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Abstract

Aim: To study decolorization (with concomitant depletion) of p-nitrophenol by a bacterial strain designated as PNPG3 and determination of draft genome
sequence of the strain to understand its potential.

Methodology: A comparative study of PNP’s decolorization (with
concomitant removal) in three different test conditions was undertaken.
The experiment was carried out in one-liter volume Schott Duran

bottles. Genomic DNA was extracted and draft genome sequence was l
determined using lllumina HiSegX platform. Raw reads were
assembled and subjected to subsystem classification using several
bioinformatics tools (RAST, PATRIC, and NCBI's PGAP pipelines). The
genome sequence was deposited at the NCBI Genome database and l
the strain PNPG3 was also deposited at MTCC, IMTECH, Chandigarh.

p-nitrophenol (PNP): a priority pollutant of all ecosystems

Pseudomonas sp strain PNPG3 was isolated from
river Ganges, capable of decolorization of PNP

Results: The bacterial strain PNPG3 could carry out decolorization Decolonization based  study to determin the effigacy of he strain

with concomitant removal of PNP in all three sets of experiments, l
including one set, where only distilled water was used. The best
decolorization (with concomitant PNP removal) capacity was recorded

for set D (with Minimal Medium, MM; PNP, and free cells) followed by Report of draft genome sequence of strain PNPG3

set E (MM, PNP, and immobilized cells) and set B (distilled water, PNP 1

and free cells) conditions. The size of the draft genome sequence of the

strain PNPG3 was 6,566,321 bp, with 62.26% GC contents. The Genome size-6,566,321bp,GC content- 62.26%,
genome had 6210 protein-coding sequences and 66 tRNA genes. The 6210 protein-coding sequences and 66 tRNA genes;
predictive presence of different types of proteases and siderophore Proteases and siderophore receptors present

receptors indicated its possible potential for industrial applications and
plant growth-promoting activities.

Interpretation: The bacterium Pseudomonas sp. strain PNPG3 has the capacity to decolorize p-nitrophenol even in presence of distilled water and it
remains viable for up to twelve days. The genome sequence revealed that the strain harbored genes responsible for the metabolism of aromatic compounds,
chemotaxis, protease, and siderophore receptors indicating the versatile nature of the strain.

Key words: Decolorization, P-nitrophenol, Pseudomonas sp., RAST, Xenobiotic

How to cite : Aftabul Alam, S.K. and P. Saha: Decolorization of p-nitrophenol and draft genome sequence of Pseudomonas sp. strain PNPG3: A preliminary report.
J. Environ. Biol., 44, 578-586 (2023).

© Triveni Enterprises, Lucknow (India) Journal of Environmental Biology 2023 Vol.44 | 578-586


https://orcid.org/0000-0002-2309-0905

S.K. Aftabul Alam and P. Saha : Decolorization of p-nitrophenol by Pseudomonas sp. 579

Introduction

PNP (p-nitrophenol) is a phenolic compound that is
extensively used in synthetic chemistry with its application in the
manufacturing of dye, explosive, pharmaceutical, pesticide,
petrochemical, and leather industries (Prakash et al., 1996). Over
the past few decades, due to its wide application, persistent, toxic,
recalcitrant nature, PNP is considered as one of the well-known
priority pollutants by the United States Environmental protection
agency (Alam and Saha, 2022b). It is reported to have wide
environmental distribution (Nielsen et al., 2011; Sengupta et al.,
2018). PNP is an uncoupler of oxidative phosphorylation and is
reported to act as a mutagenic and carcinogenic agent (Kitagawa
et al., 2004; Arora, 2012). Moreover, this water-soluble, toxic
compound is also produced as a hydrolysis product from
extensively used organophosphate agrochemicals like parathion,
methyl parathion, and herbicides like dinoseb and dinitrocresol
(Prakash et al., 1996; Labana et al., 2005; Sengupta et al., 2018).
The maximum permissible limit of PNP is documented to be 10ng
ml”in the natural water bodies (Kulkarniand Chaudhari, 2006).

Due to its potential toxicity and other hazardous effects,
its presence in the environment (over permissible limit) is a of
public concern. Therefore, rapid decontamination of this
xenobiotic compound is desirable. Bioremediation of PNP by
microorganisms is currently considered as the best possible
pollution-free, cost-effective, and eco-friendly approach
compared to physical, chemical, and physico-chemical methods
(Labana et al., 2005). Ganga is one of the major rivers of India,
forming the lifeline of the North-Indian subcontinent (Ghirardelli et
al., 2021). The bank of this river supports hundreds of millions of
human populations. Over the past few decades, rapid
urbanization, population explosion, and the release of industrial
wastes into the river water has converted the holy river Ganga into
the fifth most polluted river in the world, (Jhariya and Tiwari,
2020). Although, till date, no reports are available on PNP from
Ganges water, its contamination reports from several other rivers,
namely, the EI Harrach river of Algeria; river Dene, England; river
sediment in Argentina; Huai river, Hai river, and Yellow river of
China; (Loser et al., 1998; Kowalczyk et al., 2015; Gemini et al., 2005;
Kuang et al,, 2020), has indicated possible contamination of river
Ganges with PNP. This might be also due to the absence of studies
addressing the monitoring of PNP from Ganga water, in literature.
Recently, (Alam and Saha, 2022) have reported the presentce of
PNP-degrading bacteriainriver Ganga, Hooghly, WestBengal .

Literature survey have revealed, several PNP-degrading
bacteria like Pseudomonas cepacia strain RKJ200; Serratia sp.
strain DS001; Citriococcus nitrophenolicus strain  PNP1;
Rhodococcus sp. BUPNP1 (Prakash et al., 1996; Pakala et al.,
2007; Nielsen et al., 2011; Sengupta et al., 2018). However, these
bacterias have been reported from soil ecosystems. In the Indian
scenario, there is no authentic literature on PNP degrading
aquatic bacterium, especially from the river Ganges except for the
recently reported Brachybacterium sp. strain DNPG3 (Alam and
Saha, 2022). Genomic information is considered the basis for all

phenotypic properties and today genome sequencing has
become easier following the introduction of next-generation
sequencing (NGS) approaches. To develop a better
bioremediation strategy, it is important to understand the full
potential and applicability of bacterial strains involved in the
biodegradation process. The genome sequence provides a
blueprint of all phenotypic potentials (including functional
activities) possible with a given organism and thus, is of huge
importance. In light of the above, study, a comparative study
decolorization of PNP (in three experimental sets and two control
sets with laboratory-based aquatic systems), as well as a draft
genome sequence of the strain PNPG3 was undertaken.

Materials and Methods

Selection of bacterium: A PNP decolorizing bacterium,
Pseudomonas sp. strain PNPG3 was isolated from a water
sample collected from the river Ganga, Chinsura, Hooghly, West
Bengal, India, by enrichment method on minimal medium
supplemented with 0.5mM PNP as the sole source of carbon.
Basal MM was solidified with agar, whenever required. The pH of
the medium was adjusted to 7.0 (x 0.2) before sterilization by
autoclaving. Growth of the strain on PNP-containing agar plates
and its subsequent decolorization of yellow color were
considered positive for the PNP utilization phenotype.

Comparative decolorization study in isolated, laboratory-
based aquatic systems: To determine the usefulness of the
strain PNPG3 for decolorization (with concomitant removal) of
PNP, five experimental setups were made. The content of these
five sets were: Set A: one-liter ddH,O + 0.5mM PNP; Set B: one-
liter ddH,O +0.5 mM PNP + Strain PNPG3; Set C: one-liter MM +
0.5mM PNP; Set D: one-liter MM + 0.5mM PNP + strain PNPGS3;
Set E: one-liter MM + 0.5mM PNP + immobilized PNPG3 within
calcium-alginate beads. The 0.5mM PNP wherever added were
previously filter sterilized (0.22 pore size, PVDF syringe driven
sterile filters from Millipore). Experimental sets B and D were
inoculated with a fixed number of cells (3x10° cells mI™). In order
to determine the role of a suitable carrier material, immobilization
was carried out with the strain PNPG3 in calcium alginate beads
asreported by Alam and Saha (2022a).

The set E was inoculated with 25 calcium alginate beads
each containing 1.4x10° bacterial cells (determined through a
viable count experiment). All the experimental setups were
incubated at room temperature (in the laboratory that varied from
30°C to 35°C) in a static condition, to simulate natural conditions.
From each experimental setup, a requisite amount (2 to 5ml) of
the solution was withdrawn aseptically and was processed for
determination of depletion of PNP, viable count and the pH (by
using Eutech Digital pH 700), after a regular time interval.
Depletion in the amount of PNP was monitored by using a UV-Vis
spectrophotometer (Shimadzu, Japan) at 410 nm after every 24
hrs ofintervals. The percentage of PNP depletion was determined
as reported by Sengupta et al., 2015. All the experiments were
performed in triplicates for statistically significant results.
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Bacterial genomic DNA isolation, whole-genome sequencing,
assembly, and annotation: Freshly grown culture (for overnight
on TSB, at 28°C, 120 rpm shaking) was taken for extraction of
genomic DNA following Pitcher et al., (1989). The purified
genomic DNA of strain PNPG3 was sequenced by lllumina
HiSegX with a read length of 151 bp. De novo metagenome
assembly was carried out using the metaspades assembler
(v3.11.1) with k-mer size 55 using the de-Bruijn graph method
(Nurk et al., 2017). The genome was annotated and analyzed
using NCBI's PGAP (Tatusova et al., 2016), RAST server (Aziz et
al., 2008), and PATRIC (Davis et al., 2020). CGView server was
used to visualize a graphical circular map of the entire genome of
strain PNPG3 (Grant and Stothard, 2008). All the genes coding
for exopolysaccharide, proteases, and siderophore receptor of
Pseudomonas sp. strain PNPG3, were manually extracted and
each of these sequences were used as queries in BLAST_X
using the non-redundant protein database to determine the
homologus sequences.

Accession number(s): Raw reads of genomic data and
nucleotide sequence of PNPG3 strain were deposited to NCBI
under accession no- SRR18163134 and JALLKV0O0 0000000
respectively. The strain PNPG3 was deposited to MTCC,
IMTECH, Chandigarh (accession no-MTCC13126).

Statistical analyses: The statistical parameters tested were the
correlation coefficient between time and percentage of PNP
depletion for experimental sets B, D, and E. The same values
were also calculated for the paired t-test.

Results and Discussion

Due to rapid urbanization and industrialization, most of
the ecosystems are currently polluted with toxic xenobiotic
compounds (Wen et al., 2017). River Ganga is one of the major
rivers of India, providing fresh water for consumption and also
some source of livelihood for the human population living along its
bank (Ghirardelli etal., 2021). Since PNP contamination has been
reported in different rivers of different countries, it is expected that
PNP might have also contaminated Ganges water, as PNP is now
considered as a widespread toxic chemical in the ecosystems.
Although, there are reports on the presence of various groups of
pesticides, phenolics, and heavy metals (beyond permissible
limits), reports on PNP pollution in rivers Ganga totally absent.
This may be due to lack of exploration studies in connection with
specific PNP residues, in Ganga water. Pure water is now a
priceless resource for sustaining life, and therefore, study on
contamination and possible remedial activities is of outmost
importance. Since the river Ganges happens to be the major
source of drinking water for almost all cities of north India.
Systematic studies towards the presence of PNP decolorizing
bacteria were aimed. Their presence will provide possible indirect
clues for the presence of PNP. Thus, attempts were made to
isolate PNP decolorizing aquatic bacteria from the river Ganges in
Chinsurah, Hooghly district, West Bengal, India. In the present
study, although several bacterial strains were obtained by

enrichment culture technique using PNP as a sole source of
carbon, Pseudomonas sp. strain PNPG3 was selected for further
experimental work. A comparative study of decolorization (with
concomitant removal) of PNP in isolated laboratory-based
aquatic systems was carried out to assess the PNP depletion
efficacy and efficiency at a moderately bigger setup. Also, to
develop a better, effective PNP biodegradation strategy,
parameters affecting growth conditions like pH of the medium was
also studied. The comparative decolorization (with concomitant
depletion of PNP) revealed that the test experimental sets carried
out with MM, PNP, and free cells (Set D), decolorization occurred
after 168 hrs and become was complete after 216 hrs. From Fig.
1a, it is evident that after 216 hrs, almost 99.09% PNP was
depleted in set D. While, in Set E (test experiment with MM, PNP,
and immobilised cells), decolorization occurred after 216 hrs and
during this time approximately 98.86% PNP was depleted. With
the experimental Set B, (containing ddH,O and free cells),
decolorization occurred after 240 hrs with 94.4% PNP depletion.
Control experimental sets showed no decolorization and a very
negligible amount of depletion in PNP (Set A- 2.8%; Set C- 4%)
(Fig. 1a). These experimental findings indicated that with MM,
decolorization (and PNP depletion) efficiency was best. However,
with distilled water, the strain showed comparatively less
decolorization, but the cells remained viable for longer duration of
time (up to twelve days). Since it is an aquatic bacterial strain, it
may have inherent adaptive features for survival and protection
(maybe through compatible solute production), that might have
triggered in distilled water set. This aspect needs to be explored
further through experimental evidence.

The experimental results showed that decolorization of
the medium occurred at pH 6.8. In the case of B experimental
setup, at the onset of the experiment, the pH of the medium was
7.5and ittook 240 hrs to change the pH of the medium to 6.72 and
the medium started to decolorize (94.4% PNP depletion).
Whereas for the D and E experimental sets, it took 168 and 192 to
change the pH of the meduim to 6.77 (96.06% PNP depletion) and
6.79 (84.7% PNP depletion), respectively, showing
decolorization. Labana et al. (2005), while performing a
microcosm study with Arthrobacter protophormiae RKJ100,
reported that complete depletion of PNP in the soil occurred at pH
7.5; at alkaline pH (9.5) complete depletion of PNP took pH (1.5)
longer time while at acidic PNP depletion was minimum. In the
control sets negligible amount of PNP depletion was observed
(Fig. 1a). These resultindicated that the rates of PNP depletion by
the immobilized cells were slower than the free cells.

The depletion study was carried out at temperatures
ranging between from 30°C-35°C, to simulate natural day
conditions. Although, Leahy and Colwell (1990) reported that at a
lower temperature, biodegradation of hydrocarbon was found to
be slower as compared to higher temperatures (30°C-40°C).
From the viable count experiment, it was observed that the
number of viable cells increased initially and started declining
after 144 hrs. To determine the statistical significant of
decolorization (with concomitant removal of PNP) a correlation of
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Fig.1: Comparative decolorization studies of p-nitrophenol (a) Percentage depletion and (b). Residual concentration.
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Fig. 2: Pseudomonas sp. strain PNPG3 circular view of genome with ORFs (blue color), positive GC skew green), negative GC skew (violet), and GC
content (black).

® Journal of Environmental Biology, July 2023 ¢



582 S.K. Aftabul Alam and P. Saha : Decolorization of p-nitrophenol by Pseudomonas sp.

Subsystem Coverage

Subsystem Category Distribution

50%

Subsystem Feature Counts

@ M Cofactors, Vitamins, Prosthetic Groups, Pigments (347)
@ M Cell Wall and Capsule (184)
@ M Virulence, Disease and Defense (159)
@ M Potassium metabolism (28)
® M Photosynthesis (0)
@ Miscellaneous (60)
® M Phages, Prophages, Transposable elements, Plasmids (36)
@M Membrane Transport (224)
@M Iron acquisition and metabolism (92)
®  RNAMetabolism (167)
| W Nucleosides and Nucleotides (141)
@ Protein Metabolism (285)
@ M Cell Division and Cell Cycle (36)
Motility and Chemotaxis (124)
@ M Regulation and Cell signaling (128)
®  Secondary Metabolism (15)
® " DNA Metabolism (129)
® M Fatty Acids, Lipids, and Isoprenoids (187)
® M Nitrogen Metabolism (41)
® M Dormancy and Sporulaton (3)
® M Respiration (172)
@M Stress Response (208)
®  Metabolism of Aromatic Compounds (124)
®  Amino Acids and Derivatives (718)
®  Sulfur Metabolism (106)
@ Phosphorus Metabolism (75)
@ Carbohydrates (525)

Fig. 3: RAST server-based annotation of the genome of Pseudomonas sp. strain PNPG3.

coefficient between time and PNP depletion was performed. The
values of correlation of coefficient (r) of these experimental sets
were 0.9187, 0.9263 and 0.9393, respectively. For all these
values, paired t-test (p) were <0.00001, indicating highly
significant at p< 0.05. Genome sequence analysis revealed that
the size of the genome was 6.5Mb with a contig number of 400.

The longest contig size was 449121bp, while the shortest
contig size was 207bp. The average G+C content was 62.26%. A
total of 6210 CDS were predicted to be present, with three 16S
rRNA, sixty-six tRNAs, and four ncRNAs. Comparison of genomic
parameters of strain PNPG3 with its close phylogenetic relatives
are summarized in Table 1. Fig. 2 reveals the graphical map of the
circular genome of strain PNPG3. The information is displayed as
follows (outside to inside) - outer- (1,2,3 ring) and inner- (7,8,9
rings) are ORFs (blue colour) with forward and reverse strands
respectively; ring 4 (aquarium green and asparagus alternate,
thick ring)-contigs; ring 5 is GC content (red colour); ring 6 is GC
skew (green and violet). The genome positions in Mbp are also
shown inside ring 9. The annotation of Pseudomonas sp. strain
PNPG3 genome using the RAST server predicted a total of 5941
coding sequences which were categorized into 538 subsystems,
with 50% of subsystem coverage (Fig.3). RAST server predicted
thatamino acids and its derivatives contained the highest number
of genes (718), followed by carbohydrates (525), cofactors,
vitamins, prosthetic groups, pigments (347), protein metabolism
(285), membrane transport (224), fatty acids, lipids, and
isoprenoids (187), and cell wall and capsule (184). The
subsystem category ‘metabolism of aromatic compounds’
contained 124 genes associated with the degradation of
benzoate, p-hydroxybenzoate, chloroaromatic compound, n-
phenylalkanoic acid, quinate, catechol, protocatechuate,

phenylacetyl-CoA, homogentisate, n-heterocyclic aromatic
compounds, aromatic amine. A spectrum of genes involved in
chemotaxis and motility (124) was identified, supporting the
motile nature of the strain. A wide variety of amino acid
degradation pathway genes indicated that the strain PNPG3 was
genetically equipped with the capacity to utilize proteins and
amino acids as vital nutrients for its growth and metabolism. The
number of genes for the metabolism of mono, oligo, and
polysaccharides were recorded as 91, 14, and 5, respectively.

The absence of genes for virulence, and toxins indicated
the non-pathogenic nature of the strain. Based on the annotated
data, it is speculated that the strain PNPG3 may be used for the
degradation of various aromatic compounds. The distribution of
genes in various subsystem categories for the genome of strain
PNPG3, determined by the seed viewer of RAST, is presented in
(Fig. 3). Whereas soil bacterium Pseudomonas alloputida strain
PNP harbored more or less similar types of coding DNA
sequences (5726) which were categorised into 327 subsystems
with 28% of subsystem coverage (Arora et al., 2021). Although
the PNP-degrader Pseudomonas alloputida strain PNP (genome
accession number- JAGKJH000000000) has a lower number of
genes compared to strain PNPG3 for ‘metabolism of aromatic
compounds (80) and ‘motility and chemotaxis (27).

Functional annotation by the RAST (Aziz et al., 2008),
NCBI's PGAP (Tatusova et al., 2016) and PATRIC (Davis et al.,
2020) revealed the presence of xenobiotic degrading gene
clusters and chemotaxis receptor proteins. Different types of
proteases like zinc-protease, metalloprotease, serine protease,
and aspartic proteases were present within the genome (Table 2).
BLAST analysis revealed that most of the proteases were
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Table 1: Comparison of genomic features of strain PNPG3 with its close relatives

General features Pseudomonas sp. Pseudomonas sp. Pseudomonas sp. Pseudomonas sp.
Strain PNPG3 13159349 J8425 Sw144
Country of Isolation India China China USA
Accession no. NZ_JALLKV000000000 NZ_CP045553.1 NZ_CP073661 Cp026674
Genome size 6.5Mb 5.9Mb 6.2Mb 5.9Mb
G+C content (%) 62.263 62.50 62.04 61.84
Totalno. of CDS 6210 5622 5824 5453
5SrRNAGenes 2 8 8 8
16SrRNAgenes 1 7 7 7
23SrRNAgenes 1 7 7 7
tRNA 66 74 72 78
ncRNAs 4 4 4 4
Pseudogenes 119 228 195 147

Table 2: Different types of proteases present within the genome of strain PNPG3

Locus tag, PGAP Protein Functions Homology Score E value Origin (Accession no)
annotation Product of protein
MJ643_01395 MCK2119249 proteasome-type 100% 489 3e-174 Pseudomonas sp;
JALLKV(010000001 protease (WP_015270103.1)
MJ643_03440 MCK2119657 ATP-dependent 100% 286 1e-97 Pseudomonas sp;
JALLKV010000003 zinc protease (WP_230491514.1)
MJ643_03880 MCK2119743 ATP-dependent 100% 313 3e-107 Pseudomonas sp;
JALLKV010000003 zinc protease WP_003257529.1)
MJ643_09170 MCK2120768 ATP-dependent Clp 100% 253 8e-85 Pseudomonas sp;
JALLKV(010000009 protease adapter ClpS (WP_208209150.1)
MJ643_09175 MCK2120769 ATP-dependent Clp 99.87% 1475 0.0 Pseudomonas putida;
JALLKV010000009 protease ATP-binding (WP_054573026.1)
subunit ClpA
MJ643_09350 MCK2120803 protease SohB 99.41% 557 0.0 Pseudomonas sp;
JALLKV010000009 (WP_019096524.1)
MJ643_13570 MCK2121615 RIP metalloprotease 100% 809 0.0 Pseudomonas sp;
JALLKV(010000017 RseP (WP_024086396.1)
MJ643_14090 MCK2121718 metalloprotease 100% 885 0.0 Pseudomonas sp;
JALLKV010000018 PmbA (WP_024086335.1)
MJ643_14100 MCK2121720 metalloprotease 100% 912 0.0 Pseudomonas sp;
JALLKV010000018 TidD (WP_208209337.1)
MJ643_14495 MCK2121798 aspartic protease 100% 345 7e-120 Pseudomonas sp;
JALLKV010000019 (WP_024087816.1)
MJ643_14600 MCK2121819 FtsH protease activity 99.75% 617 0.0 Pseudomonas sp;
JALLKV(010000019 modulator HfIK (WP_015272004.1)
MJ643_14605 MCK2121820 protease modulator 99.65% 461 1e-161 Pseudomonas sp;
JALLKV(010000019 HfIC (WP_063911924.1)
MJ643_17820 MCK2122446 ClpXP protease 100% 229 1e-74 Pseudomonas sp;
JALLKV010000026 specificity-enhancing (WP_208209567.1)
factor
MJ643_18090 MCK2122499 ATP-dependent Clp 100% 384 1e-134 Pseudomonas sp;
JALLKV(010000027 protease proteolytic (WP_208209471.1)
subunit
MJ643_19830 MCK2122841 M48 family 99.78% 875 0.0 Pseudomonas sp ABFPK;
JALLKV010000033 metalloprotease (WP_061552683.1)
MJ643_22470 MCK2123349 ATP-dependent Clp 100% 812 0.0 Pseudomonas
JALLKV(010000042 protease ATP-binding taiwanensis Sj9;
subunit ClpX (ESW40373.1)

Table continue
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MJ643_22910 MCK2123435 ATP-dependent zinc
JALLKV010000044 metalloprotease FtsH
MJ643_23100 MCK2123470 ATP-dependent protease
JALLKV010000045 subunit HslV
MJ643_23105 MCK2123471 ATP-dependent protease
JALLKV010000045 ATPase subunit HslU
MJ643_25980 MCK2124030 rhomboid family
JALLKV(010000059 intramembrane
serine protease
MJ643_26450 MCK2124116 DegQ family serine
JALLKV010000062 endoprotease
MJ643_27490 MCK2124317 Clp protease ClpP
JALLKV(010000070
MJ643_28115 MCK2124440 Clp protease ClpP
JALLKV(010000075
MJ643_28910 MCK2124596 CPBP family
JALLKV(010000083 intramembrane
metalloprotease
MJ643_29280 MCK2124668 protease HtpX
JALLKV010000089
MJ643_30170 MCK2124839 SprT family zinc-
JALLKV010000112 dependent

metalloprotease

100% 1219 0.0 Pseudomonas sp;
(WP_015271861.1)
100% 292 1e-98 Pseudomonas sp;
(WP_003249309.1)
100% 796 0.0 Pseudomonas putida
S16; (AEJ15374.1)
100% 479 1e-168 Pseudomonas sp;
(WP_038409144.1)
100% 956 0.0 Pseudomonas sp;
(WP_196184455.1)
98.25% 587 0.0 Pseudomonas putida;
(UPU90676.1)
99.65% 590 0.0 Pseudomonas
plecoglossicida;
(WP_041506007.1)
98.84% 276 1e-89 Pseudomonas sp:
(WP_025338304.1)
100% 597 0.0 Pseudomonas sp:
(WP_023661073.1)
100% 311 3e-106 Pseudomonas sp;

(WP_024086404.1)

homologous with protein sequences of Pseudomonas. All these
genes coding for proteases were distributed within different
contigs of genome. Atotal of 26 proteins were identified to contain
the properties of protease. The clp protease is an ATP-dependent
serine proteases, and Zinc protease is a type of metalloprotease.
Within the genome, serine and metalloproteases were found in
higher numbers (nine in each case), compared to aspartic
protease (one). Serine and metalloproteases represent more
than 69% of total proteases. Bacterial proteases are one of the
largest groups of industrial enzymes and they are used in the
leather, detergent, food, textile, and pharmaceutical industries
(Hamza et al., 2017). Besides, they are also used in the
bioremediation of industrial, household and medical wastes
(Razzaq et al., 2019). Microbial proteins are damaged when a
pathogen invades the host cell, therefore, it is presumed that
proteases degrade such damaged proteins (Najar et al., 2021).
The study also revealed that Parageobacillus sp. strain SY1
harbor genes coding for ATP-dependent Clp protease, zinc
protease (Najar et al., 2021). Similarly, Santhakalaikumari et al.
(2021) reported that keratin-degrading Bacillus paralicheniformis
MKU3 harbor genes coding for five different types of proteases
like metallo, serine, cysteine, uncharacterized and mixed
proteases. Serine and metalloproteases represent more than
70% of total proteases in strain MKU3.

The presence of genes of glycine betaine ABC
transporter supported the halotolerant nature of strain PNPG3.
In the SEED subsystem of the RAST server, a total of 40 genes
classified as related to ‘osmotic stress’, were identified. Among
these 5 genes involved in osmoregulation, 33 genes were

involved in choline and betaine uptake and betaine
biosynthesis. Among them, there were seven glycine betaine
transporters, which were involved in glycine betaine uptake.
Similarly, Ahn et al. (2021) when they were working with
Lentibacillus sp. CBA3610. The strain CBA3610 also contained
one gene for osmoregulation, while thirty-three genes were
engaged with choline and betaine uptake and betaine
biosynthesis like strain PNPG3. Genome sequence analysis
revealed that the genome of strain PNPG3 harboured 9 genes
encoding TonB-dependent siderophore receptor, indicating the
plant growth-promoting nature of the strain. Some other
important functions like polysaccharide biosynthesis proteins
were also presentin the genome. Genome mining revealed that
Pseudomonas sp. strain PNPG3 genome harboured forty-four
genes coding for polysaccharide biosynthesis, out of which 30
genes were encoded for glycosyltransferase enzyme. Stingele
et al. (1996) reported that the glycosyltransferase enzyme
plays a role in transferring sugar to the undecaprenyl-
phosphate lipid carrier as the first step in the synthesis of
repeating unit in polysaccharide biosynthesis. Cui et al. (2016)
observed a similar outcome in Streptococcus thermophilus
strains.

All these phenotypic and genotypic information revealed
that the strain PNPG3 is possess PNP decolorization activity in
aquatic conditions and several possible industrial applications
(proteases). However, a more detailed study on biodegradation
using analytical techniques like HPLC and TLC should be carried
out to understand and confirm its p-nitrophenol biodegrading
potential as well as efficacy.
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