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Fixation

• structure preservation

• abolishing biochemical reactions

• preserving antigens



Fixation schemes

• 4% formaldehyde/PBS + 
permeabilization 1% Triton X

• 4% formaldehyde/1% Triton X
• -20°C acetone + formaldehyde
• methanol







Fixation artifacts





FITC-protein distribution in living cells



FITC-protein distribution in living cells

FITC-protein distribution: 30 min. F + 0,1% Triton 10 min.



FITC-BSA in various 
cel llines





Fixation and permeabilization can affect epitope 
accessibility



Ultrastructural changes 
after fixation and 
permeabilization



Reduction of fixation artifacts ?



Principles of HM

interference and diffraction induced pattern = hologram



Holographic microscopy of HeLa cells

PC HM





HeLa cells - 30 min – 4% FA/PBS
Holographic
microscopy documents
fixation-induced
blebbing



Fixation-induced blebbing results in the loss of cellular 
material

holographic microscopy
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RNA is not significantly present
in the induced blebs.

RNA (SYTO 14) Membrane (Cell Mask) 

1x CellMask™Plasma Membrane stain/PBS    +    5μM  SYTO 14 Green RNA stain/PBS

What material is lost due to the 
rapture of the fixation-induced blebs?
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Minimal loss of cellular material is achieved by optimal 
combining the fixative concentration + diluent + timing

optimumoptimum

Size of blebs                                                 Number of blebs                                               
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The negative effect of blebbing is reduced by a decrease in 
fixative concentration from 4% FA to 2% FA

holographic microscopy

rupture window



Negative effect of blebbing is reduced by a decrease in the 
fixative concentration from 4% FA to 2% FA

phase-contrast microscopy

4% FA/1x PBS 2% FA/1x PBS

20 min of fixation 20 min of fixation



0

50

100

150

200

250

300

350

400

450

3% FA/1x PBS,
20 min

2% FA/1x PBS,
30 min

2% FA/1.5x PBS,
30 min

2% FA/1x PBS,
20 min  + 1%

FA/1.5x PBS, 10
min

flu
or

es
ce

nc
e 

in
te

ns
ity

 p
er

 u
ni

t a
re

a,
 %

 to
 c

on
tro

l

0

50

100

150

200

250

300

350

3% FA/1x PBS,
20 min

2% FA/1x PBS,
30 min

2% FA/1.5x PBS,
30 min

2% FA/1x PBS,
20 min  + 1%

FA/1.5x PBS, 10
min

flu
or

es
ce

nc
e 

in
te

ns
ity

 p
er

 u
ni

t a
re

a,
 %

 to
 c

on
tro

l
Maximal fluorescence (minimal loss) achieved by 

optimalization the fixative and timing

p190RhoGAP Akt1





cryofixation (HPF)
+ cold-stage microscopy?



IMMUNOLABELLING



IMMUNOFLUORESCENCE MICROSCOPY

• antigen

• monoclonal antibody

• polyclonal antibody

• primary antibody

• secondary antibody

Basic terms:



INDIRECT LABELLING

cell

e.g.:

1st: mouse IgG anti-X

2nd: goat anti-mouse IgG*



INDIRECT LABELLING

cell



DIRECT LABELLING

cell

WASH



DIRECT LABELLING

cell



IMMUNOFLUORESCENT DETECTION

• fixation
• blocking with sera
• incubation with primary antibody
• wash (detergent?)
• incubation with *secondary antibody
• wash (detergent?)
• mounting



Sensitivity x Selectivity

• antibody concentration
• duration of incubation
• temperature



Controls

• autofluorescence
• primary antibody non-specific binding
• secondary antibody        -“-
• cross-reactivity in multiple labellings
• optical channels



SUMMARY: CORRECT CONDITIONS OF 
IMMUNOFLUORESCENT DETECTION

• thorough blocking

• correct selection of antibodies (isotype, non-
crossreacting)

• correct concentration of antibodies 
(concentration x sensitivity)

• correct selection of fluorochromes and optical 
system

• proper control incubations

• proper embedding media



Immunogold electron 
microscopy



1 m

thin section ~80 nm

125 sections/nucleus
250-400 sections/cell

















Is there a difference?



Philimonenko et al., Statistical evaluation of 
colocalization patterns in immunogold labeling 
experiments. Struct Biol. 2000, 132:201-210

Schofer et al., Mapping of cellular compartments 
based on ultrastructural immunogold labeling.
J Struct Biol. 2004, 147:128-135.

- clustering
- colocalization
- mapping



Main types of spatial point patterns with 
corresponding pair correlation functions.
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Minimalistic probes available?



Minimalistic probes available?

IgG < IgM
multistep labelling multiplies size

nanobodies









SILVER ENHANCEMENT



Control question:



3 samples: which will get the best fluorescent yield:

A: 4% formaldehyde fixation, direct labelling with 
mouse IgG conjugated with fluorescein

B: 4% formaldehyde fixation, indirect labelling with 
mouse IgG and rabbit anti-mouse IgG conjugated 

with fluorescein

B: 2% formaldehyde + 1% glutaraldehyde fixation, 
indirect labelling with mouse IgG and rabbit anti-

mouse IgG conjugated with fluorescein
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