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CellScrewo

Scalable and
sustainable

adherent cell expansion
system

Advantages
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Large growth surface area and optimal » Made from plant-based PLA. a
cultivation conditions, facilitating scale-up sustainable alternative to petroleum-

Easy-to-handle system requiring little based plastic labware

additional equipment, reducing labor » The CellScrew® is 3D printed. saving
costs and manufacturing space raw material during production

This document contains:

»  Introducing the CellScrew®

The Ideal Cultivation Environment
»  Frequently Asked Questions (FAGSs)
About Green Elephant Biotech

«  Application Note: HEK-293 Cultivation
Application Note: Process Engineering
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Introducing the CellScrew®

Scalability and Cest Efficiency

The CellScrew®'s innovative structure creates an
easy-to-handle. high surface area to volume
ratio adherent cell cultivation systern. The
systern requires little to no additional equipment
or protocol optimization when scaling up
compared to existing systems such as
bioreactors. Using the CellScrew® also requires
less media and harvesting enzyme, increasing
its cost efficiency (see HEK-293 Cultivation
Application Note).

Cell culture area: 4,000 cm?
Mediavolume: 250 - 800 mL

Cell culture area: 10,000 cm?
450 - 1,300 mL

Media volume:
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The Envirenmental Benefits

The CellScrew® is made of 3D printed plant-
based biopolymer Folvloctic  Acd  (PLA)
produced entirely from renewable crops
Production using the additive manufacturing of
this material allows for increased growth area
using less raw material This reduces carbon
emissions by up te 90% compared to
manufacturing of petroleum-based plastics.




The Ideal Cultivation Environment

The Innovative Structure

The CellScrew®s novel internal structures
comprising of multiple Archimedean Screws,
concentric cylinders and o central tube
creates a low-shear stress, continuously
mixed, highly oxygenated environment. This
creates conditions for optimal adherent cell
attachment and growth (see Process
Engineering Characterisation Application
Note).

Can all adherent cells be cultivated in the
CellScrew®?

Yes, the CellScrew?® has been tested with
multiple different cell lines (see table below).
Ask for our free material sample 12-well
plates with PLA inserts to test the attachment

Order your and growth of your cell line.
FREE

sample

Cell Line Attachment* Growth*

HEK-293 Improved Improved
Hela Improved Improved
Murine Colon Carcinoma Improved Improved
Murine Melanoma Improved Improved
VERO Sirnilar Sirnilar
hiPSC rLA coated with Matrigel Sirnilar Similar
Mycoplasma pneumoniae Similar Similar
Marmmalian Kidney Cells N/A Similar
Mosquito Cell Line N/A Similar
Hurnan Lung Carcinoma Cells N/A Similar

* = comparad to polystyrens 12-well plata



Frequently Asked Questions (FAQs)

Is the CellScrew® GMP-certified?

The CellScrew?® is currently research grade, but we gim to achieve GMP compliance by the end of
Q1 2024 and are in the process of constructing a GMP-compliant facility to support this goal.

Can cells be visualized under the microscope in the CellScrew®?

The CellScrew?® cannot be microscoped, similar to most other expansion systems that exceed a
growth surface of ~300 cm®. We recormmend using our free 12-well sample plates with inserts to
characterize your cell growth and medium on the TC-treated surface.

Is PLA safe for my cells’ cultivation?

PLA is a bioplastic that has received FDA approval as non-foxic 1o biologico - It is considered
non-hazardous and stable under standard conditions. Moreover, PLA hcls ulread'g,r been widely used
in medical applications, including drug delivery, tissue engineering. implants, and surgical sutures.

Do | need to buy additional equipment to use the CellScrew®?

The CellScrew® is handled just as a regular roller bottle, where it is placed in an incubator on a roller
device. However, it is crucial to position the roller bottle at a a 5-10-degree angle on the roller to
ensure the filter cap remains dry and the systerm operates effectively.

You can see the handling here: ZLL

Is the CellScrew® sterile?

Yes, the CellScrew® comes fully sterilized, as it is vacuumn sealed, and gamma irradiated. We
strongly advise ogainst autoclaving the CellScrew® as it can cause damage to the product's

structure and integrity.

Any questions left unanswered?
Reach out!

info@hp-ne.com
+1.401.349.4477
www.hp-ne.com




Cultivation and expansion of HEK-293 cells

Products: CellScrew® &K

CellScrew® 6K

industry Segment. Biotechrobogy RED
Application Fleld:  Cuhveation of HEK-293 celk
GEB Productis): Cinll Scraw®

Sustainable plant-based growth surface
shows cell attachment and growth
comparable to standard polystyrene surfaces

Presenting o new cultivation systern ke the CellScresw®,
made from a polyrer not commonly used incell oulrure
applications. raizes the question of systern performnonce in
cormgarson o stondord cell culture surfoces. To oddress
these queshors HEKZ93 cells (DEMZ-German Collecfion
of Microorgonisme ond Cell Cultures GmibH ACC 3035
were cultivated on FLA ratericl-sample inserts for a 12-
well plate and the CellScresw® SK The HEE293 cell e was
established from human embryomal kidney cells ond s

widely used in acodemia ond industry eg. for viral vectors
and transfection. The maxirmurn cell density, the attachmment
ftirme, and the increase of cell density over tirne of HEE293
cells were investigated in RPMI 1840 mediurn {with 25mm
HEPES) + 10 % FBS + | % Penicillin-Streptommycing This datoset
gives a first overview about the suitability for the TC-
treated FLA Surfoce and the CellScrew® oulivation syshem
o reploce polystyrens systems in research laborotories,
process developrnent and blophamnoceutical production

Advantages of the CellScrew®
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Cultivation and expansion of HEK-293 cells

Products: CellScrew?® &K

Experiment setup

The RED Departrment of Gresn Elephant Biotedh GmibH plonned and executed experiments in-house. The expermenits
were performed in the CellScrews SK. FLA [2-well material samgle inserts ond stondord PS L2-Wells with RPMI 1640 (with
25rniv HEFES) + 10 % FBS + | ¥ Penicilin-Streptorycin. Culfivation conditions were 37 *C ond & % CO2 atmosphere. For the
CiallScrew® thase condifions and the 0.5 rprm robational speed were confroded ina drive-urst for bottles with incubsating hood
(INCLDRIVE D-1 ©O2, schuett-biotec GrbH]. The E-well plake ond the PLA materiol-saomple inserts were monitored, and
three wells of each type were harvested in a 24 hinterval To horvest the cells BPES. Trypsin/EDTA (=) ond serum-containing
mediurn was used. Additicnally. the medium wos exchanged every 24 b for all Cell Sores® 8K starting 48 h ofter seeding
Horvest of the CeliSorew® & to obhain growth kinebic data storted 48 h after seeding and woes execiuted with a reduced
frypsin concentration (033x]

REEU I "5 Falpityrers val ploe |8

———— HEE293 attachment 1o tha surfooe of the CellScresw® SK wos

¥ aiserved at 0.5 rpm ratational speed The cell concentration
in the supernatant was counted in technical duplicares
The seedimg concentration was BO0000 calls*ml”. Figure
2 depicts the attochrment of ~ 87 % ofter & h and almost
100 % attochment affer 24 h Since it fokes ~ 24 hours for the
cells ko attach, a correspording attachrent phose = 1o be
experhed witen cultiviatieg the cells in the CellSorew®




Cultivation and expansion of HEK-293 cells

Products: CellScrew® &K

Depicted in FAgure 3 HEK-293 were oulivated in

CollScraw® gk ot 05 rpm rofational spead with a : ‘_,-"“";
seeding density of 84000 cells'crn® over 7 daoys i "
Moirnumn ool densities were - 325000 cells®orn _..-"""

after & days and ~ 370000 after 7 days. Becouse -

attachment of the cells in the continuously mixed 3 _..-'"f

systern fokes ploce im the first 24 hours the log-
phase 5 prolonged by the oftochment phase in T T T T T T T
cormparison with the kinetic obtained from the 12-

wall plote experiments.

The daota presented shows that HEE-293 are sufficiently supplied with cxygen and sulbsirates during the expansion in e
CellSocrew® Cell dercties exceaded the predicted rumber of 250000 cedisem® without further aptimizamon and can
potentially be improved by more sophsticated mediumn exchange intervals or a feeding strotegy. Without odopting Hhe
standard harvest prodocol, horvest effickencies wene around 90 % ond above. even with o reduction of ~ &4 % in rypsin
concentration

Special thanks

e like b0 thank sehuett-biotee GrbH for the provigion of the INCUDRIVE D CO2 Raller Battle Incubatar with inbegrated
drive-unit for batfles and incubating hood [bench-top) equipped with CO2-funcBon, used in this shudy. The device & fa
be equipped with up to 4 fexible roller inserts to rell ie_ 4 (CellScrew® 10K or B [CellScrew® &K) cultivation Flasks per
raller insert, in tobal 16 or 32 CellSerea® cultivation flazks per incubater.
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Process Engineering Characterization
Products: CellScrew® &K | CellScrew® 10K

CellScrew® 6K

CellScrew® 10K -

industry Segment Biotechnology RAD
Application Field:

GEB Product{z): CallScrawe

General process engineering choracharizotion

Well defined processes need
prior system characterization

The Cuolty by Design (GBD) inikatve demormds the
determination of critical quality arributes (CQ4s) ond the
tight process control of the comesponding critical process
pararneters (CPPs) Depending on the process, the cedl lineor
the: product, sheor forces, o fast homogereous distribution
of substances or the cxoygen fransfer canlbe CPPs. To be able
to identify the CPPs in a process, o good charocterizabion of
the: cultivalion syskem s mondohory.

For o cultivation system blee fhe CeliScrew® the most
importont process engineerng porormeders are the mixing
firne and fhe oxygen transfer coefficient.

Whenever working with agitated systems, a homogeneous
liguid phase = azsurned for caloulotions bosed on subsirate
concenitrations, pH. cxygen saturation efc. Changes in the
liguid phase cocur whenever a substance or wilume is Taken

or odded to the bquid phase To justify the ossumption of
Fommogeneity from the perspective of the cultured calls, the
mixing firne must be considerably lower than the doubling
timne of the cultivared orgonism

I rncy Coses, cuygen supply B a oritical process parcameter
in oercbic cell culture processes. emphosizing  the
importance of cxygen trorsfer into the culture medium. The
oxygen transfer coeffickent provides inforrmation about the
tronsport of cygen from the gaseous phase into the: kiquid
phose ord the surfoce orea per wolume of bouid ond iz a
function of ogitation

The Research and Dewslopment depariment of Green
Elephont Bictech GenbH is corstantly further investigating
properties and opplications of the CellScrew®. sharing
inforrnation albowt cur findings with the scientific community

Advantages of the CellScrew®

v® offers shart mixing times over the wh

v® = comparable with regular multiple-use benchiop biereacter sysherms regording the ka-wo

Sorew® increades and the mixing fime decreasas wilth increasing rolation S.pl‘.‘-l‘.‘iﬂ




Process Engineering Characterization

Procducts CellScrew® &K . CellScrew® 10K

Comparison of mixing time and oxygen
transfer coefficient (k a-value) at
different rotational speeds (rpm)

The RE&D Department of Gresn Elephaont Biotech GenbH plonned and executed experimments in-house. The experimenits
were performed in the CellScrew® & ond the CellScrew® 10K with water of roomn fermperabure (oo 25 *C) Mixing time was
deterrnined optical in blind tripbcates by adding foed colecing into the bquid phose and measuring the tirne until an even
distribution wos observed. The k a-value wos determined by static gossing-out. After remmowal of oxygen in the iquid phose
inside the CallSoresw® with nitrogen gossing-out, the gosecus phose (nitrcgen) inside the CellScrew® wos reploced by regular
air. Dizzchved cuygen [DO) was then rmonitored in-line (Visifermn sensor, Harniltan) in the oquecus phase. DO data wos used

to calculate the k a-walue.

The coygen transfer coeffidents, or k a-values, were also
determined in the recommended robation speed romge at
1.5, l-and 2 rpen. For the CellScrews &K a maximum k a-value
of 108 £ 07 hr' was observed, while the moaximurn k o-value
was 8 + 04 h' for the CellScrew® 10K, respectively. These
values are comparable to those of benchiop stirred fonk
bizreactors with bubble gossing ond moderate ogitation
Just ke expacted the ko-value increcses with increasing
rotatioral speed. The dato presented shows that adherent
gronwing cells can sufficiently be supplied with ceopgen during
the exporsion n the CellScrew® Especiolly for oepgen
dernanding cell lines or oxygen imbensive culfure processes
the CellScrew® offers grear potential without the need of
additional oeration and increased shear skress.

‘We like to thank Hamilten Germany GmbH

for the test equipment used in this study.

Dr. Lukos Kafer Kerkroder Straile &
fech-servicetg reonabt.com 35304 Gzfen
Green Elephant Biotech GmbH  Garmany

Hcsx HEosiox




