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Several independent, spontaneous rifampin-resistant mautants of Bacillus sub-
tilis were isolated and found to have an increased resistance to trimethoprim, an

inhibitor of dihydrofolate reductase. This increased resistance in the rif mutants
was the result of a specific threefold increase in the activity of dihydrofolate
reductase, since six other enzymes examined remained unchanged. This increased
level of dihydrofolate reductase and the trimethoprim resistance were cotrans-
formed (100%') with the i-if marker. These results suggest that the RNA polym-
erase is altered in its recognition of the gene that specifies dihydrofolate reductase.

Rifampin and its derivatives are antibiotics
that inhibit the activity of the DNA-dependent
RNA polymerase by binding to the /3-subunit of
the enzvme and preventing the initation of tran-
scription (2, 7). Mutations to r-ifampin resistance
have been reported to have pleiotropic effects
on complex metabolic processes, such as: a re-
duced abilitv of Bacillus ssubtilis to sporulate (6,
12, 13); suppression of dnaA mutations (1); and
inhibition of the growth of bacteriophages (11).
In addition, alterations in specific enzymes have
been reported in some rif nmutants: specifically,
an increased level of enzymes in the arginine
pathway (17), an increased level of dihvdrofolate
(DHF) reductase (M. M. Aldridge, V. J. Wain-
scott, and J. F. Kane, Abstr. Annu. Meet. Am.
Soc. Microbiol. 1976, K47, p. 144), and the ab-
sence of the enzyme glutamate svnthase (10). In
this report we present results that show an in-
creased level of DHF reductase in rif mutants of
B. subtilis.

All of the mutants used in this study were
derivatives of the competent strain 168. Spon-
taneous rifampin-resistant mutants were ob-
tained by surface spreading the gat-7 mutant
(previouslI referred to as the trpX7 mutant [4,
5]) NP102 on Trypticase soy agar containing
(0.6%' yeast extract and 5 ,ig of rifampin (Sigma
Chemical Co., St. Louis, Mo.) per ml. The plates
were incubated at :370C until resistant colonies
appeared. Single colonies were transferred to the
rifampin-containing medium anc streaked for
isolation. Cultures for enzyme assavs were rou-
tinelyr grown in 200 ml of minimal glutcose me-
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dium at :370C, and crude extracts were prepared
as previouslyr described (4). DHF reductase was
measured at .37'C in a 1-ml reaction mixture
containing 40 miM potassium phosphate (pH
7.5), 0.1 mM NAI)PH, and 0.05 mM dihydrofolic
acid (Sigma Chemical Co.). The following en-
zymes were measured as previously described:
XMP amidotransferase (9), acetylornithine 6-
transaminase (15), glutamate synthase (8), ser-
ine transhydroxymethylase (14), anthranilate
synthase (4), and p-aminobenzoate (PABA) svn-
thase (5). DNA was isolated and transformation
experiments were carried out as previously cle-
scribed(:d).
The got-? mutant NI 102 has a defect in the

small protein subunit G (previously referrecl to
as subunit X [4]) of the enzyme PABA svnthase
(5) and as a result has a low pool level of PABA,
an essential moiety of DHF. A further conse-
quence of this mutation is seen in Table 1. The
mutant NP102 was hypersensitive to inhibition
by trimethoprim, a drug that is a competitive
inhibitor of DHF reductase with respect to
DHF. This increased sensitivitv was alleviated
by supplementing the medium with PABA (Ta-
ble 1). Since comparable supplements of PABA
did not influence the trimethoprim inhibition of
the prototroph, NPI, we conclude that the mu-
tant NP102 has a low pool level of both PABA
and DHF.

Spontaneous rifampin-resistant derivatives of
mutant NP102 were isolated. Of 50 mutants
examined, 10 had an increased resistance to tri-
methoprim (Table 2) but possessed both the
original gat mutation and the hypersensitivity
to sulfathiazole of the parental mutant NP1O2.
The growth rates of the prototroph were also
included for comparison. DHF reductase from
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TABLE 1. Effect of trirnethopr im and PABA on the
griowth of B. subtilix"

Concentr a- Specific growth rate (k)
tion of' tri- P'rototroph gat- 7 Mutant
niethoprirn

(pig/nml) -IPABA +PABA -PABA +1PABA
0 0.54 0.54 0.5:3 0.55
0.03 - - 0.39 0.59
0.05 - - (.2 1 0.55
(.10 0.52 0.50 0.07 0.50
0.20 0.45 0.46 0 0.49
0.30 0.39 0.40 0 0.32
" Cells were grown in 8 ml of minimal glucose me-

dium containing the indicated concentrations of tri-
methoprim. PABA was added to a final concentration
of 100 ng/ml where indicated. Growth rates (k) were
determined during the first 10 h after inoculation from
overnight cultures.

T'ABLE 2. Growth patterns of the r if gat- 7 mutants

Specific growth rate (k')"
with supplements:

collec- SUl- Tri-G;enotypetioo no. e fathia- nmetho-
None zole prim

(0.5 ((. 1

,ug/mil) lig/mnil)

NP1 Prototroph 0.53 0.50 0.55
NP102 gat- 7 0.55 0.07 0.09
GTI rif-I gat-7 0.54 0.08 0.09
GT4 ri:f4 gat- 7 0.50 0.10 0.43
GT7 rif- 7 gat- 7 0.49 0.09 0.23
GT13 rif 3gat-. 0.53 0.09 0.29

"Cultures were grown as described in Table 1. The
indicated concentrations of sulfathiazole and trimeth-
oprim are final concentrations in the growth medium.

these rif mutants was assayed (Table 3). All rif
mutants with an increased resistance to trimeth-
oprim had about a threefold increase in the
specific activity of DHF reductase.
We then examined the following enzymes to

determine the specificity of the effect caused by
this rif mutation: glutamate synthase, XMP
amidotransferase, anthranilate synthase, PABA
synthase, serine transhydroxymethylase, and ac-
etylornithine 6-transaminase. All of these en-
zymes were essentially the same in the rif mu-
tant and the parental mutant NP102.
The pleiotropic effect of the rif mutation was

verified by transformation. The mutation that
specifies rifampin resistance was located in the
same region (3) as previously described rif mu-
tations that result in an altered fl-subunit of
RNA polymerase. This locus, which codes for
the ,B-subunit of RNA polymerase, is located
near the origin of DNA replication. The locus
that specifies resistance to trimethoprim is co-
transformed with the metB locus (16) and is

TABLE 3. DHF reductase actilitv of rif gat- 7
mutants

Collect ion 0o. Genotype Relative a( t is-

NP1 Prototroph 1.0
NP'102 gat- 7 0.9
G1'1 rif-l gat-7 1.1
GT4 rift4 gat- 7 2.9
GT7 ritf 7 gat- 7 2.6
GTI:3 rif-J13 gat- :3.1

"T'he relative activity of 1 is equal to :34 nmol of
DHF reduced per min per mg of protein.

located near the terminus of DNA replication.
The prototroph NP1 was transformed to Rifr
with DNA from mutant GT4. All of the 200
transformants examined from such a cross had
an increased resistance to trimethoprim. Enzy-
matic analyses were performed on 15 of these
200 transformants. All 15 mutants had a two- to
threefold increase in the specific activity of DHF
reductase as compared to the rifampin-sensitive
recipient NP1. Since the gene that specifies ri-
fampin resistance is not linked to the gene that
specifies trimethoprim resistance, we believe
that increased level of DHF reductase, and
hence trimethoprim resistance, is a pleiotropic
manifestation of the mutation to rifampin resist-
ance.
The effect of the altered RNA polymerase on

DHF reductase may have two possible expla-
nations. First, the level of a metabolite essential
in the control of this enzyme may be altered.
Second, the promotor region of the locus that
specifies the enzyme DHF reductase may be
read more efficiently in the rif mutants than in
the parental rifampin-sensitive strain.
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