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GE Healthcare and Tecan -
working together to get it
right from the start

Screening recombinant proteins in drug discovery and protein
research is complex enough without the added concern of
making different systems work together.

That's why GE Healthcare and Tecan are working together.
With over 50 years of experience, we have recognized expertise
in our respective fields of protein separation and laboratory
automation. We are collaborating to provide robust solutions
for protein expression screening, so that you can concentrate
on making discoveries.

Welcome to new dimensions of quality and reliability in protein
expression screening.




Automation - a key

tO success

The development of protocols for efficient approaches to cloning,

expression, purification and crystallization of large numbers of
tagged recombinant proteins is essential to shorten the time from
gene to drug target. Automation increases throughput at each
stage, and enables methods to be performed with a high level of
robustness - increasing accaracy, enabling hands-off operation
and eliminating human error - to give uncompromising experi-
mental reproducibility and minimal variation among replicates.

Freedom EVO and MultiTrap

This brochure highlights proven automated solutions for real
challenges in protein expression screening, with examples
that show how the combination of our products and expertise
can help you.
e Multi-parallel screening of tagged proteins with high
reproducibility and minimal cross-contamination.
e Screening of buffer conditions to optimize the recovery
of a target protein, and using the identified conditions
to scale up the purification.
e |dentification of protein construct variants that improve
crystallization propensity.

For more information, please visit: www.gelifesciences.com/trap
and www.tecan.com.

From gene construct design to characterized protein

Gene construct design

Techniques

Expression screening
Purification condition screening
Solubility optimization

Affinity chromatography
Gel filtration

Assays

X-ray crystallography

NMR

Surface Plasmon Resonance

Products

---------------- Freedom EVO

Freedom EVO
---------------- Infinite 200
MultiTrap

AKTAxpress
---------------- HiTrap columns
HiLoad columns

---------------- Freedom EVO

Characterized protein

The workflow above is a typical example of a protein design
process that requires a parallel approach to optimize protein
constructs efficiently. Typical uses are for determining protein
expression levels, solubility, yields, tag cleavage, optimal buffer

conditions, homogeneity and purity. To make your work more
efficient, we offer a range of products (see above) that are
designed to work together for maximum performance and
minimum variation among replicates.



MultiTrap for highly
consistent results

MultiTrap™ from GE Healthcare provides three strong
benefits for protein expression screening:

e Efficient parallel processing
¢ A high degree of reproducibility
e Low cross-contamination among samples

MultiTrap is a ready-to-use, prepacked 96-well filter plate
that simplifies screening and small-scale parallel purification
and secures consistent results with high reproducibility,
both well-to-well and plate-to-plate. MultiTrap is suitable
for simultaneously measuring expression levels of different
constructs and expression systems, as well as for optimizing
screening parameters to improve, for example, protein
solubility, recovery and purity.

MultiTrap 96-well filter plate

MultiTrap can be loaded with up to 600 pl of sample in each
well, giving microgram to low milligram amounts of enriched
protein. MultiTrap accommodates both centrifugation and
vacuum protocols and requires less sample preparation time,
since unclarified samples can be loaded directly (Figure 1).

His MultiTrap and GST MultiTrap filter plates are prepacked
with Ni Sepharose™ or Glutathione Sepharose for efficient
high-throughput, multi-parallel screening of polyhistidine-
and glutathione S-transferase (GST)-tagged proteins.

Ni Sepharose media for binding histidine-tagged proteins are
characterized by negligible leakage of nickel ions, high protein
binding capacity and chemical stability with a wide range of
reagents, making them highly suitable for screening additives
and buffers. Two chromatography media are available for
MultiTrap: Ni Sepharose High Performance (34 um beads)
and Ni Sepharose 6 Fast Flow (90 pm beads). Applications
described in this brochure feature histidine-tagged proteins
but the methods are applicable for most tags and proteins.

Centrifugation protocol

Vacuum protocol

Enzymatic and either chemical or mechanical lysis
of cells 10-40 min

Enzymatic and either chemical or mechanical lysis
of cells 10-40 min

To remove storage solution, place
MultiTrap on collection plate

Centrifuge at 500 x g for 2 min

Wash wells with distilled water
Centrifuge at 500 x g for 2 min

Equilibrate with binding buffer
Centrifuge at 500 x g for 2 min

Repeat once

Load unclarified lysate
Incubate for 3 min
Centrifuge at 100 x g for 2 min

Wash with binding buffer
Centrifuge at 500 x g for 2 min
Repeat once

Elute protein with elution buffer
Mix for 1 min

Centrifuge fractions at 500 x g
for 2 min and collect fractions

Repeat twice

To remove storage solution, place
MultiTrap on collection plate

Apply vacuum at -300 mbar for 20-30 sec

Wash wells with distilled water
Apply vacuum at -300 mbar for 20-30 sec

Equilibrate with binding buffer
Apply vacuum at -300 mbar for 20-30 sec

Repeat once

Load unclarified lysate
Incubate for 3 min
Apply vacuum at -160 mbar for 40 sec, -300 mbar for 3 sec

Wash with binding buffer
Apply vacuum at -300 mbar for 45 sec
Repeat twice
After last wash, remove any foam under the filter plate

Elute protein with elution buffer
Mix for 1 min

Apply vacuum at -160 mbar for 45 sec to
1 min*, -300 mbar for 2 sec

Repeat twice
*If elution is incomplete, increase time

pg to low mg amounts of enriched protein

Fig 1. Centrifugation protocol (left) for purifying tagged
proteins using MultiTrap. A typical automated method is
executed in 60 minutes.

As well as for tagged protein applications, MultiTrap products
are available for:

¢ Antibody purification

e Protein enrichment by immuno-affinity

e Desalting, buffer exchange, and cleanup of proteins and
carbohydrates

For more information, please visit www.gelifesciences.com/trap.

Vacuum protocol (right) for purifying tagged proteins
using MultiTrap. A typical automated method is executed
within one hour.



Automated solutions for
screening and purification

Freedom EVO - flexible automation

Freedom EVO® is a flexible liquid handling workstation, to which
a range of modules can be easily integrated for the automation
of recombinant protein screening and purification steps, including:
¢ Cell transformation, cell lysis and sample preparation

e Purification using Te-VacS™ vacuum separation module

Centrifugation
e Result analysis using Infinite™ 200

¢ Protein crystallization

Freedom EVO

Freedom EVO and MultiTrap - high quality partners

The combination of Tecan Freedom EVO and GE Healthcare
MultiTrap gives reliable, automated, parallel, one-step purifi-
cation of tagged proteins from plate preparation, sample

application, washing and elution, through to analysis.

For more information, please visit www.tecan.com

Infinite 200 - flexible detection for all applications

The Infinite 200 series of microplate readers offers all main
detection technologies for 6- to 384-well plates, PCR plates

and cuvettes in one easy-to-use instrument. Advanced optics
for fluorescence, luminescence and absorbance provide out-
standing flexibility for all life science applications. The Infinite 200
series uses quad4 monochromators™ technology for excellent
sensitivity, or a patented filter system for routine applications.

Infinite 200 -

AKTAxpress - unattended protein purification |-

Once conditions are optimized with
MultiTrap and Freedom EVO, protein
purification, scale-up is simple using
AKTAxpress™. Fully automated
multistep purification of up to four
different affinity tagged proteins are
achieved in one run, one per module.
Milligram amounts of highly pure
protein are obtained. For increased
throughput, up to 12 different
AKTAxpress modules can be
controlled in parallel by one computer.

AKTAxpressTWIN

High reproducibility

Combining Freedom EVO and MultiTrap ensures high
reproducibility. To demonstrate this, unclarified E. coli lysates
containing histidine-tagged green fluorescence protein
((His) ,-GFP, M, 28 000) and histidine-tagged maltose binding
protein ((His) .-MBP, M, 43 800) were applied in a chessboard
pattern across His MultiTrap HP and purified automatically
on Freedom EVO equipped with Te-VacS vacuum separation
module. Protein concentration was measured by Infinite 200
at 280 nm.

Figure 3 shows the yield of (His) -GFP from His MultiTrap HP.
The results show good well-to-well reproducibility in the yield

of target proteins, with low relative standard deviations (RSD).

The RSD of the yield of purified (His] .-MBP was similar (data
not shown).

Wi il i
Te-VacS vacuum separation module

Amount eluted (His)s-GFP (pg)

Well number

Fig 2. Reproducibility in the yield of purified (His),-GFP from the first elution. Replicate runs showed a relative
standard deviation of 3.6% in the amount of protein recovered in the first elution. The average yield from
the first elution was 441 pg. A second elution can add as much as 25% to the total recovery of protein

(an additional 120 ug in this example).

Summary

Tecan automation and GE Healthcare MultiTrap give consistent well-to-well performance, so that detected differences

can be attributed to the protein constructs.



Screening of buffer conditions

Ninety-six buffer conditions were simultaneously screened pH ranging from 6.0 to 8.5 were screened (Table 1). For each
to find optimum purification conditions of expressed target of the eight buffers, 12 buffer solutions with varying NaCl,
protein by a parallel, fully automated, one-step purification glycerol and B-mercaptoethanol were screened (Table 2).
approach on a single MultiTrap filter plate, using Tecan Binding buffer contained 50 mM imidazole, and elution buffer
Freedom EVO liquid handling workstation and a centrifuge. contained 500 mM imidazole.

Clarified E. coli lysates containing histidine-tagged Nurr1 ligand SDS-PAGE was used to determine the recovery of the target
binding domain (His-Nurr1-LBD) (M, 26 000), a transcription protein from the lysate (Fig. 3).

factor crucial for the development of dopamine neurons, was
applied to His MultiTrap FF. Eight buffer solutions with varying

Table 1. Buffers tested at a range of pH

25 mM MES, pH 6.0 25 mM HEPES, pH 7.5

25 mM sodium phosphate, pH 7.5 25 mM Tris, pH 8.5

Buffer screening

Table 2. Concentrations of additives in the buffer

B-mercaptoethanol (%) : £ 0.05

£0.05
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Fig 3.

Coomassie™ stained SDS-PAGE analysis of eluted His-Nurr1-LBD.
For each of eight buffers (Table 1), 12 buffer compositions were
analyzed, with varying concentrations of NaCl, glycerol and
-mercaptoethanol (Table 2). The arrows indicate the position
of target protein, His-Nurr1-LBD. The highest amount of purified
protein was recovered in the buffer at pH 8.5 (25 mM Tris,

100 mM NaCl, 10% glycerol, pH 8.5).

MultiTrap and Freedom EVO

Summary
Buffer screening using MultiTrap and Freedom EVO shortens the process of finding optimal conditions for solubility.
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Scaling up protein production

Using the optimal conditions established by buffer screening,
purification of the target protein was scaled up 20 times from
50 plto 1 ml, from His MultiTrap FF to HisTrap™ FF, 1ml (Fig 4A).
The second purification step was carried out with the prepacked
gel filtration column HiLoad™ 16/60 Superdex™ 200 pg (Fig 48).

Wash Elute Gel filtration
mAU | T >

1500

1000

500

Fig 4A. Chromatogram from the entire run shows the
first IMAC step with HisTrap FF and the second gel filtration
step with HiLoad 16/60 Superdex 200 pg.

B1234 56 789101112 B13 14
M, x 10’

80 —

60 —
50 —
40 —

30 —

o FEFi (N
L]

|

e e - —-—

20 — —

Fig 5. SDS-PAGE (Coomassie staining) purity analysis of peak
fractions collected from the second gel filtration purification
step (reduced conditions). B: molecular weight markers.

Summary

AKTAxpress system was programmed to run a two-step
purification. High purity target protein was obtained, and
a mixture of monomer, dimer and trimer could be observed
in the eluted peaks from the gel filtration column under the
buffer conditions used.

Dimer
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100 Trimer| | Monomer
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]
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Fig 4B Zoom of the second purification step performed
on AKTAxpress using HiLoad 16/60 Superdex 200 pg.

-~

HisTrap

Screening of expression and purification conditions secures successful results when scaling up the purification.

Acknowledgments: Ruth Steele and Dr Bruce Grasberger, Johnson and Johnson, Exton, USA
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Minimal cross-co

The combination of automation and vacuum control protocols
ensures minimal contamination between wells. Clarified E. coli
lysate containing histidine-tagged enhanced green fluorescent
protein ((His) -EGFP, M, 28 000) and histidine-tagged kinase
((His).-kinase, M, 43 800) were applied in a chessboard pattern
across one His MultiTrap HP plate (Fig 6A). Eluates from each
well were analyzed by SDS-PAGE. The entire protocol was carried
out using a Tecan liquid handling workstation and the Te-VacS
vacuum separation module. No significant cross-contamination
was seen in SDS-PAGE analysis (Fig 6B).
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Fig 6A. Chessboard sample application scheme.
K: (His) -kinase
E: (His),-EGFP

lysate eluate
MK E KE K E K E K EKEIK E.K EKEKTEIKTEKEM M
T " g

~

—188

- w -9

—62

=1 . —a9

= e @ = e = - e e W e oy . 3
— — — — — — - — -_— —

- = . —2

4
—17
—14

—6

row‘ABCDEFGH“BCDEFGH“BCDEFGﬂ
column 1 . 2 g i

Fig 6B. Coomassie-stained SDS-PAGE analysis (reduced
conditions) of purified (His).-kinase and (His),-EGFP using His
MultiTrap HP.

Lanes:

M: molecular weight markers
K: ((His)-kinase, M, 43 800) in lysate and eluates of 12 wells
E: ((His),-EGFP, M, 28 000) in lysate and eluates of 12 wells

“The apparent absence of cross-contamination between GFP and kinase was further analyzed by fluorescence.
This more sensitive read-out demonstrated the reliability of the system, as there is at least a 20-fold difference in signal
between the two sets. MultiTrap plates on a Tecan system are a winning combination.”

Dr. Arndt Schmitz, Bayer Schering Pharma AG, Berlin, Germany.

Acknowledgments: Mario Mann, Dr Guido Malawski and Dr Arndt Schmitz, Bayer Schering Pharma AG, Berlin, Germany
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High-throughput expression
screening and purification

MAPKAP kinase 2 (MK2, M, 38 000) is a key enzyme in the inflam-
mation pathway and is therefore an attractive drug target for
cancer therapy. A large set of variants and mutants of MK2
were expressed with histidine tags and screened for expression
and purification.
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High-throughput expression screening

Expression levels of 24 different histidine-tagged truncated
variants of kinase were expressed in a transient insect cell
system (to obtain post-translational modifications) and screened
to purify the proteins for further crystallization studies. All 24
variants were purified in parallel using His MultiTrap HP and the
Tecan liquid handling workstation with the vacuum protocol,
and the eluted fractions were analyzed by SDS-PAGE (Fig 7).
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Fig 7. SDS-PAGE analysis of eluates of histidine-tagged truncated
variants of kinase, expressed in transient insect cell system for 72
h. Lanes 06-31: histidine-tagged variants of kinase, E: enhanced

Summary

green fluorescent protein (untagged, transfection positive control),
C: non-transfected Hi5 cells, B1 to B4: 0.5,0.75, 1.0 and 1.5 pg
BSA respectively.

Use of MultiTrap with Tecan automation for parallel screening of expression improved project timeliness and the success
of subsequent steps in the workflow, such as X-ray crystallographic studies.

Reference

Malawski G. et al. Identifying protein construct variants with increased crystallization propensity - A case study.

Protein Science 15, 2718-2728 (2006).

Acknowledgments: Mario Mann, Dr. Guido Malawski and Dr. Arndt Schmitz, Bayer Schering Pharma AG, Berlin, Germany.
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Ordering information

Product Quantity Code No.

His MultiTrap FF 4 x 96 well plates 28-4009-89
His MultiTrap HP 4 x 96 well plates 28-4009-90
GST MultiTrap 48 4 x 96 well plates 28-4055-00
GST MultiTrap FF 4 x 96 well plates 28-4055-01
PD MultiTrap G-25 4 x 96 well plates 28-9180-06
Protein G HP MultiTrap 4 x 96 well plates 28-9031-33
Protein A HP MultiTrap 4 x 96 well plates 28-9031-35
Streptavidin HP MultiTrap 4 x 96 well plates 28-9031-31
Collection plate, 500 pl V-bottom 5 x 96 well plates 28-4039-43
AKTAxpress TWIN Chromatography system 11-0012-84
AKTAxpress module for system extension Chromatography system 18-6645-01

www.gelifesciences.com/trap

www.gelifesciences.com/protein-purification for more information about HiTrap ™, HiPrep™, HiLoad prepacked columns and other chromatography systems.

Freedom EVO - specifications

General hardware features

Robotic arms Liquid handling arms, robotic manipulators, several multi-channel options

Tip configuration 1, 2, 4, 8 tips, various combinations of application-oriented tip types

Tip types Standard (Teflon™-coated stainless steel) and disposable tips with or without filter
(10/200/1000 pl); low-volume tips for high-density format applications

Syringe sizes 25/50/250/500/1000/2500/5000 pl

Liquid handling features

Volume range 0.5 pl-5000 pl
Pipetting precision Volume Standard tips Disposable tips
200 pl 1000 pl
10 ul <3.0% <3.0% -
100 pl <0.5% <0.5% <1.0%

www.tecan.com for more information about Tecan Freedom EVO platforms, Te-VacS and Tecan readers such as Infinite 200.
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GE, imagination at work, and GE monogram are trademarks
of General Electric Company.

All third party trademarks are the property of their respective
owners.

HiLoad, HiPrep, HiTrap, MultiTrap, Superdex, HisTrap,
Sepharose and AKTAxpress are trademarks of
GE Healthcare companies.

Alicense for commercial use of GST gene fusion vectors
must be obtained from Chemicon International Inc.
28820 Single Oak Drive, Temecula California 92590, USA.

Purification and preparation of fusion proteins and affinity
peptides comprising at least two adjacent histidine residues
may require a license under US pat 5, 284,933 and US
pat 5,310,663, including corresponding foreign patents
(assigne: Hoffman La Roche, Inc).

© 2007 General Electric Company—All rights reserved.
First published October 2007

All goods and services are sold subject to the terms and
conditions of sale of the company within GE Healthcare

which supplies them. A copy of these terms and conditions
is available on request.

Contact your local GE Healthcare representative for the

most current information.

GE Healthcare Bio-Sciences AB
Bjorkgatan 30, 751 84 Uppsala
Sweden

GE Healthcare Europe, GmbH
Munzinger Strasse 5, D-79111 Freiburg
Germany

GE Healthcare Bio-Sciences Corp.
800 Centennial Avenue, PO. Box 1327
Piscataway, NJ 08855-1327

USA

GE Healthcare Bio-Sciences KK
Sanken BIdg., 3-25-1, Hyakunincho
Shinjuku-ku, Tokyo 169-0073
Japan

For contact information for your local office,
please visit: www.gelifesciences.com/contact

GE Healthcare Bio-Sciences AB
Bjorkgatan 30

751 84 Uppsala

Sweden

www.gelifesciences.com

Tecan Group Ltd. makes every effort to include accurate
and up-to-date information within this publication,
however, it is possible that omissions or errors might have
occurred. Tecan Group Ltd. cannot, therefore, make any
representations or warranties, expressed or implied, as to
the accuracy or completeness of the information provided
in this publication. Changes in this publication can be made
at any time without notice. All mentioned trademarks are
protected by law.

For technical details and detailed procedures of the
specifications provided in this document please contact
your Tecan representative. This brochure may contain
reference to applications and products which are not
available in all markets. Please check with your local
sales representative.

The applications described here are for research use only.

Freedom EVO is a registered trademark and Infinite, quad4
monochromator and Te-VacS are trademarks of Tecan
Group Ltd., Mdnnedorf, Switzerland.

© 2007, Tecan Trading AG, Switzerland, all rights reserved.

Tecan® is in major countries a registered trademark of
Tecan Group Ltd., Mdnnedorf, Switzerland.
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