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Abstract
Catechol is a highly toxic compound that is also a key intermediate in biodegradation pathways of various aromatic com-
pounds. In this paper, a new screening method for isolation of microorganisms with the potential for catechol biodegradation 
is reported. The method described is based on the ability of catechol to form a color complex with Fe3+ ions. For this pur-
pose, basal medium that is widely used for classification of microorganisms by carbon requirements was used. Specifically, 
minimal Bushnell Haas medium plates supplemented with catechol at 500 mg l−1 concentration were used for both yeast 
and bacteria cultivation. After appearance of microorganism colonies on the growth medium, each plate was flooded with 
7.0 ml of 5% (w/v) of FeCl3 and incubated for a period of 5 min at room temperature. Flooding with this solution led to the 
formation of a green color from Fe3+-catechol complexes in the growth medium and an appearance of clear zones around 
colonies of microorganisms that utilize catechol as a sole source of carbon. Based on this, the presented method could be 
useful as a screening step for microorganisms with a potential for catechol biodegradation.

Article Highlights

•	 A new screening method for isolation of microorganisms with the potential for catechol biodegradation has been 
proposed.

•	 The presented method is based on the ability of catechol to form a color complex of catechol and Fe3+ ions and 
appearance of clear zone around colonies of microorganisms which utilize catechol.

•	 Described method is simple, not labor-intensive, does not require a long period of time to achieve unmistakable 
results.

•	 This method may be also used as a starting point for screening microorganisms with the potential for other 
aromatic hydrocarbons degradation, in cases when catechol acts like a key intermediate in their biodegradation 
pathway.
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Introduction

Aromatic compounds are widely distributed in the environ-
ment and are the main causes of water and soil pollution. 
High concentrations of these compounds are found mostly 
in industrial effluents, such as from oil refineries and coal 
conversion plants (Aleksieva et al. 2002).

One of the most important hazardous aromatic com-
pounds, based on its toxicity, is catechol. Catechol is an 
aromatic hydrocarbon with two hydroxyl residues at the 
first and second carbon positions, known also as pyrocat-
echol or 1,2-dihydroxybenzene. Because of the fact that it is 
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widely used (IARC 1999; Schweigert et al. 2001), catechol-
contaminated wastewaters are generated by chemical, dye, 
and photographic and cosmetic industries. Besides industry, 
catechol can be used to detect and determine concentration 
of many metal ions in analytical laboratories (Lee 2016). In 
comparison with other aromatic hydrocarbons, especially 
phenol, catechol biodegradation has not been well inves-
tigated. This is likely due to the fact that catechol is con-
sidered more toxic than phenol (Kumar et al. 2005). Only 
a few studies have focused on the catechol biodegradation 
process by various microbes including Pseudomonas spp. 
(Kumar et al. 2005; Mrozik et al. 2007; Tewari and Malviya 
2002; Zeyaullah et al. 2009), Achromobacter xylosoxidans 
(Bramhachari et al. 2016), Aspergillus awamorii (Stanchev 
et al. 2008), Candida parapsilosis (Rigo et al. 2010), Sphin-
gomonas subarctica, Ralstonia pickettii, and Comamonas 
testosteroni (Di Gioia et al. 2002).

Regarding the biodegradation process, it is crucial to 
search for microorganisms with high potential to utilize 
toxic aromatic compounds, both monocyclic, e.g., catechol, 
and polycyclic aromatic hydrocarbons. These microorgan-
isms may be isolated from areas that are potentially con-
taminated with these compounds. Microorganisms that are 
able to growth in such harsh conditions may also be able to 
degrade these toxic compounds in laboratory studies and 
may further be used to reduce level of toxic compound in 
soil or groundwater of other polluted sites (Shishir et al. 
2019; Farahani et al. 2010).

To the best of our knowledge, a rapid and simple method 
that could identify microorganisms with the potential of 
catechol biodegradation is lacking. To date, the isolation 
of catechol degrading microorganisms is performed using 
the method dedicated for screening of microorganisms for 
the ability of aromatic hydrocarbon biodegradation. For 
this purpose, one of the most commonly used methods is 
the slant culture method (Middelhoven et al. 1991). Briefly, 
in this method, microorganisms are inoculated on the slant 
surface and compounds being tested reach strains through 
diffusion or gas phase. Another widely applied method 
involves isolation of microorganisms directly from soil or 
water samples with a use of solidified growth medium sup-
plemented with selected aromatic compounds that are the 
sole carbon source for microorganisms in growth medium 
(Wang et al. 2012). In another common method, the environ-
mental sample is mixed with liquid medium supplemented 
with a selected aromatic compound (enrichment step), and 
then, isolation of microorganisms degrading this compound 
is conducted using the procedure described above (Kafilza-
deh et al. 2010).

Catechol is able to form stable, strong, and reversible 
complexes with metal ions, like Fe3+, Cu2+, Ca2+, Mn2+, 
Mn3+, Zn2+, Ti3+, and Ti2+. Moreover, catechol is not only 
able to form these complexes with soluble metal ions but 

also with metal oxide surfaces (Meng et al. 2015). In case of 
interactions with Fe3+, catechol gives green color with ferric 
salts, for example, FeCl3. In the pH range 2–4, mixing Fe3+ 
and catechol results in a formation of an intense green color 
(Al-Abadleh 2015; Tewari and Malviya 2002).

The ability of catechol to form complexes with Fe3+ is 
also observed in nature. Catechol-Fe3+ complexes were 
detected in the pigment of mushroom, Cortinarius viola-
ceus. Interestingly, the color of the pigment changes in a 
pH-dependent fashion. This occurs due to the change of a 
cation:ligand ratio. An increase in the pH leads to the typical 
pigment color changes from green (pH 3, 1:1) to blue–violet 
(pH 6, 1:2) and finally bordeaux (pH 9, 1:3) (von Nussbaum 
et al. 1998).

Based on these properties of catechol, the purpose of 
this study was to develop and test the suitability of a simple 
method to detect catechol biodegradation by microorgan-
isms, based on formation of a colored complex between cat-
echol and Fe3+ in solid growth medium, and an appearance 
of a clear halo around colonies of microorganisms which 
utilize catechol as a sole source of carbon.

Materials and Methods

All experiments were carried on Bushnell Haas (BH) plates. 
It is a minimal medium recommended for microbial exami-
nation of fuels and microbial biodegradation of hydrocar-
bons that are added to this medium as a sole source of car-
bon (Hemalatha and Veeramanikandan 2011; Jayanthi and 
Hemashenpagam 2015).

Bushnell Haas plates contained 0.2 g of magnesium sul-
fate, 0.02 g of calcium chloride, 1.0 g of monopotassium 
phosphate, 1.0 g of dipotassium phosphate, 1.0 g of ammo-
nium nitrate, 0.05 g of ferric chloride, and 20 g of bacterio-
logical agar per liter.

Method Development

To determine the optimal conditions for the test, the follow-
ing experiments were performed. Each BH plate was supple-
mented with catechol at final concentrations of 500 mg l−1, 
750 mg l−1, 1000 mg l−1, 1500 mg l−1, or 2000 mg l−1. A 
stock solution of catechol (10 g l−1) was sterilized by filtra-
tion. Each plate, containing a different catechol concentra-
tion, was flooded with a FeCl3 solution. Three FeCl3 solu-
tions of 1%, 5% and 10% were applied. Each solution was 
used in a volume of 2.5 ml, 5.0 ml, or 7.0 ml. Plates were 
incubated with the FeCl3 solutions for 1, 2, 3, or 5 min. After 
the specified period of incubation, the FeCl3 solutions were 
decanted from plates.
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Method Optimization

The results indicated that the optimal conditions for the test 
were BH plates supplemented with catechol at 500 mg l−1 
concentration, plates flooding with 7.0 ml of the 5% FeCl3 
solution and incubation for 5 min. These parameters were 
selected due to the intensity of the resulting green complex 
of catechol-Fe3+ ions and the fact that catechol is highly 
toxic, even more than phenol or resorcinol. Moreover, the 
green color tends to darken during the incubation time to 
dark green or even a black color. Hence, after 5 min, FeCl3 
solution was removed from plates.

Because of that, for further experiments, a concentration 
of catechol equal to 500 mg l−1 was selected as a concentra-
tion which should not be lethal for microorganisms with an 
effective biodegradation potential (Kumar et al. 2005).

Method Usability Determination

To determine the usability of the test, microorganisms 
from soil samples from two locations were isolated. One of 
them was an area of oil refinery Lotos Gdańsk (Pomeranian 
Voivodeship, Poland, 54° 20′ 43″ N 18° 43′ 43″ E) that may 
be contaminated with petroleum-derived waste. The second 
location was peat land located near Bydgoszcz (Kuyavian-
Pomeranian Voivodeship, Poland, 53° 03′ 32″ N 17° 54′ 17″ 
E). Peat lands are naturally rich in polyphenols and phenol 
derivatives which are products of lignocellulosic biomass 
decomposition (Thormann et al. 2007).

Sterile 50 ml conical centrifuge tubes (Sarstedt, AG & 
Co., Germany) were used to collect samples from depth 
about 5 cm. All samples were transported immediately after 
collection to the laboratory, and kept on ice to maintain the 
temperature around 4–8 °C.

For microorganism isolation, 1 g of each soil sample was 
transferred to a sterile 50 ml conical centrifuge tube and 
mix vigorously with 9 ml sterile 0.9% saline solution for 
10 s (Kim et al. 2008; Soudi and Kolahchi 2011; Wang et al. 
2012). After soil sedimentation, 100 µl of each sample was 
spread with a sterile rod on BH plates supplemented with 
catechol at 500 mg l−1. For quality assurance, each sample 
was tested three times. All plates were incubated at 18 °C for 
2–3 days. After this period, the growth of microorganisms 
could be seen as colonies on the surface of the plates. Next, 
plates were flooded with 7.0 ml of 5% FeCl3 and incubated 
for 5 min. During this period of time, the growth medium 
changed from light amber to dark green. After that, the 
FeCl3 solution was decanted and plates were analyzed for 
the presence of microorganism colonies with the ability to 
degrade catechol, characterized by the presence of a clear 
halo around each of them.

To ensure quality of the detection process, in cases where 
colonies grew close to each other with no possibility of 

precisely determining which colony caused the halo appear-
ance, the presented procedure was modified. After soil sedi-
mentation, 100 µl of each sample was used for preparation of 
serial dilutions in sterile 0.9% saline solution. Then, 100 µl 
of 10−2–10−5 dilutions were spread with a sterile rod on BH 
plates supplemented catechol at 500 mg l−1. The remaining 
steps of the assay were the same as presented above.

Moreover, to obtain reproducible test results, it is impor-
tant to use freshly poured Petri dishes with BH medium 
supplemented with catechol. For this purpose, the catechol 
solution should be prepared and added to BH medium 
immediately before pouring Petri plates. The FeCl3 can be 
prepared occasionally, then stored at room temperature in 
glass bottles, and used as needed. Both catechol and FeCl3 
solutions need to be prepared with freshly sterile deionized 
water and then sterilized using filter sterilization (0.2 µm 
diameter, VWR International Sp. z o.o., Poland).

Results and Discussion

The first indicator demonstrating that isolates from both 
locations should be able to utilize catechol as the sole 
source of carbon was their growth on minimal medium BH 
plates supplemented only with catechol. More importantly, 
when isolates had an ability to degrade catechol, clear zones 
appeared around their colonies as a consequence of both 
catechol consumption and a lack of the possibility of cat-
echol-Fe3+ complex formation (Fig. 1). Some colonies of 
microorganisms isolated from both locations were able to 
grow on plates supplemented with catechol, but no clear 
zones around them were observed. In these cases, after the 
second or third streaking on the test medium, no growth 
was observed, which resulted from the inability of these iso-
lates to utilize catechol for growth. To confirm the micro-
organisms’ ability of biodegradation of catechol, colonies 
were streaked once a week (three times), the FeCl3 test was 
repeated and the clear zones around colonies were examined.

In summary, the proposed method allows for the rapid 
and simple identification of microorganisms with the poten-
tial for catechol degradation. The appearance of the clear 
zone around a growing colony, due to a lack of catechol in 
sites where microorganism utilized that compound as a car-
bon source, gives an unambiguous visual effect. In compari-
son to previously described, widely used screening methods 
aimed at detection of microorganisms with the potential for 
aromatic hydrocarbons biodegradation, the procedure here 
stands out as having several advantages. First, the possi-
bility of observing both microorganism colony appearance 
and reduction of catechol from solid media by this colony 
(clear halo around a colony), allows the unmistakable selec-
tion of microorganism that have the ability to degrade cat-
echol. In the cases of the slant culture method or of plates 
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supplemented with appropriate aromatic hydrocarbons, the 
appearance of colony growth is not necessarily equivalent to 
compound biodegradation. In both plate and slant methods, 
colony growth is detected, while a visible effect of biodeg-
radation of certain aromatic compounds is not observed. 
Moreover, tests based on the growth, or absence of growth, 
of colonies do not always allow selection of microorganisms 
exhibiting biodegradation potential. For example, during our 
previous study, we found that some microorganisms can 
grow on minimal medium supplemented with the aromatic 
compound phenol (Filipowicz et al. 2017). Six yeast strains 
were identified based on their intensive growth on slants 
supplemented with phenol, but only three of them exhibited 
intense growth in liquid medium with simultaneous reduc-
tion of phenol concentration, which was confirmed by gas 
chromatography. This leads to the conclusion that growth 
of isolates on slants or plates supplemented with the ana-
lyzed compound is not sufficient for determining that certain 
microorganisms performed biodegradation, because some 
isolates may grow using their storage material. Therefore, 
the slant method needs the next passage of the isolates on 
the selective medium to reduce false-positive results. Fur-
thermore, the use of the other method based on the mixing of 
the environmental sample and broth medium supplemented 
with a selected aromatic hydrocarbon, the sole source of 
carbon for microorganisms growth (Kafilzadeh et al. 2010; 

Wang et al. 2012), there is no possibility of direct selection 
of specific isolates that are able to biodegrade the selected 
aromatic compound. These methods are useful mainly to 
indicate the biodegradation potential of the whole analyzed 
sample, which contains a mixture of microorganisms. In 
comparison to those methods, the method proposed here 
uses chemical properties of catechol to identify microor-
ganisms that are able to use this highly toxic monocyclic 
aromatic compound as a sole source of carbon. In our opin-
ion, the growth of a microorganism colony on the selec-
tive medium using catechol as a sole carbon source, and the 
visual effect of catechol biodegradation in growth medium, 
which can be visualized by lack of the presence of dark 
green color of Fe3+-catechol complex, may minimize the 
possibility of selecting microorganisms that gave the false-
positive results during the screening step. Moreover, after 
the screening for potential catechol degradation by microor-
ganism, all of the selected strains were cultivated in a liquid 
medium and their ability to degrade catechol was confirmed 
by gas chromatography (data not shown).

Additionally, compared with methods based on the use 
of liquid culture supplemented with catechol, the method 
presented here allows for direct isolation of microorganisms 
with biodegradation ability from the analyzed environmental 
sample. In the case of catechol supplemented liquid culture, 
there is no possibility of direct selection of specific isolates 
with the ability to biodegrade catechol, and this method is 
useful only to indicate the potential of the whole sample to 
carry out this process (Kafilzadeh et al. 2010; Middelhoven 
et al. 1991; Wang et al. 2012).

From a technical perspective, the proposed method is not 
labor-intensive and does not require a long period of time 
to achieve unmistakable results, whereas these issues are 
associated with the methods already established.

Moreover, this method could also be valuable for detec-
tion of microorganisms with potential for degrading other 
aromatic hydrocarbons, in cases when catechol acts as a key 
intermediate in their biodegradation pathway, for example 
phenol. Catechol plays an important role in the biodegra-
dation pathways of various aromatic hydrocarbons. It is a 
crucial intermediate in the biodegradation pathways of both 
substituted (mono or in 1,2-orientation) and non-substituted 
mono and polyaromatic hydrocarbons (Fig. 2) (Bull and 
Ballou 1981; Nair et al. 2002). Aerobic biodegradation of 
aromatic compounds involves their conversion into dihy-
droxylated intermediates (catechol or its substituted deriva-
tives). For example, in the case of phenol, this step involves 
phenol hydroxylase (monooxygenase), which initiates the 
oxygenation whereby the aromatic ring is monohydroxylated 
by a phenol hydroxylase at a position ortho to the phenol 
hydroxyl group to form catechol. In the next step, catechol 
as a major ring cleavage intermediate is degraded by cat-
echol-1,2-dioxygenase or catechol-2,3-dioxygenase via the 

Fig. 1   Growth of isolates from a sample of soil from peat land 
located near Bydgoszcz, Poland (53° 03′ 32″ N 17° 54′ 17″ E) on 
BH plate supplemented with catechol at 500 mg l−1, after plate was 
flooded with a 5% FeCl3 solution. Clear halos indicate the growth of 
isolates with the ability to utilize catechol as a sole source of carbon
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ortho- or meta-pathways, respectively (Fig. 2). The final 
products of both pathways are molecules that can enter the 
tricarboxylic acid cycle (Tsai et al. 2005; Zeyaullah et al. 
2009). For this purpose, three psychrotolerant yeast strains, 
Candida subhashii A011, Candida oregonensis B021, and 
Schizoblastosporion starkeyi-henricii L012, which are able 
to degrade phenol in liquid cultures at a wide spectrum of 

concentration (500 mg l−1–1000 mg l−1) (Filipowicz et al. 
2017), were tested using the procedure described above. 
In previous experiments, these three strains were selected 
according to Middelhoven method (1991). For all three psy-
chrotolerant yeast strains with the confirmed ability to utilize 
of phenol, the proposed method demonstrated their potential 
for catechol degradation. Each strain was able to grow on 
BH plates supplemented with catechol at 500 mg l−1 con-
centration, and after plates were flooded and incubated with 
a FeCl3 solution, the clear zones appeared (Fig. 3). On the 
other hand, due to the fact that catechol is a common inter-
mediate in biodegradation pathways of many environmental 
pollutants such as phenol, toluene and benzene (Fig. 2), this 
method may be also used as a starting point in screening for 
microorganisms with the biodegradation potential for the 
above-mentioned and other aromatic compounds.

Fig. 2   Examples of aromatic compounds, e.g., benzene, toluene, 
naphthalene, benzoate, salicylate, and phenol, biodegraded by micro-
organisms with catechol as the main intermediate of ortho- and meta-
biodegradation pathways

Fig. 3   Growth of phenol degrading yeast strains (single colony and 
line streak) isolated from Rucianka peat land a Candida oregonen-
sis B021, b Schizoblastosporion starkeyi-henricii L012, and c Can-
dida subhashii A011 on BH plates supplemented with catechol 

at 500 mg  l−1, after plate was flooded with 5% FeCl3 solution. The 
appearance of clear halos around growing yeast strains indicates that 
they also utilize catechol (intermediate of phenol biodegradation) as a 
sole source carbon
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