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Previous work has indicated that loss of ability of DNA dependent 
RNA polymerase, from stationary phase cultures of g. subtilis, to 
transcribe phage $e DNA was a sine gua non for sporulation. To ascer- 
tain if this change in templatr&acifiXy was sporulation-specific, 
we repeated these experiments using a defined sporulation medium. The 
changes observed previously did not occur in the defined medium although 
sporulation was normal. The ability of the enzyme to transcribe other 
DNA templates was also examined. Similar studies were carried out using 
a polymsrase from a rifamycin-resistant, sporulation conditional mutant. 
The significance of these findings with regard to the regulation of 
sporulation in B. subtilis is discussed. 

One of the earliest biochemical changes observable during the 

sporulation of Bacillus subtilis is an alteration in the transcribing 

specificity of the DNA-dependent RNA polymerase (1). It was proposed 

that this alteration, a loss of the ability of the polymerase to trans- 

cribe $e DNA in vitro at the onset of the stationary phase of growth, -- 

reflected sporulation-specific changes in the enzyme. This proposal 

was supported both by the finding that normal sigma activity was lost 

during sporulation (21, and by the observation that the enzyme from 

asporogenous mutants, presumably bearing a lesion in the gene coding 

for the B subunit, failed to show this decline in ability to transcribe 

Be DNA (3). The alteration of core enzyme in the 8 subunit (2) was shown 

recently to be an artifact (4,s). 
1 Preliminary results of this work were presented at the Colloque International 
C.N.R.S. sur la Regulation de la Sporulation Microbienne, at Gif-sur-Yvette, 
France, September 10, 1973. 
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The evidence in support of the hypothesis that the change in template 

specificity is a sine Qua non for sporulation is not conclusive. Absence - - 

of the template specificity change in asporogeneous mutants may indicate 

that the specificity change and the sporulation process are events which 

have a common metabolic origin but eventually diverge. Such mutants 

might have a lesion which affects an event on the common pathway prior 

to that which evokes the specificity change. A crucial test would be to 

seek other conditions which induce sporulation normally with eliciting 

a change in template specificity of the polymerase. The results of such 

a study are presented herein. 

METHODS. Organisms. Strain 168 wild-type and a spontaneous derivative, 

SB2 Arg-, were used. Strain 168 wild-type was obtained by spontaneous 

reversion of 168 a, and SB2 Arg" by spontaneous mutation to rifamycin 

resistance (RI?), and arginine independence. This mutant is also a Stage 0 

(6, 7) sporulation conditional (Spa'), cannot sporulate in Sterlini- 

Mandelstam sporulation medium (6% medium) (8) but sporulates normally in 

a modified Schaeffer medium (DDS medium) (9, 10). The SpoL trait 

presumably stems from a lesion in the gene specifying a subunit of the 

DNA-dependent RNA polymerase (6). 

Media. Organisms were grown in DDS medium, a non-defined medium 

containing nutrient broth (9, lo), which supports both growth and 

sporulation of 168 w.t. and of SB2 Arg-. Cells were iilso induced 

t0 SpOmlate by transfer from DDS medium, after mid-log stage of growth, 

to Sterlini-Mandelstam resuspension medium (SM medium) (8), a defined 

medium which supports sporulation of the wild type but not of SE2 Arg-. 

Arginine was used as a supplement in SM medium when the mutant was used. 

DNA-dependent, RNA polymerase. Cells were harvested by centrifugation, 

washed in Buffer 3, (Trie-HCl, 10 mM; pIi 7.91 disodium EIEA, 1 mM; MgC12, 

10 mM; KCl, 50 mM; 5% glycerol; 6 mercaptoethanol, 5 mM; and 0.3 mg/ml 
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SUMMARY 

Hormonally sensitive adenylate cyclase has been solubilized 

from rat liver plasma membranes using Triton X-305 in Tris buffers 

containing mer captoethanol and MgClz . The solubilized enzyme was 

stimulated 5 fold by NaF, 7 fold by glucagon and 20 fold by epineph- 

rine. Criteria for solubilization included lack of sedimentation at 

1OQOOO x g for one hour, the absence of particulate material in the 

100,000 x g supernatant when examined by electron microscopy, and 

inclusion of hormonally sensitive adenylate cyclase activity in 

Sephadex G 200 gels. The molecuiar weight of the solubilized, hor- 

monally sensitive enzyme was approximately 200,000 in the presence 

of Triton X-305. 

Although there has been considerable interest in the mechanism 

for hormonal stimulation of mammalian adenylate cyclase activities, 

progress toward the solution of this problem has been severely hindered 

by one major technical barrier. The enzyme has not been solubilized 

and purified in a hormonally sensitive form from any mammalian 

source. However, the bacterial enzyme from Brevibacterium lique- 
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RESULTS. Effect of sporulation medium on template specificity changes of 

RNA polymerase. To test the possibility that changes in template specificity 

of the enzyme are a function of changes in the medium used to induce sporula- 

tion, sporulation was induced both in DDS medim and in SM medium. 

Samples of cells were removed at various times and used to prepare extracts 

containing enzyme as described above. 

To establish that our procedures were consistent with those of 

previous workers (1, 121, experiments were carried out using sporogenous 

cells grown in DDS medium, The results, shown in figure 1, are similar 

to those of Losick and Sonenshein (1). Similar experiments were then 

carried out using wild-type cells taken from different media and at 

various times during the growth and sporulation phases. In addition to 
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The data of this figure were derived from twc separate cultures for 
technical reasons. Both cultures were grown in identical fashion. The 
first was sampled at t-L 2S, t-1.0, t-o.7 and to. The second was 
sampled at to, t2, ma ti. The total change in the fle DNA/poly(dA-dT) 
ratio was determined by normalizing the to values of each culture and 
calculating the corresponding relative values of #e-DNA/p(dA-dT) ratio 
at the times indicated. The growth curves were virtually identical for 
both cultures. 
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Se-DNA and poly(dA-CLT) as template, g. subtilis DNA and DNA from phage 

822 were used. Phage 822 has been found to be virulent throughout the 

life cycle of 5 subtilis (17). The results are shown in table 1. 

TABLB I 

RNA POLYMERASE ACTIVITY OF WILD TYPE 168 DURING IPORIJLATION 

% sporu- moles ATPjlO min/mg protein 
lation at DNA Ten@ate 

N?%ii.Mt ZQhours time p 622 B.S. @A-dT 

Exp 3 SM 91.6 t0 

5 

Exp 4 DC6 102 t0 * 

t2 

t4 

* 
BP 1 SM 85.4 t0 

t3 

t6 

SM 94.3 tO 

t2 

t4 

15.2** 4.2 

34.9 13.2 

26.7 11.2 

29.2 10.5 

30.1 10.7 

29.3 7.9 

9.7 --- 

3.5 --- 

3.8 34.6 .44 .12 

9.1 71.3 .49 .19 

7.9 60.1 .44 .19 

8.8 76.0 .38 .14 

8.0 75.6 .40 .14 

9.2 69.0 .42 .ll 

me- 21.6 .44 --- 

--- 11.0 .32 --- 

22.3 7.8 7.4 56.0 .40 .14 

11.1 5.2 4.4 43.3 .26 .12 

7.0 2.9 3.2 35.3 -20 *OR 

.ll 

.13 

.13 

.12 

.ll 

.13 

m-s 

--- 

.13 

.lO 

.09 

3.6 

2.6 

2.4 

2.8 

2.8 

3.7 

--- 

mm- 

2.9 

2.1 

2.4 

Cells were sampled at the time indicated, disrupted and the 
resulting extracts brought to 42% ammonium sulfate saturation. 
The suspension was centrifuged and the supernatant was brought to 
62% saturation. The precipitate was resuspended in Buffer 2 and 
used as enzyme. 

to in DDS medium ia taken a% the end of exponential growth. 
& in SM medium is the time of resuspension in SH medium. In DDS 
medium the value of Be DNA/pdAT at t-l.0 is 0.0 and the total decrease 
in this ratio between t 
medium was completed by-~;:: zi 2 ii ~~$~~'tl~~lation in DDs 

** 
This to preparation was derived from a different culture than the 

t2 ana t6 preparations. 

As mentioned previously, the ratio Be DNA/poly(dA-dT) also was calculated 

as an internally.consistent means of detecting template specificity 

changes (1). 

ft appears that little change occurred in the specific activity of 

the RNA polymerase with respect to pie-lX?A when wild-tyPe cells sporulated 
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in SM medium. In those instances in which changes did occur, the 

Be-DNA/poly(dA-dT) ratios were constant, indicating that the changes 

observed were probably a result of variation in efficiency of extraction. 

Our results, for the case of DDS medium, were in accord with those of 

previous workers (1, 12, 18). The ratio $e-DNA/p0ly(dA-dT) fell some 50% 

between to and t4. When the decrease was calculated from tWl o, moreover, . 

this drop was four-fold (see figure 1). The ratios 822-DNA/poly(dA-dT) and 

B.S.-DW+/poly(dA-dT) also fell in parallel with the $e-DN~~ly(~~T) 

ratio but to a lesser extent. This decline seems to be en indication of 

loss of sigma activity in stationary phase cells (4). This reduction 

is not apparent in cells suspended in SM medium. 

Mutant SB2 behaves in SM medium with respect to RNA polymerase 

activity as does the wild type even though the mutant does not sporulate 

in this medium. In DDS medium, the mutant showed a reduced decline in RNA 

polymerase specific activity vis a vie Be-DNA over a six hour period. --- 

Similarly, the $e DNA/p(dA-dT) ratio declined only 30% during the period 

to to t6‘ 

DISCUSSICCJ. The foregoing results suggest that the template specificity 

changes observed by other workers during sporulation of g. subtilis 

may not be sporulation specific, or may bs sporulation specific only 

in certain media. It is evident from tables 1 and 2 that sporulation 

of B. subtilis strain w.t. 168 and 168 ,TrY'- can occur in the absence of 

the change in template specificity in SM medium. The obvious interpre- 

tation of this finding is that the events leading to the template 

specificity change and those leading to dporulation have a common origin, 

and that sporulation in SH medium blocks only those events leading uniquely 

to the specificity change. Tjian and Losick (personal communication), in 

contradiction to the results described herein, have reported that RNA 

polymerase of B. subtilis strain SMY underwent a template specificity 
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TABLE 2 

RNA POLYMERASE ACTIVITY DF MUTANT SB2 DIJRIN iPORULATION 

z sporu- nrmles ATT/l0 min/mg proteti 
lation at DNA Template 

Medium 24 hours time Be 622 B.S. pdA-dT 

Exp 1 34 7.4 to 16.3 1.8 3.8 25.9 .63 .07 .15 9.1 

t2 15.0 2.5 3.1 21.6 .69 .12 .14 6.0 

t4 14.9 1.9 3.4 24.2 .62 .08 .14 7.8 

Em 2 DDS 96.2 t0 5.4 1.3 1.6 11.7 

t2 5.3 1.4 1.2 11.9 

t4 4.6 1.2 1.1 13.1 

Exp 3 DDS 100 t0 12.1 --- --- 20.8 

t3 8.3 --- --- 20.2 

t6 7.8 --- --- 21.9 

.46 .ll .14 4.2 

.45 .12 .lO 3.8 

.35 .09 .08 3.8 

-58 --- --- ___ 

-41 --- --- --- 

*35 --- --- --- 

Extracts were prepared as described in the legend to Table 1. 

change after resuspension in SM medium. This contradiction has not yet 

been resolved. 

It appears that cells which enter stationary phase in DDS medium 

undergo a loss in RNA polymerase specificity activity (3, 4). Much of 

this loss is probably non-specific and is reflected as a loss of ability 

to transcribe all templates. The loss of sigma further decreases the 

ability of the enzyme to transcribe Be but increases the ability to 

transcribe p(dA-dT). The specific activity of the enzyme vis a vis the --- 

template, therefore, is a resultant of the non-specific loss in enzyme 

and the change resulting from the loss of sigma activity. Reports by 

Szulmajster (20), and by Orrego et al., (4) have indicated that changes 

in template specificity may result from proteolysis during extraction of 

sporulating cells even when precautions are taken to prevent such degrada- 

tion More recently, Tjian and Losick (personal communication) have 

obtained evidence that sigma is present in extracts of sporulating cells 

as judged by SDS gel electrophoresis, by antibody precipitation and by 
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binding to core. They concluded that sigma is unaltered, and that a 

third factor prevents the binding of sigma ta core. The ability of sigma, 

isolated from sporulating cells, to stimulate the activity of vegetative 

core was not determined however, Leaving the possibility that a minor 

proteolytic cl.eavage, not detectable by the methods used, was responsible 

for the loss of sigma activity. 

The original observations of Loslck and sonenshein (1) provided a 

temporal correlation of the loss of ability of polymerase to transcribe 

@e DNA and the loss of ability of the phage to replicate, in sporulating 

cells. The data of Table 1 indicate that the DNA of virulent phage 822, 

a phage which can replicate in spcrulating cells (17), shows an altered 

ability to be transcribed by RNA polymerase from sporulating cells. 

It0 et al., (19). (personal communication) have found that the decrease 

in the burst size of phages g3.5 and $329, occurs somewhat earlier in the 

growth cycle than that of @e. These observations suggest that the 

parallel change in template specificity and the decrease in burst size 

which was observed for the case of phage @e (1) were fortuitous and not 

related to the trapping phenomenon. This problem is far from being 

resolved. 
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