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Abstract

The monoclonal antibody is produced in
genetically modified NSO cells. The anti-
body is secreted into the growth media and
thus requires separation from the cells
prior to downstream purification.

The cell clarification (removal of cells) was
performed using a 0.2um Hydrosart Cross-
flow step. This application note describes
the microfiltration procedure which
incorporates the cell clarification in
crossflow mode.

The purpose of the trial was to demonstrate
the suitability of the Sartocon system and
cassettes to separate | harvest the NSO cells
from the monoclonal antibody solution.

The success of the trials was assessed by:

1. Obtaining acceptable antibody recovery.

2. Achieving adequate flow rates during
processing.

3. Ability to clean the cassettes after
processing.

4. Cell recovery and cell viability were also
assessed but these were less important in
determining the success of the trial.

1. Background
The following steps were performed to
maximize the recovery of antibody.

Microfiltration
Concentration of NSO Cells.
Antibody passes into permeate.

Low Trans Membrane Pressure to minimize
damage to cells.

U

Washing of cells to recover remaining
antibody.
Antibody passes into permeate.
Constant volume diafiltration.

U

Ultrafiltration
Concentration of permeate pool from
above two steps.

Antibody is retained in the retentate.
High TMP to increase flow rate and reduce
processing time.

2. Materials and Methods

Starting material:

Initial volume of 2 liters of a NSO cell
containing broth solution. Clarification was
performed with a 0.2 pm Hydrosart micro-
filter crossflow cassette.

Crossflow system:

Sartocon Alpha system setup with rotary
lobe pump connected to jacketed feed ves-
sel cooled with chilled water (temperature
maintained below 10°C).

Membrane:

Hydrosart 0.2 um,

order no. 3051860701E--SG,
membrane area 0.1 m2,

2.1. Flushing the Membrane,
Determining the Water Flux Rate
After assembling the system and clamping
the cassettes, the system was rinsed with
purified water (p,, = 2 bar, p,., = 0.5 bar,
and p,, = 0) to remove the preservative
(20% ethanol) from the new Cassette.
Fresh purified water was then circulated
around the system for five minutes.

The water flux rate was determined

(pi, = 2 bar, p,, = 0.5 bar, and p,,, = 0).

This water was drained out of the system
and replaced with buffer which was
then circulated around the system for
five minutes.



2.2. The Clarification Step - )
During clarification, a low Trans Membrane Clarification of Monoclonal Antibody
Pressure (TMP) was selected to support

high cell viability. This prevents cell rupture e
and the release of unwanted substances

out of the cells. The permeate flow rate was A \.\

measured at low TMP.

(see Graph 1). 400 \\
300 \
200

Flow rate (ml/min)

100 \__ﬂ\‘

0 2 4 6

Time (min)

Graph 1: Clarification of monoclonal antibody broth



2.3. Run Details
The run details are presented in Table 1.

The results show the typical performance
of microfiltration: the permeate flux
progressively decreases as a result of
increasing cell concentration and increas-
ing viscosity in the feed vessel.

During start-up with cell-contained
solution, the secondary boundary layer
must be developed slowly. This prevents
unwanted fouling effects and reduces
cleaning-in-place issues after the end of
filtration. With microfiltration, low TMPs
are recommended to avoid blockage or
fouling of the microporous membrane skin.

Remark

Maintaining a relatively high AP or
crossflow velocity helps to reduce the
buildup of a gel layer at the membrane
surface

After optimization during the initial part of
the run, the inlet pressure was maintained
at 0.7 bar and the outlet (retentate) pres-
sure at 0.0 bar (TMP 0.35 bar). The perme-
ate flow rate declined slowly while the cell
mass concentration increased.

The concentration step achieved a 4.8-fold
concentration of the cell broth at an aver-
age flux rate of 157 L/hr. m2.

3. Antibody Recovery

The recovery of monoclonal antibody after
clarification and concentration was meas-
ured and found to be 99% - an excellent
antibody recovery rate - demonstrating the
suitability of the 0.2 pm Hydrosart mem-
brane for this application.

4. The Diafiltration Step

The diafiltration step was performed under
constant volume. The antibodies were
released into the permeate for further
ultrafiltration steps.

Time Pressure Retentate Permeate
Inlet Outlet TMP volume conc. volume flow rate flux rate
min  bar bar bar ml factor ml ml/min  litres/hr. m2
0 2000 1.0
1 0.7 0 0.35 480 480 288
1.5 0.7 0 0.35 700 440 264
2 0.7 0 0.35 860 320 192
3.5 0.7 0 0.35 1250 260 156
4.5 0.7 0 0.35 1480 230 138
5 0.7 0 0.35 1580 200 120
55 0.7 0 0.35 1660 160 96
6.5 0.7 0 0.35 1820 160 96
7.5 0.7 0 0.35 420 4.8 1920 100 60

Table 1: Cell clarification of monoclonal antibody broth.



5. Cleaning Procedure

The system and the cassette were cleaned
with sodium hydroxide solution (NaOH).
5 liter of TN NaOH was recirculated

(P,, = 2 bar, P, = 0.5 bar, and P ., = 0)
through the system for 30 minutes. The
used caustic solution was rinsed out and
replaced by fresh 5 liters of T N NaOH and
recirculated for an additional 30 minutes.
The total recirculation time was 60 min.

The caustic solution was drained out of the
system and replaced with purified water.
The clean water flux rate after cleaning
was measured using the same conditions as
described in section 2.1. The water flux was
found to be in the same range as the initial
determination (within the specification).

The relative ease of cleaning was further
evidence that the Hydrosart 0.2 um micro-
filtration membrane did not display gel
formation or fouling during the run.

6. Conclusion

This investigation further demonstrates
the outstanding performance of Hydrosart
microfilter membranes, as shown by:

.. Excellent monoclonal antibody release
into the permeate (near 100%).

.. Low product binding capacity
... Very good flow rates
.. Excellent cleanability of the membrane.

Note:

The major benefit of optimization of
crossflow applications is the reduction of
processing time or reduction of the number
of cassettes needed to perform the task.
Optimization of all crossflow applications
should be considered. If assistance to
perform the optimization is required,
please contact a Sartorius Stedim Biotech
representative.

Within cell clarification procedures, low
TMPs are recommended to avoid mem-
brane fouling and cell rupture. These
events cause the release of unwanted

cell contaminants into the broth solution,
making filtration and cleaning more
difficult.

The current application note further
demonstrates the excellent performance of
Hydrosart membranes and its suitability for
processing antibody preparations.



Sales and Service Contacts

For further contacts, visit www.sartorius-stedim.com

Europe

Germany

Sartorius Stedim Biotech GmbH
August-Spindler-Strasse 11
37079 Goettingen

Phone +49.551.308.0
Fax +49.551.308.3289

www.sartorius-stedim.com

Sartorius Stedim Systems GmbH
Schwarzenberger Weg 73-79
34212 Melsungen

Phone +49.5661.71.3400
Fax +49.5661.71.3702

www.sartorius-stedim.com

France

Sartorius Stedim Biotech S.A.
ZI Les Paluds

Avenue de Jouques - BP 1051
13781 Aubagne Cedex

Phone +33.442.845600
Fax +33.442.845619

Sartorius Stedim France SAS

ZI Les Paluds

Avenue de Jouques - CS 71058
13781 Aubagne Cedex

Phone +33.442.845600
Fax +33.442.846545

Austria

Sartorius Stedim Austria GmbH
Franzosengraben 12

A-1030 Vienna

Phone +43.1.7965763.18
Fax +43.1.796576344

Belgium

Sartorius Stedim Belgium N.V.
Leuvensesteenweg, 248/B
1800 Vilvoorde

Phone +32.2.756.06.80
Fax +32.2.756.06.81

Denmark

Sartorius Stedim Nordic A/S
Hoerskaetten 6D, 1.
DK-2630 Taastrup

Phone +45.7023.4400
Fax +45.4630.4030

Italy

Sartorius Stedim Italy S.p.A.

Via dell'Antella, 76/A

50012 Antella-Bagno a Ripoli (FI)

Phone +39.055.63.40.41
Fax +39.055.63.40.526

Netherlands

Sartorius Stedim Netherlands B.V.
Edisonbaan 24

3439 MN Nieuwegein

Phone +31.30.6025080
Fax +31.30.6025099

Spain

Sartorius Stedim Spain SA
C/Isabel Colbrand 10-12,

Planta 4, Oficina 121

Poligono Industrial de Fuencarral
28050 Madrid

Phone +34.91.3586102
Fax +34.91.3588804

Switzerland

Sartorius Stedim Switzerland GmbH
Lerzenstrasse 21

8953 Dietikon

Phone +41.44.741.05.00
Fax +41.44.741.05.09

UK.

Sartorius Stedim UK Limited
Longmead Business Park
Blenheim Road, Epsom
Surrey KT19 9 QQ

Phone +44.1372.737159
Fax +44.1372.726171

America

USA

Sartorius Stedim North America Inc.
5 Orville Drive

Bohemia, NY 11716

Toll-Free +1.800.368.7178
Fax +1.631.254.4253

Sartorius Stedim SUS Inc.
1910 Mark Court
Concord, CA 94520

Phone +1.925.689.6650
Toll Free +1.800.914.6644
Fax +1.925.689.6988

Sartorius Stedim Systems Inc.
201 South Ingram Mill Road
Springfield, MO 65802

Phone +1.417.873.9636
Fax +1.417.873.9275

Argentina

Sartorius Argentina S.A.
Int. A. Avalos 4251
B1605ECS Munro
Buenos Aires

Phone +54.11.4721.0505
Fax +54.11.4762.2333

Brazil

Sartorius do Brasil Ltda
Av. Dom Pedro 1, 241
Bairro Vila Pires

Santo André

Séo Paulo

Cep 09110-001

Phone +55.11.4451.6226
Fax +55.11.4451.4369

Mexico

Sartorius de México S.A. de C.V.

Circuito Circunvalacion Poniente No. 149
Ciudad Satélite

53100 Naucalpan, Estado de México

Phone +52.5555.62.1102
Fax +52.5555.62.2942

Asia | Pacific

China

Sartorius Stedim Beijing

Representative Office

No. 33, Yu'an Road,

Airport Industrial Zone B, Shunyi District
Beijing 101300

Phone +86.10.80426516
Fax +86.10.80426580

Sartorius Stedim Shanghai
Represantative Office

Room 618, Tower 1, German Centre,
Shanghai, PRC., 201203

Phone +86.21.28986393
Fax +86.21.28986392.11

Sartorius Stedim Guangzhou Office
Room 704, Broadway Plaza,

No. 233-234 Dong Feng West Road
Guangzhou 510180

Phone +86.20.8351.7921
Fax +86.20.8351.7931

India

Sartorius Stedim India Pvt. Ltd.
10, 6th Main, 3rd Phase Peenya
KIADB Industrial Area
Bangalore - 560 058

Phone +91.80.2839.1963]0461
Fax +91.80.2839.8262

Japan

Sartorius Stedim Japan KK.
KY Building, 8-11

Kita Shinagawa 1-chome
Shinagawa-ku

Tokyo 140-0001

Phone +81.3.3740.5407
Fax +81.3.3740.5406

Malaysia

Sartorius Stedim Malaysia Sdn. Bhd.
Lot L3-E-3B, Enterprise 4
Technology Park Malaysia

Bukit Jalil

57000 Kuala Lumpur

Phone +60.3.8996.0622
Fax +60.3.8996.0755

Singapore

Sartorius Stedim Singapore Pte. Ltd.
10, Science Park Road, The Alpha
#02-25, Singapore Science Park 2
Singapore 117684

Phone +65.6872.3966
Fax +65.6778.2494

Australia

Sartorius Stedim Australia Pty. Ltd.
Unit 5, 7-11 Rodeo Drive
Dandenong South Vic 3175

Phone +61.3.8762.1800
Fax +61.3.8762.1828

Specifications subject to change without notice. Printed in Germany on paper that has been bleached without any use of chlorine. W/sart-000 - G.

Publication No.: SL-1051-e08102 - Order No.: 85030-531-81 - Ver. 10 | 2008





