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Introduction  
Expanded Bed Adsorption chromatography (EBA) allows clarification and direct product 
capture in one unit operation. 

Upflow conditions achieve a fluidized bed, twice the volume of the settled bed. Crude, high cell 
density and highly-viscous feed streams such as cell culture, foods and plasma are injected upflow. 

Cells, cell debris, host cell proteins (HCP’s) and DNA leave the expanded bed, whilst the target 
molecule is bound to the media.

In order to facilitate a renaissance in EBA, columns built to current Good Manufacturing 
Practice (cGMP) standards had to be designed, be scalable, and be both feasible and 
economic to manufacture. 

The user requirement specifications brought a number of design and manufacturing challenges 
to overcome:

 Maximum column height 2050mm with 1m2 footprint
 Bed height adjustable 200mm to 1200mm
 Piston geometry and components prevent formation of vortices
 Air bubbles leave the expanded bed freely
 Ultrasound transceivers marry accurately with column tube
 Disposable inlet and outlets

Design  
Piston 
To overcome height restrictions, the piston was designed so that no studding, bars or piston 
body extended outside the column. 

This was achieved by engineering a ‘balanced dynamic piston’, completely isolated inside the 
column tube, incorporating the anti-vortex slope and disposable outlet device (Photo 2).

The piston has two identical inflatable seals, one at the column bed/piston interface, and one 
in an upper piston guide. 

Inflatable Seals
The inflatable piston seal was designed to perform three functions:

Lock the piston in place.
Adjustable bed height when the seal is engaged.
Cleanable between tube wall and seal.

These were achieved by variations in seal material form and properties at different locations on 
the seal face:

At 6 bar, the centre section of the seal pushes against the tube wall holding the piston 
securely in place (Photo 3).

At 3.5 bar, the central region of the seal face retracts allowing piston movement.  
The piston is moved down by 0.5 bar air pressure, and up by liquid pressure below the 
piston, whilst maintaining column working pressure.

When deflated, the seal reduces in diameter by 2mm, revealing a circumferential  
gap for cleaning.

Anti-Jet Outlet
Designs for the anti-jet outlet and piston profile were developed.

The critical parameters were:

 Number and angle of ‘veins’
 Dimensions of the outlet holes
 Length of the anti-jet rod
 Angle of the piston cone

Experiments confirmed that the angle and number of veins were important (Kiviniemi and Makusa, 
2009; Rindels and Gulliver, 1983); however, they did not completely prevent vortex development.

Further experiments led to the extension of the anti-jet rod and established the angle of the 
piston cone (Photo 2). These additional factors finally yielded a piston design which stopped the 
formation of vortices. 

The anti-jet wetted component is disposable.

Ultrasound Sensors
Six ultrasound transceivers were used to control process flow parameters via feedback to the 
skid. Potential variations in flow rate and pressure are key considerations when high viscosity, 
crude feed is injected into the EBA column. 

The mounting bracket for the ultrasound transceivers had to:

 Continuously press the transceiver against the tube wall
 Direct the ultrasound pulse across the centre of the tube
 Locate independently along the full length of the tube

A bracket in the form of a beam was realized; the column tie-bars acted as the fulcrum to 
provide constant, dynamic pressure. 

Mobile Phase Inlet
The sanitary seal for the rotary mobile phase tube of the Rotating Fluid Distributer(1) (RFD) inlet 
device was designed to include a bespoke WFI-flushed mechanism.

The rotating liquid distributer armature of the RFD was modified to be readily interchangeable 
and disposable.

Upward flow is maintained throughout process operation.

Scale-up and Down
Laboratory columns at 10 and 20mm internal diameter(2), permitting small-scale process 
research, were modified to include an ultrasonic transceiver potted inside the piston,  
using published parameters for band width, etc. (Hofmann, 2003). 

Production-scale columns of 100, 300 and 450mm diameter were tested in a cGMP facility  
and found to be directly scalable(3).

Results3

Tests to evaluate the performance of the EBA 300 column for a monoclonal antibody (MAb) 
using Rhobust® MAbDirect proteinA(4) were conducted at cGMP manufacturing facilities.

High cell-density harvest material was used under the following conditions:

Cell density: 60-90 million cells mL-1 (viability >80%)

Antibody titre: 1.34 g L-1 (continuous XD® (4) cell culture, cumulative titre 5.8 g L-1 over 21 days)

Load ratio: 22 mg MAb mL-1 settled bed (both Protein A resins)

The results detailed in Tables 1, 2 and 3 show that in comparison to traditional clarification 
and chromatography processes, the EBA 300 column and technology realized the following 
significant advantages:

 Higher product yields, 82% (EBA) versus 70% traditional process
 43% decrease in buffer volume requirement
 Production-scale runs took 37% of the time necessary for traditional 
 Product purity was directly comparable with either method 
 Product concentration was significantly increased, from 0.35 (traditional) to  

1.34mg ml-1 (EBA)
 EBA enabled higher throughputs and flow rates (450cm hr-1)
 EBA process effectively removed more cell debris than traditional

Figure 1. Shows the chromatogram from the 300mm EBA column using Rhobust®MAbDirect 
proteinA(5).

Conclusion  
The Biotechflow column overcame all the challenges set out in the user requirement 
specifications to produce a new column design for expanded bed adsorption chromatography. 

Current applications are biopharmaceutical production from crude, high cell density and 
highly-viscous feed streams including cell culture, foods and plasma.  

These columns are now installed in cGMP facilities in Europe, Australia and the USA. 

They are presently used in Phase II and Phase III production of biopharmaceuticals including 
MAb’s. 

This column presents many benefits including:

 Free from hydraulics and power pack; no projecting studding
 Piston maintains dynamic pressure on bed, automatically and adjustable by operator
 Zero dead-space cleanable piston seals
 Suited to clean rooms with restricted ceiling height and floor space
 Disposable flow path components

The combination of Patheon Biologics’ Technology with this new column design 
demonstrated the advantages of EBA versus clarification followed by packed bed, 
including the following:

 Suitability for other high viscosity feed streams including microbial and yeast, foodstuffs 
and plasma

 Significant decrease in buffer volume requirement
 Stable EBA beds due to anti-vortex piston and outlet design
 Air bubbles and precipitated material leave the column with ease, giving superior removal 

of cell debris, HCP’s and DNA
 Proven scalability
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Figure 1. Chromatogram of separation of MAb from unclarified harvest in the EBA 300.

Future work 
Packed bed column with the balanced piston.

A 400mm diameter packed bed column is due to be manufactured in 2015. 

This column will incorporate the ‘balanced piston’, and will bring the  
following benefits:

Packing  
The piston will follow the packed bed down as it flow-packs and compresses.

Running 

The piston will maintain a dynamic pressure on the packed bed throughout 
process.

Unpacking  
As the packed bed is broken down the piston also moves down, thereby 
reducing the unpacking slurry volume and decreasing time to unpack.

 Process Overall Purity Buffer Use Process Time Process Time
 Yield HP-SEC  Laboratory Manufacturing   
    Scale Scale
 (%) (%) (Column Volumes CV) (hours) (hours)

 Expanded Bed 
 Adsorption with 82 99.6 67  6.8  6.8
 MAbDirect proteinA

 Clarification steps 
 followed by Packed  70 99.4 118  12.5 18.5
 Bed Protein A Column

Table 1. Comparison between EBA (Rhobust®MAbDirect proteinA) and clarification followed by Protein A packed 
bed chromatography.

  DNA (pg ml-1) HCP (µg ml-1)

  PCR ELISA

 EBA Packed Bed EBA Packed Bed   

  Crude Harvest 26,000,000 NA 2,800 NA

  Clarified Harvest NA 23,000 NA 96

  Neutralized Eluate 133 <10 2 5

  DNA log10 reduction factor 5.3 3.4 3.1 1

  RF qty (log10) 5.8 5.1 3.6 3

Table 3. Result of DNA and Host Cell Protein (HCP) removal – EBA compared to packed bed.

Table 2. Harvest volume and MAb 
concentration used in DNA and Host 
Cell Protein (HCP) removal, EBA versus 
packed bed study.

 MAb 
 concentration Harvest Volume
 in harvest
 (mg ml -1) (ml)

EBA 1.34 348

Packed Bed 0.35 1070

Photo 2. The piston is completely isolated inside 
the column. Anti-jet with veins, in centre.

Photo 3. Innovative cleanable piston seal provides 
zero dead space.

Photo 1. Fully-scalable cGMP EBA column with Ultrasound control, used world-wide in Phase II and Phase III Production. 
Inset photo. Scalable from Laboratory, 20mm ID shown, 200-1200mm bed height.

The eluting MAb product in the yellow 
supernatant.

The transparent, colourless supernatant 
following the rinse out of cell debris 
from the expanded bed.

The harvest loading. Wash number 1.
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