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Background: Biodegradation is the metabolic ability of some microorganisms in degrading 
or transforming the organic and inorganic contaminants into less harmful and non-hazardous 
substances, which are then integrated into the natural biogeochemical cycles. Some 
microorganisms, mainly the members of family Actinomycetes, were found with the capability 
of transforming and degrading the polluting agents. In this study, three different Nocardia 
species with the ability to biodegrade organic and inorganic compounds were isolated from 
soil in Isfahan province.
Materials & Methods: The soil samples were collected from the hospital environments. 
Isolation process was done according to the standard methods. The identification and 
characterization of the isolates were based on the conventional and molecular methods, 
including direct sequence analysis of almost full length of 16S rRNA gene.
Results: Almost, the complete 16S rRNA gene sequences of the strains under study revealed 
that the isolates coded as NR6, NR17, NR18, NR25, NR26, and NR28 were the strains of N. 
cyriacigeorgica; NR7, NR34, and NR50 were the strains of N. coubleae; and NR4 was the 
strain of N. otitidiscaviarum. The relationship between the isolates under study and standard 
strain of Nocardia was supported by a phylogenetic tree of 16S rRNA gene.
Conclusion: In this study, 10 Nocardia strains with the capability of biotransforming 
polluting agents were isolated from the hospital environments. It was the first study 
conducted on the isolation and characterization of Nocardia strains, with the capability of 
degrading polluting agents, from Iranian hospitals. This study can be considered as a pioneer 
to develop a new insight about the study of microbial diversity in Iran using an applied 
approach to deal with environmental challenges.
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Introduction
With the technological advancements and 
the increase in the global population, 
plastic, rubber, petrochemical products, 
crude oil derivations, and other organic 
and inorganic materials have been widely 
used in all aspects of life and industries 
[1]. However, most of these materials are 
non-biodegradable, and their increased 
accumulation in the environment is a 
serious threat to the life of the planet [1]. 
Most components of the organic and 
inorganic materials are non-degradable 
and toxic to humans, wildlife, and 
environment; therefor, these materials 
with long-term survival in the 
environment could be  entered into the 
soil and aquatic ecosystems through 
different ways and then into the normal 
life of human, which cause irreparable 
damages to natural resources and human 
health [1, 2]. 
To overcome the high risk of non-
degradable pollutants for the environment 
and human  life, there is a need for 
practical and affordable techniques to 
degrade or transform and remove 
hazardous waste from the environment. 
Biodegradation is one of the best methods 
for the removal of these pollutants from 
the environment, in which the metabolic 
ability of some microorganisms is used to 
degrade or transform organic and 
inorganic contaminants into less harmful, 
non-hazardous substances, which are 
then integrated into the natural 
biogeochemical cycles [3, 4].

The ability of some microorganisms to 
degrade a wide range of pollutants, 
previously considered as non-degradable, 
has led to the excessive studies to be done 
on microorganisms in order to identify 
efficient strains for the biodegradation 
process [5]. One of these biodegrading 
microorganisms are the members of 

family Nocardiaceae known for their 
ability to degrade crude oil hydrocarbons 
[6, 7]. Nocardia species are abundance in 
the soil around the world and affect the 
ecosystem and the environment 
inhabitants [8]. Therefore, the isolation 
and identification of these agents in soil 
is an appropriate and easy way to use 
these microorganisms in the 
biodegradation process.
However,  non-degradable materials has 
been shown to be biodegradable, there is 
insufficient data about the microorganisms 
which are capable of degradation and 
little information about the mechanisms 
or biochemistry of this process. 
Objective: The present study was 
conducted with the aims of isolation and 
characterization of Nocardia strains, with 
the ability to biodegrade organic and 
inorganic compounds, from the soil of 
hospital environments in Isfahan province 
in Iran.

Materials and Methods
Sampling: A total of 90 soil samples were 
collected during October 2013 to 
November 2014 from Isfahan province. 
Sampling and decontamination were 
carried out according to the standard 
methods [9]. Briefly, up to 1 g of soil 
samples stirred for 30 min in 100 ml of 
sterile Ringer’s solution (5% v/v). Tenfold 
dilutions of the homogenized suspensions 
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 
containing antibacterial and antifungal 
antibiotics; including nystatin,  
kanamycin, and nalidixic acid (each at 
50µg/ml); and incubated at 25°C, 32°C, 
and 37°C for 3 weeks.
Microbiological analysis: The Iranian 
isolates coded as NR4, NR6, NR7, 
NR17,NR18, NR28, NR34, and NR50” 
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were identified by conventional 
phenotypic tests; including partial acid 
fast staining; and standard biochemical 
assays; including resistance to lysozyme, 
hydrolysis of tyrosine, xanthine, and 
hypoxanthine tests [8].
Molecular identification: Chromosomal 
DNA was extracted using modified boiling 
method in which the conditions was 
change into an optimum conditions for 
Nocardia [10]. Briefly, a few colonies of 
bacteria was added into 200 ml of TE 
buffer (Tris EDTA), boiled for 30 min, and 
centrifuged at 10000 for 10 min. The 
supernatant was transferred to another 
sterile microtube and centrifuged at 13000 
for 10 min. Supernatant was discarded, 
and 50 ml of distilled water was added to 
microtube then stored at -20 ° C.
The phenotypically identified isolates 
were analyzed at genus and species level 
using Nocardia-genus specific PCR 
reaction targeting 596 bp region of the 
16S rRNA gene, recommended by Laurent 
et al. (2000) [11]. The amplification and 
direct sequence analysis of 16S rRNA 
gene were carried out as described 
previously [12]. The sequence data received 
from Bioneer Company (South Korea with 
an ABI 3100 genetic analyzer) were 
aligned manually with the existing 
sequences of Nocardia, retrieved from 
GenBankTM database, and analyzed using 
the Blast program in GenBank and the 
jPhydit program [13].
Nucleotide sequence accession 
numbers: The GenBank accession 
numbers for Nocardia isolates 16S rRNA 
gene sequencing determined in this study 
were as follows: N. cyriacigeorgica, 
KX685347; N. coubleae, KX685350; and 
N. otitidiscaviarum, KX685341.

Findings
The strains coded as NR4, NR6, NR7, 

NR17, NR18, NR25, NR26, NR28, NR34, 
and NR50 were recovered from the soil 
samples gathered from different 
environments. The strains coded as NR4, 
NR6, and NR18 were isolated from the 
soil and dust collected from pediatrics 
department of Seyedalshohada hospital 
in Isfahan. The strains coded as NR25 and 
NR26 were isolated from water and soil 
of Shahid Montazeri hospital in Najaf 
Abad. The strains coded as NR7 and NR17 
were isolated from soil samples collected 
from Lenjan area in Zarinshahr, and the 
strains coded as NR28, NR34, and NR50 
were isolated from the soil samples 
collected from teaching hospital of 
Isfahan University of Medical Sciences.
The recorded temperature and pH of the 
soil samples were in the ranges of 11 to 
21 and 7.1 to 8.5, respectively. Phenotypic 
and biochemical characteristics of 
Nocardia strains isolated in this study are 
shown in Table 1.
The genus-specific PCR amplification was 
performed for the Nocardia isolates, 
producing a 596-bp amplicon of the 16S 
rRNA gene [11]. The results confirmed that 
the isolates belonged to the genus 
Nocardia.
The 16S rRNA gene sequences of the 
strains coded as NR6, NR17, NR18, NR 25, 
NR 26, and NR28 showed 100% 
similarities with the type strain of N. 
cyriacigeorgica DSM44484T. The strains 
coded as NR7, NR34, and NR50 showed 
99.75 % similarities with the type N. 
coubleae DQ235688T strain, and the 
isolate coded as NR4 showed 100 % 
similarities with the type N. 
otitidiscaviarum DSM43242T strain. The 
relationship between the standard 
species of Nocardia and this study isolates 
was supported by a phylogenetic tree of 
16S rRNA gene (Fig. 1). 
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Table 1)  Samples profile and phenotypic and molecular features of biodegrading Nocardia isolates.

Isolates

Sam
ple profile

Phenotypic features

16S rRNA analysis

N
o

Designation

H
ospital Departm

ent

Source

pH

Tm
2

TDS

Lysozym
e Resistance

Pigm
ent

Decom
position of Tyrosine

Decom
position of Xanthene

Decom
position of  H

ypoxanthine 

Opt. Tm
2

Sim
ilarity (%

)
1

Identification

6

N
R 25/N

R 17/ N
R 18/ N

R 6/ 
N

R 26/ N
R 28

Infectious disease

Soil/ w
ater

7.5-8.5

11-16

365 +

W
hite

- - - 35

100

N. cyriacigeorgica

3

N
R 34/N

R 7/N
R50

Pediatrics

Soil

9 18 - +

W
hite

- - - 30

99.5

N. coublieae 

1

N
R 4

N
eurosurgery

Soil

8.2 18 - +

W
hite

- + + 35

100

N. otitidiscavarum

1;  Similarity; % similarity to the nearest validated species

2; Temperature (oC)
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Discussion
In the new era, the development of new 
technologies in the field of organic and 
inorganic materials chemistry has led to the 

production and manufacturing of a huge 
collection of materials and equipment 
associated with these compounds,  such as 
explosives, a variety of agricultural fertilizers, 

9

Fig 1) 16S rRNA gene sequence based phylogenetic tree for biodegrading Nocardia isolates and

nearest validated species of Nocardia by using the neighbor-joining method. The figures at each

node represent bootstrapping values. The tree was rooted with Gordonae terrae.

Fig 1) 16S rRNA gene sequence based phylogenetic tree for biodegrading Nocardia isolates and nearest 
validated species of Nocardia by using the neighbor-joining method. The figures at each node represent 
bootstrapping values. The tree was rooted with Gordonae terrae. 
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cosmetics, petroleum compounds, plastic, 
and rubber. These hard degradable or non-
degradable materials are imported into the 
environment during the production or 
transportation processes or after the 
application and cause the pollution of the 
area they are disposed in [14, 15]. In addition, 
these compounds are non-degradable, which 
have high toxicity for human, animals, and 
the environment in which they are excreted 
[16, 17]. Therefore, to eliminate these non-
degradable materials from the environment, 
appropriate practical methods are required. 
Bioremediation is a cost-effective way that 
can be used for the decomposition of toxic 
compounds into the safe or low-risk 
compounds.
In recent years, many bacterial and fungal 
species, especially the members of family 
Actinomycetes, have been reported to be able 
to transform or break down polluting agents 
[18]. These group of organisms have an ability 
to decompose a wide range of environmental 
pollutants, such as polycyclic aromatic 
hydrocarbons (PAH), polychlorinated 
biphenyls, chlorophenols, sulfonated azo 
dyes, and alkanes [3, 19, 20]. Among the members 
of family Actinomycetes, Nocardia genus due 
to its ability to overcome the adverse 
conditions in polluted environments could 
be used as a great source of bacteria for 
bioremediation process [21].
In the present study, the isolation and 
characterization of 8 biodegrading Nocardia 
strains was reported, isolated from soil 
samples collected from Isfahan province. 
They had potentially an ability to degrade 
and transform many hazardous compounds 
present in water, soil, and environment by 
applying them into the bioremediation 
process and source of pollution.
Based on the phenotypic and biochemical 
profiles of the isolates under study and 
molecular test used in this study, the isolates 
coded as NR6, NR17, NR18, and NR28 were 

identified as N. cyriacigeorgica. Various 
studies results showed that N. cyriacigeorgica 
strains are able to biotransform aliphatic 
branched chains,  aromatic hydrocarbons, 
and thymol [22, 23]. 
The isolates coded as NR7, NR34, and NR50 
were identified as N. coubleae, which was 
first isolated and characterized in 2007 from 
oil-contaminated soil in Kuwait [24]. Previous 
studies showed that this species has the 
ability to degrade and decompose 
hydrocarbons derived from petroleum [25].
The isolate coded as NR4 was identified as N. 
otitidiscaviarum. In recent studies, it has 
been reported that this organism is able to 
degrade different polycyclic aromatic 
hydrocarbons (PAHs) such as n-alkanes and 
phenol [26].

Conclusion 
In conclusion, the present study dealt with 
the isolation and identification of 8 rare 
Nocardia strains, which were hard to isolate 
and characterize. Nocardia strains were 
isolated from unsuitable environments of 
Isfahan province, such as those that may be 
encountered in water and soil located in 
special ecosystems near to the factories, 
industries, forests, deserts, and hospitals. 
This study indicated that Nocardia isolates 
under study possessed biochemical and 
ecological capacity to biodegrade and break 
down organic and inorganic pollutants and 
to decrease the risks associated with these 
contaminants. This findings emphasis the 
idea that unlike being abundant in 
environment, Nocardia strains are not 
considered for a remarkable usage. In fact, 
there is an untapped capability for 
biodegrading Actinomycetes and in particular 
family Nocardia  that has not been yet 
discovered and exploited in bioremediation 
of hazardous materials.
In this study, the isolation and biodegradation 
capacity of the following strains were 
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reported, including the strains coded as NR6, 
NR17, NR18, and NR28 belonging to the N. 
cyriacigeorgica species; the strains coded as 
NR7, NR34, and NR50 belonging to the N. 
coubleae species; and the strain coded as 
NR4 belonging to the N. otitidiscaviarum 
species; all of which were isolated from soil 
samples collected from Isfahan hospitals 
environment. Because of their broad 
biodegradation capacity, these strains could 
be useful for the application in bioremediation 
technologies.
Acknowledgements: The authors are 
grateful to the office of vice-chancellor for 
Research of Khomein University of Medical 
Sciences for supporting the current study.
Conflict of Interests: The authors declare 
that they have no competing interests. The 
authors alone are responsible for the content 
and writing of the manuscript. 
Ethical Permissions: This study was 
approved by the ethics committee of 
Khomein University of Medical Sciences 
grant number 9713
Authors’ Contribution: Azadi D. (First 
author), introduction author/ 
methodologist/ original researcher or 
assistant/ statistical analyst/ discussion 
author (70%); Motalebirad T. (Second 
author), methodologist/ statistical analyst / 
original researcher or assistant/ discussion 
author (20%); Rezaei F. (Third author), 
methodologist / discussion author (10%), 
Rahdar HA (Fourth author original 
researcher or assistant/ statistical analyst).
Funding: : The present study was supported 
by Khomein University of Medical Sciences, 
Khomein, Iran. Grant number 9713

References
1. Hahladakis JN, Velis CA, Weber R, 
Iacovidou E, Purnell P. An overview of 
chemical additives present in plastics: 
migration, release, fate and environmental 
impact during their use, disposal and 

recycling. J Hazard Mater. 2018;344:179-99.
2. Rončević S, Spasojević J, Maletić S, Jazić 
JM, Isakovski MK, Agbaba J, et al. Assessment 
of the bioavailability and phytotoxicity of 
sediment spiked with polycyclic aromatic 
hydrocarbons. Environ Sci Polluti Res. 
2016;23(4):3239-46.
3. Azadi D, Shojaei H, Mobasherizadeh S, 
Naser AD. Screening, isolation and molecular 
identification of biodegrading mycobacteria 
from Iranian ecosystems and analysis of 
their biodegradation activity. AMB Express. 
2017;7(1):180.
4. Gautam R, Bassi A, Yanful E. A review of 
biodegradation of synthetic plastic and foams. 
Appl Biochem Biotech. 2007;141(1):85-108.
5. Verma JP, Jaiswal DK. Book review: 
advances in biodegradation and 
bioremediation of industrial waste. Front 
Microbiol. 2016;6:1555.
6. Kalme S, Parshetti G, Gomare S, Govindwar 
S. Diesel and kerosene degradation by 
Pseudomonas desmolyticum NCIM 2112 and 
Nocardia hydrocarbonoxydans NCIM 2386. 
Curr Microbiol. 2008;56(6):581-6.
7. Baek K-H, Yoon BD, Cho DH, Kim BH, Oh 
HM, Kim HS. Monitoring bacterial population 
dynamics using real-time PCR during the 
bioremediation of crude-oil-contaminated 
soil. J Microbiol Biotechnol. 2009;19(4):339-
45.
8. Saubolle MA, Sussland D. Nocardiosis 
review of clinical and laboratory experience. 
J Clin Microbiol. 2003;41(10):4497-501.
9. ORCHARD VA, Goodfellow M. The 
selective isolation of Nocardia from soil 
using antibiotics. Microbiology. 
1974;85(1):160-2.
10. Rahdar HA, Azadi D, Shojaei H, Daei-
Naser A. Molecular analysis and species 
diversity of Nocardia in the hospital 
environment in a developing country, a 
potential health hazard. J Med Microbiol. 
2017;66(3):334-41.
11. Laurent FJ, Provost F, Boiron P. Rapid 

 [
 D

O
R

: 2
0.

10
01

.1
.2

58
84

10
7.

20
19

.5
.1

.6
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

m
.m

od
ar

es
.a

c.
ir

 o
n 

20
23

-0
5-

22
 ]

 

                               7 / 8

https://dorl.net/dor/20.1001.1.25884107.2019.5.1.6.7
https://iem.modares.ac.ir/article-4-31780-en.html


Isolation of biodegradable Nocardia from ...

Infection Epidemiology and Microbiology  Winter 2019, Volume 5, Issue 1

48

identification of clinically relevant Nocardia 
species to genus level by 16S rRNA gene PCR. 
J Clin Microbiol. 2000;38(7):2805.
12. Shojaei H, Heidarieh P, Hashemi A, 
Feizabadi M. Daei Naser A. Species 
identification of neglected nontuberculous 
mycobacteria in a developing country. Jpn J 
Infect Dis. 2011;64(4):265-71.
13. Jeon Y-S, Chung H, Park S, Hur I, Lee J-H, 
Chun J. jPHYDIT: A JAVA-based integrated 
environment for molecular phylogeny of 
ribosomal RNA sequences. Bioinformatics. 
2005;21(14):3171-3.
14. Getachew A, Woldesenbet F. Production of 
biodegradable plastic by polyhydroxybutyrate 
(PHB) accumulating bacteria using low cost 
agricultural waste material. BMC Res Notes. 
2016;9(1):509.
15. LI WC, Tse H, FOK L. Plastic waste in the 
marine environment: A review of sources, 
occurrence and effects. Sci Total Environ. 
2016;566:333-49.
16. Thompson RC, Moore CJ, Vom Saal FS, 
Swan SH. Plastics, the environment and 
human health: current consensus and future 
trends. Philos Trans R Soc Lond B Biol Sci. 
2009;364(1526):2153-66.
17. Thompson RC. Microplastics in the 
marine environment: Sources, consequences 
and solutions.  Marine anthropogenic litter: 
Springer, Cham; 2015. pp. 185-200.
18. McCarthy AJ, Williams ST. Actinomycetes 
as agents of biodegradation in the 
environment—a review. Gene. 1992;115(1-
2):189-92.
19. Kanaly RA, Harayama S. Advances in the field 
of high-molecular-weight polycyclic aromatic 

hydrocarbon biodegradation by bacteria. 
Microbial Biotechnol. 2010;3(2):136-64.
20. Soler A, Garcí�a-Hernández J, Zornoza A, 
Alonso JL. Diversity of culturable 
nocardioform actinomycetes from 
wastewater treatment plants in Spain and 
their role in the biodegradability of 
aromatic compounds. Environ Technol. 
2018;39(2):172-81.
21. Bonhomme S, Cuer A, Delort A, Lemaire J, 
Sancelme M, Scott G. Environmental 
biodegradation of polyethylene. Polym 
Degrad Stab. 2003;81(3):441-52.
22. Nhi-Cong LT, Mikolasch A, Awe S, 
Sheikhany H, Klenk HP, Schauer F. Oxidation 
of aliphatic, branched chain, and aromatic 
hydrocarbons by Nocardia cyriacigeorgica 
isolated from oil-polluted sand samples 
collected in the Saudi Arabian Desert. J Basic 
Microbiol. 2010;50(3):241-53.
23. Hahn V, Sünwoldt K, Mikolasch A, Schauer 
F. Two different primary oxidation 
mechanisms during biotransformation of 
thymol by gram-positive bacteria of the 
genera Nocardia and Mycobacterium. Appl 
Microbiol Biotechnol. 2013;97(3):1289-97.
24. Rodrí�guez-Nava V, Khan Z, Pötter G, 
Kroppenstedt RM, Boiron P, Laurent F. 
Nocardia coubleae sp. nov., isolated from oil-
contaminated Kuwaiti soil. Int J Syst Evolu 
Microbiol. 2007;57(7):1482-6.
25. Al-Awadhi H, Al-Mailem D, Dashti N, 
Khanafer M, Radwan S. Indigenous 
hydrocarbon-utilizing bacterioflora in oil-
polluted habitats in Kuwait, two decades 
after the greatest man-made oil spill. Arch 
Microbiol. 2012;194(8):689-705.

 [
 D

O
R

: 2
0.

10
01

.1
.2

58
84

10
7.

20
19

.5
.1

.6
.7

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ie

m
.m

od
ar

es
.a

c.
ir

 o
n 

20
23

-0
5-

22
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.25884107.2019.5.1.6.7
https://iem.modares.ac.ir/article-4-31780-en.html
http://www.tcpdf.org

