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Abstract

Vibrio fluvialis is a marine opportunistic pathogen that frequently causes diseases in aquatic animals and humans. V. flu-
vialis can produce quorum sensing signaling molecules to coordinate cell density-dependent behavioral changes, includ-
ing N-acyl homoserine lactone (AHL), which acts as a vital mediator of virulence-associated gene expression. Currently,
several AHL molecules in V. fluvialis have been detected via biological and physicochemical methods, although different
detection approaches have generated diverse AHL profiles. Here, we describe the AHL-producing bacterium, V. fluvialis
BJ-1, which was isolated from marine sediments from the East China Sea. V. fluvialis BJ-1 could stimulate AHL-mediated
[B-galactosidase synthesis of the biosensor Agrobacterium tumefaciens NTL4 (pZLR4) but could not induce violacein produc-
tion in the AHL reporter strain, Chromobacterium violaceum CV026. This bacterial isolate exhibited strong AHL-producing
activity at low cell density; however, the AHL activity declined when population density remained at high levels. Analysis
of the AHLs by Ultra-High-Performance Liquid Chromatography tandem Mass Spectrometry demonstrated that V. fluvialis
BJ-1 produced five different AHL signaling molecules, including two linear chain AHL products (Cg- and C,-HSL), and
three B-carbon-oxidative AHL products (3-O-Cg-, 3-O-C,,- and 3-O-C,,-HSL). Significantly, the present study is the first
to accurately define the AHL profile of marine V. fluvialis. In future, the coupling of UHPLC to ESI-MS/MS is expected to

be utilized for the accurate determination of AHL profiles in marine Vibrio.

Introduction

Quorum sensing (QS) is an inter-bacterial communica-
tion process that enables bacteria to monitor and respond
to changes in cell population density by regulating gene
expression and the subsequent physiological responses [1,
2]. This cell-to-cell communication is mediated by small
signal molecules called autoinducers (Als), which are first
synthesized by signal synthases in the cytoplasm and then
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directly penetrate the cell membrane or are transported via
active efflux pathways into the surrounding environment [3].
When the accumulation of signal molecules in the environ-
ment increases to a sensing threshold level, the specific Als
signal binds to the receptor proteins that in turn regulate
the expression of functional genes [4, 5]. In Gram-nega-
tive bacteria, the best characterized QS signal molecule is
N-acyl homoserine lactone (AHL). AHL has been shown to
be involved in the regulation of various phenotypes, such
as motility, biofilm formation, bioluminescence, exoenzyme
secretion, and virulence [6-8].

The amphipathic AHL molecule structure contains a
hydrophilic homoserine lactone ring (HSL) and a hydropho-
bic acyl side chain. AHL diversity depends on the number of
carbon atoms (4—-18) on the acyl side chain, the substituent
group (-H, -OH or -oxo) at the p-position, the methyl branch,
and the level of saturation [9, 10]. The detection of AHL
molecules is commonly achieved by biological and physico-
chemical methods. Microbiosensor-based methods are popu-
lar biological techniques for AHL screening owing to its low
cost, high sensitivity, and an ability to detect a wide range
of AHLs [11]. However, biosensor strains cannot accurately
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classify the AHL molecules but instead exhibit a specific
AHL production phenotype, making them more suitable for
preliminary AHL screening. Various physicochemical detec-
tion methods are broadly applied to AHL identification and
characterization, including thin-layer chromatography (TLC)
[12], high-/ultra-high-performance liquid chromatography
tandem mass spectrometry (HPLC/UHPLC-MS) [13-15],
UHPLC-diode array detector-quadrupole time-of-flight mass
spectrometer (DAD-QTOFMS) [16], gas chromatography
tandem MS (GC-MS) [17], and nuclear magnetic resonance
(NMR) [18]. Among them, UHPLC-MS or UHPLC-DAD-
QTOFMS is increasingly used as a highly efficient physico-
chemical approach to the detection of AHLs and provides
accurate determination of AHL types and concentrations,
even available for the characterization of uncommon AHL
molecules with ultra-long side chains or covalent double
bonds [19, 20].

The genus Vibrio has a wide distribution in the marine
environment and estuarine ecosystems worldwide [21], and
some species are pathogenic to marine fauna and humans
[22]. Many Vibrio species are reported to use QS to regulate
various physiological functions critical to bacterial survival
and pathogenesis [23]. For instance, the LuxI/LuxR system
in Vibrio fischeri induces bioluminescence and has been
used as the AHL-based QS model in Gram-negative bacteria
[24]. One pathogenic Vibrio spp., the halophilic Gram-nega-
tive Vibrio fluvialis, can be found widely in marine environ-
ments and infects many aquatic animals and is thus respon-
sible for huge economic losses in the aquaculture industry
[25]. V. fluvialis is also an emerging foodborne pathogen
and has been implicated in numerous human diseases, such
as gastroenteritis, bacteremia, acute otitis, peritonitis, and
hemorrhagic cellulitis with cerebritis and endophthalmitis
[26, 27]. Two QS systems, based on AHL and CAI-1/AI-2
signal molecules, have been identified in V. fluvialis [28].
Several previous studies have shown that V. fluvialis strains
are able to produce multiple AHL molecules [28-30], and
that the AHL profiles identified using different detection
approaches were diverse [23]. Nonetheless, the evidence
for a diverse panel of AHL compounds produced by the
pathogen V. fluvialis remains insufficient. In this study, the
AHL signal molecules in V. fluvialis BJ-1 were accurately
detected using the UHPLC-MS/MS method. Moreover, our
present data provide an accurate identification and structure
determination method for AHLs in marine V. fluvialis.

Materials and Methods
Chemicals, Medium, and Strains

Nine AHL standards (C,-HSL, C,-HSL, C4-HSL, C,-HSL,
C,,-HSL, C,4-HSL, 3-ox0-C4-HSL, 3-oxo-C,,-HSL, and
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3-0x0-C,-HSL) were purchased from Sigma-Aldrich
Chemical Co. (Shanghai, China), dissolved in methanol
and prepared to different concentrations before being stored
at—20 °C. All antibiotics (kanamycin, gentamicin, and
ampicillin) were purchased from Shanghai Aladdin Bio-
chemical Technology Co., Ltd. Luria—Bertani (LB) medium
(yeast extract 5.0 g/L, NaCl 10.0 g/L, tryptone 10.0 g/L)
and thiosulfate citrate bile salts sucrose agar (TCBS) were
obtained from Qingdao Haibo Biotechnology Co., Ltd.
CHROMagar Vibrio colored medium was obtained from
Shanghai Comagal Microbial Technology Co., Ltd. Other
routine chemical reagents were supplied by Merck Chemi-
cal Technology (Shanghai) Co., Ltd. or Sinopharm Chemi-
cal Reagent Co., Ltd. All enzymes and primers for DNA
manipulation were purchased from Sangon Biotech Co., Ltd.
(Shanghai, China). Two AHL biosensor strains, Chromobac-
terium violaceum CV026 [31] and Agrobacterium tumefa-
ciens NTL4 (pZLR4) [32], were utilized for detecting AHLs
with short and long acyl chains, respectively.

Sample Collection

The sampling site was located in the East China Sea near
Zhoushan city (coordinates: 30° 14’ 43. 135" N,122° ('
15.689" E). The sediment samples were collected from a
water depth of 16 m using a stainless-steel core sampler. The
water conditions at the sampling site were as follows: tem-
perature 20.3 °C, salinity 24.9 mg/L, pH 8.02, and dissolved
oxygen (DO) content 7.93 mg/L. The sediment was placed
into individual sterile plastic bags which were stored on ice
and transported to the laboratory within 24 h of collection.

Screening of AHL-Producing Vibrio

Approximately 10.0 g of sediment was homogenized in
90 mL of sterile physiological saline for 1 min. The sample
supernatant was serially diluted in sterile test tubes. 100 pl
of bacterial suspension from each dilution was spread onto
the surface of an LB agar plate and incubated at 28 °C for
72 h. Bacteria with observable differences in morphology
were isolated and purified, and then the biosensor strains, C.
violaceum CV026 and A. tumefaciens NTL4 (pZLR4), were
used to further screen for AHL-producing bacteria. A full-
grown culture (1 mL) of C. violaceum CV026 (a short-chain
AHL biosensor strain) was incubated on LB agar medium
supplemented with kanamycin (50 pg/mL) and the culture
supernatant of isolated bacteria was added into the hole of
LB agar plate, then incubating at 28 °C for 24 h. Similarly,
the bacterial suspension was analyzed for long-chain AHL
activity on an LB agar plate (gentamicin 30 pg/mL, X-gal
40 pg/mL) with A. tumefaciens NTL4 (pZLR4). Bacterial
strains with a purple or blue chromatic reaction were further
selected and inoculated onto CHROMagar Vibrio colored
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medium and TCBS selective medium. Finally, AHL-pro-
ducing Vibrio colonies were screened based on their mor-
phological characteristics when cultured on Vibrio selec-
tive medium. The shape and external cell morphology were
determined by transmission electron microscopy (TEM) and
scanning electron microscopy (SEM).

16S rRNA Sequencing and Phylogenetic Analysis

The physiological and biochemical characteristics of the
Vibrio isolate were analyzed using the API 20 NE test
system according to the manufacturer’s instructions [33].
Antibiotic susceptibility testing was conducted using the
disk diffusion method to identify growth inhibition zones.
Genomic DNA was extracted using the QIAamp DNA Mini
Kit. A polymerase chain reaction (PCR) was used to detect
the bacterial 16S rRNA gene, performed using the universal
primers 27F (5’-AGAGTTTGATCCTGGCTCAG-3’) and
1492R (5’-TACGGTTACCTTGTTACGACTT-3’). The
PCR cycling conditions were 95 °C for 3 min, followed by
30 cycles of 94 °C for 1 min, 52 °C for 1 min and 72 °C
for 2 min, with a final extension of 72 °C for 10 min. PCR
product sequencing analysis was performed by Sangon
Biotech Co., Ltd. (Shanghai, China). Result was compared
to sequences within the NCBI GenBank database (http://
www.ncbi.nlm.nih.gov/) using BLASTn and a phylogenetic
tree was constructed using Molecular Evolutionary Genetic
Analysis (MEGA) version 6.06 [34].

Growth and AHL Activity Experiments

The Vibrio isolate was grown for 16-20 h in LB broth at
28 °C, washed once with phosphate-buffered saline (PBS)
and adjusted to ODgy,=1.0. Cells were inoculated into
20 mL LB broth (1% inoculum volume) and then cultured
at 20 °C or 28 °C in a rotary shaker for 48 h at 160 rpm. The
culture was sampled once every 6 h to measure the cell den-
sity (ODg) and AHL activity. Determination of AHL activ-
ity was based on the blue circle diffusion assay. 100 pL of
culture supernatant obtained after centrifugation (10,000 X g,
10 min) was added into the wells (¢7 mm) of an LB agar
plate, which had been inoculated with A.tfumefaciens NTL4
(pZLR4) and X-Gal reagent. The plates were then cultured
at 28 °C for 24 h. Ultimately, the blue circle diameters were
accurately measured using a caliper. Activity experiments
were performed in triplicate.

Extraction and Detection of AHLs using UHPLC-MS/
MS

The Vibrio isolate was inoculated into LB fluid medium and
cultured at 28 °C with shaking at 160 rpm for 24 h. Cells
were pelleted by centrifugation for 10 min at 10,000 X g. The

supernatants were collected and used to extract AHLs for
twice with an equal volume of acidified ethyl acetate (0.1%
v/v glacial acetic acid) [35]. The organic phase containing
AHLs was collected and evaporated using a rotary evapora-
tor. The residue was dissolved in methanol (1.0 mL) and then
filtered using a 0.22-pm Millipore membrane filter.

5 pl of the AHL extract was then analyzed by
UHPLC-ESI-MS/MS using an Acquity UHPLC sys-
tem (Waters Corp., Milford, MA, USA) coupled to a
Xevo TQ-S triple-quadrupole tandem mass spectrometer
[14]. Chromatographic separations were performed on a
1.7 pm X 2.1 mm x 100 mm Waters Acquity UHPLC BEH-
C18 column maintained at 40 °C. The mobile phase was
composed of A =methanol+0.1% (v/v) acetic acid and
B =ultrapure water+0.1% (v/v) acetic acid. The gradi-
ent elution profile was as follows: 0-1 min, 60% A/40%
B; 1-4.5 min, 95% A/5% B; 4.5-10 min, 60% A/40% B.
The flow rate was 0.2 mL/min and the column eluent was
directed to the Xevo TQ-S mass spectrometer using a mul-
tiple reaction monitoring system in a positive ion mode
(ESI™). Specific mass parameters were as follows: cone
voltage, 36 V; capillary voltage, 2.5 kV; desolvation tem-
perature, 500 °C; cone gas flow, 150 L/h; desolvation gas
flow, 1000 L/h. A full scan with a mass range of m/z 50 to
500 Da was performed to confirm putative AHLs, as the
fragment ion that was monitored at m/z 102 Da was based
on a stable lactone ring.

16S rRNA Gene Sequence Accession Number

The 16S rRNA gene sequence for strain BJ-1 was depos-
ited in GenBank database and assigned accession number
0OK161097.

Results

Isolation and General Features of AHL-Producing
Vibrio

A total of nine AHL-producing bacteria were isolated from
the sediment sample using two different reporter strains.
Among them, a positive isolate, designated as BJ-1, could
grow on the selective mediums, TCBS and CHROMagar,
and exhibited typical yellow (Figure S1A) and violet (Figure
S1B) colonies, respectively. Strain BJ-1 induced a coloration
only in the biosensor A. tumefaciens NTL4 (pZLR4) (Figure
S1D), indicating the production of medium and long-chain
AHL molecules by BJ-1. Colonies of strain BJ-1 were round,
translucent, smooth, and pale yellow after incubation on an
LB agar plate at 28 °C for 24 h (Figure S1C). Gram staining
was negative and no spores were observed. TEM (Fig. 1A)
and SEM (Fig. 1B) images of BJ-1 showed long, rod-shaped
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Fig. 1 Electron micrograph of V. fluvialis strain BJ-1. A Transmission electron micrograph, Bar 500 nm; B scanning electron micrograph, Bar
500 nm. Both TEM and SEM showed BJ-1 cells in long rods about 0.5-0.7 pm X 1.2-1.9 pm in size, with a single polar flagellum

cells of approximately 0.5-0.7 pm X 1.2—1.9 pm in size, with
a single polar flagellum.

Identification of the Isolated Strain
and Phylogenetic Analysis

The API 20NE identification system was employed to assess
the physiological and biochemical characteristics of stain
BJ-1. Using API 20NE, positive results were obtained for
p-galactosidase, arginine dihydrolase, indole production,
gelatinase, cytochrome oxidase, acid production from glu-
cose, mannitol, sucrose, amygdalin, and arabinose. Nega-
tive results were obtained for lysine decarboxylase, ornithine
decarboxylase, citrate utilization, H,S production, urease,

Fig.2 Phylogenetic analysis of
the AHL-producing stain BJ-1.

tryptophan deaminase, acetoin production (VP), oxidation/
fermentation of inositol, sorbitol, rhamnose, and melibiose.
All results were completely consistent with the biochemical
characteristics of V. fluvialis. Importantly, there was no gas
production from D-glucose by BJ-1, making it significantly
different from V. furnissii, which does produce gas from
D-glucose [36, 37]. Based on physiological and biochemi-
cal parameters, stain BJ-1 was preliminarily identified as V.
Sfluvialis.

Phylogenetic analysis based on 16S rRNA gene sequences
revealed that the isolate BJ-1 clustered with V. fluvialis
(Fig. 2) and possessed the highest similarity (99.77%) to V.
Sfluvialis strain NCTC 11,327 and was also closely related to
the V. fluvialis type strain NBRC 103,150 (99.44% sequence
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similarity) and strain ATCC 33,809 (99.29% sequence simi-
larity). Furthermore, the 16S rRNA gene sequence of strain
BJ-1 showed 99.23% sequence similarity to V. furnissii
strain 9119-82, identifying their close relationship, which
is in concordance with the above results. Ultimately, the
AHL-producing strain BJ-1 was identified as the zoonotic
pathogen, V. fluvialis, according to phylogenetic analysis, as
well as its morphological, physiological, and biochemical
characteristics.

Bacterial Growth and AHL-Producing Activity

The growth and AHL-producing activity of BJ-1 were ana-
lyzed by measuring the ODg, values and diameters of the
blue circle. As shown in Fig. 3, BJ-1 cells grew rapidly at
28 °C and reached the stationary phase after 12 h; the maxi-
mum cell density (ODg,=2.79) was observed at 42 h. Max-
imum AHL activity was observed in the initial period (6 h)
and decreased sharply after 18 h. At 20 °C, AHL activity
firstly increased with increasing cell density until the cells
were in stationary phase, and reached a maximum value at
18 h, before declining. As shown in Fig. 3, the maximum
cell density differed little between the 28 °C and 20 °C cul-
ture conditions, whereas BJ-1 exhibited a slightly slower
growth rate at 20 °C, indicating that a temperature of 28 °C
was more suitable for rapid growth of strain BJ-1. Notably,
BJ-1 showed high AHL-producing activity at low cell den-
sity, although this activity decreased when the cell density
remained at a high level. Thus, a low cell density triggers V.
Sfluvialis BJ-1 to increase the production of AHL signaling
molecules that induces an increase in population density;
conversely, BJ-1 reduces AHL signal secretion in response
to high population density.

Identification of AHLs Profiling

UHPLC fractionation followed by ESIT-MS/MS analysis
of the AHL extracts was performed to identify AHL types.
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Two linear chain AHL products, Cg-HSL and C,,-HSL
with retention times (RT) of 2.45 min and 2.74 min, were
detected using a single-channel mode by precursor ion
scan monitoring for m/z 228.1 and m/z 256.1, respectively
(Fig. 4). The presence of three f-carbon-oxidative AHL
products (3-oxo0-Cg-HSL, 3-0x0-C,,-HSL, and 3-0x0-C,,-
HSL) was also identified with respective RTs of 2.08, 2.46,
and 2.75 min (Fig. 4). Referring to the total ion current chro-
matograms of the standards (Figure S2), the characteristic
peak retention times of the five AHL products corresponded
to those of the respective standard AHLs. In addition, MS/
MS analysis of product peaks showed the product ions of
m/z 228.0 — 102.0, m/z 256.0 — 102.1, m/z 242.0 — 102.1,
m/z 270.1 —102.0, and m/z 298.3 — 102.1, which were con-
sistent with the ion forms of AHL synthetic standards (Fig. 5
and S3). Based on UHPLC and MS/MS analysis, the results
confirmed that V. fluvialis BJ-1 produced five types of AHL,
namely C4-HSL, C,-HSL, 3-o0x0-Cg-HSL, 3-0x0-C,,-HSL,
and 3-oxo-C,,-HSL.

Discussion

Vibrio spp. are a group of ubiquitous bacteria commonly
found in marine and estuarine environments, of which a
portion are pathogenic to many aquaculture organisms, and
could also cause severe extra-intestinal infections in human.
In some marine Vibrio species, QS systems are well studied
and have been demonstrated to regulate the various physi-
ological functions in response to hostile conditions, involv-
ing in bioluminescence [38], biofilm formation [39, 40],
and virulence factor production [41]. The regulation of QS
phenomenon is mediated by a typical group of small autoin-
ducer molecules, such as AHLs, which have been detected in
a total of 32 marine Vibrio species [20]. Ten short side-chain
and 13 long side-chain AHLs have already been classified by
using different detection methods; however, the AHL types
and proportions largely differ among marine Vibrio [20].
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Fig.3 Growth curve and AHLs production activity of stain BJ-1 under two different temperature conditions (28 °C and 20 °C). Error bars repre-

sent the standard deviations of three replicates
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Fig.4 Representative UHPLC-
ESI-MS/MS chromatograms
of the major AHL products
extracted from V. fluvialis BJ-1
culture supernatant. Character-
istic peaks with retention times
of A 2.45 min for C4-HSL,

B 2.74 min for C,-HSL, C
2.08 min for 3-0x0-C4-HSL, D
2.46 min for 3-oxo-C,,-HSL,
and E 2.75 min for 3-oxo-C,-
HSL

@ Springer
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Fig.4 (continued)
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This pattern of AHL diversity may be closely associated
with the survival and the pathogenicity of marine Vibrio.
Thus, AHL types being accurately detected is considered as
a critical link in QS-related studies in marine Vibrio.

The vast majority of AHL-producing Vibrio species had
been well assessed for AHL types by physicochemical detec-
tion methods. Overall, 3-oxo-C,,-HSL, 3-oxo-C,,-HSL,
3-OH-C,-HSL, and 3-OH-C,,-HSL are the most common
AHL molecules in these Vibrio species [23]. Recently, an
emerging pathogenic Vibrio species, named V. fluvialis,
has received increasing public health concerns as it causes
severe acute infections in human [26]. The QS regulatory
pathways in V. fluvialis had been confirmed to play an
important physiological role in pathogenesis, showing a
positive regulation of the extracellular protease and hemo-
lysin production [28]. The AHL-mediated QS represents
one of the most studied QS system in V. fluvialis. Based on
current literatures, a total of 11 AHLs produced by marine
V. fluvialis had been definitely classified, and, however, it is

clear that AHLs profiles were significantly different between
various V. fluvialis strains [20].

Indeed, the AHL profiles are difficulty characterized since
detection methods differ in their resolution and sensitivity. For
example, Yang et al. [30] used the TLC assay with biosen-
sor A. tumefaciens KYCSS to show that V. fluvialis VIB292
produced two signaling molecules, i.e., C,-HSL and Cg-HSL.
Based on a similar TLC-biosensor method, Wang et al. [28]
subsequently demonstrated the presence of two AHL mol-
ecules (C,,-HSL and 3-ox0-C,,-HSL) in V. fluvialis culture
supernatants. However, three AHL molecules, i.e., C;-HSL,
3-0x0-C,,-HSL, and 3-oxo-C,,-HSL, were detected using
ESI-MS/MS analysis. The ESI-MS/MS results showed that
3-0x0-C;-HSL was the major AHL component, and that
C,o-HSL and 3-oxo-C,,-HSL were the minor components
[28]. These comparative data suggest that ESI-MS/MS has
a higher sensitivity and specificity for AHL detection in V.
Sfluvialis. Lately, Rasmussen et al. [29] used UHPLC-DAD-
QTOEMS to show that V. fluvialis S1162 can produce multiple

@ Springer



181 Page8of 11

J.Baoetal.

Fig.5 Mass spectra of five
AHL products extracted from
the chromatographic peaks

at their respective retention
times. The major ion peaks

for respective A Cg-HSL (m/z
228.0—102.0), B C,,-HSL
(m/z 256.0—102.1), C 3-O-Cq-
HSL (m/z 242.0—102.1),

D 3-O-C,,-HSL (m/z

270.1 —102.0), and E 3-O-C,,-
HSL (m/z 298.3 —102.1) are
marked by arrows
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Fig.5 (continued)
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AHL molecules, including two p-carbon-hydroxylated AHLs Conclusion

and six B-carbon-oxidative AHLs. Nevertheless, it is difficult
to verify the accuracy of these findings due to the low response
value of partial confirmed AHL products as well as a failure
to detect linear chain AHLs. In the present study, five AHLs
were successively isolated via the ACQUITY UHPLC I-Class
system and their molecular structures were accurately deter-
mined by ESI-MS/MS. As a result, the coupling of UHPLC to
ESI-MS/MS allowed each AHL product to be correctly identi-
fied and quantified based on retention time, molecular mass, as
well as MS/MS fragmentation and comparison to the standard
AHLs, resulting in a more reliable analysis. In future, to meet
the demands for rapid and accurate AHL determination, it is
believed that the UHPLC-ESI-MS/MS method will be great
application value and considerable potential for marine Vibrio
AHL detection and analysis.

An AHL-producing bacterium, V. fluvialis BJ-1, was iso-
lated from marine sediments using the biosensor A. tume-
faciens NTL4 (pZLR4). Morphological, physiological,
and biochemical characteristics and phylogenetic analy-
ses classified it as the marine opportunistic pathogen, V.
Sfluvialis. Although bacterial growth curves showed that
the maximum cell densities when cultured under two tem-
perature conditions were similar, a temperature of 28 °C
was considered more suitable for strain BJ-1 growth in
view of the slightly faster growth rate. The results of the
AHL activity experiment revealed that the AHL signaling
molecules produced by V. fluvialis BJ-1 had a negative
regulatory effect on bacterial population density. AHLs
extracted from the culture supernatants of V. fluvialis BJ-1
were detected by UHPLC-MS/MS. Based on compara-
tive chromatography-mass spectrometry data with AHL
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synthetic standards, five different AHL molecules were
accurately identified as C4g-HSL,C,-HSL,3-0x0-Cq -HSL,
3-o0x0-C,,-HSL, and 3-oxo0-C,,-HSL.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00284-022-02879-5.
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