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Protective Antigens from El Tor Vibrios
1. The Preparation and Properties of a Purified Protective Antigen

from an El Tor Vibrio (Ogawa Subtype) *

YOSHIKAZU WATANABE 1 & W. F. VERWEY 2

A biochemically and immunologically homogeneous antigenic fraction having the pro-
perties ofa lipopolysaccharide has been isolatedfrom the culture supernatant ofan El Tor
vibrio (Ogawa subtype). This antigen was very specifically protective for mice challenged
with Ogawa strains of either El Tor vibrios or Vibrio cholerae. Rabbit antisera prepared
against the antigen were passively protective for mice and highly vibriocidal but had little
agglutinating activity. However, the antigen was able specifically to absorb agglutinins,
as well as mouse-protective and vibriocidal antibody from serum prepared against whole
bacterial cells. The specific protective activity of this lipopolysaccharide was much greater
than that of vaccines made from whole bacterial cells, and its toxicity in animals was
about equivalent to that of whole cells. The relationship of activity to toxicity therefore
represented an improvement over the vaccines that were studied.

It is now well recognized that El Tor vibrios
resemble Vibrio cholerae in most respects, including
their ability to produce clinical cholera and their
possession of somatic antigens of the Ogawa and
Inaba subtypes that make them indistinguishable
serologically from V. chokrae. Their major dis-
tinguishing feature is their ability to produce a heat
labile, soluble haemolysin, which is not produced by
the so-called true cholera organisms. During pre-
viously reported studies on the purification and
characterization of this haemolysin (Watanabe &
Seaman, 1962) it was noted that ammonium sulfate
precipitates obtained from culture supernatants of an
El Tor vibrio of the Ogawa subtype protected mice
against homologous challenge of living organisms,
but that the purified haemolysin, though antigenic,
did not protect against infection. Thus it was
apparent that a protective antigen for mice was
present in the crude haemolysin preparation but was
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Fellowship Fund ofThe University of Texas Medical Branch.

1 Medical Officer, Bacterial Diseases, Division of Com-
municable Diseases, World Health, Organization, Geneva,
Switzerland.

2 Professor and Chairman, Department ofMicrobiology,
The University of Texas Medical Branch, Galveston, Tex.,
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lost in subsequent fractionation leading to the
purification of the haemolysin. The extraction and
purification of this mouse-protective antigen has now
been accomplished, and the present communication
describes the methods employed and certain of the
immunological and biochemical properties of the
antigen thus obtained.

METHODS

Strains
An El Tor vibrio of the Ogawa subtype, designated

strain No. 17, was the principal source of material
used in these studies. Since it was virulent for mice,
completely homologous mouse-protection tests could
also be performed with this strain. In addition, two
strains of V. cholerae, designated Ogawa 41 and
Inaba 35A3, were used as reference strains and for a
small number of fractionation experiments. Both
strains were virulent for mice and have been used in
the preparation of reference vaccines in the Division
of Biologics Standards of the National Institutes of
Health (Bethesda, Md., USA). All the strains were
lyophilized in skim milk and were restored imme-
diately before use by culture on heart-infusion agar
plates (Difco), pH 8.0, and overnight incubation at
31°C-32°C. Liquid medium cultures for antigen
purification were inoculated directly from these
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primary cultures; however, to obtain organisms for
mouse-challenge experiments, subcultures were made
on heart-infusion agar and incubated for 4-5 hours
at 35°C.

Media
The liquid medium for the cultivation of El Tor 17

was the tryptone-casitone-glycerol salts medium
described previously (Watanabe & Seaman, 1962).
After adjustment to pH 9.0, 200 ml of the medium
were dispensed into Roux bottles and autoclaved
at 121°C for 15 minutes.

Cultures for antigen production
One loopful of growth of El Tor 17 from the heart-

infusion agar was deposited on the wall of each
Roux bottle near the air-liquid interface. The bottles
were incubated in a horizontal position for 20 hours
at 30°C-32°C. During incubation the organisms
formed a smooth pellicle over the entire surface of
the medium. After examination for purity, the
individual Roux-bottle cultures were pooled and
centrifuged at 6000-8000 g for 20 minutes at 0°C.
The supernatants from the various centrifuge bottles
were poured into a large glass bottle, which was
kept in an ice-bath. Except where specifically stated,
all procedures were carried out under refrigeration.
The procedure for purification that was eventually
developed is described below.

Ammonium sulfate precipitation
The first two precipitations by ammonium sulfate

were carried out as for the purification of haemolysin
(Watanabe & Seaman, 1962). After the second
ammonium sulfate precipitation, the material was
dialysed and lyophilized. This lyophilized material
was stable for long periods of time under refrigera-
tion and represented a convenient form for accu-
mulating material for the subsequent purification
steps.

Phenol-water treatment
The dry weight of the dialysed ammonium sulfate

precipitate was determined, and the material was
treated with a 50% (w/w) phenol-water mixture
described by Westphal & Luderitz (1954). For each
10 mg of the ammonium sulfate precipitate 1 g of
the phenol-water mixture was heated to 62°C in a
water-bath. Mutual miscibility of the two phases
was accomplished at this temperature. The ammo-
nium sulfate precipitate was then added to the
mixture, and heating with slow stirring was continued

for 10 minutes. The material was then centrifuged
at 10 400 g for 30 minutes at 8°C. During centrifu-
gation the phenol-water mixture separated into
two phases, and the upper (water) layer was pipetted
off and dialysed for 72 hours against cold distilled
water in an ice-bath. The total volume of the
material in the Cellophane bag was determined, and
a measured portion of the solution was removed for
lyophilization for the estimation of total solids.
The main portion of the dialysed material was then
lyophilized for further chemical treatment.

Chloroform-methanol treatment
Chloroform (analytical reagent grade) and metha-

nol (analytical reagent grade), kept at -60°C,
were mixed 2:1 (v/v) (Folch, Arsove & Meath, 1951).
One millilitre of this mixture was added for each 2 mg
of lyophilized material, and the suspension was kept
in a deep-freeze (- 60°C) for 24 hours. It was then
moved to another freezer (- 25°C) for a further
24 hours and was finally placed at room temperature
for 18 hours. While at room temperature it was
stirred slowly by means of a magnetic stirrer. The
mixture was then centrifuged at 17 000 g for 60
minutes at 0°C, and the chloroform-methanol
extract was removed by decantation. The sediment
was taken up with cold distilled water, using 1 ml of
water for each 20 mg of the material that had been
treated with the phenol-water mixture and extracted
with chloroform-methanol. The distilled water
preparation was then dialysed against cold distilled
water in an ice-bath for 72 hours, after which it was
centrifuged at 23 000 g for 30 minutes at 0°C. The
supernatant was collected, its volume was determined,
and it was lyophilized after the removal of a sample
for total solids determination as indicated above.

Ethanolfractionation
The solid material obtained in the previous step

was dissolved in cold distilled water to a concentra-
tion of 2 mg/ml and was kept overnight in a refrigera-
tor at 2°C. Sodium chloride was added to a final
concentration of 25% while the solution was cooled
in an ice-salt bath according to the method described
by Landy, Johnson & Webster (1961) for Vi antigen
purification. When the solution had been cooled
to -15°C, chilled ethanol at -60°C was slowly
added, with constant stirring, to a final volume
of 30%. After standing for 30 minutes, the mix-
ture was centrifuged at 12 000 g for 10 min-
utes at -15°C. The sediment thus obtained was
discarded and more chilled ethanol was added
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to the supernatant to a final concentration of 60%.
After standing for 30 minutes, the mixture was
again centrifuged as above. Following decantation
of the supernatant, the precipitate was dissolved in
cold distilled water and dialysed against distilled
water in an ice-bath for 24 hours. The resulting
30 %-60% alcohol-precipitable material will be
referred to henceforth as " purified antigen ".

Analytical procedures
The sedimentation pattern of the purified antigen

was determined in a Spinco Model E analytical
centrifuge. The lyophilized material was dissolved
in distilled water and equilibrated by dialysis with
0.1 M Tris1 buffer, pH 8.0, for 72 hours at 8°C.
The concentration of the dialysed material was
adjusted to 0.75% with the same buffer solution.
Schlieren patterns photographed at 8-minute inter-
vals at 29 500 rev/min were used for the calculation
of the sedimentation coefficient by the method of
Markham (1960).

Paper electrophoresis was performed, using
cellulose acetate strips (Oxoid).2 The separations
were carried out in barbital buffer, pH 8.6, at an
ionic strength of 0.05 with a constant current of
0.48 mA/cm for 7 hours. The development of
protein was done by staining the strips with nigrosin,
and polysaccharide was detected by the use of
Schiff's reagent as well as with aniline-diphenyl-
amine in 95% ethanol (Smith, 1960, vol. 2, p. 56).
Carbohydrate was determined by means of

a-naphthol reagent after boiling the material in
1 N HCI for 2 hours (Kabat & Mayer, 1961, p. 526).
Lipid content was estimated after boiling the
purified material in 1 N HCI for 30 minutes and
extracting with chloroform-methanol mixture (2:1,
v/v). The dry weight of the extract was considered
to indicate the amount of crude lipid. Total nitrogen
was measured by a modified micro-Kjeldahl method,
described by Kabat & Mayer (1961, p. 287), and
total acetyl, total uronic acids and phosphorus were
determined by methods also described by these
authors (1961, pp. 494, 522 and 487, respectively).

Further qualitative information on the composi-
tion of the purified antigen was obtained by paper
chromatography, using Whatman paper No. 1 and
No. 4. Monosaccharide content was determined by
one-dimensional chromatography after hydrolysis
of the sample in 2 N HCI for 2 hours, using isopro-

1Tris (hydroxymethyl) aminomethane.
'Obtained from Consolidated Laboratorie nc., Chi-

cago Heights, Ill., USA.

panol-water (160: 40, v/v) as the solvent system
(Smith, 1960, vol. 1, p. 248). In looking for hexos-
amines, material that had been hydrolysed with
2 N HCI for 2 hours and concentrated by vacuum
evaporation was used. Chromatography was done,
using both an n-butanol/pyridine/water (80:40:40,
v/v) solvent system (Smith, 1960, vol. 1, p. 248)
and a pyridine/ethyl acetate/acetic acid/water
(5:5:1:3, v/v) system(Kabat&Mayer, 1961,p. 515).
Elson-Morgan's reagent was employed for spot
detection (Smith, 1960, vol. 1, p. 252). Hexuronic
acids were detected by aniline-diphenylamine re-
agent following chromatography of 2 N HCI
hydrolysates in an isopropanol/pyridine/water (120:
40:40, v/v) solvent as described by Smith (1960,
vol. 1, p. 248). Amino acids were identified after
hydrolysis of the material in 6 N HCI for 12 hours
at 121°C. Two-dimensional chromatography was
employed, using a sec-butanol/formic-acid/water
(70: 10: 20, v/v) system followed by a phenol/con-
centrated NH,OH/water (80: 0.3 : 20, v/w/v) solvent.
Sprayed ninhydrin was used for developing the
chromatogram (Roberts et al., 1955).

Animal-protection tests

Both active and passive mouse-protection tests
were used to evaluate the protective activities of
various fractions in this study. Groups of approxi-
mately 16 mice of the CFW strain 3 were used at
each dosage level. Active immunization consisted
of a single 0.25-ml intraperitoneal injection offivefold
dilutions of the antigen to be tested. Two weeks
after immunization the injected mice and appro-
priate non-immunized controls were challenged
with the desired vibrios. The initial dilution of
organisms harvested from heart-infusion agar
medium was made with 0.1% gelatin-phosphate
buffer saline, pH 7.4,' and the final dilutions for
injection into mice were prepared by making further
1: 10 dilutions with 5% mucin suspension adjusted
to pH 7.4. The challenge doses were prepared
to contain an estimated 1000 LD50, and the actual
challenge strength was determined in each experi-
ment by means of virulence tests. All animals were
observed for 3 days after challenge, and the 50%
effective immunizing dose (ED50) in u.tg was cal-
culated according to the method of Worcester &
Wilson (1943). In experiments where comparisons
were desirable, a reference vaccine supplied by the

'Obtained from Carworth Farms, New City, Rockland,
N.Y., USA.

'J. C. Feeley, personal communication.
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United States National Institutes of Health (NIH)
was tested in parallel with the experimental antigens.
The ED50 values of reference vaccines have been
expressed in ,tg of dry weight, based on the deter-
mination of the dialysed dry weight of a fresh
cholera organism suspension (Ogawa 41) of equiva-
lent optical density. Because of the tendency for
lysis in the reference vaccines, this conversion from
optical density to weight cannot be very exact, but
whatever inaccuracies exist result in a conservative
evaluation of the relative potency of the fractionated
material.

In experiments where passive immunization was
employed, mice received intraperitoneal injections
of 0.25 ml of fivefold dilutions of the immune serum
to be studied and were challenged 4 hours later, as
in the active immunization experiments. The ED50
value of each immune serum was calculated as
described above and has been expressed in terms of
the serum dilution.

Immuno-serological tests

Rabbits weighing about 2 lb (about 1 kg) were
used in the preparation of immune serum. Anti-
bacterial cell sera were prepared, using an immuniza-
tion schedule previously reported (Watanabe &
Felsenfeld, 1963). Immune serum against the
purified antigen was prepared by intravenous
injections of 0.45 mg, 0.1 mg, 0.15 mg, 0.2 mg, and
0.5 mg at intervals of 4-5 days. Serum containing
antibodies against the antigens in the second
ammonium sulfate precipitate was prepared by
giving subcutaneous doses of 0.1 mg, 0.2 mg, 0.5 mg,
and 1.0 mg, followed by 4 subsequent doses of 2 mg.
All sera were collected 7 days after the last immuniz-
ing dose and inactivated by heating at 56°C for
30 minutes. They were then either kept frozen or
mixed with equal parts of glycerol and refrigerated
at 20C.
The immunodiffusion technique of Ouchterlony

(1953) was employed for serological analysis.
Varying ratios of antigen to antibody were used
where evaluations of antigen purity were deduced
from this procedure.
The vibriocidal activities of immune sera were

estimated by a modification of the method of
Neisser & Wechsberg (1901). Five-hour cultures of
the appropriate vibrios were grown on heart-
infusion agar and harvested into 0.1% gelatin-
phosphate buffer saline, pH 7.4. The suspensions
were adjusted to 170 Klett turbidity units by means
of a Klett-Somerson photoelectric colorimeter

(green filter), and a further 1: 200 dilution was made.
Lyophilized guinea-pig complement 1 was restored
to its original volume with 0.85% saline and was
then further diluted 1:2 with buffer; 0.2 ml of the
serially diluted serum to be tested was placed in a
series of previously cooled test-tubes, and 0.1 ml
of complement and 0.2 ml of cell suspension were
added to each tube. After incubation in a water-
bath at 37°C for one hour, 0.1-ml aliquots of each
mixture were spread on the surfaces of heart-
infusion agar plates, which were then incubated
overnight at 37°C. Two or three plates were used
for each tube, and the vibriocidal end-point was
considered to be the dilution of serum at which no
growth of organisms appeared on the plates.

Toxicity tests
The toxicities of the purified antigen and reference

vaccines were determined by intraperitoneal injec-
tions into mice and by intradermal injections into
rabbits. Material for both of these tests was diluted
with 8.5% lactose containing 0.01 M citrate buffer
at pH 6.8. The intraperitoneal injections into mice
were made at a dosage of 0.5 ml, and the intradermal
injections into rabbits at a dosage of 0.2 ml. The
lethal dose (LD100) for mice was the smallest dose
that killed all mice, and the skin-reactive dose
(SRD) for rabbits was considered to be the smallest
amount of antigen producing an area of erythema
at least 5 mm in diameter at 24 hours. For com-
parative purposes, the NIH Ogawa reference
vaccine and a commercial cholera vaccine were
similarly tested. The toxicities of these vaccines
have been expressed in ,ug based on a dry-weight
determination of non-dialysable solids.

RESULTS

Mouse-protective potency of various fractions
Mouse-protection experiments demonstrated that

phenol-water treatment of the ammonium sulfate
fraction, followed by chloroform-methanol treat-
ment and ethanol precipitation between 30% and
60% resulted in a very highly active material (Table
1),. Table 2 illustrates the recovery weights through
the various steps of purification from the second
ammonium sulfate precipitate (considered as 100%)
to the final ethanol precipitation. It can be seen
that with five lots of material, the amounts recovered

1 Obtained from Hyland Laboratories, Los Angeles,
Calif., USA.
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at the various fractionation steps were quite con-

sistent, and, with the exception of Lot 120, where
temperature control was not adequate, the ED50
for mice ranged between 0.02 jig and 0.06 ug.

Homogeneity of the purified antigen

The ethanol fraction of Lot 142 was tested for
homogeneity by ultracentrifugation, electrophoresis,
and Ouchterlony gel-diffusion. The ultracentrifugal
Schlieren patterns obtained with the purified
antigen showed a single peak (Fig. 1), and calcula-'
tions from the data obtained in this analysis indicated
a sedimentation coefficient of approximately 100S.

Electrophoretic analysis gave negative tests for
proteins when 100 ug of the purified antigen were

applied at the starting line. A single band, reacting
as carbohydrate, was detected about 1.5 cm on the
cathode side of the original point of application.
Ultraviolet absorption studies showed no peaks
over the range from 230 mH to 310 m,u (Fig. 2).
The lack of a peak or shoulder in the region of 260
m,u indicated that the antigen was not seriously
contaminated with nucleic acids.

In Ouchterlony gel-diffusion tests an antiserum
prepared against the second ammonium sulfate
precipitate was used. This serum produced at least
three bands when tested against the crude ammonium
sulfate antigen. The purified ethanol-precipitated
antigen gave only a single band of precipitate with
this complex serum under normal conditions of
incubation (Fig. 3). However, on prolonged incu-
bation (of more than 14 days' duration) a faint

TABLE I
HOMOLOGOUS MOUSE-PROTECTIVE POTENCY
OF VARIOUS FRACTIONS FROM CULTURE

SUPERNATANT OF EL TOR VIBRIO, STRAIN 17 (LOT 96) a

Fraction EDso (6g) EDso0± I SD 1Relative
(/tg)ro tectio

20%-30% Ammonium
sulfate precipitate 1.7 0.93 - 3.2 1.0

Chloroform-methanol
soluble 42.2 21.7 -79.0 0.040

Chloroform-methanol
insoluble 0.25 0.12 - 0.52 6.8

10 % Ethanol precipitate 0.70 0.49 - 1.00 2.4

20 % Ethanol precipitate 0.27 0.18 - 0.39 6.2

30 % Ethanol precipitate 0.55 0.39 - 0.76 3.0

60 % Ethanol precipitate 0.046 0.017- 0.12 36.9

80 % Ethanol precipitate 0.39 0.27 - 0.56 4.3

a Challenge strain = El Tor vibrio, strain 17, Ogawa subtype.
LDso = 1.2 cells.
Challenge dose = 1 300 LDso.

secondary band appeared to separate from this
band and move a little closer to the serum well.
Since alteration of the concentrations of either
antigen or antiserum could not induce the formation

TABLE 2

YIELD AND ACTIVITY OF PROTECTIVE ANTIGEN FROM CULTURE SUPERNATANTS
OF EL TOR VIBRIO, STRAIN 17

Lot number

Fraction 66 96 120 142 250

mg % mg % mg % mg % mg %

20 %-30 % Ammonium sul-
fate precipitate 4 080 100 4 250 100 - - 4 580 100 4100 100

Phenol-water soluble 300 7 500 12 300 - 289 6 300 7

Chloroform-methanol inso-
luble 176 4 320 8 248 - 258 6 248 6

60% Ethanol precipitate 112 3 64 2 83 - 135 3 216 5

EDso, ug of ethanol preci-
pitate 0.021 0.046 0.15 0.035 0.057
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FIG. I

ULTRACENTRIFUGAL SCHLIEREN PATTERNS OBTAINED WITH PURIFIED ANTIGEN LOT 142-3 LYOPHILIZED WITH
1% LACTOSE, RESTORED WITH DISTILLED WATER AND EQUILIBRATED BY DIALYSIS WITH 0.1 M TRIS BUFFER, pH 8.0 a

F_:

a Antigen concentration, 0.75 %; photographs taken at 8-minute intervals (the first after 16 minutes) after reaching
29 500 rev/min; bar angle, 45°; temperature, 12°C.

FIG. 2
ABSORPTION SPECTRUM OF THE PURIFIED ANTIGEN

WHO 50495

A. 250 pg/mI of antigen dissolved In distilled water.
B. 5 gglml of control ribonucleic acid dissolved In distilled

water.

of two bands during the normal incubation period,
it has been concluded that the secondary band may
represent antigen decomposition rather than the
initial presence of two components. Ribi et al.
(1962) have described a similar band-splitting during
the gel-diffusion analysis of another lipopolysac-
charide antigen.

FIG. 3
GEL-DIFFUSION ANALYSIS OF PURIFIED ANTIGEN

A. Antiserum prepared against ammonium sulfate second
precipitate.

B. Ammonium sulfate second precipitate antigen, 3.8 mg.
C. Purifled antigen, 0.8 mg.
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TABLE 3
CHEMICAL COMPONENTS OF PURIFIED PROTECTIVE

ANTIGEN

A: Quantitative analysis

Total nitrogen 1.5%

Carbohydrate as glucose 60.0 %

Lipids (crude) 5.0 %

Acetyl 1.6 %

Total uronic acid as glucuronic
acid 3.7 %

Phosphorus 0.7 %

B: Qualitative analysis by paper chromatography

Monosaccharides:

Glucose

Galactose

Arabinose

Xylose

Hexosamines:

Glucosamine

Galactosamine

Hexouronic acids:

Glucuronic acid

Amino acids:

Glutamic acid

Tyrosine

Glycine

Serine

Homoserine

++

Unidentified spot

++

++

++

Cross-reactivity of the purified antigen
Since the antigen described in this communication

was prepared from an El Tor vibrio of the Ogawa
subtype, mouse-protection experiments were per-
formed to determine its ability to protect against
challenge infections with true cholera organisms.
Table 4 presents two experiments showing the
protective potency of the purified antigen against
challenge with the Ogawa subtype of both the El Tor
vibrio and V. cholerae. The purified antigen was
approximately equal in protective potency against
both strains. In the second experiment noted in
Table 4, a V. cholerae Ogawa reference vaccine was
included for comparative purposes, and it may
be seen that the ED50 for the purified antigen is
considerably smaller than that for the bacterial
vaccine. In other, similar, experiments, in which
V. cholerae Inaba 35A3 was used as the challenge
strain, an ED50 value could not be attained, even
when the immunizing dose was increased to 10 ,.g
of purified antigen. It is therefore clear that the
antigen obtained from the culture supernatant of
El Tor 17 protects against the Ogawa subtype of
either El Tor or true cholera vibrios, but not
significantly against the Inaba subtype. The sharing
of this antigen between El Tor and V. cholerae
Ogawa subtype organisms is further supported by
Ouchterlony gel-diffusion tests, shown in Fig. 4.
Here purified antigens, prepared from Ogawa 41 of
V. cholerae and El Tor strain 17, demonstrate a
reaction of identity. A similar fraction, prepared
from V. cholerae Inaba 35A3, while reacting strongly
with homologous Inaba antiserum, gives only a very
faint reaction with Ogawa serum. Experiments on

Chemical composition
The purified alcohol-precipitated antigen was

subjected to various quantitative and qualitative
chemical tests, the results of which are presented in
Table 3. These data indicate that the main com-
ponent of the antigen is carbohydrate, small amounts
of nitrogenous substances and lipid also being
present. Chromatographic analysis after various
methods of hydrolysis indicated that glucose,
glucuronic acid, and glucosamine were the main
carbohydrate components, and glutamic acid was
the principal amino acid. However, one unidentified
blue spot was found after spraying with aniline
diphenylamine. It is believed that these results
provided a basis for considering this antigen to be
a lipopolysaccharide.

TABLE 4
PROTECTIVE EFFECT OF A PURIFIED ANTIGEN (LOT 142-3)
AGAINST EL TOR 17 (HOMOLOGOUS) AND OGAWA 41

(VIBRIO CHOLERAE) CHALLENGES

Challnge LD5o dose Ed5o (gg) EDso ± 1 SD (,g)

First experiment

El Tor 17 1 000 0.013 0.0068-0.024

Ogawa 41 1 300 0.0094 0.0035-0.024

Second experiment

El Tor 17 1 500 0.035 0.025-0.049

Ogawa 41 2 000 0.012 0.0040-0.035

0.70 a 0.50-0.97

a EDso of NIH Ogawa reference vaccine.

5
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FIG. 4

SOME GEL-DIFFUSION REACTIONS OF PURIFIED ANTIGENS FROM CULTURE SUPERNATANTS OF EL TOR VIBRIO 17
(OGAWA SUBTYPE), VIBRIO CHOLERAE OGAWA 41 AND V. CHOLERAE INABA 35A3a

a Antigens, 800 jg/basin; antisera, 0.08 ml/basin. S-i.
S-2.

A-1. Purified antigen (Ogawa 41), 187-3. S-3.

A-2. Purified antigen (El Tor 17, Ogawa), 142-3. S-4
s-5.

A-3. Purified antigen (Inaba 35A3), 208.2. S-6.

Ogawa-Inaba serological relationships using ex- activii
tracted protective antigens will be reported elsewhere. with I

be ex
Immune response of rabbits prote4
Immune sera were prepared in rabbits by the the fil

injection of purified antigen and whole-cell vaccines agglui
prepared from strain El Tor 17 and strain Ogawa 41. " 01"

All these sera were highly active in passive protection has t

tests in mice and in in vitro vibriocidal tests against behav
V. cholerae Ogawa 41 (Table 5). The antibacterial- "0 "
cell sera also had good titres of " 0 " bacterial Th
agglutinin. The anti-purified-antigen (APA) serum, APA
however, displayed only a very poor agglutinating duced
activity. The columns of Table 5 showing the 6). i

Normal rabbit serum.

Anti Ogawa 41 "0 " serum.

Anti El Tor 17 (Ogawa) " OH " serum.

Anti Ogawa 41 "OH " serum.

Anti Inaba 35A3" OH " serum.

Anti Inaba 35A3' 0 " serum.

ty of the anti-bacterial-cell sera after absorption
)urified antigen are of special interest. As might
pected, absorption almost eliminated passive
-tive activity and vibriocidal activity; however,
iding that purified antigen also absorbed " 0
tinin activity when it did not seem to produce
agglutinin was an unexpected observation that
teen repeated several times. The hapten-like
viour of the purified antigen with regard to
agglutinin is yet to be explained.
specificity of the vibriocidal action of the

serum was compared with that of serum pro-

1 against Ogawa 41 whole-cell vaccine (Table
Although the sera happened to be equally

TABLE 5
PASSIVE PROTECTIVE, VIBRIOCIDAL AND AGGLUTINATING ACTIVITIES OF RABBIT

SERUM PREPARED AGAINST THE PURIFIED ANTIGEN AND AGAINSTWHOLE
BACTERIAL CELLS

Anti-bacterial-cell serum

Test APA a El Tor 17, Ogawa subtype V. cholerae, Ogawa 41

Non-absorbed |Absorbed b Non-absorbed |Absorbed b

Passive protection (EDso) 55 550 c 25 000 105 55 600 52

Vibriocidal activity 25 000 c 12 500 20 25 000 20

"0" bacterial agglutination 20 c 2 560 <20 5 120 <20

a Anti-purified-antigen serum, No. 1.
b Absorbed with the purified antigen.
c Reciprocal of titres.
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TABLE 6
VIBRIOCIDAL ACTIVITY OF ANTI-PURIFIED-ANTIGEN
(APA) SERUM AND ANTISERUM PREPARED AGAINST

WHOLE BACTERIAL CELLS OF VIBRIO CHOLERAE,
OGAWA 41

Vibriocidal titre against:
Serum

Ogawa 41 El Tor V 86 (Inaba)

APA 40 960 20

Ogawa 41 "OH" 4090 5120

active in killing Ogawa 41 cells, they were very
different in respect of their activities against Inaba
cells. The APA serum is highly Ogawa-specific,
whereas the serum prepared against the whole cells
shows a very significant degree of anti-Inaba action.

Toxicity of the purified antigen
The alcohol-precipitated purified antigen was

tested for toxicity in terms of its lethal dose for mice
and its skin-reactive dose in rabbits. In Table 7 this
toxicity is compared with the toxicity of the NIH
Ogawa reference vaccine and that of a commercial
vaccine. The mouse-protective ED50 is also given
for each of the three antigens, and an activity
ratio representing the number of ED50s in one LDIoo
or SRD is shown. On a dry-weight basis the toxicity
of the purified antigen is similar to that found for the
whole-cell vaccines. However, when antigenicity
instead of weight is used as the basis for comparison,
the purified antigen was found to be about one-

tenth as toxic as whole-cell vaccine in relation to its
mouse-protective activity.

Stability and decomposition of the purified antigen
It was observed very early in this series of experi-

ments that freeze-drying from distilled water, saline,
or phosphate buffer resulted in a decrease in mouse-
protective antigenicity and a loss of solubility
(Table 8). This situation could be corrected by
freeze-drying from 1 % lactose solution. As seen

in this same table, it was also found that 0.5%
phenol had an adverse effect on antigenicity.
Purified antigen that had been freeze-dried from a

solution containing 1% lactose and 0.5% phenol
was examined by ultracentrifugal analysis and yielded
the Schlieren patterns seen in Fig. SB. It is apparent
that the antigen molecule is split into at least two
smaller components by exposure to phenol during
freeze-drying. Since the antigen in solution is
relatively stable to 0.5% phenol, and phenol treat-
ment is part of its method of preparation, it is
presumed that the relatively high concentration of
phenol that may occur towards the conclusion of
the freeze-drying process may be responsible for the
decomposition that was noted.

DISCUSSION

When dealing with macromolecules with sedi-
mentation coefficients of approximately 100S,
criteria for purity are considerably less firm than
those that may be employed with smaller units;
however, from the fact that ultracentrifugation
showed the presence of a single peak and electro-
phoresis on paper resulted in a single sharp band, it
would appear that the ethanol-precipitated antigen
consisted of units of closely similar size and charge.
Since the Ouchterlony diffusion analysis also revealed
the presence of but a single antigen capable of
producing a visible reaction, it is believed that good
evidence of molecular homogeneity in the alcohol-
precipitated antigen has been presented.

TABLE 7

TOXICITY OF THE PURIFIED ANTIGEN COMPARED WITH THAT OF CHOLERA VACCINES

Mouse, [ Activity ratio b
intraperi- Rabbit, ED_soMaterial Lotoneal SRD a (M,g) (Mg) LDioo SRDa
LDco. (Ag)LD. SR

Purified antigen Lot 142-3 1 250 50 0.035 36 000 1 400

Ogawa vaccine (NIH) - 150 0.7 - 210

Commercial vaccine 2 500 75 0.7 3 600 110

a Skin-reactive dose.
b Number of EDso in one LD.oo or one SRD.
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TABLE 8
EFFECTS OF SOLUTION COMPOSITION ON THE FREEZE-DRYING

OF PURIFIED ANTIGEN

Lot number Challenge dose
a

Solution aTurbidityb ED50 (g)(LDso) Slto

175 1 000 Distilled water +++ 2.11

1 % lactose 0.16

187 214 Distilled water +++ 0.55

1 % lactose 0.14

Distilled water 0.5 % phenol + 1.00

a Challenge strain = V. cholerae, Ogawa 41.
b Restoration with distilled water.

FIG. 5
EFFECT OF PHENOL ON LYOPHILIZATION OF PURIFIED ANTIGEN

B

A. Ulfracentrifugal Schlieren patterns obtained with purified antigen lyophilized with 1 % lactose and restored with distilled
water. Antigen concentration, 0.5 %; photographs taken at 8-minute intervals (the first after 16 minutes), after reaching 29 500 rev/
min; bar angle, 45°; temperature, 120C.

B. Ultracentrifugal Schlieren patterns obtained under the same conditions as those listed for A, except that the purifled
antigen had been lyophilized with 1 % lactose + 0.5 % phenol.
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PROTECTIVE ANTIGENS FROM EL TOR VIBRIOS. 1

This purified antigen was found to contain
polysaccharide, detectable as reducing sugar, as a
principal component, together with lipid and a
small amount of nitrogenous material. A small
amount of phosphorus was detected, but ultraviolet
absorption studies indicated the absence of any
appreciable amounts of nucleic acids. Paper
chromatography of acid hydrolysates revealed the
presence of only a few amino acids, even when as
much as 2.2 mg of material was applied at the
starting-point. It would therefore seem doubtful
that complete protein is represented in this material.
These findings, when considered with the method of
isolation, have led to the conclusion that the purified
antigen that has been described is a lipopolysac-
charide.

" Polysaccharide " antigens have been obtained
from vibrio cultures by other investigators (White,
1937; Shrivastava, Singh & Ahuja, 1948; Singh et al.,
1950). These preparations were all active by one
serological method or another, and Shrivastava
et al. (1948) demonstrated by the less quantitative
variable challenge method that mice could be
protected with such material. However, critical
studies of homogeneity were not performed, and the
fractionation procedures that were employed would
be expected to result in rather gross fractions. Pant &
Shrivastava (1960) have isolated both a neutral and
an acidic polysaccharide, both of which they
considered to be lipopolysaccharides. Both produced
a single peak on electrophoresis and a single zone
in agar gel-diffusion analysis. Unfortunately, there
are no reports available on the protective effect or the
toxicity of either of these preparations. Chemical
data that were reported suggest both quantitative
and qualitative differences between these preparations
and the antigen herein described.

Other, less clearly defined, preparations from
V. cholerae cultures have been reported to have
mouse-protective activity, vibriocidin-producing
power, or " 0 " agglutinin-producing ability (Bur-
rows et al., 1944; Yoshida et al., 1955; Finkelstein,
1962; Gallut, 1963). These materials were all
prepared by methods commonly used for obtaining
" endotoxin " or cell-wall antigens. It is not unlikely
that an antigen of the type described in this com-
munication might have been present in these prepara-
tions.
The serological reactions of this purified antigen

are quite informative. Purified preparations made
from El Tor 17 (Ogawa subtype) and V. cholerae
Ogawa 41 gave reactions of identity in Ouchterlony

gel-diffusion tests, and the El Tor antigen protected
equally well against mouse challenges with either
El Tor 17 or V. cholerae Ogawa 41. In addition, the
purified antigen absorbed mouse-protective and
vibriocidal antibody almost completely and to a
similar degree from serum prepared against either
the El Tor vibrio or V. cholerae. These results
appear to provide strong evidence that Ogawa
specificity in both the El Tor vibrios and the true
cholera vibrios resides in the same moiety. The
high specificity of the purified antigen for the Ogawa
subtype organisms is notable. Mouse-protection
tests indicate that the purified antigen is less than
one-thousandth as active in protecting mice against
Inaba challenge as in Ogawa protection, and when
rabbits were immunized with this antigen, the anti-
Inaba vibriocidal titre was barely detectable in serum
that had an anti-Ogawa titre of 1 :40 000. Differences
in activity as great as these suggest a trace contami-
nation with another antigen, rather than a true
immunological relationship between reactive sites of
the Ogawa purified antigen and some antigen in
Inaba cells. Studies on the antigenic relationships
between Ogawa and Inaba organisms by means of
fractionated antigens are continuing.
The full range of immunological activities of

serum prepared against the purified antigen has not
yet been defined completely. The serum is mouse-
protective, vibriocidal and precipitating, but has
little agglutinating power. However, the purified
antigen itself absorbs all these activities, including
agglutinins, from immune serum produced against
whole bacterial cells. This absorption indicates
specific reactivity with the antibodies responsible
for these immunological manifestations, and it is
therefore rather surprising that the antigen should
fail to induce agglutinins when it readily caused the
formation of antibodies detectable by several other
methods. Since the antibodies that are formed are
precipitable, they cannot be considered to be
" monovalent ", nor can the antigen be considered
a hapten, as described for lipopolysaccharides
derived from lipopolysaccharide-protein " endo-
toxic " complexes (Morgan & Partridge, 1941). In
rabbits undergoing immunization with cholera
vaccine, Burrows et al. (1944) observed a rapid rise
in vibriocidins and a slower rise in agglutinins.
Since the present study describes a single antigen
capable of absorbing both activities, this suggests
that the reactive sites of agglutinin and vibriocidin
may be the same or similar, but that the differences
between these antibodies may be in the physico-
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&hemical properties of the molecules that determine
their abilities to complete the second stage of the
antigen-antibody reaction. Since the relationship
between agglutinin production and the development
of other antibodies is of both practical and theoretical
importance, study of this problem is continuing.
The purified antigen herein described has been

found to have a significantly better ratio of mouse-
protective potency to animal toxicity than the whole-
cell vaccines that were studied. Although the

evidence relating mouse protection to protection of
humans is still considered to be circumstantial by
some investigators, it is believed that this antigen (or
some more simply prepared material of similar
properties) is worthy of investigation as an antigen
for use in humans. Because of its high Ogawa
specificity, however, an immunizing agent for
epidemiological trial will not have been achieved
until an antigen having Inaba protective activity
can be prepared.
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RtSUMI

Apres avoir montr6 anterieurement que le fraction-
nement du liquide surnageant de cultures de vibrions El
Tor, sous-type Ogawa, donne des fractions intermediaires
qui assurent une protection active chez la souris, les
auteurs ont entrepris d'isoler et d'analyser l'antigene
responsable.
La m6thode de purification a comporte plusieurs

6tapes: precipitation par le sulfate d'ammonium, traite-
ment du precipite par l'eau pheniqu6e a 50%, suivi d'ex-
traction par le chloroforme-m6thanol, et enfin precipita-
tion par le chlorure de sodium-ethanol. La substance
active ainsi isol6e representait 2-5% du materiel obtenu
lors du premier fractionnement.
La fraction purifi6e etait homogene a l'analyse par

ultracentrifugation, avec un coefficient de sedimentation
de 100 S environ, et donnait une bande unique a l'electro-
phorese sur papier. Les techniques de diffusion sur gel
montr6rent l'existence d'un facteur pr6cipitant unique.
L'analyse biochimique quantitative et la m6thode
chromatographique permirent d'elucider la composition
chimique de l'antigene et de l'identifier comme 6tant un
lipopolysaccharide.

Les epreuves sur la souris ont montre que l'antigene
conferait une protection active contre l'infection par des
souches Ogawa de vibrions El Tor et de Vibrio cholerae.
Des lapins immunises par une dose totale de 1 .g
d'antigene fournirent des s6rums de haut pouvoir
vibriocide qui assuraient la protection passive de la
souris, mais ne montraient que des titres faibles d'agglu-
tinines. Cependant l'antigene fit preuve d'une forte
capacite d'absorption pour les agglutinines et les anti-
corps vibriocides et protecteurs d'un serum prepar6 avec
un vaccin bacterien Ogawa.
La specificite de l'antigene etait tres marqu6e: des

doses atteignant 10 jAg ne purent prot6ger la souris
contre l'infection par la souche Inaba, et le serum prepare
au moyen de l'antigene purifie possedait un fort pouvoir
vibriocide pour les souches Ogawa, mais n'avait pratique-
ment aucune action contre les souches Inaba.

Par ailleurs, l'antig6ne purifi6 temoigna, chez la souris
et le lapin, d'une toxicite a peu pres 6quivalente a celle
des vaccins bacteriens, mais par suite de son pouvoir
antigenique superieur, il se signala par un rapport
activite/toxicit6 beaucoup plus favorable.
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