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Rif', 
A c&aes of spa+ revertant of 8. 

Ab ati Spo mutants, pleiotr5pio pZ%t:E::G:- 
lity to syntheeise antibiotic and the sensitivity to rifsapicin. 
An interesting observation was the appearanoe of RBA polyxe- 
rase activity In the aembrahe fractions of oells committed for 
sporulation. A correlation of antibiotic synthesis and tram- 
cription in eporulation was speoulated to involve membram-DRA 
aseooiated proteins, one of whioh uaa the multi-ensyrrr complex 
Involved In the biosynthesis of polymyxin. 

Sporulation, a cellular differentiation phenomenon 

operative in prokaryotes, Is regulated by temporal gene expres- 

slolrr involving altered transcriptional systems (1,2,3,4 & 5). 

Events that precede the onset of eporogenesis have been sus- 

pected to play a determinative role in this process. 

In view of the reported correlation between antibiotic 

synthesis and sporulation (6), a study of the multi-ensyme 

complex involved in the synthesis of polymyxln, a peptide 

antibiotic elaborated by B_. polmyxa was uudertsken. Our 

earlier studies have indicated that this protein complex was 

located in the membrane fraotions (7) aud which aleo contained 

DRA (8). The nature of changes in these fractions was moni- 

*Studies reported here Involving the RNA polymerase activity 
were carried out in the laboratory of Dr J.Seulmajster, 
Laboratoire d'Enzymologie, CNRS, Gif-mm-Yvette. 
Abbreviations: Ab- - Ahtibiotic synthesis; Rifr - resistarrce 

to rifampicin; DAB - L-2,4-Diamino butyric 
acid; IYCG - N'nethyl B'nitro N'nitroso guanidine 
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tored during growth a&I eporulation. In addition, we have 

also aerayed the RU polymerase activitiee of the cell frao- 

tione prepared from the vegetative axl aporulating cells. 

The effect of polymyxln on the in vitro translation81 process --- 

was imreatigated. 

ERUIS & METHODS 

The organism used In thie etudy wa8 
-+I-! obtained through the courtesy of Pfizer & 0.. 

turee were maintained ae heat rrhocked sporee. 
B.&i K 12 3000, was the sensitive organism wed for the 
turbldimetrlo method of acleay of polymyxin (9). 

ed wt : For experiment8 involving antibiotic eyntheele, the 
syn etlc medium of Katzneleon and Lockhead (10) w8,8 used. 
For other etudiee, the rich medium of Sohaeffer wa8 ueed (11). 

Preparation of membrane fraotiona: The cell8 harvested at 
nfferent staRe8 of growth were sueDetied in 0.11 Trie-IN1 
buffer pR 7.5-oontai%ing O.lM HaCl 50 mU BMIA and 20$ 8umo8e. 
Lyeozyme (1 mg/ml) wae added arid the oell8 were kept far 60' 
at OW. The epheroplaete were epun , reeuepended in TKM buffer 
(Tris-RCl, O.lM, pR 7.5, containing O.OlI4 KCl, 0.011 Ilg;tg) 
and ruptured by paeeage through Prenoh preesure sell. 
extra&r were centrifuged at 39,000 g in a 3orvall BC 2-B 
centrifuge for 30 minutee. The particulate fraction was re- 
suspended In a 88~811 volume'azxl homogenieed in the same buffer 
without 8ucro8e. This wae layered on a column of 60$ sucrose 
in TKM buffer old oentrifuged at 20,000 rpm for 20' in the 
ultra centrifuge (Janetzki VAC 601) in the ewing out rotor. 
The particulate fraction floated on 60$ 8ucro8e ati the whole 
cell8 ard debrla settled at the bottom. The floatillg mem- 
brane fraction was removed with a Pasteur pipette, diluted 
with TKX buffer and centrifuged at 40,000 g for 30'. The 
pellet was used a8 a 8ource of membrane fraation. 

Sh!&Y;]888g8: The DAB activating enzyme was a%sayed a8 repor- 
oteaee and alkaline phosphataae we1*) meaeured as 

RHA polymeraae actlvitiee were determined a8 

Jeolation of Rifr mutante: Log-phaee cultures of B. palma 
mutagenlzed with RTO (106 &ml; 30' at 37W). Aftgr over- 
night growth In nutrient b&&h,.the cultures-were plated on 
to nutrient agar plate8 containing 10 &ml rifampicin. 
Reeiatant colonies which grew up after 3 daye were 
ald,ecreened for eporulation speclfie characters. zp 

icked 
pontaneolle 

Rif mutant8 were isolated by the procedure of Schaeffer et al 
(14) which Insures the enriohment of stage 0 mutanta. - - 

Isolation of Revertante: Revertanta of the Rlfr mutant8 were 
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obtained.by growing them on nutrient agar plate8 for a period 
of 5-6 days. The heat resistant revertants were purified ard 
checked for antibltic production ard sensitivity to rifampicla. 

IUWJIC3 Amrr, DISCUSSION 

Hature of Bifr mutante: The oharacterietice of the Rifr 

mutant8 aad their revertante are outlined in Table 1. All 

the Rifr, stage 0 mutant8 isolated by u8 were deficient in 

antibiotic production, substantiating our earlier obeervation 

that polymyxin production ia linked to aporulation (6). Phat 

revertanta from these mutants were feasible argued for a sin- 

gle site mutation, probably regulating multiple events. The 

revertants pleiotroplcally acquired all three wild-type traits, 

viz, antibiotic production, seneitivity to rtiampicin alld 

normal aporulation. All these etage 0 mutant8 had high pro- 

tease levels. Several Rifr, Spa- mutant8 blocked at later 

etages aleo reverted to Ftif' and Spa+ aharacteriatice. Thie 

euggeeted that regulation at tranecriptional level may well 

Operate at different stage8 Of 8pOrulatiOn a8 8ugge8ted 

earlier (1 & 5). 

Studie8 on Antibiotic Production: Both the production of 

antibiotic and level8 of the enzyme involved in the eynthe- 

818 were monitored to aecertaln their role in the procese 

of eporulation in 2. polsnwxa. Production Of pOlymyXin wae 

maximal at the end of growth phase (ineert in Pig.1). It 

wa8 showh earlier that the eneyme complex having DAD acti- 

vating eluGym8 activity a8 the chief component, play8 a cri- 

tical role in polymyxin eyntheeie and was predomimntly loca- 

Used in the membralve fraction (6). A cloeer look at the 

dietribution of eoluble and membrane bound DAB activating 

enzyme activity during growth revealed that the membrane-bound 
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Table 1 Characteriatice of Rifr xsporogenous mutants and their revertante 

Mutant8 Revertants 
from 

Ab Pro A&se Ca++ Heat 
Uptake Resistance Rif 

RS 01, 02, 04, 
05, 06, 07 

+ 

RS 01, 04, 
05, 06 

+ + + + + 

Resistant 

Sensitive 

NRS 12 + + + Reeietant 
+ + + + + Sensitive 

NRS 6, 18, 
20 % 21 

+ + + Resistant 

NRS 6 + + + + + Sensitive 

NW 2,3,5,14 + + + + Hesistant 
NILS 2 + + + + + sensitive 

RS mutant8 - epontaneoue mutants, NRS mutant8 
Ah - Antibiotic eyntheals, Pro 

- obtained with l?FTo mutagenesie 

Rif - Seaeitivity to Rifampicin 
- Ixtrac8llular Protease, APase - Alkalim Phosphataee 

_ 

0 Ioc ZOO 301 400 

KLETT UNITS 

Figure 1: The correlation between antibiotic production 
alld the dietribution of soluble and membrane 
bound DAB - activatixg enzyme activity in 
g. polymyxa 

-o-o- nmmbrane bound DAB activation 
----o----o---- eoluble DAB aotivation 

extracellular polymyxin (unite/ml) 

+- nethod (8) 
aa asaayed by turbidimetric 
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Table 2 RNA polyneraae activity of_B. polymyyxa at different stagea of 
growth 

Activity" 

*DNA 
+ Rif 

@DNA+ 
Polymyxin 

Vegetative 
Celle 

Soluble 100 4 85 

Membrane 6 ND ND 

T2 Stage 
Cells 

Yoluble 

Membrane 

loo 2 95 

20 8 20 

'Expressed as $ of the soluble activities of the preparation concentrated by 

precipitation with 60% aaturated (IsIH~)~SO~. The template-DNA (5 @amay) 
used in these aseaye has DNA prepared from the phage$e~satee (13). Rifam- 
pioln 10 waeaay and polymyxin 30 ug/aawy were added at the start 

ND - not detectable 

activity wa8 detectable earlier than the Soluble activity 

(Fig.1). A sharp increase in the 8OlUbl.e activity wa8 noti- 

ceable coinciding with a similar rise in the extra-cellular 

antibiotic production. It Wa8 al80 pO88ible to effect release 

of th8 nembran8-bound DAB activating enzyme activity by exter- 

nally added polymyxin ueing isolated membrane preparationa. 

This suggested that under in viva condition8 polymyxin could -- 

play a role in the de-localization of the membrane-bourd 

activity. 

We have aleo obeerved that theee membrane fractione contaixmd 

DHA (8). Using cells grown in the presence of %-thy&dine 

it wae found that at leaat 10% of the total DNA wa8 located 

in the membrane fractions, of which 2$ ~a8 DBase reeietant. 

StUdie8 on RHA POlymera8e activity: In view of the genetic 
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Table 3 Propertiee of membrane bound RNA polymerase activity 

In B_. polymyxa at T2 atage of sporulation 

Activity* 

No DNA DNA 

No Pre-incubation: 

Memb rane8 2,515 2,910 

+ Rif 
+* 

760 (Sok) 800 (2&) 

,P$e-lncubat ion: 

Membrane8 
*+ 

+ Rif 

1,423 1,800 

233 (16%) 210 (1246) 

* 
Expressed ae acid precipitable counte/mg protein. For preincu- 
bat on membrane6 were kept at 27OC for 10’ prior to the addition 
of +H ATP. 

it+ 
10 pg/aeeay 

evidence linking transcription, antibiotic production ati 

eporulation, it naa of interest to investigate the effect of 

polymyxin on the transcriptional activities of the cells 

at different etagee of growth. Such a role for the peptide 

antibiotic has been strongly advocated earlier (15). The 

soluble RNA polymerase activity of B_. polymyxa at vegetative 

and sporulating stages was sensitive to rifampicin, but was 

unaffected by the addition of polymyxin (Table 2). The appea- 

rance and the obaerved propertiee of the membrane bound poly- 

merase activity wa8 an unexpected and revealing phenomenon. 

The transcriptional activity in the membrane fraction appaa- 
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red only in the sporulating cells. It was scmewhat resistant 

to rlfampicln but again remained unaffected by polymyxin 

(Table 2). The lack of the necessity of externally added 

template-DNA aIld the pre-incubation experiments outlined in 

Table 3 clearly indicated that RRA polymeraae found in the 

membrane fraction wae poseibly complexed with the DNA at the 

eporulation atagee and hence the observed resietance to 

rif ampicin. This argues for an additional tranacrlptional 

programme involving membrane-bound DRA in sporogeneeie. 

The role of DNA-aeaociated proteins in the regulation of 

gene expreeaion ie well-known. Whether the de-localization 

of membrane aesoclated antibiotic syntheeielng complex ie a 

prerequisite for spore-specific tranecrlption ie currently 

under investigation. 
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