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Abstract

Phthalates are compounds that give flexibility to the plastics and are considered mutagens and teratogens. Mycelial growth rate,
biomass production and hyphal diameter of the young and mature zones of colonies of Fusarium oxysporum, Mortierella alpina,
Pleurotus pulmonarius, two strains of Pleurotus ostreatus (Po 37 and Po 83) and one strain of Pleurotus florida grown on glucose,
di(2-ethylhexyl) phthalate (DEHP) and dibutyl phthalate were studied. F. oxysporum had the highest mycelial growth rate on
media containing DEHP (270 mm/d) than on medium added with glucose (90 mm/d). From all the fungi, P. florida produced
the highest amount of biomass in medium containing glucose (280 mg/cm?). E. oxysporum and M. alpina produced the highest
amount of biomass in media containing DEHP (200 and 82 mg/cm?, respectively). This research suggests that some of these
fungi (e.g. F. oxysporum and M. alpina) are able to use these compounds as sole carbon and energy sources, and that the hyphal
diameter of some strains was affected by these phthalates. However, further studies need to be carried out on physiology of fungi,
on the effect of phthalates in the hypha ultrastructure and on the degradation of phthalates to increase our current understanding
of the fungal biodegradation of these compounds.

Keywords: biodegradation, dibutyl phthalate, di (2-ethylhexyl) phthalate, filamentous fungi, mycelial growth.

Resumen

Los ftalatos son compuestos que proporcionan flexibilidad a los pldsticos y son considerados mutdgenos y teratégenos. En este
trabajo se estudiaron la velocidad de crecimiento radial, la produccién de biomasa y el didmetro de la hifa de las zonas joven y
madura de colonias de Fusarium oxysporum, Mortierella alpina, Pleurotus pulmonarius, dos cepas de Pleurotus ostreatus (Po 37
and Po 83) y una cepa de Pleurotus florida crecidos sobre di (2-etilhexil) ftalato (DEHF) y dibutil ftalato. F. oxysporum presentd
mayor velocidad de crecimiento radial en medio conteniendo DEHF (270 mm/d) que en medio conteniendo glucosa (90 mmy/d).
De todos los hongos estudiados, P. florida produjo la mayor cantidad de biomasa en el medio de cultivo adicionado con glucosa
(280 mg/cm?). F. oxysporum y M. alpina produjeron la mayor cantidad de biomasa en el medio conteniendo DEHF (200 y 82
mg/cm?, respectivamente). Esta investigacién sugiere que algunos de estos hongos (e.g. F. oxysporum y M. alpina) son capaces
de utilizar estos compuestos como unica fuente de carbono y energia, y que el didmetro de la hifa de estas cepas fue afectado
por estos ftalatos. Sin embargo, es necesario llevar a cabo més estudios sobre la fisiologia de estos hongos, sobre el efecto de
estos compuestos en la ultraestructura de las hifas y sobre la degradacion de ftalatos, para ampliar el conocimiento sobre la
biodegradacion de estos compuestos por hongos.

Palabras clave: biodegradacion de ftalatos, crecimiento micelial, dibutil ftalato, di (2-etilhexil) ftalato, hongos filamentosos.
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1 Introduction

Plasticizers, including phthalate and phthalate esters,
are widely used in the manufacture of polyvinyl
chloride (PVC) to produce plasticized PVC as they
greatly increase flexibility of the plastic enabling
a wider range of products to be manufactured
(Cartwright et al., 2000; Hauser and Calafat, 2005;
Kim et al., 2007). As plasticizers form relatively weak
hydrogen bonds within the fabric of PVC, over time
phthalates can leach into the environment, especially
if heated (Psillakis er al., 2004). These compounds
have been found in food (Benson, 2009), products for
personal consumption (Koniecki et al., 2011), dust, air
from interior of apartments (Xu et al., 2010; Schripp
et al., 2010), air from interior of vehicles (Geiss et al.,
2009), soil and sediments. In addition, phthalates and
their metabolites have also been found in breast milk
(Fromme et al., 2011; Zhu et al., 2006; Hines et al.,
2009; Main et al., 2006). The Phthalate Information
Center maintains that the risk of phthalates to human
reproductive and developmental health is minimal or
negligible, however, independent studies have shown
phthalates to be endocrine disruptors that may affect
development in animals (Matsumoto et al., 2008).
The most widely used phthalates are the di (2-
ethylhexyl) phthalate (DEHP), followed by dibutyl
phthalate (DBP). The degradation of phthalates have
been mainly studied by using bacteria, however, it has
also been reported that fungi are able to degrade these
compounds (Rivera-Cruz et al., 2002; Luo et al., 2012;
Hwang et al., 2008; Hwang et al., 2012). On the other
hand, Sanchez et al. (2004) reported that the content of
cytoplasmic material and thickness of the cell wall (=
ultrastructure) are important to determine the maturity
of the hypha and the mycelial growth of a fungal
colony. In this study, we report the radial growth rate,
biomass production, and diameter of the hypha of
young zone (YZ) and mature zone (MZ) of colonies
of Fusarium oxysporum, Mortierella alpina, Pleurotus
pulmonarius, Pleurotus florida and P. ostreatus grown
on DEHP and DBP.

2 Materials and methods

2.1 Organisms

Six strains were used in this study; Fusarium
oxysporum Schltdl. isolated from soil of the suburbs
in central Manchester (Manchester, UK), Mortierella
alpina Peyrone. isolated from a park in central
Manchester (Manchester, UK), Pleurotus pulmonarius

(Fr.) Quél. from the Chinese University of Hong
Kong Collection (Shatin, Hong Kong), two strains
of Pleurotus ostreatus (Jacq.) P. Kumm. from
the ATCC (American Type Culture Collection)
(Manassas, Virginia, USA), ATCC-38537 (Po37) and
ATCC-32783 (Po83) and one strain of Pleurotus
florida nomen nudum from the Universidad Auténoma
de Tlaxcala collection (Tlaxcala, Mexico). Stock
cultures were grown on malt extract agar (MEA) in
the dark at 25°C and then stored at 4°C. Cultures
were transferred to fresh culture media periodically.
In all the studies, mycelial plugs (4 mm diam) from
the periphery of colonies grown on MAE were used as
inoculum.

2.2 Culture media and culture conditions

Six different culture media were prepared; C1) 50
ml of mineral salt medium (MM), C2) 50 ml of
MM + 500 mg of DEHP/l, C3) 50 ml of MM
+ 1000 mg of DEHP/I, C4) 50 ml of MM +
500 mg of DBP/l, C5) 50 ml MM + 1000 mg
of DBP/l, and C6) 50 ml of MM + 10 g/l of
glucose. The MM used contained (g/1): KH;POy,
0.5; MgSO4'7H20, 05, (NH4)2SO4, 1.0; CaH4
(PO4)'H20, 03, FCSO4'7H20, 0.2; ZHSO4'7H20, 0.2;
MnSO4-H;0, 0.2 and bacteriological agar, 20. The pH
was adjusted to 6.0 using 0.1 and 1.0 M of NaOH.
DEHP (SIGMA-ALDRICH D201154, 99%) and DBP
(SIGMA-ALDRICH 524980, 99%) were added by
separated to the sterile MM and then the culture media
were sonicated for approximately 3 minutes using an
ultrasonic processor (GEX 130) until the DEHP and
DBP had fully dispersed.

2.3 Radial growth rate and biomass

The radial growth rate (,) was calculated as the slope
of the radius versus time plots, analyzed by lineal
regression. The radius was measured daily from the
2" to the 7" d of incubation (Sdnchez and Viniegra-
Gonzaléz, 1996). The mycelial biomass was evaluated
in 7 seven days old colonies by placing the mycelium
separated from the culture medium using a hot-water
bath in a pre-weighed, watch glass. This was weighed,
and then oven-dried at 60 °C for 24 h, then weighed
again (AOAC, 1990).
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Fig. 1. Differentiation of the mature and young zones
of growth of a colony of P. pulmonarius grown on
potato dextrose agar and stained with Feulgen reagent.

2.4 Differentiation zone of grown

Feulgen reagent was added to seven day-old colonies
grown on the different culture media at 25°C in Petri
dishes, and incubated for 20 min at room temperature
(Sanchez et al., 2004). Feulgen reagent contains HCI
and fuchsine, the HCI breakdown the cell wall and
then fushine stains the cytoplasmic material. Thin
cell wall is stained quicker than thick cell wall. The
dye was removed and the Petri dishes were rinsed
with distilled water and dried at room temperature.
The unstained hyphae correspond to the MZ of the
colony or mature hyphae. The stained hyphae from the
periphery of the colony correspond to the YZ of the
colony or young hyphae. The center of the colony that
corresponds to the inoculum (oldest hyphae) is also
stained. The hyphae undergo lysis after 8 or 10 d of
fungal growth, releasing glucans and other compounds
that are used in the growth of new hyphae. This event
leads to the formation of young hyphae in the MZ of
the colony (Fig. 1) (Sanchez et al., 2004).

2.5 Measurement of the diameter of the
hypha

In stained colonies, pieces from mycelium of 2 cm?
were cut from the YZ and from the MZ of the colonies
and were placed in a glass, and then the diameter of
the hypha (Fig. 2) was measured using a computerized
image analysis system (Image-Pro Plus Version 4.0 for
windows, 1999 Media Cybernetics, L.P.). The results
are reported as a relation diameter of the hyphae from
the YZ between diameter of the hyphae from the MZ
(YZ/MZ). The diameter was measured in um.

Dolipore

Diameter of the Septum

hyphae
Thickness of the cell wall

Fig. 2. Schematic representation of the hyphal
structure.

3 Results and discussion

The strain of F. oxysporum showed the highest u,
in both phthalates. It also showed greater u, in
those media containing DEHP than in those media
containing glucose (optimum medium). It has been
reported that cutinases are enzyme able to degrade
phthalates (Kim et al., 2007). Cartwright et al.,
(2000) reported that F oxysporum was able to
produce extracellular cutinases. The highest u, of P.
pulmonarius was observed in media containing 1000
mg of DEHP/l. M. alpina had the highest and the
lowest u, on 500 mg/1 of DEHP and MM, respectively
(Table 1). The strains grew better on media containing
DEHP than on those media containing DBP. Some
fungi were able to grow on MM, this could be due to
the use of certain amount of nutrients that unavoidably
remain in the inoculum and/or the use of nutrients
produced by cellular lysis of the hypha from the
inoculum. In general, the strains showed the highest
biomass production in the medium containing glucose,
followed by the medium containing DEHP (Table
2). The strains produced similar amount of biomass
in media containing 500 and 1000 mg of DBP/I.
P. florida produced the highest biomass production
followed by Po83 in medium added with glucose. On
the other hand, it has been reported a method that can
differentiate the MZ and YZ of a fungal colony and it
was found that the differentiation of both zones of the
colony was due to the hyphal wall thickness and to the
citoplasmic material content. It was observed that the
wall from hyphae of the MZ of P. pulmonarius grown
on MEA was twice thicker and had lower glycogen
content than those hyphae from the YZ of the colony
(Sanchez et al., 2004). In this research, the MZ and YZ
of the colonies grown on media containing phthalate
were also differentiated.
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Table 1. Radial growth rate (mm/d) of filamentous fungi grown for 7 d at 25°C on different culture media.

Strain Culture media
MM Glucose MM+500 MM+1000 MM+500 MM+1000
mg of DBP/I mgof DBP/l mgof DEHP/l mg of DEHP /I
1073

P. pulmonarius ~ 90% (4)  180° (12) 70° (2) 50/ (2) 1207 (18) 190“ (14)
P. ostreatus 37 1207 (14) 2507 (18) 60° (1) 704 (3) 2200 (14) 230 (12)

P. florida 1007 (4) 2407 (20) 50¢ (0.6) 40/ (2) 907 (3) 807 (5)

P. ostreatus 83 1007 (10)  290¢ (17) ng ng 230 (6) 607 (2)
M. alpina 50° (1) 170 (10) 1507 (11) 704 (2) 2007 (18) 170° (10)
F. oxysporum 180 (6) 907 (2) 1707 (6) 1607 (7) 270% (10) 260¢ (14)

Means with the same letter within a row are not significantly different. Data were evaluated ANOVA and Tukey test.
P < 0.01). Numbers in parenthesis correspond to SD of three separate experiments.
ng: no growth.

Table 2. Biomass (mg/cm?) of filamentous fungi grown for 7 d at 25 °C on different culture media.

Strain Culture media
MM Glucose MM+500 MM+1000 MM+500 MM+1000
mg of DBP/I mgof DBP/I mgof DEHP/I mgof DEHP /I
1073

P. pulmonarius 20/ (0.02) 122¢(3.0) 467 (0.03) 35¢(0.02) 807 (0.4) 110° (0.3)
P. ostreatus 37 50¢ (0.01)  120“ (1.0) 30° (0.01) 36° (0.03) 105¢ (1) 110% (0.9)
P. florida 45¢(0.07) 225%(3.0) 607 (0.02) 46° (0.03) 105% (3) 93¢ (0.05)

P. ostreatus 83 45¢ (0.09)  200“ (4.0) ng ng 1607 (2) 40 (0.06)
M. alpina 13¢(0.01) 70" (0.9) 65¢ (0.7) 304 (0.03) 824 (2) 70° (0.9)
F. oxysporum 739 (0.01) 1104 (3) 160° (0.09) 1207 (0.03) 2007 (0.01) 190¢ (0.07)

Means with the same letter within a row are not significantly different. Data were evaluated ANOVA and Tukey test.
P < 0.01). Numbers in parenthesis correspond to SD of three separate experiments.

ng: no growth

Table 3. Relation diameter of YZ/MZ of filamentous fungi grown for 7 d at 25 °C on different culture media.

Strain Culture media
MM Glucose MM+500 MM+1000 MM+500 MM+1000
mg of DBP/I mgof DBP/l mg of DEHP/I mg of DEHP /I
YZ/MZ YZ/MZ YZ/ MZ YZ/ MZ YZ/ MZ YZ/ MZ

P. pulmonarius 0.80¢ 1.20¢ 1.11¢ 1.09¢ 0.81¢ 1.16°
P. ostreatus 37 0.88¢ 0.78¢ 1.12¢ 1.14¢ 0.93" 0.68°¢
P. florida 0.94¢ 0.81¢ 1.12° 0.97¢ 0.90¢ 1.21¢

P. ostreatus 83 0.99" 0.98” ng ng 1.17¢ 0.99”
M. alpina 0.67¢ 0.57¢ 0.79° 1.58¢ 0.79° 1.58¢

FE. oxysporum 1.07¢ 0.76°¢ 0.80¢ 1.06“ 1.4° 1.68¢

ng: no growth
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On the basis of the studies reported before, this
suggests that the hyphae from the MZ presented a
twice thicker cell wall and lower amount of glycogen
than those hyphae from the YZ of the colony. This
suggests that the fungi are using these phthalates to
grow (Table 3). The differentiation of both zones of
growth was not observed in the strain Po83 grown on
media containing DBP. On the basis of the studies
reported by Sanchez er al. (2004), it suggests that
this strain presents a similar cell wall thickness and
glycogen content in both zones of growth of the
colony. In general, it was observed an effect of the
phthalates in the diameter of the hyphae, since the
values of the relation of the diameter of the hyphae
from the YZ/MZ of the colonies grown on media
added with phthalates and of the colonies grown
on medium added with glucose was significantly
different. In Fusarium oxysporum, the value of the
relation of the diameter of the hyphae from the YZ/MZ
of colonies grown in media containing 1000 mg/l
of DEHP and 1000 mg/l of DBP was significantly
higher than that value of the relation of the diameter
of the hyphae from the YZ/MZ of colonies grown
in media added with glucose (Table 3). The strain
Po83 did not grow in the medium containing DBP.
The atypical behavior of this strain might be due to
the specific enzymes that each strain presents and to
the different pathway for phthalates degradation that
might be used. This research suggest that some of
these fungi are able to degrade and use phthalates
as only carbon and energy sources and that in some
fungi the diameter of the hyphae was affected by
these phthalates, However, further studies need to be
carried out about the physiology of fungi, effect of
phthalates on the hyphal ultrastructure and degradation
of phthalates to increase our current understanding
of fungal biodegradation of these compounds. The
knowledge of these aspects is of crucial importance to
select strains able to degrade DBP and DEHP that can
be used in bioremediation of phthalate-contaminated
environments.
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