Application Note

Superior protein yields in suspension CHO cells
using FectoPRO™-mediated transient transfection
in CELLSTAR® CELLreactor™
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1. Introduction

The Intreduction of necisic acids Info cellz reprasants a key
technology for ressarch in IBe sclences (1) Tranzfection,
which conslsts In Intreducing nuckslc acids Into sukanyotic
callz, nas enablad advances In many flekds inciuding cell and
molacular biology, gene function, regulstion studiss gz wall
as drug tangst identcation and valdation.

Transfeciion Iz a standard tool that has bsen widely w=ed
In bloproduwciion of ecombinant proteine and antibodiss to
generate stable producer clones. Mowadays, transient gene
axpreasion (TEE) k2 algo commonty used for medium scale
production of biologlca. Thiz approach allows gansration
of sufficlent protein amourts avolding a major Inveatment
In production of stable cell Bnes prior to “proof of concapt®
shedies or toolz valldation. Indeed, the spesd and fexdolity
of TGE has enabled this technigus to be widsly adopted In
bioproduction for sarly dizcovery, research applications and
procass developmeants (2.

Although widespraad, transfaction methods are evoiving
constantly In order to provide sdapted solutions cepending

on the applicstions gnd the dollversd blomodooulas To
regcdve the Bzus of low fransfection efclency of OHO
calla, which can be a major botlensck nampsering protein
production In TQRE systems, Polyphm-transfaction® hes
developed FectoPRO™, a specific franstaction reagent for
béoproduction appications. The FectoPRO™ kit, contalning
the franatection reagent and a boostar, was designad after
axtanshve screening of numanous chemical structurss based
on thelr transfaciion efclency, protain production yiskd and
call viabisty. FectoPRO™ |2 sulfable for translent tranatection
of suapsnslon OHO and HEK-283 calls In varkous ssrum-free
media and diffsrant cufture veasals, using low DA amount
f= 1 pgfmi of cell culturg).

The most commonly uwead calle for production of
recombinant proteinz and antibodies are HEK-283 and
QHO cellz (3), usually grown In suspension i synihetic
serum-fras media In speciic culiure vesaalz, such as the
QELLETAR® CELL rapctor™ from Grener Blo-Oms. Outturing
suspsnsion celz In the CELLETAR® OELLreactor™ has
several advantages towards comantional systems such &3
shakar flezke. For scresening purposes, only 2mall vlumes of
call cuiiures ane neadad, and the DELLETAR® OELLMeacior™
gllows callz to grow In optimal conditions with az llitle ss
3 mL of cell cuiturs, reducing coats and handling. By w=ing
the tubses on an orbdtal shaker e.g. with a standard tube rack,
a gpace-saving arrangement 12 achieved. In thiz way, call
growth can e montorsd with & varsly of culture conditions.
In a sings run. If desirad, centrifugation of callz without the
naed to tranzfer to another fubse k2 achlewved oy the conbcal
fubs bothom.

Hers we show thet OHO celz grown In CELLSTAR®
CELLreactor™ grow Dether and heatthisr than In other cutture
fubss. Moreower, OHO celle translently tranefectsd with
FectoPRO™ produce higher profein yislds In DELLETAR®
OELl rasctor™. Taken together, our resulis show that
the combination of CHO cellz grown In OELLETAR®
CELLreactor™ and thelr FectoPRO™-mediatsd fransisnt
franstection reault In amazing protein production yisids.

This FaigFRD™ iranskection magant lor Beapsoduston appicalions.
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The commercially avallable FresSiyie™ OHO-B cells [Ufe
Technologles, Darabad, GA) wens grown insuspenalon culturg
In FreeStyle™ OHO Expreasion Medium (Life Technologles,
Carzbad, O&) supplemsantad with 100 Wmi of panicilin smd
100 pg'mi of streptomycin, 1% of Pluronic-FEE, and B mM
L-giutamins. Osll cuwbures were malntained bstwesn 025
and 3 x 107 callzsml In 125 mil Edenmsayer flasks with vented
cap, shaken at 130 rpm In an Incubator at 37 “0 with § %
m!‘

A pPUGSE vector contalning the gens coding the Fo fragment
of the mowse Immunoglooulln 3 was used for the tranaection.
Ampification and purification of the plasmid wasa parformed

by Tabu-bio (France).

FactoPRO™ andFactoPRO™ Boostar{Polyplus-tranateciion,
lkirch, FR) wers usad as tranefaction reagent. The day befors
trenzfection, cellz wers cowntad. 1580 milons of cels wars
centrifuged. After eliminston of the supsrnatant, the cslis
wers resuspendsd In 150 ml of compésie fresh FreaStyle™
Exprazsion Mediem. 16 OELLETAR® CELLreacior™ tubss
(Greiner Blo-Ome, Frickenhausan, DE), 16 tubes from
Company A, and 16 tubee from company B were fllled with
each 3 mil of the 1 M/ml o= suspsnsion. The fubss wers
then incubsated cwvernight at 37 "0, B % 00O, and shakaen at
1230 rpm. The day of tranatection, cellz were Detwsen 1.2 and
1.4x 10 celz/mil. 30 pg and 48 pg of plasmid DA wers diluted
In & mi of call cutbure medium without glutamine, antiblotics
nor Plurcnic-FEE. Thoes diuted DA preparations were then
trenzfemad In tubes contalning respactiesty 60 pl and 72 pl of
FactoPRO™. After 10 minutes at room temperstura, 200 il
of the DMNAFscioPRO™ complexss wens added direcily to
the 3 ml of call cutturs. 075 Pl of FectoPRO™ Boostar was
then added I necessary. Oell cultures were rsturnsd to the
incubator at 37 "0, B % OO0, and shaken at 130 rpm. viabie
cell denzalty and Ig&3-Fo production wers assassed avery
day during the 3 days following trenafection.

Viable cell growth analysis

The TO-20™ sutomated Cell Counter [Bio-Rad, Hercules,
O4) was used fo determine the viable cell density of the
cutturaz. 10 pl of call suspenaion wers mixed with 30 @ of
Trypan Blus (1:4 dilution) and then transfarmed Into & counting
slide chambsar. 2 Indapsndent cownting were dons for sach
Cclutburs.

Caplllary cytometry analysis

A Gusva® fiow cylometer (Merck-Milllpore, Carmestadt,
Germany) was usad fo delermine the percentage of GFP-
postthee calls.

Ona day after tranefecton, 50 pl of cell suspenalon ars miked
with 200 pl of PBS and transferred In a B6-well plate. The
plate k= then read with the fiow cyfometer and GuavaSot 2.6
k2 waed to determine the percantage of GFP-positive callz.

Ig&3-Fo production analysis

For the Ig33-Fc production analyals, a whoks 3 mil cuttuns
k2 cenfrifuged. The supernatant | fitered through a
022 pm fiter and fransfarred Inbo & glass HPLD wvial
Using a Watsrs 2605 HPLOD aysiem, the sampiss ama then
injeciad in a PORDE® @ 20 pm Goiumn [Life Technoiogiss,
Oarizbad, OA) The alution 2 done with & solution of Macd
150 mbA # HCA 12 mid and the purified protein |2 quantifad
u=ing a spectrophotometry meazsuremeant at 220 nm. Weing a
standard curve and the messured area under the curée, the
quantity of IgR3-Fc produced can e determined.

3. Results

CHO cell growth In CELLSTAR®* CELLreactor™ and other
tubes

Following the FectoPRO™ call culture profocol, OHO-8 cella
wiars saaded at 1 x 10° cesamil the day befors tranafection
In the differant 50 mil cutturs fubes. The viable call denstty
ifigure 1A} and viabliity (fgure 18) were monitorad for the
naon-tranegfectsd cels during 3 days (Mgure 1). A slimiler cel
growth and viabllity was detenminad for sach tranafection
and cutture condition after ons day of call culfure. The
callz cultured In the OELLETAR® OELLreactor™ tubes
continus fo grow nicely at day 2 and day 3 urntll they resch
amost 3.5 x 107 viable cellz par mL with a call viablity of
95-08 %. Comparatively, the cell cultured In the competitor
tubes show a growth plateau at dey 2 and then & decreass
in the viabés cell density at day 3. Thia growth amest and
decreass seem to be cometated with a lower visbllty. Thozs
razutts show that the cellz srs healthlar and grow better in
the CELLSTAR® OELLeactor™ tubes than In the competitor
tubes. The combination of high alr psrmesolity of the
OELLreactor™ fiter mambrane and the langs cap surfacs
araa that iz avellable for asration provides a key factor for
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Figeen 1: Geth and siabiity of non-ransfected ™ CHO-E call ase
st vamait Ciiihanted i CELLETAR®™ CELL radobor ™ (uitvi. Thi ol &6 -
ded ab 1w 90 viabils cslsiwl in 2 ml ot day O in CELLmecior ™, Froduct & of

Froduct B B0l ufsa. T viabks coll darady () and thi percaniage of vistes
el (B s determingd sach day uaing Trypan Biue and an aiismated cal
CLINRE,

FectoPRO™ fransfection efclency In CHO cells

The celz cutivated In the differsnt tubes were transfectad
with FecioPRO™ following the recommendsd protocol, with
a plazmid coding for the Gresn Flucrescsnt Protein.

Tranafection eMclsncy was determinad a8 the percantags of
GFP-positive calle 24 h afier transfection using a capliiany
flow cytometer analyals (igure 2). Remarkably, transfection
afficlancy k= significantly highsr for the culture grown In the
CELLETAR® CELLresctor™ tubes than In other tubes.

Whnan no FectoPRO™ Booster |z added to the culbumes,
a differance of transfection sMclency of simost 20 %
bstwean the cell cutures In product & (BOS % GFP4)
and the CELLmeactor™ [B9.3 % GFP+) I= cbserved. Thiz
difference rasches 26% If the cell cuitures In the CELLETAR®
CELLreactor™ tubes with the cell cultures In Product B
(43.56 % GFP+) Iz comparad. Whan adding the FectoPRO™
Booslar foSowng the tansfection, the oifferences in
franstection eMiclency Debwssn the condiflons tseted
decregss sightly a2 the Booster Iz a transfection nducer.
Indesd, cultures grown In product A& and product B tubss
reach 71 % of fuorescent celiz whareas the cultturs In the
OELL raactor™ fubsa reaches a trensfection efficlency of
85 % GFP+, cutperforming by a significant 16 % difersncs
the other tubez. Hers we show that cellz sre hesthler
and grow bettsr In the OELLSTAR® CELLreacior™ tubss
comparsd fo 2 other tubss, lsading to significantly better
tranzfaction sMclency.
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Figumne 2 FesinFRD™-manakection o cansy b signibcandy higher wih ool csivaled and toraleciad in CELLETAR® CELLssacior™ fubga. Thi calls wees Translfected

uaing FectcPRO™ magent and a
posiive ool s done the dey afloer inanalection using capiiary low oytomates

phasmid aihar wilh Sooater [DUE pg ol DRETR] ras 1°2) or wilhoul Boosier (008 ugimill nalis 1:1.5]. Anshysis of GFP-

HUBERLAB.

committed to science
1o



Proteln production In CHO cells transfectsd with
FectoPRO™

To Investigate the Impact of the vanation of fransfection
gfficlency cbesnsed in the differsnt cedl culiure tubes on the
production yield of a recombinant protein, we produced
the secrated Fo fregment of the murne mmunogloousn &
subclzss I gE3-Fo) by translent gens expression In GHO
cellz. After cultivating and preparing the OHO cells In the
diffsrent culiure tubes, a plasmid coding for the pGE3-Fo
was franatected according to the FectoPRO™ protocol. The
concentration of sacrsied protsin was then meazured sach
day for 3 days (fig. 3). One day post-ranafaciion, the igad-
Fe concaniration In the cell cutturs grown In Gralner tubes ks
already higher than In the culiure uzing product A or product
B fubss. This result Iz confirmed and even amplfiad at day
2 and 3, and Ia Independant on the concentration of DMA
tranafectad. Interastingly, wa show that at day 1 and 2 poat-
tranatection, the concentration of protein producad grows
continuousty In the 3 diferant tubes. Howsver, bstwesn day
2 and 3, a drastic decreass of the Ige3-Fo concentration k=
obzaryad In the culturs In the Goming and TPP iubss. Thess
resuliz could be explained by the low viabls cell density
and low viabllity praviously observed In thoss tubes. On the
contrary, the OELLATAR® OELLreactor™ fubss allow for
an ldeal cell growth and viabity as well az for the highesat
tranetecton eficlency, both parameters which are comarted
Into & continuous call producthity of the IgG3-Fo protein up
to day 3, resulting In an IgG3-Fo vield bebwesn 8 and 10 mgL
thres days post-tranafection and ouipsriorming competthor
tubsee by a minkmum of 30 % In terma of protein ylelds.

BA - Booster

=QELLusaor™ O Prodecid o Product B

] L] I ]
Days aHer tremelection

Figume 3 Frolen prodecton ara highar and st longer wilh oals
ransfected and cullvated in CELLITAS® CELL reactor™ fubas The cills wens
ranafectad with RecicFAD™ magent and & IpGE3-Fo-apesang plismed ahar
Wit Bososhar (A, - 0B gl ratis 9:1.5) oF with, Booalas (B - 0L g ol DAY
mil ralic 1220 Thias secraled progen production anshysis sud parlonmed using
prodain O afniy oolumn (HFLC) asch dsy aftor translecton.

4. Conclusion

By carsfully =elscting cuifure and transtection conditions,
call culture and trensfection efficlency can be signiflcanthy
Improwed for ioproduciion applications. Grainar Blo-One's
CELLETAR® CELLreactor™ nas Desn shown to provide
excaliant call viablity for both wniransfected and transfected
callz. Incombination with Polyplus' FectoPRO™ tranafeciion
ki, sfficiencles of wp to 85 %6 fransfectsd CHO-S cellz can
b= achisved, resulting In cutstanding protein yisid.

DIsoLAMER
Grelnsr Blo-One and Polypius-transfection do nod
gusrantes for the avallablity, dssign, performancs,
functionalty or any other festure of products
clied In thiz documsnt and being manutacturad
of suppled by companes other than Cirsiner
Bic-Cme  and  Polyplus-transfsciion themsstess,
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Ordering Information

Cat Mo Diescription Cuantity/Bag QuantityCass
1EEEEEE:HU OELLETAR® CELLreactor™ Flier Top Tubs, PP, 16 mi, sierle 20 200
sE0: Sample Pack CELLETAR® CELLreactor™ Fiter Top Tubs, - e
188 299 PP 15 mi, sterils

gz.m CELLETAR® CELLreactor™ Flter Top Tubs, PP, 50 mi, eferils 20 600
s80: Sample Pack OELLETARS CELLreactar™ Fiter Top Tubs, . e
227 299 PP 50 mi, sterile

I"nmlyplmc 1 ML FectoRO™ Raagent, 1 ML FectoPRO™ Sooater 1 1
VW

s011a.gen 1ML FectoPFRO™ Reagent, 1 mL FectoPRO™ Booater 1 1
mﬁ“ 10 miL FectoPRO™ Reagent, 10 mL FectoPRC™ Sooster 1 1
:“["J‘:F":E 10 miL FactoPRO™ Rsagsnt, 10 ML FectoPRC™ Soostsr 1 1
Polypiuz: 10w10 mL FectoPRO™ Reagent, 10x10 mi FectoPRO™ - .0
116100 Bocstar

VIR 10w10 mL FectoPRO™ Reagent. 10x10 mi FectoPRO™ = .
10118-246 Boostar
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