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Abstract

Cytological techniques have been instrumental for the investigation of meiosis and gametogenesis. Especially
high resolution chromatin spreads of male and female germline cells provide for detailed insights into the molecular
mechanisms acting during germ cell differentiation. Most spreading techniques for germ cells are done with a
hypotonic detergent solution followed by an extended drying period. Using video microscopy we monitored the
course of mouse spermatocyte spreading after exposure to graded concentrations of the ionic detergent mixture
Lipsol that is known to efficiently spread meiocytes. Our analysis disclosed that spreading of meiotic cells is optimal
at a final detergent concentration of about 0.7% and occurs in two phases. First, cells undergo slow swelling in the
dilute detergent solution (lasting up to >1 h) followed by rapid dispersion of the nuclear chromatin over the glass
surface just prior to the final evaporation of the water in the solution. These results provide a better understanding of
an important technique in meiosis research and identify factors determining the spreading process.

Introduction
Techniques for preparation of meiotic cells are designed to reveal

meiotic chromatin and chromosome axes, i.e., lateral/axial elements
and the synaptonemal complexes (SCs), in a 2D representation spread-
out on a glass surface. This is generally achieved by spreading cells on a
hypotonic solution or distilled water/air interface and drying them
down on or transferring them to glass slides or EM grids [1,2].
However, there are technical drawbacks associated with the surface-
spreading technique on a water interface, e.g., low yield of meiotic
nuclei of the less abundant early meiotic prophase stages. Later,
techniques achieved spreading by drying-down detergent-containing
cell suspensions, which resulted in a higher abundance of meiotic
prophase and other cells using gonads or meiotic cells of a variety of
species [3-8].

The spreading-out of meiotic cells, from e.g., mammalian gonads,
on a glass surface is achieved by preparing and mixing a gonad cell
suspension in isotonic buffer with a hypotonic detergent solution
containing formaldehyde as the fixative [6]. It has been noted that
spreading solutions containing a volume percent of the floor cleaning
detergent Lipsol perform well in organisms of different groups [4,9,10].
Surface spreading eventually leads to the tight adhesion of the
flattened-out nuclear chromatin to the surface of glass slides or EM
grids. Spread nuclei thus embody a 2D representation of the meiotic
nuclear scaffold and attached chromatin, what in the living cell was a
three-dimensional meshwork. The glass-attached chromatin of meiotic
spreads has proven highly accessible for immunostaining and/or FISH
using wide-field and electron microscopy [6,7,11-14] or atomic force
microscopy [15]. It has been realized though, that soluble cellular
components like proteins, RNAs, etc. will be lost during the nuclear

spreading process, while chromatin-bound molecules will be retained
in the spread chromatin.

Usually, the preparation of meiotic spreads requires hours and a
limited range of detergent/fixative mixtures have been found to
produce the required preparation quality [5,6,16]. Here, we were
interested in the determinants of the spreading procedure and the
dynamics of the transformation from a spherical nucleus to the flat,
nearly two-dimensional pancake-like spread chromatin area obtained
on the glass slide. To address these questions, we used high resolution
video microscopy to study and visualize the dynamics of nuclear
transformation during spreading process of mouse spermatocytes and
determined factors that are crucial for the spreading process.

Materials and Methods

Testicular specimens
Mouse spermatocytes were obtained from wild-type C57BL/6 mice

that were kept in compliance with local animal welfare laws, guidelines
and policies. Animals were anesthetized and sacrificed by cervical
dislocation. Testes were immediately resected and shock-frozen for 5
min in 2-methyl-butane (Sigma) at -70°C and stored at -80°C in the
presence of 2-methyl-butane until further use.

Spreading
Testicular tissue was minced with scalpels in 1x phosphate buffered

saline (PBS), 0.1% mammalian protease inhibitor (Sigma) in a cold
room. The suspension was passed through a nylon pre-separation filter
(40 µm; Miltenyi Biotec). One microlitre of this cell suspension was
pipetted into 20 µL PBS on a glass slide. Cells were brought into focus
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and 40 µL of ionic detergent solution (0.1-1% Lipsol; LIP equipment,
UK) was added and recording started at 1 frame per second using our
FEI live cell microscope setup. Spreading was monitored from the
addition of detergent up to 70 min, depending on the detergent
concentration and time required for drying down of the spreading
solution, the latter being dependent on the temperature and flow of air
in the slide environment (e.g., in a fume hood or lab bench); to speed
up drying-down in some experiments we mixed only 1 µL suspension
and 2 µL detergent solution. Some dried-down slides were stained with
DAPI (4',6-diamidino-2-phenylindole) and subjected to axial element
(SYCP3) staining as described previously [17].

Immunofluorescence staining
Immunostaining experiments were performed as described

previously [17] using an antibody against the synaptonemal complex
(SC) protein SYCP3 (ab15093; Abcam, Milton, UK). The antibody was
used at 1/400 dilution in PCTG (1x PBS, 1% casein, 0.05% Tween 20,
0.1% gelatin). Secondary Alexa-488-labelled antibodies (goat-anti-rab-
Alexa-488; 1/250) were from Dianova (Hamburg, Germany).

Microscopic evaluation
Video imaging was done using an Axiovert epifluorescence

microscope (Carl Zeiss) with a 40x plan-neofluar lens and a 14/16-bit
black-and-white CCD digital camera (Andor Clara; Andor Technology
Ltd, UK) controlled by the LiveAquisition (LA) software (FEI/Thermo
Fisher Scientific, Waltham, USA). Phase contrast images were recorded
at 0.33 or 1 frame per second. Image analysis of time-lapse movies was
done using ImageJ (http://imagej.nih.gov/ij/) by interactively determining
the diameter of spreading nuclei in the tiff image series.
Immunofluorescently stained cells were analyzed and recorded using
the ISIS image analysis system (MetaSystems, Altlussheim, Germany).

Results & Discussion
Historically, spermatocyte spreading was done placing cells on the

surface of a drop of distilled water and thus called ‘surface spreading’
in 1970s [1,18]. To improve the yield of cells and to standardize the
procedure, spreading was thereafter modified by adding detergents to
the spreading solution (e.g., Triton X-100, Lipsol, SDS) followed by
drying down of the entire cell solution in the presence of a fixative
(usually formaldehyde) [4,6,10].

Since we were interested to study the course of the spreading
process in detail, we recorded movies of mouse spermatocytes using
graded concentrations of the ionic detergent mixture Lipsol that is
efficiently spreading meiocytes of species of different kingdoms
[4,10,13,17,19]. To obtain videos testis cell suspension and detergent
solutions were mixed on a glass slide and the spreading process
recorded at 0.33 frames per sec. It was important to adjust the density
of the testis cell suspension (usually 1/20) so that cells had enough
space for spreading-out their chromatin on the glass surface. Analysis
of the resulting movies revealed that the cells first float in the detergent
solution. With increasing time water evaporates from the solution and
cells start to swell changing their anisotropy (they become darker) and
randomly attach to the glass surface. When more water evaporates,
cells further increase their diameter to eventually rapidly disperse their
nuclear chromatin over the glass surface (Movie 1, available at: http://
www.uni-kl.de/FB-Biologie/AG-Scherthan/Movie_1.avi).

The time required for cell attachment and the initiation of spreading
was observed to be dependent on the detergent concentration -

reducing the Lipsol concentration led to an exponential increase in the
time required to attachment and completion of spreading (Figure 1),
for instance spreading was complete after 5 min using a 1% Lipsol
solution (0.66% final Lipsol conc.; n=3 experiments), but required 20
min using 0.25% Lipsol (0.16% final conc.) (Figure 1). However, it
should be noted that the time frame until spreading initiation will
change depending on the surrounding humidity that also has an
influence on the quality of spreads obtained [6].

Figure 1: Influence of detergent concentration on the time until
final nuclear spreading in our experiments. There was an
exponential increase of time required for completion of spreading
with decreasing detergent concentration (final conc. in the cell
suspension shown). Error bars: Standard error of 2-3 experiments.

Next we analyzed the dynamics of the final fast nuclear spreading
process by determining the growing diameter during the final step
when a cell starts to disperse its chromatin over the glass surface
(Figure 2A). Detailed analysis of the movies revealed that after the
relatively long period in solution the nuclear diameter started to
rapidly increase reaching its max. diameter in less than 2 minutes,
which was observed for all detergent concentrations tested (Figure 2B).
The average time a nucleus required for the doubling of its nuclear
diameter during spreading was inversely correlated to the Lipsol
concentration, with the doubling time for increase of the nuclear
diameter requiring 40 to 110 seconds in average. Spreading was fastest
with the highest Lipsol concentration - 40 seconds in average in 0.66%
Lipsol and nearly 2 minutes with 0.066% Lipsol in the cell suspension
(Figure 2B).

The above observations suggest that the evaporation of water from
the cell suspension slowly increases the concentration of the detergent
and, when eventually the volume of the solution is reduced and the
critical concentration of detergent for membrane lysis is reached, the
nuclei attach to and will disperse their chromatin across the glass
surface. To determine whether an increase of the initial detergent
concentration would lead to an overall faster spreading process, we
tested this in spermatocytes and lymphoblastoid cells. Adding
increasing concentrations (1-10%) of Lipsol to the cell suspension
revealed that the latter rapidly swell and rupture in solution, already
after 1 sec at a final Lipsol concentration of ≥4.4% in the suspension.
At 2.5%, cells took only ~10 seconds to rupture. Similar experiments
with testes suspensions showed that spermatocytes did spread in less
than 30s in a 5% detergent solution.
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Figure 2: Spreading dynamics. (A) Fast spermatocyte spreading
initiates when most of the water has evaporated (0) the cell starts to
rapidly increase its diameter, spreading is complete after 2 min (2’)
in 0.66% Lipsol solution. The stippled line indicates the outline of
the spread chromatin. Bar represents 10 µm. (B) Influence of the
Lipsol concentration on average spermatocyte spreading time (sec;
determined from 5-14 nuclei in resp. movies). The fast spreading
step takes about 40–110 sec depending on the Lipsol concentration
used (final conc. in the cell suspension shown). (C) Impact of
formaldehyde in the spreading solution on cell morphology. The
spermatocyte nuclear diameter hardly changes over 2 min in a
solution containing 1% formaldehyde and 0.66% Lipsol. Bar: 10 µm.

Peters et al. [6] indicated that the presence of formaldehyde in the
spreading solution had beneficial effects on the quality of the spreads.
The addition of 1% formaldehyde to the spreading solution preserved
cell morphology and prevented detergent-induced cell rupture in
solution (Figure 2C). However, we also observed that fast drying
(within approx. one minute) interfered with the chromatin moving
across the glass surface, which agrees with the observation of Peters et
al. that showed that slow drying down the solution over several hours
is beneficial for preparation quality [6].

Since the spreading solutions usually are low in salt (~46 mM Na),
histones and other chromatin components remain attached to the
spreading chromatin. The final maximal nucleoid diameters obtained
after spreading (up to 70 µm) were usually determined by the density
of the cells in suspension, i.e. presence of cells nearby that limited the
spreading of the nuclear chromatin (see Movie 1). In some nuclei we
could detect thin dark lines within the spreading chromatin, which
were reminiscent of synaptonemal complexes (SCs). The latter could be
verified by immunostaining for the SC axial element protein SYCP3
(Figure 3). Comparing the extension (diameter) of the DAPI-stained
chromatin revealed a similar extension of the of dried-down spread
nuclei (average diameter 32.1 µm +-3.8 µm SD; n=23) of
immunofluorescence preparations with formaldehyde added after 5
min and the dynamic video imaging results obtained with 1% Lipsol
solution (av. spermatocyte diameter 31.2 +- 6.7; n=42).

Figure 3: Spermatocyte nucleus and two other nuclei (DAPI, blue)
after spreading with 0.66% Lipsol and IF with SYCP3 antibodies
showing SCs and axial cores (green). Bar: 10 µm.

It has been reported that the sharpness of the SCs and the contrast
between the SCs and adherent chromatin varies with changes in
humidity and time of drying [6]. In line with this suggestion we noted
that the concentration of spreading detergent is a determinant of target
unmasking and thus good immuno-stainability, expressed by a weak
specific signal and high background in preparations obtained with low
(0.066%) Lipsol concentrations: Higher concentrations of detergent led
to more intense fluorescence signals (Figure 3), suggesting that the
release of more soluble chromatin components allow better access of
the immunostaining reagents to the remaining proteins in the spread-
out chromatin.

In all, our observations disclose that optimal spreading of meiotic
cells is best using a low detergent concentration of about 0.66% and an
appropriate cell density. Spreading is a two phase process that first
results in slow swelling in solution, followed by a second phase of fast
dispersion of the chromatin over the glass surface. The latter occurring
when most of the water in the solution has evaporated. Addition of
formaldehyde fixative to the spreading solution will influence the
chromatin contraction onto the SCs and widths of the obtained
nucleoid dimeter ([6], own unpublished observations). Therefore, it is
recommended to first add a detergent solution (containing 1% Lipsol)
to the cell suspension and adding fixative solution (1% formaldehyde)
after~5 minutes, followed by 30 minute incubation at 4°C in a closed
box and slow drying down under a fume hood with the lid open.
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