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Abstract

Background: The screen of Polyketide Synthase (PKS) and Nonribosomal Peptide
Synthetase (NRPS) gene groups is a quick way to discover new therapeutic agents.
However, errors in laboratory techniques cause a loss of touch with reality. This study
aimed to evaluate the presence of PKS and NRPS gene groups in previously isolated
strains by optimizing their specialized amplification by degenerate primers and indicat-
ing the evolutionary relationships with reference strains.

Methods: PKS-I, Il, and NRPS genes PCR amplification was performed using three de-
generate primer sets for 22 actinomycete strains with antibacterial activity. Annealing
temperature and the amount of template DNA and primers were optimized. PCR prod-
ucts of PKS-I, 11, and NRPS from three strains were sequenced after TA cloning. Be-
sides, strains with high antibacterial activity were identified by biochemical features and
partial 16S rDNA sequencing and hypothetically classified by a phylogenetic tree.

Results: High frequencies of PKS-1 (86.4%), PKS-11 (81.8%), and NRPS (95.4%) genes
were found among the strains after optimization. Fourteen strains (64%) contained all of
the genes, and 100% of strains had at least two genes. These numbers are pretty distinct
in comparison with the previous researches. All of the sequenced strains were members
of Streptomyces genus.

Conclusion: Our research showed that degenerate PCR strongly depends on the varia-
tion of annealing temperature and primer concentration, resulting in an unexpected shift
in PCR outputs. The sequencing results confirmed the optimized conditions for special-
ized PCR of PKS-I, PKS-11, and NRPS gene groups.
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Introduction

Actinobacteria represent a significant component of
the microbial population in most soils. This phylum of
bacteria has been extremely useful to the pharmaceuti-
cal industry due to its seemingly unlimited capacity to
produce secondary metabolites with diverse biological
activities and chemical structures. Approximately 50%
of Actinobacteria are from the genus Streptomyces, and
about 75% of commercially valuable antibiotics are
derived from this genus 2.

However, novel technologies are demanded for dis-
covering new bioactive secondary metabolites from
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these bacteria to meet the persistent and urgent medical
need for newer and better drug candidates. Based on
the hypothesis that secondary metabolites with similar
structures are likely biosynthesized by gene clusters
harboring certain homologous genes, such homologous
genes could serve as appropriate selectable markers for
different natural product biosynthetic gene clusters 23,
A wide range of structurally diverse bioactive com-
pounds, including toxins, siderophores, pigments, anti-
biotics, antitumor agents, and immunosuppressants, are
synthesized on large Nonribosomal Peptide Synthetase
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(NRPS) and Polyketide Synthase (PKS) enzyme com-
plexes “®. Therefore, screening for genes associated
with secondary metabolism gives a better insight into
the genetic capabilities of actinomycetes 23. NRPSs are
composed of catalytic units called modules ¢ working
in an assembly-line fashion, where each module is re-
sponsible for incorporating a single monomer 7. Ac-
cording to the collinearity rule, the modules’ number
and order define the number and order of amino acids
in NRPs . Enzyme modules contain three core catalyt-
ic domains: adenylation (A), thiolation or peptidyl car-
rier (T or PCP), and condensation (C), respectively
responsible for recognition and activation of an amino
acid, transfer of the activated substrate to the peptidyl-
carrier domain of the same module, and the formation
of the C-N bond between the elongated chain and the
activated amino acid %8, Actually, in the biosynthesis
of NRPs, the enzymatic machinery itself functions as a
template for the synthesized peptide product 7. PKs are
synthesized through sequential decarboxylative con-
densation of the acyl CoA precursors by PKS. PKSs
are classified into types I, II, and 11l ° Type | PKSs,
similar to type | Fatty Acid Synthase (FAS), are large
multifunctional enzymes with a modular organization,
with each module comprising catalytic domains 5910,
Typically, each module contains three essential catalyt-
ic domains for chain elongation: Ketosynthase (KS),
Acyl Transferase (AT), and Acyl Carrier Protein
(ACP). Bacterial type | PKSs are usually noniterative
1 Type Il PKSs, similar to type Il FAS, are multien-
zyme complexes acting in an iterative manner %L,
They consist of a heterodimer formed by a KSa subunit
(active site) and a KSP or Chain Length Factor (CLF)
subunit, which collaborate with ACP 2, Type Il PKSs
are homodimeric enzymes. Their single active site in
each monomer catalyzes the priming, extension, and
cyclization reactions iteratively to form PK products
911 Despite the structural simplicity, bacterial type Il
PKSs fall into five groups, many of which have been
identified from Streptomyces !'. In addition to the
common form of types | and Il, exceptions such as
iterative type | PKSs and non-iterative type Il PKSs
have also been reported by now °. Due to the evolution
of multidrug-resistant strains, screening of natural re-
sources, especially actinomycetes, represents an im-
portant route to discover new therapeutic agents. In
addition, the screening of PKS and NRPS genes is a
quick way to show the potential for antibacterial agent
production.

The overall aims of this study were (i) to evaluate
the presence of PKS (types | and Il) and NRPS gene
groups involved in the biosynthesis of secondary me-
tabolites in twenty-two antibacterial agent-producing
actinomycete strains isolated in our previous study 3.
For example, A3F and A7R primers target the con-
served motifs A3 and A7 in adenylation domain.
Therefore, PCR products can have different sizes (be-
tween 700-800) from the conserved motifs 3 to 7, (ii)

to study the effect of different factors on degenerate
PCR amplification, (iii) to scrutinize the power of the
optimized reaction conditions for specialized amplifi-
cation of PKS-I, PKS-1I and NRPS gene groups by se-
quencing, and (iv) to show the phylogenetic and evolu-
tionary relationships between some of the high poten-
tial antibacterial agent-producing strains and reference
strains.

Materials and Methods

Actinobacterial strains

Twenty-two antibacterial agent-producing actino-
mycete strains (F4, F6, F9, F10, Is1, Is4, Is5, Ihl, 1h6,
1z1, 122, 126, 128, 129, 1211, 1214, 1216, 1z17, D2, B4,
N1, and A2) isolated in our previous study ** were se-
lected for further investigation. All strains were scre-
ened for the presence of PKS and NRPS genes. The
high potential antibacterial agent-producing strains (F4,
F6, F9, F10, 126, 1z8, 1216, and B4) were also selected
for molecular identification by 16S rDNA sequencing.
The most active isolates against hospital-resistant
strains and, in the next step, the strains with the largest
halo diameter (128, F9, and F6) were selected for clon-
ing.
DNA extraction

DNA was extracted by CTAB method 4. The only
difference for strain F9 was that a lysis treatment was
applied at the beginning of protocol *°.

PCR detection of PKS-I, PKS-11, and NRPS genes

Genomic potential for producing bioactive metabo-
lites was evaluated using three sets of specific degener-
ate primers: (1) K1F (5y'-TSAAGTCSAACATCGGB
CA-3'), and M6R (5'-CGCAGGTTSCSGTACCAGT
A-3') targeting PKS-1 KS and methyl malonyl transfer-
ase domains 18; (2) KSaF (5'-TSGCSTGCTTGGA
YGCSATC-3'), and KSaR (5'-TGGAANCCGCCGAA
BCCTCT-3") targeting PKS-II KSo subunit *"*8; and
(3) A3F (5'-GCSTACSYSATSTACACSTCSGG-3'),
and A7R (5'-SASGTCVCCSGTSCGGTAS-3') target-
ing the conserved motifs A3 and A7 in NRPS adenyla-
tion domain 68, PCR conditions for the initial ampli-
fication of PKS-I, PKS-II, and NRPS were as follows:
a 25 pl sample of the PCR reaction mixture containing
10-300 ng of genomic DNA, 0.4-4 uM of each primer,
200 pM dNTPs, 1.5 mM MgCly, 2.5 pl of 10x PCR
buffer, 2.5 pl (1.4 M) of DMSO, and 2.5 U of Taq pol-
ymerase. The PCR was performed in an Eppendorf
Mastercycler Gradient with the following cycling con-
ditions: (i) 5 min at 95°C; (ii) 35 cycles of 30 s at 95°C,
2 min at 54-62°C (for K1F-M6R and KSaF-KSaR) and
55-60°C (for A3F-A7R), and 4 min at 72°C; and (iii)
10 min at 72°C. Amplification products were analyzed
by electrophoresis in 1% (w/v) agarose gels stained
with ethidium bromide and bands of 1200-1400 bp,
600-700 bp, and 700-800 bp were classified as prod-
ucts of PKS-1, PKS-II, and NRPS genes, respectively &
18
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TA cloning

PCR products of PKS-1, PKS-I1, and NRPS associat-
ed with strains 1z8, F9, and F6, respectively, were se-
lected to study the power of the optimized reaction
conditions by sequencing. They were purified by gel
purification kit (GeNet Bio, Korea) and cloned using
the TA cloning kit (Thermo Fisher Scientific) as per
the manufacturer’s instructions. Escherichia coli (E.
coli) strain TOP10 was used as a cloning host. Then,
colony PCR was used to confirm the length of the in-
serted product in all clones. The plasmid was extracted
from one of the positive clones in each group by plas-
mid extraction kit (GeNet Bio, Korea) as per the manu-
facturer’s instructions. The purified plasmid DNAs
were sequenced using universal primers M13F and
M13R by Macrogen Inc. (Seoul, Republic of Korea).
Sequences were tested against all DNA sequences
available in GenBank database with the BLASTN pro-
gram.

Identification and phylogenetic analysis of the high poten-
tial antibacterial agent-producing strains

Determination of cultural, morphological, and biochem-
ical characteristics: The color of the sporulated aerial
and substrate mycelia was examined on Starch Casein
Agar (SCA) which had the following composition:
10.0 g/l soluble starch, 0.3 g/l casein, and basal mineral
salt medium containing 2.0 g/l KzHPOg, 2.0 g/l KNOs,
2.0 g/l NaCl, 0.05 g/l MgS04.7H,0, 0.02 g/l CaCOs,
0.01 g/l FeSO4.7H,0 (scharlau, spain), and 15.0 g/l
agar (Merck, Germany) %%, The pH of the medium
was adjusted to 7.2 with the addition of HCI.

The utilization of different carbon sources (10 g/l)
and degradation of starch (10 g/l) # and cellulose (2
g/l) 1° were studied in the basal mineral salt medium.
The carbon sources were filtrated separately and added
just before inoculation. Growth was compared with
basal medium without carbon source as the negative
control. The following carbon sources were tested:
glucose, fructose, lactose, mannitol, raffinose, sorbitol,
sucrose, and xylose. Proteolytic activity was deter-
mined using milk casein (plate) and gelatin (in tubes).
Skimmed milk agar plates contained 5.0 g/l peptone,
3.0 g/l yeast extract, 1.0 g/l skimmed milk, and 12.0 g/l
agar, pH=7.0 22, The gelatin hydrolysis test was per-
formed on nutrient gelatin containing 100-150 g/l gela-
tin 2324, final pH=7.2. Urease test media contained 1.0
g/l peptone, 1.0 g/l glucose, 5.0 g/l NaCl, 2.0 g/l
KH2PQO4, 0.012 g/l phenol red, 20.0 g/l urea, and 15.0
g/l agar. The pH of the medium was adjusted to 6.8
with the addition of HCI. The urea was filtered and
added to the rest of the medium .

Molecular identification

The partial length sequence of 16S rDNA gene was
amplified from the isolated genomic DNAs using the
following two sets of universal bacterial 16S rDNA
primers, "27F-YM (5-AGAGTTTGATYMTGGCTC
AG-3") %27 and 1492R (5-TACGGYTACCTTGTTA
CGACTT-3') 8" and "16SP0 (5-GAAGAGTTTGATC

CTGGCTCAG-3") and 16SP6 (5-CTACGGCTACCT
TGTTACGA-3")" 2°. A 50 ul sample of the PCR reac-
tion mixture contained 10-100 ng of genomic DNA,
0.4 pM of each primer, 200 uM dNTPs, 1.5 mM
MgCly, 5 ul of 10x PCR buffer, 5 ul (1.4 M) of DMSO,
and 2.5 U of Taq polymerase, all obtained from Cin-
naGen Inc, Iran. The PCR was performed in an Eppen-
dorf Thermal Cycler using appropriate programs opti-
mized for each primer pair after denaturation of DNA
by heating for 4 min at 94°C. The PCR program in-
volved 35 cycles, and each cycle consisted of denatura-
tion at 94°C for 1 min, annealing at 55°C for 1 min,
extension at 72°C for 2 min for "27F-YM/1492R" 28,
and denaturation at 95°C for 30 s, annealing at 55°C
for 30 s, extension at 72°C for 2 min for "16SP0/
16SP6" 2°. This was followed by a final elongation step
for 5 min at 72°C. Moreover, we tested colony PCR
without prior extraction of DNA as the template for
rapid and simple detection of DNA sequences accord-
ing to the method of Ishikava et al. 3 The PCR prod-
ucts were separated on a 1% agarose gel containing
ethidium bromide in 1xTBE buffer. The purified PCR
product was sequenced in both directions using an au-
tomated sequencer by Macrogen.

Phylogenetic analysis of 16S rDNA gene sequences

The sequences were edited using Finch TV V.1.4.0.,
then aligned with sequences from the closest related
species of the genus Streptomyces retrieved from the
GenBank/EzTaxon databases using PhyDE. The align-
ment length was 1402 characters (including indels).
Phylogenetic relationships were studied through Baye-
sian inference using MrBayes version 3.2.6 3. JModel-
test version 2.3 32 was used to find the best model of
molecular evolution, and TIM1ef+I+G model was se-
lected according to Akaike Information Criterion
(AIC). Two parallel runs of four MCMC (Markov
chain Monte Carlo) chains, including three heated
chains and one cold chain, were carried out simultane-
ously for 8 million generations with a sample frequen-
cy of 1000. The analyses were stopped when the stand-
ard deviation of split frequencies was well below 0.01.
The first 25% of generations were set to burn-in. Trees
were visualized using TreeGraph2 .

Results

Study of the presence of PKS-I, PKS-11, and NRPS genes in
twenty-two antibacterial agent-producing actinomycete
strains

Twenty-two antibacterial agent-producing actino-
mycete strains (F4, F6, F9, F10, Isl, Is4, 1s5, 1hl, Ih6,
121, 122, 126, 128, 129, 1211, 1z14, 1216, 1217, D2, B4,
N1, and A2) isolated in our previous study 3 (Table 1,
Figure 1) were screened for the presence of PKSI,
PKS-11 and NRPS gene sequences by specific amplifi-
cation of chromosomal DNA with primer sets K1F/
M6R, KSaF/KSaR, and A3F/ATR.

At first, multiple bands were found after PCR am-
plification of PKS-1 genes with the annealing tempera-
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Table 1. Antibacterial activity of some actinomycete strains isolated from soil samples of Iran

Antibacterial activity ® against

The name of strain S R Ca Cg
B E M \Y A
F4 ++ ++ = ++ = S ++ + -
F6 - +++ - +++ - - - - -
F9 +++ +++ = +++ +++ - - - -
F10 +++ ++ - ++ ++ - - - -
Is1 - + - - - - ++ - -
Is4 +++ + - - - - ++ - -
I1s5 +++ ++ + = > = - - -
1hl ++ - - - - - - - -
1hé +++ +++ - - - - - o o
121 +++ + - - - - - - -
122 +++ = - - - - - - +
126 ++ + - ++ ++ - - - -
128 + ++ = + +++ + - - -
129 + ++ - - - - - - -
1211 S +++ = +++ - - - - -
1z14 +++ + - - - - - - -
1216 +++ + = +++ = - ++ - -
1217 ++ + - +++ - - + - -
D2 +++ +++ - - - - - - o
B4 + + - - + - - - -
N1 ++ = = = = + - - -
A2 + ++ - - - - - - -

a: Estimated by measuring the mean diameter of the clear zone of growth inhibition obtained from triplicate. Symbols: S,
Staphylococcus aureus (ATCC 6538); B) Bacillus subtilis (ATCC 12711); E) Escherichia coli (ATCC 1399); M)
methicillin-resistant Staphylococcus aureus; V) vancomycin-resistant enterococci; A) Aspergillus fumigatus; R, Rhizo-
pus sp.; Ca, C. albicans; Cg, C. glabrata; -, no activity; +, weak activity; ++, moderate activity and +++, strong activity.

The optimal annealing temperature was variable for
PKS-I depending on template DNA. It was: 55°C for
1z1, 1211, 1217, and Is1; 57°C for 122, 128, 129, 1214,
Is4, and lh1; 58°C for B4 and D2; 59°C for F4, F9, and
F10; 60°C for A2, 1h6, and N1, 61°C for F6 and 1216;
and 62°C for 1z6 and Is5. Concerning A2, all sub-
bands were removed with the annealing temperature
increased from 57 to 60°C. However, in some cases,
we couldn’t get a single band at the mentioned temper-
atures, but as can be seen for 1z6, 1z16, F6, N1, and
f Ih6, the majority of non-specific bands with variable
3 lengths were eliminated, and the rest were reduced to
S /‘ the minimum sharpness. (Figures 3A and 3B).

e ; : The optimal annealing temperature was 58°C for
Figure 1. The antimicrobial activity of several actinomycete strains PKS-Il because there was no shift from negative to
against hospital-acquired bacterial and fungal isolates. positive at lower annealing temperatures, leading to
non-specific DNA products (Figure 2B only shows the
results of some strains). A comparison between Figures

ture estimated in previous researches 618 (Figure 2A 2B, 3C and 3D shows that PCR amplification of F10,
only shows the results of some strains). Therefore, we 126, and 128 at 58°C gives a single band on 600-700 bp I
tried to flnd- the optimal annealing temperature for while at 55°C gives multiple bands at different lengths. -
K1F/MG6R primer set. For NRPS genes, in addition to the specific band, a
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Figure 2. PCR amplification of PKS-I (A) and PKS-II (B) gene se-
quences with an amplicon size of 1200-1400 and 600-700 bp, respec-
tively, for a number of strains at 57 and 55°C, respectively. The name
of strains has mentioned at the top of gel.

non-specific band was consistently observed at about
400-500 bp, and there was no change in the quality of
the PCR output in the temperature range of 55-60°C.
Some sequences were amplified at 55 up to 60°C,
while some were amplified only at 55°C. Therefore,
55°C was the optimal annealing temperature for the
degenerate primer set A3F/A7R (Figures 3E and 3F).
Another factor that affects the success of PCR is pri-
mer concentration. The optimal concentrations to re-
move the false-negative results were 2, 0.8, and 2 uM
for amplification of PKS-1, PKS-11, and NRPS genes,
respectively. Actually, the results shifted from negative
to positive or weak to strong by increasing primer con-
centrations from 0.8 to 2 pM for PKS-I and NRPS and
from 0.4 to 0.8 uM for PKS-II. It is important to note
that the number of non-specific bands sometimes in-
creases with an excessive primer concentration. The
minimum required amount of DNA that serves as the
initial template or target sequence was 20-30 ng, and a
higher amount did not have any marked effect on the
outcome of PCR. Among investigated strains, 19
(86.4%), 18 (81.8%), and 21 (95.4%) strains were posi-
tive for PKS-1, PKS-I1, and NRPS genes, respectively,
after optimization (Table 2, Figure 3).

Table 2. The presence of PKS-I, PKS-11 and NRPS gene groups in
twenty-two antimicrobial agent-producing Streptomyces strains

. Presence 2 of gene
The name of strain

PKS-I PKS-11 NRPS

F4 + + +
F6 +
F9 - +
F10 +
Is1
Is4
Is5
Ih1
1h6
1z1
122
126
128
129
1z11
1z14
1216
1217
D2
B4
N1
A2

+

+ 4+ o+ + + + o+
+ + + + + + + + + + o+ o+

+ + + +
+ + + + + + + + o+ o+ 4+
+ o+ o+ o+ o+ o+ o+ +

+ + 4+ + o+ o+
+

a: +, present; -, absent.

Sequence analysis of K1F/M6R, KSaF/KSaR, and A3F/
A7R PCR products

The clones selected from strains 128, F9, and F6 had
high sequence similarity (85, 99, and 92%, respective-
ly) with PKS-1 gene on plasmid pSPAL in Streptomy-
ces parvulus (S. parvulus) strain 2297, the first PKSII
gene previously reported in Streptomyces sp. strain
MMZ1, and NRPS gene cluster in Streptomyces pactum
(S. pactum) strain ACT12. These sequences were de-
posited in the NCBI GenBank database under the ac-
cession numbers KY637058, KY637060, and KY-
637057. The sequencing results confirmed the opti-
mized conditions for specialized PCR of PKS-I, PKS-
I1, and NRPS gene groups.

Identification of morphological, biochemical, and molecu-
lar characteristics and assessment of phylogenetic relation-
ships of eight actinomycete strains with high antimicrobial
activity (F4, F6, F9, F10, 126, 128, 1216, and B4)

The ability of strains F4, F6, F9, F10, 126, 128, 1216,
and B4 to utilize various carbon sources for growth,
proteolyze casein and gelatin, and degrade urea, was
tested. All of them used glucose and starch, while none
was able to use sorbitol and cellulose as the sole carbon
source for growth. Every eight strains were urease-
positive. "F4 and 1z8" and "F10 and 1z6" were able to
degrade the same carbon sources (Table 3).

Avicenna Journal of Medical Biotechnology, Vol. 15, No. 1, January-March 2023
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F4 F6 F9 F10 Izl Iz2 Iz6 I8 129 Iz11 Iz14 1z16 1z17 A2

5 S6Y 3989 " S5 87 62 ST 'S8

IsS Thl Ihé B4 N1
62 57 60 58 60

Figure 3. PCR amplification of PKS-I (A and B), PKS-11 (C and D) and NRPS (E and F) gene sequences with an amplicon size of 1200-1400, 600-
700 and 700-800 bp using primers K1F/M6R, KSaF/KSaR and A3F/AT7R, respectively, on agarose gel 1%. The name of strains has mentioned at the

top of gel.

As shown in figure 4, amplification of 16S rDNA
gene gives ~1500 bp product using each of the two
primer sets (six strains B4, F4, F6, F9, 1z6, and 1z16
using 27F-YM/1492R and two strains F10 and 1z8 us-
ing SPO/SP6). 16S rDNA gene of strains F10 and 1z8
had a very weak amplification by 27F-YM/1492R pri-
mer set, while, no product was observed by colony
PCR.

Nearly full-length 16S rDNA gene sequences of all
eight strains were compared with 16S rDNA sequences

of type strains retrieved from GenBank/EzTaxon. All
of them were assigned to genus Streptomyces and were
deposited in the NCBI GenBank database under the
accession numbers KX229767-73 (strains B4, F4, F6,
F10, 126, 1z8 and 1216, respectively) and KX417085
(strain F9) (Table 3).

Moreover, the alignment of 16S rDNA sequences
showed a very high degree of similarity and conserva-
tion among the isolated strains. It was one of the most
important reasons for using MrBayes instead of Mega

Avicenna Journal of Medical Biotechnology, Vol. 15, No. 1, January-March 2023
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Table 3. Morphological, physiological and biochemical characteristics and molecular identification of the high potential antibacterial agent-producing strains

> Carbone utilization Degradation  Protease Color
i
T ~ - —_
Strain Closest_type 38X 3 § g 2 § 2 3 3 5 § £ £ \Urease =< & B
strain e 8 = =] c S 5 o 3 e = o 5 T a =g
& > 8§ & g € £ 5§ 3 g Z 8 3 2> 2=
S j53
(c/%; (O] I — S E (%) n x 2 O O O] 1S (?) IS
B4 S. tauricus 99.57 + - - + + - - - + - + - + red et
orange-red
F4 S.rectiviolaceus  99.14  + + + + + - + + + - - + + light red- dark red
orange
F6 S. marokkonensis  99.49 + + + + + - - + - + - + gray blg(r:{:;fh
dark brown
F9 S. chryseus 99.88 + - - - - - + + - + - + with white dark brown
dots
F10 S. galilaeus 100 + + + - + - + + R ; ; " orange-light light
green orange
126 S. bobili 99.93 + + + - + - + + - - - + orange orange
128 S. coerulescens 100 + + + + + - + + - - - i blue yellow
1216 S. flavoviridis 99.29 + + + + - - + + - + - + green with green
white dots

+, positive result; -, negative result

34

1z6

1z8 1z16 F4
-
-

- - -
-_— - -

Figure 4. Agarose gel electrophoresis of 16S rDNA gene PCR-
amplified region. The ladder includes fragments ranging from 100-
10,000 bp. The name of strains has mentioned at the top of gel.

to draw a phylogenetic tree. Phylogenetic analysis was
performed by Bayesian inference implemented in Mr-
Bayes based on the partially complete 16S rDNA gene
sequences of eight selected strains and the type strains
of closely related species (Figure 5). They were divid-
ed into four separate clades. Three strains of F9, F4,
and B4 were placed in distinct clades of I, 11, and IV,
respectively, and five strains of F6, 1216, 128, F10, and
126 were in a joint clade (clade IlI). Strain F9 and four

strains, including Streptomyces chryseus (S. chryseus),
Streptomyces helvaticus (S. helvaticus), S. albidocro-
mogenes, and Streptomyces albosporeus (S. albospo-
reus), formed a polytomic subclade within clade I,
which was moderately supported (posterior probabil-
ity=0.75). Clade Il contained several differential sub-
clades. Strain F6 was one of these subclades. Strains
128 and 1z16 are branched together on one sub-branch,
while 1z6 and F10 are branched together on another
with the posterior probability of 0.77 and 0.83. "Strain
F4 and type strain of Streptomyces rectiviolaceus (S.
rectiviolaceus)" and "strain B4 and type strain of Strep-
tomyces tauricus (S. tauricus)" were in an internal sub-
clade of clades Il and 1V, respectively, with the poste-
rior probability>0.8.

Discussion

NRPS and PKS pathways can be detected in many
actinomycete isolates as the characteristics of second-
ary metabolite production . Prescreening of isolates
with PCR primers targeting bioactive compounds-
encoding genes (PKS-I, PKS-1I, NRPS, etc.) is an ef-
fective and practical approach for detecting novel and
useful secondary metabolites 34. On the other hand, the
PCR detection of these genes is vital to discover iso-
lates with high potential for the production of valuable
secondary metabolites because some of the secondary
metabolite biosynthetic gene clusters appear to be non-
active or silent under standard culture conditions, and
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Figure 5. Bayesian inference tree showing the phylogenetic relationship among the eight selected strains and the type strain species of Streptomyces
with the highest 16S rDNA sequence similarity. Posterior probabilities for the nodes are shown under the branches.

they may require some specific triggers to be activat-
ed. From these, it can be concluded that the nonbioac-
tive isolates hold their genetic capability for producing
valuable secondary metabolites if they are cultivated
under appropriate conditions *. Therefore, it would be
reasonable to utilize the screening of PKS and NRPS
systems in combination with antimicrobial activity
assay for biotechnological applications 8. Several re-
search studies have been conducted and reported on the
presence of PKS and NRPS genes as the characteristics
of secondary metabolite production in Actinobacteria.
It is noted that the low detection of PKS (types I and 1)
and NRPS gene fragments in the antibacterial agent-
producing strains may reflect the lack of targeted genes
or the implication of other genes in the biosynthesis of
these bioactive products. Further, this may be caused
by the types of selected degenerate primer pairs, which

are unsuitable for amplifying these genes 258, Amos et
al * validated two new updated PCR assays using new
degenerate primers and concluded that these assays are
specific, can detect clusters from a wide range of phy-
la, and have a good and reasonable hit rate.

To account for the discrepancies and inappropriate
PCR conditions, twenty-two strains were screened for
the presence of PKSI, PKS-1I, and NRPS gene se-
quences by specific amplification of chromosomal
DNA with primer sets K1F/M6R, KSaF/KSaR, and
A3F/ATR 1618 Actually, in the previous researches,
PCR was performed at the fixed annealing temperature
of 67.5°C % for A3F/AT7R, 56 % or 57°C 12171834 for
K1F/M6R and A3F/A7R and 57 !, 58°C 2171834 gor
63°C ® for KSaF/KSaR and KSoF/KSBR. Lee et al ?
used the annealing temperature of 62°C for A3F/ATR.
In contrast, our analysis showed that PCR amplifica-
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tion of the KS domain belonging to PKS-I using the
degenerate primer set KIF/M6R needs different an-
nealing temperatures depending on the template DNA.
This is not inconsistent with the fact that some strains
do not have this gene but may raise the possibility of
getting the actual positive results. Moreover, some se-
quences can amplify only at a lower annealing temper-
ature (55°C) by primer set A3F/ATR.

Another factor that affects the success of PCR is
primer concentration, as sometimes the low concentra-
tion might lead to an undetectable product giving a
false negative result. The optimal concentrations were
2 UM for PKS-I and NRPS and 0.8 uM for PKS-II,
while previous researchers used primers at the final
concentration of 0.2-0.8 uM 3171835 The dependence
of amplification efficiency on the template amount was
low. In this study, 14 strains (64%) contained all of the
studied genes, and 100% of strains had at least two of
the target genes. These numbers are quite distinct in
comparison with the previous researches: 19.5, 42.5,
and 5.7 1; 34.1, 63.4, and 61 % 10.9, 15.2, and 26.1 3*;
11.5, 23, and 76.9 '7; 46.6, 60, and 46.6 '&; 79.6, 70.4,
and 57.4; and 65.6, 45.9, and 34.4 3 for PKS-I, PKS-II
and NRPS genes, respectively.

The sequencing results indicated the high presence
of genus Streptomyces compared to other actinomy-
cetes in our soil samples. However, it should be noted
that starch casein agar, containing starch as the sole
carbon source, was the only medium used to separate
these actinomycete strains 3. It is well accepted that
members of the genus Streptomyces are prolific pro-
ducers of novel antibiotics, with approximately 75% of
commercially valuable antibiotics being derived from
Streptomyces .

Conclusion

The screening of PKS and NRPS genes is a quick
way to show the potential for antimicrobial agent pro-
duction. However, errors in laboratory techniques
sometimes can make us move away from reality. The
optimization of degenerate PCR will help us reduce
error rates in the lab. Based on the results obtained in
the present study, it can be concluded that degenerate
PCR strongly depends on the annealing temperature
and primer concentration, as any changes in these pa-
rameters can result in an unexpected shift in PCR out-
puts. Actually in degenerate PCR, we are dealing with
different primers, and naturally, they have different
annealing temperatures. For example, the primer set
KSoF/ KSaR can be combined in 192 modes, and the
annealing temperature will be different depending on
which F and R primers are matched with DNA. More-
over, in some cases, bacteria in one common clade
produce identical antibiotics. The phylogenetic tree
helps us to choose different antibiotic-producing strains
and avoid the purification of similar antibiotics by clas-
sifying the strains.
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