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A ritigue on tho ¥illtrabiliiy of iaotoria
Introduastion

in tho caerceiul world a jroposzl nust huve an
1 mediunie inheronsi nmatorial value, vheroas in rure
solence ury scicntifio fuet irres:ociive of its
practio:l value is imzortont, [‘reguontl; obtsorvations
that appurently have no naterisl worih, later Leconze
esacntiul etepsplry stoncs %o objoctives of positive
coonomio 1:iyoriaxce. “he proof of the existence of
f1ltruble stucea in bucteriul life o;cles ey Ve tne
tagis oo Lroritant economlo dlscovories in all phasces
of bucteriolorle.

In 19&¢ Lohnis und smith prescntcd a rether
intricute l1liie ¢,cle for the Azotuluoter which included
a filirable starcse Lhey jostuluted the Zorinilon within
the buoterial cells ¢f ronidia of such slzo that they
wonld pusa through e Leriiefeld filter ocundle, i.ore
recently landuroy, lladley, and :lendall have precented
data on other or;onismg that sppeur %o vulidsto the
{indinge of Iohnis and Smithe (urther ovservutions uro
necessur; “oth a3 to proof of the eixlsicnce of filtreble
foras and of their relstion to the noneiiltrealle
buasteria, us the data ut the presont are exireaely

fra;riontary and hizhly uvnorgenized ss to continulity,
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seceteriolorists arc divided into two schools of
thousht cuncernin: the e.isusnce of 1lile cyeles in
basturise Jue first consiele of tho followers of
plociiorphian, the #L11ity of the bLusteriul cell to
presgont ey viried features of etructure end size;
tho second composcd of those who Lelleve in 1onoe
sorphisa, the fi:dty of the tucterisl coll in only
one forn.

Fggel1 (55) in 1877 presonted the view th.t tacteria
are 6itrenely ploonorpliice ile belleved thet ell tucterio

belon-ed to a sin-le type of {iseion funzi, hi hly

vi:rintle, reatl; wdepielle norpheolocriocully, fermentutives

1y, and blochenioclly. .n the otlier hend, Cohn (11)

in 1375 prescnted the thuoury of moxcrorphisn —{th a8 clisse

1floution of Iieslon furn~y btuscd on tho &love churucliire
istlca. :loch agrecd with Cohn und wug sble to prescnt
enou-h proof to evin-t the jpendulun of thonht desinitely
tu this views lceh's touchin-g huve dominuted tiie trend
of bogturiolory antll regentlye ITorin- this reriod
rmanilesintiovne of uissoel tion vere wttritutcd to cone
taalne fon, involntion forre, und even to poor technice
Asbont 1911 the tide ghanied and Irom this tine the
concengus of opinion hus . raduslly turned toverdas the
oprosito view, oint. Jones (322) 152) suuiarizod nis
forrmer paper of 1013 ile noticed thut goile Lzotolucter
possessed a conplex life oryecle. ne obtscrvution wua

that the cells of these or;:urie:a forned two ty:ea of
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grannles, a staincblo and 8 nonestainetle. Jho forvier
mwore apporently ro,rodngilve bodies or r.onidic. .:en
the nother cell viginte - ruted these -ranules vero
liberuted, wheéreupun they grew 1:pto nornel cells, roe
procuced irdeiinitely by btinury fissiocrn, then e:ich cell
eauin for-ed ronidia ara wlsintopruted thus coupliotins
the c¢yceles .ovevir, ho stated thal $hey vere not
filirutle wnd ncdo no uenulon of the s&ize of vhe cclunice

rroduced vty tiic -onidiel foriige

L4

’"‘ (4 S IPAR . . -~ p N - .
Lonie wd Salbh ik 8 frelinin ry rote (43) 1Ule

ghoreu th.s the 1ile “datury of the .zototucotoer urd
ouher bucteria wus very coiplexs Ik u lutor coumnmunication
{(<1) 1923 they rointued ont thet the_hzotoh@otcr sosesscd
soven diatinet oell trnes. hey reporied thut gll types
of bacterial reproduoiive or -uns viere found in theeo
orrunigig, ;sonidia and onidansla, z7-ospores, Lrthroe
sporea, rlcrocyste, enccsprores ond ozogpores. “hey stuted
that when the nuclenr nuterinl waus accon,uried 'y ecunt
giourts of other coll elerentas, onidiu rere !or:ncd.
They aloo atated that these ~enidiu were in purt filtraotle
or hued ulsrasiilcercscopic purticles sesocinted with then
wilch were cusuble of reprroducln - Lzotobeeler colonics
after f1lirution. This paroer is o claecio on the
disz2ociution of bacteoria and 1g t:e btusis of ;roetionlly
all worit ¢1 dlasoclative cwcnomena,

tusd snd arren (5.) in 1903 reorted the isolotion
of a readily onltivitle vibrio. Jhey etiribuitcd the

f1l%ratility of this orendsn 1 port ut lecunt to 4ts
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ootllity,.

dundnroy (o) in 1407 preserted o Lechrnle for the
culiivution und rovuction cor visgitle oruide s Iroa
the ziltrates cf filtruble foriks ot Locterius.  Jhis
procegy conelsted caventiully in plicing: ono or 1.0 cce
of the I{ilircie oh a lictose gsclutin plate, inculuilng
the secded pluto for 24 hours, washin: the surfuce of
the nmedium with sterile btrouth, eund tronsferrin: the wushe
inz to a sterile luctose -elatin jplates Vhis 1ug repoute
6d 1ive oxr s8ix tilnes uniil fine, pinepolins colo ics
agpponred, ‘ie sianted thot at thisg stu-e it wes rosaible
to :row the {ilirzllo soras in brotihs. This w8 thw only
methcd by which he wag wlle to ~row thcsge 1Ior:.Be

Jdudley et vle (E2) in 1031 were perhans tho i1ires
to cenerute crtifiolslly end sulseoguently to o:ltivute
in pare cualiure the :1llirulle virunge-lilie avi-e ol uny
tacgterial egroolene s Jiltrutle or O fori vies roduced
durin- disasocitive chaites by raxid trunafor wrd coins,
Dhae G o1ornig were rovh ug pure ounliurca; thelr filtrge
Lilivy waus wenongtruted end by neans ol sreclul teeamio,
the rupid scriasal plute trinusler of dunduroy, they vworo
recovered f{ron the {ilirate. Jho difierent roeuotions of
the G :orma viere i1omnd %0 te ¢lfferont froa tho norwl
It or 8 tyue, but uiter gnltuble nunipunlution the) roverted
to the normal i1ormne G forng for othcy orjurisie vere
alao denongtratod.

Zendell (C6) in 1U01 reported & culture nediwa walceh

wsg lackin> in prosoein digcetion prodnciees “his nediun
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wag capinbly of chanzin: ordingsry bucteria to pricivive
forma which wore atle %o puge filterg. hese filtroeble
orzunisgis wore uncgultivible in ordinury ncdisa tut grow
waell in I nedlun.

Varney tnd !rornfentrenner (06) in 190Z exterded
tne cbgervations of 'onC.ll wnd dononetr .od tht the
gunze os e iiluratiliuvy nmi ht te witrituted to the
sugponded nuterial -regent in il nedius und wdgorted
by tae iluare.e Jaoy noted 31t the or:rnigs in the

filtrute wevre eyuully cultivable in il or other nedla.
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Lxperinental
(4)
attonpts to Produce » iorms of Luoteria

by 2hysicel iintnods

l. 7The eftect of rapld translerrirn: snud o-in-
baoteria in differernt ncdiu

There ezista in the literalure nuch coninaior sa
to tie 04a0% inmport curricd ty the terna G fori.
dadley et ul. (28) in 19C1 introcuced Lhiig desi nation
applyins Lt to coloniee, microecopls in eize, . roduced
by coccoid loras wileh were iltrable throu'h virious
troes vf filterse . rueccitor and herc.n (7) ¢n 1608
igolived o i o vidlen thery culled ;rimitive tucleria
wiceultiv.tle Ly orvdine ry ncthods, GLher ranes further
cloud the situutiore 1In this puper tie yollovins
terz:inolo-y will be uged.

l. § forns which counsliat of cny orscnisy in a
form difforent from the rorinl w:d vhich will pesa
f11%ers uni produce volornios microscoplo in eize upon
the arplicition of rupid eeriul plate trunsfer or woinc.

o I'dltruble for-is vhich cunsist ol vny ovrnnien
in the norwl or chin-ed Jorm which will puss filters,
end - 111 j;roduce golories und have rcuctions norm:l for
that orzunisi uson the ur:licution of euliteble tecludc,.

3e 1 forma which conelst of wny orsonianm wideh will
not pusa filsers, btut will produce colounles ::icroscople

in size ugon the gp;lic.tion of suituble tco'mic,
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whe nuture of this siudy reyuired the use of
govoral oontrola in order to evalumate correctly the
duta obf:ined,

l. <Control and rethod ol filtruiions Jhe lerkefeld
f1lters were sleuned tefore cuch filiratiown Ly puseling
throuyh the.a under neputive pressure £HJ cce of 8 s8olution
of potugsiua peorsunsanate (1 prua Zm0, ¢ 6.5 pgruns
goncentrated :Icl ¢ 1 liter of dietilled wuteor), £u0 co.
of 1 per ocrnt osulic weld eolution, 6GO occe of hot dipe
tilled wuter, and &30 0. 0f cold dlatlllecd wstere Jhe
filter vas taen connccted %0 Lho woconpunyin- {lusk, Lho
ontlots plaired with cotion, wnu Vie s purutus gterilized
in tho autocluve at 15 pownds stemw: pressure Iur 0 wihe
utes, he Seitz filier pads vere renewed after euch
filtration and the uvppuratus sterilized ws wlove, Luoh
filtor waus testod or its ulility o retuln erratia

narcescens after evory 10 filtrations.

Thoe pressure and tine of filirution were udjusted
to permit the filtrate to puass at the rute oi ohe or two
drops per soconde ror £ GO0ee tho amcunt sencrully
filtered, tho pressure was 1lo) to £2) mme ol i3, and
tho tiude wag three to tive minutes. These ricthods were
applied to all filirsation sindios,.

2¢ JConirol of sterility of modia. 7he ~lassware
was sterilized twvloe &t 1i3/°C. {or 1) minutes or longer.
“he nodie were propired in the usuul manner and sterilized
acgeordin:s Lo Yho stundard progeuunrc. 2Jest itutes coentiine

1.7 modaia wero gluced at L7°2, {or 43 hours, then at
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roua toiaperuz.ure for ore wecke 11 tubes showingy growth
wors discarded. The wmr plitea were ponred cacpticslly,
incubated at ¢7°'0e. fer 449 hours ¢rnd ot room tempereture
£4 houra beiore usli -y Lhoege showinrs contumineiion were
discurded,

Se vontrol of test nmterial, 4he I medlwa tules
soeded vith the filirntea were controlled ty dui.licate
filirates pluocnd in sterile cotton stoppered teat tubes,
in plain nutriont beef exiruct Lroth, or in difrorentisl
rnedia for the purticular orcunisa studied,

Rapid transforriry and s:in: of bugteria under
variouas conditions have been studied by seversl authorse
dedley (.3) 1221 otserved that rupid transfer of

Shirella dysenterilae in media whieh had slight inhilbitory

effects on this or;anism caused a chengo fron the normal
colony size Lo one which could only be seen with the wid
of the mlcroscope. i@ regorted thet § ifors of Shiz.
dysexteriae arose 1o timea durin: spontuneous or en:orced
dissociciion of tho 3 or the R foraus of tuls orguniaen,
Jhege onliures oririnuted from btoth R anc 3 t7ics un.Cre
zoing ragsld transfer sid a-ing in brotuh, with snu without
1{thiun chloride, i ponorcutin brots, from tacteriophuge,
and by naninwul injootion,

wne former ncthods vwill te coneidercd in dotzil.
2lain beef infusion troth, pl 6«8 %o pi 7.8, wus uscd
for spontaneous dileasvciatlion, Jwentiy-five hundredths
to 0.5 per cent lithiwm chloriue wus adde.: to broth,

pil 7,56 to pl 7.8, ond b per count puncrestin (3yuibbs)
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was likewlaso pluced in troth, pil 6.8 to pi 7.4,fur studye-
inz enforoed dissoci:tion, oia N and 8 tyie ceulunres
undervcnt rapid transler und e -in: 1n these 1wdia,.

2ho techrio of ra;id truncfer consisted eruentinlly
in trunsforrin: fron ore loop to several droga frosi tute
to tutoe s% 24 hour inuervules. .fter 24 to 48 hours'
inenLadlion % I7%. Ve culture wus gliced on o gterlle
g-er rlato wnd ezoured over the surinzco “ith a eterile
~laey L-sha;ed rod, Thesc secded pludes vere ircututed
fron €4 %o 48 houra oud differortiul colowny plate eounts
ne.doe “ho studaies in a-irz corsisted in part in placing
tiio or;:urnigas to to gtudied iun the verioue ncdla wund
nalis

2

gutonlvure plates ut intervals for difforentianl
colony courts, :udley fou:d th:t on obout the seventh

to tonth tranafer nilorocolonies apoeured in larse nunbere,
sonuotines preceded bty & sterile rplate. These aypcirunces
were very rejul.r in recurrcenco, Wit%h rerected tronsfer
the ocolorniecs disup;oured, roturning esuln when farther
plantin:s wero mades The cultnral, morgholo -ieal, and
chonionl rcactiong of the 3 colonics vere ottained. Theeo

differed from the rnormal Chiz, drsenterine reuctions.

Tho culstures were fournd to be filtratle und thoe filirute
unader proper nunisnlation prodnced nmicrocol:nics or were
truo G {for:s,.

rarox (54) 1921 obteined results with 3s:lnionella

arrtryete whiich confirmed lladler's work. Uhe teo':nio
ncod clocely foilowed thut of the littere 4t the

teruin  tion of the euperinient gl ¢nlturcs of the C fomms
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of 3uale meriryoite woro eecded cn veul wr ;lates, seuled
with adhesive tupe, and pluced in the ice tox for Jive
montha, A% the besinnin of this perliod the oulturve
were mlcgroscoprisc in eize, btut cfter ti:e priod of ¢ -ing
only yellow, oz:gire colornles 2 to & e in dicrieter could
be dlagovered. .nu ox;lsn&tloﬁ of this ﬁhonoﬂanon vill
be offorsd lsatcr in this purer.

ae The erfiect ol ru-id trapaferrirs wrd o -iny shic,
dyrevterine in dilferers modiae o an utien t Lo obt.dn
¢ formg the inilnmerce of rupid trunsferrin- aud uvins a

giruin o “hl-, “reenterice weg tegted in dilferont rediu,

Jhe c¢uliure waa obtaired Irom ludley of the University
of ilichiune hig etruln wus the one uced by deuley to
obtuin the § forms that he has reported (£3) 1UEl. In
ordaer to slaiulile the conai tions under which his work
was conducted the followin~n ncdia wero eclegtcd und pree
rered aocordin> to his recormendutions: (1) viuiu beef
infusion broth, pi 7.8, (2) 0s&H per cent lithlun
ohloride btroth, pi{ 7.6, (3) b pur cent prnoreatin btroth,
pl 668, (4) 5 pur cent puncrostin broth, pi! 7.0, (L) pluin
beaf infusion szar, and (6) litwus lactose w-ur {(Lifoo)e
A suffielent waount of each mediun was rnude &t one time
for une entire espertmunts iefore usiny cach tuto or
Flate of mediun was incubated for etorility es outlined
previounsly,

Dedly tranelers viero nude in euch of the Jour lroth
media. All tnies vere inculated &% &7°0. after 45 hours'

iroubition each onlture was streucod on litus luctose
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und plain beef infusion wzur plutes. “he ;lutes vere
fneubuted 43 hoars 8t C7°3. for O to 10 duys et roon
temperature end e.aiined for colony foriutlon ab a
nagnifiocution of 1)) digmeterse

2he initial tube of cuoh eeries wos plucod at roon
tenscrature, efter the incubation porlod st &7°C., to
determine the efilect of u3ilns. nvery 24 hours cuch
culiure wus sireuiied on lithwuy lecitose wnd jluln tect

infusion a>ere Uhe plutecg wero incubuted erd olanined

a9 outlined elove., .lthoush fhize dycenterive wus ssod
for b0 duys, ond in epite of 53 repid trurslers in four
dilfercrt troth ncdia, no effeat of ulscoclation w.a
otserveds he colonies present on esoh plete in the
peries vere rouh sird opuyne throurhout thie coureco o the
cipcri ort. ‘

De Jpunlituncnus unud enliorged gdiesocictlon of buoteria
by rapld trunsferring und w:inse althoush nuo G forvis
could te oltained fron Shilg. dyscnterise, tne metiicd of
rapid truneferriny srd eoing wes exteonded to oiher
bucteria urd to scverusl other nediue Seven or:ulls..s of
different gonora, toth pathe-enic end nonpatho -cunio,
rctile und nomaotile, jimeut and nonpi;ment for-ery

were sclecteds (1) Shi-ella puradyaenterice, (2) Serratic

1ndidﬁ, (3) chronobsctorinn violasoun, (4) acherialiia

gold, (5) Salmonella pullor:m, (6) jerobucter acro.crea,

and (7) Shirella dyeenterice,

The medis were presored us outlined telow: 1)

media were sterilized in the sutoaglave &t 15 pounds
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gstean pressure {for 1i to 2) ninutes und checiied for
sterility by incutatingz as descrited previonsly. he
geven or-unisgas wore rlinted into ouch ol lthe iruih
media: (1) Jlaln beef exircet troth, i 7.8, (2) ;lain
voul infusion broth, ni 7.2, (S} Veb por cent litnlun
chloride troth, (4) 1l per cent lithiua chloride biroth,
(H) 2472 por cont 1lithlun chloride troth (6) ! nmediun
(Lifco), c¢ud (7) 26907 per cent Yrilliunt ;reen Lroth,
Iu wudivion a tate of euch wig used w8 u conirol on the
eheenge ol 5 Jor.s ifrum the nrediaes The cerliure tulea
toretiicr with vhe gunirols were inculeated &% <7°2, for
24 hoeurage ilully tronsnfoerae vere made {rom ochh wiie in
eagn scriea, .{icr 439 hourg' Incubetion tho culinres
and ¢ :ntrola vere streaked on veul infusion swruer plutes
that had beon previousl; checited jor sterilityes <Jhe
gcedod :rlutes verc inoutated «t C7°Ce for 44 hourse,
followed ty 6 to 1) duys at roon texn‘-erutnre, nund oxwiined
for colouy for:wmiton at & masmificatior. ol 1.) diwieters,
Colories reacr i1 J§ orma were ant.culiured Lo veuwl
infusion broth, incututed 4¢ hours at <7’0%., wrd filiered
throu;h Lerkefeld N filtere sucordin; to the tochuio
proviousl; outlined. <Jhe filtrutes wore siudled ior the
presonce of ¢ forise

Jo dotermlne the elfioot of a-iny the iritiul tuves
of ench geries vere pl:ced at roon tuenperature ufivr the
incubtation yeriod at &7°C6 ..t the inlervals iven in
Yelles £, 4, 6, 3, 1, :nd 1 the nnterial in euch tuie

wug streaied on veal {infusion ajur plutes previously
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chooked for slerilit;, und ulftor incuvution v o72d.,
followed bty rooun tearcralure, Wors exauined for colony
fornaticne Jhe cunircl tnles reicincd siorile ior the
envire einerient. he plutes produsir- ricrocclounice
were irncutatod ore wosx to observe «uLy cholice in colony
8i1z0s ! lcrocclonies vhich rerwilrned constunt iu iz
were curefully tronafiorred uwnder a rmemiilcation of 1.0
diwieters, to vesl infusion troth, pi 7.0, und inrcubuted
at 7% . for 43 hours. Lroth cultures which shouwed fulnt,
opalesge:t ‘rovth were filiored accordin: to the mewncd
previonaly deseriteds Che iltrate wus clewr ena colore
lcade 1o 6o, wrountg oif tho Iiltruie were pluced ing
(1) Joul inineion troin, pl 7.2, (&) i medlua (Lircol,
zud (3) o sterile cotton stoppered teed Luiees here
tutes weore incutated ot (7°2. for 72 houre, followed Ly
one week ut roui tom-ercture, when ivney were eivrecked
on veal infusion yyer plutess “hese viere incubuted ot
$7?36 Zor 44 hoursg, followed Ly one weck &t roun Leupere
ature, urd then cxunired et a aunificution of 1w
dizieters fur ceclory f{or v-tlone lo colonicag vere dige
govercd on vy of the pubculivre plates; the nudiu contulne
in> {1ltretes from thie cultnres yormin: olerosclonise
remined sterile mneroaceplcally ena sdcroscoricallye
“his domongirsted that these or-unisng vere not Jiltrutble,
and for %413 roason the term 5§ torm could ro% Le a:.lled
to ury culture icolnted 'y rupid trunsferring or w in.
Ac:ording to the terninolocy outline: previocusly, tho

nicroocoloniecs formed wvero labelad | coloniea,
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1. Iisaocoiatlon in plain beef extruct btroti,
Pl 7.8, ?lain beef extruct troih wus nade in the usunl
risrrer, adjnated %o pi Te8 with I'/1 radil, tuted in 10
00. wiovnty, sterilized urd ceeded wiih theo vecst
or:unieng.
a8, Hn-id Ursnefer. Iota in Tulle 1 show thet

only three or-unisi2 srodnceed ! colonice, hilv, MWirie

dgoenterine, ‘feche coli, urd fale. pullorum. Lhey

apspeured ~hen 3 colonics vere “he predominatin: Lyhe.
be J4cince Uita in Usble £ ghow thet only three

ornigie srocduced !N coloriecs, darom, violuceun, ..no4.

anli, eid "al, rulloror, tith thue essepiion of Jhron.

viol aeri in vhich the ap. e.ranco ol the i typea w.s
creaseded Uy three sserile plates, they iurose when 3
colonios were the preuvuminatin: tyoe.

2. ipontaneous disancietion in veal irnfuaion
troth, pd 7.2. Veal infusion broth was preparcd in the
uaual munnery, cheokod for elerilivy by ineutution, und
aeedod with tho tosd orpganiena,

a. Hapid transfer, izti in Yable & show uhit

four or:unig 8, Sorr, indica, shi-, d¢zeentoring, hron,

vinlacevn, und 3snls pulloruny, produced iU t:pe colenios,

tho firat two when i colonies were the predominciing
trre, the o.hers vhen 5 solonies werg in exceso.
be since e%a in Table 4 show that the produstion

of il colorice in  hro., violscenm and Szl, rullorem

-

oceurred <hen I colonies vere predominunt in the for:er,

nnd vhex 3 coleorles were in czcess In the lattor.
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e inforced dissociatiocn in 0.5 por cent lithiun
chloride broth. 2o veul infuesion troih, prepured in
the usnal nunner, wug added LICl ye.8. L0 nl6 & cancén-
tration of 0.6 per cent, <“he mediwna waus cterilized in
10 coe orzountg and sceded with the test or-unisris,.

a. Roepild transfere Luta in Juble b shiow th.t i
t;he colories veore prodaced wion § iypes werc in escees

in 3err, indioa, and whon N types predoninvted in Jhrom,

violuceun and Shi~, Graensterine.

be aginge lTata in 2atle 6 show th.t 3 tyjes and
2 vy;es wora equel in soount vhon i gulonies wrose in

ferve fndion, ond that 5 iypes predomlinuted “hen i Ly)08

grpoared in ache 00lil aud Cel. ullorun,

4e lriorgcd diassocistion 4n les jer cent lithiun
shloride btroths Uhe .uwediun wes prepered uws in jpurt &,
ez3op. that the concentration of 1401 wug rwde 1,0 jer
conte

de Nunld tranasfer. luta ixn lJuble 7 ehow thet L
tyges wore cobtelned vhen § colonice predoalncted in Serr,.

indica und Sale rnlloran.

be s2inze Iata in Yuble 8 show thal R and S LIpes

were eyn:l in Jerr, indicn, and the$ 3 tyres rredominated

in 824, pullor-m when !i oolonles sppevred.

be Inforced dissociation in 2.0 per cent lithium
chloride trothe The coreenirution of LICLl wue Made 260
per cont in veul iniusion broth.

8. Rupid tromsfer, Luta in Joble 9 show vhet L

colorniocs were produced in Jerr, indilca ard !'sah, coli.
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- it
be azince Iuta in Jeble lu chow . types opeure

ed wheu it tyres prodotinuted in ferr, irndlen,

be DNiscoclation in I mediua (21£60)e & <e0 per
cont susrenalon of yodered X rmedlun (Difco) wee riewe in
distilled wvater, storilized, chuecked for sicrilliy, vnd
gecded with the tecat ox-anlsnig,

a. T’ id trinefere Deta in Julle 11 show thct
tyre8 appeured whoeu 1 Lrres predoninsted in Shron,

violicenuy, w:d ~hen £ trpea predoninated in 5:1. rullorun.

3’

te acinz.e Po it tyes vere produced.

7¢ Tilgeocil:tion in Lrilliunt precn Lroth. !rillicnt
Jreci troth wus prepared b addin: peplono, 1l promg wnd
seut extrasé, €0 grune o 1 liter of dietilled wuier.
“his snaenslon vas heuted uniil discolved, wdjusted to
pl 7.0, tnvocluved for one-half hour, filtcred, und to it
vi@ addod 7 coe 0f @ le ) pur cent solution of Urilliunt
greetiy, he mwdiwil wus inbed and steriliced,

a. !npid trungfere lata in Jatle 12 show thut ..
tyzea were ohtulrned when 6 Lypos vere prrecoulincnt in

Jele pnllornni,

be «3inve luiu in Uible 1& show thetl i L ;68 were

obtulred wien 3 ocolonies were precvoriinunt in " sche coll

end Sal, rollore i,

Licouceion:
Javen diierent suvccles of bucteria vere trunsferrad
Gally into soven dlifcrent ediu and the wonearunoe,

persistonce, und disup;curince of 1 ¢olorice nosede
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It wue ohgorved Lh.t in nost cuses . colonics
appeared con 0 plutes nade Iroa the fourth to sistih
transfcr tulo, poereivioed turow:h five Lo seven treugfor
end then disuppe.rede Jhey uleo ap;ecred crior 1) duys
u v ord discopesred Jroa the 2ith Lo bButh day of 2113

ho regnlerity with wadch the ¢ foris wruso in
esperiuernts by ludley on spontancous uld eniorced

disgoolstion of Ji7, drsentrrice by rupid itrunsier vid

ainry, end condirned by Lurog with Cel, serir;-ceiie, was

not otserved efthor with ohi-, dyvoentarice or other

or;ualigna, lione of the nmedio produced i t;pes in ull of
tho culiurcs; ve:l infusion broth {leeclsy s;ponscreonsly
3ave rise to wore cieea of ! volories hen uny of the
speciil enforelr; mudiue Jhiere golonies ocourred hape
hazardl;y, wid no relationghiip boeltveen the »rescnceo of R
or 3 colcrnies, the ty.e of riedia, the vuriutions in the
chwranteriaiies of the orjunisis, or the teciirio wnd the
arpoerenco of D colonies could ve dlscovercd,

“epreaensviilive colonics eclecied et rondon ond
Tiltered e onbliiied previously did not juse crieleld
N {iltecrae or this rewuson tie writer did not {cel
cuaitified in ep 1;in> the torm G fora to any of the
rilorocolonics obtained by rarid trunefor or uring.

2+ Attoipla to obtuln pure cultures ol 4 types Ly
serial dilation.

Althon-h rupld transfer vnd onin: of pure onliures,
ca indicated previously, in verious media produced :ioroe

colonies which resembled ¢ types very closely they vere



wlte

not filtruble. 3everal authors, iiudley et ul. (2C
1921, varney und Lronlecrbrerrer (66) 1UCL, snd insaer
(70) 1922 etuted thut a true ¢ cultnre must te filtrible,
“he data ottulned in the exsperirents on ;ure cultures
indicated thut these forms wvere not ;reseut or sssocisted
with the or~unisns studied ond could not be denwonstrated
by rapld trunsfer or a-ing. ocongevuertly a different
nethod, ecrial dilnsion, wus errloyed on r:terial krown to
cortuin several diifereit tyes oi orruuig 8 in nuturally
oueurfing gubsturices, nuilk, sevaza, cta.

~he mcthod o) procedure was siniler to tnat exployed
by irueckner and Shoraen (7) 1922 who recorted & hizh
inoidenve of priaiiive forus of bucteria in nany naturally
ocourrin: sutstencea, milit, soill, sewaze, etc., "_hey were
ahle to oituin these foras in pure culiure by seriul
di{lutions, 1 x 13'13 oce 03.4 hi-her, obtuining crowth bvy
spocial nethods 88 rozid seriul plate trunstfeor, ~hey did
rnot conclude that these forns wore filtr.tle, tut they did
stute thut thoy would rot grov under ordihury ocultorasl
nothodse In a gindy of mils from nornal cows they derione-
atruted that primitive types of buoteris oocurred in larger
nunbers than tho ordinary type of orsunieis. Thie was
ghown by obtalninz ;rrowth of primitive forns from high
diluvions of the nmuterial atndied, 1 x 1078 co. rna hicher,
althoujh che.uenul forme of bacteriu could not be isoluted

81z gumnles of sewnce end four sanples of skin mllk
wors used for tho test ruterial, lextroase beef infusion

broth was tnted in 9,0 ce, snounts, sierilized in the



e
autoclave u% 15 poundas steum preasure for £) minutes,
vnd checked ior eierility bty incubavinz before uelrg.
ne cos of the eaiyle wus pluced lu tube 1, thls tute vus
carcfully shuiien, end l.0 coe of the nliture trunusferred
to tube 2 with a sterile plpetie und continucd until the
£0th truansfor hed teen nmede pgiviny a series of dilvtions
iroil Uel ¢0e to 1 x 10 ~2030, of the oririral sungple,
Duglicate dilution serics were run on eacih sunple und on
& control tube for euch Lateh of edlue .ne set oi dilrntions
w8 pluced at L0°0., the othier et &7°%. for 72 hours. 4ll
tuces gshowin: srowtn at the e..plrution of tnias pourlod vere
discurded; the reininder wore ircubuted et 20°0. for three
wecka, nftor which they were streaked on doxtrose toef ine
fusion e3ere In caoh series the lowest dilution tuve thet
had not showvr growth &t the end of %he prell :innry incubetion
period was exnnained by the rapid serinl plate truniofer method
of isdley (23) 19i1. At thoe tine the samples vero diluted
they were also filtered fruactionanlly tarcn-h & ieriiefold [
cundle. TI'o difference could te shown dbetween the euriples
incubated at £6°3, for tho entire poriod and those receiving
preliinury treatnent ut 37° , The mutoriunl treated with
rapid soriusl rlate transfer did not show growth nncroascopice
vlly or microsoopioally. lsta in Jable 14 show that no
crowth woa obtalned on suboulture pluates at the end of
tharce weeks ut £5°3, fron tubes whioh 41d not show srowth
eiver 72 hours at &7%2, Thie 444 not disprove the presence
of ¢ types in the maierials studied, but merely showed thut

they were not prosent in the scmples in groator nuaters



able l4, Crowta Lltulred on Subonlinre Platea fron

Jerinl Iilution ubes of rewspre wnd txim ! 4lk,

¥ v
ruterial Dilution = 1 x 10°% '
v  § \ j A

’ L ] x ¢ ] ] o " L

; ﬂc ; -2 ; -l : . -+ f) . o) 10 «2) 1LQ"|’

T T * 8 4 * 0 * V& 0 - ’
L 4 Y v v Y v

Tewn @ P S T e 4+ % e - J
v 1 | L 3 v L ¥

Seware 1} ¢ 0 * 0 L 2N | P 1 @& [] - [}
v v \J v v v A

sewupe (] * 0 ¢ 8 ¢ 0 ®* 9 & - ¢
N ¥ v 1  { L v

TQwWne T * s v &+ * v @ 1] - L
v v L v A  § v

Sewuce ] * 1 4 0 + 0 » ' o - s
v Y ) 14 v v -V

Sgim 1 41x ] * * 0 +* ¢ * 0 0 [} - T
v v L L 4 v ] RJ

Sizdm * 11k ] L N | L 2 ] ¢ ¢ o | @ ] - L]
— \ B v L v 1 L LA
Skim "‘1&' L 2N ] * 90 ¢ » ' @ ] - ’
— L v LA v | v L]
grinp4le b v 40 6 b0 - ot .
B | 13 “v v ) 4 v L

[] - ¢ ® ! » t » 't @ [ ] - L}

control

¢ = Grovth ol tvined in dilutlon tubes after prelimincry
incubation at 2022, or 27°C. for 72 hours

e =« l'o crovtar ottuirned by raopid eserisl plaite trunsfer
or on atreck snbouliure plates of the materiul
aftor Iinecl irncubation at LL2C, for & weeise



i

than tho umiel tacteria., 1o nat omot to coniongtreto
thae pragonee off ¢ tyoes in nny eoncenbtrrblica in Lho
8orn 7 the neiheds of frectionel iltration (ove nogctive
rosalts as shom in dolla 1He Lhe or_enlomg prepont in
the sumnlo ¢id not mrags the £41ter until tho fowih to
ei hth frocticn, and wore tho usuerl types foind in rill
O [OWH{ 0. ither £13terllo forng or G fovng would Leve
pagsod in thke first or gecond Treetion ond ecccording to
Truoelner and Ihorren (V) 1207 epad icCleoy et &le (3, 1501
vould hevo bad diffeoront clernctoristica from tho or anilasnis
ectunlly obtteined,
idacusgion of Loctlon A
1, stiornts woro nelo to onforco tlo production of

G forms feon gonboucous ond ea’oprcod dissoecictions by

enld traagsize ond eging o soven difiorent nieroor; niiioms

in varioas riodine A roa hr atrain of (131, Cyoontiowico was

aied for 00 days and eerriecd tieouih OO Celly teenaforse
Lo avidonces of cinscocintion wero notod In eny of the four
nedia ucods Lo rocularity noted by lLodley with viich

G formp coermuivrod ian (V4. dvpanteorisog wng not olaserved in

any of tiho soven orgeniang studlod in any of tho redia,

"o rolationstine conld ho ostebliotod votwoon ti:o ha
linzardnoan of tha avogrance of nicrocoleiiecas end Llo tyno
of modle, tho elwraeterictics of tho or cniam, or tho
atnto o disceeintion, 7 tbrontly ti.on0 results confirmod
thicso ol tained by indloy of sle (20) 1051 end Durax (H4)
1513 Yut vien roproneontatiivo niicrocolonios veoroe tienge

forrod to voal infusion troth end filteorod, they ¢id not
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eife

negs forlefold N filters.e oenuan tbeso miecrocolonlos

2

woro not filtrollo, tho torm I colonles ratior thon G
form wng o lied,

T« Mo toclnic of serlel dilution renosicd by
Pruoelner and fhorran (7) 1052 was op 1iod to six armolos
¢f goua_ o and four srrnisleos of akbu rilii, o € forrg ov
i tynes eould te dorienstreited in thoso semples whish were
aloo filtornd fractionally. .To or sniang rocoverod vero
tl:0 ugunl tynes proseal in sovagoe o in gl mills,

Ii fortig of btoetorie rathor than G tynes woero Corichie
strrtad in ow rulora wndor cing ¢isnocliction nnd in two

ncturnl sul.otences, seowg o ond gliim nllli,
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Attoxpta to Dotongtento tlo FProaonee of U lcwmg in the

Yectorioshage filtratogs of {olronplla muillomin end

Stasyivilocoact 2 prveong

Jhothor or not G forms mry bo obtnianed from tho
Imctaéio o filtrates of various or;rniagng 1s 6lill a
rmattor of contrevorsye. Vornoy end lronfontrenner (6¢)
in 1972 wore uvnetle to obtein G Fforms from 20 strelng of
buctorioniio; o filtratos studicd. [LicCloy ot el. (25) in
1021 reooorted the nrogeace end iceletion of a & fom

from (34, guonnbnpinn et riophn o filtratos in tho

litorature may o found othor roef'oroncos olillior afiirne

ing or Conying the prosonco of thoeso forma in the taclorio=
vhego filtretos of verlous ow ocnlons, i.ovever, it socms
wneecessary to cite thiese reforonces ot tils tiro. In
vicw of ti,ooo conflicting rovnorts it wag thou b exnediont
to ralie furthor studics on the tectoriloinpo filtratos
lytie for 2], mllere= and Lo, puonig,

l., ftttomonts to derionatrate G forma by rapid soriel

plain transfor of (ho hnctorionlin o filtrete of ol
pllopa eiod ia i nodiun

e rrtorinls used in thoso studios consistod of
sorinl fi1ltyntos ohteinnd fro 3V troanasfors of a Lecborloe-
The 1ltrato in onol: causoe was

phaoe on jal, oullomii,

edded in prounts of 0.1 €ce nnd 1,0 cce in duplicaie, to
plain nuteiont meat oiteact breeth, pl 7.7, to which lol,
pillo had previously bern cddods 4After 24 hourg?

incubation at 57°C., tho tules shoving the ¢reatest lytio
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ection vero filtoroed throa h Leitz filters, Yhia tronsfor
wes roncatod Celily uslag the Iregi:ly oltainod ltecterioe
mero filtreto, At iho tlie onc: of thio el ove tronafors
woro mado, l.U ec. nortions of the filtrato woro lecod
in K nodlm and »lnted on liver infusion c er platese.

e K median wes promarod frai f'resh hog Latostinos
aocording to tho metrod recoronted vy soncall (i) 100le
A 360 prr cont suspoasion wag rnde in Tyrodo solution ond
tulod in 10 coc, amounta. ‘rhe tutos woro guteclavod ol 16
pounds atoam presauro for 2u nimmtes and iacubated to
chicgl: atorility, 1o K redium tubo end the liver infusion
e nr plateo woro usod oo conirols to choeir tho storility

of the reetorioniingo f1lteato ot the tine of 4ta properatiocn.

ihe btroth culture conteining jcls ana tho bactorio=

phaje filtrrnto ves filtered by cdiluting Lt with CU cce OF
storileo physiological selt sclutlion and iltoring undor

a ne;ativoe pregourn of 100 to 100 rme of e Tio tirno of
filtrction was lesa than throo rinutos.

it t o tiro tiie lacterioshopn flltrete vas planted
in K nodlan, £ to 10 cee of tho filirato woa alno placod
in a cterile cottcn stonnored test tuhne “heoo (U tules
constituted tlio matorisl rfor st d ing tho eflect of repid
poricl nlrte trancsfor on bacteoplophn. o filtrrtes erod in
K rodinm,

Irodintoly aTtor proorring, these tulies woro iacubatod
et 87°C, for 72 hours, thon nt roonn tompersture witil the
conlotion of the exnorirent, In tie situdies rude on
theso filltrntes, the ones egred in K rodiunt will bo deos=-

fowntod as soricy a end tiho othors s sording be A1 tullos
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woro ntorllo mrcercacopically et tlo time tho rosid gorial
plaro trasafeor rothol ves avlied to eachy tulle of Leth
sorios, vilch rovrosonted porlods of nging from 1 to J0
coyse 10 nirceodiire consisted 4n placliy leY cce of thio
rutorial in oceh tulo of sories a end b on a aterilo voal
infusiton egor nlate vlieh hod hoon chioclod for storilitye
o filteato viag pneoad cvor tho surfaco of Lhe gine with
g storilo Lechnpod gloes rode Afteor incubuting thio seadod
nlntnog at 37°C. for 74 henrs (hoy weoro exarniinoed at a
rognificntion of 104 Clomoters for tiie proscnce of eolaonioesyg
tho surfnco of tho e pr wus thon wno od with 24U cce of
ntorile vocl infugion broih. wie cce Of this waollig, was
transforrod to e storile veal infusioca a . nr platos ulils
nrocodure as ronecected until Lho colonles aoneorods 4Liicoa
woro fished end plontod in storilo voal iafugion lroth for
furthor sindy end L ontification, Jiore no grovti eculd
1o <¢iscoverod ihe sories was contliaued for et loast LG
tranosfors,

Data in Tal:le 1¢ show tiuet growuli could Le otieinod
from only 1¢ of Gv mecrogeopically storile {iltrcios to
vhich ropld sorial nlote tranafors had beoon apiiied, If
K modiun onhences the (rowth of G forus, celoalog ohouldd
Lo ol.tegaod fron filtratos epod ia kE nodiws o giioptor
poriod ¢f tine than fror: the corrosnondinge filtvrtos
coed elono, it ia, hovover, wos not tho caso, indecod no
rogulnrity of envearrnco vos notod ia eitl:or seorices a or
b, thus tho occurcence of eolonies on tho ranld sorial

nlatos froa filtrotos eped elono and in K nediun ruat te



Table 16. Crowth QObtained by Rapid Serianl Plate
Transfer of Sal, pullorum iged in X liedium.
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Sirdihuted to oticr frctors (hoan ol ing. 46 is mosoover
net deonondont on tho rodlom vood, bnba ia Vello A7 ol o
et thoro wero throo roin tiros of colonies rocovared:

Yypo 1 wrg o troaslucont, colorlosg coluiay mensuring
about ono riz. in dlemoior, cuasisting cf o ovt rods wiich
ora Grrn nopativo.  hego wore nroly bly filtrablo forms
of iolae wuddoniyg end peasoed th:o Iilter i oithor tlo
noxraol formm or ia cio vlich culelly rovorted to tho nomnl,
boeauso they wvoro recovoroed oa Lio first teensfer {rom
tho tubea of cerlos £, o od 6 and 11 «rya, ond fron tho
tuboa cof sorica b, n od 15 end 13 Cryse

Vyno 2 = e najority of culturoes rocovoroed forred
translacont, colorleas colonion, roconring o vell I
to 0.1 137, in Clemebor £t tho ond of tho lncalvtion neriod
et 7°C. o orgnidstia wore minuto Crrri ponitivoe cocel,
e woee vopry clllar to thio G Lynen dogeriboed by
oedlay ot ale (2) 1221 and favrox (14) 1001 tut cftor
gbonGing one or two weol's 6t rowuy tomporrtaro o colonios
beensino yoilew end onnguo, morsuring £ to & 11, in dinretor,
oongioting of eccel, in tie crven oront of totrada vwiich
vioro Cra nositive, TTTioso or enlarg rosonhlod tl:0n0 of
tiro (onuo Lroreinn ead woro prolehly introcucod from Lo
alp Guring e ranid sqrinl nlating teciinic.

Jype $ fomied sproncing, wliilto, and onpoiuo colonica.
“ho cagaidlania gunteinod conleal ondosawres, LTiose orpnitlsns
vore unidontiflod nnd veroe prelebly eolllicr nlr contorninents
or wero prosont on the o ne nlote Tofore 4t vian seodod
with tho fLlbrato, tubt duo te thelr olor (o LG not

anronr until after tlho nloto hod Loon nculntod sovorel
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Coys lon or ticon tle noricd uwsod for chocllag ciorility.
1:ith tho ouecoption of thae fourp eultures in tyoe 1,

Doy

tho or aniora rocoverod ¢1é not reovert to [ rl,

“ho piod f1ltentos tlorcolvos wore 1ytic tfor fole

mijorvs, virdlo filtentos of tio orynnis s recovorad by
renld ooarlal pinto trrnofor wero net, £11 ¢f t:o colorniosn
of tyno 2 ead 3 oteined elesely rose: Dled G coloniog

unon tihelw first on oorfcneo end durly subsog:icnt roapid
serirl nlete trrngior, but uren sgtanding et roum tonperaluro
for ono to two wocks Li.oiz roporwrnea vig g dectly chenged
and ordinnry tymos of colonios eproso fro (e ricerocolonicg,
J:ony these ¢oecoluny fuwis of cordilnary bactoeria aroso it

weg ailffien't to Cifferonticto than frem tio 0 cclouiecs
dooeribod bty fecley (273) in 19°1s iTo repid sericl plcto
tranaf'cr +cchinie ey sas ccetod of heving beon LLo gourco

of tho colonirg olteinod from tlo tiltretos. l1or this

-

roaaon a ¢ ogl: oxporiioaut wvra plrumed ©f 1ehi ollnidnatod
thiin fretor,
2. Attormta to Coronsbtreto & forms by oubeulture

plate tochnie ia X redi:m tretoricnho o filtrates of (£l

T ywrerea
S O

In part 1 tho prescaca of colo:los rogorl ling G
forng, ta coronstretod by repid cerinl pleto tronsfeor
pillomy

in tho lecteriodingo £iltretes of oly cred in

X nodium, wns studicd, Prrt 7 cononstrutos tho ehoonca
of ¢ Torag in € o X rediun lectoriorhn, o filtroto of (0l,

n vhon tl o influonce of (ho rnold soricl nlcte




Y

tranafor rethod wog elininnted, “Hho mrencration of tho
f1lte-tes veg ghmilar to thet outlinod provicucly, o
cuplicato serios of X roediun and plaia nutriont leef
oxtract troth, pi 7.7, tubos, proviougly s~ cded with
iodye pidlom, wos ed od breterioshniio filtreto in
anounts of 0,1 end 1,0 eo, £#lso 1.0 eco. of thio filtreto
of onch ¢f tio 4 gerics wes adied to pirrilo plein nutriont
boef oxtroact hroth, pH 7.7, storilo Il modium (Lifeco), a
storilo cotton stonmpored test ture, a glaus serled erpulo,
a1xd a veal Infuaion e er platn chockod for t;toﬁillty ty
inecubntion. TTweso culturos served as a cuntrol of tle
sterility of tho treborionic o filtrrte at ti:o tino ¢f
f1ltroction, “he firgt thiree rmentioned also furnighod
tho ratorinl for tio oxporirent, #fter 24 hours?
incubntlon at 7°C, tho I rodiw and nlein broihh tulcs
containin;; tloe toctorioahin o filtrato end g1, millorun
rora f1lterod throul: Porlkoefeld ii ecandles and oitaz
filtora proviously clicclted for tholir atility to rotein
LOrr, ropecescong, A totnl of 10 trensfors wero moco,
1.0 K mocéiun and control tubes eeitalnin: both iorlofold
ond {oltz filtrntes roncinod freo from reerosncople chwengos
for six monthay thua we riny easswno that neithor orcinnry
contorinntion nor (cl, Dillors wes prosont in tie
filtrnto ot tho tiro of filtretion op oulsoquently,.

As rontionod abovo, tho rogults of part 1 indiectod
thet the ranid gerirl plate trangsror netiod riht Lo
guacentil:lo to contardnaiion, !or this ronson a veriation

in treationt of the filtroteos ves rodo. 1In pleco of using



b=

thae rapid scrilal plote tronsfor motlod, suloulturo plates
woro nedéo et intorvals of four woolis {rom caehh of tl.o
tuhos of tl.o four scrios of tho lwctoriophiaie filtrotoes
aied in K redium and of ti.o conorolse 1hwoso piatoon woro
oxnrined for (ro.th efter relny tnculated for 44 hours
at 37° ., ond ginin eftor stonding two woel.g at 26°C, 5o
crovth was obtalned on nny ¢f tlo suleulturo pletos mndce
eithor fran the I riodiun op tho eontrols. Althiov h in
pert 1 culturos e cd for o sinilar period shovoed prowily
whon tho ret! od of rapld noricl nlate transfor was e)pmllod,
“l:os0 data indicato ti:ab colonios roscrmbling G typos ray
anroronr fror tho extrencous sources of contaniinantion ine
heront 12 the ranid ocerinl piato transfor tocinice

Se Attompts to domonstrato G forno in the hactorioe

phago filtratos of fiaph, oivreng

he roterinl for this exporinent was oltained fron
19 ¢oily tronsfors of thoe lLuectorlonhngo of ltophg gurcide
Factoriophe o filtrato in anounis of 0.1 end 1,0 6oe w3
ad- od tvo plain nutrient heol oxtract Trotliy, pil 767,
proviously scodod wiitin Lol e Qurouse (mo ¢6e ormounts of
tho filtente wore planced in sterilo K nodiun (i2ifco),
storilo cotton gstoppored teat tulos, and con storileo voel
infusion o cr plates, Aftor 24 lLoursg® inocuiwtion at 37°C,
tlio tuboa containing lactorioninlo end [toohg anvoug
phiovring thio greoctest lytie ection viere filtored and tho
filtrato trestod oo elcove, 5P4s wes ropontod 10 tiros,
“hoe filtrnte in storile K rodiun and in the cotton

stonored tast tubea (control) was Luculeted at O7°C,



for 72 Lhours thon el roag tapereture witll tho comnleotion

of the oxporiment, o visiblo growvti: hed eppoarod in
oithor gorics during an incubation poriod of six nonths,
£% intervals of four woclia subculturo plntos wore rnco,
wi:ich vare inenlntod for 40 Lours at I7YC. followrod by
no wook at 250, o growih was ohtained frun tho sube
ulturo platos of ecither sorlose
Swrnry of Soction B
l, Inctoriop:rio I‘iltratos of o, ond

Srly pulloenm pood in £ nodlun togothor vith cunlrols in

nlain matriont bteeof extract Trctli, pii Y7, and in cotton
stopnored tost tntes wore stucled for tio prescuco of G
formna,

2, Orianisms forming microcoloales (7 tynes)
rosorbling G forms wero ottalnod by using repid sgorial
nlate tranafor toclmie on tho boctorlonhage of Lilde
iloem aiod in K nedium,  1l:i0g0 upon g iang wore shovn
to bo slov groving air contaninants,

de 'Ti@ nrosonce of G forms in tho bectorienlw o

filtratos of Lglg pullorur or ptant:g puroug could not bo

demonatrsted DLy subculturing portiong of tho filtroto,
eced in K mediunm or in ecoitrolas, on storile veal infusion
e er pletos et intorvals of four woolin,

4e It wna shom thot ropid sorial plate trancfor
st he annliod with caution and bo earofully contrclled

for acourato rasilts,
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(c)
Yhe rroduation of !ilarocolonies of lazoteria by Fhysical
Irfluences

1. he efieot of tenperoture on coluny sice,

Hedley (£3) in 1981 advised thet plutes conteining
inoculua of the G types of orgunisag should be inouboted
for 1 to 1) duys ot C7°%3. bVefore exw.ination for the
formation of . colonies. Jhe caltures with waich he
worked yossecss un optinun ternperaiure of &7%Ce c8 do the
cultures in jSecotione A u1.d L of ihis pupere irucckner
and sherman (7) 1982 reported the isolution ¢f ¢ or
pri:itive fors of bactoris Ly a nmethed of diluvion.
They edvised th:z:t the tubes be ircubated for 72 hours
at &7°2, snd then pluiced ut 25°C. 1or two weeks before
they wore rluated,

7o deteriiine the efiect of temperature un thie eize
end gtrusture of becteria srom at other thun shelr
optinun tenperuture, 1ld oultures were selecteda ror etudy
thaut vere ol tuined iron experinents on the tacteriophure
of Sul, pullorni. .'ive oculiures of the § lorns of Sule
certryclce obtuined iroa Lurox (64) 1951 und 1 culture of

ACPOe tern-oreg dlagocliated on )20 per cent lithium

chloride veul infuvalon brothe Lhese culiures vere planted
invo veul insusion Lroih, incubated 24 hours at 57°%., end
stresied on veal Iniuecion end litnus luctose uirur plates,

“hese rlatesa were insnutated for 72 hours ot &7°C0., follove

ed ty tio weoia ut £H°Js The everayre disnmeter of the
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coloning of oneh culture wng rossured ot tie end of V2
hours and at tio ond of tho two woolia inculation poriod,
ie éata in Iable 1'% sliov thoet thore 13 a nmuriod ¢if oronco
in tho eclony siro lofore pnd eftor tho inculetion poriod
at roum tonpernturo, Lovorel of tho or_nnions vory closoe

1y rescnblo reed-n Jutons £11 of the colonica at tho

ond of tio iaculation ot 37°C. rosorbled G fom:a in sice
and structure tut wore groatly chienged et thoe end of room
tormporature incubation, unliente nlates incubntod only
at room toymoraturo shoved normnl silzo colonios et thio ond
of 77 hours, “hTig s csted the use of a muro culture of
Sore Jutea 1n cn offort to Ccotermino tho efoct of tomporature
on cclony formntion, bocnuso 1t 13 a slow growlng orfuanisn
with en ontirum tomnerature of oy roximtiocly 20% . ‘iwo
platos worn streal:nd 1t & 24 hour oe:lture of tliis ory enism,
(no wes incubrted ot O7Y°C, for Y2 hours and et roon
tonpernturo for 14 c¢eys the othor wes inculintod at rcom
tomporaiurge for 17 coyse 4Sho rogults aro (iven in ‘i‘'alle 10.
It enn bo somm t!et sirmileor roosults wero olteinod vith a
pura culture of Lier, lutes as with soverel of e susnocie
ed ¢ farra fron verlous sarecos, iccteria undor advorso
tomnoroturae conditions mey praduce nicroe or I colonios,
ihis oxneriment coffors en oxplonation of tie phononona
ohsorvod withh G culturos of urox ne(o 10,

2 Thie Influonce of ranid scr}.-i.'.al plating on cclony
oizo. Two ocultures wore soloctod, {orp. fadico having en
optiram tornnorature of 25°C. hien those orgnnisra Gro

{rovm undor their coptirmm teomnorsture roouircrents tiay
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Table 18, <“he Lffect of Jemperature on the Structure

and 5ize of Colonies,

T ¥ N 2na
Culture'Sroth ' Jol diameter ' Gram ltain: Organisa
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Yuble 19« “he iifect of Venpreraturo on the Jolony Size

ol Sor, lutea,
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24 hour® Colony diemeter after’24 hour' Colenr diumeter «fter!
dbroth '7Z hours doys ' broth 'Tg houra ¥ 1t da.e T
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forna a0 roxirnlely the saio silzo colionlos, ebout 1 to 3 rm,
in dinmotor. 11 o protoeol congsisted in running serinl

plate trenolors on ench enlture at IV°C, oiad at 25°C.

T o eultures woro planted into plain boof extrnct trothe

(no 6c. of tl o Intter wra placod on o glteorllio vonrl

infsion o e Dlato efter 0% hours'incutation end snoared
with a otorilo Leahonod gless rode Liwe platog vero

inculietod fur N4 hours and exminod for ccolony forninticne
“hoy wore thon wanhod with $40 6se ¢f storile voal infusion
brothh end the wes ing s vere diluted 1 to 1u,000, Uil0o ©Ce

of tho d41::ticn was ~lreced cn a storilo veal infusion e nr
nlato, end smoored r1th an Le=ghapod (1less rode Tiis wrs
roported 17 tircas, Sopg Jutesn formod nlerccclonics al I79Ce,
YRR |

end nermal tyoHos ot room tomporaturcs (00T formod

now:l sizo eclonies et rocm tonporcluro end at I7%C., lut
after tha socond trannfer tho ceclonics at 20°Ce lost thelr
piinent forming proserties. iate & Table BV si:ov tiet
ranid sorinl transfr on arvontly has 1ittlo effoct on
cclony silzo exncent hion tcmpereiuro is elso e frctore 'tho
irmmortent enlicntion lios in tho fect that in tlo sorial
plate trensfor of loudurey (2C) 2027 and ledley (10) 1231
pleteos eare incubatod at J7°Ce ope Juten ia particulnr
Qi Oiioe alr cunicninants in goneral having: oen ontirmm
tornoraturae of °H°C, under tiho conditionsa cf ti:is teolnie
ara lietle to forn riovccclonies vliiceh riny teo onslly

confuped with tho tran G tyne.
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S. Wlio ef. oct of soloctivo nlating con colony sizo.
A culturo of forp, Inlica wes plented in piein beof
oxiract broth and in 6,75 por cent lithiwa ch:loride veol
infusion brethe “hogseo tubos wero incubated 24 hours et
57°C. ond otrealrod on sterile litrme lectose end veal
infusion a_ar plates with a strai )t noodloe 4Li:o platos
wora incubated i hours at I7°C, and oznmined at a
noaginiiication of 1U0 dlamotersy thoe largost and the srmll-_
ost colonles vore transforred to rlain boef oxiranct troth
and to G2 por cont lithiun chloride voal iafuecion broihe
whiege tulies woro incuitated 21 hours end reastroeliods  lids
procoeass wng roxectod 173 tirmes. Ubascrvations wero rindo on
tho eclony sire end structure througlout the experirnont,
iata in 'Yahlo 21 sl'ow that the only charroteristisc tonde
oucy is toward a nodinn sizo of colony, Cultures vi:ich
producod a groctor nuntar of ¢claonlos of O.) 171e vlion
pickod to trcth ond stroeled on e;nr pletos ray dhor a
najlority of J.0 rme cocloalos. Yhe oamo of “ect helda true
if a colony of Ge0 rine is picked from a plete eontaining
a mnxirum of this sizog thero the tondency 1s towmeds the
swllor cclony sizmoe Ul.ere was ac anpharont perrnnont
effect on e¢olony slizo producod vy soloctive platinge

4, Cornarison of scrial platling transfor and sorial
tost tuto trensfor, tho filtratos of the bocitoriophiage
of thio 2lat and “ird transfors of foly pullorun (rom In
beetorionhero weroe p}.an‘cod' in 1.0 ec. orounta in X nodlun
and in voal infusion btroth, Torotior with tiwo filtratos,

thoy wore incubntod for 72 tours ot 57°C, At tho ond of
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thia tino thoy si:oved no rovth visible to Lho naizod o7ee
Uno occe, of Lhio matorial in ecccl: tubo, K modiun, voal
infusion broth, end the filtreto, vere placed on a storilo
voal infusion a(ny nlate and snonrod cithh a storile Ieshianod
¢lass rod, Aftor 24 hours' inocubuticn the surfaco of the
ear ploto wes covored vith 2,0 cce of thio storilo vonl
infusion twoth, '‘his wes rotatod enrofully to mix thorou he
ly, ono cc, Of tiio wasiing beolng transforrod to snother
sterilo veal infuslion epsr plate and tho pirocoss ropectod
until ¢rovth an~oorod or until 1: transfors hod Lieoa nnidos
AL tiie sorie tiro 1,0 6c, of K modiwn, of voel lulusion
brotii, and of il.e filtrate was placod on storilo voal
infusicn e;er slants, “heso wore rotatod corefully snd
incalwited 24 hours et IV°Ce W0 oce Of storile voal
infusion btroth wes ocdeod to onchh tubo, One co, was transe
forred to a storile veal fafusion agrr plato and 1.0 €c,
to a sterile veal infusion spar slante, Lhio tubo and plato
wore incubatod 74 hours at &7°Ce /it t e end of this tine
tho Wroth wng added to the tubo ané tho nlante ingnoctod
for eoloniese tach ¢ay a new sorios wes elso gtertod,
Any c¢oloniocs diancovorod on L. o plotes wero planted on K
wmediun end into voal infusion brothe Part of tho tulos
wore nlacod abt roul torporcture ead tl o roraindor at C7YC,
At tl'o end cf throe cayg' incubntion thoy ore ebroclicd
on storile voal in“usicn e ar pvletes end ifnecuinted et the
reancotive toi-nerntures, At tho end of i) hours nicroe
cclonios wore found on tho pletes incubntod at $7°%Ce,

wiiilo dupliceto nintos at room tornovrniwro sh:owed yollow,
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pipontod colonios 2 to 1 1ime in Givrmotore ilicso oulonios
vigro cumpuged of Urenm positive cocel occureiny in totreds,
and were ottnined only fronm thio reald sorisl piato teaus
fore pad not fran tie test tulio sorles wilcl ronalaed
stori:o titou lout the oxperimonte 'Tho rosults are givon
in Teblo 27y uliis cinorirent doos not prove Uit true G
forrs can not bo obtailned vy taost tuto tranciors, but that
tiids et 0d 15 not g0 cuscentilile to extranoccus contardinction
ag tho rasid sorial plete trensfop riotholCs
Lwarnry ol fecvion C.

le ANGvorgo tormnorotiro cuvacitions wore shoun to friwor
tho nrodaction of rieroecloniecn,

2. :0nid serisl plating knd 1ittlo ceffect on colony
alge wion caicideored clono, tut wuhon temporaiure vas €lcoo
a icctor, Lo procuactlon of miceocolonlies vra fevorod.
Ce Loiogctivo platiiy was ghom to Levo litilo oficot
cn eulony 8ilzoe

¢e Lorinl tost tube tranofer wes slevm to Lo froe

Scan nony of the c¢ifficultios irnheront in tro rapid sorinl

ploto trniisfor rot’:ole
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Gtudlos on tho tiltration of leeterla

‘e ronovel of tecteria b pasooing tho susnending
liquid tiroush a raenl renoe or ciructure imporrenbile to
tho ordinery forms of ricroorianisia i1s of value in
peeprnpeln, water and cthor licuids for humon consw:piion,
in sterilicing thormolntilo substoncos, nurifiying filtrelle
virugsos, and in premuring vnocinoé, toxins, etecs 1l owover,
ti:o litorenbare 1s renlote witl: refercuces wiieh indicuto
thet in meny instences there ray bo feiluro of numerous
tynos of filtcrs to prevont tio passoge of mieroorganlaoms,
and;EJa cifiicultios which ero oncouniterod in LLoir uso.
Fonge (31) 1.00 confiyrod Ly Plerio (GU) 156 stetod tlnt
celey cnd asbostos fllters rotelned riierocor anisis, provonte
ng; cdircet trensmission, but that they allowod tho
oriruiosng to Lrow thirou d th e poros peornitting iudiroet
trangmission. v, sawmreh (14) 19u2 prosonted photomicroe
trapho of slteainod scctiong of filtors wiiech sho-od the
coursa of tlhie btactoria botwoon the pore vwcllae

An excellont discussion of tlio history end tochinio
of filtration is given b: Isuduroy (27) 1029, lio menticns
some of the following filtors,

1T:0 ProtoureChertorland £filter comnosed of donso
bisoult poreoloein was the first ono rreovarced wvileh was
nore o? leass imporrcablo Lo hecteric, imlloch emnd Crew
() 10008 statod that theso filtors retained LorPy LUPCESC0:

Gurlng {ive doys continuous {iltration, but that they ellow
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1ndiroet tronaniscion of bactoria,
orlkofold filters rudo of irdosel uhr woro procduced
in throo graded pore sizoes, N (aormnl), V (cocrso), and
(fin0)e Iulleeh ot ele (2) 10us stotod thwut thoy pors

it racteria, lortlella tydd and 80,

pass i CVU per cont of tlio instances studiod,

'ancleor f1ltera, siidlar in otructure to Torliofolds,
woro produced in tho inited Stetos duxlng tho vorld .aoarpr
boecuugo of tho dif“iculty of oitaining t.o latieor,
i11%ors have also boen rondo fron lanorganice sulistancos
ochor then silicoous matorial, ee.f., plastor of inris, etce.
Collodion sricgs, narcvont monipanes, and eolloicnal jJolly
filsoro hevo liiovdse been consitimetode Yo cliof Clow
ecvanta o of tho Soitz filter, Titted wlth eclootos
Cisgcs, 19 tio ¢il7iculiy of proventing eontaninotlicon cuo
to air lools,

Whore have beon rray tleorilos ccvancod g to thio
recgon vhy troloria aro rotained 'y filtcra or pormittoed
to praa, Lhopo ey lo elapsifiod in four proupss
1. Ilronortiocs of tle filter, 2, Propertios of tho
or anlgn, 3. FPronortios of thae redlun of snuspongion,
and f’.~.. 1o teechnilo of {iltration,

l, Provortiocs of tho {iltor,

0e 11:0 Qloctrical cherro of tho filter. Jloro
oxlsto botworn tho f£1lter and tho swroundin licnid cn
olociricrl field, tho T"olrholtz-=lord leyor, ucd ma fucd

(52) 1024, Ellova and smaroz (14) 1027 stoted tlat
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goullodion rmoriliranes posuessod a positive electris cihwrpo
vhon en noid sbatrnneo was 1ltorod end a nogativo
notentinl with en oliinline mixturo., rrareor (37) 19727
found that Tilters of silicoous osprth wore ne_ctively
chsriod and ¢i1d pass cortain organiams. iy malting filtors
with nlastor of ¢rris, a coleium sulfate rnd celclun
enrbonato mixturo, the chargoe become pocitive nnd tho
fi1lter rotninod tho or(snisma fllirect:le through tho
silicoous onrth f'il{nrse A noutrnl filtor did not retein
any ot' tho substancos filtered. lraner (52) 1024 ronortod
the construction of an emphotoric filter, that 18 ono
capntle o reroving btoth npoglitivoly and nogativoly charged
col10i’a e m:rticles, Si:ds wos rede Ly ndding a wator
insclulilo, thornosteblo bogsie nntorinl, MNpo, corryini a
nogsitive chorig to tho silicoous rinterinl in tho filtor,
o olired vhat this would retain tho virus cf tohweco
rroseic, lectoriophnie, snd flitreble hacteria,

be W@ rati.cd of tes.ing the fllter, lrobishor (21)
1026 found thet tosting flltors by air prososuro vns ine
ecocunto, Flltors tested by this rothod elloroed orgunisng
to pnas,

6, XMcdsorntion, Lkliava and Suercz (14) 1227 ronorted
thet ecgorntion plryod nn imoorinnt nrrt in thoe ultroe
filtenticon of baotorilophaje throuch eollodion morbrenos.
“ihe first 60 6o, conteinod no tecteriontingog lator frectlons
contnined tro 1ytic e/ o0t <ith the sarmo titeor os the residuo.

1oy ronorted rore adsorption in a nceitivo suepensicn then
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in & nogntive, iuadd (H3) 1927 reported th:t odsorption
playod en importent et In filteation, lorlaun and lorwios
(59) 1950 ranortod that bnotoriohin; e wrs ndoorted to the
protoin frnetion,

de !‘ochrnicnl rotontion, rudd (H1l) 1073 ronorted
that meohanienl rotention duo to orgrnisms tieing enuht
arion. the nor-~a of tho 1l1tor assisted in treir rovioval
from tho susnonzion,

e, foro size. udd (&1) 1973 roported tint Jyilirio
nopeol-ng éid not filtor through lorkefold N filter
condlos uador a prosouro of 0,0 to 78,0 ene of Iy but did
throu(h orliefold V filter candloa,

e Properties of theo orinoniom, uwdd (H5) 107
found size, retility, end floxilility to ve very important
in tho {filzrability or rotontion of oryoiisoe

Je Propertics ¢f tio rodiun of susnmalon,

ne iydrcoral ion concountrntion, Lorlaum and rerres (S3Y)
1950 ronortod that bactoriorhepe wna ratoved vy Inndlar
end Loltz Filtors fran susHnslions ot pll 4,5 to 540 end
Wi 9,0 to 1.0, by nplaster of varis filteora at pi Y40,

Tt nasand at pli 445 LO 5606

be K rodiune icncall (36) 1aal, Verncy end ironfone
bpoﬁnor (63) 1932 rohorted that cultures in K rodium pesge
od moro culclily and in largor sncuants than in ordinary
culturo nadia, A similar efifect was ohtainod ty nceroly
sus»niin. the orynnloma in K rodiume ‘thoy clained thot
this vas not duo to fut, tut to adsorbod nrotelns,.

4e im0 techinic of filtrotiones The tiro, prossure,
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volume filtered, and manipulation of the process of
filtration is very importent, Irobishor (21) 1923
attributes ultrabacteria or filtrable forms to poor
filtors, techniecal error, or imperfeet autoclaving,
Eliava and buarez (14) 1925, lronfenbrenner and !uckenfuss
(6) 1927, radd (563) 1927, end other suthors reported
retention of bectorin followed by passage as volume filtore
od was increasod, Others have reported passage of bacoteria
with inercaged preasure,

l'any authors did not give sufficient data conecerning
the mothod and conditions of filtration used in filtoring
a particulnr organiam to permit a comnlete intorpretation
of their rosults, 7Thus wo discover in the litorature ¢one
flieting reports on the £filtrability of various organisms
visible throug: the microscope in their slessical morphologe
ical stotes In rmany instances we rnay assume that due to
one or rnore of tho roesons pnroviously outlined that passage
of viable bacteria was accomplished, Among the corganisms
roported as heing filtrableo or having filtrable forms
assogiated with them sres
Andervont and Simon (2) 1924
Hollon (46) 1921
I'ellon (47) 1926
Morin and Valtis (49) 1926
Lourens (42)(43) 1907
Burnet (10) 1926
Fontes (19) 1910, vValtis (65)
1924, Durand (13) 1924, Durend
and Gaudromer (12) 1924, Arloing

and Dufort (3) 1925, Vebor (64)
1926

Le tyohosug Almcuist (1) 1911, Friedbergor

end Feissnor (20) 1925, liauduroy
(24)(2(&) 124, @ llerelle and




Fruderey (20) 1035, Yolpin (17)
1920
vi*)‘lo"'mmm renin. 1“ 43 liort (22) 1017
L" “en touci:d (D) 1919
Lovy and :naps (59) 1ou6, iroinl
end inghorn (8) 1990, kkicoelle
end Plane (67) 1ulsd, ohilbach
(GI) 1915
ahlbach (G9) 1915

;,t.:*rm‘l:-::cnccrzg fron Iogonow (Gl) 10924, vwvans (16)
cncoxinlitis 1923

Strentoihy I'ellon (45) 1920

Ba coli Izer (34) 1921, drliorolle (20)

1920, bEanduroy (24)(25) 1924,
Yornsolll (6 ) 1923

Da, Sypontorico ¢'orolle (20) 1022, Louduroy

Llogior, and gﬁ% (24)(25) 1924, d'torello ond

heucuroy (22) 1“"1), Ledley (23)
1031 (50) 1 .

R nontis driiorelie (o0 9206

‘—f;' Jiglocogcna plbnig and  dtiierelle eand licuduroy (29) 1925

t I(\ !

.
IS

Lyootngboptun tuhepeulopia Fonis (4) 1921, lellon mnd Jost
(42) 1924 otils (53) 1996

rossl (68) 1uli, uwweany ((’33’

1923, Vasiliu end Irm:dnoiu (&7)

19206

Ba protcng X39 lojcin (17) 1924

Thoe filtr-tions ronorted in this pavor rey be dividod

into two elcasificotions, tiiope 4n viich srell erounts of
natoriacl wore uscd end iLhogoe involving largor anountg,

1. Mltrotions of arwunts involving less th:en 40 ec,
of rntorlel, Tho conditions wndor vhich tio metorials
woroe filltered 1s very important, 4Swo types of filters
wore used: rorlefold V (corrso), N (normal), and 7 (fino)
end Seitge. The Norkereld f£iltors (2 1/2 inchos by 3/4
ingh) woro tostod for ceraclia end lesks uncdor air prossuro,

I'{1tors satisfrelory b tlis tost woroe oleoancd eg proviously
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outlined, 4Lho fittin{ o wore cirliod to the filtor flesk
and thae entiro enxratus testod eyrin, It was thon
storilisod and tostod as outlinod on poio 7e

All cultures filtcerod weroe ¢iluted three to five
times with steorlle thiynlologionl selt solution, plecod in
tho filtor ngoptleally, and fillterod undor concditions of
tampore ture and prossuro, such that ono to two drops of
filtrato pasnced por socond, Jhe filtrato was eollocted
in storileo teost tubos, insorted in ti:e filter flaslz (Plato
1), vhich woro rerwovod end ineubatod at S7°,. for <48 to
72 hours, &% 25%C, for one woecl or longor, and tio rapid
sorlal plete trangfer or tie stroak suloulture plate nothod
was ap-rliede Ttio sorloes of filtrutions ronortod oxtonded
ovor a poriod of rp roximeieoly 12 ronths, consisting 4n
toats on a nwlor of difforont organisms from a varioty
cf sourcos, and uncer cifforoant riothiods of preoporation.

A. Tiltrotion of fpls mullom end Sindh, purong
crown in thoe nrosonce of bpoterionhaje

Loily filtrations of £zl, millopem groun in Lho
prosonce of bactorionhia o wore mndo tirough Seitz filtors,
Tho flltrustes were plecod in storilo R medium and storile
cotton stop ored tost tulwes. After suitable porlods of
acing tho rrpid serinl plate transier methoda vero usodp
cn anothier soring of filtrationo of Joly omillormn ond

100N E

baeteriontinje streak plute subcultures were

"‘: ? fe :.2',} A
usod,

Data in al:le 23 show that in 40 filtrations vhore

tho nethod of ropid gerinl nlate transfor wos ep liod a



=78 =

(ﬂr"~ni)--cotton
1 plug

-=-glass
,*\ mantle

=p=filtering
cylinder

[

--rubber
stopper

vacuum
R

Plate 1. Aprnaratus for collecting small

amounts of filtrate. (1/2)
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£iltradblo forn of rl. pullomu wag recovoroed in 4
instancos and conteordnction in 12 instences, also thet
vioro styvonk plete amleultures were usod no conturinating
orranisra woro rocovored, In 2 olriler scries of jiazhs
prrons fi1ltrotions 1ilo results woro ohtained, A
discuosion cf the forms otteined waag preosonted in seetion
B « Attompts to domonstrnto thio prosonce of G forns 1in

thoe hactoriophago filtratos of fgle rullerim and Stog

thb oJorie I8

Be TFiltrrtion or cvrgenismus rocovored Ly rapid soriasl
plate tronsfor from filtrates of faoly nullorw: grom in
bnetorio. hego

Tho 16 orgeanlgrs obtainod in pert 1 (ineluding
or_rnisns showm to bo ecntarinaticng), togothor with §
culturcs of tho G forme Of Janl, govtrye’o olitanined fron
furox, and 4 I eultures of Aorg, scroicnog dlasocictod on
0.25 por cent lithiun chloride veal infusicn lroth, vore
plantod 4nto vael infusion broth, snd incubated 24 Lours
at 37°C. 7Thoe culituros were Giluted with 24 ec, of sterile
physiologionl salt sclution rnd filtorod through teitz
filtors, 4ho filtrctos wore placod in storile K nodiun,
voel infusion btroth, and steriio cotton stonnored tost
tubose After pulitadblo noriods of inculation renid scricl
rlaeto treongfors wore ennlicd, Deta obtanlnod showod tihwt
of 205 cultures filtored ovor 60 por cont of tio filtreotos
ronained sterile, After tho rethods of renid sericl plate
transfor wore cnnlied, eultures Wore roeoverod from each

filtrocto aftor tho first to £Afth tranafors, Tho CGram
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staln and tho ourar roactions of tho culiures rocovored
voro Cifforout from thuge filtored in onch coso. Aftor
a poricd of 16 moathis eping ot reon touhoraturo, ti:ono
or nnions hove net yot rocovered tie Granm stain or suiar
roanctions of the oviginal orgrniasss filtorod, It is
probable thet these orponisng roprosonted emteminetians
end wore tho result of tho rrpld sorinl plato tochinie
bacause tlicy were not chtitelned on the sirealr plate asube
culturo platese

Ce ThLio offcet of K rodlwa onn tho filtenbility of
Locls ool

Lgcha m was planted into 20 eces of K mmedlin end
plain boof oxtrrot brothy thesoe tubos wore incubatod T4
hours at 57°Ce 4h:e saro filtors, Torkolold ii, V, and ¥,
and Loltz, woro uged for ench [iltrntlon sorios, 4oy
wore €leanod, tosted for air loaks, oud storillizod, es
glvon before, after onch filtration, T following sorios
of f1ltrntiong woro nados

a, A tulbo of storile K rodiun followod Ly a plain

boof extrnct bLroti: euliuro
be A K redium culture
Ge A tube of storile boof oxtreet Lroth followod by
a K mocium culture

de A plain hbof ztroet lLroth: enliure

0. A susnenglon in physiclo leal selt soluticn

f. A suspongion in K rodiun

Cno ec, of tho flltrates was placod in K riediur,

plain beef oxtract broth, loctose beof axtreet broth, a
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sonlod anxilo, end o storile cotton stopoored tost tube,

‘io eultures of rehg gold woro recovorod from sny of tho

8ix filtention sorios, Anerontly K riedlun does not owwanco

tho filtralility of _och, cold in erounts loss tinn 40 coe
D, TilCrntion of conbined eulturcs of [gclig coll

end orp, indlcn,

Cultures of Zgeh, €211 ond {ovre indicn worae plonted
to soporantoe tubos of nodla. Aftor 74 Loursy fucubction
at I7°C, thoso wore oolinod, ddlutod to 40 cc. with
storile physlolog ienl selt sclutiong end filtered Ulurourh
a bLorlefold Ii eandies 4o filtronte was placed in duplicnte
in lastoso toof oxirect Birotlii, pleln boof extract Lrotl,
atorilo sottcn stonpored tost tuties, and on coxtroso toef
oxiract o nr, '

Data 12 Tablo 24 g ow that gorps Incleg wes rotainod
vhien both or{nniorns wore grom in plein beof extrcct troth,
was £11brablo -ton Zpehy o1l wog provn in K rodlun, end
whon hoth woro grown 1a k redlune. [Lggh, goll wos rotained
i1 a1l throo cason,.

Ee Tiltration of rdscolianoocus culiurces

Culturos voro sclocted at rondom fron t:o sollection
of stoelt cultures usod for elass work in clonontary
tactorioloy, ‘‘heso worae planted into K rodiunm (114fco)
end plein beof oxtrnct brolh, incubiated at I7°Ce for 24
hours, dilated with 20 eco, of storile nhysiolo, 1lcal nalt
sclution, and Tiltored throught ferkofold L end Seitz

flltors accordiag te thio nrocodirs veoviously cutlined,
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Tuble 24. riltrution of Combined Cultures of [.gch.
8014 and Serr, indica,

Y . n

Lsghs 00l ‘Serr.indica' ime ‘rressure ° ° '
growmn In ' &n ' 1in -B-as.oorf'ﬁ IndToa’

Jrinutes ma, of Hg™ i
14 v
' ’ ' o L '

Rlain broth Plsinbroth 4 . =160 =
1 M ! 5 ' .260 ! - '

v v L 2

KEmediun  ‘Zmedium ° 10 ' 300 ' - °

Volune filtered 40 coa.
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To f1ltratos were plecod in plain beef oxtreot broti,

i modiun (bifco), lactoso beof extroet lrollh, goaled

ortxlog, storilie cotton stopnered tost tubos end cextroso
bonf ex ract acar plotons 41:000 wore inculnbtod for 43 to 72
hours ot 577C,, for two woclis at 25°C, and stroal: plato sube
¢ilinnng woroe rode, CGrowth due to conternination wes prosont
in J60 prr ocont of the 30 filtrations mado on stock sulturos,
Tho por conl i(rarth resulting froam filtretions in this ex;orie
ront wes oconsidorebly less then that renorted b rrobighor
(21) 1920, ' lnttor was eblo to ch:itain as high as 4u por
conld prrovth fron filtreton of bactoriophaio of storile bLroth
and annproxinctoly 20 por cont from flltratos passod through
oir teatoed filtors,

Surmory of flltretions uaging sra?’l anounts of sugnonde
1ng rodiun,

1l A total of 403 filtrntions were node using loss
than 40 eoe of susmonding ricdinm, Crowth was obtained by
t:e toohnie of rapid s rinl nlate tranasfcr or stroak plato
gubeulture from anp.wroxirnately 3.0 por sont of tho filtrates,
Tho oculturos rocovered frem thoso filtrstos consisted of
olthor filtradbie form:g or I cclonics.

2. ‘drue ¢ foms weoro nct rcceovorod fran ti:o filtratos
.of eultares sus.wndod ia less tiinn 40 coe. of neterianl,

3. K modiunm wes gh:ovm to onhance tio filtrability
of forpas Indica in tho presence of Jnch, eoli.

4. Leflltration of the fort:s rocovored (nve only

storilo filtraton,.
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2s Iractionzl filtrotion of amvunts involvin: noro
than 40 cc, Of materianl

Milloch ot rl, (2) 1203, Iuad (53) 1227, ironfonbroennor
end luckonfuass (G8) 1927, and lindley et al, (23) 1931 used
frootional filtretion in investi ations of tho filtrelility
of riicrooryonigna, As this mothod of filtoring offcrs
s8lishtly moro dif{iculties in runipulation it should Lhave
advantagcos wiiloh tho orcinnry mothod doos not possoeos,
ractional filtration malkosg 4t p;ssiblo to compare tlo
filtreb1lity of idonitical or different niercor nnigng
under tho aonme or voriod eonditicns, espocially with
reforoncae to a deternination of tho momont of pnssa o of
the orgnnian,

The erneratus usod for malding the (iltrations wes cone
structod from ploss woter stllle, Liobig's concdonsora,
(Plate 2)e¢ A ring of Claas wes ronoved fron the riddle
o' the outor Jacket, the contral core waa cut trangvorsoly,
and rmade one inch siortor thiwi the jJjaciiot, GUl:e filtor was
ploced in a cne-hole rubior stoppor and {ittod to tho oute
or juckot so tlict the outlet prolosted into the contral
eoro, Ghe srnll ond of tho jaclet w: s inported into oneo
ond of & six inch soclion of Loavy vacuun rubier tuliag,
to tle otlior ond wea fostoned a storilo rmedia tulilig ohiold,
'«1lrnnn (44) 1951e A clamp wos placed in tho nicdlo of
the tubinge Tho inneor Jaciiet was cealilratod to coliver
10 cce ond the anmaratug cleanod end storilized, 710 show
tlist tho aneratus exoludod all sources of ocxitra:iocus

conteriinction, 470 os. of storilo nlain boof oxtroct lroth
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r¥=-cotton
52 plug

-=glass
mantle

-=filtering
cylincer

-=rubber
stovper

4+-4==central core

vacuum =
| w /

~-==yacuum rubber
tubing

--Lieblg’s
condenser

H---Shield

Plate 2. Apparatus used for fractional
filtration. (1/4)
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wng filtored in 10 dc. amounts (baromotrie mrcssure 1Tu riie
I'cy tino of filtretion of ecch froction 1 to 2 minutes).
T ese {rnctions weore incubiated et S7YC, for throo Cays and
et room tomnerature for two nonthsge lio growth annocred
in any of the f{ractiona,
A. Lffcet of guleulturing filteate froctions
Pronfontronner and (mekonfuss (8) 1927 roworted thoet
80 fow begtoria mmacod the {liter poreos thiet tho entire
froeetion hed to Ve incubntod in order to dormonotrato vialtilo
ori~ninsirse A flltrction was rrdo to Cotormiine vhathior this
plicnomonon could be obwmerved using 1lu cce filirate fractiong

of a plain taof exirnct broth eul urve of iseh, coli, Tlio
p Cmminadity

culture weg plantod 4nto 200 oce ©of plein brof coxirect
broth, pil 7,0. This w'g incubated 24 hours at 37°C. cnd
filtorod frectlionnlly through a forliefold N {1ltor, Lho
10 ez, frections wore incubated La Lobo, and ot tho end
of ono woalr {ie raterinl in oach tube waa ctroaiod on
cosin-nnthylone tlue o or platos, from which typicel
colonioa woro trensforrod to loctose honf oxtrecet Trolli,
Tho lectoso tulico dhowing ¢as farruation wore planted into
hosor' 8 sodium eitrate rediun and cheoked for Soohy cclie
Taklo 20 pliows that [gch, gol) was rncovored from {:0
oijhth to twelith f'reetion inclusivo.

“he effect of suboulturing tlio filtrete to cthor
1oCla at tha timo of filiration wea cdoionagtratod ¢8 £'cllows,.
Iochy cold wen trensforrod to Zuu cce of plain boef exirnct
broth, faculatod 24 hours et IV°C,, cnd filterod throun

th:o garo fi1ltor a3 wra used in tho provicus exworino:te
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neble 25, Growvth Vttained from I'ractions

Incuvated in Joto.

T Y
. s -
Fraotion, |} Lashe solf secopered frem slata |
1 ' - '
s 1 . "
. ; T
. ' - a
5 . - '
6 . . '
7 : - v
5 . . .
r
9 : * :E.
10 : . T’
11 . 2 .
12 j' * :

21w of filtration of euon frection e 3 nilnutes

Filltration pressure = «20) ma, i
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Uno cce ©f onch 1V e, iraction wns transforrod liznoclotoe
ly eftor filtering to plein boof extroct broti:y, K modiun,
lectone toof oxtroct hroth,'a soaied crmulo, to plain hoof
oxtract e nr platoa, and tho roraining portion ot tho
filtrato to a sterilo cotten ectopporod tost tuloe Sl o0o0
woro incubetod 43 houra at 37°C. nad ror two weoiss at 25°C.
Lata in “‘ablo 26 show thot ifgohy, ¢old wos rocovorod from
ho eighth to twolfth fraction inclusive, 7Thus littlo or
no diitoronce in the ¢rowth ap oaring fral ti.o filtrates
could bo showm whetior the Iraction was inculutod ia its
ontiroty or Ly suboulturcs in verious roedlae

There was no anmaront nacroaccpie differcnce in tio
anpoarancoe of t'.o fraction at tlhe namont of collection nor
1n‘the neanor in vhich it camo through tho filters It was
sposoiltlo to toll wiiclhi frection would rorein sterilo and
wiilch would lator ghow grovthe

Be Effoct of X modium on the f1ltrablility of ischg
Lolde

itondell (3¢) 1281 roportod il et K rodiunm onliancod tho
£iltrability of nicroor anigmse Ivonfontronnor end
Muolonfuss (G) 1u27 renorted that organisrma ¢rowm in K
riodiun pessed the filtor nore quickly and in lar or arnouiits
tloan thoso ¢rown in plaia toof oxtract troth, also that
gubculitures {rew rore cuickly in K nediunm tian in plain
toof ox raet Trothe Vo havo alréndy diovm thiet this isa
not nocossarily truo whon srall enounts of ratoriel are
filtorod, Ti:0 folloving sorlos of cxporironts wero planncd

to domonotrate tho nregonoco or absonce of this ofioct whion
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Table 26. Crowth Ctteined ! ron Subenlturcd iltr..te

Fructions.
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Fraotion ' Hgohi gol} regovercd efter % wcok incubution in !
of 10 cae'pluin’ I Lotosc'Bocled Lillruuecolonics on v
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Loprer erxiints of ratorierl wovro iltorod {rocticinrliye.

“o ghow vhot!or or not bk meodiunm hes en effecet on tho
filtrability of o : fcroor anian, [ooh, ccli wes plented
in 200 occ, coch of K modiun end nlrin beef extrect biroth,
“Throaa worae 1acuieted A2 hours et 379, end filtored throuch
e iorlefold L filt-r., ‘o fractions wore colloctod
caoatically in 5,0 eo, ruonnts end inculeted et &7°Ce for
72 haourg, ixtroro diffienlty wg esnorioncod in filteoriiy
the K nmeciun, 4L%e tire for cach frocticon incrensed ropide
ly no ¢id nlso tho oir prossmira nocessorye. In boiir casos
tro rule of filltretion ¢id net oxco~d ono €rop npcr sccond
noee 'nll leses thrn one arop in 10 secooncg, 0 ale Twuilos
—oro anrront, “Tio enporrrnco of the filtration was narel,
%0 peint ot viich tho orgendsms racod could nout o {OrQe
told et tro tima tho filteaticn wra conpnlotnde L@ Catao
niragonted 1n Teble 27 eghow thet bogh, ccdi crora in K
nodi:r pasnod tivo filter after 80 cees of reterinl Liod beeon
filtored, howovor, growth weas cclnyed for one wooks,.
Up{nnigrng ~tiah nosced altar 65 cee hed to'n Filteored
(rew ot in 49 hours, Orgonicsing groum in plain toef
oxtrret 1ro:h ¢id not pass until W cee had Lon {iltorod,
It 15 thus er»rent thet K rodiun ¢oos heve a e rked
effoct on tho {1ltrability of tiis or;nnisne In crdéer
to domonstrato whethor thids ofioct 1a cue to a ch:ango
produced in the orgonisn itoelf or to th:e nore mhiysical
prosonca 0F tha K meodium, {rowt™ wes teensforred from
nlaln teof oxtrnet syer slants to K medium until a suge

nengfion of the sore turbhidity as in tho nrevious ecxporiment
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wvas chininod, Thls susnenslon wag filtered fracticnally
nnd tho filtrate plecod 4n tho various rindin in 1.0 cCe
amounts. DLata prosontod in Yetlo 24 show that foghy gold
pasacd tho filtor vhen 55 coe of rmeteprial hed heen filtore
od, this wag etout half wny btetwoon tle arnount for plain
te £ extract troth culture end K nodium culturce 7¢0
of "oct wus not 8o rerited vhen K modium w 8 moroly prosent
ns vhen lgghs colqi wos actunlly ¢(ro'm in tho rmotorial.
Ce Attormpis to deterriino tho fretors rospoasllilo
for tto ef cet of K medium cn the filtrebility of _sghy coll.
The noxt oxnorincats wore ¢ogiined to dotorrino iF
108gillo whaet factor orasnnt in K redium would hove the
ef oct of irecreonsing tlhe filtrebilit;y of orgnnisio
osn0cinlly vith referenco to o, ccile In ordor to
oliminnto the filter olo [ ing duo to gross particulcoto
rintorial a 43 hour euliure was filtered through sterille
absorhont cotten, thon fractionelly throuch a iceriafeld N
filtor, Tho flltrate viss incubntod in 5,0 cee frections,
Data nrogonted in Teltlo 09 ghow thot tio elunis progont
in X rediun noithor incrocse nor cacrongo rar-edly the

£i1trability ¢f Toche c0li, 10 olinm.anto tiio nossiblility

of the thysicnl pronertiocs of the K mocdium end to ostalilish
tho frot thet the golutle or filtral'le portions of tids
sullgtanco hed an of ‘cet on tho f£iltratility of tl.o orienian

two comnanion exnerinonts were cttomptod,
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Table 28. I'ractional Filtration of Esch. coli
Suspended in I licaiunm,

roooveref-:'

Praction
of 5 co.

- -

A A R L LR L LR L LR LA

Si0ioisjo oo iejsjeceinisio b
144"'1-14qd-<1ﬂ
4#-4444-4444444

s Time in minutes
jePe = larometric pressure in oenumeterl
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Tuble 29, Lifect of Clunpa of X !.eliwl on I'1ltrubllity
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I'wo hunurod ec. of sterilo n nediun wra filtored
tiirou hr & gtorile Porkofold U filteore T:is was followoed
ty & 2& hour culturo of Jgehy €014 in plain tecef oxtract
troth, 7“ho dnta iy 92hlo 30 show that anlthou hh tho or{nnisns
paagod more cuicilly than when. plein beof oxtract broth
culturos aro filtorod slone, it d1d not corpare vith tho
filtrrtion o a culturo groim in K modliwn. %he K redium
filtroto from the alteove exporinmont wrns collectod in a
gterilo contriner and scodod with Loch, colf, lncuiated
for 24 hours and iltered fractionelly, 1I1f any &ifloronco
io notod 1n the filtrnldlity of tho organigsms undor thoso
conditions, it rmot bo duo to a single factor, that 13,

a c¢i:ango producod in tlio organiom 4teelf Yy solulle, or
at lonst fi1ltrablo, portions of K modium., Lata in Talle
51 shew that the elumps of insolubdlo materinl heve no
offoct on incrensing the filtral:ility of igclig £014.
Indeod, ti:o orgeniguis rom in the storile filtrate of
K modium paassod tho filtor moro quickly thnn thoge (rom
in unclonrod K modiun,

De tlIractionnl filtration of oombtined cultures of
Lochy o0ll nnd forp, Indicge

45Cng 04 end Zorp, Incdica were soloctod to shiow
tie of oct of t .o progsonce of enothor orgrnlom ¢ tie
filirabllity of bonctorice One hundrod cce of plaln booef
oxtract lroth wrg po dod with Jgeh, e0li and a 1iie emount
with forp, 3ndlen, Aftor Licing incubated et IVeC. Tor

24 hours thoe eulturos woro cortined and filtered fraction-1lly.
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The foilowing comtinctlong weco filterod., (1) ifoth gromm
in plaia boeof exirect broth, (2) ilgck, gulil in kK modlun,
Sorre 4nCica In nlain boof extrect troth, (3) Polh In K
nediun,

Leta 1a Table 32 show that in comtdnaticn (1) Fpehg
gccld prsnod in tho ninth fraction, Sorpg indlen was retoine
odp (2) ,_3gk, goll wes reteinod, Lorp, indlea pessed in
tho fifth frectiony (3) Poth orpanisms prsscd in the tiiird
fracticn,

Soor, Indicg was probably moro filtrebhlo tinn gochy
coll, K noclum wpg ghomm to onhnneco tho filtrebllity of
both or nnionms, however, 1ts more proscaco vas suflriclont
to ocnuso the pasecgoe of forpy indicn, wiille Loghy goll

krd to to growm thorein, in ordor to effcet tho paoscio.

7o pnoanLo of Iochy gold in tie ninth fraction (1) wes
probatly not sinificant for the fuct that 1t wrs Leyond
tho rano of the other corbinetlons,

e “ho effoct of eging Zochiy 04 In K medlun,

A culture of [ ;g 018 tron in K mediun st romm
tomnorature for 43 ¢eys showod no ennercont ehan o in
filltrebility from & 74 hour culturo, Tho data in feltle O3
show that the cr(anioms poasnod thio filters in diroot retic
to tho ¢rncod noro size of the warticular filtor waoed,
Holtz filtors wore s ovm to retidn tho or nnisma for tho
longost poriod of tiro,

in Table 34 is givon a swiation of the various
experinonts on tho effect of K redliun on tho filtral'ility

of Zoche e2ol1. Thogo dnta show thot a golul'do or filtrollo
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subgtancoe prooont in the rodium affects tho filtrovility
of tho orgnnisn. lrom an exarination of ti:is teblo it
is anaront thet thoro is presont in K rocdium a polultile,
op filtreble, substance vi.icl: heg a rurkod offcet cn the
filtralility of Logh, goli, Yablo £l. ©hoe more prosonco
of K rodiim will causo this offeot to a lossor extont as
sl:om by Toables 23 and SUe Yhio gross nartieles progont
in the suanonsion inhitit the filtraibility, Talles 204G,
20 and 36, 4Tho offoct on tho org aaiam ray Lo sufliclont
to overcaro tiris inkihition, Yabtlo 27 or 22,
SGrrnry of Sceiion D

l. 1Ia a sorios of aparoxirmatoly buu filtretions
involving ermounts less than 40 cce rowtin wrs obteined
in thwoe por cont of all ccaos,

2¢ Iofiltreation ovo sterile filtratos,

Se¢ X mediom enhancod thie filtrabiility of Scprre
snsdca in the prosonco of [schy colf.

4o Tho effoct of K rodium on the filipcliility of
lgehy coll was sh:ovm by a sories of froctionnl flltrationse

6, A poluble or filtredble nortion of K rodiunm wos
s.oom to ont:anco the filtrabtiility of Lgocha colie

Ge 1Tho seclid, ¢roas, norticulicto reterinl inhibitod
thia ofToct,

7. Aping of [ochi, col2d in K riediunm tefore filtration

had no of'fect ou tho f1ltrelility of tio orionion,
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Swrrry and biccunsion
(A)

1. Attormts vore racae to produecae G forrs Ly
phontencousa end ecaforced ¢lssceciction of verious tactoria
undergpoing ranid treensfor end e ing in a s~rlos of rodine
oth or;aninns and medla wore selocted so thet thoro vas
prosontod a wide variation of factorsy pll of rediun,
concontrution of lithium ehlorico, cye, charsctorigtics
of o»x_ anlaors, ote, fh reny capos cclonies which lore a
ptriking reseomblonce to tho G colonios rownortod by lacdley
wero dilsgovorod on plates soodod with culturcs in the
vorioun strios of ranid trensfor, 4Tiese coloulos ponerally
a» onerod altor the fourth cor sixthi transfor, locauno th
or anigng foprdng the mierocolonies coild not bto deronstratod
e9 beoln_ filtrndble, they woro 1obolled I colonlos eccording
to the terminolory intreduced in this papere 310 il colouios
forrod during thao steges of dipgsoociction of thae various
or_anlams ¢id not an enr vith the rofularity ncted by
Ilacdley or I'urox, 1o ¢ata €14 nut show auy relntionsliip
Lotwoecn tho production of I eoclonies and any of tho varlous
factors consicdorod, %hers soorag to te indientions thet
tiio anHourance of {1 eolonles in clasociative phononona
rey be due to en interont clwuractoristie cof the corpanion,
rot’ or tinn to oxtornal influonces uvhiech rey not le strong
onouil to troek dovn the sturdy nocihnnicm vhich contecla
tihe disgocoiation of tha bactorial ecll,

2. T0 tocrnie of anrinl dlutlon end frectional

filtration was anoslied to a sorios of six serplos of gowreg o
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and four samnleos of sidnm rallk, 'tho ronort of irvaec!mor
and Shormon thet prinitive formg wore proscont in rilk
in vastly (reater nunbers tihan wvere ordinury bactoria
wes not confirmod, 1'o M colonlea or filtraltle forms
woro ciscoveored, .he number of somnles studled wes not
largo oncugh to Mustify conclusions es to ti:o ocourecice
of prinitive forms of bactoria in millii, hoevor, thore
is a suio0stion thet mony of tho or{anians reocovored ray
o qoutnm;nation roegulting fron the very dolliente tocinie
omployod, thet 18, ranid serial plrte transfore
(D)
corinl bectoriontinge f1lteatos lytio for lol, pullorin

and to-hy purong wore studiod bty repid sericl plato trange

fors end bty etroak plnto sul.cultures for tle pregenco of

¢ forrmse 'Wro filtrates were agcd in gtorilo cotton stoppere
od test tuhes ond in K riediune I colonica rescoulling G
cclonios vero ottninod by tho rapid scrinl plate trancfor
mnoti.o¢ fram 16 of tlo €0 filtrotose There wns no roulority
as to tholr an onrancos 7Throe rein tynes wore found, two

of vhioh wero air eontaminantse, Utien streoali plato sube
culturog woro usad no colonies “ore rocovorod. 510 date
ougost that K redium in this pertioculcr ingstanco red no

ef oot on the produecticn of G colecnios from tho filtrates

of bactoricoin 0. 1liore 18 8lgso an 1acicotion thot renid
sorinl plete teanof~r 18 ressonsible in ruay coses for

tho prociction of G pad siniler forms of tuctoria,
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(C)

Sho nrocuction of Il eolonios, which cirulato tle
ameerance of ¢ colonies, by various nhysicel influencoes,
tonsoroture, renid sorinal pleting, and soleetivo nlating
wag stiudied, Mo date ghow thet tecteria hoving on
optirima tarmorature of aroroninetoly £L°C, ray form I
ecclonics 4 grovm et Ll hior tomperaturcs, iig 19 of
snocial immortonco teocnusne thn technio for dorenagtrotirg
¢ forms rocuiprocs the inculsting of plalos ot &7°C,e
licitker ropid corisl plato transfor nor saloctiiro plating
woro ph:ovm to have rarlod of ccts on tha production of
g fomg or i1 forms of recterin, DLnta colieined vwiien rapid
gorlial nlate end test tube tronsfors wero run coincldéontly
ghowed that the forror wes very succontible to conterdnation,
It 48 su.; osted thet tho serial tost tube transfor Lo sube
stitutod beecaouge of its comprreatlve froodan from contamination,

(D)

A rovie: of somn of tho filters witl: ticlr Cige
edvantorons end foaults vhieh hoave boen used for roroving
bretorin fHrom guamonsions and & c¢igcusgion of theo thoorics
of ffiltretion ere wroseontods A roxinrtely O0U filtrations
woro mace using less tian 40 ee, of susponsione Tho rovort
cf Irobishor wrs not confirmod, Only throe ner cent growvth
wes obtainod from these filtrations eonsisting of fnlg
pallorir and {tept, ourous cron in the presonce of

bocterioahngro, orfanlaorg (rovn in K rocdiun, ecarbined culturcs
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of loglis c0l} and Sop, Indicn nnd rilacollancous culiurcs.
Irobislor has reported as ki h es 40 por cont ¢rowth in
filtrantos of tectorionhaio or of storileo broet!., 790 dnta
inCicnto tht under nronor ecridltlons and econtrols, ond
vhore the capceity of tlie filtor is not excceded, storile
f1ltretos roy be exnecetod in mroctlicnlly 21l cucses,
lefiltrotiona of the or.ocnisms rocovered (threoe per cont
of the total filliceorod) gnve sterile filtratco,

A ptudy of frecotionel filtretlon was nado with snoclel
roforonco to coterrining tho effeet that K rodiuwn exorts

on ti.o filtratillity of lasche c0li, 1t was cormonstrated

thnt trero is present in K nedium a selublo or filtroble
froeticn w ich inoronses the filtralility of Lochy cold
to a rorlied extont, while tho (ross partio:late rattor
bes a 811t Anhibitory efiects similer rosnlis woro
sl:ovm wvhetlh.e» tho filtrates woro incubstod La Lcoto or in
subculturcs, 1o particular rodium was doronstrotod cs
possogsing tho ab:ility to deercace the poriod of timo
necoasery for tlo ansonrancs of ;rowthe in rmony cnses
ono to throo woeks olapacd bofore rieerosemie growth
cpveered 1n filtrotes or Yofora it could be dernonstratod
ty strenk plete subeulturoe rothoda, It 4s voll lmovm
thnt in rany enscs single colls obitalnod by the verious
siigle cell toechnices rocuire peoriods of one or nore woolis
for growthe Vo suy cst thut, ns wes doronstireted by tlo
ata prosonted in Scetion b, only one or two orgnnisrs

roy paggs the filtor, Thore would tion to present in tho
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filtroto conciiions, oxoent for the oxcoss of ousponcding
nodiun, ogsontially thé sarie ag found in sin_lae cell
tochnia and tho oxtondod tire paricd would boe expoctods
This 18 vory 1liloly tho condition in tho oarlior froctions
vhora prowth is éolnyod, viile ia lator fractions vioro
groastor nurers pres throush tiie flltep poroes grovti is
obteinod in 24 to 40 hours, 4hias 13 cormonsteetoed by tho
deta of rnny of i~ frrnetionnl filtrationse & 49 Gay cld
eulture of log o gocl) and a 24 hour eculture posscssod
idonticul filtrability proportics,

Conatantly btut haphesardly throughout the exporinents
prosontod tl:ore hovo boon clLaocrvod misrccolonios, 4J:080
vero siniler in sizoe, annocaranco, and bohovior to tho G
colonios raported hy lwdley end otwrse Thore wuns also
a striling similerity in tlho rmorphology of thio or anlaong.
LOnis snd “rith riontionod that onidia wore microacopio
grarmlos formod by tagiorinl colls in one steg o of t.olr
ronrocuctive cyvele, 4Lho gonidiangia upon disiatogratiocn
roloasod tho gonidia =rich thon g{rew into normnl sizo colls,
Gthor authors postulato thnt feom the ponldia vere produced
colonics nioroscopie in size, G colonieca, vhich eftor suite
able tociinio would form norrasl colonios colncident with
tho fomntion of tho norrnl collse, In the litoraturo nay
bo fouhd scattored roforoncos stating that the gonicla
aro £iltratlo but no mention is rrdo og to the sizoe of
colonios formod from tlion, Thus ricrogscecpioe dGeoronstretion

of the grrnmules, proof of tholr iltrel:ility, and olllity
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to form normnl colls pretlor t'en glzo of cclony 13 tle
erit rion for G typea, FKondell vroported filtratlo fortim
tut ¢1id not ¢17e oviconece of tho nregonce ¢f (onidlae

Thug in litoraturo rmich confuscicen ra 1o tho torminclol:
oxlots, and (Yo aifficulty eof Cotormining nroeigsely with
w10t porticuler phose or phononenon the cut! or is eoncerniod
13 aoeroeate ore oxnct Cascrintions ond fefinitiocns of
tlio teorrg emalied vould clrrify tho situation cnd with
ti:ls intontion ve r ein oficr a torrinolery viich it is
hopod will aid rathor tian add to tle coniluoione

le G colonica formrmod from organdsmo in tle
conidiangla mhnso, poscosndn, filleello fouldia, wiidch
unon ti.o eonlicction ¢f gulitelle teci'nie will nrocaco
colonles rierocconic in slizoe T o varicus rocctiona of
tho culturo aro Cif:cront {rom tho normnl formie

2s Tiltreblo formes = or anlsro sapellio of passing
flltora uncer errofully controlled eonditio.:;'s rut wi:ich
rovert no <ulckly to tho nomel fovma L et oolonics ricroe
sconlio 1n 8lz9 aro not nroducod,

Ce I! €olonies =« orcaniars nerrnl in forn viiel: produce
coloniog ricroscenic in gizo due to tie inf{lunncos of

acvarsae pyslecl condditionno.
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A Coritiguo on vihe ilurotility of rwcturig.

(ibatract)

The term il colory wue introduced to distin:isgh
tetween colonics closely resonitlin: the 4 vypes, reported
by iiadley, exco;t for iiltruhilitv, wileh vore irodnced
haphazardly b rusdd trongder wrd u e 7 epecles of
nioroor -aniess in 7 alfierent redis, wid Ve Lrue G LI'pe.
o relatiorsilp cunld re established tebicon Lhe epjeurunoco
of the . couloiries und the i of the nediy, concontratlon
of cheaie.l (Li:1), dye, churacteristios or the or -arisn,
or the siute of dicgoocli. .tion,.

“he serial dilution mnethod of irueckrer urnd sher.amn
diu no$ denonetrate the grescnee of pri dtive foruis or G
tysea in sewuze or skin milk.

“he appeurance of . cvlorics frai tho tincleriophu;;e
£iltruies of Suluonella vallorw whd pohrloancang anrong
upon e ap:licevicn 0l the rapid eevield plave Lraag.er
motiwod of laudarcy wes not dependernt upun the Jfuctor of
a~1n btut sap.arently upon the metand .f teschnio iusely,
S1241ur scrica of buu.or;o h e i1ltrates to whlol streek
gubculture plateg viereo Gp;lied reucined steriled

adverse temporature gonditiong were shwovm to fuver
the production of 11 ty)08. “uyid serial ylvtin., selective
platinr-, had no effecb upon the produciion of K types.

An historionl review of filtrution ard thoe {uctore
influencin: filtration were nreacnted.

It was g10v'n thut when aounta 1 89 than 40 ece were
filtored throw-h icrieield filiera (2 1/2 x ¥/4 inch)
sterile filtruics wnre obluined in V7 por cvent of LUO
{iltrutions.

vhe netiod of iruouiovul filtration wus up-lied to
the study of theo efioct of i nodiuvia on the filhrubilit;
of 'sch, ccll. A Iiltrable or eoluble portion of !
rnediwi Wug 810vn Lo enhince the filirubility of tnie
orr:nlai.

The follovinz teriinolo-y wasg used to dificrentiute
the three 1o .8 of or-anlsng comvasnl;” encountered in
filtruetiorde le G colonies « formed iruil or waioig in
tho rornidiun;iia phuase, porgsecsinc illtreble -urdidiu,
whicihh npon tae apgzlic:tion oi s»itoble teohnic will
produce colurnics microacopic in sizes i various re-
actlong of tie oculiurc are dirfierent Tocil Ve noraal



form. £. i'1ltruble for.as « or-unisgng eapable of poesing
{1lters undor carernlly conirolled conditiocrs Lut widceh
revert o ynickly to vie normial iom that colounies
rnioroscopio 1In eize are not rroduced. o i cololtlces -
or~utis s rorrusl in {om wilch produce colonics @ foroscope
10 in size duo to the inrluences of adverso physical
conditlons.
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