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Maoromoleculsr syntheses
In the course of the Germination
of B, SUBTILIS SPCRES

II. « Regulation

by G. BALASSA and G. CONTESSE

(Service of Micrcbic Physiology,
Institute of Physico-Chemical Biology, Perin)

INTRODUCTION

In 8 previcus articls (9) oytologicel end bicwchemicel events,
characteristic of the germination of spores in complex medium, were

described., kinetic peculierities of the syntheajs of ARN end of proteins

incited us to apeoify the regulation mechenisms of thess syntheses, by
studying the effect of emino ecids on the one hand, of chloramphenicol
on the othor, on the synthesis of these macrcmolscules,

MATERIAL AND METHOLS

The rootstock utilized is still the mutent Ind-j4g of the Merburg
rootatock from Becillus subtiliz. The prepe.ration of spores, the complex

. msdium epd the methods utilized were described elsewisrs (L, 5} The

minimm medium of germination is the M 63 medium (for 1 liter : KHzPOh.
1346 g; MgS0, TH,0, 0.2 g; (NH 2 g3 FeSO, TH;0, 0.005 &,
ajusted to pﬁ T7+2 by KOH), com%lete by L-tryptophane (50 uwg/ml), by
l-alanine (50 ug/ml), and after sterilizetion, by glucose (at 0.5 2).

In ocertain experiments with the incorporation of urescil or of radicactive
valine, these non marked substences were added from the Peginning of
germinetion (5 ug/ml of sach) in order to avoid ¢hanging the composltion
of the medium in the course of the experiment. For the incorporation of
321’. the concentration was reduced from it to 1077 M, the medium being

plugged by Tris (10-2 M to pH 7.2).

Several mixtures of emino esgids were used. One, of 18 emino aeids,
conteined &1l of the amino scide except the two alreedy present; in the
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other, of 17 emino acids, valine was anitted, finally a third, of 9
aminc acids, contained: arginine, aspaurtate, glutemete, histidirne,
isoleucins, leucins, methionine, phenylalenine and proline., The two
first ones have generally alweys beon added for 10 ug/ml of each amino
scid, the lust ome for 20 ug/ml. The amino acids (L shaps, for analysis)
originate from Sigms or from Nutritional Biochemical Co. Chloramphonicol
(Hoffmann-laroochs) was utilized at o concentration of 100 ug/ml.

- RESULTS
" I, === EFFECT OF AIINO ACIDS ON GERMINATION

1 GERMINATION IN SYNTHSTIC MEDIUNS. mee Iy the previous article,
germinetion was studied in cumplete medium, thet is to sey in optimal
conditions that end in its evolution at its maxirum spcod, This study
is_¢cmpleted here by th £ ti d e
medgumg angdby reaexrcheo?nggge%glg tﬁggméggiégg éu 3 ﬁfgﬁﬁngany§52§t%ﬁere.
not indispenseble to growth.

First of all we have followed the changes of the optical density of
& suspension of spores in the course of germination in synthetic mediums
of various compositions.

In the minimum medium (conteining zlucose, l-alanine and tryptophans)
the ipjtiel phess of germinetion manifests itself normally by & drop in
the optical density end by the logss of the spores! refractivity, but the
ective phase (5) doasn't teke place: the bacteris do not emerge from
sporal layers end the optical Gensity remeins constant for seven hours
(fige 1)» In the seme medium, conteining the 18 amino acids however, the
active phase gods on normelly and leads to the return to growth, The
stimilation of the active phase by the 18 amino acids is the same,
vhether thess be present, each at & concentration of 5 or of 50 ug/ml.
The mixture of 9 emino acids (see METIODS) gives a compasrable or slightly
inferior stimuletion (£ig. 1a end b). Or the contrary the eddition of
amino scids by groups of 3 or of 4 allows only a very slow gormination,
whose speed depends upon the amino ecids chosen (fig. 2). Arginine,
glutemic acid end aspartic acid are the exception, however: the addition
of one of them provokes & notable stimulation (fige 1 b), the mixture
of aspartatei‘glut&mate bas e&n even more marked effect; finelly the
aspartate glutmnato'f‘arginine-k asperegine-tglutamine mixture is scmetimes
almost as efficmcious es the mixture of 18 amino mcids. Wooss (25)
desoribed an important stimulation by aspertate and glutarmete; he
observed howaever (psrsonal commnication) variable responses with the
prepsration oX spores employeds In conelusion, no emino g¢id is thus
apsciticslly xequirad for germiraticep, but cach.ans ¢f them, pol20224QS
Jsa own qapacity of gscalorasing it.
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¥Fic. 1 a,

Fic. 1 b,

AL L AT o

Figse ls ==~ ELffeot of eming geids on germination.

Tho evolution of the optical density of cultures is followed in the
course of the germinetion of spores in minimun medium without eddition
(a~—#~, b 1) or conteining the following amino acids s 18 amino acids
(8=0~, b 2), 9 amino acids (sec METHOIS: g -~w Xewe, b 3). glutemate (b 1),
glutamate~taspertats (b 5), glutemate, aspertate, arginine, glutemipe and
asparagine (b 6). During the ninety first minutes all of the curves
come togoether. The sddition of espertete or of erginine alone gives the

pume results 85 that of glutaiate.
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Other expariments show that glucose is required for the accomplishe o
zent of the active phesa itself in tho prosance of all of tho amino

8cids. If it i8 amitteq Or ropluced by citrute, germination is vexry much
slowed down; if it ia ropladed by glycerol, it is done with a half-hour
of reterd. In other respects, in the presence of glucose end emino acids,
tae addition of four principal bas.s of ARN, of citrate or of acetate does
Dot oherge the speed of germination.
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Flg. 2, -~- Effect of certein emino egids 21 zermination,.
Germination inm minimum medium, conteining 20 ug/ml of the following emino
acids ;~O=~hig, tyr and phe;~X—thr, pro, met and Cy8 =~ 0 ==~ gu, lys
énd ser,.--f.-wal, gly, ser and isoleu. In enother culture-=--{= ==
conteining all of the amino acids, glucose was replaced by sodium oitrate,

2 HETEROGENEWS GERMINATION OF SPCRES In AESENCE OF AMING ACIIS. oo
43 we heve sean, after a period of latency from et least four to six .
hours, the opticel density of & suspension of sporas begins to augment
S¥en in avsence of amino acids (fig, 1 &) In order to determine if it is
& question of a slow germination retarded by gl of the spores, or else
it a small fragtion of Spores cen enter into the active phass in absence
of amino acids, a suspension of heated spores wes stretched cut on three
wediums containing ager : the minimum mediun, with or without the addition
of emino acids, and tha complex medium., Tpe number of colonies (table 2)
identieal on the camplex medium ard on the minimum medium ¢onteining the
emino acids is, on the dontrary, ten times weeker then the minimum medium,
Thus, although the inocapasity to germinste without amine acids is permanent
in the mejority of spores, 8 certain fraction (about 10 % of spores) can
esgape there, however.
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GERMINATION OF SPORESe wu. II., FEGULATICH

TABIE I. =-- Hetarogeneous Gorminction of spores

|E MiLiEr DETALEMENT !

- R ‘l

L‘umplcxc‘u'z‘“"“::‘:“::.“."‘i,: Minhuum”

! oF . P, ..ANM)Q.‘.._ — _|:

i Origine des spures : Nembre de colonies |.

Penum . of =l

Millew complexe..., o oo, ' [N Y 55100 ; 7.0 100 I
Milien synthtique : o o u i

carence de carbone. ., ., ... 1,340 Loto'r . 1.9.t00 |

] cnrcrnAchrq‘nzot-:r._‘._ ............... 1.3t 1.}.1010 X 3,100 '

SYNTHESIS OF AIN, OF ARN AND OF PROTEINS IN THE CCURSE OF GERMIN..
ATION IN SYNTHETIC MEDIUM, =.. Before finding out which is the biochemical
mechaniam of the effect of umino acids or germination, the synthesis of
thesa maocromolecules was followed in synthetic medium, with or without
the addition of 18 amino scids, end cozipered to that obaerved in complete
medium (5), In the preserce of emiyo ecids (fig. 3 8 end b), the kinetioes
cbserved recall those desoribed in complex medium; the synthesis of ARN
begins immedjately after the initiel phase end and atill preceeds here
that of proteins from mbout ten to twenty minutes, That of AN (not ropre-
santed) begins arcund one hundred minutes, and growth becomes exponential
only towards the one hundred twentieth minute, 43 in the complex medium
(ses the preceeding erticle), we have messured the rates of incorporation
of uracil snd of radio-active valine, added et different times of the
germinetion. The relationship of rates of synthesis of LRN to rates of
synthesis of proteins Qiminishes at the beginning of germinetion, then

If the germination takes plece in iha absenss of emino ocids, the
speeds of incorporation of uracil and of valine ere first of ell, for
twenty to forty minutes, the same as in the presence of amino acids, the
initial setback of the incorporation of valine is still observed here,.
Next, thesa incorporations, weaker than in the presence of amino acids,
vemain linear for more then three hours (fig. 3 t), while the relation-
ship of rates of incorporation of uracil end of valine cscillates around
minimum values, measured in the medium containing amino acids,.

In conclusion, independently of the presence of amino &cids, the
synthesis of ARN begins, at a very woak rate, befors that of protelnsa,
and the two syntheses are acceleratsd for about thirty mimutes. Next
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Fige Je¢ we== Synthasis of ARN and of proteins,

a) Incorporation of nracil.dc (0,¢)

in the ¢ourse of gorvmination iy minizum medium with {
‘the 18 eminc moids.v®optical density,

in linear coexdinetas,

ond of valine-G (2, T1) i9 weasured
=) or without (~w=e)
b) Ths same results are rapresentad
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4 SYNTHESIS OF ARN AFTZ. Tau_r i 1 FICR MEDIUM (*shiftdown®), «--
The contro)l oxarcised by eminc acids sa the synthesis of ARN wi:s revoaled
in three highly studied 8ituations in bucteric in growth; either in the
course of a deficiency in ar, auxstrepaic mutunt in its required acid, or
after transfer of the becteric frozm o modium rich in emino scids ton
minimun medium or vice-verse (revievs in 10, 18 ). From such transfera,
to vhich we will conserve their Znglish docigration of ghift-dowm end
were carried out in the course of germination.

Shift-up, respactively,

c s/n‘n Cps/mn .
30001 4750
7 !
! '
.f i
:’ v
2000 q <500
1000k ’/ 250
A~ .
LY, /’
-I'::‘/
90: mn

30 . o
Fige 4. === Snythesls of ARN end of proteins sfter
dn poor medium (shift-dowp).

Spores i{n germination for thirty or ninety minutes in minimmm medium

containing the 17 amino acids are filtrated end resuspended in the same
enino acids, The incorporation of

medium with (0) or without (&) the
urecilel4C (weee) and of valine.lic (=) is measured.

If one transfera bacteria, ct 30 or at 90 nin. of germination, from a
to o medium that was deprived

medium containing ell of the emino acids,
one declares, as with the bacteria in growth, that

of them (shift-down),
the synthesis of ARN, immedistely slowed down, is Xepidly, while
thet of proteins diminishes only greduelly (fige. 4). The iphibition of

synthesis of ARN is less noticed at 30 min, then et 90 min,

- A AUIPEE: BUBI 0 e i e



EFFECT OF THE ADUITI.N O AMINC 4CILS (® ghift-un®)e ===

! We have seen thet in the sbsence of wrirc ocids the gormineted spores

« _ incorporated uracil at a week rate, ccretent for hourse Tne £ddition of
amino coids doubles immedistely the rets of svathesis of ARN (£ig. 5)e
This initisl stimuletion is cerried cut in iess thon e miruts, it also
,takes place in the presence of chlorczphenicol. Next, the synthesis of
ARN is rapidly sccelerated just es in the experimorts where germinetion
. goes on entirely in the presence of cmiro scids, However, this last

: accelerstion 18 not observed it the presorce of chloremphenicol. These

cps/mn

8000}

6 000

L]

1]

4000

i 2000

[
o

Fige 5o =-=- Synthayiis of il after transfer in rich
medium (shifteup).
Spores in germination ip minimum medium receive, at the indicated timo,
urecil-it-C alons (O), with a mixture of 17 enino ecids (B), with (om=)
or without (=) chloramphenicole
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experiments indicate tuet : 1 <+he synihesis of ARN is irmedietely
stimilated by the emino acids, oven in “nc cicence of proteic syntheses;

2 the initial stimlation, although ralstively week (two times more), ’
porm}ts. however, after the formation o2 new proteins, the accelsration
of ail of the syntheses cnd the normal zormination of bdacteria, The welle

known control of synthesis of ARN by amino acids is thus revealed also
in the course of germinstion,

6 GERMINATION OF SPORES OBETAINED IN SYNIHETIC MEDIUM. wee In the
preceeding experiments, the sporos utilized were obteined in complex
medium, rich in emino acids., Ngw, it is krown that the composition of
bacteria (in particular their coantert ir biosynthesis enzymes of amino
ecids) and consequently their resction to transfer in a poor medium, depend
on their origin; one thus had to ask himself if the effect cbserved of
emino acids on germinetion was independent of the sporuletion medium.

Experiments were repeated with spores formed in an exhausted mipimum medium

either in glucose, or in ezote. They showed that the effect of amiro
acids on the evolution of the opticel density and the synthesis of ARN does
not depend on conditions in which the spores are formed, The fraction

of spores, capeble of forming colonies on minimum medium (table I), is
8lso the seme in the three lots of spores.

7 ABSENCE OF DEVELORVENT IN MININUM FEDIUMs -== We have just seen
that in minimm medium the active phese of germinetion does not take
place, despite 8 weak synthesia of ARE apnd of proteins. Although incee
pable of assuring germination, these syntheses could nevertheless permit,
after the eddition of emino acids, an ulterior aocelerated germinstion.
Nothing of the kind however: if one follows the evolution of the opticel
density (fig. 6), or that of syntheses of APl and proteins (fig. 7). one
decleres that even & preincubation whicia is prolonged (one hundred twenty
minutes) in sbsence of amino acids does not accelerate ulterior germine
ation. (A weak acceleration after an incubction of thirty mimtes is
explained by the fact that the ipitiel phese is sccomplished, in a certain
pumber of spores, only during this incubation). Woese (25) ended in
similar conclusions.

11, «-e EFFECT OF CHLORA/FHENICOL ON SYNTHESIS OF ARN.

1 STUDIES IN COMPLEX iEDIUM. we- Specific inhibitor of the synthesis
of proteins, chloramphenicol allows the study of the relations between
synthesis of ARN and that of proteins. In this goel, we have utilized it
in the course of germipation.

Synthesis of proteins (measured by the incorporation of valine-n‘c
ip the fraction, insoludle in TCL et 5 %) is inhibited at least at 95 %

T L - —
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Fig. 7+ === Effect of & retarded eddition of emino 2cids on ARN svnihesis.

The

Germinetion as in experiment of figure 6. Uracil-tic (===) or of valine-li¢
(=) eare added, at the same time as the emino acids, after thirty (O), sixty

(), ninety (C) end one hundred twenty mirutes (x) of incubation.
figures indicate the displacement of curves, in minutes,

Annals of Pasteur Instituts, 110, No. 1, 1966.
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by c!:loz;emphenicol. added in ta. coir.o of sermination. s for ARN,
id-%ni £ tha 2212 gvele, the calerimouenicol allows & synthesis of veek
nd lincor 4R to exist (fig. §). ‘nen it 28 adfed latexr, dut still
premeturaly, & woek quentity of ARN Is sorzod at the seme rete as in tho
abserce of entibiotic, then the synthesis is slowed up brusquely, axnd
contirues at a reduced rate, Tarec peremeters of synthesis of LRN can
thus bo determined for each tizo of sdéition of chloramphenicol s 1 the
initiel linear rate; 2 the quentity of ARN syntnetized at this rate
(measured by the "fracture level® ol curves); and finally 3 the rate of

cps/mn

2000

'
1
L™ 2 v Qe A
\ ST,
.

1000~

Shaladelas 4 0

%% <o 25 mn
FIG. 8. - Synthesis of ZEN in presence of shloremphenicole

Germination in complex medium. In tae tires indicated, uracilplhc is
added alons (ee=Q--=) or with chloramphenicol =)

constent for severcl hcurs. One sees (£ig. 8) that

residual synthesis,
ourse of germination, on

the *fracture level® augmenis rapidly in the ¢
the contrary the residual rate, esteblished in the presence of chlorame
pbenicol, is the same &3 the entibiotic acéed at zero cycle or at ulterior

cycles, and sugments only if the addition of chloramphenicol is very late.

sgracture level®” reflects the quantity of a

? eddition of the anti-
(see DISCISSION),

- — ke o

It is probable that tbe

) supposed ribosomal protein, present at the tixe ©
biotic and utilized in the course of tre syrthesis of AN
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The foilowing experiment is ¢ _unar.. .. 23.% tho exteusting of this
protein in the prescrnce of ..l.lori:. l..:.col. 4 culture is cxposed to the

antibiotic between 60 end $. rin, 22 - rminution, this duretion beirg
sufficlent so that the synt ...i. o .1J. oti~ins its *frecture level®

(see fig. €). It ic them filsriscs, weched, resusperded end divided into
Severel jortions. The cne o.ov s in obscrving the resuuption of the
syntaesis of LRN, to the ot..crs chlore-znenicol is added 2zein after
vari.. times of incubstion {£ig. 93« 720 curves thus obtzined recall

those of fizure 8; they shcw tact tac cagacity of bacteriz to accumulete
ARN irn the presence of chlorczgpl.enicol, reduced in the course of incubation
to thirty mimtes with the antibiotic, reappears when the bacteria are re-
suspended in the new mediux, ani esugrents as in the spores at the beginning
of their germination,

leps/mn

: /

1000 7
1 [
1 /
] ’l

/
| /
! 4
500%- S ——
/
4 .

| i /fé/"’
l Pl s e

: A 1
30 60 S0 120 150
FIG. 9, === Treatment repre=ted 4n chlorsmphenicole

Germination in complex medium. At sixiy minutes chloramphenicol is added
to the culture, that is next filtratad at rinety minytes, washed and re-
suspended in the same volume of new medium, Uracil-“*C is added either
alone, immediately after filtratior (eeej=-=), or with chloramphenicol,
zero (x), fifteen (A), thirty (©) end sixty (+) minutes after filtration
(time scale begina after filtrstior).

It is known that ARN, sccurulated by bacterias in the presence of
chloramphenicol, are metabolically unsteble and degrede themselves, at
least in certein conditions, when one tekes awasy the antibiotic (21).
This is equally true during germination; however, the kinetics of degra.-
dation are extremely varisble eccording to the germination medium, the
moment of the addition of chloremphenicol, the time of incubation and
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< o 4 @l...le ic Ziven in fipure 10 3
for thirty Supplezentery mii. .

olastus in eemplex medium are exposed
S5 - ¢zlerzrnacnicol ir the presence of
uracil-d4C; tney ere then filir:ted, voihed ond resuspended in three . ..
di?farez zediuns :  syrthetic ::diw. conteining emino ecids, compiex
meciur, erd firelly complex :za2dium ccrtciming ectirnomycine. In the three
Suspersions & great part of radiocective ARY initially present is degresded

(let us note however thst this cagrcéetion 15 slways slover then that
of messeger ARN 5 ), ‘
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FIG. 10, »=~ Degredatioh of ARMN formed in
preserce of chloramphenicol. :
Germination in complex medium. 4% ninety mimutes, uracil-llt and chloreme
phenicol are added together to the culture, that is next filtrated at
one hundred twenty minmutes, weshed and re-suspended either in synthetic
medium containirg all of the emiro acids (}0. or in complex medium, with
(O) or without () actinomycin (time scale begins after filtration).
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% STUDIES I SY.TM-TIL .ollUke === Tac effect of chlorcmphenicol
on tho tarce porimeters of syntatzis o AN Wus 81so studied in synthetic
mediums. In the sTiScRee of L.iuo &CLus, th2 Surves (fig. i) ere
quclitctively identiesl o tasia gbuiin:l in casmplex medium (fiz. 8)e On
the centrery, if the aoins zclés ere .c...3ted, one obsorves & morked stimue
laticn of the izitisl synthesic by chlorerghsnicol (figs 5). Such a
situeticn, eirecdy roteé in buctarie in zrowih (20) is generally attributed
to tho effoct of amino ocids w.ich oro cccumulated in the absence of
proteic synthesis., Sti=mulation by caloramphenicol is weaker, besides,
thaz that provoked by the ediitisn of exino acids; it is a2ll the mors strong
when the addition of entibiotic s later, wiich suggests that the capacity
of synthetizing amino acids, weekx et tae bezirning, eugnents during germine
ation.,

cps/mn
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2 000
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180 mn

FIG. 11, === Synthesis of ARN in mipimum medium in presonce

of ghlaremphanicol {. e

Germination in medi.xm conteining 81l of the amino acids, In the times
ipdicated, uracile'#C is edded alone (==-C--=-) or with chloremphenicol €2

We £inally asked ourselves how amins acids, added to the mirimum
medium at the same time es chloramphericol, would affect the values of
the three parameters in question. The experiment shows {fig. 12) that

they sugment all three.

3 REVERSION OF THE EFFECT OF CHIORANMPAENICOL. --- VUhen chloramphen=
jcol is added in the beginning of germination, it hinders 8ll visible
manifestations of the active phase, evel though & slow but significent
synthesis of ARN subsists. The situction recalls that of gerxination in



abaence of emino acids. 4gein this 3imo one cén ask nimself if this
gyrthesis (ox other reacticrs ncing cervied out at the same timo as it)
reraits to accelerate, onco tho antvibiotio is teken away, the ulterior
gernincticn of the spore,

The experiment {fig, 13) shows thet it i3 nothing of tho kind : the
incorporetion curves of uracil and of valine are the same ones that the
culture hed been or not provicusly trested with chloramphenicol. Thet
shows us moreover, that edded at the tezinning of germinetion, chloramphene
icol does not have a toxic effect porsisting on the ulterior blosynthetic
capacities of treated bacterie. - o

7000L.Cps/mn
i
|
I

i
5000.: .

360507 126 150 165 me
FIG. 12, =~ Effact of smino &ridsg on ARN sypthesis in
presence of chiloramnhenicsl.

Uracil-4¢ end c¢hloramphenicol are edded cither alone (e--), or with a

mixture ¢ 17 emino acids =), at thirty ¢5), sixty (X) and ninety (@)
mimtas of germination in minimum medium,
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Cp tae centrery, if the ortibicsiz 15 c.ced lster, e toxic sffecct
cpreers; efter rosuspension in fresh ..wellum, csynthesis of JRN end of
sroteins bozins agein, but slcwly (fi:. l4). Tais effect is accantuated
with tizs; one knows begides tnas bazeu.rie in the Wegetative phase, treated
with chlorexzphanicol, pass by & long lutent period tefore coxntinuing their
zro‘.u. let us potice finaily that thic toxic effect affects the synthesis
of ARX arnd tast of proteins aizost in tho s:cme proportions,

ANNALES DE LINSTITUT PASTEUR

i cps/mn

8000-
i F1Gs 13, =--- Reversion of the effact
i frerm chloramzchenicol : precocious
= tres~t~art,

6000~

in presence of chloremphenicol, for
fiftecen (J), thirty (x), sixty (3)
or nirety (+) minutés, they are then

filtrzted, weshed and resusperded in
a ce-mle:r new redium, (Pest without

4000

the incorporation of urecil-lic (a)
2000 - 7 ané of velire«"*C (b) is measured,

Speres are ircubsted in camplex medium,

crlicremphenicol : Q.) After filtretion.
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Spores, germinated in complex medium for either thirty mimutes (&), or
severty-five minutes (b), ere next treated with chloramphenicol for thirty
supplementary minmutes, filtreted, washed and resuspended in a new camplex
medium. Incorporetion of urccil-ls¢ () ard of valipe-ilic (x), added
after filtration, is measured in the test cultures (=) and the treated
cultures (wee=)e

" DISCUSSICN

The rate of synthesis of LRN ard proteins varies in the course of
germinetion with time end with the composition of the medium, The
question is raised thus to know whaot the mechaniszs can be, susceptible
of controling the speed of synthesis of these macro-molecules. We will
envisege first the role played by the amino ecids in ARN synthesis,
next ths effect of inhibition of proteic syntheses on the formation
of ARN, Ve will try finally to anslyze the relations between ARN
syntheses and of proteins in the course of germination.

1 EFFECT OF AMINO ACIIS. ~-e Observetions from numerous suthors
nave shown that becteris possess, during the esctive phase of germination,
putritive peeds, Gifferent from those of the initial phase &s well as
fron needs during exponential growth, ard veriable according to the type.
These needs are most often satisfied by emino ecids (seo for example
23, 9, 25 and reviews in 17, 1, ). Vo have illustrated tbis reed in

e b o -— -



emino aecids during the active rkase of gerninztion of subtilis
:3:1r12imz§fact does not erises from ¢ reed of some parsicular amiao izfa.
o probaiﬁ each amino acid poSsesses & certein capacity to contribute to
otﬁer o Yy according)to the.fecility with waich it is cornverted into
certais ::3 acids. Tais impl?cs thct the s=pores are leckirg or poor in
tng ik 2yries of biosynthcais of exiro acids, The differences concerning
stizulation by certain zmino ccidés, cecording to the kinds or the

Spore praparstions, could refiect veriaticrs in the content in these

Snzymes. The oxistence of ) % of spores capeble of germineting in the

abs dus inzl;
ence of amino acids is duo facmizngly to the presence of spores having

corserved & greater Quantity of these cnzymes,

Ihg effect of emino eeids, we have se3n, hears directlv o -
&RN svnthasis, without the interzediery of riv proteic syntheszg;IhE%
appeers thus that the perticulsr rutritive nacds of the active phase of
gérmination can be attrivuted, &% lezzt in pcrd, to tha eentrol exercised
by the enino acids on tho LRI synthesis., Taze hypothesis generaily edvanced
to take into account the catolytic role of emino acids ir LR synthesia
is that the nonecharged soluble .Fi would inhibite ARN synthesis (sce
reviews in 10, 18 ). This rsguletiocn by the eaino scids exists well in
B. subtilis, since ARN synthasis cezses brusquely after trensfer of veges
tative bacteria in e poor mediur (urcdited cxjeriments); it was observed
2lso durirg sporuletion (3). In thet wiich ccncerns germination, sirce
Spores contain biologically setive scluble 13N (4), one ccn expect to
find there still the same ccrnirol. Tao exrsrizents deseribded in the
present work fully confirm tais aypotaesis, e:pleining in 4ais wey the
perticuler needs of the active paese of gerziration in emirc acids.

It is surprising to declare thet tie r2dium in which the spores were
forzmed has apparently no effect on their necd of emino acids during o
@ermination, It seems thus tuat spores do not have *aemory”? of the sporu-
lation medium &nd thet their ccmpositiorn is reletively indeperdent of it.
Howsver it is necessary to rotice the% sporulition begins only efter
exhasusticn of the medium; the pozsitility rcacing thus thet the metabolism
of bacteris during sporulation is sensitively identical in the three mediums,

2 ZEFFECT OF CHLORA-FHINICCL. «ee T inhibition of proteic syntheses
by chloramphenicol has two ellcets orn APN synthesis, Tpe firat, irmediste,
nanifests itself only in & msdium deprived cf amino acids : it concerns
a atimuletion attributed to the eccumuleticr of free amizo 2cids (20).

Tne second effect, on the conirery, is the zzzéusl inhibiticw end incomplete
inhibition of ARN synthesis, The two eifects ere found sgein in the

course of germination : actuslly, we chbserved in minimum mediuxn & stimie
lation of the initisl synthesis; on the other hand, in the presence of
chloramphenicol the kinetics of 4RN sypthesis in the course of germination
ressembles, in all of the studied medivms, that vhich Kurlend end Maeloe (13)
described in bacteria in growth, submitted to strong concentrations of
chloramphenicol. According to these sutnors, chloramphenicol inhibites
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synthesis of necessary protein (s) nccded in the formation of ribosomes,
When this protein, probably a ribosomal protoin, is exheusted, ARN xridbo-
somal synthesis is stopped, whilo soluble £Rd synthosia continues at ita
normal rate, which explains the existence of & residual synthesia,

4 supplementery presumption in favor of this interpretetion was givon
in e preceeding publicetion (2), by the examinetion of synthotized ARN
in the oourse of germinetion in presence of c¢hloramphenicol., If this one
is added at the zero eycle, the mmjority of the incorporated radionctivity
is found in piok 4 S; Af it is addcd later on, one still observas an ale=-
vated prqpertion of raediosctivity in this pick, aven though one finds
some also in the ribosomel fractions, It is necessery however to racall-
that these experiments ere submitted to criticisms proeviously formulated
(4), concerning extraction end characterization of ARN.

The rage of resjduel synthesis remeins oconstent in & given madium,
no mattor what the time of addition of chloramphenicol may be, end inoreeses
only vhen cellulsr division hes begun, If it is true thus that residual
synthesis is principally that of soluble ARN, its constent rate would
indicete thet the speed of synthesis of soluble ARN depends only on the
quentity of AIN (or on the number of ARN formation sitea) present in the
oslls (12),

If one accepts Kurlend and leeloe's interpretation (13); ths
»fracture level® observed would be an indirect meassuremont of the quentity
of free "ridboscmel® proteins, present in the cell at the time of the
gddition of the antibiotic. This hypothesis leods us thus to admit that
rapid augmentation of the "fracture level® indicates the accumletion of
& supposedly ribosamal protein. The spore would be deprived thus of this
protein, whose preferentisl formetion and eccumulation ir the course of
goermination would be a previous condition to the synthesis of riboscmes,

Tha addition of smiro seida to mirimum medivm, sonteining chlorsm-
phenicol, incresses et the semo time the initial speed of ARN synthesis,
the *fracture level' and the residual rate., Stimulation of initial end
residual syntheses is in accord with the observetions (B, 19, 3j) that
indicate thet the control by emino ecids reacts as well on Ziboscmal ARN
a8 on soluble ARN., The inoreese of the "fracture level® remsins unexplain-
able, however,

Finally, we have seen thet the foxic effect’of chloremphenicol,
mull at the beginning of germinetion, sppeereé progressively, the toxicity
being all the more proncunced when the cntibiotio is edded leter on, As

the quentity of ARN, synthetized in the presence of chloremphenicol, incrueses

also when germinetion progresses, it is possible, es that was observed in
tne.BC, mutant of E. coli (1), thet this ARN ia itself responsible for

the ohserved toxio effect,
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3 THE ROIE OF RIBOSOMES 4iD RIBCSOMAL PROTEDS s wew ARN synthesis
begins, we have seen, froam the debut of germinetion sné beccmes exponential
very quickly. Arourd 80 % of stsble ARN, synthcsized during this period,
is constituted of riboscmel ARN, soon inccrpozated in the ribvoscames (2).
These lest ones, almost entirely sbsent in spores, are rapidly synthesized
during germinstion (27). Synthesis of proteins during this periocd is
reterded about ten minutes es compered with that of ARN., This dete suggests
&n axponential increese in number of ribosomes, whose synthesis would: be
thus autocatalvtic : the formerly existirg ribcsomes would intervene in
the synthesis of new ribosores, necessary to the formation of pi'é‘t"eiu.
The situation here described presents & coriain analogy with that which
one observes in bacteria lecking in megnesium s in this lest cese, it
vas shown that synthesis of riboscmes is autocatalytio (16).

We have seen elsewhere (5) that synthosis rcies of thres types of
ARN remains in constant ratio between tham during germination, this ratio
being the same one as durirg growth, On the other herd, ARN synthesis,
exponential from the beginning, begins with en extremely weck rate, even
in complex medium., One can thus esk what is the fsctor which limits the
synthesais of three ARN in the bezinning of germinetion. All of the systems,
invoked for the regulstion ARN synthesis in bectoria in growth, ere observed
also in the course of germination i1 we have discussed the control by the
emino acids, the role of a "riboscmel® protoin and the eutocatalytic
synthesis of ribosomss. In that which concerns smino a2cids, although
limiting in minimm medium, they cennot be called upon to explein the
evolution of ARN synthesis in rich mediums. The presumed sbsence of
*ridbosomel® proteina takes into accourt quite well effects exercised by
chloramphenicol; on the contrery, it would not know how to explain-the - -
limitetion of ARN synthesis in the course of normel germinetion. In
fact, the limitation due to the lack in these proteins cannot be of long
duretion since s 1 Syntheses of ribosomal and soluble ARN are between
them in normal proportions fraom the onset of germinstion, 2 these proteins
are accurulated rapidly. On the other hand, the prineciple limiting
factor could concern the gapagities of becteria to synthesize ARN in
general, for exempls the formation of forerunners' energy, or the activity
of ARN-polymerase, etc. In this case, one would expect the specific.
inhibition of ribosomal ARN synthesis by chloramphenicol, at the debut

" of germinetion, permits, by compensation, & more rapid synthesis of

other ARN end that, consequently, chloramphenicol carnot diminish the
total synthesis of ARN during this period. However, such a compensation

- was pot observed at any time; elsswhers, we have already pointed ocut thet -

peither the contribution of energy due &t the stoppirng of proteiec syntheals,
nor the addition of 4 bases stimlate ARN synthesis. Not one of the preceed-
ing regulation systems seems able to explain, to itself alone, the ensemble
of facts observed.

(1) We weren't sble to teke into account here articles that appesred on
this subject in Spores III, Cempbell (L. 1.) snd Helvorson (H. O.) eds.
1965. Amer, Soc. lMierobiole
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_ Let us now recell that the two proprictics thet particulerly cherasc-
terize the spore are : the insufficiency of ribvosomes and the sbsence of
a.'ribosomal' protein. Ribosomss present cser 1o detarmine the spsed of
ribosorel ARN synthesis; it was sugcestal in cther coses (6, 7, 24), thet
they intervene also in synthesis (or detochment) of messonger ARN. Nothing
is opposed from this that such & mechernism plays in the formation of all
the ARN : ribosomal, messenger, and soluble. To explain exponential
synthesis of three types of ARN, in constant proportions in the course of
germination, we propose thus the following modele s+ 1 the limited number
of riboscmss determines at each moment the spsed of synthesis of three
types of ARN, 2 the formetion of new ribosomes depends on previously
existing ribosomes on tha one hend, on a "ribosomel* protein, preferentially
8ynthesized in the course of germination, on the other hand. This model

. also tekes into account several observstions : .

&) Tie ten minute displacemont observed betveen the kinetics of ARN
synthesis and of proteins would.be explained by time, nscessary to the

"formation of complete end functionel ribosomes beginning with riboscmal

ARN (or its forerunmer), to the attachment of the messenger ARN &nd to
the synthesis of the polypeptidic chain itself, Besides, it is possible
thet the formation of complete riboscmes is slower in the germinated
eperss then in the vegetetive bacteria, because of the insufficiency of
fritoscmal® proteins,

b} The week content in *riboscwal® proteins also explains Woose's
observations (26) conceraing the presence of & new type of ribosomes in
the cource of gurminetion. These perticles ressamble, besides, to income
Plete partisles formod in the prasence of caloremphenicol (22),

¢) TFinelly, 4f the syntheses during germination depend in the

first plece on the formution of rivosomes, itself necessitating the synthesis

of ribosomal proteins, it is eecsy to understand that ARN synthesis in
presencs of ehloramphenicel dces not contribute et all to gemmirnation,

I% 19 also possidlo that the obsence of germinetion in a medium deprived

of eminc acids i3 due from the fect that ribosomes do not form under these
sonditions, fault of the ®ribosomel® protein., -

Notice finelly, thet the siudy of germination permits to determine,
indirectly it is true, the presencs or -the absence of certain constituents
in the spore, intervening in macromolecular syntheses. The data gathered
in the Course of this work permit to set up the following belance sheet:
probable presence of Ali.polymersse znd .enzymes that form the forerunners
of ALY, but ebsence of the initiator protein from the ALDN synthesis;
presence of ARN-polyrerase, enzymes of dezradation of ARN, soluble ARN
end activation enzymes, absence of the frae *ribosomal® protein, and
f£inally, ebsence of at least certain synthesis onzymes of amino acids,
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SULHARY

SYNTHESIS OF MACROMOIZCULES LURING GERMINATION
‘ I, =~ RESULATION
.‘ : N

]

A stu@yiof!the reguletion of RNA and protein synthesis during
gsrmination kas led to the following conclusions i

! 4 Amino ecids are required, even by e srototrophic strein, in order
that the active phase of germinstion mey proceed normelly. In the absence
of emino acids & slow turnover of RhA and protein tekes place but germip-
ation does not continue beyond the initiel phzse.

2 The requirement for emipo scids during gerwzinetion is expleined
by their role in the reguletion of Rds synthesis. This is shown by both
shift-up &nd shift-down experimerts., Tae emino ecid gffect which is
imrediete is observed even in tae presence of chloramphenicol,

3 A deteiled kinetic study of Rud syrthesis in the presence of
chloremphenicol suggests the spore lacks 8 prctein; presumable ribosomal
protein which is involved in the synthesis or the stebilisetion of ribo=.
somal RNA and which is synthesised prefcrertially et the bezinning of gere
minetion. The hypothesis thet the ribosomes pley a roie in the synthesis
of all three types of RiA provides en explenation for both the auto=
cetalytic rate of synthesis of these Riks end for the constancy of their
relative retes of formetion.

In surmery the spore is cherceterised by the ebsence of messenger
R¥A, end by its small content, reletive to tae vegetative form, of
ribosomel protein, rinosomes, ard eminc eeié synthesisingz snayamca. \




'6\.9 o gonyWw [N -

BIBLICGRAFEY

ALFOLDI (L.), STENT (Ge S.), HOOGS (M.) AND HILL (Re)s 2Zo Yercrbuncsle,
1963, 94, 285, '

BALASSA (Go)e Ramalation peghepisrms in microorganisms, 124th Colloque
of the CQ NQ H. S. 1963. E(.‘; C N. R. S. 1965. p. 565

BALASSA (G.). Biochem. Biciiyse Duse Gomm., 1964, 15, 236.

BALASSA (G.). Anp. Inst. Dastory, 1966, 110, 17

BAL:SSA (G.). Anne Inst, Pesteur, 1965, 109, 683¢ - o

BREMER (H') and XONRAD (l4s 1":0)0 Proc. Net, foad. 8ci., 1961h 510 801l.

BYRNE (R.), IEVIN (J. G,), BLADEN (He &.) and NIRENBERG (M. Vie)e
Proc. Net. Acad. Sgi., 1964, 52, 140.

DAGIEY (Se), WHITE (be Ee), WILD (D.G.) and SYKES (J.)« Notuve,
1962, 194, 23 ‘

DEMAIN (Ae Lo)e J. Bacteriole, 1958, 75. 517. :

GROS (F.), NAONC (S.), DUBERT (J. Ma}, ATTiITI (Ge) and JACCB (Fe)e
Resuletion mechenisms in microorgsrisms, 1963, l124th Symp. Ce New
Re Sey Do e, edit., C¢ No Re Ss 1965,

GRGS (F.), NAONO {S.), ROUVIZRE (J,), HLYES (D.) end CUKIER (R.).
Eur. Conrce Biochem. Yiepng., 1965, under press.

KJELLCAARD (No Do) end KURLEND (Co Gode Jo Fole Biole, 1963, 6, 204e

KURLAND (C. Go) andNAALOE (Oo)o ;T_n ‘I_‘Ql. B:-j?lai 1962. l}; 1930

IEVINSON (He So) and HYATT (M. Te)e Arnn. No X, Acede Sede, 1963,
102, 773.

MANDEL (L R.) and BOREK (E.). Biochem. Biophvae Res. Covm., 1962,
9, 11,

NCCAKTHY (Bo Jo)o Bi ochim. Bionhvse L, 1962. 55, 880,

MIRREIL (¥. Go)e Sump. Sce. Gen. iicrebicl., 1961, 11, 100

MEIDHARDT {F. C.) Progress in lucleic Scid Res., 1964, 3, 145.

NEIDHARDT (F. Co) and EIVLIC (L.)s Riocninm, Biophvd. Ae. 1963, 68, 380.

NSIDJARDT (F. Ce) ang FRAED 6\3\'121- (D, Ge)e Lola Spring Harbor Svide
Cuant. Biole, 1961, 26, 03, '

NEIDHARLT (Fo C.) and GRCS (F')' Blochinm. m- bien 1957! 2.59 513-

NOMURA (Iie) end WATSON (Jo De)o Io Eole Binle, 1959, 1, 20k. :

DIBRIEK (R. Te) end CATBEIL (L. L.). J. Bagteriole, 1957, 73, 522.

STENT (Go So)o M' 196;}, ull].. 816-

WCESE Sc. R.g._ E.-.@.gmxip.l-. 1952. 7gé 6205 _

WOESE {Ce Re)s J. Bacteriol., 1961, 82, 695.

WGESE (C. R.), LANGRIDGE (R.) end MOROWITZ (H. Jo)e L. Ractericl.,
1960, 79, TT7e ‘




