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ABSTRACT: The genus Streptomyces is associated with the
ability to produce and excrete a variety of bioactive compounds,
such as antibiotic, antifungal and antiviral. Biological active
polyketide and peptide compounds with applications in
medicine, agriculture and biochemical research are synthesized
by PKS-I and NRPS genes. The evaluation of the presence
of these genes associated with the biosynthesis of secondary
metabolites in different phytopathogenic Streptomyces strains
were performed using degenerated primers. The positive signal
was observed in 58/63 Streptomyces strains for NRPS gene, 43/63
for PKS-I, and for PKS-II all the 63 strains showed positive signal
of amplification. These strains also were tested with double layer
agar-well technique against bacterial with clinical importance,
and it was possible to observe the Streptomyces spp. strains were
able to inhibit the growth of 14, 20, 13 and 3 isolates Gram-
positive and Gram-negative bacteria, Staphylococcus aureus
(ATCC 25923), Bacillus cereus (ATCC 14579), Pseudomonas
aeruginosa (ATCC 27853) and Escherichia coli (ATCC 11775)
respectively. The Streptomyces sp. strains IBSBF 2019 and IBSBF
2397 showed antibacterial activity against all four bacteria-
target tested.
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RESUMO: O género Streptomyces apresenta alta capacidade de
produzir e excretar uma grande variedade de compostos biolo-
gicamente ativos, como antibidticos, antiﬁingicos e antivirais.
Compostos biologicamente ativos de policetideos e peptideos com
aplicagoes na medicina, agricultura e pesquisas bioquimicas sdo sin-
tetizados pelos genes PKS-I e NRPS. A avaliacio da presenca desses
genes associados a biossintese de metabélitos secunddrios em dife-
rentes linhagens de Streptomyces fitopatogénicas foi realizada através
do uso de primers degenerados. O sinal positivo foi observado em
58/63 linhagens de Streptomyces para o gene NRPS, 43/63 para o
gene PKS-I e, para o gene PKS-1I, todas as 63 linhagens apesen-
taram o sinal positivo de amplificacdo. Essas linhagens também
foram testadas através da técnica de dupla camada contra bacté-
rias de importancia clinica e foi possivel observar que as linhagens
de Streptomyces spp. foram capazes de inibir o crescimento de 14,
20, 13 e 3 isolados de bactérias Gram-positivas ¢ Gram-negativas,
Staphylococcus aureus (ATCC 25923), Bacillus cereus (ATCC 14579),
Pseudomonas aeruginosa (ATCC 27853) e Escherichia coli (ATCC
11775), respectivamente. As linhagens de Strepromyces sp. ISBSF
2019 e 2397 apresentaram atividade antibacteriana contra todas
as bactérias-alvo testadas.
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INTRODUCTION

Bacteria belonging to the Streptomyces genus comprise about
854 species within the actinomycete group (PARTE, 2018).
They are gram-positive, have a filamentous structure, spores
and plasmids with sizes ranging from 8 to 10 Mb, and most
of them may have 20 gene cluster associated with the biosyn-
thesis of secondary metabolites (LIN et al., 1993).

These microorganisms are known for the high ability to pro-
duce and excrete a variety of bioactive compounds which have a
wide spectrum of activity, such as: antibacterial substances with
antagonist potential (KANNAN et al., 2014), antifungal, anti-
tumoral, antiparasitic, herbicide and antibiotic (MIYADOH,
1993; PADILHA, 1998; SALOMONI, 2009). Among these, it’s
possible to name: streptomycin (SELMAN; SCHATZ, 1994),
cephalosporin (WILLIAMS, 1987), terramycin (FINLAY etal.,
1950), and vancomycin (HIGGINS et al., 1958).

These substances have been extensively investigated
from their biosynthetic pathways by amplifying genes like
polyketide synthases (PKS) and non-ribosomal peptide syn-
thetase (NRPS). These studies allowed a preliminary clas-
sification of Streptomyces strains based on their abilities to
produce natural compounds belonging to aromatic group of
polyketide, through the employment of primers targeted to
this genus (METSA-KETELA et al., 1999).

Indiscriminate prolonged and use of synthetic chemicals anti-
microbials has led to the selection of mutant and resistant patho-
genic microorganisms such as Escherichia coli and Staphylococcus
aureus. As a result, approximately 17 million people worldwide
have died — mainly the elderly and children — due bacterial
infections (PROCOPIO et al., 2012). Therefore, the use of anti-
biotics of microbial origin has become an important efficient and
economical alternative to this problem (VARGAS et al., 2004).

This study aimed to evaluate the presence of PKS and NRPS
genes in different phytopathogenic Streptomyces strains and also
verify their antimicrobial activity against bacteria associated to
hospital infections and clinical diseases, such as Stphylococcus

aureus, Bacillus cereus, Pseudomonas aeruginosa and E. coli.

MATERIAL AND METHODS

Bacterial strains

The 63 Streptomyces spp. strains used in this study were grown
at 28°C, in Yeast Malt Extract (YME - 0.4% Bacto Yeast
Extract; 1% Bacto Malt Extract; 0.4% Glucose; 1.8% Agar;
pH 7.2) medium for seven days (SHIRLING; GOTTLIED,
1966). These bacteria were provided by Phytobacteria Culture
Collection of Instituto Biolégico (IBSBF), Campinas, Sao
Paulo, Brazil.

The microorganisms of human clinical importance —
Staphylococcus aureus (ATCC 25923), Bacillus subrilis (ATCC
6051), Pseudomonas aeruginosa (ATCC 13388) — were incu-
bated in BHI (Difco®) culture, except E. coli (ATCC 11775)
which was incubated in Levine (Difco®) selective culture at
37°C for 24h. The strains were provided by Dr. Alessandra
Figueiredo de Castro Nassar from General Bacteriology
Laboratory of the Animal Sanity Research Center, Instituto
Biolégico, So Paulo, Brazil.

Type-l polyketide synthases, type-

Il polyketide synthases and non-
ribosomal peptide synthetase genes of
polymerase chain reaction amplification

DNA extractions of Streptomyces spp. were performed accord-
ing to PITCHER et al. (1989).

The amplification of the presence of the type-I polyketide
synthases (PKS-I), type-1I polyketide synthases (PKS-II) and
NRPS genes of the Strepromyces strains was performed with
degenerated primers described in the literature (Table 1)
(AYUSO-SACIDO; GENILLOUD, 2005; METSA-KETELA
etal.,, 1999).

Polymerase chain reaction (PCR) amplification tests were
carried out in a thermocycler MyClycler (Bio-Rad), and ampli-
fied DNA fragments were separated on 1.5% agarose gels.

Table 1. Primers sequence of genes PKS-I, PKS-1l and NRPS genes and PCR conditions.

. Taq

. Fragment primers dNTPs MgClI . q

Gene Primers Sequence (5’- 3’ 2 DNA Amplification program
quence (5= 3) ©p) QM) (m) (mh) O P prog
K1 TSAAGTCSAACATCGGBCA 95°C/5 min; 35X

PKS-I 1100 0.4 0.2 1.5 2.0 (95°C/30 seg, 58°C/30 seg,

M6R CGCAGGTT SCSGTACCAGTA 72°C/4 min); 72°C/10 min

IIPF6 TSGC STGCTTCGAYGCSATC 95°C/5 min; 35X
PKS-II 600-700 0.4 0.2 1.5 2.0 (95°C/30 seq, 58°C/30 seq,

IIPR6 TGGAANCCGCCGAABCCGCT

A3 GCSTACSYSATSTACACSTCSGG

NRPS 700
A7TR SASGTCVCCSGTSCGGT AS

72°C/4 min); 72°C/10 min
95°C/5 min; 35X
(95°C/30 seqg, 58°C/30 segq,
72°C/4 min); 72°C/10 min

0.4 0.2 1.5 2.0

Bp: base pairs; ambiguous bases: B - (C/G/T); S - (C/G); N - (G/A/C/T); Y - (C/T) and V - (A/C/G). AYUSO-SACIDO; GENILLOUD (2005).
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Antibacterial activity testing using
spot inoculation method (double
layer agar-well technique)

This assay plate consists of double layers. On the lower basal layer,
Streptomyces spp. strains were inoculated with platinum needle,
pricked on Petri dishes (90 x 15 mm) containing YME culture.
The inoculation layout were three strains per plate. These were
allowed to colonize in order to produce active metabolites at 28°C
for 14 days. After that period, it was inoculated on 9 mL of Mueller-
Hinton agar (MUELLER; HILTON, 1941) a solution of 1 mL of
distilled water with a bacteria-targeted suspension that contained 10
colony forming units (CFU) per mL (according to the 0.5 dilution
on the Mac Farland scale) that was spilled on the colonized plates.
These were then incubated for 24 h at 28°C. The presence of the
antibacterial compounds was observed through transparent zones
around the colonies of Streptomyces spp., indicating the absence
of bacterial growth. The assays were performed in five replicates.

RESULTS

The Table 2 shows the positive signal for amplification with specific
pair of primers used for each expected biosynthetic gene. All 65 strains
analyzed herein showed positive results for at least one biosynthetic gene.

All Streptomyces spp. strains (63) tested showed positive sig-
nal for PKS-II gene, otherwise the presence of PKS-I and NRPS
genes were variable, 43/63 for PKS-I and 58/63 NRPS genes,
respectively. In the antimicrobial activity assays, 14 Streptomyces
strains were able to inhibit the growth of Staphylococcus aureus
(ATCC 25923), 20 against Bacillus cereus (ATCC 14579), 13 for
Pseudomonas aeruginosa (ATCC 27853) and 3 for E. coli (ATCC
11775). The IBSBF 2019 and IBSBF 2397 strains presented anti-

microbial activity against all four indicator bacteria.

DISCUSSION

PKS-T and NRPS biosynthetic systems have been extensively
described not only in actinomycetes but also in myxobacte-
ria, cyanobacteria and other bacterial and filamentous fungi.
The biosynthetic potential of different actinomycete taxonomic
groups with the presence of NRPS and PKS-I was investigated
by AYUSO-SACIDO; GENILLOUD (2005) in a collection
of 210 reference strains representative of 33 different genera.
The authors found NRPS sequences in 79.5% of these strains,
and PKS-I were detected only in 56.7%. In 35 Streptomyces
strains, they observed 97% (32 strains) and 79% (26 strains) of
presence of NRPS and PKS-I, respectively. Similar results with
actinomycetes were found by JANSO; CARTER (2010) with 100
and 66% as well. In our study, we found 59 strains (91%) with

positive signal for NRPS gene, which is related to the produc-
tion of important antibiotics, such as penicillins, vancomycins
and cyclosporins, and 70% for PKS-I gene. This non-ribosomal
pathway is involved in the production of complex compounds
that have antibiotic activity, as rapamycin, rifamycin, nystatin
and erythromycin (BARRETO, 2013), antitumor, antiparasit-
ics and immunosuppressants (MELO, 2009).

Previous studies carried out by JANSO; CARTER (2010)
indicated positive signal for 79% of the strains tested with the
pair of primers that amplify the PKS-II gene which is responsible
for the formation of aromatic phenolic compounds (BARRETO,
2013), but in our study 100% of Szreptomyces strains showed
positive amplification for this gene.

Some of the pathways encoding these genes may not be func-
tional because the strains possess the genetic capacity to produce
some secondary metabolites if cultivated under proper conditions
(JANSO; CARTER, 2010). In our study, 24 strains showed posi-
tive signal for PKSs and NRPS genes, but do not showed anti-
microbial activity.

A broad range of biologically active polyketide and peptide
compounds with applications in medicine, agriculture and bio-
chemical research are synthesized by PKS-I and NRPS (AYUSO-
SACIDO; GENILLOUD, 2005). The Streptomyces genus has
been the focus of intensive research since this group of bacteria
apparently has ability to produce a large variety of different bio-
active compounds. From 1950s to 1970s, numerous new bioac-
tive molecules were discovered, and used into various clinical uses
(METSA-KETELA et al., 1999; WANG et al., 2015).

Herein, the strains were tested against bacteria with clinical
importance and it was possible to observe that 31% (20 strains)
were able to inhibit the growth of Bacillus cereus strain (ATCC
14579) and 21% (14 strains) of Staphylococcus aureus (ATCC
25923). Among the samples that showed antimicrobial activity,
eight Streptomyces strains were able to inhibit the growth of two
Gram-positive bacteria. This result confirms the observations made
by previous researches, such as DUARTE et al. (2009), who study
Strepromyces samples that showed inhibition halo against bacteria
of clinical importance. Likewise, other different studies made by
other authors (SALOMONI, 2009; ANTUNES, 2013) obtained
approximately 80% of the samples of actinomycetes showing inhi-
bition halo against strains like Staphylococcus aureus and Bacillus sp.

The Gram-positive bacteria have different resistance mecha-
nisms, por example, antibiotic destruction (enzymes that cata-
lyze antibiotic degradation or that modify functional groups
of pharmacological importance, creating inactive functions for
cell recognition); continuous antibiotic efflux (mutant genes
overexpress membrane carrier proteins, causing the exit of the
antibiotic into the extracellular medium faster than its diffu-
sion through the bacterial membrane); the reprogramming
and the modification of targeted structure (macromolecules
that are targets for the antibiotic, such as ribosomes, proteins,
etc.). The mechanisms are structurally modified from genes that
express them, affecting recognition of the drug. These bacteria
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Table 2. Screening of NRPS and PKS genes presence and evaluation of antimicrobial activity of Streptomyces spp. strains against
clinical importance bacteria.

Genes Clinical importance bacteria
G /Speci S. aureus B. cereus P aeruginosa E. coli
enus/species IBSBF  NRPS  PKS-l  PKS-ll  (ATCC (ATCC (ATCC :

25923) 6051) 133388) (ATCC11775)

1884 = =
1886
1936
2005
2006
2124
2147
2203
2204
2228
2243
2248
2250
2257
2282
2292
2298
2315
2316
2317
2359
2388
2403
2475
2500
2501
2502
2523
1943
1944
2162
2472
2473
2474
2498
2499
2508
2510
2021
2236
S. caviscabies 2260
2368
2392
S. sampsonii 2360
2019
2397
2402
2430
2431
2439
2449
2486
2528
Streptomyces sp. 2247
2352
2390
2395
2509
2520
2503
2507
2229
2343

(+) positive amplification signal for determinate gene; (-) negative amplification signal.
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may use only one or a number of these mechanisms, overcom-
ing the more recent antibiotics and making even more impor-
tant new researches for new antibiotics (SILVEIRA et al., 2006;
ALEKSHUN; LEVY, 2007; MULVEY; SIMOR, 2009).

In our study, three Streptomyces spp. strains that were evaluated
against Gram-negative bacteria showed an inhibition halo for E. cof;,
similar result obtained by DUARTE etal. (2009). Previous research
carried out by CARVALHO (2014) showed antimicrobial activity
of bacteria of the genus Strepromyces against strains of multi-resistant
(20/24 strains) of E. coli and Pseudomonas aeruginosa.

Our study revealed that 13 phytopathogenic Streptomyces spp.
strains tested against Peudomonas aeruginosa (ATCC 13388) were
able to inhibit its growth, becoming our results promising when it
comes to dlinical importance bacteria, mainly Gram-negative bacteria
such as E. coli and P. aeruginosa which are responsable by hospital
infections in the last century, perphaps due to the antibiotic resistance
and the ability to forms complex biofilms (STOVER et al., 2000).

'The high mutation rate of these Gram-negative strains and their
capacity to form complex biofilms on surfaces and even in water res-
ervoirs represent high health risks in hospitals (LIVERMORE, 2002;
SAUER etal., 2002; VILLAS BOAS; RUIZ, 2004). Previous stud-
ies showed that approximately 35% of hospital infection cases in
erderly are associated with P aeruginosa strains (VILLAS BOAS;
RUIZ, 2004). Still, most of the cases of hospitals infections in the
world are caused by Gram-negative bacteria and 14% of them are
caused by this bacterial species NOGUEIRA et al., 2009).

Many studies of evaluation of antimicrobial potential against
bacteria of clinical importance have shown that Gram-negative
strains often exibhit high resistance against antimicrobial activity
assays. There is no data explaining the reason behind this, however

its known that, despite having a less rigid cell wall structure than
Gram-positive ones, these bacteria have a more chemically complex
cell wall; for example, among the constituents of the wall, it is the
lipopolysaccharide, which determines the antigenicity; toxicity and
pathogenicity of these microorganisms. This group also has a higher
lipid content and these characteristics may be involved in the resis-
tance against antimicrobial activity assays (VARGAS et al., 2004).

There is a lot of evidence that antimicrobial resistance is
already present in natural environments and that it spreads natu-
rally through horizontal gene transfer (HGT) (FUENTEFRIA etal.,
2008). Besides intragenomic recombination, the HGT events in
Stretomyces increase the recombinant effect, justifying the high varia-
tion of polyketide compounds over thousand of years of evolution.
According to FISCHBACH etal. (2008), the collective gene evolution
also explains the diversification and the propagation of PKs among
various groups of microorganisms. A key factor in the propagation
of these poliketide pathways is the fact that these molecules will often
grant adaptive advantages to their host often propagated by plasmids.

CONCLUSION

There is a constant necessity to discover new bioactive compounds
with antibiotic properties and ability to inhibit the growth of patho-
genic microorganimsm. The phytophatogenic Strepromyces strains
tested in this study showed promising results for the production of
biosynthetic compounds with antimicrobial activity. The extrac-
tion, characterization and purification of these active molecules
may result in new bioactive compounds with clinical importance.
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