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Characterization of Staphylococcus epidermidis with hemolytic phenotype
Leng Guiyun?, Chen Wei', Wang Chenghao?, Yao Jie!, Chen Chuanping?, Tang Wei'

(1Dept of Clinical Laboratory, the Second Affiliated Hospital of Anhui Medical University, Hefei

230601;%Dept of Medical Technology, West Anhui Health Vocational College, Lu'an 237005)
Abstract Objective To explore the microbiological characteristics of Staphylococcus epidermidis
with hemolytic phenotype (SEHP). Methods Hemolytic phenotype was detected using the
three-point inoculation method, involving a total of 5 strains of SEHP and 5 strains of S.
epidermidis with non-hemolytic phenotype (SENHP) . Bacterial species were identified using the
Microflex LT MALDI-TOF mass spectrometer, and a phylogenetic tree was constructed through

16S rRNA sequence alignment. Antimicrobial susceptibility testing of SEHP and SENHP against
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commonly used antibiotics was performed using a VITEK 2 GP639 test kit. Antagonistic effects
of SEHP and SENHP against Staphylococcus aureus and Corynebacterium striatum were
evaluated by the Oxford cup inhibition assay. Red blood cell toxicity was detected using the
microplate method. Biofilm formation ability was assessed by microplate crystal violet staining.
Growth curves were monitored through the microcultivation assay. Results Compared with
SENHP, SEHP had lower resistance rates to levofloxacin and moxifloxacin. Additionally, SEHP
could antagonize S. aureus and C. striatum, exhibiting significant hemolytic toxicity, as well as a
marked decrease in growth rate during the late logarithmic phase. Conclusion The
microbiological characteristics of SEHP differ from those of SENHP in that SEHP demonstrates
antagonistic effects against S. aureus and C. striatum, warranting further investigation.
Key words Staphylococcus epidermidis; hemolytic phenotype; microbiological characteristics;
antibiotic resistance; antagonistic effects; growth curve; toxicity to human erythrocytes
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1.1 M8k
1.1.1 BERRRIE

SEHP. SENHP. i (o & BRI MSUH AT IR Tk, 70 % 2022 4F 1 ] —2023 4 7
BRI R 7 55 B = e i PR R8O IR L il s PRI VR R JBR AR G 2455 ()
B A — B M R IR AS) . 28 Microflex LT 38 Joi 4 Bl ' W B B8 AT N I 3 3%
(MALDI-TOF MS) ZrHi S ik, IR BMkEIR B W IR IR E S EEA, BT %
1o PR A
1.1.2 EFERFFE

e JREE MR, BERERY . SULEN. TR R Ezup #ENAH T HE K ZH DNA i il 77

UM BRI RIS (gAY TR AR ¢ 96 FL-FIR IS B LR 96 FLIEE TE
BIALIR CGEEBET AT 5 022 um FMIFREIES CGEEEHEAFD o AN (RS
ERURAIRAFD + BAP MG RERE (HIERBZHRFIARAFD ; AR O
WRMEE (LR ES R EARAT) 5 Spectra max i3x 2 IIAEMEbR X (EEFER ST
IR AT 3 F AR VITEK 2 Compact 4= H Sl % & 2580 A GLE A4 H
HIRAF]D 5 o-FIE-4-F2 5 R BB Microflex LT MALDI-TOF MS 2 Hi{X (4 [E 4
BRAFD .
12 Fk
121 HAENMEEES

£ BAP b, DUIX KIZRVEE TRk, 35°C. 5% CO. ¥ & 24 h, MR HELAIHHE. &
RO LW INE R IC AR, AR R INREAR R B D B I, IR EOR T, BT
Ja, BHTEZEGE. BT, SRS,
1.2.2 FIRARW

LA, BoH 1.0 2 KM (McFarland, MCF) HE3l. 76 BAP L, R =ik,
VAR 0.5 ul BB - 35 °C. 5%CO2 I 5 24 ho X YA 25 V& J BB 5 175 90 -4 IR T 5k
1.2.3 BFk DNA HI3RE

£ BAP B IR, A — IR G R, Kol B W R WA E . i
T VRIS ASCRBE A 2 12 461 6T IR AT ) A B o 4218 Ezup AR XA R 3 A1 2 DNA il & it
15, FREGR FE % R DNA.
1.2.4 EMEE

@O MALDI-TOF MS i%: il TC R INFEFG ISR UG R V%, 2550 PRAE REAR A I [X 35
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MU 1 pl 70% F R AN 1 pb o-F2E-4-F2 JE PRUEE R 3 0 - 4% Microflex LT MALDI-TOF
MS S M HIERAE VLR, EALIEI . £ MALDI FlexAnalysis F1 Biotyper #f4, SREEI 44T
RIS, S R R . S Ml > 1.70, RoREEsRE.

@ 16S rDNA JFik: LAEPR DNA R, A 40 s 514 27F/1492R #E4T PCR
P8, PPANIE LA TR AE W, BIRANERF Y B NCBI H i E

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) #E4TLLXT 4347, {£/H MEGA7.0 UM ERGZKE

S B B R .
1.2.5 Ak pha

FAE B FRIET BR 10 A K ) 70 3 AT W o P LB PR M ] 5 2 B T 67 R B B A 1)
B (1><10° CFU/ML) , I 96 FL P AL F1, 200 pL/fL. B HEREE 5 AFAT
fL, 37°CiFHE . 3£/ T Spectra max i3x 2 IWRERFARAX, & B I I % FLI% ODeoo- 181 H
Origin 2019 K Ze il A K i 6.
1.2.6 AW REE SR

R F LSRN 2 it 25 G (v I A= T B RE 70 T LB Az T ) 2 B 1 %) R T T
W (1>10° CFU/mML) , A 96 FL-FIRGHEMALIRH (200 pL/AL. 5 MFATFL) , 37 °CiFE
36 ho 7% LiEWR, FJCH/KPEE 3 k. LI 200 pL 2.5%/% — /%, [EE 30 min. 3F2:
B W, PR KPR 3 k. THJE, I 200 ul 0.2% (wtivol) 255483, 4eto 15 min.
FRG, FATCHEKBEEEE DR . ¥ 96 FLARBIE I, A 200 uL 30%BEBRIEWH, #
& 20 min. 3471 Spectra max i3x £ DIREBEARAX, M€ & FL ODsgs. 200 L LB %
VEIAPE BEFL, 2BV cut-off {6 (ODe) AR R FLIR 't AR PR Wi 8% -
ML LI ODsgs {1, H4BMR 7 JAR AP L (ODsgs < ODC) + $54EMIBIE AU (ODc
< ODsgs < 20Dc) FHSREVETE B (ODsgs >2 ODc) .
1.2.7 N 4passtti i

R PR PR E PR E AT LB ¥, #BIRH 37 °CH43% 12 h. 7 000 r/min &.C» 10 min,
VEIT R TR, BHEUHR AR LIS (cell-free supernatant, CFS) . [f] 96 FLIEJE TG B AL %
LI 100 pL 1%5e 5 NLLAHML R . 44 % 4K 100 uL CFS J5. 1:1 (JEH/PBS) Ml
1:3 PR ER 1.7 MRl CRERIARBCE 3 S PATHL) ML, VR21. 37 °CH#FE 15h, 1400
r/min .0 5 min. K5EESL 100 pL 3 & _EIE B 208 96 FL-V RIS LA . IS4 7>
T Spectra max i3x £ IhfAEEEFRAC, L 570 nm AT 600 nm XU K, I 5E S FLIEE{E Coptical
density, OD) . BHYEXTHEFLANA 100 uL A=FEER KA 100 pl 1%3E3 N LA B BHEXT
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FEFLINA 100 pL #BZ1KF1 100 uL 1%35535 N 40 BB .
1.2.8 HHAAERLEEN

25 5 ¥k SEHP 11 10 #& SENHP, 4 AIECH 0.5 MCF & . %M VITEK-2 Compact
A F B A4 e AR AR B, A AR P R R AT 2 O o R S [ I R i
50 AR Y 2T AR #E (CLSI M100-S29) , Wi Zjfss
1.2.9 FEAEMNE LR

SRR B RTER T L 10 PRA T B AT ER B A 10 PRECH HEFF B B PR, 4> 3T 3.0 MCF.
0.5 MCF £ 0.5 MCF Bl . Jo M2 % 4ERIZIE, 700K <5 B 100780 60 BR 81 AN ST AT
IR A T - DURIEJE (Luria-Bertani, LB) AR (@ =90 mm) . JHEFEHMN (O =
6 mm) , FRPIIN 30 pl 3 B 9 2T BR B BRI FEAR A TR 58 2RI, B RR AR AR, 29 °C
MFE 12 ho WUSRAFHEAR RS B A B B A, SR EMEE ES. 252000 FEm
Jrid, HHEINETEE (antibacterial index, Al PPl g 7147 BR B X 4 85 (070 4 BR B RS0
PEAF R A5 . Al =1, RPN 1<Al<2, 3FEPiETE; 2 <Al <3, PP
PEs A>3, BRFEPUENE.

Al= MEEESE ~ HEER

13 Gt Rb

i [ SPSS 18.0 B AFEATGit Ao, TFEBRILLX £ s FRox. PIAREAIN HLECR F A
SEFEAR t KU . P <0.05 NZEFA LR L. 4 EI{§i ] MEGAT.0. Origin 2019. Photoshop
2019 A1 llustrator 2019 #AF .
2 iR
2.1 HHBSEHEMRE

SEHP HFk (B 1A) F1 SENHP Btk (B 1D) R &L Yem i, BB, HE. SBR
SR A B IRHES . 7E BAP |, SEHP 5 SENHP # AR . KAM. MitETE. SEHP Wik
JE B R E B () 58 AV 3R (B 1B C) , SENHP & B LR Ik (Bl 1E. F) .



&l 1 SEHP 1 SENHP HBEFE e, WEHEKEMER =1 000
Fig.1 Bacterial gram staining, colony morphology and hemolytic phenotype of SEHP and
SENHP <1 000

7E: A: Gram staining of SEHP; B: Colony morphology of SEHP on BAP; C: Hemolytic phenotype
of SEHP on BAP; D: Gram staining of SENHP; E: Colony morphology of SENHP on BAP; F:
Hemolytic phenotype of SENHP on BAP.
2.2 WMEE

SEHP F1 SENHP f#] MALDI-TOF MS Ji 8 JLIE| 2A. B. %58 45 R NR B £ ERTH
PR KT 170, 45 R AT {5 - MR4E 16S rDNA 351 LT, F i) R GeR & 2C fras. SEHP
W PRI SENHP Hikk, 5 S. epidermidis ATCC14990 HFH & [V 11k 100%. Fith, %5E N#E

B A B BRTA o



& 2 SEHP Al SENHP [f) MALDI-TOF MS %5& B & R R B M
Fig.2 MALDI-TOF MS characterization map and phylogenetic tree of SEHP and SENHP

7£: A: MALDI-TOF MS characterization map of SEHP; B: MALDI-TOF MS characterization
map of SENHP; C: Phylogenetic tree of S. epidermidis.
2.3 KK S EVBERREE S

SEHP PRAT SENHP TR A BT, ihZm AL, SEHP BARKIX B E K5
BT HCR AR E AR BB, M AT SENHP bk, WK 3A. SEHP B #kA1 SENHP
PRI ODsgs {E, ¥J7E 10Dc 5 20Dc 2 [d] (| 3B) o Kith, —#FHIJE T8 EMBEIL A,
BT SRE S T Ge i o 22 5



B3 SEHP 1 SENHP A #i2k K A VIBTE BRE /1
Fig.3 The growth curve and biofilm formation ability of SEHP and SENHP
7F: A: The growth curve of S. epidermidis; B: The biofilm formation ability of S. epidermidis.
2.4 ¥t
SEHP Btk CFS JFIBO A\ 2120 Ml )i i 23 4 B 3 1~ SENHP vk, ZRA SR
M (t=3.101, P=0.004) , VEWE 4A. “HMBBER (L1, 1:3 F0 1:7) XA LLGH AV i

#q, ERBLgit¥ES, LK 4B, C. D,

Bl 4 SEHP 1 SENHP K CFS JR¥R K& FAREBONT N\ LL4H Ml A 785 M 25 44 DP Al
Fig.4 Evaluation of hemolytic toxicity of SEHP and SENHP (CFS and dilution) to human
red blood cells
7E£: A: Hemolytic toxicity of 100 uL CFS; B: Hemolytic toxicity of 100 uL CFS dilution (1:1); C:
Hemolytic toxicity of 100 pL CFS dilution (1:3); D: Hemolytic toxicity of 100 pL. CFS dilution

(1:7); NC: Negative control; PC: Positive control; ““P < 0.01 vs SENHP.



2.5 AT
m#k 1 frr, 5 SENHP WARAHEL, SEHP BHN /2 A A S phvb B UK, %R
RER. A wWHRERMEZ T Hin BN U, N EHER G MAHERNM AR L.
HAR 6 MR, ZH BRI EZER.
1 SEHP Ml SENHP Xt % F it R M 2515347 (%)

Tab.1 The antimicrobial resistance of SEHP and SENHP to commonly used antibiotics (%)

Commonly SEHP (n=5) SENHP (n=10)

used R I S R I S

antibiotics
PEN 100 0 0 90 0 10
OXA 100 0 0 100 0 0
GEN 0 0 100 30 20 50
RIF 0 0 100 20 0 80
LVX 0 0 100 60 0 40
MFX 0 0 100 0 60 40
SXT 40 0 60 50 0 50
CLI 40 0 60 60 0 40
DAP 0 0 100 0 0 100
ERY 100 0 0 90 0 10
LNZ 0 0 100 0 0 100
VAN 0 0 100 0 0 100
TEC 0 0 100 0 0 100
TGC 0 0 100 0 0 100

7E: PEN: penicillin; OXA: oxacillin; GEN: gentamicin; RIF: rifampicin; LVX: levofloxacin; MFX:
moxifloxacin; SXT: trimethoprim/sulfa-methoxazole; CLI: clindamycin; DAP: daptomycin; ERY:
erythromycin; LNZ: linezolid; VAN: vancomycin; TEC: teicoplanin; TGC: tigecycline; R:
resistant; I: intermediate; S: sensitive.
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SEHP B #onS b 3 0] 46 B T (14001 8l LA (9.25 0.16) mm, RPN SIHEHUETE (1
<AI<2) ; XSG HEAT B 10 B Pl B AT (16.41 +£0.30) mm, RIAHERUENME (2<Al
<3) , WLIEI5A. C. SENHP Bt o (o] 4 BRIA MSUH B AT 1, B AR e, Jofs
PUiETE, WK 5B, Do SEHP RN SUHHEFT I Mt HTiE VESE T S O A BRE, ZRASR

E#E Y (P<0.05) , WA S5E,
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Fig.5 The antagonistic activity of SEHP and SENHP against S. aureus and C. Striatum
7E: A: The antagonistic effect of SEHP against S. aureus; B:The effect of SENHP against S.
aureus; C: The antagonistic effect of SEHP against C. striatum; D: The effect of SENHP against C.
striatum; E: Evaluation of antagonistic activity of S. epidermidis against S. aureus and C. striatum;
“P < 0.05 vs SENHP; P < 0.05 vs the antagonistic effect of SEHP against S. aureus.
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KRBT KT, BRIE B ImARREA . B KRG Sty i i, BURE MK S
SEWUA G RGN AN B IR BEHTAE R A M R, Jfidt 5 SENHP AN[E] ) SEHP
¥R, B E AR, 5 SENHP AHLL, SEHP BVALE BAP _ERENSTE B 215 M (1 52 A 1A,
HXF N A B A B R Eg . B98 SEHP B HUHAE KA IZ, (HFE EIEY R Re
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UEAER, BB BUR 2590 00 F R N PR 7 AR (R 4, 40 AT 24 44 o L ) 27 .
Sl R T P A2 P AR 4 (BT A BR 1 (Meethicillin-resistant Staphylococcus aureus, MRSA) 1%
GO AT B, 1RIT MR, W AR A S T ARG BT 7™ # o 4H BRT 3% 2 R 4 B A A 1
B SN o TR E B K, 8 I BN 2 0 R B A B BE R R R SR AR . A
oK, BE#% Teixobactin, Darobactin A1 Clovibactin &7 R4 2E 2 (1 L B, 401 K IOHT 52i%
W SR T X R B AN 3R R e R EL R R T AL, BEE A0 S A R R A T A A A
FIFEHUER, BA O RS E R . BFATRE, 4R 3= & e 2 2 MR SRR 3
RO, AR PH. X BRI AT REIE I S2m 4 B A AR MPIRAS BUE 5% il g, bRy
RN O 1/

4k, TR 8 i ph 3 R w4 R 2 W (A B 3%, HC A B R % LR R
Nukacin IVKA45 i B B R T A5 RAT B AR At S o B HI R R, s sz S
RS T IREL PeP 5 X & OV R EREAMEIEM, X EEERE LR Epidermicin
NIOL AJ #1543 (oA A BR B8 (45 MRSA) RIERE COIEIR 7 B R EkE) 48 K00,
Epidermin 7 #1154 25 (075 2 BR B8 194 KM, Epilancin K7 A 4086] A FEEER B A1 4 35 (05 45
BREA A=K 02, Epicidin 280w i PR 47 R B RS0 4 4 BR 1 (19 42 KO8, Epilancin 15X 7]
i) 4 B €0 4 BR R RO SRR A (0 AR D4, k4, Epilancin A37 RIHIGI 2 FEEFT R, (6
G B ORI B R AR A RS N E R, TER—AUE R R R, B
oA Z R E I TE 4 5R0E . Kb, IR R — M T B BT ANREE RS
W RRAFAEZE SR, AL, ANTRIRUS TR R 200 AN [R] 370 1 1% O 240 7 3K LA A BEPE AL SR 1% o AT
JiIE 1) SEHP Mk, R4 4 0k I &I BRI RSO B AT B, I HLS S0 B AT B A FS s
PESE R, SO, IR ATBESR T SEHP 34 T FEMHT BUAN T 22, Hogwm AL R 15 V4 1 3 ¥ 2
P HE R SRIBRAE 7] — R AR L, AR IR R 1A F TRk 8 e sndiid &= . Joh, 80k
BT DA 5 4 (081 2 R TR P R AR S A A S, 5 PO OB B JE, SR R 0 1A 3 1 R B T

b

Zi LRk, SEHP [AI He BV ME EAFE GURE T, AEY) 2R IEAS[F] T8 ) SENHP.
ARRATFEY R RECRE R SR b, RO AR A E 3R, 9 MRSA F12 #2540
PR R IR T IR BRI R

223K
[1] Pouget C, Chatre C, Lavigne J P, et al. Effect of antibiotic exposure on Staphylococcus
epidermidis responsible for catheter-related bacteremia[J]. Int J Mol Sci, 2023, 24(2): 1547.

11



doi:10.3390/ijms24021547.

[2] ZEXUkE, S20THS, BRIRIR, 5%, —PRIGHTZ B 245 1 028 AT s W ot 7e (3], B Gt
A&, 2013, 25(6): 621-4. doi:10.13381/j.cnki.cjm.2013.06.001.

Zuo S H, Peng K S, Cao Q Q, et al. The preliminary research of one Bacillus strain with
antagonism to multidrug resistant bacteria[J]. Chin J Microecol, 2013, 25(6): 621-4.
doi:10.13381/j.cnki.cjm.2013.06.001.

[3] Chajecka-Wierzchowska W, Gajewska J, Zakrzewski A J, et al. Molecular analysis of
pathogenicity, adhesive matrix molecules (MSCRAMMSs) and biofilm genes of coagulase-negative
staphylococci isolated from ready-to-eat food[J]. Int J Environ Res Public Health, 2023, 20(2):
1375. doi:10.3390/ijerph20021375.

[4] Imai Y, Meyer K J, linishi A, et al. A new antibiotic selectively kills Gram-negative
pathogens[J]. Nature, 2019, 576(7787): 459-64. doi:10.1038/s41586-019-1791-1.

[5] Shukla R, Peoples A J, Ludwig K C, et al. An antibiotic from an uncultured bacterium binds to
an immutable target[J]. Cell, 2023, 186(19): 4059-73.e27. doi:10.1016/j.cell.2023.07.038.

[6] Ling L L, Schneider T, Peoples A J, et al. A new antibiotic kills pathogens without detectable
resistance[J]. Nature, 2015, 517(7535): 455-9. doi:10.1038/nature14098.

[7] Valledor S J D, Bucheli J E V, Holzapfel W H, et al. Exploring beneficial properties of the
bacteriocinogenic Enterococcus faecium ST10Bz strain isolated from boza, a Bulgarian
cereal-based beverage[J]. Microorganisms, 2020, 8(10): 1474,
doi:10.3390/microorganisms8101474.

[8] Janek D, Zipperer A, Kulik A, et al. High frequency and diversity of antimicrobial activities
produced by nasal Staphylococcus strains against bacterial competitors[J]. PLoS Pathog, 2016,
12(8): €1005812. doi:10.1371/journal.ppat.1005812.

[9] Bastos M C F, Ceotto H, Coelho M L V, et al. Staphylococcal antimicrobial peptides: relevant
properties and potential biotechnological applications[J]. Curr Pharm Biotechnol, 2009, 10(1):
38-61. d0i:10.2174/138920109787048580.

[10] Sandiford S, Upton M. Identification, characterization, and recombinant expression of
epidermicin NI01, a novel unmodified bacteriocin produced by Staphylococcus epidermidis that
displays potent activity against Staphylococci[J]. Antimicrob Agents Chemother, 2012, 56(3):
1539-47. d0i:10.1128/AAC.05397-11.

12



[11] Spoto M, Riera Puma J P, Fleming E, et al. Large-scale CRISPRi and transcriptomics of
Staphylococcus epidermidis identify genetic factors implicated in lifestyle versatility[J]. mBio,
2022, 13(6): e02632-22. doi:10.1128/mbio.02632-22.

[12] Condro G, Guerini M, Castello M, et al. Acne vulgaris, atopic dermatitis and Rosacea: the
role of the skin microbiota-a review[J]. Biomedicines, 2022, 10(10): 2523.
doi:10.3390/biomedicines10102523.

[13] Heidrich C, Pag U, Josten M, et al. Isolation, characterization, and heterologous expression of
the novel lantibiotic epicidin 280 and analysis of its biosynthetic gene cluster[J]. Appl Environ
Microbiol, 1998, 64(9): 3140-6. doi:10.1128/AEM.64.9.3140-3146.1998.

[14] Ortega M A, Vel&quez J E, Garg N, et al. Substrate specificity of the lanthipeptide peptidase
EIXP and the oxidoreductase EIXO[J]. ACS Chem Biol, 2014, 9(8): 1718-25.
doi:10.1021/ch5002526.

[15] Puls J S, Winnerling B, Power J J, et al. Staphylococcus epidermidis bacteriocin A37 Kills
natural competitors with a unique mechanism of action[J]. ISME J, 2024, 18(1): wrae044.

d0i:10.1093/ismejo/wrae044.

13



