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Ribonuclease III Is Involved in Motility of Escherichia coli
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Mutants of Escherichia coli deficient in ribonuclease III are nonmotile. All
transductants and revertants that regained ribonuclease III also regained motility,
and all transductants that remained or became rnc are nonmotile, although only
some of the revertants that regained motility also became ribonuclease III*.

Motility of Escherichia coli is a very complex
process that depends on the cooperation of many
gene products; some are involved in producing
components of the sensory system, while others
are involved in producing components of the
flagella itself (for review, see 1, 9, 13, 15). Here,
we shall report findings that indicate that the
enzyme ribonuclease (RNase) I1I is also involved
in motility.

For purposes of mapping a new temperature-
sensitive mutation, we used motility markers. In
one such cross, an rnc (RNase III") mutation (5)
was involved. When the cross was analyzed in
semisolid agar plates (7), it became apparent
that the rnc-105 mutation might be segregating
as a nonmotile mutation. Since in this cross the
strain carrying the rnc mutation also carried
another mutation in a new RNase, as well as
some other unidentified mutations, it became
necessary to test this proposition critically.
Therefore, we tested many rnc- and rnct-related
strains, as well as revertants from rnc strains
(revertants for better growth at elevated tem-
peratures, some that remained rnc, and some
that became RNase III*, see 3). It should be
emphasized that these studies were carried out
with the single rnc-105 allele. At present, this is
the only mutation available in the rnc gene. We
tested 15 strains, and invariably found that all
the rnc* strains swarmed on semisolid agar
plates and were motile (by watching for swim-
ming under a light microscope), whereas all rnc
strains were nonmotile in both tests. Occasion-
ally in rnc cultures, we could see a swimming
bacterium at a frequency of perhaps 1 in 3,000
by using a microscope. One of the rnc strains,
N2077 (5), was also tested by M. Simon (Uni-
versity of California, San Diego) and found to
be nonmotile under all growth conditions tested
(25 to 37°C) and to exhibit a very low degree of
flagellation. No more than 1 in 1,000 to 10,000
cells had sufficient flagella to be motile. When
tested by electron microscopy, no flagella were

detected in cells from strain N2077 (M. Simon,
personal communication).

We carried out transduction experiments in
which an rnc strain was either the recipient or
the donor, using, as partners, strains with the
cotransducible markers nadB (69%) and purl
(64%; see 5, 18). (The rnc gene maps in between
these two markers at min 55 on E. coli map 8.)
In these crosses, about 300 transductants se-
lected for either Nad* or Pur* were analyzed.
The results invariably were similar; all the rnc
recombinants were nonmotile, whereas all the
rnc* recombinants were motile. Motility was
tested under a light microscope and in semisolid
agar plates (7), whereas RNase III was tested by
enzymatic assays (4) and by gel patterns of
rRNA (3, 12). RNase III~ strains show an unu-
sual pattern of rRNA that contains, after a short
time of labeling, 30S, 25S, 18S, 17S, and 16S
rRNA’s (3, 12).

There is a certain variability in the swarming
capacity of various E. coli laboratory strains.
The rnc-105 mutation was introduced into strain
PA3306 (5), which swarms somewhat less than
other strains. All rnc* revertants and transduc-
tants swarmed to the same extent as strain
PA3306, whereas the rnc transductants did not
swarm (see also Fig. 1).

One explanation of these results could be that
the original strain AB301-105, into which the
rnc-105 mutation was introduced, contained a
mutation that is very closely linked to the rnc-
105 mutation, renders the carrier strain nonmo-
tile, and was always cotransduced with the rnc-
105 mutation. Since the original strain AB301-
105 contains a large number of mutations (4),
this possibility could not be dismissed, even
though no motility genes have thus far been
located in the neighborhood of the rnc gene (see
8). To test this possibility, we isolated rnc*
strains from two rnc strains (N2077 and N2097)
(for details, see 3). Sixteen rnc* strains were
isolated, and all were motile. Moreover, by plat-
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FiG. 1. Growth of various strains in semisolid
agar medium. Cultures were grown in broth liquid
cultures, inoculated into semisolid agar plates (7),
and incubated at 37°C. (1) PA3306 rnc*; (2) AW405
mot-488; (3) AW405 hag-585; (4) AW405 cheB690; (5)
AW405 cheA593. This plate was photographed after
30 h of incubation. (6) PA3306 rnc*; (7) AW405 mot-
488; (8) AW405 cheA593; (9 N2076 rnc*; (10) N2077
rnc. This plate was photographed after 12 h of incu-
bation. Notice that strain PA3306 in (6) sectored.
Some such sectors are due to mutations, which cause
faster spread of strains in semisolid agar medium.
The strains carrying mot, che, and hag mutations
were obtained from J. Adler. All of these mutants
cannot swarm in semisolid agar medium; the mot
and hag mutants are nonmotile, whereas the che
mutants are.

ing a large number of rnc cells in semisolid agar
plates, it was possible to isolate motile revert-
ants. Three out of eight such isolated motile
revertants were RNase III* and behaved in ev-
ery test like rnc* strains, whereas the other five
remained RNase III-. Thus, although it is
clearly possible for a strain to be both motile
and RNase III, it is apparently impossible to
be both RNase III* and nonmotile, provided
that all the other motility genes are intact.
These experiments support the notion that
RNase III is involved in motility. This involve-
ment, however, could be indirect, for under a
large number of adverse conditions, bacterial
cells apparently fail to produce flagella, and it is
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possible that rnc cells might fall into this cate-
gory. However, the difference in growth rate
between rnc and rnc* cells is less than a factor
of two, and the nonmotile rnc cells do grow
exponentially (5). Thus, the interesting possibil-
ity remains that RNase III may be involved in
the obligatory processing of an mRNA tran-
scribed from one of the many genes required for
motility. Thus far, although RNase III was
found to be involved in the maturation of T7
RNA (11), A RNA (14), T4 RNA (Ko and Api-
rion, unpublished data), and host ( E. coli) rRNA
(2, 10, 12), it was not found to affect any other
host RNA beside rRNA. It would be useful to
identify in E. coli a message that requires oblig-
atory processing, thus making E. coli a further
useful model for the analysis of mRNA process-
ing, a phenomenon which thus far has not been
recognized in E. coli mRNA.

If RNase III does participate in the obligatory
processing of some mRNA that is involved in
motility, the revertants that regained motility,
but remained RNase III-, suggest that perhaps
this processing can be circumvented or can be
achieved in another way, and the mutations that
caused reversion could facilitate this event. In
the processing of tRNA, for instance, it is quite
evident that in the absence of RNase P, another
enzyme could process, albeit slowly, precursors
that are normally cut by RNase P (16).

It has been reported that flagella formation in
E. coli is regulated by cyclic AMP and its recep-
tor protein (17, 20). However, since the rnc-105
mutation does not seem to have a general effect
on the synthesis of catabolite sensitive operons,
it is not possible to argue that RNase III is
involved in the processing of a messenger com-
mon to all such operons. For instance, 8-galac-
tosidase can be induced in rnc strains (6), and
bacteriophage A can be lysogenized in rnc strains
(14).

Recently it was shown that some mutants in
RNA polymerase are also defective in flagella
formation (19). In this case, again, the effect was
rather specific and did not extend to other ca-
tabolite sensitive operons. Although in the case
of RNase III, as mentioned above, the possibility
that a particular messenger might require proc-
essing by this enzyme could explain the depend-
ency of flagellation on RNase III, other expla-
nations are necessary to elucidate the failure of
RNA polymerase mutants to form flagella.

We are most grateful to J. Adler and M. Simon for sending
us strains and for patiently advising us about motility in E.
coli, and to M. Simon for testing strain N2077 for motility and
flagella.
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