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Abstract:

Studies with toxic culture fluids of Clostridium hemolyticum showed that the fluids reacted with egg
yolk) lecithin and sphingomyelin. The reactions with these substrates were manifested by an initial
opalescense -which eventually resulted in the production of a curd of fat. Phosphoryl-choline was
released from the' reaction mixtures indicating that the organism produced lecithinase C. Mixing the
toxic fluids with erythrocytes of various species resulted in hemolysis of the cells. The lytic patterns
with mouse erythrocytes were essentially linear while those with chicken erythrocytes were irregular
and characterized by two slopes of hemolysis with a flat plateau between these reactions. The
erythrocytes of mice ,, were much more susceptible to hemolysis than those of chickens, but the two
species were about equally susceptible to the effects of the toxic fluids. All the reactions could be
effectively neutralized by C hemolyticum and Clostridium novyi type B antitoxins.

From the proceeding studies it was assumed that the culture fluids contained more than one hemolytic
factor, and because of this, the crude culture fluids were fractioned electrophoretically. The toxic
culture fluids could be fragmented into seven separate entities which were not present in the
uninoculated culture medium. The four slower moving constituents were hemolytic and were identified
as a proteinase, two phospholipases and a lipase. These substances were not equally hemolytic to
erythrocytes of different species, and with the exception of the lipase were serologically similar. The
proteinase was the slowest moving entity, hydrolyzed emulsions of X-ray film, and was not obtainable
in pure form.. The phospholipases moved faster and hydrolyzed both lecithin and sphingomyelin. One
of these two substance was necrotizing and was produced in greater amounts than the other
hemolysins. The lipase hydrolyzed sorbitan trioleate and was the slowest moving hemolysin.
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ABSTRACT

Studies with toxie culture fluids of Clostridium hemolyticum showed
that the fluids reacted with egg yolk, lecithin and sphingomyelin, The

reactions with these substrates were manifested by an initial opalescense -

vhich eventually resulted in the productien of a curd of fat. Phosphoryl=-
choline was released from the reaction mixtures indicating that the organ-
ism produced lecithinase C. Mixing the toxic fluids with erythrocytes of
various Bpecies resulted in hemelysis of the cells. The lytie patterns
with mouse erythrocytes were essentially linear while these with chicken
erythrocytes were irregular and characterized by two slopes of hemolysis
with a flat plateau between these reactions. The erythrocytes of mice
were much more susceptible to hemolysis than those of chickens, but the
two species were about equally susceptible to the effects of the toxic
fluids. All the reactions. could be effectively neutralized by C. hemolyu
ticum and Clostridium novyi type B antitoxins.

From the preceeding studies it was assumed that the culture fluids
contained more than one hemolytic factor, and because of this, the crude
culture fluids were fractioned electrophoretically. The toxie culture
fluids could be fragmented into seven separate entities which were not
present in the uninoculated culture medium. The four slower moving con=-
stituents were hemolytic and were identified as a proteinase, two phog=-
pholipases and a lipase. These substances were not equally hemolytic to
erythroecytes of different species, and with the exception of the lipase
were serologically similar. - The proteinase was the slowest moving entity,
hydrolyzed emulsions of X-ray film, and was not obtainable in pure form..
The phospholipases moved faster and hydrolyzed both lecithin and
sphingomyelin. ©One~of thesetwo substances was necrotizing and was pro=
duced in greater amounts than the other hemolysins. The lipase hydrolyzed
sorbitan trioleate and was the slowest moving hemolysin.




- INTRGDUCTION AND REVIEW OF THE LITERATURE

. History gfwagent_regponsible for bacill§gy hemoglobinuria.

Clostridium-Qemolzﬁicum"is-bést known as the micro-orgapism re-
sponsible-for bacillary hemoglobinuria-of cattle. The disease~was-prdb:
ably known as early as 1885 (Vawter and Records, 1926; Reéords and Vawter,
i9h5) but no organiéed efforts to comntrol it were undertaken until it had
feached epizootic pfoportions in some mountain valieys of Nevada (Records
and Vawter, 1945). The Agricultural Experiment.Station at the Uﬁiversity
of “Nevada initiated studies on the disease in 1914 (Records and Vawter,
i9h5). Failure to isolate the etiological agent limited the study to
geographical distribution, clinical symptoms aﬁd gross pathelegy of thé
malady. The disease‘was'described by Meyer (1916), Mack and Records
(1917) and Records and Vawter (1921).

¢. hemolyticum was finally isolatéd and identified in 1926 by
Vavber and Records. The large Gramspositiye rodg form oval spores which
swell the sporangium and are usually located subterminally The Gram-
positive reaction is generally seen in young cultures only, and cultures
older than 24 hours contain mostly Gram-negative organisms. The rods have
rounded ends, measure approximately 1.0 u by 3-- 5 u, and are sluggishly
" motile by #Eans of peritrichous flagella.

Colonies growing on blood agar plates are small, grayisﬁ and sur-
rounded by zones of partial hemﬁlysis. The size of the colonies and
theiruzones of hemolysis are dependent on a number of factors such as

length of incubation and type of medium. Subsurface inoculation into glu-

cose-free media results in colonies that are initially lenticular but which

LY
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become wooly and develop shnrt”filaﬁentous edges on prolonged incubation.
Some‘strains form "snowflake" type celonies whiqh are comsidered to be
rough types. fhese bacteria are fully virulent but unsuitable for agglu:
tination because they are unstable when used as antigens.

C. hemolytiq@p fgrmgpts_glucose and fructose bgéinot gal%ctose,
maltese, lactose, sucrose, mannitol, duleitol, arabinose, xylose, dex=
trin, insulin and salicin.. There are variants of the organism Phat fer:
ment glycerol (Smith, 1953) and maltose (Smith, Claus and Matsuoka, 1956).
The orgapism.liquefiés gelatin in two to six dayé, and acidifies and
angulates milk slowly. Hyérogen sulfide and indole are forﬁéd; nitrates
are not reduced, and theLmethyl red and Vogues<Proskauer tests are nega-

five. Coagulated serum agd egg albumin are not digested.

Toxic and serdlogié ‘properties.

At the time C. hemolzﬁicum was isolated it was found that the er-
ganism produced a potent hemolytic toxin which was responsible for the
massive destruction of erythrocytes in affected animals (Vawter and
Records, i926). Théée workers showed that the organism prédﬁéea a sepaiﬁ
rate necrofizing substance which persisted long after the_hemolysin had
disappeared from culture fluids that were allowed to remain‘in'the incu-
bator. The necrotizing substance described by Vavter and Records vas not
detected by Jasmin (1947). He found that C. hemolyticum produced a single
‘substance that was both necrotic and hemol&tic. Jasmin also observed that

the toxin caused opalescence and liberation of fat from egg yolk suspen

sions.- This reaction was similar to the leeithovitellin reaction (LV) of
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'"'f&:perfripgenémtype'A;' Because of ~these similarities -he-suggested that
the C. hemolyticum toxin was a lecithinase C. His suggestion was supported
by ‘Macfarlane (1950a) who démonstrate& that the toxin hydrolyzed lecithin
4
and sphingomyelin bﬁt not cephalin type compounds. The products of the
hydrolysis were free fats and phosphorylcholine.

Vawber and Records (1929) demonstrated that the lethal effects of
the toxin produced by these organisms could be inhibited by treatment with
specific antiserum. Jasmin (1947) showed that the in vive and in yitro

- -effects of the toxin could be neutralized with sera prepared against
€. hemolyticum but net with sera prepared against C. pgrfringens type A.
He also observed that the alpha toxin of C. perfringens could not be
neutralized by C. hemolytieum.autitéxin. The serological disimilarity
between these lecithinases was verified by Oakley, Warrack and Clarke
(l9h7), who also foand that €. hemolyticum toxin was serologically re=
lated te the beta toiin of C. novyi. Because of the similarity, Oakley
and Warrack (1959) suggested that C. hemolyticum should be considered as
type D of C. novyi. The observation that C. hemolyficum also produced a
substance similar te the zeta tokin of C. novyi typé B supports their '.“
suggestion. |

C. hemolyticum specifically agglutinates with homologeus sera but

not with sera prepared against C. perfringens, C. chauvoei, g. septicum or

C. novyi (Vawter. and Records, 1931).

Phospholipases of C. hemolyticum and other bacteria.

A number of bacteria are known te produce phospholipases of the same

.:6
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biochemical type as those of C. perfringens*and—gj‘hemolyticumu Included

in the group are both animal and insect pathogens. - Clostridium:povyi, as
a species, produces more.than one phospholipase of the same biochemical
type but these substénces are serologically different<(M; G. Macfarlane,
;9hé; Oakley, Warrack and €larke, 1947; M. G. Macfarlane, 1948). - Oakley
et al. (1947) showed that the lethality of culture filtrates of C. novyi
is caused mainly by their content of alphé toxin rather than by their
lecithinases C. which are usually prb&uceq_in small amounts. Clostridium

bifermentans also preduces a toxin that reacts with égg yolk (Haywardy

1943) and the substance was identified as a lecithinase C (Miles and Miles,
1947; 1950). These workers demonstratéd that enzymically equivalent con-
centrations of the substance are much less lethal than the alpha toxin of
€. perfringens.

Bacillus cereus produces a substance that reacts with egg yolk

(McGaughey and Chu, 1948). The substance was identified as a lecithinase
C (Chu, 1949) that is pathogenic to the larvae of the larch saw fly (Heimpel,

1955; Kushner and Heimpel, 1957). Bacillus anthracis also produces a sube

stance that reacts with egg yolk (Ruata and Caneva, 1901; MeGaughey and
Chu, 1948) and with human serum (Nagler, 1939). This substance was iden-
tified as a lecithinase ¢ {(Costlow, 1958). |

There are some bacteria which pfoducé substances, other than
lecithinase C, that react with egg yolk. MeClung and Toabe (1947) men- .
tioned that egg yolk reactions aré seen with some of the speciés of

Aetinomyces, Aspergillus and Bacillus. C€lostridium sporogenes reacts with

egg yolk, but the reaction is not typical of lecithinase C (McClung and
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Toabe’, ‘L94T}. " Egg yolk reactions- were "also seen with Listeria mohocyto-

‘genes (Fuzi end-Pillis, 1962). It-is not-known what substances are pro-
duced by thése bacteria-that cause-these LV type-reactions.

Coagulase positive strains of Staphylococcus aureus react with egg

yolk (Gilléspie and Adler, 1952) but the reaction is caused by a lipase

and not by a lecithinase C (Shah and Wilson, 1962). Rogols, Fizette and

Bohl (1959) reported that the hemolysin and toxin of Leptospira pomonsa,
were partially mneutralized by lecithin, leading them to bhelieve that the
organism produced a lecithinése, It has been shown, however, that the
toxin may be a lipase that can hydrolyse wynthetic lipids (Patel et al.,

1963).

Mechanisms of toxicity and enzyme activity.

Lecithinases C hydrolyze lécithins and related phospholipids (Mac=
farlane and Knight, 1941). Because of this hydrolytic activity exposure
of erythrocytes to these substances will result in alterations of the
stromé and release of hemoglobin. In natural infections of cattle with
'g. hemolytieum, the disease is charaetérized by massive intravascular
hemolysis of erythroéytes° It has been observed that the erythrocyte
count.drops frem a normsl of approximately 6,000,000 per mm3 to .about
i;SO0,000 per ﬁmS shortly before death (Records and Vawter, 1921; Vawter
and Records, 1926). The massive destruction of erythrocytes leads to
_anoxia, damage to endothelial tissues and increased capillary permeabile-

ity. Because of the increased permeability there is.a resultant extravasa-

tion of hemoglobin-stained plasma into the abdominal cavity (Records and




Vawter, 1945).

The toxin produced by C. hemolyticum is & lecithinase € which has
not been studied as extensively as lecithinase C of C. perfringens. It is
not known how C. hemolyficum toxin affects cells other than erythrocytes,
but if this lecithinase C is comparable in its toxigenic meéhanisms to the
aipha toxin of g. perfringens, then it can be inferred that the toxic leci-ﬂ
- thinase of C. hemolyticum can attack the mitochondria of cells (Macfarlane
and Datta, l95h), méy interfere with the oxidation of.succinate (Wooldridge
and Higginbottom, 1938) and may disarrange the magnesium activated adenOw:
sinetriphospatase of muscle (Kielley and Meyerhof, 1950)° I

The mechanism of enzZymic aection on egg yolk may involve the action
of a single enzyme upon a single substrate. This would be :true if the
- culture fluid of C. hemolyticum contained only lecithinase C. If the
culture fluids contain lipases or proteinases the yolk reactions could also
be caused by these enzymes. It is known that bacterial lipases and pro-
teinases react with yolk suspensions‘(Shah and Wilson, 1962; Willis and
Turner, 1962; Crook, 1942; Kushner, 1957; Willis and Gowland, 1962).

Hemolysis, like the LV reaction, may also be caused by a number of
enzymes. However, the ﬁain determinant of this reaction appears to be the

lecithinase C which is produces in larger amounts than the other enzymes.

\

Experimental basis for the thesis.

The hemolytic, toxic and lecitho=vitéllin (LV) reactive capacity of
lecithinases C have ‘been found to be disproportional. While R. G. Mac-

farlane and associates (1941) and Jasmin (1947) found a direct relationship




7=
* ‘between LV, hemolysis and texicity for filtrates of C. perfringens and C.
hemolyticum, Dolby and M. G. Macfarlane -(1956) found that different -
strains of C. perfringens yileded filtrates with varying LV/toxicity ratios
and divergent affinities towards erythroeytes of the same species. These
workers also indicated that there wgre ne synergilstic effects in the reac-
tiens and that hemolysis estimates were unreliablé unless liberated phos-
phates were determined cqncomitantl&, In earlier work, M. G. Macfarlane
(1950b) found that the serologically different lecithinases C Qf C. per=
fringens and C. novyi also aiffered in their affinites toward érythrocytes
of different species. She showed that 1t required less alpha toxin of
C. perfringens to hemolyze sheep erythrocytes than it did to hemolyze horse
erythrocytes while the oppoéite was true for the beta toxin of €. novyi.
Work with other toxic filtrates has‘also revealed interesting incon-

sistencies. Miles and Miles (1947) found that filtrates of C. bifermentans

lysed mouse and rabbit erythrocytes but not those of’horse? human, sheep or
guinea pigs. Chu (1959) found that filtrates.of B. cereus remained hemén
lytic when treated with nermal horse serum, but the same filtrates lost
their LV reactivity. ' Smith and Gardner (1950) demonstra@ed disproportionate
inactivation of C. perfringeﬁs type A filtrates which were exposed to re- -
dueing substances; the LV reaction was inactivated faster than fhe hemolytic
reaction. Kushner (1957) found that crude lecithinase C pfeparations of

Bacillus cereus exhibited anomalous heat inactivation which was not seen

with more purified enzyme preparations. He also observed that LV type reac-
tions and lecithinase activity differed in their heat inactivation rates,

and that the ecloudiness of the egg yolk reaction cam be caused by a lipase.
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The list of substrates hydrolyzable by the lecithinases C has in;
creased over the years; * M: “G. Macfarlane and Knight (19%1) i—niti—ally found
that the lecithinase of C. perfringens hydrolyzed lecithin and sphingomyelin
but not phosphatidylethanolamine or phosphat%dylserine. Matsumoto (1961)
observed hydrelysis of sheep erythrocyte's phosphatidylethanolamine, and
de Haas et al. (1961) increased-the list to include-synthetic cephalin if
a small aﬁount of nétural lecithin is added to the reactants. As more was
learned aboﬁt the phospholipases, it became apparent that many of the dﬁsu .
crepancies could pfobably be explained by the fact that most of the studies
were conducted with impure enzyme preparationé. The reactions ﬁere usﬁail§‘_
deﬁermined using complex substrates.

Seldom were natural substances for in vitro tests derived from the
same species used for toxieity assays. With this thought in mind, the LV
reaction using chicken egg yolk for the substrate may be suitable for
toxicity estimates of chickens, but any relationship between LV with leth-
alify estimates in other animals may be coincidental. Also hemolytic es=~
timates would probably correlate better with lethality'estimates if the
erythrocytes used in the tests were obtained from the same species used
for lethality titrations.

Preliminary work to determine if there was a correlation between
hemolysis and toxicity of culture fluids of C. perfringens type A, Bacillus
cereus and C. hemolyticum revealed that there was no relétionéhip between
the in vivo and in vitro tests. New=born chickens and adult mice were used
for the in Xizg titrations, and erythrocytes from the same species ﬁere used

for the in vitro tests. The unexpected results left two possibilities to
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consider. First, studies could be directed towards‘finding more- than one
hemolytic substance in each of the preparations and second, studies could
be directed to find marked differences in the erythrocyte susceptibility.

It was decided to limit further investigations to work with culture
fluid from a single species. Culture fluids of g. hemolyticum were h
selected because the organism purpertedly preduces but one lethal hemolytic
substahce (Jasmin, l9h7).. No interference was expected with a lipase that
this organism preduces (Oakley and Warrack, 1959) because the enzyme is
non;hemolytic, non-lethal and non-necrotic.

The present thesis is composed of two parts. The first section is
concerned with work with crude toxins which were used to explore the re-
lationship between hemolysis, LV and lethality of éultufe fluids. The

second sectien deals with work with partially purifiedjmoxins.




MATERTALS AND METHCDS

Selection of organism for texin production.

A toxigenic strain of Clostridium hemolyticum catalogued by the

agcession number 7170 of the Veterinary Research Laboratory of Montans State
College was used for toxin preduction. Throughout tﬁis thesis the culture
will be referred to as "Strain TLTO". The initial isolation was made on
October 16, 1960 from thé liver of a cow which had died of bacillary hemo;
globinuria. The infected tissues were collected by Drs. R. D. Read and R. C.
Keyéer of Ronan, Montana.and the isolation and identification was made by a
staff bacteriologist of the Veterinary Research Laborafory,

Characteristics of the strain. Strain 7170 was identified by a

ﬁumber of tests, including morphology, toxin production and serum neu=-
tralization. The ofgaﬁigm‘is a Gram-positive sporulating rod which swells
slightly as it sporuiétes. Actively growing cultures generally become
Gram;negative in less than 24 hours incubation at 37 C. Metility is not
marked and is best demonstrated in semisolid agar rather than by the hang=-
ing drop fechniqpe.

To determine carbphydrate fermentations, various sterilized car=-
bohydrates were added to tubes of freshly prepared thieglycollate medium
(BBL 01-136C) to give 0.5% concentration of each of the sugars. After
these additions, the tubes were boiled for a few minutes to drive off oxy=
gen and to mix the added cafbohydrates with the thieglycollate broth. After
cooling, the tubes were inoculated with 0.1 ml of culture using pipettes
fitted with small rubber bulbs. The tubes were incubated for four days

anaerobically in Brewer Jjars at 37 €. Strain T170 actively fermented
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glucose but net maltose, lactose, sucrose or salicin.

Inoculated tubes of iron milk showed no apparent reaction after
four dgys ef incubation, but a soft.clot formed on incubation for seven
days. Gelatin was liquified in‘foﬁr days, and media containing meat were
blackened if steel wool was added as an aid for anaerobiosis. No tests
were conducted for nitrate.reduction or formation of indole.

Colonial morphology was determined from growth oﬁ freshly poured
bovine blood agar plates. During incubation for 72 hours at 37C the or-
ganism formed small raised colonies with entire margins. The small glossy
colonles were transpafent, grayish, had very soft consistenc&, and were
surrounded by zones of partial hemolysis which extended twe to three mm
beyond the edges of the colonies. ‘No growth was obtained on egg yolk
plates prepared with blood agar base, but heaﬁily inoculated areas showe@
whitish discoloration which was probably caused by lecithinase C carry-
over from broth cultures used as inoculum.

Intramuscular ineculabtion of actively growing cultures killed
gulnea pigs, mice and one to three-day old baby chickens. Guinea pigs
usvally died in 48 hours when injected with cultures that had been trans=-
ferred a number of times 6n laboratory media, but the reaction could be
shortened to about 2k hours with cultures transferred serially in animals.
Mice and baby chickens were usually killed in less than 24 hours and both
of these species exhibited "bleeding" from body orifices. Stock cultures
were prepared from organisms growing in tiséues of infected guinea pigs;
this increased the toxigenicity of Strain T1T70.

Preliminary newtralization tests were carried out with fluids of 18
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hour cultures grown in.liver infusion medium. The cultures-ﬁere centri;
fuged‘gt 12,160 x g for 15 minutes and 1.0 ml of the supernatant fluiés
was placed in 85-X 15 mm test fubes together with 1.0 ml ‘of a solution of
antitokXin* containing 100 units and a drop of 0.2 M calcium chloride. The
mixture was shaken vigorously for a few seconds and was then incubdted at
rmomftemperatu;e for 40 minutes. Ome ml of a yolk suspension was added to
each tube which was again vigorously shaken and incubated at 37 C for L5
minutes. Control tubes for these neutralization tests included samples

without antitoxin, and samples without toxin. Neutralization of toxin was

manifested by inhibition of Qpalescence of the egg yolk suspension.

Culture medis used.

Stock culture media. Two media were used for the»maintenance and
preservation ef the organism. Grqund beef medium was used for routine trans-
férs and storage for periods which did not exceed about a month. This
_medium had a liquid phase composed of liver infusion te which was added
1% trypticase (BBL 02-148), 0.5% yeast extract (Difco O 127-01), 0.2% -
soluble starch (Argoe Dix.r° Corn Products Go.) and 0.01% magnesium sulfate:

The liver infusion was prepared by mixing 1 15 of ground liver in 1000 ml
water. The ground meat and water were placed in a stainless steel container
-and were boiled for five minutes. The resultant broth and coagulated meat -
were cooled by placing the metal container in :a bath of running cold tap

water and then in a refrigerator. After about four hours, congealed fats

*Diagﬁostic serum produced by the Wellceme Research Laboratories,
Beckenham, England.
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and meat residue were removed by straining -through-cheese cloth. The
broth was clarified by centrifugation at 252@-x'§ for 15 minutes.- ‘The
ingredients listed.above'were“adQed”to'the”supernatant“fluid*and"the reae:
tion was adjusted to pH T.6 with 1 N NaOH. This mgdium was ‘placed iﬁ test
tubes which contained a small ball of steel woel and aboutb % inch of ground
cooked lean beef. Before dispgnsing thg medium, a single tube was.tested
for final pH. If the reaction dropped below pH 7.&, more sodium hydroexide
was added to the infuéion and a second tube was tested. The procedure was
repeated until a pH of T.4 to 7.6 was achieved. The tubes were then
sterilized byKautoclaving at 121 € for 20 minutes.

Since the medium was used for periods not to exceed one week after
preparation, it was necessary to prepare it in small batches. Alternatively
the ground beef used in the medium was coocked and then pféserved by freez=-= .
ing at =20 ¢, The liver infusion waé preser&ed by refrigeration at 6 = 8 €
after l% chloreform had been added to prevent micrebiai growth. While the
meat would last for long periods eof time the chloroformed infusion would re=
main usable for only about twe to tﬁree months. Ground beef medivm was
usually prepared in 100 ml amounts whicﬁ was enouéh for appreximately 10
to 12 tubes.

‘Bfain medivm was wsed for routine maintenance and prolonged storage
of Strain T170. The medium was prepared by adding an equal volume of dis-
tilled water to fresh bovine brain and boiling the mixture for 15 @inuteso
The cooked tissues were then transferred te a Waring blendor for a few
seconds to chop the tissue into small particles. Polypeptone (BBL 02-149)

was added to meke a two percent W/V solution, the reaction adjusted"to .

T
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PH 7.3 with 5 N NaOH, and the medium dispensed into screwaéap tubes con;
taining small balls of stéel wooel. The tubes were placed in a bath of
boiling water, shaken gently te drive off excess air and then were auto-
claved for 30 minutes at 121 C. The tubes were either used immediately

upon cooeling or were frozen at ~20 and subsequently boiled and cooled prior

to incubation.

Toxin produetion media. Three media were used for pfoduction of

toxin. A "digest medium" was prepared by digesting liver and stomach

kS

tissue of hogs and muscle tissue of beef. One thousapd grams of washed,

F

ground hog stomach; 500 g of hog liver; 500 g of grouﬁd lean beef and 2000
ml of distilled water were placed in a container and thoroughly mixed., The
rgggtion oﬁ the mixture was }owered to pH 2,0 with coﬂcentratgd hydrochloric
a;id. Ten grams ofﬁbepsin were added and mixed into %ﬁe‘acidified tissues
which were then digeéted for'l6 hours at 55 C, Aftermthe first four hours
the pH was readjusted‘té é.O. The mass of digested tissue was boiled for
30‘minutes‘to inactivate reéidual pepsin. The digest'was then cooled with
the aid of running tap wéter, clarified by centrifuga%ion at 2520.x g for‘
2@ minutes, and the supernatant fluid placed in a glaés container for
storage at =20 C. Priqr to use the digest was dilute@‘lil with"distilled.
water, the pH adjusted to 7.2 and the diluted digest placed in suitable.
containers for sterilization by autoclaving for 30 minutes at lél C. Be-
cause this medium produced false LV type reactions, it was mnecessary to.
cpltivate Strain TL70 in saline filled cellophape sacks immersed in the
ﬁeéium,_which was di%ﬁenseé into Mason jars. A number"of‘glass tubing oute

lets were provided for inoculation of fluids into the sacks and for pressure
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compensation during autoclaving. Similar outlets for decompression of the
medium were also provided. The top aséembly of the jars was covered with
cotton and gauze and the  finished assemblies- were autoclaved for 30 minutes
at 121 €. (Fig. 1 represents a drawing of this assembly).

Following autoclaving the medium was colled to room tempersture by
placing the culture assemblies in baths of running cold tap water. The
cooled assemblies were then placed inside -Brewer Jjars which were made
anaerobic by repeated careful displacement of gasses within the jars with
hydrogen. Care was taken not to exceed a vacuum of 15 inches of Hg in the
displacement process which was repeated four times. After allowing a period
of 24 hours for diffusien of nutrients into the cellophane sacks, the cul-
ture assemblies were taken out of the Brewer jars and the saline sacks
‘ inoculated with actively growing cultures of C. hemolyticum. The assemblies
were once again replaced inside the anaercbe jars and incubated for 16
hours at 37 C. .

An "infusion medium" of pork was composed of 3% trypticase (BBL-
02-148), 1% yeast extract, .02% Lecysteine, 0.25% Na2HPOL, and 0.125%

.glucose. The infusion for this medium was prepared with pork liver and

AN

muscle meats using 2/3 1b liver and 1/3 1b lean muscle per liter of water.
The mixture of meats was ground, water was added and the suspension beiled
férlfive minutes. The resultant broth was cooled and refrigerated to
solidify the fats which were removed with a stainless steel screen. The
broth Wés filtered through cheese cloth and clarified by centrifugéﬁion at
2520 x g for 15 minutgs, |

The infusion with the additives listed above was dispensed into
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FIG. 1. Cellophane sac culture system.
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Erlenmeyer flasks into which had been layered about & inch of cooked lean
beef and a few small balls of steel ﬁool. The pH in each bottle was ad-
Justed te T.4 with 5 N Na®H solution. An effort was made not to fill the
flasks more than two~thirds full to avoid "boiling over" as pressure in
the autoclave decreased. Autbclaving of these flasks of media was for
30 minutes at 121 C. Im all instances, flasks of medium minus the meat
were also prepared. These fluids were added to culture flasks immediately
after autoclaving so that the culture vessélé were filled almost to the
top. The filled flasks were cooled in a water bath. Once the flasks
cooled to approximately 37 C,.they were inoculated with active;y growing
cultures of Strain 7170. Immediately after inoculation the toxin pro-
duction fla;ks were sealed with vaspar (Hall, 1928) and incubated at 37 C
in a water bath,
A "general toxin medium" had the following composition:
3% Trypticase (BBL 02-148) _
0.5% Yeast Extract (Difeco 0127=01 or BEL 02-159)
0.001% MgSO) A
0.5% - NapHPO
0.2% Soluble starch (Argo Div. Corn Products Co.)
0.1% glucose
The above ingredienfs were dissolved in distilled water and the
.solution was dispensed into Erlemmeyer flasks into which had been layered
about % inch of cooked lean beef and a few balls of steel wool. The

medium was autoclaved with the same care as was taken for the infusion

medium,

Method for preparation and storage of toxic materials.

Fluids from cultures of Strain 7170 grown in the cellophane sacks
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were pooled-gfter"the"contentS“of"vafiouS“sacksmwere'centrifuged'for 30
minutes at 2520 x‘g.- The -fluids were dialyzed for one day- against running
cold tap water follewed by further dialysis against frequent changes of
cold‘distillgd water for an additional ;2 hours. Final dialysis was con-
ducted against cold glycerol to diminish the volume to approximately one;
- half of the original. The glycerinated fluid in the sacks was placed in
small screw=cap tubes in 3 ml volumes and stored at =20 @.

Toxic fluids of Strain T170 grown in the iﬁfusion medium were
centrifuged at 2520 x g for 30 minutes. The supernatant fluids were
precipitated with 50%'W/V’(72% at 23 €) of ammonium sulphate. The insol=-
uble material which rose to the top of the salted fluids was taken up with
the aid of a stainless steel screen and was placed inte a beaker. This
material was dissolved ih distilled water in an amount equal to l/lO the
oriéinal culture volume, and dialyzed (celluiose dialysis tubing, 1 1/8
inches inflated diameter, and 0.001l0 inches thickness) against rumming
cold tap water for 32 hours and then against frequent changes of cold dise
tilled water for 24 hours. Lastly, diaLysis against a number of changes
of glycerol was done so that the final volume was abeout % of the recon-

stituted (NH” )o SO) precipitate.

Method .for estimating optical density of proteins in acrylamide gels.

The relative optical density of proteins in polymerized acrylamide
gels was estimated according to the instruetions in the manuwal for use of
the densiometer. The instrument used was a Chromoscan Model M6l (National

Ingtrument Laboratory, Joyce Loebl Co. Ltd., England). This instrument was
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run with a cam angle of MSO, a slit width of 0.25 mm and a gear ratio of
3 to 1. The beam of light was passed through a coler filter #5038 and a

neutral density filter #5031.

Method fér the preparatién and storagep&'egg yolk suspehsioﬁs.

One yqlk wag used for each 500 ml of saline. EThe y@iks weré broken
and thoroughly stirred with a glass rod. The egg yélk éugpension was
'c?ntrifugeqfa# 586@ x g for 20 minutes and the supernatant fluid chilled
and filtereq through coarse filter‘paﬁer to remeve floating fat particles.
Pifty ml gﬁantities of the filtered susbension ﬁere'plaédﬂ in small plase
tic'ﬁotties and in three ml gquantities in small screw=cap tubes. The |
partially=filled C@ntainers were stored at -20 C.

Thawed yolk suspens1ons that flocculated after imcubating at 37 C
for one hour followed by refrlgeratlon for 12 hours at 8 C were considered
ﬁnstable and were discarded. Usable suspensions were assayed for content

of organic apd'inorgapic phosphate.

n

Method for the preparation of leclthin

Lecithin was prepared accordlng to the method of Pangborn (l95l)

. Thé jelly-like phospholipid was dissolved in 100 ml of ether and impuri-
fies in the form of a fine preéipitate’were removed by centrifugation at
365 x g at 4 C. The supernatant fluid was concen@rated'under.vacuum_and
the lecithin was diluted in enough ethanol so that -each ml of the aleo;
holie solution contained 500 ug phosphorus. This solutiqn.was s£dred.at
5 =8 C‘until.used. Immediately prior to use, the alcehol in the solution

was removed with the aid of vacuum and the lecithin was resuspended in a
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solution of physiological saline.

Methods for obtaining and preparing erythrocyte suspensions:

Mouse erythroeytes were obtained from the hearts of ahesthesized
animals whose thoracic cavity was opened to expose the heart. The blood
was collected in syringes which previously had been partially filled with
0.3 = 0.5 of 3% sodium citrate solution. A sharp 20 gauge needlé was
thrust into the right ventricle of the heart and about 1.5 « 2.0 ml‘of
blood was reﬁoved from each mouse. The freshly drawn citrated blood of
several mice wﬁs pooled and centrifuged at 650 x g for 10 minutes. The
plasma anq nmuch pf the buffy layer was removed with the aid of a Pasteur
pipette connected to a water siphon.' The‘packedlerythrocytes were; ree:
suspended in physiologicai saline solution and centrifuged as before. The
supernatant la&er of saline Solutien was reﬁoved with the Pastéur pipette |
and an effort was made to remove the remaining buffy layer of ecells. The
" process was repeated a third time and the packed cells diluted with physio-=
logical saline solution to give 50% working suspension of erythrocytes. |

Erythrocytes of chickens and guinea pigs were also dbtaiped by
cardiac puncture. The guinea pigs were anesthesized with ether but this
was not necessary for the chickens. The guinea pig cells were treated in
the same manner as the mouse cells while chicken cells were centfifuged
at 164 x g because the cells are larger and, at the higher speed, would =
pack tight enough to result in partial hemolysis.’

The erythrocytes from sheep. and cattle were obtained by puncture bof

the Jjugular veins. Collection was made either into test tubes with 3%
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-citrate solution or inte flasks-containing glass beads oerytel Nylon
Resin (E.I. DuPont de Nemours Co., Wilmington, Del.) for defibrination.
. The cells were handled in the same manner as those of miece. The final sus=
pension of sheep cells could not be made in borate buffered salineféeptone
toxin diluent because these cells hemolyzed with the borate buffer., The
cells were suspended in the saline-peptone diluent used for in vivo work.

In most'instances, the cells were used immediately after the wash;
ing process, but at times, eells stored for a few hours had to be employed.
Prior to use of stored cells they were washed, centrifuged, and resuspended
at the desired conecentration. Since the fagility of the cells increased

with storage, they were discarded if not used within 24 hours after col=

lection, -

Method for the preparation of diluents.for texic materials.

For in vitro tests the diluent was a borate buffered saline-peptone
preparation. For in vivo tests, the diluent was a saline-peptone solution
ad justed to pH T.0 = j.h with 1 N NaCH. .The latter diluent was also uséd
for hemolysis test in which sheep erythrocytes were used. Because phosge
phates interfere with lecithinase activity, the peﬁtone used -for the di=-

luents was dialysed against running tap water for 32 hours and against

frequent changes of distilled water for 24 hours. A 10% solution of Bacto= .

peptone (Difco 0118-01) was dialyzed, and after dialysis the peptone was
tested for free phosphate by the method of Fiske=Subbarow (1925). The
phosphate~free peptone solution was autoclaved for 30 minutes at 121 €.

Enough of this dialysate was used in borate buffer so as to pnguce a
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biuret reaction with an optical density of 0.20 at 550 mu-using a Coleman
#6-spectrophotometer and 10 X 75*mm-cuvet£es (Coleman 6;310A). This opti:
cal denéity corresponded to approximétely 1% undialyzed peptone.

Toxin diluent was prepared in guantities of 300 ml with the follow;
ing reagents:

" 75 ml boric acid (0.2M)
3.0 ml borax (0.05M)
36 ml of peptone soln.
188 ml saline (0.87%)
The pH of the toxin diluent with the above ingredients was adjusted to
approximately 7.0 with either borax or boric acid-solutions.

Diluent free of borate was prepared with 36 ml of dialyzed peptone
and 264 ml of physielogical saline,‘ The pH of borate-free diluent solus,
tions were adjusted to 7.0 = 7.2 with 1 N NaOH.

Before use, all batches of diluent were tested for hemolytic ef-

fects on mouse erythrocytes. The diluent solutions were kept under re=

frigeration for about a week before discardingo

!
Methods for estimatbing leeitho-vitellin (ILV) reactions.

The LV tests were performed using either 1.0 ml or 0.2 ml gquanti-
ties of teoxin solution and egg yolk selutions. The tests were performed
by mixing one ml of serial dilutioens qf the crude enzyme préparaticns with
equal volunmes of egg yeolk suspension which coﬁtained 0.02 M calcium chlor-
ide. The mixtures Wefe'thoroughly mixed by shaking and incubated‘forvMS
' minutes.at 37 €. TFollowing the  incubation period the test materials were
‘refrigérated for eight hours.at 6 - 8 C. The resulbs were arbitrarily re-

¢ .t

corded as l+, 2+, 3+, 4+, and = deﬁénding'on~the amount of turbidity
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prqduce&; The end peoint was considered as the tube containing the least
amount of - texin which produced visible flocculation'of the egg yﬁlk.

When partially purified toxins were used, the tests were performéd
in a similar manner but the quantities of reactants were reduced to 0.2 ml
of the enzyme and the same volume of egg yolk suspension. These mixtﬁres
were alsd incubaﬁed.at éf G:for 45 minutes and then refrigerated for eight
hours at 6 ; 8 e.

In order to obtain a positive LV reaction with unusually weak
taxin‘sélﬁtions it was often necessary to use previously frozen and thayed
egg yolk suspensions that were somevhat unstﬁble. In these instances
great care was used in evaluating the reactions. Observations were made
on at least 5 control tﬁﬁes which had to be significantly different from

reaction tubes containing purified toxin.

Method for estimating in vitro hemolysis.

Serial dilutions of crude and purified enzyme preparations were

mixed with equal volumes of eryfhrocyte suspenéions° Volumes of 0.2 ml

.of the reactants were used with partially furified toxins; while volumes

of 1.0 ml of the substaﬁces were vsed in tests with crude toxins. Enough
calcium chloride was added to the erythrocyte suspehsioﬂs to yield 0.02 M.
The mixtures were incubated at 37 C in a water bath for 45 minutes fol-
lowed by refrigeration for eight to twelve hours. The amounts of hemelysis
in each tube was estimated colorimetrically using either a Klett-Summerson
colorimeter or & Coleman #6 spectrophotometer. For the colorimetric estie

mates it was necessary te dilute the test samples. The dilution necessarily
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varied with fhe concentration and amount of erythrocytes used. For tests
using 1.0 ml volumes of 5% erythrocyte suspemsions with 1.6 ml volumes
of toxin dilutiens, it was necessary te add 6.0 ml of physiological saline
solution to the reactants.. This addition of saline permitted coverage of
the whole spectrum of hemoiysis in the scale of the Coleman #6 spectro;
photometer. These estimates were made with 19 X 150 mm cuvettes (Coleman
#6:30’+A) at 550 mu., For estimates with 0.2 ml amounts ef erythrocytes,
"1.,0 ml of saline solution was added to the reactants. For the latter esti;
mates 10 X 75 mm cuvettes (Coleman #6-310A) were used.

Samples for determination éf in vive hemolysis were withdrawn by
cardiae puncture from inoculated animals in the moribund stage or shortly
after death. Blood in 0,1 ml amounts was withdrawﬁ from baby chickens er
mice with a tuberculin s&ringe fitted with a 26 gauge needle and contain-
ing an equal volume of 3% sodiuﬁ citrate. The blood was then transferred
into test tubes containing 8.0 ml‘of hérﬁal physioelogical saline solution.
The contents were carefully mixed, and the samples taken from mice were
centrifuged for 15 minutes at 650 x'g and those taken from chickens at

164 x g. The percentage of hemolysis was estimated colorimetrically as

was described previously.

Method for determining liberated phosphorylcholine,

Phosphorylcholine liberated by the action of phospholipases on
various subtrates was determined by analyzing for acid soluble phosphate,
Thé initial step consisted of precipitating the sample with 10% trichlora-

cetic acid. The aciéified suspension was filtered and the filtrate was
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digested by "wéﬁ ashiﬁg" with sulphuric acid and 30% hydroéen peroxide
(Martland and Robinson, 1926). Assays for phosphate were conducted with
the reducing reagent of Fiske Subbarow (1925). The blue color of the
reactions was measured at 660 mu with either a Klett~Summerson colerimeter

or a Coleman #6 spectrophotometer.

Methods, for estimating texicity and gross pathology. -

Toxicity of inoculated mice and new-born chickens was estimated b&
the probits method of Fimney (1952). The animals ﬁere-inoculated-intrg:
venously or intramuscularly with serial two=fold dilutions 6f the toxins
in 0.2 ml amounts. The intravenous inoculations-were giveﬁ-to mice into
the tail veins after the animals were pléced beneath a 100 watt lamp for
a few minutes to distend the vessels. After "warming", the animals were
transferfed one at a time to a plastic holding device where the body of
| the animal was held r1igidly in place while leaving the tail exposed to the
operater for the inoculation. The inoculations were made with 1.0 ml
syringes fitted with sharp 26 gauge % inch needles.

| Intravenous inoculatién of baby chickens was doné'by cardie~puncture
with tuberculin syringes fitted with sharp 24 gauge one inch needles. Fbin
lowing the inoculations the gnimals were watched a few minutes for stag-
gering or bloody frothing from the beaks which would indicate inoculatioen
trauma. Traumatized aniﬁals were discarded and replaced with sucéessfully
ineoculated chickenso.

Intramuscular ineculations into mice were given in 0.1 and 0.2 ml

amounts into the muscles of the hind legs. Baby ehickens were inoculated




™ TV " (W3 Ll

w26
'ipto the breast muscle. Inoculations into both species were made with a
tuberculin syringe fitted with a 26 gauge needle.

Toxicity determinations of solutions of purified toxins were made
by intradermal'ingculation of mice. These inoculétions were made in
quantitieé of 0.05 ml with a tuberculin syringe and a sharp 27 gauge
needle inte the shaved skin of the abdominal area.

Ngcropsy examinations were cenducted on cﬁickens and mice éecording
to tHe procedures described by Jones and Gleiser (195%). Procedure for

Ichiekens. Tﬁe first step consisted of makiné external examinations for
diécharges from the eyes, nose; beak and cloaca. The appearance of the
conb and legs'were also noted. The animals were dipped in a solution of
amphyl, 1:200 and the body cévities were exﬁesed by pulling the legs
laterally so as £§ brgak the skin and loosen the coxo~femoral Jjoints.

~ The skin and feathers were removed from the beak to the cloaca and from
the sides of the neck and the body. The condition of the muscﬁla%ure and
subcutaneous venation were recorded. The first instrumental cut was made
through the abdominal Wwall across the anterier abdemen near the tip of the
breast bbne and parallél to the body leﬁgth. The cut was extended aleng
either side of the abdomen and forward aleng the rib articulafiéﬁs. The
breast and other layers of tissue were remgved from the ventral area to
e#amine the abdominal gﬂdpleural.cafities;’The;presence of'. fluids,. exudates,
blood and fat droplets were noted. Samples of heart blood were taken at
this time for in vivo hemoelysis determination. The visceral organs were
removed and studied in comparison with normal structures. The heart and

lungs were examined in situ and compared with normal organs. The air sacs
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were examined for -the presence of fluids and their appearance -recorded.
The esophagus and crop were examined by making an incisioﬁ frem the beak
through the threat and déwn to the crop. The trachea was examined by
making an incision-along its length‘té the fronchi.

Procedure for mice. The first step consisted of making external
examinations and dipping the aniﬁals in a 1:200 solutien of Amphyl. The
initial incision to observe the bedy cavities was a straight cut from the
sterﬁum.to the symphysis. The animal was then turned to the opposite
direction and the cut was extended anteriorly through the rib cage. The
abdominal and pleural cavities were examined for presence of bloody fluids
or bleody fluids containing fat droplets. Blood samples were taken from
the heart before any of the organs were removed from the carcass. After
sampling of the blood was completed, the organs of affected animals were
removed ene at a time and were compared with normsl organs. Their size

and appearance were recorded.

Method for determining proteinasé activity.

The proteihase’ activity of culture flulds of Strain 7170 and of the.
-electropheretically purified toxins was studied by gelatin liquefaction
and by chromatography of hydrolyzed X-ray film emulsiom. The effects on
gelatin were studied by mixing 0.5 ml quantities of gelatin solutions with
8.5 ml quantities of culture fluids or purified toxins. The mixtures were
incubated at 37 C for eight hours. Contrel tubes contained gélatinf -
with toxin preparations which were inactivated by heating.at 95 € for

15 minutes. After the incubation period the tubes containing gelatin and




';28g
toxin solutions were immersed in cold water and observed for gelatin
liquefgction.

Hydrolysis of X;réy film emulsion was studied by placing a drop eof
toxic material on a piece of unéeﬁelopéd film. High humidity was attained
by placing the test samples on test tube racks inside a water bath with a
snugly fitting 1id. The temperature of the water in the bath was regu;
lated to 37 C. The heat necessary to maintain this temperature aided con;
siderablyrin creating the very moist environment that was necessary to
prevent evaporation of the test samples. Hydrolysis in.the moist environ=
ment was conducted for a period of 12 heurs at which timelthe,pieces of
X=ray film Wwere remeved one at a time. A drop of water was added to the
same spot where the toxin had been placed. With the aid of a Pasteur
pipette the drop of water was carefully mixed with the emulsion of the
film. A small drop of the mixture was placed on silica gel H plates for
chromatographic study. The plates were prepared with mechanical devices
as outlined by Bobbitt (1963).

Once the spotted chromatography plates dried, two dimensional
chromatography of ascending solvents was begun (Bobbitt, 1963). The first
solvent was a mixtgre of 67 parts propanol and 33 parts of ammonium hydroxﬂ
ide. The second solvent was a mixture 3:1:1 butanel-acetic acid-water. The
developed chromatoplates wére visualized by spraying a @.03% ninhydrin selu-
tion in 95% ethanol on the plates. After spraying, the plates were air
dried and subsequently heated to 70 € for five minutes in an oven. The
heated plates develop reddish spots at the locatien of amino acids or

peptides.
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Metheods of estimating lipase activity.

Lipase activity of some of the partially purified toxins was es-

timated by a procedure incorporating the techniques of Sebald and Prevot
(1960), and Willis (1960). To a sterilized 1% golution of purified agar
(Difco, 0560-02) was added 1500 units penicillin and 1500 ug /ml strepto;
myein. The agar was maintained in the fluid state by keeping it in a

water bath set at 50 C: The following lipids in 1.0 and 0.1 ml amounts

were placed in a number of petri plates:

(a) Butter oil, 0.1 ml
(b) Milk cream, 1.0 ml
(c) Egg yolk, 1.0 ml
(@) mTween 20, 1.0 ml
(e) Tween 65, 1.0 ml
(£) Tween 85, 1.0 ml

The control plate had ne substrate additives. The lipid centents of éach
plate were mixed with 20 ml Of.agar. After mixing, the agar was allowed
to solidify b§ leaving the plates undisturbed for about 30 minutes at room
temperatufe, Several welis were then eut in the agar of each of the plates
and the holes were partially filled with solutions of crudeltoxin, partial-
ly purified toxin, heat inactivated crude toxin (95 C for 15 minutes) and
heat inactivated purified toxin (95 € for 15 minutes).

| The plates were transferred to a preheated moist chamber and were
incubated for 40 hours at 37 C. At the end of this period the plates were
removed from the moist emvirenment and were flooded with a séturated solu=
tion of copper sulfate. This reaction was allowed to procéed for 20 min-
utes and the excess copper salt solution was decanted. The plates were

placed in an incubator to dry for approximately 20 minutes at 35 C. After
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drying they were refrigerated for five minutes to allew the formation of

the greenish copper salt complexes with liberated fatty acids.

Serological procedures.

""-ﬁeveiopment of standards. Four diagnostic antisera were standar--

ized against a preparation of culture fluid of "TL70-V", One of the sera
was given a value of 600 units of éntitoxin/ml, 2 unit of antitoxin being
that amount of this serum which completely inhibited the LV reaction. On
this basis it was estimated that this preparation of T1l70=V contained 750
toxic units/ﬁl. This preparation was used to standarize tpe reﬁaining
three sera using egg yolk as an indicator. The end=-points were estimated
‘as the highest dilution of sera which inhibited the ydlk reaction of 10

|
LV units of toxin.

The neutralization tests were conducted as follows: Te a rolume
of 1 ml of serum dilution containing 0.06 M/ml calcium chloride was added
1 ml of diluted toxin selutien. Th¢ toxin-antitoxin ﬁixture was held for
40 minutes at room temperature. After this incubation period 1 ml of a
yolk suspension was added. The mixture'waé ineubated at 37 C for 45 min-
utes and 5 C for approximately eight hours.

Serologiecal tests with purified toxins. Because.of the small

amounts of toxing harvested from columms of disc gel électrophoresis, the
reactants for these serological tests were reduced in volume to approxi-
mately 0.2 ml of each of the toxin solution, serum and fe‘st'indicatorn The
tests were conducted in duplicate for the most part, but in a few instances

they were conducted in triplicate or quadruplicate. Appropriate controls




w3l
for toxin, sera, diiuents and indicators were always included. For hemo:
lysis neutralization'tests, the erythrocytes used were always freshly drawn
and pfepared. Antitoxins were sometimeé diluted to desired levels in

toxin diluents and frozen for future use.

Methed of conducting disc gel electrophoresis.

Partially purified toxins of Strain T170 were prepared with the
electrophoresis technique described by Ormstein and Davis (1960). The
potentiometer of the péwer supply was adjusted so that each get column
econducted 0.16 watt. After approximately 2% hours of operafion a marker
band was seen to have traveled about 50 mm. At this time tﬁe gel columms
were removed froﬁ the tubes é&d,mere used either for develoeping protein
patterns or were cut into glices which corresponded to the areas where the
gels cohtained partially purified toxins.

Staining gel columns and developing "cutting patﬁerns". Gel columns

that were to be stained were put inside small test -tubes containiné

enough 1% aniline blue black solution to cover the gel, and allowed to
stain for one hour. The stain was removed from the test tube by decanta-
tion while the gel was retained in place with the aid of a metal screen.
The test tube was then filled with 7% acetic acid and the decantation re-
peated. The rinsing of excess dye was repeated sevéral timés while the
column slowly released the dye. Following the last rinse, the célumn was
placed on a petri dish cover, covered with a few drops of destaining solu-
tion, and ingerted into a destaining tube. Air bubbles in the sides of

the tube were removed with the aid of a stiff wire and the bottom and tops
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of the tube were filled with additienal destaining solution.

The prepared destaining tubes were placed in the upper vessels of
the electrophoresis vessel, and beth of the vessels were filled with %
acetic acid. The electrodes were connected to the power supply and a
éﬁrrent of about one watt was applied to each tube. Electrophoretic
removal of excess dye was considered complete ﬁhen iﬁ was seen that the
lowermost portion of the gel which did not have any sémple material became
clear., At this time the tubes were removed from the vessel, and the gels
were disledged with air pressure applied_with a two ouncg rubber bulb. Be-
cause the gel columns sometimes were expelled with censidersble force,
the outlets of the tubes were directed toward.a beakef which was partially
filled with 7% acetic acid. The liberated gel columns contained a.number
of dark stained bands or discs. These columns were placed in 10 X 100 mm
test tubes which were filled with 7% acetic acid and closed with cork or
rubber stoppers.

Once the columns were placed imside the small test tubes, the cut~
ting patterns could be prepared by placing thin strips of adhesive tape
along the length of the tubes and drawing on the tape the visible lines of
proteinaceous material in the gel column. When the bards had been traced
on the tape, it was removed from thg test tubes and attached to the table
top. Unstained gel columns were cut into a number of sectiens which cor=
responded to the bands of stained protein traced on the adhesive tape.

Cutting of gels was done with sharp razor blades.




=33

Collecting and preserving purified toxins. Proteinaceous bands cut

from the same location of a number of gel columns were pooled in screw=
cap test tubes, and were stored in a freezer until needed. To remove the
proteinaceous material from the bands, it was necessary to add to the cut

gels toxin diluent in an amount to correspond to 0.l ml for each band.

The toxins diffused away from the gels and into diluent for 8 to 12 hours.
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EXPERIMENTAL RESULTS
SECTION I

EXPERIMENTS WITH CRUDE TOXIN SOLUTTONS

Tdentification and characteristics of €. hemolyticum 7170.

Morphological and cultural characteristies. ‘Stained smears of an

18 hour culture of Strain 7170 growing in livef infusion medium revealed
Gram-positive and‘GramJnégativelrods. The org;hisms‘measured approxi;
mately 4.0 u.in length by -abeut 1.0 u in width. A few of the cells con;
tained oval subterminal'spores, and the sporangié were‘only slightly
swoilen.

Several freshly ﬁrepared blobd agar plétes wefé streaked With the
culture material and quickly placed under anaeroﬁiosis and incubated fgr
T2 hours at 3% Co Aﬁ the end of the incubation ﬁériodjlsmail grayish
colonies coul@ be seeh on fhe aéar. Sdﬁe éf the Cé}éniés were raised and
smootﬁ,ﬁitﬁ.entire édgés ﬁhile o#hg;s weré:fiﬁt;and ésmewhat roughiqith
unevéﬁ edges.' Miéroéébﬁié 6féér§atioﬂ:6£'thé;QOloniééI%gvealedwergagiéms
similar te:those seen in élidés made from breth cultureéi The émﬁ@th
colonies had zones of partial hemoLYsis extending abeut 3 mm.ﬁeybnd the
colony.

Some tubes of infusion medium were in@éulated, incubated for 18
hours, and a pool éf the broth from these tubes was centrifugeé at i2,100
x g for 30 minutes. The clear dark supernatant fluid was- used for toxicity
“and serum neptralization tests. This supernatant fluid was lethal to both
mice and baby chickens. Intravenous ineculations of 0.2 ml_killed mice in

three hours vwhen it was diluted teo 1:2 but not when diluted 1:160. The

<,
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undiluted culture'fluid'waS“completely-neutralized'by'ﬁixing‘it with an
equai velume of 9° hemolytiéum-antitoxin.containing 9®®‘units/ml. The
toxin reacted with egg folk suspension té‘produce typical LV reactions.
Undiluted culture fluids also hemolyzed 5% suspension of both mouse and
chipken erythrocytes. Tﬁe mouse cells were completely hemolyzed Within
five minutes of mixing. The chicken erythrocytes hemolyzed after about

30 minutes of incubation at 37 C.

The biochemical ‘tests er‘Strain TL70 included gelatin liqpefac:
tion, reactiem in iron milk, reduction of nitrates, productien of hydrogen
sulfide, production’ of indele and fermentation of glucose, maltose, lactese,
sucrose aﬁd salicin, A sﬁmmary of the characterigtics of this organism

are given in Tables 1 and .2,

Studies on toxic culture fluids.

Toxin production in four media. After it was ascertained that the

organism was a tqginéproducing strain of C. hemolyticum, three small
batches of 100 ml each of toxin seolution were prepared using different
m.edia° A fourth batch was prepared using the cellophane sack gulture sys=
tem. The media were inoculated with 1 ml ameunts of actively growing
Strain 7170. With the exception of the cellophane sack cultures, two ml
samples were taken ffom the cultures at 4, 8, 12 and 16 hours after inocu~
lation. The samples were assayed for hgmolysis, LV and lethality. The
results are shown in Table 3 where it can be seen that toxin production
began approximately fo&r hours -after inocultaion. Maximal toxic activity

was seen after about 12 to 16 hours of incubation. Although digest medium




TABLE 1. Some characteristics of C. hemolyticum 7170

(Physiology)
¥
3
Media¥* : Reaction
Gelatin Liquefied in 5 days¥¥
Iron milk Soft coagulation

Nitrate mediunm
Tryptone medium
" Glucose medium
Maltose medium
Lactose medium
Sucrose medium

Salicin medium .

Nitrate not reduced
Indole produced
Acidified

" Not acidified

Not acidified

- Not acidified

Not. acidified

# Gélatin; used Thiogel medium (B B L 01-293). Medium had 5% gelatin.
Tron milk; vhele raw milk with a small ball of steel wool.
Nitrate medium; Stock culture medium with 0.1% KNO3.
Tryptone medium; Ground beef stock culture medium with added 1% tryptone.
Carbohydrate media; Thioglycollate medium without déxtrese (B B I 01=136C)
to vhich was added the reqguired carbohydrate in amounts of approxie

mately 0.5%.

#¥A11 tubes incubated anaerobically in Brewer Jjars for five days.

Is
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TABLE 2. Some characteristics of C. hemolyticum T170.

(Toxin neutralization) - -

g

Injection Indicator . Effect
0.1 ml. toxin + 0.1 ml saline 2 mice, IV Both died
Oel ml toxin + 0.1 ml saline 2 chickens, IV Both died
0.1 ml texin + 0.1 ml serum 1 2 mice, IV Both 1lived
0.1 ml toxin + 0,1 ml serum 1 2 chickens, IV Both lived
0.1 ml toxin + 0.1 ml serum 2 2 mice, IV Both died
0.1 ml toxin + Q.1 ml serum 2 2 chickens IV Both died
0.1 ml toxin + 0.1 ml saline 0.2 ml yolk LV pos.
0,1 ml toxin + 0.1 ml serum 1 0.2 ml yolk LV neg.
‘0.1 ml texin + 0.1 ml serum 2 0.2 ml yolk LV pos.

Serum 1 = ¢, hemolyticum serum No. 8053 (Veterinary Research Lab. MSC)

C. perfringens type A serum No. K680 (Burroughs Wellceme Co.)




TABEE 3. - C. hemolyticum toxin tests.
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Identification

Mediun Incubation Amt. LV Hemo LB¥ Mice
Time  Growth Chicks
- Batch #1 General Ly None - ND ND ND
toxin 8 Slight L 32 ND ND
medium 12 Slight 8 64 ND WD
16 Slight i 6l - -
Batch #2 Liver 4 Slight +#2 NP ND NP
Infusion 8 Slight bW 16 ¥ W
. 12 Slight 16 256 b ND
16 Slight 16 128 +
Batch #3. Digest L Slight 16%% ND ND  ND
medium 8 Moderate 128 512 ND ND
12 Heavy 128 2048 + o+
16 Heavy 64 Lo96 + +
Cellophane 16 Very 128 2048 + +
sack Heavy
* Lethal dose. Inoculum 0.2 ml IV
W% Medium control gave a reaction at 1:2 negative at Ll:kt
D Not done .
+ Positive reaction
- Negative reaction
Numerals Reeiprocals of dilutioms of culture fluids
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was superior to the other media tested, uninocuiated digested medium
reacted with egg yolk to produce an atypical LV reaction. The possibiiity
that contamiﬁation of the control medium was fesponsible for this reaction
was ruled out when the medium was subjected to sterility tests.

Verification 6% purity. All cultures vwhich were used for production

of toxin were examined microscopically for gross contamination. Samples of
fluids used in the production of toxins were also streaked on blood agar
plates which were incubated aerobically and anaerobically. Fluids containe
ing contaminants at the time of harvest were discarded. At the time of"
harvest and immediately following centrifugation of the organisms, the
supernatant fluids were subjected to a seruﬁ neutralization test. All
culture fluids used in the productioﬁ of the raw toxins reacted with egg‘
yolk to produce LV positive reactions that were completely neutralized by
C. hemolyticum antitoxin.

Effect of PH on LV reaction. Since a number of factors affect the

reaction rate of the C. hemelyticum texin, it was thought necessary to
first find out the effect of pH. Two~fold dilutions of texin (Batch 4B)
were made in toxin diluent (See page 22). The reactions of these Wéré ade
justed to the desired pH with 1 N NaOH and 1 W HCL prior to making the
dilutions. To each of the dilution tubes an equal amount of egg yolk solu=
tion containing 0.026 M CaCls was added. The PH of these egg yolk solu=
tions had been adjusted ‘te those of the toxin dilutions, to which they had
been added. These were 5.0, 5.8, 6.7, and 8.0.

The results given in-Table lU-shew-that g§"hemmlyticum-tokin (Batch

Yb) was active from PH 5.0 to 8.0. The range of activity may have extended
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beyond the limits tested, but at pH 5.0 the egg yolk becomes somewhat un;
stable, and it'could be seen that at pH 8.0 there was less activity than’
in some of the lower ranges tested., Atypical LV reactions with two layers
of opalescence were observed in those tubes that contained most toxin. The

reactions were particularly noticeable at pH 5.8, 6.7 and 8.0.

TABLE 4. Effect of pH on LV reaction (Batch 4B)

Final Dilutions of crude toxin

pH 1:3 1:h 1:8 1:16 1:32 1:64 1:128 1:256 Yolk
5.0 3+ 3+ 3+ 2+ + Wt - - %
5.8 L% 3+ 3+ 2+ + Wt - - -
6.7 b+ L% 3+ 3+ 2+ + - - -
8.0 3+¥ 3+ 2+ + W+ - - -, -
* Tubes showing two layers of opalescence.

W+ Very weak reaction. .

+ Good reaction.

2+ Marked reaction.

3+ Strong reaction.

b+ Very strong Treaction.

= No reaction. .

*¥ Yolk somewhat unstable; formed opalescence after the refrigeration .

period when left at room temperature for two hours.

Effect of calcium ions on the IV reaction. ©Seven series of toxin

dilutiens centaining different amounts of calcium chloride were tested for
LV reactivity. The results are shown in Table 5 vhere it can be seen that
the toxin reacted with egg yolk With®ut the addition of caleium ions. It

is also seen that the reaction end-points were increased with small




TABLE 5.- Effect of calcium-ions on LV reaction.

iy

Dilutions of Toxic preparation

S

Negative reaction

Amt. of Yolk
Cat+ 1:2  1:4  1:8  1:16 1:32 1:64 1:128 1:256 Cont.
0.0L 3+ 3+ 2+ 2+ + W+ - - -
0.005 3+ 3+ 2+ 2+ + W+ - - -
0.001 3+ 3+ 2+ 2+ + + W+ - -
0.00005 3+ 3+ 2+ 2+ + + wt - -
0.001 3+ 3+ 2+ 2+ o+ + Wt - -
None 3+ 2+ 2+ + - - - - -
0.0+EDTA + w+ - - - - - - -
by Very strong reaction

3+ Strong reaction

2+ Marked reaction

+ Good reaction; easily visible
w+ Weak reaction; difficult to see
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a@ditions of the salt. The addition of ethylene diamino tetraacetic acid
to the reactants markedly inhibited the reaction, but it was not completely
inhibited.

Liberdtion of acid soluble phosphate fromiegg yolk. A standard

phosphate curve was prepared as a referenqe with dilutions of a solﬁtion
of 1 uM/ml of K2HPOho All samples were placed in 19 X 150 mm cuvettes
(Coleman No. 6=304A) and the amount of blue color developed with the Fiske
Subbarow reducing reagent was estimated at 660 mu in either a Coleman
Mbdei 6A spectrophotometer or a Klett-Summerson 800-3 colorimeter.

The results with egg yolk are shown in Table 6. It can be seen that
with high concentrations of toxin the results were about the same with both
concentrations of calecium chloride. As the amount of toxin solﬁtion was
reduced, the samples with 0.001M calcium chloride were LV positive to
highef end-points than the samples with the higher concentratipn.of cal=
cium salt, but liberation of acid soluble phosphate wasnot preportional

to the LV reactions. Slightly more phosphate was obtained with the sam=-

ples containing the higher concentration.of calcium.

- Hemolysis pattern with chicken:and mouse eryth¥ocytes.. Duplicate

dilutions of 9, hemolyticum culture fluids were made in peptone water
placed in 1.0 ml amounts in 15 X 85 mm test tubes. To each of these tubes
was added 1.0 ml of either 5% mouse erythrocytes or 5% chicken erythro-
cytés Suspended in peﬁtone séline containing 0,026 M caicium'cﬁloride. The
toxin-erythrocyte mixtures were incubated at 37 C for 45 minutes and at

8C for about 12 hoﬁ?s. Appropriate controls for erythrocytes were included

in each test. The results of two sets of dilutions were averaged and
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TABLE 6. Liberation of phosphate from-égg-yolk.

Toxin Optical Toxin

dilution density B CaClp fnorganic ~ Total Liberation
__Poh _ uMPO4* uwM POL uM
1:h 148 3+ 0.01 1.23 2.32 1.09
1:8 1.18 ot " .61 1.76 1.1k
1:16 .8 o4 "o 31 1.20 .89
1:32 - 66 + " .16 .83 | .67
1:6k4 T .39 + " .08 | .37 .29
1:128 .3k - " T Lo 25 .21
1:256 2L - " | .02 .03 Noil
1:h 1.48 3+ 0.001 1.23 2.32 - 1.09 -
1:8 1.68 o " , .62 1.60 .98
1:16 .60 2+ " .31 oTh | k3
1:32 43 + " .16 . N .28
136k .32 + " .08 22 .1k
1:128 .27 . " .0l .12 .08
1:256 28 - " .02 .o .02

" POy = These figures do net include the inorganic phosphate contained
: in the yolk suspension (0.32 uM POLE/ml).
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plotted in Figures 2 and 3. Mouse erythrocytes were found to be more sus;
ceptible to the effect of the toxin than were chicken erythrocytes. These
figures also show that the pattern of hemolysis obtained with mouse cells
is linear while the one obtained with chicken cells is irregular.

Zero hour control(dilutions and the titration materials above were
tested for phosphate content after wet ashing. The results showed no
significant difference in phosphate content between the zero hour controls
and the titration materials. The determination of acid soluble phosphate
was repeated with various dilutions of toxin on 20% suspensions of'mouse.
and chicken er&throcytes. It was found that there Wés a detectable amount
of phosphate liberation from the erythropytes of mice but not with those

of chicken. The results are shown in Table 7.

-Lethality.assays.Undiluted and Seriai’ two-fold dilutions of toxin pre=

parations 4b and 5 were inoculated intramuscularly and intravenously into
mice and baby chickens. Several animals were used for each dilution.
Preliminary titrations were often condueted with ﬁwo animals per dilution,
to determine approximately the lethal range, The titrations were repeated
with at least four or five aqimals for the same dilution. The fesults‘of
the titrations with these tﬁo toxin preparations are given in Table 8. An
analysis of the data by the technique of probits (Finney, 1952) showed
that the chicken lethality by intravenous inoculation was l;2.h with
Batch Ub; that it was 1:121 with Batch 5. Intramuscular inoculations
showed a.titer of l{l.h with Batch bb and 1:22 with Batch 5. The intra-
venous inoculations in mice showed titers of 1:3.5 with Batch 4b and 1:56

with Batch 5. Intramuscular inoculations showed a titer of 1:1 for Batch Ub
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TABLE 7. Hemolysis and liberation of phosphate from erythroecytes by

C. hemolyticum toxie fluid.

Toxin Chicken cells S Mouse cel&s
dilution % Hemolysis- - PO’ Liberation % Hemolysis PO" Liberation
1l:2 9% : 0 90% N.D.
L:k 90 0. 90 N.D.
1:8 80 0 90 N.D,
1:16 70 0 90 1.17
1:32 35 0 90 0.69
1:6h4 | 15 0 90 @.36
1:128 T D 90 0.36
1:256 0 ND 80 0.08
1:1024 ND ND 40 0.00
1:%0096 - WD ND 10 0.00
* Percentage of hemolysis'was estimated visually

ND Not done

The amount of phosphate is expressed in uM/ml.
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TABLE 8, Titrations of twoe culture fluids in chicken and mice.
Dilution - Chicken inoculations Mouse inoculations
of Toxin 4b Toxin 5_ Toxin 4b . Toxin 5
_toxin IV M IV IM V.M IV 1M
wnd, 66 LJ6 - . 66 36 - -
1:2 3/ - = 5/6 0/6 - -
L:4 o/4 o/ - 5/5 2/6 0/6 - -
148 - - 5/5 9/10  0/6 0/2 5/5 4/5
1:16 - - 5/5 7/10 ~ o/2 0/2 9/10 1/5
1:32 - - 10/10 2/10 - - 9/10 1/5
1:64 - - 10/10 0/10 - - 3/10 0/5
1:128 - - 0/5 0/5 - - 0/10 0/5

Numerators = Dead animals; denominators

o = No inoculations at this dilution.

animéls inoculated;




Sk

lg-
and--1:;23 for Batch 5.

Gross pathology of inoculated -animals+-~The inoculated chickens and

mice showed;similar symptoms-after inoculations-with C. hemolyticum toxins.
Intravenous inoculations in mice usually resulted in extravasation of
-~hemoglobin;stained-plasma with fat droplets into the abdominal cavit&.
The lungs and bladder filled with hemolyzed blood, and éhortly before
death the animals had no more-than:about 15%of their erythrocytes in cir;

culation. Intramuscular inpculations resulted in pathological changes

similar to that brdught about by imtravenous inoculatioms; but in addition,

these animals alsﬁlshowed affected muscles at the site of inoculation,
The»muscles_were hemorrhagic and surrounded by an orange edema thatvcon;
tained fat dr&plets.

Baby<ehickens given inéravenous injections of concentrated culture
fluids showed extravasation of hemoglebinestained fluids inte the ab&omen;
The animlas would "bleed" from body opéhings, and éhortly before death had
few erythrocytes left in circulation. With Qoderate doses of'toxin, the
‘animals lived about 15 to 20 hours after injection, and multiple hemor-
rhagic focli were seen throughout the livers. Intramuscular inoculation
-resulted-in alterations simiiar té those caused by the intravgnous iﬁoeun
lation. These chickens also developed extensive edematous lesions at the .
site of inoculatioen.

Intramuscularly inoculated mice and chickens did not show signé of -

intravascular hemolyéis until the animalé were moribund. At this time it

wag possible to detect some hemolysis in the circulating blood.
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. Effeéts ofaging and concentration procgdures. Since some-ﬁnexn'
plained observations were made in themearly experiments (See Table L) and
since there was no. correlation between hemolysis and- lethality, four addi;
tional small batches of toxic fluids were prépared to study the effects of
aging and the method of concemtration on the relationship-between-hemolysis
and LV reaction.. Two of these batches were prepa?ed With cultures that were
incubated for lé hours and two were prepared with culturés that were incu;
bated for 39 hours at 37 C. One each of the young and o0ld culture harvests
was concentrated byrdiaiysis against glycerol. One each of the young and

" with ammonium sul-

0ld culture fluids were concentrated by "salting ou
fate. The results are summarized in Tables 9 and 10 where it is seen that
aging did not alter the ratio of reactioms (Table 9), while the method of

concentration did (Table 10).

Brief summary of results with toxic culbture fluids.

In the first part of the present study it was shown that culture
fluids of (. hemolyticum liberated phesphorylcholine from egg yolk suspen-
sions and from the erythrocytes of mice but not from these of chickens. The
hemolysis patterns with mouse'cells were essentially linear while those with
chicken erythrocytes were irregular and.characterized by two slopes of hemolwA
ysis with a flgt plateau between these reactiqns. It was alse shown that
mouse‘erythrocyﬁes were much more susceptible to hemolysis than the.erythro=
cytes of chicken, but that the two species were about equally susceptible to
the effects of the toxic substances. ‘The LV to hegolysis ratios were not

£

constant for a number of toxic preparations.
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TABLE- 9.0 Effect of culture aging on toxin harvest.

Toxin preparation Toxin preparatioen "Young to 014"
TLT0=VIak*- TL70=VIIa ratio
v 16 16 1:1
CH 28 29 l:1

.M 82 8h 1:1

Toxin preparation Toxin preparation "Young to 014"
TL70-VIb 7;70=VIIb ratio
Ly¥* 128 6l 231
CH 35 3k 1:1
MH 600 ‘ 321 2:1

From young culture; glycerol concentrate
Toxin preparation T7170-VIb = From young culture; So* pptd. .
Toxin preparation 7170-VIIa = From old culture; glycerol concentrate.
Toxin preparation T1l70-VIIb = From o0ld culture; 80™ pptd.

¥ Toxin preparation T170-VIa

¥¥LV = Lecithovitellin reaction; average of two tests.
* GH = Chicken hemolysis end-points; average of two tests.
MH = Mouse hemolysis end-points; average of two tests.
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TABLE 10. Effect of concentration procedure -on-toxin activity. -

Toxin preparatiéﬂ Toxin preparation C%l;ycerol-l\]HLFSOLIL
TL70-VIa¥* T1L70-VIb ratio
LV** - 16 128 1:8
CH 28 35 . 1:1
MH 82 600 1:8

Toxin preparation Toxin preparation GlyceroluNHhSOh
T170-VIIa TL70-VIIb ‘ ratio
w16 6l 1:h
CH 29 3k 1:1
MH 8h © 331 1:h

# Toxin preparation T1l70-VIa = Frem young culture; g ceﬁol concentrate.

Toxin preparation T170«VIb = From young culture; S0 pptd.
Toxin preparation Tl70-VIIa = From old culture; g 'ceﬁol concentrate,
= From old culture; NH'SC™ pptd.

Toxin preparation T170-VIIb

#* LY
CH
M

- Lecithovitellin reaction; average‘of twe tests.
Chicken hemolysis end-points; average of two tests.
Mouse hemolysis end-points; average of two tests.
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The above observations indicated that C. hemolyticum produced more
than 6ne substance which affected the LV-hemolysis;lethality ra£ios, and
it was decided to isolate and characterize some of the substances in the
culture fluids. Techniqueé used for the isolation and characterization
of four hemolytic substances comprisg the second p%rt of this thesis

. which is discussed in the subsequent.pages.
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EXPERTMENTAL RESULTS
- SECTION II

EXPERIMENTS WITH PARTTALLY PURIFIED TOXINS

Fractioning of toxic culture fluids.

A crude toxin selution of C. heﬁolzéicumjwas fraetioned into'a
~hunber of componentg because it was suspected tﬁat culture fluids of strain-
7170 contained more than one toxin. The suspicion was based on the observa-
tioﬁ that (1) the hemolysis patterns of chicken erythroeytes were irregu;
lar; (2) there was a lack of propertionality between LV reaction and
hemolysis With some -of the toxins; (3) there was no correlation between
hemolysis and lethality; (4) some af the LV reactions developed two layers
of opalescence.

The most potent culturé fluid was fraetioned with the disc gel
electrophoresis technique of Ornstein and Davis (1960). 'Té obtain isola=
tion of proteins in the acylamide gel these authors suggested that no more
than agbout éoo ug of protein be.used per'cﬁlumn, ‘Toxin preparation T170-V
‘was tested for protein content by.the method .of Lowry (1960), and it was
found to contain about 230 ug protein per 0.025 ml. The initia; electro-
pPhoretic preparations were conducted using 100 ug protein per gel column
to determine the number of protein constituents preparation TL70«V con-
tained and to see if "biological éctivity" could be detected in the isa- -
lated materials. The term "biological activity" will be used to refer to
hemolysis, egg yolk reactieon or ¢ther tests,

Culture'fluids of C. hemolyticum contained a fast moving protein of

yellow color that could easily be discerned in the gel tubes while the
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fractioning was in progress. No biological activity could be detected in
this band and it was used as a "marker" for later experiments bec;use
with it, the relative positions of the toxic fractions in the gel columms
could be determined. In the experiments using 100 ug of protein per col;
umn, the marker band was seen moving down the length of the tubes, and
when it had traveled 30 mm the glass tube was taken out of the electrb;
phoresis vessel, ané the gel was decolorized as éescribed on page 36.

The finished columns showed that the culture fluids contained
about 12 protein constituents. Control gels were prépared Vith uninocu~
lated medium. Gels prepared with the medium spowed that thére were five
protein constituents. The constituents shareq by both the toxic fluids
and the medium were_fhg faster moving non-hemolytic eﬁiitiés. From fhe
preliminary experiments it was also learned that the é%nds of protein
seen in the gel colpmns were too close to one another for suitable sepa-
ration by simple cutping of the gel column.

Ad@itional 30 mm columns were prepared for verifiéaﬁion of the %reu
vious findings and to determine which areas of the columis contained pro=
téin bands with hemolytic or LV activity. It was found that all the,f‘
biologieal activity was present in the slower moving proteins in the-gél
column. The medium control bands contained no hemolyfie,dr'LV reactive
ﬁaterial. Three bag@s showed hemolytic activity; only-ehe of tﬁese
reacted with egg yolk suspension. : |

The preceding experiments showed that the cultﬁre fluids.of gf
hemolyticum could be fractioned into a number of prot%iﬁ cbnstiﬁuents and

thet the 30 mm columns lacked definition and reliability because the
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isolated bands were very clese to one another. Furthermore, hemolytic
and LV substances were présent in the slower moving proteins. To better
identify the isolated substances and to increase the definition, the
amount of protein per gel column was increased to 200 ug and the length
of the columns was increased to 60 mm. In these gels the yellow marker
waé allowed to travél 50 mm before the gels were removed from the electro=-
phoresis vessels. |

It was found that the.SO mm columns produced good patterns with
which to work because the spacing between proteins was better than the
one séen iﬁ the 30 mm columné.. Drawings of 50 mm gel patterns éf medium
control and foxin preparation T170-V are shown in Figure k.

A number of 50 mm'columns were prepared and as many of the bands
as could be isolated by cutting were tested for hemolytic and LV activity.
It was found that of 12 distinct protein bands, five produced hemolysis
of mouse cells, and two of these reacted with egg yolk with typical LV
reactions. Two of the other bands reacted with the yolk suspensions
with atypical LV reactions, and the fifth isolated band was obtained in
such small quantities that it did not react with egg yolk and was 6nly
slightly hemolytic.

The above experiment was repeated numerous times to verify the ob=
servations. At times, inéonsistent patterns of hemolysis and LV were
seen. It was assumed that the inconsistencies were due to cutting im-
proper areas of protein containea in the gels. Because of these obser=
vations, all further work was based on selected partiéily purified toxins.

These toxins were sampled for hemolysis and LV patterﬁs four hours after
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FIG. 4. Drawings of acrylamide gel columns of toxic fluid T7170-V
and medium control.
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diffusion was started. Samples producing atypical patterns were dis-
. cagded. A densiometer pattern of normal protein distributions in a 50’mﬁ
gel column is shown in'Figure 5. In this figure the hemolytic peaks are
identified by numerals which will be used és reference items for the rest
of the thesis. The relative concentrations of.the various protéins are

obtained from the peaks in the densiometer diagram.

Biochemical characteristics of isolated hemolysins.

PBeat inactivation studies. BRach of the protein band diffusates

’Wés divided into nine pertioné; one was heated at 65 C.for five minutes;
a second was heated at the saﬁe temperature for 1O minutes; a third was»
heated at 65 C for five’minutes but to the sample wasgadded a small amount
of calcium chloride;' a fou?ﬁh'was ﬁeated at 65 C for tén minﬁfes wi%h
added calcium chlo;ide;-a fifth at 95 d for five minutes; a sixth at 95 C
for ten minutes; a's‘even'thl at 95 C for five minutes with added calcium
chloride; an eightﬁzat‘95 C for ten minutes with added caléium salt; and
tag pinth was saved as non-heated control. A

All the isolated toxins could be iﬁaCtivated by heat, but seme of
the isolated sﬁbstahces were more susceptible to the héat'treafﬁent than
the others. 'The results are summarized in Table 11. g

Serologie studies of purified toxins., To ascertain the purity of

the isolated substances, they weré studied serolegically by gel precipitin
(Lazear et al., 1958) and by serum neutralization of hémolysis. Two ex-
periments were carried out with the gel precipitation technigue using

various concentrations of hemologpus and heterologous sera with two
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FIG. 5. Relative optical density of C. hemolyticum proteins in an
acrylamide gel column.
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TABLE 11. Heat inactivation studies of partially purified toxins of

C. hemolyticum.

Temperature Ca++ Time Bands

#2 #3 i #5
60 C -. 5 min. 38% 0 15 11
oc + 5 min. W 0 7 2
95 C - 5 min. 8 0 ol
95 C + 5 min, T 0 32 N
60 C - 10 min. 20 0 30 20
60 C + 10 min, 25 2 22 20
95-C - 10 min. 50 20 6l 80
95 ¢ + 10 min. 98 76 86 92
95 ¢ + 15 min. 100 % 100 100
* The numbers refer to percentage loss in activity.
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d@lutionS“of partiall&‘pﬁrified toxins, but n0“r§su1ts were obtained be =~
 cause*antigen-éntibody interfaece lines did not develop.

- The first step in serum neutralization experiments was to standard;
ize toxic preparation T1l70=V against a homolog@ué-antitoxin Which was
given an arbitrary value of 600 units ﬁer ml. ©n this basis it was
estimated that preparation 7170-V contained 750 toxin units per ml. This
toxin then became a'secondary-standard with which a-second C. hemolyticum
'antiserumjgas found to eonﬁain 2880 antitoxin units per ml. Two Clostridium
EEXZE type ﬁ antisera were found te contain 39 and 48 c. hemoLyticum toxin
neutralizing units per ml.

The results with the serum neutralization work of the purified
tog%ng are shown in Table 12 where it can be seen that the iselated hemo=-
tgx;ns could be neutralized‘by homelogous. and heterologous antitoxins. The
table also sﬁows that the hemolysins contained in the first th¥ee bands
are serologically similar while the ore contained in the fastest moving
protein was serologically different frem the others.

Bydrolysis of specifie substances. The ihitial studies to charac=-

terize the four isolated hemotoxins provided a number of clues for future
work. 'First, it was observed that the toxins reacted differently witp egg
yolk solutions. Two of the isolated substances produced LV patterné similar:'
to those produced by lecithinase C; ie., opalescence with a 1a&er of fat.
Tﬁis reaction suggested that two of the substancéé could .be phospholiﬁases.
Second, it was observed that the stroma of acid laked erythrocytes were
dissolved by the slowest moving of the hemotoxins. Third, it was observed

that the hemotoxin that moved fastest was serolegically different fpbm the’
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TABLE 12. Summery of serelogical studies.

Band # Serum* Serum needed for Toxin
neutralization .
2 1 2 units (proteinase)
2 2 units
3 4 units
. 4.5 units
3 L 6 units " (Necrotic
2 3.5 units Hot-cold
3 9 units phosphdlipase)
Ly 8 units CT
L 1 3 units (Weak Hot~
2 1 unit cold :
3. 5.5 units - phospholipase)
A b units '
5 1 3.5 units (Lipase)
2 1.0 unit '
3 2 units
I ®.15 unit

€. hemolyticum antitoxin 8053; 600 wnits/ml
C. hemolyticum antitexin 5528; 2880 units/ml
€. novyi type B antitexin 3735; 39 units/ml
C. novyl type B antitexin 21492; L8 units/ml

Bunun

=w o
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slower moving entities. The fast moving substance reacted with egg yolk
to produce atypical LV reactions; ie., opalescence without a fat curd.
These observations, in conjunction with the work of Macfarlane (19505,
suggested -that it-might-be lipase.

Liberation of phosphorylcholine from phosphelipids. Egg yolk sus=

Pensions treated with the isolated hemotoxins were tested for release of
phosphoryldholine; Those toxins causing typical LV reactions liberated

. the chemical, while the substances not causing typical LV reactions did
not. The toxins liberating phosphorylcholine are, by definitien, phospho;
lipages C.

The question arose whether the atypical reactions seen with two of
the hemotoxins could be due to Qhospholipases which were net present in
concentration sufficient to produce typical LV reactions. An attempt‘to
solve the problem was made by preparing serial two=fold dilutions of the
four hemotoxins and mixing these dilutions with egg yolk. The resultant
reactions were assayed for phosphorylcholine. The result; for this ex=
perinment gfe shown in Table 13. It was seen that it was not possible to
rule out-the possibility of band contamination or of phgspholipase spread
throughout the length of tﬂe‘gel columns. '

A test with purified phospholipids was conducted. Egg yolk leci=
thin (prepared by the method of Pangborn, 1951) and commercial sphin-
gomyelin (Nutritional Biochemicals Corporation, Cleveland, Ohio) were used.
The phospholipids were suspended in physiological saline solution saturgted
with chloroform. The suspensions contained 50 ug of phosphorus per sample.

The results of the hydrolysis of these substrates are shown in Table 1k
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TABLE 13. Liberation of acid soluble phosphate from egg yolk with
partially purified texins of C. hemolyticum.

Band No. Type LV Dilution IP(D)+ Liberation
2 Atypical Concentration None
3 Typical 1:2 Posgitive
3 Typical 1:4 Positive
3 Typical 1:8 Neg. or trace
4 Typical 1:2 Positive
I Typical 1:h Positive
Ih Typical 1:8 Neg. or trace
5 Atypical Undiluted Negat:‘;ve
6 None Undiluted Negative




-65-

TABLE 14, Effect of partially purified toxins on lecithin and

sphingomyelin.
Substrate used Incubation time Bands used
(minutes) #o R #5
Lecithin €] Oo* 0] 0 | 0
Lecithin . 45 0 23 17 0
,Sphingomwelin 0 o 0 -0 0Q
Sphingomyelin L5 0 6 9 0

* The nunbers represent averages of liberated phosphorus in micrograms.
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where it can be seeﬂ that-approximatély 50%-of the lecithin was hydrolyzed
but that a much smaller amount of sphingomyelin was attacked. The results
also show that oﬁly bands 3 and 4 were active in hydrolyzing the phospholi-
pids but with the results given it would be difficult_to differentiate
either of the phospholipases into either a lecithinase or a sphingomye-
linase. | |

Effects'of'cysteinea To test for the presence of disulfide groups

in the isolated'hembtoxins; they were treated with cysteine which would
disrupt the bonding and possibly inactivate the hemotoxin. Dilutions of
1ih, 1:8, and 1:16 of each hemotoxin were treated with 0.00 M, 0.02 M, 0.0 M
“and 0,06 M concentrations of freshly neutralized cysteine. The mixtures
wére allowed t&:react\for 10 minutes. At the end of this time the

treated materials and théir controls were mixed with mouse erythrocytes.
The results indicated that three of these hemolysins Qere'Susceptible to
the action of the cysteine while one was not. The ieéults are summarized
in Table 15.‘ These results spowed that band #3 was not affected by the
cysteine. It méy have been that this hemotoxin was Presént in a'greafer
concentration than the'rest of the toxins. A second experiment was con=
ducted with band #3 using higher dilutions of it than were used in the
first test. Undér these éonditiohs it Wag‘founa‘that band #3 is also sus-
ceptiﬁle to the effect of‘the,cysteineﬁ

Effect of EDTA. Because some of the bands reacted with egg yolk

sdlutiohs and since it is known that the lecithinases € require calecium
ions the four hemotoxins were treated with ethylene diamino tetraacetic

acid (EDTA) to see if the~cheiating compotmd would effectively bind
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TABLE 15, Cysteine inactivation studies.

TPoxin Amownt Bands tested* Controls
dilution cysteine #2#F3 F#4  #5  Cysteine Gel
1:h None + + + + D -0
1:b .02 M -+ e - e 0
1:h4 O M + + -+ % 0
1:k .06 M - + - - O%% 0

1:8 None + + + 90 As above - -
1:8 L02°M - + - -
1:8 Ok M - 4+ e =
1:8 .06 M - + - -
g‘*L:;§ ‘ None 90 + + 20 .- Ad dbove
1:16 .02 M - o+ e -
1:16 O M - o+ = =
1:16 .06 M - + - -
*

+

D = Not done

100% hemolysis
0% hemolysis
Numbers = Estimated % hemolysis

at the given dilution

*% The erythrocytes darkened but did not hemolyze.
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available calcium lons and inhibit the hemolytic effects. In this experi;
ment the amount of calcium was adjusted to obtain a solution confgining
2.4k X lO"’3 uM/ml. Ethylene diamino tetraacetic acid was added to obtain
2.7 X lO"3 uﬁ/ml. This amount of’sequestering agent should be sufficient
to bind-the”added calcium ions‘(Devereli, 1957). The results are sum-
marized in Taeble 16 where it can be seen that all the isolated hemolysins
were affected by the chelating agent. It should be of interest to note
that band #3 hemolyzed prior to chilling and that it was only partiallg \
inhibited by EDTA. This would probably indicate once again that the toxin
was present in very large amounts in proportion to thevother hemotoxins
or that the substance was contaminated with materials other th;n lecie
thinase C. Band #h also reacted with erythrocytes, but d4id so only after
the sampleslwere chilled following incubation at 37 d;

pH optima. The pH studies were carried out with diffusates of gels

. ad justed to final reactions of pH 6.0, 7.0 and 8.0. The erythrocyte sus=

pensions were also adjusted to the same reactions prior te mixing. It was
found that the erythrocytes of mice hemolyzed at pH 6.0; theféfore heEOn
1y§i§'at tpis hydrogen ioen concentration could not be determined. With
the remaining diffusate soluéions it was shown that the hemolysin isolated
from band #5 feacted more axth 8.0 than at pH 7.0. The other hemolysins,
bénds 2, 3 and 4 were more reactive at neutrality than at pH' 8.0, These
results are summarized in Table 17.

While conducting these experiments it was seen that the hemolysin

obtained from band #2 digesﬁed the acid hemolyzed stroma of erythrocytes.

The other bands did not do so. This observation led to the belief that the
o

{
1
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TABLE 16. Calcium requirement of C. hemolyticum toxins.,

Band # RBC RBC+EDTA LV LV+EDTA Controls
2 + - - - RBC=0K
3 + T0 o+ - RBC+EDTA=0K
N + * + - Yolk = GK
5 + o + - Gel ﬁiff. plus

all above = OK

+ = LV positive reaction or 100% hemolysis

- = LV negative reaction or 0% hemolysis

¥ = Complete inhibition at 37 C, but enly partlal at end of refrigeration
Nunbers = estimated % reaction
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TABLE 17. pH studies of partially purified toxins of C. hemoly'ticuni°

pH 7.0 pH 8.0
* Band # 4] 1:2 1k 1:8 1:16 132 1:k 1:8  1:16

2 + + 80 Lo - + + + 60 20
3 + + + + + + + + + 60
L + + + " 90 70 + + 50 10 o
5 + 70 - 10 - - + + 50 10 =
6 80 30 T - - 20 T - - -

+ = 100% hemolysis

- = no hemolysis

T = trace

Numbers = estimated % hemolysis
U = undiluted toxin

(Hemolysis at pH 6.0 could not be determined because of acid hemolysis.)
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~hemolysin in-band-#2 could -be a proteinase.

Hemolytic range of isolated emnzymes. As a further test to differ-

entiate and characterize the isolated substances, their hemelytic range
for erythrocytes of various species was studied. Cells of mice, chicken,
guinea pig, cattle and sheep were used. Five percent suspensions of these
erythrocytes.were prepared. To the suspensions was added 0.02 M calecium
chloride. The erythrocyte suspensions were mixed with equal volumes of
isolated toxins. The mouse cells were the most susceptible to hemolysis
by any of the hemotoxins. Chicken cells were the least susceptible. The
chicken cells were not attacked by two of the isolated hemelysins, and
those of cattle and sheep were not attacked by ome of the hemotoxins.
Variations in the degree of attack of the various cells was also seen. The
results of these experiments are summarized in Tables 18 and 19. |

Identification of a proteinmase. The slowest moving of the electro=-

pheretically purified hemotoxins, band #2, digested the stroma of acid
hemolyzed erythrocytes. Because of this observation the fourlisolated
hemotoxins were tested for proteinase activity. The first experiment was,
conducted with gelatin. The procedure for the test was previously des-
cribed. The results showed that band 2 was the only one which contained
substances affecting the gelatipn timé of gelatin.

In order to verify the presence of the proteinase affecting gela-
- tin, the four.hemotoxins were tested for their ability to hydrolyzé Keray
film emwlsion. The effects of the hemotoxins on the X=ray film emulsion
were estimated by chromatographing the hydroyzed emulsion (twq dimensional

chromatography) en silica gel H and spraying the plates with.@ 0.03 %

-
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TABLE 18. Heéwmolysis range-of -isolated toxins.:

5

Species Bands
RBC 2 .3 bk 5
Mouse R - s M
- Chicken - v W -
Guirea pig - M W VW
Cattle ' - s S YW
Sheep D e W W W
v A T T A

Moderate

Strong

Weak

Very weak

No reaction

Atypical reaction (no fat)
Typical LV reaction (with fat)

o
= -] 22 * =
oo on u oo




TABLE 19. Hemolysis range of isolated toxins; "Het-celd" effects.

N

Dilution Band Mouse Cattle Sheep** Guinea pig
¥ H&C* H H&C H H&EC H H&C
2 = 80 = - < o - -
‘ 3 + + 20 90 - 90 - %
Undiluted
L 90 - - 20 - . 80 - HA
> 70 70 - t - 70 - -
Gontrol = @ o - - - - -
2 o 20 - = o - - <
3 + + - t + - + - t
1:2
L + + - 80 - + - w
5 50 80 - 20 - 30 - -
Con'br@l - = - - - o - o
2 o= 't, - - - - o’ -
3 + + - 90 - + - t
1k y 5
4 70 90 - 80 - 80 - -
> 50 50 - t -’ % - -
Control = - - - - - - -
kg = Reaction at 30 €
H&C = Hot~cold reaction
Numbers = Percentage estimate of hemolysis
t = Trace of hemolysis
HA = Hemagglutination
4+ = Complete hemolysis
- = No hemolysis
*¥% For these célls had to use saline without borate because they ‘

hemolyse with the buffer.
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alcholoic solution of ninhydrin. It was observed that the band which
;egcted with the gelatin and digested stromates of erythroeytes liberated
two ninhydrin positive substances from the film emulsion. These sdb; .
stances were not released by a solution of band #2 which Waslheated at
95 C for 15 minutes or by the other hemotoxins, A drawing of the chroma;

toplate is shown in Figure 6.

Some studies on the isblated proteinase. Because tﬁe band containe
ing the proteinése was generally contaminated with some électrophoréti;
‘cally slow-moving materials it was felt that tﬁe»isolatédidiffusates should
be tested for homogenity of reacting subétances. Portions of thé?diffu:
sates were tested for effects caused by trypsin inhibitor (Sigma Chemical
Co., Type II-0) and ethylene diamino tetraacetic acid. The results of
this experiment are shown in Table 20 where it can be seen that the EDTA
inhibited hemolysis but not hydrolysis of X=ray film emulsion. Trypsin
inhibitor, on the other hand, prevented hydrolysis of X-ray film emulsion
but did not prevent hemolysis. All controls for the experiment were sat-
isfg’ac’cory° From this experiment it can be seen that the isolated pro-
teinase may not be hemolytic. The significance of these findings is dis-
cussed in a later seetion of this thesis.

Identification of a lipase. Band #5, the fastest moving of the

electrophoretically isolated‘hemolysins, reacfed with butter oil to lib-
erate a small amount of acid. The other hemotoxins did not react in a
similar manner. The observation suggested that baﬁd #5 was a lipase. Some
of the isolated hemotoxins were tested for lipase activity as described in

page 26, The results are shown in TAble 21 where it can be seen that the
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Two dimensional chromatoplate of the hydrolysate of protein Band #2 on
X-ray film emulsion.
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F1G. 6. Proteinase test of C. hemolyticum 7170 band 2.
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TABLE 20. Experiments with proteinase (Band #2); effects of EDTA and
trypsin inhibitor on X-ray emulsion.

Sample ) Proteingse activity
Band #2 + Ca++ o Positive reaction
Band #2 + Cat+ + EﬁTA Positive reaction
Band #2 Trypsin inhibitor*.. Negative'reaction-l~ -
Band #2 Boiled 15 minutes Negative reaction
Gel + Trypsin inhibitor Negative reactioﬁ
Caleium chloride séin. Négativé reaction

Effects of Ca++ and trypsin inhibitor on hemolysis.

Sample - . ' Hemolytic agtiyity
%and #2 + Cat++ .f ' - Positive
Band #2 alone , | Positive
Band #2 + Ca++ and EDTA Negative
Band #2 and Trypsin inhibitor + Ca++ ‘ .Positive
Trypsin-inhibitor alone " Negative
Gel plus Ca+i+ _ ' Negative

% Sigma Chemical Co., Type II=0.
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TABLE 21. Lipase activity of partially purified toxins of C. hemolyticum.

Substrates . Samples tested
L L Act. 50 5 Act. @el Dif.

None : - - - -
Butter oil - - e ? ;

Tween 20 o - - ' = =

Tween 65 - - - - -

Pween 85 - - - + -

Yolk = * - +% -

Cream - - - - -

* = Ring of whitish precipitate around well that does not react with

copper sulfate.
+¥ = Ring of precipitate that reacts with the édpper salt.
Tween 20 = Polyoxythylene sorbitan monolaureate

Tween 65 = Polyoxythylene sorbitan tristearate
Tween 85 = Polyoxythylene sorbitan trioleate
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fastest moving hemolysin reacted with sorbitan trioleate (Tween 85) and
with egg yolk.

Necrotizing and lethality potential of the hemotoxins. In this

stﬁdy the partially'purified toxins were inoculated into the shaved.ab-
domens of mice. The intracutaneous inoculations were given in 0.05 ml
amounts. It was found that 6nly the most reactive lecithinase C was
necrotic, while the other substaﬁces had no effeet on the inoculated
animgls. The results are showm in Table 22.

For the lethal studies, 0.3 ml amounté of substances diffused from
each of the bands was ineculated iptravenously into 20 g mice,. but none>of
the animals died, although animals inoculated with the active lecithinase
C,hemotoxin isolated from band #3, sickened within 3 hours after inocu-
lation (See Table 22). The mice weré sacrificed 18 hours after the
inoculations and the following observations were made: Musculature over
the thorax and the diaphragm were discolored, and adjacent to the sternum
there was a small amount of orange-red edema. During the early hours of
sickness the animals haa ruffled coats and breathed fast; they moved very

1ittle and neither drank nor.ate.
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TABLE 22. Effect of intracutanous and intravenous inoculations of

isolated toxins.

Band # Route of Amount of . Effect
inoculation inoculation
2 Intracutaneous 0.05 ml None
3 " " 2/o%
L " " None
" " None
2 Intravenous 0.3 ml None /2
3 " " 2 gick/2
L " " None
5 " " None

Diluent and gel diffusate controls: No effect.

% Red skin at end of 24 hours
Grayish color at 48 hours
Scab of yellowish~gray begins to ferm at T2 hours




DISCUSSION

The preliminary investigatiens for the present work were under-
taken to study the hypothesis that organisms producing lecithinase €
should produce culture fluids that yield proportiocnal hemolytic and lethal
reactions. The task was initiated because some of the data in the litera;
ture were contradictery and the authpr Telt that the results were not in
agreement bécausé ‘the hemolysis reéctions were carried out with erythro-
cytes of species other than those used for the lethality assays. The
contradictions were particularly noticeable in work with culture fluids

of g. bifermentans, (Miles and Miles, 1947; 1950) g. perfringens type A,

(Dolby and macfarlane, 1956) and B. cereus (Chu, 1949).
The initial experimental work was conducted with culture fluids of

C. hemolyticum, C. perfringens type A, C. sordellii and B. cereus. With

these toxic fluids it‘was learned that there was no correlation between
lethality and hemolysis when mice and chickens and their erythrocytes were
used. Subéequent work was limited to investigations with éulture fluids
of C. hemolyticum which theoretically should have produced but one sub-
stance causing hemolysis, LV or lethality. Work with C. perfringens type
A was discontinued because it was known that this organisﬁ produces a
number of toxic substances which could have reacted with egg yolk or
erythroc&tes; work with C. sordellii was discontinued because the organism
was a very poor producer Of lecithinase C; and work with B. cereus was dis=
continued because the organism pro?uced a hemolysin whose activity was not
dependent on the presence of calcium.

With a number of culture fluids of C. hemolyticum it was verified
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that new;ﬁorn chickens and 20 g mice were about equally susceptible to
the effects of toxic fluids. It was also verified that the chicken ery;
throcytes were much more resistant to hemolysis than those of mice.

The LV feaction end=points for the present studies were observed
to be iﬁ closer agreement with lethality estimates than were the hemoly;
sis end~points. Because proteinases, lipases, phospheiipases and chemi-
cals can cause LV type reactions (Macfarlane and Knight, 1941; Crook,
1942; Willis, 1960; van Heymingen, 1941) énd since C. hemolyticum was
found to produce all the above enzymes, it may seem strange that LV should
bear‘a relationship to lethality. The unexpected relationship may be ex-
plained by the fact that C. hemolyﬁicum was found to produce predominantly
phospholipase C (Band #3) which readily reacted with yolk and which was
-the ‘main attribute of"the:toxicity\of'the'cuiture fluids.

If the hypothesis that hemolysis is proportional to lethality had
beén investigated using mammals and their respective erythrocytes, it is
possible that this relatiomship would have been esta'blishe@° In thié
study, chicken erythrocytes weré used and though they contain lecithin and
sphingomyelin (Turner, 1957), the cells were very resistant to hemolyéié
and the sough£ relationship was not obtained. It iS'the‘author's opinion
that the resistance ecould possibly be due to one or more of the following
conditions: (1) the tight binding of phospholipids with proteins in the
streoms (Turner, 1957) which ﬁould make the substrate inaccesible to the
hemolysins, (2) the presénce of phytic acid in éhickén cells (Rapoport,
19HO) which would complex with calcium and fhus iﬁterfere with the reaction

of the hemolysins, and (3) the relatively small amounts of fats in the
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structures (Erickson, 1938) which may be necessary for the hemolysins to
react with proper substrates in the stroma of the erythrocytes.

While the cPemical'cpmpésition of erythrocytes of various animals
and man has been étudied more or less extensively (de@ier and van Deenen,
1961b; Turner et al., 1958; Behrendt, 1957; Ponder, 1948; Plankerd, 1961),
similar studies with mouse erythrocytes have not been undertaken., Any
attempt. to compare the chemical reactions of hemolysis of-mouse erythro—
cytes with those of chicken would be strictly speculative, but since mouse
erythrocytes are so much more sensitive to hemolysis by a number of texins,
it is tempting to postulate that the fragility of phese cells is due to
loose binding between the lipids and proteins of the stroma.

An assumption that hemolysis should be proportional to lethality
may not neceséarily be appropriate. First, it is known that the phos-
pholipid composition of erythrocytes need not be fepresentative of the
chemical composition of all the cells in the body (Matsumoto, 196la).
Second, it 1s known that a lecithinase C affects the erythrecytes of
more species than substrates in sera of the same species (Nagler, 1939;
Oakley and Warrack, 1941; Dolby and Macfarlane, 1956). Third, it is
known that many of tﬁe erythrocytes exhibit the "hot-celd" phenomenon on
treatment with fluids of C. hemolyticum (Smith,’l95h) and this reaction
‘could alter the ratio of hemolysis to lethality. |

With a culture grown in a cellophane sack it was seen that the
hemelysis reaction with mouse cells was linear with &arying concentrations
of the toxic preparation. The hemolysis pattern with chicken erythrocytes

was irregular and was characterized’by an initial slope of hemolysis
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followed by a flat plateau and then 5y 8 sSecond slope of hemolysis. The
observation with the chicken erythrocytes suggested that the toxie pre:
paration contained at least two hemolysihg. The irregular hemolysis
pattern with chicken erythrocytes was vetified with & number of other
preparations., No correlation between heﬁolysis and lethality could be
established. |

A preparation of toxic culture fluid, identified:as Batch No. 5,
was fractioned electrophoretically by a modification of the Ornstein and
Davis technique (1960). It was seen that the resultant gel columns con;
tained about seven bands of protein that were no£ seen in medium control
preparations. Five of the seven bands were hemolytic, but work was lim=-
ited to identification of four of these bands€. The fifth hemolytic bané
was not studied because it did not contain sufficient extractable toxin.
The remaining hemolytic substances were subjected to further study and it
was found that two of the bands were phospholipases. The Hemolytic band
exhibiting the greatest mebility in the acrylamide gel was a lipase that
hydrolyzed synthetic serbitan trioleate, and the slowest moving hemolysin
(Band #2) was a mixture of at least two proteinaceous substances. Furn_
ther separation.of these materials was impossible with the techniques
used, but the hemolysin was serologically related to the phospholipases
and was not necrotizing or lethal. The slow moving mixture also contained
a proteinase that hydrolyzed gelatin and the emulsion of inray film. From
hydrolyzed emulsion it Was.possible to see, by means of chromatography,
that two substances were removed from the emulsion, an amino acid with an

RF value similar to that of isoleucine and a peptide.
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From the foregoing observation the lipase poestulated by Macfarlane
(1950b) was identified as an enzyme that hydroiyzed lipids containing
oleic acid. Ig was also seen that a number of hemolysins were isolated
apd that their presence may well have contributed to the irregular hemo=-
lytic reactions (Figures 4 and 5). since the isolated hemolysins had
different host ranges for various erythrocytes, we are left with M. G.
Macfarlane's "goodness of fit" concept (1950b). No effort was made to
confirm the hypothesis of Bard and McClung (1948) that C. hemolyticum
produces a lysolecithin because the main objective of the latter part of
'this study was to find an answer to the lack of correlatien between
hemolysis and iethality.

It was observed that all the hemolytic reactions required calcium.
This suggests that all the preparations tested eéuld have been contami;l
nated with the same.hemolysin,'with the possible exception of the iso-
lated lipase which was serelogically different from tﬁe other hemotoxins.
Because great care was taken to assure the purity of the materials tested,
it is this author's opinien that if the isolated substances were impure,
they may be "natural mixtures" where a single hemolysin can econbine with
a number of proteins including some of the isolated toxins. The multie-
pliéity of combinations ecould résult-in a number of similar hem@iysins
with different electrophoretic mobilities, '

A curious thing about many hemolytic reactions‘is that they re-
quire caicium (Mayer and Levine, 1954), and since this phenomenon is also
observed in immune hemolysis, it is tempting to believe that %@y one of a

variety of calcium dependent reaetions can alter the integrity of the
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stromata. The altération can serve to trigger dorment enzymes present in
the structures with a resultant increase in hemolysis. With this concept
in mind it can Ee viéualized that Bard and McClung's (l9h8) hypothesis
that C. hemolyticum contains a lysolecithin may be incerrect to the ex:
tent that the lysolecithin may have been derived from erythrocytes. The
strema of erythrocybtes are known to contain lysophosphatides (deGier and
;an Deenen, 1961b).

Further work with chromatography and electrophoresis would be of
value in reducing the possible experimental errors presented in this
ﬁhesis and wou;d aid in advancing knowledge about the nature of bacterial

¢

toxins,




SUMMARY

Work with culture fluids of Clostridiim hemoliticum was divided

into two main categories; (a) Studies on crude toxin perparations, and
(b) Studies on electrophoretically purified'toxins. | |

Studies with the crude toxin fluids of C. hemolyticum were de=
signed to test a hypothesis that there would be a propor£ional relation;
ship between leﬁhality of an inoculated species aﬁd ig_ziﬁzg hemolysis of
erythrocytes of the same species. The hypothesis was tested with chick-
ens and mice which are well separated phylogenetically. The animals were
inoculated intravenously and'intramuscularly and the 50% lethal gnd-
points were calculated by the method of probits. Erythroeytés of thesen
species ﬁere mixed wigh varying éoncentrations of the same toxin used for
the lethality assays. The 50% hemolytic end-points were estimated from
multiple titrations. .

It was observed that adult mice and new-born chickens were aﬂout
equally susceptible to the effects of the toxins but that the eryfhr@-
cytes of mice were nuch more susceptible to hemolysis than were the
erythrocytes of chickens. GSince the amount of hemolysis could be af-
fected by cellular fragili%y it was decided to control this ¢condition by
measuring the amount éf acid soluble phosphate liberated from exposed
erytﬁrocytes° It was found that fhis approach was unsatisfactory because
no fhosphatg was detected from hemolyzed chicken cells.

Lecithovitellin reactions of these toxin preparafions were cone-
ducted to study some of the conditions necessary for eptimal reactioﬁ_of

the fluids, and to compare these reactions with hemolysis and toxicity.
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A number of toxin fluids were prepared to see if all would react
similarly with egg yolk and the erythrocytes of mice and chicken. These
toxin substances yielded linear hemolysis patterns with mouse cells, but
the patterns with chicken cells were all similar but irregular if they
are comparéd to the "n&rmal" sigmoid hemolysis curves. While éonducting
some of these %ests it was seen that in some toxic preparatiens the LV/
hemolysis ratio was not proportional for all the texins.

The electrophoretieally treated toxin fluids showed that C. hemoly;
ticum preduced a number of hemolysins. Some of the substances were iso-
lated and were identified as a preteingse,.two phospholipases and a lipase.
The proteirase was one of the slower moving preteins, hydrolyzed emulsions
of X:¥ay film and could be inactivated b& heaf. The proteinase was not
obtained in a pure state because of the very close proximity of other
protein bands in the gel columns. |

The lipase was a weak hemolysin which hydrolyzed synthetic sorbitan
trioleate to release a small amount of titratable acid. This substance
wasg serologicalLy different from the other hemolysins isolated, and
reacfed with egg yolk suspensions to produce atypiecal LV reactions.

The slowest moving of the isolated phospholipases, a very active
hemolysin, was necrotic, and in the small ameunts available was almost
}eﬁhal when given intravenously to mice, The faster moving-phospholipase
was serologically very closely related to the former. Beth of these

compounds reacted with egg yolk to produce typical LV type reactions.
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' Althoﬁgh~the-work with electrophoresis helped to explain some of
the observed ‘discrepancies betweeﬁ"hemolysis aﬁ&-lethgiity, different
cellular fragility between the mouse and chicken erythrocytés may glso
have‘béén involved. Further work with electrophoresis and colum chroma=~
“tpgraphy would be of great value in verifying the present work and ad-

vancing knowledge of bacterial toxins.
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