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METHODS FOR IMPROVING VIRUS-LIKE PARTICLE PRODUCTION PER
CELL
Cross-Reference to Related Applications
(0001} This application claims prionty under 35 US.C. § 119} to US. Provisional
Application Nos. 63/608,085, filed December 8, 2023; 63/640,415, filed April 30, 2024,
63/642,346, filed Mav 3. 2024; and 63/654,447 filed May 31, 2024 The contents of each of
these applications are mcorporated herein by reference in their entirety.
Technival Field
(0002} The present disclosure relates to a method and device for improving the production of
virus-like particles or protem nanoparticies per cell by, for example, using electroporation,
DiNase, sodium butvrate, and temperature shifting the cells durning cell culture.
Background
FO003T Delivery systems for purposes of gene editing, gene expression changes, exon skipping,
imaging, and other varied cell| tissue. organ, and system modulation for research and freatmaents
have traditicnally emploved the use of viral vectors. While useful, the use of viral vectors is
not always ideal as these are infectious and can lead to long term expression of the vectors,
leading to undesired mutations, other off-target effects, and immume response complications.
virus-like particles {("VLPs”} or protein nanoparticies can help overcome these chalienges as
they are not infections and can be employed transiently, limiting mutations and other off-target
effects.
fo004] VLPs are similar to viral vectors as they are covered by a protein shell that can self-
assemble and contain a cargo for delivering into target cells or systems. Contrary o viral
vectors, however, VLPs donot contain viral genetic malerial, which results in VLPs being non-
infectious as they cannot replicate after they are inserted into a cell. VLPs can have bio-active

molecules, such as lipids, proteins, and RNA that are ready to perform a specific function once
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delivered inside of a cell. This allows VLPs to shortcut the reverse transcription, franscription,
and translation that are usually necessary for a viral vecior 1o effectuate its function.
[O005] Traditional methods and devices 1o produce VLFPs include chemical transductions.
These protocols for producing VEPs involve the use of cxpensive chemical mediated
expression in VLP producer celis or employ the use of toxic chenucals that may lead to non-
ideal levels of VLF produced or reduced levels of viable VLP. Together, these hundrances lead
to increased cost, excessive use of reageunts, and scientist tirne that results in slower scientific
progress.
0006} Therefore, there is a need for methods and devices to mcrease the production of VLPs
per cell.

Summary
10007} Consistent with some disclosed embodiments, methods of producing virus-like particle
production using electroporation are disclosed. In one embodiment, the method comprises
cultivating a population of cells in a log growth phase in a cell culture vessel using media,
cultivating the population of cells to a desired level of confluencv. removing the media from

the cell culture vessel and adding a transfection buffer.

FOGORT The method further comprises adding to the cell culture vessel at least one vector,
transfecting the cell population, culturing the cell population and seeding the cells located m
ihe cell culture vessel. In some embodiments, the disclosed method may further include adding

an endonuclease o the cell culture vessel, such as prior o the seeding step.

[O009} fn some embodiments, the method may further include adding a compound that
increases transcription efficiency. In some embodiments, the method may additionally or
alternatively comprise subjecting the cell culture to a temperature shift for a desired period of

me.
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Brief Description of the Figures
[0010] The accompanving drawings, which are incorporated 1 and constitute a part of this
specification, illustrate soroe disclosed embodiments and, together with the description, serve
to explain the disclosed embodiments. The particulars shown are by way of example and for
purpases of dlustrative discussion of embodiments of the present disclosure. The descripiion
taken with the drawings makes apparent to those skilled in the ant how embodiments of the
present disclosure may be practiced.
F00111
[0012] Figures 1A-18 ithustrate 100-400 pg/ml as a range of BNA concentration used for
electroporation for the production of VLPs m HEKIO3T cells.
[O013] Figures 2A-2JF lustrate how electroporation is more effective than chemical
trangfaction methods in producing better transfection and higher production of VLPs. The
efficiency stemming, at least in part, because the introduction of DNA into the cells 15 faster
than chemical {ransfection methods.
(0014} Figures 3A-38 illustrate that the addition of DNase after electroporation may enhance
VLP producer cell survival.
[OU15] Figures 4A-4B illustrate how high seeding densitv after electroporation negatively
influences VLP vield and celi number of VLP producing cells.
(0016} Figures SA-SB tllustrate how sodium butvrate may irprove the production of VLP per
producer cell.
[0017] Figures 6A-68 illustrate how temperature shifting VLP producer cells after 24 hours
of glectroporation mav improve the VLP production and vield pey cell.
100181 Figures 7A-7C tliustrate how electroporation enables higher productivity per VLP

producer cell compared to chemical ransfection methods.
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[0019] Figure 8 shows that electroporation encrgy correlated with higher VLP activity i an
energy-dependent manner.
(0020} Figure 9 shows that electroporation enables the packaging of adenine base editor
{ABE} RNPs into VLFs to target HEK3 loci produced from suspension HEK celis.

Betailed Description
Definitions:
[0021] As used herein, “virus-like particles”™ (“VLPs™) or “virus nanoparticles™ refer 1o natural
or artificial structures that closaly resemble viruses by having, for example, a protein shell that
envelops cargo material and protects said cargo from degradation from cutside influences. As
described herein, “VLFs” and “vuus navoparticles” include nanoparticles, such as a
pseudovitus or pseudovirions (“PsV”), nanoblades. and quasi-vivions ("QV”) VEPs are
distinct from viruses in part because they have no genetic material as part of their cargo, making
VLPs non-infectious as these cannot replicate. Their non-infectioys feature may be preferable
as it presents a lower biosafety risk and may be better suited for applications wherg a transient
use of the cargo 1s desirable. Instead of having genetic material as their cargo. VLPs can have
active hiomolecules as cargo. For example, VLPs can contain lipids, proteins, and other orgamic
compounds. Once the VLP 15 inside the cell, the cargo gets releasad and the active biomolecules
can rapidly begin 1o exert their functions withowt the added steps of transcription, transiation,
and post transiation modifications.
10022} As used herein, “fog growth phase” or “logarithimic growth phase” refers to the phase
in which cells are actively proliferating and their cell density and or gquantity increases
exponentially, This is in contrast to the other growth phases. lag, stattonary, decline, and
senescence, in which the cells grow and proliferate at a slower rate, stop growing, or begin o

decline in toial mumber and or density.
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00231 As used herein, “cell culture vessel” or “vessel” refers to the vessel where cells are
grown. The vessel mav be made of glass. plastic, thermoplastic, polyolefins, polvearbonate,
polvstyrens, or other materials. The vessel can be petri dishes having a diameter of, for
example, 10 mm, 11 vun, 12.7 om, 35 mimy, 60 iy, 94 oy, 100 man, and 145 rom. The vessels
can be cell culture bags with a culture area of less than, more than, or equal to 640 cm”. The
vessels can be 6-, 12-, 24-, 48-, or 96- well plates. The vessel can be a flask of a volume
inchuding 25mi (12.5cm?), 30ml (25cm?), 250mi (75em?), and 600ml (182cm™), or cell stack
or cel factory vessal.

(0024} As used herein, “confluency™ includes a value representing how much of the vessel
surface area cells are occupyving. For suspension cells, contluency refers to the density of cells
per volume,

10025} As used herein, “transfection buffer” includes buffers made for electroporation, for
example, electroporation buffer (“EP buffer,” “EP.” or “EB”}. hipofection, and chemical
transfaction, including but not limited to Opti-MEM™ Reduced Serum Medium.

(00261 As used herein, “vector” or “vectors” inchude distinet pieces of non-genomic genetic
material that may be in a closed circular conformation, like a plasmid.

[00271 As used herein, “electroporation” is meant to encompass the process of facilitating the
msertion of foreign materials, like genatic matental, into cells by using a combmation of
electricity in combination with other reagents and solutions. Any electroporation svsigm may
be used to carry out the claimed invention mehuding but not limited to the EXPERT AT, the
ExPERT GTX™, the EXPERT STx™_ and the ExPERT VL™,

[0028F As used herein, “cell culture conditions™ inchude standard cell culture conditions for
cell lines. Although the following parameters can vary per cell line and other factors, these
usually iclude standard cell colturing conditions of CO at a range of 37% and humidity at

~
J
i

about 80% culture density. Additionally, cells can be cultured at a temperature of 32 "C 10 3
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°C, with a CO; concentration of 4% 1o 7%, and a humidity of about 80% to 95%. The cell
culture conditions can vary beyvond the linutations described depending on the cell fype, the
downstream applications, and according to what a person of ordinary skill in the art would
deternuine applicable under the circumstances.

[0029] As used herein, “ranscription efficiency” refers fo the efficacy of transcribing DNA
into messenger RNA ("mRNAT).

[0030} As used herein, “endonucleases™ are enzyvimes or other molecules that cleave DNA ina
nonspecific manner, usually to cause degradation of undesired DNA or genetic maternial
Examples of reagents that can achueve these results are DMase, Pulmoryme®, and
Benzonase®. As disclosed herein, where appropriate the amount of endonuclease used ranges
from 0.1 units to S units per 20 pl of transfection volume. A “urit” is defined as a roicroliter
of the prepared solution of endonuclease.

Diescription of Embodiments:

[0031] The foliowing is a detailed description with several non-limiting embodiments and
accompanying ficures. and substitutions, additions, or modifications may be made to the
components and steps provided.

[0U32] Embodiments of the present disclosure are directed fo methods of improving VLP
production per cell by using, for example surtace adhered or dissociated HEK 293, HER2937,
or another HEK293-dertved cell line. Embodiments of the present disclosure include using cell
culiure media that can be. bul is not himkted to, Dulbecco's Modified Eagle Medium
(" DMEM™), Roswell Park Memorial Institute ("RPMI7”} 1640 Medium, Dulbecco's Modified
Eagle Medium Nutrient Mixiure F-12 ("DMEM F127), TexMACS ™, Minimum Essential
Medium (MEM™), Iscove’s Modified Dulbecco’s Medinm {“IMDM™, CTS™ OpTmizer™,
Opti-MEM™ Reduced Serum Medium, or othars. The present disclosure aise includes

supplementing with industry standard serom such as but not limited to, fetal bovine sernum,
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horse serum, human serurn, or other synthetic serum, at an amount of, for example, 2%, 5%,
10%., 13%, or 20% or any value between those percentages, as well as above and below the
maximum and mintmui values disclosed, taking into account vanations 1o cell line, upstream
and downstream applications, as well as other vanables. Furthermore, embodiments of the
present disclosure include culturing the cells until they have achieved a logarithmic growth
state. Determining a logarnhinic growth state can be done by estimating the namber of cells at
a particular point {for example 24 hours after seeding), and comparing the mumber of cells at
tater time points {for example, 48 hours and 72 hours after sesding). If the change in cell growth
has ncreased logarithmically and in a von-livear fashion, then the cells can be smd to be in a
togarithmic phase. Further, erobodiments of the present disclosure involve removimg the media
by using, for example. a vacuum aspirator, decanting the media, a serological pipette, or a
micropipette. Embodiments of the present diselosure also include adding a transfection buffer
to the cell culture that can be an electroporation bufter, such as Max{Uyte’s® commercially
available electroporation buffers, m an amount at least sufficient to cover the surface area of
the vessel.

10033} The present disclosure and embodiments include mixing the desired vectors in a tube,
for example, an Eppendorf 1.5 mL tube, contaming electroporation buffer described above.
The amount of each vector may varv depending on the application and it requures taking into
account the number of cells to be transfectad. the cell Hne, the application, and the vessel used.
Simtlarly, the ratios of each of the differend vectors used to generate VLPs are not limited to
the ratios of each vecior disclosed herein and will vary depending on the application, cell type,
and other relevant factors. Per mL. the total amount of vector can add to atotal of 0.1 ug to 300
ug of vecior. For example, per wl., the total amount of vector can be 0.1 pg, 10 ug, 30 ug, 100
pg. 150 ug, 200 ug, 250 pg, 300 g, and any value in between the disclosed values as well as

higher and fower than the maximum and miniam values disclosed. Taking into consideration
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the vessel size, a much larger vessel may have a proportionatly larger total of vecior and a
rauch smaller vessel may have a proportionally reduced amourt of vector. For example, a 10
cm cell culture vessel may have a total of 23 ug of vector applied, while a 100 cro may have
100 pg of vector added. The number of distinct vectors can also vary from 1 vector to 10
different vectors. By different vectors it 15 understood that it can mean vectors that have the
same or different backbones, genes, open reading frames, variants of a gene or geves, reporters,
selection markers, and features of a particular vector. A non-lirniting example of the identity
of these vectors adding up to about 300 pg/ml of vector for transfecting 15 x 10% cells, and the
amount that can be used per vector is: (1) MLV-Gag (109 pg/mb or 10.9 ug in 100 ul of EP
volume), (2} MLY-Gag-Cas® (36 ug/ml or 3.6 pg m 100 ] of BF volumey; (33 VEV-G (I3
pe/mi or 1.3 pgin 100 gl of EP velume); and (4) sgRNA (142 g/l or 14.2 pg in 100 pl.
of EP volume).

(0034} In some embodiments, the present disclosure mcludes adding the desired combination
and amount of vector to concentrated cells in eleciroporation buffer and subjecting the cells o
a transfection device, like an electroporation device, and applving a transfection protocol to
transfect the cells. The device and method can nclude using electricity at 8 particular voltage
for a particular time, and other particular parameiers and reagenis to effectivelv {ransfect the
cells. The present disclosure includes transferring the cells to. for example, an Eppendorf tube,
a falcon tbe, or culture vessel. after complating a transfection protocol adding an optional
washing step with EP buffer, and adding fresh EP buffer to an appropriate volume. An
appropriate volume can be, for example. an amount equivalent {0 the electroporation volume,
such as, 100 uL of buffer when 100 uL of electroporation volome was used.

100351 In additional embodiments, there 1s described gently resuspending the residoal cells in
the EP buffer and transfernng them to an Eppendorf tube, a falcon tube, or cultore vessel. Other

examples of transferring the cells post-fransfection and resuspending them should take nto

led)
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accourtt the total number of cells transfected. For example. for transfecting 3 » 10° cells,
resuspending the celis m 1000 pl of media may be appropriate, while transfecting a much
larger number of cells, for example. 5 7 109 colls may require resuspending the cells up to
16.7 L of culture media.

10036} In some embodiraents, there is described a lower cell number range for transfection of
about 10 x 107 cells. The present embodiment also encompasses the following cell numbers
for transfection: 10 » 10° cells, 10+ 107 cells, 10 x 10° cells, 10 x 10° cells, 10 x 10" cells,
and 10’ cells. The present disciosure also envisions using for electroporation any number of
cells in between tha munbers described above as well as amounts that go above and below the
vumber disclosed.

(0037} In some embodimerds, there is disclosed a method of plating an appropriate amount of
the electroporated cells in EP buffar into plates, for example, 10 cm. 15 cm. 100 cm. cell stack,
cell factory vessel and providing the cells with a recovery period that can be 10 minutes, 20
minutes, 30 minutes, 40 minutes, 50 minutes, 60 minutes, 290 minutes, or 120 nunutes or any
amount of time in between the disclosed values as well as more and less amount of time than
the maxinium and minipunn amouns of time disclosed.

[OU38] In some embodiments, the present disclosure also encompasses adding an appropriate
amouni of cell culture media like, for example. DMEM media to the cell culture plates
containing electroporated cells and EP buffer. The disclosed media can be supplemented with
serum, for example fetal bovine serum, horse serum, human serum. or other synthetic serum.
The level of serum supplementation in the media can be, for example, 2%, 5%, 10%, 15%, or
20% or any value between those percentages, as well as above and below the maximum and
minimum values diselosed.

(0039} In some embodiments, the present embodiments and disclosure also includes adding

compounds to the cell culturing process to increase transcription efficiency in the cells. These
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compounds may include, but are not limited to, sodium butyrate and/or caffeine. Sodium
butyrate may be added to increase transcription efficiency at a final concentration of 0.4 md,
1.OmM, 1.5 mM, 2mM, 2.5 mM, 3.0 oM, 3.5 mM, 4.0 mM, 4.5 mM, or 3 miM, or any value
between those disclosed as well as a concentration that goes below or above the disclosed
muinimum and maxiraum. The sodium butyrate can be substituted by caffeine at a concentration
that includes 0.4 mM, 1.0 mM, 1.5 mM, 2 M, 2.5 mM, 3.0 mM, 3.5 mM, 4.0 mM, 4.3 miM,
or 5 mM, or any value between those disclosed as well as a concentration that goes below or
above the disclosed miremurm and maximurm. The present disclosure also encompasses sodium
butvrate combined with caffeine to increase transcription efficiency. The present disclosure
encorapasses the combination of sodium butyrate and caffeine wherein the concentration of
each reagent 15 applied using any of the concentrations described above for each reagent. The
present disclosure encompasses applving the combination of caffeine and sodium butvrate at a
ratio of, for example. 1:1, 1:2. 1:3, 1:4, 1.5, or others that go above and below the disclosed
ratios. Sirtlarly, the present disclosure encompasses applving the combination of sodium
butyrate and caffeine at a ratic of for example 111, 1.2, 1:3, 1:4, 1.5, or others that 20 above
and below the disclosed ratios. In some embodiments, the present disclosure includes adding
sodium buiyrate or caffeineg, or the combination or none, after about 1 hour after adding media
1o the eleciroporated cells. Instead of sodivm butyrate or caffeine. other compounds known fo
increase transcription etfficiency can be added 1o the cell culture in an amount and concantration
suffictent to increase transcription efficiency in the cells.

[004401 In some embodiments, the present disclosure also inchudes adding butvrate or caffeine,
or the combination for 1.5 hours, 2.0 howrs. 3.0 howrs, 4.0 hours, 8.0 hours, or 10 hours after
media was added to the electroporated cells. The addition of sodium butyrate or caffeins, or
the combination of the two can also be added at any valoe of time between those disclosed as

well as ai a time below or above the disclosed minimum and meximum.

1o



WO 2025/122903 PCT/US2024/058918

[0041] fn some embodiments, the present disclosure also encompasses incubating the
electroporated cells cultured with media and sodium butvrate or caffeine (or both) for a period
of time including but not Tinuted to 18 hours, 20 hours, 24 hours, 30 hours, 38 hours, 48 hours
as well as a number of hours that go above and below the rurmbers disclosed.

[0042] in some embodiments, the method comtemplates subjecting the cells cultured with
roedia and sodium butyrate or caffeine {or both or none) to a temperature shitt that can include
a delta of 15° C of a difference. For example. the femperature shift can change a starting
temperature from 37° Cto 28° C, from 37 C1o30° C, 37 Cto32° C. 37 C1o 34°C, or 37°C
to 36° . The temperature shift can also change the starting teroperature from 33° C 1o 28 (.
from 35° C 1o 30° €, 35°C 10 32° C, or 35° C o0 34° €. The temperature shift can also change
the starting temperature from 33° € 1o 28° €, from 33° C 10 30° C, or 33° C to 32°. The
temperature shift can also include a starting temperature above or below those explicitly
disclosed above and a final temperature above or below those explicitly disclosed above. The
present disclosure encompasses culturing the cells in the final temperature of the temperature
shift 12 hours, 18 hours, 24, hours, 30 hours, 36 hours, 42 hours, 48 hours, 72 hours, or 96
hours. The amount of time culturing the cells at the final teraperature of the temperature shift
can also inchude any amount of time between the times disclosed, as well as more and igss time
than the maximum and mimimum amounts of ime disclosed.

[0043] The present disclosurg encompasses collecting the VEPs released by the cells to the
media using a combination of syringes and filters, wherein the filters include those with pores
of 0.45 nvicrons or larger. The presend disclosure encompasses concentrating the collected
VLPs using Lenti-X™ using standard protocols available, using for example 9 mL VLP + 3
il Lenti-X™ In addition, the present disclosure encompasses using ultracentrifugation 1o

concentrate the VLPs, with, for example, 100,000 ¢ for 2 hours at 4° €, with 20% sucrose
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weight by volume as a cushion. The present disclosure encompasses using the concentrated
VLP solution for downsiream applications or storing the VLP solution at 4° C.

(0044} The present disclosure includes embodiments that generate VL Ps for the purpose of
generating non-targeted gene editing with, for example, Cas® WT protein or any other suitable
sene editing technology. The effictency of the non-targeted gene edits can be gquantified with
tools like Inference of CRISPR Edits ("ICE™), Tracking of Indels by Decorposition (“"TIDE™),
Tracking of Inserfion, Deletions and Recombination events ("THDER™), or others.

10045} The present disclosure includes embodiments wherein the VLPs are generated for the
purpnse of producing targeted gene editing. For such embodiments, the vectors used to generate
the VLPs mav difter frorn those disclosed above. For exaruple, instead of a non-specific sgRNA
vector as the guide sequence for gene editing, the vector guide sequence could include a guide
sequence ranging from 15 nucleotides to 30 nucleotides that target a spacific region of the DNA
meant {0 be target and or edited.

10046} The present disclosure includes embodiments wherein the VLPs arg generated in such
away that they target specific cell tvpes by, for example, replacing the VSV -G vector described
above with another vector that synthetizes a different VLP envelope that targets a specific cell
tvpe, such as rabies virus envelop ("RV-(3"} that targets neural cells. or a viral glveoprotein
bearing a cell-specific ligand or single chain antibodies.

[00471 The present disclosure includes embodiments wherein the VLPs are generated to
function as a reporter system or visvalization or imaging svstem for targel cells. Such
embodiments would include the VLPs encapsulating preen fluorescent protein, blue
fluorescent protein, vellow fluorescent protein. red fluorescent protein, or other similar
naturally occurring or altered ffuorescent proteins. In another example. the protein encapsulated
by the VLP is luciferase or a similar protein that allows measurements of light emitted by the

protein acting on a particular target molecule.
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0048} The present disclosure includes embodiments wherein the VLFPs are used to suppress
transcripiion of a target sequence by, for example, replacing the Cas9 vector disclosed with a
catalviically inactive Cas9 protein {e.g., dCas9} and providing a corresponding guide sequence
targeting the desired DNA sequence, such that the Cas9 protein blocks the transcription of
corresponding RNA molecules, thus suppressing the resulting protein mBRNA alone and, where
applicable, the corresponding protein.

0049} The present disclosure meludes erabodiments wherein the VEPs are used to activate
transeription of a target sequence by, for examyple, replacing the disclosed vectors coding for
the Cas9 protein and the vector containing the guide sequence and replacing it with a vector
comtaning dash fused with an activation domain that recruits transcription activation proteins
{2.g.. VP64 or others alone or in combination) and a corresponding guide sequence that targets,
for example, the promoter or enhancer region of the dasired gene, to activate transcription of
the desired pene.

100350} The present disclosure imncludes embodiments wherein the VLPs are used to effectuate
prime editing. Prime editing includes gene editing that introduces base to base conversions as
well as small insertions or defetions without ereating double-strand breaks in the process. The
embodiments sapporting the use of YLPg for prime editing include, for example, replacing the
vecior coding for the CasY protein disclosed above with a vector that codes for Cas9 nickase
fused with a reverse transcriptase. Similarly. the embodiments supporting the use of VLPs for
prime editing include replacing the guide sequence vector disclosed above with another guide
sequence that is longer, for example a guide sequence that 1s more than 90 or more than 100
nucleotides in length.

F00S 1 The present disclosure includes embodiments wherein the VLPs are used to effechuale
base editing. Base editing includes gene editing that introduces precise changes io nucleotides

without creating double-strand breaks. The embodimenis supporting the use of VLPs for base
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editing include, for example. replacing the vecior coding for the Cas? protein discussed above
with a vector that codes for aninactive Cas® enzyme (e.g, dCas?} fused with a base modifying
enryme. Suitable base modifving enrymes include cytosine base editors (eg.. cvtidine
deaminase) and adenine base editors {e. &, adenine deanunase).

10052} The present disclosure includes embodiments wherein the VLPs are used to reprogram
cells by, for example, replacing the vector coding for the Cas? protein described above with
vectors coding for the Yamanaka factors {eg. Oct3/4, Sox2, KIf4, c-Myc) or other
combination of proteins or molecules that help induce pluripotency. multipotency, unipotency
on target cells, or that can help differentiate a target cell into another cell type such as neurons
and skeletal muscle cells.

Q053] The present disclosure includes embodiments wherein the VLPs are produced for the
purpose of inserting a target molecule into a target call, by replacing for example the Gag vector
or vectors described above with another Gag vector fused 1o the genetic sequence of the protein
of interest.

(0054} Figure 1 tests ranges of DNA 1o use in electroporation experiments to maximize the
vield of VLPs. Contrary to chemical transfection, electroporation allows reszarchers io
experiment with different DNA concentrations and amounis to maximize results, If the DNA
concentration or amount used is oo low, the resulting fransfection will be less efficient,
however, if the DNA concentration is 100 high, then cell death and cviotoxicity will also render
the transfection less effective. For Figure I, the following experimental procedures were
followed. Adherent cells werg passaged one dav before eleciroporation so that the cells were
around 70% confluent on the day of elaectroporation. For the electroporation, adherent HEK293
cells were washed once with PR3, after removing the PBS, the cells were incubated with a thin
layer of TrypLE™™ Select Fnzyme dissociation reagent at a 1.5 dilution, sufficient to cover the

cells. The TrypLE™ Select Fnzvme digsociation reagent was added carefully to avoid
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disrupting the cell adherence by, adding the reagent slowly and to the wall of the cell culture
plate. The plate was rocked and then the dissociation reagent was immediately aspirated. Cells
were incubated at 37° C for 30 seconds and then resuspended in DMEM media contaiming high
glucose and 109 FBS. Cells were then centrifuged at 250 x g for ten munutes at room
temperature. After aspirating the media, the cells were resuspended with MaxCyte buffer
{MaxCyte EP Buffer and Opti-MEM) to a final density of 1.5 = 10% cells/mi.. The resuspended
cells were separated and mixed with different amounts of total DNA concendration, the total
DA composed of varying amounts of four different vectors (V8V-G, MMEVegag-pro,
MMLgag-3xNES-Cas?, and HEK3 sgRNA). The total DNA concentrations used were 50
pgfral, 100 pg/mi, 200 pe/mi., 300 ng/mh., and 400 pe/ml. The amount of each vector used
for each saniple is outlined in Table 1. 1.5 » 107 cells were mixed with the appropriate DNA
combination and amount to a total of 100 uL and placed in an OC-100 processing assembly.
Cells were electroporated and transferred to a culture vessel. Cells were incubated for 30 to 40
minutes at 37° € (5% COy, 80% hunudity) to aliow their recovery. Aftar recaovery, pre-warmed
complete media was added to the cells (BMEM, 109 FBS). The cells were then seeded in a 14
cm culture vessel (1.5 x 107 calls or 2.6 = 107 cells/em?). After 24 hours, the cells were shifted
from 37° C 10 33° C. The media was harvested to collect VLPs after 48 hours of electroporation.
To preciptiate VLPs from the media, Lenti-X was used. Brieflv, a 1'4 amount of Lenti-X
concentrator solution was used {e. g, Y mb of media +3 mL of Lenti-X concenirator). The tube
was inverted multiple times to mix, and then incubated overnight at 4° €. The tube was then
centrifuged at 1,500 x g for 45 minutes ai 4 ° C to obiain a white pellet containing the VLPs.
The peliet was resuspended in 100 uL of PBS and stored in aliquots at -80° €. To test the VLP
activity, 40,000 HEK2Y3 cells were seeded into each well of a 48-well plate and were
inoculated with .1, 1, or 5 uL, of concentrated VLPs. Figure 1A shows that 300 ug/mL of DNA

used showed the highest editing activity and best balance between the cell mumber uysed and
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active VLPs produced. The owput for editing activity or editing efficiency is based on the total
number of insertions and deletions caused by the VLP-mediated ntroduction of the wild type
Cas9 protein {generated from the vector: MMEgag-3xNES-Cas9) coupled with the guide
sequence {generated from the vector: HEKS3 sgRMNA) that led to the production of non-speettic
genetic changes throughout the genomic region of the target cells. The DNA of the target cells
was sequenced using Sanger sequencing and the sequences were analyzed using ICE. Figure
1B shows the total VLP producer cell number measured 48 hours after electroporation,
demonstrating that higher concentrations of DNA correlate with reduced VLP producer cell
mumber. The highest IINA concentration of 400 pg/mi caused the lowest cell yield. Taken
together, the data shows that, while the DNA concentration of 300 ug/rol. had reduced cell
number compared with other DNA covcentrations, this concentration of DNA resulted in the
highest VLP activity. Therefore, it can be interpreted that although there were fewer cells, more
VLPs were being generated per cell.

10035} Figure 2 tests multiple electroporation parameters to show higher transfection
efficiency and VLP vield than what can be obtainad using chemical transfection facilitated by
JetPRIME®. The mechanism of entry of PNA into the cells is different between chemucal and
electrical transfection {electroporation}. jetPRIME® encapsulates the DINA so it can enter the
cell through endocyiosis, a long process for the cargo to get delivered info the nucleus and start
expressing to produce VLPs. Since it 1s a profonged process. there is a delay in the titer
production when using chemical wansfection with jJetPRIME®. In contrast, with
electroporation, DNA 15 immediately introduced into the cells, likely through the cvioplasm
first, then making its way to the nucleus for expression. In suom, the advantage of
electroporation is that the DNA is delivered into the cell immediatelv and VLP production can
start earhier because of its delivery mechanism. For the electroporated samples, the procedure

describing Figure 1 was used, with the following changes: 1 mM of sodiom buty rate was added
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to the cells 4 hours after electroporation. VLPs were concentrated 100x and resuspended in
PBS. Varying volumes of VLPs were inoculated onto 40,000 HEK293T cells and the gene
editing efficiency was assessed using Sanger sequencing and an analysis tool called ICE that
guaniifies the msertions and delentons from a Sanger sequence file. Figure 2A shows the
percerdage of indels (indels 13 meant to define a type of genetic varnation 1n which a nucleotide
sequence or sequences were added or deleted) 1o target cells following a chenucal transfection
using jetPRIME®R under the manufacturer’s transfection protocol. The graph shows the
difference in gene editing efficiency when VLPs were harvested after 24 hours or 48 hours
after transfection. The results of Figure 2 A show an increase in gene editing efficiency directly
proportional to the amount of VLP added to the target cells. However, the gene editing
efficiency wherein the VLPs were harvested 24 hours alter chenucal transfection is markedly
recduced compared to VLPs harvested 48 hours after chenucal transfaction. Figures 2B through
2F also show gene editing efficiencigs as above but using varving electroporation protocols as
the methods of producing VLPs. For Figuras 2B through 2F, for all electroporation protocols
tested, VLP production and activity were higher than chemical transfection on both day 1 and
dav 2. Importantly, if can be interpreted that electroporation enabled faster delivery of the DNA
cargo which allowed for faster production of VLPs in comparison with chemical transfection.
There was onlv a modest increase in VLP production from Dav 1 to Day 2 with eleciroporation,
indicating that a 1-day manufacturing process could be used to shorten the time by one day. In
contrast, chemical transfection had very fow vields and activily of VLPs generated by Day |
after transfection. Finally, Figure 2 shows the difference in the activity and VLPs generated
by electroporation versus the standard chemical transfection method without any sodium
butyrate and harvested 2 days after ransfection. Electroporated cells had 1 mM of sodium
butvraie added 4 howrs after electroporation. Depending on the titrated volume of VLPs, the

fold increase in editing efficiency varied but indicated that electroporation resulted in between
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a20-40-fold increase in VEPs versus chemical transtection. Figure 2H itlustrates ELIS A results
that demonstrate that electroporated cells produced roughly 4x higher MMLY p30 levels than
chenucally transfected cells. The VLP samples used to measure the p30 levels are from Figure
2. Figure 21 illustrates ELISA results that demonstrate that electroporated cells produced
higher MMLY p30 levels than cherically transfected cells when VLPs were harvested on Day
1 or Pay 2. The chemically generated VLP samples used to measure the p30 levels are from
Figure ZA while the electroporation generated VLP samples used to measure the p30 levels are
from Figure 2F. Figure 2J ilustrates Western Blot Data of Cas9 protein contained in VLPs
generated by chemical transfection (Figure 2A) or electroporation (Figure 2F) 075 ug p30
{(VL.Ps) denatured in 1X LDS sample buffer at 70° € for 10 munues and subjected to
electrophoresis through a 4-12% Bis Trs polyacrylamide gel at 200V for 30 nunutes. Proteins
were immobilized onto a PYDF membrane and probed with mouse a-Cas9 (CST 14697)
antibody, diluted 1:1000. Proteins were detected with AnP-conjugated anit-mouse secondary
antibody and BCIP/NBT substrate from the Invitrogen™ WesternBreare™ Chromogenic kit
chemically produced VLPs.

[OUS6] Figure 3 shows how the addition of DNase after electroporation may enhance VLP
producer cell survival. For Figure 3, adherent HEK293T cells were electroporated using a
pg/mb of BMNA. Following electroporation, cells were incubated with or without DNase (1 unid
of DNase per 20 pb. of electroporation volume} for 35 minuies during cell recovery before
media was added. Mo sodium butvrate was added. VLP producer cells were harvested 48 howurs
alter transtection. Figure 3A shows a bright field image of electroporated untreated or BlNase
treated cells after electroporation. Figure 3B shows the viable cell density of the VLP producer

cells 48 howrs after electroporation, demonstrating a modest increase in cell number after the
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cells were treated with DNase, and indicating that DNase could be used for improving the VLP
producer cell recovery and nurnber of cells.

[0057] Figure 4 shows how high seeding densitv after electroporation will negatively
influence VLP vield and VLP producer ccll number. For this experiment, adherent HEK293T
cells were slectroporated using the ExPERT STx™ at a density of 1.5 x 10% cells/mb. Afie

electroporation, the cells were pulled and seeded onto a 10 om plate at three densities (2.65 x
10 cells/em?®, 529 x 10° cells/om?, 7.94 x 10° cells/om®). Figure 4A shows indel activity
induced m 40,000 target HEK293T cells with varying volumes of VLPs generated at the
different seeding densities. Increasing from 2.65 x 10° t0 5.29 x 10° celis/cm? resulted in lower
VLP activity, while there was only a modest improvement m VLP activity at the highest
seeding density of 7.94 x 107 cells/om®. Figure 4B shows a significant loss in cell number at
the time of harvest compared when comparing the low seeding density with the higher seeding
density. There was about 43% recovery with the lowest seeding density while a loss of up to
&0% of cells was observed at the highest seeding density. These results suggest that one should
avoid seeding at a very high cell density or else more calls would be lost, resulting m less VLP
activity and vield.

[OUSE] Figure 5 shows how sodium butyrate may improve the VLP productivity per cell
Sodium butvrate was added to elactroporated cells, following the methods described above, 4
howrs after electroporation at concentrations ranging from 0 mM to 4 mM. VLPs were
harvested and concentrated 100X in PBS, as described above, and then innculated onto 40.000
target HEK 2937 cells at varving volumes (0.1 uL, I ul, and 5 b} The editing efficiency of
the cells was evaluaied by Sanger sequencing and analysis using a tool called ICE. Figure SA
shows there is not a large difference in the impact of sodium butvrate on the overall VLP
activity and yield. Figure 5B shows the total VLP producer cell mumber measuved 48 hours

after electroporation and treatiment with a range of sodium butyrate concentrations from ¢ mM
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to 4 md. These data demonsirated that ugher concentrations of sodium butyrate correlate with
reduced VLP producer cell number, even though the overall VLP activity produced was the
same. The combined results of Figure SA and 5B suggest that alibough cell number decreases,
a higher productivity of VLP activity 15 achieved per producer cell when adding increasing
concentrations of sodium butyrate.

(0039} Figure 6 shows how temperature shifiing VLP producer cells after 24 hours may
improve the VLP production per cell. For this figure, cells were electroporated as described
above and plated onto 10 cm plates. 1M of sodium butyrate was added 4 hours after cells
were glectroporated. VLPs were harvested and concentrated 100x m PBS and then inoculated
onto 40,000 target HEK293T cells at 5 ul. as described above. Figure 6A shows the total VLP
producer cell number calculated 48 bours after electroporation by trypan blue staiming. Less
cells were observed when the producer cells were shifted to 33° { after 24 hours comparad
with cells maintained at 37¢ C for 48 howrs. Figure 6B shows the relative activity of mdels
cenerated per VLI producer cell] demonstrating that the productivity per producer cell is higher
when the temperature shift from 37° C 10 33° € is implemented.

10060} Figure 7 shows how electroporation enables higher productivity per VLP producer cell
when compared with chemical {ransfection. For this figure, adherent HEK293T cells were
transfected with a chemical transfection reagent according to the manufacturer’s instructions,
or electroporated with a MaxCyte ExPERT STx™ glectroporation svstem. No sodium butyrate
was added to the electroporated cells, but the cells were shified o 33° C 24 howrs after
glectroporation, and VLPs were harvested and concentrated 100x in PBS and then inoculated
onto 40,000 target HEK293T cells using S uL of concenirated VLPs, following the protocols
described above. The editing efficiency of the cells was evaluated by Sanger sequencing and
analyzed using a tool called ICE. Figire 7A shows a bright field image of HEK293T VLP

producer cells 24 howrs after electroporation. Figure 7B shows the activity of 5 uL of VLPs
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generated by erther chemical or MaxCyte electroporation. The results show the VLP activity
from electroporated VLPs compared with those produced from chenucal transfection. Figure
7C shows the percentage of VLP activity per 1 million VLP producer cells generated by
chemical and electroporation. The results show better VLP activity per million producer cells
with electroporation compared with chemical transfection. The calculation was performed by
dividing the percentage of indels by the VLP producer cell number at the time of VLP harvest,
48 hours after transfection.

[0061] Figure 8 shows that electroporation energy correlated with higher VLP activity tn an
energy-dependent manner. These results demonstrate that VLP activity could be improved by
increasing the electroporation energy.

[00A2Z] Figure 9 shows electroporation enables packaging of aderune base editor (ABE) RNFs
mto VLPS to target HEKS3 loci produced from suspension HEK calls. § pul of VLPs produced
without sodium butvrate and titrated onto adherent HEK293T cells could induce 42% base
substitition at A6 (AT to (:C). Addition of sodium butvrate to production media improved
editing, up to 71% at AG. Base editing at A8 occurred at 48% and 75%. without and with
sodium butvrate, respectively. These results provide preliminary evidence to demonstrate the
capacity for MaxUvie electroporation to enable production of VEPs loaded with ABE-RINPs
that induce high rates of base substitutions. VLPs were produced in suspension HEK293 cells
with chemical enhancer. To produce the data, VLPs were harvested from culture supernatant
one dav post-eleciroporation, purified. and titrated onto adherent HEK293 cells. Genomic
DNA was isolated 3 davs post-transduction, PCR amplified. and submitted for Sanger
sequencing. Base edits are caleulaied naing the EditR software.

100631 Table 1 describes the total amount of DNA used for every experiment as well as how
much of each vector was used for each experiment.

Table 1. Vectors and Amounts of DNA Used in Experiments.
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Plasund I 10 em Forao For av For on For an For an
plate by GCIO0- 50 GCLOG- 100 | OCIGG- 200 1 OCI00- 300 | OC100- 400
Lipid wg/ml wg/ml, sg/mL sg/ml pgiml
Transt concentration | concentration | concentration | concentration | concentration
(g} ab (i) fotal (ug) total {ug) total (ug) total (ug)

VEV-G 0.4 2 .4 0.9 i3 1.7

MWL Vgag- | 3.375 18 3.6 7.3 10.9 14.5

e
1.125 6 12 2.4 36 4.2

HEKS 4.4 24 4.7 a.5 14.2 18.9

sgRINA

Total 9.3 5 10 20 30 4

Examples

[0064] What follows are a series of exarnples that llusirate the present invention n a non-
tinuting matter. Accordingly. the following detailed description is not limited to the disclosed
ernbodiments and examples. Instead, the proper scope s defined by the appended claims.

[0065] Example T HEK293 cells were grown using standard cell culture conditions unid the
cells were 1n a log phase and the total cells was about 2.08 x 10° The cells were dissociated
using EDTA. The cells were transferred in suspension into a capability tube of &0 mL of
suspension. The cells were spun af a speed of 250 ¢ for 10 mimutes at room tfemperature. In
parallel, the veciors were prepared and mixed n eleciroporation buffer (MaxCyite EP Buffer
and Opt-MEM} in a separate vial. The veciors used, and the amount used per 10 om plate were
the following: (1) MLV -Gag 109 ng/mi or 10.9 yg in 100 pl of EP volume; (2 MLV-Gag-
CasT 36 pg/mL or 3.6 pg n 100 wl of EP volame, (33 VSV-G 13 ug/mb or 1.3 pugin 100 pl of
EP volume; and ¢4) sgRNA 142 pg/mbU or 14.2 yg in 100 yl of EP volume. 0.8 mb of
electroporation buffer was mixed with the plasmid mix. The supernatant was removed from
the cell peliet after cenirifugation was finished. The cell pellet was resuspended with fresh
electroporation buffer and the {inal volume was adjusied o 1.1 mb. The suspended pellet was

transferred into an appropriate vessel and resuspend in either OC-100. The cells were
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electroporated and transferred from OC-100 1o a 1.5 ml Eppendorf tube. The OC-100 was
washed with 10-20 ul. of eleciroporation buffer. The volume was adjusted to 1100 ul. using
electroporation buffer. 106 uL, 200 ul, and 300 uL of the mixture was transferred from the
Eppendort tube to a 10 cra plate (separately, respectively). The cells recoverad at 37° € for 33
munutes. 10 mb of DMEM media supplemented with 10% fetal bovine serum was added and
roixed. The mixture was incubated at 37° C for 4 hours. Sodiwmn butvrate was added at a
concentration rangiug from 0.5 mb 1o 4 mbd. fo the 10 cm plates. Without being bound by any
particuilar theory. a concentration of sodium butvrate of 4 mM was found to effective and
improved the production of VLP per producer cell. After 24 hours, the temperature was shifted
from 37° C to 33° C and mcubated for 48 hours. The VLPs were collacted from media using a
syringe and filter of 0.45 mucrons. The resulting solution was nverted numerous times. The
soelution with VEPs was stored overnight at 4° €. 40000 HEK293T cells were seeded iy a 48-
well plate and mcubated for 24 hours. The cells were inoculated in each well of the 4&-wall
plate with VLP solution using the following volumes: 0.1 yL, Tyl 5 pb. Following culturing
of the calls with the VLPs, editing of the cells was determinad by harvesting the calls, collecting
eDNA. amphifying the HEK3 loct, purifving the PCR products, and submitting the samples for
Sanger sequencing. Indel analysis was conducted on the Sanger trace files using the Svnthego

ICE tool.
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Clabms
What is claimed is:

1. A method of producing virus-tike particles (“VLP”} using electroporation, comprising:
cultivating a population of cells in a log growth phase in a cell cultwre vessel
using media;
cultivating the population of cells to a desired level of conflugncy;
removing the media from the cell culture vessel and adding a transfection
buffer;
adding to the cell culture at least one vector in a desired conceniration and a
desired amount,
transfecting the cell population via electroporation;
culturing the cell population at a desired temperature for a desired period of
fime; and

seeding the cells at a desired density.

2. The method of claim 1, further comprising adding an endonuclease to the cell culture
vessel prior to seeding.
3. The method of claim 1, further comprising adding a compound that increases

transcription efficiency at a desived concentration and amount 1o the cell culture after
the seeding,

4. The method of claim |, further comprising subjecting the cell cudture to a temperabure
shift for a desired penod of ime.

5. The method of claim I, wherein the population of cells 1 comprised of the celi line
HERK293,

6. The method of claim 1, wherein the population of cells is derived from the cell line

HERK293,
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16.
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19,

L

The method of claim 1, wherein the media comprises cell culture media supplemented
with serum.

The method of claim 1, wherein the celf culture vessel comprises a 6-well plate, a 10
cm plate, a 15 em plate, a cell stack or cell factory vessel, or another vessel.

The method of claim 1, wherein the high level of confluence comprises at least 60%-

80%.

0. The method of claim 1, wherein the transfection buffer is electroporation buffer.

. The method of claim 1, wherein the desired final conceniration of the at least one vector

added to the cell culture comprises a range of 50 ug/mb. to 400 ug/mi..

. The method of claim 1, wherein the desired amount of the at least one vector added to

the cell culture comprises a range from 0.1 ug to 300 ug.

. The method of claim 1, wherein the destred amount of the at least one vector added to

the cell cultare comprises a range from 300 ug to 1000 pg.

. The method of claim 1, comprising adding muitiple desired vectors added to the cell

culture vessel, which are not identical.

. The method of claim 14, wherewn the amount of each vector added is not identical.

The method of claim 14, wherein the desired vectors added to the cell calture comprise
combinations of identical and non-identical vectors.

The method of claim I, wherein the at least one vector added to the cell culture vessel
ranges from about 1 to 10,

The method of ¢claim |, wherein transfecting the cell population 18 performed using an
appropriate device that includes one or more electroporation machines,

The method of claim 1, wherem the desived temperature comprises a range from about

32°10 370 C.

PCT/US2024/058918
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. The method of claim 1, wherein the seeding density after transfection comprises an
amount equal to or fess than 3 x 10 celis per em? of surface area.
21. The method of claim 3, wherein the compound that increases transcription efficiency

comprises sodivm butvrate.

]
[N

. The method of claim 21, wherein sodium butyvrate is found in a concentration ranging

from 0.1 mM to 10 mM.

o83

3. The method of claim 3, wherein the compound that increases transcription efficisncy
comprises caffeine.

24. The method of claim 23, wherein the caffeine is found in a concentration ranging from
0.1 mM to 10 mM.

25. The method of claim 3, wherein the compound that increases transcription efficiency
comprises a combination of sodium buiyrate and caffeine.

26. The method of claim 4, wherein the temperature shift comprises a reduction in
temperature of about 10°C.

27 The wethod of claim 4, wherein the temperature shift comprises a reduction in
temperature from about 37° C to about 28° C.

28. The method of claim 4, wherein the iemperatire shift comprises a reduction from a
higher ternperature o a lower temperature.

29 The method of claim 4, wherein the {emperature shift comprises a reduction in
temperature from about 37° C to about 33° C,

30, The method of claim 4. whereln the desivred peried of time for a temperature shaft

comprises about 18 to 72 hours.

31 The method of claim 2, whersin the endonuclease is DNase.
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