Applied
Appl Magn Reson (2014) 45:207-215

DOI 10.1007/s00723-013-0508-0 Magnetic Resonance

Quantification of Mycophenolic Acid and Citrinin
Produced by Penicillium sp. Using "H NMR

Angela M. M. P. Valente - Elisangela F. Boffo -
Itamar S. Melo * Antonio G. Ferreira

Received: 29 October 2013 /Published online: 13 February 2014
© Springer-Verlag Wien 2014

Abstract This study proposes a simple methodology to construct the production
curves of mycophenolic acid by Penicillium sp. (CASP5) and citrinin by Penicillium
sp. (CATLI1.1) in the crude extract, without any purification. The quantification of
the compounds was done by 'H nuclear magnetic resonance (NMR) using the signal
integration and an internal standard, N,N-dimethylformamide. Fungi were cultivated
for a period of 20 days and quantification of the metabolites in the extracts was done
starting from time zero, 2 days and after this period in an interval of 4 days. The
maximum production of mycophenolic acid and citrinin was obtained at 12 and
8 days of fermentation, respectively. These results show that the '"H NMR technique
was efficient to define the production curves of mycophenolic acid and citrinin
directly in the crude extracts. In addition, the technique made it possible to evaluate
the purity degree of the substances obtained in the extraction process. Furthermore,
this is the first study that uses the '"H NMR technique to determine the production
curves of secondary metabolites.

1 Introduction

The mycophenolic acid has been reported to possess the following biological
properties: antibacterial [1]; antifungal [2]; antiviral and antitumor [3, 4];
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antipsoriasis [5] and immunosuppressive [6, 7]. However, its immunosuppressive
activity was only recognized in 1982 [8] for the prevention and treatment of organ
transplant rejection. Recently, it has also been used for the treatment of autoimmune
diseases, including systemic lupus erythematosus, lupus membranous nephropathy
(LMN), psoriasis and inflammatory eye disease [9-13].

Citrinin is a naturally occurring mycotoxin [14]. When incorporated into animal
and human diet, it can cause renal degeneration. It can be found in grains (maize,
barley, wheat, rye, rice), fruits (apple, peach, pear), in foodstuffs and biological fluid
[15]. Currently, there is great interest in citrinin, because of its antibiotic activity
and also as a suitable system to study biosynthetic pathways by isotopic labeling
[16-20].

The quantification of secondary metabolites present in the crude extracts
produced by fungi is usually performed by sensitive techniques, as the high-
performance liquid chromatography [21]. Nuclear magnetic resonance (NMR) is not
a technique usually employed for quantification due to its low sensitivity when
compared with other techniques. However, it has been attracted much interest
because any molecule containing one or more atoms with magnetic moment
different than zero can be detected (1H, BC, I5N and 3'P isotopes, among others).
The NMR spectrum contains information about the detected molecule that can be
used in identification of metabolite and quantification of substances present in
samples proceeding from biological systems. For this reason, NMR is a technique
that presents great versatility and it is not destructive, making possible to attain the
spectra of whole plants, plant tissues, root cultures, cell suspension and organelles,
besides previously purified extracts or metabolites [22].

Another advantage of NMR spectroscopy is the relatively easy and rapid
acquisition of data acquisition: a normal 'H NMR spectrum is typically obtained in
just a few minutes. It can be also advantageous for quantitative analysis if some
technical and instrumental parameters are taken into account. One of the major
advantages of quantitative analysis by NMR is, unlike chromatography, the
possibility of employing a unique internal standard for all the chemical substances
[23].

In this paper, '"H NMR measurements were used for mycophenolic acid and
citrinin quantification in fungal extract. The "H NMR quantitative analysis was
performed directly in the biomass produced by Penicillium sp. (CASP5) and
Penicillium sp. (CATL1.1) fungi, without any sample manipulation, and the data
obtained were used to construct of the metabolite production curve.

2 Materials and Methods

2.1 Materials Collection

The dry fruits of coffee obtained from Aguas da Prata, Sao Paulo state, Brazil were
inoculated in the Environmental Microbiology Laboratory of the EMBRAPA

Environment, Jaguariina-SP. The shelled fruits were sterilized (1 min in alcohol
70 %, 4 min in sodium hypochlorite 2 % and 1 min in distilled water) and
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inoculated in Petri plates with PDA (Potato, Dextrose and Agar) culture medium.
The plates inoculated were incubated at temperature of 25 &+ 1 °C for 5 days. The
fungi were identified by morphological methods, using a field-emission scanning
electron microscopy (SEM).

2.2 Growth of Penicillium sp. and Production of Mycophenolic Acid
and Citrinin

Penicillium sp. (CASP5) and (CATL1.1) were cultivated in flasks (500 mL) with
200 mL of autoclaved medium during 15 min at 120 °C. When the medium attained
room temperature, fungi inoculation was done using three disks (0.3 cm of
diameter), which were placed in the incubation room (25 °C) for 8 days in the static
mode. Subsequently, the mycelium was separated from filtered liquid medium by
common filtration (cotton). The filtered medium was submitted to liquid/liquid
extraction with dichloromethane (2 x 300 mL) in acid pH. The organic phases
were concentrated in a rotary evaporator and analyzed by NMR and mass
spectrometry (MS), and the mycophenolic acid and citrinin, respectively, were
identified as compounds in larger quantities in the extracts.

After optimization of mycophenolic acid and citrinin extraction and isolation
conditions, Penicillium sp. (CASP5) and (CATLI1.1) were cultivated for 20 days.
The extractions followed the methodology described above and were initiated at
zero fermentation time and carried out every 24 h. After 2 days of fermentation for
Penicillium sp. (CASP5) and after 4 days of fermentation for Penicillium sp.
(CATLI1.1) the extractions were carried out every 96 h.

2.3 NMR Analysis

For mycophenolic acid and citrinin quantification in extracts using "H NMR in acid
pH, three samples (mass/50 mL of filtered medium) were taken from each flask and
used for every fermentation time (triplicate). The samples were prepared in 1 mL of
deuterated chloroform (CDCl5) and increased by 10 pL of N,N-dimethylformamide
33.33 % aqueous solution, used as an internal standard. TMS (tetramethylsilane)
was used as internal reference for chemical shifts (6 0.0).

All NMR experiments were performed at 25 °C on a Bruker DRX400 9.4 T
spectrometer (‘H at 400.2 MHz) and using a 5-mm inverse probe with z-gradient.
"H NMR spectra were acquired using zg standard pulse sequence, 64 k data points,
pulse widths of 8.5 pus (90°), relaxation delay of 1.0 s and 16 scans. For
mycophenolic acid, a spectral width of 4,112 Hz and an acquisition time of 8.0 s
were used. For citrinin, a spectral width of 7,353 Hz and acquisition time of 4.5 s
were used.

To accomplish the quantitative measures, an estimation of the longitudinal
relaxation time T; for mycophenolic acid, citrinin and DMF was done using the
inversion recovery pulse sequence consisting of a 180° pulse followed by a variable
delay (t) and a 90° pulse (8.5 ps). Experimentally, the relaxation time was equal to
0.4 s for the slowest nucleus.
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2.4 Quantification of Mycophenolic Acid and Citrinin

The calculation of mycophenolic acid and citrinin concentrations in the extracts
(mg/mL) was made using Eq. (1) [24]

)NDMF X Acompound

(Compound) = (DMF X MM .ompound; (1)

compound X ADMF

where
(DMF) = DMF concentration (mol/mL)
Npmr = DMF hydrogen number in the integral
Apmr = DMF hydrogen integral in the "H NMR spectrum
Neompound = Compound hydrogen number in the integral
Acompound = Compound hydrogen integral in the '"H NMR spectrum
MM _ompound = mg/mol

3 Results

Two colonies, recovered from the isolation plates, were purified on PDA medium
and morphologically analyzed by SEM. Both fungi showed phialides, conidiophores
and conidia typical of the genus Penicillium (Fig. 1).

NMR results of analysis of these compounds were given as follows:

Mycophenolic acid—'H NMR-§ (multiplicity, J in Hz): H-2, 2.38-2.47 (m); H-5,
5.23-5.28 (m); H-6, 3.37 (br d; 6.8); H-7, 1.78 (s); H-1/, 5.18 (br s); H-10/, 3.74 (s);
H-11/, 2.13 (s); OH, 7.76 (s); 13C NMR-8§: C-1, 179.1; C-2, 32.7; C-3, 34.2; C-4,
133.9; C-5, 123.0; C-6, 22.3; C-7, 16.1; C-1, 70.0; C-3’, 173.0; C-4, 153.7; C-5/,
106.4; C-6/, 163.7;, C-7', 116.7, C- &, 144.0; C-9, 122.1; C-10/, 61.0; C-11’, 11.5.

Citrinin—"H NMR-§ (multiplicity, J in Hz): H-1, 8.25 (s); H-3, 4.78 (dq; 6.7;
0.9); H-4,2.99 (q; 7.2); H-9, 1.35 (d; 6.7); H-10, 1.23 (d; 7.2); H-11, 2.02 (s); H-13,
15.90 (br s); H-14, 15.12 (br s); *C NMR-6: C-1, 162.9; C-3, 81.7; C-4, 34.6; C-4a,
139.1; C-5, 123.1; C-6, 183.4; C-7, 100.3; C-8, 177.2; C-8a, 107.1; C-9, 18.5; C-10,
18.3; C-11, 9.5; C-12, 174.6.

3.1 Quantification of the Mycophenolic Acid

For this quantification, the area of the signal of the methylenic hydrogens of
mycophenolic acid (H-6, 6 3.37) and methylic hydrogens of the DMF (H-2, ¢ 2.98)
was measured (Fig. 2b).

Mycophenolic acid concentrations in the extracts of Penicillium sp. (CASPS)
were calculated through the '"H NMR spectrum integrals for 2, 4, 8, 12, 16 and
20 days of fermentation. The production curve constructed using these values can
be seen in Fig. 3.
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Fig. 1 Scanning electron microscopy (SEM) for a Penicillium sp. (CASP5) and b Penicillium sp.
(CATLI1.1)

3.2 Quantification of the Citrinin

For this quantification, olefinic hydrogen of citrinin (H-1, & 8.23) and aldehyde
hydrogen of DMF (H-1, & 7.98) were integrated (Fig. 2c).

The quantification of the citrinin in the extract of Penicillium sp. (CATL1.1) was
started with 4 days of fermentation, since the citrinin had not been produced with
2 days.

Citrinin concentration in the Penicillium sp. (CATL1.1) extract was calculated
through the 'H NMR spectra integrals for 4, 8, 12, 16 and 20 days of fermentation.
The production curve, constructed using these values, is shown in Fig. 4.

The purity degree of mycophenolic acid and citrinin was obtained from the ratio
between the concentration obtained from the 'H NMR spectra and mass of the
extracts produced in 50 mL of culture filtrate (Table).

Table Concentration of mycophenolic acid and citrinin in pH 3 from Penicillium sp. (CASP5 and
CATLI1.1), respectively, in 20 days of fermentation

Sample Fermentation Mycophenolic acid Citrinin
time (27 °C) N N

[1 ' H Mass extract (filtrate/ % in [I’'TH  Mass extract (filtrate/ % in
RMN 50 mL) (mg)* extract* RMN 50 mL) (mg)* extract*
(mg/ (mg/
mL)* mL)*

1 2 days 040 570 7 - - -

2 4 days 572  6.11 92 325 343 94

3 8 days 14.51 15.69 93 11.73  12.02 98

4 12 days 18.56 19.99 92 11.57 12.09 96

5 16 days 11.15  12.03 92 922 957 96

6 20 days 570  6.12 94 691 729 95

* Triplicate media
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Fig. 2 "H NMR spectra of a Penicillium sp. (CASP5) extract (pH 3.0) with 0 (zero) fermentation day;
b Penicillium sp. (CASPS5) extract (pH 3.0) with 8 fermentation days; ¢ Penicillium sp. (CATL1.1) extract
(pH 3.0) with 8 fermentation days (400 MHz, in CDCl;)

4 Discussion

In the "H NMR spectra with the zero fermentation time, the signals relating to the
compounds of culture medium such as amino acids (yeast extract), o- and B-glucose
(anomeric hydrogens in ¢ 5.15 and 4.30, respectively) were observed. However,
mycophenolic acid and citrinin signals were not observed, because the extraction
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Fig. 3 Production curve of mycophenolic acid by the Penicillium sp. (CASPS5)
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Fig. 4 Production curve of citrinin by the Penicillium sp. (CATLI1.1)

was performed after the inoculation of the fungi in the culture medium. Figure 2a
shows the 'H NMR spectrum of the extract of Penicillium sp. (CASP5) with zero
fermentation time.

4.1 Quantification of the Mycophenolic Acid

The quantification of the mycophenolic acid in the Penicillium sp. (CASPS) extract
was started with 2 days of fermentation, because signals of this compound in the 'H
NMR spectrum have been observed in this period. However, signals of the
substances added to the culture medium and yet not metabolized by the fungus were
also observed.

In the '"H NMR spectrum with 8 days of fermentation (Fig. 2b), only the
mycophenolic acid signals were observed. This result shows that for this period of
fermentation, all substances in the culture medium had been metabolized by the
fungus.

Analyzing the production of mycophenolic acid in the period from zero to
20 days, it is concluded that the metabolite is synthesized after 2 days of
fermentation even without the fungus has completely metabolized the carbon
(glucose) and nitrogen (extract yeast) sources present in the culture medium. Thus,
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the production was increasing from 2 to 12 days of fermentation and from this
period the fungus began to degrade mycophenolic acid as a carbon source, probably
for its survival, due the chemical conditions imposed in the period (Fig. 3).

Analyzing the results, it could be observed that the maximum production of
mycophenolic acid occurred on the 12th day (18.56 mg in 50 mL of filtrate, which
correspond to 371.2 mg/L), and after this period a reduction in metabolite
production was observed (Fig. 3). The purity of the mycophenolic acid can be
verified in the "H NMR spectrum.

4.2 Quantification of the Citrinin

According to the results obtained for the citrinin, the initial production of the
substance was observed after 4 days of fermentation, period in that all carbon and
nitrogen sources had already been metabolized. The production curve for citrinin
(Fig. 4) shows that the maximum production of this metabolite occurred between 8
and 12 days of fermentation, from this period the production was declined, probably
due the chemical conditions of the culture medium.

Citrinin production with 8 days of fermentation was 11.73 mg in 50 mL of
filtrate, which correspond to 234.6 mg/L. Citrinin purity can be verified in the 'H
NMR spectrum.

4.3 Percentage of Mycophenolic and Citrinin in Fungal Extracts

According to data showed in Table the percentage of mycophenolic acid present in
the extract ranged from 92 to 94 %, the extract obtained in 2 days of fermentation
was not considered.

The percentage of citrinin present in the extract ranged from 94 to 98 %. The
percentage of the substance in the extract corresponds to the purity degree obtained
showing the efficiency of the extraction process.

5 Conclusion

The 'H NMR technique has shown to be effective to quantify the mycophenolic acid
and citrinin during the fermentation period. The concentrations of the compounds
were obtained directly in the spectra of fungal extract without any purification.

In addition, the quantification technique also allowed the calculation of the purity
of the substances showing the efficiency of the extraction process.
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