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CHAPTER I

Introduction



Introdguction

Cholera is a disease of antiquity and has been the cause
of untold sufferings and mortality. The earliest reference
to cholera has been made in 'Shushruta Samhite' by Shushruta,
the renowned Indlan Physician of the 1st century A.D
(Pollitzer,1959). Cholera has remained endemic in the deltas
of Ganges and Brahmaputra in Eastern Ingia and in Bangla Desh,
ever since the dawn of recorded history. But in 1817, a new
epoch in the history of cholera began with the ongset of the
first pandemic of choleray during which the infection gained
dmpetus in India and then extended its sway over other parts
of the world. From then to date, seven pandemics of cholera
have annihilated vast popilations of the world leaving behind
an of utter dlsmay and iafflictiom in
the affected areas. Even today, cholera has the cammotation
of disaster and creates panic even amongst sections of the

medical profession.

The causative agent of cholera has been designated
Yibrio lerae, Paccinl, 185%, in honour of the Italian
scholar - Paccini, who first provided a vivid descripticn of
the organism.: The involvement of this agent in cholera was,
however, discovered anly in 1883 by Robert Koch and Roux,
who 1 dy dsolated this in cholera stools.

. Ariother type of cholerigenic vibrio, Vibrio El-Tor,




Pribram, 1933, appeared in the seventh pandemic of cholera
(Gallut, 1971). Although this strain was considered to be of
a separate species, the studles of Hugh (1965) on the
characteristics of a number of vibrio strains indicated that the
distinction between the neotypes - V.¢holerae and ¥, El-Tor
aid not sufficiently justify the classificaticn of the strains
as separate species. Therefore, Y.El-Tor was considered as‘a
bfiotype of Yi.cholerag, with each having identical serotypes.
Subtypes of Y.cholerae and Y.El-Tor are identified on the basis
of differences in somatic antigéxs 4, B and C. The subtypes
are designated as Ogawa, Inaba and Hikojima, A fourth serotype
carrying only the somatic factor A has been describded recently
(Bergey's Manual, 1974).

Besides the classical vibrios Vicholerae and Y.El-Tor,
many other vibrios differing with respect to their serologic
character, habltat and pathogenicity have been encountered. i
Some of these that give rise to choleriform disease in man are
termed as NCV (non cholera vibrios) or NAG (non-agglutinable
with'éroup 0' antisera).

Robert Koch, in 1884, expressed the view that ch;leta was
essentially a toxicosis caused by a poison excreted by L.cholerae.
Buty. in the ensuin’gu decades the most research workers favoured
the view that the organism does not produce a soluble exotoxin
but oves its 1ty to the endd upen

is or up of the Thus, ever since the




of the etiol of cholera, the mechanisms
underlying u:; pathogenicity in cholera remained a subject of
great controversy. In the last decade, however, sufficient
evidence was empiied to establish cholera firmly in the ranks
of toxinosis (Graig, 1971). '

The pathogenesis of cholera in man is relatively straight
forvard, .The sequential events that lead to ‘cholera’ are -
1. Bntry of viable Ficholerse into the body through

the mouth .

2. Deldvery of the cells, that survive the gastric
digestion in the stomach, to the small bowel

37 Attachment of the viable cells to the receptor sites
on the gut ‘ep:thelmn '

4, Proliferation of the organisms in the gut

5. Production of enterotoxin by the organism

6. Profusgisecretion of isotonic ﬂu:,d-by the intestinal

a1 cené in D to the 1 Y (cu;pem‘.er

et aloy 1974, S

0 O 0!

Kawr g% alsy (1969) described cholera toxin as an
heterogenous toxic substance from which:the 1ipld constituént -
could.be eliminated without impairing the toxic activity.
Finkelsteln and LoSpalluto (1969, 1972) o' the othier hand,

. st.ated that purified toxin 4s free from lipid and carbohydrate



impurities. It is now established that the purified heat
labile toxin ( 4n) is p: in nature and 1s
"characterized by Tesistance to tryptic digestion and pronase
nactivation, Heating at 56°C for 30 minutes indetivates
the toxin (Rappaport, 1976). The relative charge of the
toxin protein is positive (Coleman et al., 1968). Bowever,
the mlecule acquires a negative charge under certain
cwmﬁ.ons, especially when complexed with other charged
substances (Kaur et al., 1969).

The molecular weight of cholera toxin has been reported
4n the range of 3400 ~ 1,00,000 as 1listed in!Chapter IXI.

The toxic activity in cholera culture supernatant is
nown to have an half 1ife of about one week, in neutral
solution at ¥°C. Asiz et al., (1968) observed that, the
cholera exo-enterotoxin can be stabilized uptolFdur menths
by adding glycerine in the ratio of 211y to crude culture
riltrate (100 fold concentrated Juhen. stored at ¥°C.

Analysis of the enterotoxin elabox-ated by Z,M
‘revealed that two types of peptides, tmtauvai,v designated
as H subunit (or choleragen) and L subwnit (or choleragenoid
or natural toxoid) constitute the: toxin molecule. Each molecule
camprises of a single choleragen submnit of molecular weight
28,000 daltons, noncovalently linked to 5 or 6 choleragenoid
+ subunits of molecular weight 11,000 daltons each; while the _



choleragen moiety 4s responsible for the toxigenlcity of the
cholera toxin, the cell binding capacity and antigenicity of
the toxin is to the chol 1

(Holmgren et al., 1977).

Kinetic studies indicate that, when cholera toxin is
dntroduced into the lumen of the small bowel of laboratory
animals, 1t rapidly and irreversibly binds to its specific

ptory 1 eI (gal -H-acetyl
. , oialosyl, 1 N 14e) on the gut
epithelial cells (Plerce et al., 1971, Ven Heyningen, 1971
and Holmgren et al.,1975). This is followed by a lag of
about 30 minutes, after which secretion of isotonic fluid
begins and reaches maximal rate within 3-% hours. For
10-12 hours, the fluid output remains at ma:dml levels and
then gradually decreases during the subsequalt ‘12 hburs
(Barua and Burrows, 197 ).

It has been sugg that the int don of cholera
enterotoxin with its specific receptdr on the gut epithelial
cells results in stimulation of cell bound adenyl-cyclase,
which in turn leads to increased levels of cyclic AMP in the
gut ephithelial cells. The increased intracellular cAMP level
causes 1 of el tes and water from the
plasma to the gut lumen (Banwell et al., 1970) which ultimately
results in the loss of isotenic fluid from the body (Love, 19653
Iver et al., 1969).




It has been also rved that the moiety
constitutes toxic factors that are résponsible for -

1, the vascular permeability activity (PF Cralg, 1965),

2. the production of oedema in the rat food pad
(Finkelstotn et aliy 1969),

3. the lipage-activition in rat cells (Voughan gt al.,
1970) end

b, the lethal activity in mice (Craig, 1971).

Besides enterotoxin (heat labile exotoxin, type 2) two
other toxins viz. endotoxin {type 1) and heat.Btable exotoxin
(type 3) hre elaborated by Y.cholerae (Burrows, 1968).

The endotoxin is the somatic antigen, which conzists of
a 1lipopolysaccharide~pratein complex.

The heat stable exotoxin (Furhman and Furtman, 1960) 18
sintlar in action to the Receptor !.Destroying Enzyme (RDE) of
the vibrio cultures

Experimental models

The experimental models 4n which the pathogenesis of
cholera has been studied can be grouped into two types; one
employed to study the generdlized infection produced by
parenteral inoculation of the animal with Y/cholerae, and the
other for studying-localised infection, The different models
ued by alffevent Investigators are listed overleaf.



Expertasntal nodels

3¢ Infant rabbit

% Adult rabbit by llga ed
4leal loop technique

Se Adu:l.e Tabbit by multiple
loop technique
6. Dog intemtinal 1leal 1
* technique 0P
74 Patus monkeys
8. Rhesus monkeys

Iovestigators

Ujidye et als, 1963
Chaicumpa __Qk .y
Basu and Picket, 1969

Basu and Picket, 1969
De and Chatterjees 1953
onov of

nd Blant,298
Basu and Picket, 1969

De and Chatterjes, 1953
Datta and Habbu, 1955

De and Ghattet:lee, 1953
De ang hatterﬂee, 1959
De gt alyy 1
Jenkin and Rowley, 1959
o oy 19
Sack m%a%a'mer.s 1969
urlin et ale, 1970

Greer g_g al.y 1968

Violle and Hansen gt al.,1965

Besides these models, chick embryo was used to study the

effect of cholera enterotoxin by various investigators

(utlson, 19464 Gardner gt al.s 1963 and Pinkelstein of ali,196k)

The 'valldity of experimental models is based on the
essentfal similarities between the pathophysiological changes
produced in the experimental disease and the clinical



manifestations in human disease. In view of this, the rabbit
1igated ileal loop model 4s most appropriate for laboratory
studies on cholera (Burrows and Sacky 1974 ).

0, roduction 0

In view of its relatively high toxigenicity, methods of
production of heat labile cholera toxin have been largely
applied to the Yscholerae 569 B Inaba straini Various media
have been devised for thﬁ.s yﬁvpose.‘

Peptone media

Por the production of crude cholera toxin, simple peptone
media have been employed successfully. The toxin yleld in 2%
peptene medium has been established to be much higher than in
media prepared from 3-5% peptone (Craigy 1965, Kaur et al.,
1969 and Burrows et glsy 1965). Moreover, a remarkable

iprov in toxin s achi by the dnclust
of 0.5% Soaium chloride in the peptone media.

Surprisingly enough, other richer media such as brain
heart infusion, tryptose trypticase soy broth and thioglycolate
broth are incapable of supporting the production of cholera
toxin,

However, peptides of the peptone media complicate toxin
purification p: and hence, 14 medla devold
‘of any proteins and peptides are employed when purified
enterotoxin 1s desired.




Semigymthetic medla

Finkelstein et als, (1966a) modified the Sucrose~
inorganic salt medium of Finkelstein and Lankford (1955)

g of ) 1 8odium sulphate,
Manganese. chloride and Ferric chloride by supplementing it v
with 1% Caseinhydrolysate {(Casamino acids, Difco). This
medium vras namea *Syncase’ medium. Richardson {1968,1969 )
later improved the Syncase medium and termed it as TCY medium.

Snghetic medda

The first synthetic, i.ei chemically defined medium,
for the production of heat labile cholera toxin was devised by

Craig (2966). This was a of the semi~
medium of Finkelstein and lankford (1955) end consisted of
chloride, ¥ chloride, hlord

an& Ferric chloride with sucrose as the carbon source in
a phosphate buffered medium.

Richardsen gt als,.1970 developed another synthetic
medtum, They replaced the Casemino acids Of their TCY medium
with G Serine, and and termed 1t
as m meddum, )

Besides, the a.ng;radimcs of the medium employed, in yitro
toxin produ:;u.en 4s influenced by several cultural factors
H\'ldl ag aeration, temperature :,.. period of incubation and the
presence of bile salt (described in Chapter III)J
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Burification of the toxin

The heat labile and non-dialyzable nature of the
enterotoxin, evident in initial studdes with crude preparations,
forms the basis for various procedures employed in the
purification of cholera toxin. :

4n initial concentration Of the toxic activity 4s
advantageous as a primary step in purification procedures.
Several methods have been employed to achieve this.

‘Kaur et al., (1969) have nsed 90% saturation with Ammenium
sulphate to precipitate the toxic activity from supernatant.

Richardson and Evens (1968) dhed a double
method involving dialysis against EDIA followed by precipitation
vith dextean sulphate. '

It has been shown by Spyrides and Feeley (1970) that toxin
activity can be quantitatively o hy
or Aluninium phosphate gel at pH 6.4 and then recovered in
citrate on solubilizing the geld ’

The enterotoxin was shown to be almost campletely
precipitated from crude preparations by ethanol or ethanol-
ether at 10°C by Heckly and Wolochow (1970). All the toxic
activity was precipitated with W4 ethanol in the presence
of Sodium chloride at pH 7.5, "
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Recentlyy ultrafiitration using polymeric membranes or
other methods appear to be the most widely used methods for
primary purification. Number of workers (Grady ¢t al.,1968,
Kaur et al., 1969, Finkelstein and LoSpalluto, 1970 and
-Duhamel et ales 1970) have cell free
by filtering it through polymeric membranes like UM 10 and
PM 10,

Further fication of the toxin is
achieved by 1p g various
grades of Sephadex. Finkelstein gt al., (1970) used Sephadex
G-100 and Sephadex Ge200 colums arranged sequentially to

get purified chol 1 tein and LoSpalluto (1970)
used a single Sephadex G 75 colum followed byna pair of
Sephadex G 75 colums to from chol 1

Grady and Chang (1970) purified the toxin with Sephadex
Q4B ton Tént
was also recommended by Lewis and Freeman (1969) and Coleman
et al., 1967, » '

DEAE don € was
by Raur et ale, 1969. '

Levis et al (1976) have efffciaitly employed catidn
in ification of cholera toxl‘ﬁ\. They

akso rep! 4 that dfication using pl
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0y gel electr was an icient method for
large scale purificatien.

Recently, Holmgren g% al., (1977) have recommended a new
method, wherein H and L subunits of cholera toxin were isclated

by formic acid followed by =100 columh
chromatography.

Toreldation

For the purpose of 1 1 it 1s 1 to convert

cholera exo-enterotoxin into a stable, nontoxic and antigenically

competent form %63 toxold, which can induce the production of
ifd €5 in 1 animals as well as in man.

Formic acdd, Glutaraldehyde and heat treatment have been

employed thus far for the toxoidation of cholera toxin,

Detoxirication with formaldehyde does not yield a stable
tozeld (Linggood et alsy 1963; Relyveld 19693 Scheibel et alss
1965 and Stainer 1969), Studies in Rhesus monkeys showed that
the toxoid reverts to partially toxic material (Northrup
et al., 1972).

The toxoid obtained by Glutaraldehyde treatment was stable
but its tmmunogenicity was significantly diminished (Rappaport
et al.y 297%ay 1974b).

. Cermander gt alsy (1977) developed a cholera toxoid by
*first exposing the toxin to heat and then treating it with
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formaldehyde. This toxoid has been found to be stable
in yAtro as well as in yiyo studdes.

The recent insight into the relatiohhips between the
» blological Avity and antigenicity of the

enterotoxin molecule suggests another possibility for more
specific inectivation of cholera toxin. This involves
preparation of pure subunit L (chol 44) and approp
reaggregation of this subunit to yleld an almost optimal
toxold, since the elimination of subunit H excludes reversion
to toxicity without any loss of protective antigenic
determinants{ Holmgren et alvs 1970,1977). They treated
cholera toxin with formic acid and then subjected it to
8ecphadex G 100 column chromatography 0 as to Obtain the
choleragenoid moiety that was permanantly non-toxic and
antigenically complete.

Immmological of cholera enterotoxin

The heat labile toxin, choleragenoid (natural toxoid) as
well as ar 11y prep: toxolds 4 with
adjuvants such as Frewnd's adjuvant, Adjuvent 65 (Vitakar,
1973) are capable of inducing the formation of specific
antitoxic antibodiess! -

Using the rabbit ligated ileal loop model, Kasai and
Burrows (1966) established that the antitoxic antibody
p in D to with erude cholera toxin

was capable of neutralizing the toxin. A similar observation




14

1n the cabine model vas reported by Curlin et al., 1970. ‘[

! Pinkel a970) that to cholera toxin
or live yibrio could be achieved in rabbits by immmizatdon
with ¥ghly purified toxolds y in Fi s

experiments only antitoxic antiboddes were induced, imi:.caung
that protection against the disease was due to antitoxic and
not due to antibacterial immmity,

Ingren et al.s 1977 ¢ ved that antibodles to the |
L subunit of the toxin molecule play the major role in '
protection against the disease and sugg that the pr
antitorie antibodies act by preventing binding of toxin to the
™1 10814 P! in the 1 epithelium rather
than by interaction with the ftoxic!' site of the H subunit.
Tomunologieal studles have shown that IgG and IgA antibodies
are effective in neutralizing the activity of the enterotoxin.
4s the site of the enterotoxin action is the mueosal surface
of the intestinal lumen, gut associated antitoxic inmunity
could be most efficient in affording protection against the
diseases




Alns and objects .

The sy 1 against both - the
_vibrios and their in, are of 1 signifd
1in the mmmology of choleray In order to assess the role
of anti in pr against ‘cholera!, it ks

indispensable £o have in hand highly purified cholera
exo-enterotoxin However; the most modern methods for
purifying cholera. toxin involve sophisticated procedures
that, prove ives It wasy 3 decided to campare
different methods and formilate a simple and economic
purification procedure esed on the properties of cholera
exo-enterotoxin,

Moreover, attempts were made to improve the existing
Syncase meddum to obtain higher yields of cholera toxin so as
to initiate the purification process with high titre crude.
toxdn.

In vitro production of NAG vibrio toxin using Syncase
nmedium was also underteken.

The antigenic relationship of the toxin elaborated by
NAG vibrios and that of the classical Jibrio cholerae was
studied.

15



CHAPTER II

Material and Methods



Rabbit passaged 569 B Inaba strain of Yibrio cholerae
(Baffkine strain) was used for the production of cholera
«
toxin,

For 'NAG toxin' production five different locally
4solated strains of NAG vibrios were employed.

A1l the above strains were preserved in lyophilized
state in ampoules at 4C, ’

2.1.2, Prevaration of the Inccwlun

After opening the ampoule aseptically, the lyophilized
culture (tojbe employed for toxin production), was
emulsified with 3<% drops of peptone water and transferred
to about 1,0 ml. of peptone water in a small test tube
(" x §%), with a sterile capillary pipettes The culture
was incubated at 37°C for 3 hours and then streaked
on nutrient agar slants. After overnight incubation at
37°C the purity of the culture was confirmed, 4 loopful
(dtemeter % mm) of the growth was then uniformly, suspended
in 10 ml. of syncase medium ( ix I91) - On
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at 37% ‘gor 3% hours , logarithmic phase culture containing
8

approximately 10  cells/ml. (compared with Brown's standard
opacity tubes) was This ulun was
ployed in

241,33 Preparation of Crude Cholera Toxin

Flasks containing standard syncase medium and the
modified medta (given in Appendix I 1 and 2) were aseptically
noculated with 0.1 ml, of 8 lum (
described in 2,1.2:) and incubated for 12416 hours at 37°C on
a rotary shaker at 180 rev./mt. Merthiolate solution .- .
(Appendix II 1) was then added o each flask to achieve a
final concentration of 0,0001 gm/ml. in the culture and
further shaken for 1 hour to kill the vibrdos. The flasks
were then removed from the shaker and the contents were
centrifuged at 6000 repem. at 4% for by minutes. The
supernatant,, which constituted the crude toxin was separated
1n 2.0 11tre flasks and stored at 4%,

2.2 protein estiimtion

Protein content of the toxin was estimated by Lowry's
modification of Folin's method of protein estimation
(Lovry et als 21951)s
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To a series of clean dry test tubes, different quantities
of standard protein and reagents were added in the following
order -

Tube Standard Concs of 0.1 §  Alk<CuSO, *Working'
No.' rotein protein NaOH solution Phenol .
.<§no(1ue/m1) inmg. added . added Folin
added in ml, in ml., 4inml. Ciocalteu
. reagent
added
. in ml.

1 (58 10 9 2,0 0.1

2 0.2 ©o20 28 o 0

3 0.3 30 1.7 1.0 Incubated 1
L o ko 156 2,0 at room ' 0,1

5 o5 50 b1 1,0 ‘temperature 0,1
.6 0.6 60 Bk 1.0 .for 1

7 07 70 %3 1450 15 minutes O3l

8 0.8 80 2 1.0 . [

9 09 90 1.1 1.0 oL
00 Lo 100 1.0 10 0,1
n test, - 1.9 1.0 0.1

81 e
0¢1 ml.

Aftér addition Of the Folin Phenol reagent the contents
were mixed and 1 ted at room £ for 30 minutes.
The intensity of the blue colour developed as a result of
redyetion of phosphomolybdic acid (Folin Phenol Ciocalteu
reagent) by anino ‘acids such as tyrosine, tryptophan,
phew&lnlanlne was measured at 660 nm wavelength in a
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pectroph o A i graph! showing protein content
verses optical density was plotted and the protein content of
the test sample was estimated from the graph.

The reagents employed in this estimation are listed in
Appendix II 2.

2.342 Primary purdfication

2.372.1, 4m uly ecd

To 100 ml. of the crude extract, 65 grams of Ammonium
sulphate (a modified method of Kaur et al., 1969) were added

{to ). The were thofoughly mizéd and left
overnight at room )¢ for 1 pr of
the toxin. The prec was then by centrifuging
the contents at 6000 r.p.m. at 4°C for 45 minutes, The

vas then and for 1ts PF -

in order to determine the amount of toxin lost in the supernatant.
The precipitate was suspended in 10 ml. of distilled water and
dlalysed against several changes of distilled water until all

the sulphate ions were removed from the toxin (The complete
removal Of sulphate ions was ensured by adding 2% BaCl, _solliu.on,
Appendix II 3, to the dialysing distilled water). The quantity
of toxin was measured after dialysis. The toxin was then
éoneentmted at 4° - 8°c, by 'per evaporation! or by 'vacuum
dlalysis's The toxin thus purified was freeze dried mnder

vacuun and stored at 4°C.
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2.3.1.2. Sogium_ method
This method was recommended by Spyrides and Feeley (1970).

To 100 ml. of crude extract (at¥°C); 0,255 gus of Sodtun
hexametaphosphate (BDH, LR) were added and dissolved by constant
stirring, The pH vas to k6 with HCL
and the contents were stirred further on a magnetic stirrer
at h"c, to allow complete pre,cipitétim of toxin. Completion
of the precipitation reaction was ensured by the constant optical
density on Spectronic-20. The pH was maintained at W.6

ughout the exp  The precip was_se by
centrifugation at 4% _gor 60 minutes ‘at. 6000 r.p.m. The
snxpernatm@ was subjected to rabbit skin test to check whether
PF activity was lost in it, The precipitate was then washed
thrice with a volume of cold 0.2 M Sodium chloride (pH %.5),
equal to 3/5th of the original volume of the crude extract.

The Soatum chloride used 4n the three washings was. checked by.

skin test to whether PF activity was lost in it. The |
wvashed p) was. then p d in q of

015 M “naﬂl’% buffer (pH 8.,0) and dissolved by stirring for
' 1 hour. The toxin was. further by vacuum dialysi

and freeze dried under vacum,and stored at 'o°c,

The reﬁgéx;ts employed in this method are listed in «
Appendix II 4. 3 ’ "



20361330

This method was recommended by Rappaport et al., (1970) I
to achleve prinary purification of cholera taxin. ")

Using concentrated -;ulm:ﬂ.c acid the pH of 100 ml. of /
crude toxin was adjusted to 6.% and 130 ml, of freshly prepared
20% w/v Akum potash was added to the crude toxin. The gel thus
formed; was stirred on a magnetic stirrer at 4°C for 30 minutes
80 88 t.e achieve proper adsorption of the toxin on the gel,

The gel was then separated by centrifugation at 6000 rap.m. for
U5 ninutes at 4¥9C. e supernabant vas checked for 1ts BF
activity to determine if texin was lost in it. The gel was
then washed thrice with 0.1 b3 phosphate buffer, pH 6i%. Loss
of PF activity in the bntra» thngs was checked by rabbit
skin test. The'vashed' gel vas ausolvea in 0 M Bodim
c.ttrate. pH 8.5, to elute the toxin The phosphates in Teluted!
“toxin® vere then elimimated by dialysing the aissolved toxin
" agatnst several cbanges of 0.1 u lmm citrate, PH 8.5, The
qmuty of tcxtn vas and then g by
‘per mpotatton‘ and mrt.her freeze Mod \nder vactim and
leored at 'b°C. »

The reagents used dn this method ave listed: an Am:endix II 5
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‘2¢3.2.  Secondary Purification

Gel filtratian is one of the most modern and efficient
methodcused for don of macr less In this method,
separation of molecules is effected.solely on the basis of
molecular size. Various types of gels are known of which

are very ient, h are as
beads of different porocity. Thus, Sephadex G 75 has an.
exclusion 1imit of 1,00,000 meaning thereby that molecules
with a molecular weight of less than 1,00,000 will be able to
enter the beads and will be eluted in a gradient of decreasing
molecular weight.

Sephadex G 75 was therefore, used in the present study
to separate cholera toxin (molecular weight app:
. 8%,000) from other impurities,

Ten grams of Sephadex- G 75 were accurately weighed and

suspended in 500 ml. Of O.% M Ammonium formate buffer
“* eontaining 0.02% Sodium azide as a preservative (Appendix II 6),

4n a 2 1itre flask fitted with a side arm. This suspension was
then stored at ¥°C for 24 hours to allow the beads to swell
0 their maximum size (200 ml). After degassifying the gel
for  an hour by evacuation, it was carefully packed (without
‘trapping any air bubble)yin a 125 cm. burette having wetted
glass wool at the bottom, and eqrllibrated at %°C for 48 hours
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by the continuous fiow of the Ammonium formate buffer, The
packing of the gel was carried out as per the instructions of
H. Determann (1969), Extra buffer en the gel was removed by

a Pasteur pipette and the sample was loaded on the gel from the
side of the burette, cave being taken not to disturb the edge
of the gel, After the sample entered the gel, the colum was
refilled with the buffer upto the Ctop end and a continuous
flow of Ammonium formate buffer was maintained so as to regulate
the outflov at 10 ml/hour, In all, 120 successive fractions
each of & ml, vere collected in tubes using the Ultrarack
Fraction Collector: The A were then s 4 to
spectrophotometry at 280 nm and the fractions showing presence

of protein were pooled s and

2.4

The grgcuons, collected on Sephadex G 75 colimn
chromatography were_subjected to various tests given below -

1. PF activity (2:6.1),

2, Enterotoxicity (2:6.2),°

3. Protein estimation (2.2),

4, Molecular weight 2J5.2.),

.

5. Absorbance pattern at varying wavelengths in U.V.range
{by U.V. Spectrophotometry); '

6. LPS estimation (2543,

Purity (205) and

7
8.




2.5, Burity Tests
2.5¢1.  polyacrylamide Disc Electrophoresis

Proteins are charged molecules with a Specific molecular
weight that is cﬁuécterudc of the species they constitute.
The molecular weight and the relative charge of a protein
molecule determines its mobility in the polyacrylamide gel,
which 1 of 'y ide and Bi lde 1inked with

sbrd to form a_ poX
the polymerization in presence of strong source of light.
Spacer gel is used for the primary separation of the proteins
and further separation is achieved in the lower gels! Blbefla.vdn
py),vnsrlzes 4n the presence of either U.V. light or strong
nuéreseent 1ights The larger molecules cannot enter the
b3 zed gel and are re at the top of the
gel, whereasy the smaller molecules enter the gel with ease
and subsequently mobilized towards the electrode depmaing ‘upon

the charge. The minimum concentration of the prqtein required
to develop sharp bands in the gel 4s 150 to 200 mg while, the
maximun amount that can be loaded is O.4 ml,

. 4s_cholera toxin 15 highly. antonic (acidtc), Anionic ®
Disc’ Electrophoresis was employed. The proce&l;z’e is degcribed
below. ~

In ide disc el ph tubes are packed

with great caré. Gel tubes of uniform diameter and height

N

N\



were thoroughly cleaned and dried in the oven at 100% for
30 minutes, These were then fitted tightly in the holes of
the gel el ph a and stopp: at the lower
edge with clean dry rubber corks. Two ml. of the lover gel
was then introduced into the tubes, care being taken not to
trap any air bubble in between. Minute air bubbles, which
were occasionally trapped at the bottom of the gel, were
removed by gently tapping the tubes before polymerization of
the gel initiated. A drop of water was slowly introduced on
the top of the lower gel so as to ge‘t an horigontal upper
meniscus. After the gel £s completely polymerized, the water
drop was removed by a slight jerk and then 0.2 ml, ‘of Spacer
gel (upper gel) was introduced. A drop of vater vas introduced

on the top of the spacer gel and the rack was placed inder a
atrong source of UsVe light to achieve polymerization of the
spacer gel, On polymerizing th‘a gpacer gel, the water drop

was removed. The rubber corks were then detatched from the
bottom of the tubes and the lower trough was filled with the
" busfer. The samples ( in 032 ml smounts) were 516.13 Antroduced
above the gel without trapping any air bubble, this was followed
by the introduction of 0.2 ml of 40% sucrose solution and a
drop of bramophenol blue indicator. Utmost care was taken to
prevent mixing of the sucrose solution and indicator with the
sample, The tubes and the upper trough were then filled with the
buffer. The apparatus was closed with the 1id and electric
“current (DC) vas applied so as to achieve 3 to 4 mA current/tube
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from o p The vas placed at ¥°C
and the current was switched Off when the 'marker indicator'
was 1 cm above the lower edge. )

The tubes were then removed from the trough and a jet
of 5 ml distilled vater was introduced from the lover edge
of the tubes with a 10 ml syringe, fitted vith a 2% gauge
needley sb ag to separate the gels from the tubes.

The gels were then washed with water and stained with
1% Amido Black B. After 20-30 minutes the gels were
destained in several changes of 7% acetic acid and then
- preserved in 1% acetdc acid.

Various reagents used in this technique are listed in
Appendix II 7.

. In this method, the charge on the protein molecule is
neutralized by the surfactant Sedium Dodecyl Sulphate and
a8 a result, the protein molecules are separated entirely on
the baiss of thelr mnlacuhr weight.

As the mlecular weighe of a yrotein deteminee its
seiving capacity thrmh the, gel, rhe mnlecula:- veight\ of an
wnknown protein can be determined by comparing hhe se:.v:.ng
cupnciw {mobi11ty) with those of imoun aut.hmtic aanylbe
that are simultaneously run mough the gel.
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SDS treatment

To 0.4 ml of the sample, 0.1 ml of SDS (final concentration
1 %) and 0,05 ml (tinal don 1 %) were
added. The mixture was then heated in boiling water for two
minutes, Of the heated mixture, 0.2 ml was loaded for electro-
phoretic run through the gels

Packing of the gel was done in the manner des‘cribed for
disc electrophoresis by using SDS reagents (Appendix II 8),
The sample was then loaded in, the manner described for disc
electrophoresis. After running the sample for 6 hours by using -
§ mA current/tube, the gels were removed and washed as. mmt}med
4n Appendix II 8.

The gels were then stained with 0.25% cm:g'm blue for
30 minutes and later with % g solutdon'.

The reagents employed for SDS gel electrophioresis are
1isted in Appendix II 8.

e mobility of the protetn (F II) ves celculated by the
formala - R

Mobildty = g.lismee of protein length before
migration . x

length after ‘ddstance of dye
destaining . migration .
From the standard graph {Weber & Osborn,1969) shown
. leaf the ponding value for molecular weight of F II

was determined.
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24534

For this test, LPS of Y.cholerae 569 B Inaba (purified by
Westphal's method), and LPS-antiserum were Gbtained from the
Department of logy, 4

25.3,1¢ 8t of the pnti

Sheep blood was collected in Alsever's solution, and
centrifuged to separate out the red blood cells, These cells
were then washed 3 = % times with normal saline, and suspended
in normal saline t0 obtain 2.5% suspension of RBCs.

Two ml of the 2,5% cell suspension was treated vith
© 042 ml of LPS (500 mg/ml) and 1,8 ml of normal saline, and the
nixture vas incubated at 37° for b5 minutes, 80 as to
sensitize the sheep RBCs with the LPS. The cells were then
washed with aa.ll.ne, and the final volume or the washed cells
was adjusted to gst 0.5‘ ceJJ. su.spansian.

Dilutions of the antiserum were obtained in the wells
of a microtitre haemagglutination tray as outlined below -

¥m123#5678"910u12
0, v

Saline .= 405 %05 40§ 405 K05 W05 .05, Y05 K05 f.05 05

Antd- 'w\_g \? \_?f wr \;_f \@iscard 65 ml.
ot 0! 405 .05 .05 %05 .05 .05

dlln)Mix

* Folds 10 20 0 80 160 320 640 3280 2560 SaJ.:I.ne «Cel1ll.
diln. 1t~*—coner9191
rolol
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Sensitized celld in 0.5 ml amount (0.5%) were then added
to all the wells, except well No.10.

After incubating the tray.at room temperature for 2 hours
the results were read and confirmed after overnight incubation
at 40, The highest dilution showing haemagglutination was
teken as 'titre of the antiserun'. ° ) ¢

563024 e_Haema, 4 44

In the above test the titre of the antiserum found was
2131280, hence, the antiserun uu' atluted 13320 sO as to obtain
a concentration*of 4 wnits of which was employed in
the PHI test. )

%
In a microtitre haemagglutination tray, standard LPS was

serially diluted as shown below «

well 1 2 3 & 5 6 ? 8 9 10 1 1

Ro. . . k .

1(.1;30 w05 05 - - “- o o & o o « =

per ml

or test o
sample . . " .

Saline - K05 405 ».fo's ‘o5 Hos wos ’;o? 405 505 405 .05
Y W WYY W
Mixed and N R «05 405 405 05 .05 .05 .0
added 05«05 °5' 7 '-‘5?:1?
Standard antiserm (1:320 dflubton) in 0.05 ml ves added
*to each well and the tray was incubated at 37°C for 30 minutes.
To each well, 0.05 ml of 0.5% sensitized RBCs were added and the
tray was incubated for 2 hours at room t:nymture and then
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placed overnight at 4°C. The sensitized RBCs and normal saline
served as ‘cell control!, vhile the serun (1:320 dilution)
served as 'serum control'(incubated under the same conditions).

PHI test vas tntéz'preﬁea as ‘yuitive' when there was no
haenaggl (button on)y vhile h
 (no butten ) inal PHI test'negative!

The highest dilution showing butten formation was taken as
ttitre of the sample', Results of the test sample (toxin) were
compared with the results of standard LPS (that was simultaneously
pz"ocessea), to determine the LPS content of the test sample.

.

2.6;  foxieity fests <
2.6:1. Skin Test :

The Gorsal portion Of an adult rabbit (weight 1.0 to 1.2 kg)
was shaved with an electric clipper and the area was then
cleansd by applying a paste containing 1 part of starch and ©
2 parts of Barium sulphide, After 5 minutes, the paste was
renoved by gentle rubbing with cotton and the skin vas then
washea under’ ruming tap vater. The skin vas alloved to dry and
with 1 ml tuberculin _syrmg fitted with 2% gauge } inch needle,
0.1 ml of appropriate dilution of toxin was injected
4Antradermally into the shaved portion of the ‘x-ax‘abie skin, L.
Intradermal injection of 0.1 ml of sterile normal saline seérved
. as negative control. - Results were read 18 hours after the

inoculation. An erythema and Oedema of atleast 8 mm dlameter
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in a non-immmised fasting rabbit. The fluld per centimetre
ratios for different 4 were and a
graph of Log concentration verses fluid accumulated (ml/em) '
was plotted. The stability of the purified cholera toxin
{concentrated Fraction II, eluted from Sephadex G 75 colum),
on storage at 4°C (at 0 day, at 3 days, at 15 days and after
30 days) was determined by the above procedure.

2:7. Togoidation

An ampoule of the freeze dried toxin that was primarily
purified by the precipitation method, was opened and the toxin
was reconstituted in minimum amount of normal saline. The
protein content of the reconstituted toxin was estimated (2.2.)
and the toxin was appropriately diluted to obtain a protein
concentration of 50 mg/ml. The toxin was then treated with
0.2% final of e and at
37°C for 72 hours, Thus;y-formalinized toxin was obtained.

2.8 Imwologics) Stuates
2:8.1. Inmmization of the Rabbits

o + Initially, the rabbits (weighing 1.2 to 2.0 kg) to be
used for anadm, were bled by heart puncture or ear
vein puncture, #he serum was separated, and stored in a
closed at ing

The formalinized toxin (2.6.) was used for immunizing
the rabbits.



Cholera toxoid was mixed with equal volume of Frewnd's -
adjuvant (Appendix II 9) and the mixture was hamogenized using
an 18 gauge needle fitted to a 2 ml syringe. Propér mixing was
ensured by placing a drop of the mixture on a column of Steady
water,

Iwo ml of the mixture was injected intramuscularly in
rabbits. In the four dose schedule, & doses spaced one week
apart vere injected whereas the seven dose schedule consisted
of 7 doses spaced a week apart.

The rabbits were bled three weeks after inmmization with
the last dose, the serum was separated and stored at freezing

temperature, This serum was .at room t and -
the following tests were carried out to determine the titre oft
1) antt al ! and, 11) antd antibodies.

2.8%2% Deterntnation of ‘the Titre of Antibacterial Antibogles;
Bactertol Agelutination Test

The titre of the 1 12l es was by
serially diluting the serum with normal saline and mixing it with
an equal volume of overnight grown culture consisting of 1 x z.ol°
viable organisms (569 B Inaba and Ogava, in diffevent sets of
tubes). The en'vntenes of the tube were properly mixed and incubated
“at 37°C for ¥ hours, and then placed overnight at 4°C in a
refrigerator. Before reading the results the tubes were placed at
room temperature for one hours The results were recorded as =
tagelutination positive’s vhen clumps appeared in the tubes
and 'agglutzﬁation negative', vhen there were no clumps in ’ths tube.
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The highest dilution of the serum showing positive results
was recorded as the titre of the antibacterial ax.:modl.el.

248.3s

Freshly cellected shéep erythrocytes were first sensitized
with *standard' gquantity of the toxin and then washed thrice
with normal salines These sensitized cells were employed to
determine the antitoxic titre of the antibodies present in the

. serum. The -‘standard’ quantity of toxin utilized for

sensitization of the sheep erythrocytes was predetermined by
the !standardization of Test! as
below «

To % small test tubes (" x §") each containing 1 ml of
2‘#5‘ sheep RBCS, 1 ml, 05 ml, 0.25 ml and O/l ml aliquots
‘of %00 g/ml of stock cholera toxin (primarily purified by

| precipitation method) were added respectivelys The contents

of the tubes were thoroughly mixzed and incubated at 37°c for

45 minutes. The sensitized cells were washed thrice with

normal saline and the final volume was adjusted to 5 ml with
normal saline to obtain 0.5% cell suspension. !

The test serum was serially diluted in normal saline from
1:20 to 122560 4n duplicate sets. To 0.1 ml aliguots of the
serum dilutions, 0.05 ml of 0.5% sensitized sheep RECS were

* added and at room for 2 hours.
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Haemagglutination test was interpreted as 'positive' when
there vas haenagglutination (no button formation) vhile fo
b (button don) indicated Haemagglutination
test fnegative',

Results were compared with the cell control (cells and
saline) and serum control (serum and saline) incubated under
identical conditions. The results were confirmed by placing .
the plates overnight at h°c.

The concentration of the toxin showing highest titre in
the haemagglutination 'standardization' test was selected
for sensitization of sheep RBEs for the 'test proper‘'.

The Haemagglutination test was carried out ‘ﬂ,ﬂ; the
cells (RBCS) gensitized with equal volume of 400 mgful of
cholera toxin, The procedure employed for Haemagglutination
test was the same as described aboves

8.4, Agar Gel Diffusion ZTest: Microoutcherlony Test

In this method, 5.0 ml of 1% agarose digested in saline
. was spread evenly on a clean grease free slide and allowed to
solidify. Cups of 2;:0 mn diameter were bored ¥.0 mm apart in
solidified agar using a cup borer. The cups at periphery were
filled with antigen™ (the toxin purified by various methods),
whereas the cel;tx:al cup wvas filled with antiserum obtained from °
.ﬂ.m;lmized rabbits. The slide was left at room temperature in
a moist chamber for 3 days to @evelop the precipiﬂ.n' 11..nes.
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* Antigens employed ~ 1) NAG Crude toxtn 41) Primarily 3

purified Y.cholerge toxin (by P
method and by A gel P method) and

444) Fraction I and Fraction II eluted from Sephadex G 75
column,

Staining of the slide

Before staining, the slides were washed with repeated
changes of saline for 48 to 72 hours; by pouring saline from
the side into a petri dish containing the slide, and allowing
1t to stand for 15 to 20 minutes. . The saline was then removed
with a capillary pipette without disturbing the gel. The slides
were further drled overnight beneath a Whatman filter paper
and stained vAth'0.5% Antdo Black B for 15 minutes, and later
destained with 2% acetic acdd. 2 9o G oG

The reagents used in this test are listed in Appendix II 10.
2.8.5. In yive Immmeprotection Studles

Three weeks after immmization the rabtbits were challenged
dntraintestinally by ligated 1leal loop technique with
569 B Inzba cells (1 x 10 organins per loop) and different
concentrations of 569 B Inaba toxin (20, 50 and 100 mg/loop).
In cross-inmuncprotection studles 1 x 10 viable cells of
NAG vibrios ve‘g:e“‘\g-ed for challenge.

The rabbits were said to be successfully protected when

. B




there was no fluid

fluid in the

conans
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CHAPTER III

Resulks and Discussion



esult; 51

3. don _of Cholera Exoeenterotoxin

The production of heat labile exo-enterotoxin of cholera
tends to be complicated by the strain to strain variation in.
conditions -optimal for toxin p; Various ¢ and
semisynthetic media, as well as, simple peptone water have been
shown to support high ylelds of cholera toxin fram vibrio
strains ( Craig 1966, Finkelstein 1966a and Craig 1965 ).

_Datta and Habbu (1955) observed thatyhighly pathogenic
straing such as Y/cholerae 569 B Inaba, failed to produce texin
4in peptone water media. Their studles on exaltation of
569 B Inaba strain led to the development of 'rabbit passage
techniquet. 'Serial passages through infant ratbit intestine®
is now.the widely employ for on of not only
classical Inaba vibrios but also El.Tor and FAG strains. In
the present studies, a rabbit passage& strain of 569 B Inaba
was, therefore, emplayed to obtain high ylelds of cholera toxin.

As for the medium for toxin p: ion, from his e
studles with 569 B Inaba strain, Finkelstein (1966a) concluded
that Syncase medium provides optimal cond.jrtims .for maximum
toxin yield.  Hence, in the present investigations, Syncase
medium was employeds:

Hovever, in the preliminary studies, the rabbit passaged
strain failed to produce sufficiently high titre of cholera toxin
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in Syncase medium. It was, therefore, felt necessary to
modify the culture medium, 1 in the of
nitrogen content i.e. in a concentration of Casamino acids

of the medium was tried. Maximum toxin yield was obtained
around 1.2 - %.3 gm % Casamino acids (Pigure 1), whereas the
original concentration of Casamino acids in Finkelstein's
medium was 1.0 gm ‘4, Hence, Syncase basal salt medium
supplemented with 1,2 gt # of Casamino acids was used for,
‘bulk quantity preparation of crude cholera toxin using

569 B Inaba strain.

Besides nitrcg'en concentration, vardous other factors
such as size, don rate and period
influence toxin production.

e inoeulun employed for cholera toxin production (2.1.2.)
consists of 0.1 ml of 10g phase culture 4,64 about 10" cells
per 100 ml. of ghe medium (Finkelstein 1970). Other investigators
have also recommended 1.0 ml inoculum, iie. about 10" cells
per 100 ml. of the medium 1.0 ml of the inoculum per 100 ml.;)
of the medium, Richardson gt Q., 1969). However, the present
studies indicated that higher yields of toxin were obtained with
0414 tnoculm (107 cells per 100 ml. medium) than vith 1.0%
Anoculum (ms cells per 100 ml. medium), and hence, in further
studies 0.1% inoculum was used for toxin production.

Although Y.gholerae grow more rapidly under partlally
1 1t1 aeration of the medium is




FIG-{: THE INFLUENGCE OF NITROGEN CONTENT OF
THE MEDIUM ON THE YIELD OF GHOLERA TOXIN
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essential for high titre cholera toxin production. It has also
been observed that there is no correlation between growth of
the culture and toxin production (Lewis et al., 1977). Maximum
enterotoxin is produced when the surface/volume ratio of the
mediun s 1.25 to 2.5 en?/al tn stationary culture (Do et gl.,

1962). Roux bottles incub in 1 itien have
been recommended by Craig (1965), while Finkelstein et al.,
€2965) aerated and

LoSpalluto (1969) reported that aerated fermenter cultures can
support higher yleldd of cholera toxin, Other investigators
have used relatively small quantities of culture medium in
large Erlenmeyer flasks (50 ml. medium in 250 ml. flasks or
100 ml. medium in 500 ml. flasks) with constant shaking during
incubation. In the present studies, 100 ml. medium in 500 ml.
flasks on a rotary shaker (180 r.p.m.) produced maximal

toxin titre. o

As for the release of cholera toxin fram the cells, 1t
has been reported that toxin diffuses freely from the cells
rather than being rel on lysis (Rt s 2969 )z
the appearance of the toxin in the medium 1s parsllel to' the
exponential growth phase of the culture. Whereas Finkelstein
et alsy (1966a) have reported maximm toxin productian
during the stationary phase of the culture i.e. 12-16 hours
incubation period (dnoculum size being 107 cells per 100 ml.
medium), On further incubation, the titre of the toxin
remains unchanged, however, cell lysis initiates and impurities
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such as the cell debris, 1 4 {

somatic antigen) and other bacterial antigens are added to the
crude extract, thus complicating the purification process. It
s, therefore, advisable to cdollect the crude extract before
initiation of cell lysis.

The effect of temperature on toxin yield has been studied
by Fernandes and Smith (1977)¢ They have reported higher yielas
of toxin at 30°C than at 37°C. However, in the absence of
facilities for growing the cultures at 3o°c_ on a.rotary shaker,
the present investigation was carried cut with cultures grown
at 37°% on a rotary shaker for 12.16 hours using 0,1% inoculun
(0 x 107 organtsns/200 nl, medsim). -

3¢2¢  Purification of jho]:m Exe 'y
8ince past three decades, for the purification of cholera
toxin, various methods have been employed. Developments in
ins N hnol bave the and
labour required to achieve pure toxin, With the employment of
sophisticated instruments 1ike ultra filters and double gel.
y large of highly purified toxin can
be obtained, but, the cost increases tremendously and in a
developing cowntry like ours, it is not feasible to' employ such
expensive techniques, especially when good results can be
obtained by other simple and economic methods. Hemce, in the
. pz.-essnt Ptuues less expénsive methods such as precll.pitaum

with dphate and Sodium nd

on A gel were useds
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Wnenever possible, the crude extract was processed
immediately. -

Prior to purification, the crude cholera toxin was subjected
to protein estimation by Lowry's methods The protein content of
the. test sample vas caleulated from the standard graph of
protein estimation presented in Figure 2.

The PF activity ( 11ty factor activity) of the
crude toxin was also determined as described in 2.6.1, This
was necessary to obtain a rough idea of the tnx:.‘xi content of
t‘;he starting material.

32,1, Primary Purification

Vardous methods' were ‘campared for primary purification of
cholera toxin., These were = v

bR 2 P Aon method (Fawr gt alky1969),
23 Sodium p: 1tation method (Spyrides
and Feeley, 1970), and
3« / ) “gel Pp method
et al.y 1970).
Kaur et al., (1969) used »
method for primary purification of cholera toxin, wherein
£0 90% ¢ .vas_empleyeds In the present

studies, 100% saturation vith ammonium sulphate was employed to
.recover higher yields of the toxin from the supernatant{ As per
the observations of D.S.Chitnis, Haffkine Institute - personal
communication). '



:STANDARD GCURVE FOR PROTEIN ESTIMATION
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However, it was observed that Ammonium sulphate
precipitation method though simpley is not specific, for 1§
precipitates large amount of lbpopolysaccharide (Table %) and
non-specific proteins (Figure 9). The results of Aumonium
sulphate precipitation method are presented in Table 1‘.

The other methods used in the primary purification of
cholera toxin were Sodtun hexametaphosphate precipitation
method and Al phat gel -p method,

Tables 2 and 3 summarize the results obtained by using these
two methods in their original formulae and with the

nodifications employed in this studys The concentrations of
sodtun he salt and A P
used in the original methods appeared to be insufficient as

gel

' seen from 'percentirecovery' and the 'fold increase in
specific activity'. As evident from the Table 2 and Figure 3,

of godim 3 was in d by
four times to precipitate maximm amownt of toxin, Similarly,
four fold 4n the Al hosph gel 4

yielded maximm specific activity (Table 3, Figure 4).



Table .‘1

Brimary purigs method
13
) N 4 3 N j
Stage of purification Volume PFractivity Tatal skin  Protein Total cific Fold % recovery % loss in
(in m1,) 4n bluing activity content protein  activity dncrease.  in skin skin
. ose/ml. . (4n mg/ml.) uing 4n specific activity activity
. dose/ug) activity

Crude extract 1200; 16000 19200000 ¢ 610 732000 26i23 P- - -
Supernatant 1200 2000 2400000 N.D. NoDe N.D. (NeDe - 2.5
Toxin dissolved in distilled water 120 64000 ‘7680000 830 99600 77.1 .2.9 40,0 -
(before dialysis) :
Toxin after dialysis 180; 32000 5760000 | 610 91800 524 30,0 -
Toxin lyophilized and reconstituted 50 64000 3200000 %50 22500 W22 16.66 -

NoD. = Not detectable



Erimary purdficetion by ¥ pr method
!

.‘Eége of purification | . Flask number

g 2 3 3 5 6 7 8 ) 10
Grams of Sodium hexametaphosphate . 0:255 ..0s 04765 1,02 2,27! p LY 1.78! 2404 B o
aiod e 200 m ae erane rhanet 5o 4 93 4 © 2,295 297
Supernatant (100 ml.)
Protein content in ug/ml. 360 355 310 280 230 210 205 190 185
Skin activity in bluing dose/ml, 4000 %000 %000 4000 4000 %000 %000 4000 2000 2000
% loss in skin activity L 12,5 .25 12,5 12,5 12,5 2.5 2.5 2.5 6425 6.25
Toxin gsuspended in 7 ml,HNa, HP .
skin activity n bluing d%e/:h. 32000 32000 64000 128000 32000 32000 32000 32000 32000 32000
Protein content in ng/ml. 215 225 220 250 280 295 320 335 345 360
Specific activity in bluing dose/ug 8.8 Ww2,2 211.7 5at.l 14,2 309.k 100 95.5 93.2 88.9
Fold incréasé in specific v 3502 . 2,89 %.30 106 9423 2422 2493 1.9% 98.95 0.27
% recovery in skin activity . 7.0 7.0 W0 28.0 750 7:0 740 740 7.0 740

' Each fldsk contalns10C :mli of crude extract of following specifications 3

Protein content - 650 mg/ml., skin activity - 32000 bluxgg dosg/mls, specific activity - 49,22 bluing dose/mg.
0/255 gu.% addition of Sodium hexametaphogphate (flask No.1)was recemmended by Spyrides and Feeley (1970),
whereasy flask number 2 to 10 are the modifications followed in the present studies.

Legend - =
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Table 3
Erimary purification by modifications of \lyminium gel method
Stage of purification s Flask number
1” 2 & 5 6 7 8 9 )
Alun potash added 1 2 3 B % 5 6 7 8 9 10
(20% W/ 1n ml. )
Aluniniun phosphate gel conc. 0.2% " 0.6% 0.8% 1.0% g g 1.6% 1.8% 2,08
tant (100 mnl,) B "
Provedn n ng/as 605 580 s ., 530 520 535 555 560 575 585
Skin activity (B.»./mx.z 8000 %000 4000 ' 2000 2000 2000 4000 4000 %000 4000
% loss in skin activity 25.0 2.5 12.5 ' 6,25 6:25 6,25 12.5 2.5 2.5 pERS
Toxin in 10 m1. Soddum citrate !
before dialysis
Protein in ug/ml. , 35 150, 175 210 225 200 185 170 165 150
Skin actiplty (B.D./ml.) 64000 64000 80000 256000 256000 128000 64000 64000 32000 32000
% recovery in skin activity 20 20 25 80 80 %0 20 20 10 . 10
Specific activity 4741 %267 45750 . 1229.1 1137.8 640,0 36,0 376.5 193.9 213.3
Fold increase in
specific activity 946 8.7 933 24,8 23.1 13.0 7.0 7.7 3.9 43
Toxin after dialysis(in ml.) Bea§ W5 W5 15:0 15.0 20,0 25.0 27.0 30.0 3240
Protexan in ng/ml. 85 100 ns 130 0 100 ° 70 55 50 b5
Skin activity (B.De/ml.) 40000 %0000 64000 228000 128000 32000 16000 16000 8000 8000
% recovery in skin activity 180 18.0 2940 60.0 60.0 200 2.5 13.5 7.5 8.0
Specific activity - . 470.6 %00.0 2783 984.6 913 32090 | 2285 290.0 16040 177:8
Fold increase in sp.act. 9o 8.2 5.7 2050 18.6 645 - %6 5.9 33 3.6
Amount of conc. toxin in ml. 5 40 %.0 0 4.0 40 4.0 4.0 %,0 4.0
Protein inmg/ml. 230 320. 3 380 450 u85 %30 365 365 360
Skin ectivity (B.n./ml.. 128000 128000 256000 , $12000. 512000 128000 64000 32000 32000
% recovery in skin nctivity 1640 164 32 P 6.0 16.0 . 8.0 8. 4.0 4.0
Specific activity - 55645 . %00,0 7.1 1 a3e7ak 11378 263:9 8.8 175.2 87.7 88.9
Fdd increase in sp.act. n.3 . 8:13 PR i 27 231 Sl 340 3.6 i .8

Each flask contained 100 ml. of crude extract of following speciﬂcanpnl s

. Legam * = Blueing dose
e

*¢ =& Specific activity
= 0.2% concentration of Aluminium phosphate gel (flask No.1l) for adsopption of cholera toxin was recommended by
Rappaport et als, (1970) wherdas flask No.2 to 10 are modifications employed in the present studies.

Protein content ~ 6 ‘ml., Skin activit; 000 B-D ‘ml.
Specific activity -50543%2 ' v - 3 o/
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The toxin purified by using five primary purification
methods ~

1. iphate pr methnd;

2, Afied Soatum (0.255 ghe%)
precipitation method, '

3. Modified Sodium hexametaphosphate (1.02 gi.%)
precipitation method, .

%, Unmodified Aluminium phosphate gel (0.2 %) adsorption
method and

5. Modified Aluminium phosphate gel (0:8 %) adsorption
method

was subjected to purity (2.5.) and toxicity (2J6.) tests.

The purity of the toxin was tested in two different ways -

1. The presence of a single protein species was determined
by polyacrylamide (2.5.1,) and SDS (2.5.2.) gel electrophoresis
and

2. Total absence of somatic antigen (LPS) by Passive
Haemagglutination Inhibition (PHI) test (2.5.3., Figure 5).

The toxicity was attributed to two factors -
1. PF activity as detected by skin test (2.6.1., Figure 6)

and
2. Enterotoxic activity by adult rabbit liggted ileal loop
technique (2.6.2.y Figure 7).
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Figure = § PHI Tsst

Button formation ~ PHI test positive
i. LPS present

No button formation = PHI test negative
i,e, LPS al

First row = LPS standard

Sixth rou - Fraction II ( F II )
eluted from Sephadex G 75

Seventh row - Wells 9 & 10 - Cell control
Wells 11 & 12 - Serum control

Remaining rows slucidate results for LPS
content of different ' toxin ' samples




Figure = 6 Rabbit Skin Test

Legend 1. Skin test negative
( saline control )

2. Skin test positive




Figure = 7 Adult Rabbit Ileal Loop Test
e ———

Legend 1a No fluid accumulation
( saline centrol )

2. Fluid scamulation}
entsrotoxin present in the
sample
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Comparison of the original and modified methods on the

basis of ‘percent y of skin vity'y 'fold
in specific activity', nmumber of bands as détected by
lyacr, ide dlsc el D! is (Figures 9,10 and 11),and

efficiency to eliminate the somatic antigen impurities (ILPS,
Table b4 and Figure 8) indlcates that when modified methods are
employed,along with the increase in specific activity and
percent recovery, the LPS content of a purified product is also
Ancreased considerably, However, when gel filtration i1s to
follow a primary precipitation method, the criterion is to
obtain maximum percent recovery and specific activity of the
enterotoxin ignoring the increased LPS contamination as the
LPS i easily separated on gel-filtration.

Therefore, the A hogphate gel adsorption
method using 0.8 % gel, which ylelds the maximum percent recovery
and maximum increase in specific activity of enterotoxin was
selected inspite of the high LIPS contaminaticn for the primary
purification of cholera toxin, HMoreover, this method ¢ms found
relatively selective for cholera toxin precipitation as the
number of contaminating proteins are significantly reduced
(2 bands were observed in polyacrylamide gel, Figure 9). The
toxin obtained by this method was then subjected to further
. purification. . .‘\

\
\ .
N



Table &

- o] i £l I urd;

Method Fold increase Percent Percent loss LPS content Number of
in Specific recovery of toxin in (in mg/ml.) bands in polye
activity supernatant acrylamide

activity gel

Amnonium sulphate §.h22 16566 12958 2000 15

precipitation

hurmodimfm sou?. 3.02 7400 125 160 9

exametaphosphate

(0.255% Jprecipitation

Modified Sodium 10.59 28500 205 640 9

hexametaphosphate

(1,02%) precipitation

Unmodified Aluminium 7.96 16%00 25.0 50 2

phosphate gel (052%)

Adsorption

Modified Al 27337 6300 6425 1000 2

umin ium
phosphate gel (0:8%)
Adsorption




FIG-8' TOXIN PURIFICATION : COMPARITIVE STUDY.
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("] PERCENT RECOVERY IN SKIN ACTIVITY—(B)
ESEED LIPOPOLYSACCHARIDE CONTENT IN ug PER mi.—(C)
PURIFICATION METHODS:—
1. AMMONIUM SULPHATE PRECIPITATION.
2. SODIUM HEXAMETAPHOSPHATE PRECIPITATION (UNMODIFIED).
3. MODIFIED SODIUM HEXAMETAPHOSPHATE (1-02 %) PRECIPITATION.
4. ALUMINIUM PHOSPHATE GEL ADSORPTION (UNMODIFIED),
| 5. MODIFIED ALUMINIUM PHOSPHATE GEL (0-8%) ADSORPTION.



Figure - 9 Polyacrylamide Disc Electrophoresis $

Comparison of the toxin primarily purified by the
methods -

1. Ammonium sulphate precipitation = 15 bands

2., Sodium hexsmetsphosphate ( 0,255 gm % )
precipitation - 9 bands

3. Aluminium phosphate gel ( 0.2 % ) adsorption
« 2 bands



Figure = 10 Polyscrylamide Disc Electrophoresis

Toxin purified by the methods-

1. Modified Sodium h-nntluhuph-u (1.029n %)
precipitation - 9 ban

2, Unmodified Sodium Muu-wmnhlu (0.255 gn %)
precipitation - 9 b




Figure - 11 Polyacrylemide Disc Elsctrophorssis

Toxin purified by the msthods-
1. naun-a uu-mxu- pno.pn-z- gel (0.8 %)
adsorption -

2, Unmodified Aluminius phosphate gel ( 0.2 X )
adsorption - 2 bands
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3%2:2. Secondary purification

The partially purified toxin obtained by adsorption on
Aluminium phosphate gel (0.8%) was subjected to gel filtration
using @ 75 column (2i3.2.).

The elution pattern of G 75 filtration (Figure 12) was
similar to that obtained by Finkelstein et al.,(1970) The
high molecular weight somatic impurities formed the first peak =
(tubes No. 18 to 20) designated as F I, while the second peak,
F II (tubes No. 33 to 57) contained the toxin exhibiting both
the PF activity and the oxie a .

Complete characterization of the two fractions eluted
from Sephadex G 75 is swimarized in Table 5.

- The absorbance pattern of these fractions in the U.V.range
showing maximum absorbance between 260 ‘and 280 mm (characteristic
of a protetn, Figure 13) 45 similar to. that cbtained by
Rappaport et al., (1974b).

- The dose response curve of F II is shown in F.‘\;ure o,
The effective toxicity dose 50, i.ed the concentration of éoxln
giving half the maximum fluid can be
from this curve. It 1s also seen from this figure that the
maximum amownt of fluid accumulated was 330 ml. with a dose
of Ok mg. The maximum amount reported in the literature s z
2:75 ml. vith & dose of 1.3 ug (Kasad and Burrows; 19663 )
Burrows and Musteikis, 1966)." S
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Parameters F I F I
Volume {in ml,) . 1,6 3.6
Protein content {(in ng/ml.) 250 100
Approximate molecular 1,00,000 48,000-50,000
welght in tons

LPS content (per mi.) 400 g < 80 ng
Enterotoxin units 2 4800
(1.0 ml, of the highes

dilution,;zv:ng pcsif.:l.ve

PF activity 100 2456,000
(bluing dose per ml.) 156+
Specific activit; Ouly 2,560
(PF units per ng. .

Fola increase in specific 8.13x10” 86
activity (with respect to

the crude toxin)

Percent recovery. of the 264 2337
fraction (Total 1520 mg of -3 3

the protein were loaded in

the colum )

Nature of the precipitin Single. Double
lines formed 1?: agag gel brwn:.;h white !
(Microoutcherlony test) grecipitin opalescent

ine, hence, sreeipiu.n
homogenans dnes, hence,

heterogenons
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The molecular weight of F I was estimated to be
apyradmately 1,00,000 from the elution pattern, which is
h 17 de of terdal in. Passive h:
inhibition test (Pigure 5) confirmed the endotoxic nature of
F I( Table 5).

The molecular weight of cholera toxin has been worked out
by different investigators and these fall in a very
vide range, 3397 daltens being the least and168,000 the
highest as given below =

Method employed Yoleewlar weight in daltons
Elution profile of standard 50,000 to 1,00,000
dextren (Coleman gt al., 1967)

Dhalysis retantate 1,00,000
(bt iin) las;;mntn,l??ﬂ) e )
Thin layer gel filtration 12,000 to 14,000
oten at'at. - 25885 * ’
Agarose gel iltrati 20,000
Eiketetoin ana Lospallute,1969) ’
Gel filtration 25,000 to 38,000
(Holmgren gt al., 1971) .
ephadex filtration 61,000
et tesy and Toomatiuto,1969) ’
Sephadex ¢ 150 filtration 60,000
(Debanes ot 2ds 15705 ’
G 75 riltration 000 to 60,000
m::,‘?"‘m gtsal Tatis 555 s
semanmtian-'elncity diffusion 82,000
method (Finkelstein and

LoSpalluto, 1972)
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Method emploveq e dant in

Meniscus depletion methe 84,000 R
(Finkelstein and x.nspm.uco,lm)

Amino acid analysis -

(cuxeman et al.,1968) 7,740
(Inyood and Tyrell, 1970) 3,397
(mkeucain and LoSpalluto,1972) 74664

From the elution pattern obtained in the present studies,
the molecular weight of the enterotoxin can be estimated as
approximately 45,000 (Figure 12). On the basis of SDS gel
electrophoretic mobllity (Figure 15), the molecular weight of
F II £2118 around 48,000 - 50,000 daltons (calculated as per
Weber and Osborn, 19693 2.5:2. ). ’

Further, F II was subjected to stability studles using
1igated Aleal loop technique (2.6¥3¢). The results elucidated
4n Table 6 confirms the findings Of Grady and Chang (1970)
that, cholera toxin is unstable in smpendéd state.

On final purification off Sephadex G 75, the total increase
in<the specific activity of the toxin over the crude toxin was
65,46 (Table 5). This toxin was free from other protein
impurdties ag well as from LPS, as seen fram the polyacrylamide
disc electrophoretic pattern and PHI test (Figures 16 and 5),
which 1s in agreement with the recent reports of Finkelstein
et al., (1976) that Sephadex G 75 column chromatography renders *
cholera toxin free from all the impurities,



Figure = 15 SDS Gel Electrophoresis

Fraction II ( F II ) sluted
exhibiting single band from Sephadex G 75

Figure 16 =

Polyacrylamide Disc Electrophoresis

Legend = 1, Crude cholera toxin - 20 bands

2, F Il - highly purified cholera
toxin « single band



Table 6

Stability of the purified toxin (¢ IT) .

Toxin (ug/ml.) Storage : Number of days

o 3 15 30
Control (saline) 0 [ o 0
0,125 2.6." 0.5 o o
0,25 2,88 1,08 ° 0
035 30 15 0,05 0
1.0 3.03 2.1 0:25 . 0
2.0 3005 2.25 0:75 T 0407
4.0 3405 283 0.95 0.6
8.0 3:05 233 1.0 0:87
16.0 3.05 2433 X0 0.9
32.0 3405 23§35 0 0.9%

Legend * = ml/em. of fluid accunulated on injecting in Adult rabbit ileal loop.
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3¢3.  Immunoprotection studles

Convalescent cholera patients exhibit rise in both
antd 1 and titres (Pderce et al.,1970),
however, the 1 cholera 1 that contain killed
cholera vibrios stimulate high titre of antibacterial antibodies
but negligible titre of antitoxic antibodies (Mosley et al.,
1970). This probably accounts for the fact that, the
conventional cholera vaccine prove inefficient immmizing
agents (Basu et al., 1970). Fleld trials with vaccine that
contained Yibrid cholerae samatic antigens (killed cells)
as well as purified toxoid have brought out encouraging
results (Basu gt al., 1970),

In the present investigation, in order to. determine the
efficlency of the cholera toxoid prepared by formalinization
of the primarily purified toxin (using Ammonium sulphate
precipitation method), rabbits were immmized with the toxoid
and challenged intraintestinally with different concentrations
of cholera toxin as well as with viable classical (569 B Inaba)
and NAG vibrios (2.8.5.)

As described in 2:8J3. the 4 on of nas
tion test was carried outs Table ? depicts the results for this
test, while Table 8 shows that the immmized rabbits developed
both the sntitoric and antibacterial antibodies, as the :
partially purified: toxin containing a large amount of



Table 7.
Standarddzation of H test

Sheep RBCs sensitized with Titre for Haemagglutination test
%00 mg toxin 12160
200 g toxin 1t80
100 mg toxin 140
%0 pg toxin 1:4%0
Table 8
Results for 'H ! and ! dal A ' test
Test employed Mean titre
Antibodies Before After
on
He lutination test e Absent 1:2560
Bacterial agglutinatbon Antibacterfal 1 f 10 1:1280
test (against

somatic
antigen)




Table 9

In, yiyo Immunoprotection Studies

Challenged with Fluid accumulation®

Qontrol  Rabbit immunized with 569 B Inaba toxold
7abbi 405 scheamld® 7 dose schedule®

Saline
(negative control)
10 mg toxin
50 mg toxin
200 jug toxin
5693 va (.7
cann)
NAG C 128 + + +
€ 26% cerim -
JPW 8 NaG . . .
(208 cer1s)
NAG Vibrio 2 + + +
€10° cells)
Ram NAG + + +
(10% cet1s)
Nac 280 + + +
(206 cer1s)

+ + o+ 4
+
'

Legend * = 'l’ested by adult rabbit J.tgated 4leal
oop technique (2.6:2.)

@ = Average results obtained from two rabbits

« = No fluid accumlation (ratio or fluld in
ml, per centimetre less than 1.0)

+ = Fluid accumudation (ratio of ﬂ.\nd in
ml. per centimetre more than 1.0)



Figure « 17 Microoutcherlony Test

Legend = 1, Cholere antiserum
( against V. cholerae 569 B Inaba )

2. NAG crude toxin

3¢ 569 B Inaba toxin
primarily purifisd by Aluminium
phosphate gel adsorption method
F1

F I1




contaminating LPS was used (after toxoidation) for 1 1

Rabbits immunized with 569 B Inaba toxoid by L dose
schedule (2.8.1.) were protected against 10,mg and 50 mg toxin
challenge while 7 dose schedule was necessary for protection
against 100 mg challenge {Table 9).

It was further seen that these immmized rabbits were
protected against challenge with live 569 B Inaba cells.

Some investigators have reported that the NAG vibrios are
ddentical tq cholera vibrios in terms of their cholerigenecity - -
(Barua and Burrows, 197%). Ghosh et al, 1970 found antigenic
similarities between enterotoxin produced by classical and
NAG vibrios, However, in the pres‘mﬁ ;nvestlgaum,the
formalinized toxin of classical vibrios failed to protect the
rabbits against intraintestinal challenge’ with NAG strains
(Table 9)., It appears, therefore, that the NAG enterotoxin
may not be ically identital:l with classical cholera
enterotoxin. Similar results have been obtained by Barwa and
Burrowsy 197%. ’

Our results bave been further substantiated by agar gel
aiffusion analysis (Figure 17). It 18 also seen from this figure
that NAG toxin shows identity with F I (somatic antigen) but
not with F II (the enterotoxin). . .

desiovesnonoeds



CHAPTER IV

Sumnary and ngciusi_qx]g



Summary and Conclusions

The aim of this study was to obtain purified high titre
cholera toxin using simple, economic procedures.

Efforts were also directed towards the immmnoprotection
studies using a primarily purified and formalinized tozin as
an immnogen and challenging the rabbits intraintestinally
with classical as well as NAG strains and 569 B Inaba toxin.

Modified Syncase medium dye basal rsa.lt mediun supplemented
with 1.2 gn /% Casamino acids was used td obtain high titre
crude toxin. The NAG strains which have been reported as
nontexigenic n yitro, also yielded high titre of toxin ir
t!;e same medium, It wag also observed that for toxin production
by NAG vibrios, with extra p: source such as
rabbit intestinal extract was not required.

The efficlency of various methods used for cholera toxin
purification was Modified A gel
(0.8%) adsorption method proved the best for primary purification
vhile gel filtration on G 75 eff 1y el the
endotoxin (LPS). In fact, the final purified toxin oObtained
was totally free from n as by an
extremely sensitive method such as Passive Haemagglutination
Inhibition (PHI) test. Moreover, absence of protein impurities’
was confirmed by pol, lamide disc el p! s and SDS
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gel electrophoresis.

The studles on purified cholera toxin revealed that, the
absorbance pattern (in the U.V. range) of cholera toxin was
characteristic of a protein with maximum absorbance between
260 and 280 nm. The studies on stability of cholera toxin
showed cholera toxin to be highly unstable in liquid form.

A significant increase in specific activity (6446) was obtained
by the combination of two methods employed in the present
investigation viz. modif¥ed Aluminium phosphate gel adsorption
method as a primary purification,followed by 675
column as a dfication method.

Primarily purified toxin was formalinized and used as
an immunogen. Rabbits thus i 1 were letely p:
against 569 B Inaba infection, but, not against the NAG vibrios.

The in yitro immmological studies (agar gel diffusion
using mi test) p some ng results.

It was observed that, the. endotoxin of classical and NAG vibrios
werg similar 1f not identical but, the of both these
vibrios were antigenically different.

cscesesnssansd
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Medta and Reagents
I Meata
1. Syncase medium (Pinkelstein et als, 1966)
Hoghpg, e 50 g
PG 5:0 g
Sucrose ooe 5:0 g.
c1 ole 1718 g. |

B & 1% Solution
Ha,80, 04089 g 859 mly
MgCL,3 68,0 0,042 gv ¥2 ml.
MnC,. Im!o o' 0,00% g, 0% ml,
FeClys 68,0 o 03005 g« 0U5 ml.
Casamino acids L5 1050 g2
Distilled water .. 100050 mi%
2 wee io 758

. The mediun was dispensed in 100 ml) amount in 500 ml,
capdcity Erlenmeyer flasks and sterilized by autoclaving at
216% gor 20 minutes.
2 Moaified'Syncase medtm
Syncase medium less Casamino acldswas prepared and to
100 mly of the medium of aclds
wvere added - o

i




Casamino acids(in g.') Nitrogen eancentration
(in ug per mli

nli)
08 80
1.0 1000 A
1w 1100
x2 1200
03 ' 1300
j1o% - W00
(1g. 14 1001:5.‘01‘ itrogen)

The pE of the medium vas adjusted to 735.

The media vere dispensed in 100 ml, amownt in 500 md.
capacity Erlenneyer flasks and sterilized by autoclaving at
116% for 20 minutess )

172 Reagents
1, Merthiolate solutdon ) i
One gram percent merthiolate solution was prep in
distilled vater and stored at 4°C3 One mly of the solution
was added to 100 mi§ culture 8o as to achieve a final
concentration of 070001 g/ml,
o2 Bty i
1) Standard protein solution
Stock golution (1 mg/ml) : Gamma globulin ampoule
from Processing tnit of HeB.P.CeL. labelled 10743 0% was
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carefully opened and mixed thoroughly with 103.3 ml3 of
031 N Na0H, stored at 4.

'Hopidng protein standerd! (100 Mg/nlv) ¢ This was
freshly prepared by 1:10 dilution of stock solution r .:
in saliney .

11) 01 ¥ NagH
Ol grams of NaOH were dlssolved in 100 mly of
distilled watery Stored at roam temperature.

A14) Alkaline Cusn,_or selutden fC!

. W+ To the solutdan of 100 mg.
HasK.Tartarate 4n 10 nl, aistilicd weter add 50 mg. of
Cust¥3K,00 Etored at romm temperature. .

solution 'Bt:r 2% YayC0, anlydrous in 3L N NaOH.
Stored at room temperature.

* golutden 1G's 1 mly of Solution 'A' was mixed
with 50 ul. of Solutdon B! £o get Solution CY.  This soluts
was prepared freshly before use. (The solution should not te
turbid) S . . ‘

W Foldn. -Phenol Clocalteus Reagent

Stock solution was Obtained from M/s Belamd Fine
Chenicals Private Limited, Bombay. Stored at 4°C.

Stock solution was freshly diluted 11 with
031 N NaOH and used,: '
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3¢ -pmentun sulprate method
g’_ B&Ck solution

2 grams of m:& were dissolved in 100 ml. of distilled
vaters Stered at ¥°C.

1) 0:2 M NaCl, pH 455

13,69 grams of NaCl were dissolved in 1000 ml, of
daistilled water. The pH was adjusted to 4.5 using cancentrated
L. ' Stored at room temperature. ’

145 0315 M_He PO, pH 8:0

21330 grams'6f Fa,ER0) wore didsolved 1n 1000 ml.
of distilled wvater. The pH was adjusted to 830 using 20 N NaOH.-
Stored at roon temperature:

5 grams of alum potash were added to 25 mi of
distilled water and heated gently to get uniform solution.
Prepared freshly before use. ' ’

1w i Coler ._.‘,.,: i

Solution A 3 - 0.1 M NaHyPQ.2R,0 was prepared
by adding 3.9 grams of nn-zmq":zazo 40 400 ml, of dlstilled
vater. Stored at room temperature.



57

Solution B : Ol M !namq‘;: 12520 was prepared by
addking 5537 grams of nzmrq;.' !2&“0 t0 150 mXJ' of distilled
watery Stored at room temperature.

36735 ml¥ of Solutdon A was mixed with 1323% ml.
of Solution B to get 0;1 M Phosphate buffer, pH &%, Stored
at room temperature.

134) 051 M Soqtum citrate, v 835

. .706 grams of Soadum citrate were dissolved in
500 ml, of distilled water. The pH was adjusted to 8.5 using
10 ¥ NaOH. Stored at reom temperature.

6. gel chromatography
ol M & 1 : ‘
23 grams of Amonium formate were dissolved in 1000 n.l.
of distilled water: The pH was adjusted to 832. To this,
072 grams of Sodium azide were added as a preservative, Stored
at 4%.

Selution 'A! 1 1§ @1 270 m,
’ Tris (EDTA) 18,2 g«
* TEMED 0.23 ml.*

Distilled vater to 100 ml,
M 89
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Solution ‘0! 3 3030 g.
i Bis-gerylamide 038 g.
Vater to 100 m1,
solution 'F' s Amoniun persulphatos 0vl% grams of
2 vere in 200 ml7 aistilled water.

(freshly prepared).

One part of Solution *A' (650 ml.), one part of
Solutdon 'C* (6.0 ml.), Two parts of Solution 'F' (12.0 ml.)
were mixed and used for 10 tubes (2.0 ml./tube).

i) M (Spscer gel)

Solutlon ‘B! 1 1 M Phosphoric acld 25,6 ml,
o Tris 57 @@
TEMED Oiléml,

Distilled water to 100 ml,

»H 639

Solution 't - Aerylamide 10,0 g,
Bis-acrylamide . 2)5 g..
ot i Distilled water to make 100 ml,
Selution 'E! ¢ Riboflavin 4,00 mg.

Distilled water to make 100 ml.
o (Smaﬂaﬁ!}oc)‘ o
One part of Solutdon 'B! (0s3 ml.), two parts of <
Solution 'D' (0.6 ml.), one part of Solution 'E! (033 ml.),
four parts of distilled water (L2 ml.) were mixed and used
for 10 tubes (0.2 md/tube).
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114) Statntng selution

1% anido Black B in 7% Acetic acid, stored in amber

coloured bottle for 3 days, filtered and used.

iv) Destaining solution

78 eotlcacld
v) golution for preservation

J:ﬂ At‘:eulc ncia

w18 60 g
Glycine 288 g.
Distilled vater 675000 m13
e

Reagents were stored at roon temperature.

8. 5D Gel electrophoresis

1) Gel bufer
me 3 320, 78 g
Eazqu“;' 7530 &
SDS N o 2'.‘3 g
Distilled water to 1000 ml.
11) 224 Acrylamide solution -~
Acrylamide 2250 g

Methylene Bisacryl 0.3 g.
‘Distilled water to 100 ml.
BOT the reagents were stored at room temperature.
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141) dmontvm persulmbite

Lo A
The solution was freshly prepared in Glstilled water
(& mg./ml. ). :

For Gel solution mix per-gel 1525 miT gel buffer
s ot

0913 ml. Anmorium-

. persulphate

7 TEMED

(1 7 TEMED = 0501 ml,')

1v) putfer

For upper and lower buffer dilute the gel burfer with
en equal volume of water.

v) Uashing golitions
Solution 'A' ¢ 25% aquous 1eapr6mol i.n 0%
Acetic acid for overnight washing.
: ‘1 B‘eiug' Vﬂ! A""g‘; t 10% aquous isopropanol in 10%
Acetic acld for 7 to 8 hours washing.

Solutdon ¢C' 1 10% aquous acetic acid for
overnight washing. v '

- R

1 gram of Coomazzie blué in 36 ml. of glaclal acetic
acid wes mixed with Methandl to make final volume of %00 ml.



vii) Destaining solution

Methanol 200 ml,
Glacial Acetic acid 0o ml.
Distilied water to 2000 ml,

9+ Ereund's Adjuyant
Arcencl 5 m,
Biol 85 ml.

Mycobacterium powder 50.0 mgs

(Myeohacteriun phled were grown on Loysistein Jenson
slants; 6 » 8 days growth was autoclaved and preserved in the
desiceatord.

107 W (Microoutcherlony test)
1% Difco agar was prepared in normal saline (0V85% saline)

Staining solutdon : 035% Amido Black B in methanol
4migo Black B S
Methanol _ w030 ml,

Glacial Acetic acid 1070 ml,
_ Distilled vater o> 5050 ml,
Stored ovemnight at rom tempe “in amber
‘bottle for mtnraf_alm, filtered and uﬂsﬂ.‘

Destaining solution ¢ 2% Acetdc acid. -

o

seessiasenanes
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Flask no.

8 th Rine

Flask no.

8 th Line

Misprint
Group O
Furhman and
Furbman
Burrows, 1968
Picket

Larvoyskaya
1970

‘1970

Room tempera~
ture

Acidic

Neutralised

0.5 ml
2.8,
9 90.95

x5 9.23

Correction
Group 0:1
Fuhrman and-
Fuhrman
Burrows, 1974
Pickett

Lavroyskaya
1970 a

1973

4%

Rendered
equally
negative
0.05 ml
2.7,
1.93






