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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
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We investigated the effects of formaldehyde fixation on the
secondary structure of isolated proteins (bovine serum albu-
min, ribonuclease A, and hemoglobin) using high-sensitvity
differential scanning calorimetry and Fourier transform in-
frared spectroscopy. Whereas thermograms obtained by scan-
ning calorimetry on unfixed purified proteins demonstrated
denaturation transitions in the 70-90°C temperature range,
the thermograms showed no denaturation transitions in this
temperature range when the proteins had been placed in
formaldehyde solutions. Thus, fixation destroyed the denatu-

ration transition of bovine serum albumin, nbonuclease A,

and hemoglobin. Infrared spectra obtained on the unfixed
and fixed proteins were essentially identical. This demon-
strates that the “fixed” proteins retain the secondary struc-
ture present before fixation. We therefore conclude that the
cross-linking of proteins that occurs in the process of form-
aldehyde fixation “locks in” the secondary structure of these
protein molecules. ( J Histochem Cytochem 39:225-229,
1991)

KEY WORDS: Formaldehyde; Fixation; Calorimetry; Infrared; Spectros-
copy; Proteins.
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Figure 5. Amide | and Il region infrared spectra of human hemoglobin in the
absence (A) and presence (B) of formaldehyde. Although bassline differences
are seen, the specira are otherwise nearly identical, indicating that similar sec-
ondary structure is present in the two spacimens.

— 1546

I_ Il
i
&
| |
[+ ]
g p
@ 000 ; e —
-g 1365 1490 1615 1740 1865
a
< h g B
0.30 T |
e
I
0.00 — — ————— .
1360 1485 1610 1735 1860

Frequency (cm™)

Figure 6. Amide | and Il region infrared spectra of ribonuclease A in tha ab-
sence (A) and presence (B) of formaldehyde. Although baseline differences
are seen, the spectra are otherwise nearly identical, indicating that similar sec-
ondary structure is present in the two specimens.



Fixation artifacts
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Redistribution and differential extraction of soluble proteins in
permeabilized cultured cells

Implications for immunofluorescence microscopy

MELISSA A. MELAN* and GREENFIELD SLUDER



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

Fig. 10. Distribution of FITC-
BSA in various cell lines

(A- D) Protein distribution in
living cells, PtK,, CHO, 3T3
and Hela cells, respectively.
The protein is excluded from
the nuclei of all cells.

(E-H) Protein distribution in
cells extracted for 10 min with
(.1% Triton X-100 before
fixation for 30 min with 3.7%
formaldehyde. PtK,. CHO,
3T3 and HelLa cells,
respectively. Nuclear
fluorescence is seen in PtK,
(E) and 3T3 (G) cells.

(I-L) Protein distribution in
cells extracted for 10 min with
19 Triton X-100 before
fixation for 30 min with 3.7%
formaldehvde, PtK,;, CHO,
3T3 and HelLa cells,
respectively. No fluorescence is
detected in the cells with the
exception of some nuclear
fluorescence seen in Hela cells
(L). (M-P) Protein distribution
in cells fixed for 30 min with
3.7% paraformaldehyde before
permeabilization for 10 min
with 0.1% Triton X-100.
Fluorescence is seen primarily
in the evtoplasm with the
exception that nuclear
fluorescence is seen in PtK,
(M) and CHO (N) cells.

(O-T) Protein distributions in
cells fixed for 5 min with 90%
methanol, 50 mM EGTA at
=20°C, Ptk,, CHO, 3T3 and
Hela cells, respectively. All
cells show an overall low
fluorescence, fibrous textured
cytoplasmic fluorescence and
bright staining at the periphery
of the nucleus. 10 um per scale
division (black bar).




Immunolabeling artifacts and the need for
live-cell imaging

Ulrike Schnell, Freark Dijk, Klaas A Sjollema & Ben N G Giepmans

Fluorescent fusion proteins have revolutionized
examination of proteins in living cells. Still, studies
using these proteins are met with criticism because
proteins are modified and ectopically expressed, in
contrast to immunofluorescence studies. However,
introducing immunoreagents inside cells can cause
protein extraction or relocalization, not reflecting
the in vivo situation. Here we discuss pitfalls of
immunofluorescence labeling that often receive
little attention and argue that immunostaining
experiments in dead, permeabilized cells should

be complemented with live-cell imaging when
scrutinizing protein localization.

152 | VOL.9 NO.2 | FEBRUARY 2012 | NATURE METHODS



Fixation and permeabilization can affect epitope
accessibility

EGFP Anti-GFP Merge




Nonpermeabilized

Triton X-100

Methanol

Ultrastructural changes
after fixation and
permeabilization

Figure 4 | Ultrastructural changes after
fixation and permeabilization. (a-g) Electron
micrographs of MDCK cells fixed with 2% or 4%
PFA (a-f), methanol (g) or glutaraldehyde (h).
To mimic the immunostaining procedure,
PFA-fixed cells were permeabilized with 0.05%
Triton X-100 (15 min; ¢,d) or MeOH (1 min at
-20 °C; e,f). All samples were washed (6x PBS),
then fixed with 2% glutaraldehyde for 10 min
and processed for electron microscopy.

Scale bars, 2 um.




Reduction of fixation artifacts ?



Principles of HM

I/

= hologram

nd diffraction induced pattern

interference a



Holographic microscopy of Hela cells




Holography Microscopy

Profile - Phase Contrast Microscopy Profile - Holography Microcopy
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Hela cells - 30 min — 4% FA/PBS

B O a O O .8 Holographic
: microscopy documents
‘ fixation-induced
blebbing
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normalized cell mass

Fixation-induced blebbing results in the loss of cellular
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What material is lost due to the
rapture of the fixation-induced blebs?

RNA is not significantly present
in the induced blebs



Minimal loss of cellular material is achieved by optimal
combining the fixative concentration + diluent + timing
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The negative effect of blebbing is reduced by a decrease in
fixative concentration from 4% FA to 2% FA

rupture window
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holographic microscopy
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e In the

) from 4% FA to )J/J rr\

4% FA/1x PBS 2% F

20 min of fixation 20 min of fixation

phase-contrast microscopy



fluorescence intensity per unit area, % to control
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Maximal fluorescence (minimal loss) achieved by
optimalization the fixative and timing

3% FA/1x PBS,
20 min

p190RhoGAP

2% FA/1x PBS,
30 min

P% FA/1.5x PBS, 2% FA/1x PBS,
30 min 20 min + 1%

FA/1.5x PBS, 10

min
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cryofixation (HPF)
+ cold-stage microscopy?




IMMUNOLABELLING



IMMUNOFLUORESCENCE MICROSCOPY

Basic terms
* antigen
* monoclonal antibody

* polyclonal antibody

* primary antibody

* secondary antibody



INDIRECT LABELLING

1st: mouse IgG anti-X

*
2nd: goat anti-mouse IgG



INDIRECT LABELLING




DIRECT LABELLING




DIRECT LABELLING




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
mIicroscopy




thin section ~80 nm

125 sections/nucleus -
250-400 sections/cell
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Conjugation

The conjugation of selected proteins
to gold particles depends upon at
least three physical phenomena:

a) Charge attraction of the negative
gold particle to positively charged
protein

b) Hydrophobic adsorption of the
protein to the gold particle surface

c) Binding of the gold to sulphur
(dative binding) where this may
exist within the structure of the
macromolecule.

Proteins Gold Colloid

Stabilised
Gold
Colloid

Adsorption of proteins to gold colloid
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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.

single . ‘1
labeling: . l
pair 3ra”d0m regular Clustermg

correlation

function: ﬂﬁ
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Minimalistic probes available”?



Minimalistic probes available?

1IgG < IgM
multistep labelling multiplies size
nanobodies
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M Conventional antibody and their ¢ &
engineering

CDR
Vv .
_Hinge (Ag binding site)
CHOS DOMAIN ANTIEODY
(NANOBODY)
Human framework regions
Camel
H' nge 2 | Paratop
HUMANIZED NANOBODY
CAMELID HCADb

Paratop Nanobody “magic bullet”
|gG %d%, ‘%@iﬁd‘ﬁ
150 kDa ; e )

—_

Enzyme/Radionuclide/toxin

conjugate
BISPECIFIC NANOBODY BIFUNCTIONAL NANOBODY
scFv
30 kDa . Camelid heavy chain antibody (HCAb)and nanobody/single domair

Abs & their derivatives that can be produced by rDNA techniques



lg/ Heavy chain antibodies (hcAbs)

conventional antibody

heavy-chain antibodies

“*Camel sera also contain
antibodies devoid of light chains
and CH1

(Hamers-Casterman et al. 1993)
%90 KDa

“* Also in Camelidae family (e.g.,
llamas and alpacas)

“*Immunoglobulin new antigen
receptor, (Ig-NAR) discovered in
cartilaginous fish

(Greenberg et al.1995)



Nanobodies (Nb)

K &

Conventional antibody Heavy chain antibody Fab fragment VHH/Nanobody
150 kDa 90 kDa 50 kDa 15 kDa
TRENDS in Pharmacological Sciences

~15nm

**Single domain antibodies (SdAb)

“* The recombinant antigen-specific, single-domain of the Heavy
chain of the Heavy-chain antibody (VHH) with dimensions in the

nanometer rangec.



SILVER ENHANCEMENT

=
=/

antibody

Secondary
antibody

Indirect

Silver enhancing of direct or indirect labelling




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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