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Abstract. Tan WA, Teja HS, Stephane. 2020. Ramularia mali strains isolated from petroleum product-contaminated soil are capable to
grow on multiple aromatic compounds. Biodiversitas 21: 3590-3595. Aromatic compounds are present as a complex mixture in the
environment, some of which are toxic and carcinogenic in humans and animals. In this study, we reported the first instance of
arthroconidial yeast growth on more than one aromatic compound. Yeasts were isolated from soil surrounding gas stations and screened
for growth on phenol, followed by qualitative growth testing on chlorobenzene, aniline, toluene, 2-nitrotoluene, benzoate, and
naphthalene. Pure isolates identity and phylogeny were determined based on the ITS region. All isolates grew on phenol and benzoate,
but none grew on naphthalene. Aside from the inability to grow on naphthalene, SR8 grew on other tested aromatics, while SR3 showed
similar growth ability except on 2-nitrotoluene. Growth on 2-nitrotoluene was observed for PPS3, PB4, SR1, SR6, and SR8, a
phenotype that has yet been reported in yeasts thus far. All isolates shared 99.81-100% similarity and were phylogenetically clustered
with the arthroconidial yeast Ramularia mali CBS 129581, despite that some of them were morphologically different and had varying
capability to grow on tested aromatics. Therefore, ITS sequences cannot be used to differentiate Ramularia mali up to the strain level.

Overall, we demonstrated the diverse potential of yeast strains in reducing aromatic compound contamination.
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INTRODUCTION

Aromatic compounds consist of one or more benzene
rings that may be attached to one or more substituted
groups. Various aromatic compounds exist as a complex
mixture and can be found in nature, such as components of
fossil fuels and as plant exudates. Some of them are also
prevalent as xenobiotics and may be introduced to the
environment due to anthropogenic activities. They may
potentially be carcinogenic in humans or classified as
priority pollutants due to their toxicity (Seo et al. 2009;
Gami et al. 2014). Therefore, effective and efficient ways
to remove harmful aromatic compounds from the
environment and from waste are important.

There are several ways to decontaminate aromatic
compounds, including chemical and physical treatments
using activated carbon adsorption, ion exchange, liquid-
liquid extraction, and chemical oxidation. However, these
methods are considered less efficient, especially in terms of
costs, and they may also result in hazardous byproducts, a
phenomenon is known as secondary pollution. Another
alternative is through biodegradation, in which microbes
are able to assimilate aromatic compounds to promote their
growth in situ or ex-situ. This method is considered a more
environmentally friendly and cost-effective alternative (Al-
Khalid and EI-Naas 2012).

Biodegradation may involve bacteria, filamentous
fungi, or yeasts, for which phenol is degraded aerobically
through similar pathways (reviewed in Sridevi et al. 2012).
The first step of aromatic compound degradation is

catalyzed by the ring hydroxylating monooxygenase or
dioxygenase to form catechol or its derivatives. Catechols
either go through ortho- or meta- cleavage by catechol 1,2-
or catechol 2,3-dioxygenase, respectively. As an exception,
the meta-pathway is to date lacking in yeasts (Schiilter and
Schauer 2017). The resulting compounds then go through
subsequent steps to produce acetyl-CoA and succinate,
both of which are incorporated into the tricarboxylic acid
(TCA) or Krebs cycle (Sridevi et al. 2012).

Compared to bacteria, information on diversity of
yeasts that can degrade aromatic compounds is still quite
rare. In the past, yeast species that have been reported to
degrade phenol were limited to Candida maltosa (Fialova
et al. 2004), C. tropicalis (Salmeron-Alcocer et al. 2007),
C. albicans, Rhodotorula glutinis, Cryptococcus humicola
(Schulter and Schauer 2017), Trichosporon asahii (Cong et
al. 2014), Pichia guilliermondii and Meyerozyma
guilliermondii (Karimia and Hassanshahian 2016). The
utilization of yeasts over bacteria or fungi is also of
advantage due to their extensive physicochemical tolerance
and tough cell walls, wide pH tolerance between 3 and 9,
survival mechanism from freezing temperatures to that
over 40°C, and wide tolerance of osmolarity or ionic
strength (Walmsley and Keenan 2012). Despite that, as in
other microorganisms, the bioavailability of hydrophobic
aromatic compounds is a limiting factor for biodegradation
in yeasts (Whang et al. 2009).

Therefore, in this study, we isolated yeasts from soil
contaminated with petroleum products, that had the ability
to grow on various aromatic compounds. In addition to our
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effort in revealing the plethora of local yeast diversity,
isolates obtained in this study can potentially be used to
eliminate or reduce levels of aromatic compounds in
contaminated environment.

MATERIALS AND METHODS

Culture media

Yeast Peptone Dextrose (YPD) was used as enrichment
medium for isolation and cultivation (10 g yeast extract, 20
g peptone, and 20 g dextrose per liter medium). Phenol (1
g/L) was added to medium to screen for yeast isolates, and
chloramphenicol (50 mg/L) was supplemented into the
medium to suppress bacterial growth.

Initial screening for phenol-degrading ability was
carried out on Mineral Salt Medium Agar (MSM Agar) as
described by Walker (1973), which contains 3 ¢
(NH4)2S04, 0.7 g MgSO4.7 H,O, 0.6 g NaCl, 04 g
Ca(N03)2.4 H.0, 1 g K2POs4, 0.2 g K2HPO,, and 1 mg Fe-
(I)-EDTA  per liter medium. Phenol vapor was
supplemented in Durham tubes filled with sterile cotton
ball, taped on the lid of the petri dish. All isolates were
further maintained on YPD agar (solidified with 1.5%
bacteriological agar (Difco).

Isolation of phenol-degrading yeasts

Phenol-degrading yeasts were isolated from petroleum
product-contaminated soil collected from four locations
(BSD, Pahlawan Seribu, and two locations at Rawabuntu)
surrounding the area of Bumi Serpong Damai gas station,
Tangerang, Banten using a method described by Ashliha
and Alami (2014) with modifications. Soil samples were
incubated at 4°C overnight to slow down growth of
potential competing bacteria. One gram of soil was
inoculated to liquid YPD supplemented with phenol (1 g/L)
and chloramphenicol (50 mg/L), and incubated at 28°C,
150 rpm for 3 days. Serial dilution of the cultures was
prepared (10, 107, and 10®) and 0.1 mL of each dilution
was spread on MSM agar containing phenol vapor as a
single carbon source. All cultures were incubated at 28°C
for approximately 3-5 days until single colonies appear.
Single colonies were further transferred to MSM agar
supplemented with phenol vapor 3-4 times to obtain pure
isolates.

Growth test on various aromatic compounds
Phenol-degrading yeast colonies were tested for growth
on various aromatic compounds, including the naturally-
occurring monoaromatics (i.e. phenol, aniline, toluene, and
benzoate), artificial monoaromatics (i.e. chlorobenzene and
2-nitrotoluene), and polyaromatic (i.e. naphthalene). The
hydrophobicity of all tested compounds was calculated
using ALOGPS 2.1 (Tetko et al. (2005);
http://vcclab.org/lab/alogps/) The colonies were grown on
the MSM agar supplemented with aromatic compound
vapor (toluene, chlorobenzene, 2-nitrotoluene, and aniline)
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in a Durham tube taped on the lid of the petri dish, except
for benzoate and naphthalene. Instead, 10 mM sodium
benzoate was added to the agar, while 0.1 grams
naphthalene crystals were added to the lid of the petri dish
due to its insolubility. All cultures were incubated at 28°C
for 3 days.

Molecular identification of yeasts

All isolates were molecularly identified based on the
ITS region. Genomic DNAs were extracted using a lithium
acetate-based method as described by Ldoke et al. (2011).
The primer pair ITS1 (5’-TCC GTA GGT GAA CCT GCG
G-3’) and ITS4 (5°-TCC TCC GCT TAT TGA TAT GC-
3’) were used to amplify the 5.8S rDNA-ITS region
(Heras-Vazquez et al. 2003). PCR reactions contained 12.5
pL GoTagq® Green Master Mix 2%, 10 uM primer each,
100 ng DNA template and nuclease-free water to make up
25 pL reaction volume. The PCR cycles were as follow:
pre-denaturation at 94°C for 5 minutes; 35 cycles of
denaturation at 94°C for 30 seconds, annealing at 51°C for
30 seconds, elongation at 72°C for 1 minute; and post-
elongation at 72°C for 5 minutes. PCR products were
confirmed using agarose gel electrophoresis and sent for
sequencing First Base, Singapore. The sequences were
compared to GenBank database (www.ncbi.nlm.nih.gov)
using BLASTN (Basic Local Alignment Search Tool
Nucleotide-Nucleotide). Multiple sequence alignment was
conducted using ClustalW (Thompson et al. 1994),
followed by phylogenetic analysis using MEGAX based on
the Neighbor-Joining algorithm (Kumar et al. 2018).

RESULTS AND DISCUSSIONS

Morphology of yeast colonies

A total of 15 yeast isolates were obtained from soil
collected from four gas stations, coded as SR and PR (soil
from two different gas stations at Rawabuntu), PPS
(Pahlawan Seribu), and PB (Bumi Serpong Damai). All
colonies were round and small in size (<1 mm). A majority
of the isolates were translucent and white, except for isolate
SR7 and SR9, which were opaque cream-colored, and SR8,
which was yellow in color (Figure 1).

Growth test on various aromatic compounds

The tested aromatic compounds used in this study were
chosen to represent various aromatic compound groups,
including the naturally-occurring substituted
monoaromatics (i.e. phenol, aniline, toluene, and benzoate),
artificial substituted monoaromatics (i.e. chlorobenzene
and 2-nitrotoluene), and polyaromatic (i.e. naphthalene).
Growth capability of yeast isolates obtained in this study is
presented in Table 1. The ability to grow on phenol and
benzoate were evident for all isolates, but none grew on
naphthalene. Most notably, isolate SR8 and SR3 were able
to grow on all tested monoaromatic compounds, except that
the latter did not grow on 2-nitrotoluene.
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Figure 1. The morphology of yeast colonies on minimal agar supplemented with phenol vapor. A. SR5, SR6, SR7, SR8, SR9; B. PB5,

PB6, SR1, SR3, SR4; C. PR1, PR2, PR6, PPS3, PB4

Table 1. Growth of yeast isolates on aromatic compounds

Aromatic compounds

Isolate Phenol Chlorobenzene Aniline Toluene 2-Nitrotoluene Benzoate Naphthalene
PR1 ++ - - - - + -
PR2 +++ - - - - + -
PR6 +++ - - - - + -
PPS3 +++ - - - + ++ -
PB4 +++ - - - + + -
PB5 +++ - - - - + -
PB6 +++ - - - - + -
SR1 +++ - - - + + -
SR3 +++ ++ ++ ++ - +++ -
SR4 +++ - - - - + -
SR5 +++ - - - - + -
SR6 +++ - - - + + -
SR7 + - - - - + -
SR8 + +++ +++ +++ ++ +++ -
SR9 ++ - - - - + -

Note: Growth level was rated based on the thickness of yeast lawn from the thickest (+++) to thinnest (+), or no growth (-)

Growth capability on aromatic compounds may be
limited by the toxic nature of these compounds to yeast
cells. Aromatic compounds can bind to the lipid bilayer
membrane, thus compromising cellular integrity, and this is
correlated to the hydrophobicity of their structure
(Heipieper and Martinez 2010). As demonstrated in other
microorganisms, aromatic compound catabolism is, to a
certain extent, a part of the defense mechanism against the
toxicity of these compounds (Seo et al. 2009; Mékela et al.
2015). We calculated the hydrophobicity (logP) of all
tested aromatic compounds using ALOGPS 2.1
(http://veclab.org/lab/alogps/), revealing the order of the
tested compound from most hydrophobic to least
hydrophobic: naphthalene (3.33) > chlorobenzene (2.78) >
toluene (2.56) > 2-nitrotoluene (2.32) > phenol (1.39) >
benzoate (1.12) > aniline (0.89). As the most hydrophobic
among all compounds, naphthalene may be most toxic
compared to other tested compounds. This explains why
none of the yeast isolates grew on naphthalene. In addition,

all isolates were able to grow on phenol and benzoate, both
of which are less hydrophobic among tested compounds.
On the other hand, growth capability on aromatic
compounds is determined by the availability of enzyme(s)
required for their degradation. Microbial growth on more
than one aromatic compounds has been reported
previously, and this is partly due to the versatility of
hydroxylating enzymes involved in the initial step of
aromatic compound degradation. For example, the toluene
dioxygenase from Pseudomonas putida F1 facilitates the
oxidation of more than 200 different substrates (Boyd et al.
2001). Similarly, the P450 monooxygenase of the white-rot
fungi Phanerochaete chrysosporium recognizes various
polycyclic aromatic hydrocarbons and alkylphenols (Syed
et al. 2013). The broad growth substrates for these
microorganisms and our yeast isolates indicate that they
may play an important role in the biodegradation of
pollutant mixtures such in petroleum or wastewater. Owing
to the lack of study on ring hydroxylating enzymes and
their substrate specificity in yeasts, it is of importance to
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bring future research towards this direction. More
experiments are also needed to test whether SR8 and SR3
able to tolerate and catabolize aromatic compound mixtures.

Interestingly, growth on 2-nitrotoluene was observed
for isolate PPS3, PB4, SR1, SR6, and SR8. This is the first
study to demonstrate growth of yeast on 2-nitrotoluene.
Thus far, such ability has only been reported in two species
of bacteria, i.e. Acidovorax sp. JS42 (Haigler et al. 1994)
and Micrococcus sp. SMN-1 (Mulla et al. 2011). In
bacteria, 2-nitrotoluene is converted to 3-methyl catechol
by 2-nitrotoluene-2,3-dioxygenase, which then feeds into
the meta-pathway prior to entering the central metabolism
(Rabinovitch-Deere and Parales et al. 2012). As to date, the
meta-pathway has yet been reported in yeasts, the
metabolic pathway involved in 2-nitrotoluene degradation
in our yeast isolates remains unclear.

Molecular identification of yeasts and phylogenetic
analysis

BLAST analysis showed that all isolates had the highest
match with Ramularia mali CBS 129581 (99.80-100%)
(Table 2). Similarity with other Ramularia species,
including R. eucalypti and R. glenii, was also shown for all
isolates, ranging from 99.23-99.61% (data not shown).
Representatives of reference sequences that matched with
our isolates were included in the phylogenetic analysis.
Five clusters were formed, in which all isolates were
clustered with R. mali CBS 129581 (Figure 2).

Nevertheless, apparent morphologically different was
observed for several isolates, including SR7 and SR9, both
of which are opaque and cream-colored, as well as SR8,
which was yellow, while others are translucent. In addition,
all isolates showed a variety of growth capabilities on
aromatic compounds. Altogether this indicates that the
isolates obtained in this study belong to different strains of
R. mali, yet the ITS sequences alone were not sufficient to
differentiate such species up to the strain level. According
to Bakhshi (2018), for further identification of fungi, four
other genes can be targeted, namely, those that encode for
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actin (actA), translation elongation factor 1-o (tefl), RNA
polymerase 1l second largest subunit (rpb2), and
glyceraldehyde-3-phosphate  dehydrogenase  (gapdh).
Therefore, the accuracy and depth of R. mali identification
may be improved by including one or more of these four
genes in addition to ITS.

Ramularia spp. are arthroconidial yeasts, a fungal group
that interchanges between yeast and mycelium phase in
response to certain environmental factors (Videira et al.
2015). At 30°C or higher, the fungi grow in the form of
mycelia, and at below 30°C it will grow as yeast phase
(Wartmann and Kunze 2000; Videira et al. 2015). In this
research, all isolates were grown at 28°C and therefore they
were isolated in yeast form.

Ramularia spp. are also known phytopathogens that
cause Ramularia Leaf Spot (RLS) disease in barley,
strawberry, eucalyptus, and banana plants (Videira et al.
2016). According to Kulbat (2016), phenolic compounds
play a role in plant defense mechanisms against pathogens
and oxidative stress-mediated by copper ions. For example,
infection by Mycosphaerella fifiensis, the asexual form of
Ramularia sp., in banana leaves led to the accumulation of
phenolic compounds in areas surrounding the infected
lesion (Sanchez-Garcia et al. 2013). Therefore, deficiency
or loss of phenolic compounds may pose an advantage for
plant pathogens in infecting their hosts (Kulbat 2016).
Despite that, to date there is no direct evidence that yeast
phase Ramularia can degrade phenol or phenolic
compounds.

Overall, this study highlights the first report of diverse
Ramularia mali isolated from petroleum product-
contaminated soil and their ability to grow on more than
one aromatic compound. Further growth and enzymatic
characterization are required to assess the extent to which
these isolates can degrade aromatic compound mixtures.
Not only such information will enrich our knowledge of
local yeast biodiversity, but it will also be useful in
designing aromatic compound degradation strategies.

Table 2. Highest reference sequence match with aromatic compound-degrading yeast isolates based on the ITS sequences

Isolate code  Species Similarity (%0) Accession number
PR1 Ramularia mali CBS 129581 100 KJ504778.1
PR2 Ramularia mali CBS 129581 100 KJ504778.1
PR3 Ramularia mali CBS 129581 100 KJ504778.1
PPS3 Ramularia mali CBS 129581 99.81 KJ504778.1
PB4 Ramularia mali CBS 129581 99.81 KJ504778.1
PB5 Ramularia mali CBS 129581 99.80 KJ504778.1
PB6 Ramularia mali CBS 129581 100 KJ504778.1
SR1 Ramularia mali CBS 129581 99.80 KJ504778.1
SR3 Ramularia mali CBS 129581 99.81 KJ504778.1
SR4 Ramularia mali CBS 129581 99.80 KJ504778.1
SR5 Ramularia mali CBS 129581 100 KJ504778.1
SR6 Ramularia mali CBS 129581 99.80 KJ504778.1
SR7 Ramularia mali CBS 129581 99.81 KJ504778.1
SR8 Ramularia mali CBS 129581 99.80 KJ504778.1
SR9 Ramularia mali CBS 129581 99.80 KJ504778.1
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Figure 2. Phylogenetic relationship of aromatic compounds-degrading yeasts and reference Ramularia strains. Neighbor-joining
algorithm was employed along with bootstrap analysis in 1000 repeats. The horizontal bar on bottom left indicates genetic distance.
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