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ÂBSTRACî

t..,., , ,',.,tt. .

/\ chemícal-l-y d.efined rnedium (COU) wa.s de\rised for

the study of the nutritional requirements for germina.t-

, ion, grorrttr and. spornJ-ation of ttre sporogenic (USp*), 
.,.,r,:,,,,:,:,,

asporogenlc (RSpoIfïa) a¡rd temperatü1'e-6eñsitive (ts-e5) 'r:,1':',

l :'-..-.:.:
mrrtants of 9lg_g$j¡!!gg botulíarrra ty¡re Ð. the CÐM con- i,.:,:,.,,',,,,

sisted of a måxtttre of amíno acfdsr wita.nin factorst

purines, pyrlmidines, tra.ee mínerals, O.4o/o gJ-ucose, 
I

1.Oy'o sodir¡st acetate, O.1oþ sod,íwrt bíearbonate and O.zy'o 
ì

i

sodiurn thíogJ-ycolLate in phosphate buffer, PH7.O. The i

I

effect of singl-e anino acíd del-etioa studies sl.o¡,¡ed ttrat 
i

i

isoleueine, argínine, methionine and cysteine 'were 
I

i,
essential- for germination and oretgrowth of ntsp+ treat- 

;

aetivated spores rslrereas waline, ttrreoni:re and tryptoph-
l

arie l,rere al-so essent'ial for the ts-2! strain. No single iit..,''.'.:'. 
"

1r.,,.,,,
amíno acíd was absoJ-utel.y neeessary for growtler hot*rever, ':' :.:: :-:r''

t _,:. :.: -: :l

for uraxínrum grovrttr, qualitative differenees in amino 
:

acíd requirements were observed. Sodirrm bicarbonate

en}.a¡eed tTre rate ar¡d extent of spore germinatíon and

outgrowth. Glucose was required for growth and sporuL-

atioa r+t¡í1e sodium acetate i:rcreased ttre spor'e yield.

The CÐM srrpported. germination¡ $rowth arxd sportllation

of I ottrer type E strains and al-so growttr but not



íi

spomlation of other serot¡4ras of C. botulinrun and C.

sporog:pnes. Spore ¡¡iel.d in CDM rsas usual.ly l-oçer rs6en

compared to cornplex medium, 65/" in CÐI4 and>pO/o ín

trypticase-pep¿ot1e-g1-us6sç-yeast extract broth for
J.

MSp' .

Experïnents on inqorrþoraiti on,o-f ,ra.dioaetive urací J_,

metLrioníne a¡d thymidine sbor+ed ordered syntheses of

RN.A., proteín and ÐNÂ during spore outgrowth. Syntkresis

of ÐNÂ of ttre tbree test straíns usuaJ.ly ceased by the

end of 1og ph.ase, 10, r'rhí3.e net RN.A. syrrtfresis coatinrred

up to T, for both MSp+and RSpoIfIa, but stopped at

TO for ts-ZJ. Net protein synth.esis of the asporogenia

strain stopped at T, ¡,¡triLe that of tkre sporogelaic strains

eontírrrred. Studies on rifa.mpín treatment of cultures

during stationary gnowttr pkrase strowed ttrat s¡rnt?resís of

RN.A. eorrtl-nrred during spore formatíoa. The temperature

shit't experíment confi:med tltat ttre ts-2J strain r¡as

¿m earl-y-bJ-ocked ¡¡sf,aret which. r¡as expressed betlrreen 1O

arad I, at Ètre non-permissive temperature.
I

¡ :' -r'..
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INTRODUCTÏON

The groruth cyc1-e wl.ictr occurs in tÏre spore-forming

bactería belonging to the genus BeqilUls or Clostrídium

eonsists of vegetatíve growttr leading to the formatÍon of ar¡

endospore, lysis of ttre mother ceJ.l to release the mature

spore and germirration of the spore followed by outgrowth

ínto a new vegetative cell. Botl. sporulation and orrt-

growth of germinating spores hawe been empl-oyed as model

systems for studying ce1-l-uI-ar differentiation (41, 6t)

since ít involves a sequence of profound morptrologícal-

alter:rations accomparried by biochemical cleanges and by

ttre synttresis of quaJ-itatively ner+ proteins.

Tkrere is a remarkab1e similarity in ttre sporrrlation

of species of Eg!!$ and Çlgg.lgiÊSr bottr from the

morphological 'nd from the physiological points of víer'¡.

the wkrole process irrvolves continuous morphological

changes whictr have been conventional-ly timed from the end

of logarittrmic growt}. (82, 1O1) designated as TO and the

trourly periods after TO as T., ç TZ, .,..... trr ete. These

cytological- ctranges Tüere first described in Bacil]-us

cereus by Young and Fitz-James (lSSt 136¡ 137) and in

Baci].]-us subtil-is by Ryter (gg). SimíJ-ar c?ranges odeur

ín @EgllLigg tristotrvticum (le). Based on ttre
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examination of thín sectiorrs of sporul.atirrg ceJ-I-s by

electron microscopy, t?re process has been dírnided into

seven stages (O to vTI). Stage O is the vegetative cell-

irr earry stationary p?raser after grrowth and celr dirrision 
.,,,,,,,.,, .,.:

have been completed. Formation of an axíal- nucl-ear -.:

fil-ament¡ ttre first morphoI.ogical- sigrr of sporu1.atíon

(Stage f ), is followed by tTre devetr-opment of a membrane
,..,,,'..,i., ',t,diap?rragm (forespore septum) arrd foruration of ttre fore- i:',:.,::.,:.'.:,
t.: i..

spore ín stages Tr and rrl . Stages rV to V ís character- :,::..: :.,.'
i,,'l ritt t 

', 'ízed by the development of spore cortex and coat. Matur-

atJ.on of ttre spore (Stages V and VI) consists of strrrct-

ural- transformatíons of ttre spore envelopes r¿k¡iclr lead

to the development of resistance and. refractíI-ity. The ,,

fínal- step (Stage VII) is tl-e I-ysis of motlrer ceJ.I- to , ,

re]-ease ttre mature spore, The tíme sca]-e for ttre

cytologíca1 everrts of ttre seven stag:es of sporruI.ation rskrich

oecrrrred in crrltr¡res of Baci1].us subtil_is has been

establ.ished by Dawes et al- (Ztr). Tlre designation of

tlrese developmental stages serves as a basis for foll-ow-

ing th.e chronoJ-og'y of genetic and bioctremical- everrts of

sporul-ation.

I:rformatíon concerrring sSaoth.esis and turrrover of

macromolecrrles at ttre end of J.ogarithmic growth. and

d.uríng sporrrJ-atÍon (stationary phase) tras come main1y

from B,ircil-lus .æg as l-imited research. lras been done orr

Clostrídium Êp.p. Freese ( ¿¡. 3 ) has poínted out that orxe
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of the críteria neceasary for the initíatíon of norma1.

sporul-ation ís a d.ecrease in ttre expansion of ttre

cytoplasm, i.ê. tl-e redrretion in ttre net syrrttresis of

nucl-eic acids and protein, with continuor.ls tr.rrnover of

m-RNA and protein. Tl-e turnover of m-RNA ând proteíns

is necessary for tkre synttresís of rre¡s enzyÍres and stnrct-

uratr proteins a:rd rrew eJ.asses of RIÍA for spore forrnation

( 261134). ÎÌre increase of DNA stops before or at the

tíme of forespore septation and trrrrrover of DNA does not

o c cltr.

Th.e transformation of spores.. ínto vegefative cells

includes three distinct and sequential. processes æ

activation, germination and outgrowttr. 'Fhen activated

strlore is exposed to certain rrgerminar-rtsrt r¡trich are usualJ-y

speeíes-specific, it ís transfor^med into a metabolical-1y

active cel-I. ruÏrÍe}. is stil-l- quite different from the veg-

etative orre. GermínatÍon is metabol.ism-mediated (lZ6)

and is not dependent on FÌüA or protein synth.esis (ttO).

During germination 3Or/" ( 6t ) of tl-e dry weíght of a

spore (including DPA, calcíum and cortícal material-) ¿r"

expe1.I-ed into tl.e medium and ttre spore becomes norr-

refractiLe and sta"ínable. Bsth activatíon and germínat-

ion are processes responsibl-e for tïre termination of cry-

ptobiotic state. Tfie gercminating spore, wtren exposed to

nutríentsrruíJ.I- start to srvel-l-, el-ongate and produce new

kinds of proteins and ceJ-l- waI.J- a:r.d emerge a,s a tytrrical.

3



vegetative ceIl. This process is lcrror"m as outgrowth and

can be suppressed by inhíbitors of macromolecular

synttresis. In an outgrolring sporer RN.A" syrrt?resis starts

sÏrortJ.y after germination wtríle protein syrrth.esis lags 
:.: .,,, ,,: -: ".':"

betrínd and begins 2-4 minutes after tt¡.e inítiation of

RNA. synthesís (54, 64, 119). DNA s¡mttresís conrmerrces

aborrt 2OO-3OO minrrtes after germination r.rtren tbe amor,r¡rt 
.. i._. 

,,,i_

of RNA tras almost dorrbled ( f lf ) . 
: '""''''''

A synth.etic or cl.emicall.y defíned medium sffers ,.:.'';";,;'
:;.:'.,::-:t:

the most direct route to ttre e]-ucidation of nutritiona]-

requirements s yet ttre J-iterature is rel.ativeJ-y sparse in

tl.is respect for different strains of 4gþg!!!lg l

ibotu].inun, particularly type Ð. fnukai and Haga

first rrsed a semi--synthetíe medium conta:ining vitamin-

freecasaminoacídstostudyttrevitaminrequirements

of the fwanai strain of t¡rpe Þ (¡g). Germination a¡rd 
l

growttr of spores of strain DB in a synttretíc medírrm was
':ì::..: ::reported by Ward a¡rd Carro]-]. (tzA) irr 1966. Ilír 1967, ,.;:.:i.::..::.:

' ,' ,

Gul-Lmar and Molin (¡O) perfected their ctremicall-y 
,,,,,..i,,.

d.efi-ned medium for sporrrlatíon of t¡r¡re E strain '1fi7/62 
:: :':

by increasing the ctroline clrloríde concentration to

5 ßà/1OO mI. medium. Later, Strasdine and MelvíI-le (f f f )
a1-so noted ttre sporrrlation of Minnesota strain ín a

defined medium. None of the workers reported grorøttr of

type E strains other ,ttra¡r ttre test strains and al.so ttrat

ttre med.ía could support t?re eomplete gror^rttr cycle of

LT



germÍnation, growth and sponrl-ation,

Ttre purpose of tl.is work r+as to develop a pre-

reduced cl.emicatr1y defined medium l+hietr would support

germínation, growttr and sporul.ation of Clostridium

botuligrum type E strains a.lrd to determine the a¡ríno

acíd.s requirements of tTrree type E mutant sporogeníc,

asporogenic and temperatltf,e-sêfrsitive prev:iously

Ísol-ated ín our laboratory (29, 67). fn addítíon a

preJ-íminary study of t?re slmthesis of macromolecule

DN¡., RNA, protej.n 

- 

itr these mutants during growttr

and sporrrlation, util.izing radioctremicals and inllibitors

of macromolecular synttresis, was carríed oütr
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Ï{TSTORICAL

Extensive nutritiona1., cytological-, physiol.ogical,

bioctremícal and genetical studies of bacteria1. sporogensis

trave been carried out ot:. ttre aerobi" Egg!!!gg species

rrhictr have proved to be easy to gror'r and work with.

Most of our knowledge about sporrrlatíon has come from

studies on Baci]-]-us subtilis a¡ad Bacillrrs eereïrs.

.A.Lthough the anaerobic spore-formers are important to

ttre food industry and pubJ.ic treal.th, the cLostridia have

not been studíed so extensive1.y because of the stríngent

requirements for grol'rth and strict anaerobiosís. 't{ith

ttre improvement in anaerobic tectrniques, the nutrítional

as weJ-l- as increasing number of cytol-ogicaL, pl.ysiological

a¡rd bioclremícal studies are beirrg done on C]-ostri{it¡¡l

species.

Ttre cytological changes wtrich occrlr duríng

sporul-ation have been defined on a temporal sequence.

Seven morpholog:icaI steps Ïrave been described. Ttre

process is essential.I-y the same in Bacil.lus and in

C ostridium species ( tz;A, 5g¡ 82 ). ltre end of tkre

logarittrmic grorvttr ptrase (Stage O) is follov¡ed by tl.e

formation of an axiall.y disposed fíI-a^ment of condensed

chromatin (Stage f). Stage I is completed when a
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septum begins to form near ttre po1.e of ttre cell. Tl.e

completíon of the forespore septum during stage fI

resrrlts in the segregatíon of the nuc1ear materia1 into

two compartmerrts referred to as ttre mottrer cell and

forespore cytopl-asmic uníts. During stage IIf , the

forespore protoplast is engulfed as a resrrLt of r:ni-

dírectional- growttr of ttre cytoplasmíc membrarxe of tl-e

sporangium. As a consequence of engulfment, the two mem-

brane surfaces that normaJ.I.y face the exteríor of ttre

cell now face eaclr other at ttre strrface of the forespore

cytoplasm. Peptidoglycan precursors are transported to

tl.e space between ttre two membranes r'¡Ï¡il-e the cortícal

peptidoglycan and gern ceJ-l *^ít are beíng synttresízed

during stages IIf and IV. Coat and exosporium formation

occur dtrring stages fV and V. The forespore becomes par-

tíal-l-y refraetíl-e during stages fV and earl-y stage V.

Ttre end of stage V is characterized by the presence of

a complete coat structure. During stage Vf, a maturatíon

process occurs. Tlre refractiJ.ity of ttre endospore

increases, heat resistance developsr a¡rd cleanges in ttre

:f,ine strueture of ttre cytopl-asm of the spore protoplast

oceÌrr tkrat canrse it to appear more leomogeneous and

electron-dense. Stage VII consists of ttre liberation of

tkre mature free spore via autotr-ysis of the mottrer cell.

Subsequent to maturation of ttre endospore a lytic enzyrne

is syrrthesízed or activated ¡uTrietr brings about its
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reJ-ease from the sporangium. The following díagram shows

ttre morphological stages in tl.e sporul.atíon of Bací]-lus

suÞti aq Marburg (adapted frbm Schaeffer et a\ ¡. 1969)

SloseO f II llf lV .\I YI VII

O-l 1-? 2-3 3-5 5-7 7-24 24---

WffiW)ØgØg
Axiol Seplolion Fovespore Formolion Formot¡on Fully LysÌs of
f¡lomenl oÌ cortex of cools formed vegelclive

sPore 
iå'l"lJ'.t
lhe sporc

Growttr and spore formatíon of Clostridir.rm botulinum

usua11-y reqr.lire complex rnedia, sucl. as meat and vegetative

infusions, (leO ¡ 90t 17 ) ræd strict anaerobic conditions.

Cookêd-rneat mediu¡n supports spore formation of many

c1ostridial- species ( g4 ) but ttre presence of tíssue

partícles renders ttre trarvesting: of the spore crop

inefficient and cleaning -of the spores is everr more

I-aboriorrs. Á.particul-ate liquíd meclia prepared from

commercial-ly avallabJ-e dehj'drated peptones ¡ usual-I.y

supplemented. witt¡. ottrer constituents, genárall-y support

ttre production of stabJ.e, clean spores ( gZ). Perkins(Bf)

obtained superior sporrrJ-ation of C. parabotulinum

t¡r¡res A and B and. PAf,67g ín casein supplemented with

proteín's of a¡rima[ origin.

Time (hrl

@
rc\

ld
Growing ond

dividing
vegetol¡ve cells

i
I

I

I
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Leifson (6g) reported 9Oy'o spont1ation for C.

parabotulinum r,¡ith 1.Oo/o peptone and O.Jy'o beet extract.

Sugíyama (llZ) obtained spores of C. botutrinum in a

medium containing 5.Oo/o casítone a¡rd O.5o/o peptone.

Ciosl ridiJën botul-inum straín 621, procruced. over )Ooþ

spores in 5% solutions of phytone, thíotone, basamin,

yeast extract, tryptícase or polypeptone (tZZ). TpG

med.ium (St/" tr¡pticase, O.5o/o peptone and O.4o/o g1teose)

?rad been used srrceessfully for ttre production of spore

crops of type E strains of g. botulinum (lOZt 93, 111r?g)ç

over 8Aoþ spores were obtained for MSp+ (Zg) and about

6Oo/o tor five ottren strains (gl). Robert stroved. that

over 8O/o spores of C. botu]-imrm type 7272A r¡ere formed

in TPG medium supplemented witkr O.1o/, yeast extraet and

1/o ammonium su1fate (feaV-Cf ). g. botutrinum type C

al-so produced satísfactory spore crops in TpAy-GT

medium (94). Day and Costilow ( Zt) obtaíned 8O-gO%

sporrrlation for @. lplÞul-inum 6Z¡t in a medium containing

4'/, trypticase and 1 trrpm of thiamine. Emodi and Lechowick

(:+) used TPSY medíum (5,/" t"Vpticase, O.5/o peptone,

O.5y'o sucrose and 1.Oo/o yeast extract) to produce spore

crops of g, Þ$ig type E strains. The most Í-mportant

advantage of these Itsemi-defined'r peptone media is that

ttreir amino acid concentration can, rvittrin ttre limits

of ttre ratios of t?re constituent trydrolysed proteins,

be closely control-tred.
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Synthetíc or ctremically defíned media offer tkre

most direct route to tl. e elucidation of nutritiona1

requirements. The early 1-iterature concerning tkris

aspect was main1-y restricted to types A and B r¡krictr

prod.rrce l-ettral toxins. Burrows ( 16 ) r*as tl.e fírst to

report growtl- of types 1\ and B in an inorganic medium

supplemented r+ith al-anine, l-eucine, lysíne, proline,

cystine, gl-yci-ne and glucose a:od stated that cystÍne,

proJ-ine and 1eucine r.rere essential for 9. þ!g!!gg4.
Clifton (ZO, 21)' la.ter verífied that g1-ycine and protr-ine

act as hydrogeu. acceptors, r,.r}.ile al-anine and 1eucine act

as hydrogen donors in the so-called ttstíekland reactionrr.

Knight and Fil-des (6Ð also determined tkrat the
ttsporogenoustf vitamins and trytrltophafi.e T.tere essential-

for ttre gror,rtle of C; botulinum, The amino acid require-

ments of C. H,gÞÉ}@ A¡ nor¿ designated C. botu].inum

type Arr.rere str.rdiecÈ b,y E3-b.erg arrd Meyer (eg) FrrQ ..l.ater by

Ma,ger et a1 (f 6). They found that try¡rtoptrarre, tlrreonine,

va1-íne, J-eueine, isoleucine, methionine, arginine,

ptrenylalanine and tyrosine were essential- for grororth.

Roessler and. Brewer (lø¡ obtained simiJ-ar results and

in additionrfound ttrat ttrreonine r¡r'as essential for type

A and tristidine for type B.

Ttre vitamin requirements of C.

r{ere studied by Lamanna and Lewis (66)

botul-inum ty¡re A

10

rEho observed tkrat
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the requirement for pantothenate could be substituted by

either tkriamine or ctroline. Roessler and Brer,¿er (gø) also

noted that biotin ro¡as ttre only essential vitamin for

types A and B; ?rowever, better growttr occurred if ríbo- ;..'::..
',.1,'::. , .,;,:.

flavin¡ para-aminobenzoic aeid and niacinamíde l¡Iere

included. Tl.e vitamin requirements of clostridial specíes

and serotypes of C. botulinum r¡resË studied by Kíndler and -., 
.

Mager (62). 1: :

Sporulatíorr of C. Þ9¡!g!!ggg it synthetic medium

r.ras first reported by ïtril-liams and BJ-air in 1950 (t3O).

Perkins and Tsuji (88), however, could not duplícate

tlreir fi-ndings rvíttr strai-n 621, as 1-ímited gror+tl- and no

sporulation was observed. By modifying the compositíon

of tkre medium of 'tüilliam and Blair and lnereasíng tfre

arginine content sevenfold, Perkins et aL succeeded in

obtainín g 7O,/, sporul-ation af ter 7 days at 3OoC. Replace-

ment sporulatíon of 624 r,¡as reported by Day and CostíI-o¡¿

(Zl) using solutions contaíning L-alanine and L-pro1ine,

L-isoleucine and L-proliner or L-alanine and L-arginine.

Germination of treat-activated C. bgtu]-inum 62A' spores

'r^¡as reported to occur in a defined medium eontainÍng

L-cysteine, sodium bicarbonate and sodium thioglycollate

in TES buffer, pH?,Or by Ronley and Feeleerry in 1970 (gf).

:.::t.::t: _.

A semi-synttretic medium eontaining vitamin-free

casa"minoacids çras first rrsed by fnukai and Haga (¡g) to

stud.y tlre vítamin requírements of a tytrre E strain of
',,.r.:,,':,:,::'
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g. botulinum, Germination a¡rd gror'rth of spores otr a

type E strain occurred in a syrrthetic medium, described

by Ward and Carrol.1 (128 ), rvkríctr contaíned lJ aminoaeids,

9 vitamin faetors ? O.4o/o gI-rrcose, 0.A60/0 sodium thio-

gJ-ycol-late and 3 sa1ts in phosphate buffer, p}J7.4i

however, spores r,/ere not produced. The addition of

purines and p¡r-rímídi:res did not greatJ-y infl.uence

growth. Sporu]-ation of C. botu]-inr+m ty¡re E

strain 1537/62 was observed by Gull-mar and lr{o3-in (SO )
ín a medir¡m containing 20 amino acids ¡ 7 vítamín factors,

O.243o/o acetate, O.r+o/o g1ncose I O.06o/0 sodium thíogl-ycotrlate

arrd 5 sal-ts ín phosphate buffer, pII].O. Simi1-arl.y,

spore production and growttr of type E, strain Mínnesota

v.ras reported by Strasdine and Me].vil]-e (t t t ) in a defined

medium containing 16 amirro acids, 1O vitamin. faetors

O.5o/o gtr-ucose and 5 sa1.ts in ptrosphate buffer, pHf .O.

After 24 krours, virtualJ.y al-l- the endospores had become

refraetí]-e. These r,¡orkers a].so studied ttre effects

of various carbon sources on total- growtTr of th.e

organism in their roedium; s1ow germinatíon and no

sponrlation was observed r,¡hen acetate was used in p1-ace

of glucose. Strasdíne et al- also cnnfirured ttrat etroline

ï¡'as arr essentíal factor in promotíng ceI.I dívísion.

Asporogenic, sporogenic and eondítional sporogenic

mrrtants (*.g. temperatrirre-sensitive) blocked at ¿ifferent

stages of spore development have proved verlr usefuJ- for
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elucíd.ating the biocbemical evem.ts and regrrlation during

bacteria1 sporogerlsis. Mutants of E3g!!$g subtilis

bl-ocked in eaclr of tTre stages of sporutration (tOt 1138)

þave beer¡ mapped. by transformation and tralsduction.

Mrrtations tler'e loeated at nume,rous loei seattered over

tlre B. srrbtíIis genome, alttrough some Irrere clustered.

Most of tl. e asporogenic mutants caf,r be divided into

tr^¡o classes æ tþs earl-y-¿¡1¿ late-bl-oeked mr¡ta¡ets.

Ttre early-b].ock mutants, i.ê. those affected in the

fírst morpkrolog"ical stages of sponrlation, ex?ríbit

unid.irectíonal pleíotropíc effects, preventíng tbe

expression of atrl the l-ate functíons' Mutants of

Baci]-ltrs belonging to thís cl-ass Trad been subjected to

extensive genetíc (l t , 56, 1O1,1 17 tß ) r¡1d bíochemícal-

(71, 116) studies. TTre morptrol-ogical- ctranges Ïrave

been correlated to the bíoctremícatr.events that occur

in ttre r,¡il-d type arrd i-n aspoc'ogenic mutavrts (lOt 42r-85

86,, 1iJ7 ). Electron micrOscopy studies shornred tl-at some

of ttre temperature-sensitive muta¡rts of B. æ (f4,

75 )*d E. subtil--is (71r 116) l{ere blocked at stage O

of spore, development at the non-permíssive temperature

(tt6).
Asporogeníc mutants of 9åEs!!!gg histolvticum

a¡1d Cl-ostrid.ium perfríngens trad been reported (t8, 103r

1O4 ) . I1a our laboratory, tbree tlrtr¡es of nnrtants trave been

ísolated from NTG-treated Clostrídium botutrínum type E
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strains (Zg, 67). MSp+ and RSpoITTa were hígh frequency

str)orogenic and asporogenic mutants of ATCC 9564. ultra-
strrrcture and. some pkrysiotr-ogíca1 and bíoc?remical- events

occurring during tkre developmental stages have -prer,4!aus{)r
been compared (?9r3O, 31 ¡ 3?t 33t 53 ). Tl-e temperátüre-

sensitive mutant, ts-ZJ, dervied from ttre type E Beluga

strain, sporuÌlated at eSoC but not 3ToC. El_ectron

mícrograph of ts-ZJ growrl at the :ron-permissive temp-

erature (62) índicated ttrat blockage ftras at stage r of
tïre sporu1ating proeess.

T}.e timíng of DNA synttresis and ttre state of
rep1-ication of the bacteria!- chromosome could ?rave

important implications in the initiation of sporogensis.

llccording to Dawes , Ii-a1y and Mandelstam (ZS) and

Mandelstam, stertr-ini and Kay (zs), ttre time at ¡r¡hictr

tl. e B. subtil-is eell rras sensitive to initiation of
sporll-ation was l.innited to tl.e period. just after
completion of DNA replícation. This suggested that
all DNÂ synttresis stopped before sporul-ation trad. comme:lced.

SzuJ-majster and Canfíel.d (f f ¡), using 32p-suicide

technique, reported that DNA synttresis ended at Tr.5 i.

E. subti].is. In B. cereus, DNA synthesís did not ocettr

during stage I (t15, 136), ttrus yor.rng and Fítz-James

suggested that ttre axíal chromatin thread was formed from

tr.ìro discrete ctrromatin bodies present ín the cel]- at the
end of log:arithmic growt?r and that ttre spore inheríted
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arr amount of ÐNâ. equatr to tra1f of that present in ttre

vegetative cel-l (S 6 ). Horuever, electron microscopic

observatíons did not support the krySrotkresis of mrclear

firsíon. Âubert et al ( 6 ) founa that ín B. subtílis

DNA syrrtkresís continued during the first three hours

after ínitiation of sporogenesis and tïre bacteria

contaíned trsice as muctr DNA at T, as at TO. Î?rey ttrere-

fore sr.lggested ttrat th.e axial ehromatín ttrread represent-

ed a repl.icatíng state of genetic materíal. ín thís species

so tl.rat one chromosome could enter ttre prespore cell-

wtril-e another orre remained in the mother cell. Ánother

interesting resuJ.t of ttreir rsork was ttrat by T5 4Ooþ of

the DNÁ. present at TO , r'¡as excreted into the medíum arrd

degraded. As a resul-t of ner.r syrrthesis and loss of ÐN.4,

on1y jÙo/o of t};.e spore ÐNÁ. orignated from tl.e vegetative

ceJ-I-s, rukril-e fÙ/o was formed between TO a:nd. Tr. The

contradictj.on betr¡een tTre results of Aubert et aL and

th.e others mig?rt be due to. the arbitrary definition of

1O and differences irr ttre degree of s¡rnchrony in ttre

diff erent cul-trrres.

Prevíous observations have dealt rviêt¡ the DNA

content of a heterogenous popuJ-atíon, onl-y part of

r,¡hich r¡nderr^¡ent sporulatíon at a given time, Ryter and

Aubert ( gg ), using techníque of autoradiograptry

conbíned wíth eLectron microscopyr follor*ed DNA

synthesis in individual sponrlating cells of tfre Marburg
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168 strain of B. subtitr-ís and. found t}.at DNA synthesis

trad al-most completely stopped in the sporuJ-ating cel.l-s

when they had reacl.ed stage I; moreover the excretíon of

preformed ÐNA seemed to be restricted to non-sporulating

cells (bJ-ocked before Stage II). Ttrese observations

suggest a close re1ationship between th.e arrest of ÐNA

synttresis and commítment to sporulatíon.

Ðuring spore folmatåon of B.1t+lteÎ sùbtj-l4s'¡ tlre
:

tgt4.1 amount of R$A remaårred consta¡rt, unti3-

l-ysis occrrred. However, alt?rougtr net synttresis stopped

at Tn¡ the incorporation of radioactive precllrsors was

indicated by a napid turrrover of ttre RNA. The rate of tÏris

ttrrrtover was constant during spore formation and reacleed

Z:},/o/t:r:. , r,.rbicle was about five times l:igher than in non-

sporulating stationary phase eel-l-s. Sucrose gradient

centrifugation and other techníques showed tkrat a1l tkrree

ty¡res of RNÁ. (messengern ríbosoma.l and transfer RNA)

rrere synth.esized drrrirrg sporu1ation (8, 11, '4O,r 81, 114).

Freese and ?ris co-T{orkers (Sg ,44 ) observed that RNÂ

synthesis and. ttre mainte¡rance of normal- pool l.evels of

ATP after ttre end of 1ogarithmic growttr in B. subtitr-is

depended olr ttre presence of a functíonal- tricarboxylic

acíd cycle r+tríctr, together rtrittr cytockrrome-linked

el-ectrorr transport system, provided the rrecessary

energJr (ate, electron transport) for contírruous

synthesís of cytopl.asmic macromoleeul-es during sporul.atj.on.
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Recently, Hutckrison reported ttrat a decrease in the

energ'y 1eve1 (expressed. as .A.TP eoIrcr o? adenylate energy

el.arge) of 9. subtilis cell-s lnad occurred at the end of

logarÍ-tkrmic growth (SZ). Some controversy exists as to

tkre stabi1-ity of sporul-ation-specifíc m-RNA. Sporul-at-

ing cells of E@LS subtil-is (f , 9¡ 113, 11.5) and

P. cerer¡s (lZ, 64) whickr r{ere treated with actinomycín D,

an intribitor of RNA syntkresis, s¡mthesized unstabJ.e n-RNA

specíes. Leigtrton a¡rd Doi (ZO) confirmed ttrese fÍ.ndíngs

byaading r:ffampin, an inhibitor of DNÂ-dependent RNA

pol¡nnerase, to B. subt.ilírs_ cells at different times

of the sporulation cycJ-e. However, pulse-labetr-ling and

hybrídization techniques used on B. Sro by Âronson

(4, 5) shor*¡ed ttrat aften initiation of sporulation, in

additíon to the unstabl-e m-RNA. specíes, a persistently

stabl-e fraction of membrane-bor:nd spore m-RN-A. was formed

rr'hich was conserved even in ttre presence of actinomycin Ð.

Existence of stabl-e m-RNA impl-ied tnanslational-, ín

addition to transcriptional- control in sporu1-ating

system (4:).

Rapid and extensíve protein turnover occurred

duríng sporrrlation andrin general terms, pnotein

synttresis fotrI.owed cJ.osely tl-e syntkresis of RNA. Wtren

total protein r{as measured during sporul-atíon of B.

subti].is it 'çuas found ttrat net slmtl.esis stopped at 16r

but ttre proteins ïrere subject to rapid turnover. T?ris
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trrrnover rate was estí'máted to about ïO/o/It.and remained

constant t?rrougtrout sporu1-atíon (g , 1 OB , 1O9 ) . The pro-

teins of the spore and ttrose present in tl" e mottrer cel-l at

stage Vf , including ribosomal. protein, rrere, for ttre most

part, newJ.y synthesized (SZ) úLd 75-9Ùo/o of tb,e solubJ-e

proteíns of B. subtilis spores vüere synttresized during

sporul-ation (6y). Proteín turuover wl.íc?r required protein

synttresis after eompletion of grovttr has not been observed

in many asporogerric mutants bJ.ocked earLy in sporulation

(tOl). However, Mandel-stam and'[.Iaites (fZ) have observed

normal proteín syrrttresis duríng tl.e post-logaritl.míc pl-ase

of asporogenic mutants wïrictr did not exl:ibit rapíd protein

tu:maover. The disappeararrce, alternations or new product-

ion of spo:rrlation-specific proteíns has been revierved by

Halvorson (¡t ), Korrnberg et al (65), Murrell (82) t

Slepecky (to6) and Hanson et aI (52).
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I{ATERI.A.LS AND METHODS

Orsanisms

-

MSp+, a noïÌ-toxígenic sporogenic mutant

C]-ostFidíum botul-inum ty¡re E, ATCC 9564, was derived by

treatment rsíth N-mettryl--N | -nitrosoguaníd.ine (nrc) (Zg) .

Tt produced over 9Q/o spores in trypticase-peptone-glucose

(teC) rnedium. RSpofIIa, an asporogenic mutant, iso1ated

from the sarne parent strain, was bl-ocked at stage III of

spore d.evelopment (¡l).

Ts-ZJ, a temperature-sensitive muta¡lt of NTG-treat-

ed g. þEllg type E strain Be1uga, grer{r equatr-I-y wel-tr-

at 28 and at 37oC, Mature spores rrere formed at 28oC,

lvlrereas at 37oC only aggregation of nucJ-eoplasm into atl

axiaL filament, a characteristic feature of stage f

spore development¡ ï{as observed by eJ.ectron microseopy

(6f ). oti.er straíns of Ëg-gEgijligg .Wp. used irr ttris study

are J-isted ín Tab].e J.

Media

( t ) Comrrlerq

Try¡rti cas e-pept one- gluc o s e-ye as e extrac t ( TpGy )

medium containir,g 5"/o trypticase (Unl) , O.5o/o proteose

peptone (nifco), O.4o/o glueose, O.4o/o yeast extract (Oifco)

anð. O.Zy'o sodium tl-iogtr-ycollate (nifco) ruas used for
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mainten.are.ee of cul-tures and for spore production. TPGY

a.gar pI.ates, containing 3% agar, rÀ/ere used from tirne to

time to check ttre puríty of ttre cultures.

(z) pefined

Empirical attempts were used to develop ttre

ch.emicall-y defined med.íum (COU) r+híe?r is described in

TabJ.e 1 . Stock sotrutions of reagent grade chemicatr-s,

L-amino acíds, vitamin factors, purínes and p¡rrimidines

(lUutritiona1- Bioctremical- Corporatíon) rì/ere prepared r+itkr

deíonized distil-I-ed water a:rd added together either

individua1-ly or as b1ocks (fatf * 2). Ttre medíum was

adjusted to pH|.O by.1 N HCl.¡ditr-uted to the required vol--

umer steritrízed by membrane fi-l-tration (matge disposabtr-e

fil-ter r:nit, O.45 micron), and dispensed aseptica1-ly

into steri-I-e scrêw-câp test-tubes (t5*t 2J mm), test-

tubes (l5xt25 mm) or 2!O ml. flasks. Tl.e test-tubes and

f].asks rrrere fitted with Suba-seatr stoppers. Ítt order to

maintain the medium in its pre-red.uced. state¡ screw-cap

tubes eontaining tkre medium were stored ín Gas-Pak

anaerobic jars at room temperature whereas seal.ed. tubes

and flasks ryere f]-ustred rn'itkr a rnixture of steri]-e gas

(lS'/" W, and 5'/o co2). Since Na-thiogl-yco.1-tr-ate gradual.l.y

beca¡ne sJ-ightly toxíc to microorganisms, aI.X- media .r¡rere

freshl-y prepared and used r"¡íthin ttrree days.
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Table 1. Chemical-J.y Defined Medium (CnU) for germínation,
growth and sporulation of C. botulinum type E

Component ne/ l OOml Component mg/ 1OOml

L-àl-anine 40 Biotin , O.OO2

L-arginine 27 Calcium pantottrenate O.2
L-aspartate 6S Choline chJ.oride 5.O
L-cysteine HCI HrO 44 Fo1ic acid O.2
T--glutamate 37 Inssito1 (meso ) O. e

G1.ycine 23 Niacin O.1

L-Ïristidine 24 Níacinamide O.1

L-iso]-euciRe 6Z p-aminobenzoic acid O.OO5

L-leucine f64 Pyridoxal HCJ- O.1

L-lysine HCJ- 141 Pyrídoxine IIC1 O.1

L-mettrioníne 10 Ribof]-avin O.2
L-ornittrine HCI- 70 Tl-iamine HC1 O.2
L-phenyJ-a1anine 1OB

r:.::.:...:

l,-proJ-ine
L-serÍne

' L-threorrine
L-trlplgpha+e
L-tyrosine
L-valine

Adenine

Grranine
Ttr¡mine
Uraci]-
Xanth.ine

Glrreose

50 KzHPO4

l OO KH2PO¿}

1 14 Nac]-

5 cacL,
27 MeSo4 THzo

114 I{r1So4 4jJro
FeSO4 THZO

1.O Zr:rSO4 THZO

O.5
o.5 NaHCo3

1.O

1.O Na-acetate

50. o

50. o
o.2
o.2
4.o
1.O

o.2
o.2
o.1

100

1 000

CÏtosine HrO 1.O CUSO4 SHZO

¿+OO Na-thiog]-ycol-late 2OO

pH adjusted to 7.O ¡'¡itkr O.1 N HC1
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Tab1e 2. Stock solutionsaused to prepare CDM

fngredients n,J-/ lo0ml- medium

19 indívidual- amíno acidsb (ZSx) 76

B1ock vitamín factorscin HrO (fOOx) 1

Ribof1avin in O.O2 N acetic acid (IOOX) 1

FoJ-ic aeíd ín O.Ot N NaOH (IOOX) 1

B1-ock adenine, cytosine and guanine in 1

o.1 N HC1 (rOOx)-

Bl-ock ttrymine, uraei1 and xanthíne in 1

o.1 M NH4OH (IOOX)

Bl-ock lrace minerals in plaospTrate
buffere( loox)

Narrco3 ín Hro (¡ox) z

Na-acetate in HrO (ZOX), 5

Sodium thioglycoll-a.te in HrO (SOX¡ z

Glucose in II,O (¡Ox) z

tÁ,tl. stoek so]-utions ïirere fí].ter-steri]-ized and kept in
tight1y capped mil-k dil-ution bottles at. Oo C.

bÁ.spartate, gluta-nate and tyrosine trere díss.olved in O.1 N
NaOII; tryptopkrane in 0.1 N HCI_ and ttre others in HrO.

tÏ,Iith tÏr" exception of fo].ic acid and ribof]-avín.
dfrUeOU & KII2PO, dissolved in 5O mt I{oO r.ære mixed wittr ttre
tñace'mínerã1s'wtrictr trad been dissoJ-ied in 4O mt HoO, the
precípitate formed in the combined sol-ution rvas ãissol-
ved by adding 1O m1 O.1 M EÐTÁ..
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Preparation of stock stf,ore srrsr¡ension

Á, spore suspeasion (f rnl.) from stock MSp+ culture,

r'¡Trictr ryas heat-actívated at 65oC for 1! mLnr.ltes, Tras added

to 9 mI. TPGY medium in scr€w-câp tubes and incubated at

ZSoC r¡ntíL most of tt¡e spores lr.ad. gerrnínated ínto young

vegetative ce1Ls (approx. 10 to 12'b). A |O/oLnaçulí:¡o of

th.e yor.mg euJ-utre was added ts frestr ÎPGY medíum (9 mf ¡

and incubated for 2 to 4 h. before traresferred to 90 ml. of

frestrlTPGY. A,fter 24 to 36 la of incubation, eultures

slrowing greater than p}oþ spore were centrifuged for 15

minutes at 4OBO g, 5oC. Th.e peJ-3-et was r¡ashed ttrree times

t¡ith steriLe deionized dístill-ed r^¡a"ter and treated ¡*ríttr

a solution containíng l OO ag/mL of trypsín and 2OO tg/mt

of lysozyme in O.O2 M phosphate buffer (pH?,O) îor 2 to
t+ tr at 37oC with contLnrrous agitation. Tt¡e celLul.ar

debrís was removed by differe¡rtíal. centrifugation at

1,OOO g for 2O minutes, 4'OOO g for 10 mínutes and

IO'OOO g for I míntrtes. lhe clean spores were suspended

ín O.O2 M phogphate buffer (pH?.O) to an optj.ca]. density

(O.o.) of about 0.6 at 600nm., eontaining approximate1y
o10' spores per m1-. This stock spore suspensíon was

dispensed ínto. sês:.êrri-câ.p tebe,s (5 arf/trrUe), stor.ed at-'O

to zoT a:ird later used. as inocu].a.

Stoek spore susperrsions of other strains of

Clostridiusl spp. r'rere prepared in a simi].ar marrner exeept

vegetative eel-l-s of RSpoIIIa were maintairred in TPGY

medium at @" to zoc.
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Grorqtlr and sponrlation

Spores from stock spore suspensiorr rrere suspended

in test media and kreat-activated at 65oC for 1J mimrtes.

.4. l}o/o inocul.rrm rtras added. to test media in stoppered test-

tr¡bes and incubated at 28oC unless stated otherr,,¡-ise.

Germínatíon and vegetative gror+th was monitored

speetroptrotometrícally (6OOnEr Coleman Jr:nior ffA-r model-

6/ZOt). Samptr-es for phase contrast microscopic examínat-

ion r*ere wit} dra¡rrn ruittr a trypodermie syringe to maintain

ana.erobic eondítions. Ttre percentage of sporulation r*as

computed from the ratio of ttre number of refractile

endospores in relation to the total- number of cells

(:Oo) examined.

Amino acid requirements for germination a¡rd Frowtkr

Batctres of ctremica1-ly defined ¡nedia prepared with.

each of ttre a¡nino acids deleted rrrere díspensed in dupl-

icate in test tubes (g tf) a¡rd were tested for support-

ing germinatíon and grororttr of USp+. Requirements for

germinatio:rl*ere determined by inoculatíng medía rsit?r

heat-activated spores wtril- e requirements for gfovrth r¡rerê

established t?rrougtr 2 successíve transfers of vegetative

cel.I-s in defined media after ttre spores trad germinated

into young cultrrre ín TPGY mediurn.



TPGY medium supplemented r,rrith O.1o/o NalICO, was

ínocutrated ¡.'íth kreat-actívated MSp+ spores to study the

effect of NalICO,, oB germi-nationrgrorutl. and sporulation, .t,,.,1J - r:'':'

Effect of Alucose. Tween 8O and etkranol- in CDM

Defined media wittrra,rying glucose concentrations :,;.::'

(o - 1.5/") or supplemented wi-tl- varying concentrations of 
'.''t''::

Tr¡een 80 (o.ot - o.1/") or ettranor (o.t 1.o,/r) rrere :.,'..,

inoculated wittr lteat-activated MSp+ spores,

Effect of rifampin on grov¡th and spore formation

Heat-actívated spores rvere inocul-ated into 2OO ml

TPGY medium. .Àfter íncubation for 10 tr at Z9oC, sampl-es

(5 *f) ruere vitlrdra¡u-n from ttre culture at one Lrour intervals

for 12 h and "ç,¡ere transferred to vacutainers (t5xt00 mrn)

eontaining rifampin solution (finaf conc. 1,5.te/mL).

Incuba.tiorr rlras contínued for 24 b..

Arsar of gt""ro*ol""u

Incorporation of thlmriaing--6-3H (spêcífic aetiwíty

5 cL/n rnox), uraciJ- -z-14c (specifíc activi ty 61 mCi./n

moI-) a:rd ï,- f methyl-t4a] methíonine (specific activíty

J6 mli-/m moJ.) by cel-I-s r{e,s. used. as a measure of ÐN-4.,

RNÁ- a:nd protein syrrttreses respectively. Ttre label-ed

compounds T¡Jere added to cultures of heat-activated spores

25

Effect of NaHCO^ in TPGY medium
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of MSp+ a.t time of ínocu1-ation or u.l the end of 1og pl.ase,

r'¡itkr or r.¡ithout inhibitors (rífampin or ehtroramphenicol-)

of macromolecul-ar synthesís. For RSpofIfa, t?re l-abeI-ed

compounds were added to stationary p?rase cell-s at time

of inocrr]-ation or 1l 1- after r,'l.iLè for ts-ZJ, ttrrey were

added to early 1og phase ee1.1-s.. Ttre cu1ture-(O.tnrl) was 'sampl-ed

at appropriate tíme intervals and immedíately mixed r'¡ittr

O.2 ml- col-d 1Ooþ tríckrloroacetic acíd (tCA) so1.ution.

.A.fter standing at OoC for one hour¡ tlre precipitate

forrned r,ras pla.ced on presoaked membrane filter

(O.45 micron, 2J mm) by fiJ.tration and r+ashed three times

l"¡ith approximatel-y 10 mJ. 5,/" , TCA solution and then

tr¡íce wittr 95o/o co]-:d. ettranol. Th.e dried membrane fitter

rvas t?ren pl.aced in a countíng vial with 1O mI. of Aquasol.

Radioactívi,ty ("pr) Tras counted r¡ith a Beckman 1j-quíd

scintillati-on eounter, model SO-23O. FÍve-mi:aqte corrrrts - -

lrretre tallen for al-l- s4mples.

Temperature sensitive period for temperature-sensitive

mtltagrt

Â series of 10-ml- cultures of ttre temperature-

sensitive mutant ¡ ts-ZJ¡ r{âs prepared in TPGY medíu¡n.

In ttre rrshíft rrprr glrperiment, cultrrres were gror"re at ZSoC

for varying períods of time and ttren sl.ifted to 37oC for

a tota1. íncubatíon period of 32 la. Simílarl-y, a second

series of cultures were grotüit at 37oC and ttren strifted
rrdorfi:.rt to 28oC.

[ .::-.:
:'.::.-
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RESULTS

PÂRT I Nutritional studies ín cbemica]-]-v defined

medium

Effect of NaHCO^ in îPGY medium and CDM

T?re growth curves of MSp+ in TPGy medir:rn and in

bicarbonate supplemented. TPGY medínm (O. t /o tír.:al- con-

centration) are sho,¡,rn in Fig. 1. In the bicarbonate

supplemented mediurn, most of the spores turrred phase-

dark wittrin 4 h after inoculatíon a.nd vegetative ee].ls

rdere seen at 6 h. ttr'tlereas in ÎPGY medium wíthorrt

bicarbonate, vegetative cel1s ro'ere not obserr¡ed rrntil-

10 h after inocul.ation. Outgrorvttr occumed about 4 tl

earl-ier in ttre bicarbonate mediu¡n and sporu1ation

began at 16 h., aborrt 6 n ear1.ier compared with TPGY med.ium.

Oven 9O/o of t}:.e cel-I-s fozmed spores in bottr media.

Ttre rate and extent of ger:mination ^rrd outgror¡ttr
.tof MSp- r+as reduced inCDlrl r+ittrout NaHCO3. (Fig. 2)



Fig. 1 Tïre effect of NaI{CO, on germination and

growttr of MSp+ spores in TPGY med.ium.



28

,r]7re-þ-o-=o--- 
--'

," / 
-----e--o

I
I
I
I

J
I
I
I
l
I
It,PI

tlEIilt/i/
. TPGY
o TPGY + O.l "/" NoHCO3

o8t624324048

t.o

o.5

o.

oo4
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Fig. 2 ltre effect of NaI{CO, on ger:mínation

growth of MSp+ spores ín CDM.
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Deve].opment of chemica]-]-rr defined. mediu¡n (COU)

Heat-activated spores of MSp+ did not germinate

in the basal- medium, medium of Strasdine ancl -ÞíeI.viÏLe (ttt )

supplemented witl. NaIICO3. Most sf ttre spores remaíned ,,.,.

refractíI.e after incubation for 16 yL. In ttre medium r¡trich

rtras srrppl-emented r'¡ittr O.1o/o easa-glinoacids¡ a few vegetative

cel-ls were observed, horøeverrruÌ:.en O.Iro/o yeast extract was j: :,::
:;i;;',";.',;,

trsed as a supplennent, many sr+o1.l.en vegetative ce11s vrere

seen by 16 La and about 2Oo/o of ttre ee1ls forred end.ospores. ,',','l 

",
':-:-t.-:'

In the medír¡m suSiplemented. r,¡ittr bottr casaminoacids and

yeast extra.ct, norcual. sl-ender shaped, ce3-J.s wgre óbsg.<wed Ay 161n

and about JÙolo of t1ne cel-l-s formed endospores by 22 h.

Ttre quantíty of tkre constituent amino acids,

vitamin factors and inorgarrÍ.c components present in yeast

extract and casa¡ni:roacids was estímated aecording to the

ana1ytica1- reports supplied by ÐIFCO and BBL (taUte 3).

itrn initj.al- chemica11y defíned medíunn wTríc}- contained ttre

components of tl-e basal mediu¡n and constituents whictr

simul-ated ttre composition of yeast extract and casaminoacids ,,1.,.-1r.,

r¡ras developed. In ttris medium, most of ttre spores g:er:rrin-

ated into vegetative cel.I-s after incubation for t 6 tr ana

35o/o of tlne cells sporrrla.ted by 28 ]nr{ril.e cel-l autolysis 
,: ::r- _--_:

began at 40 rr. Gror^¡ttr was increased. rsfreR purínes and : :'':'"i

pyri-nidines T¡rere added to ttre initial- cl.emicatrJ-y defined

medium and spore yíeJ-d rras higher when 14y' sodium acetate

rùas also íncluded' 
. _,..,.
;: ..1.1 .i,¡:.ì,-:
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The chemical-l.y defined medium (CnU), comprising

aJ-I. ttre above mentioned components, supported ger-rrination,

gror"rttr and spozuJ-ation of strain MSp+. About 6Jo/o of tine

cel1s formed end.ospores in cÐM as compared to ovet )Oo/o ,,',,',.',
. :_-: :r_'

in TPGY meditrm. A comparison of the groruth and

sporuJ-ation achieved by MSp+ in CDM and TPGy medíum is

slrorrn in Fig. 3. ,.:,,;.;.
..:4.:::-'..::

Ðffect_ of gl-ucose ín gDM

I,Ihen gJ-ucose was omitted fronn tïre CÐM, only a

f ew spores coul-d geluinate into vegetative cel-l_s. Tlee

rate and amor¡nt of gz.owth l+as increased r,¡b.en ttre glucose

concentration r+as raised from O.4o/o to 1.Oo/o (¡'ig, ¿l).

Holr"ever, spore production witJ: glucose co:rcentration at

1 .O or 1.5o/o was onl-y 3J-4Oo/o as compared. to 65% in cDM

r+ittr O.4o/o gl-ucose.
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îable 3. Typical analyses of yeast extract & casaminoacids

32

yeast extract
(uacm)

casa-minoacids
(nnr)

.A.str (/t)
Total. nitrogen
Amino nitrogen

Amino Acíds (/,)
Argínine
Aspartate
Cystine
G1-ycine

GIutamate
Histidine
Iso]-errcíne
Leucine
I-ysine
Metkrionine
Ptrenytr-aJ-anine

Pro].ine
îI-ereonine
lyrosíne
Valine

Vitamín Ï.actors (r"S/e)
Biotin
Cyanocobalamin
Fo].ic acid
Niacírr
Pantottrenate
F5rridòxine

10.o
9.5
7,O

8.o
6.4

1.4
3.7
o.3
1.o

14.2
o.7
2.7
3.5
3.7
1.7
o.7
4.o
2.5
3.1
4.1

1.O

5.o

2.5
6.5
1.O

3.O
3.5
4.o
1.O

2.O

3.5
o,5
3.5

li::Ì

28O

20

o. 018

o.oooo6
o.oo57
o.1
o.26
o.024
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Tab].e 3 continued.

Ribofl-avin
Thíamine

Inorganic Components

Nac]. (in "/")

Ca

Fe

K-
Mg

P

S

sio^

Mr¡ (in ppm)

Pb

cq
Ztt

Arsenic

o.51
o.0406
o. o28

o.o42
o, 03

o.89

o,o52

7.8
16.O

19.o
80.o

o.11

o. 10

o. 105

37.2
o. 05

o,oo45
o.4
o.oo3
4.32
a.a66

20

3
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Fig. 3 Grorst?r and sporu1.ation of MSp+.
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Amíno acid requirements

F i€:. 5 sÏror"rs tkre rel-ative amor¡nt of growth of

MSp+, RSpoTIfa a:rd ts-ZJ aclr.ieved after 28 h in defined
.:-. : .:..-:..:media with omissíon of singl-e a¡níno acíds. -:,,::,,.1,,i,:

I.or MSp+, growttr i-n defined med.íum was reduced to
less tlran joo/o vt'en arginine or cysteine was omitted and

toaboutJoo/o.withoutmethionineortry¡ltoplrane.Ðe1etíon
'':::'

of gJ.ycine, Tristidine, isoleucine, lysine or prolíne :::: 
'

.' -,t..- ,, ..,
did not affect growtÏr to any signíficant extend. :'::...:,:i::l

Simíl-ar results tüere obtained .¡si_tb. strain ts-Z]¡.
Less ttra:r JOo/o oî growth was obtained in defined med.ium

wleen arg'inine, cysteine, metlrioníne or tr¡r¡ltoptrane ï¡as

de].eted.

Onl-y th.e absence of cysteine from CDM strowed a

sígnificant redrretion in growttr of the RSporrra. strain,

I-ess tlran 3O%. About JOo/o growth r+as obtained wtren

arginine, prol-ine or vâlíne ¡{ere. omltted.

Data in Tabl-es 4 and 5 indicate tkre effeet of
amíno acid deletion on gerrínation and outgrowtle. ¡\fter

incrrbation for 28 b, most of the spores of MSp+ remained

refracti].e r^¡lr.en isol-encíne, arg"inine,

cysteine or metlrionine rr¡¿ir.s ornitted. from CDM. Some vegetat-
ive eells l*rere observed in media r-acking arg'iníne, eysteine
or mett¡ioníne. vegetative cell-s and endospores r4rere

observed by 36 tr in mecti a rr¡ithout J-ysine, glutamate,

threonine, t¡rrosine or val.ine.



Wíth ttre de].etíon of ttrreorrine or valine from tbe

medium, most of the spores of ts-25 remained refractil-e.

Some vegetative ce1.l.s 'r{ere observed when argínine, cysteine,

isotretrcíne, mettrionine or try¡rtoptrarle r¡¡as omítted.

37
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Fi_g. 5

T?re percentage

maximr¡m gror.rth

cDM.

Ttre effect of singJ-e amíno acid

del-etion ín CDM on growth.

O.D. .was cal-cu1ated from tl-e ratío of

in test medium eom¡lared r¿ith complete

Medium Amino aeid de1etott Meôium Amíno acid de]-etêd_

serine

]-eucine

threorrírre

t¡rrosine

valine

ptrenylatr-anine

metl.ionine

tryptopl-ane

arg"inine

cysteine

1

¿

3

4

5

6

7

I
9

10

Írorre (cnu)

iso]-eucine

lysine

trí s tidíne

glycine

pro1-ine

al-ani.rre

orrrittrine

aspartate

glutanate

11

12

13

14

15

16

17

18

1g

20

fl1:
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Tabl-e l+. T?re effect of
on germinatíon

deletion in CÐÌf

str)ores of MSp+.

sing1e a-mino a.eid
and outgro¡.rttr of

Amino acid
del-eted

O.D. fínal
281á 361Â ptr{

Microscopic
28h.

Observation
36}r

None (cot'l)

Isoleucine

Arginine

Mettríonine

Cysteine

Val-ine

Tyrosine

Threoni:re
Glutamate

Lysine

lry¡ltophane

Serine
Aspartate
Prol-ine
Leucine
PhenyJ-alaníne

o.15 O.20

o.03 o.02

o.09 o.og

o.10 0.10

o.10 0.12

o.02 0.11

o.03 o,13

o.o4 0.17.
o.02 0.20

o.06 0.33

o.16 0.16

o.oB o.16
o.17 O.18
o.14 0.18
o.1 1 O.1g
o.20 0. 1 g

vegr cell-s
endospo¡es
bright and
dark spores
bright and
dark spores'
vêgo ce1ls
bright and
dark sporea
vegr celI-s
bright arad ,'

dark spores.
veg. celJ.s
dark spores

dark spores

dark spores
bright and
darh spores
dark spores

vêgo ceJ-l-s

vêgo eel-ls
veg. cell-s
vêgr eeJ-l-s

vegr cells
vêgr cel-l-s
endosporos

free spores

bri'gtsrt ,and
dark sporss
brigbt and
dark spores
vÊgo cel-1s

brí6ht'''aad
dark spores
ve€:. ce11s
.:''-'ve8e eells

and dark
spores
vêgr cells
endospores
veg. celIs
endospores
vegr ceJ-l-s

v€gr ce.I.f-s
endospores
vego ceI-I-s
endospores
vêgr ce]-l-s
endospores
vegr. qe1ls
endospores
endospores
vegr cel-1s
endospores

5.8

7.4

6.1

6.5

6.o

6.8

6.1

6.1
6.1

5.7

5.8

6.o
6.2
5.9
5,9
6.o



Tabf.e 4 continrred.

Hístidine O.21 O.22 5.8 vêgr cells endospores
endospores

Ornitl.ine O. 1 6 O.23 5.9 veg. ce]-l-s lysed cells
AJ-aníne O. 18 A.26 5.8 vegr cel-I-s veg. .ce].ls

endospores endospores
GJ-ycine O.18 O.29 5.6 v€gr celIs vegr ce1ls

endostrrores

4o
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Tabl-e 5. Ttre effect of single amíno acíd deletion in cDM

on ger"mínation and outgro¡rth of spores of ts-2J

Amino acíd
deI-etèd-

O.D. fina]-
z9ie 36ta pH

Microscopic
28h

Observation
36ra

None (cou)

Iso]-errcine

Arg"Ínine

Meth.ionine

Cysteíne

Val-ine

TSrrosíne

Tt¡reonine

GLutamate
Lysine

Tryptoph.ane

Seríne
Aspartate

Pro1ine

Leuei-ne

PhenyJ-aJ-aníne

o.04 0.32

o,o 1 o. 03

o.01 o,o2

o.06 0.06

vego cel-J.s
dark spores
dark spores

dark spores
vêgr cel1s
bright and
dark spores
vêgo cel-l-s
dark spores

brieþt
spores
bright
spores
bríght and
dark spores
dark spores
dark spores
vGgr cell-s
dark spores
v€gr ceJ-I.s

dark spores
dark spores
vegr ceJ-ls
dark spores
vêgr ceJ.I-s

dark spores
vego cel1s
vegr ceI-I-s

vegr cell-s
endospores
dark spores
vêgo ceJ-l.s
dark spores
Vegr eeLl-s

b*ilght and
dark spores
vegr ceJ-l-s

dark spores
vêgo ceJ-l-s
bríght
spores

vêgr ceJ-I-s

bright and.
dark spores

\reg. ceJ-ls
veg. cell-s
ceI.I. tr-ysis
veg:. ceJ-I-s
ce1l. lysís
vegr cells
vêgr ce1-J-s
endospores
vêgr cells
endospores
veg. cel-I-s
ce1l lysís
vêgo cel-1s

)c)

6.9

6.4

6.3

6.2

7.2

6.a

7.1

5.8
5.9

6.o

6.2
5.2

5.3

5.7

5.6

o. 01

o. ol

o

o

o

o.03

o.o1

o.01
o.07

o.03

o. 01

o.1B

o. oB

o

o.16

o

O.3
o.25

o.07

o.17
4.33

o.34

o.15

o.36
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labJ.e 5 continued.

Histidine O.O3 O.29 5.4 dark spores veg. cells ,.,,.1vêgo cel-ls endospores ,. .,.-

Ornithíne 0.06 O.3O 5.6 dark spores vegr cel.ls
vêgr cells

Alanine O.O5 O.33 5.2 dark spores vêgo ceJ-I.s
veg. ce1.J-s ceI.I- l-ysis , ,

'' .: ..:.1G!.¡rðine O.O7 0.26 5.6 veg. cell-s vego cel-ls ,,,,,.,,,,,,

ee1l lysis .
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Effect of Trn'een 8O and ettra¡ol ín CDM

The effect of ?ween BO a:rd etkranol on sporu1.ation

of MSp+ is skror¿n in Tab1e 6. Idith O.1o/o lweerr 8O in CÐM,

ceJ-l. began to sporuJ-ate at about 4 h earl-íer but appro-

ximateJ-y the sa¡ne pereentage of sporu1.ation (64"/") was

aclrieved as eompa-red to controJ. (CnlA).

Lysis of ttre cel-J-s occurred ín CDM contaíning 
.,,..., .,,,

:,.,'-,:.-,.;.:_:,:

ethanol by 28-JZ h arrd the percenta.ge sporulation r'¡as :i: : ::

lo¡r¡gf . ':'r,. . ..''.: .:]t,

GTowtJr of C. botul-i.,nunn,straíns in CDM

Tab1.e / shor¿s tkre sporrrtr-ation (t/") of g. þ!g!!ry
spp. in CDM and TPGY medium. Ten strains of type E

inel-rrdi:eg MSp+ ü'ere abl-e to grow and sporu.tr-a.te ín CÐM.

fn general- , the perceretage of cetrls forming spores was

1or,¡er in CÐM ttran in TPGY medirrm, rang'ing from 6Oo/o tor

MSp+ to r:nder 1}o/o for^ FÐA 5191. l\qo strains, FDA PM-15

and FDA OJO formed tíny round refracti1e bodies,
ttdefeetivert spores, in CÐIq.

Ottrer serot¡rpes of C. botul-inpm and C. sporogenes

did not sporulate i:r CDM, h.or,"ever, nor:nral- vegetative

growtle røas obsen¡ed.

-:: a-|. : '-t
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Table 6. Effect of Tween 80

on sporrrlation of
and Ethano]-

strain PiSp+

Media Spor-r:rl-ation ("/")

?Olf, 24}J. 28h. 32}¿1 6lL

CDM +

CÐM +

CDM +

CÐM +

CDM +

CDM +

CDM

TPGY

o. 01 "/,

O.O5 o/o

o.1 "/,

o.1 "/"

o.5 %

1 .O o/o

Tr+een

Tween

Tr.¡een

ethano]-

ettra:ao1

etkranol

80

80

BO

o

{5
20

o

o

o

o

o

13

18

34

18

19

17

31

35

32

4Z

6l

3O

3o

49

4Z

68

36 4S

52 (rysís)
(l-ysis) -

38 (rysis)
(lysís) -
(lysis ) -

64 (lysis)

B8 93

'.'. .. :.:::



ì;,,. ::1.,r:,.. r-r' t t -;;.. ) a:r.l-!:À'!:-:ì., ;;J,
|'..'.::.:. :l

hx

Tab].e 7. SportlJ-ation of
in CÐM and TPGY

C1ó s tridé_r¿¡n_spp,
-æF-

media,

C]-ostridium sPP. Sporulation (/r)
CDM TPGY

Tinea(h)
CDM TPGY

!+ bottrl-inum
strains

Á
MSp.

Alcc 9564
FDC Minnesota
r'DA Ð8

ATCC 17786
tr'DA Beluga
1s-25
FDA 5191
FDA PM-I5
FÐA O7O

type Þ

6o-65
35-4e
45-50
4o-45
2O-25
1O-15
c10

3c,-35b

3A-35p-

90-95
6o-65
8o-85
>95

35-40
6o-65

30-35
7o-7 5
7 5-80
65-zo

45-50
45-50
1O-15

55-60
90-95

1 5-24

28

28

4o

48

64

32

32

36
80
80

32

32
28

48
,7'

32

32
I+2

28

32

120
24

120

24

72

120

g. bgtu]-inum straires:
t¡r¡re Á. (¡e zZO)

type B (Be zZz)
type C

rype D (arcc lZB5t)
type F (r'c eZ:)

g. sporosenes (atcc 19404) -

tîi*" requlred to achieve maximun sporul-atiorx.
brd"fectiver spores
¡,ÎCC = Amerícan Type Cu]-ture Co].tection
FDC = Food and Ðrug Directorate, Ottanra, Ontario, Canada
FDA = Food & Ðnrg Administration, trtastrington, D,C., U.S.A.
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PART II Bioctremica1 stp.dåes in TPGY medium

Ðffect of rifampin on gro¡vth a:nd sporulation of sporogeníc

strains

Tkre amor¡nt of growth (expressed. ín O,D. value) and

sporulatíon obtained after addition of rifampin are shor*.n

in Tabl-e B. Rifannpin was first added to the culture at

11 h rshen most of ttre spores of Ir{sp+ }rad germinated into
yourrg vegetative cel-ls. The growttr obtained after 24h n¡as

markedly reduced in ctrl-trrres r^¡tric?r 'r¡r'ere treated r^¡íth

rifampin at 11-1¿t tr and refraetil-e spores were not

observed. Ita cultures treated rsíttr rifampin at 15 b, marry

forespores were observed by 24 fr. Arr increasing number of

refractil.e errdospores trere observed at e¿E fr in cultures

treated r+ittr rifanrpin af ter 15 h.

Símílar resrrl-ts lüere obtaíned 'øittr 
ATCC 9564 except

that grolvtTr anrd sporrrlatíon occur¡ed,.2?r earl-ier and

maximun sponrl-ation r,¡as J)oþ compared. ¡.rith 86"/, AV IrÍSp+. Ì,,,,,,:,,.

,, r,.t.,',.t,,,
i.-'-: ; ,)
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. ) Table 8. trff eet of Rifampin on growt?r and sporulation ,of
MSp+ a¡rcl ATCC 9564

timea(tr) o .D , 
b sporutat ionb (y")

Msp+ ATcc 9564 MSp+ ATcc 9564

11

12

13

14

15

16

17

18

19

20

21

)9

23

o.17 A.2O

o.2B o.25

o.4o o.3o

o. 40 0.31

O (forespores)

o 15

o

oo

o.44 o.j6 (forespores) to

o.45 O.3g

0.46 o .L+z

o.4T o.45

o. t+9 0.46

o.5o o.4g

o..5o o. 51

o.50

o.50

15 36

18 52

37 55

58 57

6z 59

70 59

76

86

*1í*" of ad.dition of rifampin (t.5 ttg/rt-]-) duríng incubatíon
of cul-tures.

bé,ft"" a tota]- of 2¿g hours of incubatíon.
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rPcorp-orat-io+- of 4.eled-csm.pou¡rds d*:[itlå_thg pogttr _cTg]-e

of -spoqogenic strains of C, botulínum

Ttre íncorporation of J.abeled compound.s during germi-

nationr growth a:rd sporuJ-ati.on of Ïreat-activated spores of

Msp+ is sleor,¡n in Fig.6. Ðurlng the 3-ag períoct (o-+ tr) kreat--

activated spores became non-refractíle and germinate-cl -into
vegetative. cell-s. TÌre incorporation of uraeil and thynridine

was rapíd wl-ereas that of methioníne ,El¡as very grad.ual_, Ður-
ing J-ogaritluníc gror'¡t]- pl-ase (4-t4tr)¡ the ].abel-ed compognr*s

rrere incorporated at a linear rate. TTre l-eve]. of mettrl-onine

ineorporated into cell-s remaíned, constant durlng the stat-,-
íonary ptrase r¿tríLe tr,l.at of uracíl and thymidíne d.ropped and

ttren remaíned relatively constant. Á,t 16h (rr), most of tlre

ceJ-'ls Tùere g:ranular and sr+o1Lerr ancl by 18h about to/o naa

focmed rofraetiJ-e endoepores.

lhe incorporatíon of l-abel-ed thymidlne asrd uracil by

the pare*rt strainrÁ.TCC 9564, peakecl some 5-6 l.ours ear]jer

than MSp+ as shor.¡sr in Í'ig.f. The patterrr in the incorporat-
ion of labeled compounds was simllar to that of the irfsp+.

TncorporatioF. gf ].abe].ed comogunds dug.ing sporu]-atiqn

-.=--

Fig.8 shows ttre i.ncorporation of Labelecl uraci!- by

MSp+ during sporur-atLon. tftren rifampin (t.5.ttg/r.L) røas add-

ed at 14h (t") r ttre l-eve1 of radioactivíty ín t}.e TcÀ-preci-
pitate remained lor¿ d.uring the entire stationary phase and

most of t?re cel-J-s in the culture remained granular at z[l]n

(TlO). In tt¡e absenee of rífampin, ceJ-J-s contínued



. :.
ho./

to íncorporate 14"-otr."i1- up to Tr. Durirrg

maturatiorr of spores ltU-tr') as the percentage of

refraetÍI-e endospores increased from less than 5/, to

over 7O%, the level- of LabeLed uraeil. ín cu1.ture remaíned

constant. -,nJhen rifampin rras added at r, (tZ n), uracil

ineoi'poratiorr was compa.palr!.e . t9-' tþe cop,t-r.g.l (.1: 
"' trithout

adi-tion of rlfampin). Iilor*ever, onLy 2lo/o of tlne eeJ-J.s

formed eledospores when observed at 2l+ la (tr').

When ch.lorarnph.enicol (JO q/nl-) was added at TO

( r + rr) ¡ the l-eveL of 14c-orr.í1 incorporated ínto tkre

culture r{as unexpectedly }rígtrer. O.D. of tkre culture

started to drop at 1, and ce11 lysís r"ras observed, Àt

TlO, 1ess t?ran lOy'o oî tlne ceJ-Ls were ln tlre forespore

or noTr-fefractile endospore stages,

SimiLar resrrlts in iacorporátíorl of 14C-rrt*"íl r,'ere

obtained witlr th,e parwrt strain ATCC 9564 as slror+n ín Fíg.

9.
3n-trtyrrrfdíne in MSp+ cul.ture ¡¡as ¡rot incorporated

during stationary ptrase (nig. 1O). On tlre other leandr

140-m*tfríorriree ¡aas graduaS-ly íncorporated into th.e cel1s

(Fig. 1 1 ). Less ttrar¡ lYeþ and. over 
"7Or/, 

refractíI.e endo-

spores r¡Íere observed at T4 (tS tr) *d TIO (24 h) resp-

ectíveJ-y.



germination and outgrowth of SfSp+ spores.

3u-trr: 'ridine (zs ,,aci/ I JnLJ , 1 lÊc-uru..il 
(1 5 ltcí /

15nl-) o* 14c-m*trrionine (lS ltcih 5mt) was added

to TPGY medium ínoeulated rsith leeat-activated

spores. Samples r.rolee r.¡:ithdrar¡n at Ínterr¡a3-s

ar¡d assayed for radioactírrity.
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Fig. 7 Incorporatí on of radíoactive preclrrsors duri-ng: ' ,'

germination and outgror,rth of ATCC Jl6I+ spores. ,i;,'i:,

3n-tnyrrr¿dine (z5 rrlct/t5imJ-), 14c-ora"í1 (lS ,unt

/t5mt) or l&c-mettr¿onine (tS ltc¡h 5m1) was adcl-

ed to TPGY medium inocu]-ated r,¡ith heat-activat-

ed spores. Sa.urpl-es T.rere ¡.¡ít?rdrar,¡n at interval-s

a:ûd assayed for radloactiv:ity.
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Fig. I 1&t-,rr-.i]- ineorporation in !lsp+ during

sporrirl-atíon.

1lÈc-t :r-u.cil- (lS l,tcih 5mL) r+as ad.ded to cuttr¡re

ín TFGY medium at ,the end of log phase. CeLl

srrspensíoras lrere sampled at inte:'wal,s and

radioactivíty of ttre T0Ä-precipitate ruas

cor¡¡rt ed.

eonc. of cieJ-oramptrenicol (Ce¡) = 50 ltg/*L

corrc¡ of rifampin = 1,J ,tlg/nl

i:;:;:;t
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Fí€:. g 14C-ttu."il" Lnco:rporation ín ,4,1CC 9564

dua:ing sporut.atiorl,

1&c-rrr*"íl US Acih 5m1) i*as added to cr¡lture

ín TPGY medium at tl.e end of trog phase. CeS].

suspensí:orxs t"ere sampl-ed, at intervals a¡rd

radioactirnity of ttre TCA-preclpitate r.ras

eor.¡r.ted.

corxce of cl.tr-orampleenicol (Cm) = 50 t g/ml

co¡rc. of rifampin = 1.5 ,ug/mL
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3n-trry*iclíne (zS'rtlci/l5m3-) was added to ttre

cul-ture in TPGY medíum at the end of J-og

phase. Cel-1 srrspensions rrere sampled at

inte¡s¡als and. radioactir¿ity of t3re TCÄ-

precipitate r"'a.s counted.
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Fig:. 1 1 1&C-*ethion-ine incorporation by MSp+ and

ILTCC 9564 durirrg sporu1-ation.

1i$c-*.tr.ionine (lE /lci/'t5mt) r*as added to

cuLture in TPGY med'i um at the errd of 1og

ptrase. Cell- susperesions rrrere samplecf at

inten¡al.s and radioactir¡:ity of ttre 1C.&-

precípitates r'¡as cor¡nted,
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Ipeorporatíorr of labeled- compor.rnde drrríng: the g:rol.rth
:: :. -_

êye.ié of ¿ir¡ aspo:rogenic mutant
îhere rsas a Lag of six l¡ours after inocul-atiqn of

stationary phase ce11s of RSpoITIa ínto freslr TPGY medium '.,,,1i
-.-,:.i 1.j

(fig. 12). Grorsth. began after that and durlng ttre

logar:ithmic growttr p?rase (e-f S r.¡ incorporation of the

l-abeLed th,¡mÍ-dine, uraeí1 a¡rd meth.íonÍne by cell-s rras .: ::.
.ti,i,i;':

rapid. Ðurin€: the stafionary pl¡.ase (f 8 - ?:8t1,)¡ th.e level-

of l-abel-ed th¡rai.dine ín eul-ture shorued a slight decl.ine i,,r,,,t."

Vegetative cel-l-s appeared grareul-atr at th.e end of 1og

ptrase arod J-ysis Ï¡as observed at 2l+ h.

eoglpAraFo¡Û pÉ 1 4C-mettrionine :L¡teorBöråtíen.-t¡e,t¡r¡een:' sroOroserríc

ar¡d asporosenic mutantsr.¡ith. the parent strain

Result in Fig. 13 shor¿s that ttre asporogenic

mutant, |RSp<ifIIa , ín contrast to the sporogeníc

mrrta¡¡t (mSp*) *.d t1.e parent strain (ntcc 9564), did

not slrow ineorporation of 140-r*thioníne after Tr.



Fíg:. 12 Ineorporation of radioactive precursors by

RSpoIfIa during gror+th ancl statíonary phase.

3n-trr¡*idine (25 ,tlc:-./ 15*1) , 14"-rracíl

(tS lcih 5mr) *d tr4c-rethionine (t5 lrc:.

/t5rt'3-) were added separately to îPGY brottr ,'

ínoculated. v'åth stationar:r ptrase cells of

RSpoïïïa.

l-.:.r:

i-r,-
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Fig. 13. Comparison of 14c-*ethionÍne irecorporatiorr

by the test strains durÍng' statåooary
phase.

tLt'*c-methionine ('tl ,tlct/ 15mL) was ad.d.ed at

about an frorr before ttre end of J-oga.rittrmic

growth phase (1O). T represents the tíme

after the end of 3-ogarithmic gror+th phase.

i-jr ''
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t

ts-25 a¡rd tt¡e parent strain (Be]-uga)

Grot¡th and sporu1ation of ts-25 and Be1ug:a at 28oC

arrd at 37oC are shown in Fig. 1l¿ and 15. In euJ-trere of

ts-2J grow-n at 28oc tor 2f h (tr), approxinately 5o/o Êe- , ,,

fractile endospores were observed ar.d €Feater ttra¡r 3O/o was

obseryed after íncrrbation for 35 h. Spores T{ere not formed

by ts-25 cuJ-ture grorrn at 3?oC an¿ éet-Ls appeared grarrulat- 
t.:. t:

edat22tL(ro)arrd1ysísbegarrat27b('5).1treBe1uga

strain fo¡'r¡ed greater ttran 7O/o ref:r:actíLe endospores at ZS'C .t"',':

a¡.d at 37oc after incubation for 4o n (Ttg).

Temperatrrre-serrsitive period of ts-25

Itr th.e s1eíft tupu experimentr spores were nof

observed if cultures $rere transferred to 3'loe on or before

22 ka (TO) rrrherea.s in eultures transferred aftet 22 lt

sporul-ation r^¡as ttre same as at eSoc (¡'ig. 16a), In the

shift |tdorì¡rrn experíment, spores ïrere produeed in cultrrres

tra:esferred on or before 12 b. (fig. 16b).

q
Temperature dependenee of -I{-th.lrotidine ¡neos.p}cratiori durínE

ezorsth of ts-25

TTrez'e t¡as n.o sígaífieant dlfference irr th.e;iirrç.orpo?ation

oÊ 3i+-tj+-¡rrxi4ioe, aþ 28oc and. a.t 37oc duning ]-ogarithmic

growth pkra.se (I+tg. 17a). By chang'íng incubation temperat-

ure to 37oC bet¡.¡en 17 ?r and 19 la did not. facilitate

furttrer tqcorporát:t-on of 3H=tny-m¿di+q 
'(91e. 1?b),



Fiê:. 14 Gror*ttr and Morpb.ologlcal

in TPGT medium at 28 and

cl.anges of

37oc.

ts-25
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Figl. 15 GrowtTr and MorphoLogíeal ch.anges of strain

Beluga in îPGY medium at 28 and 37oC.
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Fig.16 Temperature sensitivíty of sponrl.atíon of

ts-25.

(a) fn tne trstr:if,t uprr expenlment, cultures

rrerre g:'olrrn at ZSoC for var¡ring perlods

of time and tl¡en shÍ fted to 37oC for a

total. íncubatíon períod of 32 Ít.

(U) În th.e nst¡ift dor*rrtt experimentn cuLtures

rllere gron:e at 370C for war¡ring peniods

of time and tlren shifted to 28oC for a

total incubation per.iod of 32 ta.
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Fig.17 Temperature dependence of 3n-tfryrrdine

-irrcorpcrratron $.rrrilrg grovrttr of ts-25.

(") ts-ZJ was €ror,¡n ín JO mJ. 3fr-tftp,idine-TpGy medium

(So ,tlc¡/3om]-) "t z8oc. At 16 h, the culture r.¡as

divíded into trnro equa]- portions, orte ïras íncubated

at eSoC and the otïrer at 37oC. Samples .h'.ere r*rítl.l-

dranorrr for radioactivity measurement.

(U) ts-25 was grown in 15 mI. TpGy at g8oc. At 15 hr
3H-tt.1*id.ine (ZS,ACih Jm]-) rras added to ttre cut-;r

ture and incubatíon r,ras continued for Z h at, ZB'oC,

2 lt at 37oC and. ttren J h at eSoC ag:ain. Sarnples

were assayed. for radioaetívity.

iî:::íÌ
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Incorporation of labeled compounds bv a temoeratrrre-

sensitive mutant and åts parent strain during tfreir

gror,¡tlr cycl.es

The íncorporation of t&a-rro".íl- and 1&C-metlr-

ionine by ts-ZJ at eSoC and at 37oC is shor,ne in Fig:.18.

An inverse rel-ationsh.ip was observecl for ttre incorpo-

ration of methíon:ine and uraeíL at both temperatllres.

Ät 37oC, t3Ìe incorporation of metlrionine was lulgher

wherea.s that of uraei1 was f-or,¡er. Ðuring stationary
plrase (ZZ ø onward.) incorporatíon of meth.ioníne eont-

ínrred at 28oc but stopped at 31ac. The J-evel of 14"-

uracil in eulture at 28oc romained constant while that

of the euJ.ture at 37og dropped.

Incorporation of radioaetíve eompoltrrds by the

Beluga strain duríng ttre stationae"¡r pkrase $¡as similar

at 28oC and at 37oC except for uracil. r*trich sh.o¡sed a.

higtrer rate of íncorporation at ZSoC than 37oC.(nf g.i9).

'thIncorporation of, ' 'C-methionine in CDM by sporogenic

and asporogenic strains of C. botul-inum

An íncrease ín incorporation of 14c-¡.*thionine

resul-ted r¡3ren lrfsp+¡ ATCC 956I+ and RSpoïrra rrere incu-
bated iù CÐM ínstead of TpGy medium (f.ie. AO).



Fig. 18 Ineorporatíon of radioactive precursors by

ts-2J at 28oc and at 3ToC.

Ts-2J cu1tures in TPGY (lO*f ) were irrcubated

at Z8oc or at j|ol. é.t early 1og ph.ase (rZrr)

each culture r*¡as d.ívíded into 2 parts, t 4a-

metlrionine (lS ACi/15¡n1) was added to one ared
th'*C-:.rracif- (lS llet/ 15ml-) ro'as added to ttre other.

Rad'oaetívíty T{as assa.yed at interwals.
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Fig. 19 Incorporation of radioactíve precursors

by strain BeJ-uga drring statíonary pkrase

at 28 ana 3Toc.

3n-trryr,,tdine (zS rc¡h Jm¡.) , 14c-ræ.cil-

(t S ,¿tci/ I 5m1) .rrd 1 &c-*.t¡:onine (t S ltci

/15ø:.-) were added to cul-tures in TpGT -- .-

m.edium near ttre end of 1og phase.
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RLgl, 20 ïacorporatíon of 1 4C-m.thionine during

gror+ttr and sporrrl-ation in CÐM.

Spores or ce.l-Ls vere groÌrrr up ín seal.ed.

trrbes containing TPGY medíum to ackrieve

art G.Ð. of O.2. ?fre cul-trrres rrere ceft-

trifuged and TPGY r+as repl.aced by CDM

conÈaining 14c-methíonine (t 5 ,ucl,/ 1Jm1).

O.Ð. and radioactivity itr cultures r'rere

measured at h.ourly interval.s.
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ÐISCUSSION

The basal- medium oríginal-I-y designed for gror.+ttr

and sporulatíon of tkre Minnesota slraín díd not allor'¡

germination of MSp+ spores. The additíon of casa¡ninoacids

gndlor yeast extract índícated that a¡r increase ín ttre

amount of tl.e arnino acíds and vítamin factors rlras

required to allol¡ spore germínation and subsequent grovrttr

and sporulatíon to take place. Tl.is modified basal- medium

rras atrgmented ryitl- sodium bicarbonate (O.t/o), purines,

pyrimídines, sodium aceta.te ('t.O'/") and sodium thíogJ-ycollate

(O.Z'/"). The pre-reduced chemical.J-y defined medíumr cDMt

supponted germination, outgrowttr, groruth and sporulatíon

of type D stnains of ClostridÍum þ!g!!ry.
Studies Srave shor'¡rr that sodium biearbonate

enhanced ttre rate and extent of germination a¡rd outgrowth

of botu].ina]. spores (l , yT ) 121 , 133) . In the compl-ex

medium supplemented r+íttr NaHCO3, germínation and outgrow't?r

of the MSp+ spores occurred. earl.íer and ¡qhen the NaHCO,

r^ras omitted from the CDM, the 1.ag period for germination

Tras signíficantl-y prolonged. Tt ís líkely th.at the

NaI-ICO. dissociates in the medium to release CO, r+Ïrich)
¿s required for germination and outgrovttr (taf , 132).

ft has been suggested tÏrat NaHCO3 nnay f,unction as a"
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che!.atírrg agent to enhance spore genninatíon (lt ¡, however,

tlee growttl-initiating effect of CO, on clostridía is not

yet understood.

Pu:rínes and pyrinidines have been showrr to be

stimuJ-atory for the growtb of 9. p.g¡þlggggg (14, 45) and.

9. 3€E&9.¡!g!$g t¡r¡re .4. (26) but not for C. botulinr:m type

Ð strain DB ( t eS ). Orrr resuJ.ts indicated t1nat growtlr of

MSp+ r+as somewbat iaereased n¡lren purines and p¡rrímidines

were íncluded ín ttre lnítial CÐM.

T¡r tbis study th.e addítío¡e of Na-acetate to tl¡e

initia.l CDM íncreased the percentage sporuLatíon of MSp+.

Prerriorrs3.y it ¡.¡as fo¡:¡rd that acotate rvas iuvoLved ín

sporogenesís of P@lS Sgry (Af ) asrcL C. botu].inum (22,

3O). Frarek et aL (4t) for¡nd. tlrat Na-acetate along with

prolíne ared hístidíne r,ras a stímrr1a:rt for sporulation of

tlre ar¡aerobic straín PA3679. Emem¡Ea and Ïlan¡írko (fO¡

reported tlrat 1&C-.o*tate r¡as readíIy inconponated into

poly-f -Ïrydroxybut¡rrate (fnn) gra:euJ-es of both sporogenf-c

and asporogelaic mtrtants '(MSp+,and RSpofIIa) of g. þ!g!!g
tlæe E ar,d tkrey also observed tt¡at most of the PFR granules

vtric?r had, aecturrl.ated ia tfre sporogenic ¡otrtarrt rrras catab-

o1ized during spore development r¿hereas ín the asporogenic

mtrtant it remained essentialS-y uncLranged.

The pre-redueed state of ttre CDM r'¡as maíntained

by sodíun thioglycollate, a redox potential- redtrcing
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agerrt. Ît1e clrief value of th.is redr¡ctant ís its use in

fl-rrid cultrrres of anaerobes trrrich are cultivated wittrout

the need for othe? precautions, Na-thiogJ-ycolLate was

routineLy added to ÎPGY medium for tlre cultivatiorr of

g. botul-inum strains i:r our laboratory. Besides functíon-

ing as a reduefueg agent on the medíum, Na-ttriog1yco3.l-ate

has been reported to frrtretion as ctreJ-atíng agent to stim-

u1ate gernínatíon of c1ostridia1- spores (SS, gT t 123).

ÏIo¡'rever, germination of C. Þg!g!!ggg 6etf (lZt) and !.
bíferment_ans (4S) spores in lrydroS-ysates of casein r^¡as

for¡nd to be inhíbited by addít:ioa of Na-ttriog1.yeoJ-3-ate.

Glucose r.sas essentía3- as its omíssiorr, for ttre

most part, prevented outgrowth a:ad spof,e for:matiotx of

ÌfSp' in CDM. The stimul-atory effect of glueose on growttr

'ü¡as shor"¡re to be eoncentrati:sn-depe:e.dent rt¡ith" afr upper

Iímít of 1110. On the other h.and spore for:mation r.¡as

repreõsed as the gLueose concentration of the CDM r+as

ínereased to 1 .O - 1.5/0. ?his fínding is in aecorda¡nce

r+íth. that of Emen¡r¿a and Hawi:nko (lS, Jf) usíng tryptí-

case-peptone glucose broth. CataboLite repression of

sporogenesis by gl-ucose has been reported to occur in

E. gþ!!!!E (tOO) a¡rd oth.er @!g!@ Egp. Tlre

amor¡¡et of glueose ira the rnedium wkrich. $Ías requirect to

repress sponrl-ation varied with different t¡r¡res of

c1.ostrídl.al. species. In th.e proteo3-ytic strain

sponrS-atio:r rras rep:ressed by glucose eoneentration as
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i'.:',;i:

trornr a.s A.2 - O.5o/o (4f , 69, 79t 139). fn type E straíns

v,rtrickr r.rere rueaktr-y sacch.arolytic, the concentra.tion r+as

krigher, for exarnple 2.4o/o for lvISp+ and RSpofIfa (Sl),

r,¡ittr optimum sporulation occurrj-ng in O.4o/o glucose

(3"2, 53t 111). fn strongly sacckrarotr-ytíc cl-ostridía

such as C. pasteuríg¡rrrm, 3r/" glucose r,ras required for

optimal- sporuJ.atÍon 1t:) . AJ-though 1o/o gLueose in CDM

supported. maximum gror,rtkr¡ the percentage sporulation

Tdras reduced. flx order to obtaín good growttr r,¡íttr

opti-mal sporutation, O.4o/o glucose Ìras recommended for

use irr CÐM. At srrch eoncentration tkre amount of glucose

in the medium r.¡as limíted and sporulation r,¡ouLd occur

once tÏre monosaccharide ?rad been deptr-eted (Z).

T?re eoncentrations of most of ttre vitamin faetors

in ttre CDM rrrere tr.rice tha.t of ttre basal medium. TFre

ctrotríne-cTrl-oride concentration Ïrad been increased to S ng/

1OO mJ- medir:m as recommer:.ded by Gul1.mar and Molin (¡O)

si:rce at such concentration ín s¡rrr.ttretic medium tlze type

E strain 1fi7/62 attained norma1 s?rape and no longer

formed long el-ains. The role of ctrolíne ín cel-I. l¡aJ-J-

syntl.esis and ceJ-1 division has been discussed (5O, 1 1 1 ).
It].l- tFre vitamin factors ínc].uded .ín the CDM have been

strol'.¡r to be essentiaX or stímula.tory for Clostridium spp.

(82).

Hydrated CuSO4 and ZnSO+ ïras added to ttre trace
minerals in tkre basal- medium and tl.e quantity of potassium
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phospïrate rlras redueed by one Ïralf to avoid precipítation

of tl¿e ].arge quarrtitíes of insolub1e ptrosplr.ate. ItthyJ-en-

ediam:ine tetra-aceþate (eOta) (a.pprox. O.OOO2 lrf fíaal- col:.-

eentration) rras added to ttre trace rnirreral-ptrosptrate :,, ',,,..,.,

solutíole to dissolve tt¡e preeipitates. EDTA has been

sh.orøn to be a stirauS-ant for growth, (o,ooo6t{-o.oolpM). or-

9, æ=ig U9) and a rtgermí:ranttt {O.ootu-o.1M) for :. j::.:
spores of th,e anaerobe, pa 3679 (r¡)r, since ttre effect of 

:1"'""'

EÐTÂ on tbe growth of mieroorganisns often va?ie,s betr,¡een ',',',"':"''

genera and specíes and aJ.so the coneentratíon of EDTA in the

CÐM ¡sas very lor+(approx. O.OOO2M) ít is reasorrab!.e to assume

tf¡at effect of ÞD?Á- on spore germination a¡nd. grorrttr of
J.

i.fSp' in tïre CDM is negJ.ig:ibJ.e. '

Besides increasing ttre concentratíons for eact¡
I

of tï¡.e amíno aeids, three additional- L-amíno aeid

aspartate, ornLtk¡ine ITC1 and tyrosíne were inel-uded

in"tï¡e basa3. medíum. lhere r^¡ere qualítative díffef,en.ces

ia rninÍ¡nal. amino acid requirements among specíes as i't'- ,',,,',..,, '

,.¡._ ,.,-_.r.'. ,ruelL as afnong stral:rs of'ûhe sanne specÍes. SiagJ-e ,::,,,:,.-;,r;,..

amitro acíd del-etion experiments sh.ohred tl.at argd.nine,

eysteine¡ isoletacirre a¡rd methionine are regrrired for

gennination and subsequent outgrowttr of spores of '.---':"::.:.'..
.LMSp' and ts-21 r+ittr ts-ZJ trarzing additíonal requirements

for tbreontrre, try¡ltoplrane and valine. In aceordance

with ï,fard and Carrol-J- ( t eS) ¡ there Ì¡as uo absolute

requirement for an¡r slng!-e amino acid for growth of the
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MSp+, RSpoIIfa and ts-25 strai-ns. Omission of arginine,

cysteine, methionine or tryptoptrane from CDM retarded

tlre gror'rttr of MSp+ and ts-ZJ as O.D. \ras reduced. to 5O'/,

or less. Ðetretion of arg"inine, cysteiner proline or

vatrine restrícted t?re gror,rth of RSpoIIIa. Tn generalt

alaníne, arginíne, aspartate, cysteiner glutamatet

l-eucine, methioníne, p?renylalanine, seriner threoninet

tryptophul", tyrosine and valine rlrere rrecessary for

maxímum growttr of tÏre three mutantsrrcith plSp+ skrowing add-

itional requirement for ornithine, RSpoIIÏa for ornittrine,

protríne and isoleucirre and ts-ZJ for prol-ine asrd íso1eu-

cine. The amino acid requirements for sporrrlation of

MSp+ and ts-ZJ has not been evaluated in the report

because it is difficul-t to defíne nutritional requirements

for sporul-ation sirrce olace gfowttr kras occurred the medium

is no longer definded. A replaeement sporulation techníque

r+as used to study the role of amino aeids ín sporulation

and the minimal requirements for commítment to sporulat-

íon in BacíI].us subtilis (gg).

The CDI{ wâs rlorr-restrictive in the sense that it

supported spore outgrororth and spore formation of al-]-

ten type E strains tested. The degree of sporulatíon arrd

tTre time required to achieve rnaxímum sportrlatíon varied

among tlre strains. GeneraLLy, -a' hrigtrer percentage spor-

ulation rn'as observed in TPGY medium ttran in CÐM. For
L

èxample, IrfSpr formed over pOy'o spores in TPGY medium
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r^ríth aborrt 65/" in ttre CDI{. Srrctr arr occurence nay be due

to ttre J-imítatíon of certain nutrients required for spor-

ulation in tl-e CDßí. Since derepression of catabolite in

ttre mediurn initiates sporuJ.ation (lOO) a:rd endospore

formation in bacteria has been recognized as a resporrse

to depletion of nutríents it ís l-ogical to assume that

spore-formers may take a 1-onger tíme to achieve ma-ximum

sporutr-ation in complex mediurn tha:r in chemícaXl-y defined

medium whictr is rrsua.ll-y not as rich as tÏre comptrex

ned.ium. Vegetative cel-Is wi1-l- propagate for a longer

períod i.n t?re complex rnedium before certaín of ttre

nutrients become depleted to allor+ initíation of sporulat-

ion (tatJ.e 7). Tkre longer períods required by the strains

Minnesota, FÐ¿. PM-15 and FDA O7O to actrieve maximum

sporuJ-ation in CDII{ could be exptr-ained by a de1ay in

germinatiorr.

Tkre rrdefectivetr spores observed fo¡ FDA PM-15

and FDA O7O in CDlrl r¿¡ere quite símil-ar to t?rose for:nd ín .'.".,,.,
'..:. _:::.'¡:,

cystine-intribited.sporu1ationof@me8ateríum(tzs)..:.;.::::''::

and in glucose-defícient mediurn of PÂ 3679 (4r). Tkre 
:'::':':"'

t'çro strains may l-ave special. requirements for sporulation

not provided. by the CDM.

t 
1:ì.:::.::ir:..

Other serotytr|es of O. botulinum uttd S. ry 
-i:: ':'::'i:'

grerr but did not sponrlate in ttre CDM. The defieiency in

sporul-ation could be attríbuted to the lack or insufficient

amount of essential. nutrients other ttra¡. glucose. fn a
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pre1iminary experimentr sporul-ation occurred irÌ types A

and F wleen the amorrnt of arginine in the CDM r^¡as inereased

to 11O mgfloo ml medium (88).

Tr,¡een 8O (O.'l/r) added to CDM seemed to accelerate both

gror,rth and spore cycJ-e of MSp+. It is pos'sibl-e that it

acts as a germinatíon inducer 1ike other c?relating agents by

íncreasing tïre permeability of spore coat and tl.us ttre

uptalce of nutríe¡rts.

Grov,rtl. of 1-og ptrase cel-ls of lr{Sp+ a¡rd .åTCC 9564

was abruptly stopped uporr the adclition of rifamPinr ajn

intribitor of ÐNA-dependent RNrI. polymerase (gZ) , at

trourJ-y intervans. In addition on1y vegetative cells

Ìrere observed in these cultures after 24 \a of ineubatíon

indicating that nífampin lvas atr-so an effective ínhibitor

for ttre synttresis of RNA required for spore formatiotr.

Addition of rifampin to cultures at ttre end of 1og

pl.ase and during ttre first tlto hours after ttre begínning

of sporulation prevented development beyond the forespore

stage wit?r most of ttre ce1ls in the cultrres remaining

in either axiaX fil-ament or forespore stage. ft appears

tlnat synthesis of RN-A continued during ttre ear1-y stages

of sporogenesis. The gradual- íncrease in the percentages

of nefractile endospores observed at 2I¿ kr in ttre series

of samptres r+ittr rifampin added at hourly intervaXs during

tl.e stationary ptrase ís evidence of continued RNA synthesis

for spore maturatiorr and atrso asynchnony in tfre sponrlat-
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ion cyc1e. Our results generally agreed r'¡ittr tkre

findings of I-eigtrton and Doi (ZO¡ who suggested that

continuous RNÀ synthesis lras necessary during sporuJ.at-

ion and that the m-RNé. produced was not any more

sta.bl-e tÏran that found during vegetative growth.

Tl" e temporar sequerrce and pattern of macromolecular

synttreses r{as foll-owed using radioactive precllrsorso

Simil-ar to observations reported for Eg!!!E gpp.

(3r 46, B&, 95 ,1O5), during germination and outgronttr

of MSp+ spores, RNA. r*ras ttre first macromol-ecuIe to be

syrrttresized, followed by protein synttresis and ttren the

synttresis of ÐNA l'rl.j-ch began at 2 h after inoculation.

our resurts sho¡.¡ed that the rates of uptake of tl.e
labe]-ed t?ryrridine, rrracil a¡rd methionine r^/ere simítrar

during ]-og ptrase. In MSp+, DN/ì. synthesis eeased at
tkre end of 1-og p?rase (TO) r¿hereas i* E. qubtilis

szulmajsten and canfield (ll5) round tl.at it ended at
T. - and Aubert et atr (6) noted ttrat it stopped at T^.l.) \-/ )
Ho¡¿ever¡ Ryter and. Aubert (gg) usíng autoradiography to
study sporul-atíon in individual- cel_ls reported that
DNÁ. synthesís of tkre Marburg 168 strain trad al_most

completely stopped by stage f, i.e. between TO and Tr.
This províded erridence of a close relationship betrn¡een

ttre anrest of DNA synthesis and eommitment to sporulat-
ion. Hor'^¡ever, Yorrng and Fitz-Ja¡nes observed. that r^¡ittr

B. cereus a l-ast burst of DNA. synt?resis ocermed after

76
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stage TT 1t:5 ). Ðay and Costilor+ (ZS) using replacement

sponrJ-atíon teehnÍque lvith 9. Þg!g$4gg 624 for¡r¡A that

ttrere T..ras no apparent ÐN.A- s¡rntl¡esis after the ce3.I.s rlrere

obrriously sr.uollen, í.e. ãl stage II .

Ile this study, net RN.A. s¡nrthesís i.n MSp+ culture

rras stopped at T, compared to TO reported for pg!!$

.Ðp. (tt ) but r,rit3r the addition of rifampin at Tgr uet

P.NA Synttresis díd not contiaue. T{lren rifampin .r.ras

addedat TO, endospores lrere not observed but r.¡h.en treated

at f r, 2AJ6 o1 the ceL1.s formecl endospores. Äl.though net

s¡mth.esís of RNA had stopped rsl:.en rlfa.mpin was added at

Tâ ttre 3-eve1 of J.abe1-ed uraeil- in ttre eef-3-s d.id not drop,J
presumably because they v{ere retained in tlre cel-l-s ín a

preeursor state. It ís difficult to explain why the

total. uptake of trraeil- ín ttre ctrl-orampfreuicol-treated

ceLl-s was Ïrigtree tlnan in the cont¡.ol (eig'. 8).

Net syntbesis of proteín in MSp+ contínrred during

earJ-y stationary phase but tkre s-ate of s¡nrthesís graduatly

deerea.sed duríng the períod TO to I, and ttrea ceased. In

E. g$[!!!g, tlre net synth.esis of proteín was not observed

after 1O (tt). The disereparlcy eould. be ctrr¡e to generic

traits and./oe th.e ínt¿erent d.ifficuJ.ty. in obta:irríng

s¡naetrroaous sporul-ating-cu1-tures of Cl-ostrídiunr Egp.

Ðuríng staticæ4r5r phase, th.e asporogeníe mutant RSp[Ia,

deviated from ttre sporogeníc and parent strains in that

tlre uptalce of 14C-**tlrionirre was stopped at T, wtril.e that

of MSp+ and ATCC 9564 continued (elg. 13). Sinee tkre



asporogerric mutant was unabl-e to develop beyond stage fIT

(Sl), synthesis of proteins (enzynres) r"routr-d not be required

for tl'e subsequent development. 'llJfren ttre straíns rrere

allor,,red to gror4/ in CÐM ínstead of îPGY medium, a simílar 
.;,.,,

tbpattern of '*C-methíonine uptake was observed (nig. 20).

Ttre radioactivity of thetDCÀ-p¡rt. of cel-l-s grol{rr in CDM

r.ras ?rigtrqr possibtr-y because the amount of la.be.Led methionine 
,1,,.,.. :-::.:

mol-ecutres in'the def,ined mediu¡n-rEas 1or+er comparred to the IPGY.

Thus tkre cl.emicall-y def1ned medirrm proved to be more sêfis- '.,'i'..:- :,.

itive tkran compnex medi-urn for bíochemicatr strrdies. ûne

disadvantage of ttre CDM reported ?rere is ttrat tkre spore

yield vas corrsístently lower than ttrat attaíned in

complex medíum. ,

Fromt1relshíft',lldoI4¡Dftexperi-ment,ttretemperature
I

sensitive period of ttre temperatüre-serrsiti-ve rnutant 
:

ts-ZJ, \{as found to begin at eartry 1-og ptrase (or out-

grorvttr. phase) urrd from the shifttrrrpg experiment, it

rr¡as maintained until just after ttre end. of 1og ptrase (*t ). .,i::,,,::

_::.:

Since ultrastructure studies shor^¡ed that blockage of ,,t,,.:,
:.

sporulation at the non-permissive temperature Ì4¡as at

stage r, i.e. between To and r., (67) and. also synttresis

of DNA generatrly stopped before T'' (23, gg) ít r*ras 
:::::;

reasonab1e to expect tïre effect of higtrer temperature i''''.".'

T\ras to calrse strtrctural changes of certain prob ins

(enzynres) in ttre eel-ls r,vhich prevented spore develop-

ment. Muta'ts of Bacil'us gBp.wittr an altered seríne 
,.,,,,...

78
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protease(27) or an altered RN,A. potr-ymerase (71, 73¡ 1O7)

rdere for.rnd to block sporrrlation at sta6e O by ínterfer-

ing with th:e clippage of t? subunit. Leigtrton (fZ¡ also

isolated a single-site mutant of E. gþ[!!þ r'rith a

rifampin-resi-stant RNA. pol-ymerase and forrnd that this

mrrtation eaused temperatürê-sensitive, sporulation.

During gror,rt}. of ts-2J the uptalce of 3}I-tfrymidine,

used. to measure synthesis (repl-icatíon) of DNAr díd not

sho¡'¡ any signíficant difference at the permissive and non-

permissive temperatures. Therefore ts-ZJ is unliketr-y to

be a mutant temperatürê-sefl.sitive for ttre in.ítiatíon of

DNÂ rep1-ication as found in B. subti-l-is (t+9, 6Ar,.68, 80,

124, 13.9 ). þ"t the permissive temperature, uptalre of,
I L¡.' .C-uracil. by ts-ZJ stopped before TO r,ihítr-e t?rat of
rh''C-mettri-onine continued. But at ttre non-permissíve temp-

eraturee ttre radioactivity of the uracíl incorporated into

cel ls begarr to fal-l- from just before the end of log pkrase

rn¡trereas tl:rat of 14C-t.tÏ.ionine al-so dropped after achiev-

ing a maximum aror:nd T., (pig. 18). Ttrese indicated tl.at

neither RNA nor protein vras syntïresized. after sportrlat-

ion r.¡as blocked at stage I by the higher gront?r temp-

erature,

T?re Bel-uga parent strain sporulated at eBoC a:ad at

37oC. The uptake of radíoactive precursors at both

temperature shorçed that DNA synthesis stopped before T6
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v¡h.il-e net synt?resés of RNA qnd proteín continued .tíÏ 1 T1

and T,, respectívely (pig. t9). . wo expl-anation can be)
offered as to the higtrer J.evel of radioactive uracítr

incorporated into ttre ts-25 a¡rd Betruga cultures when , ',': :

grorür at ttre lorser ternperatrlre,

ïn view of ttre stríct anaerobic conditioî tre-

quired for growth and sporu1ation and the difficuJ-ty ,,,,,:1,,
a-:::.,:

in obtainirrg synctrronous sporrr1ating cultures of 
-: .

g. botuli:eum strains, r.re do not expect our resrrlts to 'i,',t'.'

be conclusíve. Our data confirm the previous findings

on tlre b1ockage of the temperatüFe-sensitive ¡ ts-ZJ,
l

and asporogenic, IlSpoIffa, mutarrts. The dífference in 
i

l

tùming of tTre cessatíon of net RNA and protein ,

syntleeses ín our strains compared ruíth Bacil-lus .ggp,.

may be attributed to generic traits. fn order to

varify thís, more refined techniques such as repl-acement

sporulation and autoradiograpkry ín combina.tion r¿T--ttr 
::::.:::

electron microscopy strould be used . to study tl-e sporut- '.',:'"'l ,,,

, .,.;.,. ..,t ,.',,ating process as it occllrs in índividual cel-l-s. The data ,',' ,',,','i'
':'.:.::..-...

orr sporuJ.ation in this report are pertinent to the .çrhotre

ceJ-l- population.
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