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Abstract
The present study describes changes in the mycelium of the fungus growing on the
luminescent wood collected on Borneo Island in early December 2013 that occurred during 31
months of storage. The study shows that wood samples retain their ability to emit light, forming
two types of luminescent mycelium: surface mycelium and aerial mycelium. The hyphae of the
surface mycelium form on the surface of the wood sample and then spread over the surface of the
polyethylene bag or over the surface of the bottom of tissue culture flasks containing the samples.
The aerial mycelium develops later and only in tissue culture flasks, forming biomass composed of
local interlaced hyphae, growing upward. The surface mycelium is characterized by non-uniform
“flickering” luminescence along the hyphae. There is no diurnal periodicity in the luminescence of
this fungus, but luminescence is increased by mechanical disturbance or exposure to ultraviolet
radiation. The local impact of these factors causes an increase in luminescence of the mycelium
regions that have not been directly affected. It has been assumed that the variable level of
luminescence is an individual trait of this fungus species. The results obtained in this study suggest
that luminescent wood found on Borneo Island contains mycelium of a fungus species, whose
luminescent properties are essentially different from those of the fungi described in the scientific
literature.
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Introduction
Data on luminescence of the pure culture of mycelium isolated from light-emitting
basidiomycetes have been extensively reported in the literature. Such cultures were grown on
various nutrient media and used as bioassays (Bermudes et al. 1990, Weitz et al. 2001, 2002,
Horswell et al. 2006, Paton et al. 2006, Mendes et al. 2008, 2010, Vydryakova et al. 2011). One of
the ways to maintain the culture is to transfer biomass to distilled water (Bilai 1982), and soaking
mycelium in water causes an increase in luminescence (Mori et al. 2011, Bondar et al. 2012, 2013).
It has been proved that fungal luciferase is associated with membrane-rich fractions (Airth
& Foerster 1962, Airth et al. 1966, Oliveira & Stevani 2009). However, other data reported by
different groups of researchers may be contradictory. For instance, some of them state that extracts
from non luminescent species did not result in light emission when cross-reacted (Oliveira et al.
2012) while others prove that extracts from non luminescent species did result in light emission
when cross-reacted (Purtov et al. 2015, Puzyr et al. 2016).
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Some authors reported that laboratory cultures of certain fungi showed circadian rhythms
(Berliner 1961, Kamzolkina 1982, Bermudes et al. 1990, Oliveira et al. 2015). However, other
researchers did not observe any no circadian rhythms in the fungi (Weitz et al. 2001, Deheyn &
Latz 2007, Mihail & Bruhn 2007).
The possibility of opening new species of glowing mushrooms in our time it has been
shown (Desjardin et al. 2010, Capelari et al. 2011, Chew et al. 2014). At the same time, only two
papers describe investigations of the mycelium of luminescent fungi contained in light-emitting
wood. Sabharwal et al. (1983) reported the characteristics of light emission in vivo for different
samples of the shining wood collected from different trees. That study suggested that the emission
spectrum of the light from the wood is around 518 nm and water is not only important for emission
but has a function in the kinetics of the reaction. Deheyn and Latz (2007) described a laboratory
study of the emission spectrum of fluorescence, effect of hydration on bioluminescence, effect of
temperature on bioluminescence, and day - night variations in bioluminescence of luminous pieces
of wood. The authors reported bioluminescence characteristics of natural wood samples: the light
was yellow, light production was a continuous phenomenon that did not vary between day and
night. Bioluminescence intensity was affected by temperature change, and bioluminescence of
fungus increased upon exposure to water. The authors believe that «This study is unique in
reporting bioluminescence characteristics of a freshly collected luminous fungus on its natural
wood substrate, as opposed to fungus cultured in the laboratory on plates».
In our previous work, we investigated pure culture of the fungus isolated from the lightemitting wood found on Borneo Island. The culture is registered in the IBP Culture Collection
(CCIBSO 836) as IBSO 2371. We also reported that under moist non sterile conditions, mycelium
contained in the wood was capable of emitting light and producing new mycelium for 22 months
(Puzyr et al. 2016).
In this study, we investigated luminescence of fungal mycelium growing on wood in
laboratory for 31 months and the effects of external factors on luminescence.
Materials & Methods
Samples of luminescent wood collected on Borneo Island in early December 2013 had been
kept in a thermostatic chamber (TSO-1/80, SPU, Russia) at a temperature of 27°C until the
beginning of the experiment (July 2016). In this study, we used samples that differed in their size
and storage conditions. Large-sized samples were placed into two, 1300 and 650 ml, tissue culture
flasks (Techno Plastic Products, Switzerland). Each tissue culture flask contained cotton wool as a
water-absorbing layer and distilled water. Small-sized samples were placed into polyethylene
(PE)bags with zip-lock, containing water. All manipulations – sample collection, transportation,
and placement into tissue culture flasks and PE bags as well as addition of water – were conducted
under non sterile conditions. Tissue culture flasks were hermetically sealed, and neither air nor
water had been changed. Although the PE bags had zip locks, water evaporation occurred.
Therefore, we had to add water periodically, also letting the air into the bags.
The magnitude and dynamics of the change in the light signal were monitored by using a
Glomax® 20/20 luminometer (Promega Bio Systems Sunnyvale, Inc., U.S.). During storage,
changes visually observed in the samples were recorded with a GelDoc XR Imaging System (BioRad Laboratories, Inc., U.S.). Color photographs were taken with a Canon EOS 6D camera. The
conditions for detecting the luminescent signal and visible light images of the samples with
daylight lamps off were the same as described elsewhere (Puzyr et al. 2016). A constant
temperature of 26°C was maintained in the laboratory with a BALLU BSC-12H air conditioner
(Ballu Industrial Group, China). Samples were irradiated with Sankyo Denki G8T5 lamps emitting
ultraviolet radiation (Japan) in Universal Hood II and a 395 nm ultraviolet flashlight (Ultrafire WF502B UV). Irradiation was performed for 10 s.
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Fig. 1 – Luminescence in the dark (a) and an image in the visible light (b) of luminescent wood
samples in the tissue culture flask: 1 – wood samples, 2 – mycelium, 3 – condensed water droplets
on the upper surface of the tissue culture flask, 4 – cotton wool. The signal accumulation time 300 s
(gamma 4.00, low 60021). Recorded in September 2014.

Fig. 2 – Luminescence of the surface mycelium in the tissue culture flask in the dark (a, b, c) and
an image of the wood sample with aerial mycelium in the visible light (d). Luminescence recorded
every 10 min. The signal accumulation time 300 s (gamma 4.00, low 60021). Recorded in
September 2015.
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Fig. 3 – Luminescence of the aerial mycelium in the dark (a) and an image of the wood sample
with aerial mycelium (shown by the arrow) and surface mycelium in the visible light (b). The signal
accumulation time 300 s (gamma 4.00, low 60021). Recorded in February 2016.

Fig. 4 – The appearance of the wood sample with the surface and aerial mycelia growing in the
tissue culture flask (a) and aerial mycelium on the wood sample removed from the tissue culture
flask at the end of the experiment (b). Photographs taken with a Canon EOS 6D camera.
Results
Growth of mycelium on the wood during long-term storage
Originally, wood samples placed in tissue culture flasks did not look interesting. However,
after 10 months, on the surface of the wood, we detected mycelium emitting light, which was
recorded with a GelDoc XR Imaging System (Fig. 1).
Then, mycelium spread over the surface of the plastic on which wood samples were sitting
(Fig. 2, 3, 4a, 6a). In what follows, this mycelium will be referred to as “surface mycelium”.
Luminescence of the hyphae of surface mycelium was not continuous. Luminescence was recorded
every 10 min, showing bright regions, which emerged and disappeared along the hyphae (Fig. 2)
(Supplementary
Data
can
be
found
at
http://bl.ibp.ru/index.php?module=subjects&func=viewpage&pageid=169).
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Fig. 5 – Dynamics of luminescence intensity of the mycelia after irradiation with a UV source in
Universal Hood II: luminescence before exposure (a), a UV image (b), an increase in luminescence
40 min after UV exposure (c), a decrease in luminescence 60 min after UV exposure (d). The arrow
points to luminescence of the local aerial mycelium formation. The signal accumulation time 300 s
(gamma 4.00, low 60021). Recorded in February 2016.

Fig. 6 – The increase in luminescence intensity of the mycelia after exposure to UV rays from the
flashlight: an image in the visible light (a); luminescence of the sample before exposure (b); an
image in the UV light from the flashlight (c); the increase in luminescence 6 min after UV exposure
(d). Notations: 1 – the flashlight, 2 – the region exposed to ultraviolet radiation. The signal
accumulation time 300 s (gamma 4.00, low 60021). Recorded in February 2016.
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Fig. 7 – Dynamics of luminescence intensity of the mycelium after the mechanical impact on the
wood sample: before the impact (a); 10 min after (b); 50 min after (c); 85 min after (d); 125 min
after (e); the wood sample in the visible light (f). The signal accumulation time 300 s. Recorded in
March 2016.
After wood samples had been stored for 22 months, we detected locally growing mycelium
on the surface of a sample stored in a 1300-ml tissue culture flask (Fig. 3-6). Its hyphae were
tightly interlaced to produce a formation that emitted light (Fig. 3, 5, 6). This formation will be
called “aerial mycelium”. Aerial mycelium was originally white-colored and then it turned yellow;
in five months, we observed a gray-colored region, which was growing (Fig. 4). In the gray region,
mycelium lost its ability to emit light, as visualized by using a GelDoc XR Imaging System.
After 31 months of storage, as the surface and aerial mycelia of the sample lost their ability
to emit light and in order to obtain a color photograph of better quality (Fig. 4) than the quality of
the images obtained with the GelDoc XR Imaging System (Fig. 3, 5, 6), we opened the tissue
culture flask.
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Fig. 8 –Dynamics of luminescence of the wood sample: during 2789 min (a); 10 h after the sample
was placed into the luminometer (measurement time of 2160 min) (b); in the zone of the maximal
spikes and dips (measurement time of 60 min) (c). Recorded in March 2014.
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Table 1 Changes during prolonged storage wood of samples.
Manipulation and the result
Sample collection
The placement of luminescent wood samples into tissue
culture flasks and PE bags.
Growth of mycelium on wood surface in tissue culture
flasks, recorded with a GelDoc XR Imaging System.
Spreading of mycelium over the surface of tissue culture
flasks.
Growth of aerial mycelium on the surface of wood
samples
Cessation of luminescence of mycelium on the surface of
tissue culture flasks, recorded with a GelDoc XR
Imaging System.
Darkening of the aerial mycelium and loss of
luminescence. End of experiment

Date
November – December 2013
December 2013

Storage time (months)
0
0

September 2014

10

January 2015

14

September 2015

22

April 2016

29

June 2016

31

The effect of UV radiation on luminescence of mycelium
After 23 months of the storage, wood samples in tissue culture flasks were subjected to
short-term UV exposure, which caused an increase in luminescence signal. The wood samples were
exposed to UV rays from ultraviolet lamps in Universal Hood II located under the samples; the
exposure lasted 10 s (Fig. 5). Local UV exposure was achieved by using an ultraviolet flashlight
placed over the samples (Fig. 6).
The effect of mechanical disturbance on luminescence of mycelium
To study the effect of mechanical disturbance, we used the wood sample stored in the PE
bag. Without opening the bag, we wrote on the plastic with an ordinary pencil.
The pencil left no marks on polyethylene, allowing us to record the light signal from mycelium.
The development of the luminescence signal is shown in Figure 7.
Diurnal dynamics of mycelium luminescence
Diurnal dynamics of luminescence was studied by using a Glomax® 20/20 luminometer.
Luminescence of the wood sample in the PE bag was monitored continuously, with 1 min intervals,
for over 2 days (2789 min) (Fig. 8a). Figure 8b is a 24-h fragment of the recorded signals after 600min measurements, and Figure 8c demonstrates luminescence variations during 60 min in the
maximum signal zone shown in Figure 8b.
Discussion
Growth of mycelium on the wood during long-term storage
History of changes during long-term storage of luminescent wood samples is shown in the
table 1.
Results of the study described above suggest an amazing ability of the strain IBSO 2371 to
remain luminescent for 31 months, with wood samples stored in hermetically sealed containers
under non sterile moist conditions in laboratory. These results are consistent with the data reported
by other authors, suggesting that wood retains its ability to emit light for long time periods
(Sabharwal et al. 1983, Deheyn & Latz 2007). We assume that the ability of mycelium to grow in
moist non sterile medium over extended periods of time may be due to release of metabolites that
inhibit the growth of other microorganisms and the nutrient-poor substrate, which cannot support
the growth of bacteria or lower fungi. This assumption is corroborated by the failed attempts to
derive pure culture from the surface and aerial mycelia growing on the wood: bacterial colonies
proliferated on culture media on Petri dishes.

723

We observed the growth of two types of mycelium capable of luminescence. The so-called
surface mycelium (Fig. 1-3, 4a, 6a) developed on the surface of the wood sample, and then it was
observed on the bottom of tissue culture flasks and inside the PE bags. The length of the hyphae of
this mycelium could reach 55÷60 mm. At a certain time, surface mycelium could develop spherical
swellings (Puzyr et al. 2016). The mycelium showed characteristic non-uniform “flickering”
luminescence along the hyphae (Fig. 2). This is clearly seen in the images taken every 10 min and
in
the
Supplementary
Data
that
can
be
found
at
http://bl.ibp.ru/index.php?module=subjects&func=viewpage&pageid=169, suggesting that this
effect is an attribute of the fungus. Moreover, this effect was described in a study of the pure
culture of this strain grown on agar medium (Puzyr et al. 2016).
After 22 months of storage, we detected another type of mycelium, which we called aerial
mycelium (Fig. 3-6). It grew perpendicular to the wood surface, occupied a limited space, emitted
light (Fig. 3-5), and consisted of tightly interlaced hyphae (Fig. 4). When the samples in tissue
culture flasks lost their luminescence ability, we stopped observing them. However, the samples in
PE bags remain luminescent, and we intend to use them in our future studies.
The effect of UV radiation on luminescence of mycelium
Results of our previous studies of luminescent basidiomycetes suggest that fungal mycelium
usually responds to the impact of external factors by increasing luminescence. In this study, we
conducted two experiments, which proved that the strain IBSO 2371 was not an exception to this
general rule. External factors used in these experiments were ultraviolet radiation and mechanical
disturbance.
All experiments for the study of the effects of external factors on luminescence consisted of
the procedures similar to those conducted in the investigation of the effect of UV light. First, using
the GelDoc XR Imaging System, we estimated the luminescence area and intensity without any
effect of the external factor (Fig. 5a). Then, the sample was exposed to UV radiation (Fig. 5b), and
we recorded luminescence after the exposure (Fig. 5c, d).
Previous major studies of the effect of light on luminescence were performed with the
mycelia of Armillaria and Panellus stipticus. Exposure to UV light and fluorescent light was found
to inhibit bioluminescence (Airth & Foerster 1960, Berliner 1963, Bermudes et al 1990, Weitz et al
2001). In a more recent study, Mihail and Bruhn (2007) showed that variations in luminescence
were determined by the exposure time and the wavelength of the fluorescent light and by the
species of Armillaria tested. It was also reported that application of X-rays did not change the
luminescence emission spectrum of Neonothopanus nambi mycelium, but after 20 min of X-ray
irradiation, luminescence of mycelium increased by approximately ﬁve times (Kobzeva et al 2014).
In our experiments, regardless of the UV source used (the Universal Hood II lamps or an
ultraviolet flashlight), exposure of the wood sample to UV radiation caused an increase in
luminescence of mycelium (Fig. 5, 6). Under natural conditions, the Sun’s ultraviolet radiation may
serve as a “timer” of the diurnal rhythm of the fungus. Excitation seemed to be transmitted to the
mycelium regions that had not been exposed to the external factor. The ultraviolet lamps contained
in Universal Hood II illuminated only the lower part of the wood and the surface mycelium located
on the bottom of the tissue culture flask (Fig. 5b). However, mycelium growing on the upper side
of the wood also showed an increase in luminescence (Fig. 5c). Local exposure to ultraviolet
radiation from the flashlight produced a similar effect. The region directly exposed to ultraviolet
light looked like a bright luminescent ring. At the same time, both surface and aerial mycelia
growing on the other parts of the sample also showed increased levels of luminescence (Fig. 6d).
The effect of mechanical disturbance on luminescence of mycelium
The effect of mechanical disturbance on luminescence of mycelium of the fungi growing on
agar nutrient media was reported in studies by Mihail & Bruhn (2007), Medvedeva et al. (2014),
and Mihail (2015). In most experiments, luminescence was increased, and the difference from the
initial level varied depending on the species of the fungus. In this study, we investigated the effect
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of mechanical disturbance of mycelium on the wood sample and transmission of excitation to other
parts of mycelium, leading to an increase in luminescence (Fig. 7). On the PE bag containing a
sample of light-emitting wood, we wrote three Russian letters, ИБФ (the Russian abbreviation for
the Institute of Biophysics). The pencil lead pressed to the PE surface during writing did not leave
any marks on the bag but impressed these letters on the mycelium on the wood sample inside the
bag. The local effect was transmitted to the other parts of the mycelium and caused a response – an
increase in luminescence over a vast area (Fig. 7 b). After some time, luminescence of the parts of
the sample that were not directly affected by mechanical disturbance had decreased, and the letters
became clearly visible (Fig. 7 c-e). This experiment shows that mycelium responds to mechanical
disturbance in a few minutes, and this effect can last for several hours. The duration of the response
of the fungus studied here is comparable with the duration of the response of the fungus
Neonothopanus nambi (Medvedeva et al. 2014). How the local excitation caused by an external
factor is transmitted to other parts of mycelium, which have not been directly affected by it but still
increase their luminescence, remains an enigma for us.
Diurnal dynamics of mycelium luminescence
The GelDoc XR Imaging System enables visualization of the regions emitting light with the
high level of the light signal and qualitative estimation of luminescence intensity, but it does not
enable quantification of luminescence. The Glomax® 20/20 luminometer enables determination of
the range within which the light flux varies (Fig. 8). When the PE bag with the sample is removed
from the thermostatic chamber and placed into the luminometer, mycelium is subjected to
mechanical disturbance, which causes strong emission of light energy (Fig. 8a). Therefore, in order
to obtain accurate diurnal dynamics of luminescence, the sample must stay inside the luminometer
for a long time. Other external factors, such as temperature, must remain constant too, as they also
influence the level of luminescence. The high original level of the signal emitted by the sample
placed into the luminometer (Fig. 8a) does not allow detecting the subsequent variations in
luminescence. This can be done, however, by analyzing the data on the luminescence signal
intensity from certain regions of diurnal dynamics (Fig. 8 b, c). Variations in the luminescence
signal observed after the first 10 h (600 min) for the following 2160 min (Fig. 8 b) suggest that
none of the variations in luminescence can be related to diurnal dynamics, and light flashes occur
irregularly. At the same time, the “basic” intensity of the signal tends to decrease, suggesting that
the fungus has not returned to its initial state after perturbations caused by its placement into the
luminometer. The greatest difference between the values observed for the disturbed and
undisturbed mycelium may be more than 8000-fold (Fig. 8a), and the spikes and dips of the signal
emitted by the undisturbed mycelium after 10 h of measurements may differ by a factor of 3, these
variations sometimes occurring within one hour (Fig. 8 c). Our results are in good agreement with
the data reported by Mihail (2013). She wrote that luminescence was not stable, and that peaks and
dips were recorded. It was assumed that the transient stimuli influenced the luminescence intensity.
Our results are also consistent with the observations described by Weitz et al. (2001) and
Deheyn & Latz. (2007), suggesting that light production does not vary between day and night. At
the same time, the presence of spikes and dips is indicative of the difference between our results
and the data reported by Weitz et al. (2001), who stated that light production in the fungus is a
continuous phenomenon. A significant difference is that our results do not suggest any diurnal
periodicity, which is described in studies by other authors (Berliner 1961, Kamzolkina 1982,
Bermudes et al. 1990, Oliveira et al. 2015).
The morphological traits of the strain IBSO 2371 are characteristic of basidiomycetes (the
structure of the mycelial colony, hyphal buckling, etc.). However, based on the ITS sequencing
data, we failed to identify the culture by searching for homologous sequences in Gen Bank (NCBI).
The closest sequences belong to several unidentified “uncultured mycorrhizal fungi” (Puzyr et al.
2015). No fruiting bodies of this fungus have been found in nature, making its identification even
more difficult. We assume that the variable level of luminescence, in combination with other
properties described above, is an individual trait of this fungus species. Thus, results obtained in
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this study suggest that luminescent wood found on Borneo Island contains mycelium of a fungus
species, whose luminescent properties are essentially different from those of the fungi described in
the scientific literature.
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