E AIMS Biophysics, 12(1): 101-120.
ATMS Biophysics DOI: 10.3934/biophy.2025007
%E Received: 01 December 2024
o Revised: 27 January 2025
Accepted: 17 February 2025
Published: 17 March 2025

http://www.aimspress.com/journal/biophysics

Research article

Determination of the concentrations of possible endogenous
photosensitizers in Candida auris via two-dimensional fluorescence

spectroscopy

Anna-Maria Gierke*, Robin Haag and Martin Hessling

Institute of Medical Engineering and Mechatronics, Ulm University of Applied Sciences, Albert-
Einstein-Allee 55, D-89081 Ulm, Germany

* Correspondence: Email: anna-maria.gierke@uni-ulm.de; Tel: +9647504683697.

Abstract: Candida auris is an emerging pathogenic yeast. In order to investigate possible light-based
disinfection systems or therapeutic approaches, this study examined the formation of possible
photosensitizers under different growth conditions. The yeast was cultivated under aerobic conditions
in YEPG medium and minimal medium with 10% NaCl. 2D fluorescence spectroscopy (15 excitation
wavelengths from 320 to 450 nm) at different time points was performed to calculate the
concentrations and proportions of dry mass of various fluorophores. Comparing the different growth
conditions, higher concentrations of porphyrins were observed with minimal medium + 10% NaCl
than with the YEPG medium. When determining the concentrations of different fluorophores over time,
different dynamics could be observed for both aerobic growth conditions. For both growth conditions,
NADH, followed by thiamine and lumichrome, exhibited the highest concentrations; coproporphyrin
IIT showed the lowest.

Keywords: photosensitizer; fluorophores; fluorescence measurements; concentration; ROS; flavin;
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1. Introduction

Candida auris is an emerging pathogenic yeast that has already been categorized as having high
priority by the Centers for Disease Control and Prevention and the WHO due to invasive infections [1,2].
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Cases of nosocomial infections in hospitals and healthcare facilities are rising. Ear, wound,
bloodstream, urinary tract, and respiratory tract infections can be caused by C. auris. Furthermore,
multi-resistance to antimycotics is increasingly being reported [3,4].

A certain morphology variance of C. auris has been described, with the yeast commonly
characterized as being round shaped [5-7]. However, aggregates and an elongated shape can be
observed as a result of stress factors, as investigated by Wang et al. by adding NaCl to the growth
medium [6]. C. auris can be found on the skin in coexistence with other bacteria and fungi [8].
Different areas of skin on the body can be distinguished by their moisture degree, increased sweat, and
sebaceous glands [9]. Skin areas with increased sweat glands, for example, have an increased salt
content [10,11]. C. auris has been detected on various areas of the skin, such as the armpit, groin, nose,
ear canal, fingertip, palm, nail, and perianal skin [12,13].

As C. auris and many other microorganisms are pathogenic, it is important to investigate new
inactivation techniques. In addition to drug treatment approaches or chemical methods, visible light
photoinactivation is another possibility. This is based on the excitation of so-called photosensitizers (PSs),
which are usually also fluorophores. While exogenous PSs are applied in photodynamic therapy (PDT),
endogenous PSs include, for example, porphyrins, which are found in heme biosynthesis (cytosol and
mitochondria) [14]. Several studies have described the application of endogenous porphyrins in
fluorescence diagnostics (FD) and PDT [15-17]. Furthermore, endogenous PSs also include flavins [18—20],
among which FMN and FAD can be detected in yeast cells in addition to riboflavin, as described in
the study by Pallota 2011 using S. cerevisiae [21]. These substances can hardly be distinguished
spectrally using fluorescence measurements [22,23].

PSs are excited by the absorption of a photon and thus change from the ground singlet state to the
excited singlet state and can then transfer to the long-lived triplet state [24]. Two types of reaction can
then take place, resulting in the formation of reactive oxygen species (ROS). In type I reactions,
electrons are transferred to oxygen, resulting in the formation of ROS such as superoxide radicals,
hydroxyl radicals, and others. Further ROS can then be formed via the Haber—Weiss reaction using
these superoxide radicals [25]. Singlet oxygens can be formed in type II reactions via the transfer of
energy. ROS can be formed in various cell components such as the cell membrane, cytosol,
peroxisomes, endoplasmic reticulum, or membranes of mitochondria [26].

After fluorophores have been excited by photons and thus raised to the excited singlet state, they
can return to the ground singlet state by fluorescence [27]. A further possibility of emission is via
phosphorescence after the excited fluorophore has entered the long-lived triplet state and then changed
to the ground singlet state.

As there is a tendency for drug resistance to increase in C. auris, this yeast should be further
investigated regarding visible light photoinactivation. For this, various possible PSs were investigated
using fluorescence measurements to determine which fluorophores can be formed and thus measured
under which growth conditions. The experiments were carried out aerobically with either YEPG or a
minimal medium and an additional 10% NaCl for increased salt stress. Furthermore, to determine how
the formation of different fluorophores changes over time of cultivation, fluorophore proportions were
calculated for each measuring point using the time course of the measured fluorescence spectra.

The aim of this study is to investigate which fluorophores or possible PSs can be found in C. auris.
Differences due to different growth conditions will be observed, as will the determination of the
respective concentrations and changes over time.
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2. Materials and methods

C. auris (DSM 21092) was chosen to investigate possible endogenous PSs and development over
time during growth phases.

The yeast was cultivated in liquid culture for both growth investigations and fluorescence
measurements. A modified form of yeast extract peptone glucose (YEPG) medium was chosen [200
mL glucose (250 g/L), 20 g peptone from casein, and 10 g yeast extract per 1,000 mL; pH 6.5]. Samples
were spread out on potato dextrose agar plates. The minimal medium (reduced nutrient content
compared to the modified YEPG medium) consisted of 0.5% peptone from casein and 0.1% Tween 80.
As a further stress factor, 10% NaCl was added [6,28].

For growth curves, a sample was taken from a preculture prepared 24 h earlier with YEPG
medium at 30 °C and transferred to the desired amount of the respective medium (1: 150). After
different time points, samples were taken from these cultures in different media to measure the optical
density at 600 nm (ODsoonm) with a spectrophotometer (SPECORD 250 PLUS double beam
spectrophotometer, Analytik Jena, Germany). Colony-forming units per milliliter (CFU/mL) were also
determined. For this purpose, samples were centrifuged at 7,000 x g for 5 min and the resuspension
was washed twice with phosphate-buffered saline (PBS). The resulting suspension was plated on agar
plates and analyzed by counting visible colonies after 48 h of incubation. In addition, images were
taken with a microscope (Nikon Eclipse TE2000-U and Nikon D5600, Nikon, Japan) at 60 x and 100 x
magnification.

For fluorescence measurements, liquid cultures were prepared at a ratio of 1: 150 to the YEPG
medium preculture. From this, the respective amount of preculture was added to the respective medium.
Various samples were taken at different times. The optical density at 600 nm (ODsoonm) was measured
and yeast concentration was determined. Samples were washed under resuspension with PBS and
centrifuged at 7,000 x g for 5 min, and the supernatant was discarded. To determine dry mass, autoclaved
distilled water was added to the sample to obtain a defined concentration, and three samples (1 mL each
of the suspension) were taken. These samples were dried; after weighing, the resulting masses were
averaged. The suspension sample was centrifuged again at 7,000 % g for 5 min, and the remaining
supernatant was measured. The amount of supernatant was again added as Laemmli buffer with a pH
of 6.8 [29]. The resulting suspension was heated to 90 °C for 5 min and centrifuged again. The
supernatant was used for fluorescence measurements using a microtiter plate (MTP) reader (CLARIOstar®
plus, BMG LABTECH GmbH, Germany). The following settings were chosen for the MTP reader:
photomultiplier gain 2.000, focal height 6.5 mm, settling time 0.5 s, temperature 30 °C. A sample
volume of 100 uL was added to the wells of the 96-well MTP.

In order to investigate the concentrations of possible PSs, these were examined for fluorescence
at different excitation wavelengths (320, 330, 340, 350, 355, 360, 365, 370, 380, 390, 400, 410, 420, 430,
and 450 £ 8 nm). All PSs were dissolved in DMSO [dimethyl sulfoxide; C2HsOS, purity (GC) > 99%,
CAS: 67-68-5, SERVA Electrophoresis GmbH, Germany] with the exception of NADH (j-
nicotinamide adenine dinucleotide reduced disodium salt, C21H27N7Na2014P2, purity 97%, CAS: 606—
68—8, Alfa Aesar, USA, dissolved in distilled water) and thiamine (dissolved in Ringer’s solution). PSs
were further diluted with Laemmli buffer (Table 1). The following fluorophores were selected [30—
32]: Rbf-eq. (flavins/riboflavin-equivalent; riboflavin, C17H20N4Os, purity 98%, CAS: 83—-88-5, Alfa
Aesar, USA), Lmc (lumichrome; Ci2H10N4O2, CAS: 1086—80-2, Merck KGaA, Germany), NADH,
PPIX [protoporphyrin IX; C3s4H34N4Oas, purity (HPLC) > 98%, CAS: 553-12-8, Santa Cruz
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Biotechnology Inc., USA], ZnPP [zinc-protoporphyrin; C3sH32N4O4Zn, purity (TLC) 96%, CAS:
15442—-64-5, Alfa Aesar, USA], Copro III [coproporphyrin III dihydrochloride; C3sH3sN4Os - 2HCL,
purity (HPLC) 98.5%, CAS: 14643—66—4, Santa Cruz Biotechnology Inc., USA], and Thm (thiamine
chloride hydrochloride; C12H17CIN4OS - HCL, purity > 98%, CAS: 67-03—8, Merck KGaA, Germany).
Both the C. auris and fluorophores samples were maintained in the dark until the start of the
measurements to prevent possible bleaching. Fluorescence spectroscopy was carried out for yeast
samples or the fluorophores in triplicates and six-fold for the reference samples (distilled water, DMSO,
Laemmli buffer, and an empty well plate). Growth experiments were repeated three times. The contour
plots of fluorophores and yeast samples were created with Origin 2021b (OriginLab Corporation,
Northampton, MA, USA).

Table 1. Overview of final concentrations of the chosen fluorophores, presenting the
concentration of each excitation wavelength for the fluorophores.

Concentration (pg/mL)

Excitation = Rbf-eq. Lmc NADH PPIX ZnPP Copro Il Thm
wavelength

(nm)

320 15 240 28 80 16 12 52
330 15 240 28 80 16 12 52
340 15 24 28 80 16 12 52
350 15 24 28 80 16 12 52
355 1.5 24 28 80 16 12 52
360 1.5 24 28 16 16 12 52
365 1.5 24 28 16 16 12 52
370 1.5 24 28 16 16 12 52
380 1.5 24 28 16 8 12 52
390 1.5 24 28 8 8 12 52
400 1.5 24 140 8 8 12 52
410 1.5 24 140 8 8 12 52
420 1.5 24 140 8 8 12 52
430 1.5 240 140 8 8 12 52
450 1.5 240 140 8 8 12 52

Fluorescence measurements aimed at investigating the extent to which tested fluorophores occur
in the yeast samples examined; thus, the concentrations of the fluorophores were determined. For this
purpose, the samples of both C. auris and fluorophores were excited at different wavelengths as
mentioned above.

Initially, the respective proportions of the fluorescence spectra from Laemmli buffer and DMSO
or distilled water were subtracted from the averaged fluorescence spectra according to Table 1. This
procedure reduced the overall number of fit parameters required and helped in the optimization of
unknown contributors to the fluorescence spectrum. For thiamine, data from water and the empty well
plate were subtracted. Fluorophore and sample data were linearly interpolated for a single excitation
wavelength and fitted to the data of the same excitation wavelength of the yeast sample using the least
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squares method with the following fit function (Formula 1). For this purpose, the yeast sample data
were not interpolated beforehand.

FO) = ZN_0Anfa() ; Ay € R,NEN (1)

An: constants; fn(A): interpolation of the data from fluorophores; photon counts; A: emission
wavelength; N: number of fluorophores.
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Figure 1. Flowchart for calculating the concentrations of fluorophores in samples of C. auris.
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All constants were saved to a parameter matrix. The concentrations from Table 1 were then
multiplied with the constants from the fit at their respective excitation wavelengths. The calculation

was performed with Python 3.8.

3. Results

In order to examine the fungal samples, fluorophores were excited with different wavelengths
(320, 330, 340, 350, 355, 360, 365, 370, 380, 390, 400, 410, 420, 430, and 450 + 8 nm) and the emission
curves were presented graphically (Figure 2). Riboflavin-equivalent had a peak at an emission
wavelength of 520-530 nm. A peak was observed at approximately 450465 nm for lumichrome, at
440470 nm for thiamine, and at 440—480 nm for NADH. For protoporphyrin IX, peaks were detected
at approximately 630—640 nm and 690—710 nm. For zinc-protoporphyrin, peaks were measured at 585—
595 nm and 635—650 nm; for coproporphyrin III, peaks were detected at 610—620 and 660—680 nm.
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Coproporphyrin III
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Figure 2. Fluorescence spectra of all investigated fluorophores (pure chemicals) in
suspension with different excitation wavelengths (320-450 nm). The concentrations
selected for measurement are presented in Table 1.

3.1. Studies on different growth conditions

For the following investigations, two growth conditions were applied: cultivation with YEPG
medium after 48 h and cultivation with minimal medium + 10% NacCl after 44 h. Figure 3 presents
the microscopic images of both cultures. During growth in YEPG medium, single yeast cells or still-
connected mother—daughter cells were observed. After growth with minimal medium + 10% NacCl,

yeast aggregates were predominantly found.

AIMS Biophysics
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YEPG medium (48 h) Minimal medium + 10% NaCl (44 h)
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Figure 3. Microscopic images of C. auris. Cultures were cultivated aerobically in YEPG
medium (48 h) or in minimal medium + 10% NaCl (44 h). Magnification: 60 x (left) and
100 x (right).

Figure 4 presents fluorescence spectra of C. auris samples at different excitation wavelengths.

During growth with YEPG medium, emission peaks at 430—450 nm and 500-550 nm were observed
after 48 h, where the second peak had higher counts at excitation wavelengths of 420, 430, and 450
nm than the first peak. In fluorescence measurements of the yeast samples grown in minimal medium
+ 10% NacCl, peaks were also detected at 430—450 nm and 500-550 nm, but also at 575-585 nm and

630-640 nm.
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Figure 4. Fluorescence spectra of C. auris under different growth conditions with different
excitation wavelengths (320, 330, 340, 350, 355, 360, 365, 370, 380, 390, 400, 410, 420,
430, and 450 £ 8 nm).

3.2. Growth experiments
To investigate the development of fluorophores over time, growth curves were initially carried
out by ODeoonm measurements (Figure 5). The experiments were carried out in YEPG medium and in

minimal medium + 10% NaCl. An ODsoonm value of 6.7 was achieved after growth in YEPG medium
after 48 h; an ODeoonm value of 0.17 was found after growth in minimal medium + 10% NaCl after 44 h.
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Figure 5. Growth curves of C. auris under different growth conditions: YEPG medium
and minimal medium + 10% NaCl.

Figure 6 presents the concentrations of various fluorophores over time and under different acrobe
growth conditions. During growth in YEPG medium, the concentration of NADH and Lmc continued
to increase until the end of the growth experiment. With PPIX, a sharp increase was observed after a
few hours, followed by a decrease before 50 h. The concentrations of other fluorophores increased
until 100 h, with fewer concentration changes afterward.

In the fluorescence measurements with yeast samples grown in minimal medium + 10% NacCl,
concentration increased for all fluorophores up to 44 h. Thereafter, a smaller increase or a decrease
was observed over time. After 72 h, an increase in the concentration of Lmc, Thm, and NADH was
detected. The concentration of ZnPP increased up to 72 h and then decreased.

Under both growth conditions, NADH presented the highest concentration, followed by Thm and
Lmc; Copro I1I had the lowest concentration. NADH had a concentration of 461 + 55 pg/mL for growth
with YEPG medium after 150.5 h and 139 + 15 pg/mL for growth with minimal medium + 10% NaCl
after 160.5 h (Table 2).

The growth experiments were repeated with both cultivation media, and the dry mass of each
yeast sample was determined at different time points. From the determined concentrations of
fluorophores and dry mass, the proportion to dry mass could be calculated (Table 2). An increase in
dry mass was observed over time for all samples with both media (excluding 160.5 h cultivation with
minimal medium + 10% NaCl). The dry mass of the yeast sample was 117 +£ 4 mg/mL after 72 h with
YEPG medium and 29 + 5 mg/mL after 72 h with minimal medium + 10% NaCl. Under both growth
conditions, NADH and thiamine were calculated with the highest proportion to dry mass. A proportion
to dry mass of (50 + 15) x 10* was determined for NADH after 20 h with YEPG medium and 13 + 4 x
1072 after 22 h with the other medium. For thiamine, the highest proportion after 48 h with YEPG medium
was (261 £ 16) x 10°; with minimal medium + 10% NaCl, the maximum proportion after 22 h was (47
+16) x 1073,
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Figure 6. Concentration of different fluorophores over time under different growth
conditions: YEPG medium and minimal medium + 10% NaCl. A major contributor to the
presented error bars is the computational error arising in the numerical application of the

fit with Formula 1.
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Table 2. Concentrations of investigated fluorophores for C. auris under different growth
conditions at different times. The proportions of fluorophores to dry mass were also
calculated. Three or four measuring points are presented for each selected medium,
whereby the concentrations determined are included in the curves in Figure 6, and the

proportions of dry mass were also calculated.

YEPG medium
Time [h] OD600nm  Drymass  Determined concentration Proportion to dry
[mg/mL] Fluoroph. [pg/mL] mass

20 0.93 22.0+0.4 Rbf-eq. (Bl6+1)x 103 (142 £4) x 107
Lmc (146 £7) x 10 (66 £5) x 10°
NADH (109 £ 3) x 107 (50 £ 15) x 10*
PPIX (46 £ 15) x 10! (21 £8) x 10?
ZnPP (222 £ 14) x 102 (101 £8) x 10°
CoproIll (67 £14) x 10 (34+7)x107
Thm (438 £12) x 10! (20 1) x 10*

48 6.20 100+ 4 Rbf-eq. (1061 £ 5) x 1073 (113 £5) x 107
Lmc (542 £18) x 102 (54 £5)x10°
NADH (381 +£4)x107° (383 +£19) x 10°
PPIX (12+4)x107° (13+5)x10°
ZnPP (70 £ 6) x 10! (71 £8) x 10°
CoproIll (14 +4) x 10 (17 £ 4) x 107
Thm (260 £ 6) x 10 (261 £16) x 10°

72 6.40 117+4 Rbf-eq. (920 £ 4) x 1073 (84 £3) x 107
Lmc (636 +21) x 102 (54 +4)x10°
NADH (325 £20) x 107 (278 £26) x 107
PPIX (100 + 50) x 10! (9£5)x 107
ZnPP (66 £5) x 10! (56 £6) x 10°°
Copro Il (16 +4) x 10 (13+£3) x 107
Thm (162 £12) x 10 (138 £15) x 10

Minimal medium + 10% NaCl
Time [h] OD600nm  Dry mass  Determined concentration Proportion to dry
[mg/mL] Fluoroph. [pg/mL] mass

22 0.023 0.43£0.09 Rbf-eq. (113 £4) x 10 (26 £6) x 10°°
Lmc (50 £ 6) x 10! (12+4)x 1073
NADH (55+4)x107° (13+4)x 10
PPIX Not measurable -
ZnPP (54 £18) x 107 (13+7)x 107
Copro Il Not measurable -
Thm (20 £3) x 10 (47 £16) x 107
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Minimal medium + 10% NaCl

Time [h] OD600nm  Drymass  Determined concentration Proportion to dry
[mg/mL] Fluoroph. [pg/mL] mass
44 0.17 10.63 + Rbf-eq. (1585+6) x 10+ (154 £2) x 107
0.05 Lmc (161 £ 12) x 10! (151 £ 12) x 107
NADH (131 +13) x 10 (123 £13) x 10*
PPIX (413 £16) x 1073 (39+2)x10°
ZnPP (95 +£5) x 102 (89 +£5)x 10°
Coprolll (36 +22)x 107 3+2)x10°
Thm (76 £7) x 10° (72+£7) x 10*
72 0.28 29+5 Rbf-eq. (1768 £ 8) x 10 (6£1)x10°
Lmc (172 +£9) x 107 (59+13)x 10°°
NADH (100 = 40) x 10 (31+17) x 10*
PPIX (354 +18) x 103 (12+£3) x 10°
ZnPP (116 £ 6) x 102 (39+£8)x10°
Copro Il (6+5)x 102 =1)x10°
Thm (752 £ 12) x 10! (26 £ 5) x 10™
160.5 0.20 11.53 + Rbf-eq. (1096 = 6) x 10 (110 £2) x 107
0.19 Lmc (289 +22) x 10! (251 +23) x 107
NADH (139 £ 15) x 10 (121 £15) x 10*
PPIX (95 +13) x 107 (8+1)x10°
ZnPP (81 £5)x 10 (70 £5) x 10°°
Copro Il (4+8)x 102 3=£7)x10°
Thm (114 + 12) x 10 (98 £12) x 10*

4, Discussion

This study evaluates C. auris and the production of possible fluorophores under different growth
conditions. In addition, the concentrations of the fluorophores examined in the aerobic experiments
were determined in relation to dry mass over time. Figure 2 presents the results of fluorescence
spectroscopy of investigated fluorophores for various excitation wavelengths. The respective curve
regression of the fluorophores agrees with the investigations of Koenig and Schneckenburger [33].
Additional information on the fluorescence properties of riboflavin equivalents and thiamine can be
found in Yang et al. [34]. In the study of Kowalska and Kozik, the pathway of biosynthesis of thiamine
is presented for yeast cells [35]. As was described in subsequent studies using porphyrins, it is
important not to change the pH value or solutions for the entire measurements of fluorophores and
yeast samples, as this has an influence on the fluorescence curves [18,36]. Since Laemmli buffer was
used for C. auris samples in this study, but fluorophores had to be dissolved in other solvents
beforehand, the proportions of DMSO and H20 were kept as low as possible (Table 1) and later
eliminated.

As described by Fyrestam et al., there are various factors that influence the production of different
porphyrins [37]. In particular, the influence of growth conditions and time are described for bacteria.
To investigate this for C. auris, two samples were cultivated aerobically with two different media
(YEPG medium and minimal medium + 10 % NaCl). The results of the fluorescence spectroscopy are
presented in Figure 4. Similar peaks were observed during growth with both media under aerobic
conditions, whereby two additional peaks were detected by cultivating with minimal medium + 10 %
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NacCl (575-585 nm and 630-640 nm). These peaks are due to an increased proportion of porphyrins
(Table 2). For PPIX, more than twice the proportion to dry mass was determined for growth after 44
h with minimal medium + 10% NaCl than for growth in YEPG medium; for ZnPP, this was 1.3 times
higher. The influence of the concentrations of endogenous porphyrins and zinc protoporphyrin under
different growth conditions and strains of Saccharomyces cerevisiae was also investigated by Pretlow
and Sherman [38]. They were able to detect different porphyrins in the yeast and described the
concentrations of these substances under anaerobic growth conditions. The porphyrins investigated are
formed via heme synthesis [39]. For this purpose, 6-aminolevulinic acid is first formed from glycine
and succinyl-CoA. Both media contained peptone from casein as a source of amino acids. In the
medium with an increased amount of nutrients, more substances such as thiamine and flavins formed.
In the minimal medium, on the other hand, these substances can be less formed due to the low amount
of nutrients, and more porphyrins are formed by the additional administration of peptone [40,41].

In order to investigate changes in the production of fluorophores over time, growth experiments
were initially carried out under aerobic growth conditions with both media (Figure 5). The stationary
phase was observed for the optimum medium after 50 h of cultivation, whereas this phase was reached
after approximately 70 h for cultivation with the minimum medium + 10% NaCl.

All fluorophores analyzed were detected via simultaneous fluorescence spectroscopy. In the
pathogenic relative Candida albicans, coproporphyrin, uroporphyrin, and flavins were detected using
fluorescence spectroscopy [18,42]. When cultivated with YEPG medium, the concentration of PPIX
did not decrease further after 50 h, and the concentration of Copro III increased (Figure 6). According
to Table 2, the highest concentration was 12 £ 4 pg/mL for PPIX after 48 h and (16 £ 4) x 10 pg/mL
for Copro III after 72 h. When comparing the proportion to dry mass, however, the highest proportions
were observed after 20 h with (21 £ 8) x 107 for PPIX and (34 + 7) x 107 for Copro III. In a study by
Fyrestam et al., Saccharomyces cerevisiae was analyzed using high-performance liquid
chromatography (HPLC), and a concentration of 2 ng/g was described for PPIX and 79 ng/g for Copro
IIT [42]. Another study investigated the development of Copro III and PPIX over time using
Aggregatibacter actinomycetemcomitans [37]. The results of the HPLC measurements described that,
in contrast to the results for C. auris, the concentration of Copro III decreased and the concentration
of PPIX increased.

When calculating the concentrations of different fluorophores in the yeast samples, the constant
at the wavelength with the highest yield of fluorescence for each fluorophore (determined by the fit
curve) was selected for further calculation across all excitation wavelengths. These constants An could
then be multiplied by the concentrations of the pure chemical fluorophores. Due to the chosen
superposition in Formula 1, the constants inherit the fluorescence yield of each fluorophore and
describe the proportion they contribute to the whole spectrum. The approach of determining
concentrations via fluorescence and measuring the pure chemicals beforehand was also described in
the studies by Bohm et al. and Melo and Johnsson [43,44]. It is assumed that the yields of fluorescence
of the previously measured fluorophores are equal to those in the sample to be compared if the analyzed
fluorophores are present in the sample of the microorganism.

Clinical applications with endogenous PSs are described in different studies. Besides the
irradiation of limb arthroplasty [45] or of biofilms on denture base resin [46,47] and in compact bone
tissues [46], some diseases like candidal vaginitis are being investigated to be treated directly by
irradiation [48].
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A few studies have determined the combination of antifungal drugs and photoinactivation. It has
been proven that a combinational treatment is better than a single method [49]. In particular, a reduced
number of treatments with lower doses was described [50]. Additionally, a few works have shown that
resistant microorganisms can re-gain their sensitivity against the applied drug [51,52].

5. Conclusions

In this study, 2D fluorescence spectroscopy was applied to investigate different aspects of C. auris
growth. Various fluorophores and possible photosensitizers were detected. Different growth conditions
could influence both the morphology and formation of fluorophores/possible PSs of C. auris. This
could also be observed by changes in concentration over time. Since the formation of photosensitizers
can be important for various therapeutic options like photodynamic therapy or phototherapy, this
should be investigated further. In addition to other possible PSs, further growth conditions should also
be examined for C. auris and other pathogens.
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