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PURIFICATION OF VIRUS LIKE PARTICLES

CROSS-REFRENCE TO REFLATED APPLICATIONS
{6001} This application claims priority to U.S. Provisional Patent Application No. 61/663,218,
filed June 22, 2012, and U.S, Provisional Patent Application No. 61/794,086, filed March 15,

2013, the entire contents of each of which is incorporated herein by reference in s entirety.

FIELD OF THE INVENTION
{0002} The invention is in the feld of vaccines, including vaccines for norovirases, Aspects of

the invention relate to methods of preparing and purifying vaccine compositions.

BACKGROUND OF THE INVENTION

{0083} Production of virus-like particles (VLPs) typically involves expression and assembly of
the VLPs in host cell expression systems. For removing infectious agents from the resulting
production cultures, virus filtration 1s commonly used, though other methods such as UV
inactivation or chemical inactivation may also used {cither along or in conjunction with filter-
based methods). However, for larger biological components such as VLPs, virus filtration is not
available as the VLPs are often too close in size to infectious agents {¢.g., viruses) to be capable
of being scparated from such infectious agents by filtration alone.

{0084} In a particular example, following baculovirus expression of VLPs in S insect cells, the
resulting bulk production cultures contain high levels of process contaminants inchuding host cell
proteins, nucleic acids and live infectious agents, including baculovirus. While harvest of VLP
production culture by low speed centrifugation and filtration generates a clarified sample suitable
for downstream purification, these methods are not suitable for removal of host cell protein and
five viruses, including baculovirus. Therefore, other methods are needed to inactivate infoctious
agents and/or clear process contaminants during harvest to facilitate downstrcam processing

when preparing VLPs,
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SUMMARY OF THE INVENTION

{8005 Provided herein are methods uscful for clearing process contaminants from VLP ccll
lysates and production cultures, and the VLP compositions produced thereby. In one
cmbodiment, the methods of the invention comprise generating or obtaining a ccll lysate, culture
supcrnatant, or filirate containing said VEPs, and adjusting the pH of the lysate, supernatant or
filtrate to a pH value less than about 5 to gencrate a pH-adjusted solution. The method further
compriscs removing non-YLP particulates/aggregates from the pH-adjusted solution to gencrate
a purificd solution comprising the VEPs.

{0086} Tn some embodiments, the pH treatment methods of the present mvention are usetul for
separating structurally diverse populations of VLPs, where the VLPs comprise at lcast a fivst
subpopulation and a second subpopulation of the VLPs.,  Separating the von-VLP
particulates/aggregates may comprise separating the second subpopulation of VLPs from the pH-
adjusted solution fo generate the purified solation, wherein the purified solution substantially
retains the first subpopulation of VEPs., The method may further comprise, afier separating the
seeond subpopulation of VLPs from the purified solution, separating the first population of VLPs
fromn the purified solation. Tn some embodiments, the VLP is a norovirus VLP, wherein the first
subpopulation comprises norovirus VLP with a full fength VP1 subunit, and wherein the second
subpopulation comprises norovirus VLP with a truscated VPI subunit. The ratio of the first
subpopulation of VLPs to residual contaminating protein is increased to at least about 50%
following such treatment. In some embodiments, the ratio of the first subpopulation of VLPs to
residual contaminating protein is increased to at least about 30% following such treatment.
{08871 In some embodiments, separating comprises one or more of the following processes:
centrifugation, precipitation, flocculation, scttling, and filtration. In some embodiments,
removing the VLPs comprises scparating a first subpopulation of VLPs from the purified

solution using one or more chromatographic processes.
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{0008} In somc aspects of the invention, a method for purifying VLPs comprises generating or
obtaining a cell lysate, culture supernatant, or filtrate containing VLPs, and purifying the VLPs
using a multistep chromatographic process to generate a purified solution. At least onc
chromatographic process of the muwltisiep chromatographic process comprises contacting the
lysate, supernatant or filtrate with a chromatographic material, wherein the VLPs bind to said
chromatographic matenial; treating the chromatographic rmaterial with a solvent and/or detergent;
and cluting, after said treating, the VLPs from the chromatographic material. Each
chromatographic process is independently selected from: hydroxvapatite chromatography,
hydrophobic 1interaction chromotography, size exclusion chromatography, ion exchange
chromatography, mixed mwode chromatography, membrane-based chromatography, and athinity
chromatography. In some cmbodiments, a first chromatographic process of the multistep
chromatographic process is ion cxchange chromatography, wherein the ion exchange
chromatography is selected from anion exchange chromatography and cation exchange
chromatography.

{0089} In some embodiments, a first chromatographic process of the multistep chromatographic
process is cation exchange chromatography, and said treating step is performed on a cation
exchange column of the cation exchange chromatography process. In some embodiments, a first
chromatographic process of the wmultistep chromatographic process is  hydroxyapatite
chromatography, and said treating step is performed on a hydroxyapatitc column of the
hydroxyapatitc chromatography process. In some embodiments, the first chromatographic
process of the multistep chromatographic process is affinity chromatography, and said treating
step is performed on an affinity column of the affinity chromatography process. In some
embodiments, the first chromatographic process of the mmltistep chromatographic process is
mixed mode chromatography, and said treating step is performed on a mixed mode column of
the mixed mode chromatography process.  In some cmbodiments, the first chromatographic
process of the multistep chromatographic process is hydrophobic interaction chromatography,
and said treating step is performed on a hydrophobic interaction column of the hydrophobic
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interaction chromatography process. 1n some cmbodiments, the method further comprises one or
more additional chromatographic proceosses.

{0010} The solvent and/or detergent comprises one or more of the following: Tributyl phosphate
{TaBP), nonionic detergents {including Triton X-100 and polyoxycthylene sorbitan monooleate},
zwiterionic detergents (including CHAPS and Zwittergent 3-12) and ionic detergents {including
sodiurn cholate and Dimethyldioctadecylammonium bromide}.

{0011} Tn some ernbodiments, the VLPs are one or more of norovirus genogroup 1 VLPs,
norovitus genogroup I VLPs, noroviras genogroup IV VLPs, chimeric noroviras VLPs,
engineered norovirus VLP varniants, and sapovirus VLPs., In some embodiments, the VLPs are
one or more sapovirus VLPs. In some embodiments, the ratio of the VLPs to residual
contaminating protein s increased at least about two-fold.

[0012] In some cmbodiments, the ratio of the VLPs to residual contamunating protein i
increased at least about ten-fold as compared to the lysate, supernatant or filtrate. In some
embodiments, at least about 50% of residual contaminating protein s removed from the lysate,
supernatant or filtrate. In some cmbodiments, no more than about 50% of the VLPs are lost
during said purification.

{0813} In some embodiments, the lysate, supernatant or filtrate is generated using recombinant
methodologies, and the VLPs are produced in bacterial cells, insect celis, yeast cells, or
mammalian cells. The VLPs may also be produced in plant cells.

18014} In some aspects of the invention, a method of purifying VLPs comprises generating or
obtaining a cell lysate or culture supernatant/filtrate containing VLPs, said VLPs comprising at
least a first subpopulation and a sccond subpopulation of the VLPs. The method further
comprises adjusting the pH of the lysate, supernatant or filtrate to a pH of less than about 5, and
removing the second subpopulation of VLPs from the pH-adjusted solution using a filtration
process to generate a filtered solution. The filtered solution substantially retains the first
subpopulation of VLPs. The method additionally comprises scparating the first subpopulation of
VLPs from the filicred solution using a multistep chromatographic process which incorporates at
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icast one on-column solvent and/or detergent freatment step. In some embodiments, the ratio of
the first population of VLPs to residual contaminating protein is increased at least about two-
fold. In some cmbodiments, the filtration process inchudes a depth filiration process.

{8015} In some cmbodiments, the VLPs are one or more oft norovirus genogroup | VLPs and
norovirus genogroup H VLPs. In other embodiments, the VLPs are one or more of norovirus
genogroup TV VLPs and other noroviras genogroups which are determined to infect humans in
the future.

[8016] In some aspects of the invention, a method of purifying VLPs comprises generating or
obtaining a cell lysate, culture supernatant, or filtrate countaining VLPs. The method further
comprises adjusting the pH of the lysate, supernatant or filtrate to a pH of less than about 5 to
generate a pH-adjusted solution.  The method additionally comprises removing non-VLP
particulates/aggregates from the pH-adjusted solution to gencrate a purified solution, said
removing including clarifving the pH-adjusted solution by a depth filtration process to generate a
purified, depth-filtered solution. In some embodiments, the depth filtration process comprises
contacting the pH-adjusted sohution with one or more depth filters to generate the purified
solution. In some embodiments, at least one of the depth filters is a diatomaceous carth depth
filter. In some embodiments, the one or more depth filters are a plurality of diatomaceous earth
depth filters cach having a filter capacity independently selected from a range of about 50
liters/m” to about 1000 liters/m’ In some embodiments, the one or more depth filters is a single
depth filter cach having a filter capacity selected from a range of about 150 liters/m” to about 400
liters/m®  In some embodiments, at least about 953% of residual contaminating nucleic acid is
removed from the pH-adjusted solution as compared to the fysate, supernatant or filtrate. In some
embodiments, at least about 75% of the VLPs are recovered from the pH-adjusted solution as
compared to the lysate, supornatant or filtrate.

{0617] In some aspects of the invention, a solution of the invention comprises a purified
population of norovirus VLPs, wherein said solution contains no more than 10% residual

contaminating protein relative to VLP as measured by size-exclusion chromatography and
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ELISA. In some cmbodiments, the solution is purified from a cell lysate, culture supernatant, or
filtrate containing the norovirus VLPs. In some embodiments, the solution contains no more
than 35% residual contaminating nuclcic acid relative to the lysate, supcrnatant or filtrate. In
some embodiments, at least about 50% of the norovirus VEPs in the lysate, supernatant or filtrate
are recovered. In some embodiments, the ratio of the norovirus VLPs to residoal contaminating
protein s increased at least about ten-fold as compared to the lysate, supernatant or filtrate.
{0018} Tn some aspects of the wvention, a solution of the invention comprises a purified
population of VLPs, wherein said solution contains at least about 50% VLPs with a full length
VP subunit. In some embodiments, the solution contains up fo about 100% VLPs with the full
iength VP1 subunit.  In some embodiments, the solution is substantially free of VLPs with a
truncated VP1 subunit. In some embodiments, the solution is gencrated from a starting material
containing at least about 10% VLPs with a truncated VP1 subumit. In some embodiments, the
starting material is a cell tysate, culture supernatant, or filtrate containing the VLPs,

{8319} In some aspects of the invention, a method of clearing and/or tnactivating live virusin a
solution containing the live virgs and further containing VEPs generated by the live host cell
virus, comprises adjusting the pH of the solution to a pH value less than about 5 to gencrate a
pH-adjusted sohition. In some embodiments, the level of live virus in the pH-adjusted solution is
reduced at least about 10° fold. In some embodiments, the level of live viras in the pH-adjusted
solution is reduced at least about 10° fold. The live virus can include, but is not limited to host
cell virus, production virus {e.g. baculovirus}, and other contaminating viruses, such as due to
human handling.

10020} In some cmbodiments, the method further comprises removing non-VLP
particulates/aggregates from the pH-adjusted solution to gencrate a purified solution, and
purifving the purified solution using at least one chromatographic process. The at least onc
chromatographic process comprises contacting the purified solution with a chromatographic
material, wherein the VLPs bind to said chromatographic material and treating  the
chromatographic material with a solvent and/or detergent. The at least one chromatographic
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process further comprises cluting, after said treating, the VLPs from the chromatographic
material to generation an cluate. In some embodiments, the level of live virus in the cluate i3
reduced by at least about 107 compared to the solution containing the live virus.

{8021} In some aspects of the invention, a method of clearing and/or inactivating ive virus in g
solution containing the live virus and further containing VLPs generated by the live virus,
comprises purifying the solution countaining the live virus using at least one chromatographic
process, The at least one chromatographic process comprises contacting the solution containing
the Hive virus with a chromatographic material, wherein the VLPs bind to said chromatographic
material, and treating the chromatographic material with a solvent and/or detergent. The at least
one chromatographic process further comprises eluting, after said treating, the VLPs from the
chromatographic material to gencration an cluate. In some embodiments, the level of live
residual contaminating virus in the eluate is reduced at least about 10° compared to the solution
containing the hve virus. In some embodiments, the level of Hive virus in the eluate is reduced at
feast about 10 compared to the solution containing the live virus.

{8022} The present invention also comprises the VLP compositions produced by the methods
disclosed herein, and vaccine compositions comprising the VLPs in addition to one or more
adpuvants and/or exciptents. The VLP compositions produced herein are advantageous in that
they have less process contaminants and are substantially free of aberrant VILP stractures formed

during production,

BRIEF DESCRIPTION OF THE DRAWINGS
{0023} FIG. 1A, illustrating a low pH treatment, is a stained SDS-PAGE gel of the Norwalk VP
subunit as the prominent band, where Lane 1 s bulk Norwalk VLP production culture (total);
lanc 2 is VLP production culturc-microfuge supernatant/filtrate; lane 3 is VLP production
culture-microfuge pellet; fanc 4 is bulk VLP production culture following low pH treatment
(total}; and lane 5 is VLP production culture following low pH treatment, low-speed
centrifugation and 0.2 pm filtration (final harvest material);
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{0024} FIG. 1B, illustrating the low pH treatment, s g stained SDS-PAGE gel with the
Consensus VP1 subunit as the prominent band, where Lanc 1 is bulk Consensus VLP production
culture {total); and lanc 2 is VLP production culture following low pH treatment, low-speed
centrifugation and 0.2 um filtration (final harvest material);

{0025} FIG. 2A, llustrating the solvent/detergent treatment, is a representative chromatogram
for the bind and chute unit operations during cation-exchange capture chromatography, where
Norwalk VLP Conditioned Media was loaded on a 180 mL bed volume Sartobind S capsule at
100 ml/min. The chromatogram shows: 1} loading of Conditioned Media; 2} solvent/detergent
wash; and 3) clotion of Norwalk VLPs;

[8026] FIG. 2B, illustrating the solvent/detergent treatment, 18 a representative chromatogram for
the bind and clute unit operations during hydroxyapatite capture chromatography, where
Worwalk VLP Counditioned Media was loaded on a 250 wl. bed volume hydroxyapatite columm
at &0 mL/min. The chromatogram shows: 1} foading of Conditioned Media; 2} solvent/detergent
wash; and 33 100 mM phosphate wash; and 4) elution of Norwalk VELPs;

{00271 FIG. 3A, illustrating analysis of VLP integrity, is an analytical size-exclusion
chromatogram where the chromatogram demounstrates a 7.4 minuie peak consistent with
assembled particles;

{B028] FIG. 3B, illustrating analysis of VLP integrity, is a transmission electron micrograph
demonstrating ~30-40 nm particles anticipated of T3 icoschedral VLPs;

{0029} FIG. 4A, illustrating a flow diagram for VLP production and harvest via centrifugation;
and

{0030} FIG. 48, illustrating a flow diagram for VLP production and harvest via depth filtration.

DETAILED DESCRIPTION OF THE INVENTION
{0631} The present invention relates to preparation of solutions and/or vaccine compositions, and
particufarly to methods of purifying VLPs. In particular, the present inventors have found that a
iow pH treatment stop of VLP production cultures provides for beneficial clearance of process
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contaminants such as live host cell virus and residual contaminating protein, as well some
variants of the VLP population, while maintaining the immunogenicity and integrity of VLFP
structure. For example, for purification of norovirus VLPs, the present inventors have found that
a low pH-trcatment step rosults in substantial romoval and/or inactivation of Hive viruses and
norovirus VLPs having a truncated VP 1 subunit.

[0032] It s understood that aspects of the present immvention are applicable to purification of any
VLP, and variants thereof. Tn some embodiments, the VLP 1s of a virus that belongs to the
Caliciviridae faroily. Tn some embodiments, the VLPs are norovirus VLPs, including chimeric
or cnginecred variants, In sore embodiments, the VLPs are sapovirus VLPs,

{00331 It is also understood that aspects of the present invention are applicable for VLP
purification that results in removal of live virus infectious agents. To some embodiments, the live
virus is a non-enveloped virus such as, for example, a parvovirus, a rotavirus, and/or the hke. In
some embodiments, the live virus is an enveloped virus such as, for example, a baculovirus, a
retrovirgs, an errantivirus, an arbovirus, respiratory synctial viras, and/or the like.

{8034} Additionally, the present inventors have found that a treatment with a solvent and/or
detergent is a uscful step for mactivating and removing viral contaminants, including remaining
baculovirus 1f VLPs are produced using the baculovirus expression system. Accordingly, the
methods of the invention may additionally or alternatively comprise at least one chromatographic
process that involves cither treating a chromatographic material {(e.g. of a chromatography
column} which is in contact with a composition that comprises the VLPs with a solvent and/or
detergent, and/or adding the solvent/detergent to the composition that comprises the VLPs prior
to contact with the chromatographic material, This is folowed by elution of the VLPs from the
chromatographic material and applying SDR Hyper-D for removal of residual sobvent/detergent.
18035} Additionally, the present inventors have found that depth filtration with onc or more
depth filters, such as diatomaccous carth and/or synthetic depth filters for example, i3 a useful
step for removing residual contaminating nucleic acid, including baculovirus nucleic acid if
VLPs arc produced using the baculovirus expression system.  Accordingly, the methods of the
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invention may additionally or alternatively comprise clarifying any solution containing VLPs
and residual contaminating nucleic acid by a depth filtration proccss to generate a purified,
depth-filtered solution.

{8036] The present inventors have also found that the purified solution{s} gencrated by onc or
more of the abovementioned processes beneficially result in reduction of residual contaminating
protein relative to VLP in the purified solution, as compared to any pre-purification solution.
Accordingly, the solations of the invention may show reduction in residual contaminating
protein relative to VLP as a result of the purification,

{00371 The present inventors have also found that the purified solution{s) generated by one or
more of the abovementioned processes beneficially result in a relative increase of VLP levels of
VLPs with a full length VPI subumit as compared to any pre-purification solution. Accordingly,
the solutions of the invention may show increased levels of VLPs with a full length VP1 subuntt
as a result of the purification.

{08381 A method for purifving virus like particles {(VLPs} comprises generating or obtaining
acell lysate, culture supernatant, or filtrate containing said VEPs. The method also comprises
adjusting the pH of the lysate, supernatant or filtrate to a pH value less than about 5 to generate a
pH-adjusted solution. The method also comprises removing non-VLFP particulates/aggregates
from the pH-adjusted solution containing the VLPs to generate a purified solution.

{6039} In some embodiments, production of VLPs generates a cell lysate, culture supernatant, or
filtrate comprising at least a first subpopulation and a second subpopulation of the VLPs as well
as other process contaminant materials. In some embodiments, the lysate, supernatant or filtrate
is a bulk production cuiture, or is gencrated from a bulk production culture. In some
embodiments, the lysate, supernatant or filtrate i3 obtained from a culture supernatant that has
been pre-cleared by filtration and/or centrifugation.

{0040} In some embodiments, the subpopulations of the VLPs are characterized based on their
differential response to pH treatment, based on the antigenic response elicited, and/or based on
structural differences. Accordingly, it is envisioned that more than two subpopulations of the
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VLPs may cxist, depending on the virus. In some cmbodiments, the generated VLP is a
norovirus VLP, the first subpopulation comprises norovirus VLP with a full length VP1 subunit,
and the sccond subpopulation comprises norovirus VLP with a truncated VP1 subunit. In some
embodiments, the norovirus VLPs are one or more of norovirus genogroup [ VLPs, norovirus
genogroup H VLPs, norovirus genogroup 1T VLPs, worovirus genogroup IV VLPs, and
norovirus genogroup V VLPs. In some embodiments, the VLPs are acid-stable VLPs.

{8041} The methods of the invention include adjusting the pH of the lysate, supernatant or
filirate to scparaie the VLPs from process contaminants and aberrantly formed VLP-hike
structures.  Process contaminants may include, but are not hmited to, polysaccharides, residual
contarninating proteins such as host cell proteins, residual contaminating nucleic acid such as
host cell nucleic acid, lipids, media components, live infectious agents such as hive host cell
vituses (c.g. baculoviruses), and the like, as well as assemblics or aggregates of any of the
foregoing contaminants. An aberrantly formed VLP-hike structure may be any VLP structure
that is distinguishable from a desirable VLP structure based on their differential response to
environmental conditions (for example, pH treatment or temperature), the antigenic response
elicited, structural differences, separation profiles (for example, chromatographie, sedimentation,
or filtration}, and/or the hike.

{8842} In some embodiments, the pH of the lysate, supernatant or filtrate i3 adjusted to less than
about 5 to generate the pH-adjusted solution. In some cmbodiments, the pH of the lysate,
supernatant or filtrate is adjusted to less than about 4.5, to less than about 4, to less than about
3.5, to less than about 3.4, to less than about 3.3, to less than about 3.2, to less than about 3.1, 1o
less than about 3, 1o less than about 2.9, to less than about 2.8, to less than about 2.7, to less than
about 2.6, to less than about 2.5, 1o less than about 2, to less than about 1.5, to less than about 1,
and all ranges/subranges in between.

{00643] The pH of the lysate, supernatant or filtrate may be adjusted by any method known to one
of skill in the art. In some embodiments, the pH is adjusted by addition of one or more reagents
to the lysate, supernatant or filtrate that result in acidification. Excmplary acidification reagents
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may include: hydrochloric acid, acctic acid, sulfuric acid, and phosphoric acid. The pH, volume,
and composition of the added reagents(s) may be suitably sclected as is known in the art.

{8044} In some embodiments, the duration of pH adjustment and/or treatment of the lysate,
supernatant or filtrate is about 30 minutes. In some embodiments, the duration of pH adjustment
and/or treatment of the lysate, supernatant or filtraie 1s about 1 hour, 1s ahout 2 hous, is about 3
hours, 18 gbout 4 hours, 18 about 5 hours, 1s about 10 bours, 18 about 15 hours, is about 2¢ hours,
i5 about 25 hours, is about 30 hours, 18 about 35 hours, is about 40 hours, ts about 45 howrs, i
about 46 hours, is about 47 hours, 1s about 48 hours, and all ranges/subranges i between.

{0045} Tn some cmbodiments, the lysate, supernatant or filtrate comprises a first subpopulation
and a second subpopulation of VLPs as discussed carlier, and adjusting the pH of the lysate,
supernatant or fltrate results in a heterogeneous distribution of the first and second
sabpopulations. In some embodiments, the pH treatment results in particulate and/or aggregate
formation in the pH-adjusted solation, the second subpopulation of VLPs is substantially found
in the resulting particulates/aggregates, and the first subpopulation of VLPs remain in the volume
of the pH-adjusted solution. In some embodiments, as exemplified with the norovirus genogroup
11 VLPs punified herein, the second subpopulation comprises VLPs containing tnuncated VP
profeins, in contrast to the first subpopulation which comprises VLPs with full length VPI
proteins,

{0046} In some embodiments, the method of purifving VLPs further includes removing the non-
VLP particulates/aggregates from the pH-adjusted solution to generate the purified solution. In
some embodiments, removing inclades, but is not limited to, one or more of the following
processes.  centrifugation, precipitation, flocculation, settling, and filtration. In some
embodiments, separation involves at least contrifugation to romove the particulates/aggregates.
{8847} In some embodiments, removing the non-VLP particulates/aggregates includes separating
the sccond subpopulation of VLPs from the pH-adjusted solution to generate the purified
solution, wherein the purified solution substantially retains the first subpopulation of VLPs. In
other words, the particulates/aggregates comprise the sccond subpopulation of VLPs, In this
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manncer, sclective removal of an undesirable subpopulation of VLPs may be achicved at an carly
stage of the harvest process, 1.¢., during culture clarification.

{8048} In some cmbodiments, the removal/clarification is done by one or more filtration
processes. Suitable filtration include, but are not limited to, depth-filtration, membrane filtration,
chemical filtration, and/or the like. Tn sore embodiments, at least one filtration process is depth
filiration using one or more depth filters. Depth filtration can refer to any filtration process that
croploys a porous flter/filtration medium. Suitable depth filters inchude, but are not limited to,
diatornaceous earth depth filters, synthetic depth filters, and/or the ke, Benefits of using depth
filtration include case of operation and availability of disposable materials that climinate the
requirement for cleaning validation required for reused equipment. In some embodiments, one
or more additional filtration processes, such as using a sub-micron filter, can be optionally
employed as well.

{0049] In some embodiments, the ratio of the first subpopulation of VLPs to residual
contaminating protein is increased at least about two-fold after this step. In some embodiments,
the ratio of the first subpopulation of VLPs to residual contaminating protein is increased at Jeast
about three-fold, at least about four-fold, at least about five-fold, at least about ten-fold, at least
about fifteen-fold, at least about twenty-fold, at east about fifty-fold, at least about seventy-five-
fold, at least about one-hundred-fold, and all values in between.

{605¢] In some cmbodiments, at least about 50% of residual contaminating mucleic acid is
removed from the lysate, supernatant or filtrate after filtration. The term ‘residual contaminating
nucleic acid’ can include, but is not Limited to, host cell nucleic acid, nucleic acid of host cell
viruses, mucleic acid of the production virus {i.e. used to produce the VLPs), and/or the like. In
some embodiments, at least about 55% of residual contaminating nucleic acid, at least about
60%, at least about 61%, at least about 62%, at lcast about 63%, at least about 64%, at least
about 65%, at least about 66%, at least about 67%, at lcast about 68%, at least about 69%, at
lcast about 70%, at least about 75%, at least about 80%, at least about 85%, at least about 90%,
at least about 21%, at least about 92%, at least about 93%, at lcast about 94%, at least about
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95%, at lcast about 96%, at least about 97%, at lcast about 98%, at lecast about 99%, at least
about 100%, and all values in between, is removed from the lysate, supernatant or filtrate,

{8051} In general, the extent of purification of the VLPs aficr the specificd processing step may
bc measurcd {against the lysate, supernatant or filirate) by the change in a ratio of the
concentration of the VLPs to the concentration of any other component. For example, the ratio
may be calculated between VLP concentration and infections agent concentration, between VLP
concentration and residual contaminating protein, and/or between VLP concentration and host
cell process contaminanis,

{0032} Tn some embodiments, purifying the VLPs also cncompasses, after removing the second
sabpopulation of VLPs from the pH-adjusted solution, separating the first population of VLPs
from the purificd solution. In some embodiments, separating the first population of VLPs from
the puorified solution inclodes any suitable separation process{es) such as, for example,
centrifugation (¢.g. contingous flow), precipitation, phase-separation, fangential flow filtration,
buffer exchange methods, and/or the like. In some embodiments, separating the first population
of VLPs from the purified sohution includes using one or more chromatographic processes. Each
chromatographic process may be independently selected from, but is not limited fto,
hydroxyapatite chromatography, hyvdrophobic  interaction chromtography, size exclusion
chromatography, ion exchange chromatography, wmixed mode chromatography and affinity
chromatography. lon exchange chromatography can be anion exchange chromatography or
cation cxchange chromatography.

{6053} In some embodiments, the ratio of the first subpopulation of VLPs to residual
contaminating protein is increased at least about two-fold after this step. In some embodiments,
the ratio of the first subpopuiation of VLPs to residual contaminating protein is increased at least
about three-fold, at least about four-fold, at least about five-fold, at least about ten-fold, at least
about fiftcen-fold, at lcast about twenty-fold, at feast about fifty-fold, at least about seventy-five-
fold, at least about one-hundred-fold, and all values in between. In some embodiments, at least
about 30% of residual contaminating nucleic acid is removed from the lysate, supernatant or
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filtratc after this step. The term ‘residual contaminating nucleic acid’ can include, but is not
limited to, host cell nucleic acid, production virus nucleic acid, viral nucleic acid, bacterial
nucleic acids, fungal nucleic acids, nucleic acids from other organisms that may or may not be
related to the systems and methods described herein, and/or the like. In some embodiments, at
icast about 55% of residual contaminating nucleic acid, at least about 60%, at least about 61%, at
least about 62%, at least about 63%, at least about 64%, at least about 65%, at Icast about 66%,
at least about 67%, at least about 68%, at least about 69%, at least about 70%, at least about
75%, at least about 80%, at least about 85%, at least about 90%, at least about 91%, at least
about 92%, at least about 93%, at least abouot 94%, at least about 93%, at least about 96%, at
feast about 97%, at least about 98%, at least about 99%, at least abouat 100%, and all values in
between, is removed from the lysate, supernatant or filtrate.

{0054] The present inventors have also found that a solvent and/or detergent treatment step is
useful for purifving live virgs infections agent (¢.g. baculovirus) away from VLP preparations.
As noted carlier, the solvent and/or detergent can be added to the VLP preparation either prior to
contact with a chromatography column, and/or can be added to the bulk sohutions prior to contact
with the chromatography column, and/or can be can be added to the chromatography colomn
after contact with the VLP preparation.  Hence, although described herein with respect to on-
column solvent/detergent treatment for simplicity, it is understood that cach of these possibilities
is within the scope of the inventon. In such embodiments, the inventive methods comprise
generating or obtaining a cell lysate, culture supernatant, or filtrate containing VLPs, and
purifying the VLPs using a multistep chromatographic process. At least one chromatographic
process of the multistep chromatographic process comprises contacting the lysate, supernatant or
filtrate with a chromatographic material, wherein the VLPs bind to said chromatographic
material. The at least one chromatographic process also comprises treating the chromatographic
material with a solvent and/or detergent. The at lcast onc chromatographic process further

compriscs eluting, after treating, the VEPs from the chromatographic material.
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{0055} In some embodiments, the at least one chromatographic process also includes treating the
chromatographic material with a solvent and/or detergent.  In some embodiments, the
chromatographic material 18 a chromatography column, and treating cncompasses on-column
treatment or washing with the solvent and/or detergent.  Any suitable solvent and/or detergent
may be eraployed. Tn some erobodiments, the solvent 1s an organie solvent and includes, but is
not limited to, one or more of the following: Tributyl phosphate {TnBP). In some embodiments,
the detergent includes, but is not hmited to, one or more of the following: Triton X-100,
octyiphenol ethylencoxide condensate, polyoxvethylene sorbitan monooleate, and sodium
cholate, and various combinations thereof. Exemplary compositions are: nonionic detergents
{including Triton X-100 and polvoxyethylene sorbitan monooleate), zwiterionic detergents
{including CHAPS and Zwittergent 3-12) and ionic detergents (including sodium cholate and
Dimethyldioctadecylanmmonium bromude).

{0036} In some embodiments, the solvent and/or detergent comprises at least about 0.01%
detergent (w/v), at least about 0.1%, at least about $.2%, at least about 0.3%, at least about §.4%,
at least about .5%, at least about 1%, at least about 29, at ieast about 3%, at least about 4%, at
least about 5%, at least about 10% detergent (w/v), and all values 1n between., In some
embodiments, the solvent and/or detergent comprises at least about .01 % solvent (w/v), at least
about 0.1%, at least about (.2%, at lecast about $.3%, at least about 0.4%, at least about .5%, at
least about 1%, at least about 2%, at least about 3%, at least about 4%, at least about 5%, at least
about 10% solvent (w/v), and all valucs in between. In some embodiments, the solvent and/or
detergent additionally contains commonly-used biological buffer(s) (ec.g. acctate, citrate,
histidine, phosphate, Tris, and/or the like} and/or salt(s) (c.g. sodium chloride, potassium
chloride, magnesium chloride, and/or the likel.

18057} In some embodiments, the duration of treatment with the solvent and/or detergent is
about 10 minutes. In some cmbodiments, the duration of treatment with the solvent and/or
detergent is about 20 minutes, is about 30 minutes, is about 1 hour, is about 2 hours, is about 3
hours, 1s about 4 hours, 1s about 5 hours, is about 10 hours, 18 about 15 hours, is about 20 hours,
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is about 21 hours, is about 22 hours, is about 23 hours, is about 24 hours, and all
ranges/subranges in between.

{0058} In some cmbodiments, the cell lysate or the culture supernatant/filtrate is gencrated using
recombinant methodologics, as discussed carlicr. In some embodiments, the VLPs arce produced
in one or more of the following: bacterial cells, insect cells, yeast cells, plant or mammalian
cells. In soroe embodiments, the VLPs are norovirus genogroup 1 VLPs, norovirus genogroup 11
VLPs and/or norovirus genogroup IV VLPs.

[0059] In somue embodiments, puritying the VLPs includes purifying the VLPs using a multistep
chromatographic process. FHach chromatographic process is independently selected as listed
carlier. In some crobodiments, a first chromatographic process of the multistep chromatographic
process is cation exchange chromatography, and one or more subsequent chromatographic
processes may be employed as well,

{0060} In some embodiments, at least one chromatographic process involves contacting the
lysate, sapernatant or filtrate with a chromatographic material, wherein the VLPs bind to said
chromatographic material.  The chromatographic material used depends on the particular
chromatographic process being emploved and may include, but is not limited to, a cation
exchange column, a hydroxyapatite column, a hydrophobic interaction colummn, a size exclusion
column, an anion exchange column, a mixed mode column, or an affinity column, and the like.
When the at least one chromatographic process is cation exchange chromatography, the
chromatographic material is a cation exchange column or membrane.

{00661} In some cmbodiments, the at least one chromatographic process also inchudes cluting,
after on-column treatment, the VLPs from the chromatographic material.  The chution
mechanism may depend on experimental factors such as, but not limited to, choice of the
chromatographic process, the solvemt and/or detergent used, the interaction between the
VLPs/chromatographic matrix and the cluent, and so on. The clution may be carried out by
adjusting the pH and/or ionic strength of the chromatography system with any suitable and
commonly-used biclogical buffer(s} {acctate, citrate, histidine, phosphate, Tris) and salt(s)

oy
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{sodium chloride, potassium chloride, magnesium chloride} as known in the art. In some
cmbodiments, the at lcast one chromatographic process is cation ¢xchange chromatography, and
the clution is carried out by washing the cation cxchange column with acctate. In another
cmbodiment, the at least one chromatographic process is hydroxyapatite chromatography, and
the elution is carried out by washing the hydroxyapatite column with sodiom phosphate.

[0062] In some cmbodiments, the ratio of the VLPs to residual contamunating protein i
increased about two-fold as compared to the lysate, supernatant or filtrate afier the at least one
chromatographic process invelving solvent and/or detergent treatment. The term ‘residual
contaminating protein’ can inclade, but s not imited to, host cell protein, protein components
frorn the bost cell virus, production virus nuclete acid, viral nucleic acid, bacterial nucleic acids,
fungal nucleic acids, nucleic acids from other organisms that may or may not be related to the
production systems, and/or the like. In some erobodiments, the ratio of the VLPs to residual
contaminating protein is increased at least three-fold, at feast four-fold, at least five-fold, at least
ten-fold, at least fifteen-fold, at least twenty-fold, at least fifty-fold, at least seventy-five-fold, at
icast eighty-fold, at least cighty five-fold, at lcast ninety-fold, at least ninety-five fold, at least
one-hundred-fold, and all values in between, In some embodiments, the ratio of the VLPs 1o
residual contaminating protein is increased about two-fold after the multistep chromatographic
process. In some embodiments, the ratio of the VLPs to residual contaminating protein is
increased about three-fold, about four-fold, at least about five-fold, at least about ten-fold, at
least about fifteen-fold, at least about twenty-fold, at least about fifty-foid, at least about seventy-
five-fold, at least about cighty-fold, at least about cighty five-fold, at least about ninety-fold, at
least about nincty-five fold, at least about one-hundred-fold, and ali values in between.

{0663} In some embodiments, at least about 30% of residual contaminating protein is removed
from the lysate, supernatant or filtrate after the at least one chromatographic process involving
sofvent and/or detergent treatment. In some cmbodiments, at least about 353%, at least about
40%, at lcast abont 45%, at lcast about 46%, at lcast about 47%, at lecast about 48%, at lecast
about 49%, at lecast about 50%, at least about 519, at least about 52%, at least about 53%, at
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least about 54%, at lecast about 55%, at least about 60%, at least about 65%, at least about 70%,
at least about 75%, at least about 80%, at least about §5%, at lcast about 90%, at least about
91%, at lcast about 92%, at least about 93%, at lcast about 94%, at lecast about 95%, at least
about 96%, at lcast about 97%, at least about 98%, at least about 99%, at least about 100%, and
all values i between, of residual contaminating protein is removed from the lysate, supernatant
or filtrate.

{8064} Iv some embaodiments, none of the VLPs in the lysate, supernatant or filtrate are lost after
the at least one chromatographic process involving solvent and/or detergent treatment. In some
crabodiments, no more than about 1%, no more than about 296, no more than about 3%, no more
than about 4%, no more than about 5%, no more than about 6%, no more than about 7%, o
more than about 896, no more than about 996, no more than about 14%, no more than about 15%,
no more than about 20%, no more than about 25%, no more than about 30%, no more than about
35%, no more than about 40%, no more than about 45%, no more than about 530%, no more than
about 50%, no more than about 55%, no more than about 60%, and all values in between, of the
VLPs iu the lysate, supernatant or filtrate are lost after the at least one chromatographic process
involving solvent and/or detergent treatment.

{0065] In some cmbodiments, about 100% of the VLPs are recovered from the lysate,
supernatant or filtrate after the at least one chromatographic process involving solvent and/or
detergent treatment. In some embodiments, at least about 9%, at least about 98%, at least about
97%, at least about 96%, at least about 95%, at lcast about 94%, at least about 93%, at least
about 92%, at least about 91%, at least about 90%, at lcast about 85%, at least about 80%, at
lcast about 75%, at least about 70%, at least about 65%, at least about 60%, at least about 55%,
at least about 50%, at least about 45%, at least about 40%, and all values in between, of the
VLPs are recovered from the lysate, supernatant or filtrate after the at least one chromatographic
process involving solvent and/or detergent treatment,

18066} In some embodiments, the inventive methods described herein also provide for clearing
and/or inactivating live virus in a solution containing the live virus and further containing VLPs
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generated by the live virus, where the method includes adjusting the pH of the solution
containing the live virus to a pH value less than about 5 to generate a pH-adjusted solution. The
live virus can be, but is not limited to, live host cell virus, production virus {(baculovirus, for
cxamplc}, contaminating virus that may or may not be related to the production systems, and/or
the like. The VLPs can be, but are not limited to, genogroup I VLPs and/or genogroup I VLPs,
[8067] In some embodiments, the level of ive virus in the pH-adjusted solution is at least about
10~fold lower than the solution containing the live virus. In some embodiments, the level of hive
virus in the pH-adjusted solution is at least about 100-fold, at least about 10°-fold, at least about
1(34~,{'b1d, at least about 107-fold, at least about 10%-fold, at least about 107-fold, at least about 10°-
fold, at least about 107-fold, at least about i()m-foid, and all values in between, lower than the
solution containing the live virus.

[0068] In some embodiments, non-VLP particulates/aggregates can be removed from the pH-
adjusted solution to generate a purified solution, which can then be treated by at least one
chromatographic process. The at least one chromatographic process can include contacting the
purified solution with a chromatographic material, where the VLPs bind to the chromatographic
material, and freating the chromatographic material with a solvent and/or detergent. The at least
one chromatographic process can also include eluting, after treating, the VLPs from the
chromatographic material to generate an chuate. In some embodiments, the level of live virus in
the cluate is reduced by at least about 10%-fold compared to the solution containing the live virus.
in some embodiments, the level of live virus in the eluate s reduced by at least about iiﬁg—fﬁid, at
least about 10°-fold, at least about 10°-fold, at least about 10°-fold, at least about 107-fold, at
least about 10°-fold, at least about 10°-fold, at least about 10'°-fold, at least about 10" -fold, at
least about 107-fold, at least abour 107 -fold, at least about 10™-fold, at least about 10"-fold, at
lcast about 'i()m~foid, and all values in between, compared to the solution containing the live
virgs.

18069} In some embodiments, the inventive methods described herein also provide for clearing
and/or inactivating live virus in a solution containing the live virus and further containing VLPs
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generated by the Hive virus, where the method inchudes purifying the solution containing the live
virus using at lcast onc chromatographic process. The at lcast one chromatographic process can
include contacting the solution with a chromatographic material, where the VEPs bind to the
chromatographic material, and treating the chromatographic material with a solvent and/or
detergent. The at least one chromatographic process can also include eluting, after treating, the
VLPs from the chromatographic material to generate an eloate. In some embodiments, the level
of live viras in the eluate s reduced by at least about 10-fold compared to the solution containing
the Hive virus. In some embodiments, the level of hive virus in the cluate is reduced by at least
about 10%-fold, at least about 10°-fold, at least about 10°-fold, at least about 10°-fold, at least
about 10°-fold, at least about 107-fold, at least about 108~f01d, at least about ‘EG‘Q’-,{’oid, at least
about 10'7-fold, and all values in between, compared to the solution containing the live virus.
{0870} In some cmbodiments, the invention is further operable for purifying virus like particles
{VLPs} from a lysate, supernatant or filtrate containing the VLPs using a low pH treatment step
and a filtration process/step to remove process contaminant and/or a secondary subpopulation of
VLPs, as well as at least one chromatographic process involving on-column solvent and/or
detergent treatment to inactivate live virus infectious agent. In some cmbodiments, the first
subpopulation includes norovirus VEPs with full length VP! subunit, and the second
sabpopulation includes norovirus VEPs with truncated VP1 subunit. The lysate, sapernatant or
filtrate is generated by any suitable means, as described carlier.

18071} Adjusting the pH of the lysate, supernatant or filtrate is carried out in a manner similar to
already described, including conditions of pH value (¢.g. less than about 53, duration of treatment
{c.g. about 30 minutes) and so on. The pH trecatment results in particulate and/or aggregate
formation which contains the second subpopulation of VLPs, while the first subpopulation of
VLPs remain in the volume of the pH-adjusted solution.

{6072} The filtration process is carried out in a manner similar to already described, and can be a
depth filtration process. The filtration step results in removal of the particulates/aggregates
containing the second subpopulation of VLPs as well as process contaminants such as the
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residual contaminating nucleic acid, to generate a filtered, purified solution, where the first
subpopulation of VLPs remain in the volume of the filtered, purified solution.

{0073} In this cmbodiment, the pH treatment and filtration steps are performed before the
multistep chromatographic process, and purifying the VLPs includes scparating the first
subpopulation of VLPs from the filtered, purified solution using a multistep chromatographic
process, where cach chromatographic process of the multistep chromatographic process is
independently selected as described carlier.  The furst subpopulation of VLPs binds to the
chromatography material/column, which is treated with a solvent and/or detergent. Any suitable
solvent and/or detergent may be employed, as listed carlier. The first subpopulation of VEPs is
then cluted from the chromatographic material,

{8074} Iv some embodiments, the ratio of the VILPs to residual contaminating protein 18
increased about two-fold after the low pH treatment and the at least one chromatographic
process. In some embodiments, the ratio of the VLPs fo residual contaminating protein is
increased about three-fold, about four-fold, at least five-fold, at least ten-fold, at least fiftcen-
fold, at least twenty-fold, at least fifty-fold, at least seventy-five-fold, at least one-hundred-fold,
and all values tn between., In some embodiments, the ratio of the VEPs to residoal contaminating
profein 18 increased about two-fold after the low pH treatment and the multistep chromatographic
process. In some embodiments, the ratio of the VLPs to residual contaminating protein is
increased about three-fold, about four-fold, at least five-fold, at least ten-fold, at least fifteon-
fold, at least twenty-fold, and all values in between,

{6675 In some embodiments, the invention is further operabic for purifying VLPs using a low
pH treatment step and a depth filtration process/step to remove process contaminants and/or a
undesirable subpopulations of VLPs, such as the sccond subpopulation of VLPs. The pH
treatment step can be performed as described carlier.

{0676] The depth filtration process can include contacting the pH-adiusted solution with one or
more depth filters to generate the filtered, purified solution. The onc or more depth filters can be
suitably sclected for the purification system based on any production factors such as processing
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volume, particulate load or burden, product recovery, final turbidity, filter capacity, and/or the
itke. In some embodiments, at least onc of the depth filters is a diatomaccous carth depth filter,
In some cmbodiments, several of the depth filiers arc diatomaceous carth depth filters cach
having a filter capacity independently selected from about 50 liters/m’, about 100 liters/m”, about
200 liters/m’, about 300 liters/m?, about 400 liters/m?, about 500 liters/m”, about 600 liters/m”,
about 700 liters/m’, about 800 liters/m’, about 900 liters/m”, to about 1000 liters/m®, and all
values 1n between.  In some embodiments, a single depth filter is used having a filter capacity
selected from about 150 liters/m?, about 200 Eiters/ma about 250 Eiters/ma about 300 Eiters/mzﬂ
about 350 liters/m”, about 400 liters/m, and all values in between. An excoplary depth filter
that can be used is the Millistak+ HC pod flter.

{8077} Iv somwe embodiments, at least about 50% of residual contaminating nucleic acid 18
removed by the depth filtration process from the pH-adjusted solution as compared to the cell
lysate or the culture supernatant/filtrate. In some embodiments, at least about S5%, at least about
6%, at least about 65%, at least about 70%, at least about 75%, at least about 80%, at least
about 85%, at lcast about 90%, at least about 91%, at least about 92%, at least about 93%, at
least about 94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%,
at least about 99%, at least about 100%, and all values in between, of residual contaminating
nucleic acid is removed by the depth filtration process from the pH-adjusted solution as
compared to the cell lysate or the culture supernatant/filtrate.

18078} In some embodiments, about 100% of the VLPs arc recovered by the depth filtration
process from the pH-adjusted solution as compared to the ccoll lysatc or the culture
supernatant/filtrate. In some embodiments, at least about 39%, at least about 98%, at lcast about
97%, at least about 96%, at least about 95%, at least about 94%, at least about 93%, at least
about 92%, at least about 91%, at [cast about 90%, at least about 85%, at least about 8(09%, at
icast about 75%, at least about 7(%, at least about 65%, at least about 6(%, at lcast about 55%,

at least about 50%, at lcast about 45%, at least about 40%, and all values in between, of the
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VLPs are recovered by the depth filtration process from the pH-adjusted solution as compared to
the cell ysate or the culture supernatant/filtrate,

{0079} In some embodiments, the recovercd VEPs are the first population of VEPs. In some
cmbodiments one or more chromatographic processes can be used to separate the first
subpopulation of VLPs from the depth-filtered, purified solution, as described earlier.

[0080] In some cmbodiments, aspects of the invention are further operable for providing
solutions of a purified population of norovitus VLPs that contains no more than 80% residual
contarninating protein relative to VLP as measured by size-exclusion chromatography and
ELISA. The solution of the purified population of norovirus VLPs can be generated from a cell
iysate, culture supernatant, or filirate described earlier, or {from any other solution described
previously, such as a pH-adjusted solution, a depth-filtered sclution, and so on. In some
embodiments, the solution of the purified population of norovirus VLPs s obtained by
purification of a solution of a lysate, supernatant, or filtrate containing the norovirys VLPs. In
some embodiments, the solution of the purified population of norovirus VLPs is generated by
one or more of the following processes: pH treatment, contrifugation, precipitation, flocenlation,
setthing, filtration, and chromatography. In some embodiments, the solution of the purified
popudation of norovirus VLPs is generated from any processedimprocessed solution, such as by
pH treatment and filtration steps followed by a multistep chromatographic process, as deseribed
carlier.

{0081} In some embodiments, the solution of the purified population of norovirus VLPs contains
no residual contaminating mucleic acid relative to the solution of cell lysate or culture
supernatant/filtrate.  In some embodiments, the solution of the purified population of norovirus
VLPs contains no more than about 1%, no more than about 2%, no more than about 3%, no more
than about 4%, no more than about 5%, no more than about 10%, no more than about 15%, no
more than about 20%, no more than about 25%, no more than about 30%, no more than about
35%, no more than about 40%, no more than about 45%, no more than about 50%, no more than
about 55%, no more than about 60%, no more than about 65%, no more than about 70%, no
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more than about 75%, no more than about 80%, and all values in between, residual
contaminating nucleic acid relative to the solution of cell lysate or culture supernatant/filtrate.
{8082} In some embodiments, the solution contains about 100% of the norovirus VLPs from the
original lysate, supernatant, or filtrate. In some cmbodiments, the solution contains about 95%,
about 30%, about 859, about 809, about 75%, about 70%, about 65%, about 60%, about 55%,
about 50%, about 45%, about 40%, and all values in between, of the norovirus VLPs from the
original lysate, supernatant, or filtrate.

[0083] In some embodiments, the ratio of the norovirus VLPs to residual contaminating protein
is ncreased at least about fifty~fold as compared to the original lysate, supernatant, or filtrate. In
some embodiments, the ratio of the norovirus VLPs fo residual contaminating protein is
increased at least about forty five-fold, at least about forty ~fold at least about thirty five-fold, at
icast about thurty-fold, at least about twenty five-fold, at least about fifteen-fold, at least about
ten-fold, at least about five-fold, at least about four-fold, at least about three-fold, at least about
two-fold, and all values in between, as compared to the original lysate, supernatant, or filtrate,
{0084} In some embodiments, the solution of the purified population of norovirus VLPs can be
employed for commercial processes, such as for clinical and large-scale manufacturing of
vaceines. In some embodiments, the process volumes associated with the chinical and large-scale
manufacturing processes can be as low as 20 liters. For example, in some cmbodiments, a
vaceine can be prepared from the solution that includes the norovirus VL Ps.

{0085} In some cmbodiments, aspects of the invention arc further operable for providing
sofutions having a purified population of VLPs, where said solution contains at least about 50%
VLPs with a full fength VP1 subunit. In some embodiments, the sohation having the purified
population of VLPs contains at least about 55%, at least about 60%, at lcast about 65%, at lcast
about 70%, at least about 75%, at lcast about 80%, at least about 85%, at least about 90%, at
icast about 95%, at least about 100%, and all valaes in between, VLPs with a full length VP
subunit.  Said another way, the solution having the purified population of VLPs can be
substantially free of VLPs with a truncated VP1 subunit. In some embodiments, the solution
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having the purificd population of VLPs contains at most about 5%, at most about 10%, at most
about 15%, at most about 20%, at most about 25%, at most about 30%, at most about 35%, at
most about 4(0%, at most about 45%, at most about 50%, and all valucs in between, VLPs with a
truncated VP1 subunit.

{0086} In some erbodiments, the solutions having the purified population of VLPs can be
generated from an unpurified solotion containing at least about 5% VLPs with a trancated VP
subunit. In some erwbodiments, the unpurified solution can contain at least about 6%, at least
about 7%, at least 8%, at least about 9%, at least about 109, at least about 15%, at least about
20%, at least about 25%., at least about 309%, at least about 35%, at least about 40%, at least
about 45%, at least about 50%, and all values in between, VLPs with a truncated VP1 subunit,
{00871 The unpurified solution can be any processed/anprocessed solution, inclading a sohution
of cell lysate, a culture supernatant, a filtrate, a pH-adjusted solution, and/or the hike. Insome
embodiments, the solution having the purified population of VIPs is generated from the
unpurified solution by a pH treatment step and removal of the truncated VP1 subunit from the
pH treatment, as described carlicr.  The removing can be performed by one or more of
centrifugation, precipitation, flocculation, sctthing, filtration, and/or the like. In some
embodiments, a purified population of VLPs with a full length VPT subunit can be generated by
applying one or more chromatographic processes to the solution having the purified population
of VLPs.

{0088} Advantageously, the purified VLPs produced by any of these embodiments are
substantially free of live virns infectious agent. Free of infectious agents may refer to the
absence of active agents that are capable of infection, such as the live host cell virus itself. In
other words, the purified VLPs may contain agents that are inactive and arc not capable of
infection. By way of ¢xample, a sample containing baculovirus that has been treated such that
the baculovirus is no longer capable of infection is free of infectious agent even though the
sample stifl contains inactivated baculovirus. Furthermore, a sample need not be absolutely free
of active agent capable of infoction, but rather, the sample need only be sufficiently free of active
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agent so that the sample may be used for its intended purposce as a human or animal vaccing, as
applicable (i.c., it mects any United States federal regulations governing the acceptable levels of
infectious agent within a human or animal vaccine, as applicable).

{0089] The methods of the present invention are particularly useful as methods for scaling up
VLP production for clinical and commercial manufacturing. Puorification methods incorporating
a low pH treatment and/or an on-~-column solvent and/or detergent treatment step result in at least
about 50-250 myg purified VLP/L of starting culture, at least about 200-400 mg purified VLP/L,
at least about 350-300 mg punified VLP/L, at least about 400-750 mg purified VLP/L, at least
about 700-850 mg purified VLP/L, at least about 800-1000 mg punified VLP/L, and all ranges
and subranges in between, The VLPs produced are substantially free of process contaminants
and aberrant VLP structures. In this instance, substantially free means that, as can be appreciated
by onc of skill in the art, while # may be intended to remove all process contaminants and
aberrant VLP structures, practical aspects associated with procedures deseribed herein may not
result in complete elimination of contaminants and aberrant VLP structures from the final
composition, vet may be used for its intended purpose.

{8890} Embodiments of the invention are further operable to encompass a vaccine that comprises
the first subpopulation of VLPs purified by the abovementioned method.  Typically, such
vaccines are prepared as injectables either as liquid solutions or suspensions; solid forms suitable
for solution in, or suspension in, liquid prior to injection may also be prepared. Such preparations
may also be emulsified or produced as a dry powder. The active immunogenic ingredicnt is often
mixed with excipients which arc pharmaceutically acceptable and compatible with the active
ingredient. Suitable excipients are, for example, water, saline, dextrose, glycerol, cthanol, or the
like, and combinations thereof.

{0091} In addition, if desired, the vaccine may contain auxiliary substances such as wetting or
cenmdsifying agents, pH bufforing agents, or adjuvants which enhance the cffectiveness of the
vaccines. In some embodiments, the vaccine composition comprises one or more adjuvants in

combination with the purificd VEPs. Most adjuvants contain a substance designed to protect the
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antigen from rapid catabolism, such as aluminum hydroxide or mineral oil, and a stimulator of
immune responses, such as Bordatella pertussis or Mycobacterium tuberculosis derived proteins.
Suitable adjuvants are commercially availabic as, for example, Freund's Incomplete Adjuvant
and Complete Adjuvant (Pifco Laboratories, Detroit, Mich.); Merck Adjuvamt 65 (Merck and
Company, loc., Rahway, N.1); aluminom salts soch as aluminum hydroxide gel {alum) or
aluminum phosphate; salts of calcium, iron or zine; an jnsoluble suspension of acylated tyrosine
acylated sugars; cationically or anionically derivatized polysaccharides; polyphosphazenes;
biodegradable microspheres; and Quil A,

{8092} Suitable adjuvants also include, but are not himited o, toll-like receptor {TLR) agomsts,
particularly toll-like receptor type 4 (TLR-4} agonists {¢.g., monophosphoryt lipid A (MPL),
synthetic lipid A, lipid A mimetics or analogs), alomumum salts, cytokines, saponins, muramyl
dipeptide (MDP) dernivatives, CpG oligos, lipopolysaccharide (LPS) of gram-negative bacteria,
polyphosphazenes, emulsions, virosomes, cochleates, poly(lactide~-co-glyeolidesy (PLG)
micropatticies, poloxamer particles, microparticles, liposomes, oil-in~water emulsions, MF59,
and squalene.  In some embodiments, the adjuvants are not bacterially-derived exotoxins.
Preferred adjuvants include adjuvants which stinmilate a Thi type response such as 3DMPL or
521,

{8893} Monophosphoryl Lipid A (MPL), a non-toxic derivative of lipid A from Salmonella, is a
potent TLR-4 agonist that has been developed as a vaccine adjuvant (Evans et al. 2003). In pre-
clinical murine studies intranasal MPL has been shown to enhance secrctory, as well as systemic,
humoral responscs (Baldridge et al. 2000; Yang et al. 2002). It has also been proven to be safe
and cffective as a vaccine adjuvant in clinical studies of greater than 120,000 patients (Baldrick
ct al., 2002; Baldridge ot al. 20043, MPL stimulates the induction of inpate immunity through
the TLR-4 receptor and is thus capable of eliciting nonspecific immune responses against a wide
range of infectious pathogens, including both gram negative and gram positive bacteria, viruses,
and parasites {Baldridge ¢t al. 2004; Persing ot al. 2002).  Inclusion of MPL in vaccine
formulations should provide rapid induction of innate responscs, eliciting nonspecific immune
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responses from viral challenge while enhancing the specific responses generated by the antigenic
components of the vaccine.

{0094} In some cmbodiments, the present invention provides a vaccine comprising
monophosphoryl lipid A (MPL) or 3 De-O-acylated monophosphory! lipid A (3D-MPL) as an
enhancer of adaptive and innate tmmunity,  Chemically 3D-MPL 8 a mixture of 3 De-O-
acylated monophosphoryl lipid A with 4, 5 or 6 acylated chains, A preferred form of 3 De-O-
acylated roonophosphoryl lipid A 1s disclosed in European Patent 0 689 454 B (SmithKline
Beecham Biologicals SA), which is incorporated herein by reference. To another embodiment,
the present invention provides a vaccine composition comprising svuthetic lipid A, hipid A
mimetics or analogs, such as BioMira’s PET Lipid A, or synthetic denvatives designed to
function hike TLR-4 agonists.,

[0095] In certain embodiments, the vaccine composition comprises two adjovanis. A
combination of adjuvanis may be selected from those described above. In one particular
embodiment, the two adjuvants are MPL and alominum hydroxide (e.g., alum). In another
particular embodiment, the two adjuvants are MPL and oil.

[8096] The term "effective adjuvant amount” or “effective amount of adjuvant” will be well
understood by those skilled in the art, and inchides an amount of one or more adjuvants which is
capable of stimulating the immune response to an administered antigen, i.c., an amount that
increases the immune response of an administered antigen composition, as measured in terms of
the fgA levels in the nasal washings, serum IgG or IgM levels, or B and T-Cell proliferation.
Suttably effective increases in immunoglobulin levels include by more than 5%, preferably by
more than 25%, and in particular by more than 50%, as compared to the same antigen
composition without any adjuvant.

18397} In onc cmbodiment, the present invention provides a vaccine composition formulated for
parenteral administration, wherein the composition inchudes purified VLPs in combination with
aleminum hydroxide and a buffer. The buffer can be selected from the group consisting of L-
histidine, imidazole, succinic acid, tris, citric acid, bis-tris, pipes, mes, hepes, glycine amide, and

29



WO 2013/192604 PCT/US2013/047249

iricine.  In one embodiment, the buffer is L-histidine or imidazole. Preferably, the buffer is
present in g concentration from about 15 mM to about 50 mM, more preferably from about 18
mM to about 40 mM, or most preferably about 20 mM to about 25 mM. In some embodiments,
the pH of the antigenic or vaccine composition is from about 6.0 to about 7.0, or from about 6.2
to about 6.8, or about 6.5, The vaccine composition can be an agueous formulation,

[8088] In some erobodiments, the vaccine composition further coroprises at least one adjuvant in
addition to the VLPs, alomioum bydroxide, and a buffer. For instance, the adjovant can be a
toll-like receptor agownist, such as MPL, flageltin, CpG oligos, synthetic lipid A or lipid A
mimetics or analogs. In some erobodiments, the adjuvant is MPL.

{0099 In one embodiment, a vaccine of the present invention may be formulated as a dry
powder containing one or more purified VLP antigen{s) as the imumunogen, an adjuvant such as
MPL, a biopolvmer such as chitosan to promote adhesion to mucosal surfaces, and bulking
agents such as mannitol and sucrose. Using porovirus as a non-himiting example of a non-
enveloped virus, a norovirus vaccine may be formulated as 10 mg of a dry powder containing
one or more norovirus genogroup antigen(s} {c.g., Norwalk virus, Houston virus, Snow
Mountain virus), MPL adjovant, chitosan mucoadhesive, and mannitol and sucrose {or other
sugars such as dextrose, lactose, trehalose and glveerol) as bulking agents and to provide proper
flow characteristics. The formulation may comprise about 7.0 mg (25 to 930% w/w range}
chitosan, about 1.5 mg mannito!l (0 to 50% w/w range), about 1.5 mg sucrose {§ to 50% w/w
range), about 25 pug MPL (0.1 to 5% w/w range), and about 100 ug norovirus antigen {0.05 to
5% wiw range).

160100] Continuing with the norovirus vaccine formulation described above, the norovirus
antigen may be present in the vaccine at a concentration of from about 0.01% (w/w) to abowt
80% {w/w). In some embodiments, norovirus antigens can be formulated at dosages of about
Sug. about 15ug, and about 50ug per 10 mg dry powder formulation (0.025, 0.075 and 0.25%
w/w} for administration into both nostrils or about 10pg, about 30ug, and about 100ug (6.1, 6.3
and 1.0% w/w} for administration into one nostril. The formulation may be given in one or both
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nostrils during cach administration. There may be a booster administration 1 to 12 wecks after
the first administration to improve the immune response. The content of the norovirus antigens in
the vaccine and antigenic formulations may be in the range of 1pg to 100 mg, preferably in the
range 1-500 ug, morc preferably 5-200 pg, most typically in the range 10-100 ug. Total
norovirus antigen adminstered at cach dose may be aboot 10ug, about 30ug, or about 100 pg n
a total of 20 mg dry powder when administered to both nostrils, or 10 mg dry powder whe
administered to one nostril. Dry powder characteristics are such that less than 10% of the
particles arc less than 10 um 1o diameter. Mean particle sizes range from 10 to 500 pm in
diameter.

[0100] In some embodiments, the vaccine coraposition is a lyophilized powder and reconstituted
to an aqueous formulation. The invention hence cncompasses methods of making purified
norovirus compositions comprising {a) preparing a pre-lyvophilization solution comprising
noroviras antigen, sucrose, and chitosan, wherein the ratios of sucrose to chitosan are from about
3:1 to about 10:1; (b) freezing the sohution; and {¢} lvophilizing the frozen solution for 30-72
hours, wherein the final lyophilized product contains a percentage of said norovirus antigen in
aggregated form. The lvophilization may occur at ambient temperatare, reduced temperative, or
proceed in cycles at varions temperatures. For ilfustration purposes only, Iyophilization may
occnr over a series of steps, for instance a cycle starting at -69°C, gradually adpusting to -24°C.
over 3 hours, then retaining this temperature for 18 hours, then gradually adjusting to -16°C over
1 hour, then retaining this tomperature for & hours, then gradually adjusting to +34°C over 3
hours, and finally retaining this temperature over 9 hours. In one ombodiment, the pre-
lyophilization solution further comprises a bulking agent. In another embodiment, said bulking
agent is mannitol.

18101} Appropriate ratios of sucrose and chitosan to vield desired percentages of aggregation can
be determined by the following guidelines. A pre-lyophilization mixture containing mass ratios
of sucrose to chitosan in a range from about 2:1 to about 1(:1 will vield a range of about 30% to
100% intact viral antigen {i.c. 0% to 50% aggregated antigen) post-lyophilization depending on
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pre-tyophilization solution concentrations. Mass ratios of 0:1 sucrose to chitosan will produce
icss than 30% of intact norovirus antigen {(i.c. greater than 70% aggregated antigen). Omission of
both sucrosc and chitosan and usc of only a bulking agent, such as mannitol, will producc less
than 10% intact antigen (i.c. greater than 90% aggregated antigen depending on pro-
ivophilization solution conceuntrations). Using these guidelines, the skilled artisan could adjust
the sucrose to chitosan mass ratios and concentrations in the pre-lyophilization mixture to obtain
the desired amount of aggregation necessary o produce an optimal immune response.

[0102] The vaceines may be administered in a manner compatible with the dosage formulation,
and in such amount as will be therapeutically effective and immunogenic.  Further, various
methods of achieving adjuvant effect for vaccines are known and may be used in comjunction
with the VLPs disclosed heren.

{01031 A varicty of host-expression vector systems may be utilized to express the VLP
polypeptides. Such host-expression systems represent vehicles by which the VLP polypeptides
may be produced to generate VLPs,

{0184} In mammalian host cells, a number of viral-based expression systems may be utilized. In
addition, a host cell strain may be chosen which modulates the expression of the inserted
sequences, or modifics and processes the gene product in the specific fashion desired. Such
modifications of protein products may be important for the gencration of the VLP or function of
a VL polypeptide or additional polypeptide such as an adjuvant or additional antigen. Different
host cells have characteristic and specific mechanisms for the post-transiational processing and
modification of proteins and genc products. Appropriate cell lines or host systems can be chosen
to ensure the correct modification and processing of the foreign protein expressed. To this end,
cukaryotic host cells which possess the celiular machinery for proper processing of the primary
transeript, giveosylation, and phosphorylation of the gene product may be used.

{6105} Certain aspects of the present invention include additional antigens associated with the
VLP preparations, and can be any substance capable of cliciting an immune response. In some
cmbodiments, the antigen may be any allergen.  Allergens include but are not limited to cells,
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cell extracts, proteins, polypeptides, peptides, polysaccharides, polysaccharide conjugates,
peptide and non-peptide mimics of polysaccharides and other molecules, small molecules, lipids,
glycolipids, and carbohydrates.

{0106] This invention will be better understood by refercnce to the following non-limiting
Examples. As used in this specification, the singular forms “a,” “an” and “the” inclade plural
referents unless the context clearly dictates otherwise.  Where methods and/or schematics
described above indicate certain events and/or flow patterns occurring in certain order, the
ordering of certain events and/or flow patierns may be modified. For example, processing of
VLPs by low pH treatment may be carried out for any process intermediate generated during the
vaceine manufacturing process including, but not himited to, bulk production cultures, clarified
production cultures, chromatography chution fractions, chromatography flow-through/wash
fractions, ultrafiltration/diafiltration retentate fractions, and/or process fraction filtrates.

{0187] Additionally certain events may be performed concurrently in parallel processes when

possible, as well as performed sequentially.

Examples
{0108] SO colture
{8189 Routine cultire of 59 iunsect cells was performed in flasks at 27 °C and ambient air
saturation. 89 cells were cultored over multiple passages for baculovirus expansion and
production of VLPs. Routine counting of Sf9 cultures was carried out using an automated cell
counter {T4 Cellometer, Nexcelom Bioscience).
16110} Recombinant baculoviras
{8111} Recombinant baculovirus was generated by co-transfecting transfer vector and linear
baculovirus DNA into adherent S19 insect cells using Celifectin according to the manufacturer’s
instructions, followed by plague purification and additional rounds of baculovirus expansion.
Recombinant baculovirus was then harvested as a supernatant fraction obtained by low-speed

centrifugation. The resulting recombinant baculovirus was adjusted to 10% DMSQO final (v/v},

"y
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alliguoted and stored at -80 °C. Expansion of frozen baculovirus for VLFP production was
performed as outlined above.

18112) VLP production

{0113} Production of norovirus VLPs was carried out using disposable Wave biorcactors. For
bioreactor production, S£-900 1 scrum-free media was aseptically transferred to the Wave
bioreactor and cultures were inoculated. Once an appropriate cell density had been reached,
recombinant baculovirus was aseptically added to bioreactor cultores and expression cultores are
incobated under conditions outhined above. Bioreactor coltures were typically harvested 4-6
days post-infection based on viable cell density.

{0114} In addition to norovirus VLPs, production cultures may be gencrated by infection with
recombinant baculovirus containing a sapoviras VP1 subunit. Alternatively, produoction cultures
may be generated by infection with recombinant baculovirus containing a vorovirus VP1 sabuntt
that has been engincered to contain foreign amino acids and/or antigens in surface exposed loop
regions {chimeric norovirus VLPs).

[6115] Bigreactor harvest

{#116] For harvest, biorcactor cultures were adjusted to pH-3.0 by addition of HCI and then
incubated for 2 b at ambient temperature with stirring.  Cultures were then adjusted to pH-3.0
{(Norwalk} or pH-6.0 (Consensus) by addition of imidazole and then clarified by low-speed
centrifugation. Final clarification of the biorcactor was carried out by filtration of the post-
centrifuge supernatant, The resulting harvest material {conditioned media) was stored at ambient
room temperature for <24 h or stored at 4°C for < 1 weck prior to the next unit operation.

18117} For harvest of bulk production cultures containing sapoviras or chimeric norovirus VLPs,
studics will be conducted cvaluating contaminant removal and VLP recovery following
treatment at pH-2.5 for time periods ranging from 30 min to 48 h. Conditions that demonstrate
the most favorable recovery of structurally-intact VLP and removal of process contaminants will
be used for scale-up processing. A listing of engincered VLPs, including chimeric variants,
suitable for this purposc may be generally found in PCT  application serial no.
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PCT/US2011/022094 filed January 21, 2011, titled “Targeted Heterologous Antigen Presentation
on Calicivirus Virus-Like Particles”, and in U.S. utility application serial no. 13/023,363 filed
August 10, 2009, ttled “Virus-Like Particles Comprising Composite Capsid Amino Acid
Sequences for Enhanced Cross Reactivity™, the disclosures of which is incorporated by reference
in their entirety.

{0118} Cation-exchange capture chromatography

{0119} Cation-exchange (CE) capture chromatography of norovirus VLPs was carried out using
a Sartobind S capsule. For purification, the capsule was equilibrated with Acetate (pH-5.0} and
conditioned media (1.5 g VLP total) was loaded. The capsule was washed then with acetate
{(pH-5.0) until the flow-through absorption at 280 nm {Agee) was <200 mAU. The capsule was
next saturated with acetate (pH-5.0), 1% Triton X-100, §.2% tributyl phosphate, and washed.
Following this on-column solvent/detergent treatment, the capsule was washed with acetate {(pH-
5.0) at 100 mL/min until Agsg <50 mAU. The clution of norovirus VLPs was carried out with
acetate (pH-5.0) and NaCl. The VLP elution fraction was collected into disposable botties or
bioprocess bags.

{0120} Purification of Consensus VLPs by cation-exchange chromatography was carried out as
described above, with the exception that citrate (pH-6.0) was used in place of acetate {pH-5.0)
for all process buffers.

{6121} Hydroxyapatite (HA) capture chromatography

{0122} Hydroxyapatite (HA} capture chromatography of Norwalk VLPs was carried out using a
250 mb bed volume CHT ceramic hvdroxyapatite column {BioRad}). For purification, the
capsule was equilibrated with MES {pH-6.0} and conditioned media (<250 mg VLP total) was
ioaded. The capsule was washed then with MES (pH-6.0) until the flow-through absorption at
280 nm {Agso) was <200 mAU. The capsule was next saturated with MES {(pH-6.0}, 1% Triton
X100, 0.2% uwibutyl phosphate, and washed. Following this on-column solvent/detergent
treatment, the capsule was washed with MES (pH-6.0) at 70 mL/min untif Ay <50 mAU. The
clution of norovirus VLPs was carried out by washing with 100 mM sodium phosphate (pH-6.8)
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and VLP clution with 400 mM sodium phosphate (pH-6.8). The VLP clution fraction was
collected into disposable bottles or bioprocess bags.

{8123} For chromatographic of sapovirns or chimeric norovirus VLPs with on-column
solvent/detergent treatment, studies will be conducted cvaluating buffer conditions (pH and ionic
strengthy that allow efficient binding and elution of VLPs from chromatographic matrices that
include, but are not bmiued to, a cation cxchange column, a hydroxyapatite colummn, a
hydrophobic interaction cohuron, a size exclusion column, an anion exchange coluron, a mixed
mode column, or an affinity cohuron.  For conditions that demonstrate the most favorable
recovery of structurally-intact VLP and removal of process contaminants, VLP processing
(inchuding solvent/detergent treatruent) will be conducted in a manner analogous to that outlined
above.

{9124} VLP characterization

{0125} Following purification, norovirus VLPs were analyzed for purity by a panel of analytical
methods.  SDS-PAGE analysis was carried out using NuPAGE gradient gels. The resulting
PAGE gels were stained with Imperial Protein Stain or stlver stained. Baculovirus inactivation
was assessed by standard plague assays for low pH-treatment of production cultures and on-
column solvent/detergent treatment during a capture chromatography step.

[0126] Analysis of Norwalk VLP structural integrity was carried out by analysis of purified
product using size-exclusion chromatography (SEC) and transmission clectron microscopy
(EM). For SEC, purified Norwalk VLPs were diluted and analyzed on a Superose 6 column.
For EM analysis, VLPs were diluted in L-histidine (pH-6.5), sodium chloride, spotted on copper
mesh grids and stained with 2% uranyl acctate.

163271 Resulis

10128} Bioreactor production - To develop a scalable method for production of VLPs, 519
cultures were grown in Wave biorcactors for infection with recombinant baculovirus using

technigues generally known in the art,
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[8129] Bioreactor harvest - Following production of norovirus VLPs, biorcactor cultures
contain high levels of viable baculovirus (~107-10° pfi/mL) that must be inactivated and cleared
during VLP manufactoring.  Studies were carried out to determine if low pH-treatment of
production cultures represented a viable step during harvest. As shown in Table 1, high-level
baculovirus {AcNPV) inactivation (>Sloge for the Norwalk VLP process and >4log, for the
Consensus VLP process) was achieved in studies where production cultares were meubated at
pH<3.5 for 1 h at room temperature. Table | also demonstrates that high-level retrovirus (A~
MELuV) inactivation (>7logyg for the Norwalk VLP process and >6logyg for the Consensus VLP
process) was achieved. In contrast, analysis of production cultures by SDS-PAGE and size-
exclusion chromatography demonstrated that both Norwalk and Consensus VLPs remained
soluble and structurally intact following low pH treatment of production culture. During
production, a N-terminal proteoiytic cleavage is commonly observed in the norovirus VPI
subunit, In addition to clearance of significant levels of 59 host cell protein, demonstrates the
selective removal of VLPs containing truncated VP by low pH treatment of bulk cultures (FIGS

1A and 1B).

Table 1. Inactivation of enveloped viruses by low pH treatment of Norwalk and Consensus

bulk production cultures

Norwalk VLP process Consensus VLE process
Process step (log,, reduction) {log,, reduction)

ANuLY AcNPY | A Mul.V AcNPV

Low pH treatment =7.79 5.55 =06.37 4.47

{0130} Basced on the above findings, a harvest strategy has been developed by low pH-treatment
and primary clarification by low-speed centrifugation. To further protect the downstream

capture step, the resuiting low-speed supernatant/filtrate fraction is passed through a PES capsule

~1
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filter and then into a sterile bioprocess bag containing a capsule filter. This harvest strategy
provides cfficient recovery of norovirus VLPs that arc stable in the resulting conditioned media
under the described storage conditions and generates a relatively pure VLP fraction for
downstream processing.
{0131} Downstream processing - For downstream processing, cmphasis has been placed on
orthogonal purification methods that are well-suited for scale up ¢GMP manufacturing. The
following procedures were designed to process VLPs from the starting conditioned media.
[0132] Cation-exchange chromatography - Membrane-based chromatography has found oiility
for purification of large macromolecular complexes due to efficient mass transfer in the large
diameter (~1 pm} memwbrane pores. Sartobind 5 cation-exchange membranes efficiently bind
norovirus VLPs when compared with conventional, bead-based chromatography matrices have
been used for capture and purification of VLPs from conditioned media (Fig 2A). To increcase
baculovirus inactivation during norovirus VLP downsircam processing, an on-column
solvent/detergent treatment step using equilibration buffer containing 1% Triton X-100, tributyl
phosphate has been incorporated into the capture step. Following a capsule wash to remove the
solvent/detergent buffer, norovirus VLPs are cluted with a step gradient of equilibration butfer
coutainming sodium chloride. The current processing scheme specifies a maxumum of 1.5 ¢
noroviras VLP in Conditioned Media loaded on the Sartobind § 107 capsule. As shown in Table
2 high-level baculovirus (AcNPV) inactivation (>4logys for the Norwalk VLP process and
>dlogye for the Conscnsus VLP process) was achieved. Tables 2 also demonstrates that high-
level retrovirus {A-MLuV} mactivation (>7logie for the Norwalk VLP process and >6logge for
the Consensus VLP process) was achieved. Tt was further observed that numerical addition of
the purification values listed in Tables 1 and 2 were an accurate measure of inactivation of
enveloped viruses when both fow pH treatment and on-column solvent/detergent treatment were
employed.

Table 2 Inactivation of enveloped viruses by cation-exchange chromatography with

on~column selvent/detergent ircatment
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Norwalk VL.P process Consensus VLP process
Processstep | (ogy reductiony | (log), reduction)

AMulv AcNPV | A-Mul.V AcNPV

Cation-exchange

= = = -
{S/D treatment) 7.15 4.48 6.96 4.96

{0133 Similar to cation-exchange chromatography, hydroxyapatitc capturc chromatography
with on-column solvent/detergent treatment has also been shown cffective for processing of
norovirus VLPs (F1G 2B).

{8134} Characterization of purified norovirus VLPs ~ To cvaluate the assembly state of VEPs
following production and downstrecam processing using multi-step chromatographic processes,
purified VLPs were analyzed by size-exclusion chromatography (SEC) and transmussion electron
microscopy (EM).  When analyzed by SEC under the described conditions, Norwalk and
Consensus VLPs show a retention time of approximately 7.2-7.6 minuics 18 counsistent with a
purified product having a molecular weight of several million Daltons (FIG. 3A) Since
disassembled VP1 capsid protein elotes with a retention time of approximately 15 minutes, these
results confirm that the majority of the capsid protein is incorporated in an assembled VLP.
Amnalysis of purified material by transmuission indicates predominantly uniform particles of ~35-
44 nwo for both Norwalk and Consensus VLPs, consistent with a T3 icosabedral assemblage of
VP1 capsid monomers (FIG. 3B).

16135] Viral inactivation/clearance by solvent/defersent {reatment,

{0136} Consensus VLP conditioned media was spiked with model viruses and processed by
cation e¢xchange chromatography with and without on-column solvent/detergent treatment. As
shown in Table 3, minimal reduction of the model virases was observed by the CE step alone
while including  the on-colomn  solvent/detergent  treatment  provided  high-level

clearance/inactivation.
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Table 3. Viral inactivation/clearance by solvent/detergent treatment

|
Consensus ¥LP | Model Virus (ogip reduction |
process step A Mul V! AcNPy?
Cation-sxchange 118 58
Cation-suchange B .
= - =6 0% =4 36

(5D treatnrent}

‘Amphotropic Murine Lenkemia vitus

- Baculovims.

[8137] Viral inactivation/clearance by low pH and solvent/detergent treatment,

{0138} Following production of norovirus VLPs in S19 insect cells, bioreactor produoction
cultures contain high levels of live baculovirus {(~10° pfu/mL) following harvest by conventional
methods (low speed centrifugation and filtration). Table 4 shows that while low pH treatment
alone does not completely inactivaie baculovirus at levels found in production cultures. In
contrast, the level of baculovirus inactivation by a combination of low pH and solvent/detergent

treatment exceeds the ~10 pfu/mi in production cultures.

Table 4. Viral inactivation/clearance by low pH and solvent/detergent treatment

e g i

Baculovirns reduction ozl
Norwalkb VI P Consensus VIP

Low pH trestment 553 447

‘ =4 0F

Process step

18139} Removal of VP proteeclvtic fragments by low pH treatment

{0140{During production in the baculovirus expression system, the Consensus VP subunit can

undergo proteolytic cleavage resulting in an N-terminal truncation production for a certain

fraction of the cxpressed material. This proteolytic fragment assembles into VLPs and co-

purifics with VLPs composed of the full-length VP1 subunit during downstream processing.

During development studies, it was discovered that low pH treatment of bulk bioreactor
44
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production cultures sclectively removed the population of VLPs containing the N-terminal
truncation product providing more homogenous material for downstream processing.

{0141}Following downstream processing, analysis of Consensus VLP Drug Substance by silver
stain SDS-PAGE and densitometry demonstrated significant levels of the VP1 N-terminal
truncation product for VLPs purified from bioreactor cultures that were not pH treated at harvest
{Table 5). In countrast, VLPs purified from pH-treated biorecactor cultures were composed

exclusively of the full-length VP subunit,

Table 5. Removal of the Consensus VP1 proteslytic fragment by low pH treatment.

Broreactor harvest | Full lencth N terminal
miethod YEL (%% | wruncation {(Ya)
No pH treatment’ Tixl4 33£13
LowpH treatment’ 19020 ==t

! Results shown for five individual Consensus VLD lots.

18142} Host cell protein clearance by on-column solvent/detergent treatment

[#143] Following harvest of bioreactor production cultures, Norwalk and Consensus VLPs are
processed by cation-exchange (CE)} chromatography with on-column  solvent/detergent
treatment. The VEP and S9 host cell protein (HCP) content were evaluated for both biorcactor
harvest material (CE load) and the cation-exchange elution fraction (CE clution). For these
studies, YLP content was determined by size-exclusion chromatography and HCP content was
determined using a commercially-available ELISA kit {Cygnus Technologics, Cat: F020). Table
6 shows data averaged over mmltiple VLP lots for the HCP content of process fractions, and
demonstrates significant HCP reduction by the CE step as determined by the assays described

above.
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Table 6. Purification of Norwalk and Consensus VL Ps by en-column solvent/defergent

treatment
; HOPE content
Process o o Lo e
. YLE content HOP content refainve o ¥ER
fraction g
{5}
Norwalk VP
CElcad 134% 1358 01
CE elutio S 71 Q
Consensus YL
CE load 1580 1708 108
CF el 1781 iz i

{9144} Harvest of Norwalk and Consensus VEP bioreacior production culiures by low pH
treatment and depth filiration

[8145] For current manufacturing of Norwalk and Consensus VLPs, bioreactor production
cultures arc harvested by low pH treatment and clarification by centnifugation/filtration. The low
pH treatroent step of the current harvest proceduore is used for virus inactivation and removal of
process contaminants, while centrifugation i1s used for primary clanfication of production
cultures. While centrifugation represents a well-established and scalable method for bioreactor
clarification {see FIG. 44}, the alternate use of depth filtration for primary clarvification (see FIG.
4B} offers a number of advantages including ease of operation and availability of disposable
materials that eliminate the requirement for cleaning validation.

{#146] o order to further characterize and refine the harvest of bioreactor production cultures,
development studies were carried out to: 1) evaluate clearance of baculovirus and host cell
nucleic acid process contaminants; and 2} evaluate the use of diatomaceous carth depth filters for
primary clarification. The studies outlined above are summarized in FIGS. 4A-4B, and were
carried out as follows:

{6147] Norwalk and Consensus VLP production cultures were generated in shake flasks or

stirred tank bioreactors.
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{0148} Production cultures were harvested by: low-speed centrifugation and 0.2 um filiration;
iow pH treatment followed by low-speed centrifugation and 0.2 pum filtration; low pH treatment
followed by depth filtration and 0.2 pm filiration.

{8149} The nucleic acid content of process fractions was cvaluated by gPCR and VLP recovery
gvaluated by size-exclusion chromatography.

{#150] For the studies shown in Table 7, the low pH treatment step at harvest results in
significant clearance of nucleic acid contaminants for both Norwalk (12.7 to 47 .4-fold reduction)
and Consensus {2.9 to 3.0-fold reduction}) VLP production cultures. In addition, primary
clarification using a depth filier in the place of centrifugation increased the overall clearance of
nucleic acid contaminants for both Norwalk {65.0 to 110.9-fold reduction) and Consensus (30.7

to 51.9-fold redaction) VLP production cultures.

Table 7. Mucleic acid clearance by low pH freatment and depth filtration

PR E&mim%ms m;«gieie: &9 mm;%a‘ig acid

aoid {podnal ) fpsimiy

Beorwalt VI P harvest

Srarting oubure! AT

Low pH barvest? 8.

Low pHedepth filter hayvest® 115

Consensus VLE harvest

Starting culbture! Pax i F3x I

Low pH harvest? 83 x g Iex I

Low pHidepth filter harvea® 23w ige 1Hx e

* Havvest fraction clarified by centzifugati 2 e Bltration {no pH treatment )
I : ; : T . . L e e .
=Harvest fraction follmwing pH treatment and centifugation 0.7y Hltration

*Harvest fraction following pH treatment and Millistak+ DOHC depth Shtration 2 um
filtration.
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{0151} As shown in Table 8, capacities ranging from 155-390 L/m” and VLP recoveries of 73-
101% were observed in harvest studics using a variety of depth filters. The favorable filter
capacitics and VLP recoveries observed makes such an approach appropriate for use scale-up

manufacturing.

Tabie 8. Depth filter capacity and VLP recovery.

Dapih fileer
T X?JPS - Sartoclear | Mullsiaks
g PB: Cap | DeHC
Narwalk Vip

Filter capacity {Lim®) NA NA 178 183
¥LPrecovery by depth: Rbratian {35} NA NiA S8 141
Lopsepuns VEP

Filter capa 203 155 333 IR0

il
RN
d
§a g
B
B

YWEBrecovery by depth Phratice (%}
N/ -notavailable.
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b.

CLAIMY
A method for purifying virus like particles (VLPs), comprising:
generating or obtaining a cell lysate, culture supernatant, or filtrate containing
said VLPs;
adjusting the pH of the lysate, supernatant, or filtrate to a pH value less than about
5 to generate a pH-adjusted solution; and
removing non-VLP particulates/aggregates from the pH-adjusted solution to

generate a purified solution comprising the VLPs,

The method of claim 1, whercin the VLPs comprise at least a first subpopulation and a
second subpopulation of the VLPs.

The method of claim 2, wherein said removing the non-VLP particulates/aggregates
comprises removing the second subpopulation of VLPs from the pH-adjusted solution,

wherein the purified solution substantially retains the first subpopulation of VEPs,

The method of claim 3, f{urther comprising removing, after removing the second
subpopulation of VLPs from the pH-adjusted solution to generate the purified solution,

the fivst population of VLPs from the purified solution.

The method of ¢laim 4, wherein the VLPs of the cell lysate or culture supernatant/filtrate
are norovirus VLPs, wherein the first subpopulation comprises norovirus VLPs with a
full length VP11 subunit, and wherein the second subpopulation comprises norovirus

VLPs with a truncated VP1 subunit.

The method of claim 4, wherein the ratio of the first subpopulation of VLPs to residual

contaminating protein is increased at least about two-fold.
45
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9.

1.

11,

14.

is.

The method of claim 3, whercin the ratio of the first subpopulation of VLPs to residual

contaminating protein is increased at least about two-fold.

The method of claim 1, wherein said adjusting the pH 15 carried out for a duration

hetween about 30 minutes and about 48 hours,

The method of claim 1, wherein the VLPs comprise acid-stable VLPs,

The method of claimn |, wherein the adjusted pH of the lysate, supernatant or filtrate is

fess than about 3.

The method of claim 1, wherein the adjusted pH of the lysate, supernatant or filtrate is

less than about 4.

. The method of claim 1, wherein satd removing is done via one or more of the following

types of processes: centrifugation, precipitation, flocculation, settling, and filtration.

. The method of claim 12, wherein said removing includes clarifving the pH-adjusted
> 24 YHOE ] ]

solution by depth filtration followed by additional filtration to gencrate the purified

sohition.

The method of claim 1, wherein at least about 65% of residual contaminating nucleic acid

is removed from the lysate, supernatant, or filtrate as a result of said purifying.

The method of claim 1, wherein at [cast about 98% of residual contaminating nucleic acid
is removed from the lysate, supernatant, or filtrate as a result of said purifying.
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6.
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1&.

19.

The method of claim 1, further comprising scparating a first subpopulation of VLPs from
the purificd solution using one or more chromatographic processes, gach
chromatographic  process 18 independently  sclected  fromv hydroxyapatite
chromatography,  hvdrophobic  interaction  chromatography, size  exclusion
chromatography, ion exchange chromatography, mixed mode chromatography, and

affinity chromatography.

. A method for puritying virus like particles {VLPs), comprising:

generating or obtaining a cell lysate, culture supernatant, or filtrate containing
V1.Ps: and
purifying the VLPs using a multisiep chromatographic process, wherein at least
one chromatographic process of the multistep chromatographic process comprises:
contacting the lysate, supernatant or filtrate with a chromatographic
material, wherein the VLPs bind to said chromatographic material;
treating the chromatographic material with a solvent and/or detergent; and

eluting, after said treating, the VLPs from the chromatographic material.

The method of claim 17, wherein the solvent and/or detergent comprises one or more of
the following: TnBP, octylphenol, cthyleneoxide condensate, polyoxyethylene sorbitan

monooleate, and sodium cholate, Triton X-100, and tributyl phosphate.

The method of claim 17, wherein the VLPs are one or more of: norovirus genogroup |
ViPs, norovirus genogroup H VLPs, norovirus genogroup 1V VLPs, chimeric norovirus

I

VLPs, and sapovirus VLPs.
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20. The method of claim 17, wherein the ratio of the VLPs to residual contaminating protein

2

b

~3

[Nl

is increased at least about ten-fold as compared to the lysate, supernatant or filirate.

. The method of claim 17, whercin the ratio of the VLPs to residual contaminating protein

is increased at least about nincty-~fold as compared to the lvsate, supernatant or filtrate.

. The method of claim 17, wherein at least about 50% of residual contaminating protein is

removed from the lysate, supernatant or filtrate as a result of said purifying.

. The method of claim 17, wherein ap to about 99% of residoal contaminating protein is

removed from the lysate, sapernatant or filirate as a result of said purifving.

. The method of claim 17, wherein no more than about 50% of the VLPs are lost during

said purification.

. The method of claim 17, wherein at least about 63% of the VLPs are recovered as a result

of said purification.

. The method of claim 17, wherein cach chromatographic process is independently

selected from: hydroxyapatitc chromatography, hydrophobic interaction chromatography,
size cxclusion chromatography, ion exchange chromatography, mixed wmode

chromatography, membranc-based chromatography, and affinity chromatography.

. The method of claim 26, wherein a first chromatographic process of the multistep

chromatographic process is ion cxchange chromatography, wherein the ion exchange
chromatography is sclected from anion cxchange chromatography and cation exchange
chromatography.
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. The method of claim 27 wherein said treating step is performed on an ion exchange

column of the ion exchange chromatography process.

. The method of claim 27, further comprising one or more additional chromatographic
PIOCESSEes.

The method of claim 17, wherein a first chromatographic process of the multistep
chromatographic process is selected {from ion exchange chromatography, hydroxyapatite

chromatography and hydrophobic interaction chromatography.

The method of claim 17, wherein the lvsate, supernatant or filirate 15 gencrated using

recombinant methodologics.

. The method of claim 31, wherein the VLPs are produced in bacterial cells, insect cells,

yeast cells, plant, or mammalian cells.

. A method of purifving virus like particles {VLPs), comprising:
YR ) £

generating or obtaining a cell lysate, culture supernatant, or filtrate containing
ViPs, said VLPs comprising at least a first subpopulation and a second subpopulation of
the VLPs;

adjusting the pH of the lysate, supernatant or filtrate to a pH of less than about 5
to generate a pH adjusted solution;

removing the second subpopulation of VLPs from the pH-adjusted sohution using
a filtration process to gencrate a filtered, purified solution, wherein the filtered, purified

solution substantially retains the first subpopulation of VLPs; and
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separating the first subpopulation of VLPs from the filiered, purified solution

using a multistep chromatographic process.

34. The mcthod of claim 33, wherein at lcast one chromatographic process of the multistep
chromatographic process comprises:
contacting the filtered, purified solution with a chromatographic material, wherein
the first subpopulation of VLPs bind to said chromatographic material;
ireating the chromatographic material with a solvent and/or detergent; and

cluting the first subpopulation of VLPs from the chromatographic material.

35, The method of claim 34, wherein the ratio of the first population of VLPs fo residual
contaminating protein is increased at least about two-fold compared fo the lysate,

supernatant or filtrate,

36. The method of claim 33, wherein cach chromatographic process s independently
selected from: hydroxyapatite chromatography, hydrophobie interaction chromatography,
size exclusion chromatography, ion exchange chromatography, mixed mode

chromatography, and affinity chromatography.

37. The method of elaim 33, wherein the VLPs are onc or more of norovirus genogroup 1
r

VLPs, norovirus genogroup H VLPs, norovirus genogroup 1V VLPs, chimeric norovirus

ViPs, and sapovirus VLPs.

38. The method of claim 37, wherein the VLPs are norovirus genogroup 1 VLPs, whercin the
first subpopulation comprises norovirus VLPs with full length VP1 subunit, and wherein
the sccond subpopulation comprises norovirus VL Ps with truncated VP1 subunit.
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46.

. The method of claim 33, whercin the lysate, supernatant or filtrate is gencrated using

recombinant methodologies.

The method of claim 33, wherein the VLPs are produced in bacterial cells, insect celis,

veast cells, plant, or maromalian cells.

. The method of claim 33, wherein the adjusted pH of the lysate, supernatant or filtrate s

less than about 3.

2. The method of claim 33, wherein the adjusted pH of the lysate, supernatant or filtrate is

fess than about 4.

b, The method of claim 33, wherein said adjusting the pH is carried out for a duration

between about 30 minutes and about 48 hours.

The method of claim 33, wherein the filtration process includes a depth filtration process.

The method of claim 33, further comprising one or more of the following processes
following filtration: centrifugation, precipitation, flocculation, settling, and additional

filtration.

A vaccine comprising the first subpopulation of VLPs prepared by the method of claim

33.

. A method for purifying virus like particles {VLPs}, comprising:
generating or obtaining a cell lysate, culture supernatant, or filtrate containing
said VLPs:
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48.

49,

50.

5t

adjusting the pH of the lysate, supernatant or filtrate to a pH valuc less than about
5 to gencrate a pH adjusted solution; and
removing non-VLP particulates/aggregates from the pH-adjusted solution, said removing
including clarifying the pH-adjusted solution by a depth filtration process to generate a

purified, depth-filtered sohution.

The method of claim 47, wherein the depth filtration process comprises contacting the

pH-adjusted solution with one or more depth filters.

The method of claim 47, whercein at lcast one of the depth filters is a diatomaceous carth

depth filter,

The method of claim 48, wherein the one or more depth filters are a plurality of
diatomaceous carth depth filters cach having a filter capacity independently selected from

. . o2 . : o2
a range of about 50 liters/m” to about 1000 liters/m”
&

The method of claim 47, wherein the one or more depth filters is a single depth flter cach
having a filter capacity selected from a range of about 150 liters/m” to about 400

. P
Iiters/ma”,

2. The method of claim 47, wherein at least about 99% of residual contaminating nucleic

acid is removed from the pH-adjusted solution as compared to the tysate, supernatant or

filtrate.

3. The method of claim 47, wherein at least about 95% of residual contaminating nucleic

acid is removed from the pH-adjusted solution as compared to the fysate, supernatant or

filtrate.
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54. The method of claim 47, wherein at least about 75% of the VLPs arc recovered from the

[
U

56.

57.

pH-adjusted solution as comparcd to the lysate, supernatant or filtrate.

. The method of claim 47, whercin about 100% of the VLPs are recovered from the pH-

adjusted sohution as compared to the lysate, supernatant or filtrate.

The method of claim 47, wherein the VLPs comprise at least a first subpopulation and a
second subpopulation of the VLPs, and whercin said clarifying scparates the second
subpopulation of VLPs from the pH-adjusted solution to generate the depth-filiered,
purified solution, and wherein the depth-filtered, purified solution substantially retains

the first subpopulation of VLPs.

The method of claim 56, said scparating further comprising separating the first
subpopulation of VLPs from the depth-filtered, purified soluotion using one or more
chromatographic processes, cach chromatographic process is independently selected
from: hydroxyapatite chromatography, hydrophobic interaction chromatography, size
excluston chromatography, anion exchange chromatography, cation exchange

chromatography, mixed mode chromatography, and affinity chromatography.

. The method of claim 535, wherein the VLPs arc one or more oft norovirus genogroup |

ViPs, norovirus genogroup H VLPs, norovirus genogroup 1V VLPs, chimeric norovirus

VLPs, and sapovirus VLPs.

. The method of claim 58, wherein the VLPs are norovirus genogroup { VLPs, wherein the

first subpopulation comprises norovirus VLPs with full length VP subunit, and wherein
the sccond subpopulation comprises norovirus VLPs with truncated VP1 subunit.

53



WO 2013/192604 PCT/US2013/047249

60,

62,

63,

64,

66.

The method of claim 47, wherein the cell lysate or the culture supernatant/filtrate is

generated using recombinant methodologies.

. The method of claim 47, wherein the VLPs are produced in bacterial cells, mnsect celis,

yeast cells, plant, or mammalian cells,

A sohufion comprising a purified population of noroviras VLPs, wherein said solution
contains no more than about 80% residual contaminating protein relative to VLP as
measured by size-exclusion chromatography and ELISA.

A vaccine comprising the norovirus VLPs prepared from the solution of claim 62,

The solution of claim 62, purified from a cell lysate, culture supernatant, or filtrate

containing the norovirus VLPs.

. The solution of claim 64, containing no more than about 35% residual contaminating

nucleic acid relative to the tysate, supernatant or filtrate,

The solution of claim 64, wherein at least about 50% of the norovirus VLPS are recovered

from the lysate, supernatant or filtrate,

7. The solution of claim 64, wherein the ratio of the norovirus VLPs to residual

contaminating protein is incrcased at least about ten-fold as compared to the lysate,

supernatant or filtrate.
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. The solution of claim 62, wherein the solution is suitable for use in a commercial process,

said commercial process having a processing volume of at least 20 liters.

. The solution of claim 62, gencrated by one or more of the following processes: pH

treatment,  centrifugation, preciputation, Hocculation, settling, filtration, and

chromatography.

The solution of claim 69, generated by:

generating or obtainin a cell lysate, culture supernatant, or filtrate containing the
norovirus VLPs, said norovirus VLPs comprising at least a {irst subpopulation and a
second subpopulation of the norovirus VLPs;

adjusting the pH of the lysate, sapernatant or filtrate to a pH of less than about 5
to generate a pH-adjosted solution;

removing the second subpopulation of norovirus VLPs from the pH-adjusted
solution using a filtration process to generate a filtered, purified solution, wherein the
filtered, purified solution substantially retains the first subpopulation of norovirus VLPs;
and

separating the first subpopulation of norovirus VLPs from the filtered, purified

solution using a multistep chromatographic process.

The solution of claim 70, wherein the norovirus VLPs arc norovirus genogroup I VLPs,
wherein the first subpopulation comprises norovirus genogroup I VEPs with full length
VP1 subunit, and whercin the second subpopulation comprises norovirus genogroup |

VLPs with truncated VP1 subunit,

. The solution of claim 70, wherein the norovirus VLPs are norovirus genogroup 11 VLPs,

wherein the first subpopulation comprisces norovirus genogroup H VEPs with full length
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5.

7.

8.

VP1 subunit, and wherein the sccond subpopulation comprises noroviras genogroup 1

YVLPs with truncated VP1 subunit.

A solution comprising a purified population of VLPs, whercin said solution contains at

least 50% VLPs with a full length VP1 subunit.

. The solution of claim 73, containing up to about 100% VLPs with the full length VP

subunit.

The solution of claim 73, whercin the solution is substantially free of VLPs with a

truncated VP1 subunti.

. The solntion of claim 73, generated from an unpurified sohution containing at least 10%

VLPs with a truncated VP1 subunit.

The solution of claim 76, wherein the unpurified sohution inchides cell tysate, culture

supernatant, or {iltrate containing the VLPs.

The solution of claim 76, wherein the solution is generated from the unpurified sohation
by:

adjusting the pH of the unpurified solution to a pH valuc less than about 5 to
generate a pH-adjusted sohation; and

removing VLPs with a truncated VP1 subunit from the pH-adjusted solation to
generate the solution as a purified solution, wherein the pH adjusted solution

substantiaily retains the VLPs with the full length VP subunit.
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. The solution of claim 78, whercin said removing is donce via one or more of the following

processes: centrifugation, precipitation, flocculation, setiling, and filiration.

A purified population of VLPs with a full length VP1 subunit, generated by applying one

or more chromatographic processes to the sohution of claim 73,

. A method of clearing and/or inactivating Hive viras in a solution containing the live virus
and further containing VLPs generated by the live virus, the roethod comprising adjusting
the pH of the solution containing the live virus to a pH valoe less than about 5 to

generate a pH adjusted solation.

2. The method of claim 81, wherein the level of bive virus in the pH-adjusied solution is

reduced at least about 16°,

b, The method of claim 81, wherein the level of hive virus in the pH-adjusted solution is

rechuced at least about 10°,

The method of claim 81, wherein the VLPs are selected from genogroup 1 VLPs and

genogroup H VLPs.

. The method of claim 81, wherein the live viras includes baculovirus,

The method of claim 81, further comprising:

removing non-YLP particulates/aggregates from the pH-adpusted solution to
gencrate a purificd solution; and

purifying the purified solution using at least one chromatographic process,

wherein the at least one chromatographic process comprises:

-3
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contacting the pH-adjusted solution with a chromatographic material,
wherein the VLPs bind to said chromatographic matcerial;

treating the chromatographic material with a solvent and/or detergent; and

cluting, afier said treating, the VLPs from the chromatographic material to

generation an eluate,

wherein the level of Hve virus in the eluate is redoced by at least about 107 corapared to the

solution contamning the live virus,

3

&9.

90,

91.

. The method of claim 86, wherein the level of live virus in the cluate s reduced at least

about! ) compared to the solution containing the live virus.

The method of claim 86, wherein the VLPs are selected from genogroup 1 VLPs and

genogroup H VLPs.

The method of claim 86, wherein the live virus includes baculovirus.

A purified VLP composition generated from the eluate of ¢laim 86.

A vaccine generated from the eluate of claim 86.

. A method of clearing and/or inactivating live virus in a solution containing the live virus

and further containing VLPs generated by the Hve virus, the method comprising purifying
the solution containing the Hve virus using at least one chromatographic process, wherein
the at least one chromatographic process comprises:

contacting the solution containing the live virus with a chromatographic material,
wherein the VLPs bind to said chromatographic material;

treating the chromatographic material with a solvent and/or detergent; and
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cluting, after said treating, the VLPs from the chromatographic material to

gencration an cluate.

93, The method of claim 92, wherein the level of live virus in the cluate is reduced at lcast

about 107 corpared to the solution containing the live virus.

94, The method of claim 92, wherein the level of live virgs in the eluate is reduced at least

about 10’ compared to the solution containing the Hve virus.

35. The mwethod of claim 92, wherein the VLPs are selected from genogroup 1 VLPs and

genogroup I VEPs,

96. The method of claim 92, wherein the live virus inclhudes bacuolovirus.
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