Chapter 3

Similarity Between Piriformospora indica and
Sebacina vermifera Sensu Members of the Order
Sebacinales Based on Immunological Techniques

Rajani Malla, Utprekshya Pokharel, and Ajit Varma

3.1 Introduction

Phosphatases are the enzymes of wide specificity which cleave phosphate ester
bonds, and this plays an important role in the hydrolysis of polyphosphates and
organic phosphates. Acid and alkaline phosphatases are the two forms of intracel-
lular phosphatase active at acidic and alkaline conditions, respectively. ACPase was
found to be mainly involved in uptake of P by the fungal mycelia, and alkaline
phosphatase (ALPase) is linked with its assimilation (Fries et al. 1998).

Acid phosphatase in soil originates from both plants and fungi, while ALPase is
believed to be of purely microbial origin (Gianinazzi-Pearson and Gianinazzi 1978;
Tarafdar and Rao 1996). Indications are found that ACPase of fungal origin has a
higher hydrolyzing efficiency than enzymes of plant origin (Tarafdar et al. 2001).
Studying ACPase is difficult due to their multiform occurrence in organisms, their
relative nonspecificity, their small quantity, and their instability in dilute solution.
Their study is also complicated by wide variations in the activity and property of
isozyme between species and between different stages in each plant’s development
(Alves et al. 1994) (Fig. 3.1).

Alkaline phosphatase has been proposed as a marker for analyzing the symbiotic
efficiency of colonization (Tisserant et al. 1993). The argument for this was that
ALPase is an important enzyme in metabolic processes leading to P transfer to the
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Fig. 3.1 3D structure of
purple acid phosphatase from
animal (Lindqvist et al. 1999)

host plant. The alkaline phosphatase activity is shown to be increased sharply prior
to mycorrhizal stimulation of plant growth and then declined as the mycorrhizal
colonization gets aged and P accumulated within the host. Arbuscule is speculated
to be a site of nutrient exchange between the host plant and AM fungi (Cox et al.
1980). Phosphate efflux from the fungi to the host plant at arbuscules is supported
by the recent discovery of novel plant Pi transporters that are localized around
arbuscules and acquire Pi from the fungi (Rausch et al. 2001; Harrison et al. 2002;
Paszkowski et al. 2002).

3.1.1 Sebacinales

Mycorrhizal taxa of Sebacinaceae, including mycobionts of ectomycorrhizas,
orchid mycorrhizas (McCormick et al. 2004), ericoid mycorrhizas, and
jungermannioid mycorrhizas, are distributed over two subgroups. One group
contains species with microscopically visible basidiomes, whereas members of
the other group probably lack basidiomes. Sebacina appears to be phylogenetic;
current species concepts in Sebacinaceae are questionable. S. vermifera sensu
consists of a broad complex of species possibly including mycobionts of
jungermannioid and ericoid mycorrhizas. Extrapolating from the known rDNA
sequences in Sebacinaceae, it is evident that there is a cosm of mycorrhizal
biodiversity yet to be discovered in this group. Taxonomically, the Sebacinaceae
recognized a new order, the Sebacinales (Weil} et al. 2004; Malla et al. 2005). The
order primarily contains the genera Sebacina, Tremelloscypha, Efibulobasidium,
Craterocolla, and Piriformospora. Proteomics and genomics data about P. indica
fungus have recently been described (Peskan-Berghoéfer et al. 2004; Shahollari et al.
2005; Kaldorf et al. 2005; Malla et al. 2007a).

Piriformospora indica and Sebacina vermifera from Sebacinales are
documented to function as bio-fertilizer, bioregulator, bioprotector, and supplement
to the health of the plant and the soil (Verma et al. 1998; Varma et al. 1999; Malla
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et al. 2002). More recently, they are documented to act as agent for biological
hardening of tissue culture-raised plants. Despite their enormous potential, their
biotechnological applications could not be exploited to the level they deserve. The
axenic cultivability of these fungi provided ample opportunity to study the compar-
ative immunological relationship and molecular marker like random amplified
polymorphic DNA (RAPD) to establish variability in between these two fungi
(Weil et al. 2004; Malla and Varma 2004; Malla et al. 2004).

3.2 Materials and Methods

Actively growing colonies of P. indica and S. vermifera sensu were transferred in
modified Aspergillus medium (Hill and Kaefer 2001; Pham et al. 2004b), incubated
for 10 days at 28 = 2 °C in the dark with constant shaking at 120 rpm. The
morphological features of the fungi were studied with the aid of Leica microscope
(Type 020-518.500, Germany).

3.2.1 Gel Filtration Chromatography

The crude protein extracted was fractionated by 80 % saturation of ammonium
sulfate, dialyzed overnight against phosphate buffer (80 mM), and passed through
column chromatography using Sephadex G-100 (Cutler 2001). The flow rate was
0.5 ml/min and fractions of 4 ml each were collected. The relative ACPase activity
was measured in 25 pl aliquots of selected fractions at OD 420 nm using 2 mM
p-NPP as substrate at standard condition of 37 °C. Fraction with higher activity was
pooled and passed through ion exchange chromatography using DEAE Sephadex
(Bollag et al. 1996). The column was neutralized with phosphate buffer (80 mM)
and eluted with 0.1 M NaCl.

3.2.2 Molecular Mass

The active fractions pooled from ion exchanger were separated in 10 % non-
denaturing PAGE (native PAGE). The gel after separation at 4 °C for 6 h was
reacted with 2 mM p-NPP with sodium acetate buffer at room temperature. Yellow
visible phosphatase bands thus formed were eluted from the native gel using elution
buffer (ammonium carbonate, 100 mM) and separated in 12 % SDS-PAGE to
determine molecular mass.
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3.2.3 Developing Antiserum

New Zealand white rabbit were used for the production of antiserum. Polyclonal
antibodies were raised against P. indica ACPase detected in native gel as yellow
band. The band was manually cut by blade and prepared as immunogen, as
described by Amero et al. 1996.

3.2.4 Preparation of Antiserum

The antiserum was prepared according to Hahn et al. (1998). The antiserum was
precipitated up to 50 % by adding an equal amount of saturated ammonium sulfate
solution. Further purification of antiserum was done by ion exchanger, DEAE—
Sepharose CL-6B (Johnstone and Thorpe 1996).

3.2.5 Immunodetection

The quick method of detection of antiserum was done by single radial and double
immunodiffusion (Vaerman 1981) and ELISA (Harlow and Lane 1999; Voller et al.
1980) method. The optimal concentrations of the conjugate as well as of primary
antibody were determined by crisscross serial dilution analysis.

3.2.6 Immunoblotting

Western blotting of the antiserum was done according to Towbin et al. (1979) and
Horst (2000). Nitrocellulose sheet (Schleicher and Schuell, Germany) 0.45 pum pore
size was used for transblot of protein. The blots after transfer were detected with
Ponceau S stain (Sigma), destained with deionized water. The purified antiserum
using DEAE—Sephadex CL-6B served as primary antibody. Enzyme-conjugated
secondary antibody (HRPO, anti-rabbit IgG, Sigma, A-9169) was used for binding
of primary antiserum. 3, 3’-Diaminobenzidine tetrahydrochloride (DAB) in combi-
nation with urea peroxide (Sigma Co.) as substrate provided for visualization of
immunological complex.
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3.2.7 Immunofluorescence

The hyphae and spores were fixed for 15 min at 4 °C with 3.7 % paraformaldehyde,
mixed with an equal amount of double-strength phosphate buffer, and passed
through a 0.45 pm Millipore filter. Washed the treated sample with PBS
(3 x 5 min) containing 100 mM glycine. Biomass was permeabilized with 0.1 %
Triton X-100 in PBS for 4 m. Unspecific binding of the antibodies was blocked by
1 % BSA (Meyberg 1988). After several washings with PBST (containing 0.02 %
Tween 20), the biomass was incubated with antiserum fractionated with ammonium
sulfate diluted to 1:100. Fluorescein isothiocyanate (FITC) (Sigma Aldrich, F-
0382) conjugated 2nd antibody diluted 1:100 was used for visualization of
antigen—antibody complex and screened with confocal microscope (Olympus).

3.2.8 Immunogold

Four day old samples were fixed in 1 % glutaraldehyde and 2 % paraformaldehyde,
filtered through a 0.45 um pore-sized paper kept for 18 h at 4 °C, and postfixed for
2hin 1 % osmium tetroxide. Samples were dehydrated with graded alcohol/acetone
solutions, embedded in LR white resin (Botton and Chalot 1991). Ultrathin-
sectioned (60—90 nm thick) labeled grid with primary antibody IgG (1:100 diluted)
was kept overnight at 4 ° C and washed with 0.1 M PB four times. The grid was
labeled with secondary antibody anti-rabbit-goat IgG conjugated with 15 nm gold
particle (1:100) and stained in 0.5 % aqueous uranyl acetate for 10 min and lead
citrate for 5 min. The stained sections were observed with Philips CM-10 electron
microscope operated at 60—80 KV.

3.2.9 Two-Dimensional PAGE

The first dimension was performed with the tube cell model 175 (Bio-Rad, Hercu-
les, CA) and with glass capillary tube (1.0-1.4 mm internal diameter and 210 mm
long) as described by Gravel and Golaz 1996. Ampholyte pH 5.0-7.0 and 3.0-10.0
were from Bio-Rad. The samples were loaded on the top of the capillary (cathodic
side). 80 pg of the sample was loaded using Hamilton syringe. IEF was carried out
at 200 V constant voltage for 2 h, followed by 500 V constant voltage for 2 h, and
finally 800 V constant voltage for 16 h (overnight). Tube gels were equilibrated in
equilibration buffer for /2 h at RT. The protean II chamber (Bio-Rad) is employed
for second dimension. The gel (160 x 200 x 1.5 mm) was casted in the casting
chamber (Bio-Rad). Tube gels were transferred on the top of SDS gels and
separated at 90 V constant voltage in stacking gel and 120 V constant voltage in
separating gel. Proteins in the 2D gel were stained with silver-staining method.
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3.2.10 Staining of Acid Phosphatase with Fast Garnet GBC

The crude extract of biomass was separated in 10 % non-denaturing PAGE. The gel
after separation was stained with Fast Garnet GBC in sodium acetate buffer
containing o-naphthyl phosphate as substrate at room temperature (Ho and Zak
1979).

3.2.11 Detection of Phosphatase by ELF-97 Substrate

The fungal cultures grown for 48 h in broth were fixed in 3.7 % formaldehyde in
phosphate buffer saline for 1 h in 4 °C. The samples were permeabilized in 0.02 %
Tween 20 in PBS buffer for 10 min at room temperature. The samples were rinsed
four times with PBS. The diluted ELF-97 substrate was filtered through 0.2 pm
pore-sized spin filters E-6606 (Ingrid and van Aarle, 2001). Since the reaction
occurs very fast, the reaction was performed on the microscope using excitation
filter and emission filter from the fluorescein set, which provided the appropriate
UV excitation and transmits wavelengths greater than 400 nm. 50 pl of substrate
solution was added. Immediately, the sample was placed on the microscope and the
development of the signal observed was monitored under the fluorescence micro-
scope (Olympus, model, FV-300).

3.2.12 RAPD Technique

Isolation and purification of fungal DNA was done following modified CTAB
protocol of Moller et al. (1992). DNA amplification was performed in a total
volume of 25 pl containing (in pl) 2.5, buffer (10x without MgCl,); 2.5, MgCl,;
0.8, dNTPs (10 mM); 1.0, primer (30 ng/ul); 0.5 Tag polymerase (3U/pl); and DNA
concentration ranging from 5 to 25. Random 10 bp oligonucleotide primers
(Operon Technologies Alameda, California) were used to produce amplification.
The DNA was amplified in PTC-200 Thermal Cycler (Techne, UK)
electrophoresed on 1.5 % agarose gel in 1 % TAE at 3.5 V/cm for 2 h, stained
with ethidium bromide.

Statistical analysis was performed using the NTSYS-pc program (Rohlf 1992).
The degree of genetic relatedness or similarity was estimated using the Jaccard
coefficient. Clustering of similarity matrices was done by UPGMA (unweighted
pair group method with arithmetic mean) and projection by TREE program of
NTSYS-pc.
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Fig. 3.2 Autofluorescence shown by P. indica (left) and S. vermifera (right) chlamydospores
(arrow) seen under Leica microscope (model, 020-518.500) using I3 filter with excitations range
450-490 A at x400. The characteristic pear-shaped chlamydospores are more frequently common
in P. indica and S. vermifera sensu

Fig. 3.3 50 pg crude protein extracted from fresh biomass of fungus, loaded in native PAGE, was
separated in 10 % gel for 6 h at 4 °C, was washed with 50 mM sodium acetate buffer to neutralize,
and was shaken in water bath with solution of 2 mg/ml P-NPP. Yellow color is p-nitrophenol,
product of enzyme reaction upon substrate. Lane I P. indica, Lane 2 S. vermifera. The banding
pattern of the fungus shows precise similarity in between two fungi in their molecular mass and
ionic strength

3.3 Results

P. indica and S. vermifera sensu belonging to the same taxonomic group show
similar morphology (Fig. 3.2). The molecular mass of ACPase in P. indica and
S. vermifera sensu was identical. The enzyme was eluted from 8 % native gel and
was separated in SDS gel. The identical molecular mass of acid phosphatase in both
of the fungi suggests the close relationship of those fungi (Figs. 3.3 and 3.4).

The antibody raised against acid phosphatase of P. indica showed maximum
ELISA reading with S. vermifera sensu. The immunoblot showed the strong
reactivity of antiserum with own protein of cytoplasmic (CF) and wall membrane
(W/MF) fraction and with protein of CF and W/MF of S. vermifera sensu.
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Fig. 3.4 Molecular weight profile of ACPase eluted from native gel after several purification
procedures. Lane 1 P. indica, Lane 2 S. vermifera sensu, Lane 3 molecular marker (Sigma wide
range). The crude enzyme after selective precipitation of ammonium sulfate followed by gel
filtration (Sephadex G-100) and ion exchange chromatography (DEAE-Sephadex) was separated
in 8 % native PAGE and detected by assay using p-NPP. The eluted protein from native PAGE was
separated by 12 % SDS-PAGE along with wide-range marker. The pure acid phosphatase showed
66kD molecular mass

66 kDa

Fig. 3.5 Western blot analysis of P. indica and Sebacina vermifera sensu separated by 10 % SDS-
PAGE. Lane 1 CF. Lane 2 W/MF of P. indica reacted with homologous antiserum. Lane 3 CF.
Lane 4 W/MF of S. vermifera sensu cross-reacted with P. indica antiserum. The result shows
precisely defined bands in all samples. All blotted bands represent similarity in their molecular
mass supporting immunologically highly related species. CF cytoplasmic fraction, W/MF wall
membrane fraction

The P. indica antiserum blotted the bands of S. vermifera sensu at precise location
of P. indica ACPase in 12 % SDS-PAGE (Fig. 3.5). Using fluorescein isothiocya-
nate (FITC)-labeled antibodies, localization of the enzyme was found on spores and
hyphal walls. The antiserum localized the enzyme in S. vermifera sensu showing
strong relationship of this fungus with P. indica. The precise localization was not
distinct in hyphae. The antibody densely bound the spore wall in comparison to the
inner spore may be due to poor penetration of antibody to wall. The antiserum also
precisely localized the enzyme in cytoplasm and vacuoles of S. vermifera sensu
supporting the immunological link between these two fungi (Fig. 3.6).

Silver-stained 2-dimensional maps of mycelial protein of P. indica and
S. vermifera sensu showed similarity in most of the major protein bands. The gel
indicated differences in some of the minor proteins (Fig. 3.7).
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Fig. 3.6 Immunolocalization of acid phosphatase in P. indica (top) and S. vermifera sensu
(bottom). Electron micrograph of an ultrathin section of P. indica and S. vermifera sensu treated
with secondary antibody (goat anti-rabbit) coupled to colloidal gold 15 nm size. Dark dots are gold
particles indicating localization of the enzyme acid phosphatase. Localization is prominent in
cytoplasm and vacuoles. The cells were fixed with 1 % glutaraldehyde and postfixed with 1 %
osmium tetroxide. The primary antibody was raised against acid phosphatase of P. indica
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Fig. 3.7 Silver-stained two-dimensional maps of mycelial protein of P. indica and S. vermifera
sensu loaded with 80 pg of protein onto IEF gels. Separation in the horizontal dimension was
achieved by isoelectric focusing using carrier ampholyte in the pH range of 3—10 in the presence of
9.2 M urea and separation in the vertical dimension by 12 % SDS-PAGE

Using o-naphthyl phosphate as substrate, different isoforms of ACPase were
obtained by Fast Garnet GBC staining. P. indica and S. vermifera sensu showed
three distinct isoforms of ACPase each, one with higher molecular mass and two
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Fig. 3.8 Fast Garnet GBC staining of ACPase. The ACPase isoforms of P. indica and S. vermifera
sensu show similar banding pattern. Lane 1 P. indica. Lane 2 S. vermifera sensu. The native PAGE
separated for 6 h at 4 °C was neutralized with 50 mM sodium acetate buffer, stained with Fast
Garnet GBC using a-naphthyl phosphate as substrate. The precisely localized band shows similar
molecular mass and ionic strength of isoforms between P. indica and S. vermifera sensu

other with lower molecular mass. The pattern of isoforms was similar in both the
fungi (Fig. 3.8). The higher molecular mass isoform is suspected to be dimeric form
of the enzyme and lower is suspected to be monomeric form of ACPase on the basis
of the position they formed in native gel.

The 48 h old hyphae of P. indica grown in Aspergillus medium when reacted
with enzyme-labeled fluorescence (ELF-97) substrate developed thick fluorescent
precipitation in P. indica hyphae with dense production of ELF crystal. The
reaction was comparable with control (Fig. 3.9). The activities were prominent
but exact position or location of phosphatase was not confirmed. No any extracel-
lular phosphatases and alkaline phosphatase activity were detected by this method.

The RAPD result showed about 60 % similarity between these two fungi
according to the dendrogram (data not given). The RAPD data confirmed that
even among these two species of Sebacinales belonging to the same morpho-
zymographical groups, the level of variation was substantially high according to
RAPD.

3.4 Discussion

The present experiment was undertaken to have an insight to the immunological
relationship of P. indica and S. vermifera sensu grown in vitro. Soil fungi release
the extracellular phosphatases in their environment (Nahas et al. 1982). These
phosphatases are introduced into the soil by active exudation, leakage, or cell
lysis (Dick et al. 1983; Tadano et al. 1993; Malla et al. 2007a). The phosphatase
from P. indica and S. vermifera sensu separated in native PAGE was assayed with
2 mM of p-NPP at pH 5.3. The finding suggests that the mobility of the ACPase
enzymes was identical in those two fungi exhibiting the same overall banding
pattern. The bands separated were appearing to be homologous for both the isolates.
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Fig. 3.9 Detection of ACPase activity by enzyme-labeled fluorescent substrate (ELF 97, molecu-
lar probe). (a) Control without substrate. (b) P. indica. (c). S. vermifera sensu. The result observed
under Olympus standard microscope using excitation filter and dichroic mirror from the DAPI
filter set and emission filter from the fluorescein set provides the appropriate UV excitation and
transmits wavelengths greater than 400 nm. The microscope is equipped for epi-fluorescence with
a high pressure Hg lamp. The results show uniform activity of phosphatase throughout the
mycelium

Certain enzymes and isozymes are more suitable for taxonomic studies of the
organisms (Malla 2008). These enzymes were especially important since they
allowed closely related species to be readily separated. Usually, however, the
species within each genus had very similar (probably homologous) banding
patterns for various enzymes in terms of band number, relative mobility, and
definition (Loxdale et al. 1983). The enzyme of ACPase had identical mobilities
(which are based on molecular size and charge) between these two species. When
p-NPP was used to visualize the bands in native gel, P. indica and S. vermifera
sensu gave single precisely identical banding pattern of 66 kDa molecular mass.
Phosphatase activities, both ALPase and ACPase, have been visualized and
shown to be associated with the hyphal wall and also in vacuoles of the extraradical
mycelium using the enzyme-labeled fluorescent (ELF) substrate. In the intraradical
mycelium, ACPase activity has been localized in arbuscules (Ezawa et al. 1995)
and ACPase activity seemed to decrease with aging of the colonization. In the
intraradical hyphae this activity is mainly located in the vacuoles (Saito 1995).
The polyclonal antibodies raised against cytosolic ACPase of P. indica immuno-
localized the enzyme on the vacuoles and cytoplasm of the mycelium.
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The antiserum precisely localized the enzyme in S. vermifera sensu, displaying
strong relationship between these two fungi.

Separation of protein in two-gel system is a useful technique for distinguishing
different fungi. The protein patterns of mycelium in two-dimensional PAGE of
P.indica and S. vermifera sensu gave the massage that those two fungi are different
in some minor proteins. So far one-dimensional PAGE showed no distinct bands of
dissimilarity. Because of its resolution, the 2D PAGE has been applied to a great
number of biological problems ranging from the analysis of proteins in different
tissues under various hormonal states. The result obtained from 2D PAGE was
comparable for the placement of those two fungi in the same genus not in species.

Staining of the native gel from both the fungi with Fast Garnet GBC using
a-naphthyl phosphate as reaction substrate showed three isoforms of ACPases. It is
noticeable that all those three bands of P. indica were identical to S. vermifera
sensu. Stricto P. indica and S. vermifera sensu stricto, CF and W/MF showed three
distinct isoforms of ACPase each, one with higher molecular mass and two with
lower molecular mass. The mobility of the isozymes and patterns were similar in
both the cases, supporting the closeness of these fungi to each other.

Several attempts were made to purify and characterize the enzyme from AM
fungi; most of the result were based on activities of the enzyme related to extra- and
intraradical hyphae, cytochemical localization, use of enzyme-labeled fluorescent
substrate (ELF), and through expression of transporter genes responsible for
ACPase (Aono et al. 2004). Due to unculturability of the arbuscular mycorrhizal
fungus, very little is known about its purification. The enzyme-labeled fluorescent
(ELF) substrate method could be used for visualizing phosphatase activity
associated with colonized as well as noncolonized hyphae of fungus. Its high
sensitivity provides the opportunity to study more in details the exudation or release
of phosphatases by fungal mycelium in mono-axenic root organ cultures. Further-
more, the use of in situ hybridization may enable localization of the expression of
phosphatase gene(s) at the cellular level. The ELF substrate method has proven to
be a suitable and sensitive method in the determination of ACPase activity
associated with axenic culture of P. indica. An advantage of ELF substrate com-
pared to fast blue RR salt is its high sensitivity. When P. indica and S. vermifera
sensu hyphae were incubated with ELF acid buffer solution, ELF precipitated all
over the internal hyphal structure within 30 s except spores. The use of the ELF
substrate in combination with laser scanning confocal microscopy could probably
provide better insight into the location of phosphatase activity of fungi inside the
roots and external hyphae. Comparing ELF with FB staining the ELF crystals was
more abundant than those of FB. Almost similar observation was noticed in
S. vermifera sensu showing closeness of these fungi to each other.

PCR-based techniques have already been applied to endo- and ectomycorrhizal
fungi where morphological characters are in conflict, ambiguous, and missing
(Podila and Lanfranco 2004). This approach has allowed the development of
molecular tools for their identification (Hartmann et al. 2004; Malla et al. 2005;
Malla and Varma 2007). The RAPD data confirmed that even among these two
species of Sebacinales belonging to the same morpho-zymographical group, the
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level of variation was substantially high. The genetic variation of the isolates was
grouped in the dendrogram (data not given). P. indica and S. vermifera sensu
showed low similarity. The polymorphism showed by RAPD of these two fungi
P.indica and S. vermifera sensu suggests placing these fungi in far-related group or
separated genus although morphologically and immunologically they are closely
related (Malla et al. 2006; Malla et al. 2007b).

3.5 Conclusion

The application of serological technique for localization and characterization of
ACPase in these two fungi has provided new imminent into important aspects of
this field. Result presented in this study provides, antibodies raised against protein
in native gel band was an important technique. The benefits derived from this
technology supply specific antibody which is difficult by ordinary purification
procedure. Piriformospora indica and Sebacina vermifera sensu belonging to the
same taxonomic group show similar morphology, functions, protein profiles, and
isozymes characterization along with close immunological relationships. However,
they show distinct genetic variation based on the random amplified polymorphic
DNA analysis. Thus, it is suggested that such isolates should be considered into
separate species. Molecular characterization offers an alternative approach for more
reliable and reproductive identification at species level. We therefore suggest that
along with morphology and immunological characterization, RAPD analysis could
be used to distinguish indigenous species in natural ecosystem.
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