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Bactericidal Action of Iron(Il) and Mechanism of the Action
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Summary

Thein vitro effect of iron(I1) on bacteria was investigated using nine bacterial species. Iron(ll) was
bactericidal toward all species examined. The bacteria were sensitive to iron(I1) in this order from great-
est to least: Lactobacillus casel, Bacillus subtilis, Salmonella typhimurium, Escherichia coli, Serratia
marcescens, Staphylococcus aureus, Proteus vulgaris, Micrococcus flavus and Morganella morganii.

Mechanism of the bactericidal action of iron(ll) was investigated with E. coli and M. morganii.
Bubbling nitrogen gas through the reaction mixture inhibited the action. Addition to the reaction mixture
of reducing agents, chelating agents and radical scavengers inhibited the action. The findings indicate
that free radical mechanism isinvolved in the action and reactive oxygen species are responsible for the
action.

Iron(11) had no effect on bovine serum abumin. It nicked supercoiled form of pUC18 DNA, giving
first single-stranded breaks and then double-stranded breaks. The breaks could account for the bacteri-
cida action. In iron(ll)-treated bacterial cells, adsorption of T-phages were inhibited, indicating the al-
teration of bacteria cell surface by iron(11).

Key words: iron(l1), bactericidal action, oxygen radical, Escherichia coli, Morganella morganii,
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Table 1. List of bacteria used

Bacterial strain Abbreviation
Bacillus subtilis Y 12S BS
Escherichiacoli B EC
Lactobacilluscasei Sl LC
Micrococcus flavus 1FO3242 MF
Morganella morganii |FO3168 MM
Proteus vulgaris 1FO3988 PV
Saphylococcus aureus FDA209P SA
Serratia marcescens |FO3046 SM
Salmonella typhimurium LT-2 ST
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Table 2. Effect of iron (11) on viability of different bacteria

Survival (%)

Conen. (M) BS EC LC MFE MM PV SA M ST
3% 10°° 0 0 0 0 o0 1 0 0 0 0
1x 10°° 0 0 0 001 10020 o001 0 0 0
3x 107 0 0 0 30050 900100 10020 O 0 0
1x 107 0 001 0 90100 O 60080 5010 408 o001
3% 10°° 001 20030 o001 O 0 900100 30050 30040 100120
1x 10°° 10020 50070 5010 0O 0 0 900100 900 100 400 60

Bacteria (10 4x 10’ CFU/ml) were incubated with different concentrations of F&** in 0.02 m Tris-HCI buffer (pH 7.4) for
30 min. at 37TC. For abbreviation, see Table 1.

Table 3. Comparison of bactericidal action of AsA, iron (1)
and AsA-iron (1) complex.

Reagent Concn. (M)  Survival (%)

AsA 1x 10”2 102

1x 107 200 30
Fe* 1x 10°° 0

1x 10°* od1

1x 107° 500 70
AsA-Fe* complex 1x 107° 0

1x 10°° 204

3x 10”7 400 70

E. coli (3x 10" CFU/ml) was incubated with a reagent in 0.02 M
Tris-HCI buffer (pH 7.4) for 30 min. at 37TC.
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Fig. 1 Killing curve of E. coli by iron(ll).
E. coli (3x 10° CFU/ml) was incubated with
different concentrations of F&** in 0.02 M Tris-
HCI buffer (pH 7.4) at 37C. Concentrations of
Fe* (M): ----- ,0:0,1x 10°% m |, 2x 10°% o,
5x 10°% e ,1x 1074 O, 3x 107

L. casei S. marcescens P.vulgaris M.morganii

100

10

survival (%)

0O 10 20 30 10 20 30 10 20 30 10 20 30
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Fig. 2 Killing curve of L. casei, S. marcescens, P. vulgaris and M. morganii by iron(ll).
Bacteria (10 4x 10’ CFU/ml) were incubated with different concentrations of F&** in 0.02 M Tris-HCI
buffer (pH 7.4) at 37T. Concentrations of F&”* (M): ----, 0; o , 3x 10°% e , 1x 10°% 0O, 3x 10°% m , 1x
10°% 0, 2x 10°% A, 3x 10°% 0, 5% 1074 0, 1x 107% 0, 2x 107% v, 3x 107°
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Fig. 3 Reversihility of killing of E. coli by iron(ll).
E. coli (3x 10" GFU/ml) was incubated with 5x
10°°* M F€" in 0.02 M Tris-HCI buffer (pH 7.4) at
37TC. At the times indicated in the figure, an di-
quot of the reaction mixtute was diluted 100-fold
with the buffer and further incubated at 37C. -----
killing curve of E. coli.
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Fig. 4 Effect of pH on killing of E. coli by iron(ll).
E. coli (3x 10" CFU/mI) was incubated with 5x
107°* M Fe* in different pHs of 0.02 M Tris-HCI
buffer (o ) or 0.02 M phosphate buffer (e ) for 20
min. at 37<. -----, without F&’*

Table 4. Effect of temperature on killing
of E. cali by iron (l1).

Temperature (T) Survival (%)

0 500 70
10 400 50
20 3000 40
30 1001 20
37 10
40 406
43 102
45 001

E. coli (3x 10" CFU/mI) was incubated with 5
x 10"°*M Fe&* in 0.02 M Tris-HCI buffer (pH
7.4) for 20 min. at each temperature.
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Table 5. Effect of oxygen on killing of E. coli by
iron (I1).

Incubated Surviva (%)
in normal atmosphere 10
in oxygen atmosphere® 10
in nitrogen atmosphere” 900 100
in vacuo” 900 100
E. coli (3x 10’ CFU/ml) was incubated with 5x 10”° M
Fein0.02M

Tris-HCI buffer (pH 7.4) for 20 min. at 37T.

2 Oxygen or nitrogen gas was bubbled through the reac-
tion mixture.

® Reaction was performed in a Tunberg tube evacuated
with avacuum pump.

Table 6. Effect of oxidizing and reducing agents on killing
of E. coli by iron (I1).

Addition Concn. (M)  Survival (%)
None 0 10
H-0. 1x 10°* 700 80
1x 10°° 600 70
L-Cysteine 1x 10°° 9001 100
1x 10°* 6001 80
2-Mercaptoethanol 1x 1072 900 100
1x 107° 400 60
Thioglycollate 1x 107 400 60
1x 10°* 2000 30
Dithiothreitol 1x 107° 400 60
1x 10°* 2000 30
Glutathione 1x 107 3000 40
1x 10°* 100 20

E. coli (3x 10" CFU/ml) was incubated with 5x 10°°* M Fe* and
an additional reagent in 0.02 M Tris-HCI buffer (pH 7.4) for 30
min. a 37C.
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Table7. Effect of metal ions and chelating Table 8. Effect of radical scavengers on kill-
agentson killing of E. coli by iron (11). ing of E. coli by iron (I1).
Addition Concn. (M)  Surviva (%) Addition Concn. (M) Survival (%)
None 0 10 None 0 10
Na' 1x 1072 300 40 AET 3x 1072 900 100
1x 107° 1000 20 1x 1072 8001 90
ca 1x 107° 9001 100 MEA 3x 10°° 9001 100
1x 10°* 400 60 1x 10" 600 70
Mg™ 1x 10™* 900 100 Tiron 1x 1072 900 100
1x 107° 500 60 1x 10 900 100
Cu” 1x 10°° 600 70 KBr 1x 107 5001 60
1x 10°° 300 40 1x 10"° 200 30
Fe* 1x 10™* 900 100 HCOONa 1x 10" 400 60
1x 107° 200 30 1x 10 1000 20
Citrate 1x 107° 9001 100 Kl 1x 10" 200 40
1x 107* 9001 100 1x 102 1000 20
EDTA 1x 107° 900 100 DABCO 1x 1072 900 100
1x 1077 500 60 1x 107 200 30
For legend, see Table 6. For legend, see Table 6.

Table 9. Effect of catalase and superoxide dismu-
tase on killing of E. coli by iron (I1).

Addition Concn. (M) Survival (%)

None 0 10
Catdase 100 100 20
30 100 20
SOD 100 100 20
30 100 20
See the legend to Table 6, but an enzyme was used
instead of areagent.
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Table 10. Effect of selected reagents on kill-
ing of M. morganii by iron (l1).

Addition Concn. (M)  Survival (%)

None 0 10
H.O; 1x 1073 900 100
Glutathione 1x 10°° 900 100
Thioglycollate  1x 1072 900 100
2-Mercaptogthanol ~ 1x 1072 700 80
L-Cysteine 1x 1073 500 60
Dithiothreitol ~ 1x 1072 500 60
ca” 1x 10”° 900 100
Mg 1x 10°* 900 100
cu” 1x 107° 0
Fe* 1x 1074 900 100
Citrate 1x 10°° 900 100
EDTA 1x 10”° 9001 100
AET 1x 1072 900 100
MEA 1x 10°* 900 100
Tiron 1x 10°° 9001 100
HCOONa 1x 10”2 900 100
KBr 1x 107t 900 100
Kl 1x 1072 500 60
DABCO 1x 10°° 900 100

See the legend to Table 6, but incubated with 5x
10° M Fe™.
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Table 11. Amino acid composition of bovine
serum abumin treated with iron (11).

Molar ratio (%)
Amino acid Treated Untreated

Asp/Asn 9.7 9.7
Thr 5.8 5.8
Ser 48 49
Glu/ GlIn 134 13.2
Pro 49 4.9
Gly 34 32
Ala 8.3 8.3
Cys 2.7 2.8
Val 6.4 6.5
Met 0.7 0.7
lleu 23 23
Leu 11.0 11.0
Tyr 31 34
Phe 4.8 4.8
His 41 41
Lys 10.2 10.0
Trp 0.3 0.4
Arg 41 4.0

Reaction was performed in 0.02 M Tris-HCI
buffer (pH 7.4) containing 0.03% BSA and 1x

10"*M Fe* for 2 hr. at 40C.

Molar ratio (%) is represented by the molar con-
centration of each amino acid per tota amino
acid.
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Fig. 5 Pattern of agarose gel electrophoresis of pUC18 DNA
treated with iron (I1).
pUC18 DNA was incubated with different concentrations of
Fe”* in 0.02 M Tris-HCI buffer (pH 7.4) for 30 min. at 37T.
To the reaction mixture were added sucrose and bromophe-
nol blue and loaded on a 0.7% agarose gel. Electrophoresis
was carried out at 50V for 40 min. Lane 1, untreated. Lane
20 6, treated with 1x 10"°, 3x 10”°, 1x 10”°, 3x 10"° and
1x 10"* M Fe”, respectively. |, Il and |11 represents super-
coiled, open circular and linear forms of DNA, respectively.
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Table 12. Adsorption of phages onto bacte-
ria cellstreated with iron (11).

Phage Adsorption rate (%)
Treated cell Untreated cell

T2 50 10 100

T3 300 35 100

T5 205 100

E. coli (1x 10° CFU/ml) was treated with 3x
107 M Fe* for 30 min. at 37T (survivald 0.1%).
The treated cells were mixed with each phage (1
x 10° PFU/mI) in nutrient broth and allowed to
adsorp for 10 min. at 37C.
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