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PART I

Studies on Restaurant Sanitation



Thether restaurant afing ntensils serve as vectérs in the
traniniuion of respiratory and related diseases is still a matter for
- question, in spite of the overvhelming evidence in support of this con-
$ention. ‘This is due largely to the lack of epidemiological evidence,
the tracing of an entbroﬁk of a disease directly and unquestionadly to
contaninated eating utensils. ZThe very nature of the vectors concerned

obviates any pouibility of obtalning this epldeamioclogical evidence,
since the contaminating agent exibty as such only momentarily at the
bests This research problea was undertaken with the hope that a

t echaique designed to demonstrate the appo@ranoo. of streptococct of
unquestionadle lnman origia on improperly washed glasses would ﬁrthcr
the cmtention that eating utensils are hi.dxly potent carricri of

diuui.

LITEBATURE SURYVEY

Zechnigues for sampling total dacteria on restaurant ware:
Techniques for the determination of total bacteria counts on eating
utensils are almost as mumerous as the publications concerning restaurant
sanitation. In a pamphlet published by the Cup and Contaimer Ianstitute,
methods of 19 yudlic health departments are listed, all varying in some
phase of the procedure. In the matn, all follow the procedure first
introduced Yy Nazheimer and Tbanes (1917) which consisted of swabbing the
ria of a glass with a sterile cotton swab and plating out aliguots of the
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saline washings from the swad in mutrient agar. MNodifications of this
technigue have b;on mumerous, Cumming and Yongue (1936) cutlined a
"sultiple utensil test" fn which one swad was eamployed in the testing of
ton separate utensils, the swad boin; agitated between utensils iz 10 ml.
sterile saline. 3Both glaseses and plates were tosted in thig manner.
Qiliome was tested Dy @gftatlng ten umnu. in a ntoriio magon jJar
containing 200 nl. u.llno..l Suspensions thus o‘btained were pla.tod in the
usual manzer. Mardem, st ol (1938) streaked one glass fro- each estab-
lhhnnt around the 1ip, ons inch dm. and suspended the lmb ia 10 nl.
sterile water. After agitationm, d;qnot- were placed into nntrhnt aghr
and m}triont hotﬁ. the latter deing niod for inocula into various diffor-
ential media after 1@&%103 overnight. NacDonald and Freeborn (1933)
s‘anp;od a spoon, :ork. cup, tuadler, knife, plate, table top, draimdoard,
and ih.lf. each with a .m_-u. swad which was then placed in deef hhuion
broth and incubated one hour at 37°C prior %o plating in mgar. Mallmann
(19%0) standardised his procedure dy streaking three times arcund the
inside and ocutside of each glass or on a two square inch area of.‘;:bhto.‘
The swad was suspended in a test tudbe with 0.75 ml. of water and the sus-
pension later plated into mutrient agar. It is apparent $hat such a
diversity of methods could only ;ud to confusion in an interpretation of
results. | l. :
Tellers, ot al (1936) critically studied 18 various techniques
then in use, comparing thea as $o their utility, accuracy, speed, and
sinmplicity. The methods studied included the swad, agar disc (Olson ud
nmir. 1933), rim hproniono' on soft and hard agar, direct plating of
bits of glass, and -icfoscoplc exaxination of |§ainod bits of glass rim.

The sw ad method was found to De dest, although percentage recovery of
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artificially inoculated bact eria varied from 40 to 70 percent. A
technique was tu“nt;d ina which ".“. were ingerted through cotton plugs
in 25 ml. culture tubes contalning 3 nl. of physiological saline. After

a glass was mphd.. the swab was dropped into the tubde and the tube
a(itatod 25 times to obtain a suspension. The swad was then used to
mocuht’o Loeffler's mediun for the detection of pathogens, while the
entire 3 ml. was plated in mgar. Speck and Black (1937) critically
studied the swab technique and compared it with the agar disc and rinse
methods. The latter consisted of adding a known amount of water to a
Zlass, rinsing the glass, returning the water to a sterile bottle, and
sudsequently plating sliquots of the rinse water (Dearstyme, 1920). They’
confirmed the results of Pellers, ot al (1936) showing that the agar

plate method was impractical, and the swad technique was the bdest. They
reported a molist swad, followed by a dry one, gave 835 recovery of

a rtificially inoculated bacteria. Walter and Bucker (1941) tested a wire
'owab tochn!dno -uggoltdd i{n the New fork State sanitary code and found that
a 88127 wire swad (63 guage) recovered consistently more organisms than 414
the contact plate or cotton swad netﬁodo. The American Public Health
Association committee on fool snd utensil sanitation (Hitchens, ot al, 1937)
sugzested a standard multiple utensil technique apparently based on the
method of Cumming and Yongue (1936)

The substrate used for standard plating methods in restaurant
sanitation studies has Deen mutrient agar, in spite of the knowledge that
the fomites tested commonly carry an abundance of fastidious organisms,
such as the streptococel, which are unadle to grow to any great extent upon
this medimm. Consequently the results have been, in the main, indicative

caly of extranecus contamination and, therefore, of relatively 1ittle
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sanitary importance. That an enriched agar was needed has become
" apparent only recently. (Hucker,gt al, 1942), (Novak and Lacy, 19%41), and
Walter and Hucker, 19%1)

Examination of the effectiveness of dishwashins $echniques apd
factors influsnoing Sotal bncterfal covats frow Festauraat ware: Por an
elucidation.of the significance .of any routine technique, studies must de
made of the effect of all possidle factors which might influence the
results. The following paragraphs contain a survey of the literature
concerning, (a) factors {nfluencing the total counts obtained from restsu-
rant utensils, and (b) effect of dishwaghing methods on the sanitary
coidiﬂon of the finished product. |

MacDonald and Preeborn (1933) first called attention o the
fact that towel-drying of utensils was more unsanitary than air Aryiag.
This conclusion was based on a study of the effect of wiping on bacterial
'oounto of glasswars. Thelir results have also been observed by others,
(Horwood and Pesare, 1342) (Mallaann, 19%0), However, data by Hucker, gt
al (1942) indicated that toweling g;guy b.ﬁ.m- the sanitary condition
of utensils, provided of course that an adequate supply of clean towels
were available.

Yash and 'rhuo water temperatures markedly influence the kind
and muaber of bacteria occurring on a washed utensil. IKrog ana Dougherty
(1§36) were adble $0 correlate wash and rinse water temperatures with the
ambder of orgaaisms occurring on various utensils. Ia twenty estadlieh-
ments studied they found wash and rinse ﬁtor teaperatures ranging from
84° to 164°F and 60° to 166° respectively. The bacterial counts on forks,

for instance, from the same establishments wvaried from 24,000 to 20 per

utensil, The American Pudlic Health Agsociation committee for the
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studied 28 restaurants in Hew Y@rk City, cmwing.bactorial counts of
dishes in relation to washing techniques amd temporaturn.of wagh and
. rinse waters. In addition, a test organism, Baglllus Dyocyaneng (m
monag asruzinosa), was suspended in saline ntor."bxl'oth. or ecg albumin
solution and inoculated onto utensils. These were then run through the
dishwashing procedurgo and th. rerulting were canpared with unwaghed
coatrols, ,Sanif:lsry conditions of eating utenul}- ;vas found‘ to be extremely
bad, but it was observed that even careful hn;xd 'uhing could not coupare
with aachine washing for rendering an eating utensil bdbacteriologically clean,
The various phases of dishwashing have deen crl}ically emtlnod
" since thie report, Dearstyne (1020) called .attontlon to the fact that
machine washing, although usually better than hand washing, could not
always be considered safe, He noted the effectivensss of any method
varied with the comscientiousness of the operator. Cox (1935) studied 21
machine washing devices in daily use on A nilitary roumtién. Bis
results indicated (a) bacteria from rinse or wash waters can be deposited
on sterile dishes, the macunt varying directly with the bacterial load of
the water, (1) wash waters of 170°P prevent a rapid btuild up of bacteria
. in doudle tank machines during normal washing procedures, (c) 1n 1nter-
nittent single tank‘nachlnu. a vgch yator ftuaporaturo of 120°F and a
rinse water temperaturs of 140°F showed a great increass in counts, over
; 90 nin_uto washing t_ine. ag compared to an insignificant increase when
. $eaperaturss were 17o°r and 190?1‘ respectively. Sinilar results were

obtained by Ward and Dask (1939) on household washers.

The efficlency and geraigldal power of a variety of detergents

have Deen investigated in recent years. These studies were undortabnl
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once it became apparent that the bacterial load_ varied with the fila left
by soaps. Baker (1971) studied the relative efficlency of sodium silicate,
sodium phosphate, sodium hydroxide, and sodium cardonate as to thelr wetting,
emmulsification, doﬂ’occul‘ution. and dissolving powers and found sodivm
silicate consistently the best. Halvorsaa, gt al (1935) stuiied the gerai-
cidnl efficiency of a wvariety of soaps and detergent mixtures as well as

their etching effects on glasses. One of their best mixtures appeared to be

#10003
Sodiua chlorothophenyl phenolate 1%
G, U, Brand sodium silicate 34
Dry sodium resinate 153
'Sodiun hexametaphosphate 13%
Sodium carbonate J15.5%
Sodiua diearbomite {57.5%

Germicidal tests with this mixture showed 1% rapidly killed a wide variety
of pathog;m‘uob and non-pathogenic organisms likely 0 occur on utensile.

._ Schﬁrts and Gilmore (1934) preseated evidence that a mixture of
trisodiue phosphate (%5%), sodium utaphosphat; (535).&:1& sodiua hydroxide
(zﬂ)(horomof referred t0 as the 5 & G mixture) was an exceptionally
officient detergent. Using the following oquatial?

Wherse ¥ = Rwulsifying power
S = Saponification power '
P = Precipitation power (film-forming properties)

C = Corrosive power
D = Detergent efficienty

and D=k X3 _
) 4o

these {vorbn .tﬁdiod the relative detergent efficliency of a variety of
uirtures incluling the S & O mixture. Of 15 detergents tested, S & 0
mixture was most efficient in lowering the value PG @d 4nisin¢ the wvalue
XS, Sodium hexametaphospbhate forms soluble caléiun and magnesiua salts

with these ions which are comaon to hu'd water, thoi-ob.y preventing the

formation of iasoludle filams.



Later work by the same authors (Hall and Schwarte, 1937, 1938)

: prosoptod further evidsnce of tke value of sodlum notaphogphate 88 &
detergent.. ¥allwann (1937) studied the dactericidal efficlency of tri-
sodium phosphate, sodium metasilicate, and S & O mixture, three covnonly

| used dstergents, againot Staphylococcus aureus at various temperatures.
Hig dnta indicated that both trisodium phosphate and sodium metasilicate
have greater dactericidal properties than the S & G mixture. Experisenmts
to determine the effectivensss of these detergents in actual practice .
resulted in the Vconﬁmstio:"l of data obtained by previocus workers {Schwarts
& Ollmore, 193%) (HAll 'and Shwarte, 1937) (Rea1, 1932). It was concluded
that the effectiveness of 8 & G mixture in lowering bacterial count of
dishes was .duo to the detergent rather than the geraicldal ‘power of the
mixture.

Giloreas and O'Brien (19Y1) investigated various methods of -
d1shwashing by varying the procedures as to temperature, do.torgent. and
disinfecting agent. A standard laboratory technlque for ovglnation of
dctorgbnh was offered involving the reduction of bacterial nuibers on
artifisially inoculated glase slides and the effect of the detergent on the

transmission of light, 1.e. i%s corrosive power.

Many experizents have deen made on the use of cbloriuting agents
in the sterilirzation of eating utensile. Nallmann and Deversux (1935) and
Devereux and Vallmann (1936) tested organic and inorganic chlorine co;poudt
againet Zacherichia goll and Stashylogoccus gureus under eimlated d1sh-
washing conditions and found (a) Mu_gm but not Stachylococous
Aureus was killed by an organie chlorine residual of 200 ppm., (b) inorganie

chlorine, 200 ppa., sterilized rinse water in eixty seconds. It was
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| mggested that the chlorins content of a rinse water should never fall

below 100 ppme and that inorgaaie chloriﬁe compounds should be used.

NacNabb, et Qﬂ.(1938) feported. however, that 100 ppm. ia ringe water wag
ingufficient. They suggested 430 ppm. in washwater or 100 ppa. in both

wagh and rinse waters. It was further suzgested that when h&pochloritu were
enploﬁed. the temperature should never be au.owed to rise above 120° P, ia
order to prevent the destruction of the hypochlorite.

Cumning and Yongue (1936) determined the chlorine consumption per
dieh in a three-tud vs. a four-tudb procedure and found it to be 20 ppm. per
hour and 10.6 ppme per hour respectively. On the strength of these regults
they strongly adviged inclusion of a fourth tub, interposed between the
soapy wagh a;:d chlorine d_isinfection baths, as s soapy water rinse for
economic reasons. Stone and Pomeroy (1936-37) found restaurants using
50+100 ppm. chlorine rinse ghowved nz.;.rkodly low counts from eating utensils.
Horwood and Pesare (1942) guggested 50-100 ppm. with a tempernture of sround
50-80° T for the chlorime disinfection bath. '

Be use of chlorine in utensil sanitation is accompanield dy
several disadvantages, vis; (a) Inorganic chlorine compounds leave a taste
a.ﬁd odor, which must )o removed for esthetic reasons; are relatively unstadle
to heat; wust be used in the cold; and are corrosive %o ordinary metal
washing tudbs found in the avernge restaurant; (b) Organio chlorine
compounds also leave taste and odor but are more stable to heat and lees
corronin. Their rate of geraleidal activity, hovever, is much lower than

that of inorganic chlorine compounds. (uallnan. 1937)..
A new type of geraidice was reperted b,y Dunn (1937). slhyl- '

dimethyl -bengyl-ammonium chloride, or cmonly. %"Zephiran®. IKrog and
Marshall (1940) investigated the possidility of using this substance as a

geralcidal agent ilni restaurant sanitasion, and the results of their
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investigntion seemed to indicate thls substance may de the answer to the
entire question, viz, (a) Detergents or socap have little or no effect on
the potency of "Zevhiran® when used in either two or three-tubd methods;
(v) It {s etable, non-toxic to humans, odorless, tastless, and non-
corrosive to metals; (¢) The concentration ecan bde checked colorimetrically;
(4) Teamparatures above 70° ¥ do not effect its stabllity or bactericidsl
efficiency. The best temperature was found to bes 742 ¥; and (e) One
minute rinse in 1:50.060 solution is sufficient to reduce the count on
Zlass i’ill to below 100. The value of a germicidal subsgtance wvhose
-properticn geea to be 1deal must be taken with reserve. This substance is
now being used in some restaurants and the results are deing bhecked. al-
though the literature is relgtively eilent on 1t effectiveness at this
tims. (Walters, 1912). Its present high cost is also a factor in limit-
ing its wide use.

' A Adlecuesion on disinfecting agents would not be complete without
mentioning the ultra-vioclat ray cabinet. Attempts have been made to
- sterilize glasses by ultra-violet rays either in comnection with filling
‘the glass with water (Devereux and Mallnan,‘1936) or in other ways.
Appling and Tanner (1911) studied the bacterial 1ead of artifically inoculated
glasses before and after irradiation. A standard irradiation time of 30
u(;ond. in a commercially produced *Sterile-RBay Cabinet® wag used. They
found irradiation of Ary g£lasses wag ineffective, vhereas irradiation of
wet glso‘o- resulted in marksd reduction of dacterial load. When initially .
fnoculated with approximately 7,500 cells of Eacherichia coli, ﬂ?riliution
occurred in tvo to three mimutes. Soda fountain glaiucu were also irradiated

for varions times and their dacterial conteat compared with unirradiated

controls. On the average, the results indicated 90% reduction after an

irradiation tine of four minutes. Others have studied the ultraviolet
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cabinets in rel»tinn t1 thelir uze in restuurants (Nucker, o% s}, 19u2)
(anner and Appling, 19%1) (Oarret and Arnold, 1928) and (Tellers, 1918),
with essentially the s&n§ resultse The high cort oftultra.violet.cabinetl
hayw obviated‘their uge in all but the most pretentious restanrants.
Reference to hot air sterilirers have occurred 1a the literature.
A Hartford. Connecticut firn desifned ruch a sterilizer for nuse {in certaln
restauronte ia thet city. NMarden, et ] (1038) obeerved that rlasses were
tterilired in 15 mimotes at 250° r. Tiedpman (19%1) resorted on the effective-
ness of such a atorillvcr,'whnn empleoyed routinely, in certain cities
reqmiring ite use. The instructions were to place glaeses in the prelested
~_ oven and leave them not lees then five mimutes. A tray of heavy glaeses
placed in thie oven required a full hour to reach the oven tazperature ag
shown by teste with a thermocoupla. At the end of five minuter, the slngses
hrd oaly reached dody temsernture. Thae effectiveness of such a device was

questionel.

Occurrence of orznalsns on restaursnt ware! The demonstration of
_epecific pathogenic organisas on washed restaurant ware 1s sttendsd by
obvious difficulties. i!ho carrier rate of the etiologic asent or agents
'of any respiratory dlsesge is usurlly lov in the sdseace of an esridemic;
the chance cf a carrier de:0s1ting bacteria on the glagsware of a restauraat
ii alaso lové and the chance that a ganitary lnsﬁcctor aight eelect the
apeclfté Zlass is also cuite gunl)l, Further, isolating orgnnimmg by means
of ;ho.-wab technique, 1f such 1s used, reduced the chance of recovery
from 25 to 60%, (Yellers, st al, 1936). Fany atteapts hava beea made,
howeaver, some meeting with guccess.

Taylor (1921) tested unwashed snoons from active tuberculosls

patients by rinsing them in sterile saline and inoculsting the washings



-13 -

tnble 1iats the investigntors nnd thelr reported recoveries.

TABL?
Percent isolations fron Arinking slasces

Inveatigators &tred. hemolyticun Strave yiridsans
Saslhof & Heinsknmp (19520) 1.6 .
¥aclabd, et pl (1913) 0 %o 25 0 to .20
Cumaing (1619) 91 100. -
Coeming and S»oruit (1920) gh €5.6
lorwood and Pesnre (1G42) 1.1
Dick and Fuaoker (19M1 20 to 63
Carlisle % Fartinger (1935) 0
Marden, et rl (1018) 0 to 3.0 0.% to 11,2
Uallamnn mnd Devereux (1935) Fuweercus® * Kuserouas®e

* Ia lkospital wards, unwadlied glusses.
** Unwached rlasses froa restaursants.

These investigationg, and others, have led pudlic heslth afficers to cone

clude thnt restsurant glasses nust definitaly be considered as vectors in
the transaission of respiratory digenges (Calver, 19}5) (Satth, 1939)
(Eitchens, 19U1) (Bushong & Fletcher, 1910).

. Organisas cther ihnn pathogens are most frequsatly isolated from
restaurant ware. ZThe microdial flora of wnghed utensils has deen inveeti-
gated by a host of workers. As an indication of the gsaeral types eacountered
and their universal occurrencs ses Tadble II, which lists the f{avestigntors
924 their results. 7The predominating orzanisws recoverel were consigtently
staphylococei, spore-forming Zram-nositive rcds, "l colifora crg-~nimee.

Wwe have demonstrated the occurrence of a Protaus in many fnotances from

washed glasses, eapecially from trnverng. (Usnmubdlished data).
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TABLE II

Types of Microorzganisas Isolated
- Prom Restaurant ¥are By Various Investigators

Ocourrence of
Staphylococed Spore- Coliforms Strentogcoccus
Investigators formers ridan
Saelhof & Helnelmmp (1920) P
MacDonild & Freeborn (1931)
¥acKadd, et al., (1938)
Marden, ¢t al.. (1938)
Carliele & Hartinger (1939)
Horwood & Pesare (1942)

wWOoOwY ¢
vyl i

vl wYyv
Pt OO0 i 0

P= Pragent on uteansils
0= Abgent

«= Hot reported

Xcology of Streotococcus salivarinst The identity of the
organisa referred to in the liternture as Strentococcug galivariue has
deen gomewhat vague, due in part to the general confusion existing in the
taxonony of the non-hemolytic strentococci. The tests first used to
1dentify this oral streptococcus have largely deen altered or drovped, while
new techniques for classification have appenred. Fermentation reactions
and growth in litnus milk are the few testis which have survived. The
ipherent variability of the strentococci hae oniy Added to the confusion.
As a consequence, seversl workers have identified strains ns Streotococcus
ralivariug which, in some instances, have marked cdifferences in character
from thoee first described for this species by Andrews and Horcer (1906).

Yor lack of proper taxonomy, bacteria of the oral streptococcus grouy and
others have often been classified simply as Sire~teccocouas yirid-ns. Ae a

result, many of the characteristice of the organism, espacinlly those
concerning ecolosy and pathogenicity, heg eszcnped notics. The review vhich

follows briefly covers what is kneown repnrding the texonomy snd ecolosy of

Strentococcus srlivariug.
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The organian Strestacoccue salivapips was first deecribed by
Anidrews and Horder (1906). 1Its characteristics were givea as follows: It
occurs in short ckains, ferments sucrose, lactose, and raffinose consistently,
but inulin rarely; may or may not ferment salicin and coniferin, but never
ferments mannitol; clots milk and reduces neutréi red. In the practical
classification of Folman (1516), which 1s based entirely upon hemolysis and
fermantation resctions, Strentoccccus galivarius is differeztiated from the
other straln commonly occurring in the human mouth, Strestococcug mitis,
on the basis of 1ts inabllity to ferment salicin. It 1s "lso clsesified
as non-hemolytic, fermenting lactoce, but not maniitol. Prost aad
¥ngledbrecht (1Qh0) 1ist fts characteristics as follows: Occurs usually
in.long chaine, nroduces alpha-hemnlysis on dlond egar, not vizorous
and dles out easily, ferments lnctose, glucose, raffinosa, aad sucrose;
does not ferment mannitol, salicin, imulin, sorditol, trehnloss, or
arabdinose; final pH in glucose broth is h.9 to 5¢.13; litmus milk made
elightly acid And rarely coagulated; sodium hippurate hydrolyzed by some
straina; non-resistant to $N-600 C for €0 mimutes. With the exception cof
1ts non-coazulation of milk and the formation of lonz chalns, this
organign geems to follow the orizinal classification of Andrews an2 Eorder
fairly well, ‘

Safford, et al (1937) reinvestigated the blochenical and
physiologzieal reactions of the non-hemolytic strevtococcus found mbdst

adundantly in the human mouth. They feund it to noesess charscteristics

nost nearly in aceordance with those originally given by Andrewe angd
Horder (1906) for Streptococcug snliverins. The following reactions were

reported: Produces weak alvha hemolysie on dlood agar®, occurs in short

¢ Strains which we received from Dr. Sherman chow gamma hemolystis.
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chains, does not survive 60° C for 30 mimutes, cannot grow at 10° nor 47° C,
promptly acidulates and coagulates litmus milk followed by reduction of
litaus; sodium hippurate is not Sydroly:ed. final pH in glucose broth is
4.0 to 4.4, no ammonia is produced from peptone, starch is not hydrolyszed,
and gelatin is not liquefied; ferments glucose, maltose, lactose, sucrose,
raffinose (93%) and salicin (95%); frequently ferments inulin (80%) but
does not ferment glycerol or mannitol; lacks viability with infrequent
transfer. The organism described here geems to fit the original description
of Andrews and Horder with the exception of inulin fermentation, but does
not agree with the description of Frost and Englebrecht (1940) nor of
Holman (1916). It 1s highly probable that the organism described by all
these workers is essentially the same bacterium exieting only as strain
variants.

Niven, et al (19%1) introduced the concept of a "typleal® strain
of Streptococcus galivariuns. They noted all strains of Streptococeug
galivarius which fermented inulin also produced a soluble levan when
grown on substrates containing sucrose or raffinose. No other strepto-
coccus tested poseesses this ability, with the exception of a few strglnl
of Strentococcus bovis, which produces an insolublé levan. They, therefore,
called this gum-forming oral streptococcus "typical® Strentococcus
zalivarius since the majority of their strains (93%) produced levan. All
other stralns possessing the same general characterigtics, but unable to
produce mucoid colonies, were called “"atypical® strains.

Gordon (1904) was the first to suggest streptococci as an index
of oral polution. He demonstrated streptococcl as the most abundant
bacteria present in saliva. Strentococcus dbrevis was the most characteristic

type. The species wag limited to the short chain streptococci which
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c}otted milk and reduced neutral red, hence were probadbly the same as
Streptococcus galivarinae later descrided by Andrews and Horder (1906).
‘Thege organigms wers found to occur to the extent of 10 to 100 =illion
per ml. of saliva and were observed in the air, in front of persons speaking
loudly. Since that time the constant occurrence of Streptococcus saliverinus
typee in human mouths, normal or pathological, has been repeatedly demonstrated.
Streotococous brevig of Cordon (1904) was found by Nolte (1914) to be the
most abundant form of salivary organlem and he employed its occurrence as
an index of buccal contaminntion of air. "Acid-forming" streptctotci were
found by Winglow and Sanjiyan (1924) on human tongues and recentl; contaminated
fomites. Their observations that theee streptococcl also were found on objects
not recently contaminated led them to conclude there were definite limits
to the categorical use of the streptococcus as an indicator of recent
salivary pollution. Recovery of streptococcl from places not recently
contaminnted 1s understandadle in view of receant reports by Buchbinder
and Phelps (19%1) wherein Sireptococcus yiridang was shown to survive for
at least 24 hours on fomites 1n the dark.

| 'The occurrence of alpha streptococci in air has been investigated
quite thoroughly, most recently by Torrey and Lake (19:1) and Buchbinder
and co-workers (1938). Torrey and Lake were able to correlate rire in
mumders of alpha streptococci in department store air with a pveak number of
employee-disadbling colds. Yhen the nmumber of colds fell off, the number of
streptococeil recoveries fell off. Buchbinder, et &l (1938) also studied the
incidence of streptococci in alr from public places, by meang of the ¥Tell's
air centrifuge and sheep's blood agar. Two thousand stralns of alpha

streptococci were fgolated, of which a large percentage were found to de

Streptococcus palivariug (Andrews and Horder) Sherman.
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A streptococcus similar to Streptogcoccus salivariug (Andrews
and Horder) was reported isolated from cow feces and mouths by Ayers and
Mudge (1923). The orzanism yielded all typleal Streptococcus snliyaring
fermentation reactions, did not produce ammonia from peptone nor hydrolysze

sodium hippurate. Apparently this was the gSireptococcus hovis of Sherman,

who has reported marked slmilarity between the two (Sherman, Stark and
S¥afford, 1938)., Coledrook, et 21 (1975) renorted isolating alpha
streptococc! from hands of parsons during an investigation into the
vectors of puerperal fever transmission. They were not classified rigidly,
but were tentatively placed in Strentococcus yiridansg of oral origin.
Dick (1939) recovered Streptococcus paliyariuas (Andrews & Horder) from
1004 of the lips of normal persons and concluded that thelr denosition
on glassware during drinking procegses was highly probable. Later (Dick
and Hucker, 1940) this was shown to be true in all of 100 exnminations
made. Tairty-nine perceat of 100 eating establishments examined showed
the streptococci on drinking glasses after washing. Organisms of this
general type have been isolated from bacterial endocarditis, rheumatism and
tributary lesions (Holman, 1916).

The ecolozy of the "typical® mucoid strain of Streptocogcus
saliyarius (Andrews and Horder) Sherman has been neglected. Mandia and
co-workers (1942) reported recovering it from trickling filter beds. Rose
and Ceorgl (19%1) found it in human mouths and on human lips, unwashed
and washed glasses, but not on fonites connected with restaurants. Kiven,
ot al (1942) using an axide medlum to inhibit other intestinal organisms,
recovered it from feces of 15 out of 18 persons examined. It was found

occurring in numbers ranging from 1200 to 129 million per gram of feces,

while 1n 5 of the samples it comprised 50% of the streptococci which grew.
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¥alter (1942) using the game medium wrs unable to demonstrate its presence

on restaurant ware, due to overgrowth by Proteus and coliform bacteria.

Isolation of streptococcl by means of selective media: According
to Levine (1925), Japha, in 1842 was the first to note that microorganisms
reduced selenium. It was not until 1890, however, that Chabrie anad
Lapicque showed that 0.2% selenious acid prevented putrefaction of
bouillion. Scheuerlen (1900) and 1ater Klett (1900) further studied the
bactericidal effects of tellurite and selenite on bacteria and molds.

Gosio (190Y4) studied the use of tellurite and selenite in bacterial media
ag an Indicator of mierobial growth.

Apparently the first report of the value of potassium tellurite
in selective media wag that of Smith (1914) and it is noteworthy to mention
that he suggestad its use for the igolation of streptococci, which grew in
sheep serum-peptona-tellurate agar ns "minute discrete colonies". Higs
suggestion, however, was not further investigated since it was not, as
far as could de ascertained, until 1932 that a definite suggestion was again
made that potassium tellurite be employed for the 1solation of streptococel.

Potassium tellurate was used as an inhidbitory asent in a gelective
medium designed for the lgolation of Fherthells typhoga by Browning, et gl
(1914-15). The etiology and control of diphtheria began occupying the
public health mind at about this time, and many media involving potassium
tellurite were designed for the ilsolation and typing of the tellurite-
resistant Corynebacterjum diphtheriae, Occasionally in rejorts on the

development and use of these media, one encounters mention of streptococel.

Wood (1921) noted that streptococci 414 not reduce telluric acid in his

medium and grew as greyish-white, small (less than 1 mm.), very flat, and



very transluscent colonies. Douslas (1922) renorted similar observations,
adding that black spots appeir in the center after 24 hours. The use of
potassium tellurite in a differentizl medium for isolating diphtheria
bacilli was thoroughly investigated by Gilbert and Humphreys (1926). Colony
characteristics on a tellurite medium had been used as criteria for the
presumptive presence of Corynebacterium diphtheri~e. It was felt necessary
to investigate tfm growth characteristics of a vaﬂety of other organisms
which might interfere. Sixty species were tested and thelr zrowth noted.
It {¢ worthwhile to mention here that Pneumococcl Types I, II, and 'II,
Strevtococcus hemolyticus, Stophylococcus aurens, ¥ilgerococens. tetrszenus,
Lactobacillus acidophilus, Escherichia goli, Corynebncterium diphtherise,
diphtheroids, Hemophjilus jnfluenzae, Proteus yulgaris, Troteus X19, and
Saccharomyces cor were among the organlsms slightly or not at all
inhibited.

Allison and Ayling (1929) had noted an overgrowth of tellurite
diphtheriae plates by swarming Proteus species and by staphylococcl.
Addition of 1:2,000 copper sulphate limited proteus to mimite colonies end
inhibited staphylococci and strentococci entirely. However, a "gram-
positive divlococcus® 4id arnear on throat cultures. On a tellurite
chocolate blood agar developed Ly Andereon, et al (1931) for the isolation
and typing of Corynebacterium dinhtherime, some streptococci arpeared
subsequently as fine black colonies with green haloes. Yeaste aleo grew,
as 414 "three forms of coccus,” diphtheroids, and etaphylococeci. ¥cCulnan,

et al (1936) again noted that Streptococcus hemolyticus grows ag a "minute,

flat, bdlack, glistening, circular colony with entire edges® on a tellurite
medium used for diagnosis of diphtheris while Glass (1937) reported that

concentrations of 0.04% potassium tellurite or over markedly reduces the

mmder of streptococci coming through on diphtheriec swad cultures.



Flening (1932) investigated the inhibitory effect of potassium
tellurite on 20 .opocin of dacteria. His suggestion that this salt be
used in a solid medium for the 1solation of streptococci is the first one
we have been able to dlscover since that of Smith (1914). This can be ;x-
plained by two facts: (a) The blood agar technique of Brown (1919) was |
foand highly successful for the simultaneous isolation and partial charace-
terization of streptococcl from pathological sources, and (b) potassium
tellurite wag being used predominantly for the isolation and characteriza~
tion of Aiphtheria organisns. A thorough survey of the literature concern-
ing selective culture media was made fairly recently by Garrod (1933),
preliminary to an investigation into the possidilities of a selective
medium for the enrichment and subsequent isolation of Strevtococcus
pyogenes from pathological matter containing relatively mumercus contaminat-
ing organisms. Streptococcus pyosenes was found to be alaost entirely
outgrown by Stnphylococcus aureus and Escherichia goll in ordinmary
enrichment cultures from throats. Addition of glucose and body fluids
improved the ratio relatively little. ©5:licin was found uniformly favoradle
t0o the streptococci and its effect was enhanced by serua or blood. A

trypsin bréth. pE 7.8, contalning 1% glucose and 208 hydrocele fluld seemed
to favor alpha or non-hemolytic streptococci from throat gwabs. The
relative effect of many 1nhibditory salts and dyes on three streptococci,
two staphylococci and Fscherichia g,gu_ wag determined by observing the
maximum concentration of the inhibitor allowing growth and the minimum

concentration inhibiting growth. His results, in part, follow:



TABLE III
Liniting Concentrations of Tellurite

Maxinum conce. ¥inimum conc.

Bacterial allowing growth, .~ inhiviting growth,
species ‘ in percent in percent

Strepe pyogsnes 0.05 0.01

Btrep. salivarius 0.025 ' 0.05

Strep. fecalis 0.1 Kot determined
Staph. aureus Ol Fot determined
Staph. albus 0.l Not determined
Eesch. coll 00003 00006

TABLE 1V

Liciting Concentrations of Gentian Violet.

Bagterial Avernge lowest inhiditory dilution
species dn broth in sgerunm droth

Strep. fecalis 1158,000 1:%6,000
Strep. salivarius 1:180,000 1:60,000
Strep. pyogenes 11220,000 1:96,000
Pasumocooccus —— 1:105,000
Staph. aureus 11,239,000 1:787,000
Staph. aldus 111,366,000 1:1,113,000

On the bdasis of the adove results, the medium finally selected for clinieal
use had the following compositions

Peptone broth pH T.b4 |
Potnssium tellurite 0.05% (1:2,000)

Gentian violet 0.0002% (13:500,000)
Sheep's gerum 5.0%

In a study of tonsilar swadbs using the above medium as an eariclment culture
followed by plating in blood agar, Garrod reported that Streptococcus

aalivarjug was often found to occur more mumerously than Streptococcusg
pyogeness He concluded that the medium developed lacked many of the qualities

of a satisfactory mediua for selectively isolating Streotococgus pyoszenes.
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Perry and Petran (1939) streaked throat swabs on tellurite medium
slants 23 a preliminary step in the isolation and tdentific:<tion of throat
strentococci. Fleming and Younz (19140) studied the resistance of fecal
bacteria to teliurite. suzgesting n conceatration of potagsiua tellurite of
from 1:5,000 to 1:800,000 as effective in inhibiting grax-negative organiems
in the 1golation of fecal streptococcls Thae fecal streptococcl 2re notndly
resistant to high concentrations of tellurite (Garrod, 1933). Bornstein (19%0)
conftfmed Fleming's work and further neted that the Taterococci and
Sirestoconcua equinus of Sherman (1937) grew on 13 glucose medium with
1:1,000 potngsium tellurite, whereas the lactic streptococcl end other
streptococcl tested 21d not, |

Ynterococc!l on tellurite medium grow typlcally as snall, diecrete,
solid, dlack colonies. Rose and Georg! (19%1) isalated Stre,tococeus
anlivariue from restaurant glasses on a medium containing sucrose, potassium
tellurite and crystal violet. A recent renort by Kagpar, et sl (1942)

indicates that potassium selenite moy de applicable in culturing pneuwmococci.

Although the bactericidal neture of sodiwm azide was firet
repcrted by Loew (1891), its use in selectlive media for the 1solation of
gran-positive bacterin has been i{nvegtigated only recently.

A paper ty Hartmann (193€) was the earliest citation we could
discover on the use of sodium aride as a gelsctive bacterioststic agent for
use in culture media. Tdwards (1923) studied the effect of sodium azide on

the growth of small inocula of Strentococcus mastitis in the presence of
large inocula of Fscherichia goli. It was found that a mediumn with a pR

of 6.8 allowed g00od growth of the streptococcus from inocula as snall as

31-135 cells, while large inocula of the coliform organlam were eliminated

entirely. An enrichment medium wns developed which would allow detection
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of small inocula of streptococci where ordinary plating met 0ds in blood
agar would not worke Bryan and his co-workers (1939, 19¥1) euzzested
inclusion of sodium azide in sanples being incubated for the microscopic
test for mastitis, in order to eliminnte gram-negative contaminants. Foley
(1942) reported incrensed senzitivity of n modified Hotis test for mastitis
when a solution containing sodium azide and crystal violet were added prior
to incubation. A modified Tdward's enrichment broth was also sugjested
containing sodium azide and cryst-l violet.

A fecal streptococcus count of raw v, effluent sewage has been
sugzested by Vallmann (19%0, and Wallmann, et al (1941) as a measure of the
efficlency of sewange dirnosal plants-iﬁ the removal of pathogens. For this
pursose nn enrichment broth containing 1:5,000 sodium azide (19%0) or mutrient
agar contrining 1:110,000 sodium azide (10L1) was suggested. Niven, et al

(1942) used sodium mride in a melective medium for the ieolation of

S¢rentococcrs salivarius from humnan fecal matter. On this medium,"typical”
Str-ntococcue galivariug (Andrews and Horder)Sherman grew as large mucold

colonies, while other fecnl strentococci produced small coloniles, ¥acherichia
¢oll was partially to completely inhibited. Spyder and Lichstein (19%0)

found that 0,014 sodium azide 1in blood rgar would prevent sw-rming of

proteus species nnd allow 1solation of streptococcl from known mixtures,

Later (Snyder and Lichstein, 1941 and Lichstein and Spyder, 19%1), a more
thorough investigation of the inhibition of Proteus and 1solation of
streptococci was revorted. Alterations in the molsture content of the medium
was acconplished by the use of unglared porcelain covers, increased asar
content (5%) and excess quantities of KaCl (6£). Spreading of Proteus was
inhibited in each, but isolation of beta streptococci was prevented by
dessication of the medium or because the beta-hemolytic streptococcl were salt
sensitive. Addition of blood to the medium caused renswal of Proteus
spreading. Sire-tococcus yiridsns, being insensitive to 6% sodiun chloride,

could de isolated on salt maedia, The viridans streptococci referred to here
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mgt be the fecal type since all others are sengitive to thst concentration
of salt. {Sherman, 1937). Iactic acid, alcchol, sodium azide snd potassium
tellurite were employed in gelective media. Only sodium aside snd ethyl
aleohol were effective, but alcohol crused hemolysis of blood, oﬁfiating
i{ts use in blood agnr,.

Stiles and Chapman (1942) reported a Bacto tryptone azar medinn
containing sodium azide and orystal violet as effective in eliminating
proteus spreaders and Xscherichis coll from mixsd cultures of these nnd
streptococci. Nagal isolations were simplified by this mediua on which
diphtheroids and staphylococei did not grow, Later,(Personal communication)
methylene violet was added to lower the toxicity of crystal violet toward
streptococci. The only report wherein sodium azide was used in restaurant
sanitation etudies wae that of Walter (19%2) who employed the medium of
Niven, gt 2l (1942) in e study of streptococel occurring on restaurant
glassware. His results were negative due to overgrowth of the medium by
coliforms and yeasts.

Other means for detecting streptococci inm mixed cultures have
been reported. Finslow and Sonjiyan (1924) employed & lactose-litmus agar
in detecting the presence of acid-forming streptococci in air, in respira-
tory passages and on fomites. Krumwiede and Kuttner (1938) described a 5%
sheep blood medium as selective for the isolation of beta-hemolytic
streptococel from throat cultures. Sheep blood is inhibitory to Eemgnhilus
Demolyticus and Hemg-hilus influepnzne. Polpmers (1940) used caffeine in a
lactose enrichment medium for streptococci. Dick (1939) studied the occurr-
ence of Streotococcus saliyarius by culturing 1ip and glass swabs in enrich-
ment broth followed by plating on 8% veal-infusion agar. Later, (Dick and |
Hucker, 19%0) crystal violet was added to the medium to inhibit the growth

of other cocci which might be prosent in saliva and on lips. The salivary
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streptococct were able to grow well in n concentration of 1:100,000
orystal violet.

Ko reports on the use of sodiun azlde in enrichment medin hive
beun founi in the literature nor have there been reports on the occurrence

of "typicnl® setralns of Stirontococcus palivyerius other than that of Rose
and Georgt (1511).

MTZVHODS AXD VMATFRIALS
Culture media
Stock broth: The medium commonly used for culturing test organisms in
broth prior to inoculation was that suggested by Hutner (1933) and had the
following constitution!

Beef extract 3 grams

Peptonired uilk 5 grams
Tryptone 1 graa
Yeast extract 5 onas
Gluoose 2 grans
Calcium cardbonate excess
of dipotnseium phosphate 3 grams
Dirtilled wnter 1000 ml,

It wns unnecessnry to adjust the pl{ of this medium, the pH falling conelet-
ontly batwren 7.0 and T.2. It was diccovered eorly that the presence of |
onlciun carbenote interfered in the detection of grovth of certain *rtypicnl®

straing of Strevtoecccus goliverive, ~2nd 4ipoteseivm phos-hrta wae therafore

substituted ns the Mffering ngent.

Bagal gubetrnte for galective melist The bdnsal medium ueed in ell celective

medin, vith the exception of tho-e noted in certain apecinl experiments, wns
that of S~fford, et al (1937) =nd hnd been used in previcus work. (Foee and

Oaorgt, 18M1) Its cozstitutloa ic ne follows:
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Beef extract 3 grans
Proteose peptone 5 grans
Yeast extract 5 grams
Glucose 1 gran
Sucrose, glucose, or

fpulin 10 grans
Dipotassium phosphate 3 granms
Agnr (1f present) 15 grans
Distilled water 1000 =ml.

The original broth medium as proposed by Safford, et al (1937) contalned
an excess of cnlcium carbonate as a buffer, dut we consistently added
0.3% dipotassium phosphate in its place except where specifically noted.
Special exverimental mediat Two special substrates vere employed in some
of the experirents, Their composition is as follows:

A. Mediun of Niven, ot 2l (1942)

Sucrose 50 grazs
Tryptone 10 grams
Yeast extract 5 grams
Dipotassium phosphate 3 grans
Agar 15 graas
Distilled water 1000 =ml.

The pH of this medium was usually arocund 7.0. If not, it wns
adjusted to 7.0 prior to sterilization except in special exveriments as
noted.

B. Medlum of Chapman (1942) modifled:

Bacto tryptose agar 46 grams
Sutrose 10 grams
Sterile defidbrinated

horse blood 50 ml.
Distilled water to 1000 ml.

The pH of this medium was adjusted to 7.0 prior to sterilization.

Difco dehydrated products were used consistently for the nitrogen
sources. Carbohydrate sources were Coleman and Bell or Mallinkrodt C. P.
products. 41l solid media were prepnred in Ehrlenmeyer flasks and

sterilized at 15 1bs. for 15 to 20 minutes and cooled to 50°C. Sterile



inhibitory agents were added aseptically and plates poured directly from
the flask.
Preparation of iphibitory rzentst Crystal violet was prepar<d in 1%
acueous soluticn and allowed to stand two to three weeks prior to use.
At the end of thie time the solution wns essentially sterile tni wns
handl ed vtth sseptic precautions thereafter. Potassium tellurite (Fimer
and Anend or Coleman and Bell) was precared in 14 aqueous solution, passed
through filter paper, and sterilized by filtration through & Berkefeld "W
bacteriological filter. The resulting colutiam was stored in gterile
bottles and handled with aseotic precauti ons. The conceatration of
potagsium tellurite in these soluticns wns determined by the method of
Treadwell and HEall (1928) and was found to be 0.899% and 0.324% for the
Eimer and Amend and Coleman and Bell products respectively. Sodium azlde
was preparcd in 1% aqueous solution and sterilized in the same maaner as
the potagsiua tellurite. Both the tellurite and azide soluticns were found
to be stsble for at least two to three months.
Stock cultures
The stock cultures used in these experinents with their

experiaontal mmbders, classification, and source are listed in the following

table:
Classification Experiaental Source
mumber

Streptococcus salivarius S2KD Dr. J. ¥. Sherman
" " S20B Dre Jo M. Sherman
" . 83 Restmurant glass
" . 80 Restaurant glass
" " 102 Regtaursnt glase
. . 3 Restaurant glass
. * 208 Pestaurant glass
¢ . Smu Dr. :. “o Sherl&n
. . 6 Restaurant glass



Classification Experizental Source
nmomber

Streptococcus liquefaciens University of Nebraska

. " 16 Restaurant glass
Staphylococcus aureus T.D.A. University of Kebraska
Escherichia coll University of Nebraska

. " ‘ 2 University of Nebraska

. " 3 University of Nebraska
Aerodacter aerogenes University of Nebraska

L . A3 Iowa State University

» . A6 Michigan State University
Proteus wvulgaris Hovy University of Nebraska
Proteus morzanii University of Eebrasia
Proteus species : Restaurant glass
Salmonella typhimurium University of Nedraska
Slow lactose fermenter ¢l University of Febraska
Saccharomyces cerevisiae University of Hebragka
Saccharomyces ellipsoideus University of Nebraska
Torxla lactosa University of Nedraska
Bacillus subtilis University of Nebraska

Special attention is called to the following: Streptacoccus
salivaring 525D, S20B, $20, #83, and $102 are "typical® strains (Niven, st al
1941) forming mucoid colonies on sucrose-containing agar, The nnture of
Skrentococcus salivariug #3 is etill in queetion. Although it has dbaen
consistently demonstrated bty us to be present in the human mouth, it
apparently has some of the characteristics of Streotococcus doyls (Sherman,
1937). It ferments glucose, maltose, and lactose, but not mannitol, imulin
or glycerol. It produces a very typical hard, cz"ystalune aphearing
colony on sucrose medius, sugcesting that it produces an insoludle levan
similar to that of Streptococcus bovis (Niven, et al, 19%1). However, it
markedly differs from this organigms in several respects, viz: it fails to

ferment salicim and produces a final pH in glucose broth of 4.8 to k.9

instead of the reported 4.0 to Mol of Streotococcus boyis. Whereas this.

latter organiem may or may not curdle milk, this bacterium does. Some

straine have been isolated which are short-chain types fermenting salicin

and any de ftreotococcus boyis varietiee. An exmmple ig Strain $208.

Cultures SHUA and #6 are "atypical® straing of Streptococcuy
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galivarius, The latter has been consistently demonstrated in abundance
in the human mouth, on washed and unwashed glasses, and in wash water.
This strain 1s characteristic of the "atypical® forms reported in this
paper. It and other similar strains are gram-positive diplococci sometimes
ocourring in short chiins anid have been found t0 produce an alpha to alpha
prime hemolysis on blood agar, the colonies bearing marked resemblsance to
poeunococcus dlood agar colonies. Ia broth it grows with falnt diffuse
turbidity followed by sedimentation and clearing of the supernstant. This
again is characteristic of the pneumococci, as 1s the production dy these
strains of demonstrable capsules when grown in milk cultures. It produces
weak acid in litmus milk and a final pH in glucose broth of 5.4, It ferments
salicin consistently but may or mry not ferment lactose and glycerol.
Variations in lactose fermentation seem to occur @uring straln variations
which havrisnobeerved. Bile soludbility tests, Neufeld reactions, mouse
pathogenicity, and inulin fermentations wers run on cultures of §6 and
similar organisms in an attempt to link them with the pneumococci, btut all
tests were inconclusive. Another odd characteristic is its ability to
survive 60°C far 30 minutes which has been consistently demonstrated inm all
strains. Thege properties indicate the organism is apparently a form of
eral streptococcus and, camsequently, we have chosen to call 1t *atypical®
Strevtococcug g-livarius.

The culture labeled Proteug specles ias brought to out zttention
Yy its repeated occurrence on plate: of tellurite-crystal viclet selective
medin streaked with swabs from drinking glasses. It forms large, spreading,
mucoid colonies only when grows on a gucrose zmedium containing tellurite.

Itc ocourrence caused quite a bit of troudle in the isolation of oral

streptococci. On 1solation and purification, it was found to be a gram-
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negative to gram-%ariable rod producing acid and gas frox glucose, maltose,
sucrose, gnlactose, mannitol, and fructose but not lactose, inulin, or
-glycerol. It utiliszes sodium citrate as the sole source of cardbon, produces
no indol, ecetyl methyl carbinol, or hydrogen sulfide and only slowly acidifies
litmus milk, MNethyl red tests are positive and nitrites and azmonia are
formed from nitrates and 4% pentone water. Its characteristics fit none

of those listed by Bergey, 2% al (1939) for specles of Proteus, consequently
1t was 1isted simply as Proteus species.

YIZLD TECONIQUES
In field studies, tvo samdling pfocedures were used, The first

technique, used primarily when testing the effactiveness of snrichment
media in 1solating streptococel, was a modification of thit of Fsllers,
et a1 (1936). Tightly wound cotton swabs were suspended throush rolled

cotton pluzse in a test tube contdining a small amount of water or moistened

filter paper. These wers sterilired nt 15 lbs. for 15 mimtes. A gnapling
kit consicted of a gpecial carddboard carton containing space for 40 tubdes.

Twentyswabs and twenty tubes of enrichment broth were carried oz each trip,

thus furnishing enoush material to test two restaurants. The glass to be

tested wes gwabbed vigorously around the outside and inside of the rim with a
swad previously sglightly moistencd in the sterile water. The cotton plug
from the enrichment tube wag removed 2nd the swad plus its pluz lnserted.
After vigerous sgitation to suspend the organisms, these enrichmest tubeg
were returned to the laborstory and incubated.

The final fielq oxp@riﬁents were carried out in conjunction with a
geaernl restaurant sanitary survey being conducted at that time. The sampling
procedure wns thrt of Hucker, et sl (1642) in which the swab w-.s suepended
in 5 ml. of sterile water to be used for plating purposes. For the purpose

of this experimezt, one ml. of the survension water plus the swad served as
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inoculum for the enrichment brotbs. In this maaner the percentage recovery
was probabtly lessened somewhat, btut the procedurs fitten in well with the

general restaurnnt sanitation survey technique under investication.

IX iR INENTAL PROCEIURR
Study of Inhidbitory Rffect of Selective Agar ¥edia on Bacterial Speci‘n.
‘Dlek and Hucker (1941) reported that Strestoceccus m

occurrad normally on all human lips and wers doaogi‘d in nll crses during

the drinking process. In a pravicus report on the devalopmeat of n

selactive medium for the ismolntion of "typienl” Strentogoeocus salivering
(Rose and Georgl, 13%1) these broteria were isolated froam oaly .bs;i of the
unwghed and 103 of the wnghed glneses tested. It wns felt s thnt tize that
the remilts obtained were not indicative of the true occcurrence of theve
organisms on restaurant wnre, and that possidly the medivy, as reported,
was too inhibitory to mllow growth from the relatively mmall {nocula expected
from waehed glasses. That this hypothesis might de true wns born cut by
fleld wurveys conductad with the seloctive mediun. Decker (pereonal comzuni-
cntion) was unable to demoastrate tha prasence of Strantognccus saliv-rius
on waghad slassas. A gurvey of taverns and restaurants §a a nationnl

defanen sren bty the Nebragka State Dennrtment of Mablic Health rleo friled
to demonstrate the occurrence of thesze organiaems using the techalque eug-

gogted (Unpublished data). A review of the inhibitory power of the medium
728 etad Uy us in coaparison with othar eelestiva medin wns therafore

undertaken,
The medin eusloyad were e follows!

A, Niven, g% 8\1. (1942) bagal substrate plus 0.0°% godiua mride. (Hersafter
ealled XSS
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B. Rose and Georzi (1911) bagal substrate plus 0.03% votassium tellurite
and 11500,000 crystal violet. (Hereafter called RS)

C. The RO basal substrate plus 0.03% potassiua tellurite.

D. Modifled Chapman's (1942) basal substrate plus 0,028 sodium aside.
(Herenfter called CH)

X, The RG bdasal substrate with 0.C2% sodium azide and 0.03% potagsiun
tellurite.

A number of organisms representative of the types expected to

occur on wiehed glasses wvere chosen and cultured in the gtock broth for
12-24 hours prior to streaking on the selective medin. Tach nodlﬁn was
preparsd with and without the inhibitory ageuts. One loopful of stock dbroth
cultures was streaked across the surface of both coatrol and test media
and the relative growth noted. In this manner the effect of the variations
in substrate and inhibitory agents could be compared. The pH of the gube
strates was varied by adding sterile E/1 FaOH ageptically to the media and
adjusting electrometrically to pH 7.0 or 7«3 in an attempt to determine the
effect of reaction on inhibitory power. All media were incubated at 37° C
for 72 hours prior to recording the re§u1ts. it having been determined defore
that this length of time was necessary to assure a maximum and typical growth
response.

A preliminary comparison was made between the growth of seven
cultures on the KSS medium at pH 7.0 2nd 7.3 and the RG medium at pH 7.3.
The results indicated that both media at pH 7.3 might be inhibitory to
ltr;ptococci. Thig observation wag more or less confirmed in a second
experiment which was limited to a study of the KSS medium at pH 7.0 and 7.3
but extended to include a greater number of dbacterial species. It will de
noted in Table ¥ that the grim-negative organisms and the yeasts were more

effectively inhibited at pH 7.0, although in one imstance (S20B) the typieal
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ZABLE ¥

Growth of Fourteen Bacterisl Species on The NNS Vedium at Two

Hydrogen Ion Concentrations

Bacterial specles 1.0 PH 7.3
Plain ¢ Plain lal3
Salmonella typhimurium ** - *~» .
Slow Lactose Fermenter §1 -~ * *” -~
Proteus morganit ) + ~» ~
Proteus vulgaris (Novy) -~ + * ‘ ~»
Staphylococcus aureus (P.D.A.) + + ~ -
Aerobacter asrogenes *~ - ~ -
Saccharomyces ellipsoideus - - - -
Saccharomyces cerevisiae *~» ¢ - -
Torula lactosa - - & -
Streptococcus salivarius (S25D) * +* + *~
Streptococcus salivarius (S20B) ++ e *-* e
Streptococcus salivarius ($383) +~ ++ ++ +
Streptococcus liquefaciens +~+ + * -+
Proteus specles *~ + + 400

¢ Qum formation inhibdited.

¢¢ Tendency to form mucoid colonies and spread at this pH,
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gum foruation by thils streptococcus wes 1mp81red. The eprending of Proteug
species which tended to form mucoid colonies at pH 7.3 was effectively checked
when a pll of 7.0 was used.

To obtain further 4data on the inhibitory power of medium KO,
fourtean bacterial cultures were srown on the basal sudbetrate, on the
brsal substrate plus 0.033 votassium tellurite only, ani on the medium as
revorted. The pH was varied in each instance and the growth was reported
in relation to that occurring on the RG basal medium ne a control. The
results are presented in T™idle VI. %With potassium tellurite ns ths scle
inhibitory agent, yeasts ani sone grrm-negitive organisms were able to
grow to a elieht extent at both pH 7.0 and J.3. Two strains of "typical®
Streatococgug salivariua were markedly inhibited by the RO medium at both
pl! 7.0 and 7.3 whereag, in the absence of crystal violet, zrowth rlmoat
equ~led that on the control media. However, the Proteug sveclea were
observed to grow abundantly in both inhibitory media and n~t elther pH,
while Protenus yulgnris grew uninhibited in the RG medium at pH 7.3. These
results seemed to indicate that the G nedium, either asg first reported or
without crystzl violet, inhibited all organisms which might occur on

glagsware,

All of the selective media were tested simultanecucsly to obviste
errorg nrisinz from the age or viability of the inocula. An atiemnt vwas made
to judze the relative growth more closely. The pH of the medla used »g

_maintained at that origlanlly reoorted, viz,

RQ ol
N3S pH 7.0
CH pH 7.0

The RG bas2l plus 0.01% potagseium tellurite and RG basal plus 0.03%

potassiun tellurite and 0.025 eodium nzlde were adjusted to pll 7.0 since the
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TABLE VI

Growth of Yourteen Bacterial Species on the RG Bassl Kedium at Two
Hydrogen Ion Concentrations and Containing Potassium Tellurite
and a Combination of Potassium Tellurite and Crystal Violet

e me,  Iies

Bacterial species
pH 7.0 piT7.3 pHE7.0 pHT.3 pHT.O0 pH T3

Sal. typhimuriua * * - - - -
S L. . 1 -~ + - - - -
Proteus morganii ++ + * - + +
Proteus wulgaris e ** + + *h +*~
Staph. aureusg F.D.A ++ * + - -
Aero. aerogenes ++ ++ - - - -
Sacch. ellipsoideus *x - * @ - -
Sacch., cerevisiae +~ ++ + & - -
S. salivarius(S25D) ++ ++ ++ + + ~
S. salivarins(S20B) ++ + +3e +1e - %
3. salivarius($83) -~ *~ o +a* . +
3. 1iquefaciens ++ +* *+ ~ ++ +~
Proteus specles + Aad ++ ++ *~ *

®* There was a tendency for gum formation to be inhibited on this medium.
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foregoing experiments had seemed to indicate, at ieast in the media containing
sodium azide, that these inhibitory agents were more effective at a reaction
approaching neutrality. The results of this experiment aovear in Table VII
and are also presented in graphic form in Figures I and 4. Pigure }-
presents a comparison between the growth response of microorgnnisms other
than "typical® Streptococcus salivarius and that of the "typical® strains
used. PFigure 2 presents ossentinllylthe same compsrison with the exception
that growth responses of all streptococcl as agninst all other test organisas
1¢ included. A review of the data shows that all of the media investigated,
with the excention of RG basal plus tellurite and azide, lack some property
which would make them an idenl selective substrate. The inadility of RG,
NSS, and RG basal plus tellurite to suppress the growth on fcontaminatlngf
organisms such as Proteus, bacilli, and yeasts was again confirmed. The
inhibitory power of RG medium toward the streptococci was reemphasized.
The CH medium was found to be ineffective since all organisas used, with
the exception of Torula lactosa, grew even in the presence of the scdium
azide. The RO bdasal plus sodium azide and tellurite seemed to be effecti;e
in eliminating or hindering the growth of all but the "tynical" streptococci
and Strentococcus liguefaciens.

An experiment was carried out with this medium in an attempt to
det:rmé:e how much inoculum was needed to initiate growth on its esurface.

en

One/ cc. 1nocula from the original broth, 1:1,000, and 1:10,000 dilutions

of twenty-four hour old cultures of S25D and #83 were streaked on the
surface of agar plates. After incubation for two days the srowth respouse
was recorded as it appears in Table VIII. The datn indicates that this

medium was inhibitory to even relatively large inocula of "typical®

Streptococcus galivarjus., At the same time, eight strains of "typical®
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TABLE VII

Crowth of Migro-organiems on Media Pesigned for Selective Igolation
of "Typical® Ztreptococcus galivering

Bacterial Growth on Selective Media®
species

Iee 11 I Iv v
lsoheri.chia coll - - Az - *
Aerc. aerogenes * * * - 3
Sal. typhimurius - - +x - *
Slow lact. ferm. §1 - - * - +2
Proteus morganit + o+ 4+ - *
Proteus vulpgaris +et N + - +~
Proteus species Aanald e + + *»
Staph. aureus - -+ 4+ *2 e
Bacillus esubtilis E e * - ~
Sacch. cerevisiae + ~ -+ +a ++
Torula lactoss + + * + -
Strep. liquefaciens *+ haad s by +he e
Strep. saliv. ¢#6 - + vt -~ PN
Strep. saliv. #5250 e *rte et e e
Strep. saliv. 433 -+ Mo aad et e rte

® Results recorded on comparative basis with growth on control equal to ++++
** 1 = The RG basal medium plus K Te03(0.033) and Crystal violet (1:500,000)
I1 = The BO basal medium plus K27e03(0.03%)
11X = The ¥NS mediua (0.02% Ealz)
IV = The RO dagal medium plus £27e03(0.03%) and M}(0.0aﬁ)
¥ = Modified Chapman's medium (0.03% Na!;)
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TABLE VIII

Effect of Inoculum Size on Initiation of Growth
on ths Surface of Azide-Tellurite Agar

Straln Dilution of inoculum
Fo. " Direct 111,000 1:10,000
$250 * v -

Probtnble nunber of
cells in inoculum 10,000,000 10,000 1,000
Streptogaccua salivariua, two "atypical” strailns and two etraing of

Strentococens limefnclieng were inoculated on the surface of agnr clates
in order $o determine the type of iniividual colony formation appearing

on this nedium. The resulte.indicated that “typical® mucoid colony growth
as previcusly observed by Rose and Ceorgi, (19%1) was suppressed iz all
instnnces, the growth heing limitad to minmmte ecolony formation. It became
aypnr;nt that none of the medla tastad were ndequate for the purpose
intended.

Zvidence further confirainz,.n part, the nmbove axoveriments
was obtained by earrying out quaantitative studies on the reduction of growth
from onall inocula. Three media were employed in these studies, viz., KNS,
RG, and RG basnl plus 0.03% ootxssium tellurite. Cultures of three "typical®
strains were plated from 1:5 million eor 1110 million dilutions in
quintuplet into the media without inhiditors as n control nand into test
medin. After 18 to 72 hours incubntion, counts were mnde anl the inhidition
recori~d as percent reduction of noumbers in test va. control plates. From
the results of A preliminary experiment with one sirain of streptococcus, it

wns anpareat that NSS medlum at both pH 7.0 and 7.3 would allow srowth from
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mimite inocula of Streptococcus salivariug while RG medium entirely

suppressed growth. These preliminary results were confirmed in an expanded
experiment, the results of which are presented in Tadble IX. The RG

medium entirely eliminated inocula as great as 133 cells of S20B, while an
inoculum of approximately 92 cells of S25D was unable to grow in the RO
basal plus tellurite along. Thess regults further indicate that the medium
of Niven, et n]l (1922) i3 relatively moun-inhiditory to small inocula of
streptococci. This medium was not employed for field analysis, however,
since Malter (19%2) had ueed it in routine restaurrnt sanitation studied and

had found isolstion of streptococcil impossidble due to overgrowth of the

TABLE IX
Quantitative Effect of Inhibitory Media on Growth
from Small Inocula of §treptococcus sallvariug
Hedia®
Strain A B ¢
No. pol: 4 Plain l!al3 Flain KzTeO3 Flain X5TeO3
' Crystal
24 n,2 "31“ g 0
'8 7'0 oo L4 30
2 7.3 25 :g 34 0 2.4 0
82 1.0 3.2 0.6 4 0 92.6 1.6
? 7.3 2.2 0.8 2 0 3.2 0
$203B 7.0 69 b3 133 0 3.8 0
1.3 12 45 113.2 0 29.2 0
"Nedia

A. MNiven, Smiley, and Sherman (1942) medium
B. The RG medium
C. The RG basal medium plus K27e03 (0.03%)

SeAverage mumber of colonies appearing on five plates.
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plates by Protens, coliforms, and yeasts. It became apparent that the use of
a s0lid medium in the 1solation of streptococci from washed clagses was
attended by several difficulties, not the least of which was an inability

on the part of the organisms desired to initiate growth from small inocula.
Yhen the inhibitory power of a selective medium was reduced, undesirabdle
contaminants appeared. Thess facts seemed to indicate that an enrichment
culture might be essential to assure a larger percentage of 1solations.

With this in mind, the following eseries of experiments were undertaken.

Development of ¥nrichnent Medium
Tellurits crystal yiolet droth: An atteapt was first made to employ the RG
mediun as & broth enrichment culture for inocula from wighed glagzes. Two
restaurants, a luncheonette and a tavern were examined over a ten-day period.
Ten glasses from each establistment on ten successive days were sampled
according to the technique previously outlined. The swabs were immersed
at once in the enrichment medium, agitated vigorously, and allowed to
incubdate for U8-72 hours at 37° C. Ipnocula froa tubes showing growth, as
evidenced by turdidity or reduction of tellurite, were streaiced on the RG
80114 medium and allowed to incubate for 48 to 72 hours. Colony character-
istics of those organisms growing were noted, and some were igolated for
1dentification. The results are presented in Table X. A review of the data
shows that of the YOO glasses tested, 15% carried "atypical® Streptococcus
galivarius, while only 1.5% carried the "typical® strain. It was evident
that an enrichment medium of this constitution might also be too inhiditory
to the "typical® strains desired.
Effect of reducing conditions on azide inhidbition: The possibilities of

vsing godium agide in the RG bagal medium was explored. Other experiments



- U2 -

TABLE X

Recovery of Streptococci from Washed Glasses
Using a Tellurite-Crystal Viclet EFarichmnent Fediun

Percent Recovery of Streptococci

Regtaurant Ko. Glasses "Typical" *Atypical® Other
Kuaber Tested Strain Strain Streptococed
1 100 o 10 5
2 100 2 2 3
3 100 0 2 27
L} 100 4 27 10
Total 400 1.5 15 11.3

(Ses Part II) had 1mdicated that sodium azide was a more powerful imhidiger .
under reducing conditions. A series of experiments involving the addition
of gradusnted azounts of cysteine were undertaken in an attempt to determine
the concentration of cysteine which would render the redueing conditions
most favorable to growth of Stireptococcns salivarius, while inhiditing
"contaminating” bacteria.

Crowth was quantitatively determined as turdidity by means of &
Coleman spectrophotometer at 650y. Por the purpose of large experiments,
a gerieg of 18x15%0 mm. culture tupol were selected which varied no more
than 1% from a given standard tube contsining the medium to be used.
The RG basal mediwam at pH 7.2 plus 0.02% sodium azide was employed as the
gsudstrate with varying concentrations of cysteine. This medium was tubed
9.2 cc. per tube and sterilized. Fourteen to 16-hour old cultures were
inoculated 0.1 ml. to each test medium in duplicate and the sub-cultures
incubated for 2U-48 hours at 37° C., prior to collecting turbidity data.

In order to follow the redox conditions in the experiment, inoculated or
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uninoculated controls containing methylene blue were carried simultanecusly
with test media. Control medla, less the inhibitor, was inoculated in each
{nstance and the inhibition was ealculated ns the percent reduction of
growth as follows:
There A = Total growth in control = 100 - observed opacity

B = Total growth in Sest media = 100 - obgerved opacity

x = Percent reduction
The percentage growth in test as compared to control media can de calculated
from the ratio A/B = 100/x so that x = 100 - 100B/A

A review of the data from these exveriments, representative results
of which appear ia Tabdle XI, indicated, primarily, that the desired regultes,
6.8« increased inhidition of gram-negrtive orgnnisms by reduced potentials
and concomitant non-inhibition of streptococci, could not be realiged by
the addition of cysteine to sodiun azide droth or semi-solid agar cultures.
Examination of the results for any one particular organisam shows growth to
be erratic with no conatant grndation either in test or control medla. In
genernl, the results show that grrm-negative orgnnisms are inhibited 60 to
90%, while the cocci are inhibited but 15 to 40fpercent. These percentages
obtalned in all media studled. It was concluded, therefore, that satisfactory
routine results could dbe obtained by the use of sodium azide droth without
added cysteine.
Zffect of Izoculun Slze on Initiation of Growtht Previous experfence has
indicated that information on the inhibitory power of a selective medium on
small inocula was highly desirable. A geries of experiments were undertaken
to determine what effect dilution of inoculum had on initiation 6! growth in
the azide enrichment broth.

Sixteen-hour old broth cultures of "typleal” Strentococcus

Aalivarius and other organisms likely to interfere with f%q growth in
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TABLE XI (con't)

* 1 = The R basal medium(glucose) + 0.02% Nal. Cultured under
anaerobic conditions.
Il « The RG basal medium (glucose) ¢ 0.02% ¥all,

IIl = The R3 basal mediun (glucose) + 0.,02% Haliy and 0.05% cysteine
IV « The RG basal mediunm (glucose) + 0.02% ‘d3 + 0.1% cysteine

and 0,058 agar.
Y = The RG basal medium (glucose) + 0.02% mB and 0,15% cysteine

¢ Average turdidity reading. Lower readings = hexvier growth.
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earichnent culture were serially diluted in units of ten 1n sterile S0 ul.
water blanke. One ml. aliquots from each dilution were inoculated into
tubes of Aazide earichaent droth fron each dilution, the final concentration
of inoculua being 10x greater than thé dilution from which it was inoculated.
Growth in glucose and imlin-containing azlde droths were compsred with
inhibitor-free controls. An imilin-containing substrate was included in
view of the report by Niven, =t 21 (15%1), who correlated inulin fermentation
with the characterization of thair "typlcal® Streptococcus snlivarins. Yew
organisms ferment this polysaccharide, and it was felt that ite inclueion
mnight ald in the igolation of the desired organism. TFive tubes were inocu-
lated in the case of "typical® strains while other organieme were inoculated
in triplic~te. All tubes were incubated at 37°C for U8 hours and readings
taken at varicus timee. The regulte are preszented in Table XII.

*Typical® strains $25D and S20B wvere adble to grow from inocula as
dilute as 1:10 million when cultured in sn azxide medium containing glucose,
Previcus experiments (see page 40) indicated tbat similar dilutions of these
organisms contained in the neighborhood of from 50 to 100 cells. In an
fnulin-containing substrate, however, growth of S25D was initiated in the
1:100 dilution and then only in the control tubes less sodiux agide. An
inoculum of approximately 500 to 1000 cells of S20B were required to initiate
grovth in an imilin-azide medilum. Culture # 208, vhich is a *typical®
S4r-ptococcus sliyarina forming a crystalline rather than a mucoid colony,
and "atypical® strain §6 were able to initiste growsh in either media from
mimte lnocula. Xscherichia ¢oli nnd Proteus species were markedly inhibited
in the higher dilutions in doth selectiv; media dut Stenhylococcns purens

and Streptococcus liquefaciens #16 were able to grow from emall inocula.
In another experiment, the effect of imoculun size on growth of

two "typical® strains in Jlucose-azide bdroth was reinvestiznted. Dilutions
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were increased 100 folld over those of the previous experiment and turbidity
data on triplicate tudes was also tsken. The results vresented in Tadle
XIII indicate that growth in azide enrichment media can de initiated from
extremely minute inocula. Data from previcus experiments (see page L0)
indicate that the inoculum in a 12100 million dilﬁtirh approaches 1 to 10
cells. It is appareant that the relatively small inocula from restauvrant
glassware night easily initiate growth in enrichment media of this nature.
It hed been observed bdeforehand that the ratio of growth in the
plain medium to gro_'th in atide medium was a constant regurdless of inoculua
site. The turbidity data gathered confirms this obserwation. The ratio of
growth in plaia medium to growth in aride medium as determined by turdidity
was plotted azainst dilution of inoculum. ZThe resulting graph in Fisure 3
indicates that this ratio 1s a constant, for all practical purnoses, Over a

wide range of dilutions.

Y1ield Studies

Isolation of Streptococcus gnlivarins from unwashed glasses: An exmeriment
was undertaken to determine the effectiveness of this enrichment medium in
the 1solation of "typloal® Strentogoccus salivaring from the mixed popula-
tions ocourring on unwashed restaurant glasses. Glasses from a c-wmpus
restaurant were chosen at random, and, since this experiment wis carried out
in the summertime (July, 1942), these included water, iced tea and coffee,
and milk glasses. Swads were made in the usual ' manner and finoculated
directly into the enrichment medium, sgitated vigzorously, and incudated for
24 to 48 hours at 37°C. At the end of the incubation period,which varied
with the time required for growth to appear, a loopful of the culture was

streaked onto the RG medium. 7The plntes were then incubated for 72 hours

and exaained for colonies. "Typical® and "atypical® colonies were noted



*S9qNy O3LOTTGTIY JO JUTPEOX L£3TPYQING OPUIIAY o6

*IIXY 91Q] U} Sv uES VIPIR o

- el 89 69 85 st Iy Ix .
Gl L 8 l l l L l Y ases
! In ™ 2n m 1Y i)} ne g
e 61 61 61 o2 st 81 sell R 4 €02s
gLt ROOTe T ROUIT 140 JOOTIT IOT'T  000T 1 00131 wmy po x oK
eany 10y

mnoouy Jo uoinINd

WA[PIN FUPUTUIUO-ODISy We Uy p tF TTOTBTTIASILS JO Supwlss oayl £q
5.6.57»0.«.3558%535:3ooouﬁmu«-dsaguonnuono:pﬁn

IIIX ETEVE



. P\\a\‘vv:.: dC L iy gty — —-

Wi
:

Adoo/
4~

R

HIMOYD 40 oLwvYy

YIoIW NIIMLIE
‘WIaIW 3012V

‘SA VIOIW NIVId NI HLMOYD 40 ALILNVND
NO WNTNDONI =H0 NOoILNTIg JO0 103443

‘¢ ‘'91d

) 1§ C : H :
i SR i i __
e e -d-- Ak
AR E S ARt T i N
e V : '
; : Lo
T S !
T 3B . :
: RO
: e : |
i B B |
I ST B 1 |
L i e ; |
BRI
S i
[BREEEEE FETE SN U R : ' T
I _ I




-5 -

and obm were igolated for further study. Psrcent occurrence of all forms
plus ths total percent carrying any typse of atrentococcl was crlculateld,
the results apoearing in Tadle XIV.

Attention 1s callel to the fact that the "typlcal® Streptosoccus
2nliwriue forming a hard, crystailine colony was the predominant*typieal"
form isolated with imlin as an enrichment sudstrate, while the "mucois”
form was isolated more frequently with glucose as the substrate., A high
percentage recovery of "atypical® forms occurred in any instance. These
rasults correlate well with those previously reported (see peze 47) on the
adility of these strains to initiate growth from mimute inocula in glucose-
and Amul in-azide enrichment broths.

Isolation of Streptococeus galivarius fron gashed glessest In a survey of
the occurrence of Strentococcus salivarius on waghed restaurant glasses,
fort?‘ restaurants, luncheonettes, drug stores, and taverns were exsmined,
ten glasses in each estadlighment being snmpled in the routine manner.

¥Yhen growth appeared in enrichment cultures, sub-.cultures were nade on the
RG solid medium as Defore. Three enrichment media were emvloyed in this
study: (a) the RG basal medium (glucose as carbohydrste) nlus 0.1% cysteine,
0.05% agar, and 0.02% sodiun azide, (d) the RO basal medium (glucose as
carbohydrate) plus sodium azide( 0.024), and (¢) the RG basal medium (imulin
as the carbohydrate) plus 0.02% sodiun agide. The results obtained have
been racorded as the incidence of two forms of “typlcal® Stre-tecoccus
ghlivariya and one form of "atyplcal® Strentoceceus snlivariys (a) ta
restaurants, (b) on washed glasses from these restaurnnts, and (¢) in wash
and finso waters. A gurvey of the datn in Table XV shows that ®atypicel®
strains were recoversd from 73 to 100% of the restaurants examined. Dishwaghing

procedures of 18.8 to LM1hf failed to remove "typical® strains from all of

their glasswire. When a glucose-containing substrate was used, “typical®
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TABLE XV

Incidence of Oral Streptococel
Determined by Three Types of Enrichment Medla

*Typical® Strains®® *Atypical®
Earichment medium * 'l‘c::;d Strain
No. A 4 No. - % Ko b 4
In Bosteurents
A 15 5 3343 0 0 1 73.3
3 9 b Y 0 0 9 100.0
¢ 16 3 18.8 9 563 14 £7.5
On ¥ached Glasses
A 150 ] 5.6 0 0 N 22,7
B 83 5 5¢7 0 0 59 67.0
o 160 3 1.9 1 8.8 & 40.0
In ¥ash and Rinse Waters

A Yash 13 2 15.4% 0 0 7 53.8
Rinse 6 0 0 0 0 1 16.7
B Wash 1 3 43,0 0 0 3 k3,0
Rinse 3 0 0 0 0 3 100.0
] Vash 9 0 0 0 0 5 556
Rinse 5 0 0 0 0 3 60.0

—

® A = The RG basal droth (glucose as carbohydRate) + 0.1% cysteine and 0.05% agar, + Na¥
B = The RO basal broth (glucose as carbohydrate) + 0,024 NaX (0.02%7
C = The RG basal bdroth (Imlin as carbohydrate) ¢ 0.02% Na¥3

%+ See Tadle XIV
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strains were demonstrated in 5.7% of all the glasses exanined, and "atypical®

strains were 1solated from 22,7 to 67.0%.

DISCUSSION

Gram-positive and gram-negative bacteria can be separated by
virtue of their differing sensitivity to triphenyl methane dyes (Clurchman,
1912) or inorganic salts (Eisehberg, 1918-1919). However, one encounters
difficulty when attenpting to aoply this phenomenon to selective igolation
of a specific bacterium. A medium designed to isolate oral streptococci
from washed glasses must be inhibitory to the extent that coliforms, gram-
positive spore-forming bacteria, and micrococei are eliminated but yet
permit the growth of Streostocoscus calivarius from small inoculas The
difficulties involved have been emphasized Dy experiments which demonstrated
that the selective medium developed by Bose and Georgl (1941) was inhibitory
to small inocula of Strentococcus saliwvnriuse Yurther studies showed that
this organism grew uninhidbited on an aride-containing agar, but the
inhibditory power of this medium was sufficiently low to permit relatively
good growth of other micro-organimms.

Adoption of an enrichment culture for the vrimary isolation of
4 specific organism is frequently desired. In a broth medium containing
sodium azide, it was demonstrated that Strentococcus salivarius grew
abundantly from minute inocula while coliforms and proteus specles appenred
to grow sparsely. It was further shown (Part II, page 75) that Strentogoccus

2a13iyarins coudd outgrow large inocula of Zgcherichis ¢oli when these two

organisns were grown in mixed culture. These results were similar $o ones
obtained bty Edwards (1938) and seem to indicate that routine use of this
medivm would assure isolation of Sirentococcus galivaring from washed
glasses.

It hag bdecn demonstrated that Strentococcus silivarius grows
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characteristically on the surface of a tellurite-crystal violet-cucrcse
agar when the inoculum is sufficient to initiate growth. This substrate was
employed as a confirmatory medium, therefore, in field experiments to
demonstrate the occurrence of Streptogoccus salivarius on unwashed and
unwashed drinking glasses. Results, showing 47 to 794 recovery of
*atypical® streptococel from unwashed glasses and 22,7 to 67% recovery
from washed glasses, correlate well with the occurrence of Strentogcoccus
salivaring on restaurant glasses as reported by Dick and Hucker (1940).
The {ncidence of "atypical® strains 1s mentioned particularly since the
streptococcue isolated by Dick and RHucker wis an alpha-hemolytic form
comparadle to the "atypical® organism reported hersin. Rose and Ceorgi,
(1941) were the first to denonstrate the occurrence of "typical® Stresto-
coccus salivarjus on restaurant ware,and the experiments recorded in this

thesis confirss that report,

Discussion of restaursnt gsanitations In view of the lack of epidemio-
logical evidente that sating utensils are vectors for a specific disease,

one might question whether restaurant utensil sanitation is an important
public health prodblem. It is difficult to answer that question with omly
experimental facts, yet it may be well to briefly review these facts in
ord‘r to see what evidence there is for the belief that disease can de
tranemitted through improperly washed restaurant ware.

Bacterial count on restaurant ware, per gse, is merely an
indication of the care with which the article has been handled. Digh-
water, towele, drainboards, exnosure to air during storage, all mny
‘contribute to the final bBacterial load of a glass, yet the organisms
present are, in the main, of no sanitary sigsmificance. (Davereux

and Mallmann, 1986). Bacterial counts, thersfore, cannot be used solely



as evidence that a glass is a disease vector.

Taylor (1921), Cumming (1919), Horwood and Pesare (1542), and
others have repeatedly demonstrated tﬁo occurr ‘ence of pathogenic organisms
on eating utensils. Cumming (1920), using Serratia parcescens as a tracer
organism, show ed that bacforia were transmitted from person $0 person
through the medium of eating utensils and wash water. Dick and Bucker
(19%0) have demonstrated the presence of Strentosoccua galivarina on 394
of the waghed glasses they examined. ZXxperimental evidence contained in
this thesls deﬁonstratos the occurrence of a streptococcus of unquestionable
human origin on suoposedly clean glasses from 19 to 453 of the restaurants
examined. Homer N.Calver® has calculated the number of individual
restaurant services in the United States and found them to be equivalent
to one per person per day. On the basis of the 64 recovery of “typical®
Strentococcus snlivariug, this means that approximately five thoueand
people per day in Lincoln are drinking from glasses contarinated with
the saliva of a previous user. The significance of these results are
obvious. The evidence indicates that a perfect chain of dlsease trans-
mission exists, making restaurant utensil rsanitation an important public

health problenm.

SUMVYARY
1. A selective medium contalning potassium tellurite, or a comdination
;f potassium tellurite and cryetal violet, inhibdits small inocula
of "typical® strains of Streptococcus ealivariuns,
2. Selective media containing sodium azide do not inhidit small inocula
of "typical® Streptococcus salivariug but permnis the growth of other
organisans likely to occur on restaurant glassas.

3. Mimate inocula of oral streptococcl can initiate growth in an enrich-

® C{ ted by Horwood and Pesare (1942)
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ment broth containing sodium agido.

The total final concentration of organisms per mle. in aszide enrich-
ment bdroth is constant regardless of the size of the inoculwm.
Increased inhibdition of "extraneous® micro-organisms with concomitant
non—inhibition of strentococci eannot bde realiged by reducing the
oxidation.reduction potential of enrichnent droth with cysteine or
cysteine plus 0.05¢ agar.

Oral strentococci can be demonstrated on unwashed and wnshed drinking
glasses Uy means of a technique involving primary enrichment in azide-
containing droth followed by streaking on tellurite-crystal violet-
SUCrose agare

The role of drinking glasses in the trangmission of disease is

discussed.



PART II

The Iffect of Sodium Aszide on the Physiology of

Strentococcus salivarius



Lockwood (1941) has resorted that a techaique involving application
of blochenical methods to studles in yltro provides the only means for
obtaining direct knowledge of the effect of sulfonnmide drugs on bdacterial
mtrition. Also, referring to sulfonamide dbacteriostasis, he stated *. . .

investigators trained in dacteriological chemistry have brought forward

explanations in chemical terms of certain phenomena which, without ench work,
would have remnined i{n the re-lm of conJeoturo." This type of research he
listed as one of the daeic studies needed for an elucidation of prodlems
involved in nractical application of sul fonamide bacteriostasis. Such
conclusions might well be extended to include any practical application of
bactariostatic agents. The development of A selective medium geems, therefore,
to call for a study of the effect of the inhiditory agents employed on the

physiology of micro-organisms.

LITFRATURE SURVFY

Ketabolism of gtrentococci? The metadolism of strentococel has
been the object of extsnsive research. Particular attention hag been
directed toward carbohydrate utilization in view of the homofermantative
nsture of their glycolysis. ZPublished resorts have lacked evecificity =s
to the exact organiems studied. This lack stimulated the recent work by
Saith and Sheman (1942). They critically exnmined lactic acid production
by streptococci of all classes and evecies, and renorted a normal yield of

approximately 90% lactic acid on the basis of glucose fermonted. Twelve

strains of Streptococcus salivsrins produced an average of 93.6%. A single
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strain studied, 5304, ylelded 93.5% in growing cultures and 93.5% in
"resting" cell fermentation, indicating that ‘totn.l lactic acid produced
was essantially the same in "growing" as in "resting® cells.

The production of mcbld colonies Wy some coccold forms when
grow on sucrose substrate has been known to ocour for some time, but
only recently (Niven, et al, 1941) was this phenomenon remorted as
characterietic of the "tynical" strains of Strentococeus zalivorins. It
producsad an adbundance of a solubls levan when grown on a well-buffereqd
sucrose- or raffinose-containing medium. Over B0% of the fermented sucrose
has deen thown to go into polysaccharide syntheeis. TIrmilin Zarmentation s
correlated with levan production, although the organism did not produce the
polysaccharide on this sudbstrate, Naither are the following sudbstrates
sources for the levaa: Gluco-sae, fructosa, galnctoss, maltose, glucose plus
fructose, glucose nplus fructose and galactose, fructose plus maltoce,
fructose plus lactose, or glneoea nlns inulin. Ko other stratns of
strentococcl studled, including renresentative strains of all general
clasces, were adle to proluce a soluble polysaccharide, mlthovgh Stre-tecoccus
bovis was observed to form an insoludle levan.

Znzyme gysteme in atrentococcit With the exception of the report
by Burnet (1927) that strentococci were among the "cyanide insencitive"
bacteria, research on the snecific enzyme eystems functioning in streontococcal
metabolism was almost non-existent prior to 1935. IFujita and Kodama (1935)
reported on the oxidation of glucose by Strentococcus hemolyticusz. Because
it was found to lack cytochrome and was "cyanide insensitive® they concluded
regpiration ws cntalyzed by Taburg and Christian's yellow ferment.

Tarrell (1935) earried out an extensive research into the enzyme

systems of streptococel, emoloying twenty-two svecles from warious groups

as test organisms. Xighteen of the twenty-two species were found devold of
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catalase. Using the non-toxic indirsc-tetrasulfonate redox indicator in a
modified Thunderg technique, dehydrcgenres activity on carbohydrates, sugar
aclds, and mzino sugars wes studied. Dehydrogenases were noted in all
streatococel, activity being most apparent in the non-hemolytic species.
Bromacetic and i1odomcetic aclde were found to polson glucose dehydrogenases
while "geveral other respiratory or fermentative polsons® were ineffective.
Seventy-dne fatty, amino, didasic, hydroxy, end keto acids were not
dehydrogenated dy the streptococci.

Although Yaol and Tamiya (1935) revorted the presence of cytochrome
in Strentococcng erysipelatis, Farrell was unadble to demonstratethis oxidase
systex in any of his cultures, including three etraing of this organiem.
Indophenol oxidase, identified by Keilin (1929) as identical with Warburg's
respiratory ferment, wns not demonstrable by the Kelilin technique, oxyegen
uptake studies, or by attempts to isolrte it from lysoryme-ruptured cells.
Usingz tincture of gualac, o-tolidine, benridine, and 2-7 dlanind fluorene*BCl
as test reagents, he found a peroxidase vresent in all of the seven snecies
studied. However, repeated expreriments showed thie peroxidass to be iron-
free and heat-atadle, and, therefore, different from the hor=eradish
peroxidage of Triland and Sutter (1935) and others. On the basis of thess
results, Farrell postulated an enryme system peculiar to the streptococel

and involving dehydrogenases and a peroxidase.

Barron, ¢t al (1938) studled further the oxidations vroduced by
streptococel. The dehydrogenace studies of Farrell (1935) were confirmed
and refuted, in part, by the Warburg manometric Sechnicue employed. Olucose
dehydrogenase was found present dut was inhibited by sodium fluoride in
addition to fodoacetic acid. Since sodium fluoride inhidits s-rlitting of
phosphoglyceric acid and iodoacetic inhibits conversion of hexose diphosphate

fnto triose phosphates (Emden and Deuticke, 1934), 1t was concluded that



glucose is first transformed into a triose phosphate via a hexose diphosphate
before it 1s oxidiged. The "cyanide insensitivity" of etreptococei noted
by Parrell and others was confirmed. Lactic acld was fermented as was
pyruric acid and glycerol.

It seems strange that a homofermentative lactic acid producer
should actively ferment its own main end product. The reason may lie in

the following data condensed from the papsr of Barron and co-workerss

Poisoned by
Substrate Iodoacetic NLP HCHN
Glucose + * -
Glyeerol + + -
Pyruvate + +
Lactate - -

"Hormal" fermentation,as exemplified Yy a proliferating culture fermentation
of glucose and glycerol, is not inhibited by cyanide but is by fodoacetics
acld and sodiur fluoride. "Adnormal® fermentation, vig. lactate and pyruvate,
show variations in enrsyme poison senritivity from the *normal®. This
abdnormality may be a result of eavirommentanl conditions. Thege experiments
were carried ocut in a Warburg manometer under agitation in the presence of
oxygen whereas' normal"metadoliam 1z enaerobic. The fact that scetic and
fornic acids vere noted as the ead nroducts of thece®adnormal” fermentations
supports this view, Strentococel normally produce 90-95% lactic acid froa
glucose with emsll amcunts of ethyl alcohol and carbon dloxide (Friedeman, 1939).
Natyre of enryme inhibition by sgodiums azide, an oxidase poigom:
Until 1933 no work had been done on the rola of sodium aside as a cellular
oxidstion polson. Keilin (1933), working with tissue presarations, revorted
1t inhibited cellular respiration, oxidation of cytochrome, and the indovhenol
reaction (oxidation by Warburg's reshiration enryme) in a manner similar to
potassiun cyanide. Keilin and Hartree (1934) showed sodium aride was an

iahibitor of catalse. This observation was carried to the field of dacterio-



logy by Lichstein (10h2) vhofecorted catrlase activity of Pacillus rubtills
and B-cillug meentherium completeyinhibited after six hours ex~omure to a
1:10,070 aqueous golution of sodium azide. Fifty percent reduction wns
noted 1n Corynebnctering dichtherine and Jt-ovhylococcus zureus cultured
after six hours expoeure to 1:5,000 sodium agide. TFurther gtudies dy
Keilin on the catnlase reaction (Eeilin and Hertree, 1036) showed sodium
exide formed a reversible complex with cntalase which was still abdle to slowly
decompose hydrogen peroxide. This was unlike potassium cyanide vhich
united with the metal of the hematin nucleus in catalase, rendering it
inactive. Crtrlase inhidition wns, therefore, divided into two generul
typess Turtlier differenti=ation wee ncted in rtuties on the xnnthine
oxidrse reaction (Dixon and Keilin, 1936). This enzyme, which catalyzes
oxidation of hypoxnnthine to xanthine, is inactivated when incubated »ith
hyirogen cyanide prior to addition of the subatrate, i.e., cyrnids combined
with the enyyme. Sodium azide, on the other hand, inhibited the reaction
only when incubated with the substrate prior to addition of the ensyme, i.e.,
sodium azide apparently combdined with the sudstrate and not with the ensyme.
Studies wers also made by Keilin (1936) on the affect of soiium
acide on hemnglodin comrounds and on the reactions they produced. Sodiwm
azide was found to form a red complex with methemoglobin with absorntion
maxina at 578.0 and 542,5 m. as ooposed to the 500.0 and 635.0 mm. maxima
of uathemoglodin 1trelf. Further, sodium nzide united with methemoslobin
in approximately molecular pronortions. That it combined with the {ron
of the methemoglobin molecule was doubted since its {nhidition of the
other ferric-containing comnound of the henoglodin complex, hematin, was
not noted. A study was made into the effact of sodivm aride on oxidations

of cysteine by hematin. The oxidation, a8 mearured by oxygen uptake, was

found to be incomplete. Since sodium aride d1d not comdine with hematin,
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ner fe, the following mechaniem wne suggested: On shaking hemstin with
cylteinei.l; :‘:;dation of cysteline occurred with the breakdown of eome
hmatlin. tiue releasing iron. Sodium azide comdined with the free iron
and a catalytically less active ircn-free "derivesd hematin® wss formed
vhich wns unadle to completely oridisze the gysteine present. This
contanticn vrs dorne out by the fact thet mlpha-alpha' dlpyridyl protuced
the snte effect and the iron wns alvost completely recovered ae the irone

alpha-alpha' 4inyridyl complex. Other gystems were studied snd the

remlts are presented in the following tnble taken from Keilin's paper:

Systen } 4. § lan3
Respiration (oxldation uptake) + *
Cytochrome oxidase * +
Catechol oxidase + +
Catnlese (Yernse and 1iver) - + *
Peroxidase + +
Uriease + .
Anino acid oxidase - -
Xanthine oxilnee * &
Methemoglobin (Fe'"") + +
Remoglobdin (Ye' ) - -
Hematin (Yo + -

+ -

Heme (Te

In 1939, Yeilin anA Bartree (1039) sccounced the dircovery of

another cytochrome compomsnt in beef hears muscle. This was called” ag'
and was found $0 sct as a cytochrome oxidnse. They reported that

sodiun aride combined reversibly with the oxidised state of this eazyme

system.

Using a "restins” cell techniqus, Cook and Stephenson (1928)
denonstrated tint microbvial oxidation of fermentadle onrdohydrates rssulted
in the adsorption of only ajnroximntely three-fourths of the oxygen

required for comvlete Pxidntion of any givan sudstrata, This cnuld not be

exnlained dy the then existing theory that absorption of carbohydrates
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(carbohyirate synthesis) was a property only of actively oroliferating
colls. Borker (1936) suggested the observed discrepancy might be

explained by assuzing polysaccharide synthesis also ocourred in “resting’
cells, Hig theory was further advanced by Clifton (1937) who found thnt

sodium azide, anong othaer {nhiditors, could effectively dlock "carbohydrnte
synthesis" by Preudomonas calGo-acetlca, Ischerichin coll, and Soirillum
serpeng. In the presence of sodium agide, "resting® cells of theee crgznisas
absorbad oxygen squivalent to that required for complete oxidation of the
sudbetrate to carbon dioxide and water. The observations made by Cliftoa
have been extended and confirmed for bacteria dy Clifton (1938) and
Clifton and Logan (1939), and for yeasts by Winzler (19%0), Pyckets ana
Clifton (15%1), and van Niel and Anderson (19%1). In addition, van Niel
and hnderson studied the oxldative arcimilation of Strevtococcne fmcalig
and found 1t absent, Thelr conclueion that the homofermentative lactic
acid producers axhidited no oxtdative assinilation is nertinend to this
research,

That polysaccharids synthegis 40es occur along with fermentation
was shown in the case of muscle nnd yensts by Willstatter and Rohdewnlde
(19%0) ani for Pscherichia coll bty Leibowits and Kuperminty (10%2),

On the other hind, Burris and Wilson (19%2) renorted that
increased oxidetion of glucose;pro¢xced in Rhizodium trifolid “reeting
cell cultures by action of 2-4 dinitrophenol (D.K.P.)(which has the game
effect on oxidative aseimilation as sodium azide, Clifton and Losmy, 1919)
could be induced either by addition of D.F.P. initially or after assimila-
tion of glucoss was complete. In other words, with the rhizodia, at
least, it is unnecesesary to nostulate an inhidition of assimilation to

explain the increased eudstrate oxidation. It seems likely, however, n

view of the evidence for the assumption, that oxidative assimilation does



occur in "resting' cells,and that sodium agide can poison this syntheeis

in some mannar,

NITRODS AND VATYF IALS
Cul ture media

Stock enlturae drotht The 1iquid enlture medius conesistently used to
prepare inocula was that of Putner (1938) with 0.3% dipotassium phosnhate
sudbstituted for an excess of calcium cardbonate,
Fxverinental pedias The basal substrate for all experimental mediaz was
the Ross and Georgl (19)11) basal medium renorted in Part I. (see page 26)
Glucose was employed as a substrats earbohydrate in 1.0% concentration,
excent where gpecifically notede In a few experiments the phosphete
buffer was eliminated to decrease titration difficulties. In some
exseriments the sterile inhiditory ade® was added to the sterilirzed xedia,
but in others, involving the effect of sodium azide on bacterial physioclogy,
1t was added prior to sterilization (Vallmamn, 1941)
Glucoss substrats for gtudles on lactig acld productiont Yor studles of
ths effect of sodium ngide on lactic acid production by "resting® cells of
Strentococcus galivarius, the slucose substrate of Smith and Sherman (1942)
was emmloyed. Olucose, dipotassium phosphate, and potagsium dihydrogen
phosohate wers driad in an oven at 105°C for 2U - 48 hours to render them
anhydrous and preserved in a desitcator over anhydrous calclum chloride.

The sudetrats had the followinzg couvositiont

Glucoze 2.5 grams

Dipotagsium phognhate 5.0 grams

Potassiun dihydrogen phosphate 2.5 grams

Distilled water 500 ml.
pE 7.0

The anhydrous ingredients were welghed on en analytical balance and added

o a 500 ml. volumetric flask which was filled to the 570 ml. mark with
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distilled water. Pifty ml, aliquots were transfersd quantitatively into
100 ml. volumetric flasks by mcans of a volumetric pipette. The required
quantity of sodlum azide was ddded to one-half of the flasks o.na.ths nedia
steriliged for 15 mimutes at 15 lbs. pressure. The final solution in euach
flask contained approximately 250 mg. of glucose, with very little varine-
tion. This procedure was in accordance with that ewployed Ly Smith and
Sherman (1542) who weighed their ingredients on a torsion balence and faund
the rasulting solutions to vary butl one to four miligrams from 250 mg. nfter
sterilization.
Asentic tubinz: The apparatus employed in the asoptic tubing of media was
that reported by West, et gl (1542). The freshly prepared cgur was tubed
while hot and maintained liquid in a constant $emperature watser bath at
50°C uatil inoculated.
Stock cultures
The same micro-organisns were enployed in tinls part of the
research as in Part I. (see page 28)
"Resting' cell tecunique
In general, the procedure of Smith and Shermaa (1942) was
followed. Cultures S25) and S203 were carried through thres cuccessive
tranafers in stock broth meliumn, 5 ml. of the finl transfsr at 12 aours
of ags being inoculated into liquid medin in centrifuge bottles for mass

cell cultivation. Snith and Sherman (19%2) eunloyed a mass cell culturas

madiua of the following composition:

Glucose 1 gram
Pryptose (Difco) 10 grans
Meat infusion 500 ml.
Tomato julce 25 ml.
¥ater to 1070 nl,

pH T.0

Ve emnloyed this medium in the first two experiments but found the final

cell mass after centrifugntion contnined much tomato julce protein. A
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Crestiig” cell fermentation implies enzyme Activlty in absence of zrovth.
To prevent growth, cells must be washed free from proteinacecus material
prior to inoculation in 2 protein-free substrate. The prasence of tomato
tisgo renders it impossidle, at least theoretically, to obtnin®reating”
cells, Te employed ocur stock culture broth as a substrate and found the
harvested.cella to be as abundant =and more active than those produced on
Smith and Sherman's substrate.

After growing for 10 %o 12 hours, the cells were centrifuged
from the medium and washed once vrior to suswending in sterile saline,
The final esuspension was used for inoculating the various substrates.

Determination of bacterial growth

In experiments involving chenges in bacterial porlaticas, a
standard procedure was followed. One ml. aliquots were diluted to 1:100
in 90 ml., sterile water dlanks. Further dilutions were made in increnents
of ten in 90 nl. blanks until the desired range was obtained. Eich dilution
was shaken 50 times and duplicate plates were inoculated with l =ml.
aliquots. Incubation was consistently for kS hours at 37°C and counts were
rade with a Quebec colony counter and a hand tally.
Platinz mediss Facherichia coli was plated in the RG basil medium witbout
carbohydrate to obviate gas formaticn. In the exneriments involving growth
ina nixed cultures with Straptococcus salivarine, 1:100,000 crystal viclet
was added to 1nhibit the latter. (Carrod, 1933). Strentococcus ealivarius

was plated in the RG basal medium with sucrose as the carbohydrate sgubstrate.
With this sugar present, largs, easily counted colonies of the streptococcus
wers formed. Mimate colonles formed on other carbohydrate sudstrates

rendered counting difficult. In mixed cultures with Facherichia coli, 0.02%

sodiun aside was added to inhidbit the latter.
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Chenical determinaticns
Brirozen 103t Chenges in pH were determined by means of a Cameron
potentiometer.
Tota) ncldt Ten ml. of cnlture media wng titrated with sodium hydroxide
to a phenolphthalien color standard at pB 8,1, The etandard was prevered
at each run by adiing pheaol-hthalien and soiiunm hyiroxide selution to an
uninoculated control tude until the nH, as determined notentinmetrically,
was 8.4, In the exserizents with Xscharichia cold, O.1 K NaOH was used,
thie beinz replaced later by 0.05 ¥ XaCH.
Glugoeet The procedure of Stiles, 2t 21 (1926) was employed ia all reducing
sugny determinations. The dilution schemes warisd and they will ba noted
ia the specific exveriments. The affect of endlum azide, a resuted slow
oxidixing ngent (¥allmann, 19%1), onglucose recoveries was determined by
studying its effect on the annlysia of kmown solutions of slucose. The
effect was found to Ve nogligible even in markedly high concentrations.
The effect of incudation time on the an‘o-oxidation of glucose in uninocu~
l1ated control flasks was etudied by determining the glucose concentration
ia the RG bdasnl medium with and without eodium atide over a period of J2
hours. Clucoze concentration remnined constant with incudbation within
titration error of the technique.
Lactic ncidt The vrocature of Troy mnd Sharp (1935) was used in all 1actic
acid determinatione. This wrocedure involves the acid permancansnte
oxidation of lactic scit to =~cotaldehyde,which 1s distilled over and trapoed
in a disulfite golutirn, The excess dirul fite is oxidized »1th 1ciline to
a faint blue starch endevoint, the bound sulfite relemsed with sodlum
dicarbonats, ani the relesaged bignlfite titrated with standard {odine

solution. The 1odine solution was standardiized bafors sach experiment with
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sodiun thiosulfate which was in furn standardized each tims with gtandard
votagsiun fodate golution. Precautions were taken to prevsat loss of
acetaldehyde during the procedure by cooling the receivinz flask in a
runaing tap water bath at 109-12°C during the oxidation and by immediate
titration after completion of the oxidation.

Interfering substances are fe#. Troy and Sharp (1935) recorted
that acetone, formaldehyde, glycerol, 2-3 butylens glycol, and malic acid
give high Jields, none of which are present in streptococcal fermentation.
Large quantities of ethyl alcohol or methyl alcohol also interfer. Mono-
basic aliphatic acids to not interfer, nor do citric, oxnlie, suceinic, or
tartaric acids. OSolit protein products gave a higher yield thnq theoretical,
obviating the use of our regular culture nedium in lectic acid studies, \

Standardizationt Standard ginc lactate wes prensred according to
the method of Friedemann ani Graeeer (1933) and on analysis by dehydration
and combtustion was found to contain 33.51% ZnO by weight. The tneoreu&u
1s 33.44%, resulting ia an error of two parts per 1000, which 13 experimen
tally acceptable. An attempt was made to dstermine a known quantity of this
sinc lactate in ths RG experimental media. Results were consictently higher
than theoretical, and apparently was due to split protein products in the
protein precipitation filtrate. This obviated use of experimental medis for
deternining effect of sodium aszide on lactic acid production and resulted in
the use of the "resting" cell technique previocusly descrided. Aiqueous
solutions of standard zinc lactate run through the complete determinmation
showed percentage recovery of known amounts of lactic acld to be 9k,.5%,

Hence, a 6.5% recovery factor was included in the calculations.

EXPYRIMENTAL RESULTS

Effect of gsodium agide on the growth, pH, total acid production and
glucose utilisation of micro-grzanimmss A review of the literature revealed
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no experimental data on the effect of sodium azide on the physioclogical
changes occurring during normal bacterial growth periods. It wag felt
that quantitative data on the effect of this oxidase poison on growth
curves, acid production, and glucose utilization might furnish further
information on the nature of its inhibitory power. The abdility of sodium
azide to retard cell multiplication of gram-negntive bacteris is & well
established observation. Its effect, however, on gram-positive orzanisms
such as the streptococci is not so well established. In fact, Dr. J. ¥,
Sherman (personal communication) expressed the belief that growth and
blochemical activity of the streptococci is effected 1ittle 1f at all

by this poison. The following series of experiments tend to disprove
this belief by demonstrating that glucose utilization, acid production,
and total, as well as ragidity of, strrptococeal growth is markedly

reduced in the presence of sodium azide.

Zffect of Sodium azide on growth, pH, total acid, and flucoee utilization:
Two strains of "typical® Strantococcus salivarins were chosen as test
cultures nand were inoculated into stock broth 2% hours prior to the
start of the experiment. TYour 500 ml. Ehrlenmeyer flasks containing
250 ml. of the RG basal broth were prepared and 0.02% sodium azide was
added to two of the flasks prior to sterilisgation. Two flasks were
inoculated at zero time with 1 ml. of a broth culture of S25D and two
flasks at zero time one-half hour later with S20B. At zero, 3, 6, 12,
26, and 50 hours, aliquots were withdrawn and total counts, pH, total
aciiity, 2nd glucose determinations were made. The results of thig
experiment appear in Tadle XVI. These determinations were plotted

against time and recorded in Figures 4, 5, 6, and 7. The data indicates

that all of the physiological properties studled are markedly effected



by the addition of sodium aszide,

Two other experiments of shorter duration were carried out in the
snne manner, The results odtained confirm those reported in the first
experiment in all resgpacts. The curves obtained were similar to those
presented in Pigures Y ¢o T, hence 1t was concluded that these recults
wers characteristic of aside inhibition of these strains of Streptococcus
2alivarius.

To understand better the nature of this inhibition, rates of
chemical change per cell per hour were calculated from the recorded data
Yy the equation of Buchanan and Fulmer (1930).

n= 3
t(d - B)

There m = Anount of change produced per organism per unit time.

S = Total amcunt of change in time "t".

B = Number of bacteria at deginning.

D = Xumber of bacteria at end of time "t",
The equation is based on the fact that enryme activity, as evidence by
chenical change, increases in ratio to the rate of cell division and, hence,
the equation is valid only during a normal phase of logarithnic growth, T:e
following time intervals, chosen from the wvarious experiments, represent

those in which logarithnic ghanges were attained, Therefore, the changes

occurring during these time intervals were bmrloyed in the calculations.

¥xperiment No. Organism Time interwval
1 S 25D 3 - 6 hours
1 S20B 0 - 3 hours
2 §25D 0 = 3 hours
2 S20B 0 = 3 hours
3 s 25D 3 = 6 hours
3 S20B 3 - 6 hours

The results in Table XVII ghow, in general, that the rate of chemical change
per cell per kour is greater in the presence of sodlum azlde than in its

absence. This apparent "stinulation' of engymatic activity can bde explained

1f 1t 1 assmed that cell division, ner ga, rather than carbohydrate
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engymatic activity is the function inhibited. In other words, while cell
division is retarded, the carbohydrate enzymatic activity of the cells
already present contimues unchecked. The effect on values in the Buchanan
and Fulmer equation would de as followst (a) "S" would increase in
proportion to the mumber of calls already present and functioning in
earbohydrate metabolism, (b) normal increase of the value log b/B would
de reduced, but this would be offset by (c) the greater decrease of the
va1n§ t(d = B) 1n the doﬁominator. The net reiult would be an increase
in "m", the chemical change per cell per unit time.

This hypothesis assumes that generation time is longer in azide
than in plain media. The equation of Buchanan and Fulmer (1930) was used

to calculate generation time in an attemut to confirm this assudption.

0. To = _$ Jox 2
10g b/3

where "t¥, "b", and "B" are the s*me as in the previous equation. Tabdle
XVII also shows generation times ocver the sane incremeuts of time used for
calculating "s*. In general, the calculations show generation time to be

longer in agxide than in plain media.

Experiments similar to the above have been carried out with two
strains of Xscherichia coll, E2 and X3. The results of these experiments
appear in Tadle XVIII, When plotted ngain;t tine, the curves shown in
Yigures 8 to 11 were obtained. The normal physiological activity of both
strains bdecame erratic and markedly inhibdited in the presence of sodium
azide. In the case of X3, all activity wrg halted and the cells seemed to
dle off at a slow but constant rate. The X2 cells app;rﬂnt1¥ were abdle to
racovsr after 25 hours and carry on normally, although with very much
reduced carbohydrate metadolism. Another experiment with the I2 strain

shoved the same type of results. Recovery occurred at 14 hours and growth



TABLE XVI1

Glucose Utilised and Acld Produced per Cell per Hour and Generation Tite
of Streptococcus a~livarius in the Presence and Absence of Sodium Aside

Cul ture Experiment Culture Kg. glucose Acld Generation
No. Mediun® Utilised/cell/  Produced/cell/ tiae
Hour Hour in Minutes
S250 Platn  1.74 x10° 312 x 1075 %6.9
Sodlws aside 1,312 x 10~5 1.%70 x 1078 b5.9
Plaln  2.512 x 109 2.878 x 10~ ¥1.3
Sodium azide 2.956 x 10~ 2.150 x 10~° 6,1
Plaln  %.835 x 10~° 1,24 x10°8 500
Sodlwa astde 1,197 x 10~5 3,661 x 10~8 5.6
8208 Plain 1.211 x 1073 %40
Sodiun azide £.117 x 1079 W, 3
Plain 3.85% x 10710 38.5
Sodiunm azide 6.92% x 10~9 46.8
Plala  3.97% x 1072 1.064 x 10~5 6.5
Sodium aside 9.67% x 1077 3.410 x 1078 o4

® The RG basal droth medium.
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increased to a maximrum at 32 havrs, although carbohydrate metadbolism

was markedly inhibited.

Growth of Escherichis goll in pixed culture ~ith Strentococcus
galiynriyss It was felt that Strentpcoccus sAlivarius might sroduce an
anti-azide substance during te cource of ite metadollsm so that azide-
sensitive organlens might zrow synergistically inm its ;resence. Tuls
hyoothesis was based on the following facts? (a) Sodiun azide is 2 heavy-
metal enzyme polson (Oppenheimer and Stern, 1939)(Keilin, 1936), (b)
Tujita and Kodamn (1935), Parrell (1925), and others have shown that
streptococci are insensitive to cyanide and devoid of cytochrome, leading
the former to postulate that resniration was catalyzed by Warburz and
Christian's yellow enzyme, which is not effected by henvy-metnl enzyme
poisons, and (¢c) a statement by Oovenheimer and Stera (1939) that,
according to the thermodynamic nature of enzyme catalysis, thoss systeas
lower in the thsrmodynamic scale, the dehydrogenasee, could utilige
almost any oxidase system availadble to completa their oxilation procesa.
Ia othar words, if the heavy-metal oxidase systems of Tscherichin goll
(the oytochromes, etc.) were blocked by azide, they might utilize the
azide-insensitive mechanism of Strertococcus sglivarius to complete their
oxidation. During the proces: of the inveatigation, a paper by Henday
(19%2) aspearsd showing that sulfanilamide sensitive streptococci were
adble to grow relatively unchecked in the presence of sulfanilanijde, 1if
cell-fraee and enriched filtrates fram sulfanilamide insensitive strains
were used as a rubstrate.

Two experiments ware unijert-ken. One ml. of 20 hour broth

cultures of Fscherichia coli and Strentogogccus salivarius were inoculated
1ndividually into 500 ml. Fhrlenmeyer flasks containing 100 ml. of the
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RG basal medium plus 0.02% sodium azide. A third flask was inoculated
with one ml. of each culture, Flate counts were made in duplicate in
the foliowing mediat
Sulture Flatiag pediug
Escherichia coll The RG basal (carbohydrate-free) ¢ 1:100,000

drystal violet.

Streotococcus salivarins The RG basal (Sucrose) ¢ 0.02% NaH}

The mixture The RG basal (Sucrose) + 0.02% ¥aN, and
The R3 bakal (car)ohvdrate—freZ) +
1:100,000 crystal violet.

Hydrogen-ion readings were tnken snd platings made at 0, 1, 2, 2, 4, 5, 6,
8, 10, 12, 14, 16, 20, 24, (and 26) hours. After incubauon at 37°C for
48 hours, counts were made with the aid of a Quebec colony counter and a
hand tally. Olucose was eaployed in the Strentococcus salivarius plating
medium on the first run,and the minute colonies resulting ware impossible
count accurately. The growth of Escherichia coll in the first experiment
was confirmed in the next experiment, Table XXX, wherein the growth

| resphonse of Sireptogoccus arlivarius was also odbtained. The results of .
the last experiment are shown gravhically in Figures 12 and 13. Sgrepto-
doccus galivarius was essentially unaffected dy culturing with a large
inoculum of Escherigchia coli. The pH curve odtained from the mixed culture
was almost identical with the one obtained from the pure culture of
Strevtococcus salivariug, indicating th=t acid production in the mizxed
culture was solely the result of the carbohydrate metabolism of the
strentococcus.

In both experiments, the inoculum of Egcherichia coli was

killed in 16 hours at a fairly constant rate, tending to disprove the

hypothesis on which this experiment was based. Facherichia coli was not
grown in sterile filtrates from Streptococcus salivariys droth cultures

as a further test of the hypothesis. The growth curve of Egcherichia coli
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in pure culture shows a decidedly prolonged lag phase. ¥hen growth does
ocour, metadolic activity, as evidenced by s fall in pH, is negligidle.
These results have a practical aspect, showint that heavy inocula of gram-
negative orzanisms are not likely to cutgrow streptococcl in enrichment

cultures designed for isolatinzg the latter,

Effect of Sodium Azide oa Lactic Acid Produnction
by Strestococc!

Using a "resting® cell technique, Smith and Sherman (19%:2) have
shown that cultures of Streptococcus saliwvarius produce approximately 90%
lactic acid on the basis of glucose fermented. Previous experiments (page
69) have indicated that sodium azide 1nhibits cell division, per ze, and
has 1ittle effect on carbohydrate metadolism. During "resting' cell
fermentation, therefore, one would expect the same amount of lactic acid
to be produced both in the presence and absence of sodium azide. The
following experiments ware undertaken tc determine what effect, if any,
sodium agide had on the homofermentative nnture of Streptococcus galiverius.

Totsal lactic aci4 production: Employing the technique previously
descrided, cells from four 120 ml. broth cultures of two strains of
Strentococcus salivarins, S25D0 and S20B, were prepared in saline ruspen-
sion. These cells were inoculated into 100 ml. volumetric flasks containing
50 ml. of glucose substrate (250« mg. glucose). The flasks were held at
37°C overnight to bring them to the optimum temperature for enzymatic
activity, to obviate loss of activity by inoculation into cold media. At
the end of 24 hours incubation at 37°C, the flasks were filled to the 100 aml.
nark with distilled water, cooled to 25°O and again filled to the mark.
After mixing well, 10 ml. of this mixture was removed volumetrically for
glucose determination. The remainder was t ransferred quantitatively to

a 250 ml. volumetric flask after adding 5 ml. of 20% sulfuriec acid to hall
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enzyme activity (Smith and Sherman, 1542).
Clucose determination: The 10 xl. sample was further diluted to 50 ml.
‘during the protein precipitation procedure and two ml. duolicate aliquots
of this dilution were taken for final mnalysis. Since the origzinal 50
ml. of sudstrate had been Ailuted to 100 ml. before removal of the 10 nl,
aliquot, residual glucose was calculated as follows:

There x = Glucose determined in 2 ml. final aliquot,
Residual glucose = x/2 x 50 x 10 = 250x
Lactic acid determinationt The 90 ml. of diluted substrate, after
reaoval of 10 gl. for glucoss determination, was diluted to 250 ml.
during the cell protein preci)itation procedure, and a 35 ml. aliquot of
this was taken for final analysis. Hence,

%here L, = Lactic acid determined in the 35 ml. aliquot,

L,/ 352250 = Y, (to correct for final dilution)
Y+ 0.,1Y = 2, (%0 correct for 10 ml. tsken for glucose
deternination)

and Total lactic acid produced = Z + 0,0652, (to correct for the
recovery factor)

The results of the first experiment appear in Tadle XX, The

percent lactic acid produced bagsed on glucose fermented in plain and
azids media dDy both organians 1s esesentially the same, the small variation
noted bdeing within experimental error of the method.

' A second exseriment was undertaken, varying from the first in
the following instancest (a) Cells from 250 ml. broth culture were used
as inoculum for each fermentation flask, (b) duplicate fermentations vere
made with each organism, usinz cells from broth medium of Suith and Sharman,
(19%2) and a modified Hutner's (1938) medium employed routinely as stock

culture brothe The resulte anpearing in Table XXI confirm the results of



TABLE XX

Total Production of Lactic Acid by "Resting® Cells of Streptococcus
galivarius in the Presence and Absence of Sodium Aside

Strain No. Fermentation ¥Mg. Glucose Mg. lactic Acid Percent Lactic
Subdbstrate Utiliged Produced on Basis of
Clucose utilized

$208 Plain 250 224,75 9.9
Sodium agide 13 195.89 91.5
825D Plain 2%0 219.06 87.6

Sodium aside T 62.11 g4,0
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the previous experiment, i.e., azide does not inhibit the percent lactic
acid produced from glucose fermentztion by two stralns of "typlical*
§1xgniggggggg'gglixnxlng. The cells cultured in modified Hutner's broth
gave a consislently higher yleld of lactic acld than did those cultured
ia Suith and Sherman mediua. In all instances, in both this and the
previous experiment, where a glucose residual ocecurs, the fermentation
flask contained sodium azide. This is 1articularly trus in the first
experinent in which a emaller inoculum of cells was used in each flask,

Mte of Lactic Acia nroductiont The adove resulte do not
correlate well with previcus observations, e.g., they indicate that sodium
azide slows engyme activity as well as cell multiplication. An experiment
was undertaken to detect whether such inhibition 4id occur, Culture S20B
alons was used in this single experiment. After two serial transfers,
twelve 250 ml. centrifuge bottles containing 150 ml. of Hutner's broth
and 0.3% dipotassium phosphate,in place of excess calcium carbonate,were
inoculated. After 10 hours incubation, the cells in each bottle were
centrifuged, washed once with 10 ml. of 0.85% saline and theu suspended
in 5 ml. saline. After pooling ani rendering the susponilonl houogeneous
by strong agitation, 10 ml. was inoculated into each of six fermentation
flasks. All six contained 50 ml. of glucose substrate while three
contalned 0.024 sodium azide in addition. Inislal glucose concentration
was determined on two tninoculated flasks and was found to be 206.9 mg.
1n plain and 199.8 mg. in azlde substrates. This average loss of U] mg.
was attriduted to accidental extensive sterilization of this one set of
media,

Inoculated flaeks were incubated in 1individual sets for 5, 18,

and 2k Mours. At the designated time, five ml. of 204 sulfuric acid was

added to each flask to halt enzyme activity, and the flasks were stored in
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the refrigerator until the following day for analysis. Five nl. aliquots
of each sample after final dilution were oxidized in the glucose determina-
tion instead of the two milliliters as before in order to reduce the error
due to smrll samplese Lactic acid determination wns the g~ne as in the
previous experiment. The resultas appear in Table XXII and in Fizure 1l.
Although it s impractical to form a definite conclusion from but one
experinent, the divergence in rates of glucose utilization andllactic acid
production herein noted seems to indicete that sodium azide also has an
effect on the cardohydrate enzyme cystems of Sireptogcoccus galiwvariug as
well as on its cell division. When the logarithms of the milligrams of
glucose utilized or lactic acld produced are plotted against time (Figure
14), this divergence is less pronounced than the data in Table XXII
indicates. Auparently there i1s a bresk in rate of carbohydrate metabolism

at 28 hours both in plain and azide media.

The Role of Kediua Constituenis in Sodiws Agide Inhibition

The theory has been advanced that the effect of dacterial
inhidbitors in yitro is a result of combination between the inhibitor and
same essential constituent of the medium. Keilin (1936) has found this to
be true in the case of aslde polsoning of the xanthine oxidase reaction.
Ouf own exyeriments (page 48) showing a constant inhibition ratio regardless
of 1noculum size indicated there are factors other than enzyme poisoning
which are functioning. It has Veen suggested that the nature of sodium
agide inhibition might be similar to that of sulfanilamide and, therefore,
susceptidble to the counter-action of p-amino benzolc acid, a normal
constituent of media containing yeast extract. An experinment was designed
to deternine what effect, if any, the constituents of the medium and p-amine

benzolic acid might have on the inhibition ratio of sodium azide.
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Twelve media wers prajared with the NG basal medium (glucose as
carbohydrate) as a universal qubstreta. The naturs of this substrate wns
varied as followe:

a) Mo alteration. Inhibitor-free control.

b) Yith added eodiun azide (0.N2%)

¢) Less yeast ext-act.

d) Lese yonast extract tut with added eodium nride (o.oz,‘o).

e) Loss proteose peptone.

£) Less proteocae neptons but with added eodlum azide (0.02:8.

g) Le;s beef extract.

h) Lass beef extract but with added sodium azide (0.023%)

1) ¥ith added p-nmino benzoic acld (0.007M)¢

J) Yith added p-amino benzoic acid (0.003M) and sodiun azide (0.02%).

k) Extracted with acid ether.

1) Extracted with acid ether and plus sodium azide (0.02%).

Two-huniredths percent sodium azide is equivalent to 0.0031 molar, and
0.003 molar p-amino benzolc ~cid was used to match this concentration. It
has been renorted that acid ether aextraction will remove the nnti-sulfanil-
anide factor. In this instance, the completed 11iquid medium at pH 1.8
was extracted four t imes with ether., This did not assure cauplete remowal
of the anti-szlde .. " - factor, but it wns felt that the reduction would
be sufficlient to became noticeable. All Ingredients, with the exception of
p-amino benzoic acid, were weighed with eiirane care on a torsion balance
and volumes of 1iquid weres measured volumetrically. P-amino benzoic acid
was welghed on an analytical balance. All media were adjusted to pH 7,2

to 7.3 electrometrically, 9.2 ml. added to each clibrated tube (see Part I,
page 142), and sterilized at 15 1ba. for 15 minutes,

A broth cultura of S20B was transferred twxice prior to inoculation

* Eastman Kodak



and one drop from the sane cul ture wins added to 5 tubes of each medium
from a etandard pipette. After '8 hours incubation at 37°C, turbidity
was read on & Coleman spasctrophotometer at 650Y: Orowth in each set of
media was compared to & standard uninoculated ccntrol tube of that medium,
thus eliminating errors due to variations im color with variations in
constituents. The results of this experiment appear in Tadle XXIII and
Pigurs 15. It appears that pe-anino benzoic actid stimulates the growth
of Strestococcus galivariug S20B but has no effect on preventing
iahibition by sodium azide. Ixtraction with ether ylelds a subsirate
which stluoulates growth but renoves an anti-azide substance. Rexoval of
yeast extract, prota0se neptone, and beef extract decreases growth, while
the ratio of growth in the precence and abeeace of sodiun azide remains

relatively constant in all media.

Effect of Oxidation-Reduction Potential on
Sodfiuz Azide Inhibition

Mallmnaon (1941) has reported that sodium aride 1s a slow
oxidizsing agent, and, as such, probably inhibits bacterial growth by
exerting a "poising® action on the oxidation-reduction potential of
the culture mediuuse If that is true, orcanisms will tend to grow
better in its presence when redox potentizls of the medium are lower
than noramal. It is generally known that an R, gradient exists in agar
tude media, giving rise to a zone phenomenon when methylene blue is
present. (Villiams, 1939, 19%0, 1941). In media of low potential, the
gone of oxidigzed methylens blue is shallow and confined to the surface,
In media of higher potential, the zone extends deeper into the tube,
The position of the methylene blue zone, therefors, is an aprroximate
indication of the potential gradient existing in the mediuwm. Also, the

relation of bacterial growth to the sone of methylene blue reduction should
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TABLE IXIII

The Effect of Medium Constituents, p-Amino Benzols Acid, and Acid

Ither Xxtraction on the Inhibition of Streptococcus salivarius by
Sodiwm Agide

Total Growthe*

Media®*
Plain mediun r Azide medium
I g6.h 68.4
I g1.4 53.0
139 5.2 53.4
Iv 78.0 53.0
Y 91.0 70.8
V1 90,2 54,8

¢ C(alculated as 100 « observed average turdidity of 5 tubes.

#¢ I = The RG medium without alteration.
I1 = The RG medium less yeast extract.
II1 = The RG mediun less proteose peptone.
IV = The RG mediunm less beef extract.
Y = The BG medim with added p-amino benszoic acid (0.003M).
YI = The RO medium after extraction with acid ether.
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Zlve a rough estimate of the role which redox potential plays in the
initiation of grovth. Anplying thecze phenomena to growth in a solig
pediun containing eodium aride, the effect of this substiance on bacterial
growth was studied.

The RG basal media, with and without sodiua azide, were prepared
in liter flasks and tudbed asestically, baing maintained in liquid form ag
50°C until time for inoculation. The potential wns voried by adding (a)
1:10,000 potassium dichromate, (b) 0.05% cysteine, and (c) 0.1% soAtum
thiozlycollata, Methylene dlus, when pressant, was in a conéentrstlon of
1:1,0%00,000 or 1:200,000, danending upon the experiment. Twenty-four hour
broth cultures of the test organisms were diluted 1:100 in sterile 90 ml,
watar blanks and one =ml. aliquots of this sigpensions were added s
fnocula. After the inocula were well dignersed by shakinz, the tubes
were placed in a cold water bath to solidify them rapidly. The cultures
were 1incub~tel at 37°C for 48 hours to 72 hours before observations were
male.

A preliminary sxperinent using 12 strains of dacteria in azide
mediun, less methylene blue, indicated that streptococecl grew profusely
throughout the tube while gram-negative species and Stanhylococmia aureus
wers coafined to the top one-h~nlf of the tuba mand, largsly, nt the «urface.

This experiment was revested in the presence of 1:200,000 methylene
blue Aad obeervations of methylene blus reduction were taken every day for
seven Anys. The pregsence and position of growth was recorded at its
first adpearance. Gramenegitive organisms, which tend to produce highly
reducing conditions, redused methylene blue in plain media rapidly and
grew throughout the tudes. In aride medinm, however, growth was limited
to the surface or the ton one-half of the tudbe, whils methylene blue

readuction zones were the game as in uninoculated controls, viz,, from O
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mme below the surface extending to the bottom of the tube. Streptococei
frew arratically., Anparently methylene blue in the concentration used
was somewhat 1inhibitory to tha streptococcl since they ware limited to
surface growth, This obsarvation is constatent with that of Farrell
(1935) who renorted methylens blue toxic to strantococcl in certein
concantrations.

The effect of reducing ths potential by aiditioa of 0.05%
cysteine or 8.1% sodlum thiorlycollate was studied in another experiment,
aftor deureasing the concentration of methylene dblus to 1:1,000,000,
Pogition of growth nnd methylene blue reduction wns recorded daily for
four days. Tha effect of reduclng conditicns was marked in azide media,
growth of most organiams beinz limited to a nurrow dand at the surface
rhers methylene blue existed in the oxidized state, " -
liquefaclens, S25D, #6, And #101 were ehle to initiate small growth in
the dottom of the tube after 2 - 3 4~ys incubation.

The potential of the medium was poised at a higher B by the
addition of potassium dichromate (1:10,000)(Mallmann, 1941). The results
showed that, at higher oxtdation-reduction potentials, coccl were able to
grow throughout the tube., Oram-negntive organisms were still effectively
inhibited, although d=en colonles were able to grow in two instancee,
(Cultures of Protens svecies and Slow Lactose Fermenter #1)

These Tresults have been compilad in Fisure 16, wherein position
of growth in the shaka culturaes hae bYeen compared with zones of oxidiged
methylene blue in nedin of various redox conditions. A correlation is
seen between reducing conditions, ms indicated by the denth of the gones
of oxidized methylene blue, and position of gromth. In media contalning
reducing substances, growth is limited to the surface. In media without
polsins agents, growth occurs deeper in the tudbe. Ip media containing en

oxidising subst.nce (potassium dichromate), growth extends even further into
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the depth of the shake cultures. The redox conditions, per ze¢, of the
different media plays no part in the observed phenomena, since all species
eaployed were adle to grow adbundnntly throughout all the media in the
absence of so_diu- aside. In general, these results show that sodium aside
1s more effective under reducing conditions than 18 is under oxidising
oconditions. This seems to indicate that esodium aside does not act as a

slow oxidising agent as sugzested by Mallmann (19%0),

DISCUSSION

The results of the foregoing investigations have demonstrated
that sodium aride alters the physiology of Streptococcus salivarivs. Vhen
the rates of chemical change per cell per hour were calculated, it wng
observed that fermentation was apparently stimulated in the presence of
sodium agide, although graphic presentation of the results seemed to
indlcate that the rate of glucose utilisgation and acid production dy
actively vroliferating cells was reduced. An observed increase in generation
times, however, led to the conclusion that the phenomenon could be correlated
with an inhibition of cell division rather than to a stimulation of
engymatic activity.

"Resting® cells of Streptococcus salivariug produced the sane
smount of lactic acid, on the dasis of glucose fermented, in both plain
and azide-containing substrates, shoving that the fermentation mechanism,
as such, was not impaired. Other investigations on the rate of glucose
utilisation and lactic acid production by "resting® cells of this orsaniem
demonstrated that enzymatic activity was apparently decreased in the
prounoo.of sodimn aside. Since the percent lactic acid formed on the
basis of glucose fermented was the same in the presence and adbsence of

this engyme "poison*, it can be concluded that sodium aside inhibited the

fermentation a$, or prior to, the conversion of substrate glucose iato a



-9 a

non=reducing sudstance. These results indicate that a streptococcal
glycolytic mechanisa, similar to that reported by Clifton (1937) and
others for Xscherichia gold may bde inhidited. These inveatigators have
postulated that approximately three-fourths of the cardohydrate substrate
utilized Yy "resting® cells of Escherichia goll undergoes®oxidative assimi-
lation", $.0., is synthesized into cellular pelysaccharides. They bave
further demonstrated that this polysaccharide synthesis can be poisoned

by sodiun azide,iwhile the other stages of fermentation proceed unal tered.
The mode of action of sodium azide in blocking assihilatory processes is
still obscure. It appereatly inhibits respiraticia rather than fermentation.
(Ke1lin, 1936) (Oppenheimer and Stern, 1939). The results presented in this
thesis and those of Clifton (1937), who reported that RBscherichia cold
dehydrogenases were not effedted Yy sodium aszide, seem fo confira this
hypothesis.

It 1s aifficult to correlate the effect of oxidation-reduction
potentials on sodium azide inhibition reported in these investigations
with the above hypothesis. It was ohserved that marked inhidbition
occurred under conditions of low potential, which are favoradle to
fermentation, whereas under higher potentials favorabdle to respiration,
growth appeared. It 1s possible that the reduced state of a reversibdle
ensyme system required for the initiation of growth was selectively
inhidbited, similar to the "poisoning" of reduced cytochrome in living
yoast cells reported by Keilin (1936), Under conditions of low potential,
the bulk of such a reversible system would de in the reduced state and
cell Adivision would be effectively blocked. It is interesting to note
that Chaix and Framageot (1939) reported similar rewmlts with Prooniopi-
dacterium pentoaceum when®poisoned®by sodtum fluoride. Under anaerodie

eonditions, sodiwm fluoride inhibited decomposition of glucese and lactate,
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wvhile aerodic doempocgtion of these same compounds was not influenced.
Rose and Yox (19%2) reported that bacteria could undergo a
linited numbder of cell divisions in the presence of fa.cterioutatic
quantities of a gul fonamide drng. regardless of ;ho sige of the inoculmm.
Results presented in Part I of this thesis showed the same phenomenon occurs
with sodium nlldo. The occurrence of the same quantity of growth from
inocula of approximately ten million or one thmugd cells s 4ifficult to
rationalize with a hypothesis that sodium aside inhidition is solely a
matter of enzyme imhidbition. Rather, these run.ltq ind;csto that some
essential constituent or constituents of the medium are made unavailabdle.
by the presence of godius azide. Ry warying the mutrients in an azide-
containing medium, {t was possible to show that medium comnstituents had
relatively 1ittle effect on the ratio of growth in plain media to growth
in aside media. The presemce of an anti-aside factor was demonstrated,
however, by the marked increase in imhiditory power of aside in an acid-
ether extracted medimm. It appears prodbadble that the constituents of the
medium play a part in the inhibition ratio, dut ite mature remains obdscure.
Dixon and Keilia (1936) revorted that sodtum azide comdined with the
substrate and not the enryme ia the xanthine oxidase reaction. Whether
or not a similar azide-gubstrate comdinmtion occurred in these experiments

bas not been determined.

SUMMARY

1. Decrease in rates of glucose utiliszation and preoduction of acid was

observed in actively proliferating cultures of Streptococcus salivarius

growing ia asfde-contaiaing bdroth.
2. "Resting" cells of Streptosoccus gnlivarins ferment glucose to produce
sinilar quantities of lactic acid, on the basis of glucese fermented,

both in the presence and absence of sodium aside.
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5.

6.

Te
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The rate of glucose utilization and lactic acid production hy "resting*
eells of Streptococcus galivarius is decreased by sodium aside.
Variations in the constituents of a broth culture medium affect the
inhivitory power of sodium aszide relatively little, but acid-ether
extraction of the complete medium removes an anti-aside factor.

p-Anino bensolec acld stimulates the growth of Strevtococcus salivarins
but is not an anti.asidle facter.

Sodiom agide inhidits more effectively under conditions of low potential
than under higher potentials.

Racherichla goll exhidits a prolonged lag phase and rotsﬂlod fermentation
when groma in pure cultures containing sodium aside. Large inocula of
Bsacherichia goll are killed when growa in association with Streptococcus
salivarius in aside droth.

The possidle nmature of sodium aside inhidition is discussed.
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