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1 Introduction

Immobilized metal ion affinity chromatography (IMAC)
exploits a molecule’s affinity for chelated metal 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 Flow with a suitable immobilized
metal ion will therefore selectively retain proteins with exposed
histidine. Exposed cysteine and tryptophane residues may also
be involved in the binding to an immobilized metal ion but
their contribution to the binding is much lower than the contri-
bution 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 Fast Flow by stable ether linkages
via a 7-atom spacer.

Chapter 6 contains specific methods for purification of histidi-
ne-tagged fusion proteins.

Chelating Sepharose Fast Flow belongs to the BioProcess™
Media family. BioProcess Media are separation media develo-
ped, made and supported for industrial scale, especially the
manufacture of health care products. With their high physical
and chemical stability, very high batch-to-batch reproducibility,
and Regulatory Support File back-up, BioProcess Media are
ideal for all stages of an operation - from process development
through scale-up and into production.

Large quantities can be delivered at short notice.
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2 Product description

Table 1. Medium characteristics

Total capacity: 30-37 µmol Cu2+/ml drained medium
Bead structure: 6% highly cross-linked agarose
Bead size range: 45-165 µm
Mean particle size: approx. 90 µm
Linear flow rate: >700 cm/h at 25°C, 0.1 MPa (1 bar,

14.5 psi), K50/30 column, 5 cm bed 
height

Max. operating pressure: 0.3 MPa (3 bar, 42 psi)
pH stability* Long term: 3-13

Short term: 2-14
Chemical stability: All commonly used aqueous buffers,

0.01 M HCl, 1.0 M NaOH, 20% 
ethanol (tested at 40°C for 7 days)

Physical stability: Negligible volume variation due to 
changes in pH or ionic strength

Autoclavable: In 0.1 M sodium acetate at 121°C 
for 30 min

*The ranges given are estimates based on our knowledge and experience. Please note the
following:

pH stability, long term refers to the pH interval where the medium is stable over a long
period of time without adverse effects on its subsequent chromatographic performance.

pH stability, short term refers to the pH interval for regeneration, cleaning-in-place and
sanitization procedures.

3 Packing columns

Chelating Sepharose Fast Flow is supplied pre-swollen in 20%
ethanol. Prepare a slurry by decanting the 20% ethanol solu-
tion and replacing it with distilled water in a ratio of 75% sett-
led medium to 25% distilled water.
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3.1 Recommended columns
Lab-scale columns
• Tricorn™ 5/20 (5 mm i.d.) for bed volumes up to 0.55 ml 

at bed heights up to 2.8 cm
• Tricorn™ 5/50 (5 mm i.d.) for bed volumes up to 1.1 ml 

at bed heights up to 5.8 cm
• Tricorn™ 10/20 (10 mm i.d.) for bed volumes up to 2.2 ml 

at bed heights up to 2.8 cm 
• Tricorn™ 10/50 (10 mm i.d.) for bed volumes up to 4.5ml 

at bed heights up to 5.8 cm
• Tricorn™ 10/100 (10 mm i.d.) for bed volumes up to 8.5 ml

at bed heights up to 10.8 cm.
• XK 16/20 (16 mm i.d.) for bed volumes up to 30 ml at bed

heights up to 15 cm.
• XK 26/20 (26 mm i.d.) for bed volumes up to 80 ml at bed

heights up to 15 cm.
• XK 50/20 (50 mm i.d.) for bed volumes up to 275 ml at bed

heights up to 15 cm.

Large scale columns
• BPG™  variable bed, glass columns. Inner diameters from 

100–450 mm, bed volumes from 2.4–131 litres; bed height
max 83 cm.

• BioProcess™ Stainless Steel (BPSS) fixed bed columns. Inner
diameters from 400–1400 mm; bed volumes from 12–1500
litres, bed height 10–100 cm.

• INdEX™  variable bed columns. Inner diameters from
70–200 mm; bed volumes up to 24.8 litres; bed heights of
max 79 cm.

• CHROMAFLOW™ variable bed columns. Inner diameters
from 280–2000 mm.
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3.2 Packing lab-scale columns
1. Assemble the column (and packing reservoir if necessary).

2. Remove air from the column dead spaces by flushing the
end-piece and adaptor with packing buffer. Make sure no
air has been trapped under the column bed support. Close
the column outlet leaving the bed support covered with
packing buffer.

3. Re-suspend medium stored in its container by shaking
(avoid stirring the sedimented medium). Mix the packing
buffer with the medium to form 50–70% slurry (sedimented
bed volume/slurry volume = 0.5–0.7).

4. Pour the slurry into the column in a single continuous
motion. Pouring the slurry down a glass rod held against
the column wall will minimize the introduction of air bub-
bles.

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

6. Open the bottom outlet of the column and set the pump to
run at the desired flow rate. Ideally, Sepharose 6 Fast Flow
based media are packed at a constant pressure of approxi-
mately 1.5 bar (0.15 MPa). If the packing equipment does
not include a pressure gauge, use a packing flow velocity of
approximately 500 cm/h (10 cm bed height, 25 °C, low vis-
cosity buffer).

If the recommended pressure or flow rate cannot be obtai-
ned, use the maximum flow rate the pump can deliver. This
should also give a reasonably well-packed bed.

Note: Do not exceed 75% of the packing flow velocity in 
subsequent chromatographic procedures using the same
pump.
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7. When the bed has stabilized, close the bottom outlet and
stop the pump.

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

9. With the adaptor inlet disconnected, push down the adap-
tor approximately 2 mm into the bed, allowing the packing
solution to flush the adaptor inlet.

10. Connect the pump, open the bottom outlet and continue
packing. The bed will be further compressed at this point
and a space will form between the bed surface and the
adaptor.

11. Close the bottom outlet. Disconnect the column inlet and
lower the adaptor approximately 2 mm into the bed.
Connect the pump. The column is now ready to use.

3.3 Packing large scale columns
General packing recommendations
Columns can be packed in different ways depending on the
type of column and equipment used. Always read and follow
the relevant column instruction manual carefully.
Sepharose 6 Fast Flow based medium are easy to pack since
their rigidity allows the use of high flow rates, see Figure 1.
Four suitable types of packing methods are given:

• CHROMAFLOW packing.

• Pressure packing (for columns with adaptors).

• Suction packing (for large columns with fixed bed heights).

• Hydraulic pressure packing.
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How well the column is packed will have a major effect on the
result of the separation. It is therefore very important to pack
and test the column according to the following recommenda-
tions.
Begin the packing procedure by determining the optimal pack-
ing flow rate. Guidelines are given below for determining the
optimal packing flow rates for columns with adaptors and
fixed bed heights.

Determining optimal packing flow rate
The optimal packing flow rate is dependent on column size and
type, bed height, packing solution and temperature. The opti-
mal packing flow rate must therefore be determined empirically
for each individual system.

To determine the optimal packing flow rate, proceed as fol-
lows:

1. Calculate the exact amount of medium needed for the slurry
(this is especially important for columns with fixed bed

Figure 1. Pressure/flow rate curve for Sepharose 6 Fast Flow media.



heights). The quantity of medium required per litre packed
bed is approximately 1.15 litre sedimented medium.

2. Prepare the column exactly as for column packing.

3. Begin running the column at a low flow rate (e.g. 30% of
the expected maximum flow rate) and record the flow rate
and back pressure when the bed is packed and the pressure
has stabilized.

4. Increase the flow rate in small steps and record the flow rate
and pressure at each step after the pressure has stabilized.

5. Continue recording flow and pressure until the maximum
flow rate has been reached, i.e. when the flow rate levels off
at a plateau indicating bed compression or when the pressure
reaches the pressure specification of the column used.

6. Plot pressure against flow rate as indicated in Figure 1. The
optimal packing flow rate/pressure is 70–100% of the maxi-
mum flow rate/pressure.

The operational flow rate/pressure should be <70% of the
packing flow rate/pressure.

Note: For BPSS columns, first pack the column by suction
packing at a low flow rate. Then determine the flow/pressure
characteristics as above by pumping buffer downwards
through the column.

Packing CHROMAFLOW columns
Procedure

Prepare the column for packing as described in the User
Manual.

Packing from the top
1. Set the top nozzle to the pack position (mid-position).

9
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2. Fully retract the bottom nozzle (run position).

3. Ensure that the top mobile phase is closed. 

4. Open the bottom mobile phase.

5. Open inlet (C) and start the packing pump. Adjust the flow
to achieve the required packing conditions for the selected
medium. Monitor column pressure and the outlet flow rate
in order to record column packing parameters. (Remember to
stir the medium slurry during packing to prevent it from sett-
ling.)

6. Continue pumping until the column is fully packed and the
pump stalls due to build-up of medium in its pipelines. Turn
off the packing pump.

7. Fully retract the top nozzle to its run position. Close outlet
(C). Open inlet (B) from the water/buffer tank and open out-
let (D). The pump should now be restarted to rinse the top
slurry lines. (If the nozzle is full of liquid when in the packing
position, make sure that the waste slurry outlet is open befo-
re retracting the nozzle.)

8. To clean-in-place, exchange the buffer tank for wash/buffer
tank containing cleaning solution.

Packing from below
To pack from the bottom, carry out the same procedure for the
connections and flow path via the bottom nozzle. The column
is now ready to equilibrate and test.

Note: It is also possible to use a slightly different packing
method where the amount of medium is predeterminded. In
this case the complete amount of medium is packed into the
column causing compression of the bed. When all medium
has entered the column the pump is stopped, the top nozzle
is retracted, the bottom mobile phase valve closed and the
medium is allowed to decompress within the column.
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Packing position
The top nozzle is extended 
part of the way (mid position) 
into the column. The bottom 
nozzle is fully retracted. 
Slurry enters the column via 
the top nozzle and excess
liquid exits via the bottom
mobile phase outlet. After 
packing, the slurry lines
are isolated from the mobile 
phase and can be cleaned
independently from the rest
of the column.

Running position
The bottom and top nozzles 
are retracted. Mobile phase
enters the column directly
into an annulus, immediately
behind the bed support. The
annulus is cut through at 
an angle to ensure that linear 
flow rate is kept constant
during distribution of the
mobile phase across the bed.

Unpacking position
In this position, both bottom
and top nozzles are fully
extended into the column,
thereby exposing a third 
passage through which
medium leaves the column.

Cleaning solution can be
pumped through the nozzles
and sprayed into the column.
In this way the column is 
easily and effectively 
cleaned without exposing
the interior or the medium
to the environment, or without
dismantling the column.

Figure 2. Principle of operation – CHROMAFLOW columns.
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Pressure packing (BPG Columns)

BPG Columns are supplied with a movable adaptor. They are
packed by conventional pressure packing by pumping the pack-
ing solution through the chromatographic bed at a constant
flow rate (or back pressure).
1. Pour some water (or packing buffer) into the column. Make

sure that there is no air trapped under the bottom bed sup-
port. Leave about 2 cm of liquid in the column. 

2. Mix the packing buffer with the medium to form a 50–70%
slurry (sedimented bed volume/slurry volume = 0.5–0.7).
Pour the slurry into the column. Insert the adaptor and lower
it to the surface of the slurry, making sure no air is trapped
under the adaptor. Secure the adaptor in place.

3. Seal the adaptor O-ring and lower the adaptor a little into
the slurry, enough to fill the adaptor inlet with packing solu-
tion.

4. Connect a pump and a pressure meter and start packing at
the predetermined packing flow rate (or pressure). Keep the
flow rate (or pressure) constant during packing and check the
pressure at the column inlet. Never exceed the pressure limit
for column or medium.

5. When the bed has stabilized, close the bottom valve and stop
the pump. The bed starts rising in the column. Loosen the O-
ring and lower the adaptor to 0.5–1.0 cm above the bed sur-
face.

6. Seal the O-ring, start the pump and continue packing. Repeat
steps 5 and 6 until there is a maximum of 1 cm between bed
surface and adaptor when the bed has stabilized. Mark the
bed height on the column tube.

7. Close the bottom valve, stop the pump, disconnect the
column inlet and, without loosening the adaptor O-ring,
push the adaptor down to approximately 3 mm below the

12
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mark on the column tube. The packing solution will flush the
adaptor inlet. Remove any trapped air by pumping liquid
from the bottom (after the inlet tubing and the bottom valve
have been properly filled).

Suction packing (BPSS Columns)
BioProcess Stainless Steel Columns are supplied with fixed end
pieces. They are packed by suction, i.e. by sucking packing
solution through the chromatographic bed at a constant flow
rate.

1. Fit a packing device on top of the column tube.

2. Pour some water (or packing buffer) into the column. Make
sure that there is no air trapped under the bottom bed sup-
port. Leave about 2–3 cm of liquid in the column.

3. Mix the packing buffer with the medium to form a 50%
slurry (sedimented bed volume/slurry = 0.5). Pour the slurry
into the column. Stir gently to make sure it is homogeneous.

4. Connect the column outlet valve to the suction side of a
pump and start packing the bed by suction through the bed
at the predetermined flow rate. Keep the flow rate constant
during packing.

5. When the bed has stabilized, the top of the bed should be
just below the junction between the column and the packing
device.

If, when stabilized, the level of the bed is incorrect, add or
remove slurry. Always stir the slurry thoroughly before pack-
ing.

6. Just before the last of the solution has entered the packed
bed (before the surface starts to dry), close the valve at the
column outlet, stop the pump, quickly remove the packing
device and replace it with the lid.
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Note: This final operation should be completed as quickly
as possible because the bed will expand when the flow
stops.

7. Start pumping buffer with upward flow through the
column to remove any air bubbles trapped under the lid.

Hydraulic packing (INdEX Columns)
INdEX Columns are supplied with a hydraulic function which
allows an extremely simple, rapid and reproducible packing
procedure. The medium is packed at the same time as the adap-
tor is lowered into position at the correct pressure.
The adaptor is pushed down by a constant hydraulic pressure,
forcing water or packing buffer through the slurry and com-
pressing it so that a packed bed is gradually built up. The
hydraulic pressure can be generated using a pump and a pressu-
re relief valve.

When the adaptor reaches the surface of the settled medium, it
continues downwards under hydraulic pressure compressing
the medium. The extent to which the medium is compressed
depends upon the pressure from the adaptor and the elasticity
of the medium. The quantity of medium required when packing
Sepharose 6 Fast Flow based media by hydraulic pressure is
approximately 1.2 litre sedimented medium per litre packed
bed.

1. Pour some water (or packing solution) into the column.
Make sure that there is no air trapped under the bottom
bed support. Leave about 2 cm of liquid in the column. 

2. Pour the 75% slurry into the column. Fill the column with
packing solution up to the top of the glass tube and mix the
slurry. Allow the medium to sediment to just below the
bevel of the glass tube (G), see Figure 3.
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3. Put the adaptor in a resting position against the bevel of
the glass tube. Avoid trapping air bubbles under the adaptor
by slightly tilting the adaptor while mounting.

4. Lower the lid and secure it in place.

5. Connect a pump to the inlet of the hydraulic chamber (A),
with a manometer and a pressure relief valve in-line bet-
ween the pump and the hydraulic chamber. The manometer
should be placed after the valve in the direction of the flow.

6. Open the hydraulic inlet (A), and the hydraulic outlet (C).
Start the pump and flush the hydraulic chamber (E) free of
air and any residual medium.

7. Close (C) and open the elution inlet/outlet (B) to allow
trapped air in the adaptor bed support to escape.

8. Close (B) and open the elution inlet/outlet (D) to start the
packing, applying a predefined constant hydraulic packing
pressure. When packing Sepharose 6 Fast Flow based media
in an INdEX column to a bed height of 15 cm, the recom-
mended hydraulic packing pressure is 1.5 bar for INdEX
100 and 0.8 bar for INdEX 200. 

9. When the adaptor has reached the surface of the settled
bed, continue to run the pump until the adaptor has been
lowered 5 mm into the packed bed.

10. Close (A) and (D) and stop the pump.

11. Run the column with upward flow for a few minutes to
remove residual air trapped in the adaptor. The column is
now ready for use.

12. To unpack the column, connect the outlet from the pump
to (B) and open (C) while keeping (D) closed. This will
cause the adaptor to rise from the bed surface.
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Figure 3. Schematic representation of INdEX column with a 4-port (2-way) valve moun-
ted at the bottom outlet.
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4. Evaluation of packing

To check the quality of the packing and to monitor this during
the working life of the column, column efficiency should be tes-
ted directly after packing, prior to re-use, and when separation
performance is seen to deteriorate.

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. These values are
easily determined by applying a sample such as 1% (v/v) ace-
tone solution to the column. Sodium chloride can also be used
as a test substance. Use a concentration of 2.0 M NaCl in
water with 0.5 M NaCl in water as eluent.

The calculated plate number will vary depending on the test
conditions and it should therefore be used as a reference value
only. It is also important that conditions and equipment are
kept constant so that results are comparable. Changes in solute,
solvent, eluent, sample volume, flow rate, liquid pathway, tem-
perature etc., will influence the results.

For optimal results, the sample volume should be at max. 2.5%
of the column volume and the flow velocity between 15 and 30
cm/h.

If an acceptance limit is defined in relation to column perfor-
mance, the column plate number can be used as part of the
acceptance criteria for column use.

Method for measuring HETP and As
To avoid dilution of the sample, apply it as close to the column
inlet as possible.
Conditions
Sample volume: 2.5% of the bed volume
Sample conc.: 1.0% v/v acetone
Flow velocity: 15 cm/h
UV: 280 nm, 1 cm, 0.1 AU
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Calculate HETP and As from the UV curve (or conductivity curve if
NaCl is used as sample) as follows:

HETP = L/N
N = 5.54(Ve/Wh)2

where L = Bed height (cm)
N = number of theoretical plates 
Ve = Peak elution distance
Wh = Peak width at half peak height

Ve and Wh are in the same units.
To facilitate comparison of column performance the concept of reduced
plate height is often used.
The reduced plate height is calculated:

HETP/d
where d is the diameter of the bead. As a guideline, a value of <3 is nor-
mally acceptable.
The peak should be symmetrical, and the asymmetry factor as close as
pos-sible to 1 (values between 0.8–1.5 are usually acceptable). A change
in the shape of the peak is usually the first indication of bed deteriora-
tion due to use.

Peak asymmetry factor calculation:
As = b/a

where
a = 1st half peak width at 10% of peak height
b = 2nd half peak width at 10% of peak height.
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Figure 4 shows a UV trace for acetone in a typical test chromatogram in
which the HETP and As values are calculated. 

Column: BPG 300

Medium: Sepharose 6 Fast Flow

Bed height: 57.5 cm

Bed volume: 40.6 litres

Eluent: Distilled water

Sample: 1.05 litres (1% acetone)

Flow velocity: 19 cm/h

Ve =18.7

Wh =0.9

HEPT=0.024 cm

a: 0.90

b: 0.85

As: 0.94

ow

one)

Volume

Ve

UV
absorption

Wh

a b

Figure 4. UV trace for acetone in a typical test chromatogram showing the HETP and
As value calculations.
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5 Immobilized Metal Ion Affinity
Chromatography (IMAC) 

Charging the columns with metal ions
1. Prepare a 0.2 M solution of the desired metal ion (Cu2+,
Zn2+, Ni2+, Co2+,  Fe3+ etc.) in distilled water. Solutions of Zn2+

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

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

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

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

5. Continue washing the column with at least 5 CV of an acidic
buffer [0.02 M sodium acetate, 0.5 - 1.0 M NaCl, pH 3.0] or
until the pH of the effluent is 3.0. This will elute loosely bound
ions that might otherwise leak out during adsorption/desorp-
tion phase of the actual chromatographic step.

6. Equilibrate the column with at least 2 CV of the chosen bin-
ding buffer (see recommedations below). The column is now
ready for chromatographic seperation of the sample compo-
nents.

Note: In neutral aqueous solutions, Fe3+ ions are easily redu-
ced to form insoluble compounds that can be hard to remo-
ve. Columns loaded with Fe3+ should therefore not be left for
a longer period of time in neutral solutions. It is also advisa-
ble 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 medium
in 0.05 M EDTA overnight.

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

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

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

• 0.02-0.05 M Sodium phosphate buffer, containing 0.5-1.0 M
NaCl, pH 6.8 or higher

• 0.05 M Tris-HCl, containing 0.5-1.0 M NaCl, pH 7.0 or hig-
her.

The well-prepared sample is applied to the equilibrated column
at a linear flow rate of 150 cm/h or higher. This is followed by
washing out of unbound solutes with at least 5 CV of the equi-
libration buffer or until the A280 of the effluent is at or near the
base line. The bound solutes are then eluted as described over-
leaf.
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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.

2. The presence of detergents in low concentration in the bin-
ding buffers does not normally affect the adsorption of pro-
teins.

3. A partial displacement of immobilized metal ions can some-
times 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 step-wise 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 6.0-4.0 If the target protein is strongly bound, it is advisa-
ble to check its stability in an acidic milieu. 

The following buffers can be used:

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

Elution buffer: 0.02 M sodium phosphate (alternatively sodium
acetate), 0.5-1.0 M NaCl, pH 3.0

2. Competitive elution (linear or step-wise increase in the con-
centration of a competing ion, at constant pH). The most com-
monly used competing ions are: imidazole (0-0.05 M); histidine
(0-0.05 M) or ammonium chloride (0-2 M). The following buf-
fers can be used:



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

Elution buffer: 0.02 M sodium phosphate, 0.5-1.0 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 medium 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, contai-
ning 0.5-1.0 M NaCl, (pH adjusted to 7.0), is used.
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6 Purification of Histidine-tagged Fusion Proteins

Chelating Sepharose Fast Flow charged with different type of
metal ions such as nickel, zinc, cobolt etc. will selectively retain
proteins containing a histidine-tag. Histidine-tagged protein is
then eluted using buffers containing imidazole.

The following protocols are designed to maximize the binding
of histidine-tagged fusion proteins to Chelating Sepharose Fast
Flow and to ensure complete elution. They are useful when the
exact conditions required for binding and elution are not
known.

To obtain highest purity the optimal concentration of imidazole
during sample loading, washing and elution has to be determi-
ned. The optimal concentrations can be determined by eluting
the fusion protein with a stepwise gradient of imidazole from
10 mM to 500 mM and testing each fraction for the presence
of fusion protein and impurities by SDS-PAGE.

For purification of insoluble histidine-tagged proteins (fusion
proteins expressed as inclusion bodies) requiring denaturing
conditions, up to 8 M urea or 6 M guanidine hydrochloride
can be used in the buffers to solubilise insoluble proteins.

Sample preparation
For optimal conditions for growth, induction and cell lysis con-
ditions of recombinant histidine-tagged clones, please refer to
manufacturer’s protocols.

The sample should be fully dissolved. In order to avoid clog-
ging we recommend filtration through a 0.45 µm filter to remo-
ve cell debris or other particulate material.

If the sample is dissolved in a buffer other than 20 mM phos-
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phate buffer including 0.5 M NaCl pH 7.4, the sample should
be adjusted to pH 7-8. This can be achieved by buffer exchange
on a HiTrap™ Desalting column or PD-10 column or HiPrep™

26/10 Desalting column depending on the sample volume.

Preparation of Chelating Sepharose Fast Flow
Chelating Sepharose Fast Flow as supplied is approximately a
75% slurry in 20% ethanol. The following procedure results in
a 50% slurry of Chelating Sepharose Fast Flow charged with
Ni2+.

Wash the medium:

1. Gently shake the container of Chelating Sepharose Fast Flow
to re-suspend the medium.

2. Remove enough slurry to bind the histidine-tagged protein
and transfer it to an appropriate container/tube.The binding
capacity of Chelating Sepharose Fast Flow is ≈5 mg histidine-
tagged protein/ml medium.  

3. Sediment the medium by centrifugation at 500 x g for 2-5
minutes.

4. Carefully decant the supernatant and dispose of it.  

5. Add five medium volumes of distilled water and shake until
the medium is fully re-suspended, for example, end-over-end
rotation for 5 minutes. Do not use magnetic stirrers. 

6. Re-sediment the medium by centrifugation at 500 x g for 2-5
minutes.  

7. Carefully decant the supernatant and dispose of it.

Charge the medium: 

1. Add 0.5 medium volume of 0.1 M NiSO4 solution (or other
metal of choice) and shake until the medium is fully re-suspen-
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ded, for example, end-over-end rotation for 5 minutes.

2. Re-sediment the medium by centrifugation at 500 x g for 2-5
minutes.  

3. Carefully decant the supernatant and dispose of it.  

Wash the medium:

1. Add five medium volumes of distilled water and mix, for
example, end-over-end rotation for 5 minutes. 

2. Re-sediment the medium by centrifugation at 500 x g for 2-5
minutes.  

3. Carefully decant the supernatant and dispose of it. 

4. Repeat the washing steps two more times (total wash 3 x 5
medium volumes of distilled water).

5. Re-suspend the medium in one medium volume of Chelating
Sepharose Fast Flow binding buffer, e.g. 20 mM Na2HPO4, 0.5
M NaCl, 10 mM imidazole  pH 7.4.

Note: Chelating Sepharose Fast Flow may also be charged
with metal ions when packed in a column. Wash the column
with 5-10 colum volumes (CV) of distilled water. Load 
0.5 CV of 0.1 M metal solution in distilled water. Wash with 
5-10 CV distilled water. Equilibrate the column with 5 CV
binding buffer. The column is now ready for loading the sam-
ple.

Purification of histidine-tagged proteins using centrifugation.

Binding of sample:

1. Add an appropriate amount of sample (in binding buffer) to
the 50% slurry of Chelating Sepharose Fast Flow equilibrated
in binding buffer. The binding capacity of Chelating Sepharose
Fast Flow is ≈5 mg histidine-tagged protein/ml medium. 



2. Incubate with gentle agitation, end-over-end rotation for 5-
30 minutes at room temperature. The binding kinetics depend
on the protein and the sample concentration.  

3. Sediment the medium by centrifugation at 500 x g for 2-5
minutes.  

4. Carefully decant the supernatant and save it for analysis, e.g.
SDS-PAGE.  

Wash the medium:

1. Add five medium volumes of binding buffer and mix, e.g.
end-over-end rotation for 5 minutes. 

2. Re-sediment the medium by centrifugation at 500 x g for 2-5
minutes.  

3. Carefully decant the supernatant and save it for analysis, e.g.
SDS-PAGE.  

4. Repeat the washing steps two more times (total wash 3 x 5
medium volumes of binding bufer). Save the wash solutions in
different tubes for analysis, e.g. SDS-PAGE.

Elution: 

1. Add two medium volumes of elution buffer, e.g. 20 mM
Na2HPO4, 0.5 M. NaCl, 0.5 M imidazole; pH 7.4. and mix,
e.g. end-over-end rotation for 5 minutes. 

2. Re-sediment the medium by centrifugation at 500 x g for 2-5
minutes.

3. Repeat the elution steps four more times (total elution 5 x 2
medium volumes of elution buffer). Save the eluates in different
tubes for analysis, e.g absorbance measurement at 280 nm,
SDS-PAGE, ELISA, Western Blotting.

Pool the tubes with contents of interest.
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Trouble-shooting guide when purifying histidine-tagged

fusion proteins.
The sample is too viscous.

If the lysate is very viscous due to the presence of a high con-
centration of host nucleic acid, continue sonication until visco-
sity is reduced, add RNAse A to a final concentration of 10
g/ml and/or DNAse I to 5 µg/ml, and incubate on ice for 
10-15 minutes. Alternatively, draw the lysate through a syringe
needle several times.

A batch/centrifugation purification method is prefered to use in
this case to prevent too low flow rate and clogging of the
column.

The histidine-tagged fusion protein elutes during the wash.

• Check the pH and composition of buffers. If buffer composi-
tions are incorrect, or chelating (e.g. EDTA) or strong redu-
cing agents are present in the sample, the fusion protein may
elute unexpectedly during the wash steps.

• Increase the amount of medium in the purification. If the
capacity of the medium is exceeded, fusion protein may elute
during the wash as well as during the elution. The binding
capacity for Chelating Sepharose Fast Flow is ≈5 mg pro-
tein/ml medium (His6-tagged protein with Mr: 27 600 Da).    

• Prepare fresh Chelating Sepharose Fast Flow. If the matrix is
incorrectly charged, the fusion protein will not bind effective-
ly.

No histidine-tagged protein in the eluted fractions.

SDS-PAGE analysis of samples collected during the preparation
of the bacterial sonicate may indicate that the majority of the
fusion protein is located in the post-sonicate pellet. Possible
causes and solutions are:
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• Sonication may be insufficient. Cell disruption may be check-
ed by microscopic examination or monitored by measuring
the release of nucleic acids at A260. Addition of lysozyme (0.1
volume of a 10 mg/ml lysozyme solution in 25 mM Tris-HCl,
pH 6.0-8.0) prior to sonication may improve results. Avoid
frothing as this may denature the fusion protein.

• The protein may be insoluble (inclusion bodies) and found in
the pellet. The protein can usually be solubilised from inclu-
sion bodies using common denaturants such as 4-6 M guani-
dine hydrochloride, 4-8 M urea or detergents. Samples con-
taining 8 M urea can be analysed using SDS-PAGE electrop-
horesis directly, but samples containing 6 M guanidine
hydrocloride must be buffer exchanged with, for example
HiTrap Desalting or PD-10 column or HiPrep 26/10
Desalting column against buffer containing 8 M urea before
loading on a gel.

• The elution is too mild and the histidine-tagged protein is
still bound to the medium. Elute with a higher concentration
of imidazole or decrease pH to determine the optimal elution
conditions.

• The protein of interest does not bind to the medium and is
found in the flow-through material. The concentration of
imidazole is too high in the binding buffer. Decrease the imi-
dazole concentration in the binding buffer.

Multiple bands are detected on Coomassie™-stained/Silver-stai-
ned SDS-PAGE.

• Add a protease inhibitor. Multiple bands may be a result of
partial degradation of fusion proteins by proteases. Addition
of 1 mM PMSF or other protease inhibitor to the lysis buffer
may reduce the number of additional bands. Serine protease
inhibitors must be removed prior to cleavage by thrombin.



• Elute with a stepwise imidazole gradient to determine the
optimal imidazole concentration for elution of the histidine-
tagged protein. Specific contaminants may be washed away
using an imidazole concentration in the wash buffer that is
higher than 10 mM and not high enough to elute the fusion
protein. Other contaminants may be retained on the
Chelating Sepharose Fast Flow by using an elution buffer
which has a lower imidazole concentration than 500 mM.

• Add detergent (e.g. up to 2% Triton™ X-100 or 2% Tween™

20), glycerol (up to 50%), or ß-mercaptoethanol (up to 20
mM) to the binding buffer used during the wash steps.
Contaminants may be non-specifically associating with the
fusion protein and the association may be disrupted by alte-
ring the buffer used for washing.

• If the histidine-tagged fusion protein and a contaminant have
similar affinities for Chelating Sepharose Fast Flow, then it
will not be possible to optimize wash or elution steps to
improve purity. In this case, it is necessary to add a second
purification method ion exchange or gel filtration may be
useful.

Note: Purification and preparations of fusion proteins and
affinity peptides comprimising 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).
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7 Regeneration, Cleaning, Sanitization 
and Storage.

Regenerating the medium
Before the medium is immobilized with a new metal ion, the
medium must be stripped or regenerated. To ensure that the
medium 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 2-3 column volumes of 0.5 M
NaCl.

Re-immobilization of the medium is performed according to
the method described in chapter 5.

Strongly bound ferric ions and ferric compounds can be remo-
ved by leaving the medium 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
0.5 column volumes of a 2 M NaCl solution, contact time 10-
15 minutes, reversed flow direction.

Remove precipitated proteins, hydrophobically bound proteins
and lipoproteins by washing the column with 1 M NaOH solu-
tion at a linear flow rate of approximately 40 cm/h, contact
time 1-2 hours, reversed flow direction.

In both cases, wash with at least 3 bed volumes of starting buf-
fer. 

Remove strongly hydrophobically bound proteins, lipoproteins
and lipids by washing the column with 4 bed volumes of up to
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70% ethanol or 30% isopropanol, reversed flow direction.
Apply increasing gradients to avoid air bubble formation when
using high concentrations of organic solvents.

Alternatively, wash the column with 2 bed volumes of detergent
in a basic or acidic solution. Use, for example, 0.1-0.5% non-
ionic detergent in 0.1 M acetic acid. Wash at a low linear flow
rate of approximately 40 cm/h, contact time 1-2 hours, rever-
sed flow direction. After treatment with detergent always remo-
ve residual detergent by washing with 5 bed volumes of 70%
ethanol.

In both cases, wash with at least 3 bed volumes of binding buf-
fer.

Sanitization
Sanitization reduces microbial contamination of the medium to
a minimum.

Wash the column with 0.5-1 M NaOH at a flow rate of
approximately 40 cm/h, contact time 30-60 minutes, reversed
flow direction. 

Re-equilibrate the column with 3-5 bed volumes of sterile bind-
ing buffer.

Column performance is normally not significantly changed by
the cleaning-in-place or sanitization procedures described
above.

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



33

8  Ordering information

Product Quantity Code No.

Chelating Sepharose Fast Flow 50 ml 17-0575-01
Chelating Sepharose Fast Flow 500 ml 17-0575-02
Chelating Sepharose Fast Flow 5L 17-0575-04

Prepacked columns
HiTrap Chelating HP 5 x 1 ml 17-0408-01
HiTrap Chelating HP 1 x 5 ml 17-0409-01
HisTrap kit kit 17-1880-01

Lab-scales columns
Tricorn 5/20 column 1 18-1163-08
Tricorn 5/50 column 1 18-1163-09
Tricorn 10/20 column 1 18-1163-13
Tricorn 10/50 column 1 18-1163-14
Tricorn 10/100 column 1 18-1163-15
XK 16/20 column 1 18-8773-01
XK 16/40 column 1 18-8774-01
XK 26/20 column 1 18-1000-72
XK 26/40 column 1 18-8768-01
XK 50/20 column 1 18-1000-71

Data files
BPG columns 18-1115-23
BPG 450 column 18-1160-59
BioProcess Stainless Steel columns 18-1121-08
IndEX columns 18-1115-61
CHROMAFLOW columns 18-1138-92
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Further information.
Please read these instructions carefully before using Chelating Sepharose Fast Flow Medium. For further
information visit www.amershambiosciences.com or contact your local Amersahm Biosciences representi-
ve.

Important Information
BioProcess, BPG, CHROMAFLOW, Drop Design, HiPrep, HisTrap, HiTrap INdEX, Sepharose, Tricorn are
trademarks of Amersham Biosciences Limited. Amersham and Amersham Biosciences are trademarks of
Amersham plc. Coomassie is a trademark of Union Carbide Cemicals and Plastic Company Inc. Tween is
a trademark of ICI Americas Inc.

© Amersham Biosciences AB 2002 - All rights reserved.
All goods and services are sold subject to the Conditions of Sale of the company within the Amersham
Biosciences group wich supplies them, save where otherwise agreed in writing. Under the terms of such
Conditions of Sale, Amersham Biosciences warrants that the Goods (as defined) meet written specifica-
tions at the time of shipment and that Equipment (as defined) shall be free of defects in workmanship or
materials under normal usage for a period of one year, but such warranty will be rendered void in the
case of abnormal working conditions, failure to follow Amerskam Biosciences instructions and/or other
misuse. AMERSHAM BIOSCIENCES EXPRESSLY EXCLUDES ALL OTHER WARRANTIES, REPRE-
SENTATIONS, TERMS AND CONDITIONS (STATUTORY, EXPRESS IMPLIED OR OTHERWISE) AS TO
QUALITY, CONDITION, DESCRIPTION, MERCHANTABILITY OR FITNESS FOR PURPOSE (EXCEPT
FOR THE IMPLIED WARRANTY OF TITLE). AMERSHAM BIOSCIENCES SHALL HAVE NO LIABILITY
FOR ANY INDIRECT CONSEQUENTAL OR PUNITIVE DAMAGE OF ANY KIND FROM ANY CAUSE
ARISING OUT OF THE SALE, INSTALLATION, USE OR INABILITY TO USE ANY PRODUCT OR SER-
VICE, INCLUDING WITHOUT LIMITATION, LOSS OF PROFITS, OR GOODWILL OR BUSINESS INTER-
UPTION. A copy of the Amersham Biosciences Conditions of Sale is available on request.

Amersham Biosciences AB
Björkgatan 30, SE-751 84 Uppsala
Sweden

Amersham Biosciences UK Limited
Amersham Place 
Little Chalfont Bucks, Buckinghamshire HP7 9NA 
England

Amersham Biosciences Corp
800 Centennial Avenue, 
Piscataway, New Jersey 08855 
USA

Amersham Biosciences Europe GmbH
Munzinger Strasse 9
D-79111 Freiburg 
Germany

Amersham Biosciences K. K.
Sanken Building, 3-25-1 
Shinjuku-ku, Tokyo 169-0073
Japan
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