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Sorangicin A, a macrolide polyether antibiotic and the ansamycin antibiotic rifampicin inhibit
DNA-dependentRNApolymerase to a similar extent. Resistance to sorangicin A is due to a

mutation in the RNApolymerase which renders the enzyme less sensitive. Parallel investigations
with rifampicin revealed partial cross-resistance, which was more marked in sorangicin

A-resistant mutants than in rifampicin-resistant mutants.

Sorangicin A is a new type of macrolide polyether antibiotic isolated from the gliding bacterium
Sorangium cellulosum. Its antimicrobial properties are similar to those of the ansamycin antibiotic rifampicin.
Sorangicin A is highly active against Gram-positive bacteria (MIC<0.01 ~2^g/ml) and less so against
Gram-negative bacteria (MIC 2 ~ >32^g/ml). The drug also resembles rifampicin in its mechanism of
action, since it specifically affects bacterial DNA-dependent RNApolymerase1 ~ 3). The chemical structures
of the two drugs are, however, quite different.

The aim of the present work was to analyze the mechanismof resistance of Escherichia coli to
sorangicin A and to compare it to the resistance against rifampicin.

Materials and Methods

Materials
[3H]CTP was purchased from Radiochemical Centre, Amersham, and the nucleotides from SERVA

(Heidelberg, Germany). Sorangicin A was obtained from Prof. H. Reichenbach, Braunschweig, BRD.

Bacterial Strains
The sorangicin A and rifampicin-sensitive E. coli strains B-205, B-662, B-1375, B-1385 and B-1478

were isolated from humanfaecal samples.

Selection of E. coli Strains Resistant to Sorangicin A or to Rifampicin
Individual culture tubes containing 5 ml each of Brain Heart Infusion (BHI) broth were inoculated

with 104 E. coli B-1375 and incubated overnight at 37°C. From each overnight culture, 109 organisms
were spread on two BHI agar plates containing 500 jtxg/ml of sorangicin A or rifampicin. After overnight
incubation at 37°C, single colonies of resistant organisms were picked, passaged over antibiotic-free BHI
agar and again over BHI agar containing 500 /ig/ml of sorangicin A or rifampicin. The biochemical profiles
of the resistant mutants obtained in this mannerwere comparedwith those of the respective parent strains
using the API-20 system and were found to be very similar in each case.

Determination of MICs
MICof sorangicin A and rifampicin were determined by the 2-fold agar dilution method. The bacteria

were grown overnight in BHI broth. A 1 : 100 dilution of the overnight culture (ca. 106 bacteria/ml) was
applied to BHI agar plates containing graded concentrations of the test antibiotic using a Steer's replicator
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yielding approximately 104 organisms per spot. The plates were incubated overnight at 37°C. The MIC
was considered to be the lowest concentration of antibiotic producing inhibition of visible growth in
relation to the control culture.

Measurement of DNA-dependent RNAPolymerase Activity
DNA-DependentRNAsynthesis was measured using E. coli cells made permeable by treatment with

diethyl ether4'5). E. coli cells harvested in mid-long phase were centrifuged off at 0°C, washed once and
resuspended in buffer A (Tris-HCl (pH7.9) 80him, KC1 160mM, MgCl2 14mM, EGTA 4mM,

spermidine à" HC10.8 mM(pH 7.9), sucrose 0.5 m; 1O10 cells/ml). This suspension was shaken gently with an
equal volume of cold diethyl ether for 90 seconds at 0°C. The ether phase was then removed and the cells
centrifuged off and washed twice in buffer A. For storage at -20°C the cells were resuspended in storage
buffer (K-phosphate (pH 7.4) 20mM, NaCl 122mM, KC1 3 mM, MgCl2 2mM) containing 60% glycerol (ca.
5 x 1010 cells/ml). DNA-Dependenttranscription in ether-treated E. coli cells was measured as described
earlier6).

Results

Mutants Resistant against Sorangicin A or Rifampicin and Cross-resistance
E. coli B-1375 was inhibited by both sorangicin A and rifampicin, with an MIC of 8 //g/ml. Mutants

resistant to sorangicin A could be obtained as easily as mutants resistant to rifampicin. Approximately
one hundred independent mutants each were selected against 500 /jg/ml of sorangicin A or against 500 /xg/ml
of rifampicin. The analysis of the pattern of cross-resistance between the two antibiotics within this set of
mutants of E. coli B-1375 yielded interesting results (Table 1): Half the mutants selected against sorangicin
A (sorR) were also highly resistant to rifampicin (rifRsorR), whereas the other half were only partially
cross-resistant. Wewere unable to isolate mutants highly resistant to sorangicin A that retained normal
sensitivity to rifampicin (sorRrifs). By contrast, half the mutants selected against rifampicin (ri fR) were
normally sensitive to sorangicin A (rifRsors); another 20% exhibited partial cross-resistance to sorangicin
A, and only 30% were fully cross-resistant (rifRsorR). Thus, cross-resistance of sorR mutants to rifampicin
is more marked than that of ri fR mutants to sorangicin A.

Inhibition of RNASynthesis
The mechanismof resistance to sorangicin A was analyzed by measuring the inhibition of

DNA-dependent RNApolymerase by sorangicin A and rifampicin and comparing it with the corresponding
MICs. Weused 5 different E. coli strains and a series of mutants derived from them exhibiting different
patterns of cross-resistance against sorangicin A and rifampicin. The results are shown in Table 2 and can
be summarized as follows:

1) RNAsynthesis of the wild-type isolates was
inhibited at similar, low concentrations of sorangicin
A and rifampicin, and the MICs of both antibiotics
were 8~ 16/ig/ml.

2) In the resistant mutants, an increase in the
MICwas always paralleled by a decrease in the
sensitivity of the enzyme to the respective drug.

Thus, resistance to sorangicin A appears to be due
to a mutation in the RNApolymerase, rendering
the enzyme less sensitive, as is the case with

Table 1. Pattern of resistance ofEscherichia coli B-1375
to sorangicin A and rifampicin.

MIC Og/ml)

mutants Sorangicin
A Rifampicin

1) Wild-type -
2) Mutants selected 38

against 500/ig/ml 42
sorangicin A3) Mutants selected 31against 500 ^g/ml 20rifampicin 5 1 >500 >500

>500 62- 125

>500 >500
31-62 >500

8-16 >500
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Table 2. Comparison between antibacterial activity (MIC) and inhibition of RNApolymerase by sorangicin A
and rifampicin.

Sorangicin A Rifampicin
Escherichia coli strains

MIC (jig/ml) IC50 (/ig/ml)a MIC (/ig/ml) IC50 Og/ml)a
E. coli B-1375
E. coli B-662
E. coli B-1478
E. co/i B-1385
E. coli B-205
E. coli B-\315 sorRl
E. coli B-1375 sorR2
E. coli B-1375 sorR3
E. coli B-1375 ri fR
E. coli B-662 ri fR
E. coli B-1478 ri fR
E. co// B-1385 ri fR
E. coli B-205 ri fR

0.02

0.02
0.02

0.03
0.02

4.5
>10
>10

0.02
0.01

0.01
6

>10

16

16

125

125

> 500

> 500

> 500

> 500

> 500

> 500

0.01

0.02
0.01

0.02

0.01

0.1

0.3

>10
>10

>10

>10
>10

>10

Concentration of sorangicin A or rifampicin needed to induce 50%inhibition of RNAsynthesis.
Wild-type strains.

Strains selected against 500 /ig/ml sorangicin A.
Strains selected against 500 ^g/ml rifampicin.

rifampicin.

3) Three mutants highly resistant to rifampicin, but normally sensitive to sorangicin A also had
RNApolymerases that were highly resistant to rifampicin, but normally sensitive to sorangicin A. As
expected from the MICs, an enzyme with the reverse properties, namely high resistance to sorangicin A,
but normal sensitivity to rifampicin, has not been found.

Discussion

The analysis of E. coli mutants resistant to sorangicin A clearly shows that they contain an RNA
polymerase less sensitive to the drug than that of the wild-type. Thus the mechanism of resistance to
sorangicin A is due to a mutation in the enzyme and is closely related to that of rifampicin3).

Rifampicin is known to bind very strongly to RNApolymerase3>7). The binding site is located on the
P subunit8>9) and has been partially analyzed by various groups10~ 1 3). The chemical structures ofrifampicin
and sorangicin A are quite different. The data on cross-resistance between the drugs indicate, however, that
the corresponding binding sites overlap to a large extent. The existence of mutants with an RNApolymerase
highly resistant to rifampicin, but sensitive to sorangicin A indicates that some binding regions are essential
for rifampicin binding, but not for sorangicin A binding. On the other hand, the absence of mutants with
high resistance to sorangicin A and normal sensitivity to rifampicin could be interpreted as an indication
that most of the sorangicin A binding site is closely related to that of rifampicin.

Ackn o wle dgments

We thank Prof. H. Reichenbach, Gesellschaft fur Biotechnologische Forschung, Braunschweig, BRD, for providing
us with sorangicin A.

References

1) Jansen, R.; V. Wray, H. Irschik, H. Reichenbach & G. Hofle: Isolation and spectroscopic structure elucidation
of sorangicin A, a new type of macrolide-polyether antibiotic from gliding bacteria-XXX. Tetrahedron Lett. 26:



VOL. XLIII NO. 1 THE JOURNAL OF ANTIBIOTICS 91

6031 -6034, 1985

Irschik, H.; R. Jansen, K. Gerth, G. Hofle & H. ReichenbaCh: The sorangicins, novel and powerful inhibitors
of eubacterial RNApolymerase isolated from myxobacteria. J. Antibiotics 40: 7- 13, 1987
Wehrli, W.: Rifampicin, mechanism of action and resistance. Rev. Infect. Dis. 5 (Suppl. 3): S407-S41 1, 1983
Felix, H. R. & W. Wehrli: RNAsynthesis in E. coli cells made permeable to nucleoside triphosphates by various
methods. Experientia 43: 1667, 1978
Vosberg, H. P. & H. Hoffmann-Berling: DNAsynthesis in nucleotide-permeable E. coli cells. I. Preparation
and properties of ether-treated cells. J. Mol. Biol. 58: 739-753, 1971
Wehrli, W.; W. Zimmermann, W. Kump, W. Tosch, W. Vischer & O. Zak: CGP 4832, a new semisynthetic
rifamycin derivative highly active against some Gram-negative bacteria. J. Antibiotics 40: 1733 - 1739, 1987
Wehrli, W.; F. Knusel, J. Nuesch & M. Staehelin: Interaction of rifamycin with bacterial RNApolymerase.
Proc. Natl. Acad. Sci. U.S.A. 61: 667-673, 1968
Rabussay, D. & W. Zillig: A rifampicin resistant RNApolymerase from E. coli altered in the /?-subunit. FEBS

Lett. 5: 104-106, 1969

Heil, A. & W. Zillig: Reconstitution of bacterial DNA-dependent RNApolymerase from isolated subunits as
a tool for the elucidation of the role of the subunits in transcription. FEBSLett. ll: 165- 168, 1970
Ovchinnikov, Y. A.; G. S. Monastyrskaya, V. V. Gubanov, V. M. Lipkin, E. D. Sverdlov, I. F. Kiver, I. A.
Bass, S. Z. Mindlin, O. N. Danilevskaya & R. B. Khesin: Primary structure ofEscherichia coli RNApolymerase.
Nucleotide sustitution in the /? subunit gene of the rifampicin resistant rpoB255 mutant. Mol. Gen. Genet. 184:

536-538, 1981

Ovchinnikov, Y. A.; G. S. Monastyrskaya, S. O. Guriev, N. F. Kalinina, E. D. Sverdlov, A. I. Gragerov,
I. A. Bass, I. F. Kiver, E. P. Moiseyeva, V. N. Igumnov, S. Z. Mindlin, V. G. Nikiforov & R. B. Khesin: RNA
polymerase rifampicin resistance mutations in E. coli: Sequence changes and dominance. Mol. Gen. Genet. 190:

344-348, 1983

Lisitsyn, N. A.; E. D. Sverdlov, E. P. Moiseyeva, O. N. Danilevskaya & V. G. Nikiforov: Mutation to
rifampicin resistance at the beginning of the RNApolymerase /? subunits gene in E. coli. Mol. Gen. Genet. 196:

173-174, 1984

Jin, D. J. & C. A. Gross: Mapping and sequencing of mutations in the E. coli rpoB gene that lead to rifampicin
resistance. J. Mol. Biol. 202: 45-58, 1988


