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I, ZNTRODUCTICN

T0 Yrovcplant a bacterdal cultuves 13, in the prﬂ:c*l reaning, to
Giluts a2 small volumz of culiure in a l-omge volwis oF now nodliwie This
cperation i:uroduesa a dicconuvinudly in crovths and into the axperimant
& olomond of w crbaizby that is woll lmom 1o bacteriologictse The
disconbinudl g ...r.d wcertainty will be ycodueed 1o tho cxtont that transe

fors are mado more froquently end performicd ab cnaller dilutions /Cege
with loos dilubion ...1*.'01*1@.--‘1‘_"5_7 o A3 tho Ui=ld ons would have a culture
pairsained by convinuous dilut:.ou uO cxloulated a5 to copesrsats c;:actly
Lo colld grouthe A culbure thus maintain:3 would grow i:*definitcly, at’
& sonstant rals, wder comt and conditzo.a. The discontinuity would.
disappear avd Ulowise the clemont of uncertainty thad it Introduces. It

i3 evident thad t:.hrou_,h tha constancy of conditions in the mediun, the

“rats of growbh; -and therofore the’ phr:.ological stato of the cella, guch

a culbure would bo an oxtcrcmoly favorable objoct

R - for exporincite

Tho reseamms pvrauﬂd in this laboratov have b'-ough’a us to pub

this prineiple to work (Monod, Torrioni, and DogdorofS, 1959)/27 ard to
chudy -cha propertics of continuous culturese Ono will ses by what tollowz.

I hopa, 'bhat thc dnworest In this tocchriqus io rot limited to tho obe

Saining of poymanzat and steblo culturcse Continuoua culturss constitute,

uoder cerdein cox.é..t..onu, cysters in equilibriuz, such that the study of

& phenonznon o ..w.su..ca-es-&i:w-comd-%kcna-ho-oﬂcn-em&%&eé az'a

Swscbion of %ity could thore be ortca substituted for ér its maasuzo of ‘
present

great advantaged, Lncorctical as woll as practical,
I chall oy hevs

Cperini it x.‘s.u 5oonly o firct opproimotions The problea deserves A
o bu tveaved, from the thoeorctical point of view, in g more rigerou:

end profownd nainor than I know hoir to dos As for the techniquo of rcaliza-
uion, 03 will f£ind here only the dencription of & vary pri:aiti.va npparatus,

of walch tho gole "‘*ri'b is gimplicity.

“« ]l =

a to precont the general proporties of theze contimuous
‘syuts*:: 5 ond _gor .;z.dic:‘z.e the moons of uwsing thea in different Fypes o2
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favorable, this cLluma davel
minte il Uiy ~'1 reuc*'vc ::.n a: *-c..orvo:r, Fi]
conteiner, By by & 1;3" ad hes (;.1),
qw.z:.,:.."y of woadivm :.v °’r"x:d::a::n 2%
lending to o svco’" opbaclo (P)e
invo tho roe
. cm*cnlﬂu ~OP. i 'o"a“-'-"y 5 Or beemise
coptic or vactoricstatic uub..t:.:cc).
::::: rodiwa cont...n’o.y adnitied dmvo
Pocterial suspencion and of the m
oy on effcetive ctirring of tha 2
Seke! "uppc.,cd ‘o acoure

DN
ey
{ a
’ S 4,
" . d“ P th’B \

j
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\"‘

PR DT

v

e

» f»-* us conzider o cor:»:.:: ::.c:‘, B,‘
cobomial cvl:ou.. It v ¢ ,,v.,a thab,

~
334...

“ha comd :.n::'f*“u by 2 "eco

c-u:.d in Lhe cor 'b:ii::cz‘ Be
Likorice the com.ln.bm.m ‘oct'.:csn uha dicuid m:.d::.un

and tho gaseous alizosphere ol he contai

bo "“*o baeterial rass cont...a.r'ed in thmco.fcm.ne* B, !
tie bactericl mass contained in 'bha re-cptac" Py, ard

. .’ Ly
’” e |
N H
) ol
; =p bo tie total ’o‘..ctcr:.al maSSe .
020 hes by "c:..:i.nihion: o :
B
‘ond in derdving with reference 4
‘ e P f“‘l'_._,d""?
/ D =T e
. Co (&xV) QU
A _ It being given that ¢l the bact
ing, on: noes thobs

; . . ‘_ . '~ \l “/‘[? /.

containing a Siven vc’.n,, V35 of
cc“.d:.."c:.o"‘" of the mediul bsing
o""m ratse  Suppocsa that o
2 iz fed con. vinvoucly into theo s
undle, 'by coiz dovics, an cqual
sibe (To)

TIPOLD that the bosteris falling

P ce:.cc :.'m:diatclj %0 mz._u*mlj (occauuzs dhey ore

2 tbs reccptaclo P contains an antie
Suppose i‘..nall,,r that dc'}.....,a the -

"Aa culture, the ho..occ o:.uy of ths

rient cubs t..nc discolved 3o a...m.. rod - .

This *"t;rmg

cr.

\
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, I
toris contzined in B s:c x:ml’r.inly-
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(2) X

e "“”""«n/;—vt //" ““/"”u. *
. o /‘ '-.";
v i o commtand:thed o WAL eall tis e S rriare—eeth ("). an
carta of the iy bactorizd m"s in I‘ i» 2t ecch instony propoxtional
To Imy il e tho .._crr rate of tho -oysicne I wo define this ficy rote
(9} W i ra .;3.0 el e vo““ wne £loring por wdd of W Yo tho volume WV,
VS ocan writet ’ \ s
<oon gest Avaiia
FR.- - /
o =3 : (3)

Tha, oy of ivisions C“
RV S Btet ¢ :“:..-*- r...'—- /,,
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In cozbining (1), (2)s :md (,.) oz :t:i:'m obyairse

g2d in irtegrating:

}fZQ;;-" -
Lf‘,”/lc /: - (f yt ()

=, ic here 2 constany exerossinz the bacho rz.al mass 2h tho timz & O
0  * g

S If tre-coi::f:i.der”l.zy;;.s texial of -’:.:‘Lm, "&2 - %35 ard tho corresp o*.o:m‘,
grosthy Zp = Xy, 00 the bacterizl =23z s tro” can nwrites | .
k&%-m%ﬁ,' o ' .
- TD=p (5 azain)

Tais cquation porrits cale wlation of ‘he rate of po:r‘h, riven tho
growrol of che culture and the rate of di.lnt...o,..

Tao oystem i g,qm_z..ur* am wrhen yJ. =D. In this coxs htz.o n, the
terisd masc o x:.aa'u aownts Yo the sams, tho densidy of the cultwxe
in B iz consiant, un.'..lc the "oroduct® e.ccur*ulatc., in P propertionally

ons ayyanzes a moons of :'c*ul ing tho i"’ c ratc, it is thon
zibic, in p::.::c:.clo, to moinbain Sha cul inds clj at tho

une duisily c:::o:.::.a.h.o with mozdimon rato o.~. grc:rch s ailec milile

cotion conviiues ab o rats corresponding to the cxponsatisl phase

»
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—
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Se (COITINUOUS CRCTTIE AT
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s "“o::’c,h of o ewlbture i & mudivn nob rencwed acdifics the coxme
pozivion of the midiva ond thus croatsc conditicns Thol retard and,
minnlly, orresy he g?c::'bh. In the co-_..t:no..f rc:::::*& rediw of tho
cenialinoy 2, tuis dess neb ocow o2%0 02 ¢ilution balovees
- IZ cver the ""o ci c.:.".u icn

-U maweatons s ey ey .,.....; O-L
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ds:*;;qu“_ culturs in B will dncrcosc ob on Whrporonit o
Lo U o= 3, undle tho conditicors of the nodiun romoin optinci.
or 2ziex tho conmtaibution of nou modiva 1ll ro 10:‘.:;::’: cul
mointein thooe cendiblons fox on dncrecred woprlabicn, i
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Theco cordlilons of cparaiion by which the syctem tends touard

& stable equildbriva ars pardieulerly interesting, and we chall txy to
dofine thent moxs prac:wely. Izt us consicor a2 cultm-e daveloning in a
nedivwz of defindts cw ’f‘)Oa.L"G_On, and sveh that the s0le "Mdnitiny Lactor®
of grouvta i3 the coueer sbration of onp of the ascsenticl olo‘uentn, for
exanplo tho olenant cazbons Q0o Lnows (Cf. Monod, 1942-19L9)/1/ that
in guch a nedim (nod rc:'e*ml) the Zotal growth (2) is proportional to
the initizl concentration of tho olcment carbone Ond kaows also that
the yate of growbh varies uith the concentration of the clement carbom

according 40 a lmr fairly woll cx‘o:c:scd by the hyperbolic relations b

Pt s ©

/

ix wbilch v is the rn‘oo of grouth correaponding to 2 conceatration 8 -

of the linillrg elenenty vy the maximm rats of growth, which provides

tmm. Sis grcat, Ss & constant, characterigtic of tha organiﬂn ard of
4ho gubstanco beln? co..sa.d..red.

Qzz knouws i‘ua.lly that, in most of t.h@ knowm easos, the valus of
the constant of Faffinity® S, iz very emall compored to the valuos of
tae concentration S permiiting on arply abundant devolopment of the

- eultures. Ihia iz o say that the rote of growth is, in practice,

independent of the conceatration of the element carbon emep‘b when it
is er.cccdm..lv =iz onall,

Lob us consider now a'culturs daveloping in the container B (fige 1)
Zed by a rosorvolr contalning 2 modiuwm of such corpogition that the
concentration of the olemort cardon conctitutes the sole limiting factor
of tio grouthe Lot 8, Lo the concentrotion of the limiting elemsnt in

- tho new nediun; S, thg gozpertyration of thiz elenant 4n B; B, the con=

ctaxt of yleld (c:. t:oaod, loo cit). O oy writes | _
| . 42 247 e

m ofteo'b; I:L.*at,tha co*.centration 8 of the olo:aont 1:1 B tondn to

- euproneh dho concexntration Sy in the ne nadiwm more quickly sum os
- ‘thg dflar moisgraa.ora.ﬁ oy
,~mmmaawwmmmvmmmmummm :
_bme:'.}.alm:asumupmd”ﬂ ecccndtm R _ 2

thy flor »ato more ropidy secord, tha

R

.cz‘re..ses tho hspomin that tha yisld of tho Mh i co:.st..nt S
,‘xawthotitantoﬂ)- nsubaum[m,%_/ siﬂﬁh‘»

| TR TIEfSrence botuuen the 1dtdal dozzity and the mudme mw.-’ m |
. *da-.sityot tho culture is daﬁmdaa thadryweightotbact..rm mhm;
- porwlt of volwg, ; .
73, 820 on this oubjest Moed 3.91;2) m..m ha) mbalw
- -_9393["030:9 otthiatrmh /“y’ (19 N’ t
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oo oIn sodmrisingdorx eplacing ,
d”'f-r : I('x-r ~
e =" Y/ i

in the cquatioh (7) by itz valus drawn i'rom cguation (2) » ons obtainsg

e

. 4L = DS -5)- &

and in fénucing R by its valus, given by (6):

S
_2{5 D(S)- Frogis

A cnlture carnot be gaid to be in equilibriun wnless 8 and zB'aro

) constants, that is to say when 0B Lag z.‘«:. onses

dS
dt

0"‘6 =0
: —AE
Aceording to /Fron—Tz/ oguatiors (L), (6). axd (8), theco two
ccndiﬁ.om can be uri.ttea raspcctival; : .

D(S.~8)= ke SSS )

and : )

(20) .-

I4 12 ovidant that cquilibrium is not reclizedbloe ﬂ' D >, wam pince.

tho equation (10) would xot be verified for any .value of 8 or In

potura, 2 stabls equilibriun is ascessarily attained if DL m. In otfeot. :

uatwmnm:BuMariortotheMuaahuaﬁcm

‘;(9),thaa‘ e d“‘

: !.a poa:l.tiw. & mcreaan. cuch that

P st

. tn’.ca a positiva vﬂm, ard thy cultwro. .tnoruses. 'i‘he c*po..“to ﬁs t:_'uo FRT
, £ %The invorso is produccdsete- %/ if xp i3 guperior to the valua o:r ’
e cqutlibrium. Idko'.d.so, i£ 8 isg groater -

thovducnmm

0(*3
.cc
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Since |
£F) on the othwr hand, the valus of ths Iraction

‘x.}ct '*.‘:.'.x,»',

in c;z.L;'m [any/ emution (L), the culture grousy 50 that the equsldty (9)
i o lonzer .:at.‘..,i’;cd, and ~

‘T
L]

Al
(1

pcy
-

bosenos rezabivee Trho roverse fo produced if § 1o inferior to the valus
wu.'.u_si, “the cquation (10). L, 4hs couilibrium boing obtained, ons
rodifies the 2o vato (While moiniaining it below ), the cysten ovolves,
for the sun? rInsons; o *..rd o now cquilibriuwe ks breterial de".::ity

axd tho concentraticn of the lindting clement m:.bzliza thensel7es atb

oy values s SUL h that tho xots of zoeuth ds azein couel to the rato of
cilubicne Tna cxmopimontes T hoe, o : 2 umsnrs of medifyine ot Ris

1311 §ho rats or rrooih ot cu i %0 oY velue 1c than vpe

LY

s
U IR
Loty f v

Oue ccesy fyom (20), that o

cquilibriun the cquation (9) is
cizplifiods :

R ( So "S) (9 slso)

Furthormore, as the stsble squilibriwa reguires

D = Mo S,f'_;g." 4 ol

s *
S 15
is p*ac'alca]ly iudependont or S a5 long ¢ § i3 of gn oxdor of raguitude

cabor Wun S, beesuwse Linadly the velues eperiaerdelly deteraired
(::::: manbden b..v.) for Sy are vozy srzlly efmﬂ.hrim :.-.m be attai.ned

oy o ¥ .:1: valuss of S-

iz obsorvation io i:portant oirco, .'m practics, tha valuss chosen

for ths indidal cosssatyationg Spy will be glmost in"urismr much prezter
Ahza the velues of cquiidbyima ol Be A o
Lxvesy Uile cifferent Izm Sg, anl tha cquation (9 mo
’--furt..ﬂrtu B

-B':illthanbo

RS‘

R, -»-0 OC” a P B -

Az A2 i-»: of tl: B2t CONw

Py

LT a\l&i‘.-, v»-. [RESRE Lok IR R PR Tl o e i A Ll

5 Lovltiuie. fab Wl cl ey thlis co*ﬁlu:.‘.a.‘ ’u'.‘ i r.."“:"o.

- Jee 2 c.c.... e Ll @ R ety cMred n,h_u.z, Atk plusess g
Cdhe UG Lt wlunaly W eustont 8,4y of b oxdsr of 200 (onod
N)e DuiBun, ths co..cem tion of »luco:a that mu.lﬁ givs a 'cecd

‘cu.s" wro? 43 tha ;o3 of & back: s1alozizs ould by Sem 30% to §x10-3,

v-\ e 100 %o 5CQ PN graaue:'o uaﬂ\ D“" 005 Faa m cﬁ“um (10) Wh.

"_f-f‘o‘,

——

e et




- S
0.5 [to ?/‘0 Jo~F +§

waops § 10'5. Tue equation (9 also) would give us thon, with
S 23, ' -3 -5
7‘3 = R (2.. 19 ~— /0 )

znd ane sceg that X, would differ by only 1,200 from the moxlrmuz valus
o correcpording te ihy intorrel wtilization of the elonent caxbov,

o With D 0s9u,, the de::::it" of tho culturs, z% cmﬁ.l.l.brim, vouldenod

; : ‘ Po=2on gebicnel I eDey A0 et L ep gl 0D Raad on unos Dt femf el 20w A o

f © vodudyesfe would be 1n.fmo~ by oy five percexnt of tho maximun valuse

! It eppears then that under those conditiors s nod only is tho

systen self-requlating, but 2lso ths rate of prouth nay be fixed ab

any desired valus (bolow aboub 0.9}70) ard modificd even in the cowr:ze

of rrunarbandrty eporirant withoud moorwhile su.]cct..ng the density

of the culturs to epprécichle variziicnse Thece oo ecpecially the

singulay properties of a Wsglferciulating cystenm which cotablich

interest in continuous culturecy in tha p..r..vr.ohs that follow ons

B wlll cee how theso propertice cun ve ucced with profit for the study .
of soma Yypicel problexs of rlercbinl physiolozye .

Ce APFLICATION TO SUE PRASLIS
C® HICROSIAL FLXSIOLOGY

‘ R=1lation betuweci: Rate of Grouth ard
. : . the Concentration of & ILixilinz Eloment

T:a gtudy of this rolation coxstitutes evidently ono of the nost
irmicaiate applications of tho tochniquo of centinuous culturce Yhien
for such a study one wiilices cultwres in wwrancnd mediwr, ons cn-
cowiteres prave Alfficulties that lo ..d to wazk valuss of the consiants
of affinity [oslationchin/s  4n mozh cases, the conccntrations of the

S Mrdtdng eleacit zivinz visibls cul’v.ma aro fouid in the sonz of
© gaturations  Tha p:-oblc:a coizists then of maintaining the corssxntration
o7 tho Llmdtii:z elexand ot cenctort and very wask volues. Bub, that is
N &0 Teault obbeined sutonatically with a continuous culture when the
o fow pets i less thanthazzmm&hrato, thatintom:.na
L ,Mmculatsd cyat»no

S x‘: i ‘rob acc.-sw to ir.::ist on tha aﬁds.-.‘:. met thst tha e.:p..aﬂ- :
R tuis t‘.c!"::'.g..a 33 rot Sustifiad wnlcss the constitution o. Lt N
Lo de g v:h thot the clunend belsr ctudicd comatituldas indi.d 4o

Cooah '_‘.i 7 fector of ths coouth (Of. on this subject, Monad, 9.2,

e P osse R ‘.\.rt.d. 1% i3 mob themcfors dnovitably nseesssry thad

S R - 1 hc.cral fors of tho relation bo luouze Ib 4 mrcessary md it - |

- au&mwﬁatast&he@ﬂm“uamtmmuhmwmhz, ‘

AT A e B 1 @ b = e
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EAR
{
Iiteiva caimol £2il o bevou..aa..&.d, i oniy ths
pete) ‘Mw'**" Zora of a saturciion curve, u.'llCh, .
cded $o be oliways ‘c’m cxso. [e.g,. , Seems noeessarily o
: direet docone of tho Iimilting elomoemt, in tho ._mu..d
oi‘ Lhn cultule, peralts then ezsablishment of o g form of +he relat:.on
I‘b iz ro longer necescary, in ordex that tho cch. 'quv bz oppliczble,
thet the verlabions of {: = of tha cul‘ar») 3~ the rato of
Hlubleon ‘*e negligit x -l'.’ra only Idmid “‘n 10 opplication of
. This feshnigue 711 B2 the ; wnoision of “ha chemical '3 dozazRe Oue cany

In prineiple, cwoid the dirceh coceze of Sy by cedueing its velue from
the relstion (9 alzo): A _ -

Tut sines the wvariztions of . 2d ffeorant exilibriuns will bo 2 ‘.l;"*ys
wozk (o even ivsusible [/ “-i;s::c% o’?/ » the errors wouwld ’Ou COR5idoiw
chle. Furbhermore, oz we sh ca, the rclauz. on ( 9 alco) represents -
o gpproximation that can bo U -

**’fi.

Crovdh Tield

) -

, It affect, o concider the emation (9 2lso) &5 exzet, rotura %o

Q adrh vhe hypothesic opresced by the second tora of the eqmation (7)
tnath the :,*lx:ld or goowlbh is indopenbent of the rate cf growithie TWhen ZI:/
“hie hypothasis is cee ""“)'23:‘."310, the sguation (9 - go) pernits dzbcrmi

\ tien 'v:':. corciant of yiold, Re ’Z:c cosagc oL the l:.:m-az_ng c..cr.:cnu
oo couiliteivm Lo uctilccoe  In prineiple, it is sufilcicnt to c’.ctcmim
o= Do bue o thirce values of Sne Cifzmotn Thab 45 ot a pozticularly

Seraoniting 0 1lention of The x.;:o_;od, cineo, Yo The IUIIIs camd C.-u-.bv

of imdrpendenze ic comreed, ons cowdd uce mw.l:.y

snriquese Qi hueits w.,u Lalo }*ypo uh(."’“ verifiss

verifisid with prceicion when grouth is limited by
T ciemont c:..': o {GZ. ---o':.o 45 lec cit)e
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Taa detoraliaiion of 8 and of %, for difforout ratﬂs of dilution permiis
gutablisivasnt of tne Lo of the rclation betueon the rate or growbh ad
- the y.wld.

Jsr.;mle, .tt st not bs i‘orgotten, this method is not ju.ufied
funlmm the yield is indepondent of tho concontretion of the alamsnts.
e - This is a sccond "hﬁ)&ﬁ’@"“ of independerics¥ wnico sould prove faulty -
: vhen the concentration of the elemernd vardes much, or when it becomos
wm,r small, which iz precisoly the case for tho limiting element in
Grilibriwn,. O?e :inagm Sy in effecty thab 2 gubstance matabolized .
b;f two dlstinet onsymatic sysiens with very different constonds ol o
affinity cculd 1.ot give the sams ylelds ab shrong and a% weak concentration.
The solution of this difficulty consists in compesing tho modium so that
the limdting factor will be a nutrient source other than that of sthich
&1 wishes to doterming tho yields %he cquation (7J, heucs the cuation -
! (9=~c), 13 not rondered Joss valid by thate It is 53ill nccessary,
hoz».'aver, that the concentration Sy of ithe elcmant studicd not be chosen
. Loolerze, In order thab Sy=8 may bﬁ nessurable with precision, zor t00
: "wl, so that 8§ reumeing lurge eaough so.that its variations may be
considered a3 withoud ef.‘fe:u'h.

e e e e

, The varlations of yield es5 a function of the concentr..tion of ond

T © olemoat can havoy in certain cases; a parbicul.r intercsts  Here again

: 4 ~ the devicae iz applicable of limiting the ra @ of growth by an element

. : other than that of which tha yleld is being studieds D being maintelned:
8 - eenstanty one determines S by dowageo, for dii‘fersht values of 8ge

: Oro knows finally that the yiold of bacterisl mrowth iz a function -
‘ y of thz temperature (CLf. lMonod, 1942, p 105)s Bub it is not possible,
by the wual techuiques, o study this effect ind@pcndcn’b]y of the
coﬂ:::umﬁ. tant veriztions of tho grouth ratee The continwous xodk culturs
ab & limited rate permits attalmisiat of this resuld in certain cone
ditionse Iet ws supposa that, by rezwlatien of the flow rate, ths
rate of provtl of o cultura iz fixed ab a value alightly leéss than

the moscimum zrate corresponding to-a given tomporatures Supposs that

Shis tomeraturo is fodrly for from the optimume This cultiive could
R , be brought to avy tcz:oe*aturﬂ et vhich the noximm rate is suwperior
RN to ["re"tar thar/ tho flxed fiow vate, without modifying the growth
ST ratce. IY is evidont, howover, thut the increace of terperuture is

‘ ‘ nundfected, dn iz sush eonditions, by a vordctlon (in general & .

o . , di.wn.rut}.oni of the cenccntration of cq.zili’o-':.wn of ths limiting olmnt. '
Py Lo One must eventually talte into accouat the effect of dilutden discissed -
T in the preceding parerrapiicy and to cvoid it by such means that the
SR C Linidng cloaent 311 nod b that for ¢ vhich ong socks t.o dctcmd.no the
E’A £ { . yield cu ai.‘ur.ction of terperaturse

e ek

TR ; Y Tay poaz.ibil.x.ty of d.n.ssociati.m,, i certain neasure, two physice

) o loglcal phiencmenay both funstions of tc ac.ratum. coratdtutos no doubt |
b oo ons of the more interasting epplications of the mothods e shall return ' ‘1

~to thiz topic presentlys | , ‘ !
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The ctudy of tho Xiroties of afprocesz of synthesis, such as ths
Torration of en enzymo or cther ccllulor corsitituend, involves grave
diffiewliies, and of 211 sorts, most irhercat in tho phenomenon itself.
Certain of these difficulties however axise from the techniques of
culiurce The sugpencions 4ormed Pnomprolifersling® cannot be uscd
3% 3% JJf4 covcerns a lmamiglomiShcdzmentay phononenon bound, even
irdirecciiy, to grouine Beoide3, ths proepertics of those cuspensions,
whaich contain & varisble, gonorally undetermined mmber of nouviable

collc, chaxize rapidly with dimec. A culfurs in process of growin cannod

L)

bs considered 2o phyciologically sizble except in tho courco of the

cponuntial phace, oficn too bricd for the reguirsnonitc of the cxporimante

“o ne

Lico the compocition of tho modium is rodified very ropidly durding this

phasee TFinally, tho continual variction of the bzcterizl dencily dwring
the orporizent introduccs on additionnl difficuliy. Tho use of continuous
culturzs tha® one cat meintain indefinitoly in 2 comstant medium, is tren

ingdecd indicatcede

Co-binuous culturcs preacnt for this typs of experiment othex
nerkacle sdveniseese In tho Lirst placs, to measwre the rale of a
ction of syuthesis in a countimvous culture reburns o determination
£ a state of couilibrimy, insicad of mecswring 2t successive intorvals
4no accumvlation of a subsiancce In tho scecord place, the control of
Lhe rate of srosth permlis ciudy of the degree of depondencs (or of

=

indcpeondencs) of tho reaction of cynthesis wnder consideration, with

(>

o :,

o
o~
W

L]

o ¥

o ouny it pormits distinsuiching, in o certain mcasuro, the offcets

of o zetive zgend simulitansously on $he phoromonoa bsing studicd zrnd

ox otlhicys that could mask i%s In order Yo stats precicely the properiiss

of theso syctoms, w2 shall corsidor now 2 fow theoretical models of
reactions of cymthesise )

I:Y G5 asouns 2 continvous culjure, eanzesed in growing in conditlons
of celfercgulatbed operatione Ascums 2 ccliuler cozstitucal, Z, an cnzymo

> e -

Lor cianplo, cymihzzizsed by tho boctoria in the courso of grovti Zor, ia
tho growth procccs~in/e Lot Zp bo tho quentity of 2 in the containu By

ZP the quantity of 2 in the receplecle Py axd Zg ‘the totzl quantiltye

Cus g wwites —_oﬂ Zz;,__, — il.ZT_ — AZ_E_. .

A AT (1)

[P ommn e -~ - 2 - KR ) -
e grouill of 2 i tho xoceptzelc 2 Is ziven by

- .
syamde

- - vap. - - o~ S Ay PP 4
TIOTISENUVANG s GC LLove, vhe rais of dilutione
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o havy & eomlato oysien of cqueticns [Rordloges of the equatio:
), (2)s ond (34 -/, 3% romzing o Lpress the grouih oz Zmas 2 z‘.":c"o:.o.l

;.

or the conditions of the mediwa, of Zp, aven uallj of Lhu rato of growin,

ol {ue »..'ncr::uure, CiCey thal iz To cotablizh & 'z:,yoshcs.-.s ox the mechanisn
¢ tae natwre of the proscszzs of oynthesis by which the substaree 2 iz
¢lzbor .;terl. Tris muz.tn.m, which w2 chall call ”‘13:‘00&*:-‘:..:.0._1" cany zecoxding
o tho rzch ’smr. considered, tako voyy ddffcrent formse Howover, sc'ht-’ ey
azide r-c*'('..a.x.o. cases that it '._xom.o. b2 nccessary 1o ow.lﬂ_y by 'oa::r.ol Ging,
tho byoo‘ul.c :.cd. cquatdon would have to cxpress tho fac% thabt tho conw
centration of any colluler constitucul cannot execed a cortain limit. I
X ba that ....n.m.-..,”tara.ch is exprecsed for excrmls oo Z’v? the? «=Tx/ Irze ‘Z;io
of the bacterial nass = ‘co'zb.:’.zmu. in thc conbainer B. Tap gorersd
hypoluietical cquabtion will be o tho forne

AZ T = (X-Z5 )'zy* (1)
AR ,

1n wldeh 53‘ TEPTCSCNLT Wha ruuoa: tical funclio:, co cxlleds IR corparing
tho equaticns (.sl) s (12}, ==d (83), oo secs that tho systen tonds

“.,ca.ssarlly voWSd ol squiilbiiicay cincs :

J
T LT .-

e

incwreaces whon Zy increasos, and i :v*:"el'f-
' LZs
tonds thon alwoys Ltocrd zZoxroe This is with tho condition that A1l
rytea vl alucs, a. nypothesis that oro co cucluds a pricri.
I lus of 24 &b cquilinrive Tas dobarminciion of Zg gives

spesd [r‘" :/ of the rosdtica of syathesiz in ths choscexn
since &b cqudliprivn ons eo write, froa (11) and (12):

’ y -~

(s T _ '{‘-',___
ST s Led

Vi, -
. - - P o,
S S~ - St ers o A » B RS Peeen
LG WS LD laeed anle l-l" ::—:—-::.J C-'.:cerk;--_’, Uo viS IO QL wul .L.\;..:: V-b 2

DAY L5 U6 ooy Lotouding To $as hypothisis doced o tho rmochomicn of ho
PIRAR EARR 2 - . g Y - —_r . KY
:.::..'.,o - (o-' oL ths :;;s\.:;. of z\,:c.,.o-.:) ol cyuthesice L Iz clovr thod

-\-! - . L. - . -‘- - - -~ . -~ ~ e . 2. ’»
SIE SOt c.. ..-w\,u...av_\,::l fweticns could Lo visualisid -3;c:_;,:_'; °o LD
v . o . -~ b -
wodacwile &l i .u......’:..--..a. CONTiterile o Chall coilini. CivolZvos Lors
~ .- 2 . B = L S < Pe e Mt -
oo I siowle il u,,,...u..... CiluSy OX & IztuXo TO I Toinln L0 Zigy ths

<.
_‘_):. U.¢.... u_'.h_: U.-. EVIRY] S:{t wlle

| - | Best Available Copy
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Toh ows suwnose first thol ong wicheoo o study the ei""ﬂ £ oa tha
cynthenis of 2y of a cubstance pregsent in ths modiuvm. Iet S bo the
.
sonzenbration,of this substaacce Lot us mako, on the nsc,h. nicn of zectioz

of this mihatance, Whd sirplest hypotaeccis possibleos Zzrlrmdormt thot
tho spead ["'u:e s rapiu._w-- of too r:_c’c.:.or of synthesic is propore
tional Lo The coacenirabion S. Thc funciion Zﬁ‘occomas thoxs

Tao wsidem hypothobical egation (13) is uritten thens

,%§Ir=(><-‘%)/‘<5 e

8imco 2% ogquilibrium ozs hoss

and, by doZinitlon, L — s . ‘
Z5=Ze

e P et gn et ol ol paree. ~
Cnc can vwrite in smizsmebiaddonye replacing
Y

and AB by tholr vsluens o(?-"

e D= X"me‘)/\/s

waencse
T - KS_-_\_,,J .
o= X . )
-~ D+ KS
I thin coney as o porcoives, Z- would bo 2 I k.cr bolic functlion of
Soond of 8. Tio volue would u:_. towetd X when S beeomes larg £0y OT ::..9‘1
2otoendt toward Ce 2w troudd o onudl oniy for D2 @Ror S = 0. Tic Iigurative
szenl oo funetion of § and 1" D aee piven by x Rioures &' 2xd 3. I6%
LR thad in this calovlotion wn :.d*..i"'.: :::rplicibm'r Thoet 8 ic indepondent
o De Wrak is o zay thol the Rretive® suwostancs of whica the c:..;cc.. iz
2 b Qolarodingd ganmod Do tho Xiadiling '-lcr:e“*'. Tncres i3 no dlfficulyy
Thers, Dowovers T 4s howovor nooovsoyy o tolin cove ..,:::.".. the comcentration
sdiibrivn s wob oqusl to tho coucaulroiion Sg i the now modiuwm, il
aonebiv: swbotanes Lo mebobolizcd ot o apprecisble ratce. Hooping zccouny:
ol oo omveiions 5 Uao coperimontal verification of tae r.:;-:s:l;v::_:: a5
GUAL oo U detormdvadion of the volue of the constants docs xnot olfce

D20 0 5l .4 3
CLffievilvy of principle,.

Best Available Copy
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I6% v cuppose uow thed, keeping tho cans hypothesis oz 0 tho
affect of the activating oubsianco, wo ostablish tho supplementary
moothesis thot the réaction is autccntalytic, ctatod otherwics that
.- A2 its rabs 15 ob each ingstent proportional to the concentration of the ‘
suslanco 2 in the collse Tho hypothstical ecuation becomass e

. - __{{Zz/-:(tk*ZBJ‘.\Q e

Ll

Cna gows rozconing oo abovo loads to the follcwing colution for tho

oo N

ctate of cquilioriums
ZemXks @

The figvrative cwrves of 25 &S 2 function of D axd of S, according . S
%o aquation (3) are siven by figeros 2 and 3. 0o Soes that theso curves
ard very differond from those donived fron the first hypothecis é’ﬁomata-
Ixtic rcoction, cquation (;*,?,5;7. I3 parsicular, 2. 15 a lincor function of
D, azd iz cazcslled Lo o 3% value of tho veiicbls. iz other wWords,

i
f} whsh tho £low rate increzses boyond coriein vilucc, tho substoncoe 2 is ;
N =0 lonzer formede Iilsciriso, Zp bocomes mull when tho concentration of
() The oiimi=mxss cetive cubstoied £21ds below a Lirmited voelide Supposirtg

st hs exnopimens connot bo doxe for the eritiesl valucs of D axd of S
ezsbropolztion chovid pomeid dictinetion beotveon tho ooperimentol resulls
thst weuld verily citiin” equation A cr cguxtion Be Tho measwo of Zp

For diffcrsnt valuss of Tleir »oio ond of tho corcextraiion of tho active
cutsiansa chouvld then pomit detoraization uhothor 2o procossit of syae.
whocis of tho consiituent 2 is o 45 not Siven from foccociztod with, or
& wesult 0f2==Tx/ tio properiics of in autocatslytic rooctione

Tihe hypothsses ciprosced by iho cquotiorns (332) and (130) cippose
solicitdy the independoneo botvacn tho roto of grouta and the rato of
o woashicn of oymthesize I ond cunpests, oa tho contrary, that tho
oty of his wecstlen ip Girectly propordionad to tho rato of grouta, R,
o toms D oand w diceppoar frew the colution, sizce in 2 colferczulated

cystea D e Tac cquation & uwendd bogomar

_ YRS _ ' -
' Ze = X C+KS (%)

B E

PR A K -y
ol o cquation B

) y NS - L ' .
lc—: -~ N ks 1D AR

O N et - T
o —v;)éséuv-.uu O COLSTUTT0e 0-’.3 fofeTered .
-

-~ o

o~
.
At P v, N . .
tiis casc Z- uounld bsoona ~
-~ B

v oS n ey W emaTeera o

~
] -
e — e & A
CuiSTILEl & LA L8TNL 02 T9%e

R T o et atpea wreaep
an ._-v_.'v~--.v...v,.°.£ D, Wb asves ¥ ey A-.-i.,f -

»




1o pypothobical fuishisne Taa Jeterablinticn of a5 2 friction ¢2 D

1rauld 'hbon pesnit tho oventua e*";.:olicn.;.:t of “tho Limits of velidiky
of tho "h}'po 223z of wﬁﬂpmzcrc '

, Yo have e v*po,.od 'hh"" fory for greater timlicity, that the cpoade
- for r..‘ho--h_:/-::-o- Thd recction of sywhhesic was Gircsily poeporuional o

Tas concentTation of thathotive substonco¥, Se 6o o % vicrsliizce 3lzo
) ‘hs case, more p:ooa.ol:, tthare the yozchion would e cnoy=molic in naticte
. i roto would no lonpger then bo proporticial to S5, “out 40 a fumction of .
R S that would expresc tho phoncnsuon of © wr-‘!.:.o:x chevactoristic cf
onzymatic recctionse. If, £or exrople , oxs sopts, Lo thic furmction, ths

£orm of the oguation of h—c’.m"la—\)

V-Se s o
15 wiich. V represents he nesimm rato and Sz %ke constont of affinidy,
tho cquations (4) and (B) beecms reorzvctr;clj

= /Y — |
-Ze‘l VX DS *DS VS @8)

VI Y-V F ,
8 | ZE'X vs &)

l ) Id yill bo sco withoud difficuliy That tao ceuatioas (A7) and (29) =24

‘ o cxperimontal conjoctures thab connol bo confusced with ons another, ror
with the aoswpiions of tho hismologouvs cou:.t:.o (2) =>4 ()e Tho ccpori-
moat baned on these conjectures '-auld tuen in principle szparato thozo
d;LAfG SENG l—‘fﬂothﬁu.aul

If, irotned of chedzing oz o variadls the conecntration of u side
stanen cuspeccd Woocbivovingd, wo hod Sndre ’-'.:...c'; L conctant of rats,
suppescdly o function of gohs indopondont VaI izble s the Teoulls wouwid
to ths camoe Such oul indepondzad “aricble wrould bo, for cxormdlo, tho
semperatese  Wo nave jush coen thal tus co* diticis of 2 clf-:cb..l:.tir"
cysten for procc‘.u-——.g_-/ could ko oo w.::::: hot tho rate of sreriia would
bo irndcpondent of Uiho tomperature dwrins a ..-_J.J.c-unc..y larf'o intorvale.
Oio czos wow aoW vordebions in Lonpere tna 5 a% & corctant *a‘i:a, could bo

. vsed Loz anclyels of tho mechanisn of o reccidon of syninesise
Con con wisulise 2350 ey other fomis of the "xj,pc Tariical el stic:,

KX - r 'R ) & . o as ~
w0 wprecs 81l cords of mochenisrs, 3Bub Lt o Lonmallir ivo ol

.. Y . . s. o LTS : R R A0 - .
oud c:" s the prircinlece Tho bomrsles diab o lave Just dizevcosd
-

:I‘.Lca $o chew ..c ) :*.::::.:. "'o of iz gcomcentraticon of o colluior coie

1.

.

Sud

A2 Leagann - - i
stituent in o continucus

o <

O.

[3

Ture tomouzhi 30 equilibsinm r:::'.:‘."., """"":
s fwictlions of Civexe J.Lub.!.c.- > x':::.' of tho properiics of tie rexzctioz
p

A
L symshccice

PR

o O ey an - (XX - = .
% Gho awtler uses Lo ("r..a..c“ with rofcroree 1o esciseniice

i Mr)
> (rrourthe},
'.'.o. -~ -~ - Reneart %% o - pmyote s NS .o -2
baozns {Mopecdh oF fwopidity®) with reforense 40 roacuic: @ Simihoos
- A prepgenee -pet Ry o Py
".....).‘S views UL ”\5;9._3:;:") ch‘..._‘DS \’...»C..ZC? :L.'.';)l..c.. o Colndeiil rocons ad
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Tha aGvantagcsy houover considorasble z.a_,r nay o in t"x-ovy o5
woll o3 du wrocilee, oi‘ Lhiz msthod of equilibiium, chould ot mave
s Lorect Tt o cobinuvous culiure 1 ardn itsoif eqhally wolly and
mush boiler then o nured culbure, S0 :zaaurov-o::’a £ tho accuaulation
(c.- £ Yhe diseppecrar xs3) of a cXiluic cozstma:n. 25 & furchion of
Shkinze X2 ordsy Loy tho cnployzont of liis coeoni metnod Lo be justificed,
4% 4o neesssany and 4t swifices thst the conditicrs of culiurs (rate of
crorthy $lew rafcy coes :;.uiu«. of madivnj c.o rot very in tho cowrco of
the tiobe This zequirsd, cns koo r.’c Gispozal there o sccond maans of .
vm:.f;, isg operimontelly the cooupiiong of ‘bh ol e..ical eq.a.u_on.

weplacing -
Lz ot L2
in “ke sgunticn (11) b their volues dram frox (12) and tho hypothetical
equztion (1.3) o135 obbzirs: ' .

L - KX “Zs) ¥v-Z,D

o= ix intcrmal fowae

r‘s /Z
(// 'y B = ﬂ 7‘ * Cfe
RX - (K7 z

o intseretion gives Z.‘ a5 2 fanstion of iits. Dor 4hs vorifying oxperie
NI ..o bf‘ eXl _’;:':J.f:. by it do cvidehly neccosary thot :..':. ccro ting thko
sorcIuvrEbion 23 Lo d...';.c.c::c. Leom tie concemiration of squilibriun Z-
csr::?:d'r..;...u %o i chozon co: :iitzu..... Doy ong this i vory :rso '*“‘b,
30 the oQuilibriun s rovercidvls, it is 'r"**.a*ce'ﬂ...l«"*"c*srw 2y 2t the
Sanitiod Yinn i leoco than er :r::.’.:;: than Zoe DIriciically, The experiment
L1323 cornind firet of an cquilibriwa obitointa in the ~“:"" corditions,
Zhen rodification of i3 condiiions of 3 uilibrilm, ard thon moasuronsnd

>N e

¢ L 20 cdognate Libtervals wivdld the now eguilibxivy s r'"‘"' 7ZGe A2

pri 3-’:"«3: orz e 3xmese oz & :::.'-"n curliwre an Inaofing "a’a suecession
o thusc splires of cquilibiiuie “Thera it mo necd to it erphesizo
/ 2 d ':::fc?.c: O LDioU Clees --.;_;_/ the wealth of osporinsnicl coxbinatiors

-~
>4 ——
= S o, sl o SR
Calul’TU G WlD UICidGlle

- o S

...... o Paal o
PR - &As-....s-_v..

s moniionr hovs tho porzitle syplicaticn of the toeknique
ol ¢ WLins o tha SRy of tagterizl ut:.tz.o..,. A ::'c::l dise
: £ iz s o.:_-:;: sioudd 2Tous 00 Zor 2fizide Gz kmows tisdb
-omien welative % u:.'\ scleoobion of avtast Juers :.:z Brclericl RoDUe
oo uoh I G Al ol waluo ctoepd for culditwres Xuzoed hoh ove
Arm v o TotITLUh pato. '-::.'.: :--..orc, t.... hypothcoi o iz almoct olours
iy bud o niover toon Comoroctiated, that the probabi “o;; ol muloilic:
speriioal S Who mode of ~rouihe S verifiecod *o:: ol this Husdomorntol
curiz o giins posoiblc With conmlinwons culbiwrac &b limitcd rate, o wel
onoardvauiony o 2 concitayh ratc of oo '.,’.., ol th= cocificients of
Lanprnnee of tho Jires thet—Tp/ Ivoqucneics of muiziion.
-
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O procading theoreticel dovolopnants are based on quits risorous
dafiniltions of,tho conditions of cullurce I would bo vain o zock o -
apply +he thdory if tho exporimontal conditions dovizicd to9 sensidly
from thoso definitions. - Various very differont typec of sppovatus can
bo imnpined %hat moxiboromobomsoteriiahfees endorbtedly wowld percid-

realizetion of cozditions cufZiciently cloce o the thsoretical exifone
cisce I chall describe hexo only oxse Ihic ccoomdly is shown Schtmie

 tcally by Figure be

Tuo mostfé}iv:poz’oant coxdition is hoxzorenolty of tho cullures without
vwhich the notion of Wconcontration of oguilibriwn® of Lo limilisg clemont
wowld vo illvzory. It ic nececcary then thal the culturs bo ctirred coz-
timunlly L‘Z’ha awshor appesrs o mean condinuousiy, tub didalt soy so.-':g/,
entirely, and ropidlye It ic zecesciry aluzo vant cquilibrivm witk tho
zapoous phass be assurod, uhiclh roquires that o rotio of the swrfcce to
‘tho volw:z bo Jcrgee In tha sccombly chozeny the culiwrs containe» 3ic e
rourdebotiered £lazic, By fixcd and contered on a rotating supporie Toe
cipacity of the flzck is two liters for a cultwre voluma of 100 %o LOO cce

Tefes & 2w=liter flock iz wsod for that much culiure. - Tho cboroviation
cc iz piven in tho texd a5 cnde =Tr/ A modor, 1y imports to the Llack
a cpecd of robation of the order of 200 4o 1400 tuzns por minvice Tho
ctirring cbtained in wvery ensrgotice ot thic speed, tho dicpercion of 2
arep of dye introduced invo tho liguid o practiczlly imstentoncous,
Leraticn is asoured by the liquid £ilm theb covers tho greater pard of tzo
interior surface of the flask. Zac bect distribution of thic liinndd fidn
iz obtaincd when tho oz of rotabion makes an angle of 3 to L dograes
with tho horizontal. [L- the 11lustration, 2 ncel; of tho f£lask scppears
to be tilted clightly Uniorde==T/ . o

o ner modiwn 33 in rozervo in o reocervoir [o*: fovdor (mourrico)=Tr/,
in this instanes 2 vorzin £lack, placed il choud Le50 motors coove whe
iiquid Qevel of the sphérdcel flosk. The Iiquid posces through a =t
mibber dubs and a eoll [Roerpenting®/{ Srp) formed of o glass copiliary
Tube ehoud 2 nators loagy vhich ends fzmxr in o dropecownting pipcticlor
dropping twha/e The copillery ic chelzn of cuch diamator thab tho méon

£low rato druired is odtaincd whon the ond of Ttho pinciia is shoud 1 moter

-
UG FRRSPNRIL Y JUVGE, JE SN JO0 UL, SRR, o PR JURRRY } .~y Mo (] K} . FARE S .
Lihwmmeidsm e nedr ety baldorr Yhe Maguid lovel of tho roscrvoive
e

4

- 2" bl A 3 Y S 5 3o SE1 et S0 - 28, 3
Requlavion Is ascorpliched by vordicol displosoncit of tho ninatie Z::.c.,
" pe - 2.7 -4 o -t e S o's o) Lo y? LS oo Yoy te S &Y

eoviously, the capillosy o vhich it is attachod==T/e  Caa Shtoing thus

a ¥l -——

Ko o KRR R U
iy of maluinining

PN ¥ - L AP I PR 3 . Op—— R oo
o cuificionbly stable £lour rabo siithoud tho nzces
. - o
P

-y s

3
rigomovsly S constbant the loval of ldguid in the roservoiz. The pinetic;
caldrated by hydeonctor (densimolteor), pormits a prociss nscsure of the
{lor rato with the aid of o chrozorcph. ' '
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TTIULD e Zzoahly of an apparates for continuovs grovthe I, rescTvoir .

Tt e Tl ce oy s PR e oy Seame S 2
Jodonlosi, .;.,c.:::.o.;.g/; ST3, zerponiins expillaxy; O, oo coumic> (pinotte);
R A T taningitdaieay ) -t [, P - - Y e B —~
oy wotauinng ooaopaca) Idosiny Taa Ll oy I, Imocuwlatdon Tl FI, Soie

phiin Tubs, sampldng flaclny To, outlst tibo (o ovorfloew {ubs, malsisizing
SiviZ Azwel In flock D)3 Py produst; i, molore

| Best Available Copy

.

e

PP TR

..




i vl e b i e

mtmr at ray To, bowaver
| Dusevan be recpcotodtty _)

T 4220 48 45 wico 20t to exnaod 0u3 to 0.5 pg /5
T el per ct:sic ccittaoter, wd 4o ubdlise Whe
o cu.‘utwc* wherover 48 45 poseidle. ¥oca ons can Ba bo mtax.a '

19 veluns of Liguid ix B is malndained coustant, whatover tin
Llow rate; thaks to 8 fluldelovel /ege, overiloy/ tubs (22) ouding
432 & reciptuole Py in wlikh g x2dslained a m.fficimt veeula a0 where
the ®produst? accundsicse Ths constant volums does not dipoe:d ordy on
the overfles tuwbe 72 but 21c0 oa the cpcg.d of rotation, vhich datcminss
tha thicknusa, by no means negliciblo, of $ho Jiquid £ilue 4n inc
in gpaad not cempansatsd by on ejusingnd of ths tubs 92 to the ﬁuid
lsvel 15 tr:mla'hsd into n ircrowse in volums, and vice vercue To
ksep accourt of this effect ora daterniras the volmo by weizht after
Zuchencta tecting under tho chioscn conditdona,

Tho systen iaxcludss homiximrmos in 2ddidtion a tuts fitdoed with a
cotion ﬁltotthrougnmicutha gixr (or any other uppropriate gazcous
mixture) is lod into tho shhordesd fiosk alter haoving passod through a
vashing flask conbteinizg walcr. &1 ircculation tube (E) and a sarpling
tube (Pr) can uwsclully coplets the devica.

Mw&ofwamwmmskismmudWaMMWMQ
olewsdosodhyarnbbwmppewmchmtubmpm.

%Oappmtmiamm.tedinacoolmmatﬂsm

7' - temporatwres

"n.‘mm @mmmms

%tw&qm:@b—pﬁpm tublag—innterﬂiudonthoom

- haxd, the spherdczl fle=k on the cthere The assoxdly is mado sterilly.
. Sio splierical fs=k i3 DMllsd through the tube X with a %culture of
- dopartme? Jotarting culturo=Dy/ of converdont denzity. Tho flowr rate
s wrimad kg croating a toporary dspressien (‘uwpusm) in the buld

e pipatto. Direct mwm saples axo

o Wawatmmmmmummumm-w.

‘Thia pald, o c:daontba of - tea.

mmwmmatmmwm

' cuoh tot the witoum o wmdcztvolled footors (rats f Al

- salutdan of oxypen, for axarple) will 2o beooss Lmdtd: i -

sm vey Sllute oultues (0003 1o pur co for cxuple)y 48 ds
> wmm&amﬁacoﬁ..t: Seorscntretion of
o aloagts o‘hbarthsatkan“?*wc.&‘u&th

~~'»."".»’_.~thacwa1nmmm&m. mwmmw. SN
v;;emumm.mmmmm. SRR SIS
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S endifiorlea 15 wistablsp 4% ean bo nmadntoined ondy
eoniiroad rdjustusniig ih) ’
. 2dzdted Ly oo cscaidden (oonzciivation of a caoaniisl cloiont), the rcte
,»otailut_ontmxﬂmdmatah“amtbmmv*_chbm tha

- axley dabo of geoville This oqullidbricy is stablse o »uls of mowld
e thoa MLG4a6 Uy tho conoostration of ona elexit, 3 cosscutvation
o ..:’m-v...\.. kel hr m :‘atc of mm (sm-mcnlaﬁ.:g mtc.n)._ .

)

2, lLizest caplirss nodlly tho velume in B and consequontly
{he rate of dnlntio “thus :s:'&:ﬁ::;’dsu disziipting the equle~
dibriwie Ib is t..a“cw:o secosgeyy thal they s gmall snough
Lov tiie eilnt to bo nozidpibleo, or cu:tﬁ.oicnﬂy upaced 19
perrdd e cysten meannidle o roetwen to aqmlihri\m. Wioa it
is rob roounsay Lo effcct the canpling ot o well delined ine
stard (Cotermiration of x state of za:-:.:d'.;r..u:z squwiliorium), one
cain ii’w sivantase yecover tha pyoduci® Lustead of a direct
83D1Ge

2eTho conditions dn tho sarple tsken chanse radicelly and wory
rroidlys bhenes tho == dis*opﬂ.rance of the dimiting elexsnt can
Bo & tattor of oxdy 2 fovr cecondse Adcguate treatuont must thus

be eppiicd Lio-diatelve Shio most efficadious and tie most gersrally

applisgblo coeists or holding 4ke camle on crushed ice.

e T2 risliz of contomination, with this apparatus, arc not
neslifesbloe Wadooroxdsnd ‘mmmw

e AR Ve ot 3430 e R 1 o) have not obsarved oy, hwevar,
in tha cowrse of ruzsrous soyics of coporinexts with o nmcdmm
curation of cavon ar aight houwrsse The crpsratus described was
o} concoived for a poruanand operation,

e - IV COMLUSIONS AND CO:XENTS
\

I 2 mm*morabacmmmatac&mmmnn

c 2t & congtend rato of grouil, iz a usdiva of cemstant cosposition, is

poz230bds in theory ad roalizmeble in prac 0y tha::'_-: tothapﬁ:niplc

‘or "coat&mous d.luﬁ.oa ab ccr:.ta..t \)

*c:sua.\as:,-tmto‘bcznwmibu\m, 11'..3:1.%35::1::4&

_‘.art‘.c»:t,;t&aratcotmum(ratioctvalmctﬂmparunitot
L 443 4o voluss of culture) bo cgusl to tha rale of grouth (nwder of
"_-_.-’dvi»mmp&m")mﬂ.tipumhythﬁcsmmm@ (Bxpesizn logeritha

of 2)e  Sais Teowld o Yo gbiaixes & too ddfforant ways: (a)hwﬁdustm

4ha yate of dilution co that &% balarges thsn.::!.'nnmtaotuhs s

B Moo e 1 bow S

Ty Lotiine s oultwrs mdr uatdl 4t b
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2¢ Aoz Uith a conbimwous culture in 2 colferogulsting cycions

g
.

-

- the oxperimentoy bac abt his dispessl a means of fiming theo »oic of

o growth at any desired valua belor tho mucimuame It other wwonds, the
“rate of growih bentues, ina cortain measure, IoTToiza on AnConeraont

. ovaxiablee That 28 a valuaois oxpoyimeontal rosourcso: it 15 useLlens WO

Ixsist; in this cwmary, oa the numsrous possible spplicsticns. O the
“olher hand, it iz necezsary bo wmderscers the danzos that imadmdlomoroii
i) have bezk forcssen, in Tha dintororotation of esperimenis, of treating
“the yrate of pgrovih 25 2n wneguivocal and abstract variablse The Freculae
tiox® of the rate of growth, In 2 continuwous culture, 3is oblairmsd by tha
- intervention - of o Iimiting foctore Moty cloments of 3xtorgrotation depend
ox the rature;of tho Mwmiting foober, of its effcects on the cempesition
and tho motsbolizm of tho bacterit, o%tese fiuthorts punctuiion..i/

e

U 3. Confinuous culturcs lord themselves poviicularly uell fo tze
study of tre kinetics of proccsses ¢f cyabhasise Thae compesibicn of a
coll in the midst of srowrth, widersiood as tho rolation @r ra’.;io-’i'_z/

of cach collulor considtualy to The tolzl mecs, terds foumrd an cquite
Iibrlum when the rote of growkh is conctante’ Tue concerniraiion of oach
cclldlar condtibuant, ob cguilibrite:, depends on the corzinats of speed
L:g_a'heg/ of the prdectses of synthesis involvede.. Too dotcrminaition of
the cquilibriwm cbitatnszd (thet is to soy, tbe msaswo of the sizdlo
concentration of a collular constituent), av a funcilon of Qivercs
variazbles, cones back Yo cotemzination of the effcet of thcco voristles

1 the soced of thie system of reuctions by which this constitvcnt is
clzborateds Thin nmothod of cquilibrium evidently proscoutc grend thoorctical
ad practicel advantarcse I pormits comparicon of theoreticzl models
uith oxp Fimerdal resulic under cuch corditions that many “strangoel
For tforeisnt—Tr/ factors are cancelled fanmulled/ o 2% lsast maimiadned
constanbte In moit owma, the tochnique of mddamr condimous cultura applicd
to The otudy of theso @ifficvlt provlens maxps pormiis tho gaining of o
few dogreen of frcodom dn exporimentotions Bub hore zgain the sinplifiae
cziion of the exporimental provlen chowid nod cranie The iliucion thad
the phonomsna themsclyves ars cirplificde TWoro ib cubireiy seticsiying,
tho tacorsticel modcl of ¢ procoss of synthesis would o only & partial
roprecentation of @ phenemouin.  Thorg i3 2o fczr, bozides, that
the roslbe wili cecommodats themsolives €90 casily to zadvglyr mechandintic
intorprotationse Do Those for avpplomontary Cogrecss of frocden give on
e conbrary tho moons of mlilnnpiiinrerimmpimrrremurr i I mnennd
wressrienx putting theoraticsd schizues %0 more formidabls ond mors

savere tishe

Le Tho Ycohmigqus of coudinuous culiire wmdoubicdly wowld flnd

B oade ae F LR - ho JK SOV T S - S, P PP > SRR, ) ot ”
laberecting ooplicetions in the caolyzis of mudabiliyy Jox mubation?/.

-~ -
e TR N U - S - 28 - - B2 I ory - S et o %% o
Sub ALY Lo smoccsgory Vo montion dn thic gommecition o éifriculiy thnl
Ve - oy te . - ars X &% o3 oot = > ) ™
huag nebd boon vicuslizad in the theorslierl discuccion. Ce hos, foo
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DonSIanelus.  EBomoginsous morc or dooo dn this vhieh congorng Shoiw
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AUIRTLOTERY O Dwossyiies wualr conziloratlion.s It ciporimentotionn, on
[ oo K} - 3 = & o .. -y o> -
- Geeamnmip e s o 2T e ey -
s enutiany, ors esimol nofloed 2o pricrd the foctors of colesticns Tio
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/i on0d, Je Iosearchocs oxn. "‘xﬂ growin of bactorizl culiircs.
Heraann, eSey Posis, 1942,

} zrnd ixn noustrizl realil SioCe
;Ii"ro o’ _.9’49’ 3:271.

/t./ or Od, ey Lcrrlmﬂ., Ao.ao’ ard Doucoyoeff, Hes; Thoso Ann:

23/ Taiceicr, G, oo Sciontifie Davicr /la Rovuo Scioniifi

clindmzied by ausquate conitzoin {(ilonod, Torrieni, end Dowloroif, 1950).
how o %2lie cocownt of L9 o elintuato it, viot coxirole 4o vcey
s on: the problium consldizred ond cannod Yo discussed hero.

,mpr

qra/, 1942,

209—2114.
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