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RI•ONUJCIEx ACIt8
F7 TH B. SUBTILTS SPOPB

by G. B&LASSA.

kAtit 2 1a±0-Qm±a B Paris)

Having for a goal to study the syntheses and degradations of nucleic
acids in the course of the germination and spouilation of 1. =tiiis, it"seMA neceSsa7Y to us to proceed first of all I-rith the study of differenttypes of JMN in the mature spore itself. If in fact Mmorous works treat
the Omwposition of sporal envelopes or of catabolic enzymes present in thespore (bibliography in Harrell, 1961 (7) and in Halvorson, 1962 (5)0 thee0 sitioen in ARN of this one was relatively little studied. The interest
in such studies ece8s from the fact that, if the spore is metabolically
Inert, it is, apart from Its germination, rapidly capable of taking upmacromolecular syntheses, protein in particular. Thus the question posed
is to know if certain factors of protein synthesis are present in thespore, and which ones, and how do those that would be absent from it
reappear at the time of germination.

One knows that, relative to vegetative forms, spores are poor in
AF:(Fitz-4ames, 19.5 (4)). Ioese and coll. (1960 f)have demonstrated,by analytical centrifugation, the presence of ribosomes in the spores,
that is, ribosomes 50 5 and 70 8, and the absence of ribosomes 30 5 and
300 5; they also observed that the majority of I.M in the spore is underan undefined shape. The analysis, by centrifugation prepared in drop of
sucrose, raw extraets of spores uniformly marked by uraoil. 4  or by32P, has also shown that the majority of AMN sediaent spores, even in
the presence of magnesium at 10"2, at less than 30 S (Balassa, 1963CT)0
In this article we will study more precisely the nature of these APN.

In former analyses carried out by centrifucetion in drop of sucrose
of purified AM (Dalassa, .963Cl2) led us to conclude that the sporal AM i
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are composed of soluble AEN (4 S), of ribosomal AM (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 ribosomal AIWN', or *a family
or stable AuN messengers' (Balassa, 19631Y), ulterior studies having
besides rendered the first interpretatioi more probable (Balasso, 19631-2j)o
later on, however, Doi and Igarashi (1964. -), utilizing another method
of extraction and analyzing ARN by chrowatbdaraphy on column of metbylated
albumin, found only ribosomal and soluble type 1.PN.

These results suggest that our praparctioas had been partially dimin-
ishedi we have thus decided to re-examine the nature of sporal AM.

MATWIAL ZAD 41CM0

PMARATI0IN OF THE SPORS . -- The mutant "~ 68 of the Yzrburg rootstock
of BegillUs - was utilized. The spouolut laecultures wer'e obtained
in a complex medium (Schaeffer end col-., 1963 6 ) s for 1 liter of medium s
nutritive bouillon Difoo, 8 S; ;-.•0 'W 0, o.2,5; XCLO, 1 g; pH ajusted to

7.1-.5. After au~olavage, one addi Ca(NO<)2 ±kZC lC-; "n0! for 10-5M
and FeS0i4 for 10IM. The spores ware treaied '4Itth lysozyme (Zgisa, 100 ug/ml)
in presence of versene 20-41i, centrifuzOd, uashed three times in distilled
water, put back into suspension aein in physiocl.ical water, heated from
one to three hours at 600 and ccnserved at -1:00 cr at ---200 0. In order to
avoid eventual contaminations, the suoper~sicns o spores are heated again
at 800 for ten minutes before their use. Several stocks of spores thus
were prepared; they were utilized in the three months,

5RAD CTOAMTf SPOREaS. In order to obtain radioactive spores,
iuraoil-' G (o.5 uOi/m., 10 moi/m4) or of phosph-te. 3 2P (30 uCi/ml) were

I added to cultures in exponential arowth, still being able to carry out
at least four doublings before the begirnirg of sporulatione

32RACTION OF ARN, .. Washe- s'aoras, r•susponded in acetate tampon
(sodium acetate, 0.01 M1 NaCl 0,D.: at pH 3.0) erd mechanically grinded.p
A mixture of 20 ml in spore suspension, in acetate tampon enclosing 0.5 p.
100 of duponol and 200 u/m/l of polysulfate of dextrane with 10 ml of phenol
at 90 p. 100, 2 =l of suspension at 2 p. 100 of activated bentonite and
30 Z of glass balls (diameter 0,11.0,12 am), is agitated for three minutes
In a vibrator apparatus (B. Braun Apperateabu, Klsungen, Germany), in
refreeuing by detent of 002. The grinded material, additioned by 20 ml of
phenol and by 10 ml of acetate tcmpon is enargetioally agitated for forty
minutes at 20 0 before gathering up the vwaery phese by eentrifugation.
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AM is precipitated two times by the addition of two volumes of alcohol at

-20o0C, dissolved in acetate teipor, treated with activated bentonite

(200 ug/ml), centrifugated again arzd finally cong.ealed. Certain extracts

undergo, before the addition of bentonite, a treatm-nt by Xl~se (Worthington,

20 ug/ml, in tris tampin 0.0251.,4 at pH 7,0, in the presence of 2S00 10'2X,
for an hour at 00).

The method described here is essentially that which we have formerly

utilized (Balases, 1963[1]), however supplementary precautions are taken

to avoid any degradation of AM* Besides the addition of dextrans poly-

sulfate, it appears to us important on the one hand to freeze very hard

the suspension in the course of gripding a•d, on the other hand, to carry

out the purification of ARN very rapidly beginning with the not too concen-

trated solutions, after a very enercotic agitation in the presence of

phenol. The method of Doi ad Igarashi (1964) ) differs from ours by
the mode of grinding the spores and by the presence, in the course of

grinding, of magnesium (5010-2 M)o

ANA3L3S OF AMe.. The purified AMN are analyzed by centrifugation

in drop of sucrose (5 to 20 p. 100, in acetate tampon). The samples

deposited on the gradient are centrifuged eighteen hours at 22 -00 t/imin.
in a rotor Spinco SW 25. After piercing the bottom of the tubes, ARN

in totality is measured in the fractions gathered up by its absorption

at 260 mu and radioactivity is measured after precipitation in cold TOA

at ,5 p. 100. In certain experiments a part of each fraction is treated

by the Mase (Worthington* 10 ug/ml, thirty minuates at 370).

Soluble OaN is purified as described in the text, its aee 0tance

activity of amino acids is measured according to Monier (1962 .), with
the hel of a supernatant from a fresh extract of &. tjhb1a1.I exponential

I f TAM ZCN OF AM;, a. While the method of extraction previouasy
utilised (Ba&Ups, 1963[ • ) would give up polydispersed preparations of
An, the improved technique described here above, conducted by lclassical$
Profiles of sedimentation showing picks corresPondIng to rIbosomal ANM
(23 3 &nd 16 5) and soluble (4 s). From such profi'les vas obtained after 4

grinding,••ith or wlthut addition of eroding baoterit, fial1 quantities
at uniformly marked spoSes at 3'p (fig. 1) or at uraeil4U•0 (fig, 2).
?he radioactivity of each fraction can be entirely solubilised by iNase i

;t IS well incorpoted in ARN. From other proo•p tioo of ARN, ori-

imating frM the grinUin of more important quantitie of acs.'rdi@oative
spa" MA anased by their absorption at 260 Mu, pesened PrOfile :o
an edmentation profl~es (fig. 3). One mst thus eoonOeA that the

S J are e eAtite o is majority if not in totamlto by ribosW, 14
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and soluble AN.

Aocording to Doi and Igr•shi (1964-3-), the Presence of magnesium
in very high concentrations (5".0o"':) is-"rquired during the grinding of
spores. The preparations of figures 2 and 3 were obtained in the absence
of magnesium, that of figure i in its presence. Other experiments shoy
also that, in a general way, the presence of magnesium during grinding
does not change the sedimentation of obtained AIN. However, in certain

ANNALES DE LINSTITUT PASTEUR

.1 25

64%3%

Sr0 c . ns5 20 24~ ~ ~n d.. .. . t e s f ra c 6405 S

FIG. 1.--- g 'edi.ent t 91. AMN al UL j

The extraction of AIN and eentrifugation conditions are 4 scribed in the text*

?500

250,

,•, , .30

FIG. 2, . -. A-0a of AM; of If.rez



experiments, AM with profile of "polydisperedl sedimentation, ow.
presenting a supplementary pick betwoen 6 end 12 8, were obtain.d, while
AIM prepared parallely, but after £rinding in presence of 5*104M of
magnesium acetate, showed a more el3ssical profile# It seems thus that
the presence of Mg can hinder the partial degradation of sporal AM, if
these are not sufficiently protected during their extraction.

dA .103

s0

67% .- 33%

n* deo fractions

7IG- A 3- ZAtl at• Q Aidj,1101 A L mAM at•~r

2 The SOLUM AM.*.. 1Zn the preparations of sporal AM that We
have just described, about 5 p. 100 of APN are found in pick 4 3
eoueseponding to soluble AhN (fig. 1-3). S~ven in spolydispesed"
preparationa, the presence of soluble Id• can be brouiAt to lAot, either
by preclpitation in NaCI IN, or by chrocmrzto:•.rpb on netbylated albmft
oolým (Bal&assa 1963L"2j; Doi ::zd sz'achil94. In order to Idestif
vItheUt ambigaity this faction with trancfer tLP; a functional test
vu carried out (in the laboratory of 4. R. Nonier),

A preparation of AN was obtained by the method desCribed. The
"pOesence in the etraet of spores rom• a visacuis btanoe, pres~mb3

eohpeptidic, and a partial degradation of this peparatLon are dob-
jealsy responsible for the profile of polydispersed adinanta~tih aMA the
waik 71ed2 obtained, ?he tfration, soluble In NATJs.Ft 1 X, was pAfed
bw Gb matography on maellulase (Yanomie 1962[J;9.

Ustn 300 ug at AM sporal and s*62blo war* i bted with a eb• nl
hyd•r.-at mrked at UlO aM af SWMatie peParstito oiaat M r

,I
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B. subtilis in growth, 1 800 cps/min. waere counted after precipitation
under cold by the TCA at 5 p. 100. The figure corresponding in a control
experiment carried out with soluble IMi of vegetative bacteari& were 3 900
Cps/mmi. Spiral soluble AM possesses thus at least 40 p. 100 of the activ-
ity of soluble ARN from bacterldj taken into account the observed degrada.
tion, its initial activity could attain 100 p. lCO.

DISCUSISIM

When the AM spore extracts of B. sulatilia are anaJyzesd by centri-
fugation on gradiant of sucrose, the obtained profiles put into evidence
only AM having sedimentation constciuts of 4, IS and 23 S. 'lien supple.
nentary picks are observed, havin• .e. ho• r conitants of C 3, they
are due to a partial degradation of ribooomal . in the course of extrao.
tion; we are adopting finally on this foint tba cpinion of Doi and 1•- .
ashi (1964L21), These hAM- that represent 6. p. 100 of the total, have
the same composition in basics as their hno1oz-usc of vegetative bacter•t
(Dot and Igarashi. 19 6 4pJ); howaver, they are not associated, in the

spore, to normal ribosoma'l particles (1UreC3O, 1960t9-1), and perhaps it is
necessary to see therein the cause of their p&rtioular sensitivity to
degradation. A comentary imposes itself on the behavior, previously
described, oa partially degradated preparatiors on methylated albi-Si
colmns (Balassa, 1963 ), "W)hilo oentrifuation showed a rmsx of
around 8 B, the rajority of ARN of such a .:rear-tion vas elected in two
picks only around riboaomal ARN I6 S. Thiz PL.-or:mal behavior is .xplauixed
by the attachment, in high conce ntraticn f az.lt, of partially degradated
AM to no0 1 ribosomal AM, oriaig tirng from vzgetative bacterid, added
before the extraction (Hayes, personal ccam= icetion).

35 p. 100 of AM are reprosented by trann••f AM•, charar•orised by
their solubility In NOCI IM, their sedie:ntation constant, thuir behavior
on stbylated a2bunin cola= arn their biolozical activity. This propor-
tion, very close to that foun by Di L Irsabi 3 (30 p. 100), is
two timelsa be than in vagestative bactGriLj we will r2turr, in an
article devoted to spOzUalation, on the mechenism of this e-riom.aonto

71VAL3y Weither the sdmntatien profiles of non deCsaaztud
preparationu of sparal AM, nor the tral of bybridation of this AS
vith the dematuVIMe bacterial AM pat into evidence the exiStne at

a ffaction ot eeui'ier tmp (DoL &ad IOarsbi 196C3I; BalSats 190LD~32

-. . .. . .. .. . . .. . ....- . .-
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The results conoerning the zn'ture of I-N present in the spore depersdont
on the method of extraction, scvrel motaces vore OccpeWed. Onatm
.4 the• fI3-O&3g U M t

-i. 35 % of the spora. MU,, az judzc ty p1-ysical charaoteristics (4 5)
and function, is transfer RU (tlhe oorreai-onng figure for bacteria is
17%).

..... Riboacml %1 (16 5 and 23 S) contitutes 65 % of the sporal MelA.
Mille In the vegetative form all of the ribosonal iA Is present In
riboamas, in the spore on•y about .5 % of the riboscuml MA exists In
this fcM, the rmaining being present in a non-particulate fm, b•Lgh•y
SOMItVOr to degradetio..

-.. The presence of an FA of messenger type has not been revealed by
seim taotion alalsi eio by hybridation tests* -

S

-* TMi work beoemtt# ftzm the advice at )M. Do ky and R. Manoei
as "ua from the e-itilms" and suggeatios of M P. Sbo fae'f and

Fo G___o
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