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Abstract: An optical epifluorescence microscope, coupled to a CCD 
camera, a standard webcam and a microspectrofluorimeter, are used to 
record in vivo real-time changes in the autofluorescence of spores and 
hyphae in Aspergillus niger, a fungus containing melanin, while exposed to 
UV irradiation. The results point out major changes in both signal intensity 
and the spectral shape of the autofluorescence signal after only few minutes 
of exposure, and can contribute to the interpretation of data obtained with 
other fluorescence techniques, including those, such as GPF labeling, in 
which endogenous fluorophores constitute a major disturbance. 
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1. Introduction 

Fluorescence-based techniques are widely applied in investigating biological samples [1], 
with a considerable increase in recent years in the use of fluorescence microscope techniques 
based on labeling with Green Fluorescent Protein (GFP) or with other fluorophores [2]. In 
particular, fungi have been studied via several fluorescence-based techniques for applications 
in various fields, from bioprocess monitoring [3–5] and health-related applications [6–9] to 
the environment, defense, and public security [10–13]. 

Few studies, however, have investigated the spectral features of endogenous fluorescence, 
or autofluorescence, of fungal species. 2-D fluorescence spectra at low spectral resolution (20 
nm) are reported in [4,5], where the endogenous fluorescence of the coenzyme NAD(P)H and 
of aminoacids is identified with 2-D fluorescence spectroscopy on fed-batch cultures of 
Aspergillus niger. In these studies, fluorescence is used to monitor metabolic activity during a 
bioprocess with GPF labeling. An additional unidentified fluorophore emitting between 490 
and 540 nm, which was interpreted as a flavoprotein, is regarded as an indicator of fungal 
metabolic activity [5]. High spectral resolution fluorescence of a UV-irradiated Antarctic 
fungus was investigated both with a spectrofluorimeter on suspensions of fungal spores [14] 
and with two-photon fluorescence microscopy and spectroscopy [15]. More recently, Laser 
Induced Fluorescence (LIF) spectra were studied on pure cultures of fungal strains both in the 
laboratory [16,17] and in a standoff configuration for different remote sensing applications 
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[18,19]. Nevertheless, there is still a general lack of knowledge on the fluorescence spectral 
features of fungi, their origin, and how they are modified during UV irradiation. 

This paper focuses on the synergetic use of a microscope-coupled spectrofluorimeter, a 
webcam, and a CCD camera for the detection of the autofluorescence features of fungi and 
their in vivo, real-time modifications at microscopic level. Here the technique is applied to a 
melanin-containing filamentous fungus, Aspergillus niger, while it is irradiated at 365 nm 
with the microscope lamp. The objective was to obtain an insight into the origin of the 
fluorescence spectral features and to contribute to the interpretation of data obtained using 
other fluorescence-based techniques, such as two-dimensional fluorescence spectroscopy for 
bioprocess monitoring, fluorescence microscopy, LIF technique, etc., and including those 
techniques where endogenous fluorophores constitute a major disturbance. In addition, this 
study can be exploited to gain further knowledge on the effects of UV irradiation on fungi and 
thus to contribute to various studies in which fungi are used as bioindicators, which range 
from environmental to space applications. 

2. Experimental 

The measurements were conducted on a melanin-containing fungal strain (Aspergillus niger) 
and were carried out using an inverted epifluorescence microscope equipped with a CCD 
camera and interferential filters. The microscope was also fiber-coupled to a spectrometer, to 
obtain spectrally-resolved fluorescence signals that would refer to single microstructures of 
the sample. A webcam was also used to record real-time changes in the fluorescence of the 
fungus. The following subsections provide a short description of the strain examined, how we 
prepared the samples, and which instrumentation we used for this study. 

2.1 Materials and methods 

Aspergillus niger is a filamentous fungus that can be isolated from soil, plant debris, and also 
from indoor air environment. Figure 1 shows a Petri dish with an Aspergillus niger colony and 
its outward morphology. 

Colonies on nutrient medium (potato-dextrose-agar) have a rapid growth (10 mm/day), 
with abundant submerged mycelium and few aerial hyphae. The latter can be more or less 
yellow colored, whereas those hyphae in the reverse of the colony, that is submerged hyphae, 
are usually white. Conidiophores grow up vertically, that is in a perpendicular direction with 
respect to the mother hyphae which lays on the surface of nutrient medium. They are smooth, 
septate or nonseptate, and brown; their length and diameter varies between 200 µm and 400 
µm and 7 µm and 10 µm, respectively. Conidial heads are radiate, become loosely columnar at 
maturity, and are blackish-brown or black with globose vesicles (50-100 µm in diameter) 
covered by two series of phialides. Conidia form chains on the phialides. 

 

Fig. 1. Photo of the fungal strain (Aspergillus niger) isolated and cultivated in the laboratory. 
The dark brownish color of the colony is due to the melanin high content of this species. 

They are globose and vary in diameter between 2.5 µm and 4.2 µm. Initially, they are 
smooth, but later become spinulose and black because of their melanin content. 

The fungal strain that we examined was isolated from frescoes of the Ovidenia Church, in 
Bistrita area in Romania. We prepared the samples as follows: the collected sample - taken 
under sterile conditions – was vigorously agitated in 10 min vortexing and then diluted it 
(1/10). Duplicate and triplicate 1 ml volumes of appropriate dilutions were inoculated onto 
DPA (dextrose-potato-agar) as nutrient medium, and after 6 days of incubation at 28°C we 

(C) 2009 OSA 7 December 2009 / Vol. 17,  No. 25 / OPTICS EXPRESS  22737
#110800 - $15.00 USD Received 30 Apr 2009; revised 21 Sep 2009; accepted 6 Nov 2009; published 30 Nov 2009



isolated pure cultures. The fungus was identified according to its cultural characteristics and to 
the morphology of its hyphae and spores. 

We prepared the slides for microscopic observation using spores and hyphae from 13-day-
old and 21-day-old cultures grown on potato-glucose-agar (Fluka) plates. For each type of 
culture, we prepared the slides in two different ways: in the first case (dry sample), we placed 
a drop of distilled water on the slide and added some material scratched from the culture with 
a loop so as to obtain a suspension of the fungal spores and hyphae; we then waited until the 
water evaporated completely. In the second case (wet sample), we added a drop of distilled 
water to a slide already prepared as described above. The slides were examined at the 
microscope immediately after their preparation. 

2.2 Instrumentation 

The measurements were carried out using an inverted epifluorescence microscope (Diaphot, 
Nikon) coupled to a CCD camera, a multichannel spectral analyzer (microspectrofluorimeter) 
and an eyepiece-mounted webcam. 

A technical drawing of the experimental set-up is sketched in Fig. 2. 
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Fig. 2. Technical drawing depicting the experimental set-up used for the autofluorescence 
measurements. The set-up integrated an epifluorescence microscope with a CCD camera, a 
multichannel spectral analyzer (microspectrofluorimeter) and an eyepiece-mounted webcam. 

The epifluorescence microscope (Diaphot, Nikon) was equipped with a high-pressure 
mercury lamp (HBO 100 W, Osram) as a light source. The fluorescence excitation at 365 nm 
was selected out of the collimated Hg-lamp light using a 10-nm bandwidth interference filter 
(365FS10-25, Andover Corporation). A 45 degrees dichroic mirror (ND400, Nikon) folded 
the excitation radiation through the objective ( × 10 or an oil-immersion × 100 Fluor (NA = 
1.3) objective) of the microscope focalizing it on the sample. The mean power at the sample 
was about 0.3 W/cm

2
 with a x100 objective. Backscattered and fluorescence radiation was 

collected by the same objective. The collected fluorescence radiation above 400 nm passed 
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through the dichroic mirror and then was deflected by a prism and a mobile mirror towards 
either the microscope eyepieces (coupled to a webcam) or a CCD camera or a spectral 
analyzer. The microscope was also equipped with a white light (halogen lamp) source to 
acquire transmission images. The halogen lamp radiation transmitted by the sample was 
collected by the microscope objective. The transmitted radiation above 400 nm passed 
through the dichroic mirror and was deflected towards either the microscope eyepiece 
(coupled to a webcam) or the CCD camera. 

The CCD camera was a high-sensitivity cooled CCD camera (Chroma CX260E, DTA 
s.r.l.) featuring a 512 × 512 pixel detector (KAF261E, Kodak). Images were digitized with a 
14 bit (16384 gray levels) dynamics. A motorized filter wheel, positioned in front of the CCD 
detector, hosted 8 different interference filters that could be used for multi-spectral sequential 
imaging. For these measurements, we used two 40-nm bandwidth interference filters centered 
at 450 and 550 nm, respectively (450FS40-25 and 550FS40-25, Andover Corporation). 
Integration time varied up to 30 s, depending on the signal intensity. The image spatial 
calibration with the CCD camera, when using the × 10 Plan Fluor Nikon objective, was 0.79 

µm pixel
−1

. We also used a standard webcam, that was coupled to the microscope eyepiece, 
for a quick, real-time record of changes in the fungal autofluorescence, although the optical 
quality was poorer. 

Microfluorescence spectra were recorded with a CCD multichannel spectral analyzer 
(PMA 11-C5966, Hamamatsu), coupled to the microscope through an optical fiber bundle (1-
mm diameter). Residual excitation light was removed with a long-pass filter (GG400, Schott 
Glas). Further detail on the microspectrofluorimeter is given in [20]. The spectra were 
acquired in the 300–800 nm spectral range with an integration time of 10 s. The actual area 
measured by the microspectrofluorimeter on the sample was a 10-µ diameter spot when using 
the x100 objective. All fluorescence spectra were corrected for the spectral response of the 
optical system by using the correction spectral curve obtained from the comparison between 
the reference spectrum and the observed spectrum of a calibration white lamp. 

3. Results 

In general, the samples examined contained mainly spores that showed a faint to very-faint 
blue fluorescence when observed under UV illumination. 

Figure 3 shows the transmission images, the fluorescence images, and the fluorescence 
spectra acquired on spores of two samples using the x100 objective: Fig. 3(a), Fig. 3(b) and 
Fig. 3(c) refer to a sample prepared from a 13-day-old culture and Fig. 3(d), Fig. 3(e) and  
Fig. 3(f) refer to a sample prepared from a 21-day-old culture. The spectra in Fig. 3(c) and 
Fig. 3(f) show a fluorescence band in the blue with at least two main contributions: at about 
440 nm and at 490 nm (the peak at 730 nm is due to the second order of the residual UV 
excitation). The younger culture [Fig. 3(b)] shows a more intense fluorescence with respect to 
the older one [Fig. 3(e)] and has its emission maximum at about 440 nm. The fluorescence of 
the samples prepared from the older culture was lower, and only a very faint blue fluorescence 
was visible in the fluorescence image [Fig. 3(d)]. 
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Fig. 3. Transmission images, fluorescence images and fluorescence spectra of isolated spores of 
Aspergillus niger: (a), (b), and (c) were acquired on a dry sample prepared from a 13-day-old 
culture. (d), (e), and (f) were acquired on a dry sample prepared from a 21-day-old culture. All 
data were acquired using the x100 objective. Images were acquired using the webcam; 
fluorescence spectra were acquired using the microspectrofluorimeter. 

Figure 4 shows the changes in endogenous fluorescence of a group of spores while 
exposed for about 30 min to UV at 365 nm of the microscope lamp. Figure 4(a) shows the 
temporal sequence of fluorescence spectra acquired with the microspectrofluorimer on the 
spores during UV exposure, while Fig. 4(b) shows the sequence of fluorescence images 
acquired using the webcam on the same sample. Fluorescence spectra acquired at the 
beginning of the sequence, after 6.4 min, and at the end of the sequence, are reported in  
Fig. 4(c). The spores show a blue fluorescence with main contributions at about 440 nm and at 
about 480 nm. Further contributions at 540 nm and 610 nm were also present. In the 
beginning, the spores showed a very faint blue fluorescence, with an emission maximum at 
about 480 nm. This blue fluorescence decreased very quickly as soon as the sample was 
exposed to the UV, as is evident from Fig. 4(c). After about 20 min of continuous UV 
exposure, however, the spores began to fluoresce again, but in a different spectral region  
[Fig. 4(d)]. This was apparent both from the fluorescence spectra and from the fluorescence 
images in which an increasing yellowish fluorescence was recorded. This fluorescence 
became very strong after about half an hour of continuous UV exposure and featured a 
maximum at about 540 nm [Fig. 4(c) and Fig. 4(d)]. 

Figure 5 shows some close-ups of the transmission and fluorescence images acquired 
using the webcam and referring to the same temporal sequence of Fig. 4. The comparison 
between the transmission image before [Fig. 5(a)] and after [Fig. 5(b)] UV exposure points 
out a discoloration of the only spores exposed to UV, as can be inferred from the picture in 
Fig. 5(c), where the UV-induced fluorescence is superimposed on the transmission image 
[note that this image has shifted slightly as compared with the previous ones). In fact, all 
spores in Fig. 5(a) are initially brownish, while in Fig. 5(b) only the spores exposed to UV 
irradiation (red circled in Fig. 5(b)] became whitish at the end of the sequence. The area 
illuminated by the UV lamp corresponds, in fact, to the circle inscribed in the main rectangle 
of the microscope crosshair, as it can be observed in Fig. 5(c), where the UV-induced 
fluorescence image is superimposed on the transmission image, and in and in Media 1 of Fig. 
6(a). 
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Fig. 4. Temporal sequence of endogenous fluorescence spectra and images of fungal spores 
(21-day old culture; dry sample). All data were acquired using the x100 objective. Images were 
acquired using the webcam; fluorescence spectra were acquired using the 
microspectrofluorimeter. (a) Sequence of fluorescence spectra. (b) Sequence of fluorescence 
images acquired using the webcam (time step: about 1 min). (c) Fluorescence spectra acquired 
at three selected times during the sequence: start of the sequence (t = 0 min), after a few 
minutes of exposure (t = 6.4 min), and at the end of the sequence (t = 34.6 min). (d) Trend of 
the main fluorescence contributions as a function of time. 
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Fig. 5. Close-ups of transmission and fluorescence images, acquired using the webcam, 
referring to fluorescence data in Fig. 4. (a) Transmission image before UV exposure. (b) 
Transmission image at the end of the temporal sequence (35-min long UV exposure). The red 
circle indicates the area irradiated by the UV light. (c) Fluorescence image superimposed on the 
transmission image. The fluorescing spores indicate the area irradiated by the UV light. 
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Fig. 6. In vivo real-time recording of endogenous fluorescence modifications due to UV 
irradiation using the webcam on: (a) hypha (Media 1), and (b) spores (Media 2) of Aspergillus 
niger (21-day-old culture; wet sample). The images were acquired using the x100 objective. 

In vivo real time recording of the UV-induced changes in the fluorescence of hyphae and 
spores are shown in Fig. 6. Figure 6(a) reports the changes of the fluorescence of an hypha 
induced by the exposition to the UV: the hypha initially featured a blue fluorescence, but 
rapidly shows an increasing yellow fluorescence, which clearly originated from its walls. The 
recording also shows some isolated spores that became strongly yellow fluorescent as they 
were exposed to UV, although the origin of the yellow fluorescence of the spores is not clear 
in this record due to the fact that only the hypha is focused. In the upper right of the image 
there is also another hypha (out of focus), as it can be easily inferred from the transmission 
image at the end of the recording [Media 1 in Fig. 6(a)]. Figure 6(b) shows the recording of 
the fluorescence changes due to UV exposition on a group of spores of the same sample. In 
this case, the spores in the focal plane clearly showed how the strong yellow fluorescence 
came from the spore walls. 

Figure 7 shows a sequence of fluorescence spectra acquired using the micro-
spectrofluorimeter [Fig. 7(a)] and fluorescence images acquired using the webcam [Fig. 7(b)] 
taken on a sample of spores to which a drop of distilled water was added (wet sample). The 
addition of water had the effect of reducing considerably the time required for the insurgence 
of the strong yellow fluorescence at 540 nm. The spores emitted strong yellow fluorescence 
only a few minutes after exposure to the UV, while the dry sample required about 20 min of 
continuous UV exposure. Fluorescence spectra acquired at the beginning of the sequence, 
after 4.3 min, and at the end of the sequence are reported in Fig. 7(c). Also in this case, the 
spores initially showed a faint blue fluorescence, with main contributions at about 440 nm and 
at about 480 nm, and further contributions at 540 nm and 610 nm. Also in this case (wet 
sample), the emission maximum was at 480 nm, and there were no significant shifts of the 
other contributions as compared with the dry sample [Fig. 4(c)]. Differently from the dry 
sample, however, after about 5 min the fluorescence started to decrease very quickly, and the 
main contribution to the fluorescence spectrum again was in the blue region [Fig. 7(d)]. 

Another effect of UV exposure on the wet sample is shown in Fig. 8. The transmission 
images taken before and after the exposure to UV, shown respectively in Fig. 8(a) and  
Fig. 8(b), make it clear that there is a discoloration of the spores due to the UV. In addition, 
the fluorescence image [Fig. 8(c)] acquired about 5 min after exposure to UV, i.e. when the 
yellow fluorescence reached its maximum emission [Fig. 7(d)], shows that the fluorophores 
responsible for the yellow fluorescence were mainly located in the spore walls. After about 15 
min, the spores again emitted a predominantly blue fluorescence [Fig. 8(d)], which was 
uniformly distributed inside the spores and has the same spectral shape as the initial blue 
fluorescence observed at the beginning of the UV exposure, but slightly more intense, as 
shown in Fig. 7(b). 
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Fig. 7. Temporal sequence of endogenous fluorescence spectra and images of fungal spores 
(21-day-old culture; wet sample). All data were acquired using the x100 objective. Images were 
acquired using the webcam; fluorescence spectra were acquired with the 
microspectrofluorimeter. (a) Sequence of fluorescence spectra; (b) sequence of fluorescence 
images acquired using the webcam (time step: about 1 min). (c) three fluorescence spectra 
acquired at the three selected times during the sequence: t0 (start of the sequence), t0 + 4.3 min 
(maximum emission of yellow fluorescence), t0 + 26.8 min (end of the sequence); (d) trend of 
the main fluorescence contributions as a function of time. 
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Fig. 8. Close-ups of transmission and fluorescence images, acquired using the webcam, 
referring to fluorescence data shown in Fig. 7. (a) Transmission image before UV exposure; (b) 
Transmission image at the end of the sequence (26.8-min long UV exposure). (c) Fluorescence 
image at t0 + 4.3 min (maximum emission of yellow fluorescence). (d) Fluorescence image at 
the end of the sequence (26.8-min long UV exposure). 
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Fig. 9. False-color coded fluorescence images of spores (13-day-old culture; dry sample) 
acquired using the CCD camera and interferential filters. The images were acquired with the 
x10 objective. Excitation is at 365 nm. Images are normalized to the maximum intensity. (a) 
Fluorescence emitted at 450 nm. (b) Fluorescence emitted at 550 nm. (c) RB merging of the 
two fluorescence images (450-nm fluorescence on the blue (B) channel and 550-nm 
fluorescence on the red (R) channel). 

Fluorescence images were also acquired on a group of spores using the CCD camera 
equipped with interferential filters. Figure 9(a) shows a false-color coded fluorescence image 
acquired with the 450-nm interferential filter on a group of spores (13-day-old culture; dry 
sample), whereas Fig. 9(b) shows a false-color coded image acquired on the same sample 
using the 550-nm interferential filter. Red-yellow pixels in Fig. 9(a) indicate a more intense 
fluorescence intensity at 450 nm; red-yellow pixels in Fig. 9(b) indicate a more intense 
fluorescence intensity at 550 nm. Due to the low fluorescence signal, the images were 
acquired using the x10 objective. Integration time was 30 s. Figure 9(a) shows how the blue 
fluorescence was quite uniformly distributed inside the cytoplasm, while the yellow 
fluorescence [Fig. 9(b)] was mainly located in correspondence with the spore walls. This is 
clear also from the RB merging of the two images shown in Fig. 9(c), where the 450-nm 
fluorescence is associated with the blue (B) channel and the 550-nm fluorescence is associated 
with the red (R) channel. 

4. Discussion 

All the samples examined under UV illumination initially showed a faint to very-faint blue 
fluorescence. This fluorescence can be ascribed to the reduced form of the nicotinamide-
adenine dinucleotide (phosphate) (NAD(P)H), which is known to emit fluorescence in the 
blue spectral region with a maximum of between 440 nm and 465 nm, depending on the 
binding and the sample environment [21,22]. In particular, the band with its emission 
maximum at about 440 nm can be attributed to the protein-bound NAD(P)H [21–23]. A 
considerably higher intensity of this band in the 13-day old culture [Fig. 3(c) and Fig. 3(f)] is 
consistent with the fact that, in these cultures, the spores are still kept in long chains [Fig. 3(a) 
and Fig. 3(b)] and this is known to be due to a proteinaceous disk located between two 
adjacent spores. On the contrary, most spores in the 21-day old culture are either spread as 
individuals or kept in very short chains [Fig. 3(d) and Fig. 3(e)], which leads to an overall 
lower content of proteins and thus of protein-bound NAD(P)H. This justifies a considerably 
higher fluorescence at 440 nm in the younger cultures due to an overall higher content of 
protein-bound NAD(P)H. Consistently, a higher fluorescence intensity in younger cultures 
was also observed in fungal bioaerosols with an UV aerodynamic particle sizer spectrometer, 
in which the percentage of fluorescent spores was found to decrease as they aged [13]. A 
greater fluorescence contribution at about 440 nm has already been observed also in viable 
cells [23]. Moreover, the fluorescence of viable myocites showed a maximum at 447 nm, 
while nonviable myocites were found to have a definitely lower fluorescence emission, with a 
consistent decrease in the contribution at 447 nm [23]. On the other hand, the decrease of this 
blue fluorescence immediately after exposition to UV [Fig. 4(c) and Fig. 4(d)] could be 
ascribed to a photobleaching effect and can be explained on the basis of the NADH photolysis 
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to NAD and reduced oxygen, proteins or other free-radical products [24,25]. A decrease in the 
NAD(P)H blue fluorescence due to photobleaching caused by UV exposure has already been 
observed in many other biological samples [22,26,27]. 

The emergence of a intense fluorescence band with a maximum at 540 nm after a longer 
exposition to the UV both in the dry and the wet samples [Fig. 4(a) and Fig. 4(c)] could 
instead involve the photo-oxidation of melanin, which is known to be present in this species 
abundantly. The oxidation of melanin and its strong yellow fluorescence have recently been 
observed in both retinal pigment epithelium and in vitro, where oxidized melanin was found 
to have an emission spectrum that peaked at 540 nm in the case of both synthetic melanin and 
isolated bovine melanosomes [28]. Further support to the interpretation of the strong yellow 
fluorescence as being due to the photo-oxidation of melanin is suggested by the fact that the 
fluorophore mainly responsible for the yellow fluorescence is located in the hyphae and cell 
walls [Fig. 6(a) and Fig. 6(b)]. This suggests that the fluorophore is a pigment, rather than 
flavins or flavoproteins, which also emit fluorescence typically between 530 and 560 nm [29], 
but are not confined to the cell walls. Similar results can also be observed in Fig. 8 and Fig. 9, 
where the blue fluorescence [Fig. 8(d) and Fig. 9(a)] is uniformly distributed inside the 
cytoplasm, as we could expect for NAD(P)H fluorescence, while the yellow fluorescence is 
mainly confined to the cell walls [Fig. 8(c) and Fig. 9(b)]. This again supports the hypothesis 
that the fluorophores causing yellow fluorescence were mainly located on the spore walls and 
were likely to be due to the melanin that is abundantly contained in this fungal species. A 
strong yellow fluorescence from the cell walls of a UV-stressed Antarctic fungus has also 
been observed using a two-photon fluorescence microscopy and was attributed to an unknown 
fluorophore, most probably a pigment [15]. The disappearance of the yellow fluorescence 
observed in the wet sample after a further UV exposure (Fig. 7) and the observation of a 
predominantly blue fluorescence, having the same spectral shape as the initial blue 
fluorescence observed at the beginning of the UV exposure, may be due to the photo-
destruction of the melanin pigment which, being a photoprotector, initially prevents 
endogenous fluorophores from being effectively excited by UV. A photo-destruction process 
in the wet sample at the end of the 26.8-min long UV exposure is further supported by the 
discoloration of spores shown in Fig. 8(b). This type of discoloration has also been found in 
other studies devoted to investigating the effects of UVC irradiation on fungal spores to be 
used as bioindicators in space experiments [30]. After photo-oxidation of the melanin, due to 
continuous UV exposure, NAD(P)H fluorescence no longer shows such a rapid decrease, as 
we observed immediately after UV exposure in both the dry and the wet samples [Fig. 4(d) 
and Fig. 7(d)]. An explanation could be attributed to a different redox state of the cell, since 
the fractional contribution of the bound- and free NAD(P)H was then changed. 

5. Conclusions 

The use of a microspectrofluorimeter and a low-cost standard webcam, coupled to an inverted 
epifluorescence microscope, were used to investigate the features of endogenous fluorescence 
and the effects of the UV irradiation in a melanin-containing fungus. The use of a webcam 
made possible a quick acquisition of fluorescence images, even ones of very weak intensity, 
and contributed considerably to an interpretation of the full resolution fluorescence spectra 
acquired using the microspectrofluorimeter. 

The use of this instrumentation on samples of Aspergillus niger, a weakly fluorescent 
fungus, made it possible to record in real-time the UV-induced effects in both spores and 
hyphae. Changes were observed in both the intensity and the spectral shape of the endogenous 
fluorescence after UV irradiation. Initially, an abrupt change occurred in the blue fluorescence 
intensity, interpreted as due to the photobleaching of NAD(P)H; however, after a few minutes 
of irradiation, a strong yellow fluorescence, which was attributed to the photo-oxidation of 
melanin, was observed at 540 nm. The effects of UV irradiation were considerably enhanced 
in the wet samples. Transmission images also showed a photobleaching effect on the 
irradiated spores. Further studies will address the effects of UV irradiation also in other fungal 
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strains in order to ascertain the role of pigments like melanin in the photo-oxidation of the 
samples. 
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