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24h Minimal 600mg/L 1~2x10
inhibitory concentration MIC CFU/mL 28°C 0 0.5 3 6h
2.5% 4°C
28°C 24h
Minimal bactericidal concentration SPM-9500J3  AFM
MBC
1.4 Si; N,
600mg/L 10mL
4 x 10° CFU/mL 1
160r/min
28C 2h 0.45pm Millipore 2
RX Daytona 2.1
aspartate
aminotransferase ~ AST lactate 75mg/L. 300mg/L
dehydrogenase LDH alanine
aminotransferase ALT 3 > 50000mg/L
SAS 6.12 Student’ s t-test 2.2
P <0.05 1
1.5
SP-1I - Rank Brothers P<0.05
Cambridge UK ! 1 U/L
1.5mL 4.0 x 10° CFU/mL pH 7.2 Table 1 Effect of Cu-MMT on enzyme activity of bacteria  U/L
Smin 0.8mL Bacterial enzyme Control Treatment
1mmol/L 10min Aspartate aminotransferase 15.3+1.9 114.8+13.8"
600mg/11 Alanine aminotransferase 15.5+1.8 146.6 + 18.8"
pmol O,/g.min * Lactate dehydrogenase 18.2x1.4 210.6 £ 14.8"
Values are presented as means and standard deviations n=3 per treatment.
Means in a line labeled * differ significantly P <0.05 .
Ik % = R"R%OR‘ x 100 2.3
2
T % 31.8%
Ry R 48.6% 27.8% 17.5%
Ry % = RlR—_IRl x 100 2
R Table 2 Effect of Cu-MMT on the respiratory metabolism of bacteria
R Inhibitors Iy %! Ry %>
% RT Cu-MMT 31.8+2.8
R, Sodium phosphate 62.5 £5.7 48.6+5.3
Todine acetic acid 59.4+6.2 27.8+2.8
Malonic acid 52.2+4.9 17.5+2.2
s 3 Uy, represents the respiratory inhibition percent of bacteria after Cu-MMT
1.6 addition 2 R represents the respiratory superposing inhibition percent of
bacteria after typical inhibitor addition.
9
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Study on the antibacterial mechanisms of copper-bearing montmorillonite

XIA Mei-sheng™ HU Cai-hong ZHAO Wen-yan

College of Animal Science The Key Laboratory of Molecular Animal Nutrition Ministry of Education Zhejiang University Hangzhou 310029 China

Abstract Vibrio parahaemolyticus ATCC 27519 was chosen as indicator of aguacultural pathogenic bacteria to determine the
antibacterial activity and mechanism of copper-bearing montmorillonite  Cu-MMT in vitro. The results indicated that montmorillonite
MMT had no antibacterial activity. The minimum inhibitory concentration MIC and bactericidal concentration MBC of Cu-MMT
on Vibrio parahaemolyticus were 75 and 300mg/L respectively. The activities of aspartate aminotransferase AST  alanine
aminotransferase ALT and lactate dehydrogenase LDH of bacteria were examined and the results showed treatment with Cu-
MMT could lead to significant release of intracellular enzymes from the tested bacteria suggesting that the permeability of the cell
membrane increased and bacteria suffered injury. Three typical inhibitors malonic acid iodine acetic acid and phosphate sodium
were used to further study the inhibitory pathways of respiratory metabolism. Cu-MMT effectively inhibited respiratory metabolism of
Vibrio parahaemolyticus with the respiratory inhibition percent | g of 31.8% . The respiratory superposing inhibition percent after
addition of phosphate sodium iodine acetic acid and malonic acid was 48.6% 27.8% and 17.5% respectively. These results
indicated that the effect of malonic acid on superposing inhibition percent of Cu-MMT for bacteria is the lowest thus the synergic
action between Cu-MMT and malonic acid is the weakest indicating that they inhibited the same pathway of respiratory metabolism
i.e. the TCA pathway which is the most important pathway of carbohydrate metabolism. The atomic force microscope image of
Vibrio parahaemolyticus exposed to Cu-MMT showed that Cu-MMT could rupture the bacterial cell membrane.
Keywords Cu bearing montmorillonite  Antibacterial mechanism  Vibrio parahaemolyticus
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