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tr&Jl8al11lon of resplra\01"7 and relA\ed 411ea••• la a\111 a aa,ter tor 

· caea,lon, lll •pUe ot \he nerwhelaliac n14enc• ln auppor\ ot 'hh COD­ 

'en'lon. !hi• la due largel7 'o lhe lack ot epl4•1oloctcal nldace, 

lh• 'raclq ot aa mtltre&k of a 4heaH 4lrectl7 and 1Ulqa.Htlonabl7 \o 

oOA,aalna\ed •'ln« 11.ten•ll•• !he ••17 nat'U'fl ot \he Tectora concerned 
ontate1 UT poad1>1lU7 ot obblalnc lhl1 epl4•1ologlca1 erldence, 

11Jlce 'he con\aaha\bg &«•ll' aliti u nch onl7 ae111a\arl17 a\ •he 

l>•••• 'l'hl• re1Mrch probl• •• 'Gllderlakell wUh the hope \hA' a 

\ echzllqu dedpecl to d•ondra\e the appeannce ot a\reptocoocl of 

uques\lona'ble buaan oricta on 1a:properl7 waebed cl&HH •CNl.4 tunher 

\he cm\en\lon 'ha' eaUnc •'•ndla are hlpl7 po\ent carrler1 ot 

411•&••· 

Z•®ntcm11 ·m •MPllnc 'ot&l. hc\erta .a red!\UJ'Nl\ :on: 
' !echlalqu•1 tor \he de\eralna,lon ot \o\al bl\C\erla CCllWl\a OJI eatlnc 

•'entll1 are al.09' aa 11U11erw1 as \he publle&,lona concernlnc res,auru\ 

•&n1,a\1oa. In a pamphle\ publl1hed bT \he Cup and Con\alller la1\ltu\e, 

••'hod• ot 19 Jnll>llo heal\h clepa.r\aen•1 are 111,ed, all T&IJ'lnc ln am• 

pba1• ot 'h• procedure. la 'he aala, all follow the procedure tlr1\ 

ln\roduced 1'T llanhelaer and TbAnes (1917) whtah co•el"ed of •wabblac tu 
. . 

l'la ot a cl••• with a •••rll• coUoa 1wala and pla\lnc ~' allquo\1 of tu 
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•alb• waehinp troa the •W&lt b ntrl•n' apr. llOdiflca,loa1 of thla 

t•chnl4:l'1• h&Te 'bee:a mmerou. Cuamlnc and Toncue (1936) ouUi:aed a 
·, 

111Ul,ipl• u'entll '•8'1 iia wblch ne 1walt wa1 •plOJ•d ln 'be '•-'inc of 

ta ••PM'&t• 11.teaaUe, the e'ftb betnc acUa,ed lte\nea 11.\ndl• tn 10 •1• 

•'•rile 1allae. Jo\h glaH•• and pld•• were te9'ed la 'hi• aanner. 
SllTH'n.re wa• '••'•d b7 a«Ua\inc '•n u'n•ll• la a derlle 11&1oa Jta.r 

0011\alnlnc 200 al. eallae. Supndoaa 'hua o'b\a1ne4 were pla,ed la \he 

UUA1 aauer. Mardea, .d. Al. (193S) streaked one gl.aH troa eaeh eltA'b­ 

lbhaen\ around 'be 11p, o:u lnch 4on, and napended 'he 1walt la 10 al. 

•'•rll• wa,er. After acUaUcm, allquo,1 were placed lll'o nu'rled apr 

and nu.trlen\ 'Woth, th• latter 'betnc 11.Hd t~ laocula ln'o Tarlou.1 4ltter- ,. 
aU&l aedla after i:aeu)aUoa OTernich'· lfacDona14 &llCl i'reeborn (1933) 

' ' 

••P1•cl a apooa, fork. cup, '•bler, blfe, pla\e, 'able \op, d.ralaltoar4, 

and 1helf, each wl\h a e\erUe ewa.'b whtch n1 \hea plaoed ta beet latuloa 

"bro\la and bcuba,ecl one hov at 37°c prior 'o pla' tnc 1n apr. Mallaua 

(191'o) •'and.arcllH4 hl• prooedve b7 1\rMldnc thr•• Uae1 aroand. 'h• 

ialld• and Olltlld• of each glall8 or on a two •f111&!'• lnch area ot afplat . 

!he tn\ na •upended la a '••' tue wUh o. 75 al. of water and 'h• ... 

padoa later plated tato na.\rteat apr. 1' · le apparen\ 'hi\' .acJa a 
41TenU7 ot ae\hoda cou.14. onl7 lead 'o conflldoa la an lllterpretaUoa ot 

rel'lll\1. 

rellen, .11. .al. (1936) criUcal.17 8''Gdle4 lS T"rln1 'echaiquH 

then ta' 11.se, compartac th• a• to \hell' u\1lU7, ac=raq. •peed, and 

•1apllcU7. !he ••'hod.1 9'u41e4 included th• ,,..,, A«IU' 4lao (Olson aa4 

11-•r, 1933), rt. laprHdoaa oa aof\ aad har4 &CM', 41nc\ plaUnc of 

'l'• of c:laas, and atcroscoplo •:&:a11iaa\ioa of 1\alnecl 'l\1 ot.cla11 rt.. 

!he n a\ aethoct waa toud. to )e bes\. al\hoa&b peroemace recoT•1'7 of 
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\echD.1qa.• wa• suggeded ln which ewaba wen luert.ed \hrouch coUon. plup 

la 25 al. c:al\ure 'u'bea cont.a11l1ng 3 al. of i>hTaiologtcal •allne. .lt\er 

a cl••• waa SN1ple4, 'h• an.b wa1 dropped 1n\o \he tu'be and \he tube 

agitated 25 UaH to obtain a suepe:Adon. !'he awa'b waa t.hen. ued t.o 

lnoculate Loettler'• ••dlu tor t.he detecUon of p&t.bo«eu, whlle t.he 

ent.lre 3 al. wa1 plated la .agar. Speck and .Black (1937) crUlcal.17 

•tudled t.he tnra\ t.echnlqa.e and comimre4 1\ wlth t.he a&ar di10 and rln1e 

aet.hoda. 'l'he latter oondded of addiq a known MOIUlt. ot wa.\er to a 

glaa1, riadng t.he glaH, ret.urnin& \he water t.o a et.erlle 'bot.ne, &D4 
' 

nbaeqa.enU7 pla\lag all~ot.a of t.he r1D1e nt.er (J>ear1t.7Jle, 1920). fhq· 

ooDt1raed the retult.• of Peller•, .U. Al. (1936) •howtnc t.hat. the agar 
plate aet.hod Wf\8 iapradlMl., and t.he na'b technique Wl\a t.he beat.. !hq 

reported a aolt\ ... a\, followed b7 & UT ODe, pTe 13~ l"eCOTe1'7 of 

a nltlclall7 lnoealate4 bacteria. Walt.er and Bucker (1941) \eded a wtre 

•walt technique •ua••t•4 lia the ••w York St.ate au1'a17 code and fOWld t.bi\t. 

a •Utt wire nab (63 pace) recoTe:red couht.ent.17 aore organi•• t.han 414 

\!le cont.act plate or cot.ton Hll'b met.hod•• The J.aerloan Publla Health 

.lHoola\lon ocaaU~ee oa toot u4 u\enlll aanUaU01a (BUchena, .d. AL 1937) 

ncpated a a\andard auUlple uleJlall leohlllque apparenll.7 'baaed on the 

aelhod ot Cuaalac &D4 Yonpe (1936) 

!'he tra.bat.rate uaed tor •\andal'd plat.lac ••\hod1 la re1\auraa\ 

1ani\atlon 8''141•• baa beea au\r1enl apr, la apl\e et \he knowledc• t.ha\ 

the toaaUea t .. \ed ooamoal.7 carrr an alnm4Bnc• of faatlcUoa.a orgaal••• 

nch aa t.he a\np\ococol, which are 11n&ble t.o crow to aq crea\ ext.en\ up• 

thb aedl•• Conaequnt.17 \he reault.a haTe 'been, ta \he aa!a, llldlca\lTe 

eal.7 ot extraneoa.a cOllt.N1111r't.1on and, therefore, ot relat.bel7 11''1• 
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•anUaJ7 illportance. '!'ha\ an enriched apr WR• needed ha• ~•come 

· apparen\ onl7 recently. · (Huclcer • .d. ~ 19li2). (IO'falc .and :LaCT, 1941), Md 

Wal,er and Rucker, 19tf.1) 

J:pmtn&ttoa al, .lll ctrecU1en•t1 ~ dt§heshtn« teshntm1..aJld 

ta,ctor• tpnuenotM totsJ. ),.c\erbl pgp.ntn ·.ttsa '"'~ .JmU.• 1or aa · 

elucldAUon.ot \he dp1t1cance.ot &IJ7 routine technique, dudie1 mud be 

aade of the ettec\ of all·po111ble fActora which •lch' lntluenc• the 

resul\e. !he tollowlng paracrapha contain a tnl!"H7 of the 11\eratve 

concel"ll1DC, (a) tac,ora t.diuenclng the total oo.:in\1 ob\~ined fl'Oll re1\au­ 

ran\ u\eadl 11 and (lt) ettec• et d.hhwnlhinc aetbod.1 ou the 81Ul1'U7 

condition ot the flnlabecl produc,. 

MacDoBAl.4 and Jree'bona (1933) ttrat called aUen\1011 \o the 

tact \h&\ towel-4J7lnc ot utell1ll1 wa• more unaanUAJ'T than air 4J7lag. 

!ht• oonolu1ton wa1 b&1ed on a 1\w.47 ot the effect of wlptnc on b~ctert&l 

oOWlta of claatware. !helr ren.Ua ha•• alao bffa oltaene4 bT o\her1, 

(BO!"ffood and PeMre• 1942) (Wallaann, 194o). How••er, dAta b7 Buker, .IS. 

Al. (19~) hd1e&\e4 tba' towelln« &:r•ft'17 'benetU1 the 1uUa17 COJld1Uoa 

of u'eJldla, pro.,14ed of oour1e \hl\t M a4equ&\e wppl7 ot cleall towel• 

Wath and rl.a1• n\u h111pera'1d'e• a&rk•417 htluellce th• lc1n4 

and ~ber ot ~c\eriA occurring on a walhed u\en111. Ira« and »oucb•r'7 . 
(1936) wtr• altl• \o correlAt• •&th and r1n1e waler \eaperature1 wUh the 

mnber ot orpal•• oceurrlnc on nrlou1 utent1l1. Ia '••nt7 ••t&.blhb.­ 

aen\1 a\udled \he7 found. ~•h and rim• n\er t•l)•rah.re1 ranging troa 

S\0 to 164~ and E0° 'o 166° rHpeaUTel7. !he bacterial cowi\1 on tork1, 

tw ln1\aace, troa '11• ••• eltabllalme11.t1 ..-arte4 troa 24,000 \o 20 per 

•'tB•U. !he .&aerlcaa hltllc Health .l11oc1a,1oa co•lU•• tor the 
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dhhee t.n rel.aUoa 'o waah1ng \echnlquH and 'empera\ure1 ot wash and 

. rlnt• Wl'\\en. In M.dlU on, " tes\ orgRnhm, !acUlua p:rgcnpe,11 (Pumdo­ 

mm• 1eru,ginom), W&I IUSJ)8Zlded ill lalille a\er, 'bro\h, or egg albnmba 

1olu,ton and lnocul~ted on\o u\en1ll1. !heee were then l't1ll thr~h \he 

clhhlr'\thin.t procedure• and e0W1t1 ret!\llU111t were canpAred with uwalhe4 
' ' 

coa\role. . SanUa17 condl\10111 ot •Ung uten11l1 ""'' found \o be enrnel7 

'kd, btd U wa1 obHned \ho\' H'e?l caretul hMCl w~hlng could not comp&re 

with aM:hlne W&1hlnc tor rendert~ an eatlngu\en1ll bf\Cterlologic"1.l7 cleiua. 

The Ta!'loa.1 ph&t•t of dilhwn.1hlac ha.•• )ee1l crU 1~17 e:matned 

1lace \h11 repor,, Deara\7a• (1920) called a\tenttoa \o the tact tbat 

aachbe wa1hhg, al\hau.«h uu..'\l.17 better tbaa band waahlnt:, could not 

alwq1 be conddered. pfe, Be noted the etfec\1Tene11 ot &D¥ aethod 

ftl'lecl with \he coa1clenUaman•1• of \he operator. Cox (1q33) 1\udled 21 

aach1ae waehlnc deT1cea la dA117 uee on a alll'al'T r•••l"f&\lon. Ble 

rewl \1 lndlcated (a) 'hoterta tr• rlaae or wuh wa\era OP.n l»e depo1Ue4 

on lterUe dllh••• the MOWl\ T&r71nc 41recU7 wUh \he 'bac\ertal. load ot 

\he ~\er, (b) waah water• ot 170°1' prneut a rapid 'build up"' ot bllc\'erta 

la dou.lll• \l\J'llc aachl••• during norm"1 wa1hlng prooedure1, (o) in ln\er­ 

aU\en' eln«l• \&Dk aachin••• a wa1b wa\er \•pera\ure of 120°1' and a 

rinse nter \emperature of 1~01' 1hond a grea\ in.create in coa.n\1, oyer 

a 90 aln\e 1"9.tblng \tJae, 11.1 ccnp.t\red to an tndpttlcut 111.crMH when 

. t•~•r&ture• were 17o°r &nd 190°1 respec\h•l.7• Si11UP.r renU1 were 

o'talned ~Ward and~ (1939) on houeehol4 wgsher1. 

Th• erttcl•nelJ' aad geral01~ power ot a Tarl•\7 ot detergent• 

bT• beea lllTHUpted tn reoen\ 7ear1. lfhH• du4le1 were "llll.dertaba 
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once U beCMe app&ren\ \h"' the bacterial load Tarted wUh the tlla left 

b;, aoape. Ba.Qr (1931) •tud1ed the relftUTe •fficlenq of aod.lum elllca\e, 

1odlu phosph&te, eodbua qc!J'o:dd•, an.cl aodlUll CftrboMle aa to their wetUng, 

emuleifioation, den.oceul~\loa. IU'd 41teo1Tlng po•ert ADd fOllll4 1ocllU1 

aU~cate condateatl7 the bHt. Bal.ToraNl, .c1 Al. (1935) .tu.died the geral­ 

cldAl e!tloieacy of a Tarlet7 of •oape and detergent mlx\urea aa well as 

their e'\chin« ettec'• on Cl•H•.. One of their ~eat alnure1 appea.red to be 

110001 

Sod.iua chloro\hopheJV'l phenolate 
o. u. lraad 1odl'alll tlllca'• 
Dq aod.lm r•tln&te 
Sod.l'GJI he:rametapho91)h&te 
So411W oarlaon.'\\e 
Sodl1111 blCIU'bo~~te 

0.nlo14Al \e8'1 wUh thh alx\v.re lhawed U rapidl7 kllled a wlc1e ftl'le\7 .. . . 
of pathogenlo an4 n.en-~thocento orPlll•• llk•17. '• OCCUJ" on uteiaaila. 

Schwart• and OUaore (193i.) pnae•'•d nl4•o• tba\ a a1.dve of 

'rhocUma pho.pha\e ("5~ • 10d11111 aet"phosph&'• (53:.') ,and •odi• ~dro:dd• 
(~(hereafter referred 'o ae the SA G ab;ture) •• an e:zct1p\lonalq 

ettlolen\ 4etergen\. tJalac \he tollowlnc eqa.atl,.l . . 
Where S • 'aral.1lt.rln« power 

S • Saponltloa\lon power 
P • Preotpt\atton. power (flla-formtng propertle•) 
C • CorrotiTe p01rer 
D • De'ergen\ efttc1en'7 

and. J). k..JL 
PO 

\he•• worker• etudle4 \he relatlTe de\ercent eftlclea~ of a T&rie\7 of 

alnv .. lncludinc \he S a. G alxture. Ot 15 4e\ergen.te \ed•d. S a. Q 

alzft.J"e ••• aott eftlcten\ lll lowering \he w.lu• m and ralatnc \he ftlu 

wl\h \heae lone which are ooa-oon \o ha.rd wa\er, \bere'b¥ prnen.Ung \u 

foraa\loa ot la1olu\l• tll••· 
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La\er work b7 \he Sl!.lollle auU10r• (Wl and Schw"rt1, 1937, 193!) 

pr•eented tu.rther •Tid~nce ot tl:ie wJ.ue of aol\lum 111eh.:;>ho1pba.te ae &. . . . 
de\ercen,. ra.J.lm&nn (1937) 1tudled the bacterlcl~'\l •ff1cle~07 ot \r1- 

sodium pho•pb.~'•• 1odiU11.aet~1111~,t•. and SA 0 alxture, three corJ1onl7 

u1ed detergent•· a«alat\ S\e.ph;rl oege eu! "-»teu.n "' "fflrlw1 temperdur ... 

Hie d.A.t" 1nd1Cl\\ed tbA' both trhodlwa pho1phA.te Md eodiu meh.dl1c&\e 

MT• gru\er ~\ertcldAl properUet than the S A G s1%ture. !xperlaate 

to 4eteralne the etteotl'f'ene1• of the1e detergent• la actuq,t practice 

relUlt•d in the cont1rm~tion of data obtained 'b7.preTioa.1 workers (Schwart• 

t. Gilmore. 193tt) (l!tUl 'and S:hwit.rtE. 1937) (Hr.l.1, 1932). It ns concluded 

tbAt the etfecUTen•u ot S & 0 11trlur• in lowering bl\cterbl count cf . . 
d1 sh.•1 ,m1 due to the cletergent rAther thR.ll the gersic14'..l ·power ot the 

d.hhwa8h1ng b7 'ft?'71ng th• procedurH a.1 to temperAture. d•hrgent, &11d 

dl•lntec\1ng agent. A 1tand~rd labor&tor, \echnlqn• tor •T&l.U&tlon ot 

detergent• wa1 otter~d tnTolTlng the reduction ot bac\erl"1. nuabere en 

art1f11lsll7 lnoculated gl~e• N.lde1 and the ett•c' ot \be aetercent on the 

tran111l•1ion of llgbt, l.e. l'• corro11T• power. 

llf•D7 ei:perlment 1 MTe b~en •ad• on the use ot chlorlna.Un« acente 
tn the eterlllratlon of eating uten1ll1. V&ll~nn a.nd DeTereux (1935) aB4 

i 
D8'f'ereu.x a~d ¥.allmann (1936) teated orcNl1a and 1norg,t.nlc chlorine cO(ipcnaa41 

aplat\ l•cberichlt1, ~and St3ghrl.9cocc;u;s IUJ'eu" und.er ebmlated d1ah­ 

w~ah1nc oond1tlon1 and toun~ (a) !sgher1cb1~ coli bu' not si~?bJlo,pceuw 

a.urn• •"-• killed b7 an or~n1o chlorine rultlual t1t 200 ppm •• (b) lnorpalo 

chlorine, 200 PPll•• 1tertll1ed rin1e water ln 1lrl7 1econa1. It wa• 
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1Ugge1ted th~t the ehlorins content or a rinae w~ter should neTer tall 
'below 100 ppm. and tbs.\ 1norgJ\111e chlorine compound1 ehould be used. 

lla.clfa'bb, ti_ Al.1 (193!) reported, howeyer, that 100 P.Pll• in rtnae wa.ttr wa.1 

1nautt1c1ent. The~ s~ge1ted 4oo ppm. in YA.ebw~ter or 100 ppci. in both 

nth and rinse Wl'\.t1r1. It w1H further 1uggHted that when ~pochlor1'e1 were 

emplo7ed, the temperature should neTer be allowed to rls• aboTe 120° 7, la 

Order to preTent the de1trucUon ot the bn>oc:hlorUe. 

Cumnahg and Ton&U• (1936) detenained the chlorine consumption per 

dlah in a three-tub Tl• a t0'1r-tub procedure and taund U to be 20 ppm. per 

hour Md 10.6 PP"• per hour respecU.Yel7. On the •'rength of theae result• 

the7 1trongl7 adTi1ed tnclu11on ot a fourth tub, 1aterpoeed between the 

aoaPT wa1h and chlorine disinfection baths, as a 1oaPT wa.ter rinee for 

econOlltc re&1on1• Stone and Pomero1 (1936-37) foun4 restAUr8Dt1 usin& 

50 .. 100 ppm. chlorine rinae ahowed mulcedl7 low coo.ut1 trom e~ttng uten1U1. 

Horwood. it.nd Peaare (191'2) suggeeh4 50-100 ppm. with & tempel'J'.ture of r.roa:nd. 

50-80° P tor the chloriae 411tntection ~\h. 

'Ae use of chlorine in utenlil •anUaUon i1 Acco11:ps:111ed b7 

1eTel"ll dhadT&ntaie1' Tis., (9.) Inorpnio chlorine compound1 lea.Te & ta•'• 

and odor, which auet \e feeOYed tor e1thetlc rea1on1: Ar• rel~\1Tel7 11.111\able 

to h8~\s mu.at be used in the cold; and ue corrod•• to ordiDAry mdal 

walh1ng tub1 found ln the ~Ye!'l'\ge reataurimt; (b) Or~io chlorine 

compouad1 alto l•~•e taate and odor but .are aore 1table to heat &nd le11 

oorro1iY•· !'heir rate of germicid&l actlTi\7, howeyer, 11 auch lower than 

that ot inorganic chlorine cora,ound1. (Malla&n, 1937). 
A Jln t1P• ot ceraidlce n1 reporh4 b7 Dunn (1937), alk;rl- 

dlaetb,fl .. ben~rl-Nllllontua chloride, or ccnaon.17, •zephiran•. lrog and 

M.arahall (191">) inTe1Upte4. the po11ibUU7 of udnc thh w.b1tance a1 a 

gendclW agent lza restaurant eanite.\lon, and the rew.J.t1 ot their 
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tnTeatig!\tton seemed to indicate thle BUbatnnce m"'l" be ·the answer to the 

entire question, Tit, (a) Detergent8 or soap bATe little or no effect on 

th11 potency ot • Zeph1r1m• lfhen. used in d ther two or ~hree-tub 11ethod1; 

(b) It 11 etable, non-toxic to humane, odorle~s, ta1tle11, and non­ 

corrosiT• to aetal1; (c) The concentration cnn be checked coloriaetrtcall7; 

(d) temperatures aboTe 70° r de not effect 1te stab1llt7 or lmcter1c14al 

ettlcienq. IJ.'he bed temper"tu.re waa f'ound to be 71'~ l': and ( e) One 

a1J1Ute rinae 1n. 1:5(),000 eolutlon h suftlc1ent to reduce the count on 

claa1 ria1 to below 100. .1'he 'Y8.lue ot a germicidal eubstance flhose 

propertle1 1eea to be ideal 1111st be t!'Jcen with re1~rTe. Th11 eub1tanc1 i• 

now \e1ng used in eo•• restaur~nte ~nd the result• are bein& eheckP.d, Al­ 

theu«h the literature le relat1Tel7 tllent on 1\1 eftectlTen~'s at this 

u • .,. (l"1.\er1, .191•2). Ih preeent hlt;b cost 1• al10 a factor in 11•1'­ 

lng ltt wide 11.He 

A d1eou9aion on dl~intecting RC•nt1 would not be compl•te wlthoa.\ 

m9nttontng the ul\r""9Tiol8t ra~ c&b1net. Attempte ha.Te been aade to 

eterilt1e glae••• by ul\ra-Tlolet I'~• elthftr ln coll!lection with tilling 

· \he gla11 with w&ter (DeTereux Md MAll•An, 1936) or ta other 1"\Je • 

.lpplln« and hnner (19lil) etudhd the bacterial le&d ot uUfic~U7 lnocul.ate4 

glae1e1 before and after 1rr"41~t1on. A •tandard 1rr~d1Ation tl~e of 30 

e•oond1 ln a eo111111erch.ll.7 produced •sterlle-la7 Cabinet• '"'• uud. The;r 

tou.ad 1rrA41Atioa of 41'7 gla11ee wae 1neftect1Te, 11'hereae trr~dt•tton ot 

wet gl~11•1 rHulte4 tn •rked reduc\1011 of bacterial lo&d. 1'hen tnUWl7 

lnoeul&ted with approxtmatel7 7,500 cell• of Jscherlcbl! £211, sterlltsatlon 

occurred la two t~ three aiaute1. Soda fount8lD cla11•1 were &l•o lrradlate4 

tor 'Yt\?'latis \la•• and their bacterial con\ent ca.pared wUh unirradla\e4 

con\role. Oa \he &Tel'!l\ge, the rettUl\1 indtca,ed 90~ reduction after an 

trr&41&Uon Uae of fov.r alautee. O\her• b&Te 1hd.hd \h• ul \radole\ 
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Cl\blnete lD rel.,,,t1nn ,., tb9lr use 1n rednUrhn\s (tucker • .J:1 ll• 19\12) 

(!~nner ~n~ A~p11n~. 19b1) (O~rrei an~ trnola, 193S) ~nd (Yellers, 193g), 

wlth e1sentt~ll7 \h~ 9Nlle reault1. The hl~ eo.\ of.ul.trfl-Ttol•t c~blne\a 

h'' obvl~t~d th~tr uee ln "11 lr~\ the •01\ pretentious res\~ur"-Dte. 

~ .. r~r•nce \o hot air •ttr111~~r• bfll.ve oeco.l"red tn the 11\er&ture. 

A ~~rtford, Conn~ctleut f1'l'l'l de~trned F1lch ~ 'ter111J~r tor u~~ in c•rtala 

rett~~.ntt 1a th~t ctt1. ~~rd~n • .t1, t.J. (1~3~) obeerT~d tbnt rlAese9 •ere 

1hrl1 ht11'1. ln 15 ahmte• at 2~0 1.· !'h~d•u (19h1) rMorh~ on the ~ftecUye­ 

nete of euch ~ e\ertllTtr, wh~n ..mplry~~ routinely. in certain cltl•• 

!'91'\ll'ing 1tt u~. ,.he 1n•trnct1011s wrre to place r:l"'ua1 ln tt.e prPt'1eated 

OT@ll and l8$\'Y9 thf!lft n.ot lestt thr.A the atnut~S• J.. trq ot beRT)P r,l!UtU 

pll\aitd tn th11 OT,.n requirel! A Ml hour to re!\Ch the O'Yf!!l tupent11re ... 

~0"1l by t.e1t1 w1\b a th,~oemipl111. At. the Pftd of f1Te m1nutP~. th~ (lne••• 

hl'..d ol\l7 l'MChf.ld boi'17 hm:')eJ"nf.'U!"t'. th'l effecthen~H Of IUch & dn1ce W&• 

queaUone-!. 

('!cewrrnc1 g,1 ormfttq,a a rutnurW ~r The dMoastraUon ot 

. ..,eclflc pAtho~•to or~MlM• on Wl\shed rutAUJ'"D.t •are le dtttnd•d b7 

olrflou1 dlfflcultl•t• The ~~rr1er r~t• ot th• etlolo(rto ~nt. or a~Pnta 

of &JJ7 ret'!)1rn.\or.Y d.iae:ue 11 uaw-.117 1~ tn th• 1r.~1enee of M e'lidNlc: 

th• chAnoe ct a c~rler de:lOtlttng bact .. rl" oa the gl~•~•are or* re1t&ur.at 

la alan lo•: and thft ch"nce th.'\t. a sanU.1\1"7 inspector at~t efll~ct t.he 

•:i>.,clt'lc d'•• le alto quUe 11111\ll. hrth•r. t1oatlac or«"-niM11 bT •""'"' 

ot the •""'-b techntq'U.I', 1 r wch h u~~. reduced. the ch"1!ce or rflleo••l7 
trO. 25 t.o lo~. ('Feller,,, .t1 ~. 1936). ~~ aUeept.1 M'Yfl beea •"4•, 
h01"T~r. •om• ·~·U ~ "'1th 9\lCC•H. 

'rl\7101' (1921) tot•1 wi.-.ehect •:>OOlle trO. ~c\he t.ub@rcmlode 

paU811tt b1 rlntlag th• tn 1\erlle wine and lnocul&Un& \be nlhlDt"t 
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1'A.BL1. l 

lnT•1tlp\ora 

S.<\elhot .\ Heinekl!.mp (1920) 
a.-1\0!fl\bb, ll Al. (l9~g) 
Cum.riilni:: (1919) 
~ll'mt~ l\nd s,rnu (1920) 
liontood q,nd P•tP<Z• (191+2) 
Dick ATl•1 Ruokfl'r (19hl) 
C6'J'lhle ·~ ITl\11.in~"'r (1939) 
v.,,rden, J:1 d (lClT.S) 
lihulmM 111.nd De·nreux (1935) 

P•rcent iaol~tlnn' frnri ~rtn~tn~ ~l&ate• 
strsri· hmolrUsnlJ! ~!Ste?• ytrt~"l,ns 

1.6 
0 \o 25 0 to .. 2!'> 
91• lOQ. ; 
gt~ €5.6 
1.1 

20 \o 6~ 
0 

0 to ~·9 o.~ to 3~.2 
~ttroua•• lliuieercn;.~•· 

lA ~oa,.:>UiU ~&rda, Wlwli~ed t::lfllHI • 
•• Un'W'leh•d ~l~•••• troa r~•t~ur&~\1. 
• 

!he•• tu~e1tt1~\ton1, ~n~ o\her1, bl\T• l~ pu~llc hetlt~ ~tttc'r• to co~­ 

clud• th.~\ reett.Ul"t\ll\ cl~•e~• •tt1\ deftAtt-17 b• coo1ide~8d ~! Tec\~r• tn 

th• \rMuluion of reeplr,tor1 dltMH-. (~lTer, 1935) (S:atth, 1939) 

(BU~n1, 19>•1) (Bushonc .ti J'letcher, 19)-0). 

re1\aurant •&r•• the aicrobtAl flor~ of wnahed utenell• h~a b~e~ lnTet\1- 

g~'•d b7 A hoe\ ot workers. A• ~n lndlc~'lon of tb8 ~e~er~l \ype~ encountered 

-.nd their unlYerel\l occurreno• 1ee Table ti, ..mlcll lints the inv~atl~\or• 

st.l\pb3lococat, 1l)Ore-tormln( griw-noe1UY• rod1, nn1. ct>Ut"ol"'I err,-.nh1u. 

We h~T• demons\r~t•d th• oaourrence of a Pro\mi• tn ~ l~oti>.rlc@e f'l"!'!fft 
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!A.BLR II 

!Jp .. of Mlcroorgruliu• Iaola\ed 
J'rOlll Re!\lt.U?'~nt ~Are !7 Y~riou• InT••'1~tore 

Occurrence of 
:i\.t.ph1lococci Spore- Colltorma s~I~t.~~2~~1 

former a x1r1~-.n1 
1' p p 

p 
p p p p 
p p 
0 p 0 
p p p 

Sllelhot & ffeiaek:Nnp (1920) 
Macnon.,ld & 7reeborn (1933) 
~acK,bb, .!1 ~ •• (19~8) 
Marden, :.1 rJ.., (193~) 
C:i\rl1•1• & Ht\l'tln,r,~r (1939) 
Horwood Ji Pe~re (1942) 

P2 Pre1ent oa uten11l1 
o~ .Abeen.\ 
-~lo\ repor\8d 

org.ui111111 referred 'o in th~ llternture aa !treptococeu1 •i11T,r\~§ bt.a 

l»een 1ome .. hd ~·• due 1n p.'1.rt \o th• «•Mr&l contutlon exhUng in \he 

\a:zo~ of the non-he111ol7tlc 1tre9tocooci. Tbe te1\1 flrat ua8d to 

ldentlf'1 thit or~l 1treptococcu1 h~Te lftrgel7 b .. n altered or dropped, while 

n•• technique• for cl~etlf1cAtlon h~T• ~pp•~r8d. Jermentatlon reactlon1 

tnheTent TIU'lablllt1 of th• 1tre?tococcl h'1.1 0Dl7 ~dded to th• contu1lon. 

Aa a conaequeoce, aever.r.ti workert haTe ldentltled 1trains ~• Str~?t.ococpu,1 

ry1Tr,r1u.a. "hich, in some tndnnc81, oove markid tlifference1 in chnrr~cier 

t'rOBI thop,e tiret deacribtrl !or this 1p~c1ea bj" .l.zulrews aad llor!!er (1906). 

?or lP.ek of proper t11:zon0111¥. b."\ci.erin. of the or.U 1treptococcue groui) and 

othen hl\ve oft.en been claultied. dmply ~• ~tr~ ... teei;ee;u.:1 t!t\:,hnl'. .le I\ 
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The ortruihm ~trnt?C?ccv H :~l h ... rtu"' wl\1 f1r1t de!crlbed b7 

.l:n1Joew1 ~nd TI order (1906) • Its C~'lll.l'"Christ1Cs ""ere ghe:t a.a follO'll't: It 

cceur1 in 1hort ch~ins, ferments 1ucro1e, lactose, and ra.ffinose con1l1tent17, 

but 1nul1n rnrel1: mt\1' or m~~ not !er~ent talicln ~nd coniferi~, but neTer 

ferments m~nnitol: clots milk ~nd reduces neutral red. In the pr~ctlcal 

cla•slf1e&t1on of F.olman (1916), which 1R b~1ed entirely U?on hemol71t1 and 

!eJ'll~~t~tton r~~etion1, Stre,toc~ccu§ s~li•~r\us 11 di!!~re~ti~ted from the 

other str~1n eommonl1 oceurrln~ in tbe hum~n mouth, ~tre2\oeocc113 mtt\3. 

oa \h~ b~s1s of tta 1tll\b111ty to term~nt e~l1ctn. It 11 -Uso cl~!sl!led 

~• non-b~~olytic, fer.uentin~ l~ctor~. but not m~n~1to1. Ti'root ~nd 

~ngl~breeht (l~)fO) list it' ~"mr~ct~rl9\\c1 as follo•s: Occurs u~~ll7 

in lon~ clmin!, ~rodue@e ~l~h~-hem~l71l8 on blo~d P.e.ar, not vlP,orous 

"n~ ~tes out eae117, ferm .. nts l~cto!e, elucoae, r~f!1nos~, nnd sucrose; 

does not ferment M~n1tol. e~tlc1~, 1milln, sorbltol, trehr>~o~~. or 

Ar~blnose: tlnn.l pR in glucoae broth is ~.9 to 5.13; litmus milk m~~e 

elifjltlr aold ~nd rArely co~F,Ulated; so~ium ~lppur~te hJdrolJ~ed by some 

1tra.ins: non-reshtAnt to !1) .. ffio C for &:> mlau\es. With th19 e xcept t en cf 

lh 11.011-co:'\.~a.tion of milk r .. n.\ thP !orm&tlon of lon(~ ch!\1ns, this 

organis~ 1e .. m• to follow the or1gtn~l cl~111f1c~tlon of An~rews iw~i P.order 

f"1rl7 well. 

Safford, .t1 Al (19~7) rein-Yestignhd. the bloche:"llc"-1 ~n1 

p}vetoloele~l re~etton1 ot the n~n-hemol,-tte etre~tococcu~ !oun~ mbst 

abund~ntly ln the h'lllll&n mouth. 'l'h~y found it to ,0~1ess ch~rP-eter1et1es 

11ost ll("ll.rl7 1n ~coraAnce 1'1th those or1g1 Ml.17 td -Yen by J.ndr"°e and 

Border (1906) !or !treptococgu1 1n.l lyeriu8. 'l'h• folloring re"cUon1 were 

reported: Producee weak al,h~ h8!11olrs\1 on blood a~r•, occur1 ta 1hor\ 

• Strdn1 which we reeeh'ed. from Dr. She:rman show gtlm&a beiuol7ate. 
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ch&in.1, doe. not IUJ'T1Te 6o° C tor 30 minutH, cannot grow at 10° nor 47° C, 

prompU7 acidulate1 and coagulahe 11 tmus atlk followed b7 reduction of 

litmus: aod1ua hlppur~t• 11 not hydrol71ed, fi11Al pH in glucose broth 11 

4.o to 4.4, no 81111lon1a 11 produced fraa peptone, starch ie not h7drol71ed, 

and gel~tin 1• not liquefied: ferments glucose, maltose, lactose, aucroze, 

rRfflnose (93~) and aal icin (95~): !requentl7 ferment1 1nul1n (SO:t) bu.\ 

doe1 not ferment gl7cerol or m~nnltol: lacks Tiabllit7 •1th infrequent 

tra.n1fer. 'l'he organi111 de1crlbed here seems to flt the original description 

of Andrews and Horder with the exception of lnulin fermentdlon, but doee 

not agree with the de1crlption of Frost and lnglebrecht (19lio) nor of 

Holman (1916). It 11 highly probable that the organism described bT all 

th.e1e workers la ee1entlall7 the 1q,me b&cterlUJ1 exietlng onl7 as strain 

"'"riants. 

llTen, ,t1 ~ (1941) introduced the concept of a •t11)ic~1• 1tr"tn 

of Streptococcus c~liTeriua. '1'he7 noted all strains of Strept9coecu1 

eG11y~r1ua which fermented inulin al•o produc~ a soluble leT~ when 

grown on sub1trates cont~lnln& eucroae or raff1nose. No other strepto­ 

coccua te1ted po••e11e1 thia ability, with the exe9;)tlon of a few 1traln1 

of Stre,tococcµa boyle, which produce1 an insoluble leTAn. The7, therefore, 

c&l.led tbh gm-forming oral atreptococcue •typical• Stre12tococcu1 

1o1ltiriu1 11nce the aaJorlt7 of their strain• (93~) produced levan. All 

other straln1 po11e11lng the eAme ~eneral chl\racteri1\ic1, but Ulll\ble to 

produce mucoid colonies, were c~lled •atTPical.• atraln1. 

Gordon (1904) wae the first to sug&eet atreptococei a1 an index 

of oral polut1on. He demon1trnted 1treptococci aa the mo1t gbundant 

bacteria preeent in 1B11Ta. ~trtptococc:ue breyie wa1 the most characteristic 

tTP•• The mpecie1 W@l.t limited to the 1hort chain atreptococcl which 
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clotted milk &nd reduced neutr~ red, h•nce were probabl7 the !Nie ~s 

Streptoeoccµ, e~liynrtu1 l~ter deecribed b7 Andrews and Border (1906). 

·Thess or~n111111 •ere found to occur to the exten\ ot 10 to 100 million 

per ml. of s"1.1T~ and were obserTed ln the air, 1n front or per~ona e~e&ldnc 

loudly. Since th&t tiae the con1t~nt occurrence or Strrptoepceun e~l1'f?\r1us 

t1pee in bum!\11 mouth1, norm~l or pt\thologlcRl, hA1 been repe~tedl7 demon1trate!. 

Streptococcua br§yia of Gordon (1904) was found b7 Nolte (1914) to be the 

mott. abund!llnt. fora ot 1&1.lney organlam &.Dd he empl01ed ih occurrence aa 

an index of bu.ccal contamlnt\tion ot air. •Acid-forming" streptoco~c1 were 

found by Y111slow and &ulj171U1 (1924) on huu.n tongues and recent!;,- contaainahd 

f0111ite1. Their ob1erT&tiona that these 1treptococc1 alao were found on objects 

not. recently contNlliD1\ted led thera to conclude there were definite llmit1 

to the ~tegorlcal uee or the streptococcu1 a1 an indicator or recent 
1allY~ pollution. ~ec0Yer7 of 1treptococci froa places not recentl7 

contMiMhd h und.ereh.nd~ble in "Thw or recent reports bT .Buchbinder 

~nd Phelps (1941) wherein Str,ptococcv.a yirid~na wa1 ahowu to 9\ll'YlY• for 

a\ le.,1t 24 hou:re on fomite1 1A the d~k. 

'l'h• occurrence ot alph~ 1treptococei ln air h.'1 been in-.utlga\ed 

quite thorou.r.h17, 1101t recentl7 by Torre7 Md. Lake (19ti1) and Buchblnd.u· 

and co-workers (193s). Torre7 and ?Ake were Able to correl~t8 ri1e in 

DW1ber1 of alphA streptococci in deJ)'lrtment store air with a ~eak number of 

enapl07ee-di1~bllng colds. lhen the number ot cold• tell oft, the J1U111ber ot 

1treptococcl recoTeries fell off. lhlchblnd.er, ~11. (1938) al10 studied the 

incidence of atreptocoocl in ~lr from publlo places, b7 me~n• of the Tell'• 

alr centritu.ge n.nd 1he~p•1 blood ~g~r. !wo thou1an4 1traln1 ot alpha 

etreptococci were leol~t•d, or which a lAr~e percentage were found to be 

.Streptococcus '"'' h"rius (.lnd.rew1 and Horder) Shermu. 



.. 18 - 

A 1treptococcu1 1imilar to Streptococcus •~litlrius (Andrewe 

and Border)•~• reported leolsted from cow fece1 and mouths b7 Ayers and 

Mudge (1923). The org1\ni811l 71elded all t1pical Streptococcya s~l1y~rip1 

fermentstion reactions, did not produce ammonia trom peptone nor ~d.rol1z• 

aodillll hippur~te. ApJ>"rentl7 this 1ml the Streptococcu' boy\3 of Sherman, 

who ha.1 reported mf\l'ked 11m1lartt7 between the two (Sherman, Stark IUld 

S,t'P.i'ford, 193g). Colebrook, ~lU. (1935) re9orted ieolatlD& alpha 

etreptococc1 from hand• of p8rBona durlnf'?: an inTtttiP.;l'Ltion into the 

Tectora ot puerper~l feTer tranem111lon. rhe7 were not cl~seified rt~id.17. 

but were tentatiYel7 placed in Streptococcus ytrld~n• of or~l origin. 

Dick (1939) recoYered Strentococcua rAlty"riu11 (Andrews & Horder) from 

100~ ot the 11pe of norm~l p~r3on1 r.nd concluded thA.t their de~ositlon 

on glasswlll'e durin« 4r1nkin~ proce11e1 •~s highly prob..~bl~. L~ter (Dick 

and Rucker, 1940) this•~• shown to be true in P.1.l of 100 tV1ml~tion1 

m&de. T~irtr-nlne percent of 100 e&ttng ~•t~bliehments examined showed 

the Btreptococci on drinking gl~asea &!ter w&ah1ng. Org~n1Sllls of thls 

«en~ral trpe hATe been isolated !rom b8.cter1"1 endoc~rditle, rh8Ul1l&ti8Dl and 

tribut~y le1iona (Rolm&n, 1916). 

The ecol~ of the •typiCAl• mucoid etrain ot Streptococcus 

al'\liy,rlua (Andrew• and llorder) Sherman hAa been ne«tected. VAndia and 

co-workers (1942) reported recoyering lt troM trickling filter beds. Bose 

and Georgi (1941) found 1t ln humM mouths and on hum&n lips, un"1'1hed 

and ~shed glAt«ea, but not on tomitea connected with reet&urants. liTen, 

!! al (1942) using an a1lde medium to inhibit other inteeti?UU orgllliil!llllt, 

recoT~red it froa fecee ot 15 out of lS pereons examined. It was found 

occurring in numbere ranging from 1200 to 129 million per grl'\ll of feces, 

while ln 5 ot th~ •~plea it comprieed 50~ of the streptococci which gre•• 
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Walter (1942) uaing the 1ND• medium•~• unable to deiaonatrnte 1ta presence 

on r~staurant w~r•. due to overgrowth by Proteus and coliform bacteria. 

Inolation .2L 1tre?tococc1 ~ mean3 ~ select1ye media: Accord1nt: 

to LeTlne (1925). Japh~, in 1842 w~e the tirat to note thst mlcroorganl1111• 

reduced selenium. I\ wae not until 1g90, however, that Chabrie and 

Lr\plcque 1howed thAt 0.2~ aelenious acid prevented putrefaction ot 

bouillio~1. Scheuerlen (1900) and later net\ (1900) tu.rther gtudied the 

bactericidal ettect1 ot tellurite ~nd 1elenite on bacteria And mold•• 

Gosio (1904) atudled the u1e ot tellurite and aelenite in bacterial m~dia 

&1 an indic~tor or microbi&l. growth. 
Apparentl1 the tirst report of the Tal.ue ot pot&t11wa tellurite 

in aeleotive media•~• t~t of Smith (1914) and it 1a noteworth.7 to mention. 

tb&t he su.gge1ted tta u1e tor the isol~tion of atreptococcl, which ,;rew in 

ahe~p @erum-peptonfll-tel\ur~te ~gar ~a •minute discrete colonies•. Hi1 

8\lll'.J!Aeti~n, however,•~• not turth~r investigi\ted 11nce it•~• not, a1 

ttt.r as could be a1cert~ined, until 1932 th~t a de!ini\e suggeatton •~•~in 

JD!Lde tb.-1.\ pott\&1lum tellurite be employed for the hoh.Uon ot ~treptococci. 

Potas1illlll tellurate WBS u1ed ~•An inhibitory a~ent in a sel~cttve 

medium designed !or the iaol~tion ot lberthell~ trphoe~ by Erowning, .r!. Al_ 

(1914-15). The ~tlolor.;r an~ control of diphtheria begAn occupyine the 

public heal.th mind at "bout thla time. and matl,Y media tnvolying pot~saiua 

tellurite were designed tor the 11olation &nd typin& ot the tellurite­ 

re1i1tant Coryprlr}eter1wg diphth~ri~~. Occa1longll7 la re~ort1 on the 

developm~nt l\nd Use Of theee MPdia, one encounters mention Of 1\reptOCOCCle 

Wood (1921) noted that 1treptooocci did not reduce telluric "cid in h11 

••diUll and t;rew "' ~e7hh-whi\e, eml'lll (leu thl\n l -.) , Te'f7 fiat, P.nd 
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Terr trantlusceut colonies. Dou?las (1922) reported simil&r obs~r'Yl'ltions, 

adding th~t black spots Apptnr in the center after 24 hours. The use ot 

pot~1sium tellurite in a d1fferent1~1 me~1UJD for isolating diphtheria 

bacillt was thoroughly lnY@1tig!\ted by Gilbert f\11~ Humphre7e (1926). ColoDT 

chR.racteristic1 on a tellurite medium lmd been used a1 criteria for the 

pre!'UlllptiTe pr'e sence of Cor;rnebactf'rtm (!1phther1 ... e. It W1't1 felt llf'CetSA?7 

to 1nTeetlg~t• the ~owth chiu"~cterietics o! A T&riety of other organilllll• 

which might interfere. Sixty species were tested &nd their growth noted. 

It ie worthwhile to mention h8re th~t Pneumococci TTP•• I, II, and II, 

Streutococcua hemolxticua, st~~hxlococcu3 AurOll'· Yicrococc;u1.ietr§gfnus, 
L~ctob,ctllua acidophilu1, !acber1ch1n .£ali, Cor;rneb$ctrr11,l!!I diphtheri~r. 

dlphtherolde, Hmnoph1l311 jnfiv.enzae, Pro\eu!J yulQlrh, rrot@lll! ns. and 
Sacch,romxces cwreyt1iae were among the organ18DI• 1lightl7 or not &tall 

inhibited. 

Alll1on l!.Dd ..lrling (1929) h"-4 noted an oTer£l"owth of tellurite 

diph\heriB• plates b7 1warming frote",ls 1pecl11 and b7 e\apb¥lococci. 

Addition of 1:2,000 copper eulphate limited proteus to minute colonies •.nd 

inhibited ·1taph7lococcl and 1tre~tococci entirel7. HoweTer, & •grRJD­ 

po1itiTe diplococcus• did a~?enr on thr°"t culture1. On a tellurite 

chocolAte blood a&ar deTelop~d by And~r~on, ~~ (1931) for the isolation 

and t7ping of Cor:neb~etertum d\phthrr1ac, some •treptococcl ~1~e~red 

rubsequ.entl7 as fine black colonies with g?'e@n hAloe1. T8~1t1 Also grew, 

a1 did •three forms of coccua,• diphtheroids. and et~pb,rlococcl. ~cGuin&D, 

~al (1936) ~in no\ed tbl\t Streptococcu1 hemol7ticu1 ~owa ~•a •minute, 

fl.At, black, glistening. circul~r oolon,y with entire edgea• on a tellurite 

medium used for di11.gnoeia of diphtheri~while Glatt (1937) reported that 

concentrations of o.ob~ potAnium tellur1 te or oTer llA.rkedly reducu the 

DUmber of 1treptococci coming through on d1ph\her1c swab cultures. 
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J'lemin& (1932) i1ne1\l&'ted th• inhlbt\017 effect or pot&tli'Ull 

tellurlte on 20 apecle1 ot bac\eria. Bi1 •11£«•1\lon thl\t th11 l&lt be 

u1ed ln a •olld aediwa tor the l1olatlon ot 1treptococci la the tir1t one 

•• haTe been able \o 411c0Ter 11nce tbfi.t ot Smith (1914). fb11 cnn be•»­ 

plained bT two facts: (a) !he blood~ technique of !roirn (1919) .... 

towid h1gbl.7 wcceutal tor the dmul tP..neoa.s hol&Uon Md part 1&1 chl\rac­ 

tertsat lon ot 1treptococci trom P'\thologlcal 1ource1, and (b) potaa1i'Ulll 

tellurite 1"'• being uaed predominantlf tor the lsol&tlon and chilr~cter11 .. 

Uon ot dlphtherta orpnlaa. A thorough 8\U'Te;T of the literature concern- 

1.n« aelectlTe culture media waa made tairl7 recentl7 b7 Garrod (1933), 

prellaina17 to an inTeetlca\lon into the poa1l,llltles of A 1electiYe 

aedlWB for the enriclrnent u<i tubeequent holaUon of §trro!ococcu1 

i;zroccno1 traa patbologiC41 matter contAining rel~t1Yel7 DW11erou.a cont~ina!­ 

tnc org:&n1111a. Streptococc;ue p;rogenes was found to be &lmott entirel7 

°'1t0"01'11 bT Stnphrl ocOCC(31• 'Wt!UB l\nd ll:scherlchi& '"11. ln ordina17 
enricbunt C'UlturH froa throah. AddiUon ot glucoH and bod¥ tlu1d1 

hlprOYed the ratio relat1Tel1 little. Sal1o1n wa1 fowid unltonal.7 t&Yorable 

'o \he 1treptococci and i\1 et!ect was enhiiulced 'b7 1eraa or blood. >. 

t17PliJl broth, pB 7.!J, containing l~ gluco1e &ad 20'/t IJ¥drocele fiuid Helled 

to t&?or alph& or non-hemol7\1c 1trep\ococci from throat swabs. The 

rela\1Te ettect of •f\D1' inhlb1\oJ7 ~lt1 and d.7•• on three 1treptococcl. 

two etaphJlococci &nd !!cherlchl3 £Ql1. ""''determined bf obeer~lng the 

aaxtmua concentraUon of the lnhlbUor allowing growth and the alnllnm 

ooncen\ration inh1b1t1ng growth. His resulte, in pArt, follow! 
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TAJ3tl III 

Llmi\in& Concentration• ot Tellurite 

Bacterial 
1peoiH 

VP.XillWI CODC• 
allowing growth, 

in percent. 

Mlnilium cone. 
1nh1b1ting gro~th. 

in percen\ 

Stre; •. pyogenes 0.05 
hrep. ·•&U, TIU'iUI 0.025 
Strep. tecal11 0.1 
Sh.ph. aurwa 0.1 
Staph. al bu1 0.1 
:Zech. col 1 0.003 

0.01 
0.05 

lot deterala.ed 
Not dehniined 
lot dehmined 

0.006 

!..ur.E IT 

Lla1\1nc Concent.rationa of Gen\1&A Tlole\ • 

JJ&ot.erial 
apeciH 

.A.Tern.c• lowed lnhilti\017 diluUo:a 
JA )>rgth !A 1erpm broth 

- 
11li6.ooo 
11&>.000 
1196,000 
11105,000 
1:7s7,ooo 
111.113.000 

~rep. tecalh 
St.re~. IE\l.1T&l'iu1 
~trep. PTO«enea 
PJ:aewaocoocua 
St"ph. &urn• . 
Si.apb. alba.a 

115s.ooo 
1:180,000 
11220.000 

1 tl,239.000 
111,366.000 

Ont.he b.<\aia of \he aboTe reeult1, the medtura ttn"1l7 e•1ect~1 tor cllnlc"1 

u19 h'1d the tollowin« com-podUonr 

Pep\one broth pR 7.~ 
Potn1aium tellurite 
Gentian Tiolet 
Shaep18 Hl"Ulll 

0.05~ (1:2,000) 
0.0002~ (115'.)0,000) 
5.0~ 

In a atud,y of to:ndlnr 1wab1 usin& the a.bon 11ediu a1 AD enrichment c'Dl.t.ure 

followed by plating in blood a&ar, G~rrod reported that. Streptococeus 

1yiyyiu1 ,,,,, othn found to occur more nuaeroualy than S\reptococcu• 

pxogene•• He concluded thAt the mediua deTeloped lacked •&DT ot the qaalltlet 

of a 1a,i1fac\ory aed1ua for select1Tel7 leolating Strentococcu.n pxogen~1. 
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Per'T$ ~ud Petr~n (1939) atref\ked thro~t swabs on tellurite mediUll 

sl!\nts e.a a prelimlnv7 etep in the holntion anil ldenUfic·~t 1.on of thrOA.' 

1t.re'?tococci. rlem1ng Md Touzie (19>10) t!tudied the relish.nee of fecal 

bacter1~ to tellurite, ~gsst.ing ~ conce~tration of pot~a•1um t~llurite of 

tro~ 1:59000 to 1:goo,O()() ~• e!fectiTe in inhibiting grt\lri-ueg~tive orgiuiiem• 

in the hola.t1on of fee"'1 atreptococc1. Th" tecal streptococci a.re not•\bl7 

reatatl\llt to high concentr~tions o! tellurite (Garrod, 1933). Bornstein (194o) 

c~nfir:ned Flemln~'s work ~nd tu.rt.her noted that the 't:nterococci and 

Stre;?t2co·~c1u cou.1nv.s of ShermM (1937) e;re~ on l~ glucose med.iu.m with 

1:1,~'){) ~ot~111um tellurite, wilere~a the lactic streptococci &nd other 

atreptococci tested ~id not. 

!nterocoeet on t~tlurtte me~tum gro~ tll)lcally ~s R~~ll, ~ir.crete, 

solid, blBck colonies. Rose ruid Geor~t (1941) iaal.ated ~treJtococcue 

sn.ltr>r1ui from reat&urnnt glasses on a medium contnining sucrose, potgsalum 

tellurite And ceyit&l Tiolet. A rticent re;>ort b7 Xa1psr, .c.1 ~ (191~2) 

1nd1c~tes ttuo..t pot~saiUll selenite mp~ be Applic~ble in culturin~ pneumocoecl • 

.llth~ the b~ctericid~ n~ture ot 1odi'Ulll a1id8 w~s first 

repcrted by Lo~ (1s91), it1 use ln select1Te media for the 1aol~t1on of 

~~-poelt1Te b~eteri~ h~t been inveat1r,~\ed onl7 recently. 

1 pftper by ll~rtm~~n (1936) waa ths earlie~t clt~tlon wP. could 

dl1cov~r on the u1e ot sod1Ul'll &ride ~t R selective b~cteriost~ttc a~ent tor 

UH in CU1 ture 111fldh.. Y.d.·•"11.rch (193.~) stud.led the effect or 1odiU111 a!l~e on 

the growth of ~~~1 inocul~ or str~?tocor.eu, m~etit111n the preeence of 

large inocul~ ot ~§ch~r1eb1' .sml.1• It""• found th&t ~ m~diu:Jl with~ pH 

of 6.s Bllowed good uowth o! the etreptococcue fro11 lnocul.A ae ai'l~ll a.1 

31-135 cells, while l~rge lnocul~ of the colifo!'lll or~ni~~ were ~11a1nnted 

en\1r•17. An enrichment med1Ull 1"\I de~eloped Yhlch would Al.low de\ection 
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of 1m~l inocul~ of atr~pt.oeocci ~here or~innry plating met'OdQ in blood 

e.gi\r would not. 1'0rk. ~eytm nnrl hh co-work~r• (1939, 1941) euggett~d 

inclusion of 1odlum a11de in e~plea being incub~t.~d !or the microscopic 

teat tor mastiti~, in nrder to el1m1Dl\te grNn-neg:"tiTe contMtln~nts. 1olt!7 

(19li:?) r-:>riortec\ incre:uel\ 9endt1Titf oft\ ll'IO<\if'ied Hoth test. !or m/\st1U• 

when a -.ol11tion cont.dnin~~ eodiwn e.dde and ceyst"1 Yiolet were P.dd.ed prior 

to incub~tion. A modified ~dward1! enrichment broth•~• also 1u~~e~t.ed 

containing sotiium azid.• l\nd crrst-.l Tiolet.. 

A fee~ 1t.rept.ococcus count of r&w T• effluent. cew~e h~• been 

eug,~ested 'b7 V.n.llmllnn (194o, nnd lt."'"1.lmann, il .Ai (1941) as a meA.sure of the 

ef!icienc1 of eewnge di~,o!~l pl~nte·ln the remoYRl. of p~tho~en1. For th11 

pur>ose nn enrichment broth contA1n1ng 1:5.000 eodt'Ul!l a1ide (194o) or nutrient 

l\g~r cont~ining 1210,oon !Odium Azid~ (1~41) •~• tmgge1ted. NiTen, .ct~ 

(1942) used 1od.ium arlc\e in "' fllelecth.- med.1um for the hol,,,Uon of 

SSre?tococcp.1' ee.J.1v~r1ua from human fecnl 1111\Uer. On tl:h 11edium,•tn>icu• 

Str~~tococci.1: ra11Y~riut (Anclr~wt'I and H0rder)Shenn"'n grew As l~rge mucoid 

coloniu, 'tfhile other :t'ec1'l stre1)tococcl produced sm~l colonies. 1"°t11Jch~richi!\ 

~ Wf\8 partially to canpletely inhibited. SnTder &nd Ltch~tein (l~ho) 

found th.~t 0.01~ eodlum aii~e in blood ~.r.~r would pre.,~nt 1w~rming of 

proteus species ~nd l\llow leol~tion of 1treptococci fro~ known mixture•• 

Lnter (SO¥d•r l\lld Ltchstein, 1941 lllld Lichst~in and SDTder, 1941), a more 

thoro1~h inTestigA.tion of the inhibition of Proteu1 IUld isolation of 

1treptococci WBI reoorted. Alteration• in the moieture content o! the mediua 

wa1 aceonpliehed by the u1e of unglazed porcelBln c0Ter1, increased ~r 

content (5~) and excess que.ntitie~ of NaCl (6~). SpreAding or Proteue wn• 

inhibited in ench, but iaolAtion o! bet~ 1treptococct wne preTented lJ7 

deesic~tion of the med\Ul!l or bec~u~e the bet1'o-hemol7t1o etreptococci were ealt 

1en1ttlTe. Addition of blood to the medium c"'uaed renewAl. ot Protea.1 

1pre~ding. Stre2toeoccus ylrid,n2, being insen11t1te to~ sodium chloride, 

could be ieola\ed on 11\l\ ••di~. The TiridNle 1trep\ocoeci referred \o here 
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must be the feCIU \T})e sinoe a.11 others ~re Rens1t1Te to th~t cone~ntratlon 

o! 13].t. (ShermNl, 1937). IActio acid, alcohol, 1odillm azide and potassi'Dlll 

tellu.rite were emplo7ed in select1Te media. Onl7 1odtUJ1 aside~~ et~l 

alcohol were ef!ectiTe, but l\loohol cnuaed hemol7ai1 of blood, obYi~tlng 

it• use in blood agar. 

StUea and Cb&!X"ll (1942) reporled a :Bacto t17Ptone ~r mediUll 

containing 1odi'Ull aside and OJ71tAl Tiolet a1 et!ectiY• in eltmlni\tl~ 

proteus 1preader1 AM Xschertch1, .st9ll traa minti cultures o! these nnd 

1treptooocci. •~anl 11ol~tlon1 were 11apli!ied b7 this aediUJJl on which 

diphtheroid1 aru\ 1ta~looocci did not uow. Lahr, {PersoMl co!'ll:r.untcaUon) 

met~lene Tiolet was &dded to lower the toxicit7 ot c17sta\ Tiolet toward 

1\reptooocot. The onl1report1'hereln eodium ~zide Tms us~~ in re~tAurant 

1nn1tl\tion etud.lu Wt\~ th"'l.t of Yfal tf!r (191-l-2) who empl07ed the medium ot 

llhen, .cl rJ.. (19lk!) in. e. 1tud,r of dreptoeocci occurring on restnurn.nt 

gls.uwnre. His rf'ault1 were n~~tive du., to oTergrowth of the mediu..-. b7 

colttonns And 7ea1ta. 

Other aeNiR tor detecting 1treptococcl 1n mixed cultures he.Ye 

been reported. Win1low ll.ll~ St>.11J17an (1924) emplored a 1~cto8e-litmu1 ~ 

in detect!~ the presence of acid-forming streptococci in ~ir, in re~pirA.­ 

tOJ7 passage1 and on fomites. Krwnwiede and Kuttner {193g) described a 5~ 

lheep blood medium a1 selective !or the i1ol&tion of beta-hemol1tic 

1treptooocei fran throat cultur~•· Sh~ep blood. 11 inhibitorr to Remo2bilu1 

beraoltl icy.a and H~mo,hilus 1nfiuen:ne. 1olpner1 {191K>) used caffeine in a 

l&etose enrichment medium tor ~treptococci. Dick (1939) atudied the occurr­ 

ence or Str~2tococcus eiUiy,riue bf culturing lip and gla11 awftba in enrich­ 

ment broth followed bf pl~ting on S~ veal-infu.11on Ag1;\r• L~ter, {Dick and 

Bucker, 19~) cr7etlU Tiole\ w~e added to the medium to inhibit the uowth 

ot other cocci which ai1ht be pr~sent in 1&1.ln and on lips. The win.17 



atl""'ptococci were able to (;'l'O'll well ln t\ concentrAUon of 111100.000 

No report• on ihe use ot so,,ium add• 1n enrichment 11flldin. h..i.Te 

bew tau.nil ln the literature J'J.Or bn..Ye there been report.a on the occurrence 

O! • typ1o'Ll.• 1trl\lD1 ot ~trn2tococcus rltr,riut other \lV\n th.11.t o! Rose 

ao.d Georgi (19h1). 

Cu.l t.ure med.la 

Mog)s brotba li'he aedlum oom.'llonl7 uaed for culturln& tHt. ore;!Ulhm1 in 

broth prior to lnocul~Uon W:'\t tlv\t. wtzet!\ed b;y' JJutne.r (19}1) Nid had the 

tollowin& con1tltutiona 

ieet extra.ct. 
Pep\onhed mUk: 
feypt.one 
T Mlt ext r ... et 
Gluoo•• 
C~lC1WI Cl\J'bon~\e 

a# dlpotgs1lum pho1p~t~ 
DlfUlled. '1'1\t~r 

) grams 
5 UM• 
l O'Dll 
5 O""lll• 
2 O'NH 
e:z:cet1s 
J UMI 

1000 ml. 

eubstltuted ~u the butf~r1ng l\f.;~nt.. 

~ f1Lbdt!\t' 1..21: :~l.-ct1Yi: n:r·U".t The b1'9'\l 11ed1um u1f"d in "11 ~elf'c\he 

medln.. with the exe~ptlon of tho.,..., n(\t~d tn Cftrtdn !!ptteinl f'x;.ierl11ent1. wn.• 
th."t. or 5'",f!'ord, d !!ii (1937) ~m<!. br.d been used in preT1ou1 work. (J?o!eo f\nd 

08org\, 19'•1) Ittt co::aUtut.io:l 1c r.9 follo1'9: 



- 27 - 

Beet extract 
Proteoee peptone 
T e&s\ extract 
Gluco1e 
Sucroee, gluco1e, or 

ir:rul in 
Dipota11ium phosphAte 
Af!J'.'r (if present) 
Distilled lm.ter 

J Cl°IMH 
5 gr&m8 
5 grNH 
l gram 

10 gra11e 
J grPWI 

15 gl"Mll 
1000 ml. 

'l'he oripn&l broth medi"WD n.1 proposed b7 S"tford, .At al. (1937) contained 

an exce11 of c~cl'WD ca.rbol11\te &1 a buffer, but we cons11tentl7 added 

0.3~ dipot~11ium phosph&te in ite place except wrh~re ,,ecifiCAlly noted. 

~Dec1Al ezyrrtmrntN medt-.1 Two 1pecial eultstra.te1 1"'ere employed ln 1ane 

ot the experiments. Their composition le a1 followa: 

SucroH 
T17ptons 
Tea.it extrB.et 
D1pota111um pho1phate 
J.g&r 
l>ht 111 ed wnt er 

50 gr11m• 
10 'rama 
5 gru1 
3 C!'Mll 

15 grams 
1000 al. 

1'he pH of thh medium •&1 uaw\l.17 around 7,0. I! not, 1t W1\I 

adjusted to 7.0 prior to 1terill1ation except in special lrJerlment1 &1 

noted. 

:B. MediUJll of Chapman (1942) moditiedt 

!acto tryptoee ~ 
Sutsro1e 
Sterile det1brln&ted 

horse blood 
Di1t11led water to 

46 gr'Sllll 
10 grMll 

50 ml. 
1000 ml. 

The pH of thi1 medium ..ms adJu1ted to 7.0 prior to 1terillE&tlon. 

Difeo deh7drated produ.eta were u1ed con1l1tentl7 for the ni\r~en 

eourcee. CllrbobTdrflte aOW"cet were ColeaM "nd Bell or llal11Dkrod\ C. P. 

produc\1. J.11 10114. aedl" were prepn.r~d in Xb.rlenmqer n.aslcs and 

eter1111ed at 15 lb1. for 15 to 20 m1nute1 and cooled. to 50°c. Sterile 
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inhibito17 ag~nta ~ere added ase~ticall7 a.nd plates poured dirtct.17 from 

the fie.sk. 

aqueoo." eolutic:n And allowed to etl\nd two \o three wtteks prior to uz;e • 

.At th@ end or thh time the ,olution ·'11lt! es11enU.all7 sterile E.ni WR.I 

handled with nseptlc prec~ution1 there~tter. PotAaeium tellurite (!imer 

and Amend or Colelmll ~nd Bell) w~• pr•pared in l~ aque0t11 solution, pa11ed 

through tilter psper , Md sterilized bf filtration thrrugh e. :Berkt>feld •p 

bact•r1olog1cal filter. The re~J.ltine r,olut1am. •a• 1tored 1n 1t•ril• 

boUlea &nd kxi~ed with nse~t le preC".ut. 1 on1. The conce11trl'ltion or 
pot&asium tellurlte in these aolutiona ""'"' det~rmined bJ the method ot 

11mer and .Amend and Coleman &nd Bell products re1pectiTel7. Sodium a1ide 

waa prepl\r<'d in l~ aqueoua eolution and aterilh•d. in the same m~.nner a1 

the pot~esiuai tellurlte. Bot.h the tellurite ~nd Azide 1olution: ~ere found 

to be atr.ble for at lea.at. two to three mont.he. 

Stock cul ture1 

Th• 1t.ock cul\urH u1ed in theH experben\e wit.ll t.heir 

experl~ontal mimber1, clae1i!lc&t.lon, and aource are 111\ed int.he following 

\ablez 

Cla111fic&Uon ixperiaental Source 
number 

St rept eeo Cell I 1111.l 1 T&J'i'a.1 S25!) Dr. J. M. S'h~rman 
• I S20B Dr• J • M • Shet·llan • • 83 Restrall'lln\ gl.~es .. • so Rest.AU.rant gla11 

" • 102 Re1t11Ur,..nt gl.811 
• • 3 Restaurant glaa1 
I • rog Pestl\UrNit ~laa1 
• • s44'. Dr. J. w. Shersa.n 
• • 6 RettlWl'"-llt g].Ae• 
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Streptococcus l 1quetac1en1 
I I 

Staph7l ecoccus aureus 
Eecherlchia coll • • • • 
Aerob~cter aerogenet .. . . .. 
Proteo.1 "fUl.~11 
Proteus morgantl 
Pro\eo.1 apeciee 
S&lmonello. t)1)h1mu.r1Ull 
Slow lac\01e fel'lllen\er fl 
Sacahar01111cet cereT1 ah.e 
~ahara117ce1 elllp1oldeu1 
'l'orsla lactosa 
is..cu lu1 eubt 1111 

16 
1.D • .l. 

~ 
IJ 

J.3 
.&.6 
IoT7 

Soarce 

Un1Terz1t7 of Bebr~ska 
Res\aur&11t gla11 
UnlTer1lt7 ot ~ebra1lca 
UniTerglt1 ot Nebraaka 
UniTerslt1 c! Nebraska 
UniTer1lt7 ot Nebr&slca 
Un1Ters1ty ot !ebra.1ka 
Iowa St~te UniTerai\7 
Michiggn St~te UnlTer1l\7 
Uniyerelt7 of lebraeka 
Un1yer1itr of lebra1ka 
Restnurant glaa1 
Un1Tersit7 o! Bebraak& 
Uniyerslt7 ot Webra1ka 
Unlyersit7 of lebraaka 
Uniyer9lt7 ot Kebraeka 
UniTer1lt1 of Xebraalca 
Un1Ter1ity of lebratka 

Special attention 11 called to the followln&: St!'f"ptgeoecus 

1a11mlua S25D, 620:8, #go, fg3, and #102 are 1 tTPlcal.1 etralna (I1Yen, .Ai Al.. 

1941) tormin& mu.cold oolont.es on 1ucro1e-contalnln& ~r. rhe n.'\ture ot 

StreptOCOC((\ll •rU.1tnt1Us #3 11 attll in queaUon. Al though it n1\a been 

con1t1tentl7 deaonatrated b,y ue to be present ln the hunin.n mouth, it 

apparenU7 hat aane ot the ch.'\r&cter1st1ct ot Stte;>tocoecu1 boy\s (Sherman, 

1937). It te:rmenta glucose, maltose, and l&cto1e, bu.\ no\ m~nnitol. i:mllin 

colo~ on 1ucrose 11edi'WI, •U&·~•sUng thA.t U producea an in.soluble lnu 

similar to that of Streptococcus ~oyia (llTen, e\ al, 1941). Row@Ter, it 

m~kedl7 differs from \hit org~niBlll• in 1eTeral re1pect1, Yi1: lt tails to 

!tnaent aallci• and produces a t1nir:U pH in gluco1e broth ot 4.8 to 4.9 

1nshad of the reported 4.o to ti. 4 o! St.reotococcuo boyi •• 'Rberefl1 t.bla­ 

latter orgu1111 ma;r or 11q not curlile milk. thia 'bachriUlll doe1. Some 

1train1 h&Te been leolated which nre short-chain tTP•• fermenting aallcln 

and m"'f be rtr:~\ocoecus boy1s Tntietlei. ~a example ls Strain f20S. 

°'11. turea S4lu. and f6 are 1at7Ple&l1 ltralll1 ot §treptococc;u1 
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eal1Er1ua. The lat.ter has been conahtentl7 demona\rl\ted in &bundA-nce 

in the hum!!.ll mouth, on washed ~d unwaehed glauee, and in wash 1"\\er. 

Thlt 1train ia ~racterltt.ic ot the •atTPtcal• tormt report~d in thlt 

paper. It and other 1imll"1' 1train1 "1'e gram-po11t1Te diplococci 10t1etimee 

occurring in short ch.,ina ao.1 haTe been found to produce an alpha. to alpha 

prime he:aol7de on blood &gi\r, the colon1e11 be&ring marked resemblia.nce to 

pneumococcua blood acar colonies. In broth it grows with fal~t dift'll,e 

turbidity tollowed b7 aedimenta.tion and cleA.rlng ot t.he tNperUAtant. Thia 

Rgaln 1a chAr~cterl11tlc of the pneuroococcl, as la the production by theee 

atr~ins of demonstrable c~psules when grown in milk cult.uree. It pro~ucet 

weak acid in litmus milk an~ a finP.l. pH in glucose broth of 5.4. It ferments 

11'\licin cona1stentl7 bu.t ma,y or mr¥ not. ferment lactoRe and gl¥cerol. 

Varlationa in lactose !el'Jlentation 1e~m to occur during strain varlntion1 
been 

which h~.n./1 obeened. l31le aolubil1t7 test., Neufeld reactions, mouse 

p&thogenici t.1, and 1nul tn term en tat ion1 were run on cultures of ;6 a.nd 

aimilar orgtlniB1U1 1n an attem:pt to link them with the pneumococci, but all 

tests were 1nconclu1be. Anoth~r odd chAl'Rcteri1tic h its R.bilit7 to 

eurTiTe €D0c far 30 minutes which h~• been con1i1tentl7 demonstr~ted in all 

strBins. These propertie1 indicate the orgNiism 11 app~rentl¥ a form of 

or"1 etreptococcu1 and, ccnsequentl¥, we hnTe chosen to c.tJ.l it ·~t7p1cAl• 

StreuSococcus cr·l he-rtue. 

The culture l&beled froteu= species w~s broU&-~t to out ~ttention 

b3 ita repeated occurrence on pl~te~ of tellur1te-crrst"1 Tiolet 1elect1Te 

medit\ atrel\ked with 1w~bs frCfll drinldn~ glasses. It forms large, 1preading1 

mucoid colonlee onl1 when gro1'1D on n BUcrose medium cont~ining tellurtte. 

1\1 occurrence c~u1ed quite~ bit of trouble in the i1ol~tion of oral 

atreptococcl. On iaol~tton and purific&tion, it was f<nnd to be a gram- 
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nega.the \o grND-TPLl"i"'-ble rod producinr, geld t.nd ga1 from glucose, aaltoH, 

111erose, galactoee, •~ni\ol, and fructose but not l~etose, inulin, or 

·'1.Tcerol. It utiltse1 sodium citrate as the sole source ot c~rbon, prOducea 

no indol, ~cetyl meth7l c~rbinol, or hydrogen .-ultide and only 1lowl1 ~cidtflea 

litmus milk. l~etb:l red \ests P1.rfl podtive ~nd nitrites and acment a are 

formed from nitrates ~.nd 4~ pe~tone 1rn.ter. Ita cb&r8cteristics fit none 

ot those listed b7 !erce7, .:1.Al (1939) for species of Prot~=· conseqo.entl7 

tt was listed s1mpl7 aa froteg,g 1pecie1, 

rmD ncnwt~~s 

In !1eld studies, tYo l'llll~lin& ,rocedures were u1ed. The fir1t 

technique, used. primP.rily when teating the effectiTen~ss of ~nrichment 

med11\ 1n isolating strl'ptoeocci, wns a mod1fic'lUon of th·•t of Fallersi, 

~Al (1936). 1'ightly woun<i cotton 1wf\b1 were sus;)en<\ed through rolled 

cotton plug1 in~ test tube cont11n1ng a tm.'ll amount of w~ter or moiatened 

fiUer pnper. Thf'H wer• ,t,.rll hfl!d •\t 15 lbs. for 15 m1.?r...itet1. A '"'':!Plln& 

kit consitt~d of~ 1pect~t c~rdbo~rd c~rton cont~ining sp"-Ce for 40 tubf'a. 

Twent1a""'b• ruid 'went7 tubes of ~nrichment broth were c&rr1ed o" ench trip, 

thus turnhhing enour;h 11n.tP.riru. to test two restaurl\nt!. The e;lP.u to be 

tested we.s sw~bbed Tl~orously ~ound tl1e outdde f\nd inet.d.e of tr.e rim "1th a 

elmb preY1.ousl¥ 1lightl7 moistened in the sterile W'\ter. The cotton plug 

from the enrich!lent tube w~a renoved ~.nd thft ew~b plu1 it~ pl~ losertf'd. 

After Tlgorous ~v.t~tion to sus~Hmd the org:,nism111 these t'lnrlchment tubes 

were returned. to the 1111.bor".tor/ t:i.nd incub~ted. 

The f1111'l field exp~rlment1 were c~ried out ln conjunction with a 

ge:ierP.l rHtA.UrMt santt.u.r imrve1 being conducted &t th,._t time. The 1N1:;>11n.g 

procedure wna tht.t or llucker, flt .al_ (19h2) in which the 1w"b •~.a tiut:pended 

in 5 ml. of 1ter1le water \ob~ u~ed for pl~ting purposes. For the purpo1e 

ot tels •xt)erlmect, one ml. o! the 1u~9en11on w~\er plus the 1wab serTed aa 



lnoeul.Ulll tor th• enrichm.,n~ brot.h1. In thle •"'-nntr \he percent"8fl reco·n17 

StudJ' ot Inh1bl,orr ~ttect ot Seleo,lY~ ~ W~i~ on J,ot~r1~1 Sp•cl••• 

Dick Nld Rucker (1q41} r••,ort•4 \hid ,:sr1;,toe9opu1 r"J!w\u, 

th• drinking proc•H· ln " prt11'louw rapon on the deTelopcae-:it of I\ 

eelecU·n medium for the taolt\tiO':l ot •t7picl\l.11 Strentggp<!tJU1 !'Mln.rin1 

(Rose l\Zld GeC)r&t, 19h1) thflH 'b:i.chria were taolP\ted troa onl.,y 45;~ of the 

unwn1h•d Md 10·~ of ihe Wl'\9hed glrt.11•1 \e1\ed. It wna fel. t & thl\t Uze thBt 

tr011 ,r\th•d (.l"ue1. 'l'ht\t th1 • hfpo\hl'd • 11teht b-. true WI'\• bt>rn out b7 
tleld tf\1J"Y9¥• co~duct~d wtt~ th~ eeloc\lye ~edtun. D*ok•r (peraoDAl COIUIUnt- 

g~;ted (Unpubl1th~d d~ta). A TftYlew of tb~ lnhlbitor1 ~Ar of th~ m•~t\211 

ttiegtt1t.,~ by u11 tn coa,r>"rhon with othar .. 1ocuv" •4'd1S\. W"\9 t.here!C">re 

und.ert~ke!'l • 

.A. 
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!. 101• and Georgi (1941) b.~.,U 1ub1trate plua 0.03~ ~ot~aeium tellurite 
and 11500.000 cr71t&l Tiole\. (Rereaf\er called RI) 

c. 'l'he RG 'b&1al w.b1trl\\e plu1 0.03~ pot"adu \ellurUe. 

D. Vodlfled Ch&pm~'• (1942) b.'e"1 1Ub1tra•• plu1 0.02~ 1odtua aside. 
(Heren!ter c&lled CB) · 

x. 'l'he RG bBaal 1ub1\rate with 0.02~ sodium a~ide an~ 0.03~ pot~111um 
tellurt te • 

.l nuaber of orgu19111 r9"preaentaUY• ot th• tn•• •:r;>ected to 

occur on ~ehed glae1ee were cho1en and cultured in the stock broth tor 

12-24 houri prior to streaking on the 1elect1Te aedtn. 'Each me~l,. 1'1\1 

prepared with ~nd wl\hout the l'Dhibltor1 a«•uta. One looptul or etock bro\h 
culture1 wa1 streaked acro11 the aurtRCe ot both control l\lld teet aedla 

AZld the rtlat1Te growth noted. In tb11 m&ll.D.er the etfect or the T&riation1 
in w'batrate and inhibUor7 a«eAh could be coapared.. '?he pH or the au'b- 

1trate1 wa1 Tt>.ried b.T adding aterlle 1/1 IAOB aaep\loallT to the media and 

a4Jus\lnc electrome\rlcall7 to pH 7.0 or 7•3 la &n attemp• \o deteralae the 

eftec\ of reaction on 1nh1blto?'7 power • .lll aed1a were incubnted ~t 37° C 

tor 72 hours prior to recording the result1, 1\ baTizi& been determined before 

respon1•• 

A prellminBr7 comp~riaon wa1 alt.de between the growth of ••••n 

'l'he reeulta indlcRted th~t both aedlA at pH 7•3 ai~t be inhibltor7 to 

etrep•ococcl. Thie ob1el"T-'tion •~•more or le•• confirmed in a second 

experiment which .-.e liaited to~ stud7 of the ISS medium at pH 7.0 ~nd 7.3 

lmt extended to include~ gre~ter numbPr of bfu:ter1Al. epec1ea. It will be 

noted in Table T thr\\ the «?'"'Jl-nef!l\tlye or'1'Jll!ll1 And \he 7e~eta were aore 

ttteotlT~lT inhibited a\ pR 7.0, although in one int\E'.llce (S20J) th• t7Ploal 



Growth of J'ou.rteen :Ba.oterbl Species on !he l1IS Ved.ium ft\ ho 
J!Tdrogea Ion Concentra\lon• 

Bactert&l 9l)ec1ea pH 7.0 pB 7.3 
Plain ·~ Plain •d3 

Salaonellft t1J)h111Ul'ium ++ - ++ + 
Slow Lactose 1eraenter 11 ++ * ++ ++ 

Protn• •organ11 ..... + ++ ..... 
Proteue "fUlgar11 (loV) ++ + ++ +. 

Sta~lococcu• aureua (r.n.A.) ++ ++ ++ ++ 

Aerobacter aerogenet ++ ..... - 
Sacch&rC111'C•• ellip1oideu.1 - 
5"ccharOIQ'c•• cerni dae ++ • ++ ++ 

!orula lactoea ~ • 
Streptococcua Mlln.rlue (S25D) ++ ++ ++ ..... 
~re:ptococcua •"1 inrlua (S20:S) .... ~ ++ ...... 
Streptococcu• •&1. barlua (183) ..... ++ ++ ++ 
streptococcue l 1quetacien• ++ ++ ++ ++ 

Proteu.1 epecie1 ++ + ++ ... 
• Oum forJUt.tloR 1nh1b1\ed. 

•• !endenc,y \o torm mu.cold colonies &nd epre&d at thl• pH. 
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gum !or!;l~tlon b7 thh stre·tltococcus WP.a impaired. The sprcr-.dln& o! Proteu1 

epecies which tended to for~ mucoid colonie1 ~t pH 7•3 ~As e!!ectiTel1 checked 

when a prt of 7.0 Wllls used. 

To obtain further dl\t~ on the lnhibitor7 po~Ar o! mP-dium RO, 

tourt•an bP.cteriAl cultures were zro~n nn the b~s'\l tmb~tr~te, on t~e 

b.'\e'l oUb!ttrf\te plus 0.0J,~ ~OtAulum tellurite onl)", 11.nd. on tha, ine~ium A.8 

re~ort~d. 'l'he pR w~s T&rted in e~ch inetnnce ~nd the r;rowth ~~8 reported 

in rel~tlon to th~t occurrinr, on the ~G b~~~l medium ne ~ co~trol. The 

grow t.o & slig.ht extent. A.t bl'.lth pH 7.0 e.n.d 7•3• Two 1tr-.1n1 or •typlc@l.l• 
Strestococcus ca.1 h~.r1u11 "ere mA.rkedl,y 1nh1b1te-d by thti f.G medium at both 

pU 7.0 ~nd 7.3 where~•. ln the ~bsence ot c17mt1U Tlolet, p;rowth ~lmo~t 

equ,-Ued thR.i on the control media.. HoweTer, the Proteue s:,ec1.ea -r.ere 

o'bseryed to grow a.buad:\ntly in both 1nh1bitor1 111ed.ia nnd. r>.t e1th0r pH, 

while Proteys yulmrh grew uninhibited in the RG medium at pH 7.3. ~e-ae 

r•eul ts seemed to indi~te th:\t the PG a:ediU111, either as first. ref)orted or 

without cry8t~l violet, inhibited ~11 org:'\lllsms which might occur on 

Allot the 1electlve medi~ were tegted 1lmult~~emi~ly to obvi&te 

errors ~rlsi~ !tom the nga or vlnoilit1 of the inocul~. An nttem~t ~a• mAde 

to Jud.~e the relat1 Tfl growth more cl Osf'l7. The pH of thP 11edi" used r.11 

mA.intA.111'-'C'\ ~t thnt origl:mll:r r eoor t ed , vh, 

RG '?}' 7 • 4 
IS~ pR 7.0 
CH pH 7.0 

The IlG b~s~l plue 0.03~ pot~selum tellurite ~nd RG DAt~l plus 0.03~ 

potA.selUJU tellurite f .. nd 0.02;~ eodiuru ndd• were AdJuated to pH 7.0 eln.ce the 
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Orowth ot 1onrteen :Bac\erlal Species on the llG !&s&l Medium at hG 
H7drogen Ion ConcentrAtlon• and Con\alAln« Po\A••1Ulll !ellurlte 

and a CombiBAtlon of Pot&•1iU11 !ellurl\e &lld C171tal Tlole\ 

na1a 9.03 ~'·~& Jac\er1"1 •Peele• Cr. Tl e\ 
pH 7.0 pR 7.3 pll 7.0 pl! 7.3 pH 7.0 pB 7.5 

Sal. \1Phhaur1m ++ ++ - 
s. L. 1. 11 ++ ++ 

Proteua morganll ++ ++ * + + 

Prot w.1 TU119ll"il ++ ++ + + +• ++ 

Sh.ph. aureu1 1.D.A ... ++ • + 

.lero. aerogene1 ++ ++ 

Sac ch. ellip1oidw.1 * • • • 
S&cch. cere'rlda• ++ ++ + • 
s. 1&11Yar1u1(S25D) ++ ++ ++ ++ ++ ++ 
s. 1all~rlu1(S20J) ++ ++ ~ ~ * 
s. 1aliTarlu1(fS3) ++ ++ .... .... • + 

s. l lqnet"cleri. ++ ++ ++ ++ ++ ++ 

Pro\ w.a 1pec1e1 ++ ++ ++ ++ .... ++ 

• There wa1 a \endenc7 tor gura fonnBtion \o be lnhlbl\ed on thla medlua. 
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foregoing experiment1 hq,d eeemed to indicate, at least ln the med.la c~ut&lninc 

sodium azl~e, tbP.t th@ee inhibitory Agent1 were more ~tfectlTe at" reaction 

appro~chlng neutrality. The reeultt of \hie experiaent "~~~ar in 'l'~ble VII 

Md ... re aleo preeen\ed ln grnphlc form ln J'igurea l &nd "·a. J'lgure J 

present1 a comparison between the growth re1pon1e of aicroorgnnlsmt other 

u1ed. 11gure '2 pre1ent1 •11entlallT the 1N11e comp:-..ri1on with the exception 

that growth re1ponee1 or all 1treptococci &1 l\&F\ln•t .Ul other test organl111a 

with the exce~tion ot RG lml&l plus tellurlte and aside, lPlek 1011e proper\7 

which would make them an 1denl telectbe tub1tr&te. 'l'he lnab1llt7 ot RG, 

1'SS, Md RG b&Pl plu1 tellurite to euppren the growth on •contNRin&Ung' 

lnhibltor7 pow~r of RG ••dium toW1U'd the 1treptococcl w~1 reemphnsited. 

'l'he CH •~dlum W&I found to be inettectiTe elnce all or~nisms used, with 

the exception of To~.~ l"ctof!A., grew eTen ln the pret1ence of the 104\iua 

azide. 'r}ie P.G ~•al ylu1 eodium Allde 11.nd tellurlte eeemed to be effectiTe 

in ellailll'\ting or hindering the e;rowth ot all but the •t7pic~1• etreptococci 

Nld ~treptococcus llguefac\eps. 

An experi•ent was carried out with this mediUll in an Attempt to 

determine how much lnocullllll was needed to 1n1t1~t• growth on lt1 ~face. 
tenth 

One/cc. inocula trom the originlU broth, 1:1,000,and 1:10,()'.)0 d1lut1ona 

ot tweo.t7-tour hour old cul turee of S25D and ISJ were 1treued on the 

eurf~c• ot ~r plates. After 1ncub~tion for two da7e the ~o•th re1pon1e 

Wl\l recorded a1 it gppear1 in Table VIII. The d&t~ lndicatea thl\t thl1 

medilllll W1\a inhibitory to eTen relathel7 large inocula ot •typlcnl.1 

~treptococcue 11!\UTnriu1 • .A.t the 8Mle time, eight 1tr&ins ot •t1Pical• 
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Growth of Micro-organiem1 on Media Detlgued for Selec\iTe Ieol&tlon 
of 11!Jpical1 ~treotoooccut 1)1.tygtu1 

hc\erial 
1pec1e1 

11 Ill '' ' 
lacherichia col 1 ++ - • 
Aero. &erogeaet • * * - 

+ 

Slo.r la.c\. fem. fl - ... - +• 
Pro\eu.s 111orgnnU + + - ++ 

Proteus TUl~rta 

Proteus 1pecte1 .... + 

siaph. &ureu.1 

:BB.ctllue 1ubtill1 +++ 

S&cch. eereTtetae ++ +++ ++ 

'forula le.ctos.' + + + 

S\rep. llquetacien1 

flrep. e&l l T. f 6 

Strep. aAl h•. IS25D 

S\rep. 9al.1T. f!J 

++ 

++ ++ +++ 

++++ 
++ 

• Be"11\1 recorded on compar~tiTe ba1ia with growth on control equ&l. \o ++++ 
•• I• !he RG 'b&~ medium plua I2!e03(0.03~) a.nd Cr)rat:U Tiole\ (12500,000) 

II • The BG baw mediUIR plus I2!e03(0.03~) 
III • 'l'h• BS 11ediU11 (o.o~ IAN3) 
IY • The RG heal ••dim ~lue I21'e03~0.03~) 1U1d Wd3(0.02~) 
T • Modltleii Ch~pr11&n•e m!dlu'I (o.o~ JT:\113) 
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'lABt~ TIU 

'lttea\ ot Inoculm She on IDlU"Uon ot Grow\h 
on the &Ul"tace cf Adde-l'ellurUe Agu 

DlluUon of tnocul.1111 
D1rec\ 111,(Y.)0 1110,000 

+ + 

- - - 
Probi\'ble DU11ber of 
o•ll• 1n lnoaulum 10,000,000 10,000 l,000 

~treptocgceu1 ltggttcc\rn:a were lnoaulated. on the BUrtA.oe or 1\#':t\l" pla\et 
ln or'1er \o dehrmln• \he type or lnr.1lvlctu.~ colo~ tol'lln.Uon "-.PPMring 

on thit 111dium. The relUl\t-1nd.1c.'\ted th-.\ •tn>ta.u• 11UCold coloD¥ uowt.h 

a1 preTloutl7 o'b••"ed b1' Roe• aru\ Oeor1tl, (19JJ1) wl\a 1Uppru1ed. in all 

tnten.deti. 

•~• obt~tn~1 ~ CArrJiD« ou\ qt.11\n\ltAtiY• etud1ee on the reduction of ~rowth 

1tr~tn1 w9re pl~tftd from 1~5 million or lrlO •1111on d1lutlone tn 

qulntu?l•\ into Ule med.1~ without tnhtbitora ~• n control ~nd into twt\ 

m-41"'• A.t\•r hg to 72 houri 1ncub~t.1on, countll were a#\de M;l the lnhtbltioa 

the rewl'• ot a prf!il1m1111\J7 experiment •ith one atl'l\ln ot etre;>tococeua, U 
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minute inocula of Streptococcy.e =~liyarius while nG aed1Ull entlrel7 

tupprused growth. !he1e prelimiMJJ' re1ul ts were contirmed in an expAnde4 

experiment, the re11Ult1 or which are pretenhd in Table IL The llG 

aedlua entirel7 elia11V'\ted inocula as great as 133 cell1 or 520~, while an 

t.n.oculum ot approxi•~tel7 9:? cell 1 of S25:!> wae unable to grow in the RG 

ba1"1. plus tellurite along. These retult• turther indtc~te th~t the mediua 

ot it Ten,~ !lJ.. (1942) 11 relativel7 non-lnhibitor7 to S-'IU\ll inocula ot 

1treptococci. Thia mediUll •~•not empl07ed tor field &llt'l7sie, howeyer, 

eince Walter (1942) hAd ueed it in routine re1t&urP.nt B&nlt~tion 1tudied and 

h&d found 11ol~tion of 1treptococc1 impo11ible due to oTergrowth ot the 

QnantitatiTe lftect or Inhibitory Media OD Growth 
tro11 Small Inocula ot S\reptococs;ua 1diyariu1 

Media• 

~rain J. B c 
lo. pB Plain. lfa•3 Plain l:2'l'e03 Plain l:2Te°3 

Cr71til 
Ylole\ 

fSJ 7.0 2~ .. 
~ 

41.2 0 3.s 0 
7·J 25 34 0 2.4 0 

S25]) 7.0 3.2 o.6 i. 0 92.6 1.6 
7.3 2.2 o.s : 2 0 3.2 0 

S20B 7.0 69 ~3 133 0 34.s 0 
7.3 72 45 113.2 0 29.2 0 

'Vedia 
J.. 1'1 Ten. 51111 e7 • and Sherman (1942) ••41Ull 
B. The :RG aediua 
c. 1'he RG b&1al aedium :plus 12'?e°3 (0.03:') 

••ATerage number of colonle1 ~ppe~rint; on fiT• plate1. 
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pla\e• b7 Protcui. coliform•, and 7ea1t1. I' became apparent that the uae ot 

a 1011d medium in the 11ol&tion ot 1treptococci from waehed ~~&•••• wa1 
attended b7 1eTer&l. d1tt1cultles, not the least ot which•~• an 1nabilit7 

on the part o! the orpnins desired to in1Uate growth trom llllall inocula. 

1'hen the 1nh1b1tor7 power ot a •elect1T• med1Ull was reduced, undesirable 

conbminant1 ap-pe&red. 1'het1e f&ct• teemed to 1ndicft.te that 11.n enrichment 

culture might be e11ential to Aswure a l~rger percentage ot isolations. 

With this in mind, the following •~riee of e~ertments were un~ertaken. 

DeTelopment of F.nrlchaent 1ledi111 

Ttllurl\8 crz1t"1, ytolrt broth: An attempt WAI first al\d.e to employ the RG 

medium as a broth enrichment culture tor inocula from W"\thed gl~1Pe1. Two 

re1t&urant1, a luncheonette ~nd a t~yern were exN1ined oTer a ten-d~7 period. 

Ten gl~•••~ from each e•t&bli1bnent on ten 1ucces11Te da7a were sampled 

ACcording to the technique preTioualy outlined. !h@ !Wabs were i11111er1ed 

at once in the enrichllent medium, &gitnted Tigorou1l71 and &!lowed to 

1ncubl\te for ltg_72 hou.r1 at 37° C. Inocul" tro11 tubes showing growth, &I 

eTidenced b7 turbidit7 or reduction ot tellur1te, were streaked on the RG 

solid medium and "1lowed to incubate tor 48 to 72 houri. ColoDT ctmracter­ 

lstica of those organ11111 growing were noted, and some were i•olat@d tor 

ldentitic~tlon. The rel'Ulte are pree~nted 1n Table x. A reTiew of the dat& 

ahow1 that ot the 4oo ~&Hee teated, 15~ carried •atTPiCl\111 Streptococev.1 

aal harii.n, while onl7 1. 5"' c~rrhd the • t71>icat• strain. It "'' eTident 

that &n enrtcbnent aediua of th11 conetitution aigbt also be too inhibitory 

to the •tr~ical" strain• desired. 

!!feet 91. reducing eondit1ona ,gn. azide 1nh1b1tlon: !he po111b1litlea o! 

Us1n& •Odium a1ide in the RG b~1~l mediwa •~• erplored. Other experiment1 
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'1'.AR(,1!: x 
ieco?e17 of Streptococci fl'om WAthe~ Gl~•••• 

Uein& a Tellurtte-Cr71t8l Violet Ynrtclnent Vediua 

Percent RecoT~'f7 ot Streptoeoeel 
!t dJLUJ'&n\ Jro. Glf\e1e11 1fJP1cal1 1At7p1c"11 Other 

llwaber TH\e4 Strata Straia Streptococci 

1 100 0 10 5 
2 100 2 2 J 

' 100 0 21 27 
IJ 100 4 27 10 

!o\al lioo 1.5 15 11.3 

1D1~er reducin,t cond1tton1. A 1eriee ot e%l)eriaente lnTolTing the addition 

of O"ll.dw~t•d N1ounh of c71\eine wflre und.ertuen in an at\emp\ to deteralne 

the conoeutrattoa of CJ't\elne which would rend.er the reducing conditton1 

most t&Tor~ble to gro'lf\h ot Streptoeoeeua at\ll'f?\tlus. while inhibiting 

Orow\h ""'' quntU"thel7 determined. a1 turbidl\7 b7 me&na of a 

Colemu 11pectrophotome\er &\ 6,:)y. Por the purpoee ot large experiment1, 

a 1erte1of1gxi50 .... culture tube1 were 1elected which T'l\ried no more 

thlul l~ from a glYen 1t&ndard tub~ cont~1n1~ the medium to be used. 

!he RG b~•"1 medillll ~t pH 7.2 plue 0.02~ 1odtua aztde wa1 eaplo7ed f\1 the 

8U\atr~\e with YP.J'111ll: concentr~ttona of cyatetne. This aed.1um w:'\a tubed 

9.2 cc. per tube Nld derilhed. J'our\tten to 16-hour old cultur91 were 

inoculated 0.1 ml. to •~ch test mediUJD in dupllc~te and \he 1ub-cultures 

lncub~\ed tor 24-4g houra at 370 c., prior to collecting turb1d1t1 d~t~. 

In order to tollo• the redox con~ttlona la the •%l)•r1ment, 1noculat~4 or 
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uninocul&\ed control• conh.lnlng methylene blue were curled eiJUUlt~necru.1117 

in•tBnce Bnd the lDhlbltion "'' c~lculated n1 the percen\ reduction of 

growth "°' follows: 
'fhere .A.• Total growth 1n control 2 100 - obe•rTed op~cit7 

'B ,. Tot"-1 growth in 'eet media • 100 - obteM'ed o:p'-"cit,­ 
x •Percent reduction 

'l'he perc~nt~ge growth in te~t ~• comp~rP<t to control m~dt~ c~n b~ CAlcul~ted 

trol!l the r~t1o .A./B • 100/x so tlmt x • 100 - lOO'B/A. 

of which gpp~l'll" in T~ble XI, indtcnted, pr1mnril7, th~t the desired resulta, 

e.g. increAsed 1nbib1 Uon of grf\111-ne~.UTe orgllft1sms b7 reduced potenthla 

and concomita.nt non-1nh1b1t1on ot streptococci, cO'llld not be reallied~ 

the addition of c71teine to sodii.uu &Zide broth or eenii-sol1d agar culturea. 

be erratlo with no conRtnnt erndl\tton either tn test or control media. In 

genel""U, the reeult1 1how th'\t p:rr.m-negAtiYe org:\nh1aa are inhibited 6o to 

90:'. while the cocci are 1Dh1bUed but 15 to 4o:~eroent. fh~se percent~e• 

obt~1ned tn &l.l medl& 1tud1e<l. It w~• concluded, \herefore, th.~t aatistactorr 

routine re1ults could be obt~lned b7 the u1e of 1odl1J11 aside broth without 

added cydelne. 

!tt~os ,g! fnocull.ll2 ~ sa tnitl3tfoll ,tl Groitht PreTious expert.enc" h&s 

illd1C1\ted th-\t ln!ol"llll\tlou on the 1nh1b1to!7 pow~r of a 1electiTe mediWI on 

•Mll iooculll was btghl.7 desir'lble. .l aeries of experiments were wadertAken 

to dehrmine wbn.t effect dilution or inoculum had on 1n1U1\Uon of growth in 

the &side enrichment broth. 

Slxh•n-hour olii broth C'.tlturea or •tntc.'1• .Strr?toecccu1 

1t\).lJ3r1uo and other org~nisms 11kaly to intertere with ll~ growth 1n 
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• l • The RG b~ul medlum(glucose) + 0.02~ lal'3• Cultured under 
anaerobic condltlon1. 

II • Th• RG basal medlin (glucose) + 0.02~ ldJ 

III • The ll~ ba.11'.l aedim (glucoH) + 0.02~ 1a13 &nd 0.05~ q1htne 

If• The !G ba1&1 medium (gluoose) + 0.02~ l&!l'J + O.l~ C7•\el~e 
and 0.05,, a~. 

Y • Th• BG bs1&1 med1Ulll (gluco1e) + 0~02~ BaB3 and 0.15~ ql\elne 

•• .l"Tera&tp turbid.1•7 rMdin«• L01Jer readln.g1 • he'\Tier crowth. 



enrlcl:nen\ eultur• w.re uri&l.17 d1luttd in unit• of \en ln 1terlle S-0 Ill. 

wa\er blanke. One al. aliquots from each 41lu\1on were 1nocula\ed into 

tubes ot aside enricbraen\ broth trou each dilution, the final concentra,lou 

ot inoculu.a being lOx gre~\er th~n the dllutl~n !rom which tt wa1 lnoeula,ed. 

Grow\h 1m glucote 11.nd lmilin-conh.lnh\g &dde broths were compued with 

1nhlb1tor-tree controla. ~D lnu.lln-cont"'ln1ng sub1tra\e •~• 1uelud.ed tn 

Th• ot the report b7' lhen, .:.l cl.. (19li1)1 who correla\e'd inullll teJ'llentaUon 

with th• cbn.r"'cterlEatloa ot th•tr 1tJPlc1'11 Streptococcus crJiy~rlu:. Yew 

or~nl1111e ferment thit pol79~cch3?'ide1 and it~· felt that ite lnclu1ion 

mi~t aid in the i1ol~tton ot the d!11red organtam. J'1Te tubes were inocu­ 

lated in the c111• of 1tTPlC!\.l1 drdns 11'h1ltt other orgMhru 1'e!'@' 1noculded 

tn tripl te ... te. .All tubf!'t11 wf!re 1ncub~ted "'' 37°c tor 4S houri ,_nd rMding1 

tueu At Tarlon1 tlau. 'l'h• resuHe "-r• prenn,ed tn 'fa.ble III. 

•1f7pie&l • drdn1 S25D 11!.Dd S20:B were able to grow trOlll inocula u 

dilute &1 lrlO alllton wheu cultured la an a114e med1Ulll cont~tnl~ glucose. 

PreTiou1 experiilen\1 (1ee p~g• ~) tndica,•d \hi.' 11-il&r dllution1 ot these 

orgi\Zlh•• contdn•d ill Ute neighborhood ot troa 50 to 100 cell 1. In an 

lnulla-co11,~lnlng 1Ub1\ra,e, howeTer, grow'h ot S25D •~• la1'1ated in the 

11100 4llu\1on and 'hen oal7 ta the control tube• l••• aodi'Ulll aside. An 

1Jaocul'Dll of appro:d11atel7 500 to 1000 cell• ot S20B were required to 1n1'ate 

cro..th in an 111111.tn.-adde medium. Calture I 20S, which 11 a •tnlcnl• 

Str~ptococ.cu.1 e~11!b\l'1Ua toria1n& a c17stalltne r~ther than & 111Ucoid coloDJ', 

and ·~tJ1)1cal• •'rain 16 were able to 1n1\1~te growth tn either medl~ troa 

a1nu\e lnoculfM !1cherleh1$ ~ ~nd Prot!!'\J.s 1p•cte1 wer~ m~rkedl7 lnhi'l'•d 

1n 'he hicher dllutlon1 in \oth selectlTe media but St~2hyloC()C({'Q.1 AurC'UI 

and :nrmtoeocciu 11quet,e1f!ns #16 were able to gTow from ellll\ll lnocula. 

In aaother •%1>•rim~nt, the effect ot lnoculwa tlte on growth ot 

two •t7p1c&l.1 1trAia1 la ~uco1e-a114• broth 1"'8 relnTe1\1«"ted. Dllutloa1 
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were lncreaeed 100 fol~ OY•r thoe9 of the pr~Tt0111 e'%perlment ~.nd \urbldl\7 

~b on trtpl iCAh tube• ""' "1.eo t~.ken. !h8 re.W.'• preeentft<!. tn 'l'able 

XlU lndiMte th"' growth in Adde t-nrtchaent 11edia C"'-n be 1n1U11Lted trea 

e:dremel7 minute lnocula. D'\t" from preylan" er,:>erlaente (eee page ~) 

indica'e that the inocul'wa ln a 11100 llilllon dllutir'a appron.chn l to 10 

cell•· I' 1• &pPl\J'ent that the relat1Yel7 1111\ll inocul.a frOll re1taur8Zlt 

gl.a1•W&J'• a1ght ea.1117 iniUa\e growth i11 enrlcl:mlen\ medla ot thl1 nature. 

I\ h~d b .. a obserTed beforehl\.nd thA' the ratio of growth ln the 

plAin llled1m to IJ'O~h ta Adde aedl1111t •• a con.tut regHrdleu of inoculwa 

1l1e. !'he turb141t7 dat~ ~thered confirms th11 ob1el'Tl\tion. The ra\lo of 

growth la plain ••diua to ,;ro~h 111 allde aedi11J1 a1 determined bt turbid1 v 
wn1 plo,ted "&"inst dilution of 1nocul'Ul'I. !he relUlUn.g gr~:ph in J'1t;11re 3 

lndtc~t•s thn.t \hit ratio 11 a const~nt, tor "'11 p!"l\Ctle&l pur,oses, OYer a 

wide nuiie ot dllutlona. 

J'bl4 Stu.diet 

Ieol"'\lon st. ~trep\ococcu' 1"1tp.riu• fl.al Wl"''hed dM'"''' .Ln erif'ril!e:ll\ 

•~• UJldert&kem 'o deteriatne the etfectlTeness ot thi! enriehmPnt mP~lum in 

the tsol11.tion ot •t71)1CJ\l• Str9")toonccu1 eoll!"rlg1 trom the m1~ed po:;:mla­ 

'iont ocaurrin& on~ehed rest~ur&nt glassea. Ola1see !ran~ C"\11;)'11 

res\llurant 11r""re chosen "' rudom, 11.nd, dnc• this experiment '9U C'4rrled out 

in the •U11JBerttae (Jul7, 1942), these included W'L\er, iced tel\ ~n~ coffee, 

and milk gla1se1. Swsb1 were m&de in the usual'. aanner and inoeu.11\ted 

d1rectl7 into the enrichment medium, agitated Ticorou.117. and incubated for 

24 to~ hours a' 37°c • .At the end of the incubation period,which 'Y&rled 

with the 'la• required tor growth to "PP•:lr, a loo-;M of the culture wa1 

atrealced onto the RG aedlUJ1. The plnte1 wre then incub1ded for 72 houri 

and •:mained for colonl••· •TJptcal1 r.nd •at7Plcal1 colonlH were noted 
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and aorne were laola\ed tor further et~. Percent occurrence ot ftll tor111 

.lUenUon 11 c~llei to the tact th'\t the 11 'TPlc'1.11 Str~~ocoec;u1 

1Q11ynr11H formln& a hllrd, c17st.'\ll inf9 C()lOYJ7 W'\I the pred.om1?1Mt1 t1J)1e"1.1 

tol'lll holated with inul in "" an enrichment cubstrate, while the •mueold1 

percenh.ge reco·ney of 11'typlc"1.11 toms occurrf'd in &117 1nstuce. !he!e 

result• correl~te well with those preTlouel7 reported (ae~ p@'.ge ~7) on the 

abll1t7 of thee• 1trllln~ \o 1nl\1Ate gro~h frora ainute lnocul& lu glucose- 

a11ti 4mll.1n-•zid• enrichment broths. 

the ocmll'renc., ot Strer>toaoccu1 1&11 Tl'\l'1Ut on 1"\tlled restf\url\llt glnues, 

ton;- re1tsurut1, luncheoneUo, dru& 1tore1, Nld tl\·nrns were e:vi.111ned, 
' 

tea gll\tH• in eACh et\l\bl lahment 'bein~ tt\llpled in 'h• routine mMnf.'r. 

RG solid med.l'Ull a1 before. Three enrichment aedl~ were em~loyed 1n th11 

1tud,y: (") 'he RG b4e&l 11~d1um (glucoH aa ~lMh7dr11~te) 1'lus O.l~ eystdne, 

0.05~ agnr, ~nd 0.02~ 1od.lum &zlde, (b) the !G lm1al medium (glucose as 

Cl\l'b~dr&\e) plus 1odlua l\dde( 0.02~), and (c) the RO b~sal. med1Ulil ( tnult:a 

a' \he cn.rbohrdr~t.e) plus o.o~ sodi'IJI!\ aside. !he results obt&ined bn.Te 

'b--en J'fllCOrdM. ~· ,h., tnetdence of t~o forms or •tnte!U' Stre7te::ocrna 

enl\tC\rlu~ aM. one torm ot •!'l.t11?1C'Ll11 ~trta2tocpc~1 ;mltt;.rtu, (a) tn 

re1t.Ml!'C"-Jlt1, (b) on washed glaues from these re1tnur'1-nt1, n.nd (c) 111 wash 

IUld rinse W'f\t.ere. A f1fll'T91 or the dP.tn in Table X'f •hows thF.t • At7l)lCL1l 1 

•'r~1nt w~r• recotered trora 73 to 100~ ot ihe reat~uran\e •x~lned. D1ahwaahlnc 

procedures ot lS.S to 441~~ failed to remoTe •t7p1CA11 •'r"ins from allot 
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IncldeDce of Oral S\rep\ococc1 
DetermiDed b7 Tllree '?9es ot l!nrlcbmen\ Media 

1'l'TP1c&l11 Strain• .. 11.1\TPicaJ.• 
larichllen\ aed1l111 • •o. 1im1n 

'l'•d•d 
.1. :a • 

Bo. 

"' 
lo. ~ Io. 

lA l:d,.,ure.n\' 
.&. 15 5 33•3 0 0 11 73.3 

I 9 4 44.!i 0 0 9 100.0 

c 16 3 1s.s 9 56.3 1~ s7.5 

.QJ1 Ya:l}ed Gla•~e1 

.&. l!j) s 5-6 0 0 34 22.7 

B gg 5 5.7 0 0 59 67.0 

0 16o 3 1.9 14 s.s 64 4o.o 

.IA h!h. w Rinn Wa\er! 

lath 13 2 15.'4 0 0 7 53.s 

Rinee 6 0 0 0 0 1 16.7 

J lalh 7 3 43.0 0 0 3 1'3.0 

R1nH 3 0 0 0 0 J 100.0 

c lath 9 0 0 0 0 5 55.6 

Rln1e 5 0 0 0 0 J 6o.o 

• .&. • The RG 'b&e&l \roth (gluco.e a• ca.rbol\fd~\e) + 0.1~ qa\elne and 0.05~ ap.r, + l&IJ 
:B • !he RG b&a&l broth (glucose a1 c~bol\fdrl\\e) + 0.0~ I~ (O.OZ~1 
C •The RG baeal broth (Inulin as ct.rbobTdrn\e) • 0.02~ I 3 

•• See '?A.bl• IIT 
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1\r&in• were' demon9\r~\ed in 5•7~ of all the gla99es 8Xl"!llned, and 1AtTPlc&l1 

atr~in1 were t101At9d trOI 22.7 to 67.0~. 

DISCUSS IOJf 

Gram-poa1t1Te and grl!W-ne~t1Te b&cterlA ~be 1epar~ted by 

Yirtu• of their differing 1en~ttiTit7 to trlphe127l methAne dyes (Cbiirchman. 

1912) or tnorgnnic 11\lt1 (lt1enberg, 1918-1919). BoweTer, one encounter• 

41tf1cult7 when attempting to a9pl7 thl• phenomenon to 1electlYe 1aolat1on 

ot a epeciflc b~ctertum. A medium de1t~ed to 11olAte oral 1t~ptococcl 

trom wa1hed glit.seee must be 1nh1b1toey to the extent that collf'onu, gram­ 

po11t1Te 1pore-tormin& b...cter1&, and aicrococoi l\l'e eli111DB.ted but 7et 

permt\ the growth of Stre2tocoeeµs ciltyariuo from 1m"1l lnocula. !he 

difticultie1 inYolTed bATe ~een emphn.1t1ed b7 experiments which dernon1tra\ed 

th~t the aelectiye medi'Ull deTeloped b1 Rote ~nd Georgl (1941) .,... tnhibitorr 

to 111"1.l tnocula ot Strmtoeoccµa ,,,,11mrtu1. 1urth~r studies ahowed that 

th1• organi1m «rew uninhibited on AD a11de-cont~ia1n& AgR.r, but the 

inhibitory power ot thi1 medi'W'R ""' suf!ictentl1 low \o permit rel~t1Tel1 

good growth of other aicro-org1Ull.at1. 

Ado~tlon ot au enrichment culture tor the ~ri~~r7 1101.Atton ot 

'specitic orgl'!JlillD 11 frequently desired. In a broth aediun containing 

1odiU111 asi~e, it•~• demonstr~ted thAt StrP?toeoccu1 molly3riu' grew 

abund:uitl7 from minute inocula while colttorme Nld proteu.s 1p~cie1 appenred 

to grow 1pA.ree17. It WR.I ~ther ~hown (Part II, page 76) that Stre2toeocgµ1 

e'\lly:i,riu:s could rutgrow large inocula of ii:.eh,.rlchh, .£211 when these two 

orgt\nhm• were crown in mixed culture. Theee results were dmil11r to on•• 

obt,ined b.Y ~dward1 (1938) ftlld seem to tndic~t• thrl.t routine use ot thia 

medi"llll would aasure l1ol~tion ot ~tregtococcu.1 eo.},lJ?'rius traa washed 

gl&•t••· 

It baa b•~ll 4•ont\nhd tb.'\\ Stre2\oeoea1 1'\llygiu11 «ro.a 
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characteri1tic&ll7 on \he surface ot a '~llur1te-crretal. 'f'iole\-cucro1e 

ag:\r when t.he inoculwa h 1Utfich-nt t.o inlU"te growth. Thia nb1t.rat.e lml 

empl 01'•d 1u a contirmllt.017 aed.lum. \here fore. ln field experiment 1 t.o 

demonstrate t.he occurrence ot Str~pt.ococcus 1!\llyar1u1 on unwalhed and 

un""'1hed drlnldng gla1ae1. Retul t.1, ahowing 47 t.o 79~ ncoTer;y ot 

•"'t.1J>1cal• 1trept.ococal from unwashed gla1ses Rnd 22.7 to 67~ recO'f'e17 

front washed gl.&1~e1. corrda.t.e well with the occurrence ot St.rMt.oeoccu1 

aolty,r1ut on re1t&urRnt. gla.1se1 ~8 reported by Dick and Rucker (19llo). 

The incidence of •at.7Plc"l" 1trdn1 h mentioned J)"rt.icul"2'ly dnce the 

a\r"!)t.ococcue l 101"'\ed b7' Diclc and. Bucker W'\S an &lpha-hemol7Uc form 

conrpBnbl e t.o the • A.tn>ical • oreanilm re~ort.ed herdn. Rose and Georgi, 

(1941) were the first to deiionstr"t.e the occurrence of "t11)1ca.l" Str~wt~ 

coccus a~lty~rtu1 on rest."~' ~re,&Dd the experlment.1 recorded tn th11 

t.he1t1 contina1 that. report.. 

Disquuion 9.! ru\iur»t 1,nu,uons In new of the lack ot epldemto­ 

l~le&l endenOQ that. ea\lngutensilt ~re Tectore tor a 19eclflc dl1ea1e, 

one ml&ht que1Uon whether restnurut ut.eneU unib.Uon h M lraportant 

public heAlth problem. It 11 dlfflcul\ to f\Jl1wer th~t que1\ton with ont,­ 

•J;Perlaental ff\ct1, 7et it mq be well to briefi1 H'f'iew these t'a.ct1 in 

order to see whli.t eTldence there 11 for the belief that d1se"•• c~ be 

trp.nsrnlt.ted through 1mproperl7 washed reetaurant ware. 

Ji:\chrial count. on red."-ur~.nt WA.re, ~ .U. h merel7 M 

iAdic~tton ot the a~re with which t.he article hl\9 been hllndled. Di1h­ 

nter1 towel 1, drf\tnbo:\rdl'e eX'lOfl'Ure to air during etorage • .Ul ll"l' 

contribute to th~ fiDAl b~ctert~l lo~d of~ gl~s•. yet \he organt11111 

pre1ent 11re, in the m~tn; ot no s~n1t"1'7 11ti1f1c:'\llce. (DaTer.ux 

and Mallmann, 19~). !Actertal counts, therefor~, CR.MO\ be u1ed 10lel7 
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a• eT1dence tbn\ a t;la11 11 a diaeaae Teeter. 

Ta7lor (1921), CWlllll1ng (1919), Horwood and Pe1~r• (1942), &nd 

o\her1 rune l'f"pea\edl7 deraonstnted the occurr ·ence ot p1lthogen1c orgllniam1 

on ea\tng u\en1il1. Cumming (1920), u1in& Serr&\ia marcesc,n1 &I a tracer 

orgNiitm, 1how ed tb"t baderla were \ran8alUed from per1on to person 

'hrough the 1&ed.1um ot e:1.Ung utensil• &nd waah water. Dick and Bucker 

(19~) haTe demonstrated the presence ot StreptOCOCcul t:U1yar1B= OD 39~ 

ot the washed du HI the7 exnmin.ed. !~erlmentAl eddence contained in 

thi1 thesis demomitr&\es the occurrence ot a 1treptoeoccu1 ot unqu8st1onable 

bwaa.D origin on 1u~po1edl7 elel'Ul gla11e1 from 19 to 45~ ot the restRurant1 

eXN1ined. Hamer lf.Cal Ter• 1"1 c . .J.culated the number ot inlii TldwU 

rest~uran\ 1erTice1 ln the United State1 ~nd found them to be equ1Talent 

to one per pereon per d~. On the 'b.t11t1 ot the 6~ r.coT8?7 ot •t1J)1cat• 

Stre,toeoes;vs 1~11y~riu1, this mfmns tb&t a?µrox111a.tel7 t1Te thouP.nnd 

people per d~ in Lincoln are drinking from gla11et contAmiMted. with 

the •'11T& ot a preTioua user. '!'he •ie:nlfiCAnee ot these reault• IU'e 

ObTiout. The eTidenae 1n1ic~tes ttu\t ~perfect ~in of di1ease trruie­ 

al11lon exist•, ml!llclng re1taurant utensil ~Rnitatlon an important public 

heslth problem. 

stJM~.lR? 

1. ~ 1elee\lTe mediUJll contnining potassium tellurlte, or a canbtn~tlou 

ot potasalWI '•llurlte and cryetal Tlolet, inhibit.a 1m&ll 1no~~la 

ot •t1Ptcal• strain• ot Streptocoecn1 Pnl,ly~riu•. 

2. SelectiTe med.1~ contglning 1odium a1lde do not inhibit 811lal.l inocula 

ot •t7pical• Str..,ptgcoegu.11 nltvarlu1 but pel'rllU the growth. ot other 

o.rg3nlm1 11kel7 t.o occur on rHt.11.ur&nt gla11u. 

J• Mlzm\e lnocula ot oral streptococci cs.n initiate growth ln an enrich- 

• Cl t. ed by Horwood and PH&r• (l q42) 
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aent broth cont~int~ 1odium azldo. 

~. 'the total final coneentraUon of ort:Mhme per ml. ln aside enrich­ 

ment broth 11 con•t&nt regarclleea ot the •ize ot the lnocul.Ulll. 

~ IncreAHd 1nhtbU1on of • ~xtrMeous• 11lC1"0-orgiui181H wUh concomitan\ 

non-1nh1bit1on of etre,tococci c!Ulnot be rel\lised 111' reducing the 

o~1d~t1on-reduetlon potentl&l or enrtclnent broth with CT•telne or 

c7steine plus o.05i ft&~· 

6. Oral dr9!>tococet Ct\ll be demonstrated on unw&th•d and lmlhed drinking 

gl,sses b;r mti\Ill ot e. technique 1nTolT1n& priml\?7 enrichment 1n adde­ 

cont~intng broth followed b;y atr~skin& on tellurlte-c171t..U Tiolet­ 

sucrou ag!'\l'. 

7• The role of drtuldn~ ~f\UU ln the \rl\nsralulon of dhease is 

d.11cu11ed. 



The ltfect of Sodium Aside on the .Pb1'a1ology o! 

Stre,tococeu~ !~l1y,r1ut 



Lockwood (19~1) h,3 re,orted th.~t ~ technl~i• 111TolYing application 

ot blochanlc:'\l. methods to studies ,lA yitro prOTldee \he onl7 m~"na for 

obt~lning cUrect knowledge ot the effect of sultorl'llllide ~· on bnchrlal 

D11tr1tton. Al90. referring to sulfollP..mlae 'bll.cterio1taai•. he stated•. 

1nTe~titl-tors trr•.1ned in b'\cter1olog1crl chemhtry haTe brrught forward 

•%;'11\DAtlOn!I in chMiieltl term!'! of c"rtdn phenomena which. without rich 1'ork, 

would MT• ranl\lnM. in th~ re':'J.a ot conjecture.• !h11 tne ot research he 

• • 

llt\8d ~~one ot the b~•1c etudi~e needed for ftn elucid&tlon ot problem• 

lnTolTed in ~ractic&l &ppllc~tlon of sulto?21\1111d8 bA.cteriost~111. Such 

conclusion~ might well be extended to include &l\Y practical &~plication of 

1).\atertost~ttc ~ent~. '!'he d~TelopmPnt of~ eelect1Te medium seems, therefore, 

'o c:ul for A !\U~~ of the effect of th~ 1nh1bitor1 l'\gent1 em,pl.01ed on the 

phldoloe.y ot aicro-orgnnhm1. 

LIT'IP.R.t.M'K SURY'!"t 

Ket!\bol1g g,.t d!!'?tOCOC£.U !he 11ets'bolhm or etre?toeocei hAs 

\een the object of ~xtens1Ye res~~rch. P~rticular attention hAs b~ftn 

directed tow~d c&rbobTdr~t• uttliz~tlon in Ttew of the homofermentative 

n..~ture of thtl!i!' «l7eol7eh. Pnbl hhed re.r,orts h"\Te lacked 1mectficit;r &1 

to the exact orgnnt .. 1 1tudted. Thie lftck ~ttmul~t•d the rec,nt work b7 

Saith ~nd Sh8nn&n (1942). The7 critic~ll7 erimtned l~oile ~ctd pr~uctl~n 

lr7 etJ"f'!ptococc1 of all clA,se~ ~nd e~ecle1, Nld re,orted ~ nol'1!'\l 71el4 of 

approxim~tel7 90~ lactic Act~ on th~ bi\9is of gl.UCf}'e fena~nted. !wfflTe 

1trah1 ot Streptoeoccu1 ellt3[1UI produced an &Terage ot 93.6~ .l dnc).e 



t\ral!l studied, SJOA., 7leld8d 93.h~ in growing cultures and 93·5~ in 

•re1tin{;" cell termen,4tion, ind1o,..t1ng ilmt tottU. l~ctlc acid produced 

-.ma eu11tnt hl.17 the tMe in •growing" sa in • r4'1Un«'9 eel l 1. 

'l'ne production ot mueold colonies b;r 1ome cooeo1d forl!ls when 

g?'01'11 on tuerose 8Ubstr'lte h'ls b~en knmm to oeaur tor aom~ t il!le, but 

onI¥ rec,,nt17 (lfhen, ~ al... 1~>i1) 1"\e thb !'h1tno11enon re~)OMe1 as 

ch:u-a.cter11Uc ot tht1 •t;f'!11e:U." 11trA.1ns of Rt.,.,..,t001'\~oi1s : .... 11Vi'.r1u,. It 

produ.c_,d an abi.ndP.nce of A sol··1ble le"ftl\ll ,.ben ~~ on " wel l.-bu!terod 

trUero~e- or r~t!1no~e-cont~1ntn~ me1~um. o.,~r }¥)~ ot th~ f•rment~d sucrose 
}i,,s been cho1'1l to eo inin pol1s~c~h~r1~,, ~111th~~11. Irru11n !"nnent&tion W<'\I 

corrPl,..ted ..,uh 1 .. .,"n pr«><b1ct1nn, al thoueh thf!t org"nltl!l!I did not produce the 

pol71~cch~ride on this ~1b~tr~t~. N"ither ~re th~ toll°"in~ substrates 

9ourees tort.he leTIUll 01.ueo~$, tructos41 g-Unetose, m~ltose, glucos~ plua 

fructose, elucos~ ,1us truoto~e ~nd P.r\l~c\ose, fructo~e plus m..J.tose. 

fructose 'l)lu1 lMtoie, or t;ln"""'"' pl1a 1nul1n. l'o other dl'1'.h1s ~f 

1tr~tocoec1 etudled, including re~r·~~nt~t1T• str~in• of ~11 g-.n•ral 

c111.ue1, were abltit to pro.rue " eoluble pol71acch~lde, ,..!thou.eh ~t!"~'")tecocqµ1 

boyle ""'' obaer-,ed to fora fUl insoluble leTan. 

ln!X!ll' '%'''°''ill ,ir~2\oe2ccl1 Wlth th• exception of the r~po~ 

b7 :Burnet (1927) thl\\ atre~tococci w~r~ N!lO~ the •oy&nide tne~n~ttl•e• 

b111.ctert~, rese"rch on th4 !!)eel fto en1111e q1tems tunetl 0111~ in etre~i\ecocc&l. 

met~bol11m wne Almost no~-ex11tent prior to 1935. )UJ1t~ And lod1U1~ (1935) 

reported on the ox1d~t1on ot gluco~e b7 Str•,toeoeeµa h:rnolztten,. !ec.~uee 

U ""'' found to ll\Clc qtochrine and WRI • ey~nide buenaUlTe• the7 concluded 

re1ptratton ""' cnt&l71ed by W~burg and Chrt~t1~n's 7ellow ferm~nt. 

1&rrell (1935) CllU'rie~ out 1U1 exten•l"Ye re~e~reh into the en!)'ll• 

178'•1 of t\rt-ptococct, 41'!11!>lo.rtn~ t"ent7-two •-oec1 .. t'rm -nri0t11 groupe 

a1 '''' organi11111. !igh\een ot the twenty-two 1pecie1 wer~ found de-,oid of 
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c~t~lase. Uein¬  the no~-to~1c tn~t~~-tetl'l\sulton~t8 !'f!dox tndtc,tor ln a 

aodlfltd. Thunberg tech11.tC{Ue, ~@hydret!"?lJll.'9 ~ctlT\ty on e:\rbob7drt\tu. wg...r 

ac1as. and 'Wino SUf&rs W"l.I !tu.i11ed. Dt"hydrogf!111u1tU wer" noted. in all 

•tr~Jtococet. 1U:tiTtt7 b~lng most ~pparent ln the ~on-hemol7ttc 1p~cte1. 

ErcnBCettc &.~d to~o~cetic aeld! ~ert" tound to potion glueo~e ~~h)'drogenns•• 

while •14rferf\l other reepir~torr or f~rinentAtlT• pol1on1• were 1neffec\1T•· 

SeTent7-one fatt7, aa1no, dlbl\eio, h.TdroJT, ..nd keto acid• were not 

deh)rdro~~nAted b7 the etr~ptocoeci • 

.ll th011gh ?&ol ucl 'l'M11" (1935) repor,•I\ the prHene• of qtochrome 

in Str~,toeoeep,1 crxetp,latt,, J'Jt.rrell W&I unable to d .. on1tl'l\tetbt1 oxidate 

971\era tn an:t of bl1 culture1, lnclud1nt. \hree ~tr~ln• ot thl1 or~ntfl!'I. 

lndo~enol oxid~9e, identified b7 r~tlln (1929) a• ldentlc~ with •~rbu.rc'• 

respl~tor7 teJ"llent, 'lr'\1 not d~On!tr~bl~ by 'he lellln \Pchnlque. o~~en 

uph.lce 1tudh1, or by aU~p\m \o holA.te 1' fro• l7eoqme-ruptured cell1. 

U1ln~ tlnctUJ"s of «tt~llLc. o-tol1d1ne, b~nrtdlne, And 2-7 411111lao tluorene•BCl 

a• tett re"'«@Dtt, he found A peroxtd~~e ~re1~t in All of th~ e....-en e~~et•• 

1\udied. Howe~er. repe~ted ex;:-i~rlmentt thatred thle neroxid~ee to be iron.­ 

tree and h•~t-~\Able, and, therefore, different trcn the hor~er~d1sh 

pero::ddate ot l'Nl&nd R.nd SuUf!r (1935) Md other1. On the bl'\th of th@ .. 

rewlt1, Jarrell po1tulB\ed &n enS7)l• qlts pecul.11\r to the strep\ococci 

and 111To1Tb1g deeydr~•MHS ~nd a peroxidaH. 

Barron, .t1 ail_ (193S) atudled further the oxl&\Uo111 ?rotluced 'h1 

1tr~ptococc1. !'he d8h7drog@lll\~e fttudie• of Jarrell (1935) were confirmed 

and refuted, tn part, 'b7 \htt WA.rburg mtt.nometrtc \echnt~e •pl07ed. Olueo•• 

4ah7drogen&H WAI tOW!d pre1ent but Wt\l 1nh1bUed l»:r eodl'WI fluoride ln 

ad.dl\lon to lodOf\Ce\lc acid. Since 1odiUJ1 fluoride 1nhlb1\1 t)llt\ln.g of 

pho.pho&).7cerlo ac14 and 1odo.'\eeUc 1nh1l1Ua conTerdon of hexo1e cUphogpbate 

b'o 'rlote photpha\aa (!adeu an.d Dft\lcke, 1934) • U wa.a concluded tbl\\ 
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glucoee 11 flr1t tn\nafomed into " trloae pbo1pbate na a hexo1e cUpho1phA'• 
before lt 11 oxtdt1ed. 'fhe •c1~tde tn1en11\1TltT9 of ~tr•ptococel noted 

b7' ~l\!Tell and other1 "11.I confiJ"Cled. LA.ctic acid""'' !~rmented as WAS 

JJT!'UTtc ncid Nid gl1cerol. 

I\ aeeaa atraage th~t a homofermentatiTe l'ettc acid produe~r 

1houl.i1 act1Tel1 ferment it 1 01'!1 mAin end product. !he rMaon mft.7 lie in 

the following d.&t" conden1ed from the p&per of !l\?Ton and co-workers• 

Sub1tr&te 
Poboned b7 

IOd.oacetto X'1 BCJ 

Oluco1e 
Ol1eerol 
fyruTit.te 
L.,ctP1.te 

+ 
+ 

+ 
+ 
+ + 

•Hornalll,• fe1'llent~ti011,as exemplified bT a proliferating culture feraentatlon 

ot glucose ~nd glycerol, i• not inhibited b7 ~3!1lde bu\ ls 1)7 lo~oa.cetto 

acid and eodtU11 fluoride. •.tbnorml\l • fe1'11ent"Uon, 'Yh· lactl\te ~nd p;rrun.te. 

ahow •~rtatton1 in en~e potion eenrtt1T1t7 from the •norm"1.1• Thia 

abnora~ltt7 ·~be~ result of enTironm~ntBl condlttona. Theee e~er1Meat1 

were c~rr1e4 oa.\ ln a •~rburg •~nometer under agit"tton in the presence ot 

017gen where~r'nors"l"ae\,'bolltm le enAerobie. !he t~ct th<\t P-c:ettc and 

tol'lllc ~old• ..er8 note~~• the e~d nroc!uct1 of there1~bnorm"-1•ferment~tiona 

WU.Jr?or\1 thlt Tiew. Stre~tococcl norm~llT proctuce 90-95~ lactic acid troa 

glueos~ with ni~l ~~oun\9 of ~thyl &lcohol &nd c~rbon dioxld~ (1r1edf!111~n. 1939). 

lsturo ~ •~!Yl!I' 1nb1bit1on l?l. :odi'!! ~iid~. ~ oxid~•• ~~1 

Until 1933 no work h.tl.d be~n don~ on the role ot todiua ~side~• a cellul~r 

orld."ltion pohon. Iell tn (l'l33), working with th sue pre:>an.tlons, reDorted 

1\ lnhlb1\ed cellul~r resplr~tion, oxld&tlon of crtochraae. lllld. the lndoohenol 

rMction (odd~Uon 'b7 l~r"burg11 res·>lrl\tton en!71le) in" •~nner sbll!U' to 

pota111um C1'&nlde. le111n and Hartree (1934) 1howed sodium a1lde ~•an 

lnhlbl\or ot catal••· !hla ob1erT&\lon •&1 C&l'rled to the field ot bl\.cterlo- 
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log b1' Lichstein (l~li2) •hofe?orted. C'\tr.ll'l.sf't actb1t7 ot I'.ieUlus rnbttlh 

And ,.•.etllua llltaMthttrium complf'tely1nh1bUed attflr dx hours evotmre to a 

1:10,000 aqueaue 1olu\lou of 3odium ~!l~e. 1'1tt7 pPrcent rPdU.ct1on wn.e 

noted 1n Corxneb .. ,etcrtiim d1-;ht~ct1".~ ie.nd ~$"'<Mlgeoecus eureu: enltur~I 

~!tflr alx hours expo"'1.re to 1r5,ono 1odi'U!D ~1lde. l"o.rth~r etud1,, b7 

Xe111n on th~ cnt~la~e re~ctton (r~ilin nnd H~rtree, 1~36) show•d sodium 

e.zide formed a. reverf!ible CO'nplex 'dth Cf'.tala1e which 1'1\8 still !.blf' to 1lowl7 

deCO!l\pOH hyC!.roren peroddf'e ~:h 'nl.tl unlike J,'OtAHlum cy~n1de ?"'hich 

united with the metal of U-.e hems.tin iroclm8 in e""hl.ase, rendering it 

1Mctive. C.-.tr.l&fl~ inhibition W'"'!t thPrefOIP-1 div1dtad into two ~ener1t.l 

tTJ)t11s. further d.11'ferent1-.t1on ""·" nchd in .itut!.1H on the xr.nthtne 

oxtdP.ee re~ction (Di~on Rnd lf"111n, 1936). !his enZ7111e, ..-h1eh e~tnl7~~~ 

o:rl.d~tion ot hT!>oxr.nthine to ~nthin~. is 111.!\cttTnte~ ~h~n ineub~t~~ ~lth 

?.virogen cy&~ide prior to l\d.dttlon ot the sub~trnte, i.e., ey~n1d~ eC111bined 

with the enf1!!1e. SO<\iUl!l ~side, on th~ other hluld, inhibited thA re~ctton 

OlU7 Whftll incubn.\~d with the 8UbstrA\8 prior \o addition Of the en"7'1fte, i.e., 

1oditUD azide a~"1'ent17 cOCDb1ned wlth the .u.bstrBte ~nd not with the en~e. 

Studies w~r~ "110 m&de b7 leilln (1936) on the 4ffect of ~oilum 

a~!ide Oll hemnglobtn canpounda &nd on the reACUona \bl!T produeP.tl.. Sodhm 

add" 1'!'\s found to form " red CQ!lplex with 11ethemog].obi11 1'1th ab~or!)tton 

m'\·d."!l" l\t ,,.,.o Nld 5~:?. 5 mm. aa ctoposed to the 500.0 and 635.0 !!Ill. m~xhla 

of m~thf!lnoglobln 1tielt. :rc.rther, sodium n11de unit~d with meth~oelobtn 

tn a?proxim~tel7 mol~culAr pro~orttons. ~nt it co:ibtned with the iron 

ot the aethemoglobin molecule tr"'S doubted dnce lt1 inhibition of the 

other terric-eont~tning eom~0t1ni of the hfll'!oglob1n complex, bPm~tin, wae 

not notecf. J. 1tud7 WILi 1111\de into the eff19ct ot eodt1,. "dde on oxldR.tlon1 

ot eytteine b7 hemP.ttn. 'l'he orld~Uon. r.1 me~rc1r!'t!. b7 GJfgen uphke, n• 

fO"IUld to be lncaziplete. Since 1odiu adde d14 no\ caabiJle with hna.\ln, 



::-~r ll• the tollowlnt" •echAnhm 1'1'.! 11ueg~1tedr On RMktnt: hPm?!.tln· "1th 
in air 

qltUne/ orldAUon o1 q11telnflJ oemirred .. uh the brPl\kd.own ot enme 

h«ll-tin, tbut r•l8a11-a(; Iron. Sod1Ul!l ft1id• co~b1ned "1th the tree 1ron 

And ft cnt"17\1e..J.17 lee~ ac\tve tr~n-tree 1der1TP.! h~~t1n• '"'·'formed 

1'Jh1ch ""'' un~ble to caapletel7 oY-if.itflJ th• 81'atetne pre~ent. fhts 

ennt~ntt"n ""·• borne cut by the :r~ct tl-o#t ~Ph"-~ phA' d1p,rr1~11 p:ro®.ced 

the 91\.~e etf~ct f!.Zld the iron 1"\! Alr.oRt c<111pl~tel7 rteoT~red &•the iron- 

S71hm 

Respiration (orlda\lon uptake) 
C1t<'chroine od~,...,e 
c.~t•cbol oxld&t• 
C~t"-1~~• (Te~!e ~nd 11T~r) · 
Perodda•• 
Urie"'ee 
.lmlao acid oxlda•• 
k.nthlne orl~~t'!e 
ke,heaoglobin ~, ......... ) 
HMRoglobin ~~: •) 
Bem.'\Un CJ'e ) 
ITem• (re~) 

IClf ld3 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + - + • + + 

+ - + - 
In 1939, lellin ~~~ R~tree (1~~9) ~eeomieed the d1~covtr/ of 

another eyt.,chr<'•• t\O.poaant tn l»i•ef hMrt autcl•· !'b.h Y'\s c:Uled" a·J" 

and Wr\l found to P.ct "' " ey'ochrome o:ddn••· !he1 re;iort•d th.'\t 

1odil:L'!l artde canb1ned reTeJ'31bly wlth the o.x1dl1ed 1tnte o! this earyme 

Uatng a 11ret\tnr" cell techniqu.ot, Coo'k Md Ste!)henson (192g) 

dtn1on1tr~\•~ tlnt microb\al oxidation ot ferm~nt~ble 01\rbob,ydr~tes retnil\ed 

•%Ill~1ned b7 the the~ exle\1n~ \h-.017 'h-\' ~b•orp\l~n of cnrbohtdra\e1 



(carboh7dr~te 91nthe~t1) lr.\l a pro?ert7 on.17 of actiTel7 ~rol1ferat1~ 

cells. ~.rker (1936) 1Ug!••t~d the obserYed discre9f\Ilc7 might be 

expl~ined by &1tmm1n« pol11~cch,ride tYntheal• Also eeou.rr~ in •r~ati~ 

cells. Hia theory Wft.e turth~r advanced by Clifton (1937) who found th~t 

eodiura adde, r.itone othE:'!r inhibit ors, could effeoUnly block • carbohydrl'.te 

.,.nth~aie" by P~eu,domona1 ~:\lco-;e~tica, I;ch~t1eh1a ~. a.nd S1irillrJ11 

eerpena. In the pretence of ~ndiW?t aside, •resting" cells of the~e org&nism1 

absorbed o:"cy"gen equ.tv"'1ent \o th~t required tor cc:aplete oxid~tion ot the 

1ub1\ra\e to Ct\.rbon dioxide "n1 water. !he o"bHrTaUon1 &'I.de 111 Clifton 

h.~•• been extended e.nd confirmed tor b~cter1~ b7 Cltf'oa (193S) and 

Cl 1tton and Logan (1939), ruid for yeast a bt Winzler (191()), P1cket' ... ~. 

Clifton (1941), and~ !tel and Anderson (1941). In a~dltton, Tl\!\ Itel 

a.ndAD.d.erson 1iudi8d the ox1<\n.t1Te a!t1m1l~t1on ot Str~utoe~cii~ !ee~111 

and found it abtent. 'l'betr conelueion tbnt th8 h0110!@1'1l8nt~tiT~ l~ctie 

acid produc-.r1 Axh1b1ted no o~t~at1Te as~ir:iil~tion t~ p~rttn~n• t~ thl1 

re~evch. 

'l'h~t pol71~och~rtie srnthe119 does occur ~lon~ ~1th f~!"fR~nt~tt~n 

w.u 1hown ln the ca111e of l"IUtrele l\n(\ y .. nsta b7 ll'lll1tr\tt4'!1" 111.n,i Rohder.ld• 

(19~) ~ni for i;t!eh,.rieht, ~by Lelbowtts l\!ld tu:penlnt1 (1942). 

On the other h-ui1, l3urr1s ~nd Wilson (19~~) re,orted th't 

increued oxldP..tlon ot gluco~e.., :Jrodt1ced in ~hho'h1m tritolU •r~!tln~ 

cell aulture1 bl &cttcm of 2-4 dlnitrophenol (D.W.P.)(whtch h~e th~ ~Nil~ 

effect on ox1~At1Ye ~sslmll~tton ne sodium ~!id~, Clifton B.nd LOf::'l'I.•• 1939) 

could be induced either b7 Addition ot D.N.P. ini\1~117 or ~fter a111~11a­ 

Uon ot oueose n1 eom!)leh. In oth~r word1, wUh the rhlrobb., l\t 

1•~•'• 1\ ls unnec@1~&r7 to ,ostul~te Aft 1nh1bltton ot &11\~tlation to 

exr;>laln the lncre&ted eub9trate oxtdA\ion. It 1eem1 llkel7, how~•~r. ln 

T1tw of the •Tidence for the as(IJt:.Dlptlon, th~t oxld&\1T• ~••lmtla\lon 4oe1 
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MJ'lRO'OS A'RD YAT~ ULS 

Culture aedt& 

S'oek crll tv.r, broths !he 1 tqu.ta. enlture l\'!lcU'llll con9ht•11U7 used to 

prep~re tnoeul~ ~• thJl.t of Hu.tn~r (l~~~) with 0.3~ dtpot~1stnm pho1nb&te 

substituted tor ~n e%Ceii ot e<\lctum c~rb0!11'te. 

1-%'2er1m:ntal m~41~S The b&1&1. eubstr&te for all experim~nt~ medt& wn~ 

the Rol'ct and. Georgi (19h1) 'b~1"'1 medtm re:nortef\ in PIU"t I. ( ue pB.ge 26) 

Gluco1e wa1 empl07ed Bl a substrate Cl\J'bohydr~'e ln l.~ ooncentr~tton. 

e%cept where 1pecit1c:Ul7 noted. In~ feYf eXP•rimente the phog~te 

butter•~• el1mt~ted to deer~~•e tttr~tton dltficultle1. In some 

•r:>•rtment1 the eterile tD.h1bitor7~ett$ wae ft.dded to the at~r1112ed media. 

but tn othe!'1, inTolTing the effect of aocUum adde on bn.ctertcl phydoloa, 

it "'39 added pl'tor to 1terlll1~tlon (M~llalUID, 1941) 

Gl,1co1~ ;,ub:itmte fil ttudl!! ml lr.et1c ~ producUont lor studies of 

the effect of •0~1111 ndde on l"ctlc acid pruciucUon b7 •re.ting" c1.1ll1 ot 

.:UreotocaeQu 11N.tmr1us, the t;luco18 wu'bdnte ot kith and Shermr.n (1942) 

wns eJ'l'.1l07ed. Glucose, d1~o\8esl\1.11 pho1~h~\e, and pot~eeium dib7drogen 

phoe-ohl\ltt wttre drhd tn "n cnen ... t 105°c for 24 - h8 hours to render thm 

~drous ~nd pre@@ryed ln a de1iecator ov~r ~nhydrouff cnlc11Jlil chloride. 

'l'h" ~b!ltr#\t1t hAd thit tollowtnn: coru;.>odt1.~nl 

Gluco!e 2.5 g!"llUJll 
Dipot~sRium phoe~h~te 5.0 grams 
Pota11i'Unl dih7drogen phos!)h~t• 2.5 gr~..a• 
D11till~d w~ter 500 Ill.. 

pH 7.0 

to • 500 111. TOlumetrlo flatlr: •htch Wl\9 filled to the 5f)O al. a"l.rk with 



41•\1lled wa\er. 11tt1 ml. "1lquo\1 were \ranaferad quant1tat1Yel1 lato 

100 al. TOltu1etr1c fiaaka bJ moan; of a Yolumetrlc pipette. The required 

qwm\U7 of aoditlJll adde WI\! added to one-bR.lf o! the fi&ek1 nnO. the media 

1terlll1ed for 15 minutes "t. 15 lbe. preasure. The !1nal solution in ench 

flaak contained approxim.atel1 250 mg. of glucose, with Tery littlo va.rin.- 

tion. Thla procedure wa• in accordance with \hat emplo7ed by Smith a.nd 

Shel'lllnD (1942) who weighed t~ir inQedi"nte on a t.oraion bBl.e.nce and twnd 

the resulting aolut1ona to VF\r7 but one \o tau:r milie;rnms from 250 mg. nf\er 

aterilhaUon. 

Att9Ug \ub1nttl !he appUl\t.U• emplo7ed 1n the aaoµUc tubing of media. ne 

that reJ,)Orted by rlet\ t .,U Al, (194i,) • The f'reebl7 preptLl'4'd ~.r Wl\S tubed 

while hot nnd 11a1nU.1n.ed liquid ln a cont\1U1t \empemture 1mt.'9r ~th Q\ 

50°c un\11 inoeula\ed. 

Stock cult.urea 

The •am• micro-org1Ul1sn1 were e11pl07ed in tnh p:u-t o! the 

.research aa in Part I. (aee page 28) 

"Besting' cell technique 

In general, the procedure of Smith &nl Sh~rm:\:l (1942) w~s 

followed.. Cultures s25:> &nd. S20B were ca.rried th?'oUGh three rucces~i'Ye 

trnna!era in stock broth me-lluru, 5 ml. ot the f1n'\l trruu!sr 1\t 12 hours 

ot a&• batng inoculated into liq~ld medi~ in oentrifugs bottles !or m~ss 

cell cul UvBtion.. S"lUh M:i Sherman (191~2) a1_:>loyed "' ml\SS CP.11 cul tur~ 

Glucose 
!!'fi>\O,• (D1tco) 
Me1'.t infusion 
!~do juice 
W~ter to 10')() al. 

pH 7.0 

1 gram 
10 gl'NU 
j)O ml. 
25 ml. 

le •'OlOJ•d thh ••dim in th111 tlrd two eX!)!!!rhent 1 but found the final 

cell Illa.I! after centrlfu.gntlon contnined mu.ch tom~to Juice protein. A 
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1rut1'l~ cdl fermentn.Uon lm;>l ht!! e:neyme .-.cUT1t7 in absence ot ~owth. 

'l'o preT~nt growth, cell• mu!llt be Wlllshed tree fra!l proteiMceous m&terbl 

prior to 1nocul~t1on in tt. :;>rotetn-free tro.bttrR\I!. 'l'he prit88!lc" of tomA.to 

ttsr1e re~ders it im~o1~ibls, ~t 1~~et theoreticBll7, to obtnin1re~\tn¬ '' 

celle. We ~mplo7ed onr stock culture broth~• a 1ub9trt\te Bnd found the 

h&rTe9ted oell• to be as abllnd!.nt ~n~ ~ore ~ctiTe th~n tho1e produced on 

S~tth ~nd Shernif'.!l1t 9Ubttrnte. 

After growlnt; tor 10 to 12 houri, th• cell• w~r• centrif'u«ed 

trOfl the rut\iUll ud wuh•d one., -prlor to tut:)endtng in eterile ~line. 

The fi~l 8Utpen11on W&t used for lnocul~ti?l& the T~rtou1 1ubstrate1. 

Determination of l'l.llcter1"1 crowth 

In •X?•rimentt 1nT01Tin~ ch~~·· in b~cterlal po"1l~t1oas, a 

lt~nf!.ud. procdur4 'IMfl follO"re~. One 111. "1.iquoh ·were d1luhi1 to 1:100 

ln 90 ml. 1tertle w&t~r bl~nks. Further 4ilu\lon1 werP. •~de in 1ncr8lllent1 

of ten in 90 ml. bl~nk• until the de~tred r~ng~ "r.\9 obtained. ~~ch dilution 

w~t 1h:U:e11 50 t i!les ud du,oUM.te pll'\te' ~@re tno~lateii wUh l ml. 

Aliquott. Tncub~tion •~1 conetet~ntl1 tor ~S houri~' 37°c Bnd eoun\1 were 

m'de with a Quebec colony count~r and a h~Dd t~ll7. 

Z}$\t;g m'diAS lechetlch1A AQl1 wa~ pl~t•d 1n the RG lut.1'1 medlu.ai without 

Mrltoh7dr,.,t• to ObTl&\@ t'8 f()?'!l~t1on. In th• ex')erimenh ln.vohlng uo,.\h 

in ~ixed. cultures wi\h Ztr~p,ococcus r.aliy,rt11~, 1:100,000 c17~tai Tlolet 

tPlt ad~ed to inhibit the latter. (G~rrod, 1933). Stre2\oeeeegs !~ltv~rlu9 

Wl'!.I plated in th~ RG b~~~l medium with ~ucro!e ~•the c"rbob1'dr~te eubetr~te. 

W1\h thl1 ~ pretent, l~g~, eaeil7 counted eolonte1 ot the 1treptococcu1 

were to!'llled. Mtnu.te ool~nles formed on other carbo~dr~t• 1ub~trate1 

rendered counUng 41ttlcul \. In L'l h:ed cultures wl\h lacherichb. £211., 0.02~ 
1od1'0ll a11d• wa1 added to tzmib1t the l&tter. 



Cbemlc:U det8rm1nA.t1ont 

!W1ro.~:1 ~: CM-.na-e" tn rll wer9 det.-nilned b7 118"'-DI ot e. Cq41Jroa 

potentiometer. 

'l'ot".l. ~: 'l'en ml. of cnltur1t mfld.11\ wo.1 ·Utn-.t~d. with ~odium h¥drodc!e 

to " nhenolrhthal bn color !tl\nii"rd nt pH !.h. Tb .. druid'\rd ""• pr@ur.red 

at e:"\eh l"'.l'l'l b7 ac\·~ing phenol"":"1hthM \fl'l'l !'.n! 1oiUUl! h1"·,r,,d<!.1t sl)lution to l\ll 

unlno~1ll\teit control tub" until tl:.e r.H, '.\9 de\~?"111.n(td !'l>tfl'nU 001'9tricf\l.l7, 

'tr-1! s.4. In the erJ~l"t'~~t~ with Y•eh~r1ch\p J:.211, 0.1 I N~OU -~ft used, 

\hi! betn.J repl~eei l~ter by 0.05 ~ ~actf. 

Gh1c9,~1 The proce'iure of Stllf!!!, .:!. cl_ (1926) '"' em,loyed to :Ul r11tduclnc 

su~r deterrain,ttont. The ~1lut1on 9ehem~• 'Y!lrt~d an1 ths7 will~~ noted 

in tht 1p~ctflc er.Jerimentft. 'l'h~ ~!feet of e~11Ul! ~~1~"• ~repute~ alow 

oxtdtrln~ ~~en\ (V.~llm~nn. 1q41), onglueos~ reco•er1et "18 d~t~rmtned b7 

etudyla& tt1 effect on th~ ~n~l711a of knoW'll 9olutions of ?,luaoa~. 'l'he 

eff~Ct WS.8 foun~ to ~e neglll;ible ~Ten in m~rked}.7 h1'1t CO~Ctntr~tlon1. 

The effect ot 1ncu~tton 'tme on the ~u,o.-oxidl\tton ot gluco1e in untnocu.-. 

l~t•d control tl~sk• 1'1\1 !tu~ted by d~termtni~ the ~ucose concentr~tlon 

ill \he RG b&aal m1di12111 with an~ •1tbout ~odium &tlde oTer a perio~ of 72 

hours. Gluco2e conoentrdlon 1"t"lllr~1n~t\ cmutruit with lncub ..... t ton '1'lthln 

tUr~tfoli error of the tf9chnique. 

!t'\etfo ~,e1.11 'I'h~ :proe,._"'11'8 of "fro~ 111.n<\ 5lu\1'!> (1935) "1\S u.1eci in ~u l'\ctic 
acld detf'rminq,tlon-. This r.Jroe!!!ure inTtllT"9 the A.Cid pl!?'lll:'l.nP,an~.r.t~ 

odd!ltion of 1Act1c ~.o11 to '".c~t!'\l~~hyd~,which i!t dht1.lled OYAr ~nd tr11.p:>ed 

in a bhulfltfll soluUr.n. The "s~e9s b1"'1.lf1te ls o:ddhe1. 1'1\h 1oUne to 

a r~tnt blue 1t~rch •?td-Jo1nt. the bound sulfite r~1~~1ed ~1th sod1Ul:l 

bio&rbon~te. an1 th$ r8le,1ed bi~ilfite titr~ted with ~\~n~~r! iod1n8 

1olut1~n. Th8 lodtne wolutlon w~~ ~t~a~~r11s~d b~tore 8'\ch ~r,>~riM~Dt wi\h 
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•odlUB \hlo1ult&\e which 1"19 in film 1t3ndardt1ed each \la~ with 1tandR.rd 

pot~1~1WD lod&te 1olutlon. Precautlon1 were \&k~u to preT~nt 1011 ot 

ace\1'1.deh1'd• durin& \he procedure by coolin« the rece1Y1ag :fiR.ek: ln n. 

rwudn.g \l\p w"\er bath at 10°-12°c during the oxldatiou allll b1 1.rumer.U.ate 

tit!'A.tlon ~tier ccapletion of the oxidAt1on. 

Interferin..-t eubetl\ncea a.re fei'. Tro1 ucl Sh&?? (1935) re:i;orted 

thl\t acetone, tonaaldeh7de, gl.7cerol, 2-3 'butylene cl7col, ruid ml\llc acid 

glT• high ~lel41, non8 of Mitch ~re pre~~nt tn etreptoeoec~ f~!'!nentBtion. 

wge qWl?lUUe1 of eth7l Alcohol or meteyl alcohol "1.eo lnterf~r. Mono- 

b~1tc Aliph~tla aeldt to not interfer, nor do oitrlc, olt7\11e, 1ucolntc, or 

t!\rt~rto ~clde. Sulit ~roteln product~ t'Te ~higher 7leld thlUl theor~tlcal., 
\ 

obT111.\tng \he UH of OUl" regulAr cul turflt raedtum in lr.cUc ~c1d stu~ie~. 

st~DdAr4hdlonr ShnMrd sine l~etde ...... prf!)Uft<°l. A.ocordln~ to 

\he •H\hod of JPrted.eml!lnll Mri Gr,eeer (1933) and on Ml\l.71h by diahydrAtiCl'll 

and combu.atinn "1\1 found to cont#\ln '.53·51~ ZnO by "-.i~ht. Thfll theoret1M.l 

lt 33.44~, reeultlnc la an error of two pl\!'te per 1000, which 11 expertmen- 

\:Uq acceptable. Aa aUenrp\ wn1 made to de\enaine " lmt)wn qnantl\y of tbl1 

1lno l~ct~te 1n \he RG •zi:>ert~en\al media. Reaul\1 were con1l~tentl7 higher 

tlvua theorettCAl, and &pPf\rentl1 was due to •pll\ protein products tn the 

detfll!'lllnln~ affect ot 1odlU11 aztde on lactto &c1d production &Dd retral\ed in 

the use ot 'h• "resting" cell \echniqne preT10Ul11 de1crlbed. ..l.queout 

1olutton1 ot 1\~ndArd sine l~ct~te run thro~h the ccmplP.te determination 

thowed percent&&• recaYer1 ol known Mounts of lacUo l\Cld to be 94.5:,t. 
Renee, a 6.5~ rect:1'fer7 !•ctor w~s included in the cl\l~.Uation1. 

IXP!RIMJ!:NTJ.L RESULTS 
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DO e:z;periment&l data on the effect of aodl"ID a11de on the p~eiologicel 

chAD&et occurring during normN. Mcterbl. growth periods. h wa1 tel t 

that quantitat1Te data on the effect of thia oxidate poison on growth 

curTe1, acid production, Ni~ ,1ucose utill1atlon m~ht turui1h turther 

information on the Mture ot Us lnhibitoey power. 'l'he f'bl1U1 ot eodi1111 

aside to retard cell multiplicmtion of grND-negatlTe ~ct•ria 11 ~well 

establl1hed obeerY&tion. Ita et!ect, howeyer, on gram-po11t1Te orgNii111a 

1uch as the 1\reptococci i1 not 10 well e1t~bliabed. In fact, Dr. J.M. 

Shermn.n (peraoMl eomlll\1D1c&t1on) e:xpreHed the belifJf tbi\t growth and 

b1ocheni1eAl act1T1t7 of the streptococci i1 effected little it at &11 

by thi1 potion. The tollowi11t1r 1erte1 of experhlenta tend to di1pr0Te 

thle belief by demon1tr~ting thAt gluco1e uttliz~tion, acid production, 

~tot~, na well~• rapidit7 of, 1tl'f'ptococcal ~rowth 11 m~ked.17 

reduced in the presence or et".!.ium azide. 

!!ttct .Qt Sodlm adde ,mi go•th, ~. toteJ, .n£li, ~ t!lueou µUltr1\Uonl 

Two 1tr~in1of1tTPic~• Str~?tocoecua et\llT'\J"iUs wer~ chos~n ~e test 

culture• Nld were lnocul~ted into ~tock broth 24 houre prior to the 

d&rt of the experiment. J'our 500 ml. lbrlenmqer fi&aks containing 

250 mt. ot the RG 'baul broth were pr8J>&r•d and 0.02~ eodilllll adde Wl\8 

added to two of the naelaa prior to sterilhl\Uon. ho flasks were 

inoculd~d at zero time with l ml. ot a broth culture ot S25D and two 

tla1ka at zero tille one-halt hour l'l.ter with S20B. J..t zero, 3, 6, 12, 

26, "nd 50 houri, aliquots were withdrawn Md tot!U counts, pH. total 

ao1i1t7, 1111~ glucose determiDA.ticns ~~r~ mN!e. '?he re111lt1 of th11 

experlraent &p:pel\J' in r~ble Ill. These determiDA.tion1 were plotted 

&«l"inet time ud recorded ln Jigure1 4, 5, 6, &Dd 7• The dAt" indicate• 

that all ot the pbTtiologiCIU properties studied "1'8 m.'\!'kttdl.7 ettech4 
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'b;y \he ad.~1 Uon of eod.ium Addf'. 

Two other ex,eriment• of ehor\er duration were .c~rrted out in the 

snme m&nner. The rewult• obt~lned confirm those reported in the flrat 

e.xperiment in "11 rP-1p4ct1. The currt1 obt~lned were •1•11ar to tho1e 

pre1en\ed in Ylgure1 4 to 7, henee it was concluded tbA.t the1e reeulte 

were char&eteri1tic ot ~•ide lnh1blt1on ot the~• ~tr~lne ~r :trPptococcu.s 
1Mlyytv. 

!o underat~nd bette~ the nature of thie 1nh1~1tion, ""'•• ot 

chemical ch.ane• per cell :per hour were calculded trom th" recorded. cl&ta 

bT th• eq'W\tlon ot Bu.ch.~n~n an~ Fulmer (1930). 

• • 2.303 S log b/J 
t(b - B) 

'.there a •Amount ot ch.-..Dt:e prod.uced per organltn per unit Ume. 
S • Tot&l amowit of chAn«e in time •t• • 
B • lluiaber of b~cteria at be&inninc. 
) • Jfwnber or b~ctert~ at end of time •t•. 

chemlc:U cban~e, lneref\1e1 in rBtio to the r~te of cell di•ittion and, hence, 

the equ1't1on h 'YRl.ld onl7 during "!. nonnl\l pMtte ot loggrithraic grOl'th. '1''.·e 

tollo~in& time inter'Y'\le, cho1en from the TJU'lou• experlment1, represent 

those ln which logilritbmlo chan~e• were attained. 'l'herefore, the chR.nge• 

occurring during theee time inter•al 1 were 6mpl cved in the c~cula tlona. 

!xperiment 1'o. Orgruiha 'l'ime intenal 

1 s 251) J - 6 houri 
1 S20B 0 - 3 hours 
2 S25D 0 - 3 houri 
2 S20B 0 - J hours 
3 s 25D 3 - 6 hours 
3 S20i J - 6 honr1 

The result• in 1'a'ble XfII 1how, in generu, •hat \he rate of cheaicAl chall&• 

per cell per hcnlr is gre~\er in the presence ot 1odlum azide tl::li\n in lt1 

absence. Thie appnrent 11 dlinul1~Uon" ot enf¥1De.\1c act1Yit1 cia.n be explained 

lf U 11 ••IUlled t~t cell dbhlon, ~ .u,, re.ther \be.n car"bobTdrate 
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en-rma,la actlYlt7 11 \he twic\lon lnhibl\ed. In o'h•r worda, while cell 

dlTltion la retarded~ \he C1'1'boh¥drate en1J114tlc actlyi\7 of the cell• 

al.re~~ preaent conUme1 unchecked. The eff ec\ Oil '"'1.ue1 1n \he .Buchanan 

ft.Dd 1'11.aer equs.\lon would be a• follow1t (a) •s• would lncrel\18 la 
pro:por,lon to the number ot c1tll1 "1.reac!T prHen\ and twictionl~ in 

~boh¥drA\e aeh.bolba, h) nol'!ll~ tncrM1e ot the mu• log 'b/'B would 
be reduced, bu\ tht• would be ott1et bT (c) \he grea\er decr8".1• of \he 

T&lue '(b - !) ln the denominator. 'l'he ne\ re8Ul\ would be an lncre~•e 

ln '•', the ch•lc"1 cMD«• per cell per unit ttae. 

Thi• }ln>o\hHh auU/'1191 tM.\ generation time 11 lon~r in add• 

than ln plain media. !he ef'!W'tlon ot lhlchAMn And 1ulaer (1930) wa1 u•ed 

to c'\lcull\te gener&\lon Ume tn an aUfl'lllu' \o conflna \hh auwipUon. 

G. !. • \lo« 2 
11.c 'o/J 

J'fll alao thOWI cenftra,lOll \laH OTer the 8Alle lncreaeuh of tlme Uled for 

calculating'•"• In general, the 01\lculaUon• ahow generation Uae \o 'be 

longer in a1lde than ill plain medl&. 

lz;pertmea\1 11Jallar \o the aboT• b&Te been carried out with \wo 

a\r,.,ln• of !L@_t.tl~hla .c.Ql1, E2 and JJ• 'l'h• reaul ts ot th••• ezperlaen\1 

appear ln Table XVIII. When ploUed agalna\ 'lJI•, the curYe• •hon tn 

1lgure18\o11 were ob\alaed. 'the normal pb¥11olog1cal ac\1Tlt,y or both 
drains 'became erraUo and markedl1 1nh1bUed in the presence of aod1wa 

aside. In \he ca•• of~. all act1Yity WP.t bal\ed and \he cell• 99411194 \o 

41• ott a\ a 1low but conetant rate. The 12 cell• apparentl1 were able \o 

recoyer Aft er 25 boure and carry on nonuul7, al \hough wt th Ter, much 

reduced CILJ'boh7dn\e me\abol hm. .lnother eXl)er1ment wUb \he 12 1\raln 

thowed. the tNH t7pe ot ntuUt. lecOTtJ'7 occurred "' l~ hanra 'l.ftd grow1h 
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'UBI.I XTII 

Gluco1e U\illsed and J.cld Produced per Cell per HOil!' and GeneraUoll !1*e 
of S\reptococcµ1 8'\llwtu1 la \he PreHnce And .1b1ence ot Sodium l.d4e 

Cbl\ure 12;P•riaea\ Cul\ve ~g. glucoee Acid Geaera\toa 
Bo. lfedtua• UUlhed./cell/ Produced/cell/ \be 

Bou Boa.r ta Vln\e• 

nata -8 -8 b6.9 S25l) 1 1.744 z 10 3.121 x 10 

Sod.iln add• 1. 31~ x 10-8 1.~70 x 10-8 ~-9 
2 n&ln 2.512 x 1o-9 2.s7s :z 10-9 ii1.3 

Sodl1111 &side 2.956x10-9 2.150 x 10-9 ~6.1 

J natn 5.si5 z 10-9 1.241 x 10-8 50.0 

Sodl111aside1.197x10-8 3.661 x 10-8 51.6 

S201 1 Plain 1.211 % 10-8 ~4.o 

Sodium add• s.117 x 10-9 "·3 
2 PlalJl 3.s54x10-10 JS.5 

Sodlm adde 6. 921J x 10-9 46.S 

) .Plata 3.9~ x 10-9 1.064 x 10-S 1'6.5 
Sod.tuna aside 9.674x10-9 3.410 x 10-S ~.4 

• !he RG 'bl\1al broth aedtm • 
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1ncre~sed to B mn:dmum "t 32 h,,,.rs, nl th~ cnrbo}vdrt'\te 11\P.b.bol hm 

was m:\rkedl7 1n.litbUed. 

Growth 2l. ~!Cb"rlchi) Wi ll ;tied c;ultill"e :.llh Str,..ptoeocqua 

1A!itGriu11 It was !elt th~t Strerytococcu' !~liTnrius might )roduce an 

uU-~zide substruice during t'.i.e cour se of its mett•tbollsm so th~t adde- 

1e:risU1Te orgMh:m• might gro.,, sy:iergisUca.111 tn its jJresence. T:·,ts 

~µothe1l1 was b~sed on th~ following factsl (a) Sodium azide 1e ~ he~17- 

met~l enf.1'rne poison (O~enheL~~r ruid Stern, 1939)(leilin, 1936), (b) 

?u,Jita ana lo~'\111~ (1935), Jl'arrell (1935), and other1 bnTa sh~ tht'\t 

•'re9tococci are inaenaiti~e to cy1U11de and deTo1d of ~tochrane, le~din« 

the former to postulllte that rea9irat1011 •~s cntttl.7zed b7 il'l\l'bur.J and 

ChrhU"n' 1 yellow enryme, which it not effected b7 h8fl.TT-met"1 enqme 

poi1on9, rutd (c) a stl\tement b7 0~9enhe1mer and Stern (1939) thAt, 

'ccorcUng to thtt thennod7nM1ic IlAture o! fllnlj!lle cnt"171h, those s7sh11• 

l0'9'!!T in thf! tharmoc'.yruun1c sc~e, the dehyiirogenAsee, co1.ilt1 utilir.e 

~Most any oxid~ee !eystem a'Vl'\il'\.ble to comple.tl9 their ox1.l1'tion proces s, 

I~ oth19r ~ords, if the h~~'l')"-mP.t~ oxi~~•e 17stem1 of ~,chericl11~ ~ 

(\he oy\ochrorne1, etc.) were blocked by aside, they migllt utilize the 

adde-1naendt1ve mechAnhm of Stre')tococcut •o,l1y,r1ws to complete their 

oxida.tion. :'Juring th8 proces·~ o! the in"t'eeiU~Uon, a paper b7 Henday 

(19lt2) "'Jpe~r"!d ahowiJl(" t~t sul fMilamide s0nsit.1 ve l!treptococci "P."ere 

able to grow relatively u..~checked in the pre1enee of BU.l.f~nil~~id~, it 

cell-free and elll'iched !UtrA.tes !ran sulfn.nilnmide insendtivP- strain1 

were used ~s a 1ub1tr~te. 

'l'•O experbente wt11re und.erk.ken. One ml• of 20 hoo.r broth 

cultures of F.acher1ch1~ '-!2l1. and 5trevtoooccu• eAJ.i•~rius were inocula'~ 

1Jadi"fidUA1.17 into ,,o ml. 1!hrlenme7er nasb cont,.,inin& 100 ml. ot the 



RG basal medl"Ull plu• o.o~ sodiUlll azide. .A. third fia•lc wa• inoculated 
with one ml. of each OQl.''111'•• Plate caun\1 were •~d• in duplle~te in 

the followin& medi~I 

eu1tur' naung aed1w; 

The RG 'ba1u (e-<1.rboqdr~te-tree) + 1:100,000 
cl17s\u Yiolet. 

The BG b&el\l (Sucro.e) + 0.02~ laJJ3 

The RG baaal (Suoroee) + O.O~ lfalf and 
The llG b~ (c!'!.r'o~1.rde-fre~) + 
11100,000 CJ"1•t&l Tiolet.. 

H7uogen-t011 rel1dinc1 "ere \"1cen tt.nd. plating• aade Plt O, l, 2, ~. >+, 5, 6, 

l1cherlchis colt 

'?he mixture 

S, 10, 12, 14, 16, 20, 24, (!\1\d 26) houri. After incubation at 37°c tor 

~g hou.rs, con.n\1 were m~d• with \he l\1d of a ~uebec eolo~ count.er and & 

haB4 'all7. Gluco•• wa• ea~loyed tn the S)rep\ococc;ut •'1.i!"riua pl~tin& 

••dlum on the fir1t run,And the minute colonies re1Ult1ng were 1JBpo11lble 

•• confirmed in the ne~ experiment, !a'~l• xix. wherein the growth 

the l"-' e~erimen' .u-e ahown gr"'.>hic~ll7 ln 11.gurea 12 and 13. Strepto- 

AogQU! 11\limri'Q! •• eHentlal.17 unaffeded lt7 cul turlne with a large 

inooulun ot !1cher1cbi& ~. The pH curTe obtained froa the mixed culture 

wae l'Ll.Most identtCl'U with the one obtRined from the pure culture of 

strev\ococcus 1Nhariu1, 1ncUcaUng th1-t 111.cid product.ion in the mixed 

cmlt.ure w~e aolel7 the reeult of the cl\!'boh7dr~te metabolism of the 

e\ r•-p' ee oo cu•. 

In both er,>erimenta. the inoculum of !tcher19h1> "'211 W1\I 

killed in 16 hour• At A fairly con•truit r~t.e, tending to di1proYe the 

bn>othede on which thi• experi1a1Dnt n.11 b1'Hd. J1;1cher1chia £5lll ""• no\ 

grown in aterlle f1ltrR\et1 from StrfotOCocCUI saliyaJ'\Ut broth cultures 

a1 a t\lrtber teat of the eypotbede. The growth curTe of 1•9h~rlchla "11, 
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ln pure culture ehowe & declded.11 prolonged lag pbllae. When growth doea 

occur, metabolic acthU7, &1 eYld~nced 'D7 •· fall in pH, h negligible. 

Theae result• have & practical aspect, ehowin' trut.t he&"f7 lnocula of gram- 

ne~tive orgnnl1111 ~re not likel7 to outgrow 1trept.ococcl in enrichnen\ 

cultures de1lgned for l1ol~tillf1 the latter. 

!!fee\ of ~odlllm Azide 04 I....ctic Acid Proauctlon 
b7 Streptococci 

Udn« a 1reatln¬ '' cell technique, S1'11Uh Nid. ShemM (191+2) haTe 

ehown thnt cultures of Streptococcus aali~rlus produce appro:z:la!\tel7 90~ 

l&etlc acid on the ba•i• of glucose fermented. Prevloue eXj)erlment1 (p"«• 

69) h11.n indicded thBt 1odlum "dde iuhlbUe cell dhhion, o"r AL and 

ha• little effect on e11.r'bohJ4rde mets.bolh11. ~lng •r .. un,;" cell 

fermentation, therefore, one wau.ld expect the a"lae Mount of 111.cUc A.Ciel 

to be produced. bo'h in the presence nnd abeence of aodium azide. The 

following experlllenta ""re und.ertak~n tc determine what effect., 1 f aq, 

aodbm add• W on the hOllot'e!'ltenta.ttve D1\ture of Str.,ptoeoecus !1'llyc.r\ut. 

de1cribed, cell1 front too.r l:?O ml. broth culture• ot two 1trAin• of 

Str,..2toeoec;u1 :nl1Erlu1, S25D flnd S20!, were preJ)'\red tn. 11'1lin.e !'llspen- 

eion. These cell• were lnocul&'ed into 100 ml. Toluzaetric flgake contBinin& 

50 ml. ot glucose aubatrl\\e (2~ mg. gluoo1e) • The tl."1k1 ""re held !IL\ 

3'fc OY~rnlght to bring them to the optlmura temperature for en1:711A.Uc 

act1Tit7, to ob•l&te 1011 of ~ct1Ylty by 1nocu1Ation into cold media. l' 

the end ot 24 houri lncub~tion &t 37°c, the tlaaks were tilled to the 100 al. 

aark with di1\illed water, cooled to 25°c Nld R&"ln tilled to the m~rk. 

After al:dng well, 10 Ill. ot this mixt.tare wtu remOTed volW18'rlcall7 tor 

gl'aCoae dehrm1MUon. The rem~1nder Wlll t ranaterred (IUNlUh.thel7 to 

a 2,, ml. TOlU11etrlc na1lt &!\er adding 5 ml. ot ':!!J'f, 8Ultu.rlo acid to hftlt 
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en!,fme ac\1~1\1 (Smi'h and Sher!B1\n, 1942). 

Glucose de\erm1Dl\Uon: The 10 111. S::\Dlple ""'s 1\lr\her diluted to 50 ml.. 

during the protein preclplt~tion proce~re A.nd \wo Ill. duollc~te aliquo'• 

ot thi~ dilution were t:1.ken tor fln&l N1&17111. Since the orlgirut.l 50 

al. of substr&te h~d been diluted to 100 ml. before reraoT<\.l of the 10 ml. 

&ltqu.ot, reddwU glucoH •~4' c"1culJ11.ted "'' followsz 

'fhere x •Glucose determined in 2 ml. final allqu.o\, 

lletidual ~lucose • x/2 x '!;) x 10 • 250x 

L'9.Ctic &eid de\~1'1111nat1ont The 90 ml. of dllu\ed eubt\r~t~, ~rter 

rmovl\l of 10 ml. for glucose determination, '"" dilut~d to 250 ml. 

during the cell prohin preel>Uatlon procedurt1, and " 35 al. N.tquot of 

this""' \~en for fln"1 ~n"1.ys1a. B~nce, 

Where L0 •Lactic ~cid de\er~tned in the 35 ~1. "'1.iquot, 

Lof 35 x 250 • T, (to correct !or fin."1 dilution) 

T + O.lT • Z, (to correct tor 10 ml. t'lcen for ctucoH 
detenaln& t 1 on) 

and Tot"1. l~ctic •old produced. z + o.065z, (to COJT8Ct for the 
rec0Ter7 factor) 

The result• ot the first experiment appear tn T~ble XX. The 

percen\ lactic BCid producei b~••d on ~luco1e fermented in plain and 

a1lde medi~ by both org:\nlt!ll'I• le e11enti~ll7 •he sfUI•, the aml\ll Taria\ion 

noted b91ng within er~erimental error of the me\hod. 

A second exJeri~ent •~• undert"1ten, T~17i:ig t~ora the first in 

the following inet1\lloesl (a) Cells from 25() ~1. broth culture were u1ed 

as inoculum for each fermentation tl~sk, (b) duplicate feJ'lllentatlon111ere 

m"'1e with e:\Ch orgrui lsm, using eel l 1 from broth medium or Snith and Shuman, 

(1942) and~ modifl~d Hutn~r•a (1938) mediUll erapl07ed routln8ly &9 stoelc 

culture broth. Th~ result• &!)p"aring in 'l'F.ble XXI confirm the resul h ot 
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!.ULI XI 

Tot&l PrOducUon ot Lactic Acid bf •Res\tngt' Cell• ot S\rep,ococcua 
•&1.itariut tm the Pre1ence and Abeence ot Sodlwa .11ide 

S\rl'\ln lfo. Penunta\lon Mg. GlucOH Mc. L\cUo .lcld Percen\ L..cUc 
Substrfl\e Utilised Produced on B1'•il ot 

Gluco9e utilized 

S20B Plain 250 224. 75 s9.9 

Sodium 11Ldde 213 195.s9 91.5 

S25l) Plain 2,, 219.06 s7.6 

Sodium add• 74 62.11 s4.o 
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'h• preTious experiaent, t •••• szlde doe1 not tnhlbit the ,ercent l~ctic 

acid produced from cluco9e !erment~tion b7 two 9\raln1ot1\ypicA.1." 

S\rcotococgua znl,iyarius. The cell• cultured in aod1!1ed Hutner1a broth 

&&Te a conei1tentl7 hic}ler yield of lnct1c ~cid than did those C\J.tured 

in ~~1th and ~erman aedi\11. In all inst&11ce1, 1n both thla iuid the 

preTioue experiment, where A glucose resldu&l OOCIU'Be the fel'lleutAtlon 

fil\ak contA.ined 10diwa adde. Thh 11 1art1culft.!'l7 true 1n the tlrat 

e~erinlent ln which & eml\ller inoculum of cell1 'W1\S u1ed ln e::..ch fialk. 

hU, .2.( L:tcUc ~ )2to1µctloua The abcwe rfful.\1 clo not 

correlate well with preTlou1 ob1ervatlon1, ••«•• th97 in.dlcBte tb.~t todtWll 

a1lde 1lows en1111e actlTlt7 a1 well at cell aul\ipllc~\ion. An experiment 

wa1 undertAken to detect whether such inhibition did occur. Culture S20J 

&lons """• used tn thh 11~1• experiment. Aner two eerbl truefel"1, 

twelTe 250 ml. centrifuge bottle1contstnin«150 ml. of Hutner11 ~roth 

and 0.3;, dlpetautU111 phosph~h,ln place of •ze•••· ce.loi'Wll ~boDl\te,were 

1noeula\ed. After 10 houri incubation, \he cell1 in each bottle were 

centrlfu&ed, wnshed once with 10 ml. ot o.s5~ •Aline A.Dd tbeu suspended 

in 5 ml. 1~1ne. Af\er pooling and rendering \he suspenalon• homobeneau1 

b7 1troug &&1\a\lon, 10 llll.. wa1 lnocula\ed in\o each ot 11x fermentation 

fla1lca. All aix cont~ln•d 50 al. of glucose substrate while three 

cont~ined o.oz~ aodt'WI aztde in &ddttton. Inial&l gluco1e concentratlon 

waa de\ermlned on two binocull\\ed naak• and waa fcnnd to be 206.9 •«• 
in plain and 199.8 •C• in &!lde substrates. Thia •Ttraee lots of 47 a&• 
waa a\trlbuted to aocldent.U extenalve sterili1a\ton ot \hi• one set ot 

med.i"• 

Inoeul~ted fl&1ka •ere lncu~ted in indiTidu.'1 sets tor 5, 18, 

and 2>., •CNr•• At the deslgnl\ttod time. :tiT• al. ot 20~ sulruto acid na 

added to each fl'-Lsk \o Wt •n111D• a.cth·U7, and the flaeks were dored in 



the refr1ger&tor until the following dn¥ tor anal7ah. 11Te ml. aliquots 

ot each aam,le after final dilution were 0%1di1ed in the g1.uco1e de\ermina.­ 

tion in1tead or the two alllllitera as before tn order to reduce the error 
due to 1mr>.ll 1:-unple1. Lactic acid dfltermiMUon W1\8 thf! e."'Jlle a• in the 

preT1ous experiment. The retulte app81'U' in T~ble IIII and in 1ilUr• 14. 

Although it 11 1~r&ctical to form & definite conclusion frCIJl but one 

e~erlment, the 41Tergence in rates of glucose uUlhation and lactic acid 

production herein noted seems to 1ndic~t• thnt 1odl'WI a1ide &1.10 lu\1 an 

ettect on the car~obl'drate enzyme c71tcm1 ot Strrp\ococcµe P'lln-.rlue aa 

well a1 on lh cell d1Tlaion. When the logt\!'lth&1 of the allllgr~1 of 

&luco1e utilized or l~ctlc acid produced are plotted &IP"in•t time (11gure 

14), th11 diTerience 11 leis pronounced. than the data ln T~ble XIII 

indicl\tet. .A.yimrent17 therei 11 " breFJc tn rB.te of cq,rboeydrate 11et"Lbolh11 

at ~g houri both in plain an~ azide media. 

The Role of "•diu."l Con1t1tuent. in Soulua Add• Inhibi Uon 

The theoJ7 bae bef'a &dn.nceti \b"l.t the effect of b~cterial 

iD.hlbitor1 ill y1tro 1• ~ re•ult of combination be\ween \he inhibitor N1d 

•co• eeaentl:il constituent o! the medium. Ieilln (1936) ha1 tou.n~ thi1 \o 

be 'rue in the ca1e of a11de poisoning of the xanthlne oxidl\ae re~ctlon. 

Ou) own e_i;Jertment1 (page 48) ahowlng a constsnt lllhibition ratio re~rdl••• 

ot lnoculum 1he indicded there are factor• other than enzyme pohonin& 

which are tu.nctiodng. h ha• been sugga8'ad. tlll\t the nature ot •odium 

a1lde inhibition aight be 11m11~ to that ot sultan4lamlde n.nd, therefore, 

au•cept1ble to the oounter-aotion ot p-amino ben1oio acid, a nol"llal 

constituent ot mediA cont-inlng 7ea1t extract • .All experlllent wn1 de1it;ned 

to de\el'lline whn.t effect, if arq, the constituent• ot the medium and P-811l1no 

ban1oic acid a18}lt h&T• on the 1nh1bl\ion ratio ot 1odium a11de. 
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Twelve med1& weir., pr.,?P.red with the nG b&su medium (glucon aa 

Ot\rbohydrl\te) r.s I\ uni'nrsl\l <ru.bstrP.t~. 'l'hs nnturB of thh substr:<1.te 1"\8 

v~ried ~s follow11 

a) no alterBtion. Inhiblt~r-tree control. 

b) ':\'Uh adl.ftd eod.1um a.dde (o.n2~ 

e) Leu 7eilet ext -act. 

d) Leu 7eal!!t extrA.ct but with ~dder\ !tocUUlll t\dde (o.o~). 

e) Loaa ~roteose peptone. 

t) Lets prct eose ;>e:;>ton~ but with l\tided eod1.um ndde (o.02:Q. 

g) Les! beef extr~ct. 

h) Leas beet erlrHct but with e.dded eodim &dd.e (o.o~n 

1) ~1th added p-nm1no b~nto1o ~cld (0.00)1.l)f 

J) !Uh added p-Nnlno beuzoic acid (0.0031l) and aodiUJl adde (0.02;~). 

k) Extrncted with acii ether. 

1) %xtr~cted with acid ether and plus eodium a11de (o.o~). 

'!'wo-hun:iredths percent sodium a1ide 11 equ1Tl\lent to 0.0031 molru-, &nd 

0.003 molar ,P-amino benroic ~eid w~• u,ed to m;\\ch th11 concentrntion. It 

h.~s been r~orted thA.t acid ethor extr~ctlon will rEmove the nnt1-sulfan11- 

nmide f~ctor. In th11 inat~nce, the completed llqnid medium at pll 1.c 
'In• extracted fwr t 1me1 ..,uh ether. Thia rl.icl not aasure ca-Jplete remo~ 

ot the anU-~r.zide _ f:a.ctor, but 1t ""'" felt tMt the reduction would 

b~ 1ut!1cl~nt to becane notlce~ble. All 1~ed1ente, with the excP-ption ot 
. 

p-amtno benzoic acid, wer6 weighed with extrerie cnre on & torsion baliuioe 

l\nc\ volwne• o! l iq:nd. wwa measured volumetriel'l.111• P-ivt1tno benzoic acid 

w~a wttit~hed on an anal1tio!\l bal~ce. All media 'fere M.Jusited to pH 7.2 

to 7.3 electrornetriculy, 9.2 ml. added to en.ch c.~1brl\ted. tube {see Part I, 

p.'\gs 42), and steriliz~d ~t 15 lb~. for 15 ~1nutP~. 

A broth cultura ot 520] wn• transterred \Tice ~rior to inoculation 
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DJlcl on1 drop trom the a.'\Qe culture wn.1 added to 5 iubee of each mediUll 

trom a 1tandard pipeUe. After l1g houri incubation a' JT°C, turbidit7 

was read on a ColemAn epectrophotaneter at ~Ye Growth ln •~ch 1et of 

media wna compared to e. atMdn.rd uninoculaied control tube of that med.1UJ1, 

thus elimin.~ting errors due to v~riation1 in color with vr:u-1a.tion1 in 

con1t1tuents. The ruulta o! this experiment apj)ear in Table llIII And 

J'igu.ro 15, It &"?;)e:\1'1 thl\t p.-B1uino benzo1o acid 1U.11Ul~t•1 the growth 

ot Stre.Jtococcys u.l.h3r1u1 S20:B but bas no effect on preTenUng 

inhibition b7 sodium aside. Extrac~1on with ether 7ields a su.betr~te 

which stimulates gro~th but removflle an anti-azide 1ub1t~ce. n,....moval ot 

7•~•t extract, prot~o•e ~eptone, ~nd b4e! extr:\Ct decreases growth, while 

the ~tio ot growth in the ~r9sence Alld abreace ot sodlUll azide remniny 

lttect ot Oxidation-R~ductlon Potentl~l on 
Sodiu.~ Aside Inhibition 

l!allmt.nn (1941) he.t reported tb.'l.t tod.im adde 11 " al.ow 

exerting a 11 poiting" A.CUon on \he o:ddaUon-reducUon ~ohnUN. of 

the culture mediw. Ir t~t h true. orr~nhms wUl tend to uow 

better in 1ta presence ll'hen redox potentials or the medillm &re lower 
than nor:nA.l.. It 1 s g4nera.ll1 known th-.t a.n ~ grM.ient exist• in P.gar 

tube media, «ivlng ri,e to~ zone phenomenon when met~lene blue ts 

present. (lilliA.ms. 1939, 194o, 1941). In medl~ of low potentil\l., the 

zone ot oddhed 11eth7lene blue Ls ahrulow and confined to the surface. 

In •edl~ of higher poten\1"1. the zone extends deeper into the tube. 

The position of the methyl~ne blue zone, th4refore, 11 l\Jl npproxirl~t• 

ln~io~tion of the potentl~l grl\dient existing in the m•dil.D. Alto. the 

relation of bnctert&l gr01rth \o the son• ot aetb¥len• ~lue reduction 1hould 
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!he lttect ot Medl111 Con1tUuent•. p..1m1Jlo Jensolo Actd. and Acid 
lther !:xtr&ctlon on the Inhlbl•ton of Strep\ococcu• 1,11T)riu1 b7 

Sodl'IB Aside 

Toh.l Growth• 
Media•• 

Plaia aedl111111 Aside aedlua 

J 86.~ 6s~~ 

II 81.4 59.0 

III 75.2 53.~ 
IT 78.0 53.0 

' 91.0 70.s 
TI 90.2 54.s 

• °'lculated at 100 • ob•eJ"Ted &Tera~• turbldi\7 ot 5 \ube1. 

•• I •The RG medium wUhou.t alteration. 
II • The RG ••di1111 le11 1•~1\ extract. 
III • The :RG 11edluna le11 prohou peptone. 
IT • 'l'he RG med.1111 lHs beet e:xtr&ct. 
T • !he JlG aedlua wUh added J>--.mlno ben.1oic acid (O.OOJM). 
TI• Th• ~G aedi111 after e:xtrRctlon with acid ether. 
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fiTe ~ r~b e!tlm~te ot the role ~htch redox potentt~l plA,.Vs in the 

1nit1,t1on of gr~th. API)ly1n~ thepe phenomen.'\ to grO"th in~ solid 

m~dillll ~ont,initlR 10~1'Wft l\!lde, the eff~et of thie eubst'Uice on b~cteri~ 

trowth ""'s 1tudied.. 
The IG b~•~ m~di~, ~1th r~d ~tthoa.t soiiu:a azide, ~ere prep~red. 

ill liter fi&sks &nd tUb8d l\Se;)ticsl.17, b~ing maintl\in.ei in liquid form "-' 

~0c unt11 the for 1noC11lation. The '!)Oti!'1t1&1 1M.t1 T10.ried b7 a.~.din& (a.) 

1&10,000 potl\!du:n diohr0111'\tf!, (b) 0.05~ ey1teine, And (c) O.l~ ao~1UJI 

tht~l7eolll\te. M.,t~l"n" blue, whf'n prfl'!ent, ""' in" concentrt\Uon ot 

121,noo,ooo or 12200,000, d"°"ending upon th~ e'.X;)ertm~nt. Twent1-four hour 

broth cultures of the 'e9t or~~niems ~ere diluted 1:100 ln sterile 90 ml. 

W'\ter bl~nlc• and one al. -Utquoh of thh ru~e!lsions wer!! l\dded ~• 

lnomil"• Arter the \noe•1l~ "'ere ·~11 d h_::>erud by 1h.'\lti~. the tubes 

were plnc@l'd in a coli! 'l'f'\ter "b';\th to soH,,tf'/ them 1'"1.pid.11. "rbP. cul turu 

were incub~tei ~t 37°0 f'1r' 4g houri to 7~ houri b~fore ob1erv"l.tion1 w~re 

.l pr~l tmtn'ry "'rperh~nt udng 12 1tr"'1n1 of b'leterh. 1n adde 

mec!.lil'I\, lus methylftnP blue, ind.ic:'\ted th"t !tr~ptoeocoi p.;re.,, :profnMl7 

tbr~hont the tube "'htlft ~M-n,.g.'\tbe ''ecie1 Mi ~t1nh;rloc2C'(\1, g.ut!:'l!!! 

were co~fined to the top one-h. .... lf f'f tlie tub" Nid, lllrgel7, '\t th!! !!Ur!R.ce. 

Thie eX?eriment ~~s r~~e&ted tn the presence or 1:200,000 aethyleae 

blue ~~d ob!erT~t1on~ of methylen~ blue reduction were taken eTery ~~for 

seTen '11\~s. 'l'he presence and po,i\1on of growth ~a9 recorded at tts 

first "':.>~&ranee. G~!le~'lU-Ye or.~~nhms, which tend to prOdu.ce highl7 

reducing conditi~n~, ref\u~ed m~thylene blue in plain media r~pidl7 Nld 

crew thro~out the tube!. In adde medhw, ho,.eT~l', gr~h ,,,,.u l ilftited 

to the sur!~ce or the to, OM-h:u t of the tube, whtl 19 methll ene blue 

r111dueUon ~ones were the erame ns in uninocul.n.tt11t!. control•, "11., from ~ 
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mm. 'belo• the 11urf,..ce exhn~1n~ to thflt bo\tom of the tube. Streptococci 

r;r@w l!rrnt1cl\lly. l."p"r"ntl1 methylen~ blue in the concentrntlon used 

Wt\1 toraMfh"\t lnh\bltory to the atr~ptococci tineei they w"lre 1L111ted to 

1urf~oe ~owth. Thit obs~rT~tion iw c~n~l~t.-nt with th~t of P'Arr~ll 

(1935) who r~~ort~d rnethylen~ blue toxic to etre~toeocct in cert~in 

cono~ntr1't1.ons. 

'l'he effect of re1.uolng the potenthl by &iditiM ot 0.05;( 

ey1tdne or 0.1~ ~odium th1cw..l1collnt"1 1me etu(lhd in ano ther f"r;>erlmcnt, 

l\:t'ter 1earMdng the oonc"ntr~.tton of mt'lthylPnt11 blue to lsl,000,000. 

Posit ion of grO'.•th n.n1 :neteyl ene blue reductl <11 wns r,, corded dr .. 111 !or 

r0t1r d"\1'•• 'l'h'! eftec\ ot rflld.ucing condi\it'ns 1"\S JMrked. ln e.dde medb., 

growth of moat org9Ull Riiis be1n.g l 1mited tn f\ narrow bruld nt the surt'~ee 

"her_, ruet~lene 'blue existed in the o:xldh:ed. 1\t\te. Str••ptocgcw~ 

liguef?.ciens. S25D, i6, P.nd 1101 were F.l>le 'o ln1U&t8 Utl'\ll gJ"owth in 

the bottom ot the tube "fter 2 - 3 drJ"& lncub.cltlon. 

The potenU."'1 of t.he m~dlW!\ W:\c pohed at " higher ~ by the 

addU ion ot pots1dum dlchrom~te (lsl0,000) {){~l1111U1D, 1941). The re!ltll. t• 

showe~ th~t, ~t h~er oxtd~tion-reductlon pot~ntial.1, cocci were ~ble \o 

grow throughout th~ tube. G?'1'.~-ne~t1ve orgl'\ni•m• ~ere still effectl•el7 

inhibited, a.lthC1Ugh d~e~ oolo~lee were Able t~ groP int~~ ln~tt\llee@. 

(Culturu of }Totou epech' f\nd Slow 1.,i.cto~e Fermenter il) 

These retmlt1 h~ve been compil~d in ?tgure 16, whf!l'etn position 

of growth in tb8 1bJUr"l cul tur"s h~! ~ef!D ccmpnre<! w1 th :i:onf's of oxidhed 

aet~lenc blue in mediA of va~ioue ?'f!dox conditions. A correl~tion 1• 

Rf!Mtft betw~~n rfld.uein~ con~ttlonw, ~s 1nd1o,te~ b~ the d~th of th~ ~ones 

of oxidised met~lene blue.~~. position of growth. In medl~ cont,1n1rag 

re~ucln~ substanc~e, growth ls 11.mit•d to the 1JUrface. In media withou\ 

potslne .qgenhe o-o-.th occure dee~er ln the tube. In ae1U" con~'l.ining an 

oxidhin& mbfft:-,nce (potft.11lua dlchroma\e) • grow'h en•nd• •Ten turther la\o 
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\be depth ot \be 1hak• au1 \uree. Th• red.oz condlUon1, l2lt, .u.. of \he 
4lfteren• media plqa ao Pf'n la \he aaened phnoaena, alnce all mpeolea 

•pl07ed were allle 'o er"" abundllnU1 'hrm&bm' all the aedla ln \he 

a\eenoe of eodlua a114e. In general., Uleae ree111.'• 8how \hA\ aodl111t &114• 

11 more efteoUTe under reducing oondl\lon1 'hAn 1' 11 under o:ddhlnc 

oond1'ion1. 'l'hh •e•• \o 1Dd1CAt• th&\ eodl• a114• doea no\ ac' a• a 

1l0tr oxldldnc A«•n\ a1 nggested b;r .. l\J.laann (191'<>). 

Dtscmstcs 
Th• reaul\e of the tore1olng iJa-y"\1~\lona hne cl•oua\ra\ed 

'111\t aodlm add• al\er1 the p~1loloa of S\rrp\00ogc;p,• IP\lbglv. When 

Ule ra\e1 of chealcal chance per cell per hour were calcull\ted, U 1"\I 

oltaerTed \hi\\ termen\aUoa waa apparenU7 8'imula\ed lll \he preeence of 

1odlua add•, al 'houah craphlo preaeata\ lon ot \he red" •••ed. '0 
ladlu\e \hat \he ra\e ot g111eoee uUllsaUoll and aald producUon b7 

ao\lTel7 prollterA\lac oelle •"• reduoed. All oltae~•d l1acreaae ln cenera\101 

\laea, howe"Yer, 1•4 \o \he ooncl udo1a \ha\ \he pbenoaeaon omld lae oorrela\ec! 

wl\h an lnhlbl\icm of cell d1Y11lon ra\her tbaa \o a 1\laula\lon of 

ea.,a~\lo ao\lTl\7. 

1lleeU!ll" cell• ot Strep\OQ9cc;u1 •a11yglu• prodv.oed \he ••e 

•oma\ ot lac\lc acid; on \he ~11• of clucoee feraen,ed, in l>o\b plata 

&Jl4 "'lde-aon\alninc .ubetrate1, •ho•tnc \hid \he terantatlon mechanl .. , 

u auch, ,,,.,, no\ lapalred. Other iDTeet l&"Uone an the rA\e ot glucoae 

u'tllt1'\lon and lac\la aotd production b7 •r .. uagW cell a ot \hie orr.uh• 

4 .. oaa\rated \hA\ •nlJll~tlo ~c\lTit, wa• appl\l'en\17 decreased. la \he 

preeeaoe ot eodl11ll a1lde. Since \be peroen\ lactic ~cld tor11ed on \he 

bade of gluco1e tel'llen\ed •"• \he 1Me in \he F•••a• Md abeen.ce ot 

W1 nqae 1poleon•, l\ can be concluded \Mt eodlua adde lnhlltUed \he 

tenan\a,toa .at, or prior ,o, tlw con~erd• et ~'M\ra'• cluaoee t•'• a 



non-re4uc1ne 1Ub1tanc .. !he1• re9Ults indicate \ha' a 1\reptococcal 

d7col7'1a aechu1•• dallar t~ that reported b7 Cllfhn (1937) &nd 

others for lsoherlchln, "11 ~ be bhllaUect. !he1e lnYffUg1dor1 ha-Ye 

po.tlllated \h&t approxilla,el.7 'hr•e-founha ot the car'bcb7clrA.\e 1ula1tra\e 

utUt1ed 'br, •ret\ln&" cells of !1cherlchlf\ .G.Q11 undergoe .. oxldaUTe aHi•l­ 

la,1on•, t.e., 11 •71l'h••11ed into oell111Ar pel7aacabarl4e1. fhe7 b&Te 

further demon1tra\ed \bl..t thl1 pot,eaccharl4• 17D\he1l1 O&D.b• pol10 .. 4 

'b.r aodlua adde,iwhll• 'he other 1tage1 of feraea\a\loa proceed unal bred. 

!he •od• of aoUClll of ao41ua add• 1n 'bloc)clq ••S.Uato17 procH••• h 

•till ob1cu.re. It ap'J*H•'11 bhibUa reaplraUea nther Uaan feraeatatloa. 

(leUln, 1936) (Oppenhelaer &nd stern, 1939). !he rHUl'• preten'ed ln \hh 

\hed1 and tho•• of Cl lfton (1937) • who reported th"' l•wrlchla W1 

4eh7dJ'ocena••• were not effecl\ed bT 1odlm adde, •tt• \o conttn thb 
bJpo\hed1. 

l\ l• dtftloul\ to correlate the etfec\ of oxld~tloa-reductlon 

potentt~l• on 1odlua aside lnhibltton reported ln the1e lnYeett~tton• 

wlth the aboT• h1'Potbe1ts. It•~• ob1erYed ~t marked lnhlbition 

ocaurred under condl\toas of low potenUal, which N'e fawra'ble to 

fermentation, whereaa under higher potential.a faTOralale \o resplra\ion, 

crowth app8"red. It l• po111'ble thn.\'\he reduced ''"t• ot ~ reTersibl• 
en1711e 81'•\em required tor the 1nlt1atlon ot crowth ""' 1electiTel7 

lDhl'bUed, 1illllar to the 1pol1on.lnC' ot reduced qtochraa• in llrlng 

7Ma\ celle reported 'b7 l•illn (1936). Under oondlUon1 of low potential, 

\be bulk of 9UCh a reYeralble s79tem would 'be ln the reduced 1tate aJl4 

oell d1T111on would be effeot\Yel7 blocked. It la ta\ereatln« to note 

th&t CMlx &nd J'raa"ceo\ (1939) reported dallar retnl'• with fronlpai­ 

)aqteriu; pep\PAQl'PI when"pol1oned•b7 1odtua tluorl4•· Under anaero,le 

eon41'lon1, aodl• tluortde lnht'bUed 4ecompoa1'lon of gluco1e aa4 lac'•'•• 



while aero'btc 4eoonipoa~Uon of th••• .,... co.-poim4e n.e nol tnnuencect. 

:Roee Md 1ox (191-2) reporled tha\ bac\er!J\ 001114 undereo a 

ltal'•d 11W1ber ot cell dl'Y11ioue la \he pre1ence of b&cterlo1\at1c 

qaan't'l•• ot a l\Jltonaialde drug. r~••• of \he •1•• of the 1nocul,.. 

lle•ul'• preHn\ed tu Par' l ot \hh \heeh thawed \he ••e phenomenon ocour• 
w1'1l 1odl~ ••.14•· The occurrence of th• eaa• qa.a\UT of growth tram 

laooula of appro:daalel7 \e11 alllloa or oa• \bcnaud oelle 11 dltflcul\ lo 

raUonalb• wltb: a Jtn)o\.heeh \ha\ 1odl• ad4• 1ab11t1'1oa l1 molel7 a 

aal\er. of RQ'IH tllhlltUlo11. bother, tbeH renl'• lndlca\e tha\ 1me 

eaHaliAl cona\Uuent or con8'Uuent1 of lhe aedl• are aade 11n&nllable. 

'b7 \he prHence of eodl1111 adde. JV Tal"J'lllg \he mlrl•l• ta an add .. 

oOA\a1nln& 11ed1•• U wae posal\le to ahow \hi\\ aecUm1 ccme\Uuale he.4 

relA\lTel711\\le effec' on \he rA\1o of gro-'h ln ~lain aedl& lo growl~ 

la as14• medt&. The pre1eaoe of an anll-asld• fao,or wP\1 d11110Relr~\ed. 

howeTer. bT \he IMrlced 1aorea1• ln lMl'lto17 pewer of add• la aa ac14- 

e\her erlr&c\ed aedt•. I\ appear• proba'l.e \h&\ \he oonllUu•l• of \he 

aedlua plq "par\ la the lnblblUon ra\1o, 'bu.l U1 M\ui'e r•d.n1 o'b1cve. 

J>1%01l and Ieilla (1936) re?or\ed \bl\\ aodtua atld• o•blned wl\h \he 

n.b1\ra\e and DO' \he enqae la \h4 ~\h1ne onda1e l'MOUon. Whether 

er ao\ a tlmtlar a1ide-11lbe\r&\e caablDl'\ion oocnl'J'ed ln \he1e experlaea\e 

ba1 ao\ been determined. 

1. Decrea1e ln ra\e1 of glucose u\lll1A\lon and produo\lon of &o14 W&I 

obHrT•d la &eUTel7 proUferAUng cul \urH of str1R'99occu1 11\ltwipa 

crowing la a1td .. ooa\atatn1 broth. 

2. 11ledt-.g• cella ot SSrtpSOQocC\ll Wlnrb,• teraeat glucoe• to produce 

1laUar qaanU\le1 of lac\lc ao14, oa \he 1*111 of glu•• feraea,ed., 

lto'h la \he preaeaoe and a'b1•DO• of 1ocll._ adte. 
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3. !he ra\e of gluooH u\llhaUon and lac\lo acid producUoa lV •r .. uag" 

eell• ~ S\rey\gqoeey 1'1,tmr1u1 h decr•••cl bT aodlua adde. 

1'. TarlaU0111 ln \he coa1Utuen\1 ot a bro\h eu1 ture ••41um atteo\ \he 

1ah1\Uory power of eodlua aside rel~Unl7 lU\le, lnl\ aot4-•\her 

•x\radlon of the c011ple\e aedlu r•on1 u uU-atl4• tac\or. 

5. ..,_Aalao 'ben1olo acid 1\laula\et \he grow\h ot S\rep\pggcgu.1 1Mtnrb.1 

bu.\ lt not an an\1-astA• tac\er. 

6. Sodlm add• lnhl'U• aore ettec\lTel7 un4er con4UlGnt of low po\enUal 

\hall under higher po\en\1"1.e. 

7• l•Qhlt1oh1• .ull e:lblbl\1 a prolon&•4 l&e pha1e and reh.r4e4 fenentaUoa 

wha cron in pa.re ml \ure1 oon\alnlnc 1odl1111 aside. I.Arce· lnoeula of 

l1gh1r\chl1 Alli are klll•d .~ crowa la a•eocla\lOD wl\h Str1p\ococqu1 
1~lTarlue la a114e 'ro\b. 

I. The po1tl,le aa\ure of 1odlm add• lahiblUoa l• cll1au11ed. 
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