of heparin to extraction buffer

Stability
hours.

15

Fresh fraction 1 paste (6g) was extracted in 50 g of the appropriate
838 precipitated using dy/Nad
buffer. The precipit at'FThawed and kesvlabilised Gly/Nudl prééipita®f the precipitate

extraction

buf f er,

treated with Al (

was stored at -80C. The other half was resolubilised using Buffer D. The
resol ubi li =t =ttt _ mm\ﬂ cACA 20
added to opE&ARER f an i rrbgand | Totak fbainogeh g rclokiahilé . ) | s were
then assesged for stabhbinty| @amdjC | Rt i N Charpixcg%rgj@sW1 raction 1
25 Fresh ffac aste (p.Ug) wWay extracted|in . O Of _extTction
buf fer cohfEFasHoRL 202 4¥at e, |87%M sACA, |674 M Naj$-32 20 | Ul nL
heparin, pH4E 01/48016 PCTf AUOCOD 01%85 32 7.3.] The sol ubilised fraction 1
past e vvastﬂglrg eat ¢ 1t hl Al (0% a preci pi tlgt.ed usi hg, 3 yfNa buf fer.
Al'l sanpl e$ \Aercggnagsagé'gﬁfo}ﬁf{gt al ;Eg%ﬁt ei n and ?%ottabl e&f)gr oteinjand the
yield of fiffeE, per Kkilpgram of Ipl asna was lcal cul atked (Table]16). 5
Table 16 |Extracions |12.74 |10.91 195 86 | 027

-80°C)

Extraction 4 8.81 7.65 134 87 0.19

-80°C, ATIH) '

5

10

15

20

25

Protein characterisation shows that the freezing of the precipitate does
not affect the levels of clottable protein or yield of fibrinogen/kg plasma in
the resolubilised Gly/NaCl precipitate.

Stability analysis of the thawed resolubilised Gly/NaCl precipitates
showed that the fibrinogen from all extraction conditions was stable for 120

hours. This result is consistent with that of the no

precipitates stability.

1.2.6 ‘Addition of heparin to extraction buffer
Fresh fraction 1 paste (6g) was extracted in 50 g of the appropriate
extraction buffer, treated with Al(OH), and precipitated using Gly/NaCl
buffer. The precipitates were then split in half, Half of the precipitate was
stored at -80°C. The other half was resolubilised using Buffer D. The
resolubilised precipitates were then split in half again and 250 mM eACA

added to one half and no séACA added to the other h

then assessed for stability at 37°C.

Protein Characterisation

Exitraction 1

n-frozen Gly/NaCl

alf. The samples were

Fresh fraction 1 paste (6.0g) was extracted in 50.0 g of extraction buffer
containing 20 mM NaCitrate, 5 mM gACA, 0.4 M NaCl, 20 IU/mL heparin, pH



Characterisation summary Sanple Protein Fibrinogen Total fibrinogen 96
clottable Fibrinogen nL LMB) &9 tei~a plasma SFP 27 18.09 974 67 1.67
ASFP 20. 19 WO ®#8068 64 1.23 GAM 27.29 24.11 493 88 0. 85PCTAMRAISE50 niv
27.79 24.52 517 88 0.89 ACA 10 Characterisation of in process sanples
generated fromextraction with buffer caontaining 20 11U nL heparin were
very simlar to those obtained wwth the i gi nal extraction buffer.
clottabl e protei n was again 6796 after extraction and increased to 88%

after dy/ NaO Wiﬂnl ri nogen
extracted per ?ﬁdﬁll%%gn@%%ﬁ@%?@gtl%nﬂ%%e ?ﬁa(}:%%ﬂndjl past e
(6.02g9) was exPFe&EH H31§ containing 20 MM NaCitrate, 5 mV
eACA, 0.4 M NaCl, &l kdihples hmpaassayecpfdr totaBprotdin endlcldttdble protéinaaidithe 1

paste was trea ]g él G y/ Nad
buffer. Al sa %%}sﬂtﬁere %gﬁ%gg@&gwﬁkﬁé{n%&%?g%h%ﬁ{ig% EIt]ﬁidl e protein
and the vyi®ld of fibrinogen per kilogram of plasma was cal cul ated (Tabl e
17). WO 01/48016 PCT/ AUO0O/ 01585 33 Talq}aglelfs Characterisation summary
Sanmpl e Protein Fibrinogen Total &hbl‘l ﬁ'«g 96 clottable Fibrinogen ein
pl asma  SFP 24.12 16.09 B58 67 1 B SBEMAIY04 707 67 1.21 GASFP
25.89 23.00 440 89 0.75 GASFP+ 250 mM 25. 64 22.82 451 89 0. 77 SAGA

Sample Protein | Fibrinogen | Total fibrinogen | % clottable | Fibrinogen
mg/ml, | mg/ml, (mg) protein g/kg plasma
SFP 27 18.09 974 67 1.67
ASFP 2019 | 12.98 718 64 1.23
| GASFP 27.29  [24.11 493 88 0.85
GASFP+ 250 mM | 27.79 | 24.52 517 88 0.89
sACA
10 Characterisation of in process samples generated from extraction with

buffer containing 20 IU/mL heparin were very similar to those obtained with
the original extraction buffer. Clottable protein was again 67% after
-extraction and increased to 889% after Gly/NaCl precipitation. The yield was
high with 1.67 g fibrinogen extracted per kilogram of plasma.
15

Exiraction 2
Fresh fraction 1 paste (6.02g) was extracted in 50.17 g buffer
containing 20 mM NaGitrate, 5 mM eACA, 0.4 M NaCl, 60 TU/mL heparin, pH
7.3. The solubilised fraction 1 paste was treated with AI(OH), and then
20 precipitated using Gly/NaCl buffer.
All samples were assayed for total protein and clottable protein and the
yield of fibrinogen per kilogram of plasma was calculated (Table 17).



5 Characterisation of in process sanples fromfraction | paste extrdacted °
with buffer containing 60 IUWnL heparin showed results very simlar to the
original ®Wanasson buffer in terns of total and cl ott aBCEAYPYRISEH and
fibrinogen yield. 10 Extraction 3 Fresh fraction 1 paste (6.03g) was
extracted in 50.25 g buffer containing, 20 nM NaCtrate, 5 mMsACA 0.4 M
NaCl, 20 IU nL heparin,1 | J/nmL ATM pH 7.3. The solubilised fraction 1
paste was then treated with 15 AL(OH)9 and precipitated using dy/NaC
buffer. Al sanples were assayed for total protein and clottable protein
and the yield of fibrinogen per kil %im 'if pl asma was cal cul ated (Tabl e
18). WD 01148016 PCT/ AU0O0/ 01585 34 @148 Characterisation summary
Sanpl e Protein FThxi nogen Tot aChﬁid:tdﬂuagons%nmmyt abl e Fibrinogen ng(nL nL
m protein asma, SFP 17.92 11.48 592 64 1.01 ASFP 12. 97 7.97 419 61 0.72
GASFP 27. 162444399075 T—CASFP— A~26" . #3+-88—6773 SAGA
5 Char act er} Ssmpleon of inPrp’@i;beE@ﬂBm’pl hBibtimogex t rjact ed

in buffer cpntaining 20| hbiqil | BgRal i n LS plN@day Jsi m | ar
to the thosg obtarned Wih th¢ orlgln The yrerd was

1 47

| ower Wit : raction
4 Fresh fr SN 1 past pig#. 01a3.oaas exaoract ed i n 6370 09 g lo.i fer
GASFP 25.89 | 23.00 440 89 0.75
GASFP+ 250 mM | 25.64 | 22.82 451 89 0.77
sACA
5 :

Characterisation of in process samples from fraction 1 paste extracted
with buffer containing 60 IU/mL heparin showed results very similar to the
original extraction buffer in terms of total and clottable protein and
fibrinogen yield.

10
Extraction 3

Fresh fraction 1 paste (6.03g) was extracted in 50.25 g buffer
containing 20 mM NaCitrate, 5 mM sACA, 0.4 M NaCl, 20 TU/mL heparin, 1
TU/mL ATI, pH 7.3. The solubilised fraction 1 paste was then treated with
15  Al(OH), and precipitated using Gly/NaCl buffer.
All samples were assayed for total protein and clottable protein and the
yield of fibrinogen per kilogram of plasma was calculated (Table 18).
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Fi bri nogen Tot al
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consi stent.
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U ATM pH 7.3. The solubilised fraction
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fibrinogen % cl ottabl e Fibrinogen

60 | U nL

ki | ogram of plasma was cal cul ated (Table 19).

heparin,

1

:1 paste was then treated with
APCT/AHMAI1ERS wer e
protein and clottable protein and the vyield of

WO 01/ 48016
PCT/ AUOOY 01585 35 Table 19 Characurisat3on sunmmary Sanple Protein
malnmL. nmL (ngy) tein
gt Kg plasma SFP 23.20 14.60 774 63 1.33 ASFP 18.42 12.13 669 66 1.13
GASFP 18.93 16.79 281 89 0.48 GASFP + 250 mM 19.94 17.60 305 88 0.52 sACA
5 Once again the results of in process Tablatterisation of total and

| oss of yield over the dy/NaCl

clottable protein from sol ubili sghifatdrisafion s@@dddyt 0 Glyl NaCl precipitate

A significant

preci pitation, Wmmwww
oA i Te ko bl e et i vty e
over (s steb SUabil ) e Telle Ui 1OV ST SRl T g AL |
paste, extrac _QE’ 0 bufferd7.8% ¢on#di ni nc;s:zo I U/ m_ é¢ 60 | /K91 heparin,
RPN - MR I R P R T - TG
GASFP 27.16 | 2441 439 80 0.75
GASFP + 250 mM | 26.27 | 23.25 431 88 0.73
sAGA
5
Characterisation of in process sarples from fraction 1 paste extracted
in buffer containing 20 IU/mL heparin and ATII showed results very similar
to the those obtained with the original extraction buffer. The yield was lower
with 1 g fibrinogen extracted per kilogram of plasma.
10
Extraction 4
Fresh fraction 1 paste (6.01g} was extracted in 50.09 g buffer
containing 20 mM NaCitrats, 5 mM eACA, 0.4 M NaCl, 60 IU/mL heparin, 1
IU/mL. ATHI, pH 7.3, The solubilised fraction 1 paste was then treated with
15  Al(OH), and then precipitated using Gly/NaCl buffer.

All samples were assayed for total protein and clottable protein and the
yield of fibrinogen per kilogram of plasma was calculated (Table 19).
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Once again the results of in process characterisation of total and
clottable protein from solubilise fraction 1 paste to Gly/NaCl precipitate were
consistent. A significant loss of yield over the Gly/NaCl precipitation stage
was noted. Based on previous result, however, the presence of heparin and

10  ATIH is not thought to contribute to the loss over this step.
Stability at 37°C

The stability of solublhsed fraction 1 paste, Al(OH), absorbed and
Gly/NaCl precipitated samples from fresh paste, extracted in buiffers
containing 20 TU/mL or 60 TU/mL heparin, with (+) and without (-) ATIII are
detailed in Table 20 below.

15



precipitate. The yield fromdy/NaCl precipitate of Extraction 4 was | ow
but 5 this correlated to the low yield seen in the non-frozen GASFP.
Stability ana¥gei/48o1sf t he t hawed resol ubilised A y/ NaCl prPCI/AUGALSES
showed that the fibrinogen fromExtraction 1 was stable for at |east 36 his
(last time point), Extraction 2 was stable for at least 72 hrs (last tine
point), Extraction 3 was stable for at |1e8st 72 hrs (last tinme point), and
Extraction 4 10 was stable for 96 his. This result is consistent with that
of the non-frozen G y/NaCl precipitates stability. 1.2.7 Concentration
study Concentration study 1 15 1.5 g, 3@8 4.5 9, 6 g, 7.59g &9 g of
fresh fraction 1 paste were resol ubili J 19!3050 g of extraction buffer
containing 0.8 MNaC . Al sanpl es sighititpeffitméflogedyy total protein and
clottable protein and the yield of fibrinogen per kilogram of plasna
cal cul ated (Table 22). W 0114§8+6—PRcH-ALHJCS-04586—38—Table—22
Characterisation summary of sol|@bilfmted Fraction le@m#hke Sanple Msls of
Protein Fibrinogen Total % clotlt ghl;e Fi b1r_l_&g en pe (9) g/l
| O

fibri nogen rotein g/ Kg pllasma rat P #1!/ 15 6. 574, 233 {72 1.38
gen () motsln g, p

7:33.3 SFP #2 3 1 60 1 29 K& 26 7) BEP #3 4 4632 50 28. 40
1287 72 2.56 1.1%FfH SFP #4 6. 0338R. 49 161266892 P83 1hs 32 15398 SFP S 7. 51
30.84 21.83 120271 1.433 1:6. Z:Io§§fat§g 9.01 19. 5961%%(1?&((%91 68 0. 69
ASFP 39 72 46 72
GASFP 23 63 120 120
{ clotted at 39 | clotted at 72
GASFP + 120 120 120 120
250 mM eACA
5
The presence of ATHI in the extraction buffer appears to increase the
stability of the samples at 37°C. The presence of 60 IUfmL heparin appears to
further enhance this stability to the level obtained after the addition of 250
mM eACA.
10

Analysis of frozenfthawed/resolubilised GASFP
The frozen Gly/NaCl precipitate was thawed at 37°C and resolubilised
using Buffer D + 100 oM sACA at 30°C. The precipitate resolubilised within

30 min. Samples were then assayed for total and clottable protein in Table
15 21 below and for stability at 37°C.

Table 21
Thawed resolubilised Gly/NaCl precipitate
GASFP Protein | Fibrinogen | Total fibrinogen | Clottable | Fibrinogen
(mg/ml) | (mgfml) | (mg) protein (%} | g/kg plasma
Extracon 1 | 29.08 25.86 548 89 0.94
Extraction 2 28.43 25.60 555 90 0.95
Extraction 3 28.05 25.35 542 90 0.92
Extraction 4 | 18.00 16.00 830 89 0.56




1:5.5 5 Regardl ess of the fraction 1 paste to buffer ratio the levels of -
clottable protein extracted were simlar (see Figure 1). The yield of
fibri nogeWodrusoa&t ed per |dl ogram of plasma, however, iBCI/AU0/0EERSSi St ent
(see Figure 2). 10 The maxinmumyield in this experinent was obtai ned when a
paste to buffer ratio of 1:11.1 was ugsed. After the 2 hour extraction
period it was noted that the extracti hof 1.5 g, 3 gand 4.5 g fraction 1
paste were conpletely resolubilised but the extractions of 6 g, 7.5 g and
9 g fraction 1 paste were not. This may suggest that when 4.5 g fraction 1
paste in 50 nL byf f 1:11.1) s extracted conpletely the ITB.XIlTle

| evel s of fibri S@ra%éﬁaﬁae%léﬁowmﬁmahh&eem@ f the pigsinitatmdess; ract i on
buffer rati mot affectcﬂ:zem&is ofelbttalslb lprétein b1 ﬁéldr‘iﬁghé régobatsilised slymhcpct ed.

Al od ki o

Ol asr rmy- Eicipiiter THeS o GINACH prétipdadd of ROHERBEL ISR O oy
20 WO 01?486@6 cpgﬂq& thedow yielg seean%élmn@n- fromesGASFE? 4.5 g, 9 g, 13.5
9. 18 g, 22.5 g JaBility ah@l?@mrdf&ﬁéﬂidvﬁddsﬁdolﬁbﬂikﬁammtlpﬁﬂ?ﬁﬁbé on buffer
ik Z‘;%ng%ﬁ‘f’%ﬁﬁgfhﬁ%%{% BRPRkeRth s 1Bl B pllegstf®m ana (e
yield of fi lflapH rpoyaia Bxtrasgiond was ﬁnhbrfar@blleesﬂ?@tl@d (](alf’ah!ns @), Tabl e 23
g]lja; ?g: eri s @ktaption BTWe[syst@cile &?dertuqﬁédt Zﬁdlor/é [laﬁtﬂrﬁé' %hla r%%%acé@n gggg' e Mass
o/ né mmag o5t abhs, 5“ estftds Congistan 'sﬁ‘—’ég f?‘i‘ oigrageRy 706 66

prec:1p1tates stabﬂlty

1,2,7 Concentration study
Concentration study 1 -

15 158,38 458 68, 7.5 g &9 g of fresh fraction 1 paste were
resolubilised in 50 g of extraction buffer containing 0.8 M NaCL
All samples were assayed for total protein and clottable protein and the yield
of fibrinogen per kilogram of plasma calculated (Table 22).



(1:33.3)- SFP #2 9.01 13.45 8.81 1362 65 1.17 (1:26.7) SFP #3 13.50 20.00
13.10 2073 66 1.19 1:11.1) SFP #4 18.02 25.12 16.14 2633 64 1.13 (1:8.3)
SFP #5 22.51wA1l01%%0180. 81 3401 63 1.17 1:6.7 SFP #6 27.01 B&r/kboodiss®4 3787
62 1.08 1:5.5) In this experinent it was noted that after the 90 mn.
extraction period all fraction 1 paste sanpl es had been conpletely

sol ubi | i sed. Regardless of the fraction 13paste to buffer ratio, the levels
of clottable 15 protein extracted were simlar (see Table 23). The yield
of fibrinogen extracted per kilogram of plasma was al so unchanged over the
range of paste to buffer ratios (Figure 3). This suggests that the

i nconsi stent results of the previous exfabke@®@nt (Figure 2) could be

attributed to the non dwmiraeRiRaten Shitaty 6f sdlibiliséd Fraction®P paste FUT t her mor e,
WO 01/ 48016 PCT/ AU00/ 01585 40 this data indicates that a higher paste to

buffer ratio ¢ Lnitial eviraction r I 1 er
sol ubilised fr ' Maddas | @rotedh 4 MBsinoged | T6aEXt 1 act | gytiduehip ¢ b sfudy 5
Fresh fractio s |extract ed, in 15(0 171 o;e.b -
NaCitrate, 5 /%9% . 3) Heyinogen (Mg | prgpelny . g1 o fer for
2 hours at r at 37C iSanples wele takenlat 30 m ., 60
mn., 90 mn, #2081 n. |gRyoudhodt exthaction. The, sol ubihisged pagte was
then centrifuged andl another sanple takep (125 min)} 10 AU $anpl es re
assayed for t BPA) and ol det ' '
fibrinogen per SEPI#zgyam of |pkesnd ssal cul aked (Tabl e[ 8st). Tabhes 24
] (1:26.7)
SFP#3 | 449 | 3250 |28.40 1287 72 2.56
f1:11.1)
SFP #4 |6.08 2549 | 16.76 892 66 1.32
(1:8.8)
SFP #5 | 7.51 30.84 | 2183 1202 71 1.43
{1:6.7)
SFP #6 | 9.01 19.59 |13.3 693 68 0.69
(1:5.5) '

Regardless of the fraction 1 paste to buffer ratio the levels of clottable
protein extracted were similar (see Figure 1).

The yield of fibrinogen extracted per kilogram of plasma, however, is
not consistent (see Figure 2).

10 The maximum yield in this experiment was obtained when a paste to
buffer ratio of 1:11.1 was used. After the 2 hour extraction period it was
noted that the extraction of 1.5 g, 3 g and 4.5 g fraction 1 paste were
completely resolubilised but the exiractions of 6 g, 7.5 g and 9 g fraction 1
paste were not. This may suggest that when 4.5 g fraction 1 paste in 50 mL

15 buffer (1:11.1) is extracted completely the maximum levels of fibrinogen are
extracted. When the ratio of paste to extraction buffer ratio is increased, not
all the fibrinogen present is extracted. Alternatively, the difference in yield
of fibrinogen per kilogram of plasma may be due to the non-homogeneous
nature of the starting material.

20



Characterisation summary of solubilised Fraction 1 paste 15 Sanpl e- Mass -of
Protein Fibrinogen Total 96 Fibrinogen paste nghnL nglnL fibrinogen (ng)
al ot t abl SWNQOKE01Hr ot ei n pl asma SFP RT - 30" 17.99 8. 97 PcBRUMMisEsS73 0. 50
SFP RT - 60" 13.08 9350 1460 72 0.72 SFP RT - 90' 17.87 12.88 1980 72 0.98
SFP RT -120' 19.62 13.80 2121 70 1.05 gFP RT - 125' 20.98 15.18 2333 72
1.16 SFP 87C - 30' 18.02 22.52 15.61 3868 69 1.27 SFP 87C - 60' 24,66
16.79 2762 68 1.37 SFP 37C - 90' 27,87 19.19 8157 69 1.56 SFP 87C -124'
27.15 18,42@93&%01,@dy§FP 87C - 125" 26.32 17.75 2920 67 1.ﬁ4 To;al( and
clottable proteip_exjracted atf RI and at 37C over tine_was unchange see
Figure 4). Fbmev‘g?,g’bﬁeiérgﬁ agsa%g&& %ﬁs"""s"ﬁé'@&éﬁ“‘?lhiﬁ?d%gﬁ mkeof of
fibrinogen - e2aetion buffertontainirg a8 M MNaCl, GIEEI/mIchdpatinl etB7eC f6¥A6 Was hi gher
than that exhi@ted at roomtenperature at all time points. It was also
noted that fracfl.on 1 paste was not conpletely resolubilised after 2 hr
extractidn at r sooples wens pgsaved/fag iotalpratedn and clattable protein apdithet was
conpl et el y wisddlofifibrinegsh péitMlogzarhilof pldsaacddl@ilatid (3dble 433€€ Figure 5
below). 1.2.9 Production scale extraction 5 Extraction Fresh fraction 1
paste (20.0 kg) was extracted at a ratio of 1 g paste : 8.33 g buffer in
20 MM NaCitrate, 5 mM sACA, 0.8 M NaTable@3 | U nL heparin, pH 7.3, at 37C
for 90 min. Sol ubiChiagdtlerisatin siinrhaPyéf sblubitisbd Ficion Y pdbtd g OH) e and

G y/ Nadl 010 precipitation was performed. The precipitate was split into two

and hal Tt lpe
: I Sample | Mass of | Protein Fibrinogen | Total fibrinogen | % clottable | Fibrinogen

pasteg | mg/ml | mg/ml (mg) protein g/kg plasma
ratio

SFP #1 | 4.51 7.08 4.71 706 66 1.-21.
(1:33.3) ]

SFP #2 | 9.01 13.45 8.81 1362 656 1.17
(1:26.7)

SFP #3 | 13.50 20.00 13.10 2073 66 -1 119
(1:11.1)

SFP #4 | 18.02 25.12 16.14 2633 64 1.13
(1:8.3)

SFP #5 | 22,51 31.99 20.31 3401 63 1.17
(1:6.7)

SFP #6 | 27.01 35.55 22.04 3787 62 1.08

| (1:5.5)

In this experiment it was noted that after the 90 min. extraction period
all fraction 1 paste samples had been completely solubilised.

Regardless of the fraction 1 paste to buffer ratio, the levels of clottable

15  protein extracted were similar (see Table 23).

The yield of fibrinogen extracted per kilogram of plasma was also
unchanged over the range of paste to buffer ratios (Figure 3). This suggests
that the inconsistent results of the previous experiment (Figure 2) could be
attributed to the non-homogensous nature of the heparin paste. Furthermore,



precipitate resolubilised in Buffer D containing 100 nM sACA and the ot her
hal f frozen at -80C. Half of this resolubilised Ay/NaCl precipitate was
then treat edvowi48018D, applied to the MacroPrep col umm. ThRCEAUMMOESSSAS

coll ected, sanpled and frozen at -80C. The other half was treated with SD,
wet heat 15 treated and applied to the MacroPrep colum. The el uate was
collected, sanpled and frozen at -80C. TH® frozen A y/NaCl pellet was

t hawed, resolubilised (FTR) and sanples for total protein and clottable

protein. Al sa %ﬁé‘teadlalg ' rotein
and the yield E@é?ﬁtﬁ‘ﬁﬁ%@ageﬁ per. .ﬁ%rqéagﬁﬁa‘dgqu%{%gé o%@ﬁ%@%%{s%%g{%e& e 25).
20 Table 25 Chiitekextragton sepultingiy smallonsolubgised drastipn 3, pastegeniumes.al

Doabl e Plasm Fibrinogen nghnL nL 'fibrinogen (ng) rote in (ginmL) #kg

pl asma 96) 29. 2.1 78 FP 23.11 14.18 2363 1 1.54 FP
25.91 2.86 33769'%%%@8}8@%?%5?@7. 74 24.2 4258 7 1.85 Run 1

El uate 11.9450. 4 70 Freshfigagtionr1 paste p18g} waswextransed il 15mLad baffes20. @K t un 2

t t heat 1 { . . 191
"33 30 uo 0w 4ont Een ARGl IR R L IR et Bl R st o
T

C

extracted at a PPHIGLTIER Erpse ?’@ﬂ?# were- igkep g130 win. .69
extracted previ ous) 90 atin mthraghbet fion X The tselibi a e

d | ins., 90 atinaamsdre20 mimlthraghbet extiye Mie lu%nlﬁs%&@: steaidsabl
protein was ext t ' | miky8 g fibrinogen per
ki | ogram of _pl agﬁééﬁﬁggﬁd@%@%?@?&%ﬂg%, 0 ]7 5 the clottahle
protei n agat increﬂ-ﬁ?ﬁ‘? o, WeEs assayeskior tndelprotpin apd slatiaple pitainpsddher t he
frozen QG y/ NaClyipldeof fiirirmdgenadet kilogranvefidastidicalc@atddlTabiesssi on showed no

| oss of total protein, clottable protein or yield of

D)

Table 24
Characterisation sumimary of solubilised Fraction 1 paste
15

Sample Mass of | Protein | Fibrinogen | Total % Fibrinogen

| paste | mg/mL | mg/mT, fibrinogen (mg) | clottable | g’Kg

[1:4] : protein | plasma

SFPRT - 30° 17.99 |8.97 |8.58 1011 73 0.50

SFP RT - 60’ 13.06 | 9350 1460 72 0.72

SEP RT - 9¢ 17.87 | 12.88 1980 72 0.98

SFP RT - 120° 11962 | 13.80 2121 70 1.05

SFP RT - 125 .. 12098 |15.18 2333 72 1.16

SFP87°G-30° | 18.02 {2252 | 15.61 2568 69 1.27

SFP 37°C - 80’ 24.66 | 16.79 2762 68 1.37

| SFP 37°G - 90° 27.87 | 19.19 3157 69 1,56

SFP 87°G - 120° 27.15 | 18.42 3030 68 1.50

SEP 37°C - 125’ 26.32 | 17.75 2920 67 1.44

Total and clottable protein extracted at RT and at 87°C over time was
unchanged (see Figure 4).
However, the yield calculations showed that the level of fibrinogen
20  extracted from fraction 1 paste extracted at 37°C was higher than that
extracted at room temperature at all time points. It was also noted that
fraction 1 paste was not completely resolubilised after 2 hr extraction at room



fibrinogen per kg plasma). The material eluted off the colum was al so hi-gh
in clottable protein and yield. The plasm nogen | evel of this eluate was
very 10 |'§@0##8006 66 pg/ mL which equates to a 160 fol d reclAvsmasssn t he

| evel of plasm nogen across this step. Resolubillsed Gy/NaCl precipitate
that was wet heat treated and applied to the ion exchange col um was high
in clottable protein before and after 4he wet heat treatment. No |oss of
fibrinogen was seen over the wet 15 heat treatnent step. Wt heat treated

material,  atidpeRbielit if WALLAHBINAY e ANRRGL ! H Hexthihiol o b
clottabl e pro sén 2\% é)ln 30% e rirnogen was recovere

Pl asm nogen P O%so 1 ow at O. 42 g/m.. The results of the ion
exchange chromat ography of GASFP and wet heat treated GASFP show that the

colum is agts g e 20 pl asm nogen fromthe product.
SDS- PAGE_an C12'5| S 5?2%4%5 ri c I'n fibrinogen as seen by the three nmgjor

bands bat aglipiphd 66 kDa under reducing conditions. 25 Stability at 37C
Stability of in Emaehé&%h&ﬁlmiﬁfe (200 1gd) WdsditiabteR o WirHS of 1 gqiaBes: (See

ﬁfengbﬁrgifrﬁ@? bt A7k NGB s BTt 4 RO EE s fiial S, 57 At o
30 Al (OH) a §%PHR3»@hé7ﬁf9fl‘l9ﬁ 9 nol ecul e was stable for 48 his and
after dy/NaCl wlabﬂiye&fﬁacﬁen1fpyste>w19ueat%dvﬁai ea?aﬁ&@lgmé romthe ion

exchang o ot on _we trea bri nogen
was st aglloe %%éc?lm ééuﬁ?% pf’%&nﬁ?cg% 9?5"338"596?} Hﬁ@mﬁﬁﬁ Stlh
Extraction PrﬂiEéﬁefrﬁadubmedanuffer D3ontriking 108smkidAGARad the otherat I 0 of 1

?UP?HS_ t g hep&aﬁ%&eh@tf—@d@ 'I-I@Pof%é\ﬁ%lhbﬁiﬁd Qyﬁ?ﬂ(ﬁﬁ%lpﬁmg r‘f% Nﬁ% ‘o bI e
protein wer Zre Lﬁ[de‘gﬁflhr%i agnh % i %’Fl}f%proPrep column lexoe eluate was collected,

sampled and frozen at -80°C. The other half was treated with SD, wet heat

15  treated and applied to the MacroPrep column. The eluate was collected,

sampled and frozen at -80°G. The frozen Gly/NaCl pellet was thawed,

resolubilised (FTR) and samples for total protein and clottable protein.

All samples were assayed for total protein and clottable protein and the yield

of fibrinogen per kilogram of plasma calculated {Table 25).

20

Table 25
Characterisation summary

Sample Protein [Fibrinogen [Total ottable[Plasm. [Fibrinogen
' mg/ml. jmg/ml,  [fibrinogen (mg)jprotein {(ug/mL) jg/kg plasma
(%6)

29.09 h8.15 3386790 82 1.78
lasrp 2311 114.18 32363 61 1.54
GASFP 25.91 122.88 13376 l87 219.6 .27
GASFP ppt (FTR) 27.74 4.2 14259 87 1.85
[Run 1 Eluate _ 11.9¢ 0.4 770 87 0.66 _ [0.97
IRun 2 pre wet heat 1.13 0.92  bBo1 Is2 .0.77
lRun 2 post wetheat [1.36 1.11 Is3s 82 0.93
un 2 wet heat Eluate [2.85  [2.58 263 91 0.42  0.30




ki-l ogram of plasma cal cul ated in Table 26 bel ow. Table 26 10
Characterisation of solubilised fraction 1 paste Total F1 paste Ft paste
Extract ed Fiwoionegsn Total Mass of Fibrinogen generated BTAHM/MSBSFL paste
fibrinogen starting plasma YIELD (g) (g) (g9) (M) (9) (kg) (gAkS plasm
59730 30000 280000 20.64 5779.2 7728 1.49 The fraction 1 paste extracted in
this experinent was fromthe sane batch 4% used in the above section
entitled "Concentration Study 2". At a 15 small scale, the average yield

of fibrinogen per ki o t han
2 000 tinps this |;%ﬁ§§é@ﬁ°€o éﬁ%@°@§%§m§‘?@%@%ﬁ8&“§ﬁﬁ%&as ma. This
further suggestBowpdverysdmilaprasiiis fo thet peragted preyiously ataesmall labyscalepect ed
]yi el f'- at grodumﬁmz i Tfélyaa% T@loﬁﬂﬂfﬁb{rot@intivh@emﬁwmt_ M%b%tafﬁéldrc{f_ of the
raction as e re [ i an r.actions
Show that t he 78 ERbaberaiRY Wipedm b et RuBue OOl eferiitdilS (°7°
1.8 g/ kg. 152. the cloftpblei proteinagdin inareased fo graster theniB5i6pas expeptedi e as t he
oxper | ot 5. ot Ts ot thefioAR00H ML b ARl B s e Bl 1o, ol o WO
01/ 48016 PCT/ A&f@h@%@im@ 1o logs of fofal profs '8}0"{)&1"&@ Gl At
fracti on 1 pastibrimogemhpmokg plasma). cllexmaterind eluted off thetolommf wis gsphighe t o 50

TS 2 AR RIS e R iy | 1
: 10  low at 0.66 ug/mi, which equates to a 160 fold reduction in the level of
Plasminogen across this step,

Resolubilised Gly/NaCl precipitate that was wet heat treated and
applied to the ion exchange column was high in clottable protein before and
after the wet heat treatment. No loss of fibrinogen was seen over the wet

15 heat treatment step, Wet heat treated material, after elution from the ion
exchange colummn, was high in clottable protein but only 30% of the
fibrinogen was recovered. Plasminogen levels were also low at 0.42 pg/mL.
The results of the ion exchange chromatography of GASFP and wet heat
treated GASFP show that the column is acting efficiently to remove

20 plasminogen from the product.

SDS-PAGE analysis
All samples rich in fibrinogen as seen by the three major bands
between 45 and 66 kDa under reducing conditions.
25
Stability at 37°G
Stability of in process samples was similar to previous findings (See
Appendix for Stability gels). The solubilised fraction 1 paste was stable for
approximately 15 hrs, This sample clotted before 39 hrs at 37°C. After
30 Al(CH]}, absorption, the fibrinogen molecule was stable for 48 hrs and after
Gly/NaCl precipitation, for >70 hrs. Following elution from the ion exchange
column the wet heat treated and non-wet heat treated fibrinogen was stable
for at least 113 hrs,



G /NaCl 0.96 0.34 >70 72 Post Wet Heat 0.85 0.28 >50** 54 Post Wet Heat’
colum. 0.64* 0.23 >113 120 eluate Concentrate 0.58* 0.21 >113** 120 *
based on wepweoss] | osses Conparison of fraction 1 past PCHAVBHESSn paste
shows a signi-ficant increase in yield of fibrinogen generated per kg

pl asma. 10 Conparison of fraction 1 jpaste to heparin paste in terns of
stability shows that stability of fibrinogen increases throughout both
processes. Final fibrinogen concentrate is equally stable regardl ess of
the starting material. 1.3 Discussion 15 Fibrinogen was initially
extracted fromfraction 1 paste at a small scale. Experinents were

per f or med t SXHQEHALZ he effect of addi ng ATM and heparin to the buffer,
and to assess t hFresh fractionfl pasta (304t kg) avasrexhiactedattarratioioba gpasteedur e.
Resul ts sho I A A titastl on buf fer

I ncreased t\r%?kségglff?ﬁﬁ%%@?§%§?%%%§ggﬁm (rabé%%NgteL?Ei s and subsequent
st eps of 5t hélepﬂEEeEE.l%@iﬁéV%sﬁoﬁBpmle can al so be attained by the addition

of at |east 125 Tiabpfeteittaiddlotishlelpibicin wete Gigithined asidadeld peer f or ni ng t he
extraction gt, 37 C ' e of extraction of
fibrinogen ﬂﬁ%%ﬁ@g’%\é@l@%eﬁﬁgégggﬁp%ﬁ?}?%gram of plasma. 25 Thus,

the extraction conditions recomended for fraction 1 paste are 20 MM Tri-s
odiumcitrate, 0.8 MNaC, 5 nmM sACATable 2¢J nL heparin, pH 7.3, extracted

for 90 m nutes at 37C. 01/48Q16 P a production
scal e, e extraction Qﬁgf?étﬁ‘?%ﬁmlo%oi?e Q%@?P%ﬁ%%‘e on a scale greater

than 750 tines that of the lab scale. In these large scale experinents,

the fractio ast.e s exf (o V.Y ptim buf f Bfnb&@pt ai ni ng
heparin andhﬁé% opra?%( p@?“%?ég a%g tfﬁﬂé&ggg%mf ant ;EY%F S.werg 51“1?‘1&73 o/ kg
PR s g
@

pl asma and [Bewpgrted/ kg | priaeiedn ame bat ¢ Bbrizpgep Flesma IR,
@ (8 (mg/mL) | (g) {kg) (g’ke

plasma)
59730 sooo0 | 280000 | 20.64 5770.2 | 7728 1.49

The fraction 1 paste extracted in this experiment was from the same

batch as used in the above section entifled “Concentration Study 2”. Ata

15  small scale, the average yield of fibrinogen per kilogram of plasma was 1.16.
At a scale greater than 1,000 times this lab scale the yield is shown to be 1.49
g/kg plasma. This further suggests that the lab scale is not representative of
the expected yield at production scale as a result of the non-homogeneous
nature of the fraction 1 paste.

20 The results of the two production scale extractions show that the
expected yield of fibrinogen per kilogram of plasma is 1.5 - 1.8 g/kg.

1210 Compa;'isan of fraction 1 paste and heparin paste as the starting
material for fibrinogen purification
25 :
Data gained from experiments detailed in this report is summarised in
Table 27 below.




was extracted at both | ab and production scal e under identical extraction
conditions and the yields obtained were 1.15 g/kg and 1.49 g/kg,

respecti vel y wosMstnisan expected yield of 1.5 g fibrinogen per/avaoosysam of
plasma at the solubilised fraction 1 paste stage, the yield fromfraction
1 paste is 10 significantly higher that that extracted from heparin paste
(0.42 g/ kg plasma). Variation of the fradion 1 paste to extraction buffer
rati o suggested in the first small scale experinent that 4.5 g:50 niL
buffer (a ratio of 1:11.1) was optinmal to obtain the highest vyield kg

pl asma. However, in a subsequent experinent perforned at three tinmes this
scale and with the i mproved 15 extracti 3abl@% er, even at the hi ghest paste

to buffer rati chﬁlpirﬁbméfheliiﬁ'onifrbéliﬁ'ﬂw&h i‘@ﬁs@%hﬂ‘iﬁg bdteSextiatld
suggests that greater masses 9 frac# %gljgg e soI ubilised in
extraction buffer conpared t o%h2 %’F? ‘85 §t°q? %ﬂWmch will result in
smal ler totd extraction volunes. The prote| n characterisati on of

sol ubil'ised fraction 1 paste 5191/&%{1 20 si m I arltls%% nd differencesjto

sol ubilised h -anotnt—gf—ctottahi ot-etr—obtatred] from
either starti rial is sifireptiongs Hepayinpas tEﬁGVMESOOHﬁMﬁtG_OL
pl asm nogen andedwagsdr Xl 11 wefeghi gher|gisg sol ubigyi sed friagdd on 1 paste

t han those ext] d from nepafin_pastg, . NOWEVET,[~ the tevel_of fibrpnectin
was Si gn| fican _Epéz sol ul‘lN/Acnri 20 fﬂa tion 1NI;ARQTP walk
further procesS@gyNuGli nq t he hepagsn pa<toa4rret hod jts%@ mat drsigal behavled in a

simlar manner I n past teri g ver the seque t purifrjcation
steps. Al hydr 1;0 @%?g;gtpt ot u,..g?m &t 'Qggt fre r’fi??%&?u.. ~facter—H to
undet ect abl e Ié?Péﬂ‘geftfhﬁtml@@nre 864€'d wi tjl9.2an i ncrdasies in flitaei nogen
stability at J7fuatdd y/ NaCl pregipitatign resulted in the 30 purlflcahtion of
fibrinogen to gater than 8UY clottapt[e protef njand the [reductiom jof
f| br Onect| nt .-8%%?.")' e | ave QSB [ WaYal \przx:\nﬁn r\P m%f nnr Irjlz(}/ wWas Qhovm to
reduce pl asmi no’gba:sed@nm@bclgduseé evels in the eluate and increase the
stability of the fibrinogen to apprOX|nater 120 hrs which is equival ent

to heparin paste el gate stabl 35 As fraction 1 paste is a _by-product
of another producti GAMPAEERRS ﬁecu@ia@ﬁﬁamhmqs@m siguificanfuct at

this stage pri dncieascimyieldconfibridtgeN\GeRkratbdGbe kP plsHd00101585
10 Comparison of fraction 1 paste to heparin paste in terms of stability
shows that stability of fibrinogen increases throughout both processes. Final
fibrinogen concentrate is equally stable regardless of the starting material.

1.3_Discussion
15
Fibrinogen was initially extracted from fraction 1 paste at a small
scale, Experiments were performed to assess the effect of adding ATTH and
heparin to the buffer, and to assess the effect of temperature on the
extraction procedure. Results showed that the presence of heparin in the
20  extraction buffer increased the stability of the fibrinogen molecule at this and
subsequent steps of the process. Equal stability can also be attained by the
addition of at least 125 mM eACA at the resolubilised Gly/NaGl stage.
Performing the extraction at 37°C was shown to increase the rate of
extraction of fibrinogen and the yield of fibrinogen per kilogram of plasma,
25  Thus, the extraction conditions recommended for fraction 1 paste are 20 mM
Tri-sodium citrate, 0.8 M NaCl, 5 mM sACA, 60 TU/mL heparin, pH 7.3,
extracted for 90 minutes at 37°C,



46 fibrinogen manufacturing process, Heparin paste, a by-product of-factor
VIIl concentrate can be stored frozen for up to 13 nonths at -80C w t hout
af f ect i ngwoloa/480e6 ul t ant | evel s of clottabl e protein oncRCHAUoSSSd, The
stability of frozen fraction 1 paste as a starting material is 5 prom sing.
After processing as far as the ion exchange col umm, the product
denonstrated excellent stability (>208 4ﬁrs). I n a subsequent experi nent
(Section 4.5), frozen fraction 1 paste was extracted in the presence and

absence of ATI I a¢ rm&%awﬁmﬁfffafc‘ﬂ%h%f‘?%ﬁﬁ h«;{ﬁ%ﬁ%ﬁé%%ct i on of
8

2 o v G s Lo thi 754, s i the o scplec JASeseergnpelecoens.
exper i ment s.expevipentsytie fravkore1 phsto wmsrdktrasted with abe eptimided budfesi bi 1 ity of
Cosol ubi | sar e iag bepar Enfolitiieq f ELP I U Shimbiulh el
subsequeft | yi-788ke plasma ands1.40 kg plagwa. Thesemebatch ofifractionilopaste nt di d not
Com o, MGaBhol aleth 4 i st - et guaion. 2,11
gLi %/:'thl e SP%PP&;O sr?%’t@?‘?i@%‘%&?ﬁ@p‘&?ﬁ%f i 5’[‘1‘8&”8#-"% %ﬁ:%ﬂ%ﬁ,ﬁ"ﬁ d has the
potential t dVithsarexpsetediydeldiafileh gfibtinagen perddlogramiof plasiual at thenpar ed to
Uang o oRtRanERilcn Epanel é"“‘i“eg*%ﬁtffd}‘?ﬁ‘i‘a;“ﬁﬁﬁ%ﬁa%@h%ﬁ'sas?sn‘éginl
Sarrp?e &pepas?@?ﬁgq‘&ﬁ( %%P{ﬁ’d?%beigféﬁg? lﬁé”ﬂ;@m BF%@M% Gﬁﬁgcﬂlm?]eéi ioi tate
usi ng ?I modi fi cH?ﬁ@ﬁOlbDf mmamkfaxﬂmﬁohrb%pMWmEggestedﬁn 155989.
e |1 o At gl gt i
precipitate %ﬁmi (o] . Fiyr BpRy Ve IR RiSYRSeINENY 32 ny of
TNBP. The sampermeatpetiermediat threrctimss this sealphad withuthiedmgrobder (25 mM
T T i o
prepared i miEIRABER v as;’f?‘l&?gtefio ﬂ’d%‘% ﬁpggqstfeﬁ@ﬁ gregter mrasses Plfraction | ute the
sanpl e of t erl pastaiinay biersolubilised in extraction buffer compared to heparin paste
. (1:8.33) which will result in smaller total extraction volumes.
The protein characterisation of solubilised fraction 1 paste showed
20  similarities and differences to solubilised heparin paste. The amount of
clottable protein obtained from either starting material is similar at
approximately 65%. Levels of plasminogen and factor XTII were higher in
solubilised fraction 1 paste than those extracted from heparin paste, however,
the level of fibronectin was significantly lower. When the solubilised
25  fraction 1 paste was further processed using the heparin paste method the
material behaved in a similar manner to heparin paste material over the
subsequent purification steps. Alhydrogel absorption demonstrated the
reduction of factor II to undetectable levels that correlated with an increase
in fibrinogen stability at 37°C. Gly/NaCl precipitation resulted in the
80 purification of fibrinogen to greater than 80% clottable protein and the
reduction of fibronectin to negligible levels. Ion exchange chromatography
was shown to reduce plasminogen to negligible levels in the eluate and
increase the stability of the fibrinogen to approximately 120 hrs which is .
equivalent to heparin paste eluate stability. |
35 As fraction 1 paste is a by—prodﬁct of another production process it is
advantageous to hold the product at this stage prior to commencing the




35- | arge unbound peak i.e. some fibrinogen is eluted in the unbound. WO
01/ 48016 PCT/ AUOCQO 01585 47 2.1.2 Ma croPrep HQ Purification The follow ng
chr omat ogr apwod14sgli ti ons were used to purify the resol worlAveseisgs y/ NaCl
paste: Bed Height - approx. 20 cm5 Col unmm Vol une - approx. 100 m  Fl ow
rate -10 mM/mn (- 113 cnm hr) Detection - U @280 nm Chromatographic

Met hod Equilibration : ? 1.5 CV of MQ buf #&r and when conductivity
(post-colum) 10 is 90-11096 of the prepared buffer. Load Sanple Wash : 6

CV of MQ buffer, EI t on: 20 H7
Regener at i ch)n u d “%5‘“’1359’2’0?5%;&@% P?s&tf %ﬁl:ﬂ’?&acg&f F‘gqio‘iﬁﬁg Wash
Buf fer (MQ - 2mmcmbemmzemupwn3mmhmsnﬁwahmhs wer e

Bl es ver o | Aot ﬁ{dﬁs‘ﬂ?ﬁlgmgﬂlﬂﬁﬁﬁeﬁ%}@@h F‘“ﬁéﬁ"a et ions
anal ysed. Results aFge f%h&/ﬁy E’?é& %Oniraﬁt%ﬂ%%h Tris 100 nmM
NaCl, pH 8.6 Poubmising. Aftsmprbcé¥strighas feb a¥XiNe ién Briledgb Icohﬁnmdhe pfoduct Tonl y

0,
oA 2@%&*@&95'%5%@%%&25@%%8Hﬁféﬁ%e@eﬁ%& ?%#236“35
Pa0198d4 1.54 @Seatiay 48k fween fegtiorsh pesty M exitacted in the presence and
absence of ATIII. No handling problems were encountered after extraction of
frozen fraction 1 paste, in either buffer, and the stability of SFP and ASFP
10  was far greater than that observed for previous or subsequent experiments,
Experiments were also performed to assess the possibility of holding
the process at the Gly/NaCl precipitats stage prior to resolubilisation. Results
of Gly/NaCl pellet, frozen at -80°C and subsequently thawed and
resolubilised, showed that this hold point did not compromise product
15  qguality with respect to clottable protein, stability or yield.
The results presented herein show that Fraction I paste is a suitable
starting material for the purification of fibrinogen, and has the potential to
increase the yield of final product three fold compared to heparin paste.

20 EXAMPLE 2: Separation of fibrinogen from plasminogen nsing ion-
-exchange chromatography

2.1 Materials aﬁd Methods

25 21,1 Sample Preparation
A Gly/NaCl precepitate was obtained from cryoprecipitate using a

modification of the methods described in Winkleman ef al,, 1989. Initially,
the frozen resolubilised Gly/NaCl precipitate (-80 °C) was thawed in a
waterbath at 30 °C. To 40g of resolubilised Gly/NaCl precipitate was added

30  2.19g of stock detergent solution and 132 mg of TNBP. The sample was then
diluted using sample dilution buffer (25 mM Tris, pH 8.0) until the
conductivity was below 10.5 mS/cm. Finally, the sample was filtered
through a 0.8 pm membranse filter. Each sample was prepared immediately
prior to the start of each run. Failure to dilute the sample often results in a

35 large unbound peak i.e. some fibrinogen is eluted in the unbound.



pad"100 144 0.7 <03 049 7000 W71% 9.5% 4914 67% 06 133 0.62 <0.2 0-45 8100
60 775 99% 50% 652L 158 Oo Pod8146 975 873 1A6 QAS 5196 6n 63% 59% 90% 90%
Pad8719 2w641/48%s 11. 15 an 1635 30 70% 79% 71% 80 Pod91eCI/AU®P1s882 0A7 046
1957 00 76% 93% 3316 82% Po0d96.408 136 0.65 <0.2 0.47 130 31% 102% 47% 79%
The average recovery of fibrinogen was 82% and pl asm nogen was 30 1096.
These figures were used as a bench mar#?to judge the success of any

further nodifications to the process. WO 01/48016 PCT/ AUOO' 01585 48 22.2
Addi tion of f@t)‘)’h | arge scal e production, not all of

t he sanpl es can rocéﬁgw W‘é’lhngl e ion exchange run and hence sone

di | uted sanpl es hremnsh'a@%ﬁwemeétgmm;@rm es are
purifi ed. Itresmﬁblﬁlsed:ﬁ?ﬁn pdgeé t he sanpl es were breaking down during this

period. The gﬂ? H]ﬁlnz am no caproic acid, EACA (in respect to
t he vqurreo un egouulsed G y) Nadl paste) to the sanple

i ncreased U@Pa‘ﬂ?ﬂm%rﬂﬁpl‘@hel%mbl e from between 0-15 hr to 15-23 hr.
There were rmo&Qaﬁl.g_lmlﬂg]/ﬁﬂﬂt n the chromatographic profile and the

recovery of rin 3% WO 01/48016 PCT/ AU00/ 01585 '49 2.2.3

Addi tion of IE&%E%‘ 3@@@%@ 8 wash (M) Buffer. The follow ng wash buffers
wer e used i Chromapographic Metbadprotocol: (i) 50 nM Tris, 20 mM Lysine, 100
m NaCl , IOH Fnflisiatioh ;13 lg%WMQSuffgpandTWhgﬁ'boﬁ&QcﬁW%t-c&l i t)g'd

??gglt |e§ ﬁgﬁﬁ@{}é"eﬁéﬂ{ﬁ 1?‘% %ﬁeg bﬁﬂgﬁ?ﬁ OP:\e'I?'agloeurng ggl ow. Table 29 Addition
of EACA & Lﬁ@ad@amleuf fer -

Wash : 6 CV of MQ buffer.

Elution: ME buffer - Buffer D & 200 mM NaCl, pH7.0

Regeneration: 2 CV of 1 M NaCl

15
2.2 Results
2.2.1 Purification Using Wash Buffer (MQ - 25mM Tris, 100 mM NaCl, pH
8' 0)- :
20 Duplicate runs were performed using 25mM Tris, 100 mM NaCl, pH
8.0 as the wash (MQ) buffer. Samples were loaded on a MacroPrep column
and the collected fractions analysed. Results are shown in Table 28.
Table 28
25 MQ - 25mM Tris 100 mM NaCl, pH 8.0
mmﬁmMNmmh [Ratto of Fibwisopen] Total Volume] Cusmlative % re % Clottable Pretein
(gfud) {ughs) Frotln 1 tePhsmiucom sm
386 09552 54| 4035 % 5% 6i% | & 4% |
16 36 0.767 151 1121 10 | 8% [ T4% Si% %
54 75 0.408 152 1538 1] s4% 1 90% s | q0% |
A4 0.7 __<02 049 000 @D |__ 1% 9.5% 4% [1:1)
25 162 <02 045 a0 () T | 99% 5% | 6% |
.75 83 68 045 . 5196 -] 3% 9% [ 0%
264 138 15 047 1635 £ 9 9%t 7% | 8% |
.67 092 047 046 1957 -] 76 9.5% 3 82%
138 | 065 2 047 130 3% |_102% | am H

The average recovery of fibrinogen was 82% and plasminogen was
30 10%. These figures were used as a bench mark to ]udge the success of any
further modifications to the process.



10-gtlfer Protein Nan Ctottable Clottabb Protein %protein Cottable Slabp
Digital mpIml mpIml as drrttable Fleoove hrs Faction 1 20 nML 50
mM W& 10. 06 &w(ré/480180 82% 48-71 Faction 2 100 nmM NaCl, 6:BCRAG0H0Ds887 1. 94
84% 51.67% 48-71 Fraction 3 1.84 0.32 1.32 80% NNA rction 4 2.08 0.14 1.02
93% NV A Fraction 1 Lye6 60nMIrle 8. 8 0.73 8.86 82% 48-71 Fee do a 2 100
mvi NaCl, 01 8.0 1.06 0.28 1.37 83%53.19%%8-71 ractian 8 1.71 0.18 1.52
89% N A 16 fps Fro atien |l 20 mMLys, 50 MM Tris 8.80 0.77 8.73 9296
48-71 too Man 2 100 mMM NaCl, H 8.0 2.88 0.46 2.48 86% 49.11% 41-78 re e
tinn8 1.83 0.32 1.31 80% NA Faction 4 1.88 0.18 1.71 90% N A F2V 16a m
a dont 20 nv&2 on, of BAGA t9 Iggd\Sopleq, 71-91  Fraction 2 100 mM

Nag, &0 2,85 0. 36 26l i ale B, AtASIGFho GarkplSd o 88 plockii N A

Fraction 4 1.51 a Fracti

13.02 0.77 12. 2919’9% 1ﬁ‘l_‘ g‘ﬁ%&?é’“{lua&aq’t" nge §35° ﬂﬁﬁlﬁ& W@‘Ee%ie’gﬂ%o@lla 86%
70. 41% 71- 915 Hegmmwhugoﬂmgampma&ewm@d Frveastdiscovéredl that the05 1. 47
97% N A NB: 8€whfd Bledki o the sanple. 15 Wth the
addi 1 on of 20 3 ° ‘E&a%ﬁéuﬂgmﬁﬂﬁb%uff he stability o
the collected fractigf& ﬂ%ﬂl’e %%‘Fﬁmcﬁldhm& dgespeRktotieovery
of clottable prexluine Qf/amdﬂntéﬁ)/ﬁesdlhbﬂiseuh(jéy/l\hchpaéhe)tty thesdripledacieated be

chr ot ogr agy shgseg o e 1o SEBRAERoqplE g OIS Mol bt

sh
sggm?icant changes in matographic profile and the recovery of
fibrinogen was 93%,




50 The average clottable protein recovery decreased to 51.396 when 20 nM
lysine and 25 mM Tris were added to the MQ buffer. In the chronmatographic
profil e, Wa&81/48%6r bance during the wash step was | ar ger PCT/AB0V/01388t obt ai ned
using MQ Hence it can be assuned that the addition of 5 lysine and tris to
MQ caused fibrinogen to elute in the uqﬁound peak. The stability of the
collected fractions were between 48-71"hours. These results show that the
addition of EACA and an increase of tris concentration in MQ increased the

recovery of gpj,gtAmm{cgmgﬁ }giﬁbj ] Q”@!wﬂép eluate. 10 2.2.4:
Varyi ng I\/QBuffe,thC? o5i tion ;%aimg:‘ thi S experlnment was to investigate
the ef fect i venesSh®folloyang wash b; I%VBWE@MPMQ@PW%@UHH and
to exam ne GRenkf Trs 20ahM Lysing dootmbiNaC], pAB0 aad (Hp56 aiNTais, 2abl e 30

sunmari ses t'dﬁ‘?ﬂ[ : f rying Wash
Buf f er Corrp%ﬁit%%&%%fp e gi %ﬁyéﬁfsﬁ%@%ﬂ%@%‘%gs@ﬁg% nogen Stabili
Sanpl e MO pIMACropTER W@dm@mﬂﬂﬁaﬂﬁmﬁ cranpazpthCResults are sBown3 24- 47
HPPCO6 No Ly Té&blerdgsbeléw). 25 47 HPPCO4 Yes LYS & Tris 47 <0.5 41 HPPCO6
Yes L & Tris 49 0.27 68-93 HPPCO Yes EACA & Tds 68 <1.0 113-143 HPPCC8
Yes EACA & Triis 79 0.23 >141 HPPCO6 Yes = 25n*IT s 77 0.8 66 20 These
results show that when no EACA was aballé 280 the sanple, and MQ (25nM Tris,

100 mM NaCl, pH 8.0) was usdiitiofi of BEACACE I, btﬁﬂﬂ%mﬂi@? 25 average protein
recoVeryioof fraction | for _HPPCO4 & HPPC% was /796 & 78%

Buffer Protein | Non Glottable | Clottable Protsin | o4 Protein Clotiable Stabilily
mgiml mgiml mgiml as Clottable Reocovery* (hrs)
20 mMLys 50 mMTris | 1008 0.76 6.50 92% 4871
100 mM NaCl, pH 8.0 2.30 0.37 1.94 84% 51.67% 48-71
~ 164 032 152 80% N/A
2.08 0.14 1.02 93% N/A
20 mM Lys, 60 mM Tris | 9-68_ 0.73 886 92% 4871
100 mM Nacl, pH 8.0 1.68 0.29 1.87 83% 53.19% 48-71
1.71 0.18 1.62 89% N/A
20mMLys SomMTris | B.50 0.77 8.73 92% 48-71
400 mM NaC), pH 8.0 238 0.40 248 86% 4911% 41-78
143 0.52 1.1 80% NIA

140 (KT T 90% NIA__|
20 mM EAGA, 60 mM Tris| 1327 0.80 1247 4% 71-91
100 mM NaC), pH 8.0 2,65 0.36 230 B87% 7212% 71-91
T8 0.2 128 81% * N/A
181 .06 145 05% N/A

_ |20 mM EACA 60mMTris] 1302 077 1228 94% — 7191 |
100 mM NaGt, pH 8.0 251 0.38 2.6 85% 7041% 7184
187 029 1.32 82% NIA

7] 005 T47 S7% NA |

NB: In these trials EACA was not added to the sample.

15 With the addition of 20 mM EACA and 25 mM Tris to the MQ buffer,
the stability of the collected fractions increased to between 71-91 hours and
the recovery of clottable protein was 71.3%. The longer stability could
possibly be attributed to the removal of plasminogen. The unbound region of
the chromatogram showed a small UV absorbance.



respectively. The stability was approximately 24 hours for HPPCO4 and <47
hours for HPPCO6. WO 01148016 PCT/ AUOO/ 01585 51 Where 25 mM Tri s was added
to the MQ bufWmsl/ssilee protein recovery was similar to tharcmiwmionsss using
MQ but the stability of the-collected " fraction was increased to 66 hours.
Wth the addition of lysine to the MQ buffer (50nM Tris, 20 mM 5 Lysine 100
mM NaCl, pH 8.0), the average protein rec®Pery of fraction 1 for HPPCOB
was 4896 and the stabi lity was < 47 hours. The plasm nogen . recovery was
reduced dr arratlcall than 0.5 96. e wags,.added to
the sanple pri or to @88%‘)?@%5799&§'é%%ﬂ$ ghg%@lé l?lvggh buffer
was MQ with | ysToRé memaddatmmgéﬁhﬁfawhﬂws wer e

appr oxi mat el y tdilﬁ'oﬁﬁ &b@@ﬁe%b%b?&%ﬁ%ed %to the

sanple. The stalili the el u however | reas 7 hours
to between 68- 3@‘ Jﬁ%ltso%ftﬁlp &lﬁ?’@g‘daaﬁ?nﬂ h‘iﬁ’j‘rlle If‘gﬁﬁg CA was
added to the salwsinsandm:ismMQ/amedlﬁHrmogmm a&m/inﬂﬁliﬁbbandi)@akﬁ\fl‘ﬁm 100
M Nadl, pH 8- Catalbifity be %ﬂe {15otdblil bz Hoflgd NOSE DL Al ned

when using MQ i e significant
di fference was the iﬁmﬂl WWI’#@"G@? Pea#ﬁé&ﬁmanmeasgpémuty was

in excess of 1léhncentrstiasickphiceshsed tiappeovaryef eloytaBle grotsis andbRBilityi Nng MQ
buffer. 20 Thﬁ“ﬁégﬁﬂbtﬁﬁlﬁgow that the vvash buffer containing 50nM Tris, 20

mv EACA 100 ‘0 gave good results. In particular, the
collected #taction had hi gh protein recovery, |ow plasm nogen recovery and

and_Pool 60, P evt onppn ol “"ﬁ%"%hopﬁgf ccrad fromthe Mharo Prep
eluate. The foI | Qwi ng%x ?I‘I ﬁee%?géﬁgnﬁ‘g%?@ %a%e&’@ eﬁeﬁﬁ%’?ﬂ?ﬁ E/Eﬁ‘et he
fractions can @idi ﬁw apdd@ACA do ﬂtﬂ:lvléhbﬁfereﬂmdvfera}canﬂmethedffeetoﬁd

fractions were thalaaembmmm%ﬂiéfsabﬁﬁlb THBle\dokvRhniri 3 4he PRlcREniaN t he
ratio as if 18°N€q f‘gl%ctlon

Table 30
Results of Varying Wash Buffer Composition

Sample EACAIn Buffer Protein recovery | Plasminogen | Siability

_ Sample MQ plus % ug/mi Hrs
HPPCO4 No | - 77 5 24
HPPCOs No | - 78 23 24-47
HPPCO6 No Lys & Tris 48 0.25 47
HPPC4 Yes Lys & Tiis 47 <0.5 41
HPPC06 Yes Lys & Tris 49 0.27 68-93
HPPCO4 Yes | EACARTrs 68 <1.0 143-143
HPPCO6 Yes EACA & Tris 79 0.23 >141
HPPCO06 Yes 25 mM Tris 77 0.8 66

20

These results show that when no EACA was added to the sample, and
MQ (25mM Tris, 100 mM NaCl, pH 8,0) was used as the wash buffer, the
25 average protein recovery of fraction 1 for HPPC04 & HPPC06 was 77% & 789

respectively. The stability was approximately 24 hours for HPPC04 and <47
hours for HPPCOS.



30 was collected. The purification nethod involved the use of 50mMM Tris, 220
nmnvi EACA 100 mM NaCl as the wash buffer and EACA was added to the sanples
prior tdJdvVOOHeOY on the MacroPrep colum. The resul ts PCEABIMMSSSI N Tabl e
31. In general, Table 31 shows that the first fraction is generally nore
35 stable than the later fractions. This is nost probably due to the |ater
fractions being considerably Iess concéﬁtrat ed than fractlon 1 and not WO
41/48016 -PCT/ AU0O0/ 01585 52 . 'b Lam bNAYY "X t~oyi bYy!n 1 N

"hd" V. Z A pry’ QW{hEYe ZS(II@I'TIN Waéqa clﬂemr t%pg)tMnoreB%}y '

00 NAN O DOp~A :

wo Wi+, Nv .‘%sf‘mﬁal ~@ﬁ%hm°61 sl but ity\ef the aallepted ~p1|v|v| ~ H
t - xY. xxXXfraxblon waidirensed to 66hovitsQ r1 5 p .. =H 000 1.00000 0 tl w O

~ obi . 00+, GO
TTA0L SA | g ?ﬁ%q‘iﬁ’w@%@ oo W%@W (1) yob"
mw N H & V\mﬁn?l 100anMNaGl, R 8:0))the ayerage protem recovery of ctxon 1 for
HFPPCO06 was 48% and the stability was < 47 hours. The plasminogen
recovery was reduced dramatically from 10.2% to less than 0.5 %.
When EACA was added to the sample prior to loading onto the
Macroprep column, and the wash buffer was MQ with lysine,the protein and
10 plasminogen recoveries were approximately the same as those obtained
where EACA was not added to the sample. The stability of the eluate,
however, was increased from <47 hours to between 68-93 hours for HPPC06
and 41 hours for HPPG04. :
Where EACA was added to the samples and the wash buffer was 50mM
15  Tris, 20 mM EAGA 100 mM NaCl, pH 8.0, the protein recoveries were similar
to those obtained when using MQ i.e 68% for HPPC04 and 79% for HPPCO06.
The significant difference was the stability of the collected fractions. The
" stability was in excess of 113 hours as compared to approximately 24 hours
when using MQ buffer.
20 - These results show that the wash buffer containing 50mM Tris, 20 mM
EACA 100 mM NaCl, pH 8.0 gave good results. In particular, the collected
fraction had high protein recovery, low plasminogen recovery and long
stability. '

25  2.2.5 Stability of MacroPrep Fractions, Individually and Pooled.
Previously, four fractions were collected from the MacroPrep eluate.
The following experiment was designed to determine whether the fractions
can be pooled in order to increase recovery. The collected fractions were
placed on stability both individually and pooled in the ratio as if one fraction
30 was collected.
The purification method involved the use of 50mM Tris, 20 mM EACA
100 mM NaCl as the wash buffer and EACA was added to the samples prior
to loading on the MacroPrep column. The results are shown in Table 31.
In general, Table 31 shows that the first fraction is generally more
35  stable than the later fractions. This is most probably due to the later
fractions being considerably less concentrated than fraction 1 and not



_ "900ddH ‘oN Yyoyod eogrdpexd [DDN/AD pesiigqnjoser
¥ DLL 614 PU0 700ddH *ON Yorod spogrdperd [DON/AFS pesirquiosat pesn QLI L1 @ DIT I sejduing

yRET 1L

[XTAT]

jolSo

(AT

¥

E; d b o]
o g L O P Y

3
<
1

11 6T

VREC LT

[T

1d

T punoqun

BUEAHL

el Slefs] Sl

K| Rslnln

®1T 614

PRET1Z

3014

Z¥I4
2

.~|

AT

YHEC 1A

FXERT M

TETIL

3 Py 3]
< o] o

1 punoqun

PEROQEL

y

LT WAT
s1dmeg

= Hippoad piqor0ld

Z = >
Z S0 w
22 > o .
Z O1 w + 2
£° 225 2B 8503
><x8 =z>782 X
- L 1o WV S owm
.|mm iw~4uW13 1
f;C.Au¢HL~MNm ! 15T 12607
so= 1 o000 ©Z =
> MWE.V. ﬁm o i FLiﬁ
m ~z25 <o I8 mr | wm
nvn.n”WA ﬂ“MA i M is-0a ST 7o
SSsT<§5'3zvd
m1;m .S o =
OLW ™~ Z + = ToL
— LL o © T vﬂu
D.nwduW RS MW ! = P Tests
Bl s ==
S MMNN O = v 1)
o=2 AN C_ o =P o7
- 1ONBUO| ! \tAllmlmmH O oosys
Z-og mh _ F3—
) : Z8Z2Z e
Z-d > =, o< = F I
X1 >o — PN as
NNV~AOAYh~A;hq§
WWAHWNOthILWgﬁw
+ < WO =4 u.@ﬂ.wtl..s.?-
- o) S 4 S —:J~MJEE
FW@ NwwbmAﬁ¢$c.
- - 6 F443
) oo
z-22 8%E WCWW
14 A..le WMh 7
T 5. < 20 F G
o |l =Z2>0 — | Y ~ 0098
Q9 —AHOZ > .PR-M%. 72
— LU0 - o . o S§< €1
= fyommy Y ]
D5, 5E05%Y e
Aqu ‘o . CO@ o0 X o
cCacE 000~9um — O«
M m- OO + 91 — O
>Z T 82 %% eZS59
4WWIWC0me - =2 <o
S > O T .. —+< 3>
) o SO Q- Gr|
MWIIVO-WYM4-Pue
e >Z_d0o0 . Yo
N T LT
n
. M c mw m OHNnum m
s 10_90° %M~% >
i %)
T3 83 Gosn2 als
=, ~— = s £ <
Z2Z2d0Z20 1 02: o<olF =

Uondexry

Suyjood woysel] Jo syMsay - T afqel,



When the four fractions were pooled the stability was equival ent to that of
fraction 1. By pooling all four fractions, the recovery of protein was 5

i ncr easedwbpy/sgops oxi mat el y 2596. 12.6 Modification of tPEUVAVWOLI®A Buffer
Results described in 2.2.5 above show that the fractions eluting from: the
Macr oPrep colum can be pooled. The profile of the bound fraction 10 shows
a large peak with tailing and then a s@tond peak when the colum is washed
with 1M NaCl . The. second peak is the conpression of the tailing due to

t he hi gher hQpi oSk i1 | t ¢eitRsdbxathih ase the
lonic strenIébt:gﬁé}gsfeﬁfﬁﬁ@ggpgegmwgﬁWe%é%onsl"tﬁﬁg@?viag;tie en_.as &Fg ngl e peak.

] t1o
The concent Mmt@gﬂmnsiﬂtﬂﬁmrﬁﬁ% ey JLere B m Y0y f r om 300
15 M to 500 mM W HimfoucrdddonBassss peoteddhe babilitywakedguivalént toTabl e 32

Bobr Py 208 5007 by etk AEr oy iR Rechmel GERRRMERT P01 *

Bubr Frao6 1ota ovay Cn i
Stabilily neereasadebyepmroxiseataly 36%o0 AS 126 300n1( 369.6 495.8 1 439. 66
79% 79% 409. 26 83% 83% 93% 93% 90 2 101.64 18% 97% 88. A4 18% 101% 87% 92%

72 F09 12a . 5,543 . 7% 107%.599.5 110% 110% 91% 91%
(100 300" 1 AP8 Mo Retia ‘J@’f@?‘?&% JPT3796 87% 478A2 88% 88% 90% 90% >100
210 12a 750V 66Resultsdeserihedin2.240ebnyeshawdhat/the fragtiopsebdingftom 2 46. 9
7% 83% 346 5%@%&3«;&?& f)ébﬁﬁ%b&ﬂ@e dled? Tife3profilelofiths bolvhd fackiéfl. 6 93% 93%
516. 24 939 9530 0000 J0UL ELAR g A5 5 4 kbl el il o SBRANEC €O

washed with 1M NaCl. The second peak is the compression of the tailing

due to the higher ionic strength of the 1M NaCl. It was decided to increase

the ionic strength of the elution buffer to elute fibrinogen as a single peak.

The concentration of NaCl in the ME buffer was therefore increased from 300

15 mM to 500 mM, 750 mM and 1M. Results are shown in Table 32.

Table 32
Increasing NaCl Concentration in ME Buffer

: Total Froten - — Clotiable protein -_ J
Sample | ME Buffer {Fraction]  Total - Recovery | Cumialative | _Total | Recovery] Cumulative | % Clottable Pool Stability
NeCl g D % Clottablo | His
FOB 123 | 300mM 5598 — | 48 S
11 3985 | 1% 9% | 4925 | ©3% B% 9% 3% 50
2 0164 | 8% 97% | 8844 | 18% 101% 87% 2% 72
709 i2a | S00mM 6155 : 582 |
1 6556 | 107% | 107% | 5995 | 110% | 110% 9% 91% >100
F09_12b | 500mM 6188 5432
| 1 5339 8% 3% | 47842 | s8% | 8% 90% —00% _|_>100
FI10 12a | 750mM 647 — | smis —
— 1 458 T6% 76% | 4416 | 7% 7% 0% 50% >100
2 469 T% 3% 3451 | 6% 83% 4% 38% >100
iz 1M 6155 58532 -
1 5706 | _93% 93% | 51624 | 95% 9% 50% 90% >100
20

The addition of an extra 200 mM NaCl to the elution buffer, ME, was
sufficient to elute the fibrinogen in a single peak, with very little tailing.
There was no significant difference in the characterization results of the

25 collected fraction. Although, the ME buffer with 750 mM and 1 M NaCl also



sufficient to elute the fibrinogen in a single peak, with very little
tailing. There was no significant difference in the characterization
results of to@nsel | ected fraction. Although, the ME buf$eravdorksss 50 niv
and 1 M NaCl al so WD 01148016 PCT/ A1J00/ 0155 54 work, it is preferred that
ME with 500 mM be used due to the requirenents of the followi ng steps in
the purification process. 2.2.7 Effect of HACA in sanple an Col um El uate
Stability and Recoveries 5 The aimof this experinent was to conpare the

bound fractions_elut. ] . oBr cQl-ym m I .
(resol ubili sed 8"5‘#&@%}”%%%8?3? ée}%)“%ﬁﬁgﬁ‘? i B8 é‘sge‘f dile P YR s dviroments g caca,
Resul ts showed thedellewing stepsim thepuwrificafiongmogss. 95. 496), clottabl e
protein (96.0% 99.296), plasm nogen (both were <0.2 ug/m ) and stability

rom bot h sampl 827 Fegt AERAVR in Sanple di (ol ipele Siabilify i Becavgpios "
resol ubi lisedl d y/ &eaiswofithisexperimenhivag td 66mpare 260 bothd A€etions qlutetler r ed
fibrinogen purifg } rcﬂ’r@;f i %ﬁﬂﬂ is :

chr omat ogr aphy Bngﬁ%ogﬁgg@gr E‘?ﬁ aBove I.S é%%*%ik%&?%m@g“ %tate. Il be
appr eci at ed by PEFEBRg either 100 or 200 mMEACANAt nunerous vari ati ons and/ or
modi fications may b&esaldeshawddthat theeprotein recovelyd88.704) 951496), slotiable C

enmbodi nents wt g r 9 it d S § nti on
e hronaly deschibind6e0sed on) | ARkialiogell (both g SEER Sl RO stablg

consi dered th afg® weTe > 7 days svese pquivalent fosthe fraetions qollecteddram, 48016
PCT/ AUOQ 01585 béth safiples. dnatherBhendbsitnilan dostlie e Sbialidthr redblabiesed.

(1085) . Thr onboeh i pELenfiks oo SPARNERACE. 0L ¢ (1075) "
Thr ombosi s Resear ch A prefersed Ebrinogeppamrificatin process igicarporating terienh, ( 1990) .
Thrombosi s & Haexohahgs tlomatddraphy!@@titiidescribed above is shown in Figure 6.
15 It will be appreciated by persons skilled in the art that numerous

variations and/or modifications may be made to the invention as shown in

the specific embodiments without departing from the spirit or scope of the

invention as broadly described. The present embodiments are, therefore, to

be considered in all respects as illustrative and not restrictive.
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45:103-111. Vuento et al (1979), Biochem stry J, 183:331-337 15 WD

01/ 48016 PCT/ AUOCO 01585 56 clains 1. 56 Met hod for purifying fibrinogen,
the method conprising extracting fibrihogen froma Fraction | precipitate
by adm xing the Fraction | precipitate 5 with an extraction buffer such
that fibri nRefsrendesso! ubilised in the extraction buffer, wherein the
extraction buffer conprises salt at a concentration of at |east 0.1M and
heparin at a concentration of at least 10 IUnl. 2. A method according to

claiml MemmamnmmmM)mzdm 18:425-4310 | east 0.4M 3. A nethod

according t@egy@hrgng o i4%gl4 It is selected” fromthe
group copsi i’ii"l % %ﬁﬁmﬁﬁgtig a?g ?get ate salts or a conbination
t her eof . mat earall, 37365176 ains 1 to 3 wherein the
salt is NaﬂkobEenmdrﬂiéma‘f ).0Thenibosi3Beseqreh 0d4:143-a59 1 to 4 wherein
the 20 con WFB t St 6. A nethod
according tg i/%gglc‘) ‘?S;h%u R/\,hgr ei Iﬁ%ﬂs %r{% W‘fﬁm on of heparin
is at |east 943@8%99d4 U ni. 25 7. A nmethod accordi ng to any one of clains 1

to 6 wherei Mdsbﬁsmx[mllBibchhh]‘Bﬁlphfrstd‘l@rWGWM:ﬁeS Tri-sodiumcitrate at

a concenpra f C ne of clains
1to 7 ergopl QES@%}%%%&%%dﬁf Pﬁ%ﬁ?htg%oﬁg? égg}é#fl east one-

m ani no aci & ehem@aslacﬂw@nh@mﬁes@amhmmmm n the at |east one
0-am no aci C['akéda, (19686). J. Clin. Investigation, 45:103-111.

Vuento et al (1979), Biochemistry J, 183:331-337 -
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present in the extraction buffer at a concentration of at |east 5mM |

li1ILl 111211 10,12 11l 111211 * L 3 WO 01/48016 PCT/ AUOCO 01585 57 10. A
nmet hod accor ggggudsesany one of clains 1 to 9 wherein the emtrarmionsss buffer
further conprises antithronbin 11l (ATIIl) at a concentration of at | east

about 1 IUm. 5 11. A nmethod according to any one of clainms 1 to 10
wherein the extraction buffer conprises Pfi-sodiumcitrate at a
concentration of about 20mM NaC at a concentration of about 0.8M
heparin at a co%ration of about 60 UM and at |east one co-an no.
acid at a conce ion of about 5mM 10 12. A nethod according to any one
of clains 1 to 11 wherein the extraction buffer has a pH of about 7.3. 13.

A met hod accor ding tfpm’éﬁibd)m&ipﬁﬁfﬁh ﬁBﬁnbﬁtﬂ&n\éﬂﬁﬂ%m action

of fibrinogen i erf orare o] hé one
of claims 1 to é@q‘n? s Rod '?tb‘ﬂ ipity qurﬂﬁm%&‘e%@ﬁu‘?ﬂ 8‘??81?6 t¥n
t he extract ¥l fWithhnnbmffarsmhi\hﬂtﬁbnndgemisnsdnbﬂ;sddmtmmﬁuﬂctmwed by

centrifugation e tBR o7 ding to
any one gf cl ai E‘gﬂr%ﬁiﬁtﬂie mattlfgi,oéﬁ?é ﬁge%sr?p&%tg%&s%}%astg%%gf ’

precipitating t aF‘Hqtﬁé:OERQWQ&O&Pf sol ution by the
addi tion of glycine and Nad. 25 16. A method accordi ng to claim 15 . the
met hod further onp 4 I l4.Si

precipitate |n l% bu lzl!reﬁg)orr%r%l SI %%&ﬂﬁ%@%&éyﬁggn eg}%gﬁh% sﬂ? und
100mV Cad 10 atleast®HMent rati on of around 1. 1M Na-citrate at a
concentration of around 10nM tris at a concentration of 30 around 10mM and

sucrose at a cogcenty gbhoiy &Icoﬁfiﬂé' B Wor Mal AwBbledl theP RS sQoted
from the group consisting of chloride, phosphate and acetate salts or a
combination thereof.

.-

15

4. A method according to any one of claims 1 to 3 wherein the salt is
NaCl.

5, A method according to any one of claims 1 to 4 wherein the
20 concentration of heparin is at least about 20 IU/ml.

6. A method according to any one of claims 1 to 4 wherein the
concentration of heparin is at least about 60 IU/ml.

25 7. A method according to any one of claims 1 to 6 wherein the extraction
buffer further comprises Tri-sodium citrate at a concentration of about
20mM,

8. A method according to any one of claims 1 to 7 wherein the extraction
80 buffer further comprises at least one o-amino acid.

9. A method according to claim 8 wherein the at least one @-amino acid is
present in the extraction buffer at a concentration of at least 5raM.

R R



17. A nmethod according to any one of clains 1 to 16, the nmethod further
conprising the steps of. 35 applying the extracted fibrinogen solution to
an ion exXWPAME¥Iemtri x under conditions such that fibrporygesdisssds to the
matrix; | LL0LETE 222222 tEij b treer 1l €S W 01/ 48016

PCT/ Ai £ 00/ 01385 58 eluting the fibrinogen fromthe matrix; and optionally
recovering the fibrinogen fromthe el udfe. 18. A method accor di ng to claim
17, the method further conprising 5 washing the ion exchange matrix with a

; :JLI.GEOSZEMDS' 14 asthof A5kordli i B efaifhall tol whirefh thd Aricton | o
net hod corrp}’?‘lgnﬁ 35)°°E3W§%?¥E@I‘Pm%

yin
m%wan&%hoarpﬂatha@tl pitate
by admi xi ngabaﬁtlﬂé’nﬂractlon | precipi tate with an extraction buffer such
that fibrinogen is solubilised in the extraction buffer, wherein the
extraction huffe cotgpélses salt at a concentration of at least 0.1M (b)

precipi tatidd t Aeeading i any onenf claimsilstorky wherein the nogen in a

Iso| ut i igocomﬁhaiﬂmbﬂﬁeﬂ mn@am-éﬁiﬁﬁ@ﬁhm%%&ﬁcéﬁu@u&ﬁapmat ion of at
east’ 0 in erein the conceptration
of salt mmvbf)ﬁﬁh lé? i a&ct?ll %ﬁl%gﬁ%’lg?n bﬁu% P(aedgg’]t QPagfy atyropgenization ah g

accor di ng t 8bentA0AU/ml end at leest oe eteerisomcidet sseincentatisr bfabart from t he
group consi sigMg of chl oride, phosphate and acetate salts, or a

conbi natjon thereof. 22. A nethod according to any one of clains 19 to 21

wherein'the salt is 25 NaCl. 23. A nethod according to any one of clains
19 to 22 whd2ei nﬁmhgdlﬂcwdlﬂgdotanyronemfplalmsl toril-whelieimthel trate at a

concentrati H thod according to any one of clains
e f Y 3T

19 to 23 wherein the extractlon buffer further conprises heparln at a
concentration of at |east 10
13. A method according to any one of claims 1 to 12 wherein the

15  extraction of fibrinogen is performed at about 37°C.

14. A method according to any one of claims 1 to 13, the method further
comprising the step of incubating the extracted fibrinogen in solution with
aluminium hydroxide followed by centrifugation and removal of the

20 precipitate.

15. A method according to any one of claims 1 to 14, the method further
comprising the step of precipitating the fibrinogen in the extracted fibrinogen
solution by the addition of glycine and NaCl.

25
16. A method according to claim 15, the method further comprising the
step of resolubilising the fibrinogen precipitate in a buffer comprising NaCl
at a concentration of around 100mM, CaCl, at a concentration of around
1.1M, Na-citrate at a concentration of around 10mM, tris at a concentration of

30  around 10mM and sucrose at a concentration of around 45mM, with a pH of

about 6.9.

17. A method according to any one of claims 1 to 16, the method further
comprising the steps of;

35 applying the extracted fibrinogen solution to an ion exchange matrix
under conditions such that fibrinogen binds to the matrix;

A




lU-m . 25. A nethod according to any one of clains 19 to 24 wherein the at
| east 35 one mamno acid is present in the extraction buffer at a
concentrati onw®é@éts | east 5mMM ~f1111~~1 WO 01/ 48016 PCT/¥¢¥Xtdb1dss 59
26. A nmethod according to any one of clains 19 to 25 wherein the
extraction buffer conprises Na citrate at a concentration of about 20nV
NaCl at a concentration of about 0.8M and 9eparin at a concentration of
about 601Uim . 5 27. A nethod accordi ng to any one of clainms 19 to 26
wherein the fibringgen i e in ste ) by the addition of a
buffer conprising ﬁ%% e?’f‘?&i‘%ﬂg dth?éng‘ﬂxgréé od according to any one
of claims 19 to 27 wp@paﬂiyrmveﬂn&ﬂhﬂrﬁbgmgmévnptheaaimtes sol ubilised in
step (c) using a buffer conprising NaC at a concentration of around

concent rati on olar QLTS AROOTEE IEISLE 47 fbi fuetied SHEME SORISHRE 10mM and

concentration ot“ar an

sucrose at 35coweshing&hémexbhmgamabﬁrﬁnﬂzhaﬁfﬂ@coﬁpmiﬂgmﬂlmtmdmng to any

one of clains 1 I (d) applying the
Sl e phBe ?hgag i REoeendRomR the hid%ix.

fibrinogen solution fro step to an | change matrix under
conditions such that fibrinogen binds to the ITB.tI’IX 20 (e) eluting the
fibrinogen front, heﬁmbﬂwd,ofaftdxfﬁn 2 fibein am,lthymieth@d/e@mpﬁsm e fibrinogen

f th | uat 2 h
compri si ng uﬁaih. o Bhe FEARELGR, eﬂrﬁﬁfﬁx%@@%@@ﬁﬁfn@“{s’% at
| east one 032 alﬁwfepnakmcmﬁa&mgtb ag|extragton huffer mchiibalkfibrinegentine

matrix. 31. A rrmlﬁlﬁﬁsatnpﬁrélmabﬁoﬁwffmwmexﬁlm 8Rirattion b%&fe\ﬂ/eeﬁ@h@eé he at

least  one w-- g AghflohSafiofl AleLRBRES 2! d (EACH).
(b) precipitating the fibrinogen; and
(c) solubilising the fibrinogen in a solution comprising at least one
15 e-amino acid at a concentration of at least 100mM.

20. A method according to claim 18 wherein the concentration of salt in
the extraction buffer is at least 0.4M.

20 21. A method according to claim 19 or claim 20 wherein the salt is
selected from the group consisting of chloride, phosphate and acetate salts,
or a combination thereof.

22. A method according to any one of claims 19 to 21 wherein the salt is
25 NaCl

23. A method according to any one of claims 19 to 22 wherein the buffer
further comprises Tri-sodium citrate at a concentration of about 20mM,

30 24. A method according to any one of claims 19 to 23 wherein the
extraction buffer further comprises heparin at a concentration of at least 10
IU/ml.

25. A method according to any one of claims 19 to 24 wherein the at least

35 one o-amino acid is present in the extraction buffer at a concentration of at
least 5mM.

0y g



30 32. Ane
extracting

thod for purifying fibrinogen, which nethod conprises: (a)
fibrinogen froma fibrinogen containing material by adm xing

t he mat eWb1/48016h an extracti on buffer such that fibri PSFAVRISSSo| ubilised

in the extr
one w- am no
S|l W 011
step (a) to
binds to th
optionally

accordi ng t Bxg

action buffer, wherein the extraction buffer conprises at |east
acid at a concentration of_at least 5mM 1211111111 1111 /1111 .

48016 PCT/ AUOO 01585 60 (b'§9 applying the extraction buffer from |
an ion exchange matrix under conditions such that fibrinogen

96mtAmsm&@acc%kaihgmsah%n%P&laﬂﬁga@ taﬁmﬁéianrm&rl x; and (d)

net hod

recoverlggferlcﬁgl 2 EF"P E&?Eﬁ?ﬁv f%\?&?ﬁgﬂ'@%he i on

exchange naNaCkatd tenceatratioh lmf abmlﬂo 8Msmnid hepanincatidansentyatidn of east one

0- am no aci
cont ai ni ng
an ion eXch
matri x; (b)
15 |l east on
(d) optiona
accordi ng t gt
caproi c aci
wherein é
concent #

15

20

25

30

met hod of purifying fibrinogen froma fibrinogen
gl%%"ﬂ%toi?lgjrll?ﬁt he nmet hod conprising: (a) applying the solution to
ange matri x, under conditions such that fibrinogen binds to the
27VaSh‘Lmbthdi‘tBa¢ abang ©n€%fblaim§\ﬂ19hoaa?vﬂidﬁilrﬂhe00”ml sing at

It T e o

lL.clains 32 to 34 Wnerelntheoamno 20 is a-am no
d(EACA) 36 A nmet hod according to any one of clains 32 to 35

ook Bl dr BBl ap ke o i SH'G B il e 21 2

fibrinogen precipitate is solubilised in step (c) using a buffer comprising !
NaCl at a concentration of around 100mM, CaCl, at a concentration of around |
1.1M, Na-citrate at a concentration of around 10mM, tris at a concentration of
around 10mM and sucrose at a concentration of around 45mM.

29, A method according to any one of claims 19 to 28, the method further
comprising:

(d) applying the fibrinogen solution from step (c) to an ion exchange
matrix under conditions such that fibrinogen binds to the matrix;

(e) eluting the fibrinogen from the matrix; and

(f) optionally recovering the fibrinogen from the eluate. '

30. A method according to claim 29, the method further comprising
washing the ion exchange matrix with a buffer comprising at least one o-
amino acid prior to eluting the fibrinogen from the matrix,

31. A method according to any one of claims 8 to 30 wherein the at least
one ®-amino acid is e-amino caproic acid (EACA).

32. A method for purifying fibrinogen, which method comprises: .

. (a) extracting fibrinogen from a fibrinogen containing material by
admixing the material with an extraction buffer such that fibrinogen is
solubilised in the extraction buffer, wherein the extraction buffer comprises
at least one m-amino acid at a concentration of at least 5mM;

/(II/(I////{//II[////{/I///II/



37. A nethod according to claim36 wherein the co-amno acid is present in
the extraction buffer at a concentration of between 50-500mM 38. A nethod
accordi ng t owolonssn1e37 wherein the o-am no acid i s present PCIAUBNISESe
extraction buffer at a concentration of about 100nM S eli~l WD 01/48016
PCT/ AU0OO/ 0. 1585 61 39. A nethod accordin %}nto any one of clains 32 to 38
wherein the fibrinogen containing soluti I's diluted such that the
conductivity is below 10.5 nS/cmbefore it is applied to the i on exchange

matrix. 5 40. A net ein the
buffer used to was (EP hgﬁ néuceh'rxé angﬁgﬂb?gﬁxﬂéoﬁp@@gé%§ ri s rer
concentration &eattugpader emditions suchthet fihninegen bindsso the mattisnt rat i on of
about 20mM and NaGg) %lutmgcﬂa@(fﬂﬂid ogén B8nPfhedbfvic; M 10 41. A net hod

according to claim el the buf f sed to was i on exchange
matri x has a pH of @g GPEM ft%ﬁég’ H’teoetl]'étg im40 or claim
41 wherein fhe buffer used to vvash the ion exchange matri x has a

conduct i vity 0f33ab0Atnetﬁo&aéﬁé&&ﬁ;taélaﬁ%32Am&haeﬁd%ﬂaéﬂ¢diﬂ%ﬁn§ny one of
clainms 32 to 42 \Aﬁ‘i‘r&%nthe |n%%gn|s eltbbedfroghw tyg 63

buf fer conpri si"ff§ ?I%E’Fﬁha?s‘??a aiterten (o) 3yt a seluligp comPLElg &g NaC
at a concent r aléashond olmmtino@anid. 200mMM to 1. OM 20 44. A met hod according to

claim43 wherein the NaCl is at a concentration of about 400-500 nM 45. A

met hod accord| ng to, c or._clajm 44 wherein_the el utlon buffer 25 has
a pH of abdf o P@%&%ﬁnmrﬂfmmawm ﬁﬂ}m’sen containing

soluﬁon, the method comprising:
(a) applying the solution to an ion exchange matrix, under conditions
such that fibrinogen binds to the matrix;
(b) washing the ion exchangs matrix with a solution comprising at
15 least one @-amino acid;
) eluting the fibrinogen from the matrix; and
{d) optionally recovering the fibrinogen from the eluate,

35. A method according to any one of claims 32 to 34 wherein the @-amino
20 is e-amino caproic acid (EACA).

36. A method according to any one of claims 32 to 35 wherein the o-amino
acid is present in the extraction buffer at a concentration of between 5-
500mM,

25
37. A method according to claim 36 wherein the w-amino acid is presentin
the extraction buffer at a concentration of between 50-500mM.

88. A method according to claim 37 wherein the ®-amino acid is present in
30 the extraction buffer at a concentration of about 100mM.
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39. A method according to any one of claims 32 to 38 wherein the
fibrinogen containing solution is diluted such that the conductivity is below
10.5 mS/cm before it is applied to the ion exchange matrix,

40. A method according to any one of claims 33 to 39 wherein the buffer
used to wash the ion exchange matrix comprises. (i) tris at a concentration of
about 50mM, (ii) a m-amino acid at a concentration of about 20mM, and NaCl
at a concentration of about 90mM.

41. A method according to claim 40 wherein the buffer used to wash the
ion exchange matrix has a pH of about 8.0.

42. A method according to claim 40 or claim 41 wherein the buffer used to
wash the ion exchange matrix has a conductivity of about 11.1 mS/cm.

43. A method according to any one of claims 32 to 42 wherein the
fibrinogen is eluted from the matrix in a buffer comprising about 10 mM Tris,
10 mM citrate, 45 mM sucrose; and NaCl at a concentration of between
200mM to 1.0M.

44. A method according to claim 43 wherein the NaCl is at a concentration
of about 400-500 mM.

45. A method according to claim 43 or claim 44 wherein the elution buffer
has a pH of about 7.0.
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