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Antimicrobiol mechanism of nitric oxide for verotoxigenic
Escherichia coli O157: H7 and the amount of verotoxins
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Abstract: The levels of verotoxin-1 and verotoxin-2 released from verotoxigenic Escherichia coli O157: H7
treated in vitro with sodium nitrite, sodium chloride and several antibiotics were estimated. Of the three strains
of E. coli O157: H7 used in this study, two strains produced both verotoxin-1 and verotoxin-2 and one strain
produced only verotoxin-2. Treatment of E. coli O157: H7 with sodium nitrite (6,000 mg/L, a minimum
inhibitory concentration) did not increase the levels of verotoxin-1 and verotoxin-2 compared with treatment
by sodium chloride or antibiotics. When the electron paramanetic resonance spectrum of sodium nitrite-treated
bacterial cells was examined at 77K to clarify the mechanism of the anti-bacterial activity of nitric oxide
derived from sodium nitrite, electron paramagnetic resonance signals with g-values of 2.035 and 2.010 were
observed. These were identified as being derived from iron-nitric oxide complexes. It appeared that the
dinitrosyl iron complexes in the E. coli O157: H7 cells were generated through reaction of iron-sulfur proteins
(enzymes) with nitric oxide formed by the reduction of sodium nitrite. These findings indicate that nitric oxide
derived from sodium nitrite penetrates the cells and inactivates enzymes related to the respiratory chain.
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Fig. 1 Quantities of verotoxins (VT1 and VT2) released from E. coli 0157: H7. The cells (wet weight, ca. 60mg) were
suspended in a fresh LB broth, treated with polymixin B, and incubated for 30 minutes at 37 C.
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Table 1
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Minimum inhibitory concentration (MIC) of NaCl, NaNO.and several antibiotics on E. coli

0157: H7 strains cultured in LB broth (pH6.8) for 20- period

Gorwth inhibitory substances

E. coli O157: H7 strains

MIC

Sodium chloride (NaCl)

Sodium nitrite (NaNO.)

Polymyxin B (Pm)

Erythromycin (Em)

Streptomycin (Sm)

Ampicillin (Ap)

FEC-43
FEC-70
FEC-83

FEC-43
FEC-70
FEC-83

FEC-43
FEC-70
FEC-83

FEC-43
FEC-70
FEC-83

FEC-43
FEC-70
FEC-83

FEC-43
FEC-70
FEC-83

6.5 (+ 0.15 %
6.6 (+ 0.11) %
6.6 (% 0.26) %

5,800 ( = 200) mg/l
5,700 ( = 350) mg/l
5,700 ( = 150) mg/l
0.4 ( = 0.03) units/ml
0.4 ( = 0.04) units/ml
0.6 ( £ 0.04) units/ml

285 ( + 15) pg/ml
238 (£ 19) pg/ml
285 ( & 24) pug/ml
19.1 ( =£ 2) units/ml
21.4 ( =& 5) units/ml
21.4 ( % 3) units/ml
2.0 (£ 0.3) pg/ml
3.0 (£ 0.4) ug/ml
2.0 (£ 0.2) ug/ml

Abbreviations of growth inhibitory substances were also used in Fig. 1.
The values are the means of three results =* the standard deviations.
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Fig. 2 Quantities of verotoxins (VT1 and VT2) released from E. coli 0157: H7. The cells (wet weight, ca. 60 mg) were
suspended in a fresh LB broth and incubated for 30 minutes at 37 °C. On the other hand, the cells (wet weight, ca.
60 mg) were suspended in a fresh LB broth, to which NaNO,, NaC! or one of several antibiotics was added at their
respective MIC and incubated for 30 min at 37 °C. The values are the means of four determinations (the error bars
show confidence limits; P < 0.1). Refer to Table 1 for abbreviations.
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A: E. coli 0157:H7 (FEC-43)

B: E. coli O157:H7 (FEC-43)
+ 200 mg/l NaNO,
C: E. coli 0157:H7 (FEC-43)

+ 200 mg/l NaNO
+ 500 mg/l L-sodium ascorbate

D: E. coli 0157:H7 (FEC-43)
+ 2mM NOC 5

Microwave power, 4 mW

,L Modulat_ion frquency and width, 9.1 GHz and 0.32 mT
50G Sweep time, 4 min

Time constant, 0.3 sec

Fig. 3 EPR spectra of cell suspensions of E. coli O157: H7 (wet weight, ca. 60 mg) at 77K. A: untreated;B: treated with
NaNO, (200 mg/L) ; C: treated with both NaNO, (200 mg/L) and sodium ascorbate (500 mg/L), D: treated with 2
mM NOC 5, 3-[2-hydroxy-1- (1-methyl) -2-nitrosohydrazinol-1-propanamine], as an NO donor.

Table 2 Effects of NaNO. concentration and incubation temperatureon the growth of E. coli O157: H7
strains after 3-day incubation in LB broth at pH5.5

Incubation E. coli O157: H7
Temperature (C) 02 (me/) FEC-43 FEC-70 FEC-83
0.0 ++ ++ ++
37 103.5 ++ ++ ++
295.7 ++ ++ ++
0.0 ++ ++ ++
20 103.5 ++ ++ ++
295.7 + + +
0.0 + + +
15 103.5 - -
295.7 - — -
++ full growth (ODgso> 1.0) + weak growth (ODeo= 0.3 ~ 1.0)
=+ slight growth (ODse < 0.3) — no growth

BEIN-ERESICBWTIE, NaNO, SRR IBEMIZId KIB® 0157 : HT # A T 5 O TEHEN
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