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Summary
A number of histochemical chromogenic substrates for alkaline phosphatase are commercially available and give
reaction products with a range of colours for brightfield examination. Some of these reaction products are also
fluorescent, exhibiting a wide excitation range and a broad emission peak. We report here that one of these substrates,
Vector Blue III, yields a stable, strongly fluorescent reaction product with an excitation peak around 500nm and a
large Stokes shift to an emission peak at 680nm. The reaction product can be excited using a mercury lamp with a
fluorescein excitation filter or an argon ion laser at 488nm or 568nm, and the emission detected using a long-pass
filter designed for Cy-5. Thus, a single substrate is suitable for brightfield imaging of tissue sections and highresolution analysis of subcellular detail, using a confocal laser scanning microscope, in the same specimen.

Introduction
Alkaline phosphatase (AP) is widely used in enzyme immunocytochemistry for indirect immunostaining of
tissue sections and tissue culture cell monolayers. Although many tissues contain endogenous AP activity,
all but the intestinal isoform can be readily blocked by the presence of 1mM levamisole (Morris &
Horowitz, 1984; Tillyer et al., 1994). The intestinal isoform is often inactivated by high-temperature
antigen unmasking procedures, but may be irreversibly inhibited by the application of 20% aqueous acetic
acid at 4ºC to the section for 15 secs before staining (Bulman & Heyderman, 1981). Substrates based on
Nitroblue tetrazolium and bromo-chloro-indolyl phosphate give a blue-purple reaction product and are
suitable for both immunocytochemistry and Western blotting. A range of alternative substrates, giving
reaction products of different colours, are commercially available; these permit the selection of a reaction
product most suited to the experimental conditions.
Substrates available from one supplier include Vector Red and Vector Blue III (Vector Laboratories,
Burlingame, CA, USA). The red reaction product is known to be fluorescent. Blue III, on the other hand,
gives a deep blue reaction product.
In this report, we show that the Vector Blue III reaction product has useful fluorescent properties that make
it suitable for use as a specific label for confocal laser scanning microscopy (CLSM). Unlike other
fluorescent AP substrates [e.g. AttoPhos (Cano et al., 1992) and the ELF-97 family of fluorescent substrates
(Paragas et al., 1997)], it has a relatively narrow excitation peak, a large Stokes shift and a narrow emission
peak, similar in wavelength to that of the commonly used fluorochrome, Cy-5 (Cullander, 1994; Mujumdar
et al., 1996). Unlike Cy-5, there is a large Stokes shift obviating the need for sharp bandpass cut-off filters.
Furthermore, unlike the other recently described fluorescent AP substrates, it does not require UV light for
excitation, making it suitable for laser excitation in many scanning confocal systems. This means that
samples prepared for bright field immunohistochemistry may subsequently be examined at high resolution
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in the CLSM, permitting the preparation of three-dimensional reconstructions of labelling within
individual cells. Furthermore, the Blue III reaction product is stable when stored at room temperature and is
compatible with double-labelling fluorescence procedures in conjunction with dyes such as Fluorescein.
Materials and methods
Rats were sacrificed by C02 inhalation and perfused with 4% paraformaldehyde (Sigma, Poole, UK; P 6148)
in 250mM N-2-hydroxyethyl-piperazine-N'-2-ethanesulphonic acid (HEPES; Sigma, H 3375) buffer, pH
7.4. Tissue blocks were excised and placed into fresh 8% paraformaldehyde in 250mM HEPES buffer, pH
7.4, as a post-fixative and then frozen in liquid nitrogen. Sections were cut at approximately 100nm
thickness using a Reichert Ultracut S with the FCS attachment and collected onto glass slides coated with
1% aqueous bovine gelatin (Sigma; G 9382). Fixed tissue blocks were also embedded in cryoprotectant
(OCT compound; R1180, Agar Scientific, UK) and cut at approximately 10µm thickness onto glass slides
coated with 1% aqueous bovine gelatin.
For immunocytochemistry, all subsequent steps were carried out at room temperature; pituitary tissue
sections on slides were first rinsed three times in phosphatebuffered saline (PBS; Sigma, P 4417) at pH 7.4
for 15 min. Next, the aldehyde moieties from fixation were quenched by incubation of the sections in fresh
50mM ammonium chloride (Sigma, A0171) in PBS for 10 min (Kreis et al., 1989). Sections were then
incubated for 30 min in PBS with 0.2% porcine gelatin (Sigma, G 2500) added as a blocking agent,
followed by a 30 min incubation with a 1:100 dilution of a rabbit polyclonal anti-adrenocorticotrophic
hormone (ACTH) antiserum in PBS/gelatin (Tooze & Burke, 1987). After rinsing three times in PBS, the
sections were incubated for 30 min in a 1:100 dilution of an AP-conjugated goat anti-rabbit IgG second
antibody (Jackson Laboratories, Bar Harbor, ME, USA, 111-055-144) diluted in PBS/gelatin. After rinsing
three times in PBS, the specimens were incubated for 20 min in 100 mM Tris-HCI (Sigma, T 3253) buffer
(pH 8.2) containing Vector Blue III AP substrate (Vector, SK-5300) prepared immediately before use
according to the manufacturer's instructions. Endogenous AP activity was inhibited using 1mM levamisole
(Sigma, L 9756) added to the Tris buffer. The slides were washed thoroughly in the Tris buffer and then in
deionized water to remove buffer salts. The preparation was finally mounted under No.1 coverslips using
Mowiol (Longin et al., 1993).
As a negative control, the experiment was also carried out using blocking solution in place of the first
antibody; no reaction product was detected under this condition, confirming that non-specific binding of the
AP-conjugated secondary reagent was undetectable and that no endogenous AP was contributing to the
labelling seen.
As an additional test of the specificity of the AP reaction, the experiment was also carried out as a threelayer indirect immunolabelling, using a FITC-conjugated intermediate as follows: the rabbit anti-ACTH was
detected using a FITC anti-rabbit (Jackson Laboratories, 111-095-144) at 1:50 dilution in PBS/gelatin
followed by mouse anti-FITC AP-conjugated (Sigma, A 1812) at 1:100 dilution in PBS/gelatin and then
Blue III substrate.
Immunocytochemistry on cultured normal rat kidney (NRK; ATCC line no. CRL 6509) cells using an APconjugated monoclonal anti-biotin antibody (Jackson Laboratories, 200-052-096) was carried out using the
method described previously (Hollinshead et al., 1997). In this experiment, competition controls involving
preincubation of the permeabilized cells with streptavidin or of the first antibody with biotin confirmed the
specificity of the reaction (Hollinshead et al., 1997).
The preparations were examined using a Bio-Rad MRC1024 confocal laser scanning microscope (Bio-Rad,
Hemel Hempstead, UK) equipped with a 15mW krypton-argon laser (Ion Laser Technologies, Salt Lake
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City, UT, USA) attached to a Nikon Diaphot 200 inverted microscope as described previously (Fricker et
al., 1997). The Blue III reaction product was excited with the 488nm (blue) line of the laser, and the
fluorescence emission was collected at 680nm (± 32nm). FITC was detected by excitation at 488nm, and
the emission was collected at 522nm (± 32nm). Brightfield images of the Blue III reaction product were
obtained using the same microscope and laser, but with a three-channel photodiode transmission detector
(Bio-Rad).
For spectrofluorimetric determinations, quartz cuvettes of 1cm path length were used in a Perkin Elmer
spectrofluorimeter. The Blue III substrate was prepared according to the manufacturer's instructions, and
1µg of an AP-conjugated goat anti-mouse second reagent (Zymed, San Francisco, CA, USA, 62-6522) was
added to 2mL of substrate solution (also prepared immediately before use according to the manufacturer's
instructions) in a cuvette. The reaction was allowed to proceed for 10 min at room temperature. The
solution in the cuvette was stirred continually at room temperature during this reaction and during
subsequent data collection. Excitation spectra were collected between 375nm and 650nm using an
excitation slit width of 5nm and a fixed emission slit at 680 ± 10nm. Emission spectra were collected
between 600nm and 800nm using an emission slit width of 5nm and a fixed excitation slit at 525 ± 10nm.
Results
A chance observation of a strong fluorescence signal while examining Blue III-labelled tissue sections in the
CLSM prompted us to examine the fluorescence properties of the reaction product in detail. Fig. 1 shows
the solution excitation and emission spectra for Blue III substrate after reaction with purified AP. The
excitation peak is centred at 505nm, with half-maximal bandwidth from 460nm to 545nm. The emission
peak is centred at 680nm, with half-maximal bandwidth from 650nm to 715nm. These values suggested
that the Blue III reaction product might behave as a useful fluorochrome in immunohistochemistry.

Fig. 1. Spectrofluorimetric analysis of reacted substrate Blue III in suspension. Excitation and emission spectra for reacted vector
substrate Blue III, combined on a single graph (see Materials and methods for experimental details).
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In order to examine the behaviour of the Blue III substrate, rat tissue sections were labelled using an
indirect AP immunocytochemical technique and examined by both brightfield transmission microscopy and
CLSM. The antigen we chose to detect was ACTH in cells of the rat pituitary, using a rabbit polyclonal
antiserum (Tooze & Burke, 1987). Fig. 2A shows a conventional brightfield image of an ultrathin section of
rat pituitary labelled for ACTH using the Blue III system. The cell profiles on the section are visible by
brightfield, and the subset of ACTH-containing cells is decorated with the optically dense AP reaction
product, which appears as a deep blue on the specimen. Fig. 2B shows the same field imaged using the
CLSM; the densely stained cells in Fig. 2A are clearly seen as highly fluorescent profiles in Fig. 2B,
confirming that the fluorescent properties of the Blue III reaction product observed in solution are also seen
in stained tissue sections when using the CLSM.
The experiment was repeated on cryosections of rat pituitary cut at 10µm thickness. ACTH-secreting cells
exhibited a deep blue positive reaction product (Fig. 2C), which also fluoresced strongly (Fig. 2D) when
illuminated with laser irradiation at 568nm. Fig. 2E shows the second antibody, a FITC-conjugated antirabbit hapten, irradiated using a 488nm laser line. This hapten is linked, using an anti-FITC AP-conjugated
third monoclonal antibody, to the Blue III substrate seen in brightfield mode in Fig. 2C and as a fluorescent
reaction product in Fig. 2D.
The Blue III substrate can also be used after AP-dependent immunocytochemistry to obtain high resolution
images of intracellular antigen distribution in three dimensions. For example, Fig. 3 shows a stereo pair
image of the distribution of mitochondria in cultured NRK cells obtained by detecting endogenous
mitochondrial biotin using an AP-conjugated anti-biotin reagent (Hollinshead et al., 1997) coupled with
Blue III detection. A complete three dimensional dataset was collected with the CLSM and reconstructed
into a true stereo pair, clearly revealing the complex branched organization of mitochondria in NRK cells.
The reaction product deposited when substrate Blue III is used to detect AP is stable for many months as a
chromophore in mounted tissue sections. The fluorescent signal obtained from this substrate appears to be
equally stable; samples examined 1 month after staining exhibit a strong fluorescent signal (data not shown),
and it was not found to be necessary to store the samples at low temperature.
Discussion
We report a novel use of a commercial chromogenic AP substrate, the Blue III substrate from Vector
Laboratories, as a highly fluorescent marker in immunofluorescence microscopy. Spectrofluorimetric
analysis of reacted substrate suggested that the Blue III reaction product might provide a useful signal for
CLSM excitation, and this was confirmed using frozen tissue sections of rat pituitary. The large Stokes shift
detected by spectrofluorimetry translated into a useful separation in the CLSM, with the emission from the
Blue III substrate falling within the far red channel, characteristic of dyes such as Cy-5 (Cullander, 1994;
Mujumdar et al., 1996). These observations suggest that the Blue III substrate might also be convenient for
flow cytometry, especially in single-laser systems in which argon ion laser lines at 488nm and 514nm could
be used to excite Fluorescein and substrate Blue III, producing two very well-separated emission signals.
The spectral characteristics of the Blue III substrate obviate the need for UV excitation and make the use of
this substrate more convenient for CLSM than the recently described ELF-97 family of fluorescent
substrates, which require excitation at 360nm (Paragas et al., 1997), or AttoPhos UBL Scientific, San
Francisco, CA, USA), which requires excitation at 440nm (Cano et al., 1992). Furthermore, the signal
produced by the alkaline phosphatase reaction is highly coloured and, therefore, provides a clearly visible
indication of the progress of a reaction during development. Neither the blue colour nor the fluorescent
signal show the rapid decay associated with chemiluminescent substrates for this enzyme.

5

Fig. 2. A comparison of brightfield and fluorescent imaging of the Blue III reaction product. (A) A brightfield view of a 100-nm
thin cryosection of rat pituitary labelled with a rabbit polyclonal anti-ACTH, detected with substrate Blue Ill. (B) The same field
imaged using the CLSM, with excitation at 568nm and detection at > 680nm. A 10-mm thick cryosection of rat pituitarv, labelled
with an additional anti-FITC, AP-conjugated hapten, is shown in C-E. (C) A brightfield view and (D) the same field irradiated at
568nm and detected at > 680nm. (E) The same view, irradiated at 488nm and detected at 522nm. Bars = 20µm.

The use of substrate Blue III as described here permits the immunodetection of antigens using a
chromogenic substrate on tissue sections in conjunction with conventional brightfield imaging, but adds the
possibility of subsequent high-resolution CLSM examination of the same specimens. Our data suggest that
stained material archived at room temperature for long periods may also be suitable for subsequent highresolution analysis. Thus, this may offer a particularly effective approach in high-throughput histology or
pathology applications where a subset of specimens may subsequently require more detailed study.
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Fig. 3. Confocal laser scanning microscopy using the Blue III system. Stereo pair of a three-dimensional reconstruction of NRK
cells labelled with a monoclonal anti-biotin reagent to detect endogenous mitochondrial biotin. Bar = 10 µm.
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