
 

PROTEIN BLOTTING APPLICATIONS GUIDE



3

 

Table of Contents

Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Immobilon™-P Transfer Membrane  . . . . . . . . . 4

Specifications  . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

Membrane Considerations  . . . . . . . . . . . . . . . . 5

Helpful Hints  . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

Preparation of Blots  . . . . . . . . . . . . . . . . . . . . . 6

Filtration  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6-7

Troubleshooting  . . . . . . . . . . . . . . . . . . . . . . . . . 8

Electrotransfer . . . . . . . . . . . . . . . . . . . . . . . . 9-10

Semi-Dry Transfer . . . . . . . . . . . . . . . . . . . . 10-12

Membrane Drying Methods  . . . . . . . . . . . . . . 12

Troubleshooting  . . . . . . . . . . . . . . . . . . . . . . . . 13

Protein Visualization Techniques  . . . . . . . 14

Staining Protocols  . . . . . . . . . . . . . . . . . . . . 14-16

Transillumination . . . . . . . . . . . . . . . . . . . . . . . 16

Troubleshooting  . . . . . . . . . . . . . . . . . . . . . . . . 17

Immunodetection  . . . . . . . . . . . . . . . . . . . . 18-19

Rapid Immunodetection Method  . . . . . . . . . . 20

Standard Immunodetection Method  . . . . . . . 21

Rapid Chemiluminescent Method . . . . . . . . . . 22

Membrane Stripping  . . . . . . . . . . . . . . . . . . . . 23

Troubleshooting  . . . . . . . . . . . . . . . . . . . . . 24-25

Appendix  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

Glossary  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 26

References  . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

Ordering Information  . . . . . . . . . . . . . . . . . . . 27



4

Introduction

 

This Guide contains a collection of protein blotting 
protocols for research scientists and others who use
microporous surfaces for biochemical analysis. 

These protocols all use Immobilon-P transfer membrane, 
a polyvinylidene fluoride (PVDF) microporous material for
binding proteins transferred from a variety of gel matri-
ces.  This hydrophobic membrane offers a uniformly
controlled pore structure with a high binding capacity for
biomolecules.  When compared to nitrocellulose,
Immobilon-P membrane has improved handling charac-
teristics and staining capabilities, increased solvent
resistance, and a higher signal-to-noise ratio for
enhanced sensitivities.

Immobilon-P membrane has a pore size of 0.45 µm and
is useful for blotting proteins > 20 kDa. The open pore
structure makes it easy for probe molecule permeation
and removal from the background.  

Applications

 

Western blotting 
Binding assays
Amino acid analysis
N-terminal protein sequencing
HIV detection
Dot/slot blotting
Glycoprotein visualization
Lipopolysaccharide analysis

It is an ideal substrate for immunodetection.  Using the
Millipore Rapid Immunodetection Method, researchers
can reduce detection time by up to 2 hours.  The unique
membrane properties of Immobilon-P not only eliminate
the need for blocking in western blots; they dramatically
reduce the number and length of washes required, 
without compromising specificity or sensitivity.  
The substrate is compatible with chemiluminescent and
chemifluorescent detection of proteins.

Immobilon-P Transfer Membrane Specifications

Detection Methods
Chromogenic
Radioactive
Fluorescent
Chemiluminescent

Protein Binding
Capacity 

 

(a)

Adsorption
Insulin: 85 µg/cm2

BSA: 131 µg/cm2

Goat lgG: 294 µg/cm2

Compatible Stains
Coomassie® brilliant blue
Amido black
India ink
Ponceau S red
Colloidal gold
Transillumination(b)

CPTS (c)

Immobilon-CD Stain

Composition, Pore Size
and Phobicity

PVDF, 0.45 µm
Hydrophobic

Primary Binding
Mechanisms

Electrostatic
Hydrophobic

Format
Discs
Sheets
Roll

(a) Adsorption: Membrane discs were incubated for 2 hours in 1 mL of phosphate-
buffered saline containing 1 mg of t race-labeled protein.  Af ter washing, bound
protein was quantified by measuring the amount of bound radioactivity.

(b) Transillumination: See Reig, J., and Klein, D.C., 

 

Applied and Theoretical
Electrophoresis, 1:59-60. 1988.

(c) CPTS: copper phthalocyanine 3,4', 4", 4"'-tetrasulfonic acid; see Bickar, D., and
Reid, P.D., Anal. Biochem., 203:109-115, 1992.
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Membrane Handling
Considerations

• Do not remove membrane from protective interleaves until
ready to be wet with alcohol.

• Wear powder-free gloves at all times.
• Cut the membrane with clean scissors, clean razor blade, or

clean paper cutter.
• To label, use a dull No. 2 pencil to write along the edge in an

area where protein will not be transferred. Sharp pencils can
tear the membrane and ink can introduce contaminants. Note
that writing on the membrane crushes the microporous structure.

• Handle the membrane at the edges with flat-tipped forceps
(e.g., Millipore XX62 000 06). Alternatively, hold the mem-
brane lightly at the corners with gloved hands.

• Hydrophobic membrane is first wet in methanol; membrane
changes from opaque to translucent. Methanol is exchanged
with water, and water is exchanged with buffer.

Helpful Hints

• Prepare all solutions using high-quality reagents and deionized
water from a well-maintained source (18.2M

 

Ω resistivity). Low
levels of contaminants can cause big problems. For example
pyrogens inhibit the enzyme activity of horseradish peroxidase.

• As an indicator of overall transfer efficiency, run prestained
protein markers as a control.

• Stain the gel after transfer to make sure proteins transferred—
especially valuable if developing a new protocol, changing
any step of a protocol, or encountering new sample types.

• It is possible to exceed the binding capacity of the membrane,
so run a series of dilutions.

• A sufficient volume of solution is required for incubation/wash-
ing/etc.  The membrane should move freely in the solution. If
there is too little solution, the membrane may stick to the con-
tainer and/or rub against it causing bald spots or uneven
exposure. If there is too much solution, the membrane won’t
move with the solution and won’t receive adequate circulation
of fresh solution. Small plastic bags do not provide adequate
circulation. Plastic dishes or boats are preferable. Of course,
use a clean container for each step to avoid undesired cross-
reactions.

• When designing a new experiment, work backwards.
Consider the detection method first, then choose antibodies,
buffers, etc. that are compatible (and don’t cross-react).

• Make sure that the entire membrane is wet or dry, depending
upon requirements. The surface may look wet/dry while the
interior is still dry/wet –  resulting in incomplete or uneven
results. 

• Particles in incubation buffers can cause undesireable back-
grounds, if necessary filter the blocking buffer, washing buffer,
and antibody diluent to low binding Durapore® filter before
use.
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Filtration

Filtration is a direct method of applying proteins onto a
membrane. A dissolved sample is pulled through the mem-
brane by applying a vacuum; proteins bind to the membrane
and the other sample components pass through. The proteins
on the membrane are then available for analysis.

Dissolve sample in appropriate buffer

 

▼

Place membrane in blotting unit

▼

Place sample in blotting unit wells

▼

Apply vacuum

▼

Proteins bind to membrane

This technique can be used either as a qualitative method for rapid
screening of a large number of samples or as a quantitative tech-
nique. It is especially useful for testing the suitability of
experimental design parameters. 

When preparing blots by filtration, keep in mind the following:
• Detergents can inhibit the binding of proteins to the membrane.

Buffers used for sample dissolution and washing should contain
no more than 0.05% detergent, if required.

• Choose a sample volume large enough to cover the exposed
membrane in each well, but be careful not to exceed the
binding capacity of the membrane.

• Samples with high particulate loads or viscosity will reduce the
flow rate and clog the membrane. Centrifuge samples with
particulates, and apply only the supernatant to the membrane.
Dilute viscous samples in buffer.

The following protocol describes a typical procedure for filtering
proteins onto an Immobilon-P membrane. Please review the instruc-
tions supplied with your blotting unit for additional information.

Required Equipment and Solutions
Two sheets of Immobilon-P membrane, cut to size for 
blotting unit*

Filter paper, cut to size for blotting unit

Methanol, 100%

Ultrapure water (produced by the Milli-Q® System)

Buffer, for sample loading and wash

Blotting unit, dot blot or slot blot format

* To ensure that the microporous structure of the membrane is not compressed
when placed in the blotting unit, it is recommended that a second sheet of
membrane be placed between the filter paper and the primary membrane.

Set Up
1. Prepare Immobilon-P membrane:

a. Wet the membrane by laying it on the surface of methanol
for 15 seconds. Do not immerse. The membrane should
uniformly change from opaque to semi-transparent.

b. Carefully place the membrane in ultrapure water and soak
for 2 minutes.

c. Carefully place the membrane in buffer and let equilibrate
for at least 5 minutes.

2. Dissolve the sample in buffer.
a. If the sample solution is cloudy, centrifuge to remove

particles.
b. If the sample is viscous, dilute with additional buffer.

A blot, any membrane with proteins immobilized on it, can
be prepared by:
• Filtration – direct application of the sample onto a 

specialized membrane which binds proteins but allows
other components to pass through; or

• Electrotransfer – separating the proteins on a poly-
acrylamide gel and then applying an electrical field to
transfer them to the membrane.

After the proteins have been immobilized on the membrane,
they are available for analysis by a variety of techniques.
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Assemble the Blotting Unit

Note: See manufacturer’s instructions for detailed assembly
instructions.
1. Place one sheet of moistened filter paper on unit. 

(Note: Some units may require more than one sheet.)
2. Place two sheets of Immobilon-P membrane on top of the 

filter paper.
3. Close the unit. 
4. Connect to vacuum line.

Filter
1. Briefly apply the vacuum to remove excess buffer.
2. With the vacuum off, carefully pipette samples into the wells.
3. Apply vacuum to the blotting unit.
4. When all of the samples have filtered through the membrane,

turn off the vacuum.
5. Add buffer to each well to wash down the sides.
6. When all of the wash buffer has filtered through the 

membrane, turn off the vacuum.

Remove the Blot
1. Open the blotting unit.
2. Using forceps, carefully remove the membrane.
3. Place the membrane on a piece of clean filter paper to dry.

For additional drying methods, see Membrane Drying
Methods later in this section.

Note: Do not allow the membrane to dry out if analysis of the
bound protein requires the native conformation or enzyme activity.

For information regarding protein visualization and immunodetec-
tion techniques, see the appropriate chapters later in this guide.
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For possible causes and remedies to general symptoms which may
occur during the preparation of blots, see the tables below:

Troubleshooting

Filtration
Symptom Possible Cause Remedy

Solution does not filter through Inadequate vacuum. Make sure that blotting unit is closed properly and seal is intact. 
membrane or filters slowly. Make sure vacuum pump (or other source) is operating properly. 

Use a high quality laboratory tape to seal off any open wells in 
blotting unit.

If possible, ensure that all samples filtered at the same time have 
similar compositions.

Membrane pores clogged. Centrifuge samples to remove particulates. 

Dilute viscous samples.

Increase vacuum level.

Be patient.

Staining indicates little Not enough protein Minimize sample dilution.
or no protein. applied to membrane. Filter more sample through membrane.

Detergents (e.g., SDS) Eliminate detergents if possible.
may inhibit protein binding 
(especially for low 
molecular weight proteins).

Stain not sensitive enough. Use more sensitive staining technique. 

Stained blot is not uniform. Membrane structure was Place second membrane in the blotting unit 
compressed by filter paper. to protect the membrane receiving the samples.

Air bubbles trapped in Pre-wet membrane by laying it on the surface of methanol. 
interior of membrane. Immersing the membrane can entrap air. 

Membrane not pre-wet Membrane must be pre-wet with methanol; entire membrane 
in methanol. should change from opaque to semi-transparent.

Air bubbles in sample. Carefully pipette samples into wells to avoid formation 
of air bubbles on surface of membrane.

Not enough sample. Sample must cover entire exposed membrane area.

Protein smeared Sample leaked between wells. Make sure that blotting unit is properly assembled and closed 
across top of membrane. prior to filtration.

Protein smeared across Binding capacity of Reduce the amount of protein loaded.
back of membrane. membrane was exceeded.
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Electrotransfer

Electrotransfer is a method of transferring proteins from a gel
to a membrane by applying an electrical field. The proteins
on the membrane are then available for analysis.

Resolve proteins on a polyacrylamide gel

▼

Place gel in contact with membrane, 
and stack along with other supporting filters 

▼

Place stack in electrotransfer device

▼

Apply electrical field perpendicular to the plane of the gel,
causing proteins to move onto the membrane

▼

Proteins bind to membrane

The two commonly used electrotransfer techniques are:
• Tank transfer
• Semi-dry transfer

Both are based on the same basic principles and differ only in the
mechanical device used to hold the gel/membrane stack and
apply the electrical field.

Tank transfer is the traditional technique where the gel/membrane
stack is immersed in a buffer reservoir and then the current is
applied. It is an effective but slow (approximately 2 hours) tech-
nique. Also, it can be difficult to set up a tank and buffer to
accommodate large gels. 

Semi-dry transfer replaces the buffer reservoir with layers of filter
paper soaked in buffer. This technique is as effective, but far
quicker (15 - 45 minutes) than tank transfer.

Tank Transfer
The following protocol describes the standard procedure for 
transferring proteins from a polyacrylamide gel (SDS-PAGE) onto
an Immobilon-P membrane using a tank transfer system. Please
review the instructions supplied with your tank transfer system for
additional information.

Required Equipment and Solutions
Polyacrylamide gel containing the resolved proteins

Immobilon-P membrane, cut to the same dimensions as the gel
(including notched corner for orientation purposes)

Two sheets of Whatman™ 3MM filter paper or equivalent,
cut to the same dimensions as the gel 

Two foam pads (for example, Scotch Brite® pads)

Tris/glycine transfer buffer 

Methanol, 100%

Ultrapure water (produced by the Milli-Q System)

Tank transfer system large enough to accommodate gel

Glass pipette or stirring rod

Set Up
1. Prepare sufficient Tris/glycine transfer buffer to fill the transfer

tank, plus an additional 200 mL to equilibrate the gel and
membrane, and wet the filter paper. The transfer buffer con-
sists of:
• 25 mM Tris
• 192 mM glycine
• 10% (v/v) methanol
• No pH adjustment

2. Remove the gel from its glass cassette; trim away any 
stacking gel. 

3. Immerse gel in transfer buffer for 15 to 30 minutes.
4. Soak filter paper in transfer buffer for at least 30 seconds.
5. Prepare Immobilon-P membrane:

a. Wet the membrane in methanol for 15 seconds.
Membrane should uniformly change from opaque to 
semi-transparent.

b. Carefully place membrane in ultrapure water and soak for 
2 minutes.

c. Carefully place membrane in transfer buffer and let 
equilibrate for at least 5 minutes.

Assemble the Transfer Stack

 

Important! To ensure an even transfer, remove air bubbles
between layers by carefully rolling a pipette or a stirring rod over
the surface of each layer in the stack. Do not apply excessive
pressure or you may damage the membrane and gel.
1. Remove the cassette holder from the transfer tank and open it.
2. Place a foam pad on one side of the cassette. 
3. Place one sheet of filter paper on top of the pad.
4. Place the gel on top of the filter paper. 
5. Place Immobilon-P membrane on top of the gel.
6. Place a second sheet of filter paper on top of the stack. 
7. Place second foam pad on top of the filter paper. 
8. Close the cassette holder.
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Semi-Dry Transfer

The following protocol describes the standard procedure for trans-
ferring proteins from a polyacrylamide gel (SDS-PAGE) onto an
Immobilon-P membrane using a semi-dry transfer system. It is
specific for semi-dry transfer devices with the anode plate serving
as the base. For devices having the cathode plate as the base,
consult the instruction manual for recommended buffers and trans-
fer stack assembly.

Gels can be transferred individually or multiple gels can be trans-
ferred in a single stack. 

Required Equipment and Solutions
Polyacrylamide gel containing the resolved proteins

Immobilon-P membrane, cut to the same dimensions as the gel
(including notched corner)

Six pieces of Whatman 3MM filter paper or equivalent, 
cut to the same dimensions as the gel 

Anode buffer I 

Anode buffer II 

Cathode buffer

Methanol, 100%

Ultrapure water (produced by the Milli-Q System)

Semi-dry transfer system large enough to accommodate gel

Glass pipette or stirring rod

For multiple gel transfers only:

Dialysis membrane, cut to the same dimensions as the gel and 
wet with ultrapure water. The membrane should have a molecular
weight exclusion small enough to retain the lowest molecular
weight protein in the gel.

Set Up
1. Prepare 200 mL of each anode buffers and 400 mL 

of cathode buffer:
a. Anode buffer I

• 0.3 M Tris, pH 10.4
• 10% (v/v) methanol

b. Anode buffer II
• 25 mM Tris, pH 10.4
• 10% (v/v) methanol

c. Cathode buffer
• 25 mM Tris
• 40 mM 6-amino-n-caproic acid 

(Note: glycine may be substituted)
• 10% (v/v) methanol
• pH 9.4

The completed transfer stack should look like this:

FOAM PAD, ONE SHEET


FILTER PAPER, ONE SHEET


IMMOBILON-P MEMBRANE


GEL


FILTER PAPER, ONE SHEET


FOAM PAD, ONE SHEET

���
���

CATHODE ELECTRODE PLATE


FILTER PAPER WETTED IN

CATHODE BUFFER, THREE SHEETS


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


FILTER PAPER WETTED IN

ANODE BUFFER I, TWO SHEETS


ANODE ELECTRODE PLATE

CATHODE ELECTRODE PLATE


FILTER PAPER WETTED IN

CATHODE BUFFER, THREE SHEETS


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


DIALYSIS MEMBRANE


FILTER PAPER WETTED IN

CATHODE BUFFER, ONE SHEET


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


FILTER PAPER WETTED IN

ANODE BUFFER I, TWO SHEETS


ANODE ELECTRODE PLATE          

Repeat (U
p to M

axim
um

 for the U
nit)

Transfer the Proteins
1. Place the cassette holder in the transfer tank so that the gel

side of the cassette holder is facing the cathode (-) and the
membrane side is facing the anode (+).

2. Add adequate buffer to the tank to cover the cassette holder.
3. Insert the black cathode lead (-) into the cathode jack and the

red anode lead (+) into the anode jack. 
4. Connect the anode lead and cathode lead to their corre-

sponding power outputs.
5. If available, set up the cooling unit on the tank transfer unit

according to the manufacturer's instructions.
6. Turn on the system for 1 to 2 hours at 6 to 8 V/cm inter-

electrode distance. 

Remove the Blot
1. Remove the cassette holder from the tank.
2. Using forceps, carefully disassemble the transfer stack.
3. Place the membrane on a piece of clean Whatman 3MM

paper to dry. For additional drying methods, see
Membrane Drying Methods later in this section.

Note: Do not allow the membrane to dry out if analysis of the
bound protein requires the native conformation or enzyme activity.

For information regarding protein visualization and immunodetec-
tion techniques, see the appropriate chapters later in this guide.



Preparation of Blots
PROTEIN BLOTTING APPLICATIONS GUIDE

11

Multiple transfers:
1. Place the anode electrode plate on a level bench top. 
2. Place the two pieces of filter paper soaked in anode buffer I

in the center of the plate.
3. Place the filter paper soaked in anode buffer II on top of the

first two sheets. 
4. Place the Immobilon-P membrane on top of the filter papers.
5. Place the gel on top of the membrane. For the last gel, go to

step 10.
6. Place a piece of filter paper soaked in cathode buffer on top

of the gel.
7. Place a piece of dialysis membrane on top of the filter paper.
8. Place a piece of filter paper soaked in anode buffer II on top

of the dialysis membrane.
9. Repeat steps 4 through 8 until all gels (up to the maximum for

the unit) have been incorporated into the stack.
10. Place three pieces of filter paper soaked in cathode buffer on

top of the last gel. 
11. Place the cathode electrode plate on top of the stack. 

Caution: Do not bump the cathode plate cover since it could
disturb the alignment of the transfer stack and cause inaccurate
results.

FOAM PAD, ONE SHEET


FILTER PAPER, ONE SHEET


IMMOBILON-P MEMBRANE


GEL


FILTER PAPER, ONE SHEET


FOAM PAD, ONE SHEET

CATHODE ELECTRODE PLATE


FILTER PAPER WETTED IN

CATHODE BUFFER, THREE SHEETS


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


FILTER PAPER WETTED IN

ANODE BUFFER I, TWO SHEETS


ANODE ELECTRODE PLATE

������
������

CATHODE ELECTRODE PLATE


FILTER PAPER WETTED IN

CATHODE BUFFER, THREE SHEETS


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


DIALYSIS MEMBRANE


FILTER PAPER WETTED IN

CATHODE BUFFER, ONE SHEET


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


FILTER PAPER WETTED IN

ANODE BUFFER I, TWO SHEETS


ANODE ELECTRODE PLATE          

Repeat (U
p to M

axim
um

 for the U
nit)

2. Remove the gel from its glass cassette; trim away any 
stacking gel. 

3. Immerse the gel in cathode buffer for 15 minutes.
4. Soak two pieces of filter paper in anode buffer I for at least

30 seconds.*
5. Soak one piece of filter paper in anode buffer II for at least

30 seconds.*
6. Soak three pieces of filter paper in cathode buffer for at least

30 seconds.*
7. Prepare Immobilon-P membrane:

a. Wet the membrane in methanol for 15 seconds. 
The membrane should uniformly change from opaque to
semi-transparent.

b. Carefully place the membrane in ultrapure water and soak
for 2 minutes.

c. Carefully place the membrane in anode buffer II and let
equilibrate for at least 5 minutes.

* Additional pieces will be required for transfer of multiple gels.

Assemble the Transfer Stack

Important! To ensure an even transfer, remove air bubbles
between layers by carefully rolling a pipette or stirring rod over the
surface of each layer in the stack. Do not apply excessive pressure
or you may damage the membrane and gel.

Refer to the manufacturer's specific operating instructions for your
semi-dry transfer system.

Single transfer:
1. Place the anode electrode plate on a level bench top. 
2. Place the two pieces of filter paper soaked in anode buffer I

in the center of the plate.
3. Place the filter paper soaked in anode buffer II on top of the

first two sheets. 
4. Place Immobilon-P membrane on top of the filter papers.
5. Place the gel on top of the membrane. 
6. Place the three pieces of filter paper soaked in cathode buffer

on top of the membrane. 
7. Place the cathode electrode plate on top of the stack. 

Caution: Do not bump the cathode plate cover since it could
disturb the alignment of the transfer stack and cause inaccurate
results.

The completed transfer stack should look like this:
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Membrane Drying Methods

The membrane must be dried before continuing on to transillumina-
tion or rapid immunodetection procedures. As the blotted
membrane dries, it becomes opaque. 

The table below details four drying methods and required times.
Always wait the full length of drying time to ensure that all liquid
has evaporated from within the membrane's pore structure.

Drying Method Required Time*

Soak in 100% methanol for 10 seconds. 
Remove from methanol and place 
on piece of filter paper until dry. 15 minutes

Secure between two sheets of filter paper 
and place in a vacuum chamber. 30 minutes

Incubate at 37°C. 1 hour

Place on lab bench 
and let dry at room temperature. 2 hours

* Longer times required in higher humidity environments.

Transfer the Proteins
1. Insert the black cathode lead (-) into the cathode plate jack. 
2. Insert the red anode lead (+) into the anode plate jack.
3. Connect the anode lead and cathode lead to their corre-

sponding power supply outputs.
4. Turn on the power supply. 
5. Set the current and let it run for the time indicated in the

following chart:

Current Density Time Limit

0.8 mA/cm2* 1 to 2 hours

1.2 mA/cm2 1 hour

2.5 mA/cm2 30 to 45 minutes

4.0 mA/cm2 10 to 30 minutes

* The surface area (cm2) is determined from the dimensions of the footprint of the 
stack on the anode plate. This value is independent of the number of gels in 
the stack.

FOAM PAD, ONE SHEET


FILTER PAPER, ONE SHEET


IMMOBILON-P MEMBRANE


GEL


FILTER PAPER, ONE SHEET


FOAM PAD, ONE SHEET

CATHODE ELECTRODE PLATE


FILTER PAPER WETTED IN

CATHODE BUFFER, THREE SHEETS


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


FILTER PAPER WETTED IN

ANODE BUFFER I, TWO SHEETS


ANODE ELECTRODE PLATE

CATHODE ELECTRODE PLATE


FILTER PAPER WETTED IN

CATHODE BUFFER, THREE SHEETS


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


DIALYSIS MEMBRANE


FILTER PAPER WETTED IN

CATHODE BUFFER, ONE SHEET


GEL


IMMOBILON-P MEMBRANE


FILTER PAPER WETTED IN

ANODE BUFFER II, ONE SHEET


FILTER PAPER WETTED IN

ANODE BUFFER I, TWO SHEETS


ANODE ELECTRODE PLATE          

��

������
����
��
����

Repeat (U
p to M

axim
um

 for the U
nit)

The completed transfer stack should look like this: Removing the Blot
1. Turn off power supply when the transfer is complete.
2. Disconnect the system leads.
3. Remove the cover. 
4. Remove and discard the filter papers.

Note: For graphite plates, graphite particles from the anode
electrode plate occasionally appear on the filter paper. 
These particles do not affect operation.

5. Remove the gel.
6. Remove the blotted membrane with a pair of forceps.
7. Place the membrane on a piece of clean Whatman 3MM

paper to dry. For additional drying methods, see
Membrane Drying Methods later in this section.

Note: Do not allow membrane to dry out if analysis of the bound
protein requires the native conformation or enzyme activity.

For information regarding protein visualization and immunodetec-
tion techniques, see the appropriate chapters later in this guide.
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Troubleshooting

Symptom Possible Cause Remedy

Bands smeared/distorted. Membrane not Membrane must be pre-wet with methanol; entire membrane 
uniformly wetted. should change from opaque to semi-transparent.

Air bubbles under membrane, Using a pipette or stirring rod, gently roll out any 
or between other layers in stack. trapped air bubbles.

Too much heat For tank transfer; pre-chill buffer or place in cold room
generated during transfer. during transfer.
Temperature should not 
exceed 20°C. For semi-dry transfer; shorten the run time, increase the number of 

filter papers or reduce the current.

Proteins transferred too rapidly, Reduce strength of electrical field.
forming build-up of protein on 
membrane surface.

Filter paper dried out Make sure filter paper is "sopping" wet prior to transfer, or use
during semi-dry transfer additional sheets.  Complete assembly of stack in <15 minutes.

Poor transfer. Proteins pass Membrane not pre-wet Membrane must be pre-wet with methanol; entire membrane
through membrane. in methanol. should change from opaque to semi-transparent.

SDS may inhibit protein binding Remove SDS from gel by equilibrating in transfer buffer for
(especially for low molecular at least 15 minutes.
weight proteins).

Eliminate SDS if possible. 

Methanol concentration in Methanol concentration should be increased to 15% to 20% (v/v).
transfer buffer too low to 
facilitate removal of SDS.

Poor transfer. Proteins retained Methanol concentration in Methanol concentration should be 10% (v/v) or less.
in the gel. transfer buffer too high, Supplement the transfer buffer with 0.05% (v/v) SDS.

preventing transfer due to 
aggregation of high molecular 
weight proteins in the gel.

Isoelectric point of protein is Adjust buffer pH.
higher than buffer pH. 

Transfer time too short. Increase transfer time.

Transfer voltage too low. Increase voltage.

Gel must be oriented toward Reorient stack.
cathode (-) and membrane 
toward anode (+) 
(unless transferring from 
acid-urea gels).
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Staining Protocols

The following protocols describe typical procedures for staining
proteins immobilized on an Immobilon-P membrane.

Note: When examining a stained blot, the degree of contrast is
best while the membrane is still wet. For photographic purposes,
use a wet blot and light transmitted through the membrane.

Coomassie Brilliant Blue R
This non-reversible stain produces dark bands on a light back-
ground. 

Important! This stain will interfere with immunodetection.

Required Equipment and Solutions
Stain: 0.1% (w/v) Coomassie brilliant blue R in 50% (v/v)
methanol, 7% (v/v) acetic acid

Destain solution I: 50% (v/v) methanol, 7% (v/v) acetic acid

Destain solution II: 90% (v/v) methanol, 10% (v/v) acetic acid

Methanol, 100%

Ultrapure water (produced by the Milli-Q System)

Shallow tray, large enough to hold membrane

Stain the Blot
1. If the blot is dry, re-wet in 100% methanol.
2. Fill the tray with enough stain to cover the blot.
3. Place the blot in stain and agitate for 2 minutes.
4. Remove the blot and rinse briefly with ultrapure water.
5. Place the blot in destain solution I (50% methanol, 7% acetic

acid) and agitate for 10 minutes to remove excess stain.
6. Place the blot in destain solution II (90% methanol, 10%

acetic acid) and agitate for 10 minutes to completely destain
the background.

Protein visualization, or staining, is a simple technique to
make protein bands visible on a blot. Staining can be used
to:
• Verify that proteins have transferred onto the membrane 
• Evaluate the overall efficiency of the transfer
• Evaluate the transfer efficiency for a new buffer system

or protein sample

Many types of stains are available and they fall into two
general categories:
• Reversible
• Non-reversible

Non-reversible stains generally exhibit the best sensitivity
but can interfere with or prevent further analysis of the
proteins. Although less sensitive, reversible stains allow
assessment of the blot and then can be washed from the
membrane. However, there is a risk that some proteins may

undergo chemical modification during the process or be
washed from the membrane.

While not technically a stain, transillumination may be the
most valuable of the visualization techniques. It provides
a sensitivity similar to Coomassie® brilliant blue R without
the risk of losing or modifying the proteins.

The most important factor in choosing a stain is how the
proteins on the blot are to be analyzed. For example, if
immunodetection analysis will follow, non-reversible stains
are not recommended. 

Gels should be stained whenever a change has been made
to the transfer protocol or a new sample type is encoun-
tered. This procedure can verify that the proteins have indeed
eluted from the gel. Follow the protocol below for Coomassie
brilliant blue R with the exception of increasing the stain-
ing time to 1 hour and the destaining time to 1–3 hours.
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Amido Black
This non-reversible stain produces dark bands on a light back-
ground. 

Important! This stain will interfere with immunodetection.

Required Solutions
Stain: 0.1% (w/v) amido black in 25% (v/v) isopropanol, 
10% (v/v) acetic acid

Destain solution: 25% (v/v) isopropanol, 10% (v/v) 
acetic acid

Methanol, 100%

Ultrapure water (produced by the Milli-Q System)

Shallow tray, large enough to hold membrane

Stain the Blot
1. If the blot is dry, re-wet in 100% methanol.
2. Fill the tray with enough stain to cover the blot.
3. Place the blot in stain and agitate for 10 minutes.
4. Remove the blot and rinse briefly with ultrapure water.
5. Place the blot in destain solution and agitate for 5 to 10

minutes to remove excess stain.

Ponceau-S Red
This stain is reversible and produces pinkish bands on a light
background. 

Required Solutions
Stain: 0.2% Ponceau-S red, 1% acetic acid
[Prepared by diluting the stock solution (2% dye in 30% (w/v)
trichloroacetic acid and 30% (w/v) sulfosalicylic acid) 1 to
10 in 1% (w/v)  acetic acid.]

Methanol, 100%

0.1 N NaOH

Ultrapure water (produced by the Milli-Q System)

Shallow tray, large enough to hold membrane

Stain the Blot
1. If the blot is dry, re-wet in 100% methanol.
2. Fill the tray with enough stain to cover the blot.
3. Place the blot in stain and agitate for 1 minute.
4. Remove the blot and rinse thoroughly with ultrapure water until

the desired contrast has been achieved.
5. To remove the stain completely, wash the blot with 0.1 N

NaOH.

CPTS (Copper phthalocyanine 
tetrasulfonic acid)
This stain is reversible and produces turquoise blue bands on a
light background. 

Required Equipment and Solutions
Stain: 0.05% (w/v) CPTS in 12 mM HCl

Destain solution I: 12 mM HCl

Destain solution II:  20% (v/v) methanol

Methanol, 100%

Ultrapure water (produced by the Milli-Q System)

Protein destain solution: 0.5 M NaHCO3

Shallow tray, large enough to hold membrane

Stain the Blot
1. If the blot is dry, re-wet in 100% methanol.
2. Fill the tray with enough stain to cover the blot.
3. Place the blot in stain and agitate for 1 minute.
4. Place the blot in destain solution I to remove excess stain and

achieve the desired contrast.
5. To remove stain from the background completely, wash the

blot with destain solution II.
6. To completely destain the proteins, agitate the blot in protein

destain until the stain has been removed.
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Transillumination

Transillumination is a nondestructive, reversible technique.  
This method is based on the change of PVDF from opaque to semi-
transparant when wet in methanol.  20% methanol will wet out
regions of the membrane coated with protein, but not areas 
without protein. 

The protein bands appear as clear areas when placed on a light
box. Detection sensitivity is comparable to Coomassie brilliant blue
R stain when used in conjunction with photography.

Required Equipment and Solutions
20% (v/v) methanol

Shallow tray, large enough to hold membrane

White light box

"Stain" the Blot
1. Dry the blot completely using one of the drying methods in

the Preparation of Blots section.
2. Fill the tray with enough 20% methanol to cover the blot.
3. Place the blot in 20% methanol for 5 minutes.
4. Place the blot on a light box and mask the areas around the

blot with a sheet of black paper. 
5. The bands appear as clear areas against an 

opaque background.
6. If a permanent record is desired, photograph the wet blot.
7. When all the methanol has dried, the blot will return to its

original appearance.
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Troubleshooting

For possible causes and remedies to general symptoms which may
occur during visualization of proteins, see the table below:

Symptom Possible Cause Remedy

Blot stains weakly or unevenly. Blot was dry prior to staining Re-wet blot in 100% methanol.
with Coomassie blue, 
Amido black, Ponceau S stain, 
or CPTS.

Protein transfer to membrane Stain gel to check for residual proteins.  
was incomplete. If transfer was not complete, review transfer technique. 

See Preparation of Blots.

Bands don't show when Blot saturated with water only. Blot must be saturated with 20% methanol.
using transillumination.

Blot prepared using nitrocellulose, Technique works best with Immobilon-P membrane.
Immobilon-PSQ or -CD membrane.

Blot was not dry prior to Dry the blot completely. 
immersion in 20% methanol.

High background staining. Residual stain on membrane. Continue destaining until the desired contrast is reached.

Non-specific protein binding Check the buffers used in electrotransfer for protein contamination.
to membrane. Use high quality reagents and ultrapure water.
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Immunodetection is a method of protein detection using a
specific antibody to identify the location of the mem-
brane-bound protein. The specificity of antibody-antigen
binding permits the identification of a single protein in a
complex sample.

Block unoccupied membrane sites to prevent non-specific 
binding of antibodies 

▼

Incubate membrane with primary antibody, which binds 
the protein of interest 

▼

Wash to remove any unbound antibodies

▼

Incubate with secondary antibody, which binds 
the first antibody, and carries an enzyme conjugate

▼

Wash to remove any unbound antibodies

▼

Incubate with substrate which reacts with labeled antibody 
to reveal location of protein 

When developing procedures for your own samples, carefully
consider all components and their interactions. Experiment with
antibody concentrations, buffer composition, blocking agents and
incubation times to determine the best conditions. And don’t forget
the importance of water quality in all steps – small impurities can
cause big problems. For instance, the enzyme activity of horserad-
ish peroxidase is inhibited by pyrogens, a common contaminant of
even high purity water.

The following paragraphs provide important information regarding
the immunodetection procedure. Understanding these basic con-
cepts will help you optimize protocols for your specific samples.

Buffers
The two most commonly used buffers are phosphate buffered
saline (PBS) and Tris buffered saline (TBS). Many variations on the
compositions of these buffers have been published. The key feature
is that the buffer must preserve the biological activity of the anti-
bodies. Thus, the ionic strength and pH should be fairly close to
physiological conditions. We have found that PBS formulations
with 10 mM total phosphate work well with a wide array of
antibodies and substrates. 

Blocking
For meaningful results, the antibodies must bind only to the protein
of interest –  not to the membrane. Non-specific binding of anti-
bodies can be reduced by blocking the unoccupied membrane
sites with an inert protein or non-ionic detergent. 

The blocking agent should:
• fill all unoccupied binding sites;
• not displace or bind to epitopes on the protein of interest;
• have a greater affinity for the membrane than the antibodies;

and
• not cross-react with the chosen antibodies.

The most common blocking agents are BSA (bovine serum albu-
min), non-fat milk and dilute solutions of Tween® 20 (<0.05% v/v).
The blocking agent is usually dissolved in an appropriate buffer,
such as PBS (phosphate buffered saline). 

There are risks associated with blocking; a poorly selected block-
ing agent or excessive blocking can displace or obscure the
protein of interest. For a protocol which does not require blocking,
see Rapid Immunodetection Method.

Antibodies
After blocking, the blot is incubated with one or more antibodies.
The first antibody binds to the protein of interest and a secondary
antibody binds to the first. The secondary antibody is labeled 
with an enzyme which will be used to indicate the location of 
the protein.

Although the primary antibody may be labeled directly, using a
secondary antibody has distinct advantages. The same labeled
secondary antibody (enzyme-antibody conjugate) can be used for
a large number of primary antibodies of different specificities,
thereby eliminating the need to purify and label numerous primary
antibodies. Also, because more than one molecule of the sec-
ondary antibody may be able to bind to the primary antibody, 
a secondary antibody can enhance the signal. 

Either polyclonal or monoclonal antibodies may be used.
Polyclonal antibodies may be in the form of antiserum or affinity
purified antibody. Monoclonal antibodies may be in the form of
ascites fluid or tissue culture fluid. Antibodies are diluted in buffer
and blocking solution to prevent non-specific binding to the mem-
brane. The antibody diluent also normally contains trace amounts
of Tween 20 or another detergent to prevent non-specific aggre-
gation of the antibodies.  Many published protocols for
chemiluminescence call for 0.1% (v/v) Tween 20 in the blocking
solution and antibody diluent. It is important to recognize that
concentrations above 0.05% (v/v) have the potential to wash
blotted proteins from the membrane.
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In addition to being specific for the protein of interest, the antibod-
ies used must:
• not recognize the blocking proteins or any other proteins on

the membrane;
• not cross-react with components of the blocking buffer; and
• be pure, because impurities in the form of other proteins or

aggregates can cause unreliable results.

Washing 
Washing the blot removes from the membrane any unbound
antibodies which could cause a high background and poor detec-
tion. A dilute solution of Tween 20 (0.05% v/v) in buffer is
commonly used, especially when the antibody preparations are
comparatively crude or used at high concentrations. More concen-
trated detergent solutions could elute the protein of interest from the
membrane.  For highly purified antibodies, buffer alone is often
sufficient for washing.

The amount of washing required is best determined experimentally.
Too little washing will yield an excessive background, while too
much may elute the antibody or protein and reduce the signal.

Detection Substrates
After the final wash, the blot is incubated with an appropriate
detection substrate. The enzyme-antibody conjugate already on
the blot catalyzes a reaction with the substrate, producing a visible
compound at the site of the protein. 

Chromogenic detection uses the enzyme to catalyze a reaction
resulting in the deposit of a colored precipitate. This technique is
easy to perform and requires no special equipment for analysis,
however:
• production of the precipitate can interfere with enzyme activity

and limit sensitivity; and
• the precipitate can be difficult to strip from membrane, limiting

reuse of the blot for detection of other proteins.

Chemiluminescent detection uses the enzyme to catalyze a reac-
tion resulting in the production of visible light. This technique
combines the speed and safety of chromogenic detection with the
sensitivity of radioisotopic detection. Reprobing is possible with
chemiluminescent substrates. See the Membrane Stripping
section.

Substrates should be prepared immediately before using. Most
substrates are supplied complete with preparation instructions.
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Rapid Immunodetection Method

Rapid immunodetection takes advantage of the fact that antibodies
cannot bind to the hydrophobic surface of the Immobilon-P mem-
brane, but will bind to a protein immobilized on the membrane.
Rapid immunodetection is compatible with both chromogenic and
chemiluminescent substrate detection.

The major advantage of rapid immunodetection is that blocking is
not required, saving time and eliminating the risks involved. Also,
because excess antibody won’t bind to a dry membrane, the
amount of washing required is reduced. As a result, the total time
for analysis is under 2 hours, as opposed to over 4 hours for the
standard method. All without loss of sensitivity.

The following protocol employs chromogenic detection. Good
results have been achieved using alkaline phosphatase labeled
secondary antibodies and BCIP/NBT (5-bromo-4-chloro-3-indolyl
phosphate/nitroblue tetrazolium) as the substrate. A dark purple
precipitate indicates the location of the protein. Immobilon-P is also
compatible with horseradish peroxidase labeled secondary anti-
bodies and its many substrates.

For rapid immunodetection with chemiluminescent detection see
the protocol in Chemiluminescent Detection later in this
section. 

Very Important! The blot must be thoroughly dry before
beginning rapid immunodetection. Refer to the drying methods in
the Preparation of Blots section.

Required Equipment and Solutions
Primary antibody (specific for protein of interest)

Secondary antibody (specific for primary antibody), labeled
with alkaline phosphatase 

Substrate: BCIP/NBT (5-bromo-4-chloro-3-indolyl phos-
phate/nitroblue tetrazolium)

Phosphate buffered saline (PBS): 10 mM sodium phosphate,
pH 7.2, 0.9% (w/v) NaCl

Tween 20

BSA (bovine serum albumin)

Ultrapure water (produced by the Milli-Q System)

Shallow trays, large enough to hold blot

Set Up
1. Dry the blot completely using one of the drying methods in the

Preparation of Blots section.
2. Prepare antibody diluent in PBS:

• 1% (w/v) BSA
• 0.05% (v/v) Tween 20

Enough solution should be prepared to allow for 0.1 mL of anti-
body diluent (primary and secondary) per cm2 of membrane.
3. Dilute primary antibody to the normal working concentration. 
4. Dilute secondary antibody to the normal working 

concentration. 

Antibody Incubations
1. Place the blot in the primary antibody solution and incubate

with agitation for 1 hour. The solution should move freely
across the surface of the membrane.

2. Place the blot in PBS and wash for 10 seconds. Repeat with
fresh buffer.

3. Place the blot in the secondary antibody solution and incu-
bate with agitation for 30 minutes.

4. Place blot in PBS and wash for 10 seconds. Repeat with 
fresh buffer.

Protein Detection
1. Prepare the substrate according to supplier’s instructions.
2. Place the blot in a clean container and add substrate to

completely cover the surface of the membrane. Incubate for
10 minutes or until signal reaches desired contrast.

3. Rinse the blot with ultrapure water to stop the reaction.
4. Store the blot out of direct light to minimize fading.



Standard Immunodetection Method

Standard immunodetection is the traditional technique requiring
wetting of the blot in methanol followed by blocking of the unoccu-
pied membrane binding sites. The drawbacks of this method 
are the need for blocking and the total time requirement of over 
4 hours. The advantage is that standard immunodetection may
require less optimizing for new sample types.

Standard immunodetection is compatible with both chromogenic
and chemiluminescent substrate detection.

The following protocol employs chromogenic detection. 
Good results have been achieved using alkaline phosphatase or
horseradish peroxidase labeled secondary antibodies and their
corresponding substrates.  Many protocol variations are possible,
as discussed above.

Important: The membrane must be wet in methanol prior to
standard immunodetection.

Required Equipment and Solutions
Primary antibody (specific for protein of interest)

Secondary antibody (specific for primary antibody), labeled
with alkaline phosphatase or horseradish peroxidase

Substrate appropriate to the enzyme conjugate

Phosphate buffered saline (PBS): 10 mM sodium phosphate,
pH 7.2, 0.9% (w/v) NaCl

Tween 20

BSA (bovine serum albumin)

Methanol, 100%

Ultrapure water (produced by the Milli-Q System)

Shallow trays, large enough to hold blot

Immunodetection
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Set Up
1. Thoroughly re-wet blot in methanol for 5 minutes.
2. Prepare blocking solution and antibody diluent in PBS:

• 1% (w/v) BSA
• 0.05% (v/v) Tween 20

Enough solution should be prepared to allow for 1 mL of blocking
solution per cm2 of membrane and 0.1 mL of antibody solution
(primary and secondary) per cm2.
3. Dilute primary antibody to the normal working concentration.
4. Dilute secondary antibody to the normal working 

concentration.

Antibody Incubations
1. Place the blot in the blocking solution and incubate with

agitation for 1 hour. 
2. Place the blot in the primary antibody solution and incubate

with agitation for 1 hour. The solution should move freely
across the surface of the membrane.

3. Place the blot in PBS and wash for 10 minutes. Repeat twice
with fresh buffer.

4. Place the blot in the secondary antibody solution and incu-
bate with agitation for 1 hour.

5. Place the blot in PBS and wash for 10 minutes. Repeat twice
with fresh buffer.

Protein Detection
1. Prepare the substrate according to supplier’s instructions.
2. Place the blot in a container and add substrate to completely

cover the surface of the membrane. Incubate for 10 minutes
or until the signal reaches the desired contrast.

3. Rinse the blot with ultrapure water to stop the reaction.
4. Store the blot out of direct light to minimize fading.
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Set Up
1. Dry the blot completely using one of the drying methods in the

Preparation of Blots section.
2. Prepare antibody diluent in PBS:

• 1% (w/v) casein 
• 0.04% (v/v) Tween 20 

Heat to approximately 50°C for 5 to 10 minutes to
dissolve casein.

3. Dilute primary antibody to the desired working concentration.
4. Dilute secondary antibody to the desired working concentra-

tion.

Antibody Incubations
1. Place the blot in the primary antibody solution and incubate

with agitation for 1 hour.
2. Rinse the blot quickly with PBS, then place in PBS and wash

for 5 minutes. Repeat wash twice with fresh buffer.
3. Place the blot in the secondary antibody solution and incu-

bate with agitation for 30 minutes.
4. Rinse blot quickly with PBS, then place in PBS and wash for 

5 minutes. Repeat wash twice with fresh buffer.

Protein Detection
1. Prepare the substrate according to supplier’s instructions.
2. Place the blot in container and add substrate to completely

cover surface of membrane. Incubate for 1 minute.
3. Drain excess substrate.
4. Place the blot on a clean piece of glass and wrap in 

plastic wrap.
5. Gently smooth out any air bubbles.
6. In a dark room, place the wrapped membrane in a 

film cassette.
7. Place a sheet of autoradiography film on top and close 

the cassette.
8. Expose film. Multiple exposures of 15 seconds to 30 minutes

should be run to determine the optimum exposure time; 2 to 5
minutes is common.

Rapid Chemiluminescent
Detection Method

Chemiluminescent detection is based on the oxidation of luminol in
the presence of peroxide and is catalyzed by horseradish peroxi-
dase. The oxidation of luminol emits light which is detected by
exposing the blot to X-ray film.

For best results, a low background is important. Therefore, use
more dilute antibodies and slightly longer wash times than for
rapid chromogenic detection. If converting a standard
chromogenic method to rapid chemiluminescent detection, start
with primary and secondary antibody concentrations that are three
to five times lower and a Tween 20 concentration of 0.01% (v/v). 

This protocol is based on the Rapid Immunodetection Method and
was optimized for the detection of transferrin in human serum. 
The primary antibody used was goat anti-(human transferrin) and
the secondary antibody horseradish peroxidase-labeled rabbit
anti-(goat IgG).

Required Equipment and Solutions
Primary antibody

Secondary antibody, labeled with horseradish peroxidase

Enhanced chemiluminescent substrate: Amersham ECL™ 

Phosphate buffered saline (PBS): 120 mM NaCl, 2.7 mM
KCl, 10 mM phosphate, pH 7.4 (Sigma 1000-3)

Casein

Tween 20

Ultrapure water (produced by the Milli-Q System)

Shallow trays, large enough to hold blot

Glass plates

Plastic wrap (e.g., Saran™)

Autoradiography film and cassette

Dark room
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Method #1 – Heat/Detergent
Applicable to any chemiluminescent substrate system. 

Required Equipment and Solutions
Stripping solution: 100 mM 2-mercaptoethanol, 2% (w/v)
SDS, 62.5 mM Tris-HCl, pH 6.7

Buffer (same as used in initial immunodetection)

Shallow tray, large enough to hold membrane

Stripping
1. Place the blot in stripping solution and agitate for 30 minutes

at 50°C.
2. Place the blot in buffer and agitate for 10 minutes. 

Repeat with fresh buffer.
3. (OPTIONAL) Repeat the initial detection protocol (omitting the

primary antibody step) to make sure that the antibodies have
been inactivated or stripped from the membrane.

4. Place the blot in buffer and agitate for 10 minutes.
5. Proceed to the blocking step for the next round of detection.

Method #2 – Low pH
May be used for any application where antibodies have to be
separated from an antigen in such a way that the antibody bind-
ing site is no longer active.

Required Equipment and Solutions
Stripping solution: 25 mM glycine-HCl, pH 2, 1% (w/v) SDS

Buffer (same as used in initial immunodetection)

Shallow tray, large enough to hold membrane

Stripping
1. Place the blot in stripping solution and agitate for 30 minutes.
2. Place the blot in buffer and agitate for 10 minutes. Repeat

with fresh buffer.
3. Proceed to the blocking step for the next round of detection.

Membrane Stripping

A single blot can be sequentially analyzed with multiple antibodies
by stripping the first antibody from the blot and incubating with
another. The stripping process disrupts the antigen-binding capaci-
ty of the antibody and dissolves it into the surrounding buffer. 

Two protocols are presented below. The first is applicable to any
chemiluminescent substrate system and uses a combination of
detergent and heat to release the antibodies. The second is com-
monly used for applications where antibodies have to be
separated from an antigen and employs low pH to alter the struc-
ture of the antibody in such a way that the binding site is no longer
active.

Neither method will remove the colored precipitates generated
from chromogenic detection systems (e.g., BCIP, 4CN, DAB and
TMB). However, it is still possible to analyze the blot with another
antibody.

Important: The blot should not be allowed to dry between
rounds of immunodetection. Any residual antibody molecules will
bind permanently to the membrane if it is allowed to dry.
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Troubleshooting

For possible causes and remedies to general symptoms which may
occur during immunodetection, see the table below:

General (applies to all immunodetection methods)
Symptom Possible Cause Remedy

High background. Impurities in Use affinity purified antibodies.
polyclonal antibody(s).

Unbound antibodies not Increase wash times.
thoroughly washed from blot. Decrease antibody concentrations.

Antibody bound to Increase blocking time.
membrane sites. Change blocking agent.

Substrate incubation time Decrease incubation time.
too long (chromogenic).

Film exposure time too long Decrease exposure time.
(chemiluminescence).

Low sensitivity. Incomplete reaction of Increase antibody incubation times.
antibody and antigen.

Blocking agent has affinity Try a different blocking agent.
for protein of interest.

Antibody concentration too low. Increase the antibody concentration.

Substrate outdated. Use fresh substrate that has been properly stored. 

Uneven/splotchy results. Insufficient solution in incubation Use container large enough for solution to move freely
or washing container. across the blot.  Do not use “seal-a-meal” type bags. 

Do not incubate more than one blot at a time. 

Contamination. Make sure all buffers and other reagents are fresh and free of 
contaminants and particulates. Filtration of buffers and 
centrifugation of antibody stocks may be necessary.

Make sure deionized water supply is pure and well-maintained.

Air bubbles trapped on surface Gently pull membrane across edge of container to remove bubbles.
of blot during incubation.

Immobilized protein not Make sure the blot is placed in the container with the protein side 
exposed to incubation solutions. facing upwards.

Contrast poor Blot has dried. Re-wet blot in water.
(chromogenic detection).



Immunodetection
PROTEIN BLOTTING APPLICATIONS GUIDE

25

Standard Immunodetection Method
Symptom Possible Cause Remedy

Uneven/splotchy results. Blot was not wet Rewet blot in 100% methanol.
with methanol prior to 
standard immunodetection.

Low sensitivity. Blocking agent Too much blocking agent used or exposure time too long.
has obscured proteins.

Rapid Immunodetection Method
Symptom Possible Cause Remedy

High background. Blot was not completely dry Blot must be dry. 
prior to rapid immunodetection. See Membrane Drying Methods in 

Preparing the Blot section.

Membrane wet out After electrotransfer, rinse the blot in ultrapure water to wash out
during incubations. SDS carried over from the gel.

Reduce the Tween 20 concentration in the antibody diluent 
to <0.04% (v/v).

Agitate membrane more gently. Excessive friction may 
cause wetting.

Rapid Chemiluminescent Detection
Symptom Possible Cause Remedy

High background. Blot was not completely dry Blot must be dry. 
prior to rapid immunodetection. See Membrane Drying Methods in 

Preparing the Blot section. 

Antibody concentrations too high. Decrease primary and secondary antibody concentrations.

Washing incomplete. Increase wash times and volumes.

Low sensitivity. Antibody concentrations too low. Increase primary and secondary antibody concentrations.

Non-specific binding of antibody. Gradually increase Tween 20 concentration 
(no more than 0.04% (v/v)).
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Glossary

Blocking
Technique used to reduce non-specific binding of antibodies
during immunodetection; unoccupied membrane sites are blocked
with an inert protein or non-ionic detergent.

Blotting
Process of transferring proteins or nucleic acids from a gel to a
membrane. A membrane with proteins immobilized on it is called
a blot.

Chemiluminescent detection
Immunodetection technique which results in the production of
visible light at the site of the protein of interest.

Chromogenic detection
Immunodetection technique which results in the deposit of a 
colored substance at the site of the protein of interest.

Electrotransfer
Common method for the transfer of proteins from a gel to a mem-
brane. Proteins move from the gel and onto the membrane in an
electrical field applied perpendicular to the plane of the gel.

Filtration
Direct application of sample onto a membrane. A dissolved 
sample is pulled through the membrane by applying a vacuum;
proteins bind to the membrane and the other sample components
pass through. 

Gel
The substrate, usually polyacrylamide, on which sample proteins
have been separated.

Immunodetection
Method of protein detection using a specific antibody to identify
the location of a membrane-bound protein. The specificity of
antibody-antigen binding permits the identification of a single
protein in a complex sample.

Rapid Immunodetection
Faster method of immunodetection which eliminates the need for
(and risks of) blocking.

Semi-dry transfer 
Electrotransfer technique where the traditional buffer reservoir is
replaced by layers of filter paper soaked in buffer. An equally
effective, but far quicker technique than tank transfer.

Staining
Technique used to make protein bands visible on a blot. 
The colored stain may be reversible or non-reversible.

Stripping
Process of antibody removal from a membrane prior to a subse-
quent round of immunodetection.

Tank transfer 
Traditional electrotransfer technique where the gel and 
membrane are immersed in a reservoir of buffer; an effective 
but slow technique. 

Transillumination
Non-destructive, reversible technique used to make protein bands
visible on a blot. The protein bands appear as clear areas when
placed on a light box.
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Ordering Information

Immobilon-P (PVDF) Transfer
Membranes (0.45 µm pore size)
Description Qty/pk Catalogue No.

82 mm discs 50 IPVH 082 50

137 mm discs 50 IPVH 137 50

9 cm x 12 cm sheets 10 IPVH 091 20

10 cm x 10 cm sheets 10 IPVH 101 00

15 cm x 15 cm sheets 10 IPVH 151 50

20 cm x 20 cm sheets 10 IPVH 202 00

26 cm x 26 cm sheets 10 IPVH 304 F0

26.5 cm x 3.75 m roll 1 IPVH 000 10
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