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Abstract

A thermophilic bacterial strain having the ability to produce L-tryptophan enzymatically was isolated
and identified from a less explored hot spring of West Bengal. The isolate was identified using polyphasic
taxonomic approach as a strain of Bacillus licheniformis. Initially, the 16S rRNA gene and later the whole
genome of the isolate was sequenced and submitted to the NCBI Gene Bank for future reference. The
isolate showed considerable tryptophan synthase activity and may be a potential candidate for mass
production of L-tryptophan by enzymatic means.
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INTRODUCTION

L-tryptophan, an essential aromatic
amino acid, is widely used in food, chemical
and pharmaceutical industries. Demand for
L-tryptophanisincreasing day by day. Itis effectively
used in treating schizophrenia, insomnia, and
alcoholism®?; for the large-scale production of
many small peptide antibiotics and a number of
value-added products like serotonin,* melatonin®
etc. In addition to that, immunomodulatory
effects of tryptophan and tryptophan metabolites
(both host and gut microflora derived) have been
reported from various preclinical studies.®

Industrially L-tryptophan is produced
either by microbial fermentation from cheap and
readily available carbon and nitrogen sources
or by enzymatic means using intermediates of
the chorismate pathway like indole—glycerol
phosphate or indole as substrate (see Figure
1). Tryptophan synthase, the key enzyme for
enzymatic production of L-tryptophan, is a
bifunctional tetrameric enzyme that catalyses
the conversion of indole 3-glycerol phosphate
and serine to tryptophan and water in the last
two steps of the biosynthetic pathway in most
of the producer organisms.” In bacteria, the
two reactions are catalysed by separate a and
B-subunits, which combine to form a stable
(aB)2-heterotetramer.t® Tryptophan synthase is
considered as a ‘Biocatalyst Extraordinaire’, due to
its ability to synthesise L-tryptophan and a wide
array of non-canonical amino acids.*® Apart from
that, tryptophan synthase, the key biosynthetic
enzyme of the tryptophan biosynthesis pathway is
recently used as a drug target to develop specific
drugs for controlling various pathogenic bacteria.™
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In the present study, we have isolated,
purified, and identified a thermophilic bacterial
strain from the Paniphala hot spring water which
is situated near Baraboni area of Asansol, West
Bengal, India (23°45'33"N, 86°58'54"E) (Figure 2).

MATERIALS AND METHODS

Isolation of thermophilic tryptophan producing
bacteria

Water samples (temperature- 60.2°C,
pH-6.9) were collected from the hot springs of
Paniphala, West Bengal in sterile screw capped
bottles and were passed through sterile bacterial
filter disc using syringe filters. The bacterial cells
collected on the filter pad were added directly
in sterile Davis & Mingioli’s (DM) broth medium
containing KH,PO, 0.3 g, K.HPO, 0.7 g, tri sodium
citrate 0.05 g, MgSO,.7H,0 0.02 g, (NH,),SO, 0.1
g, glucose 1%, distilled water 100 mL, pH 7.2
and incubated at 55°C for visible growth. The
culture broth was serial diluted and plated on
DM agar medium and incubated at 55°C. After 24
hrs incubation, colonies with good growth were
isolated and purified by four-way streaking on
sterile DM agar medium.

Genomic DNA isolation and sequencing of 16s
rRNA gene of isolate 3C1

A Genomic DNA kit (PureLink ™ Genomic
DNA Mini Kit Catalog number: K182001) was used
for genomic DNA isolation of B. licheniformis 3C1.
The purity of the isolated Genomic DNA samples
was tested by agarose gel electrophoresis. The
isolated genomic DNA sample was purified using
the HiMedia Genomic DNA purification Kit and was
sent to National Centre for Microbial Resource-
NCCS, Sait Trinity, Pashan, Pune- 411021.

COO~
NH.
E:EC
N
H
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Figure 1. General scheme of the tryptophan synthase reaction. Indole, which is formed from IGP by the a-subunits
is channeled to B-subunits, which synthesise tryptophan from indole and serine (Kriechbaumer et al.’)
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Preparation of cell lysate

B. licheniformis 3C1 cells were inoculated
into 20-mL volumes of the modified M9 broth
from a slant culture and incubated at 37°Cand 140
rpm for 16 h. The broth culture then centrifuged
at 10000g for 5 min at 4°C. The supernatant was
kept in a separate tube and the cell pellet was
suspended in 50 mM Tris-HCI buffer (pH 8.2),
washed through centrifugation, and resuspended
in the same buffer. The suspended cells are
disrupted using an ultrasonic homogenizer. The
lysates were clarified by centrifugation at 12000g
for 10 min at 4 °C. The supernatants and clarified
cell lysates were used to measure tryptophan
synthase activity.

Determination of optimum temperature and pH
of the growth medium

To determine the optimum temperature
for maximum growth of the bacterial isolate 3C1

was grown in 20 ml portion of sterile DM medium
in conical flask in triplicate set at various growth
temperature ranging from 30 to 70°C in shaking
(200 rpm) condition in an incubator shaker after
inoculating the medium with 2% v/v of aqueous
suspension of washed bacterial cells (5 x 107 cells/
ml) from 24 hrs old slant culture.

To determine the optimum medium pH
for maximum growth of the isolated bacterial
strain, 20 ml portion of DM medium supplemented
with indole and serine were taken in 100 ml conical
flasks in triplicate set for each pH ranging from 5
to 9. Medium pH was adjusted using 1N HCl or 1N
NaOH as required. After sterilization, each flasks
was inoculated with 2% v/v of aqueous suspension
of washed bacterial cells (5 x 107 cells/ml) from
24 hrs old slant culture and were incubated in an
incubator shaker at 60°C Growth was measured
after 24, 48 and 72 hrs of incubation in a UV-VIS
spectrophotometer at 600 nm.

Figure 3. Photomicrograph of the Gram stained cells
of isolate 3C1

Assay of tryptophan synthase

Ability of the isolated thermophilic strain
for the enzymatic production of L-tryptophan was
tested in an assay mixture containing cell extract
as a source of tryptophan synthase along with
indole-3-glycerol phosphate (IGP) and serine as the
precursor substrates in a buffered environment.
For this purpose, cell extract of 3C1 (200 pL) was
incubated for 30 mins, at 55°Cin 80 mM potassium
phosphate buffer, pH 8.0 containing 100 uM IGP,
60 mM L-serine, 50 uM pyridoxal phosphate (final
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concentration) in a total volume of 1 mL.*? After  L-tryptophan as the end product was assayed
incubation, the reaction was stopped by adding  following the method described below.
1 mL 10% TCA solution, and the formation of
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Figure 4. Optimization of incubation temperature for optimum growth of the isolate 3C1. Series 1= OD600 after
24 hrs growth, Series 2= OD600 after 48 hrs growth, Series 2= OD600 after 72 hrs growth. All data are average of
three replicates
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Figure 5. Optimization of medium pH for maximum growth of isolate 3C1. Series 1= OD600 after 24 hrs growth,
Series 2= OD600 after 48 hrs growth, Series 2= OD600 after 72 hrs growth. All data are average of three replicates
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Spectrophotometric quantification of
L-tryptophan

Tryptophan formed in the assay mixture
was measured following the method developed
by Ren et al.®®* Diphenylamine sulphonate of

the assay mixture oxidises to diphenylbenzidine
sulphonic acid after reacting with sodium nitrite
in the sulphuric acid medium. The unstable
oxidation product reacts quickly with sodium
nitrite to produce a diazotized intermediate.

Table 1. Showing Morpho-physio-biochemicals characters of isolate 3C1. ( *Methyl Red (MR) and Voges Proskauer
Tests are done to know the type of glucose fermentation pathway an organism uses. If the organism ferments
glucose by mixed acid fermentation, it shows a positive MR test, and if uses a butanediol fermentation pathway
it shows positive for VP test.)

Sample 3C1
Colony Morphology on R2A agar  Shape Irregular
Color Off White (more yellowish)
Opacity Opaque
Consistency Sticky
Margin Irregular, undulating
Elevation slightly raised with an uneven surface
Cellular morphology Shape Large rods
(Figure 3) Arrangement Mostly filamentous
Gram’s Nature Positive
Spore forming ability Spore former
motility Motile
Physio-Biochemical tests Amylase Test Positive
Nitrate reduction test Positive
Indole production Negative
Methyl Red test* Positive
Voges Proskauer test Negative
Citrate utilization Negative

>B_APR 18 251

TCATAAAAGGTGGCTTTTAGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGT
AACGGCTCACCAAGGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAG
ACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACG
GAGCAACGCCGCGTGAGTGATGAAGGTYTTYGGATCGTAAAAGTCTGTTGTTAGGGAAGAACAAGT
ACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGC
AGCCGCGGTAATACGTAGGTGGCAAGCGTTGTCCGGAATTATTGGGCGTAAAGCGCGCGCAGGCGG
TTTCTTAAGTTTGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAAACTGGGGAACTTG
AGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAGAGATGTGGAGGAACAC
CAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGCGCGAAAGCGTGGGGAGCGAACA
GGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTT
TAGTGCTGCAGCAAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAA
GTGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAATGCAACGCGAAGAAC
CTTACCAGGTCTTGACATCCTCTGACAACCCTAGAGATAGGGCTTCCCCTTCGGGGGCAGAGTGAC
AGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAA
CCCTTGATCTTAGTTGCCAGCATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGG
AAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGGCA
GAACAAAGGGCAGCGAAGCCGCGAGGCTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCA
GTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATAC
GTTCCCGGGCCTTGCACACACCGCCCGTC

Figure 6. 16S rRNA gene sequences of 3C1
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When the diazotized intermediate is coupled with
tryptophan, a pink color product is developed,
which is stable for at least 1 h at the ambient
temperature. This colored product has an
absorption maximum of 522 nm and the molar
absorptivity is 0.89x10* L/mol-cm.

RESULTS

Isolation of thermophilic tryptophan producing
bacterial strain

Out of 132 pure cultures, isolate from
the water samples of the Paniphala hot spring,
as described in the materials and methods
section, 3C1 was finally selected on the basis of

its tryptophanase negative character, maximum
growth rate in DM broth medium, and tryptophan
synthase activity for further study (data not
shown).

Morphological, cultural, and physio-
biochemical characteristics of the selected isolate
3C1 were studied following standard protocol
available elsewhere, and the results obtained are
presented in Table 1.

Determination of optimum temperature and pH
of the selected growth medium for isolate 3C1
Growth of the selected isolated in
varying initial medium pH of 7.2 and incubation
temperature of 55°C were tested to find out the

Table 2. Microbial Identification Report for PRN B_APR_18 250 & 251, NCMR, NCCS, Pune

PRN Strain No. Closest neighbour

B_APR_18_251 3c1
ATCC 14580(T)

Bacillus licheniformis

Accession No. % Similarity

AE017333 99.67

§B_APR_I8_25I

" Bacillus licheniformis strain HBUAS73130 16S ribosomal RNA gene, partial sequence

firmicutes | 88 leaves

Bacillus sp. (in: Bacteria) strain CCESR10439 16S ribosomal RNA gene, partial sequence
*Bacillus licheniformis strain CP6 chromosome, complete genome
7 Bacillus licheniformis partial 16S rRNA gene, isolate 11B2-13
Bacillus subtilis strain XeM11 16 ribosomal RNA gene, partial sequence
Bacillus subtilis strain XeM7 168 ribosomal RNA gene, partial sequence
¥ Bacillus sp. PAMC28748 chromosome, complete genome
©Bacillus licheniformis strain IN_594 16S ribosomal RNA gene, partial sequence
¥ Bacillus licheniformis strain IN_459 16S ribosomal RNA gene, partial sequence
© Bacillus licheniformis strain C7 168 ribosomal RNA gene, partial sequence

" Bucillus licheniformis strain HBUAS664845 16S ribosomal RNA gene, partial sequence

Bacillus licheniformis strain 3C1 168 ribosomal RNA gene, partial sequence

Label color map

[ J|auery
D from type material

Blast names color map

firmicutes
unknown

Figure 7. Phylogenetic tree of the selected isolate having tryptophan synthase activity obtained from Paniphala

hot spring, Barabani, Asansol, West Bengal, India
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optimum temperature (Figure 4 ) and medium pH
(Figure 5) for the growth of 3C1.

Identification of the isolate 3C1 on the basis of
its 16S rDNA sequence homology

Genomic DNA of the selected thermophilic
bacterial strain viz 3C1 was isolated and the 16S
rRNA gene was sequenced following the method
described in the materials and methods section.
The sequenced 16S rRNA gene of isolate 3C1
(Figure 6) was obtained from the NCMR-MCCS
Pune in Fasta format and was compared the 16S
rDNA sequences available in the NCBI database
using BLAST. The similar sequences were analyzed
using CLUSTALW and the phylogenetic tree of the
sequences was generated (Figure 7) which revealed
that the type strain of Bacillus licheniformis ATCC
14580(T) is the closest relative of isolate 3C1with
a sequence homology of 99.67% (Table 2). The 16S
rRNA gene sequence of isolate 3C1 is submitted
in NCBI Gene Bank having accession number
MN294568.

The isolated strain was identified on
the basis of its morpho-physio-biochemical
characteristics (Table 1) and 16S rRNA gene
sequence homology (Figure 6 & 7) as a strain of
Bacillus licheniformis.

DISCUSSION

Geothermal hot springs with a
temperature range of 50-60°C or higher are
excellent ecological niche for versatile thermophilic
microorganisms. In the present work bio-
prospecting of thermophilic microbes of a local,
less explored hot spring, situated at Paniphala,
near Barabani, Asansol, Burdwan West was done
for enzymatic production of L-tryptophan. Water
samples were collected from the hot spring, its
physical parameters were recorded and culturable
microbes were purified on suitable agar medium
and tested for their tryptophan synthase activity.
Finally, on the basis of tryptophan synthesis
efficiency one isolate was selected for further
study. Bioprospecting of thermophilic microbes
isolated from several hot springs throughout the
world by various workers are previously reported
but reports on enzymatic tryptophan production
by thermophilic microbes are limited.

The isolate was identified as a gram
positive rod shaped bacteria, closest to Bacillus
licheniformis with 99.62 % similarity of 16S
rRNA gene sequence. The strain is positive for
catalase, amylase and protease but negative
for IMVIC, nitrate reduction and indole test. It
showed optimum growth temperature at 60°Cand
optimum pH at 8.0 with a wide range of growth
temperature and pH which makes it suitable as
industrial strain. Industrial strain having capacity
to grown optimally in a wide range of temperature
has added advantages. Wen et al.*and Ferrer et
al.*® reported production of L-tryptophan from its
precursors by Corynebacterium glutamicum and
E. coli at 30°C and 37°C, respectively. To improve
L-tryptophan production the tryptophan synthase
of E. coli was genetically engineered.'®'” so that it
can act optimally at higher temperature and pH
(40°C and pH 8.0 respectively) then its natural
optimum growth temperature and pH of 30°Cand
7.0 respectively. Several authors reviewed*®*® the
use of various thermophilic bacterial strain for
biotransformation of precursor metabolites into
final products and concluded that thermophiles
has many advantages over their mesophilic
counterparts for the said purpose. Capacity of
the isolated strain for enzymatic synthesis of
L-tryptophan was assayed in vitro in terms of
tryptophan formation from a mixture of IGP
(indole glycerol phosphate), serine, pyridoxal
phosphate and toluene treated permeabilised cells
with respect of time. The added advantage is that
the isolated strain is negative for tryptophanase
(indole test negative). Though thermophilic
bacteria having high tryptophanase activity are
not yet reported in large number, similar activity
by several mesophilic counterparts are already
reported by several researchers.** 18 |n most of
the reports the main bottleneck was the stability of
the tryptophan synthase enzyme of the mesophilic
tryptophan synthase at commercial production
condition for a prolonged period.?**? Being a
thermophilic, tryptophan synthase from test
strain is expected to show high thermal-stability
for a prolonged period. From the initial study,
it appears that the isolated Bacillus strains may
be further exploited for enzymatic production of
L-tryptophan.
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