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Effective antimicrobial activity of Cbf-14-2 against penicillin-resistant bacteria

in vitro and in vivo
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Department of Microbiology, China Pharmaceutical University, Nanjing 210009, China

Abstract The antibacterial activity and mechanism of the antimicrobial peptide mutant Cbf-14-2 against NDM-1
carrying recombinant bacteria ( E. coli BL21 (DE3) -NDM-1) was investigated in this study. The minimum inhibi-
tory concentration ( MIC) , minimum bactericidal concentration ( MBC) and killing curves ( KCs) in vitro were
determined by the broth microdilution method. Mice septicemia model was established by interaperitotoneal injec-
tion of E. coli BI21 ( DE3)-NDM-1 to evaluate the antibacterial activity of this peptide in vivo. Results showed
that Cbf-14-2 exhibited a potent antibacterial activity with MIC of 16 wg/mL and killed almost all recombinant
bacteria within 120 min. Meanwhile, it significantly improved the survival rate of infected mice up to 70% with
the decreasing of bacterial load in mice lung, liver, spleen and kidney. This powerful clearance ability of Cbf-14-2
against bacteria mainly related to its enhanced membrane penetration ability through neutralizing the negative
charges and disrupting the integrity of the bacterial cell membrane. Therefore, Cbf-14-2 is expected to be a poten-
tial antimicrobial agent for the treatment of infection induced by multi-drug resistant bacteria, especially for the
NDM-1 carrying bacteria.
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Table 1 Antimicrobial activity of Cbf-14-2 in vitro

) . MIC/ ( wg/mL) MBC/ ( wg/mL)
Bacterial strain
Cbf-14-2 Tigecycline Penicillin Cbf-14-2 Tigecycline
E. coli BL21 (DE3)-NDM-1* 16 >512 32 2
E. coli BL21 (DE3)-NDM-1~ 16 8 32 2

(+) NDM-1 carrying E. coli BI21 (DE3) with IPTG (1.0 mmol/L) induction for 4 h

(=) NDM-1 carrying E. coli BI21 (DE3) without IPTG induction

E.coli BL21(DE3)-NDM-1"

log,/(CFU/mL)

0 10 30

1 2 2 *

60 120 240 360 480

t/min

—«& —Control ;—aA —Cbf-14-2 (4 x MIC) ;— V¥ —Tigecycline (4 x MIC)

E.coli BL21(DE3)-NDM-1"

log,/(CFU/mL)

0
0 10 30 60 120 240 360 480

#/min

Figure 1 Time kill curves of Chf-14-2 against NDM-1-carrying Escherichia coli in the presence (A) or absence (B) of IPTG induction. 4 x MIC of

peptide or Tigecycline was used for each group,while the control group contained no peptide or tigecycline
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E. coli BL21 (DE3)-NDM-1 T 2 15 8% YL 1) /)N Bl At
SR FRAC 33 6 NDM-1 [ 3235 54 7 300F .
5 R IPTG 15 S 1 B s /N BRI 2 2L 5 3
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UF R B ROR , W 174 x MIC I &
WEETE e A W S A7 B, 2 22 R R R 21 1 x MIC
I, PR g A B de A o 0 ) 4 T A Y PT B
PEARBEE Ch-14-2 5l i R T, 24 22 0] i

IBEN 1 x MIC i, PTFHE 3 5 e, AT A 240 1 4 it
%o VL ERARANGEIAZ K Chi-14-2 fEH5 A AL
TR T 240 LR 14 o B 1 i A I R T, JF X
Mo BRI A RE Ty EL A T R AR P P A

A

E. coli BL21 (DE3)-NDM-1 infection (1 X 10 CFU/mL )

\2

—~ 0 2 6 8 10 12 24 h

(:Q [ ] | | | /1 ]
IPTG induction +  + + o+ o+ v

Drug administration
g v —\1,

| Cbf-14-2(2.5, 5, 10mghkg)| | Cbf-142(25, 5, 10mg/ke) |

Meropenem L] EDTA+Meropenem

Figure 2 NDM-1 expression in the E. coli BL21 (DE3)-NDM-1 infected mice model. (A) The infection,induction and treatment approach of antimi-
crobial activity study of Cbf-14-2 in vivo,n =15. (B) The production of metallo-beta-lactamase ( NDM-1) was tested using the disc diffusion assay

method. The study was conducted in triplicate,and data from one representative experiment were shown
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O 1 1 I I I 1 ] 4 1 1 1 1 1 4 1 I 1 1 I 1
o 1 2 3 4 5 6 7 Model Control 2.5 5 10 Tigecycline Model Control 2.5 5 10 Tigecycline
#/d ¢(Cbf-14-2)/(mg/kg) ¢(Cbf-14-2)/(mg/kg)
10 Doy E
8r 8r
§< 6 Yy¥ * K% -g 6 _ﬂng * w5
o Sy A o N A e ~0— Normal Control; —+Model;
2 4} S 4t L0 e -¥- Cbf-14-2 (2.5 mg/kg); —-Cbf-14-2 (5 mg/kg);
S haad 5 —+— Cbf-14-2 (10 mg/kg); —x-Tigecycline (8 mg/kg)
= ot N

Model Control 2.5 5
¢(Cbf-14-2)/(mg/kg)

10 Tigecycline

0
Model Control 2.5
¢(Cbf-14-2)/(mg/kg)

5 10 Tigecycline

Figure 3 Antibacterial activity of Cbf-14-2 in E. coli BL21 ( DE3)-NDM-1-infected mice. ( A) Survival plot of mice inoculated via an intraperitoneal
injection with NDM-1-carrying E. coli (1 x 10'® CFU/mL) with repeated IPTG induction. Colonization of E. coli BI21 (DE3)-NDM-I inoculum in the
liver (B) ,lung (C) ,spleen (D) and kidney (E) of infected mice induced with IPTG
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Figure 4 Gram staining of homogenized lung,spleen and kidney. Arrows point to dyed bacterium( x 100)
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]
Control 1/4XMIC 1XMIC 4xMIC

i

Zeta potential/mV

Figure 5 Cbf-14-2 induced membrane-disruption effects against bacteria

«— Control
| < 0.25xMIC

Count

(A) The Zeta-potential of E. coli BL21 (DE3)-NDM-1 treated with 0. 25,1 and 4 x MIC peptide, respectively. Bars represented the standard deviation

from three independent experiments,each one with 15 measurements. (B) Flow cytometry assay of Cbf-14-2 disrupting the cell membrane of NDM-1-

carrying Escherichia coli using Pl staining
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