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Table 1.  Strain information

Isolate  tdh trh Origin

VPC1 + - Clinical sample from hospital patient
VPC2 + - Clinical sample from hospital patient
VPC15 + - Clinical sample from hospital patient
VPC16 + - Clinical sample from hospital patient
VPC17 + - Clinical sample from hospital patient
VPC18 - Clinical sample from hospital patient
VPC19 + - Clinical sample from hospital patient
VPC20 + -  Clinical sample from hospital patient
VPC21 + -  Clinical sample from hospital patient
VPC22 + —  Clinical sample from hospital patient
VPC26 + -  Clinical sample from hospital patient
VPC33 + -  Clinical sample from hospital patient
VPC34 + -  Clinical sample from hospital patient
VPC35 + Clinical sample from hospital patient
VPC36 - Clinical sample from hospital patient
VPC43 + Clinical sample from hospital patient
VPC44 -  —  Clinical sample from hospital patient
VPC48 + -  Clinical sample from hospital patient
VPC54 Clinical sample from hospital patient
VPC85 - Clinical sample from hospital patient
VPC89 + -  Clinical sample from hospital patient
VPC94 - +  Clinical sample from hospital patient
VPD14 + - Macrobrachium nipponense

VPD18 + - Macrobrachium nipponense

VPD33 + - Penaeus monodon

VPD34 + -  Crassostrea gigas

VPD57 + - Macrobrachium nipponense

VPD58 + -  Penaeusvannamei

VPD61 + -  Penaeusvannamei

VPR102 - + Penaeus vannamei

VPR103 - +  Penaeus vannamei

VPR104 — +  Penaeus vannamei

VPR105 — +  Penaeus vannamei

VPR108 — +  Penaeus vannamei

VPR110 - + Penaeus vannamei

VPS16 - - Macrobrachium nipponense

VPS17 - - Macrobrachium nipponense

VPS18 - - Macrobrachium nipponense

VPS19 - - Macrobrachium nipponense

VPS20 - - Macrobrachium nipponense

VPS21 - - Macrobrachium nipponense

VPS33 - - Macrobrachium nipponense

VPS34 - - Macrobrachium nipponense

VPS36 - -  Macrobrachium nipponense

http://journals.im.ac.cn/actamicro
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Figure 1. Representative 3D CLSM images of the biofilms formed by the 44 Vibrio parahaemolyticus strains. A:
Clinical isolates; B: Environmental isolates. The scale bar represents 50 um.
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Mean thickness; C: Biofilmroughness. All CLSM measurements were averaged from three values for three

independent replicates.
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Table 2. Coefficient variation of biofilms formed by

44 Vibrio parahaemolyticus strains

Biofilm parameters  BV/(x10°um°) AT/pum BR
Clinical strains 13.39+4.81 12.05+4.03 0.64+0.24
cv 36.46% 33.41% 36.69%
Environmental strains 13.44+6.00 11.67+4.83 0.71+0.30
CVv 44.65% 41.35% 42.92%
tdh*/trh* 13.63+4.34 11.58+3.78 0.70+0.25
cv 31.86% 32.65% 35.27%
tdh*/trh™ 12.44+5.07 4.95+£1.08 1.07£0.05
CVv 40.77% 33.98% 35.56%
tdh™/trh* 15.7245.94 5.72£0.78 1.05+0.05
cv 37.79% 40.92% 51.27%
tdh™/trh™ 12.66+5.40 5.01+1.08 1.04+0.04
CVv 42.63% 39.03% 40.26%
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Figure 3. Correlation between the biofilm structural

parameters of the 44 Vibrio parahaemolyticus isolates. A:

Biovolume and Biofilmroughness; B: Biovolume and

Mean thickness; C: Mean thickness and Biofilmroughness.

All CLSM measurements were averaged from three values

for three independent replicates.
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Table 3. Definitions of the Vibrio parahaemolyticus
biofilm structure patterns described in this study

BV (x10°um®) AT (um) BR
Dense and smooth surface >14 >10 0.2-0.9
Mottled and rough surface >10 <12 <0.8
Loose and uneven surface <12 <12 >0.8

Biofilm structure type

|

Cluster dendrogram

~0.02 e 5
i ~0.34 : wed
—0.66 Pl i
~0.98 —} I
~1.30 e i
-1.62 E— v [ ! Height
EE ey 0 5 10
AT

BV

B4, BIAMMEINEEMHKEN = MERE K CLSM R RIEEGFR R B R BE(AHC) B EYHWAE R S LB
R RVNES

Figure 4. Representative 3D CLSM images obtained by Vibrio parahaemolyticus biofilm from three patterns
isolates and agglomerative hierarchical clustering (AHC) dendrogram labelled with biofilm morphotypes. A:
Example of CLSM images comprising orthogonal view of 3D image. i: Dense and smooth surface; ii: Mottled and
rough surface; iii: Loose and uneven surface. The scale bar represents 50 um. B: Vibrio parahaemolyticus biofilm
structure patterns defined according to CLSM measurements. Biovolume, average thickness and roughness
coefficient), the height represents the dissimilarity of clusters.
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Table 4. Proportion of biofilm structure types of
Vibrio parahaemolyticus formed by clinical strains and
environmental strains

Strains origin/%
Clinical strains Environmental strains

Biofilm structure type

Dense and smooth
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surface (39%) 53
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75 25
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L
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Abstract: [Objective] Vibrio parahaemolyticus is a common foodborne pathogen in aquatic products. The
formation of biofilm is essential for the survival and spread of Vibrio parahaemolyticus. The aim of this study was
to evaluate the structural diversity of biofilms formed by 44 strains of Vibrio parahaemolyticus isolated under
clinical and environmental conditions. [Methods] This study proposed a high-throughput method based on confocal
laser scanning microscopy (CLSM), using 96-well microtiter plates compatible with high-resolution imaging,
combined with structural analysis software 1SA-2 to study biofilm formation and structure, the biofilm structure
parameters (Biovolume, Average thickness, Biofilmroughness) formed by 22 clinical strains and 22 environmental
strains were analyzed. [Results] CLSM images showed that 44 strains of Vibrio parahaemolyticus could form 3D
structure after 48 h incubation, and further analyzed the similarities and differences of biofilm formation between
clinically derived strains and environmentally derived strains, showed that the coefficient of variation in the clinical
strains were smaller than that of the environmental strains, and the strains BF with both tdh and trh virulence
factors had the smallest variability. Agglomerative hierarchical clustering (AHC) showed that biofilm can be
divided into dense and smooth surface (39%), mottled and rough surface (27%) and loose and uneven surface
(34%), the clinical strain formed a biofilm which is easy to form dense and smooth surface, mottled and rough
surface, whereas the environmental strain formed a biofilm which is easy to dense and smooth surface and loose
and uneven surface. [Conclusion] This study provides an in-depth understanding of the biofilm structure of Vibrio
parahaemolyticus, it provides theoretical support for different prevention and control measures for Vibrio
parahaemolyticus biofilms from clinical and environmental sources.
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