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Summary: Xanthoria parietina mycobiont was isolated and cultured under axenic 
conditions. The development of the fungi in aposymbiotic culture depended on the 
carbon source present in the nutritive medium. The highest development was obtained 
with 4% glucose in LBM. Nevertheless, the major yield of spore germination was in 
BBM medium. When the sporulation process was carried out in LBM (without 
contamination), the yield of germination was very low. The results suggest that high 
levels of glucose could inhibit or largely suppress germination. 

INTRODUCTION 

Xanthoria parietina mycobiont cultures have been carried out in aposymbiotic 
conditions by different authors. Even resynthesis has been obtained, but only in the 
early stages of lichen development (Stocker-Wörgötter and Türk 1994). The presence 
of the compatible photobiont obviously triggers, in an unknown manner, the pheno-
typic (morphotype, chemotype) expression of the fungal genotype. The fungus is able 
to grow and produce parietin (the main phenolic compound of this lichen species) on 
media with organic carbon sources (Honegger and Kutasi 1990). However, the effect 
of high sugar (such as glucose) concentrations on spore germination is still unknown, 
since germination under laboratory conditions is normally prepared on inorganic me
dia to avoid contamination. It is very important to note that some sugar (alcohol) 
molecules, such as ribitol in the phycobiont, are only secreted when the algal cells are 
close to the mycobiont, but in aposymbiotic culture they are not secreted (Smith 
1974). The importance of these kinds of molecules in symbiosis stabilization is not 
clear although some authors suggest that they are related to formation of tridimensio
nal structures in lichens (Smith and Douglas 1987). 
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The present paper attempts to summarize few preliminary data on culturing ex
periments with aposymbiotic Xanthoria parietina mycobionts and the effect of carbon 
source on spore germination. We also show infectivity and productivity of apothecia 
depending on their size and maturity, suggesting a way to chose a priori fruiting-
bodies for use in laboratory synthesis. 

MATERIAL AND METHODS 

Plant Material: Xanthoria parietina (L.) Th. Fr., growing on Robinia pseudoaca
cia L. was collected in Pedraza (Segovia). Thalli were air-dried and stored at 4 °C in 
the dark, not longer than 2 weeks. Voucher material deposited in MACB-40621. 

Sporulation and Growth of Mycobiont: Multispore isolates were obtained from 
ascospores of Xanthoria parietina. Apothecia were placed under an inverted bottom 
part of a petri dish containing solid Bold's Medium (inorganic medium, Deason and 
Bold 1960) or 4% glucose-LBM (avoiding all kinds of contamination). The asci were 
allowed to eject their spores on the medium surface. After 1 week, groups of germi
nating spores from BBM were transferred to Malt-yeast extract (Sigma Chem. Co.) 
with BBM or 4% glucose LBM (Lilly and Barnett 1951). All procedures were carried 
out under sterile conditions in a laminar flow chamber. 

Methods for Micro- and Macroscopy Photography: After 1 month, mycobionts 
were examined by using a Reichert Polyvar light microscope. For optical exposure, an 
automatic ring flash system was fixed to the lens. The macrophotographs were taken 
with a Yashica 3LK Camera. 

Sporulation and Infectivity Percentages and Productivity Average: Different 
types of apothecia depending on size [0.5-0.3 cm (mature apothecia); 0.3-0.2; 0.2-
0.1; 0.1-0.05; <0.05 cm], were placed to sporulate in BBM (three replicates for each 
experiment). Different parameters were determined after random observation of the 
sporulation area as a function of time: accumulative infectivity percentage (number of 
sporulation areas at least one bacterial colony with respect to total areas); accumula
tive sporulation percentage (number of apothecia to produce spores with respect to 
total apothecia) and accumulative productivity average (average number of spore 
groups by apothecia type). 

RESULTS 

Meiotic products that appeared after sporulation in BBM were detected as six 
or eight bipolar spore groups (Fig. 1A). After 3 or 4 days, germination can be obser
ved (Fig. 1C). After 1 month on inorganic medium, the degree of development of one 
spore (Fig. 1D) or spore group (Fig. 2A) was significantly lower than that observed 
for one spore cultured on BBM, and then transferred to 4% glucose LBM (Fig. 2B). 
We could detect differentl growth depending on media. This was not only due to an 
increase in cell volume but also to some structural events, such as the number of 
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Fig. 1. Different development stages of mycobiont from X. parietina grown under aposymbiotic 
conditions. A Bipolar spore group on BBM; B bipolar spore group directly sporulated on 4% 
glucose LBM; C spore germination after 3 days on BBM; D degree of development of one spore 
after 1 month on BBM. Bar = 10 μm. 
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Fig. 2. Different development stages of mycobiont from X. parietina grown under aposymbiotic 
conditions. A Degree of development of one spore group grown on BBM for 1 month or B trans
ferred from BBM to 4% glucose LBM after 3 days and then grown on LBM for 1 month. Micro
scopic detail of the mycobiont grown on BBM (C) or 4% glucose LBM (D). N Nucleus; LB lipid 
body. Bar = 10 μm 
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Fig. 3. Analyzed parameters from apothecia. A Accumulative productivity average; B accumulati
ve sporulation percentage; C accumulative infectivity percentage. ( ) 4 h, ( ) 20 h, ( ) 44 h, 
( ) 92 h, ( ) 116 h after sporulation. Values are the mean of three replicates. Standard deviation 
was never greater than 10% 
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nuclei and lipidic bodies. Hence, development of these structures was greater on or
ganic (Fig. 2D) than on inorganic media (Fig. 2C). However, there is no spore germi
nation when the sporulation occurs directly on 4% glucose LBM (Fig. 1B). 

Macroscopic fungi development can be observed after 10 months. The growth of 
spores germinated in BBM and then transferred to 4% glucose LBM or malt extract 
was significantly higher than the growth obtained when meiotic products were di
rectly sporulated on 4% glucose LBM. 

Figure 3A shows that the more mature the apothecia, the more productive they 
were. Their productivity decreased with the size of apothecia, being sterile when 
< 0.05 cm. The biggest apothecia have not produced more spores with time. How
ever, apothecia < 0.3 cm produced spores as a function of time. Hence, every 0.2-0.1 
cm apothecia produced spores after 116 h culture (Fig. 3B). It is important to note 
that the biggest apothecia were also the most infective ones (Fig. 3C). The infectivity 
was lower than 20% in apothecia of 0.2-0.1 cm. 

DISCUSSION 

These results indicate that high concentration of photosynthates, such as gluco
se, could inhibit the germination process (Fig. 1). Taking into account that algal cells 
secrete ribitol into the medium only when the mycobiont is present (Smith 1974), it is 
possible that a high concentration of sugar could control fungal germination. This 
behavior could be interpreted as a defense mechanism according to the putative pa
rasitism theory (Ahmadjian 1987, Molina et al. 1993, Molina and Vicente 1993, 
1995). Nevertheless, Smith and Douglas (1987) proposed that ribitol is the molecular 
signal that induces the tridimensional structure of the thallus that supporting algal cell 
population. However, ribitol addition to the culture medium does not induce the for
mation of this structure (Ahmadjian 1992). 

One may suppose that germination occurs spontaneously, without the algal pres
ence, under natural conditions. However, after the spore germination process, algal 
capture is necessary to establish the symbiosis as well as fungal transfer to a glucose 
or maltose-rich medium is required to allow aposymbiotic fungal growth (Fig. 2). 
This is in agreement with the results described by Honegger and Kutasi (1990) and 
Huber et al. (1994), where the fungal growth and parietin production on ribitol or 
malt extract media were better than on inorganic media. 

Finally, the most interesting apothecia to get axenic culture with high yields are 
those of 0.3-0.2 and 0.2-0.1 cm, as it is demonstrated when analyzing productivity 
average (Fig. 3A); sporulation percentage (Fig. 3B) and infectivity rates (Fig. 3C). 
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