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AN ABSTRACT

Yarious factors were studied to determine their in-
tluonéo on penicillin aotion againat seleocted members of
the Epterobgpoteriscese.

The medium used was the synthetie medium of Young,

Begg and Penta (1944) with lactose as the sole earbon source,
In this medium 200 units of penicillin per ml were found $o
be bacterieidal to Esocheriohis 90lji. Penieillin was most
eotively baoctericidal when exposure took place arfter abous
six hours at 37 C, which ocorresponds to the length of lag

of E, c0li in this medium,

Pilution was not an effeotive means for reduction of
peniocillin where recovery of previously exposed orgeanisms was
desired, Peniocillinase was found to destroy penicillin
effeotively and to allow recovery of previously exposed cells,
A much higher concentration of the enzyme was yequired for
recovery of ocells exposed to penicillin than was necessary to
inactivete the same amount of penicillin under identical oon~
ditions of time and semperature,

Salmonells pullorum was found to survive exposure to 200
units ef penicillin per ml, provided a sufficient preincudbation

was employed dbefore exposure, This was evidently due to the
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feos that penicillin is aotive only against growing cells,
The addition of approximately one percent sterile fecal
material resulted in s baotericidal action of penicillin
sgainst §, pulloruge This was presumably due to the fact
that the fecal meterial contributed growth substances to the
medium, and thus established the peniecillin effect,

S8odium arsenite in proper ooneentration was shown to be
bacteriostatic against members of the genus galmonella, but
not against other Enfjercbgoteriacese, Sodium arsenite in a
0,008 percent ooneentration in this synthetioc medium pro-
tected certain sslmonellae from peniocillin astivity even in
the presence Of one percent fecal material,

The presence of two percent tryptose and 0,02 percent
oysteine in the plitina medium materially enhanced the re-
ecovery of $, Rrllorum from exposure to penicillin,

The addition of 0,5 percent lactose and 0,005 peroent
sriphenyltetrazolium chloride to the plating medium resulted
in colonies of diagnostiec significance, Lactose non-rermeng-
.inc organisms redused the tetrazolium sals and formed dark
red colonies, while those producing acid from laotose in
general failed to reduce the salt and remained colorless or
only faint pink,

4 disphenol, 2,2'methylenebis-4-chloro~6-isopropylphenocl,
added to s lavel of 0;001 perecent in the plating medium
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effeotively inhibited ocertain grem positive cocoi which sur-
vived penicillin exposure,

4 series of human feceal specimens was examined to deter~
mine whether this penicillin enrichment technique could be
used for the isolation of salmonellae from feces, The results
of this limited series of examinations compare favorably with
those obtained with several media presently used for routine
diesgnostic work.

Among the limitations of the method is the faoct that
certain organisms other than the salmonellae do survive eox-
posure to penioillin and, when present in large numbers, pro-
duce overerowded plates making isolation of typicel ocolonies
difficult, Organisms involved in this type of inserference are
(1) pseudomoneds, (2) nutritionally deficient coliforms, (3)
lactose non-rermanfihg or slow fermenting coliforms, Oth&r'
limitations are the inadility to recover quantitatively the
salmonellae, and the relatively small inoculum necessary,

The method, with some modifications, could also be very
convenient for isolation of naturally oocurring biochemically

deficient forms of baeoteria.

Young, E.G., RN, Begg and E,I. Pentz., Inorganic nutrient

requirements of Escherichig goli. Arch, Biochem, 5:121-
136, 1944,
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INTRODUCTION

Fleming (1929) made the historic observation that a
filtrate of a Peniocjillijum oulture showed a remarkable se~
leotive action against the gream positive basteria in general,
and a considerably lesser action against mos¥ gram negative
organisms, He was the first to take practical advantage
of this fa0% by using penicillin in an agar medium to facile
f1tate the isolation of Bacillus jinfluenzae ( & gram negative
organism) from nasal washings whioch also ooﬁtainod‘an abun-
dance of gram positive mioroorganisms,

MaoLean (1937) also applied this same prinoiple with
marked suooess for the isolation of Hemophilus pertussis
from whooping cough cases.

Pigsi (1945) reported the use of penicillin in a me-
dium rfor the ocultivation of Trypanosoma oruzi, The peni-
6illin is nontoxie to the protozoan while inhibiting the
growth of bacteria,

Burnet, 8tone, and Anderson (1946) made use of a com=-
dbination of sulfonamide and penicillin for the isolation
of the virus of influenza B in chick embryos during an
epidemic of influenza in Australia., The penicillin and
sulfonamide were effective in inhibiting growth of baoteria






in the ochiock amnion, and sufficiently nontoxic to the
embryo and the virus to allow 1nvas;on by and development
of the virus to take place,

Hawking (1946) used ten units of peniecillin per ml in
a tissue culture of chicken macrophage reticulo-endothelial
eells for the isolation and growth of Plasmodium relictum,

Laoy (1946) utilized the selective astion of penicillin
for the isolation of Brygella abortus from milk,

Morin and Turcotte (1946) used penioillin for the bioe
logiocal "purification™ of vaccine emulsions., These authors
point out that 56 units of penicillin per ml of vaccine pre-~
vented bacterial infection by vaceination without adversely
arffesting the immunologicel potency of the vaceinia virus,

Dienes (1947) reported the use of penicillin for the
isolation of pleuropneumonia~like organisms from patho~-
logiocal specimens,

Howitt and Barnett (1948), working with poliomyelitis
virus, report that the use of 1,000 units of penicillin and
20 mg of streptomycin per ml of fecal suspension made intrs-
ebdominal inoculation of monkeys possible without preventing
paralysis. o

Pramer, Houhannes and Royotzkie (1950) developed a
method for the quantitative recovery dr mycobagteria from

sevage, They used Dubos' medium plus five units of peni-






0illin and 50 units of grisein per mli, They also pre~
heated the sewage sample at 50 G for 60 iinutes. This
treatment was reported to suppress 87-94 perocent of sewage
organisms with no loss of Mygobecterium tuberculosis.

These papers are cited to give examples of the wide
use of peniocillin in the isolation or biological "puri-
fication”™ of selected organisms, They are by no nsana
the only ceses reported of the use of penicillin for this
purpose, Penioillin and other antidiotics are used rou-
tinely in virus labdboratories as a prastiocal means of pre~
venting bdeoterial infection of laboratory animals or ohick
embryos by bscterial contaminants in virus proparation;.

In all of the mentioned procedures advantage is saken
of the natursl ability eof certain organisms (such as viruses,
prosozoa and most gram negative bacteria) to resist the
lethel sction of a given soncentration of penicillin, Under
the same conditions, conteminants are killed or inhibited
due to their natural peniocillin sensitivity,

Eobby, Meyer, and Chaffee (1942), studing the mechanism
of action of penieillin on yneuﬁooooci, hemolytic strep-
$0c00ei and staphylococci, conocluded that penicillin is
baoctericidal under certain conditions, They found the rate
of killing dy penicillin to vary with different organisms,
and also that penicillin appears to be effeotive only when






sctive multiplication of the exposed organisms takes place,

Foster and Wilker (1943), in a study of penioillin
effects on JMiorocoecus w Yar.-anrens, found that
survivel from penicillin exposure was not due primarily to
highly resistant "persisters®, On the contrary, cultures
from surviving cells were found to have survival curves
{dentical with the parent culture. They conclude that peni-
01l1lin depends for its aotivity on the logarithmie prolong=
ation of generation time, This suggests also that the sure
vival was due $0 some special metabolic state of the cell
at the time of exposure,

Bigger (1944) lent additional support to the hypothesis
that only grévlns, or at least actively metabolizing ocells
are susceptible to the lethal sction of peniocillin, He
found that by using a dilute solution of boric acid as a
baoteriostat for ), sureus, the sotion of penicillin eould
be inhibdbisted,

Bobby end Dawson (1944e,b) worked along similar lines,
They showed thaf en 1noréa-o in growth rate of hemolytie
streptocoesei caused an increased rate of kill by penicillin,
Conditions whioh decreased growth rate also deoreased the
rate at whioh penioillin acted, In addition, these workers
observed that sulfadiasine, which inhidits growth, also
inhidits penicillin action, It was also found that at 4 C,
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penicillin action, as well as growth, was stopped or
greatly retarded,

Les, Yoley, and Epstein (1944), working with Staphylo~-
_ gggggg,gggggg ¥DA, came to the roliowing conclusions

1. The rate of kill by penicillin is greater in a
medium where normally the growth rate is greater,

2, Physiologiocally young organisms are killed quicker
than old ones, This was believed to be due to the shorter
leg involved,

These workers also showed that greatly inoreasing the
eoncentration of penicillin did not appreeiably shorten the
time required to kill all the organisms in & suspension,
They showed a linear relationship during logarithmic growth
betwesn the logarithm of the viable population found i{n the
control tubes and the logarithm of the number of viadble or-
- ganisms in the presence of 1,5 units per ml of penieillin,
Their final oconclusion also is that aotuai growth of the
organism seems to be necessary for penicillin to kill,

Rantz end Kirdby (1944), in their ipn vitre studies on
the aoction of penioiliin on staphylocosoi, observed that,
in order to establish the penicillin effeot, the organisms
apparently must divide, They also confirm the odservation
by Joster and Wilker (1943) that the bacteria remaining

viaﬁlo after exposureAto penicillin are in general as sen~



sitive to penicillin sction as the parent strain, Theae
workers interpret this to mean that survival 1s not due to
an artificfally indueed penicillin resistance, but it is

due merely to the fact that the surviving organisms were

not in a metebolic state suitable for division to take place,

Sohwartzman (1944), in studying the affect of peni=~
e¢illin on Esgggggéh;g le;, showed that methionine enhanoes
‘the aotion of penicillin; and he also states that substances
inhibitory to growth interfere with penicillin aetion,

Chain and Duthie (1945) came to the oonolusion that
penicillin acts as a bacteriostatic or daotericidal agent
depending on ooncentration, These erffects ooour only under
oonditions that will allow for bacterial growth in the absence
of penjoillin. In a medium where growth is nutritionally
impossible, penicillin is ineffective, They also observed
that bacteriostatio concentrations of helvolic acid inter~
fere with the action of penicillin on )M, aureys.

On the other hand, Treffers (1946) found that inhibi-
tory agents like iodoacetic acid, sodium azide, gentian
violet and merthiolate potentiate the inhibitory action of
penieillin, He postulates this potentiating effest to be
due to these agents affeoting a pert or all of a common
enzyme system,

Dufrenouy, 8trait, and Pratt (1947) studied the effect






of penioillin on E, coli, Proteus yulgarisg, M, aureus and
Bagillus subtilis, 4s a result of these studies they came

to the conclusion that penicillin affects both gram negative
end grem positive organisms in essentially the same manner,
The threshold oonocentration necessary for lethal action
appears to be the only major difference betwaen the two
groups,

Krempitz and Werkman (1947) showed that penicillin had
no deleterious effect on the metabolism of glucose by M, aurews,
‘and also that it had no effeoct on the enzymes ooneerned with
the intermediate products of earbohydrate dreakdown, In a
synthetiec medium, in the absence of penicilliﬁ; a gradual
asosleration of oxygen uptake would oaour after about five
hours., In the presence of penicillin this aceeleration of
oxygen uptake did not occur, QOontrol experiments showed the
ssme aoccelsrated uptake to occur with ecells in s buffer sol=~
ution withoy$ carbohydrate substirate, The substances being
oxidized were evidently constitutents of the sells, During
the ocourse of rapid endogenous activity, pentose disabpeared.
The presence of penicillin inhibits this disappearance, These
workers are of the opinion that the source of pentose ias
the ribose of ribose nucleic acid, They conclude that in
some manner, penicillin interferes with the dissimilation

of ribose nuoleic gcid and consequently with 1ts assimilation
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during growth,

Bagle and Musselman (1949) made the observation that
beta hemolytie atreptocooéi, when exposed to peniocillin in
s medium favorable for growth, did not resume growth immed-
{ately after addition of the penicillin destroying enzyme
penase, dbut the organisms showed a slow recovery time. This
time of recovery was directly related to the time of ex-
posure, They also noted that large doses, up to 10,000
times neocessary rfor inhidbition, did not further accelerate
bacterial death, On the econtrary, in some oases such large
4doses even retarded lethal aetion, These workers also od-
served that when cells were exposed %0 penioillin in a me-
dium unfavoreble for growth and were then placed in a fevor-
able medium, they did not :eqnire the recovery period neoces-
sary for eells which had been exposed in a favoreble me-
dium, Their conclusions, drawn about the sotion of penicillin,
are as followsy "“The Basterioidal aoction of peniecillin may
thus depend on the continuation, in a favorable medium, of
certain metabolie sctivities in the cells in which the pro-
cesses which normally lead to growth and cell division have
been interrupted by penicillin.,® This ia in agreement with
the oconclusions of Krampitz and'!brkman (1947) previously
6ited, It was also noted that ocells thué altered by peni-

6illin exposure in a medium favorable for growth are able






t0 recover from this exposure only in a medium favorable
for growth,

Davis (1948), and Lederberg and Zinder (1948) simul~
tanooﬁsly riportéd the ﬁossibility of using ﬁenioillin for
the isolation of biochemically deflicient mutants of dao-
teria, These were the first two deliberate and practical
applications of the previously discussed phenomenon that
penieillin kills bacteria only when in a medium favorable
for growth,

The technique of Davis (1948), using E, coli, was in
general the following: 4 suspension of E, colj was ir-
radiated with ultra-violet light to induce mutation, The
cells were then inoubated in a complete medium to allow the
surviving ones to multiply, The eells were then washed
with seline end placed in & minimal medium in the adbsence
of tryptophane, After that they were exposed to 300 units
of pentieillin per ml for 24 hours, The ocells were removed
and pleted on a oomplete medium, A high proportion of the
colonies which then developed were found to dbe made up of
eells requiring tryptophane for growth, These mutants,
when exposed to penieillin in a ocomplete medium, show no
increased natural resistance to the antibiotie, It is
apparent, then, that the surviving cells resisted the peni-

0illin exposure because they were exposed in a meta~
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bolically inactive state. This inactive state of the cells
was due to the inability of the deficient medium to support
their growth,

Since these original observations, meny other workers
have also used this epproach for the isolation of bacterial

mutants,
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PURPOSE OF THE STUDY

The apparent suceess of the "penicillin enrichment tech-
nique” prompted the present invea"c:lgetion. It was oconsidered
torth;vhile to investigate the possibility of using this
unique eotion of penicillin for the selection of bacteria from
mixed populations ocontaining closely related types,

4 olassical example of this type of situation involves
the isolation of members of the genus Salmonella from feoal
materiel oontaining large numbers of other members of the
Enterobacteriaceae, With this object in mind, the influence
of several factors on the penicillin suseceptidility of oolie
form bacteria and various members of the genus Salmonella
was chosen as the primary object of this study,

The main portion of this work will de coneerned wi th
the investigation of the effeets of various eonditions in &
medium whieh modify the aotion of peniocillin on representa~
tive members of the coliform group and the genus Salmonellas,

The two organisms chosen for the initial portion of the
study were:

(1) A typioel strain of E, coli freshly isolated from
hunan.r'cou.

(2) A strain of Salmonella pullorum freshly isolated
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from chioken feces,

S8, Rullorum was chosen to represent the genus Sal-
monelle bdeocause it 1s one of the least resistant of the
salmonellee to the aotion of peniocillin, Thomes and
Levine (1945) showed that as little as 10 units per ml
inhibited growth in beef extract broth, A41lso, S, pullorum
is considered not to de highly pathogenic for man, which
minimizes the danger of asccidental infection while counting

colonies on plates, eto. in the laboratory.
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THEORETICAL CONSIDERATIONS

Aocording to the studies on the mode of action of penie
e¢illin previously ocited, the following conditions must be
met in order to obtain the desired selective kill of the
coliforms; .

l, Conditions must be formulated which are favorable
for the growth of the ecoliforms, The presence of penis
01llin in sufficient concentration should thsn be bacteri-
oidal to this group.

2, These conditions must at the same time be suoch
that members of the genus Sslmonells, which may be present,
will not be able to initiate growth; dbut will, nevertheless,
remain viable in a metabolicélly inactive state,

In order to attain such conditions, physiological dife |
ferences between the two groups of organisms were considered,
The outstanding difference appears to be the ability of the
ocoliforms to utilize lectose as a source of carbon in an
otherwise inorganie medium, and the 1nab111ty of members of
the genus Jalmonella to do so. '

On this besis, then, a synthetio medium with lactose as

the sole carbon source was considered adequate to fulfill
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the necessary requirements, A medium of this type is that
desoribed by Young, Begg, and Pentz (1944),

In an intensive study of the nutrient requirements of
]‘.gg;;, these authors found the optimum inorganic require-~
ments to be the following:

NOCL ccocscccccacscscccssocvcrcscocs Q5%
(NHE) 2804 eseccccccocasoscscescsncee 0.8%
KHgPO, eeccssacesasscsscscasssccocss 0026
NegHPO4 covscccrccccoccccccccscacoss 0.3%
M@ cecocevoccsscscscoceccescoccessee 0,87 por ml
Fe coccoccesccssosccscascecrscccccse 0,567 per ml

In the present study the magnesium was supplied in the
form of MgS04*7Hg0 (0,005 grams per liter) and the iron in
the form of FeSQ4°7Hg0 (0,00278 grems per liter), The pH of
this inorganic dase medium after autooclarving 1s'pB 6.5, The
authors found that this base medium plus 3.0 percent glyocerol
supported the growth of B, coli as well as did nutrient droth,
exoept that a longer lag periocd was observed,

This inorgenic base medium was dispensed in 50 ml emounts
in 135 ml flasks and sterilized by autoclaving for 10 minutes
a% 121 G, Laotose, as the sole carbon source, was added asep-

tically from e similarly autoclaved solution prior to in-

oculatsion to give the desired final ooncentration,
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DETERMINATION OF THE EFFECTS OF SEVERAL
" FACTORS ON PENICILLIN ACTION

The first consideration in this study was to determine
the conditions necessary for the optimum lethal effeot of
penicillin on E, coli in the synthetic medium of Young, Begg,
and Pents (1944). For econvenienoe this medium will here-
after be referred to as YBP medium,

From the evidence obtained by the work of the several
authors gquoted previously, conditions optimum for most rapid
initial growth of E, 00li should alsc be optimum for peni-
6illin sotion againat this organism, Hobby, Meyer and Chaffee
(1942); Bigger (1944); Hobby and Dawson (1944); Lee, Foley,
and Epstein (1944); Rentz and Kirby (1944); Sohwartzman (1944);
Ohain end Duthie (1945); Dufrenouy, Strait and Pratt (1947 ), |
Krampits and 'crk:nan (194'7), Bagle and Musselman (1949).

EXPERIMENT I,
Determination of the QOptimum Concentration of Lactose
in YBP Medium for the Minimum Lag of B, colf.
.. Frosedure: PFifty ml quantities of YBP medium containing
varying oconeentrations of lactose were prepared and seeded

with 0.5 ml of a 1-200,000 dilution of a 24-hour drain heart
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infusion broth culture of X, coli. Duplicate one-ml quan~-
tities were plated in brain heart infusion agar at hourly
intervals, After a 24-hour inocubation period, the colonies
were oounted and recorded &s in Table 1, The inocubation
temperature was 37 G,

Disoussions 4s oan be seen in Table 1, the eptimum con-
eentrétion of lactose for shortest lag of E, 90li is from
0.285 to 0,5 pereent,

These results also show that the length of lag at the
optimnm,lgotose concentration is approximately five to six
hours,

Before an attempt was made to demonstrate the baeteri~
cidal action of penioillin against E, goli 3h this medium,
a oonsideration of the concentration of penicillin which
must be used was necessary,

" Thomas and Levine (1945) studied the ip yitro effeets
of penieillin on varioui intestinal bacteria eand found that
the order of sensitivity was as follows: Salmonella,
Eoershella, Proteus, Shigella, Escherichis, and jerobaaster,
Most Zsgheriohis strains required from 50 to 100 units per
ml for complete inhibition in deef extract broth, while
B, sommunior and 4, gerogeneg usually required over 100 units
_per ml for inhibition, On this basis then, e concentration

of 200 units per ml was chosen to insure kill of even the
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TABLE 1

The Effeot of Varying the Laetose
Concentration on the Initial
Growth of E, coll in YBP Medium

Lactose

Concentration (%) 0.1 0.23 0,5 1.0 2,5

Wrs, after ‘

seeding

0 17,000* 18,000 17,500 18,100 16,000
1 17,400 17,800 18,000 17,300 17,400
2 17,200 18,300 19,200 18,900 18,000
3 18,000 23,100 20,300 20,500 17,800
4 31,000 46,000 44,000 32,000 21,400
5 63,000 84,000 78,000 48,000 84,300
6 74,000 123,000 119,000 77,000 38,000

* average count per ml



-




18

.more resistant coliform strains, The use of such a relatively
high coneentration of penicillin is further justified by

the work of Bagle and Musselman (1949), who showed thet

large doses of penieillin, even up to 10,000 times that
necessary for inhibition, did not accelerate baoterial death,

The next logicel step in this investigation was to de-
termine the bacterieidal esctivity of peniocillin against E,
8¢li in YBP medium,

Before this could bde determined, however, some means had
to be devised to reduce the residual peniocillin eoncentration
bdelow the threshold value for the organism prior to plating.

Two theoretically possible methods to acoomplish this
presented themselves:

(1) The penieillin could be diluted beyond the thres-
hold éonoentration before plating,

(2) The peniocillin ocould be destroyed by inoubation in
the pi;eéenoq of a sufficient amount of a peniocillin~destroying
enzyme,

Spicer and Blitz (1948), working with Streptococous yiri-
dang, showed that whon'penioillin was removed by dilution,

no eolonies developed upon plating the cells in an agar me-
dium, When the penicillin was removed by suffiocient peni-
cillinase, however, the exposed organisms regained their

viability and developed eolonies in agar poured plates, The
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Teeson for the ocells failure to regain viadbility efter peni-
0illin removal by d4ilution is indicated by the work of Mass
and Johnson (1949), These authors, using radicactive penie
eillin, showéd a ipecirio uptake of penicillin by suscep-
tible cells 1qdependent of the extracellular econcentration,
This penioillin was not removadble by dilution, and could
be rosponsiblg_ror the residual effect after dilution of the
antibiotie 1n‘thc suspending medium beyond the threshold
level for the organism in question,

~ It was desired to determine whether this residual effect
is also operative in the case of §, pullorum, To determine
this the following was done:

EXPERIMENT II.
The Effect of Removal of Penicillin by Dilution on the
Recovery of S, pullorum,

- Procedure: 4 1-100,000 dilution of a 24-hour culture
of §, pullorum was prepared in 0,85 peroent saline, Peni-
6illin was added to a level of 200 units per ml, After 10
minutes this suspension was diluted 1-100 in saline and
plated in duplicate in 10 ml of drain heart infusion agar.
This gave:u final oeonoentration of 0.2 units per ml in the
agar plate, which 1s far below the threshold eoncentration
of about 10 units per ml for S, pullorum (Levine 1945),

After 24-hours inocubation, no eolonies deieloped, as can de
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seen from Table 2, The control showed no loss of viability
in the saline during this short exposure, nor did 0.2 units
of penicillin per ml in the agar medium prove inhibitory to
eells not previously exposed to the higher conscentration of
the antidiotie, On the basis of this evidence it 1s apparent
that dilution could not be the method to use for the removal
of penicillin for recovery of S, pullorum, These findings
are also in agreement with those of Spioer and Blitx (1948),

‘The other alternative, as indicated by these samé aue
thors, involves the enzymatic inactivation of penicillin by
the enzyme penicillinase,

Adbraham and Chain (1940) were the first to report the
existence of a bacterial enzyme capable of destroying peni-
eillin, They showed that various baoterial extracts and
culture rfiltrates destroyed penicillin with varying degrees
of effectiveness,

Hobby, Meyer and Chaffee (1942) also confirmed the pro-
duction of a penicillinase by A strain of B, coli.

Lawrence (1943), in an attempt to devise a sterility
teat for penioillin preparations, showed that takadiastase
end olarase were effective in destroying penicillin, Later,
however, Lawrence (1944) reported that the active penieillin
dcstroying substances in ¢clarase were certain filterable

substances of baoterial origin, These baoteria were identified
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TABLE 3

The Residual Bactericidal Effect of Penicillin on

Ss o after Reduction of
Penioillin Conocentration by Dilution

Control - count per ml
before penicillin exposure.

9,600

Qount after 10 min, exposure to

800 units of penicillin per ml,
Penicillin reduced to 0,2 units

per ml by diluting 1-100 and plating
one ml in 10 ml of brain heart
infusion agar,

1

Control - sount per ml, No initial
exposure to penicillin, but plated
in brain heart infusion agar con-
taining 0.2 units of penicilliin

per ml,

10,500
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by him as belonging to the Bacillus cereus type which were
present as contaminants in some olarase preparations,

Woodruff and Foster (1945) made a rather intensive
study of a bacterial peniéillinase mreparation, These workers
found that penicillinase is destroyed rapidly by temperatures
sbove 50 C, but that 1t is quite stable at 4 C, 1In addition,
they found that the preparation was stable over n.remarkably
wide pH renge of from 3,0 to 11,0, with an optimum activity
of from 6,5 to 8,0, It was also found that penicillinase
aotivity was maximum at 37 0, and that SH-containing com=
pounds such as sodium thioglycollate and oysteine enhanced
its activity, These authors also found that penioillinase
aotivity is not limited to bacterié, but that certain yeasts,
aetinomycetes and other fungi show it to varying degrees,

Bacto-penase eoncentrate, a product of the Difco Com=
pany of Detroit, Michigan was used here, Aoccording to the
menufacturers, one ml of penase concentrate is capable of
inaotivating 500,000 units of peniocillin in two hours when
inoubatsed together in 15 ml of fluid thioglyocollate medium
or brain heart infusion dbroth at room temperature,

Different lots of penicillin and penase are apt to vary
slightly in potency, Therefore, it was oconsidered necessary
%0 assay the potenoy of this particuler lot of penase with

the lot of penicillin used in order to express the penase






potency in terms of the penicillin used,

EXPERIMENT III,
The Assay of Bacto-penase Concentrate Carried Out
Aoeording to the Procedure Outlined in the Difeco Manual
(Ninth edition), 1953, ‘
‘ Proocedure: Dilutions of Baoto-penase Concentrate of
1=2, 1=-3, 1-4, 1-5, 1-6, 1~7, 1-8, 1-9, and 1-10 were pre-
pared in sterile distilled water, One ml of each dilution
was added to a series of test tubes containing 15 ml of Baoto-
Fluid Thioglycollate Medium, One ml of a solution of peni-
oillin containing 50,000 units per ml was added to esach tube
and allowed t0 remain at room temperature for two hours,
Baoh tube was then inooculated with one ml of & 1-1,000 41~
lution of a 24-hour broth oulture of M, pyogenes var, aureus
P209, and incubeted at 37 C for 24 hours, The highest
dilution permitting growth in this period was determined, and
this dilution of Bacto-~penase Concentrate was multiplied dy
50,000 to determine its potency in terms of the number of
units of peniecillin inactivated by one ml of the enzyme pre-
paration, The results of this assay are given in Table 3,
Discugsion: From these results it is evident that 350,000
units of penicillin can be inactivated dy one ml of penase
in two hours at room temperature, The potency then is 350,000

®*units* per ml,
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TABLE &

The Potenoy of Bacto-penase Coneentrate
Assayed Against Penicillin G Potassium

Tube Number Bacto=-pensse Turbidity after
dilution 24 hours
1* 1-8 .
2 1-3 £
3 1-4 £
! 1-5 #
5 1-6 #
6 1-7 #
7 1-8 -
8 1-9 -
9 1=-10 -

* Bach tube ocontained 50,000 units of peniocillin per ml,
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It must be resognized that in the assay of penase, the
suseeptible bacteria were sdded to the assay tubes arfter peni-
oillin insetivation., In actual sterility-testing procedures,
or in proeedures designed to recover bacteria after penicillin
exposure, a very different situation exists, That is, the
baoterial cells are in oontact with penicillin before the addi-
tion of penase, and remain so during the entire inaotivation
procedure.

"It was oonsidered important, therefore, to determine
whether the oconcentration of penase adequate for inaotivation
of a given amount of penicillin will 8lso de adequate to al-
low for recovery of susceptible cells which had been pre-

viously exposed to the penicillin for a short time,

EXPERIMENT IV,

Determination of the Amount of Penase Neoessary for
Quantitative Recovery of )M, auyreus P209, Exposed to 200 Units
of Penieillin per ml in 0,85 Perocent Saline,

Procedure: 4 24-hour oulture of M, gureus P209 was
diluted 1-10,000 in saline and 200 units of penioillin per
ml were added, One-ml quantities were removed after 10 min~
utes and placed in nine ml of saline, brain heart infusion
broth and fluid thioglycollate medium, containing various
amounts of penase, After two hours at room temperature one=-

ml quantities were plated in drain heart infusion agar and
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incubated for 24 hours at 37 C, The results are shown in
Table 4,

Digougsion: These results show that a much higher con-
centration of penase is necessary for the recovery of bac~
teria from penicillin exposure than is necessary for the
mere inaotivation of penioillin the same length of time,

It is evident from these date that treatment with 200 in-
aotivating units of penase for two hours is insufrioient
for recovery of )M, aureus, exposed to 200 units of peni-
¢i1llin in e medium unfavorable for growth, 4 eonocentration
a8 high as 35,000 inactivating units for four hours 1is
neocessary to cause quantitative recovery in the three media
tested, Brain heart infusion broth appears to be the most
effioient medium for penicillin inesctivation, However, sinoce
the counts after five hours inactivation in fluid thiogly-
oollate medium and brain heart infusion broth exeeeded the
eount in the oontrol tube, it is evident that some recovery
and multiplication osourred,

The next experiment was designed to determine the con-
ocentration of penase necessary for quantitative recovery of
8, pullorun from a short exposure to 200 units of peniocillin

per ml in a medium unfavorable for growth,
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EXPERIMENT V,

The Determination of the Amount of Penase Required for
e ,Quantitétive Recovery of 8, pullorum from 10 Minutes Ex-
posure t0 200 Units of Penicillin per ml in 0,85 Percent
Saline,

Procedure: 4 Z24-hour brain heart infusion broth ocul-
ture of S, pullorum was diluted 1-10 million in 0,85 percent
saline, and penicillin was added to a level of 200 units per
ml, JFive ml quentities were removed after lo‘minutu and
penase was added to give the final ooncentrations shown in
Table 5., After a two-hour incudbation at 37 C, one ml quan~
tities were plated in dbrain heart infusion agar, Woodruff
and Foster (1945) showed 37 C to be the optimum temperature
for penase éctivity, and on that basis it was adopted here,
The results are shown in Table 5,

Disoussion: 4n examination of these data reveal that
in order to inasetivate the 1,000 units of peniocillin ocon-
tained in the five ml of seline suffiolently in two hdurs
at 37 0 to allow for quantitative recovery of S, pulloruy,
at least 35,000 ineotivating units of penase were necessary,
This 1s a ratio of 35 units of penase to one unit of peni-
eillin, This proportion of penase to penicillin was used

in further experiments for determining oconditions optimum
for kill of K, soli.
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TABLE §

The Amount of Penase Required for a Quantitative
Recovery of S§, pullorum from Exposure
to 200 Units of Penicillin per
ml in 0,85 Pereent Saline

Tabe™* | Units of Count
penase added per ml
1 3,500 0
2 8,750 0
$ 17,500 0
4 26,250 83
5 85,000 144
6 20,000 139
Gontrol (no
penicillin) cocres 149

* Xach tube contained five ml for a total of 1,000 units
of penieillin per tubs,
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EXPERIMENT VI,

Determination of the Optimum Time of Inocubation of E,
gol{ in YBP Medium Plus 0,25 Percent Lactose for the Maximum
Kill by 300 Units of Penicillin per ml,

Prosedures Five-tenths ml of a 1-200,000 dilution of
@ 24~-hour brain heart infusion broth oculture of E, coli was
seeded into 50 ml of YBP medium plus 0,25 percent lactose,
Two hundred units of penicillin per ml were added and inou-
bated at 37 C, At two hour intervals, five-ml (uantitioo
were removed and incubated for two hours at 37 C in the mre-
senoce of 35,000 inactivating units of penase, At the end of
two hours, duplicate one-ml quantities were plated in dbrain
heart infusion agar, The colonies were ocounted after 24 hours
at 37 C, The results are given in Teble 6,

Disoussiont These results show that an exposure of 13
hours to 200 units of peniocillin per ml in YBP medium with
0.2% percent lastose will result in a 99,7 percent reduction
in viability of E, coll.

Several workers, Hodbby, Meyer and Chaffee (1942); Bigger
(1944); Hobby and Dawson (1944); Lee, Foley and Epstein (1944);
Rants and Kirby (1944), have found that penioillin is most
rapidly lethal rbr baocteria when the cells are in an actively
growing state, On this basis, then, the most advantageous
time for the addition of penicillin should be at the end of
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TABLE 6

The Baotericidal Effect of 200 Units of Penicillin
per ml on E, col{ in YBP Medium with
0.35 Percent Lactose at 37 C

Hours exposed Surviving cells per ml
0 10,800
1 4,700
S 1,990
5 700
7 380
9 300
1l 180

13 109
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the lag period of growth or in the early phase of logarithmie
growth, An experiment was next performed to determine whe-
they or not this 1s actually the ease with E, colf,

EXPERIMENT VII,
~ Determination of the Influence of Pre-incubation Time
on Penioillin Action Against E, goli.

Proocedure: Identiocal flasks eontaining 50 ml of YBP
medium with 0,25 percent lactose were seeded with 0,5 ml of
a 1-20,000 dilution of a 24~hour brain heart infusion dbroth
sulture of B, c0li. These flasks were inoubated at 37 ¢ and
200 units of penicillin per ml were added to consecutive
flasks at two-hour intervals, At¢ nine hours from the time
of seeding of the flasks, five-ml quantities were removed
from each, and 35,000 inactivating units of penase were added,
After two hours at 37 C, one ml quantities were plated in
duplicate in bdrain heart infusion agar,

An examination of the results given in Table 7 shows
that a six-hour pre-~incubation and a three-hour penicillin
exposure is more effective far the kill of E, 00)li than 1is
& nine~hour penteillin exposure without a pre-incubation,
This is in egreement with the findings of the authors cited
above, Referral to Table 1 shows that after six hours in-
subation in YBP medium plus 0.25 perocent laotose, E, 00lf
1s in an aotively dividing state., This fact is apparently
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TABLE 7

The Effioienoy of Kill of E, ¢9li by 200 Units of Peni~
0illin per ml as Influenced dy Length of
Pre~incubation and Penicillin Exposure

Time in YBP Medium Containing

0.25 Percent Lactose

N an

Length of Penicillin Numbers of
pre=incubation exposure time cells surviving
period, in hours in hours

0 9 238

2 7 185

4 ) 177

6 3 alo

8 b 265
Control

0 0 24,000







responsible for the more rapid kill by penicillin added at
this point, than when it is added before the apparent growth
phase has begun, From the above findings it becomes evident
that an optimum pre-incubation time for maximum kill of E,
201] can be established,

EXPRRIMENT VIII,

Detcrminnfion of the Optimum Pre-inoubation of K, coli
in YBP Medium for Maximum Kill by Penieillin, |

Procedure: The pre-incubasion time here was varied and
the penieillin exposure time wes kept constant, Fifty-ml
quantities of YBP medium in 1256 ml flesks with 0,25 percent
lactose were seeded with 0,5 ml of a 1-2,000 dilution of a
24-hour brein heart infusion droth oculture of E, coli., These
flasks were incubated at 37 C and at hourly intervels peni~
6illin was added to give a final concentration of 200 units
per ml, An arbitrary three hour penieillin exposure period
was then employed. At the end of the penicillin exposure,
five-ml quantities were removed from each flask and placed
in test tubes in the presence of 35,060 inaotivating units
of penase, After two hours at 37 C, duplicate one-ml quan~-
tities were plated in brain heart infusion agar, The colonies
were counted arfter 24 hours at 37 Q.

n1gggggigi: From the results of this experiment given
in Tedle 8, it 15 evident that s pre~incubation of six hours
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TABLE 8

The Influence of Pre-incubation Time on the Kill

or!% g_g_li, by 200 Units of Penicillin per ml in
) Mediunm Qonteining 0,285 Percent Lactose

-

Hours pre-incubation Count per ml after

st 37 C 3=hr peniecillin exposure
3 TNTC*
'Y TNTC
5 1360
6 810
7 1570
8 1980

Control = no pre-incubation and no penicillin exposure -
. 84,100 per ml

* TNTC - too numerous to ecount,
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before the addition of penicillin is optimum for maximwam kill
of B, ¢0li in YBP medium plus 0.25 peroent laotose.

These results rurthgr oonf irm the hypothesis that peni-
9illin action is greatest when the exposed cells are in an
aotively growing state, Teble 1 shows that after six hours
inocubation in YBP medium plus 0.25 percent laotose without
penioillin, E, coli is past its lag phase and is in an ao-
tively dividing state,

Baving established the optimum pre-~incubation time de-~
fore penieillin exposure for maximum kill of B, 6oli, the
next step was the determination of the optimum penicillin

exposure time after pre-incubation for the optimum kill of
Ea soli.

EXPERIMENT IX,

Determination of the Effeot of Exposure Time on the Kill
of R, 6911 by 200 Units of Penicillin per ml after a Six-
Bour Pre-inoubation,

Proocgdures 4 24~hour brain heart infusion dbroth cule
ture of E, c0l] was diluted 1-2,000 and 0,5 ml was added to
50 ml of YBP medium with 0,25 percent lactose, After a pre-
ineubation time of six hours at 37 G, 200 units of penicillin
por ml were added, A% hourly intervels thereafter, five-ml
quanti ties were removed and 35,000 "units™ of penase added,

After two hours at 37 C, duplicate one-ml'quantitioa were
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plated in brain heart infusion agar. Counts after 24 hours
at 37 C are recorded in Table 9,

Discussion: From this set of data it is evident that
a pre-incubation time of six hours, followed by a penieillin
exposure time of five hours, results in a 99,3 perocent reduc~
tion of R, 0011 in YBP medium, 4ls0o an exposure as short
as one hour results in a 95.7 peroent loss in viability,
This also indicates that pre~inoubation time, and not ex-~
posure time is of most oritical importance,

The next logiceal step in the investigation was to deter~
mine whether S, pullorum would survive these conditiocns just
established for optimum kill of E, ocoli,

EXPERIMENT X,

The Determination of the Recovery of S, pullorum from
Exposure to 200 Units of Penicillin per ml in YBP Mediunm,

Progedure: 4 24-hour brain heart infusion dbroth ocul~
ture of gh,ngl;gggg was diluted 1-100,000, Five-tenths ml
of this dilution was added to 50 ml of YBP medium plus 0,25
pereent leoctose, The flask was incubated at 37 C for six
hours, at whioh time 200 units of penicillin per ml were
added, After an additional four-hour incubation, five ml
were removed and placed with 35,000 "units™ of penase for
two hours at 37 G, Duplicate one-ml‘quantities were then
plated in drain heart infusion egar and inocubated for 24
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TABLE ¢

The Effeot of Exposure Time on the Kill of E, goli
by 200 Units of Penicillin per ml after a
Six Hour Prewincubation in YBP Medium
Containing 0,25 Percent Lactose

Hours of exposure Becteria per Perocent loss
to 200 units per ml ml surviving in viability

0 25,000 c——-

1 1,060 95,7

2 570 97,7

3 350 98,5

4 238 99.0

-] 18l 99,3
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hours at 37 C, The resulting ocounts are recorded im Table
10,

Piscussions The results show that under these oconditions
8, pullorym can survive the effeets of penicillin exposure
to the extent of about 70 percent,

Thus, under identieel conditions of exposure, E, coli,
which 18 normally considered very resistant to penicillin,
is killed to the extent of more than 99 percent while the
more sensitive S, pullorum survives to the extent of about
70 percent,

The reason that S, pullorum was not quantitatively re-
covered is not eolear., The oomkrol tube (Table 10) shows
that the medium itself was not surrieiently toxio‘fo acoount
for the decrease in numbers, A possible explanation is that
the six-hour pre~incubation period was not surfiocient to
render all the cells in an inactive metabolic state.

In order to determine whether or not this is the “OL,

the following was dones

EXPERIMENT XI,

Determination of the Recovery of S, pullorum sfter a
l12-Hour Pre-~ineubation in 0,85 Percent Saline anmd an Ex-
posure to 200 Units of Peniecillin per ml,

Lrqo¢dure; A 24-hour culture of 8, pullorum was di-
luted 1-100,000 and 0,5 ml was added to 50 ml of 0,85 per=-
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TABLE 10

The Recovery of pullorum from Exposure to 200
Units of Penicillin per ml at 37 C in YBP Medium
Containing 0.25 Percent Lactose

Exposure time Peniecillin Control - no
peniecillin

0 hrs, 250" 230

4 hrs, 162 209

* gaverage count per ml
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cent saline, The flask was incubated for 12 hours at 37 C
to rid the oells of stored nutrients, Two hundred units of
penicillin per ml were then added, and at hourly intervals
Tive-ml samples were removed and placed in test tubes ocon-
taining 35,000 “units" of penase, These tubes were then
inoubated at 37 O for two hours, at the end of which time
duplicate one-ml quantities were plated in drain heart ine
fusion agar and incubated at 37 C for 24 hours. The results
ere given in Tabdble 11,

ocugssion: These findings show that an exposure as
long as eight hours to 200 units of penieillin per ml will
sause no significant decrease in numbers of S, pullorum when
in a "resting"” oondition in saline, The most logiocal expla~-
nation for the results observed in Table 10 would then be
a8 follows: The conditions established for optimum kill of
3. 6011 will not allow for simultaneous quantitative su-
vival of S, pullorum due to the fact that some of the cells
are still able to metabolize sufficiently to establish the
penicillin effect. This metadbolism may well be due to nute
rients stored in the cell from the previous rich medium in
which they were grown,

One possible way to obtain a greater survival of S, pul=-

Aorum would be to pre-incubate for a longer period of time

before adding peniocillin to allow the eells to assume an ine-
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TABLE 11

Recovery of S, pujllorum from Exposure to 200 Units
of Penicillin after a Preliminary l2-Hour
Inoubation in 0,85 Percent Saline at 37 C

Peniocillin exposure Count per ml after
in hours penicillin inactivation

aose
321
206
al9
218
204

Qo o ¢ M = O
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active state, However, this would not be feasidble in a
procedure designed to obtain seleotive kill of the coliforms
in a mixed population, As was seen in Table 1, a pre~
incubation of more than six hours allows E, coli to multiply,
This inoresse in numbers of gh.gégi would tend to offset the
advantage of the pre-incubation for §, pullorum and would
deorease the efficiency of the selective process, See also
Table 8,

4 similay difficulty was anticipated when attempts to
obtain seleotive kill of the coliforms from fecal material
were to be mede, The fecal material would very likely oon~
tribute growth substances to the medium which would enable
the selmonellae t0o initiate growth also, and, hence, be killed,

In order to determine whether or not this anticipated
difficulty is e real one, the following experiment was per-

formed:

EXPERIMENT XII,

Determination Whether the Survival of S, pullorum to
Penicillin Expo-urowin YBP Medium Would be Adveraely Af-
feoted in the Presence of Fecal Material,

Procedure: A 24~hour oculture of S, pullorum was di-
luted 1-100,000 in 0,85 percent saline, Five-~tenths ml of
this dilution was added to 50 ml of YBP medium with 0,25

percent lactose and approximately 0.5 grams of sterilized






human fecsl material, A4fter a six-hour pre-incubation period
at 37 C, 200 units of penicillin per ml were added, The flask
was further incubated for four hours at 37 C, after which time
five ml wes removed and mixed with 35,000 "units"™ of penase,
After two more hours at 37 O, duplicate one-ml pbrtiona were
plated in brain heart infusion agar and incubated for 24 hours,

Discussion: The results given in Table 12 reveal that
under these oonditions S, pullorum does not survive exposure
to 200 units of penicillin per ml., However, the control tube
containing no penicillin shows that no appreciable multipli-
cation of $, pullorum takes plaee under these oconditions,

The interpretation given these results is thet the fecal
material contributes substances to the medium which enadle
Ss Pullorun to metabolize surficiently to establish the peni-
oillin effect, but which do not allow for appreciable mul-
tipliocation in the time interval used,

A possible means to obviate this dirficulty is suggested
by the studies previously cited, Bigger (1944), Hobby and
Dawson (1944), Schwertzman (1944), Chain and Duthie {1945),
These authors all noted that certein baoteriostatic sud-
stances render dacteria resistant to penieillin dy virtue
of the faet that they inhibit growth,

For this phenomenon to be of use here, a bacteriostat

would have to be employed whioh would seleotively inhibit,
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TABLE 12
The Effect of One Percent Sterile Feoes‘on the Survivel

of §, pullorum after Exposure to 200 Units of
Penieillin per ml in YBP Meaium

S

Count before Count after
exposure - exposure
YBP medium plus '
0.25% lactose 126 120

YBP mediunm plus
0.25% lactose plus
1% sterile feoces 138 0
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but not kill the salmonellae while allowing the coliforms
to grow,

MoCulloch (1945) stated that "Small amounts of arsenous
acid are toxio fo many pathogenic 6rganisms, such as E, %y~
phosa, ¥V, somma and many streptococci, while the closely
related F, ooli, P, vulgeris, and many staphylococol actually
are stimulated by such amounts."

Dubos (1947) indicated that it is now considered that
the arsenioéls, whether tervalent or quinquevelent, are first
oxidized or reduced to their corresponding arsenoxides, which
in turn react with some reduced sulfhydryl groups of the ocell,
He pointed out that the simultaneous injeotion of an arsenical
and a compound oontaining an SH group slows the rate of dis-
appearance of trypanosomes from an infected animal, This
lends support to the idea that arsenicals are active due to
their ability to block SH groups of enzyme systema. This
also suggests that arsenic may dbe bacteriostatic rather than
dbactericidal, If indeed this is the case, then an arsenic
oompound ocould be of use here as a selective baocteriostat,

Two arsenic compounds were tested to.determine whether
a selective bacteriostasis of the salmonellae could be

achieved.
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FEXPERIMENT XIII,

Determination of the Selestively Inhibitory Property of
Sodiuni Arsenate and Sodium Arsenite on S, pullorum and E,
Soli.

Procedure: Ten-ml quantities of tryptose-lactose broth,
(Darby and Mgllmann 1939), eontaining various concentrations
6f sodium ersenate and sodium arsenite were prepared, One
set of tudbes oontaining each of the two compounds was seeded
with 0,1 ml of a 1-1000 dilution of a 24~hour culture of E,
90li. A similer set of tubes was seeded with 0,1 ml of a
1-1000 ailution of a 24-hour culture of S, pyllorym,

Growth, as determined by visual turbidity, was recorded
after 24 hours., These results are given in Table 13,

Digsocussion: 4s can be seen from this tabdle, E, 0oli
grows well in much higher concentrations ef both chemiocals
than does S, pullorum, However, it is seen that sodium ar-
senite inhibits $, pullorum over a much wider range than
does sodium arsenate., For this reason the effect of sodium

arsenite on E, goli and S, pullorum was further investigated,

EXPERIMENT XIV,

Determination of the Influence of Various Concentrations
of 8odium Arsenite on Viability of S, pullorum and Growth of
E, 9011 in Tryptose-lactose Broth,

Progedure; TFifty-ml quentities of $ryptose-lactose






TABLE 13

The Selectively Inhibitory Property of Scdium
Arsenate and Sodium Arsenite on E, coli and
S, pullorum in Tryptose-lactose Broth

Organisa E., ocoli S. pullorum
Percent of so-
diun arsenate
0. 06 3f* -
0.0‘ ‘f -
0003 4} had
. 0,08 4 -
0.01 a4 14
Control
0 ¢ 4f
Percent orf so-
dium arsenite
0005 4f -
0003 4, -
0001 ‘/ -
0.006 4f -
00 004 4, -
Control
0 4f 4y

¥ s degree of turbidity compared tO oontrol at &fe
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broth were prepared containing various concentrations of
sodium arsenite, Five~tenths ml of a 1-600,000 dilution

of a 24-hour culture of E, 00li was seeded into eaoch flask
of one series, In a similar menner a 1-100,000 dilution of
a 24=-hour oulture of §, pullorum was seeded into another
series. 4t hourly intervels one-ml quantities were plated
in dupliocate in brain heart infusion agar, After 24 hours
inocubation at 37 C, the colonies were counted and recorded
es in Table l4a and 1l4b,

Discyssiocnt From these results it is seen that in
tryptose~lacstose broth a conecentration of sodium arsenite
as high as 0,01 pereent has no inhibitory effect on the
growth of E, coli, Also, a concentration as low as 0,006
percent is bacteriocstatic for S, pullorum,

At this point the effect of 0,01 percent sodium ar-
senite on several other enteric organisms was also deter-

mined,

EXPERIMENT XV,

The Effect of 0,01 Percent Sodium Arsenite on the
Growth of Several Members of the Enterobacterisceg¢ in
Tryptose-lactose Broth,

Procedure: Ten-ml quentities of tryptose-lactose
broth eontaining 0,01 percent sodium arsenite were prepared

and sterilized by autoclaving for ten minutes at 121 C,



By




50

TABLE l4s

The Effeot of Various Conoentrations of Sodium Arsenite
on Viability and Growth of E, col{ in Tryptose-
lactose Broth at 37 C .

Inoudation time
in hours 0o 3 4

Sodium arsenite
oconeentration (%)

0 28* 118 2,400
0,0004 21 125 3,900
0,0008 2l 120 2,400
90,0008 28 1235 3,600
0,001 25 115 3,700
0,002 31 128 3,400
0,004 28 181 2,700
0,006 27 118 2,400
0.008 24 122 2,600
0.01 20 133 2,800

* average count per ml
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TABLE 14Dd

The Effect of Various Concentrations of Sodium Arsenite
on Viability and Growth of 3, pg%;orum in
Tryptose~-lactose Broth at 37 C

Inoubation time :
in hours 0 2 4 6

SodTum arsenite
econcentration (%)

0 123* 390 6,200 TNTC
0,0004 107 153 300 950
0.0006 117 141 147 160
0.0008 129 110 132 140
0,001 107 110 107 105
0,002 124 147 125 120
0.004 130 126 132 105
0,006 113 137 124 103
0,008 118 117 129 109
0.01 107 120 125 111

* average count per ml
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These tubes were seeded with 0.1 ml of 1-100 dilutions of
S4-hour bdbrain heart infusioh droth cultures of several mem-
bers of the Enterobacterisceae., Growth, as evidensed by
visual turbidity, was determined after 24 and 48 hours and
recorded in Tabdble 15,

Discugsion: It is evident from this table that all the

nmbuﬁ of the genus Salmonella tested were inhibited.

However, P, yulgaris, Alkaligenes fecalis, Pseudomonas

geruginosa, E, ooli, A, serogenes and the Shigellas did show
turbidity within 24 hours,

In the light of these results, and the hypothesis that
peniocillin affects only growing cells, it seemed advisable
to determine whether a selective kill of E, coli and simul~
taneous survival of §, pullorum could be obtained dy use of
penicillin in this tryptose-lactose medium econtaining 0,01

percent sodium arsenite,

EXPERIMENT XVI,
Determination of the Effeet of 0,01 Percent Sodium
Arsenite on Penicillin Action against §, pullorum and B,
$ol1i in Tryptose-laesose Broth, | . _
Erogedure: Fifty-ml quantities of tryptose-laestose
bdroth with 0.0l percent sodium arsenite were mrepared. One
of these flasks was seeded with 0,5 ml of a 1-100,000 di-
lution of a brain heart infusion broth culture of S, pullorum,
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PTABLE 15
The Rffeet of 0,01 Percent Sodium Arsenite on the Growth

of Several lMembers of the Enterobacteriasceae
in Tryptose~-lactose Broth

L

Organism 24 hours 48 .hours
Proteus vulgaris o #
Alkaligenes fecalis # #

' Pseudomonas aeruginosa # #
E, coli D.B, # #
B, coli #23 £ #
derobacter aerogenes # f
Shigella ambigua # #
8higella alkaleseens # #
Salmonella typhimurium -* -
Sal, enteritidis - -
8al., tsyphosa #1 - -
8al, paratyphi B - -
8al. typhosa #2 - -
Sal, typhosa #3 N -
8al. pullorum : - -
* J/ = growth as evidenced by visual turbidity
** - a2 no growth
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The other was seeded with 0,5 ml of a 1-1000 dilution of a
similar culture of E, goli. Control flasks oontaining no
sodium arsenite were also prepared, After a one hour pre-
- incubation, 200 units of penicillin per ml were added, After
four more hours at 37 C, five ml amounts were removed and
pleaced in test tubes containing 45,000 “units™ of penase,
These tubes were incubated for two hours at 37 C and plated
in duplicate in brain heart infusion agar. After 24 hours
at 7 ¢, the plates were ocounted. The results are given
in Tadle 186,

‘Digeussion: 4As can be seen hepe, the viadility of K,
90l was redueed about $9.8 percent dy this peniocillin ex-
posure, The recovery of g,, ggg_wwu about 20 perceat.
However, 3. pullorum in tryptose-lactose broth without so-
dium arsenite showed no recovery at all, This is evidence
for the faot that a baeteriostatic coneentration of sodium
arsenite does inhibit pemicillin action to some extent,
However, under the conditions of this experiment, a quan-
$itative recovery of 8§, pullorum from exposure to 300 units
of penioillin per ml was not attained,

The inhibition of penicillin aetion by sodium arsenite
must be considered as a secondary effeot, The primary effect
appears %o be that of bacteriostasis, This hypothesis is
aubstantiated by the fact that 0,01 percent sodium arsenite



.
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TABLE 16

The Effeet of 0.01 Percent Sodium Arsenite on
Penieillin Action egainst S, pullorum and
B, soli im Tryptose-lactcese Broth

8. pullorum K, coll
Before peni-~
eillin exposure 115* 19,200
After peni-
eillin exposure 21 38
~Contrel = no

sodium ersenite 0 34

* gverage count per ml
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does not inhibit the action of penicillin against E, ooli,
bus does inhibit the peniecillin effeet against S, pullorum
to some extent, It is significant that this sodium arsenite
esoncentration is baeteriostatioc for S, pullorum, but not

Tor Ra 89L1.
It is a more difficult matter to demonstrate the bao~

Seriostatio effect of sodium arsenite on §, pullorum in YBP
medium containing lactose, The obvious reason for this is
that the medium itself will net support the growth of the
organism, However, the higheat concentration of sodium
arsenite which will not ceuse a kill of §, pullorum in YBP

medium with 0,25 percent lactose was next determined,

EXPERIMENT XVII,

Determination of the Effect of Various Concentrations
of Sodium Arsenite on Survival of S, puljorum in YBP Medium
with 0.25 Peroent Lactose,

- Ereoedure: Fifty-ml quantities of YBP nidi,un were pre-
pared with various concentrations of sodium arsenite, After
autoclaving, 0,35 peroent lactose was added to each flask,
The flasks were then seeded witn 0,8 ml of & 1-100,000 di-
lution of a 24~hour oculture of S, pullorum and incubated at
37 G, 4fter hourly intervals, one ml quantities were plated
in duplicate in brain heart infusion agar., Counts obtained

after 24 hours at 37 C are recorded in Table 17,
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TABLE 17

The Effect of Various Concentrations of Sodium
Arsenite on Growth and Survival of S, pul-
dorum in YBP Medium plus 0,25 Percent Laotose

Sodium arsenite

concentration (%) 0,001 0,002 0.00¢ o.ook
¥inme (Hours)
0 430* 430 430 43**
5 430 420 320 31
10 440 420 290 18

* gount per ml
** due to inhibition, not low inooulum
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Piscussion: As is seen from Table 17, a concentration
of aociium arsenite as high as 0,002 percent causes no
appreciable deocrease of S, pullorum after as long as l1ll hours
at 37 C, This concentration proved to be bacteriostatiec
even in tryptose-lasctose broth, Table 14, and on this basis,
it was assumed to be dbasteriostatio in YBP medium also,

It was next determined whether 0,008 percent sodium
arsenite in YBP medium containing 0,235 percent lactose would
protect S, pullorum from exposure to 2300 units of penicillin
per ml in the presence of approximately one percent feocal

material,

EXPERIMENT XVIII,

Deternmination of the Effect of 0,008 Percent Sodium
Arsenite on the Recovery of S, pullorum from Exposure %o
Penioillin in YBP Medium Containing One Peroent Sterile
Feces,

Procedure: 4 50 ml quantity of YBP medium containing
0.25 pereent lactose was prepared, 4 similar quantity of
YBP medium was prepared but 0.002 percent sodium arsenite
and approximately one peroent sterile human fecal material
were added, EFKach flask was seeded with 0,5 ml of a 1-100,000
dilution of a 24-hour brain heart infusion culture of S,
Rullorum. After a six-hour incubation at 37 C, 10-ml por-

tions were removed from each flask to serve as controls on
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the effeet of the medium itself on the organism., Penicillin
was then added to the original flasks to give a level pf:
200 units per ml, After an additional four-hour inocubation,
five ml amounts were removed and mixed with 35,000 "units”
of penase, Two hours later, duplicate one-ml quantities were
plated in drain heart infusion agar pour plates., The results
are given in Teble 18,
Disgussiog: - It ean be seen here that in YBP medium
with 6.25 percent lactose, 0,002 peroent sodium arsenite
and one percent fecal material, S, pullorum ocan survive
penicillin exposure to the extent of about 83 percent, Under
identical conditions, exeept for the absenoce of sodium ar-
senite, no survival oescurred, This also confirms the finding
in Experiment XVI that sodium arsenite in basteriocstatie
eoneentrations does tend to inhibit the aetion of penicillin,
It no; beoame necessery to determine whether this ocon-
sentration of sodium arsenite will also have an inhibitory
affeot on the growth of E, coli in YBP medium plus 0,25 per-
eent lactose, and a consequent effect on the penioillin
action against this organism, For this determination the

following was done:
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TABLE 18

The Influence of 0,002 Percent Sodium Arsenite on Reoovery
of §, puyllorum from Exposure to 200 Units of Penieillin
per ml in YBP Medium with 0,285 Peroent Lactose and
Approximately 1,0 Percent Sterile Feces

0.002% Sodium No Sodium Ar-~
Arsenite and senite plus
1,0% feoces 1,0% feces
Control - no
penicillin 153* 1623
After peniecillin
exposure 128 0

* average count per ml
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EXPERIMENT XIX,

Determination of the Effect of Two Coneentrations of
Sodium Arsenite on the Growth of E, ¢oli in YBP Medium,

Progedyre: Fifty-ml quantities of YBP medium were
prepared eontaining 0,001 and 0,002 perocent sodium arsenise,
Esoch flask was seeded with 0,5 ml of a 1-200,000 dtlution
of a 24-hour brain heart infusion broth culture of E, coli.
At hourly intervals, appropriate dilutions were made and
plated in brain heart infusion agar, The resulting counts
made after 24 hours at 37 C are given in Table 19,

Disgussion: By comparing these eounts with those of
the control flask, it becomes evident that 0,001 and 0,008
pereent godium arsenite in YBP medium caused no appreciadle
inhibition of growth of E, 90li. Sinoe penioillin astion
kas been shown to be positively correlated with growth,
these soneentrations of arsenite should also show no inhi-
bition of penieillin action against E, coli, This will be
further confirmed in subdbsequent experinments,

The experiments done thus far have established the
optimum econditions of time and medium for kill of E, eol
by peniocillin, and simultaneous survival of S, pullorum,
The next step deals with determining she optimum penase
eonoentration and time to use for maximum recovery of S,
pullorum from exposure to penicillin in YBP mesdium under
the conditions established above,






63

TABLE 19

The Effect of Two Coneentrations of Sodium Arsenite
on the Growth of X, ooli in YBP Medium
plus 0,25 Percent Lactose

= g

Sodium arsenite

eoncentration (%) 0 0,001 0.002
Time (hourl)

0 15,800* 16,200 15,900

1 17,300 15,700 16,700

 § 16,200 15,800 15,800

3 19,400 21,100 30,000

4 41,000 42,000 36,000

5 84,000 91,000 96,000

é 123,000 131,000 127,000

* average count per ml



-
td




63

EXPERIMENT XX,

Determination of the Optimum Penase Coneentsration and
Inoubstion Time for Maximum Kecovery of S, pullorum from
Exposure to 200 Units of Penicillin per ml in YBP Medium,

Procedyre: rifty ml of YBP medium containing 0,002
percent sodium arsenite, 0,25 percent lactose and one per-
cent starile fecel material was prepared, This was seeded
with 0,5 ml of a 1-100,000 dilution of a 24-hour culture of
Sa pullorym and incubdbated at 37 C for six hours, Two hun-
dred units of penicillin per ml were then added. 4ifter four
houfs, five-ml quantities were removed and mixed in test
tubes with various amounts of penase, After hourly intervals,
duplicate one-ml quantities were plated in brain heart in-
fusion agar. The colonies which developed were counted after
4 hours at 57 C, These results are found in Teble 20,

Discusgion: It is olearly seen from these data that
under these eéonditions 3,500 and 17,500 "units®™ of penase
are inadequate for recovery of §‘>ng;;2;gg from the 1,000
units of peniecillin ocontained in the five ml of medium. It
is further evident that 35,000 "units™ of penase did permit
a recovery of about 80 porcent.' The perocent of recovery was
not appreeiably influeneced by as much as 70,000 "units"™ of
penase, It 1s also evident here that a penase exposure time

of more than one hour at 37 C does not further enhance the
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TABLE 20

The Effeat of Varying Penase Concentrations and Inoubation
Times on Recovery of §, pullorum from Exposure to 1,000
Units of Penicillin Contained in Five ml of YBP Medium

Bours of penase

exposure 1l 3 S
Bnits of penase

$,500 , o* 0 0

17,500 o 0 0

35,000 121 110 110

70,000 1r6 94 112

Control = no
penicillin 149

* average ecount per ml
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reocovery of §, pullorum, Thus, s one hour incubation at

37 G in the presenoce of 35,000 "units® of penase is oconsidered
sdequate for recovery of §‘_nngig;gg from 1,000 units of peni-
6illin contained in five ml of YBP medium with 0,25 percent
lactose and one pereent sterile fecal material, The reason
for the failure to attain a qQquantitative recovery of the
orgenisma is to de sought elsewhere,

There are several] possidble explanations for failure to
attain s quantitative recovery. These possibilities eare
eonsidered below:

l. The fairly long period of bactariostasis necessary
here may have been lethal to some of the organisms, However,
the results in Table 17 show that this is not responsible for
the reduction in numbers., Here it is shown that a 10-hour
incubation period at 37 C in YBP medium, containing 0,008
pereent sodium arsenite and 0.25 pereent lactose, does not
csuse & significent decrease in numbers of S, pullorun,

38, Another possidbility is that not all the cells ars
in a completely statio state, and therefore, do not resist
the peniocillin effeot, This 1s a rather difficult point to
determine with eertainty, However, the results of Table 17
show that §, pullorum does not multiply in YBP medium with
0.002 pereent sodium arsenite, This is evidence for, dut

not proof of, the completely static state of the organism,
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It is possible that some of the organisms are able, under
these conditions, to metabolize suffiociently to become
irreversibly injured by penicillin without actually under-
going multiplieation,

3¢ The third possibility is that the plating medium
used may not provide optimum conditions for recovery from
peniocillin exposure, This third possibility wes considered
worthy of investigation in the light of the findings of
Wainwright and Mallaney (1954), These authors showed that
the growth of E, ogli exposed to penieillin in a synthetio
medium was profoundly influenced by the availability of the
earbon souree in a synthetic medium,

Curran and Evans (1937) alse showed that the composition
of media used for reooiery of baoterial spores and vegeta~
tive cells previously exposed to lethal agents greatly in-
fluenced the viable count, They oconclude that organisms
whiceh survive killing feotors are more fastidious in their
food requirements than the same culture before exposure,

An attempt wes now made to determine whether the oom-~
position of the plating medium actually does influence the

amount of reocovery after penieillin exposure,
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EXPERIMENT XXI.

Determination of the Influenece of the Final Plating
Medium on Reeovery of §, pullorum from Penicillin Exposure,

Proceduret Five-tenths ml ef a 1-100,000 dilutions of a
84-hour oculture of §, pulliorum was added %o 50 ml of YBP me-
dium oonteining 0.25 perceant lactose and 0,002 perocent sodium
arsenite, After a sixehour pre=-inocubation at 37 C, 200 units
of peniocillin per ml were added, Four hours later a five-ml
quantity was removed and mixed with 35,000 “units™ of pensse,
Afser one hour at 37 G, one-ml quantities were plated in
duplicate in each of two media, These media were plain nu~
trient agar and drain heart infusion agar. 4s can be seen
from the results in Table 21, the natwre of the medium has
e very mrkid effect on recovery, Brain heart infusion agar
again gave approximately an 81 percent recovery, while nu-
trient agar gave no recovery at all, Control plates show
that when not previously exposed to peniocillin, essentially |
the same number of S, pullorum eoclonies develop on both medis,
although it was noted that the colonies formed on bdrain heart_
infusion agar are somewhat larger than those on nutrient agar,

The fact that a greater recovery is obtained when using
brain heart infusion agar rather than plain nutrient ager
indicates that after penicillin exposure in s statio state,
S, Pullorym is still viable, However, the pereent of via-
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bility is @ funotion of the plating medium used for evalua-
tion of this viability,

Brain heart infusion agar ia generally considered a
very rich medium; eand, by comparison, plain nutrient agar
may be considered relatively poor. However, the difference
in survival of §, pullorum after penic¢illin exposure, when
plated in these two media, must be due to a factor or faotors
other than this general "richness®™, Kvidence for Shis is
the fact that equal numbers of organisms develop on each me~
dium when J, pullorum is plated without a previous penicillin
exposure (See Teble 21 - controls),

At this point in the investigation it was desired to
determine to what extent other Sglmopella species would sure
vive thi- penicillin enrichment tsechnique,

EXPERIMENT XXII.

Determination of the Survival of Several Sglmonella
Strains from Exposure to Penicillin in YBP Medium,

Proeedure: Twenty-four hour brain heart infusion broth
cultures of rfive Jailmonells species were diluted 1~1,000,000
in saline, Ten-ml quantities of YBP medium with 0,002 per~
eent sodium iraenito, 0.25 percent lactose and 1,0 percens
aterile fecal material were seeded with one ml of thn‘abovo
dilusions, After a six-hour incubation at 37 0, five-ml

quantities were removed and 200 units of penicillin per ml
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TAELE 21

The Influense of the Nature of the Plating Medium on the
Recovery of S, pullorum from Penicillin Exposure

Plating medium Nutrient agar 'Brain hesrt
infusion agar
Before exposure 148* 149
After exposure 0 121

® average count per ml
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were added, The remainder from each tube was held until the
end of the experiment and plated as @ control on the toxioity
of the medium, After four more howrs at 37 G, 35,000 "units®
of penase were added and mixed thoroughly by shaking, 'One
hour later, duplicate one ml quantities were plated in bdbrain
heart infusion egar. The results are given in Tadble 22,
Discussion: From these results, it is evident that
these five Sslmppella strains elso survive penieillin ex-
posure in YBP medium but to varying degrees; $, typhimuriynm,
§. paratyphi B, S. sholeresuls asd 3, Syphoss show s sur-
" vival of frem 80 to 90 peroent, while S, enteritidis survived
only about 14 percent, It is not clear why §, enteritidis
4id not survive dbetter. The control tubes show that this
sharp reduction wes not due to the toxioeity of the medium,
Table 15 also shows that sodium arsenite is basteristatie
to the orgenism, 4 repeated determimation with the seme

organism showed essentially the same result,
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DEVELOPMENT OF A DIFFERENTIAL PLATING MEDIUM
FOR DISTINGUISHING THE SALMONELLAE
FROM GOLIFORM BACTERIA ’

In this investigation under certain definite conditions
¢f inoubation in the proper medium, E, ¢0li was selectively
killed by penicillin. Under these same oonditions several
Selmonella species were shown to survive at leest te the
extent of about 80 percent,

In order to determine whether this seleotivity would
apply to other ocoliforms end salmonellas in naturally in-
feoted fecal material, it became evident that a good, nom-
toxie differential medium which would distinguish the sal-
monellae from the coliforms must be employed.

IS was desired to be able to plate relatively large
volumes of YBP medium in which the orgenisms had been ex-
posed to penicillin, This would enhance the statistical
probability of recovering the salmonellae, especially where
they ooeur in relatively small numbers, On the basis of
these considerations then, & medium whioh could be used as
a pour plate medium would be the one of choise,

4 relatively nontoxiec medium such as MaoConkey agar is

unsuitable because only surface eolonies are differentiated,
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Bismuth sulfite agar is satisfactory as a poured plete
medium, This was eonsidered unsatisfactary for use here be~
eause of the presence of the dye, brilliant green. A medium
containing no substanees inhibitory for the gram negative or-
ganisms was desired in order that all the salmonellae sur~
viving penicillin exposure would have the maximum opportunity
to initiate growth and form colonies,

Lederberg (1948) employed 0,005 percent triphenyltetra-
zolium chloride in nutrient agar plus one percent lactose as
e medium for the detection of fermentative variants of E,
seld. He observed that the biological redustion of the tetra-
zolium selt to the highly colored, insoluble formazan is
probebly pH dependent., The parent type of E, celi, whioch 1is
ecapable of producing acid from lactose in the medium, does
not reduce the tetrazolium, Therefore, oolonies of the
parent type which develop remain colorless, On the other
hand, ooceasiona) veriants which do not produce acid from
laotose do reduce the tetrazolium salt end take on a very
1ntenie red colar. This is also edvantageous in that the
6olor remains oonfined to the colony and doés not obsoure the
true nature of neardy colonies dy diffusion throughout the
medium, as often oeours with ordinary pH indieators,

Lederberg (1948) also suggested the possgidle value of
tetrazolium in ihis respect in a differential medium for
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the sslmonellse,

Vearious tetrezolium salts are being used in the field
of bacteriology for diagnostic purposes, Chapman (1951)
inoorporated triphenyltetrazolium chloride in his tergitol-

7 medium for the differentiation of various types of coli-
forms, HReinbold, Swern and Hussong (1953) also desoribe the
use of a tetrazolium salt in a medium for the isolation and
enumeration of the enteroocoocci,

Preliminary work using nutrient agar with 0,5 percent
lactose and 0,005 percent triphenyltetrazolium ehloride re-
vealed that §, pullorum produced rather small, very intensely
red colonies in poured plates as well as on streak plates.
With the same medium, E, 00lj produced colorless or very
faint pink ocolonies, somewhat larger in size, It thus
sppeared that tetrazolium oould be used as an indieator to
differentiate lactose fermentera from lactose non-fermenters,

However, the results of Experiment XXI show that nutrient
agar is not a satisfactory medium for recovery of S, pullorum
after peniocillin exposure, Therefare, some other medium must
be used as a dbase to insure adequate réoovory. It was also
shown in Experiment XXI that brain heart infusion agar enabled
Y relat:vely high recovery rate of S, pullorum,

One mein difference between brain heart infusion agar

and nutrient agar is that a higher concentration of peptone
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is present in the former,

The following experiment was rum in order to determine
whether this higher peptone oonoentration‘oould be at least
partially responsidle for the enhanced rebovcry of S, pul-
iorum from penioillin exposure, Bacto-tryptose was the

peptone used,

EXPERIMENT XXIIX,

The Brreet of Varying the Tryptose Concentration in the
Plating Medium on the Recovery of S, pullorum from Penieillin
Exposure in YBP Medium,

Proceduret 4 50-ml quantity of YBP medium with 0,25
percent laotose and 0,002 percent sodium arsenite was seeded
with 0.5 ml of a 1-100,000 dilution of a 24-hour brain heart
infusion droth oculture of $, pullorum, After six hours at
37 0, 200 units of penieillin per ml were added, After a
fursher four-hour incubation, a 10-ml quantity was removed
to a test tube ocontaining 70,000 "units" of penase, After
one hour at 37 C, one-ml amounts were plated in dupliceses
in media containing 0,5 percent sodium ochloride, 1,5 percent
agar and various concentrations of tryptose, After 24-hours
incubation at 37 G, the colonies were counted., The results
are shown in Tabla 23, |

Disoussion: It can be seen from these results that the
amount of peptone in the form of bacto=-tryptecse in the plating
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TABLE 23
The Effect of Tryptose Coneentration in the

‘Plating Medium on Recovery of §fﬁ£3ﬁ%2§!§
from Exposure to Penicillin {m dium

Tryptose Coneentration Count per ml aftear

eXposure
0.5% 0
1.0% 42
1,5% 70
2,08 93
2,5% 89

Control~Brein heart infusion agar 160

Control=no penicillin exposure 190
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medium does have & pronounced effect on the recovery of S,
pPyllorym from exposure to penicillin in YBP medium, & two
percent oonsentration of tryptose appears to be optimum,
Lower concentrations tested, appreciably deoreased the re-
sovery, while a higher concentration did not inorease re-
covery to any extent, The recovery of 8, pullorum using
this optimum oconocentration of tryptose.-was approximately
50 peroent, In ocomparing this result with that obteined
using brain heart infusion agar as the plating medium, 1%
is as evident that some surviving cells still failed to
develop in 2,0 peroent tryptose agar,

Woodruff and Foster (1945), while studying baoterial
penicillinase, made the observation that oysteine is eap-
able of inactivating penicillin, 4lso other 8H containing
oompounds were found to enhanoce penicillinase aotivity,

It was next deemed advisable to determine whether the
addition of such SH containing substances to the plating me-
dium would increase the rate of recovery of $, pullorum from

exposure to penieillin,

EXPERIMENT XXIV,

Determination of the Effect of Cysteine and Sodium Thio-
glyeollate on the Recovery of 8, pyllorum from Peniscillin Ex-
posure,

ooedure: 4 50-ml quantity of YBP medium with 0,25
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peroent lactose end 0,002 percent sodium arsenite was pre-
pared and seeded with 0,5 ml of a 1-100,000 dtlution of a
24-hour culture of S, pullorum. After six houfu at 37 C,
200 units of pemiocillin per ml were added, After a further
four<hour incubation at 37 C, a twenty-ml qnéntity was mirxed
with 140,000 “"units™ of penase, After one hour, duplioate
one-ml quantities wire Plated in two percent sryptose agar
oontaining vearious concentrations of oysteine and sodium
thioglyocollate, These results may be found in Table 24,

Discussion: It is evident from these data that the
addision of 0,02 percent cysteine to 2,0 pereent tryptose
agar inocreases the recovery of J, pullorus from penicillin
exposure to about 82 perocent, This is oomparadle to the
recovery experienced using brain heayt infusion agar, Any
further inorease in cysteine ooncentration does not appear
t0 enhanoe resovery additionally,

Also, 1% can be seen that the addition of sodium thio-
glycollatse does enhance the recovery to some extent, but
not to the extent experienced with cysteine,

From the information ga;ncd in the previous experiments,
the following was formulated as a possible differential me=-
dium for the detection of members of the genus Salmonella in

the presence of other fecal bacteria:
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TrYPtOB® sesecscrecsssacssessasseses 200F
8odium Chloride seesscscssccocssccses 0,58
CYSteine ceecocovossccssasscacsssses 0,002%
Triphenyltetrazolium chloride eceeese 0,005%
LRCtOB® cvevvvcrsoccasssncansssssssss 0o5%

Mixtures of K, coll and §, pullorum plated in this me-
dium gave & very clear cut differentiation, The S, pullorum
colonies were a very intensely red, while the E, c0li colonies
were & light pink and somewhat larger,

The next experiment was designed to determine the effeot~-
iveness of this tryptose lactose tetrazolium ager in differen-
tiating 3, pullorum from other fecal organisms which survive
the penioillin exposure in YBP medium,

EIPERImT xXv,

Determination of the Ability of Tryptose Laoctose Tetra-
zolium Agar to Differentiatse §, pullporym from Other Fecel Or-
ganisns which Survive Penieillin Exposure in YBP Medium,

Erpeedure: 4 50-ml quantity of YBP medium with 0,003
percent sodium arsenite and 0,25 percent lactose was pre~
pared. Approximately 0.5 grams of fresh human feces and 0,5
ml of a 1-100,000 dilution of & 24-hour culture of §, pyllorym
were added. 7This was inocubated for six hours at 37 ¢, Peni-
01111n was added to a level of 200 units per ml, and further
incubated for four hours, 4 five-ml quantity was then mixed
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TABLE 24

The Effeot of Cysteine and Sodium Thioglycollate:

. on the Recovery of pullorym
from Penieillin g?bosuro

Coneentration (%) | Average count per ml

Cysteine
0 126
0.,0025 140
0,008 138
0.01 148
0,08 186
0,03 190

Sédiun thioglycollate
0 - 186
e.01 142
0.035 | 145
0.08 151
0.1 143

Control = before
peniecillin a30
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with 35,000 “"units™ of penase and incubated further for one
hour, On.-mi quanfitios were then plated in tryptose lac-

tose tetrazolium agar, After 24 hours, the plates were eox-
amined with the following result;

8, pullorum colonies which developed were deeply dark
red, The relatively few coliform colonies (lactose fer~
menting gram negative rods) varied from noafly colorless
to pink., These were also oonsiderably larger than the §,
pullorum ocolonies, A fairly large proportion of the small
intensely red colonies proved to be gram positive coeci, and
00001 in short chains or pairs characteristic of the entero-
socod,

socus t This medium showed & sharp distipesion
between §, pullorum and the other gram negative fecal forms
encountered in this specimen, However, the development of
the gram positive cooci made it apparent that some means of
eliminating these forms wes necessary if the differential
value of triphenyl Setrazolium ohloride was to be used here,

Several chemical substances might be added to this agar
to inhibit selestively the gram positive organisms, Among
shese are the aniline dyes, various wetting agents, and cer-
tain bis~phenols,

Litsky, Mallmann and Fifield (1952) showed that in
surtiiiont concentrations all the baaio‘dyca which they tested
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showed some inhidition of the gram negative &as well asz 2
marked inhibition of the grem positive organisms, Litsky,
Mallmann, and Fifield (1953) worked with ethyl violet, which
is the least toxie of %hoso‘dyol. These authors show that
the entarocoocl are intermediate in sensitivity between the
gram positive and gram negative organisms, The results of 4
these studies indicate that @ ooneentration of ethyl violet,
whioh is sufficient to inhibit the enterosocei, oould also
show considerable toxiecity toward gram negative organisms,
Since the enterococci are among the organisms which 1t is
desired to inhibit, these dyes were not considered further,

Mallmenn and Dardy (1941) showed that the anionie wetting
agent sodium lauryl sulfete in a eonseentration of 0,01 pereent
is effeotive in inhiditing several gram positive organisms in
Sryptose broth, This same eonsentration proved ocompletely
nontoxio to J, 8911, the gram negative organism tested,

Bardt (1951), working with the bisphenol £,2*' methylenebis-
4-0hloro-ﬁ-isoprépylphonol (X=7643), demonstrated a marked
selective property of this iompound also, A oconcentration
as low as 0,000001 peroent inhibited the growth of the gran
positive orgenisms tested, while the highest concentration
tested, 0,001 peroent, showed no toxiocity toward E, coli.

These two compounds were next eonsidered as posciblo

agents to use for the elimination of the gram positive forms






which interfere with the diagnostio efficiency of tryptose

lactose tetrazolium agar,

EXPERIMENT XXVI,

Determination of the Efficiency of 0,01l Percent Sodium
Lauryl Sulfate and 0,001 Peroent 2,2'Methylenebis-4~-chloro-
6-isopropylphenol in Suppressing the Growth of Gram Positive
Yeoal Organisms Which Survive Penicillin Exposure in YBP
Medium,

Zrooedures Ten gram positive erganisms isolated from
plates in Experiment IXIV were grown in brain heart infusion
broth, Five of these were morphologically typical of miero=-
soeci, and five were large cocei in short chains or pairs
morphologically typical of the enterocococei, One drop of a
1-10,000 dilution of a 24~hour oculture of each of these or-
ganisms was plated in tryptose lactose tetrazolium agar con-
taining 0,01 percent sodium lauryl sulfate., JIdentical plates
were poured using tryptose lactose tetrazolium agar with
0.001 percent of 2,2'methylenebis~4=chloro=-6-igopropylphencl,
Duplicate plates of each medium, as well as tryptose lactose
tetrazolium ager dase, were also seeded with opne ml of a
1+1,000,000 dilution of a 24-hour culture of S, pullorum,
Theae were controls on the toxieity of the two seleotive
agents for §, puylloryme. The pletes were examined after 24
hours at 37 C, and reoocrded in Table 35,






TABLE 29

The Development of §, pullorusm in the Presence
. of Sodium Lauryl Sulfate and K-7643

Inhibitor Averege count per ml
None 264
Sodium lauryl sulfate 0,01% 259

K-7643 0,001% 266
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Discussions The results of this study show that sodium
lauryl sulfate was effective in completely inhibiting three
of the five miorococcus types, while two did grow and pro-
duce dark red oclonies, 4ll five of the enterocoocus types
developed dark red colonies,

The plates containing the bisphenol, however, showed
no growth of either type of gram positive organism,

An examination of Table 25 shows that neither sodium
lauryl sulfate nor 2,2'msthylonobil-t-ohloro-s-ilopropyl-
phenol exhibit an appreciable toxioity toward §, pulloruym
as far as numbers of colonies developing is concerned,

On the daais of these results then, it was decided to
use the rfollowing as a differentieal plating medium for the
deteotion of salmonellae in subsequent studies:

TIYPLOSE ccocoveccaccococsscosessssassssscssse So0F

LaotoBe ccececcccrosaccocsecaccescssscnnesses 0s5%

Sodium 6hloride eececeeccerceccscscocccccesce 0o5%

CYSteine seecececsceeccesscocescersccscssccce 0,028

Triphenyltetrazolium chloride eeeescscceccece 0,005%

2,2'Mesthylenebis-4~chloro-6-isopropylphenol , 0,0001%
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Discussions The results of this study show that sodium
lauryl sulfete was effective in completely inhibiting three
of the five miorocooccus types, while two d4id grow and pro-
duce dark red oolonies; All five of the enterococcus types
developed dark red colonies,

The plates containing the bisphenol, however, showed
no growth of either type of gram positive organism,

An examination of Tadble 25 shows that neither sodium
lauryl sulfate nor 2,8'nsthyloncbis-toohloro-c-inopropyl-
phenol exhibit an appreeiable toxioity toward §, pullorym
as far as numbers of colonies developing is concerned,

On the basis of these results then, it was decided to
use the following as a differential plating medium for the
deteotion of salmonellae in subsequent studies:

TryPUOSe ccecececaccnccccscssscessccossccncse 3008

IROtOBE ccsceccccsoccccacccsnncoccctsracaceces 0.5%

80dium o0hloride seeececcseccccesccencccscecss 0:5%

Cystein® ,sececcccsccccecececascccscessscscce 0,02%

Triphenyltetrazolium chloride eeesseccsecesee 0,005%

2,2'Methylenebis~-4~chlero-6-isopropylphenol , 0,0001%
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USE OF THE PENICILLIN ENRICHMENT TECHNIQUE FOR
THE ISOLATION OF SALMONELLAE FROM NATURALLY
INFECTED HUMAN FECAL SPECIMENS |

The final portion of this work was concerned with de-
termining whether or not this "penicillin enrichment® pro-
eedure eould be used for the isolation of members of the
genus Salmonells from naturally infected human fecal mater-
ial,

Source of specimeng: The specimens used here were ob-
tained from the diagnostiec laboratory of the Michigan Department
of Health, Lansing, Michigan, 7They consisted of fecal samples
from known carriers, suspected carriers, suspected aetive
eases of Sglmonella infeotions, and from persons in eontacs
with ocarriers or active cases, The specimens were usually
obtained at weekly intervals, and varied in age from three
to twelve days after the date of receipt at the laboratory,

Procedure for examingtion: Approximately two gm of the
speoinmen was suspended by shaking in ten ml of sterile physio-
logical saline in a large test tube, This suspension was
then freed of gross partieles by slowly forcing a loosely
pasked eotton plug down through the suspension to the bottom
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USE OF THE PENICILLIN ENRICHMENT TECHENIQUE FOR
THE ISOLATION OF SALMONELLAE FROM NATURALLY
INFECTED HUMAN FECAL SPECIMENS

The final portion of this work was oconcerned with de~
termining whether or not this "peniecillin enrichment®™ pro-
eedure could be used for the isoclation of members of the
genus Salmonglla from naturally infected human fecal mater-
ial,

Source of specimeng: The specimens used here were ob-
tained from the disgnostiec laboratory of the Michigan Department
of Health, Lansing, Michigan, They consisted of fecal samples
from known carriers, suspeoted carriers, suspeocted sotive
eases of Salmonells infections, and from persons in eontact
with carriers or active cases, The specimens were usually
obtained at weekly intervals, and varied in age from three
to twelve days after the date of receipt at the laboratory,

Procedure for examination: Approximately two gm of the
specimen wes suspended by shaking in ten ml of sterile physio-
logicel saline in a large test tube, This suspension was
then freed of gross particles by slowly foroeing a loosely
packed eotton plug down through the suspension to the bostom
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of the tube with a sterile pipette, One-and 0,1 ml-quantities
of the supernatant were then placed in five-ml quantities of
YBP medium containing 0,25 parcent laotose and 0,003 percent
sodium ersenite, After thorough mixing, these tubes were
placed in a water bdath at 37 C for six hours, Penicillin was
then added to the level of 200 units per ml, After four hours
at the seme temperature, 35,000 "units™ of penase were added
to each tube, One hour later, O.l-and five-ml amounts were
plated in the differential tryptose, laoctose tetrazolium
agar desoribed on page 85, The plates were examined after 24
and 48 hours at 37 C, and the very intensely red eolonies
ochareocteristie of the salmonellae were picked and inooculated
into tubes of Baeto-Kligler Iron Agar. Those tubes showing
en alkaline slant, and aoid butt with or without gas or hy-
drogen sulfide were further studied., The following media
were used for a partial identification of the organisms iso-
lated: Beoto-Purple Broth base ocontaining 0,5 peroent con-
oentrations of dextrose, lactose, maltose, and suorose, 4lso
seeded were one percent tryptose solution for determination
of indole production from tryptophane, semisclid motility
test agar for determination of motility, Simmons' oitrate
agar for oitrate utilizetion, and urea broth to deteot the
organiams ability to hydrolyze urea, Each oculture was also

gram-stained to check for purity and gm reaction,
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In order to eatablish some standard to indicate the
relative efrficiency of this penicillin enrichment procedure,
the specimens were also examined by using four of the sev~
eral diagnostioc media designed for salmonella isolation,

In this parallel prooedure, two ml of the original saline
in.ponlion was placed in test tubes oontaining ten-ml quan~
tities of Bsoto~Selenite broth, and incubated for 24 hours,
After this preliminary enriochment, O,l-ml inantitica were
spread on the surface of Bacto-MaocConkey agar, Bacto=SS
sgar, and Beoto-Bismuth Sulfite agar plates., 4lso five-ml
end one 4drop quantities of the original saline suspension
were plated in bismuth sulfite agar pour plates, After 34
and 48 hours, these plates were examined and suspected
salmonella colonies were picked and partially i1dentified by
the prosedure outlined above,

Pure cultures showing reactions typical of the genus
Salmongllg were sent to the Salmonella Typing Stationm of
the Miochigan Department of Health for pbsitivo identification,
The results obtained by the two methods of isolation are
g€iven in Table 26,

Discussion: The results of this limited number of exam-
inations indicate that the effieiency of the penicillin en-
richment procedure compares quite favorably with that of the
combination of currently employed media, 4 total of 103
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TABLE 26

Results of the Examination of Fecal Specimens for
Sealmonellae by the Pemicillin Enrichment

Technique and by Four Currently
Employed Diagnostic Media

Speocimen Current Penieillin Organisn
number media technique isolated
48 # - S, typhosa
50 ¥ F S, typhosa
57 - # S, typhosa
53 # # 8, typhosa
62 # # 8, montivedeo
64 # # S, tennessgee
86 # f S dyphoss
123 £ # 8, typhimuriug
129 # # S, typhoss
395 # ¢ S, meunchep
405 # I 8, eranienburg
731 # y S, typhoss
811 / I §_,_ typhosa
836 # - 8, montevideo
87 # # S. mentevideo
868 # I S, typhimurium
899 - y S, typhosa
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TABLE 36 (Continued)

Specimen Current Penioillin Organism
anumber medis technique isolated
761 y # S, typhimuriug
1153 f # S, typhosa
1168 # ;l §‘ oranienburg
1289 # - 8. montevideo
1299 ¢ ¢ S, typhosa
1314 # # S, typhosa
1318 I d - 8, Zyphosa
1831 # ¢ S, typhosa
1470 # # S, worthington
1611 - i 8, lyphosa
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TABLE 26 (Continued)

Specimen Current Peniocillin Organism
number medies technique isolated
761 # # S, typhimuriug
1153 f # S, typhoss
1168 # ;‘ g, oranienbdburg
1389 4 - 8, montevideo
1299 ¥ # S, typhosa
1314 # # S, typhosa
1315 # - S, typhosa
1331 # # S, typhosa
1470 ¢ # S, worthington
1611 - # 8, typhosa
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specimens were examined, From 22 of these, Salmonella speocies
were isolated by the penicillin enrichment method, while 23
were positive by the commonly employed media, As is seen
from the tables, in three cases salmonellae were isolated by
the peniocillin enrichment procedure but missed by the ocur-
rently used media, while in four cases the penicillin teoh-
nique failed, but the currently used media did not.

During the examination of these several speoimens, it
was noted thas in the majority of the cases the non-salmo-
nella population of the fecal specimen was reduced suffieiently
t0 allow for a ready isolation of diserete colonies, However,
in a few cases the resulting plates were very heavily pop-
ulated, making differentiation and isclation of disorete
colonies impossible, Upon closer examination of these over-
erowded plates it was discovered that the organisms involved
were most often those of the genus Pseudomonas., These col-
onies were dark red, but where not too abundant, they oould
be distinguished from the salmonellae by the presence of a
greenish=white halo aurrouﬁding the colony,

Also in & few specimens the resulting plates were over-
erowded with light pink colonies oharsoteristic of the coli-
forms, Isolates from such ocolonies produced acid and gas
in 1aotoio broth and gave other typical coliform reactions.

The reason for their surviving the penicillin exposure in
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large numbers was not immediately apparent, However, when
these organisms were placed in YBP medium eontaining 0,25
percent lactose, but no sodium arsenite, about 90 percent
of them failed to show growth after 24 hours at 37 C, 4
number of suoch isolates are listed in Table 27 along with
their IMViC resotions., Evidently these are intermediate
coliform strains whieh do not possess the nutritional effi-
eiency characteristic of the tribe Escherichese, The sur-
vival of these types immediately suggests the possible use
of a peniocillin enrichment technique for the isolation of
naturally oeocurring biochemically deficient forms of dbac~
teriea in much the same manner that artifically induced
mutant torms.aro isolated,

Roepke, Libby and Small (1944) also reported the nat= |
ural ocourrence of nutiritionally defiocient strains of E, o0li.
These workers investigated the added requirements of some of
these strains and found them to be one of the following:
methionine, thiamine, nicotinic aocid or its amide, lysine,
oystine, arginine, threonine, or tryptophane,

Oosasionally dark red eolonies appeared on the plates
which were indistinguishadle from those of the salmonellae
exeept for their slightly greater size, In Kligler's iron
egar these gave acid and sbundant gas in fheAbutt, énd an
alkaline slant, Further biochemical studies revealed that
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TABLE 287

IMViC Reactions of Coliform Strains which do not Grow in
YBP Medium Plus Laetose and which Survived
Penieillin Exposure in this Medium

Rumber 24 hour reaction IMViC formula
in lactose broth
1 a0 - s
2 AG -{-}
3 s -f-f
4 AG ~f--
5 %0 cjee
6 A6 -f-t
7 ic -f -4
0 AG “f--
10 ic -f -4
1 4G -f -4
12 AG -f--
13 AG -4y
19 w Che
16 16 -f-y
17 AG -f -
18 ac -f et
19 AG ~F- 4
23 oG -f--
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TABLE 27

IMViC Reactions of Coliform Strains which do not Grow in
YBP Medium Plus Laetose and whioch Survived
Penioillin Exposure in this Medium

e 1n lastoss broth_ DTS Tormite
1 30 Ny
2 e -F-4
3 AG -f -4
s v | -f--
5 A6 “f -
6 16 -4 -4
7 A -F- 4
0 Ac “fo-
10 ac -§ -4
1 ic - f -4
12 iG -f-
13 G -feg
15 I -F-f
16 a6 -f -4
17 AG - f -
18 ae -f i
19 ic -4
22 AG -f -
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TABLE 27 (Continued)

Kunber 24 hour reaetion IMViC formula
in lactose broth .
2s ic -f 4
a4 A6 -f- 4
26 AG -f -
28 AG .-
30 AG - / - -
31 A6 -f-t
32 AG -f -

33 AG - -
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in general these were very slow lactose fermenters or non-
fermenters otherwise typical of members of the coliform group.
These, scecording to Kauffmenn (1951), are probably best
oalled slow laotose rormsnting'or nénfermsnting coliforms,

I% is postulated that these interfering types survived
exposure to penicillin because they were unable to grow in
the synthetic YBP medium, The members of the Pgeudomonas
group probably survive due to their inability to utilize
lactose as a carbon source, This also may be true of the
lastose nonfermenting coliforms, The majority of the lac~
tose fermenting types which survive probably do so because
of some other nutritional defieciency which they possess,
Proseus speoies would be expected to interfere here also.
However, these were only very rarely encountered and caused
no serious diffioulty in the procedure,

One of the ochief limitations to the penicillin enrich-
ment technique is the relatively small sample which can be
ordinarily examined, As can be seen from the procedure on
page 87, the maximum amount of fecal materisl plated in
any one plate is about 0,2 grams, This is in oontrast to
sbout one gram which can bde plated in bismuth sulfite agar,

Another limitation, of course, is the fact that a hun~
dred pereent survival of the salmonella is not obtaineqd,

In most cases, 80-90 percent survival is experienced, but
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with one organism it was as low as 13 percent, This i1s most
serious, of ocourse, when dealing with specimens eontaining
relatively small numbers of salmonellae,
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with one organism it was as low as 13 percent, This is most
serious, of ocourse, when dealing with specimens containing

relatively small numbers of salmonellae,
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SUMMARY

Various faotors were investigated to determine their
influence on the aotion of penicillin against selected mem~-
bers of the Enterobacteriacese, These factors were ocomposi-
tion of the medium, pre~ineubation time, penicillin exposure
time, methods of inaetivation of penicillin prior to plating,
and composition of the plating medium,

Two hundred units of peniocillin per ml was bacteriocidal
for K, 6914 in a synthetiec medium with lactose as a oardon
sourse, 41s0 penicillin was found to be most actively bao~
tericidal when exposure took place arter the lag phase of
growth had been passed and the organisms had begun %o divide,

Dilution wes not an effective means for reduotion of
penicillin coneentration where recovery of previously exposed
organisms wes desired, Penicillinase was found to destroy
penioillin effeotively and allow recovery of previously ex=
posed ocells., However, a much higher concentration of the enz me
was required for recovery of cells exposed to peniocillin than
wes neeessary to inaotivate completely the same amount of peni-
6illin under identiocal oconditions of time and temperature, S,
pullorum, when pre-incubated for a suffioient time in a medium
unfavorable for growth and then exposed to 800 units of peni-
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6illin per ml, survived this exposure, This was presumably
due to the feot that penicillin is effective only againss
growing ocells,

Under i1dentical conditions in YBP medium with laotose
a8 the sole eerbon source, 200 units of penicillin was highly
bactericidal to E, 00li, but showed very little action against
S, pullorum, The eaddition of approximately one percent sterile
Tecal material resulted in a bacterieidal action against 3,
pullorun es well, This was presumably due to the faot that
the feeal material ocontributed substances to the medium which
were iztiliznblo for growth by S, pullorum, and thus established
the penicillin effect,

Sodium arsenite in proper eoncentration was found to be
seleotively bacteriostatio against members of the genus Sal-
Benella, dbut not against other Enterobagteriacese studied,
Sodium arsenite in a concentration of 0,002 pereent in YBP
'udiunﬁ proteocted members of the genus Salmonella from peni~
011lin exposure even in the presence of one peroent feeal
material,

The presence of a two percent coneentration of tryptose
a8 well as 0,08 percent cysteine in the plating medium mat~
erially enhanced the recovery of S, pullorug from exposure
to peniocillin,

4180, the addition of 0,5 percent lactose and 0,005 per~
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cent triphenyltetrazolium chloride to the plating medium
resulted in colonies of diagnostic significance, Lactose
non-fermenting organisms reduced the tetrazolium salt and
developed intensely red colonies, Those organisms which
produced acid from lactose failed to reduse the sals or did
80 only very slightly and gave rise to colorless or faint
pink colonies,

In early attempts to utilize this penicillin enrichment
technique for isolating salmonellae from fecal material, it
was noted that certain gram positive bacteria also survived
the exposure and interfered with the efficiency of the dif-
ferential medium by forming colonies indistinguishable from
those of the salqonellae. The addition of 0,001 percent of
& bisphenol, 2,3'methylenebis-4-chloro-6-isopropylphenol,
$0 the plating medium successfully inhibited these forms,

A series of human fecal samples was examined to deter-
mine whether this penicillin enrichment technique could be
used for the isolation of salmonellae from feces, Compara-
tive results odbtained indicate that the technique is wark-
able, The result of this limited series of examinations re-
veals & favorable comparison with seversal media presently
used in routine diagnostioc procedures, Among the limitations
of the method is the faot that certain organisms other than

the salmonellae survive the penioillin exposure, and when
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initially present in very large numbers, these result in over=-
orowded plates which mekes isolation of typical colonies dif-
ficult or impossible, The organisms involved in this type of
interference are (1) Pseudomonas speocies, (2) nutritionally
defiecient oolirorﬁs; (3) lactose non-rermehting or slow fer-
menting ocoliforms, thér limitations of the method are the
lack of quantitative recovery of the salmonellae and the
necessarily relatively small inoculum used,

In addision to its use in isoclating salmonellae from
fecal materisl, this penicillin enrichment technique with
modifieations might also be used for the isolation of bio-

chemically deficient forms of bacteria from nature,
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CONCLUSIONS

1, 200 units of penicillin per ml was baoteriecidal for X,
ég;; in a synthetic medium with lactose as a carbon source,

2, Penioillin wes most actively bacterioidel when exposure

of the cells took place arter the lag phase of growth had been
passed and the organisms had begun to divide,

3. Dilution was not an effeoctive means for reduotion of peni-
oillin eoncentration where recovery of previously exposed ocells
was desired,

4, A proper oconcentration of penicillinase did destroy peni-
eillin effectively and allowed subsequent recovery and growth
of cells previously exposed to the antibiotie,

S. 8, pullorum wes found to survive exposure to 200 units of
penioillin per ml when in a synthetie medium where growth was
nutritionally impossible,

6, Sodium arsenite in a ooneentration of 0,002 peroent was
found to be selectively bacteriostatic against various sal-
monellae, This baocteriostatic action of sodium arsenite also
tended to protect salmonellae from the action of penicillin,
7. Members of the génus Salmonella were successfully isolated
from infeoted fecal material by this selesctive action of peni-
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cillin against growing cells,

8, The addition of two percent tryptose and 0,02 percent
oysteine to the final plating medium increased the perocent
reocovery of S, pullorum from penioillin action,

9; The presence of 0,5 perocent lactose and 0,005 percent
triphenyltetrazolium oshloride in the plating medium resulted

in the develoément of dark red salmonella colonies and light
pink or colorless ¢oliform oolonies,

10. 4 ooncentration of 0,01l percent 2,2'methylenebisgw4~chloro~
64iaopropylphenol in the plating medium inhibited gram positive
fecal organisms whioch swvived penicillin exposure,

11, This "penicillin enrichment™ technique compared favorably
in efficiency with media eurrently employed for isolation of

ssalmonellae from fecal material,
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MATERIALS USED

Ammonium Sulfate (NHg)aSOg4 C.P.
Beoto Laotose -

Becto Penase Concentrate, Control
Rumber 424049

Baocto Tryptose
Ferrous Sulfate FeS04+*7H20 C.P,
Magnesium Sulfate MgS04¢7H20 C,.P.

2,2'methylenebis=4~chloro-6-iso~-
propylphenocl

Peniocillin G Potassium, Control
Fumber 3458827

Potassium Phosphate monobasio
KH2P04 CePe

Sodium Arsenate dibasio NagHAs04°7H20
reagent

Sodium Arsenite NedsOg anal, reagent
8odium Chloride MaGl GQ,P,

Sodium Phosphate dibasio NegHPOq4 C.P.
2,3,5, TriphenyleZH-Tetrazolium Chloride

Baker
Difeo

Difeo
Difeo
Merk
Eimer & Amend

bDow

Squibdd

Baker

Merk
Mellinekrodt
Baker

Baker

Distillation
Produots
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