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Analysis of the Structural Properties and Functional Mechanism
of the Extracellular Polysaccharide Flippase
of Limosilactobacillus fermentum AS51

ZHANG Wenbin, WANG Teng, SHI Jindou, WANG Yuzhu, WEI Guangqiang', HUANG Aixiang"

(College of Food Science and Technology, Yunnan Agricultural University, Kunming 650201, China)

Abstract: In order to explore the structural and functional properties of the extracellular polysaccharide flippase (Wzx)
from Lactobacillus fermentum A51, this paper systematically investigated the Wzx protein using bioinformatics technology.
Firstly, the evolutionary characteristics of the Wzx protein were analyzed through multiple sequence alignment and the
construction of a phylogenetic tree. Subsequently, the physicochemical properties, subcellular localization, functional
domains, hydrophilicity/hydrophobicity, signal peptides, transmembrane regions, phosphorylation modification sites,
glycosylation modification sites, advanced structure, and mode of action were predicted and analyzed. The results indicated
that Wzx was composed of 472 amino acids, with a relative molecular weight of 53.31 kDa and a total atom count of 7651.

The theoretical isoelectric point was 9.50, and the instability coefficient was 33.79, and it was an alkaline stable
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hydrophobic protein. Wzx lacked a signal peptide and functioned as a flipping enzyme within the cell membrane. Following

transmembrane domain prediction, it was determined that Wzx contained 14 transmembrane helix structures. A total of 33

significant phosphorylation sites were identified, comprising 14 serine (Ser) sites, 12 threonine (Thr) sites, and 7 tyrosine

(Tyr) sites. Regarding subcellular localization and functional domain prediction, Wzx was predominantly localized in the

endoplasmic reticulum (55.6%), indicating its membership in the Multidrug and Toxic Compound Extrusion family. In

terms of the secondary structure of Wzx, a-helix constituted 61.44%, random coil accounted for 22.25%, and extended

chain represented 16.31%, Based on the “

V” shape of the three-dimensional structure of Wzx, it was speculated that it

realized the transport of extracellular polysaccharides through its own conformational reversal or its own conformational

change. This study offers a theoretical foundation for a deeper understanding of the functional characteristics and

mechanisms of action of Wzx, which is crucial for comprehending the transport processes of extracellular polysaccharides.
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Fig.1 Schematic diagram of the role of Wzx in the process
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Table 1

Amino acid sequence of Wzx
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MKVIRNYLYNAGYQILLMIAPLVTTPYVSRALGAHASGINTYTNGWVTVFYLVGQMGIGLYGNREVAYHRDDKRERSRIFWGIEALQLCTISIS
LVAYLVAVFLFSTTFREYYLLQTLWIVACGIDVSWYFMGMEDFKKTVVRNTIVKLIMIVLIFTLVKTEADLWKYILLIGVAQLSGNLTLWPYLK

Wzx

SNIQWVSPKEWHPLRHLYPSLLLFIPTITTQIYLVVNKLMLGKIGQPTALGQFDYADRLVKLVLAIVTATGTVMLPHIANKFAKGDLKGVRESL

YNSFDFVTAMAVPMMFGLMAISEKFAPWFLGNGYQDAGKIIFFEAPAIVFIAWSNVTGDQYLMPIDRVKEYTVSVSIGAVVNVIANILLIPFYSA
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WP 003684139.1:1-472 flippase Limosilactobacillus fermentum
| WP 004563040.1:1-472 flippase Limosilactobacillus fermentum
MDO4856291.1:1-472 flippase Limosilactobacillus gorillae
WP 347982066.1:1-472 flippase Limosilactobacillus allomucosae
100|_
WP 272217077.1:1-472 flippase Limosilactobacillus mucosae
WP 304133917.1:1-470 flippase Limosilactobacillus coleohominis

MDO5013640.1:1-472 flippase Lactobacillaceae bacterium

K3 Wzx REHAM 4T
Fig.3 Phylogenetic tree analysis of Wzx
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Table 2 Physical and chemical properties of Wzx
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Table 3 Amino acid composition and content of Wzx

IR Bl dit(%) IR Bl dit(%)
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225 Ser(S) 22 47 Wid MR Arg(R) 20 42
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5 2 8.6% (41 1) FN 5.6%(26 1) o Bi/K &S
PR 2 IS, 1 A BB ARRAE , 155 Ee 5 19 B K PR e B iR 3R
B Wzx 25 H 1] g8 B SRS My kol 5 i 25 & a) sE
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Fig.4 Functional domains of Wzx
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SignalP 6.0 prediction: sequence
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Fig.6 Prediction of the signal peptide of Wzx
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