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Abstract: Fungi of the genus Penicillium produce secondary metabolites used as a model for the synthesis and
development of several compounds with bactericidal, fungicidal, antitumor, anti-inflammatory, antiviral
activities, among others. Based on this information, a study was conducted to investigate the metabolomic
profile and antimicrobial potential of Penicillium purpurogenum (CFAM - 214). The minimum inhibitory
concentration (MIC) of extracts obtained from P. purpurogenum broth (CFAM - 214) in ISP2, SB, and YES against
Candida albicans was 500 pg/mL, 31.25 pg/mL and 62, 5ug/mL, respectively. In the test against Candida tropicalis
and Staphylococcus aureus, the MIC for extracts cultivated in SB was 250 ug/mL and 125 ug/mL, respectively.
Due to the good performance of the P. purpurogenum extract in SB, large-scale cultivation was carried out that
led to the isolation of two compounds, whose structures were determined by spectroscopic methods such as
1D NMR (1H NMR and 13C NMR) and 2D (HMBC and HSQC), HRMS and MS/MS. The isolated compounds
were identified as two citrinin derivatives, dihydrocitrinin (1) and 1-methyl-dihydro citrinin (2).

Keywords: Penicillium purpurogenum; secondary metabolites; citrinin; antimicrobial

1. Introduction

Fungi are microorganisms classified as eukaryotes of diverse ecological relationships with high
importance for the balance of ecosystems due to their ability to degrade organic matter [1]. These
organisms produce secondary metabolites, which have high structural chemical diversity,
biochemical specificity and binding affinity with cellular receptors [2,3].

Based on the literature, P. purpurogenum is widely explored regarding its potential to produce
enzymes of industrial interest such as (3-glucosidases, endoxylanses, acetyl xylan esterase and a-L-
arabinofuranosidase [4-8]. The compounds reported in this lineage belong to the class of quinones,
polyketides, steroids, terpenes and xanthones [9-11]. Some of these compounds are used as natural
pigments and other substances have antibacterial, antifungal, antiviral and antitumor activities [12-
16].

Citrinin is a secondary metabolite belonging to the class of mycotoxins that are biosynthesized
by fungi through the polyketide pathway by condensation of acetyl or malonyl units mediated by
polyketide synthases (PKS) [17]. The main producer of citrinin is Penicillium citrinum, a fungus that
is common in tropical regions and is found in soil, cereals, tropical spices, roots, stems and leaves
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[18,20]. This compound can be produced by P. corylophilum and fungi belonging to other genera such
as Aspergillus, Pythium and Cercosporidium [19,20,21]. Citrinin and its derivatives are explored for their
biological potential because they have antimicrobial, cytotoxic, hypocholesterolemic,
immunosuppressive, enzymatic and nucleic acid synthesis inhibitor activities [39,22].

As stated, many studies involving citrinin reveal that certain organisms are considered the gold
standard for obtaining and exploiting it, especially P. citrinum, however there are no reports of
obtaining this compound and its derivatives in Penicillium purpurogenum strains. Therefore, the main
objective of the present study was to determine the antimicrobial activity of P. purpurogenum extracts
and the isolation of its main chemical constituents.

2. Materials and Methods

2.1. General experimental procedures

Mass spectrometry data were obtained using a Bruker Daltonics Amazon Speed spectrometer
(Ion-trap and microTOF Q-II), equipped with an ESI source and operating in negative acquisition
mode. The 1D and 2D NMR spectra were acquired on a Bruker Biospin Fourier 300 UltraShield
spectrometer (Bruker, Billerica, USA), operating at 7 Tesla (300 MHz for 1H and 13C, respectively),
using deuterated methanol (CD30OD, 99.8) as solvent. %). Semi-preparative High Performance Liquid
Chromatography (HPLC) was performed on a Shimadzu UFLC system (LC-6 AD pump; DGU-20A5
degasser; SPD-20AV UV detector; CBM-20A modular communication) (Columbia, MD, USA)
equipped with Luna C18 column (250 x 10 mm, 5 pm) (Phenomenex-Torrance, CA, USA). For open
column chromatography (CC) separation, silica gel 60 (230400 mesh; Merck) was used. All solvents
used in liquid chromatography and mass spectrometry were HPLC grade and purchased from J.T.
Baker (Phillipsburg, NJ, USA), and the water was purified using a Mili Q system (Millipore, Bedford,
MA, USA).

2.2. Fungal lineage reactivations

The strain of P. purpurogenum (CFAM - 214) was provided by the Collection of Fungi from the
Amazon (CFAM) at the Oswaldo Cruz Foundation - Lebdnidas and Maria Deane Institute
(ILMD/Fiocruz Amazonia), originating from the same Amazonian environment as other strains, as
described in a previous study [23].

Reactivation of the strain was performed in a Petri plate containing a solid culture medium
Potato Dextrose Agar (PDA) being incubated in BOD at 28 °C for 7 days. After this period, the pure
culture moved on to laboratory-scale cultivation.

2.3. Obtaining the extracts and determining the minimum inhibitory concentration - MIC

Laboratory-scale cultivation of the P. purpurogenum strain (CFAM - 214) took place in twelve
125 mL erlenmeyer flasks containing 25 mL of the following BDL culture media (Potato — Dextrose —
Yeast Extract) — Potato 200 g.L!, Dextrose 20 g.L-land Yeast Extract 4 g.L'; YES (Yeast Extract —
Sucrose)-Sucrose 150 g.L-1and Yeast Extract 20 gL-1; ISP2 (International Streptomyces Project 2) — 10
g.L-1Starch, 4 g.L-"Yeast Extract, 10 g.L-'Glucose and 4 g.L-! Malt; Sabouraud — 20 g.L-! of Glucose and
10 g.L-of Peptone.

The experiment was carried out in triplicate over 15 days at 28°C. After the cultivation time, the
fermented material was filtered. The broth was extracted in 1:1 ethyl acetate and the mycelium in
methanol for 48 hours. After removing the solvent, the extracts were weighed and diluted in 10%
DMSO up to a concentration of 2 mg. mL" to determine the MIC of antimicrobial activity against
gram-positive bacteria - Staphylococcus aureus (ATCC-25923) and Enterococcus feacalis (ATCC- 29212),
gram-negative - Escherichia coli (ATCC-25922), Pseudomonas aeruginosa (ATCC-27853) and the yeast
Candida albicans (ATCC-10231) and Candida tropicalis (ATCC-13803). The test was performed on an
Elisa plate as established by the Manual Clinical and Laboratory Standards Institute [24]. For control,
amoxicillin and itraconazole were used. The test was monitored for 24 hours and after this time, 10
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uL of 1% 2,3,5-triphenyltetrazolium chloride (TTC) developer were added and the wells that did not
acquire the lilac color after the addition were considered positive. of the developer. The most
promising result was selected for large-scale cultivation.

2.4. Large-scale extraction and isolation of compounds 1 and 2

A laboratory-scale culture of P. purpurogenum (CFAM — 214) was carried out in SB for 15 days at
28 °C. Then, the experiment was filtered, obtaining 4 L of broth, which was extracted in ethyl acetate
in a 1:1 ratio. The crude extract (9.1 g) was fractionated in open column RP-18 using MeOH/H20 as
a gradient (30%, 60% and 100%) that yielded 3 fractions. The fraction collected in 30% MeOH (6 g)
was purified in reverse phase using MeOH/H2O as a gradient (10%, 30%, 50% and 100%), resulting
in four subfractions. The 30% subfraction (60.3 mg) was purified on preparative HPLC using a C18
Shim-pack CLC-ODS(M)® column (5pm, 250 x 20 mm) with flow rate 12 mL/min and UV detection
of 254 and 230 nm. The elution system was isocratic H20O/MeOH (55:45) to obtain compounds 1 (4.6
mg) and 2 (2.6 mg). Subsequently, the compounds were subjected to HRMS and 1D and 2D NMR
analysis for identification. The experimental spectra of NMR are available in the Appendix A, for
Compound 1, refer to Figures A2 to A7, and Compound 2, Figures A9 to Al4.

3. Results

3.1. Determination of the Minimum Inhibitory Concentration - MIC of P. purpurogenum extracts

The MIC for P. purpurogenum extracts (CFAM - 214) was determined by microdilution in an Elisa
plate. The values obtained are shown in Table 1. Among the results presented in the table below, the
antifungal and antibacterial activities of the extracts obtained from ethyl acetate in SB medium stand
out. Based on these results, P. purpurogenum was cultivated on an enlarged scale, and after obtaining
the extract, the sample was subjected to fractionation and purification, leading to the isolation of
Compound 1 and 2.

Table 1. MIC values of P. purpurogenum extracts against different pathogens.

Pathogen Extract Growing medium Concentration (pg. mL1)
Acoet SB 31.25
C. albicans Acoet ISP 500
MeOH ISP2 1000
Acoet YES 62.5
C. tropicalis Acoet SB 250
S. aureus Acoet SB 125

MIC Amoxicillin: 12 pg. ml"' and Itraconazole: 125 pg. ml'; SB — Sabouraud; ISP2 - International Streptomyces
Project 2, and YES - MeOH Sucrose Yeast Extract - Methanol and Acoet - Ethyl Acetate.

3.2. Identification of isolated compounds

Compound (1) was obtained as a dark brown colored amorphous solid with HRESI(-)MS, m/z
251.0901. The molecular formula was determined as CisHisOs [M-H] m/z 251.0925. In addition, the
fragmentation of compound (1) m/z 251, in ESI negative mode, showed an initial loss of 44 Da, giving
rise to the base peak m/z 207 (Figure 1A), characteristic of the citrinin polyketide when analyzed in
negative mode [30]. Figure 1B presents a fragmentation proposal for the ion m/z 251 in ESI (-). As
proposed, the proton is removed from the most acidic region of the structure with subsequent
elimination of COz, and the same is observed for citrinin [30].
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Figure 1. HRESI(-)MS spectrum of compound 1. (A) - MS/MS ESI spectrum [M-H]- of the ion m/z 251.
(B) - Proposed fragmentation of the ion m/z 251.

All data obtained through NMR experiments for compound 1, 'H, *C, HMBC and COSY are
described in Table 2.

Table 2. Data of 'H (300 MHz) and *C (75 MHz) spectra of Dihydrocitrin (1) in MeOD.

Position Compound (1)
du (J in Hz) dc HMBC COSY
74.2/108.9/140.
1 461 (2H, d 7.2) 58.69 41548 2.05/2.66
3 3.91 (1H, d 6.4) 74.2 19.42/58.69/140  1.27/2.66
4 2.66 (1H, q 6.4) 35.1 1942/ 155/ L 03
4a - 140.0
5 - 111.0
6 - 157.0
7 - 105.9
8 - 154.8
8a - 108.8
9 1.21 3H, d 6.4) 16.7
10 1.23 (3H, d 6.4) 19.4 35.1/74.2/140
11 2.04 3H, s) 8.6 111/140/157
12+ - -

Compound 2 existed as an almond-brown amorphous solid with HRESI(-)MS, displaying m/z
265.0727. The determined molecular formula was CisH130s [M-H]- with m/z 265.0718. Examination of
the ESI fragmentation data in negative mode for compound (2) with m/z 265 revealed two possible
initial loss scenarios (Figure 2A). One involves an 18 Da loss, resulting in the ion [M-H]J- with m/z 247,
and the other, more significant, involves a 44 Da loss, yielding the base peak of [M-H]- with m/z 221.
Figure 2B proposes the fragmentation of the [M-HJ- ion with m/z 265, demonstrating CO: loss, a
characteristic feature of citrinin derivatives [30].

doi:10.20944/preprints202401.1582.v1


https://doi.org/10.20944/preprints202401.1582.v1

Preprints.org (Www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 January 2024 doi:10.20944/preprints202401.1582.v1

Intens.

-MS2(265.48), 6.5min #342
x105

1
A 22154

i
304 265.42

-44Da

204

1 2
555 24708

054 A i,
00 J AA hl {

250 2%0 20 250 2650 iz

O OH H OH H
CHs <005 CHs
= —_— - 0
= 3 -44 Da
’8) CH,4 (0] CHs3
H CH3 CHj CHz CHs
(2) m/z 265 (2) m/z 221

Figure 2. HRESI(-)MS spectrum of compound 2. (A) - MS/MS ESI spectrum [M-H]- of the ion m/z 265.
(B) - Proposed fragmentation of the ion m/z 265.

The NMR data for compound 2, including 'H, *C, HMBC, and COSY experiments, are detailed
in Table 3.

Table 3. Data referring to the '"H (300 MHz) and *C (300 MHz) spectra of 1-Methyldihydrocitrin

(Compound 2) in MeOD .
Position Compound (2)
ou (J in Hz) dc HMBC COSY

1 4.54 (1H, m) 77.9 17.9/74.37/110.8/146.5/163.9 1.25
3 1.22 (1H, m) 74.3

4 3.08 (1H, q 6.7) 35.0 17.9/146.5 1.29
4a - 146.5

5 - 112.4

6 - 154.3

7 - -

8 - 163.9

8a - 110.8

9 1.25 (8H, d 6.7) 18.4

10 1.29 (3H, d 6.7) 17.9 35.05/77.9/146.5

11 1.21 (3H, d 6.7) 16.8 35.05

12 2.09 (3H, s) 8.5 112.4/146.5

13 - 178

4. Discussion

The results of the determination of the minimum inhibitory concentration in this study confirm
that the strain of P. purpurogenum (CFAM - 214), isolated from an aquatic environment, has the
potential to produce substances with antimicrobial activity. It is imperative to underscore that, in
alignment with existing literature, Penicillium fungi are renowned for their proficiency in generating
bioactive compounds that effectively impede or restrain the proliferation of specific microbial strains
[25]. From P. purpurogenum, compounds with this capacity can be obtained from different classes
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such as steroids, terpenes, alkaloids, xanthones, polyketides, as is the case with Compounds 1 and 2
[26-29].

Compound 1 'H NMR data displayed in the table 2 presents three signals of hydrogens
characteristic of methyl in & 1.21 (3H, d ] =6.4 Hz), 1.23 (3H, d J=6.4 Hz) and an unprotected signal at
02.04 (3H, s), a signal was also observed at 4.61 (2H, ] = 7.2 Hz) characteristic of methylene bound to
oxygen. In addition to these signals, a carbinolic hydrogen signal at d 3.91 (1H, d J=6.4 Hz) and
another at 2.66 (1H, q J=6.4Hz) which, according to the literature, corresponds to the structure of
citrinin and its derivatives [30,31]. Regarding the *C NMR data, the presence of 12 carbon signals is
proportional to those observed in the literature for citrinin [27,29], which are six non-hydrogenated
carbon signals in © 157.0 ppm (C-6), 0 154.8 ppm (C-8), d 140.0 ppm (C-4a), 6 111.0 ppm (C-5), 0 108.8
ppm (C -8a) and d 105.9 ppm (C-7), three signs of methyl carbons in d 19.4 ppm (C-10), d 16.7 ppm
(C-9) and d 8.6 ppm (C -11), a methinic carbon at d 35.1 ppm (C-4) and a carbinolic carbon at d 74.2
ppm (C-3).

However, upon observing the methylene hydrogen signal at 6 4.61 (2H, d J=7.2 Hz), which
exhibits long-distance correlation (HMBC) with carbons at d 74.2 ppm (C-3), 108.9 ppm (C-8a), 140.4
ppm (4a), and 154.8 ppm (C-8), it becomes apparent that this shift does not align with the observed
signals in Citrinin NMR spectra [33,34]. The same discrepancy is observed with the methylene carbon
signal at © 58.69 ppm (C-1) [32]. The carboxylic carbon signal (C-12*) was not detected in the NMR
analyses conducted in the present study, but its presence was confirmed by MS/MS experiments. This
discrepancy arises due to the tautomeric equilibrium existing in the structure of Citrinin and its
derivatives, involving the conversion of ortho-quinine to para-quinone when they are in solution,
which interferes with the structural determination experiments for these compounds [33].

Based on the presented data, compound 1 was identified as dihydrocitrinin (Appendix A Figure
A1l). This conclusion is drawn from a comparison of the 13 C, 1 H, and HRESI(-)MS NMR data with
those outlined in previous studies [32,33]. The signals corresponding to the methyl groups, NMR 3C
0 8.6 ppm, 16.7 ppm, and 19.4 ppm, as well as the signals associated with the carbons of the aromatic
ring, NMR 3C d 111.7 ppm, 157.3 ppm, and 154.2 ppm, align with the observations in the present
study. Additionally, the molecular formula and mass match those reported in the referenced studies.

Compound 2 '"H NMR data detailed in the table 3, exhibit some signals closely resemble those
of dihydrocitrinin, such as the unprotected methyl signal at d 2.04 (3H, s). However, three methyl
signals with close shifts are observed at 6 1.29 (3H, d J=6.7 Hz),  1.25 (3H, d ] =6.7 Hz), and o 1.21
(3H, d J=6.7 Hz). Additionally, three signals for methine hydrogens at d 4.54 (1H, m), 6 1.22 (1H, m),
and d 3.08 (1H, q J=674Hz) indicate the presence of a methyl group at position 1, distinguishing it
from dihydrocitrinin, which has two hydrogens attached to carbon 1. In the *C NMR, thirteen carbon
signals were observed, including five non-hydrogenated carbon signals at d 163.9 ppm (C-8), 0 154.3
ppm (C-6), 6 146.5 ppm (C-4a), d 112.4 ppm (C-5), and d 110.8 ppm (C-8a). Four methyl carbons were
observed at d 18.4 ppm (C-9), 0 17.9 ppm (C-10), 6 16.8 ppm (C-11), and 0 8.5 ppm (C-12), along with
two methine carbons at d 77.9 ppm (C-1) and 6 35.0 ppm (C-4), and a carbinolic carbon at d 1.22 ppm
(C3)

The 'H and ®C NMR signals of compound 2 closely resemble those of dihydrocitrinin, as
obtained in the present study, and citrinin [30,31,32]. However, the distinctions between compound
2 and dihydrocitrinin are the presence of the hydrogen signal at 6 1.25 (3H, d J=6.7 Hz), bonded to
carbon at 0 18.4 ppm (C-9), and the shift in the chemical shift of C-1 in the structures, changing from
0 58.69 ppm to d 77.9 ppm, indicating a characteristic CH group attached to an oxygen atom.
Therefore, it is suggested that compound 2 is 1-methyldihydrocitrinine (Appendix A Figure AS8)
[37,38]. This compound, 1-methyldihydrocitrinine, was described as a product of synthetic origin,
with citrinin as its precursor [38]. In the absence of additional references pertaining to this compound,
this represents the inaugural documentation of its acquisition through fungal biosynthesis within the
Penicillium genus

It is noteworthy that citrinin and its derivatives are compounds with a relatively straightforward
production process, easy identification, and isolation [32]. Moreover, they exhibit various biological
activities, including antibacterial effects [24,38], which is highly relevant in the current context where

doi:10.20944/preprints202401.1582.v1
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certain microorganisms like Staphylococcus aureus and Enterococcus spp. have developed resistance
to specific antibiotics [40]. Hence, there is a pressing need for the exploration of new antimicrobial
compounds, and citrinin derivatives such as dihydrocitrinin and 1-methyl-dihydrocitrinine emerge
as promising candidates for this purpose.

Studies involving semisynthesis, wherein citrinin was used to derive its derivatives, indicate
that the antimicrobial activity of the derivative might surpass that of the precursor. In consideration
of these findings, certain investigations undertook structural modifications, specifically entailing C-
1 substitutions of citrinin, positing that the incorporation of alkyl or benzyl substituents may confer
heightened antimicrobial activity in comparison to the unaltered citrinin [38].

Additional biological activities documented in the literature include antiprotozoal, antifungal
and immunosuppressive effects [41,42,22]. Reports indicate that these compounds act as inhibitors of
macromolecule biosynthesis, including triglycerides, DNA, and RNA [22].

In the context of organisms responsible for the production of citrinin and its derivatives,
scholarly literature indicates the presence of fungi, including Aspergillus candidus, Monascus ruber,
Penicillium janthinellum, and Penicillium citrine [35,30,36,43]. However, the present study used
Penicillium purpurogenum (CFAM — 214), as an organism that produces secondary metabolites that
showed antimicrobial activity, which is surely associated with the presence of dihydrocitrinin and 1-
methyldihydrocitrinin . It is noteworthy that, in this species, there are no reports in the literature
about the compounds obtained in the present study.

5. Conclusions

As evidenced in the present investigation, Minimum Inhibitory Concentration (MIC)
assessments conducted on crude extracts derived from the cultivation of P. purpurogenum (CFAM -
214) across diverse media unveiled a notable capacity to inhibit pathogens such as C. albicans, C.
tropicalis, and S. aureus. This warrants further scrutiny into the antimicrobial efficacy of the fractions.

Moreover, employing high-precision analytical methodologies, the study identified two citrinin
derivatives, namely 1-methyl-dihydrocitrinin and dihydrocitrinin, within a P. purpurogenum (CFAM
— 214) isolate from the aquatic environment of the Amazonas. The investigation also delved into the
potential antimicrobial activity of these compounds. Consequently, this research contributes to the
comprehension of bioactive secondary metabolites that can be derived from fungi belonging to the
genus Penicillium.
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Figure A5. COSY correlation map of dihydrocitrinin in methanol-d4.
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Figure A6. HMBC correlation map of dihydrocitrinin in methanol-d4.
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Figure A7. HSQC correlation map of dihydrocitrinin in methanol-d4.
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Figure A9. 'H NMR spectrum of 1-methyl-dihydrocitrinin in methanol-d4.
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Figure A10. 3C NMR spectrum of 1-methyl-dihydrocitrinin in methanol-d4.
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Figure A11. Dept spectrum of 1-methyl-dihydrocitrinin in methanol-d4.
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Figure A13. HMBC correlation map of 1-methyl-dihydrocitrinin in methanol-d4.
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