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The ability of 53 erythromycin analogues to induce resistance to erythromycin
in Staphlococcus aureus was evaluated. Only derivatives with antibacterial
activity induced resistance, although some antibacterial compounds did not in-
duce resistance. No derivatives without antibacterial activity but with ability to

induce resistance were found.

A class of erythromycin-resistant strains of
Staphylococcus aureus remains susceptible to
other macrolide antibiotics, and, when these
strains are exposed to low levels of erythro-
mycin, resistance to other antibiotics is induced.
This type of resistance has been termed eryth-
romycin-inducible resistance and has been stud-
ied by a number of authors (1-3, 7, 10, 13-17).
Lai and co-workers (4-6) have shown that
N¢ Ne¢.dimethyladenine, which is not normally
present in 23S ribosomal ribonucleic acid, is
found on induction of resistance by concentra-
tions of erythromycin between 10~ and 10~7 M.
It has been shown that the induction of erythro-
mycin resistance results in modified 50S ribo-
somal subunits, which are unable to bind eryth-
romycin or lincomycin (15). The inability to bind
erythromycin is apparently due to methylation
of a single adenine residue in a tetranucleotide
sequence, AAGG, of 23S ribonucleic acid (4-6).
Thus far, erythromycin-inducible resistance has
only been described in strains isolated from
natural sources and has not been produced in
erythromycin-susceptible organisms by muta-
tion. The finding of such erythromycin-resistant
strains is therefore of clinical significance. In
this report we examine a number of erythro-
mycin analogues to determine what structural
features of the molecule are involved in the
induction process and whether the ability of
these derivatives to serve as active antibiotics
can be dissociated from their ability to induce
resistance to erythromycin. This communica-
tion reports the results of this study.

MATERIALS AND METHODS

The structures of the erythromycin analogues 1
to 53 are given in previous reports (8, 9, 12). The
activity of erythromycin and erythromycin ana-
logues on bacteria was determined by the agar dif-

fusion cup plate or disk assay. The ability of a
compound to induce resistance to lincomycin or
clindamycin was determined by minor modifications
of the agar disk assay described by Weisblum and
Demohn (15) with the use of S. aureus 1206, which
was kindly supplied by B. Weisblum. Compounds
46 through 53 were purified by thin-layer chroma-
tography on silica gel 60 F-254 (12). Thin-layer chro-
matography of other compounds indicated that they
were contaminated by less than 1% of erythromycin
A, if at all. In addition, to confirm the results with
the disk assay, biocautograms of ability to induce
resistance were produced with a few of the com-
pounds (3, 4, 6, 21, 22, 24, 25, and 26), especially
those with low antibacterial activity. The compounds
were separated from any erythromycin A contami-
nant by thin-layer chromatography. The resulting
thin-layer chromatograms were placed in contact
with Mueller-Hinton agar plates seeded with an
overlay of S. aureus 1206 for 30 min. The chromato-
grams were then removed, and the bioautograms
were developed with a 0.25-inch (ca. 0.64-cm) strip
of Whatman no. 1 filter paper saturated with a
solution of clindamycin (100 ug/ml) analogous to the
disk assay (15). Approximately 0.01 and 0.04 umol
of each compound were chromatographed. In all
cases both levels of analogue produced similar re-
sults qualitatively. Plates with developing solvent
onlly and those with erythromycin A served as con-
trols.

RESULTS AND DISCUSSION

The ability of the erythromycin analogues to
induce resistance to lincomycin and clindamycin
is shown in Table 1. All compounds which in-
duced resistance to lincomycin had antibacte-
rial activity when assayed against a susceptible
bacterial strain. Some erythromycin deriva-
tives, which exhibited 1 to 2% of the antibacte-
rial activity of erythromycin, did not induce re-
sistance. These include derivatives 30, 32, 36,
37, 38, 39, and 40. In addition, derivatives 31
and 44, which exhibited 10% of the antibacterial
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TaBLE 1. Ability of erythromycin derivatives to induce resistance to lincomycin®

In vitro activities “Induces” In vitro activities “Induces”

. . .. resistance R . . resistance

A Lol it S 6 et ST o

tive ty® relative 5_0%.mlnbltlon of clindamy- tive ty® relative 50% }nhlbltlon of clindamy-

to erythro- binding of 1.2 p.M cind to ex:ythro- binding of 1.2 p.M cind
mycin (%) [*Clerythromycin mycin (%) [“Clerythromycin
Erythro- 100 1.3, 09 + 27 0 501 -
mycin 28 0 1,770 -
1 10 38.0 + 29 0 200 _
2 2 4.7 + 30 1 138 _
3 1 170 + 31 10 100 _
4 5 60.2 + 32 1 380 _
5 75 7.9 + 33 0 126 _
6 0 >3,000 - 3 0 269 _
7 75 4.0 + 35 0 83.2 _
8 50 1.1 + 36 1 58.9 _
9 100 1.2 + 37 9 19.0 _
10 100 1.3 + 38 1 79.4 _
1 10-20 3.4 + 39 9 60.3 B
12 0 200 - 40 1 224 -
13 40 3.2 + 41 0 9294 _
u 0 372 - 2 2.5 141 -
15 0 214 - 43 0 294 _
16 0 >10,000 - “ 10 20.9 _
1 0 >1,000 - % 6 11.0 +
18 0 >3,000 - 16 75 0.27 +
19 0 >3,000 - 47 20 0.16 +
20 0 3,550 - 48 25 6.3 +
21 2 224 + 49 15 2.0 +
= 2 87.2 + 50 10 31.6 +
=B 2 38.0 + 51 25 0.71 +
u 2 219 + 52 10 1.5 +
% 1 63.1 + 53 7 25.1 +
26 0 100 -

¢ The antibacterial activity relative to erythromycin was determined by the agar diffusion assay versus
Bacillus subtilis or Sarcenea lutea. Ability of the derivative to induce resistance to lincomycin and
clindamycin was assayed by placing 0.013 umol of the derivative on a disk and using the assay described by
Weisblum and Demohn (15). The value of 0.013 umol was chosen because it is equivalent to 10 ug of
erythromycin A, the amount used in their assay (15).

® Taken from the data of Pestka et al. (9) for all compounds except 31, 42, and 46-53, for which
antibacterial activity relative to erythromycin was determined by the agar diffusion disk assay.

¢ Taken from the data of Pestka and LeMahieu (8) and Vince et al. (12).

? Ratio of 3:1 of erythromycin analogue to lincomycin or clindamycin was used in this in vitro agar
diffusion test.

activity of erythromycin A, did not induce re- (equivalent to 10 ug of erythromycin A) of the
sistance. No compounds were found that in- erythromycin derivative tested. Thus, if induc-
duced resistance but lacked antibacterial activ-  tion required higher concentrations, this might
ity. Tests for induction were done by the disk not have been detected.

assay (15). Each disk contained 0.013 umol The ability to design analogues that are anti-
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bacterial but do not induce resistance would
have clinical significance. However, of these
derivatives tested, those that did not induce
erythromycin resistance had relatively little or
no antibacterial activity. Derivatives 31 and 44,
which exhibited 10% antibacterial activity rela-
tive to erythromycin A but did not induce
resistance, were the most active compounds.
The ability to dissociate antibacterial activity
and induction of resistance indicates that it is
possible to produce active erythromycin deriva-
tives that produce no induction of erythromycin
resistance. Nevertheless, this may be of limited
use, since other macrolides do not induce this
type of resistance in strains obtained from
natural sources. However, in the laboratory a
mutant of S. aureus 1206 was isolated in which
lincomycin and carbomycin, but not erythro-
mycin, induced resistance to erythromycin (11).
No erythromycin derivatives that lacked
antibacterial activity and did not bind to ribo-
somes, but could induce resistance, were found.
In contrast, a number of derivatives (36, 37, 38,
39, 40, 42, and 44) were active antibacterial
agents and were bound to ribosomes, but did
not induce resistance. This suggests that ribo-
somal binding is probably not directly related
to induction of resistance and further suggests
the existence of a site, different from the ribo-
somal erythromycin-binding site, that is re-
sponsible for induction. Nevertheless, the pre-
cise nature of the induction and methylation
mechanisms remain to be elucidated.

LITERATURE CITED

1. Chabbert, Y. 1956. Antagonisme in vitro entre I'eryth-
romycine et la spiramycine. Ann. Inst. Pasteur Paris
90:787-790.

2. Hashimoto, H., H. Oshima, and S. Mitsuhashi. 1968.
Drug resistance of Staphylococci. IX. Inducible re-
sistance to macrolide antibiotics in Staphylococcus
aureus. Jpn. J. Microbiol. 12:321-327.

3. Kono, M., H. Hashimoto, and S. Mitsuhashi. 1966.
Drug resistance of Staphylococci. III. Resistance to
some macrolide antibiotics and inducible system. Jpn.
J. Microbiol. 10:59-66.

4. Lai, C.-J., J. E. Dahlberg, and B. Weisblum. 1973.
Structure of an inducibly methylatable nucleotide se-

10.

11.

12.

13.

14.

15.

16.

17.

ANTIMICROB. AGENTS CHEMOTHER.

quence in 23S ribosomal ribonucleic acid from eryth-
romycin-resistant Staphylococcus aureus. Biochem-
istry 12:457-460.

. Lai, C.-J., and B. Weisblum. 1971. Altered methyla-

tion of ribosomal RNA in an erythromycin-resistant
strain of Staphylococcus aureus. Proc. Natl. Acad.
Sci. U.S.A. 68:856-860.

. Lai, C.-J., B. Weisblum, S. R. Fahnestock, and M.

Nomura. 1973. Alteration of 23S ribosomal RNA and
erythromycin-induced resistance to lincomycin and
spiramycin in Staphylococcus aureus. J. Mol. Biol.
74:67-72.

. Malke, H. 1974. Genetics of resistance to macrolide

antibiotics and lincomycin in natural isolates of
Streptococcus pyogenes. Mol. Gen. Genet. 135:349-
367.

. Pestka, S., and R. A. LeMahieu. 1974. Effect of

erythromycin analogues on binding of [“Clerythro-
mycin to Escherichia coli ribosomes. Antimicrob.
Agents Chemother. 6:479-488.

. Pestka, S., R. LeMahieu and P. Miller. 1974. Corre-

lation of effects of erythromycin analogues on intact
bacteria and on [*Clerythromycin binding to Esche-
richia coli ribosomes. Antimicrob. Agents Chemo-
ther. 6:489-491.

Saito, T., M. Shimizu, and S. Mitsuhashi. 1971. Macro-
lide resistance in Staphylococci, p. 239-266. In S.
Mitsuhasi (ed.), Drug action and drug resistance in
bacteria, vol. I, Macrolide antibiotics and lincomycin.
University Park Press, Baltimore.

Tanaka, T., and B. Weisblum. 1974. Mutant of Staph-
ylococcus aureus with lincomycin- and carbomycin-
inducible resistance to erythromycin. Antimicrob.
Agents Chemother. 5:538-540.

Vince, R., D. Weiss, and S. Pestka. 1975. Binding of
N-substituted erythromycylamines to ribosomes.
Antimicrob. Agents Chemother. 9:131-136.

Weaver, J. R.,, and P. A. Pattee. 1964. Inducible
resistance to erythromycin in Staphylococcus aureus.
J. Bacteriol. 88:574-580.

Weisblum, B. 1971. Macrolide resistance in Staphylo-
coccus aureus, p. 217-238. In S. Mitsuhashi (ed.), Drug
action and drug resistance in bacteria, vol. I, Macro-
lide antibiotics and lincomycin. University Park
Press, Baltimore.

Weisblum, B., and V. Demohn. 1969. Erythromycin-in-
ducible resistance in Staphylococcus aureus: survey of
antibiotic classes involved. J. Bacteriol. 98:447-452.

Weisblum, B., C. Siddhikol, C.-J. Lai, and V. Demohn.
1971. Erythromycin-inducible resistance in Staphylo-
coccus aureus: requirements for induction. J. Bac-
teriol. 106:835-847.

Yagi, Y., A. E. Franke, and D. B. Clewell. 1975. Plas-
mid-determined resistance to erythromycin: compari-
son of strains of Streptococcus faecalis and Strepto-
coccus pyogenes with regard to plasmid homology and
resistance inducibility. Antimicrob. Agents Chemo-
ther. 7:871-873.



