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ABSTRACT

Shewanella putrefaciens are the spoilage organisms found in aquatic food products stored at low temperature. A 
brief description of Label-free proteomics of S. putrefaciens treated with ε-Poly-lysine was followed in this review, 
soughting to investigate the anti-bacterial mechanism of S. putrefaciens through Gene Ontology (GO), and the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis. The global changes at protein levels were 
tentatively identified and this will contribute to further understanding of the putative mechanisms involved in the 
growth inhibition of S. putrefaciens.
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INTRODUCTION

Shewanella putrefaciens, gram-negative bacteria, are well known for 
being involved in fish spoilage even stored at low temperature [1]. 
With the ability of reducing trimethyl-amine-N-oxide (TMO) to 
trimethylamine (TMA), it produces the “fishy” off-odor of spoiling 
fish. Furthermore, they can also utilize sulfite/thiosulfate as substrate 
for the production of volatile sulfides with unpleasant flavour [2]. 
S. putrefaciens has strong putrefaction ability and can produce 
volatile compounds, such as tetradecanal and 1-hexadecanol, 
1-octene-3-alcohol, nonanal and 2- ethylcyclohexanol, and its role 
has been extensively explored in the spoilage process of aquatic 
food products [3-6].

Anti-bacterial method has been extensively reported in the past 
decades, however, the anti-bacterial mechanism involved in the 
growth inhibition of S. putrefaciens have not been elucidated [7-10]. 
Therefore, a number of researchers have focused on the observation 
of cell morphology and physiological activities, hoping to identify 
the antibacterial mechanism. Some theories have been gradually 
formed, such as damaging the cell wall [11-13], inhibiting enzyme 
activity and nucleic acid synthesis [14], breaking the biofilm formed 
[15,16], and influencing the metabolic process [14], but this will 

technologies, such as Label-free proteomics.

Label-free proteomic analysis offers an unbiased approach to 

assess the proteinogram of a species under various conditions [17-
21]. However, there has been a paucity of studies to investigate 
the molecular mechanisms involved in the inhibition of spoilage 
bacteria through label-free proteomic analysis. To identify putative 
mechanisms involved in the growth inhibition of S. putrefaciens 
treated with ε-PL, we utilized it to determine the global changes at 
protein levels.

PROTEINS DIFFERENTIAL EXPRESSION

Comparison of bacteria protein between 0.1% ε-PL treatment 
and control group, a total of 36 differentially abundant proteins 
were identified. The number of up-regulated and down-regulated 
proteins was 10 and 26, respectively. Under the condition of 
proteins were detected at twice in the three biological replications 
while were not detected in the control group, identified 39 DEPs 
and the number of up-regulated and down-regulated proteins were 
11 and 28, respectively. Furthermore, the DEPs were subsequently 
subjected to bioinformatics analysis to further analyze the effect 

GO ANALYSIS OF DEPS

GO level analysis was conducted to obtain the significantly 
enriched functions from three main categories, including Biological 
Process (BP), Molecular Functions (MF) and Cellular Components 
(CC) associated with the DEPs. A GO enrichment analysis was 

need to be confirmed in vivo  in the future using other advanced 

 of on protein expression.
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performed to obtain the metabolic activities affected most by the 
ε-PL treatment (Figure 1). 

(1)MF analysis indicated that the DEPs were generally related to 
structural molecule activity, structure constituent of ribosome, 
cyclase activity, and adenylate cyclase activity, etc, in which 
structural molecule activity and structure constituent of ribosome 
presented extremely significant difference (P<0.01). 

(2)BP analysis revealed that the differentially abundant proteins 
mostly involved in cell motility process, including cell motility, 
bacterial-type flagellum-dependent cell motility, movement of cell 
or subcellular component, and cilium or flagellum-dependent cell 
motility. 

(3)CC analysis indicated that the main DEPs belonged to 
membrane, cell, macromolecular complex, organelle, membrane 
part and cell part categories. Further analysis indicated that 
8 cellular components, including organelle, non-membrane-
bounded organelle, cytoplasmic part, ribosome, intracellular 
ribonucleoprotein complex, intracellular non-membrane-bounded 
organelle, ribonucleoprotein complex and intracellular organelle, 
presented extremely significant difference (P<0.01).

KEGG PATHWAY ANALYSIS OF DEPS

To determine the metabolic and signaling pathways associated with 
the DEPs treated by 0.1% ε-PL and further to reveal the critical 
factors influencing the processes, KEGG pathway annotation and 
enrichment were performed. Compared with control group, 6 
KEGG pathways in S. putrefaciens cells were significantly influenced 
by ε-PL treatment (P<0.05) and the ribosome pathway was especially 
significant (P<0.001), followed by the pathwats flagellar assembly, 

toluene degradation and fluorobenzoate degradation, etc. (Figure 
2).

In this study, ribosome pathway was significantly affected (P<0.001) 
by ε-PL in S. putrefaciens. Despite the ribosome pathway, the flagellar-
assembly pathway was inhibited by ε-PL notably as well (Figure 3). 
Three DEPs belonging to flagellar protein were involved in the 
flagellar-assembly pathway in S. putrefaciens, including flagellin, 
flagellar P-ring protein and flagellar M-ring protein. This indicated 
that ε-PL had a significant effect on S. putrefaciens mobility.

PPI NETWORK ANALYSIS FOR S. 
PUTREFACIENS  INDUCED BY Ε-PL

The Proton Pump Inhibitor(PPI) was lay out by degree values of the 
nodes, which were equal to the number of proteins connected with 
these protein nodes. In particularly, 19 DEPs possessed no less than 
2 interactions and 15 of these were already annotated. The DEPs 
possessing degree values>6 included the 50S ribosomal proteins 
L18, L27, L30, L31 and L33 and the 30S ribosomal proteins S16 
and S20. Additionally, a DNA-directed RNA polymerase subunit 
beta encoded by rpoC (A0A252ERG2) interacted with the 5 
DEPs and participated in both purine and pyrimidine metabolic 
pathways (Figure 4). The ribosomal protein DEPs are essential for 
protein synthesis and RpoC is an RNA polymerase III β' subunit 
proteinand necessary for transcription initiation and extension 
and is also important action site for antibacterial agents. Therefore, 
the downregulation of these ribosomal proteins represents an 
interference with essential protein synthetic functions in S. 
putrefaciens.

Figure 1: GO enrichment analysis of differentially expressed proteins in 0.1% ɛ-PL-treated S. putrefaciens 
compared with control groups.
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Figure 2: KEGG pathway enrichment analysis of differentially expressed proteins from 0.1% ɛ-PL S. 
putrefaciens cells.

Figure 3: Significantly enriched ribosome KEGG pathway of DEPs from 0.1% ɛ-PL S. putrefaciens cells.

Figure 4: Interactive network diagram of proteins differential expression between the control and 0.1% ɛ-PL-
treated groups.
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CONCLUSION

The proteomics methods will provide a new visual angle and 
method in the search for the molecular mechanisms involved in the 
inhibition of spoilage bacteria. Up to now, proteomics has been used 
to explore the influence mechanism of many influencing factors on 
S. putrefaciens, including environment, signal molecules and natural 
plant ingredients. These results above provided antibacterial 
mechanism in S. putrefaciens, which may be served as the basis for 
the subsequent study of identifying potential antimicrobial targets 
to obtain more effective control of this spoilage organism.

REFERENCES
1.	 Yang SP, Xie J, Qian YF. Determination of spoilage microbiota of 

Pacific white shrimp during ambient and cold storage using next‐
generation sequencing and culture‐dependent method. J Food Sci. 
2017; 82(5):1178-1183.

2.	 Janda JM, Abbott SL. The genus Shewanella: from the briny depths 
below to human pathogen. Crit Rev Microbiol. 2014; 40(4):293-312.

3.	 Zhu J, Zhao A, Feng L, Gao H. Quorum sensing signals affect 
spoilage of refrigerated large yellow croaker (Pseudosciaena crocea) by 
Shewanella baltica. Int J Food Microbiol. 2016; 217:146-155.

4.	 Ge Y, Zhu J, Ye X, Yang Y. Spoilage potential characterization of 
Shewanella and Pseudomonas isolated from spoiled large yellow 
croaker (Pseudosciaena crocea). Lett Appl Microbiol. 2017; 64(1):86-
93.

5.	 Wang H, Liu X, Zhang Y, Lu H, Xu Q, Shi C, Luo Y, et al. Spoilage 
potential of three different bacteria isolated from spoiled grass carp 
(Ctenopharyngodon idellus) fillets during storage at 4° C. LWT-Food 
Science and Technology. 2017; 81:10-7.

6.	 Jia S, Li Y, Zhuang S, Sun X, Zhang L, Shi J, Hong H, et al. Biochemical 
changes induced by dominant bacteria in chill-stored silver carp 
(Hypophthalmichthys molitrix) and GC-IMS identification of volatile 
organic compounds. Food Microbiol. 2019; 84:103248.

7.	 Wright MH, Matthews B, Arnold MS, Greene AC, Cock IE. The 
prevention of fish spoilage by high antioxidant Australian culinary 
plants: Shewanella putrefaciens growth inhibition. Int J Food Sci Tech. 
2016; 51(3):801-13.

8.	 He M, Guo QY, Song W, Li BG, Zhang GW. Inhibitory effects of 
chitosan combined with nisin on Shewanella spp. isolated from 
Pseudosciaena crocea. Food Control. 2017; 79:349-55.

9.	 Cai L, Leng L, Cao A, Cheng X, Li J. The effect of chitosan‐essential 
oils complex coating on physicochemical, microbiological, and quality 
change of grass carp (Ctenopharyhgodon idella) fillets. J Food Saf. 
2018; 38(1):e12399.

10.	Grande-Tovar CD, Serio A, Delgado-Ospina J, Paparella A, Rossi C, 
Chaves-López C. Chitosan films incorporated with Thymus capitatus 
essential oil: Mechanical properties and antimicrobial activity against 
degradative bacterial species isolated from tuna (Thunnus sp.) and 
swordfish (Xiphias gladius). J Food Sci Tech. 2018; 55(10):4256-65.

11.	Schelegueda LI, Zalazar AL, Gliemmo MF, Campos CA. Inhibitory 
effect and cell damage on bacterial flora of fish caused by chitosan, 
nisin and sodium lactate. Int J Biol Macromol. 2016; 83:396-402.

12.	Huang Z, Jia S, Zhang L, Liu X, Luo Y. Inhibitory effects and 
membrane damage caused to fish spoilage bacteria by cinnamon bark 
(Cinnamomum tamala) oil. LWT. 2019; 112:108195.

13.	Han J, Meng X, Shen H, Luo W, Yao S, Yang J, Zhu Q, et al. 
Purification, molecular characterization of Lactocin 63 produced 
by Lactobacillus coryniformis FZU63 and its antimicrobial mode of 
action against Shewanella putrefaciens. Appl Microbiol  Biotechnol. 
2021; 105(18):6921-30.

14.	Qian YF, Cheng Y, Ye JX, Zhao Y, Xie J, Yang SP. Targeting shrimp 
spoiler Shewanella putrefaciens: Application of ε-polylysine and oregano 
essential oil in Pacific white shrimp preservation. Food Control. 2021; 
123:107702.

15.	Deng Q, Pu Y, Sun L, Wang Y, Liu Y, Wang R, et al. Antimicrobial 
peptide AMPNT-6 from Bacillus subtilis inhibits biofilm formation 
by Shewanella putrefaciens and disrupts its preformed biofilms on both 
abiotic and shrimp shell surfaces. Food Res Int. 2017; 102:8-13.

16.	Yan J, Xie J. Removal of Shewanella putrefaciens Biofilm by acidic 
electrolyzed water on food contact surfaces. LWT. 2021; 151:112044.

17.	Komatsu S, Han C, Nanjo Y, Altaf-Un-Nahar M, Wang K, He D, 
Yang P, et al. Label-free quantitative proteomic analysis of abscisic acid 
effect in early-stage soybean under flooding. J Proteome Res. 2013; 
12(11):4769-84.

18.	Enk VM, Baumann C, Thoß M, Luzynski KC, Razzazi-Fazeli E, Penn 
DJ. Regulation of highly homologous major urinary proteins in house 
mice quantified with label-free proteomic methods. Molecular Bio 
Systems. 2016; 12(10):3005-16.

19.	Yang Y, Zheng N, Zhao X, Yang J, Zhang Y, Han R, Qi Y, et al. 
Changes in bovine milk fat globule membrane proteins caused by heat 
procedures using a label-free proteomic approach. Food Res Int. 2018; 
113:1-8.

20.	Devreese B, Vanrobaeys F, Beeumen J V. Automated nanoflow 
liquid chromatography/tandem mass spectrometric identification of 
proteins from Shewanella putrefaciens separated by two‐dimensional 
polyacrylamide gel electrophoresis. Rapid Communications in Mass 
Spectrometry [J]. 2001;15(1):50-6.

21.	Xu J, He W, Wang Z, Zhang D, Sun J, Zhou J, Li Y, et al. A comparison 
of molecular biology mechanism of Shewanella putrefaciens between 
fresh and terrestrial sewage wastewater. Frontiers in bioengineering 
and biotechnology. 2016; 4:86.

22.	Zhang C, Zhu S, Jatt AN, Pan Y, Zeng M. Proteomic assessment of the 
role of N‐acyl homoserine lactone in Shewanella putrefaciens spoilage. 
Lett Appl Microbiol. 2017; 65(5):388-94.

23.	Yan J, Xie J. Comparative proteome analysis of Shewanella putrefaciens 
WS13 mature biofilm under cold stress. Frontiers in Microbiology. 
2020; 11:1225.

24.	Yang SP, Xie J, Cheng Y, Zhang Z, Zhao Y, Qian YF. Response of 
Shewanella putrefaciens to low temperature regulated by membrane 
fluidity and fatty acid metabolism. Lwt. 2020; 117:108638.

doi:10.1111/1750-3841.13705
doi:10.3109/1040841X.2012.726209
doi:10.1016/j.ijfoodmicro.2015.10.020
https://doi.org/10.1111/lam.12687
doi:10.1016/j.lwt.2016.11.010
doi:10.1016/j.fm.2019.103248
doi:10.1111/ijfs.13026
doi:10.1016/j.foodcont.2017.04.012
doi:10.1111/jfs.12399
doi:10.1007/s13197-018-3364-y
doi:10.1016/j.ijbiomac.2015.11.033
doi:10.1016/j.lwt.2019.05.093
doi:10.1007/s00253-021-11503-8
doi:10.1016/j.foodcont.2020.107702
doi:10.1016/j.foodres.2017.09.057
doi:10.1016/j.lwt.2021.112044
doi:10.1021/pr4001898
doi:10.1039/C6MB00278A
doi:10.1016/j.foodres.2018.06.046
doi:10.1002/1097-0231(20010115)15:1%3c50::AID-RCM191%3e3.0.CO;2-V
doi:10.3389/fbioe.2016.00086
doi:10.1111/lam.12795
doi:10.3389/fmicb.2020.01225
doi:10.1016/j.lwt.2019.108638



