


51www.bioprocessingjournal.com  •  Summer 2006

TECH REVIEW

O
ptimal process devel-
opment creates unit 
operations that effec-
tively generate, sepa-
rate, and concentrate a 

broad array of products.  Historically, 
tangential flow filtration (TFF) process 
capabilities have been limited by tech-
nological and flow restrictions.  Recent 
innovations in TFF module design have 
dramatically increased the capabilities of 
TFF to better achieve processing objec-
tives.  NCSRT has established a best 
practices protocol for developing clari-
fication, fractionation, and concentra-
tion processes for mammalian, bacteria, 
yeast, insect, and virus based production 
systems.  This article presents the devel-
opment platform, supplemented with 
application-specific expertise.

SmartFlow Tangential Flow Filtra-
tion (SF-TFF) employs a combination of 
membrane techniques and fluid dynam-
ics to effectively isolate the target mate-
rial from contaminants.  Membranes are 
available in numerous polymeric chem-
istries, architectures, and pore structures 
which generate unique performance 
properties.  The basic TFF process forces 
a recirculating fluid stream between two 
parallel membrane sheets, tangential to 
the circle that would be transcribed by 
the pores of the membrane.  Particles 
passing through the membrane pores 
are known as permeate, while particles 
retained in the recirculation flow above 
the membrane surface are referred to 
as retentate.  The fluid flow across the 

membrane is designated as the recircula-
tion rate, with the space between the two 
parallel membrane sheets termed the 
channel height.  

Shear rate is a calculation of density, 
channel perimeter, channel area, and 
channel velocity.  The average driv-
ing force through the membrane is the 
transmembrane pressure (TMP).  The gel 
layer is the concentration of solutes and 
particles at the surface of the membrane 
resulting from membrane affinity and 
deposition of concentrated particles.  
The gel layer affects the particle flow, 
or flux, through the membrane pores.  
Flux is routinely reported as liters per 
square meter of membrane surface per 
hour (LM2H).  Shear, TMP, particle 

con centration, membrane geometry, 
and membrane chemistry all affect the 
characteristics of the resulting gel layer.  
Optimal processes use particular mem-
branes and process-specific parameters 
to generate a desired separation.  

Membrane chemistries are avail-
able in five major categories (Table 1).  
Derivations in these chemistries are also 
available, offering significantly differ-
ent performance characteristics to meet 
variations in process objectives. 

Figure 1 displays scanning electron 
micrographs (SEMs) of four major 
membrane architectures.  Traditional 
microfiltration membranes are relative-
ly uniform throughout the depth of the 
membrane.  Their uniform structure 
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provides an absolute pore retention rat-
ing that guarantees sterility, however, 
this class of membrane is also most sus-

ceptible to fouling.  Asymmetric mem-
branes have a gradient of pore sizes, 
with the smallest located on the mem-

brane side and the largest pores oriented 
toward the support side.  The thinner 
filtration depth of asymmetric mem-
branes results in higher flux rates and 
improved cleaning.  Highly asymmetric 
membranes have the sharpest gradient 
of pore sizes, offering a thin depth of 
filtration and large pore-support struc-
ture.  In general, the more asymmetric 
the membrane, the higher the flux rate, 
the better the protein passage, and the 
better the membrane cleaning.

Typical biopharmaceutical produc-
tion processes (Figure 2) initiate with 
cell growth, and then continue through 
a series of stages, yielding a secreted 
or intracellular product.  The cell cul-
ture is typically clarified with TFF or 
centrifugation.  The resultant perme-
ate/supernatant contains desired mate-
rial expressed as intercellular products 
and the retentate/pellet contains the 
intracellular product.  Intracellular 
products require an appropriate protein 
liberation step prior to any further pro-
cessing.  Both secreted and intracellular 
products are separated from contami-
nants using TFF fractioning.  Column 
chromatography is used when fine levels 
of product and contaminant separation 
are required.  Additional TFF processes 
are employed after column chromatog-
raphy steps to increase protein concen-
tration and desalt the product solution 
to the target values specified for final 
drug product processing.

In the patented NCSRT module, 
the inlet and outlet ports are designed 
diagonally opposite to each other, with 
internal ribs that define channels of 
equal path length.  Because the laws 
of fluid dynamics dictate that fluids 
travel along the path of least resistance, 
NCSRT modules feature paths of equal 
length, width, and height, with no reten-
tate channel screen.  Because the entire 
surface of the membrane is operating 
under uniform conditions, SF-TFF sys-
tems can discriminate among molecules 
with as little as a 30 percent difference in 
molecular weight.  Uniform velocity and 
the lack of an internal screen minimize 
resistance to fluid flow, eliminates the 
tortuous microenvironments of earlier 
designs, and thus improves cleaning and 
membrane performance.  Varying the 
thickness of the internal ribs changes 

Figure 1.  Membrane architecture.  Each image is oriented with the membrane surface at the 
top of the pictures and the backing support at the bottom.

Table 1.  Common membrane chemistries.

Membrane Chemistry Attribute

Regenerated cellulose (RC)

Polyethersulfone (PES)

Polysulfone (PS)

Most neutral and lowest binding.  
Susceptible to cellulase and high 
alkaline solutions.

Wide range of derivatives providing 
differential attributes.

Wide range of derivatives providing 
differential attributes.

Polyvinylidene difluoride (PVDF) Highly charged.

Polypropylene (PP) Can absorb endotoxin.

Ceramic (C)
Resistant to chemical and 
temperature extremes.  Available only 
as a hollow fiber (matrix).
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the channel height, which expands tra-
ditional TFF limits for solids and vis-
cous feed streams.  The SF-TFF flow 
dynamics, combined with the ability to 
modify channel height, yield a robust 
and flexible system capable of process-
ing feed streams with a diverse spectrum 
of solids and viscosities.

 
Development Protocol: 
Clarification/Fractionation

Clarification/fractionation is used to 
separate particles such as cells, proteins, 
DNA, or lipids.  The process objectives 
of each operation should be defined 
with measurable acceptance criteria 
prior to beginning development efforts.  
Operational success in a variety of appli-
cations results from appropriately cou-
pling microfiltration and ultrafiltration 
materials, equipment, and operating 
conditions.  Though end-user objec-
tives vary widely, the general principles 
apply to all processes.

The best practice operational proto-
col first establishes the channel height.  
Table 2 provides a basic guide for select-
ing channel heights for various applica-
tions.  If, for example, the final retentate 
will have a high concentration of solids, 
a large channel height (e.g., 1.0 to 1.5 
mm) should be selected.  If the reten-
tate will contain a low amount of solids, 
then a narrow channel height (e.g., 0.25 
to 0.75 mm) has proven to be best.  
The balance point is derived by under-
standing that increasing channel height 
increases the recirculation rate needed 
to achieve a given shear rate.  Therefore, 
it is important to select the thinnest 
channel height that accommodates the 
retentate solids and minimizes pump-
ing requirements.  In large-scale multi-
stage systems, channel height can be 
progressively increased such that both 
pump and channel heights are opti-
mized as the retained materials become 
progressively more concentrated.

The ideal membrane will either pass 
or retain the target molecule while 
maintaining an opposite effect on the 
contaminants.  The optimal pore size 
for performing membrane separations 
is the smallest size that will freely pass 
either the molecule of interest or the 
contaminant.  Tighter pores will increase 

the sustained flux rate, improve mem-
brane longevity, and enhance cleanabil-
ity.  Most processes use low binding, 
hydrophilic membranes at various pore 
sizes and operating conditions to create 
optimal separation.  Hydrophobic and 
charged membranes add yet another 
dimension to separations.  A primary 
benefit of hydrophobic membranes is 
the rejection of lipids.  Additionally, 
an ultrafiltration pore size that passes 
a target molecule will outperform a 
microfiltration membrane in ease of 
cleaning and longevity.

Identifying the ideal membrane and 
diafiltration targets for clarification/
fractionation processes requires com-
paring the performance of several mem-
brane/pore combinations.  Maintaining 

a constant process volume to membrane 
area ratio is critical to ensure compa-
rable results.  An initial solution volume 
to membrane area ratio of 67 liters of 
material per square meter of micropo-
rous membrane is recommended.

The key to successful fractionation 
separations is achieving zero (atmo-
spheric) backpressure.  Reducing the 
backpressure often requires enlarg-
ing the retentate line and/or remov-
ing the backpressure valve on most 
standard designs.  Additionally, mem-
brane performance is closely associated 
with retentate concentration; therefore 
the NCSRT protocol also evaluates the 
effects of concentration on membrane 
performance.

The best practice for membrane 

Figure 2.  Typical process schematic. (Designed by Michael D. Guiver and Chung M. Tam, National Research 
Council of Canada.)

Table 2.  Channel height selection guide.

 Channel Height Protein Concentration* Cell Concentration*

 0.25 mm 0–25% 0–15%

 0.5–0.75 mm 25–32% 15–75%

 0.875–1.0 mm 32–45% 75–90%

 1.5 mm  90–93%

* Protein and cell concentration values given in wet weight.
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screening is to use a high shear rate 
(Table 3) and zero backpressure on the 
outlet, while performing a 10X con-
centration of representative material.  
Throughout the concentration, data 
and samples should be collected from 
both the permeate and retentate at 1X, 
3X, 5X, 7X, and 10X concentration fac-
tors.  Protein percent passage should 
be assessed by dividing the permeate 
protein values by the retentate protein 
values, then multiplying by 100.  The 
ideal membrane will have the best com-
bination of both protein passage and 
flux.

With the optimal membrane select-
ed, evaluate the protein passage versus 
concentration factor graph (Figure 3) 
to determine the optimal point to initi-
ate diafiltration.  If the graphed result 
appears like the red line (Example 1 of 
Figure 3), then concentrate to a maxi-
mum concentration and perform dia-
filtration as necessary to achieve desired 
purity objectives.  If, however, the graph 
looks like the blue line (Example 2), 
then concentrate to the maximum pro-
tein transmission (approximately 4.5X) 
and perform diafiltration as necessary 
to achieve required purity objectives.  
If the graph appears like the green line 
(Example 3), then perform the calcula-
tion to determine if initial diafiltration 
is more efficient than performing an 
initial concentration.

The next step in developing the best 
clarification/fractioning unit operation 
is to characterize the effects of the recir-
culation rate and TMP on flux, protein 
passage, and cell viability.  Begin char-
acterization by using a constant volume 
recirculation at the maximum process 
shear rates recommended in Table 3.  
Allow the system to equilibrate for at 

least five minutes, then collect samples 
of permeate and retentate solutions and 
record the flux values.  Decrease the 
shear rate by 2,000 sec -1 and allow the 
system to equilibrate prior to sampling 
and recording flux values.  Continue 
equilibrating, sampling, recording val-
ues, and decreasing the shear rate until 
a shear of 4,000 sec-1 or less is achieved.  
The optimal shear rate will have the 
best balance of protein passage and 
flux, with protein passage being the 
more important factor.

TMP characterization is initiated in 
constant volume recirculation mode 
with the optimal shear rate and the 
lowest possible TMP.  Allow the system 
to equilibrate for at least five minutes, 
then take a sample of permeate and 
retentate solutions and record the flux 
values.  Increase the TMP in increments 
of 3 psig (0.2 bar) and allow the system 
to equilibrate prior to sampling and 
recording the values.  Continue increas-
ing the pressure until the flux decreases 
two successive times.  The optimal TMP 
will have the best balance of flux and 
protein passage (the more important 
factor).  We have routinely observed 
that higher TMP values decrease pro-
tein passage, especially with high lipid 
and/or antifoam levels, while increasing 
flux rates.

Review the process objectives to ver-
ify that the development has achieved 
all the desired objectives.  The molecu-
lar weight can be tuned as necessary 
by modifying the gel layer and other 
parameters such as temperature, deter-
gents, osmolarity, and channel height.  
If process objectives are not achieved, 
reassess the objectives, screen addition-
al membranes, and consider consulting 
experts.

Successfully scaling the optimized 
process requires detailed attention to 
certain critical factors.  Traditional 
operational parameters such as shear 
rate, pressure, and temperature must 
be identical at all scales.  A frequently 
overlooked key operational parameter 
is the processing volume-to-membrane 
area ratio.  This ratio establishes the 
amount of possible pore-plugging con-
taminant relative to the number of 
pores.  Changing this ratio can either 
cause premature membrane fouling or 
false higher flux performance with high 
and low ratios respectively.  Figure 4 
shows the theoretical and actual flux 
values with changes in the volume to 
area ratio.  Note that as the mem-
brane area doubles, the processing time 
decreases by a factor of 2.5.  Once the 
ratio has been established, consistent 
performance is dependent on keep-
ing the ratio constant.  The last and 
possibly most critical factor is fluid 
dynamics.  To ensure that fluid flows 
through the system in the same manner 
at all scales, it is critical to assess fluid 
dynamics throughout the system.  

Process economics are generally 
best improved by modifying processing 
time and membrane area ratios.  The 
membrane area dictates process dura-
tion; therefore processing plant time 
costs should be weighed against system 
costs to determine the most economical 
production duration.  Throughout the 
development of this protocol, a con-
stant volume-to-membrane area ratio 
was maintained to ensure compara-
bility of data.  The most economical 
process characterizes performance of 
processing volume-to-membrane area 
ratios and selects the highest ratio that 
does not affect performance.

Table 3.  Suggested starting shear rates.

  Mammalian    Protein 
  Cells    

 High 5,000 sec-1 30,000 sec-1 30,000 sec-1 10,000 sec-1 10,000 sec-1 

 Low 1,000 sec-1 4,000 sec-1 4,000 sec-1 4,000 sec-1 

Fractioning
Shear Level Yeast Bacteria Insect cells

4,000 sec-1
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Cell Line-Specific 
Clarification Attributes

Mammalian cell clarifications con-
tain low amounts of solids, a wide range 
of particle sizes, and a high sensitivity 
to operational conditions.  To avoid cell 
lysis, cell clarification steps should use 
shear rates of approximately 5,000 sec -1 
or less.  Though elevated temperatures 
generally improve flux and protein pas-
sage, temperatures in excess of 40° C 
may increase cell lysis and should be 
cautiously employed.  Typical mam-
malian cell clarification steps achieve 
flux rates between 200–1,000 LM2H 
and concentration factors of 5X–20X 
before diafiltration.  NCSRT recom-
mends using the smallest pore size that 
passes the product, and channel heights 
of 0.5 to 0.75 mm.  Frequently, success-
ful membranes for this application are 
800 kDa C, 0.2 µ PS, and 1000 kDa PES 
membranes.

Bacteria and yeast cell clarifications 
generally have high solids, large par-
ticle distributions, high viscosities, and 
may contain antifoam.  Silicon-based 
antifoams should be avoided, as they 
may adversely affect membrane per-
formance.  (NCSRT recommends using 
mechanical foam breakers instead of 
antifoam.)  If antifoaming agents must 
be used, it is recommended to limit the 
class of antifoams used to consumable 
agents, such as peanut oil, vegetable-
based oils, or polypropylene glycol.  Cell 
clarification steps frequently perform 
best at shear rates from 10,000 sec-1 
to 30,000 sec-1.  Elevated temperatures 
improve flux and protein passage and 
reduce viscosity, however, temperatures 
in excess of 40 °C may cause cell lysis.  
Typical bacterial and yeast cell clarifi-
cation steps achieve flux rates between 
50–500 LM2H and concentration factors 
between 1X–20X before diafiltration.  
It is recommended to use the small-
est pore size that passes the product 
and to use channel heights from 0.875 
mm to 1.5 mm.  Three ultrafiltration 
membranes — 800 kDa C, 100 kDa RC, 
and 150 kDa PES — have proven highly 
reliable.  Microfiltration membranes 
with proven track records are the 
PVDF 0.2 µ membrane and the 
 hydrophilic PS 0.05 µ, 0.1 µ, and 0.2 µ 
membranes.

Inclusion Bodies
Inclusion body clarifications gener-

ally have high solids, high viscosities, 
antifoam, high lipid content, and large 
particle distributions, with small size 
differences between contaminants and 
inclusion bodies.  The effectiveness of 
inclusion body clarifications is cor-
related with the effectiveness of the 
homogenization step in reducing con-
taminant size, the expression system to 
create large inclusion bodies, and the 

operating conditions to facilitate con-
taminant passage.  Optimal operating 
conditions typically involve the use of 
temperature to increase solubility and 
reduce viscosity, osmolarity to dissoci-
ate membrane fragments, and deter-
gents to solubilize lipids and facilitate 
membrane passage. 

Inclusion body clarification steps 
frequently perform best at shear rates 
of approximately 30,000 sec-1.  Typical 
unit operations achieve flux rates of 

Figure 3.

Figure 4.
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20–150 LMH and concentration factors 
of 1X–2X prior to diafiltration.  These 
operations benefit from continuous dia-
filtration that washes away solubility lim-
ited contaminants and process additives.  
NCSRT recommends using the smallest 
pore size that passes the debris and pro-
teins, but also retains the inclusion bod-
ies.  Optimal channel heights are from 
0.5 mm to 1.0 mm.  The most frequently 

successful membranes have proven to 
be the 0.45 µ and 0.2 µ PS membranes.  
Additional membranes that have per-
formed well include the PS 0.05 µ and 
0.1 µ membranes, as well as the PVDF 
0.2 µ membrane.

Insect Cells and Viral Vectors
Insect cell culture and virus clarifi-

cations generally have low solids, large 

particle distributions, and may require 
viral removal steps.  Cell clarifications 
frequently perform best at shear rates 
of approximately 4,000 sec -1.  Typical 
clarifications achieve flux rates between 
250–2500 LM2H and concentration fac-
tors between 5–10X before requiring 
diafiltration.  An intercellular expressed 
product frequently benefits from a large 
pore membrane which eliminates virus 
and contaminants.  Post-extraction, the 
intercellular product should be separat-
ed using the fractioning conditions out-
lined above.  The intracellular expressed 
products frequently benefit from using 
the smallest pore size that will pass the 
protein of interest and retain the cellular 
components.  If the virus passes with 
the product, then fractioning conditions 
should be used to remove virus and 
other cellular contaminants.  The large 
concentration factors create intermedi-
ate solids concentrations; therefore, an 
intermediate channel height of 0.5 to 
1.0 mm is recommended.  The highest 
performing membranes are the highly 
asymmetric PS 1.0 µ, 0.8 µ, 0.65 µ and 
0.2 µ membranes.

Achieving Final Optimization
Typical processes can be further 

refined by understanding the contami-
nant profile as well as product sensitiv-
ity to salt concentrations, temperature, 
pH, and detergents.  It is most efficient 
to assess multiple pore sizes, membrane 
chemistries, and operational parameters 
which can modify molecular weight cut-
off points, thereby passing additional 
components.  

Concentration
Concentration operations are used 

to increase the density of particles such 
as proteins, DNA, molecules, or cells.  
The process objectives of each opera-
tion should be defined with measurable 
acceptance criteria established prior to 
initiating development.  Understanding 
final concentrations, solids, viscosity, 
process sensitivities, temperature, scale, 
purity, yield, and sources of variability 
are essential first steps to developing an 
optimal process.

Selecting the best single or progres-
sive graduation of multiple channel 
heights is the key element of economical 

Figure 5.

Figure 6.
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concentration operations.  If the final 
retentate will have a high concentration 
of particles, then a large channel height 
(e.g., 1.0 mm) should be selected.  If the 
final retentate is more like water than 
motor oil, a narrow channel height of 
0.5 mm to 0.75 mm should be selected.  
Increasing channel height increases the 
recirculation rate needed to achieve a 
given shear rate, therefore, it is advis-
able to select the most narrow chan-
nel height that will accommodate the 
retentate solids.

Currently, there are far more high-
volume protein-concentration systems, 
such as those used in milk, whey, and 
commercial enzyme facilities than 
mammalian cell separation systems.  
High-volume processes are readily opti-
mized by progressively raising the chan-
nel height as the viscosity increases in 
each subsequent stage of a multistage 
system.  The low-volume, single-stage, 
single-pump user will find it prefer-
able to design the system based on the 
final viscosity, accepting a less optimal 
shear rate while the product is dilute.  
Conversely, the low-volume, single-
stage, single-pump user who optimizes 
for the initial dilute stage will find it 
necessary to decrease the pump speed 
(i.e., shear rate) at the final viscous stage 
of the process.

The ideal membrane has an ultra-
filtration architecture and retains the 
target molecule while passing contami-
nants, salts, and water.  The ideal pore 
for retaining molecules less than 500 
kD is the largest pore that will retain 

the molecule of interest.  Using the larg-
est pore ensures the highest flux rate 
and optimal contaminant elimination.  
Molecules above 500 kD should be con-
centrated using the fractioning strategy 
and procedure outlined above.  Most 
processes use low-binding, hydrophilic 
membranes with a recirculation rate 
sufficient to keep the membrane clean 
and modify TMP to drive flux.

Identifying the ideal membrane for a 
specific process requires comparing the 
performance of several membrane–pore 
combinations.  Optimizing performance 
based on flux (and not protein passage) 
is recommended, because the primary 
objective of concentration steps is to 
increase particle density, not fractionate 
particles.  The ratio of volume-to-mem-
brane area is irrelevant, as the particles 
are generally orders of magnitude larger 
than the pores and therefore do not 
commonly foul pores.

The best practice for membrane 
screening is to characterize velocity by 
establishing the minimum velocity nec-

essary, and optimal flux.  After velocity 
characterization, it is advisable to char-
acterize TMP.  In practice, the devel-
opment protocol will be performed in 
constant volume recirculation mode, 
starting with a high velocity and main-
taining the minimum TMP obtained 
with high velocity.  If the product is not 
shear-sensitive, we recommend starting 
with a shear rate of 20,000 sec -1.  Allow 
the process to equilibrate for at least 
five minutes before recording the first 
flux value.  Slowly reduce the recircula-
tion rate in shear increments of 2,000 
sec -1, adjusting the TMP, and record-
ing the flux rate three minutes after the 
shear decrease (i.e., prior to the next 
decrease). 

Figure 5 illustrates typical flux ver-
sus shear rate data.  The optimal shear 
rate can be a complicated calculation 
as it would logically incorporate flux 
rate as well as energy cost.  Conversely, 
the minimum shear rate is the shear 
rate that demonstrates a significant flux 
improvement over the adjacent lower 

Table 4.  Typical recommended 
TMP values.

 Pore size Typical TMP values

 5 kD 90 PSI (6 bar)

 10 kD 60 PSI (4 bar)

 30 kD 60 PSI (4 bar)

 50 kD 60 PSI (4 bar)

 100 kD   45 PSI (3 bar)

Table 5.  Cleaning procedure.

Step Procedure

* The use of RO or water of better quality is highly recommended.

Drain and flush the system to drain with reverse osmosis 
(RO)* for five minutes.

Recirculate a cleaning solution containing 0.3% 
Ultrasil 63 (alkaline detergent) with 0.1% Ultrasil 110 
(enzymatic cleaner) for 30 minutes at 35° C.

Neutralize, drain, and flush the system to drain with 
RO* for five minutes.

Recirculate a solution containing 0.3% Ultrasil 76 
(acid cleaner) for 30 minutes at 30° C.

Drain and flush the system to drain with RO* for 
five minutes.

Store system in 40 g/L of sodium metabisulfite and seal 
all openings.  Sodium metabisulfite should be replaced 
every 90 days.

1

2

3

4

5

6
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shear rate.  Due to the fact that the shear 
optimization procedure starts by first 
testing a high shear rate, the minimum 
efficient shear rate is clearly visible, as 
the next lower shear rate tested in the 
procedure will demonstrate a significant 
drop in flux performance.  Traditionally, 
shear rates of 9,000 sec -1 to 15,000 sec -1 
have proven to be both mechanically and 
economically robust.

The TMP characterization must be 
performed using the optimal velocity 
determined using the protocol outlined  
above.  Allow the process to equilibrate 
for at least five minutes before record-
ing the flux.  Increase the TMP in 
increments of 3 psig (0.2 bar) with at 
least five minutes of equilibration before 
recording the values.  Stop increasing 
the TMP when two successive changes 
result in reduced flux rates.  Refer to 
Table 4.  Figure 6 represents typical flux 
versus TMP data, showing that the opti-
mal TMP is the pre-apex value, which, 
for this example, corresponds with 24 
psig (1.65 bar).

The final step in developing the best 
concentration unit operation is to per-
form the target concentration while 
maintaining the shear rate and TMP 
values determined during testing.  The 
optimal production procedure main-
tains a constant shear rate where the 
starting TMP is the pre-apex value of 
the TMP flux curve and the final TMP 
is just past the TMP flux peak.  It is 
better to decrease backpressure than to 
decrease shear rate.  We recommend 
reviewing the specific process objectives, 
then verifying that all objectives have 
been achieved.  

Successfully scaling up an optimized 
process requires detailed attention to 
shear, TMP, temperature, and system 
fluid dynamics.  The most common 

problem in scale-up of concentration 
procedures is poor fluid dynamics, 
which result in poor distribution of 
flow across the numerous sub-channels 
of the large-scale filtration modules.

Cleaning and Storage

To ensure the best possible results, all 
membranes should be cleaned immedi-
ately after use.  The cleaning procedure 
shown in Table 5 has proven to be highly 
effective.  Given the polymeric nature of 
membranes, once a membrane has been 
wet, it should never be dried because 
there is a strong chance the membrane 
will fracture.  Most membranes may be 
sterilized with chlorine dioxide and a 
few membranes may be steam sterilized.  
(Check with the membrane manufac-
turer before performing a chemical or 
steam sterilization to ensure that the 
proper procedure is used.)

Optimizing Production Strategy

Most life science companies cur-
rently manufacturing biopharmaceutical 
products are faced with limitations in 
throughput and production space.  These 
concerns are particularly acute within 
downstream processing systems.  Based 
on these facts, NCSRT developed strate-
gies to reduce production space usage 
and increase process throughput.  Two 
recommended strategies are process frac-
tioning and concurrent processing.  

Process fractioning is a powerful tool 
that removes contaminants having high-
er and lower molecular weights than 
the desired product.  A  primary benefit 
of doing fine fractioning is achieving a 
higher product yield and purity before 
column chromatographic steps.  Higher 
purity solutions result in higher bind-

ing capacities, reduced column wash-
ing, and simplified gradients, which 
translates into a smaller production 
footprint, faster unit operations, and 
reduced cost. 

A concurrent process couples two 
or more filtration operations, such as 
clarification and concentration steps.  
An example of this coupled operation 
process combines concurrent cell clari-
fication/fractioning operation, with tar-
get molecule concentration.  Advantages 
gained through coupled operations 
include: elimination of permeate storage 
requirements; decreased operating time; 
reduced plant footprint; and removal of 
diafiltration volume restrictions which 
allows an enhanced diafiltration factor.  
Coupling cell product fractioning with 
product isolation and concentration as a 
concurrent unit operation reduces cost 
and increases product recovery.

Conclusions

NCSRT has developed a best prac-
tice method for TFF development 
that accommodates varied production 
methodologies that result in dramati-
cally higher product purity and lower 
production cost.  The methodologies 
outlined in this paper can result in sig-
nificantly faster development timelines, 
unprecedented cell concentrations, 
and effective contaminant removal.  
Applications of the resultant procedures 
have been shown to increase product 
purity and plant throughput at a sub-
stantial reduction in development and 
production costs.  Adherence to the best 
practices protocols will improve cell-
based production protocols, regardless 
of the starting material.  


