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INTROOUCT L N

Resistance of micrccrranisrs to peniciliin is of imrortarce
to the clirici.n, the zoneticist and thre ticelenist,

bBxcept for venicillin resistant microcccci, the develooment
of resistuint microorganisms in the course of treit.ent of lacterial
infections with nenicillin bhas been rarz. The steady incrzase in
these forms amorng the microcccci hus, however, definitely limited
the usefulness c¢f renicillin in the treatment of rmicrocec~ial
diseases. In an effort to lefine the nature cf resis*ance to
penicillin m:ny investigators have successfully produced resistant
ferms vy repeated subculture in increasing quantities of the
drug. Authors have reported on the characteristics of these
resistant variants, often with conflicting data. For exarmrle,
there is lack of agreement as to the pathogenicity, ccrgulase
production and ticchemical and zram staln reactions of micrococci
made resistant in vitrc. Further, beciuse scme resistant micro-
cocci havs been reported coagulase negative, nonhemolytic and
poorly pigmented, it has been assumed that they are nc longer
pathogenic. True, this is indicative of avirulence tut orcof lies
in pathogznicity tests on suitalle latioratory animals with com-
pirable numt ers of the sensitive und resistint tucteria. However,
the information gained by a stuly of resistance proluced in cul-
ture miy not be entirely applicible to micrococci which have

acquired resistance luring treatrent of a patient with penicillin.
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This is tecause theAcharacteristics of in vitrec produced resistant
strains may not be the szme as those of strains which have acaquiredl
resistance in vivo.

Resistance of tacteria to penicillin is important to the
geneticist. Geneticists are concerned with the origin of bacterial

resistance and the changes produced in bacterial populations by

penicillin., biochemists use cultures of bacteria which are resistant
to penicillin to derive information about intermediate steps in
metabolism and mode of action of drugs.

The objectives of this study were to investigate some of the

changes produced in Micrococcus pyogenes var. aureus by repeated

-

subculture in penicillin. Particular emphasis has teen placel on
changes in virulence because the literature is not in agreement as

to whether resistant cultures remain virulent or become avirulent.



HISTCRICAL SURVEY

Pasteur and Jouvert (1877) made what was perhaps the first
recorded observation of antagonism between microorganisms. They

noted that broth cultures pf Eacillus anthraecis which tecame

contaminated failed to grow.

While investigating staphylococci, Fleming (1929) noted that
a mold growing as a contaminant on a plate caused the staphylo-
coccus colonies to become transparent and then undergo lysis.
wWhen the mold was grown in a liquid medium the inhibiting sub-
stance was found to diffuse into the broth. Further, a broth
filtrate, even when greatly diluted, would inhibit the growth
of many pathogens. The sul:stance was no more toxic for rabtits
than ordinary btroth. Later, the mold was identified as Penicillium
notatum and Fleming called the inhibiting substance penicillin,
Cutterbuck, Lovell and Raistrick (1932) attempted to extract
penicillin from a purely synthetic medium on which they grew the
mold. During the extraction penicillin was found to e unstable
and further work was abandoned.

Penicillin was largely forgotten until 1938 when Florey
and Chain at Oxford reexamined the possibilities of isolation
and concentration of penicillin (Florey 1944). In the next
two years the Oxford group succeeded in purifying, concentrating
and testing bacterial spectra and tissue toxicity of penicillin.

Proof of the efficacy of the antibiotic came when human patients
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were successfully trzatedl in the winter and sprine of 1940-/41.
Thus, the Oxford group proiuced penicillin as a vroved chomother-
apeutic drug. The problem of prolucing penicillin in large quan-
tities still remained. Nue to the war, Znelani was unalle to
provide facilities for larre-scale production, so Florey and

Heatley came to Auerica. Here development of high-yielding

strains of P. notatum and modification of the culture medium

played an important part in volume production. !
Once the neﬁ drug became available research was btegun on

its mode of action on the bacterial cell. Gardner (1940) stud-

ied the changes induced in tacteria by growth in concentrations

of penicillin insufficient to cause complete inhitition. En-

largement, pleomorphism and imperfect fission were ohserved

in microcoeci, streptococci and gram positive taeilli, Swelling

and sometimes bursting was noted in gram negative hacilli like

Escherichia coli and some of the salmonella. In contrast to

this, no morphological changes were seen in penicillin sensitive
meningococci. Gardner thought that venicillin might cause in-
complete fission leading to cellular enlargement and, in some
cases, lysis. Hobty, Meyer and Chaffee (1942) su-jected susceptible
l.acteria to penicillin and determined the number of survivine
organisms at different time intervals. They found that a straight
line was obtained if the log of the number of surviving organ-
isms was plotted against time until aporoximately 99 per cent

of the organisms were dead. The reraining one per cent were

killed at a slower rate. Bigger (1944) found that the number of
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orgarisms able to survive inhibitory concarntrations of renicillin
was increased if their rate of growth was slowed down or stoored.
For example, penicillin in a concentration of 10 units per ml
caused death of all micrococci in a culture at 37 C, allowed a
few organisms to survive at room temperature, and caused no re-

duction in the number of viatle racteria at /,, €, In similar ex-

periments it was found that rnicrococci, nlaced in broth diluted
1:800 with distilled water or sut jected to bacteriostitic con-
centrations of horic acii, showed higher survival ratzs in in-
hit-itory concentrations of penicillin than micrococei arown in

plain broth. Bigcer st:ted that these 'persisters' were cocri

——

with no greater resistince than normal organisms but that they
haprened to be in a non-diviiine phsse in which they were ir-
suscentitle to the action of penicillin,

Kirby (1944), by turtiiimetric readines, founi a peried
of ranii prowth followed by « periol of equally rapiil lysis at
a concentration of 0.1 unit ¢f renicillin jyer ml, with concern-
trations of frem 1.0 to 100 'nits rer rl a veried of slew srowth
was follow:1 Yy 3lew lysis. This nhercmercn ocnurred with =2:ch
of 100 strains tested. hi-ny attrituted the more rue i4 lvsis
in small rather than large‘concentrations to greater initial
growth in the former. Parker and Marsh (1946) and Priksen (1946éa)
obtained the same initial growth as did Kirty when using small
concentrations of penicillin but found the lethal effect to te
immediate with large concentrations. Eriksen's technique was
interesting. He added penicillin to a solii medium and inoculated
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it with wicroccecsi. DBy placine small squares cof the melium con
a sliie anl o serving on: area with a microscere it was nrossible
to tell whether zrowth or lysis of the bacteria hat ocrurrei.
‘These authors corcludei that penicillin was active only upainst
those bucteria which were iiviling; that is, it was effective
in stopping some mectanism which the cell neeils for divisien.
However, their results would also supvort the hypothesis that
penicillin blocks some mechanism invelvad in food metal olicm,
because an active metat clisin must wrecede growth ani livisior,
Bacteria al.le tc grow in concentra’icns of penicillin pgreat-
er than can te maintained in the human holy are termel insensitive
or resistant to the antibiotic. Strains of micrococeci which
are resistant to penicillin are occurring rore ani more frequently.
Spink, Ferris ani Vivino (1944) rerortei 12 ver cent of 68 strains
of ccagulase positive micrococci to he resistant to tetween 0.4
and 0.8 unit of penicillin. Eondi and Dietz (1945) found that
approximately 14 per cent of 115 recently isolated strains were
akle to withstand 0.45 unit of the antiltiotic. The firure hadi
risen to 21 per cent of 79 cultures as reported by Flair, Carr
and Buchmann (1946). Their strains required from 0.3 tc 50
units for inhibition. Roundtree, Farbour and Thompson (1951)
ran sensitivity tests on staphylococci fr:.m patients at a hos-
pital &nd reported 53 per cent resistént. Miyahara et al. (1953)
reported the amazing total of 76 of 100 coagulase positive micro-
cocci to be resistant. An even more striking example of the

increase in resistant micrococci was that reported by Barter and
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Rozwa lowska=Dowzenke (1948). They founi, in the same hespital,
14 per cent of the strains to be resistunt to nenicillin in 1946,
38 per cent in 1947, 2nd 59 ver cent in 1947,

In an attempt to define the nature of resistance numercus
workers have developed bacteria in culture which arz resistant to

penicillin., The first of these were Abraham, Chain et al. (1941).

By subculturing a strain of M. pyogenes var. aureus for 16 weeks

in increasing quantities of peﬁicillin they obtained a culture
1000 times more resistant than the parent strain. Rammelkamp
and Maxon (1942) raised two strains of staphylococci to a 64 ;
fold increase in penicillin resistance in eight weeks. Eriksen

(1946b) ortained 12 strains of M. pyogenes var. aureus which

showed a 500 fold increase in resistance. On solid media resis-
tant cultures showed small colonies with poor pigmentation.

Four of five subcultures on media without penicillin brought
normal sized colonies into predomirance.

Bellamy (1948), Pellamy and Klemik (1948), Klimek, Cavallito
and Dailey (1948) and McVeigh and Hobiy (1952) reportei on the
morphological and biochemical changes proiuced in M. pyogenes
var. aureus by repeated subculture in a medium centaining penicillin,
All of trese authors observed about the same changas in morpho-
logy. At first, exposure to penicillin resulted in an increase
in size of the cells. After considerable resistance had been
attained the cells became highly pleomorphic, varying from cocci
to cocco-bacilli, rods and diphtheroid forms. As resistance

increased the gram stain reaction tecame negative, the cells



became smaller ani more uniform in size. Increasel resistance
was accompanied ty a progressive loss in ability to ferment
suzars, reluce nitrate and grow in high salt concentrations. For
example, the resistant micrococci of Eellamy and Klimek (1948)
were unable to grow in broth containing 6.5 per cent sodium
chloride at 1000 times, unal.le to ferment sucrose and mannite

at 4000 times, and unalkle to ferment lactose or reduce nitrates
at 60,000 times the resistance of the parent sensitive strain.
Bellamy (1948) and McVeigh and Hobdy (1952) found no decrease in

resistance of their resistant micrococci on an enriched medium.

However, highly resistant strains could be made much mere sensi-
tive by suhculture on a deficient medium devised by Bellamy.

In contrast to the complete loss of atility of carbohydrate
fermentation observed by the atove investigators, Abraham, Chain
et al. (1941), Spink, Ferris and Vivino (1944) and Blair, Carr
and Buchman (1946) reported a decrease in the rate of fermentation.
Since all authors, who have worked with organisms resistant to
penicillin, have found a decreased rate of growth the fermentation
reactions would be expected to proceed at a slower rate.

Authors also disagree on the coagulase reaction of micrococci
made resistant in culture. Spink, Ferris and Vivino (1944), and
Elair, Carr and Fuchman (1946) found their resistant micrococci
to be coagulase positive. Klimek, Cavallito and Bailey (1948),

Suter annd Vischer (19A8)-and McVeigh and Hobdy (1952) reperted

that in vitro produced resistant strains became coagulase negative,



flake et al. (1944) were the first to rerort on virulence of
pathogens maie resistant in culture., They succeelzd in leveloping

resistance in a type II1 pneumccecccus culture, a Strertcceccus

pyogenes culture ani three cultures of M. pyvosenes var. aureus.

it

Over fifty transfers of a type I anl a type II pneumococcus -ulture
resulted in only a slight increase in resistance. Virulence fcr
mice of the resistant cultures was reluced. Cultures, which
consistently killed mice at a dilution of 10_7 before penicillin
passage, killed only irregularly at a dilution of 10-1 after
passage. The types I and II sneuvococci, which had acquired
little resistance, were only slightly less virulent,

Miller and tiohnhoff (1945) made seven strains of meningococci
resistant to penicillin in vitro. Virulence was determired 'y
inoculating rice intraperitoneally with mucin susransions of
meningococci, Six of the seven strains, which had acquired

varying degrees of penicillin resistance up to five units rer nl,
lost very little or none of their original virulence for mice.
The seventh strain which was alle to grow in the prasence of 1
units of penicillin remained highly virulent. However, when
the strain had acyuired resistance to 18 units per ml, virulence
was lost and could not be restored by mouse pzssage.

I.lair, Carr ani ruchman (1946) leveloned renicillin resjis-
tance in four strains of staphylococ:i by passage in a solid
me lium containing increasing quantities of the anti!iotic.

Virulence was deterrined by the intravencus injection in mice






weithine 14 rrars of o5 rl ¢ 0 oansrension of on 19 henre glant
eulture, wisha2l Lhre2 tives sni resicceniel Irozix 01 of 5,95
v2r cert salice.,  (hre2 of the four 3t 29-n -howed 5 conziderable
loss of virul-nce after thz ninth subecialture. The feur strains
were then riaintairel at rcom tewrerature 2ni transferred to "resh
melium every seven or eight wea<s. Thelr resistance tc renicillin
and virulence for mice was deternired ot the end cf the secerd =nd
eighth month. At the end cof the secornd menth the three strains
which had previcusly lost most of their virulence now became
comzletely avirulent, The fourth strain remained virulent.
Surprisingly enough the resistance of the strains increacsed con-
siderally in the alserce of renicillin. At the end of the eirhth
rmonth all strains showed a loss in resistance to penicillir and
the fourth strain became aviri-lent., MNext, the four strains were
sut:jected to serial daily transfers in troth withcut penicillin
with the result that the sensitivily of three of the four strainrs
was within the 'normel' ran;e while one strain retiined a corsii-
erable dcgree of resistance., Virulence for mice was acain testei.
Collectively, the four strains caused death in eight of 36 inccul-
ated nice while zt the begining of the experiment the parent
sensitive cultures had killed 30 of 36 mice.

Suter and Vischer (1948) testel the virulence cf cultures
of micrococci made resistant to penicillin in vitro. They in-
jected mice with 16 hour broth cultures of sensitive anl resistant

micrococei suspended in mucin., The penicillin resistant cultures
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rerained as virulent as the sensitive ones.
~Motsui (1950) renorted that streotococei rale resistant in
vitro became avirulent for mice.
Several authors have reported on pathcgonic coceci which
have acquirel resistanceé in vivo. Rammelkamn and Maxon (1942)

recovered four strains of penicillin resistant M. ryogenes var.

aureus from fourteen patients treated with the antikiotiec., Cul-
tures of the four strains obtained before and after treatment
disclosed increases of from 16 to 140 fcld in resistance. Schmidt
and Sesler (1943) ideveloped two resistant strains of vneumococei
by serial passage in mice treated with penicillin. The resistant
variants avpeared stable, Thirty serial passages cf one strain in
normal mice produced no loss of resistance. Flair, Carr and

Duckman (1946) ohtained resistant M. pyogenes var. aureus

from nine of 41 patients undergoing penicillin treatment for
chronic osteomyelitis. As with strains made resistant in culture
these resistant forms showed a tendency towari loss of pioment
and retardation of metatolic orocesses. The coagulase reaction
was unchanged. No loss of resistance occurred over a period of
from five to sixteen months. Six of the nine strains showed

no change in virulence for mice when compared with the parent
sensitive strain. The other three showed an appreciable loss

of virulence. North and Christie (1946) obtained three isclates
of M. pyogenes var. aureus at weekly intervals from a leg wound
in a patient being treated with penicillin. The first isolate

required 0.6 unit per ml for inhibition, the second 2.5 units per
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ml, snl the Lhird 10 units per ml. The three isol-tes were
believed to be ¢f the s.me strain beciuse 221 b&lohgei to the same
vhage type znd all were culturally identical. Mice were inoculat-
ed with a bhroth culture of the resistant micrococci diluted in
saline to cortsin four billion orzinisms, Twenty-five thous.nd
units of penicillin fuileld to prctect a zroup c¢” mice injected
with the culture resistant to 10 units of penicillir. The same
lose of renicillin protected all mice injected with the culture
requirirg 0.6 unit for irhibition.

Some organisms haive been shown to te able to destroy pen-
icillin. This is due to the elaboration of an enzyme called
penicillinase. Abraham :nd Chain (1940) first demonstrated its

presence in Escherichia coli and Microccccus lysedeikticus.

A crushed extract of the cells was capuble of destroying penicillin

as evidenced by the growth of a sensitive micrococcus in the pre-
sence of enzyme-treated penicillin., Penicillinase producers

have teen found widely distrituted in nature. Woodruff and
Foster (1944) found an intracellular enzymatic substance destruc-
tive to penicillin in cultures of spore-forming b..cteria, other
bacteria, actinomycetes, fungi and yeasts. They found no corre-
lation between the resistance of a microorganism to penicillin
and its ability to produce penicillinase. Bondi -nd Dietz (1944a)

found the enzyme amcung coliforms, aerobic-sporeformers and in

the genus Shigella. In ancther publication (1944%) they rerorted

no penicillinase activity in Salmcnella, Pseudomonas or Erucella

although orranisms in these genera were not susceptible to thre
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action of pernicillin. By sul culturing M. nrozenes vir. aurens,

Salmonella tyrhcsa ani Proteus vuleiris in increcsing quartities

of penicillin, resistsnce could le increi=et Yut no noricillir.se
activity could he detected. The autbors corcluied that the in-
ability of n crranism te preiluce penicillinase is not neeass rily
a deterrining frctor in its sensitivity to venicillin.,

However, in the genus Micrococcus the ability te prcduce
renicillinase is directly correlated with resistancs acanirel
in vivo. Kirby (1944) usei Harrer's scetcre-ether extrict’o-
methed to demenstrate penicil'inase astivity of microccc-i.
Seven resistant strains isolated from patients prciluced the in-
activitor while seven sensitive strains showed no penicillinase
activity. Fonii ani Jietz (1945) tested 115 striins of wicro-
cocci 16 of which were resistant. Only the resistant strains
produced the enzyme.

Apo:rently strains cf microceccei made resistunt in vitro
do not produce penicillinase. Spink anid Ferris (1945) and North
ani Christie (1946) found no renicillinise activity in micrococci

made resistant by subculture in increasing quantities of penicillin.
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CULTUR S UREZD T THIS ~TU)f

PO
[
O
sl

flecelved in lycohile frem the Michigan Department
of Health in 1953.

N Isolated from a lesion on the face cf a riin at the

Department of Pacterioclogy ani PFublic Health, Michigan T‘L
[]
State College in 1949. The strain w:s maintained in g
1
stock culture at room temperature with occasional ;
transfers until used in this study. : f
C Isolated from the vagina of a mare during an examination -—

at the Department of Bacteriology and rublic Health,
Michigan 3tite Collere in 1954,

KF  Isolited from a lesion on the arm of a student at the
Depiartment of Eacteriology and Public Health, !ichiran

State College in 1954.

The above organisms were tyvical of M. pyogenes var. zureus

in every respect. All produced a gclden-yellow pirment, were
coagulase positive and hemolytic.

Throughout this study the letter S after the name of an
organism such as N-S was used to designate a parent sensitive
strain. Any number occurring after the name of a strain inlicates
that the strain has been cultured in the presence of penicillin
and is resistant. The number indicates how many times mecre

resistant the culture was than its parent sensitive strain.
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ATERIALS aN)Y PoTHCIS

Sensitivity Tesis Anl Development Cf Resistant Zultures

Buffered crystalline peniciliin G rotassium obtained from
E. R. Squibb and Soris was used throushout this stui-. The vials
of penicillin were reconstitutetl Qith 0.R5 per cent sterile
saline, and stock solutions, :1lso dAiliited wit* saline, were
prepared from these. Such solutions were maintained under re-
frigeration and used for a period of no longer than four days.
Penicillin now is a chemically defined, pure product. For this
reason the quantity ug insteiad of units of penicillin was dsed
throughout this study. One unit is equal to 0.667 pg.

The medium éhosen for stock cultures, sensitivity tests
ani development of resistant cultures was Penassay troth, Difco.
This medium does not inhibit the action of penicillin and pro-

vides the essential growth requirements of M. pyogenes var. aureus,

Lefore attempting to develop resistant strains it was
necessary to détermine the smallest éuantity of penicillin which
inhibited parent strai~s. The lowest concentration of penicillin
which comple.ely inhibits the growth of an orranism will hereafter
bte referred to as the minimum inhititory concentration (M.I.C.),
after McVeigh and Hobdy*(1952). Table I gives the amount of
broth, and the amount of culture added to sterile four-inch

culture tubes to produce the final concentration of penicillin

shown.
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Dilutel culture usel 1s the inoculum in sensitivity tests
wis preparel as feollows. * 24 hcur culture wis st nl.riizsl in
a Cenco Inilustrial tyre 12 thetometer usicg & rel filter teo cive
a transmission of 60 per cent. The stariardi:zel culture wa: thren
diluted 1:10 with Penassay !'roth., One-tenth ml of the dilutet
culture contaired approximately 10.6xlO6 organisms as deter-ined
by direct microscovic counts,

TABLE I

METHOD USID FCR DETIAMINING THE M.I.C. CF 3ENIITIVE STRAINS

Ml Penicillin Ml Ml Diluted Final Concentra-
from stock Broth Culture tion Penicillir
solution Added Added in pg/ml o
0.02 1.9 0.1 0.01
0.04 1.9 0.1 0.02
0.06 1.8 0.1 0.03
0.08 1.8 0.1 0.04
0.10 1.8 0.1 0.05
0.12 1.8 0.1 0.06
0.14 1.8 0.1 0.07
0.16 1.7 0.1 0.0#8
0.18 1.7 0.1 0.09
0.20 1.7 0.1 0.10

The lowest concentration of the antibiotie in which no
turbidity wis eviient at the end of 43 hours incutation at 37 C

was considered the 1,I.C., The M.I.C. of penicillin for resistant

16



cultures was detoriined in the s:me "snnar excent that - ore
coonicentrated stock solutiors were usel in orider to otbtair ir-
hit ition.

frelirinary observations revesled that cultures which had
att=ined considarulile resistance ty reopeated subculture on a
medium contsining penicillin grew very slowly. Fellamy and
K1 imek (1948) atiributed t'e slow growth of such resistant cul-
tures to t-eir iniubility to grow unaerobically. It seeciel rea-
sonable that any method that would provide aeration woull increase
the rate of growth of resistant cultures. Shaking proved to te
the needed stimulus. No studies of compirative turbidiities of
shaken ani unshaken cultures were und:rtaken, However, the
rate of growth of shaken cultures was at least dcubled over un-
sh:tken ones for any given incubation pericd. Shaking cultures
h~d no effect on resistance attainel ty orsanisms., Ienicillin
sensitivity tests on resistunt cultures were perforred in iurli-
cate. One set was shzken ut 37 C while the other set was placel
in the 37 C incubztor. The M,I.C. recorded 2t either 24 or 48
hours was invariably the same. Shaking wais accomrlished with
a PBurrell Moled Cl2 shaker adjusted to move the culture tubes two
cm in a vertical plene 180 times per minute. Tris moverent
2git2ted the cultures as vigorously as possible without watting
the plugs.

The methed used for develeprment of resistant cultures was
the same as that used for testi g the ¥.I.C. of cultures. The

only differences were thit the incculur was not st=ndardizel or

17
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diluted znd shaking was emmloyed. Results were recorded after
2L hours incubation at 37 C. The culture containing the high-
est concentration of penicillin in which rood growth occurred
was used to imoculate a new series. When a strain grew in broth
containirg 5, 10, 100, 1000 and 10,000 times more renicillin than
was required to inhibit the sensitive parent strain it was sub-
cultured at that concentration two or three times until maximum
growth was attained. The M.I.C. of penieillin for that culture
was then tested and the culture served as an inoculum for studies
of virulence, eoagulase production, pigment produetiocn, hemo-
lytie activity, biochemical reactions, gram stain and morphology.
During frequent subculture any miercorganism may umdergo
ehanges in virulenee, bioechemical reactions, ete. To control
this variatle the sensitive parent strain was subcultured on
Penassay broth each time a suteulture was made of the resistant
strain. Any differences between sensitive and resistant strains
ecould then be attributed to growth of the resistant strain in
the presence of penicillin,

Preparation Of Standard Suspensioms

Twenty-four hour cultures grown in Penassay troth were
centrifuged in an International refrigerated Model PR-1 centrifuge
eguipped with an angle-head for one-ﬁalf hour at 3500 rpm.

Under these eonditions the éentrifuge developed a relative
ecentrifugal force of 1670 times gravity. The supernatant broth
was removed ard the eells were washed three times by eentrifuga-

tion im 0.85 per cent saline. The btowl of the cemtrifuge was

18







maintained at 43 F when the centrifuge was in ope-atiom.

To break up elumps of cells after centrifugation saline
suspensions were placed in 250 ml Erlenmeyer flasks eontaining
atout 20 glass beads, six mm in diameter, and shaken in the Furrell
shaker for one hour. Microseopie examination of shaken suspensions
revealed that all large clumps were broken up but approximately 10
per cent of all bacteria were siill in groups of two, three or
four. For the purpose of clarity, saline suspensions of micrccoeci
after washing and shaking, will henee-forth be referred tc as the
crude suspension,

A portion of the erude suspension was diluted with 0.85
per cent saline to give a reading of 60 per cent transmission in
a Cenco Industrial type B2 photometer with a red filter. The
standardized eell suspension was diluted 1:50 in saline and a por-
tion used to fill a Petroff-Hausser bacteria counting chamber,
Counting was best aceomplished with an American Optical Co.
mieroseope equipped with phase ceontrast, using the oil immersion
objective and a magnification of 970 diameters. The baeteria
in one-half of the 40O squares of the chamber were eounted and
this number was multiplied by five million to give the number of
baeteria per ml of standardized eell suspension. Two eounts were
made on eaeh suspension. From the results of the cell counts the
number of organisms per ml eontained in the crude cell suspen-
sion was caleulated. These data are given in Table 2.

The number of viable microcoeci contained in cell suspensions

standardized to 60 per eent transmission on the photometer was
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also ealeulated using drop plates. One-tenth ml of a 1:1 million
dilution of a standardized eell suspénsion was pipetted in four
equal portions on the surfaee of a tryptose agar plate., Colony
eounts were made after 18 hours ineubation at 37 C. Drop plates
were made in duplieate. The results are shown in Table 3,

TABLE 2

RESULTS OF DIRECT CELL COUNTS CALCULATED IN BACTERIA PER ML OF CELL

SUSPENSION STANDARDIZED TO 60 PER CENT TRANSMISSION ON THE PHOTOMETER r
. F
Strain Cell Count (x108) Average
N-S 10.40 9.65 x 108
8090 r
209P-8 10,60 9.55 x 108 —
~8.50
Cc-S 9,80 9.93 x 108
10.00 o
RF-S 10,30 10.73 x 10
11.15
TABLE 3

RESULTS OF DROP PLATE COUNTS CALCULATED IN BACTERIA PER ML OF CELL
SUSPENSION STANDARDIZED TO 60 PER CENT TRANSMISSION ON THE PHOTOMETER

Strain Colony Count Average per ml
of Suspension
N-S 3 7.2 x 108
n
209P-$ 60 6.7 x 108
74 8
C"S é}_ 608 X 10
75 8
RF-S 70 7.4 x 10
78
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Virulence

Rabtits vary greatly in their susceptibility to M. p.ogenes
var. aureus. Julianelle (1944) inoculated 10 rabhits with 0.5
ml of a 16 hour broth eulture of a highly virulent microeoscus.

Of these, four beeame 111 and reesovered, three died of septieemia
in 72 hours and the remaining three died after 12 days. In eon-
trast to the results obtained by Julianelle, it was found possible
tc produce death in ratbits quite eonsistently if relatively
large numters of mierosoceci were injected.

Rabbits used for virulence tests on sensitive and resistant
mierocoeci were approximately two months old and weighed between
two and three kilograms. Before irijeetion the rabbits were
weighed to the nearest 10 grams. The smallest numter of miero-
coeci, per kilogram of rabhit weight, required to eause death of
all injeeted animals in one to six days was eonsidered the minimum
lethal dose. The M.L.D. of eaeh strain was determined seperately
beeause strains differed markedly in virulence. The numter of
eells per ml eontained in the erude eell suspension was ealeulated
from the results of the direet cell eounts. A rabbit eould then
be inoeulated with any desired number of bhacteria from the erude
eell suspension. Rabbits were properly restrained and injeeted
via the marginal ear vein with a syringe and a 21 gauge hypo-
dermie needle. Observations of injeoted rabbits were made at
least twiee daily and the time of death tc the nearest one-forth

day was reeorded.
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The technique outlined above for preparing a standard inoculum
and for testing virulence of sensitive cultures was followed in
detail when testing resistant cultures. The results of M.L.D.
determinations on sensitive strains are shown in Table 4,

Coagulase Production

Equal one-half ml quantities of fresh rabbit plasma and a
24 hour broth culture of the test organism were mixed in three
inch tubes. The tubes were incubated in a 37 C water bath for

24 hours. Distinct coagulation of the plasma within three hours

was considered positive.

Pigment Production and Hemolytic Activity

Staphylococcus medium number 110, Difco, was used to de-

termine the pigment producing ability of both sensitive ans resis-
tant cultures. Petri dishes containing the medium were streaked

with the organisms and incubated at 37 C until colonies were

visible. The medium was then incubated at room temperature for

four days and the color of the colonies was recorded. When
resistant organisms would no longer grow in 6,5 per cent sodium
chloride the staphylococcus medium number 110 was prepared with
0.5 per cent sodium chloride instead of the 7.5 per cent which
it normally contains,

Blood plates containing 5 per cent sterile defibrinated
horse blood in a tryptose agar base were used to determine
hemolytic activity of sensitive and resistant cultures. The
plates were streaked in such a manner as to obtain isolated
colonies and results were read after two days incubation at 37 C.
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TABLE 4

M. L. D. DETERMINATICNS OF SENSITIVE PARENT STRAINS

No. of Bacteria Wt. of Time in Days
Strain Injected (x109) Rabbit to Death-D or
per Kg Rabbit W%, in Kg. Survival-S
1.50 2.35 2,75-D
1050 2.50 looo-D
0075 2.20 5075-1)
N-8
0075 2023 l‘ozs'D
0038 2.@ 6.25.D
0.38 2.50 30.00-S
L.SO 2.10 lom"D
3.00 2,00 3.50-D
209?‘8 3000 2030 Ibow.D
1.50 2,60 4.50-D
0075 2.90 30.00-3
L.50 2.95 0.50-D
3.00 2050 0.75“D
1050 2060 loOO‘D
C-S
0.75 2,30 1.75-D
0.75 2.22 2.00.D
0038 2.10 30.00-5
l’.5o 2015 l.OO-D
1.50 2,15 1.75-D
RF-S 0.75 2,63 1.50-D
0075 2.10 SQSO‘D
0.38 2,33 13.00-D
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Biochemical Reactions

Purple broth base, Difco, containing brom cresol purnle as
an indicator was used as a htase medium for carbohyirate fermer-
tation studies. The carbohydrate was added to the base medium to
a one per cent concentration tubed in three ml quantities ani
autoclaved for 15 minutes at 121 C, Cultures were tested for
their ability to ferment dextrose, lactose, maltose, mannite,

sucrose and glycerol. The tubes were inoculated and ircubated at
37 C for one week. The long period of incubation was necessary

because resistant cultures often fermented the carbohydrates

slowly.

To deterinine the ability of an organism to reduce nitrate
to nitrite, tubes of Nitrate broth, Difco, were inoculated and
incubated at 37 C for four days. The mediium was tested for the
presence of nitrite by adding a few drops each of sulfanilic
acid and a-naphthyl-amine reagent solution. A distinct cherry

red color indicated the presence of nitrite resulting from re-
duction of nitrate.

Gelatin liquefaction was determined on the staphylococcus
medium number 110 used for chromogenic studies. The organism to
be tested was streaked on a plate of the medium, incutated at 37
C until colonies were'visible and then incu-ated at room temper-
ature for four darys. The plate was then flooded with a saturated
solution of ammonium sulfate, placed in the 37 C incubator for

10 minutes and examined. Any clear zone around colonies indicated
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gelatin liquefaction,

Ability of an orgsanism to grow in the presence of 6.5 rer
cent sodium chloride wns tested by inoculating a tubte of Frain
Heart Infusion broth, Difco, to which 6.5 per cent sodium chloriie
had been adied, and incubating for cne week. Any visitle tur-
bidity was considered positive.

Reaction to Gram's Stain

The organisms to be stained were dried on a slide and fixed
by heat. The slide was flooded with a one per cent aqueous
sclution of crystal violet and tkree or four drops of a five
per cent solution of sodium bicartonate were mixed with the dye.
After allowing the preparation to stand two minutes, the slide
was washed with water and flooded with Lugol's iodine solution.
After one minute the slide was washed with water and blotted with
tissue paper. The preparation was decolorized with acetone
for abcut five seconds, washed and coumterstained with a two per
cent solution of safranin O for two minutes,

Morphological Variation

Unstained wet mounts of resistant strains prepared from
a 24 hour Penassay troth culture were examined with the phase
contrast microscope for evidence of pleomorphism caused bty repeat-
ed subculture in penicillin, Mounts of the sensitive parent
culture of each resistant strain were also made for the purpose
of comparison. Unstained preparations examined under phase com-

trast were found to be superior to stained smears because the cells
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appearedi larger and were not altered 'y fixing ani staining.
Measurement of the diameter of a representative samrle of

gsensitive and resistant cultures was undertaken. A Fillar ocular

micrometer equipped with a moving scale was calibrated with the

aid of a stage micrometer. Using the oil immersion ot jective ani

a total magnification of 970 diameters each division on the drum

dial of the Filar micrometer was found to equal to 0.0909 microns.

Twenty~-five bacteria selected at random were measured. The diameter

of the largest and the smallest tacterium measured as well as the

average diameter of all 25 was recorded.
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RESULTS

Develooment of Resistamt Cultures and Sensitivity Tests

Figure 1 shows the pattern of development of resistance to

penicillin G of the four strains of M. pyorenes var. aureus,

Two of the strains, 209P and C, acquired resistance at a more
rapid rate than did strains N and RF, After 50 daily transfers
in broth cpntaining penicillin strain 209P grew well in the
presence of 200 pg while strain N grew in the presence of 40 jg
of the antibiotic. After 42 transfers strain C became resistant
to 200 ug while strain RF was able to grow in only 30 ug of pén-
icillin,

The M.I.C. of penicillin for each resistant culture was
tested at approximately each ten-fold increase in resistance
except for the first variants isolated which were tested after
a five-fold increase in resistance was attained. These results
are shown in Table 5. The number of times the variant culture
was more resistant than the parent strain was found by dividing
the M.I.C. of penicillin for the resistant cultures by that of ¢
the parent strains., Resistant cultures will henceforth be iden-
tified by a number after the name of the strain which will m&i—
cate how many times more resistant it was than the parent strain,

| Preparation of Standard Suspensions

It was expected that bacteria grown in broth containing

penicillin would undergo changes in size and morphology. Fecause
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TABLE 5

RESULTS OF M.I.C. DETERMINATIONS OF SENSITIVE AND RESISTANT CULTURES

Strain M.I.C. Number of Times More
Resistant than
Sensitive Parent Culture

209P-S 0.03 -
209P 0.15 13.3
1.00 33.0
6.00 200.0
50.00 1666.7
300.00 10,000.0

N-3 0.04 -
N 0.30 7.5
0.90 22,0
4,00 100.0
50.00 1250.0

Cc-3 0.04 p
c 0.20 5.0
2.00 50.0
6.00 150.0
50.00 1250.0
300,00 7500.0

RF-S 0.04 -

RF 0.20 5.0

3,00 50.0
7.00 175.0
40,00 1000.0
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of these changes it seemed reasonable that a saline suspension of
a resistant culture standardized to a reading of 60 per cent transe
mission would contain & number of bacteria significantly different
from that of a similar standard suspension of the parent culture.
For this reason suspensions of resistant orsanisms were standard-
ized to a reading of 60 per cent transmission in the photometer
and direct cell counts made of them. Contrary to what was expected
there was no significant increase or decrease in the number of
bacteria in such suspensions when compared to the number of organ-
isms found in suspensions of sensitive micrococci. Results of
direct cell counts on resistant organisms are shown in Table 6.

Virulence of Resistant Cultures

As the four strains of M. pyogenes var., aureus became resist-

ance to penicillin there was a rapid and progressive loss in viru-
lence for rabbits. Resistance cultures produced from strains C and
RF fafled to cause death in any injected rabbits, even when they
were only five times as resistant as the parent strain and when
five M.,L.D. were inoculated. Culture Nx7.5 caused death when two
and five M.L.D. were inoculated but not when 1 M.L.D. was used.
Cultures of strain N more resistant than Nx7.5 failed to cause
death 1n any injected rabbits. Resistant cultures produced from
strain 209P maintained their virulence longer than those of other
strains. Culture 209Px13.3 killed only the rabbit receiving 5
M.L.D., 209Px33 killed at 1, 5 and 10 M.L.D. and 209Px200 killed
at 10 M.L.D. Cultures of strain 209P more resistant than 209Px-

200 were avirulent. Factors other than the injected bacteria may
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TABLE 6

RESULTS OF DIRECT CELL CCUFTS (N RISISTANT CUTTURES CALCULATED IN
BACTYRIA PER ML OF CELL SUSPENSICN STANDARDIZED TC 60 PER CENT
TRANSMISSION CN TH?T PHOTCMETER

Resistant Culture Cell Count (xlOs) Average

209Px13.3 8.85 9.33 x 10°

9.80 o
209Px33 10.50 10.55 x 10"

10.60 a
209Px200 ©1L.20 11.08 x 10

209Px1667 . 8.48 x 10°

8
209Px10,000 10,55 10.55 x 108
1

b

Nx7.5 8.95 9.48 x 10
Nx22 .70 9.15 x 10

Nx100 8.35 x 10

® ® o

Nx1250 9.00 "9.15 x 10

Cx5 11,15 10.58 x 108

Cx50 8,50 9.25 x 10°
Cx150 11.00 11.25 x 10
8

1
Cx1250 1,00 11.30 x 10

8

Cx7500 9.85 x 10

.0 10.83 x 10°
5

RFx5

RFx50 11.85 11.43 x 10°
1 8

RFx175 10,50 11.00 x 10

RFx1000 9.80 10.35 x 10°



have contributed to the death of the rabbit receiving one M.I..D.
of 209Px33 since death occurred in only one day.
Each time the virulence of a resistant culture was tested

the sensitive parent strain which had been subcultured 2 numker of
times equal to that of the resistant culture was used as a con-
trol. The only control culture which showed a loss of virulence
was strain N-S, The N-S control on Nx22 required seven days tc
cause death of a rabbit while the N-S contrel on Nx100 survived.
In the next series of rabbits injected with Nx1250 and N-S as a

control it was necessary to double the number of micrecocci con-

tained in a M.L.D. in erder for the N-S control te cause death

in from one to six days. Table 7 shows the results of virulence

tests,

Coagulase Production

The coagulase test was performed on all resistant cultures
produced from the four sensitive parent strains. A coagulase
negative microorganism and a tube containing undiluted plasma
were used as controls. Throughout the experiment all sensitive
parent and all resistant cultures were coagulase positive,

Pigment Production and Hemolytic Activity

Resistant strains showed little or no loss of pigment pro-
duction. The pigment of all resistant cultures appeared identical
to that of the sensitive parent strains,

As each strain became more resistant to penicillin its

hemolytic activity was decreased. Two of the most resistant cultures,
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TABLE 7

RESULTS CF VIRUL:UNCE TLSTS Oh RESISTANT CULTURES

———
——

No. of Facteria No. of Wt. of Time 4n Days
Culture Injected (x10”) M.L.D.s Rabbit to Death-D or
per Kg Rabi it Wt., Injected in Kg Survival-S

2097-5
control 3.00 1l 2.14 2,00-~D
209P 3.00 1 2,24 30,00-S
x13.3 ,

12Q00 5 2-96 3.00-D
209P=-S
control 3.00 1 2.34 4 .50=D
x33

6.00 2 2,16 30,00-5

15.C0 5 2,35 11.C0-D
209P=-S
control 3.00 1 2.40 3.50-D
209P 30.00 10 2,35 8.,00-D
x200
209P=S
control 3.00 1 2.52 2,.50«D
209P 30,00 10 2.35 30.00-S
x1667
209P-S 3,00 l 2,30 3.00-D
control
x10,000
N-S
control 0.75 1 2.38 4,50-D
Nx7.5 0.75 1 2,20 30.00-S
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T/BLE 7 (CONTINU:D)

No. of Bacter%a No. of Wt. of Time in Days
" Culture Injected (x107) M.L.D.s Rabbit to Death-D or
per Kg Rabbit Wt., Injected in Kg Survival-S

3.75 5 3.16 1.50-D
N=S
control 0.75 1 3 .00 7.00-D
1.50 2 2.20 30.00-S
3.75 5 2.40 30.00-5
N-3
control 0.75 1 2.41 30.00-S
Nx100 7.50 10 2,20 30.00-S
N-S
control 1.50 1 2.48 3.50-D
Nx1250 15.00 10 2,50 30.00-S
C-S
control 0.75 1 2.94 3.25-D
st 0075 1 2025 30.00-5
C-S
control 0.75 1 2,53 2,25=D
Cx50 0.75 1 2.10 30.00-S
1.50 2 2,30 30.00-S
Cc-3 :
control 0.75 1 2,25 1.50-D
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TAELE 7 (CONTINUED)

No. of Bacteria No. of Wt., of Time in Days
Culture Injected (x109) M.L.D.s  Rabbit to Death-D or
per Kg Rabbit Wt, Injected 1in Kg Survival-S

Cx150 7.50 10 2,12 30.00=-S
C-S
eontrol 0.75 l 2,30 2,00-D
Cx1250 7.50 10 2,65 30,00-S
C-S
control 0.75 1 2.53 4,,00-D
Cx7500 7.50 10 2,66 30.00-8
“RF-S
control 0.75 1 - 2,00 2,50-D
RFXS 0075 1 20‘&0 30'00-3
1.50 2 2,01 30.00-S
3075 5 2.‘01& 30000-8
RF-S
control 0.75 1 2.89 1,75-D
1.50 2 2.30 30.00-S
3.75 5 2,60 30.00=-S
70 50 10 2037 30000-8
~ RF-S
control 0.75 1l 2.50 2.25<D
RFx175 7.50 10 2,22 30,00=S
RF-S

35



produced from strains 209P and C, became completely nonhemolytic.
Resistant cultures developed from strains N and RF still retained
some of their hemolytic activity at the end of this study but they
did not reach the same degree of resistance as did strains 209P
and C,

Resistant cultures produced from strains 209P, C, and RF

showed increasingly smaller zones of clear hemolysis as resis- -~
tance increased. Resistant cultures produced from strain N d4id ;
not behave in this manner. The size of the zone of hemolysis 1
remained about the same but as resistance developed hemolysis )
within the zone became less complete, On a tlood plate the ;
hemolytic zone of Nx1250 was just discernible.

Of the sensitive strains that were subcultured in broth
each time a culture was made of a resistant strain only strain
N-S showed a change in hemolytic activity. The zone of hemolysis
it produced became less complete in a manner similar to that of
the resistant cultures produced from strain N but not to the same
degree.

Biochemical Reactions

The biochemical reactions of cultures resistant to penicillin
are shown in Table 8, All resistant cultures fermented dextrose,
lactose, maltose, mannite and sucrose. The ability of resistant
cultures to ferment glycerol was lost when they became about 1000
times more resistant than the parent. When strains acquired
resistance, growth in the presence of 6.5 per cent sodium chloride

became scant and finally ceased altogether. The capacity of the
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TABLE 8

RESULTS OF BIOCHEMICAL REACTIONS OF SENSITIVE AND RESISTANT STRAINS

Culture Dext. Lact. Malt. Mann. Glye. Sigf NO3 Gelatin
209P-3 # # # # # # # £ A
209Px13.3 £ # # # # # # £ #
209Px33 £ # # # # # # 44
209Px200 # # # # # # # £ 4
209Px1667 # # # £ - - # -
209Px10,000 £ Y. # # - - 4 -

N-S £ £ # # # # # £ #
Nx7.5 # # # ¢ # # £ FA
Nx22 # ¢ # # # # #

Nx100 # £ # £ £ # #

Nx1250 f # # # - - #

c-S ¢ f # # # # # £
Cx5 # # # # # # # £F
Cx50 # A N T
Cx1250 # £ £ £ - - / £
Cx7500 # # # £ - - ¢ #
RF-S £ £ F # # £ £ R
BFxX5 # # £o£ £ # # £ EES
RFx50 ¢ # # # # # £ AL
RFx175 # # # £ # - # FEAL
RFx1000 # £Ff £ - - # FAE
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four strains to reluce nitrate to nitrite was unaffected by their
becoming resistant to penicillin. Gelatin liquefaction of resis-
tant cultures was reduced to some extent and cultures 209Px1667 and
209Px10,000 became gelatin negative.

Reaction to Gram's Stain

Burke's modification of the gram stain was used to.stain
preparations of sensitive and resistant cultures. Only cultures
Cx7500 and 209Px10,000 showed a change in reaction to the stain,
In culture Cx7500 about 25 per cent of the cells stained gram
negative. Many of the gram positive cells seemed to retain the
crystal violet sparingly. Gram stained slides of culture 209Px-
10,000 revealed that approximately 75 per cent of the cells were
negative while 25 per cent were positive. In this culture the
individual cells appeared either distinctly gram positive or
gram negative with no intermediate forms.

Morphological Variation

Wet mount preparations of resistant microcoeci were examined
for eviience of plecmorphism. In most wet mounts a small number of
cells, usually less than one per cent, could be found which were
not cocci. These forms varied from coccotacilli to short rods,
diplococci and diphtheroid forms.

Penicillin also effected a change in the size of resistant
cultures. These changes are shown in Table 9, As resistance to
penicillin increased there was an increase in size of the cells
in the culture. This continued until each culture became apnroxi-

mately 1000 times more resistant than its parent strain., At this
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TALLE 9

RESULTS OF THE MEASUREMENT OF SIZE OF SENSITIVE
AND RESISTANT CULTURES

Culture Average Diameter Diameter of Largest Diameter of Smallest

in Microns in Microns in Microns
209P-5 1.33 1.6 1.2
209Px13.3 1.34 1.6 0.8
209Px33 1.34 1.7 1.1
209Px200 1.63 1.9 1.2
209Px1667 1.63 1.9 1.1
209Px10,000 1.46 1.8 1.2
N-S 1.23 1.4 1.0
Nx7.5 1.15 1.4 0.9
Nx22 1.89 2.6 0.9
Nx100 1.83 2,1 1.1
Nx1250 1.33 1.5 1.2
C-5 1.28 1.4 1.1
Cx5 1.26 1.5 1.1
Cx50 1.49 1.9 1.2
Cx1250 1.75 2.0 1.4
Cx7500 1;32 1.6 0.9
RF-S 1.25 1.4 1.1
RFx5 1.28 1.6 1.2
~ RFx50 1,62 1.8 1.1
RFx175 1.64 2.0 1.2
RFx1000 1.53 1.8 0.9
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time the averare diameter of the cells of the resistiant cultures

was atout O.44 micrens larcer than that of the sensitive cells.

Cn further increase in resistance the averare diameter of the cells

t ecame smaller. Table 9 also shows that resistant cells are more

variable in size than are the parent sensitive cells. While the

average difference listween the largest and smallest cells measured

was 0.3 micron for the four sensitive strains, the value was 0,7

micron for the four resistant cultures which had attained a 1000 [

fold increase in resistance.
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DISCUSSION

The present investigation indicates that cultures of M,
pyogenes var. aureus, when subcultured in the presence of penicil-
1lin, became increasingly tolerant to it. All the strains appeared
capable of acquiring a higher degree of resistance than they at-
tained. One can only speculate on how resistant an orranism eould
become if subeultured in the presence of penieillin for an extended
period of time. As a culture acquires resistance, growth becomes
less luxuriant. Eventually, this would be a limiting factor in its
ability %o acquire further tolerance to penicillin, Nevertheless,
it is a tribute to the versatility of a bacterium that the descend-
ants of a culture are capable of living and growing in the presence
of a comparatively large amount of a toxic substance which, a few
weeks previously, would have been lethal in a very high dilution.

There are two theories econcerning the mechanism whereby
bacteria acquire resistance to penieillin in vitro. The first is
that acquired resistance is only an adaptive ehange on the part of
the organism, that is, a result of interaction between the antibi-
otic and the bacterium. The second, as first presented by Demeree
(1948), postulates that resistant bacteria arise by a process of
spontaneous mutation, the penicillin acting only as a selective
agent by the destruction of sensitive cells, According to Demeree's
hypothesis, resistance to penicillin acquired in vitro could be

expected to proceed in a stepwise fashion. Figure 1, which shows
41



the pattern of development of resistance of the four strains
used in this stuly demonstrates no such stepwise inarease in
resistance. However, a strain would often grow in the presence
of a certain concentration of venicillin through several sub-
cultures, then suddenly become tolerant to much larzer concentra-
tions,

When comparing the virulence ofbsensitive and resistant
bacteria it was necessary to consider all the factors which affect
virulence. Factors such as volume of inoculum, suspending medium,
route of inoculation, size, age, weight and species of animal
can be easily controlled. To a less extent the log phase of the
organism can te regulated. However, in vitro produced resistant
microcoeci exhibit a slower rate of growth than do sensitive
cultures. This slower rate of growth naturally affects virulence.
An organism that divides slowly will have less chance to produce
a fatal infection because the host's defensive mechanism will
have more time to destroy the parasite., Certainly some, and possi-
bly a considerable part, of the decreased virulence of resistant
mierococci is due to this decreased rate of growth. Then, loss
of virulence may not be due entirely to dissociation phenomena
brought on by the organisms having acquired a resistance to renicil-
1lin,

On the other hand, the argument might be presented that this
slowed rate of growth should not be considered in evaluating the
results of virulence tests on resistant micrococci. It might be

said that this is one of the ways in which the organism was changed
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by subculture in penicillin and that this was one of the character-
istics of the resistant organism which was altered.

Micrococcal infections are usually leccalized. In a lccalized
infection the slow rate of division of a resistant microccecus
might not be important from the point of view of virulence because
the organism is usually comparatively well isolated from the
defensive mechanisms of the host. However, when the virulence of
a resistant micrococcus is tested by intravenous inoculation of
rabbits whose defensive mechanisms have ready access to the
injected bacteria the results can be far different. It is difficult
to control or to evaluate the effects of this slow rate of growth
when comparing the virulence of sensitive and resistant organisms

but it must be taken into consideration.
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SUMMARY

In vitro induced resistance of M. pyogenes var. aureus

to penicillin is accompanied by changes in virulence, hemolytie
activity, some biochemical reactions, gram stain reaction and
morphology. The most striking change was in virulence. All
four strains lost their virulence for rabbits as penicillin re-
sistance was acquired. Two of the resistant cultures became non-
hemolytie, while the other two still retained some hemolytiec
activity. All highly resistant strains failed to ferment glycerol
and to grow in the presence of 6.5 per cent sodium chloride while
only one strain lost the ability to liquefy gelatin, Many of the
ecells in the two most resistant cultures became negative to
Gram's stain. On continued exposure to penicillin the cells of
the cultures enlarged. After becoming highly resistant the size
of the cells returned to near normal,

Resistant cultures showed no change in coagulase production,
chromogen production, nitrate reduction or in fermentation of

dextrose, laetose, maltose, mannite or sucrose.



REFER-NCES CITED

Abraham, E. P., and Chain, E. 1940 An enzyme from bacteria able
to destroy penicillin. Nature, 146, 837.

Abraham, E. P., Chain, E., Fletcher, C. M., Gardner, A, D.,
Heatley, N. G., Jennings, M. A., and Florey, H. W. 1941
Further observations on penicillin. Lancet, 241, 177-188,

Barber, M., and Rozwadowska-Dowzenko, M. 1948 Infection by
penicillin-resistant staphylococci. Lancet, 255, 641-644.

Bellamy, D. W. 1948 Changes accompanying induced resistance of
staphylococci to penicillin. Trans. New York Acad. Sci.,
10, 165-168.

Bellamy, D. W. and Klimek, J. W. 1948 Some properties of peni-
cillin-resistant staphylococci. J. Bact., 55, 155-160.

Bigger, J. W. 1944 Treatment of staphylococcal infections with
penicillin, Lancet, 247, 497-500.

Blair, J. E., Carr, M., and Buchman, J. 1946 The action of
penicillin on staphylococci. J. Immunology, 52, 281-291.

Bondi, A. Jr., and Dietz, C. C. 1944a Production of penicil-
linase by bacteria. Proc. Soc. Exp. Biol. and Med., 55,
132-134

Bondi, A. Jr., and Dietz, C. C. 1944b Relationship of peni-
cillinase to the action of penicillin. Proc. Soc. Exp.
Biol. and Med., 56, 135-137.

Bondi, A. Jr., and Dietz, C. C. 1945 Penicillin resistant
staphylococci. Proc. Soc. Exp. Biol. and Med.,, 60, 55-58.

Cutterbuck, P. W., Lovell, R., and Raistrick, H. 1932 Studies
in the biochemistry of micro-organisms, XXVI The formation
from glucose by members of the Penicillium chrysogenum series
of a pigment, an alkali-soluble protein and penicillin- the
antibacterial substance of Fleming. PEiochem. J., 26, 1907-
1918.

Demerec, M. 1948 Origin of bacterial resistance to antibiotics.
J. Bact., 56, 63-74.

45




Eriksen, K. R. 1946a Some studies on the lytic action of peni-
cillin on staphylococci and pneumococci. Acta. Fath, et
Microbiol. Scand., 23, 221-228,

Eriksen, K. R. 1946b Studies on induced resistance to penicillin
in staphylococci. Acta. Path. et Microbiol. Scand., 23, 284-
292,

Fleming, A. 1929 On the antibacterial action of cultures of a
Penicillium with special reference to their use in the isola-
tion of B. influenzae. Brit. J. Exp. Path., 10, 226-236.

Florey, H. 1944 Penicillin: A survey., Brit, Med. J., II, 169-
171.

Gardner, A. D. 1940 Morphological effects of penicillin on
bacteria., Nature, 146, 837-838.

Hobby, G. L., Meyer, K., and Chaffee, E. 1942 Observations on
the mechanism of action of penicillin, Proc. Soc. Exp. Biol.
and Med., 50, 181-185.

Julianelle, L. A. 1944 Experimental staphylococcal infection and
passive protection. J. Immunology, 48, 155-166.

Kirby, W. M. M. 1944 Extraction of a highly potent penicillin
inactivator from penicillin-resistant staphylococci. Scilence,

99, 452-453.

Kirby, W. M. M. 1945 Bacteriostatic and lytic actions of penicil-
lin on sensitive and resistant staphylococci. J. Clin. Invest.,

Klimek, J. W., Cavallito, C. J., and Bailey, J. H. 1948 Induced
resistance of Staphylococcus aureus to various antibiotics.
Jo Blct., 22, 139’1‘#5.

Matsui, S. 1950 On the susceptibility of hemolytic streptococci
to penicillin and the character of penicillin resistant strains.
Taken from a summary accompanying the original article. J.
Antibiotics, 3, 158-166.

McVeigh, I., and Hobdy, C. J. 1952 Development of resistance by
Micrococcus pyogenes var. aureus to antibiotics: morphological
and physiological changes. Amer. Jour. Bot., 39, 352-359.

Miyahara, B. T., Cariker, K., and Clapper, W. E. 1953 Cross-
resistance in staphylococci and the effect of combinations
of antibiotics on resistant strains. J. Lab., and Clin, Med,,

41, 550-558.

L6




viller, C. ., ani Lohnho'f, M. 1945 Stulies on tke zction »of
venicillin. V. Virulence of penicillin resistant strains
of meningocceccus. Prcc. Sce. Zxp. Biol. ani Med., €0, 35—

357.

North, E. A., and Christie, R. 1946 Acguired resistance of stanh-
vlococei to the action of penicillin. VMed. J. Australia, 23,
176-179.

Parker, R. F,, and Marsh, H. C. 1645 The action of penicillin on
Staphylococcus. J. Bact., 51, 121-1f6,

Pasteur, L., and Joubert, J. 1877 Charbon et septicemit. Cormptes
rendus de 1'Acalemie des Sciences, 85, 101-115.

kake, G., McKee, C. M., Hamre, D. M., and Houck, C. L. 1944 Studies
on penicillin. II. Observations on therapeutic activity and
toxicity. J. Immunology, 48, 271-289.

Rammelkamp, C. H., and Maxon, T. 1942 Resistance of Staphylococcus
aureus to the action of penicillin, Proc. Soc. Exp. Riol. and
Med., 51, 386-389.

Roundtree, P. M., Barbour, R. G. H., and Thompson, E, F, 1951
Incidence of penicillin-resistant and streptomycin-resistant
staphylococei in a hospital. Lancet, 260, 435-436.

Schmidt, L. H., and Sesler, C. L. 1943 Development of resistance
to penicillin by pneumococci. Proc. Soc. Exp. Biol. and Med.,
2.2.’ 353-3570

Spink, W. W., and Ferris, V. 1945 Penicillin inhibitor from
staphylococci which have developed resistance to penicillin
in the human body. Proc. Soc. Exp. Biol. and Med., 59, 188-
190.

Spink, W. W,, Ferris, V., and Vivino, J. J. 1944 Comparative in
vitro resistance of staphylococci to penicillin and to sodium
sulfathiazole. Proc. Soc. Exp. Biol. and Med., 55, 207-210.

Suter, E., and Vischer, W. A. 1948 Untersuchungen an in vitro
gegen penicillin und streptomycin resistent gezuchteten
staphylokokken. Schweiz. Zeitschr. Path. u Bact., 11, 428-
437.

Woodruff, H. B. and Foster, J. W. 1944 Facterial penicillinase,
J. Bact., 47, 425-426.

47



I wish tc express my gratitude to Dr. Jack
J. Stockton assistant professor of tacteriology
at Michigan State College for sugresting this
protlem, for guidance in the latoratory work and

for assistance in the preparation of this thesis.






S 6 7F
Oct.? S35
Jan~ 6 ®

CriLY







