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A critique on the Filtrcbility of bacteria

Introduction

in the commercial world a propoccl meet have an

iqmedicte inherent materiel value, whereas in pure

science ufly scientific fact irreegcctive of its

practical value is imgortent. Frecuently observations

that ecperently have no material worth, Inter become

cccontiul stepping atonee to objectives of positive

economic importance. the proof of the existence of

filtreblc stages in bacterial life cycles may be tnc

basis 0; ingortczt economic discoveries in all phases

of bacteriology.

In 1983 Lbhnia and Smith presented a ruthcr

intricate lire cycle for the Azotcbeutcr which included

a filtroclc stage. They toetulcted the ioruuLion within

the bacterial cells of gonidie of each 3130 that they

would page through a herkefcld filter candle. Lore

recently chduroy, Hadley, and Kendall have presented

data on other orgcnicma that appear to veliflete the

findinge of Lohnic and Smith. Further observations are

necessary toth ac to proof of the exiatoncc of filtreblc

forms and of their relation to the non-filtrcblc

bacteria. as the data at the present are extremely

fragmentary and highly unorganized ac to continuity.
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Historical

ncctericlogists ere civiacd into two schools of

thought concerning the existence of life cycles in

bacteria. The first consists of the followers of

plconorphieu, the chility of the bacterial cell to

prescnt mun: varied festercs of structure cad sis ;

the second composed of those who holievc in mono-

uorphisu, the fixity of the bcctcrisl cell in only

one form.

£33911 (55) in 1877 presented the view that hccterim

are extremely ploomorphic. us believed tht all bacteria

belosved to c sinfilc type of ficsion fungi, highly

Variable, greatly adaptable morphologically. fermentctive-

ly, cud biochcmicullj. 4n the other Mend. Gone (11)

in 1&75 presented the theory of monomorphism v th a clan!-

ificction of fission fungi bcscd on the clove character-

istics. Koch ogrocd wits cohn and was able to present

onou;h proof to coin: the pcnflulum of thought derinitcly

to this View. Koch's teachings have dominated the trend

of bcctcriolcf: until recently. Luring this ycriod

manifestations of u scoci.tion were attributed to con-

taminc.ion. involution forms. and even to poor tochnic.

About 1911 the tide changed and from this time the

consensus of opinion has gradually turned towards the

Opposite vicw;oint. Jones (33) 1930 summarized his

former super of 1913; He noticed that cone Acotolcctor

possessed a complex life cycle. one obserVution was

that the cells of those organiccs formed two types of



.3-

granules. a ssihoble md u xon—otoinuble. 153m former

were apparently regrodnctive bodies or junidiu. .men

the nether cell eisintexrctod these granules were

liberated, whereupon they grew into normal cells. ro-

produced indefinitely b3 binary fission, then each cell

egein forced gonidis one disintegrated thee completion

the e3cle. joocVLr, he stated that tho3 were not

filtrotlc and fladfl no mention of the size of the colonies

:Todueod t; the "oxidicl earns.

Lofinis uLd Smith in s grolimin-ry rote (4%) 1916

showed this the life history of the Asototoctor are

other bacteria was very complex. in a liter communication

(41) 19:3 the3 :03:ted out that the Anotobootcr goo eased

seven distinct cell types. Shay reported that all types

of bacterial reproductive oriens were found in these

organiena, gonidlu and gonldanglu, 33gosporos, arthro-

spores, microcysts, erdosoores and ozospores. ”hiyastated

that when the nuclear materiel was accomoonied *3 count

amounts of other cell elevents, genidio were formed.

”hc3 also stated that these gonidis were in port filtrable

or had ultreniorescoois purticlcs associated tith them

which were capable of reproducin: Azotobocter colonies

after filtration. rhis payor is o 013@310 on the

dissociation of bacteria and is t;o basis of cheticolly

all “orL cu- d153001litivc yfiononenu.

Load and serrcn (5.) in 9L3 regcrtod the isolation

of s rocdil; cultivoble vi%;rio. he3 ettriuuted the

iiltrshility of this organism in port at least to its
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motility.

ficuduroy (be) in lie? presented a technic for the

cultivation and ,roouction of visible orderisao from

the :iltrotes of filtrcble forms of bacteria. Ihis

process coneieted essentially in placing one or two so.

3
of the filtrote on u loctoee gelatin plate, incubatin

C
”

the seeded plate for 24 hours, weeding the eurfoco of

the medium with sterile broth, and trencferrin; the cosh-

ing to a sterile lectooe gelatin plate. Skis roe repeat-

ed five or six times until fine, pin-goint 0010;509

appeared. is stated that at thie stage it was possible

to grow the filtreble zeros in broth. this was the onl3

method by which he was able to rrow these forms.

chloy st 01. (35) in 1831 were perhaps the iirst

to renerote artificially end suheeqnontly to ecltiVuto

p.

in pure culture the :iltrutle virus-like staée o- en3

bacterial egoeioe. Skis Ziltrotlo or 3 form was yroduoed

durin~ dissociative chunjcs b3 reyid transfer ELG aging.

Que G :orno were grown as pure co torus; their filtra-

Lility woe demonstrated and b3 moons of special toconic,

the royid aerial plots transfer of douduroy, tho3 were

recovered from the filtrate. the different reactions of

the G iorms were found to be different from the normal

R or S t3oe, but after suitable munionlotion they reverted

to the normal form. 0 forms for other organisms were

3130 demonstrated.

Kendall (36) in 1931 regorted e culture medium waich

was lacking in protein digestion products. This medium
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was unpublu of changin; ordiniry Laotoriu to primitive

forms which woru able to page filters. flheoo filtruble

organisms were unuultivuble in ordinary media but grow

well in ; medium.

Vurnoy and ironfenhrunner (06) in 932 extended

the observations of {unfilll and d monetr-.Ld that the

cause of tho iilgruhilibg might be attrihutcd to the

suspended material TPOSGht in E medium and adoorLcd

by Ina iilter. :do: noted fifiut the organiuqo in the

filtrate were equally cultiVuble in K or other media.
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prerimentul

(A)

Attempts to ?roduee 5 forms of Luateria

by Physic&l finthoda

l. The effect of rapid transferring and akin;

bacteria in different media

There exista in the literaiure much confusion as

to tue exact import curried by the nyrn G flora.

Hadley at al. {33) in 1931 introauocd this designation

applying it to colonies, micronOPio in size, groduccd

by ooccoid forms which were :iltrable throu h Various

types 0f filne‘sa. ; uecéumr and ;.:hz.3r:r~.:;n ('7) in 191.23

ieoluted or :uia 9 which the; called grimitive bacteria

uycultivgrla *3 0?dih r; mcihods. Ubher Lanes further

cload fine situation. In this paper the Iollouint

terminolOéy will he used.

1. 3 forms which consist of any organiaw in a

form.di£forent from the normal uLd which will pusa

filters and produce colonies microauopio in size upon

tha application of rapid aerial plate transfer or aging.

2. Filtrublo forms which oonaiat oi any orgnnian

in the normal or chwzeod form which will pugs filtera,

and mill produce OOIOfllGS and have rcuotioua nurmul for

that organism upon the urcliUution of suitable teuhLio.

3. m forms which oonaiat of any organism which will

not pass filtere, bufi will produce colonies microaoopio

in size upon the applicgtion of auitublo tachnic.
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who nature of thia study required the use of

several controls in order to evaluate correctly the

data ottzaixaed.

1. Control and method of filtration. the iorkoield

filters were oleonéd before ouch filtration by passing

through them under negative pressure 25o cc. of a solution

of potassium permanganate (1 gram KHnoi + 6.5 gram

concentrated moi o 1 liter of distilled water), zoo co.

of l per cent oxalic acid solution, 500 cc. of hot dia-

tilled water, and 5J0 00. of oold distilled water. the

filter was then connected to the ace mponyinx flook, tho

outloto plugged with cotton, and toe u;yurotua sterilized

in tho autoclave at 15 pounds stow; pronoure for 30 min-

utes. who Soitz filter pads were renewed after ouch

filtration afld the apparatus sterilized as above. Loch

Iiltor was tested ior its utility to rotuin Serrotio

moroeoooug after evory 13 filtrationa.

Tho proosuro and time of filtration were adjusted

to permit the filtrate to pass at the rate of one or tvo

drops per second. for 20 00.. the amount generally

filterod, tho preosure was 103 to Booxwo. of Hg, and

tho time woo three to five minutes. loose methods were

polled to all filtration studios.

2. Control of sterility of media. The glassware

was sterilized twioo ot loo’o. for In minutes or longer.

Boo media were prepored in the usual manner and sterilized

oooording to tho standard proooouro. Toot tubes contain-

in; media were ylooed at 37°3. for 4“ hOHFB. then at
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room temperature for one wecz. n11 tubes chewing growth

were discarded. :he agar pletee were poured cecptically,

ncubeted ct aV'o. for 43 houre and at room temperature

24 houra before oeing; those showing contamination were

discarded.

3. Control of test meteriel. The E medium tubes

seeded with the filtretee were controlled t3 duplicate

filtrates placed in etorile cotton etoygered teet tubec,

in plain nutrient beef extract broth, or in differential

media for the particular organism studied.

Rapid truneforring and aging of bacteria under

various conditions have been studied by eevorel authors.

'Jedley (p3) 1931 obeerved that rapid transfer or

Shicelln gggenteriee in media which had alight inhibitory

effects on this orgeniem ccuecd a change from the normal

colony else to one which could only be econ with the aid

of the mieroecoce. He reyorted the S rcrxe of gfilg.

Qgeextcrieg arose lo Limos dcrin: Spontaneous or enzorcec

diseociu:ion of the S or the R forms of this orchiem.

Incec cultures orieineted from both B one 3 types uncor-

going ragid transfer and aring in broth, with one without

lithium chloride. in pancreatin broth, from bacteriOphege.

and by animal injection.

inc former methods will he considered in detail.

Plain beef infusion broth. p] 6.8 to pH 7.8, was used

for spontaneous dieeccietion. reenty-five hundredtha

to 0.5 per cent lithium chlorine was addeJ to broth.

pH 7.5 to pH 7.8, and 5 per cent pancreatin (Squibbe)
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was likewise placed in broth, pH 6.8 to pH 7.8,for study-

ing enforced dissocie*1on. Dots H and 3 type cultures

underwent rapid transfer end skin: in these media.

Que technio of rapid transfer consisted essentially

in transferring from one loop to several drags from tube

to tube at 34 hour intervals. After 24 to 48 hours'

iuouLatlon ct 57's. the culture was yluoed on u sterile

ugur glaze and secured ovUr the surface "inn a sterile

glass L-shuyed rod. These seeded plstce were incubated

from £4 to £3 hours and differertisl colony plate counts

undo. She studies in sting consisted in part in placing

the organises to be studied in he Vurious media and

mskixg subculture plates at intervals for differential

colony counts. dcdley found that on about the seventh

to tenth transfer microcOIOhies uygeured in large numbers,

sometimes preceded by a sterile plate. These afpcercnooe

were very regulur in recurrence. u 33 repeated trsnsfor

the colonies disupyeured. returning again when urther

plantin;s were made. The cultural, morpholo~icsl, and

chemical reactions of the 3 colonies were obtained. These

diffiered from the normal Shir. gggenterlue reactions.

The cultures were found to be filtrable and the filtrate

under proper manipulation produced mierocol nice or were

true G {eniso

Euros (54) 1931 obtained results with Salmonella

enrtrTekc which confirmed Hadley's work. She technic

used closely followed that of the letter. At the

termination of the experiment six cultures of the 0 forms



~13.

of 331. aortr~oit were seeded on veal agar platea, sealed

with adhesive tape, and placed in the flue box for iivo

months. at the beginning of this period the culturue

were microscopic in 8139, but after two prriod of china

only yellow, oguqne colonies 2 to 5 mm. in diameter could

be discovered. an oxglanatiofi of this phenomenon will

be offered later in this pager.

a. T?e 6;?act 0:: ruid Lrnnqjurr1v~ uld uin; Ski

filmewteriue in different media. {a an at:em_t 30 ohttin
 

G forms he influefice ofr fid Lr"*”err1n aufi u1:3 8

strain of Shig, #399338? ac was tested in different mefiiu.
 

2he culburu wua obtained iron Hadley of the University

of:ich113n. ‘his strain was the one used by Hauley to

obtain the G farms that he has re;norted {83) 193 . in

order to alaulato the conditions under think his work

was conducted the following media were eelootcd and pre.

pared according to his.recommendutinna: (1) Plain beef

infusion broth. pi 7.8, (2) 0.25 per cent lithium

chloride broth, pd 7.6, (3) 5 per cent p:ncr<zatin broth,

p! 6.8 . (4)5 psr cent puncrxutin hrotn, pi 7. u, (3) plain

beef infusion a3xr, alld (G) litmus lactose thP (biEBU).

A anificient amount 0f ouch medium was made at one nine

for the entire e.<ppeziwunt. before using each take or

plase of medium WfiG incubated for sterility a8 outlined

previously.

Daily transfers were mafia in each of the fowr truth

media. All tuiea warn incubated at 57°d. After 45 houra'

incubation each culture waa streaked on litmus lactose
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and plain beef infusion agar plates. Qhe gletea were

incubated 43 hours at 37‘6. for 5 to 10 days be room

temperature and examined for colon: f rantion at a

magnification of 1)) diameters.

The initial tube of each eeriee was placed at room

tougoreture after the incubation varied at 57's. to
o 1’ I

-
\

determine the offiect of aging. fiver: Bi huure each

culture was streaked on litmus luetuee and plain beef

infusion agar. rho plates were incuheted and examined

ea outlined chore. Although Shifia‘gigrnneriee was aged

for 53 Gaye, end in 33130 of 5J reeid transfers in four

different broth media, no effect of dissociation was

observed. $he colonies present on each plate in the

eeriee were rough and Opaque throughout the ooureo of the

experinent. ‘

B. Syontnnoeue and enforced dioeociotion of bacteria

by rapid truneferring and ugin3. Although no G forms

could be obtained from Shigs'gieenteriee. tne method of

rapid transferring and aging wee extended to abhor

bacteria and to several other media. SeVen or3nniene of

different genera, both pathojenio end nonpetho chic,

motile and nonmotile, p finent and nonpigment forneru

were selected: (1) §n13e11n_Eerad:eentoviee, (2) Ccrrntie

indicn, (3) chrofiobecterinn violnceum, (4) Escherichia

.2233, (5)_§nlmonellniggllorwm, (6)_§orohccter ucrogenea.

end (7) Shieelle.g;penterieo.

The medie were prayered as outlined below: all

media were sterilized in the autoclave at 18 pounds
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steam pressure for 15 to 20 minutes and :ueched for

sterility by incubating ue described previously. ?hc

seven oréwnieee were planted into ouch o: the truth

media: (1) Klein bee! extract broth, ;3 7.8, (2) ;luin

veal infusion broth. 31 7.2, (3) 0.5 per ocnt lithium

chloride broth, (4) 1.3 per cent lithium chloride broth,

(5) 2.0 per cent lithium chloride broth (6) E medium

{B1foo}. and (7) 0.007 per cent trilliunt green broth.

in addition a tube of ouch was need as a control on the

eheence of 3 rorae from the media. The culture tutee

toeether with the centrole were ineuteted et 5 ’J. ior

24 hours. Lolly runefere tore mode from ouch tuie in

each eeriee. after 43 houre‘ incubation the cultures

and OJDSTOIS were streaked on voul infusion fixer plates

that had been previously checked ior sterility. th

seeded gluten L620 incubated at 27’0. for 45 hours,

followed by 5 to l) duye at room Lcnjeruture, and examined

for colony foruntion at a magnification of 1;Q diametere.

Colonies reeeHEliLg 3 :orma were subcultzred to reel

infusion broth, incubated 43 euro at 37's., and filtered

through berkefeld N filterc according to the toohnio

previously outlined. the filtrates were utudied ier the

presence of G f0 we.

20 determine the effect of axing the initial tubes

of eucu series were pieced at room temperature after the

incubation yoriod ut 37’s. Lt the intervals riven in

3uLlec 2, 4, 6, 8, 1}, mad 13 the material in ouch tuic

wee streaked on veal irfueien user elutee previously
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checkcd for aterility, and after incubation at c7’£.,

followed by room tcnycrnzure, were examined for colony

formation. :he control antes remained sterile for the

entire czgcriaont. The plates producing microcoloniea

were incubated one weak to observe any uhahxe in colony

size. Licrocolonios which reuuihed cuhstcnt in six

were carefully transferred under a M';niiicution of 190

diameters, to veal infusion broth, pH 7.0, and incubated

at 37°d. for 43 hours. Broth cultures which chuwed faint,

opaleaoaus growth were filnorcd according to the mezucd

previously daecribed. ihe filtrate was clear and yolor-

1033. vne co. amounts of the filtrate were placed in:

(1) ioal infueion broth, pH 7.2, (B z’meuium (piioo),

and (3) a aterile cotton stappcrod that tute. Iheee

tubes were incubated at L7“&. for ?2 hours, followed by

one week at room temfiercture, when they were atreuked

on veal infusion uga platen. thse were incubated at

b ’3. {or 4a hnurs, followed Ly one week at rcum temper-

ature, uud than eXuminod at a mmgnifioution of 100

diawetcra fur colony forzntion. fio colonies were dia-

covercd on cry of the cubculLu39 pluses; thq media contain-

ing filtrates from tie cultures forming EIUrDOGIOhififl

remained sterile uncroacnpically and microscopically.

this donunsnrutcd that these organiana were not filzrable,

aid for fihis reason the term 3 form could no& he applied

to any culture icoluted ty rapid Srunsfcrring or u lug.

According to the Serninology outlined previoue y, tho

microoolonica formed were labeled K ccloniea.
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1. Liaaociution in plain boot extract broth,

pH 7.8. ?lain beef extract broth was made in the usual

munn.r, adjusted to pi 7.8 wink P/l Laid, tnlod in 10

cc. amounts, sterilized and seeded with the toot

organisms‘

a. Rapid flranofer. Soto in fickle 1 Show thvt

only three organiSdc produce M oolcnioa, Shin. ;fl£;9

giggntorioe, Tech.‘gg;;. ond‘ggl; Ezllorum. they

apyourod when 5 colonies were the predominating tyoe.

Show 353% only three{
‘
1
3

b. fifinf. Fhia in table

organisuo produced 5 calories. Goran. violmocnn, loch.
 

coll, cull”: '. filth the acception of chrom.

 

viol~ccug_1n which the apgocranco of the u Lypos woe

:reccdcd by three aserilc plates, they arose when 3

colonies were the groonminatin; tyyo.

2. Spontaheous diaonciotion in veal infusion

broth, ?K 7.2. veal infusion broth was prepared in the

canal manner. checkod for ezcrllity by incurution, and

Seeded with tho_tcat organiama.

a. Hapifl transfer. Hutu in Qable 3 show that

four organioaa, Barr: indica, Shiv. gzgfiQBGVIQfi. carom.

violoceno, and 23;; pullorun. produced H type colonies,

the first two when R colonies were the predominoting

$336, the o;hcro when S colonies were in echao.

b. Aginr. iota in Table 4 show that the production

of u colonies in dhrom.lgicloooufi and Sol: pullorum
 

occurred «hon R colonies were predominant in the former,

and when S colonies were in excess in the latter.
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3. Enforced dissociation in 0.6 per oent lithium

chloride broth. 20 Veal infusion broth, preyorod in

the uouul manner, was added L 31 q.a. to make a concou-

tration of 0.5 per cent. rho medium one eteril sod in

10 co. amounts and seeded with the teat orfuniamao

a. Rapid trunofor. Data in Euble 5 Show thut fl

tyre colonies were produced when 3 types were in excess

in Sorr. indioa, and when H ypee predofiinotod in Qhrom.

violaceum and Shiq: QXSentorioe.

b. Aging. Data in Table 6 ahow that 3 typos and

3 3963 were equal in amount when H oolonioa urooe in

Barr. indiou. and that 3 $3398 predominated vhen u tyyos

egg ared in 390%. coil and fial. gulloron.
 

4. Luiorood diooooiotion in 1.9 ger cont lithium

chloride broth. the medium Wu. prepared as in yurt 5,

zoop: that the conoonzrution of 1131 wag made 1.0 yer

cent.

a. Kufiid transfer. buta in fable 7 Show that E

types were obtained when 3 oolonioa predominated in fierr.

indico ond‘§§;‘_§ollornnt .

b. Huging. Eatu in Table 8 show that R afid 3 types

wvro equal in i235. indion, and thoz 3 types predominated

in $21; Eullorom.when H colonies appeared.

5. Enforced dissociation in 2.0 yer cent lithimn

chloride broth. Che concentration of L161 wus'mooo 2.0

per cent in veal infusion broth.

a. Rapid transfer. Iota in Ioble 9 ahow Bhut h

colonies were produced in fierr. inaioa and Tech. 0011.
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b. figinx. Data in Sable 19 chow L t"p68 apgeur-

ed when N 83963 yrudominuted in 333:; indiau.

6. fiisaociation 1n 3 medium (Difoo). A 5.0 per

cent snaponalon o; pondered K m~dlwm (rifuo) was menu in

distilled water, Bturilized, checked for sterility, unfl

seeded with the teat organisms.

a. Rafiid tvynefer. Buta 1n futle 11 Show that}:

£3363 appeared when R types predominufiud in gargn.

violucann, u:d “hen 3 t3
4
was prcdoniuated in ail: rullorum.

b. .Afiing. £0 3 typea were prcducod.

7. Fiesouictinn in brillianfi g?cun broth. lrilliant

green broth was prepared by adding pepzono, 13 grams and

geut entrucfi. 30 grumeta 1 liter of distilled water.

this euaponeion was heated until dififiOIVfld, udJusted $0

p1 7.0, autoclaved for one-half hour, filtered, and to it

was added 7 00. Of a 1.) per cent solution of brilliant

green. ghe medium was tuned and sterilized.

a. Ragid transfer. Batu in table 12 show that a

$3303 were obtained when S Lyfiea were preuogingnt in

122.4 13!} 1 10!" mil.

b. aging. laau 1n Buble 13 show that a Lgyea were

obtained when S colonies wove preuuminunt 1h Vsch. c011
 

and :31}; Enlla'n'vii

Biéauaeion:

Seven different species of bacteria were transferred

Gully infio BQVQH different media and the EngAPMNUe,

persiszonce, and disupgcuruncc of 3 00101103 mused.
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It was oheorveu thin in most uuaoa a colonies

appeared on the plates fiudfl from the fourth to ui;th

transfer into, pureiczea shroujh five to eo?cn transfer

and than diauppe red. :hey uleo agyeured uELar 1» days

axing and diauppuared fry] the fiLth to figth day of aging.

fho regularity with wkich the G fonia arose in

Experiments by 136163 on spontaneous and eniorced

dieaouiution of fiki;& disentrrian by rapid transfer and

ugin;, and coniirfled by {uro& with £&;; aertrguxe, was

not oteervad either with fihlvz ggggngcriaa or other

orgauiafia. Home of the media produced a types in all of

the cultures; vedl infusion broth itself agonuuneously

gave rise to more 6&803 of H cOIOLieB fihun any of the

ayecial enforcing mudiu. Enema ouloniea occurred hap-

hazardlx, and no relatianahip between the yrosenco of H

or 3 colonies. the tyge of media, the variations in the

churunteriatica of the urgunigxs, or the taohnio unfl the

appearance of S galaxies would be diauovared.

icprcaenustlvo coloniea eclc4zed at random and

filtered us Outlined previously did not yuan Lcrkciold

R filters. For this reason Ede writer did not feel

justified in npglgin: the term G form to say of the

microcolonioa obtained by rapid trgnefcr or ujing.

2. Attempts to obzuin pure culturea of J types by

serial dilution.

filthouzh rapid transfer and aging of pure oulbures,

an indicated previously, in Various media produced micro-

ooloniea which rcaembled G 33303 very closely they were
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not filtrohle. Several authors, Hadley et el. (23

1931, torney and hronfonbronner (66) 1982, end Lineaer

(70) 1833 atotoa that a true G culture moot Le filtroble.

fine data obtained in the experiments on gore cultures

indicated that those forme were not present or associated

with the Greenieme studied and could not be demonetrated

by rapid tron.fcr or aging. Goneoeuently o eiiferent

method, ecriol dilution, one employed on material known to

contain Sererel fiiiforent tygee of organic a in naturelly

ooeurring eubetunooe, milk, sewage. ote.

:he method 0; procedure was similar to that employed

by Erueokner and Sherman (7) 1932 who rooorted a high

incidence of primitive forms of bacteria in many naturally

occurring eubatenoee. milk, soil, sewage, etc. they were

able to obtain these forms in pure culture by serial

dilutions. l x 13-13 on. and higher. obtaining growth by

special methods as regid aerial plots transfer. They did

not conclude that these forms w re filtrable, hut they éid

state that they would not grow under ordinary oulturel

methods. In a study of milk from.normo1 cows they demon-

etruted that primitive types of bacteria ooourred in larger

numbers than the ordinary type of organises. This was

ehown by obtaining growth of primitive forms from high

dilutione of the material studied, 1 3 10’8 co. and higher,

although the usual forms of bacteria could not be isolated

Six eoeelee of sewage and four Bangles of skim milk

were used for the test material. Lextroae beef infusion

broth was tnbed in 9.0 cc. omounta, sterilized in the
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autoclave at 15 pounds steam pressure for BJ minutes,

one checked for sterility by incubating before using.

one cc. of the Sample Woe placed in tube 1, this tube was

carefully shaken, and 1.0 cc. of the mixture transferred

to tube 2 with a sterile pipette and continued until the

20th transfer had been made giving a eeriee of ailotione

from 0.1 cc. to 1 x l) ‘3occ. of the original sample.

Duplicate dilution eerioe were run on each ecmyle and on

a control tube for each hatch of media. She cot of dilutions

woe placed at 25’s.. the other at 37’s. for 72 hours. all

tubes showing growth at the egpirutiou of this period were

discarded; the renoiucer were incubated at 25’0. for three

weeks, after which they were streaked on dextrose beef inn

fusion agar. In each eeriee the lowest dilution tube that

had not chown growth at the end of the prelixinury incubation

period was examined by the rapid eeriul plate trunefor method

of fiadley (23) 1931. At the time the samples were diluted

they were also filtered froctionully through c herxefeld F

candle. to difference could be shown between the couples

incubated at 26°). for the entire period and those receiving

preliminary treatment at 37'3. The material treated with

rapid aerial ylete trunefor did not show growth macroscopic-

ally or microscopically. Esta in Sable 14 show that no

growth was obtained on eubculture plates at the end of

three weeks at 25’6. from tubes which did not show growth

after 72 hours ct’S ’3. This did not disprove the presence

of G types in the materials studied, but merely showed that

they were not present in the samples in greater numbers
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Gable 14. Growth uLtulned on Subculture Plates from

Serial rilutioh tubes of Eewuge and Rhim_L11k.
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than the (1:31:91 11:00:;01'113. '21::0 000111.30 to (702-:01'mtrato

the {wary-mm: (:3 (.1: tygma 1:: (my emneontnw£35,011 is: the

BDszlo 11:7 thc “(10.210 3 of fleetional 1“11‘:°z.(t10n Lave not(‘15 ivc

results (:9 (3111.11.20: 1:: 1:01-23 1:25. 11.9 CPL (1:1.131718 pm 30:1: in

the {3"123910 (1163. act 3:17:09. 1:219 filth? (2.111311 the Few-.11..21 to

eighth fraction, and (70.1.10 the usual typos fmmd in 171.113:

0.1.1 301.10.;0. (23:11:11.0? filtmfi‘fln 10:11:11.9 o: G $011229 11.101.13.62 have

passed in the first 0:1 0009213.. f‘mction (3m: according; to

7‘21'1.1(~:cm':o:r' (and: 311101122371 (7') 11-33" (1.21:?! i'tzdloy 9t (:1. (“3.- 13:31

(101210 havn 1.1m}. lif‘f‘ororzt (abnmtgctcmistica from the 0:1Lm:1m2:3

(1.9102131?! ,7 (fits. fined.

£1001:30:10:: 0.1.“ (.2091: 10:: n.

1. NJ‘ 01;::t3 1:20:10 13:06.0 (:0 (303701100 1531.0 arcxiuction of

1
:
"

G fox-3:123 from 91.(:1u‘(;(((:0(_:1.19 (1.x:(3 (1310:1006. ((13:00 1(-tin:3 113-

(1932313 '113095'011 (1:15. (:LinL; 012‘ 001mm (iifi'orom: (11011:):113.1. (arts

in Vurioz-m (1.06.213. A. 1101.13": (313:2.1015: of 3-15.,- '1. (“11:00:11.11‘01m was

aged for £21.“) days and 0911:1106. 1:19:01.th Ex) (31913.3; trcrmfora.

{Io 9v1(ic::;:0(:3 0.? (.132’101'1ttr10 1(1:10 (10:10:2- in an}; of 1:310 17013.:-

r:ec‘:ia used. 1.1220 I10;;1.:1::1:11t:; mated (1:; 1.01210}; with which

(3 $021.35 0001011190. is“: 571-14". grcmggcricg (1:03 nut 01"(3011ved in

any (sf 11310 (3011011 m-Lflzflmn stucfiiod in (my of‘t, :.:(.—.:(.'z;in.

0 “(:Int1(11:(1“1:>0 could 1m onw‘rlia}0C. 101::(0cm 1:: :0 1-0.:-

1192931521033 03:" 13.229 (gm-1:00:13noo 0f (frievcmolcuioa and 1.1.0 type

of“ madly, t10 92': (111111101111.193 of tin: CPL (1:113:11, 011 trio

8

state 0: (i211(0001913011. 191101111}; ti(:30 re:3:111:13 002:.1:171:0(1

those 0181:1300. 1.1;; 3":165103; of; 0.1. (1'35?! 11"):131 and (70110.1( (#1:)

19531; but (1.171203 I10:31:1o::0::ta.tiv0‘ (11011000103103 (rm-0 trans-

i‘orrod to mm], 1:13:5103 h" 1111': cm}. filteroé, they (kid not
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paoa Eorke?01d U filtovs. Tocnuso those microcolouios

warn not filtratla, tho term : COlOfiIOB rather than G

form was aptliod.

3. 950 tachnic 0? sayinl dilution rovertud by

rruookzer and LbflPfinfl (V) 103? was up lied to 513 samples

of mara¢o and four annmlao of skim.rilk. :0 9 forms or

u typos could he demonstrated in thong unnnlos which were

also filtornd fractionally. fho Cygnniama Pocovmrmd were

tho u<ua1 typos 9? seat in sewage or in Skim milk.

m forum of bacteria rather than G tygeo were Conan-

atrntod 1n Ofigfifi 3P3 unco?tcin; éisnociation and in two

natural substances, sewage and skim milk.
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( 13)

Attortgfits t0 3.3011011311111130 1.31.0 P30001100 0.13 {310111.10 1.11 {3’10

1301101110311133 11113133131111 0f

 

1.111’.1. 0111.111 and

fire-u}?Xivl000(‘Q? 1:2 p11nn11uc3

-..0t}'0r 01‘ not G I'ma try 110 01:tomod from 11110

 

1mct03103h050 filtrates 0f Vn310113 or1rnisma 19 still a

mmtfior of controvoray. Varnoy and 1r0nfenbvonn0r (GU)

in 1932 wore unable to ohtsin 6 $0300 from 23 strains of

1’111ot0111051‘110L0 filtrates 1’1"1:1<.10d. 210610;; of. 0.1. ($2.33) in

1U1 r300rt0d the nreaonce and 1001M10n oi a G 1'0133

131011 £3.11!" 1.71-1.1'00111131'fis0 W103"‘1'103i'ifi1--0 i‘iltrato. in the

l

literatwra may 1:0 I'mmd other 1101011011000 0111121033 1‘1'11’211-

1.111;; 01'- 10113133 the 13101301100 05’ 1.33000 farms-:1 in 13110 1-12.01101110

{£1150 flit:11.1303 01’ various 01101113118. 1.011'01102', it”. 0017:1110

unnecessary t0 cite ‘11:.:30 1*0‘0'0'1009 1.11: 1:114-0 1:111:0. in

V1011 01' 1131000 01.1111?) 101.1013. rcvpovts it 11110 t?'*01.1.__}:t: 01131017310111:

to 11131: 111111.110? 0111131100 011 he 1-001131'1011110170 1111111311100

1:11:10 for __0_.;_._

1. fttompta t0 (101101131.11111110 G for-1110 11:; Panic”: 1101:1101

111.11, “10131.1": 0116. 52110—111. 01111011.-
      

3110.10 1111111101701? of‘ 1.7110 17111011013101.11111L,0 filtrate 01? 53h

3.1111111111'1 egg-ed 1.11 1-: 11011111111

'1’3310 11133011111113 used in 11:10:10 013-11.31.00 consisted of

orinl filtvutos 01thiflfld fzmn :31) trans.1003 0f 51 moto‘rio-

11111 own. 2110 filtrate 111 011031 011110 was   plunge 01. 111;.

flflfled 1n 01H01nts of 6.1 00. and 1.0 co. in duplicate. to

1.3111111 1113191011: 13001: 1-: 111.130 broth, p‘i! 7.7, to which 1.0;.

“011133 111.161 m‘(_}V10’113 1:; E10011 31313011. $117130? 91% 11011391?

 

incubation at*“C., 1:310 1.111951 1.13 101-35111; 1.3.10 Lwroto.1; 1:31:10
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action were filtered through Emits filters. This transfer

was repeated 62113 using the freshly ohtninod bacterio-

3fiugn filtrflfio. At the time each of the eLovo transfers

W090 mafia, 1.0 cc. pOPtions of the filtrate were Almcod

in fi.m0dium and plated a liver infusion nLuP plates.

fine K medium was prepared from fresh hog intestines

according to tho motzod rec0""0mod t3 "onLLll (UL) 1931.

A 3.0 pm? cont sunpension was mfifie in 'yrouo so 810:: and

bubod in 10 cc. amounts. k’ho tLutoa voro autoclovod at 15

saunas atoan.pressuro for EU minutes and incubated to

cheek ntnrility. inc K rzedium tuho and the liver infusion

agar plate were used an ccmirols to check the sterility

of the bactfiriaphngo filtrate at the time of its preparatica.

‘imo brotn culture contfiinirxgé n3. 4 5*;.& £310 bacterio-

 

phage filtpmta was filtered by diluting it with 30 cc. of

sterile fihgsiolofiicnl salt solution and fi' torin; under

a negative pressuro of 130 to 1:9 mm. of L3. Tie time of

filtration was 1033 than three rinufios.

it tVe tine tLe'Iact=1104hh'n i'iltrato x.raa planted

in K nodLan L to 13 cc. of the filtrate was also placed

in a sterile cotton atonnored test tube. These U0 tuIea

cunstituted the material fer Btndyina the effect of rapid

aerial plate transfer on hnctnPiOpfingn filtrates aged in

K. modirm o

laundin013 a?tor pragnving, these tiI03 \voro ifxcub:1t0d

at 57°C. for ?3 hours, then at room temperature until the

cmvpletion of the expoviwont. In tie studies fade on

thosa f‘ilt1ntos, $5.0 onos aged in K.xo@1un'x.‘ill b0 Coa-

1‘nut0a 33 series n end the others as movies I. All tales
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more otorilo mooreoooyicnlly at tio time too rnyid oorlal

plate tooaofor nntkofi was nufiliod to moon tube of both

903109, which rouvmsontod poP10€3 of fi;ifi¢ from 1 to 30

day-. T30 procedure consisted in placing 1.9 08. of the

untoviol in each tqu of movies a Qua b on a mterilo veal

infusion agar plate which had boon chocfiod for storility.

Tlo filtrate was sprood ovop tho surface of the ago? with

a sterile Lmohnpod glass rod. After incubating the aoodod

{I
4

plates at o7°C. for “4 hours they wore examinofl at a

vagflifiontion of 100 Q.nmotora for the prooonco of col flies;

the surface of tho agar was then was ad with Q.U cc. of

Antorile veal infusion broth. one co. of this wanting was

transforyod to a sterile veal infusion agar wlato. ibis

procedure nus repootod until the colonies nUDOQPOd. those

were fished ona planted la storilo wool infusion broth for

Further study and ifiontifioation. whore no growth could

be discovered tho sorioa was continued for at least 16

transfers.

Data in Traffic: 13 film 1: Iii-mt groom‘s could to attained

rvom only 15 of 6a macroscoyicolly storilo filt°atos to

which rapid serial plate transfers moo boon apgliod. If

K.moaium.onhnnooo the (Tooth of G forms, colooioo ohoumd

be obtained from filtrates ogod in h.modiun.o shortor

period :f time than from the corrosooading filtvstoa

aged alone. T313, however, was not tho cnoo, indeed no

regularity of envenrrnco was noted in either series a or

b, thus the occurwonco of colonies on the ramio soriol

plates fvom filtrates aged alone and in K medium must be



Tahlo 16. Growth Obtained by Rapid Serial Plato

Trannfar of 33;, gallornm.ngod in.K.Modinm.

  Mu fir

Filtraio'number' Orgwth obtained b2 eerie; plate tranggor'

number ' of ’

' day ' K medium 0 filtrate ' Filtruto alon-

' we lieriog a orio b
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Js". a . I -' 1 ‘ . . ‘~ ' (1. . .1‘!’ -;< ,v- ‘7 .0 ,w 4‘. -~ ‘91 .‘0

0.313.331.1330100 to 01.1.0.0 31.001093 1.11011 C3.L3CLIL,. 3.3. is 1.0000030

Q

not (30273031110311; 0371 {3'20 31.06.133.113 13.00:}. 131.1330 2111117310 .17 :3.- 07

11:11: 1331000 “@110 3223100 {1:11.53 1317-3053 of 0010:1103 130c"rum...

$7330 1 11:29 a. 31331'11'101110011t, 00'10011300 00 133233;; 1.302131331115

£11.30th C3130 1.111. 10 (2101:11331:301 , 0.1.3qiLwL1L 031‘ 0.3.0131; r0630 which

0130 {313031 11“.; native. 31'3030 170300 3110113131; 33.13.21.013:3 33013119

 

0.11:2 [3130:3001 the filter 1:1 (31:21:31? 1.2.0

nonzml for-1'3 or 3.1-3. (.3310 11211011 (211102213; revertcad I to 33230 1123111011,

{30001100 13330:] 17000 21000301300 (‘31) L20 1‘11“”; 10: 11 :1“31’ 113011

3.1130 13113300 of 0011100 0., £11306 {3' 11:10. 11 (3.1130, and from the

011303 01“? 001110913, 0.; 0:1 1:3 011:1 1.1}: days.

Typo :3 - The majority 03? 0111111113011 11000310110321 formed

translucont, 0:3103'H3'31' 007-023;: :3, r100.".1101331; 33 C3: 34.3131 [373.

to 0.1 17:31. in (unmotnr at tho and CF 13:0 11301.93: 83-.011 33:11.00

at: {37°C.'1.:0 Cumin010.513 1.090 Pi32.1t0 {I'01:: p0.it-ivo 00001.

3:30.00 00.30 13'1'1: "133111 I' to 1330 G t."300 (213000113de 1:;

000103 at a] .(9d) 105.1 and fucox ( -£) 1JC1 b012 (“tor

0350310215144 000 01° two wool-'3 at 901.11 t:01::300:1 1.1.3.330 ti 0 001031103

boa-1:39 110‘1013 011C? 0"300110, 11100131301115 2 to 4; 311. in (31:31:03.or,

Consisting; of 00001, 111 the 0331011: ,03-"0311'. of tetra-"1'33 which

3.10300 C130": ponitivo. '13'12000 0.3.3.: 0111:3053 130130123110C1 3131:0530 of

11110 £003.10 ‘3"“120433 and were 311103033311] introduced £13011 the

air d‘~~-31“i-I"~{£ 1,22. rapid 13030101. plating; toolinic.

Type c3 3'03.":pd 0:331:310(1'01.L';, 1:3; to, 0.1111 Cam-«1.30 003.013.1013.

310 0.;133331913 :3 0031;131:100 0001.111 nwuw30.003. 37.0130 0115111113110

11039::- 1101111100 0.313.? 3.30110 9111130137137 (31311:? {3.113 cmtmflzmnta

or were pros-cant on ti‘m 0401' 3310.110 ‘01“01'0 it 3:00 3006.031

with the filtrate, 1:113; 1.25.110 to $2105.? 010W [1101.151 €11.13. not

03373001? until after 133:0 37:31:11.0 hat“; 130011 1210111 03300. 1303101301
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Gays lonLor than tic po?1od used for checking sterility.

with the exception 0? the fcur culgurns in type 1,

the Opt-{13113118 Prrocwm‘oci (1216, mm r-nVoPt to ___I_}_,_ 1:31.11‘Ie__03"’=u‘9.

Eho aged filtrates tboxsolvon were lrtic for ggga,

gallownfi, wfille filtrntos of tie ovinniszn rGOUVOrod Ly

renid sapial pinto t?cnmfor we?o not. All of two colonies

tvgo 9 and 8 oltainod closely rosovblod & colonies

upon troir f1?st an on?cnco 9nd during ouhsoqncnt rapid

aorinl plate trnnsfor, but uhsn stauc'ng at Poem tempo;aturo

for Ono to two weeks 1101? nnponrnnco van (roatly chnnbod

and 0réinnry typos of colonies arose from £10 rlcrocolonios.

Whom those “ colony revue of 1rd1unry bacteria arose it

was d1f”ic:fl.t toui11wcntiflto'thom from the G colonies

doocpirod by Inaloy ($3) in 1931. fire P".;11d sorir.l pinto

transfer 1cw1n10 was 913,0020d of having been tho source

of the colonies oTtninodiyon tio tilt:ates. 10? this

ronnon a clock expuriwnut uno plannofl 131ch olininntod

this fhctor.

2. fitiompta to Gononatvuto 3 forms vy subculture

plate technio in fi.noa11.1nctov101ha0 filtrates of 5&1;

1. 0?“ W1
  

In part 1.tho preaonco of colonies resembling G

Forms, as coyozstrvtod by rep1a cerisl plate transfer

in 1:310 lmctorioflgrunt) filtrates m" __;_._“~111mm"; :1ed in

K medium, was studied. xnrt amonsurutoo £210 atseneo

01‘ G fort-"3 in t’ 0 ii r-nflimtw. Ir-ctor’ionhrzto 111 r0130 01‘ _"_;;_L,

mufigorum.thon tro influence of 1&0 rapid serial plate
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transfer method wet; eliminated. iii-:0 preparation of the

filtrvtes was similar to that outlined prQVieuely. To

(Zupllcete series 01‘ 1'1 rmdixm mad plain nutrient brief

:ztrect broth, pi? '7."?, tubes, prekuely seeded with

$13.11. 1311130111131. was ed: fed bacteriegfinge filtrate in

amounts of 0.1 0.1161 1.0 00. 113.30 1.!) co. 01' the filtrate

of each of tie 4 series wee edfled to atrrile plain nutrient

beef extract; broth, 1)?! 7.7, sterile 1’. nodium (Lii‘co), a

sterile cotton eteppercd test Lure, a glues sealed ampule,

cad a veal infusion nLer plate checked for 110511113 by

incubutien. ?hese culturoa carved as a control of tre

sterility ef‘ the l‘ecteriezi‘m;_;o filtrete at the time of

filtration. The first three n ntiened also furnished

the rmterinl for tile cxyxrriz‘mnt. fifter 2:2: l'xem's’

incubation at zit/“C. the E: medium and plain broth tu‘: ea

containing; {33.710 bacteriedmge filtrate and: ;_;§,_,_ imilegfiup

zero filtered t?>1»cn.1LEz I‘erl-zefeld 1‘5 cenfilee and 19011391

filters previously'checked for their utility to retain

Elgrr. run.” racers. A hotel of 10 transfers were rmde.

{El-.0 i“: medizm and centre]. tubes cmtaining; 110th lerlzofeld

end Leitz filtrntea remained free fren.mror0300pic changes

for six.menthe; thus we may assume that neither erainnry

center:ientien nor 1'27; I .1111 err->1 was present in t3 .0      

filtrate at the time of“ filtration or mfieeqnently.

As rentienod above, the results of part 1 txfiiceted

that the remid serif-11 plate transfer untied raidzt be

susceptible to OOntCfl“.ifl (123.1011. Fer this reason a variation

in treatment; 01‘ the filtretoe was 1:13:30. In place 01‘ using;



the rapid eerie]. plate transfer notice, subculture plates

were neeo at intoxwola of four weeks Wet-1 each of the

tubes of 1:120 four series of the meteriedzege filtrates

aged in '5‘: medium and 0*" Use controls. T110230 plates were

m-zru-zined for Lrovth ei‘ter lacing; incuheted for 445 hours

at 37°C. one. again after etenriing, two weele at 2:3"6. 33o

growth was obtained on any of tine subculture plates Wide

either frcm tine lame-12m or the controls. Although in

part 1 cultures egecl for a abniler pericxl chewed growth

when the netted of rapid aerial plate transfer was agroliod.

1120230 (late indicrtto that coloniea roeezifl‘slim: G tg'mo my

appear from the extraneous sources of cootemizmtion in-

herent in the rneid eeriel plate transfer tecknic.

5. fattm’:‘.pt8 to dOEfizOI’H’Jti‘flilo G femur; in the bacteria-

13110430 filtrates of gtmfiw. morons

til-no I".flt01“ifi1 for this experiz'zent was olteinod from

14'.) daily transfers of the t‘mctorioflmge of gig-inn:3, gcamgug.

{motoriogfimgco filtrate in 033101315313 01‘ 0.1 and 1.0 00. was

ad ed to glein nutrient bee? extract broth, p3 ?.7,

previously seeded with $3" on. One co. .ztzozmta of

 

the filtrate were placed in sterile 1'; neclimn (3315300),

sterile cotton steppered toot tubes, and on sterile veal

infusion radar plates. After 1731 heurc' incubation at 37°C.

the tubes containing: 1_.,ecteric~1im;o and :te‘h. gm’eug

showing the {Teotoet ly'tio action were filtered and the

filtrate treated at clove. 23:19 was rOpoetod 10 times.

‘l’hc filtrate in sterile K medium and in the cotton

atopxn‘od teat tul‘zee (control) was ulcerated. at C2'2'°C.



for '72 lawyers Lima at; Pom tmwpmmturo mam}. the cmplotion

of the oxmrkzcnt. 33:0 visible vowni: hac‘i npgoaz‘od in

either series (”2211* mg an 1::1cu1mtion put-10d of 91:»: months.

Lt intervals of four woolza mlbculturo plates: wore 1:331:10,

which were 1110:1123. tod for 4-43 hours at 237°C. follcmod by

no I'm-:21: a * {253“0. T30 growth was o‘lvtaizmd frat: the sub-

ulturo plates of 03.1th sermo-

:mnnry of Emotion 2'3.

"l- 3-.

I {Hath-x;1. l-‘ncttwiofimgjo filtrates of .‘._ and
   

$51 2311. Win aged in f: r;.:0dim1 togathor with controls in  

plain nutrient beef ext act tram, pi: "33/, and in cotton

stepfmrod test tubes were 8t:.1c2.10d for tie presence of“ C.-

forms.

2. Organlmza fanning:nut-000103103 (3f: tat-.308)

resemblim; G forms were ohm-aimed by using; Pa pit-:1 Box-'18].

plate transfer tad-mic on the tmctmfiozi‘mgo of ‘53...

T...v.11,392w aged in K 172961111221. {L310 so upon (IL-4111;; were shown

to be £110?! Erna-115:1; air contaminants.

n
a. 23::9 z'fi‘csonco of G f‘omta in tho Tmctoriazfimgo

filtrates of 35:11. an;071.133 or

dmonstmtod 17;; subculturing; portions; of the filtrate,

'2‘“ 0.13%; could not be- 0.1135011 .
    

aged in K medium or in ‘cmtrols, on sterile van]. infusion

agar plates at intoz'vals of four 1.700123.

4. It was alzotm that rapid aerial plate tmmsfor

must; he apgliod 2:11;; nation and! b0 carefully controlled

for accurate results.
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to)

The Production of’aioroooloniea of fiaoteria by Ehysicol

Influences

1. The effect of touporohure on colony aize.

Hodlo' (23) in 1931 advised shot plates containing

inooulwm of the G tyyoa of organiomo ohoold be incubated

for 1 to 13 days at 37°c. before examination for the

formation of ; oolonios. iho oolturoa with which he

worked pooooea on optimum temperature of 57°c. as do the

cultures in Sections A and B of Lhia paper. Lruocknor

and shormon (7) 1932 reported tho isolation of G or

prixitive forms of bacteria by a method of dilution.

They udvieod ihut the tubes be incubated for 72 hours

at 37°). and then placed at 25°G. for two weeks before

they were plated.

To fietorqine the effect of temperature on $39 size

and structure of'bootorio grown at other than their

Optimum tomoorotoro, 16 cultures were selected for study

that were 0 toinod from eXporimente on the bacteriOphuye

0£ §gl;pu11orufi. Five cultures of the 6 forms 0f.§&l;

oortrzoko obtained iron Lurox (64) 1951 unfl 1 culture of

Acre: oero;onos diosooiuted on 0.25 per cent lithium

chloride veal infusion brozh. Shoes cultures Vere planted

into vool iniaoion broth. incubated 24 hours at E “3., and

streaked on veal iniuaion and litmus lactose agar plates.

rhoso plates were incubated for 72 houra at 3 ’c., folloo-

ed by two weeks at 25’s. Qho average diameter of the



~61-

colonios of each cultuv'o was rmoaourod at me (and of '{3

hours and at tho and of the two woolza' moulmtion poriod.

The data in 3:11:10 Iii: 31.3.ch that there 13 a Izumimd élif'or'onco

in the colony 91m I-aofoz‘o and after the maturation period

at; roan tompornttmo. Lovrwn‘: of tho org/anions Very close-

1y roemnblo {farcfino Baton. 12.11 of the colonies at the

0nd of 13.310 1.2'2c:,1t--:.2tion at 33'}'°C. resembled " £03323 in also

and structure 12211: were greatly changed at; 122:9 and. of room

temperature incubation. 111331105139 plates incubated only

at room temperature showed XIQI‘Eml 8120 colonies at tho and

of 772 hours. 21:18 suitciootod the use of a pure culture of

M. 23320:: in an effort to éotozmino the effect. of tomporntlmo

on colony for-ration, because it 13 (.1 0102.7 crowing, 0123212191.:

with en Optimum temooratnre of amt-025.1 12190137 530°C. 'i‘wo

plates woro streaked rim: 1! 24 hour Culture of this: orumim.

(mo was incubated at 2:2“:’°C. for 73 hours and at room

tmzpemturo for 14} (Faye; the other was inculmtod at room

tonmraturo for 1'7 days. ‘1‘!"20 roaulta are Livnn 1n ’i‘ol'rlo 19.

It can be 530022 tat-rat. similar results woro obtained 21th a

pure muturo of 4;. lutoa :23 with Davao-(.21 of.“ the suspect-

ed G forms from various sources. Itctorin Lmdor adverse

tompomturo ooméitioam may produce nicro- or If: colonies.

This oxoorrtzont offers an explanation of the phoncn‘zorm

observed with. G cultures: of Euros: 9:230 10.

2. The influence of rapid 3019:2131 plating on colony

£3130. T270 cultures were selected, to:y . :2 having an

 

Optimm tmnpnrnturo of {33°C. {2310.11 1:22.030 orgmalm'fs 0:330

{tram under $2: 1? optimm tempers: are roouirorzonto they



Table 18. The Effect of Temperature on the Structure

062.

and Size of colonies.
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Sable 19. She ttfeot of Somporuturo on the colony 8130

of tar. lutea.
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1

 

j

j 1 21:11.1 : FEW 2 .
T

24 hour' Colon" diameter after'24 hour’ Colony diameter aftor'

  

  

 

broth ' 9 hours days ' broth 'vgfhoura VT 14 35:9

gulnure' 3 *6. ' 32’s. ’cultnro' 22°3. ' 2233.

__ T V I

 

clear 'leaa than ' 3 m1.

: 0.01 mm.

5 mm.

T

i

1

clear : 2.5 mm.- :
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«
e
c
u
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q
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{'03.:‘2 a3 2232.312'ntnlg tho 10.2.0 81223 00103210... about 1 to 3 rm.

122 (31321212313012. '2': o 133.301.0001 consisted 1232 2322212212222; 2223221221

231:1;0 tz'232221"o1'~s on 022072 (32211322220 at 3"“C. 01.0 at 252° C.

'I.’: o (:22 Luroo 23232 0 planted 1321109.-..{212'2 hoof 0:2"tract "moth.

(22-20 00. of 22210 latter 222:5 placed on 12. 312022110 vonl

122925212222 12.,.222 31:2 to t2“tor 2'3. 122321223! 132022‘2'2t2tion (22223 23230212er

with a otorilo L-ohng'md £119.35 rod. The plates 2322230

inculfltod for”.42 hours (2226. 922272122021 for 0010223} fom'mtion.

“12052 22131322 t1:on wanlod 22"1th<:2.0 on. of atorilo voal 12211151021

t3r2t2th (2132.1 the 2222523513133 were (2111113061 1 to 10,000. 213220 00.

of the (I 2122212222 was 22:23..ch on a sterile veal infusion agar

plate, and moored 2-1532 an L-al:2e.;30d glass rod. 211.13 2722.3

repeated 1?". times. 2;; utoo for-2222361 2.2123220001022109 at S?°C.,

formed

 

and normal 133-303 at room temperature. mm“ .

12232332221 23130 color-212.23 ct PDQ“! tm'22g2om'L22ro and at 37°C., but

after tho 2222003251 13132222 for tho (3610:2103 at 255°C. lost their

pig-22.3221; fo22212.2,' preportios. into. 1'2 Table 22) 3122327 t3~22t

rapid 3322,1221 t2.2.22:z3"2'-1‘ 2222.823022t1y has 11’5th effect on

colony 231322 except 22212022 temperature is also a factor. The

important np-flioatior; 1103 in the foot that: 122 the 220131321

plate transfer of Laudupoy (2G) 1927 R2d nauloy (“3) 1931

“31:21:00 are 151210111‘11321'1 (at 37°C. .132... 22.213023 in particular

(2222.3. 02.122322 22.2122 02323.2 8.221221312133 in {oz-3012121 having. cm Optinmn

tow23092222322130 of 122°C. 12222302" Lit-o 02"2n231tiona of this tootnio

two 113213-122 to Tom r102mcolouioo which {any to 022311;;

confused with tho two (‘3 33:39.



Table 23. The Influence of Rup1d Serial Plato transfer

on Colony Size.
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3. Z‘Em effect of selective pltzfiing on colony (112.0.

A 01.13.451.110 of tiqrg'. 13372951 was; plantecl in plain has)?

extract Inf-032.1 and in 0.93 pa:- omit lithizm chloride veal

ini‘asion broth. 231030 tubes were incubated 2'1- hcmrs at-

57°C. and streaked an sterile litzi-me lactose and. veal

infusion agar plates with a satmiLI-wt needle. The plates

2022's inmzbated {‘24 hours at 3WD. and 0:: mined at a

xmgxii‘ication of 100 characters) the largest mud £2.29 srm11-_

oat 001011103 tryore transferred to 31:13.21 beef ozzract 12:90:11 '

anti to 0.9:?» per- cont lithium chloride veal infusion broth.

Those tut-res wax-o incu?~ated 2:1 hmu‘s and restmalmd. {Li-31:3

process was: Formatoa 1:": tin-03. Observations were manic on

the 0010113? 5120 and structure througfimut flue eximrizwont.

late in 'i‘ablo £31 slam? timt the only characteristic tend-

(may 19 toward. a madinn 912.0 of colony. Cultm‘es vii-wish

produced a greater murmur of cclonioa of 0.1 1:23. when

picked to broth. and streaked on agar plates may deem a

majority of 3.0 1:371. colmioa. The 881110 eff‘octhulds tvue

if a colony of {-3.0 mm. 15 1:101:06. from a plate containing;

a mmir-rz'm of this size} tE'se'ro the tendency is taxman-1:18 tho

smaller colony also. were was no &§)1_")£'.P031t permanent

effect an coleny Biz. produced by aoloctiVO plating.

4. Coytmrison of serial platis'xg trmmfor and aerial

test tube transfer. 3310 filtrates of the ‘mctoriOphage

~1110ru2~of 1:2 mm: and f-‘azird transfers of ‘3}; Lrom 1n
  

bacteriomaco were planted in 1.0 cc. amounts in 1'; medium

ml in vonl inmaion brain. Tog,ot3'-.or with the filtrates,

they were incutmtad for '2’?! Loewe at 3’?°C. At; $310 and of
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this time they showed no growth visible to the naked eye.

One cc. of the material in each tube, K.medium, veal

infusion broth, and the filtrate, were placed on a sterile

veal infusion eLap plate and smeared a th a sterile lasheped

glass rod. After 2% hours’ incubetien the surface of the

agar plate was covered with 2.0 cc. of tee sessile Veal

infusion heeth. This was rotated carefully to mix thorough-

ly, one cc. of the wanking being transferred to smother

sterile veal infusion shes plate and the process repeated

until growth an:eered.aruutil 11 transfers had been made.

At the some time 1.0 so. of’K medium, of veal infusion

broth, and of tLe filtrate was placed on sterile veal

infusion sacs slants. These woos rotated carefully and

incubated so h are at 3V06. ?ue cc. of sterile veal

infusion broth was added to esch tube. One cc. was trans-

forced to a sterile Veal infusion ages plate and 1.0 cc.

to a sterile veal infusion scar slant. The tube and plate

were incubated 94 hours at 5'°C. fit t79 end of this time

the broth ens ceded to toe tube and the plate inspected

for colonies. Each flag a new series was also started.

Any colonies discovered on tfe plates were planted on K

medium one into veal infesien broth. Part of the totes

were placed at reen.tempeseture and tie remainfler at 37°C.

At tre end ef'three days’in ubatien they wees streaked

on sterile veal 1n¢usien spar plates and incuhnted at the

respective temperatures. At the end of an hours micro-

celenies were found on the plates incubated at 5?°C.,

while duplicate plates at ream tenpeveture showed yellow,
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fl 4.

piizflontod colonies 9 to 1 mm. in dinI1oter. iboso colonies

were composed of Eran positive cocci occurring in tetreas,

.1\d were o”:Vri1nd 01:17 from the re1111 sori:1 9etc trons-

fers end not from.t?e test tube series chic: remained

steriae to'OUVHOJb the experim mt. “he result s are given

in Table 27. 11:13 ehner'vr1t does not prove that true G

forts can not to ebtsi:10d Ly test tube tscorers, but that

tfiis motfiod is not so susceptible to extraneous contamination

as ch rapid serial piste transfer method.

oumrsry of Section C.

1.' savorso tensorstire confiitions were shown to {ever

the orednction of microcolonies. I

2. zepid serial p3,:1ti11;1";1e<1 little 0...(’of‘,t on colony

size ores considered alone, Int ofien t mpereture see also

a factor, the production or misnoeolenies res favored.

3. selective plating one shown to have little effect

on colony size.

4. {e h~1 test tuoe transfer was slows to be free

from.msny of the difficulties inherent in tie rapid serial

plate trans fer re ’6‘; 10d.
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Compurison of the fiuyld Serial Plots

Transfer and Jest Cube transfer Kctaods.
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2 ' - ' . !

rw 1"w * “1"
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8 ' a ' - '
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""""' 1 1r 1F

4:23 .
' . '

T I T

13 ’ ' - a

“w T 1 T

;4 n u . v
 

. - no growth

u - microoelonica
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(D)

ctudioc on tho biltration of Bacteria

The removal of bacteria by passing the suspending

liquid tlle’CJLle‘E'l a Itsm71?-PC.HO or structure u-xgxnmoalflc to

the: ordinary forcing of nuicz‘oorLimimtm 123 of value in

prcpn?1nb water and cthor liquifia for human concuxption,

in sterilizing thermolchilo substances, purifying filtruhlo

viruses, and in propoping voooinoc, toxins, etc. Lowovor,

tho litorcturo is replete witfi references which indicate

hat in many instances there may be failure of numcrous

typos of filters to provost the passage of‘microorgcnicma,

andyghn difficulties which are encountered in thcir use.

Rocco (31) 1&56 confirmed by Fiasco (GU) lShG stated thnt

clay and asbestos filtorc retained microorganisms, provont~

135 direct transmission, but tkat they allowed tho

organisms to trow t%rougi tie poroa permitting indirect

transmission. v. scmcrch (13) 1933 presented ghotomicro-

traphc of stained sections of filtora which chewed the

course of the bacteria between the pore walla.

An excellent discussion of the history and technio

of filtration is given by Fuuduroy (27) 1929. Ho mentions

some of the following filters.

The Pnctour-0hnmbcrlund filto? composed of Gonco

biscuit porcelain was the first one wraparod which was

more or loss hfipornwcblo to bacteria. Bullock and Crew

(3) 1908 stated that thcco filtorc retained borr.

 

during five days continuous filtration, but that they allow
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1nc1rect transmission of bacteria.

Icrkefold filters made of niesolkuhr were produced

in three graded pore sizes, N (normal), V (coerce), and

(fine). Bullock ct s1. (9) lOuo stated that they per-

mit bacteria, EberthelIs tqfih; and {*if, figmenfergsq, to

pose 11 £0 per cent of t1;c instances 3cooled.

 

m1ler IllLerc, 9LIller in structulc to Iorkefolds,

were produced in the Cnited States curing the Eorld her

because of the flifbicc ty of cItsining use letsor.

1113era have also beln.mece frcra inorganic substances

Oohor then siliceous rusterill, 9.5., plaster of Paris, etc.

Collodion SECS, pnrd‘n‘von‘c x-aexi.1'm:'az.lcs, and 0011016111 3011};

filters have 11xo:1sc been ccas’sucuoe. Bic chief disc

erentsLo o? tho belts filter, fitted with schestos

Glass, is the difI1culty of preventing contamination Gus

to air leaks.

whore have been snug theories scvsnced as to the

reason sIay Inc eric ere retainedy filters or eermittcd

to peas. Acne ray In clnssii'icd in {our LPGUpS!

1. Frejerties of the filter, 9. Preperties of the

organism, 3. Prenerties of IIIc P0£31ufi of suspension,

and 4, She technic of f1 tratios.

1. Preporties of the filter.

a, Ileteloctricsl czgsrge ofi‘the filter. Shore

exists between the filter and the surrounding liquid an

electrical field, the Eul.heltz-lphn 1r"er. Tedd ald Eudd

(CB) 192$a, Llisve and Suarez (11) 1937 stated tht



00110631011 nor-flmsnss {weakeseed a positive electric chorus

when an ncid suhstsece was filtered and a negative

notentisl with on elkplins mixture. Keener (37) 10??

found that filters of siliceous earth were sebetivoly

charged and did pass certain organisms. By making filters

with plaster of Boris, a calcium sulfate 9nd calcium

csrbonste mixture, the charge became positive and the

filter retained the organisms filtrsble through the

siliceous envth Filters. A neutral filter did not retain

any or the substances filtered. Kramer (52) 1993 reported

the construction of an ampheterio filter, that is one

capable 0? removing both positively and negatively charged

colloids snfi perticles. this was mofle by sdéinu a water

insoluIle, thermostehle basic material, E50, carrying a

nesitive chsrfie to the siliceous material in the filter.

Fe stnsed that this would retain the virus of tobacco

tossic, Iwctesicphege, and filtrehle bacteria.

b. GIG method of testing the filter. Irobisher (21)

1925 found that testing filters by air pressure was in-

adequate. Iilters tested by this nethed ellOwsd organisms

to pass.

0. Aesorption. Elisvn end cusses (1i) 1927 reported

that seseretion plnyed nn imuertnnt port in the ultra-

filtretien of bacteriophage through celledien membranes.

Ehs first 50 00. contained no bacteriophage; later fractions

contained the lytic agent with the news titer es the resicue.

They reeerted were adsorptioe in a positive suspension than
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in a negative. Ludd (53) 1997 reverted thrt oCsorptuion

played an innortnnn part in filtvntion. arr”.: and {Games

(39) 1980 reported that bacteriofihnLG was adsorbed to the

pectoin frnction.

d. Lochnnical retention. Eudd (‘1) 19”) renorted

that mvohanicnl retention duo to organisr;s Leig cau;ht

nmant the porfla of the filter naslstod'in their removal

from t}? e P»SWQP”‘OH.

a. Love size. Lucid (5.31) 19...?) reported that; J1? r10

garcolrng did not filter through Lorkofold a filter

candles unCor a pnns uro cf 0.0 to 76.9 on. of Li§bl1t did

throuih.fiorkefold V filter candloa.

2. Properties of tLo organism. :udd (53) 1997

fauna 3120, natility, n23 floxiLility to he very important

in tPo filtrabiliW or Pntnntiun cf cranniara

l3. Preportios of 1:30 fl'fOCEIUJR of suspmmion.

a. s'ydnogm 1021 00110021trs: ticm. fil”1~’£’Ll§-’1 and {02:27:09 (52))

1“}0 r030?tad tiant bficyorlo:Lan was rarzovod 1y M'rltlnr

Hid Loitz f11ters ream suspfinaiona at p2 4.5 to 5.0 bud

pH 9.0 to 10.0, by plaster of Pavia filters at pfi 7.0,

hit ‘ganssnd at {ii 41.!) to {3.0.

b. Kimodiun.innég11 (38) 1331, Varnoy and Pronfon-

bronnor ((6) 193P P0)0Pted that cultures in E.nodium poss-

od more a-1013}; and in lawm: mnmmta tian in 031%;an

culturo nelia. A aimilar ef?ect was obtained by nrrely

snapnndint tho orgnnlmma in K medium. They claimed that

this was not Cue to fat, Lut to mayorbod pro!nine.

4. £30 technio o? filtration. TLe tirzc, pressure,
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volume filtered, and manipulation of the process of

filtration in very important. Iérobiahor (21) 19:28

attribute. ultrobaotoria or filtrablo fomo to poor

filters. technical error, or important autoclaving.

Eliavo and bum-oz (14) 1928, lieronfonbromxor and thickenings

(6) 1927, mad (63) 1927. and other authors reported

retention of bacteria followed by passage on volume filter-

ad was increased. outer: havo reported paaaago of bacteria

with inoroaaod pressure.

tinny authors did not five suffioiont data concerning

the method one“: conditions of filtration and in filtering

a particular organism to pomit a complete interpretation

of their results. Time we discover in the literature con-

flicting: reports on tho i‘iltrability of various organisms

Visible through the rzioroacopo in their classical morpholog-

ical state. In many instance- we may assume that duo to

one or more of the reasons previously outlined that passage

of viable bacteria was accomplished. Among the organisms

reported as being; filtrablo or having filtrable forms

associated with them or“

‘2‘ _ . Andorvont and Simon (2) 1924

JUN...» gallon 46) 1921

% mm 15911021 47) 1926

3 E! 3 ' 5. n : a -: . 30’1“ Rm Valtis (49) 1986

E m ML...- Lourena (42mm) 1907

y... u.- Burnet (10) 1926

L3 '1- 3.: -; - tonteo (19) 1910, Valtio (65)

199.4 Memo (13) 1924, Lin-and

and gaudromor (12) 1924 Arloinc

:36. Bufort (a) 1925, Vote:- (68)

26

31‘m Almquiot (1) 1911 Wiodborgor

and Iioiaonor (20 1925 liaudm-oy

(24mm) 1924, arm-e1 o and



Feudtroy (93) 1322, rojfiin (17)

1135.3.)

hort (22) 1017

Hoyuohi (52) 1919

next-y end :-'..1mp'} (:39) 1206., {rein}.

and tinghorn (5) 1900, 2100119

2:121 E11226 (57) 1912, 310331176011

(69) 1212

    

  

  

       

1‘ T3" we 311'" '
vii-o .L \,-¢ .
  

   
" 21222.22d uehlbech (69) 1215

‘ ' ’ *Pm foam—now (en 1-324, 2;;me (16)

0““0‘1'n11t1923

“12}.“9Di0’“‘- ° Pollen (1-5) 1372..)i

" Izer (34) 1994,diForollo (22)

19253, f’nuduroy (53.1) (2L5) 102$,

Tonneolll (64) 1925

d'i orelle (2) 191-32, Ivv.duroy

(24)(22) 1924, d'forello end

iIGuduroy (29) 1925, Lndloy (23)

193

am d'iorelle (2’O) 19.13

:i;‘%~.€ ‘ d'Lerello and hnuduroy (29) 1925

  

Fouls (4) 1923, 291102 and Joat

(22) 1994 ”01113 (56) 1W6

1922, Veeiliu end Irxinoiu (57)

1926

1:1 preterm £19 10.35111 (17) 1924

fine filtratiene reverted in this paper may be div1dod

into tJO 012.231fiontiona, those in which 32211 amounts of

materiel were used end thoae involving larger amounts.

1. filtrationa of amounts involving less than 40 on.

of'flntorial. The conditions under which tPO materials

were filterod is very 1rportent. Two typoa of filters

were used: Fbrkefold V (Genroo), fl (nornel), end 2 (fine)

and Soitz. The Perkefeld filters (2 1/2 inches by 3/4

inch) were tested for oraogn end leeks under air pressure.

Filters oetisfectery by this test were cleaned as previously
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outlinea. The fittings were eyeliod to the filter flask

and the entire enoeretue tested again. It was then

sterilized and teetea as outlined on page 7.

All cultures filtered more fiiluted three to five

times with etevile ghyniolotieol Belt eoluoien, placed in

the filter aseptically, and filtered under conaitions of

temperature and pressure, such that one to two drops of

filtrefio penned per SOCOnfl. The filtrate was collected

in sterile test tubes, inserted in the filter flask (Plate

1), which were renovcfi and incubated at 37°C. for $5 to

V2 heave, at 25°C. for one week or longer, and the rapid

serial plate tvumofor or fire streak eureulture plate method

was apolied. The series of filtratione reported extended

over a pooled of nparoxinctely 12 tenths, ceneieting in

teats on a nufiher of different organim e from a variety

of sources, and under different methods of peoporatien.

A. Filtration of 39;. .11 even and  2411*;gag

crown in the presence of bacteriojhate

in.grewn in theLeily filtrationo of 53;. eullo 1
  

presence of bacteriophage were made tireugh aeitz filters.

Ehe filteetee were placed in sterile fl medium and sterile

cotton atop oped tent tubes. After suitable periods of

aging the rapid serial plate teanefer methods were used;

on another series of filtratione of $91. eullo.um and

  §t§g%. ;n?eu4 bacterioehage streak plate subculturea were

used.

Data in Tehle 23 show that in 40 filtratione where

the method of rapid serial plate transfer was ap lied a
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( ]--cotton

plus

---glass

(“W nmntle

h-n-filtering

‘ cylinder

  TV  

   

 

--rubber

stepper
 

 vacuum .—

4—.   

insert

      
Plate 1. Apparatus for collecting small

amounts of filtrate. (1/2)



T
a
b
l
e

2
3
.

G
r
o
w
t
h
R
e
c
o
v
e
r
e
d

f
r
o
m

t
h
e
I
a
c
t
e
r
i
o
y
h
e
g
e

T
i
l
z
r
a
t
e
s

o
:

S
a
l
.

r
n
l
l
o
r
u
n
.

 
T

W
W

W

n
u
m
b
e
r

o
f

’
C
u
l
t
u
r
e
s

r
e
c
o
v
e
r
e
d
b
y

r
a
p
i
d

f
i
l
t
r
a
t
i
e
n
s
'

s
e
r
i
a
l

l
a
t
e

t
r
a
n
s
f
e
r

I

I
.

C
u
l
t
u
r
e
s

r
e
c
O
V
e
r
e
d

o
n

'

s
u
b
c
u
l
t
u
r
e

p
l
a
t
e
s

'

S
a
l
.

u
l
l
o
r
u
m

'
c
o
n
t
a
m
i
n
a
t
i
o
n

'
5
&
1
.

W
a
l
l
o
r
u
m

‘
c
o
n
t
a
m
i
n
a
t
i
o
n
fl
‘

   

m
e
d

u
m
'
f
i
l
t
r
a
t
e
'
g
i
n
e
d
i
n
m
'
f
i
l
f
r
s
t
e
'
fi

m
e
d
i
u
n
l
f
i
l
t
r
a
t
e
'
x

m
e
d
i
u
m
'

1
T

I
I

j
’

4
0
"
2
'
2
'
5
'
7
’
2
'
2
'
0
'
0
'

I
I

I
I

I
I

I
I

I

~79-



-8 C-

.Allerrrfiltreble fern of 357.2. m... rme recevered in 4      

instances and centeninetien in 13 instances, also that

where streak plate subcultures were used no contaminating

organiezm were recovered. In a similar series 01*“ fig. :33.

e filtrationa 11ke~reeulte were obtained. A”“03“.
   

die ueeien of the ferns obtained was presented in election

13 - Attezrzpte to demenetrete the I.)reee:'1ee of 6 forms in

the teeterieplmgo filtrates of tire}. miner‘s-rt and Ste 1".
  

gereug.

B. Filtration or organisms recovered by rapid serial

plate transfer from filtrates of mi.

 

beeteri 0; 11113.50

Qhe 16 organisms obtained in pert 1 (including

organisms sheen to be centerinetiene), together with 5

of ate ined frat-1cult wee of the G ferns of 3113'. martrreF-f .  

Iturox, end 4 I3- eulti “es of £939.; ITO-“0’10 dissociated on

 

0.25 per cent lithium chloride Veel infueien broth, were

planted into veal infusion broth, and incubated 2e hours

at 37°C. ?he cultures were éiluted with 24 cc. of eterile

ghyeielegieel salt solution and filtered through Seitz

filters. Ehe filtrates were placed in eterile K.medium,

veal infueien broth, end sterile cotton eteppered test

tubes. After suitable periofle of incubation rapid eeriel

plate transfers were epnlied. Data obtained showed that

Aef 25 cultures filtered OVer HO per cent of the filtrates

remained sterile. fifter the tethede of rapid eeriel plate

transfer were egglied, cultures WOPO recovered from each

filtrate after the first to fifth transfers. The Gram
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stain and tie so;er reactions of tie cu tures recovered

were different from these filtered in each case. After

a perioa of 16 months suing st rcom.temboreture, these

organisms hcve not yet recovered tie Gram stein or sugar

resetioxzs of the original organisms filtered. It.is

probable tlvwe21980 Gripaxioms represented.ecnteminetions

end were the result of tie rnpid sorie.1 plete technio

because they :ere not obtained on the streak plate sub~

cu ture plates.

0. Sue effect 0; K podium on :he filtrebility of

F3" 76‘@3231 was pleated into 2.0 cc. of 1’. media: and

slain beef mztrret broth; these tubes were incubated 2«

hours at 37°C. its some filters, Yorke:03d L, V, and

and Soitz, were ueeo for eecin iiltretiex1 series. VLey

‘sere elernod, tested for sir looks, and sterilized, so

given before, after ouch filtration. The following series

of filtrations were mac?0:

a. A tube of sterile K medium.followed hy a plain

beef extract broth culture

b. A K median celture

c. A tLJbG of sterile beef extract Irroth followed by

a K.medium.cu1.ure

d. A plain beef extract trot” clture

e. A suspension in rh"sieloice] sth solution

1'. A suspension in ii rzedimn

One cc. of the filtrates wee placed in K meoium,

plain beef extract broth, lectese beef GKD?flCt broth, a
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cooled ampule, and a sterile cotton etepecred test tube.

no culturec of Lech. gel; were recovered from eny of the

six filtration corioo. hpgerently K moaium.éoec not enhance

the filtratility of fleet. coli_in cements less than 40 00.

D. Filtration of cemhineé celte‘ee of Each. gel;

 

g2;;,ond Kory. gnfiice were pleated

to separate tubes of’meéia. After 94 houre' incubation

at 3‘?‘°G. “ti-1030 were contained, diluted to 4%.) cc. with

sterile phyeieIOCicel colt solution, and filtered through

a Borkofeld t candle. The filtrate was placed in Gupliccte

1n lactose hoof extract broth, plain beef extract bretb,

sterile cotton steppered test tubes, and on dextrece beef

extract agar. .

Data in $ehle 34 stew that gggn‘,13§1gg,wes retained

when both crannicmc were grown in plain beef extract broth,

was filtteble eten Foch. g9;§.wes grown in K woolen, and

when both were grown in a medium. finch. e? was retained

in all three cocoa.

B. Filtration of miscellaneous cultures

Cultures were selected at random from the collection

of stock cultures used for close work in elementary

Tocteriology. whose were plented into E medium (uifco)

and plain beef extract broth, incubated at 57°C. for 24

hours, alluted with 20 cc. of sterile pfiyeielo;1ccl eelt

solution, and filtered through Serkefeld 3 end Seitz

filterc according to the procedure growieoely outlined.
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Z‘I:e filtrates were placed in plain beef extract broth,

ir: media-":1 (Difce), lactose beef entrust broth, sealed

011211.103. sterile cot-ton stegat'xgrod test tubes and dextrose

bear extract suxr platen. flaeso were insulated for 43 te'l‘z

hours at 3‘?"3., for two weeks at 25°C. and Btl‘OflI-i plate sub-

cul'imrns were rude. Growth clue to eex'xtsnizmticm was present

in 3.0 per com; of the 3:120 filtration media on steel: cultures.

The per cent gran-'15}: resulting; from filtraticms in this ex;_\eri-

men: was considerably less mam that reported by .‘t-ro’eishcr

(31) 10213. 'iihe letter was sble to obtain as his; as 4.0 per

cent: growth fret”: filtrates of ba'zetel'iogflmgje of sterile broth

and semeximstely 20 per cent from filtrates passed tier-0134b

sir tested filters.

Swmznry of filtrations using snuff]. amounts of suspend-

1:13 rrzediw'a.

1. A total of 403 filtrations were triads using; 1033

than 40 so. of summndiug: nedixm. Growth was obtained by

the technic of rapid aerial plate transfer or streak plate

subculture from spgs’oxis‘etely 3.0 per cent or the filtrates.

The cultures recovered from tE‘rose filtrates censieted of

either filtrebf'ie ferns or I colonies.

2. True G fems were nut recovered fl‘Cl-‘i the filtrates

.of cultures stzs._u"':x.'xfied in less than 40 cc. of arterial.

a. K medium was mac-rm to whence the filtrsbility

ofm zru‘m‘ige 1n the presence of

4. Refiltrstien of the forms recovered gave only

T?" 1"}

. \ .I . ee 1 .  

sterile filtrates.
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2. Fractional filtration of amounts involving m“re

then 40 cc. oi'msterisl

Bulloch et el. (9) 1908, huad (53) 1387, flronfenbrenner

and tuckenfuss (6) 193?, ens Hadley et el. (93) 1931 used

frectioesl filtration in investigations of the filtratility

of microorganisms. As this method of filtering offers

slightly'moro difficulties in.menipulstien it should have

advantages which the ordinary method does not possess.

fractional filtration makes it possible to compare the

filtrsbility of identical or different microorganisms

sneer the same or varied conditions, especially with

reference to a determination of the moment of passage of

the organism.

The scecretus used for making the filtratiens use cos-

structed from.ulflss water stills, Listig‘s condensers,

(Plate 2). A ring of glass was removed free the middle

of the outer Jacket, the central core was cut transversely,

and made one inch egortor than the Jacket. The filter was

placed in s cecéholc rubter stepper and fitted to the out-

er jacket so that the outlet projected into the central

core. The smell end of the jacket e:s inserted into one

and of s 531:: inch section of heavy vscwzm rumor mung,

to the other end was fastened a sterile medic tubing shield,

Eellmsnn (44) 1951. A clamp was placed in the middle of

the tubing. The inner jacket was calibrated to eoliver

10 cc. and the spearstus cleaned and sterilized. ?0 show

that tho severetus excluded all sources of extraneous

contaminntion, 490 so. of sterile plain beef ext sot broth



 

 

 

 

@"ee?
+--glass

mantle

h--filtering

cylinder  
--rubber

stepper

n---central core

vacuum “ ‘

K/

---Vacuum rubber

tubing

--Liebig’s

condenser 
 

   Ifi---shield

   
 

Plate 2. Apparatus used for fractional

filtration. (1/4)



wee filtered in 10 c. {mounts (barmnetrio creature 10o mm.

11%;, time of filtration of each fraction 1 to 2 minutes).

'3‘ ese frr‘actions were incubated at 3'1"”0. for three days anal

at roan tmrmrature for two t-aontl'za. lac gror-zth eneearod

in any of the fractions.

A. Effect of eulnulturin" filtrate fractions
L

irmf‘enl‘erenner and t‘uclzenflme (i3) 192’? reverted that

so for: bacteria messed the filter pores that the ez-‘xtire

fraction had to be it'lcubeted in order to Ger—mmtrnte viable

orgfnierrs. A filtration was res-.2630 to (interrine \zhetl‘mr this

ptmnomenen could be cheerved using 10 cc. filtrate fractions

of a plain beef extract broth ew.lli..urc of Finch. 8312.0 She

culture was planted into etc cc. of plain beef extract

broth, pii 7.0. Tlizia ws-s inculiuatcd 2.”: liners at 57°C. and

filtered f‘cctiezmlly timezth a 1*0rkefelcl 1'! filter. the

10 cc. fi‘actienc were incubated i; gate, and at we on

of no week the: !'-'=n't:.'~.rial in each tube was streaked on

conic-methylene blue agar plates, f‘rcm which typical

colonies were transferred to lactose beef extract broth.

7330 19.013030 $13308 £52.02va; ices farmzrztien were planted into

hoeer's sea-lime citrate redial?! and checlmd for Rent, £2.10

Table 2'35 shows that finch: e]. was recovered From the

eighth to twelfth fraction iaclucive.

5310 effect of. sulmulturing the filtrate to other

media at the time of filtration wee clmmm-xtreted (as follows.

2-33 9‘1, SEA was transferred to 900 cc. of plain beef extract

broth, iueumted {-24 hours at 3’?°C., end filtered Hmong-1

the some filter as We used in the previous OIE‘XWSJ'IOEAt.



Qublo 250 Growth Obtained from Fractions

Ineubated.$§ Tote.
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eno cc. 0? each 1U cc. {rectiee was trencfcrrcd.irfiodletc-

1y after filtering to plain beef extract broth, K.neeiun,

lactose beef extract Erotic. e sealed (motile, to plain lixeof

extract agar plates, and the remaining portion of the

filtrate to a sterile cotton steppered test tale. Sloeo

were incubated 43 hours at 37°C. and for two weeks at 25°C.

beta in Table 26 show that inch. col was recovered from

the eighth to twelfth fraction inclusive. Thus little or

no difference in the growth spwecring from the filtrates

could be shes-“n": whether the Fraction was incubated in its

entirety Or by subcultures in various media.

There was no apparent mccrccccpic difference in the

appearance or has fraction at the moment of collection nor

in tte mmneor_in which it come through.the filter. It was

aposoible to tell wtich frect1on woule rennin sterile and

which could later choc growth.

B. Effect of ii. medium on the filtrehility of Eris-3022.

922-1....

Kendall (36) 1951 reported tint K.medium enhanced the

filtrehility of nicroortcnisms. Fronfenbro;eer and

Puckenfucs (6) 1927 reported that organisms grown in K

modium.pccsed the filter more quickly and in larger amounts

than those grown in plain beef extract broth, also that

subcultures grew more quickly in K medium,then in plain

beef ox rcct broth. we have already clown that this is

not necessarily true when small amounts cf‘materisl are

filtered. The follow1ng series of OXperineets were planned

to demonstrate the presence or absence of this effect when
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Table 26. Growth Obtained from Subculturcd Eiltretc

Fractions.
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Fraction ' TGGOV0r(m after 1 week ireubetien in '

   

 

 
 

 

 

 

 

 

 

 

  

 

 

 

of 10 00. p t ‘ cotose seslod'filtruueTtoluhica on '

'broth'medium' broth 'o.’“oulo'alone 'lein agar '
“T I 1 I r

a I - I - I - I - I - I o I

T r 1" r Y I V

2 I - I - I - I . I - I 0 I

A I r I I I I r

3 I _ I ‘ I . I 6 I . I 0 I

T I I I 1 I *r

4 I . I - I - I . I . I O I

W I I I T A I I TA

5 . o ' o ' ~ Q ’ o ' I. . 0 '

r j V I r r T

6 O I ‘5 I -- I . I ‘ I . I 0 I

I I r r T 'T r

7 I - I . I . I - I . I O I

I I T T U T T T

8 I - I - I - I . I + I o I

T I I I I f r

9 I , I , I . I - I , I 3 I

T T ‘ 1 I r V T

1 I , I , I , I , I . I 8 I

'4‘ T ' fiT ' r A V T

11 ' I ' I ' I ' + ' + ' 20 '
r V ' I r I T

: l2 ' I ' I ' I ' I ' I ' 45 '
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1.00:;or ”Masts of Intorirl were filtered treetioamlly.

‘j'e s10.1: 1731031011 or not 2:; modimz has on ef1‘ect on the

0"?filtrshility of n tiereorgsnism, cell was 7.1ted  

 

in 2J0 cc. eseh of? K. meéiium emf: plain timer extract '6":-ro‘1'5h.

{1371000 were incohetmd h?o1.:rs at 37°C. and filtered t3lPO‘Lth

s Iserizefeld 13 filter. The fractions were collected.

oee-wticnlly in 5.0 cc. amounts and insulated st"1"" °C. for

'72 hours. :i:~:*?:.re:'r.0 (iii‘f'le1'1lty we oszgx'rrionc1i:d 12.1 f’ilteriz'xg,

the i1 nae-0.11.01. 15719 time for :i-wsch fraction inerCmsod rapid-

ly as did also the sir {mesmre necessary. In both cases

the rate of filtration did not exceed one strep per second

nor fell less then one grep in 10 seconds. Ho sir hubfiles

"rere sort-rent. The semrmnee of the filtration was ncrmsl.

The point at; 11:31:03.1. the orgasms f>flflff§0d could not be fore-

teléi of; 1:370 time the filtratien was (3 'zplotod. ’.1.’."1e Clots

nresentod in T:ble 87 slow tlnthes“. g£;é_L<Tow.:1 in a

medium passed the filter after 25 cc. of tutorial had 300m

filtered, however, growth was Goleyed for one week.

Organisms 1:2!"1-101'1 TWBf‘Qd after 1333 00. had. T101 n Filtered

{P173133 0.11:. in 43 hmms. 0:{onions {gr-rem in 131151.13 leef

set-:20: 11:72:00 (.113. not pass wt: 11 1:51;: cc. had lernnfilterod.

It is thus fljlfl‘lPOnt that K modim: does have a m rlced

effect on the filtrshility 0.9 £3713 omnnism. In order

to cmmoxntrnte whet}: or tunic offices is (11.10 to n ofcute

produced in the organism itself or to t}:e nore ml":ysicel

presence 01" the i1; meditm, growth was transferred from

claim beef 0:: 1:11:100t sijer slants to ii 0.0131110: until (1 sus-

pension of the sens tori:jditr as in t*'-e nrrvious e::periment
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was ob‘.ainod. 11113 8115001101011 1703 filtered fracticnnlly

and the filtrate 11113006. 113 12130 various 1310121111 1371 1.0 cc.

0:11011z1ta. Data 133103011t0d 1231 1‘01le 531's area that .33; 001

paaaod the filter when 55 00. of." 13111150111511 had 13330171 filth?-

od, this was 111201.11“. half way between tE-io 011031111: for plain

1301f extract 13110111 culture and K medium culture. T730

effect was not so 1312-1111-3011 when K mcfiizm war e :133110157 present

130-3132,.0 . 22;; was actually L110n 111 the material.

C. 11tt0333pizs to 1301;313:1100 1.23.10 1'1: CLOI‘B POP130.183.1119

for 1.130 afoot of 11' medium on the filtratvility of “139321.. 991;.

1110 130:1; 110112131113 1.10110 (001331111 to (3.01:3:2111ttix1o 11"

3100311210 11133311: factor 111101333231: 111 K 12.011111131 1.03.116. have the

effect 0?." 11101100311111: the filtrnbilitz; 01" 01133.11 .1.-1113113

0890010113] With 1101'01103'160 to F330“. &. In (1111?:ch to

0113131330 the £111.33» oloLLiini-j 11110 to (3.11053 pfirticulato

r111 11311111 51 48 1101111 c.11t11z10 1.3":1 filtered 13311ouL.1 sterile

absor130nt cotton, t10n f‘mctio3011;? 13110.131 0 5011120130161 N

filter. 1110 filtrate 131113 incubated in 5.0 cc. fractions.

Data 3111093311tr'1d 1n T511310 91') show tits-1t {33.0 01111130 present

111 F. 113.06.111.33 13011111011 11101100530 nor (3330110000 1113.113 .edly the

i'ilt11r3.‘.1111ty of 3700.11. coli. ‘10 01111.1'1r1tn 1:310 possibility
._....... ..........

of 1:130 physical 13110001135105 of 1.110 K medium and: to 051311111311

the fact that the 301111.119 011 filtra‘lt-le povtions 01‘ this

31.1!31301100 119.0 cm of’oct on 121.0 filt Minty of tizo organism

two armpanion 03:1301'1m011t3 1210119 £1tt0r3ptod.
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Qablo 28. Fractional Filtration of Each: 00;;

‘K

supondod 1n 1: mam.

 

 

 

 

 

 
 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 

T ' H“ - t': ' « ,_ Hoover“ '

traction ’ 1 ' 8 . V' m [rte o ’

Gt 5 “a ' -' ' ’

' 13.3. Boo - n rot 13 median

' ' 0 ' ' . . g 0 \, .41. .\. '

. , . .' - 9

'._ ’ . o ——r - r - WT

» M“' T o ' . “T

*f a u- r .. V - ‘f

’ ' ( § ”.3 T o T . A 'T

« ”mun-J. ' - ' - 1
. m1..- 1 - T - W

3 “filing ‘ - T - WT

. m - f - 1
' t «13".. " T - 1 - VT

1—11.10 ‘ * V «- ' «I» T

v ' Mo ' - 1 o T
k 1 3 v r - r W

VTT—'2%*1 I T - r v

. » "V T f' - T _—T

, 1 1 1 . I T

 

:- Time in minute!

".P. - Baromcudo prcaam in comment.

'
0
-
3

t
.



~05-

fuble 29. Lifect of Clamps 0’ K Leaiun on Filtrubillty

of gash, 92;},

\

 

 

 

  

 

 

 

 

 

  

 

 

 

 

 

'* I r 3? ‘TTBch. 0611 recoveredi “7

Fraction V k - cured wit‘ pot cloure

Of ' T . BOPO. T . Dupe. QOtth . Wit"! cotton '

5 00. I I " . I 48 I 1 I

' ' ' ' 'houra ’ week ' houra ' week '
I I I 1 I W F I I

a I 1 I 5 I 2 I 5 I _ I . I - I .' I

I I I I I I" I "T

I I 7 I I I - I - I - I - I

2 I"; I 1 5 r l; I "I . I r 1

I I ,A I I I - I - I - I - I

3 Ilhfl'“;J I 8146 I 1* r I I

4 I 2 I 29 I13 I 34 I - I - I . I - I

1 I It 1 I 1 I I I

5 I 3 I 20 I14 I 49 I . I - I - I . I

I I 1’” I I I 1I I 1

6 I 3 I 30 I12 I 50 I - I - I - I - I

“I I I 1" I f F I I I

I7 I 5 I 46) I27 I 4Q I - I . I - I - I

I I "E I r I I I I I

8 '2‘) ' 49 '5Q ' 4Q ' - ' I ' - ' I '
I 1 I I r I I I 11

9 I39 I 49? I25 I 40 I . I :L I - I . I

 

Q a Time in minutes

b.P. I barometric pressure in cenLimotora



Tee'hunered cc. of sterile n meflium was filtered

through e sterile Ferkefeld n filter. This was followed

f3 9 9; hour eiltuze of 3eeh. gglg,1n plain beef’ex-rect

broth. ’fi'le data 3.1 ’i’ehle 30 $31” that (mammal the organism:

pansedumere quickly than when plain.beof extract broth

culturee are filtered alene, It did not eenpere with the

filtration 01" a culture grown in K medim'n. ‘me K meciiium

filtrete free tie above experiment was collected in a

sterile centniner and seeded with Each. 091;, incubeted

fer e4 hours and filtered frectienelly. If any difference

in netefl in the filtrehility of the orgnnieme under these

conditions, it must he flue to a einLle factor, that is,

e 021ane prequeed in the OnLeniem itself 1y soluble, or

at least filtreble, portions of E medium. Date in Table

31 shew’thet t .1e alumna of insoluble heteriel have no

effect on increasing the filtrnhility of Hggfi.‘£g;‘,

Indeed, the oruanieme grown in the sterile filtrate of

K modium.peeeed the filter more quickly than those grown

in mmlenred K Bloc-21mm.

D. Erectionel filtration of combined cultures of

fieefi. 222$.“3d Eeyg‘ indigg.

’re“g__;,end Ser2. neiee ’ere selected to shoe

t3 9 efect of t" :e presence of eaotnn“ erh“iea on e

filtrebility of bacteria. One hunfired cc. of plain beef

extreet ITete mg-e noGod with Mia; and a like em.unt

 

nfllco. fifter being iaeubeted at 3?°C. for

 

with SQPr.

24 hours the cultures were combined and filtered fraction'lly.



Table 80; Effect of Cloxsing Filter with Sterile K

medium on Filtration of Each. cell.
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The following; 0021?“:12'122t10ne we'o filtered. (1) 330311 Crown

in plain beef exerect broth, (2) git-(9‘22. m in if. medium,

33302;? . men in Main beef extract breath, (35) Pet}: in I:

mediw-I.

Date in Table 3.52 mew that in com!inetien (1) Each.

93;; passed in the ninth fraction, 530122;, L139; wee retain-

ed; (f3) gel}, egg; was retained, :39?“ meg; passed in

the fifth weeeien; (:3) Path organism passed in the third

fwectien.

22.6.1". was probably more filtrehle than '27"cc! .

co3,2,. K rze”1mm wee ehevm to ezfimnce tine filtrebility 01'

both errU-nieme, h wever. its mere presence was sufficient

   

to cause the peeeege of git-erg. 216.1022 22272110 21:21 e."

 

had to to {Tom therein, in order to effect ”:2e peeeeUe.

”Z20 peeeere of?rem. £93; in t2» 9 nintu fraction (1) wee

probe‘ely not significant for the feet 1:}: at. it wee leyend

the range of the other combinetimie.

E. 'flao effect of 04121215 £23302}. 29335 in 1’; medizm.

A culture of Eire“, m (yarn in if. 111061114311 at room

12021901222122-1116 for 43 deya GEEQWHG no (37:31.2?! vent clrenUe in

filtrehility from a :34 hour culture. The (late in fable 3:5

show that the eswnniems penned the filters in direct ratio

to the (period were size of 1c gmrticuler' filter need.

waltz filters were 3 mm to remix; 1;}e organisms for the

longest period of tine.

In Table 3.22} is (:iven a euzermtien of the various

exmrinente en the effect of K medium on the f‘iltretility

of 22.229722. 9271;, 21-2050 date shew that a soluble er filtrel'lo
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Table 34. Fractional Filtration of {3022. c011.

V T .. —T

Pablo ' Description of the oonditionn' Izomont of passage '

nnwber' of filt-rtien 1n co. '
I

V
T

25 ' Plain Lreth filtrate traction' '

' irnn‘utnd in tote BO ‘

V r I

26 ' Plain brozh filtrate frautlon' '

' 5'2_bc"1t—21rnd ' 80 '

I T T

27 ' E medium (grqwn inl; ' 25 '

T V T

28 ' K,ted12fl (aenfiended inl, ' 55 '

I ‘; “flF* T

29 ' 3.50diun (cleared through ' ’

' coaten);‘ ' 40 '
r U I

80 'flr1lzor 0102306 with atcrllo ' '

' K moeizlq Lellored b”a ' '

' URLin Lreth QHjtnro ' 55 '

I I T

31 ‘ Grown 1n.K medium previona- ' '

: 1y fllzored tuxoufh a : '

I

Lerkcfeld P filter
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substance present in the medium affects the filtrubility

of the organism. Prom.an examination of this table it

is aawnront that there is prosoflt in K.noéium a soluble,

or filtrnblo, substance which has a marked effect an the

filtrubility of ysgh. gqli, Table 31. iho more presence

of K.modium will cause this effect to a lessor oxfiont as

shown by Tables 23 and 50. The Cross particles pfiosont

in the suspension inhibit the filtrability, TaPles 33,

89 and 30. Tho effect on the organiamlhny be Bufiiciont

to overcame this inhibition, Table 27 or 23.

Summary of Section D.

1. In a series of apnroximatoly bug filtrations

involving nm.nnts less th n 40 cc. {rewth wvs obtained

in three per cent of all cases.

2. Fofiltration gavo sterile filtrates.

5. K medium.enhnncod the filtrnhility of Sony.

gaging in ths.prosoncs of Each. £931,

4. The effect of K.modium on the filtrability of

yficg..£g;;,was shown by a series of fractional filtrations.

5. A soluble or {filtrmbls portion of E medium was

shown: to 0313135169 the filtrmtdlity of £5393“. m.

6. The solid, gross, particulats Esterial inhibited

this ofioct.

7. Aging of gscb‘ 22;1_in K.modium.boforc filtration

had no effect on fho filtrnbility of tho organism.



Summary and Discussion

(A)

1. Attempts \2.-'e'z.2e race to produce G ferns by

soontcnecus and enforced Cissocietien of vsrieos bacteria

undergoing; reoid transfer and. siding: is a series of media.

flesh organisms snd.meois were selected so that teere use

presozrzted a wide variation of factors; p11 of xztedium,

concentration of lithium.chlorise, dye, characteristics

of organisms, etc. ih many cases colonies which here a

striking resomfilsnce to the G colonies reported by Lsdley

were discovered on pistes seeded with cultures in the

crises stsges of rsoid transfer. These colonies Lenorslly

obscured after the fourth or sixth transfer. rescues the

orgeeishs forming the microcolonies could not be fiemonstreted

as being filtrnble, they were labelled s colonies according

to the terminology introduced in this paper. ?he 3 colonies

forced during tfie etvLcs of dissociation of the various

organisms did not so oer with the reculerity noted by

Hadley or Purox. Tfie sets did not show any relationshiy

between the production of K colonies and any of the various

fscsors considered. There seeks to he iséicntiens that

the soccereace of U colonies in dissociative phenomena

may be due to an inherent characteristic of the organism,

retEor than to external influences which may not Le strong

enough to hreok down the sturdy mechanism VhiCh controls

the dissociation of the bacterial cell.

2. The_tochnic of serieléfilutiou and fractional

filtration was swelled to a series of six samples 0; sowoLo
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and four samples of‘s:im.nilk. The resort of breechner

and Sherman that primitive forms were present in milk

in vastly greater numbers than were ordinary bacteria

was not confirmed. no H colonies or filtrable forms

were discovered. The number of samples studied was not

la'ce enough to justify conclusions as to the occurrence

of pr mitive forms of bacteria in milk,lh0mover, there

is a suggestion that many of the organisms recovered say

he contamination resulting from the very delicate technic

mployed, that is, raoid serial plate transfer.

(E3)

:iorisl bscterieshagc filtrates lytic for Lie a51103333:

and fits 7h ,
"T1n'1

. ‘1'»: u '--h were studied by rapid serial plate trans-   

fers and by streak slate sahculturcs for tie presence of

6 f' ms. The filtrates were aged in sterile c0'ton stop r-

ed test tubes and in K medium, E colonies resenhlinu G

colonies were ortsined by the rapid serial plate transfer

notice from 15 of Lie 60 filtrstes, There was no regularity

as to their sewearance. Three rein types were found, two

of which were air contaminants. tron streak plate sub-

cultures were used no colonies were recevored. The data

suatest that K nodium.in this particular instance had no

effect on the prodn tion of G colonies from the filtrates

of bacterienhnge. ifiere is also an indication that rapid

serial plots transfer is reasonsiblo in many cases for

the production of G and similsr forms of Lsctcris.
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(C)

2’30 {mahzcmon of 23 colonies, which obviate the

mngmarancg of G 001011100, by various physical influences,

toa'“1.-:1()rz_1t‘1:*0, rapid nor-1:11 plating, and 00100111er plating

12-03 stz.1fl10d. (1’1":0 (Into. nit-ow that Lt-ncteria having; Lin

optimum tonpormure of n3-1;.yrouz'imntoly £3{;:°C. 11-1113; fem 12

colonies 1f arm-'01 at 111910? torvgopaturoa. £21113 1:) of

090cm}. irz'aortunce because $3.1“- toc?~nio for Gorge-natmtinig

G tonne P00111003 the uncutwtimg of 9101.03 at 227°C.

33501123101? rapid aerial plato- transfor- noz- acaloctiiro plating;

were 01101011 to have Marl-:06} of acts on the: production of

6 13012713 01" 1”: forms of hecteria. Data obtained when rapid

0011101 010110 and test tube transfers were mm ooincidontly

ale-wed that t:10 format- was very ailmentnflca to centnmination.

It 1:23 suggested that the oer-3.01 test; tube transfer be sub-

stitutod 110001100 of its cormzzrativa froodem from contamination.

(D)

A review of 00:10 0:? the filters 11-11122; their (31113-

ndvantag'oa and faults which 1011:: been used for: removing

brtctnrin from suspensions and a discussion of tho theories

of: filtration are prosontod. 11;: 00311111213011; {BO-I.) filtrations

wore 1:10:30 using; 1023:: tff-mn 40 cc. of sunponsicn. ‘1‘}.10 revert

of i-‘ruE'r-ishor 1103 not cdafizmmd. 0:11;: times per cent {fr-ova:

was 0111;021:1061 from those filtratiozm consist-inc; of :3};

and £53012“.

bacterflorfimgo, orginnlsrm grown in 1: 12106111271, amt-binned cultures

411(1)::th 0:112:01: grofi'n 1n the 331' 6001100 053     
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11:". ion mfl niecolleneeue cultures.

 

Of g::ne’1, m mud finer.

reotisber has reported as high as £0 per cent growth in

filtrates of bacteriophage or of sterile beetb. The eete

indicate that uneer preger coneitions and controls, en‘

where the capacity of the filter is not exceeded, sterile

filtrates may be exeeetee unprecticnlly all one s.

hefiltretieno of the erecnisms recovered (three per cent

of’the total filtered) gave sterile filtrates.

A seedy of fractional filtration woe mode with special

reference to dotermining;tho effect that K.meéium exerts

on tee filteebility of :ech. cell. It was demonstrated
3‘
\I

J

- 

that there is present in K medium.e solukle or filtreble

fraction eiich increases the filtrehility of peek. §@§1_

to a marked extent, while the gross particulate matter

hes a slight 1ehih1tery effect. Eim11er results were

shown whether the filtrates were 1ncuheted.£3_tg§g,er in

subcultures. No particular medium was demonstrated as

possessing the ability to eecreoce tbs period of time

necessary for tke opeoerence of growth. in many cases

one to three weeks elapsed before macroscopic growth

cooeered 1n filtrates or tefcre 1t ceula be demonstrated

by streak plfite suhceltere methods. It_1e well known

that in many cones single cells obtained by the verious

single cell technics require periods of one or more weeks

for growth. 1'30 suggest that, as was cleirseneti‘eted by the

eta presented in Section D, n13 one or two organises

may pose the filter. There would tion to present in the
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filtrote coucMiions, onecent Ior the e;:cess of sos3eecing

medium, eeeeetielly the some as found in single cell

technic end the extended time period would be expected.

This 13 very like}y the coneition in t} -e earlier frt'ctions

where growth is delayed, while in later fractions whore

greater numfiers peso through the filter pores growth is

obtained is 24 to 41 hours. {his is co'eeetro'ed by the

dots of many of tie fractional filtratiens. s 45 Gay old

culture of £2.11. and e 9311- heor cllturo possessed

 

identical filtrehility properties.

Constantly but he.Licencrdly t33r0uL33m.t the es-zporinents

presented there have bees observed microcolonies. Those

were similar in size, aoeeercnce, and behavior to the G

colonies reeorted by ”noisy endcfinors. There was also

a striking similarity in t:3e 33303353301033‘ of the orLe3-3isns.

Lohnia end Smith mentioned that gonidis were microscopic

granules formed by 333303131 cells in one stzue of t3eir

reproauctive cycle. The gonidisngio'upon disintegration

released the gonidia which then grew i.nto normnl sir0 cells.

other authors postulate thst from so gonidie were produced

colonies microsOOpic in size, G colonies, which after Stilt-

oble technic would form normal colonies coincident with

the formation of too normal cells. In the literature may

he Toned scottered references stetiev that the gonldie

are filtrs11e but 30 mention is made as to the size of

colonies formed from them. Thus microscopic oemenstrstion

of the granules, proof'of their filtrebility, and ability
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to £01111: 1103117111 00130 11:11:}or t 011 01::0 0110010115: 1:3 1:10

crib-rim 1‘01: G 13:73:10.0. 1101113031 1'0poz't.0d 1’111.0310 for:

but did not {1'10 01111101100 01' 1:110 13210003100 01‘ £01110 10.

1311.10 1:: litorm:are mach 001112001011 :10 1.0 1:110 term-311010;}

exists, and 1:30 difficulty of 6.001111111112115 311.101.11010113. with

17110.1: mrticuler 11310.00 0:: 33110110110non 1.23:0 01.11::01113 {moornod

10 011310103113. 172090 01:11:11: (3.000111313102133 0:101 ("011011310110 01"

1:120 1:012:10 0013,1061 would clarify 1:110 0115;101:101 and 11..1:11

t: :13 1111100111011 1:10 (13,12,111 of: or a tel-1:: 3..1101r.:g;y which it is

11090:: will aid. rather than 00113 to 1:210 001151101011.

1. 3 0010:1100 fozmd 110:1: 0111111101:1:: 1.1 1:110

50211131111111.1171 1111:1110, 1303:: 3:11:11; {11014110 01:11:10.1. which

1111011 1:110 00"111012131011 cf." 01:11:11.3 10 1:00-21:10 11113. 1.1.1;01.11100

0010:1100 11101111000010 111 0130. 1‘70 111111110110 1100013101113 of

1:110 c::-.L.tu2-30 11:30 (311‘2'01'0013 £33011 1:3":0 1101.201 form.

2. Tiltmblo £011.10 - or0:111:10 00110330 01 pas 01111;;

'1

1‘13zsez‘0 111.1011 01110911113 controlled 0011131111033 but 1.: 1021

1101:0211: 11-0 111.101.1131 130 1:3-:0 1101121101 fe'mu 1.71:1: 0010:1100 10:10:10-

0003110 111 3130 1100 not 31:10:31.:0011.

3. 3' 0010:1100 - 0795;21:110113 normal 1:: £01m "1.101; produce

00100100 microscOpio in 0130 due to the influences of

01231101300- 1:11:10 101:». 1 0011012101111.
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A Critique on the filtratility of Lecturia.

(Abatraflt)

The term t colony was introduced to dietingcieh

between colonies closely reecuhlin; the 3 Lygce, reported

by nedley, except For filtrchilitg, which were erodnced

hephezerdly b; regid transier end u’in: 7 epeciee of

micrccrwnnieee in 7 cifierent media, aid the true G type.

Lo relationship could he established tetucon the uoyeurancc

of the * calories and the p] of the necie, concentration

of chemical (L131), dye, characteristics oi the organism,

or the etute of diceocieticu.

She serial dilution methoé of Pruecknor and nhcroun

dic not demonstrate the ~reecnce of prititivc forms or G

tyeee in sewage or ekim milk.

Ihe appearance of m colonies from the bacteriophage

iiltrutea of Salmonella Bollorom and teghglOJnocne enrooe

upon the upg‘xlioabiufi 0:; the I'LL;X&I Geri—ail isze tl'uheie-I‘

method of ieuaurcy wee not dependent Upon the fecter of

u~iug but opiurently noon the metnod nf teahnic itself.

Similar series of bacteriOphare filtrates to which etrcek

subculture plates were applied r.mained sterile.

Adverse temperature conaitione were scout to fever

the production of u types. Bupid serial plating, selective

platin3, had no effect upcn the procc'tion of fi_typee.

An historical review of filtration end the factors

influencin; filtration were preeonted.

It was shown that when unconte lees than 40 cc. were

filtered throuxh Lcrxefeld filtere (2 1/2 x 5/4 inch)

sterile filtrates were obtained in 97 per cent of too

filtratione.

ihc method of fractional filtration Wee up lied to

the stud: of the efiect of x medium on the filtrubility

of'Lch. 0011. A filtruble or soluble portion of K

meaiun Wes eucwu to enhance the filtrebility of this

ergonien.

Ihe following terminolo'y woe need to differehtiate

the three forte of orwudeme comet-3141;" encountcmed in

filtraticne. l. G colonies - formed free or enigma in

the fonidiungie phase, poeeceein: iiltruble gonidic.

which upon the apglicution of e“ table technic will

produce colonies microscopic in size. the Various re-

actions of the culture ore different from the normal



form. 2. Hiltruble icrce - crfiunieme capable of passing

filters under carefully controlled conditions but «nick

revert eo quickly to the normal iorm that colonies

microscopic in size are not groduced. 3. m colonies -

organises torMol in form which produce colonies rioroecopd

10 in size due to the influences of udvcreo physical

com! 1 t iota.
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