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The results of the research will help to elucidate how marine bacteria adapt to the freshwater
environment. The freshwater environment has different chemical parameters from the marine
environment, yet marine pathogenic bacteria can survive, reproduce and infect humans in freshwater.

This study aimed at understanding pathogenic marine Vibrio bacteria
adaptation to freshwater environments. We collected 155 strains and performed a provisional
identification. Selected strains identified as Vibrio cholerae, V. vulnificus, and V.
parahaemolyticus had their whole genomes sequenced. In addition, the selected strains were analyzed
for their ability to grow in the environment with 0 %, 0.2 %, and 1 % NaCl using an ODbox, a
non-contact turbidimeter. Species-specific growth patterns at different NaCl concentrations were
documented. We are currently performing an analysis aimed at the identification of genes involved in

the three species’ adaptation to freshwater. The analysis relies on the whole genome sequence data
and growth data from different NaCl environments for the identification of the freshwater
adaptation genes.
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Vibrio bacteria are some of the deadliest human pathogens, responsible for millions of infection
cases and thousands of deaths every year. The bacteria are particularly dangerous in areas where natural
disasters or armed conflict lead to pollution of drinking water by human feces or seawater. The majority of
Vibrio species are native to marine environments, which is significantly different from freshwater in regards
to salinity, pH, and redox conditions. Only a few Vibrio species have been reported to grow in freshwater
or media containing 0% NaCl. One of these speciesisthe deadly human pathogen Vibrio cholerae. Most V.
cholerae strains are unable to grow in an environment without NaCl, but they can survive in low-salt
concentration environments for several hours or days. However, recent studies found some V. cholerae
strains which can grow (not just survive) in an environment with 0% NaCl.

Understanding V. cholerae adaptation to freshwater is important because the growth of the
bacterium in drinking water increases the risk of cholera outbreaks. Most research on human pathogenic
Vibrio focuseson clinical applications: pathogenicity, serotypesdiversity, or evolution of pandemic variants.
Only afew studies analyzed how the bacteria can survive and grow in freshwater. Recent ecological studies
found an increase in the number of Vibrio species in coastal brackish and freshwater environments. An
increase in the number of Vibrio in brackish and freshwater environments was linked to increasing global
ocean temperatures. These new Vibrio colonizers come in contact with humans and animals, and could
potentially cause sporadic outbreaks of diseases. However, it is still unclear how halophilic Vibrio species

can adapt to growth in freshwater.

This project aimed to answer two questions:

Q1: How did V. cholerae adapt to freshwater?

This question is fundamental to our understanding of V. cholerae distribution in freshwater. Only some V.
cholerae strains can grow in freshwater, while most strains are only able to survive (but not grow) in
freshwater. There are two hypotheses explaining V. cholerae adaptation to freshwater:

- Horizontal transfer of genes allowing adaptation to freshwater. No evidence of the horizontal transfer or
what genes could be involved in adaptation was identified so far.

- Some research suggested that a reduction in the chromosome number from two chromosomes to asingle
chromosome organization played a role in the adaptation to freshwater. This hypothesis was never
thoroughly tested.

Q2: Why can’t most Vibrio species grow in freshwater and how could they adapt to the freshwater
environment?

Theanswer to the second question isal so of great importance. Among 146 described Vibrio species majority
have never been found in freshwater or are unable to grow in media without NaCl. However, there is a
possibility that given suitable environmental conditions marine Vibrio could colonize freshwater in coastal

areas, similar to V. cholerae. The likelihood of the bacteria adaptation to freshwater isincreased by changes



to the global environment, particularly increasing the temperature of marine and coastal environments.
After adaptation to freshwater, these bacteria could emerge as new human pathogens. This study’s results

will help predict how these new Vibrio pathogens could emerge.

The study plan aimed to isolate V. cholerae from freshwater and seawater samples collected in
the Miyazaki prefecture. The isolated bacteria would be provisionally identified using a smple MLSA
scheme based on sequences of housekeeping genes. Selected strains would be tested for growth in media
supplemented with different NaCl concentrations. The genomic organization of the selected V. cholerae
strains would be analyzed using pulse-filed-gel-electrophoresis (PFGE). Also, the selected strains would
have their whole genome sequence anal yzed. The genome sequences of these strains would be analyzed for
accurate taxonomic classification to identify V. cholerae and related pathogenic Vibrio species, and genome-
wide association studies (GWAS) would also be conducted. Additionally, the study would use an
experimental evolution approach to analyze how V. cholerae adapts to an environment with low NaCl

concentration.

(2) Isolation of bacteria strains.

We isolated 155 strains of Vibrionaceae from samples of freshwater collected from the Kaeda
River in the Miyazaki prefecture. The sampling was done along the Kaeda River, near the estuary and
upstream of the estuary mouth. A total of six sampling experiments were conducted during the study. Water
parameters were recorded. Samples were screened for the presence of Vibrionaceae by using the TCBS
medium, followed by further screening to select Vibrio cholerae using CHROMagar Vibrio medium. The
genomic DNA of theisolated 155 strains was isolated and used as a template for PCR amplification of gene
sequences used in an ML SA-based identification scheme.

Overal, the selected screening method proved to be simple and efficient. However, among the
six collected water samples, only three samples contained V. cholerae, for atotal of 16 strains. However, in
addition to V. cholerae, we isolated alarge number of strains from other human pathogenic Vibrio species,
namely V. parahaemolyticus and V. vulnificus. Due to an insufficient number of isolated V. cholerae strains
for the proposed study, we decided to expand the scope of the study and analyze the adaptation of three
human pathogenic Vibrio speciesto freshwater, namely V. cholerae, V. vulnificus, and V. parahaemolyticus.
(2) Characterization of the bacteria growth in an environment with low NaCl concentrations.

Initially, we decided to analyze the growth of 15 isolated V. cholerae, V. vulnificus, and V.
parahaemolyticus strains (five from each species). The bacteriawere grown on basal medium supplemented
with 0%, 0.2%, 1%, or 2% NaCl. However, the results proved difficult to interpret. All the analyzed strains
grew well on media containing 1% or 2% NaCl, but at lower NaCl concentrations we observed some
variability. V. parahaemolyticus strains usually did not grow at 0% and 0.2%, but when repeating the

experiment some strains sometimes showed weak or showed delayed growth after several days. Some



variance was al so observed when analyzing V. cholerae strains.

The observed variance would make the following genome-wide association studies (GWAS)
difficult and likely lead to inexact results. For good quality results, GWAS requires a clear separation
between the analyzed genomic data, but the observed variability using basal medium supplemented with
NaCl could not provide the required quality. As a result, we decided to make an improvement to the
proposed research plan and anal yze the bacteria growth using a non-contact turbidimeter. We purchased an
ODBox-C monitor unit (TAITEC) which allows non-contact measurements of turbidity in a growing
bacteria culture, over a long period. Compared to analyzing the bacteria growth on an agar-solidified
medium, using ODBox we can obtain accurate information about the growth pattern of the bacteria over a
long period. We used the newly purchased equipment to monitor the growth of 15 isolated V. cholerae, V.
vulnificus, and V. parahaemolyticus strainsin aliquid medium supplemented with 0%, 0.2%, and 1% NaCl.

The bacteria were grown for five days at 28°C. Growth on a nutrient-rich L SW-70 medium was used as a
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0.2% NaCl (Figure 1D). However, one V. parahaemolyticus strain in some repeats of the experiment
showed growth on basal medium supplemented with 0% or 0.2% NaCl.
(3) Genome sequencing and GWAS.

We obtained the whole genome sequences of seven V. cholerae, V. wulnificus, and V.
parahaemolyticus strains. Currently, we are in the process of sequencing the genomes of the remaining 8
analyzed strains. Once the remaining genome sequences are complete, we will be able to continue with the
genome-wide association studies (GWAS). The GWAS analysisisthe last remaining part of the study.

We used the obtained genome sequences for accurate taxonomic classification. We calcul ated the average
nucleotide identity (ANI) between the obtained genome sequences and the genome sequences of type
strains of V. cholerae, V. vulnificus, and V. parahaemolyticus, as well as genome-based phylogenetic
analyses. The analysesreveal ed that our ML SA scheme accurately identified al V. parahaemolyticus strains.

One dtrain initially classified as V. cholerae was later reclassified as “V. parilis’, which is a recently



discovered Mibrio species, whose nameis not yet validly described using bacterial taxonomy rules. The “V.
parilis” strain showed a different pattern of growth in basal medium supplemented with NaCl compared to
V. cholerae strains (see above). One strain initially identified as V. vulnificus showed low ANI values
compared to the type strain of the species, further taxonomic classification of the strain will be required.
The strain has the same growth pattern as other analyzed V. vulnificus, which will have no impact on GWAS
analysis.

The proposed plan called for an analysis of the genome organization of the isolated strains using
the PFGE. However, this analysis is not necessary thanks to the high quality of the genome sequencing
results. The obtained genome sequences could be assembled into complete chromosomes and revealed no
obvious changes to the chromosomal organization compared to other Vibrionaceae. We can therefore reject
a hypothesis that changes in genome organization had an impact on the bacteria’s ability to grow in a low
NaCl environment.

(4) Experimental evolution.

The proposed plan called for an experimental evolution approach to analyze V. cholerae
adaptation to freshwater. We attempted the planned experiments but got very mixed results. The mediawe
used allowed delayed growth of V. cholerae strains meaning that the strains were already adapted to the
conditions we used. However, thanks to the data obtained from the non-contact measurements of turbidity
in cultures grown in basal medium with different NaCl concentrations, we decided to change the
experimental evolution approach. Instead of V. cholerae, we plan to conduct the experimental evolution

with V. parahaemolyticus strains.






