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A variant of Neisseria meningitidis was found to carry a mutator factor which
endowed the bacteria with generalized genetic instability. The reversion frequencies
of several biochemical mutants were increased up to 1,000-fold when the factor
was introduced. The factor is not unidirectional in preference, since the mutator
induced mutants generally reverted with increased frequency in its presence. There
could be found no indication of insufficient synthesis of nucleic acid precursors.
Attempts to demonstrate an unusual, mutagenic base incorporated in deoxyribo-
nucleic acid (DNA) were negative. Strains carrying the mutator factor had sig-
nificantly increased sensitivity to ultraviolet light. A mutation to a more ultraviolet-
resistant type coincided with a disappearance of the mutator property. The presence
of the mutator factor in a competent strain resulted in a reduction of the transforma-
tion frequency to between 0.5 and 5% of that in the parental strain. A mutation to
the more ultraviolet-resistant type resulted in simultaneous loss of the mutator
property and reestablishment of a normal transformation efficiency. It has been sug-
gested that this mutator factor may represent a defect in the DNA repair mecha-
nism, which is also of importance for genetic recombination. The mutator factor
showed cotransformation with the locus for streptomycin resistance, but a true
linkage could not be proved.

Mutator factors have been found in several
laboratory strains of Escherichia coli (4, 29, 31)
as well as in Salmonella typhimurium (20).

After the casual finding of a mutator clone in a
laboratory strain of Neisseria meningitidis (14), a
procedure was established which showed that
genetic instability arises in populations of N.
meningitidis with a frequency sufficiently high to
permit the isolation of a collection of mutator
variants (K. Jyssum and S. Jyssum, Acta Pathol.
Microbiol. Scand., in press). The present paper
deals with one of four mutator variants isolated
in an experiment with this selective procedure.
This particular mutator strain may be of some
general interest since its mechanism of action
seems to be of a nature which has been postulated
during discussions of possible mechanisms of
increased spontaneous mutability (25, 34).

MATERIALS AND METHODS
Strains. The mutator variant F9 his mutRI cp- was

one of four isolates from N. meningitidis previously
described (K. Jyssum and S. Jyssum, Acta Pathol.
Microbiol. Scand., in press). The mutator factor has

been indicated by the symbol mutRl. Genetic compe-
tence is indicated by cp+ and incompetence which does
not revert to competence by cp- (12, 13). Genetic ex-
periments were performed with the following mutants
obtained from the wild-type strain MI ofgroup B after
ultraviolet (UV) light irradiation or nitrous acid treat-
ment of cells: M1-18 his gly cp+, M1-8 his arg cp+,
MI-5 his hom cp+, M1-48 his cys cp+, M1-6 his pro
cp+. The str marker was a single-step high-level re-
sistant mutant (12). A mutant unable to metabolize
glucose as well as maltose, indicated by the symbol
glc/mal, probably represents a mutation in the hexo-
kinase-synthesizing system (K. Jyssum and S. Jyssum,
Acta Pathol. Microbiol. Scand., in press). Mutants of
E. coli requiring adenine or guanine for growth were
made by a technique employing nitrous acid (17). A
thymine-requiring mutant of E. coli 15 was obtained
from W. B. Gundersen, University of Oslo, Oslo,
Norway.

Genetic procedures. Media, deoxyribonucleic acid
(DNA) preparation, and the transformation pro-
cedures followed the previously described technique
(12, 15, 18). The transformation system used to in-
troduce the mutator factor into normal receptor
strains has been described before (K. Jyssum and S.
Jyssum, Acta Pathol. Microbiol. Scand., in press).
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Additional technical procedures or modifications have
been described in the experimental section.

Demonstration of genetic lability. Genetic lability
was usually scored by virtue of the high frequency in
the population of mutants resistant to streptomycin
(11). In streptomycin-resistant (Str-r) clones, genetic
lability was either scored by the unusually high num-
ber of back mutants in an amino acid-requiring mu-
tant, or by an increased number of glucose- or maltose-
positive colonies in a glc/mal mutant upon streaking
on glucose or maltose plates (K. Jyssum and S. Jys-
sum, Acta Pathol. Microbiol. Scand., in press).

Determination of mutation rates. The mutation
rates were first determined from the number of tubes
which contained no mutants according to the method
of Luria and Delbruck (21), as previously described
(11). During examinations of the antimutagenic effect
of growth supplements, the mutation rates were deter-
mined by a method based on the number of clones ap-
pearing during growth on solid medium (32). The
methodiwas modified by the application of strepto-
mycin at any desired time by the layering technique
generally] used in transformation of Str-r (18). The
mutation rate was calculated according to the equa-
tion: a = (In 2)(R2- R,)/(N2 - N,), where RI and
R2 are the number of mutant clones present at times
1 and 2, respectively, and N, and N2 are the number
of bacteria present per plate at the same times (23,
32).

Hydrolysates of DNA. Hydrolysates from N.
meningitidis DNA were prepared with HCI (2). The
hydrolysates were carefully neutralized and used as
growth supplements. In experiments with E. coli mu-
tants, the hydrolysates were used in quantities which
yielded the same growth response as was yielded by
optimal quantities of the growth factor actually re-

quired.
Determination of UV sensitivity. The technique fol-

lowed that previously used in this laboratory (16), with
a Philips germicidal lamp (15 w) as the source of ir-
radiation. Exposure was performed at a distance of 40

cm with a dose rate of approximately 16.2 ergs per
sec per mm'. The cells were suspended in the mineral
salts of the basal medium which have no UV-absorb-
ing activity (7). Volumes of 2.5 ml were irradiated in
sterile petri dishes with constant agitation.

REsuLTs

Mutator-induced reversions of nutritional mu-

tants. The general characteristics of the unstable
variant F9 his mutRI cp- and the types of spon-

taneous mutants observed have been described
(K. Jyssum and S. Jyssum, Acta Pathol. Micro-
biol. Scand., in press). By transformation, the
mutator factor was introduced into several re-

cipients so as to occur in combination with vari-
ous genetic markers that had previously been ob-
tained after treatment of the cells with UV light
or nitrous acid. In this way, the influence of the
factor could be roughly estimated (Table 1). It
seems that the reversion frequencies are increased
100- to 1,000-fold in all the markers tested when
the mutator factor is introduced into the strain.
With a view to the high frequencies actually ob-
served, and since microcolonies may develop
from colony-forming units plated in the absence
of supplements with resulting mutation after
plating (15), it was felt that the values reported
represent maximal values, and are not reliable
for estimating mutation rates. An examination of
mutation rates with a more adequate technique
seems to substantiate this assumption (Tables 3
and 4).

Mutator-induced reversion of mutator-induced
auxotrophs. The stability of mutants appearing in
the mutator strain was examined according to the
procedures of Yanofsky et al. (33) by determining
the reversion frequencies of a group of mutator-

TABLE 1. Spontaneous and mutator-induced reversion of auxotrophs of N. meningitidis

Mutation frequencya
Auxotroph Marker tested Increase in mutator strain

Parent muiRl

pro str 3.3 X 10-9 1.0 X 10-6 3.1 X 102
pro 8.8 X 10-9 >7.5 X 10-5 >9.0 X 108

arg str 1.5 X 10-' 1.6 X 106 1.0 X 103
arg 1.0 X 1-,' 1.8 X 10-r 1.0 X 108

his str <8.5 X 10-9 4.7 X 10-6 >5.5 X 102
his 1.3 X 10-' >4.1 X 10-5 >3.2 X 103

hom str 3.1 X 10-8 8.7 X 10-6 2.8 X 102
hom <5.9 X 10-" 1.8 X 10-6 >3.1 X 10'

gly str 1.3 X 10-' 5.2 X 10-6 4.0 X 103
gly 1.9 X 10-9 >9.4 X 10-6 >4.7 X 10'

cys str 2.1 X 10-8 3.8 X 10-6 1.8 X 102
cys 5.2 X 10-9 2.4 X 10-5 4.6 X 103

aRatio of the number of colonies found on minimal plates or on Str plates to the total number of
colony-forming units plated, as determined by plate counts on complete agar media.
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induced auxotrophs. The frequency of mutants
in a mutator culture is sufficiently high to ensure
the recovery of auxotrophs after subculture and
single-colony isolation from the surface of com-
plete media. Since this is not regularly possible
from nonmutator cultures, it is assumed that the
mutants examined were mutator-induced. Of 11
isolates studied in detail, all reverted with a fre-
quency that can be considered to reflect a pro-
nounced effect of the mutator factor (Table 2).
The sensitivity of the mutator strain being
known (see below), it became possible to pre-
pare mutator-negative stocks of mutator-induced
mutants by selecting UV-resistant variants in
populations of the mutator strain. In Table 2, the
mutants 1, 2, 10, and 11 have been "stabilized"
according to the technique described below. The
results seem to represent a decisive argument in
favor of the hypothesis that the lability observed
in the mutator-induced mutants is indeed due to
the mutator factor.

Attempts to demonstrate insufficiency of base
synthesis or mutagenic base analogues in strains
carrying the mutator factor. An early finding from
the factor mutRI was that its presence in a N.
meningitidis strain coincided with a retardation of
the growth rate (K. Jyssum and S. Jyssum, Acta
Pathol. Microbiol. Scand., in press). Since it has
been proposed that a quantitative insufficiency of
a base may result in increased mutation (29), at-
tempts were made to find a growth supplement
which could abolish the growth retardation and
at the same time reduce the frequencies of mu-
tants. Growth rates were determined, and num-
bers of Str-r mutants measured in cultures supple-
mented with DNA, ribonucleic acid, DNA hydro-
lysates, nucleotides, nucleosides, purines, and
pyrimidines. But it was not possible to demon-
strate any significant effect on the generation time
nor on the number of mutants which accumu-
lated.

Base synthesis may also be involved in the
mutator effect if there is a qualitative change in
base synthesis, resulting in a gene product which
is mutagenic (19). Since it has been possible
to suppress the mutagenic activity of base ana-
logues with deoxyribonucleosides (8), attempts
were made to suppress the activity of the mutator
factor in the same way. In these experiments, the
test strains were grown on basal media with the
addition of the drug to be tested for "antimuta-
genic activity," usually in the concentration 200
,ug/ml. No significant antimutagenic effect was
found (Table 3). A small difference between the
system with added nucleotides and the control
system has not been considered significant. In
some experiments, guanine seemed to increase
the mutation rate. This seemed to be a technical

TABLE 2. Reversion frequencies ofsome
mutator-induced mutants

Mutant Markers Marker Mutation
No. tested frequencya

1 gly thr mutRI str 7.3 X 10-6
thr 6.3 X 10-5

I bb gly thr str 1.4 X 10-9
thr 3.2 X 10-10

2 gly arg muiRI str 5.7 X 10-5
arg >6.9 X 10-5

2bb gly arg str 2.6 X 10-9
arg 4.1 X 10-9

3 gly nic mutR) str 1.5 X 10-6
nic 7.6 X 10-4

4 gly trp his mutR) str 1.9 X 10-5
trp 3.6 X 10-6

5 gly trp his mutRI str 1.4 X 10-5
trp 2.6 X 10-6

6 gly trp his mutR) sir 1.2 X 10-5
trp 2.4 X 10-6

7 gly his mutRl str 3.4 X 10-5
his >6.4 X 10-5

8 gly his mutRI str 9.6 X 10-6
his 1.7 X 10-s

9 gly his mutR) str 2.8 X 10-6
his >4.5 X 10-S

10 gly his mutRl str 1.4 X 10-6
his 1.6 X 10-5

lObb gly his str 3.6 X 10-9
his 5.2 X 10-9

11 his glc/mal mutR) str 3.6 X 10-6
glc/mal 4.2 X 10-6

1lbb his glc/mal str 1.1 X 10-9
glc/mal 5.2 X 10-10

a Determined as in Table 1.
b Stable variants isolated as UV-resistant clones by

the technique described in the text.

error because of the low solubility of guanine.
When the medium was very carefully prepared
in order to avoid precipitation, the effect dis-
appeared. It was also noted that neither guanosine
triphosphate nor deoxyguanosine had such an
effect.

Attempts were also made to demonstrate the
presence of mutagenic bases in DNA from N.
meningitidis strains carrying the mutator factor.
No significant mutagenic effect could be observed
when E. coli auxotrophs were grown on DNA
hydrolysates from mutator strains (Table 4). A
slight increase in the mutation rate of the mutant
K-12 ade, when grown on hydrolysates from N.
meningitidis, was constantly observed. If this is
significant, it could be the effect of a slight adenine
starvation (3), although no retardation of the
growth rate could be observed. If the effect is
caued by the DNA hydrolysate, the causative
agent cannot be specific for the mutator strain,
since a comparison between hydrolysates from
DNA with a mutator factor (FIO gly mutRI)
and without (18 his gly cp+) gives no evidence
of a specific mutagenic effect of the former.
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Inactivating effect of UV light on stri
ing the mutator factor. It is known tha
repair mechanisms in E. coli (9, 28),
in Bacillus subtilis (6), may result in a
with increased sensitivity to UV ligh
out whether the mutator strain of N. n
could be defective in repair of lesions
UV light survival determinations were r
The relative UV susceptibilities of
M1-6 his pro and the mutator varian
mutRi (Fig. 1) demonstrate that strain
mutator factor have an increased sen
UV irradiation. This was a constant fin(
was not influenced by a change of t]
medium. In agreement with earlier fin(
the competence factor cp seems to have
cant influence on sensitivity to UV lighl

Influence of the mutator factor on t,
tion. The factor mutRI was originall
among progeny from an incompetent s
all direct descendants from the muta
mutRi have been constantly incon
transformation. But the mutator factoi
be present in competent variants of
gitidis. When mutator strains obtained
formation of nonmutator receptors v
carrying the mutator factor are exami
than 99% are found to be competent (
and S. Jyssum, Acta Pathol. Microbi(
in press). However, there is no doub
presence of the mutator factor has a

TABLE 3. Mutation rates to str-r in mut
grown on basal media with various si

Strain

2B.2 his mutRl

FIO gly mutR)

Supplement'

His
His + ADP
His + ITP
His + GTP
His + TMP

Gly
Gly + dAdo
Gly + dGuo
Gly
Gly + A
Gly + G
Gly + T
Gly + C

No. of
experi-
ments

6
2
2
2
2

4
2
2
8
5

4
5
4

a His = histidine; ADP = adenosine di
ITP = inosine triphosphate; GTP = gu
phosphate; TMP = thymidine mono
Gly = glycine; dAdo = deoxyadenosine
deoxyguanosine; A = adenine; G = gua
thymine; C = cytosine.

bDetermined as described in Materials
ods.

ains carry-
Lt defective
as well as
phenotype
t. To find
ieningitidis
of DNA,

performed.
the strain
it 2B.2 his
is with the
isitivity to
ding which
he growth
dings (16),
no signifi-

t.
ransforma-
y detected
strain, and
Lnt F9 his
'petent in
r may also
N. menin-
I by trans-
vith DNA
ined, more

Strain

K-12 ade

K-12 gua

E. coli 15 thy

a Determined
Methods.

Supplement

A
Hydrolysate
FIO gly mutRI
Hydrolysate
18 his gly cp+

G
Hydrolysate
FIO gly mutRi
Hydrolysate
18 his gly cp+

T
Hydrolysate
FIO gly mutRI
Hydrolysate
18 his gly cp+

No. of
experi-
ments

Mutation
ratea (avg)

3 8.6 X 10-10
3 1.2 X 10-9

3

2
2

2

2
2

2

1.9X 10-9

2.3 X 10-10
4.0 X 10-10

5.1 X 10-10

6.8 X 10-10
7.1 X 10-10

4.3 X 10-10

as described in Materials and

K. Jyssum influence on the transformation efficiency. Table
o. Scand., 5 shows that the presence of competence in a
t that the strain carrying the mutator factor results in a
significant significantly increased number of Str-r clones, as

well as prototrophic ones, when DNA with the
strains

appropriate genetic markers is present in the
aptor stns system. Since this effect of DNA is abolished by
Ipplements deoxyribonuclease and is specific for the marker

present in DNA, it is considered as a transforma-
rateb (avg) tion. But the number of transformants is far less

than that found in the "normal" competent
strain. A further comparison of the frequency of

6.2 X 10-8 transformation of various mutator derivatives
5.1 x 10-8 relative to their parental strains showed that
5.3 X 10-8 strains bearing the mutator factor were trans-
4.8 X 10-8 formed at 0.5 to 5% of the rate for the parental
1.5 X 10-8 strain, with some variation between individual
2.1 X 10-8 isolates.
1.5 X 10-8 The competence factor may be lost from the
1.7 X 10-8 parent strain of the mutator stock (13). When
21.8 X 1I0 single colonies from the competent mutator
3.8 X 10-, strain 2B.2 his mutRI cp+ were examined for com-
1.2 X 10-8 petence, this property was lost in 0.5 to 6% of

the colony-forming units from any competent
iphosphate; clone. Thus, the mutator factor and competence

phosphite; may be dissociated during loss of the latter
~;dGuo _'property.
mnine; T = It has been stated that the mutator property,

on a limited scale, and at least compared to the
and Meth- competence factor, is a stable character (K.

Jyssum and S. Jyssum, Acta Pathol. Microbiol.

TABLE 4. Mutation rates to str-r in E. coli
auxotrophs grown on basal media supple-

mented with DNA hydrolysates
from N. meningitidis
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Scand., in press). But the mutator prn
also be lost. Variants, probably ba(
or suppressor mutants with no more ti
mutation frequencies, could be isolal
basis of the increased UV sensitiv
mutator variant. Colonies from bacteri
irradiation with approximately 300
were replica-plated on two daughter
of these was incubated after irradi
500 to 600 ergs/mm2; the other was
without irradiation. From the u
daughter plates, all colonies that wer
to consist of cells more radioresistant
of the mutator phenotype were rest]

0o-1
0

10-2~~~
lo-30O

160 3
U.V.dose (erg /mm2)

FIG. 1. Ultraviolet light survival curves
of N. meningitidis carrying the mutator i

compared with a strain with usual mutation
Symbols: 0, competent strain; *, incomi

operty may investigated in detail. The more UV-resistant
ck mutants clones isolated in this way were all nonmutators.
han normal In experiments with competent mutator strains,
ted on the approximately 98% of the nonmutator variants
ity of the which were picked up were competent in trans-
ia surviving formation. The transformation efficiency in these
ergs/mm2 "revertants" was the same as that of the normal,

plates. One competent parent; i.e., they had a transformation
iation with frequency of the dimension 10-3 (15). The ac-

3 incubated quisition of the more UV-resistant phenotype
mirradiated coincides, therefore, with the reestablishment of
e suspected the transformation efficiency which is considered
than those normal for the parent strain.
reaked and It was observed that lyophilization or mainte-

nance of a mutator strain in the frozen state,
even in the presence of glycerol (18), in many
instances resulted in a very high rate of killing
and what seemed to be a selective survival of

his-pro "back mutants" with normal mutation fre-
quencies and normal transformation efficiency.
The more UV-resistant phenotype could be
searched for in the replica-plating technique
described above. Thus, it appears that freezing
as well as lyophilization may result in defects in
DNA that require repair in order that the microbe
may be functional.

Attempts to locate the mutatorfactor by cotrans-
formation. The following markers were examined
with regard to cotransformation with the factor
mutRi: his, arg, hom, gly, cys, pro, str, and the

his mutRl sugar marker glc/mal. Only transformation to
Str-r showed any definite cotransformation with
the mutator factor (Table 6). Because we have
no method which selects for the mutator factor,

;20 the reverse experiment cannot be performed.
This cotransformation being known, however,
it also became possible to prepare mutator-nega-

actor mutriai tive stocks of mutator-induced mutants by intro-
frequencies. ducing the mutator-negative allele as an un-

petent strain. selected marker.

TABLE 5. Comparison of transformation and mutation in a mutator strain

Selected marker per unit plated

Strain DNAasea With DNA1 No DNA

Str-r His+ Str-r His+

2B.2 his mutR1 cp _ 3.2 X 10-7 4.6 X 10-7 2.1 X 107 4.8 X 10-7
+ 2.6 X 107 6.4 X 107 1.4 X 107 2.6 X 10-7

2B.2 his mutRI cp+ _ 1.8 X 10 1.2 X 105 3.8 X 10-7 2.4 X 10-7
+ 6.1 X 10-7 3.2 X 107 6.4 X 107 4.3 X 107

12 his cp+ c 2.6 X 10-3 3.1 X 10-3 <1 X 10-9 <1 X 10-9
+ <1 X 10-' <1 X 1O-9 <1 X 10-9 <1 X 10-9

Refers to deoxyribonuclease added at zero-time.
b DNA from Ml Str-r.
c Parent strain.
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TABLE 6. Analysis of cotransformation between the mutator factor and some genetic markers

DNA added Per cent
Recipient DNA to the sys- Selected marker Scored marker co-trans

tem (ml)4 formation

glc/mal cp+ str 0.1 Str-r Mal+ 2.3
0.01 1.8
0.001 0.1

str his mutRI 0.1 Str-r MutRIl 2.8
0.01 2.4
0.001 1.5

his mutRI 0.1 Mal+ MutR1+ <0.5
0.01 <0.5
0.001 <0.5

gic/mal his mutRI cp+ str 0.1 Str-r Mal+ 6.2
0.01 3.1
0.001 0.4

str 0.1 Str-r MutRl- 2.8
0.01 2.3
0.001 0.8

his cys cp+ his mutRi 0.1 Cys+ MutR1+ <0.5
0.01 <0.5
0.001 <0.5

his arg cp+ his mutRI 0.1 Arg+ MutRl+ <0.5
0.01 <0.5
0.001 <0.5

a DNA at a concentration of 50 ig/ml.

DIscussIoN
The lability caused by the factor mutRI seems

to be general, with no preference for any particu-
lar genetic marker. Auxotrophs of various types
are more abundant than in the normal parent,
and the auxotrophs back-mutate at a higher
frequency. The factor, therefore, does not appear
to be unidirectional in preference. This behavior
is also typical of the "Harvard strain" of E. coli
(34) as well as of the mutator gene in S. typhi-
murium (22). On the other hand, the mutator
gene of the "Treffers strain" of E. coli has a
marked mutational specificity (1, 33), so that
mutator-induced auxotrophs are generally not
reverted by the gene. It should be emphasized,
however, that the results obtained with the factor
mutRI may largely be due to mutator-induced
suppressor mutations or second-site reversions.

Several mechanisms have been suggested for
the operation of mutator factors. Since we know
that thymine starvation is mutagenic as well as
lethal (3), one possibility is that there is a quanti-
tative insufficiency of a base. On the other hand,
a qualitative change in base synthesis may result
in the synthesis of a mutagenic base (19). While
a quantitative insufficiency does not seem to have
been demonstrated so far, the synthesis of an
unusual base may be the mechanism of action

in the mutator strain of S. typhimurium (19), as
well as in the "Treffers strain" of E. coli (26).
Because mutational changes are suppressible
with deoxyribonucleosides when induced by
base analogues, Siegel and Bryson (29) attempted
to suppress the mutator activity of the mutator
factor of E. coli B by the addition of deoxyribo-
nucleosides to the medium. They found no effect.
Similar attempts with the factor mutRI of N.
meningitidis were also negative. But these experi-
ments are far from conclusive since we know
little about the actual uptake by these bacteria
of the compounds tested.
The primary gene product of a mutator gene

may be a mutated DNA polymerase. Speyer
(30) has shown that an alteration of the gene
controlling T4 DNA polymerase results in a
mutator effect on other genes. Another possible
mechanism is that the mutator factor may alter
the internal cellular environment so that errors
in replication occur (29). An increased intra-
cellular concentration of Mn++ might, for in-
stance, cause mutations (24). Whether this
mechanism is operative in vivo is not known.
The suggestion has been made that loss of the

capacity to repair lesions normally occurring
in DNA could result in a mutator phenotype
(25, 34). The mutator property of the factor
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mutRI of N. meningitidis coincides with a signifi-
cantly increased susceptibility to UV irradiation,
and a reversion of the mutator strain to a more
UV-resistant type results in a simultaneous dis-
appearance of the mutator property. It may be
assumed that an increased sensitivity to UV light
is due to the loss of capacity to repair lesions
occurring in DNA (9, 28). Although no mecha-
nism suggested for the operation of mutator
factors has been ruled out, it may be suggested
that the lability connected with the factor mutRI
is due to loss of a repair function.

Mutants with increased susceptibility to UV
irradiation resulting from defective repair mecha-
nisms have been mapped in E. coli (9, 28).
Among such mutants are also recombination-
deficient ones (6, 10, 27). There is no doubt that
the presence of the factor mutRI in a competent
strain of N. meningitidis has a significant influ-
ence on the efficiency of the transformation
system. Transformation frequencies in mutRI
strains were reduced to 0.5 to 5% of those of
the parental strains. It may be assumed that a
repair function is lost or reduced in the mutator
strain which is also of importance for genetic
recombination in the process of transformation.
An argument for this hypothesis is the finding
that a reversion to the more UV-resistant type
concomitantly confers loss of the mutator prop-
erty and acquirement of normal transformation
efficiency. These results are similar to those
found in two recombination-deficient mutants
of B. subtilis (6), in which the transformation
frequencies were reduced to approximately 5 and
25% of that of the parental strain. But in these
strains there was no evidence of genetic lability.

Elevated mutability in bacteria may be caused
by mutator genes located on the bacterial chromo-
some (22, 29, 33, 34) or by some form of inter-
action between the chromosome and an element
of episomic or plastid nature (5). The genetic
location of the factor mutRi is not yet defined.
Since the cotransformation between the factor
and str does not seem to take place independently
of the DNA concentration, it remains an open
question whether it represents a true but weak
linkage. During transformation of recipients
carrying the factor mutRI, the dilution of DNA
results in a reduction of the total number of
transformants so that the number of spontaneous
mutants is rapidly approached. The results ob-
tained with more diluted DNA, therefore, may
not be representative. Even if the cotransforma-
tion is not due to true linkage, it permitted the
removal of the mutator allele from mutator
stocks. The clones thus "stabilized" have the
disadvantage of being Str-r. But it may be as-
sumed that the normal allele corresponding to

the mutator locus has been introduced. This may
be a great advantage, since the back mutants
isolated by the UV technique probably represent
new genetic lesions in most instances, resulting
from some form of suppression of the mutator
genotype.

Note. Since completion of this manuscript,
genetic instability has also been reported from a
UV-sensitive mutant of Proteus mirabilis and
from a recombination-defective mutant of B.
subtilis (H. Bohme, Biochem. Biophys. Res.
Commun. 28:191-196, 1967).

ACKNOWLEDGMENTS
This investigation was supported by a grant from

The Norwegian Research Council for Science and for
the Humanities.

I thank Lydia Gihle for skillful and dedicated assist-
ance.

LITERATURE CITED

1. Bacon, D. F., and H. P. Treffers. 1961. Spontane-
ous and mutator-induced reversions of an
Escherichia coli auxotroph. I. Prototrophic
types and their growth characteristics. J. Bac-
teriol. 81:786-793.

2. Block, R. J., E. L. Durrum, and G. Zweig. 1958.
A manual of paper chromatography and paper
electrophoresis. Academic Press, Inc., New
York.

3. Coughlin, C. A., and E. A. Adelberg. 1956. Bac-
terial mutation induced by thymine starvation.
Nature 178:531-532.

4. Goldstein, A., and J. S. Smoot. 1955. A strain of
Escherichia coli with an unusually high rate of
auxotrophic mutation. J. Bacteriol. 70:588-595.

5. Gundersen, W. B., K. Jyssum, and S. Lie. 1962.
Genetic instability with episome-mediated
transfer in Escherichia coli. J. Bacteriol. 83:
616-623.

6. Hoch, J. A., M. Barat, and C. Anagnostopoulos.
1967. Transformation and transduction in re-
combination-defective mutants of Bacillus
subtilis. J. Bacteriol. 93:1925-1937.

7. Hollaender, A., and W. D. Claus. 1936. The bac-
tericidal effect of ultraviolet radiation on
Escherichia coli in liquid suspensions. J. Gen.
Physiol. 19:752-765.

8. Howard, B. D., and I. Tessman. 1964. Identifica-
tion of the altered bases in mutated single-
stranded DNA. II. In vivo mutagenesis by 5-
bromodeoxyuridine and 2-aminopurine. J.
Mol. Biol. 9:364-371.

9. Howard-Flanders, P., R. P. Boyce, and L. Ther-
iot. 1966. Three loci in Escherichia coli K-12
that control the excision of pyrimidine dimers
and certain other mutagen products from DNA.
Genetics 53:1119-1136.

10. Howard-Flanders, P., and L. Theriot. 1966.
Mutants of Escherichia coli K-12 defective in
DNA repair and in genetic recombination.
Genetics 53:1137-1150.

11. Jyssum, K. 1960. Observations on two types of

171VOL. 96, 1968



J. BACTERiOL.

genetic instability in Escherichia coli. Acta
Pathol. Microbiol. Scand. 48:113-120.

12. Jyssum, K. 1965. Polarity of chromosome repli-
cation in Neisseria meningitidis. J. Bacteriol.
90:1182-1187.

13. Jyssum, K. 1966. Genetic factors determining
competence in transformation of Neisseria
meningitidis. 2. A reversible loss of competence.
Acta Pathol. Microbiol. Scand. 67:493-502.

14. Jyssum, K., and S. Jyssum. 1967. A genetic locus
responsible for high mutability in Neisseria
meningitidis. Acta Pathol. Microbiol. Scand.
Suppl. 187:52.

15. Jyssum, K., and S. Lie. 1965. Transformation of
auxotrophs of Neisseria meningitidis. Acta
Pathol. Microbiol. Scand. 63:445-455.

16. Lie, S. 1965. The inactivating and mutagenic ef-
fect of ultraviolet irradiation on Neisseria
meningitidis. Acta Pathol. Microbiol. Scand.
63:456-468.

17. Lie, S. 1965. Production of auxotrophic mutants
of Neisseria meningitidis by nitrous acid. Acta
Pathol. Microbiol. Scand. 63:615-622.

18. Lie, S. 1965. Studies on the phenotypic expression
of competence in Neisseria meningitidis. Acta
Pathol. Microbiol. Scand. 64:119-129.

19. Kirchner, C. E. J. 1960. The effects of the mu-
tator gene on molecular change and mutation
in Salmonella typhimuriwn. J. Mol. Biol. 2:
331-338.

20. Kirchner, C. E. J., and M. J. Rudden. 1966. Loca-
tion of a mutator gene in Salmonella typhi-
muriwn by cotransduction. J. Bacteriol. 92:
1453-1456.

21. Luria, S. E., and M. Delbruck. 1943. Mutations
of bacteria from virus sensitivity to virus re-
sistance. Genetics 28:491-511.

22. Miyake, T. 1960. Mutator factor in Salmonella
typhimurium. Genetics 45:11-14.

23. Newcombe, H. B. 1948. Delayed phenotypic ex-

pression of spontaneous mutations in Es-
cherichia coli. Genetics 33:447-476.

24. Orgel, A., and L. E. Orgel. 1965. Induction of
mutations in bacteriophage T4 with divalent
manganese. J. Mol. Biol. 14:453-457.

25. Pauling, C., and P. Hanawalt. 1965. Noncon-
servative DNA replication in bacteria after
thymine starvation. Proc. Natl. Acad. Sci. U.S.
54:1728-1735.

26. Pierce, B. L. S. 1966. The effect of a bacterial
mutator gene upon mutation rates in bacterio-
phage T4. Genetics 54:657-662.

27. Putte, P. Van de, H. Zwenk, and A. Rorsch. 1966.
Properties of four mutants of Escherichia coli
defective in genetic recombination. Mutation
Res. 3:381-392.

28. Rorsch, A., P. Van de Putte, I. E. Mattern, H.
Zwenk, and C. A. Van Sluis. 1966. Genetic and
enzymic control of radiation sensitivity in
Escherichia coli, p. 105-129. In Genetical as-
pects of radiosensitivity: mechanisms of repair.
International Atomic Energy Agency, Vienna.

29. Siegel, E. C., and V. Bryson. 1967. Mutator gene
of Escherichia coli B. J. Bacteriol. 94:38-47.

30. Speyer, J. F. 1965. Mutagenic DNA polymerase.
Biochem. Biophys. Res. Commun. 21:6-8.

31. Treffers, H. P., V. Spinelli, and N. 0. Belser. 1954.
A factor (or mutator gene) influencing mutation
rates in Escherichia coli. Proc. Natl. Acad. Sci.
U.S. 40:1064-1071.

32. Witkin, E. M. 1950. Bacterial mutations involving
resistance to destructive agents. Methods Med.
Res. 3:23-36.

33. Yanofsky, C., E. C. Cox, and V. Horn. 1966. The
unusual mutagenic specificity of an E. coli
mutator gene. Proc. Natl. Acad. Sci. U.S.
55:274-281.

34. Zamenhof, P. J. 1966. A genetic locus responsible
for generalized high mutability in Escherichia
coli. Proc. Natl. Acad. Sci. U.S. 56:845-852.

172 JYSSUM


