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Macromolecular syntheses
In the course of the Germination
of B. SUBTIIIS SPORES

11. - Regulation

by G. BALiaSA and G. CONTESSE

(Service of Microbic Phsaiology,
Institute of Physico-Chomical Biology, Parif)

INTRODUOTION

In a previous article (5) cytological and bio-chemical events,
characteristic of the germination of spores in complex medium, were
described, kinetic peculiarities of the synthesis of ARN and of proteins
incited us to specify the regulation mechanisms of these syntheses, by
studying the effect of amino acids on the one hand, of ohloramphenicol
on the other, on the synthesis of these macromolecules.

MATERIAL AND rTHOLS

The rootstock utilized is still the mutant Ind- 1 68 of the Narburg
rootstock from Becillua ubilia.. The preparation of spores, the complex
medium end the methods utilized were described elsewhare (4, 5). Tho
minimum medium of germination is the M 63 medium (for 1 liter i KH2 PO4,VJ
13.6 g; VMW 7H2•0, 0.2 g; (NH,)2so, 7H2 0, 2 g; eSO4 7120, 0.005 g,
aJusted to pl 7.2 by KOH), cowaletea by L-tryptophane (50 ug/ml), by
L-alanine (50 ug/ml), and after sterilization, by glucose (at 0.5 %).
In certain experiments with the incorporation of ursoil or of radioactive
valine, these non marked substances were added from the beginning of
germination (5 ug/ml of each) in order to avoid changing the composition
of the medium in the course of the experiment. For the incorporation of
32p. the concentration was reduced from it to 10-3 M, the medium being
plugged by Tris (10-2 M to pH 7.2).

Several mixtures of amino saids were used. One, of 18 amino acids,
contained all of the amino acids except the two alreasd present; in the
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other, of 17 amino acids, velino was omitted, finally a third, of 9
amino acids, contained: arginine, aspartate, glutamate, histidine,
isoleuoine, leucine, methionine, phenylalanino and proline. The two

first ones have generally always been added for 10 ug/ml of each amino
acid, the last one for 20 ug/ml. The amino acids (L shape, for analysis)
originate from Sigina or frora Nutritional Dioehemioal Coo Chloramphenieol,

(Hoftnann-Isroahe) was utilized at a concentration of 100 ug/ml.

RESULTS

I. --- E OT OF Al.N0 ACIDS ON GEPvINATION

I GEPM1NATION IN SY1'TaTIC YEDIUI3. --- In the previous article,
gerinaionwasstuiedincomplete medium, that is to say in optimal

conditions that and in its evolution at its maximm speod. This study
is opetghere by the •nalysis of gormination idi fferent cyn het
mad=m an y research, of t role t aat various su s ratum can pay ther,
not indispensable to growth.

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

In the minimum medium (containing glucose, L.alanine and tryptophane)

the initial na of germination manifests itself normally by a drop in

the optical density and by the loss of the spores' refractivity, but the

active phase (5) doesn't take plac6t the bacteria do not emerge fro=

sporal layers and the optical density remains constant for seven hours

(fig. 1). In the same medium, containing the 18 amino acids however, the

active phase goes on normally end. leads to the return to growth. The
stimulation of the active phase by the 18 amino acids is the same,
whether these be present, each at a concentration of 5 or of O ug/ml.

The mixture of 9 amino acids (see I0E-iODS) gives a comparable or slightly

inferior stimulation (fig. la and k). On the contrary the addition of

amino acids by groups of 3 or of 4 allows only a very slow germination,

whose speed depends upon the amino acids chosen (fig. 2). Arginine,

glutamic acid and aspartio acid are the exception, however: the addition

of one of them provokes a notable stimulation (fig. I b), the mixture

of aspartate~glutrmate has an even more marked effect, finally the

aspartate+ glutamate + arginine+ asparegineý lutemine mixture is sometimes
almost as efficacious as the mixture of 18 amino acids. Woose (25)

described an important stimulation by aspartate and glut&mate; he

observed however (personal communication) variable responses with the

preparation ox spores employed. In conclusion. no am Aid Is ta

qLg6Ml r r
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The evolution of the optical density of cultures is followed in the
course of the germination of spores in minimum medium without addition
La-*-. b 1) or containing the follow'ing a'mino acids s 18 amino acids
(a-C-, k 2), 9 amino acids (sea 1, 0]S a-. --X--- - 3). glutaaite (k 4.),

glutamate-*aspertate (k 5). glutamate, aspertate, arginine, glutamine and

asparaginG (ý 6). During the ninety first minutes all of the curves

come together. The addition of aepertate or of arginine alone gives the

same results as that of gluta:Iate.
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Other experiments show tlnt glucose is roquirod for the accomplish-ment of the active phase itself in te , of oil of the aminoacids. If it is omitted or rapi!•ced by citrate, germination is very muchslowed down; if it is replaced by glycozol, it is done with a half-hourof retard. In other respects, in the presence of glucose and anmino acids,the addition of four principal basas of ARN, of oitrate or of acetate doesnot change the speed of germination.

d.o.

0,3

1 2 3_4 5 6 h

GerMinstion In minimum medium, containing 20 ug/mi of the following aminoacids s-O-hisi, tyr and phe;--X-thr, pro, met and cys,----Q-- -- lau, lyeand ser,91Y.-.vai glY, ser and isoleu. In another culture--- ,--containing ell of the amino acids, glucose was replaced by sodium citrate.

2 IMS1ROGEECUS GE1R,,NATION OF SiPCpZS Ii1 ABE1'.CE OF A1{Ilo AC.ILS.As we have seen, after a period of latency from at least four to six
hours, the optical density of a suspension of spores begins to auiinrntoven In abeenoe of amino acids (fig. I a). In order to determine if it is
a question of a slow germination retard-ed by jL of the spores, or alsoif & all fr!Qtion of spores can enter into the active phase in absence
Of amino acids, a suspension of heated spores was stretched out on three
mediums containing agar i the minimum medi~m, with or without the additionof amino acids, and the complex medium. The number of colonies (table 2)identical on the complex medium and on the minimum medium containing theamino acids is, on the contrary, ton times weaker then the minimum medium.Thus, although the incapacity to germinate without amino acids is permanentIn the majority of spores, a certain fraction (about 10 % of spores) canescape there, however.



GERMLNATICAN OF SPORES. RM. ZULZTIZO.

TABIS I.-- Heterogeneous Germinctior4 of spores

(?righi dej sp,, Neil,,bre Etc C'"1.I 1k

M Jilieu .-lgex'.... . ....... lot .5 , - " '

5M|lienl xy.ilth|•tlqueo

Car ence de carlni , .........o. ..... .1.10 1 i In.il 1.9.10oj*
care( ce Wat d o.2.., . . . ..... i.3.i' j.i to-* 5.1. t

3 SYNTHESIS OF AMJ, OF AMN AND OF PROTEINS IN THE CCURSE OF GEnaJ..
ATION IN SYNT'xDC YEDIUM. ___ Before finding out which is the biochemical
mechanism of the effect of jnino acids or germination, the synthesis ofI
these macromolecules was followed in synthetic medium, with or without
the addition of 18 amino acids, and compared to that observed in complete
medium (5), .In j presence of s a (fig. 3 a and b), the kinetics
observed recall those described in complex medium; the synthesis of AM
begins immediately after the initial phase and and still proceeds here
that of proteins from sbout ten to twenty minutes, That of AMN (not ropre-
sented) begins around one hundred minutes, and growth becomes exponential
only towards the one hundred twentieth minute. As in the complex medium
(see the preceeding article), we have measured the rates of incorporation
of uracil and of radio-active valine, added at different times of the
germination. The relationship of rates of synthesis of ARN to rates of
synthesis of proteins diminishes at the beginning of germination, then
passes by a minimum before stabilizing itaolf± this confirms -ho displaca-
ment between the two syntheses.

If the germination takes place in = a_ g e gi ds, the
speeds of incorporation of uracil and of valine are first of all, 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,
remain linear for more than three hours (fig. 3 b), while the relation-
ship of rates of incorporation of uracil and of valine oscillates around
minimum values, measured in the medium containing amino acids.

In conclusion, independently of the presence of amino acids, the

synthesis of AIRN begins, at a very weak rate, before that of proteins,

and the two syntheses are accelerated for about thirty minutes. Next

J
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they are mAde, in absence oft•..:o c only et a constantly weakspeed, without augmentction o:- -oticci dcn'ty nor emergence of bacteria.

4 SYiTHESIS OF ARi A:--,. .1:;. ' CR I-DIUM (Nshiftdovnm).
The Control exercised by 8m'ino •acdý n t3,he ,,ynthesis of APN ut:s revoaled
in three highly studied situations in b.'utoori in growth; sithor in thecourse of a deficiency it An fauxtrcpaic :,utunt in its required acid, or
after transfer of the bacteria from a' odium rich in amino acids to a
minilxm medium or vice-versa (review:s in 10, 18 ), Frcm such transfers,
to which we will conserve their Engliah docigrtation-of Ah=-L and
1 -•Uu, respectively, were carried out in the course of germination.

cpS/in CpS/mn
3000 -4750

2000- 500

// of2

"30 "90. mn

Fig 4. S~tei at ARN gtd projo.t± afteru. e ,poor medium (At-d o.u).
Spores in germination for thirty or ninety minutes in minimum medium
Containing the 17 amino acids are filtrated and resuspended in the same
medium with (0) or without (0) the amino acids, The incorporation ofurecil-14c (....) and of voline.-4C (-) is measured.

If one transfers bacteria, at 30 or at 90 =in. of germination, frm amedium containing all of the amino acids, to a medium that was deprived
of them (shift-down), one declares, as with the bacteria in growth, thatthe synthesis of AIf, irmediately slowed down, Istoe e• , while
that of proteins diminishes only zraduelly (fig. 4). The inhibition of
synthesis of ARN is lose noticed at 30 min. than at 90 miv.



5 EFFECT OF THE ADLITIL 01 , . (0 1'ft-1n)-
We have seen that in the abseOce of Lzirc acids the gormnizted spores

incorporated uracil at a 'eaek rate, ccr._tv.nt for hours. TA ea,-nino • Cgidszma L~ to at Am ( . r)

This initial stimulation is carried cut in less than a rn,.ute, it also

.taken place in the presence of chlorxpbhnicol. N4ext, the synthesis of

"AM4 is rapidly accelerated just as in tho experimernts where germination

goes on entirely in the preserce of c-mir.o acids. However, this last

accelOr-ti6 a is not observed in the presoence of chloremphenicolo These

Cps/mn

8004

6000 /

40001

2000/

J

30 60 90 mn

Fig. 5. --- Synth~tiA of J.TCII after transfer in rich

medium (shift-up).
*Spores in germination in minimum medium receive, at the indicated timo,

uraciu-3 4-0 alone (0), with a mixture of 17 amino acids (awith C-

or without ()chloranphefliCOle
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experiments indicate that s 1 -he syntriesirz of ARN is i:=ediste],y

stirulated by the amino acid3, even ia t-.o e.zence of proteoic syntheses;

2 the initial stimulation, although roeltively weak (two times more),

permits, however, after the formation of ne'.w proteins, the acceleration
of all of the syntheses and the normal Zarmination of bacteria. The well-

known control of synthesis of A;R by amino acids is thus revealed also
in the course of germination.

6 GEMNATION OF SPORES OBTALD IN SYM.TIC ).DIW... In the
proceeding experiments, the sporos utilized were obtained in complex
medium, rich in amino acids. Now, it is krown that the composition of
bacteria (in particular their conteLt in biosynthesis enzymes of amino

acids) and consequently their reaction to transfer in a poor medium, depend
on their origin; one thus had to ask himself if the effect observed of

amino acids on germination vas independent of the sporulation, medium.

Experiments were repeated with spores formed in an exhausted minimmu medium

either in glucose, or in azote. They showed that the effect of amino
acids on the evolution of the optical density and the synthesis of ARM does

not depend on conditions in which the spores are formed. The fraction

of spores, capable of forming colonies.onminimum medium (table I), is

also the same in the three lots of spores.

7 ABSECE OF DMWPI-ENT IN MI•LMtM IWDe. - V. have just seen

that in minimum medium the active phase of germination does not take

place, despite a weak synthesia of JtP.1 and of proteins. Although inca-

pable of assuring germination, these syntheses could nevertheless permit,

after the addition of amino acids, an ulterior accelerated germination.

Nothing of the kind however: if one follows the evolution of the optical

density (fig. 6), or that of syntheses of AM) and proteins (fig- 7)o one

declares that even a preincubation which is prolonged (one hundred twenty

minutes) in absence of amino acids does not accelerate ulterior germin-

ation. (A weak acceleration after an incubation of thirty minutes is

explained by the fact that the initial phase is accomplished, in a certain

number of spores, only during this incubation). doeso (2.M) ended in

similar conclusions.

Op3C 07CHLOAIEMIICOL CK MIMErSIS OP AM4

"L STUDIES IN COI1E 1.ZDIMUZ,, ..- Specific inhibitor of the synthesis

of proteins, chloremphenicol allows the study of the relations between

synthesis of AOI and that of proteins. In this goal, we have utilized it

in the course of germination.

Synthesis of proteins (measured by the incorporation of valinem-C

in the fraction, insoluble in TCA at .5 %) is inhibited at least at 95 %

_ _ _ _ _. .. ..._ _
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0.64 ;'!0

0.2 30 6

3,0 650 180 210
Fi_&. 6. Eff.C_ t o.f a reitarded addition 8-11
acids pZPT17ý, ll

To spores in germination in =ini=.i =odium one adds a mixture of 17amino acids (-----trial). Iddition after zero (0.), thirty (x), sixty 4,ninety (0) and one hundred twenty minutes (') of incubation.

2 5 ooocps/mn
II

20000 / ,
* / a

* I I

10000-5000 a a
Iuuu /

30 60 90 120 150 180 210.. -- c ,f t of a retarded addition of amino acids 2L AMsnhi

Germination as in experiment of figure 6. Uracil-14C (---) or of valine-l 4 C
are added, at the same time as the amino acids, after thirty (0), sixty

(), ninety 0) and one hundred twenty mirutes (x) of incubation. The
figures indicate the displacement of curves, in minutes.

Annals of Pasteur Institute, 110, No. 1, 1966.



by chlore-iphenicol, added in th.: c a.: .% of peZor= i.ation. Is for AM $, Oa
S ±.• .Z• .Z2. cT, thc chlor•,.•n~czcel allows a synthesis of veak

and linear ARN to exist (fig. 8). : it .s s 'isle but still

premeturely, a week qucntity of ApIJ is 'or_-od at the same rate as in the

absonce of antibiotic, then the syn:r.ezis is sloved up brusquely, and

continues at a reduced rate, Threc paremetors of synthesis of AM can

thus be determined for each ti= of &ddition of chlorampheaicol s I the

initial linear rate; 2 the quentity of iJ4 synt'aetized at this rate

(measured by the Ofractura level" of curves); arid finally the rate of

CpS/mn

2000-

30 60 90 120 mn

FIG, 8. Sytgi 91 jAfl Ja seC 2MI JQ hoape

Germination in complex medium. In the tii~es indicated, uraOil-2C in

added alone (--0--) or with chlorampheniCol e').

residual synthesis, constant for several hcurs. One sees (fig. 8) that

the ofracture level* augments rapidly in the course of germination, on

the contrary the residual rate, established in the presence of chloram-

phenicol, is the same as the antibiotic added at zero cycle or at ulterior
cycles, and augments onth if the addition of chlor8mPhenicol is very late*

It is probable that the *fracture level" reflects the quantity of a

supposed -riboamal protein, present at thc time of addition of the anti-

biotic end utilized in the course of the synthesis of AiW (see MDSCtsSlO).



The 'o"l en experiment 13 . exhaustin- of this
protein in the presence of culture is exposed to the
antibiotic between 60 c *..,. " -ar.- jon, this duration being
suf.f.C.eOt 3o that the cy:; ,- -. ins its lfracture level,

(see •.f - 8). It is then resuspended ard divided into
several portions. The one ;.:-v -s & obsrvin3 the resumption of the
synthesis of Z:*, to the ot.-crs chi)rt-:-,henicol is added asain after
vari•, times of incub.tion (fZ. 9). Tao curves thus obtained recall
those of figure 8; they show that tno capscity of bacteria to accumulate
AMI in the presence of chlorcnp'enicol, reduced in the course of incubation
to thirty minutes with the antibiotic, reappears when the bacteria are re-
suspended in the new medium, and auernents as in the spores at the beginning
of their germinationo

, cps/mn
1000-

I I

API /.

5001-

rnn
30 60 90 120 150

FIG. 9- --- Treatment reprented in chloremphenicol.

Germination in complex medium. At sixty minutes chloramphenicol is added
to the culture, that is next filtrated at ninety minies, washed and re-
suspended in the same volume of new medium. Uracil-.+C is added either
alone, imediately after filtration (---.---), or with chloramphenicol,
zero (x), fifteen (6), thirty (c)) and sixty (±) minutes after filtration
(time scale begins after filtration).

It is known that ARN, accumulated by bacteiia in the presence of
chloramphenicol, are metabolically unstable and degrade themselves, at
least in certain conditions, when one takes away the antibiotic (21).
This is equally true during germination; however, the kinetics of degra-
dation are extremely variable according to the germination medium, the

moment of the addition of chloramphenicol, the time of incubation and
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the nodium utilized after tr::: ..-. e......i.e -Ziven in fizUXre O 1
sporeo, "&vi•e. Corminatco.-- -. :-- ..n compleax ;e-ium are exposed
for thirty supplementary i:2: :r-.a3nlcol in the presence of
uracil-14C; they are the -:`-':r: ted, v:.•cand reauspended in three
different zedius: : : ". nt~izn- aino acids, complox
medium, aerd fir-ally complex :•diuz cCiniL, ectinomycine. In the three
suspeLsions a rreat part of radioective ;C. initially present is degraded
(let us note however that thij degrc~dtion is always slower than that
of messager AM• 5 ).

Cps/mn
2501j

200.

150,"

100..

1 30 45 60 75 90
mn

FIG. 10. .- Degradatihol of AMJ formed jj
Dresence of chloramp-henicol.

Germination in complex medium. At ninety minutes, uracil.- 4 and chlorsb..
phenicol are added together to the culture, that is next filtrated at
one hundred twenty minutes, washed and re-suspended either in synthetic
medium containinrg all of the amino acids (/No, or in complex medium, with
(0) or without (0) actinoatin (time scale begins after filtration).

= II



4 _-T _ __ __ __ __I _ __ii __

.......... • .. 2x...:•.. . .. T.a effect of ch.oraphenico1
on tho tarco ;Lr•.-.ctcrb (Af - " . also studied in synthetic
=ediuz•. :• tL -:zr-Znco - th., curves (fig. 11) are

I qurlitc.tie:vy idc:.tcal t.o o-,S-3 rb- .n-i in c-,zplex medium (fz,. 8). On

the contrary, if the rth .in ac:da rre one observes a m=rked stimu-
lation of the initial 3yh.: by chlora:;p*:-r.icol (fig. 5). Such a
situation, alroady noted in b*ctaria in -rourth (20) is Ceneral.2y attributed
to the effect of amino acid= "-*ich ro xccuiaulated in the absence of
proteic synthesis. Stilulati.:. by chloramphenicol is weaker, besides,
thae that provoked by the additizon of azino acids; it is all the more strong
when the addition of antibiotic fs later, V.ich suggests that the capacity

of synthetizing amino acids, week at tue beginning, augnents during germin-
ation.

cps/mn
r

6000-

2 000r

I I

60 120 180 mn

FIG. . --- Synthesis o f in minimum medium in presenee

Germination in medlpm containing all of the amino acids. In the times

indicated, uracil- 4C is added alone (---.--) or with chloramphenicol ( .

We finally asked ourselves how amino acids, added to the minizm=

medium at the same time as chloramphenicol, would affect the values of
the three parameters in question. The experiment shows (fig# 12) that

they augmnt all three.

3 REVERION OF THE S-•ECT OF CiW0RW-7EM4IC0L. --- When chloramphen-

icol is added in the beginning of gemnination, it hin4ers all visible

manifestations of the active phase, even though a slow but significant

synthesis of AIV subsists. The situation recalls that of germination in



absence of cmino acids. onie this tl:e ore can ask himself if this
syntheisis (or other roacticr s bcinz car'ied out at the saiae time as it)
1erzits to accelerate, once the aniibiotic is taken away, the ulterior
£erminaticn of the spore.

The experiment (fi&. 1-) shows •hst it is nothing of the kind : the
incorporation curves of uracil End of valino are the same ones that tho
culture had been or not proviously treated vjith chloramphenicol. That
shows us moreover, that added at the begyinning of germination, chloramphen-
icol does not have a toxic effect persisting on the ulterior biosynthetic
capacities of treated bacteria.

70OOL•Cps//1 1  I

,ooo. ),

.000 . / .

I 000.* //

30 60 90 :20 1I50 ',0

FIG. 12. --- Effect of aw.mno eaids Mn .RN syvnthoqss in
presence of cmlnora)mnie1. t

Uracil-14C and cbloramnphenicol are added either alone (---), or with a
mixture o. 17 amino acids (.-), at thirty (n), sixty (A) and ninety (0)
minatas of germination in minimum medium.

-. -*- i1
S. . . . '
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On the contrary, if the antibio-,z i.4 4-_Cd later, a toxic effcct
appearZ; after rosuspension in fesh ..r&eU., Synthesis of J-U and of
proteins beoins again, but slowly Cfi-. 14). This effect is accentuated
"vith ti.:•; one know• besides that bac:.e in the oe•.otative phase, treated
with chlore-Phonicol, pass by L long !Ltent period before continuinz their
gro-uth. Let us notice finally that this toxic effect affects the synthesis
of A:- and that of proteins aiaost in the sare proportions.

ANNALES DE. VINNSTMUT PAS•TEUR

cps/mn
!~I.

8O000L-
FIG. 13. --- 'Reversion of the effect

S//I, frcm chlorannhenicol s nrecocioUs
trentnnrt,

10,// Spores are incubated in c=plex medium,
in p.asence of chlorcmphenicol, for
fiftcan (;,), thirty (x), sixty (,-;)
or ninety (+) minut~s, they are then

4000- filtrated, washed and resuspended in
// a copzlex new medium. (Test without

. ch~orarmphenicol : 0.) After filtration,
2000- the incorporat 4n of uracil- 1 4 C (a)

2000- and of valine-•C (b) is measured.

20 40 60 8O n

Oorr
icpslrnn/

5000II

5100
0 • 0- 4 0 8 ,-

20 40 60 80 mn



GERMI>.AlhN ". - . - .ULXTIO . ,,

//
//

4000*- 4ar ..

2000-"1 /

1O 20 3c0 200_ _, 50 40 M-6

FIG. 1u. -. R on effect oqt chloramphenicol t

Spores, germinated in complex medium for either thirty minutes (a), or

seventy-five minutes (b), are next treated with chloramphenicol for thirty

supplementary minutes, filtrated, washed and resuspended in a new complex

medium. Incorporation of urocil-1 4 0 (,ý) and of valine-24 C (x), added

after filtration, is measured in the test cultures (--) and the treated

cultures (

DISCUSSION

The rate of synthesis of IM and proteins varies in the course of

germination with time and with the composition of the medium. The
question is raised thus to know what the mechanisms can be, susceptible

of controling the speed of synthesis of these macro-molecules. Ve will
envisege first the role played by the amino acids in ARN s•nthesis,
next the effect of inhibition of proteic syntheses on the formation
of AMW, We will try finally to analyze the relations between AM
syntheses and of proteins in the course of germination.

1 EFFECT OF INO ACILS. --- Observations from numerous authors

nave shown that becteria possess, during the active phase of germination,

nutritive Deeds, different from those of the initial phase as well as

from needs during exponential growth, and variable according to thA type.

These needs are most often satisfied by amino acids (see for example

23, 9, 2.5 and reviews in 17, 14 ). W'Io have illustrated this neerd in



amino acids during the active :phaOs Of za=in-tion of a. il±bt±2i.. The
observed effect does not arise from nLeed of some particular amino acid,
even thoush each amino acid possesses a certain capacity to contribute to
it, probably according to the fecility with which it is converted into
other amino acids. This implics that the spores are lacking or poor incertain enzymes of biosynthcsis of amino acids. The differences concerning
the stimulation by certain Lmino acids, according to the kinds or the
spore preparations, could reflect variations in the content in these
enzymes. The existence of 20 I of spores capable of germinating in the
absence of amino acids is due seemingly to the presence of spores having
conserved a greater quantity of these =nzymeO.

ZU gfec gLgmio l i e ha-vc scon, biesar =Pn~t~v.LMN svnthisis, without the inter.cdiery of nze: proteic synthesis. It
appears thus that the particular nutritive nacds of the active phase of
germination can be attributed, at least in pert, to the control exercisedby the amino acids on the JztJ synthesis. The hypothesis generoaly advanced
to take into account the catalytic role of amino acids in J.%% synthesis
is that the non-charged soluble L: would inhibite ZN synthesis (see
reviews in 20, 18 ). This ramulation by the emino acids exists well in
B. Lubtilis, since ARN syntho.sis ceases brusquely after transfer of vage-
tative bacteria in a poor mediu= (urcdited cexp.erizants); it vas observed
also during sporulation (3). In that hich1 concerns germination, since
spores contain biologically active soluble 1AX% (4), one can expect to
find there still the same cos.trol. Tao experiments describcd in the
present work fully confirm this hypoth-esis, .lain in this way theparticular needs of the active phase of 9erziration in amino acids.

It is surprising to declare that the rýdium in which the spores were
formed has apparently no effect on their necd of amino acids during
germination. It seems thus that spores do tot have amemoryn of the sporu-
lation medium and that their cc position is relatively independent of it.
However it is necessary to notice that sporulation begins only after
exhaustion of the medium; the possibility rc~ins thus that the metabolism
of bacteria during sporulation is senzitivciy identical in the three mediumse

2 ~FYVFET QY CHLO iC�..�i. -... 2ha inhibition of protoic synthesesby chloramphenicol has two Effcc: s or. A synthesis. The firAt, i.ediate,
manifests itself only in a medium deprivod of amino acids : it concerns
a it iattributed to the accumu'.cticn of free amino itols (20).
'"he second effect, on the contrary, is the rieI. and incompleteinhiibition of AN synthesis. Th~e two effects are found again iz the
course of germination : actually, we observed in minimum madiuz a stimu-
lation of the initial synthesis; on the other hand, in the presence of
chloramphenicol the kinetics of A•; synthesis in the coarse of germination
ressembles, in all of the studied mediums, that which urland and 14aloe (13)
described in bacteria in grouth, submitted to strong concentrations of
chloramphenieol. According to these authors, chloramphenicol inhibiteS
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synthesis of necessary protein (s) noeded in the formation of ribosomes,
Vhen this protein, probably a ribosomal protain, is exhausted, MRN ribo-
sOMal synthesis is stopped, while soluble IMd2 synthesis continues at its
normal rate, which explains tVo existence of a residual synthesis.

A supplementary presumption in favor of this interpretation was given
in a preoceding publication (2), by the examination of synthotized AM
in the course of germination in presence of chlorapiphenicol. If this one
in added at the zero cycle, the majority of the incorporated radioactivity
in found in piok 4 Si if it is addud later on, one still observes an ele-
vated proportion of radioactivity in this pick, even though one finds
some also in the ribosomal fractions. -It is-necessary however to recall-
that those experiments are submitted to criticisms proviously formulated
(4), concerning extraction and characterization of ARN.

The a 2 residual synthesis remains constant in a given medium,
no matter what the time of addition of chloramphenicol may be, and increases
only when cellular division has begun. If it is true thus that residual
synthesis is principally that of aoluble ARN, its constant rate would
indicate that the speed of Synthesis of soluble AMN depends only on the
quantity of AMN (or on the number of ARN formation sites) present in the
cells (12).

If one accepts Kurland and IMaeloe's interpretation (13); the
*fracture leve. l observed would be an indirect measurement of the quamtity
of free Oribosomaal proteins, present in the cell at the time of the
addition of the antibiotic. This hypothesis leeds us thus to admit that
rapid augmentation of the Ofracture level' indicates the accumulation of
a supposedly ribosomal protein. The spore would be deprived thus of this
protein, whose preferential formation and accimulation in the course of
germination would be a previous condition to the synthesis of ribosomes.

T• oaai.! ot nmino scidA to min um medjim, containing chiorn-
phenicol, increases at the same time the initial speed of ARN synthesis,
the *fracture level" and the residual rate. Stimulation of initial and

residual syntheses is in accord with the obzervetions (8, 19, ?j) that

indicate that the control by amino acids reacts as well on -boscmal AIN

as on soluble AMN. The increase of the Rfracture level' remains unexplain-

able, however.

Finally, we have seen that the toxic of..je.'of chloramphenicol,

null at the beginning of germinction, apperare progressively, the toxicity

being all the more pronounced whern the antibiotio is added later on. As

the quantity of ARN, syntIetized in the presence of chloramphenicol, incr'jases

also when germination progresses, it is possible, as that was observed in

tZeC.•? =utant of A. coli (1), that this ARV is itself responsible for

the observed toxic effect.

- L .• . . . . . . . . . . ..

• , ,, , ,, , , ,,,, ,, ,
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3 THE ROLE OF RIBOSIOYS JLD RPBCSO1,:L PROTz.... AF synthesis
begins, we have seen, from the debut of germination and beecmesu exponential
very quickly. Around 80 % of stable LRM, ayrnthoaized during tOis periodo,
is constituted of ribosomal AM, soon incorpoCited in the ribosoes (2).
These last ones, almost entirely absent in spores, are rapidly synthesized
during germination (27). Synthesis of proteins during this period is
retarded about ten minutes as compared with that of ARN. This data suggests
an j j i in number of ribosomes, whose synthesis voul. be
thus aunnatelstic t the formerly existing ribcnomes would intervene in
the synthesis of new ribosomes, necessary to the formation of proteins.
The situation here described presents a certain analogy vdth that which
one observes in bacteria lacking in magneailum s in %his last case, it
was shown that synthesis of ribosomes is autocatalytic (16).

We have seen elsewhere (5) that synthesis retes of three types of
ARN remains in constant ratio between them durin_ gormli.ationg, this ratio
being the same one as during growth. On the other hand, ARZ synthesis,
exponential from the beginning, begins with an extremely vwek rate, evenI! in complex medium. One can thus ask what is the factor which limits the
synthesis of three AM in the beginning of germination. All of the systemM,
invoked for the regulation AM synthesis in bacteria in growth, are observed
also in the course of germination a we have discussed the control by the
amino acids, the role of a Oribosomall protein and the autocatalytic
synthesis of ribosomes. In that %hich concerns a acids, although
limiting in minimum medium, they cannot be called upon to explain theevolution of ARN synthesis in rich mediums. The presumed absence of
*Nrlboagr nrgjij takes into account quite weil effects exercised by
chloramphenicol; on the contrary, it would not knov how to explain -the
limitation of AMN synthesis in the course of normal germination. In
fact, the limitation due to the lack in these proteins cannot be of long
duration since s 1 Syntheses of ribosomal and soluble AFM are between
them in normal proportions from the onset of germination, 2 these proteins
are accurmulated rapidly. On the other hand, the principle limiting
factor could concern the C Djjj1j of bacteria to synthesize AMN in
general, for example the formation of forerunners' energy, or the activity
of ARN.polymerase, etc. In this case, one would expect the specific,
inhibition of ribosomal APM synthesis by chloramphenicol, at the debutof germination, permits, by compensation, a more rapid synthesis of

other ARN and that, consequently, chloramphenicol cannot diminish the
total synthesis of APN during this period. However's such a compensation
was not observed at any time; elsewhere, vo have already pointed out that
neither the contribution of energy due &_ the stopping of proteic synthesis,
nor the addition of 4 bases stirmlate AI 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 able to take into account here articles that appeared on

this subject in Spores I11, Cerpbell (L. L.) and H{alvorson (a* 0.) eds*

1965. Amer. Soc. lacrobiol.
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at us now recall that the two propz-icties that particularly charac-terize the spore are i the insufficiency of ribosomes and the absence of

a 'ribosomalm protein. Ribosomes prcsent •oer to determine the speed of
ribosorral ARN synthesis; it was sug-esto.? in other cases (6, 7, 24), that
they intervene also in synthesis (or detachrrient) of messenger AMý. Nothing
is opposed from this that such a mechanism plays in the formation of all
the ARLN 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 : 1 the limited number
of ribosomes determines at each moment thQ speed of synthesis of three
types of ARN, 2 the formation of new ribosomes depends on previously
existing ribosomes on the one hand, on a Oribosomal, protein, preferentially
synthesized in the course of germinatiou, on the other hand. This model
also takes into account several observwtions :

a) Tih ten minute displacement observed bet*,.een the kinetics of ARN *

synthesis and of proteins vould.be explained by time, necessary to the
formation of complete and functional ribosomes beginning with ribosomal
ARM (or its forerunner), to the attachment of the messenger ARN and to
the synthesis of the polypeptidic chain itself. Besides, it is possible
that the formation of complete ribosomes is slower in the germinated
spores than in the vegetative bacteria, because of the insufficiency ofS"arituscmalR proteins.

*ib) The weak content in kribosomalO proteins also explains Woese's
"observations (26) concerning tht presence of v new type of ribosomes in
the course of Germination. Those partic I" ressemble, besides, to inom-
plate particles formed in the presence of chlorernphenicol (22).

i €) Finally, If the syntheses durizg germ.ination depend in thefirst place on the formation of xibosomes, itself necessitating the synthesis
of ribosomal proteins, it is easyto understand that ABN synthesis in

presence of chloramphanicol does not contribute at all to germination.[ It is also possible that the absence of germination in a medium deprived
of amino acids i1 due from the fact that ribosolies do not form under these
conditions, faull of the Oribosomali protein.

Notice fina1l,, that the study of germination permits to determine,
indirectly it is true, the presence or the absence of certain constituants
in the spore, intervening it macromolecul'r syntheses. The data gathered
in the Course of this work pernit to set up the following balance sheett
probable presence of A1.pqlyrnernse and enzymes that form the forerunners
of ADM., but absence of the initiator protein from the AM, synthesis;
frsence of ARN-po tlyeraset enzyme f of A mn, soluble A1

end activation enz•m'es, absence of the free gribosomal' protein, andfirlly absence of at least certain synthesis onzymea of amino acids.

N1
_ _ _ _ _ _
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SYIT'H25IS OF VM. CROMOLZOU•L 7,J G GERfM\l;TI0N
II. --- biALTIO;•

A studylof the reguletion of RNA arnd protein synthesis during
germination ia led to the follo.idG conclusions s

A 'Amino acids are required, even by a prototrophic strain, in order

that the active phase of germination may proceed normally. In the absence

of amino acids a slow turnover of 1%A and protein takes place but germin-

ation does not continue beyond the initial pha5se.

2 The requirement for amino acids during gerninetion is explained

by their role in the regulation of RiNA synthesis. This is shown by both

shift-up and shift-down experiments. The emino acid effect which is

immediate is observed even in the presence of chloramphenicol.

3 A detailed kinetic study of FR•A syrthesis in the presence of

chlorarrphenicol suggests the spore lacks a protein; presumable ribosomal

protein which is involved in the synthe~is or the stabilisetion of ribo-.

somal RNA and which is synthesisad preforer.tially at the beginning of ger-

mination. The hypothesis that the ribo-o~ne, play a role in the synthesis

of all three types of PU;A provides an explanation for both the auto-

catalytic rate of synthesis of these Ri'..s crd for the constancy of their

relative rates of formation.

In surmary the spore iz chsr~cterised by the absence of messenger

MkIA, and by its small content, relctive to the vegetative form, of

rloso.e! protein, ribosomes, and amino acid oynthozising anzymaa.

i I "
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