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The Effect of Thymol Subinhibitory Concentration on the
Secretion of a-Hemolysin in Staphylococcus aureus

SUN Mao, HE Xuewen, DENG Jiagiang, XU Yue, WANG Junrui, YIN Lizi

(College of Veterinary Medicine, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: [ Purpose] Alpha-hemolysin (Hla) plays a significant role in the process of Staphylococ-
cus aureus pneumonia. Hla is regarded as a novel target for the treatment of S. aureus infection.

[ Method ] The inhibitory effect of thymol against S. aureus Hla was studied via determining the ef-
fects of thymol on the growth of S. aureus and hemolysis assay, Western-blot, Real-time PCR and
cytotoxicity assay. [ Result] The MIC of thymol against S. aureus was 256 pg/mL. Thymol can
down-regulate the transcriptional levels of 4la and RNAIII, inhibited the expression of Hla. Thymol
protected A549 cells injure induced by S. aureus Hla. [ Conclusion ] Our results showed that thymol
has the potential to be developed a novel drug for S. aureus pneumonia targeting Hla.

Keywords: thymol; Staphylococcus aureus; a-hemolysin; anti-virulence
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71, MRy ey g A, ER s
Mt 250k, (H A5 I R IA T ROR T B 2 T80
I, FRATTE VIR 0 i 2 Y BIR YT ORI R By 6 2
R U R 24 T 1)

PUEE S P T-IR0T R S M A v 2 ) Y
FIR B IHIEVE ) —FR YT R, X Se R
W RMEARKNIELTFEN, DUl Bisitfr
RS T, AN 23 0 4 TR Y AR AR Al R R TR
1, BAS G 77 A 25 PR 52 B )2 Y o-
WM 3R (Hla) S 4 i B 1Y —Fh B 20 5 1 1

(. o 7] Tl SR I 0 1) ok A v e o S PR R FHE
BRI, Hia AT LAVE SR — B 0950 4 1 B 48 14 1
TERARS,

RN (thymol) A4 BFHFFN, &—FhE
BNIERHEY) rh & B s 1y, A< Ae R i A
AV, SEBEAFES AR, A REREA
ZANAPRENE, AP R PrEFE Rl Bt
PAT S B RAE AR R AR FRATTAE A AR A il S
ISR e 2 AT, R E LA H A E T L
THE M AYER] . AW Jeit T MIC Fid: Ktk
I AE SR 38 R By B RO i PCR
IR AR A HLA Mt 4 #i  Hla (/R AL,
P38 I 20 e e 0 AR R A I o 4 A
Hla 4 5 09 Jifi 88 E 52 40 f9 A549 43 45 19 Of 37 1
M, E BAAEEGST & w RAS e ARRE
1 RE5RE
1.1 Mk
111 BEPRAN SRk

&M BB R USA300 A [ 52 40 A549
(ATCC CCL 185) Il T3¢ FHE A B 5= W A7 (A-
TCC),

1.1.2 EZKF

HHEAW (HPLC 98%, #bH o8 YRk
ABRAT]); TSB iFRAE (5 B Bl i 19 A= W 4
ARAERAF]; a-BF 1L FR 2 5 BEBUR RN #7455k
WZE (Sigma A Fl); FHHR L (Solarbio A Hl);
PVDF Ji& (Pall /A 7]); Super ECL Plus ##& Ik
(Thermo fisher 23 F]); Qiagen RNeasy Maxi column
(Qiagen /A Fl); J2 % iR 7| Takara RNA PCR kit
(AMV) Ver.3.0 FlZ6aE it PCR if] SYBR Premix
Ex Tag TM (Takara yA]); Cytotoxicity Detection Kit
(LDH, Roche 23 H]); live/dead (green/red) reagent

(Invitrogen v F)s
1.2 ik
1.2.1 1 AR B e/ MU i =K FE (MIC)
1 2

i IR RS S0 AR ifE AL 23 514 (Clinical and
Laboratory Standards Institute, CLSI) #£ 7 19 £ Lt
s R S T LA 1 o) 4 T AT 1 e/ N R T R
JE, IR AR AT R
1.2.2 5 AW E AR o S E T XS4 B USA
300 Al 2 Rl

P2 HH USA300 sd iR im, #EAT9 K
Fr, T MEAE K S ODgg ny=0.3 i, IIAARIE
S AR AR 0. 4, 8. 16
132 pg/mL, B — B A1 AE B ODgoo am 1H
1.2.3 7 BUA M0 0 B T VO L RE T (R sE

WS HIEEFRE ODgoo am=0.3, NIATT FAEM i
HF R E kR 0, 4, 8, 16 Ml 32 pg/mL,
R ERED, B0 (4500 r/min, 5 min) BUE
7 100 pL, fAZ] 880 uL PBS 1, FMIA 20 uL
B EF 4G i, YA, 37 C 557 30 min, E.0
(4 500 r/min, 2 min) B ¥, 7E 543 nm 3K A0
MERSCIE, DAIMZTH R 100% 7l .
1.2.4 A REEEDI M

B 1.2.3 bR TR, B O MR TR i
¥ 80 uL 5 20 pL 5xLoading buffer €%, 100 °C
43 5 min, #E1T SDS-PAGE J&, #EAEE R
PVDF [ I, H 5% WARA4-05E M1 1 h, 5 -0
Rk (1:5000) 9 F, 4 C i, TBST Pk
3 YREYK 5 min, B HRP FRICHI —HE (1 : 8 000)
F 1 h, FH TBST PE¥k 3 ¥k, Ml ECL s =
H 2min J5, HEREREIGEHETTRIZ
1.2.5 %O6E R PCR il

Bo123 R e MR, =M SAMB-
ANTHAMOORTHY %M Jr A 42 BUEL RNA, B
> (4500 r/min, 5min, 4 C), FE FIEW, WE
A, EETS 100 ng/mL 7% & BK #EF 1 TES
ZEei, 37 °C #E 10 min, TIEK A 260 nm
AR TR S RO, A RNA B, ik
AR . H BRI U, o RNA S sk al
4 cDNA. #¢J6%E i PCR TSI WL 3% 1. 7
Real-Time PCR ¥ 4 rp HEATH 14 . AR R N
25 uL, TEAZBECH: 95 °C 41 30s, 95C 5,
55°C 30s, 72 °C40s, 40 MEH ., K AAC,
Ay HTEER AR A 7K
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#1 KHEZPCRS|H
Tab. 1 Primers used for real-time RT-PCR

FE [ gene ¥ %1 sequences

5-GCTGCCCTTTGTATTGTC-3'

5|4 primers
16S rRNA sense

16S rRNA
16S rRNA antisense 5'-AGATGTTGGGTTAAGTCCC-3’
hla sense 5'-TTGGTGCAAATGTTTC-3'
hla
hla antisense 5-TCACTTTCCAGCCTACT-3’

RNAIII sense 5-TTCACTGTGTCGATAATCCA-3’

5-CGGAAGGAGTGATTTCAATGG-3'

RNAIIT
RNAIII antisense

1.2.6 ZHHEEMEIAL

Z: BSCHR 14109 7 vk 85 5% A iie b Rz 98 4 i
A549, FITCTA PBS 22 il iy A 4 M 3 Ik, &
Ji 355 BEJR AL UM 25 B 2.0%10° A~/mL, 55
F 96 fLM R, %L 100 uL, 37 °C K535 12~24 h,
B BRAMIIG AL, SRIEIMA S A AR B
1) USA300 ZH TR 2 (USA300 TRE T ICAdt
) DMEM $i53kd), 4541 100 ul, 37 °C £53% 6 h,
Live/Dead i 5 : #ZHRUGH B INA Live/Dead 5
A, PO LR BB T Y
FJE4A IR, LDH 5% . IR ULE 45 A Cytotox-
icity Detection Kit I&FI AT E, 7EPH N 490 nm
QRIS , 5 LDH MR
1.2.7 St

MR P ER 3 Ik, Ll “meantSD”
Fen; FH SPSS 19.0 Bt #7534, 4 im) i
#7 Student’s t-test ¥ 5, P<0.05 NEREE, P<
0.01 HEFWEE.

2 HERESMR

2.1 7 B A A P B

LA I A e Y RO 4 i R USA300 /Y
MIC 439314 256 pg/mL F1 64 pg/mL, K H HA
3 X i 2452 4 T PR A — i P TR 1k
2.2 [ HEAEMTE AR XS USA
300 AE K A5

1 4 4 T USA300 Fll ' HL A& iy JL K% 721k R
t, HEEBEERESAN 0. 4. 8. 16 F
32 pg/mL, FRMNK T XS R KR, 455
R EAM XL N X4 USA300
AR R (A 1),
2.3 H B AW 4 Hla 1520

A USA300 7EF3 2 WIREHS ™ A Hla Jf-53
W RO, Hla X R 2r 4ok, M &4

5348
2.5
20}
p(H &)/ (ng'mL™)
E15 thymol mass concentration
g -0
a
S 10} -4
-8
- 16
0.5+ > 32
[
0

0 60 120 180 240 300 360
i [E]/min time
1 FRRERENEEEFHXEHEE USA300 £
e N5
Fig. 1 Growth curve for S. aureus USA300 cultured under
different mass concentrations of thymol

WG . QRS P R TR, Wi
W] Hla (1) 7 /D a8 AR PE 2 2] . AR
B DA AR R LEE T 100%, M
PRI o W A 16 pg/mL A1 32 ug/mL B, 3%
IMAE 153 59 F B 51.9%+3.7% Hil 34.8%+2.6%,
£ S E (P<0.01)(F 2a), #5814 & A G
BN R % 25 L RE 1 N R R IR, 25 R R
Bt LA I B R B B3N, Hla 8 4R Y
g e B ks, UiRH Hla ()5 &> (K] 2b), Hia
SN hla, RNA MAY%% 55 Hla Rk IE
KK R RT-PCREEHRFW . AR FTEEER
T H A B % USA300 f4 hla F1 RNA MTE%E 5K S
HE A RPN S R EEA 3, BE Y
e FE BN, hla A1 RNA MTHY s 57 7KOE R AR
M R R WA 32 pg/mL B, 5 XFREZ
AHEE hla F1 RNA M) 5% 5 K- 40 3 R B 22 5.5%+
3.0% F110.5%+2.1%, 2252 (P<0.01)(# 2¢)
24 [ EEmHNEHE USA300 a-¥ ML E N S
N Jitiee 1 B2 4 i AS49 Ha 5 i A4 F

i) Live/Dead il & 4 (0, 7EROLILRE
AR FDUER BN SR A O BRI dM, £
e RIEA . IR AR AR . AR T LI
v 4 B Hla /S0 AS49 4 5 1 il f 4
(%l 3a~d), Bfif B HEA TR R, FE4d
Mg sb, AN ARG,

FLIR I A G (LDH) Z MG, 7E 40 IE
Z4E R BN A A . AHIF 7 18 1 K 41 4 7 3
W LDH R, oA e B
o-V5 LA 10 AS49 IR ER . BEE &
HE TR RSN, LDH AR, 7F
FEAEEREE N 4. 8. 16 F1 32 pg/mL B LDH ARSI
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0 4 8 16 32
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o l2r W/l
Lol [IRNA Il
o ' T
.S *
ig % 081
.K
%1?5 2 06} o
B
EE 04}
®
02F o FF
0 -]
8 16 32

p(H B/ (ng'mL™)

thymol mass concentration

TE: a) ANIF BT L (AR S S R IR IR SR A AA LR b) AR TR EE T LA M X 4 T USA300 Hla ZRIAFEMR (1Y 6o 2 BN
R o) AN AT B I G T USA300 B4 hla F1 RNA ITHIXT R PRI 35 R AO5E 00 . *. P<0.05, **. P<0.01; T,

Note: a) hemolytic activity of S. aureus culture supernatants grown in the presence of increasing mass concentrations of thymol; b) Western blot of a-hemo-
lysin produced by S. aureus USA300 co-cultured with different mass concentrations of thymol; c) relative expression of /a and RNAIII in S. aureus strain
USA300 after growth with various mass concentrations of thymol. *. P<0.05 and **. P<0.01; the same as below.

2 BEFHXEHEE Ha B0
Fig. 2 The effects of thymol on S. qaureus Hla
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3 g
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BRI, P Hla AR 004 10 w6 2 BTt s . AR
JrJEVAL, AR p bl R SR A B AT A B 1 A
RN FE IR BB RCR QA ] 4 RE Y 5 AR
WEIRGH BN . FHLMT DNA &6l . T mifCisiLs
KA B A AT . ARG R REA UG
ST PR, (HR T AR AR e Bt R 7,
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K25t ™ s i A R B T
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SEWE N EREA R, H2AG8E L TR hla
FI RNAIIT (%5 5K Hla (9358 TR, &—
FIBTERPL Hla 19259, BRIPT Hla 2593840 F
RGO BL, PUAERRIEIRIT & w R 1
Fii. AIH RSP RIS, X —B
FHR S 2R YT R MBS AW, B Hla 259
I Hla 7T RESH HAFAIRCR . 7ok, ey
£ (I B-PI IR AR RS B A ) 78 I T vk
JETR 210N Hla 2635, it E 5P Hla gy
YIECHE T ATRAMTTAE E BN RIS Hla fERA
IR S A AN O 22 BAPE ) 1Y
AREAE, IR AR, HE, Pk
K591 Hla 258 FHAEASRZ — AN AR R 32 6 1)
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thymol mass concentration

TE: a) RALIRLL; b) BRUYLEHIT USA300 41; o) BYLG I USA300, FFIMAE REM BTN 8 ng/mL; d) YA USA300, I
AH BEBEIHTERIE 32 ng/mL; ) MAA [ Bl i H BB Y & USA300 5 AS49 FERiFHAR M LDH BC%.

Note: a) Uninfected A549 cells; b) A549 cells infected by USA300 without thymol; ¢) A549 cells infected by USA300 with 8 pg/mL thymol; d) A549 cells
infected by USA300 with 32 pg/mL thymol; ) LDH release level in cultural medium co-cultured with USA300 and different mass concentrations of thymol

(40pm).

3 TRIREBREEEBFHXEER USA300 NS89 AS49 ARG ERIFIER
Fig. 3 Thymol alleviates A549 cell injury caused by S. aureus strain USA300
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IR, & TR ATE A fr it — 058 . AF
FE AKX H B L ST, KR
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