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CHAPTER I

INTRODUCTION

The nutritional requirements of Micrococcus lysodeikticus have
been studied for maﬁy years. At least four synthetic media have;beén
proposed. . Feiner, Meyer, and Steinbergv(7) reported in 1946 that they
were unable to cultivate any‘of the thr@@'immunologically distinct |
Straiﬁs testéd unless'crud@ folvite liquors (impure folic acid) were
used. When pure folic acid was added to synthetic ﬁedia, growth did
not occur. Some media formulations ha?e been rather simple containing
only minerals, glucose, an amino acid and biotin (25); others become
more .complex employing up to 16 amino acids, 8 Buvitaminsg purines,
pyrimidines, mineralé and glucose (24). Regardleés of the comélexity
of the media, the workers whp obtained growth in synthetic media used
biotin and glucose plus an aﬁino acid or an amino acid m}gture and

mineral salts.:

There appear to be at least 3 "strains" of M, lysodeikticus (Iowa
State, Purdue and Western Reserve University strains), all of which
appear to have different nutritional requirements.’ Whether they are

all different strains of M. lysodeikticus is not known, since information :

is lacking relating to identification of this organism. It is merely
described in Bergey's Manual (6th Edition) as a yellow micrococcus easily
lysed by lysozyme. It is not listed im the 7th Edition of Bergey's

Manual,



It had been demonstrated that the Purdue University strain of

M. lysodeikticus required, for its growth, a substance present in

peptone (5). This peptone “factor" could not be replaced by any
combination of vitamins and amino acids, nor could it be replaced.by
purines, pyrimidines or carbohydrates (3), These preliminary studies
indicated that the substance in peptone which was responsible for
growth was either completely new or a compound not usually added to
bacteriological media. The main purpose of this research was to

devise a chemically defined .medium for the Purdue Umiversity strain

of M. lysodeikticus, which would allow good growth and, if possible,

to identify the unknown substance present in peptone.



CHAPTER 1T
. HISTORICAL

Micrococcus lysodeikticus was isolated from the air in a laboratory

and first described by Fleming (8). The-organism, a Gram-positive micro-
@0©cus,vgrows well on ordinary media within a range of pH 7.0 to 7.6 and
has an optimum teémperature of 37 C. The colonies are characteristically
yellow, convex, opaque, smooth, and glistening, Reactions in the usual
biochemical media are generally negative. Gelatin is not liquefied.
Nitrates are not reduced, Litmus milk becomes slightly alkaline with

no other changes. Glucose, lactose, ﬁaltose, saccharose, mannitel, aqd
salicin are not fermented.  Indole and hydrogen sulphide are not produced
and starch is not hydrolyzed (7).

This organism is important because it i1s easily lysed:by lysozyme,
an enzyme present in tears, phagocytiec ecells and other body secretions,
In the bedy, lysozyme functlioms in a non-specific manner to protect
mammals from bacterial invasion by causing lysis andkbr death-ofﬁmany
baecteria. Because.lysozyme is an impbrtant body defense mechanism, any
organism susceptible to its action becomes important as a '"tool" to
- study the lytic mechanism of the enzyme. Also, Susceptible.bacteria
become important . because they can be used for study of the synthesis of
the lysozyme-gsubstrate in the cell wall of bacteria, 1In those circum-
stances where the Substrate~cemprises the bulk of the cell wall, they
can be used to study synthesis bf the cell wall. Studies, thus far,

show that the substrate of lysozyme is an aminopolysaccharide (14, 6)

3



located exclusively in the cell wall of bacteria (20; 22, 9, 10, 23).
Depolymerization and subsequént dégradation of this material by
lysozyme leads to lysis of the.cells'(i&)u Once . removal of .the cell
wall has occurred leaving the cytoplasmic membrane as the only external
protective structure, plasmbptysis easily occurs unless hypertonic
solutions are employed to protect and stabilize the remaining protoplasts
(22). |

Before studies can be initiated which relate to the synthesis of

the cell wall df‘yo.lysqdeikti@us er, more specifically, the lysozyme

substrate in the wall; it would be desirable to grow the organism in a
completely synthetic medium. ;Sﬁch a synthetic medium . would simplify
studies that could relate differences between nutrition and .the suscepti-
bility of cells to lysis by lysozyme (cell wall coméosition), Isotopic
tagging for study of specific cell wall precursor substances could alse
be done more accurately using synthetic media. Several synthetic media

formulations for M. lysedeikticus have been reported,

Feiner, Meyer and Steinberg (7) made the first attempt to devise a

synthetic medium for M. lysodeikticus, using three immunologically

distinet strains. Their attempt was unsuccessful; they were able to-

obtain good growth only when they used a Lactobacillus casel factor (a
folvite liquor which haé been shown to be impure folic acid). -When they
substituted pure folic acid9 growth did not eccur. .They also observed
that no stimulation of grewth ceccurred when any of the B-witamins
including biotin were added.

‘Wessman, Allen and Werkman (24) reported that their strain of

M. lysodeikticus (Iowa State University) grew well in a synthetic medium

containing 16 amino acids, 8 B-vitamins, purines, pyrimidines, salts and



glucose. They observed that biotin was stimulatory to growth (éee
_App@ndix for composition of their medium).

In 1955, at the meeting of the Society of American Bacteriologists
in New York City, Wolin and Naylor (25) reported a syntﬁetic medium for

M. lysodeikticus. The meédium contained biotin, gluceose, glutamic acid

and minerals (see Appendix for composition of their medium).

In the same year, the formulation of a synthetic medium for M.

lysodeikticus was obtained from Dra:Heden of Sweden (personal communication
to Dr. E, A, Grula)., The synthetic medium contained only minerals, glucese
and casamino acids. .Bilotin was not used (see Appendix for composition of
the 'medium),

-Also in 1955, Gerhardt and Britt (4) reported using a "synthetic"

medium during their studies on the lysine "pooi" of Mu;lysodeikticus. .The,
source of their strain is not known, however, they stated that.their
medium actuqlly required the addition‘of yeast extract. Also, the orgaﬁn
ism grew abundantly in 1 orxr 2 per cent peptone water, |
Litwack and Pramer (13)ia150»reported that their strain (Ritgers
University stq@k culture) grew abundantly iﬁ 1 per cent peptonen . They
attempted to grow the organism in 10 different peptones and observed
that neopeptone or protone allowed no growth whatever. With regard to
further work concerning the synthesis of the.lysazymEQSUbstrate,:it.is
{.interesting to note that they obs@rvedvdiffer@nt amounts of lysozyme-
lysis.after growing the organism in the presence of variocus peptones (13).
Although Repaske (19) investigated only Gramunegative bacteria, he has
also reported that variation in medium composition (all complex media)

resulted in changed response of cells of lysozyme (19},



A recent publication, regarding the nutritional requirements of .

- M. lysodeikticus, was reported .by Wolin and Naylor (26). Their

synthetic medium contained minerals, biotin, glucose and monosodium
glutamate. -They reported that this medium allowed .better growth of the
organism than complex media. When the Purdue University strain of M,

lysodeikticus was inoculated into.these media, growth did not occur (3).

.Brock (5) using the Purdue University strain of MqiLysqdeikticus

(a subculture of the original organism isolated by Fleming), was able to
obtain growth in a medium containing only amino acids and mineral salts
when a "factor" present in either peptone or trypticase was present.
Brock found that the factor Qas.dialysable, heat stable (withstood
.boiling for 1 hour in neutral solutions) and resistant to digestion by
trypsin, chymotrypsin and pepsin (5).

. Brickler (3) reported that he was able to obtain the factor present
in peptone in a relatively concentrated state by selective elution from
a Dowex-2 anion exchange resin column with 0,3N HCl. Some properties of
the factor as reported by.Brickler may be summarized as follows:

1, .Very soluble in water.

2, -8table to acid and alkali and heat (cannot be destroyed when
heated to boiling for 60 minutes at pH 1.0 te . 11.9).

3. Soluble in 70 and 95 per cent alcohol,

‘4, Not soluble in benzene or ether. {(The latter refluxed for
24 hours continuously.)

5. . Not steam distillable.

6. The factor is organic, since ashing destroyed growth promoting
activity.

7. It is not a naturally occurring amino acid.
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a small dialyzable molecule.
not a sugar,

not a short chain fatty acid.
not a known vitamin.,

not precipitated by.1l, 2, 3, 4 or 5 volumes of 95 per

cent alcohol.

.Because the Purdue University strain of M. lysodeikticus does not

grow in any of the reported synthetic media, we have assumed that there

are differences in the nutritional requirements of the various strains.

For that reason and because cell wall synthesis studies are planned, we

‘have attempted to formulate a synthetic medium which would allow good

growth of the Purdue University strain of M, lysodeikticus and also to

identify, if possible, the '"unknown' factor present in peptone.



CHAPTER I1I
MATERIALS AND METHODS

Organism: The Purdue University strain of M. lysodeikticus is a

subculture from the original culture isolated by Fleming in 1922
and sent to this country to Dr. §, E. Hartsell of Pur&ue»Umiversity

at least 12 years ago.

Inoculum: Young cultures, 18-24 h&ﬁrs old, grown on nutrient agar
slants at 37 C, were washed twice .in 10 ml of 0.85 per cent sterile
sodium chloride solution (Saliné) and resuspended in 10 ml of sterile
sélin@ prior to inoculation. To inoculate the synthetic media, one
drop of the cell suspension (65 per cent transmittance measured‘at
335 mp) was inoculated into 5 ml of:medium from a sterile 1 ml
pipette. The inoculated media were then placed on a rotary shaker
(240 fgpgm.) at 25 C for at least 24 hours. (Shaking conditions were

. always used because .this organism is highly aerobie.)

Basal Medium: The basal medium consisted of 1 ml mineral solution,

I ml potassium phosphate buffer solution (sée‘Appendix) and 0.5 ml
"Witamin Free" casein hydrolyzate.(enzymatic)? The growth factor or
test compounds and triple distilled water were added to the basal
.medium to‘make a final total vélume of 5 ml. Autoclavipg\was at. 12 1bs

pressure for 10-15 minutes, unless otherwise indicated.



Cleaning of Equipment: All pipettes, test tubes, bottles and other

glassware were allowed to .remain in chromic acid cleaning solution for
at least 24 hours and then rinsed 15 times with‘tap water and 5 times

with double distilled water prier to use.

Growth measurements: .Growth was determined by measurement of the
optical density or per cent transmittance of liquid cultures at.535 m

in a Bausch and -Lomb spectrophotometer, Type 33-29-40.

Fractionation of the growth factor from peptone using Dowex-2 anion

exchange resin column: .The growth factor used in all experiments was
pértially purified using a Dowex-2 anion exchange resin column. -The
column had . been aged in distilled water at room teﬁperature for aéproxi;
- mately 8 months before using. A small amount,of glass wool was placed
at the bottom of a glass tube9 57 cm leng and 26,mm in diameter tapered
at one end to prevent'the resin from washing out. Dowex-2 anion exchange
resin suspended in triple distilled water was,pbured into the coiumn to
a point 25 cm above the glass wool., The column was washed with triple
distilled water until the effluent was colorless and neutral, The resin
column was then cleaned by allowing 100 ml of 1IN HClL to run through at
the rate of about 100 drops per minute. When the acid level reached
the top of the resin, water was added and the resin was washed until the
effluent was almost neutral° After the final wash; whgn the water.level
reached the top of the .resin column, 50 ml of 2N NaOH heated to 75 C was
_added. When the NaOH level reached. the top of the resin, the column was
again washed with distilled water until neutral. After this treatment,

the column was charged (negative charge) and ready for use,



10

Twenty-five ml of a 5 per cent peptone solution was passed,througﬁ

the column at the rate of about.100 drops per minute and the effluent

spesentsy, The column was then Qashed with distilled water until neutral,
.Fifty.ﬁl of 1IN acetic acid was then added and the effluent was again
discarded (this step removed many charged compounds such as aminoe acids),
When the acid level reach@d the top of the resin, the column was washed

with distilled water until neutral.

Elution of the growth factor from Dowex-2 anion @xchange resin: . Fifty
ml of 0,.3N ‘HCl was then passed through the column and the rate of flow
maintained at about 100 drops per“minutef‘*When the acid level reached
.the top of the resin, water was added very slowly and collection of the
effluent was immediately begun using an automatic fraction collector.
‘The rate of flow was adjusted to 18 ml per hour, and collected in 10 ml
fractions for 12 hours. The factor was detected by microbiological
assay employing the liquid basal medium consisting of buffer, minerals,
casamino aclds and 0.5 ml of each collected fraction (see Appendix),

A light brown color appeared to be asgociated with thg presence of the

factor.

Further purification of the factor after elution from the Dowex-2 anion

-exchange fesin:‘ The factor, which had been eluted from the column and
neutralized with NaQH for_microbiologi@al assay, was evaporated to
dryness in a vacuum oven at 60~C; resuspended to approximately one- .
fourth of its original volume with distilled water, and placed in the

refrigerator. After 24 hours, a precipitate began to form and it was
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removed from the supernatant after 3 days.by centrifugation, -The
precipitate was disdarded since tests proved that it did not contain
the growth factor.

Although dried growth factor material could be solubilized in
either lOO per cent ethanol or methanol, attempts to crystalize the
factor using these Solvents,faiie&? -8everal other solvents were tested
to determine solubility of the factor (pyridine, hexane, absolute alcohol,
butanone, diethyl amine, acetone, t-butanol, methyl alcohol, n-butanol).
These studies showed that the factor was goluble only in ethanol (up to

100 per cent) or methanol,

Further purification éﬁ the factor from the column using paper chroma-
tography: (a) n-butanol/acetic acid/water system: About 0.05 ml of
the supernatant obtained after refrigeration was deposited on a strip
of Whatman No. 1 filter paper 22 inches long and .1% inches wide, under
a continual stream of hot air from a haifmdryera The papers were then
gquilibrated for 1 hour by letting them hang suspended in the ghromaw
tography jar in the presence of the developing solvent which was placed
in the bottom of the jar im a petri dish. -Dev@loperv(gfbutanol/acetic
acid/water (4/1/5)) was then added to_ﬁhe troughs and allowed to flow
over the papers for 22-24 hours (24). The papers were then removed and
hung in an oven at_éO-Cgfor 10 hours (this step removed the acetic acid
and butanol from the paper),v The strips were them cut into two halves.
One half was dipped into ninhydrin dissolved in acetone (125 mg per 100
ml ), then heated in an oven at 105 G for 5 minutes to permit color
.development. The other half was reserved for the bioautegraphic plate

test.
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(b) Phenol/water system: The factor from the column was placed on the
paper as previously described, and then chromatographed in phenol/water
(7/3) for about 12 hours at 25 C. . The chromatograms were then heated
in an oven at 60 C for 12 hours to remove the phenol. VA}narrow‘Strip
was cut from the chromatogram, treated with ninhydrin, and heated in an
oven at 105 .¢ for 5 minutes. The remainder of the chromatogram was
placed on a.seeded bioautographic plate which was incubated at 37 C for
12-24 hours. After in@ubation thevr@gion on the plate .that gave growth
was marked and the Rf value determined. The Rf value of the growth

factor 1in this system .was 0.73-0.77.

-Elution of the growth factor from paper chromatograms: The location of

the factor on the chromatograms was determined by comparison with growth
areas on biocautegraphic plates, The area containing the growth factor
was then cut out, 6-8 pieces were stapled together and eluted with
flowing water for at least 8 to. 12 hours in a dark and closed system.
The eluate waé evaporated to drynesgs in a vacuum oven at 60.C and kept

for further purification.

Final gurification»gﬁ;the factors: The dried factor obtained using

chromatography .in either phenol/water or butanol/acetic acid/water was
resuspended in a small quantity of water and re-chromatographed for
final purification using the n-butanol/acetic acid/water (4/1/5) system.
.Using the bioautographic plate methed, two growth areas were located in
a position of about Rf 0.3 and 0.5 on the chromatogram. -The regions in
the chromatograms containing, the growth factors were then cut out.,

eluted with water and taken to dryness in the vacuum oven at 60 C.



13

.Becauge the areas on the chromatograms which allowed growth as
determined by the bioautographic technique did not react with any color-
producing reagents and did not absorb under ultraviolet light, it was
necessary to calculate their position prior teo slution dm the basis of
Rf. Such procedures do not allow accurate work, however, it would have
been physically impossible to check the Rf values of the growth areas

on each chromatogram using the biocautographic technique.

Bioautographiclplate test: Three grams of agar (Bacte) was added to

150 m1 of the basal medium. The contents were autoclaved at 12 1lbs

pressure for 15 miniites, Ten m} of‘a @@11 suspension of M. ;ysodeikticus
which had been washed 3 times in sterile physiological saline (trans-
mittance 20 per cent) was then poured into the basal medium after it had
cooled to about 50 €. The seeded medium was gently shaken for mixing
and poured into a Pyrex glass rectangular plate (14" x 9" x 2") and
covered‘with é flat glass plate to insure aseptic'@onditionsu After
the medium had solidified, the chromatogram to be tested was placed
carefully on the surface. The seeded medium was incubated at 37 C for
12-24 hours. After incubation the chromatogram was removed with forceps
and the plate was examined for growth under a2 subdued or indirect light
source. The region on the plate tha; showed growth (usually a hazy
diffuse zone) was marked with a glassvmarking pencil and the Rf value
was then determined and compared to paper strips that had been treated

with various spray reagents used for detection of different compounds.

Acid hydrolysis for the detection of amino acids: About 0.2 ml of the
concentrated 0.5 Rf material was placed in a 2 ml ampule and evaporated

to dryness. Two-tenth ml of 6N HCl was added. The ampule was then
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sealed with a flame and autoclaved at 15 1bs pressure for 20 hours.
.The hydrolysate was evaporated to .dryness in a vacuum oven at 60 C,
resuspended in water and dried three times in order to cause evapo-

ration of the acid.

Alkali hydrolysis for the detection of amino acids: Approximately

0.2 ml of 3N,NaOH was added to a dried sample and the mixture was

treated as previously described above. After hydrolysing for 20 hours
at 15 lbs pressure, the hydrolysate was dried im a vacuum oven at 60.C.
Sufficient 1IN HCl was then added to make the final pH about 1.0,  This
procedure transforms the amino acids contained in the hydrolysate into
a chloride form which are soluble in acetone. The contents were

evaporated to dryness and extracted with dried acetone (salts and acid

would not dissolve in acetone),

Redfield's technique for the identification of amino acids (2-dimensional

chromatography): Whatman No, 1 filter paper was cut into an 8-inch

square. Acid or alkali hydrolysate (10-20 Pgm) was applied over ammonié
vapors to the left hand bottom corner of the paper, 2 c¢m from the edges.
Diameter of the spot was never more than % em. A constant flow of dry
air from a hair dryer was played over the paper to prevent the liquid
from spreading. The paper was folded into a cylinder shape and fixed

in position with staples at both ends. Solvent No. 1 (methanol/water/
pyridine (80/20/4))Hwas poured into a jar to a depth of 1 cm and the
chromatogram was_pléced.in the solvent. When the .solvent ascended to
the top of the chromatogram (approximately 2 hours) the chromatogram
was removed, then dried at room temperature for 15 minutes. The chroma-

togram was then unfolded and re-folded at right angles to the former
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axis and placed into solvent No. 2 (t-butanol/methyl ethyl ketone/water/
diethyl amine (40/40/20/4)). When the solvent advanced to the top of
the chromatogram (about 5 hours), it was taken out and steamed in an
autoclave for 8 minutes with beth exhaust valves open in order to
eliminate diethyl amine which is a ninhydrin-positive substance. After
autoclaving, the chromatogram was dried and then dipped into ninhydrin
in acetone (125 mg/100 ml) and heated in an oven at 105 C for 5 minutes,
The colored spots were compared with a standard chart of known amino

acids (18).

Pinchot's t@@hniéu@ for the hydrolysis of nucleotides: (a) :Acid
hydrolysis: Equal volumeé_of 1IN HC1 and concentrated factor were placed
in a test tube and heated in a hot water bath at 100 C for 20 minutes.
(b) Alkali hydrolysis: Equal volumes of 0.3N KOH and the factor were

mixed in a test tube and incubated at 37 C for 15 hours (17).

Partial hydrolysis gﬁ,thevgrowth factors using 2N sulphuric acid for

qualitative analysis: About 0.2 ml of each factor was mixed with 2 ml

of 2N sulphuric acid and heated for 2 hours at 100 C in a.test tube.
After cooling, the hydrolysates were neutralized with IN barium hydroxide
and the precipitates were removed by centrifugation. The supernatants
were evaporated to dryness in a vé@uum oven at 60 € and resuspended in

0.5 ml of triple distilled water.



CHAPTER IV
'RESULTS AND DISCUSSIONS

Since an "unknown' growth factor in peptone was found to be required

for growth of M. lysodeikticus (3), other materials were tested to see if

they contained the growth factor or if it werepresent in amounts gréater
than found in peptone. The compounds'were tested by adding 1 ml of a

1 per cent Sblution to the basal medium. The factor was present in

heart infusion, liver extract, twryptone and tryptose. - Casitone

also contained a small amount, however, none was present in jack bean
meal, milk whey, neopeptone or litmus milk. Wh@th@r the factor contained
in these various substances is identical in chemiéal composition with

the factor present in peptone has not been determined. Since these
studies showed that peptome was a good natural Squrée for the growth
factor, we attempted concentration and purification of the factor using

peptone as a starting material,

Fractionation and purification of the growth factor in peptone: A

procedure was devised for the fractionation of the factor from peptone
using a Dowex-2 anion exchange resim column which allowed relatively
‘high yields to be obtained. :Dowex-2 resin was groundfand suspended in
distilled water. The portion that did not settle in 20 seconds was

discarded. The resin was cleaned and charged as previously described,

16
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-When the rate of flow during elﬁtion of the factor with 0.3N HCL was
reduced to.18 ml per hour, a high concentration of the factor was
obtained in the 90th to 110th ml of effluent. The assays were per-
formed using the basal medium containing casamino acids, minerals, and
the buffer solution, plus quantitated amounts of column effluents which
had been neutralized with NaOH (Fig..l). No attempts were made to
quantitate the amount of purification that had.been obtainedﬂ
It was observed that a further purification could be accomplished
by drying the effluent from the column in a vacuum oven at 60 C, re-
éusp@nding it in a small amount of distilled water and refrigerating
for 3 days. .During refrigeration, a heavy white amorphous precipitate
formed which c¢ould be removed by céntrifugation, Assdy showed .that the
growth factor remained in the supernatant.
The partially purified factor was @hromatographed,using»gubutanol/
aéetic acid/water (4/1/5) on Whatman No. 1 filter paper. After development
wilk ninhydrin, five ninhydrin-positive bands of different Rf values appeared
(0.05, 0.22, 0.35, 0.57 and 0.87). Also, at least 3 different bands which‘
fluoresced under ultraviolet.light were present (Rf values were not .de-
termined). In order to determine which of the separated materials
stimulated growth, the chromatograms were cut in half, . One half was
treated with ninhydrin, and the remaining half was tested on a seeded
bioautographic plate (SengaterialS-énd Methods section). The results

showed that not one but two growth factors were present. One was non-

reactive to either ninhydrin or,ulﬁraviolet.light_andvhad an Rf of
approximately 0.3; the other appeared to be ninhydrin positive and had

an Rf of approximately 0.5. Because the 0.3 Rf material was not well
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gseparated from some ninhydrin-positive materials, two other solvent

systems were employed to aid in separation (phenol/water (7/3) and
t-butanol/methyl ethyl ketone/water (4/4/1.5)). The phenol system
=ampletely failed to resolve the five ninhydrin-positive areas and .the
t-butanol/methyl ethyl ketone system allowed no better separation of

the ninhydrin-positive materials than Efbutanol; For these reasons,

we returned to the butanol/a@etic acid/water solvent and began purification
of the 0.5 Rf ninhydrinwpositiVefar@a since .the butanol system allowed

good Séparation of it, |

When 1-2 mg of relatively pﬁr@ 0.5 RE material had been obtained,
the material was re-chromatographed in the n-butanol/acetic acid/water
system to check for purity. . It was observed that a new ninhydrin-
positive band always appeared having an Rf of approximately 0.18. -This
could be eliminated after 5 successive chromatographic runs. We did not
determine if the 0.18 Rf material was a hydrolysis product ef‘the 0.5-Rf
material or if it was a contaminant that sep;rated only after a certain
level of purity was reached. At one time, it was thought that light was
responsible for its appearan@@,_however» elution of chromatographic
strips in the dark did net stop it from appearing.

When enough of pure 0.5 Rf material was obtained, purity was re-
checked using the 2-dimensional chromatographic method of Redfield (18).
Using this system, only onevninhydrin-positive area was observed and Et
did not correspond to any known amino acid. ‘A;sé, since the material was
ninhydrin-positive, it was assupmed to be a peptide. This material was

hydrolyzed in 6N HCl for 20 hours in the autoclave at 15 lbs pressure

and also in 3N:NaOH under the same conditions to determine the amino acid
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composition of the peptide (see Materials and~MethodS,sec£ion). Alkali
hydrolysis was used because Sbmé amineo acids such as ;ryptophan are
destroyed during acid hydrolysis;» After elimination_of the HCl and NaOH
from the hydrolyzates, the a@id_hydroiyzates were again chromatographed
using -Redfield's method. Seven amino‘acids were detected: Alanine,
glutamic acid, aspartic acid, methionine, tyrosine, cystine and glycine.
Tryptophan was not detected in the alkaline hydrolyzates. .Pure unhydro-
lyzed 0.5 Rf peptide was then dried,>weighed, and added to the basal
medium to quantitate the amount of peptide needed for growth. Now that
the peptide was chromatographically pure, it did not stimulate growthf
-Either purification had altered,its structure and therefore its growth
promoting ability or.the wrong material had been isolated.

| On several occasions,it'had 5eeh noted that the factor detected by
the biocautographic method did,notﬂexa@tly coincide with the 0.5.Rf
ninhydrin-positive band since only the upper portion of the band stimu-
lated growth. . However, because growth on the plates was very diffuse,

an accurate measurement was difficultoﬁ After the peptide was found not
to be the factor, another solvent system was employed to determine if a
growth substance could be separated,frbm the 0.5 Rf ﬁeptide, The factor
from the column was chromatographed in'phenol/water (7/3),ahd.again
re-checked using the bioautographic technique and ninhydrin. It was
observed that growth now occurred in a large area (RE 0u73=0077),located
behind all of the unseparated and fast flowing ninhydrin-positive materialsa
After elution of the ninhydrinunegaﬁive‘area, the material was re-chromato-
graphed in the n-butanol system. Bioautographic analysis showed that the

material separated into two distinct bands of Rf 0.3 and 0.47. It was
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again apparent that two growth substances were present in the celumn
effluent, neither was ninhydrin=pqsitive and the 0.47 Rf material had

not been detected in previous studies because it migrated almeost equally
with the OfS Rf peptide in the butanol system. The two factors were

then purified using chromatography in phencol/water (7/3) followed by
methanol extraction of dried samples and re-chromatography in phenol/
water followed by chromatography in the,gfbutanol/acecic acid/water (4/1/5)

system,

Substitution of known compounds in place of the growth facters in the

basal medium; .While studies velating to purification of the unknown

factors progressed, we continued to add known compounds to the basal

medium to obtaim growth. Although vitamins, purines, pyrimidines,
carbohydrates, and fatty acids had been checked repeatedly, it .was possible
‘that a @ombinatiqn of these materials was required and .that the correct
combination was being missed. Thevfull_impa@t of this type of thinking
came to our attention during an extended experiment employing purine

and pyrimidine compounds. We had added 0.5 ml (1.0 mg per ml solution) of
thymine, uracil, cytosine, guanine or adenine to the basal rneu;liurry° After
inoculation, the tubes were incubated at 25.C on the rotary shaker, however,
this time the incubation was extendedAbeyond the normal 48 hour limit that
had been routinely employed.

It was observed (at 96 hours) that the medium @Qntaining adenine
allowed some stimulation of grthh (78 per cent transmittance). The
observation that some growth occurred in the pr@senée of adenine was
immediately followed up since growth had not occurred previously unless
peptone or the partially purified factor from peptone was present in the

-medium.,
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When adenosine (0.2 mg per ml of medium}) was substituted for
adenine in the basal medium, the growth was even better (58 per cent
transmittance in 24 hours). -Equal molar concentrations of adenosine
(0.01875M), diphosphopyridine nucleotide, adenine, dJribose and adenine
plus dHribose were then incorporated separatéiy inte the basal mediump
Adenosine allowed growth in 24 hourss.whe:eas adenine or diphosphopyridine
nucleotide or adenine plus dEFribose did not permit growth until after 48
‘hours, and diribose alone could not stimulate growth.

Further tests were done using guaﬁine, guanosine, guanylic acid,
adenylic acid, flavin mononucleotide, adenesine triphesphate, diphospho-
pyridine nucleotide, and inosine. R@presentative‘results are shown iIn
Figure 2.

These studies proved that the organism possessed a puring requirement
that could be-satisfied by adenine, however, it is to be emphasized that
feeding of ﬁhe nu@leosidé (purine plus ribose) or the complete nucleotide
(purine plus ribose plus phosphate) allowed for increased growtha - The
purine requirement is not specific in that adenosine (6-aminopurine plus
ribose) or inesine (6-ketopurine plus ribose) can substitute equally well
for each other. Although hypoxanthine (6wketopurine) also stimulated
growth, the stimulation was somewhat inferior to that obtained when the
nucleoside form (inosine) was used. Some specificity waé shown, however,
since guanosine (2-amino-6-ketopurine plus ribose) did not stimulate
growth. .Pyrimidines would not substitute for furinesa Orotic acid (a

pyrimidine precursor) also failed to allow growth,

Test for growth stimulation by B-vitamins in the presence of adenosine:

Because we could now obtain growth in a semi-synthetic medium (minerals,
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buffer, casamino acids.plus adenosine) without iﬁ@orporation of the
factor from peptone, the B-vitaming were re-assayed in the presence of
adenosine in order to determine if a further stimulation of growth was
possible. Although the B;vitamiﬁs‘hadlbeen studied previously, they

had not been studied in the presence of adenosineo One ml of biotin,
Biy, choline, folic acid, inqsitol, p-aminobenzoic acid, calcium
pantothenate, pyridoxal hydrochloride, riboflavin and thiamine chloride
solutions (1 pem per ml ) were added separately to 4.0 ml of the basal
medium containing 0.1 mg of adenesine. The media were autoclaved,
inoculated, and incubated as previously described. .These studies showed
that only biotin allowed a further Stimulation_of growth during the first
24 hours; inositol also allowed some stimulation of growth, but it was

not discernable until 48 hours. (Results incorporated into.Fig. 4.)

Quantitation of adenosine for optimal growth gﬁ'ﬂa,lygodeikticus:

Differing amounts of adenosine (varying £rom 0.1 Pgm to 500 Fgm) were
incorporated into separate tubes of basal medium (5 ml) containing biotin
(0.05 Pgm)a The tubes were autoclaved, inoculated and ipcubated at 25 C
on a rotary shaker for 24 hours. Growth response is shown in Fig. 3.
-§imilar studies were also done in the absence of biotin. All studies
showed that maximum growth of the organism occurred when adenosine was

present at the level of 20 Pgm/ml of medium,

Substitutions involving biotin and inositol: .Except for the use of

casamino acids, it was now possible .to obtain excellent growth of the
organism in defined media. Because several forms of biotin exist
(oxybiotin, d or 1 biotim sulfoxide, desthiobiotin and biocytin), all,

except the 1 and d sulfoxides of biotin were tested in equal molar
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concentrations (0.041 PMle of medium) to det@rming if they could
stimulate growth of the organism in a manner similar .to biotin. -Results
are shown in Fig. 4. From these studies, it was apparent that oxybiotin
or biocytin could completely replace biotin. Although the 1 and d
sulfoxides of biotin were available, we possessed such small amounts that
a quantitative study was ﬁot possible.in liquid media. :These forms of
the vitamin were, however, employed in later studies involving chromato-
graphy of the unknown factors from peﬁtone for comparison to the biotins.

Because some fatty acids, notably pimelic, oleic and Qalerig acids
can replace biotin in some assay systems, these compounds were also
added to the basal medium in the presence of adenosine to determine if
they could substitute for biotin,m Concentrations added ranged from equal
molar amounts to 100 times the @oncéntration of biotin. -Data including
these compounds is also imeluded in Fié°,4a -1t can be seen that replace-
ment of biotin by these fatty acids was not possible.

Inositol substitution by phytic‘acid was also studied Since this
vitamin can exist in the hydroxy,(inositol) or phosphéte_(phytic acid)
form in nature. Phyti@ acid»waé not able .to Substitute.for inositol,

Therefore these studies had shown that am absolute purine requirement
existed for growth of this organism, since stimulation by pyrimidines
(uracil or cytesine) or a pyrimidine precursor (orotic acid) did not occur,
Although adenine allowed some growth, the adenine requirement was better
satisfied by either hypoxanthime or the.nu@leasid@s inosine or adenosine.
Except for adenosine triphosphate, édenine=containing»mucieotides
(adenylic acid or diphosphopyridine,nucleotide),didvnot.stimulate growth

to any great extent. Although nucleosides or nucleotides allowed growth,
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this response appears to.be specific for the hypoxanthine or adenine
molecule since flavin mononu@l@@tid@ (flavin-ribitol-phosphate) or
guanine or guamylic acid did not permit growth to ocecur.

Although a stimulation by biotim did occur, the stimulation was
only relatively specific since either biotin, oxybiotin or biocytin

allowed good stimulation.

-Determination of the amino acid requirements for M. lysodeikticus:

Because the medium was now completely defined except for the amino acid
requirements (a commercial preparation of enzymatiéally hydrolyzed casein
had always been used), we next attempted to replace casamino acids with
known amino acids. As mentioned previously, synthetic media for M.

lysodeikticus have been reported that use just one amino acid (25) or as

many as sixteen amino acids (24).

-Studies were first attemptéé.to determine if one or possibly twe or
more amino acids would allow goeod growth. One drop each of 20 sterile
amino acid solutions (pH 7.0) was deposited on the surface of a seeded
agar plate containing adenosine, biotin, minerals and the buffer solution,
as a basal medium. The plate was divided into areas by marking the bottom
of the plate with a marking pencil. Combinations of several amino acids
were also deposited on separate areas. The plate was incubated at 37 C
for 12524 hours and the regions wheréin growth occurred were marked.

The amino acid combination that allowed a small amount of growth in this
preliminary test included arginine, tyresine, isoleucine, leucine,
cysteine, proiine and alanine.

“S§tock solutions of individual amine acids equivalent to 10 times

the amount contained in a 4 per cent acid cassin hydrolysate (12) were
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made (see Appendix). Equal amounts (0.2 ml) of each solution were

incorporated into the basal medium in place of casamino acids (enzymatic).
The first tube of medium contained all amino acids, while each of the rest
of -the tubes were depleted three amino acids at a time (Table I). . The

results of this test and other similar elimination experiments showed that

the combinmation of L arginine, L cysteine, L methionine, L.proline, L

.alanine éndsLﬁasparti@ acid possessed some growth stimulating ability.

Although these 6 amino acids allowed some growth, we attempted to
increase the growth response by adding other amino acids, singly and in
various combinations. A relatively goed growth response occurred when
the following amino acid cembination was present: DL lysine, L miethionine,
L arginine, L tyrosine, DL valine, L isoleu@iﬁeng.leucine, DL phenylal -
anine, L cysteine, L .proline, L alanine and L aspartic acid.

By eliminating these amino acids from the medium one at a time
(Table I11), and verying the quantity of each amine acid in the combination,
we'arrived at the final formulation of amino acid requirements given below

(amounts per 100 ml of medium):

L Iscleucine 51.2 mg
L Leucine 147 .2 mg
L Proline 180.8 mg
L Glutamic acid 358.4 mg
DBL Phenylalanine -80.0 mg
L Tyrosine 100.8 mg
L Arginine 65.6 mg
L Cysteine 48,0 mg

L Methionine 27.2 mg
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TYPICAL RESPONSE OF M. LYSOREIKTICUS IN ELIMINATION EXPERIMENTS
| USING KNOWN AMINO ACID MIXTURES

*Tube No. Content Growth (24 hrs.)
Per cent Transmittance
1 .18 amine acids 66
2 18 amino acids less histine,
lysine and threonine 56
3 18 amino acids less arginine,
cysteine, methionine 90
4 18 amino acids less phenylalanine,
tyrosine, tryptophan 71
5 18 amino acids less glutamic
deid, glycine, serine 65
6 18 amino acids less proline,
alanine, aspartic acid . 86
7 18 amino acids less isoleucine, :
leucine, valine 60

%A1l tubes contained minerals, adenosine, biotin and the buffer

gsolution.



TABLE IT

31

AMING ACID ELIMINATION FOR GROWTH OF M, LYSODEIKTICUS

#Tube No. -Content Growth (24 . hrs.)
Per cent Transmittance
1 12 amino .acids 65
2 No. 1 less DL lysine 70
3 No. 2 less L methionine 72
4 No. 3 lesg DL valine 65
5 No. & less L isoleucine 69
6 No. 4 less L leucine 73
7 No. 6.less L iscleucine 76
8 No. 7 less DL phenylalanine 68
9 No; 8 less L prolim@ 81
10 37

Control (casamino acids)

%A1l tubes contained adenosine 0.1 mg, biotin 0.05 mgm, phosphate
buffer 1,0 ml, totalling 5 ml.

Equal volume of amino acid selutiong (see Appendix) of the following:
DL Lysine, L Methionine, L Arginine, L Tyrosine, DL Valine,
L .Iscleucine, L Leucine,. DL Phenylalanine, L Cysteine, L Proline,
L Alanine and L Aspartic acid.
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DL Lysine 131.2 mg
It is to be noted that the final number of amino acids is ten in
comparison to the sixteen used by Wessman et al. (24), however9 total
concentration (weight basis) is approximately &4 times greater.

Although growth using this amino acid combination is not as good
in 24 hours as it is in a medium containing casamino a@idgg(TablevIII),
it is to be noted that growth, using our amino acid mixture, is equiva-
lent (after 48 hours) to that obtainedluSing casamino acids.

.The problem of growth stimulation during the first 24 heours of
incubation had always been difficult to overcome.  Preliminary studies
had shown that acid hydrolyzed casein (6N HCl for 20 hours at 15 lbs
pressure) could support growth in a manner similar to enzymatically
hydrolyzed casein. It was.knowﬁ, however, that charcoal treatment of .
acid hydrolyzed casein removed growth promoting ability of the amino
acid.solutionl° .This approach was then followed in an attemptjto
partially resolve the situation,

Acid hydrolyzed casein was passed through a small charcoal column
(5 ml per 2 gm charcoal) which had been washed with 10 ml of triple
distilled water. The effluent was collected in a 50 ml beaker and
evapoﬁated at 60 C in a vacuumjbven to the original volume (5 ml), and
re-tested for growth promoting ability as previously described5 Growth

did not occur. :Since charcoal treatment can remove arematic amino acids

1WG wish to thank .Dr. Charles (Crane of the Department of Bio-
chemistry, Oklahoma State University for samples of charceal treated
and non~charcoal treated acid hydrolyzed casein,



TABLE 11X

.COMPARISON OF GROWTH STIMULATION IN MEDIA CONTAINING CASAMINO
ACIDS OR THE 10 AMINO AGID MIXTURE

Growth
‘Tube No. Content Per cent Transmittance

24 hrs. 48 hrs.

—t

Casamino acids 16 5

2 10 amino acid mixture 38 6

Tube No. l: Adenosine 0.1 mg, biotin 0.05 pgm, phosphate buffer
1.0 ml, casamino acid 0.5 ml, distilled water to
5 ml,

‘Tube No. 2: Adenosine 0.1 mg, biotim 0.05 pgm, 10 amino acid
mixture 2.0 ml, distilled water to 5.0.ml.
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such as tyrosine, tryptophan and phenylalanine, it appeared that these
amino acids might be essential for the growth of the organism; .These
three amino acids were then added back to the charcoal-treated amino
acid mixture, singly and in combinations of two and three and re-tested
for growth. -The results showed that some stimulation occurred in the
presence of tyrosine and phenylalamine (Table IV), however, growth
obtained from this re-constituted casein hydrolysate was not equal to
that obtained from untreated material. It seemed therefore that the
charcoal had taken Sdmething out of casamino acids besides the aromatié
amino acids. -Elution of the chareoal column (after hydrolyzed casein
had been passed thrqugh) using either 95 per cent ethanol, 1N HCl or
ammonium hydroxide (1-10 dilution); failed to remove the growth stimulating
material frem charcoal.

.These studies have not been csontinued. It can be pointed out, however,
that although the material(s) present in non-charcoal treated casamino acids
is not essential for growth; it is capable of stimulating growth during‘the’

first Zééhaurs of incubation.

Analysis of requiréments for magnesium, inorgasnic nitrogen and phosphate:

Although the buffer solution had always been present in the basal medium,
it had never been determined whether any or all of the constituents there-
in were required. Therefore, media wers made up containing casemino acids,

biotin and adenosine. The constituents of the buffer solution (Mg80,4+74,0,

2
KoHPQ, and NH,Cl) were made up individually and one of each was left out
of the medium while the other two were added, These studies showed that

each of these compounds was needed since growth did not occur when they

were absent.
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GROWTH OF M, LYSODEIKTTCUS IN CHARCOAL TREATED CASEIN HYDROLYZATE
WITH AND WITHOUT ABDED AROMATIC AMINO ACIDS

#Tube No., -Content Growth (24 hrs,§
Per cent Tramsmittance
1 Charcoal treated acid hydrolyzed
cagsein 93
2 Same as No.. 1l plUS,terSin@
(12.6 mg) 77
3 Same as No. 2 plus phenylalanine
{(20.0 mg) 71
4 Same as No..3 plus tryptophan
(2.4 mg) 79

*Al1l materials tested were added to the basal medium comsisting of
adenosine 0.1 mg, biotin 0,0S,Pgm and 1.0 ml of the buffer solution.
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-Study of optimum pH conditioms: Although we had always used a pH of

about 7.4-7.6 in early studies, a determination of optimum pH had

not been made. Therefore, basal media were adjusted to various pH
readings (7.0, 7.2, 7.4, 7.6, 7.8 and é,O) prior to autoclaving of

the media. Response of the organisms is shown in Table V. From these

data, it is apparent that the pH optimum for this organism is 7.6-7.8.

Study of carbon-energy requirements: Although all synthetic medium
formulations for this organism employ glucose; a statement has never
appeared regarding the @Ssentiality of glucose for the growth of M.

lysodeikticus. .During our early studies, it had been noted that cell

growth was not affected in the presence or absence of glucose. Because
no stimulation by glucose was evident, it had been omitted from all
medium formulations and casamino acids served not only as a source of
organic nitrogen, but also as a @arbon=@nergy source,

Because it is well established that an organism can, in many
instances, utilize fatty acids resulting from the breakdown of glucose
as primary sources for carbon and ensrgy, it was decided to test several
fatty acids to determine if they could‘function as carbon-gnergy sources
and perhaps stimulatse growth‘of this organism. . The following compounds
were added to the basal medium containing casamino acids, biotin,
adenosine and the buffer solutien (each was added to a concentration of
100 Pgm/ml of‘mediqm).

Formic acid

Potassium fumarate

‘Malie acid

Sodium butyrate
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'TABLE

INFLUENCE OF pH ON THE GROWTH OF M. LYSODEIKTICUS

IN A SEMI-SYNTHETIC MEDIUM

‘Tube No. pH Growth (24 hrs.)
vPer cent ‘Transmittance
1 7.0 63
2 7.2 50
3 7.4 &7
& 7.6 41
5 7.8 41
6 8.0 44

All tubes centained casamino acids, biotin, adenosine and

the .buffer solution.



Succinic acid
Sodium acetate

BSodium pyruvate

38

Data from this experiment are shown in Table VI. From these data,

it is apparent that none of the compounds were capable of increasing

the growth response of this organism. These compounds were also added

to the amino acid synthetic medium,

ocbgérved.

No additional stimulation was

" Therefore, the summatiem of these studies has led .to the follewing

Syntheti@ formulation for the growth of M. lysodeikticus.,

Adenosine
Biotin

L Iseoleucine

L Leucine

L Proline

L Glutamic acid
PL Phenylalanine
L Tyrosine

L Arginine

;L Gysteine

L Methionine
DLlLysine

NH,C1

KgHPOQy

MgS0y,+ TH,0

2.0 mg

lfO Pgm
51.2 mg
147.2 mg
180.8 mg
358.4 mg
80.0 mg
100.8 mg
65.6 mg
48.0 mg
27 :2 mg
131.2 mg
100.0 mg
200,0 mg

2.0 mg

‘Distilled water to 100 ml and pH adjust .to 7.6-7.8.
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TABLE VI

*EFFECT OF FATTY ACIDS ON GROWTH OF M. LYSODEIKTICUS
IN A SEMI-SYNTHETIC MEDBIUM

Tube No. Content .Growth (24 hfsq)
Per cent Transmittance
1 Control 17
2 Formic acid 22
3 . Potassium fumarate 20
4 ‘Malie 31
5 -Sodium butyrate 24
6 Sodium pyruvate 20
7 Succinic acid 23
8 Sodium acetate 19

All tubes contained adenosime 0.1 mg, biotin 0.05 pems casamino acids
and the buffer solution.

%A1l of the compounds were St@filized by filtraticn through sintered
glass and adjusted to pH 7.4 L 0.2.
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Adenosiné can be r@plaéed by:
Inosine
Hypoxanthine

Biotin can be replaced by:
Oxybiotin

Biocytin

Qualitative analysis of the growth factors: Since it was possible to

replace the factors present in beptone with a purine (hypoxanthine) or
the purine ﬁucleosides (adenosine or inosine), and either biotin,
oxybiotin or bioecytin, it appeared appropriate to deterﬁine if the
peptone factors were any of these known compounds. Although the
factors have not been identified, the foliowing data have been compiled,
in an attempt to rela;e.them to compounds known to fumctiom in the growth
medium. . It is to be emphasized that study of the factors has been made
difficult because of the lack of purified material.  Most of the studies
that have been done have employed chromatographically-pure materials
(see M;terials and Methods section),

Pinchot (17).publighed a technique for hydrelysis of nucleosides
and nucleotides as outlined in the Materials and Methods sectien. Using
.these techniques and comparing the facters to adenqsine9 it was concluded
ﬁhat our factor was not a nuclecside nor a nucleotide since destruction
of growth prometing ability did not occur after either acid .or alkali
hydrelysis.

Because biotin; biecytim, 1 and d sulfoxides of biotin, oxybiotin,
desthiobiotin and inositol could all Stimulate growth to some extent, each

of these compounds was chromatographed using the n-butanol/acetic acid/water
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system, This technique was employed since Wright (27) reported the Rf
values of all the different forms of bietin in bioautographic systems

using Neurospora crassa as the test orgamism. We employed M. lyso-

deikticus in our system leaving adenosine and biotin out of the basal
medium since the factors from peptone apparently could replace both of
them. Growth did not occur in any areds on the plates whén adenosine
was left out of the medium. Addition of adenosine to the basal medium
allowed growth to be too heavy over the entire plate and stimulation by
the biotins was not discernable, .For these reasons and also because the
known Rf values of the different biotins do not cerrespond to.the Rf
values of our 2 factors, it was concluded that neither of the factors is
a free biotin. Whether or not, biotin exists in a bound form in the
molecule has not been determined.

Al;h@ugh the results using th@_hydrolysis‘te@hniques are meaningful
a more elegant rule out of purine compounds was accomplished employing
different chromatographic systems in conjunction with the bioautographic
technique. Datd are presented in Table VIT. Although some similarities
were noted in some gystems with adenosine and hypoxanthine, it can be
concluded that our factors and these compounds are diff@r@nto

’AS an additional study, the purified 0.3 and 0.47 Rf materials
were analyzed in a Beckman D.U. spectrophotometer at wave lengths from
200-440 mr (Fig. 5). .Because no pronounced absorption peaks were present
the data do not provide any m@animgful ciues with regard to the identity
of our compounds.

"Because both the 0.3 and 0.47 Rf-mat@rials became adsorbed to an

anien exchange resin, a negatively charged polar group.is present at near
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TABLE VII

Rf VALUES OF KNOWN PURINE COMPOUNDS AND THE GROWTH FACTORS
. FROM PEPTONE IN DIFFERENT SOLVENT -SYSTEMS

Material A _ B C D
0.3 factor 0.3 0.73-0,77 0.62 0.29
0.47 factorx 0.47 0.73=0.77 0.62 0.39
Adenosine 0.44 - = - 0.61 0.13
Inosine 0.26 ‘ - = = 0.71 = =
Hypoxanthine 0.47 = = = 0.63 0.44
Adenosine triphosphate buOB = = = = - = - -

A: n-Butanol/acetic acid/water (4/1/5).
B: . Phenol /water (7/3).

C: .Ethanol/l.0M ammonium acetate pH 7.5 (7/3).

[~

0.1M phosphate pH 6.8/ammonium sulphate/n-propanol
(100/60/2).
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neutral pH ranges. Apparently, a positively charged group alse exists
gsince the compounds were also adsorbed on Dowex-50 resin in the B’ form,
(These Studiés were done by adding the factors.to a Dowex=50 column and
checking the effluent for their pfeéenceo .Because they were never
actually eluted from the column it cannot be determined whether they
were adsorbed to the column resin orvdestroyedo)

Throughout these studies, it had been determined that the 0.3 and
0.47 Rf materials Were_negative-to ninhydrin, negative in determinations
for sugars (anthrone and aniline phthalate), and did not show "quenching"
(darkened areas) under ultraviolet light. Also, they were negative for
sugar phosphate, negative to FeCl, reagents for detection of the aromatic
structuré with an QOH group .in the meta position and .they were negative
for the presence of oxidized or reduced sulfur. The techniques and
results to substantiate these conclusioms are given below.

(a) Test for cysteine or reduced sulphur. Chromatographically-pure
Rf 0.3 or 0.47 material was concentrated on chromatography paper under a
stream of continual flowing heat after which the paper was dipped into
sodium nitroprusside reagent (éé@ Appendix) using cysteine as a control,
Formation of a crimson color did not occur except in the cysteine
contrel (21).

(b) .Test for cystine. .Papers prepared as above were dipped into
sodium nitroprusside reagent and dried slightly. While the paper was
still damp, it was dipped into sodium cyanide reagent and observed for
the formation of a red color, .These tests were negative (21).

(¢) Test for sugar phosphates. Chromatographic papers containing

conecentrated areas of the factors were sprayed at the rate of 1 ml per
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100 cmz with chloric acid reagent (see Appendix) autoclaved for 2
minutes at 8-10 lbs pressure, after which they were exposed to ammonia
vapors. -The presence of a blue color indicates the presence 6f sugar
phosphate (11). (The blue color on the paper caused by the reagent
disappears on exposure to‘NH39 however, if sugar phosphate is present
the blue: color remains unchanged.) These tests were also negative.,

(d) Test for phosphateg, .Chromatographic papers containing con-
centrated areas . of the factors were sprayed with ammonium molybdate
reagent (S@@.App@ndix) andfhéaﬁed at 80 € for 5-10 minutes. .When dried,
they were spraved with 0.05 per cent benzidine in 10 per cent acetic acid
and then exposed to ammonia vapors. Meta-and ortho=phosphates give a
blue color while pyrophosphate becomes purplish red (2). Tﬁese tests
were also negative.

(e¢) Anthrone method for analysis of sugars (pentoses and hexoses).
Twelwve mi of anthrone reagent (see Appendix) was pipetted into a test
tube and cooled in cracked ice. Two ml of the comcentrated factor was
added with no mixing. The tube was cooled in an ice bath, mixed rapidly,
and then heated to 80 C. The appearance of green color indicates the
presence of sugars (1).

(f) Aniline hydrogen phthalate test for reducing sugars. Chromato-
grams or paper strips containing an area of concentrated facters were
sprayed with the reagent (see Appeﬁdix) and heated in an oven at 105 C
for 5 minutes (16). Reducing substances other than sugars will not give
any positive regaction in this test.

(g) Growth promoting ability of either of the 0,3‘or 0.47 Rf

material was not destroyed after digestion with relatively purified
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.1ipase (Nutritional Biochemicals Corp.) for 2 hours at 37 C;

.Beécause the growth factors did not react with anyvof the tests
employed for the detection of various compounds they were hydrolysed
with 2N sulphuric acid for 2 hours at 100 C and then tested again for
the presence of sugar, sugar phosphate, phosphates, cysteine and cystine
as previously described.

After hydrolysis, all tests were again negative except the test for
sugar phosphate which was positive for both the 0.3 and 0.47 Rf factors.
This result ceuld explain the negative charge of the compounds (ionized
phosphate groups). .Obviously, however, there must be another part(s) inm
the compounds since the sugar phosphate must be unmasked by hydrolysiso
Tests, thus far, have given no indication of the nature of the other part(s)
of the molecules,

Aside from the lack of positive infermation cencerning the chemical
nature of the unknown compounds; it is interesting to note that both give
the same chemical reactions and both allow growth of the organism. The
only difference noted between them throughout these studies has been

their migration in chromatographic systems.,



- SUMMARY

1. M. lysodeikticus requires for growth either of 2 factors,présent in

peptone.

2, The factors were fractionated and partially purified by selective
elution from a Dowex-2 anion exchange resin cblumn, and further purified
by paper chromatography using phenel/water (7/3) followed by n-butanol/
acetic acid/water (4/1/5). The Rf of both factors is 0.73-0.77 in

phenol /water; in n-butanol/acetic acid/water, one factor has an Rf of

0.3, the other an Rf of 0.47,

3. Pr@liminary qualitative tests showed ﬁhat the factors contained no
sugars, phosphate or oxidized or reduced sulphur. After partial hydrolysis
(2N H,80; at 100 C for 2 hours) the factors gave a positive test only for
sugar phosphate. No pronounced absorption peaks could be detegted using
the Beckman D.. U. spectrophotometer in the range of 200-440 m .

4. Substitution of the factors could be accomplished using either
adenosine, inosine or hypoxanthine together with biotin, oxybiotin, or
biocecytin. The unknown factors are,nét any of these compounds.

5. The organism possesses a specific requirement for purines. (adenine or
hypoxanthine). Although the free base will allow growth, increased growth
occurs when the nucleoside form of these purines is used.  Biotin and
biotin-1like compounds (biocytin amdioxybiotin> are not required for growth;
They are however, greatly stimulatory.

6. A chemically-defined synthetic medium was successfully devised for the

47
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growth of M. lysodeikticus. The medium contained adenosine, biotin, 10

amino acids (L glutamic acid, DL lysine, L methionine, L arginine, L
tyrosine, L isoleucine, L leucine, DL phenylalanine, L cysteine, L
proline), magnesium sulphate, potassium phogphate (di-basic) and

ammonium chloride,
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. APPENDIX

Basal Medium:

Solutiom I: Contents . per 1 liter of distilled water and adjust

to pH 7.6-7.8.

K,HPOy 10.0 gm
Mg504 - 7H50 0.1 gm

Solution 1I: Contents per 1 liter of triple distilled water.

Adjust pH te 7.6-7.8 and dilute 1-50 before use.

H4B04 12.5 mg
CaCox 2500 mg
Cu80y°5H20 ‘ 2.5 mg
,Fe(NH4)ZSO&06H20 125.0 mg
KI ' 2.5 mg
MnS0y, - Hy 0 ‘ 5.0 mg
MOOS 2;,5 mg
. Zn§0,°7Hy0 12.5 mg

"Vit. Free" Casein Hydrolyzate (Emzymatic). .Nutritiomal Biochemicals
.Corporation, Adjust pH to 7.6.

Basal medium will total 5 ml as fellows:
Solution I 1.0 ml

Solution II (1-50) 1.0 ml
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Casein hydrolyzate 0.5 ml

Triple distilled water 2.5 ml

Proposed synthetic media for M. lysodeikticus:

Wessman, Allen and Werkman Medium (24):

PL Alanine 100.0 mg
L Arginine HCL 100.0 mg
L Cysteine HCL 25.0 mg
Glycine ‘SOAO,mg
L Glutamie adcid 100.0 mg
L Histidine HCL 50.0 mg
DL Isoleucine 100:.0 mg
L Leucine 100.0 mg
L Lysine HCL 100.0 mg
DL Methionine 50.0 mg
DL Phenylalanine '50,0 mg
1L Proline 100.0 mg .
DL Serine 25.0 mg
DL Tryptophan ) 25.0 mg
L Tyrosine 100.0 mg
DL Valine | ‘ 100.0 mg
Adenine sulphate 5.0 mg
Guanine HC1 | 5.0 mg
‘Uracil 5.0 mg
Glucose 1,500.0 mg

NH401 500.0 mg



MgS50,,* THo0 100.0 mg
FeSO4°7H20 5.0 mg
MnSQ4°4H20 10.0 mg
NaCl 5.0 mg
KoHPO, 300.0 mg
KHZPQ 300.0 mg
p-Aminobenzoic acid 50.0 pem -
Caleium Pantothenate 250.0 pem
Nicotinie acid 250.0 pem
Pyridoxine HCL SOOQOngm
‘Riboflavin 250.0 Pgm
‘Thiamin HC1 | 250.0 jam
Folic acid ‘ | 1.0 pgm
Biotin 4.0 pem

distilled water to 400 ml and adjust pH to 7.0.

Heden's Medium:  (Persenal communicatiom te Dr

/Solution I, II and III are prepared separately, adjusted pH to

.-E. A, Grula)
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7.5, autoclaved and then mixed together aseptically after being coocled.

Solution I:

Casamino .acid 10.0 gm
Glucese 10.0 gm
Triple distilled water 900.0 ml

Solution II:

NH,C1 1,000.0 mg



NaQSO& 100.0 mg
Triple distilled water 100.0 ml

Solution IIT:
-MgS0, 20.0 mg

Triple distilled water 20,0 ml

Western Regerve Medium: (Personal communicatiom to Dr,.E. A, Grula)

Glucose 0.5 gm
Sodium Glutamate 1.2 gm
Hypoxanthine 1.0 pem
Biotim 1.0 jpgm
Salts of Smell A & B | 1.0 ml
Triple distilled water - 100.0 ml

Welin & Naylor's Medium: (25, 26)

Glucose 0.7 %
Monosodium Glutamate 1.0 %
KQHPQ& 0.2 %
NH461 0.1 %
Mg$0,, * THy0 | 0.01%
‘FeS0,,° 7H,0 0.0004%
MnCl, - 4H,0 0.0002%

Biotin :10.0 Pgm/liter



Amino acid stock solutioms (contemts per 10 ml)

L Argiming 164.0 mg
L Histidine 124.0 mg
DL Lysine 328.0 mg
L Cysteine 120.0 mg
L Methionine 68.0 mg
DL Threonime 40.0 mg
L Serine 88.0 mg
L Leucine 368.0 mg
L Isoleucine 4 128.0 mg
L Valine 288.0 mg
L Glutamic acid 896.0 mg
L Aspartic acid 140.0 mg
Glycine -108.0 mg
L Alanine 60.0 mg
L Proline 452.0 mg
DL Phenylalanine 200.0 mg
L Tyrosine 252.0 mg
L Tryptophan. 24,0 mg

Adjust pH to 7.6-7.8 after mixing.

Solvent systems used for development of chromatograms:

1. n-Butanol/acetic acid/water (4/1/5)
2. .Phenol/water (7/3)

3. Redfield system (18):
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(a) Methanol/water/pyridine  (80/20/4)

(b) t-Butanol/methyl ethyl ketone/water/diethyl amine
(40/40/20/4).

4. Pabst solvent systemg for 5'-ribonucleotides (15):

(a) S8ystem No. IIL: "Ethanol/1.0 M ammonium acetate pH 7;5 (7/3).
‘Dissolve 77 grams of ammonium acetate in approximately 750
ml of water, adjust ta'pH 7.5 with ammonium hydroxide and
dilute to .1 liter. Mix 300 ml of the latter solution with
700 ml of 95 per cent ethanol.

(b) System No, III: 0.1 M Phosphate pH 6.8/ammonium sulphate/
n-propanel (100/60/2).
-Dissolve 600 grams of.ammonium,sulphate in 1 liter of 0.1 M
gsodium phosphate buffer, pH 6.8, add 20 ml of n-propanol

and mix.

Reagents used for the detection of sugars:

Aniline reagent (16):

Aniline (re-distilled) ' 0.93 gm
Phthalic acid ' 1.66 gm
n-Butancl (water saturated) 100.0 ml

After spraying with this reagent, the chromatograms were heated
in an oven at 105 C for five minutes, Aldopentoses will give a bright
red color and aldeo-hexoses, desoxy sugars and uronic acid will give

various shades of greem and brown.
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Anthrone reagent (1)s

Sulphuric acid (concentrated) 1,000 ml
Anthrone 1.0 gm

One liter of concentrated sulphuric acid is mixed with 290 gms
of ice. Dissolve.l gm anthrome in the mixture when cooled.  Store
in dark at 4 €. $Stable for 2 months.

-Twelve ml of the anthrone r@égent was poured into a test tube
and cooled im ice. A 2.0 ml test sample was then added to the
reagent . rWheﬁ cooled, mixed rapidly, and heated to 80 C, a green

coloxr indicates the presemnce of pentoses and hexoses.

Reagents for the detection of reduced and oxidized sulphur (21):

Solution Ne. 1:

Sodium nitroprusside 1.5 gm
Sulphuric a@k@ 2N | 5.0 ml
Methanol (absolute) 95.0 ml
Ammonium hydroxide (28%) : 10,0 ml

Sodium nitroprusside was dissolved in 5 ml of 2N sulphuric acid.
.Methanol (95 ml) and 10 ml ammonium hydroxide were then added. The
mixture was filtered and stered in the refrigerator,

Solution No. 2:

Sodium cyanide 2,0 gm
Water 5.0 ml

Methanol (abselute) 95.0 ml
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Test for cysteine: Air-dried chromategrams were dipped into

solution No. 1. .The appearance of bright red color indicates the

presence of cysteine,

Test for cystine: The chromatograms were first dipped into

solution No. 1 and then dried slightly. While still damp, they

were dipped inte solution No. 2. Color for cystine is red.

Reagent for detectiom of sugar phosphate (11):

H@loﬁ (60% w/w) 5.0 ml
1IN HCL 10.0 ml
(NH,, }oMo0,, (25% solution) 25.0 ml
Water 60.0 ml

The chromatograms were sprayed at the rate of 1 ml of the reagent
per 100 @ng and then autoclaved for 2 minutes at 8-10 lbs pressure.
Aft@r autoclaving and while still damp, the chromatograms were exposed
to ammonia vapors. The blue color from the reagent will be bleached
on contact with ammonia vapors, however, in the area containing sugar

phosphates, the blue color will remain unbleached.

Reagent for detection of inorgamic phéSphate (2):

Solution I:

Ammonium molybdate 0.4 gm

Nitrie acid (8%) 100.0 ml

Solution II:
Benzidine '0.05 gm

Acetic acid (10%) 100.0 .ml



60

The chromatograms were first sprayed with solution I and
heated in an oven at 80 C for 5~10 minutes. After‘drying, they
were sprayed with solution II and @xposéd to ammonia vapors while
still damp. Meta- and orthophesphate will resﬁlt in blue spots,

while the color for pyrophosphate is purplish red.

-Distillation of n-Butanol: About 50 gm of anhydrous potassium

carbonate was added to 1 liter of n-butanol contained in a glass
distilling apparatus and distilled at 117 C using a heating jacket
(ei@@tri@al) to avoid explqgianu Arhydrous potassium carbonate will
- remove water as well as other impuritiés such as aldehydes and

carbonyl compounds from butamol.

Betection of compounds under ultravioleﬁ light (15): The chromatograms
were placed under a short wave ultraviolet‘light in the dark. Substances
such as 5'-ribonucleotides that absorb U, V. light will appear as dark
spots, whereas other substances which reflect U, V. light will appear

as fluorescent materials.

Instruments used:
Short Wave Ultra Violet Lamp, Model SL 2537, Mineral Light Ultra Vielet
Products Inc., South Pasadena, Calif.

‘Beckman ' DU Spectrophotometer, Model 2400, Beckman Instruments. Inc.,
.Fullerton, Calif.

.. Beckman pH Meter, Model 96, Beckman Instruments, Inc., Fullerton,
Calif. ' ,

Sp@@trophotometer,'Type 33-29-40, Bausch & Lomb Optical Co.,.Rochester,
New York., '
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Miscellaneous:
Whatman No. 1 Filter Paper, F3784 (1%”)0 Purchased from :‘Schaar & Co.,
7300 N. Montrose Ave., Chicago 34, Ill,

Dowex-2 Anion Exchange Resin, 20 x .50 mesh. The Dow Chemical Company,
Midland, Michigan.

- Dowex-50 Cation Exchange -Resim, 20 x 50 meésh. The Dow Chemical Coempany,
' Midland, Michigan.

Charcoal G-60, Darco Dept., Atlag Powder Cd., 60 E. 42nd Street, New
York 17, N. Y.

Pyrex Rectangular Plate (14" x 9" x 2") .

"Yit. Free" casein hydrolyzate (enzymatic), Control No. 4498,
Nutritional Biochemicals Corperation, Cleveland, Ohig.
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