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Abstract The effect of water content was observed with respect to lichen fibril for

mation rate , growth rate of mycobiont and photobiont and production of lichen sub

stances. Low water content caused rather rapid re-differentiation of fibrils but inhib
ited the growth of photobiont. In addition, low water content seems to accelerate the 

production of lichen substances. 
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Introduction 

Artificial synthesis and culture of lichens have increased rapidly in recent years. 
Lichens belonging to the genera Cladonia and Usnea were synthesized artificially in 
flasks and tubes (Ahmadjian et al., 1980, 1981 , 1985). As previously reported by Kon 
et al. ( 1990, 1993), thalli of Usnea species can be routinely induced from their grow
ing tissues in vitro and the induced thalli are quite similar to natural ones. 

Ahmadjian et al. ( 1980) reported that dry condition as an environmental factor 
is quite important to induce the lichen thalli artificially. Kon et al. (1990) reported 
that the temperature was an important factor as the culture condition for the lichen 
thalli to re-differentiate. The water content was changed by different agar concentra
tion in the medium. The effect of water content is observed with respect to the fibril 
formation rate, the growth of mycobiont and photobiont, and the production of lichen 
substances. 

Material and Methods 

Usnea confusa subsp. Asah. kitamiensis (Asahina ) Asahina was collected at 
Tanzawa, Kanagawa Pref. in May 1987. Growing tissues were obtained from living 
thalli by the method described by Yamamoto ( 1985). Agar was added to the normal 
malt-yeast extract medium in I, 2, 3, 4· and 5% in concentration. The water content 
(W) in cultures and the medium was calculated by the following expression. 
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Water content=fresh weight - dry weight/fresh weight X 100(%) 

Fibril formation rate was calculated as a percentage of number of test tubes, in 
which fibrils or at least one fibril were formed, to ten test tubes tested. Each set of ten 
test tubes was incubated under a 12/ 12 hr light (C. I3 ,umol/m2/s)-dark cycle at I8°C, 
pH 5.8. 

The method of measuring the growth rate of the mycobiont is as follows. The 
mycobiont is mildly ground down and floated on distilled water. Part of it (c . I mg) 
was planted in the normal MY medium in a test tube. The mycobiont was separated 
from the medium seven weeks later and the dry weight was weighed. 

The growth of the photobiont was measured as follows. The photobiont cultured 
in a test tube containing BBM medium is floated on distilled water. Part of it (c. 
0.000135 ml) was planted and cultured on the normal MY medium of plastic petri 
dishes under light condition ( 13 ,umol/m2/hr.). Packed Cell Volume of the photobiont 
was measured six weeks later. pH and temperature were the same as in the case of 
mycobiont. 

Secondary products of each synthetic culture and natural lichen were deter
mined and quantified by TLC (Culberson, Elix, 1990) and HPLC methods described 
by Kon et al. ( 1993 ). 

Aluminum sheets were used as plugs of test tubes in most cultures, while 
polypropylene caps were also used for some other test tubes. 

Results and Discussion 

Figure 1 shows relations between agar concentration and formation rate of the 
lichen fibrils observed 66 days after inoculation. It appeared to indicate that the 
lichen fibrils formation varies in accordance with the agar concentration. That is, the 
fibril formation rates are higher, when the agar concentrations are higher. It is note
worthy that fibrils formation rates are much higher, when the polypropylene stopping 
was used instead of the aluminum stopping as shown in parentheses in the Table I. 

Table 2 shows the water contents in mixed cultures of mycobiont and photobiont 
on the medium of different agar concentrations. The water contents in mixed cultures 
of mycobiont and photobiont are lower when agar concentrations are higher. It is ap
parent that the water contents in culture vary depending on the agar concentration in 
the medium. On 66 days after inoculation, water contents in the medium are much 
lower when polypropylene caps are used for aluminum sheets as shown in parenthe
ses in the Table 2, even though the agar concentrations are the same at the beginning 
of the inoculation. The difference of water content in the medium may be probably 
caused by the size of slit between cap and test tubes. 

Judging from the above-mentioned result, the water contents in mixed cultures 
depend on the amount of water contained in the medium. 
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Fig. Lichen formation rate (percentages of number of test tubes, in which fibrils, or at least a 
fib ril , were formed, to ten test tubes) of regenerated fibrils on the medium with various agar 
concentration when aluminum stopping was used. 
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Table I. Average number of fibrils formed in a test tube on 66 days after inoculation. 

Agar cone. 

Average number of fibrils 3.5::':: 1.7 

2 

7.3::+::6.0 
(> lOO) 

3 

14.5::+::6.7 
(> lOO) 

4 

23.2::+:: 10.3 
(> lOO) 

* Data which were measured when polypropylene caps were used were shown in ( ). 

5 

36.2::+:: 15.0 

Table 2. Water content of mixed culture and agar on 66 day after inoculation. 

Agar cone. (%) 
Water content(%) 

2 3 4 5 

Mixed cu lture 89.2::+::0.47 87.5::+::0.37 85.0::+::0.9 1 83.3::+::0.80 80.2::+:: 1.1 9 
(83 9::+::0.74) (81.8::+:: 1.05) (79.7::+:: 1.12) 

Agar 98.6::+::0.19 97.1 ::+::0 .35 95.8::+::0.20 94.6::+::0.47 93.5::+::0.73 
(95.9::+::0.38) (94.9::+::0.39) (93.7::+::0.25) 

* Data which were measured when polypropylene caps were used were shown in ( ). 
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Table 3. Lichen substances produced in cultured ti ssues. 

*Data which were measured when polypropy lene caps were used were shown in ( ). 

It is also noted here that the rate of the re-differentiation of the lichen fibrils de
pends on the water contents included in mixed cultures. When culturing by using 
polypropylene caps, higher rates of the re-differentiation of the lichen fibrils were ob
tained as mentioned above. It was probably caused by higher degrees of evaporation 
through larger slits between caps and test tubes. The results mentioned above may in
dicate that drier conditions of the medium give higher rates of re-differentiation of 
lichen fibrils . 

Table 3 shows the amount of lichen substances produced by growing tissues 
under a different concentration of agar. Salazinic, norstictic and usnic acids are de
tected in U. confusa which grows in the natural condition. Salazinic acid was detect
ed in none of growing tissues . However, the contents of usnic acid and norstictic acid 
increased as the density of agar rises. Especially, the contents of both acids were 
higher when polypropylene caps were used. That is, when culturing in the density of 
agar with a high lichen fibril formation rate, the synthesis of lichen substances was 
active. 

Culberson (1992), Hamada (1993) and Kinoshita (1993) are reporting that my
cobiont cultured under the dry conation or the high osmotic condition actively syn
thesizes lichen substances. Their reports also seem to support the results of the pre
sent study. 

Figure 2 is a result of examining the influence of the concentration of agar on 
the growth of myocobiont and photobiont. The growth of mycobiont was enhanced 
when the amount of moisture of the medium decreased. On the other hand, that of 
photobiont shows tendency to repress on the medium with low moisture condition . 

The results mentioned above is corresponding to that reported by Kon et al. 
(I 993). That is, the best culture condition of the re-differentiation of the lichen fibrils 
is corresponding to the best culture condition of the growth of mycobiont. In the 
medium of high water content, the growth of mycobiont is slow. On the other hand, 
the growth of photobiont is relatively good. Mycobiont surrounding photobiont or 
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Fig. 2 Growth rate of isolated mycobiont and photobiont of U. conji1sa subsp. kitamiensis cul

tured on the medium with various agar concentration. Each column represents the mean::'::S.D. 

of 10 determinations of mycelia (left) and, each plot represents the mean::'::S.D. of 3 detenni

nations ofphotobiont (right). Vertical bars give ::':: S.D. where larger than the symbols. 

soredial compound is formed in the early stage of development of lichen fibrils (Kon, 
1990). Photobiont which proliferates actively can not be surrounded by mycobiont on 
the medium of high water content. Therefore, it is suggested that soredial cluster for
mation and the formation of the lichen fibrils did not advance in the medium of high 
water content. 

Acknowledgment 

We express our sincere thanks to Dr. Kurokawa of Toyama Botanical Garden, 
Toyama for his valuable suggestion and criticism. 

References 

Ahmadjian, V, L. A. Russell & C. Hildreth , 1980. Artificial reestablishment of lichen l. Morphological 

interactions between the phytobiont of different lichens and the mycobionts C/adonia crislalel/a and 



142 Yoshiaki Kon, Tsukasa Iwashina and Hiroyuki Kashiwadani 

Lecanora chrysoleuca. Mycologia, 72: 73- 89. 
Ahmadjian, V & J. B. Jacobs, 1982. Artificial reestablishment of li chen Ill. Synthetic development of 

Usnea strigosa. J. Hattori Bot. Lab. , 52: 393- 399. 
Ahmadjian, V & J. B. Jacobs, 1985. Artificia l reestablishment of lichen IV Comparison between natura l 

and synthetic lichen tha lli of Usnea strigosa. Lichenologist, 17: 149- 165. 
Culberson, C. & J. A. Elix , 1990. Lichen substances in Methods in Plant Biochemistry Vol. I pp. 509-

539. Academic Press, London. 

Culberson, C. & D. Armaleo, 1992. Induction of complete secondary-product pathway in a cultured 

lichen fungus . Exp. Myco l. , 16: 52-63. 
Hamada, N., 1993. Effects of osmotic culture conditions on isolated li chen mycobiont. Bryologist. 96: 

569- 572. 
Kinoshita, Y., Y. Yamamoto, l. Yoshimura, T. Kurokawa & Y. Yamada, 1993. Production of usnic acid in 

cultured Usnea hirta. Bib!. Lichen ., 53: 137- 145. 
Kon, Y. , H. Kashiwadani & S. Kurokawa, 1990. Induction of lichen thalli of Usnea confusa Asah .ssp. ki

tamiensis (Asah.) Asah. in vitro . J. Jpn. Bot., 68: 129- 137. 
Kon, Y. , H. Kashiwadani , M. Masada & G. Tamura, 1993. Artificial syntheses of mycobiont of Usnea 

conji1sa ssp. kitamiensis and Usnea orientalis with their natural and non-natural phycobiont. J. Jpn. 

Bot. , 68 : 129- 137. 
Kon, Y., H. Kashiwadani , M. Masada & G. Tamura, 1993. Effects of culture condition on the growth of 

symbionts from Usnea conji1sa subsp. kitamiensis. J. Jpn. Bot. , 68: 348- 354. 
Yamamoto, Y. , R. Mizuguchi & Y. Yamada, 1985. Tissue culture of Usnea rubescens and Ramalina yasu

dae and production ofusnic acid in their cultures. Agr. Bioi. Chem., 49: 3347- 3348. 


	27022018-140506516-16958
	27022018-140506516-16959
	27022018-140506516-16960
	27022018-140506516-16961
	27022018-140506516-16962
	27022018-140506516-16963

