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(54) TEST KIT FOR PLASMA OR SERUM ANTIBODY TITER AGAINST PERIODONTAL 
DISEASE-CAUSING BACTERIA

(57) The object of the present invention is to provide:
a test kit for an antibody titer or an antibody against a
periodontal disease-causing bacterium in a blood sam-
ple, which enables the testing on a periodontal disease
in patients having a wide scope of immunotypes with high
accuracy and can be treated by an automated device at
a high speed; a periodontal disease-causing bacterium
antigen protein which can be suitably used in the kit; a
method for testing an antibody titer or the presence of an
antibody in a blood sample using the kit; and a kit for
typing strains of Porphyromonas gingivalis. The present

invention discloses: a test kit comprising a set of polypep-
tides respectively having the acid sequences represent-
ed by SEQ ID NOs: 1, 3, 9, 15, 19, 31, 41, 43, 63, 65 and
67; a modified polypeptide having the amino acid se-
quence represented by SEQ ID NO: 67; and a method
for determining an antibody titer or the presence of an
antibody against a periodontal disease-causing bacteri-
um in a blood sample separated from a human body,
comprising bringing the blood sample into contact with
the above-mentioned set of polypeptides.
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Description

TECHNICAL FIELD

[0001] The present invention relates to: a test kit for a plasma or serum antibody titer against a periodontal disease-
causing bacterium, more specifically a test kit for a plasma or serum antibody titer against a periodontal disease-causing
bacterium which is suitable for automated testing using a device and comprises a specific periodontal disease-causing
bacterium antigen protein; a modified polypeptide for use in the kit; and a method for measuring an antibody titer against
a periodontal disease-causing bacterium in a blood sample.

BACKGROUND OF THE INVENTION

[0002] A periodontal disease is a bacterial infection that is developed through an infection of periodontal tissue with
oral bacterium.
[0003] The diagnosis of periodontal disease in a dental clinical site is carried out based on overall results of clinical
tests such as a clinical condition, a photograph of oral cavity, a radiographic image or a periodontal tissue test. Among
these tests, the photograph of oral cavity and the radiographic image exploration visually evaluate the morphological
change of periodontal tissue, and periodontal tissue test evaluates by measuring various clinical items such as the state
of the formation of plaque, the depth of a periodontal pocket, the presence of bleeding during probing or the degree of
tooth mobility. Therefore, these tests require complicated operations and a practitioner must have advanced technique
for accurately diagnosing the periodontal disease pathologic condition of patients.
[0004] In other words, in some cases, a test result may vary depending on the skill level of practitioners, and therefore
different diagnoses may be given to a patient. Further, in the clinical dental tests as mentioned above, in spite of a fact
that a periodontal disease is a bacterial infection, the periodontal disease is evaluated not at "a level of infection" with
a periodontal disease-causing bacterium but at a level of "the morphological change" of periodontal tissue; in other
words, the test is carried out by the practitioner’ s subjectivity. Therefore, there have been a demand for an objective
periodontal disease test method which is reasonable from the bacteriological and immunological viewpoints and in which
difference in a test result would not occur depending on the skill level of practitioners.
[0005] In these situations, a periodontal disease test system is carried out, in which a serum antibody titer against a
periodontal disease-causing bacterium is employed as a measure for the periodontal disease testing (Chieko KUDO,
Journal of Okayama Dental Society, vol. 28 (1) (2009), pp. 1-14). In this periodontal disease test system, the state of
infection with a periodontal disease-causing bacterium or the severity of a periodontal disease (the state of inflammation)
is evaluated by detecting/quantifying "a specific antibody" against the periodontal disease-causing bacterium from a
trace amount of blood that is collected from a finger tip of a patient and then is separated. According to this system, it
is possible to objectively and uniformly evaluate the disease condition of a periodontal disease by employing an immu-
nological technique.
[0006] Further, in this periodontal disease test system, plasma is separated from the blood collected from a finger tip,
a sample of the plasma is mailed to an inspection agency, an IgG antibody titer against a periodontal disease-causing
bacterium is measured in the inspection agency, the severity of a periodontal disease is evaluated, and then a result of
the periodontal disease test is notified to each patient (a test on a plasma antibody titer against a periodontal disease-
causing bacterium). Thus, the periodontal disease test can be assisted in general practitioners or at home. Further,
since test data are comprehensively collected and analyzed, it becomes possible to correlate the test data with disease
conditions using an enormous quantity of data.
[0007] Meanwhile, in the periodontal disease test system mentioned above, since a large quantity of samples is
handled, it is required to treat the samples automatically and at a high speed.
[0008] In the test system, the correlation between test results and a periodontal disease become higher with the
increase in the types of antibodies against an antigen to be tested in a (blood) sample, and thus the periodontal disease
can be tested with higher accuracy. In addition, in a human suffering from periodontal disease, the type of periodontal
disease-causing bacterium antigen to be recognized is varied due to the inter-individual differences in the periodontal
disease-causing bacteria and the human. Also in this regard, a periodontal disease can be tested with higher accuracy
with the increase in the types of antibodies to be tested.
[0009] However, if the antibody titers of a variety of antibodies are to be measured, it is difficult to treat samples at a
high speed, which is not suitable for automated test using a device.
[0010] The antigen used in the current antibody titer measurements is a solution prepared by disrupting a periodontal
disease-causing bacterium such as Porphyromonas gingivalis, which is a mixture containing a wide variety of bacterial
proteins (including LPSs and membrane lipids). Therefore, it has been difficult to treat a large quantity of samples
automatically and at a high speed using a device.
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Disclosure of Invention

[0011] The object of the present invention is to provide: a test kit for a plasma or serum antibody titer against a
periodontal disease-causing bacterium, which can cover a various antigen-antibody reactions occurring due to changing
antigenicity of periodontal disease-causing bacterium and a various of immunological reactions of a substance to be
tested, which can test periodontal diseases in a wide scope of patients having various immunotypes with high accuracy,
and which can be treated by an automated device at a high speed; a periodontal disease-causing bacterium antigen
protein which can be suitably used in the kit; and a method for testing a plasma or serum antibody titer against a
periodontal disease-causing bacterium in a blood sample, which uses the kit.
[0012] Under these problems, the present inventors have studied on the selection of periodontal disease-causing
bacterium proteins, which can cover a various antigen-antibody reactions even when the number of types of the protein
is small and therefore can evaluate a periodontal disease with high accuracy. As a result, it is found that a specific
combination of periodontal disease-causing bacterium proteins can specifically react with plasma antibody in a blood
sample separated from a periodontal disease patient, various antigen-antibody reactions are covered and the blood
sample can be tested with high accuracy by selectively using the combination of the bacterial proteins, and the blood
sample can be treated using an automated device at a high speed. These findings led to the accomplishment of the
present invention.
[0013] That is, the present invention provides:

[1] a test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium, comprising a set
of polypeptides having the amino acid sequences represented by SEQ ID NOs: 1, 3, 9, 15, 19, 31, 41, 43, 63, 65
and 67;
[2] the test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium according to
[1], wherein the test kit further comprises polypeptides having the amino acid sequences represented by SEQ ID
NOs: 5 and 37;
[3] the test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium according to [1]
or [2], wherein the test kit further comprises polypeptides having the amino acid sequences represented by SEQ
ID NOs: 23, 35 and 47;
[4] the test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium according to
any one of [1] to [3], wherein the test kit further comprises a polypeptide having the amino acid sequence represented
by SEQ ID NO: 17;
[5] a modified polypeptide having the amino acid sequence represented by SEQ ID NO: 63;
[6] the modified polypeptide according to [5], comprising an amino acid sequence encoded by the nucleotide se-
quence represented by SEQ ID NO: 64;
[7] a modified polypeptide having the amino acid sequence represented by SEQ ID NO: 65;
[8] the modified polypeptide according to [7], comprising an amino acid sequence encoded by the nucleotide se-
quence represented by SEQ ID NO: 66;
[9] a modified polypeptide having the amino acid sequence represented by SEQ ID NO: 67;
[10] the modified polypeptide according to [9], comprising an amino acid sequence encoded by the nucleotide
sequence represented by SEQ ID NO: 68;
[11] a modified polypeptide having the amino acid sequence represented by SEQ ID NO: 141;
[12] the modified polypeptide according to [11], comprising an amino acid sequence encoded by the nucleotide
sequence represented by SEQ ID NO: 142;
[13] a modified polypeptide having the amino acid sequence represented by SEQ ID NO: 145;
[14] the modified polypeptide according to [13], comprising an amino acid sequence encoded by the nucleotide
sequence represented by SEQ ID NO: 146;
[15] a test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium, comprising a
polypeptide having at least one amino acid sequence selected from the group consisting of the amino acid sequences
represented by SEQ ID NOs: 1, 3, 5, 9, 15, 17, 19, 23, 31, 35, 37, 41, 43, 47, 63, 65, 67, 141, 143, 145, 147, 151,
153 and 155;
[16] the test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium according to
[15], wherein the polypeptide is a polypeptide having at least one amino acid sequence selected from the group
consisting of the amino acid sequences represented by SEQ ID NOs: 3, 5, 15, 19, 31, 41, 141 and 145;
[17] the test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium according to
[15], wherein the polypeptide is a polypeptide encoded by at least one polynucleotide sequence selected from the
group consisting of the polynucleotide sequences represented by SEQ ID NOs: 2, 4, 6, 10, 16, 18, 20, 24, 32, 36,
38, 42, 44, 48, 64, 66, 68, 142, 144, 146, 148, 152, 154 and 156;
[18] a method for measuring an antibody titer against a periodontal disease-causing bacterium in a blood sample
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separated from a human body, comprising bringing the blood sample into contact with a periodontal disease-causing
bacterium antigen polypeptide, said method being characterized in that the periodontal disease-causing bacterium
antigen polypeptide is a polypeptide having at least one amino acid sequence selected from the group consisting
of the amino acid sequences represented by SEQ ID NOs: 1, 3, 5, 9, 15, 17, 19, 23, 31, 35, 37, 41, 43, 47, 63, 65,
67, 141, 143, 145, 147, 151, 153 and 155;
[19] a method for determining the presence of an antibody against a periodontal disease-causing bacterium in a
blood sample separated from a human body, comprising bringing the blood sample into contact with a periodontal
disease-causing bacterium antigen polypeptide, said method being characterized in that the periodontal disease-
causing bacterium antigen polypeptide is a polypeptide having at least one amino acid sequence selected from the
group consisting of the amino acid sequences represented by SEQ ID NOs: 3, 5, 15, 19, 31, 41, 141 and 145;
[20] the method according to [19], wherein the polypeptide is a polypeptide encoded by at least one polynucleotide
sequence selected from the group consisting of the polynucleotide sequences represented by SEQ ID NOs: 4, 6,
16, 20, 32, 42, 142 and 146;
[21] a typing kit for strains of Porphyromonas gingivalis, comprising a polypeptide having at least one amino acid
sequence selected from the group consisting of the amino acid sequences represented by SEQ ID NOs: 151, 153
and 155;
[22] the typing kit according to [21], wherein the polypeptide is a polypeptide encoded by at least one polynucleotide
sequence selected from the group consisting of the polynucleotide sequences represented by SEQ ID NOs: 152,
154 and 156;
[23] a polypeptide having the amino acid sequence represented by SEQ ID NO: 151;
[24] the polypeptide according to [23], comprising an amino acid sequence encoded by the nucleotide sequence
represented by SEQ ID NO: 152;
[25] a polypeptide having the amino acid sequence represented by SEQ ID NO: 153;
[26] the polypeptide according to [25], comprising an amino acid sequence encoded by the nucleotide sequence
represented by SEQ ID NO: 154;
[27] a polypeptide having the amino acid sequence represented by SEQ ID NO: 155;
[28] the polypeptide according to [27], comprising an amino acid sequence encoded by the nucleotide sequence
represented by SEQ ID NO: 156.

[0014] In a first aspect, the present invention provides a test kit for a plasma or serum antibody titer against a periodontal
disease-causing bacterium, which comprises a specific antigen protein.
[0015] According to the test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium
of the present invention, the specific antigen protein is reacted with a small amount of blood separated from a human
body and the IgG antibody titer against a periodontal disease-causing bacterium in a blood sample (plasma or serum)
is measured, thereby testing the infection with the periodontal disease-causing bacterium of the subject. Generally, the
following embodiments are included.
[0016] In one embodiment, the test kit comprises:

(1) a lancet for cutting the body of the subject to make a small wound to cause slight bleeding;
(2) a capillary for collecting the blood;
(3) a bottle in which a solution containing a specific periodontal disease-causing bacterium antigen protein is placed;
(4) a cylinder for compressing the inside of the bottle to separate plasma from the blood; and
(5) a cap for hermetically sealing the bottle,

wherein the blood collected using the capillary is mixed with the solution in the bottle to cause an antigen-antibody
reaction between the antigen protein in the bottle and an IgG antibody against a periodontal disease-causing bacterium
when the IgG antibody is present in the blood sample, and immunoprecipitation is measured, thereby testing the infection
with the periodontal disease-causing bacterium.
[0017] In another embodiment, the test kit is used in an ELISA method, in which:

(1) an antigen protein is immobilized onto a 96-well plate for immobilizing;
(2) a blood sample (plasma or serum) is added to the 96-well plate to cause an antigen-antibody reaction;
(3) the 96-well plate is washed, and then an anti-human IgG secondary antibody is added thereto to cause an
antigen-antibody reaction; and
(4) the 96-well plate is washed, and then a light-developing or luminous reaction caused by the presence of the
specifically bound anti-human IgG secondary antibody is carried out, thereby detecting a signal thereof.

[0018] In still another embodiment, the test kit is used in an antigen immobilization filter method, in which:



EP 3 139 167 A1

5

5

10

15

20

25

30

35

40

45

50

55

(1) an antigen protein is immobilized onto a filter (through biotinylation, etc.);
(2) a blood sample (plasma or serum) is added to the filter to cause an antigen-antibody reaction in the filter;
(3) the filter is washed, and then an anti-human IgG secondary antibody is added thereto to cause an antigen-
antibody reaction;
(4) the filter is washed, and then a light-developing or luminous reaction caused by the presence of the specifically
bound anti-human IgG secondary antibody is carried out, thereby detecting a signal thereof.

[0019] The characteristic feature of this aspect of the present invention resides in the periodontal disease-causing
bacterium Porphyromonas gingivalis antigen protein contained in the test kit, and the antigen protein specifically reacts
with an antibody against a periodontal disease-causing bacterium in a periodontal disease patient and also reacts with
antibodies in a wide scope of periodontal disease patients.
[0020] That is, the periodontal disease-causing bacterium antigen protein contained in the test kit for a plasma or
serum antibody titer against a periodontal disease-causing bacterium according to the present invention is a polypeptide
having at least one amino acid sequence selected from the group consisting of the amino acid sequences represented
by SEQ ID NOs: 1, 3, 5, 9, 15, 17, 19, 23, 31, 35, 37, 41, 43, 47, 141, 143, 145, 147, 151, 153 and 155 shown in the
Sequence Listing. When one of these antigen proteins or a combination of two or more of these antigen proteins is used,
the antibody titer or the type of an antibody in a periodontal disease patient can be tested and the degree or type of the
infection with a periodontal disease-causing bacterium can also be tested. Further, there is inter-individual variability in
the periodontal disease-causing bacterium antigen proteins and the immunotypes of individual periodontal disease
patients (types of antibodies against periodontal disease-causing bacteria). However, when the antigen proteins of the
present invention are used in combination, periodontal disease patients having an extensive immunotypes can be
covered. Furthermore, a periodontal disease-causing bacterium strain SU63, which is a risk factor for cardiovascular
diseases or cerebrovascular diseases, can be detected.
[0021] Preferably, the periodontal disease-causing bacterium antigen protein to be used in the present invention is a
polypeptide encoded by at least one nucleotide sequence selected from the group consisting of nucleotide sequences
represented by SEQ ID NOs: 2, 4, 6, 10, 16, 18, 20, 24, 32, 36, 38, 42, 44, 48, 142, 144, 146, 148, 152, 154 and 156
shown in the Sequence Listing.
[0022] More preferably, the periodontal disease-causing bacterium antigen protein contained in the test kit for a plasma
or serum antibody titer against a periodontal disease-causing bacterium of the present invention is a polypeptide having
at least one amino acid sequence selected from the group consisting of the amino acid sequences represented by SEQ
ID NOs: 3, 5, 15, 19, 31, 41, 63 and 67 shown in the Sequence Listing, and preferably is a polypeptide encoded by at
least one polynucleotide sequence selected from the group consisting of the polynucleotide sequences represented by
SEQ ID NOs: 4, 6, 16, 20, 32, 42, 64 and 68.
[0023] In a second aspect, the present invention provides a modified polypeptide for use in the above-mentioned test
kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium.
[0024] During discovering periodontal disease-causing bacterium antigen proteins suitable for the antibody titer test
kit, the present inventors find that some of the antigen proteins have a protease activity, in spite of the fact that the
antigen proteins can react with antibodies in a wide scope of periodontal disease patients, and therefore often adversely
affect the testing due to the self-digestion activity or the decomposing activity on other antigen proteins thereof. Then,
the present inventors produced a modified polypeptide in which the protease activity is eliminated while keeping the
antigenicity of these antigen proteins by a genetic engineering technique.
[0025] That is, the modified polypeptide for use in the test kit for a plasma or serum antibody titer against a periodontal
disease-causing bacterium of the present invention is a polypeptide having the amino acid sequence represented by
SEQ ID NO: 63, 65 or 67, and includes a modified polypeptide produced by deleting a cysteine residue at position-477
or position-488 in a wild-type polypeptide represented by SEQ ID NO: 51 or substituting the cysteine residue by another
amino acid residue, preferably an alanine residue (i.e., a polypeptide represented by SEQ ID NO: 63 and 65 respectively)
and a modified polypeptide produced by deleting a cysteine residue at position-471 in a wild-type polypeptide represented
by SEQ ID NO: 57 or substituting the cysteine residue by another amino acid residue, preferably an alanine residue
(i.e., a polypeptide represented by SEQ ID NO: 67). When one of these modified polypeptides or a combination of two
or more of these modified polypeptides is used, antibodies against particularly more extensive types of periodontal
disease-causing bacteria can be tested.
[0026] In a third aspect, the present invention provides a method for measuring an antibody titer against a periodontal
disease-causing bacterium in a blood sample separated from a human body, comprising bringing the blood sample into
contact with a periodontal disease-causing bacterium antigen polypeptide, wherein the blood sample to be used in the
method is preferably blood, serum or plasma collected from a fingertip capillary or a vein, the periodontal disease-causing
bacterium antigen polypeptide is a polypeptide having at least one amino acid sequence selected from the group con-
sisting of the amino acid sequences represented by SEQ ID NOs: 1, 3, 5, 9, 15, 17, 19, 23, 31, 35, 37, 41, 43, 47, 63,
65, 67, 141, 143, 145, 147, 151, 153 and 155. The periodontal disease-causing bacterium antigen polypeptide is preferably
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a polypeptide having at least one amino acid sequence selected from the group consisting of the amino acid sequences
represented by SEQ ID NOs: 3, 5, 15, 19, 31, 41, 63 and 67.
[0027] The method according to this aspect of the present invention can be suitably carried out using the test kit for
a plasma or serum antibody titer against a periodontal disease-causing bacterium of the first aspect, preferably the
periodontal disease-causing bacterium plasma antibody titer test.
[0028] Further, it also becomes possible to test the degree of progression (severity) of a periodontal disease on the
basis of the antibody titer.
[0029] In a fourth aspect, the present invention provides a typing kit for a Porphyromonas gingivalis strain. The kit
enables the typing of Porphyromonas gingivalis strains, particularly strain FDC381 and strain SU63, occurring in a blood
sample separated from a human body to examine whether or not any one of the strains is present in the sample. The
kit comprises a polypeptide having at least one amino acid sequence selected from the group consisting of the amino
acid sequences represented by SEQ ID NOs: 151, 153 and 155, and the polypeptide is preferably encoded by at least
one polynucleotide selected from the group consisting of the polynucleotides represented by SEQ ID NOs: 152, 154
and 156.

EFFECT OF THE INVENTION

[0030] According to the present invention, it becomes possible to provide a periodontal disease test kit, which enables
the high speeded and highly accurate testing on a periodontal disease. It also becomes possible to provide a periodontal
disease test kit, which enables the objective testing on a periodontal disease without depending on the skill level of
practitioners.
[0031] Further, when the periodontal disease test kit of the present invention becomes widely used, a periodontal
disease can be tested in a unified manner in dental clinics across the country. Further, by making a database of the
measurement results obtained in the test, it becomes possible to establish or modify the determination criteria or treatment
guidelines for periodontal diseases.
[0032] Furthermore, the periodontal disease test kit of the present invention can detect a risk factor for cardiovascular
or cerebrovascular diseases.

BRIEF DESCRIPTION OF DRAWINGS

[0033]

Fig. 1 illustrates antigen-antibody reactions between periodontal disease-causing bacterium antigen proteins and
human sera. A: an antigen-antibody reaction with healthy subject sera; and B and C: antigen-antibody reactions
with periodontal disease patient sera.
Fig. 2 illustrates a SDS-PAGE electrophoresis pattern of a Porphyromonas gingivalis strain FDC381 antigen protein
roughly purified using an antibody column. Lane A: an antigen protein roughly purified from a healthy subject serum
column; lane B: an antigen protein roughly purified from a patient serum 1 column, lane C: an antigen protein roughly
purified from a patient sera 2.
Fig. 3 illustrates antigen-antibody reactions between a roughly purified strain FDC381 antigen protein and sera.
Lane A: an antigen protein roughly purified from a healthy subject serum column, lane B: an antigen protein roughly
purified from a patient serum 1 column, lane C: an antigen protein roughly purified from a patient serum 2 column.
Fig. 4 illustrates an SDS-PAGE electrophoresis pattern of a Porphyromonas gingivalis strain SU63 antigen protein
roughly purified using an antibody column. Lane A: an antigen protein roughly purified from a healthy subject serum
column, lane B: an antigen protein roughly purified from a patient serum 1 column, lane C: an antigen protein roughly
purified from a patient serum 2 column.
Fig. 5 illustrates antigen-antibody reactions between a roughly purified strain SU63 antigen protein and sera. Lane
A: an antigen protein roughly purified from a healthy subject serum column, lane B: an antigen protein roughly
purified from a patient serum 1 column, lane C: an antigen protein roughly purified from a patient serum 2 column.
Fig. 6 illustrates the results of the Mascot search of antigen proteins.
Fig. 7 illustrates the genetic information on identified antigen proteins and the results of selection thereof.
Fig. 8 illustrates antigen-antibody reactions between sera and synthetic antigen proteins.
Fig. 9 illustrates signal values of the antigen-antibody reactions between sera and synthetic antigen proteins.
Fig. 10 illustrates SDS-PAGE electrophoresis patterns showing the stability of synthetic antigen proteins.
Fig. 11 illustrates signal values of the antigen-antibody reactions between healthy subject sera and synthetic antigen
proteins.
Fig. 12 illustrates signal values of the antigen-antibody reactions between diverse patient sera and antigen proteins.
Fig. 13 illustrates the summary of the antigen-antibody reactions between diverse patient sera and antigen proteins.
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Fig. 14 illustrates the stability and antigenicity of modified polypeptides.
Fig. 15 illustrates antigen-antibody reactions between sera and synthetic antigen proteins.
Fig. 16 illustrates signal values of the antigen-antibody reactions between sera and synthetic antigen proteins.
Fig. 17 illustrates the summary of the antigen-antibody reactions between diverse sera and antigen proteins.
Fig. 18 illustrates signal average values and S/N values of the antigen-antibody reactions between healthy subject
sera and patient sera and antigen proteins.
Fig. 19 illustrates ROC curves and AUC values determined for signal values of individual sera against diverse antigen
proteins.
Fig. 20 illustrates the antigen-antibody reactions between sera and diverse antigen proteins (strain SU63).
Fig. 21 illustrates the summary of the antigen-antibody reactions between sera and antigen proteins (strain SU63).

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0034] The present invention is described more in detail with reference to examples hereinbelow. However, the present
invention is not limited by the examples.
[0035] Throughout the whole of the examples, Porphyromonas gingivalis strain FDC381 and strain SU63 are used as
the periodontal disease-causing bacteria. Strain FDC381 is sold by Summit Pharmaceuticals International Corporation,
and strain SU63 is available in the form of a type-II or type-IV fimbriated strain.

Production of an antibody column

[0036] When a human is infected with a periodontal bacterium, a variety of antibodies against the periodontal disease-
causing bacterium antigen are produced in the human body through an immune response. Antigens recognized by the
produced antibodies are varied depending on the difference in immune responses in the individuals.
[0037] Therefore, it is examined as to what type of antigen among the components in a periodontal disease-causing
bacterium antigen preparation solution is targeted by the antibodies, and sera for use in the purification of more antigens
are selected on the basis of the results of the examination.

Preparation of antigen proteins

[0038] An antigen preparation solution (Institute of Immunology Co., Ltd., 200 mg protein equivalent), which was
prepared by disrupting cells of Porphyromonas gingivalis (strain FDC381 and strain SU63) with ultrasonic waves and
then subjecting to ultracentrifugation to collect a supernatant fraction, was added with phosphate-buffered saline (PBS)
to prepare a solution having a volume of 270 ml. Trichloroacetic acid was added to the solution, the resultant mixture
was allowed to stand in ice and then centrifuged at a low temperature, and then a supernatant was removed therefrom.
Ice-cold ethanol was added to a precipitate to wash, the resultant solution was centrifuged again at a low temperature,
and then a supernatant was removed therefrom. The above-mentioned procedure was repeated two times. The precipitate
was air-dried, and then added with 120 ml of PBS containing 0.06% of sodium dodecyl sulfate (SDS) to dissolve the
precipitate. In this manner, an antigen protein solution for each of the strains was prepared.

Quantification of antigen proteins

[0039] Each of prepared standards (concentrations: 1000, 500, 250, 125, 62.5 or 31.25 ng/ml) (25 ml), an antigen
protein solution diluted with PBS (25 ml) as a control was added to each well of a 96-well plate, and then a protein working
solution (a mixture of Thermo scientific, Reagent A:B = 50:1) (200 ml) was added to each well. Subsequently, the reaction
solution was stirred with a shaker and then incubated in a constant-temperature-humidity unit at 37°C for 30 minutes.
Subsequently, an absorbance at 577 nm was measured using a plate reader (Intermed, NJ2000). In this manner, the
collected antigen proteins were quantified.

SDS-PAGE electrophoresis

[0040] Each of the quantified P. gingivalis bacteria (strain FDC381 and strain SU63) antigen proteins was prepared
into a solution having a protein concentration of 400 ng/ml using a sample buffer (Invitrogen). The prepared sample was
thermally denatured and then subjected to SDS-PAGE electrophoresis (a protein solution: 5 ml).
[0041] A gel that had been subjected to SDS-PAGE electrophoresis was subjected to blotting on a polyvinylidene
fluoride membrane (a PVDF membrane) using an iBlot dry blotting system (Invitrogen).
[0042] After transferring onto the PVDF membrane, the electrophoresed layout (a molecular weight marker, strain
FDC381, strain SU63) was cleaved as one set. A cleaved one set of slits was subjected to Ponceau staining to confirm



EP 3 139 167 A1

8

5

10

15

20

25

30

35

40

45

50

55

the occurrence of blotting of proteins. The remaining slits were placed in a Falcon tube and then immersed in a blocking
solution (Tris-buffered saline (abbreviated as "TBS", hereinbelow) containing 3% of skim milk and 0.1% of Tween 20).

Antigen-antibody reaction using serum

[0043] After the removal of the blocking solution from the blocked slit, a serum reaction solution (a solution prepared
by adding 8 ml of a serum collected from a healthy subject or a periodontal disease patient to 20 ml of TBS containing
3% of skim milk) was added to the slit, and the resultant solution was shaken at room temperature. Subsequently, the
slit was washed with TBS containing 0.05% of Tween 20. After washing, a 5000-fold-diluted horseradish peroxidase-
conjugated goat anti-human IgG antibody reaction solution (a solution prepared by adding an anti-human secondary
antibody (CHEMICON) to TBS containing 3% of skim milk) was added to the slit, and the resultant product was shaken
at room temperature. Subsequently, the slit was washed with TBS containing 0.05% of Tween 20. After washing, the
slit was immersed in TBS containing 0.61 mg/mL of 4-methoxy-1-naphthol and 0.018% of aqueous hydrogen peroxide,
the development of a color was confirmed, and the slit was washed with purified water and then dried.
[0044] The results of the reactions between the antigen proteins and the human sera are shown in Fig. 1.
[0045] Almost no signal was observed in the antigen-antibody reaction with the healthy subject sera (Fig. 1A: normal
subject sera).
[0046] On the other hand, clear signals were observed in the antigen-antibody reaction with periodontal disease patient
sera, and the patterns of the signals were various (Figs. 1B and 1C). The various signals observed in the antigen-antibody
reaction with patient sera could be roughly classified into two groups, i.e., signals having clear bands (Fig. 1B) and
signals showing wholly spread smears (Fig. 1C). The various antigen-antibody reaction patterns are formed due to the
difference in sizes and specificity to the strains.
[0047] Signals having the below-mentioned sizes were observed specifically strong in many of the patient sera.
46 kDa (antigen proteins of strain FDC381 and strain SU63)
25 to 37 kDa (antigen proteins of strain FDC381 and strain SU63)
100 to 110 kDa (antigen proteins of strain FDC381 and strain SU63)
57 kDa (an antigen protein of strain SU63)
150 to 250 kDa (an antigen protein of strain SU63)
[0048] Reviewing the results of the antigen-antibody reactions using periodontal disease patient sera, roughly two
types of signal patterns (clear bands and wholly spread smears) were observed, and various antigen-antibody reaction
patterns were formed depending on the combinations (sizes, types of strains) of the antigens. That is, it was demonstrated
that the antibodies produced in persons infected with P. gingivalis bacteria were varied and there were cases in which
some proteins were recognized as antigen proteins in some sera but were not at all recognized in the other sera. This
fact agrees with a report that antibodies contained in varied periodontal disease patient sera utilize a variety of proteins
as antigen thereof. Therefore, it was demonstrated that, for the purpose of measuring the infection with P. gingivalis
bacteria employing antibody titers, various test antigen proteins were needed.
[0049] Further, it is considered that, when an antigen protein that is common between strain FDC381 and strain SU63
is used in the test, it is difficult so far as to identify the strains. On the other hand, when only an antigen protein specific
to a strain is used in the test, if positive results are obtained, it is suspected that the infection with the strain may occur.
[0050] Although the antigen-antibody reaction patterns observed in patient sera were various, no significant difference
in patterns was observed between sera from first-visit patients (FV) and sera from maintenance patients (SPT). Thus,
antigen proteins that showed strong signals in patient sera were identified and they were made candidates for the
antigens to be used in the test.
[0051] As shown in the results, a group of antigen proteins of 46 kDa, 25 to 37 kDa, 100 to 110 kDa, 57 kDa and 150
to 250 kDa are mentioned as the band showing strong signals against many patient sera. Then, the presence of anti-
genicity of the group of proteins against sera from various patients was determined. The results are shown in
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Table 1.

Reactions of patient sera against antigen protein groups

Plasma antibody 
titer

Common antigen SU63-specific antigen

Patient 
serum 

No.
FDC381: SU63: 46kDa 25-37kDa 100-110kDa 57kDa 150-250kDa

FV

381 ≥ 
1 SU 
< 1

7056 7.36 0.1 O

7457 6.18 0.6 s s s s

6991 4.43 0.9 O

7492 3.76 0.59 O O O

6809 3.35 0.9 O O O

6816 1.89 0.76 O

7125 1.89 0.09 s s s s

7500 1.87 0.93 O O O

7107 1.8 0.06 O O O

7835 1.64 0.19 O

381 ≥ 
1 SU 
≥  1

7350 5.45 10.18 O

7523 15.11 9.08 O O O

7524 44.9 7.35 s s s s

6921 7.55 5.07 O O O

6896 4.36 4.37 O O O

6975 7.98 4.31 s s s s s

6923 5.2 4.11 s s s s

7393 15.2 4.07 O O s

6926 5.63 3.61 O O

7495 11.38 2.61 O O

381 < 
1 SU 
≥  1

6817 0.11 1.32 O

6820 0.68 2.01 O O s

6828 0.55 1.97

6855 0.58 1.03 O O

6863 -0.32 2.2 O

6867 0.93 1.46 O O

6874 0.03 2.83 O O O

6881 0.66 1.4 O s O

6889 0.28 2.23 O O O

6904 0.88 1.51 O

6935 0.63 1.31 O

6968 0.08 1.93 O O O
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[0052] As apparent from Table 1, it was demonstrated that, when combinations of these five types of antigen protein
groups were used, it became possible to confirm the presence of an antibody against a P. gingivalis bacterium in all of
the patient sera and the testing on extensive periodontal disease patients could be covered.

Selection of sera to be used in production of immunoaffinity column

[0053] Next, for the purpose of purifying the five types of antigen protein groups using an immunoaffinity column, sera
to be used for the production of the column were selected. In this selection, two types of patient serum pools were used
for the production of the antibody column with taking the antigen-antibody reaction patterns and the plasma antibody
titer measurements in patient sera into consideration. That is, No. 7350, No. 6921 and No. 6870 serum pools, which
showed clear bands against target antigens and had high plasma antibody titers, were used for the production of the
antibody column for purifying antigen protein groups of 46 kDa (strain FDC381 and strain SU63) and 57 kDa (strain
SU63). On the other hand, No. 7107, No. 7523 and No. 6980 serum pools, which showed wholly spread smear-like
band patterns but showed strong signals against target antigens and had high plasma antibody titers, were used for the
production of the antibody column for purifying antigen protein groups of 25 to 37 kDa (strain FDC381 and strain SU63),
100 to 110 kDa (strain FDC381 and strain SU63) and 150 to 250 kDa (strain SU63). As controls for comparison purposes,
serum pools of healthy subjects NAI, TOM and KOB were used in the production of the antibody column for purifying
antigen proteins from healthy subjects.
[0054] On the other hand, as antigen proteins to be used in the plasma antibody titer test, five types of antigen protein
groups (46 kDa, 25 to 37 kDa, 100 to 110 kDa, 57 kDa, and 150 to 250 kDa) were selected. For the purpose of purifying
the five types of antigen protein groups using immunoaffinity columns, three types of columns were produced. That is,
column A: a healthy subject serum column (NAI, TOM and KOB serum ligands), column B: a column for purifying a clear
band (No. 7350, No. 6921 and No. 6870 serum ligands) and column C: a column for purifying a smear-like band (No.

(continued)

Reactions of patient sera against antigen protein groups

Plasma antibody 
titer

Common antigen SU63-specific antigen

Patient 
serum 

No.
FDC381: SU63: 46kDa 25-37kDa 100-110kDa 57kDa 150-250kDa

SPT

381 ≥ 
1 SU 
≥  1

7082 133.77 39.79 O O O

6918 30.24 6.71 s s s s

6870 13.32 5.85 s s s s

6980 13.36 5.52 s s s s

6872 6.19 4.66 O O s

7001 3.77 3.32 s s s s

6802 1.16 3.05 O O O

7268 23.57 2.87 s s s s

7004 1.54 2.31 O O O

381 ≥ 
1 SU 
< 1

6823 4.57 0.44 O O

7234 3.25 0.63 O s O

7230 3.22 0.87 O O

7381 3.22 0.09 s s s s

7210 1.74 0.32 s s s s

7253 1.57 -0.19 O O

7263 1.49 0.07 O

7135 1.49 0.14 O O O



EP 3 139 167 A1

11

5

10

15

20

25

30

35

40

45

50

55

7107, No. 7523 and No. 6980 serum ligands) were produced.

Purification of antigen proteins using immunoaffinity columns

[0055] For identifying the selected antigen proteins, it is needed to purify the antigen proteins from antigen preparation
solutions. Then, antibody columns were produced using the selected sera and the antigen proteins were purified.
[0056] Immunoaffinity columns were produced in accordance with the method mentioned below based on Masato
OKADA and Kaori MIYAZAKI ed., "Experiment note of proteins (second volume)", Yodosha, pp. 131-136 (1990) and
Kiyoshi TAKATSU et al., ed., "Antibody experiment manual for study of proteins", Yodosha, pp. 53-61 (2005).
[0057] A periodontal disease patient serum or a healthy subject serum (1.5 ml) (each serum: 500 ml 3 3 samples)
was added with an antibody binding buffer (a 50-mM tartrate buffer, 3 M NaCl, pH 9.0) (2.5 ml) and sodium chloride
(0.26 g), and then mixed, thereby preparing an antibody reaction solution.
[0058] On the other hand, protein G sepharose (GE Healthcare) was added to an Econo-PACK column (BIO-RAD)
and washed with ultrapure water and then with an antibody-binding buffer. The whole of the prepared antibody reaction
solution was added to the column, the column was hermetically sealed, and then solution was stirred using a rotator.
After stirring, the antibody reaction solution was removed, and then the column was washed with an antibody-binding
buffer (a 50-mM tartrate buffer, 3 M NaCl, pH 9.0).
[0059] A cross-linker BS3 (PIERCE) (100 mg) was dissolved in a cross-linker solution (0.2 M triethanolamine-HCl, pH
8.0) (6.8 ml), and the resultant solution was dispensed into three columns (a healthy subject serum column and two
patient serum columns) and then stirred at room temperature using a rotator.
[0060] After the removal of the cross-linker solution from the column, the column was washed with a blocking solution
(0.2 M ethanolamine-HCl, pH 8.0). The column was hermetically sealed, and then the blocking solution was added to
the column and stirred at room temperature using a rotator. Subsequently, the blocking solution was removed, then the
column was washed with an elution solution (0.1 M glycine-HCl, pH 2.8) and then with 50 mM Tris-HCl (pH 7.5), and
then the column was added with 50 mM Tris-HCl (pH 7.5) and stored (immunoaffinity columns A, B and C).

Preparation of antigen protein samples

[0061] A solution (270 ml) was prepared by adding PBS to an antigen preparation solution of P. gingivalis bacteria
(strain FDC381 and strain SU63) (Institute of Special Immunity Co. Ltd., 200 mg protein equivalent). Trichloroacetic acid
was added to the solution, and the resultant solution was allowed to stand in ice and then centrifuged at a low temperature
to remove a supernatant. Ice-cold ethanol was further added to the resultant solution to wash the precipitate, and then
the resultant solution was centrifuged again at a low temperature to remove a supernatant. The above-mentioned
procedure was repeated three times.
[0062] After air-drying the precipitate, PBS (200 ml) containing 0.06% of SDS was added to dissolve the precipitate.
Subsequently, the protein solutions for each of the strains were combined. PBS (containing 0.01% of Brij-35 and 0.2%
of CHAPS) in the same volume as that of the combined protein solution was added to the combined protein solution to
dissolve the precipitate, thereby preparing antigen protein samples for each of the strains.

Quantification of antigen proteins

[0063] Each of the prepared standards (concentrations: 1000, 500, 250, 125, 62.5 and 31.25 ng/ml) (25 ml), an antigen
protein sample diluted with PBS (25 ml) and PBS (25 ml) as a control were added to each well of a 96-well plate, and
then a protein working solution (a mixture of Thermo scientific, Reagent A:B = 50:1) (200 ml) was added to each well.
Subsequently, the reaction solution was stirred with a shaker and then incubated in a constant-temperature-humidity
unit at 37°C for 30 minutes. Subsequently, an absorbance at 577 nm was measured using a plate reader (Intermed,
NJ2000). In this manner, the antigen proteins in the samples were quantified.

Purification of antigen proteins using immunoaffinity columns

[0064] An antigen protein sample (about 133 mg/1.5 ml) was applied onto each of PBS-equilibrated immunoaffinity
columns (A, B and C) (the buffer composition for the sample: PBS containing 0.03% SDS, 0.005% Brij-35 and 0.2%
CHAPS (Dojin Laboratories). The column was stirred using a rotator at room temperature, a flow-through was collected
and stored as a sample. A wash buffer (0.005% Brij-35, 0.1% CHAPS, 20 mM Tris-HCl and 500 mM NaCl, pH 7.5) was
added to the column, and then the column was stirred using a rotator at room temperature to wash the column. After
stirring, a flow-through was collected and stored as a sample. This procedure was repeated three times.
[0065] After the column was washed with ultrapure water, an elution buffer (0.05% trifluoroacetic acid) (5 ml) was
added two times, and an eluted protein solution was collected and lyophilized.
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SDS-PAGE electrophoresis

[0066] A portion of the antigen protein sample, a flow-through obtained in each step and the eluted protein was
separated and then prepared into a sample buffer containing mercaptoethanol at a final concentration of 5%.
[0067] The prepared sample was thermally denatured and then subjected to SDS-PAGE electrophoresis (10 ml for
CBB staining, 5 ml for antigen-antibody reaction).
[0068] A gel that had been subjected to SDS-PAGE electrophoresis was washed with distilled water, then immersed
in a CBB staining solution, and stirred at room temperature. Subsequently, the gel was washed with distilled water until
bands could be observed clearly.
[0069] The gel that had been subjected to SDS-PAGE electrophoresis was also subjected to blotting on a PVDF
membrane using an iBlot dry blotting system (Invitrogen).
[0070] After transferring onto the PVDF membrane, a layout was cleaved as one set and then immersed in a blocking
solution (TBS containing 3% of skim milk and 0.1% of Tween 20).

Antigen-antibody reactions using sera

[0071] With respect to a slit that had been subjected to blocking, the blocking solution was removed therefrom, then
a serum reaction solution (a solution prepared by adding 8 ml of a serum to 20 ml of TBS containing 3% of skim milk)
was added to the slit, and the resultant product was shaken at room temperature. The sets of sera added are as follows.

Set A (healthy subject sera): NAI, TOM, KOB
Set B (patient sera 1): No. 7350, No. 6921
Set C (patient sera 2): No. 7107, No. 7523, No. 6980

[0072] The slit was washed with TBS containing 0.05% of Tween 20, a 5000-fold-diluted horseradish peroxidase-
conjugated sheep anti-human secondary antibody reaction solution (a solution prepared by adding a human secondary
antibody (CHEMICON) to TBS containing 3% of skim milk) was added thereto, and the resultant product was stirred at
room temperature.
[0073] Subsequently, the slit was washed with TBS containing 0.05% of Tween 20, the slit was immersed in a color-
developing solution (TBS containing 0.61 mg/ml of 4-methoxy-1-naphthol and 0.018% of aqueous hydrogen peroxide),
and the development of color in the slit was confirmed, and then the slit was washed with purified water and dried.

Purification of strain FDC381 antigen protein

[0074] The SDS-PAGE electrophoresis patterns of the antigen proteins purified from the columns are shown in Fig. 2.
[0075] A flow-through obtained after the application of the antigen protein samples onto immunoaffinity columns was
confirmed, and any significant difference was not observed between a healthy subject serum column and patient serum
columns. However, when purified proteins were observed, proteins purified from the patient serum columns apparently
showed stronger signals in CBB staining (Fig. 2, lanes B and C) as compared with a protein purified from the healthy
subject serum column (Fig. 2, lane A). Particularly, a band having a size of about 50 kDa showed a significantly strong
signal in the patient serum columns. A band having a size larger than 25 kDa also showed a strong signal in the patient
sera (Fig. 2, lanes B and C).

Purification of strain SU63 antigen protein

[0076] The SDS-PAGE electrophoresis patterns of the antigen proteins purified from the columns were shown in Fig. 4.
[0077] When proteins purified after the application of the antigen protein samples onto immunoaffinity columns were
observed, antigen proteins purified from the patient serum columns apparently showed stronger signals in CBB staining
(Fig. 4, lanes B and C) as compared with an antigen protein purified from the healthy subject serum column (Fig. 4, lane
A), although it was not so clear than in the case of strain FDC381. A particularly significant difference was observed
between a band having a size slightly larger than 25 kDa and a band having a size slightly larger than 50 kDa. A strong
signal observed in the purification of strain FDC381 also tended to show a strong signal in the purification of strain SU63
(Fig. 4).

Antigen-antibody reactions of antigen proteins

[0078] The results of the antigen-antibody reactions of antigen proteins of strain FDC381 and strain SU63 which were
subjected to SDS-PAGE electrophoresis are shown in Fig. 3 and Fig. 5, respectively.
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[0079] Serum set A (healthy subject sera) reacted with proteins each having a high molecular weight but hardly with
proteins each having a size of 150 kDa or less among any of the antigen proteins eluted from the healthy subject serum
column and the patient serum columns (Figs. 3 and 5).
[0080] On the other hand, serum set B (the patient sera 1; a group of sera used in the production of column B) strongly
reacted with the antigen proteins eluted from the patient serum columns (Figs. 3 and 5, lanes B and C of the "patient
sera 1"). Note that stronger signals were observed in the proteins eluted from the patient serum column (column B).
[0081] Similar to serum set B, serum set C (the patient sera 2; a group of sera used for the production of column C)
also strongly reacted with the proteins eluted from the patient serum columns (Figs. 3 and 5, lanes B and C of the "patient
sera 2"). On the other hand, serum set C relatively reacted also with the proteins eluted from the healthy subject serum
column (Figs. 3 and 5, lane A of the "patient sera 2"). Note that stronger signals were observed in the proteins eluted
from the patient serum column (column C).
[0082] When the proteins eluted from the immunoaffinity columns were observed, the number of the proteins eluted
from the patient serum columns was apparently larger as compared with that of the proteins eluted from the healthy
subject serum column. It is considered that this is because many antibodies against P. gingivalis bacteria were bound
to the protein G sepharose in each of the patient serum columns, and a larger number of the antibodies could be bound
to the P. gingivalis bacterium antigen proteins during purification process using the same to be purified.
[0083] From the above, candidates for the antigen proteins were selected by comparing the proteins purified using
the healthy subject serum column with the proteins purified using the patient serum columns.
[0084] As a result of the comparison among the purified antigen proteins, it was found that antigen proteins shown in
Table 1 as candidates, each of which contained a common antigen (46 kDa, 25 to 37 kDa, and 100 to 110 kDa), were
contained in larger amounts in the proteins purified from the patient serum columns than in the proteins purified from
the healthy subject serum column. Therefore, it is possible to select as candidates for the antigen proteins that could
be used in the test kit by elucidating the entire constitutions of the purified proteins and comparing both proteins. Then,
all of the proteins constituting each of the purified proteins were subjected to mass spectrometry and identified.

Mass spectrometry

[0085] In the same manner as mentioned above, a roughly purified antigen protein was separated by subjecting to
SDS-PAGE electrophoresis, all of three lanes of each of bands of a CBB-stained eluted protein (column A, B and C)
were cleaved in one lump. The cleaved gel was placed in a Falcon tube, ultrapure water (200 ml) was added thereto,
and the resultant solution was subjected to mass spectrometry as mentioned below.

Preparation of samples for mass spectrometry

[0086] The prepared sample was protein-digested using ProGest (Genomic Solutions) workstation, reduced with
dithiothreitol at 60°C, and then cooled to room temperature. Subsequently, the resultant product was alkylated with
iodoacetamide. The alkylated product was incubated at 37°C for 4 hours in the presence of trypsin, and formic acid was
added to the solution to terminate the reaction. A supernatant obtained after the termination of the reaction was used
as a sample for the analysis.

LC/MS/MS

[0087] The prepared sample was subjected to a nano-LC/MS/MS analysis using ThermoFisher LTQ Orbitrap XL.
[0088] A hydrolysis product (30 ml) was applied onto an ID C12 column (Jupiter Proteo, Phenomenex) vented column
having a size of 5 mm 3 75 mm. The gradient elution was carried out at 300 nl/min on an ID C12 column having a size
of 15 cm 3 75 mm.
[0089] With respect to MS/MS, analysis was carried out using a mass spectrometer that was operated by data-
dependent mode, six most abundant ions. The Orbitrap MS scan was carried out at an FWHM resolution of 60000.
[0090] The MS/MS data was searched using a Mascot (www.matrixscience.com) local copy.
[0091] The parameters for the LC/MS/MS search were set as follows.

Type of search: MS/MS ion search
Classification: whole bacteria or whole organism species
Enzyme: trypsin
Default modification: carbamidemethylation
Variable modification: oxidation, acetylation, pyroglutamylation and deamidation
Mass value: monoisotopic
Mass of protein: not limited
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Peptide mass tolerance: 6 10 ppm (Orbitrap)
Fragment mass tolerance: 6 0.5 dalton (LTQ)
Maximum value of error cutting: 2

SCAFFOLD

[0092] A sample was processed in Scaffold algorithm (www.proteomesoftware.com) using a DAT file created by
Mascot. LTQ Orbitrap XL data parameter had identified a protein that matches two or more peptides.
[0093] The results are shown in Fig. 6.

Strain FDC381

[0094] With respect to the analyzed three samples (A to C; A: a healthy subject serum column, B: a patient serum
column 1, C: a patient serum column 2), the Mascot search was carried out on the whole bacteria. As a result, 28 types
in total of proteins were identified (Fig. 6, left). Among the identified proteins, each of proteins of Nos. 9, 17 and 18 was
a part of an IgG antibody. Among the 28 types of proteins, 15 types were identified only in protein groups purified from
the patient serum columns (B and C). On the other hand, the other 10 types of proteins were observed also in the protein
groups purified from the healthy subject serum column (A), but the number of spectral counts was high in the protein
groups purified from the patient serum columns (B and C).

Strain SU63

[0095] With respect to the analyzed three samples (A to C), the Mascot search was carried out on the whole bacteria.
As a result, 28 types in total of proteins were identified (Fig. 6, right). Among the identified proteins, each of proteins of
Nos. 8 and 12 was a part of an IgG antibody. Among the 28 types of proteins, 20 types were identified only in protein
groups purified from the patient serum columns (B and C). On the other hand, 5 types of proteins were observed also
in the protein groups purified from the healthy subject serum column (A), but the number of spectral counts was high in
the protein groups purified from the patient serum columns (B and C). The protein of No. 22 was identified only in the
healthy subject serum column (A).
[0096] Reviewing the results obtained this time, in both strain FDC381 and strain SU63, the number of types and the
amount together were apparently larger in the protein groups eluted from the patient serum columns than those in the
protein groups eluted from the healthy subject serum column. This fact suggests that antigen proteins maintained in
antibodies in patient sera were purified by an immunoaffinity column method. Among the identified proteins, proteins
that have been already reported as antigens were included. From this fact, it is suggested that the proteins produced
by the purification employing the immunoaffinity column method in this time also are highly probably antigen proteins.

Selection of synthesized proteins

[0097] Proteins that have been observed in the two times of the antigen protein identification were organized, and
proteins to be actually synthesized were selected.
[0098] For the proteins that have been identified, those proteins which had been identified in both strains based on
accession numbers were described as the same line, genetic information of the proteins were examined to determine
whether or not the function is known and whether or not antigenicity is known, and the proteins were classified (Fig. 7).
[0099] With respect to the matter that whether or not the proteins were specific to patients, a case where the spectrum
count of a protein that had been identified from the healthy subject column was apparently high was determined "x", a
case where the spectrum count of a protein that had been identified from the healthy subject column and the spectrum
count of a protein that had been identified from the patient column were almost the same was determined "Δ", and a
case where the spectrum count of a protein that had been identified from the patient column was apparently high was
determined "o" (primary selection). In addition, for the purpose of determining whether or not proteins were specific to
P. gingivalis bacteria, proteins having high homology were examined on the basis of nucleotide sequences. A protein
having slight homology with other bacterial species was determined "Δ", a protein having high homology with other
bacterial species was determined "3", and a protein having low homology and being specific to P. gingivalis bacteria
was determined "o" (secondary selection).
[0100] Proteins that had been identified by the two times of mass spectrometry were organized. As a result, 37 types
in total of proteins were identified as candidate antigen proteins. As a result of the overlapping of amino acid sequences,
the primary selection and the secondary selection, proteins that fulfilled all of the requirements were 13 types in total of
proteins, i.e., proteins of Nos. 3, 4, 6, 9, 10, 15, 16, 19, 24, 26, 37, 32 and 37.
[0101] It was thought to select patient-specific and P. gingivalis-bacteria-specific proteins through the primary selection
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and the secondary selection. However, the selection of candidate proteins in this stage might cause the loss of available
antigen proteins. For example, in the case of a protein that is not selected because of its non-patient-specificity, if the
protein has a satisfactorily higher antibody titer against patients than that against healthy subjects, the protein is a protein
that can be used as a test antigen. Therefore, it was considered that the loss of candidate antigen proteins could be
better prevented when antigenicity of actually synthesized proteins was evaluated.
[0102] Then, protein synthesis was carried out using, as candidates, 31 types in total of proteins, other than protein
Nos. 1, 17, 18, 25, 30 and 31 of which the amino acid sequences were overlapped, among 37 types in total of proteins
that had been identified by mass spectrometry.

Protein synthesis and evaluation of antigenicity of synthesized proteins

[0103] For the purpose of evaluating whether or not the 31 types of candidate proteins actually showed antigenicity,
proteins were synthesized and the antigenicity of the synthesized proteins was subsequently evaluated using healthy
subject sera and patient sera.
[0104] Genetic information on each of the proteins of interest was obtained from a database (antigen protein informa-
tion), desired genes were amplified from genomic DNA of a P. gingivalis bacterium strain using the synthesized primer
pairs represented by SEQ ID NOs: 71 to 132 in the Sequence Listing and cloned into plasmid DNA (a pDONR vector)
using a Gateway system (Invitrogen).
[0105] Subsequently, the pDONR vector DNA into which each of the genes had been cloned was treated with a
restriction enzyme and then ligated to a protein expression vector (CellFree Sciences Co., Ltd.: a pEu vector) that had
been treated with the same restriction enzyme. A ligation product was introduced into a cell of Escherichia coli (E. coli)
by transformation. Subsequently, a clone having the gene introduced thereinto was selected.
[0106] Plasmid DNA was collected from the selected clone and then subjected to sequence analysis. With respect to
a clone in which any significant mutation was not recognized from the results of the sequence analysis, a large amount
of a plasmid was prepared, a protein was synthesized using a wheat germ cell-free protein synthesis system, and the
resultant protein was purified using a GST tag.
[0107] It was tried to carry out in vitro protein synthesis with respect to all of 31 types of genes. However, with respect
No. 33, the cloning into the protein expression vector was not achieved; and with respect to No. 5, the protein synthesis
was not achieved or the amount of a synthesized protein was extremely small. Therefore, antigenicity was evaluated
on the remaining 29 types of proteins. For the evaluation of antigenicity with respect to the synthesized proteins, dot
blot analysis was carried out.

Dot blotting

[0108] 29 types of antigen proteins were subjected to dot blotting. The amount of each of the antigen proteins was
adjusted to 50 ng, four sets of dot blot were produced for each of the antigen proteins. With respect to the proteins of
Nos. 32 and 35, it was impossible to quantify the proteins and therefore a solution of the synthesized protein (4 ml) was
subjected to dot blotting. After the dot blotting, the dot blot was immersed in a blocking solution (a TBS solution containing
skim milk (3%) and Tween 20 (0.1%)).
[0109] As a primary antibody, a portion (8 ml) of a healthy subject serum pool prepared by mixing sera from normal
subjects NAI, TOM and KOB (3 ml for each) together, a portion (8 ml) of a patient serum pool 1 prepared by mixing sera
from periodontal disease patients Nos. 7350 and 6921 (4 ml for each) together, and a portion (8 ml) of a patient serum
pool 2 prepared by mixing sera from periodontal disease patients Nos. 7107, 7523 and 6980 (3 ml for each) together
were used. Each of the portions was added to TBS (20 ml) containing 3% of skim milk. The slit of the dot blot was added
to each of the three kinds of antibody solutions, thereby carrying out an antigen-antibody reaction.
[0110] Subsequently, the slit was washed with TBS containing Tween 20 (0.05%). After washing, a 5000-fold-diluted
horseradish peroxidase-conjugated goat anti-human IgG antibody reaction solution (a solution prepared by adding an
anti-human secondary antibody (CHEMICON) to TBS containing skim milk (3%)) was added to the resultant mixture
and then shaken at room temperature. Subsequently, the slit was washed with TBS containing Tween 20 (0.05%). After
washing, the slit was immersed in TBS containing 4-methoxy-1-naphthol (0.61 mg/ml) and hydrogen peroxide (0.018%),
the occurrence of development of color was confirmed, and then the slit was washed with purified water and dried.
[0111] The layouts of the synthesized proteins that had been subjected to dot blotting and the results of the dot blot
analysis are shown in Fig. 8.
[0112] As a result of the dot blot analysis, in the reaction with the healthy subject serum pools, development of color
on spots was recognized in Nos. 2, 6, 10, 26, 29, 32 and 35. While in the reaction with the patient serum pool 1,
development of color on spots was observed in Nos. 2, 3, 4, 6, 9, 10, 11, 13, 19, 21, 22, 24, 26, 28, 32 and 35. In the
reaction with the patient serum pool 2, development of color on spots was observed in Nos. 2, 3, 4, 6, 10, 11, 19, 24,
26, 32 and 35.
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[0113] When confirmed with visual observations, in each of the spots, the development of color in the patient serum
pools was stronger than that in the healthy subject serum pools. In the patient serum pools, development of color on
spots, which was not observed in the healthy subject serum pools, was confirmed.

Detection of signal values

[0114] Subsequently, the results of the dot blot analysis were quantified in the following manner.

1. Using ImageQuant LAS4000 (GE Healthcare), an image of the membrane was taken. After adjusting the focus,
the image was taken under the following conditions.
Conditions for image capture

Exposure Type: Precision
Exposure Time: 1/100 sec.
Sensitivity/Resolution: Standard

2. Using ImageQuant TL (GE Healthcare), the dot signal values in the image taken were determined.
Conditions for signal value capture
In an Array analysis mode, a signal value was digitized in conjunction with the spot size and placement of the dots.
As for the setting of background, a part adjacent to the spot was set.
3. After digitizing, the signal values for individual spots were summarized in a table. A signal value that is the largest
value among the signal values of spots on which any antigen protein was not arranged (blank), was employed as
a reference value, and a signal value that was smaller than the reference value was deemed as a noise. The
quantified signal values are shown in Fig. 9.

[0115] As a result of the digitization of the signals of the spots, almost the same results as those obtained by the
confirmation with visual observations were obtained. Note that No. 28 in patient serum pool 1 had so low signal value
as to be determined as a noise. On the other hand, with respect to No. 34, although almost no spot was confirmed with
visual observations, a signal value was detected. With respect to No. 19 in the patient serum pool 2, a signal value was
so small as to be determined as a noise.
[0116] Taken these results together, among the 29 types of synthesized proteins, those proteins reacted only with the
patient sera without reacting with the healthy subject sera were 10 types of proteins, i.e., proteins of Nos. 3, 4, 9, 11,
13, 19, 21, 22, 24 and 28. On the other hand, those proteins showed higher color development in the patient sera than
in the healthy subject sera were 16 types of proteins, i.e., proteins of Nos. 2, 3, 4, 6, 9, 10, 11, 13, 19, 21, 22, 24, 26,
28, 32 and 35.
[0117] These results demonstrated that the proteins of Nos. 2, 3, 4, 6, 9, 10, 11, 13, 19, 21, 22, 24, 26, 28, 32 and 35
were suitable as the antigen proteins to be used in the antibody titer test kit of the present invention.

Stability of synthesized proteins

[0118] For the purpose of confirming as to whether or not the synthesized antigen proteins could be actually used in
the antibody titer test kit, SDS-PAGE was carried out to examine the states of the synthesized proteins.
[0119] A sample was prepared so that an antigen protein was contained at a concentration of 50 ng/10 ml sample
buffer (+DTT). With respect to the proteins of Nos. 5, 32 and 35, there was no quantified value and therefore a sample
was prepared by mixing a solution of the synthesized protein (4 ml) with a sample buffer (+DTT) (6 ml).
[0120] The prepared sample was thermally denatured, and the sample (10 ml in total) was applied to carry out SDS-
PAGE electrophoresis. Subsequently, a gel that had been subjected to electrophoresis was washed with distilled water,
then stained with CBB, and then washed with distilled water until bands could be observed clearly. The results are shown
in Fig. 10.
[0121] With respect to proteins other than the proteins of Nos. 5, 32 and 35, it was confirmed that proteins having
desired sizes were synthesized. On the other hand, with respect to the protein of No. 5, no band was observed; and
with respect to the proteins of Nos. 32 and 35, multiple bands were observed.
[0122] With respect to No. 5, although so far as the synthesis of messenger RNA could be confirmed, the synthesis
of a protein could not be confirmed. Therefore, it was assumed that the protein was very instable or was difficult to be
synthesized.
[0123] On the other hand, the proteins of Nos. 32 and 35 are known as proteases, and therefore it was considered
that synthesized proteins also had a protease activity and was self-digested. If some of the antigen proteins have a
protease activity, the decomposition of the other antigen proteins contained in the antibody titer test kit of the present
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invention may occur, and therefore the stability of the proteins may be deteriorated and the proteins cannot be used for
the testing.
[0124] As mentioned above, it was found that the protein of No. 5 was difficult to be synthesized and therefore could
not be used, and the proteins of Nos. 32 and 35 had a protease activity and therefore could not be used without any
modification.

Antigen-antibody reactions with patient sera

[0125] As apparent from Table 1, it is considered that proteins which can be utilized as antigens by the antibodies are
different among the individual sera. Then, for the purpose of selecting antigen proteins having high reactivity with many
patient sera, antigen-antibody reactions of proteins in which antigenicity was observed with varied patient sera were
examined.
[0126] In this experiment, 16 types of antigen proteins showed stronger color development in the patient sera than in
the healthy subject sera were subjected to dot blotting. The amount of a protein subjected to dot blotting was 50 ng.
With respect to Nos. 32 and 35, the protein concentration was unknown, and therefore 4 ml of a synthesized protein
solution was applied. Each of the antigen proteins was reacted with each of the healthy subject sera to set a reference
value.

Detection of signal values

[0127]

1. Using ImageQuant LAS4000 (GE Healthcare), an image of the membrane was taken. After adjusting the focus,
the image was taken under the following conditions.
Conditions for image capture

Exposure Type: Precision
Exposure Time: 1/100 sec.
Sensitivity/Resolution: Standard

2.Next, using ImageQuant TL (GE Healthcare), the dot signal values in the image taken were determined.
Conditions for signal value capture
In an Array analysis mode, the spot size of the dots was fit, the spots were arranged in the layout of 3 columns x 8
rows for the layout of 2 columns 3 8 rows (2 3 8), and the signal values were digitized.

3. After the digitization, from the signal value of each spot, a column located at the center was determined as a
background that was closed to the spots, and the differences therefrom were organized as the signal value of each
spot in a table. A signal value of a spot that could not be confirmed with visual observations was treated as being
undetectable.

4. As the healthy subject reference, signal values for NAI, TOM and KOB were determined. Among these values,
signal values of spots which could be confirmed with visual observations were compared and the largest signal
value among the three samples was employed as a healthy subject serum reference (Fig. 11). As for a spot for
which the color development could not be confirmed in any sample, the reference value was set as "0". A spot which
showed a higher signal value than the signal value was marked with a round stamp and organized (Figs. 12 and 13).

[0128] As a result, it was confirmed that the number of color-developed spots was apparently larger in the patient sera
as compared with those in healthy subject sera and their signal values were also higher as compared with the developed
colors in the healthy subject sera. As expected, there were proteins that could not be used as antigens in some patients.
[0129] Here, it was demonstrated that periodontal diseases could be determined in all of the patients by using the
antigen protein Nos. 32 or 35, whose reactions with all of the patient antibodies were recognized. With taking the changing
antigenicity of periodontal disease-causing bacteria and various immunoresponses of subject to be tested into consid-
eration, the test on periodontal diseases in a wide scope of periodontal disease-causing bacteria and subjects to be
tested can be achieved using a properly selected combination of at least two among the selected proteins.
[0130] A color-developing signal value reflects an antibody titer against periodontal disease-causing bacteria proteins
in a plasma or serum from a patient. Therefore, the degree of progression (severity) of a periodontal disease can be
tested on the basis of the signal values obtained. In this case also, the test on a wide scope of periodontal disease-
causing bacteria and the degree of progression of periodontal disease based on subjects to be tested can also be



EP 3 139 167 A1

18

5

10

15

20

25

30

35

40

45

50

55

achieved using a properly selected one or a combination of at least two among the selected proteins.

Signal value comparison between healthy subject sera and patient sera

[0131] Antigen proteins which exhibited higher signal values against patient sera as compared with the healthy subject
reference were organized, and it was found that the antigen proteins of Nos. 32 and 35 showed higher signal values
against all of the sera collected from 23 persons investigated as compared with the reference, and therefore were
particularly suitable as antigen proteins to be used in the antibody titer test kit of the present invention (Figs. 12 and 13).
In addition, the antigen proteins of Nos. 2, 3 and 26 showed higher signal values against sera from 19 persons, 16
persons and 12 persons, respectively, among 23 persons investigated as compared with the reference, and therefore
it was found that the rates of covering the subjects to be tested were relatively high (Figs. 12 and 13).
[0132] As mentioned above, both the signal values and cover rates of the antigen proteins of Nos. 32 and 35 were
high and therefore it was found that these antigen proteins were suitable as antigens to be used in the antibody titer test
kit. However, these antigen proteins have a protease activity and therefore cannot be used as the test antigen without
modifications.
[0133] On the other hand, for using proteins other than Nos. 32 and 35 as antigens for the antibody titer test kit, it is
needed to combine at least two of the antigen proteins. For example, it was confirmed that, when the antigen proteins
of Nos. 2 and 3 were used in combination, the cover rate could be increased to 100%.
[0134] As mentioned above, the antigen proteins of Nos. 32 and 35 had excellent properties. However, the antigen
proteins are proteases and therefore cannot be used as test antigens.
[0135] Therefore, modified polypeptides in which a protease activity was eliminated while keeping the antigenicity of
these antigen proteins, were produced.
[0136] The amino acid sequences for the proteins of Nos. 32 and 35 were analyzed using a Genetyx homology search
tool, and two cysteine residues of which occurrence had been confirmed in the proteins, were substituted by an alanine
residue in the following manner. The amino acid sequences for two modified polypeptides (Nos. 32A and 32B) produced
for No. 32 are respectively shown in SEQ ID NOs: 63 and 65, and the polynucleotide sequences encoding the modified
polypeptides are respectively shown in SEQ ID NOs: 64 and 66. The amino acid sequences for two modified polypeptides
(Nos. 35A and 35B) produced for No. 35 are respectively shown in SEQ ID NOs: 67 and 69, and the polynucleotide
sequences encoding the modified polypeptides are respectively shown in SEQ ID NOs: 68 and 70.

Production of protein expression plasmid

Primer synthesis

[0137] The below-mentioned primer pairs represented by the SEQ ID NOs in the Sequence Listing, each of which
contains a mutation-introduced site, were synthesized.

Modified polypeptide No. 32A

Forward primer: SEQ ID NO: 133
Reverse primer: SEQ ID NO: 134
Modified polypeptide No. 32B
Forward primer: SEQ ID NO: 135
Reverse primer: SEQ ID NO: 136

Modified polypeptide No. 35A

Forward primer: SEQ ID NO: 137
Reverse primer: SEQ ID NO: 138

Modified polypeptide No. 35B

Forward primer: SEQ ID NO: 139
Reverse primer: SEQ ID NO: 140
Phosphorylation of primers: T4 Polynucleotide Kinase (Toyobo Co., Ltd.)
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Composition of reaction solution for preparation of 20 ml

[0138]

Reaction composition

[0139] After retaining at 37°C for 60 min and then at 95°C for 5 min, 50 ml of DW was added (10 pmol/ml primer DNA).
Inverse PCR: Prime STAR MAX (Takara)

Composition of reaction solution for reparation of 50 ml

[0140]

Template DNA (plasmid DNA of No. 32 or 35 antigen protein:

[0141]

Reaction conditions

[0142] After treating at 98°C for 30 sec, a cycle of 98°C for 10sec, 55°C for 5 sec and 72°C for 50 sec was repeated
30 times.
[0143] A PCR product was purified using a QIAGEN kit, and then the purified product was treated with DpnI to de-
compose Template DNA (plasmid DNA).
[0144] The PCR product was purified in the composition shown below using a QIAGEN kit.

DpnI treatment

[0145]

[0146] Purification of restriction enzyme treatment product: a DNA product was purified by carrying out PCI treatment.

Ligation

[0147]

Synthetic primer (50 mM) 14 ml
10 3 Protruding End Kinase Buffer 2 ml
10 mM ATP 2 ml
T4 Polynucleotide Kinase (5 to 20 U/ml) 2 ml

Takara PrimeSTAR MAX Premix (2 3) 25 ml
Forward primer (10 pmol/ml) 1.5 ml
Reverse primer (10 pmol/ml) 1.5 ml

10 ng/ml) 1 ml
Sterilized water 21 ml

Purified PCR product 30 ml
NEB4 5 ml
BSA 5 ml
DpnI (20 unit/mL) 0.5 ml
Sterilized water 9.5 ml
37°C, for 1 hour



EP 3 139 167 A1

20

5

10

15

20

25

30

35

40

45

50

55

[0148] A ligation product was introduced into a cell of Escherichia coli (E. coli) by transformation.
[0149] Plasmid DNA in which the introduction of a gene had been confirmed was subjected to sequence analysis.
[0150] A plasmid into which a desired mutation had been introduced was prepared in a large amount, and a protein
was synthesized using a wheat germ cell-free protein synthesis system and then purified using a GST tag.

Confirmation of synthesized proteins

SDS-PAGE

[0151] A synthesized protein solution (4 ml) was mixed with a sample buffer (+DTT) (6 ml) to prepare a sample. The
prepared sample was thermally denatured, and a total portion of the sample (10 ml) was applied and subjected to SDS-
PAGE electrophoresis.

CBB staining

[0152] A gel that had been subjected to SDS-PAGE was washed with distilled water and then immersed in a CBB
staining solution, and then the solution was stirred.
[0153] The gel was washed with distilled water until bands could be observed clearly.

Dot blotting

[0154] Four types of modified polypeptides produced (Nos. 32A, 32B, 35A and 35B) were subjected to dot blotting.
Each of the modified polypeptides to be dot-blotted was applied at a volume of 4 ml at an antigen protein concentration
of 12.5 ng/ml so that 50 ng of the antigen protein could be applied. Three sets of dot blotting were carried out. The dot
blots were immersed in TBS containing 5% of skim milk overnight to cause blocking, and then reacted with serum
solutions as mentioned below at room temperature.

Serum solutions (primary antibody)

[0155]

A: a solution prepared by mixing a portion (8 ml) of a mixture of sera from NAI, TOM and KOB (3 ml for each) with
TBS containing 3% of skim milk (20ml).
B: a solution prepared by mixing a portion (8 ml) of a mixture of sera of Nos. 7350 and 6921 (4 ml for each) with TBS
containing 3% skim milk (20 ml).
C: a solution prepared by mixing a portion (8 ml) of a mixture of sera of Nos. 7107, 7523 and 6980 (3 ml for each)
with TBS containing 3% skim milk (20 ml), 140 mL 1 3 TBS.

[0156] Subsequently, the slit was washed with TBS containing Tween 20 (0.05%). After washing, a 5000-fold-diluted
horseradish peroxidase-conjugated goat anti-human IgG antibody reaction solution (a solution prepared by adding anti-
human secondary antibody (CHEMICON) to TBS containing skim milk (3%)) (20 ml) was added to the slit and the
resultant product was shaken at room temperature. Subsequently, the slit was washed with TBS containing Tween 20
(0.05%). After washing, the slit was immersed in TBS containing 4-methoxy-1-naphthol (0.61 mg/ml) and hydrogen
peroxide (0.018%), the occurrence of development of color was confirmed, and then the slit was washed with purified
water and dried.
[0157] The results are shown in Fig. 14.
[0158] With respect to No. 32, the protease activity was inhibited in both of the modified polypeptides. On the other
hand, with respect to No. 35, the protease activity was not inhibited completely in the modified polypeptide of No. 35B
but the protease activity was inhibited in the modified polypeptide of No. 35A. In addition, the antigenicity was examined,
and it was confirmed that antigenicity was maintained in all of the modified polypeptides.

Purified DNA 5 ml
Ligation Mighty Mix 5 ml

16°C, for 1 hour
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Test methods

Dot blot analysis

[0159] In the same manner as the experiment mentioned above, each of 16 types of antigen proteins was dot-blotted
against each of sera from 10 healthy subjects and sera from 20 periodontal disease patients (with respect to the antigen
proteins of No. 32 and No. 35, produced modified polypeptides of No. 32A and No. 35A were used). The amount of a
protein subjected to the dot blotting was 50 ng (with respect to the antigen protein of No. 4, the protein concentration
was low and therefore 37 ng was applied, and the volume of a protein solution became insufficient during the test and
therefore the blotting was not carried out against serum Nos. H9, H10, P10 and P20).
[0160] After the dot blotting, the dots were immersed in a blocking solution (a TBS solution containing skim milk (5%)).
[0161] As a primary antibody solution, a solution prepared by mixing each of the healthy subject sera (H1 to H10) or
each of the periodontal disease patient sera (P1 to P20) (8 mL) with TBS (20 mL) containing 3% of skim milk was used.
The blocked slit was immersed in the solution and an antigen-antibody reaction was carried out at room temperature
for 2 hours.
[0162] Subsequently, the slit was washed with TBS containing Tween 20 (0.05%). After washing, a 5000-fold-diluted
horseradish peroxidase-conjugated goat anti-human IgG antibody reaction solution (a solution prepared by adding an
anti-human secondary antibody (MILLIPORE) to TBS containing skim milk (3%)) (20 mL) was added to the slit and an
antigen-antibody reaction was carried out at room temperature for 1 hour.
[0163] Subsequently, the slit was washed with TBS containing Tween 20 (0.05%). After washing, the slit was immersed
in TBS containing 4-methoxy-1-naphthol (0.61 mg/ml) and hydrogen peroxide (0.018%), the occurrence of development
of color was confirmed, and then the slit was washed with purified water and dried. The results are shown in Fig. 15.

Detection of signal values

[0164]

1. Using ImageQuant LAS4000 (GE Healthcare), an image of the membrane was taken. After adjusting the focus,
the image was taken under the following conditions.
Conditions for image capture

Exposure Type: Precision
Exposure Time: 1/100 sec.
Sensitivity/Resolution: Standard

2. Using ImageQuant TL (GE Healthcare), the dot signal values in the image taken were determined.
Conditions for signal value capture

[0165] In an Array analysis mode, a round-shaped cursor was moved so as to surround the whole area of the spots
of the dots wherein the spots of the dots were arranged in the layout of 2 columns 3 8 rows, and the signal values were
digitized.
[0166] The background was set in a Spot Edge Average mode, so that signal values of the spots could be reflected
against the background surrounding the spots.

Analysis of signal values

[0167]

1. With respect to signal values of each serum against individual antigen proteins, signal average values for a healthy
subject serum group and a patient serum group were calculated (Figs. 16 and 17). As a result, it was found that the
antigen proteins of Nos. 13, 21, 22 and 28 were not reacted with any of the sera or reacted at a low reaction rate.
Subsequently, a Signal/Noise ratio was determined employing the signal value of the patient serum group as a
Signal value and the signal value of the healthy subject serum group as a Noise value. In this determination, when
a healthy subject serum group had a signal average value of 0, the calculation of a calculated value was impossible
and therefore the healthy subject serum group was determined "Noise: 0" (Fig. 18). As a result, it was demonstrated
that, with respect to the antigen proteins of Nos. 2, 6, 10 and 26, the signal average values were high but the S/N
ratios were low, and therefore the antigen proteins were not suitable for the test of a periodontal disease in a wide
scope of patients having various immunotypes. On the other hand, with respect to the antigen proteins of Nos. 3,
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4, 9, 11, 19, 24, 32A and 35A, the S/N ratios were high and therefore it was considered that the antigen proteins
had high specificity to the patient sera.
2. With respect to signal values of each serum against the individual antigen proteins, an ROC (Receiver Operating
Characteristic) curve and an area under the ROC curve (Area under the curve, AUC) were determined using statistical
software Excel 2010 (Fig. 19).

[0168] The ROC curve was a graph showing as to how the positive prevalence (sensitivity) and the false positive
prevalence (1 - degree of specificity) are changed when a boundary value (a cut-off value) is altered. Given the ideal
test, a state in which each of the sensitivity and degree of specificity is 1.0 (i.e., a state in which the value of each of the
sensitivity and degree of specificity is positioned at an upper left end point) is the ideal state. Therefore, it is considered
that high diagnostic-predictive performance of the test can be achieved when the ROC curve graph is shifted so as to
become close to the upper left end. Thus, by measuring the area under the curve ROC, it is possible to determine the
predictive-diagnostic performance of the test.
[0169] Generally, the predictive/diagnostic capability on the basis of AUC values can be determined as follows.

AUC 0.9 to 1.0: High accuracy
AUC 0.7 to 0.9: Moderate accuracy
AUC 0.5 to 0.7: Low accuracy

[0170] From the results shown in Fig. 19, it was found that the antigen proteins of Nos. 3, 4, 9, 11, 19, 24, 32A and
35A had such diagnostic/predictive capability of AUC 0.6 or more.

Production of high-expression antigen proteins Test methods

Synthesis of proteins of Nos. 32N, 32C, 35N and 35C

[0171] A desired gene sequence was amplified so that the size of the nucleotide become half of the original sequence
on the basis of each of the nucleotide sequences for Nos. 32A and No. 35A using each of the synthesized primer pairs
shown in the primer list below.

Production of protein-expressing plasmid

Primer synthesis

[0172] The primer pairs represented by SEQ ID NOs shown in the Sequence Listing were synthesized.

Modified polypeptide No. 32N

Forward primer: SEQ ID NO: 157
Reverse primer: SEQ ID NO: 158
Modified polypeptide No. 32C
Forward primer: SEQ ID NO: 159
Reverse primer: SEQ ID NO: 160

Modified polypeptide No. 35N

Forward primer: SEQ ID NO: 161
Reverse primer: SEQ ID NO: 162

Modified polypeptide No. 35C

Forward primer: SEQ ID NO: 163
Reverse primer: SEQ ID NO: 164

[0173] Subsequently, the amplified DNA product was treated with a restriction enzyme and then ligated to a protein
expression vector (CellFree Sciences Co., Ltd.; a pEu vector) that had been treated with the same restriction enzyme,
so as to be matched in reading frame with each other. A ligation product was introduced into a cell of Escherichia coli
(E. coli) by transformation. Subsequently, a clone having the gene introduced thereinto was selected.
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[0174] Plasmid DNA was collected from the selected clone and then subjected to sequence analysis. The amino acid
sequences for two modified polypeptides (Nos. 32N and 32C) produced for No. 32A are shown in SEQ ID NOs: 141
and 143, and the polynucleotide sequences respectively encoding the modified polypeptides are shown in SEQ ID NOs:
142 and 144. The amino acid sequences for two modified polypeptides (Nos. 35N and 35C) produced for No. 35A are
shown in SEQ ID NOs: 145 and 147, and the polynucleotide sequences respectively encoding the modified polypeptides
are shown in SEQ ID NOs: 146 and 148.
[0175] With respect to a clone in which any significant mutation was not recognized from the results of the sequence
analysis, a large amount of a plasmid was prepared, a protein was synthesized using a wheat germ cell-free protein
synthesis system, and the resultant protein was purified using a GST tag.
[0176] The synthesis of 4 types of proteins, i.e., the N-terminal and the C-terminal of No. 32A and the N-terminal and
the C-terminal of No. 35A, were successfully achieved, and these proteins were subjected to dot blot analysis.
[0177] As a result, it was demonstrated that these modified peptides could react with the patient serum groups even
when the lengths thereof were half of the original sequences thereof, and it was confirmed that the antigenicity of these
modified peptides was maintained.

Antigen proteins capable of recognizing Porphyromonas gingivalis strain SU63

Test methods

Confirmation of homology among strains

[0178] The search was carried out on the basis of amino acid sequences for each of the proteins of strain FDC381
using a blastp of BLAST (Basic Local Alignment Search Tool) in NCBI site.
[0179] From the results of the search, the homology among proteins in Porphyromonas gingivalis bacterium strains
W83, ATCC33277 and TDC60, which have been registered on a database, was confirmed.

Cloning of gene derived from strain SU63 and synthesis of proteins

[0180] The genetic information on the selected proteins was reviewed from a database, and a desired gene was
amplified from genomic DNA derived from P. gingivalis bacterium strain SU63 using each of the primer pairs represented
by SEQ ID NOs shown in the following Sequence Listing.

Strain Su63: No. 15 antigen protein (No. 15Su)
Forward primer: SEQ ID NO: 165
Reverse primer: SEQ ID NO: 166
Strain Su63: No. 16 antigen protein (No. 16Su)
Forward primer: SEQ ID NO: 167
Reverse primer: SEQ ID NO: 168
Strain Su63: No. 34 antigen protein (No. 34Su)
Forward primer: SEQ ID NO: 169
Reverse primer: SEQ ID NO: 170
Strain Su63: No. 37 antigen protein (No. 37Su)
Forward primer: SEQ ID NO: 171
Reverse primer: SEQ ID NO: 172

[0181] Subsequently, the amplified DNA product was treated with a restriction enzyme and then ligated to a protein
expression vector (CellFree Sciences Co., Ltd.; a pEu vector) that had been treated with the same restriction enzyme.
A ligation product was introduced into a cell of Escherichia coli (E. coli) by transformation. Subsequently, a clone having
the gene introduced thereinto was selected.
[0182] Plasmid DNA was collected from the selected clone and then subjected to sequence analysis. The amino acid
sequences for the antigen proteins of No. 15Su, No. 16Su, No. 34Su and No. 37Su are respectively shown in SEQ ID
NOs: 149, 151, 153 and 155, and the polynucleotide sequences encoding the antigen proteins are respectively shown
in SEQ ID NOs: 150, 152, 154 and 156. As a result, it was demonstrated that the sequence for the polynucleotide
encoding the antigen protein of No. 15Su was different by one nucleotide from corresponding polynucleotide sequence
in strain W83, the sequence for the polynucleotide encoding the antigen protein of No. 16Su had high homology with
the corresponding polynucleotide sequences in strains TDC60 and ATCC33277, and the sequence for the polynucleotide
encoding the antigen protein of No. 34Su had high homology with the polynucleotide sequence of strain ragA (strain
A011/9).
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[0183] With respect to a clone in which any significant mutation was not recognized from the results of the sequence
analysis, a large amount of a plasmid was prepared, a protein was synthesized using a wheat germ cell-free protein
synthesis system, and the resultant protein was purified using a GST tag.
[0184] As a result, four types of proteins derived from strain SU63, i.e., proteins of Nos. 15, 16, 34 and 37, were
successfully synthesized, and the proteins were subjected to dot blot analysis.

Dot blot analysis

[0185] Eight types of antigen proteins (strain FDC381: Nos. 15, 16, 34 and 37, strain SU63: Nos. 15Su, 16Su, 34Su
and 37Su) were dot-blotted. The amount of a protein to be dot-blotted was 50 ng.
[0186] After dot blotting, the dot was immersed in a blocking solution (a TBS solution containing skim milk (5%)).
[0187] As a primary antibody solution, a solution prepared by mixing each of the healthy subject sera (H1 to H10) or
each of the periodontal disease patient sera (P1 to P20) (4 mL) with TBS (10 mL) containing 3% of skim milk was used.
The blocked slit was immersed in the solution and an antigen-antibody reaction was carried out at room temperature
for 2 hours.
[0188] Subsequently, the slit was washed with TBS containing Tween 20 (0.05%). After washing, a 5000-fold-diluted
horseradish peroxidase-conjugated goat anti-human IgG antibody reaction solution (a solution prepared by adding an
anti-human secondary antibody (MILLIPORE) to TBS containing skim milk (3%)) (10 mL) was added to the slit and an
antigen-antibody reaction was carried out at room temperature for 1 hour.
[0189] Subsequently, the slit was washed with TBS containing Tween 20 (0.05%). After washing, the slit was immersed
in TBS containing 4-methoxy-1-naphthol (0.61 mg/ml) and hydrogen peroxide (0.018%), the occurrence of development
of color was confirmed, and then the slit was washed with purified water and dried. The results are shown in Figs. 24 and 25.
[0190] As apparent from these figures, the antigen protein of No. 15 was an antigen protein from both strains FDC381
and SU63 and showed antigenicity against the patient serum P19. On the other hand, the antigen proteins of No. 16,
34 and 37, either one of the antigen proteins of strain FDC381 and strain SU63, had antigenicity against either one of
the healthy subject sera and the patient sera.
[0191] Consequently, it was suggested that the antigen proteins of Nos. 16, 34 and 37 enables the discrimination and
recognition between the infection with strain FDC381 and the infection with strain SU63.

Results of test

[0192] The homology between strains was examined, and the homology between the proteins from strain FDC381
and the protein on the database is as follows. It was confirmed that the homology between strains was low.

[0193] A sequence analysis was carried out and it was demonstrated that the homology between each protein derived
from strain FDC381 and proteins derived from strain SU63 were as follows.

No. 15: 99.7%
No. 16: 41.4%
No. 34: 65.2%
No. 37: 47.3%

INDUSTRIAL APPLICABILITY

[0194] The test kit for a plasma or serum antibody titer against a periodontal disease-causing bacterium of the present
invention can be suitably used in a test system for a plasma or serum antibody titer against a periodontal disease-causing
bacterium which treats a large quantity of samples automatically and at a high speed.

Sequence Listing Free Text

[0195]

No. strain W83 strain ATCC33277 strain TDC60
15 387/387 (100%) 202/398 (51%) 213/402 (53%)
16 553/553 (100%) 242/566 (43%) 243/566 (43%)
34 1015/1016 (99%) 737/1039 (71%) 719/1022 (70%)

37 500/500 (100%) 249/511 (49%) 249/511 (49%)
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SEQ ID NO: 1 is an amino acid sequence for a conserved hypothetical protein having a zinc-carboxypeptidase
domain.
SEQ ID NO: 2 is a nucleotide sequence encoding a conserved hypothetical protein having a zinc-carboxypeptidase
domain.
SEQ ID NO: 3 is an amino acid sequence for a hypothetical protein PG1881.
SEQ ID NO: 4 is a nucleotide sequence encoding a hypothetical protein PG1881.
SEQ ID NO: 5 is an amino acid sequence for a hypothetical protein PGN_0291.
SEQ ID NO: 6 is a nucleotide sequence encoding a hypothetical protein PGN_0291.
SEQ ID NO: 7 is an amino acid sequence for a hypothetical protein PG0491.
SEQ ID NO: 8 is a nucleotide sequence encoding a hypothetical protein PG0491.
SEQ ID NO: 9 is an amino acid sequence for a hypothetical protein PGN_1611.
SEQ ID NO: 10 is a nucleotide sequence encoding a hypothetical protein PGN_1611.
SEQ ID NO: 11 is an amino acid sequence for a hypothetical protein PGN_0477.
SEQ ID NO: 12 is a nucleotide sequence encoding a hypothetical protein PGN_0477.
SEQ ID NO: 13 is an amino acid sequence for a hypothetical protein PGN_0860.
SEQ ID NO: 14 is a nucleotide sequence encoding a hypothetical protein PGN_0860.
SEQ ID NO: 15 is an amino acid sequence for a 53 kDa major outer membrane protein.
SEQ ID NO: 16 is a nucleotide sequence encoding a 53 kDa major outer membrane protein.
SEQ ID NO: 17 is an amino acid sequence for a 35 kDa hemin-binding protein.
SEQ ID NO: 18 is a nucleotide sequence encoding a 35 kDa hemin-binding protein.
SEQ ID NO: 19 is an amino acid sequence for a heme-binding protein FetB.
SEQ ID NO: 20 is a nucleotide sequence encoding a heme-binding protein FetB.
SEQ ID NO: 21 is an amino acid sequence for an NAD-dependent glutamate dehydrogenase.
SEQ ID NO: 22 is a nucleotide sequence encoding an NAD-dependent glutamate dehydrogenase.
SEQ ID NO: 23 is an amino acid sequence for a phosphoserine aminotransferase.
SEQ ID NO: 24 is a nucleotide sequence encoding a phosphoserine aminotransferase.
SEQ ID NO: 25 is an amino acid sequence for a TonB-binding receptor Tlr.
SEQ ID NO: 26 is a nucleotide sequence encoding a TonB-binding receptor Tlr.
SEQ ID NO: 27 is an amino acid sequence for fimbrillin (strain FDC381).
SEQ ID NO: 28 is a nucleotide sequence encoding fimbrillin.
SEQ ID NO: 29 is an amino acid sequence for a trace component FimE (strain FDC381).
SEQ ID NO: 30 is a nucleotide sequence encoding a trace component FimE.
SEQ ID NO: 31 is an amino acid sequence for HmuY’.
SEQ ID NO: 32 is a nucleotide sequence encoding HmuY’.
SEQ ID NO: 33 is an amino acid sequence for an M24 family peptidase.
SEQ ID NO: 34 is a nucleotide sequence encoding an M24 family peptidase.
SEQ ID NO: 35 is an amino acid sequence for glyceraldehyde-3-phosphate dehydrogenase type-1.
SEQ ID NO: 36 is a nucleotide sequence encoding glyceraldehyde-3-phosphate dehydrogenase type-1.
SEQ ID NO: 37 is an amino acid sequence for ferritin.
SEQ ID NO: 38 is a nucleotide sequence encoding ferritin.
SEQ ID NO: 39 is an amino acid sequence for a serine hydroxymethyl transferase.
SEQ ID NO: 40 is a nucleotide sequence encoding a serine hydroxymethyl transferase.
SEQ ID NO: 41 is an amino acid sequence for an outer membrane lipoprotein Omp28.
SEQ ID NO: 42 is a nucleotide sequence encoding an outer membrane lipoprotein Omp28.
SEQ ID NO: 43 is an amino acid sequence for a promising lysyl endopeptidase precursor.
SEQ ID NO: 44 is a nucleotide sequence encoding a promising lysyl endopeptidase precursor.
SEQ ID NO: 45 is an amino acid sequence for a quinone family NAD (P) dehydrogenase.
SEQ ID NO: 46 is a nucleotide sequence encoding a quinone family NAD (P) dehydrogenase.
SEQ ID NO: 47 is an amino acid sequence for a DNA-binding protein from a starved cell Dps.
SEQ ID NO: 48 is a nucleotide sequence encoding a DNA-binding protein from a starved cell Dps.
SEQ ID NO: 49 is an amino acid sequence for an immunoresponsive 42 kDa antigen PG33.
SEQ ID NO: 50 is a nucleotide sequence encoding an immunoresponsive 42 kDa antigen PG33.
SEQ ID NO: 51 is an amino acid sequence for Lys-gingipain.
SEQ ID NO: 52 is a nucleotide sequence encoding Lys-gingipain.
SEQ ID NO: 53 is an amino acid sequence for a peptidyl-arginine deiminase.
SEQ ID NO: 54 is a nucleotide sequence encoding a peptidyl-arginine deiminase.
SEQ ID NO: 55 is an amino acid sequence for a ragA protein (strain FDC381).
SEQ ID NO: 56 is a nucleotide sequence encoding a ragA protein.
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SEQ ID NO: 57 is an amino acid sequence for an arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 58 is a nucleotide sequence encoding an arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 59 is an amino acid sequence for an outer membrane protein 41 precursor.
SEQ ID NO: 60 is a nucleotide sequence encoding an outer membrane protein 41 precursor.
SEQ ID NO: 61 is an amino acid sequence for a lipoprotein RagB (strain FDC381).
SEQ ID NO: 62 is a nucleotide sequence encoding a lipoprotein RagB.
SEQ ID NO: 63 is an amino acid sequence for a mutation-introduced Lys-gingipain.
SEQ ID NO: 64 is a nucleotide sequence encoding a mutation-introduced Lys-gingipain.
SEQ ID NO: 65 is an amino acid sequence for a mutation-introduced Lys-gingipain.
SEQ ID NO: 66 is a nucleotide sequence encoding a mutation-introduced Lys-gingipain.
SEQ ID NO: 67 is an amino acid sequence for a mutation-introduced arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 68 is a nucleotide sequence encoding a mutation-introduced arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 69 is an amino acid sequence for a mutation-introduced arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 70 is a nucleotide sequence encoding a mutation-introduced arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 71 is a forward primer used in the PCR amplification of a polynucleotide encoding a conserved hypo-
thetical protein having a zinc-carboxypeptidase domain.
SEQ ID NO: 72 is a reverse primer used in the PCR amplification of a polynucleotide encoding a conserved hypo-
thetical protein having a zinc-carboxypeptidase domain.
SEQ ID NO: 73 is a forward primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PG1881.
SEQ ID NO: 74 is a reverse primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PG1881.
SEQ ID NO: 75 is a forward primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PGN_0291.
SEQ ID NO: 76 is a reverse primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PGN_0291.
SEQ ID NO: 77 is a forward primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PG0491.
SEQ ID NO: 78 is a reverse primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PG0491.
SEQ ID NO: 79 is a forward primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PGN_1611.
SEQ ID NO: 80 is a reverse primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PGN_1611.
SEQ ID NO: 81 is a forward primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PGN_0477.
SEQ ID NO: 82 is a reverse primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PGN_0477.
SEQ ID NO: 83 is a forward primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PGN_0860.
SEQ ID NO: 84 is a reverse primer used in the PCR amplification of a polynucleotide encoding a hypothetical protein
PGN_0860.
SEQ ID NO: 85 is a forward primer used in the PCR amplification of a polynucleotide encoding a 53 kDa major outer
membrane protein.
SEQ ID NO: 86 is a reverse primer used in the PCR amplification of a polynucleotide encoding a 53 kDa major outer
membrane protein.
SEQ ID NO: 87 is a forward primer used in the PCR amplification of a polynucleotide encoding a 35 kDa hemin-
binding protein.
SEQ ID NO: 88 is a reverse primer used in the PCR amplification of a polynucleotide encoding a 35 kDa hemin-
binding protein.
SEQ ID NO: 89 is a forward primer used in the PCR amplification of a polynucleotide encoding a heme-binding
protein FetB.
SEQ ID NO: 90 is a reverse primer used in the PCR amplification of a polynucleotide encoding a heme-binding
protein FetB.
SEQ ID NO: 91 is a forward primer used in the PCR amplification of a polynucleotide encoding an NAD-dependent
glutamate dehydrogenase.
SEQ ID NO: 92 is a reverse primer used in the PCR amplification of a polynucleotide encoding an NAD-dependent
glutamate dehydrogenase.
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SEQ ID NO: 93 is a forward primer used in the PCR amplification of a polynucleotide encoding a phosphoserine
aminotransferase.
SEQ ID NO: 94 is a reverse primer used in the PCR amplification of a polynucleotide encoding a phosphoserine
aminotransferase.
SEQ ID NO: 95 is a forward primer used in the PCR amplification of a polynucleotide encoding a TonB-binding
receptor Tlr.
SEQ ID NO: 96 is a reverse primer used in the PCR amplification of a polynucleotide encoding a TonB-binding
receptor Tlr.
SEQ ID NO: 97 is a forward primer used in the PCR amplification of a polynucleotide encoding fimbrillin.
SEQ ID NO: 98 is a reverse primer used in the PCR amplification of a polynucleotide encoding fimbrillin.
SEQ ID NO: 99 is a forward primer used in the PCR amplification of a polynucleotide encoding a trace component
FimE.
SEQ ID NO: 100 is a reverse primer used in the PCR amplification of a polynucleotide encoding a trace component
FimE.
SEQ ID NO: 101 is a forward primer used in the PCR amplification of a polynucleotide encoding HmuY’.
SEQ ID NO: 102 is a reverse primer used in the PCR amplification of a polynucleotide encoding HmuY’.
SEQ ID NO: 103 is a forward primer used in the PCR amplification of a polynucleotide encoding an M24 family
peptidase.
SEQ ID NO: 104 is a reverse primer used in the PCR amplification of a polynucleotide encoding an M24 family
peptidase.
SEQ ID NO: 105 is a forward primer used in the PCR amplification of a polynucleotide encoding glyceraldehyde-3-
phosphate dehydrogenase type-1.
SEQ ID NO: 106 is a reverse primer used in the PCR amplification of a polynucleotide encoding glyceraldehyde-3-
phosphate dehydrogenase type-1.
SEQ ID NO: 107 is a forward primer used in the PCR amplification of a polynucleotide encoding ferritin.
SEQ ID NO: 108 is a reverse primer used in the PCR amplification of a polynucleotide encoding ferritin.
SEQ ID NO: 109 is a forward primer used in the PCR amplification of a polynucleotide encoding a serine hydroxyme-
thyl transferase.
SEQ ID NO: 110 is a reverse primer used in the PCR amplification of a polynucleotide encoding a serine hydroxyme-
thyl transferase.
SEQ ID NO: 111 is a forward primer used in the PCR amplification of a polynucleotide encoding an outer membrane
lipoprotein Omp28.
SEQ ID NO: 112 is a reverse primer used in the PCR amplification of a polynucleotide encoding an outer membrane
lipoprotein Omp28.
SEQ ID NO: 113 is a forward primer used in the PCR amplification of a polynucleotide encoding a promising lysyl
endopeptidase precursor.
SEQ ID NO: 114 is a reverse primer used in the PCR amplification of a polynucleotide encoding a promising lysyl
endopeptidase precursor.
SEQ ID NO: 115 is a forward primer used in the PCR amplification of a polynucleotide encoding a quinone family
NAD (P) dehydrogenase.
SEQ ID NO: 116 is a reverse primer used in the PCR amplification of a polynucleotide encoding a quinone family
NAD (P) dehydrogenase.
SEQ ID NO: 117 is a forward primer used in the PCR amplification of a polynucleotide encoding a DNA-binding
protein from a starved cell Dps.
SEQ ID NO: 118 is a reverse primer used in the PCR amplification of a polynucleotide encoding a DNA-binding
protein from a starved cell Dps.
SEQ ID NO: 119 is a forward primer used in the PCR amplification of a polynucleotide encoding an immunoresponsive
42 kDa antigen PG33.
SEQ ID NO: 120 is a reverse primer used in the PCR amplification of a polynucleotide encoding an immunoresponsive
42 kDa antigen PG33.
SEQ ID NO: 121 is a forward primer used in the PCR amplification of a polynucleotide encoding Lys-gingipain.
SEQ ID NO: 122 is a reverse primer used in the PCR amplification of a polynucleotide encoding Lys-gingipain.
SEQ ID NO: 123 is a forward primer used in the PCR amplification of a polynucleotide encoding a peptidyl-arginine
deiminase.
SEQ ID NO: 124 is a reverse primer used in the PCR amplification of a polynucleotide encoding a peptidyl-arginine
deiminase.
SEQ ID NO: 125 is a forward primer used in the PCR amplification of a polynucleotide encoding a ragA protein.
SEQ ID NO: 126 is a reverse primer used in the PCR amplification of a polynucleotide encoding a ragA protein.
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SEQ ID NO: 127 is a forward primer used in the PCR amplification of a polynucleotide encoding an arginine-specific
cysteine proteinase RgpA.
SEQ ID NO: 128 is a reverse primer used in the PCR amplification of a polynucleotide encoding an arginine-specific
cysteine proteinase RgpA.
SEQ ID NO: 129 is a forward primer used in the PCR amplification of a polynucleotide encoding an outer membrane
protein 41 precursor.
SEQ ID NO: 130 is a reverse primer used in the PCR amplification of a polynucleotide encoding an outer membrane
protein 41 precursor.
SEQ ID NO: 131 is a forward primer used in the PCR amplification of a polynucleotide encoding a lipoprotein RagB.
SEQ ID NO: 132 is a reverse primer used in the PCR amplification of a polynucleotide encoding a lipoprotein RagB.
SEQ ID NO: 133 is a forward primer used in the PCR amplification of a polynucleotide encoding mutation-introduced
Lys-gingipain.
SEQ ID NO: 134 is a reverse primer used in the PCR amplification of a polynucleotide encoding mutation-introduced
Lys-gingipain.
SEQ ID NO: 135 is a forward primer used in the PCR amplification of a polynucleotide encoding mutation-introduced
Lys-gingipain.
SEQ ID NO: 136 is a reverse primer used in the PCR amplification of a polynucleotide encoding mutation-introduced
Lys-gingipain.
SEQ ID NO: 137 is a forward primer used in the PCR amplification of a polynucleotide encoding a mutation-introduced
arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 138 is a reverse primer used in the PCR amplification of a polynucleotide encoding a mutation-introduced
arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 139 is a forward primer used in the PCR amplification of a polynucleotide encoding a mutation-introduced
arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 140 is a reverse primer used in the PCR amplification of a polynucleotide encoding a mutation-introduced
arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 141 is an amino acid sequence for about half of the N-terminal side of a mutation-introduced Lys-
gingipain.
SEQ ID NO: 142 is a nucleotide sequence encoding about half of the N-terminal side of a mutation-introduced Lys-
gingipain.
SEQ ID NO: 143 is an amino acid sequence for about half of the C-terminal side of a mutation-introduced Lys-
gingipain.
SEQ ID NO: 144 is a nucleotide sequence encoding about half of the C-terminal side of a mutation-introduced Lys-
gingipain.
SEQ ID NO: 145 is an amino acid sequence for about half of the N-terminal side of a mutation-introduced arginine-
specific cysteine proteinase RgpA.
SEQ ID NO: 146 is a nucleotide sequence encoding about half of the N-terminal side of a mutation-introduced
arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 147 is an amino acid sequence for about half of the C-terminal side of a mutation-introduced arginine-
specific cysteine proteinase RgpA.
SEQ ID NO: 148 is a nucleotide sequence encoding about half of the C-terminal side of a mutation-introduced
arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 149 is an amino acid sequence for fimbrillin (strain SU63).
SEQ ID NO: 150 is a nucleotide sequence encoding fimbrillin (strain SU63).
SEQ ID NO: 151 is an amino acid sequence for a trace component FimE (strain SU63).
SEQ ID NO: 152 is a nucleotide sequence encoding a trace component FimE (strain SU63).
SEQ ID NO: 153 is an amino acid sequence for a ragA protein(strain SU63).
SEQ ID NO: 154 is a nucleotide sequence encoding a ragA (strain SU63).
SEQ ID NO: 155 is an amino acid sequence for a lipoprotein RagB (strain SU63).
SEQ ID NO: 156 is a nucleotide sequence encoding a lipoprotein RagB (strain SU63).
SEQ ID NO: 157 is a forward primer used in the PCR amplification of a polynucleotide encoding about half of the
N-terminal side of a mutation-introduced Lys-gingipain.
SEQ ID NO: 158 is a reverse primer used in the PCR amplification of a polynucleotide encoding about half of the
N-terminal side of a mutation-introduced Lys-gingipain.
SEQ ID NO: 159 is a forward primer used in the PCR amplification of a polynucleotide encoding about half of the
C-terminal side of a mutation-introduced Lys-gingipain.
SEQ ID NO: 160 is a reverse primer used in the PCR amplification of a polynucleotide encoding about half of the
C-terminal side of a mutation-introduced Lys-gingipain.
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SEQ ID NO: 161 is a forward primer used in the PCR amplification of a polynucleotide encoding about half of the
N-terminal side of a mutation-introduced arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 162 is a reverse primer used in the PCR amplification of a polynucleotide encoding about half of the
N-terminal side of a mutation-introduced arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 163 is a forward primer used in the PCR amplification of a polynucleotide encoding about half of the
C-terminal side of a mutation-introduced arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 164 is a reverse primer used in the PCR amplification of a polynucleotide encoding about half of the
C-terminal side of a mutation-introduced arginine-specific cysteine proteinase RgpA.
SEQ ID NO: 165 is a forward primer used in the PCR amplification of a polynucleotide encoding fimbrillin of strain
SU63.
SEQ ID NO: 166 is a reverse primer used in the PCR amplification of a polynucleotide encoding fimbrillin of strain
SU63.
SEQ ID NO: 167 is a forward primer used in the PCR amplification of a polynucleotide encoding a trace component
FimE of strain SU63.
SEQ ID NO: 168 is a reverse primer used in the PCR amplification of a polynucleotide encoding a trace component
FimE of strain SU63.
SEQ ID NO: 169 is a forward primer used in the PCR amplification of a polynucleotide encoding a ragA protein of
strain SU63.
SEQ ID NO: 170 is a reverse primer used in the PCR amplification of a polynucleotide encoding a ragA protein of
strain SU63.
SEQ ID NO: 171 is a forward primer used in the PCR amplification of a polynucleotide encoding a lipoprotein RagB
of strain SU63.
SEQ ID NO: 172 is a reverse primer used in the PCR amplification of a polynucleotide encoding a lipoprotein RagB
of strain SU63.

[Sequence Listing]

[0196]
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Claims

1. A polypeptide having the amino acid sequence represented by SEQ ID NO: 151.

2. A nucleic acid molecule encoding a polypeptide according to claim 1, wherein the nucleic acid has the sequence of
SEQ ID NO: 152.

3. A test kit for a plasma or serum antibody titer against Porphyromonas gingivalis, comprising a polypeptide having
the amino acid sequence represented by SEQ ID NO: 151.

4. A method for measuring an antibody titer against Porphyromonas gingivalis in a blood sample separated from a
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human body, comprising bringing the blood sample into contact with a Porphyromonas gingivalis antigen polypeptide,
said method being characterized in that the Porphyromonas gingivalis antigen polypeptide is a polypeptide having
the amino acid sequence represented by SEQ ID NO: 151.

5. Use of a polypeptide according to claim 1 for testing a plasma or serum antibody titer against Porphyromonas
gingivalis.

6. Use of a polypeptide according to claim 1 for typing strains of Porphyromonas gingivalis.
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