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THE BACTERIOPRAGI 

IN'l'RODUC'l'ION 

D'Rerelle (1,26) applied the tera baoterlophagy to the 

phenomenon (ooamenlJ called the Twort•D'Herelle phenomenon) 

which ••••ntially In a •dieeolutlon• ot bacteria through 

the operation of a prinoiple he named •baoterlophage•. Aooordlng 

to him tranemiaalble lyala la the reault ot an acute lnfectlou• 

of bacteria In whloh the etiological taotor an •autonomous 

ultra•mloroaooploal oorpueol•--•1acteriophag11111 lnteatlnale•. 

It 1• quite generally accepted, however, that the phenomenon 

•a• tlrat obae"ed and deacrlbed by Twort In 191J, although some 

bell••• It••• tlrat obse"ed by Rankin who, ln the latter part 

ot the last century, found that the water ot the lumna rlTer, 

below the town ot Agra, India, was bacterloldal for variou• micro• 

organl•••• and particularly the ebolera vibrio. To the agent 

reeponalble tor bacteriophagJ D'Herelle gave the naae •baoterio-

phage• (to eat bacteria). Recently upon D'Rerelle'a requeet, 

beoauee of a dlepute of long standing ••tween and Twort 

aa to the re·latlouhlp: of the tranamleelble autolyale ot Twort 

and the bacterlophagJ, a 001111lttee was chosen to lnvestlgate 

the question and settle the dlepute. rlu and Renaux (1,32) 

were ohoeen to meet the quallfloatlon• demanded by D'Rerelle 

alUl, after a thorough study bad been made, lt ••• deolded that 

the phenomenon or transmlselble autoly•l• ot Twort and baoterlophagy 
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are Identical phenomenon. 

hort (1915), while experimenting with calf vaoolaia, 

oonoeived the idea that, einoe there are ultra•mloroeoopioal 

Ylruaee that are pathogenlo there muat be eome that are non• 

pathogenic; and he began eearohlng materials from the aoll, dung, 

graea, hay, and water tro~ pond• tor auoh a vlrue. Crowth of 

the fllter•p&seiag viruses was not obtained on the artificial 

media nor by animal inooulatione; but one day while he wae 

working with glyoerlnated calf vaoclna which had been lnooulated 

on agar tub••• he obaerved micrococoic growth• in which watery 

looking area• appeared. In aome ot the culture• ot mloroooool 

tbat grew, lt waa found that not all of the colonl•• could be 

aub-aultured, bat lf kept, they became •glaaay• and tranaparent. 

On •xamlnation of th••• gla••Y area• nothing but minute granule• 

oould be aeen. In a review of hi• previou• atudy Twort (1930) 

atated that •under euitable oonditlone the or clear 

epot• lnoreaeed in alae.• Thi• change in appearanoe, aooordlng 

to him, begin• at the edge of the colony, and gradually 

epreada. It la evident from a review of the literature that the•• 

area• are now generally reoognlaed •• plaquia or pl•••• where 

lJ•l• of the baoteria ha• occurred. Action eeemed to be more 

rapid and complete with vlgorouely growing young culture• than 

with old one• and very little action could be ob••"ed on dead 

oulturee even though young heat killed culture• were ueed. The 



,. 
trauparent material was paeaed through the tlneet porcelain 

and one drop of the filtrate, pipetted over an agar ,lant, 

••• auffloleat to make the media uneuitable for the growth of 

the mlcroooool. la oaaee growth was stopped and the culture 

turned tran1parent dlreotly. Thi• condition or diaeaee of the 

mloroooccl, when transmitted to pure culture• of the miarococcua, 

waa conveyed to treab oulturee for an indefinite number of 

but the traneparent material did not grow by itself on any media 

tried. He~tlng the eubstance to 60°0. tor one hour 1eemed to 

kill it. Some aotlon could be noted on Staphylocoocue aureus 

and albua ieolated from boll• of man but lt had no action on the 

coll group, 1treptoooooi, tubercle baollll or When !wort 

plated out what he thought was a pure culture of the mlcrooooou• 

lt •••med free of the disease tor month• but eventually the transparent 

material would reappear and it oould be obtained enoe again from 

'1'heae result• made it appear probable that the 

material produaed by the micrococol although lt alght have 

been due to contaaination. Twort also obtained elmllar reeult• 

froa organism• of the Intestinal trut. The following three 

were gi••• bJ him as to the nature of the traneparent material 

(1) •it may be living bacteria that will grow only on ll•ing 

materlal1 or It may be a tiny amoeba1 (2) it may be llYing protoplaam 

that no definite individuals or an enayme wlth power of 

growth; (3) lf lt l• a part of the mioroooocue It mu•t be either 

a etage ln its lite hlatory which wlll not grow on ordinary aedia 



but stimulates fresh culture• of the mlorococoua to pas• into 

the atage, or an enzyme aeoreted by the aloroooooue •hie~ 

leads to lta own destruction and the tonn&tlon of more en1yme.• 

He also auggeate th&t it may be an aoute lntectioue di••••• of 

th• bacteria. It le rather interesting to note that eaob ot 

'l'wort'• explan~tlon• has some adherents among the present day 

workers. Prominent among th••• &rea D'Herelle, who believes 

the lytlo prlnoiple la a living paraalte ot bacteria. Hadley, 

who believes it la a stage la the life oyole of the organlam, 

and Bordet and Bronfenbrenner •ho think lt la a product of th• 

bacterial ••ll. 

It 1• to aot• ln the following main 

or hort'• tlndlage th~t they are, la general, believed to be 

trues 

l. The transparent (lytlo) material oan be separated from 

the organlaa from wbloh It ls derived by tlltratlon. 

2. It oan be transmitted lndeflnltelJ trom one oulture 

to another. 

3. It la moat aotlve against young growing culturea. 

4. There I• no action on dead bacteria. 

5. To be transmitted ln aeries It muat be in tbe preaena• 

ot the llvlag organl•m•• 

6. It le active 1n dllutiona of one to one million. 

1• It realet• heat to 6o0c. for thirty minut••• 

8. Action la not h~atened by anaerobio•l•• 

,. It increaaea in quantity when aoting on young gro•IIJI 



,. 
oulturee of auaoeptibl• baoterla. 

10. It la_not very active on old culture•• 

11. It acts to leaaer degree on cloaely related organlsma. 

12. It doe• not act on unrelated organl•••• 

D'Herelle (1911) reopened experimentation on thla eubjeot 

when be laolated a b'phage aotlve against the Shiga baolllue 

a caee or dyeenteey in an adult. Attempt• to leolat• the agent 

at var.loue atagea of the dlaeaae were not eucceaatul, exeept during 

oonvaleeoenoe. llue th• phage eeemed to appear only aa the disease 

eubeided, D'Herell• (1,26) concluded that recovery eomewbat depended 

upon tbe stage in the oour•• of the dlaeaae and the amount of 

increase of the virulence of the active material. 

EXISTENCE IN NATURE 

It le the belief of manJ worker• that bacteriophage m&J 

be encount•nd any where there are bacteria actively reproducing. 

Hadley (1,27) etat••• •The phenomenon or tranemlaaible bacterial 

autolyale la wldeapre&d in the bacterial world.• It la probably 

found more often aaorig the lntastlnal and pyogenl~ groupa of 

01-ganleme although lt has bean Isolated from a wide variety of 

b&cterla. Larkum (192,) ln apeaklag ot the value of baoterlophage 

vaccln•• aaye that In general no ph~e• has been discovered tor 

the lnfeotloua agents or diseases for which•• have no prevention. 

Thia, ~e thlnke, la unfortunate beoause or lta poeslbllltlaa tor 

therapeutic purpo•••• luttner (1923) roporte tlndlag th• lytlo 

material in the normal tlseuea or the guinea pig and rabbit~ 



,. 
Aoaordlng to »'Herelle (1,26) the normal habitat ot the baotertophage 

l• th• intestinal tr~ot ot animal• and lt may be found where 

oontaml-.tlan froa the intestinal e&oreta oooure. It eeem• to 

be true that •••ag• and eurfaoe water are likely to oontaln eome 

klnd of a lytlo substance tor oertaln baeteria that are oomaonlJ 

found la euob plaa••• Thia 11&7 be due to the ablllt7 of the buterla 

to reproduce la aucb aaterlala. He aleo aaye that there ts juat 

one apectea o: bacteriophage and that the dttterent •racea• er 

atralna ~r• diflerant from one another beoause ot adaptation, 

juat aa a •bore• atreptocoocue• may beoome a •rabbit atreptoooo~u••• 

or a •guinea pl1 •t•eptooocoua• bJ paeeage through a aeriea of 

anlmala. D'R•relle poaalbly waa working with a polJTalent phage 

where the •uaptation• was a reault of an incre&se of the bacterlo• 

phage, tor the susceptible bacterium, caused by regeneration at 

the expeue ot th• pctloular bacterium studied with •ubaequent 

loea of the phagea that were aotiYe againet other bacteria. Tber• 

le al•o eYidenoe to mate one belie•• that an adaptation take• 

pl~•• or po•eiblJ merely the regeneratioa ot nn material that 

ia more potent. lohwartaman (1,21) report• the deYelopmeat of 

a powerful baoterloph~g• against hemolytic etreptocoool or eryeipelae 

orlgln by adaptation, ualng a B. Ooli phage, a 8taphyloooooua 

phage, and a rabbit haolytio phage to begin with. 

Brontanbrenner (1933) atatee that polyTalenoe le usually due to 
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tb• PN••nc• of several !dependent phagee1 but he eitee eYldeue 

to tbn that pure elagle phage• aay exhlblt aetlvltJ agalut 

••v•ral or le•• •loeelJ related speal•• of baoterla. He 

glYee no ••ldenee to eupport th• aaeU11ptlo• that adaptation ha• 

taken plaae. Rltohner (1,30) 1aolated a rue of bacteriophage 

froa th• root nodule• of Nd •l•••r In wbl•~ he found the agent 

to be epeolflc for lta own hoaologeua etrala of organl•••• but 

no ly•l• was produed on a atoct culture troa the nodules of red 

olover, or on isolated peaa, beans, alfalfa and vetoh• 

Radley (1931) h• aonverted a I. parat7phoaua A 

the •s• to the •a• type and then caused tbe •a• type to develop 

the baoterlophage apontaneoualy. Btark and Start (1932) found 

an antl-aerog•••• phage on lettuoe, oarrots, oorn allta and other 

plant tlaau••• The author !aolated a baaterlophage tor A. oloaoae 

froa river water, one tor 1. ooll troa th• of a oat, 

and one tor an Aohromobaoter orgaalea fro• •••as•• It would 

•••• to mention any aore lnstaaoea where the lytlo 

prlnelple ha• b••• fovad, for the literature oontaln• aumeroua 

ot thl• natur•• 

IIA'l'URB or '1'Rll LYTIC AGINT 

Th• nature of the baoterlopbag• aa explained by the orlgl•l 

di•ooverer wae preeented above. D'Harell• (1,26) bell•••• the 



a. 
,a•terl•P~III•• troa a phyeical point of Tln, to be a oelleldal 

mlcella wbloh ia a llYlng paraalte of bacteria. It multlpllee, 

he thlnke, at the expenee ot the bacterium, heterologoua with 

reapeet te itself, and tranefere tbl• beterologoue aubatanoe 

late a homologoue eubetanoe, a •~betanoe dletlnotlJ lte owns 

therefore, lt (phage) 1• enclowed with the power of aaeimllatloa 

which he oonaldere one of the moat Important criteria of lite. 

R• •••••• the oorpueoular nature of the actiTe agent of tranem1ee1ble 

autolyeie on th• ba•1• that minute granule• were obeened bJ hlm 

in the filtrate• of bacterial oulturee, •ubjected to the actioa 

of phage, upon examination with an ultra•mlcroacope. The ldentl• 

tloatlon of tbese partial•• with the aotlTe agent le aupported 

~, the obaenatlon that on long standing or by Intensive centrlfu• 

gatloa of the actlT• flltratee, the partlolee tend to eettle to 

the bottom ot tbe oontalner1 and, at the eame time, the aotlTe 

prlnoiple collects In the lower portion of the eontalner. ff• 

found that serial dilution gl••• ne gradual dlminutlon of aotlYlty 

et pbag•, eahibited by antleeptlaa1 but the reaultlng dilution 

•lther oompletely ly•ed th• bacteria inoculated Into the tube or 

there waa no lytio ettect aa dilution was carried beyond the point 

( -10 ) at wblcb a certain amount 1 x 10 •••• of tbe agent l• pr•••nt. 

According to TepleJ and Wlleoa (1929) thi• latter Tln le aow 
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wldel1 aoaepted and the dllutl•• method l• eonaldered the 

)eet mean• ot laolatl11g pure raoea of bacteriophage, 'l'he author 

teund that th• llaitlng dilution depend• upon the ooncentratlea 

... ftnl••• et th• material uaed, lronfenbrenner (1,2,) ral••• 

the •• to the nature of th• amount• ot the aotlYe 

agent. Re bell•••• it le that the lytlo principle le 

present ln the media ln a atate ot true or aa a highly 

oollold, and that it le merelJ on bacterial 

debrl• and other partial•• whloh determine lt• la 

the medium. It 11 also, according to Bronfenbrenaer, 

that th• particle• in the filtrate represent the aorpuaole of 

autoaoaoua organised and can be identified with the 

obeerved bJ l'Rerelle, within the infeoted baoteria 

under an but "ltater lueetigatlone have lndioate4 

that th••• partiole• do not repreeent autonoaoue ot the 

aative agent, but merely••"• ae a vehiele on which the Mtlve 

prlneiple le adeorbed, and from which, under proper experime•tal 

eondltlou, It oan be detaohed.• fo do tbl• Brontenbrenner ••poeited 

the partial•• oarrying the phage on an ultra•tllter through whlob 

they could aot and waehed them repeatedly wltb water and buffer 

but the partiole• did not glYe up the lytle eubatanoe. 

When the•• aame partial•• however were washed with broth the phage 

reappeared ln the filtrate. Ketler and lronfenbrenner (1,31) were 
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able to the bacteriophage frea •••• ot the larger partlole• 

and oause tbea to be redistributed to amaller pQrtlal••• Dtttualoa 

••11• a&do of t~la powered di••• tueed together into 

gla•• and standardlaed bJ Rydroohlorlo aold dlttueloa, 

were ueed la tbl• work. TheJ found that th• partiole• on whto~ 

tho aat1Te agent I• oarrled Yarted ln ranging troa .6A(Mto 

11e4 la radlue. lrontenbrermer (1,29) ,ueettoned tba above tbeor, 

and attempted to determine the llYlng nature of the phage bJ 

experimentation on the oarbon-dloxldo produotloa of the lytto 

prlllOlple. He ueed a mloro•r•~plrometer which would meaeuN .OOJ 
12 •••• of 002 but non• ot the ga• oould be detected ln 10 aatlTe 

unit• ot th• bacteriophage during a period of nlnet1••lx 

It th• phage dld reeplre, except In quantlti•• too •mall to be 

detected, it waa caloulated that lte rate ot reaplratioa would 

b&Te to be at least ten tboue~nd tlaea slower th•• that of•• 

the emaller tho llTlng and oon•equently the greater 

eurf••• per gram ma••• th• higher le lt• rate of 

Therefore, he aonolud••• troa th••• that the phage 

414 not Brontenbrenner further states that Whea 

•1aoteriophagua le ln the ot actlTe •multi• 

plication• aa t• aas\llled to be tn• in the preeenoe ot 

bacteria, the rat• ot re•piration ot th• whole oulture 
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(when aorretted for the higher rate of multlplioation of buterla 

&a tbe preeenoe of koterlophage) wae found to be the &&118 ae 

that of a oontrol oultura without the phage. He and othere 

la etudylag th• independent of the baotertophage, •• 

•• eapreeeed ln term• of lt• radualng power, found that the rate 

of reduotloa by the oulture of eueceptlble baoterla, grown ln 

the preeenee of phage, 11 entirelJ independent of the oonoentratlon 

of the aotlYe agent1 but the rate ri••• and tall• wlth t~e nwahr 

of lntaot baot,ria present during the Y&r1ou• phase• of th• prooe••• 

It wlll be later th1• author wbo ha• done eo won on 

-the eubJeot la thia oountry belleYee the phenomenon to be an auto• 

1,110 proo••• la Whiob th• aotiTe eubatanoe le a product of baoterlal 

lordet and Oluoa eaplalned baateriopba&Y on an autolytlo 

in 1,20. Briefly Bo~•det•• Tin la expreeaed in the following 

quotation: •1acteriophagy the patbologloal exaggeration 

of a prooess which physiological to baoterla, and ls the 

of a Titiatlon wbioh has occurred ln th• aocomilishment of a 

normal prooe••"• Llebonne ar.d Carrere ln 1,22 •bowed that ditterent 

etraln• of 1. Coll IDA1 bring about ly•l• of dyeentery baollll 

when oultlvated with in bouillon, moreoYer, the filtrate 

of a eulture oaueed ly•i• of dyaentery baolllt. The proo••• 

oould be tranealtted ln eerie• aooordlng to Bordet (1931) who 

to have aoooapliehe4 re•ulte wlth an of 
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the••• •P••l••• Re teund tbat la repeated •• •••• 

not la deprlYlmg a 1e1oa ot lt1 aptitude 

for 11•1• ot th• dJ•••t•rr baolllu•• 

Radler (1921) regal'CI• th• baoterlophage mer•l1 •• a 

ln tho lite oyol• of u organl•• undergoing la aloh 

he ••••rib•• three tJP•• or oharaoterlatloe of th• organl•• &a 

the pro•••• of a Ph••••••••• 1'h• tlr1t 

et th••• tJP•• he oalll the noraal or I (amooth), the ••oond th• 

lntenedlate, 0 (traneitlonal), and the thlrcl the abnonial, a 
(rough). through the functioning ot th• 0 t7pe wbl•• 11 a hlghlr 

uutable and phase ln th• lite of the oulture, the I 

t7pe 1• produoed and frequentlJ the traneltloaal stage oannot be 

ebeenet, aaool'Cllng to hl•• 'l'h• lytio O oolenl••• then 

(repr••••tlag the phage) ara, la reality. •yanlahtng• ••oondarJ 

arlalng and qulok11 diaappearl11g la the••••• oult•n• 

t~•r•bJ a filterable etage tn the e7ologe117 of th••-

bacttertal or perh•P• • olosely related •P••l••• 'fh• 

filterable eubstanoe then aot• •• • etlmulu•• wtien added to an 

oultur••• te the eUNeptlbl• baeterlal aella whloh produoe aon 

et the lytlo agent. 

llTeN (192,) auggeeted the po•elblllt7 of the baoterlephage 

belllB a latent •lru•• fowl tuaoH aN aaroluaa•• he ••Y•• are 

traa•l••lbl• tn eerl••• Sobults and (192t) ••111lud•• 

aftgp ha•lmg made a eerie• of etudl•• en the antlgenle prepertl•• 

ef ether ultra.Ylru•••• lnoludlag herp••• Yarlela, 



nbl••• and toet-aa4-aouth disease, that th• •aoterlophage P•••••••• 

all the ••••ntlal attributes of aa 

In referrl• to the lytle ageat a• a prod••• of •••t•rlal 

•ta'9111a, lroateabnnner euggeate the tact, that aceumulatloa 

of the aotlYe agent 111 the independent of b•t 

11 ln·Uaatel7 oenneoted with the acUTe growth of the bacteria, 

strengtheu the vlew exprasaed earlier that the phage ll&J •• 

•-• produet ot bacterial Re al•• ••r• •&1thoug• 

oonoernl• the phenounon of baoterlopbagJ leave •• 

that the aotlve agent ef transaleelble 1• a baoterlal preduot, 

th• report• ot •••••••ful produotlea of phage fr•• buterla dtreetlJ 

without the lnteraodlary of aa, blolegloal material have thu• 

far ••t •••• eorrrlnelng.• Xoeer (1911) after 

wltb a bacteriophage aotl'f'e against• thennophlllo organl•• at • • ,, te 51•1. that the lytte prlnalple la aet a dlstlmt 

et llTlag organl•••I but tbat a oloee relation between th• 

prlM1pl• and orgaala• itself 1B a11ggeated. Man, other 

too naeroua to aeatlon ln a paper of tbl• kind have oom• te 

ooaaluelou alallar to the or.ee just mentioned relatlv• to the 

of the baotertophage being • produ.et of bacterial 

mete.bell•• 

loae worker• auggeet th• poselbllttr that th• aetlYe 

substanoe la lyale may be an eurm• or a tosl•• 

luttner (19Zl) glv•• th• fo11owlag rea••u for bellnl• phage 
I 

te be aa eurae, (1) Satremely •mall uount• will 41•••1•• 

I 



1,. 
• la11• avaber ot baoterl•• (2) 'lh• lytlo prlnolple ••• stlll 

utl•• after ra•lnlrc ln a sealed tube for lour Jeare. (3) It 

heatlmg ta 10•0. fer on• hour. lh• aoneludae, however, 

that lt le aot •• •.•..- lteoau•• 1t aote oa llYlng rather thaa 

dead ••11•1 alUI tlaat th• pllaga repr••••t• a eeoreUoa of baoterla 

of the mature ot aa autolJ•l• whlob aota a• a ••talr•t •• th• 

utl••lJ gr••l• ltaotarla, •••trort• the equlllbrla ,et•••• 

•••traotl•• fen•• and deatnotlYa fen•• la favor of tbe latter, 

PetaMJ la lt•elt Mana little lt•••u••• a• B1Yera (1929) •&J•• 
~•rr llllall aaouate of filterable are eometlm•• autfto1ent 

to tlll a rabbit la OYery ••••• The eaae 1• true ot rabl•• •• 

H l• alwa7• fatal lf lnfeotlon oooun. Dowu (1931), worthlg 

ln thl• 1a,oratory with I, tulaNu• loun4 that ou.•ne•mllllonth 

et a•••• of ,iood an lnteeted guinea pig is sufficient to 

tlll a aonaal pig. leaistanae to heat or Ylablllty attar etandlng 

1•• periods of time••• not be takan as criteria beoauae the 

baoterlophfli&e eomparee favorably wlth sone of tbe ultra•Tlrusee 

and ••m• bacteria In th••• reepecte, Wetsa ~nd Arnold (1,24) 
Wllo h•• d•ne oonelderabl• work on the antlgenlo propertle• of 

the Neterlepllage ·fo11nd that phage react• antlgeatoally Ute a 

ferment. Muetentu•• (1,28) and lob•lta (192,) toun4 that the 

phage neutrallaation or phage la oloselJ analogou• te 

that or the neutrall1atlon of a toaln by an antitoxin. They•• 

not conolude, howeTer, th~t th• bacterloph91• auet n•••••ar11r 
be a toala or feraoat. lortbrop and Kneger (1930) la a report 
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•• t!s• tlaeti•• of th• bacterl--ba8terlopb11ge reaotlea , .... ,._ 

tllat tile lJtl• aa•nt 4oe• not re~.ot llke a lhh,g o,gaal••• 

11ft' 'l'O Ol'fAII 1'111 UCTQIOPUla 
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A ·••'7 ••tllecl of .,u1a1111 tlle l1tl• agent 1• gl••• 
,, A•aeM (192,). l~i•flJ, lt •••l•t• of filtering the •ater, 

•nae•• or olher aaterl&l In •bloh h• eapeoted to tincl the p!sag• 

••• U ••at la 1Jtlo ac-UYltJ, an equal aao11r.t of th• filtrate 

wae ude4 to 4eu,1• etrelfith broth and tbe alatuH ••• ••b•e111entlJ 

\•Nalated with t,e ltaoterl•• After twent1•f•ur hour• tnouktloa 
' ,-·~ . 

,at J1 •• tb• ••lture ••• fllt•l'ff aJad the pro•••• repeated •. If 

tb•r• are ••rr -11 ••~••• of the Phlll• pr•••at, or. 1f lt 11 

el low Ylrul•••• lt •Y be neoesearr to repeat the prooed•N 

••••Ml tla•• b•fore aay lytic utlon oan be 'l'h• &utbor 

ueed la ,.. •• ef the lytlc prino1ple 

aeat1oned pnYlouely, eueft tbat aub-eulture• from the alxture• 

were 11&d•• ever7 three or tour ho~rs, lnt• plaln broth t•b•• an4 

eato ij plaln agar plat••• fhl• •••done•• that a •mall aaouat 

et l,el• alaht lae deteete4 t.n •a•• tllere alght aot be eaougll 

-terla1 preeent to lyee th• W'llol• oalt•••• ae le ottea th•••••• 

.a. a genenl nl•, baoterlephagr will tat• plMe t• the 

1nateat exteat la ~•dla and ynder eondltlon• whieh provide 

.,,,_ growing eondUiene for the baoteriu. that ar~ to uaclergo 

dl•••lw~l••• l~ 1• g~n•r~lly aemeded th•t young &e:tl••lJ 



pbag• la •u•tloa are a r•qulelte tor ly•l• to oco~r, but lorthrop 

allll KNeger (1930) foand tJtat lyele ·•Uhout gro,..th wUl take plaoe 

wltl r••nc eusoeptlbl• baetarta when the ratio ot phage te ,aeterla 

(P/1) eqaalt 0•l2, or aore (er whea leg P/1 • 2el or llGN)• Fl•hrg• 

ta lueetlgat1on Indicate that media wlth a re~otlon of pH 1•6 

te 7•8 l&Ye the beat with the pbag••• eaoept a diphtheria 

rue of phage Whlob ••ea•d to be .. U•• at abou.t pl '1•2••'1•4• 

lowr,er, ••• obtat11114 oTer a falrlr wld• range of hydros•• 

loa ooneentratloa. lugar• or whloh MJ peralt a lowerllig 

•~ tla• Pl to &IIJ gnat extent •ho11ld 'be &Tolded, 11 

.-.-bertrg of oouree, th• aboYe statement on the matter. A 

•••• medlua eould not be u.1ed at the beglanlng of thl• etudJ, 

b•t, alter the Tlrulenoe of the had lncreaaed, a 

... u.at of augar ••• uaecl appareatlr •1th ,etter 

fbe lJtlo efte•t oan be uted GD •olld media, proYldlng 

tile peroentae;e of agar ueed 1B not toe high. lrontenbrenner 

hae dea•~•trated that lyel• will aot eoour on an,thlng ab••• 

4j agar. t,,e uount of aYallabl• water••••• to play a great 

pan la '-tterlephacJ• 1 1Rere11• (1926) •• to lj 

agar•• ••llll Th• aotl•ltJ of phage on plala agar l• 

aanlfeeted \y tbe formation of amall, clear, tmnspareat •r••• 

froa ., m.a. to 8 ~-m• ln •1••• If Tery blgh dllutlona are••••• 

Othenl••• lt aay appe~r as clear lrr•g~larl7 sha~ed Tb• 

olrculiu- areas b~v~ been given th~ nu.9, •plaq~•• bJ D'H•r•lle 



l1• 

•• tltl•• •••1 r•preaaat ooloa1•• of bacteriophage 1orpu•cl••• 

tlerlTell fna 1114hldual oorpua•l••• Partial auerollioais aoee 

••• Cllhwartaaaa 1,2J) f•••• regeaeRtloa tb• phage •1 aodlfyl• 

the rate •f 11aoterlal growth, but lt ha••••• direot relMtlon to 

the ngener&tlon of th• prlnolple. In t~l• sen•• It eat,anoe• the 

Ph-C•• proY14e4 tbe reatrlctloa be pro4uce4 wlthln the flr•t three 

boun of growth or tb• INIOterla. 

'Ill• t•perature ra•• at whloh the agent wlll reganer~te, 

aa reported~, ••rlous vorkera, le 1•1. t• 16•1., depe11dlng •P•• 

'f .... aad vlru1••• of the baciseriophage, also the kind of 

udla u••d• It. h evident thAt a tbenaophll1o orgaaiea would_ 

-• lavo1Ye4 ii phagie aotlon ooo~r• at 16•0. A .._peralure of 

10-o. fer •• ho_-r \1811&111 cleetroya the phage• or the ordlaarr 

bacteria. &l••r• (1927) •tadyl• the efteot ef 

repeat•• fr•••lng (•l8J•a.) and thawtmg oa ••lon baollll, 

Tin• 111, Yaeolala Ylr••• herp•• Y1ru•, bacteriophage, ORplemont, 

•• trrpela foull&i no great dlrterenee ln tbe reeletanoe of tile 

••rlou• eubsano••• llanaYutty (1930) found he~t •••••~tlblllt7 

of th• bao,erlophag• to be dependent la large measure on the 

la U• atat•• ancl aleo upon the dllutlon of the llfl.t9rlal 

WII•• h•t••• ror eaaaple, •• Coll ph~ge dllute4 1•10,000 •• 

heated to ,,•a. beaame lnact1Ye ln j ~lnutes. Undlluted ~hag• 

(etllerwl•• aoaa1-Uen• i.e dilated) ,~•lt?ts~ood 6,•1. f•r ,o 
., ••••• with••· aay reduotloa ,. MllTltJ• Th• l7tlo aotlTltr 
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wa• deetn1•• quieter ln l211N4 ,utter •olutlon than la •••llloa. 

the author (1930) feuncl an antlooll phage waa deetroyed at ,,•a. 
&a JO alnutee when heated 1n a protein-fr••• K211Pt4 butter aedlua. 

8-•l•taue of the baoterloph~g• to oheal•al• l• latel'llledlate 

••tweea the Yegotatl•• and epon ton• of laolllue •ubtllle 

ao1ordlng t• J'Rerelle (192S)1 and the 1••111 oorpueolee are 

n•l•tant than the old on••• A detailed dleoue•lon on thle ••bJ••t 
wlll be glYen la part II• 

All regard• the ther~peutlo propertle• of the baoterlop•ac•• 

lroafenbreaner (1929) skt•• that a NYlew of the ollaloal report• 

~•oubtadlJ eupporte D'Herell•'• ooaelusloa that ln dJsenter, 

and ltaphJluoooue lnteotlone th• reeulte seem T&'t'J enoouragl•• 

(1929) believe• there ia •• auob juetlfloatlon for the 

••• of phage for therapeutio purpo••• as eTer •~lated to~ the 

••• of aoarlat tner tosln or antltoxia. Re ha• been uaing lt 

to extent for yaoalnation purpo••• as wall ae fer dlreot 

appll•attoa la ltaphJlooooeu• lnfeotlou. In ON•••• where 

(1929) a t7phold b&oterlophage ae a for tJphold 

Taoolne, he found the baoterioldal power of the blood and the 

opeoalo index of tho•• laooulated with phage were higher thaa 

tkoae where the ordinuey be.oterln was Ila month• later 

the antibody titer, produoed •r inooulatloa of tbe baoterlo• 

P~aa• ••• higher thaa wber• three Taoolne iaooulatlou had beea 

-d•• aeaotiou aubaequeat te injeotlon of phage were not nearlJ 

•• -rked •• when baoterlu were adalaletered. Walker (1930) 



••,ared th• ,oxlaH7 aad l"rmleldal propertle11 of phage wHII 

Nault• of t~l• •••• that ltaphylooeeoue baoterlophag• 

laad • 1111e11 wlder range of dllutloa ( full strength to 1-,u) oYer 

Whlela the ree11ltlng leelone •••• partlall7 eapresaed •lthout 

neeroel• of the tleeu••• Patteraon and ilN• (1,30) get gratlf1l• 

•••ulte through the lntroduotlon of an antlataph pba~• lnto the 

wounll of an oateoa1elltla oaee ln whioh etaphyloeoooua aureua, 

alo• wlth a. Coll, pyocyaneoue, and dlphtherold organism• were 

fo~a,4. lrltl•h worker• (19,1) expreaeed the belief tbat whea 
' -li 

th.-.. types or raoea of-antleholera Phage are mixed together they 

wlll oure &IIJ' oaae of oholera that reoel•~• early treatment. Ou 

Phage de•eloped at the expen•• of els stralna of orgaal••• 

... aaother deTeloped at the expanse of fl•• •train• ot aholera 

wlth good reeulte. they found th• mixture kept better than It 

the dyeente17 phage were kept aeparats troa the •holera. la the 

eral treatment of flft1•nlne of oholera, ••••• death• 

Whlle t••l•• out of thirteen oa••• died where no phage••• ueed. 

Applebaum and 11M lleal (1932) found that purulent exudate, whea 

diluted exert• an lnterferl• lafluenoe on the lytle aotlon af 

phage. llood and Serum ~ere aJ.ao found to exert an lahlbltlng 

lnfluenae upon the aetlon of th• phage. llmllar reeult• ~•r• 

found to be true tor both •oll and •tap~ylooooou• bacterlophag••• 



ao. 
fh••• ln4loate that the therapeutle T&lue of the 1Jtlo 

•terlal •••ld be dlmlnl•h•d la pyegen1• 1nfeotlou. Cowl•• (1931) 

ebtalned •• proteoth'• a•'Uon of b1phag• In oases of •x11erlaental 

anthrax •h•• the organl••• and lytlo agent were lnJeoted almul• 

Into wblte ml••• MoreoTer he dld aot deaonetrate •DJ 

lamunlal• T&lue fer phage when lt was ueed •• an antigen for 

aathru Taoolnatlone ln mioe, guinea pig• or rabbit•• 

Th• antlgenlo propertl•• ot th• bacteriophage were tlr•t 

deteoted bJ lordet ln 1,21 (quoting from Wei•• 1927). Hi• tlndlng• 

h&Te been oontlrmed b7 ll&IIJ luoh wort ha• been 

do• apon th• antlgenle properil•• of phage, and aleo upon th• 

reeultl11g antleerua propertl••• not only tor the wti4o~ 

tb• field afford• ~ut aleo beoauN of the fact that lt ••••• to 

be a cood •tlled of approaob la tl"J'lllg to the nature 

or the baoterlopha&•• •••• of the mo•t delloately known protela 

teeta, eompl•••~t-tlaatlon fer exuple1 ••• be utlllaed la• etudJ 

ef tlll• tilUI. lohulta (1729) report• that D'Rerelle and SllD& 

1• eeetlag to deaeutrata the uniolt1 ot phage, teeted •• aatl• 

••r1111 tor a lhlga phage agala•t filtrate• ooatalalng lytl• agent• 

fer the org.ni .. 1 of plague ana barbene1 aad croae•H&o'Uou were 

obtaiaed. Th••• lnYeetlg~tor• eonaluded th&t the buterlophac• 

wae a oommon &atlgen reaponelble for th~ir nonapeoitlo reutleu. 

Gratia and lawnaln (lchulta 1,2,) wer• tlrst to queetlea 

that ••ommon antlgea• aotually represented th• Ph••• Tt,ey noted 

that, where a• ln t~• neutr~llsatlon tea~• the antlphag1o eera 

••haYed in a blghlJ apeoltlo 111&nner la lnaotlYLtlng dltterent 

pbag••• la th• oompleaent•flxatloa th• antlphaglo eera, 
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When tested repeatedly ug~lnet the••• -aoterlophc.ge euapen•lona, 

but t~e•hlJ pr~p~red tor euh teat, time• yielded reeult• 

whl•h ap1-1vt,red epeo U'lo; but c..t o·~her U11os were ole~r1J non-

apeoltlo • Sthoee obsarv,~tlons led them to tbe concluelon that 

the croa.-flxatlon must be du~ to the preeence of •ome eubetanoe 

ln the broth either formed during the pro•••• of bacterial 

•• aet tree durl~ the lyele of the orgaal ... •• u antlgenla 

eubatance eoamon to all baoteria. 

•••ld am Wei•• (ltz,) weN tts• to 

th• noa-apeoltlo reaction• wltloh e•"•" to more or 1••• 

••••ur• the appareatlJ unique antlgealo ••haYlor of the p'h&ge. 

fhl• th•J apparantlJ dld bJ of tbe phage auapeuloa. 

lohultl (1929) •th&t with rare esoeptlona, with• 

etaa4 the aotlea of t17pala lndetialtelJ la wall tllOWn•• Aal•l• 

l•l••ted wit~ •~e•• tr1p•lnlaed •••terlophage •u•peuloa• yielded 

aatlplaagia ••ra of aarked aotlYUJ, 't,ut th••• sera produaed ao 

agglutlaln•• prealpltlna or eoaplement•tlxlng antlt,odlea agalut 

the 'baoterla or buterlal protein• of the beaelego•• aor 

fer the baoterlopbage iteelt. On the of th••• ••••natlona 

theJ au• to the eenaluelon that enlJ neutral.laing antlbodl•• 

were produoed agaiaet the phage ... hulta and hie ••--orll:er• (1928) 

aeuld aot d•o•trate •DJ apealtlo aeapleaent-flxlng aatlbedlea 

naa a-une prod•c•d la rabbit• wlth pure yuolala bnla 

Ylru•, ware teated antigen• prepared troa lealona of 

Yaoelnla or brain l11111une ••ra 

alee failed to preeent eTldeme of epeolflo prHlpltatlng antl• 
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\odl••• but Tlnolda.l antibouie• ••r• found in all th• eera te•t••• 
!her also found c1,28) the l!IQlO facta ~Yere true of herpe• Vll'U8 

ant la'\el' (1929) report that no ••11plament•U.xlng aatibodl•••. 

pre•lpltlns or agglutinin• were produced ln their ••P••laenta upoa 

rabbit• la •~1•• ltapb7loco•au• Phage••• uaed aa tbe aatigea. 

'lh•J 414 demoutnte •i•Oltlo uutrallal11g aatl,o•l•• for the 

phage•• hence tbelr ooulua!oa that baoterioph•• PHH•••• all 

the ••••ntlal oharacterlatl•• of aa ultra•Tir••• 

la a etudJ of the aatllytlo aat1•u1 .. hulta (1929) •••tine 
Ir• fall and other•, atat•• that the aeutrall1&111 ants, .. , eahlbltl 

a •1&•-•esree of apeelfleltJ but~• lelleve• that eaut 

of tbl• •P••lflelt7 etlll remala te '• work .. out. loae l•••tl• 

•1111••t that the 1• •••h that aa aatl••rua 

preparea agalut a gl•en phage •111 ne•trallse oalJ th• eorreapoadl• 

pJlago, amt thla la the eaae el a.p.lyyaleat phage 111Ue I.Sepe .. • 

eatlr of the baut•rlal •ub•tr&te at the eapenee of •hloh the 

partloular polrvaleat baoterlopbage 1• dnoloped. Ob••natleM 

1tJ ether worker•••• to llldlo•te that the epeclfleltJ •1 be 

nea .. ,e re•trlote4, being. la th• oa•e of polr,alent phag••• 

oftea lntluenae4 'bJ the ltaoterlal apeole• at tll• eapeue of w)aleh 

the phage ha• been regenerated (Wei•• aaA Anola 1924)1 aa4 

lluokoatu•• (1928) t~lat• th• aatlbodJ ut• •• the 1ytlo ac••t 

1tr a .. tlT&tlen of lDCilTldual ••lta •• a re4utlon la the _,er 

of platue• rat~•r thaa their ala••• reported bf••••• lb• author 

(19,0) oonfll'lled Muotenfu••• flndlng•• Most lnveatlgatore qn• 



aJ. 
•••• tke ••••' of reaatloa ia the aeKtr~llaatloa of phage by lt• 

•pe•lfl• aaU••rua ie •low. l•h11lta., (1928), lluakentua• (1928) 

ancl oth•r• •lala that ths of the baot,rlopbage 

by th• aatlphaglo ••rua 1• •1•••11 anal.-gou• to that of neutral• 

or toaln ,, antitosln. Aeoordlng to Wei•• and Arneld 

the Naetioa lntluenood by the ••• tutor• of tlme, temperature 

aad lortfel~ tlltratlon, alxtu~•• or toxln•antitoala of 

••••ntratlo••• 

ror of purlfJlnl th• butar1ophag• 'Nfore u•l• 

it .. · •• ••·Hg•• Wei'•• alUl Arnold (1926) roaoried to tr,ptle 

•ta••tloa of th• lJ••t• to remove tho antlgeale INultarlal protelu 

la order to prodaoo oalJ neutrallalmg aatlbodloa ·ror th• phag• 

after lnJeatl• material Into rabblu. Their 

•how that oalJ ant111tlo aatt,odlea, •1th•• ltlgh a titer•• the 

untreated prodwsod, were obtained. 

(1929) wort1ng •1th a •taPhJl•a•••u• baoterlophag• 

••• uaable t• d•outnte aa aatllytla antllaedy after tl'J'Ptl• 

of tbe lJnte. •• obeerYH la pr••l••• wort that eoao 

..... , .. of ltaphJlffOOOll• b1 pbag• ••n aot •• .,, ·••1-tant t• th• 

.. tloa of tr,pala nllo th• baaterlopbag•• for the eolo .. typ~old 

gnup of orgaal••• ••re ,u.uo fh• author (1930) -• 

able to doaoutnte oaly aa antllytlo aat1bo4J for a•• •oll 

b1pbage aft•• tbo aatlbaoterlal antlbodlo• had been •••orbed froa 

tho b'pbago laaun• ••rua• Thero ••• ao abau• for th• latroduetloa 

of protela Into th••• teete, other tbaa frea th• baeterla tbea-



••• 
•el•••• ltaoauN protela-fr•• •1•thetl• media ••re u•••• 111g1er 

•• Ollt••tr (ltJZ) ulmg protela•fne el a eel& 

'41aterlophage, pnpar•• bJ th• adeorptloa-elutlea teehalo, to 

••r• ••1• ta that th• pun lJuterl•• 

Ptaas• l• • 4ollnlt, antlgeal• entity. they alao feullll ttaat th• 

••l•• of th• ageat and lt• apeelflo antl,ody take• plue Yer, 

and tlaat tho addltloa of •••Pl•m•nt aeeeleratod th• 

'lhl• latter re•alt agr••• wHJa tb• fladl11g report9' •1 •• a11tber 

la l9JO. 

JIIYOLYD UI TA PIOC:188 or la1'1JNI l.lC'l'IIIA 

•fh• fut that the regeneration of th• utlye agent depend• 

wllellr •• the pr•••u• of llTlng, •••••ptlble baeterla 

that it •1 be Itself• produt of•••• pbaee et baeterlal aetlTltJ• 

A.tall It l• clear that whea trao•• of aotlwe are 

latr•d•••• Into a growing eMlture of neeeptlbl• baoterla1 th• 

Ngeneratioa of th• agent tat•• plaoe charing th• phaae of 

grffth, amt pr•••d•• th• et the baeterla (when the latter 

plaoe at all)e fbu• the po••lbllltJ that the utlYe qeat 

1• liberated•• & re•ult of lJ•l• of baoterla ••- to b• ••• 

•l••••• •• Aa to the aature et the aat1Y• •ubatano• and the 

•••haala of It• produotlea b7 baoteria, there exlate great dlT•rs••• 

of oplaloa. Aa to the natun of th• ettoat of t•t• hJpethetleal 

••bs•aue oa aol'llal b~terla, r$8Ult1. iA the one hand la It• 

own regenera\lon on the oth•r la th• of 

--.ierliJ. arewth there exist• t7o Tie••• 'l'h• ma~oritr of wort•r• 



IJ• 
•htnls thle •fteot oonel•t• la the Yltlatlon of baoterlal ••·•••l• 
, .. u•oapaale4 bJ th• &COIUIM1atl•• ., iroduot• •hl•h und•r ROl'Ml 

oondltlon1 •r• not formed at all, or appear oalr t•porar11J •• 

latenedlaey llat• la th• ohala of aetabollo reaction•• 711• 

ao•umulatlea oft•••• produote la tura ••u••• dl•funotloa of nn 

geaeratlou of baoterla, and thu• perpetuate• tho 41••••• 1eadlJ18 

flnallJ to autolJ•l• ot th• baoter1a.• •• Bronfenbronnor 1919 • 

.&eoordlag to thl• worker and other• there••••• to be an ••••l•rated 

of the baot•rla •h•n ln the proeenoo of phage 

fello~•• bJ a ••elllng of the affeoted oelle and flnallJ a rupture 

ef th• oell wall and l1D1Dedlate llboratloa of th• ooatent• of the 

•ell Into the ••lutloa. If thl• ••r• a prn••• of dlgeetl••• 

·411111llaatl•• of the ••lutloa of lyeed material ehoul• 

oho• the pr••••• of produot• of dlg••tlea1 but•• far, the literature 

r••••l• •• flndlag• where thl• h•• beea the oa••• eaoept that 

gl••• •1 lronfen,renner ln Whloh he report• lJ•l• of buterla 

ta. protela-fr•• •hloh he •• ,. •gaYe •• , ..... 

of of baoterlal protein.• B• thlDk• the othera 

h••• aot 'be•• able to •how bydrolrtlo aotloa l• prollably due to 

th• taot that the material •••J•oted to aaal1•l• ooul•te• of 

ordlnar, aodla too rl•~ la produete of hJdroly•l• of protela 

te peralt th• deteotlea if P•••lblJ a naall lur•••• due to 

hJdrol7elo of baoterla. Ro doee aot ,all••• that the aetlYo 

ageat plaJ• aay part la th• aotual but that It 

a of lntraoellular breught about bJ unal 

•••f•rm••t•• R• therefore oeaelud••• •th• pheaoaeaon of trau• 
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lr•l• ••• thu• be dlTlded lnt• twe 9tag••• !he earlJ 

• ..,_••••••on th• pr••••• of the phage wltl•h ,aet•rla. 

a the ttet&Tltr of lntraoe11ular 

._ t~• rat• of le eaaggerat••• l•m• ot the 

••••P• tna th• ••118 &nte tbe ••Ila. •• la tun produ•• a 

effeot •• a .. 1, fome4 ••11•• fh••• pro4uct• npreeent 

be utlY• agent (koterlophac•>•• Wow the•• •n•ofel'lllent• tunttloa 
t• llirlag alleut of tlte ••te:rlal oell• le explalne• oa a 

PhJ•l•al In oloh tbe uterlala wlthla the oell• an bnken 

., Inn ••ller parH•l••I theral,J greatl7 lur•a•lna 

th• htal auber of partl•l•• •lthla the ••11 meabrane. 'l'Jt•• due 

to th• larger awaber of partl~l•• the p~enomenon of oemo•l• -•glu 

t• exert reeultlng ln an lab&bltlon ef RzO by•~• 
wterla to the point of npt•r• aad a •onee,uent olearlng el 
th• aedlua la nl•~ the baoterla are growing. 

fill• 1• ••nbat alallar te lol'Clet•• eaplanatloa of th• 

pbenounoa1 -.elJ, that l»uterlopllqJ repr•••••• th• pathole1l1al 

••1111•ratl•• ef pro•••• wlllell PhJ•1•1og1oal te the buterla 

au whleb 1• the reeut of a vltlatlen thkt b~• 01eurre4 la the 

aoeoapllabmont or a aormal pn••••• 
lerthrop au Sru•c•r (ltJO) llffeTer, ••11••• that there 

l• a aonaal gnwth 111n• of tll• buterla •• to • ••rtala ••lat 

at ••&•II lJ•l• be&lu esp1o•1••1J• fh•J al•• tlllu t,at 11•1• 

wlll ...... •ltll ,....- ., but•I• n•• th• baoterlepllac• ... 

J,aeter&a an la a ratle oft/a a llJ wheN •p• a ''Plaal• AM 

•1• • ,ut•rl•• fh•r f11rther atato, that pnba,1J th• lat•r•l 
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Jllac• le r••p•ulbl• f•r tbe At ••1 rate, lt ••• f•u• 
(lerthnp aad ln-s•r 1,J2) tbat then auet )ea ooaeentratloa 

•• 110 •f phage •lthln the ••11 or of 11 a 108 ••H• la 

.... Ill• •I la order l•r 1J•1• to •••ur. 

»'R•r•lle ,~,26) ,ell•••• that buterlopha11 t&J£•• plue 

_, th• phage eorpueole tlrat ,eooalng tl••d to th• baoterlua to 

uenl•• lt• aotl•Dt atterwbllh th• eorpueole• •nter the koterlal 

••119 where th•J aultiplJ and are alway• liberated with the rupture 

•I th• ••11., R• elalaed to h••• obeened the pn•••• of 

eatloa within th• ••11 with the ald ot aa •ltra .. loneoope, the 

being aa granulee wltbla the baot•rla 

anut to N 11•••• 
la1••loue ancl landholaer (1933) made aoUoa photoalon• 

craphl• aaal1••• of tho of Their uaaur•••nt• 

el th• laor•••• la ot tho baourla aa lnoreaee la•~• 
ala• of•• 1ell, und•r th• lnnuence ot phage, of two to eight 

tlaee the orlgl•l while aotaal ,acterla lnoreaee4 aot 

ure thaa tour tl••• th• orl11•1 •1••• lot all the ••11 

••n •••• te aalarae aad ••• of th• •• ••1•therlua lnorea••• 

l• •l•• 'before ly•l•• ror •• aegatherlu lt •••me4 to be• •1•• 

pro••••• extending over a period of two to tea 

alnut••• but fer•• eoll npture required oaly about on••half 

••••••• It did aot appear to be a or th• oelle duo t• 

...... ,. laeed •• 0 f ••lllllar ......... .. 

of eollular .. th• follewlng oenolu•l•• ••• reu~••• 
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•tur •ucs••t to that rriuotien et ten•loa 

at t,e eell ••dl• laterf••• and at th• lnterf•••• of the p-rtl•l•• 

or •••tltaeat• wlthla th• oell• ma1 be aa laportaat faot~r la 

the m••haalaa of 1J•l••• It would••• to th• auihor that 

• •••blnatloa ot th• latter thoo17 au of lronten,renn•r'• would 

glYe • •••• logleal eapl&u.tioa or the phenomenon than anythlfll 

offend •P to tho pr•••nt tlm•• 

\ 4 ITUIY or THI IIUCTIYI AC'l'IOK or DYii, or PR!NOL. 

AD or 8011VIIUIYJ>ROXIJ>E OR UC1'1lt0P11AGII 

Coe~ la 1881 (laith 1922) was the tlrat to lnTeotlgato 

a •r•teaatle etudy of the etteot of dlalntectant• upon buterl•• 

RowoTor, the flret o,aen~tion ot the bacterlcldal propertl•• 

of •1•• l• ueuallJ aoered1tad to Raseatiegyl (188?) who oa119' 

attention to the epeoiflclt; or seleetlTe aotlon or oertala dJ•• 

ln lnhlbltlns dltterent b~cterla. Pensoldt (1890) &g•in •alle4 

a1t•ntloa to the t~ct th~t some dr••• espeolally ~•thJl vl•let, 

are ve111 da•truotlv• to •terla, and he euggeste thelr uee ln 

th•- treatment ot wound•• »rlgalekl and Conradi (1902) were apparentlJ 

flr•t te th~ practical utill1atlon ot the utloa 

o t 41•• ln hola-Ur,g pure eulturee o t butorla. !hey ue .. oryeta1 

Tlelot to lllhlblt the coool tor th• ieolatlon or•• t7phoeue froa 

f••••• They alao not•4 that•• coll waa more readily lnhlblted 

bJ aalaoblte green and brilliant green than wae •• tJpho•u•• 

·••ffler (1,06) uee4 malaehlt• gr••• for the 8111118 purpo••• but 

loaradl (1,08) that brllllut greea better. The 
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hat•rl•ldal aotlen et meth11-,,&o1et waa agaln mentioned bJ treyer, 

lrl•1l•r and Walter (1,11) who 4eaonetnt•• that Staph aur•a• 

wae •n •••••ptt,1• to the effeot• of the •1• thaa •• 

Th•. firBt eyetema.Ue of the Ntha 

et dJes ••~ made by Ctuarohli&n (1912). 'lblle mak1~ an e~perlmtntal 

etu4J at baGtarlurla from a speob1en of urh1.e t!lougtit to oontala 

prodlgloa1111 organl .. 1a which had been lnJeoted .lnt-o tbe o l roulathn, 

h• get a oontamlM.tlon wlth •• aubtllle. In aa effort to rld 

the marrlal of t~l• ccntar1lnatlo11t he the etteot of a 

n\11\ber of on th••• and a aaleotlve aatloa 

of gentian Tlolet was oh8enad. The dye<, of aaturatN 

AflU80U8 solutl~n) ... added to a 48 hOUNI old bnth oulture, 

alxed and allowed to etan4 for one hour, attar whtcll agar atnaJr• 

were made troa eaeh broth culture. After 24 hours lnoubatien 

at 31••• lt reu11Cl that prodlglo•u• ••• unatfeote4 nlle th• 

etalned failed to grow. On further lt ••• found 

that baoterla oeuld be dlYlded lnt• tn group• aoeerdl•· t• tll•lr 

'ltella•l•r toward gentian Ttolet. !h• of ••leetlYe aetlon 

noted when th• g~ntlan Tlelet wu put Into agar~•••••• 

nle11 th• org,anlame were grffnf ltu'I aere eonata11t nre 

obtalned. Otaurehllaa lJO •P••I•• and J18 er organl•• 

am toulld ttaat altout ,01- of tile ll"llll-P••lU•• ergaal•• ••r• al•• 

gentlaa •lolet poaltl•• (lnhlblte4) nil• abeut 101, of tile Oraa-

P••ltl•• orgaal••• were 1entlan Ylelet aegatlYe (u latalbltloa). 

l•••••r ••r~ up to th• prMent tla• lndl•at•• that G~ureuiaa•• 

fl1•r•• ara too ln tor th• nDllber of lru-poaltlY• koterla that 

aro llllllblt••• A• regard• prealalon and oonetanoJ there••• 1te 
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no OOl:IJ)ar.rl••• wb&t.Wr, u,ord1ng te Chllnhman, betw••• tbl• nuUoa 

and tile Ora,a ata1a. The dye r•ution i• further dlstinguieh•d 

from the GN& st .. 1~ by th• f4MSt that aa organiq a•ea1t1t in tihe tUll 

war toward tbe d7e no &a·Uer what. 1 ta a&•• It :La believed that 

the bll.Cterloet~ti• action of gentian Ylolet ls like that of otaer 

b ... terl•&d•• •• a ,~antlu.tive eu. la &¥ffio1eni atrengib lt 

wUl kill all bact.erta. ?h• 1n1anal, however, between the 41lutioa 

.. •••••1'7 to ooa.,plet•11 ~reTent growth et the Oru-posHive baoterla 

&114 thaJ ret¥1r•4 to hava •n a,ipretlabl• errect upon th• or ... 
ugat.h'• on•• le uaually eo wide ·that the ••lecUviit acthn may 

alao•t be •~•~ght of a• l~ae~endent of &DJ quantitative eleaent. 

The Qr..-petltlT• ,a,ttria ••v•r grow 1n a ~llutlon of 1 • 100,000, 

wltUe tile lraa•neiatlvo organha,s ••r• ,u1lnlluenoed bJ that dilution. 

Th• Graa•n•g~tlve org~ni••• grow reg~l~rl7 la al• 10,000 41lutl••• 

lrreg11la.rl1 ln 1 • J000, &Del ottea h1 1 • 1000 cUlu'Uon ,t genU1111 

Tlol•t• lntider,hJ.lJ, tbe avthor aohd aa•11g the Clru•n•gatlve 

butaria a.tonelclerable v~ri~tlon la real1taMe to the aotloa of 

a•nUaa violet •• eae •• 1011_. tor lneta.n••• wollld not crow la 

a 1 • ,oo~OOO dU.1iUon of ib• dJ•• .t,. eeleotlYe ao-Uoa 81mllar 

t• Uud ol gentia.n Ylolet h •~hl'blhd to a gre:ihr or hes•r 

degree bJ other baslo dye• of the trlpheaylllethane group. 

llaoa an4 Wood (lf14) and Kruwlade and Pratt (1914) nr• 

the ae~t lsrra•tlgator• to 4o an.y eateulve work ln thl• fl•l•• 

11110111 and Wood •ho•ed that the •1n11O1tor1 aoUoa upea the gz-ntb 

of oertaln laaoterla whloh ha• been •bown to b• eommon to all 

trlaalae•trlp~••1l aothaa•• le not an oaelu•l•• propertr of 



Jle 

t•l• 1n~p of aall&ao dyee, ,ut manlteated al•• to a gr.eater or 

l••••• eaten~, oth• ••n•lr 'baalc dJ••• and l• dep•rJd•at •P•• 
the PN•••• of IJaele awceehroalo and thn absencse of ••r-
r••P••I• ul4 group• (le., • pnpomerano• of the toner ot'er 

tho latter) la u•o•latlon wlth th• existence of certain lhr•••• 
plaorlo radlol•••• It would •••• oupew·fluou• to cite any more 

lltoratun •• thl• partloalar fleU for the ~on, ln general, 

hu beoa ••11 ••ta-lle,ed. the •P••lflo field that we are lator••t•4 

la at pn••n l• to 4etormlne t,e aorrelatloa between tbe aotloa 

•I •1•• upea th• bMterla aall t~•lr reapect1Te ph~e•• 

Little work tau b••• clone to the attsots of dye• 011 

th• •'Pllaa••• a11d th• experiment• that have be•• perf~med an 

et a Tor:, geaeral nat11re. 1>1R,enll• (1926) epeako ef the utloa 

•I T&rloa• 4r••• ln1l¥dlq gentian Yiolet, ~• belng elmil•r to 

ether alalafe•tanta. R• toun4 ly•l• to take plaoa any,,here keterla 

wo.i. 1•••• lefeNnee ha• been nade to ttte offeet th~t t!le neletaue 

el th• lytl• prl1111lple to la tnten.edlaey bet•••• 

the Yegetat&Te a.a •pen atqea ef le IGhults and 

In.er (1928) fouDII that .oozj (1 • J0,000 dUutlen) of •th11•ae 

'1• a ... tl•ated a l•p-Jlo••••u• Phal•• fll•J uaed twe ltapb 

•'•baa•• tla&t were •••••ptlltlo t• tl'J'P•ln and t••ted t~ff wltb 

ea .. t.M, ooago "'• •tbJl rH, antral rod, 11111t'.ttJl grHn, larllllaat 

....... ,rtlliaat er••Jl blue, tl"l'PA• ltluo, fueh•1a, 017etal 

t'lolet, goatlaa Tiolot, orange I, eoela I, bilJJnl'lrk brown a .. 

aalllM Tlolet, in addltloa to m•thflane blue. Ribb oonoeatratlon• 
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(th•r •• not ••r 'lfllat a blg~ oon•••tratlon le) weff lMuMte4 
wHla tta• phagee ter l4 bo11n. the teapentun of lncubatloa wa• 
••rr lndeflnlte •• •omatim~• ln ttie lnoubator and ao1teti11as at 

re• temperature. lo appNalable influence was exerted oa an7 

of th• 'baeterlophagee tested ~1th the exoeption of the effeot 

P•••••• bJ met,11•• blue on th• 8tap~. phagee. fl,eee partloular 

P'-«•• were •npletel1 lnaotlYat~« wlthln 6 to 12 haure by•••• 
••atft;llo• of the tlye tu.t lGw •• .0011,. •tght tther n.cea of 

; 

phas••• lnelu,tr,g antl-eolle antl••r•entery, antl•t7p~o!d, an4 

aatl•Jrete\le dld not appear tc be li,tluenoed 1n ttie least ltJ tla• 

•1•• ••N• Clifton an4 Lawler (1,,0) teete4 th• •ffeote ef tolul41M 

,1u•, •th1l•• Tlolet, NthJl•n• green, met~7lene aaur, thloala, 

•••ln I and phenol red llJ)On a lt&phyloooeeu• pbat•• The •r•• 
nre added ln relatlTely hlg~ eoneentratlon• (not glTen deflaltelJ) 

te the phagte filtrate• wbicb were thea lnoubated at ,1•1. for 

24 kour•• Only toluldlne blue lnactlYatftd th• lyttc ~ent. 

lnutlvatlea was not ebtalned wlth elth•r ~ethylene blu~ tr te1ul41• 

,111e 1'11•• added to a ••11 phage. ftl•, they ceMlude, lndl••t•• 

tllat th• h•otl'f'ettlon I• ,. pheaomeaoa, aff••U1t1 partl•ularlr 

the ltaphe phag•• Clifton (19J1) alao reported th• 1-.tlYatlea 

er a ltapt171Hnou• t,acterleptaag• •Ith methylene blue wh•• the 

•r••Plaac• alxtuN ••• tlret eapoaed to th• aunllgbt for a •hort 

tlm• befere lnaubatlo•• lnaottvatloa did aot take pl••• If tlle 

dye an4 ph11ge were mtxed1 ineulnted. and tested ln the dark. 

It I• •lgn1f1oant fort~• work that 1• to follow to nota t,at 

, ... tlT&tlea na oalr ebt,ln•• with phag•• that 1, ........ , •• 1tl'N 



In Tin of tit••• negatl•• re•11lt• wltll of the ,tn••• 
•1••• It oeeurnd to the authol" tlaat th• u•• et dyN la o••••• 

tntleu tar In •••••• of tllat nqall"ed for ttl• lnlllblt.len et 

'-eterla, •••related with Yarlable period• of h1eubatlen ... 

T&rlabl• · t .. perature•, might produee •••ul te th1d · othe "h• •••1• 
not be obtalne41 It farther••••• adYiaabl• te tNt oertala phage•, 

IMladl• ••••• utlYe agalnst Graa-po•ltl•• ,uterta, whl•l ha•• 

not p~Ylou•11 •••• etudl••• MereeTar, there appeared to be a 

neN tor eneral brands of •1•• and other 4lelnfeotant• 

f••I• ••41\lll bydrealde and phenol) la oner to 4etel"lllln• lf the 

baoterloPflag•• that lyae Ol"Ml•poeltlYe buterla an not mon 

•••••ptlble te la general than are th••• 

that Gl'U•negatlTe Ol"ganl•U• 

ft• ha• been •d• that the ltaoterlophag• 

a •tage la the llte eyole of baeterla or le pel"hap• a metabelle 

product. lbould thl• aaauaptloa be true a eomnhat •latlar utlea 

oft~• 41•• upoa the baotarla aDd their reapeetlTe lyeate• 

lte found. Junhermor•• If thl• I• roun4 to b• true ln general. 

tt would a •1••• relatlonahlp ••t•••n the t••I am h•••• 
nl4enoe ot th• bacterial origin or the hJpotJtetleal ••beta•• 

•1 bo obtained. It aeelll8 that a etudy of th• effeet of dr•• 
upon baoterlal enarm•• would el•• aoae Taluable lntonnatlea al•111 

th••• line• ln a way of euparl•••I and •u•• a etudJ ha••••• 

A detailed report of euoll an will be 11••• 

la aaother part of till• 9a,er. 
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lwelve n1•• of 17-Uo prlulplea, fl•• that are lyHe fer 

ll'tlll•poatt1Ye buterla and••••• that 11•• Gnua-negatl•• 

••n •a»loJed ia tlli• wort, fh•1 lnolude phage• et lt&PhJl•••••••• 

MN•t•r elo .. u, Bao1llua aegatheriua, •• oeli1 Aohroaobuter, 

I, •tphtberla. I, tJphoaua, and•• ahlga, At leaat two phag•• 

tlaat 11•• lraa•J••ltl•• baaterla and two that lyee Graa-aegatlv• 

llaeter&a war• teeted ata11ltaaeoual1 la order to have oompara,1e 

aeJUiltl~n•• JreehlJ l7aed baoterta1 aulturea Jleldl,- phage of 

high poteu1 ••r• preparo4 tor ea.ob experiment. llnoe maa, of 

the Phas•• uted upoa related apeo le• of organ lama, ttt•r ••r• 
takea thnugh • eerl•• • f oulttare• of th• parUcnalar ergaalaa 

la ••••tloa afore ,atng used for the eaperlaeatal ••rt1 and 

•••••1uentl1 th• aetlve prlnolpl• earrled th•--. et th• ergaal• 

at th• eape••• ef whloh lt waa r•s•••ra .. ed. The aegatherl• 

,11 .. e 1 wae obtalud o t Jale, tbe aoU 2 phage fr• 

l'Kenll•'• atoat, the ltaph phage l fNII L111J I lo., and the 

••••• el ltap111l•••••• 2. •• ••11 Je •• tnll•••• •• eblga, 
... 11111• •• , ..... rlllll z, au a. dlphtbl rla ••r• obtal••· thnqll 

the •••• .. ••1 of ,. lrenteabnamr. fh• other throe, ••ll 1, 

ei ...... •• .&ohroao'-"t•r, w•r• leelated bJ tM author •• glna 

•••••• •• ••11 pllac• 1 aad aell a phage ••n dnelop .. at th• 

eapeue of tacUvldual •tralu ot ltaeterl•• Wh•• •tarUag eaoll 

of eap•rl•••• rro•b l•olattou •f ,.,. phag•• ••n aade 

'1 tll• atagl• pl&flu• aad th• beAterla ••re atreaketl ••• 

el111l• eolealff ~lokN• 



JJ• 
for udl&• pl.ala ,eef 1-rottt. ac1Jute4 to pR ,~, aad·o• per 

•••t plala agar were eapl•1••• Ooloriaetrl• aethod•, u•l111 phe•l 

r••• •r• •••• la •••t of th• ••n to deteralne tk• ••• .,_ poteatl•• 

uter ••• a••• to ataadardl1e tie eolor atandard• and to obeot the 

aee11rae7 of the ••l•r det•r111lna·Uou ot PR• Net than .2 pH 

Y&rlatlon• ••• oet••t•4 at a111 time. 

'lie •1••• •rr•W vle1-t allll brllllaat 1r••• (latloul .&alUM 

•••>• aacl '1'• of goaUaa vlo1-t (Ooleaaa and Jell, and Graltler••) 

••n eaplOJ••• A..etook ••lutioa ••• bJ 4l•••lving 2.J gu. 
of th• dJ• la 9Jj •l•obol and m&Jc1Jt1 up to a 41111-Uoa of 1•40 ,, 

addltioa of p~y1iologl•al 1'hia orlglul. ••lutlea wae topt 

to make all dllutiona tor wort wtth the phage an4 eu,ae 

ezperl•••t•• Th• lat••r allution• wen prepared wltb the plala broth 

•• th• 411u•••• (c.P.) phenol and etlot (o.P.) ••••• 
~J41'Ul4• wore puroh•••• to prepare tho•• r•••••tlve ••l11tlo••• 

'lb• prellainary work with th• ••• doae with varyl111 

dll11tlou before ttae optlau atr•ng"'h• ••r• te•nd• Th• •1• •••••• 
tratlou tlaat were tound ... tol'J for ~h• PMI• work ~•re 1•2500, 

1•1000, aml 1•10,000 for geratlaa Ylolet or ory•tal •lelet1 an• 1•1200• 

l•4J0O• and l•J000 for l»rUllaat gr••• 

D1T14 .. plate• la whloh the 4r• la OU-half of tile plate 

alld plala agar oa the other h•l t, ••r• la the pnllal•l'T work 

along •HII talt•• of th• bntla oeatalalag the C1e·e1n• 4llutleu el 

•1•• Plala l»rotla wen al•• 11&4••· •• dnp of tll• •11•p•a-

•loa (pbago·plu• baoterla) w&e added to th• Tari••• tu,•••- .. 



... th•••• 4rop of thl• alxture ••• streaked on the 4l•ide4 plat••• 

lllutlou of •1• rasaging tr• 1•2000 te l•J00,000 ••r• tried. Aft•r 

tbe pnper l••batlea it••• found that lrtle aoti•• too• 

plaoe 1a evffi &•·,amse where tbe baoteria gr••• 

It••• eYldeat fr• that it would be uo••••l'J 

te eaple1 aub higher oonoentra'llou of dye alJCI lno11'bate the Phlll• 

la tbe dye auoh lel'lger, lf lnhibltory aotlo• ••r• to be 

Thie p1"Nedure neo•••ttated making a very great dilution 
j 

et th• •r••Phage alxtur•• betore l>acterlal grnth eould tu• plaee 

ln t••th• tor th• presenoe of any reJDalnlng aot1Te agent. Coa-

••1ueatlJ high eonoentratlens of ·the dyes were mixed with equal 

aaounte or the phage •uapenelou to give the de•ired inhibitive 

dllu'Uou ( .. 2JOO, 1-,000, awl 1-10,000 of violet 41••• 1-1200, 
-

1-ljOO, an4 l•,000 of brilliant green) whleh were then lws•bated 

at ,1•••• for varying period• of U• lmUoated below. »Y••brotll and 

pllage oontnl• were ale• inoluded. £t th• end of each period of 

tuubt.tloa on• drop of the •ixture in euh oae• ••• diluted in plala 

•••th to make a d&luUoa of 1-2,,000,000 or higher ef the gentlaa 

Tiolet. 11•• the dye dilution••• alxed with an equal am•unt~or the 

tlla&• tho pl"oOeduN ga•e final 4Uutlon• of about 1-40,000 

of the lytlo agent. luoh final dllutlona •t dye dld not haTe &DJ' 

11\hlbltory aotlon oa the b&oterla. In th• oontrola whe1'9 ••dye••• 

pnaent, lt ..... found tt.a~ thl• uiount of dllutlen (1•40,000) penltted 
• 

1nat phagl• aotlon. On• drop of the orga11lea •uapAnelon made tr• 

aa agar elant to Wll loh 1 • • • • of broth had b••n add .. , ••• new adde4 



J!J• 
t1 •u• or the final dllvtloa tub••• !hen cu '"P or th1• lait•r 

alatun n.e added to one sld~ of an agar plate and epre&d with a 

atertl• ,eat glaa• roe oTer ot the plate. fb• other ball 

et th• plate ••ned a• a control tor th• organtea with no lytte 

prlM1ple present. loth the final 4llutlon tube• and plat•• were 

1Mubat•4 at ,1•1. an4 readlnge of th•-brotb tub•• tatea at three 

•• hour, and OTer•night period•• Platea war• read after over• 

•ll~t 1u•~t1on only. fba reaaoa for ~adl~ reaulte la th• broth 

1ultun• •• ladloated 1• that on• may be able to observe lyele ta 

three t• ala boura that woul4 not s'h.-ar the follow lllg day bocaue• 

of of bactarta. linee plate• glTe a somewhat 

permanent reeord et wh~t h•• oo•~rr•d• they ••ro made th• ortterloa 

•• to whether ly•l• ha4 taken pla••• although th• tube• and plat•• 

obeoted vlth aurprl•lng oGnstAMJ• A• 1• well kaown, a plate mar 
ut •~o• aar elgne of lytlo activltJ while the t~b• troa nio~ it 

wu aue aay appear to be lyeed. 0••••1onal1J jaat tbe reven• h•• 

lteen feund to De tn•• fh• eontrel• 1nolu4• a ~,••bretb oentr•l 

.... ~1 uelng th• hlghe•t oonoenir&tlen of 41• la order t• 'be •ur• 

tb• ••••na• of baeterlu gro•th 1• not d~• to 1nhlblt1•• utlon of 

•r• rather than ba.~t•rlophaglc aotlon. A pbag• oontrol le needH 

•• a •tandard for aoaparlaon •• well as to ohNk th• lytlo aotlvltr 

la auh 1natanoe, whlle the organl•• eentrol la needed Jt.&lnlJ for 

••pe..rlaon but also to •how that the madiua 1• deelrable for th• 

,artloalu ••••• that that the dye•brotb and 

eeatrol• •h•uld aho• noraal ba~t•rlal grwth (elou.t1) aad the Phaa• 



•••tnl ••••14 ealllblt a clear bret, tab• er••• lJtle aatlTltJ 

•• the ~IA••• (elear ar•••>• Vnl••• all th••• •h••t• were deflalte1J 

•••••rultl• • naol'd ••• 11ade of •111 ef the result•• 

oatsTJL YIOLn 

.. •alt• obtalaed by l•llowlng th• preoedur• ju•t ••••rlbed 

an reported below. It may ,e •••• Ina faltle I tJaat t11• 

•• phag•• were made ooapletel1 lnaetlTe bJ dilution• 
l 
I 

of the •1• whl•h did not arr~ot the olouae and two 

eoll phagee. A •u111111u7 of the la glTen ln following 



,,. 
,.uu 1 .. ·• 

•••lllt• of t••t• (la broth tall•• aad oa agar plate•) for pr••••• 

of utl•• ptaag• after lie lag aotecl 11poa IIJ H7etal Ylolet (R.£.0.) 

tor peried• of ti•• eh•••• J11111batloa taperatur• 31•0. 

..... fe•t 

P•PI 
fl•• !PbJblllJII dllutlp91 
or •1• •C •a•ttl •&•i•s ao\loa l•2JOO 1•2000 l•lQ.000 

eloudJ •1•"4r elou4J oloar 

• • 

• • • 

Aehroao 1.1roth 24 • oloar olear 

.. tor 

lloa• 

• 
I.Agar 24 • Ly••• Lyae4 

plate• 
48 • I.Growth • 

1.1roth 24 • GloudJ 

48 • • 
Glear 

• 
2.Ag•r 24 • I.Growth Ly••• 

48 • • • 

Goll•2 lelrotb 24 • Glear 
tut»•• 

Olear 

48 • a.Cloudy 

a.Agar 24 • I.Growth 
plat•• 

48 • • 

ltapbJ• lelrotb 24 • OloudJ 
looooeua•l tub•• 

48 • • 

2.Agar 24 • 1.Gi·owtb 
plate• 

48 • • 

• 
Lyee4 

• 
Cloudy 

• 

• 

• • • • 

• • • • 
olear eleudy oloudJ oloar 

• • • • 

• • • • 
Clear Clou4y 01eu4J Cl•ar 

• • • • 
Lywe4 

• • • • 
llear Oleudy lloudJ Glear 

• • • • 

• • • • 
Oloucl7 Cleu4y Cloudy Clear 

• • • • 

• • • • 



40. 
i•!IS!i! &-1oga &-12.og9 t•1t9a JtEl:111 111111 Ooll•l 1.lroth 24 ~re. llear Clea.r 01Mr Glo y Clev.41 Lr•e4 ... , .. 

48 • • • • • n • 
2 • .Agar 24 • Ly-ai"d ltyiaecl L~·eed ••• l'O'?:th 11.0 ro\vth Ly11e4 

platee 
48 • • • • • • • 

ly reterrlag to th• ab••• table, one oan ••• la addltlo• te 

th• aeleatl•• aotloa aeatlomd abo••• tbat lulbltlo• 1• pro• 

aouued after 48 hour• than at th• ••d of the 24 hour period. il•o 

•••• of the phag•• that 11•• Gru•aegatl•• baoterla ••r• inhibited 

la tll• hlglaer ooaoontratloaa whll• th• phag•• of and 

ltapllJleoooou• ..... ·••Pl•t•lr llllalbtt•• ID au. ·Allutleu ., th• 

•1• la 48 hour• ti•• Th• Aahroaebaotor and ooll 2 phag•• wen aad• 

lautl•• la the hlgh••t oonoeatratloa (l•ZJOO) but th• ooll•l phage 

414 ut •••• to be afteot•d• lata gathered the abo•• wort 

auggeatod that a leag•r luubatloa period be a4Tlaable1 aad, 

therefore, th• ••a••tloa ••• oarrl•d out la tho that 

follow. 

Talale l•lt glY•• th• of the group of lt'ph~•• teated 

•• aboTe exoept the lahlbltloa tis•••• extended to••• •••k• 



.. •alt• wltll p~ag•• wbere ll'J•tal Tlolet wu ueed lut lMu• 

ktloa fer lllbl~ltloa wae aat•nd•d t• ••• WHIie Other eondltlea• 

eaae •• Ta'ble J. 

PUIII , ... fl• lah!'blt..lm .dJlutJ.t-.U iuta&1 
of •1• It IEllilli 1&11.li Dye.Haan Phage 

D@TP T utloa l•JJOO l:JzOOO .l•)l)_,9()9, Ju:etb, brttJ.L 

lol1•3 1,arotla 24 hr•• llolMIJ Clear Ol•ar Gloucly Cloudy Clear 
:t11b•• 

48 • • • • • • • 
1 wk. • Cloudy • • • • 

a.Agar 24 hr•• N.Growtlt Lr••• Ly•ecl lelrowtll 1.or. Lyeed 
plat•• 

48 • • • •• • • • • 
l wt. • If.Growth • • • • 

Ihle& 1.Jroth 24 hrth ClouclJ llear Clear Clou4y C,loudJ Gloar 
tube• 

48 llH• • Oloud7 • • • • 
l Wile • • • • • • 

2.jgar 24 1.trowth 1.Ly•l• L1••d 1.aro11tlt ... ,.. Clear 
plat•• 

48 • • R.Orowtll • • • • 
1 wt. • • • • • • 

lleg£1.tb lelroth 24 Cloud7 llout11 Clear 01Dll4J Cloudy 01••· 
tube• 

• ,., •• 2 4e • • • • • • • 
1 wk. • • Glou4J • • • 

Z.jgar 24 hr•• I.Growth 11.Growtb 1.Qro·nll I.Qr. 1.1r. Lr••d 
plate• 

.. a bre. • • • • • • 
1 wk. • • • • • • 



.... 
8tapb1l•• l.Jro•• 1-2100 l•JOOO 1-10,0~0 ,.,,,2111*' 11-· 24 hl'lh •••• ioud7 Glo~dJ Glo~ 1 I ouroud7ear 
•••••• .a ·•• • • • • " " • 

l wk. • • ... 
• • • • 

2 •••• 24 hr•• 1.0rNth l.8rwrth N.Orowlh 1.or. 1.ar • .. , ... 
plat•• 

•8 • • • • • • • 
l wk. • • • • .. • 

Typhe• l.Jroth 24 b.ra. s.1101ttiy 1.0101.1cly Cle~r Cloady Olouaf Clear 
••••• •• ' I ,48 • • • • • • 

l wk. • " • • .. 
2 ..... ,. 2f hff• •••l"owth Nelro..:th Ly$ed 11.orowila lf.lrorih 

plate• ,a • • • • • • 
. 1 wt. • .. • • • 

flt• data la 1a,1a l•l •how a alallar dlvl•loa et reaotloa• of 

tlle •1• upea plllag•• et lraa•po•l the •DII lraa•ugatlTe oqaal•••• 

•• ••• •howa fer th• flr•t anup. (Ta,1• I) 'l'h• 

• 
• .. , ... 
• 
• 

...... ~•rt ... 2 ••• ••• eompletelr l1111etl•• la all 411utl••• of 1•ntlaa 

Tlolet la one •••k'• tlae .it,oURh lt took•• •••t•• lao••atlea te 

1_.tlYate lt la the 1•101 000 dllutlea. wae llllMltlTated 

la all 4llutlou la 24 hear•• lhlga phage •••am• lnaetlve la th• 

two hlgh••t ••••ntratlen• of dye la 48 houn, but remain•• aetl•• 

lat~• 1•101 000 dllutioa. Oell•l phqe waa l11&at1Yata4 la 1•2JOO 

&114 l•JOOO 4llutloaa •lthla ene ~••k b•t t~• 1•101 000 dllutlea 

reaalaed aotlT•• fh• phage el I• typho•u• wa• 1Dlllblte4 



,.,. 
la ,a bo•r• la tho flr•t two dilatlou while the dllutl•a 

(l•l0,000) wu uafl••t•d wlthla ••• •••t• It mar•• aotloed that 

11 llllli,ttioa wore lt toot pluo wlthla 48 hour•, with 

tho oaoeptl•• of th• ••1•therl• phage. 

GENTIAI YIOLZT (O.J.) 

ifh• exporlment ahown in 'l'abla JI waa eonduoted la th••--

manner as;neu.rlr ae •• the one Just giTon •xoept geatlaa 

Tlolet trea Col8ltlan ~n4 Dell Co. was the dye employed. llay I repeat 

h•r• that th• dJe•pbage mixture• were made, ualng dye dilutlou 

prepared from the orlginl\l. stock eol~il•n by eaployi• th• plala 

broth aa diluent, and 1noubat1ng tor 24 heura, 48 boan1 ••• l 

•••t re11p110UvelJ 'before taking a teat to ••e l f IUGtlY3Hoa wen 

aooo•pllabeu. At the ea.ms tl&e a plala broth•dr• oontnl (1•2JOO 

dll11Uoa of dJo) aacl phage •oairol wore made and oarrled aleag wUh 

tho •1••pllalge abiurea la test ·lub••• 'lb• phage oeatrol ••• propare4 

bJ mlxlag u equal AllOQnt of plaia ~roih ••J th• p~ag• 

filtrate. This aeau tb4~ th• ph..ge wa• ln a 1•2 dilutloa la all 

tu.b•• tbut eontalne4 u. In orJor to teat for th• pn••••• of aoUYe 

phuga at t1aea ~tat•d1 ona QJ"OP ot eub aixture ••• diluted apprea• 

lm.t.tel1 1 in 201 000 glYirag final tUlut.len• of dye of 1•251 000,000 

or higher ~nd final ot bacteriephage of 1•40,000. Oae 

drop ot b.-.eterial euapeu•loa ot i;ba orgaai• ••• thea added 

to er the l~tt•~ ailution tube• alld to•• plala broth tube 

whio~ aenod a•~ butorial oon~r•l• Nn ••• drop •ao• tu•• 

oontainil'.1£ the b11.ctari~l u1&ai;•n• iaa ••• adaed to • plala agalP plate 



aad plat•• ••r• lno•bated o••r-nlgbt and r•••lt• r••orded •• f••• 
la th• tabl••• loaetl•••• •• •••tloned before, r••ult• ••r• r••orded 

at thr•• aad •la hour period•• In•••• a tub• oleare4 before th• 

uat daJ, th• noord etood b•••••• ••••ad•l'J growth• •r ooour and 

-•~ tb• aotual ooour•••• la th• broth tu~••• Of thl• 

... bold for th• plat••· r 



f.uLJil II 

Ae•ult• of te•t• tor pr••••• of uUv• phage after b•hfl 

uted upon,, geatiaa Yiolet (c.1.) for ~•riod• of tlme •ho••• 

lnoubatloa t•~~ere.tuN l180. 

PUOII , ... Tble llbl~iilDI illMilllll 
•' ••uMft zt•'B* l1ut.1i1 

of clJ• 4ye- plala n,w .. ,,., l•ZJOO)•J •l;OOO brotb b,rojh , ..... 
lagatla• lelrotb 24 tan. Cloudy 

' tube• 
Gloudy Ole.ar · Cloudy Cloudy Clear 

erl••l 48 • • • • • • • 
1 wt. • • Glou.41 • • • 

a.Agar 24 br•• I.Growth 1.ar. 1.Ly•l• lelrowtll I.Gr. L1••d 
plates 

48 • • • R.Clrowtll • • • 
l •• • • • • • • 

Mbnao lelrotll 24 ...... OloudJ Clear Clear Clloudy Cloudy Clear 
t11lle• ....... 48 • • • • • • • 

1 Wlh • CloudJI • • • • 
I.Agar 24 ...... R.Grewtll Lr•• L1••d a.Growth ,.a •. LyN4 

plat•• 
48 • • 1.orowth • • • • 
1 •• • ,.i.,., • • • • • 

Ilea• 1 ......... Z4 bN• Glou.dy Olear 01 .... Cloudy Olou4J Olear ..... ... 41 • • .. Cloudy • • • • 
l wt. • Olear • • • • 

2.£car 24 ...... 1.1rowtb Lr••• .......... 1.0rorih Ly••• 
plat•• • • • • • • • 

1 •• • • • • • • 



.,. 
t.&BLS II Oon•t• 

Oel&•Z lelretla 24 lane 
1-2~00 !•J09!,l•I010I! Ja~a!b •Elib 
Ol•u•r Olear Clear Oleuir Ol•••r ·~· .... 

t11be• 
41 ..... • 01 ... , • • • • 
1 a. • •• • • • • • 

1 ....... 24 bl'•• 1.oronb •:v••• .......... leGl"OW'tla r., ••• 
.. plat•• 

48 • • lelro•tll l•·Pi• • • • 
1 wt. • • • • • • 

ltapllJ• le.lrotla 14 Ian• Gloudy lleu4J llou1 ClOUJ Clloutly Clear ..... 
1••••••••1 48 • • • • • • • 

l wt. • • • • • • 
a.Agar 24 II••• leOrowtll lelrntll ...... 1.1 ... 11.oron11 Lraod 

plat•• ., .. 
48 • • • • • • • 
1 n. • • • • • •· 

lol&•l lelnth 24 br•• Glear llear Gl•r Oloudy Olo'l.ldJ Gloar 
tulle• 

48 ~··· • • • • • • 
l wt. • • • • • • 

a • .._ ... 24 IIH• ., ..• L1eed ,, ..• lelrovtll lefl'O'l'tb LJ8•cl 
plat•• 

48 • • • • • • • 
1 •k• • • • • • • 

loll•3 lelrotb 24 h1"9• Olowlr OlH,I' Clear Oleudy lloudJ Glear 
t11'1:1e• 

41 • • • • • • • 
l . ,. • Clour • • • • 

2 ..... ,. 24 •• ,11-o'Vtla 1.L:,•la l.1••• 11.Gror~h R.Grntll .. , ... 
48 • • • • • • • 

l ft• • leGrorih • • • • 



4'1• 
TULi II Ooa•t. 

&•1122 1-1000 &-10.ogg t1•atJa ~a»a 111111 
11111• lei.nth 14 111'•• OloudJ Glou4J 0-lear Olo11dJ Clo11dy Ol•r 

1,11 •• •• • • • • • • • 
1 •k• • • • • • • 

I.Agar 24 bN• 1.tronh 1.orowtll Lreed 11.Grov,th 1.0 rowtll Ly•_. 
plat•• •• • • • • • • • 

1 -· • • • • • • 
•es•th lelrotll 24 bN• Gl~11dJ OlolldJ ll•r Glowly OloudJ Ol•r 

tubae 
•• , •• 2 48 • • • • • • • 

l -· • • 1.0101141 • • • 
••As•• 24 bN• I.Growth 11.orntll Lr••• 1.tnwtb 1.Gr•th L1••• 

plate• 
48 • • • • • • • 
1 n. • • • • • • 

ltapllJ• l.lroth24 hi'•• 11•••1 01011•1 0101141 Olou4J Olou4r Glear 
tulte• 

1HOIIU•Z 48 ...... • • • • • • 
1 --· • • • • • • 

a.Jgar 24 hr•• 1.oror.th 1.orwth 1.Growtb .. , ... .. , ... ,, ..• 
plat•• 

48 • • • • • " • 
1 •• • • • • • • 

'l'Jpll• 1.1nth 24 hr•• Gloud.J Gloudy Olear 01•1lilJ Ololl4J Clear 
tube• • 48 • • • • • • 

08U8 

l Wk• • • • • • • 
a • .tgar 24 bH• 1.orwtla Ly•l• LJ••d 1.0rowtb 1.Growtb Ly•N 

48 • • I.Growth • • • • 
l wt. • • • • • • 



ltp•th• lelroth 24 Ian • ...... ... ,. 48 ...... 

48. 

filLI II Ooa•t. 

1-190 Ole 7 

• 
l wt. • 

l•.Ac•r 24 hr•• 
plat•• 

41 ..... 

Lea••• hm• a• fable 1. 
All lupe•tloa ef fa\le II ••••al• the •aa• eori of ••leetl•• 

utloa •• ••• eahlblted by the Ylolet aad tb~ reaetlon• la 

eula tut••• an ••17 l f aot ldeatloal. Then appear• 

te •• •• lrregularltr la th• l•J,000 dllutlea tab• of th• el ... •• 

plaag• at the 48 hour pert••• !Ille MJ be eaplalu4, u ha• b••• 

-efon, •• the INL•l• that th, tube b&d oleaNd •• ••••••17 

1•nt11 ••••loped••• b•f•r• tb• r•••lte ••n r•••r4••• Oaouaa.11, 
a-,roth tube eontalnlng aetlTe phage dee• aot entirely olear. Jo 

••••t tll• r••••• for tlll• pheaoaeua o&n be fall7 eaplat .. • 

•1 addltloaal eaperlmentatlon. h'equeatl7 reeult• nre r•oorded 

to•~••• wh•• there wae a poeltlY• eYldeace et lJ•l• but 

ut •• •••II •• wa• eYldent la the lJtl• oontnl• le• of the PhAI•• 

that lJ•• Grma•MgatlYe o~anleae were lnblblted bJ the 

4llutlea (1•10,000) of gentian violet fiblle all tboa• that are lJtlo 

for ,,.._,eeltl•• ltUterla were lna•tlYated bJ that 4ll~tloa la ou 



.. ,. 
•••k'• t&ae or l•••• 'lhe Ph-C•• of luillu rnegath•rl• ••• to 

N aor• r••t•taat thaa ~ra the ltaphJ1No•••• ancl dlp-tharla ••••• 

file data la Tabl9 Ill •kow ilO Nl~lte fer the 4lphtherla 

PII&&• after & perlM of 14 hOllN• lbe~e 1• no eoMlu•l•• eyldeue 

te •k•• tkat aothl• vlll happen ~fter thle per&o41 lf th• eaperl• 

•nal t•••n are made to lm111cl• all peeal'ble TaJ"l,&tlea. HowH·er, 

tilt •••1•~••• ber• an drawa froa th• te•lllie of th• h••••tlgaUou 

- .. ,.rt ... 
IEl1'UI YIOLJIT (lnbler• 1) 

faltle Ill •ll••• the••• trpe of eaperlaeata, Ullti the•-

lrtl1 ·••t• al ••tore, but trubler'• geatlan Ylol•t I• the illlll•• 

ltl• ••••• Otk•r •••ltlo• wen •u,itoated la •o tar u P•••lbl•• 



JO• 
TAILI Ill• 

le•ult• of••••• fof PH•••• of uUv• phage after .. , ....... 
•••• •1 IN•l•r'• geatlaa Tlolet tor period of tl• •llowa. ln111b&Hoa 

t•ap•r~tun 37•1. 

Jiiii111 ..... ,, .. IBll&~lillll i•unii 
of •r• k 11u11a 111111 41•• plala , ..... 

gem ... ,., 1-2s 1-1,000 1- 0,000 , .... , )roth 

•1ather 1., ... ,11 24 ..... OlouclJ OlotadJ 1.010•1 CloudJ OloudJ 01••· , .. 1 ..... 
48 • • • CloudJ • • • 

l -· • • • • • • 
a.Agar 24 lane l~Growth •• Growth Lr•l• I.Growth leOrowth L:r••• 

plat•• 
48 • • • I.Ororill • • • 

l wk. • • • • • • ........ 
1.1.otla 14 ...... Olear I.OloudJ 01••· 0101141 GloudJ Cl•• ...... ... , .. 

41 lln• • Clear • • • • 
l ft• Clo11dJ • • • • • ...... 24 .... Lr••• Lr••• Lyaed 1.orowtll I.Grorill LJHcl 

plat•• 
48 • • • • • • • 

l wt. .. ,.,. • • • • • 
01 ..... 

1 ......... 14 IIN• Clear Cl•r llNI' OloudJ 0101141 Gl•r 
tulte• • • • 48 • • • • 

l wt. • • • • • • 
z ....... 24 hH• L:r••• Lyaod I.Growth I.Growth LyHcl 

plat•• 
48 • • • • • • • 

1 wt. • • • • • • 



,,. 
f£&a Ill Ooa•t. 

&•1!22 1-1221 1-12.220 ~-a£1a ~aa 11:: loll•I lelntll 24 bN• 1.01ou.t11 llear lloar 8101&41 Olo1&d7 ,, ...... 
48 • ,1 •• ,, • • • • • 
1 ••• • • it • • • ........ 24 llr•• a.Growth L1•l• LJ•e4 I.Orewtb leOrovth Ly .. 4 

plat•• 
48 • • ,,.,., • • • • 
1 a. • • • • • • 

lt&pllJ91! 1.1 .. oth 24 hN• GlowlJ I.GloudJ Olear Olou.4J 0101141 Ol•r 
t11•• 

lueeov.••1 48 • • ClloudJ • • • • 
l •It• • • • • • • ....... 24 ...... l.lrovth I.Clrowtb leLJ•l• 11.orewtb l•G"oth L1•e4 

48 • • • • ' • • • 
l wll• • • • • • • 

1011-1 lelroth 24 ...... Clear Clear Oloar Cloudy Olo1&clJ Clear 
tv. ... 

48 • • • • • • • 
1 .11:. • • • • • • 

••.ta•r 24 L1••d L1•ecl L1••4 lelr•th H.Orowtb Lr••4 

48 • • • • • • • 
1 wt. • • • • • • 

loll•J lelrotla 24 hr•• t.Glowly Clear Clear llouclJ GloudJ Clear 
tu'b•• 

41 • • • • • • • 
l wt. GlodJ • • • • • 

a.Asar 24 L1••d L1••d 11.0r•tb 11.lrowth L1••• 
plat•• 

48 ,. .... • • • • • • 
1 •It• .. , ..... ,. • • • • • 



,2. 
TAJLll Ill Ooai. 

1• 2192 1-,000 1.1o,ooo •-,ntb 111111 ltaiga 1.1rot11 24 bn. Ololldy Olear Clear Olovdy Cloudy Glear 
t1&l»e• •• • • Olouctr • • • • 

l wk. •· 1.01ou1 • • • • 
a • .tgar 24 111"8• Lyeh LyHd Lyeecl 1.oroart)I I.Growth Lyeed 

plate• 
48 • • Lyel• • • • • 

J. ••• B.frorih • • • • • 
llegatll 1.1roth 24 hre. Cloucly Cloucl7 Clear Cloudy Cloudy Glear 

tub•• 
er1ua•2 48 • • » • • • • 

1 wt. • • • ,, • • 
2 ..... 24 bff•»•Grwtb 11.0rowth Lyeb 11.Grwtll I.Growth Lped 

plat•• 
48 • • • LyHd • • • 

J. wt. • • I.Growth • • • 
ltaphJ•l.lrotll 24 hr•• Clo\ldJ Clo\ldy Oloud7 Clowl7 Olowly Glear 

tube• 
48 • • • • • • • 

l wt. • • • • • • 
' 1.0rowtl LyHd 2 ...... 24 ...... 1.Grewth R.Grorib l.frcnrth . 

plat•• 
48 • • • • • • • 

l •t• • • • • • • 
TJ'pllo- l.Jrotla 24 hn• Olo\ldJ Cloudy Cle&r_~oudr 0101147 Clear 

tun• 
8\18 48 • • Clear • • • • 

1 wt. • OloudJ 1.01011•1• • • 
a.Agar 24 h••• ,, ... Lyaed Lyeed I.Growth II.Grom-th L,-ed 

plate• 
48 • It.Growth • • • • • 

l wt. • Lyal• • • • • 



llJlatll•l•lrotla ...... 
orla 48 • 

1 -· 

• 
• 

• 
• 

ltagelMla eanie ae 'l'able J. 

• • • 
• • • 

la"- la Table Ill indl•ate a d1Yle1ca bet,een the phage• 
j 

tllat ~1•• baatarla and tho•• that are 17tle for Graa• 

•g•tt•• org,aale••• tb• fol'll•r ltelag lahlbH•d bJ of 

• 
• 

•1• tllat •• aot •••• to lnfluou• the aotl:vitr of tlle latter. KowoTor 

then la a Torr aotleeabl• dltt•n•• ln the reaotlom obtain• with 

lnablor•• g~ntlaa Ylolet and th• two fona•r dyoe ln that lrublor•• 

41• t• be a weaker Th• of elouae 

alMI 1011•1 ••r• not ln111b1ted bJ &llJ of the ooaoentratlone of 41•• 

Ool!•l etaade ln a )y itself sln,o lt apparently ha• not b••• 

lnhlltltod bJ &llJ of t.h• Yioln ciJ••• Otbar anu•ual propertl•• of 

0011•1 phage are lt• ability t• oonstantlr ton TOl"J" largo plaqu•• 

(t -• ,1a.) aad brlnz about dl1a99oolatlou of th• orga•l•~• Ono of 

tho phag•• wa• not laaot1Yato4 la the hlghoet 

411atlen la thl• experl~•nt while lt alway• ha• been before ...... 

therlu-1 phag• wu lnhlblted to a greater extent tbaa before. 

rre1ueatl1 there appear• to be a llaltlng dllutloa beroml Whllh no 

111111,ttlng aotlon tat•• pla•• •• 1• shown la th• blgh••t dllutlon 

(1-10,000) ., •rr•t•l Ylol•t wbloh o•~··· u dlaiai•h•d uilYitr ., 

tbo phage of•• oloaoae within one week. 
A OOIIYODlent r•f•r••· to th• ··••nilal flndl111• with th• 

throe Tlolot dJ•• 1• found la 'l'abl• IT, whllb •ummarl••• the data. 



, ... 
TULi IY 

a.•alt• with Tlolet aad two of gent&•• 

Tlolet u plaage-lllblbHh~ l11111t,at1011 teaperat11ro ,,•o~ 
"--·· .,. .... •1• dllUI•!! of i1• 

1•2100 · 1-5999 1-40,000 
O:rr•kl + la 24 hr. + la 24 hr. + ln 24 hr. 
Tlolet 

ilega the rl ua1l • + la 24 hr• + la 24 hi'• + la 24•48 hr. 

llouae • + la 24 hr. • la 24•48 hr- 1n 1 wk. 

Goll•l • • at l wk. • at l wt. • at 1 n. 
Ooll•Z • + la 24 Ill'• .... la 48 hr. • la 48 hi'• 

................ • + la 24•48br. • la 48 hr • • In 48 hr • 

Ooll•3 • + in 24 hi"• • at 1 Wlh • at l wk. 

lblga • + la 24 Ill'• • la 48 hr • • at 1 wk • 

.. ,atherlua•I • t ln 24 hr• • la 24 hi'• + la 41 hr. 

ltaPhJlo•oooua•Z • + la 24 hi'• + la 24 hr• ;, la 24 hr. 

• + ln 24 hi'• ,t. la 48 hi"• • at 1 wk • 

ltap~Jl••••••••l Goleman t In 24 hr. + la 24 hr ... ln 24 11r • 
alMI loll 

Megathar1 ... 1 Gentian + la 24 hi'• + ln 24 hi"• + ht 48 hi'• 
Yloln 

Glouae " + la 2, I'll'• • at 1 wt. • at 1 a. 

Coll•l • • at l wt • • at 1 •k• • at l wt. 

Go1l•2 • + In 24 hr• + la 41 hr• • at· 1 wt. 

Aohroaob&Gter • t la 24 hP• + la 48 tar. • at 1 n. 

Goll-3 • + la 24 hi'• + la 1 wt. • at 1 n. 

lblga • + la 24 hi"• + la 1 wt. • at 1 wt. 



llegather1 ... 2 

ltaph1loooa1ua•2 

!Jpho•u• 

Diphtheria 

ltaphJlooooe)aa•l 

Megatherlum•l 

Oleuu 

Goll•1 

Goll•Z 

aou-, 
lhlga 

llegatherlu-2 

ltaphJ1•••••ua•2 

frplloa11a 

Diphtheria 

,,. 
TABLE ff 00111. 

1•!122 1-1~ 1-191212 Oolemaa .; la 24 hr. • la 24 hr. • a Wlh 
·- 1•11 Gentian + la 24 hi'• + ln 24 hr. + ta 24 hr. Ylelet • la 24 hr. • ln 48 hr. + at 1 wt • 

• • la 24 hi'• + la 24 hr. + la 24 Ill"• 

Orubler•a-t, la 24 hr. + ln 24 hr. • la 1 wk. 
1••-Uaa 
Tlol•t 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

+ la 24 hr• ,. la 24 hr. 4- la 1 n. 
• at 1 wt • • at 1 wt. • at 1 wls. 

• at l wt. • at 1 wt • • •• l wt • 

'#' 111 24 hi"• - at 1 wk. • at l wk. 

• at l wt. • at l wk. • at l wt. 

+t la 1 wt. • at 1 wk. - at 1 n. 
.,. la 1 wire • at 1 n. • at 1 wt. 

+ In 24 hr. + la 24 hr • + la l wk. 

• la 24 hr• + la 24 hi'• • at 1 wt. 

.. la 48 hi'• • at 1 wt • • at 1 wt. 

... la 24 hr• + la 24 br. + la 24 hr. 

ooaploto lnJtlbltloa 
• ao or lnoomplete lnhlbltloa 
•,+ aomotla•• negaUTo and 

••••time• poalt1Te la 
time g1TOD 



,,. 
IIILLIAll'l' GRIii 

It•• found la th• prellalaary wort that brilliant 1n•a 

had te •• uan la aon •••••trated aolutlou than th• ether dJ••• 
'lherefore th• ••••ntratlon• were doubled1 but oal.J two of the phage• 

•••• lnhlblted with the atro11g aolutlou (1•12001 1-2,001 and 1-,000) 

••••• R•••••r, •tro11ger aolutlon• oould not be ueed oonYenleatlr 
\ 
\ 

tor •1th a ,11utlon of 1•40,000 th• brllllam gnea •••med to 1llghtl1 

111111,at th• 1loa1u organleu a• be•••• la oontr•l• of Table Y. 

••••rthel••• th• efteot ••• not enough to lualldate the ln 

the leaet tor onlJ th• broth ••r• atteeted. Th• lnorea••• 

eurtuo area of tho agar plate••• the •la faotor la oYenomlng thl• 

hladraaoe la reality a greater dilution •d• bJ apreadlng 

the over the agar. 

Table Y the data perfonted bJ 

the aad under ldentloal •• marly •• P•••!ble1 

eaeept brllllaat green••• tor the Ylolet dJ••• 



J'I• 
filLI Y 

-••lte of t••t• for pr••••• of aoU•• Phq• after 'bel• 
uted upon •r brllllaat green for of H• tuubatlea 

t•perature J1°o. 

fiiiiBI ' feet ,,. IIIIUt&*III 1Ul1il111 l1iiE1l1 
ot d;ve If 11f!½t!l1 .. •1•• plala PIIIIC• u,m .,.,,. 1•~9 ? • •••• , """ llegatlt 1.1retll 24 hN• Olearl 11••· Glear llouclJ 810-'1 Olear ,., .. 

erlu-1 ,, • • ., 41 • • • 
1 wt. • • • •• • • 

2 • .1g., 24 .. ,. •• Lyeed L7••« L1aed I.Growth I.Growth 
plat•• ,, • • • • • • • 

1 .,. • • • • • • 
Mbnael.Jroth 24 ...... Clear cu .... ,. Gl•r OlouciJ Olou4J Ol•r 

t.Alt•• 
buter ,, • • • • • • • 

1 wt. • • • • • • 
2.jgar 24 hr•• L1••d L7eed LJHcl leClrowrth I.Growth L1••• 

plat•• ,, • • • • • • • 
1 wt. • • • • • • 

Oloa• lelrotb 24 hn• Clear Clear Clear Gloudyt Olou41t Clear 
tulle• ,, • • • • • • • cae 

1 ft• • • • • • • 
a.jgar 24 LJN4 Ly•ed 1.orowtll 1.orowtll 

pl.at•• • • • • • ,, • • 
l wt. • • • • • • 



,a. 
f41LI Y ••••t• 

1-~20 ,-2222 1-1222 !•l!aa · 1·•9:111 511111 0•11•2 1.1rotll 24 11n • C •r CJl•l'I •r GlolMIJ lou1l••• ... , .. ,, • • • • • • • 
1 •• • • • • • • 

a•-•• 24 hN• .. , ... Lyeed L;r•ecl M.Or•tb N.Orowth L1••• 
plat•• ,, • • • • • • • 

,.-

1 wk. • • • • • • 
1-,111• 1.antll 24 II••• lloudy Glear Gl•r Glo\ldy Oloudy Olear ..... 
1 ......... 1 ,, • Olear • • • • Ill 

1 Wk• • • • • • • 

··•·· 24 hn• 1.Grc,irthf Ly•n LJ•N B.81'.,,tll 1.0rOll'tll Lr••• 
plat•• ,, • Lyee4 • • • • • 

l wk. • • • • • • 
Cloll•l 1.Jretll 24 hN• Clear Clear Ol•r I.Cloud::, Clowly 01 .... ,, • • • • • • • 

l wk. • • Glear • • • ...... 24 hr•• L1••cl leLJ•h le0r4'Wth Lped 
pl.at•• ,, • • ltyff4 • • • • 

1 wt. • • Ly••• • • • 
1•11•3 l.Jroth 24 hH• Olear Clear 11ou4J Clo114J Clear ... , .. ,, • • • • • • 

1 -· • • • • • 
a.,aar 24 Lyeed ,, ... I.Growth 1.orwth Lr••• 

plat•• • • • • ,, • • 
1 wk. • • • • • 



,,. 
T.lW Y Gon•t. 

&·ll20 ,-11m! l•i22S d•IIEIIII 1aa ~-· lhlga 1.1ret11 24 lat•• Cllear Clear G1ou4Jloll4J GlMr ....... ,, • • • • • • 
1 wk. 111 • • • • ....... 24 hre. L1••cl Lyee4 X.lrcnrtb I.Growth Lyaed 

plat•• ,, . • • • • • 
1 -· • • • • • 

llegath• 1.lrotb 24 hn. Clear Claar Cloudy Clloudy Clear 
tube• ... ,. ,, • • • • • • 

1 •k• • • • • • 
a.Agar 24 hr•• Lr••• Lyse• I.Gr•wth ».Growth L1••4 

plat•• ,, • • • • • • 
1 wt. • • • • • 

ltafllr• 1.1nth 24 hr•• a.Clowly llear Cllo11d1 Cleucly llear ...... 
1HHGU•2 ,, • Olear • • • • 

1 •k• • • • • • 
a.Agar 24 br•• Lr••4 Lyaed 1.arnth 11.ar..,tll L:,ae4 

plat•• • • ,, • • • • 
Y,pll• lelroth 24 hH• Glear Olet1r ClolldJ 01•••1 ,1 .... 

t111te• 
••11• ,, • • • • • • 

l ft• • • • • •·· 
a.Agar 24 hr•• Ly••• Ly••• I.Growth I.Growth Ly••• 

plc.te• • • • ,, • • • 
1 •k• • • • • • 



lip~• l.Jrota 24 hn • ..... 
therla ,, . • 

60. 

'f.ULI: Y Gone. 

• 
l •IE• Oloud7 Oloudy 

lejaar 24 hn• Lr••• L711e4 ,1a, •• ,, . . . 
r 

LegeDd: •am• a• Table I• 

• • • 
• • • 

• • • 

lrllllant gr••• •••r eondlttons of tbe eaperla•nt• 414 not 

lalblt \11t two of tbe )'pbag••• ltapbyloooa•u• and ooll•l• wlthla 

ene ••--· &1111 tlle fora•r Terr lrregularlJ, Goll•l though, ••oud to 

N atteotN euh lt ••• eheoked b¥t the 1Dh1bltl6a •• not •omplete. 

11•• brllllant gr••• gaTo mo•tl1 mgatl•• raeult• in t~o eaperlment• 

J••t elted, lt waa detlded to try the effoet of a water bath teapera• 

tun of Jo••• fer ou hour lamodlate1r following the elleot mad• after 
• • •• week'• luabatlon at J1 •• Th• polat of thel"ll&l lnaotlT~tlon of 

*t•rlopbage, •• determ1ae4 bf•• and•• obeenod bJ •111 other worker•, 

abeT• Jo••• When tbh prooedve oarrlecl out, ou of tho 

phagee of I ea11 (l) beoaae oompletel1 laaotlTe la tho two blgher 

oouoairatlou, •bile th• ooadltloa of the other pba6•• was apparentl1 

IIMhaagede Ihle data aot •bowa la table fOl'II• 

It l• lateroetl• to aots that tbe t~o pbage• ot •• oolt 

deTeloped at tbe exp•••• of th• •am• orgaaln routed la eppoalte 

-•••r to tho two dJ••• 1'hereae Tlelet gaT• negatlT• reault• 

with 1. eell phage 1 and brilliant gr••• produoed definite lllblbltloa 



61. 
violet 1ah1blted a. ooll Phege•2 and brllllaat gr••• gave 

•1atlve r••ult•• It might b• further atated that th• latter 

lrtlo prluiple l• aapable of a atraia of the tJphold k81ll•• 

oil• th• tonier 1• •••• It •a• •tated ab••• tllllt oell•l phage 

predaoed larger plaqu•• than aay of the other Phlll•• ot •• 

00111 and lt al•o brought about dl•••eoolatloa et•• 
r 

tell while the ether• dld aot. In faot 1• ••1'1 that 

aaythlag •bowed•• th• plat•• after lr•l• had oaourred, exoept a 

fn l•olated rough oeloa1•• of•• 0011, whloh, aacreeoopie 

eaU&lnatloa. appeared to be oeatualaaat•• 

DIIGUIIIOI 

fla• mature ef the baoterlephage and the meohaa1• lBYolved 

la th• pru••• et 17•1• •f buterla by th• hypothetleal ••b•t••• 

ln detail abOT•• 'l'berefere it le 

at thl• tl• te aentloa only fact• •h1oh are pertinent to probl ... 

at h••• ft• author h•• •11&1••t•d a ••blntloa of th• Bronfenbrenn•r 

(lflf) th•••r of th• \taotorlophag• aad th• 1119•1••· ... 

that el Jarne•loae•, ••th el •h•• be11n• th• lytlo agent to be 

a P•••••• et baaterlal aetaboll•• oaplalaa the 

pheaoMaea •• -•11111 laltlated bJ the ageat tbe elldo• 

roraeat• of •••••ptl•l• baoterla th•r•l>J' br111gl11g about a •h&age 

la oaotlo fer••• up•• th• ••11 •hleh la tura 1au••• lab1,1ttea 

of water aad rupture of the oell, lll>en.tlmg aeN of 

th• •tlmulatl111 ••b•t•••• ba•terlophag•• R•••••r, lt hub••• 



62. 

•bon that auob of the active agent ie liberated before nptur• 

of the oelle d••• ut bellne the bureting of tile oell 

11 •atlr•lJ due to o•otlo but that a reduotlon ln the eurlaoe 

tenelon at the ••ll aeclla intertaoe and at the lntertaoe ot partiolee 

of aone"Utuent• wltbla the eell m&J be an iaportant tutor iR th• 

aoohaal•• of 

I( tbe bacteriophage is a baoterial produot; It le poeelble 

that•••• light sight be abe4 upon th• qu .. tion b7 malting a etudJ 

., th• etfeote of dyes., •• the baoterla &IICI their N•P•otlTO Ph&1••· 

It would at leaet s ohemioal relatloneblp between tb• 

'baoterla aad their r••P••tl•• l1tlo agent• 11 ••me oorrel~tloa of 

tb• etteot• of the dJ•• upon them oould k ahcnrn. 

With the aboYe Idea• la alnd twelve lytlo printlplee, •ls 

that 11•• orgaaleae aad eta that 11•• lraa•negatlT• 

-..terla were o'btalud tor tk• lnYHtlgatloa. 

Prellminar, wort lndloated that th• baoteriophag• ••• neh 

••r• r••l•tant t• del•teriou• subetaMe• than th• ••a•tatlv• oelle 

ef th• baoterta1 •• lt ••• deeided te high oonoentratl•n• of 

the 4Je wlth the lynt•• and inct¥bat• for variable perlode of tlae 

at varl•~• temperatuN• )otore ad4i11g the )ao,erla ror tho dotNtloa 

of aetiTe keterlophag•• la order to mall• th• latter teet It••• 
•••••arJ to hlghlJ dilute th• •10-phag• alxtur•• la •rder to pemlt 

aaillhl~ited ~uterlal growth• Jlnal dilution• or the Ylelot •1•• 
•f one t• tw•ntJ•IITe ailllen or higher eee••d t• work perffftly 

aad etlll the dllutlen (1•40,000) ot pbage wbloh •a• eftHtod 

,, th• prooe4ure wa• not eufflolent to prneat aotlve lyeie la the 



...... 1. 

11h•n tbe "" •• oond.uo tu, three 

of •1•1 eu or7etal Tlolet and two mall:•• et geatlal Tlelet, 

• ••l•tUY• pUglo•taUo aaUon of the oa tta• ,aoterlopttag•• 

••• •ad th• reeult• ••a•• that there l• a eorNl&H•• 

••t•••• the ••l•tl'f• aotlon ot th• 47N oa baoterla and their 

•••P•tl•• Jbag••• BJ uehg proper of the 41•• 

th• that l1aed lraa•poa1tlTe ltaoterla wen •omplotelJ lnhlblted 

while tho•• that lJ••d baoterla were apparently not 

ln thalr aotlTlty. Oal1 one of th• lytl• ooll•l 

••• to th• aotlon of th• etronge•t ••l .. tlon (1•2SOO) of 

the Tlelet •1••• Thi• agent auob different ln ••••ral reepeot• 

Ina the other pbag•• of •• aoll. It produod larger plafa11•• 
(1 -•> aacl brought abo .. t of tbe bacteria 

nen ln their pre••••• The 6a all tended to 

•oaplete or none Qt all, although that waa not 

th•••••• One •ould espeot euoh In the broth tubee ,na•• 
one .. n1111111tlTated aorpueele of phage '• ... ttlolent to brl• 

about eoaplete lr•l• of th• baoterla. 'l'h• 411 .. tlon method of 

depend• upon thl• prinolple. That fut, It •••14 ••-. 
•~ould not apply to the plate•; but 1• i• au.rprlelag how nll the 

tub•• and. plat•• oh••kri• lather dleoonneoted ••r• obtained 

with th• diphtheria phage beeau•e It wa• dltfloult to keep lt s•l• 
In the media A fn t~•t• were made with It ID •••la of PR 7.2 

alld appanntlr aon • .. •••••fllllJ• 



Alao•t l4•nt1oal r••ult• ••n getten •1th OrJatal Tlelet 

aa4 lel..aa and Bell'• gentlaa Y1•1•t1 but 8nbler•• geatlaa Tlelet 

414 ••t eahlblt •• lDhlbltlYe aotloa although the •u• 
of ••l••tl•• utloa •a• The oaly •xplanatloa that eaa 

•• •tiered for th• dlffereaoe l• that perhap• a larger pereentag• 

ef Tlolet l• found la lrubl•r•• dJ•• 

lr1111aat 1reen wa• prepared la twloe the eoneentratlou 

of that la the Tloln 4J• •aperlaent• aad then onl1 ••• ltap•rl•••••u• 

Plac• &Del ••ll•l phage ••r• 1afluenee4 ln the hlgh•t oonoentratloa 

(1•1200) ••••• 'ltae ltaphyloeooou1 phage••• •er, lrregularlJ 

allfft .. wtalle the ••11 agent••• oonetantly lllhlblted to••• 
extent, but net ooapletelJ• la Ylew ot the negatl•• •••ult• with 

thl• dJ•• It wu deolded te t17 the effeot of a water ,ath tempera• 

tun of Jo•o. tor one hour l11111edlately followlll6 the oheok ma4o 

after one •••k'• tnoubatlon at 31•0. Th• point of thenrial lnaetl• 

fttloa of the 'baotorlophag•, •• bJ •• and ae obe•n•• bJ 

•a, other werter•, l• aU9h above 50•0. Wb•• thl• pneedun n• 

earrl•d eut. th• ••1&•1 phage beau• eoapletelJ lnutl•• ln the 

tw• hlg••r eoacentratl•n•1 while th• eonllltlo• of th• other phage• 

wu apparentlJ unohanged. It mar be that, la addltlo• to 

dlffenno•• meatlomd abeYe, th• two phage• of•• eoll ••••loped 

at the exp•••• of the•-• organl•• reuted 1n •••r to 

th• no dJe•• Wberoae 017•-1 Ylolet g&Te nagntlY• r••ult• wlth 

le •oll phago•l and ,rllll*at ~reea produoed deflnlte lllhlbltlene 

eryetal Tlolet lllhlblted I• ooll phage•2 and brllllaat green 1a•• 



,,. 
OOIIOLUIIOQ 

IY14eue h•• been •lte4 Wlllah a •h•l•lll relatleUltlp 

••l•t• ••t•••n lNloterla &ad their r••P••tlY• Ph•s••• 

A.:.eeleatlT• phaglo•t•H• aa*-1•• of •rJ••l Tio.let, gentlaa 

Ylolet, aad brllll•at green on th• twelTe buterlophagen teeted 

Ila• •••• 4.eaoutrated, and the realllt• •ucs••t that th•r• b a 

••rrelatlon between th• ••leotl•• aotloa of the Tlolet dr•• oa 

'baaterla •• tllelr "•peotlYe phag••• 

11111 aouentratlon• of dJ•• ••r• requlnd to efteot lldllbltlon 

of the Pha&••• 

.&:,hlgll 411.tloa of the prlmU7' 41• eoluHone ( hthllJHl• 

dllutlone) to th• point when tit•" woald 'be u bllllltltloa ef 

laaoterlal growth•••• requlelte la the aotl•ltJ 

or l•otlTltr of th• lytlo prlmlp1•• after euh period of 1•••• 

tl••• 
Uader th• aondltlon• of th• experlaeat, th• phag•• that lJ••• 

lna•poeltl•• baaterl• were eompletelr lulblte4 bJ aeaoentratlon• 

or ..... Tlolel ., •• olah dld not appear to dlalnl•h th• utlYltr 

of tho plaag•• that 1y•ed ,...,..nogatl•• baet•rla. 

the reutlon• of •rJ•tal Ylolet aad Gol-• and lell'• 

a••tlua Ylolet 1••• alaNt ldentloal reeult•1 but lnabler•• gentian 

Ylolet, Wlllle abcnrlng t~• .... general ••lectl•• aotlon clld not 

&IT• tb• proa1UM1•4 lulbltlon tbat the other two dy•• •ablbltede 

'Ille llllllbltl•• property of brllllaat groea ••• extrnaelr 

Y&rlabl• wbea •omparecl with tbat of •lolet, but .... rt .. •1••• 



"· 
•l•tl•t •Ith •• Pllage of tile oolen baol1l11• la parUou.lar. fh• 

latter,_.., ••11•1, wae th• onl1 ene or -,11e twelve qloll •• not 

lanume4 bJ the Y lo let dJ•• • 

Tw•l•• buterlophage•, •la that 11••d Oraa•po•ltlTe baoterla 

aad •la tllat 1J••d lraa•negat1Ye organl•••• were laaluded la thl• 

l•••tlgatloa. 
I 

PHIIIOL .&ID IOJ>IVII RYl>llOIID 

Another ••rl•• of experiment•••• perforMd wltk pheaol and 

•••&• IIJclroalde •• Pllacloeta-Uo agent• la erder to dbooTer 

whether or Mt ••rtaha pbag••••"• la general, aon •11HepHlt1e 

to ••1ateriou• eubstano•• tban are other•• It vu round that th• 

tboaol aad •odlua h)'droxlde aat be u••• In auth hle;ber 001u,ea• 

tntlou thaa the violet dJ•• to prod1&Ge lnhlbltlTe etteate. 

Aiaetber dlftore•• noted was that l••• dilution of the lnla1b1tlng 

&1•nt, pena1tte4 ualllh1blted baoterlal grewtb la ooaparleoa to 

that 11••• wltb the •1••• For inhlbltlYe action phenol dlluttene 

ef 1•20,1•80, and 1•160, ~- •odlua bJdroxlde dllutlou of 1•500, 

1•1000, alld l•lJOO were .. plo1•4• Attar the dlalafectant•Ph•• 

alatur•• hU b••• aade aad eubjected t• the pr•••r •ondltl••• of 

lmal>atle-.th•J were diluted•••• to glT• 4llutlon• of phenol 

ef 1•2800 allll •11utlon of aodlllll hJ&N&lde of 1•70,000 or higher. 

Otherw1•• th••• expwlaeat• were aoncluote4 •• with t~• dJee. 

'l'h• n•ulu cl••• in Walal•• Y •• YI al•o lncUaate -..at 
la 1••.ral, the ''PhGC•• IL&J be put 1nto t•• group•• Althouch 



tbl• ••• •••••la11J true oft~• aoti•~ of phenel, 19'fera1 Tarlatlou 

••n •'••n•• wltb ••dlua hJ4rox14•• la ••th ln$taaoea aon 

ualfora reault• followed. Roweverj there wae not•• muoh of a 

.... ,. tor th• 41Yldl• line, •••••• th• .... u •h•n t~• dy•• 

wen •••d• ' .... 
A of the obtained with pheaol ae lnaotlY• 

atlng agent l• found tn th• followlng table. 



'f.UU .,, 

a.ault• of teeta for preeeme of l7tl• matellal after ••Ing 

aoted upoa b7 phenol for tlue glTea. lnoubatlor. teanperat~n ,1•0. 

l'UOB8 Teet I tr•4• phage 

ai ... lelrotll 48 bn• Cloud7 Clear Clear Cloudy Gloud7 Clear 
t1&N• ... 1 Wlh • • • • • • 

a.Agar 48 br•• L1nd Ly••• leClrowtb 1.trnth Lyeed 
plat•• 

1 wt. • • • • • • 
ltapbJ•lelretb 48 hH• GloudJ Clear GlowlJ llot.a4J Olear 

""'·· 1••·••11••1 1 ft• • Oloud7 Clear • • • 
. a.Agar 48 hr•• 1.trowtll Lyeed L1••• I.Growth lelrwth L1••d 

plate• 
l Wlh • 1.orntla • • • • 

Ooll•Z lelroth 48 lane 0101147 Clear 01•"41 GloudJ Gl•r 
tube• 

1 wt. • Glou4r C,lear • • • 
a.Agar 48 hN• 1.0rwth Lyaed lelrorih Nelrlrib Lyaed 

plat•• 
l n• • .. ,.,. .. , ... • • • 

0011-1 lelrotll 48 lln• Gloud;v llear 0101147 Gloudy Clear 

··--· 1 Wlh • • Gloar • • • 
a.Agar 48 hr•• 1.0 rorih Ly Nd 1.oronh 1.1rwt11 L7••• 

plat•• • • Lyeed • • • l wk. 

Aohroao 1.lrotll 48 bn• Oloudr Oloud7 Clear Cloudy Gloudr ClNI' 
t11be• • • buter 1 ft• • • • 

a.Agar 48 hr•• 11.Gro,th lelrwtll Lped 1.arwtll .. , ... .. ,. .. 
plat•• • • I • • 1 wk. 



llllga 

l. J,otla 48 h n • 
tutae• 

l wt. 

!AILI YI ••r(f •.• 

• • 01ou4y • • • 
le.,•ar 48 .. ,... •.nrow .... R. 111 ..,.,...... Lv--ed I "-rov ... h I "• •- H - U W •• ••v~•n ,• ev - •• • •J• plat•• • • 
1.1reth 48 bl'•• Gloudr llowly Olear ... , .. 

1 n. • • 

• • • 
Olo~d7 Oloud7 Clear 

• • • 
I.Jcar 48 Jar•• I.Oroa,th leOro,,th L:v••cl 1.Qrar,;th 1.Growtla Lr••• 

plat•• 
1 n. • • • • • 

•1•tll• 1.Jroth 48 br•• Cloud7 OloudJ Glear Oloudy Olou4y Olear ...... 
1 wt. • • • 

2.Agar 48 hr•• I.Growth 1.orowtb Lr••4 1.GrOl'tb n.Grcnrtll L,-e, 
. plat•• • • 

ltegeD111 •• fable I. 

1'allle YJI •ho•• that all the Ph91J•• lJ•lag lram-poeltlTe 

bacteria ••r• ooapl•tely Inhibited bJ p~•aol la a 411utloa of•• 

to elghtJ wltbla one woet•• lnoubatlon, while th••• l7elng Graa-

aecatlTe baetorla •••• found to be aotlT• under th••-• eondltlou • 

.l •• to twenty dllutloa of pbeaol prod••• 1oaplete lolbltloa la 

all th• lJtl• agent• tried within twentr•lour houn, while olllr the 

ltaplaylooote¥ .. 2 phage wae ~ad• lnutlYe bJ tbe 1•160 dllutlea of 

• 

the It le bellnod that, aluo ••11•1 PhllC• had ••ea 
•••• neletant to deloterlou• eubetana•• thu.aay of th• lytl• agent•• 

a dllutloa of phenol oould be found that would penalt ly•I• bJ 

aa•nt •h•• ullder th• ease eondl tlou all th• othen would bo l••t l••• 



IODIUII IIIDBOIIII 
.. •ult• with ••4llla hJ4nal4• •• th• pll&glo•tatlo agent are 

•howa la Table Yll. 



.,,. 
'l.&ILI YII 

b•11lt• of t••t• fer preeenee ot lJtlo material After lt 

wa• uted 11poa bJ •odlua hJdroald• for perl••• or Uae gl•••• 
lu•battoa temperature 37•0. 

,ui11 ,,.;t . , .... , la•Slttl1¥ f&1u1tH ••1m1, : aotloa JIii laoH Plala Phage 
D!PP 1191 le•IPP 1-1000 i-i,oo ,,,s, .... 
Ilea• 1.1.rotta 48 llff• OloudJ Clear llear 01011•1 Cloudy Ol•r ...... ... 1 wll:. 1.11oudJ • • • • • 

2.Agar 48 Ill"•• 1.truwth L1••d Ly•ed 1.trwtla I.Orawth L1aed 
plate• 

1 -· • • • • • • 
ltapllJ• l..lrotb 48 hr•• Glcnuly Glear Glear 0101147 0101141 llear ....... 
1 ......... 1 1 ••• • • • • • • 

a.Agar 48 lane lt.Gro•th Ly••• L1••4 11.0rwth 1.1rowth Lyaed 
plat•• 

1 Wk• • • • • • • 
loll•2 lelretll 48 hr•• CloudJ Clear OloudJ Cloudy CU.ear ··-· 1 wt. • • • • • 

2.Jsar 48 hn• 11.0 row th Lr••• 1.0 ... L1••• 
plat•• • • • 1 wt. • • 

loll•l 1.1rotb 48 hN• Gloll4J Clear llear GloudJ Gloudy Cleal" .. , .. 
1 • ' • • • • • 

a.Agar 48 hN• Lr••d .. , ... leGrMih 1.ar. Ly•ed 
plat•• • • • • • 1 wt. • ........ 1.1,otll 48 hra• Gloll4J Olear Glear Cloudy Clou•r Olear 

• \uter 1 wt. • • • • • 
a.~.,. 48 IIH• 11.drwtllt L1••• L1••• I.Or. L7Hd 

plat•• • • • • • 1 wt. • 



, .. 
TOLi YJI 80•· .... plala ,-J!!! 1-1000 1ipoo lp1!J lr.9, I!•• •• ,_,_ 1., ..... 48 bra. l••r 1101141 ... , .. ••ir le J .. ,. 

1 ....... 1 ••• • • • • • • ..... ,. 41 bn. I.Clrowtlt 1.orwtb L:,Hd 
plat•• 

1 ••• I.Grntll • • • • 
1111&• J.,Jrotll 48 hn, Olear Olear Olear Gloudr OloudJ Clear , .... 

1 Wlh •. ,1011•, • • • • 
l,jgar 48 I.peel L1nd I.Growth leClrwth LyNd 

plat•• 
1 ... • • • • • ...... 1.Brotll 41 bn, Glou.dJ Ol•r Glear Oloud:, lloudJ Glear 

plate• 
er1 .. 2 1 wt, 

, ....... fl hH• 1.trntla 1.1rowt11 L1•i• 1.tr•tb ~-or. 

l ••• 

Lege1Uh euae •• '1'a'ble I, 

OalJ tw• or tlle phage• (1aegath<arlua-Z alld ... rue et tll• 

ltaphJloeo••u•) that lJ•• lraa-po•ltlTe baotarla were teund to•• 

••r• eueoepti•l• to ti• aotloa or eedlua hydroxl•• thaa ar• ••-

or th• agent• lytl• for Oraa••~•U•• OJ:g&llblH• Goll 1 and •higa 

Phaa•• were, how•••r, t• th• etfeot• ot •o•l• 

bJdrealde than any of th• oth•r t•••••• th•J a,peare4 

te be l"hlblt•4 •lthln a •••k while• ether tlaa• no lDlllbltloa of 

lr•l• •••14 lte deteoted. Wlth the two exoeptlena, all t~• ph••• 
••r• lul,lted ~1 •0411111 la a dllutloa of 1-,00 wltllla 

LJHd 



'11• 

•• ••••• '•~r et th• lraate•, •l•uaa, 0011•2, ... atherlua•I, 

•• lt.aph7los•••u•l •ppee.red to b• 1eapletel7 1aaoUve wUhl• 

t11en,1•tou.r hour•• tlae wh•• inaubateti vlth uodiwn hydroxide Sn 

a •11utl•• •f l•JOO• 
Ta~ YIIJ glvos th~ relldtn tor hth phen•l and •o•t• 

llydnal4•• 



, .. 
f.&ILI TUI 

.&.,e ... 17 of the reeul·~• with p'9enol and .odlua llydroxlde •• 

the Pltal••lnlalbiting agent•• IMubatloa t•peraiure ,,•,. 

Jiiios, ulm Dl•la-
tytapt 

- • £ELC a1lut1en of 1u1b~~1ng •ubetanae 
1-ap &•OP 1•1'9 

llega'lberl_.l PheMl la 14 hn• ti, la 24 hr•• • ln 24 hN• 

ltaptarl•••••u••1 • + ln 24 Ian. la 1 •• • la 1 •k• 
ltaphJl••N•u•Z • • ln 24 ~r•• + •• 1 n. • la l •• 

01 ..... 

Goll•l 

O•ll•I 

lhlga 

• 
• 
• 
• 
• 

• la 24 tll'II • • 4t l wt. • at 1 n. 
ia la 24 hN• • at l wll. • at 1 wk. 

+ ln 24 hN• • at 1 wt. • at l wk • 

• at l wk • 

+ ln 24 hr•• • at 1 wk • • at 1 ft• 

l•JOO 1-1000 

Megatherl••I lalW 

ltapbJl••H•n•l • 

ltaphJloe••••--2 • 

+ la 24 tan. + la 24 hN• • la 24 hr•• 

+ la 24 hr•• • at 1 wk. 

+ ln 1 war. • at 1 •• 

11••··· • • ia 24 hr• • •~ 1 wt. 
• •; at 1 wk. • at 1 wlc. 

• 'fr 111 24 hn. • at 1 ft• 

• + la 1 wk. • at 1 •• 

• + at 1 wk. • at 1 •• 

------------·--·------------------
• eftplete lnltlbltloa 
• ao or 1Moapl•t• lllllibitloa 
••• ••m•tlr.•• aeg&tlTe and ••••tlm•• poeltlT• 



1»111:VSIIOI 

After •••••tratlng a ••lNUYe aatlon of 4J•• upon llte 

lauterloplulga It ••• de1ldecl to lulvde phenol and eodha hydro&lde 

la the lrweatlgatlon to di•••••r •b•tber or aot oeriala Pllal•• 

an, la 1•aeral, ••"' •••••ptlble to d•l•t•rlou• thaa 

It •a• fo•ad tbat phenol and bydroalde had to 

,. la ..... hlglle r ···••tra:Uou tll&ll the Tlolet c1, •• I' 

llllalbltlTe were to be produed. A leaeer dllutloa of 

lnlllllltlmg •ol11thu, penaltted lllllnhlbHed 'baoterlal , ......... 

•h•• 1oapared to th• dJ••• Otb•nl•• th• nre kept 

the aame aa tbo•• ••Ployed la the dye experlmeata. 

Under th••• experlm•ntal oondltlon• it••• deaoutrated 

that th• neterlophagee again fell lato two on a •lallar 

te tll&t glTen ab•••• Thi•••• more eepeolallJ true of phenol 

thaa of aocUa bJclroxld•• Th• re•ulta obte.laed with phenol wen 

•nlfon ,ut tho•• aeound wltb •••tu hJdroxld• were ver, 

Irregular. It ha• 'been tnon for•••• that 

eraaal••• are raon hJdrolb•d ~, IIJdroxide than 

are the Graa•po•ltlT• organl•m•• It that fut l• tatea lnte 

aoooant, lt wlll la part exflaln th• reaatlou of aocllua hJdroalde 

•• the butorlopheg•• though dlrNtlJ .opposite res~lt• would•• 

u,-•t••• Ro•n•r, ln th• Tarlou• •xperl•ent.• wo1•k•d 1 phage• 

that lJ•ed baeterla di4 •ho• ao mu•b• if aot 

n•htanc• to the action of aodlua bJdroxlde tllu &DJ other lJtl• 

prlulpl••• oxaept eoll•l phage aacl tlle lblga ageat• fe17 llkelJ 

41111tloa• ot phenol oould be feuad whlob would abo• Tarlatloa 



la of th• Yarlou• but the range la dllutloa 

'lrOllld N Yer, ... 11 wbea ooaparod to Illa t of th• •1•. 

OOIIOLUIIOU 

The ••lHU•• uUoa of phenol and aedl1111 hJdroalde oa 

ketorlephag•• le exhlblt•d ln tho aboYe 

While th• utloa ol phenol upon the baet•rlophag•• •••u 
to dlYldo the lytlo late two ae with the dJ••• tho 

elleot• of the appear• to be aor• ualfon, tho marg1a 

for th• 41Yl4lmg llM bet••·· the two,. 111&ller.· 

lo411a hJdroalde 1••• auh lrrog11lar reeult• than aa, 

other of tll• halll'bltlng •11 .. IIHd, although ho of the 

l7tlo agent• that Oram•negat1Ye baoterla ••re more 

•• It• aotloa th•• aaJ of th• other•• 

With the two exeeptlou mentioned the phage• that 11••• 
baoterla were am re•l•tant to the effe•t• of eodlua 

h7drezlde •• aaJ teeted. 

lluh greater of pheul and eodla IIJ4roalde 

••n required to IJrhig about lnbll»Hloa of th• phage• than wae 

•••••al'J' for the dy••• It was aleo nHaeeary to haYe a higher 

••••ntnUon of phenol than eodhua hydroxide. 

CelffereelJ, It wa• not a"••••rJ te mat• tb• final 41lutlou 

of the two latter aubetaao•• ••high•• lt wae tor the dJ08 la 

order to paralt talahlblwd M8terlal growth• 



'1'1 • 

Ou oonolude froa tla• neult• obtal•d th••• la 

1••nl, th• pll••• ,1'hl•la lJ••• 1-'na•aegatlYe baoterla are 

t• del•t•rlou• eub•••••• tbaa an tho•• whlob lJ•• 

bUterla. 



DLIOTIVI ACTIOI or Gl:ll'l'lAI ,1ou, 011 •NZY1111 

., •• ••Y•ral , •••• ,, ....... h&Ye •uc1••··· th• ... ,... 

lit• utun et tb• koterlopbag•• •• •••••• of th• •111 alallar 

fropenl•• bet•••• th• two blologloal au,at••••• a atudy of th• 

•tt••t of dJ•• oa eu,ae• ••--• to N a logltal lu••tlgatloa 

to follow th• alto~e won. of •1•-utloa oath• b'phage. 

PNperU•• la Whl•h au,-a · alld lt 1pllac•• are alallar •1 . 
N ...... , ••••• · ro11 ... , (1) Htll .... HUUIY8 to ,ooe,. , •• 
•DJ 10111th of tl•I (2) th•r• l• •• optbna t•p•ratun for tllo 

·••t utlYltr1 (3) th•J .... aatlg••'·• (4) ... ult .... 

Ylolet rar• are to laJare.both1 (J) •• optlaa pH eal•t•1 

(6) tlleJ • ..,. ••••lflo la ,...tloa•1 ('I) aaal.1 aaouta ofeltller 

•ubat&Me will atfe1t laqe aaouata of f8) beth an 

••uldent 1atal1•••1· (9).th•J graduallr loH atnagth •• 

•••• , •• (10) tb•J .... dlffloult t• laelate la PIIN ••••• , (11) 

eltll•r will wHhetaJUI (12) tben la optlaua eoueat.,.._ 

tor '"" reut&oa1 aad (13), laotla •••••--•• apparoatlr an 

adaorbod oato their •ultatrat•• Oath• other h••• th•J differ 

,. that (1) tb• IMletorlophAI• ..... •• llYIIII ••11•1 (2) It 

l•nu•• la aaou.at •• nuttoa png-na••• wbUoou,a•• •• 11ot1 

aacl (3) an 1"apldl7 whoa la aolutloa ••P••lallr 

at t91Q•ntur•• of ,0°0. to eo•o. (Yak•••• 1,26)1· but th• 

lopb•a• , ..... ilt~oqh .. •P••lal •••• , hU b••· ..... lt hU 



'••• ob••n•• that ••M oft~• •t•rlal ou111••• ••P••lallJ 

tll••• Ir• Clnm•p••HlY• b .. t•rla• 1••• t11olr. pot••r la a· In 

daJ• at r•• te11perat11r• when la •• al.tall• 11e41an. nlle tile 

,aoterlophqe r•malae petoat ~nt11 t~• eolatloa to 

• ., ••• ,·-then, If rod1ee1Yod, •111 O&hl,lt aetl•• 1,.1 •• 

••••oft~• lJMterlal ••rae•, peJ'hape wouU eahlblt elmllar 

to naporatloa am dryl11g 11 tooted. 

'1'11• ehiof objootl•• la thl• ••n ... t• 

••• II there algllt ut boa olallar relatloublp oxletlag b•• 

h••• ·t11• ••tloa of •1• 1,1poa ltuterial our••• •• ••• fouad 

wit~ th• 1ta1terlopb11g••• Literature deallmg dinotl7 upoa tbl• 

ha• not b••• found. Th• fellnl• obeenatlou ••n 
aleo aoted1: th• etfeot of of th• oa 

••ra• aotlTitJ, tho effoet of ro• and••• boa 

rolatl•• to rapldltJ of doterloratlon, •• tho q11&atlt1 and 

•P•ed •f llq11ofaoUoa of 1ola-Ua. 



ao, 

J;IPlllllllffl 

... terla thtlt are rapid gelatla llqaeflere were ••oured 

fer thla wort,, twe .. thod•t (1) •1 eapo•lll gelatla plat•• la 

a duet7 .... for a •h•n tl• .ant lnoubatlngs all4 (2) ,, •Pr•u• 
l• hHYlly pollute4 rtver wat•r onto gelatla1 •••• after laou• 

1tatlon at 20•0. for 24 beura, the ••loal•• whleb thn•• the•••• 

ll•••tutlon nre eho•en frem both •ouro••• Tk•n two atook 

oul•r••• prodlg1o•u• and .Aokromobaoter orgaal•• that ••r• kann 

to be good llqueti•r•, ••n ••••• Ho attempt wu made tt identlfJ 

all tbo •l'l••lAIII, tb• purpo•• beiag primarllJ tt get an equal 

a1111,or of Graa•P••iUve al'MI Gna-negaUYe baeter.la, helve 

ergaai•••• •1• Gram-ugative a .. ala Graa•poe.ltlve, ••r• thu• 

••11Nte4, .llthouch ther•lila.J 11••• beea clupUoate •P••l••• all 

••n dlfforoat •treln•• However Jud1l11g froa general oharutor-

lotl••• ut aore thaa two of tll• et:ra!ne appeared to beloas te 

a117 OH ., •• 1•• and thON wu aot l!Off th•• two laata••· W'll•N 

tb le 000 Ul'N4 • 

Ordinary t••l••-·P•r eent gelaHa aad plala beef brotll 

weN th• medlua• empleyed. Oae ••rl•• of te•t• •a• rua with 

•••l• uJu•t•d to a pH of 1.6 to 1.8 and th• other wae about· 

PB 6.o. Goleman an4 Bell'• geatlan Tlol•t ... the lnlllbltl111 

.. oat la tlleM oaperlmeate. 

lu,-• wore prepared ltJ eproadlllg a of euh 

•rsaaln OTOr tll• •11rfu• ., a 1•latla plat• au lM'IIMHIII at 

ao•a. tor 3 to 4 ••1• after whlth tho llq11etled golatia ••• 



ai. 

pu••• tbrougb Jerkfeld tllter•t th••• filtrate• eonatltate4 t~• 

euyme pnparatlone, er P•l"hapa we eay euepenel•• (eteek 

!roth •ult•re were experimented with but 

••re tou_. far lnf•rler, relatl?e to ana,-e petene1, te t,a 

gelatla eultur• flltrat••• ••• the th• organlama ware lllOeulated 

•• gelatin •f a Pfl 6.o, ttae red.tlag ena,a• tlltnte waa · found to 

N alkallM la reaatlen due te the hy4roly•l• et protein mate•lal 

amt~• eouequent liberation of ammeala. On aoeeuat of th• 

ehu,g• ln pH of th• aedta, no •tteapt wae made to teep th• •t•rlal 

Yel'f deflnltely at •·••• .. •1• PR• TIil• whr lt l• aal4 to 

•• Mid •• alkali• me41wn la th• .ta~l••• lvffJo•••~ ul4 

broth wu ueed to Mk• dlluttoae •I filtrates ut• gelatla 

t• a• uld reutlon f•• th• teat. Altall• (abeut pl 1.8) 
~••4 t• make th• dllutloa• fer tbe •lkalla• ••rl••·•f flltrat••• 

......... 11, the flltnto• ........... ,1 •••• ,, P••··· t••· 
thl'\l hrtfeld .-·ant • ftlten. It •••••• to ••••• ••n oft•• n•• 
lllterhtg aultvre• three •• m•n 6a1• 01•, 'bat 1 f tit• flltrat•• 

we.-. agala filtered •-••••t•lf after ba9terlal gnwth appear•• 

tho on•lld t•ltrat• wae almo•t •DT•r•ablJ eterlle. It•• the 

bel••f •f tile writ••• ao a&IIJ' ether• (l ... toM ud Law•oue, 19JJ, 

W,ekotr, 1933) that r•it•••ble , • .,.. ••••lep la •14 oult•r•• ... 

lt •• th••• I•.,.. thatoeeaalonall7 pae• thn the fllt•••• Trou,le 

of thl• •t•n wae ut eaperl•••• •••• wort•111 ••th 'but•r•• 

..... th• ••fl•••• of ....... ••••phage althouah •111 auttton .... , .. 



82. 

that It doe• ••u•e the pndu•tlea of filterable form• ol 

l»uterta. ftt• •nsJJU, trype1n (ll1••HT• rerment• Go., t.1qu14) 

••• teated along with th• •••rial •n•yae• a1 a mean•,of •••• 

parl•••• :,P•p•&• n• al•• tried ltat It wae. lo•• that neither 

tll• l,..._P••ltlTe •ra••l- ••r tltolr ou,-• would wort la a 

PR el 5.0 or below a.JIii. pepala would not ut muh •'••• that. 

l•h r••ul• •1111••t tlaattll• two group• of ••••I•••, aould be 

••paratod rela1•• to tho hydrogoa loa 1ouontntloa. 

llYlded plat•• wen flr•t tried but •••ult• Tore too 

••rlable and all th• eu,ao• were •-1• to partleallJ llqulfJ 

th• gelatla la tta• blgll••t oouoatratlou of tll• dy,aa H n.-:~ 

P•••lble to Mk•• Hr4nlytla roaatleu wore probably oatalysod 

••ton tho dJO had tlH to IMOtlTato tho ouyae. la••• 

I•••••• non adding th• .lohroaobaater •u•peuloa to a gelatla 

plat• to •Pr•ad for preparatloa of ou,.. filtrate, It .... ••Hood 

that a •mall depnaaloa had'•••••••••• eut la th• aodlua durlag 

••• ti• that elapaod botw••• tho ad4lag of a drtP of th• INleterlal 

•••P•••loa aad tho •preadl11& ot th• dnp wltll a •t•rll• glue red 

•• aet MN thaa thlriJ ••••••• 

ta,1e 9 gl••• a auaaa17 of nault• taten eap•rl•••t• 

where t~• •ns,- f11tratea wen tran•I••••• dlreetl7 t• d1Tlde4 

gelatin plat••• Plat•• were prepared l>J pourl111 oae of a 

•laatlng plate alMI eolldlfylag la tile loe ,ea ••tore pourl91 the 

ether •Ide. IJIINl• ll&Te been•••• to lnllloato the ba9terla 



Whltll tla• ••J1ll•• were clerlve4 aad th• tram r•ao"Uon or ... 11 

orgaal• l• glYe:n la table f. 

~•• erganhu haT 1 ng an ••• •• part of th• •ymbel aH 

fr• tll• •Or leelaUoN whtl•th••• tia•lng an •a• an fre11 tb• 

•IT••• "Meg• la aegcdt1erlu11. •31• I• Aohroaobaot••• •18• I• 
nlgarl• alUI •prod• l• prodlgoeu•• 



••• 
tAILI Ii 

a.•ulta obtal••• d&Yl4e4 gelatin plat••• luubatloa 

t•peratun 20••• 

... ,. .. ..... 
rroa 
IM$1ElB -..... , .. -
.l2 

A 4 ... ., .,. 
.l 6 "' 
• 1 -
II -
14 • ., -

hlg. -
J I -

ll!Adli Dull , ....... 1 
l-21•1ai£1io.il!D ~L 1¥1 

p • 1-400 i-1qpo 1-2099 
0 0 0 Llt• ,,, ,o 2J • 

JO JO 0 • 
JO 0 ,o • 
90 2J IJ • 
IJ 0 0 • 
2J 0 0 • 
2j 2j 0 • 

0 0 G • 

"' JO IJ • 
0 0 0 • 

t.lq. : cS•Unlte ll411efutlon of gela:Ua 
Kuaeral• lmlloate per oent lnlllbltlon of 
enzr .. action wben com1~red to control when 
ao dye l• preeent. 
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.... it ••• ·~· dlYld•· plate •hff a dlYl•I•• ., the 

eu,..e,ef ,na•n•gathe and O•am•pealUTe erganlam• lato twe 

a,••P•I tll••• eu,-.• ,of th• f•,...r app.-,r to •• m11eh aore 

n•l•taat thaath• •th•n• On the other hantl th• n•ulte app"r 

,~ate Tarla~l• and oao 1olatlna•• frea a.fraa•eegatlTe erganl• 

(Ttal,g) wae lAlllbUecl •• muoJa or Ql'O th&a an1 of tho •u,-aei 

It l• P•••t,10, aot onl1 ln thle eaperlNnt but aleo ln tho•• 

Wb1•h foUow,.that the ntorded -•ral Nvn•••t• •• muoh ae 

tnnty the per oent error beeauo• of the laablUty to tn.neter 

oqll&l portlou of the Yarloue eolutlena to the gtlatla wltb t~• 

1 .. ,. eTOD thl the same l.Oop of QDltCJlA --~ueed. If 

••J!l!'l~t• lnaetlYatlon oouU N obtalaed tbl• eo.ur•• of •rror 

might 'be la a large seaaure.,llmlaated. Th•retore th• plate 

~•thod wae eooa dnppN and the followl111 aethod elallar to 

that ••e• •&th the 'laMterloph._ 011plo7ed. 

•tbode ot freparlng th• lnaot1Tatl• dr•••nsrme •olutleu 

elallar to that of the bacteriopttagee nre then tell~d bJ 

111Ulag the proper dl1ui1ona ot dye lD plain broth. It le tllffn 

that plaln broth cuts down the germloldal action of th• •r•• 
aore · than water would but one can oentrol the PR of th• 

b•tter •1 •o do&•• lee11lta will be •omparabl• with the 

koterlophage reoult•• •ciual quaatltle• ot dJ• aol11Hea ... 

eupae filtrate• ••re alxed t• produe the •••Ired laaotlwatl• 

••l11tlou aad a eoatrel wa• prepared lt7 addl• aa •••1 aao11at 

er pla&a ,ntlt to the eu,- filtrate. Th••• ••1utleu were 



e,. 
lMIINtN &'I ao•a. &ad aatle at tla•• (u•uallJ 24 

lloun1 41 ta•vn1· and 72 laoun) to ••• 1 t laaotiYaUon bad oeo11rr••• 

flreat7 degn• oea1'crac• i1110111-ai ioa was uaad ~•oa1,1q of ••II 

rapt• deDrlora'Uoa of •oae of tbe eu,a•• at higw t••P•ratur•• 

•• of eouno th• gel.aUa had to n iaoabated at a low tnp•n.tun 

'"•••• ot llqu•faoUoa clue t• temperature al••• Because of 

tbe 41ftennt lno••tloa tomporatYn, reeulie entirel1 ••~parable 

to th• phage oaporl•nt• ,.•r• aet oi»tal••• 

Te•t• to cl•t•raiae tb• clegr.e of ir.NtlTathn ef the eu,au 

••r• porfonaed ,, tranef'orrhg ••• leopful of eaoh mi.xt"1re to a 

golatla plate allei 1noubat1nc the•• fer tare• to •is daya. roar 

4ar of l11111batlon ver• •a•, before taking the final reacll111 

of whore poesib1•• 'l'b• l~t••r peri~d ••~ fouRd to lt4t 

••••••17 to lu11n plenty of Um• tor eu1111e aotloa in all lutan•••• 

le•~lt• wore al•o aor• reliable ~nd easier t• read than when 

r••ortlmg to •laorter lncs~batloa per1o4•• A t•a•penny nail••• 

proTlded t• prep•r• tk• loep on the iaoo~l~tlng needle ror makl• 

all traufen of 5te11tal. ProYleloa was thereby made tor 

¥nltoraity in the ~ork. Keane of ~rovidlng eatlre unlfonnltJ 

la the matter of tranarerring eql.t&l •~antltle• or ensy• mlst¥n• 

was T8'f'1 cUtUc\llt. Data were not i·eoordecl unless the ena)"M 

••mtnl hu produced a dotlnlte conca"• a .. ea tn tb• gelatin. A 

•l•l• leopl~l of dye &;lone and on~ of plain broth were ad4e4 te 

eull plate •• tor p1111>•••• of •••Ila rleon ln re•d h• 

rea11lt•• 



.,9 
le•lllt• of •aperlaeata la •bl•~• •oablutl•• of th• 41vlde4 

plate aaci •r••f&·ltrai• hahibHI• ••l11t , ........ ea,101•• ........ . 

la tai.J.e 1. TIie prop•r cUlaatioa• of elf• for iho •olvUe .. ilad 

aot 7et been folinii• It 11&7 be noted t.hat high.,. csouentraUou 

ef 4J• wen ueci ibaa that used wl th th• ba•i•rioph&g••• 'the 

dltferen1e la teJnFera:hre of lnoul»atlon ehoula nett H dbri,gal'4e4 

hore b•t will )o taken QP elsnbero 1• the die111eeioD• 



ea. 

fAIIJII. 

b<slllu ••talll8d wltb a eoa)lnatloa or dlYlded plate ancl 

t••t•t¥•• aothodo. laeubatloa taporaturo zo•a. 

lrgan1• 1'Graa Tubes atter 42 houn . -1'tv1de4 plat•• 
llllllbltl•• aetlea .;. 

I;c;n• 1;10Sl: QoniriJ. ,Qonc!J!• St d,X• l11tE1I 
l~200 1~400 

az - 0 0 .. , .. JO IJ Liq • 

J 1-i - ,o JO • IJ IJ • 
A4 t 100 ,o • ,,, a, • 
11 - JO JO M ~- + 100 ,o • ,,, IJ • 
•• - 7J JO • '' ,o • 
A 6 + 100 ,o • JO IJ • ... + ,o lj • a, 0 • 
•••• + 2J 0 • 0 0 • 
AJ • 100 1, • IJ 2J • ,.,,.,. ZJ 0 • a, 2J • 



.,. 
lh·&ca.. plat•• la th• abeTe talt1• rffened th• ••1N"1Te 

aetloa for th• 11•• group, • t •n1•••• oontlralng th• prnlou 

lladlag•, tbat •••b ••rlatlon la wa1 obtained bJ eapleJl• 

111111 a .. t,aod • f proaed1&N• llaa, trlal eaperl••t• ••r• na lt•f•r• 

fl•llJ reaeblag th• abeTe •••lu•l••• Dl .... tl1 oppoalt• 

weN obtalMd wben tb• ••• wlth the aad luubated 

for 42 boun before fer aotlTe Without eaoeptl•• 

th• ... ,. •• Gl'U•P••ltlTe buterla •••• lautlTat•• by 411utleu 

of gentian Tlolet that did not l•otlTate th• euya•• tna Gru• 

ugatlTe erganlHl• wtaen th• latter t1P• of teat. 'l'h• 

... nt ••• on a b&ll1 of greup reutlon• tor there are 

IOM lmllTldul exoeptlou wbloh will be dl11u1eed below. 

Aold and alkali media ••r• both eaployed In the aext ••rl•• 

of werk, tbe of whl•h are la t'abl• II• D1Tlde4 

plat•• were 



,o. 
tULa II 

leeult• Ina eaper&Mnt• after lllllll»HlT• utl•• ot c••Hu 
•lolot la ul4 aacl al.tall llC11114 tor perlecl• er tSao 

IMubatloa t•penturo ao•o • ... lraa .,.. 
, ... •••• 

&J + 100 

a.a -I 0 

J • -1 ,o 
A 4 ,o +1 
&l - JO 
&2 + 1J 
• 8 - 100 ., + 100 .. + ,,, 

; 
I •• ti 0 . , • 100 

, ..... -
1J 

Aelcl Alkali 11841• 
llllalbltlng tlae ••-- lnlll,ltlng tlao •llowa 

14 llr•• '12 IIN• 24 ..... '12 ...... 
or ., ..... 0••· of .,. , ... • ••• of •1• Goa- ••••• t •1• 0••-

trol trol trol trol 
1 • 00 ,, ., .. 100 ,o ,, .. 100 100 ,, •• 100 100 Lil• 

0 • IJ 0 • 0 0 • ,, • • 
1, • ,o ,o • .,, ,,, • .,, .,, • 
7J • 100 100 • \ ,,, JO • a, ,o • 

j 'IJ • 0 0 • 0 0 • a, 0 • .,, • 100 .,, • 100 100 • 100 100 • 
100 • 'IJ JO • 100 ,o • 100 100 • ,,, • j JO JO • JO • 100 

I ,o • 100 0 • 100 ,, • 
I 

0 • 0 0 • 0 0 • 0 ,, • ,,, • a, 0 • 0 0 • 
100 ,o • 100 .,, • 100 ,,, • 

JO • 0 0 • 0 0 • ,o 0 • 

Ll'I• : 4oflalw llquorutloa of 1elaUD• 
luaeral• ln4loate per cont lnlalltltlon of ou,-
aoUon whoa to control n ... no dyo l1 
pr•••nt. 



1a,1. 11 •h••• a ••rr •triking ••l•otlY• aotloa ot gentlaa 

Ylolet apen the ••Iii••• la geaeral the ••,-e• that•••• prod•••• 

•1 ll'llll•poeltlTe ,aoterla ••r• laaotlYated by th• •11utloae of •r• 
•••• (1-400 alld 1•800) wblle "11••• prod111ed •r Oraa•aegatlYe ergaal••• 

••r• ut. RonYer, the dlYl•lon Into two gnup• oath• ba•l• of 

the ll'U reutloa 1• not aearl7 •o maned•• it waa with th• keterlo• 

Phac••• thNo doflnlt• eaoep\lou (t 8, Prod., and a 4) alld •• 

partial oaaeptloa (3 I) oaourred. ln•111•• of th• Gra•aogatl•• 

baoterla, I 8 aarl Prod. were eoapletelJ lnaotlYated bJ tb~ 1•400 

4llutloa of geatlaa Ylolet aad •••Jll• troa 3 8 na anoet laaot\Yat••• 

ftae eu,ae th• C.-...poaitlTe baoterlu, a 4 ••• aot 1n111b&ted 

la th• leaat la the hlgh••t ••••atration of dJ•• ill th• ••JIIO• 
produaed ~, NOter&a, ••••Pt the a 4 mentioned, ••n 

lnaotlYated la tb• 1•400 d&lutloa. Th•r• to be an &noon• 

•l•t••J ta the uld aedl\111 for Tryp•ln appeared to be 

u •••leant to th• aotloa of the dye ln •••t eaperlaenta u aa, 

of •h• buterlal euJM•• 11 oaleulatlag tb• total per •••t la-

,&bltloa u ebffD la th• table, ellghUJ llllllbltloa 1• neerded 

ter t•• Mdlua1 but lt the•••• oaltted tra th• data wen 

taken lat• aaoount, th• acld el4• would probably •hn • little 

hlgbor flguNe Th• dlffereme le•• •light tll&t It 1• .. , eate 

to ••1 nloh reaotloa l• aor• la•orable for lnaotl•atloa of tho 

A ••r, deelded dlffere•• ••• aoted la tho ueuat of 

llquefaotl•• that••• produeed by th• ••rloue ••111•• •P•• tho 



, .. 
twe llla4• (aol•, alkali) of media, ttte altallu Mdlua ••tag tit• 

aon faYorable. Sape•lallJ dld tko•• pre4ued bJ Oraa•aegatlYe 

•••t•rla •nlblt a auob greater llquetaotloa on tb• altallae •Ide 

of neutralltJ• The pH range at Whloh the latter eu,a•• would work 

wa• al•• l•f'l•I'• lr&a)'llff fr• the lraa•po•l tlYe ltac ta rla taUN 

t• fuaotlen ln a sedlua aa blgh 1n aold oontent ae the ens,-., fr• 

th• Gru•aagaUY• organhu. 

It ·-•u• be r•--b•r•• that the ........ 1. la ••• tabl•• 

npr••••t the degree of lnhlbltlen When oompa~•• to the oontrel 

ef th• .... eu,a• and not to •DJ of the other•• Jor example 

flft7 per ••nt lnblbltloa ln •••h of two ~n•J1D•• doea ut mean 

that oerre•poncllng teata of tbe two the••• aaount of 11,ueta1tloa1· 

but,•• tit• oontral"J, o• maJ •ho• twloe u auth llquefa~tlon 

as the other. 

fable IJI •h••• tb• reeults ter the eue t7pe of te1t 

ae tb• pre•l•u• one, eaoept tbe oonoentratlon• of gentlaa •toi.t 

••r• dou,1••• One oan ••• at a glanee that th• re•ult• are •lmllar 

te tho•• •hnn \efor• •ut lrahl,ltl•• aotloa ••• a little aoN 

pron11need. 
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t'OLS Ill 

lee11lte froa experlaeat• after llllllblHTe aoHon of geatlaa 

Tlolet la aold and alkali aedla tor perlode of tla• e11ow11e lncnabaUoa 

t•perat11n 2o•a • ....... .&e1' ...... AJJEall Me4ha .,.. ll&lalbitlmg tlme ehowa lahlbltlng tlu •-ow• 
tr• •••• ,, 11£'1 1, .. ,, • • •1••-- Con. o «r• Oea- • ••• 24 br•a 72 bDt 

0 f dJ• OD• , ••• 0 f .,. Goa• 
trol 

,. J + 100 100 Llfl• 

I I - 2J 2, • 
3 I - JO 2J • 
.&4 + 100 100 • 
11 • 0 0 • 
,. a +1 100 100 • 
I I - 100 ,,, • 
,. ' + 90 1J • ... + 100 100 • 
14 + 2J 2J • 
I 6 - 'JJ JO • 
Pr•d•• 100 100 • 
,.,,., 0 0 • 

tro trol 
• 

100 100 Liq. 100 100 llq. 100 100 

JO 2J • 0 0 • 25 0 ,,, JO • 100 JO • 100 100 

100 100 • 100 100 • 100 100 

a, • • 2J 0 • 2, 0 

100 100 • 100 100 • 100 100 

100 100 • ,o ,,, • 100 100 

100 100 • 100 7J • 100 100 

100 100 • ,o 7J • 100 100 

ZJ 0 • 0 0 • 0 0 

JO JO • 2J 0 • JO ZJ 
100 100 • 'I J 2J • 100 100 

2, 2J • 0 0 • 2J 0 

Llq. : detlnlte Uquefaatlon of gelatin. 
luaeral• lndloate per oent hlh1'U1oa of 
eupe aotloa wben oeapared t• oontrol 
•h•r• ao •1• l• pre••••• 

trol 

LIi• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
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lb••• data lmlltate a d1Yleioa et the ,u,au aa la th• other 

eaperl•••t• but th• higher ••••ntratloa• of geatlan Yltlet 

•••••••d tll• ••sr•• of laJtlltltloa of 11, •• r .. ttoa. fhr•• 
••111••• & '• & 2, •• & J, •••nted •r Oru•po•ltl•• buterla 
nn i.-otlvated la all th• te•t• aad ta •there la thle grnp 

uterlallJ r•d~o•d la utiTltr exoept tile I 4 whleh agala n, 

only 1llghtl7 atfe•t•d• Gelatl•••• troa tile Graa•negatlTe 

)aoterla, J 1, I 8, allll Prod.•••• 1Datt1Tate4 la th• 1•200 

411Mtlon of dJ• afte th• luubatlta period had beea extended 

te 72 hoar• la the alkaline aedlua. Tak•••• a "1l•l• tlaere n• 

a little aore lnlaibltlta predueed la the aeld aedla. T17pela 

waa little affeeted. 

DIICUIIIOI 

la geMral the buterlal ••1•• fell Int• two gnupe n•• 
••••lured •• th• ••• ba•l• ae th• baoterlophag••• 'l'h• eu,a,e 

•••r•t•d b7 Oru-poeitl•• baoterla ••r• laaotlTatod bJ ooaoentratlou 

et geatlaa Tlolet that did aot atteet to th••-- degree th• 

eu,-, froa Grui•aegatlTe baoterla. rour oxoeptlona to tho nl• 

•••• found, three on th• Graa-nogatl•• aldo and one oa the Oraa• 

poeitl•• la nloh the eppoelte reaotloa toot plaoe. •• euoh 

exoeptlou ••" t•und wltb th• baoterlopha1••• 'l'h• r••ult• 

au.ggeet a olo•• relatloahlp bot•••• th• baotorla and tbelr 

•••pootlTe (prod•t•t) ena,a•• or baoterlep~age•• RlgNr eoa-

ooatratleu of •1• wore required to lnaetlTate th• en•ra••I 

,ut penape th• dlttoroms• ln lnoubatloa toaperatur• would uoount 



,,. 
fer th• dlff•r•nt•• la pari at least. fill• l• a pelat tllat •11•1114 

•• ••'•tantlat•• or dlaproTecl lty flanh•r oxporlaentatlan. 'lhlle 

no epMlal etud7 was made, lt waa •'••n•• that tho buterla and 

th•lr ••uld h• grouped with retonnee to 

rea•tl•'9 to hJdreg•• loa the lnua•P••ltlT•• 

hl• aoN readllJ lnltlltlted bJ the higher •••••ntratlon of 

ll7drogen lone. 

Divided plate aethoda ••r• found unaatlefutory for the 

•u111• won•• true with the phage eaper&ment•• llmtlar 

••tllod• • f prooedure were aployed la euh hw t•••• 'fb• agent 

to~• laaPtlTated •• luubated la blgh •onoeatratl••• or 41• 

la plain broth for Yal'J'lng l•agth• of tl•• before utul t••t• 

••r• mad• t• detemlne th• extent of lalbltlon obtained. It 

I• probable that th• enaym•• oatal1••d hJdnlrtlo prooea••• •• 

tll• d;ve pla·&•• before lnaoth'~Uon 00111d be •••N1pllebed and 

thl• maJ ueount tor th• uaeat1efut•l'J •••ult••• th• plat••• 

'l'hl• w•• aot the •~•e wltb the Phille werk tor here tbe buterla 

•••• lalltlted la growth befere th• lrt&~ ac••t• wen. 

:IYld•no• 11118 bean g1Te11 to •how tlaat IUterabl• tom• of 

th• ,uterla may be procluoed ln oultur•• lhr•• or tour daJ• old. 

If th•••• baot~rlal eultur•• were filtered while 10•~• •• 

•ooataalaatloD•• oaeuned. Tia• baoteriophag• experlm••• gaTe 

little, lf ••J• eTldeDle of tlltera,l• fo,.., almo•t l11Tar1a,11 

th• filtrate• remained ter p.-t••• ef tl•• up t• tbn• 

1••n• tbe poten•1 of tb• rapldlJ leet la 
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aD.allu aetUa while the.t o t t.ba ih :.1gee wae not. •••• tltotagla 

lie virulence d••• &l"•d~lly deorea~•• One rw,e ol •oll•phage 

that has been kept ln the ice-box in a liquid •Jntbfl) tit M41• 

ns tou.ncl &OtiTo aft• about two and on .. ult year•• •••• et 
the ~ter1&1 enzyme• 1oet their ability t• 11,uefJ' gelat&a arter 

remalnh~ la plain l»roth (pn ? .. 6) ln th• lo••Nx tor a ·fn week•• 

Ro ~tternpt ns made to teep a deflnlte pK ter th• •m111•• 
on the acld •ldo beoa~e of reversion to th• alkaline reaotloa 

due to the h7drolyal•• The flltl"fLto •~s made acid (phenol red 

and lltmu• ueed) 'before rdxh~ wUb the dye for lnutlvaH••• 

0rg&alaa1e were gl'OWll on the alkellne (pH '1 •I modi.) and no ad• 

J~atmant aade for th•e• tlltntea. They no doubt n11&1ned dooldedlJ 

altallae la naotl••• In faot trial test• wore••• to ooafln 

till• IIJpetltn&•· the pH ...... at Wlllob the Od)'ll08 wort•• ... 

rather wide altheugh the alkallno ••la wa• moro taTorablo for 

their aotlon. Su,a•• •••roted by Oraa•n•1•tSTo ltaoterla werkod 

nor a w14er n11&:9 et hJdroaen loa ooaoentratloa thaa dlcl thoN 

pro,haeod bJ ,.,..., •• Ut•• bao·,ol'la. Tile trvpeia-Uto • taro 

of th• butorlal euya•• 1• •uac••t•d bJ th• faot that tboJ 

aotiTelJ li•u•fJ gelatia •• ettber aold or alkallu media•• 

th• tr,p•l• did. trypeia ooapared ••rr favoablJ with tbo 

eu,ae• fna th• araa-a91aU•• orgaaln• la 1 t• rea•H•n• to 

th• gontlan Tlel•t• P-,•l• •••14 aot '• •••4 bnauae It••• 

lautl•• la tJa• pK nago nqulr•d bJ th• other••,..•• 
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COHOLIJIIOII 

•·••l•otlT• a.1Uen ot gentian Tiol•t •a au1••• e!aUar t• 
tltat lo11ad for baoter1oph~.g•a has baea d•eaetrat••• 

Rl(~•• ••••ntJ'u:Uone of dJ• were -,101ed t• eftNt lnu• 

tlTatlo• of tbe eupea than with the pbag••• 

Under tbe oom1tlon• of th• exper1Mnt1 th• •u,a•• (ia 

general) that ,,ere secreted b1 lra•poai Uve baoterla wen l••• 

t1vate4 by dilutlou ot dye that only partlallJ inht,1ted tbo•• 

produeed by Cram•negatlve baoteria. 

four exoeptloia to -~he above rl&le were eb••"••• three oa 

the lram•negat1Te and one on the Craa-poei tl•• 1dde la nlela 

the opposite reutlon occurred. 

An lneubatlon •eap•r~ture or 20°0 ••• f••n• ••tlafaotor, 

tor the wort wltb en&p••• 

1'he nU.eMe huUeate• that filterable fol'lle of ltaoteria 

••n enoounter••• 
ft• p,r l'&l'fl~ le rather iflde fer the baoterlal eu,a••• la• 

oludlag boflb a11J And alkalia• reaot&oao. 

Jtv14•no• of th$ ~r1p•la•llke aat~n •l \be ,aoterlal ••Ja•• 
Ila• ltee11 gl•••• 

ff7poln exhl,lt.4 propertl••• •ltll refer••• to 4J•• 

t• th• 'baoterlal gol~tlnaeos from Gram•neg~tiv• ~t•r&a. 

Th• div14ed•pkte aetbod or siYuJ ••• fo•IIII unoatlafaot•rr• 

Pep•ln oould Dot,. ••~loyetl la tbl• lDTeetlgatloa b••••• 



,a. 
oft~• hlg~ pl uaod. 

lr••pealtlY• baoterla and their ana:,ae• were 1nblblte4 to 

• greater degree la a lo~ pR thaa tho Graa•aegatl••• 

A, larger quntltJ of aaterlal wa• llquefled la altall• 

Mdla ,, th• ou1•••• 
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GENERAL DJSCVBIJOI 

ftte data •h•• tllat the baoterlophagee tall into twe group•, 

•h•• ela••lfled by their re&•tl••• to oerialn 1heal1al eubetan••• 

and efflreuental oondUlon•• 'l'h• dlYielta on the one hand ln• 

oludee all th••• l1tle agGnt• •hioh are dn•loped at the expeue 

•f Oram•nega.tlYo bacteria 1fbUe en the other hand •• tlnd thoH 

prlntlple• •hloh &re devaleped at the expenee of Gru•poe1t1Ye 

organl•••• Gr,etal violet, gentlu Ylolet, pbonol, and eodlu 

hr•nald• when u••d in the proper oene•nta-ation• and ~nder the 

prop,r eaperl111ental oondltleM wlll bring about the lnhlbUlon 

of the pbagee whloh 11•• Orea-poaltlYe koterla while thoee that 

ar• lytlo fer o....-negatlYe organl••• are not made lnaotlY•• 

ll~llarly buterlal ens)'lle• ha•e fallen into two group• 

wlth retereMe to tb• OrNl•r•aatlo" of the reepectlY• baoterl•• 

However, g~ntian violet wae the •nlJ •ubetanee teeted agaln•t 

the enzpi••• It waa ob••M'•d thAt the oaa be alallarly 

grouped wit~ re•P••t t• tbelr reaotlon• toward bJdrogea 

ooneeatratlona, the eup•• that .-ere preduoe4 bJ UH 

bact•rla belfl!: ~ore unfayo:rablJ lnfluenoed bJ the lower pff Yalu••• 

Apparently grenter 1uantltl•• of g•l•tla ••r• hydrolr••• bJ the 

enaJE1•• froa, Orui•nagaUY• )Botorla 111 either uld er alkaline 

madlUIII• In t~e two experl••nt• nn, the •n•p•• produoed '7 

Crwr~positiY~ baatoria see~ed to lo~• their potenor rapldl7 

at room tempar&lture (ln alkali .. mNla) thaa dld th• 
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•I tit• •tll• 1•••P• 7111• a&J •• •• appareat rather tllaa a real 

l••• , ...... , aoeorcUng to Wu••• and »••'-• the greater tll• -..&Ml 

••,a• ••••••t of a •altare tile lenger •111 the en,yme NJD&ln 

utl••• It, al••• I• that t~l• aa, eaplala the 1reater 

IIJdnlJtl• preperH•• of the Clna•• .. •tl•• gr••P• lranting that 

th• latter 1• tne, there •••14 atlll •ea dltrerenee tn the 

•• gn11p• la that greater quantt tie• o I euymee were •••U1 

e1'ta1ned from Graa•neg•tl•• baetorla. 'lh• t1uantlt1 of ena,-ea 

preaent mar be a factor la the reaulta with gentlaa •lolet• 

•••• all the •n•ym•• •••llN to be lntalbltod to •••e extent. 

OertalnlJ till• do•• not ueo11nt tor all the seleetl•• aatlon 

obaenecl. Th• Mhromobutar eupao ••• the aoat aaU•• of ••1 
•• lt 1-••ft•• greater quantltl•• of gelatln1 yet lt n• 
lulblt•• aor• th&• ••••ral et th• othen la tho eaperl•••• 
,..,.,. ... 

'lhat Ille llutel"la th•••lTea can Ile gn11pN Into s••••• 
ueordlag to their atalalng reutloae !• .. 11 kaowa. lot oalJ 

eaa Ma• butorla It• gn11pod Into •11• ot t•• 1r•1&P• bJ the Gna 

etala b•t alao bJ tholr reaotlou to Yarlo11• other aubataao••• 

ror example, Ob•ntasaa (lf28) ll•t• twont:•t•o dlfforeat •a,• 
In wlll•b t~• l,..••gatlT• baotorla reut dlfterentlr INII th• 

or .. •poeltlYO• Tb• rule oan not be appllod la a hard aad ta1t 

•aaer tor eseeptlou ••either•••• are found. Ho•••••• th• 

euo tllhag ••• found to Ito tno of tit• 
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llme tbe baoter.la and tllelt r••P••U•• ena,aN aad •••t•rlo• 

•~••• oan be grouped nlatlve to their rMotleae te 

Y&rloue Nagenta, lt weuld aot •••• entlr•lr out of plue te 

•••ua• that there MJ be•••• •h•loal nlatloulllp ••••••• the 

,uterla l&ad·thelr reepeatlye phage•• 'l'llere u queetloa 

about there bolng a definite nlatloublp ealetlag ••••••• the 

ba1terla alld the •••1•••• Churoluaan (1,18) la epeut111 
et ih• Oru reaction, that•• the nole, th• tende•r le te 

the eh .. l1al ra.tber thu the ph1el1al falten of 

nutl••• PeeelblJ till• to the 

~••t aade, pre•&dlmg tb• baoterlophag• le a .. taboll• produet 

of th• buterl•• 'l'b• experlaental evlden•• ln thl• ••rk aad 

that of a&llf othen eupporte thh Yin. 

ft• lt 1 phag• MJ be •• · •••J'll• or an enspe•llk• •••••••• 

•• aaa, ••rk•r• (Da•l••• 1922, lutluer 192,, and Arneld 

1924) have ••a••t••• lt le a or 

like Th• PII&&• ha• aaa, pnpertl •• la eoa11oa •Ula 

... ,..., alld a f•• la partloular with the eu,ae, oatala••• 

Preportl•• of epeolal laport••• ••• tbat both oatal1•• nutl••• 

la•• dlrHtloa C•lalJ ••• at loaet) aad la both••••• deftalte 

•h•l•al ··••t••·· .... ,.,. ••. lpNlfloltr -· 

•• aaotller lapertant property of tile ho - tll•J ut •• Mterlal 

of a doflalte oll•loal •turo and oa••• tho produatloa of 4oftntto 

ob•loal •u••--••• It le true that tho it'pllag• aat• upoa • 



••N ••aplex •u)ekna• but •• •• •a•ra•• la general. ftUe 

••taiae• reaota •lth lla0a to to.I'll HzO aa4 Oa, lt l• not •• ..... •• .. ble 

to••••• tbat t~• phage reaot1 •ltb the 'buterlal oell au 

a apeaUlo ahealeal olaaage la whloh a lden·Uea1 

to th• ••kl1••r 1• prod•••4• We kaow tlaat •••JIIH la general 

~ring about (or at leaat oatalr••> •PNltlo ahaagea la th• ••b• 

•,rate. llfforaat enara•• aatlng oa the••• •ubatrate wlll 

tau.a• tho a,eduotloa of different epllt produote, ••I• •1M•• 
to ferm two moleoule• Moh of aloohol and oarbon 

dloxld•• but laotaold••• epllt• to fora two moleaul•• 

of laotlo aolt (lu•h-• l91J). hea though th••• MJ aot 

IUuetrato all "11• •t•P• lnYolYed, tbe above named 

aro ••••rtb•l••• alwa1• form••• fh• obaonatlon that ouh of 

two raoee of b1pbag• aotlng oath• •aa• •train of baotorla and 

tho produotloa of more of tho l1tl1 agoat •• ldentl1al 

la ovorr roopoot to th• one u•••• but different frea the other 

la all re1peot• la whllh th• two differed to begln with, oeuld 

be eaplalnod •• tbo above •••l•• Th• main dlfforeao• la oaob 

•••• ••&ag that a ldontloal to th• oatal11er wu ••lag 

toraod ln baaterlophagr, but with tb• om1m•• now 1ub1taue1 

won prod•••d• Thu• aa espla•tion of tho faot tJlat ooll•l 

phage and aoll•2 phage, both of •blah were develeped at the ••P•n•• 

of tbe , ... orgaal•• oahlblte4 ••••ral dlatlnotlJ dlffonnt 

propertl•• alght be given. 'l'h• fn differ••••• that alght •• 

••atlODH betw••· th• omya•• and th• ''Ph•s• •••• not lff&lldat• 

IUOh ooulu1loDI beoauH ... ,. •• differ,._., 



"•,e•t•• Watau stat•• tbat pr•t••••• •f plant• are dhUut1r 

d&tterent &a tllelr aoUoa from tit• pr••••• of al•ro .. rgulaa 

alld li ha• •••n found that tho •r•t••••• of th• Yarlou• •P••l•• 

of NOt•rla mar di U•r aarkedlJ fr•• on• a11ot1111• la their prope rU••• 
fh• author h•• &tt•pt .. thro11g1tout ln•••tlgation to 

"·' • dlYldlng line ., ....... Ph•c•• aad Ol&SJll .. • , Graa•n•g•H•• 
Nterta and tho•• of Gr&a•PHUlY• organls••• Wllloh la general 

been•••• 

ltatina aa 111potbe•l• oa the Mtbanl•• of 111111,stl•• of 

th• Tart••• 11 unarr••••• br tho data of tbl• eaperi• 

aant for th• followln1 the llaltod taowledg• 

of tb• obealoal of 4J•I aad ••••••• tile ohealoal 

eoapo1ltlon of the ue•4 la tbll le ua• 

k••-• 



OSIIRAL GOJIGLUIIONI 

A ••J.eetl•• phag&••tat1o a,tlon of •l'J•tal •lolet, gentian 

•&oi.t, brlll1aat green, phenol, alld eodl• hJdrozld• •• 1taater1•~ 

••••• teated nae been deaonstrated1 aad the reeult• euggeet 

that there 1• a oorrelation between the aeleotl•• aotloa of 

••1•tal violet, gentl&a violet, and phenol oa bacteria and lhelr 

reepfftl•• phag••• 

A •l•llar eeleatl•• action••• toudd to ebtaln tor baoterial 

eup•• •h•• geatlan violet••• eaployed •• th• 1Ah1bltlmg 111••t• 
8Yldeue h•• b••• olted •t•h •uss••t• a elo•• relatlonehlp 

••tween the bacteria and their reepeotl•e baeterlophag••• 

High oonoe•1••t1en• of the dlelnfectant• ••r• required 

te effect lnllibltlon of th• Ph&&•• aad •••Jll•• •• higher fer the 

eu111•• thaa tort~• pbag•• under th• experlmeatal oondltlone. 

Hl1h•r ••••atratlou of phenol and bydroxlde were N• 

quired thaa fo~ th• violet dJ•• ln th• Ph81• experl .. nte. 

A blgh dilution of tb• prl&arJ dlelnfeetant 

(lnhlbltl"I dllutlou) to th• point whore there would ,o •• 
lnlllbltloa of baotorlal growth •a• a nqulelte ln doenetratl• 

th• utlTltr or lnaatlYltr ., tbo lJtl• prlnelpl•• attor ·••h 

period et laeullatlon. R•••••r, a hl1her dilution of the •1•• 
wae ae•••••rr for thl• purpoae thaa whoa phenol and eodla 

hydroxide nr• u•••• 
lntler tho •••ltlon• of tbe eaperlment, tbe phage• tbat 

lJ••• o ...... , •• 1tlT• ~aat•rla ••re ooapletelJ 1u1,1ted '7 
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•••••tntleu •f •rJ•tal Ylolet, geQtlaa •lelet, phenol aa4 
• • 

•edla hJdrealde •hloh dld not appear to dlalnleh the aotlYlt, 

of the phag•• that lyMd Graa•negatl•• koterla. 

llallarlr, •••111•• froa lru•pooltl•• ,uterla ••r• la 

general laaotlYated bJ dllutlou ot gentian Ylelet that dld 

aot PNY•nt hJdrolyel• of gelatin b7 ••111•• from the a ..... 
•gatl•• group of baoterla. 

lb• group of eu111N from lru•po•ltl•• baoterla •o not 

luutloa •• ••11 l• media with a lew PR a• do tho•• froa or ... 
••gatl•• baoter&a. ft• foraor al•• appeared to~• RON un• 

taYorablJ laflu•n••• at•••• t•perature than the latter. 

1'he oupa•• froa lru•ugatl•• ltacsterla eablblted greater 

hJdrolytlo propertl••• 

'fh• lnhl)ltlY• propertr of •rllllant gr•••••• oxtrem•lJ 

Yarlabl• wll•• OOl&llared •ltb that of tho other dlolafeotant•1 

but MTerthol••• dletlnot with one phage of th• oolon ,aolllue 

la p~rtloular. 

Twel•• ,aoterlal •••P••• •la frea lrua-negallYO ,aotorla 

and ela froa Graa•po•ltlTe organl•••• ••r• aplor•• la thl• ••rt• 
~r,pola of aalaal orlgla was al•• laoludod ln tho eu,... 

eaperlmeato. It oapared taYoNblJ with th• aon r••l•taat group 

(lraa-aogatl••> of •••P•• ln lt• r1aotlea1 toward geatlaa Ylolot. 

Twel•• ••t•rlophag••• fl•• that lJ••• Gru•po1ltlTe 

baotorla and••••• that lr••• ON111•n1gatl•• 'baet1rla, ••n to1tod 

la thl• lffoetlgatlon. 
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