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Electron-microscopic Evidence for Reactions
of Axial Filaments of Leptospira with IgM

and IgG Antibodies*
ANNABELLA CHANG 1 & S. FAINE 2

Serological identifications of structural components of leptospires have not previously
been reported although morphological andantigenic studies have been carried out extensively.

The antigenic activity of isolated axial filaments was characterized by direct electron-
microscopic visualization of immune precipitates with fractionated antisera. The precipi-
tates were composed of axial filament with IgM or IgG antibodies attached.

The axial filament is the first structural component of leptospires to be identified sero-
logically. Knowledge of the pattern ofcross-reactivity of this axialfilament antigen among
various serotypes may be of value in helping to establish a new system of classification
based on specific antigens rather than the current system using reciprocal agglutinin-
absorption tests, which measures the resultant of many antigens.

The morphology of Leptospira has been well
described and numerous antigenic studies have
been carried out (Schricker & Hanson, 1963a,
1963b; Kmety, 1963) and reviewed by Turner
(1968) and Alston & Broom (1958). However, little
appears to have been done to correlate any struc-
tural component with its antigenic activity (Yana-
gawa & Faine, 1966; Pillot, 1968).
Following the development of a method to isolate

and purify the axial filament of leptospires (Isaacs &
Faine, unpublished data), a study, reported here,
was made of the characterization of antigenic
activity of the axial filament by direct electron-
microscopic visualization of a serological reaction.

MATERIALS AND METHODS

Growth of organisms
A strain of Leptospira sp. (serotype biflexa, strain

Waz; designated strain 22 in this laboratory) was
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grown in modified Korthof's medium containing
10% sheep serum derivative (Faine, 1969). After
incubation for 7 days at 30°C, cells were harvested by
centrifugation at 10000 g for 20 minutes, then
washed 3 times in phosphate-buffered saline at
pH 7.2. Cells to be used for immunizing rabbits
were grown in Korthof's medium containing 10%
rabbit serum.

Extraction of axialfilaments
Axial filaments were extracted according to the

method developed by Isaacs & Faine (unpublished
data). Cells suspended in 1 % sodium deoxy-
cholate or 0.25 % trypsin in phosphate-buffered
saline (pH 7.2) were incubated at 37°C for 30 min-
utes, then homogenized with a Potter Elvehjem
homogenizer with a clearance value of 0.13 mm-
0.18 mm between the Teflon plunger and the glass
tube. The homogenized suspension was then spun
at 10 000 g for 20 minutes and the supernatant con-
taining axial filaments and some cell debris was set
aside. The cell sediment was homogenized again
and centrifuged as before. This procedure was
repeated about six times and the supernatants
pooled. The crude axial filament suspension was
then purified by 5-6 cycles of differential centrifuga-
tion, alternating between 10 000 g for 20 minutes
and 80 000 g for 45 minutes. The purity of the
preparation was monitored by electron-microscopy.

2583 -571-



A. CHANG & S. FAINE

Antisera
Antiserum to whole leptospires. A 5-ml quantity

of a 5-day culture was injected into rabbits via the
marginal ear vein at weekly intervals for 4 weeks.
One week after the last injection the animals were
bled from either the marginal ear vein or by cardiac
puncture.

Antiserum to axial filament. A 1-ml quantity of a
purified suspension of axial filament was injected
into rabbits via the marginal ear vein and boosted
with 2 more injections at 4-day intervals. The
rabbits were bled 1 week after the last injection.

Antiserum produced in guinea-pigs against the Fc
fragment of rabbit IgG. This material was kindly
provided by Dr Z. Herd.

Goat antiserum to rabbit serum. The antiserum was
obtained from Hyland Laboratories, Los Angeles,
Calif., USA.

Serum fractionation
Serum was fractionated on a column of Sephadex

G-200 according to the method of Killander (1964).
A 1-ml quantity of serum was added to a 70-cm by
2-cm column and eluted with 0.1 M tris-HCl
(pH 8.0) containing 1 M sodium chloride and
0.02% sodium azide as preservative. A constant
hydrostatic pressure of 15 cm was maintained by the
use of a Marriot flask, giving a flow rate of 6 ml/hour.
The effluent was passed through a Uvicord II ultra-
violet absorptiometer, and absorption readings at
280 nm were plotted by a recorder. Fractions of
5 ml were collected in an LKB Radi Rac Fraction
Collector.

Fractions from the 7S peak were further purified
with DEAE-Sephadex according to Sela et al.
(1963), but using the batch method of Baumstark
et al. (1964).

Reduction by 2-mercaptoethanol
Following the addition of 2-mercaptoethanol to

serum to a final concentration of 0.1 M (Adler, 1965),
the mixture was allowed to stand at room tempera-
ture (18'C-210C) for 1 hour. The serum was then
alkylated by dialysing against a large volume of
0.02 M iodoacetamide in saline for 24 hours at
4°C. A control sample serum was dialysed against
iodoacetamide in a separate container.

Immunodiffusion and immunoelectrophoresis
Immunodiffusion and immunoelectrophoresis of

antigen was carried out in 1 % agarose (Behring-
werke) in barbital buffer at pH 7.2.

Immunoelectrophoresis of serum was carried out
in 1% agar (Oxoid lonagar No. 2) in barbital buffer
at pH 8.6 at a potential drop of 3 V/cm for 11/2 hours.
Examination ofimmune precipitate

Reaction in agarose. After the formation of a
precipitin line between the axial filament suspension
and its antibody in agarose, the gel was washed in
5-6 changes of buffer for 48 hours to remove the
unreacted material. The precipitate was then cut
out, macerated into tiny pieces and the expressed
fluid was applied on to a parlodion- and carbon-
coated grid of 200 mesh; excess fluid was removed
by touching the grid on the edge of filter-paper and
the grid was air-dried. The specimen was negatively
stained with either 0.5% uranyl acetate at pH 4.0 or
with 2% phosphotungstic acid in 2% ammonium ace-
tate at pH 7 (Bradley, 1962). Just before use, bovine
serum albumin was added to the phosphotungstic
acid to a final concentration of 0.01 % to improve
spreading (Parsons, 1963). Specimens were examined
in a Siemens Elmiskop I electron-microscope at an
accelerating voltage of 80 kV, and at initial magni-
fications of up to 80 000 times.

Reaction in solution. A drop of the axial filament
suspension was mixed with an equal volume of
antiserum or its fraction in a Dreyer's tube, incub-
ated at 37°C for 1 hour and then at 4°C overnight.
The precipitate was washed 3 times in 2% ammonium
acetate, then applied on to grids and stained as
described above.

Size estimation
A Ladd carbon grating was used as standard. The

spacing between gratings was 463 nm.

RESULTS

Structure ofaxialfilaments
In the intact leptospire, axial filaments were

attached to terminal knobs at each end of the
organism, and at the sub-terminal ends, no clear
point of attachment was observed. The axial
filament was usually straight or curved with the
protoplasmic cylinder wound helically around it;
these two structures are enveloped in a membranous
sheath. There are generally 2 axial filaments per
cell but 3 per cell have also been seen (Fig. 1).

Isolated axial filaments in the purified suspension
showed that its width was 15 nm (range 14 nm-
16 nm) and the length was variable, probably due to
fragmentation during extraction. The filament pos-
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sessed ultrastructure (Fig. 2 and 3) of both the
"A" (helical) and "B " (longitudinal) types as
described by Lowy & Hanson (1965) for bacterial
flagella. These ultrastructural designs were clearly
seen without using the Markham et al. (1963)
rotation technique.
During extraction and purification of axial

filaments, a striated, and sometimes helical, structure
was often seen (Fig. 4). Its central core of striations
had a width of 24 nm and a periodicity of 4.7 nm.
Those surrounded by an outer envelope had a total
width of 60 nm. In unfixed, washed cells, deoxy-
cholate- and trypsin-treated cells, these striated
structures were often seen (Fig. 5 and 6) as a con-
tinuation of the enveloping sheath or the perimural
layer (Yanagawa & Faine, 1966). They were never
at any time seen to be associated with the axial
filament as reported by Nauman et al. (1969).

Axial filament antigen
The axial filament preparation appeared to be

homogeneous under the electron-microscope. In
immunodiffusion in agarose against rabbit anti-
axial-filament serum or anti-whole-leptospire serum,
one sharp precipitin line was formed close to
the antigen well (Fig. 7). This line is identifiable with
one of the three antigens extracted from leptospires
by trypsin (Graves & Chang, unpublished data),
and also with one of the five antigens from the deoxy-
cholate extract of Yanagawa & Faine (1966).

In immunoelectrophoresis, a single antigen line
appeared, moving slightly to the cathode at pH 7.2
(Fig. 8). Also, rabbits immunized with axial filament
produced antibody reacting only to this single
antigen (Fig. 7).

Electron-microscopic examination of the immune
precipitate provided direct evidence that the axial
filament is antigenic and that the precipitin line in
agarose is due to the axial filament-antibody com-
plex. The agarose sometimes interfered with the
electron-microscopy and the complex could be
better visualized if the reaction took place in solu-
tion and the washed precipitate was examined.

Identification of immunoglobulins reacting with axial
filaments
Fractions from both the 19S and 7S peaks of the

Sephadex G-200 column possessed precipitating
activity towards the axial filament. Immunoelectro-
phoresis of the 19S fraction showed the presence of
three serum proteins, detected by goat antiserum to
rabbit serum (Fig. 9, b3 and d5), but only one of

these proteins (which was also sensitive to 2-mercap-
toethanol) reacted with the axial filament
(Fig. 9, b2). Its electrophoretic mobility is different
from that of the IgG (Fig. 9, c3 and c4) and it did not
react with antisera prepared against the Fc fragment
of rabbit IgG (Fig. 9, d4). This evidence is consistent
with the characteristics of IgM and eliminates the
possibility that detectable amounts of IgG were in
the 19S fraction.
The 7S peak of the Sephadex G-200 column after

further purification by DEAE-Sephadex contained
only one serum protein (Fig. 9, al and c3) which was
identified as IgG by reaction with guinea-pig anti-
serum to the Fc fragment of rabbit IgG (Fig. 9, c4).
This IgG reacted with axial filament (Fig. 9, a2) and
was also resistant to 2-mercaptoethanol.
Under the electron-microscope, the IgM appeared

" staple "-like, attaching to the axial filament by
several appendages and the tops of these appendages
were connected by a bar. The exact number of
appendages could not be counted precisely, but was
approximately 2-6. The span of the IgM molecule
as measured between the observed points of attach-
ment of the extreme appendages was 33 nm and the
width of each appendage was 3 nm (Fig. 10, 11).
A diagrammatic representation of IgM attached
to axial filament is shown in Fig. 12.
The IgG appeared as a thick halo of "fuzz"

around the axial filament, increasing the apparent
width of the axial filament (Fig. 13 and 14). Its
appearance was very similar to that shown by Elek
et al. (1964) and Goto et al. (1967) on Salmonella
flagella. It was difficult to determine precisely the
size and shape of each individual antibody molecule,
but those attached to the periphery of the axial
filament were more clearly revealed (Fig. 14 and 15).
The fine filamentous antibodies appeared either

as straight or as flexible wavy rods, attached by one
end with the other end radiating out. Sometimes an
individual molecule may form a " loop " by attach-
ing with both reactive sites (Fig. 14 and 15). They
may also link up adjacent axial filaments to form
parallel pairs (Fig. 16). The average dimensions by
direct measurement ofa loop formed by an individual
antibody molecule were 24 nm by 3 nm.

In control preparations, axial filaments were
treated with either normal rabbit serum or with
heterologous antisera (i.e., antisera produced against
other serotypes which do not react with axial
filament of strain 22 to form a precipitin line in
agarose); they were found to be indistinguishable
from untreated axial filaments.

s

573



A. CHANG & S. FAINE

These experiments with fractionated antisera
showed that both IgM and IgG may react with
axial filaments. Of the antisera produced against
axial filament in two different rabbits, one showed
the presence of both IgM and IgG, while the other
showed only IgG reacting with axial filaments when
tested by immunodiffusion. However, IgM anti-
bodies were detected in unfractionated antiserum
from the second rabbit when the reaction was
examined by electron-microscopy (Fig. 14), which
was a much more sensitive technique.

DISCUSSION

Structure of the axial filament
Leptospires possess 2 independent axial filaments,

each attached to a terminal knob at each end of the
cell (Simpson & White, 1961; Ritchie, 1963; Ritchie
& Ellinghausen, 1965; Anderson & Johnson, 1968;
etc.). The observations reported here agree except
that on one occasion, a leptospire with 3 axial fila-
ments-2 at one end and 1 at the other (Fig. 1)-
was seen. There has been one other report of more
than 1 axial filament at each end of the organism
(Ovcinnikov & Delektorskij, 1969).
The axial filament- is believed to function as a

locomotor organelle (Ritchie & Ellinghausen, 1965),
and structural evidence suggests that it is the
analogue of the bacterial flagella. The significance of
the A and B ultrastructures, also seen in bacterial
flagella is not known, but Lowy & Hanson (1965)
suggested two possibilities: (1) that the structural
forms might be characteristic of certain bacterial
species, or (2) that the two patterns may represent
different states of contraction. Since both patterns
have been observed on the flagella of Salmonella
typhi (Goto et al., 1967) and alternating on the same
leptospiral axial filament (Fig. 3), the first suggestion
can be eliminated. In studying the electron-micro-
graphs of phage-bound pyocine obtained by Ishii
et al. (1965), Goto et al. (1967) noted that the
extended sheaths of pyocine closely resembled the A
pattern, and the contracted sheaths the B pattern.
These observations would strengthen the suggestion
that the ultrastructural patterns may represent
different contraction states.

Striated or helical structures of dimensions similar
to those observed by others (Anderson & Johnson,
1968; Almeida et al., 1969; Peters & Muller, 1969;
Nauman et al., 1969) were seen in crude prepara-
tions of axial filaments. Their position in the intact
cell, and their significance, have not yet been estab-

lished. Our interpretation from Fig. 5 and 6 and
from unpublished observations is that such struc-
tures may be artefacts due to a lipid-water inter-
phase of the lipids derived from the leptospiral
sheath or the perimural layer. The observations of
Almeida et al. (1969) and Anderson & Johnson
(1968) would support the view that the structures are
derived from the sheath while the concept of a
lipid-water interphase, one of those proposed, but
not favoured, by Almeida et al. (1969) would be
consistent with the findings of Lucy & Glauert
(1967). It was shown by Lucy & Glauert (op. cit.)
that lecithin in water, in the presence of cholesterol
and saponin, spontaneously formed helical tubules;
these tubules resembled the structures associated
with the leptospires. Our observations do not sup-
port the interpretation of Nauman et al. (1969) that
the helical structures surround the axial filament in
the intact cell. It would be possible to reconcile
our view with that of Nauman et al. (1969) if an
axial filament, separated from the protoplasmic
cylinder, could pull part of the sheath off with it.
The subsequent formation of striations would give
the impression of an axial filament being enclosed in
the striated structures.

Serological "purity" of axial filament preparations

The criteria for " purity" of the axial filament
suspension depended on physical and serological
methods. The physical technique of electron-
microscopy allowed the examination of only
minute amounts of material and it is possible that
very small amounts of other cell components were
present although they were not detected. Detection
of antigen by immunodiffusion is specific but
requires the presence of a relatively large amount of
antigen. However, since serum from rabbits immu-
nized with these preparations reacted only to the
one axial filament antigen, any contaminating
antigen must have been present in too small a con--
centration even to immunize a rabbit. Thus, for
the purposes of this study, the axial filament suspen-
sion used is regarded as pure, physically and anti-
genically. Direct correlation of the structure with
the antigen was provided by the electron-micrographs
of the immune precipitate showing axial filaments
with antibodies attached (Fig. 10).

The nature of reacting immunoglobulins and their
attachment to the axial filament
It was concluded that the reacting immuno-

globulin in the 19S fraction from the Sephadex.
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FIG. 1

LEPTOSPIRA SP. (BIFLEXA, WAZ) WITH 3 AXIAL FILAMENTS, 2 AT ONE END AND 1 AT THE OTHER,
WITH THE PROTOPLASMIC CYLINDER WOUND AROUND HELICALLY; INSET: A HIGHER MAGNIFICATION

OF THE END WITH 2 AXIAL FILAMENTS ATTACHED TO THE PROTOPLASMIC CYLINDER BY 2 TERMINAL KNOBS a

46i.~_M
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AF = axial filament.
P = protoplasmic cylinder.
S = sheath, partially removed by washing.
TK = terminal knob.
a Specimen negatively stained with phosphotungstic acid



FIG. 2
AXIAL FILAMENT OF A LEPTOSPIRE SHOWING HELICAL (A) ULTRASTRUCTUREa

" Specimen negatively stained with uranyl acetate.

FIG. 3

AXIAL FILAMENT OF A LEPTOSPIRE SHOWING HELICAL (A) AND LONGITUDINAL (B) ULTRASTRUCTUREa

" Specimen negatively stained with uranyl acetate.



FIG. 4
STRIATED OR HELICAL STRUCTURES IN CRUDE AXIAL FILAMENT PREPARATIONS

OF LEPTOSPIRA a

50m JU..p

E = outer envelope which often surrounds the striated core (SC).
1' Specimen negatively stained with phosphotungstic acid.



FIG. 5

TRYPSIN-TREATED LEPTOSPIRA
CELL SHOWING STRIATED OR
HELICAL STRUCTURES
CONTINUOUS WITH THE SHEATH
OR PERIMURAL LAYER (I

H= helical or striated structures.
S = sheath or perimural layer.
"1 Specimen negatively stained with

phosphotungstic acid.

FIG. 6
TRYPSIN-TREATED LEPTOSPIRA CELL

SHOWING FORMATION OF STRIATED OR
HELICAL STRUCTURE FROM THE SHEATH

OR PERIMURAL LAYER "

H = helical or striated structure.
S = sheath or perimural layer.
"t Specimen negatively stained with phos-

photungstic acid.



FIG. 7

IMMUNODIFFUSION OF LEPTOSPIRA AXIAL FILAMENT
SUSPENSION IN AGAROSE a

Well 1: rabbit antileltospiral serumi;
well 2: rabbit anti-axial-filariment serLunil:
well 3: purified suspensioni of axial filanient;
well 4: crude sLJspension of axiat filamerit.

FIG. 8

IMMUNOELECTROPHORESIS OF LEPTOSPIRA AXIAL FILAMENT SUSPENSION
IN 1 % AGAROSE a SHOWING ONE PRECIPITIN LINE MIGRATING SLIGHTLY

TOWARDS THE CATHODEb

.' Well: axial filiamient:
troughh rabbit anti leptospi al seru m.
AnArode to the left, cathode to tne right.

V. - .0-



FIG. 9
IMMUNOELECTROPHORESIS a OF COLUMN FRACTIONS FOR IMMUNOCHEMICAL

IDENTIFICATION OF LEPTOSPIRA ANTI-AXIAL-FILAMENT ANTIBODIES b

.*} r 11!1 * Dp.3, .~~~~~~~~~~~~~~

_w w rr !...;~~_ *,a~~~~~~~_ ! tl gs >~~~~~~~~~~
1, 3 and 5 = goat antiserum to rabbit serunm; 2 = axial filanient;
4 = gu'nea-pig antiserum to Fc fragment of rabbit IgG.
Aniode to the left, cathode to the right.
Key to lettering; a and c = IgG fraction; b anid d = 19S fraction:



FIG. 10

LEPTOSPIRA AXIAL FILAMENT FROM AGAROSE GEL WITH IgG ANTIBODIES (ARROWS) a

" Specimen negatively stained with uranyl acetate.

FIG. 11

LEPTOSPIRA AXIAL FILAMENT WITH IgM ANTIBODIES ATTACHED BY SEVERAL APPENDAGES (ARROWS) a

" Specinmen negatively stained with phosphotungstic acid.



FIG. 12

DIAGRAM OF IgM ATTACHED TO LEPTOSPIRA AXIAL FILAMENT BY VARIOUS NUMBERS OF APPENDAGES

IgM

AXIAL FILAMENT

FIG. 13
LEPTOSPIRA AXIAL FILAMENT COATED WITH A THICK HALO OF IgG ANTIBODIESa

Specimrienniegatively stainied with phosphotutigstic acid.



FIG. 14
LEPTOSPIRA AXIAL FILAMENT REACTED WITH UNFRACTIONATED ANTISERUM; MOST OF

THE ANTIBODIES ARE ISBG BUT SOME IgM IS ALSO PRESENT a
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Specimen negatively stained with phosphotungstic acid.



FIG. 15
LOOPS OF IgG ANTIBODIES (ARROWS) ATTACHED TO LEPTOSPIRA AXIAL FILAMENT a

" Specimen negatively stained with phosphotLunastic acid.

FIG. 16

IgG ANTIBODIES LINKING ADJACENT LEPTOSPIRA AXIAL FILAMENTS
TO FORM PARALLEL PAIRS a

' Specinien negatively stained with phosphotLungstic acid.
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G-200 column was IgM, because (1) its characteris-
tics were consistent with those of IgM (eluted in the
19S peak, sensitive to 2-mercaptoethanol and
fl-migrating); (2) its failure to react with anti-Fc
serum and the electrophoretic mobility, different
from that of IgG, eliminates the possibility that it is
an IgG (Fig. 9); (3) the possibility of its being an
IgA is remote since IgA is normally present in
rabbit serum in very low concentration, if at all,
and cannot be detected unless the IgA fraction from
a DEAE-cellulose column is highly concentrated
(Cebra & Robbins, 1966).
Although specific anti-rabbit IgM was not avail-

able to identify positively this 19S immunoglobulin
as IgM, all the available immunochemical evidence
suggests that it cannot be anything but IgM, and
this view is further supported by the size and struc-
ture of these antibody molecules attached to axial
filaments as revealed by electron-microscopy. Its
staple-like appearance was very similar to that
shown on S. typhi flagella by Feinstein & Munn
(1966) and by Lawrence (personal communication)
but the dimensions were very different.

Feinstein & Munn (op. cit.) stated that the
dimensions of IgM were 14 nm by 2 nm, consider-
ably less than those mentioned in other reports.
Svehag & Bloth (1967) calculated the size to be
33 nm-37 nm by 3 nm-4 nm by measuring the
distance between polioviruses bridged by IgM.
Almeida et al. (1967) found that the dimensions of
guinea-pig IgM were 37 nm by 5 nm. Chesebro
et al. (1968) described their free IgM molecule as
spider-like, consisting of 5 legs connected by a ring
in the centre of the molecule. Its span was 30 nm
but the potential maximum span would be equal to
2 maximally extended appendages plus the central
ring, i.e., 35 nm. The dimensions reported here-
namely, 33 nm by 3 nm-are within the range quoted
above but differ from the observations of H6glund &
Levine (1965) and Hoglund (1966, 1967) on free
IgM and IgM-bacteriophage complexes. Those
authors found that the dimensions of the IgM
molecule were 30 nm by 20 nm.
The IgM molecule is polyvalent but the exact

valence has not been agreed upon. Biophysical and
biochemical information has shown that the molecule
is composed of 5 subunits connected to each other
by disulfide bonds (Lamm & Small, 1966; Cohen &
Porter, 1964), while morphological confirmation of
this model was provided by the electron-micrographs
of Chesebro et al. (1968). In addition, Onoue et al.
(1965) found the valence of intact IgM to be 6. Our

observations of IgM attached to axial filaments by
2-6 appendages (Fig. 12) would be consistent with
these findings.
The different types of attachment between IgG

and axial filament were due to different concentra-
tions of antibody (Almeida et al., 1963); Lafferty &
Oertelis, 1963). All three types of attachment were
seen in the present study because the relative con-
centrations of the reactants were not strictly con-
trolled, the observations being concerned mainly with
the qualitative rather than with the quantitative
aspect of the axial filament-antibody reaction.
Besides, the immunodiffusion test is self-regulating
with respect to concentration.
The size of the IgG antibody estimated by direct

measurement of a loop between the observed points
of attachment was 24 nm and the width was 3 nm.
This is close to the dimensions calculated from
hydrodynamic data (Neurath, 1963; Boyd, 1966)
and is within the range 18 nm-30 nm by 3 nm-
4 nm, estimated by direct electron-microscope
measurements of shadowed antibodies (Hall et al.,
1959), and of antibodies complexed with various
antigens such as wart virus (Almeida et al., 1963),
influenza virus (Lafferty & Oertelis, 1961, 1963),
S. typhi flagella (Elek et al., 1964) and pyocine
(Goto et al., 1967).
The electron-micrographs indicate that the anti-

bodies are divalent and the reactive sites are situated
either at, or very close to, each end of the antibody
molecule, in agreement with the observations of
Lafferty & Oertelis (1963) and Hall et al. (1959).
Individual molecules can attach to two adjacent
antigenic sites on the same axial filament, which is an
indication that the antibody molecule is extremely
flexible and that the combining sites on the antibody
molecule have identical specificity. The absence of
heteroligating antibodies (i.e., antibodies of dual
specificity) have been demonstrated in antisera
produced against artificially conjugated protein
antigens (Haurowitz & Schwerin, 1942, 1943;
Nisonoff et al., 1959; Eisen et al., 1954).

Serological significance in leptospirosis
The axial filament is the first structural com-

ponent of the leptospire to be identified serologically.
A systematic study of the extent of cross-reactivity
of this axial filament antigen among various sero-
types is now in progress. Such information may be
of value in helping to establish a new system of
classification based on specific antigens in place of
the current system based on reciprocal agglutinin-
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absorption tests which measure the resultant of many
antigens. Preliminary results indicate that cross-
reactions do not correspond to the. agglutination
pattern.

Since this work was submitted for publication a
similar theory for the reaction of IgM antibodies
with Salmonella flagella has been provided by
Feinstein & Munn (1969).
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RESUME

DEMONSTRATION PAR LA MICROSCOPIE ELECTRONIQUE DE REACTIONS ENTRE LES FILAMENTS
AXIAUX DE LEPTOSPIRA ET LES ANTICORPS IgM ET IgG

Mise en presence de serum de lapin anti-Leptospira,
en milieu gelifle, une suspension purifie, de filaments
axiaux de leptospires donne une ligne de precipitation
it proximite du puits renfermant l'antigene. L'examen
au microscope electronique du precipite immun resultant
de la reaction entre les filaments et les anticorps montre
clairement les rapports directs entre la structure mor-
phologique et l'antigene.

L'emploi d'antiserums fractionnes revele que l'IgM
et l'IgG r6agissent toutes deux avec le filament axial.
Les anticorps IgM, en forme de crampons, s'attachent
au filament par plusieurs dldments de fixation. La mole-
cule d'IgM mesure en moyenne 33 nm de longueur et

chaque element a une largeur de 3 nm. Les anticorps
IgG se presentent comme des batonnets attaches au
filament axial par une ou leurs deux extremites portant
les sites reactionnels. Les dimensions moyennes de ces
anticorps bivalents sont de 24 nm sur 3 nm.
Le filament axial est le premier el6ment de la structure

des leptospires a etre identifi6 par les techniques sero-
logiques. L'dtude systematique de la reactivit6 anti-
genique croisee du filament axial de divers serotypes,
actuellement en cours, pourrait contribuer a d6finir un
nouveau systWme de classification base sur la specificite
antigenique.
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