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group of integers.

15 Bibliographic details of the publications referred to by author in this specification are
collected at the end of the description.

Recent advances in the understanding of the function of blood plasma proteins and the
deficiencies involved in a variety of blood disorders, combined with improvements in
20 techniques for storage of the major protein components of human blood, have resulted in
increased utilisation of specific sub-fractions of human blood, in particular the cellular
components (erythrocytes, thrombocytes and leukocytes) and plasma protein fractions
(albumins, fibrinogen and globulins including euglobulins, pseudoglobulins, a-globulin, -
globulin and y-globulin), rather than whole blood, for therapentic purposes.
25
The plasma protein fraction of human blood, in particular, is of enormous value to the
pharmaceutical industry in the production of therapeutics for the treatment of fibrinogenic,
fibrinolytic and coagulation disorders and immunodeficiencies, for example haemophilia, von
Willebrand's disease and fibrinogen deficiency, amongst others. The major therapeutic

30 fractions are: albumin, in several degrees of purity; immune serum globulin, both normal and
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improved fractionation methods which are more rapid, higher yielding, less denaturing and

15 introduce few undesirable contaminants into the plasma fractions derived therefrom,

Cryoprecipitation is the first step in most methods in use today, for the large-scale
production of plasma fractions. Fresh frozen plasma is pooled, thawed at below 5*C and the
precipitate is collected in continuous flow centrifuges (Guthohrleen and Falke, 1977; Avery,

20 1972). The supernatant fraction, known to those skilled in the art as a "cryosupernatant®, is
generally retained for use.

The cryosupernatant may be used as a source of many plasma fractions, including
fibrinogen, antithrombin I, prothrombin complex comprising the coagulation factors (I, VII,
25 IX and X), albumin and immunoglobulin.

Subsequent processing of the cryosupernatant generally involves precipitation using
organic precipitants such as ammonium sulfate, ethanol, acetone and polyethylene glycol. For
example, in unique combinations of ethanol, subzero temperatures, pH, ionic strength and

30 protein concentration, selective precipitation of plasma protein fraction occurs. These
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10 starting material and different combinations of cold ethanol, pH, temperature and protein
concentrations to those described by Cohn er af (1946), to produce an active immune globulin
serum fraction. Today, the Oncley method is the classic method used for production of immune
serum globulin.

15 Selective separation of proteins, using ethanol or isoelectric precipitation, has also been
exploited to further purify Cohn fractions. In particular, Curling (1980) used isoelectric

precipitation to remove euglobulin protein from albumin-rich fractions derived from plasma.

Alternatively, or in addition, Céhn fractions may be further purified to remove solid-

20 bound lipoproteins . Methods for the partitioning of lipoproteins into the solid phase are well-

known to those skilled in the art and include, for example, the adsorption of lipoproteins to
Acerosi™ or similar silicate material, amongst otbers.

In all precipitation steps used to fractionate plasma proteins, the solid and liquid phases

25 must be separated. Usually, the large quantities of precipitate are pelleted by means of
centrifugation. The protein precipitate, or paste, is removed from the centrifuée bowls and
resuspended and further processed to other fractions, or the supematant is collected and
processed directly. The assortment of suitable centrifuges is limited, however, due to the
exacting hygienic requirements and low operating temperatures required for plasma

30 fractionation, in particular fractionation of labile proteins (eg: factor VIII). Unfortunately, the
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An alternative to, or a procedure used in combination with, cestrifugation, is the large-

yt

scale filtration of plasma proteins to remove precipitates. There are many types of filters that

can be used to filter plasma fractions. The plate and frame filters are the easiest to use, have
15 the lowest liquid volume fo area ratio so heel volumes are minimal, and cake washing is very

effective. Tubular filters are vertically orientated and are primarily used when the solid content

is low, such as water purification. Rotating leaf filters are constructed with horizontal or

vertical leaves in a vertical or horizontal chamber vessel, The horizontal leaves are used in

intermittent operations as a polishing filter where solid loading is low and cycles times are long.
20 The vertical leaves are designed for ease of cake removal, and when solid loading is high.

Filters may be used in combination with a filter aid to facilitate the flux during the
filtration process. Filter aids are added to the solid-liquid mixture to prevent blinding/plugging
of the filter mesh/support and to facilitate throughput during filtration by providing open

25 channels for flow. The optimum filter aid is often one that gives the best clarity at the fastest
flow. Essentially, a filter aid has to be highly permeable, have a good narrow particle/fibre size
distribution, be chemically inert and physically robust.

Filter aids are used extensively in the process industry for various applications such as
30 coal liquefaction (Jones ef al, 1994; Shou ef al, 1980), waste water treatment (Rudenko, 1981;
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15 fractions showed promising results, the adsorption effects of diatomaceous earth filter aids
caused unacceptable protein loss in the separation of the purer fractions (Friedli ef al, 1976).
The Red Cross Blood Transfusion Service in Germany (Wolter, 1977) has trialed a vertical
shank ZHFE-S filter pre-coated with the diatomaceous earth filter aid, Hyflo Super-Cel™, for
the isolation of albumin. Hao (1985), of the New York Blood Centre, also investigated Hyflo

20 Super-cel™ as a filter aid in the filtration of Fraction IV-4 and found that albumin losses did,
in fact, occur. De Jonge et af (1993) reported the use of the diatomaceous earth filter aid,
Celite™, to filter out the Cohn precipitates, Fraction I, Fraction I+11, Fraction I, Fraction IV
and Fraction V.

25 There are several problems associated with the use of diatomaceous earth filter aids, in
the pharmaceutical industry, where high quality of the end-product is an essential pre-requisite.
In particular, diatomaceous earth filter aids are extracted from the ground and undergo little
pretreatment. Their quality is inherently variable depending on their source and they have to
be acid washed if used in the pharmaceutical industry because of their prevalence to leaching

30 heavy metals and aluminium. They are abrasive to pumps and electro polished surfaces.
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In an alternative embodiment, the present invention provides a method of separating a
solid-phase material from a mixture of biomolecules, said method comprising the steps of:

20
(i) precoating a filter mesh with a cellulose-based filter aid; and
(i)  passing or pumping said mixture of biomolecules through the precoated filter
mesh.
25

In addition to the use of the cellulose-based filter aid to pre-coat a filter mesh, additional
filter aid may be added to the mixture of biomolecules. Accordingly, in a further alternative
embodiment of the invention, additional cellulose-based filter aid is added to the mixture of
biomolecules to form a slurry, and the slurry is passed or pumped through the precoated filter

30 mesh,

7]
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eugl obul i ns collected. Accordi ngly, one aspect of the present invention
provi des a nethod of separating a sol i d-phase nmaterial froma m xture

of bi onol ecul es conprising contacting said mxture with 15 a
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slurry through a filter vessel. In an alternative

enbodi ment , detsemined by thos¢ skilledtin the 88y ovi des a nethod of separating a
sol i d-phase material froma m xture of bionolecules, said nethod conprising
the steps of: 20 (1) precoating a filter mesh with a
cel | ul ose-based fPréferablypdré;or adtfle filter washes or flusihgs)may ogesfongedtsiggafiitables ai d
I Xt f bi I I h h.th t R
?e)s( h w €0 sl)l%rgz)t cﬁcaléugo%s E:ué"g'%glution EJ vearsﬁ %l?easo ig pL:!ase o? Eilter cake obtained in order to
10 remove residual mother liquor trapped therein, further increasing yields and improving the
separation process. Each filter wash or flushing further displaces fluid within the filter vessel,

thereby increasing the yield of a desired product in the filtrate.

The volume of buffer used in each filter wash or flushing may be readily determined
15 by those skilled in the art.

Suitable wash solutions and conditions for this purpose will vary considerably
depending upon the nature of the mixture of biomolecules and the stability of the desired end-
product. Such conditions may be readily determined by those skilled in the art, without undue

20 experimentation.

The present invention particularly extends to a method of separating 2 solid-phase
material from a mixture of biomolecules wherein said mixtare of biomolecules includes at least
one plasma protein.

25

The cellulose-based filter aid may be any filter aid comprising cellulose as an active
ingredient which functions to prevent plugging of the filter mesh or support or alternatively,
or additionally, facilitates flow during the filtration process, is chemically-inert, physically-
stable, non-abrasive and preferably does not leach aluminium. .

30
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According to the foregoing enbodiments, the filtrate thus obtained nmay be
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10

Accordingly, a particulacly preferred embodiment of the present invention provides for
the invention to be performed using a maximum concentration of about 2.0% (w/v) cellulose-
based filter aid (i.e. 20 grams cellulose-based filter aid per litre of solution) or 2.0% (w/w)
cellulose-based filter aid (i.e. 20 grams cellulose-based filter aid per kg of plasma). Even more

15 preferably, the cellulose-based filter aid is used at a concentration of about 0.5% (w/v) to about
2.0% (w/v) or altematively, at a concentration of about 0.5% (w/w) to about 2.0% (w/w).

According to this preferred embodiment, the inventors have found that the addition of

filter aid, in a concentration range of about 0.5% (w/v) to about 2.0% (w/v), to the feed mixture

20 prior to filtration helps to provide a tight, porous bed that facilitates flow. Lower concentrations

of filter aid than those stated herein have a tendency to either be insufficient to cast the filter

meshes, thereby allowing the flow of solid-phase material through the filter mesh or

alternatively, to result in a low porosity bed that incurs a high pressure drop and reduces the

amount of feed mixture that is filterable. Concentrations of cellulose-based filter aid higher than

25 those specifically stated herein rmult.in a high porosity bed which allows too much solid-phase

material in the feed mixture to flow through the filter bed, thereby reducing filtrate clarity, in
addition to producing the problems identified supra.

Preferably, wherein a mixture of biomolecules includes at least one plasma protein

30 derived from a plasma source and the desired end-product is a euglobulin-rich or lipoprotein-
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Wherein the mixture of biomolecules is a plasma fraction which is substantially the
same as fraction II + IIIW or fraction IIT obtained using the Cohn ef al (1946) procedure or a
modification thereof, it is preferred that the filter aid is a fine grade cellulose, for example

15 Diacel™ 150, amongst others.

The celiulose-based filter aid may be pre-swollen in a suijtable buffer or medium,
preferably a buffer or medium which is iso-osmolar and at the same pH as the mixture of
biomolecules. Alternatively, the cellulose-based filter aid may be added directly to the mixture

20 of biomolecules and incubated for a time and under conditions sufficient to allow the filter aid
to swell, prior to the step of passing or pumping the mixture through a filter mesh or filter

vessel,

The swell time of the cellulose-based filter aid and conditions appropriate to allow

25 swelling of same will be known to those skilled in the relevant art and will vary depending on

the average particle diameter, temperature hydrophilicity, or ionic strength of the solution in
which swelling is performed.

The present invention is adaptable to any filter vessel suitable for filtering a mixture of
30 biomolecules such as a mixture of plasma proteins, for example a plate and frame filter, tubular
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rich fraction, many cellul ose-based filter aids nay be appropriate

i ncl udi ng, for QIQ! | rl, - . Di [ Q. JArhocellerr]
200 or Vitacel [lzlrér 88’,'5‘5‘%@#3"?@ e[d’? %sgl}‘ts'%é%?gﬁﬁiachﬁﬁhsa%a%ﬁs? ac{%t?‘l ein
rrgaly_ be seafeshplerdr sitipie hixturasodfibibmdiecutes intparticalar Rympiek og sibplewixteres ofired

silica,

plasma protein components.
15
The term “biomolecule" as used herein shall be taken to refer to any naturally-occurring
or naturally-derived molecule including, but not limited to, amino acids, nucleotides,
nucleosides, sugars, fats and polymers comprising same such as mucleic acids, proteins,
peptides, polysaccharides, lipids and lipoproteins.
20
Accordingly, the term "mixture of biomolecules” as used herein extends to any mixture
comprising more than one protein, nucleic acid, protein, peptide, polysaccharide, lipid,
lipoprotein, amino acid, nucleotide, nucleoside, sugar or fat compound, which is derived from
a biological source. In its present context, the ferm "mixture of biomolecules” extends to cell
25 cultores, solutions of cells or sub-ceflular components or cellular extracts, especially blood and ‘
blood-derived products such as plasma and fractions derived therefrom.

The term "solid-phase material” as used herein shall be taken to mean any compound,
macromolecule or biomolecule in its solid form, irrespective of the means used to solidify satd

30 compound, macromolecule or biomolecule. For example, in the context of applications of the
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conditions appropriate to allow 25 swe I ng of nown to those
skilled in the relevant art and will vary depending on t he average
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i nventi oro fﬁ)nﬁdﬁd)hﬁbéomﬂri@mgrmbxfmht Bfim\igsgicbulis, Ulipopedtéinf eagléadhh,efdcaﬂ I,
m xture of 30 bionol ecul es such_as_a mxture of gl asma _proteins, for
exanpl e a profhemdmrompisksantithrombin H of ather components of blood, amongst others.

In the context of the present invention, the term "plasma protein” means a protein,
polypeptide or peptide fragment derived from a plasma source which includes but is not limited
15 to fresh-frozen plasma, non-fresh frozen plasma or a fraction thereof, such as an intermediate
fraction produced using the fractionation schemes of Cohn ef af (1946} or Oncley ef al (1949)
or a modification thereof or other plasma fraction. Accordingly, the term "plasma protein"” is
not to be taken as being limited to plasma fractions derived using ethanolic precipitation
methods.
20
The term “derived from" as used herein shall be taken to indicate that a particolar
integer or group of integers has originated from a particular source as specified berein, but has
not necessarily been obtained directly from that source. For example, a plasma protein may be
derived directly from unfractionated blood, crude plasma or a fraction thereof.
25
A second aspect of the present invention is directed to a method of separation of a
mixture of biomolecules comprising at least one filtration step using a cellulose-based filter aid.

In an altemative embodiment, the present invention provides a method of separation of
30 a mixture of biomolecules comprising at least one filtration step using a cellulose-based filter
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filter or rotating leaf filter, anongst others. Plate and frane filters are
the easi estwh@rahgsy have the lowest liquid volune to Aoty SO heel
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mat eri alys a5,bSRd A8l Ezie Bratf ahoxi)&hh%ﬁ?& &t TP (134 &%R&W%azfa 949) or 8
macr onol ecul e or bionoléecule In its soli orm “i'rrespective of 't means
used t o somodiffeatisatheredoratimp procels knawn onthbseakilled ar thbiannol ecul e.  For

exanple, in the context of applications of the

The person skilled in the art will be aware of the fractionation schemes of Cohn et a/
(1946) and Oncley et af (1949) and existing or suitable modifications thereof likely to produce

20 a source of immunoglobulin, euglobulin or lipoprotein.

The term "cryosupernatant” as used herein will be known by those skilled in the art to
refer to the supernatant fraction obtained from fresh-frozen plasma following thawing at a
temperature below about 5°C, and centrifugation to remove the solid phase or cryoprecipitate.
25
In a further alternative embodiment, the present invention provides a method of
separation of a mixture of biomolecules comprising at least one, preferably two, more
preferably three and even more preferably four ethanol/acetate precipitation steps in which the
solid and liquid phases produced therein are fractionated using at least one filtration step
30 employing a cellulose-based filter aid.
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The term "derived front as used herein shall be taken to indicate that a
particul ar i nteger or group of integers has originated froma

parti cul 8 sour The astieyde dedcribell hereiniane pimtitullehy useful inche prdesctiar of igolbiedn

bt ai ned di tly,f t hat . F , J | b
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thereof.  therapeutic reagents in the treatment or prophylaxis of clinical disorders.

A further aspect of the present invention provides an isolated biomolecule wherein at
15 least one, preferably at least two and more preferably at least three steps in the isolation of said
biomolecule involve the use of a cellulose-based filter aid to separate said biomolecule from

other biomolecules in a simple or complex mixture of biomolecules.

Preferably said biomolecule is a protein, more preferably a therapeutic protein, even

20 more preferably a human therapeutic protein, and even more preferably a human therapeutic

protein derived from plasma, for example lipoprotein, euglobulin, immunoglobulin, factor VIII,
prothrombin complex, antithrombin III, or albumin, amongst others.

In 2 most preferred embodiment, the present invention provides an isolated therapeutic

25 plasma protein wherein at least one, preferably at least two and more preferably at least three

steps in the isolation of said protein involve the use of a cellulose-based filter aid and wherein

said protein is selected from the list comprising albumin, lipoprotein, immunoglobulin or
euglobulin.

30 The products produced according to the method of the present invention are
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aid, wherein said m xture of blonDIecuIes contains at |east one protein
nDIecuIe In a partlcularly preferred enbodi nent, the present
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fraction. According to this enbodi nent of the present
i nvention wﬁﬁ)?tmgl obulin-rich eugl obulin-rich or lipoprotein-rich
fraction is derived fromfresh-frozen plasma or other plasna source or

a derivative thereof, including a cryosupernatant or an internediate
fraction 15 as¥fsren Pbumindsprodused ysingtheprocessaf theqinesead snvefitiooihis particalarly1946)

or Oncley et aed &13949;41&1011 to low aluminium and low PKA, the level of lipoprotein in said
10 isolated protein is below 3.0% (w/w), more preferably below 2.0% (w/w), even more preferably
below 1.0% (w/w), still more preferably below 0.5% (w/w) and even still more preferably

below 0.3% (w/w).

The present invention is further described in the following non-limiting Figures and
15 Examples. The embodiments exemplified hereinafter are in no way to be taken as limiting the

subject invention.
In the Figures:

20 Figure 1 is a graphical representation illustrating the improved clarity of filtrates
derived from plasma protein Fraction I when using the cellulose-based filter aids Diacel™ 200
(closed circles;®), Diacel™ 150 (closed squares; ®) and Vitacel ™ (open diamonds;®),
compared to the diatomaceous filter-aid Celite™ (closed triangles; A).

25 Figure 2 is a graphical representation illustrating the improved clarity of filtrates
derived from plasma protein Fraction II+IITW mixture when using the cellulose-based filter aids
Diacel™ 200 (closed circles;®), Diacel ™ 150 (closed squares; @) and Vitacel ™ (open
diamonds; ), compared to the diatomaceous filter-aid Celite™ (closed triangles; A).
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10 albumin in solution. A cellulose based filter aid (Diacel™ 200, Diace]™ 150 or Vitacel™) was
added to the Fraction I mixture at a ratio of 5 grams per litre of mixture and allowed to swell.
The slurry was then pumped through the filter vessel and the filtrate recirculated back into the
feed until clarity was achieved. The filtrate was collected until the feed was exhausted. A filter
‘wash made up of 8% ethanol, 0.14M NaCl was then fed into the filter to wash the filter cake
15 and to remove residual mother liquor derived from the feed mixture which is trapped in the
filter cake. The heel volume of the filter was then blown out using precooled air or nitrogen,
and finally the remaining liquid trapped in the vessel was drained out. The cake was then
blown dry with precooled air or mtrogen. The filter was opened up, the cake was stripped from
the filter meshes and discarded.
20
The filtrate clarity profiles of the various filter aids are presented in Figure 1. The
filtrate clarity obtained using a diatomaceous filter aid was also determined as a control. The

finer grade of Diace]™ gave the steepest profile and the gquickest throughput.

25 Table 1 compares the performance of the several runs of the various ﬁlter aids in the
filtration of Fraction I and inchuded in the table was the performance of the process centrifuges
currently operating at Parkville. Generally the efficiency of the filtration separation was
superior to that of the centrifuge separation, indicated by a higher filtrate clarity (low turbidity)
and lower fibrinogen content in the filtrate. Protein yields were lower in the filtration runs than

30 in the centrifugation runs because of the significant losses in dead volumes.
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The met hods descri bed herein are particularly useful in the production of
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t her apeut hCweiild Bt epibted Fohhd fiedNRl sidat | east one, preferably at |east two
and nore preferably at |east three steps in the isolation of said

protein involve the use of a cellulose-based filter aid and wherein said
protein is selected fromthe |i st coggﬁhﬁﬁng al bumi n, |ipoprotein,
I mmunogl obul i n or eugl obuli n. The products produced accordi ng
to the net hod OReswltefromefitrationof Fractiom Iomixture to yield Fractién DHltdite 54

PCT/ AU97/ 00139 - 14 -
o = ’
10 NTU of Recirc. { protein yield Fibrinogen
' filtrate Pressure | time inFrlfit content
Filter aid pool (Bar) {min) g/L plasma (mg/mL)
Vitacel™ 103 0.20 40 52.3 not
LC200 determined
15 § Celite™ 114 0.15 40 50.6 not
580 ] determined
Diace]™ 129+59 0.4+0.4 1445 49.8£1.4 <0.04
150 (n=3) (0=3)
Diacel™ 116443 0.07+£0.03 | 30%18 52.6£1.9 <0.04
20 200 (n=3)
Centrifuge 520 not appl. not 54-59 0.51+0.15
{n=6) appl.
E (314-1000)
o
EXAMPLE 2
25 Separation of Fraction II+IIW using different filter aids

Pilot scale trials using 2 2 m” leaf filter were run with batch sizes ranging from 15 to0 18
kg of Fraction II+IlI cake. Frozen Fraction II+]III cake, containing the filter aid from the
previous fractionation step, was suspended in water for injections {(at 0°C) to give a protein

30 concentration of 1%w/v. Sufficient ethanol and acetate buffer were then added to achieve the
precipitating conditions of 20% v/v of ethanol and a final pH of 6.65. Under these conditions,



substantially free of undesirable contam nants. For exanple, it is
particularly preferred that pl asma proteins, in particular

i mrunogl obul ins and al bum n, isolated according to the process

descri bed Rgpeiseyave | ow al umi ni um and PKA |evels. M ni NMedraAsRRinb| e

al um ni um and PKA | evel are defined by the Pharnmacopoei a standards
wor | dwi de, such as the British 5 Pharmacopoeia (BP), European

Phar macopoei a (EP) and/or United St ate Phar macopoei a (USP) standards.
Wherei n al-bumin is produced using the ’érocess ofthe present invention, it

is particularly preferred that, in addition to | ow al um nium and | ow

PKA, the |evel of |ipopr in sard 10.i sol, rotein is bel ow. 3.0%
(W), mor EFeF S Sl ToPISop R i, @i ov ALl omme PSPIOH R, 1 0o
(W), St lshrafiBd CTHE 8681 | ah&mo?&igaw Hixedad vsitbe iﬁ%g@tl@?@ oF thd FrallRInI+IIW

pr éferably bel ow 0. 3 e preséent invention is
further desmxmnedNnraddﬂuen é]!ﬂenmdn@smided iorﬁusrmgtuﬁz gmheduamdva&&eﬁmnwbés

The enbodi nent s lifie rei rar y. t e n as

5 t1ng. t Raroueh T Blercyesteh gud, e piete rociotasedbat, HE e TortCied €t s
Figure 1 3§ SciBettianiie $ftaté OB Q3RS ikt thd febdvhd @ihai@ed hefrtmen%dehﬁuty of
filtrates derived from plasma protein Fraction |I when usin

cel | ul ose- B8%eathanelvas rheaifqismrgi taeéltfretp wastptye filter cake n&@deepvq:xreeguap moﬂ]e;
Di | ds;
[e?(r:]e),[err]hqéig'?rforé&ggifo t aet o#rg%fe%%sg@gﬁezagﬁﬂgrﬁl r[dg r%m{ err %Eg dS

triangl es; pimlbdairornaﬂ:gm, andﬁdillgﬂteeaﬂammgﬁqujﬁmbedmlthew&mﬂatnedmt
illustrating the i cl of, filtrat ived fro asma
protein Fr F&?W"? ﬁi’@%} E@f%"‘ﬁ%&‘%@?‘ﬂj g'}gﬁ 1P PEF ai ds
D acel [ efg ]imgggoélgg‘ﬂged circles;[err]), D acel [err] 150 (cl osed squares;

[err]) and Vitacel [err] (open di anonds; [err]), conpared to the
di at onaceous filter-aid Celite[err] (closed triangles; [err]).

The filtration of this mixture was only achieved using the finer grades of filter aid,

Celite™ 580 and Diacel™ 150, Diacel™ 150 gave excellent filtration, and filtrate clarity was

generally reached within 5 minutes. The run with Celite™ 580 was successful initially, with

15 filtrate reaching 51 NTU after the first 5 minutes. However, once the pressure built up fine

fibres were forced through the filter bed and leaked into the filtrate, contributing to the high

turbidity of the filtrate pool of 988 NTU. Vitace[™ LC200 and Diacel™ 200 were unable to
provide a tight enough filter bed to filter this Fraction THITW mixture.

20
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EXAMPLE | - Separation of Fraction | using different
filter aid§ypos Four different pools of Fresh Fpeggpefghfsa® oOr
cryosuper nat ant s%‘atch size 200 Litres, 5 were used in four 1 ndependent
runs using a pl|0t scale leaf filter, 2 nerr] in surface area. The
starting material was cool ed to'[err]l err]C, diluted with water for
injections to give a protein corc ration of 4%to 6% w v. Sufficient
et hanol and acetate buffer were then added to achi eve the precipitating
conditions of 8% v/v of ethanol and a final pH of 6.6 to 7.4. Under

these conditions, and at -2[err]C, flmlqE den precipitated out |eaving the

i mmunogl obul i n and 10 al burg.c Afﬁa}ﬁg e based filter aid
] l ] aceI err “9,5 A addedto t he

(Diacel[err] 200, Diacel[:

Fraction IfFmXture at a jatrn 0 a per TN X #l | oned
to swell. The slurry vvas N’ﬁgwfpunped trﬂl‘eﬂg#the fi Reeqrc.\xussel tand t he
filtrate rpFiteraidt ed baEk fittratetplool feedBamti| claritymisks acheved
The filtgaf e, was,GO ctpd un thef<=ed was, exhausfed. A filter § wash
made up éfﬁgﬁﬁ?ﬂil’[ﬁ QL 14M %léﬁ hen f&finto h&fllﬂ%[ 1o _fash the
filter cal C&ﬁteﬁ“ﬁ;oto refrove rggg duaI rot her id quo fierl vedsfromt pe feed
m Xt ure ~-c—s tIC{|J|JCU —r—tire et—cake—thetheet—veloe—of t he

filter wasf Dieeal™Is0n oul usi Bg3H ecoo ked aD6x@s nitfogen, 745 andffinally
the remaing ng quui d trapped i(=3)he ve$sel waed)drai n¢gd out(n=The cal

t hen OV Wih precooled air or nitrogen. The 111ter was gpened
up, the cakEagais i ppeH frofe900 thelfjl t@?*&gshe and 20

The filtrg ex?thﬂféety pro |Ie555)§15 he vari al o presefted in
Figure 1, &b = A N e SEEEEI RPEVEVE wah- VN l-g-enaeeeued | t er ai d
was al sdodeterm ned as a control . The f| ner grade of D| aceI [err] gave -
the steepest profile and the quickest throughput 25 Table 1
conpares the performance of the several runs of the various filter aids in
t he filtration of Fraction | anEXAMPLES in the table was the

pert o RnCe Of e B SR B ol RGOSR L7 2
of cellulose-based filter aid
15
To determine the appropriate amount of cellulose-based filter aid in a typical
separation, pilot scale trials were conducted to separate out albumin in the filtrate and
immunoglobulin in the precipitate, using a 2m? leaf filter to filter 250 kg to 500 kg of Fraction
IT+I mixture as starting material.
20
Varying amounts of DiaceI™ 150 were added to the mixture, allowed to swell and then
filtered using the same procedure outlined in Example 1, except that a 20% ethanol/NaCl filter
wash was employed and the immunoglobulin-rich precipitate and the albumin-rich filtrate were
both collected.
25
The filtration times, filtrate clarities and the pressure drop across the filter are presented
in Table 3. As shown in Table 3, greater amounts of cellulose-based filter aid result in a
decrease in the clarity of the filtrate obtained (i.e. higher turbidity). At the highest percentage
of filter aid trialed, the pressure drop was the lowest, further indicating that the bed filter is



" superior to that of the cetrifuge separation, indicated by a higher
filtrate clarity (low turbidity) and | ower fibrinogen content in the
filtrate. Protein yields were lower in the filtration runs than 30 in the
centrifugatwoymseess because of the significant |osses in GEIAUIVIINES.
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Al'l the cellul ose-based filter aids t_ggt_ed appeared to performequally
well, with clarities rangi ng from NTU to 196 NTU. Diacel[err] 150
required the least recirculation tine, i ndicating that solids were

trapped effjcien iuﬁgl Igs ' . . ?II IRy

t he bed msﬁlgﬁuggrtégg‘@gﬁ%éw C %i/‘ %mhg/%éip%ﬁmstg? ?P@%#%#gla@ég gavg Te
great est prfop ehckeanbump of fltersaidwrsied, fravesup acthe highestrpeidentagd oNfltdridid wsted)i d.
TABLE 1 L Results fromfiltration of Fractjon | mxture to yield
Fraction | Bridgingphthe filtgr cakes between the meshes\yay Qbserved. Such bridging indicates the,

protein yie eatagf Tmalc] increas J(LaW PRl wi o time
in Fr | f/tﬁﬂgjc oélf?fént &%ldmlt—'ﬁ ter g?‘c’ieyond%g(]ﬂs:/ ) 1(’§'ér§ E m n)
40

g/ L pl asmé of the filter(and butkling of the filfet meshe§.err] 103 0. 20

52.3 not LC200

determ ned 15 Celite[err] 114 40 50.6

not 580 TABLE 3

determ ned Diacel[err] 129[err]59 0.4[err]O0.4 14L‘(‘arr(] 5 49.8[err]1.4
<0. 04 150 A comparispa-gl the filtration perfgrmance of Diacel™ 15

at various concentrations

10 {  Volume of Amount of Time NTU ef Pressure
mix filter aid | {bours) filtrate pool (Bar)
(Litres) (% wiv)
285 (o=1) 0.8 >6 nd 1.40
332 (p=1) 1.0 4.0 9.8 1.30
15 332 (p=3) 1.5 4.7 142 1.40
460 (n=3) 1.8 6.0 374 0.50
EXAMPLE 4
20 Removal of lipoproteins and euglobulin from an albumin rich plasma fraction

Approximately 80 litres of albumin rich plasma fraction was pH adjusted to 5.2 to
precipitate englobulins and then treated with fumed silica to absorb out lipoproteins. The filter
aid Diacel™ 200 was then added to the mixture in a ratio of 2 gram of filter aid/gram of fumed

25 silica and allowed to swell for at least 30 minutes. The mixture was then pumped into a plate
and frame filter that had been fitted with filter pads and precoated with Diacel™ 200. The
filtrate was collected, the filter cake washed with a wash buffer, 5 mM sodium acetate, pH 5.2.
The press was then dismantled and the cake discarded.

30 A similar run was performed using a pilot scale leaf filter, 2 m?, with a batch size of 160



'Daéel[err] 11643 0.07[err]0.03 30[err]18 52.6[err]1.9 .  <0.04 20

200 (n=3) Centrifuge 520 not appl . not

54-59 0.51[err]0.15 (n=6)

appl . WO 97132654 (314-1000) _ PCT/AU97/00139
EXAMPLE 2 25 Separation of Fraction I1I=I11W using -
different filter aids Pilot scale trials using a 2 nferr] | eaf

filter were run with batch sizes rang%d;g from15 to 18 kg of Fraction
1+ 11 cake. Frozen Fraction II+l1] containing the filter aid from
t he previ ous fractionation step, was suspended in water for injections

(at O[err] Q) tolg e a pro in 30 concentration of 1% v, Sufficient
tat

et hanol an&itagse Ssager ‘@F rRas; ok Rresepdedy singe the I#F@\f@”‘t %evabl?JP’ég}erﬁﬁe&t i ng
gggg: : | 322 eiuredO¥Rethe fiftr o4, 'iﬁ§lené ggsi vas 'disButdi hofogbndisty SHE fitel 1R SRes.
PCT/ AU97/ 0Th&Hitrate was recxrwlated until clear before collecting. The cake was then washed With-wash

and at -5 C, .l oql.obul i n [ IeaV| i dyal al bum n and
sone Iipopsﬁf?rﬁ’lé%le volum %llﬁgg%wgt%wé %‘Icglf ﬁ“&ﬁéﬁ‘*y ni xed to
ensure hgnogeneity of the Fraction I1+I11W m xture. No additional
filter aid was added to this m xture. The slurry was then punped

t hrough the fi| Tehle ¢ somparesthg penfernyapgerof shestwoddlterscul at ed back into the feed
until clarity was 5 achieved. The filtrate was collected until the feed
was exhausted. A filter wash made up of 20% et hanol was then fed into
the filter to wash thé filter cake arABhErenove resi dual nother

Filter performance of Diacel™ 200 in the euglobulin/lipoprotein removal step
10

Parameter Plate and frame Leaf filter ]
Clarity at start of run (NTU) 7 57
Clarity at the end (NTU) 16 <18
Clarity of final pool (NTU) 26 10
15 { Filtration time (min) 40 100
Lipoprotein content in feed (% w/w) 2.9 3.1 i
Lipoprotein content of filtrate (% w/w) 02 03
Protein recovery (% w/w) — — 85 82 H
20 The filtration performance of Diacel™ 200 works equally well in both filters, with the

runs giving high filtrate clarity (low turbidity) and an equal recovery of protein (one would not

expect 100% recovery because the precipitation has removed some protein). Reduction of

lipoprotein in both runs is at least ten fold reflecting the performance of both the plate and

frame and the leaf filter. The filtration time in the second run is much greater than the first run
25 reflecting the doubling in batch size.



-qu(Jor trapped in the filter cake. The heel volune of the filter was then

bl own out usi ng precooled air or nitrogen, and finally the remnaining
liquid trapped in the vessel was drai ned out The cake was stripped from
the filter Fﬁﬁggﬁsgnd stored frozen until further processagriAtofoqass e 10

I mmunogl obul'in The filtration of this m xture was only

achi eved using the finer grades of filter aid, Celite[err] 580 and

Di acel [err] 150. Diacel[err] 150 gave_excellent filtration, and filtrate
clarity was general ly reached wi tRin 5 minutes. The run with

Celite[err] 580 was successful initially, with 15 filtrate reaching 51 NTU
after the first 5 mnutes. However, gnce the pressure built up fine

fibres were forced through the filtcEXAMPEES | caked into the fi ltrate,
contributing to t [ Gel@ 988 NTU.

Vi tacel [err] LC20 c ’sglég f é?%gg %?tﬁﬁggglg{s% mﬁ%m?inde a tight
enough fil twad ﬁieritibn at pradmctiomseale-r action |1+ 11 Wm xture. 20
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TABLE 2 ¢ A production scale leaf filter (18 quwswmfnw&a @l valBardd ok tHe\WitFkonUr €
NTU of Pr essure ecirc. tine Filter aid

filtrate poefiFraction] througipterFraction I filtrate. The resrlts yeposted hvmsmla{x@rthq datgfrom
>2000 three runs of the fét&bﬁltranon of Fraction I mtxu%A'BEach T We %’%&ﬁ d %ﬁﬁ&s

988

34[ err] 25 06[err]0.5 7[err]5
(>g 33)0 A 400 kéy@@rrmo@mmw cake, ( ch> ) tained Dxacelq’g & fergxrn]a pzrgv%us

10 Cohn Fraction step, was resuspended in water for injection at 0°C to achieve a protein content
of approximately 1% wfv. Sufficient ethanol and acetate buffer were then added to achieve the
precipitating conditions of 17% v/v of ethanol and a final pH of 5.35. Under these conditions,
and at -5°C immunoglobulin M, immunoglobulin A and several lipid proteins remained
precipitated, whilst immunoglobulin G resolubilised. The mixture was then pumped through

15 the filter vessel and the filtrate recirculated back into the feed until clarity was achieved. The
filtrate was collected until the feed was exhausted. A filter wash made up of 17% v/v ethavol,
0.015M sodium acetate was then fed into the filter to wash the filter cake and to remove
residual mother liquor trapped in the filter cake. The heel volume to the filter was then blown
out using precooled air or nitrogen, and finally the remaining liquid trapped in the vessel was

20 drained out. The cake was then blown dry with precooled air or nitrogen. The filter was
opened up, the cake was stripped from the filter meshes and discarded. Samples of Fraction
II filtrate were taken and characterised. The filtrate was then pH adjusted to 4.0, concentrated
up to 7% v/w protein and then diafiltered against water for injections, before being formulated
in maltose. Samples of the final product were also characterised to detect trace levels of other

25 plasma proteins, Table 5 summ{:rises the characterisation of the fiitrate and final products from

these three runs, and compares them with data from production centrifuges.



" Centrifuge 55-915 not appl . not

appl . 10 EXAMPLE 3
Filtration performances at pilot scale for various ratios

of cellulowobmsaed filter aid 15 To determ ne pdwAavpORpri ate
amount of cellul ose-based filter aid in a typical separation, pilot

scale trials were conducted to separate out albumn in the filtrate and

i mmunogl obulin in the precipitate, s%%ng a 2nferr] leaf filter to filter
250 kg to 500 kg of Fraction 1+l m xture as starting material. 20
Varying anmounts of Diacel[err] 150 were added to the m xture, allowed to
swel | and then filtered using the ,ﬁfﬂfﬁgocedure outlined in Exanple 1,
except that a 20% ethanol /Nad filter sh was enpl oyed and the

i mmunogl obul i n-rich plﬁﬁ&htmﬂtﬂwaﬁmﬂnﬂl‘i}mﬁ({it{mﬁhteﬂshﬁﬁﬁt e were bot h .

coll ected. 25 Theflltratlontlrres filtrate clarities and the
pressure dr ) _acro _he er_are pres -n-o ___in _Table 3. As shown in
Tabl e 3, geater anounts of cellul osd-b filter 1h a
decrease iy the clarity of the filtrgte HF‘HE’d (. Frodughien thirbidity).
At the highest percentage of filtdr oeentrifuges of Rr&ssurfe drop was

t he | owest t tihe LHdterlis I WO 97/ 32654
T/ ALGY ojggw Rﬁ‘uiﬂﬁb&%&ﬂﬁ‘n&{l@ bfdeal7 4 , e

i change in
hever, at

daiOkP=805t hel

open to fl§ wmﬁwtﬁmﬁmmyﬂtlons Thew@sappearsjto @ogioztl

the filtraffor Or  eacn anount ol 11t ter afd Tesren;
t he hi ghesf Igg m@ma&@uﬁfmﬂiﬂer ai d |t es®d#0.03 by

f

cakes bet pen t % “ .h ': blls ryeq.
per cent age N AR rbeiprs a Jr2z 2y wmd 2V W
| evel , wi t hout overl oadi ng

10 Table 5 illustrates that the filtrates from the filters are clearer than the supematant from
the centrifuges with lower NTU values. The supematant III from the centrifuges were
subsequently polish filtered through a plate and frame filter to achieve the same level of clarity.

By comparing the levels of IgM, IgA and plasminogen in the final products (these plasma
proteins remain precipitated at this step in the Cohn fractionation scheme) it is apparent that the

15 filtration as opposed to centrifugation of this Fraction Il mixture has not compromised product
quality.

EXAMPLE 6
Filtration performances at production scale for various ratios
20 of cellulose-based filter aid

Two production-scale filters (18 m*) were used to filter Fraction IIH+1II mixtures, using
the same procedure outlined in Example 1, except that a 20% ethanol/NaCl filter wash was
employed and the immunoglobulin-rich precipitate and the albumin-rich filtrate were both

25 collected. The amount of filter aid (% w/v) was progressively reduced, in order to maximise
the space available within each filter.

The results are shown in Table 6. Data shown in Table 6 were obtained from two
different-sized batches of Faction II+II1, derived from 2500 kg and 5000 kg of plasma.
30



-5 of the filter and buckling of the filter meshes.
TABLE 3 A conparison of the filtration performance of
" Diacel[err] 150 at various concentrations

10 Vol ung Pomresq . AOUNt Of Ti me NTU gdriaus700139
. Pressure m X filter aid (hours) filtrate pool
(Bar) (Litres) (% wW v) 285 (n=1) 0.8
>6 nd 1.40 332 (n=1) 1.0
4.0 9.8 -23r. 30 15 332 (n=3) 1.5
4.7 14. 2 1. 40 460 (n=3) 1.8
6.0

37.4 0. 50 . .
EXAVPLE 4 20  Aszhawean Table §, theamatse the percentige of fites pidiused, thedasterthedi '3@14%
rich pl asma fracti ‘ﬂ"g r@a@ef{i
pl asma f ract 3 %‘Na@% I—flovc'i) tfg tt%%p‘foo @fo&&%ﬁ@%&&eﬁ? @g %ﬁ%t%gu g% Hﬁ ﬂ
then treat ecbntblidd fﬁwmmeqmbt gealetand ma@bimeqwncé ittecfiitrate elafisies ajipearﬂowexen‘he
aid Diacel[err] 200 was en added to th mxt e'Lr]a t|o of ram of
filter aidl %mma}gﬁﬂmd g&a&’%ﬂ coflggted, hl"é‘afg?“%
m nut es. h bPERL BREPSH tHe3ha gm&{,@tvgl and frarre filter that
had been E?’t ggsévmth }\fmﬁ' pads and 5r ecgat ed with D| acel [err] 200. The
filtrate was coll ected, the filter cake washed with a wash buffer, 5 nM
sodi um acetate, pH 5. 2. The press m%ggn di smantl ed and the cake
di scar ded. 30 _ A simlar run formed using a pilot scale |eaf
filter, 2 nferrls cothpdtison PiifeTilfiation pbridAflance at production scale for various

concentrations of cellulose-based filter aid (n=3)

10 | Volume of Amount of Time NTU of Mass of
mix filter aid (hours) filtrate pool precipitate
(Litres) (% wiv) (kg)
3600 15 4.09 6.6 254
3700 1.1 6.30 6.5 213
15 7100* 15 5.24 4.9 2x254
7200% 1.0 7.20 5.2 2x224
7000* 1.0 8.00 72 2x202

* Two filters were utilised and half of the total volume was processed in parallel through

each filter.
20

EXAMPLE 7

Yields of immunoglobulin from a preduction-scale filtration process

Production-scale filters were used to filter Cohn precipitated mixtures in the

25 manufacture of immunoglobulin. At each stage, Fraction I mixture, Fraction II+III mixture,

Fraction IIH+IIIW mixture or Fraction Il mixture were filtered, using 1.5 or 2.0 filter vessel
volumes (7500 kg or 10,000 kg) of filter wash to recover the filtrate from the vessel.

Data shown in Table 7 compare the yields of immunoglobulin G at three different batch

30 sizes, when either 1.5 or 2.0 filter vessel volumes of filter wash were used. The data indicate
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Litres. - I'n this case the filter was not precoated, since the high flux
achi evabl eyg4+4 filter ensured that the filter aid, pPragsieeisd | 200,
was distri utgedéaﬁormgenousl y on the filter meshes. eefatré?t?e was
recirculated until clear before collecting. The cake vvas then washed with

wash buffer, the heel vol une col Ig ted and the filter cake renoved and
di scarded. 5 Tabl e 4 conpates the performance of the two
filters. TABLE 4

Filter performance of Diacel[.err] 200 in the euglohulin/lipoprotei.n renoval
step 10 that at bath gf thedugh production scales tested, yields are significantly higher-whenshighes 1o

Leaf filt h voliids el 1§¢aart of run (NTU) 71

tgl;?%sy al t he eeﬁ%p?*rm) 16
<18 Clarity of final pool (NTU) 26 10
15 Filtration time (mn) 40 100
Li poprotein content in feed (% w w) TABLE7 ; g 3.1
Li popr otsei n Cont&%mﬁﬁrﬁdxﬂ JfitRé Field¥Tni'the profuction 1 facﬂity for different0- 3
Protein recovery (% w 82
20 The filtration Wﬁm!@edlﬂ'ﬁem ﬁltewm\]olmg wor ks equal |y wel |
in both fiHers—wth—the t-tHS—g—re—A-gh—+ate—et-arty—{ow

turbidity] andissscE&lasmar eco verlillfgprsb%elmm( on woul d Yield expelct 100%
recovery becayse the I pifation noved pro edulct i on of
| i poprotefn i A iioang Qﬂiﬁgfl s at | eas&a@}e’%?f oldr Dfl ri‘ magrf r mance of

both the plate angkg) frame and the leaf filter Theflltratlontlrreinthe
second r up—ts—nhtcir reater—thar—tire—ftrrst—ronm 2:1 i cutiugthc‘c‘quang in
batch sld%z¢. 2,500 1.5 3.60
5,000 2.0 4.09
7,500 2.0 4.14
15 EXAMPLE 8

Assessment of product quality

Aluminium and PKA levels were determined for immunoglobulin and albumin fractions

produced using a celjulose-based filter aid as described herein. Results are indicated in Tables

20 8 and 9. In Table 8, data indicate that the albumin quality is not compromised by exposure to
cellulose-based filter aid and that the product produced using the cellulose-based filter aid as
described herein is Jow in PKA and PKA complexes and has a low aluminium level. In Table

9, data indicate that filtration using a cellulose-based filter aid has no detrimental effect upon

the characteristics of the final product, as measured by the low aluminum content, low

25 kallikrein and low PKA content of immunoglobulin preparations produced according to the

invention,
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EXAMPLE 5 A conparison of the separation of Fraction I1]

usi ng centr{igiaabisen and filtration at production scalper/Ausso13s A
production scale leaf filter (18 nferr]) was conm ssioned and validated for
the filtration of Fraction | through to Fraction IIl filtrate. The
results reported here sunmari se the d La from three runs of the final
filtration of Fraction Il mxture. Egcﬁ run was performed as follows.

A 400 kg batch of Faction Il+I11Wcake, which contained D acel[err] 150
froma previous 10 Cohn Fraction step, was resuspended in water for
injection at O[err]C to achieve a protein content of approximately 1%
w v. Sufficient ethanol and acetate byfip¥x sere then added to achieve the
precipitating conditions of 17% v/v of ethanol and a final pH of 5.35.
Under these conditions, Charasterisation sfalbpmin (produesipngiale) n M

i mmunogl obulin A and several |ipid proteins renai ned precipitated,

whi | st i mmunogl obulin G resolubilised. The m xture was then punped through
15 the filt[eT VEsSe] and thne 11 al edj back Tee ntil

TLAl€ reclC Nt N¢
clarity wad achi SOBHmRARS i I%ﬁ%ﬁ“éa%%ﬂ% P ct bd untRf"“E"I@_ ed
exhausted. A fil tg i made yp of 1ZPgovign et hano
acet at e wag-t-hente -ntn{hn.i!t&ttn#@%ﬁ-&he—f-
resi dual nqt her PKiAGGpestdrasepped |i n t hesISiIVmML cake.

filter was femrtomwn out—gsT g precuuetar T 1y
the remainijng |i qui BX&r apped i t he $&H8&/mdas 20 {ir #HBY L3 b ake was
then blown dry wth precooled air or nitrogen. The filter was opened

up, the (f&ke was stripped fromthe filter nmeshes and di scarded. Sanpl es of
Fraction 11 filtrate were taken and characterised. The filtrate was
then pH adjusted to 4.0, concentratedysprg® to 7% v/w protein and then
diafiltered against water for injections, before being fornul ated in

mal t ose. Safbreastesisationof IgGaebtained rom Glération| usingoilulassbased Sltex eproparedt
t level s of g | iens, . Tabl i ses
charact ot sat  on e tpef BERe kel PRuioh Bfat R PREAGR sl

15 Contaminant . Centrifugation (n=3) Filtration (n=3)
Aluminium (ug/L) 67ug/L & 21ug/L 34ppg/L £ 3ug/L
Kallikrein (%ostd reference) 453 £ 147 167 £33
PKA (IU/mL) <1.0 IU/mL <1.0 IU/mL
20

Those skilled in the art will appreciate that the invention described herein is
susceptible to variations and modifications other than those specifically described. It is to
be understood that the invention includes all such variations and modifications. The

25 invention also includes all of the steps, features, compositions and compounds referred to in
the specification, individually or collectively, and any and all combinations or any two or

more of said steps or features.



- these three runs, and conpares themw th data from production centrifuges.
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TABLE 5 WO 97732654 Fraction Ill filtrate and fi r}%lr,mmgg
characteri sat’ion

Production Production centrifuges filters 5

clarity, NTU in supernatant/filtrate 11.8[err]7.5 1.4[err]0.2
IgMin final product, ng/nL ‘260.05[err]0.01 0.09[err]0.2
IgA in final product, ng/nL 0.17[err]0.03 0.19[err]0.05
pl asm nogen_in final product, [err]g/nL 0.52[err] 0. 36 0.33[err]0.07
10 REBEBENGES ystrates that the filtrates fromthe filters are

cl earer than the supernatant from the centrifuges with | ower NTU val ues.
The supernatant 111 fromthe centrifuges were subsequent |y polish
filtered tAvay§GaFpciematiomdf Hloedky ¢antrifogativn. BodvesRiodhas., §20219%vel of
clarity. By conparing the levels of IgM |IgA and pl asnmi nogen in the
final products (these plasm proteins remain precipitated at this step

in the C9hOotn'EY:!StoRg LI HpBEANE) MilfoldD RPAIWIHY I aMelii B1. h8d Thylbf BULON as
opposed to centrifugation of this Fraction |Il m xture has not conprom sed
pr oduct Propesitiop pnd Properties of Serum and plasma fractions. J. American Chemical Sqejes\/BBE 6

Filtrati on45&e5§43r mances at production scale for various ratios

Curling J M., Methods of Plasma Protein Fractionation, Ed. J.M. Curling, Academic Press,
10 London UK., 1980

De Jonge E., M.A'W. van Leeuwen, H. Radema, P.H.J M. Linssen and J. Over, Filtration
processes in the Cohn fractionation. Biotechn. Blood Proteins, Eds C. Rivat, J.-F. Stoltz.
Colloque INSERM, 227, 45-54, 1993

15
Dwyer, J.L., Filtration in the food, beverage and pharmaceutical industries. In Clyde Orr Ed.,
Filtration Principles and Practices., Part I1. Marcel Dekker, NY. pp 121-199, 1979

Friedli H., Mauerhofer M., Faes F. and Kistler P, Studies on New Process Procedures in
20 Plasma Fractionation on an Industrial Scale, Vox Sang., 31, 389-295, 1976

Grichenko, A.A.; El'shin, A L Use of Adsorbents To Increase Filtration Rate Of Vaii Np-360.
Chemistry and Technology of Fuels and Oils (English translation of Khimiya i Tekhnologiya
Topliv i Masel), 16 (9-10), 567-569, 1980

25
Hermia, J.; Brocheton, S. Comparison of modem beer filters. Filtration and Separation 31 (7),
721725, 1994

Hao, Y, Pilot scale Preparation of Human Serum Albumin, Vox Sang., 49, 1-8, 1985
30



© 20 of cellul ose-based filter aid

Two production-scale filters (18 nferr]) were used to filter Fraction

[T+ 11 mxtures, using the sane procedure outlined in Exanple 1, except
that a 20%% g NaCl filter wash was enpl oyed and t herraver/00139

I mmunogl obul'in-rich precipitate and the albumn-rich filtrate were both 25
coll ected. The anmobunt of filter aid (% wv) was progressively reduced, in

order to maxim se the space avail nge' within each filter.
The results are shown in Table 6. Data'shown in Table 6 were obtained from
t wo di fferent-sized batches of Faction II+l11, derived from 2500 kg and

ggg—? Abg 7?{30 l Ss? ﬁk; C:)mber, GM,; Pass, R.\;/\Qox%w,i%sﬁvgﬁaﬁan of cokes as filter aids,in direct coal

As shown in}ia_&ﬂcﬁo_.Jnk%i&fﬂ%zﬁ{zaﬂd}ﬁn%%&b?&?1@(23\“2%’;’-@97, ®b4 used, the
faster the frltration time (i.e. faster flow). At the production scale
tested, the filtrate clarity is nore carefully controlled than at the

Or cat er 1 noK G AR p A 1L e sl el o iRl Pk e RRR 7o R T

col l ected,s wiighyoaerpsges S the effective capacity of each filter for the
sanme m xture vol une. TABLE 6
A conparison of the filtration performnce at production scale for various

concent [ at | §;0tr §ELINHRRE NEREKW | Dlhks, Bidin W) Ftal g WaleHiRer Blessre
filter optimization Proceedings of the AESF Annual Technical Conference 1993. Publ by
American Electroplaters & Surface Finishers Soc Inc, Orlando, FL, USA. p 559-562, 1993
10
Olsen, B. Winstrom; Madsen, R F.; Nielsen, W. Kofod. Sugar Beet Phenols —- 2. Investigation
Of Phenolic Compounds From Sugar Beet in Relation to The Formation Of Colour.
International Sugar Journal, 81 (972) 362-367, 1979

15 Ouncley, JL., Melin, M., Richert, D.A., Cameron J.W., and Gross, PM.,Jr., The separation of
antibodies, isoagglutins, prothrombin, plasminogen, and P-1-lipoprotein into subfractions of
bhuman plasma. J.Am.Chem.Soc., 79, 4666-4671, 1949

Reti AR, The Design and Use of Filtration Systems, in Methods of Plasma Protein
20 Fractionation, Academic Press, Edt. 3.M. Curling, pg 291-304, 1980

Rudenko, L.1.; Skiyar, V.Ya Composite Filter Aids For Cleanup Of Additives. Chemistry and
Technology of Fuels and Oils (English translation of Khimiya i Tekhnologiya Topliv i Masel),
19 (7-8) 384-386, 1983

25 _
Schneider-W; Wolter-D; McCarty-LJ. Technical improvements in heat-ethano! isolation of
serum albumin. Blut. 33(4), 275-80, 1976

Shou, 1K ; Collins, D.M.; Do, DM_; Scharff, R P. Precoat Filtration of Coal Liquid Feasibility
30 Study Of Bottom Ash Precoat. Separation Science and Technology, 15 (3), 201-221, 1980



mx filter aid (hours) filtrate pool precipitate

(Litres) (% W v) (kg)
3600 1.5 4. 09 6.6 254
3700 wo 971132654 - 1 6. 30 6.5 PCTIAUS7A39 15
7100* 1.5 524 4.9 2 x 254
7200* 1.0 7.20 52 2 X 224
7000* 1.0 7.2 2 x 202

* Two filters were utilised and haI f'ggf the total volunme was processed in
paral | el through each filter.

EXAMPLE 7 l.Qbulin from a production-scal e
filtrati orofkactSUse of F fie Ald p OWW%MBW% %%ﬂf%é%%@?%fsm Intermediaty
filter Co mg%? gy BF, Spulin.
At each s%@ﬁgrﬁﬁg@%%%?%ﬂdéé%ﬁ%% [T+ TT m Ztgctf{r?‘gl r actl on
L1+ 11 W niQis{English triishton ofiKhimiya i Tekhnolegiye Teplhvi il MaseDd1 1 ($s10)g78D-8301973. 0

filter vessel vol unes (7500 kg or 10,000 kg) of filter wash to recover .
the filtrate fromthe vessel. Data shown in Table 7 conpare the

yi el ds of wonaDg THeulsk bf Godrke &'htfa%ncfb;f 5&afition RAFARMAOFALESER, InthERioRAT her

1.5 or 2.0 filter vessel volunes of |ter wash were used. T’he dat a
i ndi cat e Workshop on Tq@x@vg;gfgtsl’rotem Separatxon and Improvement of Blood Plasma

PCT/ A7/ QQ4 R nation, Edt. HLE. Sandberg, Virginia Sept., pg 129, 1977. A



- that at both of the hi gh pr sted, yields are significantly
hi gher when hi gher filte ﬁ &m ig’“ enpl oyed. .

TABLE 7 5 A conp ds fromthe production
facility fogwdgishhagent bat ch si zesp@msustivbiher ent
filter wash volunmes . Mass of Pl asma Filter Wash Vol une
Yield Processes ( MPP) (x MPP) (g per
kg pl asna) (kg) 10 29 2,500

1.5 3.60 Bt 5,000

2.0 ' 4.09 THROGHEET HAS BEEN

2.0 4.14 15 ACED

EXAMPLE g CLAIMS: Asse‘Ls-nce-ﬁTEEP.L pTrotutT qual ity
Al um ni um and PKA | evel s were deternined for inmunogl obulin and al bum n
fractions produced using a cellul ose-based filter aid as descri bed

herei n. Resll t s Ameethediiof sepatating a a@iicbahag@ ogteriali fiom ppmikhire @f8>1°luabaﬂes

i ndicate that the alb by.e sure

col | Ul ose: DATETSE B ou A Ants i Ic U RER RS B o o HBARS e and
cel l ul oses t)ﬁxgﬂsgcfrlphﬁx?r amaisla@ythmugﬁsmterbeﬁemrmmtbemm ﬁ&&zaﬂaiﬁ%
conpl exes and has ow alumniumlevel. In Table 9, data indicate that
filtration @¥¢ng a cellul ose-based filter aid has no detrinental effect
upon the characteristics of the final product, as neasured by the | ow

al um num content, |low 25 kallikrein and | ow PKA content of 1 nmunogl obulin
preparatiork pr otlnmdtbdaafcsepaimng 4 solitpbase materiad flomonmixture of biomolecules, said

method comprising the steps of:

10 ) precoating a filter mesh with a cellulose-based filter aid; and
(i)  passing or pumping said mixture of biomolecules through the precoated filter
mesh to obtain a filtrate and a filter cake.

3. The method according to claim 2, wherein additional cellulose-based filter aid is added
15 to the mixture of biomolecules prior to the step of passing or pumping said mixture of
biomolecules through the precoated filter mesh.

4. The method according to any one of claims 1 to 3, comprising the further step of re-
circulating the filtrate one or more times, into the feed or filter vessel.

20
5. The method according to any one of claims 1 to 4, comprising the further step of
washing or flushing the filter cake with 2 suitable solvent or aqueous buffer solution to remove
residual mother liquor derived from the feed mixture.

25 6, The method according to claim 5, wherein the step of washing or flushing the filter cake

involves up to three filter vessel volumes of the solvent or aqueous buffer solution.

7. The method according to any one of claims 1 to 6, wherein the concentration of
cellulose-based filter aid is up to about 2.0% (weight per unit volume of feed mixture or weight

30 per unit weight of feed mixture). e
' 'Ihls Sheet Has Been
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TABLE 8 ”"I“l"m”"ulmumer| sation of al bumn (product i on

SRZS{JIe% (n= 5 I7R2654 Cot am E?nntnl um Pharmacopoe! ali%%’ err g/L

8[err]4 [err]g/L PKA-C err] esterase [err]35 11U nL

</ AUt ferr]3 Tunt Cerr] 1 3 139 LOrms SHEET HAS BEENL{ [err]28.6
: err

TABLE 9 Characteri sat ion of 1gG obtained PHAGED | 1 Usi ng

cel |l ul ose-based filte G obt ai ned usin
centrifugiti onﬁﬂﬁ sor %H’r‘%ﬁ'ﬂ& WB’FT”@@&I"BS‘CBWQ“" celiulose-b ﬁ‘?‘&?ﬁlﬁant

Centrif /L
67n [;rg?g}{ [ééng]eaiaboutosﬁmmﬁrmz% ﬁ%mltTolﬁereieﬁWg%@U]g )
167

Kal | i kr ei per(ittweighsof feed odXtore).. 453 [err] 147
[err] 33 PKA (I U ni) <1.0 1U nL
<1.0 1U nm

59 The method according to any one of claims 1 to 8, wherein the mixture of biomolecules
is selected from the list comprising blood, fresh-frozen plasma, non-fresh frozen plasma,
cryosupernatant or plasma fraction derived therefrom, such as an intermediate Cohn fraction
or Oncley fraction, or other plasma fraction.

10 10.  Themethod according to claim 9 wherein the solid-phase material is a plasma protein
selected from the list comprising albumin, immunoglobulin, lipoprotein, euglobulin, factor
'VII, prothrombin complex, antithrombin I or other components of blood, amongst others, in
a precipitated or complexed or aggregated form or bound to an insoluble carrier such as, but

not limited to, fumed silica.

15
11.  The method according to claim 10, wherein the cellulose-based filter aid possesses one
or more of the characteristics:
() it facilitates the flow of the feed mixture through the filter mesh during the
filtration process;
20 (i) it does not generates PKA levels in plasma-derived products which are above
BP, EP or USP standards; and
(iv) it does not leach aluminium into plasma-derived products at levels which are
above BP, EP or USP standards .

25 12. The method according to claim 11, wherein the cellulose-based filter aid is selected
from the list comprising Diacel™ 150, Diacef™ 200, Arboce 200 or VitacB¥ 200,
amongst others.

13. A method of separation of a solid-phase material from blood, fresh-frozen plasma, non-
30 fresb frozen plasma, cryosupernatant or plasma fraction derived therefrom such as an

This Sheet Has Been Re
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- 20 gﬂmﬂlﬂ I art will appreciate that the invention
descri bed herein i u H'm” rto variations ahd nodifications other

than those specificdlly desctibeds 1t is to be understood that the

i nvention iweleydrss all such variations and nodifications. pteausgedtsvent i on

al so includes all of the steps, features, conpositions and conpounds

referred to in t he specification, |nd|V|duc Lvely, and any

and all conbinations or any two or _gpore of |SEHISl SHEEPHAY pEEaf ur es.
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REFERENCES. ver rac at of bI ntrifugatio
Process Bi o%tﬁgﬁ?ﬁat? %% %"?ﬁ ot é %5#1 Q}L or gla{maE? g@ % d
Mul ford D. tompAsifgat tidastlond. filtdridd Beep/to aesbvaosiPkoltd -phase mateﬁﬁleﬁéfeﬁiﬂ gigand

Properties of Serum and plasma fractions. J. Anerican Chemi cal Soci ety, 68,
459, 1946 Hitratiopsiepjingmploxad usipgairstiulossrbasedfiltar s ot ei n Fract i onati on, Ed.
J.M Curling, Acadenm c Press, 10 London U. K, 1980

5 14.  The method according to claim 13, wherein the solid-phase material is a plasma protein
selected from the list comprising albumin, immunoglobulin, lipoprotein, euglobulin, factor
VI, prothrombin complex, antithrombin III or other components of blood, amongst others, in
a precipitated or complexed or aggregated form or bound to an insoluble carrier such as, but
pot limited to, fumed silica.

10 _
15.  The method according to claim 13 or 14, preceded by at least one ethanol/acetate
precipitation or treatment with fumed silica to produce the solid phase material.

16.  Anisolated biomolecule produced according to the method defined by any one of claims
15 1t015.

17.  The isolated biomolecule according to claim 16, further characterised as a protein for
therapeutic or prophylactic treatment of humans or mammals.

20 18.  The isolated biomolecule accordmg to claim 16 or 17, derived from blood, fresh-frozen
plasma, non-fresh frozen plasma, cryosupernatant or plasma fraction derived therefrom, such
as an intermediate Cohn fraction or Oncley fraction, or other plasma fraction.

19.  The isolated biomolecule according to claim 18, selected from the list comprising
25 lipoprotein, euglobulin, immunoglobulin, factor VIII, prothrombin complex, antithrombin III,
or albumin, amongst others.

20.  The isolated biomolecule according to claim 19, selected from the list comprising
albumin, lipoprotein, immunoglobulin or euglobulin.
30
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"De Jonge E., MA W 3VE I“ mnmlﬂrul dema, P.H.J.M Linssen and J. Over,
Filtration process i Nt actionation. Biotechn. Blood

Proteins, Eds C. Rivat, J.-F. Stoftz’ Col | oque | NSERM 227, 49-54, 1993
15 Dwye Filtration in the food, beverage and KB&Rididecal

I ndustri es.rw?%"défs;de Or Ed., Filtration Principles and Practices., Part
1. Marcel Dekker, NY. pp 121-199, 1979 Friedli H, Mauerhofer M,

Faes F. and Kistler P. Studies on New Proces Pl asma
Fractionation on an Industrial Scal &32Vox SaddhIS SHEEBHASOBF 176
Grichenko, A A ; El'shin, Al. Use of Adsorbénts TRERUACERase Filtration
Rate O Vnii Np-360. Chem stry and Technol - I'ssand G |ls (English
transl ati opl-of Tsiisalgtad biomalerwls pergrdias to clam0, Gomprigingathuming (9- 10)
567-569, 1980 25 Herm a, J.; Brocheton, S. Conparison of nodern beer
filters. Filtration and Separation 31 (7), 721-725, 1994 Hao, Y,

Pi | ot scal 22.Pr e€fimiisdatal biebolédulemncoBiing o cliith Qi) whereitothe Savalopf, lipéproteln therel®85 30

\AVC:Z)T? Z\{g;?gygfglgw about 3.0% on a weight-for weight (albumin/lipoprotein) basis. _ 57 _

Jones, MsA.; Kinber, GM,; Pass, R Roney, L Evaluation of cokes as filter

aids in direct coal . ) .
23.  Theisolated biomolecule according to any one of claims 16 to 22, wherein the level of

PKA and/or aluminium is a preparation of said biomolecule is low.

24. The isolated biomolecule according to claim 23, wherein the level of PKA and/or PKA-
10 C, esterase and/or kallikrein and/or aluminium is a preparation of said biomolecule is below the
BP, EP or USP minimum standard.

25.  The isolated biomolecule according to claim 24, wherein the level of aluminium in
immunoglobulin preparations is below about 50 ug/L.

15
26.  The isolated biomolecule according to claim 24, wherein the level of aluminium in

albumin preparations is below about 10 ug/L.

27.  The isolated biomolecule according to claim 24, wherein the level of PKA in albumin
20 is below about 5 [U/mL.

28.  The isolated biomolecule according to claim 24, wherein the level of PXA-C,
esterase in albumin preparations is below about 10 IU/mL.
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Nor f ord, Stgphgﬂmgﬁ4 Di ener, denn A Metal finishing wast %gjer essure
filter optimzation Proceedlngs of the AESF Annual Technic

1993. Publ by Aneri can El ectropl aters§{f Surface Finishers Soc Inc,
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and Technol ogy of Fuels and Ols (English translation of '9;7’3“’?9
Tekhnol ogiya Topliv i Masel), 11 (9-10)2/280-783, 1975 5 Wilter D., The
use of coarse filtration for Separation of Plasma Fractions, |nternational
Wor kshop on Technol ogy for Protein Separation and |Inprovenent of Bl ood
Plasma  Fractionation, Edt. H E. Sandberg, Virginia Sept., pg 129, 1977.

- 29- THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: : A et hod
of separating a plasma protein or plasnma protein mxture Jr bl ood,

pl asma, a plasma fraction or cryosupernatant thereof conpfising contacting
said bl ood, plasma, plasma Jfraction or cryosupernatant wifh a

cel lul ose-based filter aid jo produce a slurry and passing or punping said
slurry through a filter vesgsel or filter nmesh to obtain asfkgtrate and
filter cake. 2. A nmet hod of separating a plasma protei nor plasna
protein m xture from bl ood,j pl asna,
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a plasma frgeti-er—or—eryy nat ant thereof, said nmethod conpsg sdord.t he
steps of: REPLAC pE" ing a filter mesh with a cellul ose-based
filter aid; lafd (D) passing or p in -_S_.'debl d | as pl asma
fraction or {ciy nt 50 . i _ r mesh
to obtain ajififl ﬁg@[gﬁ@a ijter cake.29 3. The met hod according to
claim 2, wh@re+n—adet+eneati cel | ul ose-based filter aid is added to the

bl ood, plasrfa, plasma fractioh or cryosupernatant prior to the step of

passi ng ] o | [,QN Oor cryosuper nat ant
t hrough t mggf#%l e%ﬁ%wgﬁgg@% " according to any one
of clains 1 to 3, conprising the further step of re- circulating the

filtrate one or nore tines, into the feed or filter yess%lto. 5, .. The
met hod ackor di/gethod gf sepanting plagma pratein of plasme proteit mesterg fomebleed. plesmast ep

of washi ' | W & r %%JAEOUS
buffer so th %I%Jnﬁ#gmrl gl?rcor%%ﬁ?éedsl%%‘ggf egerqr%? %@ﬁﬁﬁ%ﬁcﬁ%@eﬁgﬁl’ gir}ﬁ%?‘ﬁ’epl eed

m xt ure. fradion or cifhsupemttantiwitic g oelbitose-besed dlltet aid 50 produgerad Sumgartdasding oher
step of washi.ng or flughing the filter .cake with up tg thre i lter vessel
Vol s oRuHEs wi g el i vesnri Rl thith o i aiElehi, o
according to any one of clains 1 to 6, wherein the concentration of

cellul ose- based filter aid is up to about 2.0% (wei ght per unit vol une of
feed nixtdre of metiogef separatings plages Bieteingr plaseg PrAtsiR giyre from blood, plasma, -

30 - 8 T ' Al Y centration of
cel | ul os ea_. %lggsné%ﬁﬁt{atﬁtg? Qg?ﬂﬁgﬁﬁtgﬁﬂgerg& , ShiftnPod c\ﬁﬂl‘ﬁﬁﬁhﬁ' tHe Q%pg of
@) precoating a filter mesh with a cellulose-based filter aid; and
(ii)  passing or pumping said blood, plasma, plasma fraction or cryosupernatant

through the precoated filter mesh to obtain a filtrate and a filter cake.

3. The method according to claim 2, wherein additional cellulose-based filter aid is added
to the blood, plasma, plasma fraction or cryosupernatant prior to the step of passing or pumping

said blood, plasma, plasma fraction or cryosupernatant through the precoated filter mesh.

4, The method according to any one of claims 1 to 3, comprising the further step of re-

circulating the filtrate one or more times, into the feed or filter vessel.

5. The method according to any one of claims 1 to 4, comprising the further step of washing
or flushing the filter cake with a suitable solvent or aqueous buffer solution to remove residual

mother liquor derived from the feed mixture.

6. The method according fo claim S, comprising the further step of washing or flushing the

filter cake with up to three filter vessel volumes of the solvent or aqueous buffer solution.

7. The method according to any one of claims 1 to 6, wherein the concentration of cellulose-
based filter aid is up to about 2.0% (weight per unit volume of feed mixture or weight per unit

weight of feed mixture).

T
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isinther Rgmﬁﬁgmt’?@bﬁwto about 2.0% (wei ght per unit volunme of feed

m xture or rgt—per—urm-t—we] ght of feed m xture). 9. The met hod
according t clajnp 1 to 8, wherein, th_e Iasrra corrprlses fresh-
frozen plas ‘ 38@@%@ bzen pl asyp, WHRSHUIUEY 8) 1hugust 1998

[

conprises a h fraction or Cncley fractlon 10 The
nmet hod acconding to claim?9, phereln the plasnma protein is selected from
t he group c n, imunoglobulin, |ipoprotein, euglobulin,
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conprises said pl asma protein. 11. The net hod according to_ claim1l0,
wher ei n_ toseuRibVeightRfdeqdaiX e | t er ai d possesses one or nore of the
characteristics: (1) it facilitates the flow of the feed m xture
through the filter mesh during the filtration process;

(iii) it9. doeé”hnmeﬂgdrami:egtowonee@f@laéms i tgp8.ardereinl theiplasthasomgitisss Sreslri ch
are abov USP st ar d . iV it does
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above BP,intefhéliatd Sbhs fradtida ol Oncley frdcdion. The nmet hod according to claim 11,
wherein the cellul ose-based filter aid is selected fromthe |ist conprising

Di acel [err] 150, Diacel[err] 200, Arbocel[err] 200 or Vitacel[err] 200,
anongst her f ' ' RS I al
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east - on ol st Bisphin iR R el B tooai el e A ru oo B
said fil tﬁs%ldebaﬁie@Budh?as but not limited to, fumed silica or wherein the plasma protein mixture

comprises said plasma protein.

11. The method according to claim 10, wherein the cellulose-based filter aid possesses one
or more of the characteristics:
@ it facilitates the flow of the feed mixture through the filter mesh during the
filtration process;
(iii) it does not generates PKA levels in plasma-derived products which are above BP,
EP or USP standards; and
(iv) it does not leach aluminium into plasma-derived products at levels which are
above BP, EP or USP standards .

12.  The method according to claim 11, wherein the cellulose-based filter aid is selected from
the list comprising Diacel™ 150, Diacel™ 200, Arbocel™ 200 or Vitacel 200, amongst

others.

13. A method of separation of a solid-phase material from blood, fresh-frozen plasma, non-
fresh frozen plasma, cryosupernatant or plasma fraction derived therefrom, such as an
intermediate Cohn fraction or Oncley fraction, or other plasma fraction, said method comprising

at least one filtration step to recover said solid-phase material, wherein said filtration step is
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| ul ose-based filter aid. 14. The net hod
according to MQEWSH]m he solid-phase naterial is a plasnma protein
sel-ected fro 1 ng al bum n, imunogl obulin, |ipoprotein,
eugl obul in, factor, ¥l : | éOt rmbi n coq@l«_&{bsi ute sheats 31 /August 1999,
conponents of {b o&j, 1?5 t pthers, in @ precipitated or conpl exed or
aggr egat ed f of m-ex—-bhaund. t.0 nsol ubl e carrier such as, but not limted
to, funed sil 15. The thod according to claim 13 or 14, preceded
by at least o recipjtation or treatnment with fumed
silica to proBioed g acsinipssy gﬁ %%t al . 16. An isol ated pl asma
protein or plasma protein m xture produced according to the nmethod defined

by any one of clains 1 to 15. 17. The isol ated plasma protein or,plasm
protei n ni xt4r e Feroetiphascording/taflaim 53, whereinhibe salidaphase mateddds aplasmpprotedn n

or plasma protei ' re ufi ¢ or | C At T8;
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15, wherein sajd plasma protein is selected fromthe grqQup consisti of
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anti thrombi fukibd 1o, ARFedifiaM N and wherein said mxture conpri ses any one or

nore of said plasma proteins. 19. An isol ated plasma protein or plasna
protein m xture produced according to the nethod

15.  The method according to claim 13 or 14, preceded by at least one ethanol/acetate
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precipitation or treatment with fumed silica to produce the solid phase material.

16.  Anisolated plasma protein or plasma protein mixture produced according to the method

defined by any one of claims 1 to 15.

17.  The isolated plasma protein or plasma protein mixture according to claim 16, further
characterised as a protein or plasma protein mixture for therapeutic or prophylactic treatment of

humans or mammals.

18.  Anisolated plasma protein or plasma protein mixture produced according to the method
defined by any one of claims 1 to 15, wherein said plasma protein is selected frém the group
consisting of lipoprotein, euglobulin, immunoglobulin, factor VIII, prothrombin complex,
antithrombin I, and albumin and wherein said mixtare comprises any one or more of said

plasma proteins.

19.  Anisolated plasma protein or plasma protein mixture produced according to the method
defined by any one of claims 1 to 15, wherein said plasma protein is selected from the group
consisting of albumin, lipoprotein, immunoglobulin and euglobulin and wherein said mixture

comprises any one or more of said plasma proteins.
20.  Anisolated albumin protein fraction produced according to any one of claims 1 to 15.
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| to 15, wherein said plasma protein is
iLgt i ng of albumn, |ipoprotein, inmmnoglobulin

and eugl obul} qaild m xture conprises any one_or nore of said
pl asma pr ot ef ng n i 4ol at ed albggggﬁﬁﬂﬁﬁﬁ‘ 89t 31 Augusiy1999
accordi ng to} ahy iInd 1 to 15.  7°~
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of clains 1 {o 3 or 13 to 14, erein the level of l|ipoprotein in said

pr epar at i on ts—petogw-apout, 3..0% on a wej ght -f or wei ght .

(al buri n/ | i Hopr JABARYRBTptEin fracton produgeq %&%‘P’a{'ﬁéﬂ% ‘g*‘sfr?ﬁdﬁ%ﬁ bio? &r13dPdéna
protein m X§kdr&in MeQeket SEliRpROMIT NG diprepait¥io BveRiw Sodt B%lont Owdight-foh&EeRhN
the level of PKA and/or alumniumin & preparation of said plasna protein
or plasnma pebusinlipgprotging basis. | ow. 23. An isolated plasma protein or

pl asma protein m xture produced according to any one of clains 1 to 15,
wherein the | evel of PKA and/or PKA-Clerr] esterase and/or kallikrein

and/ or al unzbzn: unmi.tfﬁoﬁteﬂlpﬁ&aﬁﬁioidﬁﬂoﬂﬂlasﬁﬁi;ﬁiotﬁhaﬁiﬁglr@%wﬂlﬁieﬂ asordth@®MRy Fh%ﬁi n
m xture is below the BP, EP_or, USP_ni_ni num st andard. 24. . An isolate
i munogl obuflEERspt Bulr é@%%ﬂ?d?‘ffg of gké@%éiwrna%mfp%ﬂops?f RiRlasRP t he

llevel of alygil PidsbiRbiinintixkiEd RWvabout 50 ug/ L. 25. An isol at ed
al bumi n protein produced according to any one of clains 1 to 15, wherein

23.  Anisolated plasma protein or plasma protein mixture produced according to any one of
claims 1 to 15, wherein the level of PKA and/or PKA-C, esterase and/or kallikrein and/or
aluminium in a preparation of said plasma protein or plasma protein mixture is below the BP,
EP or USP minimum standard.

24.  Anisolated immunoglobulin produced according to any one of claims 1 to 15, wherein

the level of aluminium therein is below about 50 ug/L.

25.  An isolated albumin protein produced according to any one of claims 1 to 15, wherein

the level of aluminium therein is below about 10 ug/L.,

26.  An isolated albumin protein produced according to any one of claims 1 to 15, wherein
the level of PKA therein is below about 5 IU/mL.

27.  Anisolated albumin protein produced according to any one of claims 1 to 15, wherein
the level of PKA-C, esterase therein is below about 10 IU/mL. '

28.  The method according to any one of claims 1 to 12 substantially as hereinbefore defined

with reference to the Figures and/or Examples.

29.  The method according to any one of claims 13 to 15 substantially as hereinbefore defined

with reference to the Figures and/or Examples.
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her ei nbef ore ‘ence to the Figures and/ or Exanples. 29.

The net hod ,gcco n laims 13 to 15 substantially_ as
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according to an}\é one of clainms 16 to 19, or clains 22 or 23 substantially

as her ei nbandfpeEgarpleed with reference to the Figures and/or Exanpl es.
31. The isolated al bum n protein fraction according to clainms 20 or 21 or
the isolated al bumn protein according to any one of clainms 25 to 27
subst anti aBBly aZh&soleted bibiunireprotenifaetbnsctdrding forlaine 20 612 1tod eheFolitsdagbuaid/ or

Exanpl es. . . . .
al protein according to any one of claims 25 to 27 substantially as hereinbefore defined with

reference to the Figures and/or Examples.

32.  The isolated immunoglobulin according to claim 24 substantially as hereinbefore defined

with reference to the Figures and/or Examples.
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