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Figure 1. The scheme of fed-batch cultivation. The sand
(+) cultures contained original soil and mineral medium,
while sand (-) cultures contained the supernatant of
sonicated sand samples. Both cultures were supplied with
nitrite. The final concentrations of nitrite in the cultures
were set at 0.1 or 10 mg/L.
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Figure 2. (A) Sonication of original sand in a mineral
media. (B) Cultures with sand and without sand.

2. 4. 16S amplicon sequencing

fliH DNA O2HIE 7/ A E £05 16S tRNA 51
% %}5Z, amplicon sequencing (PCR FEM) DECHIRHT) (2
Lo THIB T 21T o T, N —a—RESI &L 7o =
==Y LT T A~ —1055{/1392r T V7-V8 FEIHDHELSI]
% PCR HEIE L7, BEIEPEY O IR 2 R s —
#—lon PGM Z MW TRELT, ¥ —F AT — 2%l
W HAENTY 7 s DADA2 THEAT LT, 7 A VT4 DRV —
FBIOESNENENI—REZREL, 1 BRICHEYS TS
ASV (amplicon sequence variant) Ot 51 EFHcHFAE B D
Tz G L7, Silva ORFIRT —Z Y MIBAELT
ASV DRz FIELIZ,
2. 5. RERMEMN

AW CREZESIVTZ Nitrospira OSRREIIRT 5720,
16S TRNA R F(Z IS RIM 2B L7z, ASV DFL
FNZHRMED @ — 7 A7 —4% NCBI nucleotide
database JVINEEL 7=, KT 7~ MEGA X IZ&-> TR
5% align L7=0%, Maximum-likelihood #%C Bootstrap
iteration Z 100 [H](Z&¢E L R X LT,
3. MEHER
3. 1. #E N EFHIZKS Nitrospira DETE

ErE WM T, W8 3 RO CHAHFEE DI E % Griess
test CHERR LTz, AilabZ 5 ¢r sand (+) cultures (2D VT
1%, 0.1 mg/L & 10 mg/L DEHEHDFRIZOUVWTE 1AL
I HEARR A SERITTH Y LT, £ DT R ILITIE 2-3



Bl OB CHEREZ IRINLEE T 7o, — 4, AilamwaaE
720 sand (-) cultures |3 HE S EEYH 2 9 FE AN > T2, HLAY
1% 0.1 mg/L Z¥RMNL7- sand (-) culture (3353 19 H HET
HHAEER N HE S HVen o7z, HiAEEE 10 mg/L U7z
sand (-) culture | LS HITTHE DL, H548 26 H H £ CHliAY
FED RV L7 T,

3. 2. 16S amplicon sequencing IZE D <HIE E#EHT

Hiath B LOERI R TV OB #EE 168
amplicon sequencing (Z&> THET LT, 7272 LA~ A
Y7+ 53 8D DNA DM TE o 1o 7z o
WL, EBRFEORFUCIOIHT S CE ol FFIT
B&#81% 0 sand (-) culture |IAEHT AR EE T -7z,

I F 2B~V O 5 Tt L7 (Figure 3), #57HE
PR A (original sand) 1235V T, NOB @ Nitrospira
B IFESID Nitrospiraceae FHE 13%E m\WFIEREE
56O Tz, Z DD EE M &L T, Colwelliaceae
Bt& Entotheonellaceae FI B EAVEIL 37%, 14%% Hdiz,
Helal i BAA LT day 0 OMIE#EA L 358, Ai
% & £72\ sand (-) TlX Colwelliaceae Fl 3% <
(34-37%) , Nitrospiraceae 73V 72<72>T = (1%) , —
F57C sand (+) Tl Nitrospiraceae FH3 i< (9%) ,
Colwelliaceae FtDOIFIERITTLO AL IVE D 72<7e>
T2 (20%) , B5EEBHAAIRE LD day 0 1238V CRAIRENIC
B H OEVR SN2 D, REFERTO LI A
BB R -2 I-LhEsm o bivs,

Sand (-) DR TIE+53 70 HAEFETH BTG PED72<, 33
2 =T A RN NST21T O DNA RO, Z2
TH:##13 Sand (+) cultures @ day 7, day 14 O Al #
fRNTZAT > 77, FEREERIREE 0.1 ppm, 10 ppm DEHLTH
Nitrospiraceae #t& Desulfuromonadaceae Ft3HEIUTZ
(Figure 3), JLO AP IZI51F D Nitrospiraceae FHDFExF
TAAERL 13%ISXT LT, BERRRIT 23-55% £ THRMS I,
IOZENG, RAFE CTEHMLZE&EFMHIL,
Nitrospiraceae FFOYEFEIZHEL TRV, BFEEIELT-LH)
Wrcxd,

WIZHEFES I Nitrospiraceae FFO A% FHT 5
728, ZORHZEEND ASV OISR ZfET L7 (Figure
4) ., Nitrospiraceae FHI /S DH ASV 75 12 ik iS4
TZEMb, BBV T PIITERORICH Y T 5
Nitrospiraceae DMFAET DI LRGN IR~ T-, 7272 L%

Relative Abundance

100% - m Nitrospiraceae

Colwelliaceae

m Desulfuromonadaceae
Flavobacteriaceae

u Pseudoalteromonadaceae

m Vibrionaceae

m Woeseiaceae

= Microtrichaceae
Nitrosomonadaceae
Shewanellaceae
Entotheonellaceae
Sphingomonadaceae
Pseudomonadaceae

m Burkholderiaceae

= Nitrosococcaceae

m Reyranellaceae

= Hyphomicrobiaceae

m Halomonadaceae
Rhizobiales Incertae Sedis

m Kordiimonadaceae

m Pseudohongiellaceae

= Kiloniellaceae

m Marinobacteraceae
Solimonadaceae

mASV < 1%
Not_Assigned

80% -
60% -
40% -

; |
[
-
-
-
20% -
A X A
b’bA‘ o*\ '5’\\
P P P N
o(\c% 0'_\Q \(9 \oQ \QQ \QQ
QR -

" OQQ
A x

\ $

r—fb F o c}’(\b

0%

>
£

o o
& @ B

Q
DX
RS
(\b

9’*’(\6 =id

Figure 3. Bacterial community structures of original sand
and fed-batch cultures based on 16S rRNA gene amplicon
sequencing. The phylogenetic groups were analyzed at
family levels. The minor ASVs with relative abundances of
less than 1% were clustered into “ASV < 1%”. The taxon

classified into unknown families were clustered into “Not

Assigned”.
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Figure 4. The community structures of family
Nitrospiraceae based on 16S rRNA gene amplicon
sequencing, analyzed at ASV level. The relative

abundances indicate the proportions of ASVs in the whole
bacterial communities.
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Figure 5. Phylogenetic tree of Nitrospira based on 16S rRNA gene nucleotide sequences. The sequences of isolated strains
are shown as blue and bold letters. The sequence of the environmental clone obtained in this study is shown as red and bold
letters. The different phylogenetic lineages (IV, V, and VI) are shown as different shades (blue, light gray, and dark gray).
The sequence of Leptospirillum ferrooxidans was used as an outgroup.
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Summary

The sand filtration systems have been used in salt manufacturing processes for decades in Japan. Those
systems are treated by back-washing to prevent contaminants adhering to the sand filters. However,
back-washing cannot remove most of the microorganisms attaching to the sands. Furthermore, the phylogenies and
properties of microorganisms have not been sufficiently studied. Here, we focused on the detailed characteristics
of microorganisms inhabiting sand filtration systems. Since the ocean is an oligotrophic environment with low
concentration of organic carbon source, autotrophic bacteria are thought to contribute to biofilm formation on the
sand filters. However, their physiological properties are almost unknown because of the difficulty of cultivation.
Therefore, we aimed to cultivate autotrophic bacteria inhabiting sand filtration system in a salt manufacturing
process and propose a methodology to improve the performance of the sand filtration system.

As a representative of autotrophic bacteria, we focused on the genus Nitrospira. Although this genus
oxidizes nitrite and play an important role in biofilm formation, little is known about this group derived from
oceans. Therefore, we tried to isolate and cultivate Nitrospira inhabiting sand filters. First, the original sand
was collected from the sand filtration system of Naikai Salt Industries. The biomass was cultivated in an
inorganic medium in a fed-batch system with a supply of nitrite.  The bacterial community analysis based on 16S
amplicon sequencing revealed the presence of phylogenetically novel Nitrospira in the filter. Furthermore,
Nitrospira was found to increase when the original sand was transferred directly into the fed-batch cultures. On
the other hand, the supernatants of sonicated sands hardly contained Nifrospira. This result supports the high
adhesive ability of Nitrospira. Thus, this genus might tolerate the pressure of backwashing and remain in the
sand filtration system. In this study, Nitrospira from the sand filtration system was successfully cultivated, and

further study to obtain their isolated strains is needed to reveal the detailed properties.



