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A B S T R A C T

Two previously undescribed naphthazarins named hermansones A (1) and B (2), were isolated from the wood-
decaying basidiomycete Hermanssonia centrifuga. The study presents the first report of natural products from the
species. The structures of the secondary metabolites were elucidated through NMR spectroscopy and mass
spectrometry. The absolute configuration of compound 1 was elucidated using TDDFT-ECD calculations. Her-
mansone B (2) demonstrated moderate inhibitory effects against Chikungunya virus at IC50 of 55.97 μM, without
inducing notable cytotoxicity.

1. Introduction

To-date, natural sources remain unmatched reservoirs of potential
drugs with health-promoting effects. In order to safeguard our future
prospects for the discovery and subsequent development of potent anti-
infectives, there is a dire need to delve into unexplored and/or under-
explored natural niches for novel chemistry. In the recent past, various
reports on the Basidiomycota has emphasized its ingenious production
of valuable secondary metabolites with potential application in
combating myriad ailments [1,2].

In our current study, we explored the secondary metabolome of the
European red-listed wood-decaying basidiomycete Hermanssonia cen-
trifuga (P. Karst.) Zmitr. (formerly Phlebia centrifuga P. Karst.; Mer-
uliaceae). The genus Phlebia Fr. was circumscribed in 1821 by Elias
Fries, a Swedish mycologist who typified it by Phlebia radiata Fr. and
currently, around 100 species are accepted in the genus [3,4]. Despite
being cosmopolitan, the genus recently demonstrated a decline in its
species attributed to habitat fragmentation and reduction due to inten-
sive deforestation, among other ecological reasons [5]. The recently
coined genus Hermanssonia, only consists of two species until now

namely H. centrifuga and H. fimbriata (https://www.indexfungorum.
org/Names/Names.asp). To the best of our knowledge, no secondary
metabolites have been reported from the genus thus far. Nonetheless,
new isolactarane and sterpurane sesquiterpenoids possessing various
antimicrobial and cytotoxic effects were reported from the related
Phlebia uda [6]. Additionally, investigation of P. tremellosa afforded
isolactarane and sterpurane sesquiterpenes [7,8]. On the other hand,
Puncturalia atropurpurascens, an anamorph of the genus Phlebia, was
reported to produce a terphenylquinone named polyporic acid, phle-
biarubrone and phlebiakauranol derivatives, firstly reported from
P. strigosozonata [9,10]. In addition, quinones with extended un-
branched side chains such as phlebiachrysoric acids and the merulinic
acid-derivatives ceriporiones were reported from different species of the
genus Phlebia [11,12]. Our current investigation of H. centrifuga yielded
two previously undescribed napthaquinones, and herein we elaborate
their chemistry and biological effects.
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2. Materials and methods

2.1. General experimental procedures

HPLC-DAD/MS measurements were performed on the amaZon speed
ETD ion trap mass spectrometer (Bruker Daltonics, Bremen, Germany)
using positive and negative ionizationmodes, simultaneously. The HPLC
system consisted of a C18 Acquity UPLC BEH (Waters) column as the
stationary phase, and solvent A [deionized water + 0.1 % formic acid] /
solvent B [acetonitrile (MeCN)+ 0.1% formic acid] as the mobile phase.
The elution gradient began at 5 % B for 0.5 min, followed by a gradual
increase to 100 % B in 20 min. Thereafter, an isocratic condition was
maintained at 100 % B for 10 min. The system's flow rate was 0.6 mL/
min and the UV/Vis detections were recorded at 210 nm and scanned
over 190–600 nm spectrum. HR-ESI-MS (high-resolution electrospray
ionization mass spectrometry) was acquired using the timsTOF Pro 2
mass spectrometer (Bruker Daltonics, Bremen, Germany) connected to
an Agilent 1290 series HPLC-UV system (Agilent Technologies, Santa
Clara, CA, USA) equipped with C18 Acquity UPLC BEH column (Waters,
Milford, USA) as a stationary phase. The solvent system used included
solvent A (deionized water + 0.1 % formic acid) and solvent B (MeCN +

0.1 % formic acid). The gradient of separation was as follows: 5 % B for
0.5 min, 100 % B over a period of 20 min, and isocratic separation at
100 % B for 5 min. The flow rate was maintained at 0.6 mL/min (40 ◦C)
and the UV detections recorded at 210 nm. To determine the molecular
formulas of the compounds, Smart Formula algorithm (Bruker Dal-
tonics) of the Compass DataAnalysis 6.1 software was employed.

Optical rotations were recorded in methanol (Uvasol, Merck,
Darmstadt, Germany) using the Anton Paar MCP-150 polarimeter
(Seelze, Germany) at 20 ◦C. UV/Vis spectra were recorded using the
Shimadzu UV/Vis 2450 spectrophotometer (Kyoto, Japan) at a con-
centration of 0.02 mg/mL in methanol (Uvasol). ECD spectra were
measured on a J-815 spectropolarimeter (JASCO, Pfungstadt, Ger-
many). The NMR spectra were measured on Avance III 500 (Bruker,
Bremen, Germany) (1H NMR: 500 MHz and 13C NMR: 125 MHz) spec-
trometer locked to the respective deuterium signal of the solvent.

Solvents (analytical and HPLC grade) and chemicals were purchased
from AppliChem GmbH (Darmstadt, Germany), Carl Roth GmbH & Co.
KG (Karlsruhe, Germany), Avantor Performance Materials (Deventer,
Netherlands) and Merck (Darmstadt, Germany). Deionized water was
obtained from the PURELAB flex water purification system (Veolia
Water Technologies, Celle, Germany).

2.2. Collection and culturing of the fungus

The fungal material was collected and identified by one of the au-
thors (H.K.) from Bavaria, Germany. The specimen was found on a lying
decomposing Fagus sylvatica log at Mittelsteighütte in the Bavarian
Forest National Park (Germany), in October 2022. The axenic mycelial
cultures were then established and maintained in YMG (yeast-malt-
glucose) medium consisting of malt extract 10 g/L, yeast extract 4 g/L, D-
glucose 4 g/L, agar 20 g/L, at pH 6.3), as previously described [13].
Subsequently, fully-grown mycelial cultures were used to inoculate 5 ×

500 mL Erlenmeyer flasks consisting of rice media, prepared as earlier
described [13]. A copy of the culture was deposited at the International
Institute Zittau, Technical University of Dresden (Germany) as IHI 754
(Hermanssonia centrifuga).

2.3. Extraction and isolation of 1 and 2

Following incubation (24 ◦C) under static conditions for 36 days, the
rice cultures were extracted. In brief, the cultures were initially soaked
overnight in 500 mL acetone per flask and later extracted under ultra-
sonic bath (40 ◦C) with an equal amount of acetone thrice. The solvent
was then evaporated and the semi-liquid phase reconstituted in distilled
water and partitioned twice with ethyl acetate (ratio 1:1). After filtration
and dehydration through anhydrous sodium sulphate (Na2SO4), the
aqueous phase was discarded and the organic phase was dried on a ro-
tary evaporator (Heidolph Instruments GmbH & Co. KG, Schwabach,
Germany; pump: Vacuubrand GmbH & Co. KG, Wertheim am Main,
Germany), to yield a total extract (1.4 g). The extract was purified and
the compounds were isolated using preparative reversed phase liquid
chromatography system (PLC 2020; Gilson, Middleton, WI, USA). The
system was equipped with a VP Nucleodur 100–5 C-18 ec packed col-
umn (250 × 40 mm, 7 μm, Macherey-Nagel, Düren, Germany) as the
stationary phase. The elution phase consisted of deionized water + 0.1
% formic acid (solvent A) and MeCN + 0.1 % formic acid (solvent B).
The implemented separation gradient began at 5 % B for 5 min, followed
by an increase to 10 % B in 3 min. Subsequently, the gradient was run
between 10–50 % B over 40 min, followed by 50–100 % in 5 min and a
final holding at 100% B for 10 min. The UV detections were made at 210
and 350 nm and the flow rate was set at 40 mL/min. The separation
method led to the isolation of hermansones A (1) (5.7 mg, tR = 12 min)
and B (2) (4.0 mg, tR = 15 min).

2.3.1. Hermansone A (2,3-Hydroisoaureoquinone) (1)
Yellow oil; [α]20D +10 (c 0.1, MeOH); UV–Vis (MeOH) λmax (log ε):

201.5 (4.01), 214.5 (4.02), 270 (4.00), 322.5 (3.71), 429 (3.40); ECD
(0.93 mM, MeOH) λmax (Δε): 343 (− 5.09), 309 (+3.02), 272sh (+0.77),
246 (− 1.38), 228 (+0.07), 208 (− 3.79); NMR data (1H: 500 MHz, 13C:
125 MHz, methanol‑d4, DMSO‑d6) see Table 1; HR-ESI-MS: m/z
251.0551 [M - H2O + H]+ (calcd. 251.0550 for C12H11O6

+), 269.0656
[M + H]+ (calcd. 269.0656 for C12H13O7

+), 291.0476 [M + Na]+ (calcd.
291.0475 for C12H12NaO7

+), tR = 2.20 min (LR-ESI-MS); C12H12O7
(268.01 g mol− 1).

2.3.2. Hermansone B (Isoaureoquinone) (2)
Orange oil; UV–Vis (MeOH) λmax (log ε): 201.5 (4.03), 268.5 (4.22),

332 (3.78); NMR data (1H: 500 MHz, 13C: 125 MHz, methanol‑d4,
DMSO‑d6) see Table 1; HR-ESI-MS: m/z 251.0553 [M + H]+ (calcd.
251.0550 for C12H11O6

+); tR = 6.07 min (LR-ESI-MS); C12H10O6 (250.01
g mol− 1).

2.4. Cytotoxicity assay.

Themost sensitive mammalian cell lines namely human endocervical
adenocarcinoma (KB3.1) and mouse fibroblasts (L929), were sourced
from the German Collection of Microorganisms and Cell Cultures
(DSMZ, Braunschweig, Germany) and used in the determination of the
half-maximal inhibitory concentration (IC50) of compounds 1 and 2. The
assay was performed using the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) in 96-well microtiter plates in accordance
with our standard protocol [14]. Epothilone B and methanol were used
as positive and negative controls, respectively.
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2.5. Antimicrobial assay

Minimum inhibitory concentrations (MICs) of the compounds were
determined via serial dilutions on 96-well microtiter plates against
various test microorganisms in accordance with our established protocol
[14]. Clinically relevant fungal and bacterial test pathogens comprised
Bacillus subtilis (DSM 10), Staphylococcus aureus (DSM 346), Acineto-
bacter baumannii (DSM 30008), Escherichia coli (DSM 1116), Chromo-
bacterium violaceum (DSM 30191), Pseudomonas aeruginosa (PA14),
Candida albicans (DSM 1665),Mycobacterium smegmatis (ATCC 700084),
Mucor hiemalis (DSM 2656), Schizosaccharomyces pombe (DSM 70572),
Rhodotorula glutinis (DSM 10134) and Pichia anomala (DSM 6766), ob-
tained from the DSMZ (Braunschweig, Germany). Nystatin was used as
the positive control against fungi, whereas ciprofloxacin, gentamicin,
kanamycin and oxytetracycline were employed as standard drugs
against bacteria.

2.6. Antiviral activity testing

Antiviral activity was evaluated against Chikungunya virus
(CHIKVGluc)-infected Huh7.5.1 cells at a multiplicity of infection (MOI)
of 0.01. Briefly, 2 × 104 cells/well were seeded in a 96-well plate and
allowed for 24 h to adhere. The spent medium was aspirated off and
replaced with 50-μL virus suspension and 50-μL of compound dilutions
(2-fold diluted from a maximal concentration of 50 μM in Dulbecco's
Modified Eagle Medium (DMEM)). Then, an aliquot of 0.5 % DMSO and
ribavirin served as negative and positive controls, respectively. The
plate was incubated for 72 h under standard culture conditions of 37 ◦C
and 5 % CO2. Viral infection intensity following compound treatment
was quantified by aliquoting 8-μL of supernatants into a new 96-well
plate, mixing with 10-μL Renilla luciferase reagent, and luminescence
read using a Synergy H1 microplate reader. In parallel, cytotoxicity ef-
fects were performed on a separate batch of cells by CellTiter®-Glo assay
(Promega, Cat. #G9241) as per manufacturer's instructions. Two inde-
pendent experimental replicates were performed (n = 2).

2.7. Computational section

Mixed torsional/low-mode conformational searches were carried out
by means of the Macromodel 10.8.011 software using the Merck mo-
lecular force field (MMFF) with an implicit solvent model for CHCl3
applying a 21 kJ/mol energy window [15]. Geometry re-optimizations
of the resultant conformers (ωB97X/TZVP PCM/MeOH, SOGGA11-X/
TZVP SMD/MeOH) and TDDFT-ECD calculations were performed with
Gaussian 16 using various functionals (B3LYP, BH&HLYP, CAMB3LYP,
PBE0) and the TZVP basis set with the same solvent model as in the

preceding DFT optimization step [16]. ECD spectra were generated as
the sum of Gaussians with 2400 and 3000 cm− 1 half-height width, using
dipole velocity-computed rotational strength values [17]. Boltzmann
distributions were estimated from the ωB97X and SOGGA11-X energies.
The MOLEKEL program was used for visualization of the results [18].

3. Results and discussion

3.1. Structure elucidation of compounds 1 and 2.

Compound 1 was isolated as a yellow oil. Its molecular formula was
established as C12H12O7 indicating seven degrees of unsaturation based
on its HR-ESI-MS that revealed a protonated molecular ion and a sodium
adduct at m/z 269.0656 [M + H]+ (calculated 269.0656) and 291.0476
[M + Na]+ (calculated 291.0475), respectively. The 1H NMR spectral
data of 1 (Table 1, Fig. S3) revealed three singlet signals, one singlet
proton (δH 4.49) and two methyl groups distinguished into one olefinic
(δH 2.45) and one aliphatic (δH 1.26). The 13C NMR and HSQC spectral
data of 1 (Table 1, Figs. S4, S7) revealed twelve different carbon reso-
nances including nine unprotonated carbons categorized into two
carbonyl carbon atoms (δC 201.7, 200.5), three oxygenated sp2 carbon
atoms (δC 152.6, 150.2, 138.1), three sp2 carbon (δC 124.5, 123.3,
111.6) and one sp3 carbon (δC 81.5). In addition, the 13C NMR and HSQC
spectra confirmed the presence of one methine sp3 carbon (δC 79.6) and
two sp3 carbon atoms (δC 20.0, 12.7). A literature search of 1 based on
the obtained results suggested it to be a naphthazarin derivative related
to aureoquinone, a potent protease inhibitor from Aureobasidium sp. and
talcarpones, antifungal bisnaphthazarin derivatives from Talaromyces
johnpittii [19,20]. The 1H–1H COSY spectrum of 1 (Figs. 2, S5) revealed
a long-range cross peak between a proton signal at δH 4.49 and a methyl
peak at δH 1.26 ppm assigned to H-3 and H3–9, respectively. Further
confirmation to the depicted structure of 1 was obtained via its HMBC
spectrum (Figs. 2, S6) that revealed key correlations from olefinic

Table 1
1D (1H and 13C) NMR data of 1 and 2.

1 2

pos. δC,a type δHa multi (J[Hz]) δC,b type δHb multi (J[Hz]) δC,a type δHa multi (J[Hz]) δC,b type δHb multi (J[Hz])

1 200.5, CO 198.6, CO 188.3, CO 186.0, CO
2 81.5, C 78.7, C 122.5, C 120.7, C
3 79.6, CH 4.49 s 78.7, CH 4.17 s 154.9, C 153.7, C
4 201.7, CO 201.9, CO 185.5, CO 183.6, CO
4a 111.6, C 110.1, C 108.9, C 107.1, C
5 150.2, C 149.1, C 151.6, C 150.2, C
6 138.1, C 136.2, C 137.1, C 135.7, C
7 152.6, C 151.1, C 152.4, C 150.2, C
8 123.3, C 120.5, C 126.1, C 124.2, C
8a 124.5, C 123.9, C 123.0, C 121.3, C
9 20.0, CH3 1.26 s 20.0, CH3 1.21 s 8.9, CH3 1.95 s 9.0, CH3 1.86 s
10 12.7, CH3 2.45 s 12.4, CH3 2.32 s 13.3, CH3 2.50 s 13.1, CH3 2.42 s

a Measured in methanol‑d4 at 125 MHz for 13C and 500 MHz for 1H.
b Measured in DMSO‑d6 at 125 MHz for 13C and 500 MHz for 1H.

Fig. 1. Chemical structures of 1 and 2.
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methyl group H3–10 to four carbon atoms at δC 200.5 (C-1), 111.6 (C-
4a), 152.6 (C-7), 123.3 (C-8) and 124.5 (C-8a) indicating its binding at
C-8. The HMBC spectrum of 1 (Fig. 2) also revealed correlations from an
aliphatic methyl group H3–9 to C-1, C-2 (δC 81.5) and C-3 (δC 79.6)
confirming its position at C-2.

The relative configuration of 1 was determined by the ROESY spec-
trum (Figs. 2, S10) that revealed key correlations from H3–9 to H-3 at δH
4.49 (s) supporting their projection toward the same face of the mole-
cule. Accordingly, the (2S*,3R*) relative configuration of 1 was
assigned. In order to determine the absolute configuration, the TDDFT-
ECD protocol was applied on the arbitrarily chosen (2S,3R) stereoisomer
of 1. The Merck molecular force field (MMFF) conformational search of
(2S,3R)-1 resulted in 5 conformers within a 21 kJ/mol energy window,
which were re-optimized at the ωB97X/TZVP [21] PCM/MeOH level.
Boltzmann-averaged ECD spectra computed for these conformers gave
weak to moderate agreement with the experimental ECD spectrum at
four different levels of theory (see Fig. S11). Although the ωB97X
functional was identified as one of the best-performing in terms of en-
ergy and geometrical parameters according to a recent benchmark study
[22] and we also had several examples where the ωB97X performed well
[23], all functionals are approximations and thus have a certain amount
of possible error [24], and there is no single supreme functional that
would work well in all cases. To improve the agreement, another well-
performing functional, the SOGGA11-X [25], was tested with TZVP
basis set and the SMD solvent model MeOH for the re-optimization of the
MMFF conformers. Boltzmann-averaged ECD spectra computed for
these conformers gave a good agreement with the experimental ECD
spectrum at various levels, underestimating only the positive shoulder at
272 nm (Fig. 3). By comparing the low-energy conformers obtained at
the ωB97X and the SOGGA11-X levels, it is evident that the SOGGA11-X
estimated conformer B (and the P helicity conformers in general) simi-
larly populated as conformer A (Fig. S12), while with the ωB97X func-
tional, conformer A (and the M helicity conformers in general) was 3.5
times more populated than conformer B (Fig. S13). In conformer A, the
C-2 methyl group adopted equatorial orientation with M helicity of the
condensed carbocyclic ring, while in conformer B, the condensed ring
flipped to the P helicity form shifting the C-2 methyl group to the axial
position. The computed ECD curves of the P helicity conformers (Fig. 4)
provided a good agreement with the experimental ECD, while the M
helicity ones showed a mismatch. It is known from the literature that a
wrong estimation of the Boltzmann distribution can lead to a mis-
assignment in some cases [26], and there are also literature examples
where not the lowest-energy but a less-populated conformer or
conformer group governs the ECD spectrum [27]. The small absolute
value of the specific rotation did not enable the unambiguous applica-
tion of optical rotation (OR) calculation for determiningthe absolute
configuration. On the basis of ECD calculation results, the absolute
configuration of 1 was elucidated as (2S,3R). In conclusion, compound 1
was identified as a previously undescribed (2S,3R)-hydro-
isoaureoquinone derivative that was trivially named hermansone A.

Compound 2 is isolated as an orange oil with its molecular formula
determined to be C12H10O6 indicating eight degrees of unsaturation
based on the HR-ESI-MS revealing a protonated molecular ion peak at
m/z 251.0553 [M + H]+ (calculated 251.0550). By comparing the mo-
lecular formulas of 1 and 2, they revealed that 2 is a dehydrated

derivative of 1. The 1H NMR spectral data of 2 (Table 1, Fig. S16) simply
revealed the presence of two olefinic methyl groups at δH 2.50 (H3− 10)
and 1.95 (H3–9) while its 13C NMR spectral data (Table 1, Fig. S17)
revealed twelve carbon resonances categorized by the HSQC spectrum
(Fig. S20) into two carbonyl carbon atoms (δC 188.3, 185.5), four
oxygenated olefinic carbon atoms (δC 154.9, 152.4, 151.6, 137.1), four
unprotonated olefinic carbon atoms (δC 126.1, 123.0, 122.5, 108.9). A
literature search of 2 suggested its structural similarity to aureoquinone
[19,20].

A comparison of 13C NMR data of 2 (Table 1) and aureoquinone
[19,20] revealed obvious differences in the carbon resonances assinged
for C-5 to C-8 suggesting an alternative substitution pattern. Further
confirmation to the depicted structure of 2 (Fig. 1) was provided by the
HMBC spectrum (Figs. 2, S19) that revealed key correlations fromH3–10
to four carbon atoms at δC 188.3 (C-1), 108.9 (C-4a), 152.4 (C-7), 126.1
(C-8) and 123.0 (C-8a) indicating its binding at C-8. The second olefinic
methyl group at δH 1.95 (H3–9; δC 8.9) revealed key HMBC correlations
to C-1, C-2 (δC 122.5) and C-3 (δC 154.9) confirming its position at C-2.
Based on the obtained results, compound 2 was confirmed to be a

Fig. 2. Key 1H–1H COSY, HMBC and ROESY correlations of 1 and 2.

Fig. 3. Experimental ECD spectrum of 1 (black) compared with the CAM-
B3LYP/TZVP SMD/MeOH ECD spectrum of (2S,3R)-1 (olive). Level of DFT
optimization: SOGGA11-X/TZVP SMD/MeOH. Bars represent the computed
rotational strength values of conformers A (red) and B (blue). (For interpreta-
tion of the references to colour in this figure legend, the reader is referred to the
web version of this article.)

Fig. 4. Conformational equilibrium of the M (left) and P (right) helicity con-
formers of (2S,3R)-1. a) Lowest-energy M- and P-helicity conformers (con-
formers A and B, respectively, at the SOGGA11-X/TZVP SMD/MeOH level). b)
Projective formulas indicating the ring helicity. Estimated sum Boltzmann
distributions of the two forms (M vs. P) were 73.0 % vs. 27.0 % at the ωB97X/
TZVP PCM/MeOH level and 44.5 % vs. 55.5 % at the SOGGA11-X/TZVP SMD/
MeOH level. The thick line represents the condensed benzene ring.
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previously undescribed structural isomer of aureoquinone that was
named hermansone B.

3.2. Biological evaluation

The two isolated compounds 1 and 2 revealed no antimicrobial ef-
fect. Additionally, they were non-cytotoxic against KB3.1 and L929 cell
lines, considered as the most sensitive cell lines in the assay. Hence,
further assessment against other cell lines were not considered. Antiviral
testing of the isolated compounds indicated potential structural-based
activity differences. Relative to ribavirin that achieved 95 % anti-
CHIKV activity at the tested concentration (50 μM; Fig. S23), the com-
pounds; hermansones A and B, achieved a 40–47% anti-infectivity effect
at the same concentration (Fig. 5a). While both hermansones A and B at
50 μM exerted nearly equal antiviral activity (Fig. 5a-b), hermansone A
depicted a generally unstable effect. Hermansone B showed a consid-
erably moderate anti-CHIKV activity with an average IC50 value of 55.97
± 0.27 μM. All the compounds had no obvious cytotoxic effects on Huh
7.5.1 cells (Fig. 5c), suggesting a broad selective window for the anti-
viral effect of hermansone B (2).

4. Conclusions

The exploration of solid-state rice cultures of the white-rot fungus
Hermanssonia centrifuga (P. Karst.) Zmitr. afforded two previously
undescribed napthaquinones 1 and 2, whereby hermansone B (2) had
moderate antiviral effect against Chikungunya virus without overt
cytotoxicity. Hermansone B (2) featured an α,β-unsaturated carbonyl
moiety, compared to its inactive congener, hermansone A (1), acting as a
Michael acceptor, previously reported to be associated with antiviral
effects [28] and other diverse medicinal properties [29]. This explains in

part the revealed antiviral effect of 2 compared to 1. Nonetheless,
further research on napthaquinone analogs remain worthwhile in order
to conclusively deduce their structure activity relationships.
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Fig. 5. Antiviral activity of 1 and 2 against Chikungunya (CHIKVGluc) virus. a. Dose-response curve for the anti-CHIKV activity afforded by compounds 1 and 2 at 72-
hpi. Each plotted dot is a mean value of two independent experimental replicates (n = 2). The dose-response curve was generated using a non-linear regression
algorithm on Graphpad Prism (v. 9.3.1) software. b. Bright field microscopic images from treated wells alongside infected [+ 0.5 % dimethylsulfoxide (DMSO)] and
non-infected (+ 0.5 % DMSO) references. Images were taken on the same date of activity read-out using EVOS™ M5000 Imaging System. c. Cell viability assay of 1
and 2 on Huh 7.5.1 cells using CellTiter®-Glo (Promega). A 10 % Triton X-100 served as a positive control. Data presented as a mean ± standard deviation (SD) of
two independent replicates and six technical replicates.
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