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- Excellent communication skills obtained through working in a laboratory team as a biology
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- Very good communication skills obtained through collaborating with people of many different
professions (civil engineers, chemists, medical visitors etc.) while working for the Menatl health
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laboratory)

SELF-ASSESSMENT
Information — Content Problem
. Communication ) Safety .
processing creation solving
Independent user | Independent user Basic user Independent user | Independent user

Digital skills - Self-assessment grid

Music: | used to play the drums at a music band.
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the basics of tae kwon do and kick boxing.

Theater: | am still participating at a theatre team.

Publication: Fatty acid composition in lipid lengthwise the mycelium of Mortierella isabellina and lipid
production by solid fermentation. (December 2009)

m Fatty acid composition in lipid fractions lengthwise the mycelium of Mortierella isabellina and lipid
production by solid state fermentation [1] (dnuoaieuon pou).pdf

© European Union, 2002-2019 | http://europass.cedefop.europa.eu Page 3/6


http://europass.cedefop.europa.eu/en/resources/digital-competences
http://europass.cedefop.europa.eu/en/resources/european-language-levels-cefr

European skills passport
Maria Mavrommati

Fatty acid composition in lipid fractions lengthwise the mycelium of

Mortierella isa
ferm R

311119

A g —

bellina and lipid production by solid state

ra

Bioresource Technology xxx (2009) XXX-XXX

journal homepage: www.elsevier.com/locate/biortech

Contents lists available at ScienceDirect

BIORBOURCE
ligelelq]

Bioresource Technology

Short Communication

Fatty acid composition in lipid fractions lengthwise the mycelium of Mortierella
isabellina and lipid production by solid state fermentation

Stylianos Fakas !, Anna Makri, Maria Mavromati 2, Maria Tselepi 2, George Aggelis *

Unit of Microbiology, Division of Genetics, Cell and Development Biology, Department of Biology, University of Patras, Patras, 265 04 - GR, Greece

ARTICLE INFO

ABSTRACT

Article history:

Received 7 April 2009

Received in revised form 2 June 2009
Accepted 4 June 2009

Available online xxxx

Keywords:

Mycelial lipid fractions
Fatty acid composition
Mortierella isabellina
Solid state fermentation

This paper investigates the correlation between mycelial age and fatty acid biosynthesis. The correlation
was investigated by analyzing the lipid composition lengthwise the mycelium of the oleaginous fungus
Mortierella isabellina, a potential producer of y-linolenic acid (GLA). Young mycelia were rich in polar lip-
ids (glycolipids plus sphingolipids and phospholipids), while neutral lipid content increased in aged
mycelia. In young mycelia, each polar lipid fraction contained almost 40% (w/w) polyunsaturated fatty
acids (PUFAs), but this content decreased to less than 30% (w/w) in aged mycelia. On the other hand,
PUFA content in neutral lipids fluctuated slightly with age. These results indicate that PUFA biosynthesis
is favored in young, fast growing mycelia, while it decreases significantly in aged mycelia. This trend was
also observed when we grew M. isabellina on pear pomace, an agro-industrial waste. Pear pomace cul-
tures yielded significant amounts of lipid, which reached 12% (w/w) in dry fermented mass. The produced

lipid was rich in GLA and the maximum GLA content in dry fermented mass was 2.9 mg/g.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Single cell oils (SCOs) containing the PUFA y-linolenic acid
(GLA) are emerging as potential targets for industrial development
since it was shown that GLA could be used in cancer treatment
(Kenny et al., 2000). Thus, up to date, much effort has been put
to the development of economical bioprocesses for GLA production
(Certik et al., 2006; Fakas et al., 2008). It can be realized, however,
that designing a successful bioprocess for GLA production requires
profound knowledge of the regulation of the metabolic pathways
that lead to GLA formation. To this end, there has been some evi-
dence showing that GLA is synthesized mostly during the growth
phase (Fakas et al., 2007), indicating a correlation between GLA
synthesis and mycelial growth. This conclusion, however, was
drawn from submerged cultures, where mycelial age is hard to
be defined due to the formation of mycelial agglomerates compris-
ing mycelia having different ages. In solid state cultures, however,
fungal growth takes place mostly in the substrate surface, where
mycelia of different ages can be discriminated. This discrimination
then allows for the investigation of the potential correlation be-
tween GLA synthesis and mycelial growth.

In this paper, we investigated how lipid composition in mycelia
of Mortierella isabellina changes with age in an effort to establish a

* Corresponding author. Tel./fax: +30 2610969260.
E-mail address: George.Aggelis@upatras.gr (G. Aggelis).
! Present address: Department of Food Science, Rutgers University, 65 Dudley
Road, New Brunswick, NJ 08901, USA.
2 Equal contribution.

0960-8524/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.biortech.2009.06.015

correlation between GLA synthesis and mycelial growth. This
knowledge will substantially add to the current understanding of
the physiological role that GLA plays in fungi. On the side, we used
M. isabellina to produce GLA-rich SCO from pear pomace, an agro-
industrial waste accumulating in large amounts in several Mediter-
ranean countries.

2. Methods
2.1. Microorganism and culture conditions

Mortierella isabellina ATHUM 2935 was maintained on potato
dextrose agar (PDA) at 6 £1 °C.

2.1.1. Growth on potato dextrose agar

Inoculating cultures were produced by growing the fungus on
PDA for eight days at 28 +1°C. Inocula (circular portions of
0.2 cm radius) were obtained from the peripheral ring (that con-
sists of young mycelia) of the inoculating cultures and implanted
to the center of new PDA dishes, from which the respective
0.2 cm radius piece had been removed. PDA dishes (2 lots of 40
Petri dishes) were incubated at 28 + 1 °C until the fungal colony
occupied the 3/4 of the dish, while the radial growth of the fungal
colony was estimated by measuring its radius at least twice daily.

2.1.2. Growth on pear pomace
Pear pomace was homogenized using a food processor, and the
pH of the pomace homogenate was adjusted to 6.5 with a saturated

Please cite this article in press as: Fakas, S., et al. Fatty acid composition in lipid fractions lengthwise the mycelium of Mortierella isabellina and lipid pro-
duction by solid state fermentation. Bioresour. Technol. (2009), doi:10.1016/j.biortech.2009.06.015
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Fig. 1. Kinetics of sugar consumption and single cell oil production by M. isabellina
growing on pear pomace. (M) Single cell oil (% w/w), (®) total sugars (TS, % w/w),
and (O) reducing sugars (RS, % w/w).

KOH solution. After, 25 g aliquots of the homogenate were trans-
ferred to 9 cm diameter glass Petri dishes, which were then steril-
ized by autoclaving (121 °C/20 min) and inoculated with 1 ml of
spore suspension containing 4 x 10* spores. Inoculated pear pom-
ace dishes were incubated at 28 + 1 °C in a water saturated atmo-
sphere under constant aeration for 10 days.

2.2. Analytical methods

Fungal mycelia (from about 40 Petri dishes) were harvested as
follows: the fungal colonies were divided into three circular rings
having different ages: the outer ring aged from 0 to 87 h, the middle
ring aged from 87 to 160 h, and the inner ring aged from 160 to
215 h. Then, the mycelia were meticulously separated from the solid
substrate, washed thoroughly with cold distilled water, and dried at
80 °C until constant weight (usually 20-30 min) for dry mass esti-
mation. Lipid extraction, lipid fractionation, and fatty acid analysis
were done as described by Fakas et al. (2006). Reducing sugars
(RS) in pear pomace were measured by the DNS method (Miller,
1959), while total sugars by the method of Dubois (Dubois et al.,
1956). Reducing and total sugars were expressed as glucose. For lipid
extraction, a portion of the fermented mass was dried at 80 °C until
constant weight and then extracted three times with hexane.

3. Results
3.1. Lipid content and composition in mycelia of M. isabellina

Lipid content in M. isabellina mycelia of different maturities
fluctuated between 3.5% and 4% (w/w). However, mycelia

Table 1

contained higher amounts of neutral lipids than polar lipids. More
specifically, neutral lipid content was 1.9% (w/w) in young myce-
lia, glycolipid plus sphingolipid content was somehow lower
(1.4% (w/w)), but phospholipid content was much lower, being
0.6% (w/w). Phospholipid content, however, decreased slightly
with age. On the other hand, neutral lipid content increased to
2.4% (w/w) in the mycelia aged 87-160 h, but dropped again to
1.9% (w/w) in mycelia aged 160-215 h. Glycolipid plus sphingo-
lipid content showed the greatest decrease, dropping by 35% in
aged mycelia.

3.2. Fatty acid composition in lipid fractions

M. isabellina lipids contained mostly oleic acid (C18:149), fol-
lowed by palmitic (C16:0) and linoleic (C18:24%12) acids, while
v-linolenic (GLA, C18:345912), stearic (C18:0), and palmitoleic
(C16:1) acids were found in lower amounts.

Neutral lipids maintained a somehow constant fatty composi-
tion with age, but in the glycolipid plus sphingolipid fraction PUFA
content decreased gradually with age (Table 1). This decrease was
mainly due to the drop in linoleic acid content, which was more
pronounced during the transition from young to middle-aged
mycelia. Phospholipids’ fatty acid profile and changes in composi-
tion with age resembled those of glycolipids plus sphingolipids
(Table 1). More specific, PUFA content in phospholipids was high
in young mycelia but it decreased with age.

Changes in fatty acid profile with age reflect changes in fatty
acid biosynthetic machinery. In particular, changes in unsaturated
fatty acid content in lipids reflect changes in fatty acid desaturation
rate with age. Desaturation rate changes can be evaluated by mea-
suring the ratios of desaturase product to substrate, as described
by Dimou et al. (2002). Thus, changes in the ratios C18:149/
C18:0, C18:24%12/C18:149, GLA/C18:24%'2 with age reflect the
respective changes in fatty acid desaturation rate with age. Calcu-
lation of desaturation ratios in M. isabellina lipids showed that, at
all times, A9 desaturation proceeds much more efficiently than
any other (Table 2). A12 desaturation comes next to A9, but is
much lower than the latter, while A6 desaturation efficiency was
the lowest throughout growth. These differences in desaturation
ratios with age were verified by statistical analysis using one-
way ANOVA and LSD tests (a = 0.005).

3.3. Growth and lipid production on pear pomace

Fig. 1 shows the time course of pear pomace fermentation by M.
isabellina. Total sugar consumption was paralleled by reducing su-
gar consumption, and calculations showed that almost all sugars
consumed by the fungus were reducing sugars. Oil content in fer-
mented mass reached its maximum value (12% w/w) at 212 h after
inoculation. However, oil content started to decrease after 280 h

Fatty acid composition in M. isabellina mycelia of different maturities. Cultures were prepared in duplicate and data are presented as mean # standard deviation. NL: neutral

lipids; G + S: glycolipids plus sphingolipids; P: phospholipids.

C16:0 C16:1 C18:0 C18:1 C18:2 GLA Others®
0-87 h NL 228+1.0 2.6+0.2 3.9+03 37.2+1.6 229+0.5 79%0.1 10.6 0.2
G+S 18.4+0.2 22+01 29+0.1 34903 28.7+04 9.0+£0.5 12.9+0.5
P 27203 4.1+0.5 1.1£0.1 246038 28.7+0.4 10.2+0.3 143 £0.7
87-160 h NL 19.7+1.1 26+0.1 34+05 38.0+0.1 244+138 9.2+0.6 11.9+06
G+S 19.5+3.9 23+04 24+0.1 41022 24.6£0.1 6.7+0.8 103 £0.6
P 26303 3.9+04 1.1£0.1 329038 23.0£0.8 8.4+0.6 12.8+£0.9
160-215h NL 21909 3.5+£03 3.6+0.2 41321 205+1.2 7104 22+0.1
G+S 17.7+£1.5 22+0.1 2.6+0.1 472+3.6 213£0.9 6.6 £0.4 23+0.1
P 27305 3.8+0.5 0.9+0.2 36.0+£2.2 213£0.5 6.8+0.1 39+03

@ Others are: C12:0, C14:0, C14:1, C20:0, C20:1, C22:0, C22:1.

Please cite this article in press as: Fakas, S., et al. Fatty acid composition in lipid fractions lengthwise the mycelium of Mortierella isabellina and lipid pro-
duction by solid state fermentation. Bioresour. Technol. (2009), doi:10.1016/j.biortech.2009.06.015
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Table 2
Desaturation ratios in M. isabellina lipids. Data are presented as mean + standard
deviation. NL: neutral lipids; G +S: glycolipids plus sphingolipids; P: phospholipids.

C18:1/C18:0 C18:2/C18:1 GLA/C18:2

0-87h NL 9.56 £1.22 0.62 £0.01 0.35+0.03
G+S 12.24 £ 0.01 0.82 +0.02 0.31+0.01

B 2322 +1.56 1.16 £ 0.06 0.36 £0.01

87-160 h NL 11.42+1.78 0.64 +0.05 0.38 £0.01
G+S 17.30+1.59 0.60 +0.04 0.27 £0.01

B 29.64 £1.88 0.70 £ 0.04 0.36 +0.07

160-216 h NL 11.39+1.89 0.50+0.01 0.35+0.01
G+S 18.01 £2.01 0.45+0.01 0.31+0.03

B 40.66 +3.45 0.59 +0.02 0.32+0.01

cultivation reaching 9% w/w at 330 h; after that time point oil con-
tent remained constant (data not shown).

3.4. Fatty acid composition during growth on pear pomace

Fatty acid composition in M. isabellina grown on pear pomace
resembled closely that of PDA cultures. This trend was somehow
expected since the inherent oil content in pear pomace was very
low (0.5% w/w), and thus fatty acid composition of fermented mass
reflected that of M. isabellina lipids. GLA percentage was highest at
the beginning of the growth (3.8% w/w), decreasing thereafter to
2.2% (w/w). At the end of the growth, however, when the oil con-
tent in fermented mass started to decrease, GLA percentage in-
creased a little (2.9% w/w).

4. Discussion

Lipid composition during growth of oleaginous fungi has rarely
been studied, while all studies so far were done in submerged cul-
tures. In these cultures, however, mycelia of different ages inter-
twine to form either pellets or mats or both, depending on
culture conditions. Therefore, lipid analysis during growth in sub-
merged cultures involves an inherent error caused by the inevita-
ble agglomeration of young and aged mycelia. On the other hand,
solid state cultures provide an experimental system where hyphae
of different age belonging to the same thallus can be separated and
studied.

Mycelial lipid composition in M. isabellina showed specific
trends with age which largely reflect the physiological role of indi-
vidual lipids. More specifically, the increase in neutral lipid content
in middle-aged mycelia could be indicative of the accumulation of
some storage lipid with time. This may then explain the subse-
quent decrease in neutral lipid content in aged mycelia, where it
seems that some of the accumulated lipid was degraded. This ser-
ies of events (accumulation and subsequent degradation) is in line
with the physiological role of neutral lipids, which is energy stor-
age in times of plenty and energy provision in times of shortage
(Holdsworth and Ratledge, 1988; Fakas et al., 2007). Overall, lipid
composition on solid substrates shows some of the major trends
that are previously reported for submerged cultures, but reveals
a more specific role for some lipids.

Desaturation of fatty acids in M. isabellina lipids seemed to pro-
ceed with different rates in mycelia having different ages. Interpre-
tation of the data, however, requires consideration of the different
substrate requirements of desaturases: A9 desaturase acts on ste-
aroyl-CoA, while A6 and A12 desaturases act on phospholipid
bound fatty acids (Ratledge and Wynn, 2002). The data in our study
show that oleic acid desaturation and incorporation to polar lipids
proceed with high efficiency at all ages, but oleic acid conversion to

linoleic acid decreases with age, resulting in the accumulation of
oleic acid in phospholipids and glycolipids plus sphingolipids.
Thus, A6 desaturation is heavily regulated by substrate availability
(i.e. linoleic acid), which in turn depends on the action of A12
desaturase on oleic acid. Therefore, it seems that the rate limiting
step for GLA formation is the reaction catalyzed by A12 desaturase,
the activity of which decreases with age. This would then mean
that GLA biosynthesis is favored in young, fast growing myecelia,
while it is known that oil biosynthesis is favored under non-growth
conditions (Ratledge and Wynn, 2002).

SCO and GLA yields obtained on pear pomace were considered
satisfactory in comparison with the yields reported in the litera-
ture. For example, Certik et al. (2006) used a mixture of wheat
flakes and spent malt grains as substrate for growth of Thamnidium
elegans, which produced 7.2 mg/g GLA. In addition, the use of pear
pomace as is has the advantage that it does not add to the overall
fermentation costs.

5. Conclusions

Data from solid state cultures revealed a correlation between li-
pid composition and mycelial age. Our results clearly indicate that
the rates of desaturation reactions are a function of age and lipid
nature. Thus, it seems that desaturation reactions leading to GLA
proceed faster in young, growing mycelia, and that the phospholip-
ids are more actively involved in these reactions. Given that lipids
accumulate under non-growth conditions and that the accumu-
lated lipid are mostly comprised of neutral lipids, it follows that li-
pid accumulation and GLA synthesis vary in opposite directions.
This means that when designing GLA production processes some
compromise between lipid content in biomass and GLA content
in the lipid must be reached.
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