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percentage of identification; (2D-PAGE) two-dimensional polyacrylamide gel electrophoresis.
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Abstract:

Little is known about fluorescent Pseudomonas and investigations are needed to help us better
understand how their species work. The aim was here to mimic what naturally occurs in
environmental water containing strains isolated from mid-mountain water samples and
identified as Pseudomonas fluorescens by conventional biochemical techniques. Three strains
were cultured before being directly inoculated into distilled water. Surprisingly, the three cell-
less extracts obtained after spinning the bacterial suspensions showed strong in vitro anti-
oxidative effects against superoxide anion and hydroxyl radical but with discrepancies. The
extracts obtained were found to contain antioxidant proteins among other stress proteins that
were released by viable bacteria. They were identified using tandem/mass spectrometry and
showed different profiles in sodium-dodecyl sulfate polyacrylamide gel electrophoresis.
Bacterial identification was deepened using 16S ribonucleic acid and genome sequencing
analyses to explain the differences observed between strains.

Keywords: run-off water, fluorescent Pseudomonas, identification, bacterial metabolites,
protein, antioxidant.

1. Introduction

In this study, we are interested in the possible rejection of antioxidant protein metabolites by
fluorescent Pseudomonas directly into water susceptible to be dairy ingested. Among the
bacteria isolated from mineral waters, only 20% of the strains could be identified by Guillot
and Leclerc (Guillot and Leclerc, 1993) and Vachee et al. (Vachee et al., 1997). An important
synthesis of the microbiology of natural mineral waters (Leclerc and Moreau, 2002) based on
several studies (Bischotberger et al., 1990; Guillot and Leclerc, 1993; Manaia et al., 1990;
Vachee et al., 1997) showed that the bacteria most commonly isolated from water belonged to
the Pseudomonas genus (class of y-proteobacteria), with in first position, fluorescent
Pseudomonas spp., then non-fluorescent Pseudomonas spp. The heterogeneity of the P.
fluorescens group has also been highlighted by Loper et al. (Loper et al., 2012) and genetic
variation may underlie differences between strains. They could show discrepancies, for
instance in their protein production, in particular that of antioxidant ones. On the other hand,
can P. fluorescens and its relatives be able to reject antioxidant proteins directly into
surrounding water? Indeed, the redox intestine balance plays a judge role in the fight against
systemic inflammatory and neurodegenerative diseases (Circu and Aw, 2011) and antioxidant
metabolites from natural sources could participate when brought daily in small doses and
therefore modulate oxidative stress to optimize therapeutic actions (Chiurchiu et al., 2016).
Drinking waters that often contain fluorescent Pseudomonas could be antioxidant sources just
as those found in the bio vegetal field (Surai et al., 2004) if these bacteria release antioxidant
proteins into water. Thus, the goal of this study was to assess the anti-oxidative effects of
supernatants obtained after centrifuging simple aqueous bacterial suspensions of three strains
identified as P. fluorescens using classical phenotypical methods. The cell-less extracts were
tested using pharmacological models (without cells) producing reactive oxygen species
(ROS). The superoxide anion (O>~) and hydroxyl (HO") free radicals were measured
spectrophotometrically. The proteins released by the three strains were then separated using
two-dimensional polyacrylamide gel electrophoresis (2D-PAGE) and identified by mass
spectrometry (MS) and/or tandem mass spectrometry (MS/MS) in order to explain the effects
observed or any discrepancies in the antioxidant powers of the three supernatants. The aim
was also to go further in bacterial identification.

2. Materials and methods
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2.1. Bacterial strains, growth conditions, enumeration, metabolite extraction

2.1.1. Bacterial strains, reagents and first phenotypic identification

Pseudomonas strains were isolated from water (of pH 5.5) taken on the granite soil of the
Vosges mountains (France) using spraying water on plate count agar (PCA, Biokar
Diagnostics, Beauvais, France). Colony forming units (CFUs) were first selected on the
ultraviolet ray fluorescence criterion. They were then identified as P. fluorescens using
phenotypic and biochemical tests such as bacillus morphology with Gram negative staining
and oxidase and catalase research, followed by inoculating API® 20 NE (bioMérieux
Diagnostics, Marcy-1’Etoile, France). API® 50 CH micro galleries of the same supplier were
also inoculated. The three strains to be analysed were named FI4BN, FI4BN2 and FISBN2.

2.1.2. Genotypic characterization of the bacteria
The second stage of bacterial identification was carried out at the end of the study to explain
discrepancies obtained between the strains.

16S ribosomal ribonucleic acid analysis

Genotypic characterization of isolates was performed as follows. Total deoxyribonucleic acid
(DNA) was extracted using the Wizard Genomic Purification DNA Kit (Promega Corp.,
Madison, WI, USA). The whole 16S ribosomal ribonucleic acid (rRNA) gene was amplified
using primers S1 (5’-AGAGTTTGATCMTGGCTCAG-3’) and S2 (5°-
GGMTACCTTGTTACGAYTTC-3’) (Turner et al., 1999). Polymerase chain reaction (PCR)
reaction mixtures containing 5 ul of DNA (40-50 ng.ul™!), 2.5 ul of each primer (10 uM) and
25 ul of PCR MasterMix (Thermo Fisher Scientific Fermentas, Vilnius, Lituania) in a total
volume of 50 ul. PCR thermal cycling was carried out as follows: an initial denaturing step at
95 °C for 3 min, followed by 30 cycles at 95 °C for 30 s, at 55 °C for 30 s and at 72 °C for 2
min, and a final extension step at 72 °C for 7 min. PCR products were purified with the
GenelJet PCR purification kit (Thermo, France). Then, purified PCRs were sequenced by the
Custom Sequencing Service of Eurofins Genomics (Ebersberg, Germany) using cycle
sequencing technology on ABI PRISM 3730XL. Two sequencing reactions generating both
forward and reverse sequences were required to cover the length of the 16S rRNA gene. The
forward and reverse sequences were aligned so that identical sequences (100% identity) were
with a minimum of 50 base pairs (bp) and were assembled to obtain the full contiguous
sequence. These sequences were then compared with GenBank databases using basic local
alignment search tool (BLAST) software provided online by the National center for
biotechnology information (NCBI, Bethesda, MD, USA).

Whole genome analysis

The detailed method is presented in Data in Brief. Briefly, after extracting and sequencing
total DNA, the closest existing reference genome was determined using Kraken (Wood and
Salzberg, 2014), and data quality was assessed by mapping the reads using the Burrows-
Wheeler aligner (BWA) MEM algorithm (http://bio-bwa.sourceforge.net). The reads were
assembled and gene function prediction was performed by the rapid annotations using
subsystems technology (RAST) server (http://rast.nmpdr.org) (Aziz et al., 2008) followed by
an annotation using the SEED database (Disz et al., 2010). The alignments of the bacterial
draft genomes with the complete genomes of the nearest species determined by average
nucleotide identity (JSpecies) (Pseudomonas sp. Lz4W and P. fragi P121 for FI4BN2 and
Pseudomonas protegens CHAO for FI4BN1 and FISBN2) were also performed using the
Progressive MAUVE algorithm (Darling et al., 2010).
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Average nucleotide identity (ANI) and tetra-nucleotide signatures analyses

The detailed methods are available in Data in Brief. Bacteria draft genomes were compared
using the JSpecies software (Ribocon GmbH; http://jspecies.ribohost.com/jspeciesws/) with
indices based on the analysis of whole-genome sequences. Thus, tetra correlation search
(TCS), ANIb (based on the BLAST algorithm) and ANIm (based on the MUMmer ultra-rapid
aligning tool) were performed (Camacho et al., 2009; Goris et al., 2007; Richter et al., 2016;
Teeling et al., 2004).

2.1.3. Growth conditions, enumeration and metabolite extraction

After preliminary growth, bacteria were aerobically cultured at 25 °C for 5 days in broth
medium prepared with tryptone (2.5 g.L'!) (Euromedex®, Souffelweyersheim, France) and
yeast extract (1.25 g.L'!) (Conda Laboratories, Madrid, Spain) in distilled water (DW). The
broths containing the strains were transferred into pre-sterile centrifuge tubes to be then
centrifuged at 10,000 g for 13 min at 4 °C (Sorvall Evolution RC Centrifuge, Thermo Fisher
Scientific, Asheville, NC, USA). The supernatants were removed and the pellet cells were
washed and diluted in Ringer ¥ medium (Oxoid, Hampshire, England). To assess the viability
and/or growth of bacteria after culture, the spreading of 100 ul of the suitably diluted cells
was done on PCA surface before aerobic incubation at room temperature. After
centrifugation, followed by two successive washes in sterile DW (SDW), the pellets of the
pure P. fluorescens strains -FI4BN1, FI4BN2 and FISBN2- were weighted, before being
placed in agitation in SDW (250 mg of moist bacteria.ml™!) overnight at 4 °C. Counts were
also performed before (named Cb) and after (named Ca) agitating in order to assess the
viability of the microorganisms by spreading suitable suspension dilutions onto PCA as above
described. The suspensions were then centrifuged at 20,000 g for 1 hour at 4 °C (Centrifuge
5417R, Eppendorf, Hamburg, Germany). Supernatants without cells were collected and stored
at -32 °C. They constituted the bacterial extracts named E-FI4BN1, E-FI4BN2, and E-
FISBN2. They were supposed to contain metabolites, especially protein metabolites released
by each of the microorganisms.

2.2. Pharmacological in vitro assays

2.2.1. Bacterial extract concentrations and reagents

The extracts were tested at the increasing concentrations ranged from 5 to 100 ul.ml! of final
reaction mixtures. All reagents were purchased from Sigma-Aldrich (Saint-Quentin Fallavier,
France).

2.2.2. In vitro measurement of the anti-oxidative effect of the bacterial extracts on superoxide
anion

The hypoxanthine/xanthine oxidase system (X/XO) was used to produce superoxide anion in
vitro. The Oz inhibition by E-FI4BN1, E-FI4BN2, or E-FISBN2 was quantified according to
Aruoma et al. (Aruoma et al., 1989) using the reduction of ferricytochrome C. The
supernatants were poured at each concentration into a final volume of 1 ml containing 0.1
mM xanthine, 1 mM ethylenediaminetetraacetic acid (EDTA), 0.017 mM ferricytochrome C
in Hank’s/4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) buffer pH 7.42.
Xanthine oxidase was added and the reaction medium was incubated at room temperature for
5 min before measuring the ferricytochrome C reduction at the wavelength of 550 nm using a
Multiskan FC spectrophotometer (Thermo Fisher Scientific Instruments Co, Shanghai, China)
against blank controls containing all the reagents except X/XO. Positive inhibition controls
(0.3 mM cysteine) were also assessed in each series of tests. Finally, the ferricytochrome C
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extinction coefficient (€550 nm = 2.11 x 10® M'cm™!) was used to convert absorbances to
nanomoles of superoxide anion.

2.2.3. In vitro measurement of the anti-oxidative effect of the bacterial extracts on hydroxyl
radical

The inhibition of HO" by E-FI4BN1, E-FI4BN2, and E-FISBN2 was evaluated according to a
method adapted from that described by Halliwell B., Gutteridge J.M.C. and Aruoma O.1.
(Halliwell et al., 1987). HO was produced from 9 to 15 nmol.ml! of hydrogen peroxide
(H202) in each tube in 20 mM KH>PO4 medium at pH 7.4 in the presence of FeCl; 100 uM,
104 umol.L"' EDTA and 100 umol.L™! ascorbic acid to generate HO" according to Fenton’s
reaction. This radical was then inhibited by the increasing E-FI4BN1, E-FI4BN2, and E-
FISBN2 concentrations before adding 3 mM deoxyribose and incubating the reaction medium
at 37 °C for 30 min. After boiling for 20 min, the malondialdehyde resulting from the
deoxyribose degradation by the rest of HO' (non-inhibited by the bacterial extracts) in the
presence of 14 mM thiobarbituric acid and 147 mM trichloroacetic acid was quantified by
spectrophotometry at the wavelength of 532 nm (A 532.m). In these assays, absorbance was
also red against blank control tubes containing all reagents except H>O». Positive inhibition
controls (0.3 mM cysteine) were also assessed in each series of tests.

2.3. Proteomic analysis

2.3.1. Two-dimensional polyacrylamide gel electrophoresis

The proteins contained in E-FI4BN1, E-FI4BN2, and E-FISBN2 were separated by 2D-PAGE
as previously described (Hochart-Behra et al., 2014). Bacterial extracts (all at a volume
equivalent to 500 pg-proteins released by FL4ABN1 or FLABN2 or FL5BN2) were desalted at
a cut-off of 10-kDa in Microcon® filters (Millipore, Bedford, USA), re-solubilized in SDW
and lyophilized (LP3, Jouan, Saint Herblain, France). Protein rehydration was performed in 7
mM urea (Sigma, Saint-Quentin Fallavier, France), 2 M thiourea (Sigma), 65 mM 3-[(3-
cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), 0.4% (vol/vol) Triton X
100, a hint of bromophenol blue (Sigma) and 0.625% (vol/vol) pH 3-10 Biolyte® (Bio-Rad,
Marnes la Coquette, France). Isoelectric focusing (IEF) was done by loading the proteins onto
precast immobilized pH 3-10 gradient ReadyStrip® (17 cm, Bio-Rad) using the Bio-Rad
Protean IEF cell system.

Sodium-dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) experiments were
then performed under non-denaturing conditions (such as a low concentration of SDS,
absence of reducing and/or alkylating agents). SDS-PAGE gels were obtained with 4-20%
acrylamide gradient using an acrylamide/bisacrylamide (29:1) solution (Bio-Rad) containing
only 0.1% SDS. After rehydration in migration buffer (Tris, glycine, SDS), the strips were put
at the top of the second-dimension gel in a 10 g.L"! agarose solution in migration buffer
(Serva, Heidelberg, Germany). Precision Plus Protein Standards® solution (Bio-Rad) was
also loaded next to the vertical migration of bacterial extract proteins. Proteins were first fixed
on the gels, washed and colored by colloidal Coomassie blue staining (G250 brilliant blue,
Sigma). Gel images were then acquired as previously described using a GS800 densitometer
(Bio-Rad) and PDQuest software (Bio-Rad). Interesting protein spots were excised (Hochart-
Behra et al., 2008) in order to perform protein identification by peptide mass or fragment
fingerprinting.

2.3.2. Protein identification by MS and/or MS/MS
Protein spots of interest were in-gel-trypsin-digested after several treatments (with reduction
and alkylation of disulfide bonds) described by Hochart-Behra et al. (Hochart-Behra et al.,
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2008). Peptides were finally extracted from protein bands with 0.1% trifluoroacetic acid
(TFA) in acetonitrile (ACN)-DW (vol/vol) solution. Those supernatants were dried and re-
suspended in 0.1% TFA (vol/vol) in DW solution before being concentrated and desalted by
the same solution on a ZipTip C18 ® column (Millipore).

Mass analysis was performed using an Autoflex Speed™ matrix assisted laser desorption
ionisation (MALDI) time-of-flight/time-of-flight (TOF/TOF) mass spectrometer (Bruker,
Bremen, Germany) as previously described by Shevchenko et al. (Shevchenko et al., 1996)
and Ceugniez et al. (Ceugniez et al., 2017). The detail of the identification method is provided
in Data in Brief as far as deposition of the peptides eluted on the target plate, molecular mass
measurements, and database searches are concerned.

2.4. Statistical analysis

The bacterial population viability was assessed using comparison between the counts obtained
before and after the extraction process. Non-parametric sign-test was used (Wilcoxon’s
matched-pair test, Graphpad Prism 7.00 software, La Jo la, USA) at the 5% level (n=6
independent experiments). For pharmacological in vitro assays, the data was analysed from
six independent assays using analysis of variances in case of data normality and variance
homogeneity both checked using Graphpad Prism 7.00 software and AnaStat Scope ARL
software for Levene’s test. In the other cases, Kruskal & Wallis test was used at the 5% level
(p = 0.05) (Graphpad Prism 7.00 software). Results were presented as box-plots where the
extremities of the lowest and the highest bars represent the 10th and 90th percentiles of
percentages for each extract concentration. The 25th, 50th and 75th percentiles correspond to
the inferior, interior and superior horizontal bars of the boxes constructed for each of the
extract concentrations.

3. Results

3.1. Bacteria identification through classical phenotypic methods

Several techniques were used in order to identify the bacterial strains of interest (FI4BN1,
FI4BN2 and FISBN?2). First, a classical phenotypic identification was carried out (based on
API® 20 NE and API® 50 CH galleries). The biochemical profiles found for the three strains
using API® 20 NE identified these fluorescent strains as P. fluorescens. The percentage of
identification (% id) reached 97.2% for FI4BN1 (T = 0.79; phenylacetic acid or PACa 16%),
99.9% for FI4BN2 (T = 0.67; urease or URE 1%), and for FISBN2, % id was found at 99.3%
for numerical profile 0156457 (T = 0.66; N-acetyl-glucosamine or NAGa 85%; PACa 16%)
and at 97.2% for numerical profile 0156557 (T = 0.79; PACa 16%). More information was
obtained for all strains with their biochemical profiles using API® 50 CH (Data in Brief Table
1). Thus FI4BNT1 and FISBN2 profiles were very similar. Both strains were able to assimilate
the same substrates to varying degrees, particularly D-mannitol, potassium gluconate and
potassium 2-ketogluconate. The FI4BN2 pattern differed slightly by the oxidation of D-fucose
or glycerol or D-mannose and by the assimilation of D and L-arabinose, D-xylose, D-
galactose, L-fucose.

3.2. Second stage of genotypic bacterial identification

The second identification approach consisting in analyzing strain 16S RNA confirmed their
probable belonging to the genus Pseudomonas.

To determine which bacterial species the strains belong to, sequencing of the entire genome
was performed at MicrobesNG. For FI4BN1, the draft genome of 7333320 bp included 92
contigs with a GC-content (guanine-cytosine content) of 61.51% and a N50 contig size of
196900 bp was obtained. Gene function prediction and annotation result in 71 RNAs and
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6601 coding sequences. For FI4BN2, the draft genome of 5294323 bp included 181 contigs
with a GC-content of 58.85%, a N50 contig size of 361713 bp, 84 RNAs and 4622 coding
sequences were obtained. For FISBN2, the draft genome of 7205711 bp included 59 contigs
with a GC-content of 61.55%, a N50 contig size of 250648 bp, 73 RNAs and 6442 coding
sequences were obtained.

TCS feature in JSpecies software allows to search any draft genome against entire genomes
reference database GenomesDB and provides an insight into the relationships among
organisms. By this way, the draft genomes of FI4BN1 and FISBN2 were found very close to
Pseudomonas batumici UCM B-321 strain and Pseudomonas protegens Cab57 strain, with Z-
scores higher than 0.989 for FI4BN1 and FISBN2 (Data in Brief Table 2) while the FI4BN2
scores seemed more in favor of Pseudomonas fragi P121 and Pseudomonas sp. Lz4W as
shown in Data in Brief Table 2. Pairwise genome comparison was performed using JSpecies
to measure the probability that genomes belonged to the same species with their ANI. ANI
analyses of genome sequences seemed to support these results (Data in Brief Tables 3 and 4).
As shown in Data in Brief Figure 1, alignments performed using MAUVE illustrated ANI
results.

3.3. Bacteria viability during extraction

Bacteria’s ability to grow again after the extraction process was assessed by counting the
CFUs before (Cb) and after (Ca) incubation overnight at 4 °C in SDW. Mean counts of CFUs
from 6 independent experiments were similar for the three strains with small variations
between Cb and Ca whose values were 1.39 x 10" and 1.02 x 10'!, 1.37 x 10'%and 2.25 x
10'°,9.51 x 10" and 7.79 x 10'°, for FI4BN1, FI4BN2 and FISBN2, respectively. No
significant differences were found between Cb and Ca using the non-parametric statistical
Wilcoxon’s matched-pairs test at the p = 0.05 level for each strains, since the exacts p values
were 0.6875, 0.6250 and 0.1563 for FI4BN1, FI4BN2 and FISBN2, respectively.

3.4. In vitro effects of the extracts on superoxide anion and hydroxyl radical

3.4.1. Superoxide anion inhibition

As shown in Fig. 1, each cysteine control could be validated and the three strain extracts
showed in vitro a statistically significant inhibition of superoxide anion using one-way
ANOVA (p <0.0001 with the overall Fisher’s test at the p = 0.05 level for the three bacterial
extracts and 6 independent experiments). For E-FI4BN1, this effect compared with that of the
control without extract was statistically significant from 25 ul of extract per ml (p = 0.0441
using the Tukey’s multiple comparison test at the p = 0.05 level) and very different for the
100 ul concentration of extract per ml (p < 0.0001). The mean concentration of superoxide
anion decreased from 8.40 + 0.77 nmol.ml™! for the control to 3.36 + 1.66 nmol.mlI™!" at 100 ul
of E-FI4BN1.ml"!. The inhibition of O>~ by E-FI4BN2 was also statistically significant from
25 pl of E-FI4BN2 per ml (p = 0.0278 using the Tukey’s test above mentioned). The mean
difference between the superoxide anion concentration obtained for the controls without E-
FI4BN2 and that observed for 100 ul of E-FI4BN2 per ml reached about 3.1 nmol of O>~.ml!,
as this superoxide anion concentration decreased from 9.16 + 0.58 to 6.09 + 0.66 nmol.ml"! (p
<0.0001). As for the mean inhibition of O~ by E-FISBN2, it reached about 4.2 nmol of
superoxide anion.ml™! at the highest concentration of bacterial extract tested (100 ul.ml ™), as
the mean O~ concentration diminished from about 9.00 + 0.67 to 4.75 + 0.76 nmol.m]™!
between the control without extract and the tubes containing 100 pl of E-FISBN2.ml"!. For the
latter, the inhibition effect on O>~ was significant from the E-FISBN2 concentration of 10
ul.ml! (p = 0.035 using the Tukey’s multiple comparison test). Half maximal inhibitory
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concentration (IC50) could be calculated for E-FI4BN1 and the concentration range tested (67
ul.ml™).

3.4.2. Hydroxyl radical inhibition

Six independent experiments were carried out. The model was also validated by the positive
control of HO inhibition (0.3 mM cysteine). As shown in Fig. 2, E-FI4BN1 and E-FISBN2
showed high inhibitory effects against HO as this ROS was almost completely scavenged by
100 pl of bacterial extracts per ml of reaction medium. This inhibition was statistically
significant (p < 0.0001 using the Kruskal-Wallis test) from the E-FI4BN1 and E-FISBN2
concentration of 50 ul.ml"!' (p = 0.0082 and 0.0024, respectively) using the Dunn’s multiple
comparison test. The decreases of the mean HO' concentration were very pronounced for both
strain extracts at 100 ul.ml' compared with the controls without extracts (from 10.94 + 0.64
to 0.43 + 0.63 for E-FI4BN1 and from 12.53 + 1.24 to 0.12 + 0.15 nmol of HO".ml™! for E-
FISBN2). A lesser inhibitory effect of E-FI4BN2 was also shown against hydroxyl radical
which remained significant from the concentration of 50 ul of extract.ml! using ANOVA
(overall Fisher’s test, p < 0.0001; Tukey’s multiple comparison test, p = 0.0212). For this
latter extract, the hydroxyl radical concentration decreased from 12.91 £+ 1.18 nmol of HO".mI"
! (observed with the control without extract) to 8.75 + 1.33 nmol of HO".ml"! (shown with E-
FI4BN2 at 100 ul.ml!). The IC50 possible to be calculated in the concentration range were 9
and 11 ul.ml"! for E-FI4BN1and E-FISBN2, respectively.

3.5. Identification of the proteins separated by 2D-PAGE

The protein 2D-profiles were obtained for E-FI4BN1, E-FI4BN2 and E-FISBN2 (Fig. 3A, 3B,
3C, respectively). E-FI4BN1 and E-FISBN2 protein profiles showed similarities but seemed to
differ from that of E-FI4BN2 proteins.

Stress proteins were identified (14 spots corresponding to 12 different proteins for FI4BN1
strain, 18 spots corresponding to 7 different proteins for FI4BN2 strain, and 19 spots
corresponding to 11 different proteins for FISBN2 strain; MS and MS/MS combined) in the
native gels that were classified in Fig. 3 in three types and whose identification was specified
in Data in Brief Table 5 (MS data for the three strains) and in tables 6-7, 8-9, 10-11 (MS/MS
data for the extracts from FI4BN1, FI4BN2 and FISBN2, respectively). Proteins relative to
oxidative stress were first found such as superoxide dismutase (SOD) (spots FI4BN1-04 and
FISBN2-05), dihydrolipoyl dehydrogenase (spots FI4BN1-o1, FISBN2-01-04), glutaredoxin
(spot FI4BN2-01), peroxiredoxin (spot FlI4BN1-02) and ketol-acid reductoisomerase
(FI4BN1-03). These proteins represent 28.6%, 5.6% and 26.3% of the proteins identified for
FI4BN1, FI4BN2 and FISBN2, respectively. Chaperonin proteins were also identified such as
chaperone protein DnaK (spots FI4BN1-c1, FI4BN2-c1-6, FISBN2-c6 and c7), chaperone
protein HtpG (spots FI4BN1-c2, FI4BN2-c7 and c8, FISBN2-c1), 60 kDa chaperonin or
GroEL (spots FI4BN1-c3, and c6, FISBN2-c2 and c3), trigger factor (spots FI4BN1-c4,
FI4BN2-c9-c11, FISBN2-c4), nucleotide exchange factor GrpE (spots FI4BN1-c7, FI4BN2-
c12 and c13), peptidyl-prolyl-cis-trans isomerase (spots FI4BN2-c14, FISBN2-c8 and ¢9) and
finally molecular chaperone SurA (spots FI4BN1-c5, FISBN2-c5). Chaperonin represent 50%,
77.7% and 47.4% of the proteins identified for FI4BN1, FI4BN2 and FISBN2, respectively.
Other proteins involved in stress response were detected such as the tail-specific protease also
called peptidase S41 or serine peptidase (spots FI4BN1-p1 and FISBN2-p1), cold shock
proteins (spots FI4BN1-p2 and p3, FI4BN2-p1-p3, FISBN2-p4 and p5), DNA-binding protein
HU beta subunit also named nucleoid protein HU or transcriptional regulator (FISBN2-p2 and
p3), representing 21.4%, 16.7% and 26.3% of the proteins identified for FI4BN1, FI4BN2 and
FISBN2, respectively. Other proteins that were involved in the biosynthesis and /or
metabolism of carbohydrates, amino acids, proteins related to transport or energy or protein
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binding, or ribosomal proteins, asparaginase and ferric uptake regulation protein were also
identified in gels.

4. Discussion

Our study focuses on spring water bacteria, which have been identified by conventional
phenotypic techniques as P. fluorescens. The goal was in one hand to study the ability of
these strains to produce antioxidant metabolites in acidic (pH 5.5) run-off waters that are
known as exempt of contaminants such as pesticides or coliforms and very low in salts and on
the other hand, to find out if these cell-less extracts had antioxidant power. For this reason,
their activities on Oz~ and HO were studied because they are essential radicals produced in
case of inflammation in humans. Our results showed that the three strain extracts significantly
decreased O>~ production, depending on their concentration. The effect was more pronounced
for FI4BN1 and FISBN2 compared with FI4BN2 as shown in Fig. 1. The strains were
therefore capable of releasing metabolites that had antioxidant effects against these ROS. An
inhibition by the three extracts was also found against HO', a very reactive and deleterious
species towards tissues and cells. FI4BN2 cell-free extract was another time less potent as
IC50 could not be calculated for this extract (Fig. 2). Therefore, these functional differences
between the three strains led to perform 2D-PAGE to characterize the proteins released into
water. Protein associations (dimers or more associated protein monomers) could be preserved
in non-denaturing gels and detected by MS analysis. Breaking in protein fragments could
however also occur. Bacterial extracts were desalted at a cut-off of 10-kDa explaining why
the protein molecular weight (MW) analyzed were higher than 9-10 kDa. The majority of the
spots have isoelectric point (pI) ranging from 4.5 to 7. For both FI4BN1 and FISBN2 strains,
fairly similar protein profiles were found, unlike the FI4BN2 protein profile. For example,
intense spots of 60 kDa-chaperonin were found in the gel performed with FI4BN1 and
FISBN2 extracts as shown in Fig. 3A, 3C, but not for FI4BN2 (Fig. 3B). Only a few proteins
seemed to be constantly found in gels for all strains studied, that ranged from 10 and 15 kDa
and that were identified as cold-shock proteins according their psychrophilic behavior in
mountain water. These data suggest that FI4BN1 and FISBN2 could be very close fluorescent
Pseudomonas strains, unlike FL4BN2 in the same genus.

Proteins counteracting oxidative stress and/or ensuring redox balance were found in the three
extracts but with notable differences. SOD and dihydrolipoyl dehydrogenase were both found
for FI4BN1 and FISBN2. SOD explains the inhibitory effect found against superoxide anion
and dihydrolipoyl dehydrogenase could participate in the hydroxyl radical detoxification.
Dihydrolipoyl dehydrogenase (also called dihydrolipoamide dehydrogenase) seems to be
detected, in its monomeric form (FISBN2-03, FISBN2-04): these two spots have same MW
but different isoelectric point values, which can indicate post-translational changes, such as
successive phosphorylations (Rosen et al., 2004) and in its dimeric form: FI4BN1-o1 spot
matches the dihydrolipoyl dehydrogenase protein with a theoretical MW at 49.8 kDa whereas
the experimental MW reached 100 kDa in the gel. This protein is known to exist as an
homodimer (Yang et al., 2019), but also as a monomer (Babady et al., 2007). In our study,
dihydrolipoyl dehydrogenase would also be detected in its trimeric version (FISBN2-02 at
around 150 kDa in gel) or quadrimeric form (FISBN2-o01 at around 200 kDa in gel) which
have not been described in other studies. The FI4BN1 strain released proteins into water that
were not found for both other bacteria, such as peroxiredoxin (FI4BN1-02) with a theoretical
MW at 21.7 kDa whereas this protein MW was found at around 40 kDa in gel. Thus, we can
suggest it is a peroxiredoxin dimer and this is consistent with other (Noguera-Mazon et al.,
2006). Among the chaperonin proteins, protein GrpE was found for FI4BN1 and FI4BN2, but
not for FISBN2. Chaperones such as the major ubiquitous DnaK and GroEL, have crucial
roles, assisting proteins in their folding and assembling, in preventing their misfolding and
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aggregation under stress conditions (Hartl et al., 2011), and in their transport. DnaK formed
monomers, dimers, and oligomers of higher MW (Schonfeld et al., 1995). The spot FI4BN1-
c8 concerned a nucleotide exchange factor GrpE with a MW of about 25 kDa in accordance
with the monomeric form, knowing that GrpE could also exist in a dimeric or an oligomeric
form (Wu et al., 1996). Zylicz and his team described GrpE monomers (Zylicz et al., 1987).
An in-depth review of the proteins identification obtained by the technique of peptide
mapping by mass through the “Mascot” search algorithm and by the technique of peptide
mapping by mass through the “PEAKS studio” search algorithm (Data in Brief Tables 4 to
11) showed that many species stood out in the identifications, probably because the proteins
had conserved sequences. In order to explain the differences observed between strains,
analysis was performed on the three genomes. As in prior studies, 16S RNA sequences alone
cannot distinguish between Pseudomonas species (Garrido-Sanz et al., 2016; Gomila et al.,
2015). Thus, our study focused on TCS and ANI indices to thorough strain identification,
because both techniques are based on the analysis of whole-genome sequences, compared
with multilocus sequence analysis (MLSA) studying a small number of genes (Data in Brief
Tables 2-4). The study of Gomila et al. showed that tetra-nucleotide signature was useful for
discriminating Pseudomonas from other genera, whereas ANIb separated strains of different
species and showed the strongest correlation with MLSA (Gomila et al., 2015). Indeed, TCS
has confirmed the belonging of the three strains to the Pseudomonas genus. The ANI
calculated for FI4BN1 and FISBN2 showed that both strains belonged with a value above the
95%-threshold to the same species as shown in Data in Brief Tables 3 and 4, whereas FI4BN2
was found close to Pseudomonas fragi and Pseudomonas sp. Lz4W with a pairwise ANI
value higher than the threshold demarking species delineation. The draft genome alignments
presented in Data in Brief Figure 1 showed major differences between the strains and their
similarities with other species than P. fluorescens. However the latter appears to break out
into several groups showing its great diversity (Garrido-Sanz et al., 2017) and our three
strains could also illustrate their belonging to different of these groups. Further investigations
are needed and planned based on the complete decryption of bacterial genomes.

Above all, we retain from this study the surprising ability of strains isolated from mountain
water samples to be viable and to release proteins directly into DW, without adding any
detergent. Indeed, previous studies have shown the need to use a mild non-ionic detergent to
produce stress proteins by bacteria such as Bacteroides thetaiotaomicron (Hochart-Behra et
al., 2014).

5. Conclusion

Thus, this data illustrates the diversity of fluorescent Pseudomonas and shows that non-
pathogenic bacteria of spring water daily ingested by local residents could release metabolites
of interest regarding redox human homeostasis. However, to prove whether these bacterial
metabolites are really beneficial to humans, further investigations need to be considered such
as checking the antioxidant and safety effects of the extracts, first in cell models, then in
animals.
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Fig. 1. In vitro superoxide anion inhibition by the bacterial extracts at increasing concentrations. The

effects on Oy of 0 to 100 pl of extracts per ml were compared to that of the controls non-containing

any extract (0). E-FI4BN1, E-FI4BN2 and E-FISBN2 are the three bacterial extracts tested. Statistical
analysis of the data was performed on 6 independent experiments using ANOVA (overall Fisher’s test

at the p = 0.05 level and Tukeys’s multiple a posteriori comparison test with GraphPad Prism

software, * p < 0.05, ** p <0.01, *** p <0.001, **** p <(0.0001). Results are presented as box-plots

where the extremities of the lowest and the highest bars represent the 10th and 90th percentiles of
percentages for each extract concentration. The 25th, 50th and 75th percentiles correspond to the
inferior, interior and superior horizontal bars of the boxes constructed for each of the extract

concentrations.
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Fig. 2. In vitro hydroxyl radical inhibition by the bacterial extracts at increasing concentrations. The
effects on HO" of 0 to 100 pl of extracts per ml were compared to that of the controls non-containing
any extract (0). E-FI4BN1, E-FI4BN2 and E-FISBN2 are the three bacterial extracts tested. Statistical
analysis of the data was performed on 6 independent experiments using the Kruskal Wallis test at the p
= 0.05 level followed by the Dunn’s multiple comparison test to analyze the effects of both E-FI4BN1
and E-FISBN2. ANOVA could be used to analyze the effects of E-FI4BN2 (overall Fisher’s test at the
p = 0.05 level and Tukeys’s multiple a posteriori comparison test with GraphPad Prism software. * p
<0.05, ** p <0.01, *** p <0.001, **** p <0.0001. Results were presented as box-plots where the
extremities of the lowest and the highest bars represent the 10th and 90th percentiles of percentages
for each extract concentration. The 25th, 50th and 75th percentiles correspond to the inferior, interior
and superior horizontal bars of the boxes constructed for each of the extract concentrations.
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Fig. 3. Protein profiles of the extract proteins from FI4BN1 (A), FI4BN2 (B) and FISBN2 (C).
They were obtained after 2D-PAGE under non-denaturing conditions and Coomassie blue
staining. Isoelectrofocalisation was performed using precast immobilized pH 3-10 gradient
ReadyStrip® (17 cm Bio-Rad). SDS-PAGE native gels were obtained with 4-20% acrylamide
gradient (only 0.1% SDS without protein reduction/alkylation). Stress proteins were identified
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