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FIGURE 1

(57) Abstract: The present invention relates to
a method o f quantitying the amount of Mock
Vims Particles (MVP) re moved from a solu-
tion as a result of processing that solution
through a purification technique. This method
involves the steps of adding MVP to a solu-
tion, processing the solution through a purific-
ation technique, quantifying the amount of
MVP removed from the solution. The present
invention also relates to a kit that cart be used
in conjunction with the method. This kit will
comprise at least one stock solution of MVP
and at least one quantification solution.
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Methods and Kits for Quantifying the Removal of Mock Virus Particles from a Purified Solution

SUMMARY OF THE INVENTION

[001] The present invention relates to a method of quantifying the amount of Mock Virus Partickes (MVE)
removed from a solution as a result of processing that solution through a purification technique. This method
involves the steps of adding MVP to a solution, processing the solution through a purification technique, and
then gquantifving the amount of MVP removed from the solution. The present invention also relates to a kit that can
be used in conjunction with the roethod. This kit preferably will coraprise at least one stock sohstion of MVP and at

least one guantification solhution.

BACKGROUND

[002] Biopharmaceutical products, such as monoclonal antibodies, recombinant proteins, vaccines, blood
derivatives and animal products carry a risk of transmitting infectious viruses (Burnouf, 2005; Aranha, 2011). This
is due to either endogenous virus being present in the source material used for biopharmaceutical manufacturing or
the risk of exogenous “adventitious” virus contaminating a biopharmaceutical containing solution during
manufacturing (Kerr, 2010). As a result, manufacturers of biopharmaceutical products are required by international
regulatory agencies to incorporate sufficient virus clearance steps into their manufacturing processes and to
validate these steps by providing robust viral clearance data (EMEA, 2008; EMEA, 2008; ICH, 1997; ICH, 998;
FDA, 1997).

[003] To validate viral clearance, viral “spiking studies” are performed whereby live virus is added to
biopharmaceutical material and scaled down purification process steps are performed (Darling, 2002). The step’s
ability to reduce virus is then analyzed by quantifying the remaining virus in solution via infectivity assay
(TCIDs,) or quantitative polymerase chain reaction techniques (Q-PCR). These studies are usually conducted by
third party contract labs due to the expertise and additional safety measures required to propagate and quantify live
viral particles. As a result these studies are extremely expensive and logistically difficult to conduct. In effect,
process steps are typically developed for months or years before they are evaluated for virus removal efficacy.
This practice increases regulatory risk as time and money are spent developing process steps that may ultimately
fail to sufficiently remove virus during regulatory enabling validation studies. Thus, there is a need for new and

improved methods of determining virus removal efficiency during purification processes development.

SUMMARY OF THE INVENTION

[004] The present invention relates to a method of quantifying the amount of Mock Virus Particle (MVP)
removed from a solution as a result of processing the solution through a purification technique. The steps of the

method include; adding MVP to a solution, processing the solution through a purification technique, and
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quantifying the amount of MVP removed from the solution. In a preferred embodiment, the solution to which
MVP is added contains a biologic of interest. In an even more preferred embodiment, the biologic of interest is an
antibody, non-antibody protein, vaccine, nucleic acid product, blood or plasma derivative. In another even more
preferred embodiment, the biologic of interest is produced by a cell culture process or a fermentation process
which utilizes human cells, animal cells, plant cells, insect cells, hybridoma cells, yeast cells, or bacteria cells. In
another even more preferred embodiment, a biologic of interest present in the solution is purified by way of

processing of that solution through the purification technique.

[005] 1Inanother preferred embodiment, the purification technique that processes a solution containing MVP is
a chromatography, filtration, ultrafiltration, centrifugation, or viral inactivation technique. In another preferred
embodiment, the quantity of MVP added to a solution prior to processing that solution through a purification

technique is greater than the quantity of MVP in solution remaining after processing.

[006] 1In a preferred embodiment, MVP comprises viral capsid protein, viral envelope protein, or both a viral
capsid and a viral envelope protein. In an even more preferred embodiment, the viral capsid or envelope protein is
produced by a bacteria, yeast, plant, insect, and/or animal and/or human cell. In another even more preferred
embodiment the viral capsid or envelope protein is derived from a Parvoviridae or Retroviridae source. In another
even more preferred embodiment, the viral capsid or envelope protein comprises a heterologous epitope. In

another even more preferred embodiment, MVP contains in vitro nucleic acid.

[007] Ina preferred embodiment, quantifying the amount of MVP removed from the solution comprises the use
of a quantification technique for determining the amount of MVP in a solution including Enzyme Linked
Immunosorbent Assay (ELISA), Polymerase Chain Reaction (PCR), nanoimaging, fluorescence, enzymatic,
microscopy, spectrophotometry, Transmission Electron Microscopy (TEM), or western blot techniques. In an
even more preferred embodiment, the quantification technique uses an antibody capable of binding to a capsid
protein epitope, an envelope protein epitope, or a heterologous epitope present on the surface of the MVP. In
another even more preferred embodiment, the quantification technique uses an antibody capable of binding to a
linker molecule that is bound to the MVP. In another even more preferred embodiment, the quantification
technique uses a molecule bound to the MVP and an antibody capable of binding to the molecule or a primer
capable of binding to a nucleic acid segment that is attached to the molecule. In another even more preferred
embodiment, the quantification technique uses a primer capable of binding to an in vitro nucleic acid sequence

contained within the MVP.

[008] The present invention relates to a method whereby MVP is added to a solution, the solution is
processed through a purification technique, and the amount of MVP removed from solution is quantified. In a
preferred embodiment, a second species of MVP is added to the solution, the solution is processed through a
purification technique, and the amount of the second species of MVP removed from solution is quantified. In an
even more preferred embodiment, the first and second species of MVP are added to a solution at the same time
or sequentially. In another even more preferred embodiment, two or more additional species of MVP are added to

the solution.
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[009] The present invention also relates to a kit which comprises: at least one container comprising a stock
solution of MVP, and at least one container comprising a quantification solution. In a preferred embodiment,
the quantification solution comprises an antibody capable of binding to MVP or to a molecule which can be
bound to MVP. In an even more preferred embodiment, the kit further comprises a solution of a second antibody,
capable of binding to the antibody which is capable of binding to MVP or to a molecule which can be bound to
MVP. In another even more preferred embodiment, the antibody capable of binding to MVP is conjugated to an
enzyme. In another even more preferred embodiment, the second antibody capable of binding to the antibody which
is capable of binding to MVP or a molecule which can bind to MVP is conjugated to an enzyme. In another
preferred embodiment, the kit further contains an ELISA plate containing an immobilized antibody or molecule that
can bind to MVP. In another preferred embodiment, the quantification solution comprises primers capable of
binding to an in vitro nucleic acid sequence or a segment of nucleic acid bound to a molecule which can be
bound to MVP. In another preferred embodiment, the kit contains another container comprising a solution of a
molecule which can bind to MVP. In another preferred embodiment, the kit also contains additional reagents for

performing ELISA or PCR techniques.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Embodiments are illustrated by way of example and not limitation in the figures of the accompanying

drawings, in which like references indicate similar elements and in which:

[0011] Figure 1: Purity of MMV MVP fractions

[0012] Figure 2: Transmission electron microscopy image of MMV MVP stock solution.

[0013] Figure 3: Purity of heterologous epitope MMV MVP fractions.

[0014] Figure 4: Transmission electron microscopy image of heterologous epitope MMV MVP stock solution.

[0015] Mouse Minute Virus (MMV) MVP’s were purified via methods referred to in Examples 1 and 2. To
determine the purity of the Cesium Chloride density gradient fractions, samples from each density fraction (lanes
1-13) were reduced and electrophoresed on a 4-12% polyacrylamide gel. Protein bands were visualized through
Commassie blue staining . A VP2 protein standard (alpha diagnostic cati MVMVP25-R-10) was run in lane “S”
for comparison (VP2 protein is expected to be 64 KDa) and a molecular weight marker protein was run in lane
“M”. In Figure 1, MVP resulting from natural VP2 protein formation was analyzed. Fractions 11-13 were pooled
to form MVP stock solution. Based on staining results, the pooled stock solution contained MVP at a purity of
>95%. In Figure 3, MVP resulting from recombinant VP2 protein formation was analyzed. Fractions 11-13 were
pooled to form MVP stock solution. Based on staining results, the pooled stock solution contained MVP at a

purity of ~ 90%.
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[0016] MMV MVP stock solutions were produced via methods described in Examples 1 and 2. In Figure 2,
TEM images were taken of MMV MVP stock solution resulting from the assembly of 60 copies of natural (non-
modified) VP2 protein. In Figure 4, TEM images were taken of MMV MVP stock solution resulting from the
assembly of 60 copies of recombinant VP2 proteins, each containing a heterologous epitope (strep 11 tag amino
acid sequence). Images were captured after negative staining. Two microliters of each stock solution were placed
onto separate formvar/carbon-coated electron microscope grids and allowed to air dry. After ten minutes, residual
material was wicked from the grids. The grids were then fixed and stained by placing 20 microliters of 2.0%
phosphotungstic acid (PTA), pH 7.0, onto each grid for one minute. The excess PTA was then removed, and the
grids were examined, quantified and photographed using an FEI Tecnai Spirit Twin microscope at a magnification
of 165,000X. Results show concentrations of 3.06 x 10> MMV MVP/ml of stock solution (Figure 2) and 3.56 x
10" heterologous epitope MMV MVP/ml of stock solution (Figure 4).

DETAILED DESCRIPTION OF INVENTION

[0017] 1In the present invention, the term “mock virus particle (MVP)” refers to a non-infectious, non-replicating
assembled unit comprised of synthetically produced (e.g. recombinantly expressed or chemically synthesized) viral
capsid protein, viral envelope protein, or viral capsid and envelope proteins. MVP’s do not refer to virus particles
found in nature, including, but not limited to live virus particles, virus particles found in nature that have naturally
lost the ability to be infectious, or virus particles that have lost the ability to be infectious in vitro, such as
“ultraviolet irradiated”, “heat-killed” or “heat-inactivated™ viral particles. Thus, the synthetic nature of a MVP
provides their ability to be easily produced and used in a commercial setting as compared to other forms of virus
particles used in the art. The term “viral capsid protein” refers to a protein of any virus that comprises a shell
around its genome. The term “viral envelope protein” refers to any viral protein that covers a capsid protein shell
and becomes part of the outer layer of a virus. Certain viral capsid and envelope proteins are known to be prevalent
to viruses within specific viral taxonomic families. MVPs can be produced from the capsid or envelope proteins of
these viral families resulting in units that physiochemically resemble specific viruses from within those families.
However, assembled units of MVP lack genetic similarity to these viruses (MVP’s may not contain any nucleic acid
whatsoever). Examples of major viral capsid and envelope proteins (common names of these proteins referred to in
the art) and their associated viral family are listed in Table 1 below along with an example MVP which could

assemble from one or more of those proteins (Fauquet et. al, 2005).

Tabie i
. i Known Envelope Protein
Virus Family Known Capsid Protein Example MVP
Examples
Examples
. e s Mouse Mimnte Vinus
Parvoviridae VPILVPZ VP3 VP4 Nong
-MVP
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SU, T™, LP (env Kenotropic Murine

Retroviridae MA, CA, NC {gag proteins)
proteins), Sag _eukemia Virus-

wl, 512, gA, uB, AL A2, A3 RA,

AB, AC, ol, 02, 63, oA, oB, o) ] o .
Reovius Type 3 -

Reoviridae VPL, VP2, VP3, VP4, VPS5, VPG, None MYP
VP7,CSP, LPP, TP, PL, P2 P3,
P35, P7.P8
o . o ! ] Feline Calicivirus ~
Caliciviridae VEO(, VP62, VPE.S, VP10, CP Norne
MYP
Noxe Physalis moitte-MVP

Cp

Tymoviridae

M, gB, gb, gL, gH, gC,
gl g0, gl, gG gk, g, gN,

VP53, VPI-3, VP23, VP26
YVPI9C, VE21, VP24, VP22 Herpes simplex -

Filoviridae

NP, VP30, VP35, L

Herpesviridae ]
ULi6, MCP, CP62, Us6, 1U29, [BMRF2, BDFL2, UL45H, MVFP
Us7 UL34, USS
Togaviridae CP ELE2 E3 Rubella -MVP
) 7 Infectious bronchitis
Coronaviridoe N S, M, E, HE
- MVP
,_ HA, NA, My, M,, HEF,
Orthomyxoviridae NP, PA PB, PB, Infhenza A - MVP
GP, NB, BM,, CM,
GP, VP24, VP40 Ehola - MVP

Hepadnaviridae

HBe

LMS

Hepatitis B - MVP

FPavamyxovividae

NP, P

M,F HNM SH G H

Human Paminfiscnza

3-MVP

Flaviviridae

C

M., E, prM, E™, 1, E2

Bovine Viral

Biaghea-MVE

Polvomaviridae

Vpl, Vp2, Vp3

Picornavirus VP, VP2, VP3, VP4, Vpg, VPO None Hepatitis A-MYP
B Sinxan Virus 40 -
Nong

MVP

{00138} Inthe present invention, a MVP unit assembles as the result of recombinantly expressing or chemically
synthesizing viral capsid or viral envelope proteins in vitro. Preferably, viral capsid and envelope proteins which

assemble to form a MVP are expression products from naturally occurring viral protein nucleic acids sequences.
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Alternatively, they are expression products from viral protein nucleic acid sequences that have been altered, or
modified, in vitro. In the present invention, protein products which are composed of altered or modified amino
acid sequences as a result of the expression of altered or modified nucleic acid sequences are referred to as
“recombinant” proteins. The act of altering or modifying naturally occurring viral protein nucleic acid sequences
to express recombinant viral capsid or envelope proteins is well known in the art (see, for example, Gillock, 1998).
Preferably, recombinant MVP capsid or envelope proteins are 99.9% or more homologous to their natural viral
protein sources, according to standard protein based BLAST homology searches. Alternatively, recombinant
capsid or envelope proteins of MVP are at least 50%, 60%, 70%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% homologous to their natural capsid and/or

envelope protein sources, according to standard BLAST homology searches.

[0019] Preferably, viral capsid or envelope proteins which assemble to form MVPs are produced by expressing
their genes in bacteria, yeast, plant, insect, animal, or human cells. The act of producing these proteins in lieu of
assembling a MVP is commonly known in the art (see for example, Makarova 2011). For example, natural or
modified viral nucleic acid protein sequences are first cloned into expression vectors. Preferably, expression
vectors are yeast based expression vectors, bacterial based expression vectors, baculovirus based expression
vectors, and/or mammalian based expression vectors, and/or plant-based expression vectors. The expression vector
is then made to transfect a cell. Preferably, cells that may be transfected include, but are not limited to; bacteria,
yeast, plant, insect, animal, mammal and/or human cells. Preferably, after the expression of natural or recombinant
viral capsid or envelope proteins, the proteins spontancously assemble into MVP. Alternatively, the assembly of
MVP will not occur spontaneously. In these instances, the un-assembled protein containing solution could be
treated with chemicals and/or proteins to increase the occurrence of MVP assembly. Alternatively, the un-
assembled protein containing solution will be purified to increase the amount of capsid and or envelope proteins in

solution relative to other molecules in solution.

[0026] Preferably, the nucleic acid sequence expressed to produce a viral capsid or envelope protein which
assembles to form a MVP is derived from a Parvoviridae or Retroviridae genomic source. Examples of
Parvoviridae derived nucleic acid sequence sources include, but are not limited to the genomes of, Minute Virus
of Mice (Mouse Minute Virus), Canine Parvovirus, Feline Parvovirus, Porcing Parvovirus, B19 vims, Adeno-
associated virus 1, Junonia coenia densovirus, Bombyx mori virus, and Aedes aegypti densovirus genomes.
Examples of viral capsid proteins which could be produced and assembled to form MVP from these genomes
include, but are not limited to, VP1, VP2, VP3, or VP4 proteins. Exaraples of Rerroviridae derived nucleic acid
protein sequence sources include, but are not hmted 1o the genomes of, Avian Erythroblastosis Virus, Avian
Leukosis Virus, Avian Myeloblastosis Virus, Avian Sarcoma Virus, Avian Myelocytomatosis Virus, Esh Sarcoma
Virus, Fujinami Sarcoma Virus, Golden Pheasant Virus, Induced Leukemia Virus, Lymphoid Leukosis Virus,
Myeloblastosis-associated Virus, Myelocytomatosis Virus, Rous-associated Virus, Ring-necked Pheasant Virus,
Rous Sarcoma Virus, NK-24, SKV, Baboon Endogenous Virus, BEV, CCC, CERV-CI, CPC4, Corn Snake
Retrovirus, Chicken Syncytial Virus, Duck Infectious Anemia Virus, Deer Kidney Virus, DPC4, Equine Dermal
Fibrosarcoma Virus, Feline Leukemia Virus, FeLV-AIDS, Feline Sarcoma Virus, Fr-MLV, Fr-SFFV, FS-1,
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Gibbon Ape Leukemia Virus, Hamster Leukemia Virus, Lymphoproliferative Disease Virus, Mink Cell Focus-
inducing Virus, MAIDS, MDEV, Mink Leukemia Virus, Murine Leukemia Virus, MMCA, Murine Sarcoma
Virus, Myeloid Leukemia Virus,OMCA, PK-1S, R-35, RadLV, Rat Leukemia Virus, Ra-MCF, Ra-MLYV, Ra-
SFFV, Rat Sarcoma Virus, RDL 14, Reticuloendotheliosis-associated Virus, Spleen Focus-forming Virus, Simian
Sarcoma Virus, Simian Lymphoma Virus, Simian Myelogenous Leukemia Virus, Spleen Necrosis Virus, Simian
Sarcoma-associated Virus, Simian Sarcoma Virus, TRV4, Vand C-1, Viper Retrovirus, Woolly Monkey Virus,
Woolly Monkey Leukemia Virus, Bovine Leukemia Virus, BoLV, Human T-cell Leukemia Virus, Simian T-cell
Leukemia Virus, STLVpan-p, Bovine Syncytial Virus, Feline Syncytium-forming Virus, Human Foamy Virus,
Simian Foamy Virus, Bovine Immunodeficiency Virus, Caprine Encephalitis-arthritis Virus, Equine Infectious
Anemia Virus, Feline Immunodeficiency Virus, Goat Leukoencephalitis Virus, Human Immunodeficiency Virus,
Jembrana, Maedi/visna Virus, Progressive Pneumonia Virus, Simian Immunodeficiency Virus, Mouse Mammary
Tumor Virus, M432,M832, MNV, Mason-Pfizer Monkey Virus, PMFV, PO-1-Lu, Squirrel Monkey Retrovirus,
Simian Retrovirus, Jaagsickte Retrovirus, Walleye Dermal Sarcoma Virus, Walleye Dermal Hyperplasia Virus,
and Gypsy genomes. Examples of viral capsid and envelope proteins which could be produced and assembled to
form MVP from these Retroviridae genomes include, but are not limited to, gag proteins (MA, CA, NC), env
proteins (SU, TM, LP), and Sag protein. Even more preferably, Retfroviridae derived protein sources include
genomic sequences from mammalian cell-endogenous retroviruses and retrovirus like particles. Examples of
mammalian cell-endogenous retroviruses and retrovirus like particles include, but are not limited to Murine
Leukemia Viruses (Ab, AKTS8, Cas-Br-E, Du5SH MAIDS, FMCF-98, Fr, Graffi, Gross, LP-BMS5, Ki, Mo, MPLV,
NT40, PVC-211, Ra, RadLV, SL3-3, TRI-3, XMuL V) and Intracisternal A type particles. Examples of
mammalian cells that may contain endogenous retrovirus or retrovirus like particles include CHO, NSO, NS-1,

Sp20Agl4, MH, BHK, and RH cells.

[0021] Preferably, a viral capsid or envelope protein assembles to form an MVP which displays an epitope(s) on
its surface. Inthe present invention, an “epitope” is a specific sequence of amino acids displayed on the exterior
surface of a MVP. Epitopes may be utilized to quantify the amount of MVP present in solution (and hence their
removal from solution) without the need of infectivity assays, QPCR, or other cumbersome and expensive
methods common to the art of quantifying infectious or non-infectious virus particle removal. In some instances, a
recombinant viral capsid or envelope protein assembles to form an MVP. In these instances, the MVP may
display a heterologous epitope(s) on its surface. In the present invention, a “heterologous epitope™ refers to an
epitope which results from the expression of recombinant capsid or envelope proteins. Likewise, an MVP can
comprise a heterologous epitope when it is assembled from recombinant proteins. Examples of heterologous
epitopes include but are not limited to, strep-tag (e.g. amino acid sequence WSHPQFEK (SEQ ID No:1)), flag tag
(e.g. amino acid sequence DYKDDDDK (SEQ ID No:2)) and His-tag (e.g. amino acid sequence HHHHHH (SEQ
ID No:3)). Preferably, one copy of an epitope or heterologous epitope may be present per protein unit of that
MVP. Alternatively, multiple copies of an epitope or heterologous epitope may be present per protein unit of that
MVP. Heterologous epitopes may euhance the sensitivity of quantification methods used 1o determine the amount

of MVP in a solution to levels beyond what is achicvable for infectivity assavs, QPCR assays or other assays
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currently common in the art.

[0022] Preferably, a MVP doss not contain any necleic acid. Allematively, a MVE may couiain a segment of
in vitro nucleic acid. In the present invention, a “segment of in vilro mucleic acid” refers to a specific sequence
of nucleic acid that is purposefully introduced to an MVP solaticn as the particles are assembling so that the
resulting MVP retains a copy of that sequence. Thus, unlike all other particies known to the art, MVP s do not
rely on inherited genetic material of a viral genome for quantifying their amount in solution. In the present
invention, the term “inherited genctic material” refers to all naturally encapsulated nucleic acids present in a
rephicating or repbication-deficient virus particle. For example, in the art, the quantification of infectious virus
particles involves erther 3 measurement of indectivity (the result of natorally encapsulated genomic nucleic acid
expressiony or QPCR (utilizing priners against their naturally encapsulated genontic nuckeic acid) (Shy, 2004).
Likewise, in the art, the quantification of non-replicating endogenous retrovirus like particles involves QPCR
utihizing primers against naturally encapsulated genomic nucleic acid or quantitative product enhanced roverse
transcriptase (Q-PERT) which measures viral reverse transcriptase activity (Zhang, 2008). Prefewsbly, a
segment of in vitro nucleic acid mav refer 1o a synthetically devived sequence of nucleic acid. Altematively,
a segrent of in vilro nucleic acid may wefer to a naturally denved sequence. Preferably, in the instance of a
naturally denved sequence, the length of the sequence is about 1% or Jess, about 5% or less, about 10% or less,
about 25%, about 30% or Ioss , about 40% or less, about 50%, about 60% or less, about 70% or {ess, about 75%
ot less, about 90% or less, about 95% or less, or about 99% or less than the genome of the organism from
which the sequence may have been derived. No amount of in vitro nucleic acid will be sufficient to allow for
replication or infectivity of the MVP, as measured by methods common i the art. One example of a method
commondy used in the art (o measure infectivity is TCIDs. Unlike other viras particles comimon {o the art, MVP's
will thus have no risk of being or ever becoming infectious. In some instances, an in vifro nucleic acid segment
may be derived from a viral source. In other instances, an in vitwo nucleic acid may be dedved from non-viral
soutces. Exarples of i vitro nucleic actd sources include but are not limted {o, virus, bacteria, yeast, insect,
animal, and/or human. Preferably, in instances where in vitro mucleic acid is derived from viral sources, the viral
source muy be the same source from which the capsid or envelope proteins of the MVE were denved.
Alternatively, in instances where 1n vitro mucleic acid is derived from viral sources, the viral source may be
different from the sowrce from which the capsid or envelope proteins of the MVE were derived. Bven more
preferably, in cither case, the 57- end and the 3" -end of the in vitro mucleic acid segment can contain unigue

sequences that are not present in the natoral viral genome from which the sequence was derived.

[0023] Preferably, after assembly, the MVP may be purified using methods known in the art (Hemando, 2000).
Moreover, the pority of MVP in iis assenbly solution after purification can be such that less than 63% of all
proteins in sohition are non-MVP related, less than 55% of all proteins in solution are non-MVP related, less than
45% of all proteius in solvtion are non-MVP related, less than 35% of all protetns in solotion are nop-MVP
related, less than 25% of all proteins in solution are non-MVF related, fess than 15% of all proteins in sohition are
non-MVP related, less than 3% of all proteins 1n solution are non-MVP related. In the present invention, the term

“non-MVP related [proteins]” refers to all non~capsid and/or non- envelope proteins that do not assemble to form
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MVP. One example of a method fo purtfy MVP is a sucrose density gradient. Another example is centrifugation.
Ancther example 1s chromatography. The purity of MVP 10 a stock solution can be determined throngh methods
common to the art inchiding, but not limited to, Polvacrylamide Gel Electrophoresis (PAGE), high pressure liguid
chromatography, mass spectroscopy, flow cytometry, ELISA, dynarnic light scattering, get filtration, or
vitracentrifugation. In some instances, after assembly, MVP may be introduced to and reacted against a linker
molecule so that the resulting MVE binds that linker molecule to its surface. Tn the present tnvention, the tenm
“linker molecule” refers to a synthetic polymer or natural polymer (such as a protein) that can be covalently or

ionically bound to ancther molecule.

[0024] As previously described, MVP arc assembled from viral capsid or envelope proteins. In the present
invention, MVP are thus denoted according to their viral protein scurce. For example, MVP assembled from
the VE2 profein {or recorbinant versions of the VP2 protein) of the Mouse Minute Virus would be referred
to as an “MMV MVP”. Another example would be referning to a MVP assembled from env and/or gag proteins
{or recombinant versions of env and/or gag proteins) of the Xenotropic Murine Leukemia Vims MulV) as
“XMulV MVP In the present invention, MVP is preferably comprised of natural or recombinant viral proteins
produced from Parveviridae or Retroviridae nucleic acid sources. Alternatively, MVP is coniprised of viral protein
produced from nucleic acid sources of other vims famdilies incloding, but not himited to, Caliciviridae, Reovividae,
Tvmoviridae, Togaviridae, Hevpesvividae, Coronavividae, Ovthomyxoviridae, Filoviridae, Hepadnaviridae,
Faramyxovividae, Flavivirdae, Ficronaviridae, and/or Polvomaviridae. Preferably, an MVP is assembled from
proteins dexived from one viral source. An example of MVE assembled from one viral souroe is MMV MVE
assembled from a natural or recombinant MMV VP2 capsid protein. Alternatively, an MVP could assemble from
protein derived from multiple viral sources. An example of MVE assembled from more than oue viral protein
source is XMulV MVP assembled from natural or recombinant XMuL.V gag protein and natural or recombinant

HIV env protein

[0025] In the present invention, the term “species of MVP” refers to all MVP’s coniprised of the same proteings)
and having the same copy number of those protein(s). For example, a species of MVE s all MVEP’s comprising 60
copies of the MMV VP2 protein. In a further preferred definition of a species of MVP, the recombinant forms of a
protein are fo be considered the same as the natural protein from which 3t was derived. For example, MVP
comprising 60 copies of recombinant MMV VE2 protein 1s the same species as MVP comprising 60 copies of

naturally derived MMV VP2 protein.

{00261 Preferably, the act of adding MVP to a solution refers to the addition of only one species of MVP to a
solution. Alternatively, the act of adding MVP to a solution refers to the addition of a second species of MVP to a
solution. Preferably, in these instances the first species and second species of MVP are added to solution at the
same time. Alternatively, in these instances the first species and second species of MVP are added sequentially.
One example of adding two species of MVP to a solution sequentially is adding MMV MVP to a solution first and
then XMuLV MVP to the same solution second. An example of adding two species of MVP to a solution at the
same time is adding a solution that contains both MMV MVP and XMuLV MVP to another solution. In other
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instances, the act of adding MVP to a solution refers to the addition of two or more species of MVP to a solution.

106271 Preferably, adding MVP 1o a solution refers o adding a volome of solotion which contains a certain
species of MVT {o another solution which does not contain that certain species of MVP. In the present invention
the solution which does not contain a cotain species of MVP until that species cf MVE 15 added to  is referred to
as a “process solution”. For example, a solution of MMV MVP is added to a CHO cell supematant process solution
which doss not yet contain MMY MVE. In another example, a schution of XMul.V MVP 15 added to a CHGO cell
supernatant process solution which contains MMV MVP but not yet XMulLV MVP. In the present inverntion, the
solution contatmng MVP which is added to the process solotion can be referred to as a “stock schution of MVE”,
or “MVP stock sohution”.  Preferably, unlike stock solutions of non-infections particles comunon to the art, stock
solutions of MVP will have known concentrations of MVP. For example, stock schutions of MVP contained
within the kit embodiments of this invention will include MVP concentration information. Moreover, a stock
sohation of MVP has a higher concentration of MVP than other non-infectious particles commen to the art. For
example, MVP in a stock sohution may be present at concentrations of at feast 1 x 10° MVP/md, 1 x 10° MVE/mi,
1x 10" MVP/ml, 1 x 108 MVP/mL, | x 10° MVP/mL 1 x 109 MVP/md, 1 x 108 MVP/mL, | x 10 MVP/imL, |
107 MYP/ml, | x 10M MV | x 107 MVPul, | x 10 MVP/ml, or greater. In addition, MVP stock solutions
wiil contain MVP at purities higher than other non-infections particles conymon to the art. For example, non-MVP
refated proteins i a stock sohution of MVP may be less than 65% of all the proteins in the solstion, less than
55% of all the proteins in the solution, less than 45% of all the proteins in the solution, less than 353% of all the
proteins 1o the sohution, less than 25% of all the proteins in the solution, less thau 15% of alt the proteins in the
solution, less than 5% of all the proteins in the solution. Purnity of MVP in a stock solution can be determined
through methods comunon to the art including, but not Hmited to, Polyacrylamide Gel Electrophoresis (PAGE),
high pressure liquid chromatography, mass spectroscopy, flow cytonmetry, ELISA, dynamic light scatiering, gel
filtration, or sliracentrifugation. Examples of producing stock solutions of MVP are described in the examples
section. Preferably. a stock sohstion of MVP contains one species of MVP. One exampile of a MVP stock
solution containing one species of MVP 1t an MVP stock solution containing MMV MVP. Alternatively, a
stock solution of MVP can contain muhiple species of MVE. One exantple of a MVP stock solution containing

multiple species of MVP is a stock selution containing MMV MVP and XMulV MVP.

(002381 The quantity of MVP stock solution added to a process solution will vary depending on several factors
incloding but not Hmited to, the vohime of process solution, the desired percent (v/v) of MVP stock solution in
the process solution after addition. and the concentration of MVP in the MVP stock solution. Preferably, the
vohime of an MVP stock selution addition may be in the order of milliliters or microliters. For example, the
volurne of addition may be about 100 microliters or less, about 200 microliters or less, abowt 500 microlnters
or less, about 1 milliliter or less, about 2 milliliters or less, abowut 5 mulliliters or less, about 10 nulliliters or kess,
about 100 milliters or less, or about 1000 milliliters ot less. Alternatively, the volume of addition may be
liters. For example, the volume of addition mayv be about 1 lter or less, about 2 liters or less, about 5 liters or less,
or about 10 liters or less. Preferably, after addition, the percent of MVP stock solution within a process solution may

be abowt less than 1% (v/v) or less, about 2% (v/v) or less, about 3% (v/v) or Iess, about 4% (v/v) or less, about
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5% (v/v) or less, about 10% (v/v) or less, about 25% (v/v) or less, or about 50% (v/v) or kess.

FOG29] Preferably, the process solution contains a biclogic of bderest. In the present invention, the term “biclogic
of interest” refers to any molecule produced by means of a biological process that may exhibit therapeutic potential.
One example of a biclogical process in the present invention is cellular protein expression. Tn sone cases, biclogics
of interest can be composed of sugars, proteins, nucleic acids or complex combinations of these substances. In other
cases, a biologic of interest raay be Hving entities such as cells and/or tissues. Preferably, a biclogic of interest is an
antibody, a non-antihody protein, a vaccing, a nucleic acid, or a blood or plasma dentvatives. An example of an
anitbody as a biologic of interest is Trastozuman, which is marketed vnder the trade name Herceptin™. Another
example is Rituximab, marketed under the trade name Ritxan™. Ancther example is bevacizumab,
marketed under the irade name Avastin™. Exampies of a non-antibody proteins as biologics of interest include,
but are not Hindted to, grapdocyte colony stirmulating factor (GCSF), a stkem cell factor, leptin, a4 horimone, a
cvioking, a hematopoictic factor, a growth factor, an antichesity factor, a trophic {facter, an anti-inflammatory
factor, a receptor, a soluble receptor, enzyvime, andfor a vartand, a denvative, or an analog of any of these
proteins. Other preferred examples of biologics of inferestinclude but are not hmited fo insulin, gastrin,
prolactin, adrenocorticoetropic hormone (ACTH), thyroid stimmlating  honmone {TSH), huteinizing hormone
(LH), follicle stinwlating hormone (FSH), human chorionic gonadoiropin (HCG), a motilin, an interferon
{c.g., alpha, beta, or gamuna), an imterlenkinde.g., -1, B2, 0.3, 0.4, 0.-3, 0.6, 1L-7, 1L.-8, 4.-9, 1L.-10,
IL-11 and/or 1L-12), tumor necrosis factor (TNE), tumor necrosis factor-binding protein (TINF-bp), brain
derived neurotrophic factor (BDNF), glial dertved newrotrophic factor (GDNF), neuwrotrophic factor 3 (NT3), 2
fibroblast growth factor (FGF), ncurotrophic growth factor (NGF), a bone growth factor such as, for cxample,
osteoprotegerin (OPG), an wsubu- like growih factor (IGFs), macrophage colony stimulating factor (M-CSE),
granufocyte macrophage colony stimulating factor (GM-CSF), megakarvocyte derived growth factor (MGDE),

keratinocyie growth factor (KGF}, thrombopeictin, platelet-devived growth factor (PGDF), a colony stimalating

activator (TPA), urokinase, streptokinase, or kallikvein, and/or a variant, derivative, or an analog of any  of
these proteins. One preferred exanple of a vaccine as biclogic of inferest is Recombivax HB. Another
preferred example of a vaccine is Gardasil. Another preferred example of a vaccine is Optafhu. Another
preferred example s Cervarix. One preferred cxample of a nocleic acid as a biclogic of inferest is
fomivirsen, which is marketed under the trade name Vitravene™L Another preferred example of a nucleic acid is
mipomersen, which is marketed under the trade name Eyvuoararo™. Another preferred example is Pegaptanib,
which is marketed vnder the trade name Macugen™. One preferred example of a blood or plasna derivate as
a biclogic of interest is alburnin. Another preferred example of a blood or plasma derivative
antihemophilic factor. Another preferred example is antihemophilic factor/von willebrand factor complex. Other
preferred exaraples of biologics of interest in the present invention inclode but are not Hmited to anti-indibitor
coagulant complex antithrombin (recombinant), ¢1 esterase inhibitor, coagulation factor, corifact, fibrin,
fibrinogen, brunune globolin, profilnine SD - factor IX complex, keentra (Prothrembin Complex

Concentrate, Human), protein C concentrate (Human),thrombin, bone marrow products, and embryonic fluid
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products.

[0030] Preferably, the biclogic of interest in a process sohution bas been produced by a cell culture process or a
fermentation process. In the present invention, the term “cell culture expression process” refers to @ process by
which cells are grown under controlled conditions to express a certain gene(s) (typically introdoced invitro). In the
present invention, the ferm “fermentation expression process” refers 1 a process by which microorganisms are
conditioned to grow and express a certain gene(s) (ypically introduced in vitro). Preferably, cell lines for cell
culture or fermentation expression are of human, animal, plant, insect, hybridoma, veast, or bacteria origin.
Exaraples of human cell lines inchude but are not Hinited to, Hela, NCIeO, DUN4S, MCF- 7, PC3, ARH-77,
and/or HEK-293 celis. Exaruples of animal cell Bnes include but are not Himited to, CHO, BHK, NSO, MDCK,
Vero, GH3, PC12, and/or MC3T3 cells. Examples of plant cell Hines inchude but are not limited to, Tobacco BY-2
cells. Examples of msect cell Bres inclode but are not Iimited to, sf9, High Five, and/or $6/36 cells. Examples of
yeast species from which veast cell Hines can be from inchade but are not limited to, Saccharomyces cerevisias
and/or Pichia pastoris cells. Examples of bacteria species from which bacterial cell lines can be from mclade but are
not limited to, Escherichia coli andior Lactobaciilus. Alternatively, cell Hines for cell culture or fermentation
expression are of other ongins. Exarples of other cell lines include but are not Himited to, ZF4, ABY, and/or

Xenopus A6 kidney epithelial cells.

[0031] In the present invention, the torm “hybridoma” refers to a cell that is produced in the laboratory from
the fusion of an antibody-producing lvmphocyie and a non-antibody-producing cancer cell, preferably a
myeloma or ymphoma. Moreoever, hybridomas of the present invention are cabable of proliferating and
producing a continuous supply of specific monocional antibody. Examples of hybridoma cell lines include

bot are not Hmited to, RFT3, SP2/c cells, and/or HB34 cells,

[0032] Insome instances, cell culture or fermentation processes which express biologics of interest co- express
other biologics or molecules. In the present invention, all biologics or molecules that are co-expressed during a
cell culture or fermentation process that are not biologics of interest are referred to as “impurities”. Examples of
impurities include but are not limited to, host cell proteins (proteins expressed other than the biologic of interest),
nucleic acids (besides a nucleic acid that is a biologic of interest), charge variants of the biologic of interest,
aggregate complexes, Beta-glucans, and/or virus. Additionally, impurities refer to all biologics, molecules, or
chemicals that are added to a solution containing a biologic of interest. Therefore, one example of an impurity is
MVP after it has been added to a process solution. In some instances a process solution may exist in the original
cell culture or fermentation expression solution along with all originating impurities. In other instances this
solution may have been purified from its original state, prior to the addition of MVP, through a variety of
techniques commonly known in the art as “purification techniques™. In the present invention, the term “purify”
refers to an act of reducing the amount of impurities present in solution relative to the amount of a non-impurity
present in the same solution. Preferably, a non-impurity refers to biologic of interest present in the solution.
Examples of purification techniques which may have purified the process solution prior to the addition of MVP
including but are not limited to, centrifugation, chromatography, filtration, precipitation, concentration,

diafiltration, pasteurization, or viral inactivation. In some instances, the solution may have been subjected to other
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techniques or rigors including but not limited to, freezing, thawing, pH adjustment, and/or dilution prior to the

addition of MVP.

[0033] The first embodiment of the present invention involves “processing the solution through a purification
technique”. In this step of the method, the term “solution” refers to the process solution after a quantity of MVP
stock solution has been added to it. Preferably, this solution contains a biologic of interest. As previously
mentioned, non-biologics of interest, “impurities” may also be present, including MVP. During the first
embodiment of the present invention, this solution is “process|ed]..through a purification technique™. In the
present invention, the term “purification technique™ refers to techniques which “purify” the solution, that is,
techniques which reduce the amount of impurities present in solution relative to the amount of a non-impurity
present in the same solution. Preferably, a non-impurity refers to a biologic of interest. Thus, a further preferred
embodiment of the present invention is to purify a biologic of interest present in the process solution through an

act of processing that solution through a purification technique.

[0034] Preferably, the purification technique used to process the process solution is a chromatography, filtration,
ultrafiltration, centrifugation, or viral inactivation technique. In the present invention, chromatography, filtration,
ultrafiltration, or centrifugation can be referred to as “separation techniques”. Separation techniques are methods
of mass transfer that distribute the constituents of a solution into two or more distinct solutions. Separation
techniques are carried out based on differences in physical and chemical properties between the various
components of a solution, including but not limited to, size, shape, mass, and/or chemical affinity. Examples of
separation techniques include but are not limited to, affinity chromatography, ion-exchange chromatography,
hydrophobic interaction chromatography, reverse phase chromatography, mixed mode chromatography, depth
filtration, size based filtration (including nanofiltration, sterile filtration, or ultrafiltration), and centrifugation.
Viral inactivation techniques refer to any method aimed at reducing the abilities of virus to retain its proper
structure or replicate. Examples of viral inactivation techniques include exposure to solvent and detergent or

chemical treatments, low pH, heat, or ultraviolet radiation.

[0035] The first embodiment of the present invention involves “processing the solution through a purification
technique™. In the present invention, the term “processing” refers to the act of physically performing a purification
technique. Different physical acts of processing a separation technique include, but are not limited to, pumping,
applying direct pressure, centrifugation, gravity, or shaking. In some instances, more than one way of processing
may apply for one separation technique, depending on the format of the separation technique. For example, the
format of an ion exchange chromatography technique may be a packed column, filter, or 96 well plate. Therefore
the act of processing this ion exchange chromatography technique may consist of pumping, applying pressure,
centrifugating, gravity, and/or shaking. Different physical acts of processing a viral inactivation technique include,
but are not limited to, adding organic solvents, detergents or acidic solutions, microwaving, exposing to UV light,

immersion in hot water bath, pasteurization, or steam treatment.

[0036] Insome cases, processing a solution through a separation technique reduces the amount impurities in

solution and is therefore said to “purify” the solution. After addition of MVP to a process solution, MVP is
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considered an impurity. Preferably, the quantity of MVP present in the process solution is reduced through the act of
processing, as compared to the quantity of MVP present before such processing. Alternatively, the quantity of MVP
present in the process solution is not reduced through processing. The ability of a purification technique to reduce
the amounts of impurities in a solution relies on a set of parameters, or “variable inputs”, that someone skilled in the
art utilizes to process. Examples of variable inputs include but are not limited to; pH, conductivity, and temperature
of the solution to be processed. Other examples of variable inputs include but are not limited to, pressure applied,
exposure time, or flow rate of a solution.. Another example is the concentration of constituents in the solution. Other
examples are pH, conductivity, or chemical composition of buffers used to process a solution. Another example is
the criteria used for collecting the process solution during or after the act of processing. Thus, the set of parameters
utilized to process a solution through a purification technique impacts the effectiveness of the techniques’ ability to

reduce impurities (such as MVP) relative to non impurities (such as biologics of interest).

[0037] Insome cases, an effective criteria for collecting process solution during or after processing is employed
which results in fewer impurities. Once the act of processing has begun, the methodology of collecting process
solution(s) relies on someone skilled in the art. In the present invention, a process solution which has been collected
since the act of processing has begun is referred to as “process collections”. Examples of methodologies used to
collect process collection during a purification technique include but are not limited to, light absorbance detection
and fixed volume. Preferably, someone skilled in the art will utilize an effective collection criteria during or after
processing so that a process collection contains less impurities that the process solution did before processing. Even
more preferably, a collection criteria is utilized so that a process collection contains less MVP than the process

solution prior to processing.

[0038] fnsome cases, distinct process collections are collected during processing. One example of how a
distinct process collection is collected during processing is a collection of column effluent during the loading
phase of a chuomatography separation techmique. Aunother example would be collecting the colwan effluent
during the wash phase of a chromatography separation technigue. Another example would be collecting the
column efffoent dudng the elution phase of a chromatography separation techuique.  Ancther examyple would be
collecting the filtrate of a filter. Another example would be collecting the sohution during Iow pH titration. Another
example wonld be collecting the solution during exposure to UV light or chemical freatment. Alternatively, distinct
process collections may be collected after processing. Une example of how distinet processed solutions are collected
after processing is by collecting the column efffuent during the strip phase of a chromatography separation
technigue. Another example would be collecting the solution after low pH titration followed by an increase in pH

and filtration. Ancther example would be collecting the sohition after exposure to UV light or chemical treatment.

[0039] The first embodiment of the present nvention involves “quantifying the amount of MVP removed from the
solution”. In this specific embodiment, the act of “quantifying” refers to the nweans by which someone skilled in the
art matheratically calculaies the amoont of MVP removed from processing the solution. Preferably, this value may
be expressed as a log reduction value (LR V). Alternatively this value may be expressed as a molarity Guol/L), in
total grams of MVP, and/or in total molecules of MVP. Preferably, someone skilled in the axt could mathematically

calcnlate the amount of MVF removed from the solution by an equation relating the amount of MVP remaining in
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solution affer processing to the amount of MVP in solution prior 1o processing. Preferably, the guantity of MVP
present in solotion pricr to processing is known by multiplying the vohume of an MVE stock sohstion added o a
process solution by the MVP concentration of that MVP stock sohition.  Even more preferably, the guantity of
MVP present in solution paor to processing could be detennined empirically. Likewise, preferably, the quantity of
MVP remaining in a process collection could be determined empirically. Different techniques can be utilized
for determining the amount of MVP present in solution empirically. In this present invention, these techniques
will be referred to as “quantification techniques”. Preferred examples of how to quantify the amount of MVP

removed from solution are shown in the examples section.

[0040] Preferably, “quantification techniques” used for empirically determining the amount of MVP in a
solution include ELISA, PCR, nanoimaging, fluorescence, enzymatic, microscopy, spectrophotometry,
transmission electron microscopy (TEM), and western blot techniques. In this embodiment of the present
invention, the “solution” from which the amount of MVP is being determined, refers to a process solution after
an addition of MVP, a process collection(s), or aliquots taken of either. In this embodiment, the solution can be
referred to as “an MVP containing solution”. Preferably, when performing a quantification technique, a
solution which contains an agent capable of binding to a MVP or to a molecule attached to a MVP, is added to
an MVP-containing solution. One example of such an agent is an antibody. Alternatively, when performing a
quantification technique, a solution which contains PCR primers capable of binding to an in vitro nucleic acid
or to a nucleic acid sequence bound to a molecule which can be first bound to a MVP, is added to an MVP
containing solution. In the present invention the solution containing an agent or PCR primer is referred to as “a

quantification solution”.

[0041] Preferably, during the act of quantifying the amount of MVP in a solution, a serial dilution of MVP in
process solution will be made and analyzed via a quantification technique. Preferably, the data from such
analysis will relate the quantity of MVP in a solution to a signal received as a result of the quantification
technique. Examples of signals received as part of a quantification technique include, but are not limited to,
Ocular Density (OD), Absorbance Units, pRNA copies per ml, pPDNA, copies per ml, RNA copies per ml, DNA
copies per ml, or units of reverse transcriptase activity. Even more preferably, a line of best fit will be used in
conjunction with the data to relate quantification technique signals generated by unknown quantities of MVP to
signals generated by known quantities. Examples of making and using serial dilutions to quantify the amount

of MVP in solution in lieu of quantifying MVP removal from a solution are shown in the examples section.

[0042] Insome cases a MVP will be composed of natural or recombinant viral capsid or envelope protein and
display epitopes or heterologous epitopes on its surface. Preferably, in these instances, antibodies that bind to these
epitopes or heterologous epitopes can be utilized during a quantification technique to determine the amount of MVP
present in solution. One example of how an antibody binding to an epitope displayed on an MVP could be utilized
to determine the amount of MVP is by adding anti-VP2 antibody directed against a natural or recombinant VP2
capsid protein to an MMV MVP containing solution during an ELISA quantification technique. An example of

how an antibody binding to a heterologous epitope displayed on an MVP could be utilized to determine the amount
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of MVP is by adding an anti-his antibody directed against a his tag (present as a heterologous epitope on the surface
of the MVP) to an MVP containing solution during an ELISA quantification technique. Preferably, antibodies
known in the art to be capable of binding to epitopes or heterologous epitopes contained by a MVP can be the agent
used in a quantification solution. Even more preferably, novel antibodies made by using MVP as an immunogen in
an organism can be the agent used in a quantification solution. Thus surprisingly sensitive quantification
measurements and MVP removal calculations can be achieved through non-genetic material based techniques

common to the art.

[0043] Inother cases a MVP will be bound to a linker molecule. Preferably, in these instances, antibodies that
bind to linker molecules can be added to an MVP containing solution during a quantification technique to determine
the amount of MVP present in solution. In other cases, a solution containing a molecule can be added to an MVP
containing solution prior to addition of a quantification solution. In the present invention, the term “molecule”

refers to a natural or artificial small molecule or protein which has an affinity for a MVP.

[0044] Insome cases, molecules are added to MVP-containing solution to form a MVP-molecule complex.
Preferably, in these cases, molecules do not have nucleic acid sequences attached and displayed on their surface. In
other cases, molecules may have nucleic acid sequences attached and displayed on their surface. Preferably, in
instances when a solution containing a molecule is added to an MVP containing solution, a quantification solution is
then added to determine the amount of MVP present in solution via a quantification technique. One example of how
the amount of MVP present in solution is determined by adding a solution containing a molecule is by first adding a
solution containing streptactin to a solution containing strep tag-MVP (MVP comprising a strep tag heterologous
epitope) and then using an anti-streptactin antibody to determine the amount of MVP with an ELISA quantification
technique. Another example is by first adding a solution of nucleic acid-conjugated streptactin (streptactin
containing an attached segment of nucleic acid) to a MVP containing solution and then using primers directed

against the segment of nucleic acid to determine the amount of MVP with a PCR quantification technique.

[0045] Insome cases, a MVP will contain within its structure a segment of in vitro nucleic acid. Preferably, in
these instances, a quantification solution containing primers that bind to in vitro nucleic acid contained within the
MVP can be utilized to determine the amount of MVP with a PCR quantification technique. In some instances
methods of enhancing signals generated by quantification techniques common to the art may be used. One example

of a method of enhancing signals generated by quantification techniques involves metal enhanced luminescence.

[0046] Preferably, quantifying the amount of MVP removed refers to one species of MVP. Preferably, in these
instances, one species of MVP was added to a process solution which was processed through a purification
technique. Alternatively, in instances where two or more species of MVP are added to a process solution which is
processed through a purification technique, quantifying the amount of MVP removed may refer to multiple species
of MVP. Preferably, in these instances, the same quantification techniques may be used in determining the amounts
of multiple species of MVP in a solution. One example of using the same quantification technique in determining
the amounts of multiple species of MVP in a solution is using an anti-VP2 antibody which binds to MMV MVP and
an anti-eny antibody which binds to XMuLV MVP in separate ELISA quantification techniques. Alternatively,
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different quantification techniques may be used in determining the amounts of multiple species of MVP in a
solution One example of using different quantification techniques is using an ELISA based technique to determine
the amount of MMV MVP in solution and using a PCR technique used to determine XMuLV MVP in the same

solution.

[0047] Preferably, the steps of adding MVP to a solution, processing the solution through a purification
technique, and quantifying the amount of MVP removed from solution are to be performed sequentially and un-
interrupted. Alternatively, additional steps may be included according to rational experimental design. Examples
of additional steps that may be included according to rational experimental design include but are not limited to,
further purifving the stock solution of MVP prior to adding it to a process solution (via filtering, chromatography,
or other techniques), performing dialysis or diafiltration on the stock solution of MVP prior to adding it to a
process solution, adding a non-MVP solution to the process solution before or after the addition to MVP. An
example of a non-MVP solution is a cell culture suspension of live virus preparation not containing virus.
Examples of other additional steps may include taking an aliquot of the process solution after addition of MVP but
prior to processing through a purification technique, centrifuging or diluting a process collection or an aliquot of a
processed collection prior to performing a quantification technique, and/or freezing and thawing the aliquot taken

for a quantification technique prior to performing the quantification technique.

[0048] Thus, one embodiment of the present invention is a method of quantifying the amount of MVP removed
from a solution. Another embodiment of the invention is a kit used for executing the method. Preferably, the kit will
contain one container comprising a stock solution of a single species of MVP and one container comprising a
quantification solution. Alternatively, the kit will contain one container comprising a stock solution of MVP
which contains multiple species of MVP. Preferably, in this instance, the kit will also contain multiple
containers of quantification solution for empirically determining the amount of each species of MVP present in the
stock solution bottle. In instances where the kit contains multiple stock solution bottles of MVP (containing
different species of MVP), the kit will also contain multiple quantification solution containers for determining the

amount of those species of MVP.

[0049] In the present invention, the “container comprising a stock solution of MVP refers to a bottle contained
within the kit that contains a stock solution of MVP at a known concentration (of MVP). Moreover, the MVP ina
stock solution container is present at a concentration and purity that exceeds the concentration and purity levels of
other non-infectious particles common to the art. For example, the concentration of an MVP in a stock solution
container may be at least 1 x 10" MVP/ml, 1 x 10° MVP/Aul, | x 107 MVP/md, 1 x 10° MVP/mi, 1 x 10" MVP/mi, 1
x H0Y MVP/mL, 1 x 108 MVP/mL, 1 x 102 MVP/m], 1% 108 MVP/ml 1 x 10M MVP/mi, 1 105 MVP/ml, 1 x
10" MVP/mi, or greater and the non-MVP related proteins may be present at levels less than 65% of all the
proteins in the solution, less than 55% of all the proteins in the sohation, less than 45% of all the proteins in the
sohution, less than 35% of all the proteins in the solution, less than 25% of all the proteins in the solption, less
than 15% of all the proteins in the schution, less than 5% of all the proteins in the solution. Preferably, the MVP

in a stock solution bottle may be in the original cell culture or fermentation based expression solution from which
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the MVP assembled. Even more preferably, the MVP in a stock solution is purified so that concentrations of cellular
non-MVP related proteins, nucleic acids, or lipids in solution are reduced as compared to the original expression
solution from which the MVP assembled. Even more preferably, the MVP in a stock solution bottle is highly
purified from the original expression solution from which the MVP assembled. In some instances, a stock
solution of MVP may contain added buffer components. Preferably, a single stock solution bottle of MVP
contains only one specific species of MVP. Alternatively, a single stock solution bottle contains multiple species
of MVP.

0030} In the present invention, the “container comprising a quantification solution™ refers to a bottle contained
within the kit that comprises a quantification solution containing an agent capable of binding to a MVP, an in vitro
nucleic acid, a molecule attached to MVP, or a nucleic acid sequence bound to that molecule. Preferably, a
quantification bottle comprises a quantification solution containing an antibody capable of binding to MVP or to a
molecule which can be bound to an MVP. One example of a quantification bottle comprising a quantification
solution containing an antibody is a quantification solution bottle, comprising a quantification solution containing
anti-VP2 antibody which can be utilized during an ELISA quantification technique to determine the amount of
MMV MVP in a solution. In these instances, the antibody may bind to epitopes or heterologous epitopes present
on the MVP or epitopes present on the molecule. In an even further preferred embodiment of the invention, the kit
also contains a solution of a secondary antibody capable of binding to the primary antibody which binds to MVP
or a molecule bound to MVP. Preferably, the solution of secondary antibody is added during the execution of a

quantification technique after the addition of antibody capable of binding to MVP or molecule.

[0051] Insome instances, an antibody which can bind to an MVP or a molecule bound to an MVP is not
conjogated to an enzyme. Allematively, in a further prefered cmbodiment of the present invention, an antibody
contained in a quantification solution which is capable of binding to MVP or to a molecule bound to a MVP is
conjugated o an enzyme, Examples of enzymes which can be conjugated to antibodies are horse wadish peroxidase
(HRP) and alkaline phosphatase. Likewise, in another further preferred embodiment, a secondary antibody which

binds to an antibody capable of binding to an MVP or a molecule bound to an MVP is conjugated to an suzyme.

[0032] In a further preferred embodiment of the invention, the kit further comprises an ELISA plate containing an
immobilized antibody or molecule that binds to MVP. Preferably, the plate contains 96 wells. Alternatively the
plate may contain less than 96 wells. Preferably, the immobilized antibody or molecule contained in the ELISA

plate bind to the MVP contained within the MVP stock solution of the same kit

{00331 Altemnatively, in another further preferred cmbodiment, the quantification bottle comprises a quantification
solution containing primers capable of binding to an in vitro mucleic acid sequence ot to a segment of nuclsic acid
hound o a molecule which can be bound to a MVP. Preferably. in these instances, a guantification solution botile
may contain PCR primers specific fo 3 segment of in vitro nucleic acid contained within MVP.  Altematively, in
these instances, a quantification sohition bottle may contain PCR primers spectfic to a segment of nucleic acid that

is adhered to a molecule that may be first bound to a MVP during the step of guantification.

[00541 In a further preferred embediment of the present invention, the kit fuxther comprises a solution of a
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molecule which can bind to MVP. One example of a sohution of a molecule is a solution containming
stieptavidin, Another example of a solution of a molecule is a schution containing streptavidin displaying a shot
nucleic acid sequernce. Preferably this selution will be added during execution of a gquantification technigue prior t©

the addition of a quantification solution.

[0035] In a further preferred embodiment of the invention, additional reagents for performing ELISA or PCR are
included inthe kxt. Examples of addittional reagents for performmg ELISA or PCR include commoen buffers, enaymes,

or molecuiles commion to the art.

100561 Although embodiments have been described with reference to specific example embodiraends, 1 will be
evident that various modifications and changes can be made to these example embodiments without departing from the
broader spirit and scope of the present application. Accoxdingly, the specification and drawings are to be regarded in

an tllustrative rather than a restrictive sense.

EXAMPLES
Example 1: Cloning, expressing and purifying Mouse Minute Virus (MMYV) Mock Virus Particles
(MVP) to produce a stock solution
[0057] Mouse minute virus (MMYV) is a single-stranded DNA containing virus belonging o the family
Parvoviridae that infects vertebrate hosts. The mouse minute virus capsid protein gene, VP2, can be cloned and
expressed using a baculovirus expression system to generate MVP (Hermando, 2000). In order to clone and express
MMV MVP, the capsid protein gene VP2 was synthesized from a published MMV VP2 sequence template
(GenBank J02275.1, nucleotides 2794-4557, SEQ ID No.4). Certain codons were optimized during this synthesis to
increase the efficiency of translation (SEQ ID No. 5). The resulting amino acid sequence (SEQ ID No. 6) was
100% homologous to the published VP2 sequence (GenBank AAA67114.1, SEQ ID No. 7). The gene was inserted
into a cloning vector, pUC57 from which it was then subcloned into a pFastBac expression vector. This vector was
then used to transform DH10Bac cells. After screening for positive clones, bacmid DNA was used to transfect Sf9
cells. Recombinant baculovirus carrying MMV VP2 gene was collected from Sf9 cell culture supernatant. The
original recombinant baculovirus stock was then amplified and was collected at 4 days post infection. This stock
was cultivated in Grace’s medium supplemented with 10% FBS and was then used to transfect Sf9 cells at a
multiplicity of infection of 4.0. Cells were then harvested at 3 days post-infection and resuspended in lysis buffer.
This suspension was then frozen and thawed 3 times. Soluble lysate was recovered by centrifugation and then
purification of the resulting MVPs was performed following a published protocol (Hernando, 2000). The purity of
MVP after Cesium Chloride density gradient fractionization was determined through SDS-PAGE with Coomassie
blue staining (Figure 1) and western blot analysis (not shown). Based on the results, fractions were pooled to form
MMV MVP stock solution. A visualization of MMV MVP stock solution and a concentration determination were

made through transmission electron microscopy with negative staining (Figure 2).

Example 2: Cloning, expressing and purifying heterologous epitope MMV MVP to produce a stock solution
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[0058] MMV MVP’s can be made to display heterologous epitope(s) on the surface of its structure and could
thus be used as a target for MVP quantification. In order to clone MMV MVP displaying a heterologous epitope, the
natural nucleotide sequence of the MMV VP2 gene was first synthesized (using GenBank J02275.1, nucleotides
2794-4557, SEQ ID No.4 as a template) while optimizing certain codons to increase the efficiency of translation
(SEQ ID No. 5). This sequence then underwent mutagenesis (SEQ ID No. 8), at amino acid position 2, resulting in
an amino acid sequence which included the insertion of a 10 amino acid sequence containing a strep Il tag (SEQ ID
No. 9). The same methods and procedures were then utilized from example 1 to clone, express, purify and produce
heterologous epitope (strep II tag) containing MVP stock solution. The purity of MVP after Cesium Chloride
density gradient fractionization was determined through SDS-PAGE with Coomassie blue staining (Figure 3) and
western blot analysis (not shown). Based on the results, fractions were pooled to form heterologous epitope MMV
MVP stock solution. A visualization of the resulting stock solution and a concentration determination were made
through transmission electron microscopy with negative staining (Figure 4). Further validation that the resulting
MVP displayed strep 1I tag was made through an ELISA assay which utilized streptactin and mAb against the tag

(data not shown).

Example 3: Cloning, expressing and purifying a Xentropic Murine Leukemia Virus XMuLV) MVP to

produce a stock solution

It has been shown previously that the infection of cells with AdS vectors that co-express XMRV env and gag
genes lead to the production of non-infectious particles (Makarova, 2011). First, the XMulV gag and env genes
can be custom synthesized using the published sequences of the genes as templates (GenBank accession number
JF908817.1, nucleotides 546-2156, SEQ ID No. 10, and accession number K02730.1, nucleotides 291-2225, SEQ
ID No. 11, respectively). Then the nucleic acid sequences could be cloned into pUC57 vectors. Next, the env
sequence can be sub-cloned into CMV-driven expression cassette of pDP1 Shuttle vector and the gag sequence
could be cloned into the MCMV-driven expression cassette of the same vector resulting in pDP1-XMuL Venvgag.
The pDP1-XMuL Venvgag plasmid could then be linearized and mixed with the pAdEasy-1 plasmid before co-
transfecting 293-AD cells to produce recombinant Ad5-XMuLV. The recombinant adenovirus could be purified
by double centrifugation on cesium chloride gradients. To produce an MVP stock solution, Mv1Lu cells can be
infected with Ad5-XMuLV for virus absorption. Culture media could then be collected after 48 hours of infection,

passed through a 0.45- mm filter, and concentrated/purified by ultracentrifugation through a sucrose gradient.

Example 4: Cloning, xpressing And Purifying XMuLV MVP Containing Heterologous Epitopes to produce
stock solution

XMuLV MVP’s can be made to contain heterologous epitope(s) on the surface of its structure through methods
discussed in Suomalainen et al., 1994. Alternatively, the nucleotide sequences of either the XMuLV gag and/or
env gene (GenBank accession number JF908817.1, nucleotides 546-2156, SEQ ID No. 10, and accession number
K02730.1, nucleotides 291-2225, SEQ ID No. 11, respectively) could be synthesized to include the sequence for a
heterologous tag such as, but not restricted to, astrep-tag (amino acid sequence WSHPQFEK (SEQ ID No:1)), a
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Flag tag (amino acid sequence DYKDDDDK (SEQ ID No:2)) or a His-tag (amino acid sequence HHHHHH (SEQ

ID No:3)). Cloning, expression, and purification could occur as described in Example 3 above.

Example 5. Assembling XMuLV MVP Containing A Nucleic Acid

[0059] 1Inorder to generate XMuL'V MVP containing a piece of nucleic acid, XMuL.V gag- and/or env protein can
first be expressed from mammalian cell as described in the example 4. In vitro assembly of XMuLV gag and/or env
protein to include nucleic acid, which could be DNA or RNA, can then be carried out following published protocols

(Grossetal., 1997; Yuetal., 2001).

Example 6. Quantifying the Removal Of MMV MVP From a mAb Containing Solution After Processing
Through an Anion Exchange Column

[0060] NSO harvest cell culture fluid containing a monoclonal antibody (mAb1) was thawed from storage -80
degrees Celsius. The material was titrated to a pH of 7.5 with 1 M Tris and then filtered through a 0.22pm filter.
One hundred microliters of MMV MVP stock solution (at a concentration of 1 x 10° MVP/ml) comprising 60 copies
of VP2 capsid protein displaying a heterologous strep 11 tag epitope was added to 10mls of the mAb1 process
solution (1% v/v addition). The process solution thus had a concentration of 9.9 x 10° MVP/ml ((0.1ml x 1 x 10°
MVP/ml)/10.1mls) Next, a 0.66cm x 2 cm Q Sepharose Fast Flow column was packed to vendor recommended
specifications (GE healthcare) and equilibrated with S0mM Tris-HCI, S0mM NaCl (pH 7.5) at a flow rate of 60
cm/hr using an AKTA explorer. After equilibration, the 10.1 mls of process solution containing MVP was loaded
through the column at 60cm/hr. Process collections were taken as the UVag, trace indicated flow through of protein.

200 ul samples of the collections were taken.

[0061] AnELISA quantification technique was then performed to quantify the amount of MVP removed in each
of the process collections from purification processing. Microtiter wells were first coated with rabbit polyclonal
anti-MMV VP2 antibody (Alpha Diagnostic, CatiMVMVP21-S). 50 uls of each of the process collection samples
were added to the coated wells, incubated for 1 hour and washed three times with 1 x Phosphate Buffer Saline
(PBS). In addition a serial dilution of the MMV MVP stock solution was made in the original process material
resulting in MVP concentration of 1 x 10*MVP/ml, 1 x 10° MVP/ml, and 1 x 10* MVP/ml. 50 uls of each dilution
were also added to coated wells, incubated, and washed. Rabbit polyclonal anti-MMV VP2 antibody was then
added to each well, incubated for 1 hour and washed 3 times with 1x PBS. HRP-conjugated anti rabbit antibody
(1:500) was then added, incubated for an hour, and washed 3 times with 1X PBS. TMB substrate solution was
added and the reaction was stopped by addition of stop solution. Optical Density (OD) was measured at 450 nm.

The ODysq results are shown in Table 2 below.

Table 2: OD,s, measurements from MMV MVP removal study

Sample ODyso
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MVP Dilution 1 (1 x 10*MVP/ml) 1.1
MVP Dilution 2 (1 x 10°MVP/ml) 0.9
MVP Dilution 3 (1x 10*MVP/ml) 0.52
MVP Dilution control (process solution) 0.03
Process collection 1 0.04
Process collection 2 0.01

[0062] A line of best fit was established with the three dilution samples of known concentration (relating OD,so

and MVP concentration). The equation for this line was:
Y =0.0525In(x)+0.1235

[0063] By plugging in the ODys, results from the two process collections, the MVP concentrations in those
samples were determined. It was thus found empirically that 0 MVP/ml remained in either process collection.
Since the limit of detection in this ELISA assay is unknown, the limit is assumed to be lowest concentration of
MVP tested (1 x 10* MVP/ml). The log reduction value of MMV MVP was calculated from the known amount
of MVP in the process solution and the empirically determined amount of MVP remaining in the process
collections. This value, > 9.9 x 10%, is therefore the quantity of MVP removed from solution by way of

processing that solution through a purification technique.

Example 7: Quantifying The Removal Of XMuLV MVP From A Mab Containing Solution After Processing
Through a Parvovirus Filter

[0064] A solution from a biotechnology process that contains a monoclonal antibody can be purified through
protein affinity and ion exchange chromatography columns using methods familiar to the art. The solution could be
frozen at -80 degrees Celsius for several months and then thawed and filtered through a 0.22um filter. 12.5 mis of a
XMuLV MVP stock solution could then be pippetted into 250mls of the filtered process solution (5% spike v/v). A
1 ml sample of this MVP added process solution would be taken for later quantification. The process solution (now
containing XMuL'V MVP) would then be pressurized through a Vpro parvovirus filter at 30psi and the filtrate
would be collected. A 1 ml sample of this filtrate (process collection) would be taken.

[0065] A serial dilution of XMuL.V MVP in process solution could be prepared with dilutions of MVP at
concentrations of 1 x 109, 1x 107, 1x10° ,and 1 x 10° MVPs/ml of process solution. 50 uls of each dilution could
then be added to microtiter wells coated with antibody against an XMuL 'V eny epitope. The wells would then be
incubated for an hour and washed three times with 1x PBS buffer. Next, a HRP conjugated antibody against a
different env epitope could be added to each well, incubated for 1 hour and washed 3 times with 1x PBS. TMB
substrate solution would then be added and the reaction stopped by addition of stop solution. OD would measured
at 450 nm to produce a data curve depicting the relationship between OD and MVP concentration. ODys, results

could resemble the data in Table 3 below.
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[0066] Table 3: OD,s, measurements from XMuL.V MVP removal study

Dilution Concentration (MVP/ml) ODyso
1x10° 1.47
1x 10 0.9
1x10° 0.56
1x10° 0.33
0 (process solution control) 0.01

[0067] The amount of XMuLV MVP removed from processing through the parvovirus filter could be quantified
empirically. The 1 ml samples of process solution (after MVP addition) and process collection would be subjected
to the same ELISA method described for the serial dilution samples above. The ODys, results would be plugged
into an equation which bests fits the data from Table 3 to predict the amounts of MVP in solution prior to filtering
and after filtering. From this data, the XMuLV MVP LRV could be calculated as described in Example 6 and

according to methods common in the art for quantifying virus removal.
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CLAIMS
1. A method of quantifying the amount of MVP removed from a sohution wherein the method
comprises:

a) adding MVP to a solution ;
b)  processing the solution through a purification technique; and

C) quantifying the amount of MVP removed from the solution.

2. The method of claim 1, wherein step (a), said solution cordains a biologic of interest.
3. The miethod according to claim 2. wherein said biclogic of interest is an antibody, non-

antibody protein, vaccine, nucleic acid product, and blood or plasma denvative

4. The muethod of either claim 2 or 3, wherein said biclogic of intercst is produced by a
process, wherein said process is either a cell culture process or a fermentation process, and wherein said process
uithizes human cells, ammal cells, plant cells, insect cells, hybridoruas cells, yeast cell, or bacterial cells.

5. The method according to any one of claims 2-4, wherein the biclogic of interest is
purified through step (b of claim 1.

6. The method of any one of claimsl-3, whersin the putfication technique is a
chromatography, filiration, uitrafiltration, centrifugation, or viral inactivation technique.

7. The method according to any one of cliaims 1-6, wherein step (a) the quantity of
MVE in said schition is greater than the quantity of MVP 1n selution after step (b)

8. The method of any one of claims 1-7, wherein the MVF comprises a viral capsid, a viral
envelope protein, orboth a viral capsid and a vigal envelope protein,

9. The method of claira 8, wherein said viral capsid or envelope protein is produced in a
bacteria, veast, plant, insect cell, animal or human cell.

10. The method of either claba & or 9, wherein viral capsid or enwvelope protein is devived froma
Parvoviridae or Retroviridae souice.

11. The method according of any one of claims §-10, wherein the viral capsid or envelope
protein further comprises a heterologous epitope

12. The method of any one of claims 1-11, wherein said MVP contains in vitro nucleic acid

13. The methodof any one of claims 1-12, wherin quantifying the amount of MVP
removed from solution comprises the use of a quantification technique for determining the amount of MVP in a
solution including; ELISA, PCR, nancimaging, fhiorescence, enzymatic, nyicroscopy, spectrophotemetry,
transmission electron microscopy (TEM), or western blot analyses techmigues.

14. The method of claim 13, wherein the quantification technique uses an anfibody capable of
binding to a capsid protein epifope, an envelope protein epitope or a heterclogous epitope present on the surface of
the MVE.

15. The method of claim 13, wherein the quantification technigue uses an antibody capable of
binding to a linker molecule bound to the MVP,

16. The method of claim 13, wherein the guantification techuigue uses a molecule bound to the
MVP and an antibody capable of binding o the molecule or a priner capable of binding o a mucleic acid segment
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that is attached to the molecule.

17. The method of claim 13, wherein the quantification technigue vses a pamer capable of binding
to an in vitre nucleic acid sequence contained within the MVE.

18. The method of any one of claims 1-17 wherein said method further comprises:

a) adding a second species of MVP to the solution ;

b) processing the solution through a purification technique; and

C) quantifying the amount of the second species of MVP removed from the solution.

19. The method of claim 18, wherein the first species of MVP and the second species of MVP are
added to the solution at the same time or sequentially.

20. The method of either clabm 18 or 19, wherein two ox more additional species of MVP are added to
the solution.

21. Akit comprising:
a)  Alleastone couniainer comprising a stock solution of MVE;
b) At least one container comprising a quantification solution.

22, The kit of claim 21, wherein said quantification sclution comprises an antibody capable of
binding to a MVP or to a molecule which can be bovud to MVP.

23. The kit of either claim 21 or 22, wherein the kit further comprises a solution of a second antibody
capable of binding to the aniibody capable of binding to a MVP or 1o a moleculde which can be bound to MVP.

24, The kit of either claim 21or 22, wherein the said antibody is conjugated with an enzyme.
25. The kit of claim of 23, wherein the second antibody is conjugated with an enzyme.

26. The kit of any one of claims 21-25, wherein the kit further comprises an ELISA plate containing
an immobilized antibody or molecule that can bind to MVP.

27. The kit of any one of claims 21-26, wherein said quantification solation comprises primers
capable of binding to an i vitro nucleic acid sequence or a segment of nucleic acid bound to a melecule which
can be bound to a MVP.

28. The kit of any one of claims 21-27, wherein the kit farther comprises a solution of a
molecule which can bind to MVP.

29, The kit of any one of claims 21-28, wherein additional reagents for performing ELISA or PCR
techniques are included in the kit.
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