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Fig. 1 Image of the sampling point.

The sampling point for the collection of the biofilm is indicated by
a black arrow. The sampling point is the contact site between metal
joint and metal dock. Brown stains were observed at the sampling
point, but no corrosion was observed.
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Fig. 2 Relative abundances of the bacterial community in

the biofilm at the genus level.
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Fig. 3 Consensus bootstrap phylogenetic tree of OTUs observed in the biofilm comprising more than 1% of the total 16S

rRNA gene sequences.

Each OTU is denoted by its representative type strain. The numbers at the nodes are percentages indicating the levels of bootstrap support
based on neighbor-joining analysis of 1000 resampled datasets.

Table 1 Bacteria with more than 1% of OTUs observed in the biofilm.

. . . Identity Relative
Strain Closest relative Accession No. (%) abundance (%)
Class Species
Alkanindiges sp. 1 Proteobacteria Alkanindiges NR_115178.1 97.4 17
anndaiges sp- v hongkongensis HKU9T - ) ’
. . Alkanindiges
Alkanindiges sp. 2 y-Proteobacteria hongkongensis HKU9T NR 115178.1 97.4 15
o . Alkanindiges
Alkanindiges sp. 3 y-Proteobacteria hongkongensis HKU9T NR_115178.1 97.4 12
o . Alkanindiges
Alkanindiges sp. 4 y-Proteobacteria hongkongensis HKU9T NR_115178.1 97.6 10
. . Alkanindiges
Alkanindiges sp. 5 y-Proteobacteria hongkongensis HKU9T NR 115178.1 97.6 10
. . Alkanindiges
Alkanindiges sp. 6 y-Proteobacteria hongkongensis HKU9T NR 115178.1 97.6 10
o . Alkanindiges
Alkanindiges sp. 7 y-Proteobacteria hongkongensis HKU9T NR_115178.1 97.4 9
o . Alkanindiges
Alkanindiges sp. 8 y-Proteobacteria hongkongensis HKUT NR_115178.1 97.6 6
. . Alkanindiges
Alkanindiges sp. 9 y-Proteobacteria hongkongensis HKU9T NR 115178.1 97.4 5
Sphingomonas sp. 1 y-Proteobacteria je?;};l}}:egrfw’?g% NR_158139.1 99.1 2
Pseudomonas sp. 1 y-Proteobacteria Pseudor;l:l;c_zi:;oreenszs NR_025228.1 99.1 1
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1%L LRI FAE R % 7~ LTz ; Sphingomonas J& (44%) ,

( 94% ) ,
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Fig. 4 Relative abundances of the bacterial community in the culture sample at the genus level.
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Fig. 5 Consensus bootstrap phylogenetic tree of OTUs observed in the culture sample more than 1% of the total 16S rRNA
gene sequences.

Each OTU is denoted by its representative type strain. The numbers at the nodes are percentages indicating the level of bootstrap support
based on a neighbor-joining analysis of 1000 resampled datasets.



Table 2 Bacteria with more than 1% of OTUs observed in the culture sample.

. . Identity Relative
OTU Closest relative Accession no. (%) abundance (%)
Class Species

. . Sphingomonas
Sphingomonas sp. 1 a-Proteobacteria kyungheensis THG-B283" NR 118263 99.1 7.1

. . Sphingomonas
Sphingomonas sp. 2 a-Proteobacteria kyungheensis THG-B283" NR 118263 99.1 5.6

. . Sphingomonas
Sphingomonas sp. 3 a-Proteobacteria Jyungheensis THG-B283" NR 118263 99.1 4.8

. . Sphingomonas
Sphingomonas sp. 4 a-Proteobacteria Joungheensis THG-B283" NR 118263 99.3 4.6
M”C’l‘;imllb"“er Sphingobacteria  MCHSIbACIeT eTa R 155004 997 43

. . Sphingomonas
Sphingomonas sp. 5 a-Proteobacteria kyungheensis THG-B283" NR 118263 97.6 4.2

. . Sphingomonas
Sphingomonas sp. 6 a-Proteobacteria kyungheensis THG-B283" NR 118263 99.1 4.0

Methylobacterium . Methylobacterium

op. 1 a-Proteobacteria mesophilicum JCM 28297 NR_115550 99.1 3.7
Pseudomonassp. 1 y-Proteobacteria  © Se”do’”"’;‘_‘i ‘{‘T"ree’”’s P NR 025228 99.1 3.5

. . Sphingomonas
Sphingomonas sp. 7 a-Proteobacteria Jyungheensis THG-B283" NR 118263 99.3 3.1
Sphingomonas sp.8  a-Proteobacteria Sphingomonas NR_118263 99.3 2.4

kyungheensis THG-B283T
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Summary

Biofilms are biological membranes enclosed in a matrix composed of polymeric substances produced by
multiple species of microorganisms. When microorganisms adhere to the metal surfaces of infrastructure in the
marine environment, biofilms form on the metal surfaces. Metal corrosion of marine infrastructure caused by
biofilms is responsible for approximately 20% of metal corrosion affecting the marine infrastructure, resulting in
significant economic losses due to rising maintenance costs. Thus, metal corrosion is a global problem. Based on
the problem, I hypothesized that guidelines to prevent and control biofilm formation on metal surfaces of marine
infrastructure could be established if the structure of the bacterial community on metal surfaces could be
characterized before biofilm formation. Moreover, the lifetime of marine infrastructure might be extended if such
guidelines could reduce the occurrence of metal corrosion. In this study, as a preliminary study for developing
guidelines for biofilm prevention and control, bacterial community analysis was performed on two types of samples.
First, biofilms formed on mooring rings were analyzed to obtain information on the bacterial community of biofilms
collected from metal without corrosion. On the other hand, the bacterial community analysis was also performed
to determine if it is possible to analyze the bacterial community of the enrichment culture with a metal piece using
a low nutrient source medium.

When bacterial community analysis was performed on the biofilms, a total of 18 of genera bacteria were
observed, and. Alkanindiges bacteria were observed as the dominant species, and their relative abundance was
more than 95%. Apart from Alkanindiges, several bacteria such as Sphingomonas and Pseudomonas were also
observed as OTUs, but the relative abundances of those bacteria were less than 3%. In the genomes of Alkanindiges
bacteria, the gene and the gene cluster related to metal corrosion is not present, which indicated that Alkanindiges
bacteria act in the formation of biofilms before the occurrence of metal corrosion.

When bacterial community analysis was performed on the enrichment culture, the bacterial community before
biofilm formation contains a mixture of bacteria such as a-Proteobacteria, 3-Proteobacteria, y-Proteobacteria and
Sphingobacteria. ~ Moreover, biofilm formation may occur by the increase of the relative abundance of
Sphingomonas, Methylobacterium and Pseudomonas species, if the growth is not inhibited by environmental stresses

and external sources of nutrients can be obtained.





