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Abstract. Using marine-derived fungi as a source of lipid production holds
promise as an alternative to industrial lipid production for health and nutrition in
the future. In the present study, this strain showed a high production of lipid, about
plus 80% of the total lipids in the host-derived medium. Gas chromatography
analysis of fungal lipids revealed the presence of saturated (mainly palmitic acid
C16: 0 and stearic acid C18: 0) and unsaturated fatty acid (mainly linoleic acid
C18: 2, oleic acid C18: 1). These findings suggest this marine-derived fungus is a
promising source for lipid production in various industrial applications. In
particular, a fraction containing glycolipids of the crude extract exhibited potential
cytotoxic activity on human oral epidermal carcinoma cell lines. This result is very
interesting to further isolate and determine the molecular structure of
bioactive glycolipids.
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1. Introduction

Lipids are the main component of the fungal cell membrane, it is considered as
signaling molecules, and as an energy source [1]. Fungi are capable of accumulating
intracellular lipids from substrates and carbohydrates. Oleaginous fungi were known for
their ability to accumulate lipids such as triacylglycerols, sterols reaching more than
20% of biomass weight [1]. It can be increased up to 70% of their biomass under
nitrogen limitation conditions. In particular, the single-cell oils accumulated by
oleaginous fungi have received much attention as a potential feedstock for biodiesel
production [2]. Several studies have shown that the fatty acid profile of fungal lipid is
very similar to that of vegetable oils [3]. However, the application of fungal lipids was
rare compared to vegetable lipids, although fungi have many advantages such as fast
growth, short life cycle, easy cultivation on large scale.
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Fungal lipids sources have been studied for many applications such as in
pharmaceutical, food additives, and biodiesel. Several investigations have shown
that fatty acid lithium or potassium salts from Cunninghamella echinulata
containing the y-linolenic acid (GLA, A6, 9, 12-C18:3), are potentially useful agents in
the treatment of cancer [4, 5]. Some species of yeast have been proven capable of
butter-like lipid production under limited culture conditions [6, 7]. The Penicillium
commune NRC2016 isolated from soil was used for biodiesel production with the
highest lipid accumulation of 99.1 mg/g in the presence of sweet sorghum [8]. A recent
study has also used sugarcane bagasse hydrolysate to culture Yarrowia lipolytica for
producing biodiesel [9]. Several steroids isolated from the fruit bodies of the inedible
mushroom have shown potential cytotoxicity against four cancer cell lines KB (human
epidermal carcinoma), MCF7 (human breast carcinoma), SK-LU-1 (human lung
carcinoma), and Hep-G2 (hepatocellular carcinoma) [10].

Penicillium restrictum has a worldwide distribution and is grown on a wide variety
of substrates [11]. This strain was employed for several biotechnological purposes such
as enzyme technology, soil bioremediation [11]. But received little interest in the
exploitation of lipid. Several previous studies showed the fatty acid composition in
Penicillium restrictum [12, 13].

In-process research and development of new natural products of marine-derived
fungi, the Penicillium restrictum has been found in the Loire estuary, France. Our
previous study has shown that the mussel-derived strain of P. restrictum can produce a
high chemical diversity of specific metabolites such as pyran-2-ones in host-derived
media [14]. Our study introduces the observation of lipid and fatty acid production in
this fermentation.

2. Content

2.1. Materials and methods

* Fungal material

The marine-derived strain, Penicillium restrictum MMS417, has been found from
the blue mussel Mytilus edulis at Port Giraud in France. The strain has been previously
identified [14]. The strain was conserved at the laboratory Mer-Molécule-Santé (MMS)
EA2160, University of Nantes, France.

* Culture of fungi

Details for the preparation of mussel extract sucrose medium (MES-SSW) are
presented in the previous studies [14]. The marine-derived strains were cultivated in 54
Erlenmeyer flasks containing 250 mL of MES-SSW medium and incubated at 27 °C for
14 days. The biomass obtained was extracted with the CH2Cl./ethyl acetate mixture (1:1, v/v)
resulting in the obtaining of 11.65 g of crude extract. This crude extract obtained was
fractionated by thin-layer chromatography (TLC) on silica, by successive elution with
hexane/ethyl acetate, and then with CH2Clz/methanol with increasing polarity. The 11
fractions received include the following: 15.9 mg of F1, 3.2 mg of F2, 5214.5 mg of F3,
2223.1 mg of F4, 388.1mg of F5, 253.8 mg of F6, 53.3 mg of F7, 943.4 mg of F8, 230.5 mg
of F9, 124.8 mg of F10, 27.4 mg of F11.

92



Unusually lipid production by the marine-derived fungi Penicillium restrictum

* HPLC-HRESI-MS analyses of lipids

High-performance liquid chromatography-high resolution electrospray ionization-
mass spectrometry (HPLC-HRESI-MS) analyses were performed on fast liquid
chromatography coupled with ion trap-time of flight mass spectrometry (UFLC-MS-IT-
TOF) Shimadzu instrument, using a Kinetex C18 column (2.6 pm, 2.1 mm x 150 mm,
Phenomenex) and following previously described conditions [15].

* Protocol trans-esterification (preparation of fatty acid methyl esters - FAME -
and N-acyl pyrrolidides - NAP)

Crude extract fatty acid methyl esters (FAME) were prepared by protocol trans-
esterification of fatty acids (5 hours at 80 °C under reflux with methanolic hydrogen
chloride 3N /MeOH/CHCI3 (5: 3: 1, v/viv). N-acyl pyrrolidides (NAP) were prepared by
direct treatment of the FAME with pyrrolidine/acetic acid (5: 1, v/v) for 60 minutes at
85 °C under reflux.

* GC-MS analyses

Fatty acid methyl esters (FAME) was analyzed using a gas chromatography-mass
spectrometry (GC-MS) instrument (Hewlett Packard HP 6890-GC System, Agilent
Technologies, Santa Clara, CA, USA) linked to a mass detector (HP 6890-E.l. 70 eV)
equipped with an SLB-5™ column (60 m x 0.25 mm x 0.25 pm). The carrier gas was
helium at a flow rate of 1 mL/min. The temperature of the injector and detector were
respectively set at 250 °C and 280 °C. One microliter was injected in splitless mode.
The column temperature was held at 170 °C for 4 minutes and programmed to 300 °C
at 3 °C/min. The solvent delay was 9 minutes.

* Cytotoxicity assays
Cytotoxicity assays were carried out using the MTT assay and following the
procedure previously described [14].

2.2. Results and discussion

The crude extract of the MMS417 strain contained 4 very apolar fractions.
Fractions F3 and F4, corresponding to a high proportion of the mass, formed a
yellowish oil, solidifying in the cold. These thermal properties suggested that they
might contain lipids. Lipids were organic molecules, which are divided into many
different groups of properties. Among these groups, fatty acids, phospholipids,
sphingolipids, glycerolipids, and sterols are common lipid molecules found in most cells [16].
Therefore, the fractions from F1 to F4 were analyzed by thin-layer chromatography
(TLC) according to a protocol making it possible to easily identify the types of common
lipid compounds contained (Figure 1).

The results showed that traces of sterols and a large amount of hydrocarbons
consist of the F2 fraction. The F3 fraction is mainly made up of triglycerides, while the
F4 fraction seems to contain mostly free fatty acids. Thus, this analysis confirmed the
very high proportion of lipids in the crude extract, the sum of the four fractions F1 to F4
representing 7.4567 g, or 84.60% of the total crude extract. This phenomenon had not
been observed previously with this fungal strain, which may suggest a change in its
metabolism linked to a mutation that appeared during successive subcultures.
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Figure 1. TLC plates of fractions F1 to F4 and control, triglycerides (silica, eluent:
hexane/ether/acetic acid, 65 mL/15 mL/0.75 mL), vanillin sulphuric acid reagent

Liquid chromatography coupled to high-resolution mass spectrometry (HPLC-
HRMS) is a technique used to analyze a total lipid profile in one run, from which
different lipid classes can be separated [15-17]. The two fractions F3 and F4 were
analyzed by HPLC-HRMS according to the lipid analysis method [15]. The lipid
profiles of the fractions in this analysis make it possible to separate the compounds
observed into 3 distinct classes: localization of free fatty acids (FA) between 2 minutes
and 22 minutes (also specialized metabolites), phospholipids (PL), and glycolipids (GL)
between 22 minutes and 35 minutes, and glycerides (TG) between 35 minutes and 43
minutes (Figure 2).

F3

Figure 2. HPLC-MS chromatograms of the F3 and F4 fractions

Based on HPLC-HRMS analyzes, the F3 fraction contains only triglycerides and
the F4 fraction is a fraction enriched in glycolipids and phospholipids. These complex
lipids are containing fatty acids and the common type of membrane lipids. Fatty acids
have a common basic structure with specific diversity determined by the chain length
and the degree of unsaturation. For the detailed study of the triglycerides structure and
other lipids in the F3 and F4 fractions, the fatty acid composition of the two fractions
was investigated.
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The analysis of the fatty acid composition of the F3 and F4 fractions was carried
out by gas chromatography-mass spectrometry (GC-MS) analyses to make them volatile
and to be able to identify them with certainty, they were chemically modified into
methyl esters (FAME, allowing the identification of saturated fatty acid) or N-acyl
pyrrolidines (NAP, for the identification of unsaturated fatty acid). The dominant
components in F3 and F4 fractions were C16:0, C18:0, 9-C18:1, 9,12-C18:2 fatty acids
(Figure 3). In general, both fractions have had the same qualitative pattern of FAs, but
differed in the quantity of the FAs produced, except FAs for the following: 10-C19:1,
C23:0, 9,12-C17:2 found in F3 fractions, not in F4 fractions; and similarly, C18:0,
C18:3, 6,11-C20:2, 7-C20:1, 8,13-C22:2 found in F4 fractions, not in F3 fractions. This
analysis showed that triglycerides species in the F3 fraction containing 17 fatty acids,
with 14-24 carbon atom alkyl chain and 0-2 double bonds were found. The major
molecular TG species in the F3 fraction contains the most abundant of FAs as follows:
C16:0, C18:0, 9-C18:1, 9,12-C18:2.

A total of 19 fatty acids was identified in P. restrictum grown on a host-derived
medium, having 14 to 24 carbons. Among these acids, the common acids as
hexadecanoic acid (C16 : 0), 9-octadecenoic acid (9-C18: 1), octadecanoic acid (C18 : 0)
present at high levels (Figure 3). In addition, a C18: 2 unsaturated fatty acid was found
in high proportion. This result was consistent with previous studies [12]. The acids such
as9,12-C17:2;8-C18:1;C18:3;C19:0; 7-C20: 1; 12-C20: 1, 6, 11-C20 : 2; C22 :
0; 8, 13-C22 : 2; C23 : 0; C24 : 0 were detected with less than 2% of the total fatty acid
content. These acids were not reported in previous studies of Stahl et al. [12]. Moreover, this
phenomenon has also been observed when comparing our results with
Oleinikova’study. Oleinikova et al. showed that the strain Penicillium restrictum grown
on rice produces hexadecanoic acid (C16 : 0), octadecenoic acid (C18: 1), octadecanoic
acid (C18 : 0) present in large quantities but they haven’t reported the production of
octadecadienoic acid (C18: 2) [13]. In our work, octadecadienoic acid (C18: 2) showed
high levels in both F3 and F4 fractions (over 25% of total fatty acid). These results have
confirmed that the culture medium affects the fatty acid composition produced and then,
the change in fatty acid profiles was due to environmental changes in fatty acid
metabolism. This represented an adaptation to the changing habitat of this strain.

As we know it, marine fungi have had to adapt to the changing environment to
survive. Among the changes to which they have had to adapt, salinity was probably one
of the environmental factors that affect the change in the lipid composition of the
membrane of fungi [18]. These changes were necessary to maintain a fluid state of the
cell membrane. Several lipids were directly responsible and indirectly influence the
maintenance of membrane fluidity: the type of fatty acyl chains, the number of sterols,
the nature of the head groups of polar phospholipids [19]. The majority of previous
studies have been carried out on the effect of salt stress on the lipid composition and
membrane fluidity of yeasts [18, 20, 21]. Our previous study has shown that the marine
fungi Penicillium restrictum could produce specific metabolites in the host-derived
medium. Further studies are needed on the environmental response of this fungal strain,
especially in the marine environment; as well as on the effects of salinity, culture
medium on lipid composition in this strain.
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Figure 3. The proportion of fatty acids composition of the F3 and F4 fraction
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Figure 4. Evaluation of cytotoxicity on the KB cells of the F3 and F4 fractions

Glycolipids are amphiphiles compounds composed of a hydrophilic moiety, a sugar
moiety, and a hydrophobic moiety, a fatty acid. They have also demonstrated their
biological activity, as biosurfactants or modulators of membrane organization and they
are potentially useful in health, with antimicrobial, immunomodulatory, or anticancer
activities [22]. Therefore, F3 and F4 fractions were tested on the KB cell line to
evaluate potential cytotoxic activity. Interestingly, the F4 fraction exhibits average
activity (ICso = 16.76 pg/mL) compared to the F3 fraction without significant
cytotoxicity on the KB line (Figure 4). This result showed that no significant effect of
the triglycerides in the F3 fraction was observed on the KB line. It is very interesting to
further isolate and determine the molecular structure of bioactive glycolipid content in
the F4 fraction.

3. Conclusions

The extract from MMS417 grown on a host-derived culture medium was largely
composed of lipids (plus 80%), which were produced in an unusually high amount. Four
main fatty acids were identified typical of fungal lipids. Thus, we obtained the
following fours lipid fractions: hydrocarbons, triglycerides, phospholipids, glycolipids,
sterols. Moreover, among them, the lipid fraction exhibits average activity on the KB
line (ICso = 16.76 pg/mL). This result is very interesting to further isolate and determine
the molecular structure of bioactive compounds.

96



Unusually lipid production by the marine-derived fungi Penicillium restrictum

This observation is promising and further study of lipids is planned: alternative oil

production processes, whether for biofuels or food, are a rapidly developing research
avenue. The discovery of fungal strains capable of high lipid yields may represent an
avenue to explore.
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