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Table 1. THE PER CENT SURVIVAL OF IRRADIATED WILD-TYPE AND uvs-7
STRAINS
Dose in ergs/mm?
Yeast strains 200 400 1,200 2,000
n=a, uvs-7 977165 458120 0-458 0-00348
+0-042 £0-00116
n=a, uvs-7 74-3+4-04 32:4+2-7 0-308 0-00149
+0-026  +£0-00057
2n=afauvs-T/uvs-7 86-6+6-7 52217 0-0717 0-00351
+0-0061 +0-00135
W7, n (standard curve) 891 759 372 135
WT, 2r (standard curve) 95-4 870 794 537

The values are given with 2 x standard errors.

Table 2, THE PER CENT SURVIVAL OF AN IRRADIATED %v$-7 HAPLOID STRAIN
WITH AND WITHOUT PHOTOREACTIVATION, +2Xx 8.1,

Dose in ergs/mm?
80/

Light 600 1,200
Ultraviolet alone 49-9+1-16 87:0+0-99 6:44+013
TUltraviolet + 30 min white 54-8+£1-0 29-3+0-88 136 +£0:57

the results given in Table 1. Both diploid values were in
reasonable agreement. It can be seen that the homozygous
diploid does not, indeed, show a better survival than either
haploid parent. The survivals of wild-type haploid and
diploid yeasts, given for comparison, are taken from
standard curves. A haploid strain was tested for photo-
reactivability by giving photoreactivating light for 30 min
after irradiation. The results are given in Table 2.
Photoreactivation has no effect at the two lower doses.
Increased survival at the 1,200 erg dose can be accounted
for by the DNA component of killing. Snow’s mutant
uvr-4, which has diploid sensitivity equal to haploid
sensitivity, differs from wws-7 in being cross-sensitive to
nitrous acid®.

We conclude that the properties of wuws-7 constitute
prima facie ovidence for ultraviolet sensitivity through a
mechanism other than faulty DNA repair.
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Isolation and Characterization of a
Streptolydigin Resistant RNA
Polymerase

TrE RNA polymerase of Escherichia coli consists of two
small subunits «, two larger subunits § and 8/, and one
subunit ¢ which aids initiation!. A question relevant to
control of polymerase synthesis is whether genes coding
for the various subunits are contiguous. Both rifampiein
resistant RNA polymerase and streptovaricin resistant
RNA polymerase map near the argH locus®3. Here I
report that (a) streptolydigin inhibits chain elongation by
B. coli RNA polymerase as was found by Siddhikol
et al.* for the polymerase of B. megaterium, (b) mutants
altering the polymerase to streptolydigin resistance also

map near argH, and ( ) that, as is the case of rifampicin
resistance®»2, the “core’” enzyme (the «,88” structure which
itself possesses enzymatic activity) is modified in the re-
sistant mutant.

E. coli is not normally sensitive to rifampiein or strep-
tolydigin, presumably because it is impermeable to the
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Tig. 1. The activity of ““‘core’* RNA polymerase purified from a strain
sensitive (O - - -« Q) and resistant ([J—{ 1) to streptolydigin in various
concentrations of the drug. The polymerase was purified by €. Goff and
R. Burgess!. It was verified by polyacrylamide gel electrophoresis that
less than 2 per cent of the polymerase molecules contained the ¢ subunit.
In these assays 10 ug of polymerase is added to 0-10 ml. reaction mixture
containing the indicated concentration of freshly dissolved streptolydigin
and {ris-HCl pH 80, 0-:04 M; MgCl,, 0-:01 M; ﬁ-mercaptoethano]
0-:002M; ATP, GTP, CTP 25 % 10~ “M [“C] UTP, 2 uCifmmole, 10* M,
and calf’ thymus DNA at 75 ug/ml. For: assays on crude extracts KQHI’O‘
at 4 x 10~ M was included to inhibit polynucleotide phosphorylase. The
samples were incubated 10 min at 837° C and 3 ml. 5 per ccnt TCA con-
taining 0-01 M sodium pyrophosphate was added. The precipitates were
collected on ‘Millipore’ HA, 0-45 um filters, rinsed with TCA-pyro-
phosphate, dried and counted. The inhibition does not depend on salt
concentration, for the same inhibition is scen with 0-20 M KCI present in
the assay mix.

drugs. To obtain strains with resistant polymerases it
was therefore necessary to select sensitive, and presumably
permeable, mutants. This was done in two steps, first by
gelecting a strain permeable to rifampicin, and then
selecting a mutant of this which was permeable to strepto-
lydigin. Strain PA607° was mutagenized with nitroso-
guanidine® and, after segregation, rifampicin was added
to 100 pg/ml. and penicillin to 2,000 units/ml. In these
conditions growing cells are killed, but any cells inhibited
by rifampicin are spared. After 1 h the drugs were
removed. Three ecycles of this treatment yielded a
population in which 10 per cent of the cells were inhibited
by rifampicin at 20 pg/ml. The same mutagenesis and
enrichment procedure was then used to scleet a mutant
gensitive to streptolydigin.

Mutants were then selected to be resistant to strepto-
lydigin by plating a nitrosoguanidine treated culture on
plates containing 100 pg/ml. of the drug. Resistant clones
were of two classes: those which had become impermeable
to the drug and those which had an altered polymerase.
The polymerase activity of onc of these strains was
resistant to streptolydigin, in crude extracts and when
90 per cent pure, thus proving that streptolydigin interacts
with polymerase to inhibit its activity. The ‘“core”
polymerase purified from strains sensitive or resistant to
streptolydigin is just as sensitive or resistant to strepto-
lydigin as the polymerase assayed in crude extracts.
Fig. 1 shows the inhibition of sensitive and resistant
“‘core’” polymerases.

The location of the mutation conferring streptolydigin
resistance to polymerase was found to be very near argH
by cotransduction. Phage P1 propared on the streptoly-
digin resistant strain was used to transducc a strain to
argH plus. In two out of nine such transductants, the
RNA polymerase activity assayed in vitro in crude extracts
was resistant to streptolydigin, thus demonstrating the
cotransduction of argH and streptolydigin resistance.

Tt is interesting to note that the addition of strepto-
lydigin to functioning polymerase halts further chain
elongation whereas the addition of rifampicin or strepto-
varicin halts chain initiation?%7 as shown in Fig. 2. Onc
possible mode for inhibition of chain elongation is a
competition between triphosphates and drug for the active
gite. This does not seem 1o be the case, because inereasing
or decreasing the triphosphate concentration by a factor of
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Fig. 2. The time course of RNA synthesis after addition of streptolydigin

or rifampicin, Abscissa is the duration of the reaction and the ordinate
is counts per min per 0-10 ml. reaction mix. The enzyme was “‘core”
a,f8" and the assay conditions were as in Fig.1. O— O, Normal reaction;
[1---[], rifampicin added at 2 min to a concentration of 2 ug/ml.;
A— - —A, streptolydigin added at 2-5 min to a concentration of 10~ M.
There was no detectable RNA synthesis in a fourth reaction containing
rifampicin to which polymerase was added at 1 min,

four did not change the inhibition curve from that shown in
Fig. 1. This suggests that the drug and the triphosphates
are not competing for the same site. It remains to be
shown which subunits are altered in the mutants resistant
to rifampicin, streptovaricin and streptolydigin.

I thank Bernard Weisblum for a preprint of his work
with streptolydigin, and Andrew Travers, Dick Burgess,
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Gilbert for their help.
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Functional Independence of F and | Sex
Pili

ConJUGATION and gene transfer in K. coli and other
Enterobacteria depend on the formation by donor cells
of specialized filaments which may be the channel by
which genes pass to the recipient!. These “sex pili” fall
into two principal classes: “F pili”’ determined by the
F sex factor! and by related F-like sex factors? found in
fi+ drug resistance (R) factors and colicin (Col) factors
V and B; and “I pili” determined by the I sex factors of
Colla-CA53, Collb-P9, ColEla and fi- R factors®2. The
two classes of sex pilus seem to be distinet in many
respects?, and this lack of relationship is further em-
phasized by the failure of an intact sex factor of one
class to complement a mutant factor of the alternative
class in pilus synthesis.

Mutant sex factors can be selected by exposing cultures
of donor bacteria to donor-specific phage!. Such cultures,
however, are phage-sensitive initially only if they carry a
sex factor which is de-repressed in respect of pilus syn-
thesis so that most cells form sex pili and adsorb the
phage’. The factor may be de-repressed either in the
wild type state, as is F, or following mutation®, like the
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de-repressed mutant fi + R factor, Rldrd-19, which fails to
form repressor although remaining sensitive to repression
(A. Frydman and E. Meynell, unpublished results).
Selection for phage-resistance might therefore yield two
types of mutant factor: those defective in pilus syn-
thesis (psa—) and those which are psa+ but fail to form
pili because pilus synthesis has again become repressed.
Cis-trans tests for repressor synthesis require that the
mutant sex factor can readily coexist stably with a second
repressible sex factor in the same cell; that is, superinfee-
tion immunity?7 is absent. This is feasible with F and
a fi+ R factor but not with any pair of I sex factors so
far examined, such as Colla and ColIb (ref. 7). Phage-
selected clones are therefore denoted here by an asterisk
until their identity is established (for example, I'*).

Thirteen independent F* mutants were isolated from
E. coli (Flac), strain AB1353, by phage MS2. All are
believed to be psa—, for none repressed Rldrd-19. That
is, wild type F does not seem to have a latent repressor
region. Forty-two I* mutants were selected by I specific
phage®. All were derived from de-repressed mutants of
Fredericq’s complex plasmid consisting of Collb-P9
linked to the trp cys region of H. coli®. Twenty-six of the
mutants were derived from IP9drd-5 col-trp+ and
sixteen from IP9drd-5 collb+ trp-++. Although super-
infection immunity prevented a direct test for repression
by these I* mutants, they were examined indirectly, as
follows. De-repression of an I sex factor is recognizable
not only by an increase in conjugating ability but also by
examining broth cultures of their hosts which have been
shaken overnight, for these have a smaller optical
density and greater colicin titres than those of the same
strain carrying the wild type factor. The sixteen I*
derivatives of IP9drd-5 collb+ trp+ were examined in
this way: however, they did not fall into two discrete
groups corresponding to the de-repressed and wild type
plasmids but formed a continuous series between these
extremes.

Complementation in pilus synthesis was tested by
introducing several unrelated de-repressed I factors
(IP9drd-5, R144drd, R163drd, R538drd and Ré4drd) into
strain AB1353 carrying each of the F* mutants. Similarly,
wild type Flac or Rldrd-16 was tested in strains M616 or
CL194 carrying the I* mutants. In no case did comple-
mentation occur, as shown by the failure of the F* or I*
strains to become sensitive to F or I phage, respectively,
when drops of phage stock were applied to overlays
inoculated with the test strains.

The two types of sex pilus thus seem to be completely
distinet by every criterion applied so far. Not only are
they structurally dissimilar in their morphology, antigenic
structure and phage receptors®®8, but they are also
functionally unrelated, as shown by the lack of comple-
mentation reported here, the differing specificities of their
repressors?, and by the independent transfer of their
factors when both are present in the same host*®.

G. G. MEYNELL
EvaA AUFREITER
Guinness-Lister Research Unit,
Lister Institute of Preventive Medicine,
Chelsea Bridge Road,
London SW1.

Received June 4, 1969.

 Brinton, C. C., Trans. NY Acad. Sci., 27, 1003 (1965).

2 Lawn, A. M., Meynell, E., Meynell, G. G., and Datta, N., Nature, 216, 343
g?}gg; Meynell, E., Mcynell, G. G., and Datta, N., Bact. Rev., 3255

3 Meynell, G. (., and Lawn, A. M., Genet, Res., Camb., 9, 359 (1967).

¢ Cuzin, F., and Jacob, F., dnn. Inst. Pasteur, 112, 1 (1967).

5 Meynell, E., and Datta, N., Nature, 207, 884 (1965).

¢ Meynell, E., and Datta, N., Nature, 214, 885 (1967); Edwards, 8., and
Meynell, G. G., ibid., 219, 869 (1968).

? Meynell, G. G., Genet. Res., Camb., 13, 113 (1969).

8 Meynell, G. G., and Lawn, A, M., Nature, 217, 1184 (1968).

® Fredericq, P., Zentbl, Bakt. Parasitkde, Abt. 1, Orig., 196, 142 (1965).

18 Romero, E., and Meynell, K., J. Bact., 97, 780 (1969).

© 1969 Nature Publishing Group



