






















































































































Table XV 

The Frequency of Sporulation Hut ants Produced by UV Plus AO, AO Alone and UV Alone in all B. subtilis strains 

Colonies 
Exam ned 

A. AO Treatment Alone 

Group 1 Gr oup 4 Group 5 

,310238 0.046 0.005 (64) 0.0043 (7) 0.0014 (6) 0 (2) 

B. UV Trea tment Alone 

452974 

C. UV-AO Treatment 

A. -4- B. 

911282 

763212 

0.077 0_!_018 (97) 0.013 (2]_) 0.0032 (16) 0 _1_4l 

0.,33 0.076 (811) Q.056 (187) 0.021 (136) 0.0045(522 

0.123 0.01_?3 _(3Q) 0 .0046 (22) 0 (6) 

C.LA._ -4-__ B. 2. 7 3.J 3.2 4.6 

\.n 
l\) 
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Table XVI 

Irrevers ible Hc:tants (Group 4) Produced by UV Plus AO, 

UV Alone or AO Alone 

Naximum 
Agent Reversion Antibiotic 

Hutant (ug/ml) Rate Production 

sp-19-1 uv plus 20 AO 0 

Sp-19-5 II 0 

Sp-19-8 II 0 

sp-19-11 II 0 

Sp-19-1.3 II 0 

Sp-19-19 II 0 

Sp-19-.31 II 0 + 

Sp-19-3.3 II 0 + 

sp-19-.36 II 0 + 

Sp -~,.J-.3 1{ uv plus 20 AO 0 t 

Sp-·t.'-4 }{ II 0 + 

Sp-l·l-5 lt II 0 + 

Sp-'.·l-7 tl II 0 + 

Sp-\'i-8 'II . If 0 + 

sp-:.·r-lo ir. II 0 ... 

Sp-'d-1.3 II 0 + 

Sp-~f-14 II 0 

Sp-H-16 II 0 + 

Sp-·,·l-17 il II 0 ... 

Sp-'d-18 tl II 0 +-

Sp -:·l-19 1i. II 0 + 
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Table XVI ( Cont 1 d.) 

Haximum 
Agent Reversion Antibiotic 

Hute:nt (ug/ml) Rate Production --- -----
Sp-t.'l'-20 it UV plus 20 AO 0 t 

Sp-\>/-21 II 0 

sp-N2-l2 il. II 0 

sp-N2-l4 II 0 + 

Sp-Hl2-52 UV plus 5 AO 5.0 X 10-10 
+ 

Sp-Hl2-53 II 1.7 x lo-10 t 

Sp-Hl2-56 II 2.8 X 10-lO + 

Sp H12-58 II 2.0 X l0-10 
+ 

Sp-Hl2-59 II 7.7 x1o-11 

Sp-Hl2-62 II 1.2 x lo-10 + 

Sp -Hl2-69 It 2.o x lo-10 + 

Sp-Hl2-70 It J.l X 10-lO + 

Sp-Hl2-80 It 1.2 X 10-lO + 

Sp Hl2-89 It 1.4 x lo-10 
t 

Sp-Hl2-90 11 1.3 X 10-lO + 

Sp-Hl2-92 It 1.9 X 10-9 + 

Sp-Hl2-94 It 2.4 x lo-10 + 
Sp-Hl2-97 It 1.8 X 10-lO ... 

Sp-Hl2-102 It 2.9 x lo-10 
t 

Sp-Hl2-105 uv 2.7 X 10-lO + 

Sp-Hl2-ll0 uv 2.4 x lo-10 
t 

Sp-Hl2-12l UV plus 10 AO 2.6 X 10-lO + 



Hut ant 

Sp -P.l2-l27 

Sp-HL2-l35 

Sp-Hl2-l45 

Sp-Hl2-l48 

Sp-Hl2-l49 

Sp-Hl2-J.60 

Sp-Hl2-162 

Sp-Hl2-l63 

sp-Hl2-l66 

Sp-Hl2-l69 

Sp-Hl2-l7l 

Sp Hl2-l73 

Sp-P.l2-l74 

Sp-Hl2-l75 

Sp-Hl2-l78 

Sp-El2-l82 

Sp-Hl2-l84 

Sp-Hl2-l86 

Sp -Hl2-l93 

Sp-Hl2-20l 

Tabl~ XVI (Cont'd.) 

Agent 
{ug/rnl) 

UV olus 5 AO 

uv 

UV plus 5 AO 

uv plus 10 AO 

UV plus 20 AO 

UV plus 50 AO 

UV plus 20 AO 

II 

UV plus 40 AO 

II 

II 

UV plus 60 AO 

50 AO 

UV plus 50 AO 

UV plus 50 AO 

Uy plus 100 AO 

II 

uv 

UV plus 20 AO 

II 

1-Iaximum 
Reversion 
Rate ---
1.7 x lo-10 

3.1 x lo-10 

-10 
3.8 X 10 

4.8 X 10-lO 

4.7 X 10-lO 

0 
l.l X 10-/ 

6 • 7 X 10-ll 

1.2 X 10-lO 

2.5 x lo-10 

6.7 x 1o-ll 

2.3 x lo-10 

5.6 X 10-ll 

7.7 X 10-lO 

1.6 X 10-lO 

1. 7 x lo-10 

3.0 x lo-10 

1.9 X 10-lO 

3. 6 x lo-10 

0 

0 

'11.. These mutants were :1ot competent for transduction. 
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Table XVII 

Sporulation i·iltants Inco~npetent in Transduction (Group 5) 

lv1u tant 

sp-N2-1 2 

sp-v.J-3 

Sp-l·l-4 

Sp H-7 

Sp-;·1-10 

Spl'l-17 

Spl'/-18 

Sp-'tl-20 

Antibiotic 
Produ c ti£!l 

+ 

· + 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

Phage 
Adsorption 
_:__{%~)'-----

36.0 

99.5 

99.8 

98.4 

97~7 

95.5 

87.5 

77.0 

99.5 

77.0 

82.0 

The mu t ant s in this table were produced by the combined treatment 

of UV and AO (20 ug/ rnl). 
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Strain 

·~· 

- .. , . 
~~ .. ~. 

. ~ .. 
. ~ _., . 1!:l· 

Table IVIII 
e:·· 

Sensitivity of B. subtilis s t rains to UV light 

Dose of VV Light (sec.) 
0 30 60 

l.O 8.2 X 10-2 J.5 X 10 -3 

1.0 1.7 X 10-l 4.2 xl0-3 

1.0 2.7 X 10 
-2 

1.0 X 10 -3 
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NarE: The nurrbers in this t able are the fraction of survi vir~ cells. 



CHAPT6R V 

THE EFFECTS CIF COBAI.T ION ON Tffi SPORU ;:.. ATIO i'l FAC'IDR 

IN B. SJETILI.S STRAm Hl2 

The experiments reported in this chapter were based on the work 

of Hirota (1956) who was able to eliminate the F-factor by treating the 

male E. coli cells with cobalt ion (co+•). 

Tv.o rr.ethods were used for exposing the cells to Co H in an 

attempt to eli:ninate the sporulation factor from B. subtilis. In the 

first met..rwd , the resistance of the bacteria to CoH was increased by 

serial trans fer in the presence o f cobalt ion , followed by plating and 

selecting sporulation r:mtants. In t.l-te second, the c ells were exposed to 

a relatively high concen tration of the ion overnig.}].t followed by plating 

on aga r hledia containing citrate to chelate the cobalt ion. 

Hethod A 

A culture grovm in PG broth for 4 hr. v.~s diluted 10-2 in 5.0 ml 

of PG broth containing Co H at concentrations from 0.1 to 0.3 rnM . After , 

shaki ng for a further 24 hr. at 37°C, the treated culture which showed 

visible grovTth in the presence of the highest concentration was diluted 

into 5 . 0 ml of PG broth co ntainirg still higher levels of co++ and shaking 

was continued for 24 hr. This process of serial transfe rs to higher con-· 

centrations of co++ was continued until the highest level was reached. The . 
culture was tren spread on sporulation agar to detect mutants after 2 

days incubation. 
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Method B 

co++ -v;as added to a culture grown in PG broth in the form of 

CoC12 to a final concentration of 1.0 to 2) rrN. The cultures were further 

shaken ;.,i_ th incubation overdght and plated (0 .1 !!'l per plate), after 

appropriate dilutio!1, on sporulation agar containing LP mH of citrate 

ion (CS agar). A.t ti mes the cells were also spread on CYS or BS agar. 

Results 

It was found that strain P.l2 vJas naturally resistant to 0.2 mH 

of Coh and that by 4 or 5 serial transfers to higher concentrations 

it could grow in broth containing 1.5 niH of Co-++. Vlhen the resistant 

cultures were plated on CS agar, small dark brown colonies were found 

which ',·;ere sporogenous and resistant to 1.5 wH of co-t·+. No asporogenous 

strains, not even albinos, were isolated after an initial treat,"T,ent by 

method A. T!'le small dark brovm colonies just mentioned were furt"her 

treated by serial dilution in Co~~ and their resistar~e was increased 

to 2.0 mH. Spreading on CS agar after this second treatment produced 

four types of colonies of strikingly different morphology. The first two 

\';ere both star-shaped, one being s~nall and transparent, the other, large, 

opaque and white. The second t\..-o tyj:€ s were srroot.'·1-edged. One v{as large 

and dark and the other was soall, white arrl opaque. All four were 

sporogenous. Hhen these straim were treated again with 2.0 mJ.~ of co++ 

and replated, no asporogenous colonies were isolated. 

After Hl2 was treated \<.rith co++- by method B, n::my small brown 

sporogenous colonies 'dere isolated. Their resistance had been increased 

to 1.0 ml·~ of eo++-. These were then exposed by serial transfer to higher 
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concentrations of Co++ up to 2.0 rrJ.'l and thm plated on CS agar. As 

be fore, a diverse array of colonies was found. Three sporogEnous strains 

were isolated which produced s :nall dark, large dark arrl mediu.rn-sized, 

opaque colonies. A fourth strain was freque nUy isolated \\hich formed 

a ver-;1 s:nal l, white mi cro colony. These proved to be asporogenous but 

grew poorly under mos t oo ndi lions. A typical example of these nticrocolonies 

was isolated and designated as Sp-Hl2-41. 

In an effort to find a medium on >~hich Sp-Hl2-4l v.ould grow well, 

the following co:nbinations of solid media and supplements \'/ere used: 

TB agar, TB agar plus 0.1 ~I Co~+, TB agar plus 0.05% Yeast 3xtract 

(Di fco) ; Sporulat ion agar, CS agar, CYS agar, Brain Heart a gar and BS 

agar. It was dis cove r ed that this strain grew better on BS agar and on 

CYS agar. For t his reaso n, these were used as \vell as sporulation agar 

in further experiments with co+~. 

Only microcolonies of the same type as sp-Hl2-4l were isolated 

when cells of Hl2 \>Tere irradia ted with UV light prior to the Co++ trea t-

ment. 

Strain sp-Hl2-4l had the following properties. In several rever-

sion te sts no revertants to sporogeny '~Jere observed. This :nay nave been 

due in part to the fact that it would not grow well on solid :-r.edia. In 

transduction experi:nents this strain was transduced to neither sporogeny 

nor proto trophy . Strain Sp-Hl2-41 pr odJ. ces the antibiotic for Staphylococcus 

and is presu.rnably blocked at a point later than stage I. Attempts to 

transform Hl2 for Co++ r esistarc e by DKA from Sp-Hl2-4l ·.-.rer= unsuccessful. 
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Because of the inability to be transduced c:.n:i to grow on ordinc:.ry culture 

rr:edia, no further study was cc:.rried out ..,.ri th this strc:.in. 



CHAPTER VI 

DISCUSSION 

Various attempts have been nade to isolate sporulation mutants . 

Schaeffer (1961 ) and Takahashi (1961, 1965a) were able to proouce stable 

asporogenous strains usir€ UV light. Their mu tants were, however, able 

to revert sponta.'1eously to ~ and were transformable or transducible 

for the sporulation marker . In the present work, in addition to this 

type of mutant , h.t> so- strains were isolated which could not revert 

spontaneously to ~ and which were not competent in transduction. Further 

tests shov<ed that the two strains were unable to adsorb the bacteriophage 

PBS 1. 

Other mutagenic a gents used to produce sporulation mutants were 

the acridine dyes, AF and AO . These agents \'Jere knovm to eliminate 

episomes in the auto:-~o:nous state from E. coli ( Hiro ta an::! Iiji:na, 1957). 

Schaeffer and his co-workers (1959 ) proposed the existence of an episomal 

sporulation factor in B. subtilis, but they \vere unable to isolate sporula­

tion rr:utants by acridine treatments (personal corrmnmica tion to I. Ta~ahashi). 

To test this episorre 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 greatest number of mutants , almost all 

of which were oligosporogenous. On the other ha:-~d, significant nu;nbers 

of asporogencus i:1.1ltants •t~ere found only when the dye was added at early 
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log- phas e·. Fro rr. thes e observatio:;s , Rogolsky and Slepecky pos t ul a ted 

the pr esence of a n autonomou s gene t i c det e r minant for S:f=orula tio n during 

the e a rly stages of gro wth whi ch be co me s i ntegr a t ed in a later stage of 

gr owth. 

According to t he definition o f epi some s proposed by J a cob a nd 

Wollrr.an (1961 ), >-hen an ep is:>me is elimina ted fro m the cells, for exarr:ple 

by acridi ne tr eat ment, ~~e ep i some can ce acquired only from an ex t e r nal 

source. Th~s if the asporogenous mutants of Rog olsky and Slepecky a re 

produ ced by the el imi nation of a sp orulation episome, they should nev er 

rev ert to the sporo gen ous state. Since these au th ors rep orted no data on 

the r at e of reversi on, it is not possible to determine whether their mutants 

have really lost the s_:;:Jorulation epis ome. 

Recently, Batt and Davidoff-Abelson (1966) have described s i rrilar 

experiruents in ···Ihich AO was used. Seven distinct types of sporulation 

mutants were produced and none of them was truly asporo genous . Glu cose 

dehydrogenas e, · ... tlich is first detectable duri ng very early sporulc.tion 

stages, could not be detected in any mutants. They ','/ere, ho·,.;ever, able 

to produce t he pro t ease an:i an antibiotic associated v:ith early stages of 

s porulation. 

Both AF and AO were used in the present study in an attempt to 

produce s porulation mutants. Treatment with AF produced many oligosporo­

genous mutants and only one strain in which s n+ revertants were not 

detectable. This strain, however, proved to be transducible to sporogeny. 

Acrifl avine is kno'.ffi to b e very bactericidal in its action; therefore, 

the co rd itions under which m~tants are produced may be critical. It was 
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discovered that the cells v:ere more resistant to AF durir>..g l ater stages 

in the growth cycle. This may be du. e to t.'l-te fact that duri ng early growth 

stages some netabolite may be produced \vhich is particularly sensitive 

to AF. During later stages the cell's require~ent for the metabolite or 

the concentration of the metabolite itself may be reduced, makir~ the 

presence of AF les s harmful . Alternatively, the differences in sensiti­

vity of cells to AF rray simply refl. ect a dif f erence 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 

nrutants were examined but only one was isolated wh.ich sho·.·;ed no reversion 

to sporogeny. Frem the results of this and others 1 work acridines used 

alone do not appear to be effective in producing asporogenous mutants. 

Episomes are known to exist in tv-..o states, integrated with the 

chromosome and autonomous or free in the cell. Hirota (1960) concluded 

that only episome factors in t.'l-te au to nomous state could be eliminated by 

acridines. Withou t abandoning the episome theory for sporulation, it is 

pos tulat ed that the sporulation factor may be in the integrated state a11d 

for this reason <1 cridines are not effective in eliminating the episome 

and producing sporulation mutant s. Transi tion of. &"1 episome from the 

integrat ed state to the auto nomous state may be induced by UV light 

(Lv;off et al, 1950). A series of experiments were performed in this 

W:::>rk in which cells were exposed to UV light prior to trea tment with J..O 

in an effort to eliminate the sporulation factor and produce §C strains. 
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Five groups of mutants were isolated by the combined UV-AO treat-

rr,e nt of cells. Albino mutants sporulated •..r.i. th a normal frequency but 

·~1ere unable to form the bra>m pigment associated with the production of 

spores. It is assu med, therefore, that they are not sporulation mutants 

but have a mutation affectir{?; the synthesis of the pigment. Oligosporo­

genous mu tants were able to produce spores vd.th a frequency 1 0 3 to 1 0 6 

time s hitler than that of aspor6 genous mutants. Sin:;e fairly large 

numb ers of spore s were produced, structural genes are probably not altered, 

but some r egula tory function mqy be dar.Bged. The third group included 

those \'ihich for::-~ed spores at a relatively low rate--similar to tha t 

expected for spor,taneous mutation. These strains are most likely defective 

at a single site. l'!uta.'"!ts in the fourth group showed no detectable so+ 

revertants. These strains were transducible to~· The last group 

contained mutants 1-.hich were similar to those of the fuurth group but 

.,.,-ere not transducibl e to sporogeny. They VJere also unable to te trans-

duced for other IrBrkers. Further tests showed t.l-!at they were able to 

adsorb PBS 1 norrEally and that they were someho-v; unable to incorporate 

DNA into t heir genomes. 

The most important finding ~4de during the above ex~e riments was 

t hat the frequenC'.f of asporogenous mutants produced by the combined UV-AO 

treatrr,ent was 2.7 to 4.6 ti rr.e s higher than the sum of the frequencies 

obtained by the sir~le treatment of UV and AO (Table XV). 

There are two hypotheses which may explain the increased frequency 

of sporula tion :nutants •·ihen cells are exposed to UV before treatment 

with AO . The first is a synergisti c effect in which AO in:;reases the 
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mutagenic activity of UV light. Shankel (196?) and Doneson et al (1964) 

reported a synergistic effect of caffeine or me thylated purines on UV 

lig ht. 'ditkin (1961) discovered that AF increased the mutagenic potency 

of .lm·T doses of UV light but showed no independent mu t agenic activity 

on unirradiated bacteria itself. The interpretation 1-ras that UV light 

initiated mutagenesis by producing u11stable chang es in DNA and that the 

repair processes were blocked by the presence of AF. Acridines are 

kn::n-;n to a:> mbine w"i t :: DNA probably by intercalation between the bases 

vlith 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 helix mi§'lt well interfere ;.ri.th repair mechanisms . 

The second hypothesis is that UV lic; ht causes ti-E tra nsition of 

the hypothetica l sporulation factor from t~e integrated to the autonomous 

state and acridines elirrinate the factor to produce sporulation mutants. 

In the integr a ted sta te, an ep isome appears to occupy a specific site 

on the bacterial chromosome (L;.Ioff, 1953). The critical process in 

induction is considered to be the uncoupling of the f a ctor from chromo­

so:nal DNA. Once the spor.1lation factor is in the autonorrous state it is 

subject to the effect of AF or A.O a'1d can be eliminated. 

If elimination of a factor for sporulation is possible, one •.vould 

expect the prom ction of a sporoge nous muta11t s incapable of reverting to so,. 

sponta11eously . These mutants should, however, be fully competent in 

transduction and should be able to act as donor strain in the transduction 

of normal ~ strains to ~. Cr.e such strain, Sp-Hl2-3, has been isolated 

and investigated (Takahashi, l965a). In the present study it was also not 
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~· ' 

possible to detect any spores in strain Sp-Hl2-J . 
.. 

No ~ clones could 

be obtained from this strain by tram duction, transformation, cell to 

cell contact or treatrnent with cell extracts from a wild-type strain. 

An asporog enous strain possessing mutations at several sites >10uld exhibit 

similar properties . Such a mutant should be able to transduce nornal 

sporulating bacteria to asporogeny . No asporogenous clones were ever 

pr oduced from strain 168 using Sp-Hl2-J as donor in transduction and 

tra'1sfor;:ctation experiments. By the same techniques, however, strain 168 

readily formed prototrophic reoombinants. It is most unlikely, in vievi 

of its inability to trans fer asp orogeny, that Sp-Hl2- 3 has point mutations 

on the chromosome. 

Strain sp-Hl2-3 exhibits characteristics >vhich night be attributed 

to a deletion on the chro iosome . In transduction experiments, Sp-Hl2-3 

was a l:iL e to act successfully as donor for several ~ mutants, each one 

of which 'tlas km>m to have its mutation located on the chro mosome 

(Tai<ahashi, 19b5a). Therefore Sp-Hl2-3 does not appear to have a 

deleti on of sporula tion genes on the chromosome. It appears to have 

lost irreversibly some sporulation factor which cannot be replaced by 

any of the corwentional techniques kno•.m to us. 

Interesting hybrid competition experiments were perforrred by 

Yamagishi and Ta'-< ahashi (in oress). Strain Sp -Hl2- 3 was the only mtant 

which failed to produce IIL.'1.NA as early in the sporulation process as the 

end of log-phase. That it is a mutant blocked at a very early stage is 

confir rred by the inability to produce the anti biotic. The sa'lle com_?eti-

tion e.xperirr.ents lead to the conclusion that the DNA of Sp-Hl2-3 was 
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mis sing a portion of the sporulation gen ome which trans cribes for the 

early JTL.'i.NA. Since this strain does not appear to have a chromosomal 

del etion, it may have lost an extrachro rrDsomal deterwi nant for sporula­

tion . The in abi lity to form spores after transduction may be due to 

the fact that the phage P3S 1 cannot incorporate DNA from the extra­

chr omosomal determinant in •;ild-type strains. The inability to transfer 

the extrachrorr0som~ deterrrinant from wild-type strai ns to Sp-Hl2-3 

may be peculiar to phage PBS 1. 

In the present stuqy the co mbined UV-AO treat ment did not produce 

as poroge nous rr.utants of the sane ty pe as strain Sp-Hl2-3. Hm1ever, the 

f ac t that t he production of mutants is enhanced by t:-,8 co mbined UV-AO 

treat:nent encourages one to consider that it may be possible by i nproving 

tre technique to isolate mutants sinilar to Sp-Hl2-3 and to study further 

their properties. Optimal conditions for the treatment of cells are 

still unknO\·m. Concentrations and tirre of addition of the acridine dyes 

and UV doses to be used shwld be extensively investigated. In such an 

intricate system, s mall changes in procedure may be critical and produce 

vastly different results. 



BIBLIOGR APHY 

Anagnostopoulos, C., and Crawford, I.P., 1961. Transformation studies 
on th e linkage of ~3rk ers in the trytophan pathway in 
Bacillus subtilis . Proc. Natl. Acad. Sci. u.s. 47:378-390. 

Balassa,G., Ionesco, H., and Schaeffer, P., 1963. Preuve genetique d'une 
relation entre la pro duction d'un anti biotique par B~ cillus 
subtilis et sa sporulation. C. R. Ac ad.Sci. Paris 257 :986-988 . 

Bernlohr, R. ~·l., and Novelli, G.D., 1960a. Some characteristics of 
bacitracin production by Bacillus licheni fornis. Arch. 
Bio cher.t . Biophys. 81:232.-238. 

B ernlohr, R. l·l ., and t·!ovelli, G.D., 1960b. Uptake of bacitracin and 
its incorpor ation into the spores of Bacillus licheniformis. 
Biochem. Biophys. Acta . 41:541-543. 

Bernlohr, R.W., and Novelli, G.D., 1964. Postlogarit~mi c phase metabo-
lism of sporulati ng microorganisms. J. Biol. Chern . 239:538-543. 

Bott, K.F., and Davidoi'f-Abelson, R., 1966. Altered sporulation and 
respiratory patterns in mutants of Bacillus subtilis induced 
by acridine or ange. J. Bacterial. 92:229-240. 

Burkholder, P.R., a nd Giles, N.H. Jr., 19h7. Induced biochemical -mutations 
in Bacillus subtilis. Amer. Jour. Bot. 34:345-348 . 

Clark. A.J., and Har gulies, A.D., 1965. 
of recombi nation-deficient 
Ge r.etics 53:451-459 . 

Isolation and characterization 
mutar1ts of Escherichia coli K-12. 

Clowes, R.C., Hoody, S. E.H., ~nd Pritchard, R.H., 1965. The elimin~tion 
of extrachromosomal elements in th~aineless strains of 
Escherichia coli K-12. Genet. Res. ~:147-152. 

Doneson, I. N., and St ankel, D.~·: ., 1964. :Hutational syner gism between 
radiations a."Xl methylated purines in Escherichia coli. 
J. Bacterial~ 87: 61-67. 

Dri skell - Z&~enoff, P., 1964 . BacteriBl Episomes. In:-The Bacteria, vol 
V. London, Academic ?ress. 

69 



70 

Eisenbe r g, P., 1912. Untersuchungen Uber die Variabilit~t der Bakterien 
I Uber sporogene und asporogene Rassen des Eilzbrandbazillus. 
Central. Blatt. Bakt. Act. I. orig. 63:305-321. 

Halvorson, H.O., 1965. Sequential expression of bioche:-nical events during 
intracellular differentiation. Symp. Soc. Gen. Hie robiol. 
XV :343-368 . 

Hirota, Y., 1956. Artificial elh·.in ation of the F-factor in Bact . coli 
Nature 178 :92. K-12. 

Hirota, Y ., 1960. The effect of acridine dyes on mating type factors in 
Escherichia coli. Proc. Natl. Acad. Sci. U.S. ~:57-64: 

Hirota, Y., ~~d Iijima, T., 1957. Acriflavine as an effective agent for 
eliminating F-factor in Escherichia coli K-12. Nature 
180:655-656. 

Ho>·rard- Flanders, P., and Boyce, R.P., 1964. A biochenical pathway in the 
repair of DNA a fter UV-irradiation that nay have steps in 
common •,rit h those of genetic recombination by breakage and 
reunion. Genetics 2Q: 256-257. 

Howard- Flanders, P., and Theriot, L., 1966. M:utant s of Escherichia coli 
K-12 defective in DNA repair and in genetic r ecorr:b ina tion. 
Genetics 53:1137-1150. 

Jacob, F., and :'Tollman, E .L., 19 58 • Les ~pi somes, el e:nents ger.'e tiques 
ajout~s. C. R. Acad. Sci. Paris 247:154-156. 

Jacob, F., and v··Jollman, E.L., 1961. Sexuality and the Genetics of 
Bacteria, lst Edition, Lannon, Acade~c Press. 

Kawalcami, H., and Landman, O.E., 1965. Experiments concerning the 
curing and intercellular site of episomes. Biochem. 
Biophys. Res. Comm . 18 :716-724. 

Lerman, L.S., 1961. Structural cor..siderations in the interaction of 
DNA and acridines. J. Hol. Biol. 111:18-30 . 

L'.\Df.f, A. , 1953 . Lysogeny. Bacterial. Revs. 17:269-337. 

Lv:off, ,\ 

.M. • ' Siminovitch , L., a nd Kjeldgaard, N., 1950. Induction de la 
production de bacteriophages chez une bacterie lysog~ne. 
Ann. Inst. Pasteur 79:815-859. 



71 · 

Nester, E. 1,'l., and Lederberg, J., 1961. Linka ge of genetic units of 
Bacillus subtilis in DNA transformation. Proc. Natl. Acad. 
Sci. U.S. 47:52-55. 

Pasteur, L., 1281. De l 1 attenuation des virus et ce leur retour~ la 
virulence. C. R. Acad. Sci. Pc:.ris 92:429-434. 

Rogolsky, E., and Slep ecky, R.A., 1964. Elimination of a genetic deter­
::'.inant for soorulatbn of B. subtilis '"ith acrifl avine. 
Biochem. Biophys. Res. Comm . 16:204-208. 

Raux, E., 1890. Bac~ridie charbonneuse asporog~ne. Ann. In s t. 

Ryter, A., 

Pasteur J±:25-34. 

Ionesco, H., and Schaeffer, P., 1961. Etude microscopique 
~lectronique de mutants asporog~ nes de Bacillus subtilis. 
C. R. Acad. Sci. Paris 252:3675-3677. 

Ryter, A., Sch aeffer, P ., and Ionesco, H., 1966. Classificati on cytol og ique, 
par leur stade de blocage des mutants ce sporulation de 

Schaeffer, 

Schaeffer, 

Bacillus subtilis Harburg . Ann. Inst. Pasteur 110:305-31 5. 

P., 1961. Etude ge'ne"tique, biocheraique et cytologique de la 
sporula ticn de Bacillus subtilis. D. Sc. Thesis. Faculty 
of Science, University of Paris, Paris, France. 

P., and I 0 nesco, H., 1960. Contribution "'a l'~tude ~rretique 
de la sporog~nese bact~rienne. C. R. Acad. Sci. ?aris 
251 :3125-3127. 

Schaeffer, P ., I one sco, H., ani Jacob, F., 1959. Sur le determinisme 
g;S~tique de la sporulation bact~rie~e. C.R. Acad. Sci. 
Paris 249:577-578. 

Schaeffer, 

Sea rashi , 

P., Ionesco, H., Ryter, A., and Balassa, G., 1963. La sporulation 
de Bacillus su btilis; "etude genetique et physiologique. 
C. ~T .R. S., !·:.:O...rseille 124: 5 53-563. 

T., and Strauss, B., 1965. Relation of the :-epair of dama ge 
irrluced by a monofunctional alkylating ag ent to the repair 
of damage induced by ultraviolet light in B ~ cillus subtilis. 
Biochem., 3iophys. Res. Comm. 20:680-687. 

Shankel , D.H., 1962. nHut:ttional synergismn of ultraviolet l ight and 
caffeine in Es cherichia coli. J. Bacterial. 84:410-415. 



72 

Spizizen, J., 1958. Transformation of biocherrd_cp~ly deficient strains 
of Bacillus subtilis by deoxyribonucleate. Proc. Natl. 
Acad. Sci. U.S.-44:1072-1078. 

Spizizen, J., 1959. Genetic activity of deoxyribonucleic acid in the 
reconsti tutbn of biosynthetic pathways. Federation Proc. 
18:957-965. 

Spizizen, J., 1965. Analysis of asporogenic mutants in Bacillus subtilis 
by genetic transfor mation. In:-Spores III: Ann Aroor, 
Hicr.d.gan, American Society for Hicrobiology. 

Spizizen, J., Reilly, B., and Dahl, B., 1963. Transformation of g enetic 
traits associated with sporulation in Bacillus subtilis. 
Pro c. Intern. Congr. Genet. 11th. The Hague 1.:: 31 • 

Takahashi, I., 1961. Genetic transduction in Ba cillus subtilis. Biochem. 
Biophys. Res. Co~~. 2:171-175. 

Ta.l{ ahasl:li, I., 1965a. Transduction of sporogenesis in Ba cillus subtilis. 
J. Bacterial. 89:294-298. 

Takahashi, I., 1965b. Localization of spore markers on the chrono sorre 
of Bacillus subtilis. J. Bacterial. 8z:l065-l067. 

Witkin, E.N., 1961. Hodifications of mutagenesis initiated by ultraviolet 
light through nosttreatment of bacteria with basic dyes. 
J. Cell. Comp.-Physiol. 58:(Supp.l),l35-144. 

Ya~agishi, H., and Takahashi, I., (in press). Genetic transcription in 
sporulating Bacillus subtilis. J. Bacterial. 

Yos hikawa, H., and Sueoka, N., 1963. Sequential replication of Bacillus 
subtilis chromosome-I. Comparison of marker frequencies in 
exponential and stationary grovtth phases. Pro c. Natl. Acad. 
Sci. U.S. 49:559-566. 

Zinder, N.D., ard Lederberg , J.J., 1952. Genetic exchange in Salmonella. 
J. B.s.cteriol. 64:679-699. 

1. ·-. 




