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Abstract. Exopolymers (EPS) are high-molecular-weight polymers secreted by some micro-organisms and have several
applications in food, pharmaceutical, packaging and agricultural industries, as well as medicine. Actinobacteria are valuable
bacteria in biotechnology and many commercial drugs such as antibiotics, antioxidants and immune-suppressant agents are
derived from Actinobacteria. Recently, their other capabilities such as exopolymer production have been taken into
consideration. Due to the high potential of actinobacteria in producing various compounds and increased prevalence of
infections by antibiotic-resistant pathogens, the aim of the present study was to evaluate the potential of isolated
Actinobacteria from various locations of Iran to produce EPS with antimicrobial activity. Appropriate dilutions of the samples
were, therefore, cultured in ISP2 medium after treatment. The isolates were primarily identified by morphological tests. Then,
their ability to produce EPS was investigated in BHI medium with 5% sucrose. The exopolymers of the most efficient strain
were analyzed by UV-visible spectroscopy and FT-IR. Finally, the most efficient isolate was molecularly identified. Of the
120 isolates, 38 were able to produce EPS, and six had significant capability of producing EPS (10-14 g/L) and showed
antibiotic activity against Staphylococcus aureus, Bacillus subtilis and Aspergillus niger. The EPS of the strain So49 had high
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absorbance in 190-230 nm, but did not have absorbance in 260-280 nm. Therefore, it does not have any protein impurity. The
EPS has hydroxyl and carboxyl functional groups, according to FT-IR analysis. 16S rRNA gene analysis showed that the
most efficient isolate had 99.68% similarity to Promicromonospora xylanilytica.

Keywords: antibacterial activity, antifungal activity, polysaccharide, Promicromonospora, rare actinobacteria
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Table 1. The primers used for amplification of 16STRNA gene.

Primer name Sequences Tm (°C)
9F 5’- AAG AGT TTG ATC ATG GCT CAG -3’ 60
1541R 5’- AGG AGG TGA TCC ACC CGC A -3’ 60
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Fig. 1. TLC plate for detection of diaminopimelic acid isomer in the actinobacterial isolates. L type isomer is lighter
than meso type isomer. Other amino acids are observed with the purple color on the top of TLC plate.
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Fig. 2. Colonies of exopolymer-producing actinobacterial isolates on BHI plate+5% sucrose
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Table 1. Exopolymer-production in more efficient actinobacterial isolates in BHI + 5% sucrose
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Fig. 3. UV-visible spectrum of exopolysaccharides produced by the selected actinobacterial strain (So41).
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60/%+


http://dx.doi.org/10.29252/nbr.7.1.55
https://dorl.net/dor/20.1001.1.24236330.1399.7.1.7.9
https://system.khu.ac.ir/nbr/article-1-3143-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-30]

[ DOR: 20.1001.1.24236330.1399.7.1.7.9]

[ DOI: 10.29252/nbr.7.1.55 ]

Nova Biologica Reperta 7(1): 55-63 (2020)

OT2) DO-FY ) o)l o alor iy psle o g sloazily

{

Promicromonospora xylanilytica Sod1
Promicromonospora xylanilytica YIM 61515
Promicromonospora aerolata V544

Promicromonospora callitridis CAPS4
Promicromonospora sukumoe [FO 14650
Promicromonospora kroppenstedtii DSM 19349
Promicromonospora iranensis HM 792
Promicromonospora alba 1C-HV12
Promicromonospora soli NEAU-GS50
Promicromonospora umidemergens 09-Be-007
Promicromonospora endophytica EUM 273

{ Promicromonospora thailandica STF-02
Promicromonospora citrea DSM 43110

0.0z0

Bacillus subtilis subsp. inaquosorum KCTC 13429

izl St Gigy ool 2 SO ayss 55kt 0 B IS
Fig. 5. Phylogenetic tree of strain so41 and its neighbors by maximum likelihood method

oyl Oleyd 5o (s duis laazn S (6,5 USS S 50
a0l i ol sl wdg sl sl i o sl
$9) Wi G iegh e reckio ST goie Glasp)l5 Julo
S yasligifl Bl s e & 5 el s ol lag]
Sype o bl eaiSlaael Gl Wlgie ol ST
Streptomyces ob 4 o0 iSLgaST aisf G o 2SLgs]
B Lo bl adgs 4 08 a5 ael cuss 4 violaceous
Conl 039 I3l FaSEME 3 ST T okl b Jobo
- bs¥ adg g uimmen (Manivasagan et al., 2014)
Seiseass potiSlstuier Ko o (g fents Cosls b 5L
Wuetal.,, 2010) ceul ooy 3,155
P b Sh nl saely 5l s sl Js
oo gl Ll 51 onss il oy 5l Lg3S1 casl ounti
Lscherichia coli  ale 5 Swss  cdld 0
Proteus Streptococcus sp. Staphylococcus aureus
Col ools las (YV-VO) Candida albicans 5 spp
Low YY 5l Ko ladllhs o (Ghalem, 2017)
Lactobacillus Bow b Joln SasVal
can JLactobacillus kefiri a5 ¢ &kefiranofaciens
Leuconostocs  aew g ¢ Lactococcus lactis a g
16S oL g b g sinds silulas iS5l mesenteroides
Lactobacillus a5 o ol o Sas ololis TRNA
YIV) 00,8l L3 im0 5 i kefiranofaciens DN1
S5 5 e sl aldly s MRS Lims o 20 j0 65
ol a5l LssSl ol el 05,8 ods ) Gl o
Salmonella 4 Listeria monocytogenes ale ,Siedd

Ol pole imgh b awglie jo .ol ools oLis enteritidis

(S0 pld 5 (FaS et Ellad & ol el 35T 059 el
25 SVl Glas Sl baugs 5l ©jp0 4 )b
Acinetobacter lawg oo oJy ldgel yimmen Kgd o

Oezped el odd (sl calcoaceticus RAG-1
Sphingomonas s z:SU 5l 6,50 Sl & Sl Lg3S]
g oS Eael a5 il as,e L a Y5 o b paucimobilis
el )l slages Cons @ bogdsel S 26
Sl s 5 S 5 LS e e wile ol
(Suresh Kumar et al., 2007) s5% oo oyl

Loy oad ol o lle Ll woldsel L opdle
ol bl slaggedsel US04 (b slas S
o plicadgal 5l 5asllS a5 cosl onds (BI5S (S5,000
Lo, Blobio ST s Glasp)5 51 cwl L o d925e
@ Jate glasls 5,8 o,lal S Shils Bis 4y s oo
Zooglea sp. ob,s ySL lawg oo ody oy Sl L
Joloe 55 ool 5 s ipg,S aiile (538 lagysy i el
Enterobacter cloaceae lowg 5w Sls i 05d o
dyer etal., 2004) coul oo 3,155

Loy Slogipe | s e oy Lo lig3S1 al 5 opdle
o Dl sl Bludgin 5 gesn 5l (Sp waites
et 0y B legige slizl 0,9l Caws 4 gl adsl slge oL ST
=5 5 355010l sl 33558 - J) 9l caias ) Ll Jpons
Ol olsde ol glminl b plard 3t 15 aiis 55k
3t &S IS [Clavibacter slaaiss ool oS el g
| DRSPS PRVT {WASFRN YT SIRVEL JUURRVIICH JCH I JESPN
s s9055 Sa sl anoss IS S5 J) 5ok 59 35555

61/7)


http://dx.doi.org/10.29252/nbr.7.1.55
https://dorl.net/dor/20.1001.1.24236330.1399.7.1.7.9
https://system.khu.ac.ir/nbr/article-1-3143-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-30]

[ DOR: 20.1001.1.24236330.1399.7.1.7.9]

[ DOI: 10.29252/nbr.7.1.55 ]

Tavanaeian et al. Introducing exopolymer producing actinobacteria

s k351 Wgo (sl iSTugiis] Jymn oliSan 5 oLl

REFERENCES

Al-Dhabi, N.A., Esmail, G.A., Duraipandiyan, V., Arasu
M.V. & Salem-Bekhit, M. M. 2016. Isolation,
identification and  screening of  antimicrobial
thermophilic Streptomyces sp. Al-Dhabi-1 isolated
from Tharban hot spring, Saudi Arabia. Extremophiles
20: 79-90.

Arifuzzaman, M., Khatun, M. & Rahman. H. 2010.
Isolation and screening of actinomycetes from
Sundarbans soil for antibacterial activity. African J.
Biotechnol. 9: 4615-4619.

Barka, E.A., Vatsa, P., Sanchez, L., Gaveau-Vaillant,
N., Jacquard, C., Klenk, H.P., Clément, C.,
Ouhdouch, Y. & van Wezel, G.P. 2016. Taxonomy,
physiology, and natural products of actinobacteria.
Microbiol. Mol. Biol. Rev. 80: 1-43.

Bikova, T. & Treimanis. A. 2004. UV-absorbance of
oxidized xylan and monocarboxyl cellulose in
alkaline solutions. Carbohydr. Polym. 55: 315-322.

Castellane, T.C.L., Otoboni A.M.M.B. & Lemos.
E.G.d.M. 2015. Characterization of exopolysaccharides
produced by rhizobia species. Rev. Bras. Cienc. Solo.
39: 1566-1575.

Ciszek-Lenda, M. 2011. Biological functions of
exopolysaccharides from probiotic bacteria. Centr.
Eur. J. Immunol. 36: 51-55.

Ghalem, B. R. 2017. Antioxidant and antimicrobial
activities of exopolysaccharides from yoghurt starter.
— Am. J. Chem. Biochem. Eng. 2: 35-39.

Goodfellow, M. & Williams, S. 1983. Ecology of
actinomycetes. Annu. Rev. Microbiol. 37: 189-216.
Hidalgo-Cantabrana, C., Sanchez, B. Milani, C.,

Ventura, M., Margolles A. & Ruas-Madiedo. P.
2014. Genomic overview and biological functions of
exopolysaccharide biosynthesis in Bifidobacterium

spp. J. Appl. Environ. Microbiol. 80: 9-18.

Iyer, A., Mody K. & Jha, B. 2004. Accumulation of
hexavalent chromium by an exopolysaccharide
producing marine Enterobacter cloaceae. Mar. Pollut.
Bull. 49: 974-977.

Jia, S., Yu, H. Lin Y. & Dai Y. 2007. Characterization
of extracellular polysaccharides from Nostoc
flagelliforme cells in liquid suspension culture.
Biotechnol Bioprocess Eng. 12: 271-275.

Jeong, D., Kim, D.H., Kang, I.B., Kim, H., Song, K.Y.,
Kim, H.S. & Seo K.H. 2017. Characterization and
antibacterial activity of a novel exopolysaccharide
produced by Lactobacillus kefiranofaciens DNI1
isolated from kefir. Food Control 78: 436-442.

Jorgensen, J. 1993. Antimicrobial susceptibility testing
of bacteria that grow aerobically. Infect. Dis. Clin.
North. Am. 7: 393-409.

Kanamarlapudi, S.L.R.K. & Muddada, S. 2017.
Characterization of exopolysaccharide produced by
Streptococcus thermophilus CC30. Biomed. Res. Int.
2017: 1-11.

Khalil, E.S., Abd Manap, M.Y., Mustafa, S., Alhelli,
A. M. & Shokryazdan., P. 2018. Probiotic properties
of exopolysaccharide-producing Lactobacillus strains
isolated from Tempoyak. Molecules 23: 398.

Fobat ewin 2o S iSlgnST g 0Bl ST oy
t5eod Sl 5 adg )3 (e Suye Wlgion ol (l g o
wil b iSlesS] by st oy slany,Slo LS )
.Jeong et al., 2017)

Promicromonospora sp. a; 5ls Lg;S1 FT-IR (als
wale ol 1) Sliauee S 5l ek sle jga> Sodl
loog 8 oaasslas YYVA em™! b o pwy (SopiS Ko
b 3 @ie Sy g Sl Ol aes S S0
5 e slrog S e cams olis C-H wige YAYA cm!
Soles VAT em b o ode Wb eismes Ll Lt
Sy el JenS50,8 sloog S 50 C=0 wigey jpa> onind
Wgw C-0-C jsax caumojlid 50 V- F0 290 Jsb j0 od>
o 5l oael Caws 4 slaosls bl 5 el (g5 S
@y 2Bl dyg ST aS 05 i Olees FT-IR b
5 55wl (JeuSgiae oo Sles gloeg S gl
(Suart, 2004) sib g3 555 M5

o Kem sl S LT 45 )5 o slo gy 395
ke Sy Sl (o) diey )3 (o5 Slaagn
o b el oud ploxil o iSLgrST 5l oel Cemsey slaoy 5L
oSz S el addg 5o LySlenast Y Jeily &
ool e casls Gl Sl LS 8l Loz
wwdlg b ol sl Gimei ol el Vbl b S
Cools by Lo siST adgs po 1) o iSheiasT guiadlys
b ool plonil Cass 5o (6 5 i sl ighy 2o lis (0)Swad
S g, 1y ol sl Sl 55 g perygiST sl

Sl Swlbew
Szl o Lidese aepd o3 5 h9p M ol Sloxj
o5l asllas oyl

62/%Y


http://dx.doi.org/10.29252/nbr.7.1.55
https://dorl.net/dor/20.1001.1.24236330.1399.7.1.7.9
https://system.khu.ac.ir/nbr/article-1-3143-fa.html

[ Downloaded from system.khu.ac.ir on 2024-04-30]

[ DOR: 20.1001.1.24236330.1399.7.1.7.9]

[ DOI: 10.29252/nbr.7.1.55 ]

Nova Biologica Reperta 7(1): 55-63 (2020)

Kim, Y., Hong, J.W., Chung, Y.S., Kim, S.W., Cho,
Y.W., Kim, J.H., Kim, B.J. & Lee., E.J. 2014.
Efficacy and safety of sustained-release recombinant
human growth hormone in Korean adults with growth
hormone deficiency. Yonsei Med. J. 55: 1042-1048.

Kumar, M.A., Anandapandian, K.T.K. & Parthiban,
K. 2011. Production and characterization of
exopolysaccharides (EPS) from biofilm forming
marine bacterium. Braz. Arch. Biol. Technol. 54: 259-
265.

Kumar, V., Bharti, A., Gusain, O. & Bisht, G. S. 2010.
An improved method for isolation of genomic DNA
from filamentous actinomycetes. J. Sci. Engg. Tech.
Mgt. 2: 10-13.

Lee, H.R., Kim, K.K. & Whang, K.S. 2010. Isolation
and phylogenetic characteristics of exopolysaccharide
producing bacteria in a rhizosphere soil of Medicinal
Herbs. Kor. J. Microbiol. 46: 278-285.

Lin, S.P., Calvar, I.L., Catchmark, J.M., Liu, J.R.,
Demirci A. & Cheng, K.C. 2013. Biosynthesis,
production and applications of bacterial cellulose.
Cellulose 20: 219-2219.

Manivasagan, P., Venkatesan, J., Sivakumar, K. &
Kim, S.K. 2014. Pharmaceutically active secondary
metabolites of marine actinobacteria. Microbiol. Res.
169: 262-278.

OT2) DO-FY ) o)l o alor iy psle o g sloazily

Moscovici, M. 2015. Present and future medical
applications of microbial exopolysaccharides. Front
Microbiol. 6: 1012.

Nwodo, U.U., Green, E. & Okoh, A.I. 2012. Bacterial
exopolysaccharides: functionality and prospects. Int.
J. Mol. Sci. 13: 14002-14015.

Stach, E. & Bull, A.T. 2005. Estimating and comparing
the diversity of marine actinobacteria. Antonie van
Leeuwenhoek 87: 3-9.

Suart, B. 2004. Infrared spectroscopy: Fundamental and
applications. John Wiley & Sons, pp: 137-166.

Suresh Kumar, A., Mody, K. & Jha, B. 2007. Bacterial
exopolysaccharides—a perception. J. Basic. Microbiol.
47:103-117.

Vijayabaskar, P., Babinastarlin, S., Shankar, T.,
Sivakumar, T. & Anandapandian, K. 2011.
Quantification and characterization of
exopolysaccharides from Bacillus subtilis (MTCC
121). Adv. Biol. Res. 5: 71-76.

Worthington, R.J. & Melander, C. 2013. Combination
approaches to combat multidrug-resistant bacteria.
Trends Biotechnol. 31: 177-184.

Wu, M.H., Pan, T.M., Wu, Y.J., Chang, S.J., Chang,
M.S. & Hu., C.Y. 2010. Exopolysaccharide activities
from probiotic bifidobacterium: Immunomodulatory
effects (on J774A. 1 macrophages) and antimicrobial
properties. Int. J. Food. Microbiol. 144: 104-110.

kK ksksk

How to cite this article:

Tavanaeian, S., Hamedi, J. & Haghighat, S. 2020. Introducing antimicrobial-exopolymer producing actinobacteria
from soils of Iran. Nova Biologica Reperta 7: 55-63. (In Persian).

2 g sladidl Glnl (S Sl 5)Seeas Cools Gl Gl jandys BT Wse sla iShsaST (e ITAY L (i g 7 (ol ww (lulile

DO-FY Y s psle

63/7Y


http://dx.doi.org/10.29252/nbr.7.1.55
https://dorl.net/dor/20.1001.1.24236330.1399.7.1.7.9
https://system.khu.ac.ir/nbr/article-1-3143-fa.html
http://www.tcpdf.org

