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Fig.1 The structure of coenzyme QO

VB RV AATESE T 3l QO XeF 58 43 41 BT 11 410 11
LSRN T QO X /N 45 i R HISJR 7R EC Y
0 FH BRI 68 1 00 TR AL B A f AT

BT UL, ARG LN 25 i R HI IR 7R
FC TR W96 52, 38 0 W0 s Sl QO % /NP 485 W ¢
HEJR ZR R ATCC 23715 9 MIC #1 MBC 2k K ih
LRSS, DL S B QO X LB W TP I A B R
PEF PR M B AR o 38 2o D0 7 i QO Xof 4 TR
R A, ML P ATP Ve B2 | 200 i R 50 B 1 DA R AR
20 60 B 25 B 45 9 HC X T R A4 i B i), A
WE5E & 76 R 4l B QO I FH F 6 b A= = i it A vp
A3 3 /N 5 W R B8 J A% TG T 25 BRI A

1 MREFE
1.1 B A R

/N ZE I S AR R ARG ATCC 23715 I T3¢
[ 455 208 22 W) 29 47 )% (American type culture col-
lection, ATCC), %l QO( A kaigl, 4k 99%),
Jent T R B A R A A AL AL B R
TSR H IR (Dimethyl sulfoxide, DMSO),
KR WAl 2 R A R B 5 LB 35U (Luria—
bertani agar) LB A ¥ (Luria—bertani broth), 4t 5%
Bili I H AR AT BR 23 7] ATP Rl &, LI =K
W HAR N T PG R EF DIBAC,(3), 35 [ Sigma
/A7) LIVE/DEAD®  Bac Light™ 21 1 7% 1 46 I L 571]
&L BEB R BB 2 5 B B R AL R
(ES DR T [ O
12 NFE5iEE

YT-CJ-LND U TAR 6, a0 42 X
PRPEA A B 7] s Model 680 FiF71L, 3 [ BIO-
RAD 22l ; Victor X3 Z MR IL, LM PE 2
) ;5840R i 2 VR 0L, TE [E Eppendorf 23 7

SmartSpecTM Plus 736G EE T, & Bio—Rad 2
Al AR A A sh A K 2R BT, 25 22 Bioscreen
ANE] AL BOBIE R B, H A Nikon 23 A ;S—
4800 717 & S 5%, H A Hitachi A A],

1.3 il ik

1.3.1 ARG BERAE T -80 CUkAa T iy /N
45 i & HE R 7% FC B ATCC 23715 78 37 C4 40 F
B TAE LB B P Al L 04T B RIS A Bl S kR
WIEEA T 30 ml, LB R, BT 25 C&AMHTF
180 r/min FF JRKEF% 18 h i 4H 14 b F X F0 A K,
W 15 755 BB IRTE 4 °C 550k 8 000xg 4514 T
B0 5 min, 2R U W, FH W 2 48 2% vh W (Phos-
phate buffered saline, PBS) 4 w4 , 8 & Y% 2
W, P T V8 WK DR AR R A7 BT T O i
BRI R TR 7E U7 4 600 nm (9 WG E (ODegonn) N
0.5, A T YR 1 29 R 8x10° CFU/mlL.,

132 &Hm/ANDEHE (MIC) Ml /A% T8 e
(MBC) MysE  4iEE QO Xt /Nim &5 i 4 B /R 7k G
Rl /)N U0 TR R ) DU SR P VR A R R e IR
131 75 v 1 O 12 055 35 % Ak /N W 45 W 9% B OR £k G
B O £ TR B, LB R G BE 1 600 £ (LA
B R 2 5%10° CFU/mL), Hivk, #I/] LB
R 1% (R BL53 50, F 18] ) DMSO ¥ fif: 1 i e
QO FEATHf B T % ] HE oy 2% A T A2 WL, ol el il
Q0 Ay £ ik B o8 0.20,0.10,0.05,0.025,
0.0125,0.00625,0.003125,0.0015625 mg/mL., 5543
TR 2], 45 W B 200 L Jin T 96 fLAR |, ke
Fe A 45 LKL ) ODgoouno B, K5 i TR
T 37 CHH IR K5 5= 46 b 55 3% 24 h J5 B R A& M
ODgooun, #5 IR Z 22 /N T 0.05, MK % 9 i g%
PO 40 R AR R B R HTEE QO /Y MIC, 50X B A
R QO WY TR B X RAL, B 0.5% DMSO 1
LB W7 R 2s A BRA K B i QO FT it Wk FE R
MIC Fl & T MIC B R AT IR A, JF ik & 7E 25
CHEEFRFA TR FE 48 h, ARG WA B A WK . 6
PRI 4 B B0 e /0N J5 o v B SR T QO ) MBC,
1.3.3 % QO XF /N 45 W 4 HB /R #k IR B ATCC
23715 K e sem Gl EE QO XF /Mg 45 i 4
HER ZR QI ATCC 23715 A= K il 28 1 52w i )
MR Shu SEIg 5k # IR B 1.3.1 Wiy ik
B e WA/ S R HEJR #R G ATCC 23715
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FEl A TR, I LB WK B R R 1x
10° CFU/MmL Ja#& M . FE.L&E P LB Rzt
1% DMSO ¥ ik W i i QO #4746 BE R B, I 43 i1
i) FL oI A SRR B R B S IR IR ST, B
A B QO 28 I ik FE 430l o MIC (172 MIC 1/4
MIC . 1/8 MIC, [RIB 3 56 15 AN S 4l QO 1y
PR AE 6 R AL L K F 0.5% DMSO 1 LB A
VIE RS O R, ) 83 A BgAL A 250 L
AN TV BE AT QO 5 TR B MR B TS K L
T4 A s A K i o iU T 25 C T 8
F%,IEF 48 h AERG 1 h 52 45 FLFE 5 19 ODegon
il E R M,

1.3.4  HifE QO XF /N 45 s & HB /R %% FCH ATCC
23715 76 LB A e g4 A /E R SRAT 1.3.1 19 BF
TN RTE AR R AR A AU O vk K T RO
LB A7 B E H W N 1x10° CFU/mL, H K 4l
it} QO A A E] 200 wL. DMSO FiRA %1, 439 1)
BTN 10 mL LB A% F1 100 L %, 18
HEHEE QO BRI, BEAREWRE N 0,12
MIC MIC F1 2 MIC 7840 W FT H- IR 5T, B AN % i iy
QO MFE SR B X IR, SR )5 BT 25 CHi 48
FRE R B SE, 0 IAE 0,1,3,6,9,12 h BFEUEE , &
F 5 ] PBS W AT SRS B B JS TR A T LB Pl
FEFRHE LT 37 CHEIRIE IR 24 h J5 i sk R % 1 B
1.3.5 il QO X /N 45 I 4 HR /K #% IR # ATCC
23715 BEHL 52N 2 B8 S 5 ik 1 B
DiBAC,(3) B & ¥ % 't 4 oBH I 22 5 i QO XF /M
E i R AR AR CE ATCC 23715 JHL A7 (19 5210
FEIREOA 1301 75 T i O s i 45 TR R, W 125
WL An T 22 il B A 25 °C B R AR B 3R 30
min, FJ5 , BFLIIA 3 wL 1 wmol/L BHES F2¢ 6 42
Kl DIBAC4(3),25 CH 3% 30 min, /o, B 125 pL
G QO W I AR A B bR AR 25 fL 4TS QO
B TR 43 o O MIC AT 2 MIC, i 5E &
PR A B 53930 A 492 nm A1 515 nm 4k 5%
JER S AR 2 0 ) W A B L RS
YR B KA, 2% W 440 M R i A 5 Fe 2, SR 4
JHL RS A Ak

1.3.6 il QO X /N 45 W & HB IR #R IR # ATCC
23715 4L ATP e B2 /N 4G i R HB R

RIS AN N ATP ¥R B AR A B I 5 2% Shi 51
7 JE AR R, AR S T A QO Y £8 T
e 2390k 0 MIC .2 MIC, 25 (X BEZH s fin PBS
e 3 o d v B S QO VU K RE S ICA 25
CHFFR KT IR 30 min J5 HUH A VK PR &
AT I AN M 2 R ASAE , SLEE T
100 CF AL FE 3 min DAEFE & b By ATP B 2% 205
P B BB L (5 000xg,4 °C,5 min), W i
W, WA KRR AE . I ORI 1 4 Y
ATP 35750 4% 100 WL A (A G b, 4l
Z Y RE R bR E IS WA RO, Tl A
W B4y R 0.01,0.1,1,10 wmol/L 4 ATP Fp #
W, A 45 MR B ATP b v T 98 65 5, 45 il ATP
TAEM L, WR4E TR N ATP 1Y%
B

1.3.7  Hi QO Xt /INiA 45 W 4 M R AR R T ATCC
23715 A e s v py e e ORI R
B B% UL AR Bl QO X /1N B 445 W 4 A 7R Ak R B
ATCC 23715 20 il 58 56 B M (0 52 0 | 2 BESR AR S50
(7RI HEAT — s B B, B e IR 131 Yy
DX R AT IE AR SR, RS A 8.5 mg/mL G
Tl NaCl %5 W06 PR BEAT UE 4 5 BRI A 21 ) 4
PR AR Y ODegoonn N 0.5 7 25 CHRAFT |, 20 5l
0.1/2 MIC MIC .2 MIC Ji & ¥ B 1) 4l i QO Ab 38
B 30 min Ji7, FEREE SR TR IR 101 LR
4 B BLAL R BE (Propidium iodide, PI) SYTO 9 7t
BHINALL BRI E S min, B3 pL Y45 HR
TR A b, 3 Eagh & THOGIL R AT
W RO IR I T AT

1.3.8  #ifiF QO Xt /N 45 W % M R AR R TR ATCC
23715 difIE A2 2 MOa R SR ik A
FH Y 2% 5 94 0 7 2 U8R WL SR B B QO Xof /0N g &5
1 % IS /R 7k E B A0 AR S A B2 ), 22 R 1,301 359
D7 0 & R, WS IS TR vk B2 i B QO (0 MIC
A2 MIC) By B B WCE T 25 CR A B 77, 43 7
FE2h Al 4h B, (i PBS 3 U6 B AR IR
] 50 A8 I 2.59% J38 T 1 R I 2 Pk % O 1)
FAR, T 4 CHRMRA DI . R PBS, JC#
IKIE R, B0 (5 000xg .5 min 4 C) , 3% EiF
W, TR 2.5% 0 1% — B 1 2 R, T 4 C
ZRAFICE 5 h, FRRIEE SRS, B0 (5 000xg .5
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min 4 °C), 525 B, 70 5 AR R 80k 30%,
50% ,70% ,80% ,90% , 100% (%) £ FE3E M 10 min, F
100% ) £ BT BT . 85 5 WL AOFE S T 203k A
IR T SR T B AGRE A L W
LN S5 I 9 BB IR AR IR R 4IRS
1.4 HEHH

WAL SPSS 20.0 F A XF it A% B 24T S8 143
Bt , 3K H Duncan ¥ 530 Hr 2 41 0] 22 5 . F 1, P <
0.05 B3 ,P<0.01 Wtk i 2 Bdaas Rk (x
*£5)FTN,

2 #ERERW
2.1 % QO X/MNA LB R ER/R AR K E ATCC
23715 /MM EREMRNREIRE

TR 5 BURR M B Bk ATCC 23715 1 A 56 14
BRI 6 25 SR A i QO Xt /N &5 W 4 IS IR AR
K ATCC 23715 () MIC Fi1 MBC ¥4 0.10 mg/
mL, W QO XF /M4 I 42 HB /R #R IX T ATCC
23715 HA RA4FryamfifE - .
22 HEHB QUERATINGERXRBREARE
ATCC 23715 WK iz

i & 2 AN B QO RE NS B B KRR/ A &Y
LRHB/R ARG ATCC 23715 By K 38 3R K e K
R BEE , Y HEE QO MY BT iR A MIC B, /N 45
o 9 HIS IR A% LG R 1 A R gl S ], o ok B oy
172 MIC B 5 QO B 3% A 58 M il /N 45 B &
HEJR AR FC T A9 AR K (H 5 % BB A AR L, JHC HiE i S0 1%
K, 1/4 MIC,1/8 MIC % QO b3 1) /N 45 W 4%
HRJR AR OC T 2R R i 2 S0 IR B A, B
W EE B G QO FHEr IR/ . H BT, S QO
X 7N 235 P 9 M 7R % DG 11 AR K 1 0 i 4 P 22 30 o
TR O
2.3 e QO XF/MNA LB R BB /R AR K E ATCC
23715 7 LB /T R R 1EH

/N 5 W 9 B8 IR AR 0 TE 5 A AN [ ot vk
HiHE QO HY LB A B rh g AR AEFH an &l 3 B, &
PRZH AR 7E LB A b SR 2 K #h 12 h
J 20 R B 3 I 2E(9.00 £ 0.17) 1g(CFU/mL), 5
XTHEZHAH EL , B B R 172 MIC A% TG QO figBH
BANEN NGS5 R EB R ARG A AR K, HL A0 1R 5k
L 4ERF 9 h A2, BTk MIC Fil 2 MIC

1.0

> MIC  ——1/2 MIC -=-1/4 MIC
—+1/8 MIC —e— X1 40

o
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i ]
Time/h
2 INEBRERBKBP/RIRICHE ATCC 23715 48 F

FREIRERERHE QO # LB M RPMEKEL
Fig.2 Growth curves of Y. enterocolitica ATCC 23715

cultured in LB medium with various mass concentrations

of coenzyme QO
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Fig.3 Inhibitory effect of coenzyme QO on Y. enterocolitica
ATCC 23715 in LB medium

(5T QO A W 3 2R /N 245 1 4% R JR AR EC AT, I
IR IE N MIC AN FRLLTE 6 h J5 B i 4 22 A6 H FR
(1 CFUmL)VAF iy 2 MIC 4H7E 3 h )5
R BRI,
2.4 s QO xt/Ap 4L R K BB /R F& K & ATCC
23715 R E L KIS M

DiBAC,4(3) 42 — R4 75 B A7 28 Ak 1) 5% Big P
IS 2 Yk A B JE el | 3 A At i 5 M 2
HZ55a & 5, DIBAC,(3)HE A MG , 96t
SR B TR, 2% B A0 L R W Ak 5 =2, 2 B 4 Jif
AL, A 4 nTAE ) FAREE QO Ab B /N 2
RUSIR AR ATCC 23715 20 o fi 5 3 b1k
MG R FEN B R (P < 0.01), H BT &
&0 2 MIC 4B QO 4b e 9 41 i i Al (b IR 2 o
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BB QO A3/ I 2 W IR R AR KV 89 37 5 AR A AT AR e R I 44 % e 51

B 2
25 HfE QO X/NF LA R EB/RAZRIKE ATCC
23715 fHA A ATP iR EEBI 2200

WA T ATP K fff = A B f 0l 3 it 1 2%
YR TE EIOCR BT A2, il
OGRS AR M N ATP B ¥ B R IE o2 R Y
SR R ISR G F W] ATP 9 B 5 A X 2 G i i 5
RELMEXER (y=407120+1632.9;R>=0.9999) ,
it AT DA S 0 Y SO0 B TR 4 Y ATP

&5 AL B QO Xif /N 4G I 4 HIS R 7R G
TR 20 LN ATP 3 B2 A B 2 35 b R ARPE ] (P <
0.01), 1EA 25 QO AbBE Ay X HEZH | B PR 41 i
N ATP ¥ 4y (1.138+0.025) wmol/L, 4640,
Jo R O MIC B4 QO AbBEAN AL fS , 4 N
ATP ¥ 49 (0.188+0.041) wmol/L; i & ¥ FE N 2
MIC H)4HEF Q0 AbFRARML S , AN ATP W H
(0.054+0.002) wmol/L,
2.6 HEE QO XM/NFEB A /RFKE ATCC
23715 R FE ST B 1=

FI F LIVE/DEAD® Bac Light™ 41 & 1% 7% i 571
X /IN S5 I 9 B R R EC B ATCC 23715 4 Jifd fid
1) 58 B M 34T M 5Y . LIVE/DEAD®Bac Light™
YN G PR & A SYTO 9 /N F Y kLA PI
KT YL SYTO 9 YLl REAE 25 375 57 B 1) 4H i B
HE T A0 O 5 A R 45 5 = AR B
PL 4Lk R A% F A 200 e F5E % i 11 240 e v O 5 LA
R4 A ML R R aFEma Aok, Hit
ZLA SO0 B (0,5 L A 43K 40 i 1 52 458 1 T AR
55 4 i B e R A A Y L A

WE 6 it ,25 CALEE 30 min J5, RLH
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TE ok, 50 IRZHAH L 25 SR 35 (P < 0.01), R,
B4 HEs QO Xt/hpLEIREBRFKE ATCC
23715 JE FE i B 2 M
Fig.4 Effect of coenzyme QO on membrane potentials

of Y. enterocolitica ATCC 23715
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Fig.5 Effect of coenzyme Q0 on ATP concentration
in Y. enterocolitica ATCC 23715 cells

QO Ab R TR 14 (B 6a) JL-TF- 438 SYTO 9 Yefa,
T FF 40 TR 40 B 5 S 6 S5 VR B R MG ) 4l il
QO AbFR 5 (11 6b) , BT v TR 44 24 K 22 8 5 Bk £
YN, /INER 4 A A S (0 9 ', e B 7 L I i R
JFE TS QO 1R, B 1A 400 it 155 5 2 1k R [ 5 22 R
VRN 2 MIC 5B Q0 &b B (I 6¢) , #LEF

(a) X 20 (b)MIC Ak H2H

(¢)2 MIC 4b ¥ 2R

6 WOLtHBEEVNRHEE QO AEA F/MGEMKE/RFKRE ATCC 23715 M ER TE M (1 200x)
Fig.6. Membrane integrity of Y. enterocolitica ATCC 23715 before and after coenzyme QO treatment

(d)4 MIC 4bFEZH

by confocal laser scanning microscope (1 200x)
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PRI B 858 0 L) b O i B — 2 el 218
NG, T W 20 i A S 4 P ol R R R G o Rk
4 MIC HHiF Q0 b ¥ 5 (&l 6d) , M HF v (1 B 14
CNE S E b FAR D o R AR O St S DI
SR B W
2.7 s QO XM/ EB A RFKE ATCC
23715 R AR 20

mE 7 s, K& QO A FE (Kl 7a.d) iy
/NI T REBJR R QB ATCC 23715 2GR

(a) K&

(d) K24 QO AbFE 4 h

(e)MIC 4b ¥ 4 h

FIFFIR . 50 HE 4 A L, 48 o B vk 2 SR MIC RO 4l
fitf QO AbEE 2 h J5 (I 7b), AN e A R 48 4 B
% BEE G QO B vk EEXE N ZE 2 MIC(K 7¢),
S TR 2% 1T IV 5 L A 4 R R AH L FAREE 2 h,
HEE QO ALFE 4 h 5 (& Te f) 4l T 2 1 52 B0 11 4
W0 ) A5 R A B AR S B T S P Rt
QO Xt /N iz 45 s 28 HI IR R IR TR ATCC 23715 4t i
TEZA —E W, I H 405 40 I 25728 Ak 5L i) 1A
TR 2 e A 1

(H)2 MIC 4b2E 4 h

7 BERSARBEFREENNEERE QO XN/NFEBH A /RARKE ATCC 23715 4 Z&# 22 0w (20 000 x)
Fig.7 Effect of coenzyme QO on the cell morphology of Y. enterocolitica ATCC 23715 observed by field emission

scanning electron microscope (20 000 x)
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AR I 52 T A QO Xt /N 5 W R HB R £
G ATCC 23715 (9 MIC {fH 4 0.1 mg/mL, — 27
FEAMHMIE T RIRAA WX/ 45 B 56 H IR £k EG TR
A AR, A Siddiqua 5 PHGE T F il XN g
451 9 HR R FR EQ TR 1) MIC R 4.5 mg/mlL, A 9 X6t
/NG 25 T R EB IR BR IR Y MIC R 5 mg/mlL, £} %2
NP JE FLE IR X /N 45 1 AR I JR R TG TR 9 MIC
4 2.5 mg/mL, B, 5 HE RBME AL, FiE
QO XF /N iz 45 oy 4 HE R 2k K B B A7 T 5 1 T 1A
T

AR Ze s A s Bl QO nI LLBH B SE K /1
1Y 45 W 9 MIS 718 A% FG 1A 1Y) SE W 300 (181 2) . S AS Wi
SERAAL, A A IE R 5 X R A L W B 1
2 MIC By & BLER B2 98 1 By 52 % 18 I AT T i A K
FERFHIAER: 6 h, Farha EPAHLGHE (+) it R AE S

AH I8 o I 4 o 0 A A B R A A R R B R AR K
FE ), o HL O B (+ ) — 85 1 R v B 444 i i 444
5 o AR 7 WA SEBI R TE TR A A K A i A
& T2 W T W B ) AR AR R R R
1M 327 458 TR A 174 4E iy 109 B LY OE R AR 1 E U
Ko, I HE ) A 4 5 A TR) e B 0 TR 40 S5 o G )
20 LA 45 AR B G

HEE QO XTI 5 M ¢ HIS /R 2% LG T 1 410 2% 3
45 R RN, Y QO T vik L AE T MIC B, 7E
6 h PIAKE LB A 5 P 189 /N i 45 B 96 HIS 7R 2% EG B e
JE AR Z R B R LT, b, BT R o MIC 1Y
G QO RIAT K 2 % I A T R 8 R (1B 3) 4
W Kang “EPURAE 78 LB A 5 b i B o e
MIC B3 E FRRACFE 12 h Ji5 , 4 6 1 50 b ik
FEHTHY 60.65% . Lee SEPUHFH BT i ik 2o MIC 1Y
WS MRIE T B U AL B R AR I, A0 B B
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BB QO A3/ I 2 W IR R AR KV 89 37 5 AR A AT AR e R I 44 % e 53

FERT 12 h WA FREJS , T 12~24 h /MR -5t
Vi BH T 5 Y A MIC 9 5 SR 1E T B 12 By X
PR 7= A= B 3 2 w3, 343 A2 8IS 0 B AR T
PLA R I, I E T i S AR T B
FEICH) T LS A T . A WF 5T R W I
MIC F5F QO REMSINITAM A A A, ™ £ AN 1l 35 11
B, X5ARKEA R MIC 5 MBC 2UE M %
H&5ie—3,

21 L e S A7 2 8 A 40 2 o 3 h 1 i R
WSz —, SR A AR & A G
DiBAC,(3) J2& —Ff 45 7% B o 457 45 1 1) 5% g 1 BF
T2 YRl , Bt 55 e A7 1) A8 A 1 200 L, 2 425
A FL AT 1) B AT AR AR B QO
et 240 i 8 Wb s R AR AL R S (IET 3) . Shi S AT 2K
U 2 B0, B 5w 25 s B T T 28 Wk B 2R MIC T
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Abstract Yersinia enterocolitica (Y. enterocolitica) is a foodborne pathogenic bacteria widely distributed in vegetables,
dairy products, meat, soy products, salads, oysters, clams and shrimp. Yersiniosis, caused by Y. enterocolitica is a se-
rious zoonosis, which poses a great threat to the public health. In this paper, the inhibitory effect of coenzyme QO on
Y. enterocolitica and its influence on the membrane of bacterial somatic cells were investigated. Liquid dilution method
was used to determine the minimum inhibitory concentration (MIC). The minimum bactericidal concentration (MBC) of
coenzyme QO against Y. enterocolitica was determined according to the MIC results, and then the effect of coenzyme QO
on the growth curve of Y. enterocolitica was observed. Moreover, the antibacterial effect of coenzyme QO on Y. enteroco-
litica in LB medium was further evaluated. The effects of coenzyme QO on Y. enterocolitica membrane potential, intra-
cellular ATP concentration, cell membrane integrity and somatic cell morphology were measured to explore the effects of
coenzyme ()0 on the membrane of Y. enterocolitica. The results showed that the MIC and MBC of coenzyme QO against
Y. enterocolitica ATCC 23715 were both 0.10 mg/mL, and coenzyme QO exposure resulted in a longer lag phase and
lower specific growth rate compared to the control. In antibacterial effect of coenzyme QO in LB medium assay, when the
mass concentration of coenzyme QO was MIC, the total number of bacteria decreased to below the detection limit after 6
h, and when the mass concentration was 2 MIC, the total number of bacteria decreased to below the detection limit af-
ter 3 h. Cells treated with coenzyme QO showed hyperpolarized cell membrane, decreased concentration of intracellular
ATP, excessive permeability of the cell membrane, and shrinkage of cell morphology, indicating changes in the integrity
and permeability of the cell membrane. The results of this study showed that coenzyme QO had a good inhibitory effect
on Y. enterocolitica ATCC 23715, and its inhibitory effect was realized by affecting the integrity and permeability of cell
membrane. These findings provide a theoretical basis for the use of coenzyme QO to control Y. enterocolitica in the food
industry.

Keywords coenzyme QO; Yersinia enterocolitica; antibacterial effect; cell membrane; field emission scanning electron

microscopy



