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The products of infection with Vibréo comma
(Vibrio cholerae), which are responsible for the
severe purging diarrhea characteristic of the
disease, have not yet been clearly demonstrated.
To provide a rational basis for development of
more efficient immunization practices, such in-
formation on the relation of vibrio products to
specific pathology is required. Various kinds of
toxic materials from the vibrio cell have been
described by Burrows et al. (1944a, 1944b, 1944c),
which may be implicated in pathologic processes
of cholera, and recent observations focus at-
tention on enzymatic activities of vibrios. Bur-
net and Stone (1947), Singer et al. (1948),
Narayanan et al. (1953), and Gurkipal et al.
(1953) have reported that filtrates from vibrio
cultures cause sloughing of epithelium from
isolated strips of guinea pig ileum, and that this
effect is neutralized by specific antiserum. Also,
Lam and Mandle (1954) have demonstrated that
such filtrates increase the permeability of iso-
lated intestinal loops from the mouse. Further
studies of these activities have led to immunolog-
ical characterizations of vibrio mucinases (Jen-
sen, 1953; Freter, 1955) and to consideration of
the possible effect of their incorporation in cholera
vaccines.

Thus, the relationship of vibrio mucinolytic
activity to pathogenesis currently is a key ques-
tion. Determination of whether there is a rise in
titer of mucinase-inhibiting antibody in sera of
cholera patients would seem to be a reasonable
approach to a study of the problem. However,
the variable results obtained by others (Good-
ner, 1955 personal communication) suggested
that, perhaps, before meaningful results could be
expected, the testing procedures themselves
needed investigation. It seemed possible that
antigenic differences in mucinases of different
strains of vibrios could explain some of the ob-

1 At present, Medical Officer of Health, Simla,
India.

served variability of results, and that the choice
of preparations of mucinase to use for tests with
human sera might be of critical importance.

An attempt has been made, therefore, to study
mucinase preparations from a number of vibrio
straing as to their antigenic relationships as
well as their other properties, including par-
ticularly toxicity for animals.

MATERIALS AND METHODS

Vibrio stratns. Mucinolytic preparations ob-
tained from cultures of the following strains were
studied: (a) Four strains of vibrios, Ogawa type,
isolated in 1953 from cases of cholera in Calcutta,
were received from Dr. William Burrows,
Chicago. Strain C 441 was from a fatal case;
and straing C 172, C 173, and C 175 were all from
one patient who recovered later. (b) Three
Inaba type strains were obtained from National
Institutes of Health: Strain 20-A-14 (Hong Kong,
1939), 20-A-10 (Calcutta), 4Z (Teheran). (c)
Other strains studied included El Tor strain 40
from N. I. H., and two strains of water vibrios
isolated in 1953 in the vicinity of Chicago (LC
and JP) obtained from Dr. Burrows.

Test preparations. Organisms were grown on
brain-heart infusion agar for 24 hr at 37 C. Whole
agar cultures were crushed and pressed in gauze;
fluids were collected and residues discarded. In
early experiments, bacterial growth was care-
fully removed from the surface of the agar prior
to pressing, but this step was shown to be un-
necessary and, therefore, omitted. Collected
fluids were centrifuged at 3,000 rpm for 30 min;
the sediment was discarded and the supernatant
retained. This preparation, referred to as frac-
tion V (according to a reference system developed
during a series of experiments seeking to concen-
trate and purify mucinase), is similar to prepara-
tions described by Burnet and Stone (1947).
Concentration and partial purification of frac-
tion V was obtained by precipitation with 60
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per cent acetone at 4 C. The precipitate was dis-
solved in physiological saline (0.85 per cent
NaCl), and the resultant solution was called
fraction VII.

Fraction I was prepared by extracting washed,
intact vibrio cells in the cold (5 to 8 C) with
M/2 trichloracetic acid according to the method
of Burrows (1944); this was called by him
‘“‘endotoxin.”

All preparations were preserved with merthio-
late (1:10,000) and stored after lyophilization.

Antisera. Rabbits were injected intravenously
with increasing amounts (0.25 to 1.0 ml) of
fractions V or VII at 2 to 3 day intervals for 3
weeks. Animals were bled 10 to 14 days after
the last injection.

Standard ovomucin. Substrate for mucinase
activity of the fractions was derived from fresh
hens’ eggs, prepared essentially as described
by Young (1937), and standardized to test con-
centration as previously reported (Jensen 1953).

Test for mucinase activity. A test for mucino-
lytic activity against ovomucin is basic to the
present experiments. A procedure was described
by Burnet (1949) in which unaltered ovomucin
was demonstrated by precipitation with prota-
mine sulfate. This method was followed with a
few modifications. Serial dilutions of test ma-
terials in buffered (0.01 M phosphate, pH 7.2)
physiological saline were mixed with ovomucin
and incubated at 37 C for 30 min. Addition of
protamine sulfate did not induce a precipitate
in tubes which contained sufficient mucinase to
alter the ovomucin. Thus, one unit of mucinase
activity was defined as that contained in the
highest dilution of test material which de-
stroyed ovomucin.

Mucinase tnhibition. To measure mucinase
inhibitory antibody, serial dilutions of serum
were mixed with an equal volume (0.25 ml) of a
mucinase preparation standardized to contain 4
units of mucinolytic activity. After incubation
at 37 C for 30 min, the mixture was tested for
residual mucinase by adding 0.25 ml of the ovo-
mucin. Ovomucin precipitating with protamine
sulfate indicated the presence of sufficient anti-
body to inhibit the mucinase, while failure to
inhibit was indicated when no precipitate de-
veloped. Antigenic comparisons of fractions from
several strains of vibrios were readily carried
out in this manner.

MUCINOLYTIC PREPARATIONS FROM V. COMMA

723

RESULTS

Serological relationships of muctnases. Table 1
presents results from a typical experiment. Here
mucinase from vibrio strain 4Z was inhibited by
homologous antiserum at a titer of 1:128; and
by antiserum C 175 at 1:32. In contrast, mucin-
ase C 175 was not inhibited by antiserum 4Z,
although it was effectively neutralized by its
homologous serum. This clearly indicates that
mucinases from the two strains are antigenically
related, but distinct.

When dilutions of rabbit antisera prepared
against fraction V from eight different strains
were tested with these mucinolytic materials,
the titers obtained with heterologous fractions
ranged from less than 1:2 to 1:256. The absence
of inhibitory effect in certain antisera produced
against fractions obtained from other strains of
vibrios was interpreted to mean that significant
antigenic differences exist between these ma-
terials. Results of all cross tests completed indi-
cate that mucinases from the various strains
studied appear to fit into three serologically
distinet groups, designated M1, M2, and M3 in
table 2. Reactions obtained with the products of
strains antigenically characteristic of each group
are listed. This grouping appears to be independ-
ent of antigenic types based on somatic and
flagellar antigens of the bacterial cells, since both
Inaba and Ogawa types produce mucinases which
may belong in either M1 or M2 group. The two
strains of water vibrio produced mucinases which
were antigenically similar to M2 mucinases, but
were separated into group M3 by failure of their

TABLE 1
Mucinase inhibition tests
Mucinase® Neutralizationt of Mucinases
ucinase® | pntigerum
Derived H —
igotglrlll\}zlo F:ﬁ‘:tl':);t v Serum dilutions
2| 4| 816 32| 64 {128]|256
4z AZ |+ +H | H 4 Ho
C175 +| 4+ +| +| +j0]0]|0
C175 47 ojojojofojofojo
C175 |+ +| + + + +o]o

* Standard test dose: 4 units of mucinase
activity.

t Neutralization was indicated by ovomucin
precipitate which, in turn, indicated removal of
mucinase by antiserum.
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TABLE 2
Grouping of mucinases based on results of cross inhibition tests
Antisera against Fraction V of Strains in the 3 Groups

Group Deﬁvﬁummh Group M1 Group M2 Group M3

47 40 |20-A14| Cst | C175 |Inabat| LC JP
4Z Ogawa 128 64 32 64 32 32 0 0
M1 40 E1 Tor 32 64 16 128 16 16 0 0
20-A-14 64 — 64 256 64 — — —
C441 Ogawa 0 0 0 256 256 64 32 256
M2 C175 Ogawa 0 0 0 256 64 64 256 256
Inaba-1 0 0 —_ 64 32 64 32 64
M3 LC water vibrio 0 0 0 128 128 128 128 16
JP water vibrio 0 0 0 256 256 256 256 256

0, no inhibition at 1:2 dilution; —, not tested.

antisera to react with group M1 mucinases. These
classifications were based on results of tests which
included only 12 strains and further studies may
demonstrate additional groups. Perhaps these
data could be interpreted to provide evidence
for the hypothesis advanced by Freter (1955) that
two mucinases occurring in varying combina-
tions in preparations from different strains are
responsible for antigenic variation. The schematic
interpretation in table 3 will serve to illustrate
this point. The previously discussed results sug-
gest that antigenic experience with strains pro-
ducing M1 mucinase would not induce antibody
reactive with M2 or M3 mucinases. Similarly,
M3 mucinases did not stimulate antibody in-
hibitory for M1 mucinase. In contrast, antisera
produced against M2 mucinase inhibited mucin-

TABLE 3

Schematic interpretation of antigenic relationships
among mucinase groups

. Antisera Produced against Muci Groups
Group M1 M2 M3
A) (A+B) ®)
M1 + + 0
4)
M2 0 + +
(A+B)
M3 0 + +
®)

+, neutralization; 0, none.

ases produced by any of the strains studied.
These relationships appear explainable if it is
assumed that groups M1 and M3 comprise
preparations containing purely types A or B
mucinase and group M2, a mixture of types A
and B. Thus, antisera for group M1 preparations
containing only anti-type A mucinase would not
completely inhibit representatives of groups M2
or M3, but antisera prepared against M2 mucin-
ases would inhibit any combination of types A
and B mucinases. Reactions between the M2
and M3 groups present an interesting challenge
to this hypothesis. That is, antisera against M3
mucinases (B) would not be expected to com-
pletely inhibit a mixture of A and B mucinases
suggested as the case for group M2 preparations.
If the mixtures were predominantly B mucinase,
however, the test reagent diluted to the 4 unit
level might contain only B mucinase and, there-
fore, give reactions with anti-B mucinase sera.
Thus the data obtained indicate that mucinolytic
preparations from vibrio cultures may be classi-
fied into 3 different groups, of which one group
is characterized as containing varying mixtures
of two antigenically distinct mucinases.

In any case, it is evident that the selection of
mucinases for the detection of antibody in human
sera should be governed by these observed anti-
genic differences. The above data suggest that
inclusion of one mucinase from group M1 and
one from group M2 in the test antigen should
suffice to demonstrate antibody produced in
response to antigenic experience with mucinase
from any strain of vibrio. In addition, it appears
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that human experience with a mucinase of group
M2 should be expected to provoke anti-mucino-
lytic activity against any strain of vibrio.

Toxicity of preparations. Other studies aimed
at defining the action of vibrio culture fractions
on the intestinal epithelium of laboratory ani-
mals have led to the observation of a previously
undescribed toxin. Mucinolytic preparations
from many strains have been observed to pro-
duce a diffuse peritonitis after intraperitoneal
injections in monkeys, rabbits, guinea pigs,
and mice (table 4). Deaths occurred in 12 to 48
hr with characteristic hemorrhagic lesions on the
peritoneum and visceral surfaces. A toxic effect
was also demonstrable by intracerebral injec-
tions in mice or by allantoic inoculations of em-
bryonated chicken eggs. Intradermal injections in
rabbits and guinea pigs provoked acute inflam-
matory reactions with ulceration and sloughing.
Although fraction I (the endotoxin of Burrows)
also killed mice, the pathological lesions it pro-
duced were not as described above. Furthermore,
the endotoxin could be differentiated from the
presently described toxin in fraction V or VII
on the basis of physical-chemical properties.
Burrows (1944a) described the endotoxin as a
polysaccharide-lipid complex which was soluble
in ether, stable in acids but destroyed at high
pH and readily dialyzable. In contrast, the toxic
component of mucinolytic preparations is not
soluble in ether or precipitable by acetone and
alcohol, and it is unstable at low pH and non-
dialyzable.

In general, this toxicity was observed only

TABLE 4
Tozicity of preparations with mucinolytic activity
Animals Injection Route Results
Mice, monkeys,| Intraperi- Death (1248 hr)
rabbits, toneal with hemor-
guinea pigs rhagic peri-
tonitis
Mice Intra- Death (12-24 hr)
cerebral with cerebral
hemorrhages
Chick embryos | Allantoic Death (12 hr)
with diffuse
petechial
hemorrhages
Guinea pigs Intradermal | Acute inflamma-
and rabbits tory reactions
in 4-6 hr
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TABLE 5
Mucinolytic activity and tozicity of fraction VII
Jrom three strains of vibrios

‘};‘l‘;ﬁ:‘%’h‘g}és Intracerebral Toxicity in Mice
Strain | Mucinase D/T* with different dilutions of fractions
number titer
1:2 4 8 16 32
47 512 o/5 | 0/5)0/5|0/5]| 0/5
C175 128 5/6 | 5/5 | 5/56 | 2/5 | 0/5
JP 64 5/5 | 5/5|2/5| 0/6 | 0/5

* Number of mice dying/total injected.

TABLE 6
Neutralization of toxic and mucinolytic activities

Antisera against Fraction VII, C175: Neutralization of
Fraction V from
Vibrio Strain No. Mucinase Toxin
Cl175 (M2) + +
C441 (M2) + +
JP (M3) + +
4Z (M1) 0 0

with preparations which contained mucinolytic
activity. An exception was noted with one vibrio
strain (4Z) in which fractions were not toxic even
though high levels of mucinase were demon-
strated. In table 5 it is noted that fraction VII
from this strain had a mucinase titer of 1:512,
while no intracerebral toxicity for mice was
found at 1:2 dilution. Preparations of the same
type from strains C 175 and JP had lower
mucinase titers but were definitely toxic for mice.
Similar results were obtained with fraction V
from these strains. Non-toxic preparations con-
taining mucinase activity have been reported
previously (Jensen, 1953), and were obtained
from a strain similar in this respect to 4Z.
Toxicity of the preparations can be specifically
neutralized by antisera as shown in table 6. Here
antisera prepared against fraction V from the
indicated vibrio strains were tested with fraction
VII from C 175 which contained both mucinase
and toxic activities. Each antiserum except that
for the 4Z fraction precipitated with test mate-
rials and neutralized mucinase and toxicity. Al-
though precipitation and neutralization of
toxicity were obtained only with low dilutions of
antisera (1:4), pre-immunization sera, in all
instances, failed to neutralize either mucinase or
toxicity. These results suggest at least two pos-
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TABLE 7

Mucinolytic and toxic titers of Fraction VII from
growth of Vibrio Strain C 175 on various media

Activities of
Fraction VII
Growth Media
Ovomuci- | Toxicity
nase titer titer*
Nutrient broth. ............. 2 0
Broth + 0.1% agar.......... 64 2
Broth + 1.0% agar.......... 1024 8
Broth + 0.5% caragen...... 128 8
Broth 4 2.0% gum ghatti. .. 512 8
Broth 4 silica gel........... 128 4

* Reciprocal of highest dilution at which mice
died after intracerebral injections.

sibilities: (1) the fraction from 4Z contained no
toxin and, therefore, no antitoxin was stimulated,
and (2) antigenic dissimilarity of mucinases is
related to the presence or absence of an antigenic
radical which is toxic. A limited series of experi-
ments has been carried out to characterize the
general chemical natures of the two activities.
Thus, each activity is destroyed by heating at
80 C for 10 min and by digestion with trypsin
and neither one is dialyzable or ether soluble.
Both factors can be concentrated by acetone
precipitations, while trichloracetic acid precipi-
tates and destroys both activities. It is possible,
however, to treat gently with 0.3 per cent for-
maldehyde (6 to 12 hours at 24 C) and cause a
marked reduction of toxicity without affecting
mucinase titers. These results suggest that
toxicity and mucinolytic activity derive from
molecules of somewhat similar chemical natures;
however, much more work must be done before
a conclusion can be drawn regarding the precise
relationship of these activities.

The evidence at hand concerning the nature of
the toxic factor does not permit definite conclu-
gions as to whether this is an endotoxin or true
exotoxin. Toxicity is found in fluids extracted
from the agar medium after the vibrio culture
has been removed, suggesting a material re-
leased into the agar by the vibrios and, there-
fore, an exotoxin. On the other hand, these or-
ganisms are known to be autolytic and the
toxicity might then be due to products of autoly-
sis. Neutralization of toxicity by antiserum also
suggests a true toxin, but the low antitoxin titers
are not entirely convincing. It is hoped that re-
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sults of future studies will permit a clearer char-
acterization of the toxin.

Factors influencing production of mucinase and
torin. Data listed in table 7 indicate the status of
information about certain factors influencing the
production of mucinase and toxin in vibrio cul-
tures. Broth cultures of vibrios did not produce
significant levels of either activity, but the addi-
tion of small amounts of agar or certain other
polysaccharides stimulated production of both
activities. These results suggested that suitable
substrates might call forth the mucinase as an
adaptive enzyme. However, growth on a silica
gel medium, which did not contain such sub-
strates, also resulted in fluids which were both
mucinolytic and toxic, suggesting that certain
physical factors may be involved. Perhaps the
agar or silica gel provides an absorbent for the
products of vibrio metabolism and protects these
active materials from denaturation. It may also
be postulated that perhaps both suitable sub-
strate and physical conditions needed for elabora-
tion of mucinase and toxin are present in the
intestines of the cholera patient.

SUMMARY

Evidence has been presented which indicates
that ovomucinases produced by strains of vibrios
can be antigenically differentiated. Active prepa-
rations from the 12 strains studied comprise
three different groups. A previously undescribed
toxic activity of vibrios has been found in frac-
tions containing mucinolytic activity. Further
work is required to determine the precise rela-
tionship between mucinolytic and toxic activi-
ties, and whether they are involved in the produc-
tion of the disease cholera and, most importantly,
if these factors are of significance in the im-
munology of cholera.
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