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Description

[0001] The subject of the present invention is the use of a bacterial surface antigen obtained from bacterial cells in
the production of antibodies for the manufacture of immunological tests for detecting bacterial cells, particularly of
Clavibacter michiganensis subsp. sepedonicus.
[0002] Clavibacter michiganensis subsp. sepedonicus (Spickermann et Kotthoff) Davis et al. (Cms), the cause of
potato bacterial ring rot, is one of the foremost pathogens of the potato (EPPO 2006). Synonymous names of the pathogen
include: Corynebacterium michiganensis subsp. sepedonicus , Corynebacterium michiganensis pv. sepedonicus as well
as Corynebacterium sepedonicus (OEPP/EPPO, 2006).
[0003] Clavibacter michiganensis subsp. sepedonicus is a gram-positive, rod-shaped or coccal bacteria (OEPP/EPPO,
2006) which, along with the genus Rathayibacter, form the phytopathogenic group Corynebacteria with a common
phylogenetic ancestry. The colonies of most cultured strains are mucoidal, though intermediate and non-mucus producing
strains also occur.
[0004] Cms virulence factors know to date are:

a) Acidic bacterial mucoidal proteins of 1-10 MDa are also characteristic of other subspecies of C. michiganensis.
These are composed of several (I-III) polysaccharide components of similar chemical composition differing in terms
of agglomeration . The occurrence of component type IV, composed mostly of mannose, is characteristic only of
Cms bacteria. Bacterial mucus, on one hand protects bacteria against moisture loss, and on the other hand impedes
transpiration and causes wilting through the physical occlusion of vascular bundles. The chemical composition of
bacterial mucus as well as its presence or absence are significant factors in the diagnostics of Cms bacteria based
on serological tests, in which mucus components are usually presented as antigens. Correct pathogen evaluation
on the basis of bacterial mucus is dependent not only on genetic factors, but also on chemical variability and mucus
volume produced by individual strains of Cms bacteria.
b) The cellulase produced by most examined Cms strains (Baer and Gudmestad 1993) takes part in the degradation
of vascular bundle tissues, leading to the delamination of the external layers of the tuber from its core. Laine and
co-workers (2000) showed that the cellulase is encoded by a gene in a native plasmid, pCS1, of Cms bacteria.
c) The toxic glycoproteoid isolated from Strobela through its high affinity to wall fragments and host cell membranes,
most likely leads to disruptions in the permeability of the latter.

To date, no successful method has been found of direct chemical or biological action against the pathogen. Surface
disinfection of tubers does little, since the bacteria reside in vascular bundles, to which the disinfectant has no access.
[0005] One of the most effective methods of limiting or eliminating the causal agent of potato bacterial ring rot is its
early detection. This is essential during production, processing and distribution of plant material. Thus effective detection
methods should be appropriately sensitive and specific, as well as being simple, fast, reliable and repeatable.
[0006] According to phyto-sanitary requirements, the effective diagnostics of the causal agent of potato bacterial ring
rot require the use of at least two laboratory tests based on different biological processes, along with a pathogenicity
test (OEPP/EPPO, 2006). Depending on the expression of symptoms of potato bacterial ring rot, appropriate protocols
are chosen: physiological, biochemical, serological, molecular and others (EC Directive 2006/56).
[0007] Physiological and biochemical tests used in routine controls facilitate the phenotyping of Cms. According to
the latest EC directive, these tests must be performed using bacterial isolates obtained through passaging on agar media
with glucose. Morphological comparisons must be performed in cultures derived following growth on agar media with
glucose in the presence of a known Cms control (EC Directive 2006/56).
[0008] In the case of plants with evident symptoms, bacterial isolation on semi-selective NCP-88 media is performed
as well as MTNA, whereas routine cultures of pure Cms bacteria make us of growth media such as nutrient agar medium
(NA), dextrose nutrient agar(NDA), yeast peptone glucose agar (YPGA) as well as a mineral medium with glucose and
yeast extract (YGM), EC Directive 2006/56).
[0009] One of the main problems with the detection and identification of Cms bacteria is the slow growth rate of this
pathogen. With direct inoculation onto universal medium, exogenous saprophytic bacteria characterised by notably
higher growth rates overgrow the entire surface of the medium, often making it impossible to successfully isolate pure
Cms strains (OEPP/EPPO, 2006). Pathogen isolation on semi-selective media containing antibiotics such as polymyxin
sulphate B, nalidixylic acid and cycloheximide (NCP-88) as well as trimetoprim, and amphotercine B (MTNA), makes it
possible to decrease the amount of other bacteria. The most effective isolations on semi-selective media can be obtained
following inoculation of aubergine plants with pathogenic cell extracts. Aubergine constitutes a good environment for
selectively culturing the causal agent of potato bacterial ring rot (OEPP/EPPO 2006).
[0010] The pathogenicity test on young aubergine plants inoculated with a three-day culture of the tested isolate is
used as a final test of latent infection as well as for the evaluation of virulence of cultures identified as Cms. This test is
characterised by a relatively low sensitivity (106 CFU/ml) as well as being time-intensive, ca. 40 days. To shorten this
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time, tobacco is also used as an indicator plant. This test, however, has the drawback of lower sensitivity (108-109

CFU/ml) (OEPP/EPPO 2006).
[0011] One of the long used methods of identifying Cms bacteria has been Gramm staining of smears from the vascular
bundles and tubers (Glick et al. 1944, Slack 1987). However, unequivocal diagnoses with this method are difficult due
to the occurrence of other gram+ bacteria such as Clostridium ssp, Bacillus ssp., as well as saprophytic bacteria of the
genus Corynebacterium.
[0012] Some laboratories have made use of the latex agglutination test, making it possible to detect 107 cells in 1 ml.
Reverse passive hemagglutination assays with ovine erythrocytes coated with anti-Cms antibodies from rabbit serum
or chicken egg yolk make it possible to discover the presence of Cms within 90 minutes at concentrations of 6x106 per 1 ml.
[0013] The serological detection of the causal organism of potato bacterial ring rot continues to cause many difficulties
due to the morphological differentiation of the forms of the pathogen. Commonly used serological tests are immunoflu-
orescence, IF, as well as immunoenzymeatic tests, ELISA (Enzyme Linked Immunoabsorbent Assay). Although ELISA
assays are disallowed by the EPPO as screening assays, they are much more popular in North America. Using monoclonal
MAb 9A1 antibodies in an IF test ensures high specificity and detection of Cms bacteria in the range of 104 cells per ml
of potato tissue extract. Often, sensitivity is increased through the use of cheaper, but less specific polyclonal antibodies.
However, this solution has the drawback often yielding false positive results due to cross-reactions with other bacteria.
as well as not detecting non-mucus forming strains of Cms bacteria. The main antigen detected are not Cms cells, but
soluble exopolysaccharides whose amounts in relation to cell numbers may vary. Both methods, IF and ELISA, make
it possible to detect Cms bacteria in potato tubers and stalks, wherein the immunofluorescent method exhibits higher
specificity in tubers, whereas ELISA detects the pathogen with greater specificity in stalks.
[0014] Modem diagnostics make use of traditional, well established methods of detecting microorganisms which have
many advantages. They are usually time-intensive and require specialised laboratory equipment. This precludes field
testing, where an almost instantaneous result is needed, and the sample should be analyzed on-site. Since to-date the
most effective method of preventing bacterial pathogen dispersion has been early detection, such conditions must be
met in an increasing number of procedures. The need exists for fast, sensitive and direct methods of detection, both
specific and inexpensive, and which would facilitate real time control during plant growth, production and storage, as
well as food distribution.
[0015] Thus, the problem rests in finding a method of quantifying Clavibacter michiganensis subsp. sepedonicus (Cms)
with immunological methods using polyclonal anti-Cms antibodies.
Unexpectedly, this problem has been solved through the use of the method according to the present invention.
The first subject of the present invention is the use of a bacterial surface antigen obtained from mucoidal bacteria through
washing the bacteria in a buffer selected from among glycine-HCl or glycine-NaOH to produce an immunological tests
for detecting mucoidal and non-mucoidal bacteria. Preferentially, the glycine-HCl solution is used at a concentration of
0.001-1 M, preferentially 0.05-0.5 M, as well as at a pH of 1.5-3.5. preferentially 2-3. Equally preferentially the glycine-
NaOH solution is used at a concentration of 0.001-1 M, preferentially in the range 0.05-0.5 M, pH 9.5-12. preferentially
in the range 10-11. Preferentially, the antibody is tagged radioactively or colloidally, where the antibody is preferentially
coated with gold.
[0016] The second subject of the present invention is a method of detecting the presence of bacteria in an analysed
sample , characterised in that the analysed sample is suspended in a buffered solution, the resulting solution is put into
contact with the tagged antibody specific against the surface antigen of the bacterium to be detected, whereafter the
solution is filtered on a filter impermeable to the bacteria, wherein the presence of tagged bacteria on the filter is evidence
of said bacteria in the analysed sample. Preferentially, the antibodies are tagged with colloidal gold. Equally preferentially,
antibodies specific against mucoidal bacteria are obtained through immunization using the bacterial antigen obtained
from mucoidal bacteria through washing bacterial cells in buffered solutions of glycine-HCl or glycine-NaOH. Preferen-
tially, the antibacterial membranes are cellulose, polycarbonate or other membranes. Preferentially, the presence of
Cms bacteria is detected, whereas the presence of antibodies tagged with colloidal gold is detected with the reduction
of silver ions on colloidal gold. Equally preferentially the method, is characterised in that the filtration makes use of
activated large-pore polycarbonate membranes, permeable to bacteria and modified with glutaryl aldehyde, containing
immobilised anti-Cms antibodies. In another equally preferential embodiment of the present invention, the method is
characterised in that the membranes facilitate the selective immuno-trapping of Cms bacteria, wherein antibodies specific
against the bacteria are obtained through immunization using the bacterial antigen obtained by rinsing bacteria with a
buffered solution selected from among glycine-HCl or glycine-NaOH. In the next preferential embodiment of the present
invention, the method is characterised in that the presence of Cms bacteria is detected. In the next equally preferential
embodiment of the present invention, the method is characterised in that the presence of bacteria other than Cms is
detected, wherein the detection of the presence on the filter of these bacteria depends on the antibodies used. In the
next equally preferential embodiment of the present invention a method is characterised in that the presence of bacteria
immuno-trapped on the filter is ascertained using antibodies. Preferentially, a method according to the present invention
is characterised in that antibodies tagged with colloidal gold are used. Equally preferentially, a method according to the
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present invention is characterised in that antibodies tagged with colloidal gold are detected using the reduction of silver
ions on the colloidal gold. In the next equally preferential embodiment of the present invention, the method is characterised
in that antibodies tagged with a fluorochrome are used. In the next equally preferential embodiment of the present
invention, the method is characterised in that a fluorochrome such as carbocyanin Cy3 or any other is used. Equally
preferentially, a method according to the present invention is characterised in that the presence of bacteria immuno-
trapped on the filter is evaluated through culturing the cells. Equally preferentially, a method according to the present
invention is characterised in that the culturing of the bacterial cells occurs after placing the immobilising filter on the
surface of the medium containing nutrients for the immuno-trapped bacterial cells. In the next equally preferential em-
bodiment of the present invention, the method is characterised in that the medium may be a selective, semi-selective
or mineral medium. Equally preferentially, a method according to the present invention is characterised in that the
activation of the membranes encompasses the following: coating of the membranes with an aniline polymer, and chemical
modification of the polyanilin.
In light of the above, the subject of the present invention is also an immunological assay of the ELISA, IFAS or other
commonly known sort, characterised in that the antigen from bacterial cells, preferentially mucoidal bacteria such as
Cms, has been produced according to a method encompassing a stage of rinsing bacteria with buffered solutions:
glycine-HCl or glycine-NaOH in order to obtain the antigen for producing the antibodies. Equally preferentially, the
antibody used in the immunological assay is tagged radioactively or colloidally. In the next embodiment of the present
invention the antibody is coated with colloidal gold. A method of tagging bacteria using membranes, being the second
subject of the present invention, particularly of polycarbonate membranes, possessing excellent physicochemical prop-
erties, yields a white background, on which the tagged bacteria are very visible. The hue of the tagged bacterial cells
does not fade, as is the case for some fluorochromes. Staining with a conjugate of colloidal gold and then silver staining
of tagged bacterial cells makes it possible to preserve the image for several months. The test is a simple and quick
method for evaluating the presence of Cms bacteria isolated from pure cultures in over a dozen samples simultaneously.
Another advantage is the universal nature of the test, which, depending on the antibody used, can be used successfully
against other bacteria. In the present invention, activation using an aniline polymer was used as a method of obtaining
a functional immuno-biochip. Test device surfaces subjected to chemical modification as well as immunoactivation
according to the present invention, preferentially Petri dishes, may be produced from various materials ( polystyrene,
polyethylene, polycarbonate and glass). The present invention has made it possible to produce a functional substrate
with novel chemical, optical and sorbent properties capable of activating antibodies (i.e. those directed against a new
type of antigen, bacterial cells denuded of bacterial mucus to be used in the detection of Cms bacteria). The universality
and functionality of this immunoabsorbent rests in the possibility of using it for every other bacteria, depending on the
antibodies used. In the present invention, a facile immunoabsorbent was produced by using granular material a dextran
gel (or glass microspheres), which were covalently coated with chitosan and colloidal gold following prior chemical
modifications (via APTES, glutaryl aldehyde and aminocysteine). Of and in itself the dextran gel or glass microspheres
are relatively inexpensive materials, easily obtained and functional. Both are in the form of microparticles, several to
several dozen times larger than bacteria, and much heavier. This characteristic enables them to be used in binding and
extracting bacteria and other biomolecules (viruses, proteins etc.) from a tested solution, without using additional equip-
ment such as a centrifuge. Significant advantages gained in the present invention are: the possibility of binding various
biomolecules on the surface of colloidal gold, which exhibits many advantageous characteristics as an absorbent medium,
an increased absorptive surface of the medium, the possibility of covalently immobilizing antibodies and other biomol-
ecules. A dextran hydrogel in the form of microspheres activated with antibodies against a given bacterium facilitates
rapid contact between the antibodies and bacteria of interest. Unmodified dextran particles settle relatively slowly. After
"weighing" with a layer of colloidal gold occluding on the surface of the dextran, they settle on the bottom within 2-3
minutes. Thus, additional procedures such as centrifugation are not necessary, to rinse and separate the microspheres
from the impure solution.

Example 1 The use of Cms cells denuded of mucus in the production of antibodies for immune assays

[0017] Aqueous suspensions were made of the cells of the retained Cms bacterial strains, BPR-527, PD 221 as well
as PD 406. The suspensions were washed thrice with ddH2O and centrifuged 15-25 min. at 7000g on a Beckman J-21
centrifuge. The supernatant was discarded, an exopolysaccharides remaining on the bacterial cells were washed off 1
- 6 with 0.001-1M glycine-HCl buffer (pH 1.5-3.5), 1 - 6 times with 0.001-1M glicyne-NaOH buffer (pH 9.5-12), thrice
with sterile H2O, centrifuging the bacteria each time as above. Bacteria were lyophilised, and a mixture of the three
lyophilisates was prepared in a ratio of 1:1:1 by mass. Subcutaneous immunisation was performed on a rabbit using a
1% aqueous solution of lyophilisate with Gerbu 100 adjuvant (1:1 v/v). The suspension was administered six times at
biweekly intervals in 1 ml doses. Bleeding and antibody isolation was performed according to Ball et al. (1993). The
blood was collected from the peripheral vein of the ear directly into centrifuge tubes. After collection, it was left to coagulate
for 30 min. at 37°C, and then overnight at 4°C. The clot was gently separated from the walls and centrifuged for 15
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minutes at 1000g at 4°Cin a Beckman J-21 centrifuge. The serum was gently decanted, NaN3 was added to a concen-
tration of 0.02%, and then diluted tenfold with ddH2O. An equal volume of saturated ammonium sulphate was added,
gently mixed and left for 60 min. at RT in order to precipitate. The mixture was centrifuged for 5 min. at 8000g on a
Sorvall RC-5B centrifuge. The supernatant was discarded and the precipitate was dissolved in 0.5x PBS pH 7.4 in a
volume double that of the initial serum volume, and dialysed overnight against three changes of the same buffer with
0.02% NaN3. The dialysate was placed on a DEAE-cellulose column equilibrated with 0.5xPBS with 0.02% NaN3. which
was then used to wash the column, eluting the antibody. 3 ml fractions were collected whose A280/A250 absorbance ratio
was = 2.5 4 2.7. The fractions were pooled and then passed through an antibacterial filter 0.2 mm and stored at 4°C.
Antibody solutions were brought to a concentration of 2 mg/ml using the above mentioned buffer, accepting that IgG
absorbance at 1 mg/ml at λ = 280 nm is 1.4. Antibodies react with Cms cells encapsulated with mucus as well as slightly
with cells partially denuded of bacterial mucus (Table 5).
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Example 2 A method of tagging polyclonal antibodies against Clavibacter michiganensis subsp. sepedonicus

[0018] In order to obtain Fab fragments, a reduction reaction was performed on the disulphide (S-S) bonds of whole
IgG molecules, incubating them in EDTA-DTT in anoxic conditions. Six solutions with varying antibody concentrations
were prepared, ranging from 20 do 500 mg/ml in 0.2 ml final volume of freshly prepared EDTA-DTT. The solutions, in
1.5 ml Eppendorf tubes, were incubated overnight at RT under 0.1 MPa vacuum. After opening, the solutions containing
the IgG fragments were immediately combined with a standard colloidal gold solution from 4.0 at a 1:1 (v/v) ratio. The
solutions were incubated for 10 minutes at RT with gentle mixing, whereafter 50 ml of each solution was collected and
mixed with 50 ml of 2N NaCl. After determining optimal proportions, the colloidal gold was mixed with an appropriate
amount of reduced antibodies and incubated for 5 - 60 minutes at RT with gentle mixing. To avoid non-specific absorption,
the remaining colloidal gold surface was blocked with 1-20% BSA, whereas surplus unbound fragments were removed
from the conjugate solution using 3-fold rinsing with TBS-BSA and concentration on an Eppendorf 5415C centrifuge
(0.5-2 hours at 1000-4000g). The precipitate from the last centrifugation was brought to an from OD535 nm = 0.1-4.0
with the latter buffer and stored at 4°C (IgG-Au1 solution).

Example 3. A method of tagging polyclonal antibodies against Clavibacter michiganensis subsp random with whole IgG 
molecules

[0019] Antibody solutions with concentrations of 0.01-1 mg/ml were made, which were dialysed overnight at 4°C
against 3 changes of 10 mM borate buffer pH 9.2 and brought to a concentration of 0.1 mg/ml assuming that the A280
nm of such a solution is 0.140. Whereas a standard colloidal gold solution was brought to 10 mM with borate buffer pH
9.0. An initial titration was performed by making IgG solutions with concentrations ranging from 5 do 50 mg/ml, which
were combined with a double volume of colloidal gold solution from 4.0, mixed and incubated 10 minutes at RT. Next,
50 ml of each solution was sampled and mixed with 50 ml 2N NaCl. After determining the optimal proportions, the colloidal
gold was mixed with an appropriate amount of reduced antibodies and incubated 5 - 60 minutes at RT with gentle mixing.
The procedure then followed that of Example 1. The precipitate obtained from the final centrifugation was brought, using
TBS-BSA buffer, to an OD535nm of 0.1-4.0 and stored 4°C (IgG-Au2 solution).

Example 8 A filtration test for detecting the presence of Ervinia carotovora subsp. carotovora

[0020] A series of suspensions of Ervinia carotovora subsp. carotovora were made in 10 mM PBS pH 7.2 in dilutions
from 5*102 to 5*105 CFU/ml. 100 ml of each suspension was collected and 20 ml of the colloidal gold-tagged conjugate
with anti-Ecc IgG were added to each. After 10 minutes, the mixture was filtered on polycarbonate membranes (porosity
0.4 mm) in a vacuum transfer apparatus. Following 1-6 rinses in 1xPBS pH 7.4 with 0.005-1% Tween 20, spot intensity
on the membrane surface was examined or bacteria were observed under an optical microscope. To make the tagged
Ecc bacteria more visible, the optical signal was amplified using reduction of silver ions on the colloidal gold. For this
procedure, the membranes were placed into a freshly made solution of 0.015-0.5 M hydroquinone, 0.033-15 mM silver
nitrate in 10 mM citrate buffer pH 2.5-4.0 and incubated around 2-12 min. The reaction was stopped by placing the
membranes in ddH2O and drying on tissue paper. Ecc bacteria tagged with a conjugate of colloidal gold z with IgG-AP
was contrasted enzymatically using BCIP/NBT as a substrate. Spots on the membrane were covered with 50 ml of freshly
prepared BCIP/NBT solution and incubated 2-20 min. at room temperature. The reaction was stopped by placing the
membranes in 1xPBS, pH 7.4 with 0.05% Tween 20 and drying on tissue paper. After amplifying the signal, the staining
intensity of the spots on the membrane was examined using the unaided eye or bacteria were observed under an optical
microscope.

Example 9. A filtration test for detecting the presence of Ervinia amylovora

[0021] A series of suspensions of Ervinia amyloria were made in 10 mM PBS pH 7.2 in dilutions from 5*102 to 5*105
CFU/ml. 100 ml of each suspension was collected and 20 ml of the colloidal gold-tagged conjugate with anti-Ea IgG were
added to each.
[0022] After 10 minutes, the mixture was filtered on polycarbonate membranes (porosity 0.4 mm) in a vacuum transfer
apparatus. Following 1-6 rinses in 1xPBS pH 7.4 with 0.005-1% Tween 20, spot intensity on the membrane surface was
examined or bacteria were observed under an optical microscope.
[0023] To make the tagged Ea bacteria more visible, the optical signal was amplified using reduction of silver ions on
the colloidal gold. For this procedure, the membranes were placed into a freshly made solution of 0.015-0.5 M hydro-
quinone, 0.033-15 mM silver nitrate in 10 mM citrate buffer pH 2.5-4.0 and incubated around 2-12 min. The reaction
was stopped by placing the membranes in ddH2O and drying on tissue paper.
[0024] Ecc bacteria tagged with a conjugate of colloidal gold z with IgG-AP was contrasted enzymatically using
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BCIP/NBT as a substrate. Spots on the membrane were covered with 50 ml of freshly prepared BCIP/NBT solution and
incubated 2-20 min. at room temperature. The reaction was stopped by placing the membranes in 1xPBS, pH 7.4 with
0.05% Tween 20 and drying on tissue paper.
[0025] After amplifying the signal, the staining intensity of the spots on the membrane was examined using the unaided
eye or bacteria were observed under an optical microscope.

Example 10 A filtration test for detecting the presence of Cms

[0026] A series of suspensions of Clavibacter michiganensis subsp. michiganensis were made in 10 mM PBS pH 7.2
in dilutions from 5*102 to 5*105 CFU/ml. 100 ml of each suspension was collected and 20 ml of the colloidal gold-tagged
conjugate with anti-Cms IgG were added to each.
[0027] After 10 minutes, the mixture was filtered on polycarbonate membranes (porosity 0.4 mm) in a vacuum transfer
apparatus. Following 1-6 rinses in 1xPBS pH 7.4 with 0.005-1% Tween 20, spot intensity on the membrane surface was
examined or bacteria were observed under an optical microscope.
[0028] To make the tagged Ea bacteria more visible, the optical signal was amplified using reduction of silver ions on
the colloidal gold. For this procedure, the membranes were placed into a freshly made solution of 0.015-0.5 M hydro-
quinone, 0.033-15 mM silver nitrate in 10 mM citrate buffer pH 2.5-4.0 and incubated around 2-12 min. The reaction
was stopped by placing the membranes in ddH2O and drying on tissue paper.

Example 12 Membrane activation for immunofiltration assays

[0029] The assay made use of polycarbonate membranes produced and chemically activated as in Example 1 and
then activated with antibodies against Cms bacteria. IgG were immobilised covalently on the polyaniline surface using
both a directed method and random method. In the first case, previously oxidated antibodies as well as chemically
unmodified polyaniline were used, whereas in the second case chemically unmodified antibodies as well polyaniline
activated with glutaryl aldehyde were used.

12.1 Directed method

[0030] Polycarbonate membranes were activated as earlier in example 1, coated with 20 ml of a solution of oxidized
antibodies at a concentration of 0.001-1 mg/ml in 1xPBS pH 7.4 with 20-60% glycerol. Membranes were incubated for
15-120 min. at 37°C and washed thrice with 1xPBS pH 7.4. Next, 20 ml of 0.1-30% NaCNBH4 in 1xPBS pH 7.4 were
placed on them for 15-120 min. under a fume extractor and washed thrice in 1xPBS pH 7.4. Activated surfaces were
incubated 15-120 min. at 37°C with blocking buffer (0.1-1.5% gelatine in 1xPBS, pH 7.4), and then washed thrice with
1xPBS pH 7.4 with 0.05% Tween 20.

12.2 Random method

[0031] Polycarbonate membranes were activated with polyaniline and chemically modified with glutaryl aldehyde.
Subsequently, 1-50 ml of antibody solutions with concentrations of 0.001-1 mg/ml in 1xPBS pH 7.4 and 20-60% glycerol,
were immobilised. Next, the procedure was identical as in the directed method of antibody immobilisation.

Example 13 Assay using bacteria

[0032] A suspension was prepared of Cms bacteria in a mixture of potato juice with 1xPBS pH 7.4 in dilutions ranging
from 100 to 25000 CFU/ml. A membrane with immunoactivated spots of polyaniline laid out exactly like microwells in a
vacuum blotter were placed between the covering layers of a vacuum blot. 1 ml of each solution was sampled and filtered
gently through the membranes. Excess unbound bacteria were rinsed off thrice with 1xPBS pH 7.4 with 0.05% Tween
20, whereas immuno-trapped Cms bacteria were evaluated using various techniques:

- live bacteria were evaluated by placing the membrane with the active side down onto NCP-88 medium and incubating
for 5-15 days at 15-30°C, or

- staining the bacteria with the immunofluorescent IFAS method, or

- staining the bacteria with a conjugate of colloidal gold with anti-Cms antibodies and then amplifying the signal with
silver ions.
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Example 14 Determination of Cms bacteria from potato tubers stained with colloidal gold:

[0033] A mixture of potato tuber extract with 1xPBS pH 7.4 was prepared. The membrane with immunoactivated
antibodies against Clavibacter michiganensis subsp. sepedonicus on spots of polyaniline laid out identically like micro-
wells in a vacuum blotter, was placed between the halves of a vacuum blotter.1 ml of each solution was sampled and
filtered gently through the membranes. Excess unbound bacteria were rinsed off thrice with 1xPBS pH 7.4 with 0.05%
Tween 20, whereas immuno-trapped Cms bacteria were evaluated by staining the bacteria with a conjugate of colloidal
gold with anti-Cms antibodies and then amplifying the signal with silver ions.

Example 15 Determination of Cms bacteria from potato tubers stained using the IFAS method

[0034] A mixture of potato tuber extract with 1xPBS pH 7.4 was prepared. The membrane with immunoactivated
antibodies against Clavibacter michiganensis subsp. sepedonicus on spots of polyaniline laid out identically like micro-
wells in a vacuum blotter, was placed between the halves of a vacuum blotter.1 ml of each solution was sampled and
filtered gently through the membranes. Excess unbound bacteria were rinsed off thrice with 1xPBS pH 7.4 with 0.05%
Tween 20, whereas immuno-trapped Cms bacteria were evaluated by staining using the immunofluorescent IFAS method
and observing the results under a fluorescent microscope.

Example 16: Immunization of media using the immunofilter

[0035] A mixture of potato tuber extract with 1xPBS pH 7.4 was prepared. The membrane with immunoactivated
antibodies against Clavibacter michiganensis subsp. sepedonicus on spots of polyaniline laid out identically like micro-
wells in a vacuum blotter, was placed between the halves of a vacuum blotter.1 ml of each solution was sampled and
filtered gently through the membranes. Excess unbound bacteria were rinsed off thrice with 1xPBS pH 7.4 with 0.05%
Tween 20, whereas immuno-trapped Cms bacteria were evaluated live, by placing the membrane activated side down
directly onto NCP-88 medium and incubating for 10 days at 21°C live, by placing the activated side of the membrane
directly onto NCP-88 medium and incubating for 10 days at 21°C.

Example 17.

Preparation of media

[0036] The assay made use of Petri dishes of polycarbonate or polystyrene or polyethylene or glass activated chemically
as in application No. 07. and then antibodies against Cms bacteria were activated.
[0037] IgG was immobilised covalently on the surface of polyaniline in both a directed and random method. In the first
case, use was made of antibodies previously oxidated as well as chemically unmodified polyaniline, whereas the in the
second case chemically unmodified antibodies as well as polyaniline activated with glutaryl aldehyde are used.

1 Directed method

[0038] Petri dishes activated with polyaniline as in Example 1 were coated with 20 ml of a solution of previously oxidized
anti-Cms antibodies at a concentration of 0.001-10 mg/ml in 1xPBS pH 7.4 with 5-70% glycerol. The surface of the
dishes was incubated for 15-120 min. at 37°C and rinsed thrice with 1xPBS pH 7.4. Next, 20 ml of 0.1-30% NaCNBH4
in 1xPBS pH 7.4. were loaded and placed for 15-120 min. under a fume extractor and subsequently rinsed thrice with
1xPBS pH 7.4. Activated surfaces were incubated for 15-120 min. at 37°C in blocking buffer (0.1-1.5% gelatine in 1xPBS,
pH 7.4), an then rinsed thrice in 1xPBS pH 7.4 with 0.05% Tween 20.

1 Random method

[0039] Petri dishes activated with polyaniline and glutaryl aldehyde as in Example 1. 1-50 ml of anti-Cms antibody
solution at a concentration of 0.001-1 mg/ml in 1xPBS pH 7.4 with 20-60% glycerol were immobilised. The Petri dishes
were incubated for 15-120 min. at 37°C and rinsed thrice in 1xPBS pH 7.4. Next, 20 ml was loaded of 0.1-30% NaCNBH4
in 1xPBS pH 7.4, placed for 15-120 min. under a fume extractor rinsed thrice with 1xPBS pH 7.4. Activated surfaces
were incubated for 15-120 min. at 37°C in blocking buffer (0.1-1.5% gelatine or 1-15% bovine albumin in 1xPBS, pH
7.4), an then rinsed thrice in 1xPBS pH 7.4 with 0.05% Tween 20.
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Example 18. Assay using Cms bacteria

[0040] A suspension of Cms bacteria in buffered potato tuber extract (1xPBS pH 7.4 or another) in dilutions ranging
from 100 to 25000 CFU/ml was prepared. The mixture was placed in a previously prepared immunoactive Petri dish
with z polyaniline and incubated from 15 min. to 24h at 4°C, RT or 37°C. Surplus unbound bacteria were rinsed off thrice
with 1xPBS pH 7.4 with 0.05% Tween 20, whereas immuno-trapped Cms bacteria were evaluated with various methods:

a) observation following staining with:

- a conjugate of colloidal gold with antibodies against the captured bacteria and a subsequent amplification of
the signal through the reduction of silver on the colloidal gold, and subsequent observation under an optical
microscope,

- a conjugate of antibodies with an enzyme (i.e. alkaline phsophatase)
- a conjugate of antibodies tagged with a fluorochrome (i.e. indocarbocyanin Cy3 or FITC) and observation under

an epifluorescent microscope. In this case, not only the mechanical and chemical/absorbent properties of poly-
aniline are used, but equally its optical properties. This polymer is capable of quenching light exciting the
fluorochrome, with which the bacteria re tagged. The resulting image is thus more highly contrasting. Normally,
a dark substrate or an appropriate filter is used; or

b) live evaluation through stripping the bacteria off using an appropriate alkaline buffer (i.e. 0.1 M of glycine-NaOH
pH 10.5) and then subsequently immunization of the stripped cells onto a selective medium. Bacteria obtained in
this way may be used in a biotest using indicator plants (bioindicators). This is extremely significant in ascertaining
the virulence of a given bacterial strain, since it makes it possible to ascertain, whether and to what degree of
virulence is in the isolated strain.

[0041] Said test may be realised in other variants:

Example 19:

[0042] Petri dishes modified chemically with polyaniline and glutaryl aldehyde as in Example 1 were coated with 25
ml of an antibody solution against bacteria Clavibacter michiganensis subsp. sepedonicus, with a concentration of 1
mg/ml in 1xPBS pH 7.4 z 20% glycerol. The Petri dishes were incubated for 30 min. at 37°C and washed thrice in 1xPBS
pH 7.4. Next, 25ml 0.5% of NaCNBH4 in 1xPBS pH 7.4 was added and they were placed for 10 min. under a fume
extractor and were rinsed thrice in 1xPBS pH 7.4. Activated surfaces were incubated for 30 min. at 37°C with a blocking
buffer with 5% bovine albumin in 1xPBS, pH 7.4, whence they were rinsed thrice in 1xPBS pH 7.4 with 0.05% Tween 20.
[0043] The potato tuber extract was diluted 1:1 with 1xPBS pH 7.4. The mixture was placed in a prepared Petri dish
with polyaniline coated with anti-Cms antibodies and incubated for 2 hours at 37°C. Excess unbound bacteria were
removed by rinsing thrice with 1xPBS pH 7.4 with 0.05% Tween 20, whereas immuno-trapped Cms bacteria were stained
using indirect immunofluorescence using a conjugate of goat anti-rabbit antibodies tagged with indocarbpcyanine Cy3.
Stained bacterial cells were observed under a fluorescent microscope.

Example 20:

[0044] Petri dishes modified chemically with polyaniline and glutaryl aldehyde as in Example 1 were coated with 25
ml of an antibody solution against Erwinia carotovora subsp. atroseptica, with a concentration of 1 mg/ml in 1xPBS
pH 7.4 z 20% glycerol. The Petri dishes were incubated for 30 min. at 37°C and washed thrice in 1xPBS pH 7.4. Next,
25ml 0.5% of NaCNBH4 in 1xPBS pH 7.4 was added and they were placed for 10 min. under a fume extractor and were
rinsed thrice in 1xPBS pH 7.4. Activated surfaces were incubated for 30 min. at 37°C with a blocking buffer with 5%
bovine albumin in 1xPBS, pH 7.4, whence they were rinsed thrice in 1xPBS pH 7.4 with 0.05% Tween 20.
[0045] The potato tuber extract was diluted 1:1 with 1xPBS pH 7.4. The mixture was placed in a prepared Petri dish
with polyaniline coated with anti-Eca antibodies and incubated for 2 hours at 37°C. Excess unbound bacteria were
removed by rinsing thrice with 1xPBS pH 7.4 with 0.05% Tween 20, whereas immuno-trapped Eca bacteria were stained
using indirect immunofluorescence using a conjugate of goat anti-rabbit antibodies tagged with indocarbpcyanine Cy3.
Stained bacterial cells were observed under a fluorescent microscope.

Example 21:

[0046] Petri dishes modified chemically with polyaniline and glutaryl aldehyde as in Example 1 were coated with 25
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ml of an antibody solution against Erwinia carotovora subsp. carotovora, with a concentration of 1 mg/ml in 1xPBS
pH 7.4 z 20% glycerol. The Petri dishes were incubated for 30 min. at 37°C and washed thrice in 1xPBS pH 7.4. Next,
25ml 0.5% of NaCNBH4 in 1xPBS pH 7.4 was added and they were placed for 10 min. under a fume extractor and were
rinsed thrice in 1xPBS pH 7.4. Activated surfaces were incubated for 30 min. at 37°C with a blocking buffer with 5%
bovine albumin in 1xPBS, pH 7.4, whence they were rinsed thrice in 1xPBS pH 7.4 with 0.05% Tween 20.
[0047] The potato tuber extract was diluted 1:1 with 1xPBS pH 7.4. The mixture was placed in a prepared Petri dish
with polyaniline coated with anti-Ecc antibodies and incubated for 2 hours at 37°C. Excess unbound bacteria were
removed by rinsing thrice with 1xPBS pH 7.4 with 0.05% Tween 20, whereas immuno-trapped Ecc bacteria were stained
using indirect immunofluorescence using a conjugate of goat anti-rabbit antibodies tagged with indocarbocyanine Cy3.
Stained bacterial cells were observed under an epifluorescent microscope.
This test is equally capable of performing a live evaluation, as well as an optical evaluation of the morphology of the
identified cells.

Example 22:

[0048] Petri dishes modified chemically with polyaniline and glutaryl aldehyde as in Example 1 were coated with 25
ml of an antibody solution against bacteria Clavibacter michiganensis subsp. sepedonicus, with a concentration of
1 mg/ml in 1xPBS pH 7.4 z 20% glycerol. The Petri dishes were incubated for 30 min. at 37°C and washed thrice in
1xPBS pH 7.4. Next, 25ml 0.5% of NaCNBH4 in 1xPBS pH 7.4 was added and they were placed for 10 min. under a
fume extractor and were rinsed thrice in 1xPBS pH 7.4. Activated surfaces were incubated for 30 min. at 37°C with a
blocking buffer with 5% bovine albumin in 1xPBS, pH 7.4, whence they were rinsed thrice in 1xPBS pH 7.4 with 0.05%
Tween 20.
[0049] The potato tuber extract was diluted 1:1 with 1xPBS pH 7.4. The mixture was placed in a prepared Petri dish
with polyaniline coated with anti-Cms antibodies and incubated for 2 hours at 37°C. Excess unbound bacteria were
removed by rinsing thrice with 1xPBS pH 7.4 with 0.05% Tween 20, whereas immuno-trapped Cms bacteria were stained
using indirect immunofluorescence using a conjugate of goat anti-rabbit antibodies tagged with indocarbocyanine Cy3.
Stained bacterial cells were observed under an epifluorescent microscope.

Example 23:

[0050] Petri dishes modified chemically with polyaniline and glutaryl aldehyde as in Example 1 were coated with 25
ml of an antibody solution against bacteria Clavibacter michiganensis subsp. sepedonicus, with a concentration of
1 mg/ml in 1xPBS pH 7.4 z 20% glycerol. The Petri dishes were incubated for 30 min. at 37°C and washed thrice in
1xPBS pH 7.4. Next, 25ml 0.5% of NaCNBH4 in 1xPBS pH 7.4 was added and they were placed for 10 min. under a
fume extractor and were rinsed thrice in 1xPBS pH 7.4. Activated surfaces were incubated for 30 min. at 37°C with a
blocking buffer with 5% bovine albumin in 1xPBS, pH 7.4, whence they were rinsed thrice in 1xPBS pH 7.4 with 0.05%
Tween 20.
[0051] The potato tuber extract was diluted 1:1 with 1xPBS pH 7.4. The mixture was placed in a prepared Petri dish
with polyaniline coated with anti-Cms antibodies and incubated for 2 hours at 37°C. Excess unbound bacteria were
removed by rinsing thrice with 1xPBS pH 7.4 with 0.05% Tween 20, whereas immuno-trapped Cms bacteria were stained
using a conjugate of colloidal gold with anti-Cms antibodies, and the optical signal obtained was amplified using the
reduction of silver on the colloidal gold. Bacterial cells thus stained were observed under a optical microscope.

Example 24:

[0052] Petri dishes modified chemically with polyaniline and glutaryl aldehyde as in Example 1 were coated with 25
ml of an antibody solution against bacteria Clavibacter michiganensis subsp. sepedonicus, with a concentration of
1 mg/ml in 1xPBS pH 7.4 z 20% glycerol. The Petri dishes were incubated for 30 min. at 37°C and washed thrice in
1xPBS pH 7.4. Next, 25ml 0.5% of NaCNBH4 in 1xPBS pH 7.4 was added and they were placed for 10 min. under a
fume extractor and were rinsed thrice in 1xPBS pH 7.4. Activated surfaces were incubated for 30 min. at 37°C with a
blocking buffer with 5% bovine albumin in 1xPBS, pH 7.4, whence they were rinsed thrice in 1xPBS pH 7.4 with 0.05%
Tween 20.
[0053] The potato tuber extract was diluted 1:1 with 1xPBS pH 7.4. The mixture was placed in a prepared Petri dish
with polyaniline coated with anti-Cms antibodies and incubated for 2 hours at 37°C. Excess unbound bacteria were
removed by rinsing thrice with 1xPBS pH 7.4 with 0.05% Tween 20, whereas immuno-trapped Cms bacteria were stained
immunoenzymatically using a conjugate of anti-Cms antibodies with alkaline phosphatase and using NBT/BCIP as a
substrate for the enzyme, yielding an insoluble product on the surface of Cms bacteria
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Example 25. Dextran or glass microspheres with colloidal gold

[0054] A portion of the purified microspheres were activated chemically at a temperature of 4-37°C each time treating
them for 15-60 min. with an triple volume of the appropriate modifying solution and rinsing five times with ten volumes
of ddH2O after each step. The following were used 0.5-25% APTES in 96% ethanol, 0.06-25% aqueous glutaryl aldehyde,
0.001-1% chitosan in 0.01% acetic acid, 0.0001-1 M aqueous cystamine as well as a colloidal gold solution with an OD
of 0.05-10.0. Glass microspheres were activated chemically, colloidal gold was settled, and antibodies were immobilised
as above.

Example 26. Detection of bacteria using immunoadsorption on a dextran gel (or glass microspheres).

[0055] Dextran microspheres with colloidal gold were coated with anti-Cms IgG antibodies (0.0005-5mg / ml) in
0.001-2M borate buffer pH 9.2 and incubated for 30 min. to 2 hours at a temperature in the range 4-37°C. After removing
excess unbound antibodies, in order to block the remaining microsphere surface two volumes of 0.1-15% bovine albumin
were added, rinsed thrice with 10 volumes of TBS-BSA pH 8.2 and placed in 4°C.
[0056] Extracts were made of potato tubers suspected of being infected with Cms bacteria and 1xPBS pH 7.4 was
added at a ratio of 1:1. The following was placed into individual Eppendorf tubes: 2 ml of solution and 10-50 ml of
immunoabsorbent (Dextran microspheres with colloidal gold coated with anti-Cms antibodies prepared as in Example
1). The whole mixture was incubated for 15 min. to 2 hours at room temperature with gentle mixing, to keep the micro-
spheres in solution. After stopping the mixing and autologous sedimentation, the solution was removed from over the
dextran grains and rinsed using 1xPBS pH 7.4 with 0.05% Tween 20, in this way removing surplus unbound bacteria.
This was repeated twice, and then the bacteria trapped on the above immunoabsorbents were evaluated in two ways:

live evaluation by inoculating the microspheres onto a semi-selective medium, or

immunoenzymatically, using a conjugate of anti-Cms IgG with alkaline phosphatase and incubating with a substrate
solution of pNPP, performing absorbance readings at λ = 405 nm following 1, 2 and 4 hours of incubation.

[0057] The test using glass microspheres is performed identically as for the dextran grains.

- the sensitivity of detection in such a medium using immunoenzymatic protocol makes it possible to detect ca. 500
U/ml without any surplus equipment and time in the case of molecular methods. Below is a comparison of before
and after modification of dextran grains and glass microspheres.

Table.1 Detection of Cms bacteria using a live assay using glass microspheres and dextran grains. Results following 
10 days of incubation of microspheres on a medium.

Bacteria Glass microspheres with colloidal gold Dextran with colloidal gold

[CFU/ml] Number of colonies/replicants Number of colonies/replicants

0 0(2 exogenous colonies)/2 0/2

5*101 4/3 7/3

102 10/3 18 (4 exogenous colonies)/3

5*102 39 (3 exogenous colonies)/3 48 (2 exogenous colonies)/3

103 87/3 165)/3

Table.2. Detection of Cms bacteria using an ELISA test using glass microspheres and dextran grains. Results following 
1 hour of incubation pNPP as a substrate for AP. Values significantly differing from the background are in boldface.

Bacteria
Glass microspheres 

standard modification
Dextran grains 

standard modification

Glass 
microspheres with 

colloidal gold

Dextran grains with 
colloidal gold

[CFU/ml] E 405 SD E 405 SD E 405 SD E 405 SD

0 0.043 0.004 0.123 0.015 0.044 0.004 0.156 0.019
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[0058] Other embodiments of the test predict its use against other types of bacteria.

Example 27

[0059] Dextran microspheres with colloidal gold were coated with anti-Cms IgG antibodies 0.5 mg/ml in 0.01 borate
buffer pH 9.2 and incubated for 30 min. at a temperature in the range of 4-37°C. After removing excess unbound
antibodies, in order to block the remaining microsphere surface two volumes of 10% bovine albumin were added, rinsed
thrice with 10 volumes of TBS-BSA pH 8.2 and placed in 4°C.
[0060] Extracts were made of potato tubers suspected of being infected with Cms bacteria and 1xPBS pH 7.4 was
added at a ratio of 1:1. The following was placed into individual Eppendorf tubes: 2 ml of solution and 30 ml of immuno-
absorbent Dextran microspheres with colloidal gold coated with anti-Cms antibodies. The whole mixture was incubated
for 30 min. at room temperature with gentle mixing, to keep the microspheres in solution. After stopping the mixing and
autologous sedimentation, the solution was removed from over the dextran grains and rinsed using 1xPBS pH 7.4 with
0.05% Tween 20, in this way removing surplus unbound bacteria. This was repeated twice, and then the bacteria trapped
on the above immunoabsorbents were evaluated immunoenzymatically using as a marker a conjugate of IgG anti-Cms
with alkaline phosphatase and incubating with a substrate solution of pNPP, performing absorbance readings at λ = 405
nm following 1, 2 and 4 hours of incubation.

Example 28

[0061] Dextran microspheres with colloidal gold were coated with anti-Erwinia carotovora subsp. carotovora IgG an-
tibodies 0.5 mg/ml in 0.01 borate buffer pH 9.2 and incubated for 30 min. at a temperature in the range of 4-37°C. After
removing excess unbound antibodies, in order to block the remaining microsphere surface two volumes of 10% bovine
albumin were added, rinsed thrice with 10 volumes of TBS-BSA pH 8.2 and placed in 4°C.
[0062] Extracts were made of potato tubers suspected of being infected with Ecc bacteria and 1xPBS pH 7.4 was
added at a ratio of 1:1. The following was placed into individual Eppendorf tubes: 2 ml of solution and 30 ml of immuno-
absorbent Dextran microspheres with colloidal gold coated with anti-Ecc antibodies. The whole mixture was incubated
for 30 min. at room temperature with gentle mixing, to keep the microspheres in solution. After stopping the mixing and
autologous sedimentation, the solution was removed from over the dextran grains and rinsed using 1xPBS pH 7.4 with
0.05% Tween 20, in this way removing surplus unbound bacteria. This was repeated twice, and then the bacteria trapped
on the above immunoabsorbents were evaluated immunoenzymatically using as a marker a conjugate of IgG anti-Ecc
with alkaline phosphatase and incubating with a substrate solution of pNPP, performing absorbance readings at λ = 405
nm following 1, 2 and 4 hours of incubation.

Claims

1. A method of detecting a specific bacteria in a sample, comprising the steps:

i) suspending the sample in a buffered solution;
ii) contacting the sample with an antibody specific against a surface antigen of the bacteria to be detected,
wherein the antibody was raised against a bacterial cell which has been denuded of bacterial mucus via washing
the bacterial cell with water, then with a buffered solution of glycine-HCl, then with a buffered solution of glycine-
Na OH, and then with water;

(continued)

Bacteria
Glass microspheres 

standard modification
Dextran grains 

standard modification

Glass 
microspheres with 

colloidal gold

Dextran grains with 
colloidal gold

102 0.028 0.003 0.012 0.001 0.024 0.002 0.102 0.012

5*102 0.042 0.004 0.123 0.015 0.218 0.022 0.458 0.055

103 0.111 0.011 0.225 0.027 0.604 0.060 0.658 0.079

104 0.166 0.017 0.492 0.059 0.835 0.083 0.973 0.117

105 0.215 0.021 0.702 0.084 0.865 0.086 1.302 0.156
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iii) filtering the solution through a membrane: and
iv) detecting a presence of bacteria tagged via the antibody on the membrane, wherein the presence of bacteria
tagged via the antibody on the membrane is evidence of the bacteria in the sample.

2. The method according to claim 1, wherein the antibody is tagged with colloidal gold.

3. The method according to claim 1, wherein the membrane of step iii) is low porosity and impermeable to bacteria

4. The method according to claim 1, wherein the membrane of step iii) is high porosity and permeable to bacteria

5. The method according to claim 1, wherein the bacteria is subspecies Clavibacter michiganensis subsp. sepedonicus.

6. The method according to claim 1, wherein the bacteria is other than subspecies Clavibacter michiganensis subsp.
sepedonicus.

7. The method according to claim 1, wherein the presence of bacteria tagged via the antibody on the membrane is
detected by using antibodies in conjugation with an enzymatic contrasting agent.

8. The method according to claim 2, wherein the presence of bacteria tagged via the. antibody on the membrane is
detected by using the reduction of silver ions on the colloidal gold.

9. The method according to claim 1, wherein the membrane of step iii) is an activated polycarbonate membrane
modified with glutaryl aldehyde and containing immobilized antibodies

10. The method according to claim 9, wherein the immobilized antibodies are specific against a surface antigen of
bacteria of the subspecies Clavibacter michiganensis subsp. sepedonicus.

11. The method according to claim 9, wherein the presence of bacteria tagged via the antibody on the membrane is
determined using antibodies in conjugation with an enzymatic contrasting agent.

12. The method according to claim 9, wherein the presence of bacteria tagged via the antibody on the membrane is
determined using antibodies tagged with colloidal gold.

13. The method according to claim 12, wherein the antibodies tagged with colloidal gold are detected using the reduction
of silver ions on the colloidal gold.

14. The method according to claim 9, wherein the presence of bacteria tagged via the antibody on the membrane is
determined using antibodies tagged with a fluorochrome

15. The method according to claim 14, wherein the fluorochrome is carbocyanine Cy3

16. The method according to claim 1, further comprising step v) after step iv), said step v) comprising culturing bacterial
cells on the membrane by placing the membrane on the surface of a medium containing nutrients for bacterial cells.

17. The method according to claim 9, wherein the activated polycarbonate membrane is prepared by coating a membrane
with a polymer of aniline, chemical modification of the polymer of aniline with glutaryl aldehyde, coating with anti-
bodies, blocking and rinsing with a buffer

18. The method according to claim 1, wherein the antibody is tagged with colloidal gold, the presence of bacteria tagged
via the antibody on the membrane is detected by using the reduction of silver ions on the colloidal gold, and the
bacteria is subspecies Clavibacter michiganensis subsp. sepedonicus.

Patentansprüche

1. Verfahren zum Nachweis einer bestimmten Bakterie in einer Probe, umfassend die folgenden Schritte:

i) Suspendieren der Probe in einer Pufferlösung;
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ii) Kontaktieren der Probe mit einem Antikörper, welcher spezifisch gegen ein Oberflächenantigen der nachzu-
weisenden Bakterie ist, wobei der Antikörper gegen eine Bakterienzelle gezüchtet wurde, welche von Bakteri-
enschleim befreit ist, indem die Bakterienzelle mit Wasser, anschließend mit einer Glycin-HCl-Pufferlösung,
dann mit einer Glycin-NaOH-Pufferlösung und danach mit Wasser gewaschen wurde,
iii) Filterung der Lösung durch eine Membran, und
iv) Nachweis des Vorhandenseins von Bakterien, welche durch den Antikörper markiert sind, auf der Membran,
wobei das Vorhandensein der Bakterien, welche durch den Antikörper markiert sind, auf der Membran den
Nachweis für die in der Probe vorhandenen Bakterien darstellt.

2. Verfahren nach Anspruch 1, wobei der Antikörper mit kolloidalem Gold markiert ist.

3. Verfahren nach Anspruch 1, wobei die in Schritt iii) eingesetzte Membran eine geringe Porosität aufweist und
bakterienundurchlässig ist.

4. Verfahren nach Anspruch 1, wobei die in Schritt iii) eingesetzte Membran eine hohe Porosität aufweist und bakte-
riendurchlässig ist.

5. Verfahren nach Anspruch 1, wobei es sich bei der Bakterie um die Subspezies Clavibacter michiganesis ssp.
sepedonicus handelt.

6. Verfahren nach Anspruch 1, wobei es sich bei der Bakterie um eine andere Subspezies als Clavibacter michiganesis
ssp. sepedonicus handelt.

7. Verfahren nach Anspruch 1, wobei das Vorhandensein der durch den Antikörper markierten Bakterien auf der
Membran unter Anwendung von Antikörpern in Verbindung mit einem enzymatischen Kontrastmittel nachgewiesen
wird.

8. Verfahren nach Anspruch 2, wobei das Vorhandensein der durch den Antikörper markierten Bakterien auf der
Membran unter Anwendung der Reduktion von Silberionen auf dem kolloidalen Gold nachgewiesen wird.

9. Verfahren nach Anspruch 1, wobei die in Schritt iii) eingesetzte Membran eine aktivierte Polycarbonat-Membran
ist, welche mit Glutaryl-Aldehyd modifiziert ist und welche immobilisierte Antikörper enthält.

10. Verfahren nach Anspruch 9, wobei die immobilisierten Antikörper spezifisch gegen ein Oberflächenantigen von
Bakterien der Subspezies Clavibactermichiganesis ssp. sepedonicus sind.

11. Verfahren nach Anspruch 9, wobei das Vorhandensein der durch den Antikörper markierten Bakterien auf der
Membran unter Anwendung von Antikörpern in Verbindung mit einem enzymatischen Kontrastmittel festgestellt wird.

12. Verfahren nach Anspruch 9, wobei das Vorhandensein der durch den Antikörper markierten Bakterien auf der
Membran unter Anwendung von Antikörpern festgestellt wird, welche mit kolloidalem Gold markiert sind.

13. Verfahren nach Anspruch 12, wobei die mit kolloidalem Gold markierten Antikörper unter Anwendung der Reduktion
von Silberionen auf dem kolloidalen Gold nachgewiesen werden.

14. Verfahren nach Anspruch 9, wobei das Vorhandensein der durch den Antikörper markierten Bakterien auf der
Membran unter Anwendung von Antikörpern festgestellt wird, welche mit einem Fluorochrom markiert sind.

15. Verfahren nach Anspruch 14, wobei es sich bei dem Fluorochrom um Carbocyanin-Cy3 handelt.

16. Verfahren nach Anspruch 1, ferner umfassend Schritt v) nach Schritt iv), wobei Schritt v) die Kultivierung von
Bakterienzellen auf der Membran umfasst, indem die Membran auf der Oberfläche von einem Medium platziert
wird, welches Nährstoffe für Bakterienzellen enthält.

17. Verfahren nach Anspruch 9, wobei die aktivierte Polycarbonat-Membran durch Überzug einer Membran mit einem
Anilin-Polymer, chemische Modifikation des Anilin-Polymers mit Glutaryl-Aldehyd, Überzug mit Antikörpern, und
Blockierung und Spülung mit einem Puffer präpariert ist.
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18. Verfahren nach Anspruch 1, wobei der Antikörper mit kolloidalem Gold markiert ist, das Vorhandensein der mit dem
Antikörper markierten Bakterien auf der Membran unter Anwendung der Reduktion von Silberionen auf dem kollo-
idalem Gold nachgewiesen wird, und es sich bei der Bakterie um die Subspezies Clavibactermichiganesis ssp.
sepedonicus handelt.

Revendications

1. Méthode de détection d’une bactérie spécifique dans un échantillon, comprenant les étapes suivantes :

i) la mise en suspension de l’échantillon dans une solution tamponnée ;
ii) la mise en contact de l’échantillon avec un anticorps spécifique contre un antigène de surface de la bactérie
à détecter, où l’anticorps a été dirigé contre une cellule bactérienne qui a été débarrassée du mucus bactérien
par lavage de la cellule bactérienne avec de l’eau, ensuite avec une solution tamponnée de glycine-HCl, ensuite
avec une solution tamponnée de glycine-NaOH, et ensuite avec de l’eau ;
iii) la filtration de la solution à travers une membrane ; et
iv) la détection de la présence de la bactérie marquée par l’anticorps sur la membrane, où la présence de la
bactérie marquée par l’anticorps sur la membrane est la preuve de la présence de la bactérie dans l’échantillon.

2. Méthode selon la revendication 1, dans laquelle l’anticorps est marqué avec de l’or colloïdal.

3. Méthode selon la revendication 1, dans laquelle la membrane de l’étape iii) est de faible porosité et imperméable
aux bactéries.

4. Méthode selon la revendication 1, dans laquelle la membrane de l’étape iii) est de porosité élevée et perméable
aux bactéries.

5. Méthode selon la revendication 1, dans laquelle la bactérie est de la sous-espèce Clavibacter michiganensis ssp.
sepedonicus.

6. Méthode selon la revendication 1, dans laquelle la bactérie est autre que de la sous-espèce Clavibacter michiga-
nensis ssp. sepedonicus.

7. Méthode selon la revendication 1, dans laquelle la présence de la bactérie marquée par l’anticorps sur la membrane
est détectée en utilisant des anticorps en conjugaison avec un agent de contraste enzymatique.

8. Méthode selon la revendication 2, dans laquelle la présence de la bactérie marquée par l’anticorps sur la membrane
est détectée en utilisant la réduction d’ions argent sur l’or colloïdal.

9. Méthode selon la revendication 1, dans laquelle la membrane de l’étape iii) est une membrane de polycarbonate
activé modifiée avec du glutaraldéhyde et contenant des anticorps immobilisés.

10. Méthode selon la revendication 9, dans laquelle les anticorps immobilisés sont spécifiques contre un antigène de
surface de la bactérie de la sous-espèce Clavibacter michiganensis ssp. sepedonicus.

11. Méthode selon la revendication 9, dans laquelle la présence de la bactérie marquée par l’anticorps sur la membrane
est déterminée en utilisant des anticorps en conjugaison avec un agent de contraste enzymatique.

12. Méthode selon la revendication 9, dans laquelle la présence de la bactérie marquée par l’anticorps sur la membrane
est déterminée en utilisant des anticorps marqués avec de l’or colloïdal.

13. Méthode selon la revendication 12, dans laquelle les anticorps marqués avec de l’or colloïdal sont détectés en
utilisant la réduction d’ions argent sur l’or colloïdal.

14. Méthode selon la revendication 9, dans laquelle la présence de la bactérie marquée par l’anticorps sur la membrane
est déterminée en utilisant des anticorps marqués avec un fluorochrome.

15. Méthode selon la revendication 14, dans laquelle le fluorochrome est la carbocyanine Cy3.
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16. Méthode selon la revendication 1, comprenant en outre l’étape v) après l’étape iv), ladite étape v) comprenant la
culture des cellules bactériennes sur la membrane en plaçant la membrane sur la surface d’un milieu contenant
des nutriments pour des cellules bactériennes.

17. Méthode selon la revendication 9, dans laquelle la membrane de polycarbonate activé est préparée par enrobage
d’une membrane avec un polymère d’aniline, modification chimique du polymère d’aniline avec du glutaraldéhyde,
enrobage avec des anticorps, blocage et rinçage avec un tampon.

18. Méthode selon la revendication 1, dans laquelle l’anticorps est marqué avec de l’or colloïdal, la présence de la
bactérie marquée par l’anticorps sur la membrane est détectée en utilisant la réduction d’ions argent sur l’or colloïdal,
et la bactérie est de la sous-espèce Clavibacter michiganensis ssp. sepedonicus.
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