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INTRODUCTION AND PURPOSE.

The majority ot investigations on the carotenoid

pigments ot bacter1a have dea1t w1th the identitication ot the

types ot carotenoids present ln baeterla. Sinee the

publication ot Sul11van's paper in 1905 1ittle work has been

done to show which tactors attect tha synthesis ot carotenolds

in bacteria. Most ot the investigations which have been

conducted along this line have dealt wlth the ettect ot var10us

carbon sources, inorgani~ ions, pH and temperature on

pigmentation. The majority ot these observations have been

v1sual comparisons. In preliminary investigations th1s method

proved to he unreliable as a means ot determlning variations in

pigment production. Thus, betore any investigations cou1d be

attempted it became imperat1ve that an accurate and re11able

method be tound whereby quantitat1ve comparisons cou1d be made.

It was intended in the beg1nn1ng to do a complete

survey ot the physical and chemieal tactors intluenelng

carotenoid production in Staphylococcus plOgenes. On ~urther

consideration, it was decided that such experiments would

indeed yield a mass ot information but would not give any

1nsight as to the metabolic pathway of synthe sis. Theretore

investigations were designed so as to obtain a botter under­

standing ot pigment synthesis in Staphylococeus PIog_nes.
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HISTORICAL REVIEW.

Introduction;

Any attempt to evaluate the literature pertain1ng

to the carotenoids of bacteria would prove futile since much

of the work was done at a time when the chemical structure of

the compound was unknown. Proper methods for the deter.mination

of variation in pigment production were lacking and therefore,

investigators were unable to secure a true appreciation of the

factors influencing pigment production. Since the discovery

of the chemical structure many strides have been made ln

identitication of the caroteno1ds present in bacterla but work

on other aspects ls still nil.

In order to give the reader a background as to the

other pigments produced by bacteria, exclusive of the

oarotenoids, a section on the classification of bacterial

pigments is 1noluded.

Classifioation of Bacterial Pigments:

Beijerinck (1891) suggested that pigment producers

should be divided 1nto three classes on the bas1s of thelr

relat10nship to the cell protoplasm:

1. Uhromophor1c - pigment contained in the protoplasm of

bacteria.

2. ~arachromophoric - pigment located on cell wall or

capsule.

3. Chomoparic - color external to cel1.

Buchauan aUQ ~ulmer (1928J believed that the
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emphasis placed by Beijerinck between the chromophoric and

paraohromophoric was unnecessary and that the essential

ditferentiation should be made between the oellular and the

extracellular pigments. They divided the cellular pigments

into the following classes:

1. Pigment ditfused into protopla sm.

2. A pigment may be a charaoteristio part of the cell

inclusion.

3. Pigment may impregnate the cell wall.

4. The pigment may be present on or impregnate the

sheath or capsule.

The extraoellular pigments were classitied by

Buchanan and Fulmer (1928) aocording to the manner in which

they developed:

1. Pigment produced inside the cell and excreted as

such.

2. A leuco compound may be excreted by the cell and the

color caused to develop through the act1vity of some

external agent.

3. An enzyme excreted by the cell may bring about a

color change in the medium.

4. Some other chem1cal excreted by the cell may be the

cause of change of color in the environment.

Buchanan and Fulmer (1928) proposed several other

methods for classifioation of the pigment produced by bacteria.

One classification was based on the fact that certain pigments
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ot micro-organisms gave reactions similar to those ot the

higher plants and animals. They theretore classified

bacterial pigments into tour groups:

1. Carotenoids and related ptgments.

2. Anthocyan1ns.

3. Melanins.

4. Miscellaneous.

Another classltlcation was based upon the relative

solub1lities ot the pigments.

Still another classitication was based on the color

produced by the bacterla.

At that tlme any ot the above classitications could

be used by lnvestigators to designate the types ot pigment

present in bacter1a.

White {1939} dlvided bacterial pigments lnto the

tollowing groups based on thelr chemical structure:

1. Pyrrole derivatives.

2. Phenazines.

3. Carotenoids.

4. A naphthoquinone.

Two pyrrole derivat1ves have been 1solated trom

bacterla: bacteriochlorophyll and prodigios1n. Bacterlo­

chlorophyll has been isolated trom the photosynthesizing

bacteria. The second pyrrole derivative, prodigiosin, is the

red coloring matter produced by Serratia marceseens.

The phenazine derivatives are: pyocyanin, chloro­

raphin, and 1:2-dehydroxyphenazine-di-N-oxide. The tirst
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phenazlne derlvatlve to be found ln nature was py~nln,

the dark-blue pigment, produced by Pseudomonas aeruginosa.

The pigment, 1:2-dihydroxyphenazlne-di-N-oxide has been

isolated from Ohromobacterium iod1num. Chlororaphin is a

green p1gment wh1ch has not received a great deal of

attention.

There has been only one naphthoquinone isolated

from bacteria. Anderson and Newman (1933) demonstrated the

presence ot phthioeol in the human tuberele bacillus.

Ingraham and Steenbock (1935) and Turian (1951) have 1solated

the same p~~gment trom Myeobaeterium phlei.

The earotenoids isolated from baateria will be

disaussed in the tollowing section.

Oarotenoids of Bacteria.

The presence ot earotenoids in baeteria was

demonstrated by Zopt in 1889, who designated this group ot

baaterial pigments lipochromes because ot their solubility

in the fat solvents. He demonstrated the presence of the

carotenoids by means of' the 1ipocyan reaction. This reaction

1s a oolor test for carotenoids and consists ot adding

eoneentrated sulfuric acid to an ethereal solution of the

pigment and a positive test gives a deep indigo blue color.

Al1 the research on caroùenoias up ta 1920 aepended on the

use ot the lipoeyan reaction whieh did not distinguish the

individual earotenoids. Thus, the earlier investigators

were handicapped by the inability to separate the various
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caroten01ds. It was not unt1l 1925 when Reader us1ng

Tswett (1906) adsorption column that 1nvestigators were

able to separate the various pigments present in bacter1a.

Yet, sinee 1925 only a few of the large number of bacter1a

known to contain carotenoids have been subjeeted to pigment

analysis.

Lankester (1873) gave the name bacteriopurpurin to

the characteristic pigment of Bacterium rubescens one of

the purp1e su1fur bacter1a. Warm1ng (1875) and Engelmann

(1888) studied the speotrum of Lankesterts Bacter1um

rubescens and Engelmann concluded he was dea1ing w1th a

mixture of pigments. Butsch11i (1890) noted that the red

pigment could be extracted quickly with alcohol and the

green color more slowly. Arch1chowsky (1904) named the red

pigment bacterioerythrin. Mo11sch (1907) working with

pure oultures of purple bacteria was able by means of

absolute alcohol to extract a green p1gment which he named

bacter10chlor1n and turther treatment w1th chlorotorm y1elded

a garnet red solution. This latter pigment he termed true

bacter10purpurin. van Niel and Smith (1935) isolated a

caroteno1d pigment named sp1rilloxanthin from Rhodospiril11um

rubrum which had an 1dent1cal absorption spectrum as

Molischls bacter1opurpurin. Karrer and Solmssen (1935-1936),

Karrer, Solmssen and Kon1g (1938) 1nvestigated Rhodov1br10,

Rhodobac11lus, and Th10cystis and descr1bed five new p1gments;

rhodoviolascin, rhodopin, rhodopurpurin, flavorhodin and
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rhodov1br1n. Volk and Penn1ngton (19~O) 1nvest1gated

the pigments ot Rhodomicrob1um vannie111 and isolated

beta-carotene, rhodopsin and spirilloxanthin. Rhodopin

was s1milar to that ot Karrer and Solmssen (193~-1936) and

spirilloxanth1n was1dentical with that tound by van Niel

and Smith (193~) in Rhodospirillium rubrum.

Zopt (1899, a, b; 1891, 1892) descr1bed the

carotenoids in eight species ot bacteria. Palmer (1922)

reviewing Zoptls work believed that only tour species

contained carotenoids; namely, Bacter1um egregium,

Bacterium chrysogloia, Staphylococcus pyogenes var. aureus,

and Sphaerot1lus roseus.

Bacter1um ergreg1um tormed yellow colon1es on

gelatin. Colonies gave lipocyan reaction. ~he alcoholic

solution showed two absorption bands, one cover1ng the F

11ne, the other between F and G.

Bacterium chrysogloia and Staphylococcus pyogenes

var. aureus showed the same properties as Bacter1um ergregium.

Sphaerotilus roseus showed propert1es indicative ot

carotene.

Schrotter (189~) observed that the pigments ot

Sarcina aurantiaoa and Staphylococcus progenes var. aureus

ahowed the solubility properties and gave the l1pocyan react1on ·

(color reaction with sultur1c acid) ot carotenoids.

K11g1er \19l4} investigated the pigments ot

Btaphylococcus progenes var. aureus, Sarcina aurantiaca and



- 8 -

Sarc1na lutea and tound that the pigment trom the three

organ1sms was soluble in alcohol, ether and chlorotorm and

gave the 11pocyan react1on.

Reader (1925) extracted the caroteno1d pigments trom

Sarcina aurantiaca and Streptothrix corallinus by grinding

the bacter1a with sodium sultate and bo11ing with alcohol

tor tive minutes. By employing Tswett (1906) adsorption

column she was able to obtain carotene and lycopene trom

Saroina aurantiaca and a hitherto unreported pigment which she

named coralin, in Streptothrix corallinus.

uhargart and Dieryck (1932) reported the presenoe ot

a xanthophyll and a hydrocarbon which they called sarcinene,

in Sarcina lutea. ~akamura (1936) tound a xanthophyll ester

in the same organisme Takeda and Ohta (1941) isolated a new

xanthophyll trom Sarcina lutea which they called sarcina­

xanthine Sarcinaxanth1n 1s probab1y the xanthophyll ester

prev10usly reported by Nakamura {1936}.

Chargaft 'l1934J reported the presence of zeaxanthin

in Btaphylococous pyogenes var. aureus. He a1so 1so1ated beta­

carotene and zeaxanth1n trom Sarcina aurantiaca.

SODin and Stahly (1942) d1sagreed w1th ~eader (1925)

and uhargatt {1934J in regard to the pigment tormed by Sarcina

auratiaca. They discovered a single carotenol which was

previously unreported. The same two authors disagreed with

Nakamura (1936) and Ohargatt and D1eryck (1932) w1th respect

to the pigments of Sarcina lutea. They obta1ned two caroteno1d
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alcohols ln contrast to the hydrocarbon, saroinene reported

by Chargaff and Dleryck. They also dlsagreed wlth Ohargaft

(1934) w1th respect to the pigment present in Staphylocoocus

pyogenes var. aureus. They reported the presence of delta­

carotene and rubixanth1n. Sobin and Stahly (1942) also

reported the presence of unidentit1ed carotenoids in the

tollow1ng organisms: Flavobacterium esteroacromaticum,

~lavobaeterium suaveolens, Flavobacterlum fecale, Flavobacterium

sulphureum, ~lavobacterium arborescens, Sarcina tlava,

Micrococcus luteus, Mlcrococcus flavus, Erwinia lathyri,

Erwinia ananas, Bacterium mycoides and Cellulomonas tlavigena.

Sobin and Stahly (1942) in order to test the

hypothesis that difterent strains of a spec1es may pro duce

difterent pigments, when grown on a standard medium, subjected

twelve strains ot Staphylococcus Eyogenes var. aureus to

pigment analys1s. Two pigments, delta-carotene and

rub1xanthin, were common to all strains and the authors

theretore concluded that the disagreement as to the pigments

tormed by a certain species ot bacteria was not due to ditterent

strains of the same spec1es. Starr and Saperatein (1952,

1953 b) observed the qualitative change in the caroten01d

pigments ot Corynebacterium poinsettiae when the concentration,

in the basal medium, of the required growth factor, thiamine was

altered. Under conditions ot low thiamine concentration, two

pigments were produced, spirilloxanthin and lycoxanthin. When

a high concentration ot thiamine was used, three pigments were
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produoed: lycoxanthin, a small amount of spirilloxanthin and

cryptoxanthin. Baker (1952) observed a qualitative change

in the oarotenoid pigments of Btaphylococcus pyogeaes when

grown on various oulture media. We believe that the

d1sagreement among var10us invest1gators as to the caroteno1ds

produced by a spec1es ot bacteria 1s purely a question of the

culture medium used and not one ot source or strain.

Kra1nsky (1914) st~dying the red p1gments of certain

Actinomyces obtained a lipooyan react1on. He concluded

that the pigments belonged to the carotenoids.

Gurd and Denis (1911) noted the presenoe of lipochromes

in Mycobacterium leprae. The substance was soluble in ordinary

fat solvents such as ether, aloohol, aoetone and chlorotorm and

gave with ooneentrated sulturic ac1d the color change

characteristic of the lipochromes. Grundmann and Takeda (1937)

reported the presence of leprot1n, a caroteno1d hydrocarbon

s1milar to beta-oarotene, in the acid-tast bacteria 1so1ated

trom a leprous lesion. The same pigment was later round by

Takeda and Ohta (1939 b) in Mycobacter1um phlei.

Chargaft (1930) reported the presence of beta-carotene

in Mycobacter1um phlei. Qhargatf (1933) continu1ng his work

on Kycobacterium phle1 separated the pigments 1nto carotenes,

xanthophylls and xanthophyll esters and put each fraction

through columns of alum1num oxide. Four bands were revealed

when the hydrocarbons were exam1ned, he concluded from spectro­

photometrie data that three of them were due to beta-carotene.
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From the xanthophyll esters he obta1ned a pigment s1milar

to lute1n and two bands were not examined. Ingraham (1935),

Ingraham and Steenbock (1935) absorbed a l1ght petroleum

solution ot the m1xed pigments ot Mlcobacter1um phle1 through

a magne sium oxide column and then washed the column first

w1th 20% ether in petroleum ether and then with chlorotorm.

About a dozen bande were revealed by this procedure.

Spectrometric analysie revealed the presence of alpha-

carotene, beta-carotene, cryptoxanthin, lutein, zeaxanthin

and azatrin. Takeda and Ohta (1939 a, 1940) reported that

Mycobacter1um phlei produced leprotin which has the spectrometrie

propert1ee ot beta-oarotene and stated that this was the

m§terial reported by other workers as beta-carotene. They

a1so reported the presence ot azafrin and beta-carotene.

Turian (1950 d) obta1ned an acid1c carotenoid trom the above

organism wh1ch had properties similar to astaxanth1n but with

an absorption band, with a maximum, at a much lower wave length.

He proposed the name chrysophlein tor this new pigment. Two

additional acid-tast bacter1a were studied by Chargatt and

Lederer (1935). Bac111us lombardo-pelligrln1 conta1ned beta­

and gamma-carotene and the Bacillus Grassberger was round to

conta1n beta- and gamma-carotene and ~ycopene. Haas and

Bushne11 (1944) investigating Mycobaoterium 1actico1a iso1ated

beta-carotene, two pigments be1ieved to be isomers of beta­

carotene and a tourth pigment which posseesed the chemical and

spectrographie propert1es of astac1n.
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Reimann and 3chler (1941) derived tour varient types

trom the "white" torm of Kicrococcus tetragenous which had

been isolatedtrom a patient. The tive types _ere named

white, yellow, pink, pink-yellow and brown according to color

ot colonies. Pigments identitied were: yello_, xanthophyll;

white, no pigment; pink, rhodoxanthin; pink-yellow, a1pha­

carotene or rubixanthin; and brown, gamma-carotene or rubi­

xanthine

Stone and Coulter (1931-32) reported the presence of

lycopene in Corynebacterium diphtheriae. Ingmbam and Baumann

(1934) reported the presence of beta-carotene in Corynebacterium

earotenum. Ingraham (1935) continued the work on Corlnebactérium

carotenum and isolated alpha-carotene, beta-carotene,

cryptoxanthin, and zeaxanthin. She a180 studied the presence

ot carotenoids in a red diphtheroid and found lycopene, beta­

carotene and zeaxanthin present. Starr and Saperstèin (1952,

1953 b) found that .hen Corynebacterium poinsettiae was grown

in a medium with a low thiamine concentration, two major pigments

were produced; 8pir1lloxanthin and lycoxanthin. High

concentrations or tn1amine yield three pigments. lycoxanthin,

cryptoxanthin and a 8mall amount oi spirilloxanthin. Saperstein,

Starr and Filius (1954) observed that the yellow parent type ot

Corynebacterium michiganense produced cryptoxanthin and

lycopene. A pink mutant formed lycopene and spirilloxanthin.

A red-black mutant produced only lycopene. An orange mutant

synthesized cryptoxanthin, beta-carotene and canthaxanthin.
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Carotenoids were not detected ln colorless mutants. They

tound that yellow strains ot Corynebaeterlum michiganense were

attected by thiam1ne in a manner simllar to Corynebacter1um

poinsettiae. At relatively high concentrations ot thiamine,

cryptoxanthin and lycopene were synthesized. The formation

of lycopene, relativeto spirilloxanthln, in ~he p1nk mutant

was tavored by high thiamlne concentration.

Gilman (1953) tound that Chromobacter1um chocalatum

and Chromobacterium orang1um produced two caroten01ds one ot

wh1ch was lycopene, the other was not identit1ed.

The Ettect ot Phys1cal and Chem1cal Factors on Garotenold
Produotion by Bacteria.

Since the major1ty Dt investlgators have been

pr1marlly 1nterested in ldentlty1ng the types ot carotenoids

present ln bacteria, the etudies on the physlcal and chemlcal

tactors 1ntluenc1ng p1gmentation have been almost completely

negleeted.

Carbon and Nitrogen Sources.

Sullivan (1905) observed that the yellow pigment

produced by M1crococcus aurantiaca, Micrococcus oitreus, Sarcina

lutea and Micrococous cereus tlavus was tormed very slowly in

non-albiminous media. The pigment was qu1ckly tormed in

peptone solution plus salts. In alper cent solution ot

d1alyzed peptone, Kicrococcus citreus, Staphylococcua pyogene8

c1treus qu1ckly developed color and Micrococcus cereus tlavus,

Sarcina lutea, and M1erococcus ag1l18 d1d not grow at alla
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Fuj1ta and Yoshioka (1923) found that ot the carbohydrates

tested galactose and lactose gave the best pigment production

in Staphylococcus pyogenes. Ingraham and Steenbock (1935) tound

that g1fcerol was the best carbon source tor pigment production

in bacteria. They observed that when Mycobacterium phlei was

grown on a synthetic glucose-asparagine medium the pigment

content ot the cells was relative1y low. The substitution of

ammonium salts, urea, peptones and other sources ot nitrogen

tor asparagine had no ettect upon pigmentation when the reaction

ot the medium was controlled. In the studies ot Ingœham and

Steenbock (1935) attention should be called to the tact that

the authors upon chromatographie studies observed the presence

ot a pigment resembling phthiocol. This pigment was largely

responsible tor the increased pigmentation in the presence

ot glycerol and glucose. The effect ot this phthiocol-like

pigment was not evaluated in the1r other determinations.

Baas and Bushnell (1944) observed that Mycobacterium phlei,

Mycobacter1um leprae and Mycobacter1um smegmat1s were pigmented

when grown on oruinary media, but ta1led to y1eld pigment when

culturedwith hydrocarbons. Mycobacterium lacticola was able

to produce pigment in this medium. ~evag and Green (1944)

grew 13 strains ot Staphylococcus pyogenes var. aureus on beet­

extract peptone agar and on the same extract agar plus 0.5 per

cent ot the tollowing carbohydrates; glucose, d-galactose,

d-mannitol, d-mannose, trehalose, cellobiose, d-tructosa and

pyruvate. Majority ot straina ahowad increased p1gmentat1on



- 15 -

on glucose, d-galactose, d-mannose, d-mann1tol and trehalose.

Development of pigment was determined after a period of 48 hours

of growth at 37°0 and then allowing the cultures to stand at

room temperature for 24 hours. Kahler (1951) found that

Staphrlococcus Erogenes var. aureus gave greater pigmentation

with fi1tered mannite and lactose than when these were auto­

claved. Alanine, tyrosine, glutamic acid and lysine had no

effect upon pigmentation but valid1ty of these results is

questionable due to the limited number of organisms that grew.

Saperstein, Starr and Filfus (1954) 1nvestigated the effect of

l-leucine on the pigmentation of Corrnebacterium michiganense and

found there was no increase with the addition of this amine acid

to the medium.

Inorgan1c Ions.

Sullivan (1905) observed that when Magnesium sulfate

and d1potass1um phosphate were added to a peptone solution there

was an increase 1nproduct10n of pigment by M1crococcus

aurant1aca, M1crococcus citreu8, Sarc1na lutea and M1erococcus

cereus rlavus. In alper cent solution of d1alyzed peptone,

M1crococcus c1treus, Staphylococcus pyogenes var. c1treu8

qu1ckly developed color. M1crococcus oereus flavus, Sarc1na

lutea and M1crocoecus ag1l1s did not grow at al1. On add1ng

1 per cent sod1um sulfate to the solution, Sarc1na lutea gave

a good yel10w sediment, while M1crococcus cereus f1avus was

eo1or1ess and M1crocoecus agi11s d1d not develop at al1. On

add1ng 1/10 ot 1 per cent K2HP0 4 to the peptone-sodium sultate
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solution Micrococcus cereus tlavus a1so developed 1t's

characteristic pigment. MgS04 had the same etfect as Na aS04"

The author concluded that litt1e could be said regard1ng the

salta necessary for the formation of the yellow pigment, sinee

he tound it impossible to free the peptone from impurities

either by precipitation or by d1alys1a. He be11eved, howevar,

_ _ _ _ _ _ _ _ _ ----tha~ ----the -p»ese-nee- o~-MgB~4 -and---K2HPO-4-fa clr1-t a~ed- the pro duc t10n

of the pigment and gave it a more vivid color. Ingraham and

Steenbock (1935) investigating the product10n of pigment by

Mycobacter1um phlei noted that increas1ng the concentrat1on of

ferric salta tendedto prevent pigm.ent formation. When

glycero1 was subatituted for glucose pigmentation was greatly

1ncreased. The concentration of potassium was w1thout effect

on pigmentation in the presence of glycerol, but phosphates and

ferric or cupric salta decreased the color ot the cells. As

prev10usly mentioned the affect of phthiocol-like pigment was

not evaluated in these determinations. Kharasch, Oonway and

B100m (1936) observed that h1gh concentrations of copper on

beef intusion agar inhibited the growth of Staphylococous

pyogenes var. aureus. Similar media, however, to which liver

extract was added resulted in a colorless growth. With low

concentrations ot copper on beef infusion agar a colorless

growth was obtained. The addition of liver extract, however,

to the medium conta1n1ng low concentration of copper produced

a good growth ot pigmented staphylococcus plOgenea var. aureus.

The add1tion of liver extract to a medium conta1n1ng low
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concentrationsot manganese was inetfective in restoring the

color to the non-pigmented Staphylococcus. Turian (1950 a)

tound that the inhibition of pigment produced by diphenylam1ne

on Mycobacterium phle1 could be reversed by iron but nœby

manganese, cobalt, nickle or copper. Kahler (1951) in his

studies on pigmentation of S'taphylococcus progenes var. ·aureus

reported that when manganese sulfate was addod to a sem1­

synthetic media pigmentation was 1ncreased by one-third of that

obtained wlth other salts (ferrous sulfate, magnesium and

sodium chlorlde).

~emperature and Light.

Reader (1925) observed that Sarcina aurant1aca grew

better at 20°0 than at 37°0, and although the yield of

carotenoids was higher at 20°0, the concentrations were

identical at both temperatures. There was no ditferenee in

pigmentation of oultures grown either in the dark or ditfuse

daylight. She noted that when cultures were exposed to direct

sunlight, growth was poor and no color developed. Even old

cultures became bleached in d1rect sunlight. When bleached

colonies were subcu1tured and removed trom the strong light

the new growth developed color as uaual. Sasler, Stahly and

Brode (1941) confirmed the reBults of Reader (1925) in regards

to the etfect of temperature on pigmentation. Kahler (1951)

disagrees with the others in that he has shown 30°0 to be the

best temperature for pigmentation.
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Hydrogen ion Ooncentration.

Fujita and Yoshioka (1923) observed that pigment

production in Staphy1ococeus pyogenes var. aureus was more

pronounoed at pH 6 or slight1y below that. Reader (1925)

round that the pH limita for growth of Sare1na aurantiaea were

5.3 - 9.4 with maximum production occurring at pH 7.1. No

other papers have been pub11shed in which a complete study has

been made of the effect of pH on pigmentation.

Oxygene

Lubinsk1 (1894) was the f1rst to point out that no

pigment was produeed under anaerob10 conditions by Staphylococcus

pyogenes.

Ingraham and Baumann (1934) reported that they tound

no anaerobic bacteria that produced caroteno1ds. Reid

(1936-37) stud1ed seventy-s1x cultures representing 24 genera

of ehromogenic bacteria and found none that would produce

pigment in the absence of oxygene Top1ey and Wilson (1946)

state that oxygen ls necessary for pigment production by

Staphylococcus pyogenes and under anaerobic conditions the

growth 1s colorless.

Gro.th Factors.

Lutz (1947) found that the degree ot p1gmentation

in Bacillus lombardo-pel1egrini and Bacillus boquet was directly

proportiona1 to the thiamine content of the medium. Braum (1949)

tound that the naturally occurring ye1low type ot Oorynebacterium

michiganense produced either a cream or a yel10w growth,
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depending upon whether the concentration of thiamine in

the growth medium was 10w (0.1 ug/100 ml.) or high

(1-100 ug/luu ml.), respectively. He noticed that a white

mutant of this organism produced no pigment regardless of the

thiamine concentration. In the related species, Corynebacterium

poinsettiae, thiamine was observed to affect pigmentation

(Staff and ~irone, 1942; starr, 1949J: later a more intensive

examination of this effect was made bl starr and ~aperstein

(1953 b/. vells grown under conditions of low thiamine

concentration, two major pigments were produced: spirilloxanthin

and 1ycoxanthin. Cells formed under conditions of high

thiamine concentrations, three major pigments were produced:

lycoxanthin, cryptoxanth1n and a small amount of sp1r1110xanthin.

Starr and Saperstein (1953 b) and Saperstein~ starr and Filfus

(1954) observed that carotenoid synthesis in the yellow stra1n

of Corynebacter1um michiganense was affected by thiamine in a

manner sim11ar to that previously deacribed for Gorynebacterium

po1nsett1ae. Kahler (195l} found that thiamine was essential

for maximum pigment production in Staphylococcus pyosenes var.

aureus and that cocarboxylase cou1d be substituted for thiamine.

Inhibition Stud1es.

Kharasch, Conway and B10o~ (1936} demonstrated that

the addition of diphenylamine in a concentration of 1-2000 or

1-6000 inh1bited the production of pigment by Staphylococcus

pyogenes var. aureus and Sarcina lutea. Turian (1950 c)

confirmed these resu1ts by showing that dipheny1amine in a
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ooncentration ot 1-36000 inhibited the production ot carotenoids

by Mycobacterium phlei.

Turian (1951) has also shown that phenol in a

concentration ot 1/2000-1/5000 inhibited pigment production in

Mycobacterium ph1e1; resorc1noi (1/1000-1/5000) ia 2-3

times less active than phenol while alpha-naphthy1amine,

thiourea, KCN, salicyla1doxime are a1most inactive. Din1tro­

phenol, on the other hand, stimulated the production ot the

caroten01ds.

Ark (1951) 1nvestigating the p1gment ot Corynebacter1um

michiganense tound that pigment production cou1d be inhibited

by the addition of the following compounds to the medium:

acenaphthene, a1pha-nitronaphtha1ene, 3-bromoacenaphthene,

and ethyl-alpha-naphthoate.

Colonial Variation as Related to Carotenoid Production.

Mutation in bacter1a ls a wel1-recognized phenomenon.

Ot al1 the types ot mutations studied, the one which has

received the least attention 1s the changes 1n pigment brought

about by mutation.

Neumann (1897) observed that when Staphy10coccus

pyogenes var. aureus was cultivated at room temperature, white,

Y8110w, f1esh-co1ored and orange co10red colonies cou1d be

isolated and subcu1tured as stable strains. Noguchi (1911)

observed that atrains ot StaphYloeoecus Plogenes var. aureus lost

their pigment slow1y on artific1al media, and he described a

slow transformation trom aureus to citreus to cereus and tinally
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to albus, the complete aureus-albus transtormation required

more than a year. Blgger, Boland, and OtMeara (1927) tound

that by growing a normal Staphylococcus pyogenes var. aureus

in broth, variant strains were produced and when such cultures

were spread on agar plates and these incubated abnormal

colonies were tound. Such variants showed alteration in

color (trom aureus to albus), in texture (trom "smooth" to

"rough") and in cohesion (trom "non-viscid" to"viscld"). On

agar, variants were produced only in color and viscid1ty.

Rough volonies were never tound to appear in cultures ot normal

Staphylococci grown on agar. The variants under certain

conditions reverted to the normal type. Pinner and Voldrich

(1932) tound that culturing Staphylococcus pyogenes var. aureus

in pain broth, making daily transters, and streaking the 24 hour

growth on agar every second or third day, that occasiona~

Staphylococcus plOgeneS var. albus colonies would develop in the

streak. This happened wi~h every one ot the nine Staphylococcus

Plogenes var. aureus strains studied. During periode ot trom

two to three months (daily transters), there was no tendency tor

the Staphylococcus pyogenes var. albus colonies to increase in

trequency or in number. More Staphlloeoceus pyogenes var.

albus colonies appeared whan Staphylococcus ploganes var. auraus

was grown in pleural tluid broth. The authors by seeding

Staphllococeus plogenes var. albue in undiluted anti-albus serum,

were able to obta1n the transtormation ot a Staphylococcus

plOganas var. albus strain to staphllococcus plogenes var. aureus.
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The yellow colonies did not occur betore the 20th day in

anti-albus serum. The number of Staphllococcus pIOgenes

var. aureus colonies remained always small in proportion to

that of the white colonies. They believed that the relation

between Staphylococcus plogeneS var. aureus and Staphylococcus

plogenes var. albus strains ia essentially similar to that

between Sand R strains ot other organisms. The splitt1ng-ott

ot Staphylococcus pyogenes var. albus was enhanced by growing

Staphylococcus plogeneS var. aureus in broth conta1ning

StaphYloooccus pyogenes var. aureus agglutinins and by animal

passage. ~oftstadt and Youmans (1932) brought abo~t the

dissooiation ot a v1rulent strain ot Staphllococcus pyogenes

var. aureus by: (1) da11y transters in lithium chloride medium

and (2) animal passage. They tound that the smooth orange

Staphylococcus PIOgeneS var. aureus or S dissooiated into

two types, Rand G. The G torms were isolated 14 times in

stable cultures, three times in lithium ohloride medium and

Il times by inoculation ot animaIs. Four b10chem1ca1 types

were isolated: a yellow R that, unlike the ye110w S, fermented

lactose; a white R that termented levulose, which was not

termented by either yallow torm and G wh1ch termented glycerin,

which was not fermented by the other three. They tound that the

original strain S was the only virulent stra1n. Disaociated

torma ware not virulent and did not produce les ions ot any k1nd.

Swingle (1935) 1s01ated several small colony variants ct

Staphylococcua pIOgeneS var. aureus trom old broth or agar
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cultures or from cultures in lithium ehloride broth. Theae

forma were character1sed by loss of pigment. Reversion to

the normal form occurred occasionally on agar and could be

enhanced by aging in broth or by enrichment of the media.

She believed that small colony forma occurred as the result

ot in jury to an occasional cell which la retained through

successive oell generat10ns. Nutini, Kreke and Schroeder

(1945) by means of spleen extracta were able to transform

staphylococcus pyogenes var. aureus to the albus forme The

~taphYlococcus pyogenes var. albus form was unstable and

remained white only after trequent cultures and subcultures in

media containing the extraot. ~utini and Lynch (1946) uaing

extracts of brain, spleen, heart and kidney were able to

convert the yellow ~ torm of titaphylococcus pyogenes var.

aureus to the white ~ variant with altered biochemical

character1stics contorm1ng to those ot the av1rulent organisme

~he avirulence ot the white ~ variant was established by tests,

in mice. Byatt, ~ann and oalle {19481 found it possible to

stimulate or 1nitiate chromogenesis in a non-chromogen1c

Staphylocoeous by growing it in extracts ofapigmented strain of

the same species. The new chromogenic strain retained the sarne

biochemical properties of the parent culture. The 1ntensity

of pigment production was not as great in the new strain as in

the strain from which the extract was prepared nor was it lasting.

No explanation was given for the tact that Bome cells ot the test

organism was retractory to stimulation whereas others were note
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Reimann (1936 a, b) subjected a stra1n ot M1crococcus

tetragenus to age ing on agar or in b'roth. As a result 11

variant torma were encountered and atudied, namely mucoid­

1ellow, yellow, mueoid white, white, amall white, translueent,

muooid pink, pink, pink-yellow, brown and bacillary torm.

Bacteria trom each torm were characterized by rather distinctive

morphology, immunology, and pigment production and by

ditterences in regard to growth in various sugars. There .as

evidence ot reversion trom one torm to another among all variants

studied except the bac111ary forma Reimann (1937 a, b)

observed that Micrococcus tetragenus possessed at least five

major variant torma, muco1d-yellow, mucoid-white, mucoid-p1nk,

mucoid-pink-yellow and mucoid-brown, which were regarded as

specifie types. Each type waa observed to have M, S, or R

culture phases. He observed that one type may change into

another spontaneously in vivo or in vitro. Reimann and Eckler

(194l) identified the pigments in the respective type strains.

Bryan (1930, 1931) isolated "spontaneously" occurring

white and pink stra1ns ot the normally yellow Corynebacterium

mich1ganense. Ark (1951) using uranium salta waa able to

pro duce the following variants of a natura11y smooth type of

Corynebacter1um michiganense: smooth, rough and intermediate

white and smooth, rough, and 1ntermediate dark and light pink.

Saperste1n, Starr and F~lfus (1954) 1dentified the pigments

produced by these mutants.
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Possible Function ot Oarotenoids in Bacteria.

The amount ot work that has been carr1ed out to

determine the possible tunction of carotenoids in bacteria

1s exceedingly small. Baumann, Steenbock, Ingraham and

Fred (1933) 1n~estigated the possibility ot microorganisms

eon~erting carotene to vitamin A. They added eolloidal

-- - - - - - - -crar-ot-eneaireetTytothe medium. wh1ch was then steri11zed and

incubated with the appropr1ate organisme. In some cases

cultures were also made with pure carotene in the crystal1ine

condition. The tollowing media were used:

1. A crude corn mash.

2. A gluoose peptone medium.

3. Yeast water prepared from autoelaved Brewer's yeast.

4. An inorgan1c medium.

Seven species ot bacteria, 12 spec1es of molds and

13 mixed cultures obta1ned from soil, manure, air, water, milk,

sewage and peat were teated. Incubation ~aried from two days

to three weeka.

In none of the organisms exam1ned was the synthes1s

ot vitam1n A demonstrated.

A poss1ble role in photosynthes1s appears to have

been ru1ed out in the case ot purple bacter1a including

Spri11ium rubrum (French, 1937).

Imshenetsk1i (1946) postu1ated that caroteno1ds may

protect Sarcina lutea and Sareina aurant1aca against the affects

of ultra-violet light.
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Darzln (1939) tound that beta-earotene lnh1blted

the ln vitro growth of Mycobacterium ph1el and Vasi1eva (1941)

c1almed that 1t stimu1ated the growth of the typhus bacterla.

Darzin a1so noted an increase in the acid fastness of

Mycobacterlum tubercu10sis var. hominis grown on carotene

containing medium. Lutz (1947) using Mycobacterium phlei

contirmed Darzln's observations.

Guirard, Snell and Williams (1946) have shown

that catotenoids can replace sodium acetate in the nutrition

of lactlc acid bacter1a.

We believe that the true function of carotenoids

in bacteria has yet to be discovered. Some of the possible

funct10ns that have yet to be investigated are:

1. Do they protect sensitive enzymes?

2. Act as hydrogen acceptors?

3. Photochemically active in assimilation?

4. Transport of oxygen or oxidation reactions?

5. They have no tunction but are metabo1ic end products?

Biosynthes1s of Caroten01d Pigments in Bacterla.

Turian (1950 b) investigating theettect of dlphenyl­

amine on pigmentation in Mycobacterium phlei proposed the

fol10wlng scheme, purely hypothetlcal, for the synthesls

of carotenolds by this organism:
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Non-colored precureore

l n times

Polyenee (040-)

ox.

Non-colored phytofluene
~

Colored Leprotin Colored Keto-enol:
~

(040H54) ox.

Oarotenes

Oarotenols

Chrysoflein

Astacine

The essence of this scheme ie that he believes that

the more saturated polyenes are precursors of the less

saturated carotenolds, whlch results from the step-wise

removal of the hydrogen atoms from the former. Bonner et al.

(1946) ueing seven ultra-violet mutants of Rhodotorula rubra

and Porter and Lincoln (1950) carrying out inher1tance etudies

involving crosses ot commeroial var1eties of tomatoes are in

agreement w1th ~urlan (1950 b). Baperstein, starr and Fl1fus

(1954) noted the absence of colorless polyenes in the Gorynetorm

organism that they studied and therefore, they are of the

opinion that alterations in polyene structure probably occurs

prior to the formation ot the complete 0 4 0 chain.

Many questions remain to be answered betore the

synthesia of carotenoida by bacteria can definltely be establlahed.

We believe that the tollowing factors have to be lnvestigated

betore any lnslght can be gained as to the synthesls of

carotenolda by bacteria:

1. ls acetate the prlmary precuraor lnvolved ln the
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synthesis of carotenoids?

2. Are carotenoids synthes1zed ~ 5-carbon units?

3. It carotenoids are synthesized ~ 5-carbon units,

are these units saturated or unsaturated?

4. Do tour 5-carbon units combine "head to tail" to

torm a 020 compound which then dimerises "tail to

tail" or do two 5-carbon unite combine "tail to tail"

and the moleoule built up br "head to tail" condens­

ation at either end of this ten carbon chain?

5. Does alternation in the polyene occur betore or

atter formation of the complete 040 chain?
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GENERAL PROCEDURE.

Introduction.

Previoua investigatora have meaaured pigment by

visual oomparison ot the intensity ot color of a culture grown

upon a test medium with that produeed upon a oontrol medium.

Reader (1925) and Reid (1936) classitied ditterences in

shade or tint ot pigment by comparison with various color

standards.

An attempt was made to use this comparative method

but it was otten tound to be diffioult to estimate relative

intensities of pigment because ot varying size of colonies.

Since colonies may appear to have a greater intensity ot

color because of their larger size. this method of estimation

of bacterial pigment proved unreliable.

Stahly. Sesler and Brode (1942) described a color­

imetrie method for measuring the oomparative amounts ot pigment

produced by bacteria under various environmental conditions.

This method also was tound to be unsat1stactory reasons will

be given for this conclusion in another section ot the thesis.

It therefore, became imperative that a method be devised wh1ch

would yield more accurate and reliable results.

A method will be discussed whereby one may determ1ne

whether a given physical or chemical factor will inorease

or deorease pigmentation when compared with a control.

Test Organisme

The strain ot Staphylococcus pyogenes 1 4575 used in
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all of the exper1mental work was obta1ned from the Clinical

Laboratory, Department of Bacteriology and Immunolo8Y, McGill

University. It was maintained on Chapman's medium (1946),

transfers being made every two weeks. The formula for th1s

medium may be found in Appendix A of this report.

This strain was adopted as the test organism because

of its ability to produce abundant pigment on a wide assortment

of culture media. Another reason being that on repeated

suboultures over a period of six months, prior to 1ts use, 1t

d1d not lose its abi11ty to produce pigment.

Method for Colorimetrie Determinat10n of Pigment.

Introduction.

Stahly, Sesler and Brode (1942) published a

oolorimetrie method for measuring baeterial pigment. The

method was as follows: agar slants of the test media are

inooulated in a uniform manner and incubated at the tempe rature

and for the time des1red. At the end of the incubation

per10d, the cells are scraped off gently into dist1lled water.

The suspension 1s shaken and then filtered through several

layera of eheese-cloth to obtain homogeneity. In the case of

staphllococeus plogenes. the turb1dity of the suspens10n was

measured at 660~. At this wavelength the light waves are

not absorbed by the ba~r1al pigment. The turbidity was aga in

read at 420 mp whieh represented turbid1ty plus pigment, since

pigment will absorb light at this wavelength. The true

pigment absorption was obta1ned by substracting the absorption



- 31 -

at 660 m~ trom 420~. Since the turbidity may be taken as an

index ot the number ot bacterial cells present, the average

amount ot pigment per unit ot cells may be calculated and

used tor purposes ot comparison. They recommended that the

suspension be diluted ta an optical density ot 0.2000 or less.

Results are calculated tor convenience to a standard optical

density ot 0.1000 by the tollowing proportion.

Amount ot pigment tor 0.1000 • measured pigment

0.1000 measured turb1dity

We had hopes ot using this method since it waa simple

and rapid but tound that it yielded erratic results and

fa1led to give reproduc1ble values. The fault with this

method lies in the tact that the optical density obtained at

660 mp. and the turbidity, independent ot pigment, at 420 ~

is not equal. Species ot bacteria whieh produced no pigment

were subjected to the above method and results were obtained

showing these species to absorb ditterent amounts ot light

at the wavelengths tested. For example, opt1eal densities

were taken ot a suspension of a Corlnebacterium species,

possessing no pigment, at 420 mp, 520 mp, 540 mp, and 660 ~.

The tollowing optical densities were obtained, 0.2596,

0.2157, 0.2007 and 0.1612, respectively. By the above method,

it wou1d appear that the species contained pigment.

W1th hopes ot obtaining a solution to this problem

we wrote to one ot the authors, Grant L. Stahly. In his

letter, he stated that one of his Master's candidates d1d
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research ua1ng th1a method but her reaulta were somewhat

erratic. He also stated that 1t would appear that oells

abaorb d1tferent quant1t1es of 11ght depending on the

wavelength pasaed by the f1lter.

In this section a method w1l1 be d1scussed which

has been found adequate for our purposea.

Oulture Medium Uaed for Experimental Stud1es.

In quantitative work involving the use of bacteria,

all conat1tutenta in the culture medium should be known.

However, the nutritive requirements of many bacter1a have

not been thoroughly studied and therefore, investigators

have been handicapped in finding a aynthetic medium to be

used for quantitative studies, such as pigment production.

Fildes, Richardson, Knight and Gladstone (1936) and Fildea

and Richardson (1937)developed a aynthetic medium wh1ch will

allow the growth of Staphylococcua pyogenes. This medium waa

tound to be excellent for our purposes be cause 1t excluded

chemically unknown substances. Another advantage to Fildes'

medium is that the solution may be made up to 100 ml. by the

addition of 26.5 ml. of d1stilled water. S1nce all the

compounds to be tested were e1ther in l1quid form or aqueous

solution it enabled us to ma1nta1n a constant volume

throughout the exper1mental work.

The preparation of thia medium 1a outlined in

Appendix A. The original Fildes' medium conta1ned glucose

as a source of carbohydrate but in these experimenta the
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substanoe to be tested has been subst1tuted for glucose.

In our studies 100 ml. of sterile Fildes'

medium, including substrate to be tested, was dispensed

in sterile 500 ml. Erlenmeyer flasks. All substrates to be

tested were fUœred through a Beitz filter prior to addition

to the medium.

Inoculation and Incubation.

Preparation of Inoculum.

Prior to testing, the organism .as subcultered trom

Chapman's medium onto tive tubes ot Watt and Werkman medium

(1951) and 1ncubated for 18 hours at 3~oC. This medium was

selected because it is a glucose-tree medium and thus pigment

production is scant. At the end of the incubation period,

the growth .as washed off the slants with distilled water.

The growth from the five tubes was collected and washed three

times with distilled water. After the final washing, the

cells were resuspended in 10 ml. of d1stilled water and

transterred to an absorption tube. This suspension _as

adjusted, w1thout change in volume, to g1ve a turbid1ty read1ng

of ten per cent transmission of light with a 660 mu ~ilter.

An Evelyn photoelectric colorimeter* .as used for th1s purpose.

The colorimeter .as adjusted by means of a blaak containing

10 ml. of distilled water to give a reading of 100 per cent

* Evelyn Photoelectric Colorimeter, Rubicon Company, 29 North
Bixth street, Philadelphia, Pa., U.S.A.
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transmission of light.

To insure ·un i f o r m inoculation, 0.5 ml. of this

suspension was added to eaoh flask of Fildes' medium.

Incubation.

Atter inoculation the tlasks conta1ning the

substrate to be tested and controls were placed on a

reciprocal shaker and shaken tor a period of ninety hours at

room temperature.

~reliminary investigations revealed that for the

above incubation time a greater amount of pigment would be

produced at room temperat~re than at 37°0.

At the end otthe incubation period the growth trom

each tlask was transterred to separate 200 ml. centrituge

tubes and centrituged for a period ot thirty minutes. The

supernatant fluid was then discarded and the cella in each

centrifuge tube were resuspended in 10 ml. of sterile

diatilled water and transterred by means ot sterile Pasteur

pipettes to test tubes (18 x 150 mm.). This washing

procedure was repeated twice in the test tubes. Atter the

tinal washing, the supernatant was diacarded and the cells

resuspended in 2 ml. ot distilled water. Then the cella from

each test tube were transferred by means ot Pasteur pipettes

to individual weighting bottlea (10 ml.). The weighting

bottles were then placed in a vacuum dessicator over calcium

chlor1de and the dessicator evacuated and placed in the 37°0.

1ncubator. The weight1ng bottles were weighed at intervals
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unt11 constant we1ghts were obtained (t 0.0002 gm).

Extraction and Oolorimetric Determination .ot Pigment.

Extraction ot Pigment.

Atter constant we1ghts were obtained the cells in

each weighting bottle were resuspended in approximately 4 ml.

ot d1stilled water. The cells were then transterred by

Pasteur pipettes to individual test tubes (18 x 150 mm.).

The weighting bottles were again washed with 4 ml. ot

distilled water and again dried to constant weight by the

method d1scussed 1n the toregoing section.

The test tubes were centrituged tor thirty minutes

and atter centritugation the supernatant was discarded trom

each tube and replaced with 5 ml. ot methanol. The tubes

were then placed in a 70·0 water bath tor one hour. At this

temperature the pigment was extracted trom the cells (Sobin

and Stahly, 1942). At the end ot one hour ot extraction, the

test tubes were centrituged tor thirty minutes and the

supernatant collected individually into separa te test tubes.

The cells were re-extracted with 5 ml. ot Methanol tor one

hour and the tubes then centrituged tor th1rty minutes. The

supernatant obtained was added to that previously collected in

the tiret extraction. It was tound that two extractions were

sutticient to extract the pigment trom the cella because a

third extraction with 6 ml. ot methanol gave an optical density

reading ot zero or 100 per cent transmission ot light.



- 36 -

Colorimetrie Determination.

The individual 10 ml. extracts were then centrifuged

tor thirty minutes to remove any possible debris carried over

in the supernatant trom previoue centritugations. These

methanol extracts were then placed in individual absorption

tubes and, in cases where some methanol may have been lost

during extraction, turther methanol was added to give a tinal

volume ot 10 ml.

A tinal check was done on the extracts to be sure

that no debr1s or cells were present. Th1s was done by

ascertaining the optical densities ot the extracts with a

660 mp tilter. It the optlcal dens1t1es of the extracts were

tound to be greater than zero, it indicated that these

substances were present and theretore a turther centritugation

would have to be done. At 660 mp the pigment in the extracts

will not absorb light and therefore any detlect10n in the

optlcal dens1t1es would be due to debr1s or cells.

Opt1cal dens1t1es were now obta1ned tor the pigment

present in the extracts by us1ng a 420 mp f1lter for at th1s

wavelength pigment w1ll absorb l1ght. Betore and after the

observations were made upon each sample, the galvanometer was

adjusted unt1l it prov1ded 100 per cent transmission of light

or optical density of zero with a control tube of methanol.

The readings thus obtained gave the opt1cal dens1ties ot the

extracted pigment from known dry weights ot cells.

An Evelyn photoelectrie colorimeter was used tor all
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colorimetrie determ1nation. Standard1zation of absorption

tubes and operation of the colorimeter are d1scussed in

Append1x B.

Calculat10ns for Obtain1ng Optical Density for a Standard
Dry Weight ot Cella.

Having obtalned the optical densities ot the pigment

extracted trom known dry weights of cells, the tollowing

proportion was used to obta1n the optical density tor 100 mgm.

of dry weight ot cells.

Optical density ot
extraoted pigment

Dry weight of
extracted cells

Optieal density for

100 mgm. ot cells

•

=

Optlcal density tor
100 mgm. of cella

100 mgm. ot cells

Optical density ot extraeted
pigment (x) 100 mgm. of cells

Dry weight of extracted cells

It was neoessary to calculate the results to a

standard dry we1ght of cells in order to compare a series of

measurements.
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EXPERIMENTAL INVESTIGATIONS.

THE EFFECT OF TEMPERATURE AND AERATION ON PIGMENT PRODUCTION.

Baker (1952) showed that aeration, by means ot a

shaking machine, will increase pigment production by

staphylococcus Plogenes but it was not determined whether this

etteet was greater at room temperature or 37°0. The tollowing

experiment was carried out to substantiate the previoua

tindings and also to de termine the ettect ot temperature on

pigment production. Ten ml. ot a 2 M solution ot glycerol*

was added to ninety ml. of Fildes' medium to g1ve a tinal

concentration in the medium ot 0.2 M glycero1. This medium

_as inooulated with 0.5 ml. ot a suspension ot staphylooooous

pyogenes prepared in the wal disoussed in the section on

General Procedure. Three tlasks .ere incubated at room

temperature, three tlasks at 37°0, three tlasks were agitated

at 37°0 and three tlasks were agitated at room temperature.

All tlasks were incubated for a period ot ninety hours. The

method used tor the extraction and colorimetrie determinations

ot the pigment 1s a8 described in the praTious section. The

results are tabulated in Table 1 and it mal be concluded that

shak1ng at room temperature y1elded the greatest amount

ot pigmeBt. The reason tor the low amount ot pigment when

* Glycerine, C. P., Elmer and Amend, New York, N.Y.
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TABLE 1.

THE EFFECT OF TEMPERATURE AND AERATION ON PIGMENT PRODUCTION BY STAPHYLO­
COCCUS PYOGENES.

Without Aeration; Aeration.

OID ot Cale. OID for OID of Cale. OID for
Tempe ra tu re Dry _t. extracted e xtracted pig- Dry .t. extraoted extracted pig-

JIlgm. pigment. ment.from 100 mgm. pigment ment trom 100
mgm. dry wt. mgm. dry .t.

31.6 0.0680 0.215 35.4 0.0862 0.244

Roolll
30.2 0.0642 0.212 35.2 0.0862 0.244

Tem.pera tu re

31.4 0.0680 0.215 35.1 0.0862 0.244

33.2 0.0642 0.193 38.6 0.0875 0.227

3'1°C.
33.6 0.0642 0.191 39.0 0.08'15 0.224

34.1 0.0655 0.191 38.8 0.0862 0.222

CIl
ID
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the organisms were grown without agitation .as due to the

limited amount of oxygen available to the organisme. The

organisms in th1s case sett11ng to the bottom of the tlasks

and covered by approximately one ineh ot medium wh1ch would

have a tendeney to lim1t the amount ot oxygen ava11able to

the organisms. The organisms when shaken have a greater

aeeess to oxygen and to the ava1lable nutrients in the medium

and theretore, are able to produce more pigment.

Due to these results, 1t was decided that incubation

at room temperature on the shaking machine would be used

through out our experiments.
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THE EFFECT OF ENZYME INHIBITORS ON PIGMENT PRODUCTION
BY STAPHYLOCOCCUS PYOGE~ES.

Introduction.

These experiments were conduoted to determine

whether enzyme inhibitors such as sodium t1uoride, sodium

arsenite, sodium t1uoroaeetate and sodium ma10nate wou1d

inhib1t or enhance pigment production by Staphy1ococcus

pyogenes. It shou1d be stated here that theae studies were

done with pro1iterating organisme and not with ce11-tree

extracts or resting oe11 suspensions. Due to this tact,

it wou1d be quite impossible to state that any ot the

inhibitors used in these experiments inhibited any specitio

enzyme. Investigators in the tield ot enzyme studies have

been main1y interested in isolated enzyme eystems and have not

dea1t with organisme in the process ot growth. In the

to1low1ng experiments the organisme were grown in the presence

of the enzyme inhib1tor tor a per10d ot ninety hours and

during proliferation may have the abi11ty to overcome the

etfect of the inhibitor. In some cases the inh1bitor may

prevent growth trom being initiated. ln other cases the

organisme may be capable ot uti1izing the inhibitor and

therefore, preventing it trom tunctioning as such. For

example, sodium malonate which 1s known to inhibit the

conversion ot succinio acid to tumaric ae1d in the oitrio acid

cycle may be broken down by Pseudomonas aerug1nosa to aoetate
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(Gray, 1952) and theretore, wou1d be unab1e to act as an

inhibitor.

A1though there are many limitations to this type

ot study, it was telt that 1t would be interesting to know

whether enzyme inhibitors increased or decreased pigment

production in Staphy1ococcus pyogenes.

In these experiments Staphylococcus pyogenes was

incubated at room tempe rature on the shaking machine tor a

period ot ninety hours and the extraction and colorimetrie

determinations ot the pigment was in aceordance with the

methods g1ven in the section on General Procedure.

The Ettect of Sodium F1uoride on Pigment Production by
Staphylococcus Pyogenes.

In large concentrations 1norgan1c and organ1c

t1uor1de compounds 1nhib1t growth. Little 1s known about

the ettect ot tluorides on bacter1a. Davis and Dubos (1947)

showed that fluoride inhibited the action of a lipase on

"tween 80" in concentrations that d1d not affect the growth

of Mycobacter1um tuberculos1s H37RV. Fr1tzgerald and Bern-

heim (1948) observed that at pH 6.7 and 7.8 the oxidat1on ot

glucose, fructose, and trehalose by Mycobacterium tuberculosis

was increased by tluoride. At pH 6.0 fluor1de inhib1ted the

oxidation ot these carbohydrates by this organisme

The follow1ng experiment was carried out to

determine the ettect ot sOdium tluoride on pigment production

by staphllococcus pyogenes. The following substances were
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added to separate flasks of Fildes' medium as the final

conoentration.

1. 0.2 )4 glycerol (Control).

2. 0.2 M glycerol plus 0.02 M sodium tluoride.

3. 0.2 M glycerol plus 0.04 M sodium tluor1de.

4. 0.2 M glycero 1 plus 0.08 M sodium tluoride.

Eaoh test .as set up in duplicate. Separate tests were

carried out at pH ô.8 and pH Ô.O.

The control tlasks \fere prepared by add1ng ten ml.

ot a filtered two molar solution ot glycerol to n1nety ml.

of Fildes' medium to give a tinal concentration in the medium

of 0.2 M glycerol.

The sodium tluoride* was prepared as a 0.8 M solution.

0.2 K and 0.4 M solutions \fere prepared by dilut10n of the

0.8 M solution. Ten ml. of each molarity was added to ninety

ml. of Fildes' medium containing 0.2 M glycerol to give the

desired molar concentrations.

of 100 ml.

All tlasks had a final Tolume

The results presented in Table II demonstrate that

sodium tluoride at pH 6.8 will result in an inerease in pigment

production by Staphllococcus pIOgenes. With increasing

concentrations ot sodium tluoride there will be a subsequent

decrease in growth but the &Mount ot pigment produced per

100 mgms. dry weight w1l1 rema1n somewhat hlgher than that ot

*Sodium tluorlde, reagent grade, Merck Co. Ltd., Montreal, Quebec.
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TABLE II.

THE BFFECT OF SODIUM l'LUORIDE AT pH 6.8 ABD pH
6.0 ON FIGM~NT PRODUCTION BY STAPHYLOCOCCUS FYOGIIII.

f

Cale.O/D for . ')
OID ot extraete4

Test Substance Dr7 wt. extraetecl pigment tro. A'Y.raae
In l'ildes' Mediua pH mgll. pigment. 100.1I.4rf.t. 0/ D.

35.8 0.0901 0.8~1

0.2 Il Glycerol 6.8 0.a44~

34.1 0.0809 O.2~'

0.2 Il Glyeerol 34.6 0.1565 0.452
+ 6.8 G.4e'

0.02 Il Nal' 37.1 0.1707 0.460

0.2 JI G170erol 21.'1 0.0706 0.S25
+ 6.8 Ch:52'15

0.04 Il Hal' 21.4 0.0'706 0.329

0.2 Il 0170er'ol Il.'7 0.0315 0.269
6.8 0.16'15

0.08 Il Jial' 10.1 0.0269 0.266

49.1 0.1024 0.208
0.2 JI G11oerol 6.0 o.aoe~

43.9 0.0888 0.203.
0.2 M Glyoerol NO GROWTH

+ 6.0
·0 . 02 Il Hal' NO GROWTH

,



the control.

- 45 -

At pH 6.0 sodium fluoride will inhibit the

growth of Staphylococcus pyogenes.

Fritzgerald and Bernheim (1946) observed that the

oxidation of glucose. fructose and trehalose by Mycobacterium

tuberculosis .as increased by sodium fluoride at pH 6.8.

This effect of sodium fluoride on oxidation may also apply to

staphylococcus pyogenes and theretore. with inereased oxidation

of glycerol there was a eorresponding inerease in pigment

production. Another explanation may be that at pH 6.6 a

tluoride-insenstive pathway exist such as the hexose-

monophosphate oxidative system which would function when the

glycolytic pathway has been blocked by sodium fluoride.

The Etfect of Sodium Malonate on Pigment Production by
BtaphylocoecuB pyogenes.

The tollowing exper1ment was carried out to determine

the effect of sodium malonate on pigment production. The

following substances were added to aeparate flasks ot Fildes'

medium as the final concentration.

1. Dist1l1ed water to make up volume (Control).

2. D1stilled water plus 0.04 sod,ium malonate.

3. 0.2 M glycerol (Control}.

4. 0.2 M glycerol plus 0.02 M sodium malonate.

5. 0.2 Y glycerol plus 0.04 M sodium malonate.

Each test was done in duplicate at pH 6.8.

The preparation of the 0.2 M glycerol solution has
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has been described previously.

Sodium malonate* was prepared as a O.~ M solution,

ten ml. and tive ml. of this solution were added to 90 and

95 ml. respectively, of Fildes' medium to give a final

concentration ot 0.04 M and 0.02 M sodium malonate in the

medium.

Gray (1952) has demonstrated that dried cell

preparations of Pseudomonas aeruginosa will decarboxylate malonic

acid under aerobic and anaerob1e conditions w1th the

accumulation ot acet1c acid. In later experiments it will

be shown that Staphylococcus pyogenes can utilize sodium

acetate tor growth and pigment production. In one part ot

th1s experiment sodium malonate was added to Fildes' medium

conta1ning no source ot carbohydrate to determine whether

Staphylococcus pyogenes could utilize this compound as a source

of carbon. It there was an increase in growth and pigment

production as eompared to the control, this would suggest that

Staphylococcus pyogenes possibly contained the decarboxylase

tor malonic acid.

The results presented in Table III demonstrate that

the amount of pigment produced per 100 mgm. dry we1ght ot

Staphylococcus pyogenes will be increased by sodium malonate.

It would also appear trom the results that sodium malonate

may act as a carbon source because the compound when added

*Sodium malonate, Eastman Kodak 00., Rochester, N.Y.
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TABLE III.

;e e

THE EF7ECT O~ SODIUM MALONATE OH PIGMENT
PRODUCTION EY STAPHïLOCOCCUS · PYOGENIS.

Cale.O/O tor
0/0 ot extra·oted

Test Substanoe Dry wt. extraoted pigment trom A1'erage
ln P'i1des 1 Medium mgm. pigment . 100mgm.dry wt. 0/ il.

12.1 0.u15~ 0.128
Oisti11ed ~'8ter 0.127

12.3 0.0155 0.126

Dist111ed Via ter 15.4 0.0315 0.204
+ 0.04 JI 0.205~

SodiuJl Malonate 14.7 0.0304 0.207

35.0 0.0848 0.240
0.2 li Glycero1 U.242

34.8 0.0848 0.244

0.2 JI G1foerol 37.1 e.10~1 0.280
+ 0.u2 )f 0.281

Sodium Ma10nate 38.3 0.10'9 0.282

0.2 JI G1ycero1 36.8 0.113~ 0.308
+ 0.04 JI 0.308

Sodium Malonate 37.'1 0.1163 0.308
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to Fildes' medium containing no carbohydrate resulted in an

increase in growth as well as pigment production. It may be

that the above increases were a result ot Staphyloeoecus

pyogenes being able to decarboxylate malonie acid to aoetic

acid. The aeetie acid produeed by decarboxylation eould be
1

used as a carbon source and also as a precursor ot pigment.

The Ettect ot Sodium Fluoroacetate and Sodium Arsenite on '
Pigment Production by Staphylococcu8 Plogenes.

Having tound that sodium tluoride and sodium malonate

enhanced pigment production in staphylocoocus progenes it

was decided to try two other enzyme inhibitors, namely.

sodium tluoroacetate and sodium arsenite. Ohenoweth (1949)

reported that the tluoroaeetates are quite non-toxie to

isolated enzymes; they are, however, very toxic to dogs,

rabbits and guinea pigs, rats and monkeys. The present view

1s that this compound tunetions as an inhibitor by blocking

the pyruvate oxidase system at the citrate stage (Peters, 1963).

Arsenites tunction by inhibiting the respiration ot intact

cells in the presence ot glucose and pyruvate (Quastel, 1953).

The following experiment was carried out to determine

the effect of sodium fluoroacetate and sodium arsenite on

pigment production by Staphylococcus pyogenes.

1. 0.2 M glycerol (Oontrol).

2. 0.2 M glycerol plus 0.02 M sodium fluoroacetate.

3. 0.2 M glycerol plus 0.04 M sodium tluoroaeetate.

4. 0.2 M glycerol plus 0.00025 M sodium arsenite.



- 49 -

5. 0.2 M glycerol plus 0.0005 M sodium arsenite.

~he above are the final concentrations of the test substances

in Fildes' medium.

pH 6.8.

Each test was carried out in duplicate at

The 0.2 M glycerol solution has been described

previously.

~odium tluoroaoetate* was prepared as a 0.4 M solution,

ten ml. and tiveml. respectively, of this solution were added

to 90 and 95 ml. ot Fildea' medium to give a tinal concentration

ot 0.04 M, and 0.02 M sodium tluoroacetate in the medium.

0.5 ml. and 0.25 ml., reapectively, ot the 0.1 N

solution ot sodium arsenite** were added to 99.5 ml. and 99.75

ml. ot Pildes' medium ta give a tinal concentration ot 0.0005 M

and 0.00025 M sodium arsenite in the medium.

Resulta preaented in Table ~V demonstrate that the

above enzyme inhibitors are extremely toxic tor Staphyloooccus

pyogenes. An attempt ta evaluate the results would prove

tutile due to the limited amount ot growth obtained in the

presence ot the inhibitors. However, it was interesting to

note that although the inhibitors caused a marked decrease in

gro_th they did not completely suppress pigment production.

It would theretore appear that in the presence ot a carbohydrate

the oomplete suppression ot pigment production by enzyme

* Sodium tluoroacetate, Bios Laboratories, New York, N.Y.

**Sodium arsenite. NilO, Anaohemia Ltd •• Montreal, Canada.
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TABLE IV.

THE E1FECT OF SODIUM ARSENITE AND SODIUM FLUOROACETATI
ON PIGMENT PRODUCTION BY STAPHYLOCOCCUS PYOGENES.

Cale.O/D tor
O/D of extracted

Test Substance Dry wt. extracted pigment trom Average
in Fildes' Medium mgm. pigment. 100mgm.dry wt. O/D.

35.1 0.0862 0.244
0.2 M Glyoero1 0.24:6

35.8 0.0888 0.248

0.2 Il Glyeerol 6.6 0.0132 0.200
+ 0.00025 Il . 0.1975

Sodium Arsenite 6.2 0.0121 0.195

0.2 14 G1ycerol No growth
+ 0.0005 Il

Sodium Arsenite No growth

0.2 Il Glyeerol 5.4 0.0088 0.163
+ 0.02 M Sodium 0.162

F1uoroacetate 7.5 0.0121 0.161

0.2 Il G1ycerol 4.4 0.0066 0.150
+ 0.04 :M Sodium 0.1555

Fluoroacetate 3.4 0.0055 0.161
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inhibitors was impossible.

Summary.

In the foregoing section the effect of Tarious

enzyme inhibitors on pigment production by Staphylococcus

pzogenes have been stud1ed. Sodium fluoride and sodium

malonate were found to increase pigmentation in Staphylococcus

Eyogenes. Possible explanations for the increases are given

in the appropriate sections. Sodium fluoroacetate and sodium

arsenite were found to be toxie for the organism but it was

interesting to note that as long as there was growth pigment

was present. The use of enzyme inhibitors with proliferat1ng

cells had 1ts limitations in that it 1s not possible to

determine wh1ch enzyme system is affected by the inhibitor.

However, the toregoing experiments revealed that proliterating

cells in some cases possessed the abi11ty to overoome the eftect

ot the 1nhibitors and are able to carry out their normal

tunct10n such as pigment production.
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PIGMENT BY S TAPRYLOeOC eus
0'1 OARBOHYDRATE •

PYOGENES

Investlgators have been malnly interested in the

intluence ot carbohydrates on pigment production by bacteria

but none have investigated the possibility of an organism

producing pigment in the absence ot a source ot carbohydrate.

In order to study this problem, two conditions must be

satisfied: tirst, a method must be tound which will allow the

measurement of small amounts of pigment and, second, a synthetic

medium must be used to ellminate the possibility ot a

carbohydrate being present in trace amounts. The method

described in the General Procedure tor the estimation ot

pigment w1ll detect small amounts ot p1gment. Fildes' medium

being a synthetic medium cons1st1ng ot amino ac1ds and vitamins

would satisty the second condition in that trace amounts ot

carbohydrates would be absent. Having satistied the aboTe

two conditions the tollowing experiment was carried out to

determlne whether Staphllocoocus progenes could produce 1ts

pigment in the absence ot a source of carbohydrate. Flasks

containing Fildes' medium without a source ot carbohydrate were

lncubated for ninety hours at room temperature on a shaking

machine. Flasks containing Eildes' medium and 0.2 M glycerol

were incubated at the same time to serve as comparisons.

The results preaented in Table V show that

staphylococcus pyogenes will produce pigment in the absence ot

a source of earbohydrate, but the amount w1ll be lesa than its
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TABLE v.

------ --- -- --- - --- ---- --- -- ---- - - - - - - - - - THE PRODUCTION OP' PIGMENT
WITH AND WITHOUT A SOURCE

BT
OP'

STAPHYLOCOCCUS
CARBOHYDRATE.

PYOGENRS

Cal0.0/D for
O/D of extracted

Dry w1o. extraeted pigm.ent tro. Avera,.
P'i1des' MediuJI mg•• pigment. 100mgm.dry _t. O/D.

35.2 0.0862 0.244
0.2 M Glycero1 0.244-

35.1 0.0862 0.244

12.1 0.01~~ 0.128

No Carbohydrate 12.3 0.0155 0.126 0.12'

12.2 '0.0155 0.127

----- --- ----- - - ------- -- --- - --- -
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presence allows. A possible explanation tor the production

ot pigment in the absence ot a source ot carbohydrate would be

that some of the amino acide were uti11zed as a source ot

carbon and energy. It this were not SO, no growth would

have appeared in the medium. The compounds which served

as the source ot carbon could a1so be used tor the production

ot the pigment by the bacteria.
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THE EFFECT OF SODIUM ACETATE ON PIGMENT PRODUCTION
BY STAPHYLOCOCCUS PYOGENEB.

Binee Btaphllococcus Eyogenes will produce its

pigment in the presence ot a carbohydrate, it must be

capable of utilizing one of the products of carbohydrate

metabolism for this tunction. Investigations have yet to be

carried out to determine whether some end product

of carbohydrate metabolism could serve as a precursor of

pigment. rt was felt that in studies oi this type it would

be advisable to start with a relatively simple compound that

is known to occur in carbohydrate metabolism, namely, aoetate.

If, for example, pyruvic aeid was tested for its ability to

produce pigment it would not be knowu whether Staphylococcus

pyogenes oxidized this compound to aeetate and uti1ized it for

pigment production. Babre acetate cou1d be tested for its

abi1ity to produee pigment it became imperative ta know whether

this compound occurred as an end-product in earbohydrate metabo1ism

of StaphYlococcus pyogenes. K1ig1er, Grossowiez and Eergner

(1943) study1ng the role of n1aein and thiamine in the metabolism

of glucose by Staphy1ococeus progenes observed that in the

presence of these vitamins the end-produets consisted of about

40 per cent acetate, 20 per cent lactio acid and only trace

amounts or pyruvic ac1d. Chen and Tang (19401 reported the

direct oxidation of pyruvie acid to acetic acid by Btaphy1ococous

progenes. Sevag and Swart (1947) observed that cells derived

trom a g1ucose-containing medium principally oxidized pyruvic
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ac1d, y1elding, on the average, two to four moles of acetate

for one mole of lactate produced. From the above it may be

concluded that acetate w1ll be one of the end-products of

carbohydrate metabo11sm by 8taphylococcus pyogenes.

The following experiment was carr1ed out to determine

whether acetate would promote pigment production by Staphylococcus

pyogenes and the required substance was added to separate

flasks of F1ldes' med1um to the 1ndicated final concentration.

1. Distilled water to make up volume (Control).

2. 0.05 M sodium acetate.

3. 0.1 M sodium acetate.

4. 0.2 M sodium acetate.

5. 0.3 M sodium acatate.

6. 0.4 M sodium acetate.

Each test was done in duplicata at pH 6.8.

The above concentrations ot sodium acetate* .ere

prepared as ten-told concentrations. Ten ml. ot each ten-told

concentration was added to ninety ml. of Fildes' medium to

give the desired molar1ty ot sodium acetate in the medium.

For the purpose ot comparison, another exper1ment

was carr1ed out in which glycerol was added to saparate tlasks

of Fildes' medium to similar final concentrations.

1. Distilled water (Control).

2. 0.05 M glycerol.

* Sodium acetate, C.P., Elmer and Amend, New York, N.Y.
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3. 0.1 M glycerol.

4. 0.2 M glyoerol.

5. 0.3 M glycerol.

6. 0.4 M glycerol.

Eaoh test was done in duplicate at pH 6.8.

The above concentrations of glycerol were prepared

as ten~told ooncentrations. Ten ml. of each ten-fold

concentration was added to ninety ml. of Fildes' medium to

give the desired molarity ot glycerol in the medium.

The results presented Table VI demonstrate that

sodium acetate was ut1lized by Staphylococcus pyogenea for

growth and pigment production. Although, less growth was

obta1ned w1th acetate than w1th glycerol (Table VII), the

amount of pigment produced per 100 mgm. dry weight of cella was

considerably h1gher in the presence of acetate. Sodium acetate

at a ooncentration greater than 0.2 M inh1b1ted growth to

Buoh an extent that the yield of growth was les8 than that of

the control but the amount of pigment was relatively higher.

From the results of the two exper1ments it would appear that

the controlling factor in pigment production is the amount of

acetate available to the organ1sm and therefore, aoetate serves

as the primary precursor of pigment. It a compound other

than acetate were uti11zed for pigment production, the amount of

pigment produced with glycerol would haTe been higher than

that produced by aoetate.
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TABLE VI.

THE EFFECT OF SODIUM ACETATE ON PIGMENT PRODUCTION
BY , STAPHYLOCOCCUS PYOGENES.

Cale.O/D tor
O/D of extracted

Test Substance Dry _t. extraeted pigment trom Average
in lI'ildea' Medium mgm. pigment. 100.m.4ry wt. O/D.

12.2 0.0155 0.127
Dlst111ed Water 0.126:5

12.3 0.0155 0.126

20.5 0.1079 0.526
0.05 M Sod1um Acetate 0.523

20.2 0.1051 0.520
- - _ ..

20.5 0.1192 0.581
0.1 Il Sodium Acetate 0.5815

19.5 0.1135 0.582

17.5 0.1079 0.617
0.2 Il Sod1um Acetate 0.6185

17.4 0.1079 0.620
-_.- - - - -- • • _ - _ _ o . • _ . "

8.8 , 0.0482 0.547
0.3 M Sodium Acetate 1 0.547

8.6 1 0.0470 0.5471

1

0.4925.0 0.0246
0.4 AI Sod1um Acetate 0.4885

5.3 0.0257 0.485
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TABLE VII.

THE EFFECT OF GLYCEROL ON FIGMENT PRODUCTION BY
STAPHYLOCOCCUS PYOGENES.

Cale. O/D ~or

O/D of .extracted
Test Substance Dry .t. extracted pigment trom Average
in 1i1des' Medium mgJI.. pigment. 100 JDgIll. dry .t. O/D.

12.2 0.0155 0.127
D1st111ed Water 0.1265

12.3 0.0155 0.126

25.4 0.0386 0.152
0.05 )1 G1ycerol 0.1535

24.9 1 0.0386 0.155
i
1

31.2 0.0642 0.206
0.1 )4 G1yeero1

!
0.206

31.1 , 0.0642 0.206

35.4- 0.0862 0.24-4-
0.2 M G1ycero1 , 0.2441

35.2 0.0862 0.244

40.2 0.1192 0.296
0.3 la Glycerol 0.2935

1

41.0
1

0.1192 0.291

!
46.3 0.1503 0.324

0.4 M G1ycero1 0.3275
45.0 0.148'7 0.331
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THE EFFECT OF FIVE CARBON COMPOUNDS ON PIGMENT
PRODUCTION BY STAPHYLOCOCCUS PYOGENES.

Introduction.

Having tound that acetate eould serve as the primary

precursor ot pigment, the next step would be to tind the

possible intermediary compound necessary tor pigment synthesis.

On examination ot the structural formula of a carotenoid it

will be noted that the pigment could possibly be tormed by

a condensation ot isoprene units.

1

1 1 1 1 1
1 1 1 1 J

-CTC-y=C-CïC-y=C-C, C-C=y-CT C-C=9- C,c-
1 cH3 1 CH3 1 CH3 1 CH3 1

1 1 W 1 1

Center ot mole cule

Although it would appear that an unsaturated tiTe carbon

compouAd was the repeating unit. the possibility ot the

co.pound being saturated must not be overlooked.

The experiments in th1s seotion will deal with the

ettect ot various tive carbon compounds such as iso-valerie

acid. iso-valeraldehyde and beta-methylcrotonic acid on pigment

production by Staphylococcus plogenes. Iso-valeric acid and

iso-valeraldehyde are saturated compounds while beta-methylcrotonic

ac1d is unsaturated.

In the exper1ments to tollow each compound was tested

tor 1ts ability to act as a carbon source by comparing the

amount ot growth obta1ned in Fildes' medium w1thout a source
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of oarbon with that obtained when the compound was present.

This was a neoessary step because if the compound acted as

a carbon source it would mean that the compound was metabolized

and any increase in pigment production would pOBsibly be due

to the end products of this particular substance. The effect

of the test substance on pigment production was determined

with sodium acetate as a source of carbon. The amount of

pigment produced with sodium acetate and test substance was

compared to the amount produced with sodium acetate alone. If

there was an 1ncrease in pigment production due to the test

substance with no accompanying increase in growth as compared

to the control this would 1ndieate that the inorease in pigment

was due to condensations of the five carbon compound.

The Ettect ot Iso-Valerie Acid on Pigment Production by
Staphylococous pyogenes.

The tollowing experiment was earried out to determine

the affect of iso-valerie aeid on pigment production by

Staphylocoecus pyogenes. The tollowing substances were added

to separate tlasks ot Fildes' medium as the tinal concentration.

1. Distilled water to make up volume (Control).

2. Distilled wa.ter plus 0.005 M iso-valerie aeid.

3. 0.05 li! sodium aeetate (Control) •

4. 0.05 M sodium acetate plus 0.001 M iso-valerie aeid.

5. 0.05 III sodium aeetate plus 0.005 M iso-valerie acid.

6. 0.05 M sodium a'Cetate plus 0.01 III iso-valerie aoid.
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Eaeh test was done in duplicata at pH 6.8.

Sodium aeatate was prepared as a O.~ M solution

and ten ml. of this solution was added to ninety ml. of Fildes'

medium to give a final concentration in the medium of 0.05 M

sodium acetate.

Iso-valerie aeid* was prepared as a 0.1 M solution

and 10 ml., 5 ml. and l ml. of this solution was addedj

raspaotively, to 90 ml., 95 ml. and 99 ml. of Fildes! medium

to give a final concentration of 0.01 M, 0.005 M and 0.001 M

iso-valerie aeid in the medium.

The results presented in Table VIII demonstrate that

iso-valerie aeid was not utilized as a source of carbon since

it did not incraase growth when added to Fildes' medium

containing no souree of carbon other than the test substance.

This experiment also showad that the saturatad compound i80-

valerie acid will increase pigment production by Staphylococous

pyogenes without an accompanying inerease in growth. This

would lnd1eate that the organism 18 capable of ut11izing this

compound direetly as a building unit for pigment and therefore

it could be the intermediary compound in pigment synthesis.

The Effect of Iso-Valeraldehyde on Pigment Production by
staphllococcus Pyogenes.

Since iso-valerie ac1d was util1zed as a building

unit for pigment synthes1s, the followins experiment was carr1ed

* Iso-valerie ac1d, Eastman-Kodak 00., Rochester, N.Y.
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TABLE VIII.

THE EIFECT OF ISO-VALERIC ACID ON PIGWENT fRODUCTION
BY STAPHYLOCOCCUS PYOGENES.

Calo.O/D for
O/D of extracted

Test Substance Dry wt. extra cted pigment from A'yerage
in Fildes t Medium mgm. pigment. lOOmgm. dry .t. O/D.

12.8
1

0.0166 0.130
Disti1led Water

1

0.1295
12.9 0.0166 0.129

D1stl1led Water 12.8 0.0:315 0.246
+ 0.005 )4 1 0.248

Iso-Valerie Aeid 12.6 0.0315
1

0.250

1

1

1
20.5 0.1079 0.526

0.05 )( Sodium Acetate 0.5265
20.2 0.1065 ! 0.527

-O . 183~~. 8930.05 lof Sodium Acetate 20.6
+ 0.001 M 0.895

Iso-Valerie Aeid 20.~ 0.1821 0.897

1------- -- -

0.05 )4 Sodium Acetate 20.2
1

0.1871 0.926
+ 0.005 lof 0.922

Iso-Valerie Acid 20.2 1 0.1855 0.918
1

0.05 U Sodium Acetate 17.3 0.1543 0.887 ,

+ 0.01 Id 0.887
Iso-Valerie Acid 17.8 0.1580 0.887
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out to determine whether iso-valeraldehyde would exert a

similar effect. The follow1ng substances were added to

separate flasks of Fildes' medium as the final concentration.

1. Distilled water to make up volume (Oontrol).

2. Distilled water plus 0.005 M iso-valeraldehyde.

3. 0.05 M sodium acetate (Control).

4. 0.05 M sodium acetate plus 0.001 M iso-valeraldehyde.

5. 0.05 M sodium acetate plus 0.005 M iso-valeraldehyde.

6. 0.05 M sodium acetate plus 0.01 M iso-valeraldehyde.

Each test was 40ne in duplicate at pH 6.8.

The preparation of the sodium acetate solution has

been described in the previoua experiment.

Iso-valeraldehyde* ~as prepared as a 0.1 M solution

and 10 ml., 5 ml. and 1 ml. of this solution was added,

respectively, to 90 ml., 95 ml. and 99 ml. of Fildes' medium

to g1ve a final concentration of 0.01 M, 0.005 M and 0.001 M

iso-valeraldehyde in the medium.

The results in Table IX demonstrate that

1so-valeraldehyde had no effect on pigment production by

Staphylococcus pyogenes. The compound caused a slight

inhibition of growth at concentrations of 0.001 M and 0.005 M

and 1nh1bited growth completely at a concentration of 0.01 M.

From the results it may be concluded that Staphylococcus

pyogenes 1s unable to utilize this compound for p1gment

* Iso-valeraldehyde, Eastman-Kodak Co., Rochester, N.Y.
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TABLE IX.

THE XFrECT or ISO-VALERALDEHYDE ON PIGMENT
PRODUCTION BY STAPHYLOCOCCUS PYOGENES.

Ca10.0/D tor
O/D of extracted

Test substance Dry wt. extracted pigment trom Average
in 111de8' Medium mgm. pigment. 100mgm. dry wt. O/D.

12.4 0.0155 0.125
Distilled ltIatar 0.1255

12.3 0.0155 0.126

Dlstil1ed Water 8.0 0.0099 0.124
+ 0.005 M . 0.1215

Iso-Va1eraldehyde 7.4 0.0088 0.119

20.4 0.1079 0.529
0.05 M Sodium Acetate 0.528

20.2 0.1065 0.527

0.05 M Sodium Acetate 18.4 0.0942 0.512
+ 0.001 M 0.512

Iso-Valera1dehyde ! 18.4 0.0942 0.512
_._ - -- '---- - -

0.05 )1 Sodium Acetate 18.5 0.0969 0.524
+ 0.005 M 0.523

Iso-Valeraldehyde 18.8 0.0982 0.522

0.05 M Sodium Acetate
+ 0.01 M No growth

Iso-Va1era1dehyde
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produotion because ot its aldehyde group.

The Ettect ot Beta-Methylcrotonic Acid on Pigment Production
by Staphylococcus pyogenes.

The tollowing experiment was carried out to determine

whether beta-methylerotonic acid, an unsaturated tive carbon

compound, was capable ot being used directly as a building

unit tor pigment. The tollowing substances were added to

separate tlasks ot Fildes' medium to the indicated tinal

concentration.

1. Distilled water to make up volume (Control).

2. Distilled watar plus 0.0005 M beta-methylcrotonic acid.

3. 0.05 M sodium acetate (Control).

4. 0.05 M sodium acetate plus 0.005 M beta-methylcrotonic
acid.

5. 0.05 M sodium acetate plus 0.001 M beta-methylcrotonic
acid.

6. 0.05 M sodium aeetate plus 0.005 M beta-methylcrotonic
acid.

Each test was done in duplicate at pH 6.8.

The preparation ot the 0.05 M sodium acetate solution

has been described in a previoua experiment in this section.

Beta-methylcrotonio acid* was prepared as a 0.05 M

solution and 10 ml., 2 ml. and l ml. of this solution was added,

respectively, to 90 ml., 98 ml. and 99 ml. ot Fildes' medium

to give a tinal concentration ot 0.005 M, 0.001 M and 0.0005 M

* Beta-methylcrotonic acid. Courtesy ot Dr. Leger, Monsanto
Canada Ltd, Montreal, Canada.
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beta-methylcrotonic acid in the medium.

The results presented in Table X demonstrate that

with increasing concentrations of beta-methylerotonic aeid

there is a decrease in growth with an aceompanying decrease in

the amount of pigment produced per 100 mgm. dry weight. These

results reveal that beta-methylcrotonic acid exerts an effeet

opposite to that ot iso-valerie aeid as regards pigment

production.

Summary.

In the foregoing section, three five carbon compounds,

namely, iso-valerie aeid, iso-valeraldehyde and beta-methylcroton1c

acid, were tested as possible intermediary compounds in carotenoid

synthesis. Of the three eompounds tested only iso-valerie

acid was active as a possible intermediary compound ln pigment

production. Beta-methylcrotonic acid had an lnhibitor effect

on growth and pigment production while iso-valeraldehyde was

inactive at low concentrations and at a concentration of 0.01 M

was extremely toxic for the organisme The results of the

toreg01ng experlments lndlcate that the possible lntermediary

compound in carotenold synthesis by Staphylococcus pyogenes

1s a five carbon compound having the tollowing struoture and

C"
C-C-COOH

C/

the pigment could possibly be produoed by condensation ot eight
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TABLB X.

... P '.PO t

THE ~lFICT or BETA-KETHYLCROTONIC ACID ON PIGMENT
PRODUCTION BY STAPHYLOCOCCUS PYOGENES.

Ca1e.0/D tor
OID ot

.
extracted

Test Substanoe Dry _t. extracted pigment troJl ATerage
in 1i1d.s' Medium mgJl. pigment. 100mgJl.dry wt. O/D.

12.3 0.0155 0.126
Disti11.d Water 0.1255

12.' 0.0155 0.126

Disti11ed Water 10.7 0.0132 0.123
+ 0.0005 Il Beta- 0.125

lIethy1erotonic Acld 10.' 0.0132 0.12'1

20.5 0.1079 0.526
0.05 Il Sodium Acetate 0.5275

20.' 0.1079 0.529.
0.05 Il Sodium Acetate 21.0 0.1121 0.529

+ 0.0005 Il Beta- 0.5265
Methy1crotonlc Acld 20.& 0.1079 0.524

0.05 Il Sodium Acetate 18.3 0.0915 0.500
+ 0.001 }l Beta- 0.503

Methy1crotonlc Aoid 18.1 0.0915 0.506

0.05 Il Sodium Acetate 11.3 0.0555 0.'91
+ 0.005 Il Beta- 0.4915

Methy1crotonic Acid 11.8 0.0580 0.492
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From the results of the last two sections

it would appear that staphyloeoecus pyogenes produces its

pigment by uti11zing acetate to form iso-valerie ac1d wh1ch

1s then used as the bu1lding unit for the synthesis of pigment.
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THE EFFECT OF
STAPHYLOOOCCUS

VITAMIN
PYOGENES.

A ON PIGMENT PRODUCTION BY

The sim1larity in chemical structure between

carotene and vitam1n A suggested the possibility that this

vitamin could perhaps exert an intluence on pigment production

by Staphylocoecus pyogenes.

The vitamin A* used in this experiment .as obtained

trom Hotfman-LaRoche, Basle, Sw1tzerland and was found su1table

tor this experiment sinee it was dissolved in an emulsifying

agent thereby tacilitat1ng its dispersion in Elldes' medium.

The solution ot v1tam1n A contained 100,000 International

Units of vitamin A per ml. or approximately 170 mgm. per ml.

The emulsifying agent without vitamin A served as the control.

These substances were added to separate tlasks of Fildes' medium

as tollows:

1. 0.0 ml. of v1tamin A solution was added to 99.0 ml.

of Fildes' medium to give a tina1 concentration ot

760 I.U. per ml. or 0.86 mgm. per ml.

2. 0.0 ml. of the emulsifying agent .as added to

99.5 ml. of Fildes' medium.

3. 1.0 ml. of vitamin A solution was added to 99 ml.

of Fildes' medium to give a final concentration

of 1500 I.U. per ml. or 1.7 mgm. per ml.

4. 1.0 ml. of the emyls1fying agent was added to

* Arovit-Tropfenlosung, Hoffman-LaRoche, Basle, Switzerland.
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99 ml. of Fildes' medium.

5. 1.5 ml. ot Vitamin A solution was added to 98.5 ml.

ot Fildes' medium to give a tinal concentration

ot 2250 I.U. per ml. or 2.55 mgm. per ml.

6. 1.5 ml. ot the emulsitying agent was added to 98.5 ml.

ot Fildes' medium.

Each test was done in duplicate at pH 6.8.

The results presented ln Table XI demonstrate that

with lncreasing amounts of the emulsifylng agent there was a

decrease in growth but the amount ot pigment produced par

100 mgm. dry weight remained relatlvely the same. lncreasing

amounts ot vitam1n A plus the emulsitying agent resulted in

an inerease in growth with an aeeompany1ng increase in the

amount ot pigment produced per 100 mgm. dry weight. These

results would indicate that vitamin A was able to suppress the

inhibitor ettect ot the emulsifying agent on Staphylococcus

pyogenes and also that it st1mulated both growth and pigment

production. Since vitamine are catalyais it would appear that

vltam1n A 1s catalyz1ng some step 1n the metabolie pathway

resulting in an inerease in growth and pigment production.

However, the possibility ot two Molecules of vitamin A

condensing to torm a earotenoid, that 1s, beta-earotene should

not be overlooked aa another explanat10n tor the inerease in

pigment production by StaphYloeoccus pyosenes.
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TABLX XI.

THE E?FECT OF VITAMIN A ON PIGMENT PRODUCTION BY
STAPHYLOCOcCUS PYOGENES.

Cal0.0/D for
OID ot extraoted

Test Substance Dry wt. extraoted pigment trom Average
in Fildes' Medium mgm. pigment. 100 ~m. dry _t. O/D.

0.5 ml. 25.8 0.0796 0.309
Emuls1fylng Agent 0.308

25.1 0.0770 0.307

0.5 ml. Emuls1fying 27.0 1 0.0809 0.299
Agent + 750 1. U. 1 0.299
pe r ml. V1tam1n A 27.0

!
0.0809 0.299

1

1.0 ml. 14.1 0.0434 0.308
Emu181tylng Agent 0.3065

14.6 0.0446 0.305

1.0 ml. Emula1tylng 28.1 0.1135 0.404
Agent + 1500 1. U. 0.403
per ml. V1tam1n A 28.9 0.1149 0.402

1.5 Ill. 12.0 0.0362 0.302 .
Emuls1ty1ng Agent 0.303

11.9 0.0362 0.304

1.5 al. Kmuls1ty1ng 39.6 0.2076 0.524
Agent + 2250 I.U. 0.522
pe r ml. V1tam1n A. 38.3 0.1190 1 0.520

i
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PIGMENT PRODUCTION BY STAPHYLOCOOCUS FYOGENES UNDER ANAEROBIC
CONDITIONS.

Topley and W1lson (1946) state that oxygen 1s

necessary for the development ot p1gment by Staphylococcus

pyogenes and under anaerobic conditions the growth is colorless.

In prel1minary investigations we observed a slight trace ot

pigment when large amounts of growth were collected trom

nutrient agar plates which had been incubated under anaerobic

conditions. Although it could be argued that the trace ot

pigment was a re8ult ot a small amount ot oxygen being present

in the Fildes-Mclntosh jar, we concluded that it was due to

incomplete ox1dation ot the available carbohydrate in the

medium. The reason tor this conclusion 1a that the amount

of energy obtained trom the anaerobic oxidation ot a carbo-

hydrate is approximately 4-5 per cent ot that resulting trom

aerobic oxidation and therefore, more ot a given substrate must

be present in order tor the organism to gain access to the same

amount of energy that is normally supplied in aerobic oxidation.

We thought 1t possible that 1f Staphylococcus pyogenes were

grown on a medium containing high concentrations ot a carbon

source it would produce its p1gment anaerobically.

The tollow1ng exper1ments were earried out to

determine whether Staphylococcus pyogenes when grown on nutr1ent

agar conta1ning an excess of a carbon source would produee

pigment under anaerobic conditions. Two series of two per

cent nutrient agar plates (Difco) were prepared, one series
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contained 4, 8 and 12 per cent glycero1 and the other

contained s1milar concentrations ot sodium acetate.

Duplicate serles were 1noculated with washed suspensions ot

Staphylococcus pyogenes and one set was incubated aerobically

and the other anaerobleally at 37°0 tor a per10d ot tive days.

Plates to be lneubated anaerobieally were placed in a

F1ldes-Molntosh jar wlth a tube ot glucose eontainlng Methylene

blue to serve as an indlcator for anaeroblosis. The use ot

the Fildes-Mclntosh jar ls discussed in Appendix O. Since

ln these exper1ments we were prlmarlly lnterested ln de~erming

whether or not Staphylocoeous pyogenes would produce lts

pigment wlth increased concentrations ot substrate, the results

reported are of a purely qualitative nature and no attempt was

made to estimate the relative amounts ot pigment.

The results presented in Table XII demonstrate that

Staphylocoecus pyogenes will produce pigment anaerobically

provided the carbon souree 1s present in hlgh coneentrations.

This would indioate that the production of pigment 1s not

d1rectly dependent on the presence ot oxygen but rather on

the amount ot energy made available by carbohydrate oxidation.



- 75 -

TABLE XII.

PIGNENT PRODUCTION BY STAPHYLOCOCCUS PYOGENES
UNDER ANAEROBIe CONDITIONS.

Test Substanoe
1n Nutr1ent Agar Aerob1c Anaerobie

4 par oent Glyoerol + +

- - .. .... . -_ .. -

8 par cent Glycerol + +

--- --- - . -_ . -- - _ . - - . .-- - - --- -_ . ._--

12 per clnt G1yoerol + +

4 per cent Sodium Acetate + +

-

8 par cent Sodium Acetate No Growth +

--
12 per cent Sodium Acetate No Gro .... th No Gro.th

+ • Pigment
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GENERAL DISOUSSION.

Attempts to measure pigment by visual comparison

of a maas of cells or individual colonies proved unreliable

because of the ditticulty in determining whether the increase

in color was a result of more pigment per cell or due to an

inerease in growth thereby resulting in a greater 1ntensity ot

color. The method ot Stahly, Sesler and Brode (1942) tor the

colorimetrie measurement of pigment proved unsatistactory because

it yielded erratie results and tailed to give reprodueible

values. In the above method the authora tailed to rea11ze

that baeterial eells absorb ditterent quantities of light

depending on the wavelength passed by tilter. A method is

discussed in the section on General Procedure which was tound

to yield more accurate and reliable results than the previously

mentioned methods. This method was capable ot determining

whether a given physical or chemical tactor would 1ncrease or

decrease pigmentation when compared to a control.

The liquid medium of Fildes, Richardson, Knight and

Gladstone (1936) and Fildes and Richardson (1937) was found

suitable tor use since it ia a synthetic medium and theretore,

all constituents ot the medium are chemically defined. Another

factoravoring the use of this medium was that the test

substance could be added in lieu of glucose enabling us to

determine the etfect of the test substance on pigmentation in

the absence ot another source of carbon.

Aeration, by means of a shaking machine, at room
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temperature was found to be the most satisfactory method for

the production of pigment by Staphylococcus Eyogenes. The

reason being that when the organisms are shakén they have a

greater access to oxygen and to the available mutrients in the

medium.

Staphylococcus Eyogenes will produoe its pigment in

the absence of a source of carbohydrate but the amount will

be less than its presence allows. A possible explanation

for the production of pigment in the absence of a source of

oarbohydrate would be that some of the amino acids present

in the medium were utilized as a source of carbon and energy.

If this were not SOt no growth would have appeared in the medium.

The oompounds wh10h served as the source of carbon could also

be used for the production of the pigment by the bacteria.

Staphylococcus pyogenes may be capable of metabolizing some

of the amino acids to acetlc acid which 1s then utilized for

pigment production. Acetic acid has been shown to be

produced trom glycine by Escherichia coli (Stephenson and Gale,

1937), trom alanine by Mycobacterium tuberculosis (Campbell. 1925),

and from glutamic aeid by Hemophilus parainfluenza (Klein, 1940).

staphylococous pyogenes may also be able to utilize the oxidation

deamination product of valine. iso-valerie aeid. 1s a building

unit for pigment.

Experimenta were conducted to determine whether

enzyme inhibitors such as sodium fluoride, sodium arsenite,

sodium fluoroacetate and sodium malonate would 1nhib1t or enhance

pigment production by Staphylococcus pyogenes. These etudies
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were done with proliterat1ng organisms and not with cell-free

extracts or resting cel1 suspensions. Sodium fluor1de at

pH 6.8 resulted in an increase in pigment production by

StaphYlococcus pyogenes. With increasing concentrations of

sodium fluoride there was a subsequent decrease in growth but

the amount of pigment produced per 100 mgm. dry weight of

growth remained somewhat higher than that of the control.

At pH 6.0 sodium fluoride inhibited the growth ot Staphylococcus

pyogenes. ~ritzgerald and Bernheim (1948) observed that the

ox1dation of glucose, fruotose and trehalose by Mycobacter1um

tubercutos1s was 1ncreased by sodium fluoride at pH 6.8.

This effect of sodium fluor ide on ox1dat10n may a1so apply to

Staphy10coccus pyogenes and therefore, w1th increased ox1dation

of glycerol there was a correspond1ng 1ncrease in pigment

production. Another explanation May be that pH 6.8 a fluoride­

insens1tive pathway ex1st which would function when the

glycolytio pathway has been blooked by sodium fluor1de. The

results obtained with sodium fluoride at pH 6.0 were similar

to those obtained by Fritzgerald and Bernheim (1948) with

Myoobacterium tuberculosis. The amount of pigment produoed

per 100 mgm. dry weight of growth was increased by sodium

malonate. The results also indioated that this oompound aoted

as a carbon source because when 1t was added to Fildes' medium

contain1ng no carbohydrate there was an 1ncrease in growth as

wel1 as p1gment production. Gray (1952) demonstrated that

dried cel1 preparations of Pseudomonas aeruginosa decarboxylated
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malonie aeid to aeetie acid. It may be that the inereases

in growth and pigment production were a result of Staphyloeoeeus

pyogenes being able to decarboxylate malonie acid to aeetic

aeid and carbon dioxide. The acetic ae1d produced by

decarboxylation could be used as a carbon source and also as a

precursor of pigment. Sodium arsenite and sodium fluoroacetate

were found to be extremely toxic for the organism. Although

the inhibitors caused a marked decrease in growth they did not

completely suppress pigment production, thus showing that in

the presence of a carbohydrate the complete suppression of

pigment production by enzyme inhib1tors is impossible. It

would therefore appear that the amount of pigment produced by

an organism is proportional to the degree of oxidat1on of the

substrate.

Sinee Staphyloeoceus plOgenes will produce its pigment

in the presence of a carbohydrate, it must be capable of

utilizing one of the end-products of carbohydrate metabo11sm for

th1s funetion. Investigations were oarried out to determine

whether sodium acetaté would have any influence on pigment

production. Results indicated that sodium acetate was utilized

by Staphlloe~ecus pyogenes for growth and pigment production.

Although, less growth was obtained with sodium acetate than with

glycerol, the amount of pigment produced per 100 mgm. dry weight

of growth was considerably higher in the presence of sodium

acetate. Sodium acetate at a concentration greater than 0.2 M

inhibited growth to auch an extent that the yleld of growth was
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less than that o~ the control but the amount o~ pigment waB

relatively higher. It would appear ~rom the results o~ the

experiment that the controlling tactor in pigment production

was the amount o~ acetate available to the organism and

theretore, acetate could serve as the primary precursor o~

pigment. It a compound other than acetate were utilized ~or

pigment production, the amount ot pigment produced with glycerol

would have been higher than that produced by acetate.

In the laboratory it is o~ten not1ced that

Staphylococcus pyogenes when tirst isolated will produee

abundant pigment when grown on, for example, nutr1ent agar but

upon subsequent subculture 1t will lose this ability to produce

pigment. In the majority ot cases there ia a gradualdecrease

in pigment until tinally the growth 1e colorless. Goldschm1dt

and Po.elson (1953) observed that tryptone yeast-extract medium

conta1ned a dialyzable substance which intertered in some way with

the ability ot the cells or Staphylococcus pyogenes to oxid1ze

acetate. In a synthetic medium, g1ucose produced a sim1lar

ettect. Could 1t be that the media employed in the laboratory

contain a similar substance? This could possibly explain why

Staphylococcus pyogenes on tirat isolation produces abundant

pigment but on further subculture the organism is able to

overcome this inhib1tor eftect by degrees until tinally acetate

1a completely oxidized and theretore, no pigment would be produced.

Raving ~ound that acetate could serve as the primary

precursor of pigment, experiments were carried out to tind the
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possible intermediary compound neoessary tor pigment synthesis.

Exam1nation ot the structural tormula ot a oarotenold revealed

that the pigment could possibly be tormed by a condensation of

isoprene units. Experiments were undertaken to determine the

effeot of various five carbon compounds suoh as iso-valeric

acld, iso-valeraldehyde and beta-methylcrotonic acid on pigment

production by staphylococcus pyogenes. Of the three compounds

tested only iso-valerie acid was active as a possible

intermediary compound in pigment synthesis. Beta-methylcrotonic

acid had an inhibitor effect on growth and pigment production

while iso-valeraldehyde was inactive at low concentrations and

at a concentration of 0.01 M was extremely toxic tor the

organism. The results ot the experiments indicate that the

possible intermediary compound in carotenoid synthesis by

staphylococcus pyogenes ls a saturated five carbon compound

having the following structure
c~

C--C--COOH and the pigment
C/

oould possibly be produced by condensations of e1ght flve carbon

units. The fact that the organism utilized the saturated

compound would indicate that the organism contains a dehydrogenase

capable of removing the hydrogen atoms either prior to or after

the formation of the pigment. This step is necessary since

the carotenold ls an unsaturated compound. It would appear

that Staphylococeus Fyogenes produces its pigment by utilizing

acetate ta form iso-valerie aeid whieh is then used as the

buildlng unit for the synthesis of the pigment. The question
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which remains to be answered 1e whether four five carbon unite

combine "head to tail" to form a twenty carbon compound which

then dimerises "tail to tail" or whether two tive carbon units

combine "ta il to tail" and the Molecule built up by "tail to

tail" condensation at either end ot this ten carbon chain to

torm the pigment.

The similarity in chemical structure between carotene

and vitamin A suggested the possibility that this vitamin could

perhaps exert an intluence on pigment production. Experiments

with vitam1n A revealed that this vitamin stimulated both

growth and pigment production by Staphylococcus pyogenes.

Since vitamins are catalysis it would appear that vitam1n A

was catalyzing some step in the metabolic pathway resulting in

the increases in growth and pigment production. However, the

possibility of two molecules ot vitamin A condensing to form a

carotenoid, that is, beta-carotene should not be overlooked as

another possibility for the increase in pigment production.

Topley and Wilson (1946) state that oxygen 1s

necessary for the development of pigment by Staphylococcus

pyogenee and under anaerobic conditions the growth i8 colorless.

From the results of preliminary experiments 1t was concluded that

the lack of pigment anaerobically was due to the incomplets

oxidation of the available carbohydrate in the medium. We

round it possible to produce pigment anaerobically by growing

the organism on a medium containing high concentrations ot a

carbon source. This would indicate that the production ot
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pigment is not directly dependent on the presence of oxygen

but rather on the amount of energy made available by

carbohydrate oxidation.

In conelusion we would like to quote Palmer (1922):

"The whole subject of carotenoids and related pigments is a

fascinating one and offera as many unsolved problems as any

other phase of experimental biology and biochemistry ••••• The

extension of the frontiers of our knowledge regarding these

pigments which are so abundantly distributed in so many plants

and animals is certain to prove a profitable as well as an

interestlng undertaking."
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GENERAL SUMMARY OF RESULTa.

1. A method has been discussed which was tound capable ot

determining whether a given physical or chemical tactor

would 1ncrease or decrease pigmentation when compared to

a control.

2. Fildes' synthetic medium was tound suitable tor use as a

test medium.

3. Aeration, by means ot a shaking machine, at room temperature

was tound to be the Most satistactory method tor the

production ot pigment by Staphylococcus pyogenes.

4. Staphylococcus pyogenes will produce its pigment in the

absence ot a source ot carbohydrate but the amount will be

less than its presence allows.

5. Sodium tluoride at pH 6.8 resulted in an increase in pigment

production by Staphylococcus pyogenes and at pH 6.0 it

inhibited the growth ot the organisme

6. Pigment production by Staphylococcus pyogenes was increased

by sodium malonate.

7. Sodium arsenite and sodium tluoroacetate were tound to be

extremely toxic tor the organisme Although the inhibitors

caused a marked decrease in growth, they did not completely

suppress pigment production.

8. Sodium aeetate was utilized by Staphylococcus pyogenes tor

growth and pigment production. Although, less growth was

obtained w1th sodium acetate than with glycerol, the amount

of pigment produced par 100 mgm. dry waight ot growth was
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considerably higher in the presence or sodium acetate.

Results ind1cate that sodium acetate could possibly

serve as the primary precursor of pigment.

9. Experiments revealed that the saturated rive carbon

compound iso-valerie acid will increase pigment

production by Staphylococcus pyogenes without an

accompanying increase in growth. This would indicate

that the organism .as capable of utilizing this compound

directly as a building unit for pigment.

10. Iso-valeraldehyde was found to have no effect on pigment

production by Btaphylococcus pyogenes.

11. Results revealed that beta-methylcrotonic aeid exerted an

effect opposite to that of iso-valerie as regards pigment

production.

12. Vitamin A was found to stimulate both growth and pigment

production by Btaphylococcus pxogenes.

13. It was found possible to produce pigment anaerobically by

growing the organism on a medium containing high

concentrations of a carbon source.
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CLAIM TO ORIGINALITY.

The results presented in this report constitute

an original oontribution to the understanding of pigment

production by staphylococcus pyogenes in that the following

tacts have been established:

1. A method has been developed which is suited tor

determin1ng whether a given physical or chemical

tactor would increase or decrease pigmentation when

compared to a control.

2. Staphylococcus plOgeneS will produce its pigment in

the absence of a source of carbohydrate but the

amount will be less than its presence allows.

3. Sodium fluoride at pH 6.8 resulted in an increase in

pigment produotion by Staphylocoocus pyogenes and at

pH 6.0 it inhibited growth.

4. Pigment production was increased by sodium malonate.

5. Sodium fluoroacetate and sodium arsenite were found to

be extremely toxic for the organisme Although the

inhibitors oaused a marked decrease in growth, they

did not completely suppress pigment production.

6. Sodium acetate was utilized for growth and pigment

production. Although, less growth was obtained with

sodium aeetate than with glycerol, the amount of pigment

produced per 100 mgm. dry we1ght of growth was

considerably higher in the presence of sodium acetate.

Resulta indicate that sodium acetate could possibly
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serve as the primary precursor of pigment.

7. Experiments revealed that the saturated five carbon

compound iso-valerie acid will increase pigment

production without an accompanying increase in

growth. This would indicate that the organ1sm was

capable of utilizing this compound directly as a

building unit for pigment.

8. Iso-valeraldehyde was found to have no affect on

pigment production.

9. Results revealed that beta-methylcrotonic acid exerted

an effect opposite to that of iso-valerie acid as

regards pigment production.

10. Vitamin A was found to stimulate both growth and

pigment production.

11. It was found possible to produce pigment anaerobically

by growing the organism on a medium containing high

concentrations of a carbon source.
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APPENDIX A.

FORMULAE AND METHODS OF PREPARATION OF MEDIA.

1. Chapman's Medium:

Mannitol l per cent

Gelat in 3 per cent

Tryptone 1 per cent

K2HP04 0.5 per cent

Lactose 2.5 per cent

NaCl 7.5 per cent

Agar 1.5 per cent

Autoclaved twenty minutes at f1fteen pounds pressure.

2. Fildes' Medium:

Part 1.

D1st1lled water 550 ml.

dl-Alanine 0.12 gm.

dl-Valine 0.15 gm.

l-Leucine 0.17 gm.

Glycine 0.05 gm.

l-Proline 0.07 gm.

l-Hydroxyproline 0.08 gm.

l-Asparat1c acid 0.18 gm.

d-Glutam10 aoid 0.09 gm.

dl-Phenylalanine 0.08 gm.

1-Tyros1ne 0.05 gm



d-Arg1n1ne.HOl

I-Hist1dine.HOl
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0.05 gm.

0.05 gm.

l-Lysine.HOl 0.09 gm

The amine acids were dissolved, pH adjusted to 6.8

with M/lO phosphate butter and volume adjusted to 600 ml.

Autoclaved tor twenty minutes at titteen pounds pressure.

Part 2.

The tol1owing were added to 60 ml ot Part l to give a tinal

volume ot 100 ml.

MgS04• 7H20, M/60, autoclaved.

NaN03,M/5, autoclaved,

Fe(NH4)2S04,M/500 in M/50 H01,autoclaved

Th1amine.H01,M/2000, tiltered. D11uted
1/100.

Nicotinam1ne, M/200, autoclaved.
Diluted 1/10.

dl-Methionine, M/100, autoelaved.

I-Tryptophane, M/IOOO, autoclaved.

1-Oyst1ne, M/IOO 1n M/50 HOl, filtered.

l ml.

l ml.

2.5 ml.

2 ml.

2 ml.

2 ml.

1 ml.

2 ml.

Distilled water plus compound to be
tested. 26.5 ml.

Concentration ot phosphate butter was now

approx1mately M/16. pH ot final solution was 6.8. The

above solutions were stored in retrigerator at 5°0.

3. Watt and Werkman's Medium:

Peptone

Yeast Extract

Na01

l par cent

0.5 per oent

0.5 par cent



pressure.
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Beet Extract 0.5 per cent

Agar 2 per cent

Autoclaved twenty minutes at titteen pounds
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APPENDIX B.

OPERATION OF EVELYN PHOTOELECTRIC COLORIMETER.

The correct ti1ter was placed in the 1ight beam

ot the instrument. Next an Evelyn tube containlng the blank

was p1aced in the tube ho1der. The galvanometer lamp was

turned on by means ot the galvanometer lamp switch, and the

ga1vanometer adjusted to zero by movlng the coarse zero

adjustor on top ot the galvanometer. The co1orimeter lamp

was then turned on and the ga1vanometer adjusted to 100 per

oent transmission ot 1ight or optlcal density of zero by

means of the coarse and tine adjustments on the instrument.

The tubes containlng the samples were now p1aced in the

instrument and the per cent transmission read directly from

galvanometer sca1e. Per cent transmission converted to

optlcal density by means ot the fol1owlng tormu1a optlca1

denslty = 2-Log of G, "G" being galvanometer readlng.

STANDARDIZATION OF ABSORPTION TUBES.

The absorption tubes used in these experiments were

se1ected 7" x 7/8" round bottom test tubes which had been

checked for uniformity ot physica1 dimensions within plus or

minus 1 per cent by the manufacturer (Rubicon Co., Philadelphia,

Pa.).

Before using these tubes for any accurate work it .as

necessary to test their uniformity under actual operatlng
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conditions as tollows. AlI tubes were cleaned thoroughly

with cleaning solution and 15 ml. ot distilled water was

placed in each and the lower end ot aIl the tubes were

polished with a clean cloth. Uaing the 10 cc. aperature and

a 660 mu filter, the galvanometer was adjusted to exactly 50

with the holder empty. The tubes were then inserted one at

_______ _ B -t-i me ,- rotat-ing -e-a c-h--o ne -s l:o wi;y-through-on~ - t u I l- r e vo l u t i -on

to determ1ne the position of greatest stability of reading and

a diamond penoil mark was made at the upper end of the tube

to oo1ncide w1th the vertical white 11ne on front of the

bakelite sleeve (this line was used to locate the tube in the

same relative position every time it was placed in the

apparatus). AlI tubes which differed by more than 0.25

divisions from the Mean was discarded, as weIl as any tubes

whieh tluotuated more than 0.5 divisions when rotated through

360 degrees. Tubes wh1ch contormed to the above specitioations

ware used in our exper1mental work.
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APPENDIX C.

OPERATION OF THE FILDES-MCINTOSH JAR.

The cultures were placed in a steel jar. The

matal lid was put in place and sealed with a beeswax-vaseline

mixture. The lid was equipped with two valves, two electric

terminals and on the under surface thare was an electric light

bulb surrounded by a wire net holding asbestos impregnated

with palladium black. A suction pump was used to exhaust

most ot the air in the jar and it was replaced with hydrogen

gas. The electric terminals were connected and the electric

bulb provided heat to activate the catalytic activity of the

palladium black tobring about the union ot hydrogen and the

remaining oxygen in the jar.




