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MO, BRATREEC AN B-INMERhTE Z R
UK IR 583 o AT HAFRAT DO R s oG A
MRSA Bk H 8 (I 412: 047 T2, tde 1.0 h
0.5 h 85 2=A8 Ak, Fodh Rl A ik i
fi (coenzyme A disulfide reductase, CoOADR)J4 A~
[ LR (2.3 £5F0 2.0 1) S50l CoADR HJ REZ:
5T B-MBE A 2R

CoADR f cdr 4ifi%h, J& FukBEs 1T iR - — i fk
WA SRR S5 1 RN T A R
fit /£ NADPH HE/E T ol LIS 14> T 5 A —
ALY RN 2 oy FHEE A BEEA 1 4> F
NADP - B4k /Ny T COASH B3k JFUAR
4 .Eggers % Boylan ZU°WeAf] [ i 42 e (A 4 vh
R cdr Z= 50BN, 12 R Y R
R RE A1 5 240 R X AL T S-S o AR A B U
HAE A RS A S B R R E S .
i 7 PIR W R v b Rl A S AR R A
SR RAENE, MSEBUREER . ik, B
FEH O YL AT R A PIAIE R — )
Lwitn, MPTAERERSEWEE G, 2K
QA , S A BN G 0 2 HE AN AR AR N
A5 5 | B 0 AT I CoADR A BEE 12 5% i
SAACRLES N IR B S S B-H SR

Xof 35 K] 114 Ty B AT 90 5 AR G i IR 4 4 i
Ao BT T HRE T4 B 0 2 K o R 2 G
THAEWM, —FERT CRISPR-Cas W 4mfHH:
RO AL G 1 [R5 BB e AR
ABFFEATIA LA T X PRI AR ZE MRSA BBk H Y
SRR, &P CRISPR-Cas 24:7E MRSA itk
BRSO AN FIARL, ACHI R P [ 05 o 2 XS 4
ARAAG cdr FEFBEBRH bR . Luba 2 1 (kA1 L
B L RN G B IR 43 137 2878 B 1Y) CoADR HYZHRE

CLUEH] COADR 43 i ME— (1) e 22 iR = s Mo
As [RIE cdr JEDR R S HE 0] B e 4] i
[N7E GenBank £idla W/n A2 I, ARELIGLAE%
& ocdr FER T RE K BT UEF A, @B T
MRSA252 [tk cdr B[R B IR Z+ ATG JHi6
) 301 bp KB, SZEUAEIR CoADR hfE. KAl
WFSE T cdr mBRIE S ERE 0 AR RORAS S AR 2R e v
MOREAVER R IR 22 5%, DATATBIF 9 2 s b %
COADR it 2k [14) 453 B €00 ) 2 1K TR1 A% BRI A o

1 AR
1.1 #¥
111 TEAR. WEREARRIBURL: A o 6 4 Bk e
MRSA252 1# ¥kl RN4220 Tk . KBFFi# DH5a
JR% 2 75 A L W T s R AR ) R R BR S ]
pKORL1 Gtk pOS1-hprk Jit ki Filv B & ©85 F
TR E B A B R R BT 5T D1 AR A
112 FERFFIIEFREL : 45 LR 41 DNA $2H
1S N e VA NS Wil e T 6 il e AR RS
Axygene /3] ; Tagq DNA 54 AR v P 1)
fiiE g T MBI 23] ; KOD FX DNA R4 iy T H 4
TOYOBO A #] ; &5 Z Wy T MP Biomedicals 22 7] ;
N B ERME RGN T AMRESCO 2 Hl 5 A<
PUARIA T e 2l A F]; AR R . T4
DNA & By 748 T AW TR (i) B dn A R
o)y T ARG IR & T B R A EOR
NI

Mebkky . BEE O, BRERKR KRG RNG
(Trypticase Soy Broth, TSB) 353 FI L35k N
¥ (Brain Heart Infusion, BHI)X% 5% 3Ly H 2 [
Oxoid 23w 5 AR H W T It ot B B A= I HoR
IRITAEA T 4 RIRE W T LEZ G EH 2
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AIVEPEVERY . NaCl I F [ 25 42 A1 1k 2 3700 45 B
NG

113 FEUES: PCRAL, HH{L A3 BioRad
A BERSHLIKAX . BERE LR T UVP A Fl
TERRE IR . TE RS IR 0 T 0 R A T A
WA MRAE; BEOHUIET Eppendorf Al R
WAL 5 HM oy e B Tl 36 ) BECKMAN 2 ]
A7,

1.1.4 PCRE|®: 5I¥MFHIank 1.

1.2 kit

45 NCBI | MRSA252 J:[R 41 % 51i% 31 cdr
(MR #% M1 ATG JFih 301 bp) I 519
(cdrUPF/cdrUPR #1 cdrDNF/cdrDNR), #|/] PCR
TESAR ERUT A, SRS cdr [RIEE
B, Ll PKOR-LIC-F/PKOR-LIC-R 3| ¥ ¥ 14
PKORL ‘HEE B, JH T4 DNA A % 1 it [l
Je B BN ) 5 R Bt A TAL B, PR T4 4
RS Y B, B PKOR-F/ PKOR-R HiF,
AT R BTk pKOR1edr .

Pl MRSA252 JE [ 41 F #iHk . cdr-SmalF/
cdr-BamHIR 2454 PCR 315 cdr JE K 52 & T il 15
1EHE (1317 bp) i BE, HI Sma 1/BamH 1 Rl 1 P YT il
AbF pOSL JiTk & cdr J B, PRI, F T4 %
P 4 2 DSOS W 3 4R B, F POS1-F/POS1-R
PCR ik, 45 [EI%p Bk pOSicdr,

1.3 cdr MRk S EIR MR

# pKOR1cdr., pOSlcdr JFk: il A4 #5 (0,
HiZ PRI RN4220 b, FREEISUEIERA) RN4220
#:4f,¥-(PKOR-F/PKOR-R &, POS1-F/POS1-R), H
BV A 085 H AL E HAREk MRSA252,
MRSA252-Acdr, WA T & A8 R TSA P bk,
i T PCR ZilF (PKOR-F/IPKOR-R 1 POS1-F/
POS1-R), %15 MRSA252(pKOR1cdr) bk A [ml %Mk
MRSA252-Acdr(pOSlcdr). ¥ MRSA252(pKOR1cdr)
PR ARTE S R BE R I TSB H 43 °C A1 3 Ik,
FRBE 107 B B 3 7O B B A T4 1 mg/mL
(K PUIR 2 TSA -4 30 °C W E 2 d, Hom
WM T EEREMIHUER TSA A I,

% 1. PCRI3I¥1EF

Table 1.

The sequences of primers

Primer names

Primer sequences (5'—3') ?

PKOR-LIC-F
PKOR-LIC-R
cdrUPF
cdrUPR
cdrDNF
cdrDNR
PKOR-F
PKOR-R
cdrVF
cdrVR
cdr-SmalF
cdr-BamHIR
POS1-F
POS1-R

ATTGGAAGTGGATAACGGTACCGGTTCCGAGGCTC
ATTGGATTGGAAGTACGGGCCCGAGCTTAAGACTGG
TACTTCCAATCCAATGGATTAAATCTTTAGGGTGGC
ACAATAGGAGGTAAGTTACGAATTTGAAGAATCATACGATAAAC
ATCGTATGATTCTTCAAATTCGTAACTTACCTCCTATTGT
TTATCCACTTCCAATGAATGCCTCTTCCATCCATAT
CACACAGGAAACAGCTATGAC
GAACCGACTTCTCCTTTTTCG
GTATGGAATCTCCCGCTTATCT
GTCATATCAACTGTACATACGCC
GAGCCCGGGATGCCCAAAATAGTCGTAGT
GAGGGATCCTTATTTAGCTTTGTAACCAATC
AACTGAAGAACAACGTAACGGC
CACACAGGAAACAGCTATGACC

% Incorporated restriction sites are underlined.
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37 °C WEE R, R RAETHM R R
AT YE PCR SE7E , ARAF 2l i B 1 11 bk
MRSA252-Acdr .,
1.4 {RSMEFERE T LA

PRETTE 2 BHI P FRR, 5 2 REEW]
1:100 2 A\ 25 mL BHI 1537 2544 250 mL #2047,
760, 2. 4. 6.8, 10, 12, 16. 24 h i) &M K
1 mL BRI 43 Y6 T 52 H ODegoo, 4 h B[]
WG BIRRE 10 A5 FRIE o o OB TR R
k(107 107, 107, 107, 107"), 43 HIMEHL 5 uL
ZEASEA, WU 37 °C 5354, WEE 16 h AR,
1.5 Be/WBEHREE KB B]- 2% T it 2R 2

2 B8 55 [ I PRORT 2 56 2 b AL b 25 R AT 1 1
PR ) 24 A0S 0 R 0 D 9k OV s e K A T vk
(Minimum Inhibitory Concentration, MIC). ¥k 15
RO, A 2 RISEI 1:1000 MR MH
(Mueller Hinton) #5323k, I MIC I 525 .
7 96 FLARZMBIHNA 100 uL i MH 553835, mA
FE BRI R P MRPT A 28, R J A 100 L Hif
TE A TR B 1 TR T (AR AR P P e 2 MR PR S8y 1024
512, 256, 128. 64, 32 pg/mL), Mt AH R3S T4
HhiE SR 16-18 h, WIEANR AR KGO0, LTSN
A K B AR MR 2R MIC fE

PR TR, 45 2 K 1:1000 $:% 2 mL
BHI &, FEATHIIMA 4 AV BB A9 e 7
M4 (LA 512, 2560, 5120, 10240 ug/mL),
IrFich 0 W21, FArHI7E 0. 4. 8, 12, 24 h
WL 100 pl B, I G A SER KB BE R B
WS, B 100 pL WA TSR, 37 °CHEE
W, 5 3 KidstWTEE B (colony-forming
units, CFU); LABFE]MAEH, DL log(CFU/mL)H
D, ol - R EE R

1.6 ZHEMNEHEENE

K FH 32 RS Al Y T 7 % (reactive  oxygen
species, ROS) il iz &, 4541 B 5 A1 SCHR[17]
PREEAEWT . B E W, 1:100 #2
150 mL BHI 5373 750 mL #&Hi+H, 37 °C., 220 r/min
J#¥ 7 2.5-3.0 h & ODggo 4 0.6-0.8, 5% 54T
P 250 mL #E, o 4 453500 AR Rk B2
25 ) (R e P AR W B 0 512, 2560, 5120,
10240 pg/mL), —ZHANNZ ; 4S8 T 37 °C . 220 r/min
B:3% 14 h; SR J5 5000 r/min 2.0 10 min YA T,
FH V& 1) 8 iR 2% v £ %5 W (phosphate  buffered
saline, PBS)UEI& 2 G E B, FIFIEINMrHLE
SU#% %5 ODgoo —%; FFLA 1 pl:1 mL Y bl 2°,7-
TSRO X 2 R £h [2' 7-dichlorodihydrofluorescein
diacetate, DCFH-DA (10 mmol/L)¥&%t, 37 °C %
# 30 min, 5000 r/min .0 10 min; FHABAH
PBS MMk H & 2 WK, VRIARBEAMZES; HEGN
A 96 FLik, BEAMFEMIBEE 3ANE L, T FHZOLRET
PR ASCIN R B i 1 2 A (488 nm 3 & K, 525 nm
RHPA), EHEE 1R,
17 BdEaotr

AR Graphpad Prism 5.0 S8 344424 7
Siit b, LI AR M AR t 5k,
P<0.05 &z HA G E L,

2 HERAAMN

2.1 cdr B RBRIEA R

4 pKOR1cdr HiAE ARz RN42200 F#E,
K 10° DL AT, PRI 15 Db 74 %0
PO A BARBTRL, P8 O A A
MRSA252 Bk, 3k%F 2 4~ & pKORLlcdr
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MRSA252 Fitk, 7F 43°C ABmRMELMET, H
A HREHRK R, 1 mo/mL KPR RS K
40 AT . B PCR i e meBRAk , Nl 1 R,
cdr JE KR/ RER bR PCR HBUK B 1.4 Kb, 11 #F
Atk (wild type, WT) B EZS 1.7 kb, $kHK
L ANYE, 16 N BAM:, @R N 51.6%; FKH
cdr K& R4 R e e A 1 B

2.2 cdr ZH EIHMRA R

it BIE cdr JEHTIRE, FRATAE T cdr
FER IR . AT RITFH & cdr S8R
BelZAE ) pOS1-cdr, Hi%% A RN4220 Gbk, Fii
T W R A MRSA252-Acdr Bk, 1R15
PCR WiF IERf iRtk . BAESE RN 2 fis, £
cdr JE D5 [ETRMR AL E R ) -

M 12 3456 7 8 91011121314 1516 171819202122232425262728293031WT

1.7 kb
2 kb

1. MRSA252-Acdr £ FE 5 ikt iz

The construction of MRSA252-Acdr mutant strain. M: DNA marker; 1-31: PCR amplification product

of 31 single colonies of MRSA252 (pKOR1cdr) randomly selected; WT: PCR amplification product of MRSA252

Figure 1.
wild strain.
12 345678 9M
1.8 kb 2kb
1 kb

2. cdr ZEE#MK MRSA252-Acdr(pOSicdr) A5
Figure 2. The construction of cdr complementation
strains MRSA252-Acdr(pOSlcdr). M: DNA marker;
lane 1-9: PCR amplification product of 9 single
colonies of MRSA252-Acdr (pOSlcdr) randomly selected.

(A) 8r (B)
6 +
-~ MRSA252-Acdr
2 -8~ MRSA252

0 4 8 1
t/h

16 20 2

2.3 cdr ZEE RN RSN RE R S %

£ 37 °C, WAREEFR AN A AR 555 cdr iR
M. BIAME SRR, SR aE R (B 3), 5
MRSA252 kA , MRSA252 cdr 2 K 3873
WRAEVR A B 75 v AR R DR AR T WP ARk, HAEAE ]
S B T T PR B B T YR LN TR AR TR R
MAEK M K T K/ NE IR MRSA252-Acdr
(pOSlcdr) k& HA KR, B CoADR Hk fifi
WHRA K, HABTE.

i 5'.3-2.', .

MRSA252-Acdr e o
’ . “ e o ., -

MRSA252 . O ‘% ‘%. .

< L}

== MRSA252-Acdr(pOS1-cdr) % Yo
MRSA252-Acdr(pOS1-cdr) . @ . t 3
l ‘ ‘2 l l ‘4 e -

E 3. E#k MRSA252-Acdr. MRSA252-Acdr(pOSicdr)5 MRSA252 B4 € LL i

Figure 3.
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Comparison of the growth of strains MRSA252-Acdr, MRSA252-Acdr(pOSZlcdr) and MRSA252.
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2.4 FEMRVEHAET cdr EE R . ElAME S5 %
PRI MIC BitiEl- R 2R

RS E AR COADR 2k 4 8 (0 3 2%
BRI PR, FRATIE 7 oRMEPE RN cdr S
PRI R B T R [l R 5 2R AR MIC B B[] - 275 AT
2k, MIC JIELE A, cdr & [HREBRAR . IRk 5 07
Hebk—30, 42 512 pg/mL, ] CoADR 4 A
S A P ARG X MRSA A I 5 4% . 3EF MIC,
FRATL T T A R A J5E 4 s PO R A FH A B (1] - A% T
Mgk, WA 4 PR, 76 145 MIC ZREEPYARAERT
cdr FEBRFRECEVRRS N 2, 22 R8N 16 5 £% MIC
ARMEPEMAERTT , PIE 22 R3K, odr MR R
HRBCEMRAR, 225 Fifi 45 A% 0 PY AR B2 1 R (10 %
MIC. 20 fif MIC), cdr @Biik5HEF k2 ] 22 57
[ MRSA252 IMIC

12 [ MRSA252-Acdr IMIC
4 MRSA252-Acdi{pOS 1-cdr) IMIC

—~ 10
]
E
-]
=
%)
=16}
&
2L
O 4 8 12 16 20 24 28
ih
< & = MRSA232 10MIC

-+ MRSA252-Acdr 10MIC
= MRSA252-Acdr{pOS]1-cdr) 10MIC

log (CI'U/mL)
.

D) 8

Mgy H cdr [EDRMER VR ECTE 5 A5 MIC g
ARAEFT R BRI T o 235 00 B 2R W bk
YEFARE, 20 £ MIC YT cdr FiBRAR A i ] - 23 B
R IC 5225, M 5 1% MIC ¥#JZ T CoADR
R PR PR I S8 T 3R T B
2.5 cdr PR RERXTTE R Uk BE PR R VG AR A T K
PR 1 4™ A R T

NEE CoOADR JE2HZ 5 T IR (4
RN, AR DCFH-DA RETFRic A
AN TR ¥ B e P AR AE FH S MRSA 252, cdr s
K BRI ROS K. S5 5 s, St
[T 2 npa#—30, RS PR IEN ROS
2 RIE N HAE 5% MIC ZEME PH Ak 1R ]
T, ML ROS K4k, cdr mBRPRMIA ROS 7K
& MRSA252 5SMIC

- MRSA252-Acdr SMIC
= MRSA252-Acdr(pOS1-cdry SMIC

log (CFU/mL)
=y

0 4 8 12 16 20 24 28
i/h

- MRSA252 20MIC
== MRSA252-Acdr 20MIC
= MRSA232-Acdr{pOS1-cdr) 20MIC

log (CFU/mL)
.

4, AELREZFEMFEARIER MRSA252-Acdr. MRSA252-Acdr (pOSilcdr)5 MRSA252 B jg]- % & #h 2
Figure 4. Time-kill curves of MRSA252-Acdr, MRSA252-Acdr(pOSlcdr) and MRSA252 in the presence of

various concentrations of oxacillin.
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600 ¢

Fluorescence emission (485/20,528/20)

5. AEKEFMAMIERFRA ROS K
Intracellular ROS levels of the MRSA strains after the action of oxacillin at different concentrations.

Figure 5.

- AT R R S R, SRR 2R R
COADR it ARFEM 20 %5 MIC ZEme v A e
LN ROS /K- (H IR 5200 5 A% MIC 2R P AR A
FHEF ROS K-

3 itip

AHIFFE LA R 23 B 1 MRSA252 M iF5E % 4,
1 2o % 4 [ A 2 WSS 4 By AR cdr K]
BRI BRL pOS1 X R BRARIEATIRN, S5
cdr S PRI 7E % 1 DU MR R B 4 600 8 28 Bk e A o
MIFER . cdr BRI ThREMF A —Ledit il , Hdh 4
T H AT BRI h CoADR BIIARANali bk 22 J5 HifAk
N I e 285 K T 66 43 M A 9 A A 013181
Schneider 451513 22 F 9615 T NCTC8325 cdr
SER AR, KRB cdr BEPR 28 AR I 5 B AR I
YRS 30 FELL b BRAN, TEAA FRST e 1A TR
Borrelia burgdorferi F®, cdr 3 [l kg 5 ek 55
PR A K g ) Je e s ERRE 1. A o PR
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P B AR BETT 9 COADR A3 37 RE S 41 ) 42
WO AR RN4220 A, IRAMEFESEEG S5 E
AT ARE S — 30, R CoADR MBIk fE B %
i MRSA252 B PRAEK , U] CoADR A RETEA
PR P PR A K A E— MR . T A Ak
R EEAERE /N T BT A BRIy
BEAE R Z B UL BT SR P R E A A A
ARG W, DR A A M G 7 PR R M PN B Ak
SR, 0 ROS, WETER . 48 vk
Z O CoADR/CoA Rk R 1EVF L AN h i & 2,

BE LR AN BRI B2 (1 Al A2 e 2 B A0 T
WE- AL RS T — 2 AR AP, [t CoADR
FifF BRI IR T CoASSCOA/CoASH Fazs . AL, F
A7 00 4 3 3 S A ) A K R PN 3 R

M COADR it fikt 2 28 B Ay T ke R 3t A= 41 o] 2R
G A XK, fEs s ammakE T, N1
TRBERR TG A S AA7E ZF U TR 6 % (Bacillithiol ,
BSH)FI 2R s fEA B pH=7.7 504 1, %G A
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NG TR = ) 0 R 0.7%, LA A 1Y
pKa & 9.83 ¢ BSH (pKa=7.97){I 5, #CMERRES ;
TR T, E AR BN R ROS I
o5 R A AL /N IR B AN Rl il A 1
J& BSH. [HIt, COADR & 75 38 it 5 i S AL 1y 4
JNE 25 T A PO AR R R o BRI . TR AT
if MIC, WA -k B ROS KER R AF
RMEPEARAER] cdr BRIk SRR RN, 45
RFM cdr SRR A S I R R P ARG MRSA 1)
ARMEIER, IR AREEH ROS K- BT, Uk
PEG R, RO BT TR, IEB] T7E MRSA252 [tk
o, BHEE A /N R LE P R AR BT A 1Y
ROS 1E A& .

A EE I FE L P ROS /KK 5 40 B A i
KRR, AR B R s i, Fef] 3252
BRI, HEET P ROS ZKF-B AT B i A8
PR /s AR ER I, iGN ROS
IR KB RIS B R, 16 5 4% MIC 2%
MEPEARAE Y, MOy ROS /K FHcir, 20 f% MIC
WRZ I LN ROS AK-F-Aifik; UBH 20 % MIC k2
T, REERFEH BRI 5 5 MIC
W, FEEEBRERBBGIEN. % EHE 5
£ MIC ZEMEFEMAET, cdr REBRIE S EF A dR it
] -2% T 28 S i N ROS 7K 22 5 B ek, WA
T CoADR HMTAT WA A3 s e/, AEX TR bt
P EA MG AE . 78 5 % MIC 2R PU AR A
FIF, CoADR HRHRAMLPN ROS KP4 E A i
TR, TTAES COADR WA fHAN B A K M HH K

A5 ) A% B [R5 R A LS o i ok B R 3R
73 cdr #ik MRSA B#HEIFLL pOS1 BrkiIE A4k 1%
[l %Mk MRSA252-Acdr (pOSlcdr), JFf 12 )5
— BT FH AR AR 4 B (B A 2 3K CoADR 5§,
PR HADE RS T AR

Z % MW
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Deficiency of coenzyme A disulfide reductase in methicillin-
resistant Staphylococcus aureus MRSA252 delays the secondary
damage of oxacillin
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Abstract: [Objective] The expression of coenzyme A disulfide reductase in methicillin-resistant Staphylococcus
aureus was up-regulated by 2.3 folds when the strain was cultured with oxacillin. Here, the bactericidal effect of
oxacillin on coenzyme A disulfide reductase deficient Staphylococcus aureus was studied. [Methods] Homologous
recombination mediated double-exchange techniques were used to delete genes in Staphylococcus aureus, whereas
pOS1 plasmid was used to construct the complemented strain. Spectrophotometry was used to detect the
proliferation ability of the strains in vitro. The bactericidal effect of oxacillin on the strains was studied by time-kill
method, and 2’,7’-dichlorodihydrofluorescein diacetate was used as a probe to detect intracellular reactive oxygen
species levels. [Results] Coenzyme A disulfide reductase gene deleted strain grew more slowly than the parental
strain (P<0.05). Under the action of oxacillin, the time-Kkill curve and intracellular reactive oxygen species level of
the knockout strains were slightly different from that of the parental strains at 20 times MIC concentration, and the
lethal rate and intracellular reactive oxygen species level of coenzyme A disulfide reductase gene deleted strains
were lower than that of the parental strains at 5 times MIC concentrations. [Conclusion] At lower concentrations of
oxacillin, the deletion of coenzyme A disulfide reductase gene reduced intracellular ROS levels, and the bactericidal
rate, meanwhile the secondary damage was delayed.

Keywords: Staphylococcus aureus, gene editing, coenzyme A disulfide reductase, reactive oxygen species,
secondary damage
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