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Abstract

The resynthesis of thalli of the lichen Dermatocarpon miniatum (L.) Mann
was achieved under laboratory conditions. Three different media, agar plates,
silica gel and soil substrate, were used for cultivation. On agar slants develop-
mental stages with a loose contact between the symbionts and long substrate
hyphae were formed. Cultivation on silica gel was restricted to the forma-
tion of soredia-like lichen primordia. Resynthesis stages of fully developed
Dermatocarpon miniatum-thalli only occurred on soil substrate from the nat-
ural habitat of the lichen.
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1. Introduction

Resynthesis experiments with foliose lichens have rarely been carried out.
One of the best known species in this respect is Xanthoria parietina, which
first had been resynthesized under laboratory conditions by Bonnier (1886,
1889). However, Bonnier’s experiments have not been reproduced until re-
cent times. Bubrick and Galun (1986) succeeded in cultivating Xanthoria
parietina on agar plates. They achieved an axenic spore to spore resynthesis
after 8-12 months.

Several resynthesis experiments of Ahmadjian (e.g. Ahmadjian, 1966;
Ahmadjian and Heikkild, 1970; Ahmadjian et al., 1978; Ahmadjian and
Jacobs, 1982, 1985) attempted both crustose lichens (Endocarpon pusillum,
Staurothele clopima, Lecidea albocaerulescens) and fruticose lichens (Cladonia
cristatella and Usnea strigosa).
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Ten years ago, Jahns and collaborators began to study the development
of several lichen species in their natural environment (e.g. Jahns et al., 1978;
Jahns and Ott, 1982; Schuster et al., 1985; Ott, 1987a, b). Their long-
term investigations of both soredia-producing lichens and lichens with fruit-
ing bodies provided some fundamertal knowledge of lichen life cycles in the
natural habitat. Thus in many cases exists a possibility to compare lichen
development under laboratory conditions with investigations in the natural
environment.

Although foliose lichens are wide-spread and well studied in many respects
(systematically and physiologically), there are only few observations on their
juvenile growth and development. After cultivating crustose lichens from
spores and algae (Stocker-Wérgotter and Tiirk, 1987; Stocker-Wérgétter and
Tiirk, 1988a) and diverse experiments on the growth of foliose and fruticose
lichens from soredia (Worgdtter, 1985; Stocker-Wérgdtter and Tiirk, 1988b)
we directed our attention to the foliose lichen Dermatocarpon miniatum. This
lichen is well suited for resynthesis studies: It produces a great number of
mycobiont spores from perithecia and contains a fast growing green alga
(Hyalococcus dermatocarponis, Ahmadjian, 1967) in its thallus lobes.

Our main interest in this study was to observe morphogenetic stages of the
juvenile thallus development of Dermatocarpon miniatum under controlled
laboratory conditions. The recombination of the lichen symbionts was con-
ducted on agar slants, silica gel and soil substrate. Lichenization and thallus
differentiation were investigated by light microscopy and macrophotography.

2. Materials and Methods

Specimens of the lichen Dermatocarpon miniatum (L.) Mann were collected
on the calcareous rocks of the Nonnberg in the city of Salzburg, Austria. The
lichens were treated immediately after collection or after storage at -23°C.

Cultivation of the isolated lichen components

The mycobiont was isolated from spores of the numerous perithecia, which
had been formed in well-developed lichen thalli. The fruiting bodies were
fixed by means of petroleum jelly to the top cover of a petri dish. The bottom
cover contained the agar plate. To prevent contamination of the agar surface
it is more favourable to use the inverted-spore-discharge-method. The petri
dish was kept with its top cover down and in this way the spores were allowed
to discharge up onto the agar surface.
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The scattered and germinated spores were transferred to agar slants (BBM-
Solution, Bischoff and Bold, 1963, + 2% agar) in test tubes. These mycelium
stock cultures could be preserved for up to 6 months for resynthesis ex-
periments. To study mycobiont growth on a substrate with organic sub-
stances like carbohydrates, a series of mycobiont cultures were conducted on
Sabouraud-glucose-agar (Lallemant, 1985).

The photobiont was determined as Hyalococcus dermatocarponis (Warén,
1920; Ahmadjian, 1967). Algal cells were isolated either by the micropipette
technique (Ahmadjian, 1973) or by squashing small pieces of the algal layer
under the light microscope to guarantee the isolation of the right alga.

The algae were transferred to Bristol-Agar (Bristol-Solution, modified by
Deason and Bold, 1960; + 1.5% agar). The photobiont cultures were con-
ducted both on solid and in liquid Bristol-medium. Both separated symbionts
were incubated in a culture chamber at 20°C + -2°C under a 14:10 hours
light-dark cycle and an illumination of 60-100 yE m~?s~! from fluorescent
lamps (type Philips 65W /29RW).

Resynthesis cultures

Resynthesis cultures were generally conducted on soil substrate from the
habitat of the lichen. The soil was soaked with distilled water, then filled in
glass petri dishes (10015 mm) and autoclaved for 3 hr on two successive
days.

Algae from the liquid medium were transferred to the soil substrate by
means of a pipette. The hyphae from the stock culture were then inoculated
on the algal colonies. To simulate the possible natural way of lichen recom-
bination, algal cells and fungal spores were brought together. Moist thallus
fragments with perithecia were fixed to the top cover of the petri dishes. The
cover with the fruiting bodies was then placed over the bottom half of the
dish which contained the soil substrate and areas with algal colonies. By this
method the spores soon came into direct contact with the photobiont.

To study the early stages of lichen synthesis a series of resynthesis experi-
ments were conducted on sterile agar slants (1000 ml BBM-solution, Bischoff
and Bold, 1963 + 40 ml soil extract of soil from the lichen habitat, prepared
by the method of Esser, 1976 + 20 g agar) and silica gel substrate (BBM-
solution + soil extract as described above, mixed with Silicagel G n. Stahl,
Fa. Merck at a ratio of 2:1, Galun et al., 1972).

All resynthesis cultures were incubated in the culture chamber at the same
day-night-cycle and illumination as described above. The intervals of rewa-
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tering of the soil substrate varied from 4 to 6 weeks. The developmental
stages were examined by a Reichert Polyvar light microscope. The macropho-
tographs were taken by an Olympus camera on Agfapan 25 films by means
of bellows and a 40 mm Zeiss magnifying lens.

3. Results

Cultivation of the itsolated lichen components

Adult thalli of Dermatocarpon miniatum produce numerous pear-shaped
perithecia, which contain the asci and the fungal spores (Fig. 1). After
ca. 24 hr the discharged spores began to germinate (Fig. 2). One unicellular,
egg-shaped spore generally produces 1-2 germ tubes. Usually, 8-16 spores,
the content of one or two asci, were scattered together. In this respect, most
of the developing mycelia consisted of hyphae from 8-16 spores (Fig. 3).

The mycobiont of Dermatocarpon miniatum grew very slowly. During the
first days of incubation a limited growth rate of the germination tubes could
be observed. After 4 weeks in culture only a few branched hyphae appeared
(Fig. 4). After 2 months of cultivation on BBM-Agar, no further growth and
development of the lichen fungus took place.

A well developed mycelium was formed only on the nutrient rich
Sabouraud-agar after an incubation time of 4 weeks. Initially, these mycelia
consisted of thin, short hyphae. Finally, after a period of 4 weeks a dense

fungal network with a remarkable vertical development was formed (Fig. 5).
Thallus-like structures did not occur.

Figures 1-6.
1) Dermatocarpon miniatum, section through a perithecium with asci and spores,
bar = 100 um.

2) D. miniatum, beginning of spore germination (arrows) after 24 hr on agar substrate;
interference contrast. bar = 10 um.

3) Germinated spores of D. miniatum after a cultivation period of 10 days on BBM-agar.
bar = 25 um.

4) D. miniatum, in culture for one month on BBM-agar; no fungal network had been
formed; interference contrast. bar = 25 um.

5) D. miniatum, mycelium cultivated on Sabouraud agar; a dense fungal network had
developed after an incubation time of one month. bar = 25 pm.

6) D. miniatum, isolated photobiont, cultivated on Bristolagar; interference contrast.
bar = 10 um.



| RESYNTHESIS OF DERMATOCARPON MINIATUM 41




42 E. STOCKER-WORGOTTER AND R. TURK

Figures 7-12.
7) Dermatocarpon miniatumn, early fungal-algal stage after 2 days of cultivation on agar
substrate; interference contrast. bar = 10 pum.
8) D. miniatum, algal colonies between fungal hyphae; very loose contact after 1-2 weeks
in culture; interference contrast. bar = 10 pm.
9) and 10)) D. miniatum, early lichen associations after one and 2 1/2 months of cultiva-
tion. Fig. 9; bar = 10 um, Fig. 10: bar = 10 um.
11) Thallus primordia of D. miniatum on silica gel substrate, in culture for 3 months.
bar = 500 pm.
12) Soredia-like lichen stages of D. miniatum from silica gel substrate after a cultivation
period of 4 months. bar = 100 um.

When algal cells were transferred to the agar surface of the mycobiont
cultures, hyphal growth of the germ tubes could be accelerated for a time
interval of up to one week. It was only a short-term effect, which declined
during further development. Fungal growth could also be influenced by algal
colonies which had no direct contact to the hyphae. We assume that the fun-
gus could derive profit from the carbohydrates which were possibly delivered
by the algae to the substrate.

Photobiont cultures

The photobiont was cultivated both on solid and in liquid Bristol-medium.
Both media allowed the same high rate of cell division. After one month
of cultivation some algal colonies were transferred to new media for further
cultivation. The growth of Hyalococcus dermatocarponis was faster than that
of Trebouzia (the most common lichen photobiont).

The isolated photobiont of Dermatocarpon miniatum on agar had a bright
green colour and formed a nearly fluid layer on solid surfaces. Reproduction
occurred by vegetative cell division. The algal cells appeared as single cells
or in clusters of four cells which were connected by a gelatinous matrix. The
photobiont cells have an oval-cylindrical shape with a parietal, plate-like
chromatophore (Fig. 6). The Hyalococcus-cultures were kept for resynthesis
experiments over a period of 2 years.

Resynthests cultures

Long-term resynthesis experiments were conducted on agar slants, silica
gel and on soil substrate from the lichen habitat. The early stages of cellular
interaction between the symbionts were studied on agar plates. These were
first inoculated with a few photobiont cells and later on the mycobiont (as
hyphal fragments from the stock culture or directly from spores, Fig. 7) was
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Figures 13-18.

13) Two-month-old stage of Dermatocarpon miniatum on soil substrate; many algal cells
were integrated by fungal hyphae. bar = 25 um.

14) D. miniatum, developmental stage after 3 months of cultivation on soil substrate;
interference contrast. bar = 50 pm.

15) Thallus primordia of D. miniatum on soil substrate after a cultivation period of
4 months. bar = 500 um.

16) Thallus initials with a rim of white fungal network (arrows) on soil substrate after
5 months in culture. bar = 500 pm. (D. miniatum)

17) Fully developed young thalli of D. miniatum on soil substrate after 7 months in culture;
note the dark rim (arrows). bar = 1 mm.

18) Section through a young thallus after 7 months of cultivation on soil substrate.
bar = 100 pm.

added. Figure 7 shows a very early fungal-algal stage after 2 days of cultiva-
tion, where the fungal spores had already begun to germinate. After 2 weeks
of incubation on BBM-agar the fungal hyphae had enveloped several algal
colonies (Fig. 8). But on agar-substrate the contact between the symbionts
was very loose.

After an incubation time of 3-4 weeks small resynthesis stages appeared,
which were now visible with the unaided eye on agar, silica gel and soil sub-
strate. Algal cells had been encircled (Figs. 9, 10) and soredia-like structures
were formed. After one month of cultivation resynthesis stages were also
available from soil cultures. Developmental stages on agar (Fig. 10) showed
a smooth and loose structure, whereas the stages on soil substrate formed
a considerably more compact, but still undifferentiated tissue (Figs. 13, 14).
The primordia on soil (Fig. 13) formed shorter substrate-hyphae than the
culture stages from the agar plates (Fig. 10). On soil the algae had been
integrated in a tight fungal network and only a few fungal hyphae on the
margin were free from algal contact.

After 8 weeks of cultivation the cultures on agar slants maintained a soft
and non-compact habitus. Thus, Dermatocarpon miniatum could not be
cultivated on agar plates beyond the early stages of lichenization. This was
caused by the high moisture of the agar substrate and by its favourable
nutritive properties.

On soil substrate 2-3-months-old cultures showed the beginning of develop-
ment of a fungal pseudoparenchyma, in which a great number of the available
algal cells were integrated (Figs. 13, 14).

After 3-4 months thallus primordia were formed, which were distinctly
delimitated from the thin algal film covering the soil substrate (Big 15).
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Similar primordia were also formed on silica gel substrate (Figs. 11, 12), but
cultures on silica gel were restricted to these developmental stages (Fig. 12).
Our results indicate that the silica gel-substrate had, in contrast to the agar
plates, a lack of nutritive properties for lichen development.

Further development of Dermatocarpon miniatum stages could be obtained
only on soil substrate. After 5 months of cultivation small thallus initials
were formed with a slender transparent cortex layer. Cortex development
occurred especially on the edge of the developing thalli. The primordia were
surrounded by a rim of white hyphal network, which probably originated
from the formation of the lower cortex (Fig. 16).

Fully developed thallus lobes were formed after a cultivation period of
6-7 months (Fig. 17).

In many respects thalli obtained in the laboratory were similar to thalli
from the natural environment. Like natural thalli the resynthesized lobes
had a thin upper cortex layer and a relatively thick bottom cortex layer
(Fig. 18). Both thalli from culture and the natural habitat were surrounded
by a dark coloured rim. Cultured lobes deviated from natural lobes only
by the consistency of the thallus structure, which was more compact under
natural conditions. The size of cortex, algal layer and medulla were nearly
identical.

4. Discussion

The resynthesis of thalli of Dermatocarpon miniatum from its isolated
myco- and photobiont reveals a further possibility to study the life cycle of
a foliose lichen which is comparable to the well studied Xanthoria parietina
(Bonnier, 1887, 1889; Bubrick and Galun, 1986; Ott, 1987a, b, c).

In contrast to Lallemant and co-workers (Lallemant and Bernard, 1977;
Lallemant, 1985), who obtained thallus-like or even highly differenti-
ated mycelia in their mycobiont cultures with some foliose lichens, the
Dermatocarpon miniatum fungus did not form similar structures. On BBM-
agar the Dermatocarpon mycobiont only formed germ tubes and rarely
branched mycelia. On Sabouraud-agar, which was preferentially also used
by Lallemant (Lallemant and Bernard, 1977; Lallemant, 1985) we obtained
compact mycelia with vertical extension, but no layered or thallus-like struc-
‘tures.

Ahmadjian (e.g. Ahmadjian, 1966; Ahmadjian and Heikkild, 1970;
Ahmadjian et al., 1980; Ahmadjian and Jacobs, 1981, 1982, 1985) conducted
most of the mycobiont cultures on nutrient deficient media and on nutrient
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rich media such as Lilly-and-Barnett-agar and malt-yeast extract substrate.
He did not obtain such highly differentiated fungal thalli (Ahmadjian, 1980)
as observed by Lallemant. The different results show that obviously not ev-
ery isolated lichen fungus is able to form these highly differentiated layers
without the photobiont. On the other hand Lallemant’s experiments indi-
cate that even organic media alone can stimulate some lichen fungi to further
differentiation.

It was of great interest that the growth of the Dermatocarpon miniatum
fungus was influenced by algal colonies on the substrate, even when there
was no direct contact between fungal hyphae and algal cells. Although the
acceleration of fungal growth by the presence of algae on the substrate alone
was limited to a time interval of a few days, it was a remarkable effect which
occurred in all investigated cultures. Ostrovsky and Denison (1980) found
that the percentage of ascospore germination of Xanthoria parietina was
higher onlichen extract agar than on bark extract agar. This indicates that
spore germination is also stimulated by an extract which contains lichen
algae and not only by a favourable substrate. Lallemant and Bernard (1977)
found the development of the Lobaria-laetevirens fungus to be completely
dependent on the presence of the algal partner. For the Lobaria-pulmonaria
mycobiont the presence of the algal colonies was also favourable for growth,
but not obligatory. These examples seem to indicate that there exist different
gradations of coevolution between lichen symbionts.

As a result of their carbohydrate transfer experiments Hill and Ahmadjian
(1972) postulate a close relationship between Stichococcus-and Hyalococcus-
algae. Our experiments to cross the Dermatocarpon fungus with Stichococcus
algae from Endocarpon pusillum (unpublished results) on an agar substrate
have not been successful to date. )

Our experiments show that silica gel and soil substrate are well suited
substrates for resynthesis cultures with lichens commonly growing on soil
and related substrates. In agreement with Ahmadjian et al. (1980) the
contamination of soil cultures is almost negligible. Although the long-term
cultures had to be opened for observation and macrophotography, infections
rarely occurred. The contamination with mites which is often a problem
in lichen cultures could be avoided‘by the use of lichen material which was
washed very carefully and kept frozen for some time. The cultures on silica
gel were partially successful for the development of Dermatocarpon mintatum.
The development was restricted to the formation of primordia.
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Although Dermatocarpon miniatum is a wide-spread lichen, its growth and
development in the natural environment seem to be still uninvestigated. The
studies of Janex-Favre and Wagner (1986) mainly consider the ontogeny of
the fruiting structures (e.g. pycnidia) of Dermatocarpon miniatum and re-
lated species. As Dermatocarpon miniatum reproduces sexually by fungal
spores, it is not clear by which strategy the fungal spores can associate with
the right algal partner in the natural environment.
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