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Abstract 

 Over the past decade, single-use tangential flow filtration (TFF) technologies have 

emerged to reduce system preparation time, promote fast and flexible product change over, and 

ultimately shorten process development and manufacturing time/cost.  In this study, the 

performance of a recently developed Pellicon® single-use TFF capsule was compared against 

traditional Pellicon® cassette by assessing TFF process performance (such as flux, residuals 

clearance, and yield) and post-purification product attributes (such as concentration and mass-

weighted average molecular weight).  Good scaling was shown by comparing process performance 

and product attributes across different scales and formats. Additionally, similar TFF process 

performance and post-purification product attributes were observed for the single-use capsule 

compared to the reusable TFF cassettes.  The capsule requires a smaller flush than the cassette, 

and it is easier to use since it does not require a compression holder or pre-sanitization.  The results 

provide insight into the application of the single-use TFF capsule and scalability of TFF processes 

for the purification of conjugate vaccines. 
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1. Introduction 

 Single-use technologies can transform biopharmaceutical manufacturing by increasing 

speed to commercialization and flexibility of facility design while decreasing capital requirements, 

manufacturing cost, contamination risk, and environmental impact [1].  

 

 Tangential flow filtration (TFF) is used in almost every biopharmaceutical manufacturing 

downstream process to provide gentle, fast concentration and diafiltration. The current trend 

toward smaller bioreactors and multiproduct manufacturing facilities, has increased the demand 

for plug-and-play single-use TFF devices. A recent advance is the introduction of a spiral TFF 

device (Pellicon® Capsule) that has the high performance of conventional cassettes with the 

benefits of the hollow fiber format: it is self-contained and works without a compression holder. 

Since the Pellicon® Capsule comes pre-sterilized and preservative-free, it can eliminate up to 10 

operational steps in the total TFF process and reduce auxiliary solution volume consumption by  

up to 85% when used with a single-use flow path-compared to multi-use cassette systems [2].   

 

 Highly effective vaccines against diseases caused by N. meningitidis, S. pneumoniae, and 

H. influenza can be produced by chemical conjugation of the capsular polysaccharide from these 

bacteria to an immunogenic protein such as tetanus toxoid, CRM197 or diphtheria toxoid [3, 4].  

The conjugation process typically involves a polysaccharide activation step in preparation for 

covalent linkage to the immunogenic protein [5-7].  Tangential Flow Filtration (TFF) is widely 

used for buffer exchange and purification of activated and conjugated polysaccharides against 

reaction byproducts or residuals [8-10]  
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 Although several studies have demonstrated the feasibility of using ultrafiltration for the 

concentration, diafiltration and purification of polysaccharide vaccines, there is little to no 

systematic studies available to demonstrate the use of single use TFF technologies for the 

purification of conjugate vaccines. The primary objective of this work was to evaluate a novel, 

gamma-sterilized Pellicon® single-use TFF capsule against traditional reusable Pellicon® cassettes 

with respect to performance, flush requirement, product recovery and ease-of-use; whereas the 

secondary objective was to assess the scalability of Pellicon® TFF cassettes and capsule for the 

purification of activated polysaccharides. 
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2. Experimental 

2.1 Materials and Methods  

 The pneumococcal polysaccharide is synthesized on the cell wall of bacterium 

Streptococcus pneumoniae (S. pneumoniae) and goes through fermentation and recovery process. 

The resulting  recovered pneumococcal polysaccharide (hereinafter referred to as native 

pneumococcal polysaccharide) is diluted with potassium phosphate, pH 6.0 dilution buffer and 

water for injection (WFI) to the target phosphate and polysaccharide concentration ranges.  If 

required, the pH of the diluted pneumococcal polysaccharide is adjusted to the target range.  The 

native pneumococcal polysaccharide oxidation is started by adding a quantity of periodate solution 

(sodium meta-periodate in WFI) sufficient to achieve the desired degree of oxidation. The 

oxidation is then allowed to mix for the target time at the target temperature. After completion of 

the oxidation reaction, a quantity of quenching reagent solution (quench reagent in WFI) is added 

to consume any unreacted sodium periodate.  After addition, the quench reaction proceeds for the 

target time range while agitating, maintaining temperature at the target range to produce the crude 

activated polysaccharide.  The resulting activated polysaccharide was used for subsequent 

purifications using different MilliporeSigma TFF modules (MilliporeSigma, Burlington, MA) 

listed in Table 1.  Additional information on TFF operation conditions can be found in Table 2.  
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Table 1.  Summary of TFF Modules Used for Purification of Activated Polysaccharide 

Module Name 

Surface 

Area 

(cm2) 

Membrane 

Chemistry 

Nominal 

Molecular 

Weight Cut-

Off (kDa) 

Screen 

Type 

Catalog 

Number 

Pellicon® TFF Cassette 

(Small Scale) 

Biomax® membrane 

88 
Polyethersulfone 

(PES) 
30 A P3B030A00 

Pellicon® TFF Cassette 

(Small Scale) 

Ultracel® membrane 

88 
Regenerated 

Cellulose 
30 C P3C030C00 

Pellicon® TFF Cassette 

(Large Scale) 

Ultracel® membrane 

1100 
Regenerated 

Cellulose 
30 C P3C030C01 

Pellicon® TFF Capsule 

(Large Scale) 

Ultracel® membrane 

1000 
Regenerated 

Cellulose 
30 C PCC030C01 

 

Table 2.           Summary of TFF Operating Conditions 

Module 

Name 

Diafiltration 

Buffer 

(g/L) 

Diafiltration 

Concentration 

(g/L) 

Cross 

Flow Rate 

(L/min/m2) 

Number of 

Diavolumes 

Membrane Loading 

(g/m2) 

All 

Modules 
WFI 2.5 3.5 20 20 

 

The hydrodynamic and flux performances of four TFF modules (88 cm2 Biomax® cassette, 88 

cm2 Ultracel® cassette, 1100cm2 Ultracel® cassette, and 1000 cm2 Ultracel® single-use capsule) 

for purification of an activated polysaccharide were compared.  Biomax® and Ultracel® 

membranes were included to investigate the impact of membrane chemistry on activated 

polysaccharide purification while 88 cm2, 1000 cm2, 1100 cm2 modules were studied to assess 

scalability within the Pellicon® family.  The performance of the cassettes and capsule membranes 

were assessed by the diafiltration of the polysaccharide under the same cross flow rate and optimal 

transmembrane pressure (TMP) across the membrane surface. 
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TMP excursion studies were performed to determine the optimal operating TMP condition for the 

UFDF operation.  For each module listed under Table 1 TMP was ramped up from 2 psi to greater 

than 23 psi and the corresponding permeated flux at intermediate TMP target was measured.  In 

these studies, the permeate was returned to the retentate vessel to ensure the concentration in the 

retentate vessel remains constant.   

 High performance size exclusion chromatography, coupled with refractive index and 

multiangle laser light scattering (MALLS) detectors (Wyatt Technology, Santabarbara, CA), was 

used for sample concentration and molecular weight measurements.  A gas chromatography (GC) 

method was used to determine the amount of quenching reagent in the crude and purified 

polysaccharide mixtures.  External standard solution was used to quantitate the residuals 

quenching reagent concentration. 

 A mixed-mode HPLC assay is used to separate an iodate peak mainly based on its ionic 

interaction with a positively charged stationary phase.  Periodate is quantitatively converted to 

iodate by pre-treating test samples with a reducing agent, glucose.  The pre-treated samples are 

then injected into a mixed mode weak anion exchange chromatography column and iodate peak is 

eluted by acetonitrile and buffer.  The eluted peaks are detected by UV absorption at 223 nm. 
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3. Results and Discussion 

3.1 Transmembrane Pressure Excursion 

 Figure 1 demonstrates the TMP excursion profile obtained with all modules considered in 

this study.  At low TMP values, the osmotic pressure is negligible and the permeate flux increases 

linearly with TMP.  As flux increases the concentration of retained solutes at the membrane surface 

-and resultant osmotic pressure potential- increase due to the formation of the polarization layer.  

At elevated TMPs, both the osmotic pressure and transmembrane pressure increase at the same 

rate causing the permeate flux to plateau at its maximum [11].  The Biomax® 88 cm2 cassette 

reached its maximum flux at a lower TMP, due to a slightly high permeability.  Therefore, to obtain 

a comparable maximum flux, the target TMP was set to 20 psi for Biomax® 88 cm2 cassette and 

25 psi for other modules during the diafiltration process. 

 The results illustrate very similar TMP-excursion profile upon scale up from 88 cm2 to 

1100 cm2 device. Furthermore, flux vs TMP behavior for the single use capsule and multi-use 

cassette are nearly identical. While module geometry and flow hydrodynamics are known to 

impact TFF performance [10, 12], the results indicates similar hydrodynamic and mass transfer 

behaviors despite all the module and scale differences. 
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Figure 1. TMP Excursion Profile Obtained with All Modules Considered in this Study 

 

3.2 Clearance of Reaction Residuals/Byproducts 

 As mentioned earlier, one of the objectives of the activation UFDF is to reduce the 

concentration of reaction byproducts and residuals (i.e. periodate/iodate and quench reagent). 

 

The sieving coefficient (S), the ratio of residual concentration in the filtrate to the bulk 

concentration, is the slope of semi-log plot of the normalized residual concentration, C/Co vs 

number of diavolumes (N):  

𝐶

𝐶0
= 𝑒−𝑆 𝑁 (Equation 1) 
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Here, C and Co represent the residual concentration at different time points in the diafiltration and 

the residual concentration at the beginning of the diafiltration process, respectively.  The graphs 

in Figure 2 and Figure 3 present the clearance of the quench reagent and residual periodate/iodate 

during the diafiltration process plotted in semi-log plot format, respectively. For quench reagent, 

linear regression was performed to fit the normalized concentration vs diavolume data to Equation 

(1) and the resulting sieving coefficient for each module is summarized in Table 3.  The sieving 

coefficients are all in the range of 0.58 to 0.69 with the corresponding ranges overlapping across 

all modules. Therefore, the quenching reagent residual clearance characteristics are very similar 

in these modules. 

 

Figure 2. Residual Quench Reagent Clearance During Diafiltration 
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Figure 3. Residual Periodate/Iodate Clearance During Diafiltration 

 

Table 3. Sieving coefficient for clearance of quenching reagent for modules considered 

in this study 

Module Name Sieving Coefficient ± Error1 R2 

Pellicon® TFF Cassette 

(Small Scale) 

Biomax® membrane 

0.65 ± 0.03 0.99 

Pellicon® TFF Cassette 

(Small Scale) 

Ultracel® membrane 

0.58 ± 0.06 0.96 

Pellicon® TFF Cassette 

(Large Scale) 

Ultracel® membrane 

0.64 ± 0.04 0.97 

Pellicon® TFF Capsule 

(Large Scale) 

Ultracel® membrane 

0.69 ± 0.04 0.99 

1The errors in the sieving coefficient were calculated through error propagation analyses 

considering 20% relative error in concentration assay results. 
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 For periodate/iodate, linear regression was performed to fit the normalized concentration 

vs diavolume data to Equation (1), a similar approach to the quench reagent. The resulting sieving 

coefficient for each module is summarized in Table 4. The sieving coefficients are all in the range 

of 0.50 to 0.56 with the corresponding ranges overlapping across all modules. Similar to the quench 

reagent, the periodate/iodate residual clearance characteristics are similar in all modules in this 

study. 

Table 4.  Sieving coefficient for clearance of periodate/iodate for modules considered in 

this study  

Module Name Sieving Coefficient ± Error1 R2 

Pellicon® TFF Cassette 

(Small Scale) 

Biomax® membrane 

0.50 ± 0.03 0.97 

Pellicon® TFF Cassette 

(Small Scale) 

Ultracel® membrane 

0.55 ± 0.02 0.99 

Pellicon® TFF Cassette 

(Large Scale) 

Ultracel® membrane 

0.56 ± 0.02 0.99 

Pellicon® TFF Capsule 

(Large Scale) 

Ultracel® membrane 

0.55 ± 0.02 0.99 

1The errors in the sieving coefficient were calculated through error propagation analyses 

considering 20% relative error in concentration assay results. 

 

 

3.3 Molecular Weight of Activated Polysaccharide 

 The molecular weight of the activated polysaccharide is measured with size exclusion 

chromatography with MALLS during the diafiltration process for each device considered in this 

study.  After the molecular weight was analyzed, the normalized molecular weight of the activated 

polysaccharide was calculated as:   

Normalized Activated Polysaccharide MW = 
𝑀𝑊

𝑀𝑊 𝑎𝑡 0 𝐷𝑉
 (Equation 2) 
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Figure 4. Normalized Activated Polysaccharide Molecular Weight 

 Figure 4 describes the normalized activated polysaccharide molecular weight calculated 

using Equation 2. A slight increase in molecular weight across all modules is observed, which is 

most likely due to the transmission of small molecular weight activated saccharides toward the 

permeate. Periodate oxidation of polysaccharides is known to generate small fragments, which 

can get washed out during UFDF [13]. Considering the SEC-MALLS assay variability, the 

difference in molecular weight between the different devices is not considered significant. 
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3.4 TFF Yield 

 

 

Figure 5. UFDF Yield of Activated Polysaccharide for All Modules 

 

 Figure 5 demonstrates the UFDF yield for all runs considered in this study.  The yield 

values at large scale are comparable (90% for single-use capsule vs 91% for multi-use cassette) 

which again suggest comparable UFDF performance for cassette and capsule device format.  The 

yields for the small-scale devices with 88 cm2 surface area are both 84%, indicating the membrane 

chemistry and TFF channel configuration do not impact purification yield. The lower yield for the 

small scale modules may be an artifact of having a greater proportion of process volume in the 

system hold-up (~26% at small scale vs 5 to 6% at large scale), hence a larger fraction of 

unrecoverable product for given flushing efficiency.  
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4. Conclusions 

 Single-use TFF technologies can promote fast and flexible product change over, reduce 

system preparation time, and ultimately shorten manufacturing time/cost. In this study, the 

performance of a recently developed Pellicon® single-use TFF capsule was compared against 

traditional Pellicon® cassette by assessing TFF process performance and post-purification product 

attributes for purification of an activated polysaccharide.  Similar TFF process performance and 

post-purification product attributes were observed for the single-use capsule compared to the 

reusable TFF cassettes.  In particular, the flux vs TMP behavior for the single use capsule and 

multi-use cassette are nearly identical indicating similar hydrodynamic and mass transfer 

behaviors despite all the module formats and scale differences.  Activation reaction residuals 

clearance profiles and their corresponding sieving coefficients are similar and the UFDF yield with 

large scale multi-use cassette and single-use capsule were comparable. The results provide insight 

into the application of the single-use TFF technology and scalability of TFF processes for the 

purification of activated polysaccharides used in conjugate vaccine manufacturing. 
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Tables 

 

 

Table 1.  Summary of TFF Modules Used for Purification of Activated Polysaccharide 

Module Name 

Surface 

Area 

(cm2) 

Membrane 

Chemistry 

Nominal 

Molecular 

Weight Cut-

Off (kDa) 

Screen 

Type 

Catalog 

Number 

Pellicon® TFF Cassette 

(Small Scale) 

Biomax® membrane 

88 
Polyethersulfone 

(PES) 
30 A P3B030A00 

Pellicon® TFF Cassette 

(Small Scale) 

Ultracel® membrane 

88 
Regenerated 

Cellulose 
30 C P3C030C00 

Pellicon® TFF Cassette 

(Large Scale) 

Ultracel® membrane 

1100 
Regenerated 

Cellulose 
30 C P3C030C01 

Pellicon® TFF Capsule 

(Large Scale) 

Ultracel® membrane 

1000 
Regenerated 

Cellulose 
30 C PCC030C01 

 

 

Table 2.           Summary of TFF Operating Conditions 

Module 

Name 

Diafiltration 

Buffer 

(g/L) 

Diafiltration 

Concentration 

(g/L) 

Cross 

Flow Rate 

(L/min/m2) 

Number of 

Diavolumes 

Membrane Loading 

(g/m2) 

All 

Modules 
WFI 2.5 3.5 20 20 

 

Table 3. Sieving coefficient for clearance of quenching reagent for modules considered 

in this study 

Module Name Sieving Coefficient ± Error1 R2 

Pellicon® TFF Cassette 

(Small Scale) 

Biomax® membrane 

0.65 ± 0.03 0.99 

Pellicon® TFF Cassette 

(Small Scale) 

Ultracel® membrane 

0.58 ± 0.06 0.96 

Pellicon® TFF Cassette 

(Large Scale) 

Ultracel® membrane 

0.64 ± 0.04 0.97 
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Pellicon® TFF Capsule 

(Large Scale) 

Ultracel® membrane 

0.69 ± 0.04 0.99 

1The errors in the sieving coefficient were calculated through error propagation analyses 

considering 20% relative error in concentration assay results. 

 

Table 4.  Sieving coefficient for clearance of periodate/iodate for modules considered in 

this study  

Module Name Sieving Coefficient ± Error1 R2 

Pellicon® TFF Cassette 

(Small Scale) 

Biomax® membrane 

0.50 ± 0.03 0.97 

Pellicon® TFF Cassette 

(Small Scale) 

Ultracel® membrane 

0.55 ± 0.02 0.99 

Pellicon® TFF Cassette 

(Large Scale) 

Ultracel® membrane 

0.56 ± 0.02 0.99 

Pellicon® TFF Capsule 

(Large Scale) 

Ultracel® membrane 

0.55 ± 0.02 0.99 

1The errors in the sieving coefficient were calculated through error propagation analyses 

considering 20% relative error in concentration assay results. 
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Figure legends  

 

Figure 1. TMP Excursion Profile Obtained with All Modules Considered in this Study  

Figure 2. Residual Quench Reagent Clearance During Diafiltration  

Figure 3. Residual Periodate/Iodate Clearance During Diafiltration  

Figure 4. Normalized Activated Polysaccharide Molecular Weight  

Figure 5. UFDF Yield of Activated Polysaccharide for All Modules 

 


