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Spectinomycin Dependence in Bacillus subtilis
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Spectinomycin dependence in Bacillus subtilis involves two mutations, one
conferring drug resistance and the other producing a requirement for spectino-
mycin for growth.

Mutants resistant to or dependent on anti-
biotics that specifically inhibit protein synthesis
have been usefully employed in the characteri-
zation of the structure and function of the bac-
terial ribosome. Antibiotic-resistant mutants are
easily obtained, and have been studied exten-
sively in both Escherichia coli and Bacillus
subtilis; antibiotic dependence is apparently a
rarer phenomenon, and has been reported for
only a few of the antibiotics to which resistant
mutants have been found. Mutants of E. coli
dependent for growth on streptomycin (2, 14, 16,
17), spectinomycin (6), and erythromycin (21)
have been reported. Streptomycin dependence
results from a specific mutation in the strA gene,
which codes for ribosomal protein S12 of the 30S
subunit (18). Spectinomycin and erythromycin
dependence in E. coli each require two muta-
tions, one causing resistance to the antibiotic
and the other conferring dependence. The only
antibiotic for which dependence has been re-
ported in B. subtilis is streptomycin (10); as in
E. coli, streptomycin dependence is caused by a
single mutation which maps in the strA region.
In this report we describe the isolation of a
spectinomycin-dependent, asporogenousmutant
of B. subtilis.
The spectinomycin-dependent mutant,

named M5, arose spontaneously in the course of
selection for spectinomycin-resistant variants of
our streptomycin-resistant, asporogenous strain
SRB15 (trpC2 lys-3 metBlO strA) (5). Although
mutant M5 retained the three auxotrophic
markers of SRB15, it had acquired sensitivity to
streptomycin. To determine if the streptomycin
resistance mutation was still present in its ge-
nome, DNA was extracted from M5 (3) and used
at saturating concentration to transforn (4)
strain BR151 (trpC2 lys-3 metB10). No Strr
transformants were obtained, indicating that the
streptomycin resistance of SRB15 had been lost
from M5. Spectinomycin-resistant transform-
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ants were readily obtained (strain BR151spcR).
DNA from M5 was then used to transform

strain Kit 1 (cysA14purA16 trpC2) (7), selecting
for spectinomycin resistance. Of 210 transform-
ants capable of growth on spectinomycin-con-
taining medium, only two were dependent on
the drug, while the remainder were spectino-
mycin resistant. This suggested that the specti-
nomycin dependence (SpCd) phenotype requires
two mutations, one conferring resistance and the
other making the resistant mutant drug depend-
ent.
PBS-i-mediated transduction was used to as-

sign a map location to the spcD locus (11).
Lysates prepared on M5 were used to transduce
strain Kit 1 (cysA14 purA16 trpC2) and a Spcr
transformnmt of Kit 1 obtained in the transfor-
mation cross described above. The results of this
analysis are presented in Table 1. The specti-
nomycin dependence locus was located in the
region between cysA and purA (Fig. 1).
The majority of ribosomal genes in B. subtilis

are located between cysA and spcA (20, 24),
which is where the spcR mutation of M5 was
mapped. However, Trowsdale et al. (22, 23) re-
ported an additional region of ribosomal protein
genes between cysA and purA, and it appears
that the spectinomycin dependence mutation of
M5 maps close to or within this region. Resist-
ance to pactamycin, an antibiotic which inhibits
protein synthesis, is also located in this region
(8).
Mutant M5 required spectinomycin for

growth at 30 and 37°C on solid medium. When
cultures of M5 were spread on plates lacking
spectinomycin, approximately 10-' fewer colo-
nies were formed than when spread on plates
containing spectinomycin. At 45°C equivalent
numbers of colonies were formed on solid me-
dium with or without spectinomycin. The colo-
nies that were formed at 30 and 37°C on medium
lacking drug were apparently drug-independent
revertants since subsequent characterization re-
vealed no spectinomycin requirement for
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growth. The cells growing at 450C on medium
without spectinomycin retained their drug-de-
pendent phenotype. Spectinomycin dependence
in M5 is therefore a temperature-dependent phe-
nomenon. M5 is apparently cold sensitive on

solid medium in the absence of spectinomycin.
In liquid medium, however, M5 does not re-

quire spectinomycin for growth at 30, 37, or

450C; this was the case in both nutrient sporu-
lation medium (19) and antibiotic assay medium
no. 3 (Difco). The celLs grown in liquid cultures
in the absence of spectinomycin were shown to
retain the dependence phenotype by plating on
solid nutrient sporulation medium with and
without spectinomycin and incubating at 370C.
Mutant M5 was asporogenous, sporulating at a

frequency of less than 0.1%; the wild-type strain
(BR151) sporulated at a frequence of about 40%.
At 300C, M5 reverted to spectinomycin inde-

pendence at a relatively high frequency, approx-
imately 4 x 10'5 as determined by the Luria-
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FIG. 1. Genetic map ofthe localization ofthe spec-

tinomycin dependence marker by PBS-I-mediated
transduction. Numbers are 100 minus percent of co-

transduction. Arrows indicate selected markers.
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Delbriick fluctuation test (15). Independent re-

vertants were heterogeneous for a variety of
characteristics, including colony morphology,
sporulation phenotype and response to temper-
ature. One characteristic common to all inde-
pendent revertants examined was their retention
of resistance to spectinomycin. The diversity of
revertant types suggests that some may result
from additional mutations suppressing the de-
pendence phenotype.
To determine how the spectinomycin resist-

ance and dependence mutations affected the
activity of B. subtilis ribosomes, the ability of
ribosomes from BR151, BR151spcR, and M5 to
translate natural mRNA in vitro was assayed
(Table 2). Ribosomes, initiation factors, and
high-speed supernatant (S-150) were prepared
according to Legault-Demare and Chambliss
(13), as modified by Campbell and Chambliss
(5). With no added spectinomycin, the three
ribosome types showed similar activity in the
translation of BR151 mRNA (total RNA ex-

tracted from exponentially growing cells [13]).
The addition of 10 ug of spectinomycin per ml
inhibited the activity of wild-type ribosomes by
greater than 50%; this concentration also inhibits
the growth of wild-type cells. Ribosomes from
*BR151spcR were quite resistant to added spec-

tinomycin, and ribosomes from M5 were resist-
ant to spectinomycin but were not dependent on
the drug for activity. In E. coli, streptomycin
dependence was more easily demonstrated in

TABLE 1. Mapping of spectinomycin dependence mutation in mutant M5 by transduction
Recombinant classe8aSelected No. of recom-

marker binantsspcR cysA purA spcD

spcD cysA purA SpCr 1 1 1 1 40
1 1 1 0 4
1 1 0 1 83
1 1 0 0 125
1 0 1 1 0
1 0 0 1 0
1 0 1 0 0
1 0 0 0 56

308

spcD cysA purA spcR Cys+ 1 1 1 18
1 1 0 2
1 0 1 61
1 0 0 99

180

spcD cysA purA spcR Pur' 1 1 1 34
1 1 0 0
0 1 1 24
0 1 0 94

152
a "619" and "O" refer to donor and recipient phenotype, respectively.



TABLE 2. Effect of spectinomycin on in vitro activity ofM5 ribosomes
BRl51 BR151spcR M5

Spectinomycin
concn (,ug/ml) pmol Incorpo- % Activity pmol Incorpo- % Activity pmol Incorpo- % Activity

(pg/i) molIncratod %ciiy rated rated %Atvt

0 150.5 100 109.6 100 166.8 100
1 81.2 54 105.7 96 155.9 93

10 55.1 37 103.1 94 147.6 89
100 41.1 27 100.7 92 129.4 76

1,000 33.9 23 78.8 72 125.4 75
a Amount of ['4C]phenylalanine incorporated per absorbancy unit at 260 nm of ribosomes with BR151 mRNA

(300 ug per assay tube) as the template. Incubation was at 370C for 30 min. S150 and initiation factors were
from 168T+ wild-type strain.

tro when Ca2" replaced Mg2" in the assay system
(14), but in our system Ca2" is a poor replace-
ment for Mg2", giving very low activity, and no
spectinomycin dependence was observed for M5
ribosomes. Two-dimensional polyacrylamide gel
electrophoresis (9, 12) of the basic 70S ribosomal
proteins (1) of mutant M5 revealed no differ-
ences from BR151 and BR151spcR. A possible
explanation for the failure to demonstrate ribo-
somal protein changes and dependence in vitro
is that spectinomycin may be required for some
ribosomal function other than protein synthesis,
e.g., effector molecule synthesis, or for ribosomal
assembly.

This research was supported by grant PCM77-09326 from
the National Science Foundation and by the College of Agri-
culture and Life Sciences of the University of Wisconsin-
Madison. T.M.H. is a predoctoral trainee of National Insti-
tutes of Health training grant GM-07133. K.M.C. was a pre-
doctoral fellow of the National Science Foundation.
We thank M. Sadowsky for preliminary work on this proj-

ect. We also thank D. Dean and J. Cannon for their supply of
much-needed transducing phage, and the Upjohn Co. and
Abbott Laboratories for generously providing us with specti-
nomycin sulfate.

LfTERATURE CIMD
1. Bamritault, D., A. Expert-Bezancon, M.-F. Guerin,

and D. Hayes. 1976. The use of acetone precipitation
in the isolation of ribosomal proteins. Eur. J. Biochem.
63:131-135.

2. Birge, E. A., and C. G. Kurland. 1969. Altered ribosomal
protein in streptomycin-dependent Escherichia coli.
Science 166:1282-1284.

3. Bott, K. F., and G. A. Wilson. 1967. Development of
competence in the Bacillus subtilis transformation sys-
tem. J. Bacteriol. 94:562-570.

4. Boylan, R. J., N. H. Mendelson, D. Brooks, and F. E.
Young. 1972. Regulation of the bacterial cell wall:
analysis of a mutant of Bacillus subtilis defective in
biosynthesis of teichoic acid. J. Bacteriol. 110:281-290.

5. Campbell, K. M., and G. H. Chambliss. 1977. Strepto-
mycin-resistant, asporogenous mutant of Bacillus sub-
tilis. Mol. Gen. Genet. 158:193-200.

6. Dabb8, E. R. 1977. A spectinomycin dependent mutant
of Escherichia coli. Mol. Gen. Genet. 151:261-267.

7. Dedonder, R. A., J.-A. Lepesant, J. Lepesant-Kejzla-
rova, A. Billault, M. Steinmetz, and F. Kunst. 1977.
Construction of a kit of reference strains for rapid
genetic mapping in Bacillus subtilis 168. Appl. Environ.

Microbiol. 33:989-993.
8. Harford, N., and N. Sueoka. 1970. Chromosomal loca-

tion of antibiotic resistance markers in Bacillus subtilis.
J. Mol. Biol. 51:267-286.

9. Howard, G. A., and R. R. Traut. 1973. Separation and
radioautography of microgram quantities of ribosomal
proteins by two-dimensional polyacrylamide gel electro-
phoresis. FEBS Lett. 29:177-180.

10. Itoh, T., H. Kosugi, K. Higo, and S. Osawa. 1975.
Ribosomal proteins from streptomycin-resistant and
dependent mutants, and revertants from streptomycin-
dependence to independence in Bacillus subtilis. Mol.
Gen. Genet. 139:293-301.

11. Jamet, C., and C. Anagnostopoulos. 1969. Etude d'une
mutation tres faiblement transformable de la threonine
d6saminase de Bacillus subtilis. Mol. Gen. Genet. 105:
225-242.

12. Kaltschmidt, E., and H. G. Wittmann. 1970. Ribosomal
proteins. VII. Two-dimensional polyacrylamide gel elec-
trophoresis for fingerprinting of ribosomal proteins.
Anal. Biochem. 36:401-412.

13. Legault-Demare, L., and G. H. Chambliss. 1974. Nat-
ural messenger ribonucleic acid-directed cell-free pro-
tein-synthesizing system of Bacillus subtilis. J. Bacte-
riol. 120:1300-1307.

14. Likover, T. E., and C. G. Kurland. 1967. Ribosomes
from a streptomycin-dependent strain of Escherichia
coli. J. Mol. Biol. 25:497-504.

15. Luria, S. E., and M. Delbruck. 1943. Mutations of
bacteria from virus sensitivity to virus resistance. Ge-
netics 28:491-511.

16. Momose, H., and L Gorini. 1971. Genetic analysis of
streptomycin dependence in Escherichia coli. Genetics
67:19-38.

17. Newcombe, H. B., and R. Hawirko. 1949. Spontaneous
mutation to streptomycin resistance and dependence in
Escherichia coli. J. Bacteriol. 57:565-572.

18. Ozaki, M., S. Mizushima, and M. Nomura. 1969. Iden-
tification and functional characterization of the protein
controlled by the streptomycin-resistant locus in E. coli.
Nature (London) 222:333-339.

19. Schaeffer, P., J. Millet, and J.-P. Aubert. 1965. Cata-
bolic repression of bacterial sporulation. Proc. Natl.
Acad. Sci. U.S.A. 54:704-711.

20. Smith, I., C. Goldthwaite, and D. Dubnau. 1969. The
genetics of ribosomes in Bacillus subtilis. Cold Spring
Harbor Symp. Quant. Biol. 34:85-89.

21. Sparling, P. F., and E. Blackman. 1973. Mutation to
erythromycin dependence in Escherichia coli K-12. J.
Bacteriol. 116:74-83.

22. Trowsdale, J., S. M. H. Chen, and J. A. Hoch. 1978.
Genetic analysis of phenotypic revertants of spoOA
mutants in Bacillus subtilis: a new cluster of ribosomal
genes, p. 131-135. In G. H. Chambliss and J. C. Vary

1454 NOTES J. BACTERIOL.



VOL. 137, 1979 NOTES 1455

(ed.), Spores VII. American Society for Microbiology,
Washington, D.C.

23. Trowsdale, J., M. Shiflett, and J. A. Hoch. 1978. New
cluster of ribosomal genes in Bacillus subtilis with
regulatory role in sporulation. Nature (London) 272:

179-181.
24. Young, F. E., and G. A. Wilson. 1975. Chromosomal

map of Bacillus subtilis, p. 596-614. In P. Gerhardt, R.
N. Costilow, and H. L. Sadoff (ed.), Spores VI. American
Society for Microbiology, Washington, D.C.


