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..... ,q a ..... p:i&ge 9"Clflc tor- .nnm!VSlll co•• wa• 1el&\ 

·clurlag U• OO'CU'•· •t '- mei>\Gm7cbl fuaenta1ton (5). .A.a alibi be 

a;peot t4 • ~ hte8'at1on of thi.e tn,e pree•tecl aa acute lnd.uetrta;i 

pnbl•• Jbr a eoast._4ffa.bl• period. t4 ti•. t:be eouro.e ot the pba&e 

o.oaua!aaUc,a rem&!•• un1mo,e. Gllao'ar and Bulba.la (13). hoWPer, N

pert-4 ~ pb.&g.es aottft S&*iad 'tUi.ou l\£1IPIIIZPU 8PM1e• wn 

carrt.a. tuo, the .ttr•'-1cta pl.an.ta oa ctun particles. ol'lgb.atblg tn 

the -,n. • ... woJ'ker• a.1 .. l1t0lat.O. tWl ,.,ulTel.7 ld•t.ltted 8ffel'al 

o;l th•• new }lhagea tfl)tlCltle tor the ftrm,wcu group. 

~ que•tioa of cc:mtl"ol ,Of these Strauemu }lbage• OP•• ~ two 

ma.bl &ftllUH of !aT•atlgation. 1'1e firat, bl'ft>l'f'H the ~1oa of 

phage rotaa• at:ratna of BtfPUBYPU mun 117 .,.., of the gra4w4 

axpomre of \he culture to tu~. !Ala aethoA prondea OD.17 a talQi)O

rar, cure end do•• not e:uun long t ble Pl'Oi ection. !he •oan4 a..,.._ 

of control of phage tntectton 1.aftlv•• an un.dera\aatltac of the .factor• 

lntlueaotnc ~ tntecticm am wml.:ltpltcat!oa. t', ta n!d•t. Iha\ 

oa" aw,b Jmowl-- te aT&U•l>le, a pncecl'IU9 ldght be u'ttl1se4 • a.a 

~ prevat the ht0\lal ~ Weo\ton. 

~ preSIILt nucJT baa been.~ wl\h two P'rlmarT obJeetlTe& 

ta llind: 1. to atudi' \he tu.i-Aaent -.tu.re of the. phage with apeclal 

eaphaai• on the tatluec• of en.TiromaeataJ. facton on pbac- malttpl1cat18Jl 

aad 2. to •ffeot a ••thod of control o~ .iruch ~ Wea,ationa by aea;u. 

o~ a Qee!ttc tllbtbf;tor of Jilage gro.wt:h. 
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BISJ!ORIO.AL 

!wort and d'Ber-el..le (11) in the 7eara 1915 and 1916 reepecUTel.7, 

reported on the occurrence of a lTttc agent active against bacterial 

broth CUl. turea. d' Berelle, however, was the :tlrst worker who d•o!l-

1trated that the l7t1c agent IIUl tipU.ea in the preamce of the hoe\ 

cella and produce• plaque• on solid a.gar bacterial cw.area. T.hla phe

nomenon of a ul tramtcroaooptc agent capable of mnlUplieation ha.a been 

termed bacteriophage ( epeelflc for bacteria). .la mtgb.t be expected 

m~ ot these phagee ha.Te been found for a nriet7 of bacterial apectea • 

.lxtenaiTe studiea have been inade on the fundamental nature and proper

ties of these lytlc agents. The following review of literature present• 

1nforaat1on relative to the preeeat study. 

One of the propertiea of bacteriophage, that dtatinguiahee it fro• 

autolyt1c agents, ia 11Ul.t1pl1ca t1on • .Autolytlc agents dissolve the 

bacterial cell, whereas a phage ta adsorbed into the cell. The phage 

particle multiplies within. the host cell with an ultimate burn and dta

ruption of the cell wall to relea se large numbers of phage particle• 

into the surround.in.g medtm. Delbru.ek (10) used the one atep growth 

cu?'9'e ae a method to measure burst intervals. The one step growth curYe 

ts eese.ntial.17 the mul:Upl1cat1on of the phage within a host cell. A 

111all nuaber of phage parttclee is added to a auspenaion containing 

bacteria in high eoncentratione. 'fithin a tew minutes each phage particle 

attachea itself to a baeterillll. 'l'he mixture is then diluted with a large 

Yolume of broth, in order to have the bacteria in low concentrations, 

so that after the first burst a long time ela,psee before reinfection. Thie 
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unique method of demonstrating multiplication of phage by bursta, ha.a 

been used to other advantages in studying properties of phage. !hrougli 

the use of burst times it ha s been shown. that bacteria. in their lag 

phase will general.17 produce lees phage than bacteria. growing in their 

logarithmic phase ot growth (17, 12). In addition the ef fect of temper-

ature on phage multiplica tion has been used in correspondence with 

average burst time. As demonstrated by &llia (12), a low temperature 

ot 16.6° c. influencea the latent period of the phage particle and not 

0 
the final burst size. '1'he same burst si se will be produced at 16.6 c. 

as that produced at 3f c., but the final tit er produced take• 6 ttaee 

longer at the lower temperature (12). 

aderaon (3) found that tempera.tur~ lnfiuencea the size ot pl~ue• 

0 
produced. b7 l19herighia sll• A.t 37 o. distinct plaques •re formed, 

0 
bat at 14 C. DO· plaquee were observed. The explanation of the t.-per-

a.ture effect on plaque formation tnTol T-es the co-factor concentration, 

1n which the bacterial cell• at 14° c. are unable to provide co-factors 

for the initial activation of the phage. Therefore, on agar plates at 

14° c. the bacteria are reeistant to the phage. In consequence it has 

bee f'oimd that there a.re certaia co-factors needed for phace mal tiplt-

cation in the host cells. Some of the e ,co-factors found with l,cherlghia 
H .!Sl11 pb.agea are teyptoph&, lsoleacine and Ca • !heee factors are 

required for, ad.eorptton of the phage and nbeequst 11Ult1p1tca.ttoa. 

Certah other substances, todoacetat•, nuortde ad ad.de haft been found 

to pr9\""ent the multiplication of bacteriophage. !he .. ,111bstances all 

inhibit the formation. of adenosinetrtpboaphate. h this reepect it ha• 

nggested that energy-rich phosphate te needed h the foraat1on ot 
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ba.c\.eTiophage (18. 2) • 

Th• IL-ton concentration. of t he medium has been found to etfect 

th• 17.eta of cell• by phage. Cher17 (6) observed ,hat streptpcoccy 
laqti• cells were lysed b7 the homologous phage at pH 6.o. 7.0 and s.o 

but below 5.0 lyats. did. not occur. In a eimilar waT, cell• of Clottrtd1y 

rladisonU were l;ysed by the 9Peoiftc phage betwec pH 5.0 and 7 .6 bc.t 

did not undergo l7ei• below 5.1 (14). In the latter inatan.ce, n.mtral-

1sat1.on of the emeea acld1t7 brough, about 1.DIIDedia.te 11eta of t.~e teat 

eul.ture. 

11.ectrolTte• haT• be• found that both stimulate and inhlbi\ Til'l18 

adaorption and. cellular l7si•• '!'he mul ttpllcatton of Hteptgcoc911 

lacti• phage ha.a been .aho• to be 8'1nmlated by potasstua photlPha.te, 

potassium chloride, eodl1111 chloride. calctua chloride, mapeatua BUlfate 

and eodtua acetate (7, 22). Similarl.7, aodiua chloride resulted ill a 

:five to tenfold increase in the amount of phage produced when StAP4,y

lococgu1 }ilage and the eueceptible organ!.• were ao.ependecl in o. 25 M 

»&Cl (21). BoweYer, Adame (1) reported that the sffm bacterial nruaea 

of the ! group, a.ctiTe against lfgharichta ~. are 11e>n rapidly tnacU

Tated. b7 heat when m•pended. in 0.1 B eolutlona of IIOdtua taJ..ta. '!he 

rate of 1nact1Tatton of phage ! 5 in 0.1 11 laCl ea.n b• greatl.7 decreased 

by the inclusion of diTal.ent ea.tiona tNCh as Ca, Mg. Ba. Sr, MD, Co, lit, 

Zn, Ccl and Cu. ror th1a rea80ll AdSJta (1) proposed \hat the increase 1n 

atab1lit7 o:f phage T 5 in the presene.e o.f Tarioua cations is the relJUlt 

of a complex formed between the phage and the cation. 

In 19q6 Bennett (5) discovered a new phage in atrept0117cla fermen

tation beera. Thia phage ae later rffeal.ed b7 $8.udelc (a>), Betll7 (19), 
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ood.ruft (23), Koerber (15). and Perllll8.ll (16) lysed Strept9vce1 grtaey 

celle and waa g1:vc the naae actlnox:aage. The phage 1• of pariicul.ar 

interest because of it• 1nh1bi tion of Streptom:z;ce:, A11DI, th e atrepto

m7cin producing organis. Al though. rela t1vel7 little da ta has ben 

pu.bl i shed on thie phage, t he avail able experimental data ebowe that i, 

has •8Il7 properties elllllar to bacteriophage (a,). In t his respee\ 

Woodruff ( 23) danonstrated the pa rticula te nature of the l7tic agent. 

The close resemblance of this phage to stratne of iffherlchia sgl1 

bacteriophage wae eho,m bT electron aicrographe. fur\her atudiea bJ' 

Woodruff ( 23) using the chromium ahadowing technique_. indicated a 

surpristnc diTersitT of structure of t he phage parUelee. Ia g1Deral. 

all particlea ah.owed a long, relatively thick: but bent ta.11 of a,ppro:d

aately 0.015 by 0.15 microns. 'Phe major! t7 of the head• appeared. 

Q'lllletricall T spierieal, 0.05 microns in diameter. ~ particle• were 

compos-ed of ho dietinct bodies wt.th a few appea ring to be similar to 

t et rads. tn more recent work b7 loerber (15) 1 t has been ah.own that 

there are two distinct types of phage t hat will attack itreptapaa 

grtaeua preventing the production of strepto11Tcin. These typea can be 

dlatlDguished. by boat spec1fielty, plaque morpb.olog1 a d aize. 

The §trep\Qvc,, gri,na phage paseea through & bacterial tilt.er. 

and may be propagated iJ1 the preeuce of 70UD.g growiiv; cul turea o'f 

Str1J>$opce1 grit&•• n 11 alao lntere11Ung t hat phage-aaeitive 

culturee of Streptouce• gr\efUI give rise to at.rains which are rea1stant 

to the act ton of the phage ( 20, 19). Jl9'en. thoup, burst tiaee hav,e not 

bee reported, l7sla baa been obse?Ted 6 houra after inooulaUnc 

Streptom.YC8f gr188\1f Celle with the phage (23). Sb.ortl7 thereafter, 



the cul tu.res lyae compl etel7 and oD.17 occastonal.17 do ea a real a'8al 

colon.7 grow out. 

6 

Belll.7 (19) found that the optllftlll temperature for strapt9pge1 

WIGI pha&e 11111.tipltcaUon waa m° c. and that phage mltlp].lcatton 

did not occur at 37° C. and ahoTe. Bo1rever • 'food.ruff ( 23) demonatrated. 

tha t thla type of phage wa s destroyed lf hell at so0 for 15 ainutee • 

.6ppro:rl.matel7 o.;. of phage remained after holding at 6o0 c. tor 15 

minutes. llelll.7 (19) reported tha t the phage 1181' be stored at 6° c. 

without loee of activ1t7, ba.t at 2B° c. and a.beTe it 1• greatl7 inactt

va ted. 

fhe beet method for control of t he phage tn strepto19Tcin termc

t ationa, at the present time, conai1ta of culturing a resistant boat 

culture. tn addition aome progreea has been made in the use of chemical 

inhibitors. Sod1ua citrate, aodi'llll oxalate. sodium Ih7tate, aodlua 

by'dro21'1tobut7ra te, aodlma tartrate and aedtua gluconate haTe been found 

to inhibit the phage ln the agar plate teat (16). Ot this group aodll11l 

glucona te a.nd aodiua tartrate were unaat1sfacto17 in. the fel"llentatlon 

teat whil e the other compounds gave onl.7 a temPoraJ'7 inhibition ot Jiiage 

actlTlt7. It would aeem tha t these inhlbi tore do not present 'the a.newer 

to tho practical probl• of phage infection. J. mmber of organic aclda 

have bem tested., allODC the e were ethylenedtamtne \etraaceH.c actda, 

tncludbt,c glutamlc and aapartio, and straight chah and bra:n.ched chain 

fatt7 acide (16). JlanT of this group were effective in the agar plate 

teat mt either failed to inhibit bacterio:snage aultipltcation or 11ml te4 

etr-eptolll1'cirl production ln the fermenta tion teat. .Aortna'l'ble, a 

filtrate fro• an wddenttttecl bacterium haa been teated again.et acUnop,.age, 
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~ atreptppcea cnm• -· tnhlbl~e4 1a concetrattona ,ditch -

de.\nctifl to the aettnophage (23). 



A atre~ productac atrab. of bllPMIZMI A1m1 lo. )475 

obtalud. fl-Oil a. A. Wak.-. ,raa u•e4 throughout the •tudT. ID. a p!'ffl.oua 

b.Teatlgatton ~• cal.tve pemt\-4 Jlal\tpllcatloa ot phace o""a.1.a• 

fro• a atrepto-,ch :teramta\lon (19). !be phag9 eaplo7e4 ta tae preaet 

•h4 wae leola.ted troa •U and ha• bee cl.edgn.atecl 'b7 tu ll1IBft 

511'-3 (13). !ld.a Plac• 8IICl1lC other &MtTe tUlrat•• ha4 pnt'to11al7 bem 

teat.eel ap!a-' a larp naber of llDkaoa hltPBPRtl •'1'alat -4 wu 

tao• to lT• culwn ;.75 • 
..._ w,ta DB41n 

n. ine of M41ua 911Plo7e4 otta utend.ll" the :rate and. a:tct 

of lTd• ot a tnace~ible orpn.1• 'b7 pbace. -r the JUJ'PO•t ot the 

pze-a•t ~. 1t was cleet484 to hTesllgate two ln,ea of aedta: 1. a 

complez organic •cltua and 2. a et:rf.ctl.7 qnthetl,e, llediu. 

!he basal organic 1184iwt contained the following nn.t:rleat.a: •at 

extract - 3 p., baoto-~one - 5 p., and dia'tUlecl water, - 1000 ml. 

'!hia brotlt. wae •tand.ar41se4 at pB 7,.8 b7 aea».a ot a Jeckma Moclel B-2 

lit •ter. !bl tngr.U.enta a4uc1 to tba baaal '-4lu 81'• clffortW la 

!able 1. ~ recal.1inc etpt -4la. were tracf'errecl la 50 Ill. allt120t• 

to 6 os. llottl•• and etocl.aTell tor 3). atnutea, at 15 pouad.a preatlQ.N. 

then 0.5 al. of 1tnP\oJIDl1 G1•191 eel.la • ,n ,racf'eJ>re4 \o each a.a.ta 

ancl. lnou1,ate4 for ~ hours at 'llfJ c. 8a.b......-U7 one-temh at. of 

atandar4 J>he&e •• a4de4 to each of the eight Mdta.. 4 .. conil inoeu.lat-4 

Mt of ti. MClta did not rece1ft the pbagtt u-ea'-.t. After tu a44lttoa 

or phap '118 ..Ua •r• bcnibate4 for 24 hOllN d 2' c. aace aall-d\7 



• • 
lledtua : 
Iuil'>er : 

'f~l • 

l , • : Bual Medlua (l>acto.-pe:,tou - o. 5~. uat extract - o. ~) 

2 , • : B&Ml ~- t 0,,011 7ea.d enract. 

3 • • : Basal ~!:rm f o. 5~ laCJ. .. 

4 , , l la.eal aedt'U t o.01~ 79aet extract t o •. 5. BaOl._ 

5 , • : Basal Me4t• f 1$ g1 -uco ae. 

6 , • : Ba881 iledt'QII .J- 1~ &).ucose /, o •. ;1,, laOl. 

1 • -, : llaaal Med.tu .J o .• 01~ 7ea.st extra.et t 11 g1. uco ••• 

& • • : :&aaal Jledta f O.Olj yeast extract t 0.5- :la.Cl /, 1~ glucose 
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wu aeaar.4. 'b7 ra\e and ntm.t ot 17d• of the cul tur, eel.la. 

!he Qal:bllto Md.ta 11884 are de80ribe4 la !'able 2. 111• ._. pre

ceclur• wu uecl ta t.edtng Jhac- acUnl7 1a thne aedia aa -· 4etlffl'be4 

for tiw abu'n organlo ..ala. 

B. D,,a MMX 

1. faocol,ua 

ni. else of Pla&9 1.:aocul:aa, to • · ued for tu dellon1trattcm ot 

17a1•, wu Tarted. • •• to note u:r dlff.eren.ce tn the clegree of •11 

17d• OYtJr a a.a hour perto«. ~Q' tow hour ol.4 eul.tvu ot atrppt.g

PP-11 ¢MRI, b 50 111. aletuot• of n.'9.trimt bl'O*h. ,rere PI"eP&NA. 

O.e OUlture recelftd 0.1 111. of standard p,.age, a .econ.a cul nra 0.5 111.. 

and a third culture 1.0 Ill. ot phage. A tounh cal tun waa DDt upoael 

to~ phage •4 waa regardecl. a, the control • .ill tov cul.tuna were 

tncubatecl for 1'8 houra a1i 2i' c., after which the -uteat of l7al• n.a 

obaened. 

MittD9V9!1 mlF• calwrn ta4 to fora ha.rd. •tted. OOloniea oa 

Blltrt e, agl!ll' Plat ea. Ia conaequaoe, lt wu d8cided. to Tar, \he· allO'Ullt 

ot IPQrea add.eel to the mi.tried aca to o'b.aC'ff '11• effeo\ on phq,.u 

~ count1e ho• a 10 c11111tlon of at8Adar4 Ji).age, l 111.. waa pipetted lnw 
tu'bea oontalatng 15 Ill. ot m1tJ1.en.t agar. ·!hea oae •t of ,u~• recelTe4 

0.1 111. of C\Jlmre aporea, a •oond ae\. 0.2 .i. and a third ·•e\ 0.5 ml. 

o-f tu cllltun lnoculum. Pla4.ue counta ... re llalle for the xie.BPtctive 

tnocml• treaaeata after a brua.tion period of ltl houra at 211' C. 

2. Standard. a.eaa;r 

fart.011.• aethoda haft' been. 11.ucl to de$ermlu the· tt,er ~ a 1.PeCltlo. 

phage preparati. on. Gmera.111' theae J)J'Oee4urea are baae4 oa fihe. prlnctple 
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lledt\lll J 
Jtumber : ... 

"' 

f~-~ 
R!l9£1.Plla st lJ!a. fLYldhll\t idA 

l • • : Asparagiae o •. 1j, Olueose.t1, l:2"04 o.1$. 

2 • • : P.,ptoae 0.1~, Glucose 1~. laBf04, 0.1~. 

ll 

3 • • , l:aJIP04 o.l!i, Glucose 1%11 Amino actde (lOY5/ml) - .Alantae .• 
!?rn,to»haae, . Prol tne, Argf.ntne, I.~tae, tsoleuei~e. 
,Sertne. f17&a:tne, lfethiotabe, Yal.t~, ~21.Prolue., 
Phenyalonlae, L1s:tne Jt,'4l'ochloJ'l.de. ,6,Qarite .td, 
l!stldtne. ·C7•tetne. m.utamie act~ 
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that a .. ttb.gle l)O!l).t of phage infeetto.n grows bt the preiSen?e of· th.et ~st 

cells tr,. give a. ~l..,a.r BOll& ot lr•ia. Such a. ·son• 1:e Call-1 a plaq.-,,. 

!he eoim.t .of these plaques at a part~a.r Ulutt.oa. $U,pplf..ee ·data. rela.'tlve 

to the patene,- or tl:ter of' the ph•· fhe. a.ctint7 l'l>f the ;pb.ap ~- . 

stuq was let·ermi1t4Hl a;, th• m-.tloned plaqu te,ebntqu -.a. also 'bJ' o;b

$errl.11.g the test culture tor l7sta.. l"tve,,,.ten\h. mi. ot •burp& $11.tu.rec 

ct;J.l.e we1>& added ·"to· a. ·50 ml. aliquot ,of lhe basal. m.ediW!l, ·tmi the Cl:dture. 

tJ1eubate4 fer .2ii. hours at 2'fJ° c. At tlte cloee, of the lnCllbatton; perle4 

0.,1 mi. of standard -phage was added to the, 'eulttl.re and the phap amt 

·cells were again tncubatc.ed for .41. hours at .2'1'· e;. the ln.ttlal a.etivft7 

of th.e phag• was det~tnecl ·by obs&rvations on ·lrats of the cell-. 

Afte:r :Wds was mted. l mi. of the ly1ea. eul.ture waa dtlutei v smal 

\rao.ri'er in ate11.le bas~ mediUill fl'om 101 1;o 106• tae ml. of ea.ch 

dil,utlou wa• then a.dd,et to, 15 tnl. 0£ n."\l.trb1:•t agar alo».g with 0.1 ml. of 

a fresh spore euspensloa of the host eultur.e, ·(3 dq 014 .~1"elJ •re 

U$ed. am.. fl.spended in b~sal •edia}. ·!he· tubes: w~re tho1'0ugb17 ~

an.4 po~ into stoda.rtl alze petl'! 4!.sbes. ·!h.e·se were lll~l>a\:" .at 1!1f 
e •. fo~ ·4'· hours. at which U.• plaq,- eo1mts wff~e nua4a. !he· abo• 

methoi fer mald.ag pl.a.q_ue e,t~t s 'Gl.l -.. uni. :\inroug'b "lit the a~ am.t. 

!• t'eterr.i to as :tlui ttaniard. pro.eedure. Bowev•, • the oaae o:t •• 

· ~eparatloa of atanda.1'4 pl).a,ge lnoeul-. 'ta 17ael cu1tlU'e was ltrd pa.saeA 

thro~ .a. ktf1s f:t.lter, stze: L :s. 
,c., BlMt ·tre Dl,f;r«\gtJlfl<U. 

$1n• pleq,ue •tJe ha• been. u.se4 • a bast.• ft,ur .th• ••Pf4"atloa of 

pb.ap· twe•, 1t wa., d.eet,ded. to follow· this pl"bictpal. !n ·&tu~ th• 

!lonwlogoua nature o'f phage 511+-3. An attempt. waa made to Jlet iiffenn.t 
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sla1lar plaque typee. 

Iaolatecl plaques of pta point. 111&11 and lar&9 ds• were ~

t.roa n.11.trtent agar plates 'b7 lueninc a at.rile ne«ne 1.n the center of 

each plaqp11. th• portion ot pl.aque remoTe4 waa lnoc:mlated bto a ~ 

hour 014 Oil ture of St reptomru• gr! m• cell a. !he ou1 ture-pbap mixture 

waa 1DCtLbated. for 48 hour• at 'lt' c., at which tille lya!e wae obnff'ed. 

Pl.aqa" were producecl fro• the l7aed cul '1:1.re by the deacrl bed atandal,l 

». Blea Nlb1JM\\0a p4 llurd ne 

,t!ll'ltiate pba&e 1'roa Tariou.e autol,-ttc agenta. Ia conaequaoe a newl.7 

leolate4 }tlage. mat 'be able to paea tiirouda, a bacteriological filter au. 
th.a tllvate be capab1e of demonatratin.g milttplteation ill tile preNnce 

of the orlgtnal hoet culture. 

!ran911d.asib111t7 was dnonatrate4 'b7 nbJeatbg the nan4ard. phage 

to the hoet cella and preparing a Set.ts filtrate fro• the 17Nd culture. 

U the phage la t:ml7 traDMlaeible the latter filtrate ahoul.4 'be capa.bl,e 

of oauaing lyda of the teat culture. 

llol.tiplicatton of pba&e waa effecte4 by taking one-tctb. ml. of the 

atan.clard pbge whi cb. waa added to a ~ hour old st romom•• qt 1t11 

culture. After lboroucblr rdrlnc the phage and culture tor 2 '6 3 atnutea, 

a etandarcl Platue coun.t waa run at sero ti•. l'ollowt.ng the .-o t ·t• 

reaAiDc, plaque comta were carrled. out at !'9§llar time f.ntenala nzac!nc 
' 



1. Iptl.usc, ot Se1act14 laeton QB lhac• Mw.\tp11cattoa 

1. Teaperature 

14 

Ia prellmlDaJ7 expertamt• a t111Perature of 55° c. waa toua4 le 

hbtblt plaque :tona.Uon. Ia con119quence. 1:t waa dectdecl to 1.n'ft8'l

gde the hfluence of temperature on piage it aelf ad on. pha.ge h \he 

preaence ot the ho•t culture. 

!he exp-ertxnm -· orpntsecl alone two d1aUDCt llaea. ftrn, 

the tnnuence of t •perature on phage alone waa 1ueeU.gate4. :ror \ht• 

teat 10 111. Ponton• of atandarcl phage were pipetted into •terlle ten 

tube• and heated. for ten mtzmtea at y:f'. 4o0 , 50°. 6o0 ,. 70°, 7,j', m0 , 

90° and. 100° c. reapect1Tel7. After the heat treatment, a •tan4.ard 

plaqu. count •• carried out ~or each t.mperature level. 

Second.17, tii. ldlumce of temperature on th• piage plu1 host 

cell• waa demonstrated. Olle-tath ml. of atandard. phage waa ad4M \e 

aeYeral ~ hour old cul turea of StttPkVP•• G11G.. !heee were 

lllCUbated h water bath• at ;o. 2~. a 0 , 35°, 45°, 500 and. 55° c. 
re-.pect1ftl.7. After 4S houra o.t tncu.baUon the Jhag• titer .tor eaah. 

temperature 18"1 wa.1 detel'ldlled b7 ti. mtandard plaqa count procedure. 

2. B-lOJl Conceatration 

Aa wt. th tellperature the pl of a mecllim often t~uccea \he llUl '1-

plt caUon of !hag• f.n meoeptible· oulture.. 1or thl• reaaoa. lt waa 

clecldea. to .explore the range tn }:ii, 11'htcb. mlgbt Pl"O'Yt dedrabl• or pron 

tnhtbUor7 tor normal pi~ llt:llt1pltcatton. 

Cul tu.re• of St rept95t9g gr\ HSI th&\ had beu. t:ooub • ta atrt9d 

broth for 24 hour• were adJuated to Tarlov.a pB lffel.• ranghc 1'rom p1I J:J..75 

to Iii 9.15 by mean.a of a Beckllan Model B-2 pJl •ter. One-tenth Ill. of 
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etandari ph~e wa.s then added to, each ,cuita.r:e and these !acabated .£or ~ 
C) 

houre a.t 2&· .c. ~he 1U11twd proee4lll'e· for.maldng plaqu• counte wa.s used 

to ahedt the effeet of lil oit th$ aetio,n of the Jhage. 

3. hf'luen.• of $alts 

Limit!Qg !:)ay.entraj/iQ;Q 

it will be rememberei that -,.dt'Ul cl:ll,u·ide 1n .tlil$ baeal organ1.:, 

medium, iutbtted phage mw.t1:Pl1oatio:a. !he pr$s•t expe.rf.ment ·we.a 

de.signed mth the idea of testing this tllhibito17 effect of la.Cl along 

with. Qther salts. 1'ie possibility of usitlS a 1,1alt aa an a.gent. f<>:l" the 

contr~l of .§ir1J21Hi!PlR!I phage alse, gave 1.mp.etus to tb11' stu.dl'. 

In oTdP" to determine the range l.n tolerance of the ph.a&e to salt. 

laCl was ad.de.A to .nutrtat broth tn. ao:ne-.~ratit>ns ot 01 to 0.7~ llaeh 

•et of mediwn was tnocmlated with o.; 1111. of §trepJgmYeii m1~n1 Celli, 

and bteu.bated for 24 hours at 21:° C. fhea O.l. ml. ,of phage wa.s added. 

t.o ea.eh culture. :The .cultues· were tneubated for 1- hours at 2if· e •.• 

at which time the phage titer was det.erminced by the .e:tanda.rd plaque. 

eoun.t. tn add.itlon,. the influenoe o.t. !fs.<ll,. la.Go:,, I.Cl, and llgGl.2, was 

bvesttgated tl>. the previously described synthetic aed.i'Wll ('.l'abl.e '2). 

!hese salts we~ added to nut.neut bre,th in°"'· o.2/>. o .• JI,, o.4~ aad 0.5~ 

c0:ncentratiolls re-s:pe~t1ve17. Ba.eh ~t JJtedlwa wae tn.oeul.ated ld.tll o. 5 ml. 

of . Str§pt9nw;ge1 srJ 181 cell• a11.i bcuba.ted :for 24 hovs at 'f!J!,0 '1-. .. ''. . . 

J"ollovd.ng gro:wth, o.l ml. of atandlird. ph~e was ada..d to ea.ea m.t:ldiUJll 

and. the eultu.rea 1J.'leu.li>ated fo.r 48. hours at .'2Jf'· e. Stan4ard ;plaque count• 

lgde ,:r .&qt\oa 

fhe ma.nner by etch lfaCl effects the tnhibitte:ra o::r pua,ge acM.vit7 



16 

11.e$ cps to oonJeetttre. !t is proba:blia,. ho,,,m-er,. tli;;,;t lfaOl p,.,et• tQ 

e1th~ tn;::;JJtivate the pha1;e t t'lelf or !)erhaps to in:fluenee the chem1eal 

nature of the ho$t eells. ct\ third alt0rn£1;ttve might involve bc)tb, the 

phage and eella: together. In the latter instance ,the Blll.Ol '!IIDuld show 

ltt tnb!bit1;1J7 effect when the .sali,. phage $d. cells were p.re-sent at. 

one and the ea.me: thn&. In <>M.31' to ~tua,- the wa:y b;y whleh lam. etfec'tcs 

the lnhlbitfon of phe,3e ceti•ity- the :tollo,r1ng :plDll of p:roeedure wae 

~e tnfl:a.ence -0f Bal'Jl. on. th~ pli~e ,P£U't1Cle ttsel.t 'W''::tB d.etermtned 

by adding a 5 ml. aliquot of' srt~derd phag~ to ea.ch of ti"'.o tu.bes.. O~e 

with ~$.lt.. Both the wt t:t"er"ted rmd non-treated (lUdttttes of }hage. 

were. ucube:ted ft,r ~. 'l:tc>urs "'~t ~ C,. :Pho. 0.1 mi. :of e3.ch phc,ge eample 

was added to a 24 ·~ old culture of. §it~W!Zru!I sdana ln nutrient 

broth and obserrat!on.a on 11s:ta n~ted. 

Whether itrsnwtom;ce;t fflff\.9:1 oelle gl"t)m'l tn ~- sa1. t medt'Wtl, tben 

!'9moved r:,,nd w.ashed tree of adherlng aal t. ar~ more. r~td.at£.t.nt. to the ~c'U.on 

of phage, rem.a.ins open to conjeoture.,, If such cell e proved to l>e phage 

1"es1s.t~t. then th& tnh!btt\on of pht:,>.f?e actively by WbJll might be 

attrf.bu.tE!d to a. cellular influance c..ncl not t~ e salt effect oa the ,Pb~3e 

'.Pllrtiele tteelt. In ol'lier to test tb!g h,:poth~~a. 1:a.Cl was a44e4 to 

50 ml. of nutrient broth so as to g1,re a :f'hal conc•tretion ot 0.5~ A. 

pcotll 50 ml. quantit7 of broth. did '.dot reeelTO la.Cl. ilGth. the llael 

tree.,ted. an.a uon-t:re&ted arotb 'l.7ere inoou:tateci nth &u:dom:01·11!11um·.1 

Celle .aw! incubated for ~ hou?e at P&° C.. ,At the ,cl.ose of the .latter 

period, the celle. f'rom both treated and non-treated br0th$ wei-e centrifuged 



and :waab-94 b 41sttllel wa\el"-. 1,\le -u.sbel. ,ceJ.1-a · were lhe J'$81111P•dat 

ta ealt tr.- Jllltrient brot-h. and o.I .i. ot :atsmlard phage -dietJ. • the 

wt ll'eatei and ---,·res.tea. ..,.,1., ... --· 0£ resaltl1t117•1•-. 

aaecl - mea.eur• phage acttdtr~ 

A final upeJ'btenl wa.a llllbnake l:iwolvlq cttl'L•, phage ~ BaCle 

Oae-t-'h Ill. of the ~e eample whf.oll ha4 1>eo a,ilaltiei ~-- o.,_ ••1 

oa added to ihe aam ti-eatecl. C\tl~e :ce.11•• ·11i aildtttoa qa.-ten\a d 

the phage sampl.e whtcm. dl4 •t reeetw 1'.dl waa a6led to the OD.l.\ure 

'lhica ·W. been groa t• the 1&01 free •eU.1111. _ lb.age aettvl 17 wae 11,easaret 

'by the extent ot l.ya!a &t DT•RINDII- Gilt& 
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Reference. to the 4ata. l'eoorded. in fable 3 d!sclost• that the 

lnolusi.01:1 of' o. 5 percent sodiUDI. cblortde in the organt.c basal llledium, 

prevents the l,;ygf.s of §tr§ptom.yces iOHW@' cells by pha&e 5114-3" bl 

the ca.ae of media. l, 2, 5 an.d 7, wne,:e ·sodl:u• ebl.or!de wa~ omitted 
\ 

from . the media, exten11ive l.ysis was o'bsenea... It ts f.mmed.t.at~. 

s1gn1f'1.cant that the rather prono'W!l;eed inhibition of phage a.cttvtty 1:J7 

sod:!tlll chlor:tde, ma,' provide a partial a:ewer to tlie problGln of contTOl 

o.f such phage infestations. IJ?hte conclaslon beeom•.s more. consollda.tecl 

when Jt is reaJ.1 zei that sod.tu c'.bl.orid.e as well a.a exerting the obseffei 

l:nhibito17 effect on the phage al.so ls ltnewn to sttlfflllate the production 

of sti-eptom,-cin. Su.eh. a oompotmd wauld appear to represent tht ta..ai 

control agent. 

It ts int~resting that ,glucose neith- stimulated •or isili#,bU.a, 

phage aettv!t:,. '!hie resul.t might 'b$ eX,Peet~ sine, a».T :tahtbf.to17 effeet 

.of glueose ill ~ften attributed to the :pres.enee ot acids, resultiDg from 

tlui utllit>a:Uon of thif!t SQ.gar., !n the pr,sent lnst•e~, the Ill trEmd wa.e 

quite high in the alkaline .ra.nge .. f7.i ~ s.o) .• 

A.fta?;" a careful S\ll'V91" of the above data,. it was decided to orait 

sodium ehlor!de and glucose from the organic basal medium. Ju eoase-

quenee, the &rganic medium selected fo.r use h. :further. work wa.s the 

·dcsscr;tbed basal. medium plus o. 01 pero,ent 7"east ext raet. 

4e is shown in ~able 4,. the qnthetle m.edi• permitted l7ais. of' the 

host cnl ture equ.all7 well in medtmn 2 and 3. Jit is evld.ent that llaeto

pep.ton.e or the complement of' ainino acids a.re required. the 1tedium which 
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eo.ntatne4 aeparagtn, a.f5 the sole muree of ·nt trogen. did not all&v.r lYsis 

of· the test ·cul tue. lbn.s, it may- b•· eoneluded that a. COJllPlement et amiaG 

normal lysls and phage mul*!.pltcatton. At this juncture in th~ study. the 

lict1t7 of thes, essep.ttal aniillQ eompoWQde are not knQc. llow.ever, whea 

the 81athetlc type medt\1$. was used. cue was taken to in.elude ;he necessa27 

eomplemeat of' amino. acids. !?hie wa-s aceompllsh.ei by, including the seTenteea 

amino actda 11ste4 f.n !able 2. 

» •. Zlle..e;t M•f!Z 

l~ !$Cul.um: 

!he. l"U\11 t• obtained u,tng various e!:ses of fnoeulum 1:aa.te~ted that 

"' phage ino,cuJ:wn of 1.0 ml.., 0.,5 1nl. Md O.l ml. dip. not a.ppreeiabl7 

ianu-.c• the resultiag phage activity. !n each illstanee,, the extent 

of 1Ts1e at the ea.cl of 118 hour.a, was essent!allf similar. tt inigh't .be 

expect~ that a pbag$ inoculwa of 1.0 ml. wi:rald pl'Oduce a greater titer 

thaa 0.1 of a ml. !h.e abov• conflt.ctin.g result mrq t,e eJ;Pla.t&ed on the 

ba.sls et the time !act.or iDYolved,. 1:Jnr•eo"'1ed data., baa shown that with 

the larger phage inoculua., multiplleati:on C$a~es in a fas shorter time th.an 

with the saaller tnocul"Wll. fhus, when the experlmeut ts carrl:$4. ov.er a }ffl: 

hour period, ther'e ta .av.ffic1en:t tlme for aquattzatton of th.e titer. 

!he a110-.t ot Jtr,J?'9!1HI grtta&f er,oree, used 1n the plating for 

plaque co'UBta doeB. not awear to influence the rosulting count. R1 iaoeulum 

of o. 5 m1. , o. 2 ml. and 0.1 ml. of sporesi produced an a._npro:d.ma.tely 

sailar plaq,ue count. J'ol" thf:~ ,,-,ea.son the emall er spore :tn.oeulum ctt 0.1 ml. 

was used ta ab sequen.\ work. 
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~e titer of the standard phage was found to be 1. 2 x 105 particles 

per ml. A standard stock of this phage was kept b. nutrient broth at ;> 

O. ~e titer of, standard phage was ma.tntatned at approximately 1. 2 x 105 

partielee per ml. However, some vada.tton in t};l.e ttter of the phage wa.s 

obsel"\l'ed during the eo-µ.rse of the iJI!esttgation ... 

O. Phage !,ype D!fferJgnt1a.tioa 

Each siwe ot plaque picked was active 1n ly.sing St;r:ep\gmYgea griseus. 

In addition plates made from each lysed eul tur.e reproduced all three t7Pes 

of ol'iginal plaques picked. !l.'heref'ore, tt is apparent that the. plaque 

size was not stable over the :first transfer •. At this Juncture the phage 

under study' does no:t appear to show any dtvtsio:a of typ~• 11h1dh can be 

traced to plaque size. However. eoneomitaat. tests carried. out 'by lt.u.thala 

(personal COIBlllUllication) sb.ow that phage ;14-3 ts capable of lystng 

several Str1pt9gces species. !lits mlpt infer that the phage la polyval.ent 

tn nature. 

». fl':i.l¥e !PJ.Upltcat:ton and brat lfiJa1 

A atud.y of the 1ndiv1dual plaque COllllt8 given in Table 5 and illuatrated 

ln Ftg11re l d.isclosEui that a. shall) rise in. phage t1 ter occurs at the close 

of the 10-12 hour period. !his o'bse1"9'ation is rather s1gn1f1cant etnce 

previous workers (19. 23) w,re not able t~ demonstrate m'Ultiplieation. over 

au.eh a ·short period of time.. It was tmpU.ed that phages specific fo·r the 

StreptoJR:ces group required a much longer period for muJ.ttpllca.tton. In 

thts respect B.etll7 (19) showed an iacrease 1n phage· titer ovei- a l.J8 hour 

period. 1:be shorter time for the manifestation of phage multiplioatioa 
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1.ABLJB 5. 

Obstrv-d lifflltl;pligation ,at pbagt .S}.l+-3 . .ai dfte:rm\ned ~. :e\ooue so:un! 

: 
:T1m·e . D!lutfo:n with resn.l ting plaque eount . 
Roura .. . 

1()6 101 .. 102 : 103 • 104 . 105 • ·.• C.ostrol • .• • • • 

0 • 19 2 • • • • 

1 • • .. 16 4 l ... 

1.5 .. 15 • .. • 

2 .. Zl 3 .. ,., • • • 

4 • • • • • 17 2 

' . 21. 3 - - .... • .. • . 
g . 3 2 -· • .. • " 

10 • • 31 l - -
12 . me• 35 4 • • . 
24 . ftC :,,o 16s 7 • • . 
~ . me fflQ ;oo 109 a) 

-~ ·• • 

32 • TNO ·SC 300 199 l ... 
" • • 

36 • :TNC fflO ;oo 79 10 3 • .. . 
48 ~ *JJTG fflG 300 46. 7 l -• • • 

•mo d.ed.gnGcted 
514-3. 

plates mieh have beeu completely lysed b7 phage 



ftgul'e l, Observed *1t1plicattoa of i'h.ag& ,1~3 as l>etermine¢ 'by na.,ue 0-ovnt-. 
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reported in the present stud$ is corroborated· in the increase of phage 

particles at 12 hours, shown in fable 6. and Figure 2. 

Further reference to Table 5 and Figure l, shows that after the 

rise in ph.age titer at 12 hours :further tnereases occur., It ls significant. 

that aftei· 32 hours, mu.l tiplication of the phage appears to re;;r.ch. a 

maxinmm ind then level off. 

:l'he det ermtnation of a burst ti.me far ph~es specU'i.o for . §tre.p\9VQIS 

species presents certain difficulties.. In the fir~t place, the filamentous 

nature of jtreptom;ces cells, roles out the posstbility of establtsh1ng 

an accurate phage-cell ratio., Therefore, in the tru;e sense. a. one step. 

growth curve, as described by Delb:ruck (lQ) can hardly be used. llowever, 

during the course of the :present. study, an attempt has 'been ma.de to arrive 

at some estimation of the time req_ui:r~d for pn~ge absorption, mu1t1pl1catio:a 

and lti"llbsequent release. The rise of titer at 12 hou:ra has not. been 

considered a~ the :first d.ga.!fieant burst. Other inere;:;ses. oecu.rring over 

a shorter period of time. :bl all p:roba.b1U. ty do take plaee. fhese e.re 

oftsn. hid.den by immediate readsorption. for this reason, a total plaque 

count was used rathe1• than the usual t:re.e phirtcge plaque count. 

idea that shorter "bursts of phage do take place, than was ind!cated in 

previous experiments. tn. thil'l respect the result~ shown in S?able 7 

suggests that the burst time is less th.an :; hou.:rs. It is signifl<".ant, 

thet an incrf:icise of pha.ge particles f.roa lhl x 102 to 1.4 x 103 takes 

place over the indicated 3 hour period. Referencl& to the d.ata. in !ablG 8 

and Figure 3 would infer that the burst time lies between 100 to la:> 

minutes. As is shown in •.fa:t>le 9, no increase in pliage titer has been 



!:A:BLll 7. 
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IDGLJ:S. 

,Qb1erv,'4 lm.rstg .2! phMe e;pearf.K bmtw§!n gng and .. l!'.i h2ur1 

.. • 
!!me 

Jih.1.ltes 
• .. 
• • 

() . .. ' . 
• ·• 

. ~· : 

• ,. . . . 
70' ••• . ·• 

• ' . . 
so •• 
S5 •. 

90 • 

95. 

100 •. 

105. 

110. 

115 • 
120 • 

,, .,.. . .. .. -: 

• . .. . .... ~ . 
. 

~ ' . 
• . ·•- ... tli, • 

... -• :• . : 
• • ~- • • • .. 

• • • • • : 

2 
Pllage partieles per ml. x 10 
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a.s 

3.3 

lt,6 

5,S 
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4.a 
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s.o 
9.1 



l'igo.re ;. Obser-tecl :Surats t)f Phag• Appea.1·iiJf; Jet._ One and f-, lova. 
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time s.omewh.ere between the a.fo.rementloned l00-120 minute period. 

1. Temperature 

effect. on the phage partlcl1es .are listed in 'fable 10. It ts a.ppa.rel'l.t 

that the tna.ettvation of the phage by heat starts at ,o0 e. with almost 

complete i:nhf.bition. of the phage· occurrli,g at 60° (l. lo phage activlt7 

was oibserred with those samples whf.eh had been heated a.bo.ve 6o0 c·. it 

ma, be considered from these data that tl:i.e pha&e '111.nder study is quite 

sensitive to tempera.t;ures above 4o0 e. and ts fnaetivated at tamperat\U".es 

of 70° e.. au above. These ttndings are tn geneT<ll ,agreemeni; with 

those of Woodruff ( 2:3). 

fh;e 1nnuenee of the tncubat:ton t·em;perature on the phage--cell 

mixture is shown. !n fable :u. In thta ea.ae, both low and high_ tempera

tures a.re inel:wied. .It .B'la¥ be 0'bs,erved. that slight phage ffl1ll t:tpU eatton 
. . . . 

was eviieneet at temperatures btd.c,w 2.2° e. and above 4;° o. $omple:te 

inhibition of phage JBUltiplieatlon. oeC'lll'red at 55° c. and above. ·!he. 

optimUlll temperature fc,r phage multipltaat:ton a,pp.ears to, be betweeu ~o e .. 

it ls interesting that the phage multiplication prt>eess is tnactt

vated. at a lower t .... perature than. waa obseffed with the heat treated. 

phage particle.a. !he ex,Pl&X).a;t.ion tor this obsel"V'atio». mSQ be touwl in 

the ;fa.ct that the phage plus cells were subjected to the lezerlbed trea.t

ment s for >4$· houra, whereas the ;phage alone, wa'$ treated for onl:, 10 

mtnutes. 



!ABLE 10. 

lnacUT§t\pn a! p~ 5,H k .J&i!t 

.. .. 
fempera.ture • • 
Degree o. 

25 • • • 
qo • • • 
;o • • • 
60 • • • 
10 • ... ·• 

75 .. • • 
30 • • • 
90 • .. .. 

100 .. • • 

• ... 

• • 
• • 
• • 

• " 
• • 
• • 
... • 

.. • 

• • 
'" • 

: 

• • 

• • 

• • 

• • 

; 

• • 

• • 

~03 

0,0023 

o.oo 

o.oo 

o.oo 

33 



!Ail.Jl 11. 

Iaflu.s:P! .at \sm:Peta.tuu at '49iba\t11 a !SltJ.PlJgast.sm 4 

PWI ,2.~; 

femperature 
hgeea o. 

..... 
22 • 

. i:18 • . ~- . ~ 
35 .. • • • • 
45 .. •· .. • .. 
50 .. .. ~ ~' • 

• 

• 

.. 
• • .... 

• • 

• .. 
• • 

• • 

• • 
•· • 
• • • .. 
: 

• • 

: 

. • 

: 

(l .. oo6 

0 .. 04 

9.20 

lJ..00: 
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a.terenee to the data in Teible 12. attests to the ~arked infl1.1eue 

of Bydroien-ion · .cone~tra.tton on the phage under •tudJ'.. ll is evi.(lent 

that the :pbr'lge i.s quite aettve over a broad rrmge in pJ!. ~s l'Oint is 

reflected in the observation that appreeta.bl• ]'hage multip1feat1on tak~rs 

Place at Iii ;.5 and Pl 8. 25.. &wever, it is o,bti~us tha.t the opttme 

range. fer phage multtplicat:ton lies between.plf 7.5 and :,;a a.25 with compl,ete 

inhibit-ion occurring. at pB 14. 25 and pH s. 51. 

3. Innuen~• or hlt 

I.ilmit ing Coneent r{f!,.tign 

i'he 1nh1'bltory effect of eodium dllort<ie •On phage 514-3.. rePQrted ta 

an earlier exp.erlment f;s corrobt>rat~ by 'tihe data shown !n '.fable 1; and. 

figu.ree 4 and 5. However, pha.ge multtplieat.ion appeared to be. enhaaeed b7 

one partieula.r concentration of sod.tu ehl()r1de (O.l~) tn ll11trierit broth. 

Inactivation ot the phage became pronounced a$ o. ~ sodium ohl.ol1.de. !t 

will al·BO be observed that a ma.it:ed dec~eaee !.J;l. phage ~tiplteatioa occurred 

w1 th the increase tn IaOl. eo~eEJ.nt:ratton. At o. ~. Ba.Cl complete inh1bi$toll 

of phage aett.vity 1.s evident. In consequence tt would seem that la.Cl ia 

,umuiatory to phage. activity in mb:u.te ao'Unt111 lmt tnhtbi tol'f wbrt;tl present 

tn . l arge:r.- q;llSlt i ti.es. 

fhe data observed in !able 14 po,nts to the marked. uhi'bl~lon of 

phage mult1pl1eation by sodium chloride !.n a strlctl7 synth.cetie. medf:wn. 

Completta inactivation .of the phage oecu.rred at o. 2 percent salt concen

tration. Ia addition the observation that Na.Be3, ICCl Md l@,Cl 2 aJ..ao exert 

en imitbi.tory effect would tend to, give promise that the lnb.tb:ltory eftee.t 
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~-:m 13-

tPSibjli2n st :eAM• ~4-3 5tiiaJ.oatton J?z ~ .a n\!1s\ 

Salt 
Cone. 
( ,, ) 

0 • .. 1t !) 

0.04. • • • 
o,os. • • ·f, 

0,10. • • -· 
o,oo, • .... • 
0.30. • • ~· 

o,4o •. • • • 
0.50. • •· • 

·I!' .. 

• • 

• • 
• • 
,. • 

·• • 

-• • 
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ft~e ,.. tutli>ltion ef Pbag• 514-J tlulliplteat:ton by JlaCl. bl 
ht-ti.ea Jro,th. 



.. 

2 
10 

. . . .. . ·. ·~ . . 

MINUS SALT 

.. . ... , ... ·• 

•.::·.:\:\'.: t {_:. ·~>:~:.; 

2 
10 

.3~ SALT 

I 
10 

I 
10 



ft~,. hhibtti.on. of Pb.age ;11.J-3 lml.tipllca\10# ,,,. 'Ba.Cl a 
ktrient :Broth. 
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JAB-L:& 14. 

!pblbttton .!t PW@ 514-} !9'iLtt;e1scat\9D !I 9aJ,t1 JA m&ttis; 
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Salt 
Cone. 
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0.2 • 

0.5 • 

. .. " 
. ·- . ·• 
• • • • 

: . • . 
·---------------------------------------
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• • 
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of the tested salts eaa be attributed to the re . .:peet!ve eatton., i'he rol• 

of the~ ea.tions. may possi 'bl7 be explained o;i,. the basis o.t a cb.al"ge 

effeet. If sed1:wn througb its eha.rge .(/.), effects a J:t.eutraJ.tsation of at 

asf:lUJned negative eha.rse carried. by the phage pax-t1eles, or 1n~eases the 

zeta. potential of the phage particles. then adsorption of th.e phage oa 

the host cell ·maJT. be decreased. 

The iifferen;ce between the phage !llh1blt11.1g concentrati~n of ltaOl ln 

:autrleat broth and the s,atheU .. c. med:lu.ll mq b• explained on the bast« of 

the difference in the media components. !:he preseaee of p.eptone and beef 

extra.et in the (?rganic media ev-1den.tl7 htadera th;e lnhtb! ttoa. prop-e:rtte• 

of sodi'UJll. chloride .• 

194, .2f.A!Hr9I!: 

fhe. data ill'1strated in Figg.re 6 1nd1cates.n~ a.t:reet .effect of Ja;Ol 

on the phage particle or o:n· the §$ttumeu 0161 eells. !hus the aaJ.t 

effect ia c•ntel"ed largely in th& medium ant.pperttng thie pha.ge ad cells. 

It f..,, probable tha.t the sodium chloride interferes with the tnttia.1 

adsorpt!on of the phage on the ho $t etlls and thereby tnb.tbttie the general. 

m:u1 ttpl f. eat ion process, 



fl.pr• 6._ lod.e ot .tot 1on o~ WaC1. on Phage Parllel ff and 
ilu:pt9w;ca1 .qt1ma ee11s. 
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• ifl'f'ed$ga•ton ot the ~. •tar• -1 a phag:EJ ~!f!.e tor 

§).reem:U Gi!N: •i. tu. :po•atl4• 41.-Y-er,· •f a \Jddlllto~· fo1' ta$· 

CQ.~trol. •; •• ph.~•• 'JleJ)l"e•et. the ej.d olJJ·8'itve• ot ~· pr .... $1.'lQ' •. 

.., f'am!':e a.re· t:nvo,l:~- - at~ app~ ~.4-,,. ~rtaa$. 

Th••·~ of .th:e aa.t.11r1.of Jha&• $L~l ~ev.rt.eA 0th.at •t.J;pltea,t!oa 

•ee.u.rr• OV$J s. 12 110'1~ peri.Q"<l. It w~ f~• that ~ll-· ~S;t&. of 

*Jila phage are •t eaet.ly 4ett4'ited bee~ ~t th& extmit¢v• ~t• 

~. atdbft.~ bJr ;§\tfdt!ifb§f §11:pm,. tll. al1 J)l'O;bab!,l\9 ~-·· 

4G:. 0.:0~ l'N.\ a-, 'k lmmedtately- .i-••~ \7 th&.m.&4l, ot . .-1,.. Atbeudt 

thJ•.4.ttft;ilSUltT el' det.e,:tbg bu:rst,.haa no·\ heen,, eoJ1J.plet'17 «tl!mfaat,e4,, 

74'- @>P~2$aa;i••••.wue 1~at\ o~ at ••e to two.~· tnt:ewelt• 
' tb.:ue_llmret.~· •r• co~tst• in 1,hf!d~ q.<,~ea, as eho•.v ,r,c,eated 

-,.~..,,~ •w!f1"er,. th, val.l&tty of the l."'·'• lrtu'.ut t!me l• ut 

;·i i1i_ eYtQ41t tb.a\ i·9111peratue ani a-to. :eaacem.t~tf-Qn. laflueJ!lt»& 

the •\1v!$7 of :,haga51lt-3. !hits phag• waa most ae~l.v:•- ¢ ·tbt- i}~era'llu• 

a1td a-i• cazace11~ra.·Ho-._&p.t ... fo:r \.he host d.~. _ !hf.a. re,emlt mtdlt 

'- exp.-ed. dn0$ thQ activlt'I. Gt· all plmge,s lepau\.a 1301J.hha.\ • ~• 

••'ta:b'eltem. o,f the noa, CJJ.1. ta.:re. 

·• Da.t'lu'e •t the_ mecl!.Uill, ~sett f0:r tea,t11e pllag,e a.ett~t7 tafluec••, 

'11• tub~ lffl!H.p1toat1ott ef tht ~e. ta. this respect ti waa 

fo,.a. \ha.ii a speed.ft~ coJiplement 0:t amtno. ae14:a w•n nee.-sal"f for phage 

181ttplieat:t"'1l. tt la f4\\eres\lng to apeeula\.e ,oa the nl:e pla7e4. by 

\he:d nt•os• t:»lllJK)uais. ti .may 1-. ~at the amt-. aoli •tf•t 11· felt 



by wav··r>:f the Cfilula.r aetabol!sm of th.e ·host -~t~ or !t mq lMt dlrect).y 

effeetlug \hep~ pant~• it.self. this a.apeot o-£ the pl!Oblaa ema;bll.7· 

deseIT•• fu:.rther- at••t ion._ 

·In .a&tltlo,n. se~twn chlotta. aD4. .,tmnar ea:L\a ~ tolmd. _to_ f:aht)!t 

phage ~t:1pl.tcation. Sodta ehlQd-de mq ee the pa.nta.:t atiawer to; ~ 

Pfts:t.ea of phage- tntect ton !n .t:r,ptP74~ 1'-.•ta.t.to.ae. $tits tne· •'I 
eoatrol has merlt stnc,e sed!UJI oblodd.e. t• us,ai !a low e~t2'a\1n• ta 

melte. for the •t:rep~n t~ttmi. lfa:r~,re,: th, US$ ot aod1• 

chl,°'rla, wo'Uld. no;t ,o'Dly reprenat ~ iae-,gea•l• m~tbod. et phap ~tiroJ 

but aleo a tplck meiQQ4 -ot· --il4na:tlng pnage, act~vj:I;)". 

~t 'f;UHl~&n of the mecha.dem of eod.i., 'Cbloda. khlblti@ pll'N8a\e 

a real problem. Jlowffl'er,- tt :la telt ~t -~ lnll!.bttoq .. eff.ect Qt ttal:I 

m,q· 11-e eS,Plalae4 9n _the baJie <>f fa.ul."7 phage aiso,:pt.ton. _ J,et t~ mat 

be admitted that the•~• of thta iabl.btttoa 11t,Ul de·aente•, 1'w.-tkff 

eo:n.sl-4.flra.tton •. 



/ 

l. Phage tnocula. of l.O.ml., 0.5 nQ. .. and O.l ml. dld net lnfl.uence t.be 

re1A1ltiag phagfl acttrtt:7. .!b.e extent of' lys111 a.t the ·ad. of 46: holll"s 

was essenttall)" slm.lal". 

2. St;r1ptsaml!e1 t:;ti§.&'!@ spore l~etlla o·f o. 5 ml.. o. 2 ml,, and 0 .. 1 mJ.. , 

ns~ tn the pl~ting for plaque co'Unt.s did not ~ear k tn:nu.eace ·the 

resulting CO'Qllt. 

J. 'lhe titer of slandaril pht1t,"'e .514-.3 wa.,s food to be l. 2 x. 105 partt.e1es 

:per ml. 

4. Phage 514-3 d1d :not ~ppea.r to show .e:nr:, di:ri .sh~ ot types w:h:f. ch. eo,llld 

b, t rae,d to plaq'Q.t:l size. 

5. Phage mw.t1pl!eati.on ocQµrred, with. a. aharp rl.ae ln ;phage. at the 

e;t.o se of a .1,0..;1·2 hou.r period.,. 

i., Bu.rate of .Phae:• 514-3 a;ppea~ed to oe~ b.etw,.,,. a 100-la:> 1111nu.t~ 

per1ed. 

7. .Phage part1ele11l were quite set'u,tttve to t.enperatures above.~ c. 
w1 th ·CQ:mplete !naet't.vatton at temperature.s ~f 7-0f>'· C. and above. 

s. Opt·lmum temperature £or phage mu.lti.plle$t1on was !oxind to lie a\ 

21,•· o. to 35° Q ... , with com.pl et$ !nhib!tion <,ecu.l'i"~ at 5"/ $ .• and 

9. ·!b;e.•.optblUJD, pl range tor phage Jnl1lt1pl!e&tton lfe:a between 7.5 anti 

i. •25• with complfl"t• ttih:tb! 'M.():n- .oeeurrlng at pi >+. 25 and p1i a.51. 

10.. Phage aetivitv was bM bitei 1.n nut.rt eat broth w.Uh o. ~ ,odium 

®lortde., compleiH~ tnhib!t1on occurred with o.;~ sod.i-wn chloride. 

ll. !>hag& acU.v1tf was completely inh1'btt$d. :tn synth$t!c •ed!lllll with 



o.? percet.tt lfaCl, 1.alfo3, Bl e.n.d ug012 r•s.pect1V'el7• 

12. !he made o;f aetto~ ot •odlwa, d,lorf;.de 1ndtoate4 ao it.:ree\ . .erect •~ 

&Bil on th& phage parUele or ott the 8£@Pl2!11RI .«dl.fil cells., b\1.t 

the salt .-r:ect was, centered largd.y, 1n the meQua; sapportbf; \hit phage 

e.nd eel.le .• 
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