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Morphological and structural studies carried out in Xanth- 
oria parietina reveal some fungal mechanisms to regulate 
both growth and development of the phycobiont as well as 
the number of photobiont cells present in the hoiobiont. 
This regulation is performed by phenolic acids and glycosyl- 
enzymes 

An ultrastructural analysis using the polysaccharide 
detection technique PATAg shows that plasmolysis of calls 
occur when freshly isolated phycobionts are incubated with 
two arginase lectins (ABP, algal binding protein and SA, 
secreted arginase), with development of large cytoplasmic 
vesicles filled with amorphous polysaccharides that are 
exocyted to the periplasmic space. Finally, membranes of 
organelles and plasma membrane are altered and the call 
wall is broken. 

The results presented here provide evidence of a possible 
fungus-to-algal action as deduced from the hemiparasitic 
symbiosis theory. 
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Morphological and ultrastructural studies carried out by 
using lichens suggest that fungal procedures are regulating 
both growth and development of the phycobionts as well as 
to control the number of photobiont cells occurring in the 
holobiont. Honegger (1987) proposes a possible mechanism 
to regulate photobiont growth through phenolic acids 
synthesized by the mycobiont. These phenolics appear as 
crystals on photobiont cell walls (Honegger 1986) and the 
uptake of some of these phenolics by the photosynthetic cell 
enables their action as phycocide agents (Avalos and 
Vicente 1987). On the other hand, these lichen substances 
regulate several metabolic enzymes Pedrosa and Legaz 

Abbreviations: SA, secreted arginase; ABP, algal binding protein; 
PATAg, periodique acide-thiocarbohydrazide-argent; PBS, phos- 
phate saline buffer 

1991, Molina et al. 1993b). 
Hill (1989) reports the existence of a great amount of small 

photosynthetic cells in actively growing lichens as a conse- 
quence of cell division and performance of autospores. 
However, mitotic division is not observed in the basal area of 
the thallus whereas there.is a high number of dead cells. 
Similar results have been described for cyanolichens (Bois- 
siere 1982) and phycolichens (Molina et al. 1997). 

These attacking mechanisms of the mycobiont onto the 
photobiont are partially avoided by algal cells with the 
development of defensive mechanisms such as sporo- 
polenine deposition in their cell walls (Honegger and Brunner 
1981) or production of ligand cell wall to impede the entry of 
hydrolytical, lectin-like, enzymes such as glycosylased ar- 
ginases (Molina et al. 1993a, Molina et al. 1996). In this 
paper, we demonstrate the close relationship between the 
synthesis and secretion of amorphous polysaccharides and 
the uptake by the photobiont of Xanthoria parietina of two 
arginase isoforms. The confirmation of this hypothesis 
would permit us to interpret polysaccharide production as a 
defensive mechanism of algal cells against the supply of 
fungal lectins. 

Material and Methods 

Plant material 
Xanthoria parietina (L.) Th. Fr., growing on Robinia 

pseudoacacfa L. was collected in Pedraza (Madrid, Spain). 
Thalli were air-dried and stored at 4 C in the dark, no longer 
than two weeks. 

Incubation of Xanthoria photobionts 
Photobionts recently isolated from Xanthoria parietina thal- 

lus were incubated with two isolectins with arginase activity, 
purified from the same lichen species. Methods to isolate 
and purify both glycoproteins were carried out according 
to Molina and Vicente (1995). Photobionts were incubated 
in the presence or absence of 34/~g of algal binding protein 
(ABP) or secreted arginase (SA) in PBS buffer (1.5mM 



]92 M.C. Molina et aL 

KH2PO4, 3.0 mM Na2HPO4, 2.7 mM KCI, 0.4 mM MgSO4, and 
138 mM NaCI, pH 7.4), during 3 hr at 26 C. After incubation, 
phycobiont cells were washed and prepared for microscope 
observation. 

Ultrastructural modification 
Samples were fixed and dehydrated as described by 

Ascaso and Galvan (1976). Algal cells were fixed at 4 C for 
3 hr in 3% (v/v) glutaraldehyde in 50 mM phosphate buffer 
(pH 7.2). Samples were washed overnight with phosphate 
buffer after fixation and then post-fixed with 1% (w/v) os- 
mium tetroxide in 50 mM phosphate buffer (pH 7.2), at room 
temperature in the dark for 3 hr. Material was dehydrated in 
graded ethanol solutions and embedded in Epon resin. 
Sections were stained with toluidine blue and periodic acid 
(Mac Manus 1948) for optical microscopy. Dead or alive 
cells were counted and results were subjected to statistical 
analysis (T-student). Ultrathin sections were stained with 
uranyl acetate and lead citrate (Reynolds 1963) and observed 
in a Philips 201-1M (Centre Interuniversitaire de Microscopie 
Electronique, CIME-Jussieu). 

Cells were prepared for electron microscopy as described 
above. After inclusion, samples were stained for specific 
detection of polysaccharides (PATAg) according to Thiery 
and Rambourg (1974). 

Results 

At it is shown in Table 1, treatment of recently isolated 
algal cells with both Xanthoria isolectins, ABP and SA, 
increased the number of dead cells from 7% to 20%. 
Statistical analysis of the number of both dead and viable 
cells showed significant differences between treatments with 
arginase-isolectins (ABP, SA) and control without lectin 
supply. However, there was no differences between cells 
incubated with ABP or SA (Table 1). 

According to Ahmadjian (1993), control cells showed typi- 
cal ultrastructure of Trebouxia cell. Phycobiont showed a 
central "impressa" pyrenoid with abundant pyrenoglobulli 
(lipid-containing droplets) and thylakoid membranes in the 

Table 1. ~*' Quantitative analysis of dead and alive photobiont num- 
ber after treatment to ABP or SA and control algal cells 
incubated to buffer PBS 

Statistical analysis Cell treatment Algal cells treatment 

Alive Dead ,~2 Significance 

Number % Number % 

1 .-Control 
2.-ABP 
3.-SA 
1/2 
1/3 
2/3 

146 92.4 12 7.6 
168 76.0 53 24.0 
102 79.7 26 20.3 

19.82 ~" 
9.93 "" 
0.60 

p<0.01 

central zone. Thylakoids were grouped within the great 
chloroplast (Fig. 1A). When photobionts were incubated with 
ABP or SA, ultrastructural damage was observed (Fig. 1B and 
1C, respectively): big periplasmic spaces, cytoplasm loss, 
membrane deterioration, thylakoid membranes compacta- 
tion, pyrenoid disappearance, etc. 

When detection of polysaccharides was performed, we 
verified the results described above, consisting in big peri- 
plasmic spaces in photobionts treated with ABP and SA (Fig. 
2). Large amounts of polysaccharides and degraded mem- 
branes were observed within the periplasmic spaces of SA- 
and ABP-treated cells (Fig. 2B and 2C). Moreover, secre- 
tory vesicles containing polysaccharides were observed in 
photobionts incubated with SA (Fig. 3C) and ABP (Fig. 3D) as 
well as abundant multivesicular bodies (Fig. 3B). As a func- 
tion of vesicle structure, different types could be described: 
vl, young Golgi vesicles; v2, reorganized membrane vesicles; 
v3, concentrated polyssacharide vesicles; v4, exocytic vesi- 
cles (Fig. 3C and 3D). Non-treated photobionts showed less 
secretory vesicles and multivesicular bodies than those 
incubated with arginase-isolectins (Fig. 3A). 

The study of the photobiont cell wall revealed two layers 
clearly defined (Fig. 4A), the inner layer was less electron 
dense than the outer one. When arginase isolectins pene- 
trate into cells, cell walls were broken (Fig. 4B and 4C) and 
cytoplasmic contents came out of the dead cell. 

Discussion 

A little bit of knowledge about the nature and structure of 
the cell wall of lichen photobionts has been as yet obtained. 
Xanthoria parietina contains a phycobiont from the Trebouxia 
genus, probably Trebouxia italiana (Ahmadjian 1982), in the 
cell wall of which two different layers can be observed. 
Conventional stain technique for electron microscopy reveals 
that the cell wall is transparent to electrons, and no structural 
differentiation is observed (Fig. 1). However, specific stain- 
ing of polysaccharides (PATAg), allows observation of an 
inner layer of cellulose, or cellulose-like polymers, very 
transparent to electrons, and another, outer layer, very dense 
to electrons (Figs. 2, 3 and 4), composed by acidic polysac- 
charides and proteins (Honegger 1991). Although the pre- 
cise architecture of cellulose fibers in the algal cell still 
remains unknown, it is feasible that its spatial orientation is 
determined by cytoplasmic microtubules, in a similar way to 
that described for higher plants (Vian and Roland 1972, Vian 
and Reis 1991). In agreement with our results, the structure 
could be completed by a binding system of the fibers (crys- 
talline molecules) to the membrane where amorphous com- 
pounds would be secreted (Fig. 3E). 

Moreover, some fungal arginases can be secreted to the 
external liquid medium whereas other arginases are retained 
by the thallus. After secretion, arginases could eventually 
reach the surface of the phycobiont cell wall and there they 
could be engaged by specific receptors or lectin ligands 
(Molina et al. 1993a, 1993b, Molina et al. 1996). In absence 
of these cell wall ligands, arginases can penetrate the 
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Fig. 1. Conventional stain technique. Transmission electron micrographs of Xanthoria parietina photobionts recently isolated after floated 
on PBS, pH 7.2 (A and B) or incubated on ABP (C) or SA (D), bar=l.0 ,~m. CH, chloroplast;, P, pyrenoid; PG, pyrenoglobuli; N, nucleus; 
NU, nucleolus; CW, cell wall; MT, mitochondria; SB, storage bodies. 
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Fig. 2. Detection of polysaccharides (PATAg). Transmission electron micrographs of Xanthoria parietina photobiont recently isolated after 
floated on PBS, pH 7.2 (A) and incubated on SA (B) or ABP (C), bar=0.5~m. CW, cell wall; C, cytoplasm; SB, storage bodies; CH, 
chloroplast; PM, plasma membrane; P, pyrenoid; V3, concentrated polyssacharide vesicles. Arrows show secreted polysaccharides. 



Polysaccharides and Alterations Produced by Arginase Isolectins ]95 

Fig. 3. Detection of polysaccharides (PATAg). Transmission electron micrographs of Xanthoria parietina control photobiont (A) and 
incubated on ABP (B and E) or SA (C and D), bar=0.5 #m. CW, cell wall; PM, plasma membrane; CH, chloroplast; VB, multivesicular 
bodies; V1, Golgi young vesicles; V2, reorganized membrane vesicles; V3, concentrated polysaccharides vesicles; V4, vesicles in 
exocytosis. Arrows show amorphous polysaccharides. 
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phycobiont cell in which they activate putrescine synthesis 
(Molina and Vicente 1995). The enhaced synthesis of 
putrescine can be correlated to ultrastructural damage of the 
phycobiont cells (Molina and Vicente 1996). 

As shown in this report, SA and ABP entry into the cells 
produces plasmolysis, packing of thylakoids and develop- 
ment of storage bodies (Fig. 1C, D), as well as an increase of 
the number of polysaccharide secretion vesicles (Figs. 3C, D, 
E and 2B, C) and multivesicular bodies (Fig. 3B). Finally the 
cell is broken and the algal cell dies (Fig. 4B, C). 

This complex mechanism can be interpreted as a process 
of fungal attack of the mycobiont on the phycobiont 
(arginase secretion) and algal resistance against this attack 
by means of polysaccharide production. However, this 
resistance mechanism cannot be successful, since the 
number of dead cells increases after the entry of algal cells 
by glycosylated arginases (-I-able 1). A more efficient 
defense mechanism would consist in the production of a 
specific ligand which impedes arginase uptake by the 
phycobiont cells (Molina et al. 1993b). Thus, production of 
fungal lectins provides a double mechanism: they act as 
recognition proteins when the compatible alga has a specific 
cell wall receptor but they produce algal deterioration when 
the receptor is lacking. 

This hypothesis is agreement with data provided by other 
authors. The number of cell division cycles of algal cells 
seems to be under a strict control by the mycobiont (Hill 1992, 
1994). In fact, the zone of growth of X. parietina thallus is 
characterized by small cells whereas the mature zones, in 
which the mycobiont is predominant, contain biggest cells 
sometimes dead (Hill 1989). This is coincident with the 
distribution of cell size previously observed in cultured or 
recently isolated phycobionts (Molina et al. 1997). The 
frequency of small cells in axenic cultures of phycobiont is 
very high whereas the highest frequency of recently isolated 
corresponds to outsized cells. Thus, the mycobiont 
impedes algal cell division and controls the number of alive 
cells inside the thallus. 

This work was supported by a grant from the Direccion 
General de Investigacion Cientifica y Tecnologica (Spain) 
PB93 0092. We are indebted to Prof. Bossiere and Prof. 
Letrouit-Galinou for his constructive criticism, to Dr. Michel 
V. River for improving the language, and to the Centre 
Universitaire de Microscopie Electronique (CIME-Jussieu). 
A stay of Dr. Molina in Paris was supported by a grant from 
the Comunidad Autonoma de Madrid, Estancias Breves 
(Spain). 

Fig. 4. Detection of polysaccharides (PATAg). Transmission 
electron micrographs of Xanthoria parietina control 
photobiont (A) and incubated on ABP (B) or SA (C), bar=0.5 
~m. CW, cetl wall; PM, plasma membrane; SB, storage 
bodies; CH, chloroplast; MT, mitochondria. Arrows show 
break zone. 
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