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The Escherichia coli LacZ gene, encoding B-galactosidase, is largely used as a reporter for gene expression and as a tracer in cell lineage
studies. The classical histochemical reaction is based on the hydrolysis of the substrate X-gal in combination with ferric and ferrous ions, which
produces an insoluble blue precipitate that is easy to visualize. Therefore, 3-galactosidase activity serves as a marker for the expression pattern
of the gene of interest as the development proceeds. Here we describe the standard protocol for the detection of 3-galactosidase activity in
early whole mouse embryos and the subsequent method for paraffin sectioning and counterstaining. Additionally, a procedure for clarifying
whole embryos is provided to better visualize X-gal staining in deeper regions of the embryo. Consistent results are obtained by performing

this procedure, although optimization of reaction conditions is needed to minimize background activity. Limitations in the assay should be also
considered, particularly regarding the size of the embryo in whole mount staining. Our protocol provides a sensitive and a reliable method for 3-
galactosidase detection during the mouse development that can be further applied to the cryostat sections as well as whole organs. Thus, the
dynamic gene expression patterns throughout development can be easily analyzed by using this protocol in whole embryos, but also detailed
expression at the cellular level can be assessed after paraffin sectioning.

Video Link

The video component of this article can be found at https://www.jove.com/video/57785/

Introduction

In order to describe specific gene expression patterns, the use of reporter genes as markers has been paramount from Drosophila to mammals.
In experiments involving transgenic and knockout animals, the bacterial $-galactosidase gene (LacZ) of Escherichia coli (E. coli) is one of the
most widely used 234, B-galactosidase (3-gal) catalyzes the hydrolysis of 3-galactosides (such as lactose) into its monosaccharides (glucose
and galactose)s. Its most commonly used substrate is X-gal (5-bromo-4-chloro-3-indolyl-B-D-galactopyranoside), a glycoside that is hydrolyzed
by B-galactosidase giving rise to 5-bromo-4-chloro-3-hydroxyindole and galactose. The first is oxidized into a dimer that, when used combined
with potassium ferri-and ferro-cyanide, produces a characteristic insoluble, blue color precipitate (Figure 1)6.

The LacZ gene started to be used as a reporter gene over thirty years ago7’8. Usually, LacZ is inserted downstream of an endogenous promoter
in the place of the open reading frame, so it can be used in bacterial and cell culture to visualize cells containing a particular insert, as well

as in transgenic animals as a tracer of endogenous gene expression patterns during developmentg. In this regard, the visualization of 8-
galactosidase activity has been extensively used in Drosophila to understand the developmental and cellular processes from single cells to
whole tissues. Drosophila genetics favor the generation of stable lines in which a modified P-element construct containing the reporter gene
LacZ is inserted at random locations in the genome. Thus, when placed under the influence of enhancer elements it may drive its expression in
a tissue specific manner, which has allowed the systematic analysis of the expression patterns of many genes during the past two decades®. In
addition, the use of transgenic mice to monitor LacZ gene expression also allows detection of gene recombination events by Cre-loxP mediated
recombination, and localization of the mutant embryonic stem cell derivatives in chimeric analyses”, which facilitates the control of LacZ
expression in specific tissues as well as temporally. Also, in whole embryos, detection of the $-galactosidase activity may produce differential
staining patterns at different intensities that can be conveniently observed across different developmental stages to analyze temporal changes in
gene expression” “.

In this article, we present a protocol to visualize gene expression through X-gal staining in the whole mount tissue at early developmental stages
of mouse embryos. We present this histochemical method as a highly sensitive and inexpensive technique that favors accurate detection of the
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labeled cells either in whole mount specimens or at the cellular level after paraffin embedded tissues or embryos. The method allows for the
direct visualization of staining in the mouse tissue with the minimum background when compared with other methods'>.

All experimental procedures were approved by the Committee on the Ethics of Animal Experiments of the CNIC (Centro Nacional de
Investigaciones Cardiovasculares) and the Comunidad Auténoma de Madrid to ensure minimal animal suffering.

1. Collection of Embryos from Pregnant Mice (from E8.5 to E12.5)

10.

Sacrifice pregnant mice by either cervical dislocation or CO, inhalation. The day of the first observed vaginal plug was considered embryonic
day 0.5 (E0.5).

Lay the animal in the supine position on the absorbent pad and clean the abdominal skin of the mouse with 70% ethanol.

NOTE: Sterility is not required in the following steps.

Pinch and lift the abdominal skin using mouse-tooth forceps.

Make an incision through the skin and the abdominal wall, 2 to 4 cm vertically across the midline of the abdomen using surgical scissors.
Expose the abdomen and remove the uterine horns from the mother with forceps cutting blood vessels along the inner curvature of the uterus
with surgical scissors.

Remove the string of embryos and transfer it to a Petri dish on ice containing 10 mL ice-cold 0.01 M phosphate buffer saline pH 7.4 (PBS).
Carefully dissect the embryos out from the uterus under a stereomicroscope in a Petri dish with 10 mL fresh ice-cold PBS. Grasp the muscle
wall with watchmakers' forceps to expose the amniotic sac, and then tear the amniotic membrane to remove the enclosed embryo and the
yolk sac using the tips of the forceps.

Collect the littermate embryos from pregnant mice at early stages (from E8.5 to E12.5) (Figure 2).

Transfer the embryos to a fresh dish with 10 mL cold 1x PBS using curved forceps or, for very small embryos (E8.5-E9.5), use plastic transfer
pipettes to collect the samples without embryo damage.

Before starting the fixation, take an embryonic sample in a microcentrifuge tube for genotyping by cutting a small piece of the embryo or
taking the amniotic membrane in the smallest embryos (from E8.5 to E9.5) with watchmakers' forceps.

NOTE: LacZ genotyping is determined by polymerase chain reaction (PCR) primers: forward, 5-ATCGTGCGGTGGTTGAACTG-3’; reverse,
5-CGAGGCGTTAACCGTCAGCA -3".

2. Fixation of Mouse Embryos

4.

Transfer each embryo into a 2 mL microcentrifuge tube with a rounded base containing 1 mL 1x PBS.

NOTE: Perform all steps in the protocol in these tubes with agitation using a rolling shaker.

Wash the embryos in 1x PBS for 1 min at room temperature to eliminate the remaining blood. Use plastic transfer pipettes to change liquids
in the tubes.

Fix the embryo in 1 mL of 0.125% glutaraldehyde on ice.

NOTE: The time of fixation depends on the size of the embryo: 20 min for E8.5-E9.5 embryos, 30 min for E10.5 embryos and 1 h for E12.5
embryos.

Remove the fixative and wash the embryos in 1x PBS twice for 10 min at room temperature before processing the sample for X-gal staining.

3. Whole Mount B-galactosidase Histochemistry of Mouse Embryos

Prepare X-Gal Rinse buffer and X-Gal Staining Solution before starting the procedure (see Table 1 and Table of Materials). Use a wild-type
(WT) littermate embryos as negative controls for the enzymatic reaction.

Incubate the embryos in X-Gal Rinse buffer for 10 min at room temperature (Figure 2).

Incubate the embryos in X-Gal Staining Solution from 2 h to overnight at 37 °C protected from light. Monitor the color reaction periodically
via a dissecting microscope until sufficient intensity of blue staining is observed without the background in the embryo. Keep the pH of the
solution between 8 and 9 to reduce background during the whole staining. If the staining solution begins to turn light, replace it with fresh
substrate solution to extend the enzymatic reaction.

Stop the reaction when the desired signal is obtained by washing embryos in a microcentrifuge tube with 1 mL 1x PBS twice for 10 min each
at room temperature.

Transfer stained embryos to 1 mL 4% paraformaldehyde (PFA) to re-fix them, for 1 h to overnight at 4 °C.

NOTE: Embryos can be stored in 4% PFA/PBS for longer times at 4 °C or can be immediately processed for sectioning. This final fixation
step is crucial for the long-term conservation of the staining pattern.

Wash the embryos in 1 mL 1x PBS twice for 10 min at room temperature.

Option 1: Clear embryos by immersion in a series of solutions with increasing concentrations of glycerol (20%, 40%, 60% and 80% glycerol in
1x PBS) for 1 h at room temperature in each solution.

NOTE: Wash embryos in 80% glycerol for longer times, even days, until they are cleared, and then store them in 80% glycerol at 4 °C at this
step (Figure 2). Adding a very small amount of sodium azide ora crystal of thymol to the embryos stored at 4 °C either in glycerol or 1x PBS
is recommended to prevent mold growth. After clearing, whole mount embryos can be used for photographing (step 4).

Option 2: Process embryos for paraffin embedding and sectioning using a microtome (Figure 2). Document the expression pattern in whole
stained embryos before sectioning (steps 4 and 5).
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4. Photography of Whole Mount Embryos

1. To photograph whole mount stained embryos prior to sectioning, transfer them to a Petri dish prepared with a base of solidified 1-2% agarose
in 1x PBS.

2. Cover the embryo completely with 10 mL 1x PBS in the agarose-coated dishes to prevent dehydration and reflection while photographing
through the liquid.

3. Orientate the embryo immersed in 1x PBS using forceps. For older embryos (E10.5-E12.5), make a small hole in the agarose with forceps to
place and position the specimen within it at different angles and to avoid the free-floating during photography.

4. Place the dish on the stereomicroscope stage, using the transmitted (under-stage) light. Change between the 'dark-field' and 'bright-field'
adjustments to set the desired illumination during photography and to optimize the translucency of the sample.
NOTE: Use fiber optic illumination for later-stage embryos to avoid reflection at the surface of the embryo. When photographing cleared
embryos, follow the same procedure but transfer them to a Petri dish containing 100% glycerol and fully immerse them.

5. Paraffin Embedding and Sectioning of X-gal Stained Embryos

1. Paraffin wax embedding

1.

2.
3.

10.

11

Remove the X-gal stained embryos from 4 °C (step 3.5) and wash them with 1 mL 1x PBS three times to eliminate the excess of
fixative.

Transfer each embryo to a histology cassette using forceps.

Place the cassettes containing the embryos in a beaker and then dehydrate by passing them through a graded ethanol series at room
temperature: 70% ethanol, once for 30 min; 96% ethanol, twice for 30 min each; 100% ethanol, twice for 30 min each.

NOTE: Embryos can be stored in 70% ethanol for an undetermined time at 4 °C until starting the dehydration process.

Incubate the whole cassette in isopropanol for 30 min at room temperature.

By using forceps, transfer the cassettes to a glass staining trough containing pre-warmed isopropanol and leave in an oven at 60 °C for
30 min.

Place the cassettes in a new glass staining trough containing a mixture of 50% isopropanol/ 50% melted paraffin wax and leave for 4 h
in a 60 °C oven.

Incubate the cassettes with the embryos with two changes of molten paraffin wax, 30 min at 60 °C each.

At the end of the final paraffin wash, open the cassette and transfer each embryo to a separate tissue embedding mold to view the
sample under a stereomicroscope.

Fill the well with molten paraffin wax at 60 °C. Use heated forceps to keep the wax molten and carefully orientate the embryo in the
mold.

NOTE: The proper orientation of the sample is a critical step for sectioning the embryo in the desired plane.

Before paraffin solidifies in the mold, place a cassette without the lid on the top of the block and fill it with molten paraffin wax. Let the
remaining wax cool until solidified overnight at room temperature.

. Once the paraffin is completely solidified, remove the solid block from the mold and store the paraffin blocks either at room temperature

or at 4 °C until sectioning”.

2. Paraffin Sectioning

1.

Noo~wd

Orient the blade on the microtome and set up 5-7 pm of thickness. 5.2.2. Cool the paraffin block on the ice and trim it to produce a
cube or a pyramid.

Attach the block to the microtome holder by using a small amount of molten wax.

Orient the block for optimal cutting. Section the paraffin blocks into 5-7 um thick slices at room temperature using standard microtome.
Using a fine paintbrush, place the sections in a water bath at room temperature for manipulating and selecting slices.

Pick up sections from the water bath with a microscope slide and transfer them into a water bath at 42 °C for stretching.

Remove sections from the water bath and gently place them onto adhesion microscope slides.

Dry the slides well in an oven at 37 °C overnight to allow the sections to completely adhere, otherwise, they may get lost during the
staining.

NOTE: Store the slides at 4 °C until starting staining procedures.

3. Deparaffinization and Counterstaining of X-Gal-stained Paraffin Sections

1.
2.

Put the slides on a microscope-slide tray in an oven at 60 °C for at least 45 min to make the paraffin wax more fluid.

Transfer the slides onto a rack and use glass staining dishes to perform the following steps: submerge the rack in the staining jars
containing alcohols of decreasing concentrations for complete paraffin removal and hydration of the tissues: isopropanol for 5 min at 60
°C; isopropanol for 3 min; 100% ethanol for 2 min; 96% ethanol for 1 min; 70% ethanol for 1 min at room temperature.

Rinse sections in distilled water twice to make sure that there are no alcohol residues.

Counterstain sections with a stain (e.g. Nuclear-Fast Red solution) for 5 min (usually between 3-8 min) at room temperature (Figure 2).
NOTE: This staining helps to reveal overall tissue structure in the sections.

After staining, wash the slides in distilled water for 1 min and check section staining in the microscope.

NOTE: If the desired staining is too weak, counterstain sections again for a longer time.

Dehydrate sections in the following series with increasing concentrations of ethanol: two washes in 95% ethanol for 2 min each, two
washes in 100% ethanol for 2 min each, and, to avoid dissolving the blue color precipitates, just one quick wash in xylene.

Remove the slides from the rack one by one and place them on a piece of paper. Then mount and coverslip each slide using a
synthetic, permanent mounting medium.

NOTE: Xylene is a flammable product whose vapors are irritating and harmful to human health and to aquatic organisms. It needs to be
manipulated within a hood and requires the use of proper protective equipment.

Copyright © 2018 Journal of Visualized Experiments June 2018 | 136 | e57785 | Page 3 of 10


https://www.jove.com
https://www.jove.com
https://www.jove.com

L]
lee Journal of Visualized Experiments www.jove.com

Representative Results

Here we show the results from applying the standard protocol for the B-galactosidase histochemical reaction using X-gal as the substrate in
whole mouse embryos (Figure 1 and Figure 2). By using this protocol, we examine Membrane type 4-matrix metalloproteinase (Mt4-mmp)
expression at different embryonic developmental stages (E9.5, E11.5, and E12.5) using Mt4-mmp mutant mice that express the LacZ reporter
under the control of the endogenous Mt4-mmp promoter (Figure 3, Figure 4, and Figure 5)9’15. Mt4-mmp is an endopeptidase that is tethered to
the cell membrane through a glycophosphatidyl inositol anchor (GPI). Although Mt4-mmp has been detected in several human cancers and has
been related to the progression of tumor growth, information about its proteolytic activity against extracellular matrix components is very limited
to date. Additionally, almost nothing has been reported on the role and expression of Mt4-mmp during embryonic development9'16.

Wild type (WT), Mt4-mmpLa°Z’+ heterozygous (HT) and knockout (KO) littermate embryos are processed in parallel for the X-gal staining protocol
(Figure 2). Several controls must be included during the staining process to validate the specificity of the procedure. Thus, WT embryos are
used as negative controls for the histochemical reaction and serve to monitor non-specific X-gal labeling (see Figure 3A-D and Figure 4A-C).
Also, to avoid unspecific background, the pH of the X-Gal staining solution must be maintained between 8 and 9 throughout the whole staining.
In Figure 3E, 3-gal-positive cells are visualized in whole mount HT embryos in the somites and the intersomitic vasculature at the E9.5 stage.
However, to report the precise location of the stained cells, embryo sectioning is required to visualize under the microscope reported gene
expression in tissue sections at cellular resolution. In this case, LacZ-positive cells are found in the somites, the dorsal aorta, the intersomitic
vasculature as well as the perineural vascular plexus in tissue sections (arrows in Figure 3F-H). These results correlate with the expression
pattern reported for Mt4-mmp in these mouse embryonic stagesg, indicating that this technique is easily reproducible and reliable. As expected,
levels of B-gal activity are higher in the KO embryos as compared with the HT due to the presence of two copies of the LacZ reporter gene
(Figure 3I-L). However, only HT LacZ/+ embryos should be analyzed in studies of gene expression patterns and KO tissue is used as a proof of
concept to demonstrate the feasibility of the method since due to the lack of the targeted gene of interest, 3-gal positive cells can be abnormally
located in the latter.

When performing this protocol, older embryos (from E10.5 to E12.5) are not translucent, and, therefore, the most visible X-gal stained regions
are those close to the surface. Thus, an alternative step to this method is to clear embryos by washes in solutions with increasing glycerol
concentrations. In Figure 4, the E12.5 LacZ-stained embryos became clear while maintaining the X-gal staining, allowing us to photograph
deeper stained regions of the embryo in the stereomicroscope. As previously reported at this embryonic stage, labeling was localized in distinct
regions of the brain, the limbs, the follicle of vibrissa, and the tip of the tail®. However, if one wishes to obtain a cellular resolution, embryos
should be embedded in paraffin, sectioned and microscopically examined.

In Figure 5, immunohistochemistry with anti-B-gal antibodies was used to confirm the expression of Mt4-mmp observed by means of reporter

LacZ staining. Thus, B-gal-positive cells were detected in the pool of motoneurons of the mouse spinal cord at E11.5 by using both approaches,
which confirms the specificity of the protocol reported here (Figure 5A, B).
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Figure 1. Schematic illustration of the E. coli LacZ reporter gene encoding for the B-galactosidase and the histochemical

reaction catalyzed by this enzyme. In the traditional staining, B-galactosidase hydrolyzes the substrate 5-bromo-4-chloro-3-indolyl-3-D-
galactopyranoside (X-gal) to 5-bromo-4-chloro-3-hydroxyindole. Subsequently, this intermediate is oxidized, which causes dimerization and
formation of the final blue-colored product (5,5'-dibromo-4,4'-dichloro indigo). Please click here to view a larger version of this figure.
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Figure 2. Diagram showing the main steps of the standard protocol for the detection of B-galactosidase activity. Mouse embryos are
collected and processed for whole mount X-gal staining. After the histochemical staining performed according to the protocol, whole mount
embryos can be (Option 1) cleared with washes in solutions with increasing glycerol concentrations and subsequently photographed in a
stereomicroscope, or (Option 2) embedded in paraffin, sectioned and counterstained. Abbreviations: RT, room temperature. Please click here to
view a larger version of this figure.
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Figure 3. X-gal staining of E9.5 WT and Mt4-mmp"a°2'+ whole-mount embryos and tissue sections. By using the standard X-gal
histochemical assay, transgenic embryos carrying the LacZ gene under the control of Mt4-mmp promoter were analyzed for 3-gal activity.

WT (A), HT (E) and KO (I) E9.5 whole mount embryos were processed for the detection of the B-galactosidase expression. Paraffin sections
obtained from these embryos at the level of the spinal cord allow visualization of the staining at cellular resolution. As expected, 3-gal positive
cells were absent in WT sections (B-D), while the intensity of labeling was higher in the KO (J-L) as compared with the HT tissue sections (F-
H). Cross sections through the neural tube reveal $-gal activity in the developing somites, dorsal aorta, and the perineural vascular plexus.
Abbreviations: da, dorsal aorta; flb, forelimb bud; h, heart; m, mesencephalon; nt, notochord; otv, otic vesicle; ov, optic vesicle; PNVP, perineural
vascular plexus; s, somite; t, telencephalon. Scale bars: 500 ym (A, E, I); 100 pm (B, F, J); 50 ym (C, G, K); 20 um (D, H, L). Please click here to
view a larger version of this figure.

Figure 4. Photomicrographs of WT and HT X-gal stained mouse embryos at E12.5 before (A, D) and after (B, C, E, F) clearing with
washes in increased glycerol. As expected, WT embryos show no reporter LacZ expression (A-C) while labeling was detected in the limbs
(white arrowheadsg, the primordium of the follicle of vibrissa (white arrow), the tip of the tail (black arrow) and brain of Mt4-mmp"""°2/+ embryos
at this stage (D-F)". (E, F) After clearing in glycerol, embryos became translucent and labeling can be more easily visualized in deeper regions
of the embryo, as shown in the mesencephalon and the telencephalon (white arrows in F). Scale bar: 1 mm. Please click here to view a larger
version of this figure.
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Figure 5. Histochemical and immunohistochemical detection of the B-galactosidase. (A) X-gal staining (in blue) reveals the expression of
Mt4-mmp in the pool of motoneurons in a paraffin section of the spinal cord at the E11.5 embryonic stage. (B) Immunohistochemistry with anti-
-gal antibodies (in red) confirmed the expression of Mt4-mmp in the spinal cord motoneurons at the same embryonic stage in cryostat sections.
Abbreviations: fp, floor plate; MN, motoneurons; Scale bar: 100 um. Please click here to view a larger version of this figure.

Table 1. Recipes and Solutions required for this protocol. Please click here to download this file.

The E. coli LacZ gene has been widely used as a reporter in studies of gene expression patterns because of its high sensitivity and ease of
detection. The present protocol describes a classic method for detecting $-gal expression based on an enzymatic reaction that is easy and quick
to perform as well as inexpensive. This method can be also applied without major modifications in whole mount embryos, intact organs, cryostat
tissue sections or cultured cells.

Accurate application of this method results in a robust and interpretable staining. However, simultaneous controls and subsequent confirmatory
steps are highly recommended. In this regard, the present protocol is carried out in parallel in wild type littermate embryos used as negative
controls that serve to monitor non-specific X-gal staining. Moreover, expression data obtained when using 3-gal staining is confirmed by western-
blot and quantitative-PCR (Q-PCR) analysis or by means of B-gal immunohistochemistry (Figure 5), which combined with other antibodies also
allows identification of specific cell types expressing LacZ®. Fixation steps need to be taken into consideration in order to preserve the enzymatic
activity of the B-galactosidase and to minimize background during the staining. Thus embryos must be fixed in glutaraldehyde, which gives

the most consistent and reliable results compared with paraformaldehyde fixation'” . Besides, fixation time is crucial and should be determined
empirically for each embryonic stage, since over-fixation can reduce (3-galactosidase activity. In this regard, whole mount embryos can be fixed
by immersion or perfusion depending on the embryonic stage and size. Thus, transcardial perfusion is recommended for embryos older than
E14.5 and for postnatal specimens to ensure that the fixative reaches all regions of the sample. Smaller embryos (from E8.5 up to E12.5) can

be fixed by immersion and processed directly for in toto X-gal staining (Figure 2). It should be mentioned that X-gal staining of mouse embryos
younger than E14.5 can be performed as the whole mount. In this case, stained cells close to the surface are easily detected by means of p-gal
staining. Even so, it may occur that deeper labeling appears blurred or even dye does not penetrate the tissue, especially in older embryos. In
this case, either organs or adult mice tissue can be dissected, X-gal stained, and visualized under a stereomicroscope. Nevertheless, sectioning
and microscopic examination of the stained tissue of interest is more suitable (Figure 2).

Despite the protocol's efficiency, staining whole embryos and detection can be troublesome. For |nstance the kidney, testis, secretory glands,

epididymis and gastrointestinal tract contain high amounts of endogenous acidic - galact05|dase 8 that can interfere with the interpretation of the
results due to background activity. For that reason, the histochemical reaction should be performed under slightly alkaline pH conditions (pH 8-9)
throughout the staining, since E. COIIE galactosndase has an optimum pH of 7.3. This will help to significantly reduce background and to favor
bacterial -galactosidase acthlty 22 It should also be noted that long staining times may result in acidification of the X-gal staining solution,
favoring an increased background. Moreover, the B-galactosidase activity is lost under incubation temperatures above 50 °C, but not below 42
°C. In our hands, incubation with X-gal substrate works better when left overnight at 37 °C. After staining and prior to the post-fixation step, it is
important to wash all X-gal reaction material off as carefully and as quickly as possible to eliminate precipitates from the histochemical reaction
that can be deposited in the tissue section.

As shown here, clearing embryos in glycerol is important for making the tissue translucent while preserving the X-gal staining and tissue
histology. Thus, the embryos become clear and labeling can be visualized in deeper regions under the stereomicroscope. However, to analyze
the exact location of the stained cells, sectioning of the sample is required and, therefore, clearing is not essential. In this case, by following
recommendations indicated in the method, samples can be carefully paraffin embedded and sectioned. During the embedding process, ethanol
dehydrated tissue needs to be immersed in a mixture of isopropanol-paraffin. Isopropanol is used to favor the replacement of ethanol in the
sample and to facilitate the tissue embedding in paraf‘fin23 In some protocols, xylene is used instead of isopropanol for the same purpose.
Nevertheless, the use of xylene presents disadvantages versus isopropanol, such as the shrlnkage and hardening of the sample due to the
removal of tissue |IpIdS 4 and its toxicological profile as a flammable and irritant product . Orange oil-based clearing agents are one of the
safest alternatives to xylene since they allow rapid clearing without the toxicity of xylene as well as excellent tissue structure preservatlon
Also, if using xylene, this part of the protocol should be reduced at maximum, since X-gal staining can diffuse and be lost®. After sectlonlng,
counterstaining with dyes (e.g. Nuclear Fast Red) is recommended to facilitate histological identification of expressing cells. This staining
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procedure is rapid, requiring only one step, and its pink appearance provides good contrast with the blue-colored X-gal precipitate. However, this
counterstaining is only suitable for the use with non-aqueous mounting media (i.e. DPX).

This classical method is suitable for the detection of 3-galactosidase activity, since X-gal in combination with potassium ferro- and ferricyanide
produces a characteristic blue precipitate that does not fade or bleach easily and, when well-built, can be detected even under the dissecting
microscope. There are other modifications of the original protocol. Using available substrates such as Salmon-gal (6-Chloro-3-indolyl-3-D-
galactopyranoside), Magenta-gal (5-Bromo-6-chloro-3-indolyl-3-D-galactopyranoside) or Bluo-gal (5- Bromo 3-indolyl 3-D-galactopyranoside)
or substituting the classic X-gal/FeCN for Tetrazolium salts can greatly enhance sensitivity of detection"°. This is especially recommended to
allow high sensitivity detection of low expression levels of protein and mRNA material. However, when used for too long, any of these procedures
may lead to high background levels and so careful management of the conditions is always recommended, especially considering that prolonged
incubation periods may facilitate unspecific staining due to endogenous 3-galactosidase activity 1327 . Regarding the latter, it is always advisable
to use ferric potassium salts in order to optimize the reliability of the technique and avoid pitfalls.

13,19

An important limitation of this method is that the classical X-gal staining procedure produces an insoluble blue precipitate that can be easily
detected by light microscopy but does not allow co-localization studies by fluorescent or confocal microscopy in tissue sections. One possible
way to overcome this limitation would be to use antibodies against 3-gal (see Figure 5) combined with immunodetection for a specific cell type.
However, if the expression levels are low or the background high, immunolabeling can make it difficult to detect whether the reporter gene is
expressed in a particular cell. Notably, a new technique has been reported to obtain high quality confocal images based on the fluorescence
emission produced by the X-gal precipitate 8 . Moreover, this method is compatible with immunofluorescence and can clearly identify X-gal
positive cells?® . Enzymatic reporters such as the LacZ gene offer the advantage of being more sensitive than fluorescent ones, which is
noteworthy when labeling, if expression levels are especially low. In this regard, the present technique has been proven ideal for the detection of
microRNAZ , therefore permitting both qualitative evaluation of the expression patterns and quantification of expression levels. Double staining
is used to detect B-gal activity and mRNA presence via in situ hybridization techniques, which can provide very useful information to examine
the expression pattern of endogenous genes while monitoring $-gal activity in the same sample . Nevertheless, both B-gal stain and in situ
hybridization detection reactions may display color incompatibility during double staining. Choosing a more suitable substrate, such as S-gal, is
recommended in specifically optimized methods 0

This versatile method has been extensively used to study gene function in the context of developmental biology. Thus, the LacZ gene has

been adopted for the analysis of gene expression patterns during embryonic development by knocking it into a targeted gene locus. LacZ is a
common reporter gene for studying cis-acting regulatory elements (enhancers) mvolved in directing gene expression into restricted regions of the
embryo, providing information on the transcription activity of the promoter of interest®™*233_ Also, it is frequently used in the detection of genetic
recombination events by Cre-mediated recombination of loxP sites, which is especially useful for the detection of embryonic stem cell derivatives
in cell fate mapping experiments or in cell transplants. Gene-trap mutageneS|s in embryonic stem cells produces truncated proteins fused to -
gal that permits evaluation of promoter activity under physmloglcal condltlons For all these approaches transgenlc animals carrying LacZ and
expressing bacterial B-galactosidase have been generated in rat>>® chlcken Xenopus or zebrafish® . Hitherto, this technique has been
used in Drosophila to improve the visualization of gene expressmn spatlally and temporally due to the availability of inducible gene expression
systems, and tissue and cell-specific p-LacZ marker lines*"°. It is worth noting that apart from these many applications involving transgenic

and knockout animals, LacZ reporter gene has been used in whole tissues as well as cultured cells to predict the role of genes in disease in
biomedical research. One relevant example of the latter is the study of the aging process regarding responses to stress, tumor suppression,

or development. Senescent cells are easy to detect both in situ and in vivo due to their characteristic overexpression and accumulation of
endogenous I)/sosomal beta- galact05|dase 243 Hence, B-galactosidase is used as a senescent biomarker in quantitative assays in cancer
cultured cells

In summary, we describe a feasible and optimized procedure to facilitate easy detection of 3-galactoside activity in mouse embryonic tissue.
The present method allows modifications based on the tissue selected and the substrate used. Hence, this versatile and cost-effective method
employed with appropriate controls is especially suitable for the use with whole mouse embryos as well as on thin histological sections.
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