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Abstract: The sfp gene responsible for surfactin production was screened from the DNA extracts of 37 Bacillus spp. whose identity was
confirmed by 16S rRNA gene sequence analyses. PCR screening revealed amplification of sfp gene fragments in a total of 25 isolates.
Several isolates belonging to Bacillus tequilensis were found to be positive for this gene. A gene fragment coding for the sfp gene was
amplified and cloned from genomic DNA of the isolate B. tequilensis NIOS11. The cloned gene has an open reading frame of 675 bp
coding for 224 amino acids with a theoretical molecular weight of 26,166.33 Da and a predicted isolectric point (pI) of 5.51. BLASTP
analysis revealed 99% similarity to the earlier reported sfp gene of B. subtilis. Conserved domains of the sfp type PPTase family of proteins
like Pla, P1b, P2, and P3 involved in biosynthesis of polyketides and nonribosomal peptides were observed. Phylogenetic analysis
revealed a close relatedness of this gene with earlier reported sequences of B. subtilis. Results from the molecular characterization and
substantial similarities with surfactins produced from B. subtilis make the B. tequilensis identified in this study a suitable candidate for

exploring the potential of its application in the production of biosurfactants.
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1. Introduction
The large surface-to-volume ratio enables many bacterial
species to produce several types of structurally diverse
surface-active compounds, collectively known as
biosurfactants. From the perspective of their applications,
biosurfactants are definitely preferred over chemical
surfactants due to their biodegradability, reduced toxicity,
and effectiveness even at extreme temperatures and pH
(1). Surfactin is one such cyclic lipopeptide biosurfactant,
with a characteristic 8-member compound consisting of
7 amino acids and a hydroxydecanoic acid moiety (2).
Lipopeptides have always been recognized as a distinctive
category of bioactive microbial secondary metabolite, as
many of these compounds have effective therapeutic as well
as biotechnological uses (3). The amphipathic structure of
surfactins enables them to be involved in a large number
of complex interactions within biological systems. Most
strains of Bacillus spp. produce surface-active compounds
like surfactins, and Bacillus subtilis in particular has been
considered as the most efficient biosurfactant producer (4).
The sfp gene in Bacillus species encodes
phosphopantetheinyl transferase, which is required
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for the nonribosomal biosynthesis of surfactin (5). As
such, sfp is known to be an important member of the
srfA operon that codes for a nonribosomal peptide
synthetase complex also known as surfactin synthetase
(5). The increased demand for surfactins as effective
biosurfactants (6) has ushered in an expanding repertoire
of searching for marine sources of them. Searches for
novel and more potent surfactants continue, as they
are well known as antimicrobial (7), antiviral (8),
antitumoral, and hemolytic (2) agents. However, the
application of biosurfactants is impeded due to the poor
yield of many strains and the increased costs of substrates.
Therefore, the search for new biosurfactant producers
from different environmental sources with enhanced and
novel properties is a continuing endeavor.

Plating on blood agar, purification, and extraction with
organic solvents, as well as analytical techniques like high-
performance liquid chromatography, nuclear magnetic
resonance, and mass spectrometry, are routinely used in
screening for microorganisms. Many of these procedures
are lengthy, laborious, and time-consuming, and notably,
the identity of the microorganisms producing surfactants
is also not established by them. Meeting the need for the
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quick screening of microorganisms for biosurfactant
production using molecular tools is thus an important
step. Thus, in this present study, we have used PCR as
a quick approach for the screening and identification
of bacterial isolates with potential for biosurfactant
production. From a screening of over 70 DNA extracts
from environmental isolates for the 16S rRNA gene, we
chose the DNA samples belonging to Bacillus spp. and
screened them for the sfp gene. Furthermore, the sfp gene
encoding phosphopantetheinyl transferase of a Bacillus
tequilensis isolate from marine sediment samples was
cloned and sequenced for its molecular characterization in
terms of amino acid make-up and homology.

2. Materials and methods

2.1. Bacterial cultures and molecular identification using
16S rDNA sequencing

As mentioned above, the 16S rRNA gene from over 70
DNA extracts of environmental isolates from marine
sediment samples collected from the coastal regions of Goa
was sequenced, and 37 DNA samples belonging to Bacillus
spp. were selected and screened for the sfp gene. The 16S
rRNA gene from all 70 isolates was sequenced using 27F
and 1492R universal primer by following standard cycle
sequencing protocol. All the 16S rDNA sequences (see
Table 1 for their accession numbers) used in this study
were submitted to GenBank.

Table 1. GenBank homologs of Bacillus bacterial isolates from marine sediment samples used in this study for screening of the sfp gene
using gene-specific primers

. 16S rDNA Accession . PCR
Sr. Bacterial . Identity

No. isolate Accession  Closest match No. of (%) for sfp

No. closest match gene
1 NIOS1 JQ818351  Bacillus tequilensis 10b(T) HQ223107 99.92 +
2 NIOS4 JQ818356  Bacillus tequilensis 10b(T) HQ223107 99.57 +
3 NIOS5 JQ818357  Bacillus stratosphericus 41KF2a(T) AJ831841 97.74 +
4 NIOS6 JQ818358  Bacillus subtilis subsp. inaquosorum BGSC 3A28(T) EU138467 99.80 +
5 NIOS7 JQ818360  Bacillus tequilensis 10b(T) HQ223107 99.78 +
6 NIOSS8 JQ818361  Bacillus tequilensis 10b(T) HQ223107 98.07 +
7 NIOS9 JQ818363  Bacillus safensis FO-036b(T) AF234854 98.75 +
8 NIOSI11 JQ818365  Bacillus tequilensis 10b(T) HQ223107 99.28 +
9 NIOS14 JQ818372  Bacillus cereus ATCC 14579(T) AE016877 97.93 +
10 NIOS15 JQ818370  Bacillus safensis FO-036b(T) AF234854 99.73 +
11 NIOS19 JQ818368  Bacillus subtilis subsp. inaquosorum BGSC 3A28(T) EU138467 99.65 +
12 NIOS20 JQ818379  Bacillus cereus ATCC 14579(T) AE016877 97.93 +
13 NIOS21 JQ818374  Bacillus flexus IFO 15715(T) AB021185 99.47 -
14 NIOS22 JQ818375  Bacillus cereus ATCC 14579(T) AE016877 99.86 +
15 NIOS23 JQ818380  Bacillus cereus ATCC 14579(T) AE016877 99.86 +
16 NIOS27 JQ818366  Bacillus subtilis subsp. inaquosorum BGSC 3A28(T) EU138467 99.65 +
17 NIOS28 JQ818376  Bacillus safensis FO-036b(T) AF234854 100.00 +
18 NIOS29 JQ818377  Bacillus tequilensis 10b(T) HQ223107 99.29 +
19 NIOS30 JQ818381  Bacillus subtilis subsp. inaquosorum BGSC 3A28(T) EU138467 99.65 +
20 NIOADI1 JQ818382  Bacillus cereus ATCC 14579(T) AE016877 99.92 +
21 NIOAD3 JQ818385  Bacillus flexus IFO 15715(T) AB021185 99.60 -
22 NIOAD6 JQ818388  Bacillus firmus NCIMB 9366(T) X60616 97.85 +
23 NIOADS JQ818390  Bacillus firmus NCIMB 9366(T) X60616 99.27 +
24 NIOADI10 JQ818392  Bacillus stratosphericus 41KF2a(T) AJ831841 99.20 +
25 NIOADI2 JQ818394  Bacillus infantis SMC 4352-1(T) AY904032 99.70 -
26 NIOADI13 JQ818395  Bacillus infantis SMC 4352-1(T) AY904032 98.55 -
27 NIOAD14 JQ818396  Bacillus cereus ATCC 14579(T) AE016877 99.86 +
28 NIO16 JQ818401  Bacillus licheniformis ATCC 14580(T) AE017333 99.73 -
29 NIO24 JQ818411 Bacillusﬂexus IFO 15715(T) AB021185 99.43 -
30 NIOS26 JQ818359  Bacillus tequilensis 10b(T) HQ223107 99.64 +
31 NIO32 JQ818406  Bacillus licheniformis ATCC 14580(T) AE017333 98.66 -
32 NIOA JQ818416  Bacillus anthracis ATCC 14578(T) AB190217 100.00 -
33 NIOF JQ818352  Bacillus aryabhattai BSW22(T) EF114313 98.40 -
34 NIOG JQ818410  Bacillus flexus IFO 15715(T) AB021185 100.00 -
35 NIOK JQ818413  Bacillus cereus ATCC 14579(T) AE016877 100.00 +
36 NIOS JQ818419  Bacillus anthracis ATCC 14578(T) AB190217 99.90 -
37 NIOT JQ818414  Bacillus flexus IFO 15715(T) AB021185 99.81 -
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2.2. PCR screening for sfp gene

Screening for presence of the sfp gene was carried out using
theprimerssfpF-5 ATGAAGATTTACGGAATTTA 3 and
sfpR- 5 TTATAAAAGCTCTTCGTACG 3’ which amplify
a 675-bp fragment of the surfactin gene. The PCR reaction
was performed in a final volume of 25 pL containing 2.5
uL of 10X PCR buffer, 0.5 pL of ANTP mix, 1.0 uL each
of PCR primers, 0.5 pL of Taq DNA polymerase, and 1
uL each of template genomic DNA. Thermal cycling was
carried out in an Veriti 96-well thermal cycler (Applied
Biosystems, USA) with an initial denaturation of 94 °C for
25 s followed by 35 cycles at 94 °C for 10 s, 46 °C at 30 s,
and 72 °C for 1.5 min, followed by a final extension of 72
°C for 10 min.

2.3. Cloning and molecular characterization of the sfp
gene from a Bacillus tequilensis isolate
The sfp gene was amplified from genomic DNA of isolate
NIOS11 (Accession No. JQ818365) using gene-specific
primers, and the amplicons were cloned for further
analyses. The primers used in this study were essentially
those designed by Hsieh et al. (9) from the sfp sequences of
B. subtilis in view of its use as one of the most significant
producers of surfactins. The PCR product was purified
using a PCR purification kit (Axygen, USA), and a ligation
reaction was set up in 0.5-mL tubes containing 5 uL of
2X Rapid Ligation Buffer, 1 uL of T4 DNA ligase, 1 puL of
pGEM"-T Easy Vector (50 ng), and 3 puL of PCR product.
The reaction mixture was incubated at 4 °C overnight
to obtain the maximum number of transformants. The
ligation mixture was purified using a PCR purification
kit (Axygen) and transformed by electroporation using
the Gene Pulser Xcell (Bio-Rad, USA) system. From the
transformation vials, an aliquot of 500 uL was spread on
LB-agar plates containing an antibiotic (ampicillin: 100
pug mL™), X-GAL, and IPTG. Plates were incubated at 37
°C overnight. Plates were then incubated at 4 °C for 2-3
h to allow for proper color development. Recombinant
clones (white in color) were picked and grown overnight
in tubes containing LB with ampicillin. Plasmid isolation
was carried out using plasmid mini prep kits (Axygen).
Plasmids were sequenced in both directions using an ABI
3130XL Genetic Analyzer using M13 forward and reverse
primers. All raw sequences were manually screened for
vector sequences using Vecscreen and analyzed using
BLASTX and BLASTN algorithms available from the
National Center for Biotechnology Information (NCBI).
The deduced amino acid sequences of the sfp gene
were used as queries in the BLASTP algorithm with
default parameters to search for related proteins in the
nonredundant protein database available from the NCBI.
A phylogenetic tree was constructed based on the amino
acid sequences of the sfp gene using Clustal X and Mega
3 software. Reference amino acid sequences representing
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the sfp gene from different bacteria used for constructing
the tree were retrieved from GenBank (Table 2). The tree
was constructed using the neighbor-joining method and
bootstrapped 1000 times to obtain the most probable tree.
The theoretical molecular weight (Mw) and the isolectric
point (pI) of the translated peptide were calculated
using the bioinformatics tool Compute pI/Mw, available
at the ExPASy Bioinformatics Resource Portal (http://
web.expasy.org/compute_pi/). This tool calculates the
estimated pI and Mw of a specified Swiss-Prot/TrEMBL
entry or a user-entered amino acid sequence. The obtained
sfp nucleotide sequence was deposited in GenBank with
Accession No. gb| JX025778|. The deduced amino acid
sequence of the sfp gene was used to predict secondary
protein structure using the PSIRED server.

3. Results

3.1. Identification of bacterial isolates

DNA extracts from 37 Bacillus spp. were used for this study.
Similarity matching using BLAST and EzTaxon servers for
the obtained 16S rDNA sequences revealed 99%-100%
similarity matching with previously deposited sequences
in the GenBank (Table 1). The isolates belonged to Bacillus
tequilensis, Bacillus stratosphericus, Bacillus subtilis,
Bacillus safensis, Bacillus cereus, Bacillus firmus, Bacillus
anthracis, Bacillus flexus, Bacillus licheniformis, Bacillus
infantis, and Bacillus aryabhattai (Table 1). Seven of the
total 37 isolates (>20%) belonged to Bacillus tequilensis.
All the sequences obtained in this study were submitted
to GenBank (Table 1). The evolutionary relatedness of all
37 Bacillus isolates screened for the sfp gene in this study
is depicted in the phylogenetic tree (Figure 1) constructed
using the 16S rRNA gene sequences.

3.2. PCR screening for the sfp gene

The primers used were designed from the B. subtilis sfp
gene fragments to amplify 675 bases from the CDS region
of the gene. All the Bacillus isolates identified by the 16S
rRNA gene sequencing were screened for the presence of
the sfp gene using these surfactin gene-specific primers.
The results of PCR screening revealed amplification of sfp
gene fragments in 25 Bacillus isolates (Figure 2). These sfp
gene-positive isolates belonged to the following 6 species
of Bacillus: B. tequilensis, B. stratosphericus, B. subtilis, B.
safensis, B. cereus, and B. firmus. However, with the primer
set presently used in this study, no amplified PCR product
was observed in 12 isolates (Table 1). Isolates belonging to
B. anthracis, B. flexus, B. licheniformis, B. infantis, and B.
aryabhattai were negative for the sfp gene.

3.3. Molecular characterization and phylogenetic
analysis of the sfp gene from Bacillus tequilensis NIOS11
Blast and EzTaxon analyses confirmed that the bacterial
isolate NIOS11 had 99.28% similarity to B. tequilensis 10b
(T) (Accession No. HQ223107; Table 1). The phylogenetic
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Figure 1. Phylogenetic tree of 37 Bacillus isolates from marine sediments. Tree constructed using the neighbor-joining method based
on evolutionary distances computed using the maximum composite likelihood method representing the relationship between the 16S
rRNA gene sequences. Values at the nodes depict bootstrap values generated from 1000 replications. All reference sequences with cor-
responding accession numbers used for construction of the tree were retrieved from GenBank.
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Table 2. List of amino acid sequences retrieved from GenBank for analyzing evolutionary relatedness
and sequence comparison for the sfp gene obtained from the isolate Bacillus tequilensis NIOS11 used in

this study.

Accession No. Bacteria representative No. of amino acids % ID
NP_844757.1 Bacillus anthracis 249 16
YP_083725.1 Bacillus cereus 249 16
NP_832074.1 Bacillus thuringiensis 249 18
YP_001485584.1 Bacillus pumilus 230 48
YP_077646.1 Bacillus licheniformis 226 55
YP_001420004.1 Bacillus amyloliquefaciens 224 72
YP_003975938.1 Bacillus atrophaeus 224 75
ZP_06875178.1 Bacillus subtilis subsp. spizizenii 224 95
AEK64474.1 Bacillus subtilis 223 99

-

16 17 18 19 20 21 22 23 24 25

™

- = s b -

Figure 2. The sfp amplicons (675 bp long) from 25 different Bacillus isolates. Lanes 1-25: bacterial isolates positive for the sfp gene, Lane
26: blank, M: 100-bp DNA ladder.
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tree based on amino acid sequences of sfp revealed close
relatedness of this gene to earlier reported sequences from
B. subtilis (Accession No. AEK64474.1; Figure 3).

The sfp gene cloned from B. tequilensis was found to
have an open reading frame of 672 bp, which encoded 224
amino acids (Figure 4). Theoretical molecular weight was
calculated to be 26,166.33 Da, and the pI of the peptide
was 5.51 (Compute pI/Mw tool at ExPASy). The amino
acid composition showed high percentages of asparagine,
glutamine and serine residues (Table 3). BLASTP analysis
of the deduced amino acid sequence revealed this sequence
to be 99% similar to the earlier reported sfp sequence from
B. subtilis (Accession No. P39135.2).

Conserved domains of the sfp type PPTase family
of proteins were identified in the deduced amino acid
sequence from B. tequilensis isolate NIOS11. The conserved
domains Pla, P1b, P2, and P3, which are involved in
the biosynthesis of polyketides and/or nonribosomal
peptides, were observed in this sfp sequence (Figure
5). However, multiple sequence alignment of sfp amino
acid sequences from various Bacillus species revealed no
specific substitution in the isolate NIOS11 B. tequilensis
(Figure 5). Protein secondary structure prediction using
the PSIPRED server resulted in 9 a-helices and 9 B-strands
within the deduced amino acid sequence (Figure 6). A large
number of regions were also predicted to be favorable for
formations of coils in the deduced amino acid sequence.

4. Discussion

Considering the fact that the marine environment is a
promising arena to discover microbes with novel and
interesting properties, we chose to identify bacterial
strains with the potential for biosurfactant production.
The PCR screening of DNA extracts from marine Bacillus
isolates for the presence of functional sfp genes allowed us
to identity, in particular, Bacillus strains with a promising
ability for biosurfactant production. In this study we were
successful in amplifying surfactin genes responsible for

97

Table 3. The amino acid composition of the deduced sfp gene
from the isolate Bacillus tequilensis NIOS11. Length = 224 amino
acids; molecular weight = 26,166.33 Da; isoelectric point = 5.51.

Amino acid Number Mol%
Ala A 8 3.57
Cys C 5 2.23
Asp D 19 8.48
Glu E 18 8.04
Phe F 12 5.36
Gly G 9 4.02
His H 8 3.57
Ile I 17 7.59
Lys K 17 7.59
Leu L 17 7.59
Met M 6 2.68
Asn N 2 0.89
Pro P 13 5.80
Gln Q 9 4.02
Arg R 12 5.36
Ser S 22 9.82
Thr T 7 3.13
Val V 9 4.02
Trp W 2 0.89
Tyr Y 12 5.36

og| Bacillus tequilensis NIO
99 I-— Bacillus subtilis (AEK64474.1)

Bacillus subtilis subsp. spizizenii (ZP_06875178.1)

95

Bacillus atrophaeus (YP_003975938.1)
Bacillus amyloliquefaciens (YP_001420004.1)

Bacillus licheniformis (YP_077646.1)

100

—_

0.2

Bacillus pumilus (YP_001485584.1)
Bacillus thuringiensis (NP_832074.1)

Bacillus cereus (YP_083725.1)

100L Bacillus anthracis (NP_844757.1)

Figure 3. Phylogenetic tree showing evolutionary relatedness of different bacterial sfp amino acid sequences. The tree was constructed
by the neighbor-joining method using Mega 4. Its topology was tested with 1000 bootstrap replications. All reference sequences used
for tree construction were retrieved from GenBank. The bacterial isolate from which the sfp amino acid sequence was obtained in this

study is indicated in bold letters.
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ATG AAG ATT TAC GGA ATT TAT ATG GAC CGC CCG CTT TCA CAG GAA

1 45
1 M XK I Y 66 I Y M D R P L S8 Q E 15
46 GAA AAT GAA CGG TTC ATG TCT TTC ATA TCA CCT GAA AAA CGG GAG 90
16 E N E R F M s F I S8 P E K R E 30
91 AAA TGC CGG AGA TTT TAT CAT AAA GAA GAT GCT CAC CGC ACC CTG 135
31 K ¢C R R F Y H K E D A H R T L 45
136 CTG GGA GAT GTG CTC GTT CGC TCA GTC ATA AGC AGG CAG TAT CAG 180
46 L 6 D V L VvV R s Vv I S R Q Y @ 60
181 TTG GAC AAA TCC GAT ATC CGC TTT AGC ACG CAG GAA TAC GGG AAG 225
61 L D K 8 D I R F S T Q E Y G K 75
226 CCG TGC ATC CCT GAT CTT CCC GAC GCT CAT TTC AAC ATT TCT CAC 270
76 P ¢ I P D L P D A H F N I S H 90
271 TCC GGC CGC TGG GTC ATT TGC GCG TTT GAT TCA CAG CCG ATC GGC 315
91 s 6 R W VvV I ¢ A F D S Q@ P I G 105
316 ATA GAT ATC GAA AAA ACG AAA CCG ATC AGC CTT GAG ATC GCC AAG 360
106 1 p I E K T K P I S L E I A K 120
361 CGC TTC TTT TCA AAA ACA GAG TAC AGC GAC CTT TTA GCA ARA GAC 405
121 R F F S8 K T E Y S8 D L L A K D 135
406 AAG GAC GAG CAG ACA GAC TAT TTT TAT CAT CTA TGG TCA ATG AAA 450
136 K D E @ T D Y F Y H L W S M K 150
451 GAA AGC TTT ATC AAA CAG GAA GGC AAA GGC TTA TCG CTT CCG CTT 495
151 E s F I K QQ E G K G L S L P L 165
496 GAT TCC TTT TCA GTG CGC CTG CAC CAG GAC GGA CAA GTA TCC ATT 540
166 D S F 8 vV R L H @ D G Q V s I 180
541 GAG CTT CCG GAC AGC CAT TCC CCA TGC TAT ATC AAA ACG TAT GAG 585
181 E L P D S H S P C Y I K T Y E 195
586 GTC GAT CCC GGC TAC AAA ATG GCT GTA TGC GCC GCA CAC CCT GAT 630
196 v D P G Y K M A V C A A H P D 210
631 TTC CCT GAG GAT ATC ACA ATG GTC TCG TAC GAA GAG CTT TTA TAA 675
211 F P E D I T M V 8§ Y E E L L *

Figure 4. Complete nucleotide and deduced amino acid sequence of sfp gene obtained from
NIOS11 isolate (Accession No. gb| JX025778|). Start and stop codons are indicated by bold let-
ters. Arrows indicate the annealing sites of gene-specific primers used in the amplification and

cloning of the sfp gene from NIOS11.

biosurfactant production from 6 of 11 different Bacillus
species from marine sediment samples. Although B.
licheniformis and B. cereus have been earlier reported to
have sfp-specific genes, no amplification products were
obtained with the PCR primers of Hsieh et al. (9) used in
the present study.

Beinga cyclic lipopeptide with an amphiphilic structure
that imparts high surface activity and antimicrobial
properties (10), surfactin is a well-studied and widely
used biosurfactant. Among rod-shaped bacteria, strains of
Bacillus spp. are significant producers of a large number
of secondary metabolites that are diverse in structure
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and function (11). Sheppard et al. (12) reported that
the lipopeptide surfactin in Bacillus spp. is synthesized
through a nonribosomal thiotemplate mechanism. A
large number of Bacillus species, such as B. subtilis, B.
coagulans, B. amyloliquefaciens, B. pumilus, B. cereus, B.
thuringiensis, B. brevis, and B. licheniformis, are known
to produce surfactins and other variants of lipopeptides
(13-16). Such secondary metabolites produced by these
species have notable properties with great relevance in the
biotechnological and therapeutic industries (3,17). Our
study is useful to recognize the presence of the sfp gene in
the newly described B. tequilensis.



B.tequilensis
B.subtilis

B.subtilis subsp.spizizenii
B.atrophaeus
B.amyloliquefaciens
B.licheniformis
B.pumilus

B.cereus
B.anthracis
B.thuringiensis
Clustal Consensus

B.tequilensis

B.subtilis

B.subtilis subsp.spizizenii
B.atrophaeus
B.amyloliquefaciens
B.licheniformis
B.pumilus

B.cereus

B.anthracis
B.thuringiensis

POROB et al. / Turk ] Biol

—«:>——=>=40>~

10 20 30
Cee e AEREE LI SRR EER P I
“KIYGI———YI‘DRPLSQEENERFMSFSPEI NEKCR! QYQIFDKSD
EKIYGI———YI‘DRPLSQEENERFMTFSPEI NEKCR! QYQIPDKSD
—HKIYGI———YIiDRPLSQEENERFMSFSPE@EKCR QYQI!DKAD
EKIYGI -= -CI‘ERPLKQHETDRLMSF SAEIMIEKCE] EYGWYNKED
————————— EKIYGV— - —YI‘DRPLSAGEEDWSAEI NEKCR! TAAAKAYGI#DPAG]
————————— EKIYAV———YI [DQLPEAGQFN! SEEISIKKVG] HIISETFHI#PNEQ)
--------- NKIFAIQLOHIF'DDIHARKQIDQLKPESAEIS: E (QVIHDMYDI#PEDQ
MIESKVVDSHMPTLNENDCQ GRISDLQSWHYNLI#NDVIRIEKANS) LVLGKILSWWSPVQYPIDRMCPVCKLQ 90
MIESKVVDSHMPTLNENDC GRISDLQSWHYNLI#NDVIHIEKANS LVLGKILSESPVQ PIDRMCPVCKLQ 90
MIESKVVDSHMPTLNENDCOQ] ARISDLQSWHYNILJ®ND IIHJEKANS LVLGKILSMSPVQHPIDRMCSVCKVQ 90
. . * ..
’ ’ b4 bs Tas e
120 130 -
loee ] P2 - [T
ICAEDS-Ql} --ISLE| 'Y SDIfLAKDKDE®TD 159
(GAFDS-Ql=a8 —-—-ISLE]| 'Y SDIMLAKDKDE®TD 159
ICAFDS-H)3¥ J5--ISLE| Y SDIfLAKNKDE®,TD 159
ICAIDA-E)) DIEK\ IK|5--ISLD 'YRDIFLSTHKDE®ISY] 159
ICAVDS- PIGEDIEK\ J5--GTID| 'Y SDIFQOAKHPDQE,TD 159

CGAGA-QIa¥ —--INFD| HDD) KDESE! 159
(CAIDD-A --IDL 'YKDIPLSQSAE. 162
AFTKFAIRY DVMKI 179

179
179

Clustal Consensus L 1)7* i* b * * bo : |£9:>
| — -
200 210 220 230 240 250

S B R B I IR IR IR IO Ir) ENIPIN INIPININ [PICIIP INPINR
B.tequilensis SLPLDSF LHQD GQVS LPDS---HSPCYMKTYEVDPG CAAHPDFPEDITMVSYEE L--- 224
B.subtilis SLPLDSF] LHQDGQVSHMELPDS---HSPCYMKTYEVDPG CAAHPDFPEDIT\‘ SYEEWL--- 224
B.subtilis subsp.spizizenii SLPLDSF] LHQDGQVSHELPDS---HTPCYMKTYEVDPG] CAAHPDFPEDITWLSYEAWML--- 224
B.atrophaeus SLPLDSF] LRODGRVS\ELPEN---HKPCFiKTYDIDPD| CAAHSRFPES i\KMYEE L--- 224
B.umyloliquefaciens SLPLDSF] LKDDGHVSHMELPDG---HEPCFHRTYEADEE]| CAAHPDFCDGIEWKTYEEWML--- 224
B.licheniformis SLPLDSF] LNEQGRASYETPPG---YPPCYMOAYEIDPG CSAAPEFPGRIVWKSCAEIMSML- 226
B.pumilus SYGLSSF] LSEDGQATITLPDH---EAPCE\QTYSLDP. CTRKPSAAERVEMLSCHD\YLARL 230
B.cereus ISPVDIjyISAPNDSPN! FKDRQELVENTVZRDLRPSVD; ICSKEVTEITQI#DAVALISTYK- 249
B.anthracis ISPVDIWISAPNDSPN FKDRQELVENTVIURDLRPSVD ISSKEVTEITQUWDAVALIMTYK- 249
B.thuringiensis IPPVHIWWVSAPNDPPN FKDRQELLNNTM!EDVKPSLD IFSKEVTEITQWDAAATIMNLK- 249
Clustal Consensus * ok : : : LN : : 70

Figure 5. Multiple sequence alignment of the sfp amino acid sequence obtained in this study (Accession No. gb| JX025778|) with other
representative Bacillus sfp amino acid sequences. Conserved amino acid residues are shaded in color. Asterisks indicates identity; colons
and periods denote amino acid conserved substitutions. The secondary structure elements (o for alpha helix, § for beta strand, and coils)
are shown with yellow arrows, green rods, and black lines, respectively. Amino acid residues representing conserved domains of the

PPTase family of proteins are shown in red boxes.

The sfp gene in Bacillus species encodes
phosphopantetheinyl transferase and is required for the
nonribosomal biosynthesis of surfactin. The sfp gene is an
important member of the srfA operon, which codes for a
nonribosomal peptide synthetase complex also known as
surfactin synthetase (5). The srfA operon houses 4 genes
(srfAA, srfAB, srfAC, and srfAD), which together code for
the surfactin synthetase subunits. 4-Phosphopantetheinyl
transferase (sfp/pptase) is an activating enzyme for the
stfA multienzyme complex (18). The sfp gene converts
the inactive protein, which forms surfactin synthetase to
active forms (19). Thus, sfp plays an important role in the
production of biosurfactants (20).

Bacteria from the genus Bacillus have always been ex-
ploited for the production of enzymes and compounds
with industrial and pharmaceutical applications (21,22).
Altogether, we were able to amplify sfp gene products

from 25 bacterial isolates using this particular primer set
(Table 1). The species which were identified as positive
for the sfp gene in the PCR experiment were close rela-
tives of the species B. subtilis, which is most often studied
and traditionally utilized for the production of large vari-
eties of biosurfactants (20). The most interesting finding
in this study was the presence of the sfp gene in all 7 B. te-
quilensis isolates from the marine sediment samples that
were screened for this gene. The bacterium B. tequilensis
is a gram-positive, spore-forming Bacillus that has been
recently reported as a new species (23). The phylogenetic
tree constructed in this study using 16S rRNA gene se-
quences showed the isolate NIOS11 to be closely placed
with B. subtilis (Figure 1). This result is in agreement with
the previous findings of Gatson et al. (23), who reported
the species B. tequilensis to be a very close relative of the
strain B. subtilis 168.
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Figure 6. Protein secondary structure predictions using PSIRED
for the deduced amino acid sequence of the sfp gene obtained
from the isolate Bacillus tequilensis NIOS11.

The B. tequilensis sfp gene was 675 bp in length and
encoded for 224 amino acids. BLASTP analysis of the
deduced amino acid sequence revealed this sequence to
be 99% similar to the earlier reported sfp sequence from
B. subtilis (Accession No. P39135.2). The phylogenetic tree
based on the sfp amino acid sequence showed sequences
from this species on the same node along with the sfp
sequence of B. subtilis. This, in all likelihood, is due to the
close phylogenetic proximity of B. tequilensis to B. subtilis.

On analyzing the complete nucleotide sequence
of the sfp gene from B. tequilensis, the conserved
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phosphopantetheinyl transferase (PPTase) motifs PO, Pla,
P1b, P2, and P3 were identified. PO, P1a, and P1b were first
characterized by Orikasa et al. (24). Similarly identified P2
and P3 domains had been earlier characterized and defined
by Weismann et al. (25). These domains are identified as
being responsible for the biosynthesis of nonribosomal
peptides and/or polyketides. The presence of such domains
in the B. tequilensis isolate makes it an ideal candidate
for exploring the possibilities of its application in the
production of biological surfactants like surfactins.

The conservation of sequence features was evident from
the multiple sequence alignment of the sfp amino acid
sequence obtained from B. tequilensis along with sequences
from various Bacillus species (Figure 6). The amino acid
composition as determined by the deduced amino acid
sequence showed high percentages of asparagine, glutamine,
andleucineresidues (Table 3). Surfactinsare known to possess
amphipathic properties where the B-hydroxy fatty acids
form the hydrophobic domain, and certain amino residues
such as asparagine, glutamine, and leucine are generally
responsible for imparting to it the hydrophilic nature of the
surfactins. This property also makes surfactin a desirable
candidate in bioremediation for subsurface pollution and
augmentation of the availability of hydrophobic compounds
like oil and polyaromatic hydrocarbons for enhanced
microbial degradation (26).

In conclusion, our study is useful for ascertaining the
reliability and ease of molecular methods for detection
and screening, in particular of Bacillus spp. producing
surfactin from the marine environment. Detection of the
presence of the sfp gene encoding 4-phosphopantetheinyl
transferase in the isolate B. tequilensis NIOS11 is a new
report. A comparison of B. tequilensis NIOS11 sfp amino
acid sequences with other known surfactins has revealed
a high degree of sequence conservation of PPTase motifs
and the presence of identical features commonly associ-
ated with most functional surfactin-producing domains.
Further work on the efficiency and specific properties of
the enzyme are needed, but the results from its molecular
characterization and substantial similarities to surfactins
produced by B. subtilis make B. tequilensis an ideal can-
didate for exploring the potential for its application in the
production of biosurfactants.
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