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PresentaKon	Overview	

•  Batch	and	Fed-batch	Culture	Dynamics	
•  Cell	RetenKon	Technologies	
•  Inclined	sePlers	–	unique	advantages	
•  Compact	cell	sePlers	for	microbial	cells	
•  Perfusion	Bioreactor	of	Pichia	pastoris	cells	
•  Summary	&	Conclusions	
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Fed-	Batch	Culture	Dynamics	
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High	Viable	Cell	Density	Perfusion	Bioreactor	
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Methods	of	Cell	RetenKon	

•  Spin	Filter	(Himmelfarb,	1960s)	
•  External	Membrane	FiltraKon	(TFF,	ATF)	
•  ConKnuous	CentrifugaKon	
•  GravitaKonal	SedimentaKon	
•  Inclined	SePlers	(BaP	et	al,	1990)	
•  Centrifugal	Cell	Separator	
•  AcousKc	Resonance	FiltraKon	



Selected	Data	from	BaP,	B.C.,	R.	H.	Davis,	D.S.	Kompala,	Inclined	SedimentaKon	for	
SelecKve	RetenKon	of	Viable	Hybridomas	in	a	ConKnuous	Suspension	Bioreactor	



Selected	data	from	Searles,	J.A.,	P.	Todd,	D.S.	Kompala,	“Viable	cell	
recycle	with	an	inclined	sePler	in	the	perfusion	culture	of	suspended	
recombinant	CHO	cells,”	Biotechnology	Progress	10:	198-206	(1994)		



(No	Longer)	Commercially	available		
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The inclined multiplate (lamella) gravity settler has proven to be an effective cell reten-
tion device in industrial perfusion cell culture applications. Investigations on the effects of
geometric design and operational variables of the cell settler are crucial to understanding
how to best improve the settler performance. Maximizing the harvest/perfusion flow rate
while minimizing viable cell loss out of the harvest is the primary challenge for optimization
of the settler design. This study demonstrated that computational fluid dynamics (CFD) can
be utilized to accurately model and evaluate the settler separation performance for near-
monodisperse suspensions and therefore aid in the design optimization of the settler under
these baseline conditions. With the preferred geometric features that were identified from
CFD modeling results, we proposed design guidelines for the scale-up of these multiplate
settler systems. With these guidelines and performance verification using the CFD model, a
new large-scale settler was designed and fabricated for a perfusion cell culture process
using a minimally aggregating production cell line. Perfusion cell culture runs with this par-
ticular cell line were performed with this settler, and the CFD model was able to predict the
initial ramp-up performance, proving it to be a valuable scale-up design tool for this pro-
duction process. VVC 2011 American Institute of Chemical Engineers Biotechnol. Prog., 27:
1282–1296, 2011
Keywords: computational fluid dynamics (CFD), cell settler, perfusion, mammalian cell
culture, scale-up

Introduction

Suspension mammalian cell culture processes for the pro-
duction of biologic therapeutics are operated in a variety of
modes such as: batch, fed-batch, chemostat, and perfusion.
The advantages of perfusion cell culture, in particular,
include high volumetric productivities via higher cell den-
sities ([30 ! 106 cells/mL) than the other modes and better
cell physiology control.1,2 Perfusion is also advantageous
when product stability is a concern as the product can be
harvested continuously as opposed to waiting for the dura-
tion of a batch or fed-batch process. Cell retention devices
are employed in perfusion processes to separate the cells
from the product-containing supernatant (harvest) and to
ideally retain the viable, product-producing cells in the bio-
reactor. Such cell-separating devices include centrifuges, hol-
low-fiber filters, hydrocyclones, gravity settlers, spin filters
and ultrasonic separators. Many review articles/book chap-
ters summarize the different system characteristics and rele-
vant perfusion culture data from the published work for
these cell retention devices.1–4

Gravity settlers are primarily used in the mineral, chemi-
cal, environmental and pharmaceutical industries. They are
different from other cell retention devices in industrial bio-
technology in that gravity settlers generally do not contain
any internal moving parts and accomplish the separation by
utilizing the force of gravity within an environment of mini-
mal shear stress.1,5 Gravity settler designs used successfully
for perfusion cell culture include single or multiple inclined,
vertical, or horizontal settling zones (lamella) which can be
both internal and external to the bioreactor.2,5–15 One specific
application of an external multiplate inclined settler used for
a high cell density CHO cell perfusion process achieved 9
times higher productivity compared to the conventional batch
process.16 The main concerns with inclined lamella setters
specific to perfusion cell culture are the occlusion of the set-
tling channel(s) due to any cell adhesion and aggregation on
the settling plate surface and the potentially long residence
time of cells retained in the cell settlers which may be detri-
mental to cell viability and productivity.1 Approaches have
been applied to mitigate these concerns such as using me-
chanical vibration of the settler body containing the plates to
prevent adhesion and reducing the culture temperature in the
settler to reversibly reduce the metabolic activity of the cells
and maintain cell viability.9,13,14,17

Theoretically, the cells, as the dispersed solid phase, are
separated from the continuous liquid phase due to their den-
sity difference. The slight density difference ("5%) between

Additional Supporting Information may be found in the online ver-
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Figure 5), the underflow velocity is likely less than the
experiment because of an underestimate of the particle con-
centration in the underflow. This would explain why the
CFD model shows higher particle loss than the experiment
in Figure 3.

Operational parameter impact on settler performance

The contour profiles showing the impact of the operating
conditions on the settler performance are depicted in Figure
5. Given a specific point on each plot corresponding to the

three operational conditions, the settler efficiency and parti-
cle loss can be estimated from the surface response diagram.
In Figures 5A,B, the particle loss is dependent primarily on
the harvest flow rate or particle concentration while the
impact of the inlet flow rate is not significant as no discern-
able change in color for a given harvest flow rate or particle
concentration can be seen.

The pie chart in Figures 5G,H depicts the sensitivity for
each operational variable on the settler performance. In terms
of settler efficiency, the sensitivity of the harvest flow rate was
much higher than the inlet flow rate, and the particle

Figure 5. CFD DOE study of flow rate and inlet solid concentration effect on settler performance using the CS20 settler model.

Settler performance is evaluated based upon particle loss (A, B, C) and settler efficiency (D, E, F). The sensitivities of the operating conditions on
particle loss and settler efficiency are shown in G and H, respectively.

Figure 4. Visual validation of the solids concentration using the CS20 CFD model and acrylic CS20 settler.

Inlet flow rate ¼ 100 mL/min, harvest flow rate ¼ 10 mL/min, feed solid mass fraction ¼ 10%.

Biotechnol. Prog., 2011, Vol. 27, No. 5 1289



From	“OpKmizing	Capacity	UKlizaKon	by	Large	Scale	3000	L	Perfusion	in	Seed	Train	Bioreactors”	
by	Michael	Pohlscheidt,	Melanie	Jacobs,	Stefan	Wolf,	Joerg	Thiele,	Alexander	Jockwer,	Josef	Gabelsberger,	

Marco	Jenzsch,	Hermann	Tebbe,	and	Josef	Burg,	PharmaceuKcal	Biotech	ProducKon	and	Development,		
Roche	DiagnosKcs	GmbH,	Penzberg,	Germany,	Biotechnology	Progress,	29	(1):	222-229,	2013	

Picture	of	the	large-scale	sePler	in	the	GMP	facility	in	front	of	a	3,000	L	bioreactor.		
	



Inclined	SePler	–	a	superior	cell	retenKon	device	
•  Simple,	passive,	robust	&	powerful	technology	
•  Uses	no	membrane	barriers	that	can	clog!	
•  Uses	no	moving	parts	that	can	break	down!	
•  Proven	at	large	scale	for	mammalian	cell	cultures	
•  SelecKve	removal	of	dead	cells	and	cell	debris	
•  Complete	recycle	of	live	cells	to	bioreactor	
•  High	viable	cell	density	and	producKvity	
•  Perfusion	bioreactors	can	be	operated	indefinitely	
•  Not	demonstrated	so	far	for	microbial	cells	



Perfusion	Bioreactor	Culture	of	Yeast	
P.	pastoris	Cells	using	Inclined	SePlers		



Materials	&	Methods	

•  Cells:	Pichia	pastoris	(x-33)		size:	3	–	6	microns	
•  Bioreactor	size:	1.5	liters,	computer	controlled	
•  Inclined	SePler:	CS-10	(from	Dr.	P.	Brown,	

Biotechnology	SoluKons,	Inc.)	lamellar	sePler	
designed	for	2	-	4	liter	mammalian	bioreactor	

•  Suggested	max	perfusion	rate	of	~8	liters/day	for	
mammalian	cell	culture,	i.e.	333	ml/hr	

•  Media:		Glycerol,	plus	basal	salts	medium		
•  Temp:	28	oC 	pH:	5.6 	 	Air	flow:	~1	vvm	



0	

100	

200	

300	

400	

500	

600	

700	

0	 100	 200	 300	 400	 500	 600	 700	 800	

Pe
rf
us
io
n	
Ra

te
	(m

l/
da

y)
	&
	O
pJ

ca
l	D

en
si
Je

s	

Culture	DuraJon,	hours	

1st	Perfusion	Bioreactor	-	Pichia	cells	–	10%	glycerol	

OD@600	bioreactor	

OD@600	sePler	outlet	

Perfusion	Rate	(ml/day)	



0.000	

0.050	

0.100	

0.150	

0.200	

0.250	

0.300	

0.350	

0.400	

0.450	

0	 5	 10	 15	 20	 25	

O
D	
Ra

Jo
	(O

ut
le
t	O

D/
Bi
or
ea
ct
or
	O
D)
		

Perfusion	Rate	(ml/hr)	

FracJon	of	cells	in	seQler	outlet	vs	perfusion	rate		



Centrifuged	samples	from		
SePler	outlet	and	Bioreactor	

Cell	debris	

Low	fracKon	
of	dead	cells		

~	25	%	packed		
cell	volume	
High	cell	density		
in	Bioreactor	

Sample	from		
Bioreactor	

Sample	from		
sePler	outlet	



Lessons	Learned	from	Lamellar	SePler	
for	the	smaller	yeast	Pichia	cells	

•  Inclined	sePler	can	separate	dead	cells	and	cell	
debris	into	the	sePler	top	outlet,	while	the	larger	
live	yeast	cells	are	recycled	back	to	the	bioreactor.	

•  Very	high	cell	densiKes	(>	500	OD)	are	achieved	and	
maintained	for	several	weeks	(interrupted	by	power	
outages	in	India	shupng	off	pumps	in	weekends).	

•  CS-10	designed	for	up	to	10	liters/day	perfusion	
rate	in	mammalian	cell	cultures	can	be	operated	up	
to	only	400	ml/day,	before	losing	a	significant	
fracKon	(>25%)	of	the	smaller	yeast	cells.	



Novel	Compact	Cell	SePlers	
•  We	have	now	built	and	
patented	some	more	
efficiently	scaled-up	
compact	cell	sePlers.	

•  	These	novel	cell	sePlers	are	
smaller,	need	less	foot-
print,	and	can	scale	up	in	
true	3D.	

•  These	novel	cell	sePlers	can	
be	used	for	microbial	and	
mammalian	cell	cultures.	



Perfusion	Bioreactor	of	P.	pastoris	cells	with	
Compact	Cell	SePler	as	retenKon	device	
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Bioreactor	&	SePler	Effluent	Samples		
Centrifuged	&	Control	



Conclusions	
•  Inclined	sePler	technology	can	be	successfully	used	

to	remove	smaller	dead	cells	/	cell	debris	and	
achieve	high	cell	densiKes	for	microbial	perfusion	
cultures.	

•  RecKlinear	scale	up	of	inclined	sePlers	as	lamellar	
sePlers	is	inefficient	for	microbial	cell	cultures.	

•  More	efficiently	scaled	up	“compact	cell	sePlers”	
can	be	used	with	microbial	yeast	cells,	which	are	
maintained	at	very	high	cell	density	(>	800	OD)	for		
4	weeks	in	conKnuous	perfusion	bioreactors.	
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