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Enterobactin, a physiologicslly active iron sequestering agent, 
is excreted into the medium by Salmonella typhimurium under low iron 
conditions. It is a cyclic polyester consisting of three residues of 
2,3-dihydroxy-N-benzoylserine. 

Low molecular weight compounds known at this time to be involved 

in microbial transport and metabolism of iron contain hydroxamate or 

phenolate groups which sre capable of coordination with a central 

ferric ion. Ferrichrcme (1) and 2,3-dihydroxybenzoylglycine (2) are 

representative of these two types of substance, respectively. The 

mycobactins (l), frau mycobacteria, are unusual in that both hydroxa- 

mate and phenolate groups are found on the sBme molecule. 

In this coumnmication we describe a new member of the phenolate 

series, obtained frau S. typhimurium LT2, for which we propose the 

name enterobactin and the structure shown in Fig. 1. 
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Fig. 1. Enterobactin. 
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2. typhimurium was grown aerobically at 37’ for 15 hours fran a 

1% inoculum in the following medium: K2HP04, 7g; KH2POk, kg; (NH4)2S04, 

a3; MgSo4’7Hp, 200 w; MnSo4*H20, 17 mg; glucose, 5g; and water to one 

liter. The cell-free culture supernatant was concentrated 20-fold 

in vacua at 40' and then extracted with an equal volume of ether. The -- 

ether extract was discarded and the culture supernatant adjusted to 

pH 2.0 with 12 N HCl. It was then extracted with an equal volume of 

ether; this ether extract was washed with 0.1 M sodium citrate, pH 5.5, 

and dried over anhydrous MgS04. The ether extract was taken to dryness 

in vacua and the residue treated with hot benzene-dioxane. The insoluble -- 

fraction was collected by centrifugation and resuspended in water. 

Filtration and drying wer P205, followed by precipitation from ethanol- 

water, gave crystalline enterobactin, m.p. 202-203'. The yield was 

about 6 mg per 10 liters of culture. 

kterobactin was examined for growth factor activity in several 

mutants of 2. typhimurium which are unable to synthesize the substance 

(3). These mutants grow normally upon the addition to the medium of 

large amounts of iron salts or certain chelating agents. Enterobactin 

proved to be 100 times as active, on a molar basis, as 2,3-dihydrow- 

N-benzoyl-&-serine, which has been isolated fran Escherichia coli (4,5) 

and Aerobacter aerogenes (5). The latter canpound has recently been 

shown to promote the uptake of iron frcm the medium by E. 

2,3-dihydroxybenzoylglycine has a similar effect with Bacillus subtilis 

(7) l 

Enterobactin is soluble in acetone, dioxane, dimethylsulfoxide, 

and methanol. It is very sparingly soluble in water. It behaves as 

a neutral substance on paper electrophoresis at pH 5 and displays the 

bright blue fluorescence under ultraviolet light chera&eristic of the 

2,34ih@.roxybenzoyl nucleus. Hydrolysis in 6 N HCl at 105' for 20 

hours followed by analysis with paper chrcsnatography revealed the 
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presence of serine and 2,3-dihydroxybenzoic acid. The infrared spectrum 

-1 of enterobactin showed a strong absorption at 1760 cm which is 

characteristic of a strained ester group C=O stretch. 

The following nuclear magnetic resonance spectrum at 220 MHz 

was obtained for enterobactin in deuterodimethylsulfoxide with tetra- 

methylsilane as the internal standard: 6 = 8.90, doublet (smide H); 

6 = 7.30n doublet (aromatic H); 6 = 6.96, doublet (aromatic H); 6 = 

6.71, triplet (aromatic H); o = 4.91, complex (alpha H); 6 = 4.64, 

cfxuplex (methylene H); and 6 = 4.41, complex (methylene H). All peak 

areas were equivalent. This nmr spectrum was very similar to that 

reported for 2,3-dihydroxy-N-bensoyl-&-serine in deuteroacetone (5). 

At pH 6.5 the ferric ccnaplex of enterobactin migrated to the anode 

on paper electrophoresis at a rate approximately equivalent to that of 

ferrichrome A, an anion with a triple negative charge (1). This suggests 

that free phenolic hydroxyls at both the 2 and 3 positions act as ligands 

since if the csrbonyl and the phenolic hydroxyl at the 2 position of the 

2,34ihydroxybenzoyl moiety were the ligands, one would expect a neutral 

ferric complex. 

Microanalysis of enterobactin gave C, 54.0@; H, 4.18; N, 6.11%. 

Theoretical for C30H27N3015: C, 53.84s; H, 4.07%; N, 6.2%. 

- 

I 0 Ii-H O I 
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I I 

Fig. 2. Fig. 2. Ferric enterobactin. Ferric enterobactin. 
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The largest major ion found by mass spectrometry of enterobactin 

had a m/e of 223, which corresponds to C10H9N05. However, sedimentation 

equilibrium in water and D20 (8) gave in duplicate runs molecular 

weights of 685 and 605, which agree with the molecular weight of 669 

for c30%7N3015 l 

From these data we conclude that the structure of enterobactin 

is aa shown in Fig. 1. Inspection of molecular models suggests the 

structure given in Fig. 2 for ferric enterobactin. 
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