
609VOL. XXXIX NO. 4 THE JOURNAL OF ANTIBIOTICS

   SELF-RESISTANCE IN 

ACTINOMYCETES PRODUCING 

   INHIBITORS OF RNA 

      POLYMERASE

J. ROZA, M. G. BLANCO, C. HARDISSON 

          and J. A. SALAS*

Departamento de Microbiologia, 

   Universidad de Oviedo, 

    33006 Oviedo, Spain

(Received for publication November 5, 1985)

 A number of antibiotics produced by different 
actinomycete species inhibit DNA-dependent 
RNA polymerase. These include the ansa-
mycin group (rifamycins, streptovaricins, tolypo-
mycins and geldanamycin) and streptolydigin, 
tirandamycin, and thiolutin. The producing 
organisms of these antibiotics must possess resis-
tance mechanisms to overcome the toxic effects 
of the antibiotics. Target site modification and 
the consequent inability of the antibiotic to bind 
to its site of action is a widespread resistance 
mechanism among antibiotic-producing orga-
nisms1). It has been shown that the in vitro 
RNA polymerase activity of Streptomyces (now 
Nocardia) inediterranei was resistant to the an-
tibiotic produced (rifamycin)2). In addition, we 
have shown3) that modification of the antibiotic 
target site is responsible for the resistance of 
Streptomyces spectabilis (streptovaricin producer) 
and Streptonryces lydicus (streptolydigin pro-
ducer) to their own products. We have now 
extended these studies to other organisms pro-
ducing RNA polymerase inhibitors, to test 
whether the existence of a resistant RNA poly-
merase can be considered a general mechanism 
in such producing organisms. Furthermore, 
we were interested in studying cross-resistance 
among these antibiotics.

 Microorganisms and Culture Conditions 
 The actinomycetes used in this study were: 
Nocardia mediterranei ATCC 13685, S. spectabilis 
UC 2472, S. lydicas UC 2056, S. hygroscopicus 
var. geldanus UC 5208 and S. tolypophortts NRRL 
B-12585. The organisms were grown in YEME 
liquid medium (g/liter): glucose 10.0, peptone 
5.0, yeast extract 3.0, malt extract 3.0. After 36 
hours of incubation at 35°C with shaking, the 
mycelia were harvested by centrifugation and

washed twice with 10 mm Tris-HCl, pH 8.0, 
containing 1 mm EDTA, 10 mm MgCl2, 50 mM 

KCl, 7 mm 2-mercaptoethanol, 5 % glycerol and 
1 mm phenylmethylsulfonyl fluoride.

 Determination of Minimal Inhibitory Drug 

Concentrations 

 Conditions were as described previously3).

 Partial Purification of RNA Polymerase 
 The mycelia were broken by ultrasound and, 

after centrifugation of 100,000 x g for 2 hours, 
the supernatant was submitted to ammonium 
sulfate fractionation at 35 % and 70 % saturation. 
The latter precipitate was dissolved in, and di-
alyzed extensively against the buffer mentioned 
above and then applied to a heparin-agarose 
column. After washing the column with the 
buffer, it was eluted with KCl (linear concen-
tration gradient 0.05 M to 0.65 M).

 Assay of RNA Polymerase Activity 
 RNA polymerase activity of the five organisms 

tested was assayed using a synthetic DNA (poly 
dA-dT) as template. The assay mixture con-
tained, in a total volume of 100 ,al, the following 
components: 50 mm Tris-HCl, pH 7.9, at 25°C, 
10 mm MgCl2 10 mm MnCl2, 200 mm KCl, 
0.1 mm dithiothreitol, 0.1 mm EDTA, I mm 
K2HPO4„ 0.1 mM GTP, 0.1 mM CTP, 0.1 mM 
UTP, 0.05 mm [2,5,8-3H]ATP (10 pCi/ml; 46 
Ci/mmol; Amersham International), 0.05 trg 
bovine serum albumin, 1 µg poly dA-dT and 
5-501d extract. The reaction was stopped 
after 15 minutes at 37°C by the addition of 1 ml 
5 % (w/v) trichloroacetic acid (TCA) containing 
10 mm sodium pyrophosphate. After 30 minutes 
at 4°C, the samples were filtered through What-
man GF/C glass fiber discs and washed with 
20 ml 2 % TCA plus 10 mm sodium pyrophos-

phate. The radioactivity in the dried filters 
was estimated in a liquid scintillation spectro-

photometer. 
  All the producers of RNA polymerase inhi-

bitors tested were resistant in vivo to the anti-
biotics they produce (Table 1). Cross-resistance 
was found only in the case of S. tolypophorns 

(tolypomycin producer) which was resistant to 
all the ansamycins (streptovaricin, rifamycin, 
geldanamycin and tolypomycin) and for N. 
mediterranei which was resistant to rifamycin 
and tolypomycin. Thiolutin was a strong inhi-
bitor of most of the organisms.
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Table 1. Minimal inhibitory concentrations of antibiotic producer.

     Organism 

Streptonryces tolypophorus 

S. hygroscopicus var. geldanus 

Nocardia mediterranei 

S. spectabilis 

S. lydicus

Produced 
antibiotic 

 TOL 

 GEL 

 RIF 

 STV 

 SLG

MIC (t<g/ml)

TOL 

;> 200 

  75 

>200 

  25 

  50

GEL 

;> 200 

>200 

  25 

  75 

  25

RIF 

 200 

  75 
--200 

 100 

  25

STV 

>200 

 100 

 100 

> 200 

  25

SLG 

5 

  25 

  10 

  10 

> 200

THIO 

 25 

 <1 

 <1 

 25

   Abbreviations: TOL; Tolypomycin Y, GEL; geldanamycin, RIF; rifamycin SV, STV; streptovaricin, 

SLG; streptolydigin, THIO; thiolutin.

            Fig. I. Effect of antibiotics on in vitro RNA polymerase activity. 

   RNA polymerase activity of each producer was assayed in the presence of different antibiotic con-

centrations using poly dA-dT as template. 

   A; Strepton,yees hygroscopicus, B; S. spectabilis, C; S. lydicus, D; S. tolypophorus, E; Nocardia 

mediterranei, C rifamycin SV, 0 tolypomycin Y, - geldanamycin, A streptovaricin, n streptolydigin, 

0 thiolutin.
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  In preliminary experiments, incubation with 
cell-free extracts from the five antibiotic-pro-

ducing strains failed to inactivate any of the 
RNA polymerase inhibitors, even when sup-

plemented with acetyl CoA and ATP (data not 
given); therefore, the producers did not appear 
to contain antibiotic-inactivating enzymes. How-

ever, the RNA polymerase activity was found 
to be resistant to the endogenous antibiotic (Fig. 
1 A E) and in some cases (e.g. S. hygroscopicus, 

S. spectabilis and S. lydicus) was even stimulated 
at low concentrations. Complex patterns of 

cross-resistance among the antibiotics were evi-
dent at the level of RNA polymerase. Thus (Fig. 
1 D), the enzyme from S. tolypophorus (tolypo-

mycin producer) was completely resistant to all 
the assayed antibiotics of the ansamycin group 

(streptovaricin, geldanamycin, rifamycin and 
tolypomycin) whereas RNA polymerase activity 

from the three other ansarnycin producers did 
not show such pattern of cross-resistance. N. 
,nediterranei RNA polymerase was completely 

resistant to rifamycin and, partially, to strepto-

varicin while S. hygroscopicas RNA polymerase 
was resistant to geldanamycin and, partially, to 

streptovaricin. On the other hand, the other 
ansamycin producer, S. spectabilis, was specifi-

cally resistant to streptovaricin. It is noteworthy 
that S. lydicrts RNA polymerase was resistant to 
streptolydigin but very sensitive to tirandamycin 

(data not shown), despite the close structural 
similarity between these two antibiotics and the 

fact that tirandamycin is 40 times less potent 
than streptolydigin4). 

 Thiolutin is a sulfur-containing antibiotic5) 
which has been shown to be an inhibitor of yeast 

RNA polymerases in vitro6,7) and it has been sug-

gested that prokaryotic RNA synthesis is also 
sensitive to this antibiotic8,9). However, we 
found that the RNA polymerases of the five 

organisms used in this study were unaffected 
by thiolutin in vitro (Fig. 1 A-E), although they 
were very sensitive to the drug in vivo (see Table 

1). We therefore suggest that, at least in several 
actinomycetes, thiolutin is not an inhibitor of in 
vitro RNA polymerase activity using poly dA-dT 

as a synthetic template and that its inhibitory 
action against such prokaryotes remains obscure. 

 In summary, resistance at the level of the an-

tibiotic target site may be a mechanism of self 
defence among actinomycetes producing inhi-

bitors of RNA polymerase. Cross resistance

among these antibiotics is not unusual10•`12), how-

ever drug-tolerance among the producers seems 

to be more selective. It is possible that during 

evolution the producing organisms have develop-

ed specific modifications of RNA polymerase, 

either in the amino acid sequence or by enzy-

matic modification. The molecular mechanisms 

responsible for such resistance are being studied.
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