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INIRODUCTION

Anthrax is a disease known from Antiduity. The
disease became known to primitive men when they took to
the profession of domesticating various specles of animals
and adopted an agrarian mode of life. Though anthrax was
recognised as one of the earliest diseases affecting animals
and man, the study on this disease remained very much sketchy,
confounded by a mass of misconceptions and superstitions. It
was not until the microscope was made available in the early
17th century that the study of microbiology and indeed of
anthrax was brought into the arena of rigorous microbiologiecal
research.

With the advent of microscope the science of ;
bacteriology was placed on the direct evidence of microscopie
observation. During the early 19th century, the historieal
back-ground of anthrax was very much enriched due to ingenious
researches of Robert Kock and Louis Pasteur. While the former
concerned himself with the investigation on the morphology
and cultivation of the causative agent in yitro,the latter
was interested in the study of immunity of this formidable
disease.

The study of anthrax led to the discovery of several
epoch-making findings in the history of mierobiclogy and
unravelled many intriguing and hitherto not-fully-understood
problems of infectious diseases. (1) It was the first
disease of man and animals shown to be caused by &

micro-organism and proved to be contagious in natures
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(2) the second bacterial entity in which the prineiple of
- immunity was better understood and the prophylactic use of
bacterial vaceine was reported to be effective and praetietlz
(3) in yitro ecultivation of the etiological agent of
disease was successfully accomplished for the first time in
the study of anthraxs (4) anthrax bacillus yas the first
micro-organism in wvhich the presence of resistant spore vas
demonstrated; and (5) it was this disease in vhich the
original work in microbiology was initiated and done which
led to the establishment of many well known prineiples of
mierobiology.

Anthrax affeets a wide variety of animals and man
Herbivorous snimals are more comsionly affected, but the
infeetion is not infrequent in pigs, minks,dogs,elephants,
deer,birds and the carnivorous animals kept in zgo, Even
frogs and fishes have been known to be susceptible to
infection experimentally. Although Algerian sheep are stated
to be naturaglly resistant to anthrax, Gayot (1952) found
these sheep normally susceptible. '

The incidence of anthrax shows world-wise
distribution, In India, it is known to oeccur in all the
states showing seasonal and regional distribution. In Bihar,
the disease is reported to be endemie in hilly and
afforested arecas, particularly in the southern part of the
state (such as Ranchi,Hazaribagh,Palaman,Santhalpargana,
Shahabad and Gaye districts). The majority of outbreaks
occur during the months between Mgy to September,the pesk
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of the ineidence being encountered with the onset of monsoon
( June & July ).

The annmual figure of anthrax infection in man all
over the world is estimated approximately to the tune of
20,000 to 1,00000 (Glassman,1958). In India, the knowledge
regarding the incidence of this disease in man is meagre
though the majority of the cases ére reported to occur in
rural areas ( Mohan & A1i,1948) Mohiyuddin & Krishna Rao,
1958).

A complete knowledge regarding host-parasite
relationship, pathogenesis and development of immunity is
Pre=~requisite for a clear understanding of any branch of
biological science, such as is the mierobiology. During
recent years, numerous investigators engaged on these aspects
of the problem have endéﬁbured to explain the mechanism of
infeection, pathogenesis‘and immunity in anthrax on the basis
of rigorous chemical analysis of the etiological prineiple
and immunogenic agent., However, there still remains a
considerable gap. in our coneept of some of these vexed
problems,

Until recently,workers had held the view that the
death in anthrax was brought @bout due to massive baeteraemia
which resulted in blocking of capillaries and consequent
deficiency of essential nutrients in the host,

However, the theory of bacteraemia as the only
cause of death in anthrax did not find support of numerous

recent investigators, who demonstrated very convineingly
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the presence of toxin in the metabolic products of
experimentally anthrax infected guinea-pigs (Keppie
et al.,1953; Smith gt gl.,1955). Subseéuent researches
directed to explain the chemical basis of virulence
and immunity enabled the workers to isolate in anthrax
culture three different soluble antigens,namely protective
factor,oedema factor and lethal factor (Harris-Smith
et al.,1958; Thorne et al.,19605 Stanley & Smith,1961
and Smith & Stanley, 1962).

In the present study,an attempt has been made
to produce in vitro the soluble toxin of B.gnthrgeis with
particular reference to the oedema and the lethal factors
in non-protein Casamino acids medium. In order to find
out the eritical factors necessary for the slaboration
of the toxin, various amino-acids, mXx salts and nuecleie
aclids were incorporated in the medium and used under
different cultural conditions. The biologieal activity
of the toxin was tested in laboratory animals. 4n attempt
was also made to devise an easy and quick method for
identifying the soluble antigen in the culture. For this
purpose, haemagglufinating actiﬁity of the toxie prineciple

was examined.
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REVIEW OF LITERATURE

A. STORIC H

#nthrax is one of the earliest diseases known to man.
The earliest account of anthrax dates back nearly 6000 to
7000 years in early Mesopotamia and Egypt, where agriculture
had then established (Wells,1949),

The first record of this disecase is available in the
Bible in Exodus, chafater 7 to 9. About 1491 B.C.,Moses had
warned Pharaoh, "The hand of the Lord will fall on your
livestoek in the fields, on horses, asses, camels herds and
flocks with a very severe murrain". The wrath of God struek the
land of Egypt and all the cattle died of the disease whieh was
indeed anthrax (Stein,1955).

There are records of various ecattle epidemies,inclusive
of anthrax, in Hindu literature. .’I'he Indian had classified
these diseases as early as 500 B.C. In early Greece,anthrax

was recognised by Hippoerates as early as 400 B.C. The Romans
described anthrax in man and animals in 70-19 B.C. In the fifth
century B.Cs., several mgajor plagues had struck Rome beginning
with one of anthrax which reduced the entire human and animal
populatioﬁ to half,

In the 16th century, Thomas Blundeville, who was
probably the first imporsant veterinary writer in English
language,described the disease and recognised relationship
between swzl:ne and outbreak of anthrax (Smithcors,1957). Despite
these observations, it was not until the 18th century that
anthrax was clinically defined and was placed on ths firm basis
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of scientific criticism,

M. Delafond was the first man to have seen the rods
of B.anthracis in anthrax blood at the Alfort Veterinary
Sehool in France as far back as 1858. Heyhowever, could not
understand the significance of such observation
(Vallery - Radot, 1923).

The credit of such observation therefore went to
Davaine who in a frenzy of scientific effort,unfolded many
then unsolved mysteries of this disease. In 1850, he saw the
anthrax bacillus under the microscope and in 1863, he discovered
that only blood of sick animals contained the organisms.
Further, in 1868, Davaine had shown that the anthrax rods
could transmit the disease and in 1875, he also reported that
the blood whep filtered through clay was innocuous
(Merchant, 19533 Stein,1955). Thus,from his above masterpiece
observations,Davaine had shown the identity and the contagious
nature of the causative agent of the disease.

Meantime, Pasteur further confirmed the wtiological
role of anthrax bacilli. He found that when the eulture was

- filtered through membrane fine enough to retain the baeilli,
the filtrate could not reproduce a copy of the disease in the
susceptible hostywhile the sediment was highly infeetive.
Thus, not only did he conv:l.neingiy elucidate the etiology of
anthrax but he also established the germ theory of disease
(Dubos,1950).

In 1878, Kock in his classiecal research on anthrax,
worked out the complete life cycle of the bacillus and



propounded his ‘postulates' which are still regarded as the
surest criteria for establishing the relationship between the
causal agent and the disease it prdduees. The famous Koek's:
postulates thus set the first milestome in the progress of
bacteriological research which brought him to be acelaimed
as the father of bacteriology.

B, ANTHRAX VACCINES

In 1880, Chauveau reported that an animsl which
survived inoculation with anthrax bacilli became more resistant
to further infection. In the same year, Toussaint successfully
vaccinated sheep with defibrinated anthrax blood that had
been inactivated by exposure to 55°C for ten minutes
(Merchant, 1953),

Pasteur (1881) convincingly demonstrated the
effectiveness and practical use of vaceine. The vacecine
consisted of attenuated strain of anthrax baeillus which he
obtained by maintaining it at 42°C in artificial eulture - a
method too well known to be commented upon.

In his famous field experiment done at Rossignol's
farm in Pomilly le Fort,Pasteur inoculated cattle,sheep,
goats and eows with 5 drops of attenuated culture - the
'Premier vaecin'., Thereafter, he reinoculated these animals
with a more virulent culture - the 'Deuxieme vaccin' after a
period of 12 days. After a fortnight following £ the 2nd
inoculation, he challenged the animgls with a virulent strain

of B. aghthracis along with an eciual numbers of non-immunised
control animals. 411 the control animals died or suffered

from anthrax while the vaceinated oneds survived the



challenge infection.

Zenskowskii (1887), Kind (1922) and Bekker (1930)
rgported the successful use of glycerine in a conecentration of
50 to 60 % as an ideal vehicle for the suspension of anthrax
spores. This helped in maintaining the#y viability and
inhibiting the growth of contaminants. It had further
advantage of potentiating the immnogenicity of the spores by
providing continuous and prolonged antigenie stimulus at the
site of inoculation and preventim? them from being phagoeytosed
by the reticulo-endothelial ecells,

Besredka (4921) confirmed the previous finding of
Pasteur and further claimed that guinea-pigs and rabbits could
be rendered solidly immune when inoeulated intradermally with
Pasteur's Ist and IInd vaccines. He however,failed to
demonstrate passive immunity in other group of animals with
"immune sera’.

The above observations,howeverycould not be confirmed
by Cordier (1925), when he used Pasteur's vaccines for
immunis ing guinea-pigs.

Sehilling (1926) suceceeded in producing a safer vaccine
than that of Pasteur's by incorporating 5% sodium chloride in
the eulture media. The culture when washed off with normal
saline and treated with 0,5% carbolie acid constituted the
;aceing. He showed that immunity in sheep with this vaecine
lasted for 5 months,

Sobernheim (1931) for the first time introduced the
tserum ¢imultaneous method' of vaceination whieh is still
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occasionally used (Sterne,1959). He devised this method
with a view to eliminate the hamards of vaccination
inherent with different types of attemuated vaccines,

Mazueehi (1931) reported that saponin in a
concentration of 2-5 % was a safe and potent vehicle for
suspending anthrax spores., This induced a violent loeal
hecro-inflammatory reaction which helped in localising the
organisms in vaeccinated subjects. Later on, Anreiter (1952)
also reported favourably on the use of 'Carbozoo' vaccine
of Mazueehi (gop.git.).

Ramon & Staub (1936,1937) in an attempt to evolve
a simple and a single dose vaccine,attenuated the culture
of B.anthracis to a degree af equal to that of Pasteur's
Ist vaccine. The attenuated spores were suspended in (1)
lanolin, or (ii) a mixture of gelatin and alum. 4 single
dose of these vaceines conferred solid and lasting immunity
in sheep when inoculated subeutaneously, This was proved by
extensive fleld trials in sheep, They further modified the
vaceine by suspending the culture in 0.2% agar and 1-3%
alum, A single dose of 0,25 ml, of such vaccine was found to
produce immuﬁity in sheep within 5 days of inoculation., The
1mmunity thus produced lasted for eight months,

Stamatin (1937,1938) reported success in immunising
animals with a varlent of B.gnthracis. The results of this
vaccine compared favourably with other types of vaceine in

vogue. _
Sterne (1937a, 1937b) made a noteworthy contribution
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in our concept of anthrax immunisation, He demonstrated
That the virulent anthrax strain threw a non-encapsulated
mavirulent variant on growing the culture in 50% serum-agar
media in an atmosphere of 10 to 30% ecarbon-dioxide for one
to two days. He found that the avirulent strain could be
safely used for the preparation of an efficient imminising
agent against anthrax in cattle,sheep and horses.

In 1942, Ramon gt gl. introduced their "anavirulent
vaceine™ which was prepared from a highly virulent strain.
4 broth medium containing a small quantity of agar was sown
with a heavy inoculum of virulent strain, After incubating
the culture at 37°C for 48 hours, the growth was formolised
and re-ineubated at 41-42°C for 4 days and then tested for

sterility. 0.2% of alum was later incorporated in the culture.

It was found that the immunity response provoked by the dead

organisis was further reinforced by the agar and alum present

in the medium,
In India, the credit goes to Rajagopalan and Israil

- {1952) who, on the lines of Sterne (1937), isolated from a
virulent strain of B.anthracis, a non-capsulated avirulent
strain and attempted to evolve a suitable vaccine for the
Suecessful immunisation of cattle,sheep,goats snd other
species of animals. The vaceine made from the local strain
compared favourably with the Sterne's vaceine. Both these
vaceines were observed To be safe for use in sheep,cattle,
goats,elephants,camel,horses and mules. When a relatively

concentrated vacclne was used, it was found that degree of
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immunity produced was not appreciably inferior to that
resulting from a vaecine containing saponin. As the proportion
of animals,which developed abscesses from vaccines containing
0.4 -~ 0.5% saponin, was large under Indian eonditions,they
preferred to use a vaccine with no saponin, A solid immunity
was established in animals protected with one million spores,
within 3-6 days and remained upto one year. They found that
in sheep and goats there was severe reaction with glycerinated
vaccine and advised to dilute the vaeccine three times to the
original volume, vhieh reduced the loecal reaction.
C.PATHOGENESIS 3

In the past, the mechanism and the basie prineiple
‘of virulence and pathogenicity in anthrax remained a much
debated question for a considersble length of time. Preissz
(1909) suggested that the capsular substance had the property
of neutralising the in vitro anthracidal activity of normal
sera. However, Bail & Weil (1911) showed that organisms were
aggressive only when growing in animal tissues and that the
'aggressin' seereted by organisms was responsible for
neutralising the anthracidal mechanism. It was rnot related
to the capsular substance.

At one time the workers had held the view that death
in anthrax was caused due to massive baeteraemia which resulted‘
in thrombosis of capillaries by baeilli (Peter,1939) and
consequent deficiency of oxygen and essential mutrients to
the host. Subsequent investigations have, however,shown that

apoplectic death in anthrax can cecur in the ahsence of
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noteworthy bacteraemia and therefore the mechanical
hypothesis has now been abandoned.

In an attempt to demc_mstrate the association of
intracellular substance of B.anthraeis with the pathogenieity
of the disease, King & Stein (1950) cultivated the organisms
both in simple and in complex media, aerobically and
anaei-obically. The intracellular product was obtained through
mechanical disintegration of the eells and the suspension thus
obtained was inoculated into mice. The material however,
proved to be non-~toxiec for these animals,

These authors indicated that the failure to isolate
the toxie prineciples in B.anthraeis in vitro may well be due

to lack of some special cultural conditions which are not yet

determined,
Keppie gt gl. (1953) harvested the in vive growth
products of B,gnthracis from infected guinea-pigs. These

workers reported that even large quantities of intra and
extracellular products were non-toxie when injected
intraperitoneally but it was shown te promote infection with
sublethal doses of B.gnthraeis and to interfere with
phagoeytosis, Thus they believed that the product was aggressin.
Further,they also indicated that extracellular but not
intraeellular produet produced active immunity to anthrax in
guinea~-pigs. It was suggested that aggressin and the protective
antigen may be the same substance.

Keppie ¢t al., (1955a) recorded an interesting observation

that bacteraemia alone could not be aseribed as the cause of
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death in anthrax. They observed that when streptomyein was
used to remove an experimental infection of guinea-pigs with
B.anthracis, their life could be saved only if at the time of
treatment, the bacteraemia had not increased beyond about

3 x 10° chains per ml. of blood i.e. approximately 1/300th
of the degree of bacterial proliferation which had occurred
at the time of death in untreated animals. Beyond that
critieal level, death was encountered despite the faet that
no active infection had persisted.

Keppie gt al.(1955b) found that distribution of
organisms during the final phase of anthrax in guinea-pigs
was in the spleen and blood, the perceentage of théif isolation
in these organs being approximately 80% and 20% respectively.
This suggested that blood and spleen may perhaps be the
possible sites for the eleboration of harmful products.

Smith and his coleagues (1955) carried out extensive

- studies on the blood chemistry, physiology and histopathology
of guinea-pigs dying of anthrax. They found reduced blood
volumes, reduced bleeding time,reduced blood pressure,
increased clotting time,haemoconcentration, a.fall in body
temperature, interference in carbon-dioxide and phosphatase
metaboldism, loss of alkaline phbsphatasa in kidney and aeute
rehal failure. From these observations,they concluded that
& state of secondary shock was a major ecause of death in
anthrax.

Smith & Gallop (1956) obtained purified fraction
from the thoracic and peritoneal exudate of guinea-pigs
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dying of anthrax. This substance was found to be an
immunising antigen and had marked antiphagocytic properties.
This immunising aggressin was a lipoprotein, containing a
small amount of carbohydrate residues. It was found to be
different from immunising antigen of Bs anthracis produced
in ¥itro. This immunising aggressin was termed as factor 'Y,

The above findings of these workei's on the much
debated gquestion on the pathogenesis of anthrax Opened a new
 approach of investigetion which led to the demonstration of
variousg fractions of toxic factors of B.gnthracis mich.w:.tll
be described elseuhere.

De { TOXIN 3 RETROS
¥With the recognition of secondary shock as the cause

of fatal syndrome in anthrax, workers renewed their interest
into the -problem of pathogenicity and immunity in anthra.x“
and this paved the way for the chemical study of the complex
problem resulting in the characterisation af' three different
scluble antigens in anthrax bacilli.
(1) PROTRECTLVE FACTCR 3

Gladstone (1946) for the first time succeeded in
isolating jip yitro, a protective antigen from the cell-free
metagbolie product of B.anthracise. He used sheep serum culture
medium. The cell~free filtrate was highly immunogenic. When
injected thrice at weekly Mfﬁ;:rvals subcutaneously in rabbit,
it protected 100% of these gnimals sgainst the challenge dose

of 100 A«LsDs virulent spores. He demonstrated the presence of
the proteetive faetor in 18 hours culture; but on further
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incubation to 48 hours, the antigen was completely lost.

The loss of antigen was attributed due to the presence of some
proteolytic enzyme produced towards the end of the growth
when the bacilli were autolysing and were forming spores,

While the problem was engaging the attention of the
workers to eliminate the production of proteclytic enzyme in
anthrax culture, Rogers (1948), while working on Staphylococcal
hyaluronidase, reported the advantages of using cellophane sac
to provide continuous nutrients to the organisms.

Influenced by the observation of Roger (gp.git.),
Gladstone (1948) devised an apparatus for the production of
soluble protective antigen in a cellophane sae¢ which was
continuously supplied with sterile broth and oxygen. This
device yielded twenty five -~ fold increase of the antigen than
in his previous static culture medium. The antigen thus
obtained conferred solid immunity in rabbits. The hyper-
immine serum recovered from these animals was capable of
conferring passive immunity, thus dispensing with the need of
living organisms in producing effective antisera.

Heckley & Goldwasser (1949) used a simplified medium
consisting of denatured sheep serum-albumin and ox serum
ultrafiltrate for antigen production. The authors,vhile
harvesting the antigen from such media, observed that the
morphology of the anthrax bacilli was different from that
grown on ordinary medium. The organisms were much shorter ahd

broader with square corners and irregularly stained cytoplasm,

the cells appearing dead and partially autolysed, though the

-~
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total cell count indicated that all cells were viable.

Wright gt al1.(1954) obtained protective antigen in
sterile culture filtrates after 20-hour static growth of a
non-proteolytic mutant strain of B.gnthraeis. They used a
chemically defined non-protein medium consisting of amino-acids
and inorganic salts, This antigen was highiy imminogenie for
rabbits and monkeys. They discussed the growth reéuirements
of B.gnthrgeis and pointed out that antigen production is
probably associated with a particular type of metabolie
activity of the organisms,

Belton and Strange (1954) successfully isolated a
non-toxic component of protective antigen both from virulent
and avirulent strains of B.anthr y when grown in
casein-synthetic medium. This antigen effectively immunised
Tabbits and monkeys. The hyper-immune serum prepared with

' such antigen in horses was equally potent when compared with
antisera prepared with 1iving spore vaceing.

Strange & Belton (1954) in a detailed chemical
analysis of the filtrate of B.anthracis grown in non-protein
medium isolated a mixture of growth products whiech eontained
a protein and polysaccharide. The protein was concéﬁt?ated in
erude antigen by dialysis snd lyophilisation which solidly
protected rabbits against a challenge dose of 250 A.L.D. of
virulent spores,

The effect of alterations in the eultural conditions
and the compositions of medium on in vitro elaboration of

protective antigen was further investigated by Puziss & Wright
(1954), These workers employed a number of amino-acids and salts
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and stressed their relative importance for the growth and
production of protective antigen of B.anthracis. They found
that sodium biearbonate,calcium ion, leucine,isoleucine,
nethionine,r proline, phenylalanine and histidine were critical
factors in the elaboration of antigen.

The above work was further extended by Wright gt al.
(1954) and brought out experimental evidences that alum-
precipitated proteetive antigen was non-toxic but produced
significant immunity in rabbits,guinea-pigs and monkeys. The
immunity persisted for more than three months in rabbits and
fourteen months in monkeys. The antigen when injected into man,
was well tolerated without producing any serious loeal reaction,

While working on the immunological heterogeneity of
;arious strains of B.gnthracis obtained from different sources,
Auerbach & Wright (1955) showed that no major immunogenic types
existed among these organisms. A non-proteolytic,non-encapsulated
mutant of Vollum strain of B.anthragis effectively immunised
rabbits against %h challenge with 35 strains of organisms of
varied origins. However,the antigens produced by two of their
strains were no more effective in immunising rabbits against
homologous challenge, than was the antigen elaborated by the
Vollum mutant.

By this time a number of workers direeted their
investigations Zom improving upon the medium and concentrating
the antigen through precipitation with ethanol at low
temperature, ammonium or sodium sulphide and through dialysis
and freeze drying. They observed that the cell-free antigen

thus obtained protected monkeys against 10,000 m,1.ds. of
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virulent anthrax spores (Boor, 19553 Boor & Tresselt, 19552
and Tresselt & Boor,1955).,

Boor & Tresselt (1955b) further produced a stable
brotective antigen in eulture medium, containing yeast
extract and serum-ailbumin, They suceessfully immunised sheep
with the cell-free_antigen either by a course of 5 intradermal
injections of an agueous solution or one subecutansous
injection of antigen adsorbed on eolloidal aluminium hydroxide
which acted as stabiliser or adjuvant.

4 significant contribution was made by Thorne & Belton
(1957) who devised agar-diffusion method for titrating anthrax
immunising antigen in culture filtrate as well as the anthrax
immune sera. They observed excellent correlation between the
titres of the culture filtrates and their immnising agtivities
in rabbits. Based on the tachniéue of Quehterlony (1953),they
demonstrated marked improvement in antigen production in
modified non-protein medium.

Wright & Puziss (1957) demonstrated the production
of protective antigen in modifled anaerobiec culture medium.
The medium deseribed by Puziss & Wright (loc.cit.) was modified
by adding adenosine,glycine & l-alanine,reducing the
concentration of ferrous sulphate and omitting eystéine. The
final eulture medium was adjusted to pH 8 before filtration.
They considered anaerobic cultivation a type of simplification
for large scale production of antigen. It was further added
that under anaerobie condition the antigen production was

at least equal to that obtained from aerobie culture, though

the growth was somewhat slower,
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In 1958, Smith further added to our conecept of
antitoxic immunity in anthrax, He isolated in yitro two
virulence factors from anthrax culture, namely the toxin
and the capsular polyglutamic acid jof these,y the former was
Immunogeniec and formed the prime basis in anthrax immunity.
Smith's toxin consisted of two factors whieh acted
Synergistically. It lost toxicity very easily while still
retaining the antigenieity. Smith thus advenced for the first
time, the idea for the existence of multiple fractions in
anthrax toxin in artifiecial culture and this enabled him to
prepare in vitro an excellent non-toxie immunogenie vaceine
against anthrax.

Strange & Thorne (1958) isolated protective antigen
from an avirulent strain qf B.anthracis in a high state of
purity in a semi-synthetie medium. The purified antigen was
protein which protected rabbits against the challenge
infection of anthrax spores. The antigen gave a distinet
precipitation line with homologous antisera on Ouchterlony
plate.

In the following year a potent almunium hydroxide
gel vaccine against anthrax was developed in Boor's medium
containing sheep serum albumin agnd yeast extract. This vaceine
protected sheep for as long as 7 months after vaccination
against virulent strains of B.anthracis (Molnar, 1959).

Wright et g1,(1962) in an effort to improve growth
and elaboration of protective antigen,used chemically defined
"medium (599 medium) developed earlier by Pugiss & Wright.
(1954) with a few modifications in respect of certain amino-acids,
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They found that under sltered cultural conditions,it was
possible to obtain a five-fold inerease in the production of
protective antigen from a non-proteolytie asnd non-espsulated
avirulent mutant of B.anthracis,

(11) 10 3

Using B.anthracis, Smith & eo-workers (Smith,Keppie &
Stanley, 1953a, 1953b) for the first time succeeded in
harvesting a large quantity of organisms and their produets
grown in vivo in experimentsl guinea-pigs. This enabled them
to subjeet the cells and their extracellular produet to a
detailed chemical analysis which eould reveal the mechanismx
of chemical basis of virulence of B.gnthracis.

These workers substantiated the widely held view that
there was sharp differentiation between the organisms grown
4n yive and those grown m.broth, in respect of their
morphological characters and their suseceptibility to
phagoeytosis. They also observed that organisms harvested from
infected guinea-pigs showed rapid lysis in ammonium carbonate
solution. This was,however,not apparent in any of the organism
grovn under a variety of econditions in vitrg. This observationx
served to nndernné the chemical difference betwoen these

organisms.
Until the year 1954, there was no experimental evidence

in the literature to suggest that _B,. anthraecis was able to
produce a well defined toxin jin yitro. It was Evans & Shoesmith
(1954) who obtained cell-free filtrate from an old culture

medium which on precipitation with saturated solution of
ammonium sulphate, proved toxic to rabbit vhen injected
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:|.ntraderma11y. The lesions produced in these animals were _
strikingly similar to those seen in natural cases of cutaneous
anthrax. However, the specificity of such reaction elicited by
Evan's toxin remained unconfirmed.

Smith & Keppie (1954) can however, be enlisted among
the first of those workers who proved beyond doubts, the
Specifieity of lethal and oedema factors obtained from the
guinea-pigs plasma dying of anthrax. They injected
intradermally 0.2 ml. of filtered heparinised plasma into
test guinea-pig and observed an extensive area of oedema and
congestion. The tissue damaging activity of the plasma increased
regularly with increase in the number of organisms in the blood.
Anthrax antiserum produced against 'Weybridge' spore vaccine
neutralised th2 skin reaction completely.

When a mixture of plasma and peritoneal.axudate was
similarly used, the reaction was minimal. They explained that
that the failure in producing the skin lesions in the pastlmay
have been due to the fact that the previous workers had largely
used the exudate. They also showed specifie lethal effect of
the undiluted plasma in mice and guinea-plgs when inoculated
intravenously and intraperitoneally. The anthrax antiserum
also removed the lethal effeect of toxic plasma., Thus specifieity
of lethal and oedema factors was for the first time determined
with certainty.

In the year 1955,5mith gt al.further confirmed the
earlier observations of Smith & Keppie (1954) and suggested
that both the oedema production and the lethal activity were

caused by the same substance.



22

Later the toxic plasma of guinea-pig dying of anthrax
was shown to contain two components designated as Fy & Fg
whieh acted synergistically; in as much as the two factors,
when combined, were capable of producing oedema and lethal
effect (Smith ot g1,,1956). F, was q-uickly deposited by
ultracentrifugation leaving the other (Fy) in the supernatant.

The former proved to be an imnunising antigen and an

aggressin. The immunising factor 'Y' isolated by Smith &

Gallop (1956) was considered to be F4, toxoided by extraction
brocess, The F, component of the toxin had shown the same
biological properties as that of the purified protective

factor obtained in vitro by S'trange & Belton (1954), but it

was not found to be identical with it.

| However,the above workers failed to obtain the toxin

in vitro when B.anthracis (strain BP) was grown in tryptie :
meat broth and in the medium used by Belton & Strange(logc.cit)e. ’

Concomitant with the above observation, Belton & i
Henderson (1956) announced that sterile plasma from guinoa-jaigs
dying of anthrax, produced a characteristic skin lesion in
rabbits, which was neutralised with anthrax antiserum. This |
finding led to the basis of carrying out skin test for the
titration of anthrax antigen produced in vitre,

Tempest & Smith (1957) while testing the effect of
several metabolite analogues in vivo on the growth of
B.anthracis and their ability to synthesise toxin during the
terminal stage of bacteraemia, concluded that hypoxanthine,
. adenine, methionine,alanine,phenylalanine and tryptophan are
involved in growth of the organisms whereas pyrimidines and
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nleotinic acid were Necessary for the synthesis of toxin in
Euinea-pigs.

Harris-Smith & Co-workers (1958) isolated the
lethal and oedema producing toxin from the serum culture of
both attenuated immunogenic 'Sterne' strain and virulent
NP gstrain of B.anthracis. The toxin was found to be identical
with the one originally recognised jn yivo.

In course of their work, they noted that the
concentration of toxin was maximal only in the early culture.
It disappeared from the culture when the organismsg were grown
for beyond seven hours. They pointed out that in the past the
failure to recognise the toxin in culture was mainly due to
its early appearance and rapid disappearance under ordinary
growth conditions. The destruction of toxin in old culture
vas .attribt;.ted to be due to the elaboration of an intra=-
cellular enzyme which was demonstrable in the later phase
of the growth. They failed to maintain the toxin concentration
or to inerease it by the addition of various nutrilites.With
continuous culture, however, it was possible to maintain the
organisms in the toxigenie growth phase.

The factor I & II (F‘l & Fz) of B.gnthracis reported
earlier by Smith et 2l.(1956) were further isolated and
purified by Stanley et al.(1960) by fractionation method:
which involved minimum of inactivation. While the final
preparations of F1 & F2 were toxic when injected together,
they were inocuous when administered separately.

Thorne et als (1960)isolated toxin of B.apthracis
when grown in Casamino acids medium of Thorne & Belton(1957),
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They separateq the toxin into two components by filtering
through fritted glass rilter. One component present in the
Tiltrate was the protective antigen. The other component
referred to as filter factor and which was toxie, was
adsorbed en the glass filter but was elutable with carbonate
buffer at pH 9.7, Each of these two factors was non=toxic
when tested alone. When sdded together however, they formed
a toxic mixture as evidenced by skin regction in guinea-pigs
and lethality in mice. The toxin was specifically neutralised
by B. anthracis antiserum.

Stanley & Smith (1961) further added to our conecept
of different factors of anthrax toxin produced in wvitro.They
used Casamino acids medium of Thorne gt al.(loc.cit.) and
isolgted three different factors separatelyy when i:he original
culture was passed through the column of diethylaminoethyl-
cellulose (DEAE-C) and subsequently eluted with phosphate
buffer. The factor I and 11l were toxic and produced cutaneous
oedema in rgbbits and killed mice respectively, when mixed
with factor 11 which was the protective antigen. The newly
recognised lethal factor (Factor III) was serologically
different from Factor I & II agnd was also found to be present
in gnthrax toxin produced in yivo.

Smith gt 2l.(1961) further extended their work in
order to ascertain the purity of antigenie factors of
B, anthracis. They showed that gel-precipitation procedure
was superior to the conventional method of analytical
electrophoresis and ultra-centrifugation due to large efforts
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invo
lved and sufficient Preparations required in the latter

Procedure. They suggested that agar-diffusion method vas a

Practical working rule for assessing the purity of such |
preparations. 5

Beall et 2l .€1962) confirmed the observation of
Stanley & Smith (1961) and demonstrated three factors of
anthrax toxin. The culture supernatant was filtered through
a fritted-glass filter ang the filter was subsequently eluted
with carbonate puffer, They pointed out that rate were more
susceptible to lethal effect than the mice and guinea-pigse.
The synergistic activity of toxic factors and protective

antigen was also confirmed.

Smith & Stanley (1962) further purified factor III
of anthrax toxin which inereased the lethality of mixture
I & II for mice and decreased their capacity to produce
cutaneous oedema in rabbits. Following. the procedure of
Thorne gt gl. (1960), they obtained crude anthrax toxin which
yielded purified factor I & III with the help of chromatography
on DE&E-C column. The final preparation of fgetor III showed
a single peak in ultra-centrifuge and a single band on paper

electrophoresis. It was protein in nature.




SECTION-C

MATERIALS AND METHODS
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HAIERIALS AND NETHODS
Srains

Non-capsulated avirulent " weybridge" strain
(34 F/2) or B.anthracis was used throughout the experiment,
The original freezedried anthrax Spore sealed in vacuo was
received through the Research Officer (Biological Product )
Livestoek Research Station,Bihar,Patna who obtained it from
the Central Veterinary Laboratory, Weybridge, England.
WMa

This was obtained from Dr. H.Smith, Microbiological
Research Laboratory, Porton, England.

t f ant suspens H

This was prepared as followss
(1) Anthrax spore suspension:

First of all,spores were seeded on nutrient agar
slant and incubated at 37°C for 24 hours. The growth was
washed in about 3 ml., of sterile physiological saline
solution and examined mieroscopically and culturally for
purity.

The Boux flask containing casein digest medium at
pH 7.4 was inoculated with 3 ml, of sa}ine suspension of the
organisms., The flask was incubated at 37°C for 72 hours and
then left at room temperature (22-24°C) for a further period
of 24 hours., The surface growth was removed with the hﬁlp of
sterile glass beads in 10 ml., of sterile normal saline
solution. The spore suspension was collected aseptically in

sterile test tubes and examined microscopically and
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culturally for purity. The growth suspension showed anthrax
Spores almost to the extent of over approximately 99%,
(11) Spore count :

The spore suspension was heated fo 80°C for 20 minutes
in water bath in order to destroy the residual vegetative
bacilli and was then subjected to ten-fold dilutions in
sterile distilled water. The final dilution made was 10“8.
0+1 ml. each from the last three d1luted suspensions was
Spread over the surface of the nutrient agar plates with the
help of a sterilised glass spreader. The number of bacterial
colonies which developed after overnight incubation at $v°c
was counted and average number of sporeé present in the
original saline suspension per ml. calculated. Thus, the
average spore count was found to be 14x10?/m1.

{1i11) Stock rax spore suspension 3

The original saline spore suspension containing
14x109 spores/ml., was further diluted in sterile normal
saline solution so that the final stock suspension contained
1x1oq/m1. of spores. This was stored in the refrigerator
(5°C * 19C) throughout the period of the study. It was checked
periodically for purity by microscopic and cultural examination.
Media 3 _

In order to study the metabolie requirement and
eritiecal factors necessary for the growth and toxin production
in witro of B.anthracis,several modifications of Casamino
acids medium described by Belton & Strange (1954) were used

in the present work. The following four groups of media were
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included in this study.
Yedium No, I:
This consisted of the medium used by Belton and
Strange (log.git.) for the isolation of protective antigen
éxcepting that the solution 'B! (which contained salts,
nucliee acids ete.) used by them was omitted. Thus,it
comprised of the following four different solutions. Glass‘
redistilled water was used throughout for the preparation of
the medium.
Solution *A':
Casamino acids (Difco) ... 90 gm.
L- Tryptophan (B.DH.) .eo o3 gu.
Glycing { BoDda ) nee e 0.5’?5 gm,
L; Cystine (E. Merck) ... 0.30 gn,
The tryptophan was dissolved separately in 10 ml.
N, HC1 by constant stirring with a glass rod and adding more

acid in one ml. volume, if further required. The cystine was
mixed with 3 ml. of distilled water and concentrated
hydrochlorie acid (Analar grade) was added drop by drop while
stirring until it had completely dissolved. These two solutions
were added to the casein and glycilne dissolvg? mi#watar and
the volume was made up to one litre with distilled water. The

pH was approximately 5.0.

Selution ‘B ¢
Potassium dihydrogen phosphate(B.DeHe) ... 34 gm.
(Kig PO,)

Potassium hydroxide 5% (V/w) (B.DeH.) ... 160 ml.
{KoH)

The phosphate was dissolved in approximately 800 ml,
The
of water and hydroxide solution added until,pH was 6.8. The
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volume was made up to one litre with distilled water.

Solution 'Ce*s

Sodium bicarbonate (E.Merck) ... 2.5 gm.
(NaliCOg)

D~ glucose (B.DJH.) ... een 1 gm,

Glutanine (Swiss) o~ ess 0,001 gm,

The solids were dissolved in 90 ml, of water,
sterilised by seitz filtration and tubed in 9 ml. volume
aseptieauy. It was stored in refrigerator until use.
Solution 'Dies:

Ferrous sulphate (Analar) ... 2,78 gnm.
(PeSO,, ML)

Mangangse sulphate (A.Re) " +e. 0.0223 gm,
i0g,Mg0)
The ferrous sulphate was dissolved in small guantity

of water containing 0.3 ml, of concentrated hydrochlorie acid,
The manganese sulphate was dissolved separately in a small
volume of water and mixed with the above solution. The volume
was made up to.m ml. The solution was sterilised by seits
filtration end tubed in 10 ml. volume aseptically.

Basal medium .

This was prepared in Roux flasks , by adding 4 ml,
each of the solutions 'A' & 'B’ to 81 ml, of water; flasks
were plugged with non-absorbent cotton wool. They were
sterilised by autoclaving at 5 1bs./sq. inch for 20 minutes
followed by at 15 lbs./aci. inch for 20 minutes. The pH of the
basal medium after autoclaving was approximately 7.0. The

flasks were stored in refrigerator until required,

T Tolutions 'A' & 'BY kept long in the refrizerstor but
solution *C!' & *D' deteriorated on keepings therefore they
were prepared fresh & used within 24 hrs.of thelr preparation.




Einpl medium 3

To complete the medium, éml. of solution 'C' and
2 ml. of solution m 'D' ( containing spores inoculum) were
added aseptically to. each flask containing the basal medium
(89 mi.) giving a final volume of 100 ml. The addition of
solution 'D' produced ecollidal opalascence. The pH of the
final medium was 7.5 to %.6.

Medium No, IT 3

The medium deseribed in No.I was used with the
following modificationss:

Certain amino-acids considered to beﬁ:ritieal
factors for growth and elaboration of antigen were incorpo-
rated and added in the medium in éuantity as in 599 medium
(Puziss & Wright,1954). |

DL~ Isoleucine (B.D.H.) ... 0.520 gn.

DL- Methionine (E.Merck) ... 0.150 gm.

L ; Proline (BsDeHe) <20 oo 0,150 gm.

DL- Phenylalanine (Be.DsHa)... 0,340 gm,

L - Histidine (E. Merck) ... 0,480 gm.

DL- Threonine (B.D.H.) ese 0,300 gm.

L - Glutamic acid(E.Merck)... 0,840 gm,

L - Leucine (E.Merck) ess 0,640 gm,
Caleium chloride (English)... 0.075 gm.
CaCloy 0

Magnesium sulphate (BeD.He)ees 0,050 gm,
(MgSO,, 7Ho0)

IL-Leucine, DL-Phenylalanine and L-Glutamie acid
- were suspended separately in small quantity of water and
W,HC1 added drop by drop until dissolved completely.Other
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constituents ywere dissolved separately in water and added

to the above solution. The volume was made up to 500 ml. The
PH of the final solution was approximately 5.1. The solution
was tubed in 10 ml. volume and autoclaved at 15 1bs./sé. inch
for 15 mindtes. The steriliseq solution was added to the
final medium at the time of inoeculation. Further procedure
deseribed earlier in medium No.I for the preparation of

" final medium " was Pollowed except that the éuantity of
distilled water was reduced from 81 ml. to 71 ml. in order
to make up the final volume to 100 ml.

A preliminary attempt was made to examine the effect
of altering the concentration of sulphates (Perrous sulphate
0.00015 %, Manganese sulphate 0,0004%) in solution 'D' as
suggested by Wright gt gl, (1962). This altration,however,
did not promote antigen production. Further, it did not
produce opalascence in the final medium which was considered
desirable foff%laboration of antigen (Belton & Strange,1954).

Therefore, the concentration of sulphates was restored as in

medium No.l.

Medium No.III 3

This medium agrees more closely to that of Belton
& Strange (gop.git.) than the medium described in No.II. I
was prepared as deseribed in No.I with the following

additions and modifications:
The amino-acid=salt solution used in medium No,II

was omitted. The solution 'B' of Belton & Strange(op.cit.)
was ineluded except that the two nucleic acids i,e. adenine

and guanine could not be incorporated due to thelr
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Non-availability. Thus, the solution hereafter termed as
'E' contained the following ingredients:

Solu B! 3
Calcium chloride . soe 0.5512 gm,
Magnesium sulphate ... Fe 0.256 gm,
Uracil (English) eee  ess 0,070 gm,
Thiamine-HC1l (E.Merck) esae 0,0025 gm,

7 Each solid was dissolved separately in small
quantity of water and mixed in order given. The solution
was made up to one litre with distilled water. This solution
was added in 4 ml. volume to the basal medium along with
solutions 'A' & 'B? agf?; medium No.I before sutoclaving.
The concentration of carbonate and glucose
mentioned in solution 'C' was increased to 0.8 and 0.2 %
respectively. As the amino-acid-salt solution was omitted
in this medium, the quantity of distilled water was increased
from 71 ml. to 77 ml. to make up the volume to 100 ml, in
the final medium. The basal medium was autoclaved at 15 1lbs/
sd. inch for 20 minutes as followed by Thorne & Belton(1957).
Prolonged autoclaving done previously was discontinued.
Medium NO.IV s
This was the medium described in No.III, except

that adenine and guanine were also incorporated in the
solution *E', Thus, this solution contained the following
ingredientss:
Caleium chloride son eee 0.5512 gm,
Magnesium sulphate ... ess 0,250 gm,
Adenine (German) aa ene 070 gha
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Guanine (German) ... e b. 075 gm,

Uracil e ok ese 04070 gm,

Thiamine-HC1 cse ess 00,0025 gm,

Guanine was made into paste with 20 drops of
concentrated hydrochloric acid and other solids were
dissolved separately in water and mixed with it in order
given, The pH of the final medium was adjusted at
two levels i.e. at pH 7.6 and 8.5.

In the later part of the experiment with
medium No.IV, the glass redistilled water was further
purified by passing through the columns of Amberlite ion
exchange resin. The resins IRC;SO (H) & IR-45(0H) were
filled separately in two burettes about 1.5 em. in diameter.
The glass redistilled water was allowed to pass through
the columns of the two resins about 12 em. in length
sucecessively under atmospheric pressure. The pH of the water
thus obtained was 6.8.

A1l the solutions used in the medium were prepared
with this water with a view to examine its effeet on the

rate of bacterial growth and antigen production.
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Composition of four groups of media used for toxin production.

Eonstituents

Casamino acids
L-Tryptophan
Glyecine

Potassium dihydrogen

phosphate

Potassium hydroxide

Sodium bicarbonate
D-glucose
Glutamine

Ferrous sulphate
Manganese sulphate
DL-Isoleucine
DL-Methionine

L- Proline

DL~ Phenylalanine
L- Histidine
DL-~-Threonine

L- Glutamic acid
L- Leucine
Calecium chloride
Magnesium sulphate
Uraeil
Thiamine-HC1
Guanine

Adenine

Oe 1

0.0001
0.,0139
0,00011

0.,0052
0.0015
0. 136

0.032
0.25
0.1
0.0001
0.0139
0,00011
0.0064
0,003
0.003
0.0068
0,0096
0.0060
0.,0168
0.0128
0.0022
0.,0010

0.052
0,80
0.2
0.0001
0,0139
0,00011

0.0022
0.,0010
0.00028
0.00001

0.0052
0.0015
0.136

Q.BO
0.2
0.0001
0.0139
0.00011

0.0022
0,0010
0.,00028
0.00001
0.0000S
0,0028
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Production th to 3

On going through the account given elswhere on
the pathogenesis ang Immunity in anthrax, it will appear
that the workers during the last decade obtained experimeﬁtal
evidences regarding the role of anthrax toxin in the
causation of the disease. They also observed that an extra-
cellular soluble antigen was responsible for conferring
immunity against anthrax in experimental animals., They used
both synthetie and non-synthetic media of complex chemical
composition containing a large number of amino-acids and
Salts for successful production of the soluble toxin,

Therefore, the principal object of the present
study was to examine the possibility of producing anthrax
toxin with particular refersnce to the oedema and lethal
factors under altered cultural conditions which could'
facilitate easj and &uick isolation of these factors,

Four groups of Casamino acids media (Table I)
differing in their amino-acids content and salt concentra-
tion as deseribed earlier were used. 0.1 ml. of the stock
anthrax spore suspension containing 108 spores/ml. was
added to 10 ml. of the sulphate solution 'D', After thorough
mixing, 2 ml. of this solution (2 x 10% anthrax spores) were
inoculated into Roux flask containing 100 ml, of the'final
medium. The flask was then incubated aerobically at 37°C,

S test for t sen f toxin in th 0 ras

In the beginning of the experiment, the culture
flask was incubated for a period of 16 hours aerobically.
About 10 ml. of the culture growth was taken out with the
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help of a sterile pipette at every two hours interval
commencing from the 4th hour and onward up to 16th hour,
Due precautions were taken to avoid contamination of the
eulture flasks during this operation. Each time after
taking out the culture fluig from the flask, 0.9 ml. was
Spread over on to the surface of blood agar plate in order
to examine freedome of contamination. On no occcasion was
the presence of extraneous organisms detected. Ten ml. of
the 1liquid culture thus collected (in total 7 collections
were made) at different hours of incubation were immediately
chilled at 0°C in the deep-freez chamber of the refrigerator
and used for skin test in rabbits and guines-pigs within
an hour of their eollection.

Thereafter,similar colleetions of the culture
growth were made from another culture flask grown separately
at 37°C for 28 hours. The growth was removed at every two
hours as done before bezimming at 16th hour of incubation.
In this bateh, m&terials from another 7 eollections were
available which were also subjected to skin test as
mentioned above. 411 the four groups of different media were

dealt with similarly at different times.

Asolation of cell=-free anthrax foxin 3

This was carried out on the lines suggested by
Beall et 2l.(1962) . The foregoing sereening test had shown
qualitative evidence of positive skin reaction at and after
the 16th hour of ineubation in the medium No.IV. Therefore,
the work was further extended to isolate the soluble toxie
factors in this culture medium at four hourly intervals,
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commencing from the 16th hour onward wpkw up toTEBth hour
during the course of ineubation, This was done as follows:
(1) Freparation of erude supernatant of the toxin s

Roux flasks, five to six in number, each containing
100 ml. of the medium No.IV were inoculated at a time with
The stoek anthrax Spore suspension along with the solution
'D' as reported above and were incubated aerobically. After
the desired period of incubation (at 16,20,24 and 28 hours
of ineubation), the flasks were examined microscopically
for contamination. The culture flasks which were found free
of contamination, were pooled together and chilled to 0°C
in the deep-freeze. Usually 500 ml. of the culture growth
were available for study. 411 subsequent prdcesses_for
isolation of toxin were done in the cold room at 10°C,
' 500 ml. of the growth culture thus obtained, was
brought in the cold room (temp.10°C) and centrifuged at
2000 r.p.m., for 10 minutes. The supernatant was eollected
in sterilised test tube and kept in deep-freeze until use
for the assay of the toxin, This constituted the test
material No.3¥ (T.M.1).
(i1) S I -free toxin from crude supernatant:

The supernatant liéuid (about 500 ml.,) was filtered
through fritted glass filter of fine porosity (G/4) under
normal atmospheric pressure and the filtrate was collected
and stored in sterilised test tube in deep-freeze for test

(T.M.2).
Thereafter,the glass filter was fitted to another

sterilised filtering flask. 0.3 M NgHCOz ~ NagCOs buffer,
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PH 9,7 prepared as given below, was used for the purpose
of eluting.tha toxin from the filter disec.

0e3 M solutions of sodium carbonate and sodium
bicarbonate were brepared separately in distilled water
and the two solutions were mixed in the ratio of 4 ml, and
6 ml, respectivgly. The pH of the mixture was adjusted to 9.%.

Thus, 10 ml. of the buffer was run over the filter
dise and a few drops were allowed to pass through by applying
negative pressure. The buffer was then left on the glass
filter disc for about half an hour for elution to occur. The
eluate was collected in sterilised test tubes and stored in
refrigerator for biological assay (T.M.3)., The samples of
the filtrate and the eluate were also plated on blood agar
Plates. In each case,the materials were found to be free

from micro-organisms.

Biological assagy of the toxin @

Anthrax toxin isolated in witro has been shown to
cause oedema in the skin of rabbits and guinea-pigs when
inoculated intradermally and kill rats and mice when
injected intravenously (Thorne gt al.,1960; Stanley &
Smith,1961). These biological activities have been attributed
due to the presence of two different toxic factors (namely
oedema and 1l2thal factors) when combined with the soluble
protective antigen. Therefore,an attempt was made to
demonstrate the presence of these toxie factors in the
materials hitherto collected, In these animals.

As purified protective factor was not available,

the filtrate (T.M.2) which is reported to contain the
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protective antigen, was substituted for this purpose
(Thorne gt al.,loc.cit,).

The following materials,as and when they were
ready, were used for the skin test s

(1) Culture supernatant (T.M.1)

(2) Culture filtrate .. (T.M.2)

(3) Eluate ... sovn (TaMe3)

(4) Eluate + Culture filtrate(T.M.4)-in the ratio of 134

A1l the materials were ipoculated within three hours
of their collection. Besides,the materials colleccted earlier
for screening test were also subjected to skin test.
(1) Skin test :

Skin test for the demonstration of oedema factor
in the above mentioned materials was done by inoculating
them in doses of 0.2 ml, each intradermally in adult rabbits
and guinea-pigs of indigenbus breed,

The hairs on either side of the back of the animals
were shaved carefully ensurihg freedom of cut injury or

razor scratch on the skin in the evening preceding imaiw

inoculation,
0.2 ml. of the material was inoculated intradermally

with the help of tuberculin needle attached to a tubereulin
syringe previously sterilised. A pea-like swelling developed
at the site of inoculation which was taken as indicative of
intradermal inoeculation. The above swelling disappeared
within 5 to 6 héurs after the inoculation. Each material
was inoculated in pair (one on either side of the back) at

a distance of approximately 2.5 cm. from one another. Six
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inoculations in rabbits and four in guinea-pigs were made
on either side of the back of these animals.

In order to titrate the oedema-producing toxin
present in the test materials (T.M.?,T.M.E,T.M.ﬁ & T.M.4),
they were diluted to 135, 1310, 1315, 1820, 1325 and 1:30.
A1l these solutions were injected intradermally in doses of
0.2 ml. as usual. The dilutions of T,M.1 and T.M.4 were
invariably done in culture filtrate whereas that of T.M.2
and T.M.3 was routinely made in 0,02 M phosphate buffer,

PH 8.0, containing 0.5% of gelatin (W/V),

The specificity of the skin reaction clicited by
the different dilutions of the above test materials obtained
after 24 and 28 hours of incubation was determined by using
hyperimmuﬁa anthrax anti-serum (H533), For this purpose ,
0.1 ml. of anti-serum was mixed with 0,3 ml., of the materials
from all the dilutions and mixture was inoculated intraderm-
glly in rabbits and guinea-pigs. Besides,0.2 ml. of the
0.3 M carbonate buffer, pH 9.7 used for eluting the toxin
from the filter dise, was also injected intradermally at
various dilutions such as neat, 135, 1:10 and 1315 in
gel-phosphate which acted as control. All the experimental
animals were observed for a period of 4 days.

The result of ( + ) ve or (-) ve skin reaction
was recorded after 24 hours as evidenced by the production
of cutaneous oedema and redness at the site of inoculation.
The degree of oedematous reaction was expressed by assigning

(+ + +) for marked oedema, (+ +) for moderate oedema and

(+) for slight oedema and (-) for negative reaction.,
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4As mentioned earlier, the sereening test did not
suggest the production of oedema factor in the first three
media. However, it was desired to examine whether it was
pPossible to obtain the toxiq components after subjecting
the test materials to subsequent processing in ecourse of
elution of the filter factor. Therefore, the Ist three
media (Media I,II & III) were also dealt with in similar
anner as reported above, except that the specificity of
the reaction with hyperimmune anthrax anti-serum was not
determined,
(1i) Lethal activity of the toxins

Materlals used for conducting skin test (such as
T.M.1,TeMe2,T .M, 3 & T.M.4) were also subjected to test for
demonstrating the lethal activity of the toxin, This was
done by inoeculating 2 ml. of the undlluted materials
intravenously in white rats. The inoculum was Injected
into the dorsal vein of penis in rats. Thesé-animals were
observed for a period of one week after the injection.

rect m tination test 3
This was done with the test materials obtained from

medium No.IV.
S t tes s
The blood from jugular vein was aseptically

collected from two sheep in sterile modified Alsever!s
solution. The ratio of blood to Alsever's solution was
134.2., The blood so collected was allowed to stabilise in
the refrigerator for three days. The cells should not

haemolyse during washing or vhen allowed to stand in a
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packed form in modified Alseverts solution(Whitman,1947),

The composition of the Alsever's solution used was
as followss

Dextrose vee 2,05 gm,

Sodium citrate ... 6.80 gn.

Bodium chloride ... 0,42 gm,

Distilled water ... 106 ml,

The pH of the solution was adjusted to 6.1 with
10% citric acid solution.

After 3rd day of collection, the plasma was
Separated by centrifugation at S,OOO T.p.m. for 10 minutes.
The cells were washed thrice with sufficient duantity of
buffered saline at pH 7,2 (0.45 M phosphate buffer). After
final washing, the cells'were packed at 1500 r.p.m. for
10 minutes. The cells were further diluted to make a 2.5 %
suspension, This was done by adding 0.25 ml. of packed cells
to 9,75 ml. of sterilised buffered saline (pH 7.2). The test
was carried out with 0,25% erythrocyte suspension.
Erocedure 3

Materials such as culture supernatant,culture filtrate
and eluate were used for this test. They were diluted
separately in buffered saline in serial double-fold dilution
in 0.5 ml. volume in multi-whole perspex haemagglutination
plates. To each dilution of sample was added 0.5 ml. of 0,25%

sheep erythroecytes .
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Proto £ test s

Cup nos., 1 2 3 4 5 6 y B 9 10 1%
mm‘(ml’ ) e 005 005 0.5 0.5 0.5 0.5 0.5 0.5 0.5 "'
Carbonate
buffer - - - - - '

- o= - - I 0.5
Test

gﬂple‘ml-) 0.5 0.5 0.5 0'5 0.5 0.5 0.5 0.5 (8] 5 ey | - -

(Serial two-fold dilution)

Dilution
~ factor heat 132 434 128 1316 1332 1364 13128 13956 - -

"?haep cells
0.25%)ml. 0,5 0.5 0:5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

The hole containing 0,5 ml. saline and C.5 ml.sheep cells
formed the control. As the eluste contained earbonate buffer,
another control was also set up with 0.5 ml. of the buffer
sclution and 0.5 ml. of the sheep cells. The whole system was
incubated at 37°C for one hour and then left at room temperature
for 6 - 12 hours,

The result of the haemagglutination test was recorded
acecording to the pattern of sedimentation of red cells in the
hole. Characteristie scattered pattern of sedimentation of cells
in the hole of the H.A. plate was recorded as (#) ve whereas
a round button~like sedimentation of red cells in the bottom

was taken as (-») ve reaction,
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RESULTS AND DISCUSSION

A. BESUETS:

In an attempt to isolate the soluble anthrax
| toxin in vitro, a Weybridge Strain (34 F/2) of B.anthracis
Was grown aerobically in four groups of Casamino acids
media. The presence of absence of the toxin in the various
test materials ecollected at different hours of growth was
tested by their ability to produce cutaneous oedema and
lethality in laboratory animals. 4n attempt was also made
to examine the possible correlation,if any, between the
biclogical aetivity and the haemagglutinating activity of
the toxin.

Bacterial growths
' ‘Hhile examining the bacterial growth in tﬁe test
media aé different hours of ineubation, it was observed
that vegetation had not started in the four-hour-old
culture in any of the media put to test. By 8th hour,
Scanty vegetation had oceurred as noticed on the
mieroscopie examination and slight inerease in the turbidity
of the culture., By this time,the bacilli looked shorter in
size and had formed small chains of twos or four. They were
noticeable only after careful search in several mieroscopie
fields, Between the 12th and 16th hours,the growth was found
to be comparatively be#ter but a marked difference was
noticed in their yfeld in different media. In media no.l & 1%,
most the

the chains were readily detectable and occupied al

entire field of the mieroscope. The media no.III and IV
showed, on the other hand, still better growth as evidenced
9




45

by the number and the size of the bacterial chains,

At 20 hours and onward, the growth in media
no.III & IV yas found to be maximal. The stained preparations
showed numerous long interwoven chains of the bacilli which
had formed large clumps, In the first two media, however,
it was comparatively poor.
S test 0 1M 3

The presence or absence of the oedema producing
toxin in the whole culture was screened by intradermal
inoculation of the culture growth at two hourly interval.
For this purpose,the test strain of B.anthracis was grown
aerobically in all the four groups of media (pH 7.6)
Separately and the whole culture was subjected to skin test
in rabbits and guinea-pigs. The media no.IV, however,was
also tested at pH 8,.5.

In course of the experiment,it was observed that
the growth obtained from the first three medis up to 28 hrs.
of incubation was completely innocucus and did not eliecit
any skin reaction in rabbits and guinea-pigs when
inoculated intradermally. The medis no.IV also did not cause
cutaneous oedema when tested up to 16 hours of ineubation.
However,the first evidence of positive skin reaction in
rabbits with this medium(pH 7.6) was noted in the 18-hour
0ld eulture. The reaction was charécterised by a central
area of reddening and slight diffuse cutaneous oedema of the
size of approximately 4 to 6 mm, at the site of intradermal
inceulation. The reaction continued to be evident up to the
28th hour of incubation -~ the pericd so far tested.
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In the medium Wo.IV tested at pH 8,5,8imilar
cutaneous reaction was noticed with 18-hour-olq culture,
Between 20 ang 24 hours, the reaction was found to be
moderate and well defined and the size of the Swelling
Varled between 6-9 mm, as measured by Vernier callipers.
On the other hand, the materials collected between 26 and

28 hours of the growth provoked only slight palpable oedema
showing gradusal waning of the toxie factor. The above

reactions were also noticeable in guinea-pig, but the
degree of ocedema was comparatively less when compared

to that observed in rabbits (Table II).
Blological aotivity of the culture supernatant and the
soluble product of growth of B.anthraeis:

As mentioned earlier in the previous section, an
attempt was made to obtain the cell-free anthrax toxin in
all the four groups of eulture media at different hours of
growth. As done for the mscreening test,the pH of the first
three media was maintained at 7.6 while that of the fourth
medium, it was 8.5. The cultures were grown for 16,20,24
and 28 hours and the growth materlals were filtered through
fritted glass filter. Subsequent elution of the filter
faetor from the glass dise was accomplished by carbonate
buffer., Thereafter, four different test materials such as
culture supernatant, culture filtrate , eluate and
" eluate-filtrate mixture were subjected to lethal and skin
tests in rats and rabbits respectively.

il e
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The result of these tests showed that all the
above test materials were devoid of lethal activity,as
hone of them causeg death in white rats, The skin test
also shoyeg uniform negative result with all the test
materialg obtained from the Ist three culture media,

The materiails obtained from the fourth med ium,however,
Showed the Presence of oedema factor and this confirmed the
earlier observations obtained on the Scereening test.
Result of sk test in rabbits e rri d' ut with variou

16 hourss:- As observed with the first three culture
Media the growth in the medium No.IV too was found to be
non-toxic when tested at 16 hours of incubation. A1l the
four test materisls (T.M.1,T.M.2,T.M.3 & T.M.4) obtained
from this culture failed to elieit any skin reaction even
when used undiluted. T.M.S'& T.M.4,however, caused
cutaneous necrosis up to the dilution of 135,

20 hoursi- The T.M.1 which comprised of culture
supernatant caused moderate cutaneous oedema in the
dilutions made up to 1210. Thereafter, the degree of
oedematous reaction deereased slightly which was apparent
at the dilution of 1215 and 1:20. Further dilution of the
material showed negative response on skin test. T.M.2 and
T.M, 3 wvhich consisted of culture filtrate and the eluate
respectively were also found to be biologically inactive.
They did not provoke eny skin reaction even with the
undiluted material. With the latter,however, an area of
neerosis was moticed at the site of inoculation. The

neerotic changes were found only up %o the dilution of
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135. T.M.2 (eluate - eulture filtrate mixture) slso
Produced cutaneous neerosis when diluted to 135. at 1310
of this material, there was again significant skin reaction
but the reaction waned at the dilution of 4315, Further
dilution of T.M,4 produced no reaction in the skin of
rabbit.

24 hours:- T.M.1 of 24-hour-old eulture showed
Yesults similar to those observed with the corresponding
material of the breceding batech except that the decrease
Of oedema had started earlier st the dilution of 1310 ang
the reaction continued to be evident up to the dilution of
1320. Further dilution produced negative reaction on skin
test. T.M.2 & 3 again showed results comparable to those
observed with corresponding materials of 20-hour-old culture.
T.M.4 also showed parallel results except that the produetion
of oedema was not so significant when compared with materials
collected at 20 hours after incubation.

28 hours:- Gradual decrease in the degree of skin
reaction was noted when the incubation of the culture was
prolonged to 28 hours., T.M.1 which caused moderate cutaneous
oedema in the undiluted material, produced only slight skin
reaction when diluted to 1:35. However, this reaction was
observed up to the dilution of 1315, after which thers was
no reaetion at all. ?,M.2 and T.M.3 produced results as
seen with the earlier batches of the culture, while T,M.4
showed necrosis in the dilution of 135 and slight oedema

at 1210, Further dilution of this material produced no

result,
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4s mentioned @arlier, carbonate bufpep which was

used for eluting the f£i1ter factor from the glass filter was

ompare the results
obtained with TM.3 & T.M,4, The control buffer

also put to skin test in order to e

caused
marked cutaneous necrosis up to the dilution of 435, Necrotie

changes were not Seen on further dilution to 1310 and above
(Table I1II). |

In the fourth group of medimn,amberlite‘ resin-
treated water was used for preparing all the solutions and
the medium, 4 comparable set of dilution of all the test
materlals obtained from this medium after 20 and 24 hours
of ineubation was also used for skin test separately.

It was observed that these materials produced skin
reaction which was comparable with those when glass redistified
water was used for this purpose. The reaction was in no way

superior to the former.

In order to determine the specificity of the skin

reaction, all the test materials collected at 24 and 28 hours
of incubation and which had provoked cutaneous regction in
rabbits, were also inoculated in similar dilutions in
combinations with hyperimmune anthrax anti-serum. The
inoeulum consisted of the toxin-antiserum mixture in the

ratio of three volumes of the former and one volume of the

T.M,1 and T.M.4 of these two batches of culture was completely
» I1 an W
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B. DISCUSSION @

Bacterial growth:

The rate of growth of the "leybridge" strain
of B.anthracis differed considerably depending upon the
cultural conditions provided in the different groups of
media.

The medium No.I contained Casamino acids and
only a few of the growth factors and salts,while medium
No.II had in addition an array of amino-acids (Table I).
In spite of the modifieations in respeet to these growth
factors, the first two media showed only moderate growth
whieh was comparable with each other. On the other hand,
the third medium from which a number of amino;acids were
omitted, contained uracil and thiamine while the fourth
one had in addition adenine and guanine. When compared
with the first two media, the growth in the latter two
groups was more pronounced partiecularly after 20 hours
of incubation. Further, a close parallelism was observed
in the rate of growth of the organism in the last two
groups.

During recent years several workers have
examined the metabolle requirements necessary for
promoting growth and antigen production of B, anthracis.
They contended that sodium bicarbonate, ferrous sulphate
and glucose were essential for the excellent growth of

the bacilli(Puziss & Wright,19543Thorne & Belton, 1957),
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In the present study, salts of caleium ang
Magnesium ion Were incorporated in all the groups of
media exeept in No.I. From the results, it seems apparently
difficult to aSsess the role of these salts in the
metabolie pathway of the organism. Moderate growth response

of these two salts may perhaps #hw be attributed to the
nutritional antagonism of the amino-aeids in the former
and the Synergistie activity of uracil ang thiamine in
the latter two groups of media, Adenine ang guanine diq
not seem apparently to be associated with enhaneing the

growth of the test organism,
The concentration of sodium biearbonate ang

glucose in the last two media was inereased from 0.25%
to 0.8% and 0,1% to 0.2% respeetively. These two consti-
tuents seem to have enhanced the growth appreciably by

virtue of their buffering action and added nutrients in
the media. 4 comparison between the rate of growth of the &

!

organism in different media with and without ferrous g

sulphate was not made. However, it was felt that under

the culturai conditions provided in the present Investi-
ti the relative deficieney in the growth rate noticed

gation,

ome by the presence of
in the first two media was overc Y P 7

ther critical growth factorsy provided in others.
othe

L .
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Con: he
nsidering further the results obtained in t
Present study,

it also appeared that the amino-acids

rov
p ided in the medium No.II were not necessary for

Promoting the growth because the yield of the organisms
ETown in the PTesence of these amino-acids could be
favourably compared with that obtained in mediun No.I
which had the basal medium containing Casamino ascids
but was deprived of these factors.

Of the cultural requirements in genéral,optimum
PH of the media is one of the important factors which
conditions the metabolie activity of any miero~organism.
The medium No.IV was put to test at two pH levels i.e.
7,6 & 8,5, As there was no significant difference in the
growth of the organisms at these two pH levels, it was
felt that the requirement of hydrogen-ion concentration

between these levels in the growth media was not very

critieal.
+4 uctions

(i) Oedema factors- During recent years, much

attention has been paid on the eritical factors essential
for the elaboration of soluble antigens by B, anthracis.
It has been maintained that a high alkaline pH of the
medium is conducive for the production of antigen.

Thorne & Belton (1957) increased the concentration
of sodium bicarbonate in Casamino acids medium from 0,25%

to 0.75% and obtained about four-fold increase in the
O ®

g of the antigen. When tris-buffer{Tri-hydroxymethyl-
y:l.:l thane) was substituted for the carbonate at the
aminone
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PH value of 8,7 - 9.5, it was possible to obtain the
antigen though in comparatively lowe® titre. Thus,it
appears that the carbonate is not indispensable for the
antigen production. It helps antigen synthesis by
maintaining a high alkaline pH of the medium at which

it is stable.

Calcium chloride has been held to influence the
synthesis of proteetive antigen. Without this, a marked
reduction in the elaboration of the antigen has been
observed. Besides, the adverse effect of omittimg purines
and pyrimidines and other related compounds on growth and
production of antigen has also been reported by Puziss &
Wright (1954), The authors found that B, anthracis growm
in absence of these agents not only showed slow growth
but also gave poor yleld of the antigen. #Although NP-4
strain has been adopted to grow in media devoid of these
factors,; the production of antigen was inhibited with
such adepted strain. Glucose has been reported to be another
impor#ant constituent of the medium for the synthesis of
antigen., Glucose, when autoclaved with other constituents
of the medium, results in the inhibition of antigen
production. This is aseribed to the presence of some
inhibitory factor which forms in combination with other
substances in the medium,— probably the cysteine, at the
time of autoclaving. In the present experiment,glucose
was sterilised separately by filtration. Therefore, the
possible role of any such inhibitory agent in the
produotioﬂ of antigen was avoided.
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In the present experiment, sodium bicarbonate
(0.25%) ang glucose (0.1%) were added in equal quantity
in media No.I & II. In addition, caleium chloride,
Magnesium sulphate and eight more amino-acids such as
isoleucine, methionine,proline sPhenylalanine,histidine,
threonine,glutamic acid and leucine were also ineluded
in the latter. Subsequent modifications in the composition
of the last two media were made by omitting 211 the eight
amino-acids provided in the second group, increasing the
concentration of glucose to 0.2% and bicarbonate to 0.8%.
Uracil and thiamine were added in the third, and adenine
& guanine were further ineluded in the fourth medium,

The results set out in the table II & III clearly
show that the amino-acids provided in the medium II were
unnecessary not only for the optimum growth of B.anthracis
but also for the elaboration of the oedema fasctor.
Similarly magnesium sulphate and caleium chloride did not
play any role in the synthesis of this antigen, though
the latter has been thought to be essential for the
elaboration of protective antigen. A higher concentration
of glucose and carbonate was found to be desirable for
obtaining optimum growth, but it was not considered
indispensable for the production of oedema producing
factor. Carbonate in higher concentration,indeed provided
a suitable pH environmment to the media which is essential
for antigen synthesisj but it can be substituted with
other suitable puffer without mueh detriment to antigen
production. On comparison of the results of skin test with



Materianlg obtaines from media No.III & IV,it will

+IV which contained adenine ang
guanine Produced oedems factor while the same medium
but without adeniwme and guanine fgiled to produce this
toxin, Therefore, 4t is evident that of all the

Production, Whieh of the two factors was responsible for
the elaboration o The antigen in the present study could
not be elucidated. Further investigation aimed at deter-
mining the relative importance of these agents by testing
the effect of aderime and guanine Separately in the
Casamine aecids medimim might throw further light to the

question-
In the pas®. the optimum hour of antgien

production has varZfed considerably under different hands
depending upon the ==ultural conditions and other teechnieal

details pertaining <50 its isolation. The majority of the

workers reported th=2t the average hour or antigen

elaboration lay betw*een 23 & 27 hours (Thorne gt al.,19603

: 4 _
Beall ot al.,1962), Delton and Strange (1954) on the other

hand,recorded the gw* o' 28¢ period for the production of
’ A

otective antigen 479 fall between 18 to 36 hours with the
pr

Further, rapid dis
Sk af 2% Aot her, rap appearance of toxin

incubated beyond Seven hours has glse
in the serum culture

the appearance of intra-cellular
been reported due to

%hase of the growth(Harris-Smity

enzyme at the later

~ present work, oedemg pProducing fexin
e In the
et al.,1958)
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cu.lture and continued to

ubation. The maﬂm‘?m
Periog up to which the toxin eo

uld form was not determinad.
However, 1t yas

qlear that the maximum production of toxin

occurred between 20 & 24 hours of growth (Table II & II1),
It has been Teported earlier that the difference

in the hyd:f'ogen-ion concentration of the media between

the pH 7.6 and 8.5 gig not affect markedly the rate of

growth of the organisms, Neverthiless, the present

experiment has shown bronounced effeect of these two pH
levels on the rate of antigen production (Table II & ITI).
Under it both the conditions, the test strain produced
oedema faector; but at high alkaline pH, the degree of
skin rea;:tion was more pronounced. It can, therefore, be
concluded that glthough the high pH of the media may not
be primarily responsible for influencing the growth of the
organisms, it 1s Indispensable for better yield of the

antigen. This observation,therefore; further emphasises

the need of higher concentration of carbonate in the media. _

The synergistic activity of the protective antigen
and other toxic factors has been amply confirmed by various
workers. The protective antigen has been found to be
present in the culture filtrate, whereas the lethal and
oedema factors are preferentially adsorbed on to the glass
Pilter disc. The latter are elutable with ecarbonate buffer
at pH 9.7. Thorne et al.(loc.cit.) compared the biologieal
aetivity of the crude culture filtrate with that of the
purified pro-tective antigen and confirmed the presence of

-~

-



In their experiment,

they also s
u
bstituted cultupe filtrate for protective

ahitigen ang |
Tecorded similgy Tesult. In the present work,

cul ture
filtrate yas used as the souree of protective

The skin test done with qifferent test materialé
has shown that the culture filtrates and the elugi:es were
inactive, when inoculateq alone. On the other hand,the |
culture supernatant and eluata-filtréte mixture produc;ed
varying degree of cutaneous oedema in the skin of rabbit.,
This further confirms the synergistie éctivity of the
protective antigen and the oedema factor.

An attempt was made to titrate the poteney of the‘
oedema producing toxin prasen{: in the different te_st |
materials. It will appear from table III that although
T.M.1 & T.M;4 produced cutaneous reaction in the dosé of
0.2 ml. intradermally, the potency of the toxin was not
of a very high order. Even at the optimum period of antigen
production i.e. at 20 and 24 hours, T.M,1 showed positive
skin reaction only up to the dilution of 1320, vhile T.M,4
was toxie only when diluted up :to 1215. Further dilution
of these materials rendered them biologically inert. In
the later phase of the growth, the materials were still
poorer in their toxie content. Fu.rther, T, M.3 & T.M.4
produced necrosis at the point of intradermal inceulation
up to the dilution of 135. This can be attributed to the

resence of the carbonate present in the eluate as the
P

skin test ¢
produced similar reaction.

arried out with the carbonate control also




nature of the skin faector,

much attention of the workers dque to the lack of
testimony regarding the Specificity of its reaction.In
order to determine the Specific nature of the skin
regction elicited by the different test materials in the
present experiment, the materials were inoculated into
rabbits in combination with the hyperimmune anthmax anti-
serum. It was observed that the materials which provoked
typical skin response in rabbits became non-toxie when
mixed with the specific anti-serum. Thus, the biological
specificity of the reaction recorded in this investigation
was confirmed (Table IV). ‘

Saveral workers reported the use of distilled

water purified by pass ing through the column of amberlite

resin for the purpose of preparing media and isolated a

high titred antigen from B anthracis(Belton & Strange,

at al.,19573 Thorne gteales 19603, On the
t (1954) and Wright gt gl.€1962)

r to be as effactive for

19543 Thorne

contrary, Puziss & Wrigh

glass redistilled wate

found
In our experim

tion ent resin-treated water
antigen produc o



was also used separ

oy o ately for the preparation of medium
° L3 e
result of skin test varried out with the

test mat
erials of this medium dig not show any advantage

of the r
esiniwater over the glass redistilled water because

th
e reactions under both these conditions were comparable.
(11) Lethal factor: -

As reported earlier, all the test materials
‘obtained under the different cultural conditions in the
present experiment proved to be devoid of lethal factor,
jn as much as none of them killed white rats when
administered in the doses of 2 ml. intravenouslye.

During the last decade, production of soluble
1ethal factor of Ba gnthracis in Casaminojacids medium
has been demonstrated by a larege group of workers (Thorne

et al.,19603 Beall et als,19623 Smith & Stanley,1962).

They fractionated this factor by various chemical methods
and the purified sraction proved highly toxic for rats

and mice.
In the present investigation, the negative

t materials apparently
1ethal test of tes
£inding on the

to be dicappointing. Whether it is gttributable
seems

10w level of toxin production OT to the complete
to the

t
£ the 1ethal gactor in the culture 1s difficul
ence O

abs e b . - ;
to say- Neverth less, 1t is importan firstly,becad e.it.

shows that the two components of the toxin,i.e
clearly

t.
and 1ethal factors, are piologically distinc
the oedema

th 11teratm'99 so far available have repeatedly
gecondlyy e '

e
v 7N

e - - TE



It has always been found
association with the lethal toxin. Although
more vy

works are neededq to explain the cause of failure

of demonstrating the lethality of our materials, the
experimental evidences hitherto reported h%‘i?ﬁ out

promisging line of approach for isolating the soluble

to occur in

oedema-producing toxin and avoiding the concomitant

appearance of lethal factor simultaneously in the non-

protein culture media. These results, wvhen confirmed,
will overcome the difficulty encountered in separating
the different soluble factors of anthrax toxin and render
their isolation easy. Besides, it would also throw light
on the mechanism of antigen production by the bacilli
in vivo and add further to our present concept of the
complex pathogenes is of anthrax in animals.

There are various factors which determine the

in yitro elaboration of soluble toxin by B.anpthracis.

Firsly, the oedema=-producing aetivity = of the culture

and the eluate depends much on the optimum elaboration

£ the antigen The potency of these materials is governed
O € - _

t only by the rate of synthesis of the toxin by the
not o

1sms but also by such factors as the rate at which
organ s

i aleased into the medium, its rate of destruction
it is T !

1ture and the filtrability and stability of the
cu



of this agent, However,

the protect ive ant igen

marked cutaneous reaction ang to demonstrate high titre
of the osdemg factor, a’ﬁlternatively, 1t might as well be
that the toxie component in the eluate itself may not
have been potent enough to show up the high titres of
The antigen. Suen discrepancies may as well affect the
lethal activity of the toxin (Thorne ¢t a1, lgg.cit.)
Anthrax toxin contained in the filter faetor
is known to be very fragile and non-dialysable, It is
destroyed at 4°C or ~-20°C . In the present experiment,
the processing of the whole culture was done at 10°C.

The skin inoculation of different processed materials
was made within three hours of their eollection while
the screening test of the whole culture was carried out
immediately after the desired period of incubation., In
course of the skin test, it was noted that the cutaneous

d caused by the whole culture at the time of screening
oedema

test was more marked than that found with the processed
es
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materials, s
P imilarly, the T.M.4 (eluate = filtrate
e h
ad shown reduced titre of the oedema factol‘

Pal ed Wi th that Obt ained With r.!‘{ ‘ i e CUltm e

in general and the difference in the degree of cutaneous
reactlion with different test materials in particular may
be explained due to the unstable nsture of the toxin at
10°9C to which it was exposed. This may also perhaps fux
account for the negative response on the lethal test of
our test materials.

For the in wyitro study on the metabolism of
miero-organism, the purity, grade and the keaping ciuality
of the analytical reasgents bear a direct impact on the
precision of the result. For the present work, all the
chemicals and reaﬂ'ents were obtained through the
commercial firms. How £or the grade of chemicals employed
in the test was responsible to contribute to the present
result is difficult to say. Only repeated tests directed
to confirm the above observations under similar conditions
might answer the guestion.

The responsivensss of the test enimals is of
paramount 1mportance for the study on the activity of any
biological material. The relative susceptibility or
resistance of animals controls in a 1arge major the resu_lt
of such teste The majority of workers employed animals of
known line, preed and suseeptibility for the study of the

piologhesl activity of snthrax toxin. Even within such



Strain of animals

unlik »
ely that these animals may have shown partial or

com |
plete refractoriness to one or the other factor of the

ant
hrax toxin. Therefore, the results recorded in the

pPresent experiment are to a large extent subject to the
varleus limitations describe.d above.

Haemagelutination test:

The mechanism of haemagglutination reaction has
been a subject of extensive research in virology. Such
studies have shown a close correlstion between the identity
of infective virus particles and the haemagglutinin. This
has been particularly f:oticed in the myxo-group of viruses.
The nature of haemagglutinin differs with the type of
viruses. It is muco-protein, lipo-protein or phospholipid
in nature. Our knowledge regarding the scope and usefullness

of haemagglutinatioﬁrm Bécteriology is very much limited.

Recently, Carter and Rappay (1963) deseribed an indireet

haemagglutination test for the detection and measurement

of antibody against specifie lipo-polysaccharides of
They found the reaction to be specific and
P, multocida.

nded its use as an important epidemiological tool
omme

rec

for the study of pasteurellosis.

In course of investigation,the culture supernatant,
n

' te were subjected to direct
te and the elua
culture filtra :
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haemagginut
. ination test. The first two materials showed
aemagglutingt ing get ivity

between the 16 & 28 hours
of growth,

the maximum Titre recorded being 1:64. On

the ot
her hand,the eluate showed uniformly negative result

(T =
able V). It may be recalled here that in the present

work the earliest bpresence of oedema fsctor was demons=-
trated in the 18-hour-old culture. This factor econtinued
to be formed in the culture up to the period of 28 hours
of incubation. In no instance, the materials showed the
evidence of toxin in the 16-hour-old culture. Therefore,

the haemagglutination reaction observed with the materials

collected =t 16 hour does not bear correlation with the
toxicity of the product. This is also evident from the
fact that the eluate which contained the oedema-producing
toxin did not show H.A. reaction. Therefore, it is
contended that the H.d. setivity was assoclated with the
protective antigen present in the £11trate and not with
any other component of the toxin. This agrees with the

observation of other workers who demonstrated the

appearance of protective antigen in shedy eulbuie.ar ol

as 16 hours after sncubation (Belton & Strain, 19543

foor & Tresselt,1955b). Thus, the author £13k feels -

this test may prove to be an easy serologieal procedure

for the detection of the soluble protective antlgen. on
or

hemical analysis, the piltrate has been shown to contain
chem

gxture of protein and polysaccharide. On dialysis ,
a mixt

otective antigen was concentrated in the crude
r

the P
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protein alone (Strange & Belton,1954). Whether the

H.A. activity of the filtrate was the reaction of
Similar substance present in the filtrate or was the
interaction of some hitherto unrecognised antigen is
difficult to answerw. Only future investigation directed
to isolate the different ehemical fractions of the

filtrate and the eluate may explain the mechanism and

the specificity of such reaction.
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A cr
itical consideration of some past and recent

studieg bearing
on the in v ¥itro production of soluble :
toxin b Be.anthracig |
¥ was attempted and the literature, 'i

ub
Published prior to Ja,nuary,‘lgss, formed the basis of

the present review. Several series of experiments were

designed to examine the critical gactors essential for
the elgboration of gnthrax toxin in yvitro.

In the present investigation, avirulent "Weybridge"
strain of B.authracis was studied for its ability to
produce soluble toxin in various modifications of
Casamino acids media containing amino=acids, =k salts
and other growth factors separately and in combingtion
under different cultural conditions. The appearance of
the lethal and oedema=-producing toxin in the culture
was tested during the different phases of growth in
yhite rats, and rabbits and guinea=-pigs. An effort
was also made to detect and measure the soluble factors
of the toxin by the conventional method of dirgct
haemagglutdnation test»

The results hitherto obtained have shown that under

the cultural conditions provided in the present experi-

ment, the cedema factor forms in the culture between

18 & 20 hours of cultivation. The maximum production of

this factor ocecurred between o0 & 24 hours of incubgtion.
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elu
culture filtpgt “able with Carbonate buffer but the
r
Bt biolc’gically inert. The toxic eluate .
tl 5 T4
Teagcti ‘e filtrate Caused characteristic cutaneous
action . .
in rabbitg Characteriseq by diffuse palpable

cedemag with central ares of Teddening,

when mixed with

. The eluate or
iltr
ate did not Provoke any reaction when used alone.

T .
he skin reaction wgs specifically inhibited by the

hyperimmune anthrax anti-serum. It was also observed that

rabbits were better test animsls than guinea-pigs for
conducting skin test.

The investigation brought out experimental evidences
to show that the optimum cmditionsjogrwhh were not
necessarily the optimum conditions for toxin production.
The amino=gcids did not seem to be necessary either for
promoting growth of the organism or for the elaboration of
the toxin. On the other hand, the presence of adenine and
gugnine in the medium was considered to be indigpensable
for toxin synthesis.

On comparing the result of biological activity
of the toxin collected at pH 7.6 and 8.5, it was observed

that a high alkaline pH was preferable for the better
yield of the oedema factor. Therefore, the importance of

using a high concentration of bicarbonate in the medlium
s

was gtressed.
The experiment has further revealed that the

ditions for the synthesis of oedema and lethal factors
con

different. In the present experiment the test materials
are : -




o

1ly distinet - an observation which
© Views of egrlier workers. The above
furthep pPromises of producing the

Oedem ;
a factor alone without the concomitant production of

lethal factor i vitro,

The result of the haemagglutination test carried
out with the different soluble factors of the ¥ toxin
has disclosed that the test can be profitably employed as
an easy and quick serological procedure for the detection
of the soluble protective antigen in the culture. This is
the first report on the application of haemagglutination
reaction for the measurement of protective antigen. This
test,however, has not been found useful for the detection
of oedema=producing toxin.

The role of various limiting factors which
determine the jn yitro production of soluble anthrax toxin
has been discussed and further suggestions offered to

extend the scope of such investigation under the cultural

conditions described.
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