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Abstract
Background Industrial products are persistently hazardous pollutants to the environment and are of current concern to human health. Bioremediation, a
process used to treat contaminated environment is an option that enhances the e�cacy of the natural biodegradation process and degrade the target
pollutants. Different species of bacteria have been reported for their ability to degrade pollutants to the environment. Nocardia live in diverse unfavorable
environmental conditions and have a high catabolic capacity. This study aimed to screen and characterize Nocardia with bioremediation capability from
Iranian diverse ecosystems.

Result A total of 90 collected environmental samples were screened for Nocardia spp. The isolates were characterized based on conventional and molecular
methods including sequence analysis of 16S rRNA. Growth rate in presence of pollutants, chromatography, Gibbs and turbidometric methods were used to
determine bioremediation ability. The Nocardia isolates included 19 strains that belonged to 10 various species. The most prevalent Nocardia species were N.
farcinica, 4 isolates (21%), followed by N. cyriacigeorgica and N. cashijiensis like, 3 isolates each (15.7%), and N. asteroids and N. kroppenstedtii 2 isolates
each (10.5%). The isolates were classi�ed in two categories based on their bioremediation ability: isolates with previously reported that have a bioremediation
ability, and the isolates that showed bioremediation ability that �rst reported in the current study.

Conclusions Our study showed that Nocardia spp. demonstrate high ability to degrade environmental chemical pollutants placing this bacteria among the
best candidates for the detoxi�cation of habitats contaminated with this chemical compounds.

Background
Polycyclic Aromatic Hydrocarbon (PAHs), Phenolic compounds and sodium sulfate discharged from various activities, such as combustion of fossil fuels,
shipping, use and disposal of petroleum products, agricultural burning, coal, and wood-preserving products are persistently hazardous pollutants to the
environment and are of current concern to human health [1; 2]. Bioremediation, a process used to treat contaminated environment, including water, soil and
subsurface material is an option that enhances the e�cacy of the natural biodegradation process and degrade the target pollutants. The advantages of
bioremediation is the least requisite of overall energy and chemical substance[6].

Various bacterial species such as Burkholderia, Sphingomonas, Bacillus, Polaromonas, and Pseudomonas genera [8]. Members of actinomycetes such as
Rhodococcus, Mycobacterium and Nocardia,, are a group of aquatic or terrestrial gram-positive bacteria with very simple to very complex cell structure,
capable of decomposing a high variety of organic material, �xing nitrogen, and producing secondary metabolites that can degrade and consume.

The aim of the current study was to isolate and characterize Nocardia species with bioremediation capability from the environmental samples collected from
diverse Iranian ecosystems.

Methods
Sampling and isolation

Form July 2015 to August 2017, a total number of 90 environmental samples were collected from sea and river sediments, drinking and non-drinking water,
industrial, agricultural and hospital soil and wastewaters in different parts of Iran (Fig 1).  The samples were collected aseptically in sterile bottles and
processed based on standard procedures. In brief, the water samples were decontaminated with cetylpyridinium chloride (CPC) 0.005%, for 15 minutes and
were �ltered by vacuum through cellulose nitrate �lters (0.45 µm, Sartorius AG, Gottingen, Germany). The �lters were rinsed and macerated in tubes containing
15 ml of distilled water. Almost 100 µL aliquots of dissolved samples were transferred into Sauton’s medium, and incubated at 25°, 30° and 35°C in a 5% CO2

atmosphere for 3 weeks.[10].

 For soil samples, 15-30 g soil were taken from 3-5 cm depth of a sampling point at the polluted site and transferred directly to the laboratory. Five grams of
the soil sample was transferred to 50ml sterile centrifuge tube. 20 ml sterile distilled water was added to the tube and vortexed for 5 min, and centrifuged at
4300 ×g at room temperature for 20 min. The pellet and supernatant were decontaminated in separate tubes by 3% sodium lauryl sulfate and 1% NaOH. 100
µL of the decontaminated sample was used to inoculate into the Sauton’s media which was supplemented with antifungal and antibacterial antibiotics
including kanamycin, nystatin  and  nalidixic acid (each at 50µg/ml) and were incubated as described earlier [3].

For sediment samples, up to 3 grams of sediment samples stirred for 30 minutes in 100 ml of sterile Ringer’s solution (5% v/v). Tenfold serial dilutions of each
homogenized suspension were prepared and 200 μl of each of the pretreated 10−2, 10−3, and 10−4 dilutions were inoculated into the Sauton’s media
supplemented with antifungal and antibacterial antibiotics including nystatin, kanamycin and nalidixic acid (each at 50µg/ml). The samples were incubated
for 3 weeks as described earlier [29]. The details of environmental samples are given in Table 1.

2.2. Conventional identi�cation

The isolates were primarily identi�ed by conventional phenotypic tests including partial acid-fast staining, growth at 25°C, 37°C and 42°C, pigment production
and standard biochemical assays, including resistance to hydrolysis of tyrosine, lysozyme, xanthine, and hypoxanthine tests [10].  The identi�cation was
further pursued by molecular testing as follows:

2.3. Molecular identi�cation
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Chromosomal DNA from Nocardia isolates was extracted using a simple boiling method. In short, a few colonies of the isolates were added into 200 mL of TE
buffer (Tris EDTA), boiled for 30 minutes and centrifuged at 10000 rpm for 10 minutes. The supernatant was transferred to another sterile microtube and
centrifuged at 11000 ×g for 10 minutes. The Precipitated DNA was re-suspended in 50 µl of Milli-Q water and stored at -20° C .  

The identity of the Nocardia isolates was veri�ed to the genus level using a speci�c PCR protocol based on a 596-bp region of the 16S rRNA as recommended
by Laurent [7]. For species identi�cation, ampli�cation and direct sequence analysis of 16S rRNA gene was carried out as described by Roth [2]. Sequencing
was performed by ABI 3100 genetic analyzer in Bioneer Company (South Korea). The obtained sequences were aligned manually with all existing sequences
of the closely related Nocardia species retrieved from GenBankTM database, compared with the relevant sequences and analyzed using the jPhydit program
[14].

2.4. Nucleotide sequence accession numbers

The GenBank accession number for the 16S rRNA sequencing of isolated Nocardia in this study are listed below., N.cyriacigeorgica ( KX685347), N. coublieae
like (KX685350), N. asteroides (KX685345), N. �uminea like ( KX685346), N. otitidiscavarum ( KX685341), N. kroppenstedtii ( KX685348), N. cashijiensis
(KT372140.2), N. sungurluensis like (KT372141.1)

2.5. Bioremediation analysis

The sample collection locations have been polluted with crude oil and its derivatives such as PAHs (Polycyclic Aromatic Hydrocarbon), Phenol and sodium
sulfate. With regard to widespread existence of petroleum resource all around Iran, petrochemical and its derivatives pollutions are the most common
environmental pollutants in different region of Iran and have been found in agricultural soil and water, hospital and industrial wastewater and sewages[2; 7;
12]. The bioremediation capacity of isolates for these pollutants was evaluated according to kanali et al.[8]  as follow:

2.5.1. Media preparation

To evaluate the bacterial growth in presence of PAH, Phenol and sodium sulfate, 100 mL aliquots of Mineral Salt Medium (MSM) were prepared in 250 mL
�ask as the base media for this experiment. The MSM medium containing (7H20. 0.25-MgSO4, 0.5-KH2PO4, 0.5-K2HPO4, 1-NaCl, 0.009-CaCl2.2H2O, 0.5-
KNO3, 0.1-Mn Cl2.4H2O, 0.07-ZnCl2, 0.015-CuCl2.2H2O, 0.025-Ni Cl2.6H2O, 0.12- COCl2.6H2O, 0.025-Na2MO4.2H2O (g/l). The MSM media then mixed with
different substrates as follow.

The media supplemented with 1% PAH mix solution (1-1) purchased from AccuStandard. The PAH mix solution content the following ingredients each at a
concentration of 0.2 mg/mL dissolved in dichloromethane and methanol: Acenaphthene, Acenaphthylene, Anthracene, Benzo(b)�uoranthene, 1,2-
Benzanthracene, Benzo(a)pyrene, Benzo(k)�uoranthene, Benzo(g,h,i)perylene, Chrysene, Dibenz(a,h)anthracene, Fluoranthene, Fluorene, Indeno(1,2,3-
cd)pyrene, Phenanthrene, Naphthalene, Pyrene.

 Another set of MSM media were supplemented with 1% phenol (Merck, Germany) dissolved in deionized water, and the third MSM media set were
supplemented 1% sodium sulfate (Merck, Germany) dissolved in deionized water.

An amount of 1mL of  0.5 McFarland turbidity (1 × 108 CFU ml-1) of the selected isolates were prepared in normal saline, and inoculated the respected media,
incubated for 144 h at 30C in  an orbital shaker (3 RCF).  To evaluate the bacterial growth in presence of PAH, Phenol or sodium sulfate, samples were
collected at 24-hour intervals and the absorbance at 560 nm was measured by Spectrophotometer.

Showing sign of growth in the media indicates decomposition and/or consumption of target material by studied isolates. For �nal con�rmation of
degradation of the studied material, the amount of 5 mL of medium were removed from the �ask and examined for the PAH, phenol and sodium sulfate
degradation yield according to standard procedure [C; 2; 3-4] explained in the following method.

2.5.2. Determination of PAHs phenol and sodium sulfate degradation

5 ml of the MSM medium containing PAH that shown bacterial growth was transferred to a screw cap glass tube and supplemented with 0.6 ml of a mixture
of tetrachlorethylene and methanol (1:100) as the extraction solvent, vortexed for 10 seconds, then centrifuged at 3000 ×g for 10 minutes. The organic phase
then collected and transferred to a clean tube to be further analyzed by HPLC. The amount of PAH was measured by injecting 100µl of the collected organic
phase into the HPLC device (Manager 5000, Knauer, Germany), equipped with C18 ultra-sep ES PAH QC specia 6o×2mm ID, with water and acetonitrile as
mobile phase at a ratio of 5:95, and 0.3 ml min-1 �ow rate. The adsorption at 254 nm was measured and the PAH content of the sample was calculated using
the standard curve and function previously calculated using sterile PAH standards [3-4] .

Gibbs method was used for determination of phenolic compound[2]. In brief, 5 ml of MSM medium contain phenol which showed bacterial growth was
transferred to a sterile tube and the pH was adjusted at 8.0, then subjected to centrifugation at 2700 g for 20 minutes. 150 µl of the collected supernatant was
mixed with 30 µl NaHCO3, then 20 µl of Gibbs reagent (2, 6-Dichloroquinone 4- chloroimide) was added to the mixture and shacked for 30 minutes at 25 0C.
The absorbance at 620 nm was recorded and the phenol content determined using the standard curve previously calculated using sterile standards.

From the MSM media supplemented with sodium sulfate that showed bacterial growth an amount of 5 ml sample was taken and transferred to a sterile tube.
One ml acetic acid (1%) and 1 ml Acetate buffer was added and mixed for 3 minutes. Afterwards, 1 mL of barium chloride was added and mixed for another 3
minutes. The turbidity was calculated using Spectrophotometry at a wavelength of 420 nm. The amount of consumed sodium sulfate was measured by using
the standard curve previously calculated using sterile sodium sulfate standards.
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Results
Isolation and characterization of strains

The recorded temperature and pH of the soil samples were in the range of 6° to 32° C and 6.2 to 7.8, respectively. For wastewater and sediment samples, these
measures were in the range of 5 to 28° C and 6.8 to 8.2, respectively. The corresponding �gures for the water samples were 4 to 29° C and 6.4 to 8.0,
respectively. The total dissolved solids (TDS) for the water samples ranged between 560 to 1340 mg/L.

The details of soil, water, wastewater and sediment samples and the isolates key properties are presented in Table 1.

From a total of 90 wastewater, sediment, soil, and water samples 19 isolates were identi�ed as Nocardia based on culture, morphological and biochemical
properties, such as partial acid-fast staining, pigmentation, resistance to lysozyme and decomposition of xanthine’s, tyrosine, and also by considering the
results of molecular probing for genus speci�c marker, i.e. the presence of a 596-bp amplicon of the 16S rRNA (Table I).

Based on the phenotypic and molecular data, the Nocardia isolates in this study belonged to 8 validated species and 2 unknown or potentially novel species.

The most prevalent Nocardia species isolated were N. farcinica, 4 isolates (21%), N. cyriacigeorgica and unknown Nocardia species that were closely related to
N. cashijiensis, 3 isolates (15.7%) each, N. asteroids and N. kroppenstedtii 2 isolates (10.5%) each. Five isolates belonged to four established species, that is,
N. coublieae, N. carne, N. �uminea and N. otitidiscavarum, as well as one unknown Nocardia species that were closely related to N. sungurluensis.

The almost complete 16S rRNA gene sequences showed that isolate AN7 had 99.5% similarities (6 base pair nucleotide differences) with N. coubleae type
strain DQ235688T, the isolates AN21, AN20, and AN30 showed 98.92% similarities with N. cashijiensis type strain JCM 11508T (8 base pair nucleotide
differences) and the isolate AN8 showed 99.25% similarities (corresponding to 7 base pair nucleotide differences) with N. sungurluensis type strain CR3272T. 
This degree of nucleotide differences between our isolates and the established aforementioned Nocardia species make them the candidate for further inquiry
as the novel species.

The relationship between our isolates and the standard established species of Nocardia was supported by a high bootstrap value in phylogenetic tree based
on 16S rRNA gene depicted by MEGA 6. The corresponding value for the isolates that showed substantial nucleotide differences with the known Nocardia
species and  named candidate as novel species requiring further investigation found to be rather low (Fig.2).

Bioremediation analysis

With regard to the previous studies the isolated strains were classi�ed in two categories based on the bioremediation ability of isolates:

1. Those isolates that showed bioremediation ability and had been reported previously (table 1). that included AN4, AN26, AN27 and AN73 which were
identi�ed as N. farcinica, which is capable to degradation of para�n wax, crude oil and phenol [3]. The Isolates AN18, AN37 and AN47 were identi�ed as
N. cyriacigeorgica that reported to show capacity for degradation of PAHs and thymol [3; 8]. The isolates AN31and AN32 were identi�ed as N. asteroids,
which is capable to degrade the crude oil, rubber, polyethylene, Sodium benzoate[3; 3; 5]. The isolates AN7 was identi�ed as N. coubleae, which was
capable of PAHs and crude oil degradation [7]. The Isolate AN35 identi�ed as N. carnea that was able to degrade the lewisite [1]. The Isolate AN5 was
identi�ed as N. otitidiscaviarum that was able to degrade PAHs and crude oil [6].

2. The isolates that were either the previously established nocardia without known biodegradation activity or the novel species that were �rst isolated and
reported in the current study as capable of biodegradation of environmental pollutants (table-1). In this part, the degradation ability of potentially novel
Nocardia species and the isolates that has not been previously studied or reported for having a bioremediation activity was evaluated. These strains were
tested for PAHs, Phenol and sodium sulfate biodegradation capacity according the standard procedures and the following results were obtained.

A growth curve was plotted with O.D at 560 nm on Y axis and time in hours on axis respectively. On the basis of growth rate curve plotted and table-1, it was
found that isolates AN4, AN26, AN27and AN73 which were identi�ed as N. farcinica and the isolate AN22 which was identi�ed as N. �uminea, were able to
growth in present of a concentration of 0.2 μg/ml for PAHs mix solution as an energy and carbon source.  The growth curves are shown in Fig. 3. AN22 which
was identi�ed as N. �uminea have the highest PAHs degradation rates among the studied isolates (Fig 3). 

According to the HPLC chromatogram obtained from the analysis, the results are as follows. Isolate AN22 showed a higher rate of mixed PAHs degradation
with 80% degradation of it. As well as the result show that isolates can degrade different type of PAHs compounds and converted this compounds to other
ingredients (Fig 4).

On the basis of growth curve plotted, it was found that isolates AN3, AN19 which were identi�ed as N. kroppenstedtii, had maximum growth against a
concentration of 1 mg/ml for phenol, followed by the isolates AN4, AN26, and AN27and AN73 were identi�ed as N. farcinica, the isolates AN21, AN20 and
AN30 which were identi�ed as N. cashijiensis like and the isolate AN8 that was identi�ed as N. sungurluensis like (Fig 5). The results of Gibbs method showed
that isolates AN3, AN19 was able to degrade the 95% of phenol in prepared media after 144 hours.

On the basis of growth curve plotted, it was found that isolates the isolates AN21, AN20 and AN30 which were identi�ed as N. cashijiensis had maximum
growth against a concentration of 1 mg/ml for sodium sulfate, followed by the isolate AN8 that was identi�ed as N. sungurluensis (Fig 6). The results of
turbidimetry method showed that isolates AN21, AN20 and AN30 was able to degrade the 100% of the sodium sulfate in medium after 144 hours.

Discussion
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With the advances in technology and the increase in the global population, organic and inorganic materials have found wide applications in every aspect of
life and industries. Release of this materials into the environment whether accidentally or due to human activities is a main cause of water and soil
pollution[1]. Consequently, causes extensive damage of local system since accumulation of pollutants in animals and plant tissue may cause death or
mutations. This issue have been caused many health-related problems either directly by exposure to safety hazards and harmful agents, or indirectly through
environmental degradation locally and regionally [10; 6]. As a result, many communities have become aware of the need to protect ecosystems as well as to
evaluate, prevent and amend the damage caused by contamination that lead to extensive researches to �nd appropriate methods to eliminate and neutralize
these hazardous pollutants.

Destroyed ecosystems and health risks have emphasized on the necessity for cleanup and remedies for soil and water, which have prompted many
researchers to develop environment clean up strategies. The technology commonly used for the soil and water remediation includes mechanical, evaporation,
dispersion, burying, and washing. However, these approach are expensive and can lead to incomplete decomposition of contaminants [4]. Recently, biological
techniques like bioremediation and phytoremediation are being evaluated for the remediation of environment contaminated with chemical pollutants [4]. The
process of bioremediation, de�ned as the use of microorganisms to detoxify or remove pollutants due to their diverse metabolic capabilities is an evolving
method for the removal and degradation of many environmental organic and inorganic pollutants including the products of petroleum industry and i.e .

Spreading of pollution into the environment lead to reforming of the normal microbiota of an ecosystem to a special micro�ora that have the ability to survive
in the presence of these toxic materials. With regard to this fact, an option to �nd and isolate microorganisms with a desirable ability for bioremediation of
particular pollutants and toxic materials is through isolation from the previously polluted site with those particular contaminants or other materials similar
compounds [4; 6]. Actinomycetes which included a phylogenetically coherent group such as Corynebacterium, Rhodococcus, Nocardia, Gordonia, and
Mycobacterium genera are reported to not only have a high intrinsic resistance toward this stressfully condition but also have the ability to grow in this harsh
environment [2]. Moreover, it is known that these bacteria are with a high biological potential for oxidative and catabolic activity and well known for producing
a diversity of secondary metabolite, as a result actinomycetes are one of the most important microbial groups that have been used in bioremediation process
[1; 50].

These organisms exist in diverse ecosystems and harbor many species with potential for degradation of environmental pollutants: members of Rhodococcus
are able to degrade hydrocarbons, chlorophenols, polychlorinated biphenyls and sulfonated azo dyes. Mycobacteria shown ability to degrade
polychlorophenols, heavy metal and diverse polycyclic aromatic hydrocarbons (PAH) [1; 6], Nocardia have the ability to decompose polycyclic aromatic
hydrocarbons (PAH), polychlorinated biphenyls, chlorophenols, sulfonated azo dyes and alkanes[1], and Gordoniae can break down alkanes [8].

Although some genera of this family such as Mycobacterium and Nocardia has a slower growth rate compared to other bioremedial species, yet they are
excellent survivors of unfavorable conditions in contaminated environment. Hence, they can successfully compete with fast growing strains such
Pseudomonas and related bacteria that are well-known for their ability in degradation of hazardous pollutants like aromatic compounds [7].

Isolation of Nocardia species for implementation in bioremediation processes from environmental sources have been a worldwide theme of research [5; 4]. In
current study, due to their high catabolic capacity as well as High durability in harsh environments such as ecosystems with industrial, domestic and hospitals
pollution, we studied the process and optimization methods for both isolation and characterization of Nocardia species from environmental sources
especially those that exist in pristine and untouched ecosystems, as well as the bioremediation capability of the isolates.

In the present study 19 biodegrading Nocardia isolates from 90 samples collected from environmental resource from diverse ecosystems of Iran were
screened, puri�ed and molecularly characterized which belong to 8 validated species and 2 unknown or potentially novel species. These isolates are
potentially capable of successful removal of several hazardous and toxic compounds added to mineral salt medium.

In our study N. farcinica was the most encountered Nocardia that included (21%) of the isolates. N. farcinica is the �rst historically identi�ed Nocardia species
and has been one of the most common reported isolates from the clinical and environmental samples around the world [4]. This organism based on the result
of current study and previous studies has the ability to degrade the para�n wax, crude oil and phenol [3]. N.cyriacigeorgica ranked second that included 16%
of the isolates, this organism that was �rst isolated and identi�ed from the bronchial secretion of a patient with bronchitis in 2001[4]. In subsequent studies it
was found that N.cyriacigeorgica are able to degrade the PAHs and thymol[3; 8].

In the present study N. asteroides and N. kroppenstedtii ranked the third that included 10.5% of the isolates. N. asteroides is the �rst historically identi�ed
Nocardia species and has been frequently recovered from the clinical and environmental samples[4]. In subsequent studies it was found that this Nocardia
species has the capacity to degrade the crude oil, rubber, polyethylene and Sodium benzoate [3; 3; 5]. N. kroppenstedtii is an opportunistic pathogen that was
�rst isolated and characterized in 2014 from a patient with a pulmonary infection [3]. However there was no information on its bioremediation ability, in the
present study we showed that, N. kroppenstedtii has a capability to degrade phenol and PAHs in prepared media.

In our study, �ve species, N. coubleae, N. carnea, N. otitidiscavarum, and N. �uminea consisted the single isolates recovered from environmental samples. N.
coubleae �rst isolated and characterized in 2007 from oil contaminated soil and determined that has capacity to degrade the PAHs and crude oil [7]. N. carnea
�rst characterized in 1913 from clinical samples, and based on the result of previous studies by Nakamiya, determined that this Nocardia species has the
ability to degrade the lewisite (is an organoarsenic compound use as a chemical weapon, acting as a vesicant and lung irritant) [1]. N. otitidiscavarum �rst
isolated and characterized in 1924 from clinical samples [5]. This Nocardia species is ubiquitous in environmental resources and has been frequently isolated
from the clinical and environmental samples[1; 6]. In subsequent studies it was found that N. otitidiscavarum has the capacity to degrade PAHs and crude oil
[6]. N. �uminea �rst isolated and characterized in 2000 from soil and water [3], there was no information on its bioremediation ability, in the present study we
showed that, N. �uminea has a capability to degrade phenol and PAHs in prepared media.
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In this study four isolates found to have molecular and phenotypic characteristics different from all previously established Nocardia. These isolates
comprised 2 potentially novel Nocardia species since they had 16S rRNA, hsp65, and rpoB nucleotide sequences distinguishable for the corresponding closely
related Nocardia species. These isolates were evaluated for bioremediation activity against PAHs, phenol and sodium sulfate according to standard procedure,
and it was determined that:

The isolates AN21, AN20 and AN30 were identi�ed as a potential novel Nocardia species (98.92% similarities with N. cashijiensis), and shown a capability to
consume phenol and sodium sulfate compound as a sole carbon and energy source and degrade it.

The isolate AN8 was identi�ed as a potential novel Nocardia species (99.25% similarities with M. tusciae), shown a capability to degrade sodium sulfate and
PAHs.

The characterization of these unknown Nocardia species remains to be completed using a thorough phenotypic and molecular analysis including cell wall
composition analysis, whole genome sequencing and DNA-DNA relatedness.

Conclusion
In conclusion, the results of current study show that the environmental and industrial soil and water resources such as sea, rivers, drinking and non-drinking
water, sea and rivers sediments, factories, hospitals and agricultural soil, Industrial, hospital and municipal wastewater, contain a wide range of mycobacteria
and playing a role as the reservoir and potential supplier for isolation, characterization and implementation of these bacteria for degradation of organic
pollutants and to decrease the risk associated with chemicals. This con�rms the idea that despite being abundant in environment, Nocardia have been simply
ignored for such signi�cant usage. Indeed, there is an untapped potential with regard to bioremedial actinomycetes particularly Nocardia that has yet to be
discovered and administered in bioremediation of hazardous chemicals.
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  Sample profile Biochemical features 16S rRNA 

No Isolates Location
(city)

Source pH Temperature Opt.
Tm

Lysozyme
Resistance

Pigment Decomposition
of Tyrosine

Decomposition
of Xanthene

Decomposition
of 

Hypoxanthine

Similarity
(%)a

Base pa
difference

4 AN4, AN26,AN27,
AN73

Isfahan/
Dezful/Yazd

Hospital
water& soil/
Dam water

8 20 35 + White - - - 99.78 2/800

3 AN18,AN37,AN47 Khorramabad
/ Isfahan
/Ramsar

River
sediment/
forest soil

7-
7.2

8-14 35 + White - - - 100 0/1010

3 AN21, AN20,
AN30

Isfahan/ Arak Hospital
water/  Salt

Lake
sediment

7.6 12 30 + Yellow - - + 98.92 8/740

2 AN31,AN32 Fulad Shahr/
Dorud

wastewater/
soil

7-
7.4

14-30 35 + Pink - - - 100 0/847

2 AN3, AN19 Ahwaz River
sediment

7.6 13 35 + Yellow - - - 100 0/847

1 AN7 Shazand Oil refinery
soil

6
-7.6

20-24 30 + White - - - 99.5 6/1100

1 AN35 Abadan Sea sediment 8 4 35 + Pink - - - 99.81 3/966

1 AN5 Kermanshah Petrochemical
factory  soil

7 14 35 + White - + + 100 0/824

1 AN22 Shazand Oil refinery
soil

8.5 6 25 + Pink + - - 99.8 2/1390

1 AN8 Omidie Oil well soil 6.4 25 30 + Pink - - + 99.25 7/939

a; Similarity; % similarity to the nearest validated species.
b; Base pair differences: the number of nucleotide differences between the isolates and the nearest validated species.

Figures

Figure 1

Geographic distribution of sampling site from Iranian ecosystems.
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Figure 2

16S rRNA sequence based phylogenetic tree for Iranian biodegrading Nocardia isolates and nearest validated species of Nocardia by using the neighbor-
joining method. The �gures at each node represent bootstrapping values. The tree was rooted with G. terrae

Figure 3

Growth curves of Iranian Nocardia isolates over a 24 hrs. Incubation period at 30 0C in the presence of PAHs. C; control sample



Page 11/12

Figure 4

HPLC chromatograms of PAHs mix soulution by selected Nocardia isolates, A; control samples, B; after 144 incubation at 30 0C. 1. Naphthalene 2.
Acenaphthylene 3. Acenaphthene 4. Fluorene, 5. Phenanthrene, 6. Anthracene, 7. Fluoranthene 8. Pyrene 9. Benzo[a] Anthracene 10. Chrysene 11.
Benzo[b]�uoranthene 12. Benzo[k]�uoranthene 13. Benzo[a]pyrene 14. Indeno [1, 2,3-cd]pyrene 15. Dibenzo [a, h] anthracene

Figure 5

Growth curves of Iranian Nocardia isolates over a 24 hrs. Incubation period at 30 0C in the presence of phenol. C; control samples
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Figure 6

Growth curves of Iranian Nocardia isolates over a 24 hrs. incubation period at 30 0C in the presence of sodium sulfate. C; control samples


