
Instructions 71500187 AF Affinity chromatography

Chelating Sepharose™ Fast Flow
Immobilizedmetal ionaffinity chromatography (IMAC) exploits amolecule's
affinity for chelatedmetal ions. The amino acid histidine present in many
proteins forms complexes with transition metal ions such as Cu2+, Zn2+,
Ni2+, and Fe3+. Chelating Sepharose Fast Flowwith a suitable immobilized
metal ion will therefore selectively retain proteins with exposed histidine.
Exposed cysteine and tryptophane residues can also be involved in the
binding to an immobilized metal ion but their contribution to the binding
is much lower than the contribution from exposed histidine residues.

The strength of binding is affected by the buffer pH and the metal ion
selected.

Chelating Sepharose Fast Flow consists of iminodiacetic acid groups
coupled to Sepharose 6 Fast Flow by stable ether linkages via a 7-atom
spacer.

BioProcess™ chromatography resins are developed and supported for
production-scale chromatography. BioProcess resins are produced with
validated methods and are tested to meet manufacturing requirements.
Secure ordering and delivery routines give a reliable supply of resin for
production-scale. Regulatory Support Files (RSF) are available to assist
process validation and submissions to regulatory authorities. BioProcess
resins cover all purification steps from capture to polishing.
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Read these instructions carefully before using the products.

Safety

For use and handling of the products in a safe way, refer to the
Safety Data Sheets.

2 71500187 AF



1 Product Description
Table 1. Characteristics of Chelating Sepharose Fast Flow

Cross-linked agarose, 6%, sphericalMatrix
~ 90 µmParticle size, d50v 1

30 to 37 µmol Cu2+/mL resinIonic capacity
≥ 300 cm/h at 0.1 MPa in an XK 50/30
columnwith 5 cmdiameter and15 cmbed
height (at 25°C usingbufferswith the same
viscosity as water) 2

Pressure/flow characteristics

0.1 MPa (1.0 bar, 14.5 psi) 3Recommended maximum
operating pressure

3 to 13pH stability, operational 4

2 to 14pH stability, CIP 5

4 to 8.5Functional pH 6

Stable to commonly usedaqueousbuffers,Chemical stability
0.01 M HCl
6 M guanidine hydrochloride
8 M urea
1.0 M NaOH 7

20% ethanol
Negligible volume variation due to
changes in pH or ionic strength

Physical stability

4ºC to 40ºCOperating temperature
20% ethanol, 4ºC to 30ºCStorage

1 Median particle size of the cumulative volume distribution
2 The pressure/flow characteristics describes the relationship between pressure and flow

under the set circumstances. The pressure given must not be taken as the maximum
pressure of the resin.

3 30 cm diameter, bed height 20 cm
4 pH range where resin can be operated without significant change in function
5 pH range where resin can be subjected to cleaning- or sanitization-in-place without

significant change in function
6 Complex with metal ions
7 1.0 M NaOH must only be used for cleaning purposes.
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2 Column packing
Chelating Sepharose Fast Flow is supplied preswollen in 20%ethanol.
Prepare a slurry by decanting the 20%ethanol solution and replacing
it with ultra pure water in a ratio of 75% settled resin to 25% ultra
pure water.

Table 2. Recommended lab-scale columns for Chelating Sepharose Fast Flow
Max. recommended flow
rate for chromatography
(mL/min)

Packing flow rate (mL/min)Empty column 1

second stepfirst step

58.72.5HiScale™ 16/20
58.72.5HiScale 16/40
13236.6HiScale 26/20
13236.6HiScale 26/40
498524.5HiScale 50/20
498524.5HiScale 50/40
24.70.9Tricorn™ 10/20
24.70.9Tricorn 10/50
24.70.9Tricorn 10/100
24.70.9Tricorn 10/150
24.70.9Tricorn 10/200
24.70.9Tricorn 10/300
58.72.5XK 16/20
13236.6XK 26/20
498524.5XK 50/20
498524.5XK 50/30

1 For inner diameter andmaximumbed volumes and bed heights, seeOrdering information

Table 3. Recommended process-scale columns for Chelating Sepharose Fast
Flow

Bed height, max
(cm)

Bed volume (L)Inner diameter
(mm)

Column

50up to 16.750 to 200AxiChrom
50up to 1005300 to 1600AxiChrom
26up to 2.0100BPG 100/500
26up to 4.0140BPG 140/500
26up to 8.2200BPG 200/500
26up to 18.0300BPG 300/500
2336.0450BPG 450/500
3013 to 37400Chromaflow™

400/100-300
3028 to 85600Chromaflow

600/100-300
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Packing lab-scale columns

ActionStep

Assemble the column (and packing reservoir if necessary).1

Remove air from the end-piece and adapter by flushingwith
water. Make sure no air has been trapped under the column
bed support. Close the columnoutlet leaving thebed support
covered with water.

2

Resuspend the resin and pour the slurry into the column in
a single continuousmotion. Pouring the slurry down a glass
rod held against the column wall will minimize the
introduction of air bubbles.

3

If using a packing reservoir, immediately fill the remainder
of the column and reservoir with water. Mount the adapter
or lid of the packing reservoir and connect the column to a
pump. Avoid trapping air bubbles under the adapter or in
the inlet tubing.

4

Open the bottom outlet of the column and set the pump to
run at the desired flow rate. Ideally, Sepharose 6 Fast Flow
resins are packed in XK or Tricorn columns in a two-step
procedure: Do not exceed 0.05 MPa (0.5 bar, 7.3 psi) in the
first step and 0.15 MPa (1.5 bar, 21.8 psi) in the second step.

5

If the packing equipment does not include a pressure gauge,
use a packing flow rate of 2.5 mL/min (XK 16/20 column) or
0.9 mL/min (Tricorn 10/100 column) in the first step, and
8.7mL/min (XK 16/20 column) or 4.7mL/min (Tricorn 10/100
column) in the second step. See Table 3 for packing flow
rates for other columns.

6

If the recommended pressure or flow rate cannot be
obtained, use themaximum flow rate your pumpcandeliver.
This usually also gives a wellpacked bed.
Note:
For subsequent chromatography procedures, do not exceed
75% of the packing flow rate. See Table 3 for flow rates for
chromatography.
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ActionStep

Maintain packing flow rate for at least 3 bed volumes after
a constant bed height is reached. Mark the bed height on
the column.

7

Stop the pump and close the column outlet.8

If using a packing reservoir, disconnect the reservoir and fit
the adapter to the column.

9

With the adapter inlet disconnected, push the adapter down
into the column until it reaches the mark. Allow the packing
solution to flush the adapter inlet. Lock the adapter in
position.

10

Connect the column to apumpor a chromatography system
and start equilibration. Re-adjust the adapter if necessary.

11

Packing large-scale columns
For general process-scale columnpacking instructions, visit support
section at www.gehealthcare.com/protein_purification
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3 Evaluation of packed column
Introduction

Thepackingquality needs to be checkedby columnefficiency testing.
The test must be done after the packing, and at regular intervals
during the working life of the column, and also when the separation
performance is deteriorated.

Column efficiency testing
The best method of expressing the efficiency of a packed column is
in terms of the height equivalent to a theoretical plate (HETP) and
the asymmetry factor (As). The values are easily determined by
applying a test sample such as 1% acetone solution or sodium
chloride to the column.
Note:
Use a concentration of 0.8 MNaCl in water as sample and 0.4 MNaCl
in water as eluent.

The calculated plate number depends on the test conditions and
must only be used as a reference value. It is important that the test
conditions and the equipment are the same so that the results are
comparable.
Note:
Changing the solute, solvent, eluent, sample volume, flow velocity,
liquid pathway, temperature, chromatography system, etc., influence
the results.

For more information about column efficiency testing, consult the
application note Column efficiency testing (Product code: 28937207).

For optimal column efficiency results, the sample volume must be
approximately 1% of the column volume and the flow velocity
30 cm/h. If an acceptance limit is defined in relation to column
performance, the column plate number can be used as one of the
acceptance criteria for the column use.
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Method for measuring HETP and As
Calculate HETP and AS from the UV curve (or conductivity curve) as
follows:

L = bed height (cm)L

N
HETP =

N = number of theoretical plates

VR = volume eluted from the start of
sample application to the peak
maximum.

VR

Wh

N = 5.54 × 

2

Wh = peak width measured as the
width of the recorded peak at half of
the peak height.
VR and Wh are in the same units.

The concept of reduced plate height is often used for comparing
column performance.

The reduced plate height, h, is calculated as follows:

d50V = Median particle size of the
cumulative volume distribution (cm)

HETP

d
50v

h = 

As a guideline, a value of < 3 is very good.

The peak must be symmetrical, and the asymmetry factor as close
to 1 as possible. A typical acceptable range could be 0.8 < AS < 1.5.

A change in the shape of the peak is usually the first indication of
bed deterioration due to excessive use.

Peak asymmetry factor calculation:

a = ascending part of the peak width
at 10% of peak heightb

a
As = b = descending part of the peakwidth

at 10% of peak height

The Figure below shows a UV trace for acetone in a typical test
chromatogram from which the HETP and As values are calculated.
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Fig 1. A typical test chromatogram showing the parameters used for HETP
and As calculations.
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4 Immobilized Metal Ion Affinity
Chromatography (IMAC)

Charging the columns with metal ions

ActionStep

Prepare a 0.2 M solution of the desiredmetal ion (Cu2+, Zn2+,
Ni2+, Co2+, Fe3+, etc.) in ultra pure water. Solutions of Zn2+

ions must have a pH of approximately 5.5 or lower to avoid
solubillity problems that arise at pH 6 or higher. Fe3+ ions
must be immobilized at low pH, approximately pH 3.0, to
avoid formation of insoluble ferric compounds.

1

Wash the column with at least 2 column volumes (CV) of
ultra pure water.

2

Apply approximately 0.2 CV of the metal ion solution to the
column.

3

Wash the column with at least 5 CV ultra pure water to
remove excess of metal ions.

4

Continuewashing the columnwith at least 5 CV of an acidic
buffer [0.02 M sodium acetate, 0.5 to 1.0 M NaCl, pH 4.0] or
until the pH of the effluent is 4.0. This will elute loosely bound
ions that might otherwise leak out during
adsorption/desorptionphase of the actual chromatographic
step.

5

Equilibrate the column with at least 2 CV of the chosen
binding buffer (see recommedations below). The column is
now ready for chromatographic seperation of the sample
components.

6
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Note:
In neutral aqueous solutions, Fe3+ ions are easily reduced to form
insoluble compounds that can be hard to remove. Columns loaded
with Fe3+ should therefore not be left for a longer period of time in
neutral solutions. It is also advisable to strip off the immobilized Fe3+

ions after each run and recharge the column as required. Strongly
bound Fe3+ ions and ferric compounds can be removed by leaving
the resin in 0.05 M EDTA overnight.

Binding

The binding of target solute(s) froma complex biological sample onto
an IMAC adsorbent charged with transition metal ions (Cu2+, Zn2+,
Ni2+, Co2+) is usually carried out in the pH interval of 5.5 to 8.5. The
binding is often strongest at the upper end of this interval.

Care must be taken in preparing the sample for IMAC. The sample
must not contain chelating agents such as EDTA or citrate and higher
concentrations of competing ions such as primary amines or
imidazole/histidine. It is advisable that the sample (and buffers used
for the chromatographic step) contains 0.5 to 1.0 M of a neutral salt
(NaCl, KCl, etc) to counteract possible ionic interactions.

The choice of binding buffer depends on the properties of the
chelatedmetal ion and the binding characteristics of the solute. For
immobilized transition metal ions, the following equilibration and
binding buffers are recommeded:

• 0.02 to 0.05 M sodium phosphate buffer, containing 0.5 to
1.0 M NaCl, pH 6.8, or higher

• 0.05 M Tris-HCl, containing 0.5 to 1.0 M NaCl, pH 7.0, or higher
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The well-prepared sample is applied to the equilibrated column at
a flow velocity of 150 cm/h, or higher. This is followed by washing
out of unbound soluteswith at least 5 CV equilibration buffer or until
the A280 of the solutes effluent is at or near the base line. The bound
solutes are then eluted as described below.
Note:

1 For screening experimets (and especially when the binding
characteristics of the target solute is unknown), it is advisable to
use Cu2+ ions immobilized to Chelating Sepharose Fast Flow since
Cu2+ ions have the broadest adsorbtion specificity for proteins
and peptides (see also Choice of metal ions).

2 The presence of detergents in low concentration in the binding
buffers does not normally affect the adsorption of proteins.

3 A partial displacement of immobilizedmetal ions can sometimes
occur as the protein is bound to the adsorbent.

Elution

Elution of solutes bound to the column is achieved by one of three
alternative procedures.

1 Reducing pH (linear or stepwise decrease in pH). Weakly bound
proteins are eluted already at pH 6.0 while strongly bound
proteins are eluted successively when pH is lowered from 6.0 to
4.0 If the target protein is strongly bound, it is advisable to check
its stability in an acidic environment. The following buffers can
be used:

Binding buffer: 0.02 M sodium phosphate, 0.5 to 1.0 M NaCl,
pH 7.0

Elution buffer: 0.02 M sodium phosphate (alternatively sodium
acetate), 0.5 to 1.0 M NaCl, pH 4.0

2 Competitive elution (linear or stepwise increase in the
concentration of a competing ion, at constant pH). The most
commonly used competing ions are: imidazole (0 to 0.05 M);
histidine (0 to 0.05 M) or ammonium chloride (0 to 2 M). The
following buffers can be used:

Binding buffer: 0.02 M sodium phosphate, 0.5 to 1.0 M NaCl,
pH 7.0
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Elution buffer: 0.02 M sodium phosphate, 0.5 to 1.0 M NaCl,
1 M NH4Cl (or 0.025 M imidazole), pH 7.0

3 Stripping of the immobilized metal ions This procedure will
strip the metal ions from the resin and cause elution of bound
proteins. This procedure is not often recommended. It can also
be used to wash out denatured or precipitated protein. For this
purpose, a 0.05 M solution of EDTA or EGTA, containing 0.5 to
1.0 M NaCl, (pH adjusted to 7.0), is used.

5 Choice of metal ions
When choosing the desired metal ion, consider the structural
requirements underlying the basis of metal chelate-protein
recognition.

Ni2+ is usually the the first choice metal ion when purifying most
histidinetagged recombinant proteins from cellular contaminants.
The strength of binding between a protein and ametal ion is affected
by several factors, including the length and position of the affinity
tag on the protein, the type of ion used, and the pH of buffers. Some
histidine-tagged proteins might therefore be easier to purify with
ions other than Ni2+, for example, Zn2+ and Co2+.

In other cases, i.e., for non-tagged proteins, Cu2+ and Zn2+metal ions
are themost frequently used. Cu2+ ions bind strongly to awide range
of proteins and some proteins will only bind to them. For screening
experiments (and especially when the binding characteristics of the
target protein is unknown), it is advisable to useCu2+ ions immobilized
to Chelating Sepharose Fast Flow. Zn2+ ions generally give a weaker
binding and in some cases this can be exploited to achieve selective
elution of a target protein. In some applications, Co2+, Fe3+ and Ca2+

have also been used.

Ni Sepharose 6 Fast Flow is an additional IMAC product offering from
GE and this product is precharged with nickel and is designed for
purification of histidine-tagged proteins (see Section 7 Ordering
information, on page 17).

71500187 AF 13



Another IMAC resin in the GE offering is IMAC Sepharose 6 Fast Flow.
They are uncharged resins, allowing the user to customize the charge
to the target protein. These resins are commonly used to purify
his-tagged proteins, but also untagged recombinant or native
proteins.
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6 Regeneration, Cleaning, Sanitization,
and Storage
Regenerating the resin

Before the resin is immobilized with a newmetal ion, the resin must
be stripped or regenerated. Tomake sure that the resin is totally free
from metal ions wash with 0.5 column volumes of a 0.2 M solution
of EDTA, 0.5 M NaCl. Remove residual EDTA by washing with 2 to 3
column volumes of 0.5 M NaCl.

Re-immobilization of the resin is performed according to themethod
previously described (see Charging the columns with metal ions).

Strongly bound ferric ions and ferric compounds can be removed
by leaving the resin in 0.05 M EDTA overnight.

In some applications, substances such as denatured proteins or
lipids do not elute in the regeneration procedures. These can be
removed by cleaning-in-place procedures.

Cleaning-in-place (CIP)

Remove ionically bound proteins by washing the column with at
least 0.5 column volumes of a 2 M NaCl solution, contact time 10 to
15 minutes, reversed flow direction.

Remove precipitated proteins, hydrophobically bound proteins and
lipoproteins by washing the column with 1.0 M NaOH solution at a
flow velocity of approximately 40 cm/h, contact time 1 to 2 hours,
reversed flow direction.

In both cases, wash with at least 3 bed volumes of starting buffer.

Remove strongly hydrophobically bound proteins, lipoproteins, and
lipids by washing the column with 4 bed volumes of up to 70%
ethanol, reversed flow direction. Apply increasing gradients to avoid
air bubble formation when using high concentrations of organic
solvents.
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CAUTION
Specific regulations may apply when using
70% ethanol since it can require the use of
explosion-proof areas and equipment.

Alternatively, wash the column with 2 bed volumes of detergent in
a basic or acidic solution. Use, for example, 0.1% to 0.5% nonionic
detergent in 0.1 M acetic acid. Wash at a low flow velocity of
approximately 40 cm/h, contact time 1 to 2 hours, reversed flow
direction. After treatment with detergent, always remove residual
detergent by washing with 5 bed volumes of 70% ethanol.

In both cases, wash with at least 3 bed volumes of binding buffer.

Sanitization

Sanitization reduces microbial contamination of the resin to a
minimum.

Wash the column with 0.5 to 1.0 M NaOH at a flow velocity of
approximately 40 cm/h, contact time 30 to 60 minutes, reversed
flow direction.

Re-equilibrate the columnwith 3 to 5 bed volumes of sterile binding
buffer. Column performance is normally not significantly changed
by the cleaning-in-placeor sanitization procedures described above.

Storage

Store the resin for longer periods of time in 20% ethanol or in
0.01 M NaOH 1 .

1 Inmost cases, no long term stability data has been generated byGE in 0.01MNaOH.
In some cases, accelerated studies at elevated temperature indicate that storage
in 0.01 M NaOH can be a viable option but no guarantees can be made regarding
retained function of the product.
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7 Ordering information
Product codeQuantityProduct

1705750150 mLChelating Sepharose Fast Flow
17057502500 mLChelating Sepharose Fast Flow
170575045 LChelating Sepharose Fast Flow

Product codeQuantityRelated products
1753180125 mLNi Sepharose 6 Fast Flow
17531802100 mLNi Sepharose 6 Fast Flow
17531803500 mLNi Sepharose 6 Fast Flow
175318041 LNi Sepharose 6 Fast Flow
175318055 LNi Sepharose 6 Fast Flow
175319015 x 1 mLHisTrap FF
175255015 x 5 mLHisTrap FF
289365511 x 20 mLHisTrap FF
175247015 x 1 mLHisTrap HP
175248025 x 5 mLHisTrap HP
170408015 x 1 mLHiTrap Chelating HP
170409035 x 5 mLHiTrap Chelating HP
289644411HiScale 16/20 column, 16 mm i.d.

max 40 mL bed volume, bed height up to 20
cm

289644241HiScale 16/40 column, 16 mm i.d.
bed flow 16 to 80 mL, bed height 8 to 40 cm

289645141HiScale 26/20 26 mm i.d.
max bed volume 106 mL, bed height 20 cm

289645131Hiscale 26/40 column, 26 mm i.d.
bed volume 69 to 212 mL, bed height max
20cm

289644451HiScale 50/20 column, 50 mm i.d.
max bed volume 393mL, bed heights up to 20
cm

289644441HiScale 50/40 column, 50 mm i.d.
bed volume 274 to 785 mL, bed heights 14 to
40 cm

289505174.7 mLHiScreen IMAC FF
170921011 mLHiTrap IMAC FF
170921035 mLHiTrap IMAC FF
1709210725 mLIMAC Sepharose 6 Fast Flow
17092108100 mLIMAC Sepharose 6 Fast Flow
170921105 LIMAC Sepharose 6 Fast Flow
170921091 LIMAC Sepharose 6 Fast Flow
284064131Tricorn 10/20 column, 10 mm i.d.

max 2.2 mLbed volume or 2.8 cm bed height
284064141Tricorn 10/50 column, 10 mm i.d.

max 4.5 mLbed volume or 5.8 cm bed height
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Product codeQuantityRelated products
284064151Tricorn 10/100 column, 10 mm i.d.

max 8.5 mL bed volume or 10.8 cm bed height
284064161Tricorn 10/150, 10 mm i.d.

7.6 to 12.3 mL bed volume, 9.6 to 15.6 cm bed
height

284064171Tricorn 10/200, 10 mm i.d.
11.5 to 16.2 mL bed volume, 14.6 to 20.6 cm
bed height

284064181Tricorn 10/300, 10 mm i.d.
19.4 to 24.1 mL bed volume, 24.6 to 30.6 cm
bed height

188773011XK 16/20 column, 16 mm i.d.
max 30 mL bed volume or 15 cm bed height

181000721XK 26/20 column, 26 mm i.d.
max 65 mL bed volume or 12.5 cm bed height

181000711XK 50/20 column, 50 mm i.d.
max 270 mL bed volume or 14 cm bed height

188751011XK 50/30 column, 50 mm i.d.
max 550mLbed volumeor 28.5 cmbedheight

Literature
181142751Recombinant Protein Handbook, Protein

Amplification and Simple Purification
181022291Affinity ChromatographyHandbook, Principles

and Methods
181121861Affinity Chromatography Columns and Media

Product Profile
18111523Datafile BPG columns
18116059Datafile BPG 450 columns
18113892Datafile Chromaflow columns
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For local office contact information, visit
www.gelifesciences.com/contact

GE Healthcare Bio-Sciences AB
Björkgatan 30
751 84 Uppsala
Sweden

www.gelifesciences.com

GE, the GE Monogram, BioProcess, Chromaflow, HiScale, Sepharose, and Tricorn are trademarks
of General Electric Company.

© 2005-2018 General Electric Company

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

GE Healthcare UK Limited
Amersham Place, Little Chalfont, Buckinghamshire, HP7 9NA, UK

GE Healthcare Bio-Sciences Corp.
100 Results Way, Marlborough, MA 01752, USA

HyClone Laboratories, Inc.
925 W 1800 S, Logan, UT 84321, USA

GE Healthcare Japan Corporation
Sanken Bldg. 3-25-1, Hyakunincho Shinjuku-ku, Tokyo 169-0073, Japan
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