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HE. [ HE]F=HEE 48 p- BT S(NDM-5) 5 2% B P 24 B B (R =25 B R B . AR SCE TERI R 9T K
PR XT NDM-5 B30 7R FH S AR AR FIA S, SR R A 8 B — P I e 1t 1 o 70 4R 1 B0 2 15, [ 78k 133 AutoDock
FEALLAY T X2, T K 7r B 2 5 NDM-5 B 25400 0 S B R AR I3 AK pET21a-NDM-5-C208A , 7 18 IE TC 1R 5 i AIRZ A K
Was% 4 W BL21( DE3) , 3 52 24 S0 50004 7 28 A8 FAVRA A 5 SR AWt PR I LA sl 1] 3% BT P 2 0 K 3 5 26 0 B ma vt
NDM-5 284S RIZM B B TR AR, AT RS2 K 2848 B/ 1 NDM-5-C208A , i 7 i i PE I 2 1R R |, b A KRR % €208
ZRAF A NDM-5 FIEF A A NDM-5 B G M B9 90 i s R, [ 4558 ] 2600 7 iE 52 NDM-5 [ C208A ZE7E #k BL21( DE3) pET21a-
NDM-5-C208A ¥R, C208A ZEAERRMK I T ) Sk A1 2 AR5 B s 2800 A MBI , HGRHR 5 2 B S K M B &
IPATEECER 0.375 B2 2, BRI A A ST A R D RIVE F 5 A 1 Bl W0 o 25 51 1 7R NDM-5-C208A 98 28 ANV A i 1
TR 85% , i HAZ AL 228 F B GRBE X NDM-5 2k L3I /EH . [ 4598 ] Cys208 {0 5 2 24 NDM-5 7K fifk il 15 11 1) ¢
SO, BRI W S S A A R NI R VR o A RN R GRBR R VR L B - PN Ik e i A 50 1
FR AR AL R IR

SR RFRARE ;NDM-5; 3 B K5 R 5 B i 57
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Construction of NDM-5-C208A mutant Escherichia coli as well as
the analysis of interaction between allicin and NDM-5

YE Zhibin, WANG Xiaoming, LU Xi, LIU Yutong, JINJI Zexiao,ZHU Xinyi, HUANG Jinhu, WANG Liping "

(College of Veterinary Medicine ,Nanjing Agricultural University, Nanjing 210095, China)

Abstract ; [ Objectives ] Gram-negative resistant bacteria producing New Delhi metallo-B-lactamase-5( NDM-5) pose great threat to
the health of human and domestic animals. The study aimed to explore the inhibitory action and the involved mechanism of allicin on
NDM-5,which could provide theoretical support for the development of novel B-lactamase inhibitors. [ Methods ] The binding site of
allicin and NDM-5 was predicted by molecular docking with AutoDock. Mutant vector pET21a-NDM-5-C208A was constructed and
transferred into E. coli BL21( DE3) competent cell after sequencing. Sensitive test was performed to verify the phenotype of mutant
strain. Checkerboard method and time-kill curves assay were performed to assess the combination effect of allicin and meropenem
against NDM-5 mutant strain. Enzyme activity assay was established to compare the inhibitory effect of allicin on the activities of
(€208 mutant NDM-5 and wild-type NDM-5 by expressing the mutant protein NDM-5-C208A in vitro. | Results ] The C208A mutant
strain BL21( DE3) pET21a-NDM-5-C208A was successfully constructed confirmed by sequencing. The C208 A mutant strain regained
susceptibility to cephalosporins and carbapenems,and the combination of allicin and meropenem showed independent effect, but not
synergistic effect( FICI increased from 0.375 to 2). Enzyme activity assay showed that C208A mutation of NDM-5 caused the
decrease of enzyme activity by 85% in wvitro and the mutation resulted in the loss of inhibitory effect of allicin on NDM-5.
[ Conclusions ] The Cys208 is a key site for maintaining the enzymatic hydrolysis activity of NDM-5, and allicin can exert an
inhibitory effect on the enzyme activity by binding to this site. The results provide a strong support for developing and applying of
allicin as a novel B-lactamase inhibitor.
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HI T R RITE I RIGTT F & & 700 E ARSI , & 2R AN AT 250k H 45 7™ 8 JCH X i 25
I A Rt 25 94 FT 1 ( carbapenems resistance enterobacteria, CRE ) ™ 55 g i3 /3 36 T A= 22 4 B gl A
TAEAZI(WHO) 51 %5 N 2 i 5 gl o e K 1740 768 0 40 T8 D R 2 7 R B A 3R AR Ol B B IR AR 22
—U2 ) CRE B#RRI = A K i B— N IR SIS B A It , L b s DL I i 1 L 4 i — B — P Ik e
fiff (New Delhi metallo-B-lactamase ,NDM ) , HoiG 0 2 NEEE T, BET 12 KB & th mg 2 4h 0 p— I ik
WA 2R R IR B BEREZEPAE R Sk 5 BB . NDM [ 2009 4F 1 7R BB B 1 L R 3 2 S5 1
TEABR)IZ AT, ORI BR ] 1 Bk 75 B4 26 S HoAt BN LM 25 Wi 0], Bofe B 4 v 1) U H 4
FEEST 84 Nk NDM B FEE T = R AR R 7E NBE SRR S P AR A O T2 1S NDM-S'Y
TIFFEUESE 28 B B — PN Tk e A 00 o) 7] 2 s 7 2 R L 8 B E RN B 30 25656 NDM 38800, T & B B e g 24
PR 24X DR AR 8 I DRI, BT DM IR S5 A 400 4 50 LA o HE o AT B A 3R AR K Bk e
TR T2 L B T % .

Ko 2 EPIHREY), CAECTAE R T P s, WF9E & B R P B 3% 1 B 23 R 3R R R (allicin, 1627
2R S AR R TR ) BT W BT TR P AR i B Y R I, KRB N B
FOBE BTG, 1T HL s R BETE I A5 8 ) NDML T6 P WG 52l 5 B 2R 50 A2 RS 7 NDM. R i 35 A 7 1Y)
TS (EH S NDM G ) B AR 057 a5 S BRI AL v R B W DRI, AR AIE 5 R T 4 X e ) T 4
St — B A Y T NDM-5 f Cys208 137 0% NDM-5 3 P (0 5 i), L B R 7 32 10 5
A i NDM BFAE R Cys208 5848 BRI R/ F 22 57, D15 R R BROR YA G 1 LA 55 NDML-5

B AR S, U SR T & N KSR R AE R 42 s — B — PA BE A T4 o 550 B AL B S R
1 MRS HEE
1.1 ##l

1.1.1 E#k 547 NDM-5 Bk JE N 0y TR bk K% Ay 7 BL21 ( DE3) pET21a-NDM-5 F A4S 5556 % )
FITRLE , RIBIR A ATCC-25922 I T Hh [ #4155 25 5 W 22

1.1.2 E5IAF  PCR AL LRI 5 1 UK RS S AR R G2 3400 T 26 B Bio-Rad /A ] ; Ni-NTA
BRARENG T AR TTAE M0 ) 5 A L P IR A B T T R R 2 A R A FRA B 5 Synergy H1 AR (X T
ZEAB A A PR A 5 S AR &0 T B st s ME R AR R A BR A R LB A1 LB Biis \MH A
B T35 S AR Y HR A IR A B 5588 QB TE R GRS 5 1.603% ) H B S B R 2= 4RIt 5 J) 25 bk
(= 98%) FENTUM( = 98%) KK (= 98%) ShABMIE (= 98% ) LAUMENT (= 99.5%) X Him
(= 98%) W I BT T AE ARBHR A BRAA B 5 kw2 Y EEA% 5% 560 ( PMSE) Fl57 P9 B - B -D— B A Rk i > 3L,
B (IPTG) 1 H b 5 R E R A PR 7] SDS-PAGE bRtk it li 13751 £ W T il A= 4 23 )

1.2 FHik

1.2.1 SFXE EEEE DR E T Y NDM-5(PDB: 6MGY ) 1E N2 1K, ZINC K4 1 v i) KR i &
(ZINC :1530846) VE MECAR, 7 AutoDock FXt NDM-5 $EA7 27K An AL BE X K& &5 P40 07
FERAF R AR 3H S 1 NDM-5 55 3R B3R Z BRA T WI: B 100 FN 22 P B AR AR AR X B R T, WA 25t I 25
B R AT IR

1.2.2 NDM-5 REGTREROME R 2528 0] 0 A S8 55 2 [ 44 1Y BkL pET21a-NDM-5
AT R RAS BRI S IR A5 AR08 AR Bl R i /D i SR 1 AR 514, % NDM-5 475 208 13 37 1
PR MEZ IR (Cys, C) 748 It P A B R N 2 MR (Ala, A), LUF5I ¥ it NDM-5-C208A-F; 5'-
TTTGGTGGCGCCCTGATCAAGGACAGCAAGGCC-3', i 51 #1331 NDM-5-C208A-R; 5'-ATCAGGGCGC-
CACCAAAAGCGATGTCGGTGCC-3', FHRIZAN AR E . S25 Ul B ALy 3 1 2 R s B A )5, 47 3 14
Z 4145 .25 pL 2xMax Buffer,1 L dNTP Mix, 10 ng DNA .2 pL E#E5149.2 pL FHF5149.1 wL DNA
Polymerase , Il ddH,0 % 50 pL, JVFEF:95 °C 3 min;95 °C 15 5,55 C 155,72 °C 6 min, 3t 18 PMEH;
72 °C 5 min, i Dpn 1 BRESE DR BIIEIE A0 50 = 4 v D i ) H SR AR AR SR, Bl 1k D i ook T4 T8
BB BHPE SR . FH Exnase TN ERAEALY 38 W5 1077, B 98 A8 A S AT R A 4, S kM DNA (19 (R 51 34
b By NSz B K% A BL21(DE3) , FEZA N B R R PUEM LB AR LR 5T 37 CHRrE LK
Rigt . UCH PREUH P e e i e Z AN P LB A ,37 CHRIERS 3% 8 h IR H W% /g 52k TAE M2 wli e
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W DU 45 SRAE B (R e A i 44 S K354 1 BL21( DE3) pET21a-NDM-5-C208A , H MR FE

1.2.3 NDM-5 REREXFHHEZTRBEEIE MG EUCAST HEFE MR A M BE W& 6 Fh
BN B TA: 2R VUK BT B PU bR Sk flwk | Sk ARE g | Sk 16 1th g 71 58 2 85 jE v K 3% A T BL21
(DE3) pET21a-NDM-5 FI K745 BL21( DE3) pET21a-NDM-5-C208A HyfR/MNEHEE (MIC) , KIniRs:
B ATCC25922 fE R bk, A4 EUCAST UL S b AT BRI 25 PE RN L & 203 s 0 B R &
FVGM<8 pg-mL™ PIBEPEAR<8 pg-mL™" ShAIME<8 pg-mL™ SkAIBENG <1 pg-mL™ SkffbrE<1
pg-mL ™ FIED H R <2 pgeml ™,

124 AEREHNKFHREX NDM-5 FAERMRTEEKREROEME K KBHIEA E BL21 (DE3)
pET21a-NDM-5 1 BL21( DE3) pET21a-NDM-5-C208A ##0F LB Rl 3G 57 )5 , R MK BE Dy (E
0.1 J5 45T A 96 FLAR, BiX BRZH A, BEFL AR AR [R) B B 200k B 1 KOs Bl 3, F 37 ClEER F:, &
B 4 h ME Dy, , 25 IR AR A R

1.2.5 NDM-5 REMMFRIES AL PRk)y 5 R ARG WK% % 7 BL21(DE3) pET21a-
NDM-5-C208A $63: % LB Wiz 37 Cid i IRZ 97 . #7724 1:100 k2 1 L BB LB N7
W IR B R Do [HN 0.6~0.8 B iAW E S 0.2 mmol - L™ 1) TIPTG, §5 A 30 °C ¥ 5K T IR 3% 15 77
16 h, 12 000 g £5.0> 30 min J5 7 IR, P28 ik S8 0VE I A Z9R 2 1 mmol - L' PMSF L
TRy B E RIS AL VKB 55 1 HEA TR S R, T3 35 W, AR 5 s, 845 10 s, L5875 15 min,
12 000 g #5030 min 5 H EVEWR A IO 2 V- ER8CT- B 4 i) Ni-NTA £ IR EEV BE (20~ 500 mmol - L")
AR IR 22 R A I WU A5 DRI, B 45 Ve B W 3% — 2R 4T SDS-PAGE BoiiE, #E5A B — H /1 5% 1Y
VR A 5 FHAR A 2 R 20 1 R R 10107 (A8 I8 B0 4 EA T 4 Rk 45 . SDS-PAGE 5811 ¢ 45
WAL I, Nanodrop A6 4 W H A0 B R B

1.2.6 NDM-5 RIRIESEMME  NIE Frfs NDM-5-C208A 5875 Xof Bt 1% M 1 52 0, H 35 AH ) vk B A
NDM-5 5 NDM-5-C208A XXM L2 K mg /K fiffie 1. =7 SCHR[ 12 ] /5 i AR DR AL S A7 . 7K
i SN T 96 FLAR TP EAT , REFL AN 100 wL 75 B 5 244 B4 20 nmol - L™ /) NDM-5 1 NDM-5-C208A
FEERLIINA 100 L AR EE A 200 pmol - L' B B VT, TRANIR S 96 FLARE -5 K4 7843 fir, 1)
B ABGEFRAL, T 30 CHM D, (B 25 AL, FERR 1 min K00 1 U, FRE2460 30 min, ¥ 2 KW 2P B
W AR )R FAR 5 L 4% 2 7 st 1] 3 531075 51) NDM -5 Fl1 NDM-5-C208 A F4 7K i 3R vy Kl 0y 0 BEE NDM-5
(BTG PE A 100% , 1) NDM-5-C208 A FUREHE T K (040 vy ) X100%

1.2.7 KFEHEN NDM-5 B R I5{E NDM-5-C208A B3N & &ML B+ 8 52 WA 22 0 58 R o 3k & %
NDM-5 Fl NDM-5-C208A HYREHIHIELL . T 96 fLA P AT RO, BEALAT I 50 . Z9K 2 20 nmol - L™
i) NDM-5 Fll NDM-5-C208 A , 546 8 vk & KB % (0.2.5.5.10.20 140 wmol -L™") F 30 °C FH#¥E 30 min,
FEA A 100 L 2R 200 pwmol - L 1436 5 B p ¥ WS ST ZI A BEAR ORI 30 min 19 D, 7254
TR HE AL K R R (0,)) , KRR AL B IS (W /K % (v,) |, LA 2 20 BE AL H (R G 140 100% , T8
ATHEE N (v./v,) X100% ,

1.2.8 AFHEZBHAETIEEX NDM-5 FF4EF NDM-5-C208A RETFEHBESMEFYE RAUME
P RL IR B I KR & 5 95 W B R R A X NDM-5 B2 I B bR A NDM-5-C208 A %8 748 T #k 1) Bk
BIRETENE . ROV T 96 FLAR AT, 7E 6x6 Y I PV AT BERRRERY 2 Fh 255 )5 2 PRAF TR R (1.5%
10° CFU-mL™ )R G, T 37 CHAA P & 5555 18 h, MR AXIHE IS M5 E (FICT) : FICI = FICI, +
FICI,=MIC,,/MIC +MIC, /MIC, , W . MIC, ALA Y A PRl MIC; MIC,, JE B FH 25t b &80 A 1
MIC; MIC, LG B BB MIC; MIC, JEBX 2584k 69 B (19 MIC, FERRUE . FICI< 0.5 R Ph[FEIfE
H50.5<FICI<1 AAHMWE s 1<FICI <2 IR RN FICIS2 455U,

129 ARAREMKFHREN NDM-5 FERMRTEFRORBREHE K KBRS E BL21
(DE3) pET21a-NDM-5 1 BL21( DE3) pET21a-NDM-5-C208A 1% 55 3%)5 , LA 1:1 000 Fi BT LB )5 it
P 29 A0 B . X K 8 45 B BL21 ( DE3) pET21a-NDM-5, /3 5% 56 % R mg AL B 4H (32 wg-mL™', 1/4
MIC) KGR (8 wg-mL™" 172 MIC) FEF B (32 pg-mL™" | 1/4 MIC) + K E (8 pg-mL ™",
1/2 MIC) BRG AL A | LA AN N 24 B 25 10 BREH X 2 28 TR Bk BL21 ( DE3) pET21a-NDM-5-C208A , 53 7 %
F B HER AL L1 (0.004 pg-mL™', 174 MIC)  Ka R AL (4 pg-mL™", 1/2 MIC) 35 % 555 (0.004
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pgeml™" 1/4 MIC) + K553 % (4 pg-mL™" | 1/2 MIC) BAALEEA , DA SR INZy i 2s X BRAL, b BRSESE IS
T 37 CHRG 557 24 h, BEIR 6 h 437 WHL 100 L B TCTE PBS FR GBS BER RIS HEA 706 BRTHEL, LA ]
SR 1gCFU S9Nt 2s il i (] 58w th 4%

2 HBRESM

2.1 XBEEAMAHTIAE NDM-5 C208A L FRILE

2833 AutoDock FRAFAIRHDINT %, A3 I KR E 5 NDM-5 IS5 S AR (| 1-A) . K& 5 NDM-5
B 4 AARELE G R, Horh U Cys208 7 T P 1148 Ab | D0 LX) 24 -5 g6 14 A T ZEVE Y, et 4
Cys208 J HEA ;AT 948 . X i Ab J 19 98 728 - SE AL PHAM: sw R R A7 0 %, 0 77 45 5 5 NDM-5 (1751
PEAT A 25 5 (8 1-B) s B Cys208 5878 Ala208 , HoAR K I HAB RS #4565 R B0 2ok ,
ARG ) NDM-5-C208A 58728 #4445 44 N pET21a-NDM-5-C208A , i ¥k fi 44 0 K W 354518 BL21 (DE3)

pET21a-NDM-5-C208A
A

B ACCGACATCGCTTTTGGTGGCTGCICTGATCAAGGACAGCAAGGCC
PET21a(+)-NDM-5 ++ } ) } } } } } }
TGGCTGTAGCGAAAACCACCGACGGACTAGTTCCTGTCGTTCCGG

205 210 215
Thr Asp lle Ala Phe Gly Gly Cys Leu Ile Lys Asp Ser Lys Ala

ACCGACATCGCTTTTGGTGGCGCCICTGATCAAGGACAGCAAGGCC
1 1 ! 1
pET21a(+)-NDM-5-C2084 +* T t T t T T ¥
TGGCTGTAGCGAAAACCACCG|CGGGACTAGTTCCTGTCGTTCCGG

A G SR W N S R W) | ) ST SR S S )|
Thr Asp lle Ala Phe Gly Gly Ala Leu lle Lys Asp Ser Lys Ala

1 KFEELS NDM-5 &5 46T (A) & NDM-5-C208A #L FFFIEE(B)
Fig.1 Binding sites prediction of allicin with NDM-5( A ) and sequence identification of
NDM-5-C208A transformants(B)

2.2 AEHMEZMKFHHZEXT NDM-5-C208A 32 25 B 14 F1 EF 4 BV B KB MIC
38 1 RO I A I 5 A X 6 PP AR R B E ISR 1, NDM-5 BY A BUTE Bk BL21( DE3) pET21a-
NDM-5 5 NDM-5-C208A 75 Hi#k BL21( DE3) pET21a-NDM-5-C208A ¥4 3%5F 28, VG AR 1 Bf 55 75 bk 3 30 1 it
24 ;NDM-5 B A= #U B #k BL21( DE3) pET21a-NDM-5 X S fnk=r Sk fame i | Sk A fih e 1 58 2 55 5 26 90 A it
24 (B & NDM-5 [ Cys208 3 #2878 1 Ala J5 , BAREXT Sk K S Sk Aame fi | Sk A b ie F1 58 5 855 g W) 0k &2
HURK , W] NDM-5-C208 o7 s R 7K fiff Sk FO 2 Tl 5 i S A: R AR w OCHE
®1 B-MEBERERERNAZHEMNEAR KR MIC

Table 1 MIC of B-lactam antibiotics against recombinant strains

] E. coli BI21(DE3)- E. coli BL21(DE3)- E. coli EUCAST SR o5,
Antimicrobial agents pET21a-NDM-5 pET21a-NDM-5-C208A ATCC-25922 Breakpoint of EUCAST
AP Ampicillin >256 >256 8 <8
i 2L PE AR Amoxicillin >256 >256 8 <8
kAL Cefuroxime 128 0.5 4 <8
L AIBENG Cefotaxime 64 <0.5 <0.5 <1
S AUABBE Ceftazidime 64 <0.5 <0.5 <1
FEXP KR Meropenem 128 0.0156 <0.125 <2
KR E Allicin 16 8 16

2.3 KFREREX NDM-5 E#kRTE F4E K B L&A m
T 3 00 5 A K iR D) R 3 R 2R % K % #R #  BL21 ( DE3) pET21a-NDM-5 Fl K Ji7 ¥ 4 i BL21
(DE3) pET21a-NDM-5-C208A f KRG A M, KL 2 7] 1, Ks 3R X K 3R 4 @ BL21 (DE3)



F1H IR, 45 :NDM-5 C208A 78 K Ay B A8 1 M R 5 NDM-5 A LA FI L2 2047 65

pET21a-NDM-5 A KA — @ MINHIER , M KGR R 16 pg- mL™ B A] 58 Sl AR K B
FFFIRZENT NDM-5 28748 B K 35 7 11 4 2B DRI AFFE R B -0 S 3R, M KGR IR E N 4 pg e mL i,
AR FIXT R L TC i 28 22 53 (P>0.05) , 1 S Kar R WK EETHR 2 8 pg - mL ™ B RE 78 a4 il AR K X
FEUA R 2 X B 2B T NDM-5-C208 A 5878 i ¥4 BRI RIVE R .

E. coli pET21a-NDM-5 E. coli pET21a-NDM-5-C2084
L5r, X8 Control; L5r o %F 18 Control;
4 4 mg-mL™" Allicin; 4 4 mg-mL™" Allicin;
= 8 mg-mL" Allicin; = 8 mg-mL" Allicin
LOF 416 mg-mL™" Allicin Lo
Q Q
05F / 05k
() L L L L L I} 0 L L L L L I}
0 4 8 12 16 20 24 0 4 8 12 16 20 24
t/h t/h

B2 ARREREAFREZLERAGERESHEMERME
Fig.2 Growth curves of E. coli strains treated with different concentrations of allicin

2.4 NDM-5-C208A & B R4k & iE &M E

X RAF R R AT R s T4l AW 46 )5 , SDS-PAGE FLIK MM I6 UE 26 (1261, & 3-A R (A1
X F IR AT T 24x10° , H 405 B— 4l >90% , 5% Nanodrop Il 2 AE R B R 3.8 mg-mLf1 2
SRR 1 A B, BB 5 2 B SR . M E 1L J5 19 NDM-5 Fl NDM-5-C208A #EA7 G HEIE . #%
NDM-5 [Y7Kfift i PR 100% , ) NDM-5-C208 A 7K fift i 49 5 %7 15 v (O i 3G P .35 T~ [ (P<0.001 ) , 15 5F
7 NDM-S AR B, 2838 PR I G P R 2 85% (18] 3-B) , W Cys208 {37 st & NDM-5 457K fif 16 4 1) 3¢
B A

A M/10° M NDM-5-C208A B Kok
—
— > 100
- & S 75¢
S
— & 50F
33— = 5
W?; T'g 25
M L J
17 — : NDM-5 NDM-5-C208A
. [ Protein

3 NDM-5-C208A HyRiE4L (A) R EGEHMENE (B)
Fig.3 Expression and purification of NDM-5-C208A ( A) and the determination
of the enzyme activity of NDM-5-C208A (B)
M. Z& FIbRifE S Protein marker. *** P<0.001.
2.5 KFREKEXT NDM-5 1 NDM-5-C208A HJHIHI R
R [l R R 4 A T NDM-5 T NDM-5-C208 A, 6 TG K 75 3 3 A B4 201 1) il 3% 1k 2 b
100% , 385 54 F BN IRZE LE it 5 R0 A A G P . DAIRT 4 FTH1: 10 ~ 40 pumol - L™ Y 7 BUR 06

= 150 Iy 150

¢ B H B

Sz o2

=% EE o

Z 2 100f & 328 100f

== Hokkk =z o

&3 S EY

R = 5 A

= o < K0

2 E Heokok © § =

e % s0r S =B s0¢

z g 022

O = EEEES w g

2 z 2
a'f; 0 % 0 | | | | |
~ 0 2.5 5 10 20 40 0 2.5 5 10 20 40

TR W% /(umol - L™") Allicin concentration KR ZE e /(umol - L") Allicin concentration

B4 AEIREAFHRELIEE NDM-5 F1 NDM-5-C208A HIEGE M4 Lk 4%
Fig. 4 Residual enzyme activity of NDM-5 and NDM-5-C208A treated with different concentrations of allicin
* P<0.000 1.



66 [EZI S S A NI S 541 %

NDM-5 it 36 14 A A b 25 i) 4 A FH (P<0.000 1), JFA7 7 B I (0 50 2 2500 5 AN [] ik 32 %) R 3 3R X
NDM-5-C208A Ffiff i P sZ i 44N 1 35 (P>0.05)
2.6 AFHREBAZEFIEEX NDM-5 ) Cys208 i 5 RITRT G E kB S INEER LR

M S AT, KRR BCA S5 8 B X KI5 4 B BL21( DE3) pET21a-NDM-5 [¥) FICI 2k 0.375, %R
T HA D RN, BTN 585 B BL21( DE3) pET21a-NDM-5-C208A (1) FICI 2y 2, 30 Ak <7
YER, R RIBT B ER

I ) A% TR T2 (1 6) Sl s S A0 81 9 B85 1) s B 3R 5 56 28 5 g SR ol P B AN B A 80 KR T A T
BL21(DE3) pET21a-NDM-5, {H 2 =3 R R FH A0 B8 v B2 464 7306 FH o BRI 4 B 1) AR RO R R IR T i
MR TRROR s 25 PR NDM-5 & A2 C208A 275 J5 , KaRBRE FI 36 2 15 W JC W] b A B0 & AR TR ARCR . 4T
AR P9 G PR UE S NDM-5 119 Cys208 2 At 28 ) i 2 4 900 il 4 FH 1) S A7 051

A E. coli pET21a-NDM-5 B E. coli pET21a-NDM-5-C2084
7158 /% Inhibition rate J415%/% Inhibition rate
100 0 100 0
g} FICIE0373 0.0313
~ 5 & ~ 500156
7 E % 2
= =
28 25
=5 16 & § 00039
s 5 5
=2 =2
=}
RE s ||
0 0
0 1 2 4 8 16 0 1 2 4 8 16
KarRZE W% /(ug-mL™") Allicin concentration KR Z W% /(ug-mL™") Allicin concentration

5 EFEEMAFHREEKAX NDM-5 FRMEE K (A) RE C208A REFE R (B) HIEALER
Fig. 5 The effect of combination of meropenem and allicin on NDM-5 positive strain( A)
and its C208A mutation strain(B)

A E. coli pET21a-NDM-5 B E. coli pET21a-NDM-5-C208A
12 12-
o 1
E S E S gl
23 2 38
SR U %
B3 5
o el
B BE o
il i
O | | | J
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Fig. 6 Time-dependent killing curve of the combination of allicin and meropenem against NDM-5 wild
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