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Here at Electron Microscopy Sciences we are very proud to be the exclusive agents of
Aurion, the leading manufacturer and developer of a complete line of ImmunoGold
Reagents and Accessories in the Netherlands. Aurion is led by the renowned Dr. Jan
Leunissen, whom many of you may know through his books that he has written on
ImmunoGold labeling as well as the workshops he teaches throughout the world.
Over the years the Aurion line has grown and has been further enhanced to include many
unique and exclusive products not available elsewhere. Today their line includes not only
the more commonly known reagents for EM and LM but, as well, a newly introduced line of
products such as Silver Enhancement specifically for EM, Ultra-Small Fab fragments,
Blocking Solutions, and even a line of donkey gold conjugates. With all of the new additions
to the line up Aurion and EMS have something for everyone in the ImmunoGold Field.

Sincerely,
The EMS Team

In PA: (215) 412-8400
Toll-Free (800) 523-5874
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email: sgkcck@aol.com or
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Micrographs

Immunogold silver staining of
alpha-amylase on Lowicryl HM20
section of rat pancreas.

Immunogold silver staining of
alpha-amylase on Lowicryl
HM20 section of rat pancreas.

• Goat-anti-Rabbit,15nm

• Goat-anti-Rabbit
• Ultra Small Silver Enhanced
(Danscher Method)

Pre-embedding Immunogold
Labeling of Huntingtin Interacting
Protein 3 in Mouse Brain using
Aurion GAR Fab-US and Aurion
SEEM. Courtesy of Ms Hong Yi,
Emory University, Atlanta GA

IGSS of tubulin on coverslip
culture of PtK2 cells Courtesy of
Peter van de Plas, Aurion
Costerweg 5, The Netherlands.

Immunogold Silver Staining of E-cadherin
on a paraffin section of human skin.
Courtesy of R. Moella, Dept. of Exp. Path. EUR, The
Netherlands.

• Mouse monoclonal anti E-cadherin
• GAM lgG UltraSmall
• Aurion R-Gent SE-LM

Routine paraffin section of Hodgkin lymphoma stained for CD 15.
Reed-Sternberg cells show positive staining in the cytoplasm.

Product used:
• Mouse monoclonal CD 15

• GAM lgG UltraSmall

• Aurion R-Gent SE-LM

Courtesy of H. Stoop, Laboratory of Pathology and Anatomy, Dordrecht, The Netherlands.

Regular Light Microscopy

2

Combination regular light microscopy
and epi-polarization microscopy

Epi-polarization microscopy
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Micrographs
ImmunoGold silver staining of alpha-amylase in light microscopy

Products used: Rabbit polyclonal to alpha-amylase, GAR-GP-Ultrasmall R-Gent

Regular light microscopy

Combination regular light microscopy and
epi-polarization microscopy

Epi-polarization microscopy

● AURION R-Gent SE-EM
Application Example
ER exit site in 60 nm-thin cryosection of Hepg2 cells, labeled for COPII (primary
antibody against sec23 was obtained by ABR) and detected with Fab-goat-anti-rabbit,
conjugated to ultra-small gold, silver enhanced for 30 minutes (from Aurion).
The arrows point to labeled COPII-coats on vesicular and tubular membranes, which
are located close to the ER.
The information of a thin section is not sufficient to conclude how the membranes are
related to each other- if they are still connected to the ER, or if they are free.
Therefore we performed 3D electron tomography on 400nm thick cryosections, which
were labeled similar for COPII. (see next picture).

ER= endoplasmic reticulum
PM= plasma membrane
MVB= multi-vesicular body
Bar = 100 micrometer
2 views of a model of a COPII-labeled ER-exit site, resolved from 400nm thick cryosections of Hepg2 cells, labeled like described for the ultrathin section before.
Note that the labeling for COPII is assessable throughout the section.
ER=light blue
Free membrane carriers of vesicular and tubular shape, partially labeled for
COPII=yellow
COPII=silver enhanced-red
Courtesy of: Dagmar Zeuschner, Judith Klumperman (Department of Cell Biology,
UMC Utrecht, The Netherlands) and Willie Geerts, Abraham Koster (Molecular Cell
Biology, Utrecht University, The Netherlands)
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Product Information
● Conventional ImmunoGold
Reagents

T E C H N I C A L

T I P S

Application Instructions:
On-Grid Labeling

Conventional Immunogold Reagents are available in four
size classes. The monodisperse size population makes
the conjugates suited for multiple labeling with no overlap. The Conventional Immunogold Reagents are the
classical conjugates in immuno electron microscopy;
they are a good choice when the antigen is abundant
and the accessibility of the antigen is relatively good.
Introduction

For most applications grids are floated on top of drops
of dilute reagent displayed on a sheet of Parafilm™.
The use of gold or nickel grids is recommended.

Whole mount and intact cell labeling
Specimens are kept floating in dilute reagent on a
rocking table.

Recommended Incubation Solution:

The conventional labeling approach in transmission and scanning electron microscopy utilizes
secondary immunogold reagents based on particles that can be observed without enhancement. These conjugates are suited for single and multiple labeling in electron microscopy,
when the number of antigens available for binding is such that a relevant signal can be
obtained.

PBS, (10 mM Phosphate buffer, 150 mM NaCl),
0.1-0.2 % AURION BSA-C™
15 mM NaN3
pH 7.4

Additional Information

The AURION Conventional Immunogold Reagents are built around colloidal gold particles with
sizes of 6, 10, 15 or 25 nm. The particle population is monodisperse and thus shows minimal
size variation and overlap. Typically, the coefficient of variance for the 6 and 25 nm particle
size conjugates is less than 12%, whereas the 10 and 15 nm size conjugates show less then
10% variation.

For additional information please see the Aurion
Immunogold Newsletter and Protocol sections.

The table below lists a few physical characteristics of gold conjugates.

How to control background in a nutshell

Particle
Diameter
6
10
15
25

+⁄– #Au
atoms
6500
30.103
100.103
470.103

+⁄– MWt.
(daltons)
1.3.106
6.106
20.106
92.106

+⁄– #Particles
/ml
2.4.1013
5.1012
1.5.1012
3.3.1011

+⁄– #Ab
(/part)
1-2
7-12
25-40
115-180

T E C H N I C A L

T I P S

Background Is Controlled by Three Independent Steps

1. Low Molecular Weight Block (before
protein block)
Purpose: to inactivate residual fixative e.g. aldehydes,
using

Features of Conventional Immuno Gold Reagents

• amino acids such as glycin or lysin, or

❚ for single and multiple labeling
❚ gold particle sizes of 6, 10,15 and 25 nm
❚ monodisperse particle population
❚ OD520 nm of 1.0 to warrant cluster free
storage using a dot-spot test system.

• aldehyde inactivating compounds such as NaBH4 and
NH2OH

❚ minimal size variation and overlap
❚ coefficient of variance: <12% for the 6
and 25 nm conjugates and <10% for
the 10 and 15 nm conjugates

Purpose: to prevent stickiness to hydrophobic areas
and domains with excessive positive charges based on
multiple point interactions (high affinity protein binding
capacity), using

Product Description
AURION Conventional Immunogold Reagents are tailored
to contain 10-20 µg of specific protein/ml. The reagents
are supplied in PBS with 1% Bovine Serum Albumin and
15 mM NaN3 at an OD520nm of 1.0 to warrant prolonged
cluster free storage. The activity of each lot is determined
using a dot-spot test system as described by Moeremans
et al., J. Immunol. Methods, 74, (1984), 353. Actual lot
specifications (size, variation and expiry date) are indicated on the accompanying package insert.
Regular package: for the labeling of 1000-2000 grids
Small package: for the labeling of 400-800 grids

Specificity
Aurion offers the widest range of Conventional
Immunogold Reagents.

• albumin
• normal serum

3. Incubation and Wash solution
(during immunolabelling)

Immunolabeling of the periplasmic
space in ultrathin cryosections of
Escherichia coli with a protein A gold
conjugate. Courtesy M. de Jong

AURION Conventional Immunogold Reagents are prepared using the highest quality antibodies
or binding agents available. All antibodies are immuno affinity purified and immuno crossadsorbed to reduce non-specific reactions.

Storage
AURION Conventional Immunogold Reagents have a guaranteed shelf life of 18 months from
the date of quality control analysis.
The products should be stored at 4-8°C. Freezing is not recommended.

4

2. High Molecular Weight Protein
Block (before immunolabeling)

Purpose: to eliminate aspecific binding of
immunoconjugates based on hydrophilic interactions
(“oligo” point interactions) by competition, using
• acetylated albumin (AURION BSA-c™) in the
incubation buffer

Abandoning BSA-c™ molecules compete with
antibodies and secondary immuno reagents for
aspecific binding to positively charged specimen
compounds, thus minimizing background.
Please refer to our Newsletter 1 and Newsflyer 1 for
more information on the subject of background.
You can find incubation protocols in "The Aurion
method" section.
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Product Information
T E C H N I C A L

T I P S

Why Ultra-Small Gold Conjugates?
❚ More gold particles/secondary antibody
instead of more antibodies/gold particle.
❚ Reduced Steric hindrance.
❚ More gold particles/surface area in the specimen.
❚ Maximum penetration.
Reduced Molecular Weight…
❚ Increased diffusion rates.
❚ Ultra-Small probes behave similar as
uncoupled antibodies.
Reduced Probe Size…
❚ Reduced overall probe size.
❚ Reduced hydrodynamic radius.
❚ Significantly increases penetration into
sections and tissues.
The Choice for Ligand Receptor Interactions…
❚ Each Ligand is separate.
❚ No capping or patching, each probe unit
consists of a single ligand.
Universal Probes…
❚ Optimally suited for high resolution EM,
immuno EM, immunohisto at the LM level,
and suited for bio-assays as well.
❚ One probe for all purposes.

T E C H N I C A L

T I P S

Ultra Small ImmunoGold Reagents
Application Instructions
Electron Microscopy Labeling:
For post-embedding labeling, incubate thin sections by
placing grids on drops of reagent arrayed on a sheet of
Parafilm™. The use of nickel grids is recommended,
especially if silver enhancement procedures are intended.
For pre-embedding labeling, float specimens in dilute reagent
on a rocking table.
For more information on post and pre-embedding labeling
see protocols.
Light Microscopy Slide or Coverslip Labeling:
Apply a few drops of dilute reagent to cover the specimen.
Recommended Incubation Solution:
PBS,
(10 mM Phosphate buffer, 150 mM NaCl)
0.1-0.2 % AURION BSA-c™
15 mM NaN3
pH 7.4
Additional Information
"Ultra Small Gold Reagents and R-Gent SE-EM in Preembedding Single and Double Labeling" Hong Yi and Jan
L.M. Leunissen
"Optimised Immuno Labelling using AURION BSA-c™ and
AURION Blocking Solutions" by J.L.M. Leunissen and P.F.E.M.
van de Plas
For additional information please see the Aurion Immunogold
Newsletter and Protocol sections.

● Ultra Small ImmunoGold
Reagents
Aurion Ultra Small Immunogold Reagents are prepared
with subnanometer gold particles. These particles have
far less influence on the adsorbed antibodies or detecting
molecules, and consequently the conjugates behave as
though they are uncoupled. In conjunction with the highly
efficient and easy-to-use R-Gent SE-LM and SE-EM silver
enhancement reagents, the Ultra Small Immunogold
Reagents are the best choice for any application.
Introduction
Reduction of the gold particle size provides Ultra Small Immunogold Reagents with fundamentally
different characteristics when compared with conjugates built around larger particles. While the
Conventional Immunogold Reagents can be thought of as particles coated with proteins, Ultra
Small Immunogold Reagents are proteins coated with one or more gold particles. With this structure, both the overall size of the conjugates, as well as steric hindrance are decreased.
Gold conjugates physical characteristics.
Particle
Diameter

+⁄– #Au
atoms

+⁄– MWt.
(daltons)

+⁄– #Particles
/ml

+⁄– #Ab
(/part)

0.8
6
10

15
6500
30.103

3.103
1.3.106
6.106

5.1015
2.4.1013
5.1012

0.1-1
1-2
7-12

The small gold particles also have a tight
particle surface curvature which makes it
less likely that a structured water dipole
layer will build-up around the gold particles.
Hence, the hydrodynamic radius
of the ultra small gold colloids is reduced.
Finally, small gold particles carry less net
negative charge; thus, they undergo less
charge determined repulsion when
approaching the sample surface.
Aurion offers Ultra Small Immunogold
Reagents with an average gold particle
diameter of 0.8 nm or less. These ultra
small gold particles can be visualized directly in high angle annular dark-field-scanning
TEM. However, the gold signal is normally
visualized after increasing the particle diameter with silver enhancement. The reagents
can be used in electron and light
microscopy as well as in blotting experiments. The universal applicability makes it
easy to compare results obtained with different procedures.
AURION Ultra Small Immunogold Reagents
contain 60-80 µg of specific protein/ml for
IgG conjugates. F(ab’)2, Fab and biotinylated
albumin conjugates contain equimolar
amounts of conjugated protein. The average
gold cluster diameter is less than 0.8 nm.
AURION Ultra Small Immunogold Reagents
are used in conjunction with AURION R-Gent
SE-EM or SE-LM silver enhancement
reagents, developed for electron microscopy
and light microscopy/immunoblotting
respectively.

The reagents are supplied in PBS with 1%
Bovine Serum Albumin and 15 mM NaN3.
The activity of each lot is determined using
a dot-spot test system as described by
Moeremans et al., J. Immunol. Methods, 74,
(1984), 353.
The products are available in two
package sizes:
Regular package: for 1200 grids
or 600 slides
Small package: for 480 grids
or 240 slides.

Specificity
Aurion offers the widest range of Ultra Small
Immunogold Reagents. The most commonly
used reagent types are available as intact
IgG, F(ab’)2 and Single Fab conjugates.
AURION Ultra Small Immunogold Reagents
are prepared using the highest quality antibodies or binding agents available. All antibodies are immuno affinity purified and
immuno cross-adsorbed to reduce non-specific interactions.

Storage
AURION Immunogold Reagents have a guaranteed shelf life of 18 months from the date
of quality control analysis.

Electron Microscopy Sciences In PA: (215) 412-8400 • Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452 • email: sgkcck@aol.com or stacie@ems-secure.com • www.emsdiasum.com
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Product Information
T E C H N I C A L

T I P S

Blocking Solutions Application Instructions
Detailed information is provided on the package inserts.

Electron Microscopy
On-Grid Labeling
Placing grids on top of drops of Blocking Solution arrayed on a sheet
of Parafilm™ after they have been treated for aldehyde inactivation.
Pre-embedding Labeling
Floating specimens in Blocking Solution, preferably on a rocking table.

Light Microscopy
On-slide or -coverslip Labeling
Applying a few drops of Blocking Solution to cover the specimen.
Bio Assays
Incubating specimens (e.g. immunoblot strips) in Blocking Solution
on a rocking table in screw-cap sealed disposable tubes.
Additional Information
For additional information please see the Aurion Immunogold
Newsletter and Protocol sections.

N-Cadherin detection in heart muscle cells

Immunofluorescence using Alexa 568 labeled Fab goat antimouse. For reasons of
comparability areas of specific labeling are pictured with similar density (arrowheads).

● Blocking Solutions
The signal-to-noise ratio determines the
quality of any detection experiment. This
ratio is in principle determined by the
characteristics of specimen and detection
reagents. With adequate blocking and
incubation media, background reactions are
minimized whereas specific reactions are not hampered.
Aurion has developed Blocking Solutions which effectively block
‘sticky’ surfaces by multi-point hydrophobic and charge-based
interactions. The Blocking Solutions are specifically designed to
meet the characteristics of each type of secondary conjugate.
Introduction
The AURION Blocking Solutions are used to prevent immunoreagents from
binding non-specifically to specimens with “sticky” surface properties.
Procedures to eliminate background comprise three main steps:
❚ To suppress residual aldehyde activity
❚ To saturate multipoint hydrophobic moieties and positive
charges with high molecular weight compounds such as those
present in the AURION Blocking Solutions
❚ To reduce aspecific binding of immunoreagents caused by
hydrophilic interaction with competing molecules in the
incubation and washing solution. AURION BSA-c™ is a
particularly effective reagent for this purpose.
These steps should be balanced for optimum results.

Courtesy of Lauren Hruby and John Harris; Dept. Physiology, University of Otago, Dunedin, New Zealand

Product Description

Left hand panel:
Background using a commonly used
protocol obscures sites of specific labeling.

AURION Blocking Solutions are prepared using specially selected
compounds. All ruminant proteins are obtained from healthy livestock.

Right hand panel:
N-Cadherin immunolabelled areas obtained
using Aurion Blocking Solution and BSA-c™
stand out with much clearer definition.

AURION Blocking solutions contain Bovine Serum Albumin and Cold
Water Fish Skin Gelatine in phosphate buffered saline with sodium azide
as preservative. Normal serum may have been added as indicated on
the label. The blocking capacity of each lot is determined using a dotspot test system as described by Moeremans et al., J. Immunol.
Methods 74, (1984), 353.
Each package contains 30 ml of solution. It accommodates 300
specimens for light microscopy at 100 µl/specimen (~ 3 drops), or
1000 EM grids at 30 µl/specimen (~ 1 drop).

Specificity
Blocking Solutions are available in the following specificities:
❚ serum-free: for use with Protein A and Protein G Gold conjugates.
❚ with Normal Goat serum: for use with reagents based on
secondary antibodies raised in Goat.
❚ with Normal Rabbit serum: for use with reagents based on
secondary antibodies raised in Rabbit.
❚ with Normal Sheep serum: for use with reagents based on
secondary antibodies raised in Sheep.
❚ with Normal Donkey serum: for use with reagents based on
secondary antibodies raised in Donkey.

Storage
AURION Blocking Solutions have a guaranteed shelf life of 18 months
from the date of quality control analysis.
The products should be stored at 4-8°C. Freezing is not recommended.
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Product Information
T E C H N I C A L

T I P S

Recommended Incubation Solution:
PBS,
(10 mM Phosphate buffer, 150 mM NaCl)
0.1-0.2 % AURION BSA-c™
15 mM NaN3
pH 7.4
After addition of the BSA-c™ concentrate the pH should be
checked and adjusted to 7.4 if necessary.
This Incubation Solution is used throughout the whole set of
reactions and washing steps (i.e. from immediately after the
blocking step, through the primary antibody incubations, inbetween washing steps, secondary incubation and the final
washing steps).
Additional Information
"Optimised Immuno Labelling using AURION BSA-c™ and
AURION Blocking Solutions" by J.L.M. Leunissen and
P.F.E.M. van de Plas
For additional information please see the Aurion Immunogold
Newsletter and Protocol sections.
Storage
AURION BSA-c™ concentrate has a guaranteed shelf life of 18
months from the date of quality control analysis. The products
should be stored at 4-8°C. Freezing is not recommended.

T E C H N I C A L

T I P S

How to control background in a nutshell
Background is controlled by three independent steps
1. Low Molecular Weight Block (before
protein block)
Purpose: to inactivate residual fixative e.g. aldehydes,
using
• amino acids such as glycin or lysin, or
• aldehyde inactivating compounds such as NaBH4 and
NH2OH
2. High Molecular Weight Protein Block
(before immunolabeling)
Purpose: to prevent stickiness to hydrophobic areas
and domains with excessive positive charges based on
multiple point interactions (high affinity protein binding
capacity), using
• albumin
• normal serum
3. Incubation and Wash solution (during
immunolabelling)
Purpose: to eliminate aspecific binding of
immunoconjugates based on hydrophilic interactions
(“oligo” point interactions) by competition, using
• acetylated albumin (AURION BSA-c™) in the
incubation buffer

● Incubation Solution Additive
AURION BSA-c™
In the blocking step, hydrophobic moieties causing “stickiness”
in the specimen surface are rendered hydrophilic to minimize
background. Nevertheless, the more dynamic charge-based
interaction between the specimen surface and immunoreagents
also needs to be controlled in order to eliminate background.
Aurion has developed BSA-c™, a unique incubation buffer additive with an unparalleled
ability to effectively prevent charge based background. BSA-c™ is prepared by
acetylation of bovine serum albumin (BSA). Polycationic sites in the specimen interact
readily with negatively charged acetylated BSA molecules. This significantly reduces the
risk that such sites might bind negatively-charged immunoreagents and immunogold
conjugates and thus reduces the risk of background.
Introduction
Procedures to eliminate background comprise three main steps:
❚ To suppress residual aldehyde activity
❚ To saturate multipoint hydrophobic moieties and positive charges with high
molecular weight compounds such as those present in the AURION Blocking
Solutions
❚ To reduce non-specific binding of immunoreagents caused by hydrophilic
interaction with competing molecules in the incubation and washing solution.
AURION BSA-c™ is a particularly effective reagent for this purpose.
AURION BSA-c™ is a buffer additive that helps prevent immunodetection reagents (i.e.
primary antibodies and secondary reagents) from binding nonspecifically to charged
moieties within the specimen. Thus, it suppresses background competitively with little or no
effect on the specific reaction. Its successful application is not limited to immunogold
detections but it is equally efficient in fluorescent and enzyme-based detection systems.
AURION BSA-c™ concentrations as low as 0.01-0.1% inhibit binding of gold conjugate to
polycationic poly-l-lysine coated grids almost completely (>99%).
The surface properties of the specimen can be simplified by division into four compartments:
- negatively charged (polyanions, proteins, especially after
aldehyde fixation, lipids); 0 neutral; + positively charged
(histone proteins, polycations) and H hydrophobic (lipids,
fat droplets, resins). After an appropriate blocking step
these areas are covered with blocking compounds.
In low ionic strength media negatively charged antibodies
and gold conjugates are repulsed by negatively charged
specimen areas which frequently may contain the
antigens to be detected. Background does not likely
occur in such areas. The positively charged areas attract
antibodies and gold conjugates potentially leading to
background. In a moderate ionic strength incubation solution, repulsion and attraction are
diminished due to the presence of ions. The negatively charged BSA-c™ competes with
the negatively charged antibodies and gold reagents for non-specific binding to the
positively charged specimen compounds, thus reducing background to the greatest possible
extent without interfering with antigen detection.

Product Description

Abandoning BSA-c™ molecules compete with
antibodies and secondary immuno reagents for
aspecific binding to positively charged specimen
compounds, thus minimizing background.

AURION BSA-c™ concentrated solution contains acetylated bovine serum albumin as the
functional constituent. By acetylation of amines on basic amino acids these groups are no
longer as easily protonated and the isoelectric point of such molecules is lowered and
hydrophobicity is increased. BSA-c™ is a 10% solution of acetylated BSA at slightly alkaline
pH with Kathon CG as preservative. The bovine serum albumin that Aurion uses to prepare
BSA-c™ is obtained from healthy livestock.

Please refer to our Newsletter 1 and Newsflyer 1 for
more information on the subject of background.

The charge dependent background inhibition capacity of the BSA-c™ in each lot is
determined using a dot-spot test system with polycationic compounds.

You can find incubation protocols in "The Aurion
method" section.

Two package volumes are available which yield 1.5 - 3 and 5 -10 litres of incubation buffer
respectively

Electron Microscopy Sciences In PA: (215) 412-8400 • Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452 • email: sgkcck@aol.com or stacie@ems-secure.com • www.emsdiasum.com
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Product Information
● BSA/CWFS/
Tween 20/
Normal Sera
Many compounds have
been added empirically to
immunolabeling solutions
for the purpose of
minimizing background
staining. Based on years of
experience and controlled
testing, Aurion has selected
a group of compounds that are proven to be the most effective
in their background reduction action. Researchers can obtain
these items separately from Aurion and prepare blocking and
incubation media to suit the needs of their own protocols.
Introduction
The ready-to-use Blocking Solutions and the incubation media additive
BSA-c™ are tuned for optimum background prevention and signal-tonoise ratio. In-depth information can be found in the respective product
data sheets.
AURION also offers a number of components that allow researchers to
formulate blocking, incubation and wash solutions according to the
needs of their own experiments.

Product Description
Aurion’s Bovine Serum Albumin is obtained from healthy livestock.
BSA should be dissolved in an appropriate buffer, such as phosphate
buffered saline, taking care not to denature the protein by foaming.
The addition of BSA may cause a drop in pH of the final solution and
correction may be required. As a preservative the use of NaN3 or Kathon
CG is recommended.
The use of Cold Water Fish Skin Gelatin to prevent background
reactions has been recommended by e.g. Behnke et al. (J. Cell Biol. 41,
[1986], 386). The product is supplied as a liquid concentrate (40%).

T E C H N I C A L

T I P S

Application Instructions
The best results will be obtained with our Blocking reagents
nd with BSA-c as incubation buffer additive. Alternatively the
recipes below may be followed:

Blocking Solution for protein A or G reagents
Phosphate buffered saline
(10mM Phosphate buffer, 150 mM NaCl)
5 % BSA
0.1% CWFS Gelatin
15 mM NaN3
pH 7.4

Blocking Solution for secondary antibody
reagents
Phosphate buffered saline
(10mM Phosphate buffer, 150 mM NaCl)
5 % BSA
0.1% CWFS Gelatin
5-10 % normal serum
(same species as in the secondary antibody reagent)
15 mM NaN3
pH 7.4

Incubation solution for Conventional
Immunogold Reagents
Phosphate buffered saline
(10mM Phosphate buffer, 150 mM NaCl)
0.1-0.2 % BSA
0.1% CWFS Gelatin
1-5 % normal serum
(same species as in the secondary antibody reagent)
15 mM NaN3
pH 7.4

Incubation solution for Ultra Small
Immunogold Reagents

Tween-20™ is a non-ionic detergent with a molecular weight of about
600 and a critical micelle concentration (CMC) of 0.06-0.07% in water
at room temperature. Its working mechanism may in part be based on
its action as a detergent, binding to the hydrophobic moieties of water
insoluble compounds, rendering them hydrophilic. In addition, immunocompounds may become incorporated into micelles when the Tween20™ concentration is higher than the CMC, for instance at 0.1 % in PBS
at pH 7.4.

Phosphate buffered saline
(10mM Phosphate buffer, 150 mM NaCl)
0.8 % BSA
0.1% CWFS Gelatin
1-5 % normal serum
(same species as in the secondary antibody reagent)
15 mM NaN3
pH 7.4

Normal sera are used to counteract the non-specific interaction
between the sample and immunoglobulins. They can be added to the
blocking solution and the incubation media.

Storage

As a rule the normal serum species should be the same as the
secondary antibody species (e.g. use normal goat serum with goatanti-rabbit conjugates).

Additional Information

The products should be stored at 4-8°C.
Freezing is not recommended.

For additional information please see the Aurion
Immunogold Newsletter and Protocol sections.

Note: normal sera should not be used in combination with Protein
A and Protein G gold reagents.
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Product Information
● R-Gent SE-EM
Silver Enhancement
Reagents
For most applications the detection of
ultra small gold particles in electron
microscopy requires a particle
enhancement procedure. Danscher’s
method has always been the standard
for this purpose and for a long time attempts to improve the
features of Danscher’s system met with only limited success.
The goal in the development of AURION R-Gent SE-EM was to
create a new system with enhancement efficiency and
homogeneity at least comparable to Danscher’s method, but
with reduced acidity and light sensitivity. In addition, the
reagents should have low viscosity for the suitability in preembedding immunogold labeling.
Introduction
The silver enhancement reaction is a gold particle-catalyzed reduction
in which silver ions are reduced to metallic silver with a photographic
developing compound as the electron source. In addition in many
applications a “protective colloid” is added to the enhancement solution
to limit diffusion of reagents to the gold particle surface, thus providing
a means for controlling particle growth.

Product Description
AURION R-Gent SE-EM is a high efficiency silver enhancement reagent
for electron microscopy. It intensifies the gold particles by homogeneous
deposition of metallic silver on the particle surface. The resulting
electron dense signal is easily detected and is compatible with heavy
metal counterstaining. The reagent has extremely delayed autonucleation and can be used under standard laboratory light conditions.
It also has low viscosity, which is especially advantageous for preembedding immunogold applications. The enhancement mixture has a
pH of 8.1-8.2.
AURION R-Gent SE-EM has been tested ntensively for the enhancement
of AURION Ultra Small Immunogold reagents.
AURION R-Gent SE-EM is available in a kit containing the following:
❚ 30 ml or 90 ml of ready-to-use ENHANCER,
❚ 3 ml of concentrated INITIATOR and
❚ 30 ml of ACTIVATOR.
❚ a 3 ml empty dropping bottle, labeled “DEVELOPER”.
The INITIATOR is a concentrated solution which must be diluted and
activated before use, using the ACTIVATOR. This resulting mixture is the
DEVELOPER.
The now ready-to-use DEVELOPER has a shelf life of one month. It is
suggested to prepare fresh DEVELOPER at least every month.
The undiluted solutions have a shelf life of 10 months when stored at
4°C. INITIATOR can be stored at -20°C for prolonged shelf life.
For enhancement, 1-2 drops of DEVELOPER are mixed with 20 drops of
ENHANCER. The typical enhancement time is between 20 and 40
minutes. Specimens may be contrasted according to standard
procedures.

"...silver enhancement reaction is a gold particle-catalyzed reduction in which
silver ions are reduced to metallic silver with a photographic developing
compound as the electron source..”

The kit with 30 ml of ENHANCER accomodates up to 1000 EM grid
specimens. The kit with 90 ml of ENHANCER is suitable for preembedding immunogold labeling; the number of specimens it
accomodates depends on the volume of reagent used per specimen.
For each lot, the specific enhancement activity and level of
autonucleation are monitored by spectrophotometric techniques.

T E C H N I C A L

T I P S

R-Gent SE-EM for Electron Microscopy

Desmin labeling in heart muscle with Ultra Small Gold conjugate and AURION
R-Gent SE-EM. Courtesy Prof. Dr. Müller Höcker, University Munich, FRG.

Post-embedding enhancement (on-grid)
Place grids on drops of the enhancement mixture arrayed on
a sheet of Parafilm™.
Pre-embedding enhancement
Incubate specimens (e.g. vibratome sections) in Petri dishes
or Eppendorf tubes containing the enhancement mixture,
with agitation. When enhancement is completed, the
specimens are washed with distilled water. A fixation step
with photographic fixer is not required.
Storage
The AURION R-Gent SE-EM components are stored at 4°C
and allowed to reach room temperature before use. SE-EM
INITIATOR may be stored at -20°C for prolonged shelf life.

Electron Microscopy Sciences In PA: (215) 412-8400 • Toll-Free (800) 523-5874
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Product Information
● R-Gent SE-LM
Silver Enhancement
Reagents
The Immunogold Silver Staining technique (IGSS)
finds application both at the electron microscope
and the light microscope level. In addition the
technique can be equally used to identify
proteins or nucleic acids after blotting.
Light microscopical and macroscopical visualization of the latent gold
signal requires an enhancement system that renders a high contrast
signal. Light insensitivity and negligible autonucleation are required for
ease of handling and low background. AURION R-Gent SE-LM is a twocomponent reagent that meets these requirements.

Introduction
The silver enhancement reaction is based on the gold particle catalyzed
reduction of Ag+ to metallic silver using photographic developing compounds
as the electron source. For light microscopy and immunoblotting applications
the generated silver signal should be of high contrast. Furthermore the signal
should be permanent and compatible with counterstaining.

Product Description
The AURION R-GENT SE-LM
components constitute a Silver
Enhancement Reagent which increases
the average gold cluster or particle size
by deposition of metallic silver
facilitating detection at the light
microscopical level. The generated
brown-black signal is also easily
detected in bio assays and is
compatible with counterstaining in light
microscopy. AURION R-GENT SE-LM
has been tailored for the enhancement
of AURION Ultra Small Immunogold
reagents and is equally suited for the
larger sized particles in the AURION
Conventional Immunogold reagents.

Light microscopy evaluation of
tubulin labeling with Ultra Small
Immunogold Reagents and silver
enhancement.
Upper panel: bright field mode
Lower panel: epi-polarization mode

For enhancement, equal amounts of the DEVELOPER and ENHANCER are
mixed well and applied to the specimen. The enhancement mixture is easyto-use, exhibits extremely delayed auto-nucleation and can be used under
standard laboratory light conditions. Typical enhancement times are between
15 and 30 minutes. Auto-nucleation becomes visible only after 40-60
minutes. Light microscopical specimens may be counterstained according to
standard procedures. The enhancement mixture has a pH value of 8.3-8.5.
AURION R-GENT SE-LM is available as a kit in two unit sizes (2 x 30 ml
or 2 x 250 ml) and consists of a separate DEVELOPER and ENHANCER.
The supplied amounts accomodate 600 and 5000 LM specimens
respectively at 100 µl/specimen, or 60 and 500 bio assay specimens at
1 ml/specimen. The reactivity is tested on dot-spots and the absence of
autonucleation is monitored by spectrophotometric techniques.

Storage
The AURION R-GENT SE-LM components are stored at 4°C and allowed
to reach room temperature before use.

T E C H N I C A L

T I P S

R-Gent SE-LM for Light Microscopy
Slide or Coverslip Labeling
A few drops of the freshly prepared enhancement mixture
are applied to cover the specimen. During enhancement the
specimens are kept in a moist chamber. The ongoing
enhancement may at intervals be monitored with an inverted
light microscope. When enhancement is judged to be
complete, the specimens are washed with distilled water. A
fixation step with photographic fixer is not required.
Whole Mount Labeling
Specimens like floating (vibratome) sections can be
enhanced in Petri dishes or 6-24 well plates.
Bio Assays
Depending on the type of assay the enhancement for bio
assays can be performed in sealed plastic bags, Petri dishes
or in disposable screw cap sealed tubes.
Additional Information
For additional information please see the Aurion
Immunogold Newsletter and Protocol sections.

● COL-AURION: Colloidal Gold Based Protein Stain
Col-Aurion is a colloidal gold particle based total
protein stain, developed for the sensitive staining
of electrophoretically separated protein bands on
nitrocellulose or PVDF™ blotting membranes.
Colloidal gold particles accumulate at the site of
the protein bands on the membrane, generating
an intense dark red staining pattern. The total
protein stain assists in assessing
immunoblotting results and to evaluate the
effectivity of the blotting procedure.

Introduction
The negative surface charge of colloidal gold particles is responsible for
their high affinity for positively charged macromolecules. This
characteristic was the basis for the development of a total protein stain
based on colloidal gold.

particles with an average particle diameter of 15 nm. The staining
principle is based on the electrostatic binding of negatively charged gold
particles to proteins with a positive charge present at low pH.
A unique feature of Col-Aurion is the use of BSA-c™ to shield off the
surface of the gold particles. Destabilization of gold particles that might
occur as a result of interaction with detached protein is thus prevented.
The strong negative charge of BSA-c™ gives an additional increase in
sensitivity of the stain.
Col-Aurion total protein stain has a pH of 3.2 and is ready to use. For
removal of surplus of weakly bound protein from the membrane, a 10
ml vial of Tween-20™ is included.

Storage
Col-Aurion has a guaranteed shelf life of 18 months from the date of
quality control analysis. Store at 4-8°C. Do not freeze.

Product Description
Col-Aurion is a total protein stain consisting of a solution of coated gold
10
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Product Information
● Gold Sols

● Gold Tracers

To prepare a high quality (immuno)gold
conjugates it is important to have particles with
uniform size and highly adsorptive surfaces.

Aurion Gold Tracers are used to
visualize charged moieties in
specimens: anionic tracers bind to
polycationic moieties (basic proteins
e.g. histones, cationic tracers bind to
polyanionic moieties (membranes,
acidic proteins). “Neutral” BSA coated
gold tracers are useful for detecting
open connections and tissue damage.
Under proper conditions and with suitable microscopical techniques the
tracers can also be used to follow cellular events in time.

The Aurion gold sols are prepared according to
unique production protocols. This provides for
sol particles with the same narrow size
distribution and adsorption properties as
employed in the Conventional Immunogold
Reagents.

Introduction
The preparation of conventional gold reagents is based on gold particles
with a diameter suited for direct electron microscopic visualization.
Aurion offers a range of Conventional Immunogold Reagents which
cover the majority of approaches in transmission and scanning electron
microscopy.
Aurion Gold Sols (solutions of high quality unconjugated gold particles)
provide opportunities for users to prepare conjugates with primary
antibodies, ligands and other binding agents with the same particle
characteristics as in the Conventional Immunogold Reagents.

Product Description
AURION Gold Sols are prepared
according to a unique protocol,
warranting narrow size
distribution and reproducible
adsorption characteristics.
The AURION gold sols are
available in the same size range
as the Conventional
Immunogold Reagents: 6, 10,
15 and 25 nm. The particle
population is monodisperse and
thus shows minimal size
variation and overlap. Typically,
the coefficient of variance for
the 6 and 25 nm particle size
sols is less than 12%, whereas
the 10 and 15 nm size sols
show less then 10% variation.
Actual lot specifications (size,
variation and expiry date) are
indicated on the accompanying
package insert.

Particle size and size distributions
of the AURION Gold Sols

6 nm

10 nm

Freezing is not recommended.

Product Description
The AURION Gold Tracers are available in the full range of particle sizes:
Ultra Small, 6, 10, 15 and 25 nm. Anionic Gold Tracers are prepared
with BSA-c™ as particle conjugated protein. Cationic Gold Tracers are
prepared with methylated BSA. AURION Gold Tracers are available in 5
and 10 ml volume packages and are supplied at an OD520nm of 2.0 for
the conventional particle size range and at equivalent OD for the Ultra
Small tracers.
The products are supplied in PBS, with 15 mM NaN3.

AURION Gold Tracers are shipped containing NaN3 as preservative. If
they are intended for use in living organisms, the preservative has to be
removed prior to use. This can be achieved either by dialysis or by
buffer exchange using for instance a GE Healthcare Life Sciences
Pharmacia PD-10 column.

Additional Information
For additional information please see the Aurion Immunogold Newsletter
and Protocol sections.

Storage
Aurion gold tracers have a guaranteed shelf life of 18 months from the
date of quality control analysis.
The products should be stored at 4-8°C.

15 nm

Freezing is not recommended.

T E C H N I C A L

Storage

The products should be stored
at 4-8°C.

The AURION Anionic and Cationic Gold Tracers are designed to detect
charged areas; the anionic tracers detecting multiple positive charge
moieties, the cationic tracers detecting multiple negative charges.

AURION Gold Tracers are also available in bulk and at different optical
density if required.

Package size: 100 ml of high
quality gold sol at an OD520nm
of approximately 1.
AURION gold sols have a
guaranteed shelf life of 12
months from the date of quality
control analysis.

Introduction

25 nm

T I P S

In order to obtain a positive reaction when using these
tracers the following should be kept in mind:
1) charge interactions are influenced by the presence of ions,
di- and trivalent ions being of more influence than univalent
ions. The influence is concentration dependent. Binding is
stronger in low ionic-strength media.
2) charge interactions are influenced by pH. The charge of
components in the specimen is dependent of their isoëlectric
point (IEP). Below the IEP the charge is positive, above the
IEP negative. Significant binding will only occur at a pH at
least one to two pH-units higher or lower than the IEP.
Anionic tracers are negatively charged at pH >5
Cationic tracers are positively charged at pH <10
BSA tracers are intended for tracking fine capillaries or
connecting spaces in intact tissues.

Electron Microscopy Sciences In PA: (215) 412-8400 • Toll-Free (800) 523-5874
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Product Information
● New Cross
Adsorbed
Products

Goat-anti-Mouse lgG (H&L)
4–8˚C
4–8˚C

Cross reactivity can be a problem when working with primary
antibodies sourced from animal species that are evolutionary
closely related to the source of tissues or cells that antigens are
to be detected in.
An example is using a mouse monoclonal on rat tissue. With
many monoclonal antibodies of mouse origin and some of rat,
and the prevailing animal cells and tissues being used in studies
likewise originating from rat or mouse, it often happens that
cross reactivity occurs, leading to false positive results.
A second problem that derives from cross-reactivity occurs in
double labeling, when using primary antibodies from closely
related animal sources. With this in mind, Aurion has developed
two series of new conjugates:

4–8˚C
4–8˚C
4–8˚C

4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

4–8˚C

Particle Size
EM-grade Ultra Small
EM-grade 10nm

Cat #
25900
25902

Size(ml)
1.5
2.5

Cat #
25901
25903

4–8˚C
4–8˚C

4–8˚C

Size(ml)
0.6
1.0
4–8˚C

4–8˚C
4–8˚C

Goat-anti-Rat IgG (H+L)xMouse
(cross adsorbed against Mouse immunoglobulins)

4–8˚C

Particle Size
EM-grade Ultra Small
EM-grade 10nm

Size(ml)
0.6
1.0

4–8˚C

Secondary antibodies have been thoroughly purified using solid phase
technique. These purified antibodies allow detection of antigens with
mouse monoclonal antibodies in rat tissue or rat monoclonal antibodies
in mouse tissue, without causing interfering binding to either
endogenous mouse or rat immunoglobulins

4–8˚C

Size(ml)
1.5
2.5

Cat #
25905
25907

The antibodies can be used for double labeling as well when both
mouse and rat primary antibodies are used with other than mouse or rat
tissue.
Please note:
Cross adsorption against closely related species may result in epitope
recognition with reduced binding force and lower labeling density.
EMS and Aurion would like to inform you that the strongest labeling
intensity is usually achieved with the least refined antibodies. Users are
advised to take this into account when choosing a product from the
Aurion range of anti-mouse or anti-rat conjugates. In case of doubt, our
technical staff will gladly assist you in making the best choice.

4–8˚C

Size(ml)
.6
1.0
1.0
1.4
1.4

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25140
25143
25148
25152
25155

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25141
25144
25149
25153
25156

Size(ml)
.6
1.0
1.0
1.4
1.4

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25160
25163
25168
25172
25175

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25161
25164
25169
25173
25176

Size(ml)
.6
1.0
1.0
1.4
1.4

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25100
25103
25108
25112
25115

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25101
25104
25109
25113
25116

Size(ml)
.6
1.0
1.0
1.4
1.4

Cat #
25181
25184
25189
25193
25196

Size(ml)
.6
1.0
1.0
1.4
1.4

Cat #
25201
25204
25209
25213
25216

Size(ml)
.6
1.0
1.0
1.4
1.4

Cat #
25221
25224
25229
25233
25236

Size(ml)
.6
1.0
1.0
1.4
1.4

Goat-anti-Rat lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25180
25183
25188
25192
25195

Size(ml)
1.5
2.5
2.5
3.5
3.5

Goat-anti-Human lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25200
25203
25208
25212
25215

Size(ml)
1.5
2.5
2.5
3.5
3.5

Rabbit-anti-Goat lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

12

Cat #
25121
25124
25129
25133
25136

Goat-anti-Rabbit lgG (H&L)
4–8˚C

Cat #
25904
25906

Size(ml)
1.5
2.5
2.5
3.5
3.5

Goat-anti-Mouse lgG+lgM

4–8˚C

4–8˚C

Cat #
25120
25123
25128
25132
25135

Goat-anti-Mouse lgM (µ-chain)

4–8˚C

Goat-anti-Mouse IgG (H+L)xRat
(cross adsorbed against Rat immunoglobulins)

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25220
25223
25228
25232
25235

Size(ml)
1.5
2.5
2.5
3.5
3.5

Electron Microscopy Sciences In PA: (215) 412-8400 • Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452 • email: sgkcck@aol.com or stacie@ems-secure.com • www.emsdiasum.com

EMS_ImmunoGold 2012_12-13:EMS_ImmunoGold 2012_XX-XX 7/11/12 10:31 AM Page 13

Product Information
Goat-anti-Biotin
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25240
25243
25248
25252
25255

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25241
25244
25249
25253
25256

Size(ml)
.6
1.0
1.0
1.4
1.4

Rabbit-anti-Sheep lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Streptavidin
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25260
25263
25268
25272
25275

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25261
25264
25269
25273
25276

Size(ml)
.6
1.0
1.0
1.4
1.4

4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

4–8˚C
4–8˚C
4–8˚C

4–8˚C

Cat #
25282
25284
25286
25288

Size(ml)
2.5
2.5
3.5
3.5

Cat #
25283
25285
25287
25289

Size(ml)
1.0
1.0
1.4
1.4

4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25290
25293
25298
25302
25305

4–8˚C
4–8˚C

4–8˚C

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25291
25294
25299
25303
25306

Size(ml)
.6
1.0
1.0
1.4
1.4

4–8˚C

4–8˚C
4–8˚C
4–8˚C

4–8˚C

4–8˚C

Gold Conjugates:

4–8˚C

4–8˚C

Particle Size
Ultra-Small
EM-grade 10nm

Cat #
25580
25582

Size(ml)
1.5
2.5

Cat #
25581
25583

Size(ml)
.6
1.0

4–8˚C
4–8˚C
4–8˚C
4–8˚C

Goat-anti-Chicken lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Cat #
25584
25586
25588
25590
25592

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25585
25587
25589
25591
25593

Size(ml)
.6
1.0
1.0
1.4
1.4

Size(ml)
.6
1.0
1.0
1.4
1.4

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25360
25363
25362
25366
25368

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25361
25364
25365
25367
25369

Size(ml)
.6
1.0
1.0
1.4
1.4

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25370
25373
25372
25376
25378

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25371
25374
25375
25377
25379

Size(ml)
.6
1.0
1.0
1.4
1.4

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25380
25383
25382
25386
25388

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25381
25384
25385
25387
25389

Size(ml)
.6
1.0
1.0
1.4
1.4

F(ab) Fragment of Sheep-anti-Digoxigen

4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25341
25344
25349
25353
25356

F(ab’)2 Fragment of Goat-anti-Mouse lgG+lgM

Mouse Monoclonal anti-FITC
For the electron microscopic visualization of FITC labels used in
light microscopic specimens. For retrieval of faded FITC in
DNA/RNA probes, fatty acids, and proteins.

Size(ml)
1.5
2.5
2.5
3.5
3.5

F(ab’)2 Fragment of Goat-anti-Mouse lgG (H&L)

4–8˚C

Biotinylated Albumin

Cat #
25340
25343
25348
25352
25355

F(ab’)2 Fragment of Goat-anti-Rabbit lgG (H&L)

4–8˚C

Protein A

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25410
25393
25398
25402
25405

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25411
25394
25399
25403
25406

Size(ml)
.6
1.0
1.0
1.4
1.4

F(ab’) Fragment of Goat-anti-Rabbit lgG (H&L)
4–8˚C

Particle Size
Ultra-Small

Cat #
25412

Size(ml)
1.5

Cat #
25413

Size(ml)
.6

F(ab’) Fragment of Goat-anti-Mouse lgG (H&L)
4–8˚C

Particle Size
Ultra-Small

Cat #
25414

Size(ml)
1.5

Cat #
25415

Size(ml)
.6

Protein G
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25312
25314
25316
25318

Size(ml)
2.5
2.5
3.5
3.5

Cat #
25313
25315
25317
25319

Size(ml)
1.0
1.0
1.4
1.4

Cat #
25321
25324
25329
25333
25336

Size(ml)
.6
1.0
1.0
1.4
1.4

F(ab’) Fragment of Goat-anti-Rat lgG (H&L)
4–8˚C

4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Cat #
25320
25323
25328
25332
25335

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25416

Size(ml)
1.5

Cat #
25417

Size(ml)
.6

Cat #
25421
25424
25429
25433
25436

Size(ml)
.6
1.0
1.0
1.4
1.4

Rabbit-anti-Chicken lgG (H&L)

Goat-anti-Guinea Pig lgG (H&L)
Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Particle Size
Ultra-Small

4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25420
25423
25428
25432
25435

Size(ml)
1.5
2.5
2.5
3.5
3.5
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Product Information
● Donkey Conjugate Line

T E C H N I C A L

In many cases double labeling experiments are based on using two
primary antibodies from different animal species, for instance mouse
and rabbit. Of late, we have noticed an increasing number of users that
have primary antibodies developed in goat. It is impossible to perform a
double labeling experiment in combination with, for instance, a mouse
primary antibody, since applicable secondary antibodies are either
raised in rabbit or goat. Hence the Goat-anti-Mouse would be
recognized by the Rabbit-anti-Goat, and it would be impossible to get
reliable results. In the past, only using directly labeled primary
antibodies would solve this. This would require researchers to go
through the lengthy procedure of preparing such conjugates and even
then with limited success. To overcome this difficulty we are proud to
release the Aurion Series of Secondary ImmunoGold conjugates based
on antibodies raised in Donkey, including Donkey-anti-Goat. It is then
known that mixing Donkey-anti-Goat and Donkey-anti-Mouse provides a
successful solution to the above mentioned case.

Reactivity of Protein A
and Protein G
Membrane labeling with protein A
15 nm gold conjugate.
Courtesy of T.Wakefield,
University of Auburn, Alabama
Species
Rabbit
Mouse

Rat

Donkey-anti-Rabbit lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25700
25702
25704
25706
25708

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25701
25703
25705
25707
25709

Size(ml)
.6
1.0
1.0
1.4
1.4

Cat #
25801
25803
25805
25807
25809

Size(ml)
.6
1.0
1.0
1.4
1.4

Cat #
25811
25813
25815
25817
25819

Size(ml)
.6
1.0
1.0
1.4
1.4

Size(ml)
1.5
2.5
2.5
3.5
3.5

Cat #
25821
25823
25825
25827
25829

Size(ml)
.6
1.0
1.0
1.4
1.4

Size(ml)
10
10
10
10
10

Cat #
25441
25444
25447
25450
25453

Size(ml)
5
5
5
5
5

Size(ml)
10
10
10
10
10

Cat #
25461
25464
25467
25470
25473

Size(ml)
5
5
5
5
5

Man

Donkey-anti-Goat lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25800
25802
25804
25805
25808

Size(ml)
1.5
2.5
2.5
3.5
3.5

Goat
Sheep
Guinea Pig
Chicken
Pig
Horse
Cow
Dog

Donkey-anti-Mouse lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25810
25812
25814
25816
25818

Size(ml)
1.5
2.5
2.5
3.5
3.5

Donkey-anti-Sheep lgG (H&L)
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25820
25822
25824
25826
25828

4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Cat #
25440
25443
25446
25449
25452

4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C
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Cat #
25460
25463
25466
25469
25472

Protein A
++
+
+
+
+
++
++
++
+
++
++
+
+

Protein G
++
+
+
+
++
?
?
?
++
+
+
?
++
++
++
++
++
++
+
+
++
++
+

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Cat #
25480
25483
25486
25489
25492

Size(ml)
10
10
10
10
10

Cat #
25481
25484
25487
25490
25493

Size(ml)
5
5
5
5
5

Aurion BSA-Fragment Stabilized
Particle Size
Ultra-Small Gold

Cat #
25498

Size(ml)
20

Cat #
-

Size(ml)
-

Cat #
25509
25510
25512
25514
25516

Size(ml)
20
100
100
100
100

Cat #
-

Size(ml)
-

Gold Sol
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Anionic Gold Tracer
Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Ig(sub)class
Ig
IgG1
IgG2a
IgG2b
IgG3
IgA
IgM
IgG1
IgG2a
IgG2b
IgG2c
IgM
IgG1
IgG2
IgG3
IgG4
IgA
IgM
IgD
Ig
Ig
Ig
Ig
Ig
Ig
Ig
Ig

BSA Gold Tracer

Cationic Gold Tracer
Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

T I P S

Particle Size
Ultra-Small
EM-grade 6nm
EM-grade 10nm
EM-grade 15nm
EM-grade 25nm

Blocking Solutions
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

Particle Size
Basic Blocking (For Protein A&G)
Goat Gold Conjugates
Rabbit Gold Conjugates
Sheep Gold Conjugates
Donkey Gold Conjugates

Cat #
25595
25596
25597
25598
25599

Size(ml)
30
30
30
30
30
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Product Information
● Immunogold Reagent Kits –
EM Grade

FOR LM:
❚ Premium reagents for penetration in hydrated sections
(paraffin, cryostat) and in slightly fixed cells
❚ Permanent, non-fading silver signal
❚ Most sensitive reagents compatible with counterstaining
❚ For the immunolabeling of 200 slides
FOR IMMUNOBLOTTING:
❚ Highest sensitivity
❚ Black to brown/black signal suited for low level detection where
colored precipitates fail
❚ For the immunogold labeling of 10-20 nitrocellulose
immunoblot strips

Complete kits with the following characteristics:
❚ Two non-overlapping gold particle sizes.
❚ Coupled to: either Goat-anti-Rabbit and Goat-anti-Mouse lgG/lgM
antibodies.
❚ Affinity purified and cross adsorbed antibodies.
❚ For use with rabbit and mouse monoclonal and polyclonal
primary antibodies.
❚ Acetylated serum albumin with increased exposure of negative
charges.
❚ Unparalleled low background levels.

4–8˚C

Benefits:
❚ Covering over 90% of all applications in EM.

For customization of our Ultra-Small Kits we now have available a make
it yourself kit where you get to choose the two vials of your Ultra-Small
Reagent. Also supplied with the kit is 30ml BSA-c™ and 30ml SE-EM.

❚ For single and double labeling in Electron Microscopy
4–8˚C

25540 EM-kit GAR-6/GAM-10/BSA-c™

4–8˚C

• 1ml Goat-anti-Mouse lgG/lgM 10nm
• 30ml BSA-c™ background suppressing agent

25544 EM-kit GAM-6/GAR-10/BSA-c™

4–8˚C

• 1ml Goat-anti-Rabbit 10nm
• 30ml BSA-c™ background suppressing agent

25548 EM-kit PrA-6/PrA-10/BSA-c™
Kit consists of:
• 1ml Protein A 6nm

4–8˚C

• 30ml BSA-c™ background suppressing agent

25540-05 Custom EM Kit
For customization of our EM Kits you get to choose the 2 vials of your
EM Grade Reagent. Supplied with the kit as well is 30ml of BSA-c™.

4–8˚C

4–8˚C

25550-05 Custom Ultra-Small Kit

4–8˚C

For customization of our Ultra-Small Kits we now have available a make
it yourself kit where you get to choose the two vials of your Ultra-Small
Reagent. Also supplied with the kit is 30ml BSA-c™ and 2x30ml SE-LM

4–8˚C

4–8˚C

4–8˚C
4–8˚C
4–8˚C

BENEFITS OF OUR US-KIT:
FOR EM:
❚ For the most sensitive labeling in electron microscopy
❚ For the penetration in ultra thin cryosections resulting in
enhanced detectability and sensitivity
❚ New possibilities for pre-embedding labeling
❚ For the labeling of at least 330 on-grid specimens

25550-10 Ultra-Small Starter Kit
To give yourself the opportunity to make yourself familiar with our
Ultra-Small Gold Conjugates – we have our Starter Kit. These kits are
sufficient for approximately 50 specimens.
Kit consists of:
• 100 µl Ultra-Small Conjugate
• 10ml BSA-c™
• 2x2.5ml R-Gent SE-LM and a sample pack R-Gent SE-EM

• 1ml Protein A 10nm

4–8˚C

25552 US-kit GAR/GAM/BSA-c™/R-Gent SE-EM
Kit consists of:
• 0.6ml Goat-anti-Rabbit GP-Ultra-Small
• 0.6ml Goat-anti-Mouse lgG/lgM GP-Ultra-Small
• 30ml BSA-c™ background suppressing agent
• SE-EM Silver Enhancement

Kit consists of:
• 1ml Goat-anti-Mouse lgG/lgM 6nm

4–8˚C

25550 US-kit GAR/GAM/BSA-c™/R-Gent SE-LM
Kit consists of:
• 0.6ml Goat-anti-Rabbit GP-Ultra-Small
• 0.6ml Goat-anti-Mouse lgG/lgM GP-Ultra-Small
• 30ml BSA-c™ background suppressing agent
• SE-LM Silver Enhancement

Kit consists of:
• 1ml Goat-anti-Rabbit 6nm

4–8˚C

25550-06 Custom Ultra-Small Kit

4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C
4–8˚C

25520
25522
25521
25521-90
25536
25554
25558
25557
25560
25564
25568
25570
25574
25578
25572
25830

AURION R-Gent Silver Enhancement Kit
AURION R-Gent Silver Enhancement Kit
AURION R-Gent SE-EM Kit
AURION R-Gent SE-EM Kit
COL-AURION Total Protein Stain
Bovine Serum Albumin
AURION BSA-c™ (acetylated BSA)
AURION BSA-c™ (acetylated BSA)
Cold Water Fish Skin Gelatin 40%
Tween-20
Normal Rabbit Serum
Normal Goat Serum
Gum Arabic
Normal Sheep Serum
Normal Donkey Serum
Enhancement Conditioning Solution

Electron Microscopy Sciences In PA: (215) 412-8400 • Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452 • email: sgkcck@aol.com or stacie@ems-secure.com • www.emsdiasum.com

2x30ml
2x250ml
30ml
90ml
500ml
25gr
100ml
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10ml
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Frequently Asked Questions
We have collected answers to frequently asked questions from
immunogold users. They are listed below. If your question is not
listed on this page or you have further queries, please contact us
directly by phone or e-mail. We remain at your disposal.

What kind of particle size should I use?
Always use the smallest particle size to fit your application.
Conjugates based on smaller particles are more efficient than larger
particle based conjugates. If visualization is difficult with smaller
particles these can be enlarged with silver enhancement. Very
sensitive specimens for SEM observation are best served with a
larger particle size conjugate. This prevents ultra structural
enhancement reagents.

Is it true that gold conjugates are more background
prone than other conjugates?
No! This fairy tale comes from the fact that gold conjugates are
based on particles and that visualization is also based on separate
particles. Contrary to enzyme and fluorescent markers, gold
conjugates are more like a digital system, either they are there and
then you will see them, or they are not present. Enzyme and
fluorescent markers are sooner to be considered as “analogue”
markers, their visibility in detection increases with their local
concentration or with the time the enzyme marker can produce a
visible reaction product. An unbiased look at controls in fluorescence
shows always a low level of light that is inherent to the presence of
double bonds in biological compounds and on top of this comes the
fluorescence from the labeled antibodies. Likewise will an unbiased
look at control specimens incubated only with alkaline phosphatase
or peroxidase labeled antibodies usually show a faint overall staining
of the specimen. Such faint levels are easily accepted or even
filtered out. You cannot do this with gold conjugates since they are
based on particles.

Should I use a secondary gold conjugate or
Protein A (or G)?
That depends on what your goal is. Using secondary conjugates
results in a higher labeling density. Therefore it is often said that
secondary conjugates are more sensitive than Protein A conjugates.
This is partly true. Protein A (or G) recognizes only one site on a
primary antibody molecule. Binding will occur only when this site is
available and not obscured by its environment. Secondary
conjugates recognize more sites on primaries and therefore the
chance that a primary antibody will be detected is greater.
Essentially this is the increase in sensitivity.
If all primary antibodies would be available to the sane extent for
binding to either Protein A or a secondary antibody conjugate, then
the use of the latter would only result in more particles. This helps in
localizing antigens at low magnifications, in other words this is an
increase in detectability.

16

Is there a training program for immunogold (silver)
staining where I can bring my own specimens?
EMS and Aurion organizes wet-workshops in Europe and the USA
where you preferably work with your own specimens and primary
antibodies. After all, that is where your interest lies. If required, we
will expand our activities to additional venues. The workshops last
for two days and give an in-depth view in immunogold (silver)
staining. Detailed information on the setup of our workshops can be
found in this publication.

Is it possible to do pre-embedding labeling of
intracellular antigens?
Yes. Single cells are most suited. Plant material with a thick
impenetrable wall is not. The Ultra-Small gold conjugates are the
conjugates of choice. In many cases a permeabilization step with
NaBH4 suffices to open up the specimens and allow penetration of
reagents. Low concentrations of mild detergents like saponin help.
One thing should be emphasized: reaction times have to be
prolonged since full penetration of the reagents to the internal
antigens has to be achieved. To remove unreacted reagents after
incubation wash procedures have to be adapted likewise! The
Aurion Newsletter #5 deals with this topic.

How can I verify that my conjugates are still active?
There is a simple procedure to check this. It is described in great
detail in Aurion’s Newsletter #4. In short: you need a nitro-cellulose
strip, apply dots from a dilution series of your primary antibody and
incubate the strip with the gold reagent. The dots will stain red with
the larger conjugates. When testing an Ultra-Small conjugate silver
enhancement has to be applied for visualization.

How can I verify that the silver enhancement
reagents are still fine?
Again, there is a simple procedure to check this. It is described in
great detail in our Newsletter #4. In short: you need a nitro-cellulose
strip, apply dots from a dilution series of your gold conjugate and
incubate the strip with the silver enhancement reagents. The dots
should become brown-black. During this period of time the mix of
reagents should remain glass clear without any visible presence of
silver caused by auto nucleation.
The activity of the Silver Enhancement reagent SE-EM for Electron
microscopy can be tested by adding 10µl of the enhancement mix.
The solution s should turn yellow in 30-45 minutes.

Is it advisable to use outdated conjugates?
As long as their reactivity is OK and there are not too many clusters
formed this is no problem. Gold conjugates are very stable. There
may be some release of protein from the particle surface with time,
but generally this does not result in reduced reactivity. The reactivity
of the conjugate is easily checked with a dot-spot test as described
in Newsletter #4. Cluster formation may increase with time,
depending on the type of conjugated protein and the particle size.
The larger the particles the more clusters. These can be removed by
centrifugation of the diluted conjugate before use.

Electron Microscopy Sciences In PA: (215) 412-8400 • Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452 • email: sgkcck@aol.com or stacie@ems-secure.com • www.emsdiasum.com

EMS_ImmunoGold 2012_16-17:EMS_ImmunoGold 2012_XX-XX 7/11/12 10:33 AM Page 17

Frequently Asked Questions
Is it possible to double label using two antibodies
from the same animal source?
Yes, there are ways to do this. One is by using Protein G or Protein
A conjugates with different particle sizes. The procedure would be:
first incubate with primary antibody l, detect this with Protein A (or
G) with the smaller particle size. Then incorporate an incubation with
excess free Protein A or G (50-100 µg/ml). This will block practically
all binding sites for Protein A or G. Next, incubate for the second
antigen with primary antibody ll and detect this with the larger sized
Protein A or G gold conjugate.
A second possibility is to use one-step incubations with a mix of
primary antibodies, each labeled directly with a different gold
particle size. We offer a custom labeling service. Details can be
found in the section on custom labeling.

What kind of grids should I use for silver
enhancement?
Nickel is the material of choice. Gold grids are out of the question
as they will be neatly enhanced as well. The same with copper.
Nickel grids are preferred to copper ones for immuno incubations
anyway, since nickel is more inert and less poisonous to immuno or
enzyme reactions.
Nickel grids can be annoying because of their magnetic properties.
This is easily overcome by using either non-magnetic tweezers or by
using a flattened loop to transfer grids from droplet to droplet during
immuno incubations. We do sell a perfect-loop (70944) for this
application.

What about silver enhancement and OsO4?
OSO4 fixation can be used before incubation, after incubation or
after silver enhancement.
• Because of its destructive effect on antigens OSO4 fixation is not
often used when immuno incubations are intended. However, in
general silver enhancing immuno incubated OSO4 fixed
specimens causes no difficulties.
• An Osmium fixation step can be introduced after incubation to
improve contrast in specimens. As stated before, applying silver
enhancement generally causes no difficulties.
• On occasion in the past, using OSO4 fixation after silver
enhancement used to lead to the removal of part of the deposited
silver. However, with the introduction of SE-EMplus this is no longer
the case, as the resulting enhanced particles are no longer
sensitive to oxidation.

enhancement is fine, the next step is to
test the gold conjugate on the primary
antibody used and so on.
If it proves that the problem is not in the reagents, you will have to
look into antigen preservation. Is a different fixation due? Or a
different embedding medium? Using light microscopical evaluation
of the results such questions are answered without tedious EM
experimental work.

I am having background problems. Is this due to the
gold conjugate?
When specimens are blocked correctly and the right composition
and condition of incubation buffer is used, background levels should
not be interfering with specific signals. Some background will
always exist: to some extent all compounds have a certain affinity
for other compounds and depending on availability and
concentration an interaction may occur. There is no absolute black
and white in this respect.
When you leave out the primary antibody incubation and only use
the gold step and your background has become much reduced,
then your primary antibody causes background. Remedy: purify the
primary antibody by either affinity chromatography (in case of an
antiserum) and/or by cross-adsorption. If you have unacceptable
levels of background without using a primary incubation, then the
specimen has a tendency to bind to gold conjugates.
Background may have many causes which are centered around
three different types of interactions:
• Residual fixative activity, which is eliminated by using a NaBH4 or
Glycine block step prior to the protein block step.
• Stickiness to hydrophobic areas (embedding medium, lipid rich
specimen compounds). This is reduced by using an adequate
protein block step involving a partly hydrophobic protein like BSA
or Casein.
• Charge-based interactions causing negatively charged reagents
such as antibodies and gold conjugates to adhere to oppositely
charged areas in the specimen (notorious are the histone
proteins, some collagen types and poly-L-lysine that is sometimes
used to make sections stick to surfaces). This type of interaction
can only be overcome by adding an excess of negatively charged
indifferent molecules to the incubation media. We have developed
a chemically modified BSA especially for this purpose. Newsletter
#1 gives in-depth information regarding it.

I get no positive results, now what?
When your incubated specimens look as clean as your controls,
either (one or more of) the reagents are inactive, or the antigens are
destroyed, masked or absent. The cause is easily found by
performing tests working backwards through the incubation protocol
using dot-spot tests as described in Newsletter #4.
First test the activity of the silver enhancement reagents (if they
were used at all) on the gold conjugate that was used. If silver
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Frequently Asked Questions
Are there any fora which I can address with
questions regarding labelling or microscopy?

What about sensitivity, signal-to-noise ratios and
detectability?

Feel free to address our HELPDESK by e-mail with questions
regarding immunolabeling.

Sensitivity can be considered at different levels in the total
preparation and incubations. Ideally during preparation one would
like to preserve all antigens present. In many cases this is not
possible. But at least a representative fraction should be preserved
and be available for immuno labeling. It all depends on the
preparation procedure (fixation, embedding, temperature, etc.),
which leaves you with a specimen or section with a given number of
available and recognizable antigens. The ensuing detection protocol
has 100% sensitivity if all the remaining antigens are detected, i.e.
are represented by at least one gold particle or marker molecule.
Again, due to masking and steric hindrance by the specimen
composition this will only in exceptional cases by fully attained.

There are a few newsgroups which may be of interest:
bionet.cellbiol, bionet.cellbiol.cytonet, bionet.molbio.methdsreagnts and sci.bio.immunocytochem. There is a microscopy
listserver to which you can subscribe and which offers a platform to
ask questions regarding light and electron microscopy in all its
facets. You can subscribe by sending an e-mail message to
ListServer@MSA.Microscopy.Com. The message only has to
contain the words "subscribe micrsocopy".

How can I do a controlled silver enhancement with
pre-embedding?
With pre-embedding there are 2 possibilities: either the
enhancement is done before embedding or on the sections after
embedding. We prefer to do the enhancement on sections (on nickel
grids) since this gives more control over the degree of
enhancement. Using longer enhancement times allows to observe
larger (even ultra thin) sections in the light microscope. This
facilitates searching for the area in the specimens where a reaction
has occurred and allows easy targeting and trimming down to the
area of interest for EM sectioning. Shorter enhancement is then
used on sections for EM.
Using enhancement before embedding has the disadvantage that
once enhancement proves to be too long (resulting in too large
particles) this can not be reversed.

In which case should I use a Single Fab or F(ab’)2
conjugate instead of the complete immunoglobulin
conjugate?
The size of a conjugate is co-responsible for its efficiency. The
overall size is determined by the particle size and by the size of the
proteins adsorbed onto the particle surface. That is why we
introduced Ultra-Small particles in the first place. Whenever a
specimen is relatively dense or intensely cross-linked immuno
reagents will be more hindered in their action. If you are already
using an Ultra-Small conjugate further improvement may result from
using a single Fab or F(ab’)2 fragment of the specific secondary
antibody instead of the intact lg-molecule.

When should I use normal serum in the incubations?
It is a good idea to use normal serum as an additive to the blocking
and incubation buffer when using secondary antibody conjugates.
The normal serum should be the same species as the secondary
antibody conjugate. Its action is similar to the action of BSA. Please
be careful when using normal sera to suppress background with
Protein A or Protein G conjugates. These conjugates detect several
lg-types from different species which, when used as normal serum
additive, would lead to an impressive amount of gold particles all
over the specimen. We offer several Blocking Solutions tailored for
specific secondary antibody or protein A/G incubations.
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The immuno labeling sensitivity thus expresses the degree to which
available antigens can be detected by the employed combination of
primary antibody and secondary conjugate.
The quality of the primary antibody is the next important item.
Theoretically the Kd-value of an antibody/antigen reaction is a
measure for the dilution at which the incubations should be
performed and for the stability of the ensuing bond. Sensitivity will
go up with more concentrated antibody solutions up to a maximum
level. However, when the primary antibody shows cross-reactivity
there is not necessarily an improved signal-to-noise ratio. The
reliability of the detection by the primary antibody improves in such
cases with higher dilutions, probably leading to a smaller amount of
antigens detected, but to an improved signal-to-noise ratio.
Thus, sensitivity at the level of the primary antibody has to be
balanced against the signal-to-noise ratio.
The last step is the quality of the secondary reagent. In fact you will
be looking at a number of gold particles which represents a number
of secondary antibodies which have detected a number of primary
antibodies. For the interaction between the secondary reagent and
the primary antibody the same rules apply as indicated for the
antigen/primary antibody reaction.
Detectability reflects the degrees to which the final result of all the
reactions involved can actually be seen. This is depending on the
right match between particle size and magnification. Ultra-Small
particle-based conjugates for instances are among the most
efficient detection systems, but you will only detect them after silver
enhancement (in most applications).

What is epi-polarization microscopy?
Epi-polarization is a technique used for the very sensitive light
microscopical observation of metal particles. Where bright field
microscopy depends on contrast levels in discriminating signals,
epi-polarization works differently: provided particles are large
enough individual particles will be observed. So in fact you are
evaluating your labelingresults on the same basis as with an
electron microscope by looking at individual particles. This makes
this technique so valuable as it builds a bridge between the light
level and the electron microscopical observation.
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A Special Word on Pre-Embedding Labeling
The introduction of Ultra Small gold conjugates and AURION R-Gent SE-EM silver
enhancement for electron microscopy has lead to a breakthrough in the feasibility of preembedding procedures.
Due to their reduced size, the gold conjugates have a high detection sensitivity and are less
prone to steric hindrance. They penetrate more readily without pre-treatment with detergents.
From the specimen side the accessibility and preservation of antigens should be waranted.
The factors that affect penetration and antigen accessibility are:
1. the specimen properties (fixation, degree of cross-linking, dimensions, chemical
and physical composition, degree of permeabilization),
2. the characteristics of the reagents (Single Fab, F(ab’)2 vs. intact immunoglobulin,
gold particle size),
3. the incubation conditions (ionic strength, pH, di-electric constant, temperature, time).
To come to a successful result these different parameters
should be in balance (e.g. limited crosslinking may
tolerate short incubation times, extensive cross-linking will
require longer incubation times). In addition these
parameters have to be balanced against several other
demands such as ultrastructural integrity. Therefore the
use of detergents is not always acceptable.
With the acchieved subnanometer particle size, Aurion has
focused its attention for further improvements on the size of
the protein part in the secondary reagents. The size of the
immunogold conjugate naturally also depends on the size of
the coupled binding agent (i.e. the secondary antibodies). To
this end both F(ab’)2 fragments and single Fab fragments
were prepared and coupled to ultra small gold particles. In
comparison with the intact immunoglobulin conjugates the
F(ab’)2 conjugates show a significantly higher label density
and label efficiency, whereas a further improvement is found
with the Fab conjugates. Although single Fab conjugates at
least theoretically will diffuse more readily, this benefit is
counteracted by the fact that only one binding site is left per
conjugate: their binding is dependent on the affinity of the
single binding site.
The incubation conditions are the final factor of importance
in pre-embedding labelling. In general ultra small gold
particle labeled antibodies diffuse at lower rates than those
based on other markers like fluorescent labels; the main
reason may be that the negative charges on the gold particle
surface are repulsed by negative charges in the tissue.
Therefore incubation times generally should be longer. This
repulsion is even more prominent in aldehyde fixed
specimens where many of the amino groups will have been
modified. In AURION Newsletter nr. 1 these charge-based
phenomena are more extensively discussed and related to
background phenomena.

Pre-embedding labeling of
dopamine transporter in
rat brain with single Fab
Ultra Small Immunogold
and R-Gent SE-EM.
Penetration at 8 m from
the section surface.
Courtesy Mrs. Hong Yi,
Emory University Atlanta

What you need to do is
this: a high-quality light
microscope equipped with an epi-illumination
source, preferably a high pressure Hg-lamp
(although a halogen source may also do). Many
laboratories have an epi-fluorescence microscope
at their disposition with a 40X (or higher) oil
objective. Such microscope equipment forms the
correct basis. You only need to implement an epipolarization filter (the so-called epi-block or IGSS
filter) in the filter housing. The epi-block contains
two polarizers, differing 90 degrees in orientation
with respect to each other.
How does it work (in short)? High intensity light
passes the first polarizer in the epi-block and
becomes polarized. The polarized incident light
passes the objective lens and interacts with the
specimen. The biological material hardly gives any
reflection, and the reflected light is unmodified. The
metal particles mirror the polarized light, thereby
randomizing the polarization angle.
Reflected light passes up through the objective
lens. On its way to the eye pieces or the photo
camera the light passes the second polarizer in the
epi-block. While doing so, light with the original
polarization angle (the way it was polarized in the
first place before ever hitting the specimen) is
extinguished, whereas light that has become
randomly polarized (and which comes from the
silver metal particles) passes the epi-block. As a
result you will see individual bright stars (the
gold/silver particles) against a dark background.
Epi-polarization observation can be combined in
real time with bright field imaging, providing for a
very sensitive detection of even extremely low
amounts of antigen while still having the advantage
of full morphological details in the specimen.

My specimens for pre-embedding have
a lot more antigens than a
corresponding ultrathin section. Should
I use more concentrated reagents?
Pre-embedding labeling of
parvalbumin in rat brain
with Single Fab Ultra
Small Immunogold and
R-Gent SE-EM.
Courtesy Mrs. Hong Yi,
Emory University,Atlanta

Prolonged incubation with immunoreagents also implies that the time of washing will have
to be prolonged for efficient removal of unbound reagents.

© Aurion 2007 - 2010

The increased amount of antigens should be
balanced by a larger amount of reagent volume at
an appropriate dilution (the same as used on
sections with low amounts of antigen), and not by
more concentrated reagents. The reason is that
with increased concentration more cross-reactions
may occur and signal-to-noise ratios will decrease.
Incubating specimens for pre-embedding in larger
volume quantities is best performed on a rocking
table for a prolonged time to warrant penetration to
antigenic sites in the specimen.
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Introduction
In any immuno labeling reaction there are at least two components that interact: antibodies and markers
on the one hand, and specimens with small amounts of antigen on the other.
A number of different interactions may occur between antibodies and specimens, leading to the final results:

(i) specific reactions

Newsletter 1

optimized IMMUNO
labeling
using AURION Blocking
Solutions and AURION BSA-c™

They result from the interaction between the antibody cascade and the antigens. Successful labeling
depends on the quality of the specific binding agent and the preservation and availability of antigen(s).
Fixation, denaturation and masking of antigens play a major role. Antibodies may also recognize areas
closely resembling epitopes in molecules other than the antigen under investigation. As undesirable as
such reactions may be they are nevertheless based on specific interactions. Therefore, strictly speaking,
considering such reactions as background is not correct.

(ii) background reactions
Strictly, background is the result of unintended “non-specific” reactions. They are governed by general
physical chemical properties of both the specimen/substratum and of the primary antibodies and
secondary antibody/marker conjugates.
Is it possible to have one without the other? Yes, but it is certainly not the rule. Manufacturers of
immunoreagents use proprietary methods in an attempt to produce labeled secondary antibody reagents
with minimized stickiness. But that is only one side of the story: the researcher is confronted with the
characteristics of the specimen as well and will thus be interested in the answer to the question:

“Which incubation conditions will promote specificity and reduce background
in the best achievable way in my specimens?”
AURION, being a research-dedicated company, has diligently looked into the principles of specificity and
background, unraveling their common denominators and differences. From the vast range of fluorescent
markers via enzyme conjugates to particulate labels, the products resulting from these R&D activities provide
unparalleled signal-to-noise ratios

REGARDLESS OF THE MARKER SYSTEM

Jan L.M. Leunissen*
Peter F.E.M. van de Plas

This is achieved by the combined application of AURION Blocking Solutions and the unique incubation
solution additive AURION BSA-c™. The Blocking Solutions guarantee an effective and lasting specimen
blocking prior to antibody exposure. Incubation with antibodies and labels as well as washing are done using
AURION BSA-c™ which acts where it matters: preventing non-specific binding without affecting antibodyantigen interactions, interfering only where antibodies are inclined to stick to specimens.

Example 1
N-Cadherin detection in heart muscle cells
Immunofluorescence using Alexa 568 labeled Fab goat
antimouse.
For reasons of comparability areas of specific labeling are
pictured with similar density (arrowheads).
Left hand panel:
Background using a commonly used protocol obscures sites
of specific labeling.

AURION
Binnenhaven 5
6709 PD Wageningen
The Netherlands
*current address:
University of Otago
Otago Center
for Electron Microscopy
Dept. Anatomy & Structural
Biology
Dunedin
New Zealand
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Right hand panel:
N-Cadherin immunolabelled areas obtained using Aurion
Blocking Solution and BSA-c™ stand out with much clearer
definition.
Courtesy of Lauren Hruby and John Harris
Dept. Physiology, University of Otago, Dunedin, New Zealand

• How does the blocking step work?
When is a block step adequate?
Appropriate blocking of specimens is the first step towards optimized immuno labeling results. Multipoint
interactions between specimen and immuno reagents can be prevented by a Blocking Step, using proper
blocking agents that have both hydrophobic and hydrophilic properties. This can be achieved in many ways,
e.g. with solutions containing BSA or Casein and is most effective at a pH-value close to or slightly higher than
the iso-electric point of the blocking agent. These conditions leave the blocking agent with little net charge,
thus favoring hydrophobic interaction. AURION Blocking Solutions contain a specially selected and
preconditioned BSA for enhanced multipoint interactions. During the adsorption process the BSA molecules
interact with a surface via many interaction points which can bind over a certain time span. For the molecules
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to be desorbed however, all those interactions would have to become released at
the same time. The chance for this to happen is very small, so an adequate
blocking step is (certainly in view of the time of incubations) virtually permanent.
Once blocking of hydrophobic areas has occurred, the areas have been rendered
hydrophilic. Figure 1 shows an interpretation of the events during the block step.

Figure 2: From BSA to BSA-c™
The linearisation ensures a small cross diameter, making it easy for the BSA-c
molecules to reach those areas in the specimen, that may have been left
uncovered, in particular those areas with a positive charge (e.g. histone proteins
in the nucleus, poly-llysine coatings) but possibly also hydrophobic pockets. BSAc™ is a unique AURION product that is prepared using proprietary procedures.
When added to a buffer suitable for incubation and washing, BSA-c molecules
compete with antibodies in particular for positively charged sticky areas in the
specimen, even in the smallest corners. A BSA-c™ incubation solution at a
concentration even as low as 0.1% outnumbers the antibody concentration by a
factor of 3000-5000 and thus the acetylated albumin binds with preference to
background sensitive areas in the specimen.
Figure 1: The blocking step
A: The blocking solution is applied.

The incubation solution is used THROUGHOUT all the immuno incubation steps
INCLUDING all wash steps prior to and after the primary and secondary antibody
(conjugate) incubations. The interaction between BSA-c molecules and the
blocked specimen is pictured in Figure 3.

B: Blocking compounds like globular BSA molecules adsorb onto the specimen
surface. Initially the adsorbed globular molecules do not share many points of
interaction with the specimen surface as indicated by the arrows: BSA molecules
can still relatively easily become washed off the surface.
C: With time BSA molecules start to unwind so as to increase the number of
interaction points: the blocking becomes less reversible.
D: At the completion of the blocking step, most BSA molecules will share many
interaction points (small arrows) with the specimen, the result is a firm binding.
Important: There are still areas where specimen surface is exposed, as these are
too small to be covered by large globular BSA molecules (large blue arrows with
exclamation marks).

Is the blocking step sufficient for optimum signal-to-noise ratios?
Between the blocking components on the specimen surface there are areas left
uncovered, as they are smaller than to allow a globular protein to fit in. Such
areas may be large enough to accommodate markers or parts of antibodies,
giving rise to background. Whether this will actually happen also depends on the
characteristics of the specimen exposed in these areas: if they are positively
charged or hydrophobic they will tend to bind antibodies and labels, resulting in
serious background problems. Therefore, after the block step an incubation
solution has to be used that should be serving two purposes:

(i) creating an environment promoting antibody-antigen binding and
(ii) providing a means to control the left-open spaces on the specimen surface.
This is easily achieved with an incubation solution containing BSA-c™.

Figure 3: The presumed action of BSA-c™
Because of their small cross section diameter the BSA-c molecules fit easily in
open spaces between the blocking molecules on the specimen surface, especially
those specimen areas with a net positive charge (+++) and those that are
hydrophobic (h). The interacting surface area is only small and it is therefore likely
that BSA-c molecules desorb easily from the small holes in the blocking layer.
Provided the local concentration of BSA-c molecules is sufficiently high, the
surface of the specimen behaves at all times as if completely covered.
Incubation Solution Additive AURION BSA-c™
Any incubation solution that provides an optimum environment for antibodyantigen recognition should also provide a continuous suppression of background
reactions at the time when it matters most: when the specimen is incubated with
antibodies. A proper incubation solution is thus as crucial as an appropriate
blocking solution. AURION BSA-c™ is designed for incubation solutions and wash
steps to complement the AURION Blocking Solution series.

• From BSA to BSA-c™
What is BSA-c™?
BSA-c™ is an acronym for BSA in which high pK amino groups (in lysine and
arginine residues) have been acetylated for increased negative charge, achieving
linearisation of the protein and increased hydrophobicity. Figure 2 illustrates what
happens when globular BSA is chemically modified to become BSA-c™.
Amino groups react with acetic anhydride (CH3-CO-O-OC-CH3). The resulting
secondary amino-acetyl (CH3-CO-NH-) group is electrically neutral and hydrophobic.
The carboxyl groups (-COO-) are not modified and contribute to the increased net
negative charge.
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• Antigen detection and BSA-c™: How does it work?

• In summary

With all of the specimen surface covered, how is it possible that an antigen is still
available for detection?

The action of BSA-c™ taken one step further: charge and hydrophobicity.

Although blocking molecules seem to firmly cover the specimen surface, the
blocking is based on weak chemical interactions which are reversible. The
continuos binding and “unbinding” of individual interacting points does imply that
block molecules will be continuously tiptoeing on the specimen surface. Although
the binding of BSA molecules as a whole to a specimen surface may be very
strong, the individual molecular interactions are of low affinity. The same is true
for the interaction of the BSA-c molecules with the specimen. Although BSA-c is
hydrophobic and negatively charged, the molecule is linear and thus only small
areas are interacting with the specimen resulting in low affinity binding. This is
crucial to facilitate antigen detection. Figure 4 illustrates this.
Figure 4: Antigen detection, blocking and incubation solution

The dynamics of weak chemical interactions result in short lived and reversible
release of parts of the blocking molecules and release of BSA-c molecules from
hydrophobic or positively charged pockets between the blocking molecules.
Whenever an area with antigen is exposed in this process the much higher affinity
antibody-antigen interaction prevails over the weaker affinity interaction between
BSA, BSA-c and antigen. The result is a specific detection. Primaries have little
chance to bind in areas where there is no antigen present as the binding would
be of lower affinity and the antibody thus has to compete with BSA-c molecules
for binding. Since the BSA-c molecules outnumber antibodies by a factor of about
3000, aspecific binding by primary antibodies is greatly reduced.

A summarizing and detailed explanation for the way BSA-c™ works can be given
in terms of physical qualities of specimen, blocking components and the crucial
incubation solution additive BSA-c™. Those qualities can be described as
hydrophobicity, charge and the extent of surface area that would be shared
between antibodies and any unconditioned specimen resulting from binding
caused by these physical properties.
At the pH of incubation, which is usually neutral to slightly alkaline, many
antibodies are above their IEP and thus display a net negative charge. Specimens
add to the complexity with their hydrophobic resins, histone proteins, lipid
droplets, collagen, sticky coatings, the effect of fixation etc. If antibodies would be
applied to unconditioned specimens charged parts of the molecules would be
attracted to oppositely charged areas in the specimen (for instance some proteins
of the cytoskeletal network, the extracellular matrix and the nuclear histone
proteins). Likewise hydrophobic specimen areas would be prone to bind
hydrophobic areas in the Fc tail of antibodies. In such interactions surface areas
are shared between antibody and specimen. The larger the shared areas, or the
more points of interaction, the more persistent the bond. Such multipoint
interactions are long lasting and as a consequence difficult to remove.
Background is the result. To prevent this from happening multipoint interactions
need to be controlled even before incubations with antibodies start. Smaller areas
of interaction, however, are not as persisting and therefore need to be dealt with
in a different way: during antibody incubation itself using a proper incubation
solution containing BSA-c.

The labeled secondary antibody incubation
The secondary antibody binds to the primary which protrudes from the surface of
the specimen. What is true for the primary is also true for the secondary (or
further) steps:
the conditions need to warrant specific interaction between bound primary
antibody and labeled secondary antibody and at the same time prevent
background from aspecific binding with specimen areas. This is achieved using
the same incubation conditions employing BSA-c™ as pictured in Figure 5.
Figure 5: Primary and secondary antibody reaction

negatively charged specimen compounds
(polyanions, phospholipids, proteins,
especially after aldehyde fixation)

secondary
antibody
with label

uncharged compounds
positively charged specimen compounds
(histone proteins,polycations)

primary
antibody

hydrophobic compounds (lipids,
fat droplets, resins)
ions like Na+
and Cl-

Essentially for the same reasons as described for primary antibodies, the labeled
secondary antibodies have little or no chance to bind to temporarily exposed
specimen surface as the binding would be of low affinity and the secondary
antibody thus has to compete with BSA-c molecules for binding. Since the BSA-c
molecules outnumber antibodies by a factor of about 3000, aspecific binding by
primary antibodies is greatly reduced and at times completely absent. The
primary antibody is available for binding as required.

22

blocking
compound

BSA-c

Figure 6: The action of BSA-c™ as illustrated in by assuming four arbitrary
compartments
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After an appropriate blocking step the specimen surface is covered with blocking
compounds. Negatively charged antibodies and antibody conjugates are repulsed
by negatively charged specimen areas which often hold the antigens to be
detected. Background does not likely occur in such areas. Exposed positively
charged (as well as hydrophobic) areas attract antibodies and conjugates
potentially leading to background. In a moderate ionic strength incubation
solution, both repulsion and attraction are diminished due to the presence of ions
like Na+ and Cl-. The negatively charged BSA-c molecules successfully compete
with the negatively charged antibodies and conjugates for non-specific binding to
specimen areas, thus reducing background to the greatest possible extent without
interfering with antigen detection.

Examples from the immuno
histopathology lab

The following dot-spot test illustrates how the charge dependent background is
suppressed by BSA-c™. In this dot-spot test methylated BSA (methBSA++) serves
as model molecules with strong positive charge at physiological pH (strips 1 and
2). The bottom strip (3) was set up using a mouse IgG dilution series. Note the
signal to noise ratios: high (3 and 2) when using BSA-c™, low (3 and 1) when
using ordinary BSA as incubation solution additive.

Immuno-peroxidase staining of estrogen receptor
on paraffin section of bronchus carcinoma.
Example 2

Incubation using Aurion BSA-c™

GFP-GnRH labeling in mouse nervous tissue

Courtesy of Hans Stoop, Lab. of Pathology and Anatomy,
Dordrecht, The Netherlands

Immuno Gold/Silver labeling with a mixture of anti-GnRH and anti-GFP using
Aurion Ultra Small Gold labeled Fab2 goat-anti-rabbit and Aurion SE-EM silver
enhancement.
Axons were pre-embedding labeled using Aurion Blocking Solution (to match
Goat conjugates) and BSA-c™.
Courtesy of Rebecca Campbell and Allan Herbison
Dept. Physiology, University of Otago, Dunedin, New Zealand

Immuno Gold Silver Staining (IGSS) of E-Cadherin
on a paraffin section of human skin.
Mouse monoclonal anti E-cadherin, Goat anti Mouse Ultra- Small and AURION
Silver Enhancement for Light Microscopy (SE--LM).The IGSS signal can be seen
as a dark staining around the epithelial cells (in blue).
Incubation using Aurion BSA-c™
Courtesy of R. Moella, Dept. of Experimental Pathology, Erasmus University,
Rotterdam, The Netherlands

Example 3
Strip 1: a spot series of methBSA++ incubated with a Goatanti- Mouse 25nm gold
conjugate using an incubation solution containing BSA. The colored spots are indicative
of binding of the antibody conjugate to positively charged areas. Plain BSA does not
significantly suppress charge interactions.
Strip 2: conditions as in as strip 1 but now using Aurion BSA-c™. There is no visible
background.
Strip 3: specific detection using a spotseries of mouse IgG incubated with Goat-antiMouse 25nm gold conjugate with BSA-c™ as incubation solution additive.
Immuno incubation procedures designed for pre- and post-embedding applications are
described in our package inserts and in the technical support section of the AURION
Product Catalogue. Please contact us for a free copy.

AURION BSA-c™ is an incubation solution additive and should only be used for that purpose. Please do NOT use BSA-c™ as a blocking reagent. Its binding to a
clean specimen surface would be too strong to allow antigens to be easily detected!
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Newsletter 3

In Situ Hybridization
for Light and Electron
Microscopy using Ultra Small
Immunogoid Detection
and Silver Enhancement

Whereas immunocytochemistry (IC) mainly deals with the localization of
specific proteins, in situ hybridization (ISH) aims at the localization of specific
DNA or RNA sequences. Both approaches require the preservation and
exposure of target molecules in biological specimens as well as the
preservation of ultrastructural details to allow high resolution detection.
Since between the two approaches target molecule chemical characteristics
differ significantly, specimen preparation conditions as well as specific
detection procedures will have to be adapted accordingly. In this Newsletter
procedures are presented that allow the sensitive intranuclear and
cytoplasmic detection of 28S ribosomal RNA (rRNA) by ISH as a model
system. To this end a specimen preparation technique was adapted to allow
preservation and exposure of RNA. Secondly, a pre-embedding
immunogold detection procedure is presented which warrants a high
degree of penetration and detection efficiency. As a derivative a postembedding procedure is presented. Apprehensive schedules and extensive
procedures illustrate the specimen preparation techniques used, as well as
the in situ hybridization and the pre and post-embedding labeling protocols.
Although 28S rRNA is quite abundant the high label density and structural
integrity provide a firm basis for the sensitive detection of low copy numbers
of both RNA and DNA sequences.

Introduction

O. Sibon

University of Utrecht
Department of Molecular Cell
Biology Padualaan 8
3584 CH Utrecht
The Netherlands
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An extensive number of biochemical studies deal with nuclear functions like replication of DNA, transcription
and metabolism of mRNA. However relatively little is known about the localization of these nuclear functions.
In situ hybridization, a detection technique which enables the localization of specific nucleic acid sequences,
will be of help to place the nuclear functions in a morphological context. Especially when applied at the
electron microscopical level, in situ hybridization enables the correlation of for instance specific RNA
sequences with cytoplasmic and nuclear structures like the cytoskeleton, interchromatin granules, nucleolar
sub-structures, lamines and the nuclear matrix.
The nuclear matrix is defined as the structure which remains after removal of most of the DNA with DNAse
and high salt. The structure is thought to play an essential role in nuclear functions (reviewed in Verheyen et al
1988) and is a topic of research at the Molecular Cell Biology Department. Localization of specific RNA
sequences in such preparations may elucidate the involvement of the nuclear matrix in nuclear functions.
Gold particles are the marker of choice for the electron microscopical detection of target molecules. The use
of ultra small gold particles, the smallest available, in combination with silver enhancement results in
maximized labeling efficiency (De Graaf 1991; Humbel and Biegelmann 1992) and the possibility to evaluate
the results both at the light and electron microscopical level.
The combined in situ hybridization and immunogold detection procedures can be performed in the pre and
post-embedding mode.
Post-embedding in situ hybridization/immunogold labeling (ISH/IG) is performed on sections. The specimen
preparation steps (fixation, dehydration and embedding) are critical for the adequate preservation of the target
sequences. As opposed to pre-embedding approaches it enables the localization of different nucleic acid
sequences in serial sections.
Pre-embedding ISH/IG is performed on fixed but unembedded cells or tissue. It is only feasible when the
target nucleic acid sequences are within reach of both the nucleic acid probe and the immunogold reagent.
Limited accessibility makes it necessary to apply detergents (see for an extensive description of preembedding
immunocytochemical localization using ultra small gold conjugates the AURION Newsletter nr. 2).
It has already been shown that nuclear proteins can be successfully localized in nuclear matrix preparations,
using pre-embedding immunolabeling with ultra small gold conjugates and silver enhancement (de Graaf
1992). We have combined this pre-embedding labeling technique with in situ hybridization experiments for
the localization of specific RNA sequences in the nuclear matrix. The pre-embedding in situ hybridization
approach was developed since pre-embedding labeling of permeabilized specimens results in in-depth
labeling throughout the whole cell or nuclear matrix, whereas with post-embedding labeling only those targets
can be reached which are exposed at the surface of resin sections. Using this approach EGF-receptor
transcripts have been successfully localized in nuclear matrices (submitted for publication).
With the pre-embedding approach we localized 28S rRNA using a digoxigeninylated DNA probe specific for
human 28S rRNA and a F(ab) anti-digoxigenin Ultra Small ImmunoGold conjugate. The 28S rRNA was
detected in the nucleolus, a dense and relatively difficultly accessible nuclear structure.
In this Newsletter a detailed protocol is presented for the use of Aurion ultra small gold conjugates in the
preembedding in situ hybridization study as mentioned above. It is demonstrated that with this labeling
method, hybridization and detection methods can be optimized first at the light microscopical level before
proceeding with electron microscopy.
The light microscopical detection obtained with the immunogold conjugate is related to the detection using
alkaline phosphatase as a marker.
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Materials
Unless otherwise indicated all chemicals were obtained from MERCK and were
of pro analysi grade.
Triton-X-100, Dextrane sulphate (D-6001), Bovine Serum Albumin (A-4503),
Polyvinylpyrrolidone (PVP10) and Tween-20® were obtained ITom Sigma, Vanadyl
ribonucleoside complex from Gibco, Formamide (deionized) ITom Fluka, Ficoll400
ITom Pharmacia (17-0400-01), Herring sperm DNA, Yeast tRNA and F(ab)antiDigoxigenin-alkaline phosphatase conjugate from Boehringer Mannheim,
Cold water fish skin gelatine and F(ab)-antiDigoxigenin Ultra Small Gold
conjugate from AURION

RNAse inactivation of Buffers:
CSK-buffer, pH 6.8:
(cytoskeleton stabilizing buffer)
100 mM NaCI
2 mM MgCIZ
0.5 mM CaClZ
1% Triton-X-IOO
10 mM Pipes
300 mM Sucrose *
4 mM Vanadyl ribonucleoside
*Sucrose (RNAse-ITee) was added
after autoclaving
2xSSC, pH 7.3:
30 mM Sodium citrate
300 mM NaCI
Hybridization mix:
50% Formamide
5% Dextrane sulphate
0.3% Bovine Serum Albumin
0.3% Ficoll®
0.3% Polyvinylpyrrolidone
0.2 mg/ml Herring sperm DNA
0.2 mg/ml Yeast tRNA
in 2xSSC
1 ng/Ill Digoxigenin labeled 28S DNA
probe (average length 200-300
base pairs)

Plasmid specific for 28S human rRNA
containing a 2.1 kb insert (bauman
and Bentvelzen, 1988) was labeled by
random priming with digoxigenin
according to the applications manual
of Boehringer Mannheim. In control
experiments a plasmid without the
28S DNA insert was used.

SCHEMATIC OVERVIEW OF
CRITICAL STEPS
POST-EMBEDDING
ISH/IG

POST-EMBEDDING
ISH/IG

FIXATION

PERMEABILIZATION
FIXATION

DEHYDRATION
EMBEDDING
SECTIONING
SECTION
PRE-TREATMENT

AP-incubation buffer, pH 7.4:
100 mM TrislHCI
150 mM NaCl
I% Bovine Serum Albumin
0.3% Tween-20®

wash steps

HYBRIDIZATION
HYBRIDIZATION
wash steps

PROTEIN BLOCK
IMMUNO INCUBATION

PBG-buffer, pH 7.4:
PBS buffer with
0.5% Bovine Serum Albumin
0.1% Cold Water Fish Skin Gelatine

SECTION
PRE-TREATMENT

wash steps

PBS-buffer, pH 7.4:
10 mM phosphate buffer
(NazHP04, KHZP04)
150 mM NaCI

wash steps

wash steps

SILVER ENHANCEMENT
or
ALKALINE
PHOSPHATASE
STAINING
wash steps

AP-wash buffer, pH 7.4:
100 mM TrislHCI
150 mMNaCI

wash steps

PROTEIN BLOCK
IMMUNO INCUBATION
wash steps

SILVER ENHANCEMENT
or
ALKALINE
PHOSPHATASE
STAINING
wash steps

DEHYDRATION
EMBEDDING
SECTIONING (EM)

Whereas most steps are explained at length in the "DETAILED PROCEDURE", the
missing steps are explained below.

Silver enhancement (Danscher, 1981)
Solution A: Protective colloid
100 g Gum Arabic in distilled water,
final volume 200 m!.
Solution B: Buffer
2.55 g citric acid (I.H20)
2.35 g sodium citrate (2.H20)
in distilled water, final volume 10 m!.
Solution C: Developer
0.57 g Hydroquinone
in distilled water, final volume 10 ml
(use immediately!)

Solution D: Silver ion supply
0.073 g Silver lactate (Fluka)
in distilled water, final volume 10 ml
(use immediately, protect from light!)
Working Solution:
6 ml Solution A
1 ml Solution B
1.5 ml Solution C
Mix on Vortex
1.5 ml Solution D
Mix on Vortex
(use immediately, protect from light!)

AP-staining buffer, pH 9.5:
100 mM TrislHCI
100mMNaCI
50 mM MgCl2
immediately before use add:
0.33 mg/ml nitro blue tetrazolium and
0.17 mg/ml 5-bromo-4-chloro-3-indolyl phosphate

PRE-TREATMENT
Pre-treatment steps can be used in both pre and post-embedding in situ
hybridization methods to improve the signal by digesting proteins surrounding the
target nucleic acid sequences. These steps involve an incubation with e.g.
proteinase K (up to 500 Jlg/ml in 200 mM Tris-HCl, 2 mM CaCI2, pH 7.4 for 530 minutes at 37°C) or with pepsin (500 Jlg/ml in 0.2 M HCl at 37°C for 5-30
minutes) prior to the hybridization. However, since these treatments affect the
ultrastructure, a compromise has to be found between optimal signal and
acceptable morphological preservation.

PRE-HYBRIDIZATION
To improve the hybridization signal/noise ratio a pre-hybridization step can be
introduced using the hybridization mixture with omission of the nucleic acid
probe. The presumed action is two-fold:
(i) by melting out the hairpins present in the RNA sequence under investigation at
higher temperatures (50-80°C) more target sequences are exposed,
(ii) background on accord of aspecific nucleic acid interactions is blocked by the
herring sperm DNA and yeast tRNA present in the hybridization mix.
In the present study the application of pre-treatment or pre-hybridization steps
did not result in signal improvement. Therefore these steps were
no longer included in the presented protocol.
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DETAILED PROCEDURE for
PRE-EMBEDDING ISH/IG
PERMEABILIZATION and FIXATION
A431 cells were grown on covers lips for light microscopy and on thermanox for
electron microscopy. Nuclear matrix preparations were made according to Fey et
al (1986) as follows: All steps are at room temperature, unless indicated
otherwise. Remove specimens from the growth medium, transfer to wells filled
with RNAse free PBS. Remove PBS immediately and extract the cells on ice for 3
minutes in CSK-buffer. Digest the chromatin with 1000 U/ml DNase I in CSK
buffer for 30 minutes, Wash in 250 mM ammonium sulphate (RNAse-free) to
remove DNA digests. Fix in 0.25 % glutaraldehyde in CSK-bufTer for 10 minutes.
between optimal signal and acceptable morphological preservation.

wash steps
rinse 2x5 minutes in PBS
rinse 2x5 minutes in PBS. supplemented with 50 mM glycin

HYBRIDIZATION
Hybridization to detect the 28S rRNA was performed for at least 3 hrs at 42°C.
Hybridization time may be extended overnight at 42 ·C.

wash steps
2xI5 minutes washing in 50 % formamide, 2xSSC at the hybridization
temperature.
2xlO minutes 2xSSC. 2xlO minutes IxSSC. 2xl0 minutes O.lxSSC

PROTEIN BLOCK and IMMUNO
INCUBATION
using Gold labeling:
Blocking: 30 minutes in PBG Incubation: overnight with anti-digoxigenin F(ab)
fragments. coupled to ultra small gold particles, diluted 1/20 in PBG.

wash steps
two hours washing in PBG (change every 15 minutes).
10 minutes in PBS. post-fixation with 1% glutaraldehyde in PBS for 10 minutes.
wash in deionized water for 3x3 minutes

SILVER ENHANCEMENT
Silver enhancement was performed in the dark, 40 minutes for light
microscopical preparations, 20 minutes for electron microscopical preparations.

wash steps
rinse with distilled water

DEHYDRATION, EMBEDDING, SECTIONING
Light microscopical preparations were embedded in mowiol, Electron
microscopical preparations were bloc-stained with 0.5 % uranyl acetate,
dehydrated and embedded in EPON. 0.2 11msections were examined at 120 KY.

using Alkaline Phosphatase labeling
Blocking: 30 minutes in AP-incubation buffer Incubation: 2 hours with
anti-digoxigenin F(ab) fragments. coupled to alkaline phosphatase. diluted
1/500 in AP-incubation buffer.

wash steps
4x 10 minutes in AP-wash buffer

COLOUR DEVELOPMENT
10-15 minutes in AP-staining buffer.

wash steps
rinse with distilled water

DEHYDRATION and MOUNTING
Light microscopical preparations were embedded in mowioI.

26

Discussion/Evaluation
In this newsletter a detailed protocol for the light and electron microscopical
detection of nucleic acid sequences is presented. The use of the immunogold
silver detection system offers the possibility to work out protocols at the LM level
and to extend the approach to EM specimens. Ultra small gold particles are
shown to be suited for the sensitive pre-embedding in situ hybridization at both
the light and electron microscopical level.
Pre-embedding ISH
The pre-embedding in situ hybridization method as presented here was used to
localize a specific RNA sequence in the nuclear matrix. The nuclear matrix is
defined as the structure in the nucleus that resists treatment with strong
detergents as present in the CSKbuffer (Fey et aI., 1986). For this approach the
use of CSK-buffer was therefore mandatory. For general applications where the
localization of nuclear or cytoplasmic nucleic acid sequences is the objective, it
may not always be required to use such extreme conditions. Much of the
cytoplasmic and membranous structure is removed as a consequence of this
treatment. This may not only hamper interpretation of the ultrastructure but may
also lead to removal of target molecules. A limited degree of permeabilization will
however always be necessary with the pre-embedding approach, if only to render
the plasma membranes permeable. Alternatives may be found in the use of
saponin (Willingham, 1983) which must be present during all of the steps
from fixation to the wash steps after the immunogold incubation. For the
immunocytochemical localization of cytoskeletal components it was found that
even a sodium borohydride treatment may be sufficient to allow ultra small
immunogold conjugates to pass the plasma membrane of paraformaldehyde/
glutaraldehyde fixed neurones (van Lookeren Campagne, 1993) and in 0.5%
glutaraldehyde fixed epithelial cells (Leunissen and van de Plas, personal
communication). Finally, a dehydration/rehydration sequence with graded ethanol
and acetone, as used in standard Epon-812 embedding, may prove useful.
Post-embedding ISH
Similarity with pre-embedding
From the schedules presented on page 4 it follows that the sequence of
hybridization, protein blocklimmunoincubation and enhancement/staining steps in
post-embedding in situ hybridization is not different from the one used in preembedding. The same holds for the pre-treatment and pre-hybridization steps
(if applied or necessary).

Differences with pre-embedding
Permeabilization vs. sectioning
The major difference is found in the omission of a physicochemical
permeabilization step based on the use of detergents. Instead accessibility of the
target is achieved by making sections of the specimen. Sections which can be
fully rehydrated (paraffin, cryostat, ultrathin cryosections) before proceeding with
the specific localization steps may have advantages over sections of plastic
embedded material on the following points:
1. More targets are preserved;
2. The section surface is not as smooth as found with plastic sections.
This leads to higher detection efficiencies at the section surface;
3. In the depth of the hydrated section more targets may be exposed and
available for binding with the nucleic acid probe and the immunoconjugate.
Resin embedding generally leads to improved ultrastructural preservation. Resins
commonly used are Lowicryl K4M, HM20, LR-white and LR-gold.
The wash steps after the immunogold incubation may be limited to a total of 30
minutes instead of 2 hours since a limited reactive area is available.
DNA-ISH
With the following minor adaptations the presented approach should also be
useful to localize DNA sequences:
1. An RNAse step has to be performed instead of the DNAse step (temperature
preferentially 37°C);
2. Furthermore the DNA present in the specimen has to be denatured before
hybridization with a nucleic acid probe can take place. This can be achieved in
two ways:
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- either through a pre-hybridization step using the hybridization mixture
without probe for 10 minutes at 80°C prior to the actual hybridization or
- by incubating at 80°C with the complete hybridization mixture for 10
minutes after which the temperature is lowered to the hybridization
temperature.

Double Labeling with
Two Ultra Small Reagents
Aurion has once more confirmed its leading role in
immunogold technology through a publication in the
latest issue of the Journal of Histochemistry and
Cytochemistry 49(3): 279-283 (2001).

Detection systems
The results obtained with the alkaline phosphatase colour reaction and
the detection with gold conjugates are highly comparable. The detection
method with the gold conjugates as described here involves a onestepdetection method i.e. the hybrids are detected with an antidigoxigenin F(ab)-fragment directly coupled to ultra small gold particles.
The signal can be improved with a two-step detection system using
secondary antibody gold conjugates. For instance the digoxigeninylated
nucleic acid can be detected with a mouse monoclonal antibody which in
turn is detected with a goat-anti-mouse IgO ultra small gold conjugate.
For starters
When immunogold detection of nucleic acids is aimed at, the following
approach is recommended: Firstly optimize the hybridization procedure in
combination with alkaline phosphatase detection at the light
microscopical level, since the detection with alkaline phosphatase is easy
and sensitive. The hybridization conditions found to be optimal in this
system are also valid for the immunogold detection system. After
establishing a specific hybridization signal with immunogold detection at
the light microscopical level the samples can be prepared for
examination at the electron microscopical level.
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In this publication it was demonstrated for the first
time in history that it is possible to perform a double
labeling experiment using two ultra small gold
conjugates and differential silver enhancement using
Aurion R-Gent SE-EM, the enhancement reagent of
choice for electron microscopy applications.

Pre-embedding double
labeling of GFAP (small
particles) and
synaptophysin (large
particles) in brain
tissue using two
ultrasmall gold
conjugates and silver
enhancement.
Courtesy Mrs. Hong Yi,
Emory University
Atlanta

This approach was successful thanks to the
excellent and tuned qualities of the reagents
involved:
• the high penetration characteristics of Aurion's
Ultra Small Immunogold Reagents,
• the low viscosity and high efficiency of the silver
enhancement reagents and
• the excellent homogeneity of the resulting silver
particles, providing the basis to distinguish
particle sizes as dependent on silver
enhancement times.
One more item was required: the Enhancement
Conditioning Solution (ECS)

What is ECS intended for?
ECS is used as a bridge solution between the gold incubation and the silver
enhancement.
Before the silver enhancement step in a single labeling the specimen is fixed
with glutaraldehyde and washed with distilled water. The fixation prevents
ultrastructural defects that would result from the water wash of a mildly fixed
vibratome section. The water wash step is necessary for compatibility of the
silver enhancement step.

Obstacles in Double Labeling
When performing a double labeling with ultrasmall gold conjugates a few
obstacles have to be overcome:
1. a fixation step after the first labeling before silver enhancing can not be
performed as this would make it impossible to do a second labeling,

Fey EO, Krochmalnic 0, Penman S (1986) The nonchromatin substructures of the
nucleus: The ribonucleoprotein (RNP)-containing and RNP-depleted matrices
analyzed by sequential fTactionating and resin less section electron microscopy. J
Cell Bioi 102:1654-1665

2. Washing the specimen in distilled water without a fixation step affects the
morphology of the specimen in a negative way

Humbel BM, Biegelmann E (1992) A preparation protocol for post-embedding
immunoelectron microscopy of Dyctyostelium discoideum cells with monoclonal
antibodies. Scanning Microscopy 6:817825

Aurion developed, in close co-operation with Hong Yi from Emory University,
Aurion ECS

Verheijen R, Venrooij W, Ramaekers F (1988) Review. The nuclear matrix: Structure
and composition. J Cell Sci 90:11-36

(Enhancement Conditioning Solution) which replaces the fixation and water wash
step. The product is compatible with buffer and silver enhancer and does not
affect morphology.

Willingham M (1983) An alternative fixationprocessing method for preembedding
ultrastructural immunocytochemistry of cytoplasmic antigens, the OBS
glutaraldehyde-borohydride-saponin procedure. J. Histochem. Cytochem. 31:791798
Van Lookeren Campagne M (1993) Pre-embedding immuno gold labeling of
intracellular antigens using ultra small gold probes. AURION Newsletter 2
GENERAL LITERATURE on ISH
Raap AK (1992) "In situ hybridisation", ed. by A.K. Raap. Leiden: Boerhave
Committee for Postgraduate medical Education. Leiden University
Wilkinson DO (1992) "In situ hybridisation: a practical approach", ed. by D.O.
Wilkinson. Oxford: IRL Press

3. Washing in incubation buffer is not compatible with silver enhancement.

Aurion ECS in Double Labeling
Schematically this is the sequence of steps for double labeling using ultrasmall
gold conjugates: Please note that Aurion ECS can only be used with Aurion RGent SE-EM, because the components of ECS are tuned to the components of RGent SE-EM.
Aurion as well as leading researchers in the field are convinced that these new
possibilities will facilitate and simplify immuno electron microscopic research in
the bio-medical field.
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This newsletter focuses on the ImmunoGold Silver Staining method.
However, the dot-spot test can be used for every immunodetection system
giving signals that are macroscopically visible. Examples are amongst others
immuno-enzymatic methods using peroxidase or alkaline phosphatase as
marker molecule and carbon or latex coated immunochemicals.

Introduction
Newsletter 4

The Dot-Spot Test
a simple method to monitor
immunoreagent activity
and influence of fixation
on antigen recognition

The success of an immunodetection experiment depends on the reactivity and quality of the reagents
employed on the one hand and on the degree the antigen can be recognized on the other hand. Negative
results may be caused by using reagents with no or low reactivity and by absence, alteration or masking of
antigens (by fixation and specimen processing). When a different set of reagents with the same primary
antibody gives good results on specimens prepared in the same way, clearly the cause for negative results
is in the set of reagents and not at the level of the antigen. On the other hand when the reagents give good
results with a different primary antibody (from the same animal species), it is obvious that the problem is
either at the level of antigen preservation or at the level of primary antibody activity. When such comparative
data are not available the reason for negative results is unclear.
By working backwards through the protocol it is easy to pinpoint the problem. For instance in ImmunoGold
Silver Staining the first step to test would be the silver enhancement reagents used. If this step works
appropriately, the next step would be to test the reactivity of the immunogold reagent for the primary
antibody and so on.
Since detection experiments and specimen preparation techniques are time consuming, a simple and fast
method to test the relevant steps in an immunodetection experiment should be helpful. The dot-spot test
described in this Newsletter fulfills these requirements.
The dot-spot test is a model system that makes it possible to pinpoint trouble-shooting to a defined part of
the immunodetection experiment. A strip of nitro-cellulose membrane, with strong protein binding capacity,
is used as a support for binding one of the components needed to check the reactivity of the succeeding
step in the immunoincubation protocol. For instance,
(i) to test the silver enhancement reagents, immunogold reagent is applied to the membrane
strip. The nitro-cellulose membrane is then incubated with the silver enhancement reagents,
(ii) to test the reactivity of the immunogold reagent, a dilution series of the primary antibody
is applied to a nitrocellulose strip and incubation follows with the immunogold reagent.
The results obtained from a dot-spot test give direct information on the quality and reactivity of the reagent
tested. A step by- step approach backwards through the incubation protocol will elucidate the reason for
the negative results.
The left hand panel in figure 1 shows the relevant steps in an ImmunoGold Silver Staining (IGSS) set-up.
The right hand panel shows the relevant dot-spot test options.
Figure 1: Standard two-step IGSS set-up related to the relevant dot-spot test options.

Peter F.E.M. van de Plas

IGSS SET-UP

DOT-SPOT TEST OPTIONS
(Fixed) Antigen Recognition Test

Fixation

AURION
Binnenhaven 5
6709 PD Wageningen
The Netherlands

Antibody Recognition Rest
Primary Antibody
incubation

ImmunoGold
incubation
Silver Enhancement
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(Methods 3a and 3b)
Reactivity between (fixed) antigen and primary antibody
spot antigen on NC membrane
primary antibody incubation
(fixation)
immunogold incubation
blocking steps
silver enhancement

(Methods 2a and 2b)
Reactivity between immunoglobulin or primary antibody
and immunogold reagent
spot primary antibody on NC
immunogold incubation
membrane
silver enhancement
blocking step

Silver Enhancement
Reactivity Test
(Method 1)
spot immunogold reagent on
NC membrane

blocking step
silver enhancement
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Materials
- 0.5x6 cm strips of nitro-cellulose (NC) membrane, pore size 0.45 µm
(blotting membrane)

Method 1
Reactivity of the Silver enhancement reagents
1.1. Prepare a 1/10-1/100-1/1000 dilution series of the immunogold conjugate
in dot-spot buffer

- micropipet with glass capillary tips
- disposable screw cap sealed tubes
- tilting apparatus

1.2. Apply 1 Ìl of each dilution on a strip of nitro-cellulose (NC) membrane.
Start with the highest dilution

Buffers and Solutions

1.3. Allow the spots to dry and transfer the strip into a plastic tube

PBS-buffer, pH 7.4
10 mM phosphate buffer (Na2HPO4, KH2PO4)

1.4. Block the strip with protein block solution for 15 min.
1.5. Wash 3x5 min. in distilled water

150 mM NaCl

1.6. Proceed with silver enhancement

Dot-spot buffer, pH 7.4
PBS buffer with
50 µg/ml Bovine Serum Albumin, Fraction V

Evaluation
The enhancement time depends on the initial gold particle size: ultra small
particles require a longer enhancement time than for instance 10 nm particles.
The least concentration spot should be visible after 20-30 minutes
when using Aurion R-Gent SE-LM and 45-60 min using Aurion R-Gent SE-EMplus.

Aldehyde block buffer, pH 7.4
PBS buffer with 50 mM glycine
Protein block solution, pH 7.4
PBS buffer with
5% Bovine Serum Albumin, Fraction V

Method 2a
Immunoglobulin Recognition Test

Incubation solution with BSA-c™
0.1% acetylated Bovine Serum Albumin
(BSA-c™, Aurion)
check pH and adjust to 7.4 with 0.1M HCl if necessary

Bio-activity of the ImmunoGold Conjugate
2a.1. Prepare a dilution series of purified immunoglobulin (e.g. mouse IgG
when testing a Goat-anti- Mouse IgG gold conjugate) in dot-spot buffer,
as shown in Fig. 2.

Procedure
For application of the spots to the nitro-cellulose membrane, it is advisable
to use a micropipet with glass capillary tip. The dot-spot strip is an artificial
immunospecimen. Blocking, incubation and washing steps are similar to those
used in an immunodetection experiment. The strips are processed in disposable
screw cap sealed plastic tubes on a tilting apparatus.

2a.2. Apply 1 µl of each dilution on a strip of NC,
starting with the highest dilution.
2a.3. Allow the spots to dry.
2a.4. Wash briefly in PBS.
2a.5. Block in protein block solution for 30 min.
2a.6. Wash in BSA-c™ buffer, pH 7.4 for 5 min.
2a.7. Incubate in 1 ml of immunogold conjugate diluted in BSA-c™ buffer
for 2 hrs.
2a.8. Wash in BSA-c™ buffer 3x10 min.
2a.9. Wash in PBS 3x5 min.
2a.10. Wash 3x5 min. in distilled water

Figure 2: Preparation of an immuno dot-spot strip

2a.11. Proceed with silver enhancement
prepare the dilution series in dotspot buffer as indicated

Evaluation
After silver enhancement the 1 ng spot (spot nr. 7) should be clearly visible.

tube number

Remarks and tips

dilution series of the antibody
which will be applied to the
nitrocellulose strip

- The dilution of the immunogold conjugates is the same
as for incubation on tissue sections, i.e.:
Aurion Conventional reagents diluted 1/20-1/40,
Aurion Ultra Small reagents diluted 1/50-1/100.

concentrations of the antibody
(µg/ml) in dot-spot buffer
apply 1 µl from each tube to a
nitrocellulose strip
start with the highest dilution
(tube 10) and proceed towards
higher concentrations
0.5 x 6 cm nitrocellulose strip
spot number

- Immunoconjugates, especially those with Protein A and Protein G, may become
uncoupled during the washing step in distilled water. It is advisable therefore to
include a post-fixation step in 1% glutaraldehyde in PBS for 10 minutes before
washing with distilled water.
- Bio-activity of conventional reagents can also be tested without silver
enhancement. Dilute 1/10 and incubate for 4 hours. The 10 ng spot
(spot nr. 5) should be detected.

amount of antibody per spot (ng!)

Conclusion
If the results meet the criteria, the quality of the immunogold silver reagents is not
the cause for negative results in the immunodetection experiment. Continue with
Method 2b to see if there is a case-specific recognition problem between the
specific primary antibody and the immunogold conjugate.
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Method 2b

Method 3a

Antibody Recognition Test

Native Antigen Recognition Test

Case-specific bio-activity of the ImmunoGold Conjugate

3a.1.

Prepare a dilution series of the purified antigen in dot-spot
buffer as described in Fig. 2.

Make sure primary antibody and gold conjugate match!
2b.1.

Prepare a dilution series of the primary antibody in dot-spot buffer
as described in Fig. 2.

3a.2.

Apply 1 µl of each dilution on a strip of NC,
starting with the highest dilution.

2b.2.

Apply 1 µl of each dilution on a strip of NC, starting with the highest
dilution.

3a.3.

Allow the spots to dry.

3a.4.

Wash briefly in PBS.

2b.3.

Allow the spots to dry.

3a.5.

Block in protein block solution for 30 min.

2b.4.

Wash briefly in PBS.

3a.6.

Wash in BSA-c™ buffer, pH 7.4 for 5 min.

2b.5.

Block in protein block solution for 30 min.

3a.7.

2b.6.

Wash in BSA-c buffer, pH 7.4 for 5 min.

Incubate in 1 ml of primary antibody diluted in BSA-c™ buffer
(concentration between 0.5 and 5 µg/ml) for 2 hrs.

2b.7.

Incubate in 1 ml of immunogold conjugate diluted in BSA-c™ buffer
for 2 hrs.

3a.8.

Wash in BSA-c™ buffer, pH 7.4 for 5 min.

3a.9.

2b.8.

Wash in BSA-c buffer 3x10 min.

Incubate in 1 ml of immunogold conjugate diluted in BSA-c™ buffer
for 2 hrs.

2b.9.

Wash in PBS 3x5 min.

™

™

3a.10. Wash in BSA-c™ buffer 3x10 min.

2b.10. Wash 3x5 min. in distilled water

3a.11. Wash in PBS 3x5 min.

2b.11. Proceed with silver enhancement

3a.12. Wash 3x5 min. in distilled water
3a.13. Proceed with silver enhancement

Evaluation

Evaluation

After silver enhancement the 1 ng spot (spot nr. 7) should be clearly visible.

After silver enhancement the 1 ng spot (spot nr. 7) should be clearly visible.

Remarks and tips

Remarks and tips

- Unfortunately the primary antibody concentration is not always known.
However, the working dilution gives an indication of this concentration as it
is normally between 1 and 10 Ìg/ml. Alternatively the concentration can be
estimated by measuring the optical density of the antibody stock solution at
280 nm using the buffer as a reference. A 1 mg/ml stock has an OD280 of
1.3-1.4 (10 mm light path). The stock solution should only contain antibody
as protein and not for instance BSA or other proteins. In such a case
measurement will not be reliable.

- If the purified antigen is not available, a dot-spot test with partially purified
antigen can indicate the quality of the primary antibody.

- Immune serum contains a high amount of immunoglobulin, only part of which
is the specific antibody. In this case the primary antibody recognition test will
not give a reliable result. The immunogold conjugate will detect all matching
immunoglobulin present in the spots. Using an immune serum poses however
no restriction to the antigen recognition test (see Methods 3a and 3b).
- Immunoconjugates, especially those with Protein A and Protein G, may become
uncoupled during the washing step in distilled water. It is advisable therefor to
include a post-fixation step in 1% glutaraldehyde in PBS for 10 minutes before
the distilled water wash step.

- Another option is incubation of antigen containing strips cut from a Western
blot. However, SDS denaturation destroys the three-dimensional structure of
native proteins and thus maybe also antigen recognition.

Conclusion
When the antigen recognition test gives good results the immunoreagents are not
the cause for low (or no) signal intensity. Remaining probable causes are now:
- The antigen is not available or masked. This can be checked with positive
control specimens.
- The fixation or embedding procedure is not compatible with your primary
antibody.
The Fixed Antigen Recognition Test (see Method 3b) may clarify the effect of
fixation on antigen recognition.

- Binding of Protein G conjugates is pH dependent. The Antibody Recognition
Test can be used to determine the optimal incubation pH for every new
primary antibody.

Conclusion
If the results in the dot-spot tests, described in Methods 1 and 2a or 2b match
the criteria, the immunogold/silver reagents are not causing signal intensity
problems in the immunodetection experiment. If the purified antigen is available,
continue with Method 3a or 3b. Otherwise go on with positive control LM
specimens, e.g., cryostat sections.
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Method 3b
Fixed Antigen Recognition Test
Test fixatives should keep the NC support intact. It is therefore not possible to test
the effect on antigen recognition of fixatives like methanol and acetone using the
dot-spot test.
3b.1.

Prepare a dilution series of the purified antigen in dot-spot buffer
as described in Fig. 2.

3b.2.

Apply 1 Ìl of each dilution on a strip of NC,
starting with the highest dilution.

3b.3.

Allow the spots to dry.

3b.4.

Wash in PBS.
Optional: change to the buffer used in fixation

3b.5.

Incubate in fixative for the same time as planned
for specimen fixation.
Optional: Wash in buffer used in fixation

3b.6.

Wash in PBS 3x5 min.

3b.7.

Block free aldehyde groups in aldehyde block buffer for 15 min.

3b.8.

Block in protein block solution for 30 min.

3b.9.

Wash in BSA-c™ buffer, pH 7.4 for 5 min.

3b.10. Incubate in 1 ml of primary antibody diluted in BSA-c™ buffer
(concentration between 0.5 and 5 Xg/ml) for 2 hrs.
3b.11. Wash in BSA-c™ buffer, pH 7.4 for 5 min.
3b.12. Incubate in 1 ml of immunogold conjugate diluted in BSA-c™ buffer
for 2 hrs.
3b.13. Wash in BSA-c™ buffer 3x10 min.
3b.14. Wash in PBS 3x5 min.

General Discussion
Dot-spot tests are short-time experiments. These tests show at which levels in an
immunodetection experiment signal intensity problems arise. They demonstrate
whether the immunodetection system is to blame or whether the specimen
preparation method has to be adapted. With the antigen recognition test a preselection of fixation regimes can be made. This again limits workload needed to
obtain a positive immunolabeling. Figure 3 is a schematic representation
summarizing the different steps needed to find the cause for negative results in
an immunodetection experiment based on the IGSS method.

Checking Antigen Recognition: Alternatives
When free antigen is not available for testing it is of course not feasible to use a
dot-spot test for evaluating antigen recognition and/or sensitivity of antigens to
fixatives. As an alternative cryostat sections of unfixed tissue (and even cultured
cells grown on coverslip) containing the antigen can be used. A series of
specimens can be exposed to different fixatives and reactivity can be compared
with levels obtained in unfixed material.
- When the antigen can be detected with a different detection method (e.g.
immunofluorescence) using the same primary antibody the problem is either
in the IGSS reagents or in the degree of exposure of the antigen. Use method
1 and 2b to check the reagents.
- When the IGSS reagents work well with a different primary antibody the
problem is at the level of the primary antibody or at the level of antigen
recognition. Use method 2a to check the bioactivity of the conjugate and
methods 3a and 3b to check antigen recognition.
- When the IGSS reagents work well with a the case-specific primary antibody on
a different specimen type the problem is at the level of the antigen recognition.
Use method 3b to check the influence of fixation on antigen recognition.
- In all other cases check activities of the reagents starting with method 1.
When the test is positive continue with the next method and so on.

3b.15. Wash 3x5 min. in distilled water
3b.16. Proceed with silver enhancement

Evaluation
Compare results with the non-fixed strip (see Method 3a).

Remarks and tips
- The degree of fixation changes with time and concomitantly antigen
recognition may be affected progressively.
- Do not use NaBH4 to quench free aldehyde groups. The interaction between
NaBH4 and the nitro-cellulose membrane interferes with silver enhancement.

Figure 3:
Trouble shooting planner.
+ indicates path to follow
when preceding tests
results are positive.
Comment text plain.
- indicates path to follow
when preceding tests
results are negative.
Comment text in italics.

- The purified antigen is not surrounded by other proteins as in the specimen.
The effect of cross-linking fixatives is not truly mimicked.
- The antigen dot-spot test is a time-saving test to compare the effect
of different fixation methods on antigen recognition. Incubate in the different
test fixatives (e.g. for 1 hour). An example of a fixation series is:
4% paraformaldehyde (in buffer)
4% paraformaldehyde+0.01% glutaraldehyde
4% paraformaldehyde+0.1% glutaraldehyde
4% paraformaldehyde+1% glutaraldehyde.

Conclusion
The Fixed Antigen Recognition Test shows the direct effect of fixation on antigen
recognition. Fixatives that give no or only a very weak signal can not be used.
This test minimizes the amount of work needed to find an acceptable fixation
protocol. If a fixation method has no or only minor effect on antigen recognition
and negative results persist, troubleshooting has to be focused on other steps
in the specimen preparation protocol (e.g. the embedding procedure).
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Introduction

Newsletter 5

Ultra Small Gold Conjugates
and R-Gent SE-EM
Silver Enhancement Reagent
in Pre-embedding Single
and Double Immunolabeling

Ultra small gold (ø <1.0 nm) conjugates provide a marker system that has greater labeling sensitivity and
better penetration than larger gold particle conjugates, and higher spatial resolution than enzyme
conjugates. These advantages, along with the availability of silver enhancement reagents, have made it
possible to apply pre-embedding immunogold/silver techniques to the localization of intracellular antigens.
Initial results obtained from cultured neurons using Aurion ultra small conjugates have been described in
Aurion Newsletter Nr. 2 by van Lookeren Campagne. However, further refinement of Aurion Ultra Small
Gold reagents and the introduction of Aurion R-Gent SE-EM electron microscopy grade silver enhancement
reagents have greatly broadened the application of the pre-embedding immunogold/silver technique.
The present issue of the Aurion newsletter describes the state of- the-art.

Ultra Small Gold Conjugates and R-Gent SE-EM Silver Enhancement Reagent Allow
High Resolution Pre-embedding Immunogold Localization of Intracellular Antigens
The pre-embedding immunogold/silver labeling technique has proven to be a powerful tool for the in situ
study of macromolecules. In the field of neuroscience, for instance, before the invention of ultra small gold
in the late 1980’s, most ultrastuctural localization studies in brain tissue were confined to identifying the
nature of labeled neuronal elements. Today, in contrast, a receptor protein can be precisely pin-pointed to
its functional site on the neuronal membrane. However, questions such as antigen accessibility, antibody
penetration, and particle size and shape regularity have persisted since the introduction of this technique.
We present here a few cases of our immunogold localization studies that may help address such
questions to a certain level. The proteins in these studies are dopamine transporter, MGP-130, MGP-160,
parvalbumin, and a huntingtin-related protein.

1. Localization Resolution

Hong Yi
Emory University
Emory Neurology Microscopy
Core Laboratory
Atlanta, GA, USA

Jan L. M. Leunissen, Ph.D.
AURION
Binnenhaven 5
6709 PD Wageningen
The Netherlands
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Dopamine transporter (DAT) is a protein in the CNS
responsible for dopamine removal from the extracellular
space after synaptic transmission. In the striatum, DAT
is localized in dopaminergic axon terminals. When the
immunoperoxidase method was used to detect a sitespecific monoclonal antibody against the putative Nterminus of this transporter, axon terminals were
entirely filled with enzyme reaction product
(Figure 1).

However, when the
primary antibody was
labeled with ultra small
gold conjugates and
enhanced with R-Gent
SE-EM, the gold particles
were found on the
cytoplasmic side of
terminal membranes
(Figure 2a,b), in
agreement with the
predicted location of
N-terminus of the protein
from biochemical
evidence.

1

2a

2b
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MGP-160

4a
Huntingtin
Related Protein

4b

3
2. Reagent Penetration
When 50 µm vibratome sections were labeled with dopamine transporter by preembedding immunogold method, and thin sectioned perpendicularly to the
surface of the vibratome section, labeled axon terminals could be found as deep
as 8 µm from the surface (Figure 3). In another case when parvalbumin in the
CNS was labeled with the same method, labeled dendrites could be seen up to
12 µm from the surface of the vibratome sections.
3. Antigen Accessibility
A frequently asked question regarding pre-embedding immunogold labeling is if
no gold/silver particles are found inside membrane bound organelles, how can
one know if it is because the antigen is not present, or because the antigen is
not accessible to the immunogold reagents? Indeed, while it is hard to conclude
the absence of antigen based on negative results, many studies have
successfully demonstrated labeling of antigens in “hard to reach” sites.

5

Figure 4 demonstrates the labeling of two golgi proteins. In 4b, a huntingtinrelated protein is localized on the outer surface of the golgi membrane, and in 4a
the golgi marker protein MGP-160 is localized within the lumen. Note the
integrity of the golgi membrane ultrastructure.

MGP-130 cis Golgi

Antigen accessibility is influenced by the complexity of the tissue, the type and
extent of fixation, the type and extent of detergent treatment, and the physical
characteristics of the immunoreagents. The labeling of MGP-160 in Figure 4a
was achieved using a perfusion fixation with 3% formaldehyde, 0.15%
glutaraldehyde, a permeabilization with 0.05% Triton- X-100 and using F(ab’)2 or
F(ab’) antibody-gold conjugates. Details are described on page 6.
4. Particle Size
The final size of gold/silver particles is the result of silver enhancement duration
(when the temperature is constant). One of the characteristics of R-Gent SE-EM is
its slow enhancement rate, which makes it easier to control particle growth (silver
nucleation). Figure 5 shows labeling of parvalbumin in a neuronal dendrite with
gold/silver particles of about 25 µm. Arrows indicate cross sectioned microtubules
with about the same diameter as the silver enhanced gold conjugate.
Figure 6 demonstrates the labeling of MGP-130, another golgi marker protein.
The gold/silver particles diameter of about 5 nm.

6
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Sequential Silver Enhancement of Ultra Small Gold Conjugates
Using R-Gent SE-EM Allows Pre-embedding Double Immunogold
Labeling
Although ultra small gold conjugates and silver enhancement reagent have
been used for pre-embedding single immunolabeling for many years, the
co-localization of multiple antigens with the pre-embedding immunolabeling
technique still relied on combining ultra small gold conjugates with
conventional gold (5-30 nm) conjugates (Verkade et al. 1997) or enzyme
conjugates (Pickel et al. 1986, Rouse et al. 2000). Bienz et al. (1986), using
conventional gold reagents in postembedding, demonstrated that silver
enhancement allowed the use of primary antibodies from the same species for
double labeling. If multiple labeling were to be achieved using exclusively ultra
small gold conjugates, silver enhancement would have to be applied in such a
way that particles with different shape or size are produced. This might be
possible through sequential immunogold labeling and silver enhancement.
Thus, the first ultra small gold conjugates will be enhanced twice and will
therefore generate a larger size than the second ultra small gold conjugate,
which will be enhanced only once.
To test the feasibility of the above approach, a series of experiments using
mouse brain tissue were conducted. Primary antibodies, rabbit anti-glial fibrillary
acidic protein (GFAP, Dako, Carpinteria, CA) and mouse anti-synaptophysin
(Chemicon International, Temecular, CA) were chosen in the model system
because of their known specific antigen localization in the central nervous
system. The mutually exclusive distributions of their respective antigens also
made them ideal for testing the specificity of the procedure and evaluating
particle size segregation.
TEM examination of the labeling revealed two distinct size distributions (Figure
7). Small GFAP gold/silver particles were found associated primarily with
filamentous structures in the perikarya and processes of glial cells. Large
synaptophysin gold/silver particles were predominantly present in axon terminals
associated with synaptic vesicles. Occasionally small particles were seen in axon
terminals mixed in with the larger particles. In control samples, when one of the
primary antibodies was omitted, there were no gold/silver particles of relevant
size concentrated within the expected structures, except for a few randomly
distributed background particles.

7
Figure 7: reproduced with permission from:
Yi H, Leunissen JLM, Shi GM, Gutekunst CA, Hersch SM. A Novel Procedure for
Pre-embedding Double Immunogold–Silver Labeling at the Ultrastructural Level.
Journal of Histochemistry & Cytochemistry, Vol. 49, No. 3, pp 279 –283 (2001)

Quantitatively, particles within glial profiles showed a mean diameter of 11.2
+0.14 nm, and particles in axon terminals had a mean diameter of 36.3 +0.36
nm. This difference was highly significant by a 2-tailed Student t-test
(p<0.0001). The number of particles in axon terminals whose size overlapped
with particles in glia represented 2.9% of all particles in axon terminals. The
region in the frequency distribution curve (Figure 8) for particles in axon
terminals that overlapped with particles in glia was separated by more than two
standard deviations.
When silver enhancement is depended on for creating the particle size
segregation, the homogeneity of the enhancement is the most crucial. With any
enhancement reagent, a certain degree of variability is expected. Considering this
variability and the particle size suitability for our application, we sought a greater
difference in size than is normally used in post-embedding double immunogold
labeling with conventional gold conjugates. In theory, the larger the size
difference is between the two groups of particles, the smaller the degree of
overlap. However, as a practical matter, particles must be large enough to ensure
adequate visualization, but not so large as to obscure the underlying
ultrastructure. In the above described experiment, the enhancement duration
required to obtain a final particle size of 10-12 nm was particle size relative
occurrence first determined through a series of single labeling experiments and
applied to the second silver enhancement. The duration of the first silver
enhancement was systematically varied to create particle size segregation. It
should be pointed out that the particle sizes and the degree of segregation
generated with the presented protocol are not fixed parameters. It is possible to
generate combinations of smaller particles, which may be advantageous for colocalizing more contiguous antigens.
Adequate preservation of ultrastructure is another major issue. In most
immunogold/silver labeling protocols, silver enhancement is carried out after
post-fixation with glutaraldehyde and before post-fixation with osmium tetroxide,

34

8
at which point the ultrastructure is still vulnerable. Yet, many silver enhancement
reagents require extensive water washes prior to and after the enhancement,
which is the major cause of deterioration in the ultrastructure quality. In
sequential preembedding double immunogold/silver labeling, preserving tissue
ultrastructure is even more challenging since additional fixation with a high
concentration of glutaraldehyde can not be applied before the first enhancement
due to its possible effect on subsequent antibody-antigen recognition. In search
of an alternative to the water washes, an Enhancement Conditioning Solution
(ECS) developed by Aurion was used. The solution was applied before the silver
enhancement to remove phosphate and chloride ions which could form insoluble
precipitates with silver ions. Sodium thiosulphate was added to ECS and used
after the silver enhancement to stop the enhancement process and eliminate
residual silver ions. In turn the thiosulphate is removed through several washes
with ECS. Compared to water, the application of ECS as washing solution greatly
improved the morphological quality of our samples. Membrane outline was fairly
intact, and all major organelles were clearly recognizable.
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Experimental Procedures

13.

Wash: ECS, 4 X 10 min.

Reagents

14.

Wash: PB, 2 X 10 min.

Ultra small gold conjugated F(ab’) and F(ab’)2 fragments of goat anti-rabbit IgG
and goat anti-mouse IgG, acetylated bovine serum albumin (BSA-c™), bovine
serum albumin (BSA), cold water fish skin gelatin (CWFS gelatin) and RGent SEEM electron microscopy grade silver enhancement reagent were from Aurion
(Wageningen, The Netherlands). Enhancement Conditioning Solution (ECS) was
developed by Aurion (available as a 100ml 10x concentrated solution, product
code 500.055).

15.

2nd secondary antibody incubation: Ultra small gold conjugate in PBS0.2% BSA-c™ at 1:100, overnight at 4 °C.

16.

Wash: PBS-0.2% BSA-c™, 6 X 10 min.

17.

Wash: PB, 2 X 10 min.

18.

Post-fixation: 2.5% glutaraldehyde in PB for 2 hrs.

19.

Wash: PB, 2 X 10 min.

Tissue preparation

18.

Wash: Distilled water, 4 X 10 min.

Adult C57B16 mice were anesthetized with chloral hydrate (400 mg/kg), and
perfused transcardially with 150 ml of 3% freshly depolymerized
paraformaldehyde and 0.15% glutaraldehyde in 0.1 M phosphate buffer (PB,
pH 7.2 –7.4) at a rate of 10 ml/min. Brains were removed and further fixed in
the same fixative for 1 hour at 4 °C, and sectioned coronally at 50 µm using a
Vibratome. The sections were then collected and washed thoroughly with PB.

19.

2nd silver enhancement: 2 sections per well (24-well plate) with 300 µl RGent SE-EM enhancement mixture for 60 min.

20.

Distilled water 4 X 10 min.

21.

Osmication: 0.5% OsO4 in PB,15 min.

Tissue processing for electron microscopy
Single immunogold labeling and silver enhancement
1.

Aldehyde inactivation: 0.1% sodium borohydride in PB, 15 min. PB,
4 X10 min.

2.

Permeabilization: 0.05% Triton X-100 in PB, 30 min., PB, 4 X 10 min.

Sections were dehydrated and flat embedded in Eponate 12 resin between two
sheets of Aclar film. After resin polymerization, small pieces were dissected from
flat-embedded sections, mounted on plastic stubs, and sectioned en face.
Ultrathin sections were stained with 4% aqueous uranyl acetate and lead citrate.

3.

Blocking: Aurion Blocking Solution, 60 min. at 4 °C.
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Wash: PBS-0.2% BSA-c , 2 X 10 min.
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13.

Silver enhancement: 2 sections per well (24-well plate) with 300 µl R-Gent
SE-EM enhancement mixture for 60-90 min.
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Wash: Distilled water 4 X 10 min.
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Osmication: 0.5% OsO4 in PB, 15 min.
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Double immunogold labeling and silver enhancement
1.

Aldehyde inactivation: 0.1% sodium borohydride in PB, 15 min. PB,
4 X10 min.

2.

Permeabilization: 0.05% Triton X-100 in PB, 30 min., PB, 4 X 10 min.

3.

Blocking: Aurion Blocking Solution, 60 min. at 4 °C.

4.

Wash: PBS-0.2% BSA-c™, 2 X 10 min.

5.

Multiple primary antibody incubation: Two antibodies of different origins in
PBS-0.2% BSA-c™, overnight at 4 °C

6.

Wash: PBS-0.2% BSA-c™, 6 X 10 min.

7.

1st secondary antibody incubation: Ultra small gold conjugate in PBS-0.2%
BSA-c™ at 1:100, overnight at 4 °C

8.

Wash: PBS-0.2% BSA-c™, 6 X 10 min.

9.

Wash: PB, 2 X 10 min.

10.

Pre-enhancement washing: ECS, 4 X 10 min.

11.

1st silver enhancement: 2 sections per well (24-well plate) with 300 µl
R-Gent SE-EM enhancement mixture for 90 min.

12.

Enhancement termination: 0.03 M sodium thiosulfate in ECS, 10 min.
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Background Suppression In Immunoperoxidase Cytochemistry Using AURION BSA-c™
Wim Voorhout and Katja Teerds

Newsflyer 1

University of Utrecht, Veterinary Faculty, Department of Functional Morphology, Yalelaan 1,3584 CL Utrecht, The Netherlands

Introduction

Incubation Procedure

Background is an unintended reaction in immuno-cytochemical localization studies
which is caused by nonspecific binding of one or more of the essential compounds
used during incubation. In immunoperoxidase cytochemistry these are the primary
(and secondary) antibody and the peroxidase conjugate. In addition, the presence of
endogenous peroxidase-like activity may interfere. The antibody and peroxidase
conjugate based background are governed by physico-chemical interactions
between these reagents and the specimen such as London-van der Waals
interactions, hydrophobicity and charge determined interactions. Background can be
controlled by paying special attention to the blocking step used prior to the primary
antibody incubation step and to the incubation buffer

Tissue was perfusion fixed with 4% formaldehyde in TBS buffer (0.01 M Tris, 0.15
M NaCI, pH 7.6) for 6-8 hours, followed by an overnight fixation in Bouins modified
in the sense that 0.9% picric acid was used instead of a saturated solution.

The Blocking Step Prevents Background Based On
Hydrophobic Interactions.

Inactivate residual formaldehyde by treatment with 0.1 M Glycin in TBS for 30
minutes.

As a rule, any protein including antibodies possesses hydrophobic domains. In
albumin for example 40% of the amino acids are hydrophobic. The Fc-region of
rabbit antibodies is also enriched in hydrophobic amino acids. Pretreatment of rabbit
primary antibodies with protein A or recombinant protein A has been shown to give
significantly reduced background levels (1). Since protein A binds to the Fc-region, it
is not unlikely that the sticky hydrophobic areas become masked. In specimens
hydrophobic areas are represented by membranes, lipid droplets, embedding media
and hydrophobic substrata like nitrocellulose. The hydrophobic interaction between
antibodies and conjugates can be diminished by sealing the hydrophobic specimen
domains with a blocking protein such as serum albumin or casein, the main
compound of milk powder. In a hydrophilic environment (as in incubation media) the
blocking protein/substrate interaction is most effective at a pH-value close to the
isoelectric point of the blocking protein (2). The interaction is strong and will not
easily dissociate during incubation.

Rinse 3x in TBS for 5 minutes each.

The Incubation Buffer Composition Prevents
Background Based On Charge Determined Interactions.

Rinse 6x in TBS for 5 minutes each and 1x 5 minutes in Tris/HCI 0.05 M pH 7.6.

In the prevailing pH domain of incubation (between 7.2 and 8.5) many antibody
molecules and conjugates have a net negative charge. This may lead to background
at those sites in the specimen where positive charges are abundant (for instance
some proteins of the cytoskeletal network, collagen compounds and the nuclear
histone proteins). Such areas are not easily blocked in a more or less permanent way
as is the case for hydrophobic interactions. Charge determined background can to
some extent be dealt with by suppressing the charges using high salt buffers, but
most efficiently by adding proteins to the incubation mix which have a strong net
negative charge at the pH of incubation. Such proteins compete with
immunocytochemical compounds for non-specific binding to positively charged sites.
AURION developed a chemically modified BSA with an increased net negative charge
by acetylation of amino groups of basic amino acids (AURION BSA-c™).
A 0.1 - 0.2% solution of AURION BSA-c™ in PBS pH 7.2-7.4 has proven to be a
most efficient incubation buffer for ImmunoGold cytochemistry (2). Here we report on
the effectivity of AURION BSA-c™ to eliminate background in Immunoperoxidase
cytochemistry.

Experimental Set-up
The research at the Department of Functional Morphology involves the labeling of
TGF-b1 in feline tissues and of TNF-a and TGF-a in rat tissues (3). These
components are detected in cryostat and paraffin sections using specific rabbit
antibodies and the Vectastain® elite kit. Especially in paraffin sections using an
incubation buffer with 1% bovine serum albumin, an overall brown background
staining is found over the entire section. Since this background is not present when
the primary antibody is omitted it can be concluded that the background can be
attributed entirely to stickiness of the primary rabbit antibodies. The labeling of TNFa on cryostat sections of rat tissue did not give background staining with the
standard incubation protocol.

Sections are deparaffinized with xylene for 2 x 10 minutes; next the xylene was
removed by washing in ethanol 100% for 2 x 10 minutes.
Endogenous peroxidase was inactivated by a 30 minutes treatment with 1%
hydrogen peroxide in methanol 100%. The hydrogen peroxide used should not be
older than 12 months.
Rinse 3x in TBS for 5 minutes each.

Blocking is performed with 5% Normal Goat Serum in TBS for 30 minutes.
Incubate with an appropriate concentration of primary rabbit antibody in incubation
buffer (TBS with 0.05 to 0.5% AURION BSA-c). The pH of the incubation buffer
should optimally be between 7.2 and 7.4. The antiTGF- b1 incubation was done
overnight in a humid atmosphere.
Rinse 6x in TBS for 5 minutes each.
Incubate with the biotinylated secondary antibody Goat-anti-Rabbit at a
concentration of 10-15 \Jg/ml in incubation buffer for 60 minutes.
Rinse 6x in TBS for 5 minutes each.
Prepare the Avidin-Biotin complex according to the recommendations of the
manufacturer in incubation buffer and incubate for 60 minutes.
The substratum for the peroxidase consists of 0.6 mg/ml of Diaminobenzidine and
0.03% H202 and is applied for 2-10 minutes.
Finally sections are rinsed with distilled or ultra pure water and counterstained with
Haematoxylin.

Results
By changing the composition of the incubation buffer, using 0.05%-0.5% AURION
BSA-c, the background induced by the rabbit anti-TGF-b1 antibodies was easily
controlled and no longer detectable, whereas the specific signal was not influenced.
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In order to diminish background, the 1% bovine serum albumin in the incubation
buffer was replaced with 0.05 - 0.5% AURION BSA-c™.
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Double Label Immunohistochemistry For The Separate Observation Of Two Antigens
Using Epipolarization Microscopy For The Immunogold-Silver Technique And Fluorescence
Microscopy For The Alkaline Phosphatase Staining

Newsflyer 2a

C.M. van der Laos, PhD
Academical Medical Center, Dept. of Cardiovascular Pathology HO-120 Meibergdreef 9, 1105 AZ Amsterdam, The Netherlands

Introduction
For immunohistochemical double staining basically two approaches exist, either
doubleimmunofluorescence techniques or double-immunoenzyme detection
methods. Both approaches, however, have disadvantages.
(i) The fading of the fluorescence signal at excitation and during storage.
(ii) Thus far it has been proven impossible in immunoenzyme double staining
methods to examine one enzymatic reaction product, singling out the other
precipitate, as can be done with two fluorochromes. Despite the fact that conditions
can be created to optimize the contrast between the two basic colours and the
mixed-colour at sites of co-localization (Van der Laos et aI., 1993), specimens
cannot be examined or photographically recorded for their individual colours, not
even with the aid of monochromatic filters. Most successful in this respect, but still
not ideal, is the combination of an immunoenzyme method with the immunogoldsilver (IGS) technique. This approach offers the possibility to observe both enzymatic
reaction products and silver precipitate with bright-field microscopy, while the silver
precipitate can be visualized also with epipolarization microscopy. The latter
technique will not reveal the enzymatic reaction product. An obvious disadvantage is
the high costs involved with full-colour reproduction.
(iii) The localization of enzymatic reaction products usually is more diffuse and less
well defined compared to the staining accuracy of fluorochromes or that of a silver
precipitate (Van der Loos, personal observation).

What's New?
Alkaline phosphatase (AP) reaction products, using Fast Red TR as chromogen,
show unique fluorescent properties. Minute amounts of the reaction product
produce an intense red fluorescence signal with hardly any fading when excited by
green light (Murdoch et aI., 1990; Speel et aI., 1992).Since it is well known that a
silver precipitate can be studied with epipolarization microscopy, the idea was born
to combine the fluorescent AP method with the IGS technique. It appeared, however,
that Fast Red TR also produced a strong epipolarization image. Therefore we
searched for a different chromogen. The ideal conditions were fulfilled completely by
the Becton Dickinson CAS Red AP activity visualization kit (Van der Loos and Becker,
1994). Later, the Vector Red kit (Vector Laboratories) for AP activity detection,
showed identical characteristics (van der Loos, personal observation). This set-up
opened the possibility to perform an immunohistochemical double staining
procedure, combining fluorescence (AP) with epipolarization (IGS) microscopy for the
detection of the two reaction products in one and the same section.

The Protocol
Antisera, antibody/enzyme conjugates and streptavidin reagents were diluted in
Tris/HCI (50 mM, pH 7.8) buffered saline (TBS) + 1% Bovine Serum Albumin (BSA).
TBS washings were performed between all steps (3 x 2 min) and all incubations
were performed at room temperature.
Antibody/Ultra Small Gold (USG) conjugates were diluted in TBS + 0.8% BSA +
0.1% cold water fish skin gelatine. This solution was also used for washing prior to
and after the incubation with the antibody/USG conjugate (3 x 10 min).
1.

2.
3.

Complete an appropriate double staining protocol (van der Loos et aI.,
1993) on either acetone fixed cryostat sections, cytospins, cell cultures,
imprints etc. or routinely formalin fixed and paraffin embedded sections.
The double staining protocol requires the use of an alkaline phosphatase
(AP-)conjugated reagent for one antigen and an Ultra Small Gold (USG-)
labeled reagent for the other antigen.
Final washing with saline buffered with Tris/HCI (50 mM, pH 7.8).
AP activity is detected using the CAS Red kit (Beckton Dickinson) or Vector
Red kit according to the manufacturer's instructions. 1III of 1 M Levamisole
is added for inhibition of endogenous AP activity (Borgers, 1973). The total
solution is cleared through a Milex-AA 0.8 11mfilter and directly brought on
the specimens. The formation of the AP reaction product is checked with
bright-field microscopy at a low magnification. When a pink/red reaction
product becomes visible, the reaction is stopped in running tap water. This

reaction should be preferably completed within 5 min at room temperature,
in order to keep the formation of non-specific background staining at a
minimal level.
4. Wash specimen in running tap water for 10 min and immerse in distilled water.
5. Perform silver enhancement using the freshly prepared Aurion R-gent
reagent. The reaction is checked with bright-field microscopy at low
magnification. When a weak brownish precipitate becomes visible (520 min),
silver enhancement is stopped by immersing the specimens in distilled water.
6. Wash with running tap water (10 min).
7. Optional: short nuclear counterstain with haematoxilin, followed by running
tap water.
8. Immerse specimens in distilled water and mount with Glycergel (DAKO).
9. Observe IGS reaction product with epipolarization filter and AP reaction
product with standard rhodamine filter set. Reduce excitation light as much
as possible with a grey filter.
10. Photographic recording in black-and-white using IIford HP5 (routinely
processed) or in colour using Kodak EL 400 (routinely processed). For both
400 ASA film types the epipolarization and fluorescence images are
individually exposed automatically at 1600-3200 ASA. For double exposure
using Kodak EL 400, the images are individually exposed automatically at
3200 ASA.

EvaIuation/Discussion
This Newsflyer presents a new method for the detection of two antigens in one
section. The technique is based on the combination of a fluorescent AP activity
detection method and the IGS technique. The AP reaction product shows an intense
red fluorescence on green light excitation, but no signal with epipolarization
illumination. The IGS technique produces a distinct signal with epipolarization, but
no fluorescence signal. This allows individual examination and photographic
recording of two antigens, even with black-and-white photography (Van der Loos
and Becker, 1994). The stability of the fluorescent AP reaction product appeared to
be superior compared with traditional fluorochromes. At the time of writing this
Newsflyer, our oldest specimens have been stored at room temperature for 24
months and still exhibit a bright fluorescence. Fading of the fluorescence image with
high intensity excitation light is reduced using a grey filter. The stability of the IGS
reaction product (a silver precipitate) during storage at room temperature or at epiillumination with polarized UV light is beyond dispute. Specimens, which underwent
single IGS staining mounted either with Glycergel (DAKO) or an organic medium, are
stored for 5 years or longer without loosing their original epipolarization image (Van
der Loos, personal observation).
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A Comparison Between
The Streptavidin-Biotin-Alkaline
Phosphatase Method And
The Immunogold Technique
Using Ultra Small Gold Particles
And Silver Enhancement

Fragile X syndrome is the most common basis of inherited mental retardation and is caused
by a mutation in the FMR1 gene which involves an increase in length of a stretch of CGG
repeats just upstream of the coding region. In the normal population the number of CGG
repeats varies between 6-50 repeats. CGG repeat numbers between 50 and 200
(premutation) are observed in unaffected carrier males and females. In patients with fragile X
syndrome this repeat shows an expansion of more than 200 repeats (full mutation), associated
in all males with mental retardation. Due to this large number of repeats, transcription
suppression through methylation of the promotor region of the FMR1 gene occurs, resulting in
absence of the encoded protein FMRP. This lack of FMRP protein is responsible for the fragile
X phenotype. Characterization of the gene defect of fragile X syndrome led to improved
molecular diagnosis of the syndrome via Southern blot analysis and a PCR test. Recently, an
immunocytochemical test at the light microscopic level on blood smears is described to
identify fragile X patients. This immunocytochemical test is based on the presence of FMRP
protein in normal lymphocytes and the absence of FMRP protein in lymphocytes from fragile X
patients. The FMRP protein was visualized in blood smears by a three step immunoincubation
procedure using a streptavidin-biotin-alkaline phosphatase complex. This presentation deals
with the comparison of the alkaline phosphatase labelling technique and the immunogold
method using ultra small gold particles and silver enhancement with Aurion R- Gent.

Methods
Fixation and Permeabilization

R. Willemsen, PhD

Blood smears were made from one drop of blood immediately after bleeding. Slides were airdried and either
stored at room temperature (max. 3 weeks) or directly fixed in 0.1 M phosphate buffer (SOrrensen, pH 7.3),
containing 3% paraformaldehyde for 10 minutes at room temperature. Cells were permeabilized by treatment
with 100 % methanol for 20 minutes at room temperature. Subsequently, slides were washed in PBS (10 mM
Phosphate buffer, 150 mM NaCI) +0.1% BSA-c for 10 minutes.

Immunoincubation
Immunoincubation was performed using the Shandon disposable coverplate incubation system. Slides were
washed 2X10 minutes with PBS, 0.1% BSA-c.

Department of Clinical Genetics,
Erasmus University,
P.O. Box 1738,3000 DR
Rotterdam, The Netherlands

Jan L. M. Leunissen, Ph.D.
AURION
Costerweg 5
6702 AA Wageningen
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Alkaline Phosphatase Labelling (3 Step Immunoincubation)
1.

Incubation with mouse monoclonal antibodies 1A 1 against FMRP protein (1:1200 with PBS, 0.1%
BSAc) for 16 hours at 4°C followed by 3X5 minutes washing with PBS, 0.1% BSA-c.

2.

Incubation with goat anti-mouse immunoglobulins conjugated with biotin for 60 minutes (1 :200 with
PBS, 0.1% BSA-c) at room temperature followed by 3X5 minutes washing with PBS, 0.1% BSA-c.

3.

Incubation with streptavidin-biotinylated alkaline phosphatase complex for 45 minutes at room
temperature (1:100 with PBS, 0.1% BSA-c) followed by 3X10 minutes washing with PBS, 0.1% BSAc.

4.

Wash in 0.1 M TRIS for 5 minutes.

5.

New Fuchsin substrate-chromogen system for 25 minutes at room temperature. Levamisole is
added in the substrate solution to block endogenous alkaline phosphatase activity.

6.

Wash in 0.1 M TRIS for 5 minutes.

7.

New Fuchsin substrate-chromogen system for 25 minutes at room temperature.

8.

Wash in aqua dest for 5 minutes.

9.

Slides are counter stained with Gill's haematoxylin for 2 seconds and mounted with aquamount.

Immunogold Labelling (2 Step Immunoincubation)
1.

Incubation with mouse monoclonal antibodies 1A1 against FMRP protein (1 :4000 with PBS, 0.1%
BSAc) for 16 hours at 4°C followed by 3X5 minutes washing with PBS, 0.1% BSA-c.

2.

Incubation with goat anti mouse immunoglobulins conjugated with ultra small gold particles for 60
minutes at room temperature (1 :80 with PBS, 0.1% BSA-c) followed by 3X1 0 minutes washing
with PBS, 0.1% BSA-c.

3.

Wash in PBS for 10 minutes.

4.

Postfixation with P~S, containing 2% glutaraldehyde for 10 minutes.

5.

Wash 3X1 0 minutes in PBS.

6.

Wash 3X10 minutes in aqua dest.
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7.

Silver enhancement with Aurion R-Gent for 20 minutes at room emperature.

8.

Wash 2X5 minutes in aqua dest.

9.

Silver enhancement with Aurion R-Gent for 20 minutes at room temperature.

10. Wash 2X5 minutes in aqua dest.
11. Slides were counter stained in Nuclear Fast Red for 45 seconds, dehydrated
in ethanol/xylene and mounted with Pertex.

Immunogold Labelling (3 Step Immunoincubation)
1.

Incubation with mouse monoclonal antibodies 1A 1 against FMRP protein (1
:4000 with PBS, 0.1% BSAc) for 16 hours at 4°C followed by 3X5 minutes
washing with PBS, 0.1% BSA-c.

Custom Labeling
The standard series of AURION ImmunoGold reagents is intended
for the two and three step detection of antigens. Although these
approaches cover the majority of applications occasionally there
may exist a need for a direct label where the gold particles are
coupled directly to the primary antibody or, more general, to a
protein or peptide with specific binding properties.
To fulfill these needs AURION and EMS offers a custom labeling
service for antibodies, antibody fragments, proteins, and peptides
with gold particles of any requested size, including ULTRA SMALL
gold clusters. AURION designs and manufactures such custom
conjugates in close cooperation and in agreement with the principal
investigator.

2.

Incubation with goat anti-mouse immunoglobulins conjugated with biotin (1
:200 with PBS, 0.1% BSA-c) for 60 minutes at room temperature followed
by 3X5 minutes washing with PBS, 0.1 0"i BSA-c.

3.

Incubation with goat anti-biotin conjugated with ultra small gold particles for
60 minutes at room temperature (1 :30 with PBS, 0.1% BSA-c) followed by
3X1 0 minutes washing with PBS, 0.1% BSA-c.

4.

Wash in PBS for 10 minutes.

5.

Postfixation with PBS, containing 2% glutaraldehyde for 10 minutes.

6.

Wash 3X10 minutes in PBS.

As a rule AURION will only accept pure substances as starting
material, either lyophilized or dissolved in a medium of known
chemical composition. Interfering substances must not be present.

7.

Wash 3X1 0 minutes in aqua dest.

Quality control criteria

8.

Silver enhancement with Aurion R-Gent for 20 minutes at room
temperature.

9.

Wash 2X5 minutes in aqua dest.

The custom prepared product is quality controlled by AURION
according to our in-house standards with respect to size distribution
and clustering. In agreement with the principal investigator the
binding substance’s specific quality control criteria are determined.
These are tailored for each individual assignment. As a matter of
course the custom conjugate is approved only when both sets of
quality control criteria have been met.

10. Slides were counter stained in Nuclear Fast Red for 45 seconds, dehydrated
in ethanol/xylene and mounted with Pertex.

Results and Conclusion
All three methods show expression of FMRP protein in lymphocytes from a healthy
individual, whereas no expression is seen in lymphocytes of a fragile X patient.
In lymphocytes, the concentration of FMRP protein is very low, hence utilising
alkaline phosphatase a three step immunoincubation is necessary to obtain
sufficient reaction product. The alkaline phosphatase protocol has proven to be a
reliable test for screening large numbers of male patients for the fragile X
syndrome. However, a major disadvantage of this method might be the presence of
endogenous alkaline phosphatase activity in blood cells.
The detection methods with the gold conjugates as described here illustrates that
the results obtained using this method are highly comparable to those obtained with
the alkaline phosphatase method. The three step immunogold labelling procedure
yielded strong labelling of normal lymphocytes with 20 minutes silver enhancement.
Even the two step immunogold labelling procedure in combination with two silver
enhancement incubations results in sufficient reaction product. The discrimination
between the nuclear staining and the coloured reaction product is more easy with
the immunogold labelling method than with the alkaline phosphatase method. Both
methods show no labelling of lymphocytes from patients with the fragile X
syndrome, indicating the high specificity of both labelling procedures. In conclusion:
the immunogold labelling method using ultra small gold particles followed by silver
enhancement is a good alternative for the alkaline phosphatase method, especially
in cases whereby tissues or cells are used with high endogenous alkaline
phosphatase activity. In addition, the immunogold method is more sensitive and the
reaction product is easier to discriminate when a nuclear counterstaining
(Haematoxylin) is necessary.

Starting material

A FEW EXAMPLES
• AURION successfully conjugated a number of polyclonal
antibodies, mouse monoclonal antibodies, F(ab’)2 and F(ab)
fragments, high and low density lipoproteins, as well as
peptides such as an Angiotensin derivative (octapeptide),
Interleukin II, Tumor Necrosis Factor and a number of peptide hormones.
• The efficiency of coupling (recovery of protein) for the above
mentioned custom conjugates has been greater than 70%
on all occasions, while efficiencies up to 90% are no exception.
No cure, no pay
The custom labeling service is on the basis of “no cure, no pay,”
with the exception that an intake fee applies to each actual
laboratory attempt.
We invite you to contact us directly if you require information which is more tailored to
your specific applications.
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Protocols
● Light Microsopy Immuno Incubation Protocol
General Remarks LM
Recommended Incubation Solution:
PBS, pH 7.4
0.1-0.2% AURION BSA-c™
check the pH and adjust to 7.4 if necessary
This buffer system is recommended both for secondary antibody reagents
as well as for protein A, protein G and streptavidin reagents. Buffers are
preferentially prepared fresh and can be used for periods up to two weeks.

Reagents
AURION Ultra Small Immunogold Reagents are the reagents of choice
for the localization of extracellular and intracellular antigens in light
microscopy.
The degree of penetration of immuno reagents into the cell interior
depends on size of the reagents, specimen characteristics and
(aldehyde)fixation. For the localization of intracellular antigens AURION
Ultra Small Immunogold Reagents occasionally require a
permeabilization with e.g. Triton-X-100® in the first washing step
immediately following fixation. In this way difficultly accessible
intracellular antigens can be localized.

Marking Set-up
Living cells are preferably incubated at 0-4°C or in the presence of
0.05-0.2% NaN3 in order to prevent internalization of reagents.
Monolayers on coverslips are easily incubated using 6-well culture
plates (Falcon, Nunc etc.) The glass coverslips are placed in the well
and covered with incubation media (approximately 100 µl). During
washing the coverslips are covered with 2 ml of washing medium and
left on a rocking table.
Cell suspensions are gently pelleted after each incubation step. The pellets
are resuspended in the medium used in the next step and the centrifuge
tube containing the suspension is left on a rocking table.
On occasion efficient background suppression is obtained by using 1-10%
heat inactivated Human AB-serum as additive to the incubation buffer.

Permeabilization
Whenever a permeabilization step should be necessary the following
procedure may be employed: Triton-X-100® is added in a final
concentration of 0.1 - 0.5% to the washing buffer used immediately
following fixation. This permeabilization step should last between 10 and
20 minutes while shaking gently.
NOTE: The use of more or less apolar fixatives (e.g. based on methanol,
acetone, ethanol) already infers a limited degree of permeabilization to
specimens as part of the lipid is removed.

Procedures for marking
Procedures can e.g. be found in the CRC Press-edition “Immunogold
Labeling in Cell Biology”, A.J. Verkley & J.L.M. Leunissen eds., (1989),
Boca Raton, Florida. In addition the issues of the Academic Press edition
“Colloidal Gold”, M.A. Hayat ed., (1989), San Diego, California are highly
recommended.

Immuno Incubation Procedure
Using Ultra Small Immunogold Reagents (subnanometer gold particles)
A rocking table is recommended for facilitated penetration and reagent
exchange.
1. To inactivate residual aldehyde groups present after aldehyde
fixation specimens are incubated with 0.1% NaBH4 in PBS buffer
for 15-30 minutes.
2. Wash with PBS for 3x10 minutes
3. When working with tissue slices or compact material a pretreatment with detergent is required to provide acces to internal
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antigens. In practice: permeabilize with 0.05% Triton-X-100 in
PBS for 30 min.
4. Transfer the specimens into matching Aurion blocking solution
for 30 minutes up to 1 hour.
5. The specimens are washed with incubation solution for 2 x 10
minutes.
6. Incubate with a dilution of specific primary antibody, preferably
affinity-purified, 1-5 µg/ml, or a high dilution of a high titre
antiserum, made up in incubation solution for at least 1 hour.
Antibody concentration and incubation time may have to be
adapted according to the specific characteristics of the primary
antibody.
Longer incubation times are usually required to warrant full
penetration to antigens. In those cases the procedure should be
carried out at 4°C .
7. The specimens are washed with incubation solution for 6 x 10
minutes.
For Streptavidin reagents in a three step labeling set-up only:
Incubate with the biotinylated secondary antibody according to
step 5, rinse according to step 6 and proceed with step 7.
8. The specimens are transferred into aliquots of the appropriate gold
conjugate reagent, diluted 1/50-1/200 in incubation solution for
30 minutes to 2 hours. It is recommended to test a series of
dilutions and incubation times for each new localisation study.
Again, longer incubation times are usually required to warrant full
penetration to antigens. In those cases the procedure should be
carried out at 4°C .
9. The specimens are washed with incubation solution for 6 x 10
minutes.
10. Wash twice with PBS for 10 minutes each, postfix in 2%
glutaraldehyde in PBS for 15 minutes and finally wash with
distilled water for 4x10 minutes.
11. Proceed with Silver Enhancement using AURION R-Gent SE-LM
as described below.

Silver Enhancement Procedure
Using AURION R-Gent SE-LM (Silver Enhancement for Light Microscopy)
1. Once the developer and enhancer reagents have reached
temperature equilibrium, equal parts are mixed immediately
before applying the enhancement mixture to the specimens. The
specimens should be fully covered by the mixture.
2. Enhancement is done at room temperature (preferably 20°C).
Gentle shaking is optional.
3. Typical enhancement times are between 15 and 25 minutes.
Auto-nucleation is visible only after 30-40 minutes.
The on-going process may be monitored using an inverted light
microscope with dimmed light conditions. In this way heat
transfer to the enhancement mixture is kept low.
4. When enhancement is complete (judged by the presence of the
brown to black signal developed) the specimens are washed
extensively with distilled water (at least 3x5 minutes). A
postfixation with photographic fixer is not required.
5. After washing light microscopical specimens may be
counterstained according to standard procedures.
6. Short term storage (up to 1 year) can be acchieved by mounting
in water compatible Glycergel™ (DAKO).
For long term storage it is necessary to dehydrate the silver
enhanced specimens and to mount in water-incompatible media
such as Pertex (HistoLab, Sweden).

Electron Microscopy Sciences In PA: (215) 412-8400 • Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452 • email: sgkcck@aol.com or stacie@ems-secure.com • www.emsdiasum.com

EMS_ImmunoGold 2012_40-43:EMS_ImmunoGold 2012_XX-XX 7/11/12 10:31 AM Page 41

Protocols
● Pre-Embedding Immuno Incubation Protocol
RECOMMENDED INCUBATION SOLUTION:

Silver Enhancement Procedure

• PBS (20 mM phosphate buffered saline)
• 0.1 - 0.2% AURION BSA-c™
• 15mM NaN3
• check the pH and adjust to 7.4 if necessary
Buffers are either prepared immediately before use or thawed from
aliquots stored at -20°C.

Using AURION R-Gent SE-EM (Silver Enhancement for Electron
Microscopy)

Protocol Pre-embedding:
Pre-embedding immuno incubation procedure using Ultra Small
Immunogold Reagents (subnanometer gold particles)
A rocking table is recommended for facilitated penetration and reagent
exchange. Compared to post-embedding procedures longer incubation
and wash steps are required.
1. o inactivate residual aldehyde groups present after aldehyde
fixation specimens are incubated with 0.1% NaBH4 in PBS buffer
for 15-30 minutes.
2. Wash with PBS for 3x10 minutes
3. When working with tissue slices or compact material a pretreatment with detergent is required to provide acces to internal
antigens. In practice: permeabilize with 0.05% Triton-X-100 in
PBS for 30 min.
4. Transfer the specimens into matching Aurion blocking solution
for 30 minutes up to 1 hour.
5. The specimens are washed with incubation solution for 2 x 10
minutes.
6. Incubate with a dilution of specific primary antibody, preferably
affinity-purified, 1-5 µg/ml, or a high dilution of a high titre
antiserum, made up in incubation solution for at least 1 hour.
Antibody concentration and incubation time may have to be
adapted according to the specific characteristics of the primary
antibody. Longer incubation times are usually required to warrant
full penetration to antigens. In those cases the procedure should
be carried out at 4°C .
7. The specimens are washed with incubation solution for 6 x 10
minutes.
For Streptavidin reagents in a three step labeling set-up only:
Incubate with the biotinylated secondary antibody according to
step 5, rinse according to step 6 and proceed with step 7.
8. The specimens are transferred into aliquots of the appropriate
gold conjugate reagent, diluted 1/50-1/200 in incubation
solution for 30 minutes to 2 hours. It is recommended to test a
series of dilutions and incubation times for each new localisation
study. Again, longer incubation times are usually required to
warrant full penetration to antigens. In those cases the procedure
should be carried out at 4°C .
9. The specimens are washed with incubation solution for 6 x 10
minutes.
10. Wash twice with PBS for 10 minutes each, postfix in 2%
glutaraldehyde in PBS for 15 minutes and finally wash with
distilled water for 4x10 minutes.
11. Proceed with Silver Enhancement using AURION R-Gent SE-EM
as described below.

It is assumed that the Developer has been prepared as prescribed.
1. Prepare the enhancement mixture as follows:
Once the developer and enhancer have reached room
temperature, give 20 drops of the enhancer solution into a vial
that will contain at least 1.5 ml, e.g. an Eppendorf vial. Make
sure to keep the bottle upside down in a vertical position. Add 1
drop of the developer solution, again making sure that the bottle
is kept upside down in a vertical position. Mix well on a vortex.
2. Specimens are floated in enhancement mixture on a rocking
table. Enhancement time is typically between 30 minutes and 1
hour at room temperature (preferably 20°C). The actual
enhancement time has to be established empirically and
adjusted according to the desired particle growth.
3. When enhancement is complete the specimens are washed
extensively with distilled water (at least 3x10 minutes). A
postfixation with photographic fixer is not required.
4. Specimens are dehydrated and embedded according to standard
procedures.

Silver enhancement and OsO4 fixation
Silver enhancement may be applied either before or after OsO4 fixation.
Enhancement before OsO4 fixation
The time of enhancement may have to be longer due to potential
removal of silver by OsO4.
The fixation step is inserted before dehydration.
Enhancement after OsO4 fixation
The fixation step is inserted before silver enhancement.
Wash extensively after OsO4 fixation: traces of this strong oxidizing
agent will interfere with adequate silver enhancement.
Alternatively enhancement may be done after ultra thin sectioning.
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Protocols
● Post-Embedding Immuno Incubation Protocol
General remarks Post-embedding

RECOMMENDED INCUBATION SOLUTION
❚ PBS (20 mM phosphate buffered saline)
❚ 0.1 - 0.2% AURION BSA-c
❚ 15mM NaN3
❚ check the pH and adjust to 7.4 if necessary
Buffers are either prepared immediately before use or thawed from
aliquots stored at -20°C.

Labeling ultrathin cryosections
After transfer of sections to a (nickel) grid first the covering sucrose
layer has to be removed. If immuno incubations are performed
immediately after sectioning the grids are simply rinsed on a drop of the
incubation buffer. Mostly, however, grids are collected on a solidified
2% gelatine layer in buffer (corresponding to the incubation buffer) in a
small Petri dish on ice. The sucrose layer which is facing the solidified
gelatine is in this way allowed to diffuse gently away and to be at least
partly replaced by incubation buffer. This procedure is supposed to be
less destructive to the ultrastructure since concentration shocks are
avoided. In this way sufficient grids can be collected and stored at 4°C
if necessary overnight.If the grids with the sections were stored on a
gelatine layer the closed Petri dish is warmed to 37°C for 30 minutes in
order to liquefy the gelatine. Incubation buffer (37°C) is added in a 1:1
ratio to the liquefied gelatine.

On-grid labeling for electron microscopy

4. The grids are transferred onto drops of a dilution of specific
primary antibody, preferably affinity-purified, 1-5 µg/ml, or a high
dilution of a high titre antiserum, made up in incubation solution
for 30 minutes to 1 hour.
Antibody concentration and incubation time may have to be
adapted according to the specific characteristics of the primary
antibody.
If longer incubation times are required (e.g. with low titre
antibody solutions) the procedure should be carried out at 4°C
overnight.
5. The grids are washed on drops of incubation solution for 6 x 5
minutes.
For Streptavidin reagents in a three step labeling set-up only:
Incubate with the biotinylated secondary antibody according to
step 4, rinse according to step 5 and proceed with step 6.
6. The grids are transferred to drops of the appropriate gold
conjugate reagent, diluted 1/20-1/40 in incubation solution for
30 minutes to 2 hours. It is recommended to test a series of
dilutions and incubation times for each new localization study.
7. The grids are washed on drops of incubation solution for 6 x 5
minutes.
8. The grids are washed twice on PBS for 5 minutes each,
postfixed in 2% glutaraldehyde in PBS for 5 minutes and finally
washed on distilled water and contrasted according to standard
procedures.

The use of nickel grids is recommended, especially if silver
enhancement procedures are intended.
For most applications grids are floated on top of drops of immune
reagents displayed on a sheet of Parafilm™. They are washed on larger
drops of buffer. Whenever larger series of grids or coated grids need to
be processed, the use of microtiter plates is preferred during
incubations to avoid the risk of cross-contamination (e.g. Falcon 3034,
Falcon Plastics, Oxnard, CA 93030, USA).
Transfer of the grids from droplet to droplet or from well to well can be
performed with fine forceps. Preferably, a metal loop of 3.2 mm initial
diameter made of nickel-coated copper wire of 0.2 mm thickness is
used. The loops are flattened between flat beaks of a vice. The use of
such loops diminishes the risk of contamination and greatly facilitates
transfer of grids.

Double labeling

Procedures for marking

Using AURION Ultra Small Immunogold Reagents (subnanometer gold
particles)
Nickel grids are recommended for compatibility with Silver Enhancement.
1. To inactivate residual aldehyde groups present after aldehyde
fixation grids are incubated on 0.05 M Glycine in PBS buffer for
10-20 minutes.
2. Transfer the grids onto drops of the matching Aurion blocking
solution for 15 minutes.
3. The grids are washed on drops of incubation solution for 2 x 5
minutes.
4. The grids are transferred onto drops of a dilution of specific
primary antibody, preferably affinity-purified, 1-5 µg/ml, or a high
dilution of a high titre antiserum, made up in incubation solution
for 30 minutes to 1 hour. Antibody concentration and incubation
time may have to be adapted according to the specific
characteristics of the primary antibody.
If longer incubation times are required (e.g. with low titre

Procedures can e.g. be found in the CRC Press-edition “Immunogold
Labeling in Cell Biology”, A.J. erkley & J.L.M. Leunissen eds., (1989),
Boca Raton, Florida. In addition the issues of the Academic Press edition
“Colloidal Gold”, M.A. Hayat ed., (1989), San Diego, California are highly
recommended.

Protocol Conventional Reagents
Post-embedding Immuno Incubation Procedure
Using Aurion Conventional Immunogold Reagents (6, 10, 15 or 25 nm
gold particles)
1. To inactivate residual aldehyde groups present after aldehyde
fixation grids are incubated on 0.05 M Glycine in PBS buffer for
10-20 minutes.
2. Transfer the grids onto drops of the matching Aurion blocking
solution for 15 minutes.
3. The grids are washed on drops of incubation solution for 2 x 5
minutes.
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-- For double marking using secondary antibody gold conjugates, two
primary antibodies produced in two different animal species are mixed
and applied simultaneously (step 4).
After the washing step, a mixture of the corresponding gold conjugated
reagents with two non-overlapping sizes is applied (step 6).
-- For double marking using protein A or protein G gold conjugates each
labeling is worked out separately.
An incubation with free protein-A or protein-G at a concentration of 20100 µg/ml for 10-20 minutes is inserted after the first gold reagent
incubation. Steps 4 through 6 are then repeated using a different size
gold reagent.

Protocol Ultra Small Reagents
Post-embedding Immuno Incubation Procedure
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Protocols
● Post-Embedding Immuno Incubation Protocol (continued)

5.

6.

7.
8.

9.

antibody solutions) the procedure should be carried out at 4°C
overnight.
The grids are washed on drops of incubation solution for 6 x 5
minutes.
For Streptavidin reagents in a three step labeling set-up only:
Incubate with the biotinylated secondary antibody according to
step 4, rinse according to step 5 and proceed with step 6.
The grids are transferred to drops of the appropriate gold
conjugate reagent, diluted 1/50-1/200 in incubation solution for
30 minutes to 2 hours. It is recommended to test a series of
dilutions and incubation times for each new localisation study.
The grids are washed on drops of incubation solution for 6 x 5
minutes.
The grids are washed twice on PBS for 5 minutes each,
postfixed in 2% glutaraldehyde in PBS for 5 minutes and finally
washed on distilled water for 4x5 minutes.
Proceed with Silver Enhancement using AURION R-Gent SE-EM
as described below.

Silver Enhancement Procedure
Using AURION R-Gent SE-EM (Silver Enhancement for Electron Microscopy)
It is assumed that the Developer has been prepared as prescribed.
1. Prepare the enhancement mixture as follows:
Once the developer and enhancer have reached room
temperature, give 20 drops of the enhancer solution into a vial
that will contain at least 1.5 ml, e.g. an Eppendorf vial. Make
sure to keep the bottle upside down in a vertical position. Add 1
drop of the developer solution, again making sure that the bottle
is kept upside down in a vertical position. Mix well on a vortex.
2. Grids are floated on drops of enhancement mixture.
Enhancement time is typically between 30 minutes and 1 hour
at room temperature (preferably 20°C). The actual enhancement
time has to be established empirically and adjusted according to
the desired particle growth.
3. When enhancement is complete the grids are washed
extensively on drops of distilled water (at least 3x10 minutes).
A postfixation with photographic fixer is not required.
4. Grids are contrasted according to standard procedures.

● ImmunoGold (Silver Staining) Incubation Protocol for General Applications
The procedure is based on a two-step incubation using a primary
antibody and a gold-labeled secondary antibody conjugate. Steps 9 and
10 apply only when using Ultra-Small-Grade reagents with Silver
Enhancement and are skipped when using EM-Grade reagents.

INCUBATION BUFFER SYSTEM:
❚ PBS/BSA-c
❚ PBS, (10 mM Phosphate buffer, 150 mM NaCl) pH 7.4
❚ 0.1-0.2% AURION BSA-c
❚ 15 mM NaN3
❚ Check the pH and adjust to 7.4 if necessary
❚ Buffers are either prepared immediately before use or thawed
from aliquots stored at -20ºC

PROCEDURE for SINGLE LABELING:
1. Low Molecular Weight Block Step
To inactivate residual aldehyde groups present after aldehyde fixation
incubates for EM: with 0.05 M glycine or lysine in PBS buffer for 15
minutes for LM: with 0.1% NaBH4 in PBS for 15 minutes.
2. High Molecular Weight Block Step
PBS buffer with 5% BSA and 0.1% CWFS gelatin supplemented with
5% normal serum, for 30 minutes (same species as the antibody in the
second immuno incubation step).
3. Wash steps
Incubation buffer for 5 minutes.
4. Primary antibody incubation (see also Remark)
Incubate with a dilution of specific primary antibody, preferably affinitypurified, 1-5 µg/ml in incubation buffer (or a high dilution of a high titre
antiserum), for 30 minutes to 1 hour.
Antibody concentration and incubation time may have to be adapted
according to the specific characteristics of the primary antibody and the
specimen. If longer incubation times are required (e.g. with low titre
antisera) the procedure should be carried out at 4ºC overnight.
5. Wash steps
Incubation buffer for EM: 3 x 5 minutes for LM: 4 x 10 minutes.

6. ImmunoGold conjugate incubation
Incubate with the gold conjugate reagent, dilution 1/20-1/40 (EM-grade
reagents) or dilution 1/50-1/100 (Ultra-Small reagents) in incubation
buffer for 2 hours.
7. Wash steps
Incubation buffer for EM: 6 x 5 minutes for LM: 4 x 10 minutes.
8. Further wash steps
PBS, 3x5 minutes, and finally distilled water 5x2 minutes.
9. Silver Enhancement, using
AURION R-GENT SE-LM for Light Microscopy or BioAssays, or Aurion RGent SE-EMplus Silver enhancement procedure for Electron Microscopy
Ref.: Danscher, G. Histochemistry 71, 1981, page 81-88.
10. Wash steps
Distilled water for 5x2 minutes
11. Contrasting or Staining
*Remark: when performing pre-embedding labeling the time involved
with incubation and washing may have to be prolonged to warrant
complete penetration of reagents to internal antigens and removal of
unreacted reagents!

DOUBLE LABELING
For double labeling using secondary antibody immunogold EM-grade
conjugates, two primary antibodies produced in different animal species
are mixed and applied simultaneously (step 4). After the washing step
(5), a mixture of the corresponding immunogold EM-grade reagents with
two non-overlapping sizes is applied (step 6).
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EMS and Aurion ImmunoGold/Silver Staining Workshops
Reactions of
Participants

During a 3 day training the theoretical and practical aspects of the most up-to-date methods and
applications will be dealt with both for light and electron microscopy.
Preferentially participants work with their own specimens and primary antibodies so that applicability
and advantages of the ImmunoGold Silver Staining technique are maximally exploited by each individual
participant. Personal attention provides for optimum broadening of knowledge which is of permanent
advantage in individual daily work situations in terms of time savings and improvements of results!

ImmunoGold Workshop
SET-UP

Theory and Practice

DURATION

3 days
• labeling of own or Aurion specimens (LM & EM)

PRACTICE

• incubation methods
• testing antigenicity/reactivity
• principles of immunogold labeling
• preparation of conjugates
• LM & EM applications

THEORY

• immuno detections
• in situ hybridisation
• silver enhancement for LM & EM
• background problems

TUTORS

• Ing. P. van de Plas, Dr. J. Leunissen

If you are interested in attending or sponsoring a workshop
please give us a call and ask for Stacie Kirsch.
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ImmunoGold
Applications and
Techniques
2012 EDITION

Dear Fellow Researchers,

In PA: (215) 412-8400
Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452
email: sgkcck@aol.com or
stacie@ems-secure.com
www.emsdiasum.com
Electron Microscopy Sciences is the
exclusive distributor of Aurion products
in the United States

Here at Electron Microscopy Sciences we are very proud to be the exclusive agents of
Aurion, the leading manufacturer and developer of a complete line of ImmunoGold
Reagents and Accessories in the Netherlands. Aurion is led by the renowned Dr. Jan
Leunissen, whom many of you may know through his books that he has written on
ImmunoGold labeling as well as the workshops he teaches throughout the world.
Over the years the Aurion line has grown and has been further enhanced to include many
unique and exclusive products not available elsewhere. Today their line includes not only
the more commonly known reagents for EM and LM but, as well, a newly introduced line of
products such as Silver Enhancement specifically for EM, Ultra-Small Fab fragments,
Blocking Solutions, and even a line of donkey gold conjugates. With all of the new additions
to the line up Aurion and EMS have something for everyone in the ImmunoGold Field.

Sincerely,
The EMS Team

In PA: (215) 412-8400
Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452
email: sgkcck@aol.com or
stacie@ems-secure.com
www.emsdiasum.com

EMS_ImmunoGold 2012_OFC_OBC:EMS_ImmunoGold 2012_XX-XX 7/12/12 4:22 PM Page 6

ImmunoGold

ImmunoGold Reagents

Applications and
Techniques

Silver Enhancement

2012 EDITION

Incubation Protocols

Conjugates

Immuno Labeling
In Situ Hybridization

Antigen Detection
Dot-Spot Test

Electron Microscopy Sciences is the exclusive distributor of Aurion products in the United States

In PA: (215) 412-8400 Toll-Free (800) 523-5874
Fax (215) 412-8450 or 8452
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