STUDIES ON THE SPORULATION OF
CLOSTRIDIUM BOTULINUM, TYPE A

Thesis for the Degree of M. S,
AMICHIGAN STATE UNIVERSITY

Lawrence E. Day
1960



THES!S

LIBRARY

Michigan State
Univcrsity




MSU

LIBRARIES
AEE———

RETURNING MATERIALS:
Place in book drop to
remove this checkout from
your record. FINES will
be charged if book is
returned after the date
stamped below.




STUDIES ON THE SPORULATIOK OF
CLCSTRIDIUM BOTULINUM, TYPE A

By
Lawrence E. Day

A THESIS

Submitted to
Fichigan State University
in partial fulfillment of the requirements
for the degree of

MASTER OF SCIENCE
Department of Microbiology and Public Health

1960



AESTRACT
STUDIxS UN THE SPORULATION OF
CLOSTRIDIUM BOTULINUM, TYFE A
by Lawrence E. Day

A study was made of the sporogenic process of
Clostridium botulinum, ATCC 62.A, in order to determine
whether or not this organism would undergo endotrophiec
sporulation, and also to determine the nutritive require-
ments for sporulation. It was demonstrated that Cl.
botulinum would not sporulate after being replaced in
water, phosphate buffer, several solutions of various
amino acids and vitamins, & solution of acid hydrolysed
casein, and a solution of ensymatic hydrolysed casein.

A four percent solution of trypticase, a pancreatic
digest of casein, was found to be highly sporogenie¢ both
a8 a culture medium and gs a replacement medium., When the
individual amino acids known to be present in trypticase
were combined as & synthetic medium and used as a replace-
ment solution, significant sporulation occurred.

A study of the effects of penicillin, chloramphenicol,
and vancomycin on the sporulation process was made. Penic-
1llin and vancomycin ;-ro found to inhibit sporulation if
added to the culture before or shortly after the sporulation
process had begun, however, a lag was observed before vanco-
myein demonstrated any effect. Chloramphenicol arrested
sporulation when added to the culture at any stage of
sporulation, with no lag being demonstrated.
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1.

INTRODUCTION

Practically all studies concerning the nature of the
sporogenic process of Clostridium botulinum have been
carried out in complex, artificial media, and no real
distinction has been made between conditions which favor
growth of the vegetative cell and those which favor sporul-
ation. However, Blair (1950) demonstrated limited spore
formation of Cl. botulinum fn variations of the synthetic
medium of Roessler and Brewer (1946). In order to study
the processes of sporulation of the anaerobic bacteria more
directly, the need exists for the development of a technique
and/or a medium which allows sporulation to proceed to com-
pletion in an environment of known compositions The technique
of replacement offers a method of partially sezregating the
growth phase from the sporogeni¢ process. Hardwick and
Foster (1952) demonstrated the practicability of the replace-
ment procedure for aerobic spore-forming bacteria by trans-
ferring vegetative cells that were committed to sporulation
to distilled water. A high percentage of sporulation was
shown to occur in this non-nutritive environment. They have
designated this phenomenon as endotrophic sporulation.
There are no reports that this procedure can be carried out
with Cl. botulinum, although Collier (1956) reported that
the vegetative cells of Clostridium roseum will sporulate

in an environment devoid of nutrients.

This work was undertaken to investigate endotrophic
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sporulation of Cl. botulinum as a possidble approach to a
mnore detailed study of the sporogenic process of this
organismg and, failing this, to determine the nutritive
requirements necesnary'for cells to sporulato. Some of the
more general aspects of sporulation of this species were
also studied in order to gain more insight into the nature
of sporulation of the anaerocbic bacteria.
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REVILCY CF LITERATURE

Peplacement gnd endotrophic gporulgtion, ¥hen the
vezetative cells of gerobic spore-formers are harvested and

resuspended in distilled water, sporulation occurs (Buchner,
12303 Schreiber, 18963 and Knaysi, 1945). There was no
experimental utilisation of this cbservation until 1952,
when lardwick and Foster (1952) noted the valus of this
technique as an experimental approach to sporogenesis.
Using Facillus mycoides and Bacillus ticola, they found
that sporulation occurred over a two hour period after re-
placsment in distilled water, and a final level of 70 - 90
percent spores was attained. The heat resistance of the
egporea thus produced was the same as the heat resistance of
gpcres produced in a growth medium, However, Black et al.
(15(Ct) obeerved that spores of Fgcillus cersus are heat
suscaptible when produced endotropically.

It is the hypothesis of Hardwick and Foster (1952) that
syorulation in distilled water is accomplished by the degrad-
atlon of materials already in the cell for the utilisation
in the sporogenic process, The absence of exojencus
rutrition would support this conclusion. W¥hile it is felt
by some investigators (Powell and Hunter, 1953} Elack et al.,
17{Cu) that the replacement solution is actually a dilute
nutrient medium due to the lysis of vegetative cells after

the transfer to water, Perry and Foster (1955) were unable
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to detsct lysis during eadoirophic sporulations Hardwieck
and Foster (1953) further observed that the ensymes of
glysolysis are degraded and utilised as substrate by amino
acid enszymes in the sporogenic process. when glucose 1s
present ia the environment, sporulation is inhibited, indiec-
ating that the glucose metabolism takes precedence over the
metabolisgnm essential for sporulation.

Collier (1y56) removed @ub-samples from a culture of
L)+ roscun under anaerobic conditions when the culture was
in the process of sporulation. Tne cells were washed, and
incutated at 30°C in sterile distilled water under gnaerobdbic
eonditions. The culture sporulated completely under these
eonditions. However; Lund (1956) observed that a mutant of
the Putrefactive Anaerobe (PA 3679-h) would nos sporulate
in a replacement menstruum of buffered thioglycollate or in
thioglycollate and glucose after being sultivated in a
refortified spent medium of 2 percent trypticase broth,
When the vegetative cells of this same organism were re-
placed in a non-sporogenic wmedium such as 2 percent
trypticase, sporulation toaok place in the replacement
medium before sporulation ia the control medium,

iineral, nutritionsl and environmental requirements for
sperczencsig, Much investization has been done in this
particular area, especially with the aerobic spore-formers.
Ordal (1956) has stated three requirements for sporogenesis}
vis., (a) the cells must be of the sporogenous type, (b) the
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cells must be in the proper physioclogical condition, and
(¢) the cells must be in the proper environment. The first
of these requirements is, of course, primary. The second of
the requirements, proper physiological condition, is much
more difficult to assess. The right physielogical eondition
for sporozenesis apparently requires minerals, nutrients,
growth factors, and environmental conditions which differ
from those required for growth. The manganese ion is of
prime importance to sporulation in the genus Bgeillus
(Charney et al., 19513 Powell, 1956). Curren and Evans (1954)
noted that the requirement for )n'* could be replaced by
large additions of Fe**{*), but Weinberg (1955) demonstrated
that this qQquantity of Fo”“) contained minute amountws of
Mn*t as sn impurity and the amount of manganese that is
required for sporulation is only one part in twenty million.
The function of this ion may be considered from twe aspects;
it may inactivate some spore inhidbiting eompounds, or it may
be required for the action of ensymes of sporogenecsis
(Weinbergz, 1956).

Other metallie ions have been found to be of importance
in sporogenesis. In addition to manganese, Amaha ¢t gl.
(1956) observed that Co** and Ni'** enhanoed sporulation in
the genus Bacillus. Foster and Heiligman (1949) found that
K* 18 deficient in complex organic media in the fluid state
for sporulation of B. geresusj while EBrewer et al. (1946)
have reportsd that ¥Mz'' would enhanece sporulation of
Bacillus anthracis in a synthetiec medium. It was also noted
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by these investigators that Ca** increased sporulation 4.5
times in a synthetic medium compared to the same medium
containing no Ca**,

The effect of the salt concentration or the ionic
strength of the medium on sporogenesis has not bteen studied
extensively. The percent sporulation of a culture of (Cl.
botulinum decreased as the concentration of Nazsoh. NaCl and
KCl increased in the culture medium, and, when the concentr-
ation of NaCl was increased to 2 percent in brain-heart-
infusion medium, sporulation was inhibited completely
(Wynne, 1948). Leifson (1931) also noted the inhibitory
effect of XaCl, and reported that sporulation took place in
& basal medium of 1 percent psptone only when NH,* and PO, "
wore added, The addition of sulfate stimulated sporulation
somewhat.

The role of glucose in sporulation is controversial.
lLeifson (1931) reported that a 0.2 percent concentration of
this carbohydrate is inhibitory to sporulation of (Cl.
botulinum due to acid formation, and Kaplan and Williams
(1941) noted the same effect with Clostridium sporogenes.
Elair (1950) noted inhibition of sporulation of Cl. botulinum
in synthetic medium, but Wynne (1948) reported that 0.8 per-
cent glucose in brain-heart-infusion medium did not adversely
affect sporulation of this organism.

The significance of growth factors in the sporogenic
process has not been studied extensively. Ordal (1956)
reported that the amount of folic acid required for
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sporulation was greater than that required for growth of
[acillus coagulans; and ¥Williams and Harper (1351) noted
that when p-aminobenszolic acid was deleted from a medium, the
sporulation of B. cereus was reduced. Lund (1956) observed
that the medium in which PA 3679 had been cultivated demcn-
strated sporogenic activity. He Lelieved that this could
be dus to exhaustion of some essential nutrient for growth
of the vegetative cellsj or to the utilisation of soume
sporulation inhibitorj or to the synthesis of some factor
which is required for sporulation. The medium used in this
investigation was 2 percent trypticase with 0.1 percent
sodium thioglycollste. When this medium was fortified with
10 ug per ml of thiamine, all e¢ells were in the swollen state
at the end of 24 hours of growth, However, the ¢ells never
completed the sporulation process, and at the end of 72
hours only vegetative cells were present in the medium.

If the coells wers removed from this medium after 18-20 hours
of growth, and the medium refortified with the initial
quantity of dry ingredients, sporulation took place to a
level of about 90 percent. A control of /4 percent trypticase,
which corresponded to the concentration of trypticase in the
refortified spent medium, did not demonstrate as great a
degree of sporulatione This seemed to eliminate the theory
of the removal of a sporulation inhibitor or the exhaustion
of nutrients as the factors initiating sporulation. On the
basis of this observation, it was theorized that something
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is synthesiged and elaborated into the medium by the
organism which {s required for sporo-enesis.

Elair (195C) working with the synthetic medium of
Roessler and Erewer (1946) denonstrated that the deletion of
methiorine azd phenylalanine fyom this medium suppressed the
sporulaivion process of €l. botidinmm. The percent sporula-
tion was increased by addition of oC-alanine, glutemie acid,
glycine, cruithine, sodium butyrate, sodium valerate,
arginine and proline. The stimulatory effect of glucose
towards sporosenesis in aerobie bacilli in a synthetie
gluccse-zlutamate medium was reversed by the addition of
DL-alenine (Foster and Heiligman, 194%9).

The effect of oxygen tension on sporulation of the
anaerobes is not clear. Leifscn (1931) reported that
various angerobie orzanisms exhidbit different responses
under inereasing oxygen tension. 3ommer (1930) working
with 1. bofulinum noted that a broth culture will sporul-
ate more quickly when exposed to the air than when the
culture 18 sealed with vaseline, and Esty and Veyer (1922)
reported that small amounts of oxyzen in the eculture medium
were beneficial to sporogenesis. However, it has been
observed that the level of sporulation in broth cultures is
identical in either oxygen or in natural gas atmospheres
(Wynne, 1948). A4ll of these otservations were made with Cl.
botulinum.

The optimum pH for the sporulation of Cl. botulinum has
been establighed to be 7.0-7.2. This was noted by Fohrke
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(1926) and by Collier (1956)e Leifson (1931) stated that
the pH at the time of sporulation is of greater importance
than the initial pH, but he did not recommend what this
pH should be,

The role of dipicolinie acid in sporulation. Pyridine-2,
6-dicarboxylic acid or dipicolinic acid was first isolated

from the spores of Bgeillus mecgtherium dy Powell (1953).
Perry and Foster (1955) isolated DPA from endotrephically
produced spores of B. cereus and Bacillus sudbtilig. In a
rapidly sporulating culture of Cl. roseum, DPA synthesis
was found to correlate directly with the sporogenie process
(Collier and Krishnamurty, 1957)3 but in other work with
this same organism, it was noted that the maximum DPA was
formed an hour before heat reaistant spores could be detect-
od (Halvorson, 1957). This was also observed with sporul-
ating B. cereus (Black et gl.y 1960a). Young (1959) ascribes
the thermostability of spores to a complex of DPA and amino
acids in the presence of caleiumj however, this complex was
only demonstrated on the filter paper of a chromatogram.
This combination could be the means whereby dipicolinic acid
renders stability to proteins and nucleic acids of the
spore. The work of Black et gl. (1960b) would indicate

that DPA does render heat stability to the spore. These
investigators demonstrated that endotrophically produced
spores of B. cereus were heat susceptible and DPA deficient,
If Ca** were added to the replacement suspension shortly
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efter transfer of the ve;ctative cells, the LPA dcficiency
was relieved; Lowever, tre spores were still lLeat sensitive.
These spores were &8s resistant to serra raciaticn or to
rhencl a8 normal spores. Church ard Falvorsor (1559) re-
perted that if pherylalarire vere present durlrn; sporcceresis
cf P, cereus, the TPA level of tle spores wos reluced with a
cencormitant lowering of the heat resistance.s o cther amino
acils deronstrated this plernovenon. Tle nmcut recent report
would indicate that the L7A centent cf the spores of Cl.
roscun is nct recessarily correlated to the heat resistance.
Fyrae ¢t ale (19€0) reported that spores produced in the
jresonce of Leglanine hLad a lower level of dipicslinic acid
than &pores produced in a zecium contairnin; no lL-alaninej
Lowever, the spores with the lesser amount ¢ CPA were more
lLeat resistant, Obviously, much work needs to hLe accomplished
cn the role ¢f DPA in tle Bpore and on Lt8 councction with
YLeat resistance, At one tine it was surmised that DFA

cave ultraviolet (U.V,) resistance to the mature spore
Lecause 1t absords strongly in the U,V. rezsicn of the spect-
1, btut Romlg and ¥Wyss (1957) noted that resistance to UlVe
appears at the time of tle forrmation of the forsspore of

L. ccreus while the DPA does not appear until mature spores
ere present. This work was dore with cultures sporulating
in distilled water.

The mode of sction of peniciliin, chloremplenicol, an

Voneor ne lost recent reports attribute tlhe action of
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penicillin to the inhibition of division of the bacterial
¢ell by the combination with and inactivation of some
essontial constituent of the c¢ell which 18 required for
diviaion to occur {lederbergz, 1957). It does not prevent
respiration or aynthasis withia the eell (Pratt, 1953).

The compound inactivated by penieillin which is required

for cell wall synthesis is N-acetyl muramie acid {Park aend
Strominger, 1557). lMost carliar reports, however, attrib-
uted the mechanisa of action of this antibiotie to the
inhidition of RNA synthesis (idtchell and Moyle, 1951}

GCale, 1949) or a disturbance in the nucleotide balance
(Mitchell, 19493 Xrampits and Werlman, 1947). This disturbd-
ance of nucleic acid synthesis works by blocking asaimilatory
procesges, thus organisms which are dependent upon
assimilation rather than synthesis for growth are sensitive
to thia druz (CGale, 1949). Gram positive orgarisms lose
their cheracteristic stainirg reactions. This was shown by
analysis to be due to the alteration by penicillin of the
ratic of ribonucleic ph&aphorou: to deaoxyribonucleis
phosplicrous in the gram positive sensitive cell toward the
ratio in the gram necative organism (Cale, 1948).

Cale and Folkes (1953) reported that chloramphenicol
aets by the inhibition of proteln synthesis, tut they added
that the same eencentration of the antibiotic stimulated the
synthesis of RNA. With the use of labeled amino acids, it
was flound that protein synthesis was inhibited by the
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prevention of arino acid utilisation (Gale and Folkes,
19533 Smith, 1953)e The inhibition of metabolism of fats
and esters by the action of chloramphenicol has also teen
demonstrated to be of significant importance in the inhidb-
ition of growth of the bacterial cell (Smith, 1953).
Wissiman gt al. (1952) reported that the fnhibition of the
assirmilation of ﬁH, and the concurrent oxidation ¢f glycerol
was a mechanism of this drug, while Gale and Paine (195C)
found that chloramphenicol had little effect on glutamate
assimilation even at high concentrations but inhidited the
synthesis of protein completely, Primarily, then, the mode
of action of chloramphenicol would appear to be the inhibdbi-
tion of the syntheais of protein materials in the cell,

A minimm amount of investi:ation has been reported on
the mechanisa of action of vancomycine Of the information
available, it 18 known that this antibiotic is bactericidal.
This is accomplished by the {inhibition of the synthesis of
ribonucleic acid with the resulting inhibition of cellular
division. Death {8 due to the unbalanced growth brought
about by the inability of the orzanism to synthesize RiA
(Inniss, 1959).

Collier (1956) removed samples of a culture cf (l.
Ioseun at various intervals of timo and placed the samples
in aeration tubes with penicillin at a final concentration
of 100 units per mle. It was found that further sporulation
was arrested by the penicillin, but no effect was observed
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on the spores already in the sample at the time of transfer.
Weinberg (1955) investigated the effect of nine antimicro-
bial drugs on the sporulation of E,. gubt;}_i,‘ 8 cultured in a
udimi conta:lning _ﬁn"; A level of penicillin which did
not prevent arowth had no effect on sporulationj higher
levels of this antibiotic and its effect on sporulation
were not discussed. Chloramphenicol inhibited sporogenesis
at a lower concentration than was required te inhibit growth,
This effect was not reversed by added mt*t,
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EXPLRI LITAL FLTHCDS

clostridium botulinii, €2-A, was the cr;anisa used in
all aspects of this investigaiions The culture wzs originally
obtained from the Anerlican Tpe Culture Collection and was
raintained i{in spore sus;ensicns produced in either the
triypticase-salts-peptors medium (TSP) of Zoha and Sadoff
(1252) or in a medium Of 4 percent trypticase broth (BEL).
when spores were present in the culture at a level of 107
or 168 per ml, the spores were harvested from the growth
mediua by centrifucation, washed twice in sterile distilled
water and resuspended in 0,067 M phosphate btuffer. These
suspensions were then stored at 5°C until needcde. 8ubsequent
inaculations were made from these suspensions,

Criginally, TSP mediunm was usad for the cultivation of
vesetative cells and sporesi however, subscquent work
demonstrated that & mediun of 4 percent trypiticase contain-
in3 1 Mg per ml of thiaaine resulted in mors rapjlid and
coulete sporulations Yeast-extract-starch-ticarbonate
azar (YCSGA) of Wynne et al. (1955) was used for making
¢clony counts with oval tubes. The composition of these
mciia are given in the appendix, Table X.

Preliminary work indicated that an atnosphere devoid
of axyzen would be necessary to carry out the transfer of
the vejetative cells of Cl. botulinum from the growth
mediws to the replacement menstrwu. This was achieved by

tiie use of a plexiglass chanler containing an atmocsphere
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of nitrogen. This chamber was fitted with arm-length
rubber gloves attached through openings in the front of the
chamter to allow handlinz of equipment inside the chamber.
The chamber was filled with nitrogen from a cylindrical
tank of the compressed :as after passage over hot copper
shavings to remove oxyzea present in the nitro;en tanks.

710 gas entered the bottan of the chamber through gas Jets
fitted to the lower part of the chamber, and the atmosphere
in the chamber escapad through a gas Jjet fitted to the top
of the chamber. The chamdber was equipped with an air-inter-
lock in the rear which allowsd cultures or equipment to be
removed without the necessity of refilling the entire
chamber with nitrogen. An electrical outlet was fitted to
the inside of the chamber, and a Sorvall angle~head centrie
fuze was utilised for centrituging_tho cells from the growth
maediuin, The replacement technique was achieved by first
cultivating the organism in TSP medium or & percent trypticase
at 37°C for ths desired length of time. Thon, using the
nitrogen chamber, a 10 ml sample of the culture was trans-
ferred to a sterile tube, and the cells removed from the
growth medium by centrifugation for 10 minutes. The cells
were washed three times in sterile distilled water, and
resuspended in the appropriate replacexent menstuu-=z,
Anaerobiocsis was attained by one of two methods.
Sodiun thioglycollate in a concentration of 0.1 percent
was used in conjunction with YSSBA medium uscd for the
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enuieration of cells and spores. Sodium thio-lycollate
wa3 also used in some cases with replacement solutions.
Tis method was the most convenient to handle of those
exployed but was of doubtful value if the incudbation times
extended much beyond 72 hours. The sodiua thio~lycollate
apparcntly loses its ghility to maintain anaerobic conditions
after this time interval. The other method of attaining
anaerobiosls was by the use of the Erewer anacrobic Jar.
This method was utilised exclusively with replacement
cultures. The cultures were rlaced in the Jjar, the jJar
exhausted by vacuun, and then filled with nitrozen from
whiich the oxysgea had bean removed. The Jar was exhausted
and refilled three times to imsure anaerobiosis,

Total counts and gpore counts were usually made by the
use ¢f the Petroff-hausser counting chamber, This is a
kishly reproducidle methed of emumerating cells and spores,
however the method is ¢f ro value in dsterzininz viable
or ncon-viable organisms. Also, it is of little use in
differentiating heat resistant and non-heat resistant, or
mature and immature spores., In those experiments concerned
with the effect of antibiotics on the sporosenic process,
YESECA and oval tubes were utilised to determine viable
cells and viable spores, This again offered gome difficulty
in determining totgl counts sirce not all epcres cerminate
when placed in germination medium without a heat shock.

Sanples for spore counte were heat shocked for 10 minutes
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at 80°Ce Fowr tubes were poured per dilution in running
viable cell and/or spore counts.

In ordor to determine the DPA content of spores at
various stases of development a large quantity of cells
was required. Therefore, a 2L Erlenmeyer flask containing
1560 ml of & percent trypticase medium ;nd fitted with
appropriate inlet and exhaust tubes to allow the passage of
sterile natural gas through the medium was inoculated with
a 10 percent inoculum of vegetative eells of Cl. botulinum,
At various time intervals 200 ml samples of the growth
suspension were removed and total counts and spore counts
made both by plating and by direet microscopic counts.

Cells were then removed from the medium by centrifugation
‘and resuspended in 5 ml of sterils phosphate buffer, 0.067M.
The dry weight of the cells of each sample was determined by
placing 1 ml in a crucible and drying at 110°C for 24 hours.
The samples were then diluted to contain 4~20 mg of cells
per 5 ml of sample. A dipicolinic acid assay was then run
.on these samples by the method of Janssen et al. (1958).

The percent of DPA of the dry weight of the cells was
calculated,

Penicillin at a concentration of 100 units per ml,
chloramphenicol at 100 ng per ml, and vancomycin at 10 ug |
per ml were utilised to determine the effect of these
sntidbiotics on sporulation. For each of these determinations
four flasks containing 100 ml of & percent trypticase
medium were used, each flask being inoculated with a 5 perceant
spore inoculum, To the first culture, the microbial
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irhivitor becing utiliged was added during the logaritirde
orowoh phiase, or sometime during v.e interval from 10 to
16 howra of yrowth. OJwring tids time no sporulation was
apparent and no forespores could be obserwved. At the exnd of
the lo_aritiuic crowth or at avout the 20th Lour when almost
all cells were in Lhe swolle. stave but only aboub 1-5 pere
cant spures could be observed, the microblal ifmhibiior was
added to tiie second cultwre. AL Lhe polnt wien ‘here
were from 10-5J percent spores (Letween the 26-30ih hour),
the anta;onist was added to tiie tiuird flask. The fowth
flask served as & control. Al variocus time intervals,
sanples were removed fyom each culture and total counts
and spore counts made both by plating and by direct
mierosco;.ie eount,.

“he preparation of trypticase ash for usc ian
replacencnt solution was accorplished by ashing 4 3 of try-
pticasoc a5 525°C in a porcelain crucible in a muiile furnace.
This was then dissolved in 90 ml of water. It was found that
it was necessary to lower the pi to about 3.0 in order to
dissolve the ash. When the p!l was again raised, precipit-
ation of saue constituenc of ti:s ash began at a pH of about
5.0, Therefore the pH was held just below this value.

A dialysate of trypticase was prepared by placing 100
ml of & 4 perceat trypticase scluilon in dialysis tuling
and suspending in a chromatography Jar containing distilled
water. The dialysis procedure was carried cut for 72
hours at 5°C. The distilled water was stirred constantly
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and clanged every 24 hoiurse The dialyzed &4 gergeid
Syoticass scluticn was tisn gterilized for e as & replace-

m2ad scleticne
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RESULTS

The initial phase of this investigation was concerned
\uith the selection of a medium which would support growth
and good sporulation of Clostridium botulinum, Originally,
TSP medium was used for the cultivation of vegetative cells
and spores of this organism because it had been demonstrated
by Zoha and Sadoff (1958) that this medium would support
the sporulation of a similar organism¢ They used Putre-
factive Anaerobe 3679 (PA 3679) and achieved sporulation at
a level of 10° per ml in 44 hours. However, these results
could not be reproduced using Cl. botulinum in this work.
Invariably the number of spores in the culture did not reach
80 « 90 percent of the total count until after 5 - 7 days of
incvbationes Therefore, a broth of 4 percent trypticase was
tested as a culture medium, and it was observed to be of a
much greater sporogenic nature than that of TSP medium. A
comparison of the two media was made and it was found that
sporulation 4in the TSP medium reached maximum sporulation
after about 150 hours incubation, while sporulation in the
& percent trypticase attained a level of Y0 percent in about
40 hours. This comparison may be seen in Figure l.

Trypticase {8 a pancreatic digest of casein marketed by
the Baltimore Biological Laboratory, Inc. of Ealtimore, Mary-
land, An approximate assay of the product shows it to be
deficient in thiamine (Vera, 19bU), and Lund (1956) reported
that the addition of thiamine to trypticase stimulated spore
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formation of PA 3679 and Cl. botulinum, This investigation
also demonstrated that the addition of 1 ug of thianine per
ml of 4 percent trypticase medium stimulated srorulation
of Cl. botulinuwe (Figure 2). Sporulation in the medium con-
taininz the thiamine reaches a level of 106 per ml aktout 9

hours earlier than in the medlum containing no thianine,
and the final spore population was increased about ten fold
by the addition of thiamine, Cas evolution was apparent in
the thianine containing mediun, but nons was observed in the
control,

Two methods of counting spores were used in this work.
The first was a direct microscopie count by use of the
Petroff-liausser counting chamber, and in this method only
those spores which were hichly refractile were enunerated
as mature spores. This was compared with c¢olony counts
made in heat shocked samples by the oval tube method, A
comparison of these two methods in conjunction with the
dipicolinic acid content of the spores during varicus stages
of the sporogenic process is presented in Figure 3. From
these results it should be noted that the direct microscopic
count was consistently hizher, usually by about 70 percent.
This difference in the number of spores can be atirituted to
a nuuber of factors} vis., (a) it is highly unlikely that
all spores germinate and produce colonies, (b) due to clump-
ing, & single colony may arise from more than one spore, and
(¢) not all refractile bodies observed microscopically have

heat resistance. A measurable concentration of IPA was
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observed only after an appreciable number of spores were
present, When the heat reslstant spores were present in a
concentration of 103 per ml, the amount of DPA przsent was
not detectable by the method being utilized for the assay.
At this point the spores accounted for only 0,03 percent of
the total count. As sporulation proceeded, the amount of
DPA present also increased., When the spores reache? a level
of 10° per ml, the DPA accounted for 0,10 percent of the
total dry weight of the spores and vegetative cells, although
it was assumed that the DPA was in the spore., This trend
continued until spores wers present at a level of 10’ per ml
and the DPA reached 3.41 percent of the dry weight,

Endotrorhie sporulation. Initial experiments were de-
signed to determine the effect of exposure of the vezstative
cells of Cl. botulinum to the atmosphere during harvest and
transfer (replacement) to a fresh medium. Cells were culti-
vated in a 4 percent trypticase medium and were removed
from the growth medium at the 24th hr of growth and replaced
in fresh sterile & percent trypticase in the presence of
atmospheric oxyzen. Figure 4 illustrates the results, At
the time of replacement, there were 107 spores per ml and
this level remained constant in the replacement medium
while the total number of e¢ells declined. Sporulation
proceeded as expected in the control culture and reached
almost 100 perceant in 70 hours, with 85 percent spores at

&5 hours.
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The replacement technique was then carried ocut using a
chanber containing an atuosphers of nitrozen. This time
TSP medium was used both as the cultivation mcdlua and the
replacenent medium. The replacerent spores in this instance
reached & hizher level than the control spores (Fizure 5),
indicatinz that no cell dama:e was incurred by the procedure
of centrifugation and replacement.

The vezetative cells of Cl. botulipum were cultivated
in T3P medium for use in the first attempts to sporulate
this organism in an environment containing no excgencus
nutrients, At various stazes of growth, the cells were har-~
vested by centrifuzation under nitrogen and fractions
suspended in (a) sterile distilled water, (b) .067 M phosphate
buffer containing 0.1 percent sodium thioglycollate, and (e)
«067 14 phosphate buffer. All three suspensions were incub-
ated at 37°Cj the water suspensicn bdeing incubated under
nitrosen in a Erewer anaerobic jJar. The results of these
three experiments are given in consolidated form in Table I,
and detailed results are found in the appendix, Tables I-A,
II-A, and III-A. The spore counts indicate that rcplacement
wns‘carriod out about 1 day before the onset of sporulation,
agzain Just prior to or shortly after the onset of sporulation,
and lastly after sporulation had taken place in 10 percent
or more of the total cells present. The total populations
{n both the control and replacement menstrua were found to
decrease at all incudbation times after the initial harvest
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time. However, while the spore counts of the control
cultures increased by 80 percent or more beyond the popu-
lations at replacement time, no increase in the number of
spores occurred in any of the replacement menstrua irrespec-
tive of the harvest time. Similar results were observed in
five subsequent experiments using water or phosphate buffer
as the replacement menstruum, Therefore, it is concluded
that the culture of Cl. botulinum 62-A tested will not
undergo endotrophic sporulation,

The observed decrease in total populations, which un-
doubtedly resulted from cell lysis, was greater in the phos-
phate buffer suspensions than in the water. This may have
resulted from incomplete anaerobiosislin the former, since
they were incubated under atmospheric conditions.

gporulation of Clostridiun botulinum in ghemically
defined replacement media. Since the foregoing results
lead to the conclusion that endotrophic sporulation was
not possible with this organism, a search was initiated
for a chemically defined or simplified medi,;which would
support final sporulation. The cells were again cultivated
in TSP medium and transferred at various stages of develop-
ment into media of known composition. The three replace-
ment menstrua tested had the following compositiont

Noe. T biotin 0.0l percent

methionine 0.03 percent pH 7.1
Mn80y, 0.01 percent
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No, II biotin 0.0001 perecent
methionine 0.0600 percent
nicotinie acid 0.0001 percent
folic acid 0.0001 percent pH 7.1
pantothenie acid 0.0001 percent
¥n380 0.1000 percent

nobenscie acid 0.0001 percent

Noe III DL «=oC= alanine 0.2000 percent
L « glutamine 02000 percent
L - ornithine 0.2000 percent
glucose 0.2000 percent pH 7.1
glycine 0.0500 percent
biotin 0,0005 percent
p-aminobensoie acid 00,0002 percent
thiamine 0.0002 percent
nicotinic acid 0.0002 percent
KH2P0y ~KQHPO, 0.03M

The results of sporulation studies in these replacement
menstrua are given in Table II, and the detailed results
are found in the appendix in Tables IV-A, V-A, and VI-A.
None of these three replacemsnt solutions containing vitamins
and amino acids would support further sporulation of the
arganisne A control culture exhibited normal sporulation
during the same intervals of time. VWhen spores were present
at the time of transfer to menstrua II and III, a decrease
was noted in the number of spores during the incubation
psriod, This decrease was attridbuted to germination of the
spores. The decrease in the total counts in both the eontrols
and the replacement media undoubtedly resulted from lysis of
the vegetative cells.

8ince sporulation procesded qQuite slowly in the TSP
medium, 4 percent trypticass broth containing 1 ng per ml
of thiamine was utilised in subsequent experiments as the
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initial culture medium, This medfum gave highly reproducible
results as to the time of the swelling of»tho cells and
the onset of sporulations Therefore, allﬂnuccooding replace-
ments were carried out between the 18th and the 20th hour of
incubation, At this time almost 100 percent of the vegetat-
ive cells were in the swollen state, and the number of spores
in a culture accounted for about 1-10 porécnt of the total
eounts It was believed that a large porcintngo of the cells
should be committed to sporulation at thii stage of dewvelop-
ment,

A culture of Cl, botulipum cultivated for 13.5 hours
in a medium of 4 percent trypticase with 1 ng per ml of
thianine was replaced ins (a) sterile distilled water, (b)
a solution of calcium acetate at a concentration of 200
ppm, and (¢) a solution of thiamine at a concentration of
1 ppme The first three colunns of Table III show the
recults of this finvestigation., The total counts decreased
in both the control and in the replacement media, although
the per cent decrease was much less in the replacement
solution of ealcium acetate and the solution of thiamine than
in the control, No increase in the number of spores was
observed in any of the replacement menstrua, while during
the same time interval the spores in the trypticase ¢ontrol
increased over 99 percent, Detaliled results of these experi-
ments are given in the appendix, Table VII-A.

In an attempt to characterige the type of compound(s)
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vital to the final sporulation process, a dialyzcd 4 percent
trypticase solution and & sclution containing ths ash of
4 ;rats of trypticase per 1CO ml were usad as renlacement
media. Tie veretative cells were cultured for 13 hours
in a 4 percent trypticase trcth with added thiauire. The
results (columns 3 and 4 of Table I1I) show that the spores
in the control increased Y3 percent while in the re~lace-
zent menstrua a net decrease was obeerved. Table VIII-A,
appendix, gives the detalled results of this experiment.
It must te noted that the pii of the solution of the ash of
trypticase was 5.0 in order to solublige the ash, Lvidence
eited previously (Mohrke, 1Y2bj Collier, 1956) indicateg
that the optimum pH for spcrulation of this orzanisn is
About 7eU « 7.2

Products similar to triypticass were also uscd as re-
placerent media. A & percent solution of a vitania free
enz matie hydrolysate of casein (Gemeral Biochemicals, Inc.)
and a &4 percent solutfon of facto-casamino acida (Difco)
werg hoth utilised in this ranner. The replacemcnt was per-
formed after 20 hours of growth in 4 percent trysticase
fortified with thiamine, At this time sporulation had taken
place in adout 10 percent of the cells, No further
sporulation was observed beyond this level in the replacement
menstruaj instead a larce decrease was observed (Iatle III,
coluns &6 and 7, and appendix Tatles IX-A)e It was noted
trat after replacement in tlhe engymatic hydrolysate of



36.
casein there was clumping of the cells. After the 1Cth
hour £t was impossible to enumerste the nunbdber of cells
presont bty use of the direct microsgopic count, and no
spores could be observed at all, In the acid hydrolyged
casein renlacement medium, there was a loss of 97 percent of
the spores prescnt at the time of transfer. No doubt, the
decreas2 in spore counts resulted from ctermination.

An assay data table {Appendix, Table XI) obtained from
the Paltimore Biological Laboratory containinz the aprroximate
composition of B-B-L peptones was used as a reference for
the preparation of a solution of amino acids of the same
connositinn and concentration as found in a solution of &
percent trypticase. Only the anino acids were uczd, along
with 1 uz per ml of thiamine. This solution was then used
as the replacement solution for cells cultivated for 2%
hours in 4 percent trypticase., At the time of replacement
thoere WAS about 1.2 percent sporulation in ths culture,
Sporulation in the replacement medium {ncreased to a level
of about 23 percent over the first 16 hours after replace-
mnt (Figuwse6)e The spores in the control medium reached
almost 99 percent of the total count in the same time inter-
vale, Althouch sporulation in the replacement medium did
not reach the level of that in the control, it was the first
tire that a significant increase was noted in a renlace-
ment solution of known composition.

Tha effect of antibiotics on the sporulation of
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Glostridium botulipum. Three antibiotics wers utilised in
this phase of the investigation} vis., penicillin, chloram-
phenicol, and vancomycin. The first of these, penicillin,
wvas added at various stages of growth of the culture to
give a final concentration of 100 units per ml of culture
mediun, If penicillin was added to the culture during the
log growth phase or at the lbth hour, further sporulation
appeared to be inhibited, and the spores already ﬁrocont
decreased., This population decrease might have dbeen dus to
the germination of spores (Figure 7). If added at the 20th
hour, when there were about 10 percent spores in culture,
sporulation continued over the next four hours and then
ceased. When the antibiotic was added to the culture at the
2hth hour, when sporulation was about 30 percent complete,
the antibiotic appeared to have no effect and sporogenesis
eontinusd., FKicroscopic counts of refractile spores made
in conjunction with the counts of heat resistant spores
showed Qcaoniially the same results,

Chloramphenicol was first used in a concentration of
10 ug per ml, but at this level no effect was observed on
sporulation., However, when the concentration was increased
to 100 mg per ml, sporulation was arrested immediately on
addition, This proved to be true whether the drug was
added early (10th and 20th hour) or later (30th hour) im
the sporulation process of the culture (Figure 8).
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Vancomycin, at a concentration of 10 ug per ml, was
obeserved to arrest opomhtion. The time intervals of
growth before the addition of the antidiotic were azain
10, 20 and 30 hours. With the antiblotic there was an
interval of about 10 hours after the addition of the anti-
biotic before any effect could be observed. After this
time interval no further sporulation was observed (Figure
9)e
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DISCUSSION

Thort are several points of importance in the disim-
1larity of the sporogenic properties of TSP medium and of
b percent trypticase broth. First, it should be noted that
trypticase, as prepared by the Baltimore Biological Labor-
atory, is a highly variable product. Its exact composition
is unknown, and its composition and characteristics vary
from batch to batchj this depsnding on the casein being
utiliged in the preparation of the trypticase (Vera, 1960).
This variability, however, appears to be overcome by the
addition of thiamine to the medium in a concentration of
1 ng per ml (Lund, 1956). The concentration of trypticase
in TSP is 1.5 percent, while in the trypticase medium the
concentration is 4 percent., Herein may lie the difference
in the sporulation supporting properties of the two media.
Apparently, casein contains some factor which is necessary
for the sporulation of this organism, and it iould appear
that concentrations of trypticase under 4 percent may not
contain enough of this factor to support sporulation,
8ince tho trypticase is a variable product as to composi-
tion, the batch of trypticase used by Zoha and 8adoff
(1958) may have been particularly high in the sporogenic
factor(s), and the subsequent lots used in this work were
not of the same characteristics. While the original work
with TSP was with PA 3679 and the present study was with
Sl. botulipum, many other trials conducted in this
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laboratory with PA 3679 (Costilow, 1960) resulted in
failure to obtain a high percentage of sporulation., This
was true even vhen the medium was supplemented with thiam-
ine, |

Another aspect of TSP medium to be considered is the
presence of glucose in this medium at a concentration of
0.3 percent, It has been moted by several investigators
(Blair, 1950) that this carbochydrate is inhibitory to
. sporulation of Cl. botulinum at a eoncentration ef U.h
psreente A 0.3 perocent level may very wll, then, delay
sand partially inhidit complete sporulation of this organ-
ism, The work of Hardwick and Foster (1952) concerning
‘the nature of the inhibition of sporulation by the presence
of glucose would also indicate this. A medium of 4 percent
trypticase would not contain glucose sinee trypticase, as
assayed by the Baltimore Biological Laboratory, is free of
fermentadble carbohydrates.

The acetate content of trypticase is quite high, since
acetic acid is used for purposes of pH adjustment in order
to avoid a high echloride content of the product (Vera,1960).
It is known from concurrent work in this laborstory
(Simuons, 1960) that Cl. botulipum 62-A. contains & very
active acetokinasej thus the acetate content of trypticase
may somehow be involved in sporogenssis as a souree of
enercyes Future investigations will study this aspect of
the sporogenic nature of trypticase.



The role of thiamine i{ia sporulation is not well
established. However, the results would indicate that it
is not essential for growth and sporulation of this organ-
iem, but that {t does enhanes dboth, Again the scomposition
of trypticase comes into play, Thiamine may be present in
trypticase in minute, catalytic quantities but not in
great enough concentrations to be conducive to semplete
sporulation. Therefore, the complete absence of this
factor may result in the complete absence of sporulation.
This can only be established by use of a synthetie sporul-
ation medium,.

Some things may be deduced from the results of this
work about the compounds of trypticase which do lead to
sporulation of Cl. botulinume. In all probability, these
factors are dialysadle. Trypticase is composed of amino
acids and small peptides and it would not seem unreasonable
that most of the components of trypticase are dialysable.
Also, the ash of trypticase alone is not sporogenic in
& replacement menstruum althouzh it must be remembered that
the pH of this solution was 5.0, Of course, the possibility
exists that either the factors in ash or in the dialysed
portion of trypticase in combination with other factors
or with each other might de sporogeniec in ths replacement
mediun, This possibility was not examined experimentally.

All of the various factors tested, amino acids,
minerals, various inorganic ions, digests of casein other
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than trypticase, and vitamins proved to be non-sporo-
genic when used singly or in combination in replacement
solutions, On this basis, the sporogenic nature of these
compounds and factors cannot be precluded, It can only
be stated that they have no sporogenic valus by themselves,
or in combinations used in this work, as replacement
nenstrua.

Wrile it is obvious that this organisa cannot under-
go the phenomenon of endotrophie sporulation, the organ-
ism may very well become committed to sporulation, but
not, to the extant that it can complete sporogenesis in
the adbsence of exogenous nutrients., While it is possidls
that existing proteins and nucleiec acids are utilised in
spore synthesis by this organism, some exozenous nutrient
or factor is also required.

Perhars the most important ¢lus as te the requirements
for sporulation of this organism is given by the work
which demonstrated that a combination of the amino acids
of trypticase and thiamine is at least partially eporo-
goenic in nature. Although sporulation did not approach
the level of sporulation obtained i{n a normal sporogeniec
environment, a definite increase in sporulation could de
observed, In this solution of amino acids, the ionic
strength would be considerably higher than in the trypticase
mediun, since all amino acids were added as their salts,
and this condition may have a limiting effect on the
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sporosenic process. Leifson (1931) and Wynne (19423)
pointed out that sporulation decreased as the salt
eoncentration increased in a culture medium. It nay
be that the synthetic¢c amino acid solution is not eonplete
enouch in itself to warrant comnlete sporulation. If
the latter is the case, the next step in the work is to
add to this amino acid menstruum the various metallic
ione, inorcanie ions, vitaming, and other factors of
known importance to the sporulation of this and similar
orzanisns. The high level of acetate in trypticase, and
the asetokinase activity eof this organism indicates that
& eombination of the amino acids and acetate should be
investizated for sporogenic properties.

The efiect of penic¢illin on sporulation is difficult
to explain in 1light of the hypothesis that this antibiotic
prevents the synthesis of cell wall matsrial (Pratt, 1953;
Lederberg, 19573 Park and Stromincer, 1957). It would be
éexpected that if the ¢ell were committed to sporulation,
that this druz would have no effect on the process, and
sporulation would proceed to completion. The possibility
does exist, however, tha* the synthesis of the spore coat
may procecd .by a pathway similar to that of the c¢ell wall,
and then the action of penieillin might be explained. If
this antibioti¢ acts ty the inhibition of RNA synthesis,
as reported in earlier inveatizations (iMMitchell and ioyle,
19513 Cale, 1949), it would affect sporulation in the same
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manner as vancomyein, which 18 known to inhibit RIiA
synthesis (Inniss, 1959). However, the results do not
c¢learly show that penicillin does act on & sporulating
culture in the same manner as vancomycin. Before an
explanation can be made as to how penicillin interferes
with the sporulation process, the mode of action of this
antidiotic must be known with certainty,

When vancomycin is added to a culture of Cl. botulinum,
the inhibition of sporulation did not ocour immediately.
A lag of about 10 hours was observed before the sporulation
ceased. If RNA is essential to protein synthesis, as is
hypothesised in the template theory, then the inhibitioan
of RNA synthesis results ia the inhidition of protein
synthesis, and this antidbiotic ultimately acts in the
same manner as chloramphenicols The lag which is cbserved
with the RNA inhibitor would be explained by the fact that
some Colls, at the time when the antidiotic is added,
already have the RNA which is necessary to serve as tea-
plates for the synthesis of proteins which are essential
for sporulation. These e¢ells would them continue to
syathesise spore proteins, and sporogenesis would go to
eompletion, Presumadly this would take place over the lag
period, accounting for the increase in the number of spores.
Those c¢ells which had not yet formed the RNA templates
required for spore protein at the time of the addition of
the vancomyecin would be prevented from synthesising
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these particular RAA molecules, and the sporulation would
be stopped at that point.

It 1is felt by the author that the use of antibiotics
and other antimicrobial inhiditors may offer a practical
tool in the elucidation of the sporogenic process. I1f
the mode of action of the inhibitor is known with certain-
ty, it would be possible to determine which reactions
are being inhibited and thus which pathway(s) are essential
to sporogenesis. Some work has been carried out by the
author with the trivalent arsenic ion and its effect on
sporulationes At this tisme the results are not clear, but
it is felt that this inhidbitor of cellular metabolism may
present cluss as to the mechanisms of sporulation., OCther
compounds of this nature should be investigzated as to their
effect on sporulation,

A great deal of work remains to be accomplished in
the area of sporulation of the anaerobic bacteria. The
development of a good basal medium which can be rendered
free of metallic contamination is required for the
‘determination of the mineral requirements of sporulation.
Perbaps the most valuable technique already developed for
the study of sporogonci;a is the technique of ropluéemont
because it offers a method e¢f practically separating the
sporulation process from growthe Future work will utilige
this technique in order to further elucidate the nutriticnal
requirements for sporulation of Cl. botulinum.



SUMMARY

Studies on the nature of sporulation of Clostridium
botulinum, ATCC 62A, revealed this organisa will not under-
go endotrophic sporulation. Minerals, amino acids,
inorcanic ions, and vitamins used by themselves and in
. various coubinations would not promote sporulation in
replacement menstrua with one exception. A synthetie
mediun of the amino acids reported to be in trypticase,
fortified with thiamine, would support sporulation to a
significant extent, The nature of the sporogenic quality
of this solution was not investigated further. It was
also noted that trypticase with added thiamine is an
excellent sporogenic medium for this organism, however
trypticase which has been dialysed does not exhibit the
sporogenic property. It was concluded that spores of Cl.
botulinum cannot be formed sclely from the degradation of
cellular material and the recombination of the products of
this decradation into compounds necessary for sporulation.

Three antibiotics, penicillin, chloramphenicol, and
vancomycin, were studied to ascertain their effect on the
sporulation process of this organism. Penicillin inhibited
sporulation 1f added before the onset of sporulation or
during the early stages of sporulation. Added at a late
stags of spore development, this antibiotic had no
apparent effect on sporulation. Vancomycin affected spor-

ulation in much the same manner, however, a lag of about
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10 hours wa3s observed after the acdition of this anti-
biotic tefcre sporulation was arrested. Chloramphenieol
inhibited further sporulation re;ardless of the stace of
crowah whea the drug was a&dded to the culture. TFrom ticse
results and the hypothesized nwoce of action of these anti-
blotics, it was concluded that vlhie synthesis of protein
raterial i3 an essential mechsnism in the final sporo_enie

process of tals organism.
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TABLE ITI-A.
The replacement of the vegetative cells of QMMS
in sterile 0.06’:‘1 ﬂlo. te buffer ™
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TABLE V-4,
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TABLE VII-Ae

The rzplaccment of the vesetative cells of Clostridix:
ot:ltnim 4in a solution of thiamin, in a ao!tm;licm""%"':;'2
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TABLE VIII-A.

The replacement of the vegetative cells of
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in 100 ml of sterile, distilled also

atsrcuoaw.:;"m.mn::uu&l.m

cent um thioglycollate.

Growth time Replacement Time in Total count Spore count
Tralonne . o eGSR BN BORE
HenStruum  ment  memt
O hrse  3.2x10% «0x107
dialysed éoo hrs. . 7

18 hrs, L percent 5 hrs. 8 +0x10
Trypticase 12,0 hrs.  2.1x10% 1.0:107
1340 hre.  2.0x103 1.0:10;

29.0 hrs. 2.Cx10 1.0x10

L percent 6.5 hrs, «2x10 .mo;
s R i:i‘:‘u‘?ﬁ 330

4x10
29,0 hrse 3.0x10° 343107

4 PERCENT TRYPTICASE CONTROL

Srowth tine Jotal count Spores
8

12 hes, 4310 ox108

24.5 hrs. 3+1x10% .6:10‘

30 hrs. 2.3!103 1.78108

36 hrs. 2,2x104 1.7x104

&7 hrs, 2,010 1.8x10



e

TABLE IX~-A.

The replacement of the vegetative cells of
in a solution l‘ percent casamino
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20 hrse casamino 30 hrs. e 2X%10; 1.,0x10
acids (acid 45 hre. 2.0:107 .
hydrolysed) 72 hrs. 72x10

. 8 7
) hre 8x10 1.0x10
: 5 %g g::: sioxxo‘ 540:10°
reen w‘u -
20 hrs. T o hre. clunping

acides (ensy- 5 hree clumping

ti 72 hrse el
e ==

& PIRCENT TRYPTICASE COHNTROL

Growth Sire Jotal count Spores
20 hrs. 5.6x1.08 1.0x007
30 hrs. 3.2x.03 3.1x10
LO hrs. 3400103 54010,
50 hrs. 2.1x2C 5 09‘107
£5 hrs. Yaiind 6.0x10



1C.
TACLE IX-A.

Foraulas of media used in thig investigation.

1. T3? medivm, Zoha and Sadoff (1353)

trypticase 1.5 pereoant
pepstous 1.0 percent
kaCl 0.5 percant
L2LP0y, 0.25 percont
7iucose 0.)0 percent
(11,280, 0.10 percont
sodium thioglycollazo 0.10 percaut
tidanine 1 ug per ol

2. Y133 azar, Wynne et gl. (1555)

7288% gxtract 1.0 perecort
slucose 0.2 perecent
motnylene blue 0. UCCL pexeout
aolubls starch 0.1 percont
acar 1.5 percoent

Tia £3llowing additive 18 ussd 42 0.5 mi/tubo
of Ti5% agar

sodf{us thioglycollaltse 0.2 percont
K3iiPOy, 0.2 percany
%aiCly (filter sterilisa) 0.1 peresut
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TARLE XI-Ae
Arovezimate Conpositicn of Trypticase®
Sowrcel Caseln

Eydrelye'ss Pancreatice

it““*sﬁ
! e A YN nt 1107
Anlino 3-5
latl OQ’
Ca 0033
Te G.C
K .2}
Fz 0.C3
P Cal5
s (.-’.73
Cc.0

Azino Aclls percent

ld‘ :‘-1i Y | ?06 0018
Aspzrtic Acid 5.1 Choline 1550400
Cysiino .3 Cyanocctalamin 0.50
Glycino i.3 Folie acid 1.17
Slutasde Acld 17,0 Niacin 212,00
Fistidine 2.4 Pantothenie acid 8,90
Isolaucine 5.0 Pyridoxine 3.2
leucine 7ol Riboflavin 19,00
rethionire R.4 Thiamine +
Phenylalailce 3.3 PACA O.21
Proline 11 05

Threoiine 3.5

Tryoptephan a9

Tyrcsine 2.3

Vallia Sebd

sieroduced from the tadle ™/ ~roximate Compositicn of
B-ii-L Pertones™ furnished h; the Ialtimore Flolo-ical
Latoratcery, Ince,y of Balti.»ru. iaryland.









