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ABSTRACT

One of the most exciting recent advances
in cell biology is the possibility to use the
green fluorescent protein and its various mu-
tated forms as reporter proteins in studies
carried out in vitro and in vivo. In the present
study, several detection techniques for the
enhanced green fluorescent protein (EGFP)
were compared in transgenic mice, using flu-
orescence and confocal microscopy. In addi-
tion, different tissue preparation techniques
(squash preparations, vibratome sections,
frozen sections) were evaluated. As a model
we used transgenic mice expressing EGFP
under the control of a 5.0-kb fragment of the
glutathione peroxidase isoenzyme 5 protein
promoter (GPX5-EGFP) or under a 3.8-kb
fragment of the cysteine rich protein-1 pro-
moter (CRISP1-EGFP). In the GPX5-EGFP
mice, expression of EGFP was observed in
the distal part of the caput epididymis, while
the CRISP1 promoter directed EGFP expres-
sion in the tubular compartment of the testis.
Among the various tissue preparation proce-
dures tested, the best morphological and his-
tological preservation, and reproducibility in
EGFP detection, were obtained using frozen
sections after a slow tissue-freezing protocol
developed in the present study. After slow tis-
sue freezing, specimens of testis and epi-
didymis could be stored at -70°C for at least
six weeks without any affect on EGFP fluo-
rescence. Hence, the method developed of-
fers the possibility to analyze EGFP fluores-
cence in tissues several weeks after specimen
collection. The sensitivity achieved was
equal to that found in immunohistochemistry,
applying biotin-streptavidin-FITC detection.
Confocal microscopy is known to have the
advantage that fluorescence can be detected
from cells in different layers. This was found
to be important as regards detecting EGFP
fluorescence because the fluorescence was
destroyed at the cut surfaces of sections pro-
duced by either vibratome or cryomicrotome.

INTRODUCTION

The green fluorescent protein (GFP)
can be used as a detection tool for cell
sorting, detection of gene expression,
analyzing transfection efficiency, and
measuring cell growth. In addition, GFP
and its various mutated forms have be-
come popular reporter proteins in trans-
genic animals, for evaluating promoter
activity in vivo in different tissues and
cell types (1–7). Site-directed mutagen-
esis of the primary sequence of GFP has
offered researchers the possibility to
choose among an expanded number of
variants of GFPs with different spectral
properties. We have recently developed
transgenic mouse models, using the en-
hanced green fluorescent protein
(EGFP) as a marker, for evaluation of
tissue-specific expression of promoters
of interest in vivo (3). EGFP was chosen
because of its brighter fluorescence and
higher signal-to-noise ratio compared
with GFP. In the transgenic mice used in
the present study, EGFP expression was
driven by a 5.0-kb-long 5′-flanking re-
gion of the glutathione peroxidase 5 pro-
tein (GPX5) promoter, which is espe-
cially expressed in the caput epididymis
(3), or by a 3.8-kb-long 5′-flanking re-
gion of the cysteine rich protein-1
(CRISP-1) promoter, which directs
transgene expression in the testis. For
detection of EGFP, we used convention-
al fluorescence and confocal mi-
croscopy and compared different speci-
men preparation techniques with the aim
of evaluating and optimizing the system.

MATERIALS AND METHODS

Production of Transgenic Mice

Production of the transgenic mice
used in the present study has been de-
scribed elsewhere (3). In these mice, a
5.0-kb-long 5′-fragment of the mouse
GPX5 promoter corresponding to nu-
cleotides -5012 to +24 was used to dri-
ve EGFP reporter gene expression in
the caput epididymis. Similarly, a 3.8-
kb-long 5′-fragment of the mouse
CRISP-1 promoter corresponding to
nucleotides -3714 to +138 was used to
drive EGFP expression in the testis.
The University of Turku Ethics Com-
mittee on Use and Care of Animals ap-

proved all the procedures involving
mice. The mice were specific patho-
gen-free and were fed with complete
pelleted chow and tap water ad libitum
in a room with controlled light (12 h
light, 12 h darkness) and temperature
(21°C ± 1°C).

Tissue Handling

Mice were sacrificed by CO2 as-
phyxia, and the tissues were removed
to a Petri dish containing PBS. Caput
epididymides were dissected out, sepa-
rated from the other parts of the epi-
didymides, and fat was removed. Testes
were dissected out, punctured with a
needle, and the tissues were then fixed
for 2 h in 4% paraformaldehyde (PFA)
in PBS at room temperature.

Frozen Sections

Rapid freezing. Fixed tissues were
washed once in PBS and embedded in
Tissue-Tek® O.T.C. (Sakura Finetek,
Torrance, CA, USA). The embedded
tissues were then quickly frozen by im-
mersing the specimens in isopentane at
-70°C and kept at -70°C until sectioned.

Slow freezing. Fixed tissues were
washed once in PBS and embedded in
Tissue-Tek at room temperature. The
embedded tissues were then kept in the
dark at 4°C for 24 h and then slowly
frozen at -70°C in a box covered with
cotton wool. The tissues were stored at
-70°C for one, two, and six weeks be-
fore sectioning.

Squash Preparations

The fixed tissues were washed once
in PBS and placed under a stereomicro-
scope. Tubules were separated from
each other with microsurgery scissors
and forceps. Squash preparations were
mounted in PBS or fluorescent mount-
ing medium (FMM; Dako, Carpinteria,
CA, USA) and kept in the dark at 4°C
until analyzed.

Sectioning Techniques

Vibratome sections. Fixed tissues
were washed once in PBS (pH 7.4) and
dried quickly. Before sectioning, the
tissues were embedded in 1% low melt-
ing point agarose in 0.9% NaCl (BMA,
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Rockland, ME, USA) at 40°C and
cooled to room temperature. Alterna-
tively, the fixed tissues were supported
in agarose and glued onto the vi-
bratome stage. The stage was put into a
chamber filled with PBS, 70-µm-thick
sections were cut with a vibratome
(model 752HA; Campden Instruments,
Leicestershire, UK), and the sections
were removed carefully from the bath
with cover slips. The sections were
mounted on microscope slides in PBS
or FMM. When PBS was used as
mounting medium, the cover slips were
sealed with rubber cement.

Cryosections. Tissues were pro-
cessed using either the rapid or slow
specimen freezing protocol. Before
sectioning, the tissues were kept for 30
min at -20°C. Then, 10- to 50-µm-thick
sections were cut with a cryomicro-
tome (model CM 3050; Leica, Heidel-
berg, Germany) and collected on poly-
L-lysine (1%)-treated microscope
slides. During sectioning, the material
was kept at room temperature to avoid
several freezing and thawing cycles. Fi-
nally, the sections were rinsed in PBS
and mounted in PBS or FMM as de-
scribed above and kept in the dark at
4°C until analyzed.

Immunohistochemistry

Tissues were fixed for 2 h in 4%
PFA, followed by 1–2 h in 4% PFA -
5% sucrose, and finally incubated
overnight in PBS - 20% sucrose.
Frozen sections (10 µm) were prepared
using the rapid freezing technique and
immunostained by means of rabbit
anti-GFP antibodies (Living Colors
Peptide Antibody; Clontech Laborato-
ries, Palo Alto, CA, USA), using 1:500
to 1:5000 dilutions in PBS supplement-
ed with 1% normal goat serum (Vector
Laboratories, Burlingame, CA, USA).
The antigen-antibody complexes were
visualized by using biotinylated anti-
rabbit antibody (Vector Laboratories)
combined with streptavidin-FITC
(Dako, Glostrup, Denmark) complex.

Microscopy

The fluorescent light emitted by
EGFP was evaluated using fluorescein
isothiocyanate (FITC) optics (Leica)
and a research microscope (Model DM

RBE; Leica), and by using a confocal
laser microscope setup (model TCS SP
scanner and DMRE microscope; Le-
ica). In the research microscope, the
sections were exposed to UV light
through a 450–490-nm bandpass filter,
via a 510 nm DM (dichroic mirror), and
the emission was captured through a
520-nm longpass filter with a digital
camera (Model DC 100; Leica). In the
confocal laser microscope, the sections
were exposed to a 488-nm excitation
wavelength, and emission was obtained
at 500–520 nm. Ten images with 2-µm
intervals in the z-axis were collected
with a confocal scanner (model TCS
SP), equipped with an Argon-Krypton-
ion laser system (Omnichrome, Chino,
CA, USA) coupled with a LeicaSCAN-
ware 4.2a program (Leica).

RESULTS AND DISCUSSION

Tissues obtained from transgenic
mice expressing the EGFP under the
control of GPX5-EGFP and CRISP1-
EGFP appeared to be valuable re-
sources for evaluating different speci-
men preparation and EGFP detection
techniques. In the GPX5-EGFP mice,
EGFP expression was present in the
distal region of the caput epididymis,
while, in the CRISP1-EGFP mice, the
protein was present in the tubular com-
partment of the testis. All the specimens
prepared by different techniques were
first analyzed using conventional fluo-
rescence microscopy, and then confocal
microscopy images were captured.

The disadvantage in specimens pre-
pared as squashes was that EGFP ex-
pression could not be localized to a spe-
cific region of the caput epididymis
(data not shown). Furthermore, the im-
ages captured from these specimens by
conventional fluorescence microscopy
were not of satisfactory quality because
of high nonspecific background fluo-
rescence. This high nonspecific back-
ground fluorescence was partially
caused by the thickness of these speci-
mens and the 520-nm longpass emis-
sion filter used. Another disadvantage
of the squash specimens was difficulty
in sealing the specimens properly. This
led to quick drying and loss of EGFP
fluorescence.

In vibratome sections and frozen
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sections prepared by the slow freezing
protocol, EGFP fluorescence could be
detected and was seen to be strictly lo-
calized to the cells expressing the pro-
tein (Figure 1, A–E and H). In GPX5-
EGFP mice, the fluorescence was found
in segment IV of the distal caput epi-
didymis (Figure 1, A–E), while, in the
CRISP1-EGFP mice, the fluorescence
was localized in the developing sperm
(Figure 1H). However, when the tissues
were processed using the rapid freezing
protocol, all of the EGFP fluorescence
was lost (Figure 1G). Therefore, it is ap-
parent that the slow freezing protocol
preserves the structure of the EGFP pro-
tein, thus emitting fluorescence also af-
ter freezing. We suggest that rapid
freezing possibly changes the confor-
mation of the protein, leading to a struc-
ture that does not emit fluorescence
properly. The presence of EGFP in the
sections after the rapid freezing proto-
col was confirmed by immunohisto-
chemistry (Figure 1F). It is also possible
that when keeping the specimens in Tis-
sue-Tek at 4°C for 24 h, the compound

soaks into the tissue and preserves the
fluorescent properties of EGFP by an
unknown mechanism. As the tissues
were fixed with a cross-linking fixative,
it is unlikely that membrane damage
would lead to leakage of the protein and
to less bright fluorescence in the sec-
tions prepared by the rapid freezing pro-
cedure. The data indicate that the sensi-
tivity of EGFP detection is clearly
dependent on the specimen preparation
technique used, and when using frozen
sections, the type of tissue freezing pro-
tocol is of key importance.

With the vibratome, 70-µm-thick
sections could be prepared, but the
sections were not always intact. As ex-
pected, 10–50-µm-thick sections could
routinely be prepared with a cryomicro-
tome. The ease of preparing frozen sec-

tions is an additional advantage of ana-
lyzing EGFP fluorescence by applying
the slow freezing protocol. Further-
more, with the slow freezing technique,
EGFP fluorescence was detectable at
the same intensity even after storing the
specimens at -70°C for six weeks (Fig-
ure 1, A–C). The high sensitivity
achieved with the slow freezing proto-
col developed was equal to that found
using a routine immunohistochemical
method (rapid freezing protocol) in-
volving the biotin-streptavidin-FITC
technique (Figure 1F). Furthermore,
when using confocal microscopy, it was
found that in both vibratome and cry-
omicrotome sections the amount of flu-
orescent cells increased rapidly when
the fluorescence was analyzed at about
5 µm below the cutting surface. The
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Figure 1. Localization of EGFP fluorescence in caput epididymis of transgenic mice expressing
EGFP under control of a 5.0-kb-long 5′-flanking region of GPX5 promoter (A–G) and in the tubu-
lar compartment of the testis of CRISP1-EGFP mice (H and I) utilizing the 3.8-kb-long 5′-flanking
region of CRISP-1 promoter. (A–C) Confocal images taken from sections prepared by the slow tissue
freezing protocol. The epididymides were kept at -70°C for one, two, and six weeks before sectioning
and EGFP detection, respectively. (D) Confocal image of a 70-µm-thick vibratome section. (E) Conven-
tional fluorescence microscopy image taken from a 50-µm-thick section prepared by the slow tissue
freezing protocol. (F) Immunohistochemical localization of GPX5-EGFP transgene in the epididymis,
using the biotin-streptavidin-FITC technique. (G) Confocal image taken from an epididymis section pre-
pared by the rapid tissue freezing protocol. (H) Confocal image representing EGFP fluorescence in de-
veloping sperm after the slow freezing protocol. (I) After rapid freezing, no specific EGFP fluorescence
was detected in CRISP1-EGFP mouse testis. The magnification is the same in all images shown.



reason for this is not known at the mo-
ment. In line with this observation, we
noticed that only a few fluorescent cells
could be detected in 10-µm-thick frozen
sections prepared by the slow freezing
protocol (data not shown).

The fluorescence of EGFP obtained
in PBS- and FMM-mounted specimens
was equally strong. However, it was ev-
ident that the intensity of EGFP fluo-
rescence was reduced one week after
preparation, even when the specimens
were stored in darkness at 4°C. This
phenomenon is probably due to the
degradation of paraformaldehyde fixa-
tion in the specimens. Among the vari-
ous preparation procedures used, the
best morphological and histological
preservation and reproducibility were
obtained using frozen sections after the
slow tissue freezing protocol. In images
taken by confocal microscopy, EGFP
fluorescence was often detected in
places where no fluorescent cells could
be found by conventional fluorescence
microscopy. This was due to the fact
that the nonspecific background fluo-
rescence in the 50–70-µm-thick speci-
mens was high. This problem will be at
least partially solved with specific nar-
row band emission filters. Another
problem that would still persist is the
fact that for EGFP detection 50–70-
µm-thick specimens had to be used, as
we found only few fluorescent cells in
10-µm-thick section. With convention-
al fluorescence microscopy, it is not
possible to have all the fluorescent cells
in the different layers (50–70-µm-thick
specimens) in focus at the same time:
therefore, one will not notice EGFP in
cells that are not in focus and poses low
fluorescence. By using confocal mi-
croscopy (model TCS SP), one can also
abolish the nonspecific background flu-
orescence by means of appropriate set-
tings of the emission wavelength. At
the same time, one can collect images
in z-axis from different layers of the
specimen. Hence, with confocal imag-
ing techniques, it is currently possible
to detect EGFP fluorescence in cells
that do not show fluorescence in con-
ventional fluorescence microscopy. In
conclusion, with the technology cur-
rently available, the highest sensitivity
for detection of EGFP was obtained by
applying confocal microscopy in
frozen sections prepared according to

the slow freezing protocol described in
the present report.

REFERENCES

1.Doherty, A.J., V. Coutinho, G.L.
Collingridge, and J.M. Henley. 1999. Rapid
internalization and surface expression of func-
tional, fluorescently tagged G-protein-coupled
glutamate receptor. Biochem. J. 341:415-422.

2.Hunt, L., M. Jordan, M. De-Jesus, and F.M.
Wurm. 1999. GFP-expressing mammalian
cells for fast, sensitive, noninvasive cell
growth assessment in a kinetic mode. Biotech.
Bioeng. 65:201-205.

3. Lahti P.P., R. Shariatmadari, J.K. Pentti-
nen, J. Drevet, B. Haendler, M. Vierula, M.
Parvinen, I.T. Huhtaniemi, and M. Pouta-
nen. 2001. Evaluation of the 5′-flanking re-
gions of murine glutathione peroxidase five
and cysteine-rich secretory protein-1 genes for
directing transgene expression in mouse epi-
didymis. Biol. Reprod. 64:1115-1121.

4.Nakanishi, T., M. Ikawa, S. Yamada, M.
Parvinen, T. Baba, Y. Nishimune, and M.
Okabe. 1999. Real-time observation of acro-
somal dispersal from mouse sperm using GFP
as a marker protein. FEBS Lett. 449:277-283.

5.Spregel, D.J., U. Krüth, D.F. Hanley, R.
Sprengel, and P.H. Seeburg. 1999. GABA-
and glutamate-activated channels in green flu-
orescent protein-tagged gonadotropin-releas-
ing hormone neurons in transgenic mice. J.
Neurosci. 19:2037-2050.

6.Srinivas, S., M.R. Goldberg, T. Watanabe,
V. D’agati, A.L. Awqati, and F. Constantini.
1999. Expression of green fluorescent protein
in the ureteric bud of transgenic mice: a new
tool for the analysis of ureteric bud morpho-
genesis. Dev. Gen. 24:241-251.

7.Zhuo, L., B. Sun, C.L. Zhang, A. Fine, S.Y.
Chiu, and A. Messing. 1997. Live astrocytes
visualized by green fluorescent protein in
transgenic mice. Dev. Biol. 187:36-42.

We thank Johanna Vesa for skilful techni-
cal assistance. This work was funded by
grants from the Academy of Finland (project
no. 42145) and by the Rockefeller and
Ernst-Schering Foundation (project no.
43745). Address correspondence to Dr. Mat-
ti Poutanen, Department of Physiology, In-
stitute of Biomedicine, University of Turku,
Kiinamyllynkatu 10, FIN-20520 Turku, Fin-
land. e-mail: matti.poutanen@utu.fi

Received 10 July 2000; accepted 18
January 2001.

Ramin Shariatmadari, Petra
P. Sipilä, Ilpo T. Huhtaniemi,
and Matti Poutanen
University of Turku
Turku, Finland

Vol. 30, No. 6 (2001) BioTechniques 1285


