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INTRCDUCTION

Micrococcus pyogenes var. syreua (Rosenbach) Zoph has
been known to man for some time, for it was back in 1878 that

Koch noted the presence of micrococei in pus from wounds. (2, 7)

In all probability these organisms were Mjcgrccocoug

pYogengs var. ayreus or their very closely related type species
Micrococeug pyogenes var. albug. It is very interesting to

note the relatively small amount of attention paid to this
genus after the early taxonomic work was completed, and it
was for this reason that this study was undertaeken.

In the fall of 1953 cases of tonsillitis, laryngitis, or
sore throats were quite prevalent on the campus of South Dakota
State College. The Health Service on the campus co-operated
by providing fresh material. This material was obtained by
swabbing the patient's (student's) throat, nasopharynx, and
tonsiller erypts. The swabs were prepared by twisting a small
piece of absorbent cotton on the end of a six inch wood appli-
cator. Two of these swabs were placed in a six inch test tube
and the tube was then cotton plugged and sutoclaved. One swab
was used for the patient's throat and the other for the naso~
pharynx,

In the laboratory each swab was streaked on FNutriemt,
Chapmen Stone, and Blood Agar plstes (6) und incubated at 37° C,
for 12 to 18 hours. Immediately after streaking the plates,

direct slides were prepared by rolling the swab on a clean slide.



These vere then gram stained and examined under oil immersion.
Direct microscopic examination revealed that the predominating
organiem was a gram positive micrococcus .8 to 1.0 microns in
diemeter, appearing singly and in small clumps. Other
organisms present to & lesser degree included short-chain
streptococci end diphtheroids.

After 12 to 18 hours of incubation the plates were examined,
and it was easily discernible that the predominating organisms
vere micrococei. These micrococci were actively hemolytic,
producing a clear, vell defined zone of bete hemolysis on the
blood agar plate. They were also most abundant on the nutrient
agar plate 2nd here grew with a somewhat yellowish to golden
sheen. Since Chapman Stome is a selective medium for micrococei,
they grew well, exhibiting a definite golden pigment. Therefore,
from the isolation &nd growth characteristic studies, it vas
concluded that in all probability this organism was responsible
for the small endemic outbreak of "sore throat™ on this campus.

Appropriate biochemical tests and taxonomic procedures
were applied to this organi=sm to properly classify it as
Microgogccug pyogenes ver. apreup (Rosenbach) Zoph (2). The
cultures obtainec from seven patients were not mixed but were
carried on separate nutrient agar and Chapman Stone slants
and in Kracke Blood Culture Medium (6). The organism used for
subsequent investigational purposes was the author®'s own partio-
ular isolate. Since all seven strains isolated had very
similar characteristics, no particular resson or provocation can
be given for picking this ome from the rest, outside of a
probable hypochondrial temdency on the part of the investigator.

This also aided in making the work a little more stimulating.



LITERATURE

Koch (7) in 1878 first observed micrococci in pus from
wounds, but it remained for Pasteur (7) in 1880 to cultivate
them in a 1iquid medium. Ogston (7) at about the same time
noted that they were constantly present in acute and chronie
abscesses and vere grown by him in eggs. He also noted that
these organisms were pathogenic to guinee pigs and mice.

Rosenbach (7) in 1884 obtained pure cultures on solid media

and divided the genus into two species--Staphylocogcus pyogenes
var. ayreusg and Staphylococcus pyogenes var. altug. Staphylo

is a Greek term denoting a cluster of grapes and coccus, a
spherical bacterium. Pyogenes, also derived from the Greek,
means pus-producing, while aureus @nd albus from Latin indicate
golden and white, respectively (24).

Until recently these cocei were classified as a separate
genus, Staphylococcus, of the farily Mjcroecocceae, but now have
been assigned to the genus Micrococcus (7) in the same family,
of wvhich the principal pathogenic representative is Micrococoup
Ryogengs var. aurgus. Since the term staphyloococcus has been
in use for approximately sixty years it is still videly used
by microbiologists, although the term micrococcus is rapidly
gaining porular favor. It is for this reason that the term
micrococcus will be used throughout this dissertation.

That Microcogeup sureug is responsible for meny of the
voes of man is evidenced by its dmost constant occurrence in

many of his chief ailments. It is present in a variety of



clinical and pathoclogical forms and is usually characterized
by suppuration, ranging from mild localized pustules, such as
sore throat, to fulminating, rapidly fatel, septicemia. It
also causes a goodly share of furuncles, carbuncles, osteo-
nyelitis, post-operative infection, pneumonia, meningitis,
end suppurative infections of the pleural, peritoneal, and
synovial cavities, to name only a few.

One of its prominent roles is thet of being one of the
most prevalent organisms found in common bacterial food
poisoning. A characteristic feature of micrococecal food
poisoning is that the symptoms generally appear in one to
four hours after the food is eaten in contrast to a period of
12 to 24 hours or more which is typical of poisoning ceused
by Clostridiup botulinum (5). The enterotoxin produeed is heat
stable and quite potent as has been demonstrated by inoculating
2 to 3 ml. of the filtrate intraperitoneally into a kitten
welghing 350700 grams. Within five to thirty minutes the
kitten will usually show lassitude end weakness with severe
vomiting, which may be followed by death an hour or two later (20).
Since a close correlation exists between enterotoxin-producing
micrococei snd those producing staphylocoagulase, the test for
the latter was performed on the particular coccus under investi-
gation end it was found to be positive, thereby classifying it
as = pathogen.

Microcogeus ryvogeneg var. sareus produces several other
significant toxins. These toxins have the ability to lyse red

blood corpuscles, kill leucocytel, lyse fibrin clots, and



congulate plasma. It is for this reason that this becterium
ie so highly pathogenic once it makes its entrance into the
blood straem and sets up & focal point of infection.

The pyogenic micrococci are almost invariably hemolytic
and on initial isolation on blood agar the colonies will be
surrounded by & clearly defined zone of P-hemolysis. This
hemolytic activity is also present in cell free filtrates (8)
and has been found to consist of several distinct hemolysins
or stephylolysins, namely o and § lyzins. These two lysins
gre quite readily differentiable in that the @ lysin ects on
both sheep and rabbit erythrocytes at 37° C., while the P
lysin acts on sheep, but not rabbit erythrocytes and is a
hot-cold lysin (for exemple, following a preliminary warm
incubation, hemblyeis occurs when the cells ere chilled). These
two stsphylolysins are sometimes referred to as the a and B
toxins, or toxoids if they have been treated with formalin.

The @ lysin is also a leucocidin in that it will kill the whites
corpuscles but will rerely stteck human red corpuseles (10).
The P hemolysin usually attacks human red corpuscles and there-
fore bhuman blood can quite readily be used for culture work

and as & primary test for pathogenicity.

Since meny hemolytic micrococci also liquify gelatin, it
was thought that a correlation might exist between those liqui-
fying gelatin and those being pathogenic, thereby giving a
reletively simple test for pathogenicity. However, this is not

the case, as uas brought out by work done by Richou and Gerbeaux (18).



Hhite and Pickett (23) deseribe & relatively simple phosphatase
test for detection of potentimlly pathogenic strains and claim
a close correlation between it and the coagulase test.

The term, "spresding factor®, is often associated with
Microgoccus pyopgemes var. sureus and it is this form of
bacterial .nvasiveness thut enhances its chances of gaining
entrance to the body, especially through minor skin abrasions.
The engyme hyaluronidase is responsible for this phenomenon
end once secreted by this bacterium, it tends to hydrolyze the
polysaccharide, hyeluronic acid (17). Hyeluronic acid is some-
times referred to as the "ground substance™ present in connective
tissue and tends to bind it together. Because hyaluronidase
then will loosen the binding meterial of the connective tissue,
the extent and rate of diffusien of Microgoccus pyogenes ver.
aureus will be imcreased many times once it gains entrance to
the body.

Fortunately for man, Microcogccus pypgenesg var. apreus is
quite easily controlled by antibiotics developed within the last
ten to fifteen years. It responds well to treatment with
penicillin, aureomyein, terramycin, and bacitracin (12).
Incidentelly, it wes in 1929 that a plate culture of micrococcid
was accidently conteminated by Penielllium notatum and a young
scientist named Alexander Fleming (12) noted this bactericidal
action. Since that time, chemotherapy with antibiotics has
satisfactorily eontrolled most types of infection ceused by this

bacterium, and it is for this reason that research with

Micrococeus pyogenes ver. aureug has also been rather infrequent.



In the past seversl years more drug-resistant strains
of MIcrococcus pyogenes var. gureus heve been reported (12),
but it is presently thought that the reason that & particular
strain haes become resistant is because & lerge dose of the
antibiotic wes not initially administered. Penicillin
resistant strains are commonly reported. This is probably due
to the very ocommcn usage of low cost penicillin therapy by
physicians. Usually switching to another drug, when a resistant
strain is suspected will alleviate the mzlady. However, as
demonstreted by Hartmanm (11), sulfonsmides do not tend to have
a marked bectericidel effect om Micrococcus pyogenes var. gureug,
as sulfonamides usually are more effective against grem
negative cocci (16). In general, chemotherary of micrococcal
beeteremia is strikingly succe_gsful, of locealized infection in
the form of mkscesses less so, and of osteomyeiitis not at all
without adequate surgery. In the last two cases, houever, it
must be remembered that the microorganimss are partially or
almost comrletely protected from the drug.

Since the classification of Microgoccug pgpgenes var. gyureus
is largely accomrlished by the use of biochemical tests employing
the utilization or nom-utilization of common carbohydrstes, it
was decided to meke & study of the rate of utilization of these
carbohydrates and any accessory growth substances that might be

necessar; for the propagation of this particular coeccus.



PROCEDURE AND DISCUSSION

After isolation &nd identification the organism was carried
for sbout six months on Cﬁa:‘nan Store media slants and in 200
m!. of Kracke blocd culture medium stored st 10°C. This
give the organism a chence to stabilize in 211 its character-
istics 90 thet while the work was being carried om, it wouldn't
gain or lose amy cheracteristics. ¥e have demonstrated that
Micrococeys pyogeneg var. aureup tends, many times, to lose
its pigment rather easily, thereby making it increasingly
difficult to distinguish it from the var. glbus. Also vhen a
change in pigmentation occurs, there is usuelly am accompanying
loss or gain in some of its biochericel cheracteristics.

At interva}s of about once e month, transfers were made
to fresh media which were then incubated for 12 to 18 hours at
37° C. After six months an inoculating loop full of bacteria
from esch slant and flask was tramsferred to blood agar medium
end to Chapman Stone medimm. Biochmmical tests were again made
on the cocei exhibiting the typical golden sheen and hemolytic
trait #nd checked aga‘nst the original. It was observed that
no significant changes had taken place except that it took a
longer time to coagnlate humsm blood plamma,

Mieroecocel producimg comgulase are considered pathogenic
&nd those not produeing it are usually coméidered nonpathogenic.
The exact mechanism of the remctjon is not elearly understood,
but it is thought, as pointed out by Tager mnd Heles (21), that

e filterable substance, “coagulase®™, produced by the micrococci,



and a factor designated as "activator®, normally present in
man snd some animals, interect to form the elot.

The test for coagulase was performed using both human
plasms and a decalcified plesmsl which is widely used in
hospitals end elinics as prothrombin control. To both the
humen plasma and the commercial plamma, diluted 1:3 with
physiological saline (1), (10), was added an inoculating loop
full of bacteriz from a nutrient agar slant. Controls were
also set up using the 1:3 dilution but conteining no bacteria.
The tubes were then incubated &t 37° C, Coagulation was
checked at ten minute intervals end wes found to be complete
&t thirty minutes. Therefore, it can be assumed that this
was a pathogenic strair of micrcococei, as most euthorities agree
that a bacteriun miy be deemed pathogenic if it will coagulate
plasma in two to four hours. Schaub and Foley (19) report
that a micrococcus coagulating plasma within eighteen hours may,
in some cases, be deemed pathogenic.

Because a pathogenic strain of micrococcus was to be used
for subsequent investigational purposes and to preclude a chance
for infection, all laboratory equipment which came in contact
with the coccus and cultures thereof were sterilized after use.
The Warburg respirometer flasks were emptied snd the effluent
elso sterilized. The flasks were then weshed in gasoline for 12
to 18 hours, after which they were placed in a hot nitrie-sulfurie
acid solution for 30 to 45 minutwes &nd then thoroughly rinsed with
tap iind distilled water.

1 Protrol supplied by Nickaboeher Biologicals, Inc., Minneapolis,
Minnesota.
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Flerentery optimum terperature determinations and biochemical
tests were first determined, so as to have basis for subSequent
work, The optimum growth tempersture wzs determined by stresking
the cocci on eight nutrient agar slants. Esch of two slants
were then placed in a refrigerator at 10° C., a room at 25° C,,

a walk-in incubetor at 37° G,, and a high temperature incubater
at 45° C. These tubes vere then zllowed to incubate at ‘these
variocus temperaetures for eighteen hours. On examination it was
easily discernible that the cocci grew most luxuriantly at 37° C.,
although there was some growth at 25° C. and 45° C. The

slants that had been placed in the refrigerator &t 10° C. vere
negative. Although the growth et room te=perature had not been
a8 pronounced, the pigmentation seemed to be more clearly
discernible, but when the cocci grown at 37° C, were placed in
the refrigsrator at 10° C. for a few hours they too hed a°
defirite golden sheen. Inasmuch as this particular strain had
been isolated from a source whose temperature was arrroximately
37° C., it was not surprising to find the existing correlation
as shown above. It was therefore decided to conduct the ensuing
determineations 2t this temperature.

Thioglycollate broth mediunm with added indisator (methylene
blue) and dextrose (6) was used to determine the cecei‘'s respi-
rative or fermentative ability. The medium was prepsred eand
autoclaved and a straight inoculating needle of bacteria was
stabbed into ® tubs of this thioglycollate broth medium.
Examination after eighteen hours of incubation revealed a very

heavy growth at the surface of the bhroth and also some 1ight
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and scattered growth following the path of inoculation to the
bottom of the tube. This then wouli signify that this partic-
ular straein of ccus neg var. ayreus was principally
an aerobe with facultative anaserobic tendencies.

Nutrient gelatin was used to check the proteolytic activity
of this micrococcus, The gelstin was inocul=tec end ineubated
and found to be somrletelr liquified mfter twelve hours. High
proteinase activity of this type is commonly found in
Micrococcus pyogenes ver. gureus and it, elong with nitrate
reduction, is one of its mort prominent identification features,

For determining the ability of an organism to reduce
nitrate to nitrite, tubes of medium prepared from Bacto-Nitrate
Broth (6) were inoculated with pure culture of the micrococcus.
The tubes were incubated at 3‘7":“_: C. for 12 to 24 hours. The
medium was then teated for the presence of nitrite by adding a
few drops each of sulfaenilic ecid and a=-naphthylamine reagent
solutions. A distinet pink to red color developed indicating
the presence of nitrite resulting from the reduction of the
original nitrate. Control tubes of uninoculated medium were
also smet up =nd these were negative,

Meny bacteria produce indole as a by-product of bacterial
metabolism, therefore the test for the presence or sbsence of
indole production serves s & valuable aid in the clessification
of bacteria. Since indole production is dependent upon the
presence of the tryptophane growp in this wedium, (9), (14),
Bacto~-Try¥jtone wis used for this determination because it is

rich in this tyre of nitrogen. Two solutions are necessary
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for this test. Solution I conazists of one gram p-dimethyamino-
benzaldehyde in 95 ml. of ethyl aleohol (95%) end 20 ml. of
concentrated hydrochloric scid. Solutiom II is a saturated
squeous solution of potassium persulfmte. To about 10 ml. of
an actively growing culture of Microcoecus pyogeneg var. sureud,
5 ml. of Solution I was added and then 5 ml. of Solution II.
This mixture was shaken well. A red color did not develop in
five minutes thereby signifying that this organism did not
produce indole.

Anrornds production from peptone is also &n aid in clasai-
ficetion of the gems Micrococcus. Peptone consists of =
sixture of the products of partial digestion of protein and
includes meny amino acids, polypeptides and proteoses, as well
as other substances which resu¥t from the digestion:of protein,
The exmact composition of pertone is not ¥noun &nd is quite
varisble. Numerous organimms, of which Microgogcug progenes var.
aureus is one, uwill attack peptones, releasing emmonia in the.
process. Ammonia wasm simrly detected by inserting @ moistened
strip of red litmus paper between the:cotton plug and glass tube
of an actively growing culture in' peptone broth. The sense of
srell might also be used here if desired since litmus may also
be affected by volatile emines.

Litmus mllk wes elso meifified =mé comgulated. /Acidificm=tion
is evidenced by the red color of the reduced litxus indigstor
and also the coagulation of the milk, which is undoultedly due
to the protein being carried past its imo-electric point. The
strong acid ocondition exi=ts beesuse of the certohydrate fermenta~
tion by Micrococcus pyogenes wer. gureus with lactic acid as the
chief &nd product.
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The polysaccharide starch is not hydrolyzed, indicating
that this bacterium needs simple sugars for its carbohydrate
metabolism,

Fermentable cerbohydrate determinations were used in
fermentation studies and also cultural identification of the
micrococcus under study. Phenol red broth base (Becto) was
used to supply the essamtial nutrients except the carbohydrates.
This broth was prepared inm culture tubes to which had been
added an inverted fermentation tube to facilitate carbon dioxide
release measurements. The culture tubes were then capped and
autoclaved for 15 minutes at 15 pounds steam pressure. The
desired carbohydrate was then added eseptically by the utilisation
of a prepared and sterilized Seitzs filter. Enough of a freshly
preparad carbohydrate aolution_yns added to several ml. of
the phenol red broth to give a final carbohydrate concentration
of 6 to 8 per cent. The tubea were then inoculeted with
Microcogcus pyogemes var. aurgug and incubated at 37° C. for 16
to 18 hours, after which time they were exsmined. It was found
that glucose, lactose, sucrose, and mannose were ell fermented
without yas formation. Raffinose, salicin, and inulin vere not
fermented snd oconsequently were void of gas. It could then be
concluded that glucose, lactose, sucrose, &énd memmose would be
ideel sugars to use in respiration rate studies.

After calibrating the Warburg (22) apperatus it was deeided
that, in an effort to standardize the amctual Warburg procedure,
i known amount of bacterial inoculum per respiromster flask

should be used for each succeseive "run”. Rather then visually

111572 SCUTH DAKOTA STATE COLLEGE LIBRARY
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counting the bacteria every time, a dersimetric type of

counting procedure was investigated. Micrococcus pyogenes var.
sureus was suspended in sterile, distilled weter until the
mixture took on & somewhat milky appearance. The cuvette con=
taining the mixture was then pleced in = Beckman quartz spec~
trophotometer end the maxirum absorption peak obtaimed. A

very definite atsorption peak was noted at 525 mu and a somewhat
smaller one at 600 m (Figure 1). A Junior Coleman Colorimeter
with a 525 mu filter was used throughout the entire investigation.

The cells were grown on Charmen Stone (6) agar slants and
harvested after 12 to 16 hcurs of incubation at 37° C., Harvesting
was carried out by washing the cells off the slant with several
mle of sterile, distilled water. The mixture was washed directly
into a Coleman Colorimeter cuvgjte and brought down to the desired
concentretion by adding sterile, distilled water. The desired
concentration and the ease with which the concentration could be
arrived at was determined by several experimental Warburg "runs®,
This concentration, which was then used throughout the remainder
of the research, had a transmittance percentage of 15 or an
optical density of 0.825 as measured by the Junior Coleman Colori-
meter,

A Petroff-Hausser counting chember was used to visuelly
count the bacterie per ml. et this econcentratiom, the result
being 1 x 1010 bacteria. 8imce only 0.3 ml. of inoculum was
used in the respirometer flask and this diluted with 2.7 ml. of

9
prepered substrate, only 3 x 10 bacteria were present in the
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flask (1 billion/ml.). Per cent viability of the added cells
vas obtained by diluting 1.0 ml. of the imoculum in 100 ml. of
sterile, distilled water in standard dilution bottles. This
was then diluted 5 to 7 times and pour plates made using Chap-
man Stone and Tryptone Glucose Extract Ager (6). After 12 to
16 hours of imcubation these were counted using a Quebec Colony
Counter. - Bacterial viability was ascertained to be about 80
per cent plus or mimus S5 per cent.

‘A btasic medium to which & k#owm csrton source could be
added was a prerequisite for further investigatiomal procedure.
A blo-assey medium suggested by Nivens and Sherman (15) weas
tried. Composition of this mediur was 0.2 per cent KH;POg,
0.2 per cent MgS0,°7HgO, 0.0015 per cent FeSO4+7HgO, 0.03 per
cent (NH,)230,, =nd 1.05 per cemt carbon source (glucose).

Respiretion, ms measured with the Werburg apparatus utilising
this medium, was very poor. Omission of the ferric sulfate
seemed to increase activity to some degree. Using a medium
developed by Johnson and Schwartz (13), which consisted of
0.1 per cent MgNH,PO., 0.08 per cent KgHFO4, 0.01 per cent CuSO4,
a trace of FeClg, a trace of KI, sad 1.0 per cent carbon source
(glucose), respiration was again determined and was found to be
even poorer than that supported by the Nivens end Sherman medium,
Therefore, it wes decided to devise 2 synthetic medium that
would =atisfactorily suppert the growth of Micrococeus pyogenes

var., aureus.
Koch had noted thet micrococci were mot inhibited by a 7.5

per cent concentratiom of sodimm chloride in a solid medium.
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Chapman (4) mlso reported that most bacteria other thén micrococei
were inhibited on such media and that the pathogenie microecocei
grev more luxuriently than did nonp=thogenic strsins. Since a
liquid medium was to be used, & 5.5 per cent concentrstion of
sodium chloride was selected for the medium.

Rather than use tryptone or peptone, which are not chemically
defined media, it was decided to add 7.5 jer cent smmonium
sulfate as the nitrogen source. 0.5 per cent dipotessium
phosphete wes added to suprly inorganic phosphute and also to
buffer the medium et about 2 pH of 7.2 (2). The appropriate
carbon source &t & concentration of one per cent was usec for
initiel experimentation with this medium. Oxygen uptakes with
this sedium was tbout twice that of the Nivens and Bhermsn and
Johnson and Sohvartz media (Figare 2). It uas apparent that, in
order to increase the oxygen uptake, other growth substances
were necessary, thus 0.25 per cent yeast extract (Bacto) was
added and the oxygen upteke increased to sbout 270 microliters
per three hours or about 90 microliters per hour. This was an
increase of about three hundrad per cent over the chemical'y
defined medium previously mentionede.

This basic substrate or some slight variation thereof was
used throughout the remainder of the investigation and hereafter
will be referred to as "besic substrete®™, Percentages shoun
are thoae sctually present in the respirometer flask after addition
of all ingredienta and diluents. Respirometer flasks were
calibrated st 3.2 ml. This allowed 3.0 ml. for substrate and
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becterisl inoculu: and 0.2 ml. of 10 per cent potassium
hydroxide to frcilitate cerbom dioxide ahbisorptiom.

Using glucose as the carhon source, 0.05 per cent yeast
extrect mnd basic substrate, it was soon evident that the
results belng otfained were not reproducible or valid, simce
increasing or decreasing the carbohydrate comcentration did
not mppreciably affect the oxygen consumption. Imvestigation
revealed that in ell probability the yeast extract concentration
was too high, sijnifying that a base or minimmm concentration
would have to be obtained for the yeast extraé¢t. This minimum
was arrived at by several Warburg "russ" utilizing the basiec
substrete and varying concentrations of yeast extract. These
concentrations varied from 0,0007 per cemt to 0.25 per cent.
Controls containing the hasic substrate but without yeast
extract were also set up. Results ranged all the way from 4,0
ul. oxygen per hour ( comtrol) to 22 ul. per hour (Pigure 3).
Very 1ittle response was noted im the 0,0007 per cemt flask as
compared to the control, but the flasks having & concentration
of 0,001, 0,003, mnd 0,007 per cent yeast extract were responsive
ranging from 7 to 9 ul. per hour (Figure 3). The lower figure
(0.001 per cent) wms chosen for this mimimm allowable amount
of yeast extract, This amount of yeast extract was them imcluded
as one of the ingredients im thre besic substrate for the remeinder
of the investigation.

The question of whether there was any significant change in
respiratory rate, using weshed or unuashed cells, arose. Cells

were suspended in sterile, distilled water, agiteted thoroughly,
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and centrifuged. This procedure was repeated three times

and the washed inoculum was then adjusted to the proper
ooncentration erploying the colorimetric method described
previously. The basic substrate was used with varying amounts
of yeast extract so as to compare it with the run employing
unvashed cells and varying amounts of yeast extramect, described
previously. It was found that there was a very slight variation
ranging from 1 to 3 ml. per hour, the washed cells respiring
less. It was felt that this small variation was not significant.
Therefore, cells were not washed for the remainder of the
problem,

Glucose, maltose, and lactose are three of the most commonly
used carbohydrates in a bacteriological laboratory. Not only
are they used for taxonomic reksons, but also for bacterial
propagation and in the preparation of standard media. Heavy
glucose concentrations in the form of a paste have been employed
for centuries as a common bactericidal device for treatment of
common skin eruptions caused by the genus Micrococcus. The
respirometer study employing these @omron sugars was then
initiated for two reasons: (1) to find the optimum sugar concen-
tration and rate of respiration at this concentration, and (2)
to ascertain the concentration at which the carbohydrate tends
to have a bactericidal effect.

Basic substrate, employing 0.001 per cent yeast extract
and varying concentrations of c‘fbohydratea, vas used. Two
controls were alsoc employed; one control contained inoculum and

basic substrate devoid of yeast extract, while the other included
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inoculum &nd basic substrate conteining 0.001 per cent yeast
extract. OSuger concentrations ranged from 1 to 30 per cent
by weight. This procedure was followed for all threa sugars
and the resultes recorded.

It was found thzt glucose at & concentration of 1 to 10
per cent gave an oxygen uptake of ebout 13 miecroliters per
hour, tut the uptake fell off at a concentration of 15 per
cent to 8 microliters per hour. This diminished rapidly to
the respiratory level of thes control at 20 per cent concen-
tration (Figure 4). At a concentration of 30 per cent carto-
hydrate respiration fell below the control level. As depicted
by figvre 4 the optimum seemed to be about 1 to 10 per cent
concentration of glucose, with a definite depressant effect at
15 per cent.

Maltose did not give as active a response as glucose. Its
optirun conceentration again was reached in the range of 1 to
10 par cent, here giving an oxygen uptake of 11 microliters per
hour, and again, the oxygen uptake fell off rapidly at 15 per
cent to 6 microliters per hour, which was below the 9 micro-
liter per hour control level. Respiration, using maltose at
30 per cent concentraticn, was also below the control level
(Figure 5).

When lactose was used sz the carbohydrate source, it did
not cause s pronounced & response &8 glucose, but seemed to
be more efficient than maltose. The optimun level agein was

sbout 1 to 10 per cent with an uptake of 11 microliters per hour,
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falling off to 8 microliters per hour at a concentration
of 15 per cent.

Reviewing the preceding results, the conclusion can
then be drawn thst, utilising & certain chamically defined
medium, glucose, maltose, &nd lactose all have about the
same optimum concentration and also exhibit = depressant
effect at abo;t the same concentration. Respiratory rates,
of course, were dependent or the sugar beinp utilized.

Because most bacteriologicsl media contain only 1 to 2
per cent, and at the most 10 per cent, of & given carbo-
hydrate source alre:dy discusged, it is easily discernitle
that the bacteria rust require some other substence, be it
beef extract, yeast extract, tryptone, peptone, et cetera
for respiration and growth. During, the course of the investi-
getion, a Hexavitamin capsulel originally intended for human
consumption was finely ground and added to the basie¢ substrate,
st e concentration of 0.001 per cent. The basic substrate
elso ccnteined 0,001 per cent yeast extrect. This mixture
gave an oxygen uptake of 36 microliters per hour (Figure 6)
or an increase of about 262 per cent above the bmsic substrate-
10 per cent glucose mixture. Acecording to the specifications
on the container, the viteamin capsule contained 5000 USF units
Vitsmin A, 400 USF units Vitamin D, 2 mgm. By, (thiamine
hydrochloride), 2 mgm. Bg (riboflevin), 75 mgm. C (ascorbic

acid), and 20 mgm. nicotinamide.

1 Hexavitemins ere distriduted by Strong Cobb and Co.,
Cleveland, Ohio.



gL Oy UPTAKE /FLASK

Fipure 6. Ron showiny the effect of vitamins plus glucose.

‘.
2.
c.
D.
E.

24

160~

140}~ A
120}

B
100}~

c
80}
60}
40| D
20} Bar-ie

1 1 1
30 60 90 120 150 180

MINUTES

Heamvitamin plus 1€ glucose

Hexavitemin -- no glucose

Multivitamin plus 1L glucose
Mnltivitamin «- no gluccse

Control (basic substrate plus 1% glucose)



25

A Multivitemin cepsulel wes also finely powdered snd
used in the bLasic substrate at a level of 0.001 per cgnte.

This vitemin capsule, according to the label, conteined the
following emounts of vitamins: 6 mgm. By, 2 mgm. Bp, 300 mgm.
Bg, 75 mgm. C., 10 mgm. nicotinamide, 750 mcgm. calcium
pintothenste and excipients from hydrolysed yeast. Respiration
using this capsile wes about 15 microliters of oxygen rer

hour (Figure 6). Addirg 1.0 per cent glucose to the Hexevitemin
end Maltivitamin mixtures resulted in increases in oxygen
uptake of 34 and 17 microliters respectively, the Hexavitamin
increasing to 70 mieroliters per hour end the Multivitamin

to 32 microliters per hour (Figure 6). Thersfore, the inclusion
of 1.0 per cent carbohydrate source incremsed respirstion about
100 per cent.

In en effort to check individusl vitamin response, &
kerburg run wae set up using available vitemins. The vitamins
A, By, Bg, C, end nicotinic acid were made up to the concen-
tretion as reprecented by the Multivitamin capsule. These were
individually adiec to separate respirometer flasks, which also
contained basic substrete, inoculum, and 1 per cent glucose.
Companion flasks containing the ebove mentioned ingredients
but devoid of glucose were prepared, as were dutl controls, cone
taining btasic substrete and inoculum: To one of these controls

a 1 per cent glucosme solution was &dded.

1 Multivitamine are manufactured by Titamin Industries,
Omaha, Nebrasks.
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Results indicated, as shown by figure 7, that no one
vitamip gave fny ajpreciable response. In fact, vitamin A
seemed to be a ‘epressant, the flask containing it having an
oxyEen uptike of only about 5 microliters per hour as compared
with the control of € microliters per hour. Vitamin By produced
the rost markéd increase in respiration giving 12 microliters
Fer hour as compared with By, C, end nicotinic acid which gave
e reépiratory rate of 11.5, 8.5, and 8,3, respectively. The
flasks in which the glucose was omitted, except the flask con=
taining Vitamin A, showed a lower respirastory rate as compared
to those containing 1 per cent glucose. Differences hetween
fleske were noted ms follows: B;, 1.7; Bg, 2,3; C, 0.6; mnd
nicotinic acid, 4.3 microliters of oxygen per hour. Vitamin A
plus glucose lowered the oxygen uptake 2.4 microliters per hour
as conpared to the flask not containing glucose.

Bacause no individual witamin produced any noticeable
response, an amino acid study was initisted. Fifteen amino
acids vere individually prepéred in sterile, distilled water
using a concentration of 0,001 per camt per respirometer flask.
Basic substrate, 1 per cent glucose, =nd inoculum were also
added. Duml controls, devold of amino acids, but containing
basic mabstrate, and inoculum were #l1so prepared. One per
cent glucose vas also added to one of the controls. The results
varied quite widely (Pigure 8) ranging from 6 to 14 microliters
of oxygen per hour. The amino acids givﬁng the most noticeable
response were cysteine and histidine. Leucine and lysine gave

the least response and were below econtrol level (Figure 8).
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Tryptophane had been set up in two flesks, one containing
1 per cent glucose and the other devoid of glucose., It was
found that glucose definitely increased respiration, in this
case the increase being over 3 microliters of oxygen per
hour, Whether this increase would hold true for all of the
other amino acids is not known, as this procedure was carried
out using only tryrtophane,

The question erose whether amino acids or vitamins were
limiting factors in cell respiration and which of the two, if
removed from the substrate, would limit respiration to the
greatest degree. A Multivitamin mixtﬁre as described previously
and econtaining By, Bz, Bg, C. nicotinemide, calcium pantothenate
and excipients from hydrolyzed yeast was prepared at & 0,001
per cent concentration. Another vitamin“mixture containing
thiemine, nicotinamide, and pyridoxine was also prepared at
the above mentioned corcentration. Basic substrate devoid of
amronium sulfate and glucose wes &lso used. Glyeine at 0.001
per cent was used for & simple carbon and nitrogen source and
ammonium sulfate at & 7.5 per cent level for a nitrogen source,
Seven amino &cids were -made up ir a 0,001 per cent concentration,
end the mixture labeled sclution "A", Theee amino acids were
chosen because they were readily eccessible. Any other amino
acids might have been used, since the protlem wes to determime
vhether 2 simple amimo acid, such es glycipe, would be as

effective er the more intricate omes. This run uas then carried
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to completion as shown in Figure 9. As depicted by figure 9
the Multivitsxin mixture plus glucose and solution “A"
supported & respiration of 48 microlifers of oxygen upteake
per hour., Using ammonium sulfate, respiration dropped off
considerably to 14 microliters per hour, but adding glycine
increased it to 32 microlitere per hour.

Using just Multivitamin plus glucose, respiration was
40 microliters per hour. The reason for this high rate is
at the present time unexplainable.

The vitamin mixture containing thiamine, nicotinamide,
and pyridoxine did not support the raspiration (Figure 9) that
the Multivitamir mixture did when used with armonium sulfate,
glycine, and solution “A", indicating that.in 81l probebility
the lack of proper vitamin would tend to bé more of a limiting
factor than the lack of the proper amino acid.

To demonstrate this further, a run was set up using a
vitamin mixture conteining thiamine, nicotinamide, and ribo-
flavin in & concentration of 0.001 per cent. To the respiro-
meter flask containing this mixture a 1 per cent glucose
solution, solution "A" amino acids, and basic substrate were
added. A 0.001 per cent concentration of glyeime, a basic
substrate, and a 1 per cent glucose solution were added to
another flask containing the three vitamins mentioned above,
The results of this run vwere essentially the same as those
depicted by figure 9, although the over-all respiration ratas

were lover in this experiment with the flask containing the
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Multivitamin mixture plus
A, 1% glucose + solution "A"
B. 1% glucose
C. 1% glucose + glycine
E. 1% glucose + ammonium sulfate
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D. 1% glucose + glycine
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H. 1% glucose + solution "A"

Solution "A" contains 0.001 per cent
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Leucine Tryptophane

Glutamic acid
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solution "A" amino acid mixture having an upteke of 33 micro-
liters per hour end the one containing the glycine respiring
at 25 microliters per hour. This lower respiratory rate ves
probably due to the omission of &an essentisl vitemin or some

other growth substance, possibly not an smino acid,
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SUMMARY

This problem soncerned a particular isolate from a
human source. After appropriate taxonomic and biochemical
studies, this bacterium was identified us a pathogenie
strain of Microcogcup pypgeneg var. aureus (Rosenbach) Zoph.

A simple chemically defined mediur was developed so that
respiration studies using a Warburg respirometer could be
carried out. This medium contained sodium chloride, ammonium
sulfate, dipotassium phosphate, yeast extract, and the aprropriate
carbohydrate.,

Respiration strdies revealed that this micrococcus utilized
glucose, maltose, and lactose most efficiently when their
individuel eoncentrations were in & range of 1 to 10 per cent.
When the cariohydrate concentration was in;reased to 15 per cent,
respiration decreased markedly. Further investigation revealed
that grouth substances other than those ineluded in the besiec
substrate were necessary for optimum respiration. It was found
that the vitamins, B;, By, and nicotinic acid, produced the
largest individual response in respiration. Amino aoids studies
were also included in this investigation and the conclusion
was reached that even though some of the amino acids give a
respiratory response they are not as essential as certain

vitamins for maximum respiratory rate.
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