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Summary

SEG-FLOW™ i5 an automated sampling svstem with feed-back control capability
It can be programmed to sample up to eight bioreactors and send cell-free samples
to four analvzers/collectors. It also has an mternal web server to enable remote
access

* Bioreactor Set points
It 1s well known that glucose plavs an important role in mammalian cell culture as

carbon and energy sources. Therefore, it is important to understand the metabolism
of glucose in order to develop strategies to maxinuze recombinant protein
production and control product quality. In the present study, experiment was
designed to evaluate the impact of programmed feeding on culture performance by
SEG-FLOW and YSI 2700 interfaced with bioreactors. The automatic feed control
resulted in smaller change intervals of feed medium as compared to daily manual
bolus feeding. Our results showed that the application of SEG-FLOW system could
potentially reduce labor, improve bioreactor efficiencies. In combination with
optimized cell culture media and feeds, contimuous feeding control could result in
condition at which higher total protein production could be achieved. leading to
more efficient protein manufacturing as compared to that with generic fermentation
process. Product quality was examined and reverse phase HPLC data are presented

® Temp: 36.5t032.5°C
*pH: 7.25-6.65,

* DO 40%,

* Agitation: 120 RPM

* Start Volume: 2.1 L

* Feeding strategy

* Feed concentrate (feed1 ): feed 1x per day

* Glucose/Amino Acids (feed 2): fed by Seg-
Flow at low-levels or based on pre-determined
feeding table

Materials & Method

v Cell culture

Recombinant CHO cells expressimg a fusion protein were maintained mn a
proprietary proten-free medium (Centocor, Inc ) and cultivated in stirred-tank
bioreactors (Applikon) with a fed-batch mode pH, relative oxygen saturation and e—
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temperature were controlled Cultures were fed daily after day 3 post-oculation ! e
with a proprietary nutrient concentrate (Centocor. Inc ). A glucose contamning ammo Monitoe/Sample dasly :
acid cocktal was also fed by either Seg-Flow (controlled semi-continuous feeding
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to mamtain glucose set pont) or the operators (daly bolus feeding). cells were
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cultivated at conditions of temperature shift profiles, and the temperature was 1
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shifted down from 36.5 to 32 5 °C after 6 days of cultivation
v Assessment of cell growth, protein productivity ﬁ

Cell density and viability was determined by Cedex automatic cell counter T .
(Innovatis). Cellular metabolic profiles were analyzed by NOVA bioanalyzer L

(NOVA Bromedical) and blood gas analyzer (BGA) For protemn productivity, a E
protem-A based HPLC system (model 1100, Agilent Technologies) was emploved to

make this determination

vAnalytical assessment

Protein aggregation was measured by size exclusion chromatography (Agilent
Technologies). Agilent 1200 Reverse Phase HPLC { Agilent Technologies) was used
for clipping profiling. Intact mass and Oligo map analysis will also be performed.

SecfLow” = ' Cell Culture Lab

Features

- Sample size as low as 0.25-1ml
- Rapid and accurate sampling

- Withdraw samples using FISP® Probes
- Feed control

- Internal web server
- Low cost and small foot print

- (Sample prep)




Cell Growth &Productivity
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Fig. 1. Cell growth profiles in fed-batch bioreactors. CHO cells expressing a
fusion protem were cultivated in fed-batch bioreactors under two ditferent feeding

strategies as described i the material and methods. Viable cell density and
viability were determined by Nova bioanaly zer.

Productivity (Protein A HPLC)
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Fig. 2. Impact of feeding strategies on product titer. As compared with bolus
feeding, feedig with low levels of glucose (controlled by Seg-Flow) has mcreased
titer.
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Fig. 3 Impact of feeding strategies on specific titer. As compared with bolus
feeding, feeding at low levels of glucose (controlled by Seg-Flow) generated more
cell mass and therefore show comparable specific productivity (Qp)

Culture Metabolites

Fiz. 4. Glucose feeding Profiles. As compared with bolus feedug, programmed
Seg-Flow system is able to deliver significant less amount of glucose to cell
culture, but provide enough to mamtain set-pomt concentration on a semi-
contimuous basis (e.g. every 5 lus)
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Fig 5. Glucose feeding Profiles. Seg-Flow system is able to consistently deliver

small amount of glucose as programmed to maintain cell culture glucose set
point at low levels (e.g. ~ 0.9g/L).

o Lactate Profile
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Fig 6.1 t of feeding strategies on Lactate metabolism. As compared with

bolus feeding, feeding with low levels of glicose (controlled by Seg-Flow)
exhibited lower lactate levels during fermentation.




Osmolality Profile
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Fiz 7 Impact of feeding strategies on Osmolality. As compared with bolus
feeding. semi-contmuous feeding controlled by Seg-Flow exhubited lower Osmo
level

Conclusions-Ongoing work

3 Seg-Flow system 15 easy to operate and 1t can consistently provide feed-back control and
mamtam target mitrient (eg glucose) levels at set-pownt(s) durng fermentation. It performs
antomatic feeding and takes cell-free samples for up to erght bioreactors. Seg-Flow 15 also
capable of sending cell-free samples to offlme analyzers andor fraction collector. These
charactenstics i particular useful for cell culture lab weekend sampling feeding suppont
and it may help to reduce labor

3 Cell Culture fed with Seg-Flow showed lower lactate and Osmo levels, wl could be
beneficial to cell growth and protein production m CHO sy wity (e.g
15— 20% lugher) was observed mthe eurrent study controlled and fed by Seg-Flow

O Manual feeding and feeding performed by Seg-Flow showed sumilar clipping levels and
comparable aggregation profile (data not shown), however product glveosylation pattem
: by reverse-HPLC
analysis. Therefore, Seg-Flow 15 also an useful tool for process optumzation and product
quality assessment

It be different at different glucose levels as observed m thus stuc

O Funwe work: Perform feedmg optinmuzation to evaluate contimions feeding at lugher
glicose levels. Apply Seg-Flow system to cell eulture with other CHO cell lines to examme
feeding eftect on productivity and product quality

Analytical Data
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Fig 8 Impact of manual bolus feeding on product clipping. Proteolytic chppmg of
product N 1 is) i fer on samples were analyzed by Reverse-Fhase (RP)
HPLC method Manual feeding condition showed ~ 3.6% total clip on day-11 post-
moculation
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Figure 9 Impact of Seg-Flow feeding strategy on product clipping. RP-HPLC analvsis
showed that culture fed by Seg-Flow at low glucose levels gave similar total clip levels (-
3.5%)onday-11. However, product glyeosvlation profile might be different from that of the
manual bolus feeding for this particular molecule

Acknowledgments

We thank API Medmum Preparation Group scientists for supplving cell culire media and
thank Bioreactor Group scientists for weekend support. We also thank Mike Biksacky
(Flownan 1¢. ) for teck lsupportand d i

Contact: Chengbin Lin

" x Email: clin13@its.jnj.com
E;Et,tmv“qgc ?m‘c- " Phone: (610) 240-5298 Fax: (610) 651-6760



