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Electron microscopic cytochemical procedures were used to determine the cellular location
of acid phosphatase in the fungus Humicola lutea grown in casein-containing medium lacking
in mineral orthophosphates. In our investigations acid phosphatase in nongerminating con-
idia was localized on the outer side of the cell wall, in the cell wall, and on the exterior
surface of the plasma membrane. The reaction product of acid phosphatase in germinating
conidia was seen in the outer wall layer while in young mycelium on the cell surface and in
the exocellular space. The relationship between phosphatase activities localized in the cell
wall and their role in the enzymatic degradation of the phosphoprotein casein providing
available phosphates for cell growth is discussed.
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Introduction

The production and characterization of fungal
acid phosphatases, as well as their function in the
cells have been reported in several studies (Haas
et al., 1991; Nozawa et al., 1998; Tsekova et al.,
2000, 2002). Most of the phosphatases were pro-
duced in low-phosphate media containing inor-
ganic forms of nitrogen sources. The information
on the biosynthesis of phosphatases by fungi capa-
ble of utilizing organic compounds as a phospho-
rus source is insufficient (Tarafdar et al., 1988).

It is known that the fungus Humicola lutea 120Ð
5 produces acid phosphatases during submerged
cultivation in a medium containing casein (a mix-
ture of phosphoproteins with different molecular
weights) as a sole phosphate source (Aleksieva
and Micheva-Viteva, 2000). Our previous studies
showed that H. lutea acid phosphatases could be
determined as constitutive (AcPh I) and induced
by casein two Pi-repressible forms (AcPh II and
AcPh III) (Micheva-Viteva et al., 2000). The distri-
bution of acid phosphatase activities in the culture
liquid and mycelial extract and some differences
in the localization of the enzyme in the hyphal fila-
ments were previously discussed (Aleksieva et al.,
2003).

The cytochemical localization of the microbial
phosphatases has been made mainly in vegetative
cultures by a few scientists (Garrison and Arnold,
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1983; Arnold et al., 1988; Cherepova and Spasova,
1996; Spasova and Galabova, 1998). Spectropho-
tometric and cytochemical methods were used for
the quantification of acid phosphatase in ungermi-
nated conidia from the fungus Colletotrichum gra-
minicola (Schadeck et al., 2000).

In the present study we investigate the cyto-
chemical localization of acid phosphatase in thin
sections of conidia and hyphae of the fungus H.
lutea 120Ð5 cultivated in casein-containing me-
dium lacking mineral orthophosphates. The main
goal is to clarify the physiological role of acid
phosphatase in the degradation of casein from the
culture medium, releasing the available phospho-
rus for mycelial growth.

Materials and Methods

Fungus

The fungal mutant strain Humicola lutea 120Ð5
(National Bank for Industrial Microorganisms and
Cell Cultures: 391, Bulgaria) isolated and selected
(Grigorov et al., 1983) in the Institute of Microbi-
ology, Sofia, was maintained on 1.5% beer agar at
28 ∞C for 7 d to obtain dense sporulation.

Media and culture conditions

The submerged cultivation of the fungus was
carried out in casein-containing medium (CM)
without inorganic phosphate (Pi) (per litre): 20 g
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glucose, 4 g casein, 0.5 g KCl, 0.5 g MgSO4, 0.004 g
FeSO4 · 7H2O, 0.003 g ZnSO4 · H2O, 0.001 g
MnSO4 · H2O. As a control a medium containing
the same components plus KH2PO4 (Pi) in the
concentration 1 g/l was used. The pH value was
adjusted to 6.0 and media were autoclaved at
115 ∞C for 15 min. A portion (4 ml) of the spore
suspension containing 107 to 2 ¥ 108 spores/ml was
used as an inoculum for 50 ml of the nutrient me-
dia in 500 ml Erlenmeyer flasks. The submerged
cultivation was at 28 ∞C for conidia germination
and mycelia formation. The samples were taken at
different times hours of the cultivation for deter-
mination of dry biomass, acid phosphatase activity
and preparation of thin sections for transmission
electron microscopy (TEM).

Enzyme assay

Acid phosphatase activity was assayed by meas-
uring p-nitrophenylphosphate (pNPP) hydrolysis,
using the method of Andersch and Szezypinski
(1947). One unit of enzyme activity is defined as
the release of 1 μmol p-nitrophenol in 1 min at
37 ∞C at pH 4.8.

Dry weight measurement

Some samples were assayed for dry mycelium
weight (dmw). The biomass concentration was de-
termined by drying at 105 ∞C until a constant
weight was obtained.

Reproducibility

All the experiments concerning the formation
of biomass and the determination of acid phospha-
tase activities were repeated at least twice and the
samples were assayed in triplicate. The data points
represented the mean values within ð (2 to 3)%
of the individual values.

Ultracytochemical methods

Acid phosphatase in 24- and 36-h-old cultures
was demonstrated by the method of Gomori,
modified by Miller and Palade (1964), using pNPP
as a substrate. The cells were washed in cacodylate
buffer (0.1 m, pH 7.2) containing 0.22 m sucrose,
centrifugated and fixed preliminary in 2% (v/v)
glutaraldehyde in cacodylate buffer at 4 ∞C for 1 h.
The samples were centrifugated and washed in ca-
codylate buffer. The prefixed cells were incubated
for 1 h at 37 ∞C in 0.5 m sodium acetate (pH 5.0)
containing 3% pNPP, lead nitrate and 0.22 m su-

crose. The final pH value was adjusted to 5.0 with
0.2 m CH3COOH. In the control the incubation
mixture contained no substrate.

Transmission electron microscopy

The samples were post-fixed in 1% OsO4 in ca-
codylate buffer at 4 ∞C for 2 h, then dehydrated by
increasing concentrations of alcohol and embed-
ded in Durcupan (Fluka). Thin sections were ex-
amined by a Zeiss electron microscope (model
10C).

Results and Discussion

Formation of mycelial biomass from
H. lutea conidia

H. lutea spores were incubated directly in a me-
dium containing casein (phosphoproteins) as a
sole phosphate source. As a control, casein-
containing medium plus inorganic phosphate
(KH2PO4) were used. Some differences in growth
behavior of the fungus during the course of shake
flask cultivation in the two media were estab-
lished. In the first 12 hours of incubation the myce-
lial dry weight in the control cultures was almost
two-fold higher (0.155 g/flask) compared to the
corresponding Pi-free cultures. In the next 24Ð
36 hours the amount of biomass in the samples ob-
tained in CM without Pi increased gradually (0.175
and 0.375 g/flask, respectively) reaching the same
level as in the control experiment (0.525Ð0.530 g/
flask) at the end (60 h) of the cultivation process.
The biomass formation even in the initial hours of
incubation of H. lutea conidia in the absence of Pi
in CM medium could be explained with the pres-
ence of conidial phosphatase which probably
hydrolyzed the casein ensuring inorganic phos-
phate, a key metabolite for cellular development
(Biswas and Cundiff, 1991). When an extensive
survey of the literature was carried out in order
to associate phosphatases with spores or spores in
germination, little information was found. Accord-
ing to Nahas (1989) these enzymes play a role in
Neurospora crassa conidia as a result of the need
to supply energy for the initial stages of fungal
growth.

Ultracytochemical localization

Representative electron micrographs demon-
strating the location of acid phosphatase in conidia
(nongerminating and germinating) and young
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Fig. 1. Cytochemical localization of acid phosphatase in
ultrathin sections of nongerminating conidia of H. lutea.
(A) Section of cell incubated in the absence of enzyme
substrate (pNPP); large lipid body (�) with electron-
dense areas inserts in a vacuole (V); numerous lipid bod-
ies (L) with electron-transparent matrix in the cyto-
plasm. (B) Note the clearly expressed reaction with lead
phosphate granules on the exterior surface of the plasma
membrane, in the inner electron-transparent zone and
on the outer melanized layer of the conidial cell wall;
large lipid body (�) in a vacuole (V); casein globules (ar-
rows). (C, D) Electron-dense precipitates accumulated
on the outer melanized layer of conidial cell wall; (C)
individual and (D) numerous lead phosphate deposits
on the exterior surface of the plasma membrane. (E)
Single amorphous irregular granules on the plasma
membrane; lipid body (�) with electron-dense matrix in-
serts in a vacuole (V); casein globules (arrows). (F) Lo-
calization of reaction product beneath the outer layer of
conidial cell wall; large vacuole (V) filled with fibrous
material; numerous casein globules (arrows). Bars:
0.5 μm.

hyphae after 24Ð36 h of H. lutea cultivation in CM
lacking in mineral orthophosphates are assembled
in Figs. 1 and 2. Electron-opaque reaction product
was not seen (Fig. 1A and Figs. 2A, C) when the
substrate pNPP was deleted from the assay mix-
ture. The sites of lead phosphate formation in
nongerminating conidia are: on the outer wall lay-
ers, in the inner electron-transparent zone and on
the surface of the plasma membrane (Figs. 1BÐ

Fig. 2. Cytochemical localization of acid phosphatase in
ultrathin sections of germinating conidia and young
hyphae of H. lutea. (A) Conidial germ tube incubation
without an enzyme substrate (pNPP); vacuole (V); nu-
merous casein globules (arrows). (B) Electron-dense
precipitate in the outer melanized wall layer of conidial
germ tube; large vacuole (V); casein globules (arrows).
(C) Section of early hypha (24 h); treatment with incu-
bating medium without substrate (pNPP); lipid body (�)
with electron-dense areas; casein globules (arrows). (D)
Lead phosphate granules situated on the cell surface of
early hyphal filament (24 h). (E, F) Cross section of a
hyphal body (36 h); irregular granules (E) on the outside
of the cell wall and (F) in the exocellular space. Bars:
0.5 μm.

F). Similar results were obtained by TEM (Kneipp
et al., 2004) demonstrating a cell-wall-associated
acid phosphatase in conidial forms of Fonsecaea
pedrosoi, a fungal pathogen causing chromoblas-
tomycosis. In contrast, acid phosphatase activity in
ungerminated conidia from the fungus Colletotri-
chum graminicola was localized in the vacuoles
and not on the cell surface (Schadeck et al., 2000).
Figs. 1E, F clearly demonstrate the reaction be-
tween the substrate (casein globules) and the en-
zyme (phosphatase) released by the outer conidial
wall into the exocellular space. The localization of
acid phosphatase in H. lutea germinating conidia
and young mycelia is shown in Fig. 2. As can be
seen, the electron-dense deposits of lead phos-
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phate were observed in the outer wall layer of the
germ tube (Fig. 2B) and on the cell surface (Figs.
2D, E) as well as in the exocellular space (Fig. 2F)
in the case of 24- to 36-h-cultures of hyphal bodies.
These results differ from other observations show-
ing intravacuolar localization of acid phosphatase
in germinated spores and hyphae of the arbuscular
mycorrhizal fungus Gigaspora margarita (Saito,
1995) as well as localization of the enzyme in pe-
ripheral cytoplasmic vesicles in the ascomycetous
fungus Claviceps purpurea (Vořišek and Kala-
chová, 2003). The cytochemical demonstration of
enzyme activity in the vicinity of the wall of H.
lutea germinating conidia and hyphal filaments
(Fig. 2) as the quantity of lead phosphate granules
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