



















































































































































































Table XVI

Irreversible Mutants (Group 4) Produced by UV Plus AO,

Sp~19-1
SpT19-5
Sp~19-8
Sp~19-11
Sp 19-13
Sp 19-19
Sp~19-31
Sp19-33
Sp~19-36
Sp W-3
SpTu-4
SpTi-5

SpH-7

Sp~W-18

Sp W-19

UV 4lone or AO Alone

Agent
(ug/ml)

UV plus 20 AO

n

UV plus 20 AO

Maximum
Reversion
Rate

0
0
0
0

0 © O O o o O O O O O o O

o

(@)

Antibiotic
Production

22



Mutant

Sp W-20 %

Sp~wW-21

SpTN2-12 %

Sp~N2-14
Sp~H12-52
Sp H12-53
Sp H12-56
Sp H12-58
Sp H12-59
Sp H12-62
Sp H12-49
Sp H12-70
Sp H12-80
Sp H12-89
Sp H12-90
Sp H12-92
Sp H12-94
Sp H12-97
Sp H12-102
Sp~H12-105
Sp H12-110

SpTH12-12

uv

Uv

uv

uv

Table XVI (Cont'd.)

Agent
ug/ml

plus 20 AO

"

n

plus 10 A0

Maximum
Reversion
Rate

o O o

5.0 x 10710

1.7 x 10°10

2.8 x 10710

2.0 x 10710

7.7 x 10711
1.2 x 10710

2.0 x 10-10

3.1 x 10710

1.2 x 10710

1.4 x 10710
1.3 x10
1.9 x 1077

2,4 x 10-10

1.8 x 10-10

2.9 % 10-10

2.7 x 10710
2., x 10710

2.6 x 10710

Antibiotic

+
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Hutant,

Sp~H12-127
Sp HL2-135
Sp H12-145
SpTH12-148
Sp H12-149
Sp HL2-160
Sp H12-162
Sp H12-163
Sp~H12-166
Sp H12-169
Sp H12-171
Sp H12-173
SpH12-174
Sp H12-175
Sp~H12-178
Sp~H12-182
Sp H12-184
Sp H12-186
Sp H12-193

Sp H12-201

% These mutants were not competent for transduction.

Table XVI (Cont'd.)

Agent

(uggml}

uv
uv
uv
uv
v

uv

uv

uv

uv
uv

uv

uv

uv

vlus 5 AO

plus 5 AO
plus 10 AO
plus 20 AO
plus 50 40

plus 20 AO

plus 40 40

plus 60 AD

plus 50 A0
plus 50 A0

plus 100 AD

plus 20 AO

n

Maxdmum
Reversion
Rate

1.7 x 10710

3.1 x 10710

-10
3.8 x 10

4.8 x 10710

4.7 x 10710

1.1 x 1077
8.7 % 10711
1.2 x 10710
2,5 .x 10710
6.7 x 10-11
2.3 x 10710

5.6 x 107t

7.7 x 1071°

1.6 x 10710

1.7 x 10710

3.0 x 10710

1.9 %1070

3.6 x 10710
0

0
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Table XVII

Sporulation Mutants Incompetent in Transduction (Group 5)

Phage
Antibiotic Adsorption

Sp~N2-12 - 36.0
Sp~W-3 , + 99.5
Sp -4 ‘ + 99.8
Sp~W-5 + 98.4
Sp W-7 . - 97.7
Sp~W-8 + 95,5
Sp~H-10 + 87.5
Sp~W-17 + 77.0
Sp W-18 + 99.5
Sp W-19 + 77.0
Sp W-20 + 82.0

The mutants in this teble were produced by the combined treatment

of UV and A0 (20 ug/ml).
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Strain
Sp W-4

Sp W-18

NOT Z:
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Table AVIII
Sensitivity of B. subtilis strains to UV light

Dose of UV Light (sec.)

0 30 60
1.0 8.2 x 1072 3.5 x 107
1.0 1% x 16> 4.2 x 1072
1.0 2.7 x 1072 1.0 x 107

The nunbers in this table are the fraction of surviving cells.



CHAPTZER V
THE EFFECTS OF CCBALT ION ON THE SPORULATION FACTOR
IN B, SUBTILIS STRAIN H12

The experiments reported in this chapter were based on the work
of Hirota (1955) who was able to eliminate the F-factor by treating the
male E. coli cells with cobalt ion (Cot*).

** in an

Two methods were used for exposing the cells to Co
attempt to eliminate the sporulation factor from B. subtilis. In the
first method, the resistance of the bacteria to Co*t was increased by
serial transfer in the presence of cobalt ion, followed by plating and
selecting sporulation mutants. In the second, the cells were exposed to
a relatively high concentration of the ion overnight followed by plating
on agar media containing citrate to chelate the cobalt ion.

{ethod A

A culture grovn in PG broth for 4 hr. was diluted 1072 in 5.0 ml
of PG broth containing CoH at concentrations from’O.l to 0.3 mM. After
shaking for a further 24 hr. at 37°C, the treated culture which showed
visible growth in the presence of the highest concentration was diluted
into 5.0 ml of PG broth containing still higher levels of Co** and shaking
was continued for 24 hr. This process of serial transfers to higher con-
centrations of Co** was continued until the highest level was reached. The
culture was then spread on sporulation sgar to detect mutants after 2

days incubation.
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Cot* was added to a culture grown in PG broth in the form of
CoCl, to a final concentration of 1.0 to 20 mM. The cultures were further
shaken with incubation overnight and plated (0.1 ml per plate), after
appropriate dilution, on sporulation agar containing 40 mM of citrate
ion (CS agar). At times the cells were also spread on CYS or BS agar.

Results

It was found that strain 12 was maturally resistant to 0.2 mlM
of Co** and that by 4 or 5 serial transfers to higher concentrations
it could grow in broth containing 1.5 mM of Co**. When the resistant
cul tures were plated on CS agar, small dark brown colonies were found
which were sporogenous and resistant to 1.5 mM of Co**. No asporogenous
strains, not even albinos, were isolated after an initial treatment by
method A, The small dark brown colonies just mentioned were further
treated by serial dilution in Co** and their resistarce was increased
to 2.0 mM. Spreading on CS agar after this second treatment produced
four types of colonies of strikingly different mcrphology. The first two
were both star-shaped, one being smell and transparent, the other, large,
opague and white. The second two types were smooth-edged. One was large
and dark and the other was smell, white ard opague., All four were
sporogenous. When these strains were treated again with 2.0 m¥ of Cot*
and replated, no asporogenous colonies were isolated.

After H12 was treated with Co** by method B, many small brown
sporogenous colonies were isolated, Their resistance had been increased

to 1.0 mM of Co**. These were then exposed by serial transfer to higher
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concentrations of Co*t

up to 2.0 m¥ and then plated on CS agar. As

before, a diverse array of colonies was found. Three sporogenous strains
were isolated which produced small dark, large dark ard medium-sized,
opaque colonies. A fourth strain was frequently isolated which formed

a very small, white microcolony. These proved to be asporogenous tut

grew poorly under most conditiors. A typical example of these microcolonies
wés isolated and designated as Sp~H12-4l.

In an effort to find a medium on which Sp~H12-41 would grow well,
the following combinations of solid media and éupplements were used:

TB agar, TB agar plus 0.1 mM Co**, TB agar plus 0.05% Yeast Zxtract
(Difco), Sporulation agar, CS agar, CYS agar, Brain Heart agar and BS
agar. It was discovered that this strain grew better on BS agar and on
CYS agar. For this reason, these were used as well as sporulation agar
in further experiments with Co**.

Only microcolonies of the same type as Sp™H12-41 were isolated
When eells of HL2 were irradisted with OV light prior to the Co'* treat-
ment.

Strain Sp~H12-41 had the following properties. In several rever-
sion tests no revertants to sporogeny were observed. This may nave been
due in part to the fact that it would not grow well on solid media. In
transduction experiments this strain was transduced to neither sporogeny

nor prototrophy. Strain Sp~H12-41 prodices the antibiotic for Staphylococcus

and is presumably blocked at a point later than stzge I. Attempts to

transform H12 for Co** resistarce by LKA from Sp~Hl2-41 were unsuccessful.
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Because of the inatility to be transduced amd to grow on ordinary culture

media, no further study was carried out with this strain.



CHAPTEZR VI
DISCUSSION

Various attempts have been made to isolate sporulation mutants.
Schaeffer (1961) 2nd Takahashi (1961, 1955a) were able to produce stable
asporogenous strains using UV light. Their mutants were, however, able
to revert spontaneously to sp' and were transformable or transducible
for the sporulation marker. In the present work, in addition to this
type of mutant, two gg: strains were isolated which could not revert
spontaneously to sp* and which were not competent in transduction. Further
tests showed that the two sirains were unable to adsorb the bacteriophage
PBS 1.

Other mutagenic agents used to produce sporulation mutants were
the zcridine dyes, AF and A0. These agents vere known to eliminate
episomes in the autonomous state from E. coli (Hirota and Iijima, 1957).
Schaeffer and his co-workers (195%) proposed the existence of an episomal
sporulation factor in B. subtilis, but they were unable to isolate sporula-
tion mutants by acridine treatments (personal commnication to I. Takahashi).
To test this episome hypothesis, Rogolsky and Slepecky (1964) attempted
to isolate sporulation mutants by treating cells with AF. They added AF
to broth cultures at various stages of the growth cycle. Cells treated
during the lag-phase produced the grsatest number of mutants, almost all
of which were oligosporogenous. On the other hand, significant nunbers

of asporogencus mutants were found only when the dye was added at early
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log-phase. From these observations, Rogolsky and Slepecky postulated
the presence of an autonomous genetic determinant for sporulation during
the early stages of growth which becomes integrated in a later stage of
growth.

According to the definition of episomes proposed by Jacob and
Wollman (1941), when an episome is eliminated from the cells, for example
by acridine treatment, the episome can te acquired only from an external
source. Tms if the asporogenous mutants of Rogolsky and Slepecky are
produced by the el imination of a sporulation episome, they should never
revert to the sporogenous state. Since these authors reported no data on
the rate of reversion, it is not possible to determine whether their mutents
have really lost the sporulation episome.

Recently, Bott and Davidoff-Abelson (1966) have described similar
experiments in which AO was used. Seven distinct types of sporulation
mutants were produced and none of them was truly asporogenous. Glucose
dehydrogenase, which is first detectable during very early sporulation
stages, could not bte detected in any mutants. They were, however, able
to produce the protease amd an antitiotic associated with early stages of
sporulat ion.

Both AF and A0 were used in the present study in an attempt to
produce sporulation mutants. Treatment with AF produced many oligosporo-
genous mutants and only one strain in which sp* revertants were not
detectable. This strain, however, proved to be transducible to sporogeny.
Acriflavine is known to be very bactericidzl in its action; therefore,

the conditions under which mutants are produced may be critical. It was
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discovered that the cells were more resistant to AF during later stages

in the growth cycle. This may be due to the fact that during early growth
stages some nmetabolite may be produced which is particularly sensitive

to AF. During later stages the cell's requirement for the metabolite or
the concentration of the metabolite itself may be reduced, making the
presence of AF less harmful. Alternatively, the di fferences in sensiti-
vity of cells to AF may simply reflect a difference in the permeability

to AF in cells at different growth stages.

Used alone, AO was less mutagenic than UV light and was not very
effective in producing asporogenous strains. Several oligosporogenous
mutants were examined but only one was isolated which showed no reversion
to sporogeny. From the results of this and others' work acridines‘used
alone do not appear to be effective in producing asporogenous mutants.

Episomes are known to exist in two states, integrated with the
chromosome and autonomous or free in the cell. Hirota (1960) concluded
that only episome factors in the autonomous state could be eliminated by
acridines, Without abandoning the episome theory for sporulation, it is
pos tulated that the sporulation factor may be in the integrated state and
for this reason acridines are not effective in eliminating the episome
and producing sporulation mutants, Transition of an episome from the
integrated state to the autonomous state may be induced by UV light
(Lwoff et al, 1950). A series of experiments were performed in this
work in which cells were exposed to UV light prior to treatment with 40

in an effort to eliminate the sporulation factor and produce sp~ strains.
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Five groups of mutants were isolated by the combined UV-A0 ireat-
ment of cells. Albino rutants sporulated with a normal frequency but
were unabtle to form the brown pigment associated with the production of
spores, 1t is assumed, therefore, that they are not sporulation mutants
but have a mutation affecting the synthesis of the pigment. Oligosporo-
genous mutants were able to produce spores with a freguency 103 to 106
tires higher than that of asporogenous mutants. Since fairly large
numbers of spores were produced, structural genes are probably not altered,
but some regulatory function msy be damaged. The third group included
those which formed spores at a relatively low rate--similar to that
expected for spontaneous mutation. These strains are most likely defective
at a single site. Mutants in the fourth group showed no detectable §_p_t
revertants. These strains were transducible to sp*. The last group
contained mutants which were similar to those of the fourth group but
were not transducible to sporogeny. They were also unable to te trans-
duced for other markers. Further tests showed that ﬁhey were able to
adsorb PBS 1 normally and that they were somehow unable to incorporate
DKA into their genomes.

Tre most important finding made during the above experiments was
that the frequency of asporogenous mutants produced by the combined UV-AO
treatment was 2.7 to 4.5 times higher than the sum of the freguencies
obtained by the single treatment of UV and AO (Table XV).

There are two hypotheses which may explain the increased frequency
of sporulation mutants vhen cells are exposed to UV before treatment

with AO. The first is a synergistic effect in which AQ increases the
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mitagenic activity of UV light. Shankel (1962)- and Doneson et al (1964)
reported a synergistic effect of caffeine or methylated purines on UV
light. Witkin (19561) discovered that AF increased the mutagenic potency
of low doses of UV light but showed no independent mutagenic activity

on unirradiated bacteria itself. The interpretation was that UV light
initiated mutagenesis by producing unstable changes in DNA and that the
repair processes were blocked by the presence of AF. Acridines afe
kxnown to combine with DNA probably bty intercalation between the bases
with extension of the backbone and consequently to cause a reversible
change in the helical properties of the molecules (Lerman, 1961). Such
modification of the DNA heliﬁ might well interfere with repair mechanisms.

The second hypothesis is that UV light causes the transition of
the hypothetical sporulation factor from the integrated to the autonomous
state and acridines eliminate the factor to produce sporulation mutants.
In the integrated state, an episome appears to occupy a specific site
on the bacterial chromosome (Lwoff, 1953). The critical process in
induction is considered to be the uncoupling of the factor from chromo-
somal DNA. Once the sporulation factor is in the autonomous state it is
subject to the effect of AF or AQ and can be eliminated.

If el imination of a factor for sporulation is possitle, one would
expect the prodiction of asporogenous mutants incapatle of reverting to sp*
spontaneously. These mutants should, however, be fully competent in
transduction and should be able to act as donor strain in the transduction
of normal sp~ strains to EE:~ Crne such strain, Sp™Hl2-3, has been isolated

and investigated (Takahashi, 19652). In the present study it was also not
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possible to detect any spores in strain Sp H12-3. No _s_p_': clones could

be obtained from this strain by trams duction, transformation, cell to
cell contact or treatment with cell extracts from a wild-type strain.

An asporogenous strain possessing mutations at several sites would exhibit
similar properties. Such a mutant should be able to transduce normal
sporulating bacteria to asporogeny. No asporogenous clones were ever
produced from strain 168 using Sp~HL2-3 as donor in transduction and

trans formation experiments. By the same techniques, however, strain 168
readily formed prototrophic recombinants. It is most unlikely, in view
of its inability to transfer asparogeny, that Sp H12-3 has point mutations
on the chromosome.

Strain Sp™H12-3 exhibits characteristics which might be attributed
to a deletion on the chromosome. In transduction experiments, Sp H12-3
was alle to act successfully as donor for several sp” mutants, each one
of which was known to have its mutat.ion located on the chromosome
(Takahashi, 19%5a). Therefore Sp~H12-3 does not appear to have a
deletion of sporulation genes on the chromosome. It appears to have
lost irreversibly some sporulation factor which cannot be replaced by
any of the corwventional techniques known to us.

Interesting hybrid competition experiments were performed by
Yamagishi and Tacahashi (in press). Strain Sp H12-3 was the only mutant
which failed to produce mRNi as early in the sporulation process as the
end of log-phase. That it is a mutant blocked at a very early stage is
confirred by the inatility to produce the antibiotic. The same competi-

tion experirents lead to the conclusion that the DNA of Sp H12-3 was
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missing a portion of the sporulation genome which transcribes for the
early mRNA. Since this strain does not appear to have a chromosomal
deletion, it may have lost an extrachromosomal determinant for sporula-
tion. The inability to form spores after transduction may be due to

the fact that the phage P35 1 cannot incorporate DNA from the extra-
chromosomal determinant in wild-type strains. The inability to transfer
the extrachromosomal determinant from wild-type strains to Sp H12-3

may be peculiar to phage PBS 1.

In the present study the combined UV-AC treatment did not produce
asporogencus mutants of the seme type as strain Sp™H12-3. However, the
fact that the production of mutants is enhanced by the combined UV-A0
treatment encourages one to consider that it may be possible by improving
tre technique to isolate mutants similar to Sp H12-3 and to study further
their properties, Optimal conditions for the treatment of cells are
still unknown. Concentrations and time of addition of the acridire dyes
and UV doses to be used should be extensively investigated. In such an
intricate system, small changes in procedure may be critical and produce

vastly different results.
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