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INTRODUCTION 

■ 

ONE OF THE VERY COMMON ORGANISMS WHICH DISPLAYS 

DEGREES OF ANTIBIOTIC RESISTANCE IS STAPHYLQCOCCUS AUREUS. 

THE ORGANISM SELECTED FOR THIS STUDY. STAPHYLOCOCCUS 

AUREUS HAS A VERY WIDE DISTRIBUTION IN NATURE, AS IT 

IS FOUND ON THE SKIN SURFACE, IN NASAL PASSAGES, AND 

IN A VARIETY OF FOOD PRODUCTS. STAPHYLOCOCCI MAY BE 

THE CAUSATIVE AGENTS OF BOILS, FURUNCLES, OSTEOMYELITIS, 

SECONDARY MENINGITIS, S^PTICEMIA, FOOD POISONING AND 

PNEUMONIA. 

THE VIRULENCE OF -STAPHYLQCOCCUS AUREUS IS PRIMARILY 

DUE TO THE PRODUCTION OF METABOLIC PRODUCTS WHICH HAVE 

SERIOUS EFFECTS ON PHYSIOLOGICAL ACTIVITIES OF THE HOST. 

PERHAPS THE MOST RELIABLE INDICATION OF STAPHYLOCOCCUS 

PATHOGENICITY IS THE PRODUCTION OF A PROCOAGULASE WHICH 

UNITES WITH A FACTOR IN CITRATED OR OXALATED BLOOD 

PLASMA TO COAGULATE FIBRINOGEN, CAUSING FIBRIN TO BE 

DEPOSITED ON THE BACTERIAL CELL WALLS WHICH PROTECTS 

THEM FROM PHAGOCYTOSIS. 

ONE PRODUCT OF STAPHYLOCOCCUS METABOLISM, HYALU- 

RONIDASE, HYDROLYZES HYALURONIC ACID, A TISSUE BINDING 

COMPONENT IN LIVING CELLS, AND FACILITATES THE SPREADING 

OF THE INFECTION. 
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ASSOCIATED WITH MANY TYPES OF BACTERIAFARE BACTER+O- 

PHAGES, VIRUS-LIKE PARTICLES WHICH INFECT THE SPECIFIC 

BACTERIUM. THE PHAGES ARE CLASSIFIED ACCORDING TO 

THEIR REACTION INSIDE THE BACTERIA. LYTIC BACTERIOPHAGES 

CAUSE LYSIS OF THE BACTERIAL CELL FOLLOWING PHAGE INFECTION, 

LYSOGENIC PHAGES, AFTER PENETRATION OF THE HOST CELL 

INTERIOR, DO NOT MULTIPLY AND BECOME AN INTEGRAL PART 

OF THE GENETIC APPARATUS OF THE BACTERIAL CELL. THE 

PHENOMENON OF LYSOGENY HAS SERVED AS A POWERFUL TOOL 

IN STUDIES OF GENETIC STRUCTURES. I_YT I C PHAGES HAVE 

ALSO PLAYED A LEADING ROLE IN BACTERIAL GENETICS THROUGH 

THE PHENOMENON OR TRANSDUCTI ON. 

IN ELECTRON MlCROPHOTOGRAPHS, STAPHYLOCOCCAL 

PHAGES RESEMBLE TADPOLES WITH AN AVERAGE SIZE HEAD 

OF 55 MILLIMICRONS AND TAIL OF 225 MILLIMICRONS IN 

LENGTH.  THE FEW ANALYSES AVAILABLE ON THE GROSS CHEMICAL 

COMPOSITION OF PHAGES SEEM TO BE IN GENERAL AGREEMENT 

THAT THESE PHAGES ARE ABOUT HALF PROTEIN AND HALF DEOXY- 

RIBOSE NUCLEIC ACID.  THE WELL-KNOWN PLANT VIRUSES 

CONTAIN RIBONUCLEIC ACID (RNA) EXCLUSIVELY, USUALLY IN 

RELATIVELY SHALL AMOUNTS.  MOST ANIMAL VIRUSES ARE COMPOSED 

OF RNA AND SMALLER AMOUNTS OF DEOXYRIBOSE NUCLEIC ACID. 



THE LATTER INCLUDE THE CAREFULLY STUDIED PR8 AND LEE 

STRAINS OF INFLUENZA VIRUS WHICH ARE REPORTED AS HAVING 

0.9 PER CENT RNA AND 0.1 PER CENT DNA, AND MEF-1 POLIO- 

MYELITIS VIRUS WHICH ANALYZED 24 PER CENT RNA AND 1 

PER CENT DNA. DNA HAS ALSO BEEN REPORTED IN SOME 

INSECT VIRUSES. 

WHEN INFECTED WITH A TEMPERATE PHAGE, A BACTERIUM 

MAY RESPOND IN AT LEAST TWO DIFFERENT WAYS. THE INFECTING 

PHAGE MAY ENTER THE VEGETATIVE STATE, REPRODUCE, AND 

THE BACTERIA WILL LYSE. THE OTHER RESPONSE INVOLVES 

THE PHAGE INFECTION BUT NO LYSIS. THE FREQUENCY OF 

THESE RESPONSES DEPENDS ON THE CONDITIONS OF INFECTION 

AND THE GENETIC CONSTITUTION OF THE PHAGE. TEMPERATURE 

AND THE NUMBER OF PHAGE PER BACTERIUM ARE TWO CONDITIONS 

WHICH MAY INFLUENCE THE BACTERIAL RESPONSE TO LYSOGENY. 

HOWEVER, THE CAPACITY OF THE PHAGE TO LYSOGENIZE IS 

COMPLETELY UNDER GENETIC CONTROL. 

COAGULASE-POSITLVE STAPHYLOCOCCI ARE TYPED BY 

OBSERVING THE PATTERN REACTIONS WHEN EXPOSED TO DIFFERENT 

PHAGES. WIDESPREAD LYSOGENICITY HAS BEEN OBSERVED IN 

STAPHYLOCOCCAL PHAGES.  PHAGE TYPING OF THE STAPHYLOCOCCI 

PRESENTS MORE PROBLEMS THAN TYPING THE SALMONELLAS OR 

OTHER PATHOGENIC ENTEROBACTERIACEAE.  THE STAPHYLOCOCCI 



ARE MUCH MORE WIDE SPREAD THAN THE ENTERIC PATHOGENS? 

THEREFORE, A MUCH GREATER VARIETY OF TYPES MIGHT BE 

EXPECTED. HENCE, THE USE OF TYPE DESIGNATIONS IS 

IMPRACTICAL. HOWEVER, IN TRACING INFECTIONS IN HOSPITALS 

OR LOCALIZED OUTBREAKS, PHAGE-TYPING IS RELATIVELY 

VALUABLE. 

STAGES IN PHAGE MULTIPLICATION ARE INITIATED WITH 

ADSORBTION OF THE PHAGE PARTICLE AND PENETRATION OF THE 

CELL WALL. THIS IS FOLLOWED BY THE INJECTION OF VIRAL 

DNA INTO THE CELL. COMPLETED PHAGE PARTICLES DO NOT 

REAPPEAR UNTIL THE MIDPOINT OF THE LATENT PERIOD. 

MORPHOLOGICALLY RECOGNIZABLE ELEMENTS ARE FORMED EARLIER 

WHICH CORRESPOND TO THE PROTEIN OUTER LAYER OF THE PHAGE. 

THE SITES AT WHICH BACTERIA ADSORB THE PHAGE 

PARTICLES ARE REFERRED TO AS BACTERIAL RECEPTORS. AS 

A RULE, ONLY BACTERIA THAT CAN BE INFECTED BY A PHAGE 

CAN ADSORB IT. HOWEVER, CASES HAVE BEEN REPORTED IN 

WHICH PHAGE CAN BE ADSORBED BY BACTERIA UNABLE TO SUPPORT 

ITS GROWTH WHICH ARE THEN LYSEDJ SEROLOGICAL CROSS-REACTIONS 

HAVE BEEN FOUND BETWEEN THE NORMAL HOST FOR THE PHAGE 

AND THE NON-HOST BACTERIA THAT CAN ADSORB THE PHAGE. 

A FAIRLY GOOD CORRELATION EXISTS BETWEEN THE POSSESSION 

OF CERTAIN ENTIGENS AND THE SENSITIVITY TO DIFFERENT 



BACTERIOPHAGES. 

THE PHAGES ADSORB BY THE TIPS OF THEIR TAILS TO 

THE SPECIFIC RECEPTOR SITES ON THE HOST CELL SURFACE. 

ADSORPTION PROBABLY INVOLVES AT LEAST TWO SUCCESSIVE 

STEPS, THE FIRST OF WHICH IS REVERSIBLE.  IN SOME 

CASES THE FORMATION OF SALT LINKAGES BETWEEN CARBOXYL 

AND AM I NO GROUPS IS INVOLVED, WHILE IN OTHER CASES A 

MAJOR BACTERIAL ANTIGEN IS THE PHAGE RECEPTOR SUBSTANCE. 

MANY OF THE STAPHYLOCOCCI STRAINS WHICH ARE 

ASSOCIATED WITH EPIDEMICS ARE ANT I GEN ICALLY RELATED 

SINCE MANY OF THEM ARE INFECTED BY THE SAME PHAGES. 

THIS OBSERVATION SUGGESTS THE HYPOTHESIS THAT ANTI- 

BIOTIC RESISTANCE MAY BE RELATED TO PHAGE ADSORPTION. 

PENICILLIN ACTIVITY ON BACTERIAL CELLS HAS BEEN 

DESCRIBED AS AN INHIBITUCN OF CELL WALL SYNTHESIS BY 

PREVENTING THE POLYMERIZATION OF AN ESSENTIAL CELL 

WALL CONSTITUENT. ACCORDING TO PARK AND STROMINGER, 

THERE ARE SUBSTANCES IN THE CELL WALL WHICH ARE UNIQUELY 

SIMILAR TO A PRODUCT WHICH ACCUMULATES INTRACELLULARLY 

IN ANTIBIOTIC-TREATED STAPHYLOCOCCI. MANY EXPERIMENTS 

POINT TO THE CONCLUSION THAT URIDINE PYROPHOSPHADT 

N-ACETYL-AMINO SUGAR IS THE BIOSYNTHETIC PRECURSOR OF 

THE BACTERIAL CELL WALL, AND THAT THE ACCUMULATION OF 
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THIS COMPOUND IN PENICILLIN-TREATED STAPHYLOCOCCI 

IS THE CONSEQUENCE OF INTERFERENCE BY PENICILLIN #1 TH 

THE COMPLETION OF THE BIOSYNTHESIS OF THE CELL WALL. 

URIDINE PYROPHOSPHATE GLYCOSYL COMPOUNDS ARE ACTIVATED 

INTERMEDIATES IN MANY BIOSYNTHETIC TRANSGLYCOSI DAT I ON 

REACTIONS AND THE N-ACETYL-AMI NO SUGAR PEPTIDE MAY BE 

CONSIDERED A NUCLEOTIDYL FRAGMENT ACTIVATED 8Y  SUCH 

A SYNTHETIC REACTION.  THE TRANSFER OF THIS FRAGMENT 

FROM THE NUCLEOTIDE TO SOME CELL WALL ACCEPTOR WOULD 

BE A REACTION FOR WHICH MANY MODELS NOW EXIST. 

THE EXACT NATURE OF THE INTERFERENCE IS A MATTER 

OF SPECULATION, BUT IT SEEMS POSSIBLE THAT PENICILLIN 

IS A SPECIFIC INHIBITOR OF THE TRANSGLYCOSI DAT I ON 

REACTION INVOLVING THIS URIDINE NUCLEOTIDE.  EXTENSIVE 

INVESTIGATION ON THE BINDING OF PENICILLIN ARE CONSISTENT 

WITH THIS FORMULATION.   If HAS BEEN SHOWN THAT THE 

PARTICLES THAT BIND PENICILLIN WERE ORIGINALLY PORTIONS 

OF THE CELL MEMBRANE.   If THE HYPOTHETICAL TRANSGLYCO- 

SIDASE,  IS ALSO THE SPECIFIC BINDING SITE OF PENICILLIN, 

IT IS STRATEGICALLY LOCATED TO TRANSFER THE N-ACETYL- 

AM I NO SUGAR PEPTIDE FROM THE URIDINE PYROPHOSPHATE, 

WHICH IS INSIDE THE MEMBRANE, TO AN ACCEPTOR OUTSIDE 

THE MEMBRANE. 

i 
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SIMILAR WORK HAS BEEN REPORTED BY LEDERBERG WITH 

ESCHERICHIA COL I LEADING TO THE CONCLUSION THAT NEW 

CELL-WALL FORMATION RATHER THAN EXISTING WALL STRUCTURE 

IS THE PROBABLE TARGET OF PENICILLIN. 

ANTIBIOTIC RESISTANCE IS BELIEVED TO BE DUE TO THE 

PRODUCTION OF AN ENZYME WHICH UNITES WITH ITS SPECIFIC 

ANTIBIOTIC SWBSTRATE TO INACTIVATE THE SUBSTRATE. 

STAPHYLOCOCCAL PENICILLINASE HAS BEEN DEMONSTRATED TO 

BE AN ESSENTIALLY INTRACELLULAR ENZYME. DUE TO ITS 

INTRACELLULAR NATURE, ISOLATION AND PURIFICATION HAVE 

NOT BEEN PERFECTED. 

THE PENICILLINS ARE RELATIVELY UNSTABLE COMPOUNDS 

HAVING THE BASIC STRUCTURE! 
CH3 

R-CO-NH-CH-CH'^C-CH3 
i  I   I 
CO-N CHCOOH 

THE R-GROUP DIFFERS WITH THE TYPE OF PENICILLIN. PENI- 

CILLIN G WAS USED FOR THIS STUDY.  ITS STRUCTURE ISC 

c   CH3 
fS CH2-CO-NH-CH-CH'

s*C-CH3 

CQ-N CHCOOH 

PENICILLINASE REACTS AS FOLLOWS: 
CH3 s  CH3 

NH-CH-CH'S^CH CH3 R-CO-NH-CH-CH'^C-CH3 
III I PENICILLINASEj C      \\. \ 
CO CO-N — CHCOOH 0    NH CHCOOH 
I 0 
R H 



THE REACTION OF PENICILLIN AND PENICILLINASE IN A 

BICARBONATE BUFFER RESULTS IN THE EVOLUTION OF CARBON 

DIOXIDE PROPORTIONAL TO THE AMOUNT OF PENICILLIN INAC- 

TIVATED DUE TO THE INTRODUCTION OF ACID INTO THE BICAR- 

BONATE SYSTEM. 

PENICILLIN HAS LITTLE EFFECT ON THE PHAGE PARTICLE. 

THE ONLY EFFECT IS A SHORTENING OF THE LATENT PERIOD. 

SINCE BOTH ADSORPTION AND PENICILLIN ACTIVITY ARE 

CONCERNED WITH REACTIONS TAKING PLACE NEAR THE CELL 

SURFACE, AN ATTEMPT WAS MADE TO CORRELATE PHAGE ADSORPTION 

AND PENICILLINASE PRODUCTION THROUGH THIS EXPERIMENT. 

• 
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MATERIALS AND METHODS 

THE ORGANISMS WERE ISOLATED FROM THREE DIFFERENT 

PATIENTS AT MOSES H. CONE MEMORIAL HOSPITAL, GREENSBORO, 

NORTH CAROLINA, AND WERE SELECTED FOR THIS STUDY ON THE 

BASIS OF THE RESULTS OF SENSITIVITY TO PENICILLIN 

Dl SCS. 

THE BACTERIA WERE PHAGE-TYPED BY DR. NELL HIRSHBERG 

OF THE U. S. PUBLIC HEALTH LABORATORY IN RALEIGH, NORTH 

CAROLINA. THE STAPHYLOCOCCUS ISOLANTS WILL BE REFERRED 

TO AS STRAIN I, STRAIN II, AND STRAIN III. STRAIN I 

IS LYSED BY PHAGE 80±/F| ',  STRAIN II IS LYSED BY PHAGE 81, 

AND STRAIN III ATTACKED BY PHAGES 52-/52AI-/SO"/81.  THE 

PLUS AND MINUS DENOTE PARTIAL AND COMPLETE LYSIS. THE 

COMMON PHAGE IS TYPE 81. 

THE ORGANISMS WERE CULTURED IN 5 ML. OF DIFCO 

TRYPTICASE SOY BROTH PRIOR TO EXPERIMENTATION.  IN ORDER 

TO PRODUCE PENICILLINASE THE ORGANISMS MUST BE SUPPLIED 

WITH A COMPLEX OF AM I NO ACIDS WHICH IS FURNISHED BY THIS 

MEDIUM. 

PENICILLINASE PRODUCTION IS CONSIDERED A MUTATION? 

THEREFORE, STRAIN I AND STRAIN II, THE RESISTANT STRAINS, 

WERE EXPOSED TO MINUTE QUANTITIES OF PENICILLIN IN ORDER 

TO ELIMINATE REVERSE MUTANTS.  GROWTH WAS INITIALLY 



INHIBITED; THEREFORE, 0.05 ML. OF A 24-HOUR SUSPENSION 

WAS TRANSFERRED TWICE IN 48 HOURS TO INSURE A COMPARABLE 

NUMBER OF ORGANISMS OF EACH STRAIN AFTER A 24-HOUR 

GROWTH PERIOD AT 37°C. 

THE STRAINS DIFFERED IN THIIR SENSITIVITY TO PENI- 

CILLIN. THE SENSITIVITY WAS DETERMINED BY THE TWO-FOLD 

SERIAL DILUTION TUBE METHOD WHICH GIVES A HIGHER DEGREE 

OF ACCURACY THAN THE DISC METHOD. FIFTY THOUSAND UNITS 

OF PENICILLIN WERE SERIALLY DILUTED IN 0.25 ML. OF BROTH 

AND 0.25 ML. OF A 1:100 DILUTION OF A FOURTEEN-HOUR 

SUSPENSION OF ORGANISMS WAS ADDED. THIS PREPARATION 

WAS INCUBATED AT 37°C FOR 24 HOURS AND THE SENSITIVITY 

WAS DETERMINED BY THE APPEARANCE OF GROWTH IN THE TUBE 

CONTAINING THE LOWEST DILUTION OF PENICILLIN. CONTROLS 

INOCULATED SIMULTANEOUSLY WITH THE TEST DILUTIONS WERE 

RUN FOR EACH DILUTION. 

CRYSTALLINE POTASSIUM SALT OF PENICILLIN G (ELI 

LILLY CORPORATION) WHICH IS WATER-SOLUBLE WAS USED FOR 

THE STUDY. 

PENICILLINASE ACTIVITY WAS DETERMINED BY THE AMOUNT 

OF CARBON DIOXIDE EVOLVED WHEN AN ALIQUOT OF AN OVERNIGHT 

SUSPENSION WAS EXPOSED TO PENICILLIN IN A BICARBONATE 

BUFFER. WITH THE WARBURG CONSTANT VOLUME RESPIROMETER, 
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MICROLITERS OF CO2 EVOLVED WERE MEASURED BY THE DIRECT 

METHOD. A 5% IOH SOLUTION WAS PLACED IN THE CENTER 

WELL OF ONE VESSEL TO ABSORB THE C02 AND MEASURE ONLY 

OXYGEN UPTAKE. IN THE OTHER VESSEL, KOH WAS NOT PRESSNTJ 

THEREFORE, THE DIFFERENCE BETWEEN THE MEASUREMENTS OF 

THESE VESSELS DETERMINED C02 EVOLUTION. 

A 1.0 ML. ALIQUOT OF OVERNIGHT CULTURES OF THE 

THREE STRAINS IN A 1.7 X 10~
3
 NAHCO3 BUFFER (PH 7) 

WAS RUN SIMULTANEOUSLY AT 37°C WITH 10,000 UNITS OF 

PENICILLIN IN THE SIDE ARM OF THE VESSEL. THE EQUILI- 

BRATION PERIOD WAS 12 MINUTES AFTER WHICH 3 FIVE-MINUTE 

READINGS WERE TAKEN BEFORE PENICILLIN WAS DUMPED FROM 

THE SIDE ARM OF THE VESSEL. FI VE-LJI4 NUTE READINGS WERE 

TAKEN OVER A PERIOD OF 70 MINUTES. 

AT THE END OF THE PERIOD, ALIQUOTS OF THE CONTENTS 

OF THE VESSELS WITH THE RESISTANT ORGANISMS WERE TESTED 

FOR ANTIBIOTIC ACTIVITY AGAINST STRAIN III. THESE 

ALIQUOTS WERE DILUTED 1M00 WITH A MIXTURE OF 5 ML. 

OF BROTH AND 95 ML. OF DISTILLED WATER AND PASSED THROUGH 

A SEITZ BACTERIOLOGICAL FILTER. 

ISOLATION OF THE PHAGES INVOLVED SEITZ FILTERING 

A 24-HOUR SLANT CULTURE WIICH HAD BEEN WASHED OFF WITH 

5 ML. OF BROTH. » THE PHAGE IN THIS PREPARATION REMAINS 
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VIABLE UNDER REFRIGERATION FOR AN EXTENDED PERIOD. 

PHAGE ADSORPTION WAS QUANTATIVELY MEASURED BY 

FOLLOWING THE DISAPPEARANCE OF FREE BACTERIOPHAGE 

FROM A MIXTURE OF BACTERIA. THE BACTERIAL CELLS WERE 

SEPARATED BY CENTRIFUGATI ON AND THE PHAGE WAS TITRATED 

FROM THE SUPERNATANT. MEASUREMENTS WERE MADE IN THE 

LATENT PERIOD BEFORE LYSIS. A REDUCTION OF THE TEMPERA- 

TURE PROLONGS THE LATENT PERIOD. THE ADSORPTION RATE 

IS INFLUENCED BY THE PHYSIOLOGICAL CONDITIONS OF THE 

HOST AND THE COMPOSITION OF THE MEDIUM. THE BROTH 

PROVIDES OPTIMAL CONDITIONS FOR ADSORPTION. 

THE BACTERIAL CONCENTRATION (1.8 X 10
9
 PER ML.) 

WAS DETERMINED TURBIMETRICALLY WITH A NEPHALOMETER BY 

CENTRIFUGING THE BROTH AND RESUSPENDING IN SALINE. 

THE INITIAL CONCENTRATION OF THE PHAGE PREPARATION 

WAS DETERMINED SIMULTANEOUSLY WITH THE ADSORPTION 

MEASUREMENT IN ORDER TO HAVE THE SAME PHAGE CONCENTRATION 

AND BACTERIAL COUNT. 

FROM THE 24-HOUR CULTURES 1. ML. OF BACTERIAL 

CULTURE AT 37°C WAS MIXED WITH 1 ML. OF PHAGE PREPARATION. 

AFTER THOROUGH MIXING, DUPLICATE 0.1 ML. SAMPLES OF THE 

ADSORPTION MIXTURE WERE REMOVED AFTER TWO MINUTES AND 

DILUTED 1:100 IN CHILLED BROTH TO STOP THE ADSORPTION 
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PROCESS.  TWO-MILLILITER AMOUNTS OF THE CHILLED DILUTED 

SAMPLES WERE THEN CENTRIFUGED AT 3,000 R.P.M. FOR 5 

MINUTES TO SEDIMENT THE BACTERIA AND ADSORBED PHAGE. 

A 1 ML. ALIQUOT OF THE SUPERNATANT WAS THEN ASSAYED 

BY THE AGAR LAYER METHOD.  THIS INVOLVED MIXING THE 

1 ML. ALIQUOT WITH 0.05 ML. OF THE 24-HOUR BACTERIAL 

CULTURE IN 2.5 OF 0.75$ AGAR MEDIUM AT 46°C IN ORDER 

TO MAINTAIN THE LIQUID STATE.  THIS PREPARATION WAS 

POURED ON 1.5$ AGAR PLATES AND ALLOWED TO INCUBATE 

FOR 24 HOURS.  PHAGE ADSORPTION WAS THEN DETERMINED 

BY COMPARING THE NUMBER OF PLAQUES FORMED BY THE 

UNADSORBED PREPARATION AND THE ADSORBED PREPARATION. 
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RESULTS 

BY THE TUBE SENSITIVITY TEST, 0.25 ML. OF 1:100 

DILUTION OF STRAIN I WAS FOUND TO BE SENSITIVE TO A CONCEN- 

TRATION OF 3,125 PENICILLIN UNITS. STRAIN II WAS SENSI- 

TIVE TO A CONCENTRATION OF 781 UNITS. STRAIN III 

GROWTH WAS INHIBITED BY THE LOWEST CONCENTRATION OF 

43 UNITS. THIS WAS IN ACCORD WITH OBSERVATIONS AT THE 

HOSPITAL BY THE DISC METHOD. 

WHEN THE ALIQUOTS OF THE THREE SJHAINS WERE SHAKEN 

IN THE WARBURG APPARATUS WITH PENICILLIN IN BICARBONATE 

BUFFER, THE OUTPUT OF CO2 ABRUPTLY INCREASED WITH THE 

TWO RESISTANT STRAINS. STRAIN I DEMONSTRATED MAXIMUM 

ACTIVITY IN 30 MINUTES AFTER PENICILLIN EXPOSURE. 

STRAIN II SHOWED OPTIMAL ACTIVITY, EVOLVING APPROXIMATELY 

THE SAME AMOUNT OF GAS,  IN 25 MINUTES.  STRAIN III 

DISPLAYED NO PEN ICILLINASE ACTIVITY.  SEE FIGURES I, 

FOLLOWING THE 70-MINUTE READING PERIOD, THE SEITZ- 

FILTERED ALIQUOTS DEMONSTRATED NO PENICILLIN ACTIVITY 

AGAINST THE SENSITIVE STRAIN BY THE TUBE SENSITIVITY 

TEST. 

THE ADSORPTION PHASE OF THIS STUDY INTRODUCED 

SEVERAL UNANTICIPATED DIFFICULTIES.  THERE WAS NO 
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FIGURE 

PENIClLLIN-PENICILLINASE ACTIVITY DETERMINED MANOMETRI - 
CALLY IN THE WARBURG CONSTANT VOLUME RESPIROMETER AT 37°C 
FOR STRAIN I STAPHYLOCOCCUS AUREUS 

KEY: H ML. PER 5 MIN. 
M /iL. PER 5 MIN. 
— ML. CUMULATIVE 
mmUL. CUMULATIVE 

INTERVAL WITH PENICILLIN 
INTERVAL WITHOUT PENICILLIN 
WITH PENICILLIN 
WITHOUT PENICILLIN 

10 20 30    40 
MINUTES 

50 60 



FIGURE 

PENICILLIN-PENICILLINASE ACTIVITY DETERMINED MANOMETRI- 
CALLY IN THE WARBURG CONSTANT VOLUME RESPIROMETER AT 37CC 
FOR STRAIN II STAPHYLOCOCCUS AUREUS 

KEY: /il_. PER 5 MIN. INTERVAL WITH PENICILLIN 
IJ.L. PER 5 MIN. INTERVAL WITHOUT PENICILLIN 
HL. CUMULATIVE WITH PENICILLIN 
IXL. CUMULATIVE WITHOUT PENICILLIN 

10 20 30    40 
MINUTES 

50 60    70 



FIGURE 

PENICILLIN-PENICILLINASE ACTIVITY DETERMINED MANOMETRI- 
E WARBURG CONSTANT VOLUME 

FOR STRAIN III STAPHYLOCOCCUS AUREUS 
CALLY IN THE WARBURG CONSTANT VOLUME RESPIROMETER AT 37°C 

KEY: — ML. PER 5 MIN. 
— /J.L . PER 5 MIN. 
— /XL. CUMULATIVE 
— ML. CUMULATIVE 

INTERVAL WITH PENICILLIN 
INTERVAL WITHOUT PENICILLIN 
WlTH PENIClLLIN 
WlTHOUT PENICILLI N 

10 20 30      40 
MINUTES 

50 60 



PLAQUE FORMATION WITH THE PHAGE PREPARATION OF THE 

INDIVIDUAL STRAINS OF BACTERIA} HOWEVER, WHEN THE 

PHAGE PREPARATIONS OF THE THREE STRAINS WERE MIXED 

TOGETHER, PLAQUES WERE OBSERVED WITH STRAIN II AND 

STRAIN III.   IN TITRATION OF THE PHAGE PREPARATION, 

STRAIN II ADSORBED 39 PER CENT OF THE PHAGE POPULATION, 

AND STRAIN III ADSORBED 33 1/3 PER CENT OF THE INITIAL 

PHAGE POPULATION. 
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DISCUSSION 

AS STATED ABOVE, THE ISOLATION AND PURIFICATION 

OF STAPHYLOCOCCAL PEN ICILLINASE HAS NOT BEEN PERFECTED 

DUE TO ITS INTRACELLULAR NATURE. HOWEVER, IT IS 

GENERALLY ACCEPTED THAT THE PRODUCTION OF PEN ICILLINASE 

IS THE MECHANISM BY WHICH STAPHYLOCOCCI BECOME PENI- 

CILLIN RESISTANT. PARTIALLY PURIFIED PEN ICILLINASE 

IS PREPARED COMMERCIALLY FROM BACILLUS CLREUS AND OTHER 

SPECIES WHICH PRODUCE LARGE QUANTITIES OF THE ENZYME 

EXTRACELLULARLY. THE REACTION OF PARTIALLY PURIFIED 

PENICLLLINASE AND PENICILLIN GIVES THE SAME GAS EVOLUTION 

CURVE AS WAS OBSERVED IN THIS EXPERIMENT. 

THE FAILURE TO FIND ADSORPTION OF PHAGE ON STRAIN 

I COULD BE ATTRIBUTED TO THE MUTUAL EXCLUSION EFFECT 

SEEN IN MIXED INFECTIONS SINCE THE PHAGE PREPARATION 

CONTAINED PHAGES 80 AND 81. IN THIS CASE, IF 80 AND 81 

ARE RELATED PHAGES, NO PLAQUE FORMATION WOULD BE EXPECTED. 

FURTHERMORE, WHEN TWO NON-LYSOGENIC PHAGES ARE USED 

IN MIXED INFECTION, THE UNION MAY RESULT IN LYSIS. 

MOREOVER, THESE TYPES OF PHAGES ARE REPORTED TO BE 

HIGHLY LYSOGENIC; THEREFORE, THEIR BEHAVIOR COULD BE 

ATTRIBUTED TO THE NON-LYTIC CONDITION OF INFECTIVITY. 

INVESTIGATION IN THIS AREA WOULD HAVE BEEN CARRIED 

16 



FURTHER IF THE PROPER MATERIAL HAD BEEN AVAILABLE AND 

IF THE DATE OF REPORTING HAD NOT BEEN A LIMITING FACTOR, 
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CONCLUSION 

FROM THIS EXPERIMENT, THE CONCLUSION MAY BE DRAWN 

THAT PENICILLINASE PRODUCTION BY PENICILLIN-RESISTANT 

STAPHYLOCOCCUS AUREUS MAY BE RELATED TO THE AMOUNT OF 

PHAGE ADSORBED AFTER A TWO-MINUTE  ADSORPTION PERIOD. 
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