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I. Im'RODUCTION.4ND PURPOSE 

Bacterio»haie~,regaried today aa viruaea parasitic oa 

D&oter1a, are characterized •r a AUm)er et well-4etined properties, 

oae ot theae àeing the apeeiticity exh181te4 D7 .... varietiea ot 

pàagea, aot oBly tor a stagle speciea ot D&cteria, àut alao tor certaia 

atraiaa or types ot that aiDgle &Jeeiea. ~ Jr&Ctical application ot thia 

propertJ haa àeea the ••• ot bacteriophage tor tke 1dent1t1cation or 

phage tn>1BC ot eertau atraiu ot a &1 YU. speciea. 

J'iak (1142) introdued a utlled ot pllage t;rpiJI& ot ataphyl­

ooocci wltieh us bea saecoaahll.y •••4 ter tracac aovcea ot i:atectioa 

ta epideudc outareaka et ataPb7loooocal aaterotoxia too4-poiaontnc ani 

ot a-.apl\Jlocoecal intectio:u et the ald.D. in àabiea ia ll&teni t7 llelpi tala • 

.&1 "tllo'ICh this me'\llo4 ia relat1 Tely etmple aad. rapit, MJ1.1 atraiAa ot ataph-

7lteocc1 are resiataat to tke action ot the aTailable pbagea an4 the 

abaolQ"• a,_cit1c1t7 ot "h• pàace typee ia ~ueationable. 

!he purpoae ot thb work ia -.o i:aveatigate the grewth a:ad 

maltiplicatioa ~equir .. eata ani the at&Dility ot the ata)hlloooceua •acte­

riophacea Jlft aftilable, and te llae e.nt1-aac-.er1ophege aera (prepal'et •T 

imB.aizing ra•81ta with eelectei pha&e atraiaa) as a ...as tor rtcoiD!tio• 

ot &JeC1tic1t;r. 

It the phages coul4 be 41T14ed ia~o a tew repreaeatatiT• aroapa, 

1" ia ll.oped fiat by a ear1tul aelect1oa et tk••• pllqta, a ailllpler aetko4 

ot Pb&&• typtag applicable ta eTery laboratory mar •• 4evelopei. 
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II. UVUI OF mE LIDRATURB 

A. .BIS!OBICAL OPf.LI!!: 

The origiaal obaerTatioaa ea traaamiaa1\1e Daeterial au~o17aia 

••n •do b7 !Wort 111. 19115. 'lh11e upget in a aeareh tor neciJle vil'U, 

he obaerved ~hat ,.... cu.l. tarea ot a ateph71ooocou tra ne eine 1,ap)l 

deTelope4 •g].ua7-1ook1:aa•, ~et areaa ill the Jlidat et tlle aora1 

opaqa.e arorih u4 'that a ...U aout et tilia Ti treou.a Mterial au. 

truaterre4 to aucceaa1Te cùturea ot tlle atapyleooocu weùd iaduce the 

aame •hua•· iaotvia-tree t11tratea t'J'cm -.he attected cultvea, aTOll 

whu. h1&lll7 41l'ated., were &lao aet1 Te 1D. oauiac 'llùa etteet ill treall 

&Z"OW'1Ià ot Ule orpJlia. !'wort na ud.ecide4 aa to tlle utare et ü.e 

t11tera1tle ag•t , .. t àe appeaet, Wiü.llat expreallq 01 eeacluai.Ta 

epillio, 1 t mght '• aoae kiJLd of a panai tic orpai• àich ieat:ro7ei 

tho kete.ri•, or prctbab1:r a aùatace deri.Te4 tl'Cim tàe b•oteri• th•­

H1Tea, alBee it oec•a10Jlall7 reappeareà ill glua7 cultvea :aont1la anar 

aubeulture. 

!wo Jura late, i'Jierelle (1~1'7} obaorved tll&t tu t11trate ot 

the teoal diachargea ot a pa:tteat recoTeriq t:roa kcillar:r 4:r••t•l'7 

rapid.l7 17&84 a youe aron. eùtve ot tu cauatiTe orpai• aa4 tllat 

this type ot 17aia na tru.ai.aaiàle ia aeriea. !JlrH&hout hia a:taai Te 

atud1•• oa the ••Djact, (41Barelle 1921, 1916, 1950) he co.aiderei the 

acct raapoaailt1• tor ü.e 1yt1e etteet ._ '• a auillicroaoopio 11 TiDC 

orga.ni• to 11k1ch he pTe tlle UJU ._eteriephage•, wh! oh ill.p1ied that 

the ~ic~acopio orgaai .. waa a parasite •po• iaoteria. 



!here ou ~e •o iollb"t 'tilat the tiadiJl&a et Twen aa4 ot 

4 'Herelle ue exemple a ot the ABle proceaa tho\tlll 4 'Herelle h.aa 

atruu011al7 oppoaed thia Tiew; ~eace the lyUo aetioa •• ème to be 

lœon aa tlae •!'nn-4'Herell.e J]laa•o.on•, ucl the lldle kcteri.opltage, 

orictaally applie4 to the lyUc qat ~Y' i'Berelle, 1s now seaera117 

uei, uuall)" 1.11 the a'b-reviated fera •pllago•. 

Jollowiag ita diacovery t~e -acteriophace arouaei great 

intereat ud the hope ot practioa'l applicatioa ta the tr-.taat ot 

baeterial atectiou Rnaiae4 11lveattcat1o. tor a )Viot. lfàea the 

àopea a ~1a d.il"ecUOJl 414 aot •terialiae, t•teren 1• tlle agnt 

n'ba1Aet, utU arou.d 1930 it waa :rn1ve4 'b7 tlle :reeep.1t1oa ot tlla 

aimilarity ot the 'baetel"iophacea witll the viruaea wkicà grow ta ~e 

oells ot planta aai ut.al.a. !he aize ot 41t'tereat fhec•• na eaUmatet 

by tiltratioa (JD.te:ri ut h4rewea ltll}, ud contil"Jil84 aore recmtl7 \7 

tàe elect:rœ aie:roacope (Luria, Del'b;ruet, ud â.deraea lt4S) ; the 

•••tHliaUea ot pase 1t7 apeoitto utiaera. waa a:taa1 vely at•d1-' -7 

J.:adrnea u.i lltord (ltSSe., b), Burnet, Keogà, ud Luà (193?), :Ql•naR, 

Beralley, aad Jaeat.aàreuer (1942), Dù.braok (lV-45), u4 othera; tlle 

àoat apeeitic1ty ota laree ~up ot p&acea ••• ataàiei, an4 the reoepter 

apota on ~e àacterial eell, to wllich tàe :Pac• ia a:pecit1call7 a'bacr8ecl, 

we:re totm.d. 'to be idaatioal witll a bacter1al eUgen (Buraet 19:54, Lena• 

u.i J'risù. lGM, hrnet ut Luù 19H, Boatree 194?~). Ea:tenatve 

1Jlyeaticatiou were Ml'l"ied out a certat. croupa et phaaea, 1a :partioular 

Ol1 the atapllflooocoua Pa&ea b7 lTO:rthl'oJ (19:5g) • liak: (lKI, 194:4:), 

'liliiOll ui .ltt1n11011 (1945), Williau Smith (11488., 11), Al.llO•ella aù. 
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aù. .tvia (lt42), ud ethers, eholen. phqea iy J.ab.eallov et el (l9SS), 

en4 typhoid plla&ea \1' Craigie aù Yea (1958), Craigie (1948). 

Ia ree•t yeara ü.ere llaa ieea u iJLoreasi:ag realisation ot 

tlle Tal.v.o et ltaeteriopbaea as -teriala tor Maie st•diaa. .Beeu.ae 

et their .... patàocaaieity, \àe eaae aaa eeoBemJ et their prod•ctioa, 

the availaltility et a rapid, ataple, aeearate .. thot et assar, tàeir 

eapaeity tor grewth on àaoteria eult~e4 ta a sy.atketio media., they 

are beille aelectei aa .. d.el.a in the at11q ot th.e li&'R.re et Tina re-

prod.•otien, ia the at.Q' ot the p:b.eaoaeaoa ot Til'llS iatertereaec, ani 

as test qea.ta ia the aearcll tor pea81ble chemetllerapn.tic aùat ... ea 

qaiut Tiru d.iaeaaea. !h.e7 are al se lleiq use4 ill tlla stw.cly ot tàe 

proeeaa ot a.cqa1re4 reaiate.aee wlliù lteara a relation te ü.e uao1Te4 

probl .. ot Tiras ~ity, •• aa aii in the claasitication ot cloaelJ 

relate4 greapa or apeciaa ot àaeteria, er for 41tterentiat1oa ot 

atraiu ot a givu. apeeiea, in the at1l41 ot ••terial aetauli•, aa4 

ill tlle atdJ ot Tiral ucl àacterial seaetioa 11h.icll uy Jaad. to tàe 

aollltioa or gcaetic prebl ... wkieà ether sta41ea àaTe aot yet re .. lTed.. 

!heae ac•t• .., tll\18 ie :rep.rd..e4 a• 1Ù 'Ulaaicroacopic 

et iiOlOCT• 

B. CJXD&L PROPQ.Tll3 OY M.C!'DIGPE'dJS: 

1) Jrature: 

ber aillee tlle àiaeOYary ot tàe bactariopllace )J !'Iron ui 

d. 'Herelle, apeeulatio:a' llaa ariaea rege.rii:ag the uaet or1g1:a u.d u.are 
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ot the ageat reapoasible tor the lysis ot growiag bacteria. !he clat. 

by !'Herelle that the 'bacteriophage is aa ~traaioroacopio tilterable 

orgaai .. , a sor~ et parasite livia& ~ iaoteria, althougà greatly 

•pàelO. by hia u.à. his nppor•era, ua beea conteated èy :œaJl1 authors 

an4 a •~ber ot alternative theories have àeea put torward. 

Kabeùi.Ja (1920) iaterpreteà the haoterio1yt1c plleaomenon as 

betag 4u.e to ter.maat action. B8 suggeated that the pàage was a eatal­

Ttio ageat origin&·uac ill the 1111oeu ...aruea ot the inteatiul oanal 

(or ia the leacocytea), Whioh aotivated a pro-t•~eat aormall7 preaeat 

ia the iaoteria. Oaoe 11'berate4 ill u aotiTe tom, the tem.o.t indu.ce4 

.azy.me digeetion ot the orgaaiaaa. 

Bordet (aee .Bordet ud Chli.ca 1920, Bori.et ).9211 1125) regudet 

~. 17tio qe:at aa a ••otertal ellZJJU produeed aa •tàe reslllt ot u. 

iùeri teà Ti tiatio ot baetvial aeta'~olta•. .ùcorfliDC to lli a tll&R'J', 

the pà.ncaeno:a. is a tne au.tolysia reaùtiD& trœ a àistR'buee ot the 

normal e,•ilibriwa ietweea the assimilative end aetsbolie aotivit~s ot 

the baoterial cell. !his autolyais li'berates substances (bacterial 

eu7JU) which oammmicate to auseeptible 'b•t u.aftec,.ted cella u exac­

g~ated teadeacy to proiuce iesoeniaata wàioh are l~•ile to aimi~ 

aatolysis, tàe proceaa, oace atarted, be1ac traasmissiàle ia series. 

Otàer llypotheses relatH. the phenoaenon te the cnetics ot 

the baeterial cell. !hus Wollman'• •geae theory• (l925, 1921) regarde• 

the bacterioplla&es aa the n'batantial bearers ot .hered.i tary ttwùi tiea, 

wh11e Bail'• •aplitter• doctri.Jle (1925) 14eatif:te.d th• w1th •ep11tter• 

~eats ot the ease•tial àereditar7 4ete~nants {ohromosaœea or 
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geaea?) ot ~he bae~erium. Theae trasœem~a whaa libera~ed were auppoaei 

te be alsorbed oB17 'o baeteria havi-s aimilar wnita 1A ~heir hereii~ar7 

&Babolio-oataiolio ooa~rol waa iiaplace4 ~owari aa eatirely 'iaruptiTe 

action oa the organism. 

Hadle.r (1927) postula••• tilat the phage na a aenelike allb-

stance repreaeattag a •tilterable stace in the cyclogeD7 ot the iaoteria•, 

a Tiew whieà closel7 connected pB&ge wità the variation aad .utatiea ot 

ft.e concept ot pliage as azymes àas beon st:Nngl.T ad'Vocatecl -.Y 
a alDlber ~t inTeati&ators. JTortl:J.rep (19M) demonatratei the similarU.r 

i:a the produ.ction ot aa axtra-oellvlar gelati:aaae aa4 ot phace tr• a 

, lysogeaie straia ot Baci1lua aesather.ilDl ud co.c11ld.ei that a tormal. 

aaal-s,r .xista betweea the production ot phace &D.d the formation ot 

eazymea. Sia11ar viewa were aclopted iy Kel"U:aaon aacl Bro:at'OD.ltreuer 

(1959) aad Kneger ancl Seribaer (1941). 
-

A grea~ deal ia now knom o:t the pllysioal and eonati1•u.tiollal. · 

propertiea o:t the phages, 'he stuiy ot which haa breught oonsideraile 

eTideace ~hat they ptBsess aost ot the properties cammoB17 aacribed ~o 
• 

the uiJial al!Lcl pl.aat Tins••· !he eleot:roa aioreaeope laas \eu. ot the 

greatest use in ie~er.miniac their aizes and rather complieatecl aàapes. 

!he morphology ot certaia phages active agaiaat Eacherichia coli has 

beaa tully 4eser1becl ir ~io•a workera (Luria and Aaderaoa 1942, Lwria, 

Delbna.ck, od All4er80ll 114~, Del'Druck 1946); they baTe been shon to. ie 

e1ther aperm-ahaped bodies er spherical structures without ~aila. Luria 

et al (1943) haTe ahoc that 3 G\1~ et 4 Eaellerhhia eol1 pbgea ther 
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atlldied. luld u Op&flll& ltàead" ooaatstin& ot a patten ot graallles a'ltout 

80 m1111lllicroas i.a diDeter u.d a lesa opat•e "tail" aà~ut 120 m.illi­

aieroaa ·loq. Soae bea•·Utall7 olear aierographs et P'!l!'itied coliphage 

!7 have ahoWD it to be essènt1all1 apàerieal with a diaaeter ot 51 milli­

lliorœLa, witll e. •tlolDar e.rraagemeat ot i:atenal structure {Ker87 at al 

194g) • .&. pàace e.ttacki.q ftre;ptoeocn.a la otis luta bee.a toud to llave a 

hMt '/0 lllilliaicroas in diaeter an4 e. tail e.ltoat 150 millimicrons loq 

u.cl 50 ailliaicroas i.a i.iameter (Pa.rmalee, Carr and •elaon 1941) • 

tither roUJld partioles er tad.pole-llhape4 structures witll varpq degrees 

ot i:atera.al iittereatiation llave 'bee. 4eaor18e4 tor ata~locooo•• (Luria 

et el 1943), ad p,-eerueua plaaces (Sehtùta et all9.a). 

Ill ee.aa·Ut11:Uon pllqea ue alao sWlar to plut ud u.iiaal 

vir••••, ~•1Aa eoaplexea eoastatiag ot protein, a•oleio aoii ud 11p14 

(Taylor 1946, Co.hea ad .Anderson 1946, Book et al 1g45, Ker~7 et al 1949). 

Like ether viruea they are reaiataat a.ad aensiti-re to the aaae 

JàJraioal. aad chem.ical -cents. Phage iucti n.tion •1 shak:iq ( Oaap~ell-. 

Bn.ton 1942), dryiq ud treeaiJl& {Oempèell-Benten 1941), llltraviolet 

light (Bù:v ucl Buantt1 lt!t, Oampbell-Reaten lgS'I, a:a4 Clt.hera), 

••tll1'lene hllle {Sohv.l;b aad Kneger 1118), lecithi:a {LeTia and Lœaiaaki 

1936), cholesterol, cepbalin, baeterial a.ad aon-Dacterial phospholipi.aa 

(lïll18J18, Salldholaer, and Berr;y 1940) hu -en repcrted., althougli •Utter­

ea~ strataa ot phage, 11ke d.ittereat speeiea ot baoteria, d1tter tram oae 

aaother 1a the1r reaiatanoe to T&rio~• pkysieal ~d. ehemioal ageata. 

Phages are also stmilar te other viruaea 111 that ther are apecit-

1call7 a4apte4 to certaia host cella Whieh ther mar dest~;y or in wàieh ther 
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.ar eoatinue to exist in a la~eat s'tate. 

Ia Tiew ct the nuaeroua stmilarities betweea baeteriophacea 

aJld other Tiru.ses, the present-ùr OOD.Cept 18 that pb.agea &1'8 to D8 

elass1t1e4 w1 tb. ~he uimal ucl plant Tiruea a a •H.oterial Ti ruses•. 

fhe7 are to be recarded •• •a cro~p ot tilterable 1nteot1o•• aceata ot 

complu; Mrpàoleaioal u4 cu.etio atr•tve which are capable ot re­

pro~uctton oaly in spec1t1e bacterial hoata•. 

11) ~1atr1D•t1oa 1a Mature: 

Baoteriopbaces ue w:1Ael7 41str1D•te4 in :aatve. As ahaul b7 

!Wort aa4 D7 i'Berelle, they m&f be obta1ne4 trea tiltrates ot taecea, 

trom aewage, or trœ praeticall.y' u.y :u:terial that haa been hbj ected to 

taecal pollutioa, sueh as so11 aaaples, surtaoe waters, ete. !he7 àaTe 

also •••• iaolated trGm exadatea, iiaeaaecl tisaues, aacl t1ltratea ot 

grouad-up tliea or roaohea. !aese ~cteria-tree tiltrates .ay be toU.a 

to be aot1Te agaiast d7seater7, colitGMa, typko14, or other bacte11a, aai 

.. , eoatain several atra1D.a et pha&e wh1ck eaa De separated &ad propagated 

1a4et1n1tel1 1• o.tturea ot susceptible organisas. 

Baoteriopha~e• are ohli&ate parasites aad, as ••ek, are de»enàeat 

upoa bacterial host cella tor their exiateace. Oonae\uentl7 wherever par­

tioular apecies ot baeteria oecur in nature, there are 11kely to be to .. d 

pllagea to whicà tlleae iaeter1a are aena1t1Te. '!'heretore to o'bta1n a bacte­

r1opkage active agaiaat a &1Tea strata ot baoteria, OD.e àaa to go to the 

natual. haD1tat ot the 'bacterial· atra1n. J'o-r 1utuee phage aotive ap1aat 

aa 1atea~1Bal pathocen •~oà aa tlle dyaenterr bacill~a will be ~t eaa111 

1aolatei trGœ horae aad towl taecea, or trea tàe ateol et pat1en~a whoàaTe 
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reoovere4 troœ ••eh aa iateo~ion; phage active againa~ aay atraia et 

laeherichia eoli will tairly regularlT be round 1• tiltra~ea ot stool 

•~ ••wace; phage active acaiuat atreptecocci or ataphylocecoi will 

otten be isola~ed trea the iateo~et tisa•••· 

iii) -.c~eriephace Aotivitz: 

a) Cleari!g ot llacterial ellltyee: 

If a tew 4rops of Dacteriologically sterile tiltrate ~ta1n1ag 

iaoteriGphage are adie4 ~o a youac, actively crowiag iroth culture et a 

llllàceptiile ergei•, ~lte clll~v• will 'be toud atter a tew hours 1nc1lia­

~ion, to have beeome aearl7 or eatire~y clear and the ltre susceptible 

organi ... in it are either reduced ia nwmàer or entirely absent. !hia 

eleari~ .ay be partial or appare:atlT complete, iut uaually on prolonaei 

incubation, renewe4 àacterial growtà oecura. !hia seeoaiarr iae~erial 

grewtk, leadtag to a aeeoniary cle•di&e et the me,iwa, is •~• te the 

eoearrenoe ia a populatioa of sensitive iaeteria, ot a•taat or variaat 

bac~eria whioll are reaiataat to the action ot the partiealar phage coneerne~ 

tlle\J&)l they 118.1 be suâe.eptiàle to the aetie». ot othe+- phages (Dt!llll81"ee ani 

J'aiLe 1945). J.ccordia& to Delbru.ok (19-4:i) o:aly a tew he.dre4 su.eh reaiatut 

iae~eria are probaily present ia a cult~e eoataiaing a iillion senaitive 

organi .... 

It a lyaeà culture, ot the type •entioned a'bove, is t1ltere4 

while it ia tairly olear through a Seitl, Berketelt, or eollodioa tilter 

et suitable porosity, and a drop of ~he iaeteria-tree tiltrate obtained ia 

~d.e4 io aaother youac broth ~ture ot the auacepti~le organi .. , a aimilar 

clearing will be iud~cei ••4 tiltrates tr«m it will also induee the elearing 
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phea.om.eao:a 1a other eul.tu.rea ot th.e same orguiDI.. Il th d.isao1atio:a 

··et •aeteria the 1,-tie poteno1 ot the :tiltrate inoreaaea wi th each traaater 

aa shen JJ.r the :tact that the cleariag ocoura llnlCh aore rap14ly u4 

eemp1etely after a few transfera thea at tirst. !he abore prooe4ure ia a 

rou&h outline et the aethei commonl7 li.Bo4 in the laborator1 tor tàe prepa­

gatioa or phage whe:a hi&h titer pàage stocka are neede4. 

~) Plaqae ~or.aatio:a: 

!'he aotivitf ot •aeteriophaae eu. alae be ahoa wheD. the sus­

ceptible orgoi81U are gron •• u age.r aurface. It the surface or a dry 

agar plate ia inoeulatei with a tew dropa of a .aaoeptible org&aism ao aa 

te give a eentlaent grewth, ant a tairl.r aetive phace-oentatniag filtrat• 

ia inoc~ated at oae poiat •• the surtace, the activitJ ot tàe -aeterio­

pàa&e will be iadieated, atter iaeu~atioa at i7°C tor 6 te 24 ho.ra,·b.r 

a. elea.r area tree tre ueterial çowtà at the poi:at on the pla."• wllere 

tàe phage waa i:aoeulatet. Bicher àil•t1o:aa or the tiltrate will show ir­

re&ùar "worm~eate:a• areaa or :aoraal. grewth i:a the cleare4 area, u.d at a 

eertai:a dilatioa (up te 10-a or lo-9 ia seme instantes), dependiag oa 

varioua ccmdi tio:m.s, the tm~f'ol!'ll. layer or normal grewth will be seo to lte 

1nterrupted \7 diaorete, well-aeparated olaar areaa, eaeh or thaa circular, 

or rollglùy ctrcnllar, where :ao grorià will be eviàent. fheae clear areas 

were deacribe4 aa •taches vierges• or •p!agea• ~y 4'~erelle, while is most 

Engliah description• they are eallei •platuea•, in German •locher•. !he 

Dumàer et platuas giTes a rough 1nlieation or the number or phage-beariac 

partiel•• ia the origiBAl tiltrate, a linear relation ex1at1ac betweea 

the degree of dilutio:a and the number ot pla,uea. I1olated Daeterial 
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colonies may ahow irregu1arit1ea in their margina, as though pieces haà 

beea eatea oat ot the edgea. !hese have been deacribed aa ~oth-eaten• 

colonies. 

!he pla{U88 produce~ by phage in the baoterial layer maJ àe 

regarded as i ts '·colonies' eonsisting ot àillio•• ot particles ot 

bacteriophage which haa destroyei the àaeteria arou.d it. !he appear­

ance ot iaolated pl~••• Taries to soae exteat with the ea!tural.condi­

tioas. lhen these are kept conataat the aize ot the platues, the nature 

et the eàge and the appearaaee ot the zoae ot bacterial growth tœmediate­

ly around the pl~•• tenia to be tairly constant tor aay ene phage growimg 

on the ~e baeterial culture. J4oor41n& to ~heahov (li24, 195!} bacte­

riophage plaque morphologr must be studied in the asme way as the morphol­

OQ ot baeterial eoloni.es is atudieà, and jast as the aize ud 110rpllology 

et eoloniea on agar may aid in the 1deat1f1eatioB ot iacterial speoiaa, 

the aise and ebaracter et plaques are ot value ia the 14entitication an4 

class1ticat1on of bacteriophages. 

It has been shown l»y ntord and Andrewea (19:52} that, proviied 

the eultval oonditiona are kept eonstant ad the same bacterial hœ.t is 

used, the aize of the plaque varies iaversely with the particle aize of 

the phage produeing it, the large plaques resultiBC f'rom tl!l.e greater 

41ttuaib111ty ot the 'aœaller phage partioles liberated tram the lysed 

bacterial hast. 
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1 v) ~o Mechania or ;ep&e Growth: 

!he rtgoroua experimeata or Del'bruck and his collaboratora, 

aummartzed ia Tarious reviews {lllia and Delbruok l~Si, Delbruct and 

Luria 1942, »eliruck 194~, 1941) haTe damonatrate4 the exietence ot 

tbree well-detiaei phaaea, naaely, adaorption, late~t perio4 ot intra­

cellular reproduction, and tinally, releaae ot aewly-tor.med phage. 

a) ütorption: 

It ia geneftlly acce.ptet that the tirst atep in the interaction 

ot a bacteriophage and a aeaaitive hoat cell ia the adsorption ot the 

pliage to the hoat tell. '!'àe rate ot aà.aorptioJL dept:ada oa a ~lDI.ber ot 

taetora auch aa concentratioas ot pbace aad eell, the phyaiological atate 

ot the hoat, the ta.perature, aa4 the oonceatration et electrolytes. 

Delbruct (lt.Oa, 'b) toua4 tllat, ill a mixtua ot Jàe.cea p.l 'baete .. 

ria, the traetioa ot phagea ramainins tree decreasea expoaentially wità 

t:llU ud aoat rapil a4aorptioll ia attained onto •cateria d.uriq their 

legari tlœie phase ot grenà in a taTovable med111Dl. 

larrf aJB.4 Coebel (19~1) observed that the aiility et Phase 11 

Sb.isella !OlUlei to adaori coliph$ces IfS, ~. &lul !'1 could 'be altere4 i7 

trKt1JlC the iaeteria With phyaieal Ud chemieal aae.ats. 

J'oDg and Krueger ( 1949) report et that eleetrolytea in proper 

proporttona expe41te adsorptiea, 'but that exceaaive amouata may kiader 

the process, ~he 1Dhiii~ory etteet ie1ag creater .. ~ higher temperatures. 

Salt eonce1trat1ens et abeut one per eent ae .. to ie optimal. !he ~­

portance ot electrolytea, at certain critical concentrationa, in pro­

aoti:ag the attachmeJLt ot phage te la.œt oell, llaa recently 'bea aoted iy 
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Puet aad his assooiatea (19~1). !he7 reparted that, by the proper 

addition ot salta, tàe 7<ate ct atta~eat ot !1 to Eaeheriohia eeli 

( at:raa B) aan be acljuated to UT deaired. value ap to tàe aximua lilli t 

set ày the tittuaion rate of the phage. '!b.eir u:perlaental realll:&·a le4 

tà .. to àelieve tàat the ~ion ot pha&e to ita host eell ooaaista, tor 

the t~at atep at leaat, ct .- eleotrostatio attaakaent àetweea pointa 

ot oppoaite polar1ty cliatriàatei in aemplamentar7 t•ahioa over tàe two 

aurtaeea. !he ~ole ot 1nor&aa1e ioas ia Tisualiaei as aimple adclitioa 

to apeeitio ai tea o:a the -no Dod.iea, tllerela7 tunialü.D& the charce 

41atr1laution aeceasary ter pha&e-cell attacàaent. 

It has otten àeea aaaaœe4 \hat adaorptioa ia hi&Al1 apeoitio 

aad oceura oaly with bacteria auaceptible to the lytic actioa ot the 

pàace (d•Herelle 1926, :hrnet 1929a, ~. Krueser 19Zl, Delbruet 1942). 

BOwever :aumeroua 1:aveat11atora àave re~orted adaor»tioa ot pbaae upoa 

atraiaa ot àaoter1a that were i:aeapable ot aupportiag the~ .alt1pl1-

oat1oa. Àpplemaaa (1922) recor4e4 ada&rption \7 both ausceptiàle a:ai 

reaistaat èaeteria ot the aame atraia. Bakiet .. aad ce-workera (lt!6-

7-8) fouad that a :auaaer ot warelate4 oraaaiaaa aueh aa enteroeoeoi aa4 

oertaia membera ot ~· Jacillua grGUJ wau14 adaorb ataphylocoeeu• Pha&••· 

Heary aa4 Heary (1946) obtaiaei reaiataat Tariaata ot a strai:a et 

stalèfleoooeua pzoaeaee which aiaorbe4 phage as rea41ly aa the aenaitiTe 

parent strain, an4 Cra1gie,(l946) poiated eut that v.rioua .atanta ot 

tJJ• 11 Ti phage were ae r.atily adeeried b7 phage-reaiataat Ti atra1•• 

ot Salmonella tnh.oaa as by tlle aena1t1Te strain. 

la a series et :papera (hruet l92f, ltlta, b, Bvaet u.i lle:Kia 



112$, 19!0), the ~heaia has àean_ put torward ~hat au.oeptibility to 

lysis DY phage was aore or leas 41rectl7 relate4 to the aatigenic 

str~eture ot the àacteria ooneeraei. Pkage •J•oitio1t7 like aa~1be4y 

te àe apeoitiaally adaorbed ~o cert~ia antigenic coaatitueata •• the 

laaoterial &Ul"tace. ft.e relatioaah.ip ietweea U.ti&eaio at:raeture e4 

phace aeasitiTeaesa àaa ieea reooried. ia a a..-er ot ~o~erial apeo~s; 

aaao:ae1la, iyaa1;ery t cholera, Ud. atapllfl800CCÙ phages, ll&T8 ieea 

.a ... to reaot 8J8Citieally Wità a speoitio awrtaee J01ysacoA&riie 

(Buraet, Keep, u.cl Lu.ù. 193?, Delira.ck 1941, J'reemaa 19~7, lllit.e _19~i); 

with eertaia Phal•• auch as typhoid. Vi phacea, a4aorption ia apeoiti-

~ally related to the Jresence ot Ti antigea •. 

fhe peaailaility ~~ a specitio polysaccharide aa~iaea et the 

baeterial surface ia ooncer.ae' iD the apecitic a4aorpt1oa ot phage ia 

tUl"ther aucgeate4 lay tlle oiaenatio:a ot lATille u4 J'riaell (19M) that 
' -

oer~aia iao~erial .xtraota, prepared r.r .. 'baoteria ot ~· aalaeael1a aa4 

ahigella cro•pa, oould speoitical17 inhibit the lyaia ot ~àe llome1ocou. 

orgaai ... ày phage. St.ilar eiaerTa~i••• were reeordeà. ày Gougk aa4 

hnet (1934) who teud. that the pàage-1uot1:vat1:ag ageat (P.I.A.), 

present in bacterial ex~racta, oonaia~a .aialy ot ~he apeeitio poly-

Phages are aeiiTe antigaa, ani it ua ieo ah.olra tha.t the 

speoitic aatibo4ies u.ite d.irectly wi th tàe ph.ace nrtace (.htrewes ut 

:lltorcl lt5S., 'b, Bv:aet 195~, 1.). ifo uplaia tàe •Xierimea~al tacts ot 

iu.et1Tatioa ot phace lay ào~h u~iae:ra. aai plla&e-iuc~iTil~Uc egnt, it 
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... poatüate4 'by J.a4rewea aD.à nto:ri (lt33D) u.4 Burnet (1934,) tut 

the phage surface consista ot a aoaaic ot two kinla ot aot1Te groupa 

or :receptora - A &Bi B - tàe ~-recaptora deterainia& tàe aat1&eaieit7 

ut ae:rolocioal ~ee1tic1 ty ot the :p.bage and capaltle et lteiJl& illacti nt et 

lty specifie aatiaerua, the B-receptora serT1D& aa the apeoitic potat et 

at~o-.eat te s•aceptible àaoteria aa4 capable et beias 1nactinte4 'T 
axtraeta et susceptible D&cteria which eontain phage-1naet1v.ting aceats 

ia a auita'ly aet1Te to~. !he phaae-1aaet1T&t1BC aseat oomhinea wità 

the plsage a.t blocks the B-reoeptora whieà have u att1D.it7 to tàe bacte­

riu. 

Oa tàe ltasia ot tàa aboye tàeory, aiaorptioB m&f De ra1ariet 

as o 1:ateraction ot oeaplemeata:r7. clltaieal g:r~up1aga oa the aurtaoe ot 

the pàage partiale aa4 the a~taoe ot the 'aote:ria, 1• a .aaaer aimilar 

to the eemb1aat1oa ot aatisea aai antiltod7. 

Beeeat o'bserv.t 1••• àoweTer s\tgen tl:lat the mecà&J11• ot phqe 

atHQtion b7 1 ta àoat eell may retuire 110re tho tlle 41rect 1nteraot1ell 

ot complementary grou.p1:aca oa pàa&e ui host oell. Aaderaoa (lt45'b) 

o8aarTe4 that eol1Jha«•• " ani ~ were aot aisor'be4 en the hoat cella 

iA a ap~Jt.e'Ue UllllO!l.i'Wil lactate (:r) aeii.Ut, laut that the aoti Ti ty ot 

theae phages waa graatly eaàance4 by the atd1t1oa ot L-tr7)topàane at 

concentrations a.a low as l' ai.croçUlS par ml. ~e bacteriophages !1 

and !7 were touaà stmilarlr te ratuire eertaia aaiao~eiàa auch aa 

isoleuciae, aorleuctae; .. 4 ae~hieaiae ter a4sorpt1Gn (Aaderaom 1148). 

!keae aubataacea, which àaTe the power et promo.tiac aiao~ption 

ot phages oa their host cella, were eallet •aasorptioa eotaetora•. !he 
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inac~ivity et D-tr7p~opàaae ani maay derivatives ot L-tr7ptophaae ia 

whieà ~he L-amino-aei4 groupinc àas èeea taapere4 with, succeata a 

apec1t1oit7 iD eotaetor phe~oaeaa coaparable to that eiservea ia easy.ae 

sys-tems. 

It has ieea a.sceate4 i7 Delaraot (1948} that adsorptiea ot 

phage ea ita host eell .ay actuall7 oceur 1B two stepa, involTiag tirst 

a pltysical adaorptioa that ia atatie in aature, seeoai17 the •tavaaion• 

ot the host cell, ae&Dinc a càemieal reaction, prea~il7 aa eaz,.a~1-

call7 ooatrollei procesa, iy which the pàraically ataorèei J&r'tiele 

etteeta aa eatry into the host cell. Cotaotora may ie 1avolvei ia tke 

aeeoat stace ot the reaetioa aaà act, either aa a oeaeat aaèataaee in 

the apeeitic e~i.atiea àetwe.n phage aai host receptive spo-ts, or as 

a sort et eou.z71Re i:a whoae preaeaee the phage partielea, 4viag their 

ù.aaee em.eouters wi th the hœt cella, are aèle te iee•• a:ttaekeà. to 

thea and iegia tàeir ~raaitio aetivity. 

i) Lateat Period et Iatracell.tar Baoteriopàage ~tiplieatioa: 

J'ollowi:og ad.aorptioJL ot the bacteriophage to tàe lNlcterial ltœt 

eell, there ia a lateat perioi duriag wàieh pàage maltiplieatioa oeeura 

iaaiie the àacterial oell èetore d1aaol•t1oa or lyaia oec•rs. Daria& this 

perioà, mnltiplioatioa proceeia behiai the cleak ot the cell wall, aai the 

rosult ia aot revealei until the cell lyses. 

!he D.11lÜer et phace partielea termed lJy eacll De.cterial cell 

i~1BC "tàe late•t period has bee• àeter.miaed Df the ••• et two aetho4s. 

!ke tirst aethoi, ieviset 87 B.r•et (1921), co•a1ats ease•tially ia 41-

lattag a s•speD.aion ot iateotei iaeteria ~G the poiat tkat amall a.aplea 
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ot the dilution contain no more than one intecte4 bacterium. ~ese 

ali~uot ~ples are ineubated until lysis occura, thea aaeh s~ple is 

platad to determine the phage yield ct the single inteote4 bac~eriua. 

In this way it is possible tc tellew aecurately the tiret stage ot 

phage multiplication and to oalculate the yield ct phage tor.med by a 

si~gl• bacterium. 

!ne ether metho4, eriginall7 ttse4 ~Y lllia ani Delbruck (19~i), 

is regarded as one ot the most important contribution to phage researeh 

in reeeat years. It inTolTea the mixing ot bacteria and phage in nutrieat 

medium at high concentration tor a Short period to ensure rapid adsorption 

ot the phage on the host eell, ani then 41luticB ot the mixture aeTaral 

thousani-told, so tha~ any phage releaaed will not be turthar adsorbed. 

Periodieal titrations are tà.a carried out on the diluted mixture. It ia 

touai that for each phage, under eonatant eenditiona, there ia a dafinite, 

aecurately reprodueible period, the •conataat period", during whieh ao 

ebange iA plaque couat occurs, tollowed by a •rise perioiw during which 

the plaque count increases aharply iue to liberatio~ ot phage trom bacte­

ria 1ntecte4 during the initial adsorptioa period. Alter this the pl~e 

oount leTels ott and beeœmes constant. By this method, one step in the 

growth ct phage is isolated, namely the atep of the liberation ot phage 

tram the lacteria intected during a short initial adsorption period. 

By means of •one-step• growth experimenta, Delbruck and Luria 

(lg42) were able to det~i~e quaatiiatiTely the two important elements 

whioh characterize the 11te-c7ele ot phage in auaeeptible hoat, namely 

latent peried and burat aize. By kncwing how maay bacteria were origiBally 
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adàed hut ~ot adsorbed, the aTerage yield ot phage per iacterium, i.e. 

the burst aize, n.s oomputec!. In all cases this 11umber was found to vary 

••o~ousl1 from a tew to around lOOO.(Delbruck 1945b). 

Follow±ag adsorption of phage to the host cell, certain reaetions 

are set in 110t1o:a reault1ll8 in experime:atally determinable chugea w1th1n 

the phage-iafected host oells. Thus the respiratory rate of the 1nfecte4 

eell ia not impaired but it also does aot increase, as it would in the 

uninfected ba.eteritœ (Cohen and J.nderson 1946). The abili ty on the part 

of the bacterilDI. to form ·adaptj,.ve euymes has alao been lost (Monod and 

Wollman 1947). ~. infected oell no longer undergoes cellular division 

and cannot be made to 4o so by 8JllT known aea.ns (Cohen and Âllderaon 1946, 

Luria and Delbruck 1942). 

!he failure of the intected cell to diTide howeTer does not 

appear to interfere with the process of phage multiplication. Krueger and 

:rong (1937), Scribner and Krla.eger (li57) coul.d., lUlder well-defined uperi­

mental conditions, inhibit bacterial crowth and still get phage production 

to continue at a rapid rate. Northrop (1939) reported a large increase in 

phage around pH 5.5, altkough no inerease in the host cella (Bacillus 

megatherium) occurred. Priee (1947) found that phage will increaae a 

thousand-fold in StaphYlococcus muscae cultures whose multiplication had 

~een inhibited by penicillin. Spizizen (1943) reported phage multiplication 

in Escherichia coli in glycine anhydride, a medium which does not support 

bacterial di vision. rhe queation h.aa been answered more clearl.7 by- the 

fin41ng that Eac~erichia coli rendered incapable of multiplication by ultra­

violet, or X-irradiation, or mustard gaa, still support phage multiplication 

(Anderson 1948, Rou,yer and Latarjet 1946, Herriott and Priee 1948). 
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X:ueger aa4 :Bal.dwiD (193'1), Bortlu'op (1959), ud o~àera, h&Te 

cla1ae4 ~ha:t phage 8JD~ltea1a waa the autooatalytic oeaTersloa et pretemut 

cellula:r protein (phase precuraor or p:rophage) into phage. It thia were 

the eaae, the B.Ul'ber ot atepa in the preoeaa ot ayatJLeaizing aet1Te p)lage 

trGm 1aa.ct1Te p:recu:raor woul.d lae expeete4 to 'be T&rf aaal.l. On tile oea­

trary 1 a1Qileroua inTeattga~ora lle.Te ah01Pl that a çeat liUUl1 atepa are 

easPtiù ia the aptheaia et plage t:r• aimple e-.pouda iB. ~he çtel"JUll. 

eaTi:roaat et ~he hoa~ eell. 

Coàea (1948) aad ~alott u.d. Pv.tnaa (1950) liaTe allon. by taetope 

metlt.eta that the grea~er part ot tlle pll.ea:p]la.te iD. ü.e teaQXJ'ioa•oleio acil. 

ot tàe 1' aeriea ot phacea OOlllea traa the u41• and llOt troa llttcterial 

n•oleic act«. Vainc the RU aethe4, Kezlott et al (ltCSO) liaTe toad that 

til.e aefli• ta alao the aouroe ot tl\e .. jer part ot phage aitrocen, enly a 

sœall portioa ot the àaoterial aitrecen oetag at111••« ta tàe ayD.theaia ot 

pàace proteill ani aucleic ac14. 

Spizisn ( 1943) attapte4 to cOlUleot pliage a:ronh wi th apecitic 

aatrt•t sources ày traaaterrtq tatectK eella into aollltion cœtaiD.iB& 

aiDa].e aeta'bolitea. !Ile reaulta ahowei tltat oœapoun!ia nch aa 40•d.1o&r­

àexyl1o aoiia, vartoua co•..,..• and )keaphorylatei oempouada, play det-

1a1te rolea ia tàe ~aàolio reaotioaa ot the eell which mate pàage .nl­

~iplioatioa poas1ble. 

Another approacà to the prebla ot 1n.Va.cellular pl\age m.ult1-

plicattoa bas illVGlTet the ••• ot aat~etabolitea aad reapirator1 inài-­

itera. Sp1z1zea (l94S) repene4 the inllibt-.ion ot phace Bmltiplieat1on 

lly very low ee•centratieu et oyoite, 1o4oacatate, a.rawte, 2,4-d.iJlit:ro­

pheul, and p-amùlopkenol. 'l'he aultenamidea elao illhïbitecl pà.age multi-
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plication but tho iahibition waa relieve4 à~ the addition ot p-aœino­

Deueic ac14 (P.t.B&.). J'itzgerald ed Lee (li,e) o'baenei tbat iùi'bitioa 

ot tAe .ultiplioatton ota eolipkage •~ 2-aœi•o-9-(p-amiaoph&Dyl)­

at~itiai.- ohleri4e couli 'be rel1eve4 'by riboa•oleic aoii, auggeeting 

tha._ seae tell\llar mecbalù• invelvi.Jl& aucleie aoU. or a :rtlatecl altatu.ot 

ia eaautiù te phage rtproduotion. Cohea and :rowle:r (194'1) lave repor'\eà 

a ietaileà atuiy ot tàe iahibitor1 aetien ot s~etàfl tr1Ptophaae on !1 

ày.a-.lleais. i .. e11ll1'l trntopltaae (5U.'1') haa boen Bhon to ie a apoeitic 

caapetitor ot trTPtophaae in proteia ay.atheaia. 

J'rom these andiea i t ia ertioat that pll&ae JR1Ü tiJlioe:Uoa ia 

dependeA't oa certaia spooitie oellular reaotiou aJl4 4ooe aot occur it 

tàe respiration ot the 1Jlteotecl oella ia ilookei in one or u.other maBaer. 

e) !.r•i• u.a Phye Libo:ratie!p 

As t'Herelle (1926) llad early &llC&estei, di a.a tuan'\>1"at1ve 

sn41es lave aiD.ce sllowa (Dalbnek U~42) , ü.e inteetioa ot a lacttr1•, 

atter a latent per1o4 oharaetoriatie ot each pàace, ia tollowei iy lyaia 

ot tàe bacteriaa With liberation et a large •-.ber ot new phage partioles. 

Uùer conti tieaa ot oae-atep crewtll, ~e releaae ia llallite1tei 87 a rapil 

rise in the platue couat watil all tllo oric1Ball7 1Bfeete4 iaoteria have 

11berate4 their sharo ot aewly-torsei pAa&e partitles. KaasiTe lysis et 

a baeter1al eul-.ve wi.th sùaetuea~ liberation ot phqe aeeu to oceur 

wh .. the •Ulàer ot phage pe.rticles 1s creatly 1a uteas ot the D.11Dl'ber ot 

bacterie. !he ~hreahold ~u• 4~ttera ta 41ttfl"••t pàage-àatteri.- ayatema. 

Witài• eertaia ltmitl the ameuat ot phage partiolos l1borate4 i7 

c.ae M.cteri• (burat aize) ia 1l!l.à~P••teat ot tlle :aaber et pl:l.ace pa.rtiolea 

Ol"i&iRally ·aclserbeC. It appeara that it aere thu. oae parUtle ia a4atrbe4, 
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oaJ.y ozut ot thea acii Tely indu.eoa the productiea ot aere phage. Wheu . 
a largo :atlllber ot phage parUeles are aclaerbed io no D&cioria, tho 

cell Will be attackot trGB witko•t, and will be lyset ia a tew minutes. 

all tho aiaorbei phage :may be leat. The coll begiaa io nell •P at oB.e 

ot, cratully all part• nell alli tlle cell aaSliJI.es an. irreSU].ar allape 

ni alowly tates o•t (Delbnck lt40i, lfi42). Delbnok (1140)) retera 

to lyais under thes• ceaditi .. a aa ~ysia t.r~ Without• ainoe lyaia 

oeeura wi tho ut pàaae crenh, u opposeà. .to the uau.l preceas wllu. lysia 

tollowa the ma!tiplieatio:a ot pbaco withia the coll - •1yaia t.roa 

wi tha•. Lyaia t.rem w1 thin ooo'lira attar "Ute a4aorption of o•e or a tn 

particlea, iut :aot llntil the phase haa Bœltipliet to tao throahol4 Talue. 

Delbnct (1941) poatulatea tha.t whe Plla&• ai. koteria are mixoi ao that 

thore ia e oxeesa of :pllace ovor baoteria, oD.l.y one particle utera tlie 

f..U. u4l that the eell meabrue tha àocomea t.persetile to etl:Ler par\1-

oloa ot the aaa.e phage. Tlûa •a:cluien• ia alao soell wlum ueeaa et twe 

tmm.nelocically ~elated pàacea ia aidei to a bacterial e8lt~• auaeep-

tiilo te ioth. !he phage liberateà trom eaeh iactorial coll ia ot oae 

k:illi oAly, the tirat pha&• to o. ter oxoni:ac u u:cluio:a ottect o:a the 

ethers. !he ettoct appeara to De atœilar to the iatertereaoe phenoaeae• 

obaarTecl with uillal. u4 plant Tinaos; the tirs~ exa.ple et whieà na 

cleaer.tie4 \y KeKinney ill 1921. 

!U occurrence of pliage lyaia co •• ctiaerTeà. iB. asa t\Ù tvea 

lit y '\he ele&r1B& of tào turbiU ty or 1 t ou. be o8serTe4 wi th inii vid:u.l. 

cella .ader tho Dicrosoope. Direct Bieroacopic oàserTatioa uSllally ah~• 
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nelliq ot tkë H.cterial cella in the early atq;ea et tàe prœeaa 

(He·Uer aad :iro:atea:~reu.er 19Z2, Delbnck l9~'b). flle nellen coll 

.. , dtsiat~te exploaively giT~D& rise to a clo•4 ot graaalar tebria, 

or the oatltae ot the cell .. , tade out tuiekly aat the coll -.y iia­

&pJI&ar w1 tào-.t the li'~eratiell ot tàe ~JftJLul&r cloud.. Pàotomiorograplùe . 

JLGTiq p1t·hrea .et l7s1nc cella, ~A lty .iroataltreuer, lluoke:atllas, . 

u4 Betler (ltaf} u.d ~e-J"oaea ud Su4llolser (lt~3}, la:Te shen that 

aceordiag te the aatare ot the phace _., bacteriwa involv•'· 

ll.ectr01l lli~ro_ç&Jlùe atll41ea et .Zaeheriellia eoli .. ael'goiq 

pllace l7sis (Lvia, »elbrao:t, aad. ûd.ersea lt4S) liaTe ahOIHl the ad.aorptioll 

et tào phage particlea oa the host and atter tàe pl'e,icte4 ttme, tàe lyaia 

ot the koat wità 118erat1on of a large :a~ber of ••• phase ,articles. 

~titatively, thore waa agreeaeat ~etween tàe •..œer ot particloa Tiaiile 
. . 

oa the aiorograpll.a ani the :auiDer preiieted. oa tàe 'basia of t;l'OW'tà UJeri-

meats tor wlûeà plaque cout ••MT• l'lad. ~eo aa4e. The llioregra.plls revealeà 

tàat the phage partièlea were liberatei from tho intel'ior of tlle baoterial 

oell, tor they were not visible on its s~oe up to tho aa.ent of lysia. 

'!llere na JlO illdicatien however iA à.ieà par'\ ot the 'ta:eteriu. '\he phages 

were produèei, wàether 1a the deep iaterior ot the cell or oloae to tàe 

iuer aurtaoe et the etll wall. Ill caaea ot mù.tiple illtec'tion, the 

intecting partiel•• ot pllace, or at luat the majority ot 11ha, se-. not 

to ater the cell 'but to raain •t'ta.ehecl to the ou'\sicle ot the bac'\erial 

protoplumic :aate:rial et lUlitoœ g:ranula:r atructùre. 'fheae pa:rt1eJ.s were 
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l1berate4 trQm the cell in great abunàance and aaemed to eonatitute 

the àulk of ita p:rotoplasn. In a later stage ot lyaia, •gàoat cella•, 

that ia, a.pty cell walla trCIII. whieh all e011.tent had bee libera:ted, 

were aeea aurrounded iy pà&ge partiolea and protoplaamic cranulea. 

BOlea ot var1ous aizea were Tiai~le 1a theae baeteri.r eell walla. 

'DI.e mecllanillm et 'the actual l~sia ,ot inteeted baoteria ia no'ti 

underatood and Tery little ia yet knon o:t the utue ot the materiala 

present in the lysate. A numher ot workera have ree~ded obaerTationa 

whieh seaœ to indioate that, ta the proceas ot lysia i7 phaca, ene or 

severa! lytic enzr.mea aecre'tiad either iy phase or by ~oteria un4ercotag 

lyaia, are involTed. l'Herelle (1920) na the tirat to postulat• the 

liberatioa ot a lytic eDJile iy pbace at the tille ot lysia. He :reported 

that a reaia'tiu.t atrain ot EacllFichia e'li would underge eaplete er 

al.moat complete lysis in u enTiromaent OOJltaining :Plla&e u4 a au.eeptiile 

atraia ot Eacaeriehia coli. Be atated that the caaee ot the dissolution 

ot the resistant strain, uader theae conditions, was the elaboration of 

an enzyme - a lys1a - by the bacterio~e. '!hia lyain, he claiaed, na 

produced during the multiplication et the phage at the expeaae of the 

susceptible strata ot baeteria. Similar obaerTationa were reported ày 

.Bakieten. (1933), by Evus (19.0), an4 by Wahl and .rca.se-Bioo:Ut (1949) 

Wità resiataat atrataa ot stapàrlococe1 anà strepteeocci. 

The OD8&rTatiO:U ot hrtie (1929) UÏ. Sertie UÏ. .Beul.pkOT 

(1939) also presat eTidence in taTor ot the Ti&1r that a lytie enzyme 11 

secrete4 _, phage. IaTestigattnc laeh«riohia eoli phage, Sertie 4eseribe4 

a sert ot ~o•, that ia, a lysed zoae tree ot the transaissible lytic 

principle, &lU'Z'Qlllldi:a& the pla4J.ues claritiad. by phage. 'lhe :aQn-truaaia-
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aiàle aotive ege.Rt in this zone was eonsidered to ie a lyaia. It oould 

be olatainel. ày ·glyeerol extraction aa wall a a lay ul tratil t:ration ot the 

Pa&•· 

'Dt.e l'oil.la»a (1932, 1933) observed that ill the preaence ot a 

growiag seasitive atrain, phage may lyse not only dead baoteria ot the 

sensitive straiu, but alao reatataat liviag àaeteria. !hey regarded 

lyaia uader these coaditioaa aa beiag Aue in4ireotly to the bacterio­

phage whioh releases apecitic eaz,aea tram the bacteria undergoinc lyaia. 

Pirie (li~i) sepal'ateà. an eazyJle trea :aormal :lscla.erichia coli oella which 

attacked àacterial cellular polysac~dea ~ hamologoua àeat-k1llei 

cella. B.he waa lmable iio d.•onatrate auch u eUJilt ill coaee:atratei phaae 

preparations. lier re sul ta tavor the v1ew et the 1Jol.l.Mila. 

Delbruok (lMS) m;preaaei ·tàe epiJLiea that the p).en .. oa 4eaor1M4 

aàove are proiaèly aaaitea-.t1o•• et the aatolytio .azJ.m•• ot the àacterial 

eella, whiok are liberated when the host oell ia lyaed by the baeteric)bace. 

At 01' rate tlle methani• lay whiell resistant strai:a.a ot lNtetuia are lysai, 

ia mixed cultures wtth sensitive atrains and their D&eteriophaces, ia atill 

oàsoure. Fartà~r• t•• preaeaoe et an ~e whieh deoapswlatea 8oth 

living ani killed cella et nebaiella pe-..aiae llaa bea reportocl to be 

:preseat in a phage lyaate (lhœpàriea lt"). 

v) A.nl;iceucitT Gt l3aoteriopllyt: 

!he tact that a D&eteriopbace couli tunctioa aa a apeoitic 

utiga ns ti rat eatablished by Bordet anet Ctliea (1921). !hay ahowe4 

that tollowiag repeat•4 injectioJLa et lraet culture, the serum ot the 

raibit eould inaetivate the li.OD!Qloge>u phage. !key alao tound that thia 
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iDActi~tiBC power ••• not preseat in antibaoterial aera produced by 

imœumiaatioa with the .. aeeptiile -actar1al culture. 

!he reaction between phages and specifie aati~oty haa ieea 

demcnatratet iR aeveral waya: a) by iahiiitioa ot phage lysia, i.e. 

lleutralizatioa; 'b) by a"l11.tinat1on ot phace partiolea; and e) by 

the &&ll .. iaation ot phace-eeatei D&eteria &y anti)kage aera. !here 

ia eviieaee that the phace~t1bo47 reactions are eaae3tially aiœilar to 

other u.tigo.-u.tiiody ayatema. Whea t auapeaaioD ot pl\aae ia llil:M. w~h 

apeoitie antiaerua, the phace partiales are rapi417 •inaot1Tate4•, that 

ia, they lese the :power to attaok iaoteria u.d to llUltiply. !hia ia­

aot1T&tioa ia due to the unioa ot the pàa&e partielea wità t~e aat1iody 

(Del'bruok 1145). 1'll.e presence ot ut1page aero. s.~roJlilr iù.ilti ta 

ataorpUoa ot the pua• on the baoterial eell. Aecordi»& to :hraet et 

al (193'1) reaU.ll&l plt&ge partielea not iuctiTated. eeœ.pletel.y -7 ille 

aer.m are a4aorie4 onto ~he bacterie. at the uaual rate and a1lltipl7 as 

it the sena were l'Lot p:rese:at. IJ.ready aùorlteà. or illtracellular phagea 

ap:pear to be oompletaly inausceptible to the aotiou et evea st~ac 

apeeitie an ti :phase serum, a. :proteeti ve etteet et the ••11 wll.ielt is aeea 

wit~ other. Tirusea. ETery inteotei cell treated wità alltipàage serum 

d.ViJI.C tàe latet perioà ot phage çenll ia lysed. at the Uptotei tille 

u.i liberates 1ts: aomal 71e14 ot pàace (Del'bru.ek 1945). 

!he uion betweu phace ani utiaena ia •ot reverailtle 

(lierJhey 1943), i11t the pllqe .ia aot '-«•'· KA]N:JIBDD. ut BroBte•­

àreuer (1943) lulve recoTe:red aotiye plut.&• lty digeatio!l. ot the phage­

u.tiieiy eomplex wi th papaia. J.ndrnta ud. n:rorà. (1953&) have d.aen.­

atratei that •eutraliaatioA ot phage D7 aatiaerwa tell~•• a •perc~tage 
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law•; -üley showe4, W1 th three coltpha8es and eerreçgadiag an·u sera, 

~t a giT .. cono.ntratioa ot antiaeraœ aottac ter a ~·· per1e4 ot 

ttœe Will aeutralize a constaat pero~tage ot pàa&e irreapeotive ot the 

coneentratioa et Jkaat over a w14e raace. !bis ieàaviour haa beea eo:a­

tirme4 ~1 Buraet, l:oop, ud Luah (195?), ani 87 KeJ.me•aen and. BJ:'o.nto­

~reu.er (1942) aad ia geaerally 'belieTed to indicate tàat tlle particlea 

are iaaeUvatecl i:ad.iTid.ually Uld :aot ir aagrega:Uo:a. !'he reaul;.ta augceat 

alao the l:leterf>«eaeo•• Bature ot a pllace popùatioll, a certai:a percotace 

ot the partiales 'beiag lesa rea411T :aeutra1ize4 iy .atiaeraa thaa otàers. 

Experimenta 'bJ Bvaet (liRe) aTe aàen tàat auül plat•• 

laree partiole phases eaa ie apeeitioally aesrecated ~1 kamol•c••• hilà 

titre aa~ipàa&e aerua it tàe eoac~tratio:a ot phage exoeeda 10 billioaa 

part~cles per ml. In aotller uperiluJlt (Bunet, Keogh, u4 Luù 19!1) 

1 t was sh.oD that toraali:a-killei iacteria kM:YilT eottecl wi tll pllace are 

~•tinate4 by tàe ha.olocoua aatipàage seraa i•t aot ~Y tàe àetereleaous 

seraa. !hia i•41catea t&at the pàace ia still aile to reaot witk aati­

serwa wàta adaor'bei to a killei '-eteriua. 

Serologieal apeoitieitT ia a hishlT constall.t oharaeter of a 

&iTP atraia ot a lMteteriepbae (.bdrnea u.i El.tori. 195~) aad ia ia­

depeadeat ot the host Oll whieh it ia gron. nte aerologieal olasaitiea­

tioa ot phacea aas proved to ie the onlt aigaitica:at oae (Barnet et al 

1957, Dalbruck 1146). Croas-reactions occ~ •tth r•late •. phages a:a4 their 

aatisera, and ày at•dJiD& theae, it is peaaible ~o arraa&• a large aumier 

ot pàa&ea ill aerologieal croups. Bvae~ (1953&) hu recopized ll differ­

ent aerologie&! groapa ot ph&gea actiac ea Eaoàericàia eeli aloae. S.ro­

logical studiea ~1 Delbruck (1946) aa4 Hershey (1946a) on the a..-era ot 
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the !' a7at• ot pàagea ot Escheritlrl.a coli, a"traill B (D•eree aD.4 J'e.no 

194$) t MT8 ahOWJL tàe 88TeA "tf)e8 Calleà. lfl, ft, ----- f7 --· tall i:l."tO 

4 uuelatecl serolog1eal croupe as toll01ra: 1'.1; ~. "• 1'6; !3, !'1; 

m. âtiaerlDl agai:ast a phace 'Delo:aciJaC to aJ17 one ot theae groupa haa 

ac ieteetable action oa phages in aBJ et the ether groupa. !he relatiea­

ah1pa wi thi:a gro•pa are u:empl1tiei 'by the creaa-reaetioaa ame:ag the eTeD.­

aua~ered pkages. Phages wàioà laeloa& to the saae aerological group are 

cloaely relatei as tar aa aise, Sàape, aai other merpholocieal eharaetera 

are cocer•ed. !b.u, ft, T4, u.d. !'6 are aipole-shapei aai aerpàologi­

eally ideatical; 'l3 ui !? are aperieal, alaout 45 :aill1m1e••• 1• i.iule­

ter u.i. they do aot liaTe tails; n u.t fi MT! taila Dllt the h.Mia are 

apàerical ud greatl7 titter ia aize (Del..àrtok 194S). 

fte :u.tve et the phage iu.etin.tie:a l17 imalule sena U.a àea 

iiaeuaeà. ày Md.rewea ai Eltort (193S\) a the Msia et tàe àypotlleaia 

tlaa'\ the phage aurtaee ia a :aoaaio ct wo eatitiea, one 4.c. (uticeaio 

eœapo~eat), reapona1Dle te~ the aerolocioal apeo1t1city aa4 tàe otb.r 

.B.c. (:Kcterial ooaponeat), ae:rvi:ac as a apeoitic po1:at et attaùaat to 

aaaoeptible 8aoteria aa4 i.eter.mining the •resistance ~p• et the Pbage. 

Wità the unioD. ot antibody to the torœer et the two entit1ea a ,rogrea­

aive block1B« et the seoond ••~ occurs, eTentually readeriac it tmpoaai­

~1• tor the Pk&&• ~o make speeitie co•taot with aad to lyse the auacep­

tible baoteria. Baraet (1934) àaa .. , • .ae ot this àypotheaia to expla1a 

pU.ge 1aacUvat1on by P.I ... ot bacteri&l ert:raeta, ia which ea.ae 1t ia 

the aosa1c oomponeat 41reoted. ton.rt the baoter1a1 aurta.oe (B.C.) wllioh 

is aftecte4. 
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C) '.rfiE STAPHYLOOOCCUS .BA.C'!',!UOPBAGFS: 
1 

1) Diatrïbut!en in Nature and Met)o4s ot I.aolation: 

Aa meatioaed previouslf, a àaeteriopàage should be looke4 tor 

ia the natural habitat ot ita aoat. !heretore, a bacteriophage apeoit1c 

tor one or .moro strai:u ot ata~loooooua C4lJl 'be i.olated trca naaal 

ear~aolea, tllruclea, and variou.s abaeeaua ot ..m ud u.111al.. 

d'Herelle (1921) ~eparted the iaolatioa ot a ataphyloceoe .. 

P1l8 were pllt illto 20 lll.. ot brotil, iaeuba:~ecl ü à.oura, u.d tilterei. 

!he tilt~ate wae active ea a!bua but aet oa aur••• straina ot ataphyl-

ooooei al. tholl&h lao th at~aina were proseat 111. tlle JU ~ 

Callow (1921) t•outrate4 tào. p~esenoe ot a pMse aotivo en 

sta:@llctoeeeu :uesp.!a ill tlle pu ot a aeriea ot 16 atapqlooooeu ia­

teotiona. Sterile awa\a oontaining pas trœœ the bo~la were atreaked 

lirectly on pla1a and 8lood~ plates. Grow1à.a ••r• examinat •• the 

•ext da7 aad the iadiTiiwal eoloaioa miautoly searoke4 tor irregulari~iea 

a-sseati:ag l.Ttie ehaagea. ODl.y ia two ce.aea 4irect atreaka frœt p1lB 

yiel4et irr~ oal8Biea, ia a1l oth~a ~e lytio priaeiple waa o\taiaocl 

atter the tollowi1lt; 118Upùat1ona: Pu na•• ore plaoed. eaoà ia 10 ml. 

ot èreth (pli 8.0), ud. ineabate4 at :57°0 tor ' heara. !Ile tubes were thea 

plaoed ia the ioebox evernigàt, oentr1tuce4 &Bd. tilterei through a Barka-

teld t1lter. Jach tiltrate waa teatei aaaiaat the autegeaoua atraia, i.e. 

acataat a at~ain 4eriveà troa a :ae~ colon1 ot the .ame boil. 0.1 ml. 

ot aa 18 hour Droth culture ot a S~P!floooec•• pyogeaea strai• wàioh àa4 

àeea receat!T iaela~e4 traa a àoil waa addo4 to a al. et bro~h to whie~ 
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0.5 ml. ot tho 5aapooted lytio tiltrato had boea addei. !he mixture 

waa inoQbated at 3?°C tor • hours. -Streaks ot the mixture wore mado 

to plain agar pla.tea at 2-llr. ud at 4-llr. iatervala. LyUo ~lOtion was 

rooogniaecl b7 elaara.eteriatic aotll-eateD. areaa in the atreata, iT irreg­

üu eolo•ies witk •4&• ahowiag eTiieace ot lTtie olsangea, u4 b7 oolol'l1ea 

wità mottled aurtaoea. Ia tàe abs.ace et aay eT14enoa ot lytio action ia 

the trat generation, tàa u:periaent na carrie4 tlirough a seeoad or a. 

third ceaeraUon, ud ao torth. By thia teelmit••• Callew demonstra15ecl 

tat in two ot tho 18 atapby'loooooua i!lteotioas the l;rUo prinoiJlt~ na 

aotive agaiaat t~e autogoaoua atrain aa woll aa agaiaat otàor atapàJl­

oooooua atraias; in 6 othera it prove4 lytio tor o:ae or more heteroloaoua 

straias, but •ot tor the llamologoua straia, in spite et repeate4 tests. 

O~er sovoea ot ataphylooooou àaoteriophagea are tko ae-oalloà. 

•lJaecOJlio• atraiaa ot ataph1loooeoi. SUeà atraiaa ara oontamiaatei wità 

lateat pbacea whicà caa ba ioteetei DJ ~isk's crosa-teatin& teohatt•e 

(l-.s). !he metào4 coaa1ata in straaking •• agar plates over a amall 

area, a loeptul at a brotà oalture ot the staphJ'leootoua strain to be 

OXUlinad ter the tm·esaco ot latet phase, ud i:a apotttnc tlle Ame 1:a­

oeulU1 or other atraiu at poi:a.ta alona this atrea.k:. la t.àis way a àeavil7 

taoculated. apet sapartapoaod. on a leaa heaTily 1noculate4 atreak ia obtain­

et. M'ter u incubation pertod ot •-s hova at $7°0 ud e.t roa tempera­

ture ovenight, phace action ia reTealed :aext morni:ag by the tormaUo:a. ot 

platuea which vary in aiao aa4 auabe:r. lroa tlleae platuea a phage oan bo 

iaolatei aa4 propasato4 oa ~.-eptible atrataa. 

Br tollewi.q the atoremeatioaed. Jl"OOeiure, Rolllltree (1947a) 

iaole.tK 1 Utterent l7aea;e:a.ie atrains and the appropriate s•soe:pUble 
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prope.ptiD& atrat•a tr• a series ot 40 cul turos ot Staphrloeocou 

1roceaea whicà had. beeA iaolatei t.raa varioua pathologioal ~ditioaa, 

•Al llllteaa ud acrapi:aga ot acurt. 

SW.wlooocou iacteriophagea la.Te alae boo tou.d. in source• 

otàer tllaa ia:tecteà. tiaaea. Northrop (19ZS) ata4ie4 a ataphJ"locoeeua 

'Metoriopha&e whioà bad. bou. iaolatei :trom housa tliea 87 Glaser ( 1924) 

aad by Shope (1921). 

!he isolation ot phagea ter aa.Bora ot tàe cel1-4yaontery 

cre•J ot ors.UIIIU 87 conveatioul pllage teohnil{lle h.aa ieea shom to be 

a relatively stmple matter. BoweTor, application of thaao metho4a to 

d..-ol'lStrate stap~lococeaa )kac•• Àaa led to lesa troquent ••ceeas • 

.ttcorU:ac te :rtsk (1948) the oemmon inactivation ot atapllylocoocu 

pllacea, poaaibl7 lay adsorption, èy tiss11.e cella an4 T&rioua mioroorpa­

iama inoluding .uacoptiblo aa4 reaiataat ataphylooooci, proDaèly pl87 a 

part ta the ditticultiea aneounterei ia theil' isolation. 

11) P!zaioal anl C._i!al Pro:petie! 

a) Morpàoloq and Siae: 

~· li_ttle reaearù üat haa ltaea ione o:a, the :aorphelou et 

a'M~leeeceu •oterio:pllagea llaa ab.on 1 t to ie soaewhat ailllilar to 

tha'l o:t the tta·tter .Jœon coli-4Taentory phages. :ntord. u« ..b.drnea 

(1938) eattmatei the particle aiae ot a ataphylooocoua ~· '-a b7 

meaaa ot cra4e4 collodion awranea aad. tou' 1 t 'lo ie ot the aaae aise 

aa the lara••~ particle ot coli-4yaealery pha&ea, aaaoly 50-71 milli­

mier•••· J'•dgiag trom the plat•e aiae llum.e1i u4 Luù (19Z5) reaaom.et 

tha.t all the •a~eu' phages oder at11Q' ahould. be et appru:imately ü.ia 

partiole •ize. 
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liortllrop ( 19~) àaa •4e u:tenai ve atl141ea wi th :plll'itiei 

praparattena et staplTloeoceua phase. lraa the rata ot aed~enta~ion 

in the llltrteentrituge, a nlua ot 60-90 llill:lllicrona (liOlaeular waigh't 

1x108) waa cbta1aa4, ta tair acreement with that oitaiaei iy L.ria, 

Dalaruct, aa4 Aniaraem (1943) by aeaaa ot the electron microaoope (lOO 

llill:lllicroaa). 

Smilea ui eo-workera (lKS) .bava alao used the aleetro:a 

llicroaoape t• .xami•e oo•ceatrata4 Jraparat1ona ot Jàac•• tram tiltratea 

ot l.7aei eùtuaa ot the Oxtor4 •a- nrai• of St&phlloceee•• nosenea. 

1'Jlia ltacteriophace waa toui. to have a roui heaà ct pat.•• at H kT. 

alectroaa aad a ralativaly long aleader ta1l. ~sarameata ot the head 

iniieatai a ài~eter 50-10 millimieroaa, ani a tail l~à ot 200-210 

llill~cro••· !he preseace et eouU.era'ble exeaaa et 'tree taila' ud 

the associatien ot plsace ntlt .asaaa et 'tibrille.r' J14terial, p!ll"tie\ll.u 

1a the earlr etagea ot p•ritieatioa, lei th.- 1• io~bt aa to whe1her the 

tail waa u. easantial part ot tàe phaae'a aorphology. 

à) Chaaical ComJOaitioJ!.: 

ift.e elleaieal eempositioa ot a atapqloooce•s pb.ce llaa beG 

reportai by Northrop (1938) • J'ollowillg the ehamieal proee4vea previous-

17 aaployei tor the pwr1t1cat1on ot ~as, he 1aolate4 trQm ataphrl­

aeeeoal lyaatas a macremoleeular nueleoprotain àaviag the act1v1ty ot 

ltaoteriophage ani posaaasiag a ehemical eempoaition ~te aimilar to that 

raportei tor the coli pkages. »atailet atv41ea ot the 1aolate4 aQolae­

pretei.A ahowed tl\at 1 t n.a llomogaaec•a ill the l1l traoentritqa ani lad a 

aaitaentat1Gn cenattat correapoadin& to a aoleeular waiskt ot abo•t 

:500,000,000. It was Tery ua1able a.ai waa daatureà by aeU.ity grea·hr 
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alcoàol, ani acetone. ~. losa in aetivity DT àeat, aci4, aa4 ehr.-o-

t~ai:a i1geat1on waa fouad to be roughly proportional to the amount ot 

ieutved. protein termad. uder theae c ondi tioas. An. anal.yais ot the 

Jàa&• preparatiena iiaeloaed 14.1, 5.0, ani 1.1 per eent ot nitrocen, 

paoapAeru., aad carDohJirate respectively. 

e} Gro..nk Reg;llir•ents: 

It ia well know.a tàat media whicà are adetuate tor D&eterial 

aultiplication da :aot :aeeeasarily support phage .-ltiplieation. Priee 

(1947} tound tàat ia sta~bTloeoe•al a1staaa, aicotill&Ddie hai to 'De a4dei 

to the medium to aapport Jhage multiplication. lou.tree (1049è} reported. 

that tor seme phages Deloaging to aerolog1eal croup A, altàough a riae in 

evideaee et Durst couli be obta1ne4 .alesa 0.002 millisra- per ml. trJp­

topJwt.e was e.idei to Tod4-Hn1tt 'Drotll (1932}. York i:a progreaa with 

phages Delonging to aerolocieal grell:p B u.i group C in4ica:te4 tha:t Uteae 

phages re(aire the aidition to the &roth of tactora present in the vita-

mia il ooapl~ l!tlti ot unk:noWll factors that were removei troa the Dreth 

durimg ita ater111zation b7 heat. 

A number et iavesti~tora àave touad that maay ataJhrlecoecua 

phages are ditt'ieult te grow i:a àrotll (Buaet u.i Luaà 1935, J'isk 1942, 

Rowntree 1949b). Buraet and L•sk (1935), in their at~41 ot ataphyle-

eeecua phage, repcrted that the aureua phagea which they 1nvestigate4 

tell into three groupa, whieh ther ealled "atrong•, "weak", ud "iater-
... ' . .. ~ 

mediate•. !he atrong phage a mul. tiplied well in broth (pH 8 .o) at 3'18 C 
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giTiAS complete lysis o~ susceptible atraias and providina ~iltratea 

(Seitz) With a titre &t around 109 partiales per ml. ~e intar.med~te 

plla&e ooul.d be gr•n ia broth at 57°C provided care was taken ta use 

only a sl1ght bact•rial 1B.oculUB. !he weak ~es, on the ether lland, 

taile4 to show &nT appreciable multiplication ia broth .nder aD.7 condi• 

tioas ot pl:I or temperature tried. !lUJf produceél. goo4 lysis on olle per 

cent :autrie:nt acar at 22°C and stock til trates could be obtaine4 trQIIl 

cellopha:ae agar plates. 

J'iak (1942) tound tbat his phages res•bled Burnet and Luh'• 

weak phages ta their iaabilit7 to pro4uee lysis recularly in broth cul• 

tv••· !'he phac•• examine4 by Bou:atree (194?a) did :aot tall iato uy ot 

tàe cate&ories detineél. by Burnet aad Luaa but resembleél. the inter.aed~te 

pàace i:a their P."OW"th ta.n.perature retuirèaenta. 

Complete cleariJl& ot broth cultures intecte4 wi th staplaylocoeeu 

phaces ia aore ditticul:t to ebtain tl1an W1 th the col1-4yseatery phages. 

!his is probably due to the longer lateat period and smaller burst aize 

obtained with staphylocoeeus D&cteriopàaces. J'er ina~ee, Rountree (l94QD) 

~ound that the liberation et sana phages ot serological group ~ trom in­

tected stapbT1ococe1 occQrre4 atter a late:at period ot 55-?0 minutes, a 

generation tiE.e .• ich 1a long c•pe.ret w:Lth the.t ot :lscheriellia coli phages 

or ot ether stapkylocoec~a phages with a generation ttme o~ 35.minates. 

2ha averqe 'burst aize determin.ed tor oae P:.tlal• proTad to be !5. llerling­

Eiaenierc (194.1) • uaiDg the ultramicreacopie aetllocl, to11Jld that the :ru•ber 

ot phage bodies originatinc ~ one lrae4 ataphylococeua was uaually 2 and 

never :aore thall 4. !h.eratore it is obvio\la why complete oleari.ng ot brotb. 
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cul turea i~eetei wi th theae phases is rarel.y se81l; the ~orill ot the 

ataphylooeccua t•iokly outatripa that ct the phage ~·• the 4oae ot 

a4de4 ph&c• is • arc• one. 

!he lower •wm)er et phace bodies obtaiaed ~ a ataphyl­

ecoccua alae ••aas to •USB••t aa explamatioa t•r the lower titre ot 

ataphfleeoeeu.a phage e.a comparai wi th Eaeheriolù.a. !!li pi.age. !he 

e.verace titres attained with ataphflocoocus phages appear to be in the 

neigà.borhood et 10-5 to 10·6 (Kelllteù ani. Sel.àie 1940). Kerliq­

Eiaenherg (1938) repcrted that oder idetical contiiio:u, the tUre ~­

:Kacl:utrielûa coli. phage ••••d to 'be a~out 10 -a to 10 -t 8l14 tllat the . 

awmher ot pàage partiales li'beratet tram oae Eae!erichia coli Taried traa 

111 to 350. 

i) Reaiatu.ee to P&aieal ui Chemical A§,nta: 

It àaa been all•n by :&unet (19!Zb) that uaetal 4if'tereatiatioB. 

amoacat t78~tery pàacea eaa 'be ef'tectet ày certain biochemical testa, 

ter instance, auaceptibility te aethylene blue, ability te etf'eet lysia 

on citrate agar, arui auacepUb111ty te inactivation by stronc u• aolu­

tioa. Using· the eame teclmiqu.e, Burnet u.4 Luall (1035) appliei. theae 

tests to the ata~locoeous buteriophaces. Prelimillal'7 testa w1 th 

1:50,000 JUthylene blue showed tbat all the stm:ag aurn.a phages were 

caplet ely inacti vated atter 2 miaute' a exposure on 1lle bech to bright 

dif'tuae ~igàt. Similar observations with methrleae blae ha4 beea 

recor4ed by Schütz ut ltrueger (1922) wi"th o:ae ataphylococcua phage. 

Wha the phages were expcuse4 ~o atroq urea sol11t1oa (27 per cnt) tor 

oae hour at $7°C, all the aureua phages were ~ple~ely 1naotivate4. 
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!he resulta oètata.t with citrate agar showed that the atromc phacea 

were net iDhib1ted b7 1.5 par cent sodium citrate whi1e the inter.aed~te 

ant weak pha&ea were iDhib1ted 'by 1 per oeat an4 0.25 par ceàt ilo41wa 

citrate reapective1y. 

Similar reaul ta were obtained by Rountree (194:7a). She tou4 

that s out ot 5 phages 1ao1atei trea 1~••ceaio eultwrea et ataPhY1oeocci 

were iBhib1 ted iy 0.25 per cent aotima citrate whereas tlle othar 2 places 

were aot inhibited by a concentration ot 1.5 per ceat ao41ua citrate. 

!hu.s, b7 citrate aoaitivitr testa, Ille could ~irtd.e her plasea tato 

citrate a.aaiti~e and citrate resistant phagea and, oa t~ia D&sta, aouli 

c1asaity th• as weak aad atroq. 

Ki'ueger u4 ialciwiJl (10:55) reoeri.ei. the i:aaotiTa:Uoa et a 

ataphylococeù phage à y aatraJU.ae, ~e 1naet1 vatioJI. ettect ieiBC part1y­

pàotodyaam.1c. LeTia u.4 I.a.inald (1951) toud that variou 1eci thiu 

s1ightly taàiàited a phage active •181n.t c~ain atraiaa et atapky1ooooci. 

le. ter, iJI. the ABle year, taey r~:orte4 that oho1ea1tro1 ha4 a aimi1ar 

action. 

'!he ataph.y1eooccu bacteriophages are mucll more i:aacttvatefl \ty 

heat üan the great maj ori ty ot 1Jle eo1i •4yaa:tery phacea. Certaia or 

Buraet aat Luaa'a phages, whe:a tiret iaelated were inaotivated even at 

~?°C eut were teund to be atraag!y proteote4 as&inat ~eat inactivatioa 

iy serlŒ, 'by bai i&cteria, u4 i7 certain iaoterial extracta (~et 

u.cl Luh 19$5). Bou:atree (1949~) at•Ue4 tàe etteet ot ttillllperature on 

a aeriea ot ataphJloooceua bacteriopàagea by expoatng them at '9°0 tor 

1 hour. Wi th two exeeptiona, in whioh the atarTi val rate ns 90-100 pezo-
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oeat, ù.aotivation of the phages oecurre4. Most ot the pàa&ea àelo:qing 

i;e. aerolocical group .&. were devoid ot ac ti vity atter hoa ting at tàis 

t•perature, but 20-30 per cat ot S pllaaea in thia ~ollp were viable 

at the en4 ot one hour. It waa suggeate4 that ).eat treatlllent ot l.l'aa.tea 

or et o~tures ot ataphylococci ia ot no val•• in tr.eeing aucà materiel 

from ata.pqlacoeoi ainoe Ue phaaes are iDacti vate4 ai; laer temperatuea 

thaJl are tlle 'bacterie • 

.f. &11Blber of workera .bave oiU'l'ied out experimeD.ta to deteraiae 

wat action, it e:ay, penicUliD. la11 on aa:phylooocoua il!t.eteriophagea. 

»eter and Clark (1944) re,érted tbat penicillia in a co:ac.atratioa et 

1000 wnita per Bl. did not atteot the lJtio act1vit1 ot a atapayleoooo .. 

pàa&e tor a susceptible atrain ot Stapkrleooccus pyof!!e& wàea the phage 

waa .xpesei to ita action tor 18 houra at 3f°C. Stmilarl7 7onea (1945) 

stated that a tiltrate et a atapàflococoua pA&&• waa unatteotea à7 aa expo­

aure et 1000 unita ot peaicillin Jer al. tor 24 heurs at !7°C. Eltar4 

(114.8) ahowed that penicillill 111 oo:a.eeatrationa up to 100 uita per 111. 1• 

hroth or aynthetic 11edium, and in Olle test a.p to 400 ui ta J8l' ml. ia bro-ü., 

was without aigaiticaat ettect en ataphyloeoccua K baeteriephage atter 10 

koura 1ne11.batioa at 37°0. Rountree (lt,?a) alao reparte4 ~hat penicillia 

aad penieilliaaae ~4 ao demonatra~le etfect on tiltratea ot 5 ataphrl­

ococoua phages 4erivei troa lyaog,nic atraina ot atapbrloooec1. Lf•i• '' 

pea1eill1A ot the atraiaa carrying phace tailed to release the phage iBto 

the aurreu.diq udia. 

Varioua atraina et atapk1lococc•• phages Tar1 in their staàil­

ity. Rountree (1949b) reportei that eerta~ ot the phagea ahe uaed tor 
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~JJiBC eeuld be maiatained in the retrigera~or tor loDg periods ot 

t~o wi~àout ~ lesa ia activi~y, waile ethers akowoi a .arkei tall 

-ia titre ei teating a tew weeka an er preparation. _!he uataàlo phages 

provei to -· tàoae which hat àeen touai more sensitive te a variety ot 

acenta. Thua ùo toui tiat oa.e ot the uaataltle phages (4r2D) loat 95 

per eut aetivitJ aner 90 a111.utoa at 3f°C in olle-quarter atruatll 

Rtager'a solution. !he iastaàility ot oertaia stapàyloeoccua phages 

aakea it aecesaary eonstantly to càeek tke titre ot the phages uaei t~ 

o) Plat•• Size: 

plat•••, &l'là on reaaonably tira qar, tll~e is otten great tittieulty 
. . 

iD. ceu.tiB& '\11~. :ror 8.111' give• Pha&• it ia tend. tlult there is a tairly 

wiio raaco ot plat•• aize. Baraet aa4 L11ah (1935) ill their atuiy ot the 

ata~loeoeeua ~··· tount·tàat all aur••• pàagea produce saall aàarp-

~qei plat••• rugi.Jl& 0.1-1.0. milliaeter iD. cliaaeter a 1 per ceat aaar 
at 22°C. Accordi:ag tc Routroo (1949\) Ü.O :plaq,•o &iSO varin iB.Terael.T 

witll. .the eolleelltratio• ot qar i:a tlle ae41•. It ~·• variea witll. tAo 

larua ot aaar ••od.. Ill hor iavestlptioll a modi1lll. eontaini:a.g 1.25 :per 

cent ot ù.roà.ded agar waa uaod, wi"ijl adcled peptone, Ytaatro1, and 

.J'11d.ea' a peptic digest ot blood, u4 the platuoa poon ovornipt at 

5fOC. Tàia meti:UDL provided a·Ustaotorr aoadi tiona to't' the max:iDmll. 4o-

:plat•• aise varied._ trcm 0.53 to 0.'1 millilleter, tho ruee ot iadividu.l. 

cliametera bei:ag 0.1 - 1.0 :millimoter. Ameng tho group B phagea thvo 

woro .... whieh produced plaques up to 1.7 milltmetor in dLameter. o •• 
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phase (Xa) produoe4 eh~oteriatio lars• plaques, which were OTergrown 

by secondary èacterial growth, g1T1Ag a hazy appearance atter or•nipt 

incubatio:a.. 

111) iacteriop!age Uaor:ption by .Sta;pll..ylocoooi: 

Sta~loceeoua pàacea are adsorbed on ali straina ot Staphzl-

ococou ny ... a, irrespective ot wllether they lyae thes• atraina ~r ::a.ot. 

Th'lls, Bu.rnet ud. Lush {1955) :round that the phq.s whicll they daaip.atecl 

as • atrong• were reaii17 adsorbe cl by all aveu atraiu iacludiag illoae 

wàioh tailei to allow multtplication in broth. · !ke •tnter.œediate• phage 

i.a.Ted.like the atronc phage, being ad.sorbed alsoat e~ua111 wall by all 

auraaa atraina 1rreapect1Te ot wkether they were auaceptible or insus-

ceptible to ita aotion. 

Bald.eten ud hi,a co-workera (1936, 1937, l9ZS) in a aeries or 

a"h.d.iea oa the adsorption o:t atapqlooooeua phqea contiraeà. this non­

apecitioity aad alao :tound ~t a n..-er et .arelatoi orgaai ... auck aa 

u.terococoi and certain ae.bera ot ü.e Ba.eillu grollp would adaorb stapà­

yleooccua phages. It was auggeatei that ~· portion o:t the antigeaic 

oenstitutio:a. o:t theae organiama resemblea that ot ~eptible stapàyl-

ocGoci, and that it ia this tac-tor whieh ia responsible tor their .. 
ataphyloooocua-p&age-adsorb1Dg (Uality. !he adsorption o:t ataphyloooocus 

pha&ts by organisaa ether thaa ataphylocooci taera:tore reTeals evidence 

ot heterogenatie aati&eaic relations between atapàylooooei and otàerwiae 

~o"\&117 lllU"elate<l erge.niiiU (Bakieten et al 19~6). 

!he ateoràaiility ot tàe stapAJlocGccua phases st~died by 

RoUD.tree (19.fc7b) ..... to ie eorrelate4 With the coagulaae production ot 

tàe host eella. Phage adaorptiea testa uaing heat-kille4 culturea o:t 
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sta~looooei were JU:d.e with 3 groupa ot phages: (a) thoae whioll l7aei 

ooaga!aae-positiTe stapbyleoocci ot huœaa origin, (i) thoae which 

l7sed coagul .. e-poaitiTe sta~locooœi ot animal origin, aa4 {e) thoae 

Which 17••4 ooacul&ae-negative staphylooocci ot hwman origin. fke ~gea 

ot olaaa (a) ~d (i) were 1aact1vate4 aad presuaably aisorbed. on heat­

killei eoagQlaae-poait1Te cultures wàether ~he7 were a~le to l7se the 

i~taot cella trom aaeh eulturea or not. On the other haad, tàere were no 

observable reactions between ooaculaae-positiTe and coagulaae-aegative 

phages u4 eultvea. Tlle preaenee ot o.s .per cent aod11Dl citrate iùilti ted. 

multiplication ot phage in liTiag saaooptible cultures b•t 414 not iahibit 

adao~tion. Viae14 KRtaata ot ataphJlooecei were resiataat to l7ais i7 

phages l7aing tàe parent atrai:aa, iut atill a.4aer'be4 them. 

As aentioned preTiÔualT, ~he atudies ot Barnet (l92g - 19~) have 

4~onstrated that a4sorpt1on ot phagea which attaek iacteria ot the eateric 
. 

sr••P ia larce17·determilleà. 'by tlle u..tee ot tàe aurtace utigeu ot the 

bacterial eell. !hia ooacept hu ieea •ructheae4 i·y the diacoTerJ b7 

l.eTiu aad .lrisoh (lt$1, ltM) '\hat a:tra.cta prepare<l tra n.aoeptible 

•••t•ria kaTe the power et il'lao-ti T&ting phage. Stapb.yloeoceua phages œ Te 

boen toUJLci Df a •waber Gt inveatig&tOl'a '\o 'behaTe 1:a a similar JlaDller toward. 

extraota ter1Te4 tl'om tbe ltaoter1al cella. 1ilak1etelil. •" al (1931), workiag 

wità atapk7lececc1 &lld staphyloooooua phagea, coul<l prepare watery axtracta 

et bacter1a whioh iDh1b1ted the actiea et pbace. ~eae extraota were hoa~-

stable, being aotiTe atter autoclaYin&, hat were ieprivet ot phage-1nact1T-

ati&& altility by tiltration through Chaaberland LS aa4 L6 candlea, aai 

:Berketelll u.d Sei tz tiltera. 'l'lle phace-1nact1Tat1D.& prepert7 ot the ex­

tracts waa loat on precipitation with koaologeua aati-baoterial aerwa. It 
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waa toan4 tàat the aDility ot a given extract to inactivate a baeterio­

pllage waa larcelr depu.dent on the suaceptibilUy ot the culture turniah­

iq the extract, tlle aoat potu:t u:traota be1J18 4er1Ted troa higlùy aua­

oeptible àacteria. They were wnable te teœonatrate phage inaotintion 

DJ extraota tram reaiataat ataphylecooci. 

RoUD.tree (l9,?D) prepare4 lyAtea troa a :alUÙer ot eoaculaae­

poaitive hD18D. straina aD.d e.umined their phage iaotintia.g pe~~~er. nte 

resulta ahowed that lraatea tram strains ot e01gulase-poaitive humaa 

•taphylecooei inaotinted all the phages ot ihia cr~up, but that thore 

waa •• iaaciivatioa by theae l7aatea ot the phage lyatag the eoasulaae­

D.egattve huaaa staphylecoeoua. 

Varioua .. thoda et chamioal traotioaatioa ot the lJaatea have 

been earriei out in an attempt to separate the eompone:at respo~sible tor 

:pàage il!lactivation. Buraet u.cl Luah (lt!~) rQarted. that siaphyloooecua 

))ha&e ia apeeiticallJ àout to an uti,eaic co11.plex trom. whioh tlle polJ­

aacoharU.e hà:pte:ae can. 'be à.erivet. 'lorld:ag with oae ot thair phages, 

lre.maa (1937) touat that precipitation ot :aucleopretei:a tram extracta 

prepared b7 grindta& atapàflococci ta a ball mill ~..ove4 the phage­

inact1vat1D& act1v1t7 ot the utract. :&,. V11'tie 41gest1oa ot this 

B'l.cleoproteill complu:, poltaaocharide •terial. na o'btainei. which pos­

aessei pàage-1nactivat1ag power. 

Oll the ether :band, Rakietu. ud. !ittan.y (1938) tond that 

protein tractio .. tram whole eulturea ot staphTloc~eei posaeasad pkaga 

i~etivatiag activity. Phage a4aorptioll tests with iatact cells, with 

lyaatea, aad wità traotiona et the lyaates, pertor.med ~1 Rountree (l947b), 



a-sgested that aucleoproteia may be involved 1• the adaor,tion et phage 

DT stapaylecooci. By the eàamic~ tractionatien ot a number ot lysates, 

a protein traction W&S isolated Whicà, waen teated tor phage-inaetiTatiag 

activity, waa as aetiTe aa the er1g1Dal l7aate. It waa toaad that ooag-

~ase-poa1t1Te staphylocoeoi et human origia, whether phage su.ceptible 

or aot, all posaess a commoa aucleoprotein component situatei at the 

surtaoe ot the cella on whioà phage adsorption ma1 take place. Bo work 

was doae on the nature ot the pàage-iaaotiTattng aa~t ot the ooagalase-

negative atrains, Dut aiAce no cross adsorption ocourred with ta .. a 
• 

atrains and the coagulase-positive pàages, it would appear that the spa-. 
oitie aucle~protein ot the coagulaae-PGsitive staphfloeocci is abaeat troa 

~he coaculase-necatiTe atraiaa. 

Bountree (1947a) stuiied ~e adsorption or phase à7 penicillia-

treated ataphylococei. She toun4 tàat stapkylococei atter 3 koura' contact 

with penicillia, but not lraed -T it, aisorbe4 Phal• aa rea4111 as normal 

ataphflococci. On tae other àaad, s~pàylococci co.mpletely lraed DT 

p~icilli• tailed to aisorè Pb&&•• It appeara tàat the 41a~ption ot the 

ataphyloceocal eall, as a result et p~icilli• action, dastroys the snrtace 

meleeular œontiguratioa which ia concernei in the phage adsorption. 

iv} fhe Ph,nameAon ot Lzao&eaici~l 1• Staparlocoeei: 

Destruction ot the baoterial host cell is not an esaential càar-

acteristio et bacteriophage. Ae mentioned previously, aame bacterial eu!-

ture• are knewa to carry phages with them ~ich tail to lyse an apprecia-le 

proportioa at the cella ia the culture. Sach "carrier• atraina are raaiat-

aat to the phage earried; they har-or the phage aai secrete it, but show 



aillee t'il tra~ea of' cultures of' th.• Will coatain the phage whieh CaJl 'be 

deaonstrated 'Dy its eapacity to produce lyais and platuea when allewe4 

to ae~ oa other sensitive or •tadicator• atraias. !he 1n41cator atraias 

usually beloD& to the aaœe apeeia. et ~a•teria as the carrier atraia. 

!hey are otten uaef'ul in the detection ot lysogeaic atrains. 

!his stable association et a i&cteriophage with a bacterial 

atrain, lœon aa •1yaogenes1a•, was f'1rat reparted. by LisbeD.D.e and 
-

Carrere (1Q22) troa a strain ot Escheriehia ooli. Siace thea, the phe-

aoaanon haa · beu eollllOnly el'lceWlteret amoDg laboratory cultures of' lac-

teria, and possibly more ao in staphylococoi. Yisk (1942) iaveatigated 

the lyaogenicity of' strains of' Staphylococeus pyogenea recovered f'~ 

various human lesions. By croaa-testtag the atraiaJ on aaar, 11 eut of' 

45 ceagulaae-positive straina were f'o.ad te ie ,._.e earriera; none of' 

theae phages waa lytic for &nf of' the 40 coagulase-negative atraina 

tested. None of' the coagulase-aegative atrains yiel4ed a phage lyt1e 

tor any of' the coagulaae-positive straina. UsiD€ Fiak's method, Wilson 

anG. .l.tkinaea (194$) toed 25 lyaogenie cultures among 4G ataphylooocclls 

stra.ùs examined. Seven dif'tere.at pl!agea were obtaJaed trom these n 

cult\U"es. :aountree (194'1a) ex811lb.e4 a series ef' 40 atraias of' Sta;phyl-

ococeaa pyegenes obtained tram a var~ty of' pathogenic condition• aat 

tound 1 of' tho. to be lyaogenic. Similarly, Williams Snith (1948&, i) 

examiae4 22 straias used b7 Wilsea ana Âtkinson as propagating straina 

tor their typiag phages ani toant 17 et th .. to be lyaogeaio. 

Rouatree (194.ta) has recently mate an exteu.aive atud.y ot the 
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phaneaenea ot lysogenieity in the staphylocoeci. !he phenameaon is ot 

wide •eoarr~ce 1• theae Orianisms tor she tound tàat 27 out ot ~ 

coaculaae-positive straina at•died were lJsecanie. ~yaogeaieity appears 

to be a perœaaeat teature ot theae atraiaa tor every bacterial cell waa 

apparea~ly carr1iac phace, and treatmeat wità heat, with apeoitio·aati-
. . 
phase aerwm, or cultivation 1• broth eontainiBg sodium citrate, to whioà 

eertain ot the phagea are aenaitiTe, dit not make the cella aon-lysogenic. 

~ountree (1g49) postW.ates u intraeelllll.ar aethe4 et passage ot the phage 

in l7aogenic strains, each ~aughter cell receiving at leaat ene phage par-

ticle at each iivision. 

~ere are contra4ictory reporta in the literàture on the pres-

ence ot tree pha&e in tiltratea et broth cultures ot ataphyloeocci. 

Oallow (1922, l9&f) reporte( that ahe could ebtain phac• by the filtra-

tioa ot staphyloeeceus cultures. Dumet ani ~uah (19~5) iescribed a 

l7aeg .. ic ••tant ot a white staphylococcus whieh liberated baeteriophai•-

in JO.a& aad old calturea. !heaa obaervatioas were not oaatirae~ D1 11ak 

(1~42) nor \7 Williams Smith (lt48\) who tailei to tamonatrate the pres-

eaoe ot phage in tiltrates ot etaphTloeoceua cultures kaowa to De lyeo-

genie. 

fhat a aœall proportion ot the cella in lysogeaic cultures ot 

staphylococci do release free phage into the aarrouadini medi~ was d .. on-

atrated by Rountroe (l94Qa). She obtained tree phase in tiltrates ot young 

broth cultures ot !5 ot tht atraina atudied. Ot aeTan cultures ehoaen tor 

more extensive etudies, one produced 3 different but aerologieally relate4 

phages, while another produced 5 different phases belonging to 3 different 
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aerologieal groupa. 

!'he tailure ot "the previous workers "to demonstrate tree phage 

111. tiltrataa ot lyaoseic cultures :u.y be ascri'be4 to auch tactors as re-

adsorption ot the tree phages to other bacterial cella in the cultures, 

or "to "the atate or the phaga-bactariua relationahip at the "tt.e ot til'tra-

tion; ~ àiaturbaace in this relatioaship, thGugh not sattici.nt to 

produca visible cha:ngea i:a the 'bacterial culture, might raault 111. a til-

"trate that eoatains phage (Williama Smith l948b). 

!he nature or the host-phage relationship 111. lyaogeaesis ia !Lot 

wall underateod but it appears that the aasoc~tion or phage and lyao~eaic 

eell ia very intimate. !he host oan aupport i'ts om growth whila har-

iving J18JL1 atra1na or pha€e. J.ttempta 'by maJl1 wor,kers te libera te phage 

Df artiticial dieuption ot lyaogaic bacterie. br meau ot lysozyme, pp-

1c1111n, inreotion witla. u UlU'elated. phase, or lay machu.ical ~inding, 

have iee unauccesatal util recotly ,IArorr and CO-!orkera (1150, li51) 

claim ~o bave obtainei poai ti va resulta D7 irra41at1on ot :the lyaocenic 

cella with a amall dose or ultraTiolet li~t, or by exposure to certain 

I"t has 'bee tounà. hy .llou"tree (lt49a) '\hat olll.y a 811&11 propor­

tion or eells in eaeh lysogeaie strai• libaratea phage. fhe uaual pro-

portion appeara to be ot the order ot 1 cell i!l. avery 1000. Ho exaaplea 

llave iaea tound in wh~ch avery cell in a atrab. releasea phage. !he :aaeh-

ani.m or tÀe ralease ia at ,present UDk!l.om but li'beration by lyaia ia the 
. 

most probable method ot releaae ot phage tram lyao&enic cella (Rou:atree 

lt49a). Bertaai (lt~l) suggeated that )bage ia carried by l.ysogeDio àao-

teria ia a 'prophaae' statè. He believea tha't liber.ation •Y be causad 
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~7 aatwratioa or all or aeveral or the prepàagea, ao that eaoh prophace 

sivea origi». to oae ... ture iAteotive pÀ&ge partiele; or it -.y ~te tlao 

oonaet1lence er a 'change' in the atate of one of the :prophases whioh 

aaltipliea ancl giYea origil:l. to a clone er mature ui iat'eotive pha&o 

JUticlea. 

fhe aTaila~le eT14enoe augcoata tbat the l7aogoa1o à&oteria, 

or aore aoourately, "tàe p!Ja&oa they ha.Hor, are the ori&iJl u.cl eutill­

uâ& aouroe or all pl!l.agea ill Datve. Reu.tree ( lt4ta) ia ot the opinion 

that the phenomeaa ot l7aogeaieit7 aa ·exàibited lay the ataphylooooci may 

throw som. light oB the ,rebl ... aaaooiated with the mode or reproiuetioa 

et lat n.t viruaea goerally, whotàor a kcterial or uillal cella. 

v) Strololl ot.StaP!floeoocQa BaotfriOJ!aiea: 

.&a ahowa by ~et (lt~), .&.aheahov (19!~), aai Craigie (lKO), 

aati-iaeteriophage aera à&Te lteea a val~àle tool tor the definition ot 

the relatioaahipa ot varioua races ot ~acteriophaaea. 

!he only aerolo,ical iaveati&atioaa ot atap&Jloeoooua iba&•• are 

tàoae ot l3urnet and. Luah (1955) u4 Rou.tree (1949b). :lllrJa.et u.i X..all. 

(l9Z5) exasinei a series or lS ataphylocooc•• phac•• and iy serologie&! 

ud ether utào4a d1at1Jl6Uiahed 6 gro11.pa UlOllg tha, &a with eoli-tJap,­

tery phagea, 1 t na touci that aU the ataplly'loeooeu pllagea ot a ct..-a 

aerologioal type reaote4 unitor.aly with regari te pàotoiynamio 1Baot1-

vation, power to grow en citr~ted meAia, aai inactivatioa iy atroac .rea 

aolutio:a. .1. :a.umber ot u:perise:n:h were ucle to detera1:a.e whether phage­

&Atiphaae reaetioaa c.-14 ie 4emonstrate4 D7 sacreaoopio a&gregatioa testa 

suoh aa ••r• useà. tor one greu.p et iraeJLterJ·phac•• (liurD.•t 1933o, e). It 
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ob~ain aatticien~ly hi&k-~i~re phage tiltratea. BOwever, with sorolo-

&ical group 1 aad. a 1 ~ na readilJ lmona~rate4 tha11 phago-ooatei ataphyl-

ooooei eou14 ie agglutiaatol i1 antiphage aorwn ~ Wàioà all aa~iàae~e-

By ~he uae ot ant1~bacter1ophage sera preparel in raibita, 

lloliD.~r•• (lt49b) d1T14ei SI ate.phylocoocu pha&•• in~o a aerolocioe.l peups 

whioà, tor p~J•••• ot oonTeaieaee, were &eaicnated A, B, c, D, B, and Y. 

!he aerolocical olaaraoteria~iea et tlle pugea wera aasoeiatù w1 th on.er 

proper~iea sueà as •"ability aaà the raase ot orgaa1 ... lyaed. !hua, the 

tiret group (A) o~priaed phages lys1~ coagalaae-positiTe atapbfloooooi 

ot àwaaa ericta. '!rhey were a~\lle •~ ae•e 'but i:aaotiva.tei at •t•c. 'l'Jley 

1Dlltipl1e4 ·u broth eultvea eetaini-s autticie:a~ trn~oplwle àu:t rarel.y 

)l'eliued. cle&riq et ••ù olll~urea. !he aoccmd gro•p (B~ lyaet iotll. ioTi:ae 

ua lt.liJI8Jl eee.gul.a.ae-poai ti Te ataphyloooeoi. 'filer were arkeUy senat tire 

to lleat u4 retUirei grow~ taetora presat i:a 'the Ti tami:a B o•:pl.x. !he 

thirl groll:p ( 0) c'oapriaei :Pagea of 'Tille orici• wh;ich were aa~ige!Ûeally 
relatai to group B pàa&ea a:ai alao·resemblet ~hea ill their gre~h re~aire-

... ~.. 'rlla ditterencea, hanTer, wore great enollgh to juatitJ their aepa-

ra~io:a as a tlistinot serologieal grollp. &reap D com.priaed phage x:, wltiù 

l7ae~ 'beth eoagùaae-pos1t1ve ud •ece.tive ataphyl~eeoei ucl na utigo­

ieall.y related oJù7 "o phage l' wàieh. àelcomget to grou:p :1 ant lT••' oaly 

aeae eeagulase-aegatiTe atapàyloosoo1. Group ' was relatecl ia its general 

oàaraotera with tlle phagea et gr••P A. 



Many straiaa ot etapàylococci are lysogenio, and coaaetuea~l7, 

1Tt1c til~ratea .ar eaatain contaminattDg pàagea whiok .aaiteat ~h.aaelvea 

turing a4aptat1oa et phage t~ one straia ot atapaylececeua to aaother. 

Aoooriing te Roun~ree, adetuate aerological charaeteriza~ion et the phaata, 

tàaretore neceasar.y. 

Ti) '±!! U!e ot Stpàlleeaocu :Be.oteriePl!aaea ia Epid811ielepeal 
ID.Teatiptiou: 

Many taTcstica~era kaTe aotei ~hat pkacea ettea 4emenatrate a . 

. aelectiTe actioa tor certaia atraiaa ot organisa withia a apecies. Craigie 

u4 Yen (1938) notecl tlle specitio1t7 ot T torm t7phoid pha&ea tor e'llltvea 

peeaesaiac Ti aauca.. nu. oae allell }Wtge na cran oa tnmoicl atraiu 

ot iittereat oricia, atraiaa et Jàage were obtaiaei wllick were tound te haTe 

ieTelopei a ki&h iegree ot apec1t1cit7 ter the particular straia oa wkieà 

tbe7 A&d àeea prepacatei. B7 aeana at a aeriea ot phacea preparei 1a ~pia 

· ny, the7 were able to ii vU.e cul ture a et Salmonella tnlaoaa. into 18 tne• 

aeeoriiD& to their reaction to a eritical iilutioa ot tàe a4aptei pàace. 
' 

!l:l.e eTid.eace eltta!Aed. tr011 a at11.q ot tlle erigia ot tàe atrail\a reTH.lei ·a 

lligà 4qree et eorrelaticm betweu the phaae tne ani the epU.emie aovee. 

~metàoà et Jàage 't7Jias àaa alao àeea appliei to the ditterea-

tiatiea et atraina ot Staphllecoocu• rzoceata aai kaa ahown ita uaetulneaa 

in epidemiological at•diea. Jiak (lt41) deacrited a technitu• à7 whicà 

the latut carrier atate coulà. 'be reTealecl ia S)!pl!zloceccu ;eyegenea, ui 

41ttel!P.t straina at 'làia orgui• d.iati~ishei trœ ••• anotker. B7. c:roaa-

teattac ealturea ot ataphyloeoceua ea agar, 44 per eeat ot '~ atraiaa were 
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:t'Gwtd. -to 'be la:tu.t phage carr-iers, and. trem tll.ese lyaoie:aic strains, 2-' 

dittereat phaces wore iaolato4. :&y teating tho a•aeept1b111 ty e:r 1_5 

atrai~a ot Stap!rlocooc•• pyegeaoa tc 17 ditterent pbagea he ... able te 

4iatribate 44 e:r tho t5 cultures aaomc 3' «ittoreat greapa. 

fS eultve atrai:as ot Stapllllocooeua JlO&eaoa iaolatn trca 30 ,atieta 

to eom.paro emau cul nre cllaraeteriatiea u4 alpha àomottŒill pred.uct1o:a. 

wi ill pha&e a•aeoptilsili tJ. It was :roui tillat at:rai:as et tao 8Ule pl\qo 

'lJPO a .. etimoa 41tterei i:a haaolytic proportioa and. chrGMegonosie aai aet 

iafre(UP.tly ruie( iD. texogellic1 't7 • lfoat et tl:Le CÙ tvea iaolateà. fr• . 
relate« sources were to.ad to ~· ot tho .-.e pàage_~TP• 'b•t exaaploa wero 

~ive• 1a Wbieh straiaa e:r iiaaiailar Jàac• type wero iao1atei tr .. tào 

111son an.i .4.tk1:aso~ (1Q4$) exte•iei lisk' a work ui o'bta1:ae4 f 

iitter.at pàages traa 2~ 1yaeco•1c .alturea aaoag 46 ataPà7locGatal atraiaa 

oxui••'· llova. Mro Pa&• atrai:aa woro 4»'~tai:aoi 'by grni:ac ••• o:r theae 

i:a the presence o:r later atrai.a o:r Stapkyloeece.. pyogeaea, a variaat o:r 

tlle pllage 'Bei:ag ieveloped. ill a JD&Jmer •1m1lar to ta.t uecl Dl Crtigie u.i 

Yen (1938} tor the pbge typiag o:r tnheU. D&o1111. Ot 1MO strai:aa ot· 

Stapkrloeoeeua pyoeenoa, tho laat 410 wore t~~tei with the 18 pàacea. Ot 

these 60.4 per cent were aueceasfully typai, 22.6 per e«Qt were actei on 

èy phage but not ~yped, and 17 par caRt proved 1nse,pait1vo to tàe 18 pba&ea. 

!ho olDaervatioaa ot ll111aa aaith tlKSa, b) nggeat that IIQJU atraiaa ot 

ataphylooooc1 are roaietaat to typiag becatae th•1 oarry phage. 

!he aethod ot phage typ1ag haa boen auccosatul1T uaed tor tracing 



aewrcea ot 1utect1on in outireaka ot ataphylooooeal enterotoxia too4-

J01soniq, illlliapllylecoceal intec.tiou ot akiil. in. Dabiea. and bree.at 

abee•••• i:a mothel"a ill uterni ty hospital a, ud in. sta:ph3'loeoocal 

iateotiena et woun4a and· burns •. Ia ou~àr.aka ot ataphrlocoecal ••~•r­

otoxill tood-pQiaoni:ac, whe:a the illteetive arpni• has been iaolatei 

troa U.e tGodatlltt, the tnillg et ataphfloeocci by .the 'baeteriephage 

.aethoA llaa beo 1.11valuable iB. traeiBg 'the infeotive organism to the 

aoae aad àanda ot a particular tood-hantler. 
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III. ~ .&liD JŒTBODS 

MPWXOJ?lWll P@f@'fiOlllS: 

lhen this work ••• atarte4 ~he following 'crude' phage auapen­

s1ona and correapondiD& propagatiD& straiaa et Stapblloooeoua JlOsanea 

were aT&i.lable: 

(•) Wilson aa4 Atkinson series: phage $4/284, SB/211, 51/145, 6/S, 

4?/3&, 47J/7al, 470/116~, 3C/133t, 7/4, 42!/116:5, 41C/1!07, •aJVl&'fo, 

.W37:5, 47B/t87' 58/1ü. 

Ot 'this aerfea the laat 8 phages ••ntion,a were :aot uaei i:a the 

wort here reporte4. 

(b) J'iak'a series: pliage 4'1/4A:, "14/'ffJ, !34/1:53, IM/1!1, 541/513, 

4/10, 4.8/tl, 1536/5~, Gü/542. 

Of this series, the laat 4 phaaea ..ation•i ~ere not •••d iA 

~he work·àere re~te4. 

(c) A. series ot 'aàap·h4 phages' ùioh bad beo ieTe1o:ped in this 

1abora.tory prior to tll.e bepD.lliJl& ot this work: Jhage 3A/4A., S&/12, 

!1./144, 51/141, 3A/533, Sl/15~, :Y/Ml, ~1/1, 47/S, 141/61, 145/l=s&, 

141/542, 542/76, M3/&a, 1545/144., 543/tiH, 543/~a. 

!he aumbera by waich theae phases are de•icaated correspond to 

the auiber ot the lyaogu.ic atrain of. ataJlly1eeeo·o•a trc:a whioll. tll.e phege 

was 4eriTe4 to11ewe4 BJ the number ot the s~rain upoa whioh it ._. prop­

acatef., i.e. phage MIS/Ml na cllriTe4 trem 1ysocnJ.c atraiD. 543 ua waa 

propacated upoa atraia 1542. 

(d) O:ae phage l' iaolate4 at llnnipec trœ a strain ot Staihlloooocu 
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ll!ieae! rete~e4 to aa atrain w. 

(e) Â series ot 52 pha&ea obta1ne4 throU&h the courteay ot Dr. Igor 

11 • .Aalleehev, Rn York Botan.ical. Gardens. ~e1r nomenclature i·a as tellows: 

pllago 1, a, z, "• 5, o, a, 9, 10, 11, 12, 13, li, lf, 18, 19, ao, 21, aa, 

13, 14, 25, 26, If, 28, 2Q, ~. Â, B, e, D, SSK. Dle original aoveea ot 

tllia 11'011) et phases are Taried èllt uae have beea uaecl ill practica1 phase 

tni:a& et st&Jhl1ococcu pyoi&:U!. AJ.l tkeae pkagea lyse ana. have bea 

p~op&&ate4 oa a airain ot •tapàylecooeua 4esignate4 atraia 11 • 

.&.a moat et thes• pàace preparatiou were 1~ an impure atate, alld 

ot lew titre, their purification aaa. propacation were •••trable ••tore ~ 

t.rtaer work coula. be earriei out. 

;py!UJ'IÇ@'ION .01' 'CBUDliJ' PHAG.Bj S!!PFI011S: 

~e 'orude' Pha&• suapensiona were purit'ie4 'Dy the tec:U.1t11e 

(eaori'De( .èJ Wilson aa4 Ukiuon (lKI) witll a tn slipt aoditioatto••· 

• loeptal et the crucle tiltratea aad 4 trepa ot a 3 ho.r brotà o11lturt 

ot the suaceptible strain were plated out over the •urtase ot a pepteao 

acar plate wlùeà àad. bee tred ot u:cesa aoiatve D7 atorage iJL the 

incubator at 3?0 0 tor 2-S àoure Wilh tào lid part1y reaoTei. !hia p1ate 

na ino~)atetl tor 6-8 hours at 3f°C U4 ü.ea .ltept at roca temperatve 

oven1pt. J. s1~e platue, with tho uderly1q agar u.t a little ot tho 

aurroudin& intact elll ture, wu pickei ott lltx~ 110:rning 11'1 tll a sterile 

nee4lo aa4 platei oa peptone agar wità ~ àrops ot the suaeepti~le strain. 

!Ilia plate l{e.a acaa 1nov.bate4 tor 6-8 koura at ,,oo ua at room taper­

atur• ovenilà11. A fl'esh platue na picked ott •u:11 morning ani the 

p:rooesa repea11o( thrèo t~ea. live ml. ot Droth were pouro4 oYer the sllr-
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tao• ot the agar plate eo:atailli:ag th• last platiJl&, lett tor 20 minutes, 

oollettei ani ou.tritugecl. 1'he phage i:u the n:penatu.t tlu.id waa thea 

propapted. · 

:PROP.AQW:Oli OF P;B!GE: 

!ke atr&iBa ot a~aPhTlooooci uaei tor prepagatioa were mata­

taine4 on peptoD.e agar slanta at rooa tempera.tare, transfera being lD8.4e 

everr two weats. 

Stx dropa ot the puritie4 pbace preparation aaà 4 iropa ot a 

5 llour iroth eulture et the prepaaatillg atrain were a44eà to lO ml. ot 

U7ptoae phospha:h èroth. !he aixtve na 1ncaba.ei at 37°C util ooa­

ple._e lyaia et the 'baoteria had takn place ( u.auall7 , .. , ll.ou.ra). More 

eulture waa then aiiecl aad iao~D&tioa tontiaae4 until lrais aaaia oc­

e'W!'refi. This proceas ne repeatecl severa! times. lJaua.ll;v cul tves were 

lefi ovarnigàt at room tapera ture ••t it 1 t waa not praotiea'Dle '\o ooa­

tia•• aerial pas~ge oA the tollonuc ùr tlle,- were tr&Bsterre4 to tàe 

retrigerator. llext aorniq, it aeco:adary &l'OWth appearei, ~· aterial 

waa tiltered through a Zaigao:ady amrane (Z.igaoncllr aa4 Baoluaau 1918) 

&ad 6 more drops et the or111:aal pur1t1e4 Pbal• preparation were a4dei 

to tlle tUtra:te, atter w.àioll propaptiea na eo:a:tin~ed. Lysia wouli. 

aaeUmea 'kk:e plaee t.b.ree times in 8 .hours ud a potent tiltrate eoulcl 

be oàtained in a short ttme. !ke number ot paaaagea re,uired te obtai:a 

a aattioiaatly kick degree ot lytic ability Tarie4 usuall;v traa 4 to 12. 

!Jle tiaal .Page cUl tvea were :ru teret throqh a Zaigmond7 asbl'ue ud 

tàe tiltratea atore4 ill tke retrigerator 1:a sterile screw-cappe4 t•b•• 

wiihftt :preaervatiTe. 
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DEftRMllU.fiOll OF 'CBITICAL TJ:Si' DILU!'IOJI' : 

Peptone agar plates were àriH at :5?0 0 ter 2-3 llova 1r1 th 

.th• lit partl1 raaovei. !he phage preparations were iil•tad 1/10 te 

1/l,GOO,OOQ Wi th trntoae phoaphate èrot.Ja.. l'eur iropa et a 3 hour. 

trtptese pheaph.ata àrotll c\\ltlll"e ot tlle naeeptibl• strai• were spreat 

eT8lÜ7 eTe tlle avtaee et a plate. lhea the agar bad. adaerbed. tlle tlud. 

whioh àa4 àeea applied (optimum 5 te lQ ainutea), a standar4 looptal ot 

eack iilution ot the phage preparations waa 'apotte4' on to the culture. 

Precaution was taken to &Toit actual contact et the loop wlth the iaoo­

ul.ate4 vea aa mu.cb. as possiàle. lhea the irepa àai ~eu. adsorbai., the 

plates were th~ i•cubatei at S7°C tor 6 hours, let~ at r~om t.mp.rature 

overaipt, u.d read na:t aorninc. !he aohee et •ot.:Uoa use<i na aa 

tellowa: 

Coatl•~t lysis witk ao seeoniary growtà ------ ÇL 

Ooutl•aat lysis with aeoondary growth --------- LSQ 

Nuaereus semi-oontlteat platuea --------------- +++ 

Diacrete plattes ------------------------------ ++ 

Lesa thaa 20 pla~qea -------------------------- + 

Lesaer tegreea et lyaia, er •o lysia ---------- -

!he hi&hest 41l•tien ot phage preparation prod•ciag c-.tluent 

lyais wàea plated oa ag.ar with tàe a.seeptible atrai• waa regardei as the 

'eritioal test dilutioa•. 

~OI o-, PBlGE CONC~OlfS (pl.•S!• eounts): 

~a number ot actiTe pàage par~iclea per mill111ter et lftic 

tiltrate was 4etermine4 bf two mathoàa, namely the •loo1fae~ho4, aa4 the 
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•yar-lqe:r• .. -.hod.. Joü. aethoda depen4 Oll the abili tr ot a si Ten 

bacteriopha&e to produce platu•• whea varrins 4ilut1ons ot a lrtie 

tiltrate are plated ell agar with the suacept1ble atraia ot 'Daoteia. 

!heae -.wo method.a are iesor1be4 below. 

{l) 'LOOP' MITB.OD:-

a) Princ1El• ot the ~tkod: 

!hia methed wa• tiret ieacribe4 DT ~eahov et al (11~3). 

Staaiard wire l•opa are ••e4 to traaater ietiaite volumes et baeterio• 

phage auapeasioa to two 4il•t1on t•bea, oaa et wkieh eontaiaa aeaaure4 

aœounts et sterile àrotà aai tàe ether, aeaaure4 aaouats ot a correspond­

ill& àaeterial napenaions. 1. JU&avei bop ot tl~4 tr• the tinal 411•­

tioa t•à• 1a a~ea4 on oae tuadraat ot a peptolle acar plate by aeaaa ot 

one ot the se loo pa. :iy pla tU& a rue• ot 41lu:Uona ud. tho eountiq 

· the •abu ot pl&IIJ.'I.ea that develop tra the lllOat aui taàle dillltion, the 

•lDI.ber et aet1 Te pl1qe partiel es that ••re preaea.t in -.:ae original pace 

... p~ion eaa 'be oaleulatei. 

à) He!u1remeata: 

1) A. atudar4 'small loop' made ot 0.3 1111. thick: platinUlll 

wire, the iaaide d.iameter èeiac 1.5 am. 

ii} A a-.u.ù.rd. ''big loop' aie ot 0.5 Jllll tllick plati:a'UI. wire, 

the insid.e diameter beine ~ ma. 

111) !wo pla.ggeà Pyrex glaaa tu.bea 18 X 1150 mm tor à11utiq the 

phace suapeaaioa that ia àeing titratei. !he tirat d11utioa tube conta1na 

10 ~. ot broth whereaa the second oontaina lQ ml. ot an .. ulaion ot co:r­

reapedille N.oteria aad.e DJ ad.ài:ag 1 :al. ot a 3 hour 'broth cul ture te t al. 
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et llroth. 

iv} 10 I lOO ma pep~one agar plates. 

e) Calibration ot Iire Loops: 

The averace UI.OUB.t ot fl1l1cl take 'bf ~he twe loops waa aacer-

tai:aei •Y' the tollow1Jt& :prooeiure: To calibrata the ''bis loop', a tube 

eontaiDiB& a taw aillilitera ot àroth was accurately waighed and then 

the loop was ~aed to ramove a ataniari trop. ~e tabe ani eantenta ware 

weighe4 apill and. the tittaroee i:a. weipts pve the weight ot broth i:a 

tlte à..rop. !he· proeeiure was repea~ei tu times and the averaae vol1111.e ot 

tluid per looptul waa ealculated.. '!he loep na kk:en. ou" ot the liq1li4 

tlat, with a aooth jerk, ao tha.t an al.aos~ hemiapherical drop tormei ill 

tàe leop. ~o ealiàrate tlte '.mall loop' the .ame proee4ura was tollowei, 

ucept tha.t 10 smal.l leoptùa were rUlOvei ter eaelt weighiq. !'he 'aall 

loap' atter immersion in the liqu14 was slowly taken out ot it, ~o~ tlat 

àu.t sidewisa, ao that o:aly a tkia fila na tormei 1~ the epcmill& of tlae 

loop. 

~e ''bis loep' U.Q 'aall loop' were taud to remove 0.018 ml. 
-4. . 

and a.5 X 10 ml. ot bro~à per looptal raapectively. 

d) Procedure tor Boutiat Co.a"i!g: 
t , 

The tollowing soale ot dilutions .a. used: 

1. 'Small ot ~e aœall loop' dilution - 'aal': - One small loop ot tha 

tiltrate was introduced in the tirst dilution tube containing 10 ml. ot 

broth. Uter Uorough ahaki:ng, a amal.l loop trom this tube was trans-

terred into the aeooad dilution tube oontai1ing 10 ml. of bacterial amul-

sion and a b1i loop ot that waa plated on a quadrant ot an agar plate. 
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~. 'Small ot the big loop' dilution- 'sbl': -One big loop ot the 

tiltrate waa introduced into the tirat tube, a small loop trœn it 

into ~he second, and again a big loop tran the last platei. 

3. 'Big or the big loop' dilution- 'bbl': - A big loop ot the til-

trate into the tirat tube, a -il loop traa it into the second and a big 

·loop ot the last waa plate!. 

4. 'Small loop' dilution- 'al': - • amall loop into the second tube, 

and a bi& loop waa platad direct trom it. 

5. 'Big loop' dilution- 'bl': - A big loop ot the tiltrate into ~he 

tira~ tua•, and .the -.a emount plat ad trom i t. 

6. It very tew phage partielea ~ere beli&Ted to ba present in a tiltrate, 

two more dilutions were used: 'one c.e.':- One ml. or the tiltrate into 

10 ml. ot bacterial emul.aion ·and. a big loop plated trom i t; and 'direct • -

'd':- Wàen a big loop ot the tiltratt waa spraad direct on acar and then 

covered with one big loop ot aœnlsion. 

e) Calculatio!f: 

~ calclllate the original ooneeD.trations, the plaflU.e counta per 

~uadrant were mnltiplied DY the appropriat• dilution factors. Uaing the 

small loop that holds a.~ X 10-& al. and tht big loop that kolda O.Ql8 al., 

~e counta were multiplied hy th• tolloWing tactora: 

J'or 'asl' dilution, by ?.B x 109 

-
X lG? For 'abl' dilution, by 3.65 

For 'al' dilution, iy i.l4 x 1015 

J'or 'bbl' dilution, 'Dy l.f x 105 
.. 

x 104 J'or ''bl' dilution, ày 3.1 

J'or '1 c. c. ' diluticm, by ti. i x 101 

J'or '4' 4ilution, Df 5.6 :x 101 
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t) Comaenta: 

.AJ.tho:qh tllia aethod ia simple and logical, it waa abandone4 

early in this work tor the tollcwi:ag reasona: 

1. J.a i:a ust eaaea the approxiute titre ot the :plage pre,an:tioaa waa 

llDlolon, too mach peaa-work waa iD.TOlTei in ju'siJli the correct clilutie 

aacl too DanJ dilutioas had to be pla•et to obtaia a auitable number ot 

well-~aolatecl, dia.crete plaques. 

2. ~. plaques which deTeloped were :aot unitorsl.y iiatrnutecl o• the 

aurtaoe ot the plates, and. COJ18etuentlf, wve ditticult to cou:ilt. 

s. IlL cuea where replioate plati:aa• et a cliluUon were .. ,., the p~atue 

couts were T&ria},le; thil ia prolta'bl.7 ille to tit.e irreplari ty ill tlle 

Teluma ot tlaid.remove4 by the loopa. 

(1) .f.P:'B-l:ADB MEmOD: 

a) Prilu;iple ~t the lletho4: 

1his .. tllo4 ••-- to llaTe àeu. tirat 4eacnbe4 by Gratta (19SI). 

!he lloat ltacteria and. phase JUticlea are :mi.Xed ill a limal.l TOlaae ot ~ 

0.'1 per o••t trntoae phosphate agu ud. the :aixture ia poured OTer the 

aurtace ot an ordinary 1.5 per ceD.t peptone agar pla~• and allowed to 

harda to torm a tllin layer. 1'.he baeteria crow aa ti!l1' nbaurtace coloaiea 

ia this layer. ud are nouriaàei by the deep layer ot 1.! pv eent nutrieat 

aaar which ia uae4 as tounc\ation. !he platuea appear as clea.r holea in the 

opaqua laye~ ot baoterial arewtll. 

D) Proceclltre: 

fhe aott 0.7 percent tryptoae phoaphate agar.waa aelte4 in a 

ltoilinc water bath and oooled ia a 41°C nter bath. It na then tra.ua­

terrei wità a ftl'll84 pipette ill 2.~ lll.. DOUll18 to 1f&l'IU4 tea-.-tu'bea ia a 
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46°0 water 'bath. One drop trœ. a Pasteur pipette ot a s lleur tr7Ptoae 

phos)hate broth culture ot the susceptible bacteria waa added to eaoll 

tube ot aott apr. 1'.b.en one al. et the pliage aaspenaion, 41lu.te4 to 

&1 ve a :tteadablre •1Dlber ot pl.atuea (50 to ~00) , waa pipette! in.to the 

tu-ea et aott 0.7 JV cent tryptese phoapllate ap.r ani· the entire oonte:at 

et the tube waa poured ~er the sartace ot a ateril~ aoliàitie4 l.i per 

eu.t peptone agar plate. The plate na roeked gatl.7 to llix the baoteria 

mul phage particlea alli aet aaide to harda at room te.peratue. B0lh. 

tàe l.eï per cn.t agar ana tlle aott apr layer were all•eà. to hal"den witll 

the plates reatina on a leTel aurtace, to i•a.re waitora d.iat~ii•tioa ot 

tàe phage l'lat'!••· OTer the plate aurtaoe. 

Beca~•• ta this aethoi plaques to~ late iwri:ag the lite et tlle 

cüture, ~811:Ü. llll1St be in.duoed to, cGD.tin•e aa lo:ag as :possiBle. '!here­

tere tàe plates were in.o\tated tor 18-U ho~a at S'/0 0 ud reai the 

tollowtac morDiac. 

c) COJaeJlt.a: 

.B7 this qtlloi, the lloat Ba.cteria anet phage particlea are ui­

tormly diatributed over the surface ot tae p~te. Binee tixatioa ot tàe 

)hase by baoterial cella oceva al.aoat eatirely atter the plate ia poure4, 

the low concentration {0.7 per ceat) ot agar 111 the aeeied layer permita 

more rapicl 4ittaaion ot the phage partiel••• !he plat•• couat ia striet­

ly proportioDal tG the dilat1on used. 

CULT!JB!l JtJDY,: 

lor propagation of the ph.acea ani tor exptrimental purpose1 

~. followinc aedia ha.Te bee:a. uaecl: 
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a) Beet hear~ illi'uaion àroth (Ditoo). 

i) Beet keart 1ntua1on brotà (Ditco) with o.a per cent &luco~• adieà. 

e) Bacto trJPtoae ;pkoapàate 'Drotà (Ditco). 

i) PeptOAe 8rotil (llcGill). 

e) Pepto:a.e agar (:U.Gill). 

t) B&e~o :autri.at iroth (Ditce). 

!heae are standard media whioà are uaed routinely in the Depart-

meat ot Baoteriolog anel :r.r.moleu at McGill Uni ver ai ty. 

In a441 ti on Fil dea' mthetic :aed.i'tlll. (J'il dea et al 19!1, 19~7) 

bas serve4 in aome ex;peri.Jaenta d.eaer1ie4 turther. '!he exact oompoai tioa 

ani. :pre:pal'aUoa ot th• aed.illll ia aa tollna: 

htrip~ f@a!titl lftdrielit ~t11il 

IRaP04r 4.1 p. 1-exnreliae o.oa ... 

:rat N' 5!0 al. a-e.apartic acid O.i& p. 

K/lllaOR 26 -.1. à.-sJ,'D.tudc acid o.os p.. 

kuine 0.12 ga. a-pllu.ylaloille o.oa p. 

a-valine 0.11 Pl• 1-tyroaiJle 0.05 p. 

a-le•eine O.lf p. l-arpa1ne Hel O.Oi P.• 

a-sl.7e1ne O.Oi P• 1-àiatiii.Ae BOl 0.01 P.• 

1-:proli:ae 0.07 ga. a-lysine Hel o.og p. 

!he amiBo aciia were diaaolTei, 1ihe ~ •~9ught to f.~, aa4 tàe 

T01111le a4j•ateli to 600 lll.. '!fi tk iiatilled wa1ier. 1'hia basal IÙ.Xtve waa 

41atribute4 into tuiea in 1 lll. TOl~• ani auteclaved tor 20 minutes a~ 

120°c. !0 each ot theae tuDea the tollowing eompounda were added sapa-
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J'errou ..uni'Uil aul.ta-te, Jl/500 ilL 
11/10 BOl ( auteelavet) - - - 0.25 lll. 

0.1 Ill. IgSO". m2o • ...; 60 ( autoelaved.) 

llùiO~, 11/5 (autoclave«) - - - - - - - - 0.1 ml. 

s-u.evia (Vit s1), 11/aooo a 11/1000 ma 
(auteclave4 lC Din. at 1oeoc., 41luted. 1/100) - - -

a-Bicotiaamià.e, MV200 (autoclave«, iilu"teà 1/10) 

a-aethiolline • If/lOO (til teret) 

- - - - o.a -.1. 

o.z Ill. 

0.2 ml. 

0.1 lll. 

o.z Ill. 

1-trntephue, llf/1000 (autoolave4) 

1-oyatiu, 11/100 in M/10 BOl (tiltered) 

.JraOll, K/5 (autoelaveà.) - - - - - - - - - - - - - - - 0.1 ml. 

Glucoae, 11/8 (tiltered - - - - - - - - 0.25 Ill. 

hter --- - - -- -- - - - - - - - - - - - - a.s al. 

1 - de•otea a au-ataaee ot ay.atàetic erici:a. 

!he aeàiua waa teste4 tor aterility \y ine•batioB at S7°0 tor 

48 ho.ra aad atored in tAo retrigerator .ntil uaeà. 

'nia i:aatnaent na •ployeà. tor the ieterai:aation ot the JI ot 

i'heae tu.bea eos.taiaing •••penaiona ot atandarclized epaei ty as 

l.eaert•eà. ày Bron ut Kirwe (1911) were 11l&e4 tor the estimation ot tlle 

awmber ot orcaat ... i:a àaoterial a.ape:aaions. 

PIPE!'BS: 

lhaaever possible, Kiœble-JŒax piJettea (T.D.) were useà. tor 

tàe Jreparatien et 4i111ltioaa and. t.aatitative traaatera ot lytio ti1trates. 

A new pipette was used for each dilution. 
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IV. I}PliW!D'J!L WOBK 

!he staphylococo~• baeteriopba&ea aaed ia this study haTe 

beea paritied aad propagated en thoir àomologoaa cultures br· tho 

aethoda destrïbe4 ader 'llaterials ud Jlethods' • 

!.y!lption ot .DU't'ergt Cu.l.tvt :..tia 1'tr the 
Qrowtà ot S~iàllecooo!! !êoterioPhagea. 

!~hia sx:periaellt na pert'oraed in an attem:pt to f'ind a culture 

•ediu, pref'erahl1 a apthetic JUdilUil, Which woulà. provide oonataat 

oultural eonditiona tor the growth of' ataPàTleooocua phagoa ia all turthor 

woJ'k. Phage 154:5/5~ wu gron in dd.tf'orea'fl oul iure media, 1ncludiq 

J'ild.ea' aynthetic ud.im. (PJ'epared aa d.eseribod u.der 'Materiala ui 

Ketàods'), in order to t'ad the :m.etium. moat aui table tor phage a1ll:Upli-

cation. 

Ketkod ot c.aauotiOR: 

Six dJ'ops ot a lytio tiltrate ot phage 5•3/1:53 were ai.d.e4 to 

10 ml. of' each of' the tollowing llutrien:t media: beet heart intuaioa 

broth, o.~ glucose-beat heart 1D.t'uaion broth, aad J1ldes' aynthetic. 

aedillll.. llaeh ot theae auptmaions waa 1ih8ll inooula:ted with tour à.ro:pa 

ot a :5 hour peptGne broth oulture ot· the aaaoeptible atraia ot stapàyl­

oooceu. fb.e mixtures were iac\lbated at 3?0 0 tor 6 hours ud were thon 

tilterod throagh a Zsigmondy memhrane. Vario~s dilu"liiona ot eaoh t'il-

tl'ate were prepared with the oorrespondiDc mediua 97 Asàeahov'a loop 

ae"lihod ud a standard. loophl. ot eaoh 41l•U•a waa la,.orecl wu- • tuadru;t 

ot u agar plate prertoualr seed.ed wi'th "h• auaoeptible culture. The 

plates were incubatei at 37°0 tor 6 hours, let1 at room t.aperature over• 

rùght, and read the f'ollewillg moni-.g. ~e rield ot phage in each medium 
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TABLE I. 

Beer heart o. 2% glucose- Fildes' 
infusion broth beer heart syntbetic 

infusion broth medium 

Dilution No. of No. of No. of No. of No. of No. ot 
of plaques particles plaques partiel es plaques partic1e 8 

fil trates per ml. per Ill. per ml. 

• "d" CL - CL - 0 -
"one c.e." LsG• - LSG - 0 -

• 

"bl" • +++ - +++ - 0 -
"bbl" 16 2.7 x 106 25 4.3 x 106 0 -
"sl" 0 - 3 1.96 x 10€ 0 -

"sbl" 0 - 0 - 0 -
"ssl" 0 - 0 - 0 -

• confluent lysis; * • confluent lysis with secondary growth; • • numerous 
semi-confluent plaques. 
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waa determine4 bJ multiplyiag the platue eoanta bJ the appropriate 

iilution taotora. fhe resulta are aammarized in taDla I. 

Resulta: 

fhe resulta obtaiaeà were aot Y&ry aatistaotorJ. ODly wità 

a tew dilutions coald a nuaber ot well-iaolate4, tis~ete pla~ues be 

•ot proporttonal te tke dilution that na plated. Jor t~••• reas~s, 

~eahov'a loop aeth.eà tor preparing iilutiona and plating ot bacte-

riophage waa ùo4o:aed. 

Bowevtr it appeared trom the resulta ebtained. that J'ildes' 

syDthetic ae41ua is usui table tor the growtà at least ot phace M=s/533 

atnee l1G platue itTeloped trOlll the 41lutio:aa which. 1Jtre platei. 

EXB[JUMERT 2: If!!• Malt1pt1c!Uon et Staphlleoooclla 
B!oteriepb!&ea ia ~iliea' Sf!thet1c ._diwm 
aai 1a PtEtene Broth. 

Siace Fildes' ay.atàetic aediwm doea aot proTide optimal 

cal tval oendi ti ou tor the grewth ot pllage 1;43/:5:55 ( aa ahon. by the 

preceding a:periment), other Jhaiea were teàted and the yiel4 ot phage 

in tàis me ii lill na coapared wi th t.bat in peptone broth. Vn.satiataotorr 

resulta were o'bta.illei ia the precetiag. u:perimeat DT the use ot 

J.ù.eaàev' a loop aethoi tor ietermini.Jl& page oonotmtratio:a. ~eretore, 

ta this expertaent, the phage ~oneentration was eatimated by 4eter-

m1ainc the 'critical test dilution' ot the phages, a metàod whioh givea 

a reugh 1adioation ot the number ot partielea in a phage s•apension. 
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TABLE II. 

Phage No. f/:edium Dilutions of s upernatant ?hage 

lo-2 lo-3 lo-4 lo-5 lo-6 

Peptone 
CL CL CL LSG broth +++ 

3A/284 
Fildes' 

CL LSG medium +++ + -

Peptone 
broth CL CL CL LSG +++ 

4?/36 
Fildes' 
medium CL LSG ++ - -
Peptone 
broth CL CL CL LSG ++ 

534/535 
Fildes' 
medium LSG +++ + - -
Peptone 

broth CL CL CL LSG +++ 

4 ?C/1163 
Fildes' 
medium +++ ++ + - -
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Kt~àod ot Conduc~ion: 

Phage 3&/284, '7/56, 54~/~33, and 4?0/116~ were used ia ~hia 

ex~~t. A 1/100 dilu~ion ot eaoh phage waa prepared i• Fildea' 

•JR~he~io ae41um and in pepteae ~roth. 0.1 ml. ot a 3 hour peptone 

'bre~h oul. ture ot tà• lloacüo1oa.a a~re.ia waa add.e4 to 10 ml. vol '&Ile a et 

eaeà et theae phage auspensiona. !he mixtures were i~cubateà a~ ~7e0 

airture na centrituge4 ani the 'eri ti cal t4tst dilutioll' et the pàqe 

ia the auperaa~an~ tluit was d.etermdaed èy ~he aeta0d ieacri'bed. uader 

'llaterials and ltethoà.a'. 

llealllta: 

!.b.e reaùta are shom ill ~ile II, where i~ ~ be aee:a. t.il.at 

the critical test dilution ot •ach phage growu ia F1ldea' synthe~ic 

aed.i.a ia &Dout one hundre4tol4 less ~haa ia pep~on• bro~h. For iaa~ee, 

tàe eritical ~ •• ~ 4il~tion ot phage ~884 arowa in pep~one bro~h ia 10-' 

oompared. to 10-! when grown ia Fildea' aya~he~ie aedium. Similarlr, ~he 

critioal test 4ilatioa ot phage 6'3/ezs srown ia peptone Droth is 10-', 

whertaa ill l'ilde•' ayath.etic JUdiua, it ia lesa thaiL 10-2. 'lh1• indi-

cates tha~ Fildes' syn~hetic mediua, although adequa~• tor bac~erial 

•ultiplica~ion, does :a.o~ neoessarily support phage .altiplicatloa. 

!h! Btteot et pij on the ~tiplioa~ion ot 
Stapàzlococeua.Bae~eriep!aaee. 

In ~e preced.ing experimeata, the phages were grown. in :ril4es' 

aynthe·Uo mecli\111. a~ pH '1.4, which aight not have beea the optillm.m pH 

tor the growth ot theae phagea. 'l'hia experill.ent was u:ader~ak:en to aaeer-

tata whetller altera~ion 1~ the pH ot Fildea' aynthetic medium woul4 pre­

vide more tavourable conditions tor phage multiplication. 
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Mathod of Coaduction: 

Te ml. ot l/10 dilutions ot pllage !A/284, 4"f/Se, and 47C/116S 

were prepared in Fildes' syuthetic.mediwn and in Baeto autrie:nt broth at 

pH 7.4, '1.1, and 7.8. In addition, 10 ml. ot a l/10 dilution ot each 

phage was prepared in peptone broth at pH 7.2. Each ot theae suspensions 

. ~as then iaoeulated with 0.5 ml. of a 5 hour peptone broth culture ot the 

susceptible atrain. !he mixtures were inca~ateù at 37°0 tor G hours aad 

thea lett at reom temperature overnight. !he aext morning the mixture a 

were oentrituged and the critioal test dilution et the phage i~ the super-

aatant t1u14 waa deteraiaed. Table III Bàows the l7tio reactions obtained. 

Resulta: 

la the preeediug experiment it was toun4 that the phages useà 

grew tavonrabl7 in peptone brotà at pH 7.2. ~eretore, it might be ot 

interest to compare the oritical test dilution ot each p~ge grown in 

rtldes' synthetic media. and in Baoto nùtrient brothat different pH 

Talues with that obtained when the phages were grow.a in peptone ~roth at 

pH 'I.a. 

It can be aeea tros Table III that the critical test dilations 

ot phage M/ZS4r, 47/30, and 4'1C/1163 when grown in peptone broth are la-5, 

-5 ""' . 10 , aad 10 respectively. In Baoto nutrient broth at pH 7.8, the crit-

ioal test dilution ot phage 3&/284 ia 10-', theretore alightly lower than 

in peptone broth. ~' pH 7.4 and 7.6 in the ~e medium, the oritical te•t 

dilu.tion ot phage· 3&/284 is atill lllllCh lower. Th.el'etore phage 9/284 growa 

Qeat 1A Baoto mutrient broth at pH 7.8. 

Simila.rly phage 47/36 grows better in Ba.eto autrie:nt broth at 



Pbage No. 

3A/284 

47/36 

47C/ ll63 
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TABLE III. 

Bttect or pH on phage multiplication 

V. edium pH Dilution ot Supernatant Pha ge 

10- 2 10-3 l0-4 10-5 l0-6 

Pept. br.t 7.2 CL CL CL CL LSG 

P'ildes' f 7.4 L:JG +++ - - -
P'ildes' 7.6 CL LSG + ++ + + -
P'ildes' 7. 8 - - - - -
Ba ct. n. br': 7.4 LSG LSG .. .... ++ -
Ba ct.n. br. 7. 6 CL CL LSG LSG +++ 

Bact . n.br . 7. 8 CL CL CL LSG LSG 

Pept. br. 7.2 CL CL CL CL L3G 

Fildes' 7.4 L3G +++ + - -
Fildes' 7. 6 LSG .... .. + - -
Fildes ' 7. 8 L3G + ++ + - -
Bact . n. b. 7. 4 CL CL LSG + ++ ++ 

Bact.n. b. 7. 6 CL CL LSG LSG +++ 

Ba ct. n.b. 7. 8 CL CL CL CL +++ 

Pept . br. 7. 2 CL CL CL LSG ++ 

Fildes ' 7. 4 + - - - -
Fildes ' ' 7.6 - - - - -
Fild es ' 7. 8 - - - - -
Ba ct. n. b. 7. 4 LSG L.3G + ++ .. -
Bact.n. b. 7.6 ct LSG +++ + -
Bact . n . b. 7 . 8 Ct LSG ...... ++ .. 
• pep tone broth; * F1ldes ' synthetic llied i~ ; + Ba cto 

nutrient broth. 



pH 7.8 ainee its eritical test dilution When grewn in this medium at 

pH 7 .a b the Aille as that in peptone -rotk. On the otàer hu.4• '\he 

eritictl test dilution ot p~ge 470/1165 grown ia Baete ~utrient hroth 

at all the pH Taluea teated ia conaiderabl7 lower than in peptone broth 

111 thi:D. the raage ot pH ·teate4. · lild.ea' ay~;thetie mei.i1Dil proved 

unsuitable tor the growth ot theae pbagea. Wh7 tàia aediua tested at 

4itterent pH Taluea with T&rioua phages dees not eBhance phage maltipli-

c•tion haa not been eluoidatecl, ud still ani ta tu~ur• iaTeatigation. 

fhere ia a possibility that there i8 a substance abse~t, or present ia 80 

amall an amount in this mediam, tbat phase tormation stops When tàia oompouat 

is depleted. Ooaeequentl7, l1ldea' ay.athetie mediua waa not uaed in turthfr 

work:. 

'.&e Rate ot .Uao tioa ot a 1 coccus 
Bao1ô~1op}\!ge oa 1 ta Baolegou Strain p 
on aa Bettrologoua Strain. 

This experiment na do:ne as a preliminary to determine the periocl 

ot incubation required tor complete adsorption ot a ataphylococoua phace on 

its homologoua atrain and on an heterologoua atrain, to aerTe as baaia tor 

turther exper1meata ot 'aelectiTe' adsorption. 

a) fhe Bate ot Adsorption ot Pè!&• 4?JJ?61 on Bomologoua Straia ?61. 

Ket!ocl ot Ooaduotioa: 

A young culture ot strain 161, arown at Z?°C tor Z hours in 

trypteae phosphate broth, was 8t&!ldaràized •1 Brow.n'a opaoity method te 

eontaia approx~te11 1.0 X 108 bacteria par ailliliter. A 5.5 ml. aliquot 

ot this suspension was immediatel1 addeà to an equàl amount ot a lytic 

t11trate ot phage 47~761 containi~ &.2 X 106 lytic particlea per m111111ter. 
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The mixture ns rapilly mize4 and iaeubated in a 37°0 nter 'batà. 

Sam.plea ot the adsorption mixture were remoTed at Jmown time interve.la 

(Table IV) and each was divi4ed into two portions. One portion waa 

til tere4 througk a Zaig1110nfly membrane to remove the koteria and adsorbe4 

:phage, the f'iltrate diluted 1/10,000 with t:ryptoae phoapàa"e brGth, and ut 

alituot of' this dilution aceurataly assayed tor reaidual tree phage DY the 

agar-larer method ( deacribed oder 'Materiala and llethoda'). 'l'he oth.er 

portion was centrituged at 400 tor lti minatea to aediment the baeteria ani 

adaorbed Jhage, the cell sediment waahed twiee in sterile.saline and re­

suapended in a Tel~e of' 'broth equal to the original amouat betore centrit­

uptioa.. h alieruot- ot a 1/10,000 dilution ct this suspension waa thea 

accurately aaaayeà f'or adaorbed phage by the agar-layer technitQe. 

!he oeil concentration in the adsorption mixture na approxillately 

a àuai:reàtold greater thaa that et tàe pàace to give iateetion et each 'baote­

rial cell by ao mere tàaa one phage partiole. Tais method «iTea directly at 

the same·mament the aumoer ot both t~e f'ree and the adaorbed Jba&e particlea 

ill the adaorption t11'be, the &'Ul of' wàioh sh.ould eq,ual at any time the to'\al 

phage inJut 1u. the a.dsorptieà ai~ure. 

ile81Üta: 

i'a.ble IV aUIIDa.l'izea the relll1l.ta o'btained. It showa that the srea.t 

majority of' the phagea (8Z.~) haTe been a4aorbed on to the baoterial cella 

w1 thiJL 50 minu.tes. !he laree inerease in the UtOUt of' phage in 'tla.e adaerp­

'tio:a lllix._ve at 2 houra ia preaUlU.bly ille te the releaae of' nn phage trea 

haeteria inteeteà earlier. 'l'he titre Jaef'or• mixing the phage and eultve 

1a twioe the Talue in tàe aiacrption mix,ure, owtng to dilution of' the phage 

with ü.e added cultve. !hia ia tak:u into aeeoUB:t ill the ealeulatioJJ. et the 



Time after 
addii:.ion 

of cul ture 

5 min. 

10 " 

20 " 

30 " 

2 hours 
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TABLE IV. 

Showing the progress of adsorption of phage 47A/76l on 
strain 761 at 37°C. Initial no. of phage in 

adsorption mixture, 3.1 X 106 lytic 
partiales per ml. 

Plaque Titre of Plaque Titre of Sum of Pere en tage 
(b) count of unadsorbed count of adsorbed (a) and adsorption 

unadsorbed pha1e adsorbed phage 
phage (a phage (b) 

245 2.45 x 10 
6 

ll8 1.18 x 106 3. 63 x 106 20.9 

143 1.43 x 106 172 1.72 x 106 3.15Xl06 53.9 

91 0.91 x 106 240 2.40 x 10
6 

3.31 x 106 70.7 

o. 52 x 106 3.04 x 106 6 
52 304 3. 56 x 10 83.3 

great er great er 
than than - - - -
6000 60 x 106 
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Fig. I showing the logarithmie adsorption ot phage 47A/761 
on its homologous strain 761 (eurve A) and on 

heterologous strain 44 (curve B). 
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._ ~peete4, the sam ot the titre ot una4sor9ed phage and that 

ot adaorbed pàage at any moaent ~·• withia the ltmita ot experimental 

error, tke total phage tapat in the ataorptio• mtxt~e. tais in41catea 

tllat no losa ot phage oœcurred ù.n the saplea ot the phqe-iaoteritDI 

mixtures were t~ltered throuch the Zaic-ondr m.abrane. 

J'is. I ahows the cvTe oitainei ( curve J.) when the pereentage 

et unadaorbed phage ia plotted againat·the ttme. !he linear relation 

iadicatea that adsorption ot phage 47J/761 ea its h~ologoua culture at 

Sf°C i:a trJPtose phosphate Droth proceeda at a locaritkaio rate. 

'D) '!hf Bat! •t .Ü§IDtio:a et Phy! 4.?1/fll on Heterolos:oua 
Strain44. 

-.thod ot Coaductio:a: 

'Die tirat atep in this ex:perimu;\ n.a to determine whe-.her 

atraia 44 was susceptible te lyaia à7 phage 47A/7Gl. !hia waa carrieà. 

out aa tollows: A tew trope ot a tr,yptoae phosphate broth culture ot 

strai:a 44 were aprea4 eTeJÜ1 OB. the aurtaoe ot a peptone agar pllr.te. 

lhea theae had irieà., a tew trope of aa .adilutea lytie tiltrate et phage 

.f.?A/151 were apottei oa the aurtace ot the culture. !he plate was i:aca­

'Dated at $7°0 te~ i ho•r•, lett at roam temperature oTernight, and exami:ae4 

the tollowing m0rn!Dg ter aar evidence ot pàage action in the tor.m ot plaqaea 

or rings et inhibition ot growth, but with eatirelr aegatiTe resulta. 

WitÀ tke Jœowlei.ge that atrai:a 44 ia completelr iu11.aoept1'Dle to 

the 1111• action ot phage 4?J/761, the progress ot a4aorpt1on et tkia Phase 

o• atrai:a 4.4 waa tollowet &y this proced11re: A 3 hour tr,yptoae phosphate 

Droth culture ot atrain 44 waa sta:a4ardisei by Bro~'s opaeity method to 
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eoa~a1a 5.2 X 107 bae~er1a Jer ~. aai ' ~. ot the suspeasion were 

imaediatelf added ~o ~ etual amouat ot a lytie tiltrate ot ,wage 4?jj?61 

oon~ain1:ng ? .16 X 101 J.y~ie p.r~ielea p~ a111111 ter. 'l'll.e mixture na 

i:aeuba~ei at :5?°C, u.d at lœon Ume interTala (Table V) aamplea were 

remoTei ui tilterei ~hrougk a Zaiponty a..erue to raoTe ~lle 'Dacteria 

aad adsorbai phage. !he til~ra~• et eaeh aaaple waa 41l•tea 1/1000 wità 

~rypteae ~hosphaté bro~h aad aa alituot plated on cultwre ?61 •Y tàe agar~ 

layer aethod. 

Besults: 

Table V ahows tba~ only 24.6~ ot the phaces haTe 'been a4sorbei 

withia aa iaeubatioa peried ot 30 minutes. Adaorptioa ot phace '7A/761 oa 

atraia ü preeeeia T&r7 alcnrl1 aa shon 'b1 tlie low percu:tage (~.~) ot 

pàace• adsorhei eTen atter 2 ho.r incubation a~ :5?°C aa( 8y tke slope ot 

'ourTe :a 1• Fic. I. 

Diacua10Jl ui Su!amary ot k;perimo.~ :': 

!he progress ot adsorption ot pàage ''4/?61 oa ita homologoaa 

atraia 761 ani on heterologoua strain 44 haa beea tollowed by the aethoi 

alreaiy deaeribed. !he chief poin~ ot intereat WÀicà aaergea trom tàe 

resulta eitained is that adsorption proeee4a at a logaritkmic r•t• oa 

.8otà the suaeeptible ani the resistant a-train, b•t at a auch alower rate 

ea ~he resistaa~ atrain. 

~t the eai ot 2 hour iD.cubatien, aew phages were liberatei b1 

the susceptible a~rain, whereaa in the oaae ot the resistant atrain ao 

release could be oiservea, the adserie4 phages èeing iaae~iT.atei. 

!he resulta inàie~te that at least '5 mi~ute i~oQèa~ion at 5f8 C 

ia re,~irei ter complete adsorptiea ot ph~e 47J/?61 on ita hGEologous 
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'rABLE V. 

showing the progress or adsorption or phage 47A/761 on 
strain 44 at 37°0. Initial no. oS phage in 

adsorption mixture, 3.58 X 10 lytic 
particles per ml. 

Time arter Plaque Titre or Pere en tage 
addition count or unadaorbed adsorption 

or culture unadsorbed phage 
phage 

5 min. 355 3. 55 x 10
5 

0.9 

10 " 292 2.92 x 105 18.5 

20 " 27& 2.7& x 105 22.9 

30 " 270 2.70 x 105 24.& 

2 hours 248 2.48 x 105 30.8 
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atrain, at least under the conditions ot this experiment. 

mpuMENT 15: , 'V :ltteet et filu1 ~•ë•!!r•· u4 IliA!• on 
~he Stabili~T ot S!!Rhz!•!oec .. Baeteri•R&a~ea. 

It is weil lol01JD. that ·mBat staphyloooccua bacteriophages, 

agents. Sua:pensiona ot the se phages ott en show a :ma.rked decrease il!l. 

titre a tew weeka atter preparation. It is the purpoae ot this axpertment 

to 4eser1be the ettect ot seTeral oondi"tiol!l.a ot atorage on the stability 

ot ataphfloooocua bacteriophages. 

lleü.od ot Conduction: 

in "this axperimen"t. !Ile phage concentration of each tiltra"te was determ1ne4 

by the acar-layer technique. .&. aaaple ot each tiltrate ns mi.xed wi."th an 

e~llal aoWlt ot MOh ot the tollowing media: pe:ptone broth, 5~ slroerine, 

and trrptose phosphate broth. & 1/100 dilution ot each phage in sterile 

diatilled water was alao prepared. Two ml. ~ples _ot eaoh preparation 

were storei at the tollowtng temperatures: -50°0 in the deep-treezer, 

+'0 0 i:a the refi-iaerator, and at roca temperature. In addi tLon, 2111. 

Alllples et eaoh phq;e in peptone bro"th anti teyptosa phosphate bro"th were 

lroph111ze4 in the J:tiWU'ds' Centritqù Freeae Dryer. .ln aliquot ot u.oh 

ot theae experimental preparations was then ti trated. -Y tà.e agar-layer 

aethod at the tollowing t~e intervals: phage SA/~ and 54~/eS3 every 

3 weeka dur1D& a perio4 ot 15 weeks; phase 47J./761 everr Si weeka d.ur1q 

a period et usi weeka. ~flle phage concantre;tion ot eaeh preparation oder 

tàe c~nditiona ot storage mentioued above waa 4etermined by aultiplying 

the plaque ooun~a by the appropria~• àilat1o• tactora. !he resulta are 



Phego No Medium nv1ron.m.e4t Initial No 
part.i~les 

543/533 peptone -3C•c 6,5 X 10° 
broth 

.,•c 6.5 X lOB 543/533 peptone 
broth 

54.3/533 peptone room t• 6.5 X 108 
broth 

6.5 x 108 
54.3/533 peptone lyophilizod 

brotb 
-3o

0
c 6,5 X 108 

54.3/533 5o,; 
glyoerin 

+4°c 6.5 x 108 54.3/533 5~ 
glyoerint 

room t• 6.5 x 108 
54.3/533 5~ 

glyoer1n 
-3o0 c 6.5 x 108 543/533 distillocl 

water 
+4°c 6,5 X lOB 54.3/533 distille< 

water 
room t• 6.5 X lOB 54.3/533 distille< 

water 
-3o0 c 6.5 X lOB 54.3/533- tryptoe 

phosphet 
+~'c 6.5 X 108 

543/533 tryptos 
pbOSphOt 

rOOIIL t• 6.5 X lOB 54.3/533 tryptos 
pllosphato 

6.5 x 108 
543/533 tryptoso lyophilizod 

31./284 pep~ one . .,.,... .. 9.u ... L<n 
broth 

+4•c 9.0 x 107 
:5.1./284 peptone 

broth 
9.0 x 107 

31./284 peptone room t• 
broth 

9.0 x 10
7 

31./284 peptone lyoph1l1zed 
broth 

-w-c 9.0 x 10
7 

31./284. ~ 
slyoerine 

+4°c 9.0 x 107 
3A/2B4 50J' 

g1yoer1Ae 
room t• 9,0 x 107 

31./284 5~ 
slyoer1ll8 

-3C•c 9,0 x 107 
31./284 distillod 

water 
+4•c 9,0 x 107 

31./284 d1st1llod 
water 

9,0 x 10
7 

31./284 d1st1llod rota to 
weter 

-3C•c 9.0 x 107 
31./284. tryptoae 

pbOSphete 
+4°c 9.0 x 107 

:s.t./284 '"Jptoao 
phoaphate 

room t• 9,0 x 10
7 

:s.t./284 tryptole 
phoaphete 

9,0 x 10
7 

:s.t./284. trrpto•e lyoph1l1zed 
Dhqaphet_ 

4.7.1/761 1'~~~:· -30" c 15 X 10B 

4.7.1/701 peptone +f.•c 15 x loB brot.h 
67.1/761 poptolle 

broth 
room t• 15 x loB 

f.?lt./701 peptone lyoph1l1zed 1~ x loB brot.b 
671t./76l 5~ -w-c 15 x 108 

slroerine 
671t./76l 0~ .,•c 1~ x loB sl:roerillt 
f.?lt./761 ~ 1"0011. t• 15 x lOB 

m:m:~ f.?lt./761 -3o•c 15 x 108 -weter 
67.1/761 d1at1lle~ .,•c 1~ X 108-•ter 
4.7.1/761 d1ot1liell rota ,_. 10 x 108 

water 
67.1/701 tryptou -3rlc 15 x 1oB phoaphato 
4?.1/?61 tryptoao .,.•c 15 x 1oB phoaphatt 
67.1/701 tryptoao 

phoaphete 
room ~ u x 1oB 

f.?lt./701 tryptoao lyoph111zed lb x 108 pboapbHI 

T;.BLZ VI 

The Etteot ot Time. lledi d Temperature on Phage Concentration -- -- -
Pha .. e Concentration fNo oart1c1As/ m' 

3 weeks 3.5 weeks 6 weeks 6.5 weeks g waeks 9.5 weeks 12 weeks 

2.4 X 108 2.4 x liJll 2.56 x 10 2.5 x 108 

1.14 X 108 1.2 x w8 1.3 x 108 1.34 X 108 

4.0 x 106 s.o x 105 3.2 x 106 -
7.2 x 10'7 7.2 x 107 7.0 x 107 9.0 x 107 

1.8 X 108 1.4 x 108 1.88 x 10e 1.98 x 108 

1,3 X 108 6,B x 107 7.0 x. 107 6,4. x 107 

2.6 :i. 107 2.0 x 107 4.0 x 10
6 

6.0 :i. 106 

1.2 :.. los 9.8 x 10
7 

1.2 X 108 1.1 x 108 

9.0 x 107 7,0 x 107 5.4. x 107 5.6 x 107 

5.1 x 107 3.3 x 107 3.1 x 107 3.3 x 107 

2.6 x 108 2,6 X lOB 2,62 x 10a 2.7 x 108 

1,5 X lOB 1.1 x 108 1.04 x 10e 1,06 x 108 

3,4. x 106 1,2 x 106 5,6 x 105 -
6.0 x 107 5,6 x l0

7 5.9 x 107 7.3 x 107 

~.8 x ~o; z.~ .. ~o• """2.12 x 10, 2,"4, ... LU' 

5.0 x 107 2.52 x 107 3,16 x 10
7 

3.2B x 107 

1.3 x 107 1.0 x 107 1,2 x 107 -
l,H X 107 8.6 x 106 9.2 x 106 1.38 x 107 

3.38 x 107 3.16 x 10
7 

3,7 x 10
7 

3.6 x 10
7 

2.1 x 10
7 

1.86 x 10
7 

1.7 x 10
7 

1.96 Â 107 

1.12 1 1CJ
7 B.o x 106 

7.9 " lo5 4..6 x 105 

7,1 x. 106 5,5 x 106 5.4 x 106 6,4 x 106 

2.9 x 10
6 

2.6 x 106 2.3 x 106 2,6 x 106 

7,0 x 105 6.2 x 105 
&.;; "105 -

3,4. x 107 2.9 x 107 3.1 x 10
7 

3.1 x 10
7 

3,92 x 107 
3.6 x 10

7 
3.4. x 10

7 
4..0 x 107 

4..0 x lol 0 - -
9,6 x 106 9,4. x 106 9.6 x 106 1,32 x 107 

2.4 x lOB 2,5 X lOB 1,82 X lOB 

2.B x 108 2,?& x 108 1,92 X lOB 

1.4 x 106 1.8 x 102 -
1,5 X lOB B.o x 107 9,0 x 107 

2.0 x 108 2.34 x 108 2.1 x 1c8 

.2 l( 108 1.4 x lOB 7,2 l( 107 

6.0 x 105 8.4 x 102 0 

lol X 10B 1.0 x 108 B.7 x 107 

1.0 x 108 1.o x 10B 8,4 x 107 

if.,O X 102 0 -
2.2 X lOB 2.1 x 108 1,74 X lOB 

3.4 x 1oB 3,2 x l.o8 1.96 X 10B 

1.0 x 104 0 -
lof. X lOB 7.8 x 107 9,8 x 107 

12.5 weei<S 15 weeks 

2.46 x 108 

1.24. X 108 

-
8.76 x. 107 

1,74. x 10
8 

6,0 x 107 

5,4 x 106 

1,12 X lOB 

5.1 x 107 

-
2.68 x 108 

1,0 X 108 

-
8,04 x 107 

2.76 x 10 

3.52 x 10
7 

-
-

3.46 x 10
7 

l.B x 107 

6.0 x ll' 

6.9 x 106 

3,0 x 106 

-
3,16 x 10

7 

4.,6 x 107 

-
1.38 x 10

7 

2.56 x 1oB 

2,?B x 1oB 

-
1.7& x loe 

2.3 l( lOB 

6.B x 107 

-
lolB X lOB 

l.ll x loB 

-
2.32 x loB 

3.46 l( lOB 

-
l.Of. X lOB 

15.5 weoks 

2.50 X lOB 

2,Be X lOB 

-
l.lB X lOB 

2,3& X lOB 

7.4. x 107 

-
1,15 X 10B 

1,16 X lOB 

-
2,24. s. lOB 

3,20 X lOB 

-
9,6 " 107 

--.J 
~ 
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Resuljs: 

fb.e reslll ta ot this &XJHE'im.e•t J1a1 àe evaluate4 b7 oompari:ag 

the phage concentration or each preparation at the time 1:atenala menticned. 

a'boTe w1 th the initial ph48e concetration. l'rem iable VI i t ia eTident 

that a losa ot approxtmately "/~ ~t the phages oocurs ia all preparatioaa 

iuring the tirat three weaka, atter which the phage ooneentration r..aiaa 

more or leas coutant. 

Most· phaces are Tery u.staile and beco.m.e inacU vatecl rapid.ly at 

room temperature b&t retaia their aotiT1t7 tor a lGm&er peried ot tim8 at 

lower taperatures. On the aTerace the7 are more stable at -50°0 ill the 

deep-treeaer than at +4°0 ta the retrigerator. fhua the concentratien ot 

phage ~3/~Z5 1:a the :aeUa uaet ia twice u great at ~00 than at +4.0 0. 

!he concentration ot phace 1&/884 i:a both peptone broth aad tryptose phos­

phate iroth is about etual, iut in glreerine aad i:a iiatilled. water the 

ooncentratioll 1a twice as great at -30°0 than at +4°0. '!he ooncentratlo:a. 

or phac• 4'1j/"/&l in pepto:ae brÔth, diatillei water, and trrptoae phoapkate 

'broth is the s8llle at -30°0 u.d. ·at + 4°C, Bllt i:a cl7cter1ae i ta COII.centrattoa 

is about twtce aa great at -~°C than at +4.0 0. 

In the lyophil1ze4 state, tàe phases are.aiout etually stable 

wheD. suapende4 in peptone broth ud in t:eyptose phosphate broth. &.-nu 

the phace eoneeatratioa ia lower than i:a. the preparations whioà were atorei 

at -:50°C a:ild +4°C. 

l'ig. ! shows the t7pe or curTes oàtai:aed who the pllage eo•cea­

.tratioll in a number ot preparations ia plotted againat the t~e. !heae 

ourvea illuatrate the rapii inaotiTatioa ot pha&e at r&aa t.aperature, the 

deorease in phage concentration turing the tirst three weeka ani ata8ili­

~at1Ga thereatter. 
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Fig. 2 The affect of time, medium,and temperature on phage concentration. 

Curve 1. Phage 543/533 in peptone broth at -30°0. 

Curve 2. Phage 543/533 in oo% glycerine at +4°C. 

Curve 3. Phage 543/533 in tryptose phosphate broth at room temperature. 

Curve 4. :Pbage 31./284 in peptone broth at -30°0. 

Curve o. Phage 3A/284 in 50% glycerine at +4°0. 

Curve 6. Phage 3A/284 in distilled water at room temperature. 

Curve 7. Phage 47A/761 in peptone broth at -30°0. 

Curve s. Phage 47A/761 in 5~ glycerine at +4°C. 

Curve 9. Phage 47A/761 in 50% glycerine at room temperature. 
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!he resulta ot this expertment indicate that a losa ot approx­

imately 75~ ot the phacea oeeurs during the tirst tbree weeks ot storage. 

Maximum stability seama to be aohieve4 at a te.mperature ot -30°0 in the 

deep-treezer. The phages were on the average equally stable in all aedia 

teste4, provided they were atore4 at low temperatures. 

Detectien ot •tata.t Phaae• ia Ollltves ot 
Prepagatin& straias. 

As ahown by Hountree (l949a), ~· atrains ot staphylococei·are 

lysegenic and tiltrates ot eulturea ot these straina ottea contai• phages 

which cu. be demonatrated. 'by the use ot sensitive or 'indicator' strains • 

.&ccordin& to Willi8118 Sali th (1948a, b) , Dla!lY atrai:as ot ataphylococei are 

resistant to the l~ic aotion et bacteriopAa&es beeause a lar&e proportion 

ot theae strains are lysogenio. 

fhe phages oarrie4 by the lysogeaio staphylocoeci which are uae4 

in the propagation ot stock phages occur as contaainaata in stock tiltrates. 

fheretore to obtain stock phages which are tree trœn these eontaminant 

phages, it is aivisable to use propasating straiRs ot staphylecocci whieà 

are knewu to be non-lysogenic. ân attempt was made in this investigation 

to detect the presence ot 'latent phages' ta cultures ot the twenty-tour 

propagatin& strains et staphylooocci available. 

Kethod et Conduction: 

Lysogenic straitl.s were detec·ted by Fiak' s cross-cul ture aetho4 

(lt42). J'our hour ani. a" hour ir•th cult.urea ot the propagating atrai•s 

grown in tryptose phosphate irotà at 3f°C were examined. Four drops ot 

the culture to be examined were spread evenly over the surface ot a peptone 
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agar plate, and arter tha plate bad dried, the reœaininc cultures were 

'apotted' upon it. Yor the sake ot convenienee the bottœn ot tàe plate 

was divided by a glass-writing peneil into twenty-tour one-halt inch 

a~uares, ao that the twenty-tour prepagating straina couli be apotte4 

upon aay one atrain oa ons plate. When tha tl•id whieh had been applied 

bad 4ri.ed auttieieatlT to parmi t the plates ot beiD& sately aoved, the7 

were incu.be:hd at S7°C tor 6-8 koura and lett at room temperature overnight. 

!he next moraing they were examined tor aay evidence ot pàags action 1~ ths 

tora ot plaquas or rings ot inhibition ot growth around the edge ot the 

apotted culture. !he growtk ot any pair of strains ahowing.evidsnce ot 

phage action was acraped ott the agar and suspended in one ml. ot broth. 

fnia wae 'centrituged and the supernatant tluii waa tested ~iaat iotk 

atraias to find out which was the lysogenie and whieà the .usceptible strain. 

Resulta: 

A.ong the twenty-teur propagating straias ot staphylococci examiaed 

by tllia method, only three were tound to be lysogenie, :s.auael7 strain -i, 10, 

an4 36. Strain -i ~iberated ~·• phages whieh coult ie ietected in the ~ 

hour but not in the 4 hour bro~h culture. Strain S was tound to be the 1•­

iicator atrain aensitive to the phages earried by strain 4. 

Strain 10 liberated free phages whieh eould be deteotsd in the 4 

hour but not in the 24 hour broth culture, while tree phage• were deteete4 

in 'oih the 4 hour ani the 24 hour broth cultures ot strain 3e. T.ne indi­

oator straina sensitivs to the phages carried by strain 10 and Zi were tound 

to be straiA 5Z5 and S reapect1vel1• 
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'!'he Serelogieal Ditterentiation ot Staph.ylococcus 
Bacterio:eh.aies. 

Preparation ot J.nU-bacterio;phage Sera: 

Antisera aaainst phase S&/~84, 47A/761, and 543/~33 were ebtained 

by inje~ting high titre, tiltered broth lysates or these straina saàe~ta­

JUIOllSl7 illto rabbi ta. lfh:ree anillals {1), (2), and. {3) were injecteà. with 

each ot these strains ot ph~e to allow tor iadividual variatioa in iaœK-

aoloiical respoase and to proTide inauranee against loss ot ~imala thro~ 

aiokBess or acoidemtal ieath. One rabbit (3) trœ. eaeh group was loat durins 

the course ot tnmnm1nt1on. 'fwo illjectio:as ot 5 ml. par week tor 3 weeka were 

made tollowed br a test bleeding 7 daya atter the last injection. ~· test 

bleeding was made br alitting the marginal ear vein and oolleeting about 6 

111. et blood. ~e serum was then ti trtted tor u.ti_phage ac ti Ti ty, and it 

the titre was unsatistactory, a aecond course ot injections was g±re:a. lhen 

the sera were sutticientl1 potent t~ uae, the rabbita were blei br eardiac 

pancture 7 days atter the laat injection and 35-50 ~. ot blood waa ra.oTed 

and allowed to clot at roam tanperature tor 1-2 hours. Atter centrifugation 

the serum was decanted, centrituged again it necessary to remove reai4ual 

red cella, àeated tor 1/~ hour in a 56 0 nter bath to deatror COlD;pl.-ent, 

and atored in sterile screw-eapped tubas in the retrigerator. 

Antisera to phages 13 and 30 (Aaheshov's series) were prepared in 

a aimilar manner but in this case the tteual course ot injection ot the phage 

lyaatea was o.~. 1.0, l.e, and 2.0 ml. injected intravenoualr at 5-day inter-

vals, ~he rabbits being bled 7-9 days atter the last injection. !Wo rabbita 

.(1) and (2) wer• tmmunized with each ot theae twc phages • 

.&11 op.rationa in bleedinc the an.imals and prepari:ng the aera 

were pertor.med with precautions to aToid microbial contamination. 
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n:te an tisera were ti trated age.inst their homologoua phages by 
1 .. 

the tollowing procedure: Dilutions ot the antiaere. (Table VII) were 

preparad in tryptoae phosphata broth and 0.9 ml. ot eaeh ùilution was 

adùe4 to 0.1 ml. ot the aemologous phage 80 diluted in broth that on 

platine one ml. ot the final mixture, 50-500 plaques would develop in the 

abse!l.ce or u.y neutralization. 'ftl.e phece-serom mixtures were incubatad 

in a 37°0 water bath tor ~ houra atter which 0.1 ml. saœplea ot each mixture 

wera added to 9.9 ml. ot tryptose phosphate broth to preveat turther i~-

activation. ot the phages. One ml. ot each ot the tin.al mixtures was platee! 

on the appropriate propage.tin.g strain ot staphyloeoecus by the .agar-layer 

method. The titre ot each antiserum waa axpresaeù as the reci)rocal ot 

the.t dilution which gave approximately 80 per cent reduction in the plaque 

count as comparee! with that given by eantrols oonaisting ot phtge 4iluted 

with tryptose phosphate broth. 

!able VII shows the increase ill. plaque ooWlta wi th increasing 

ùilutiona ot antiserum, end the titres ot the antisera whieh demonstrate 

the variation in the immunological reaponee ot rabbita immUAized ia the 

-.me way with the ~• phage. fhus thé titre ot antiserwn against phage 

ZA/384 (1) is :500 lfhile that against phaj;e ZA/284 (2) is only 100. 

~e titres ot antisera agai:nst phage 1:5 a.ad :50, prepared by 

intravenous injections, range between 20GO and ·&ooo, ani ag.inst phage 

SA/284, '7!/761, and 643/53:5, preparai by subcutaneous injections, -etweea 

lOO and. 400. 

Ph!ge Reutralization feats: 

htisera against phage 3&/384 (2), 47..&/761 (1), 543/:553 (!), 

1:5 (2), ani 3e (2) were used tor the phage neutralization tests. ~l the 



Rabbit 

No. 

.1785 

1786 

1787 

1788 

TABLE VII. 

Titration of Antiphage Sera Asainst Homologous Phages 

Antiserum Plaque counts with increasing dilutions of antiserum 
Rabbit asainst 

No. Tite nor phage 1/100 1/300 1/400 1/500 1/1000 l/20 l/200 Control antiserum 

1757 3A/284 (1) 0 7 12 26 31 38 64 91 300 

1759 3A/284 (2) 0 12 38 44 49 55 57 62 lOO 

1760 47A/76l (1) 0 15 72 93 99 103 118 242 190 

1761 47A/76l (!) 3 26 92 107 127 325 338 565 400 

1763 543/553 (l) 0 2 42 65 112 113 182 275 300 

1768 543/533 (2) 2 17 93 117 169 124 182 234 160 
- -- ----~ --- -- L___ ___ --· --

Titration of Antiphage Sera Against Homologous Phages 

. .A.ntiserum Plaque counts with 1ncreasing dilutions of antiserum 
against 

Titer of phage 
1/4000 1/8000 1/lOÇ.OOO l/1000 l/2000 l/6000 1/10.000 l/1poo,ooo Control antiserum 

13 (l) 

13 (2) 

30 (1) 

30 (2) 

8 37 54 99 106 166 185 212 

0 0 21 43 82 105 214 215 

0 16 80 194 255 249 254 286 

0 0 16 52 126 
132 __ 1 196 

L 
192 

-

~ The titre ot each antiserum is expressed as the reciprocal of that dilution which 
gives approximately 80 per cent reduction in the plaque count as compared with that 
given by oontrols consisting ot phage diluted with tryptose phosphate broth. 

204 2000 

204 6000 

292 4000 

198 6000 

1 

ro 
(J1 
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phages tram Eisk's series except phage 74/76, Wilson and ~tkinson's aeriea 

ucept phage "'C/1165, the series ot 'a4apted' phages u:eept ph&8• U2/71, 

ani the 52 pbagea tram ~eaho~'a series were testet with these.antisera. 

Phage .,4/76, 4.,0/1165, an4 542/7& could not be Qse4 in these tests beeause 

hilk titre tiltratea ot these phages eould aot be ebtai•ed. 

!he tollowing procedure wae •aed tor the phage aeutralization 

tests: 'fe O.i ml. ot u.:Userua diluted to titre with tryptose :phosphate 

broth was adie4 0.1 ml. ot a lytic tiltrate ot the phage to be tested, so 

d1lute4 that on plating 1 al. ot· the tina! llixture, a readable l11!111.ber ot 

pla~uea woul4 ievelop in the absence ot aA1 neutralization. Â control 

consisting ot the aame mnouat ot phage diluted with 0.9 ml. ot tryptose 

phosphate breth was also prepare4. fhe mixtures were incubated i• a 57°C 

water-kth tor 2 hours atter which a 0.1 mi. aliquot ot eaeh mixture n.s 

ad.dei to tubes containing i.9 :al. ot tryptose phosphate 'broth to prevot 

tarther neutralisation ot the ~··· Olle ml. ot the final aixturea waa 

thea ti trated by the agar-layer mathoà. ei the pb.'l.u• eoun:ts were uaed '5o . 
) 

calcula te the perce:a'iace ot phacea :aeutralize4 by 'ihe u.tiserum. 'flle realÜ ta 

ot these testa are recorded in !ables VIII, II, and x. 
T.he resulta show that it is possible to diTide the phages into 5 

aerological groups, which tor purposes ot conTenience, are 4esigaated ~. B, 

and c. 

Group ~ contai:as plw.gea SI/lM, M/142, M/144, 5A/5~, 3.1/~3$, 

3&/14-5, ~4.4, 5B/2ll, 'I:.A/62, 4t,J./,61, 4.7/1l6, 4..,/4.4, 4:'1/'!J, 54-~/533, 5M/5S6, 

54$/53e, 54!/144, 5'~/t2, ~S/542, 534/53~, W, 145/535, 1/S, 14-5/61, 51/14-5, 

156/5, ud 145/542. JJ.l. these phages àelong to :B'iak' s serias, l'ilsoll u4 

~tkinaoa's series, and the series ot 'adapted' phages. !hey are all neutra!-
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izel. ày an Usera againat phage 3&/284, 4.7~'/61, and 54:3/5!! ('l'able VIII), 

but aot à y an ti aera against Pha&• 13 and SO {~fable IX) • It is not knon 

why all theae phages ahould èroas-react with antisera againat pbage 

5A/~, 4/fJ../761, and 543/533. It is telt that turther inTeaUgation ia 

retuirel. 'to ••• whether these phages are serologicall1 &like. The tact 

that aoae ot theae phages are neutralized D1 aatiaera againat phage lS 

aad 30 1•41eatea a certain degree ot relatedness betweea these phages. 

Group B containa phagea 2, s, a, ~, 11, 12, 17, 18, 19, 20, 21, 

22, 25, 24, 25, 25, 28, 29, 30, A, B, C, D, ~d S3K. !nese phages are 

neutr&lizet 'by etiaera qainst phaae 30 but .not èy antisero againat 

phage 13, aa shon b. !able x. 

Group C cgmprisea phages 4, s, s, 10, 13, and 11, which are 

aeutr&lize4 by antiserW. againat phage 15 out not D1 aatiserum against 

phage 50 { Ta.'ble X) • i'hat the phages ot Groups :B Qd C are Utterell.t 

aerolegically trom thoae et Group A ia indieated ày the tact that phage 

13 an4 30 are not neutraliaeà àf antisera qainst plage $A/aa.t., 47J./76l, 

an4 MS/1533. 

J.a shown in 're.'b1e .:X:, phage 1 ud 2? are :aeutralizel. 'Dy antiaera 

against phage 13 and 30. Phage 1 appears to àe tairly c1oael7 related to 

the phages ot Group C a1noe a higher pereentage ia aeutralize4 èy aatiaerwa 

agaiut phage 15 than 'b7 antiaerlllll qaiaat phage 30. On the otbar lla.nd, 

the opposite 1• true tor phage 27, a higher percentàge ~eing aeutral1ze4 

by an~iserwm against ph~e 30 thaa Df an~iserum againat phage lZ, indi­

eating that this phage ia olosel1 related to those ot Group B. ~••• 

observations auggeat that phage 1 and 27 are aot 1dent1cal but are elosely 

relate4 and 1t is ,ueationable whether the differences ietween theae phages 
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TABLE VIII. 
Neutralization testa with antiaera againat p.bage 3A/284, 4'1 A/?61, an<i !543/ 553 

Alltiaerum agaillst p.bage 

P.bage 
3A/284 47A/76l !543/553 

Plaque collllts Percent Plaque counts Percent Plaque counts Percent 
teatea Neutraliza Control neutrall- Neutrallza Control neutrall- Neutraliza co~trol 

tion tuba tube tlon tube tube tion tube tube neutrall-
(phage + (phage + 

zatlon (phage + (phage + zatlon (phage + (p.bage + zatlon antiserum) broth) antiserum) broth) antiserum) broth) 

3X84 8 73 89,1 12 73 83.6 

3~2 !fi 139 82.0 8 46 82.7 6 46 87.0 

3~44 16 94 83.0 131 >750 >82.0 224 >7ro )?0,0 

3~55r> 13 62 79.1 8 36 77.8 10 36 72.3 

3~3 48 218 78.0 23 134 82.9 35 134 73.9 

3~4f> 38 32'1 88.4 37 92 59.5 39 92 f!l.? 

3~ 41 239 82.9 24 164 85.4 20 164 87.8 

3" 211 
10 82 88.0 58 307 81.2 84 307 72.7 

3% 
62 

18 71 75.0 17 49 65.3 16 49 6? .4 

4~ 61 
3 31 90.4 2 31 93.6 

~ 21 15'7 86.7 6 2? 77.8 49 lf/1 68.6 
36 

4~ 
44 

96 )1000 )90.0 18 119 85.0 176 )1000 > 80.0 

4~ 0 158 lOO. 26 131 80.0 3 156 96.2 

M~ 
~:l 

10 ~ 81.2 7 ~ 86.8 

mx 
~~ 

38 )1200 > 90.0 51 )1200 )90.0 24 102 76.5 

M~IB 14 )1000 )95.0 75 )1000 > 95.0 0 119 lOO. 

54 Y, 
14 

28 ) roo > 95.0 30 )500 > 95.0 30 154 80.6 

54_% 76 228 66.? 19 228 91.7 .48 243 80,3 
62 

M%42 14 )1000 > 95.0 113 )1000 > 90.0 29 108 73.2 

55.%33 76 256 70.6 110 258 f>7 .4 132 296 55,8 

w 18 224 92.0 52 168 72.4 2'1 133 ?9,? 

l~ 
ms 

6 > 800 lOO. 6 > 800 lOO. ? )800 lOO. 

6/3 0 128 lOO 0 174 lOO 0 175 lOO 

14~ 
62 

46 206 77.7 63 248 7 5.0 68 21.2 68.0 

5~ 45 
7 81 91.4 13 74 82.5 24 76 68.5 

3~3 2 )1000 lOO. 7 )1000 lOO. 9 )1000 lOO, 

14~ 0 )500 lOO, 6 > 500 100, 8 ) 500 lOO, 
42 

13 )800 ) 800 0 ) 800 > 800 0 > 800 )800 0 

30 ) 800 ) 800 0 ) 800 )800 0 )800 )800 0 
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1 
TABLK IX. 

Ne~&trelization testa with antiaera againat phage 13 and 30 

Alltiaerwn againat phage 

l3 30 
Phages 

P1aqlle oounta P1aq~&e co1111ts 
Percent Percent 

tested Neutralization Control Nelltral1zat1on Control 
til be t11be t11be tube 

(phage + (phage + neutra11zat1on (phage + (phage + neu trali za t ion 
antiaerwnl broth) antieerwn) broth) 

3.A/2a. 233 256 0 242 2!56 0 

3A/M2 13!5 134 0 136 134 0 

3A/U-' 193 196 0 183 196 0 

3A/!53!5 129 131 0 126 131 0 

3A/!533 193 184 0 186 182 0 

3A/145 236 232 0 228 232 0 

3A/ü 277 281 0 268 281 0 

3A/62 143 1!52 0 154 152 0 

3B/2ll 171 180 0 183 180 0 

t7A,/761 163 156 0 158 156 0 

t7/36 151 154 0 146 154 0 ' 

543/!533 166 174 0 163 174 0 

543/542 298 292 0 281 292 0 

w 1'12 181 0 174 181 0 

1-'!5/ !53!5 > 600 )600 0 > 600 > 600 0 

6/3 )500 > 500 0 > 500 )500 0 

1t!5/62 171 16!5 0 1!51 160 0 

!51/1t!5 312 308 0 294 308 0 

36/3 189 198 0 192 198 0 

145/542 212 218 0 20!5 218 0 
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TABL.K x • 
1 

Neutral1zat1on tes1B with antisera against pbage 13 and 30 

Antiserum against pbage 1 

Phages 13 30 

Plaque counts Plaque counts 

Neutraliza ti on Control Percent 
Neutraliza ti on Control 

Percent 
tested 

tube tube tube tube 
(phage + (phage + neutral1zat1on (phage + (phage + neutraliza ti on 

antiserum) broth) antiserum) broth) 

1 20 229 91.3 62 229 '73.0 

2 138 135 0 20 135 85.2 

3 ) 500 > 500 0 48 ) 500 90.0 

4 96 413 '76.8 403 413 0 

5 51 194 ?3.? 204 194 0 

6 '72 > 300 > ?5.0 > 300 > 300 0 

8 318 329 0 55 329 83.3 

9 106 101 0 9 98 90.9 

10 16 183 91.3 1 84 183 0 

11 249 238 0 3'7 238 84.5 

12 396 382 0 1'71 382 55.3 

13 123 138 0 

16 59 ) 800 ) 90.0 > 800 > 800 0 

1? 23'7 241 0 61 241 ?4.? 

18 119 123 0 26 123 '78.9 

Hl 240 239 0 50 239 ?9.1 

20 380 390 0 30 390 92.4 
1 

21 ) 400 > 400 0 35 ) 4 00 > 90.0 

22 ?1 ?8 0 14 ?8 82.1 
1 

23 ) 450 >450 0 31 > 450 > 90.0 

24 2'73 286 0 64 286 ??.? 

25 138 142 0 5 142 96.5 

26 82 93 0 8 93 91.4 1 

2? ?2 122 41.0 32 122 ?3.8 

28 2?? 284 0 50 284 82.5 

29 145 14? 0 24 14? 83.? 

30 212 219 0 

A 1?3 192 0 1? 192 91.2 

B ?2 '76 0 13 '76 82.9 

c 90 lOO 0 16 llO 85.5 

D 11? 128 0 '7 1.28 94.6 

S3K 184 188 0 18 188 90.5 

- -
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ani thoae ot Groups B and C ~e grea~ eno-ch ~o justity their separation 

into different serological groups. 
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V. DISOUSSIGN 

One ot the mai• iittieulties encounterei in the begiaaing et 

this work was to ti~i a s•itable methed tor determining phage ~eentration. 

ùhesll.ov• s lOQp aethecl na trieà bat waa abuà.Oll.ed during the course ot the 

wo:rk tor reasona m.e•tionei preT1ous1.7. It was tound that m.ore satiataetol'7 

resulta oould be ebtai:ned 'by the agar-layer aetll.od wàicla ie i:a. ge:neral usa 

b7 practice.ll1 all workera. lhen only u estima te et the :auaiber ot phage 

partieles in a phage aaapeasion waa ra,uired, ietermiaation ot the critical 

test iil~tioa ot the pàacea 1iel4e4 aatiataotory re~ults. 

Ia earryinc •~t expertaeata e:n tll.e grewta requireaeats tor pba;e 

ter.mation, it ia iesirable to grow _tàe koat ercamisas ta chemically detiae4 

aeiia. Siaee 7ildea' aynthetic mediQR ia aletuate tor the growth ot staphrl-

ocecci, it was the.g&t tàat it would alse support phage multiplication. !Re 

aediua waa theretore testeà at ditterent pH values with a awa'ber ot phages 

but na tound 1maui table tor the crcnrtà ot tllesa pàa.gea. 'l'he. au thor teels 

tàat turther work ia requireà to determine whether the addition ot varioua 

substances (growth :f'aetora, etc.) to th.ia medi'Wil would result in a çeater 

yield. ot pJ1ase. 

.. 

the period o:f' incubation re~ui:reà tor complete aiaorption ot pbage 47A/761 

on its hamologoua strain 761 aad on heterologous strain ~ was determined. 

It was tound that at leas~ 45 ~nuta incubation is requira4 tor complete 

adaerpUon ot phqe .f/IJ./'111 on ita homologoua strain '161. Stmilar resulta 

were obtained \y Rountree {1047~) wi~h phage 51/145 sad eulture 145.whera 

completa adsorption oceurred within 50 minutes ot incubation. Adaerption 



ot phage 4fA/76l on heterologoua straia ~ oooura at a mueh lower rate 

as sho1111 by the tact that olÜ.y 50.~ ot the phages were adsorbed atter 

2 hour iJleubation at ~7°0. Puck et al (lt51) tound that oo11 p]Ja.ge 'If 
ia adsorbe4 oa a broth-growa oulture ot ~herichia coli at a rate ot 

about ~~ in ~ ~utea at S7°C. !hia adaorption rate ia extremaly rap14 

as oompare4 with the rate ot aiaorption et ataphyloooocua phages on their 

lloat c:ella • 

.a. st11.dy ot the etteot ot time, temperature, ani medium on the 

atability ot staphylococeaa bacteriophage& revealed that a 1oas ot approx­

ill8:tely ,. ot the Phaa•• oecurred d.uri,llg the tiret three weeka ot atorqe. 

Maximum atab111ty was achieved whaa the phases were atored at -~00 ta tàe 

ieep-treezer. 'l'he. cause of the drop in phage titre d.uring the tir-at three 

we.ta ot ator-ae ia at present wnknown aad ha• not Deen investi~&ted, iut 

it ~ De due to phaae-inaetivatia& aceats prese1t in the ~ge lraatea. 

· .la mentionei previoualy, Burnet ud Lush {1935) and heemu. .{1;~7) tomd 

ev14enoe that polysaccharide ma:terial trem Gul tves et atapl!l.y1ocoeo1 

posaesae4 phage-inaotivatinc power. On the other Àand, Rountree (lg47i) 

eou1d not da.onstrate aay aetivitT in the preparation ot polTaaccharide 

stuiied 8~t ebtained evilenee that aucleoprotein wa~ oonoeraed in the phage 

inactivation. It ia conoeivable that the pl!age-inaeUvati.ag ag8llta (poly­

aacoharide or n~cleoprotein?) preaent in the phage lraatea axhaust their 

activity turing the tirat three weeka atter whieh the phage titre beoamas 

ata.àle. 

!he lyaogenieity ot ai prepasatia& straina et ataphylococoi waa 

iaveatigated by the method described iy 71ak (li42). O~y 5 atraina, aamely 

atr&iD: .fr, 10, and. :56 were toœd to be lyaognic. It ia ad:rtaa.àle to iisoart 
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the pha&es which have been propasated on these strains, as preparations 

~t these phages probablf oontaia phages deriTed tram the lysogenic strains. 

By the ••• ot antiphage sera prepareà by immunizing rabbits with 

selected phage atrains, 57 staphylococcus phages were divi4ed into ~ 

aerolecioal groupa. U"aing this aetholi, Burnet and Luah (l93e} examined 

a series ·ot 15 a'taphflococcua pha&ea and diatincuilb.ell 6 groupa amo:ng th•· 

It waa touad that all the phages et a g1Tea type reacted unitormly with 

rega:r4 to photodfBAmic 1naot1Tation, power to are• on oitrated media, u4 

inactivation 'b7 atrong urea aolaUon. Sillilarly, Bountree (1949b} 41at1n­

guiolhet 1 aerological groups UJ.ong 39 a'taphylocooous phages uamined. 'rhere 

waa correlation between the aerological groupa and other oharaoters ot the 

phages •~ch as atability, range et orcaai..a lraed, platu• aize, etc. It ia 

telt that turther work along aimilar linea is required tor ade~uate eharao­

terization ot the ataphylococcua 8aeteriephagea at our diapoaal. 



li. STJMMABT 

!he following ia a reawae ot 'he reaul's ot 'hia inTea,igation. 

1. un&atistac,Orf resulta were obtained with JaheahoT'a loop method tor 

determiaing phage concentrations. 

a. A ay.a'hetie mediœm, namely Fildea' ay.athetio medium, waa tested a' 

different pH Taluea with a auber ot phages in the llope that U llligh' 

proTiàe ooastaat cult~ ceniitioas for the grawth ot phage in turther 

.xperimenta. Bowever, withia the raAge Gf pH tested, the media wu t$UUd 

usui taèle tor the gronh ot 'Shese phac••· 

~. &lthouch Filies' ayatàetio aeâiua ia adequate tor bacterial multipli­

cation, it doea not aeceasarilf support phace mnltiplioation. 

'· Peptoae broth at pH 7.2 ani Bacte nutrieat irotk at pH '1.8 were toQD! 

auitable tor the grewth of ataphylocoecua àaoteriophasea. 

5. In a prelimin&rf u:periment in order to determi:ne a sui table Ume 

periot et incubation to serve as baaia tor turther experimenta ot •aeleotive' 

adaorptioa, it was tound that at leaat ~5 minute incubation at 37°0 ia re­

quired. tor eomplete adsorption et a staphflooocous baeteriephage ol!l. its 

homologous atrain. iàsorption o~ an heterologous atrain occura at a mueh 

alower rate. 

6. !he ettect ot Ume, temperature, anà. medillm on the stability ot sta.Ph71-

ocoocus baoteriopbages waa studied.. The resulta ahowe4 that a losa ot 

approxiatel.y' 'tf/1, ot the phages oecura during the tirat S weeks ot ato!'age. 

1\te phages were on the aT.rage •tuall;y stable in all media tested proTià.ei 

they were atore4 at low tsnperatures. Kaxbnua stability na aohine4 at 

-=o0c in the 4eep-treezer. 



-~-

?. !he lyaoceniei~y or 24 propagatin& atrataa or staphylooocci waa 

inveatigate4 by the method developed by Yiak (194!). Only 3 strains 

were round to &e lyaogenie. 

a. B7 the uae or aatiphage aera prapared by ~uniziug rabbi~a with 

aeleeteà phage strains, 5? ataphJloeoceua phases were d1T1de4 1Ato ~· 

aerelogical croups. !Wo other phacea ware tound to be related to two 

or theae groupa. 
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