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Purpose: Cutibacterium acnes (C. acnes) is closely associated with the pathogenesis of acne, and antibiotics targeting C. acnes have
been widely used for decades. However, antibiotic resistance has been increasing rapidly. Membrane vesicles (MVs) have been found
to play important roles in antibiotic resistance in some bacteria. We aimed to explore the mechanism of antibiotic resistance and the
virulence components within C. acnes-derived MVs.
Materials and Methods:We isolated clinical C. acnes strains from the lesions of acne patients who were sensitive or resistant to the
antibiotics erythromycin and clindamycin. We analyzed the proteome of MVs from four sensitive C. acnes isolates and three resistant
isolates by LC-MS/MS.
Results: We identified 543 proteins within the MVs of clinical C. acnes strains. Several lipases, NlpC/P60, CAMP factor, and Hta
domain protein were detected as virulence factors in the C. acnes-derived MVs. The levels of two lipases and FtsZ were significantly
higher in resistant C. acnes-derived MVs compared with sensitive strains (p < 0.05).
Conclusion: According to the implications of this study, improper antibiotic use might not only increase antibiotic resistance in C.
acnes but could also further alter the cutaneous lipid composition and aggravate host inflammation, thus resulting in worse clinical
manifestations in acne patients. This study re-emphasizes that the improper use of antibiotics should be treated more seriously in
clinical practice. Furthermore, to combat multidrug resistance in C. acnes, this study suggests that FtsZ inhibitors could be useful.
Keywords: Cutibacterium acnes, antibiotics, FtsZ inhibitor, membrane vesicles

Introduction
Membrane vesicles (MVs) serve important functions in the bacterial life cycle, participating in virulence factor secretion,
biofilm formation, antibiotic stress reactions, microbiome homeostasis, etc.1,2 MVs were initially identified as products of
gram-negative bacteria, composed of constituents of the outer membrane (lipopolysaccharide, phospholipids, and
proteins) and the periplasm (cytosolic or inner membrane proteins and nucleic acids).3 Because gram-positive bacteria
have a thick wall structure and no outer membrane, it was thought for decades that gram-positive bacteria do not secrete
MVs.4,5 However, in 2009, Lee et al first found MV secretion in Staphylococcus aureus.6 Since then, an increasing
number of gram-positive bacteria (Bacillus spp., Clostridium perfringens, Streptomyces coelicolor, Listeria monocyto-
genes, etc.) have been shown to produce MVs.7–10 These gram-positive MVs are 20–250 nm in diameter and play roles
in biological processes similar to those of gram-negative counterparts.

Cutibacterium acnes (C. acnes, formerly Propionibacterium acnes), an anaerobic gram-positive bacterium, is
considered to be closely associated with the pathogenesis of acne.11,12 As one of the main treatments of acne, antibiotics
targeting C. acnes have been used widely for decades. However, antibiotic resistance, especially multidrug resistance
(MDR), has been increasing rapidly.13 MV production has recently been observed in C. acnes.14 MVs can serve as a
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secretory system and protect bacteria from antibiotic stress.3,15 Whether C. acnes-derived MVs play roles in antibiotic
resistance is unknown. Furthermore, C. acnes-derived MVs have shown strong pro-inflammatory effects on human
keratinocytes and peripheral blood monocytes.14 However, the virulence components within the MVs of clinical C. acnes
isolates have not been identified. Here, we explored the proteome of MVs from clinically sensitive and resistant isolates
to identify virulence components and the possible mechanism of antibiotic resistance in C. acnes. To the best of our
knowledge, we are the first to compare the proteome of MVs from different clinical C. acnes isolates.

Materials and Methods
Isolation of C. acnes
We isolated C. acnes clinical strains from the lesions of acne patients in the dermatology department of Huashan Hospital
Fudan University (Shanghai, China) according to the methods of our previous study.16 The Ethics Committee of Huashan
Hospital Fudan University approved the research, and we conducted the research according to the principles of the
Declaration of Helsinki. Informed consent was signed by all the participants. After being sterilized with iodine tincture,
the acne lesions were compressed with a comedone extractor. Then the contents were transported immediately with a
sample smear and inoculated on Brucella agar (Becton-Dickinson, USA) containing 5% (v/v) lysed defibrinated sheep’s
blood (Zhuzhai Blood Reagent Supply Station, Shanghai, China), supplemented with vitamin K1 (Sigma-Aldrich, USA)
and incubated in an atmosphere of 80% (v/v) N2, 10% (v/v) CO2, and 10% (v/v) H2 at 37°C for 48–72 h. After two
purification cycles were completed, the cultured microorganisms were identified as C. acnes with MALDI-TOF MS
(VITEK2, bioMérieux, Marcy I’Etoile, France). The isolated C. acnes strains were then placed in 40% glycerin broth and
stored at −70°C until use.

Culture of C. acnes
We cultivated the isolated strains anaerobically. Minimum inhibitory concentrations (MICs) of erythromycin and
clindamycin were measured by agar dilution as recommended by the Clinical and Laboratory Standards Institute
(CLSI). We collected four sensitive strains that were sensitive to both erythromycin and clindamycin, with MICs ≤0.5
mg/L for erythromycin and ≤2 mg/L for clindamycin. We also collected three strains that were resistant to both
erythromycin and clindamycin, with MICs >128 mg/L for erythromycin and clindamycin.

All C. acnes strains were grown in brain-heart infusion (BHI) broth (Difco Laboratories, Detroit, MI) at 37 °C in an
atmosphere of 80% (v/v) N2, 10% (v/v) CO2, and 10% (v/v) H2. Cells were cultured for 96 h to reach the mid-
exponential phase. We diluted the cell suspensions to adjust the optical density at 600 nm (OD600) to 1.0. Cells were
then inoculated into another 100 mL of BHI broth at a 1/100 dilution and cultured for another 96 h. The cell-free culture
supernatant was collected for further isolation of MVs.

Isolation of MVs
C. acnes-derived MVs were isolated according to literature methods with some modifications.14 The cell-free culture
supernatant was sequentially centrifuged at 2000×g for 10 min and 10,000×g for 30 min at 4 °C. The supernatant was
collected and filtered with a 0.22-μm membrane filter (Merck Millipore, Darmstadt, Germany). The supernatant was
further ultracentrifuged at 100,000×g for 70 min at 4 °C (Beckman Coulter, Fullerton, CA). The pellet was washed once
with PBS and ultracentrifuged again at 100,000×g for 70 min at 4 °C. The MV pellet was finally resuspended in PBS and
stored at −80 °C until use.

Identification of MVs
Transmission electron microscopy (TEM) was used to identify the structure of MVs. MVs suspended in 2% parafor-
maldehyde were loaded on a copper grid and negatively stained with uranyl acetate solution for 5 min. The grid was then
examined using a JEOL transmission electron microscope (JEM 2100, Tokyo, Japan) at 100 kV. The size distribution and
particle concentration of MVs were measured by high-sensitivity flow cytometry (HSFCM) instrumentation (Flow
NanoAnalyzer, Xiamen, China). As previously described, the HSFCM was equipped with a 200 mW 532 nm
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continuous-wave solid-state.17–19 The Nd:YAG laser was attenuated to 16 mW and used as the excitation source. The
light emitted by individual MVs was collected.

Protein Digestion
Proteins were redissolved in 500 mM triethylammonium bicarbonate (TEAB). The protein concentration of the super-
natant was measured using the BCA protein assay. One hundred micrograms of protein per condition was transferred into
a new tube and adjusted to a final volume of 100 μL with 8 M urea. We added 11 μL of 1 M DTT, incubated the sample
at 37 °C for 1 hour, and then transferred the samples into a 10K ultrafiltration tube (Millipore, Bedford, MA). To remove
urea, samples were centrifuged by adding 100 mM TEAB three times. Then, 120 μL of 55 mM iodoacetamide was added
to the sample and incubated for 20 minutes protected from light at room temperature. Then, the proteins were tryptically
digested with sequencing-grade modified trypsin (Promega, Madison, WI). The tryptic peptides were further cleaned by
removing sodium deoxycholate and desalted for basic reversed-phase fractionation.

Label-Free Quantitative LC-MS/MS Analysis
Two micrograms of peptide was separated and analyzed with nano-UPLC (EASY-nLC1200, Thermo Scientific, MA,
USA) coupled to Q-Exactive mass spectrometry (Thermo Scientific, MA, USA). Separation was performed using a
reversed-phase column (100 µm, ID×15 cm, Reprosil-Pur 120 C18-AQ, 1.9 µm, Dr. Math). The mobile phases were H2O
with 0.1% FA and 2% ACN (phase A) and 80% ACN and 0.1% FA (phase B). Separation of the sample was executed
with a 120-min gradient at 300 nL/min flow. Phase B was ramped from 8 to 30% for 92 min, 30 to 40% for 20 min, 40 to
100% for 2 min, 100% for 2 min, 100 to 2% for 2 min and 2% for 2 min. Data-dependent acquisition was performed in
profile and positive mode with an Orbitrap analyzer at a resolution of 70,000 (@200 m/z) and a m/z range of 350–1600
for MS1. For MS2, the resolution was set to 17,500 with a dynamic first mass. The automatic gain control (AGC) target
for MS1 was set to 3.0 E+6 with max IT 50 ms, and 5.0 E+4 for MS2 with max IT 100 ms. The top 20 most intense ions
were fragmented by HCD with a normalized collision energy of 27% and an isolation window of 2 m/z. The dynamic
exclusion time window was 30s.

Data Analysis
Raw MS files were processed with MaxQuant (Version 1.6.1.0). The protein sequence database (UniProt-proteome-
Propionibacterium acnes. Fasta 2020_06) was downloaded from UNIPROT. This database and its reverse decoy were
then searched against by MaxQuant software. Carbamidomethyl (C) was set as fixed modification. Both peptide and
protein FDR should be less than 0.01. The significance analysis of microarrays (SAM) statistical approach was used to
identify differentially expressed proteins. Differentially expressed proteins were filtered if their fold change (FC) was
greater than 2 and contained at least 2 unique peptides with a statistical p value (SAM) below 0.05. Blast2GO version 4
was used for functional annotation. Statistically altered functions of differentially expressed proteins were calculated by
Fisher’s exact test in Blast2GO.

Results
Physical Characterization of MVs from C. acnes
To investigate MVs secreted from C. acnes, MVs were isolated and examined using TEM and HSFCM. The TEM
images of the resistant MVs and the sensitive MVs revealed bilayered spherical morphology with an approximate size
range of 40 nm to 90 nm (Figure 1). HSFCM indicated that the size distribution of the sensitive MVs was 77.07 nm ±
29.24 nm on average, whereas that of the resistant MVs was 71.70 nm ± 30.61 nm (Figure 2). There were no significant
differences between the two groups in morphology or size.

Proteomic Profile of MVs from Clinical C. acnes Strains
A total of 4081 peptides were identified from the MVs of clinical C. acnes strains. Overall, 543 individual proteins with
≥2 unique peptides were identified by a combined dataset. Information on protein properties and detailed peptide data for
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identified proteins is presented in S1 of the Supporting information. Proteins were classified according to their gene
ontology (GO) terms, including biological process (BP), cellular component (CC), and molecular function (MF)
(Figure 3). The detailed annotations of BP, CC, and MF are presented in S2 of the Supporting information. Of the
total MV proteins from the clinical isolates related to BP, metabolic processes were the most abundant with 249 proteins
(82 upregulated and 167 downregulated in the resistant MVs vs sensitive MVs), followed by cellular process with 210
proteins (71 upregulated and 139 downregulated in the resistant MVs vs sensitive MVs). Regarding CC, 152 of the total
MV proteins belonged to the cell part (37 upregulated and 115 downregulated in the resistant MVs vs sensitive MVs), 75
proteins belonged to the membrane part (11 upregulated and 64 downregulated in the resistant MVs vs sensitive MVs),
and 40 proteins belonged to the protein-containing complex (5 upregulated and 35 downregulated in the resistant MVs vs
sensitive MVs). With respect to MF, the MV proteins from the clinical isolates included 277 proteins associated with

Figure 1 TEM image of MVs prepared from C. acnes. (A) Sensitive C. acnes-derived MVs. (B) Resistant C. acnes-derived MVs.

Figure 2 The size distribution of C. acnes-derived MVs as measured by HSFCM. (A) MVs from the sensitive C. acnes isolate. (B) MVs from the resistant C. acnes isolate.
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catalytic activity (108 upregulated and 169 downregulated in the resistant MVs vs sensitive MVs) and 191 proteins
associated with binding (60 upregulated and 131 downregulated in the resistant MVs vs sensitive MVs). Other molecular
functions included transcription regulator activity, antioxidant activity, transporter activity, molecular carrier activity, and
structural molecule activity.

Differentially Expressed Proteins Between the Resistant MVs and the Sensitive MVs
We further compared the protein components of MVs from the resistant isolates and the sensitive isolates. Twenty-two
proteins (unique peptides ≥ 2, FC > 2 or < 0.5, p<0.05) were significantly differentially expressed between the sensitive
and resistant isolates (Table 1). Three proteins, D4HCT5 (FtsZ), D4HEV8, and D4H9R7, were upregulated, and another
19 proteins were downregulated. All the significantly differential proteins were enriched with respect to their BP, CC, and
MF (Figure 4). From the BP perspective, DNA-templated transcription/elongation, alpha-glucan biosynthetic process,
and protein polymerization were the top 3 significantly different processes between the sensitive and resistant strains
(p<0.05). In the CC group, the cell division site was the most significantly different component (p<0.01), implicating
altered cell division capacity between the sensitive and resistant strains. In the MF group, IMP dehydrogenase activity,
serine O-acetyltransferase activity, serine O-acyltransferase activity, transferase activity transferring hexosyl groups, and
1-deoxy-D-xylulose-5-phosphate reductoisomerase activity were the top 5 significantly different functions between the
sensitive and resistant strains. The detailed annotation of each differential protein was also obtained from the KEGG
(www.kegg.jp) and UNIPROT (www.uniprot.org) websites and is presented in Table 1.

Discussion
C. acnes-derived MVs contain many membrane and cytoplasmic proteins, including different kinds of transferases,
hydrolases, peptidases, ion binding proteins, DNA polymerases, ATP binding proteins, ribosomal proteins, and other

Figure 3 GO annotation of all proteins from the C. acnes-derived MVs. Proteins were classified according to BP, CC, and MF. Blue columns indicate proteins downregulated
in resistant MVs compared to sensitive MVs. Red columns indicate proteins upregulated in resistant MVs compared to sensitive MVs.
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Table 1 Detailed Annotation of Each Differentially Expressed Protein

UniProt
ID

Fold
Change

Kegg ID Gene Name Function

1 D4HCT5 2.92 pak:HMPREF0675_3829 ftsZ Ftsz is a GTPase and functions as an important polymer-forming protein of bacterial cell division.

2 D4HEV8 2.49 pak:HMPREF0675_4479 HMPREF0675_4479 It contains the motifs that function as the serine aminopeptidase, serine esterase, alpha/beta hydrolase, lecithin: cholesterol

acyltransferase (LCAT), GPI inositol-deacylase, and triacylglycerol lipase.

3 D4H9R7 2.18 pak:HMPREF0675_4855 HMPREF0675_4855 It functions as the triacylglycerol lipase that hydrolyzes ester bonds in triacylglycerol, producing diacylglycerol, monoacylglycerol,

glycerol and free fatty acids.

4 D4HA40 0.34 pak:HMPREF0675_3313 HMPREF0675_3313 Unknown.

5 D4HD77 0.30 pak:HMPREF0675_3974 dnaJ DnaJ is a chaperone associated with the Hsp70 heat-shock system involved in protein folding and renaturation after stress.

6 D4HAH8 0.28 pak:HMPREF0675_5101 HMPREF0675_5101 It belongs to the GDSL-like lipase family.

7 D4HDS2 0.28 pak:HMPREF0675_4176 glgE GlgE is the alpha amylase, classified as family 13 of the glycosyl hydrolases.

8 D4HA06 0.27 pak:HMPREF0675_4943 nusG NusG enhances the bacterial RNA polymerase processivity but can also promote transcription termination by binding to and

stimulating the activity of Rho factor.

9 D4HFC3 0.27 pak:HMPREF0675_4577 dxr Dxr is the 1-deoxy-D-xylulose 5-phosphate reductoisomerase and participates in the terpenoid biosynthesis pathway.

10 D4H939 0.26 pak:HMPREF0675_3225 HMPREF0675_3225 It contains the motifs of the PASTA domain, phosphotransferase enzyme family and lipopolysaccharide kinase (Kdo/WaaP) family and

functions as the penicillin-binding protein, aminoglycoside resistance protein, and bacterial serine/threonine kinase.

11 D4HCZ6 0.24 pak:HMPREF0675_3891 HMPREF0675_3891 It belongs to the ribonuclease E/G family and is able to cleave a wide variety of RNAs.

12 D4H9H8 0.23 pak:HMPREF0675_4825 guaB GuaB contains the IMP dehydrogenase/GMP reductase domain. This family is involved in biosynthesis of guanosine nucleotide.

13 D4HFI0 0.23 pak:HMPREF0675_4634 HMPREF0675_4634 It belongs to the bacterial disulfide bond forming A (DsbA) family that facilitates proper folding and disulfide bond formation of

periplasmic and secreted proteins.

14 D4HAQ9 0.21 pak:HMPREF0675_5112 HMPREF0675_5112 It contains forkhead-associated domain, which is a phosphopeptide binding motif, a putative nuclear signaling domain found in protein

kinases and transcription factors.

15 D4HC07 0.20 pak:HMPREF0675_3540 HMPREF0675_3540 It is involved in the biosynthesis of molybdopterin cofactor, which plays important roles in bacterial energy generation, pathogen fitness,

and bacterial virulence defects.

16 D4HF15 0.20 pak:HMPREF0675_4536 HMPREF0675_4536 It contains the motif of the LmeA-like phospholipid-binding domain, a conserved cell-envelope protein critical for controlling the

mannan chain length of lipomannan and lipoarabinomannan.

17 D4H9H5 0.12 pak:HMPREF0675_4822 cysE CysE is involved in the de novo biosynthesis of cysteine; essential for cell viability

18 D4HF78 0.12 pak:HMPREF0675_3141 HMPREF0675_3141 It is the mannosyltransferase, a family of eukaryotic endoplasmic reticulum membrane proteins that are involved in the synthesis of

glycosylphosphatidyl-inositol (GPI). GPI anchors many proteins to the eukaryotic cell surface.

19 D4HCF3 0.12 pak:HMPREF0675_3696 HMPREF0675_3696 Unknown.

20 D4HEU9 0.11 pak:HMPREF0675_4469 HMPREF0675_4469 Unknown.

21 D4HAJ3 0.11 pak:HMPREF0675_3333 HMPREF0675_3333 It belongs to the rhomboid family, which plays important roles in initiating cell signaling in animals, facilitating bacterial quorum sensing,

regulating mitochondrial homeostasis, and dismantling the adhesion complexes of parasitic protozoa.

22 D4HFG5 0.01 pak:HMPREF0675_4618 HMPREF0675_4618 It is the ATP-binding cassette (ABC) transporter, which couples the energy stored in ATP to the movement of molecules across the

membrane. ABC exporters have been linked with multidrug resistance in bacteria.
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metabolic enzymes. Taken together, the results of this study suggest that C. acnes-derived MVs might facilitate the
transfer of proteins involved in bacterial physiology, bacterial virulence, and host inflammation.

We detected several lipases within the C. acnes-derived MVs. According to the GO annotation, three detected
proteins (D4HDE2, D4HDE3, D4HFE5) participate in free fatty acid (FFA) metabolism. These three proteins were
expressed in both sensitive MVs and resistant MVs, with no significant difference between the two groups. Among the 22
significantly differentially expressed proteins, two (D4HEV8 and D4H9R7) were associated with lipid metabolism based
on the KEGG and UNIPROT annotations of the protein motifs. D4H9R7 is a triglyceride lipase, and D4HEV8 is thought
to be an ester hydrolase. These two proteins were expressed at significantly higher levels in resistant MVs compared with
sensitive MVs (p<0.05). Bacterial metabolism is believed to influence the cutaneous lipid composition. The lipase
activity of C. acnes can liberate FFAs from triglycerides (TGs), and the released FFAs are much more viscous than TGs.
FFAs lead to ductal hypercornification and increase adhesion between C. acnes and keratinocytes, promoting coloniza-
tion of C. acnes and the formation of biofilms.20,21 Furthermore, FFAs are thought to be inflammatory.22 Mono-
unsaturated acids among the released FFAs are known as the triggering signal of the inflammasome response, which
plays important roles in the pathogenesis of acne.23,24 In a previous study, it was reported that a type IA clinical strain
shows a higher level of secreted triglyceride lipase protein than a clinical IB strain.25,26 In our study, triglyceride lipase
(D4H9R7) and ester hydrolase (D4HEV8) levels were both significantly higher in resistant C. acnes-derived MVs than in
sensitive MVs, which implies that resistant strains have different lipase activities from sensitive strains, thus eliciting
different inflammatory responses and cutaneous lipid compositions among patients refractory to antibiotic treatment.

Previous studies by Choi have shown that C. acnes-derived MVs induce epidermal deformation and increase the
expression of proinflammatory cytokines in keratinocytes, indicating the important role of C. acnes-derived MVs in the
pathogenesis of acne.14 Here, our proteome analysis confirmed the pathogenic potential of MVs by detecting NlpC/P60,
CAMP factors, and Hta domain proteins in C. acnes-derived MVs. D4HAA4 is a peptidoglycan DL-endopeptidase that
belongs to the NlpC/P60 family protein. NlpC/P60 family proteins can mediate the release of peptidoglycan (PGN)
fragments that have been shown to modulate host inflammatory responses.27,28 PGN fragments can activate intracellular
immune signaling by binding nucleotide-binding oligomerization domain (Nod) 1 and Nod2 receptors.29 Nod1 is
activated by meso-diaminopimelic acid (mDAP)-containing muropeptides, which are found in the cell walls of most
gram-negative bacteria and some gram-positive bacteria. Nod2 usually recognizes muramyl dipeptide (MDP), which is

Figure 4 GO enrichment based on BP, CC, and MF terms for differentially expressed proteins between the sensitive and resistant MVs.

Clinical, Cosmetic and Investigational Dermatology 2022:15 https://doi.org/10.2147/CCID.S363537

DovePress
709

Dovepress Jiang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


found in all PGN-containing bacteria. Downstream signaling of Nod receptors activates the NF-kB pathway and leads to
the release of a variety of proinflammatory cytokines and antimicrobial compounds.30,31 Protein D4HAV7 is a type of
Christie-Atkins-Munch-Petersen (CAMP) factor. CAMP factor is considered a pore-forming toxin. It binds to immu-
noglobulin G and M classes and then degrades and invades host cells.32 The CAMP factor can trigger inflammation in
keratinocytes and macrophages and induce cell death of sebocytes in sebaceous glands. Protein D4HCW2 belongs to
HtaA domain protein. HtaA, a heme-binding protein, participates in the iron uptake system in C. acnes.33 Iron is involved
in many important metabolic processes and is a key component of pathogenicity. Iron participates in single electron
transfer and is capable of generating toxic reactive oxygen species (ROS), which may cause cell damage and inflamma-
tion in the host environment.34 Interestingly, although the fold changes were not statistically significant, the expression
levels of NlpC/P60, CAMP factor, and Hta domain protein were all uniformly higher in the resistant strains compared
with the sensitive strains. These findings suggest that the resistant strains have higher potential to cause host inflamma-
tion and elicit a worse clinical acne manifestation compared with sensitive strains. We need to increase the experimental
sample numbers and conduct in vitro and in vivo experiments to further confirm this hypothesis.

To identify the multidrug resistance mechanism of C. acnes, we further analyzed D4HCT5, which was significantly
higher in the resistant C. acnes-derived MVs than in the sensitive MVs (p<0.05). D4HCT5 belongs to FtsZ, which is
highly conserved in bacteria. FtsZ is considered an essential GTPase and structurally belongs to the cytoskeletal
family.34,35 During cell division, FtsZ forms a Z-ring structure at the mid-cell and functions as a scaffold to recruit
other cell division proteins to form the division polymer. FtsZ promotes cell division and leads to the proliferation of
bacteria, thus reducing antibiotic efficacy. Cells depleted of functional FtsZ cannot divide and will eventually lyse.36 To
address antibiotic resistance, many inhibitors targeting FtsZ have been studied extensively in recent years. Further studies
are needed to clarify the role of FtsZ in the multidrug resistance of C. acnes and to explore the effect of FtsZ inhibitors in
treating resistant C. acnes.

Conclusion
We analyzed the proteome of MVs from four clinically sensitive C. acnes isolates and three resistant isolates. According
to the results of the proteome study, C. acnes-derived MVs are widely involved in bacterial physiology, virulence, and
host inflammation. In our study, we detected several lipases, NlpC/P60, CAMP factor, and Hta domain protein, that serve
as virulence factors in C. acnes-derived MVs. The levels of two lipases (D4HEV8, D4H9R7) and FtsZ were significantly
higher in the resistant C. acnes-derived MVs compared with sensitive clusters (p<0.05). These observations give us
important suggestions for the factors in C. acnes-derived MVs that might contribute to altered cutaneous lipid composi-
tions and influence distinct inflammatory responses in acne patients; FtsZ, serving as an essential cell division protein,
might be a promising target for treating antibiotic-resistant C. acnes.
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