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Introduction. Dimorphic fungi could inhabit a wide range of ecological niches because of their enhanced adaptive possibilities. Under the action of changing environment they could grow in mycelial or yeast phase. At the same time, it is well known that the variability of living organisms is highly increased in stress environments. Therefore, we could anticipate that the population of dimorphic (or polymorphic) fungi living in extremal econiche would be more heterogeneous than in usual conditions.We are work more than 6 years (Gorbushina et al., 1993; Bogomolova et al., 1998) with rock-inhabiting fungi, which colonise surface of marble, limestone, granite, etc.  

All of this mineral substrates are, as investigations of last 20-years show, very convenient for a special group of black-coloured fungi (Staley et al., 1982; Gorbushina et al., 1993; Urzi et al., 1995; Panina et al., 1997). Most of them are dimorphic or have very interesting varying morphology, i.e. polymorphic when grow in culture conditions. But on the mineral substrate they occur mainly in microcolonial form - as a clusters of tightly packed thick-walled cells of spherical shape (i.e. yeast-like) or as moniliform thick-walled hyphae. Note, that mineral substrate with high degree of insolation, dryness (for instance, in deserts and archaeological excavations) and without any significant organic admixtures could be considered as an extremal for fungi. 

Morphological potential of P. exophialae. 

We have examined 9 strains of lithobiontic black yeast Phaeococcomyces exophialae de Hoog, which were isolated previously from marble monuments in Chersonessus of the Tauride (Crimea, Ukraine). All strains are belong to our unique collection of lithobiontic fungi. These fungi possess a pool of different morphological structures for passive protection from environmental stress. 

We tried different experimental conditions to elucidate  the morphological plasticity of     P.  exophialae,  and  found  that   this  fungus can produce such structures as: mycelium, pseudomycelium, yeasts, chlamydospores and microcolonies (structure of macro-level).

It is important, that this fungus was described  (de Hoog, Hermanides-Nijhof, 1977) as producing only budding cells and pseudohyphae, and never having  true mycelium. But we experimentally established (Bogomolova et al., 1998; Bogomolova, 1999), that there are some strains of this species, which could undergo dimorphic  transitions  from yeasts  to mycelium. On the base of these observations we developed the conception of morphological potential - the set of special  forms characteristical for the given fungus (Bogomolova, 1999). Practically all of these forms are able to interconversions. It is a powerful adaptive mechanism allowing the fungi to withstand the stress and to react fast and adequately on any environmental changes. The transition from one form to another is a complicated process depending on the variety of factors transducting by cell signalling systems, such as cAMP, Ca 2+ , InsP3.

The short characteristics of all growth forms of P. exophialae (Ch 49):
1. Mycelium. Ch 49 can produce true mycelium, sometimes slightly branching. It is an unstable growth form occurring under the ageing of culture (aerial hyphae) and in a poor media. Relatively rare form.

2. Pseudomycelium. Very changeable stage; can arise spontaneously. May be interpreted as a ecologically advantageous unstable  equilibrium between mycelial and yeast phases. Very usual form for Ch 49.

3. Yeasts.  The main,  most stable phase, cells 3 - 5 mkm diam. Multiple budding; tendency to chlamydospore formation. Very tolerant to the stress. Note, that yeast phase in many cases is a virulent form of pathogenic dimorphic fungi. This fact indicates its ability to withstand   host immunity system’s resistance.

4. Chlamydospores. Dormant cells, 6 - 8 mkm diam., with thick, strongly melanised cell walls. Arise with culture ageing or under the stress affect (unfavourable conditions). These cells form mainly from the yeast cells, but sometimes from pseudomycelium. Presumably cells of this type are occur in natural environment in microcolonies.

5. Microcolonies. Clusters of tightly  packed thick-walled spherical cells or moniliform hyphae.  It is a macro- stage in the set of Phaeococcus forms, but we are included it in the conception of morphological potential because of it’s importance in the ecology of this fungi.

Morphometric analysis of 8 P. exophialae strains. In order to made quantitative analysis  of morphological parameters of P. exophialae, we  carried out measurements of all possible morphological stages for 8 strains of this fungus. All strains were isolated from marble exposed in equivalent environmental conditions. The table of presence / absence of  different growth forms was composed on the base of our previous investigations (Tab. 1.):

Table 1.
Morphological stages of investigated strains of  P. exophialae.

STRAIN
STAGE


Yeast
Pseudomycelium
Mycelium
Chlamydospores

Сh 3
+
+
not detect.
+

Ch 12
+
+
+
+

Ch 20/A
+
+
+
+

Ch 20/B
+
+
+
+

Ch 21
+
+
+
+

Ch 24
+
+
not detect.
+

Ch 49
+
+
+
+

Ch 56
+
+
+
+

Due to avoid a confusion with mycelium / pseudomycelium differentiation we used for the this stages a morphological index (MI), which we have modificated after Merson-Davies and Odds (1989). The  modified expression is: MI = 1 + 5 lg [1 + ls/d2], where  l - length, s - septal diameter,  d - maximum diameter of the cell. It is ranged from approximately 1 for spherical yeast cells, 1.5 for elongated cells; 2.5- 3.4 for pseudohyphae and usually more than 3.4 - to 4.5-5  for true hyphae.  For each cell a MI value was calculated (tab. 2, 3).

P. exophialae pseudomycelial cells parameters.                            Table 2.
STRAIN
Mean diam.,

 d, mkm
Septal diam., 

s, mkm
Lengh 

l, mkm
Мorpholo-gical index MI
Dispersion 

of MI, mkm
Median of

MI, mkm

Сh 3
5.84
2.17
6.36
1.70 (1.74)
0.22
1.71

Ch 12
3.35
2.01
5.01
2.34 (2.39)
0.41
2.28

Ch 20/A
3.83
2.48
6.2
2.58 (2.56)
0.37
2.26

Ch 20/B
4.32
2.27
6.19
2.31 (2.22)
0.33
2.12

Ch 21
3.97
2.35
6.15
2.43 (2.41)
0.35
2.18

Ch 24
4.26
2.43
5.78
2.31 (2.25)
0.32
2.20

Ch 49
3.87
1.83
5.77
2.21 (2.16)
0.48
2.10

Ch 56
3.74
2.03
6.14
2.42 (2.38)
0.45
2.25

P. exophialae mycelial cells parameters.                                       Table 3.

STRAIN
Lengh, l, mkm
Mean 

 d, mkm
Septal diam., s, mkm
Morpholo-gical index, MI
Dispersion of MI,  mkm
Median of  MI,

 mkm

Сh 3
-
-
-
-
-
-

Ch 12
5.13
2.3
2.1
3.4 (3.41)
0.13
3.42

Ch 20/A
7.73
2.68
2.32
3.71 (3.72)
0.41
3.57

Ch 20/B
8.58
2.62
2.18
3.78 (3.86)
0.41
3.73

Ch 21
7.93
2.52
2.38
3.87 (3.99)
0.43
3.82

Ch 24
-
-
-
-
-
-

Ch 49
8.11
2.25
2.01
4.31 (4.13)
0.55
3.65

Ch 56
8.23
2.22
2.13
4.23 (4.29)
0.49
4.12

For the comparison of yeasts and chlamydospores we measured maximum diameter only (table  4, 5 ). Fig. 4  shows a principle of  cell measuring.
P. exophialae yeast cells parameters.                                             Table 4.

STRAIN
Mean

 d, mkm
Мode

 М1, mkm
Моde 

М2, mkm
Мedian,

mkm
Dispersion

mkm

Сh 3
5.44
5.0
-
5.0
0.87

Ch 12
4.33
5.2
4.2
4.1
0.72

Ch 20/A
4.65
5.0
4.0
4.55
0.67

Ch 20/B
4.55
5.0
4.0
4.40
0.58

Ch 21
4.81
5.1
4.2
4.9
0.77

Ch 24
4.25
5.0
4.2
4.1
0.56

Ch 49
4.55
5.1
3.9
4.9
0.88

Ch 56
4.37
5.0
-
4.0
0.71

                                                                           Table 3.
P. exophialae chlamydospores parameters.

STRAIN
Mean

 d, mkm
Моde

 М1, mkm
Меdian,

mkm
Dispersion

mkm

Сh 3
9.29
9.0
9.0
1.8

Ch 12
6.0
5.8
6.0
0.44

Ch 20/A
6.89
7.0
6.9
0.82

Ch 20/B
5.95
-
6.0
0.30

Ch 21
6.83
-
6.2
1.0

Ch 24
5.73
-
5.7
0.46

Ch 49
6.83
7.0
6.8
0.79

Ch 56
5.99
6.1
6.0
0.37

Our results showed the polymodality of yeast cell sizes distribution - usually 2 or 3 spikes which correspond to: (i) nascent cells; (ii) mature cells; (iii) chlamydospores. These spikes are characteristic of population state, age, and sometimes of its history. 

Further we operated with mean values of cell diameter for  yeasts and chlamydospores and mean MI values for mycelium and pseudomycelium (for each strain solely). On the base of these data   we calculated the distances between all strains (using the formula: d = {( [xim - xin)/(i]2 a2i}1/2

, where  d - distance between morphological phases of all strains; n - number of phases; xi - i-st phase; ai - significance of given phase for morphometrical distinguishing of given strain). The matrix of similarity was composed on the base of these data: 
Ch 3
-









Ch 12
18.4
-








Ch 20/A
6.46
0.75
-







Ch 20/B
6.49
0.69
0.48
-






Ch 21
5.90
0.95
0.35
0.43
-





Ch 24
1.46
18.30
6.37
6.47
6.34
-




Ch 49
5.58
1.22
0.83
0.76
0.63
5.50
-



Ch 56
6.18
1.19
0.88
0.68
0.73
6.05
0.54
-


Ch 59
5.99
1.34
0.82
0.84
0.63
5.93
0.20
0.49
-


Сh 3
Ch 12
Ch 20/A
Ch 20/B
Ch 21
Ch 24
Ch 49
Ch 56
Ch 59

Than we carried out clustering  of morphologically close strains (fig.1.).
We are found that Chersonessus population of this fungus is moderately heterogeneous in general and the main difference between all strains is the presence or absence of mycelial form in their morphological potentials. The strains Ch 3  and Ch 24  are mostly remoted from others so we suppose that this fact is ecologically stipulated. 

It is known, that variability of all organisms increases under the action of stress factors. Only form wich fits to given conditions can survive. So the heterogeneity observed among the representatives of the population of lithobiontic fungi could be interpreted as an universal adaptive mechanism for the surviving under environmental stress. Our results are essential for the evaluation of P. exophialae local population heterogeneity which could indicate the direction and extent of microevolutionary processes taking place on rock surface.
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