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Abstract
Soil-occupant fungi produce a variety of mycotoxins as secondary metabolites, one of which is mycophenolic acid (MPA), an 
antibiotic and immunosuppressive agent. MPA is mainly produced by several species of Penicillium, especially Penicillium 
brevicompactum. Here, we present the first report of MPA production by a local strain belonging to Penicillium glabrum 
species. We screened ascomycete cultures isolated from moldy food and fruits, as well as soils, collected from different parts 
of Iran. MPA production of one hundred and forty Penicillium isolates was analyzed using HPLC. Three MPA producer iso-
lates were identified, among which the most producer was subjected to further characterization, based on morphological and 
microscopic analysis, as well as molecular approach (ITS, rDNA and beta-tubulin gene sequences). The results revealed that 
the best MPA producer belongs to P. glabrum IBRC-M 30518, and can produce 1079 mg/L MPA in Czapek-Dox medium.

Introduction

Mycophenolic acid (MPA) is an antibiotic and immunosup-
pressant drug which is commercialized as mycophenolate 
mofetil (MMF) and mycophenolate sodium for the pre-
vention of organ transplant rejection [1, 2]. MPA and its 
derivatives have diverse biological properties and have been 
extensively studied for their antineoplastic, anti-inflamma-
tory, anti-psoriasis, antifungal and antiviral activities [3, 4]. 
Recent reports indicate anti-SARS-CoV-2 activity of MPA 
[5]. It is a selective and non-competitive inhibitor of the 
enzyme Inosine Monophosphate DeHydrogenases (IMPDH) 
involving in de novo biosynthesis of guanosine nucleotide, 
the only supporting pathway of purines synthesis in both B 
and T lymphocytes [4]. Inhibition of IMPDH arrests cell 

proliferation as a result of DNA and RNA biosynthesis 
blocking [2, 6].

MPA is a meroterpenoid consisting of a polyketide 
nucleus connected to farnesyl pyrophosphate; a mevalonate 
pathway C-15 intermediate [7]. This metabolite is produced 
by several Penicillium spp, among which P. brevicompac-
tum and P. stoloniferum indicate a relatively high ability of 
production. MPA producing strains of this genus are very 
common in forest soil, greenhouse and farmland all over 
the world [8]. Furthermore, these species could be found 
in moldy food, fruit and dairy products [9–12]. Penicillium 
glabrum is a filamentous fungus, belonging to the section 
Aspergilloides. It has a worldwide distribution, frequently 
encountered in the food manufacturing industry. It is one 
of the main causes of post-harvest fruit and vegetable rots 
and food contamination [13]. It has been previously isolated 
from a wide range of food products such as cheese, maize, 
rice, jam and bottled water [14]. There is no report on MPA 
production by P. glabrum.

The aim of this study was to isolate a Penicillium MPA 
producer in the hope to be suitable for large scale produc-
tion of MPA.
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Materials and Methods

Isolation of Penicillium Species

Samples were collected mostly from garden, greenhouse 
and farmland soils of various provinces of Iran, as well as 
moldy food, fruit and dairy products. Soil samples were 
taken from 10 cm depths with a sterile spatula [15]. 5 g of 
each sample were mixed with 50 mL peptone water (1%) 
containing 0.01% tween 80 [16]. A serial dilutions up to 
 10–5 of supernatant of each sample were prepared [15]. 
Finally, 100 μL of each dilution was spread on two potato 
dextrose agar (PDA) plates containing 30 µg/mL of Chlo-
ramphenicol and Kanamycin, to prevent bacterial growth. 
The plates were incubated in a dark place at 25–28 °C for 
5–7 days [17].

Single Spore Isolation

Macroscopic observation of cluster structures and broom 
handles of each Penicillium was performed using a ster-
eomicroscope. Then a suspension of Penicillium spores in 
sterile distilled water was prepared. The number of conidia 
in each water droplet was adjusted between one and 10 after 
spore count with a Neobar slide. A droplet of suspension was 
spread on PDA plates and incubated at 25–28 °C for 24 h. 
Purified colonies were used for further studies [18].

Penicillium Cultivation and Sample Preparation

MPA production was analyzed in Czapek-Dox (Cz) medium 
comprised (g/L): Sucrose, 30;  NaNO3, 3;  K2HPO4.3H2O, 
1.3;  MgSO4.7H2O, 0.5; KCl, 0.5;  FeSO4.7H2O, 0.01; 
 CuSO4.5H2O, 0.005;  ZnSO4.7H2O, 0.01[19, 20]. A spore 
suspension from fresh colonies in sterile distilled water 
containing 2.5 ×  107 spores was used for inoculation of 
50 mL Cz medium which incubated at 25–28 °C for 12 days 
at 180 rpm. MPA biosynthesis started after approximately 
120 h (5 days) and was reached the maximum concentration 
at 300 h (12 days) [4]. 1 mL of each culture was centrifuged 
in 5000×g at 4 °C for 5 min and the supernatant was filtered 
through 0.2 µm filter (Millipore, USA). The filtered samples 
were stored at − 20 °C for subsequent analysis.

The MPA production was also investigated in Xu 
medium consisted of (g/L): glucose, 100; glycine, 14; 
l-methionine, 0.5;  KH2PO4, 2.0;  MgSO4.7H2O, 1.0; 
 FeSO4.7H2O, 2.2;  CuSO4.5H2O, 0.3;  ZnSO4.7H2O, 2.4; 
 MnSO4.4H2O, 0.16; and  KMoO4, 0.2. Before autoclave, 
pH was adjusted to 6.0 with 1 N HCl or NaOH solutions 
[4]. The cultivation condition was as the Cz medium.

HPLC Analysis for MPA Determination

MPA concentration was evaluated by a KNAUER HPLC 
(Germany) consisting of pump: LC-20 AD, auto sampler: 
SIL-20A, detector: SPD-20 A, degasser: DGU-20 A. The 
analysis was carried out with a  C18 high persil column, at 
40 °C and 250 nm. The injection volume of 20 μL with 
mobile phase consisted of 0.1 M  KH2PO4 and acetonitrile 
at a ratio of 50:50, pH 3.0 at a flow rate of 0.5 mL/min was 
used [21, 22]. HPLC grade MPA (AppliChem) was used to 
prepare the calibration standard curve. Working standard 
solutions (10–400 µg/mL) were prepared from 1 mg/mL 
stock solution in HPLC grade methanol.

Characterization of MPA Producing Strain

Characterization of the selected MPA producer was per-
formed based on morphological and microscopic properties 
as well as molecular analysis. After 7 days, some principles 
of the colony features including diameter, texture and color 
of conidia describing the morphology of Penicillium species, 
and degree of sporulation, the abundance of color and tex-
ture of mycelia, the presence and colors of soluble pigments 
and exudates were considered [23].

Colony characteristics on specific media are prominent 
features broadly used for species identification. MEA (Malt 
Extract Autolysate agar) [20] and CYA (Czapek Yeast 
Autolysate agar) [24] are recommended as standard media 
for Penicillium species isolation [23].

Penicillium strains with the highest MPA production were 
inoculated on the mentioned media in a three-point position 
and incubated at 25 °C for 7 days. Colonies characteristics 
were recorded and compared with available identification 
keys [24].

A piece of agar (1  cm2) was placed on a sterile glass 
microscope slide. Then the slide was placed in a sterile 
Petrie dish to prevent contamination and drying during incu-
bation. Some conidia were transferred to every four sides 
of the agar block and incubated at 25 °C for 5 days. Intact 
fruiting body structure, including phialides, hyphae and 
arrangement of conidia were observed after staining with 
lactophenol cotton blue [25].

Molecular Analysis

Genomic DNA was extracted using CTAB buffer containing: 
Tris, 10 mM; EDTA, 20 mM; CTAB, 0.02 M; NaCl, 0.8 M; 
Sorbitol, 0.13 M; PVP (Polyvinylpyrrolidone), 1%.

For molecular characterization, both 18 s and ITS (inter-
nal transcribed spacer) regions of rRNA genes, as well as 
beta-tubulin gene were amplified using universal related 
primers, ITS1 (5′-TCC GTA GGT GAA CCT GCG G-3′), ITS4 



2422 F. Mahmoudian et al.

1 3

(5′-TCC TCC GCT TAT TGA TAT GC-3′), 18 s F (5′-CCT GGT 
TGA TCC TGC CAG TA-3 ́′), 18 s R (5′-GCT TGA TCC TTC 
TGC AGG TT-3́′), Bt2a (5′-GGT AAC CAA ATC GGT GCT 
GCT TTC -3′) and Bt2b (5′-ACC CTC AGT GTA GTG ACC 
CTT GGC -3′), respectively.

PCR products were cloned in pTZ57R/T (Thermo sci-
entific), sequenced and subjected to nBLAST against their 
fungal homologs.

The ITS sequence was subjected to phylogenetic analy-
sis which was performed by molecular evolutionary genet-
ics analysis (MEGA) software, version 7.0 using UPGMA 
method, with a bootstrap of 500 replicates.

Results

Isolation of MPA Producing Penicillium Species

To isolate a native MPA producing fungus, 140 Penicillium 
isolates were obtained from 50 samples of soil from forest, 
greenhouse, and agricultural lands of the various provinces 
of Iran, as well as 24 samples of moldy food, fruit and dairy 
products, as shown in Table 1.

Evaluation of MPA Production

HPLC method was used for the evaluation of MPA produc-
tion by Penicillium isolates. Three MPA producing isolates 
were obtained as shown in Table 2. Twenty microliters of 
samples prepared from culture supernatants were injected 
into the HPLC column. Chromatograms of standard solu-
tion and GGST1 isolate with a retention time of 12 min is 
shown in Fig. 1. A comparison between two chromatograms 
confirmed that the GGST1 isolate has the ability of MPA 
production. Strains cultivation and MPA determination were 
repeated three times.

MPA production by selected strains in Xu medium was 
also evaluated. The results showed that 371, 53 and 88 µg/
mL MPA were produced by GGST1, MP4 and FSM2 strains, 
respectively. Unexpectedly, all three strains were produced 
less quantities of MPA in Xu medium compared to the Cz 
medium as shown in Table 2 and Fig. 2.

Characterization of the Best MPA Producing Isolate

The MPA producer, GGST1 isolate, was identified based 
on its morphological (macroscopic and microscopic) char-
acteristics as well as ITS, 18 s rDNA and beta-tubulin gene 
sequences.

The GGST1 strain colonies on CYA medium display 
35–45 mm diameter, velvet surface, and radial white myce-
lium and produce grey-green conidia. The reverse color was 
in shades of grey to brown. On the other hand, on MEA 
medium, colonies with 40–50 mm diameter, velvet surface, 
radial grooves, white mycelium only in the center of the col-
ony, high production of dark green conidia and sometimes 
secrete yellow exudates droplets were observed. Reverse 
color was yellow to yellow-orange. Furthermore, the stipes 
with 50–100 μm length and smooth walls with slight rough-
ness, 10–12 flask-shaped phialides in a row with 8–12 μm 
length and the smooth to finely roughness conidia with 
3–5 μm diameter were produced in long columns. These 

Table 1  Number of Penicillium 
species isolated from various 
sources

Samples Sampling sources Number of Penicillium 
isolates

Number of 
MPA producing 
isolates

Soil Fruit garden 27 1
Forest and agricultural land 33 1
Alfalfa farm 8 –
Greenhouse 13 –
Areas around the pharmaceutical 

company
17 –

Moldy materials Fruits 22 –
Grain 4 –
Decayed cooked food 16 1
Dairy product – –

Total 140 3

Table 2  MPA producing strains

MPA producing isolates Average MPA production (µg/mL)

Cz medium Xu medium

GGST1: P. glabrum IBRC-
M 30518

1079 371

MP4 522 53
FSM2 268 88
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characteristics confirmed that the isolate belongs to P. gla-
brum species [26] (Fig. 3).

The sequences of amplicons from GGST1 isolate with 
sizes of 519, 1798 and 466 nucleotides were deposited in 
NCBI Genbank nucleotide sequence under accession num-
bers of MK611771 MN044770 and MW002460 for ITS, 
18S rDNA and beta-tubulin gene, respectively. The GGST1 
isolate ITS sequence has 100% identity with many P. gla-
brum isolates ITS sequences, such as HLJ_16, Y56, ND70 
and MS31-1. The 18S rDNA sequence has 99% identity 
with P. glabrum strain KCTC16099 18S rDNA sequence. 
Furthermore, housekeeping beta-tubulin gene sequence of 

this isolate has > 99% identity with a number of P. glabrum 
strains such as 207P, KAS7776, KAS 7774 and many others. 
Therefore, the isolate was recognized as P. glabrum IBRC-M 
30518 and kept for further studies and probable applications. 
The sequence was subsequently deposited in the GenBank 
(Accession Number MW002460).

Phylogeny

The phylogenetic position of the P. glabrum IBRC-M30518 
was inferred from a comparison of its ITS sequence with the 
strains of P. verhagenii, P. saturniforme, P. bussumense, P. 

Fig. 1  HPLC chromatograms 
of a standard solution of HPLC 
grade MPA; b MPA produced 
by strain GGST1
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pulvis, P. rudallense, P. armarii, P. purpurascense, P. spinu-
losum, P. vagum, P. tsitsikamaense, P. fuscum, P. sublectati-
cum, P. adametzii, P. camemberti, P. glabrum, P. thomii, P. 
commune, P. solitum, P. chrysogenum, P. kewense, P. freii, 
P. expansum, P. roqueforti, and P. brevicompactum (Fig. 4). 
Like the type strain of P. glabrum, the newly isolated strain 
belonged to the Aspergilloides clade, which is defined by 
characteristics such as possessing monoverticillate conidi-
ophores and growing moderately or quickly on agar media. 
According to Houbraken et al. the most important feature 
distinguishing members of this section are colony size on 
agar media, growth at 30 °C, ornamentation and shape of 
conidia, sclerotium production and stipe roughness [26].

Discussion

Filamentous fungi are widely associated with the ability to 
produce bioactive secondary metabolites that have important 
pharmaceutical applications [27]. One of the most extensive 
genera of filamentous fungi is Penicillium, with more than 
354 accepted species [23], many of which are in high impor-
tance due to their ability to the production of pharmaceuti-
cals and industrial agents as secondary metabolites. One of 
such prominent secondary metabolites is MPA, produced 
by several Penicillium species such as P. brevicompactum, 
P. roqueforti, P. puberulum, and P. stoloniferum as well 
as other fungi Byssochlamys nivea and Aspergillus strains 
[28–31].

There are plenty of reports implying the isolation of 
various strains of Penicillia from soil and moldy foods and 
fruits, with the aim of MPA production (Table 3). Despite 
the large implication of the P. glabrum in food contamina-
tion, some studies have been conducted to investigate its 

ability to enzyme production [32, 33]. Meanwhile, there is 
no report on MPA production by P. glabrum.

According to Landeweert et al.  ≥ 99% of sequence iden-
tity was identified to species level, 95–99% to genus level, 
and ≤ 95% to family level [34]. The ITS sequence (partial 
sequence of ITS 1, complete sequence of 18S ribosomal 
RNA gene and ITS 2, and partial sequence of large subu-
nit ribosomal RNA gene), were analyzed using nBLAST in 
NCBI search tool and demonstrated that this isolate could 
be assigned to series of species including P. glabrum, P. spi-
nulosum, P. aragonense, P. expansum, P. spinuloramigenum 
and many others. Regarding some studies, ITS sequence is 
not sufficient for identification at the species level, therefore 
houskeeping beta-tubulin gene was sequenced and compared 
with their fungal homologs. The result demonstrates that this 
isolate could be assigned to P. glabrum (GenBank Accession 
Number EU128574.1) with an identity of 99.57%. A phylo-
genetic analysis using the ITS region revealed that the newly 
isolated stain is belonged to the species P. glabrum, Which is 
considered as one of the top three well characterized mem-
bers of the section Aspergilloides, along with P. spinulosum 
and P. thomii. These worldwide distributed species, consti-
tuting 3 out of 12 clades of the section, could be isolated 
from many substrates including soil, food, bark and indoor 
environments [26]. The majority of members of the section 
Aspergilloides are predominantly monoverticillate and most 
grow quickly on agar media [35]. According to phenotypi-
cal features, the species from P. glabrum-clade represent a 
remarkable relation to those of the P. spinulosum-clade. Yet, 
they could be distinct based on colony texture, as the colony 
surface is defined “strictly velvety” for P. glabrum, and be 
“loose textured” for P. spinulosum [26].

According to some studies, the highest reported MPA 
production is related to P. brevicompactum ATCC 16024 
strain [21], producing 5900 mg/L MPA in an Xu medium in 
250 mL shake flask [4].

The local P. glabrum IBRC-M 30518 strain isolated in 
this study is the first report of MPA production by this spe-
cies which can produce 1079 mg/L MPA in Cz medium. 
Although its production yield is less than P. brevicompactum 
ATCC 16024 strain, but it is more than most of the MPA 
producing species previously reported [21]. Two other Peni-
cillium strains, MP4 and FSM2 produced 522 and 268 mg/L 
MPA in Cz medium, respectively. Meanwhile, MPA produc-
tion of these three Penicillium isolates in Xu medium (the 
optimum medium for P. brevicompactum ATCC 16024) was 
much lower than in Cz medium as shown in Table 2 [4].

Therefore, it seems necessary to develop a process for the 
improvement of MPA production by the local P. glabrum 
IBRC-M 30518. To enhance MPA production with P. gla-
brum IBRC-M 30518, medium and process optimization are 
the next steps in our research which is in the way. Genetic 
manipulation and mutation-selection approaches can also be 

Fig. 2  Comparison of MPA production in two different media. Cz 
and Xu media are displayed in black and gray, respectively
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Fig. 3  Penicillium GGST1, cultures incubated for 7 days at 25 °C. a Obverse MEA, b reverse MEA, c obverse CYA, d reverse CYA. e–g Conidi-
ophores, phialides and conidia. Scale bar = 10 μm
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used for future improvement of the local P. glabrum IBRC-
M 30518 and possibly low-cost production of MPA [36].

The growth rate of isolated strains was higher and pro-
duced more biomass on MEA compared to CYA, in the same 
time and conditions. This result suggested that, the MEA 
medium could be a base for medium optimization.

In conclusion, this research was conducted to isolate 
native MPA producer strains and then identification of the 

highest producer by colony morphology combined with 
molecular analysis. This is the first report showing that P. 
glabrum IBRC-M 30518 can produce this antibiotic which 
is worthy of further study. However, this assay needs fur-
ther investigation for large scale production of MPA.
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Fig. 4  Cladogram based on 
the ITS sequences which is 
obtained using MEGA. Pg-ITS 
refers to the sequence from 
newly isolated strain. The other 
sequences are belonged to the 
TYPE strains of related species, 
classified in distinct sections

Table 3  The strains that 
produce MPA

a Production of MPA on solid media

Source Isolated strain(s) MPA titer References

Mouldy maize P. brevicompactum – [37]
Blue-molded  cheesesa P. roqueforti 800–4000 mg/kg [10]
Silagea P. roqueforti 0.02–35 mg/kg [38]
Food wastes:
Cereals, fruits, meat, vegetables
Fruits, cheese, bread
Cereals, bread,  meata

P. brevicompactum
P. roqueforti
p. carneum

0.075–19 mg/kg [39]

Infected ginger P. brevicompactum – [9]
Tap water P. brevicompactum – [40]
Air intake,  Insecta Aspergillus strains 1–3 mg/kg [31]
Oilseed cakes and indoor  aira Aspergillus pseudoglaucus 1–17 mg/kg [30]
Mould-ripened  cheesea Penicillium roqueforti 0.1–23.1 mg/kg [41]
Grapevine garden soil P. glabrum 1079 mg/L This study
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