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The rifampin-resistance mutation of LS3, an asporogenous mutant of Bacillus
subtilis 3610, leads to altered mobility of the ,B subunit of ribonucleic acid
polymerase in sodium dodecyl sulfate-polyacrylamide slab gel electrophoresis.
This finding argues that the rifampin-resistance mutation is located in the
structural gene coding for the polypeptide.

The discovery that certain mutants of Bacil-
lus subtilis resistant to the drug rifampin fail to
sporulate normally gave strong support to the
idea that deoxyribonucleic acid (DNA)-depend-
ent ribonucleic acid (RNA) polymerase (nucleo-
side triphosphate:RNA nucleotidyl-transferase;
EC 2.7.7.6) may play a critical role in the
sporulation process (2, 3, 7, 8). In the case of one
such mutant strain (LS3), RNA polymerase
fails to undergo in stationary phase the change
in template specificity characteristic of the
enzyme in wild-type sporulating bacteria (6a,
7, 8).
Although the rifampin resistance of LS3 RNA

polymerase could be ascribed to a component of
core enzyme (7), it was not known which
subunit of the enzyme had been altered by this
particular mutation or other rifampin- or strep-
tolydigin-resistance mutations.

B. subtilis holoenzyme contains the polypep-
tides a, a, f,, and f,' (4) named in order of
increasing size by analogy with the subunits of
Escherichia coli RNA polymerase (1). Zillig et
al. (14) showed that rifampin binds to the ,
subunit of E. coli RNA polymerase and that one
rifampin-resistant mutant had an RNA polym-
erase containing a ,B subunit of altered electro-
phoretic mobility. By contrast, it is the largest
subunit of Lactobacillus curvatus RNA polym-
erase that is apparently the target of rifampin
(10). Here we report that the rifampin-resist-
ance mutation of strain LS3 causes an increase
in the electrophoretic mobility of the , subunit

of B. subtilis RNA polymerase.
RNA polymerase was isolated from an extract

of strain LS3 and its parent strain 3610 by
precipitation with antiserum directed against
purified core RNA polymerase (4). Analysis of
the antibody precipitates by electrophoresis on
slab gels of sodium dodecyl sulfate (SDS)-
polyacrylamide in tris(hydroxymethyl)amino-
methane-glycine buffer (11) revealed that the #
polypeptide of the LS3 RNA polymerase mi-
grated slightly farther than the corresponding
polypeptide of strain 3610 (Fig. 1). It is unlikely
that this difference in electrophoretic mobility
could be attributed to in vitro modification of
,3 during purification since enzyme isolated from
a mixture of the wild-type and mutant bacteria
contained both the normal and altered ,B poly-
peptides (Fig. 1).

Reversion and transformation experiments
have provided strong evidence that the RfmR
Spo- phenotype of strain LS3 is due to a single
mutation (7). To establish whether the altera-
tion of A was caused by the same mutation,
three complete or partial revertants of LS3 were
independently isolated. LS3 Rev 7 was indistin-
guishable in phenotype from the wild-type
while the other two revertants were oligo
sporogenous and RfmR (Table 1). The electro-
phoretic mobilities of the ,B polypeptides of the
revertant strains were compared by directly
subjecting partially purified extracts to electro-
phoresis on the SDS slab gels. (The large size of
the ,B polypeptides permitted their resolution
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from other bacterial proteins without purifica-
tion by antibody precipitation.) The experi-
ment of Fig. 2 shows that the ,B polypeptides of
all three revertants were indistinguishable in
mobility from the wild-type subunit.
The return of the ,B subunit of the spontane-

ous Spo+Rfm S revertant LS3 Rev7 to wild-type
mobility confirmed that the same mutation
caused both the altered ,B mobility and the
Spo-RfmR phenotypes of LS3. Since the partial
revertants LS3 Revl3 and LS3 Revl7 also
showed wild-type ,B mobility, we conclude that
in these cases the reverting mutation returned
the ,B polypeptide to wild-type mobility without
restoring the wild-type amino acid sequence.
This could be caused, for example, by a revert-
ing mutation at a different site in the ,B cistron
than the original rifampin-resistance mutation.
A possible explanation for the increased mo-

bility of the mutant polypeptide is that the LS3
,B subunit might be a truncated version of the
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TABLE 1. Strain phenotypes

Strain Sporulationc sensitivity

3610 1.0 S
LS3a 10-6 R
LS3 Rev7b 1.1 S
LS3 Rev13° 10-l R
LS3 Revl7b 10-l R

a LS3 is a spontaneous rifampin-resistant mutant
of B. subtilis strain 3610 (7).

b Spontaneous revertants were found as survivors of
heat treatment at 80 C for 10 min of a culture of strain
LS3 grown overnight in 121B sporulation medium (9).

c Spore production given is the ratio of spores per
milliliter produced by mutant or revertant to spores
per milliliter produced by parent after 24 h of incuba-
tion in medium 121B at 37 C.

dRifampin sensitivity was defined by ability of the
strains to grow on Difco sporulation medium plates or
in Difco sporulation medium broth (7) containing 5 Ag
of rifampin per milliliter.
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FIG. 2. SDS-polyacrylamide gel electrophoresis of the #' and ,B subunits. Bacteria were grown in 60 ml of
121A medium (9) without radioactive label and harvested in late logarithmic growth. Extracts were prepared as
described in the legend to Fig. 1 and approximately 40 ug of total protein was applied directly to an SDS slab gel.
The gel was stained for 1 h with 0.1% Coomassie Brilliant Blue (14) and destained overnight in 7.5% acetic acid
and 5% methanol. The figure shows an enlargement of the ,B region of the stained gel: (A) B. subtilis 3610; (B)
LS3; (C) LS3 Rev7; (D) LS3 Rev13; and (E) LS3 Revl 7.

FiG. 1. SDS-polyacrylamide slab gel electrophoresis patterns ofRNA polymerase. Bacteria were grown in 60
ml of 121A medium (9) radioactively labeled with 10 mCi of [35S]-sulfate (4) and harvested in late logarithmic
growth. Extracts were prepared by sonication, high-speed centrifugation, and ammonium sulfate fractionation
as previously described (5). RNA polymerase was isolated from the extracts by precipitation with antiserum
against core RNA polymerase (4). The precipitates were solubilized and subjected to electrophoresis on a 25-cm-
long slab gel containing SDS in a tris(hydroxymethyl)aminomethane-glycine buffer and a 5 to 10% gradient of
acrylamide. An autoradiogram of the gel is shown: (A) RNA polymerase from the parent strain 3610; (B) RNA
polymerase from the mutant LS3; (C) a mixture of RNA polymerase separately purified from the parent and
mutant; and (D) RNA polymerase purified from a mixture of parent and mutant cells.
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wild-type polypeptide as would be generated by
a deletion or nonsense mutation in the pro-
moter-distal region of the a structural gene.
However, SDS electrophoresis in tris(hydroxy-
methyl)aminomethane-glycine buffer does not
necessarily separate polypeptides solely on the
basis of molecular weight (12). It is possible,
therefore, that the altered mobility of the mu-
tant ,B could result from a missense mutation
conferring a change in the net charge of the ,B
polypeptide. Unfortunately, SDS electrophore-
sis in phosphate buffer, a reliable procedure for
separating proteins according to molecular
weight (13), is not of high enough resolution to
be useful here. It should be noted that our
attempts to suppress the LS3 phenotype by the
selection of spontaneous suppressor mutations
or the introduction of a known suppressor have
been unsuccessful.

In summary, our findings strongly suggest
that the rifampin-resistance mutation of strain
LS3 as well as other RfmR mutations mapping
at the same locus are located in the gene coding
for the A subunit of B. subtilis RNA polymerase.
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