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Bactericidal and Phage-Inactivating Effects of Iron(I1) Gluconate
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Summary

Effect of iron(ll) gluconate on bacteria was investigated using eight bacteria. It was bactericidal to-
ward all bacteria examined. The bacteria were sensitive to iron(l1) gluconate in this order from greatest to
least; Salmonella typhimurium, Proteus vulgaris, Bacillus subtilis, Escherichia coli, Lactobacillus casel,
Morganella morganii, Staphylococcus aureus and Micrococcus flavus. Also, effect of iron(l1) gluconate
on phages was investigated using eight phages. It inactivated all phages examined. The phages were sen-
sitive to iron(I1) gluconate in this order from greatest to least; $6, J1, M2, MS2, T3, $ X174, T5 and T4.
Gluconic acid had no effects on bacteria and phages.

The mechanism of the bactericidal effect of iron(l1) gluconate was investigated with E. coli. The re-
sults indicated that free radical mechanism isinvolved in the bactericida effect and reactive oxygen spe-
cies are responsible for the effect. Also, the mechanism of the phage-inactivating effect of iron(ll) gluco-
nate was investigated with phage J1.The results indicated that free radical mechanism is involved in the
inactivating effect and reactive oxygen species are responsible for the effect.
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Table 1. List of bacteria used.

Bacteria strain Abbreviation
Bacillus subtilis Y S11 BS
Escherichia coli B EC
Lactobacillus casei S1 LC
Micrococcus flavus |FO 3242 MF
Morganella morganii 1FO 3168 MM
Proteus vulgaris |FO 3988 PV
Saphylococcus aureus FDA 209P SA
Salmonella typhimurium LT-2 ST
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Table 2. List of phages used.

Phage Nucleic acid ® Morphology " Host bacteria

J ds DNA A Lactobacillus casei S1

T5 dsDNA A Escherichia coli B

T4 dsDNA B Escherichia coli B

M2 ds DNA B Bacillus subtilis YS11

T3 ds DNA C Escherichia coli B

X174 ssDNA D Escherichiacoli C

MS2 ssRNA E Escherichia coli K-12 W3110 F
6 ds RNA F Pseudomonas phaseolicola HB10Y

? ds, double-stranded; ss, single-stranded
°A, long tail; B, contractiletail; C, short tail; D, tailless, large capsomere; E, tailless, small capsomere;
F, saclike tail, head surrounded by envelope.

gobgoobogo
gogbbooooooooobbbboJxdobobbbooobbbboooooooooboobobob
0o oooo0o

goboobobooobod
OMMO0O0-000000pHJ@O000000000xOFPRUIMOOOOO0O0O0O0 OO
O000omCoOMmo0000o0o00ooo0o00oo000oooo0o0oooog0oonn
OomcCoouooooomcomoouooooon

googn
gogboobobooboobooobooboo

goooooo

J0000do0ooodoooooIIooooooooao
J0d0D00o0o0oooooooolIodooooU0oU0o0o0o0O0ooOooOoDOooOooon
000000 TableoOooO
0oooooooooomM™™O000000bO0o00o0ooooooog
000000 lIodo0oUo0o0od00ooU0oU0oUo0o0oOooOooOoDOooOooon
O000000oooIooooO0000o00oo00O0O00o0d Samonela typhimurium, Proteus
vulgaris, Bacillus subtilis, Escherichia coli, Lactobacillus casei, Morganella morganii, Saphylococcus
aureus, Micrococcusflavus 0 0O 0000000000000 S typhimurium O 00 000 O x ™



J goooooooo omoodnodg

Table 3. Effect of gluconic acid and iron(l1) gluconate on awide variety of bacteria

Survival (%)
Conen. (M) Bacteria
BS EC LC MF MM PV SA ST

Gluconic acid

1x 10™ 9001 100 900J 100 9001 100 9001 100 9001 100 9001 100 9001 100 9001 100
Iron(I1) gluconate

1x 10™ 0 0 0 300 40 0 0 0 0

3x 10™ 0 0 0 50060 102 0 1000 20 0

1x 10™ 0 102 102 6008 5010 0 300 50 0

3x 10™ 5010 10020 40060 900100 30050 5010 900100 001

1x 10™ 20040 40060 900 100 — 9000 100 1501 30 — 50 10

Bacteria (10 4x 10’° CFU/ml) were incubated with gluconic acid or iron(l1) gluconate in 0.02 M Tris-HCI buffer (pH 7.4)
for 60 min. at 37°C.
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Table 4. Effect of gluconic acid and iron(l1) gluconate on awide variety of phages.

Survival (%)
Concn. (M) Phage
J T5 T4 M2 T3 X174 MS2 @

Gluconic acid

1x 10™ 9001 100 900J 100 9001 100 9001 100 9001 100 9001 100 9001 100 9001 100
Iron(I1) gluconate

1x 10™ 0 30050 40060 0 0 0 0 0

1x 10™ 0 60080 700090 0 0 0 0 0

1x 10™ 0 900 100 9007 100 0 102 305 0 0

1x 10™ 305 — — 10020 30060 50080 15030 5010

3x 10™ 2000 40 — — 40060 9000100 9001100 500 70 4000 60

Phages (10 4x 10° PFU/ml) were incubated with gluconic acid or iron(ll) gluconate in 0.02 M Tris-HCI buffer (pH 7.4)
for 30 min. at 37°C. Phage @6 was incubated for 20 min. at 25°C.
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Table 5. Effect of selected substances on killing of E. coli by iron(I1) gluconate.

Addition Concn. (M) Surviva (%)
None 0 10
Cu™ 10" 102
Fe" 10" 12
Citrate 10 900 100
EDTA 10™ 900 100
HO 10 102
2-Mercaptoethanol 10™ 900 100
L-Cysteine 10 600 80
Thioglycollate 10 600 80
Glutathione 10 500 70
Dithiothreitol 10" 400 60
AET*® 10™ 900 100
MEA® 10™ 900 100
Tiron*® 10 900 100
KSCN 107 700 90
HCOONa 10 700 90
KBr 10 600 80
Kl 10 500 70
DABCO* 107 900 100

E. coli (4x 10'PFU/ml) was incubeted with 1x 10™ M iron(Il) gluconate and an ad-
ditional substancein 0.02 M Tris-HCI buffer (pH 7.4) for 30 min. at 37°C.

# 2-Mercaptoethylamine

® 2-Aminoethylisothiuronium

¢1,2-Dihysroxybenzene-3,5-disulfonic acid

¢ 1,4-Diazabicyclo [2.2.2] octane
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Table 6. Effect of catalase and SOD on killing
of E. coli by iron(ll) gluconate.

Addition Concn. (U/ml) Surviva (%)
None 0 10
Catalase 100 2001 30
30 150 25
10 100 20
SOD* 100 200 30
30 1500 25
10 1000 20

Seethelegend to Table 5, but an enzyme was used instead of a substance.
* Superoxide dismutase
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