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Primer name Sequence (5'—3') description

Primers used in this study of /uxS mutant

IuxS-50 GGGGACAAGTTTGTACAAAAAAGCAGG
CTTCGGTCTACATAAAGTGGCG
luxS-51 GGTCCGGGTTCGCTATCTATGAGTATGAT
CGACGGTAAAG
luxS-31 ATAGATAGCGAACCCGGACCGACGAAAT
TCTAGGTAATCT
IuxS-30 GGGGACCACTTTGTACAAGAAAGCTGG
GTCAACCGCCATATTCGCCATT
luxS-LF GTCGGTGCTATTCCTGTGAA
luxS-SR AATTGCGGTGCAGAATAAGG
luxS-SF ACAGCGTCAACACTAAATGC
luxS-LR TGGTGCGACAGTTGATACTT
V. harveyi BB170
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1 cm) (14 mmx14 mm) 4°C 1.11
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1
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Figure 1. Alignment of LuxS protein among S. baltica SB11 and 11 species of bacteria. 1: S. baltica SB11
(KX192394); 2: S. baltica BA175 (AEG12577.1); 3: S. oneidensis (WP_011071345.1); 4: S. putrefaciens
(WP_028761570.1); 5: Escherichia coli O157:H7 (BAB36972.1); 6: Vibro harveyi (WP_050936802.1); 7: Vibro
parahaemolyticus (WP_005462534.1); 8: Vibro fischeri (WP_011261308.1); 9: Photorhabdus Iluminescens
(WP_036814109.1); 10: Aeromonas hydrophila (ACD45693.1); 11: Aeromonas salmonicida (WP_005313423.1);
12: Haemophilus influenzae (WP_005694994.1).
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Figure 2. Three-dimensional model of LuxS protein Alux§ 960 AduxS 20% (P<0.05)
in S. baltica SB11. ( 4-0) 28 °C
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Figure 3. Amplification of /uxS gene (A) and AI-2 activity (B) between SB11 wild type strain and mutant strain.
M: DNA marker DL 2000; 1: SB11 wild type strain; 2: A/uxS mutant strain. Data was expressed as means+
standard deviations (n=5, **: P<0.01).
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Growth and biofilm formation in S. baltica wild strain and [uxS mutant on TSB at 4 °C and 28 °C. A:

Growth at 4 °C; B: Growth at 28 °C; C: Biofilm at 4 °C; D: Biofilm at 28 °C. Data was expressed as means+

Figure 4.
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The adherence of S. baltica wild strain and /uxS mutant on TSB at 4 °C (A) and 28 °C (B). Data was

Figure 5.
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Figure 6. Fluorescence microscope and CLSM images showing adherence and biofilm structure of S. baltica wild
strain and A\ luxS at 4 °C. A: willd strain; B: luxS mutant (Fluorescence microscope); C: CLSM observation.
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Figure 7. Swimming motility of S. baltica wild strain and /\/uxS at 4 °C (A) and 28 °C (B). a: Wild strain; b: uxS mutant.
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Figure 8. Production of TMA and putrescine in S. baltica wild strain and AluxS at 4 °C and 28 °C. A: TMA level

at 4 °C; B: TMA level at

28 °C; C: Putrescine level at 4 °C; D: Putrescine level at 28 °C. Data was expressed as

meanststandard deviations (n=3).
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Regulation of AI-2/LuxS gene on biofilm formation and
spoilage of Shewanella baltica

Xiaofeng Ye', Yuping Yan', Rong Tang', Junli Zhu'", Haichun Gao®

" College of Food Science & Biotechnology Engineering of Zhejiang Gongshang University, Hangzhou 310018, Zhejiang
Province, China
% College of Life Science, Zhejiang University, Hangzhou 310058, Zhejiang Province, China

Abstract: [Objective] Shewanella baltica is a specific spoilage bacterium in marine fish during refrigerated
storage. In the present study regulation of quorum sensing AI-2/LuxS on the biofilm formation and spoilage of S.
baltica was elucidated. [Methods] LuxS gene in SB11 strain was amplified and knocked out by suicide plasmid.
Biofilm formation, adhesion, swimming and amine metabolites between wild strain and A/uxS mutant at 4 °C and
28 °C were comparatively measured by using crystal violet staining, bead vortexing, microscopy and HPLC,
respectively. [Results] S. baltica SB11 luxS gene was amplified, and bioinformatics analysis revealed that deduced
LuxS protein with 169 aa contained conserve His-Thr-Leu-Glu-His (HTLEH) motif and key amino acid functional
sites. Three-dimensional structure of LuxS protein was similar to that from various bacteria. Compared with wild
strain, supernatant of /\/uxS mutant lost bioluminance activity, although their growth was the same. A\ /[uxS
exhibited lower biofilm development and maturation than the wild strain, and decreased by 20.1% and 27.9% at
4 °C for 96 h and at 28 °C for 24 h, respectively. Compared with the wild strain, A /uxS reduced adherent cell by
6.48% at 4 °C for 72 h, and 6.57% at 28 °C for 24 h, indicating that the adherence of mutant on steel slide was
significantly weak. The observation by fluorescence microscopy showed that the wild strain rapidly adhered to the
coverslip and formed a large number of biofilm, whereas, /A /uxS mutant only seemed to form a flat sparse biofilm
and failed to aggregate into clusters. Confocal Laser Scanning Microscope (CLSM) revealed that the thickness of
maturing biofilm in the wild and mutant strains was 68.95 um and 36.44 um, respectively. Furthermore, the absence
of [uxS gene significantly promoted the bacterial swimming at 4 and 28 °C. However, the production of
trimethylamine and putrescine between the wild and mutant strain was similar. [Conclusion] LuxS protein in S.
baltica SB11 was conserve, and AI-2/LuxS was involved in biofilm formation, adhesion, swimming, but not a
functional signal in the regulation of spoilage potential.

Keywords: Shewanella baltica, quorum sensing Al-2, LuxS, biofilm, spoilage potential
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