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SUMMARY

An apparently new family of antibiotics has been detected in
the culture media of bacteria isolated from human feces. In a prelimi-
nary investigation ten different compounds have been partially purified
and characterized., All of them are thermostable, soluble in methanol-
water (5:1) and have a molecular weight of about 1000 or less,
They show a different degree of specificity as growth inhibitors of a
series of enterobacteria as well as other non-enteric microorganisms.
Current work strongly suggests the existence of other similar com-
pounds among Enterobacteriaceae and other bacterial families,

INTRODUCTION

Present knowledge on the chemical communication between the
cells of microbial ecosystems is scarce. It is even the case for the
bacterial population of the human intestinal tract, where there is a
rather well defined community of microorganisms that show, however,
a dynamic succesion in both species composition and relative abundan-—
ce of each type, under either normal or pathological conditions.Suc-
cesions in these systems are nhot infrequently rapid and very specific
in regard to the main invaders, which are able somehow to efiecti-
vely displace other closely related bacterial species by mechanisms
poorly understood, Colicins, for instance, have been invoked to ex-

plain these displacements among intestinal enterobacteria, but the avail-
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able evidence does not seem to account for such phenomenon (1).
There might be other chemical agents endowed with the required in-
formation to act competitively in a specific manner,

On this basis, we have undertaken a systematic search for
compounds produced by enteric bacteria isolated from the intestinal
content of infants, which could exert antibiotic effects on related micro-
organisms., The design of the screening was made to look for com-
pounds of relatively low molecular weight, and, at the same time, to
exclude interference by conventional colicins, Preliminary results indi-
cate the occurence of such compounds. Thus, several types of sub-
stances have been detected and partially characterized, which show a
different degree of specificity as growth inhibitors of other enterobac-
teria. L ikewise, the results obtained suggest the existance of more
types of these compounds among Enterobacteriaceae and other bac-
terial families.

MATERIALS AND METHODS. Escherichia coli strains K 12 (3,300)
B, W and 405 (Mc Leod strain) were routinely used as markers for
the screening procedure., For the specificity study of purified prepa-
ration of the different antibiotics, the collection of microorganisms iso-
lated and identified in our Service of Bacteriology was employed. Most
of the strains selected for the exploration of antibiotic production were

facultative aerobic enterobacteria, and were obtained from the feces
of hospitalized infants,

Chemicals. Methanol of analytical quality was obtained from either
Merck or Carlo Erba; methionine analogs, pronase and subtilysin
type VIl from Sigma; amino acids, vitamins, and purine and pyrim-
idine bases from Calbiochem; Sephadex G-10 and G-15 from Phar-
macia; Amicon filters are made by Amicon, Lexington, Mass.; and
Pellicon filters by Millipore, Bedford, Mass,

Procedure. The antibiosis assays were periformed as follows: agar-
minimal medium plates (see below) were inoculated with the marker
strains of E ., coli by the soft agar double-layer technique; upon hard-
ening of the medium, a film (6 x 5 cm) of Cellophane was placed on
the agar surface of each plate. Smears of potential producing strains
were seeded in different spots on the Cellophane surface, usually 6
per plate. After being incubated for 24 hours at 372C, the plates we-
re checked for antibiosis (see Figure 1). The rationale of this pro-
cedure was to exclude interference by conventional colicins, since
these agents have a molecular weight of 40,000 upwards and are
thus retained by the Cellophane membrane, which allows otherwise
the passing of substances with a M. W, of about 15,000 downwards.
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Figure 1, Antibiotic assay for 6 enterobacteria isolated from infan-
tile feces on the growth of E, coli K 12, The piciure shows the
same plate, before and after laying aside the Cellophane film (lower
part) on which had been grown the isolates. It can be seen the in-
hibitory effect of 3 of them,

Microorganisms that showed clear inhibition halos on any of
the markers growth were subsequently cultured in minimal medium
ne3" (2) with 0.2% glucose, pH 7, the same used to prepare the
agar plates (in which traces of thiamine were also added). 21 flasks
with 11 of medium in each were inoculated and incubated overnight at
372C in a rotary shaker. Cells were removed by centrifugation and
the supernatants were used for further studies. Antibiotic activities
were approximately estimated by measuring directly, or after serial
dilution of the samples, the diameters of the inhibition halos produced
by aliquots (0.01 ml) of the active preparations.

RESUL TS AND DISCUSSION

About 15% of the nearly four hundred isolates that were as-
sayed produced inhibition zones of a diameter greater than the corre-
sponding colonies, on one or more of the markers lawns. The most
active cells were selected for further investigation. Most of the super-
natants obtained from the cultures of these microorganisms showed

antibiotic activity on the same markers. These liquids were concen-
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trated at vacuum at 402C, down to 1:20 of the original volume, and
then precipitated with 5 volumes of methanol. Most of the activities
were found to be preserved in the supernatants after this treatment,
which otherwise allowed the elimination of the bulk of salts and macro-
molecules of the concentrates. Each supernatant Was again concen-
trated in the same way down to 1:500 of the original volume, and
then heated at 1002C for 30 min, coocled, and thoroughly mixed with
5% of activated charcoal during 10 min; the charcoal was afterwards
discarded by centrifugation. None of the antibiotic activities of these
preparations was apparently affected by the heating; some of them,
however, were lost by the charcoal treatment,

The "x 500" concentrates, treated with charcoal when appro-
priate, were the standard preparations used to obtain the data sum-
marized in Table |, which includes some properties of 10 of the

antibiotic activities found.

Antibiotic activities 15, 17 (w and e) 76, 136, 138, 140 and
146 are produced by 7 different strains of E. coli; 152 and 290 by

2 strains identified as Pseudomonas aeruginosa.

All the antibiotic activities shared three common features, name.
ly, solubility in methanol-water (5:1), low molecular weight and ther-
mostability. They are however distinguishable in regard to the other
properties listed in Table | as well as to the antibiotic specificity,
which is shown in Table I, It is at present doubtful whether activi-

ties 140 (E. coli) and 152 (P, aeruginosa) are identical or not; the

morphology of their growth inhibition halos is clearly distinct, and
there are some differences in their specificity spectra (see Table Hl).
Three of the antibiotic activities (15, 136 and 138) are fully
antagonized by l-methionine at a final concentration of 10 }Jg/ml. None
of the activities except one (17 w)} is inactivated by the proteases
pronase and subtilysin. Inactivation by these enzymes of 17 w indi-
cates an oligopeptide structure for it, since its molecular weight is
higher than 1000 but fower than 5000, according to its behaviour in
Sephadex G-15 and G-25 chromatography and its filtration through
Amicon PM-10 but not through Pellicon PSAC 02510 membranes.

11
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Table lI: Antibiotic specificity on enterobacteria and other

microorganisms

Or‘ganism%nﬁbio”cs 15]17wW 17e| 76 (136 138} 140146152290
Escherichia (20) 20( 4 16 4 120 12 5> 171 8 14
Proteus (11) 111 O 11 6 0 2 0 11 0 10
Enterobacter (7) 51 1 7 11 4 4 0] 4 0 | 4
Klebsiella (3) 3(0 3 (0|3 1{ofo}o]s3
Serratia (3) 3 0 3 0 3 0 0 0 0 3
Salmonella (3} 2 0 2 2 2 3 1 3 0 2
Pseudomonas (3) 3| 3 3 3|0 3 3 3 2 1
Levinea (2) 2 0 2 2 2 2 0 2 0 2
Shigella (2) 2] 1 2 ]1]o0 ol o] 21]0]o0
Citrobacter (2) 2 0 2 0] 2 2 0 2 0 1
Acinetobacter (2) 2] 0 2 10| 2 2l ol 21]o 1
Streptococcus (2) 2|0 0 ojo. | o 0 1 0 2
Staphylococcus (5) o| o o} 5|0 0 0 0 5 5

All the Escherichia species were of the coli type. Figures in par-
enthesis in the first column indicate the number of different strains
assayed for each genus. The figures in the other columns corre -
spond to the number of strains that were inhibited by the antibiotic,in
each case, The antibiosis assays were carriedout with 0,01 ml aliquots
of the ""x 500" preparations; the antibiotic-producing strains were also
sensitive to their own "x 500" preparations, but were insensitive to the
growing of their own colonies by the Cellophane technique (see Pro-
cedure).

It is possible that 17 e is a derivative of 17 w. Both are produced
by the same strain of E. coli and have other common features (sece
Table 1). They difier, however, besides in their sensitivity to pro-
teases, in their M ,W,, solubility in ethanol (17 e being soluble) and

antibiotic spectra (see Table 1l), Further information on the chemical

12
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nature of the antibiotic entities here reported would eventually require
their physical isolation, a task in which we are presently involved,
On the whole, it can be presumed the occurrence of more
types of antibiotic entities of a similar character to the ones reported
here, at least among enteric bacteria. Because of their character-
istics, they could be tentatively grouped into a family, for which the
generic name of microcins is proposed, which seems to be dis-

finguished from the main known classes of conventional antibiotics,

which might be clustered into two general groups: (a) those pro-
duced. by Actinomycetes, mostly by Sireptomyces species. Their
chemical structures are very heterogenous and, in general, they
show wide spectra of antibiotic action; (b) those produced by sporo-
genic bacteria of the genus Bacillus, like bacitracins, tyrocidins and
polymyxins, which are of a cyclic peptide character and are not
found free in the culture media (3). They, too, are usually active
on many types of bacteria. On the contrary, the antibiotics identified
in this investigation: (a) are produced by non-sporogenic bacteria
isolated from the human intestinal tract, for which no antibiogenic ca-
pacity has been described (except the synthesis of colicins, which in
fact are not considered as conventional antibiotics); (b) are excreted
into the culture media, and (c) they act on closely related microor-
ganisms.

lt is to be expected that the occurrence of "microcins" is not
restricted to the mammalian intestine ecosystems. In any case, their
presence poses a major question, regarding their physiological role
in the habitats where they occur, On a teleonomic premise, they
might be related to the ecological competition that gives place to the
dynamic microbial succesions mentioned above as a typical feature
of the bacterial community of the intestine. If so, the study of "mi-
crocins and their inhibitory mechanisms would be a relevant subject
to achieve a better understanding of this ecosystem, including its com-
mon alterations by the enteropathogenic microbial flora. It seems also
predictable that the availability of different types of purified 'imicrocins"

might lead eventually to some instances of therapeutic utility. In this
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regard, it is to be noted that none of the E_, coli antibiotic producing
strains described in this report belongs to the enteropathogenic class,

according .to the standard techniques of serotypification.
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