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Preparation of Cu " -loaded montmorillonite and
its bactericidal mechanism against E scherichia coli
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2. Ningxia Engineering Research Center or Natum |l Medicines, Yinchuan 750021, China)

Abstract: The aims of this study were to prepare Cu’ -loaded montmorillonite ( Cu-MMT) and
investigate its bactericidal activity and mechanism. Cu-MMT was prepared by the method of ion exchange
reaction. The stmucture and surface chamcteristic of Cu-MMT wer detemined. Minimum inhibitory
concentration ( MIC) and minimum bactericidal concentration ( MBC) of Cu-MMT against the strain of
Escherichia coli were detem ined. The activities of intracellular enzyme in bacterial solution were
measured, and the morphology of E. coli was observed during the interaction between Cu-MMT and
bacteria. The results showed that treament with Cu’’ increased cation exchange capacity of
montm orillonite, but specific surface area and surface negative charge density were decreased. The MIC
and MBC of Cu-MMT against the tested E. coli were 0.16 and 0.64 mg* mL™', mspectively. Cu-MMT
could destroy bacterial cellular membrane and then msulted in leakage of intracellular enzymes such as
asparate am inotransferase, lactate dehydrogenase and alanine am inotransferase. These suggest that Cu-
MMT has a strong bactericidal activity. The bactericidal mechanism of Cu-MMT may be that bacteria are
adsorbed by Cu-MMT, and then morphology and pemeability of cellular membrane are changed. This
leads to an efflux of intracellular contents and the death of bacteria.
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Figure 1 Zeta potential and its distribution of the

Table 1 Cation exchange capacity and specific
surface area of the tested materials (1 =3)
Pammeter MMT Cu-MMT
Cation exchange capacity/mmols g~' 1.05%0.05 1.19 %0.07"
Total surface area/m?* g~ 760.1 £24.3 652.9 £22.0°
Micropore surface ara/m*+ g 401.8 +21.7 200.8 *17.1°
Extemnal surface area/m”+ g ' 358.3 £19.7 452.1 £23.7°
" P <0.05 vs MMT group
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Figure 2 Inhibition curves of Cu-MMT against E. coli

Table2 Values of MIC and MBC for the tested agents
against E. coli (n =3)

Material MIC /mgs mL"' MBC /mg* mL"'
Cu-MMT 0.16 0.64
MMT >20. 48 >20.48

The initial concentration of E. coli was 1 x10° ~2 x 10’

CFU* mL"'

, 0.5 xMIC Cu-MMT
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Figure 3 Killing curves of Cu-MMT against E. coli
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Table 3 Activities of asparate am inotransfe rase,

lactate dehydrogenase and alanine am inotransferase in
the tested bacteria solution (7 =3)

Gro Asparate Lactate Alanine

u

P am inotransferase  dehydrogenase am inotransfe rase
No Cu-MMT 12.98 £0.94 8.47 +0.74 13.87 £1.31

0.128 mge mL™' 122.7 £16.8" 137.4%12.9° 229.6 £21.0
Cu-MMT

" P <0.05 vs No Cu-MMT

[P —" Y
.00 i L} g
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500 Lm
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Atom ic force microscopy of morphology of E. coli exposed to Cu-MMT for 0 h ( A, no Cu-MMT

addition), 2 h (B), 4 h (C), 6 h (D), 8 h(E), and 12 h ( F). The initial inoculum was 1 x10° ~2x10
CFU* mL' and the Cu-MMT concentration was 2.0 x MBC
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