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Colorimetric in situ hybridization
(CISH) with digoxigenin-labeled
oligonucleotide probes in
autofluorescent hyphomycetes

Summary We used digoxigenin-labeled probes for in situ hybridization of
hyphomycetes to replace the commonly used fluorescent proof of probe binding by
acolorimetric reaction. The resulting blue-purple, intracellular precipitate could be
easily detected by light microscopy, and thus presented a promising method to
overcome autofluorescence of fungal material and substratum. Optimal cell fixation
and permeabilization procedures, as well as hybridization conditions were devel oped
on the exampl e of two different hyphomycetes: Phialophora sp. and Cartapip™, a
colorless mutant of Ophiostoma piliferum (Agra Sol).
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Introduction

In situ hybridization was originally developed in bacteriology
for taxon specific detection of procaryotes without cultivation
[1]. Therefore, fluorescence-labeled, rRNA-targeted probes
were used because of their easy handling and detection.
Fluorescence in situ hybridization (FISH) was not only applied
to study certain groups of bacteria [8], but also to detect them
intheir natural environment [7]. Only recently was the method
modified and adapted to the requirements of a certain group
of hyphomycetes [12], and has now been used to detect
Aureobasidium pullulanson leaf surfaces[5, 10] and yeastsin
yogurt [4]. Pathogenic Candida species could a so be detected
in a human endothelial cell line [6]. Furthermore, in situ PCR
followed by FISH was used to detect slow growing fungi with
low metabolic activity with 18S rDNA-targeted probes [11].
When using FISH for the detection of epi-/endophytic and
epi-/endozoic hyphomycetes, the detection is often hampered
by the strong autofluorescence either of the materials or,
particularly, of the associated fungi. To overcome this problem,
digoxigenin (DIG)-labeled probes can be used [3, 13]. Probe
binding can be detected colorimetrically by antibodies specific
for digoxigenin, which are coupled with an enzyme (alkaline
phosphatase). After adding the enzyme substratum (4-nitroblue
tetrazolium chloride/5-bromo-4-chloro-3-indolyl-phosphate),
an intracellular blue-purple precipitate occurs, easily to detect
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by light microscopy. Thus, colorimetric in situ hybridization
(CISH) is apromising method to overcome autofluorescence
of fungal material and substratum. In this study we report the
results of CISH on the example of two different hypho-
mycetes—Phialophora sp. and Cartapip™ (a colorless mutant
of Ophiostoma piliferum, Agra Sol)—and afirst protocol for
the application to hyphomycetes.

Materials and methods

Growth conditions, cell permeabilization and fixation Fungal
strains of Cartapip™ (Agra Sol) and Phialophora sp. were
cultivated in liquid malt extract media (2%) for 4-10 days.
Cultures were harvested by filtering, and washed with PBS-
buffer (1 M, pH 7). Approximately 0.05 g of fungal material
were incubated with 250 m of b-glucanase (10 U/ml in 1 M
Tris/HCI buffer, pH 6) for 2.5-6 hours at 55°C and washed
three timeswith PBS-buffer (s. a). To preserve cell morphology,
cells were fixed in 4% paraformaldehyde solution (in PBS-
buffer) at 4°C overnight. Subsequently, the cells were washed
again in PBS-buffer (s. a) and stored in PBS/ethanol (1:1 v/v)
at —20°C [12].

Oligonucleotide probesin this study the following probes
were used: (i) universal probe (5-GWA TTA CCG CGG CKG
CTG-3)[2]; (ii) non-universa probe (5-CAG CAG CCG CGG
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TAA TTC-3"), which is complementary to the universal probe
and served as negative control for non specific-binding [5].
Both probes were labeled at the 5"-end with digoxigenin (DIG).

In situ hybridization using the digoxigenin-labeled universal
and non-universal probes Colorimetric in situ hybridization
was principally carried out according to the protocol of Zarda
et al. [13], developed for bacteria, but was adapted to the
properties of Phialophora sp. and Cartapip™.

Fixed cell material was dropped on cleaned, chambered
glass slides (Carl Roth GmbH & Co., Karlsruhe), air-dried,
dehydrated in 50%, 80% and absolute ethanol and dried at room
temperature. Samples of 8 m hybridization buffer (0.9 M NaCl,
20 mM Trig/HCI, 0.01% SDS, 10-30% formamide, pH 8) and
1 m of the universal/non-universal probe (50 ng/m) were
pipetted to each well of the prepared slides, and incubated in
an equilibrated humid chamber at 46°C for 1.5 hours. The
universal probe served as a positive and the non-universal probe
as anegative control. Additional negative control sampleswere
hybridized without probes. After hybridization the slides were
rinsed with distilled water. Optionally, the slides were washed
stringently at 48°C for 20 min with hybridization buffer, rinsed
with distilled water and air-dried.

For the detection of DIG-labeled hybrids, an antibody solution
was pipetted to the cells. Therefore, specific anti-DIG-antibodies
(Fab-fragment; Boehringer Mannheim) coupled with alkaline
phosphatase (AP) were used. Anti-DIG-antibodieswerediluted
in abuffer containing 150 mM NaCl, 100 mM Tris/HCI (pH 7.5)
and 0.5% blocking reagent (Boehringer Mannheim) to afinal
concentration of 2.5-5 U/ml. Aliquots of 10 m of this solution
were pipetted to each well with the hybridized samples and
incubated in an equilibrated humid chamber for 1 hour at 27°C.
Additional negative control samples (hybridized without probes)
were treated with 10 m of anti-DIG-AP dilution and 10 n of the
antibody buffer, respectively. Subsequently, the dides were washed
in awashbuffer (150 mM NaCl, 100 mM Tris’HCI, 0.01 SDS,
pH 7.4) for 10 min at 29°C and air-dried. For the detection of the
enzyme-conjugated anti-DI G-antibodies, a substrate stock solution
of NBT (nitroblue-tetrazolium chloride) and BCIP (5-bromo-
4-chloro-3-indolylphosphate, toluidine salt) was purchased from
Boehringer Mannheim. This stock solution was diluted in 100
mM Tris/HCI, pH 9.5, 100 mM NaCl and 50 mM MgCl,,
according to the protocol of Boehringer. An aiquot of this substrate
solution (30m) was pipetted to each well including the negative
control samples. The slides were incubated inside a humid
chamber at room temperature overnight. The insoluble, blue-
purple product was visualized by light microscopy using bright
field. Color photographs were taken on Kodachrome EPY 64T.

Results and Discussion

When using fluorescent in situ hybridization for the detection
of Cartapip™ and Phialophora sp. on natural samples, the

detection is hampered by the strong autofluorescence of the
substratum (wood and bryozoan) and/or the fungi from the
biofilm growing on these materials. To overcome this problem
of autofluorescence, colorimetric in situ hybridization was used
for the detection of Cartapip™ and Phialophora sp., and the
first results are presented. After hybridization with the DIG-

labeled universal probe, antibody binding and addition of the
substrate solution to the cells of Cartapip™ andPhialophora sp.,
we observed a blue-purple precipitate in the cells (Fig. 1A
and 2A). One key parameter for successful hybridization isthe
permeabilization of cell walls, in order to admit penetration of

the large mol ecul es (antibody-enzyme complex) of the indirect
probe detection system [10, 11, 12]. On the other hand, the
stringency of probe binding could be increased using different
formamide concentrations (10% for Cartapip™ and 30% for
Phialophora sp.). As aresult, unspecific binding of the non-

universal probe could be minimized for both fungal strains
(Fig. 1B and 2B). The consequence of the optional washing
step after hybridization also was higher probe binding
stringency. However, the additional washing step can cause
considerable loss of cell mass on the slide. And in the case of

Cartapip™, it could not increase the stringency more than
formamide in the hybridization buffer did. Altogether, in any
case only the best results are presented. To use the method in
mixed assemblages, amean formamide concentration (i.e. 20%)

could be used.

To test the specificity of the anti-DIG-antibody, we treated
the second negative control sample only with the specific
antibody and its substrate solution. The results for Cartapip™
showed only weak (Fig. 1C) and for Phialophora sp. stronger
unspecific binding of the antibody (Fig. 2C). This might be
due to the higher antibody concentration used for the treatment
of Phialophora cells, 5 U/ml in contrast to 2.5 U/ml for
Cartapip™. Higher antibody concentrations were used with
Phialophora, because the fungus differsin pigmentation from
Cartapip™. (The latter is colorless, Phialophora is pigmented
slightly brown). Pigmentation changes the effect of permea-
bilization conditions, because it results in stronger cell walls.
And furthermore, probe detection needs a stronger signal to
overcome the pigmentation. Thus, the concentration of the
antibody solution appeared to be crucial, and we had to optimize
it carefully to achieve maximum probe detection and minimum
unspecific binding. The negative control samplestreated only
with substrate solution showed no blue-purple precipitate in
the cells. Thus, unspecific coloring due to the activity of alkaline
phosphatase within the fungal cells could be excluded (Fig. 1D
and 2D). Table 1 gives an overview of significant variables of
the protocol, which possibly have to be adapted for the
application to other hyphomycetes, and their effect on
hybridization results.

This method is apromising alternative to FISH. High probe
detection rates and minimal unspecific signal could be achieved
after careful optimization of hybridization and probe-detection
parameters. Y et, the same system could only be applied to the
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Fig. 1
Colorimetric in
situ hybridization
of Cartapip™

(bar = 90 mm).
(A) Positive
control sample
with the universal
probe.

(B) Negative
control sample
with the non-
universal probe.
(C) Negetive
control samplefor
unspecific binding
of the antibody
(treated with anti-
DIG-antibody and
substrate
solution).

(D) Negative
control samplefor
intracellular
dkaine
phosphatase
activity (treated
with substrate
solution)

Fig. 2
Colorimetric in
situ hybridization
of Phialophora
sp. (bar =90 nm).
(A-D) same
asinFig. 1
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Table 1 Variables which have to be adapted and their effect on hybridization results

Vaiable

Effect on hybridization result

b-Glucanase treatment (5-15 U/ml for 2-6 h)
Amount of probe (50-100 ng)

Formamide concentration (5-35%)

Additional washing step after hybridization

Anti-DIG-AP concentration (1.5-5 U/ml)

Blocking reagent (0.5-1%)

Optimizing permesbilization of cell walls

Maximizing hybridization
Minimizing unspecific binding

Optimizing stringency of probe binding

Optimizing stringency of probe binding
(Eventudly loss of cdll mass)

Maximizing probe detection
Minimizing unspecific binding of the antibody

Minimizing unspecific binding of the antibody

in situ detection of the actinomycete Frankia [14]. Yet, asimilar
strategy to deal with autofluorescence problems was described
for in situ hybridization of cyanobacteriausing directly enzyme-
labeled (horseradish peroxidase) probes [9]. Asdirect enzyme-
labeling leads to more difficult handling of probes, and detection
rates using the antibody-technique as described were very
satisfactory, this method was favored for the application to
hyphomycetes. Note, however, that it is not possible to present
ageneral protocol of colorimetric in situ hybridization that is
applicable on al hyphomycetes. For the detection of different
fungi the variables of the protocol probably have to be adapted
to the requirements of these fungi asit is presented in this study.

Acknowledgments This work was supported by the “ Studienstiftung des
deutschen Volkes' and the VW-Stiftung, grant No. 25D.-76 251-10-8/97/4
(ZN 283).

References

1.  AmannRI, Ludwig W, Schleifer KH (1995) Phylogenetic identification
and in situ detection of individual microbial cells without cultivation.
Microbiol Rev 59:143-169

2. Giovannoni SJ, Del.ong EF, Olsen GJ, Pace NR (1988) Phylogenetic
group-specific oligodeoxynucleotide probesfor identification of single
microbia cells. JBacteriol 170:720-726

3. HahnD, AmannRI, Zeyer J(1993) Whole-cell hybridization of Frankia
strains with fluorescence- or digoxigenin-labeled, 16S rRNA-targeted
oligonucleotide probes. Appl Environ Microbiol 59:1709-1716

4. KoseD, Sdler H, Amann R, Ludwig W, Scherer S (1997) Identification

10.

11

12.

13.

14.

of yoghurt-spoiling yeasts with 18S rRNA-targeted oligonucleotide
probes. System Appl Microbiol 20:468-480

Li S, Spear RN, Andrews JH (1997) Quartitative fluorescence in situ
hybridization of Aureobasidium pullulanson microscope sidesand leaf
surfaces. Appl Environ Microbiol 63:3261-3267

Lischewski A, Amann RI, Harmsen D, Merkert H, Hacker J,
Morschhaeuser J (1996) Specific detection of Candida albicans and
Candida tropicalisby fluorescent in situ hybridization with an 18S rRNA-
targeted oligonucleotide probe. Microbiology 142:2731-2740
Llobet-Brossa E, Rossell6-Mora R, Amann R (1998) Microbial
community composition of Wadden Sea sediments as revealed by
fluorescencein situ hybridization. Appl Environ Microbiol 64:2691-2696
Manz W, Amann R, Ludwig W, Wagner M, Schleifer KH (1992)
Phylogenetic oligodeoxynucleotide probes for the major subclasses of
proteobacteria: Problems and solutions. System Appl Microbiol
15:593-600

Schénhuber W, Zarda B, Eix S, Rippka R, Herdmann M, Ludwig W,
Amann R. (1999) In situ identification of cyanobacteriawith horseradish
peroxidase-labeled, rRNA-targeted oligonucleotide probes. Appl Environ
Microbiol 65:1259-1267

Spear RN, Li S, Nordheim EV, Andrews JH (1999) Quantitative imaging
and statistical analysis of fluorescence in situ hybridization (FISH) of
Aureobasidium pullulans. J Microbiol Methods 35:101-110
Serflinger K, Krumbein WE, Schwiertz A (1998) A protocol for PCR
in situ hybridization of hyphomycetes. Internatl Microbiol 1:217-220
Sterflinger K, Hain M (1999) Insitu hybridization with rRNA targeted
probes as anew tool for the detection of black yeasts and meristematic
fungi. Studies in Mycology 43:23-30

Zarda B, Amann R, Wallner G, Schleifer, KH (1991) Identification of
single bacterial cells using digoxigenin-labeled, rRNA-targeted
oligonucleotides. J Gen Microbiol 137:2823-2830

Zepp K, Hahn D, Zeyer J(1997) Evauation of a23SrRNA insartion as
target for theanalysis of uncultured Frankia populationsin root nodules
of ddersby whole cdll hybridization. System Appl Microbiol 20:124-132



