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STABLE COMPOSITIONS CONTAINING OUTER MEMBRANE VESICLES, METHODS OF MANUFACTURING

The present invention relates to compositions comprising vesicles, sterile
compositions comprising vesicles and in particular such compositions comprising
outer membrane vesicles (OMVs) of bacteria for use in vaccination, together with

methods of preparing such compositions.

A number of vaccines are known or are in development which contain bacterial
outer membrane vesicles. These vaccines are preferably prepared under aseptic

conditions, more preferably sterile conditions.

Neisseria meningitidis outer membrane vesicle (OMV) vaccines have been used
in clinical studies for the prevention of meningococcal disease. Vaccines
produced in Norway (Fredriksen et al. 1991), Cuba (Sierra ef al. 1991) and the
Netherlands (Claassen et al. 1996) have used the preservative thiomersal to
ensure the sterility of these vaccines. However, it is now considered a
disadvantage to rely on the presence of a preservative.

Known methods of sterilisation of pharmaceutical compositions include heat-
treatment and the use of radiation. Whilst these methods are suitable for
sterilising many compositions, they are not suitable for sterilising compositions
comprising outer membrane vesicles, as these vesicles are damaged both by

heat and radiation.

Preparations of OMVs typically comprise OMVs of a wide range of sizes, from
0.01 microns to 1 micron in diameter. In addition, OMVs have a tendency to
aggregate and this commonly results in preparations of OMVs having
approximately biphasic patterns of size distribution, with a large number of
particles having a mean diameter of approximately 0.1 micron and another set
having a mean diameter of approximately 2 microns.
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Another known method of sterilisation is to use a sterile filter having a pore size
of approximately 0.2 microns in diameter. This method is effective in sterilising
known OMV preparations, but has the significant disadvantage that a large
proportion of such preparations consists of OMVs/aggregates which, prior to
filtration, are larger in diameter than the filter pore size. Hence, while a sterile
composition is obtained there is a loss of product of approximately 70% or worse.
This loss of product is unacceptable in a process which is scaled-up for vaccine
manufacture. The process of filtration also tends to increase the coalescence of

OMVs, leading to increased loss of product during filtration.

Good manufacturing practice for vaccines requires a sterile product. Hence, itis
an object of the present invention to provide an improved method for sterilisation
of compositions comprising vesicles, together with the composition thereby
obtained. A further object of specific embodiments of the invention is to provide a
stabilised vesicle-containing formulation and, in further specific embodiments, to

provide control of coalescence of vesicles.

Accordingly, the present invention provides OMV preparations, methods of
obtaining them, and uses thereof, in which the OMVs are stable and/or non-
aggregating and can be sterilised, for example by passing the OMVs through a
filter as mentioned above.

Methods of the invention comprise treating OMVs to alter their surface charge so
as to reduce aggregation. A first such method comprises suspending OMVsin a
solution which imparts a surface charge to the OMVs that is sufficiently high to
prevent aggregation.

Of course, sufficiently high refers to the magnitude of the surface charge of the
OMVs, and could be a sufficiently high positive charge or could be a sufficiently
high negative charge. These possibilities are discussed further below.
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Solutions that are capable of imparting a high surface charge to the OMVs are
suitably buffer solutions, and can include hydrochloric acid/potassium chloride,
glycine/hydrochloric acid, potassium hydrogen phthalate/hydrochloric acid, citric
acid/sodium citrate, sodium acetate/acetic acid, potassium hydrogen
phthalate/sodium hydroxide, disodium hydrogen phthalate/sodium dihydrogen
orthophosphate, dipotassium hydrogen phthalate/potassium dihydrogen
orthophosphate, barbitone sodium/hydrochloric acid, tris
(hydroxymethyt)aminomethane/hydrochloric acid, sodium tetraborate/hydrochloric
acid, glycine/sodium hydroxide, sodium carbonate/sodium hydrogen carbonate,
sodium tetraborate/sodium hydroxide, sodium hydrogen orthophosphate/sodium
hydroxide, potassium chloride/sodium hydroxide. Most preferred buffers include
those containing borate, carbonate, bicarbonate, glycine or tris
(hydroxymethyl)aminomethane, such as those buffers mentioned above that

contain these components.

Particular embodiments, giving good results, can comprise glycine-containing
buffers, although any buffer solution that increases the magnitude of the surface
charge of the vesicles is suitable for use in the invention. In a preferred
embodiment, the buffer solution is a 0.2M or greater glycine buffer (preferably
0.2M to 0.5M glycine, more preferably, 0.2M to 0.3 M glycine, most preferably
about 0.2M glycine), at pH 8 or higher (preferably, pH 8 to pH 9, more preferably
pH 8 to pH 8.5, most preferably about pH 8), optionally supplemented by a sugar
at 1% or more by weight (e.g., 1 % to 3% by weight, most preferably about 1% by
weight), preferably sucrose. Alternatively, solutions capable of imparting a high
surface charge to the OMVs can comprise solutions having a pH equal to or
greater than 8, preferably equal to or greater than 8.5, more preferably equal to
or greater than 9. Thus preferred pH ranges for buffering the compositions of the
invention include, pH7.5 to pH 9, more preferably pH 8 to pH 8.5, most preferably
about pH8.

The inventors have found that by raising the magnitude of the surface charge of a
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given OMV preparation, the aggregation of the vesicles is reduced. Surface
charge of particles in suspension is conveniently measured by instruments widely
available and can be reported as zeta potential. Zeta potential can be measured,
for example, using a Zetasizer (Malvern Instruments, Malvern Instruments Ltd,
Enigma Business Park, Grovewood Road, Malvern, Worcestershire, UK, WR14
1XZ) and can give an indication of how likely the OMVs are to aggregate;
typically, if the zeta potential is within the range —15 to 15 mV, the OMVs are
more likely to aggregate. In the examples disclosed herein, it has been found
that when the zeta potential of an OMV preparation is relatively close to zero, the
OMVs are highly aggregated (aggregation assessed by Differential Interference
Contrast (DIC) Microscopy, see Table 1).

When the buffering conditions of the OMV preparations are altered so that the
zeta potential of the preparation is moved away from zero (ie. made either more
negative or more positive, preferably to fall outside the range -15 to 15 mV, more
preferably outside the range -30 mV to 30 mV, most preferably outside the range
-40 to 40 mV) the OMVs are found to be substantially less aggregated and thus
more stable (see Table 1).

Stable OMV preparations have several other important advantages. In particular,
they are easier to process, eg. filter, than preparations in which the OMVs are in
an aggregated state. This allows sterile preparations to be produced (e.g, by filter
sterilisation) that can then be stored in the absence of a preservative such as
thiomersal. Thus in a preferred embodiment of the invention, the preparations
are preservative free, e.g., thiomersal free. The invention also allows the OMVs
to be stored frozen (-20t0-80 C,suchasat-20 Cor-70 C, most preferably
—20 C) and thawed without creating an aggregated product. Further, methods
for generating stable OMV preparations are useful in reducing the batch-to-batch
variation in particle size that can occur in large scale manufacture of OMV
preparations, eg. in the manufacture of OMV vaccines. An evenly distributed

suspension of OMVs allows more reproducible and consistent vaccines to be
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produced, such as those with a more consistent ability to raise antibodies in

mice.

The term “stable” as used in this specification refers to preparations of the
invention wherein the OMVs are substantially non-aggregating. In one
embodiment of the invention, a preparation of OMVs that is non-aggregating is
one in which a high proportion of the OMVs have not formed aggregates with
other OMVs. Preferably not more than 60% of the OMVs have formed
aggregates with other OMVs, more preferably not more than 40%, most
preferably not more than 30% (as measured by particle size analysis e.g. using a
Zetasizer, Malvern Instruments).

It has been found that for OMVs suspended in alkaline buffer, the particle size
distribution (measured using a Zetasizer) remains substantially unchanged over a
24 hour period (see Table 2). Thus, in a further embodiment of the invention, a
preparation of OMVs that is non-aggregating is one in which the mean particle
size of the preparation does not increase over a 24 hour period by more than
20%, preferably by no more than 10%.

Preparations of OMVs are also considered non-aggregating if the mean diameter
of the particles in the preparation is less than 250nm, 200nm, preferably less
than 180nm, more preferably less than 160nm, measured, for example, using the

apparatus described above.

Non-aggregating preparations of OMVs can also be defined by the percentage of
OMVs that is recovered following filtration through a membrane (as measured by
% post-filtration protein recovery). For example, preparations of OMVs may be
considered non-aggregating if, after passage through a filter having a pore size in
the range 0.2-1 microns, in particular through a filter having an average pore
diameter of 0.2 um, a protein recovery of at least 70% is achieved, preferably at
least 75%. Preparations allowing at least 70-90% protein recovery, preferably up
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to 97%, after passage through a filter having a pore size in the range 0.2-0.45
microns, are also considered non-aggregating. When passed through two filters,
the first filter having a pore size in the range 0.5-1 microns and the second in the
range 0.2-0.5 microns, a preparation will be non-aggregating if a final protein
recovery of at least 70% is achieved, preferably at least 80%.

Prevention of aggregation can therefore be defined further by any of the above
definitions. Particularly preferred preparations are stable according to all of the

above definitions.

The invention applies in particular to OMVs from Gram negative bacteria, being
those bacteria that fail to resist decolourisation in the commonly known Gram
staining method. Gram negative bacteria are characterised by a complex
multilayer cell wall and often possess an outer layer polysaccharide capsule -
e.g. N. meningitidis, although in some species this capsule is absent - e.g. N.
lactamica. In general, all such bacteria are believed suitable, though Gram
negative species especially suitable for use in the invention include those
selected from Neisseria, Moraxella, Kingella, Acinetobacter, Brucella, Bordetella,
Porphyromonas, Actinobacillus, Borelia, Serratia, Campylobacter, Helicobacter,
Haemophilus, Escherichia, Legionella, Salmonella, Pseudomonas and Yersinia.
In a particular embodiment of the invention the composition comprises OMVs
from strains of Neisseria. Preferred Neisseria include Neisseria meningitidis and
Neisseria gonorrhoeae.

The invention also applies to commensal organisms, i.e. those that coexistinan
environment with another organism, such coexistence being beneficial to at least
one of the organisms and generally not detrimental to either. A number of
different commensal Neisseria are suitable for use in the invention, and these
commensal Neisseria may be selected from the group consisting of N. lactamica,
N. cinerea, N. elongata, N. flavescens, N. polysaccharea, N. sicca and N.

subflava.
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The invention may be applied to both OMVs derived from genetically-modified
bacteria and to OMVs prepared from non-genetically modified (naturally
occurring or wild-type) Neisseria.

A known OMV vaccine is composed of OMVs from bacteria that have been
genetically modified to express more than one PorA (Class 1) antigen in their
membranes (Claassen ef al., 1996). In addition, Class 3 protein (now known as
PorB) is deleted and PorA makes up approximately 90% of the total protein in the
OMV (Claassen et al., 1996). These modifications are capable of imparting to
the OMVs a high surface charge, and yet the OMVs nevertheless form
aggregates in solution, as reported in the art (Arigita et al., Vaccine 22 (2004),
page 629-642).

Methods of the invention are distinct from and do not include known preparations
of these known genetically-modified OMVs. Hence, the invention also provides a
method of stabilising an OMV preparation, comprising suspending OMVs in a
solution having a zeta potential outside the range -15 mV to 15 mV, wherein the
OMVs are not genetically modified so as to delete PorB and/or express more
than one PorA protein. As noted above, the OMV preparations of the invention
exclude those disclosed in Arigita et al (that is, preparations which are genetically
modified to have PorB deleted and preparations which are genetically modified to
have PorB deleted and more than one PorA expressed).

However, it is possible, if desired, to carry out the method of the present
invention on OMVs genetically-modified to delete PorB and/or express more than
one PorA. This is achieved by further increasing the magnitude of the zeta
potential of the genetically-modified OMV preparation by at least 10 mV,
preferably by at least 20 mV. Thus, in the case of OMVs of the type described in
Arigita et al., where the zeta potentials of the preparations are -42 mV, -48 mV

and -49 mV, these zeta potentials would be increased to at least -52, -58 mV and
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-59 mV respectively.

Thus, in accordance with the invention, the magnitude of the zeta potential may
be increased by about 10mV, for example, may be made about 10mV more
negative than the starting value, more preferably the zeta potential may be made
more negative by about -20mV, even more preferably by -30mV. Thus the
change in magnitude of the zeta potential may be -5mV to -30mV, more
preferably -10mV to -20mV, even more preferably -5mV to -15mV, more
preferably -8mV to -12mV, most preferably about -10mV.

The magnitude of the zeta potential may be made about 10mV more positive
than the starting value, more preferably the zeta potential may be made more
positive by about +20mV, even more preferably by +30mV. Thus the change in
magnitude of the zeta potential may be +5mV to -+30mV, more preferably
+10mV to +20mV, even more preferably +5mV to +15mV, more preferably +8mV
to +12mV, most preferably about +10mV.

The surface charge imparted according to the invention has the advantage that
the OMVs are readily redispersed, and hence a method of the invention
comprises suspending the OMVs in a solution having a zeta potential outside the
range -15mV to 15mV, and homogenising the resultant suspension. Preferably
the zeta potential of the solution is outside the range -30 mV to 30 mV, more
preferably outside the range -40 to 40 mV. The homogenisation can be carried
out as either a one or two-step process, although preferably it is a two-step
process. Any suitable homogeniser can be used (for example those available
from Silverson Machines Ltd., Waterside, Chesham, Bucks, HP5 1PQ). In a
particular embodiment of the two-step homogenisation process, the OMV
preparation is homogenised at a speed of at least 8000rpm for at least 5 minutes,
and subsequently at a speed of at least 9500rpm for at least 5 minutes. Suitably,
the homogenisation is carried out in a Ultra-turrax T25 homogeniser.
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The OMVs homogenised are preferably not those from the known vaccine, and
hence it is preferred that the OMVs are not genetically modified so as to delete

PorB and/or express more than one PorA protein.

The homogenisation of the OMV preparations results in disperse preparations
that remain stable over a substantial period of time, preferably for at least 24
hours, e.g., at 4°C. The maintenance of this stability in specific embodiments of
the invention is demonstrated in Table 2.

A further aspect of the invention provides a method of stabilising an OMV
preparation comprising:-

(i) obtaining a preparation of OMVs in a solution, and

(i) adjusting the zeta potential of the solution to fall outside the range -
15mV to 15 mV. Preferably, the zeta potential is adjusted to be outside the range
-30 to 30 mV, more preferably outside the range - 40 to 40 mV.

Again, the OMVs are preferably not those from the known vaccine, and are
therefore preferably not genetically modified so as to delete PorB and/or express
more than one PorA protein. For OMVs having a naturally high surface charge,
but which nevertheless aggregate unacceptably, the invention can be carried out
by further increasing the zeta potential of the solution.

There are several ways in which the zeta potential of the solution can be adjusted
in order to stabilise the OMV preparation. In certain embodiments, this is
achieved by altering the pH of the solution, preferably so that the pH of the
solution is equal to or less than pH 6, or equal to or greater than pH 8, preferably
equal to or greater than pH 8.5 or equal to or greater than pH 9. In other
embodiments, the zeta potential is adjusted by altering the ionic strength of the
solution, for example by the addition of ions (e.g., Ca®, Mg®*, Na*, Cl or NH4") to
the solution, or by altering the temperature of the solution, for example by
lowering the temperature of the solution. The skilled person can measure the
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effect on the zeta potential of the OMV preparation using known techniques, such
as those disclosed in this application.

For certain OMV preparations, adjustment of the pH adjusts the zeta potential
and/or surface charge so as to reduce aggregation, and the invention provides a
further method of stabilising an OMV preparation, comprising suspending the
OMVs in a solution having a pH equal to or greater than 8, preferably a pH equal
to or greater than 8.5.

Prior to using or processing OMVs, it is desired to ensure they are non-
aggregated. Following the invention this can be achieved in a method of
preventing aggregation of OMVs comprising (i) obtaining a preparation of OMVs
in a solution, (i) measuring the aggregation of the OMVs in said solution, (jii) if
the OMVs are aggregated, adjusting the zeta potehtial of the solution, and
returning to step (ii). The method can further comprise a homogenisation step
after step (iii). In certain embodiments, the preparation obtained after step (iii), or
after homogenisation, is subsequently frozen for storage. The inventors have
found that when these frozen preparations are thawed, the stability of the OMV
preparation is maintained. This provides a significant advantage over known
OMV preparations, where the thawed preparations are found to be largely
aggregated. This the present invention provides OMVs that are stable when
frozen at -20 C for about 24 hours, more preferably at least 1 week , more
preferably at least one month, more preferably at least, or about, six months,
more preferably at least, or about 10 months, more preferably at least, or about,

one year.

In step (i) of the above method, the aggregation of the OMVs can be measured
by Differential Interference Contrast (DIC) microscopy or by particle size analysis
(e.g. using a Zetasizer), and in certain instances, the OMV preparations can be
considered to be aggregated when the mean particle diameter is in excess of
200nm. The adjustment of the zeta potential in the above method can be carried
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out as described in previous embodiments of the invention, for example by

altering the pH, ionic strength and/or temperature of the solution.

The filtration of OMVs is an important step in the production of many OMV-
containing compositions, especially vaccines. It is therefore desirable to be able
to filter OMV preparations efficiently, ie. with low loss of OMVs in the filtration

process.

Aggregates of OMVs do not pass easily, and in some cases not at all, through
filters with specified pore sizes. The invention solves this problem in a method of
filtering an OMV preparation, comprising:-

@ suspending OMVs in a solution which imparts a surface charge to the OMVs
that is sufficiently high to prevent aggregation, and

(i) filtering the resultant suspension through a filter membrane.

An alternative method of filtering an OMV preparation comprises:-

(i) suspending the OMVs in a solution having a zeta potential falling outside the
range -15mV to 15mV, and '

(i) filtering the resultant suspension through a filter membrane.

A still further method of filiering an OMV preparation comprises:-
(i) stabilising an OMV preparation according to any method of the invention, and

(i) filtering the resultant stabilised preparation through a filter membrane.

These filtration methods may further comprise a homogenisation step between
steps (i) and (ii).

In the above methods, preferably at least 60% (more preferably at least 70%, more
preferably at least 80%, more preferably at least 90%) of the OMVs in step (i) have a
mean diameter of less than 250nm, less than 200 nm, less than 180nm or less than
160nm; more preferably at least 70% have a mean diameter of less than 170nm.

The filter membrane of step (ii) in these methods preferably has a pore size of from
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0.2 - 2 microns (e.g., filters having an average pore diameter of 0.2um).

In these methods, preferably at least 70% (more preferably at least 80%, more
preferably at least 90%) of the OMV:s in step (ii) have a mean diameter of less than
200 nm, less than 180nm or less than 160nm; more preferably at least 70% have a
mean diameter of less than 170nm, more preferably less than 160nm, most
preferably less than 150nm.

It is also known to use filtration as a means of sterilising OMV preparations.
However, filtration of OMVs through Minisart ™ 0.2um syringe filters (Sartorius Ltd.,
Longmead Business Park, Blenheim Road, Epsom, Surrey, KT19 9QQ, UK),
routinely used in the laboratory for filter sterilisation of small volumes was found by
the present inventors to result in extremely low OMV recovery as determined by
BCA protein assay (results not shown). Thus, the invention also provides a method
of sterilising an OMV preparation, wherein a stable OMV preparation (prepared
according to any embodiment of the invention) is filtered through at least one filter
membrane having a pore size of about 0.2 microns.

The stable preparations of the invention are particularly suitable for use in the
filtration/sterilisation methods described above, and allow high recovery of OMVs as
measured by post-filtration % protein recovery. The pre-filtration OMV preparations
are substantially monodisperse, with the majority of their constituent particles having
a diameter smaller than the pore size of the filter membranes. This prevents the filter
from becoming blocked by binding of the particles to the membrane, and ensures
that a high proportion of the OMVs are recovered. This high % recovery is a
significant advantage, especially when filtration processes are scaled up for
manufacture.

The filtration/sterilisation methods of the invention allow for superior recovery of
OMVs, as shown in Table 3.

The invention also provides stabilised preparations of OMVs.
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In one embodiment of the invention, OMV preparations are provided that comprise
OMVs having a sufficiently positive or negative surface charge to substantially

prevent aggregation.

In another embodiment, OMV preparations are provided comprising OMVs
suspended in a solution, wherein the zeta potential of the solution is sufficiently
positive or negative to substantially prevent aggregation. Preferably, the zeta
potential is outside the range -15 mV to 15 mV, more preferably outside the range -
30 mV to 30 mV, most preferably outside the range -40 to 40 mV.

In yet another embodiment, OMV preparations are provided comprising OMVs in a
solution having a pH of 8 or above, preferably pH 8.5 or above.

The stability of the preparations of the invention can be maintained over a significant
period of time e.g., 24 hours, as shown in Table 2. In certain embodiments of the
invention, preparations are provided wherein at least 65%, preferably at least 75%
or 85%, more preferably up to 100% of the OMVs have a mean diameter of less
than 250nm, preferably less than 200nm, less than 180nm, less than 170nm, or less
than 160nm, and wherein the preparation remains stable for at least 24 hours.

The OMV preparations of the invention may also comprise wild-type OMVs having a
sufficiently positive or negative surface charge to substantially prevent aggregation.
Where the preparations comprise wild-type OMV's suspended in a solution, the zeta
potential of the solution is preferably outside the range -15mV to 15mV, more
preferably outside the range -30 mV to 30 mV, most preferably outside the range -
40 to 40 mV.

In another aspect of the invention, the OMV preparations may comprise OMVs
suspended in a buffer, wherein the buffer has a sufficiently positive or negative zeta
potential to substantially prevent aggregation.
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Sterile OMV preparations are particularly useful in the production of pharmaceutical
products, eg vaccines, and thus the invention also comprises OMVs suspendedin a
solution, wherein the solution has a sufficiently positive or negative zeta potential to
substantially prevent aggregation, and wherein the OMVs have been filtered through
at least one filter membrane having a pore size of 0.2 microns or less. The filtration
of the OMVs through a filter having a pore size of 0.2 microns or less renders the
preparation sterile. Preferred filters are those having an average pore diameter of
0.2 ym.

The OMVs of the preparations of the invention are preferably not those from the
known vaccine (Claassen et al, 1996), and hence it is preferred that the OMVs are
not genetically modified so as to delete PorB and/or express more than one PorA
protein. Specifically, it is preferred that the OMVs are not genetically modified to
express more than one of the following PorA subtypes:-

P1.7-2,4
P1.12,13
P1.5-2,10.

OMV preparations containing particular antigens are known for use as effective
vaccines. The stable preparations of the invention are ideally suited to such use,
and thus the invention further provides for the use of an OMV preparation according
to any embodiment of the invention in the preparation of a vaccine.

The stable preparations of the invention are particularly suitable for use as
intranasal vaccines. Specifically, a suspension of stable OMVs will disperse evenly
in a mist dispenser, and smaller particles are preferentially taken up by the nasal
associated lymphoid tissue. Stable OMV preparations of the invention can also be
used as adjuvants in vaccines administered via the intranasal route. Thus the
present invention provides methods of medical treatment or methods of prevention
of disease (e.g., by vaccination) such as disease caused by one of the

microorganisms mentioned earlier (e.g., Neisserial disorders and the other disorders
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mentioned above) using preparations of OMVs as described herein. In addition, the
invention provides the OMV preparations described herein for use in medical
treatment, and the use of the OMVs described herein in the manufacture of a
medicament for the treatment or prevention of a medical disorder as described
herein. Preferably such methods, uses and medicaments are for intranasal

administration, e.g., vaccines for intranasal administration.

Also provided by the invention is the use of a substance that is capable of adjusting
zeta potential in the manufacture of a medicament for treating or preventing
meningococcal disease. The invention also provides the use of the buffers and
solutions described herein (e.g., buffers or solutions having the capability of
increasing the magnitude of the surface charge of OMVs) in the inhibition of
aggregation of OMVs and/or the stabilisation of OMVs. The invention also provides
the use of buffers or solutions having a high pH (as defined herein) in the inhibition
of aggregation of OMVs and/or the stabilisation of OMVs.

In a specific embodiment of the invention described in more detail below, the
invention includes providing a buffer system that maintains a high surface charge
(measured as zeta potential) on the OMVs, resuspending the OMVs in a buffer that
maintains a high positive or negative zeta potential, homogenising the OMVs in this
buffer to ensure any aggregates are separated and filtering the homogenate through
a 0.2um filter that has been pre-wetted with this buffer. A particularly effective set of
conditions for filtration of Neisseria OMVs is in an 0.2M glycine pH 8.0, 3% sucrose
buffer. The OMVs are homogenised in this buffer to disrupt any aggregates. The
filter is pre-wetted with the buffer and the OMVs are then passed through the filter
with very low loss caused by binding to the filter.

The invention is now further illustrated in the following examples, together with the
accompanying drawings and tables, in which:-

Figure 1 shows the correlation between average particle size and zeta potential.
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Figure 2 shows the effect of filtration on OMV size. The particle size distribution is
shown before filtration (A) and post filtration (B) (B).

Figure 3 shows the effect of filtration on OMV size. OMVs are suspended in 0.2M
glycine pH8.0 and the particle size distribution is shown before filiration (A), post 0.8
pum prefilter/0.2 pm filter polyethersulfone (PES) membrane (Pall Filtration) (B), and
post 0.45 ym prefilter/0.2 um filter cellulose nitrate membrane (Sartorius) (C).

Figure 4 is an electronmicrograph of OMVs in PBS.

Figure 5 is an electronmicrograph of a non-aggregating preparation of OMVs
according to the invention.

Table 1 shows the effect of pH and ionic concentration on OMV aggregation;

Table 2 shows the stability of OMV preparations of the invention over a 24h period

following homogenisation;

Table 3 shows the protein recovery following filtration of the OMV preparations

Table 4 shows the zeta potentials of OMV preparations in buffers of pH 8-10.

Table 5 shows the mean particle size and zeta potential of OMVs after storage.

Table 6 shows a summary of filter studies on the OMVs.

Example 1 - Stabilisation and Sterilisation of OMVs

A: Effect of pH and lonic Strength on Aggregation of OMVs

Deoxycholate-extracted outer membrane vesicles (DOMVs) were isolated from
cultures of Neisseria lactamica according to the method described by Frasch et al.
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(2001). The isolated OMVs were then suspended in either 0.1M citric acid —
Na HPO,, pH4 buffer or 0.2M glycine-NaOH pH9 buffer in order to determine the
effect of pH on OMV aggregation. Some of these buffered OMV suspensions were
also incubated in the presence of 0.1M CaCl, to determine the effect of ionic
strength on OMV aggregation.

After incubation, samples were examined by light microscopy and scored for
“aggregation. Samples were also analysed using a Zetasizer (Malvern Instruments)
and results are presented in Table 1. OMVs suspended in water for injection were
found to be highly aggregated, with zeta potentials in the range -10 to 10 mV (results
not shown). However, a combination of high pH and absence of CaCl;, gave higher

values for zeta potential and low or no aggregation was observed.

Next, the average particle size and zeta potential of N.lactamica OMVs resuspended
in 0.2M glycine at pH values ranging from 7 to 10 were measured an the results are
shown in Figure 1. The lowest average particle size corresponds with the greatest
negative zeta potential. Small particle sizes can be achieved by further increases in
the magnitude of the negative zeta potential.

B: Effect of Buffer Composition on Aggregation of OMVs

Next, the following buffers were assessed for their effect on the aggregation of OMV

suspensions:

0.2M Gilycine-NaOH buffer solution pH8.0
0.2M Glycine-NaOH buffer solution pH9.0
0.2M Glycine-NaOH buffer solution pH10.0

OMVs in water for injection (WFI) + 3% (w/v) sucrose were diluted in the buffer
solutions above to a concentration of 300 ug/ml and left to equilibrate overnight at
4°C. The OMV solutions were then analysed using the Zetasizer (Malvern
Instruments). All 0.2M glycine buffers resulted in OMVs with low aggregation.
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C: Comparison of Buffers with Water for Injection

Water for injection and 0.2M glycine buffers with a pH range of 8 — 10 were tested.
OMVs were diluted to a concentration of 250 ug/ml in the appropriate buffer and
after equilibration at 4°C they were sized and the zeta potential measured. The zeta
potentials for the buffers are shown in Table 4. The glycine buffers at pHs 8-10 all
resulted in OMVs with lower aggregation compared to OMVs suspended in water for
injection.

D: Post Homogenisation Size Distribution of Stabilised OMVs

A two-step homogenisation using an Ultra-turrax T25 homogeniser was tested to
determine the effect of homogenisation speed on the aggregation and stability of the
OMVs in 0.2M glycine pH 9.0 buffer at a concentration of 300ug mi™.

After 5min on ice at 8000rpm, three peaks were observed. However, after a further
homogenisation at 9500rpm for 5min on ice, and equilibration for 10 minutes, one

major peak was observed at approximately 170nm.

The OMVs were resized after 30min, 5h and 24h (Table 2). As shown in Table 2, the
size distribution of the OMVs remained substantially stable over 24 hours.

From this experiment, a two-step homogenisation (8000rpm/5min followed by
9500rpm/5min at 4°C) achieved a stable preparation of OMVs. These results were

confirmed using OMVs suspended in 0.2M glycine buffer pH8 3% sucrose.

E: Filtration and Sterilisation of Stabilised OMV Preparations

Our initial studies of 0.2um filtration of OMV suspensions in buffers that do not
provide stabilising conditions (i.e., those in which the OMVs are aggregated)
showed no recovery in the post filtration samples.
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The filtration of stabilised OMV preparations was assessed using Mini KleenPak
EKV filter capsules (average pore diameter 0.65/0.2um), Pall UK Ltd.

The filters were tested with 6 x 150ml batches of N. lactamica OMVs prepared in
0.2mM glycine pH 8.0 3% sucrose. These OMV suspensions were each passed
through 2 filters and samples taken before and after each filter. Passage through
two 0.2um filters is an accepted method of sterilisation for a pharmaceutical
product. The pre and post filtration protein concentrations are shown in Table 6.
It can be seen that greatest loss in protein concentration is seen with the first
filter and there is little loss on passage through the second filter. The range of

protein recoveries was 31-54% with a mean recovery of 39.7%.

The particle size profile (determined with a Malvern Instruments Zetasizer Nano
ZS) for OMVs stored frozen at -20°C for 1 week and then thawed is shown in
Fig2A . Fig 2B shows the same batch of OMVs after filtration through the Mini
KleenPak EKYV filter capsules. It can be seen that there is a greatly reduced
proportion of large size OMVs in the sample. The three lines on each graph

represent three determinations on the same sample.

In a further experiment, the filtration of stabilised OMV preparations was

assessed using a number of different filter types:-

0.8pm prefilter/0.2pm filter polyethersulfone (PES) membrane (Pall
Filtration)

0.2pm PVDF membrane (Pall)

0.45pm PVDF membrane (Pall)

0.2pm Fluorodyne (Pall)

0.2um Minisart ™ (Sartorius)

0.8pm prefilter/0.65pm Sartoclean ™ (Sartorius)

0.65pm prefilter/0.45pm Sartobran ™ (Sartorius)



WO 2006/008504 PCT/GB2005/002817

-20 -

0.45um prefilter/0.2pm filter Sartobran™ cellulose nitrate

membrane (Sartorius)

The filters were tested as either syringe filters or 47mm discs contained in a filter

housing and attached to a peristaltic pump to control the flow rate at 4ml min™.

The protein recoveries obtained with a range of buffers and filters are shown in
Table 3. When the OMVs were resuspended in water for injection with 3%
sucrose, poor recoveries were obtained and the filters quickly blocked. The use
of 0.2M glycine pH 8.5 allowed recoveries of 28-40% and this was improved by
use of the pH8.0 buffer, where recoveries greater than 75% were obtained with
the Sartobran filters. A further improvement in recoveries was observed when
0.2M glycine pH 8.0 3% sucrose was used and the filters were pre-wetted with
this buffer. With these conditions it was possible to filter the OMVs through the
Sartobran filter with a 97% recovery and then conduct a second filtration on the

same OMVs with an 81% recovery.

The particle sizing results are shown in Fig. 3 and both the Sartobran ™ 0.45um
/0.2pm filter and the Pall 0.8um/0.2pm filter types result in a single peak of
approximately 154.6 and 158nm respectively. Fig 3A is the starting material
profile of OMVs at 300pgmi™ in 0.2M glycine pH8 3% sucrose. These OMVs have
been homogenised at 8000rpm followed by 9500rpm and allowed to equilibrate
at 4°C overnight. Fig 3B shows the post-filtration profile of OMVs after filtration
through the Pall 0.8pm/0.2pm membrane and Fig. 3C is the post-filtration profile
after filtration through the Sartobran ™ cellulose nitrate membrane 0.45pm/0.2
pm filter. Although these methods gave comparable results, the Pall membrane
was more prone to blocking and a greater quantity of OMV material was present
on this membrane after filtration compared with the cellulose nitrate membrane.

The invention therefore provides a method for stably maintaining OMVs in

suspension as separate vesicles, thus enabling the OMVs to be filtered with low
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loss.
Example F: Particle size and Zeta Potential of Neisseria lactamica after storage

The particle sizes and zeta potentials of N. lactamica (Y92 1009) Outer Membrane
Vesicles (OMV) stored in PBS or Glycine/sucrose buffer was measured.

Size analysis of the N.lactamica OMVs suspended in phosphate buffered saline
shows the presence of large ( 1000 ym) aggregates and this lead to problems
when filter sterilizing the vaccine through a double 0.2um filter. Thus, we have
explored a range of conditions to ensure that the OMVs remain in suspension as
discrete particles.

Particle size and zeta potential measurements were performed as per
manufacturers instructions (Malvern Instruments Zetasizer nano series - Nano- ZS
and DTS nano Dispersion technology software Version 3.00) using Zetasizer nano
Series disposable folded capillary cells (Cat No DTS1060)

Samples of OMVs frozen on 20.08.04 stored in PBS or 0.2M glycine pH 8.0, 3%
sucrose were thawed on 13.06.05 at room temperature, vortexed for 5 minutes and
mixed thoroughly using a pipette before testing. The OMVs stored in PBS had a
larger particle size than could be measured as they had formed into large
aggregates (Table 5). This is confirmed by electron microscopy (Figure 4). The
OMVs stored in 0.2M glycine pH 8.0, 3% sucrose at -20°C for 10 months showed a
low particle size (Table 5) and discrete vesicles were seen by electron microscopy

(Figure 5). Figure 4 shows OMVs suspended in PBS, which are highly aggregated.

Freshly made samples of OMVs resuspended in either PBS or 0.2M glycine pH‘8.0,
3% sucrose were homogenized at 11,000 rpm for 5 minutes and then allowed to
stand at room temperature for 5 minutes before testing. The particle size data was
essentially the same as that for OMV stored frozen for 10 months. The OMVs in
PBS were aggregated whilst those in 0.2M glycine pH 8.0, 3% sucrose remained as
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predominantly discrete OMVs.
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Table 5 mean particle size and zeta potential of N. lactamica OMVs.

Sample . Mean tSD
Mean particle size | Zeta Potential (mv)
‘ (nm)
OMVs stored at -20°C in >1000 T 0.01:24
PBS for 10 months and ‘ :
thawed
OMVs stored at -20°C in 159.10.2.66 -25.88 + 4.57

0.2M glycine pH 8.0, 3%
sucrose for 10 months
and thawed

Freshly prepared OMVs >1000 -0.01 £ 0.034
resuspended in PBS :

Freshly prepared OMVs 149.4 £ 0.219 -24.3 £ 4,195
resuspended in 0.2M

glycine pH 8.0, 3%
sucrose
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Table 6. Summary of filter studies using Mini KleenPak EKYV filters
-(Pore size 0.65/0.2 ym, Pall UK Order number KAO2EKVP2S), all
material had been stored at -20°C for 1 week and thawed at 4°C
overnight before use.

Lowry Protein -

(ug/ml) % recovery Size
Pre Post 3 Pre Post
Batch 1 1 386 176 230.73 144,76
2 176 167 43 144,76 142.06
Batch 2 1 409 141 270.26 166
2 141 129 31 166 153.83
Batch 3 1 377 175 220.55 173.96
2 175 147 38 173.96 189
Batch 4 1 363 150 219.66 167.44
2 150 163 (150) 41 167.44 182.7
Batch 5 1 420 182 214 151
2 182 129 C 3 151 180
Batch 6 1 372 191 177 147
2 191 200 54 147 151
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Claims

1. A method of stabilising an OMV preparation, comprising suspending OMVs in
a solution which imparts a surface charge to the OMVs that is sufficiently high
to prevent aggregation.

2. A method of stabilising an OMV preparation, comprising suspending OMVs in
a solution which imparts a zeta potential outside the range -15 mV to 15 mV,
wherein the OMVs are not genetically modified so as to delete PorB.

3. A method of stabilising an OMV preparation, comprising suspending the
OMVs in a solution which imparts a zeta potential outside the range -15mV to

15mV, and homogenising the resultant suspension.

4. A method according to Claim 3, wherein the OMVs are not genetically

modified so as to delete PorB.

5. A method of stabilising an OMV preparation comprising:-
(i) obtaining a preparation of OMVs in a solution, and
(ii) adjusting the zeta potential of the solution to fall outside the range -15mV
to 15 mV.

6. A method according to Claim 5, wherein the OMVs are not genetically
modified so as to delete PorB.

7. A method according to Claim 6, wherein the zeta potential is adjusted by

altering the pH of the solution.

8. A method according to Claim 7, wherein the pH is altered to be equal to or
greater than pH 8.

9. A method according to Claim 7, wherein the pH is altered to be equal to or
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less than pH 6.

A method according to Claim 6, wherein the zeta potential is adjusted by
altering the ionic strength of the solution.

A method according to Claim 10, wherein the ionic strength of the solution is
altered by the addition of ions to the solution.

A method according to Claim 6, wherein the zeta potential is adjusted by
altering the temperature of the solution.

A method according to Claim 12, wherein the zeta potential is adjusted by
lowering the temperature of the solution.

A method of preventing aggregation of OMVs comprising:-

(i) obtaining a preparation of OMVs in a solution,

(if) measuring the aggregation of the OMVs in said solution,

(iif) if the OMVs are aggregated, adjusting the zeta potential of the solution,

and returning to step (ii).

A method according to claim 14, wherein the OMVs are aggregated when

they have a mean diameter in excess of 200nm.

A method according to Claim 14 or 15, wherein the zeta potential is adjusted
by altering the pH of the solution.

A method according to Claim 14 or 15, wherein the zeta potential is adjusted

by altering the ionic strength of the solution.

A method according to any of claims 14 to 17, further comprising a
homogenisation step after step (iii).
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A method according to any of claims 14 to 18, wherein the preparation of
OMVs is subsequently frozen.

A method of filtering an OMV preparation, comprising:-

(i) suspending OMVs in a solution which imparts a surface charge to the
OMVs that is sufficiently high to prevent aggregation, and

(it) filtering the resultant suspension through a filter membrane.

A method of filtering an OMV preparation, comprising:-
(i) suspending the OMVs in a solution, the suspension having a zeta potential
falling outside the range -15V to 15mV,

(if) filtering the resultant suspension through a filter membrane.

A method of filtering an OMV preparation, comprising
(i) stabilising an OMV preparation according to any of claims 1 to 13, and
(ii) filtering the resultant stabilised preparation through a filter membrane.

A method according to any of claims 20 to 22, further comprising a
homogenisation step between steps (i) and (ii).

A method according to any of claims 20 to 23, wherein at least 90% of the
OMVs in step (i) have a mean diameter of less than 200 nanometres.

A method according to any of claims 20 to 23, wherein at least 90% of the
OMVs in step (i) have a mean diameter of less than 180 nanometres.

A method according to any of claims 20 to 23, wherein at least 90% of the
OMVs in step (i) have a mean diameter of less than 160 nanometres.

A method according to any of claims 20 to 26, wherein the filter membrane
has a pore size of from 0.2 - 2 microns.
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A method according to any of claims 20 to 27 for sterilizing an OMV
preparation, wherein the filter membrane has a pore size of about 0.2

microns.

An OMV preparation preparable by a method of any one of the preceding
claims, comprising OMVs having a sufficiently positive or negative surface

charge to substantially prevent aggregation.

An OMV preparation according to claim 29, wherein the OMVs are not

genetically-modified to delete PorB.

An OMV preparation, wherein at least 65 % of the OMVs have a mean
diameter of less than 180nm, and wherein the preparation remains stable for
at least 24 hours.

An OMV preparation, wherein at least 75% of the OMVs have a mean
diameter of less than 250nm, and wherein the preparation remains stable for
at least 24 hours.

An OMV preparation comprising wild-type OMVs having a sufficiently positive

or negative surface charge to substantially prevent aggregation.

An OMV preparation comprising wild-type OMVs suspended in a solution,
wherein the zeta potential of the solution is outside the range -15mV to
15mV.

A sterile OMV preparation, comprising OMVs suspended in a solution,
wherein the solution has a sufficiently positive or negative zeta potential to
substantially prevent aggregation, and wherein the OMVs have been filtered
through at least one filter membrane having a pore size of 0.2 microns or

less.
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An OMV preparation, comprising OMVs suspended in a solution, wherein the
solution has a sufficiently positive or negative zeta potential to substantially
prevent aggregation, and wherein the OMVs are not genetically modified so
as to delete PorB.

An OMV preparation according to claim 36 wherein the OMVs are not
genetically modified to express more than one PorA protein.

An OMV preparation according to claim 37, wherein the OMVs are not
genetically modified to express more than one of the following PorA
subtypes:-

P1.7-2,4

P1.12,13

P1.5-2,10.

A vaccine comprising a preparation of OMVs according to any of claims 29 to
38.

Use of a substance that is capable of adjusting zeta potential in the

manufacture of a medicament for treating meningococcal disease.
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FIG. 3A

Results
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FIG. 3C

Results
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MFA717cp.tif
N.lactamica OMVs sample 3, 500 nm
made June 05, PBS - EM no. 29/05 Direct Mag: 39000x

Print Mag: 64800x @ 7.0 in
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MFA718c.tif

N.lactamica OMVs sampile 4, 500 nm
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