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Introduction

Among the many bacterial fractions isolated during recent years, ther
molabile protein toxic fraction (neurotoxin) seems to be of special in
terest. Neurotoxins are thermolabile proteins isolated from some bac
terial species; they are highly toxic, but act slowly. According to the
majority of authors botulinic, tetanic, and neurotropic Shigella dysen
teriae toxins are neurotoxins, and Sh. dysenteriae was one of the first
microorganisms in which a neurotoxin, in addition to an endotoxin, was
detected. The long discussion on the nature of these toxins led finally to
the concept of two different toxins: (1) a thermostable endotoxin with
enterotropic action and (2) a thermolabile exotoxin with neurotropic ac
tion (Engely, 1952).
Investigations of recent years have shown the coexistence of thermola
bile toxic proteins and endotoxins in many bacterial species. Vincent
(1925) demonstrated the presence of neurotoxin in Escherichia coli cells,
Gallut and Grabar (1945), Freter (1956), and other authors in Vibrio sp.
Recently L. Mesrobeanu et al. (1961, 1966) used the term neurotoxin or
337
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thermolabile endotoxin to designate thermolabile toxic proteins extracted
with trichloroacetic acid from chloroform autolysates of many gram-neg
ative bacteria; these include Salmonella typhimurium, Shigella flexneri,
Shigella sonnei, Proteus O X 1 ,9 Pseudomonas pyocyanea, etc. In this
chapter the term neurotoxin will be used.
Because of an increasing number of urinary infections caused by Pro
teus, a study of these microorganisms was undertaken. Research has been
both theoretical and practical. Proteus mirabilis, and its stable L form, is a
good model for the study of both antigenic structure and neurotoxins.
Separate antigenic elements have been demonstrated for L forms, and this
may offer an explanation for increasing S—>L variation and the lack of tox
icity of these bacterial forms. The protein fraction obtained from P. mira
bilis was named S neurotoxin, the one from L forms L neurotoxin
(Izdebska, 1965).
II.

Toxicity

The toxicity of P. mirabilis neurotoxin can be determined as milligrams
of nitrogen per M L D by intraperitoneal injection of mice (weight approxi
mately 18 gm). Symptoms included paralysis of posterior extremities and
dyspnea. The mice died 1-5 days and sometimes 7 days after injection.
The mouse M L D of neurotoxin S is 0.01 mg N or 0.1 mg of product. L
neurotoxin is not at all toxic. Mice inoculated with a dose 100 times
higher (1 mg N) than the dose of S neurotoxin survived. In the initial
period following inoculation, the experimental animals showed such
symptoms as anorexia, dyspnea, and, rarely, a weak paralysis of the ex
tremities. These symptoms disappeared after 3-4 days. They were prob
ably caused by the introduction of a great amount of foreign protein into
the mice.
The L D 50 estimated by the method of Reed and Meunch varies from
0.013 to 0.044 mg N depending on the experimental strain used (Izdebska
and Skowronek, 1966).
The toxicity of the preparation obtained with trichloroacetic acid from
the chloroform autolysate of P. mirabilis cells is nearly equal to the tox
icity of neurotoxins isolated by the authors cited above (L. Mesrobeanu et
al, 1961, 1962a) and even a little higher than the toxicity of neurotoxins
extracted in the same manner from the Proteus strains isolated from the
urine of individuals with urinary infections (I. Mesrobeanu et al, 1963).
The M L D for these preparations varied between 0.05 and 0.25 mg N.
The toxicity of neurotoxin S from P. mirabilis strain 1959 is 5 times
higher than the toxicity of Boivin's antigen from the same strain with an
M L D of 0.5 mg of product (Kotelko, 1960; Izdebska, 1964).
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Analogous neurotoxic fraction, from the stable L forms of P. mirabilis
appeared to be nontoxic. It is well known that the L forms of various
microorganisms, as well as their endotoxic fractions, are not toxic for lab
oratory animals (Kotelko, 1960; Kotelko and Izdebska, 1964; Weibull et
ai, 1967). However, it is possible to isolate thermolabile toxic protein
fractions from microorganisms considered nonpathogenic, e.g. Serratia.
In this connection, the results of tests using such protein from L forms
were quite interesting. Protein fractions extracted from these microorga
nisms show antigenic and immunogenic properties, but, because of the
lack of toxicity, these fractions cannot be regarded as typical neurotoxins.
This term is used in this chapter for practical reasons only, to avoid cum
bersome descriptions.
A.

THERMOLABILITY

Note was made that toxicity decreases during storage, and a dose con
taining 0.04 mg N was used for the determination of thermolability. With
this dose it appeared that heating the neurotoxin S at 60° and at 100°C for
60 minutes inactivated the toxin. Mice inoculated with heated neurotoxin
survived, while mice inoculated with the same dose of an unheated prepa
ration died in the course of 4-6 days. The chemical composition of neuro
toxic preparations obtained from P. mirabilis and its stable L forms will
be discussed in Section IV. It must be stressed here that heating destroys
the neurotoxic activity of these preparations. This may suggest either that
the thermolabile component contributes to toxic activity or that the high
temperatures break down the integrity of the structure.
The loss of toxic activity of neurotoxin S by heat did not cause a simul
taneous loss of antigenic properties. Unheated and heated neurotoxin
both gave a positive reaction in a ring precipitation test with immune antineurotoxic S serum. The heating of L neurotoxin at 60° and at 100°C for
60 minutes did not cause the loss of its antigenic properties. It was not
possible to determine the thermolability of this nontoxic product.
III.

Production a n d Purification

A.

PRODUCTION

Thermolabile toxic proteins can be obtained by various methods: (1)
chloroform autolysis of bacterial cells and precipitation with trichloro
acetic acid at the isoelectric point (L. Mesrobeanu et ai, 1961); (2) selec
tive absorption and elution from resins (Heckly and Nigg, 1958); (3) ex
traction with alkali at low temperature and precipitation with ammonium
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sulfate (Kawakami et al, 1963); (4) autolysis of bacterial cells with 2.5 M
urea solution and precipitation with ammonium sulfate (Jenkin and Row
ley, 1959).
The method described by L. Mesrobeanu et al. (1961) has been used
frequently. A well-washed, moist bacterial mass is suspended in distilled
water (50 mg dry mass/ml). To 100 ml of bacterial suspension 30 ml of
chloroform is added and left at room temperature for 3 days. The autoly
sate is then centrifugated, the supernate is cooled to 4°C, and trichloro
acetic acid to pH 3-3.5 is added. An electrolyte (sodium acetate or so
dium chloride) may be used. After 24 hours, the sediment is centrifuged
and dissolved in 0.1 of the initial volume of saline, and the pH is adjusted
to 8.6 with 2 0 % sodium hydroxide. This product may be stored at 4°C or
it may be lyophylized. Dialysis against distilled water should be per
formed before lyophylization. As opposed to the products obtained by
other authors —for instance by Jenkin and Rowley (1959) —neurotoxin
from P. mirabilis shows only a slight loss of toxicity after lyophylization
(Izdebska, 1964).
With this method, neurotoxin from an S variant of P. mirabilis was ob
tained for the first time (I. Mesrobeanu et al, 1963). Later on, it was ob
tained from the same variant of P. mirabilis and, additionally, from its
stable L form (Izdebska, 1965). The yield of neurotoxin S was 1.48% dry
weight; of neurotoxin L, 2.55%. Neurotoxin S is white, light, soft, and
readily soluble in water; neurotoxin L is a yellowish, water-soluble
powder.
Attempts to obtain fractions corresponding to Mesrobeanu's neuro
toxins from supernates after precipitation of somatic antigens (according
to Boivin's method) from both of the above-mentioned strains failed. It
was also impossible to obtain neurotoxins from the concentrated fluid
medium after removing bacterial cells and L forms, respectively. From
these facts one may postulate an intracellular localization of these compo
nents (Izdebska, 1965).
B.

PURIFICATION

L. Mesrobeanu et al. (1965, 1966) purified neurotoxins from Salmo
nella typhimurium and Salmonella berlin, with 3 5 % saturated ammonium
sulfate, differential ultracentrifugation, and gel filtration, using various
Sephadex columns. If we consider the similar chemical composition of
neurotoxin from S. typhimurium and from Proteus mirabilis, it would
seem likely that this procedure could be used to purify the neurotoxin of
the latter.
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Nature

A.

CHEMICAL

COMPOSITION

The chemical composition of neurotoxins S and L is presented in Table
I. In neurotoxin S, the nitrogen content is lower, but the content of lipids
and reducing sugars is higher than in neurotoxin L. A quantitative anal
ysis of neurotoxin S agrees with that of S. typhimurium neurotoxin. Sig
nificant amounts of such components as protein, lipid, and reducing
sugars do not allow us to regard these neurotoxins as protein fractions.
Even in the highly purified preparations, small amounts of lipids and
sugars have been detected (L. Mesrobeanu et al, 1966).
TABLE I
CHEMICAL

COMPOSITION OF NEUROTOXINS

C o m p o n e n t (%)
Neurotoxin

N

Protein

Lipids

Reducing sugars

S neurotoxin
L neurotoxin

10.27
13.16

64.2
82.25

20
8

3.89
0.37

B.

CHROMATOGRAPHY

Chromatographic analysis by classic methods, using ascending chroma
tography in amino acid detection and descending chromatography in
amino sugar and sugar detection, shows that in neurotoxin S 14 amino
acids and hexosamine are present; in L neurotoxin 15 amino acids and no
hexosamine are found. On both chromatograms two identical spots, invis
ible on the photograph, are obtained. The /^values are higher than those
of the known amino acids, and attempts to identify the components re
sponsible for these spots failed. The results of chromatographic analysis
are shown in Fig. 1.
It is clear from the figure that these products do not differ considerably
in their amino acid content. In the amino acid chromatogram of L neuro
toxin there is no hexosamine between arginine and serine. This compo
nent can, however, be detected by the methods used in amino sugar chro
matography. The lack of methionine in neurotoxin S is of interest.
The results of chromatographic analysis of monosaccharides and amino
sugars are summarized as follows. In neurotoxin S, glucose, galactose,
and galactosamine are present, but in L neurotoxin only traces of galactosamine can be detected.
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15

Neurotoxin L

Neurotoxin S

F I G . I . Chromatogram showing the amino acid content in neurotoxins. Key: 1 = leucine,
2 = phenylalanine, 3 = valine, 4 = methionine, 5 = tyrosine, 6 = proline, 7 = alanine, 8 = glu
tamic acid, 9 = threonine, 1 0 = glycine, 1 1 = serine, 1 2 = arginine, 1 3 = histidine, 1 4 = ly
sine, 1 5 = cysteine, h = hexosamine.
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ELECTROPHORESIS

Electrophoretic separation of different fractions of S neurotoxin, in
barbiturate-acetate buffer (pH 8.2; ionic strength 0.14; current 1.8 mA;
voltage 230 V) for 18 hours on Whatman paper No. 1, shows two frac
tions. Electrophoresis of L neurotoxin in the same buffer for the same
time (current 1.3 mA; voltage 140 V) on Arches paper No. 310, shows
only one fraction. Fractions of both these preparations migrate to the
cathode. The differences in fraction yield and the necessity of using dif
ferent voltages and different papers for separation of the fractions seem
to suggest a difference in chemical structure.
From the data of L. Mesrobeanu et al. (1961) it appears that neuro
toxins contain 12-15% total N , 16-20% lipids, 3 - 5 % reducing sugars,
about 17 amino acids, and hexosamine. The chemical composition of neu
rotoxin S obtained from P. mirabilis strain is quite similar, except for a
slightly smaller amount of N (10.27%). It was demonstrated, however,
that in neurotoxin S obtained from the same strain after passage through
mice, the N content is higher (11.25%) (Izdebska, 1966). The chemical
composition of L neurotoxin is similar to that of thermolabile toxin pro
teins only in the amount of N present.
L neurotoxin contains more protein and less lipid and reducing sugar
than S neurotoxin. The chromatographic analysis did not show much dif
ference in the amino acid content of these toxins; the only difference was
the absence of methionine in S neurotoxin and also glucose and galactose
were not present in L neurotoxin. The electrophoretic analysis suggests a
diversity of protein molecular structure of these substances.
As known, whole-cell bacterial forms of P. mirabilis have a more com
plex antigenic structure than L forms. In many experiments it was shown
that anti-L immune serum could be easily and completely absorbed with
Proteus bacterial cells, while anti-Proteus immune serum could not be
completely absorbed with L forms (Dienes et al., 1950).
The fraction corresponding to Boivin's antigen isolated from the stable
L forms of P. mirabilis is lower than the Boivin antigen obtained from P.
mirabilis strain. The former differed from the latter in chemical composi
tion and lack of toxicity for laboratory animals (Kotelko, 1960; Kotelko
and Izdebska, 1964; Kotelko etal, 1965).
Lipopolysaccharides obtained from Proteus cells and L forms by
phenol-water extraction are similar with respect to yield, chemical com
position, and, what is more interesting, toxicity (Kotelko et al, 1965).
It is not known why various methods of extraction (trichloroacetic
acid; phenol-water) lead to different products from S and L forms of P.
mirabilis. Kotelko et al. (1965) concluded that there exist different link-

344

K. I Z D E B S K A - S Z Y M O N A

ages between the lipopolysaccharide and cell wall of P. mirabilis and be
tween lipopolysaccharide and the residues of the cell wall of L forms. The
latter could not be split by trichloroacetic acid. Perhaps the same conclu
sions could be drawn in the case of neurotoxins S and L, which probably
form parts of Boivin type antigens and which were obtained, by another
procedure, with trichloroacetic acid.
Recent data (L. Mesrobeanu et al, 1966) show that the toxicity of frac
tions obtained from the same neurotoxin by the Sephadex method was
proportional to the amount of protein in the preparation. In this experi
ment, the greater amount of protein was paralleled by a lesser amount of
lipid. This result, as well as the results of investigations concerning
thermolability, seems to suggest a fundamental role for the protein com
ponent of neurotoxin in toxicity. However, neurotoxins obtained from P.
mirabilis as well as from other gram-negative bacteria cannot be regarded
as pure protein fractions because they include significant amounts of lipid
and sugar.
According to Westphal (1967), lipopolysaccharides obtained from Enterobacteriaceae are strong endotoxins that produce a typical syndrome
in laboratory animals. These preparations are composed of species spe
cific polysaccharide and lipid A. Polysaccharides deprived of lipid com
ponent (so-called degraded polysaccharides) do not show biological ac
tivity. During extraction of the lipid from lipopolysaccharide, the latter is
partially degraded. Investigations of R 6 mutants of Salmonella minnesota
containing only K D O and lipid A seem to confirm suggestions that the
lipid fraction is mainly responsible for toxicity.
If neurotoxin S represents part of the Boivin antigen, it may be possible
that the same lipid could play a role in the toxicity of those preparations.
The role of the lipid component in P. mirabilis neurotoxin is not yet ex
plained, and further experiments are necessary. Nothing is known yet
about the synthesis of P. mirabilis neurotoxin in vivo and in vitro.

V.

Action

As discussed in Section II, paralysis of the posterior extermities (Fig.
2) and dyspnea are characteristic symptoms in mice inoculated with neu
rotoxin obtained from P. mirabilis. Sometimes diarrhea and convulsions
before death are observed. Rabbits are also sensitive to this neurotoxin. It
is worth noting that the biological effects caused by this neurotoxin
clearly differ from those caused by endotoxin. This difference can be ex
plained by differences arising from the methods of preparation.
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F I G . 2 . T h e injected m o u s e .

A . CYTOPATHOGENIC

EFFECT

The site of neurotoxic action has not been as extensively investigated
as the site of endotoxic action. Stavri and Mesrobeanu (1962) have shown
that neurotoxins obtained from S and R variants of S. typhimurium had a
lethal effect on the polymorphonuclear leukocytes of guinea pigs in vitro.
This effect was proportional to the amount of neurotoxin used in the ex
periment. Neurotoxins from gram-negative bacteria showed a rapid and
irreversible cytopathogenic effect on normal tissue cultures as well as on
tumor tissue cultures (I. Mesrobeanu et al., 1962; L. Mesrobeanu et al,
1966).
B. BACTERICIDAL E F F E C T

The productive research on bacteriocins over recent years led L. Mes
robeanu et al. (1965, 1966) to examine the bactericidal action of neuro
toxins. These authors showed that neurotoxins obtained from various
microorganisms in S as well as R variants have strong bactericidal prop
erties against the parent strain, by using gram-negative and gram-positive
indicator strains. However neither the endotoxins obtained by Boivin's
method, nor the lipopolysaccharides obtained by Westphal's method pos
sessed bactericidal properties. Homologous antineurotoxic immune sera
neutralized the bactericidal activity of neurotoxins; antiendotoxic sera
had less of a neutralizing effect and normal rabbit sera had a very slight
effect only.
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Bactericidal properties of Proteus neurotoxins were demonstrated and
the wide spectrum (Salmonella, Shigella, E. coli, Serratia, Proteus, Ps.
pyocyanea, Staphylococcus aureus) of their antibiotic activity was noted
by L. Mesrobeanu et al. (1965, 1966). A similar bactericidal effect of Pro
teus neurotoxins isolated from the urine of patients with urinary infec
tions was observed. Neurotoxins detected in the urine were more fre
quently bactericidal than those extracted from bacterial cells (L.
Mesrobeanu et al., 1964). The reasons for this are not known.
Neurotoxins isolated from nine P. mirabilis strains examined by var
ious methods did not show clear zones of growth inhibition when tested
against indicator strains, and, thus, it was concluded that they were not
bactericidal (Izdebska and Skowronek, 1966). From this observation, one
can conclude that not all neurotoxins have bactericidal properties. It is
known from the literature (Cradock-Watson, 1965) that not all Proteus
strains produced bacteriocins. One can thus suppose that neurotoxins
obtained from strains which do not produce bacteriocin would not pos
sess bactericidal properties. Light can be cast on this problem by ob
taining and comparing neurotoxins from P. mirabilis strains belonging to
all bacteriocinic types and from bacteriocin nonproducing types.
VI.

Immunology a n d Immunochemistry

A.

PROPERTIES O F I M M U N E SERA AND T O X I C

PREPARATIONS

Comparative immunological investigations were performed using three
kinds of immune sera: antibacterial, antineurotoxic, and antiendotoxic.
Here, the term endotoxin will be used to mean Boivin antigen.
Antigen-antibody reactions observed using the ring precipitation test,
Immunoelectrophoresis, and gel precipitation tests all show that anti-Pro
teus mirabilis immune sera, antineurotoxic S, and antiendotoxic S react
more strongly than analogous immune sera against L forms and antineu
rotoxic L. All attempts to obtain an immune serum against L form endo
toxin failed; thus one concludes that this L form fraction is not a good
immunogen. The results of ring precipitation tests are given in Table II.
Both neurotoxins reacted with all the immune sera examined. It should be
emphasized that antineurotoxic L serum does not react with endotoxins.
Gel precipitation tests (Fig. 3) and immunoelectrophoresis (Fig. 4)
show a great diversity of lines. They are schematically drawn, because
some of the very faint precipitation lines could not be seen in photo
graphs. Most of the precipitation lines for the antigens are obtained with
antineurotoxic S serum (Fig. 3C); this would indicate that the serological
structure of S neurotoxin is most complex, and, consequently, that im-
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T A B L E II
RING

PRECIPITATION T E S T

RESULTS

Antigen
Immune serum

S neurotoxin

S endotoxin

L neurotoxin

Anti-P. mirabilis
anti-L forms

-H-h
-H-h

-Hhh
++

-H-h
+

-h-h
++

—

Antineurotoxic S
Antineurotoxic L

-H-h
-h-h

-hf-f
—

-h-h
-h-h

-H-h
—

—

Antiendotoxic S

-hf-h

-H-

-H-

-H-h

-

Control I

-

-

-

Control
II
a

-

-

-

L endotoxin

Control III

—
-

-

K e y : +-h+ and + + = very distinct precipitation ring; -h = distinct precipitation ring; — = no
reaction; — = no data; control I and III = saline; Control II = normal rabbit serum.

mune serum obtained against this component contains the greatest diver
sity of antibodies. Anti Proteus mirabilis serum (Fig. 3 A) and antiendotoxic-S serum (Fig. 3E) also reacted with all the antigens, but they gave
fewer precipitation lines.
Anti-L form serum (Fig. 3B) and antineurotoxic L serum (Fig. 3D)
react positively with neurotoxins only, the latter giving single precipita
tion lines. From the fact that L neurotoxin gives only one precipitation
line with homologous antiserum while giving four lines with antineuro
toxic S serum it may be concluded, on the one hand, that this preparation
is serologically similar to the preparation from P. mirabilis, and, on the
other hand, that its immunogenic properties are considerably less. Per
haps the greater time lapse of immunization of rabbits with neurotoxin
L led to the production of a more reactive immune serum, to give more
precipitation lines in this test (Izdebska, 1965).
Neurotoxin S did not cross-react with lipopolysaccharide obtained
from P. mirabilis cells by the Westphal method (Izdebska, 1966). This is
in agreement with data of L. Mesrobeanu et al. (1962b) regarding anal
ogous products obtained from E. coli.
In the course of immunoelectrophoresis, antineurotoxic S serum pro
duced with S neurotoxin yielded three joined precipitation lines; L neuro
toxin, a single line (Fig. 4A); and S endotoxin, a double line (Fig. 4B).
Antineurotoxic L serum gave two different precipitation lines with L neu
rotoxin and S neurotoxin, but failed to react with L endotoxin (Fig. 4D).
Antiendotoxic S serum gave two precipitation lines with S endotoxin,
one strongly curved line with L endotoxin (Fig. 4E), and two lines with S
neurotoxin (Fig. 4F).
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F I G . 3. Gel precipitation tests. K e y : In the central reservoirs —immune sera: 1. antibac
terial serum; 2 . anti-L forms serum; 3. antineurotoxic S serum; 4. antineurotoxic L serum; 5.
antiendotoxic S serum. In the side reservoirs —the antigen solutions ( 1 0 0 0 mcg/ml): L = L
n
neurotoxin; L = L endotoxin; S = S neurotoxin; S = S endotoxin.

e

n

e

The physicochemical conditions in the three serological methods used
differed in each case and therefore the results were not comparable. One
may however conclude that
1. S and L neurotoxins are serologically related, but the structure of
the L form preparation is antigenically poorer (fewer precipitation lines).
A serological relationship results from a similar chemical composition
(Section IV); this is understandable because the L forms are derived from
S variants of P. mirabilis; and the antigenic properties may depend on the
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various quantities of the separate components or on different linkages
among them.
2. Both S endotoxin and S neurotoxin contain the same antigenic
elements because S endotoxin reacts with homologous antiserum as well
as with antineurotoxic S serum to give identical lines (Fig. 4B and 4F). L
endotoxin does not react serologically with antineurotoxic L serum.

F I G . 4 . Immunoelectrophoresis. K e y : In the central reservoirs —immune sera: 3. antineu
rotoxic S serum; 4 . antineurotoxic L serum; 5 . antiendotoxic S serum. In the side reser
voirs—the antigen solutions ( 1 0 0 0 mcg/ml): L = L neurotoxin; L = L endotoxin; S = S
N
E
N
neurotoxin; S = S endotoxin.

E
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B. INTERDEPENDENCE BETWEEN NEUROTOXINS O B T A I N E D FROM
Proteus mirabilis AND ITS STABLE L FORMS

Attempts were made to elucidate the interdependence between S and L
neurotoxins, i.e., their mutual affinity or eventual differences, using anti
neurotoxic cross-absorbed sera. It was found that antineurotoxic S serum
absorbed with L neurotoxin gave a strong precipitation ring with homolo
gous neurotoxin, while antineurotoxic L serum absorbed with S neuro
toxin did not react with homologous neurotoxin. Antineurotoxic S serum
absorbed with L neurotoxin gave four precipitation lines with homolo
gous neurotoxin. In a comparison with Fig. 3 C , we see that one line is
missing. Antineurotoxic L serum absorbed with S neurotoxin gave no
precipitation line. In the course of Immunoelectrophoresis, antineurotoxic
S serum absorbed with L neurotoxin gave two precipitation lines with S
neurotoxin, but antineurotoxic L serum absorbed with S neurotoxin did
not react with L neurotoxin.
All the test results obtained in this series of experiments were com
pletely identical. The absorption of antineurotoxic S serum with L neuro
toxin does not affect its ability to react with S neurotoxin. On the con
trary, the absorption of antineurotoxic L serum with S neurotoxin
prevents a reaction with L neurotoxin. This last result suggests that neu
rotoxin L is a fraction of neurotoxin S .
C . RELATIONSHIP BETWEEN N E U R O T O X I N AND ENDOTOXIN

To determine the relationship between neurotoxin and endotoxin ob
tained from the same strain, tests were performed with immune sera ab
sorbed with the appropriate antigen.
Antineurotoxic S and L sera absorbed with their corresponding
endotoxins reacted in the ring precipitation test with homologous neuro
toxins; antiendotoxic S serum absorbed with S neurotoxin did not react
with endotoxin S or with other antigens. Antineurotoxic S serum ab
sorbed with endotoxin S gave three precipitation lines with neurotoxin S
and one line with neurotoxin L ; it did not react with endotoxins. Antineu
rotoxic L serum absorbed with L endotoxin gave one precipitation line
with homologous neurotoxin and one with S neurotoxin; it did not react
with endotoxins. Absorption of antiendotoxic-S serum with S neurotoxin
left no antiendotoxin S antibodies. Both of these antineurotoxic sera ab
sorbed with endotoxins in the course of Immunoelectrophoresis gave one
precipitation line each with homologous neurotoxins.
It can be seen that the absorption of antineurotoxic sera with corre
sponding endotoxins only partially decreases their ability to react with
corresponding neurotoxins. What is seen is the absence of some precipita-
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tion lines. However, antiendotoxic S serum absorbed with neurotoxin S
did not react with endotoxin S. These results indicate the existence of
some common antigenic elements in the neurotoxin and endotoxin
obtained from P. mirabilis and its stable L forms.
According to data obtained by various authors (Dienes and Weinber
ger, 1951; Klieneberger-Nobel, 1960; Tulasne, 1951), immune anti P.
mirabilis serum has a higher agglutination titer than immune serum
against the antigenically poorer L forms. Analogous precipitation titers of
antineurotoxic sera indicate that neurotoxin S is a more reactive, more
complex antigen than is neurotoxin L; this is shown by a greater number
of precipitation lines in agar gel precipitation tests and immunoelectrophoresis. Cross reactions point to a serological relationship between
both products. However, the fact that absorption of antineurotoxic S
serum with neurotoxin L did not prevent reaction with homologous neu
rotoxin, while the reverse absorption led to the disappearance of all sero
logical reactions, again indicates that L neurotoxin is a fraction of S neu
rotoxin (Izdebska, 1965).
It is worthwhile to note that after some months' storage of immune sera
and antigens, some precipitation lines shrink. This may be due to a partial
inactivation of immune sera (L. Mesrobeanu et ai, 1961) or to the degra
dation of the antigen protein as indicated by a decrease in solubility in
water and in toxicity.
D.

COMMON N A T U R E OF NEUROTOXIN AND CORRESPONDING
ENDOTOXIN

On the basis of available immunological and immunochemical data, at
tempts were made to find the relationship between neurotoxin and endo
toxin obtained from P. mirabilis and its stable L forms. As known, the
neurotoxin of Sh. dysenteriae may be present in the culture filtrate as well
as in the bacterial cell. Attempts to precipitate a neurotoxic fraction from
culture filtrates of P. mirabilis failed. One reason for this could be the
strong binding of this fraction inside or on the cell. Similar results ob
tained with the culture filtrate of the stable L forms deprived of at least
part of the cell wall seem to suggest that the protein fraction mainly oc
curs in protoplasm. Therefore, the so-called neurotoxins extracted from
gram-negative bacteria, especially those extracted from P. mirabilis, may
not be comparable to the Sh. dysenteriae neurotoxin secreted into the
medium.
In order to establish whether endotoxins and neurotoxins are present in
cell autolysates as distinct antigenic components, two experiments were
carried out.
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1. From the chloroform autolysates of P. mirabilis cells and its
stable L form cultures, endotoxic fractions (Xs and X L) were obtained
after neurotoxin precipitation. The yield of Xs fraction was very low
(0.72%); its nitrogen content (4.83 %) was similar to the nitrogen content
of endotoxin. Its serological properties, however, demonstrated its rela
tionship to S neurotoxin. In spite of this, the X L fraction (with a yield of
only 0.14%) was rather similar to L neurotoxin in its nitrogen content. Its
serological properties were, however, close to those of L endotoxin
(Izdebska, 1964). In Table III comparative results of biological efficiency
of neurotoxins and X fractions with efficiency of endotoxins are summa
rized. The M L D values as shown do not allow a definition of the nature of
X fractions.
T A B L E
BIOLOGICAL

Product
S neurotoxin
X fraction
s
S endotoxin
(Boivin)
L neurotoxin
X fraction
L
L endotoxin

III

a

EFFICIENCY

MLD
(mg N )
0.1
0.3
0.5

-

"Key:
= nontoxic in d o s e s 100 times higher than
M L D of neurotoxin S: — = nontoxic in d o s e s 2 0 times
higher than M L D of endotoxin S.

2. Neurotoxins could not be obtained from the supernates after pre
cipitation of endotoxins. After precipitation of neurotoxins in the chloro
form autolysate some endotoxins remain, but after precipitation of endo
toxins neurotoxins cannot be extracted. This observation suggests that
neurotoxins, or their protein parts at least, are bound with endotoxins in
the cells. Attempts were made to elucidate this possibility by means of
serological reactions. S endotoxin did react with homologous serum and
with antineurotoxic S serum and gave an identical precipitation line with
neurotoxin (Fig. 4B and 4F). This may be evidence of the presence of
common antigenic elements in both the endotoxin and neurotoxin. L en
dotoxin did not react with antineurotoxic L serum. Either it had no
common antigenic elements with neurotoxin or it was a weaker antigen.
The results of the experiments performed with absorbed immune sera
seem to suggest not only the existence of some common antigenic ele-
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merits in neurotoxins and related endotoxins, but also the fact that neuro
toxins are stronger antigens than endotoxins.
Our inability to elicit L endotoxin antibody production in rabbit serum
seems to indicate that L endotoxin is not an immunogen, though it does
react serologically with antiendotoxic S serum.
These results suggest that a relationship exists between neurotoxin and
endotoxin in bacterial cells. According to L. Mesrobeanu et al (1962b; I.
Mesrobeanu et al, 1963), neurotoxin could represent the lipoprotein or
(L. Mesrobeanu et al, 1966) the polypeptide fraction of Boivin antigen.
The yield of protein nontoxic fraction isolated from L forms of P. mira
bilis is considerably higher than the yield of the fraction equivalent to
Boivin antigen, and it is twice as high as the yield of the thermolabile toxic
protein from bacterial forms. The difference between neurotoxin and
endotoxin obtained from L forms is serologically much greater than the
difference between analogous fractions of P. mirabilis cells. Toxic lipo
protein can be obtained from the P. mirabilis strain, while from its stable
L forms a nontoxic product is isolated. Both fractions can be seen from
serological investigations, to have common antigenic patterns; the anti
genic structure of L forms appears, however, to be poorer than that of
bacterial forms (Izdebska, 1965).
Because of the great difficulties connected with variant R production in
many P. mirabilis strains, it was not possible to obtain neurotoxin R. If
such a neurotoxin could be obtained, an interesting explanation of the
modification of specificity of the toxic protein during S—»R variation
might be forthcoming. According to L. Mesrobeanu et al. (1962b; I. Mes
robeanu et al., 1963), in the process of S—»R variation not only is the poly
saccharide fraction specificity modified, but the protein fraction speci
ficity is as well.
VII.

Pathogenesis

Baruk (1938) observed the connection between neuropsychical distur
bances and coli infections. Animals (mice, cats, pigeons, fish, frogs, and
so on) injected with coli neurotoxin showed symptoms of catalepsis, hiperkinesis, etc. According to Baruk, and to Vincent (1933) similar symp
toms in humans seen in the clinic could be traced to the action of this
neurotoxin. In some cases they were able to cure patients suffering from
coli infections with anti-coli immune sera, and, at the same time, these
patients were cured of their psychic disturbances.
In 1961, Retezeanu et al. studied patients with urinary infections
caused by E. coli, who showed signs of confusion, agitation, and sympto
matic muscular tonus disturbances. The psychic disturbances disap
peared when the coli infection was cured with antibiotics.
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These investigations inspired I. Mesrobeanu et al. (1963) to investigate
urinary infections caused by neurotoxin-producing bacteria. Besides E.
coli and Ps. pyocyanea strains the authors examined 14 Proteus strains.
All of these strains produced neurotoxins characterized by varying de
grees of toxicity depending on genus and strain. Neurotoxin from P. mira
bilis had a greater toxicity (MLD = 0.05 mg N) compared to other Pro
teus neurotoxins.
The isolation of neurotoxin from Proteus bacteria which caused
neurological disturbances and death in laboratory animals led to the con
cept that neuropsychical symptoms in some human patients may be due
not only to E. coli but also to other gram-negative, bacterial neurotoxins.
In further investigations, these authors succeeded in precipitating neu
rotoxins from the urine of patients showing some types of neurological
symptoms. They were able to isolate bacterial strains and to obtain corre
sponding neurotoxins from these bacteria (L. Mesrobeanu et al., 1964).
These neurotoxin preparations appeared to be identical in their serolog
ical and toxic (mg N) properties and similar chemically.
Blood sera concentrated from patients suffering from urinary infections
contained antineurotoxic antibodies. These antibodies reacted in gel pre
cipitation tests with urinary soluble neurotoxin, with neurotoxin isolated
from bacterial cells, and with endotoxin. The presence of these antibodies
in the blood demonstrated that neurotoxins from the site of infection had
entered the systemic circulation and stimulated antibody production.
Antibacterial and antitoxic serotherapy in the case of neurological pa
tients suffering from coli infections did not always give good results
(Vincent, 1933; Baruk, 1938), because of the great diversity of serological
types of bacteria present. Treatment with antibiotics improved the psy
chiatric prognosis.
The demonstration of neurotoxins in urine is interesting not only from a
practical but also from a theoretical point of view, since it is known that
one cannot isolate neurotoxins in broth culture supernates after centrifugation of bacterial cells. This fact may cast more light on the behavior of
P. mirabilis bacteria in vivo and in vitro concerning the unique in vivo lib
eration of neurotoxin from bacterial cells.
VIII.

Summary

Concluding our review of protein toxins from P. mirabilis, it may be
said that (1) P. mirabilis strains contain a neurotoxin similar to neuro
toxins from other gram-negative rod bacteria. (2) An analogous fraction
(not toxic in mice) can be obtained from P. mirabilis L forms. (3) Neither
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neurotoxin diffuses in culture medium; however, neurotoxin from bac
terial forms can be found in the urine of patients with urinary Proteus
infections. (4) After endotoxin extraction, neurotoxins cannot be precipi
tated from corresponding supernates. (5) In spite of the serological rela
tionship between S and L neurotoxins, there appear to be some differ
ences in chemical composition. (6) Serological investigations prove the
presence of a common antigenic constituent in neurotoxins and endo
toxins.
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