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Cultural conditions on mycelial growth and fruit-body formation of Mycena chlorophos were studied. The optimum 
temperature of the mycelial growth was 27~  and the optimum initial pH of medium was 4.0. Peptone agar medium 
was suitable for the spawn culture. Compost medium containing rice bran at 10% (fw/fw) was appropriate for fruit- 
body formation in the Petri dish. Light was essential for initiation of primordia, and low-temperature treatment induced 
fruit-body formation effectively. The optimum conditions for fruit-body formation were found to be the cultivation at 
27~  for 4 wk and continued cultivation for 3 wk under illumination at an intensity above 0.2 Ix and at 21 ~ after casing 
with moist compost powder. In the fruit-bodies obtained, the maximum photosensitive wavelength of luminescence 
was 522  nm and the optimum temperature for emission was 27~  The luminescence of a fruit-body was observed for 
about 3 d consecutively at 21 ~ 

Key Words biological luminescence; fruit-body formation; luminous fungus; mushroom cultivation; Mycena chlo- 
rophos. 

Mycena chlorophos (Berk. et Curt.) Sacc. (yakoh-take, 
"night-light mushroom" in Japanese) is a luminous mush- 
room distributed in Southeast Asia that emits a strong, 
pale green luminescence (Kobayasi, 1937). In Japan, 
Lampteromyces japonicus (Kawam.) Sing. is a well- 
known luminous mushroom and detailed studies have 
been conducted on its luminescent substances (Isobe et 
al., 1987, 1994). The mechanism of luminescence of 
M. chlorophos is considered to be based on the oxidation 
of a luminescent substance, as in the other luminous 
mushrooms (Shimomura, 1992), but the details have not 
yet been elucidated. Since the fruit-body is small and 
develops only in a limited season and a limited area in 
Japan, it is difficult to collect samples in large amounts. 
Establishment of the large-scale cultivation of the fruit- 
body is necessary for further study of its biolumines- 
cence. In the present report, the cultural conditions of 
M, chlorophos were examined and the luminescence of 
the fruit-body was observed. 

Materials and Methods 

Strain The fruit-bodies of M. chlorophos were collected 
from the rotten petioles of a palm, Phoenix roebelenii 
O'Brien, on Hachijo Island in July 1990. Basidiospores 
were isolated from them and germinated on yeast ex- 
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tract-malt extract agar medium. A strand of mycelium 
was picked up from the periphery of the colony and culti- 
vated on fresh agar medium. The fruiting mycelium, strain 
H-113, cultivated at 25~ was used for experiments. 
Composition of agar media The following media were 
used for the experiment of mycelial growth: Czapek's 
medium (3% glucose, 0.2% NaNO3, 0.1~ KH2PO4-7H2 
O, 0.05% MgSO4~ 0.05~ KCI, 0.001% FeSO4-7 
H20, 2% agar), Waksman's medium (1% glucose, 0.5% 
peptone, 0.1% KH2PO4"7H20, 0.05% MgSO4~ 
2.5% agar), potato-dextrose agar medium (PDA; 20% 
potato extract, 2% glucose, 1.5% agar), yeast extract- 
malt extract agar medium (YMA; 1% glucose, 0.5% pep- 
tone, 0.3~ yeast extract, 0.3% malt extract, 2% agar), 
peptone agar medium (PA; 2~ glucose, 0.5% peptone, 
O. 2% yeast extract, O. 1 ~ KH2PO4~ O.05~ MgSO4 
�9 7H20, 2% agar), Hamada's medium (2% glucose, 0.5% 

dry yeast, 1 .5~ agar, 1 N HCI 1.6 ml/I) and malt extract 
agar medium (MA; 2% glucose, 20//00 malt extract, 0.1 ~ 
peptone, 2~ agar). The media were autoclaved at 
121 ~ for 1 5 rain, then 20-ml portions were dispensed 
into Petri dishes, 1 5 mm deep and 90 mm in diam. 

To examine the optimum initial pH, YMA medium 
was adjusted to values in the range of pH 2.0-8.5 with 
1 N HCI or 1 N NaOH. For pH below 5.0, agar solution 
and the other components were sterilized separately, 
then mixed to prepare the media. In other cultivation ex- 
periments, pH was not adjusted. 

PDA medium was the product of Difco, and the other 
reagents were produced by Wako Pure Chemical Indus- 
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Fig. 1. Fruit-bodies of Mycena chlorophos growing on the rot- 
ten petioles of a palm, Phoenix roebelenii, on Hachijo Island 
in July 1990. 

tries. 
Composition of solid media For the exper iment  on 
mycel ia l  g row th ,  the fo l low ing  media A-H were  used. 
The basal componen ts  were  the powdered  stems of Ory- 
za sativa L. (rice) for the med ium A, sawdust  of Quercus 
acutissima Carr. (Japanese oak) for  B, sawdust  of Cryp- 
tomeriajaponica L. (Japanese cedar) f~r C, decomposed 
pet ioles of P. roebelenii for G, and four  kinds of commer -  
cial composts  for hor t icu l ture,  i.e., decomposed sawdus t  
of  Japanese cedar for  D (Hitachi Farm product) ,  decom-  
posed bark of Japanese cedar for E (Green Tec product) ,  
and decomposed leaves of Japanese oaks (Q, acutissima 
Carr. and Q. serrata Murr.) for  F and H. (Esta product  and 
JT Agris product) .  The compos ts  were  made by heaping 
up the raw mater ia ls and a l lowing them to decompose in 
open air for more than 12 too. These basal components  
were  air-dried indoors for 3 wk ,  ground w i th  a Wi ley 's  
mil l ,  then sieved to  get  a powde r  having part ic les of  
0 .25  mm to 2.0 mm in d iam, ca. 15~ in moisture con- 
tent .  Commerc ia l  rice bran, ca. 10% in moisture con- 

Fig. 2. A colony of strain H-11 3 on YMA medium. 
The cultivation period was 3 wk at 27~ 
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Fig. 3. Effect of cultivation temperature on mycelial growth. 

Mycelia were cultivated at various temperatures on MA 
medium. The growth rate is expressed as elongation of 
mycelia per day in the linear growth phase. 

tent ,  w a s  added to each powdered  basal component  in a 
port ion of 10~ ( f w / f w ) ,  then the moisture content  was  
adjusted to 70~ ( w / w )  on w e t  basis by adding purif ied 
water .  A 30-g port ion of each medium was  packed in a 
glass Petri dish of 40 mm in height and 90 mm in diam, 
then autoc laved at 121~  for 15ra in .  For the experi-  
ments on fo rmat ion  of  pr imordia and fru i t -bodies,  com- 
post med ium H was  used. 
Casing To induce f ru i t -bodies,  compos t  H powder  ad- 
justed to a moisture content  of 75~ (w /w )  and auto- 
claved at 121~  for  1 5 m i n  was  used as the cover ing 
mater ia l  (casing). Mycel ia were cul t ivated for 4 w k  at 
27+_0.5~ then 5 g of casing was  put  on the mycel ial  
mat  w i t h  a steri l ized spoon and pressed l ight ly on it. The 
casing layer was  1-3  mm thick. Similarly, 5 g of purif ied 
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Fig. 4. Effect of initial pH of the medium on mycelial growth. 
Mycelia were cultivated at 27~ on YMA media of various 
pHs. The growth rate is expressed as colony diam after 
cultivation for 10 d. 
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Fig. 5. Mycelia! growth rate on various agar media, 
The diam of colonies and mycelial densities were measured after cultivation for 10 d at 27~ 
thin (~-F), slightly dense ( I I I ), dense ( I I I I ), very dense ( I I I I ). 

Mycelial density: thin (+), slightly 

water -absorbed silica gel part ic les (2-3 mm in diam) were  
tested as the casing instead of mois t  compos t  powder .  
Cul t ivat ion Spawn was  cul tured on the peptone agar 
medium at 27_+0.5~  for about 2 w k .  A disk (5 mm in 
diam) of mycel ia l  mat  was  cut  f rom the per iphery of the 
colony w i th  a steri l ized corkborer  and used as spawn.  A 
spawn disk was  inoculated at the center of each medium,  
which were  subsequent ly  cul t ivated at 27_+0.5~ 

To examine the effect of tempera ture  on mycel ia l  
g row th ,  the mycel ia were  cul t ivated on MA med ium at 
various tempera tures  f rom 5 + 0 . 5 ~  to 35+_0.5~ To 
examine the op t imum initial pH of media, the mycel ia 
were  cu l t ivated at 27__ 0.5 o C. To examine the ef fect  of 
temperature  on pr imord ium format ion ,  the mycel ia l  mat  
was cased w i t h  mois tened compos t  powder  af ter cul t iva- 

Fig. 6. Mycelial growth on various solid media. 
Mycelial growth was observed after cultivation for 3 wk at 
27~ Basal component of the media; A: straw powder 
(Oryza sativa), B: sawdust (Quercus acutissima), C: saw- 
dust (Cryptomeria japonica), G: compost (Phoenix roe- 
beren#], D-H: compost (commercial). 

t ~ o n f o r 4 w k a t 2 7 _ O . 5 ~  Then the Petri dishes were  
placed in incubators f i t ted w i t h  20 W f luorescent lamps 
(MIR-1 51, MIR-251,  MIR-552, Sanyo Electric Co. Japan) 
and cul t ivated at temperatures  f rom 1 3 + 0 . 5 ~  to 
2 7 + 0 . 5 ~  

To examine the ef fect  of l ight on pr imord ium forma- 
t ion af ter casing, the mycel ia in Petri dishes were  placed 
and cul t ivated at 21 _ 0 . 5 ~  in 28 posi t ions i l luminated 
w i th  di f ferent intensi t ies f rom 0.1 Ix to 1000 Ix in incuba- 
tors. The l ight in tensi ty  at each posi t ion was  measured 
w i th  an i l luminometer  T-1 (Minolta Co. Japan). 
Measurements  of  the mycel ia l  g row th  To measure the 
g row th  rate of  myce l ium at var ious temperatures, the 
diam of mycel ia l  colonies was  measured in t w o  direct ions 
for 1 5 d at intervals of 3 to 4 d. The average elongat ion 
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Days required for primordium formation at various tempera- 
tures were counted after casing. Vertical bars show stan- 
dard errors. 
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Fig. 8. Effect of light intensity on primordium formation. 
Mycelium was cultivated at various light intensities in the in- 
cubator. Days required for primordium formation were 
counted after casing. 

a 10-power stereoscopic microscope. The number of 
days required for pr imordium format ion after casing was 
determined at various culture temperatures (13~ to 
27 ~ and light intensit ies (0.1 Ix to 1000 Ix). Ten Petri 
dishes were tested at each temperature,  and one Petri 
dish was observed at each intensity of light. 
Measurement of luminescence The intensity of lumines- 
cence emitted by a f ru i t -body was measured wi th  a 
photodetector  INC-7000 (Otsuka Electronic Co. Japan). 
The condenser of the photodetector  was set vert ical ly 
4 ram above the upper surface of the pileus. In the ex- 
aminat ion of temperature effect, the lower part of a Petri 
dish cotaining a f ru i t -body was immersed in a constant 
temperature water  bath regulated from 2~ to 28~  and 
the temperature of the medium was measured wi th  a 
thermocouple inserted in it. Af ter  the temperature of 
medium reached a given value, the intensity of lumines- 
cence emitted from the pileus was measured. 

Results 

of mycel ium per day (mm/d) in the linear growth period 
was calculated from the measurement in f ive Petri dish 
cultures. 

To compare various media for mycelial growth,  the 
diam of colonies was measured in two  directions in f ive 
Petri dishes after cul t ivat ion for 10 d at 2 7 + 0 . 5 ~  and 
the average growth rate of mycel ium (mm/10 d) was cal- 
culated. Mycelial density was assessed visually and ex- 
pressed in f ive levels from 4- to I I I I I in order of in- 
creasing density. 
Factors influencing primordium formation After  casing, 
the surface of the mycelial mat was observed daily under 

Appearance of the fungus Figure 1 shows fruit-bodies 
of M. chlorophos developed natural ly on rotten petioles 
of P. roebelenii. Figure 2 shows a colony of strain H-113 
on YMA medium. Colonies are normal ly whi te,  becom- 
ing blue in age. 
Effect of temperature, pH, and medium on mycelial 
growth Figure 3 shows the growth  rates of mycel ium at 
various cult ivat ion temperatures. The mycel ium grew in 
the range of 8~  to 32~ and the maximum growth rate 
of 3 .2mm/d  was seen at 27~ Figure 4 shows the 
effect of initial pH of medium. The maximum colony 
diam of 63.8 mm was observed at pH 4.0. Figure 5 

Fig. 9. Primordia and young fruit-bodies on the compost medium. 
Mycelium was cultivated for 12 d after casing. A: primordium, B: young fruit-body. 
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Fig. 10. Young fruit bodies and mature fruit-bodies on the compost medium. Photographed in the light(A) and in the dark (a). 

shows the evaluation of mycelial growth on the various 
agarmedia. The largest colony diam of 65mm was at- 
tained on MA medium, while the mycelial density was 
highest onPDA, YMA and peptone agar media. Optimal 
growth in terms of both colony diam and mycelial density 
was observed on peptone agar medium. 
Mycelial growth on the various solid media Figure 6 
shows the growth of mycelium on eight solid media. 
Colony diam and mycelial density were both highest in 

the compost rnedium H, followed by medium G, which 
was made from the petioles of P. roebe/enii. Media B 
and C, containing respectively the sawdust of Japanese 
oak and Japanese cedar, showed relatively low mycelial 
densities. In medium A containing rice straw and medi- 
um D containing sawdust compost, no mycelial growth 
was observed. 
Effects of temperature and light on primordium formation 
Figure 7 shows the relation between the time required for 
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Fig. 11. Fruit-bodies growing in a Petridish, 
Myceliumwascultivatedfor7wk. Photographed in the light(A) and in the dark (a). 

primordium formation after casing and culture tempera- 
ture. At 21~ primordia were formed after 9d, the 
shortest time observed. At 13~ the required time 
averaged 20d, fruit-body formation was also delayed, 
and expansion of the pileus did not occur. A t 2 7 ~  the 
primordia were formed after 14d on average, and the 
number of primordia was relatively small. 

Figure 8 shows the relation between the time re- 
quired for primordium formation and light intensity. 

Primordium formation was not observed in complete 
darkness or under illumination at 0.1 Ix. At above 0.2 Ix, 
primordium was developed, but the intensity of illumina- 
tion had little effect on the time required for primordium 
formation. 
Effect of casing Primordia developed scarcely without 
casing the mycelial mat. Casing with 5 g of moist com- 
post powder effectively promoted the formation of 
primordia and fruit-bodies. Casing with water-absorbed 
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Fig. 12. Changes in luminescence intensity during the growth of the fruit-body. 
The insets show the shapes and luminescence of a fruit-body cultivated between 1 9 d (0 h) and 21 d (72 h) after casing. 

sil ica gel part ic les in place of mois t  compos t  powder  scar- 
cely p romoted  pr imord ium fo rmat ion .  
The process of primordium and fruit-body formation 
Mycel ial  mat  was  cu l t ivated at 2 1 ~  under photo-  
i rradiat ion af ter casing, Around 5 d af ter  casing, myce-  
lia gathered together  to form a number  of star-shaped 
clusters, These developed into cot ton- l ike masses after 
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Fig. 13. Bioluminescence spectrum on the fruit-body. 

The intensity of luminescence emitted from the upper sur- 
face of a pileus was measured. 

7 d and minute balls af ter 9 d. The balls were  pr imordia,  
wh ich  were covered w i th  short  wh i te  hairs, ca. 0 .5  mm 
in diam (A in Fig, 9). A ye l l ow -b rown  jel ly-l ike substance 
was  observed inside each pr imord ium.  Af ter  about  

Fig. 14. 
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the fruit-body. 
The temperature of the fruit-body was regulated in a water 
bath and the luminescence emitted from the pileus was 
measured at each temperature, 
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12d, the primordia became larger balls (young fruit- 
bodies), 1-2 mm in diam, and were covered with minute 
white particles (B in Fig. 9). After about 14 d, the pileus 
and stipe of young fruit-bodies were differentiated mor- 
phologically in the balls. After about 16 d, the spherical 
bodies became thinner and the top parts turned gray. 
After about 19 d, the stipes elongated and the pilei ex- 
panded, and mature fruit-bodies were formed about 21 d 
after casing. 
The luminescent state of fruit-bodys Figures 10 and 11 
show fruit-bodies formed on the compost medium in a 
Petri dish and their luminescent state. Figure 12 shows 
the changes in luminescence during the development of a 
fruit-body. No luminescence was observed in the young 
fruit-body around 19d after casing (Oh in the figure). 
About 10 h later, the stipe elongated, the pileus expand- 
ed a little and luminescence was observed on the periph- 
ery of pileus. Luminescence reached maximum about 
30 h later, when the pileus had expanded completely. 
About 50 h later, the luminescence decreased considera- 
bly, becaming invisible to the naked eye about 72 h after 
the begining of emission. The luminescence from a fruit- 
body normally persisted for about 3 d at 21 ~ 
The luminescence spectrum and temperature effect on 
the luminescence intensity. Figure 13 shows the 
wavelength distribution of luminescence of a fruit-body. 
The maximum photosensitive wavelength was found to 
be 522 nm. Figure 14 shows the relation between the 
intensity of luminescence of the fruit-body and its tem- 
perature from 2 ~  28~ The optimum temperature 
for emission was about 27~ 

Discussion 

Mycena chlorophos is a mushroom normally distributed 
in the tropics and the subtropics. The optimum tempera- 
tures for the rnycelial growth and primordium formation 
of the strain used in the present experiments were found 
to be 27~ and 21 ~ respectively, generally similar to 
those of the other mesophile mushrooms. These proper- 
ties are consistent with the climate of Hachijo Island, 
located in the Temperate zone. The average air temper- 
ature of the island in July has a daily maximum of 27.7~ 
and a minimum of 23.2~ so the temperature difference 
of approximately 6~ between the two optima men- 
tioned above appears reasonable. 

Peptone agar medium was suitable for spawn cul- 
ture, supporting a fine mycelial growth. Rice straw and 
sawdust were inadequate as the basal component of the 
solid culture medium. Several composts were found to 
be suitable for mycelial growth, though they differed de- 
pending on the kind of composted material and the 
degree of decomposition. Compost H was most practi- 
cal for fruit-body production. 

To induce primordium formation, it is necessary to 
cover the mycelial mat with a layer of soil or peat as cas- 
ing in the commercial productin of the edible mushroom, 
Agaricus bisporus (Lange) Sing. In the present experi- 
ments using M. chlorophos, casing with compost powder 
was also essential to produce normal fruit-bodies. Why 
fruit-bodies develop spontaneously in nature without cas- 
ing is unclear, although various physical, chemical, and 
microbial factors have been suggested to stimulate 
primordium formation (Urayama, 1961; Hayes et al., 
1969). In the present experiments, casing was per- 
formed with the same sterilized compost as was used as 
a medium component. Primordium formation also oc- 
curred when the mycelial mat was covered with sterilized 
water-absorbed silica gel particles. So the participation 
of bacteria or physiologically active substances contain- 
ed in the casing, such as that in the cultivation of A, 
bisporus, can be ruled out. The optimum thickness of 
casing layer in the present experiments was relatively 
thin, 1 mm to 3 mm, so the acceleration of gas exchange 
due to a chimney effect is unlikely to be significant. 
Thus, the effect of casing in this experiment may be the 
result of appropriate supply of water to the mycelial mat 
accompanied with good ventilation. Because this mush- 
room grows well on HachJjo Island only in the rainy sea- 
son in June and July, moisture may be a large factor in 
the primordium and fruit-body formation. 

The maximum wavelength of luminescence was 
522 nm, almost the same as that of L. japonicus 
(524 nm). The optimum temperature for emission of M. 
chlorophos was about 27~ about 8~ higher than that 
reported for L. japonicus (Isobe et al., 1987). The higher 
optimum temperature reflects the subtropical property of 
this strain of M. chlorophos. 
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