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Introduction

Abstract

The aim of the study was to identify Pseudoalteromonas strain 0S-9 and evaluate its
anti-Vibrio potential. Based on the morphological, biochemical, and 16S rRNA
sequence analysis, the strain was identified as Pseudoalteromonas haloplanktis.
Experiments designed with Box Behnken showed that cell density and cell-free
supernatant activity were simultaneously maximum at 30°C, pH 7, and 90 h. The
coefficient values obtained from the response surface methodology regression
equations determined that pH was more effective on responses than other physical
variables. The cell-free supernatant of P. haloplanktis OS-9 extracted under optimized
conditions was only effective on Gram-negative fish pathogenic bacteria and especially
on Vibrio. Among Vibrio spp., the strongest inhibitory effect was observed against
V. rotiferianus. At the maximum cell density (10.48 OD), the strain 0S-9 showed the
maximum inhibitory effect against V. rotiferianus (26.42 mm zone diameter). In co-
culture assay, the growth of V. rotiferianus was inhibited after 96 h with an initial level
of 1.0 x 10% CFU ml by the strain 0S-9. These results indicated that P. haloplanktis
strain 0S-9 could be considered as a potential Vibrio bio-controlling agent.

control and manage bacterial diseases in aquaculture
(Done et al.,, 2015). However, the excessive use of

The genus Vibrio are natural inhabitants of the
normal microbiota of marine and estuarine ecosystems.
Vibriosis caused by Vibrio species is an economically
important disease that hinders the development of
aquaculture (Ananda Raja et al.,, 2017). Vibriosis
outbreaks have been reported in almost all cultured
aquatic animals such as crustaceans, mollusks, and fish
(Gémez-Ledn et al., 2005; Bilen et al., 2013). Vibrio
species associated with raw mollusks and shellfish or
fetal contaminated water cause gastroenteritis, wound
infections, diarrhea, and septicemia in humans (Levine
& Griffin, 1993), and Vibrio-induced deaths were
observed in patients with chronic conditions (Daniels et
al., 2000). Antibiotics have been used for many years to
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antibiotics causes antibiotic accumulation in organs,
deterioration of the microbiota of the aquaculture
systems, and development of antibiotic-resistant
bacteria (Resende et al., 2012; Kavitha et al., 2018). It
has been reported that Vibrio species develop resistance
to antibiotics such as ampicillin, carbapenem,
chloramphenicol, kanamycin, tetracycline,
trimethoprim, and streptomycin, which are primarily
used in the treatment of vibriosis (Zanetti et al., 2001;
Lee et al., 2018). To reduce these risk factors, probiotic
microorganisms as biocontrol agents can be an
innovative and alternative approach to the control and
treatment of vibriosis (Mohamad et al., 2019; Yaylaci,
2021).
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Probiotics are defined as harmless live
microorganisms that improve host health (Romero et
al., 2012). Probiotics, taken as food additives or
supplements, enhance digestion by improving the
intestinal microbial balance, and providing protection
against pathogens (Morya et al.,, 2014). Therefore,
probiotic applications are considered an alternative
method to antibiotics in managing bacterial infections in
aquaculture (Tinh et al., 2008). In addition, the effective
use of probiotics against diseases encourages
researchers to search for new strains with different
properties.  Marine-derived  bacteria, such as
Pseudoalteromonas, are being investigated as probiotics
as they are sources of various bioactive metabolites.

The yield is critical in processes where secondary
metabolites are harvested. The low yield and high
production costs encountered in the fermentation
process are limiting factors in the development,
commercialization, and application of bacteria-based
products (Schisler et al., 2004). During the fermentation
process, temperature, pH, incubation time, agitation,
and nutrients affect the amount and yield of production.
Therefore, developing a culture medium that optimizes
the production of the microbial strain is the most crucial
step in increasing the yield (Kamaran et al.,, 2015).
Different methods have been applied to optimize the
culture medium to increase microbial growth and
production of metabolites (Masurekar, 2008). The
classical optimization approach is one-factor-at-a-time,
which is time-consuming and cannot fully demonstrate
the combined interactions of independent variables in
the production process (Venkateswarulu et al., 2017).
These disadvantages of the one-factor-at-a-time
method can be overcome by using alternative
approaches such as response surface methodology
(RSM) (Shafi et al., 2018). RMS is a multivariant
statistical technique used to construct models, design
experiments, evaluate the effects of factors, and find
the optimal conditions to describe relationships
between response and independent variables (Basri et
al., 2007). This experimental methodology is frequently
used to optimize the fermentation medium (Rao et al.,
2000). Box-Behnken design of RSM is an efficient and
economical method used in three-level-factor designs
where the independent variables are more than two
(Ferreira et al., 2007).

This study aimed to characterize and evaluate the
anti-Vibrio potential of Pseudoalteromonas strain 0S-9
isolated from sea bass (Dicentrarchus labrax)
aquaculture cage surface water. To maximize cell
density and cell-free supernatant activity
simultaneously, the independent physical factors
(temperature, pH, and incubation time) of the
fermentation culture were optimized with the Box
Behnken experimental design. In addition, a co-culture
experiment was carried out under optimized conditions
with the Vibrio strain in which the isolate had the most
inhibitory effect.

Materials and methods
Sample collection

Surface seawater samples were collected from an
aquaculture cage of sea bass (D. labrax) farm located in
Ordu province in the Black Sea Region of Turkey. 1 mL of
sample was diluted tenfold serial dilutions in phosphate-
buffered saline (PBS) (pH 7.2). 100 pl samples from each
dilution were inoculated into Marine agar 2216 (MA)
and incubated at 29°C for 48 h. Differently from the
other colonies, one with brownish pigmentation was
selected. The isolate labeled strain 0S-9 was
subcultured and stored at -70°C with 10% (v/v) glycerol.

Antagonistic Activity

The strain 0S-9 was tested for antagonistic activity
against Vibrio vulnificus (KF443056), V. harveyi
(KF443058), V. rotiferianus (KF443057), and Aeromonas
veronii (KF443053) were isolated from fish (D. labrax)
with disease symptoms and confirmed previously by
Uzun and Ogut (2015). The agar well diffusion method
with minor modification after Zhang et al. (2017) was
carried out to screen the antagonistic activity of the
strain 0OS-9 cell culture. Using an apparatus, wells of 6
mm diameter were made on the tryptic soy agar (TSA)
plates previously swabbed with indicator bacterial
culture. 10% CFU ml? overnight culture (30 pl) of the
strain 0S-9 was added to each well and incubated at
29°Cfor 24 h. Wells filled with 30 pl of sterile PBS (pH7.2)
were used as controls. The 0S-9 strain was subjected to
further analysis as it had antagonistic activity against fish
pathogens.

Morphological and Biochemical Identification

To determine morphological and biochemical
characteristics, the strain 0S-9 was cultivated on MA
plate at 29°C for 24 h. Cell morphology, Gram staining,
catalase, and oxidase activities were examined by the
methods of Lai et al. (2009). Hydrolysis of starch, casein,
gelatine, H2S, and indole production was carried out
according to lvanova et al. (2004a). APl ZYM, API 20E,
and API 20NE kits (BioMerieux, USA) were used for other
biochemical tests.

Molecular Identification

Genomic DNA of 0S-9 harvested with tri-reagent
LS (Sigma) and Master Mix Kit (Qiagen) was used for
molecular identification. PCR was performed with the
universal primer set: 16S-27F(5'-
AGAGTTTGATCCTGGCTCAG-3') and 16S-1492R (5'-
CGGTTACCTTGTTACGACTT -3’) to amplify the 16s rRNA
gene. The thermal profile consisted of initial
denaturation at 95°C for 3 min, 35 cycles of denaturation
at 94°C for 30 s, annealing at 56°C for 60 s, extension at
72°Cfor 90 s, and a final extension at 72°C for 5 min. PCR
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products were purified with QlAquick PCR Purification
Kit (Qiagen Inc). The sequencing reaction was
performed by Macrogen Inc. Comparison of the target
sequence with other related taxa was analyzed using
deposited sequences in the GenBank database (NCBI,
http://www.ncbi.nIm.nih.gov) by basic local alighment
(BLAST). A phylogenetic tree of 16S rRNA gene
sequences was constructed using Mega X to determine
the evolutionary relationship between strains using
Neighbor-Joining method in ClustalW (Kumar et al.,,
2018).

Experimental Design

The overnight culture of the strain 0S-9 was
inoculated into Marine broth (MB) at an initial cell
density of 10° CFU ml' and incubated in a shaker (120
rpm™). The culture conditions were optimized according
to the Box-Behnken experimental design (Table 1).
Uncultivated MB was used as a negative control and
experiments were conducted in triplicate. The cell
density of the strain 0S-9 was monitored, and optical
density (OD) was recorded at 620 nm.

A three-level three-factor Box-Behnken design of
RSM was used to optimize the fermentation conditions
of strain 0S-9 (Box & Behnken, 1960). The factors
included temperature (A), pH (B) and incubation time (C)
with three coded levels (-1, 0 and +1) (Table 1). The
design of 17 experimental runs was performed with 12
random points and 3 center points by MINITAB 19
software (version 19, Minitab, State College, PA).

The effect of variables on response was predicted
through multiple regression analysis using the second-
order polynomial equation:

Y=Lo+ f1A+[2B+P3C+B11A%+[2,B*+33C%+B1,AB+ B13AC+HB23BC (1)

where Y is predicted response, A is temperature, B
is pH, C is incubation time, fo is model constant, B1, 52
and fBs are linear coefficients, f12, B3, and [ are
interaction coefficients and i1, B2, and fs3 are
quadratic coefficients.

The quality of fit and competence of the
polynomial model equation was tested by the
coefficient of determination R?, adjusted R?, and
predicted R? values. The significance of regression
coefficients of the model was evaluated by F-test. The
experimental data were analyzed using analysis of
variance (ANOVA) to determine the statistical
significance of the model. The effects of independent

Table 1. Levels of factors used in experimental design

variables (temperature, pH, and incubation time) on the
cell density of strain 0S-9 and its cell-free supernatant
inhibition activity against V. rotiferianus were evaluated
by contour plots.

Antibacterial Activity

The cell-free supernatant (CFS) of the strain 0S-9
was evaluated for the antibacterial activity to more fish
pathogens (V. anguillarum (ONO76422), V. furnissii
(ON076429), Citrobacter freundii (KR698931.1) and
Pseudomonas  putida  (KY425616.1)  confirmed
previously by Uzun-Yaylaci (2019)), and clinical
pathogens in addition to the above (Staphylococcus
aureus (ATCC 25923), Staphylococcus epidermidis (ATCC
12228), Enterococcus faecalis (ATCC 29212), Listeria
monocytogenes (ATCC 43251), Klebsiella pneumoniae
(ATCC 13883), Escherichia coli (ATCC 25922), Serratia
marcescens (ATCC 27117), Salmonella enterica (ATCC
13076) and Pseudomonas aeruginosa (ATCC 27853)).
The CFS was extracted from the bacterial culture of
strain 0S-9 grown under optimized culture conditions.
The culture was centrifuged at 10 000 x g for 15 min at
4°C and filtered through a 0.22 pum pore filter. The
antibacterial activity was evaluated by the well diffusion
method as mentioned above. The plates were incubated
at 29°C for Vibrio spp. and 37°C for human pathogens.
The experiments were repeated three times and the
inhibition zone diameter was measured.

Co-culture Assay

In the co-culture experiment, V. rotiferianus was
inoculated into tryptic soy broth (TSB) at an initial cell
density of 10° CFU ml?; the strain 0S-9 was inoculated
at initial densities of 10* CFU ml, 10° CFU mlt and 10°
CFU ml. Control groups (the cultures of the strain 0S-9
without V. rotiferianus and the culture of V. rotiferianus
without the strain 0S-9) were incubated under the same
conditions (30°C and pH 7). All combinations were
repeated in triplicate. Cultures were incubated in a
shaker (120 rpm™) and samples (100 pl) were withdrawn
at 0, 24, 48, 72, and 96 h. V. rotiferianus and strain 0S-9
colonies were counted using the pour plate method on
thiosulfate citrate bile salts sucrose agar (TCBSA) and
MA 2216 respectively.

Antibiotic Sensitivity

The sensitivity of the strain OS-9 was tested using
the disc diffusion method (Thankappan et al., 2015).

Levels of variables

Symbol Name of variables E) 0 1
A Temperature (°C) 15 30 45
B pH 5 7 9

C Incubation time (h) 30 90 150
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Sensitivity to furazolidone (50 pg disc), florfenicol (30
ug discl), erythromycin (15 pg disc?), chloramphenicol
(30 pg discl), oxolinic acid (2 pg disc?), oxytetracycline
(30 pg disc?), ampicillin (10 pg disc?) and streptomycin
(10 pg disc) was assessed with Oxoid disks.

Statistical Analysis

The data were expressed as means * standard
deviation of three replicates. The results were analyzed
using one-way analysis of variance (ANOVA) was
performed using MINITAB 19 software. p<0.05 was
considered statistically significant.

Results and Discussion

Isolation, Characterization, and Phylogenetic Analysis
of the Strain 0S-9

The strain 0S-9 was isolated from the aquaculture
cage surface water of sea bass (D. labrax) farm located
in Ordu province in the Black Sea Region of Turkey. In
the preliminary screening for the antagonistic effect, it
was determined that the 0S-9 strain had antibacterial
ability. The isolate appeared convex and 3 mm in
diameter with brownish pigmentation on MA 2216 agar
plate after incubation at 29°C for 48 h (Figure 1). Cells
were Gram-negative, rode-shape, motile and non-
spore-forming. The isolate was positive for catalase,
oxidase, and urease but negative for H.S, indole, and
citrate utilization. The strain hydrolyzed starch and
gelatin but not casein. Other biochemical characteristics
are listed in Table S1. Morphological and physiological
characteristics of the strain 0S-9 matched with
Pseudoalteromonas genus (Zhao et al., 2014). Molecular
identification of the strain 0OS-9 was carried out by DNA-
sequencing. The homology between phylogenetically

related species was analyzed via sequence for the partial
(1461 bp) 16S rRNA gene (GenBank Accession #:
SUB11237414). The cladogram generated based on the
16S rRNA gene showed that the strain 0S-9 exhibited
99.93% identical homology with Pseudoalteromonas
haloplanktis strain ATCC 14393 (Figure 2).

Response Surface Model

A three-factor Box-Behnken experimental design
with RSM was employed to optimize the fermentation
parameters (temperature, pH, and incubation time) of
P. haloplanktis strain 0S-9. The design matrix and
predicted values are presented in Table 2. The
parameters included the cell density of P. haloplanktis
strain 0S-9 and the zone diameters of the most sensitive
isolate, V. rotiferianus. The aim was to determine the
values at which the highest cell density and CFS activity
of P. haloplanktis strain 0S-9 were observed. The
maximum cell density (10.48 OD) and zone diameter
(26.42 mm) were obtained at 30°C, pH 7, and 90 h.
Regression analyses for the responses were performed
via RSM with the quadratic polynomial equations (2, 3).
The model equations obtained from responses are as
follows:

R i censiy = —9125+0.8943A+12.618B8+0.14185C (2)
~0.018817A% ~1.0016 B> -0.000892C*
+0.02500 AB-0.000117AC -0.001479BC

R =-10146+1702 A+25.91B+0.3138C (3)

zone diameter

—0.03965 A? —2.1204B* —0.001978C*
+0.0753 AB +0.000244AC +0.00367BC

where R is response, A is temperature, B is pH and
Cis incubation time.

Figure 1. Brownish pigmentation of P. haloplanktis strain OS-9 on MA 2216 agar plate.



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS21726

Pseudoalteromonas haloplanktis ATCC 14393T(NR044837.2)

% Psendoalteromonas haloplanfieis AFMB-008041 (ETUS07989)

Psendpalteromonas haloplanktis O5-9 (ON058651)

77| Pseudoalteromonas nigrifaciens NBRC 103036 T(NE 114188.1)

{Psem’aaffef vimonas atlantica IAM 129277 (NR 0262218.1)
2

Pseudoalteromonas distincta KM 3548T(NR. 025654.1)

— Prandoalteromonas aliena KMM 3562T(NR. 025775.1)

53
Pseudoalteromonas maring mano4 T(NR 042981.1)

Pseudoalteromonas ruthenica KNIM300T(NR 025140.1)

B

Pseudoalteromonas piscicida 1AM 12932T(1\1R 040946.1)

13 Pseudoalteromonas amylolvtica TWI1T(NR 149821.1)
97 T
Psendoalteromonas byunsanensis FR1199° (NE 043466.1)

Pseudoalteromonas denifrificans Nygaard IQ?TT(N'R 044866.1)

Pseudoalteromonas funicata D2T (WR. 0029365.1)

—
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Figure 2. Evolutionary relationships were visualized as Neighbor-joining tree of 16S rRNA gene. Analysis was carried out based
on the sequences compared using Mega X.

Table 2. Box-Behnken design, experimental results and RSM predicted values for zone diameter and cell density

Run Temperature
(°Q)

1 15
2 45
3 15
4 45
5 15
6 45
7 15
8 45
9 30
10 30
11 30
12 30
13 30
14 30
15 30
16 30
17 30

Zone diameter (mm) Cell density (OD)
pH Incubation time Experimental RSM-predicted Experimental RSM-predicted
(h)
5 90 16.34 15.56 4.65 4.53
5 90 7.22 7.21 1.51 1.56
9 90 6.29 6.30 1.25 1.20
9 90 6.2 6.98 111 1.23
7 30 12.79 13.06 4.04 4.06
7 30 9.28 8.79 2.52 2.37
7 150 11.03 11.52 3.12 3.27
7 150 8.4 8.13 2.02 2.00
5 30 13.67 14.18 4.44 4.54
9 30 8.84 8.55 2.32 2.35
5 150 11.91 12.20 3.63 3.60
9 150 8.84 8.33 2.22 2.12
7 90 26.42 26.42 10.48 10.37
7 90 26.68 26.42 10.45 10.37
7 90 25.98 26.42 10.08 10.37
7 90 26.85 26.42 10.48 10.37
7 90 26.15 26.42 10.36 10.37
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The ANOVA of the models is shown in Table 3. The
correlation between the experimental results and the
predicted values is represented by the R? values (Celik et
al., 2018; Ozbek Yazici & Ozmen, 2020). The coefficient
R? value for cell density and zone diameter (0.9991 and
0.9971, respectively) showed that the models could
explain 99% response variations. In addition, for cell
density and zone diameter, predicted R? (0.9923 and
0.9607, respectively) and adjusted R? (0.9978 and
0.9934, respectively) values were in good agreement
with the value of R% The R? values obtained from the
RSM models confirmed the reliability of the design.

The statistical significance of the quadratic
polynomial models was checked with the F test
(ANOVA). The ANOVA of both RSM models was found
highly significant for the fitted model with a high F value
(819.43 and 267.41) and p value < 0.05. The terms with
p value less than 0.05 indicate that models are
significant. In this study, A, B, AB, CB, A2, B?, and C? were
significant terms for cell density and zone diameter, but
AC was insignificant. In addition, C was significant for cell
density, but not for zone diameter, as shown in Table 3.
"Lack of Fit F values" of 1.12 and 6.50 for both RSM
models indicate that the lack of fit was not significant
relative to pure error. A non-significant lack of fit was
expected in the RSM models because it was not part of
the regression (Kumar et al., 2019). Coefficient values
indicated that pH was the most significant variable in
both RSM models, followed by temperature and
incubation time.

The contour plots describe the interactions of
independent variables with each other (De Lima et al.,
2010). In response plots, the effect of any two variables
was analyzed while the value of the other variable was
fixed at the central point value. The elliptical distribution
of the contour plot showed a significant effect, and the
smallest ellipses in the contour diagram represented the

best-predicted values (Shafi et al., 2018; Salman et al.,
2020). In this study, the contour plots of elliptical shape
showed that AB (temperature - pH) had a significant
effect on the cell density of P. haloplanktis strain 0S-9
and zone diameter at the fixed incubation period of 90
h (Figure 3 a, d). It was observed in the graphs that the
increase in pH from 5 to 7 and temperature from 15 to
30°C caused an increasing trend in the cell density and
zone diameter. However, further increases in pH and
temperature decreased the cell density and zone
diameter. The mutual effects of AC (temperature -
incubation time) and BC (pH - incubation time) on the
cell density and zone diameter were non-significant,
seen as a circular shape of contour plots (Figure 3b, e;
Figure 3c, f).

Antibacterial Activity

The cell-free supernatant of P. haloplanktis was
extracted under optimized conditions (30°C, pH 7, and
90 h) and investigated against seventeen pathogens
(four Gram-positive and thirteen Gram-negative
bacteria) using the agar well diffusion method. Similar to
Handayani et al. (2022), it was determined that CFS
produced by P. haloplanktis strain 0S-9 inhibited only
Gram-negative fish pathogenic bacteria and especially
Vibrio (Table 4). In addition, as reported by Isnansetyo
et al. (2009), the inhibitory effect of strain 0S-9 showed
heterogeneity among Vibrio species. This can be
explained by the fact that the strain OS-9 produces
narrow-spectrum antimicrobial compounds (Handayani
etal., 2022). The cell-free supernatant of P. haloplanktis
has inhibitory activity against Staphylococcus aureus,
Escherichia coli, Salmonella typhimurium, Bacillus
subtilis and Micrococcus luteus (Hayashida-Soiza et al.,
2008). However, in this study, clinical pathogens
including S. epidermidis, P. aeruginosa, S. aureus, E.

Table 3. ANOVA of quadric model for zone diameter and cell density

Zone diameter Cell density

Source Sum of Df Mean Fvalue P Sum of Df Mean Fvalue P

squares square value squares square value
Model 1048.59 9 116.510 267.41 0.000 222.168 9 24.6853 819.43 0.000
A-Temperature 29.45 1 29.453 67.60 0.000 4.351 1 4.3512 144.44 0.000
B-pH 44.98 1 44,983 103.24 0.000 6.716 1 6.716 6.7161 0.000
C-Incubation 2.42 1 2.420 5.55 0.051 0.679 1 0.679 0.6786 0.002
time
A? 335.15 1 335.148 769.21 0.000 75.472 1 75.4722 2301.54 0.000
B2 302.91 1 302.906 695.21 0.000 67.579 1 67.5791 2243.29 0.000
C? 213.41 1 213.405 489.79 0.000 43.419 1 43.4195 1441.31 0.000
AB 20.39 1 20.385 46.79 0.000 2.250 1 2.2500 74.69 0.000
AC 0.19 1 0.194 0.44  0.526 0.044 1 0.0441 1.46 0.266
BC 1 0.224 0.126 1 0.1260 4.18 0.080
Residual 3.05 7 0.436 0.211 7 0.0301
Lack of fit 2.53 3 0.844 6.50 0.051 0.096 3 0.0320 1.12 0.441
Pure error 0.52 4 0.130 0.115 4 0.0287
Total 1051.64 16 222.379 16
R? 0.9971 0.9991
R? (adj) 0.9934 0.9978
R? (pred) 0.9607 0.9923

p<0.05 are significant
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Figure 3. Contour plots showing combined effects of independent variables on zone diameter of the strain 0S-9 against V.
rotiferianus (a, b, ¢) and cell density (d, e, f).

Table 4. Antibacterial activity of cell-free supernatant from the strain 0S-9

Bacterial strains Inhibition zone (mm)
V. rotiferianus 26.42+0.22

V. harveyi 16.67+0.14

V. anguillarum 14.65+0.43

V. vulnificus 8.33+0.55

V. furnissii 7.85+0.11

A. veronii -

C. freundii -

P. putida -

S. epidermis -
P. aeruginosa -
S. aureus -
E. faecalis -
S. marcescens -
L. monocytogenes -
S. enterica -
E. coli -
K. pneumoniae -

2 Values are the mean + standard deviations of triplicate measurements.
- No inhibition zone
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faecalis, S. marcescens, L. monocytogenes, S. enterica, E.
coli, and K. pneumoniae were not inhibited by the CFS of
P. haloplanktis 0S-9. Antimicrobial properties of
Pseudoalteromonas are associated with the host or
ecological niche in which they are isolated (Offret et al.,
2016). In this regard, the isolation of the strain 0S-9 and
the pathogens it inhibits from the same environment
may have given the 0S-9 strain an advantage in
inhibiting these pathogens.

Pseudoalteromonas belonging to the class of
Gammaproteobacteria are marine bacteria that can
produce antibacterial compounds (Gauthier et al., 1995;
Holmstrom & Kjelleberg, 1999; Desriac et al., 2014; Tang
et al., 2020). Pseudoalteromonas spp. produce various
extracellular products, such as violacein, indolmycin
(Thggersen et al.,, 2016), hexadecatetraenoic acid
(Supardy et al., 2019), isovaleric and 2-methylbutyric
acids (Hayashida-Soiza et al., 2008). It has been reported
that extracellular serine proteases, metalloproteases,
and other proteolytic substances produced by some
Pseudoalteromonas  species  have  antibacterial
properties (Klein et al., 2011; Mitra et al., 2014). Some
species of this genus also have antifouling (Yee et al.,
2007) and antibiofilm (Dheilly et al., 2010) activities.
Pseudoalteromonas genus includes pigmented and non-
pigmented species (Gauthier et al., 1995). The ability to
produce metabolites has often been associated with
pigmentation, as most (>80%) of Pseudoalteromonas
species that produce antimicrobial metabolites are
pigmented (Huang et al, 2011). Non-pigmented
Pseudoalteromonas strains can also be bioactive
metabolite producers (Ilvanova et al., 2014). It has been
reported in many studies that P. haloplanktis produces

melanin-like pigment, albeit weakly (Bowman, 1998;
Matsuyama et al., 2014). Similarly, in this study, it was
determined that the 0S-9 is an isolate that produces
melanin-like pigment. Pseudoalteromonas haloplanktis
strain 0S-9 demonstrated good antibacterial activity
against Vibrio spp., especially V. rotiferianus (Figure 4).
V. rotiferianus is common in the marine environment
and is pathogenic in marine fish and crustaceans (Austin
et al., 2005). Furthermore, V. rotiferianus is resistant to
many antibiotics such as penicillin, streptomycin,
kanamycin, and ampicillin (Zhang et al., 2019). In this
study, the strain 0S-9 was considered a potential
probiotic as it showed an inhibitory effect against Vibrio
species. Pseudoalteromonas species are non-pathogenic
and considered safe (lvanova et al.,, 2004b). Many
studies have reported that Pseudoalteromonas species
can be used as a potential Vibrio-biocontrol agent in
aquaculture (Aranda et al., 2012; Morya et al., 2014).

Co-culture Assay

In broth co-culture assay, the strain 0S-9 was
evaluated for inhibitory activity against V. rotiferianus.
After 96 h, the growth of V. rotiferianus was inhibited
39% by P. haloplanktis strain 0OS-9 culture inoculated at
an initial level of 10% CFU ml* and inhibition increased to
62.9% when the concentration of the strain 0S-9 was
108 CFU ml* (Figure 5). Co-culture experiments showed
that the inhibitory activity of the P. haloplanktis OS-9
increased when the concentration of inhibitor bacteria
and the incubation period were increased, which agrees
with the reports of Handayani et al. (2022).

Figure 4. Inhibition zone against V. rotiferianus (a), V. harveyi (b), V. anguillarum (c), V. vulnificus (d), and V. furnissii (e).
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Figure 5. Growth inhibition activity of the strain 0S-9 against V. rotiferianus (10> CFU ml1) at an initial cell density of

10* CFU ml}(a), 105 CFU ml-i(b), and 108 CFU ml(c).

Table 5. Antibiotic susceptibility of the strain OS-9.

Antibiotics

Inhibition zone (mm)

Furazolidone
Florfenicol
Erythromycin
Chloramphenicol
Oxolinic acid
Oxytetracycline
Ampicillin
Streptomycin

23.00+0.26°
14.11+0.55
26.22+0.33
15.00+0.12
27.00+0.30
31.60£0.44
26.10£0.67
13.53+0.45

2 Values are the mean * standard deviations of triplicate measurements.

Antibiotic Susceptibility

Antibiotic sensitivity is one of the most important
characteristics of potential probiotics (Patel et al., 2009).
In the present study, P. haloplanktis 0OS-9 was
susceptible to all tested antibiotics (Table 5). The
susceptibility to many antibiotics suggests that P.
haloplanktis 0S-9 does not have antibiotic-resistant
genes that can be transferred to pathogenic bacteria.

Conclusion

The strain 0S-9 was isolated from the aquaculture
cage water and identified as P. haloplanktis based on
morphological and biochemical properties with a
phylogenetic analysis using 16S rRNA gene sequence.
The results showed that the Box-Behnken design of RSM
is a suitable method when three factors are desired to
be optimized in the fermentation culture. With the RSM
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method, parameters that maximize both responses
simultaneously were determined. Thus, it seems
possible to decide on the appropriate time to harvest
the culture in large-scale commercial production of the
strain. P. haloplanktis strain 0S-9 showed good
antibacterial activity against Vibrio spp. Being
susceptible to many antibiotics commonly used in
aquaculture suggests that the strain 0S-9 may not carry
antibiotic-resistant genes. In conclusion, P. haloplanktis
strain OS-9 can be considered a potential Vibrio bio-
controlling agent. However, the strain 0S-9 needs
further research to elucidate its molecular mechanisms
and determine its practical applicability under
aquaculture conditions.

Ethical Statement

This article does not contain any studies with
human or animal subjects.

Funding Information

This research received no specific grant from any
funding agency.

Author Contribution

UYE: Conceptualization, Methodology, formal
analysis, investigation, validation, writing, review, and
editing.

Conflict of Interest

There is no conflict of interest between third
parties.

References

Ananda Raja, R., Sridhar, R., Balachandran, C., Palanisammi,
A., Ramesh, S., & Nagarajan, K. (2017). Pathogenicity
profile of Vibrio parahaemolyticus in farmed Pacific
white shrimp, Penaeus vannamei. Fish & Shellfish
Immunology, 67, 368—

381. https://doi.org/10.1016/].fsi.2017.06.020

Aranda, C.P., Valenzuela, C., Barrientos, J., Paredes, J., Leal, P.,
Maldonado, M., Godoy, F.A., & Osorio, C.G. (2012).
Bacteriostatic anti-Vibrio parahaemolyticus activity of
Pseudoalteromonas sp. strains DIT09, DIT44 and DIT46
isolated from Southern Chilean intertidal Perumytilus
purpuratus. World Journal of Microbiology and
Biotechnology, 28(6), 2365-2374.
https://doi.org/10.1007/s11274-012-1044-z

Austin, B., Austin, D., Sutherland, R., Thompson, F., & Swings,
J. (2005). Pathogenicity of vibrios to rainbow trout
(Oncorhynchus  mykiss, Walbaum) and Artemia
nauplii. Environmental Microbiology, 7(9), 1488-1495.
https://doi.org/10.1111/j.1462-2920.2005.00847.x

Basri, M., Rahman, R.N., Ebrahimpour, A., Salleh, A.B,
Gunawan, E.R., & Rahman, M.B. (2007). Comparison of
estimation capabilities of response surface methodology
(RSM) with artificial neural network (ANN) in lipase-

catalyzed synthesis of palm-based wax ester. BMC
Biotechnology, 7, 53. https://d0i:10.1186/1472-6750-7-
53

Bilen, S., Yilmaz, S., & Bilen, A.M. (2013). Influence of Tetra
(Cotinus coggygria) extract against Vibrio anguillarum
infection in Koi Carp, Cyprinus carpio with reference to
haematological and immunological changes. Turkish
Journal of Fisheries and Aquatic Sciences, 13, 517-522.
https://d0i:10.4194/1303-2712-v13_3_16

Bowman, J.P. (1998). Pseudoalteromonas prydzensis sp. nov.,
a psychrotrophic, halotolerant bacterium form Antarctic
sea ice. International Journal of Systematic Bacteriology,
48(3), 1037-1041. https://doi:10.1099/00207713-48-3-
1037

Box, G., & Behnken, D. (1960). Some new three level designs
for the study of quantitative variables. Technometrics,
2(4), 455-475.

Celik, F., Aslani, M.A.A., & Seyhaneyildiz Can, S. (2018). Study
of the bioaccumulation of UO2 2+ onto the green
microalgae Botryococcus braunii using response surface
methodology, Turkish Journal of Fisheries and Aquatic
Sciences, 19(7), 593-604 http://doi.org/10.4194/1303-
2712-v19_7 06

Daniels, N.A., MacKinnon, L., Bishop, R., Altekruse, S., Ray, B.,
Hammond, R.M., Thompson, S., Wilson, S., Bean, N.H.,
Griffin, P.M., & Slutsker, L. (2000). Vibrio
parahaemolyticus infections in the United States, 1973-
1998. The Journal of Infectious Diseases ,181(5), 1661—
1666. http://doi.org/10.1086/315459

De Lima C.J., Coelho, L.F., & Contiero, J. (2010). The use of
response surface methodology in optimization of lactic
acid production: focus on medium supplementation,
temperature and pH control. Food Technology and
Biotechnology, 48, 175—-181.

Desriac, F., Defer, D., Bourgougnon, N., Brillet, B., Le Chevalier,
P., & Fleury, Y. (2010). Bacteriocin as weapons in the
marine animal-associated bacteria warfare: inventory
and potential applications as an aquaculture probiotic.
Marine Drugs, 8, 1153-1177. https://doi. org/ 10. 3390/
md804 1153

Dheilly, A., Soum-Soutéra, E., Klein, G.L., Bazire, A., Compére,
C., Haras, D., & Dufour, A. (2010). Antibiofilm activity of
the marine bacterium Pseudoalteromonas sp. strain 3J6.
Applied and Environmental Microbiology journal, 76(11),
3452-3461. https://d0i:10.1128/AEM.02632-09

Done, H.Y., Venkatesan, A.K., Halden, & R.U. (2015). Does the
recent growth of aquaculture create antibiotic
resistance threats different from those associated with
land animal production in agriculture? The AAPS Journal,
17, 513-524.
https://doi.org/10.1208/s12248-015-9722-z

Ferreira, S.L., Bruns, R.E., Ferreira, H.S., Matos, G.D., David,
J.M., Branddo, G.C., da Silva, E.G., Portugal, L.A., dos
Reis, P.S., Souza, A.S, & dos Santos, W.N. (2007). Box-
Behnken design: an alternative for the optimization of
analytical methods. Analytica Chimica Acta, 597(2), 179—
186. https://doi.org/10.1016/j.aca.2007.07.011

Gauthier, G., Gauthier, M., & Christen, R. (1995). Phylogenetic
analysis of the genera Alteromonas, Shewanella, and
Moritella using genes coding for small-subunit rRNA
sequences and division of the genus Alteromonas into
two genera, Alteromonas (emended) and
Pseudoalteromonas gen. nov., and proposal of twelve
new species combinations. International Journal of
Systematic Bacteriology, 45(4), 755-761.



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS21726

https://doi.org/10.1099/00207713-45-4-755

GOmez-Ledn, J., Villamil, L., Lemos, M.L., Novoa, B., & Figueras,
A. (2005). Isolation of Vibrio alginolyticus and Vibrio
splendidus from aquacultured carpet shell clam
(Ruditapes decussatus) larvae associated with mass
mortalities. Applied and Environmental Microbiology,
71(1), 98-104.
https://doi.org/10.1128/AEM.71.1.98-104.2005

Handayani, D.P., Isnansetyo, A., Istigomah, I., & Jumina, J.
(2022).  Anti-Vibrio activity of Pseudoalteromonas
xiamenensis STKMTI.2, a new potential vibriosis
biocontrol  bacterium in  marine  aquaculture.
Aquaculture Research, 53, 1800-1813.
https://doi.org/10.1111/are.15708

Hayashida-Soiza, G., Uchida, A., Mori, N., Kuwahara, Y., &
Ishida, Y. (2008). Purification and characterization of
antibacterial substances produced by a marine
bacterium Pseudoalteromonas haloplanktis strain.
Journal of Applied Microbiology, 105(5), 1672-1677.
https://doi.org/10.1111/j.1365-2672.2008.03878.x

Holmstrém, C., & Kjelleberg, S. (1999). Marine
Pseudoalteromonas species are associated with higher
organisms and produce biologically active extracellular
agents. FEMS Microbiology Ecology, 30(4), 285-293.
https://doi.org/10.1111/j.1574-6941.1999.tb00656.x

Huang, Y. L, Li, M., Yu, Z.,, & Qian, P.Y. (2011). Correlation
between pigmentation and larval settlement deterrence
by Pseudoalteromonas sp. sf57. Biofouling, 27(3), 287—
293. https://doi.org/10.1080/08927014.2011.562978

Ivanova, E.P., Ng, H.J.,, & Webb, H.K. (2014). The Family
Pseudoalteromonadaceae. In: E. Rosenberg, E.F.
Delong, S. Lory, E. Stackebrandt & F. Thompson (Eds.),
The Prokaryotes (pp. 575-582). Springer, Berlin.

Ivanova, E.P., Flavier, S., & Christen, R. (2004a). Phylogenetic
relationships among marine  Alteromonas-like
proteobacteria: emended description of the family
Alteromonadaceae and proposal of
Pseudoalteromonadaceae fam. nov., Colwelliaceae fam.
nov., Shewanellaceae fam. nov., Moritellaceae fam.
nov., Ferrimonadaceae fam. nov., Idiomarinaceae fam.
nov. and Psychromonadaceae fam. nov. International
Journal of Systematic and Evolutionary Microbiology,
54(5), 1773-1788.
https://doi.org/10.1099/ijs.0.02997-0

Ivanova, E.P., Gorshkova, N.M., Zhukova, N.V., Lysenko, A.M.,
Zelepuga, E.A., Prokof'eva, N.G., Mikhailov, V.V,
Nicolau, D.V., & Christen, R. (2004b). Characterization of
Pseudoalteromonas distincta-like sea-water isolates and
description of  Pseudoalteromonas  aliena  sp.
nov. International  Journal of Systematic and
Evolutionary Microbiology, 54(5), 1431-1437.
https://doi.org/10.1099/ijs.0.03053-0

Kamaran, A, Bibi, Z., Aman, A., & Qader, S.A.U. (2015). Lactose
hydrolysis approach: isolation and production of b-
galactosidase from newly isolated Bacillus strain B-2.
Biocatalysis and Agricultural Biotechnology, 12, 1-19.
https://doi.org/10.1016/j.bcab.2015.12.010

Kavitha, M., Raja, M., & Perumal, P. (2018). Evaluation of
probiotic potential of Bacillus spp. isolated from the
digestive tract of freshwater fish Labeo calbasu
(Hamilton, 1822). Aquaculture Reports, 11, 5969.
https://doi.org/10.1016/j.aqrep.2018.07.001

Klein, G.L., Soum-Soutéra, E., Guede, Z., Bazire, A., Compére,
C., & Dufour, A. (2011). The anti-biofilm activity secreted
by a marine Pseudoalteromonas strain. Biofouling, 27(8),

931-940.
https://doi.org/10.1080/08927014.2011.611878
Kumar, N., Sinha, S., Mehrotra, T., Singh, R., Tandon, S., &
Shekhar Thakur, 1. (2019). Biodecolorization of azo dye
Acid Black 24 by Bacillus pseudomycoides: Process
optimization using Box Behnken design model and
toxicity assessment, Bioresource Technology Reports, 8,

100311. https://doi.org/10.1016/j.biteb.2019.100311

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018).
MEGA X: Molecular Evolutionary Genetics Analysis
across computing platforms. Molecular Biology and
Evolution, 35, 1547-1549.

Lai, Q., Yuan, J., Gu, L., & Shao, Z. (2009). Marispirillum indicum
gen. nov., sp. nov. isolated from a deep-sea
environment. International Journal of Systematic and
Evolutionary ~ Microbiology, 59(6), 1278-1281.
https://doi.org/10.1099/ijs.0.003889-0

Lee, L.H.,, Ab Mutalib, N.S., Law, J.W., Wong, S.H., &
Letchumanan, V. (2018). Discovery on Antibiotic
Resistance Patterns of Vibrio parahaemolyticus in
Selangor Reveals Carbapenemase Producing Vibrio
parahaemolyticus in  Marine and Freshwater Fish.
Frontiers in Microbiology, 9, 2513.
https://doi.org/10.3389/fmicb.2018.02513

Levine, W.C., & Griffin, P.M. (1993). Vibrio infections on the
Gulf Coast: results of first year of regional surveillance.
Gulf Coast Vibrio working group. The Journal of
Infectious Diseases, 167(2), 479-483.
https://doi.org/10.1093/infdis/167.2.479

Masurekar, P.S. (2008). Nutritional and engineering aspects of
microbial process development. Progress in drug
research. Fortschritte der Arzneimittelforschung. Progres
des Recherches Pharmaceutiques, 65, 291-328.
https://doi.org/10.1007/978-3-7643-8117-2_8

Matsuyama, H., Sawazaki, K., Minami, H., Kasahara, H.,
Horikawa, K., & Yumoto, I. (2014). Pseudoalteromonas
shioyasakiensis sp. nov., a marine polysaccharide-
producing  bacterium. International ~ Journal  of
Systematic and Evolutionary microbiology, 64(1), 101—
106. https://doi.org/10.1099/ijs.0.055558-0

Mitra, S., Sana, B., & Mukherjee, J. (2014). Ecological roles and
biotechnological applications of marine and intertidal
microbial  biofilms.  Advances in  Biochemical
Engineering/Biotechnology, 146, 163-205.
https://doi.org/10.1007/10_2014_271

Mohamad, N., Mohammad, N.A.A., Ina, S.M., Mohammad,
Z.S., Nurrul, S.N., Nurhidayu, A., Sayaka, M., & Tomoo, S.
(2019). Vibriosis in cultured marine fishes: A review.
Aquaculture, 512, 1-17.
https://doi.org/10.1016/j.aquacuculture2019.734289

Morya, V.K., Choi, W., & Kim, E.K. (2014). Isolation and
characterization of Pseudoalteromonas sp. from
fermented Korean food, as an antagonist to Vibrio
harveyi. Applied Microbiology and Biotechnology, 98(3),
1389-1395.
https://doi.org/10.1007/s00253-013-4937-3

Offret, C., Desriac, F., Le Chevalier, P., Mounier, J., Jégou, C., &
Fleury, Y. (2016). Spotlight on Antimicrobial Metabolites
from the Marine Bacteria Pseudoalteromonas:
Chemodiversity and ecological significance. Marine
Drugs, 14(7), 129. https://doi.org/10.3390/md14070129

Ozbek Yazici, S., & Ozmen, I. (2020). Optimization for
coproduction of protease and cellulase from Bacillus
subtilis M-11 by the Box—Behnken design and their
detergent compatibility. The Brazilian Journal of



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS21726

Chemical Engineering, 37, 49-59.
https://doi.org/10.1007/s43153-020-00025-x

Patel, A.K., Ahire, J.J., Pawar, S.P., Chaudhari, B.L, &
Chincholkar, S.B. (2009). Comparative accounts of
probiotic characteristics of Bacillus spp. isolated from
food wastes. Food Research International, 42, 505-510.
https://doi.org/10.1016/j.foodres.2009.01.013

Rao, K.J., Kim, C.H., & Rhee, S.K. (2000). Statistical optimization
of medium for the production of recombinant hirudin
from Saccharomyces cerevisiae using response surface
methodology. Process Biochemistry, 35, 639-647.
https://d0i:10.1016/50032-9592(99)00129-6

Resende, J.A,, Silva, V.L., Fontes, C.0., Souza-Filho, J.A., Rocha
de Oliveira, T.L., Coelho, C.M., César, D.E., & Diniz, C.G.
(2012). Multidrug-resistance and toxic metal tolerance
of medically important bacteria isolated from an
aquaculture system. Microbes and Environments, 27(4),
449-455.
https://doi.org/10.1264/jsme2.me12049

Romero, J., Feijod, C.G., & Navarrete, P. (2012). Antibiotics in
Aquaculture-Use, Abuse and Alternatives. In: E.D.
Carvalho, G.S. David & R.J. Silva (Eds.), Health and
Environment in Aquaculture, InTech 6.

Salman, M., Shahid, M., Sahar, T., Naheed, S., Mahmood-ur-
Rahman, Arif, M., Igbal, M., & Nazir, A. (2020).
Development of regression model for bacteriocin
production from local isolate of Lactobacillus acidophilus
MS1 using Box-Behnken design. Biocatalysis and
Agricultural Biotechnology, 24, 101542.
https://doi.org/10.1016/j.bcab.2020.101542

Schisler, D.A., Slininger, P.J., Behle, R.W., & Jackson, M.A.
(2004). Formulation of Bacillus spp. for biological control
of plant diseases. Phytopathology, 94(11), 1267-1271.
https://doi.org/10.1094/PHYT0.2004.94.11.1267

Shafi, J., Sun, Z,, Ji, M., Gu, Z., & Ahmad, W. (2018). ANN and
RSM based modelling for optimization of cell dry mass of
Bacillus sp. strain B67 and its antifungal activity against
Botrytis cinerea. Biotechnology & Biotechnological
Equipment, 32, 58—68.
https://doi org/10.1080/13102818.2017.1379359

Supardy, N.A., lbrahim, D., Mat Nor, S.R., & Noordin, W.
(2019). Bioactive compounds of Pseudoalteromonas sp.
IBRL PD4.8 inhibit growth of fouling bacteria and
attenuate biofilms of Vibrio alginolyticus FB3. Polish
Journal of Microbiology, 68(1), 21-33.
https://doi.org/10.21307/pjm-2019-003

Tang, B.L., Yang, J., Chen, X.L., Wang, P., Zhao, H.L., Su, H.N., Li,
C.Y., Yu, Y, Zhong, S., Wang, L., Lidbury, I., Ding, H.,
Wang, M., McMinn, A., Zhang, X.Y., Chen, Y., & Zhang,
Y.Z. (2020). A predator-prey interaction between a
marine Pseudoalteromonas sp. and Gram-positive
bacteria. Nature Communications, 11(1), 285.
https://doi.org/10.1038/s41467-019-14133-x

Thankappan, B., Ramesh, D., Ramkumar, S.,
Natarajaseenivasan, K., & Anbarasu, K. (2015).
Characterization  of  Bacillus  spp. from the
gastrointestinal tract of Labeo rohita towards to identify
novel probiotics against fish pathogens. Applied
Biochemistry and Biotechnology, 175(1), 340-353.
https://doi.org/10.1007/s12010-014-1270-y

Thggersen, M.S., Delpin, M.W., Melchiorsen, J., Kilstrup, M.,
Mansson, M., Bunk, B., Spréer, C., Overmann, J., Nielsen,
K.F., & Gram, L. (2016). Production of the bioactive

compounds violacein and indolmycin is conditional in
a maeA mutant of Pseudoalteromonas luteoviolacea
S4054 lacking the malic enzyme. Frontiers in
Microbiology, 7, 1461.
https://doi.org/10.3389/fmicb.2016.01461

Tinh, N.T., Dierckens, K., Sorgeloos, P., & Bossier, P. (2008). A
review of the functionality of probiotics in the
larviculture food chain. Marine Biotechnology (New
York, N.Y.), 10(1), 1-12.
https://doi.org/10.1007/s10126-007-9054-9

Uzun Yaylaci, E, (2019). Developing a differentiation technique
for the pathogenic bacteria causing disease in sea bass
(Dicentrarchus labrax) by using artificial neural
networks. Doctoral thesis, Karadeniz Technical
University, The Graduate School of Natural and Applied
Sciences, Trabzon, Turkey, 49-50p.

Uzun, E.,, & Ogut, H. (2015). The isolation frequency of
bacterial pathogens from sea bass (Dicentrarchus labrax)
in the Southeastern Black Sea. Aquaculture, 437, 30-37.
https://doi.org/10.1016/j.aquaculture.2014.11.017

Venkateswarulu, T.C., Prabhakar, K.V., Kumar, R.B.,, &
Krupanidhi, S. (2017). Modeling and optimization of
fermentation variables for enhanced production of
lactase by isolated Bacillus subtilis strain VUVD0O1 using
artificial neural networking and response surface
methodology. 3 Biotech, 7(3), 186.
https://doi.org/10.1007/s13205-017-0802-x

Yaylaci, E.U. (2021). Isolation and characterization of Bacillus
spp. from aquaculture cage water and its inhibitory
effect against selected Vibrio spp. Archives of
Microbiology, 204(1), 26.
https://doi.org/10.1007/s00203-021-02657-0

Yee, L.H., Holmstrom, C., Fuary, E.T., Lewin, N.C., Kjelleberg, S.,
& Steinberg, P.D. (2007). Inhibition of fouling by marine
bacteria immobilised in kappa-carrageenan beads.
Biofouling, 23(3-4), 287-294.
https://doi.org/10.1080/08927010701366280

Zanetti, S., Spanu, T., Deriu, A., Romano, L., Sechi, L.A.,, &
Fadda, G. (2001). In vitro susceptibility of Vibrio spp.
isolated from the environment. International Journal of
Antimicrobial Agents, 17(5), 407—409.
https://doi.org/10.1016/s0924-8579(01)00307-7

Zhang, L., Tian, X., Kuang, S., Liu, G., Zhang, C., & Sun, C. (2017).
Antagonistic activity and mode of action of phenazine-1-
carboxylic acid, produced by marine bacterium
Pseudomonas aeruginosa PA31x, against Vibrio
anguillarum in vitro and in a zebrafish in vivo model.
Frontiers in Microbiology, 8, 289.
https://doi.org/10.3389/fmicb.2017.00289

Zhang, Z., Yu, Y.X,, Jiang, Y., Wang, Y.G., Liao, M.J., Rong, X.J.,
Wang, K., Zhang, H., & Chen, J. (2019). First report of
isolation and complete genome of Vibrio rotiferianus
strain SSVR1601 from cage-cultured black rockfish
(Sebastes schlegelii) associated with skin ulcer. Journal
of Fish Diseases, 42(5), 623—630.
https://doi.org/10.1111/jfd.12963

Zhao, C.H.,, Luo, J.J., Gong, T., Huang, X.L., Ye, D.Z., & Luo, Z.H.
(2014). Pseudoalteromonas xiamenensis sp. nov., a
marine bacterium isolated from coastal surface
seawater. International Journal of Systematic and
Evolutionary Microbiology, 64, 2, 444-448.
https://doi.org/10.1099/ijs.0.050229-0



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS21726

Table S1. Biochemical characteristics of 0S-9 according to APl ZYM, API 20E, and API 20NE kits

Characteristics

The strain 0S-9

Characteristics

The strain 0S-9

API ZYM

Phosphatase alkaline
Esterase (C4)

Esterase lipase (C8)
Lipase (C14)

Leucine arylamidase
Valine arylamidase
Cystine arylamidase
Trypsin

o -chymotrypsin

Acid phosphatase
Naphthol-AS-BI- phosphohydrolase
a-galactosidase
B-galactosidase
B-glucuronidase
a-glucosidase
B-glucosidase

N-acetyl- 8-glucosaminidase
a-mannosidase
a-fucosidase

APl 20E

B-galactosidase

arginine dihydrolase
Lysine decarboxylase
Ornithine decarboxylase
Utilization of citrate
Production of H,S
Urease

Tryptophan deaminase
Production of indole
Production acetoin (Voges-proskauer)

+ + +

+ + =

Gelatinase

D-glucose

D-mannitol
Fermentation of Inositol
D- sorbitol

L- rhamnose
D-sucrose
D-melibiose
Fermentation of amygdalin
APl 20NE

Nitrate reduction
Tryptophan deaminase
Glucose acidification
Arginine dihydrolase
Urease

Esculin ferric citrate
Gelatinase
B-galactosidase
Utilization;

D-glucose
L-arabinose
D-mannose
D-mannitol
N-Acetyl-glucosamine
D-Maltose

Gluconic acid

Capric acid

Adipic acid

Malic acid

Citric acid
Phenylacetic acid
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