0:5/087016 A1 IR U0 0 OO0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date

22 September 2005 (22.09.2005)

(10) International Publication Number

WO 2005/087016 Al

(51) International Patent Classification’: A23] 3/16,
A61K 47/42, 9/16
(21) International Application Number:
PCT/NL2005/000192

(22) International Filing Date: 15 March 2005 (15.03.2005)

(25) Filing Language: Dutch
(26) Publication Language: English
(30) Priority Data:
1025723 15 March 2004 (15.03.2004) NL
(71) Applicant (for all designated States except US): TECH-
NISCHE UNIVERSITEIT DELFT [NL/NL]; Ju-
lianalaan 134, NL-2628 BL Delft (NL).
(72) Inventors; and
(75) Inventors/Applicants (for US only): GOLUBOVIC,

Marijana [YU/NL]; Maria Van Reigersberchstraat 107,
NL-2611 GN Delft (NL). OTTENS, Marcel [NL/NL];
Bakhuis Roozenboomstraat 9, NL.-2313 RC Leiden (NL).
WITKAMP, Geert, Jan [NL/NL]; Planciusdreef 21,
NL-2661 RJ Bergschenhoek (NL). VAN DER WIELEN,
Lucas, Antonius, Maria [NL/NL]; Margrietlaan 4,
NL-2665 AR Bleiswijk (NL).

(74) Agent: KUPECZ, Arpad; Octrooibureau Los en Stigter

B.V.,, Weteringschans 96, NL-1017 XS Amsterdam (NL).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA,
ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
7ZW), BEurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,
SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
GQ, GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD OF PREPARING A PROTEIN AGGREGATE AND A PHARMACEUTICAL COMPOSITION

& (57) Abstract: The invention relates to a method of preparing a protein aggregate, wherein an aqueous protein solution is acidified
with a pH that lies above the isoelectric point of the protein. In accordance with the invention, a first protein, which through acidifi-
caiton is able to form a protein aggregate, is acidified in the presence of a second protein in the aqueous solution in order to form a
coaggregate comprising the first and second protein, wherein the second protein under identical temperature conditions and pH does
not form a protein aggregate in the absence of the first protein. Acidification preferably occurs with the aid of CO,.

=



10

15

20

25

30

WO 2005/087016 PCT/NL2005/000192

Method of preparing a protein aggregate and a pharmaceutical

composition

The invention relates to a method of preparing a
protein aggregate, which method comprises the acidification
of an aqueous solution of the protein, wherein the pH of the
solution lies above the isoelectric point of the protein.

Such a method is known from WO 01/000041
(PCT/NLQO0/00451). This patent specification describes how a
protein aggregate can be formed, for example, on the basis of
a soybean protein. The technique described, wherein acidifi-
cation occurs through the addition of CO: under an above-
atmospheric pressure, affords excellent control over the for-
mation of protein aggregate. For example, it describes the
possibility of fractionated precipitation of some of the soy-
bean proteins. Potential applications mentioned include-.food-
stuffs and excipients.

The object of the present invention is to provide a
method -with an increased applicability.

To this end the method according to the invention is
characterised in that a first protein, which through acidifi-
cation is able to form a protein aggregate, is acidified in
the presence of a second protein in the aqueous solution in
order to form a coaggregate comprising the first and second
protein wherein, under identical temperature conditions and
pH, the second protein does not form a protein aggregate in
the absence of the first protein.

Acidification to approximately the isoelectric point
does not enable every protein to form a protein aggregate.
Suprisingly, some proteins were shown to coaggregaté'in the
presence of a first protein that is able to form aggregates
under the conditions wherein that first protein forms a pro-
tein aggregate. In the context of the present invention, such
proteins are second proteins. Of course, whether a protein
has the ability to function as the second protein must be es-
tablished by experiment, but since there is a variety of

first proteins, it suffices to carry out a simple series of
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tests in order to find a first protein that is suitable for
the coaggregation of the second protein. Without being tied
to any theory, it is believed that the ability to become co-
aggregated depends on specific interactions between the first
and the second protein, which are subject to, for example,
hydrophobic interactions, complementary charges and also the
isoelectric point of the second protein. The resulting pre-
cipitates are, for example, industrially applicable. The acid
used is preferably a volatile acid, so that it can be removed
again. Otherwise or in addition, the acid is preferably a
pharmaceutically acceptable acid such as acetic acid.

According to an important embodiment, the method ac-
cording to the invention is characterised in that the first
protein is obtained from a first source, and the second pro-
tein from a second source.

This will be of particular interest with regard to
pharmaceutical applications such as pharmaceutical applica-
tions for human use, wherein the second protein is, for exam-
ple, a human protein and the first protein a non-human pro-
tein. In the context of the invention the term source is un-
derstood to mean that the protein may be manufactured syn-
thetically (by means of organic synthesis in a cell-free sys-
tem that makes use of a ribosome system that may or may not
be artificial) or it may be manufactured naturally by cells
that may or may not be genetically manipulated, or by a sin-
gle celluled or multicelled organism, which protein is subse-
quently isolated.

An important embodiment is characterised in that
acidification occurs by placing the aqueous protein solution
into a CO; atmosphere, wherein under identical conditions of
temperature, concentration and pressure, the second protein
does not form a protein aggregate.

In contrast with other known techniques regarding
coaggregation or coprecipitation, such as precipitation with
ammonium sulphate or acetone, the aggregate formed with the
aid of the invention will be free from non-gaseous aggrega-

tion additives. There is also a reduced risk of denaturation.

" The round shape of the obtained protein precipitate may be
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further favourable with regard to the manageability of the
precipitated protein particles, the mouth feeling (organolep-
tic properties), and for the release of the second protein in
medicinal applications. Although a second protein is men-
tioned in the present application, the use of a third, etc.
protein complying with the conditions for coaggregation as
described for the second protein, is also included in the in-
vention.

According to a preferred embodiment, the CO; pressure
is increased to the highest value within ten seconds.

In accordance with the invention, the formed copre-
cipitates may optionally be stabilised with the aid of a
cross-linker.

Acidification for the purpose of forming the protein
coaggregate preferably takes place while stirring.

This facilitates the admixture of the acid, for ex-
ample in the form of COz, to the solution. Depending on the
characteristics of the second protein, care must obviously be
taken to avoid denaturation caused by stirring too vigour-
ously. Any suitable manner of stirring may be used (shaking,
magnetic stirring, swivelling, etc.).

According to an important embodiment, the second
protein used is a pharmacologically active protein.

The invention also relates to a pharmaceutical com-
position comprising a coaggregate of a first protein which
can form an aggregate through acidification, and a second
protein, which does not form an aggregate under the condi-
tions where the first protein forms an aggregate through
acidification, wherein the second protein is a pharmacologi-
cally active protein. '

The coaggregate is preferably formed with the aid of
a volatile acid and most preferably with CO;.

The present invention will now be further elucidated

by way of the following exemplary embodiment.
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Examples

Material

Candida rugosa lipase (lyophilised powder; type VII, product
no. L1754) was obtained from Sigma-Aldrich, Zwijndrecht,
Netherlands. Isoelectric point = 5.2.

Lipase from pig's pancreas (type II, product no.
3126) was obtained from Sigma-Aldrich. Isocelectric points of
the isoenzymes: 4.9 and 5.0.

The soybean protein powder was degreased soybean
powder (S-9633, Sigma-Aldrich). Isoelectric points of the
main components: glycinin ~4.9-5.2; B-conglycinin: ~4.7-5.0.
Prior to use, the soybean protein powder is dissolved in
Milli-Q water (10% w/w) and the pH of the solution is ad-
justed to 9 by adding 1.0 M NaOH. After stirring for 40 min-
utes, the suspension is centrifuged (2 h, 4000 g) and the su-
pernatant is used for the experiments. The protein concentra-

tion is 40 g/1.

Lipase assay

Assay buffer: 100 mM sodium phosphate buffer, pH 7.4.
Reagent: p-nitrophenylpropionate; 7.8 mg in 1 ml ethanol.
10 pl per ml assay buffer.

Assay conditions. 25°C.

Spectrophotometric absorption: 405 nm.

Example 1 (control)

A) Precipitation of lipase and soybean protein using CO.

2 ml of a solution of 100 mg/ml lipase in 10 mM sodium phos-
phate buffer (pH = 8) were introduced into a test-tube. 2 ml
in Milli-Q-diluted soybean protein solution (end concentra-
tion 20 g/l) were introduced into a test-tube. The tubes were
kept for 40 minutes in a pressure vessel at a pressure of 10
bars CO,. Upon return of the pressure vessel to ambient pres-
sure, the tubes were visually inspected for the presence of a
precipitate. Only the tubes containing soybean protein exhib-
ited a precipitate.
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B) Precipitation of lipase and soybean protein with the aid
of sulphuric acid.

1 g of lipase was dissolved in 10 ml Milli-Q water, after
which the pH was adjusted to 8 with 1 M NaOH.

40 g of soybean protein were dissolved in 1 1 water and the
pH subsequently adjusted to 8 with 1 M NaOH.

Using a magnetic stirrer, 0.1 M H2SO4 was admixed to each of
the solutions until the pH was 4. Only soybean protein pro-
duced a visually detectable precipitate.

Example 2 (in accordance with the invention)

0.5 g of lyophilised lipase from Candida rugosa were dis-
solved in 50 ml of a solution (pH = 10.2) of 20 g of soybean
protein per litre of water. Thus the weight ratio lipase to
soybean protein was 1:2. Precipitation was conducted in a 50
ml (volume available for experiments) pressure-resistant
glass vessel equipped with a magnetically coupled stirrer.
The inside diameter of the vessel was 51 mm. The stirrer tur-
bine had six blades, diameter 34 mm, mounted at 5 mm from the
bottom of the vessel. Stirring rate: 300 rpm. The carbon di-
oxide was adjusted with the aid of a pressure regulator. The
pH, the pressure and the temperature were determined on-line.

The CO; pressure was adjusted within 10 seconds to
11.2 bars. The temperature was 20.2°C and after applying the
pressure it was 20.4°C.

Application of the CO, pressure causes the pH to drop
to 5. After 45 minutes the vessel was depressurised and an
assay was performed on the suspension obtained by the treat-
ment and on the supernatant obtained after centrifugation, in
order to determine the percentage of coprecipitated lipase.
10% of the lipase activity appeared to have precipitated,
which was confirmed by measuring the activity in the pellet.

In a comparable experiment using lipase from the
pig's pancreas, 30% of the lipase activity was found in the
pellet.
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CLAIMS

1. A method of preparing a protein aggregate, which
method comprises the acidification of an aqueous solution of
the protein, wherein the pH of the solution lies above the
isocelectric point of the protein, characterised in that a
first protein, which through acidification is able to form a
protein aggregate, is acidified in the presence of a second
protein in the aqueous solution in order to form a coaggre-
gate comprising the first and second protein wherein, under
identical temperature conditions and pH, the second protein
does not form a protein aggregate in the absence of the first
protein. _

2. A method according to claim 1, characterised in
that the first protein is obtained from a first source, and
the second protein from a second source.

3. A method according to claim 1 or 2, characterised
in that acidification occurs by placing the aqueous protein
solution under a CO; atmosphere, wherein under identical con-
ditions of temperature, concentration and pressure, the sec-
ond protein does not form a protein aggregate.

4. A method according to claim 3, characterised in
that the CO; pressure is raised within 10 seconds to the high-
est value.

5. A method according to one of the preceding claims,
characterised in that the formed coaggregates are stabilised
with the aid of a cross-linker.

6. A method according to one of the preceding claims,
characterised in that the second protein used is a pharmaco-
logically active protein.

7. A method according to one of the preceding claims,
characterised in that the formation of protein coaggregate
with the aid of COz occurs while stirring.

8. A pharmaceutical composition comprising a coaggre-
gate of a first protein which forms an aggregate through
acidification, and a second protein, which does not form an

aggregate under said conditions where the first protein forms
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an aggregate through acidification, wherein the second pro-

tein is a pharmacologically active protein.
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