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Presenter
Presentation Notes
In this talk I am going to exolain why and how we developed a very small chromatography column for bioseparation purposes, which can be used in a high throughput environment.



Our primary intention was to achieve automated rapid parallel chromatographic separations of samples by the aid of a liquid handling robotic workstation, rather than by  simultaneous use of multiple chromatography systems.  
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Presenter
Presentation Notes
The contents of my talk include,

- A short introduction to small scale chromatography of bio-molecules

 possible reasons why we may need respective high throughput techniques

 A listing of already existing small pre-packed columns for individual  connection to a chromatography system

  A short discussion on general operational modes for small scale bio-separation

 An overview on our preferred solution towards small scale HTP bio-chromatography, which comprises a system of miniaturized columns, assembled in a 96-well microplate compatible array

 Evidence for the proper functioning of the small columns and a short demonstration of how they  are operated in an automated system, 

 and – finally – a first example of industrial application  

This talk refers to low pressure bio-chromatography, utilizing merely process relevant resins, rather than RPC by known HPLC methods.  


1.  Small scale separations of biomelecules by chromatography:

Chromatography is still one of the most powerful separation methods for the
isolation of biomolecules from complex biological sources.

Common methods

- |IEX, HIC, IMAC, MMC, AF, SEC (including de-salting)

Performed at small scale for analytical purposes, i.e.,
Sample preparation (e.g. for subsequent MS)
Resin screening (e.g. to select useful separation media)
Parameter screening (in scale-down process optimization)

Process validation
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As long as conservation of native structure and biological function is an issue, chromatography in aqueous buffer systems is still one of the most powerful separation methods for proteins and other high molecular mass biological compounds, regardless of the scale it has to be carried out.

A broad variety of preparative chromatography media are available for this general separation technique, which includes resins for ion exchange, hydrophobic interaction, immobilized metal affinity, mixed-mode, affinity and size exclusion chromatography. The latter includes simple de-salting, as well.



Speaking in terms of analytical applications, small-scale bio-chromatography is frequently utilized in



sample preparation,

example giving for subsequent mass spectrometry analysis, 



for resin screening purposes, as well as parameter screening and optimization in process development 

and for process validation.










1.  Small scale separations of biomelecules by chromatography:

Some advantages of small scale bio-chromatography

Low consumption of valuable samples

Reduced amount of chemicals (reagents, buffers, etc.)
Small resin volumes

Reduced waste

Larger number of samples per time

Reduced expenses per sample
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Presentation Notes
Some quite obvious advantages of performing bio-chromatographic separations at small scale are



The overall small volumes of samples, chromatography media and buffer substances, which are consumed,

As well as the corresponding small amounts of waste



and, 



the potential for increased throughput, particularly in terms of number of analyses at overall reduced expenses. 


2. Demand fior HTP-technigues in small scale separation.

Where numerous samples are to be processed in a short time, e.g.

- Cell culture screening for selection of mAbs
- In-process monitoring in biopharmaceutical production

- 2D-parameter optimization in process chromatography development
(i.e. pH versus ionic strength in IEC)

- Medical diagnostic applications of bio-chromatography
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Examples of the upcoming demand for HTTP small scale bio-chromatography include,



Screening of cell culture supernatants for recombinant monoclonal antibodies, both in research and development, as well as in full scale production,



Rapid two-dimensional parameter optimization in the development of individual process chromatography steps, for example, elucidation of useful pH and ionic strength conditions in ion exchange based separations.



In the future,  a variety of new diagnostic applications for medical purposes






3. Brief history of smallchromategraphy columns for bieseparation

Inner dimensions of commercial pre-packed columns

Trade name Length x Inner Diameter Column Volume  vendor

(mm x mm) (ml)
HiTrap™ 250x 7.0 1.0 GEH
AcroSep™ 148 x 94 1.0 Pall
ToyoScreen 6.4 x 31.0 1.0 Tosoh Bioscience
Fractogel® EMD
Scout Column 19.4 x 8.1 1.0 Merck KGaA
Econo-Pac® 36.0x 5.9 1.0 BioRad
MediaScout®
MiniChrom 50.0x 5.0 1.0 Atoll

20.0 x 8.0 1.0 Atoll

25.0x 5.0 0.5 Atoll

10.0x 5.0 0.2 Atoll

5.0x 5.0 0.1 Atoll



Presenter
Presentation Notes
Yet, small scale bio-chromatography has widely been applied utilizing commercially available individual columns in consecutive runs. 

Examples are listed in this table, which shows a puzzling multiplicity of inner dimensions, in order to achieve the common 1 ml of column volume.

A new system of rationally corresponding inner dimensions for small columns has recently been provided by the MiniChrom columns by Atoll, which currently go further down in volume to as little as 0.1 ml of packed resin.

All of these columns are intended to be individually connected and operated by a chromatography system. Thus, the pathway to simultaneous separation of multiple samples would be heading for parallel operation of multiple chromatography systems.

A somewhat different approach towards mutiple sample processing in small scale bio-chromatography would be to use column-like devices which can be run without connection to dedicated chromatography systems.






4,  Approaches towards automated multiple small scale separations
4.1 Batch adsorption, performed in standard 96-well filter plates

Advantages

» Simple operations, multiple sample processing in a relative short
time, abundant equipment (shakers, centrifuges, vacuum manifolds)

* Up to 4 x 96 samples in parallel

Disadvantages

» One theoretical plate per separation step, incomplete separation
(pore volume retains previous fraction)

» Time consume for equilibration (shaking) and elution (limited
membrane permeability)

* Vacuum operation often inadequate for protein separation
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Presentation Notes
Batch adsorption may sometimes be considered an alternative to column chromatography, particularly in applications like the determination of adsorption isotherms, where just equilibrium concentrations of the remaining sample in the supernatant is to be determined.



It is also advantageous that batch adsorption can be carried out with numerous samples in parallel and by just using abundant laboratory equipment. 



However, the main disadvantages are the restriction to one theoretical plate in each individual separation step and the considerable time consume for  shaking and liquid flow through the usual membrane filters in standard commercial filter plates.


4.  Approaches towards automated multiple small scale separations
4.2 Spin columns

Advantages

» Simple operations, multiple sample processing in a relatively short
time, abundant equipment (centrifuges)

» Unlimited number of samples (up to about 24 samples in parallel)

Disadvantages

» Asymmetric flow distribution, relative to column length axis
(induced by inhomogeneity of centrifugal field)



Presenter
Presentation Notes
Spin columns may be nice to use, due to their simple handling and operation. You just need a centrifuge to force liquid through the packed resins and usually up to 24, sometimes 48 columns can be run simultaneously. 



However, the spin operation intrinsically comprises the major disadvantage of this column type: the formation of asymmetric flow profiles in the columns, relative to the column length axis. This phenomenon is due to the inhomogeneity of the centrifugal field which accelerates the fluid applied on top of a spin column. This negative effect would disappear if the rotation axis is increased significantly like it is the case in the terrestric gravity field....






4,  Approaches towards autemated multiple small scale separations
4.3 Mini column arrays, operated by positive liquid displacement

Advantages

* True chromatography mode (symmetric flow distribution relative
to column length axis)

10-100 theoretical plates (depends on resin type and column
geometry)

Simple operations, multiple sample processing in a short time
Unlimited number of samples (yet up to 8 samples simultaneously)

Manual method development possible (pipet columns)

Disadvantages
» Gravity flow not feasible, due to resin compression
» Multiple controlled liquid delivery systems required

» Efforts for method implementation
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Packed small columns, which can be run by positive liquid displacement would behave just like any usual chromatography column, with a uniform flow profile, evenly distributed perpendicular to the column length axis.

This way, the minicolumns can display a separation performance resembling that known from the foregoing mentioned ready-to-use individual columns.



The main difference to those individual columns is just, these minicolumns are to be arranged in arrays where they might be connected to a multi-channel positive displacement liquid delivery  system. This system does not necessarily mean a continuous connection between the columns and the liquid delivery system.



The number of columns that can be run simultaneously depends on the number of liquid delivery channels.

Unfortunately, such columns were observed not to run under gravity force.


)
5. Development ofi Versatile RoboColumn 96-Array.
5.1 Column adapter for repeated connection to fixed metal tips and prototype

Taken from Tim Schroeder, Diploma Thesis,
Research Center Julich, Germany, 2005
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Presentation Notes
At the Research Center of Jülich, where I did my diploma work in the group of Jürgen Hubbuch, we favoured the „automated minicolumn approach“, because the true chromatography mode of such columns were expected to result in the best separation performance, while achieving a high productivity in terms of high throughput sample processing.

A suitable multi-channel liquid delivery system, utilizing positive pressure liquid displacement, rather than air driven liquid delivery, had just become available to us in form of a Tecan Freedom EVO liquid handling workstation. There we had eight indipendent liquid delivery channels available, which could be repeatedly connected to small chromatography columns. The robot would then allow to supply a controlled flow of samples, buffers and cleaning solutions simultaneously to each individual column.

The remaining technical   challenge was, to construct a miniaturized column, with an appropriate inlet adapter for many times repeated sealing connection between a fixed metal tip of the robotic liquid handler and the column inlet. 

The prototype solution for this reversible inlet connection is shown in principle in the sketch (left), as well as in real embodiment in the centre and mounted into the prototype „robotic column“ at the right.




Development of Versatile RoboColumn 96-Array

Separation of Proteins (RNAse A, cytochrome c, lysozyme) on
prototype small column with top fixed tip connector (gradient elution,
continuous monitoring)
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Column Dimensions (L x ID): 22 x 2.4 (mm x mm) Taken from Tim Schroeder

e Diploma Thesis, Research
Packing Media: SP Sepharose XL Center Jiilich, Germany, 2005
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The small robotic column was able to separate proteins, just like it is known for larger laboratory columns.



RNAse A, cytochrome c and lysozyme were separated by elution in a continuous salt gradient from a strong cation exchanger, packed in as little as a 22 to 2.4 mm column inner dimensions.


Development of Versatile RoboColumn 96-Array

Commercial version of low volume RoboColumn with top fixed tip
connector and capillary outlet

Column tube 4 Needle guide
! O-ring

Inlet capillary

Top filter

Resin chamber

Bottom filter
Capillary outlet

Column Dimensions (L x ID): 10 x 5 (mm x mm)

Column Volume: 0.2 ml

Packing Media: any desired
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Presentation Notes
The prototype robotic column was used as a model for the development of a commercial version by Atoll in Weingarten, Germany.



On the left side of the chart a technical sketch is shown, which outlines the most important features of this version. 

The chromatography resin is packed in between two filter frits, held in fixed position by the bottom of the column tube and a small top plunger.



Column inlet and outlet are  represented by small inner diameter capillaries, in order to minimize dead volumes.



In particular the column inlet functions as a needle port, capable of sealing an inserted fixed metal tip by the aid of a Viton o-ring, which is located at the bottom of a „needle guide“. This needle port makes sure the fixed tip is always  guided straight into the centre of the column, in order to slide smoothly into the o-ring. This construction allows to repeat tip insertion and removal for thousands of times, while maintaining a proper sealing between column inlet and liquid delivery system.



The right picture shows a real example of the new RoboColumn with a stainless steel fixed tip inserted into the needle port.


5. Development ofi Versatile RoboColumn 96-Array.
5.4 RoboColumns mounted on 96-well microplate compatible base plate

Insertion of column array into dedicated plate holder of a
liquid handling workstation
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For automated operation RoboColumns are arranged in eight-rows on a standard microplate compatible base plate. This plate can hold a total of up to 96 individual columns. The columns can be arranged and exchanged according to the experimental demands.



A   dedicated plate holding system for fixation of the column array in a so-called TE-stack module of the Freedom EVO liquid handlinbg workstation has very recently become available from Tecan.

The photograph shows how to mount the base plate into this plate holder.


5. Development ofi Versatile RoboColumn 96-Array.

5.5 Eight RoboColumns reversibly connected to eight independent liquid
delivery systems via inserted fixed metal tips

il

Fractions are collected into standard 96-

well microtiter plates on a controlled
transport system of a Te-Stack module
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Presentation Notes
The photographs on this chart show the view  on the complete RoboColumn unit, with fixed tips for liquid flow supply inserted into the column inlet ports, from two different angles.

The right part show a standard microtitre plate moved forward by a controlled transport system underneath the column array.

This „electric model train“ reminding microplate transporter system works as a fraction collector.


)
6. Proofi ofi Concept fior RobeColumn Arrays

6.1 System Configuration

| :
.......

Cnrometograpny Workstatior
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To give you an idea how the complete robotic chromatography workstation may look like, I show this photograph of our actual system, as it was used to test the RoboColumns in practical applications.  


6. Proofi ofi Concept fior RobeColumn Arrays
6.1 System Configuration

Freedorm EVO (TECAN)

Liquid handling arm (LiHa)
Robotic manipulator (RoMa)
Te-Stack™ with plate holder
MTP-reader (infinite M200)

MediaScout® RoboColurmns (Atoll)

packed with desired
chromatography media

ISPPP 2007, Orlando, FL


Presenter
Presentation Notes
The chromatographic workstation comprises the following main parts:



(as listed on the chart):



-  Freedom EVO (TECAN)



		Liquid handling arm (LiHa)

		Robotic manipulator (RoMa)

		Te-Stack™ with plate holder

		MTP-reader (infinite M200)



 -  MediaScout® RoboColumns (Atoll)



		packed with desired

		chromatography media




6. Proofi off Concept fior RobeColumn Arrays

6.2 Autemated Separation oft Cyctochrome ¢ from Vitamini By, on a
Catien Exchanger

Colurnn equilioration

samnple application

Elution of Vitamin 2,

Elution of Cytocnrorme ¢

Evaluation of microplate
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As an example for automated parallel RoboColumn operation we chose the separation of cytochrome c from vitamin B12, which of course has no real significance as a routine separation. However, it has the advantage that we can directly watch the separation as it occurs during the proceeding of the automated procedure.



This procedure has been divided into five main steps:



Step 1    Column equilibration



Step 2    Sample application



Step 3    Elution of Vitamin B12



Step 4    Elution of Cytochrome c



Step 5    Evaluation of microplate








0
6. Proofi off Concept fior RobeColumn Arrays
6.2 Automated Separation off Cyctochrome ¢ frem Vitamin B, on a Cation Exchanger

Step1l Column equilioration
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The individual steps have been video-taped and I will show brief clips taken from the complete record.



During column equilibration the eluting liquids are collected into a waste container.


Proof ofi Concept for RoboeColumn Arrays
2 Autemated Separation of Cycteochrome ¢ firom Vitamin By, on a Cation Exchanger

> ol

Step 2 Sample application

——
A

W
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During sample application the cytochrome c becomes bound to the cation exchanger resin, forming a dark red zone at the top of the columns. The vitamin B12 passes the packed resin unaffected.

However, the overall red colour indicates the presence of B12, which has not yet been washed out completely. 


6. Proof off Ceancept for RoboColumn; Arrays

6.2l Automated Separation off Cyctochrome ¢ frem Vitamin B, on a Catien Exchanger

Step 3 Elution of Vitarmin 8.,
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A low salt washing step removes the residual vitamin B12 from the columns.


0
6. Proofi off Concept fior RobeColumn Arrays
6.2 Automated Separation off Cyctochrome ¢ frem Vitamin B, on a Cation Exchanger

Step 4 Elution of Cytocnrorme ¢
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The bound protein is eluted by a single high salt wash. Fractions being collected on a time base into the microtiter plate.


0
6. Proofi off Concept fior RobeColumn Arrays
6.2 Automated Separation off Cyctochrome ¢ frem Vitamin B, on a Cation Exchanger

evealuziion of microplaie
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The fractions collected are transferred into a UV plate reader by the aid of the robotic manipulator. The plate reader is located underneath the worktable on the right part of the workstation.


6. Proof ofi Concept fior RobeColumn Arrays
6.3 Verification off Small Celumn Periormance (MimiChrom 5-10)

Column 5x 10 mm (c.v. 0.2 ml)
Packing media Toyopearl SP-650S
Flow rate 0.5 ml/min (150 cm/h)
Detection OD 280 nm

Sample (A) 20 pl 1% acetone
A, =13
N = 65 (6500/m)

Sample (B, C) lysozyme, cytochromec
(each 1 mg/ml)

Gradient (B) 0-1M NaClin 0.02M
Na-phosphate buffer, pH 7.0
within 30 c.v.

(C) 0.1 M NaCl (step 1)
1.0 M NaCl (step 2)

same buffer as in (B)
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Further proof for the correct function of RoboColumns was gathered by running MiniChrom columns of the same inner dimensions, individually connected to a stand-alone chromatography system.



Peak asymmetry and plate numbers obtained with an acetone sample turned out typical for the chromatography material, in this case Toyopearl SP 650S strong cation exchanger. The corresponding chromatogram is shown in the upper part under „A“.



Also the performance in protein separation of this column was comparable to what is known from many published examples for this resin in larger columns, regardless whether a continuous salt gradient, as in B or a step gradient elution, as in C, was employed.


Preof of Concept for RoboCoelumn Arrays
Simultaneous Autemated Separation of Eight Protein Samples

Step gradient elution of cytochrome ¢ and lysozyme on an eight-row of

MediaScout® RoboColumns, packed with Toyopearl® SP-650S
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When RoboColumns of the same inner dimensions as the MiniChrom Columns from the foregoing experiment were used in automated parallel operation, again utilizing a step gradient elution of proteins bound to the cation exchanger, we got a base line separation of cyctochrome c from lysozyme, as is shown in the figure.



This figure represents a superimposition of the eight individual chromatograms obtained by UV-evaluation of the fractions collected from each of the eight columns, that ran in parallel.



I should emphasize, from a chromatographers point of view this is not really a surprise. However, the figure shows a nearly perfect match of the eight chromatograms. 

Hence, we should be able now to increase sample throughput in small scale bio-chromatography by a factor of up to eight, compared with performing the same separations with eight columns running consecutively in a stand-alone system.


Example application of HTEP
chremategraphic separations:
Automated In-process monitoring of
Procedure: MAD productior

Samples were taken from fermentation broth

Loaded onto RoboColumns packed with ProA
capture resin

Washed

Eluted into 96-well plate
Neutralised

Analysed by HPLC-CIEC
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Example applications of HTP' Chromategraphic separations

In-process monitoring by CIEX of mAb samples from fermentation broth,
after rapid purification on RoboColumns, packed with ProSep® vA Ultra

4.000 | WVL:214 nm

3.000 -

2.000

1.000 -

0.000 | min

12,0 15,0 17,5 20,0 22,5 25,0 27,5 30,0 32,5 35,0 37,5 40,0
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The RoboColumn automated parallel chromatography approach was used for rapid in-process monitoring of monoclonal antibodies to determine the optimal moment for harvesting the respective fermentors.



The eight chromatograms show the result of high performance cation exchange chromatography of respective samples, which were previously purified in parallel mode by affinity chromatography on a Protein A resin, packed into RoboColumns and operated in the modified Tecan liquid handling workstation.


Summary and Conclusions

 RoboColumns were operated simultaneously by the liquid
handler of a modified commercial robotic workstation (Tecan
Freedom EVO), utilizing fixed metal tips and positive liquid
displacement

» Miniaturized RoboColumns (0.2 ml c.v.) were used successfully for
small scale separation of proteins

* The chromatographic performance of RoboColumns in small scale
protein separations is comparable with columns individually
connected to a chromatography system

* RoboColumns can be packed with a variety of process
relevant chromatography media

* RoboColumns allow automated HTP processing of multiple
samples, e.g. for in-process monitoring applications
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I am going to summarize my talk, .....



ausnahmsweise  „vorlesen“



RoboColumns were operated simultaneously by the liquid handler of a modified commercial robotic workstation (Tecan Freedom EVO), utilizing fixed metal tips and positive liquid displacement

 Miniaturized RoboColumns (0.2 ml c.v.) were used successfully for small scale separation of proteins

The chromatographic performance of RoboColumns in small scale protein separations is comparable with columns individually connected to a chromatography system

 RoboColumns can be utilized packed with a variety of process relevant chromatography media

 RoboColumns allow automated HTP processing of multiple samples, e.g. for in-process monitoring applications
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Die Acknowledgments bitte nach Bedarf vervollständigen !!!



I would like to thank 



the following persons and companies for their participation in our developmental work for automation of small scale chromatography....



In verkürzter Form vorlesen, etwa so:



Tecan and coworkers in Switzerland and Germany for their generous support of our work. They provided the robotic workstation and very helpful practical training and numerous advices!



Peter Müller and Harald Hund from K&M Reutter, Aulendorf, in Germany and their involved coworkers for their skilful help and patience in the hardware development of RoboColumns.
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