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RIBCNUCIZEIC ACIDS
OF THE B. SUETILIS SPORE

by Ge BALASSA,

(Sexvige of Microbie Favsioloay,
dnstitute of Phvaico-Chemicel Biolooy, Paris)

INTRODUCTION
[)

Having for a gosl to study the syatheses end degredations of nucleic
80ids in the cocurse of the germination and sporulation of B. aubtilis, it
seemed necessary to us to proceed first of all with the study of different
types of ARN in the mature spore itself. If in faot mumercus works treat
the camposition of sporal envelopes or of cctebolic enzymes present in the
spare (bibliogrephy in Marrell, 1961 (7) and in Halvorsen, 1962 (5), the
ccmposition in ARN of this one was relatively little studied. The interest
in such studies cames from the faot that, if the spore is metabolically
inert, it is, apart from its germinetion, rapidly capable of taking up

_meoremolecular syntheses, protein in particular, Thus the question posed

is to know if certaein factors of protein synthesis are present in the
spore, and which ones, and how do those thet would be absent from it
Teappear at the tims of germinetion,

One knows that, relative to vegstative forms, sporss are poor in
m[(mz-:rma. 1955 (4))s Woese and coll. (1960 C9)) have demonstrated,
by analytical centrifugation, the presence of riboscmes in the spores,
that is, riboscmes 50 S and 70 S, and the sbsence of ridboscmes 30 S and
109 S; they also observed thst the rajority of LR in the spore is under
an undefined shape. The sralysis, by centrifugetion prepered in arop of
suorose, roew extrgets of spores uniformly merked by uracileddo or by
32P, bhas alsc shown that the mejority of AKN sediment spores, even in
the presence of maguesium at 1024, et less then 30 S (Balessa, 1963(2]).
In this article we will study more precisely the nature of thess ARN,

In former analyses carried out by centrifuzetion in drop of sucrose
of purified ARN (Balasss, 1963(1]) led us to conclude that the sporel ARN
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are camposed of solubtle ARN (4 S), of ribosomel 4RN (16 and 23 S),
representing only a small fraction, and of an important fraction of poly-
dispersed ARN, distributed around 8 S, and that could represent, we would
say, either "forerunners or derivitives of ribosomel ARNY, or *a femily

of stable ARN messengers® (Balassa, 1963°1.), ulterior studies having
besides rendered the first interpretation more probable (Balesss, 1963 {-2}).
laeter on, however, Doi and Igereshi (1964 57), utilizing another method

of extraction &nd analyzing ARN by chrametography on columns of methylated
albumin, found only riboscmel and soluble type LRN,

These results suggest thet our prapercstions had been partielly dimine
ished; we heve thus decided to re-examine the neture of sporal ARN,

MATERIAL AND METHODS

FREPARATICN OF THE SPORES. --~The rmtant Ing-, 68 of the Marburg rootstock
of Becillus subtilis was utilized., %The sporuleted cultureas were obtained
in a complex medium (Scheeffer end coll., 1963 & ) s for 1 liter of medium s
mtritive bouillon Difco, 8 g; z-sgsob “HoC, 0425 33 xc%. 1 g; pH ajusted to
7e1"7:5¢ After supoclavage, one adde Ca(liCz), for 10=<H; MnCl, for 10=°M
and resoh for 10°°M, The spores wers treaied vith lysozyme (Sigua, 100 ug/ml)
in presence of verseme 102, centrifuzed, washed three times in distilled
water, put back iato susgension azain in physiclsgzical water, heeted fram
one to three hours at 60° and ccnserved et 19C cr at «=200 C, In order to
avoid eventual contaminations, the suspersicns of spores are heated egain
at 80° for ten mimites before their usc, 3Several stocks of spores thus
wore prepared; they were utilized in the three months,

RADIOACTIVE SPORES, we In order to obtain redioactive spores,
uracil-d40 (0.5 ubi/ml, 10 mCi/m4) o of phospheteeleP (30 uCi/ml) were
edded to cultures in exponential growth, still baing able to cerry cut
at least four doudblings before thec bogirninz of sporulation.

EXTRACTION OF ARNs e= Washel ssorss, rosuspended in acetats tempon
(scdium acetate, 0,01 M; NaCl 0.L% a% pH 5.9) erc mechanically grinded,
A mixture of 20 ml in spore suspension, in acetate tampon enclosing 0.5 pe
100 of duponol and 200 ug/ml of polysulfete of dextrane with 10 nl of phenol
at 90 pe 100, 2 ml of suspensicn at 2 p. 100 of activated bentonite end
50 g of glass dalle (diameter 0.11-0,12 mm), is agitated for three minutes
in & vibrator apparatus (B, Breun Apperatebou, Malsungen, Germsny), ia
refreesing by detens of CO;e The grinded moterisl, additioned by 20 ml of
phencl and by 10 ml of acetate tompon is ensrgetically agitated for forty
minutes at 2° C Defore gathering up the watery piaase by centrifugation.
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by the RNase (Worthington, 10 ug/ml, thirty minutes at 370),

4% 18 well inocorporsted in ARN,

«3m

ARN is precipitated two times by the addéition of two volumes of alcohol at
«=2000, dissolved in acetate tampon, trezted with activated bentonite
(200 ug/ml), centrifugated egain arnd rfinally congeeled, Certein extracts

undergo, before the addition of bentonite, a treatment by INese (Worthington,
10 ug/ml, in tris tempn 0,025 at pE 7.0, in the presence of MgS0, 10-4),
for an hour at 0°). ‘ : 4

e P i et

The method described here is essentially that which we heve formerly
utilized (Balassa, 1963[1]), however supplementary precautions ere teken
to avoid any degradetion of ARN, Besides the eddition of dextrans poly-
sulfate, it appears to us important on the one nand to freeze very hard
the suspension in the course of grinding erd, on the othexr hand, to carry
cut the purification of ARN very repidly bezinning with the not too concen-
trated solutions, after 8 very energotic egitation in the pressnce of

' phenol. The method of Doi and Igarashi (196473 ) differs from ours by

the mode of grinding the spores ard by the presance, in the course of
grinding, of megnesium (5.102M),

T A

ANALYSIS OF ARNe «= The purifisd ARN are analyzed by centrifugetion
in drop of sucrose (5 to 20 p. 100, in scetate tampon). The semples
deposited on the gredient are centrifuged eighteen hours at 22 500 t/min.
in a rotor Spinco SW 25, After piercing the bottom of the tubes, ARN
in totality is measured in the fractions gesthered up by its ebsorption
at 260 ma and rediocsctivity is measured efter precipitation in cold TCA
at 5 p. 100, In certain experiments e part of each fraction is treeted
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Soluble ARN is purified ac described in the text, its acceptance
sctivity of amino acids is measured sccording to Monier (1962(8{), with

the help of a supernstant from & fresh extrsct of B. subtilis exponential o 5
grovth, '

[

RESULTS

1 SEDIMENTATICN OF ARNe we- While the method of extraction previously
utilised (Balassa, 1963 [i:]) would give up polydispersed preparations of
ARN, the improved technique described here sbove, oconducted by "classical®
profiles of sedimentation shoving 3 picks corresponding to ribosczual ARN ; :
(29 8 and 16 8) snd soluble (4 S). From such profiles was obtained after i
grinding, with or without addition of eroding beoterii, 11 quentities P
of uniformly marked spores st J€P (fig. 1) or at urecil-"VC (fige 2)e '
The redicactivity of each fraction cen be entirely solubilized by KNase s
From other preparstions of ARN, orige
inating from the grinding of mors important quentities of poneradicactive 3
spores and anslysed by their absorption et 260 m, presented profiles of ;
snslogous sedimentation profiles (£ig. 3)., One must thus conolude that the i
sporel AR are eonstituted, in ma jority if pot in totality, by riboscmel




and soluble ARN,

According to Doi end Igercshi (1964737), the presence of msgnesium
in very high concentrations (5.104) is required during the grinding of
spores., The preperations of figures 2 &nd 3 were obtained in the absence
of magnesium, that of figure i in its presence. Other experiments show
also thet, in & genersl way, the presence of magnesium during grinding

. does not chenge the sedimsntation of obtained ARN. However, in certain
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FIG. 1, wew of sedirevtetior of ARN of uniformly
nmerkedaspores to ““F.

The extraction of ARN and centrifugstion conditions are ¢ :scrided in the text,
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experiments, ARN with profile of ®polydispered® sedimentation, o
presenting a supplementary pick between 6 end 12 S, were obtained, while
4RN prepered parallely, but after grinding in presence of 5.10" of
megnesium acetate, showed & more ¢lassical profile, It seams thus thet
the presence of Mg cen hinder the partisl degredetion of sporal ARN, if
these are not sufficiently protected during their extraction.
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n® des fractions

FIO. 3, -~ Brofile of sefirentation of ARN of sores
Reesured by their gbsorption at 260 mu. ’

2 Tho SOLUBLE ARN. --« In the preparations of sporal ARN that we
bhave just deacribed, adout 55 p. 100 of ARN ere found in pick 4 8
oorresponding to soluble ARN (fig. 1-3). ZIven in "polydispersed®
preparations, the presence of scluble AR cen ba brought ¢o light, either
by preoipitation in NaCl 1M, or by chraometogrrphy on methylated alumin
column (Balassa, 19632]; Doi cnd Igerachi, 1964:79); In arder to identify
vithout anmbiguity thia fraction with trencler LX{, & funotional test
was oarried cut (in the laboratory of M. R. Monier). '

A preparation of ARN was obtained by the method desoribed, The
presence in the extract of spores Iro: & viscuous substance, prosumedbly
meo-peptidic, snd a partial degradation of this prepsration are doubte
lesaly responsidble for the profile of polydispersed sedimentaticn and the

weak yield obtained. The fractica, soluble in Na%b;t 1N, wvas purified
* : .

by chrcxatography on DBAE.cellulcse (Monier, 1562

~ Wnen 300 ug of ARN sporal and solublo wers incuteted with s chlorel
hydrolreat zarked st 140 apd an enaymetic preparstion originsting from
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B, subtilis in growtu, 1 800 eps/min, were counted after precipitation
under cold by the TCA at 5 p. 100. The figure corresponding in e control
experiment cerried out with scluble LRN of vegetative becterid were 3 900
eps/min, Spurel soluble AR possesses thus at least 4O pe. 100 of the active
ity of soluble ARN from bacterid; taken inio eccount the observed degradae
tion, its initial activity could attein 10¢ p. 1CO.

DISCUSSION

When the ARN spore extracts of B, subtilis ere analyzed by centrie
fugation on gredient of suerose, the obtained profiles put into evidence
only ARN having sedimentation comst:ntg of 4, 16 and 23 S. ‘hen supple-
mentery picks are cbserved, having neighborirg ccuatents of C S, they
are due to a partial degradstion of ribosozel AR in the course of extrece
tion; we sre adopting finally on this poiat tho cpinion of Dol end Igere
ashi (1961;L3_’]). These ARN, thet represent 65 p. 100 of the totel, have
the same camposition in basics as their homolosucs of vegetative bacterid,
(Doi eand Igerashi, 1961;[3 )3 however, they are not associated, in the
spore, to normsl riboscmal particles (VWoaso, 1950{97), ard perheps it is
necessery to see therein the cause of their perticular semsitivity to
degredation. 4 coammentery impcses itself on the behavior, previously
described, of partially degredated preperatiors on methylated aldbumin
columns (Balassa, 196312]). While centriiugation showed & raximum of
srcund 8 S, the zmjority of ARN of such 3 ;reparction vaz elected in two
picks only eround ribosaxal ARN 156 S. Tais ebtzorzal bebavicr is explaized
by the ettachment, im aigh concsuiretiocr of seli, of pertially degradated
AT to pormal ribosomal ARN, originuting frem vogetative bacterid sdded
before the extrasotion (Hayes, personel ccuzuniceticn).

95 p. 100 of ARN are repraserted by travsfer AN, cbarsctarized by
their solubility in NeCl 1N, their sedirentaticn constant, their dehavicr
on methylated albumin column axd their biclozicsl sotivity. This propore
tion, very close to that foupd by Doi sxd Igarsshi 3 (30 p. 100), is

two times highe> than in vegetative baoterit; we will returz, in &n
artiole davoted to sporulation, on the mechsnisn of this enrichzont,

Finally, peither the sedinmentation profiles of non degxrcdsted
preparsticns of sporal ARN, nor the trisls of hybridstiop cf this AN
 with the dezaturised bacterial AIN put into evidence the existenmce of
o frection of carrier type (Dol apd Igaresni, 1963(3)s Belasss, 196312]).
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The results concerning the nature of L3N present in the spore deperdont
on the method of extraction, severel mctiols wecre ccmpered. Ons-srrives
ot $he- follewing oonelusionss

-3¢ 35 % of the sporal RMA, a3 juiged by physicel characteristics (4 8)
ana’t;mction. is transfer RNA (the corresponding figure for bacteria is
17 X).

-2+ Ribosomal RNA (16 S snd 25 S) constitutes 65 £ of the speral RiA,
Vhile in the vegetative form all of tae riboscacl RNA is present in
riboscmes, in the spore only sbout 5 £ of the riboscmel RN& exists in

this form, the remaining being pressnt in a non-psrtioulste form, highly
sonsitivs to degradation,

-3+ The presence of en RNA of messenger type hes not been revealed by
sedimextation analysis or by hybridation tests.
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