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Abstract: Due to potent bactericidal activity and low rate of drug-resistance, daptomycin is recognized as first line antibiotic
to treat serious infections caused by drug-resistant Gram-positive pathogens. However, the incidence of daptomycin resistance
isincreasing due to its widespread application. Alteration of cell wall homeostasis and membrane phospholipid metabolism is
involved in daptomycin resistance. The unique mode of action underlying daptomycin resistance in important pathogens,
including Staphylococcus aureus and Enterococci, is presented in this paper.
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Tablel Genesassociated with daptomycin resistancein major pathogens
Organism Gene Predicted function References
S. aureus cls Cardiolipin synthase [3]
mprF A bifunctional enzyme that catalyzes the lysinylation of
phosphatidylglycerol and translocationof lysyl-phosphatidylglycerol from [2,4-5]
the inner to the outer leaflet of the cell membrane
yycFG Two-component regulatory system of cell wall synthesis and homeostasis [6-7]
pgsA Phosphatidylglycerol synthesis [8]
vraSR Two-component regulatory system of cell wall synthesis and homeostasis [7,9]
E. faecalis liaFSR Three-component regulatory system as part of the cell envelope stress
[7,10-11]
response
cls Cardiolipin synthase [12]
gdpD Glycerophosphory! diester phosphodiesterase [10]
E. faeceium liaFSR Three-component regulatory system as part of the cell envelope stress
[7,10-11]
response
cls Cardiolipin synthase [12]
yycFG Two-component regulatory system of cell wall synthesis and homeostasis [2]
S mitis, S. oralis  cdsA Phosphatidate cytidylyltransferase [13]
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(B) of the major phospholipids in Gram-positive bacteria.
(L-PG) CL PA: phosphatidic acid; CDP-DAG: CDP-diacylglycerol;
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PS: phosphatidylserine; PE: phosphatidylethanolamine;
G-3-P: glycerol-3-phosphate; PG-P: phosphatidylglycerol-
3-P; PG: phosphatidylglycerol; CL: cardiolipin.
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Fig. 2 Mutations in MprF identified in daptomycin
resistant S. aureus. TM: transmembrane domain.
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Mutations in Cls identified in daptomycin

aureus (red) and Enterococci (blue)!?. TM:
ane domain; PLD: phospholipase domain.
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Fig. 4 Resistance to daptomycin. The membrane-

associated proteins involved in phospholipid metabolism
(CdsA, PgsA, MprF and Cls) play an important role in
daptomycin resistance through controlling the content
and concentration of PG. Furthermore, daptomycin can
be sequestered by the free PG and can be repelled by the
structure or charge change of important cell wall
ingredients. The cell wall homeostasis is under control of
important signal transduction pathway, such as YycFG,
VraSR and LiaFSR.
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