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Abstract: [Objective] The damage in the cell membrane of bacteria could be reflected on the
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leakiness of the material in bacteria and the absorption of dye in bacteria. Compared with pas-
teurization (63 °C, 30 min), the damaging effect of pressurized CO, on the cell membrane of
Escherichia coli was studied. The aim of the study was to analyze the relationship between the
death of Escherichia coli and the damage of cell membrane. [Methods] The change of cell
membrane permeability and the leakiness of protein and nucleic acid in Escherichia coli were
detected. The change of Escherichia coli morphology was observed by TEM. [Results] The
results indicated that pressurized CO, treatment induced the change of cell membrane perme-
ability of Escherichia coli. Pressurized CO, treatment induced the leakiness of protein in Es-
cherichia coli, but the time of leakiness was lagged behind the time of 99% Escherichia coli
death, so it was not the reason for death, it was only the secondary phenomenon of death. The
death of Escherichia coli could be related to the leakiness of nucleic acid induced by the pres-
surized CO, treatment. The death of Escherichia coli could be related to the ultrastructure
change of Escherichia coli induced by the pressurized CO, treatment. [Conclusion] There was
direct relationship between the damaging effect of pressurized CO, on cell membrane of Es-
cherichia coli and the death of Escherichia coli.

Keywords: Pressurized CO,, Escherichia coli, Cell membrane permeability, Protein leakiness,
Nucleic acid leakiness, Ultrastructure of bacterium
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Fig. 1 Schematic diagram of equipment for pressurized
CO; treatment

T 10 CO, UM, 2: CO, #EI; 3: CO, HEUI; 40 JRTJ)
;50 R 60 HORIERAE, 70 NS 8 JKIAHE; 9 IR
FETAT RS

Note: 1: CO, gas cylinder; 2: Needle valve for CO, inlet; 3:
Needle valve for CO, outlet; 4: Pressure gauge; 5: Thermocou-
ple; 6: Pressure transducer; 7: Pressure vessel; 8: Water bath; 9:
Thermostatic controller.

B2 fE COiRIREE

Fig. 2 Equipment for pressurized CO, treatment
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Fig. 3 Protein standard curve
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Fig. 4 Inactivation effect of pressurized CO, on Es-
cherichia coli
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—4—25°C. 7.5 MPa &—45°C. 7.5 MPa
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Cell membrane permeability ratio (%)
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El 5 fn[E CO, Xt KA+ & 4R A AR & 1 14 B9 72 1
Fig. 5 Effect of pressurized CO, on cell membrane
permeability of Escherichia coli
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Fig. 6 Protein leakiness in Escherichia coli under pres-
surized CO, treatment of short time
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Fig. 7 Protein leakiness in Escherichia coli under pres-
surized CO, treatment of long time
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Fig. 8 Nucleic acid leakiness in Escherichia coli under
pressurized CO, treatment
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9 FRALIEAY KA E (40 000x)
Fig. 9 Untreated Escherichia coli (40 000x)

— 1um

E 10 ERREIXBHFE (40 000x)
Fig. 10 Pasteurized Escherichia coli (40 000x)
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Fig. 11 Pressurized Escherichia coli for 40 min under
25 °C, 7.5 MPa (40 000x)
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Fig. 12 Pressurized Escherichia coli for 40 min under
45 °C, 7.5 MPa (40 000x)
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