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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to detection and/or identification of an infectious etiologic agent as an etiologic
agent of an infectious disease and, more particularly, to a probe and probe set originated in an infectious etiologic
agent, a carrier, and a genetic screening method, which are useful for detection and identification of the etiologic agent
of an infectious disease.

[0002] The present invention also relates to a PCR amplification process of an infectious etiologic agent, which is
suitable for detection and/or identification of an infectious etiologic agent.

BACKGROUND OF THE INVENTION

[0003] Inrecentyears, gene expression analysis using DNA chips (also referred to as DNA microarrays hereinafter)
is done in various fields including drug development. Different specimen DNAs are made to react with a DNA microarray
in which various kinds of gene sets (probes) are arranged. Gene dosages which exist in the respective specimens are
compared. Genes which are present in high dosages (the expression amounts are large) or inactive genes (the ex-
pression amounts are small) at each stage are classified and analyzed in association with functions.

[0004] An example is an infectious etiologic agent test. In Japanese Patent Laid-Open No. 2001-299396, Ezaki et
al have proposed a microorganism identification method using, as a DNA probe, a DNA chip on which chromosome
DNAs are immobilized. According to this method, a plurality of chromosome DNAs originated in a plurality of known
microorganisms with different GC contents are made to react with chromosome DNAs originated in an unknown mi-
croorganism in a specimen. When the resultant hybridization complex is detected, the unknown microorganism in the
specimen can be detected.

[0005] As probes used for DNA chips for infectious etiologic agent tests, Ono et al have proposed a bacterial detection
probe using restriction enzyme fragments in Japanese Patent Laid-Open No. 6-133798, a Pseudomonas aeruginosa
detection probe in Japanese Patent Laid-Open No. 10-304896, and a detection probe using restriction enzyme frag-
ments of Escherichia coli, klebsiella pneumoniae, and Enterobacter cloacae in Japanese Patent Laid-Open No.
10-304897.

[0006] As a microarray, for example, a microarray using stamping called a Stanford method is known. For example,
DNA chips on which cDNA fragments of known genes of human origin, which are related to cancers, are applied by
spotting or stamping and chips prepared by bonding cDNA fragments of 1,000 kinds of known genes of human origin
to slide glasses are commercially available from TAKARA SHUZO.

[0007] On the other hand, a chip available from Affymetrix is prepared by designing an oligonucleotide probe set on
the basis of the known gene cDNAs, and probes are laid out by synthesis on a substrate. Oligoprobes are laid out on
one chip at a high density so that the expression levels of 10,000 or more genes can be analyzed at once.

[0008] However, the DNA chips of the prior arts described above use DNA probes such as chromosome DNAs or
restriction enzyme fragments. DNAs directly extracted from microorganisms are used as materials. For this reason,
the chips can hardly be mass-prepared at a time and are not suitable for clinical diagnosis. For application to clinical
diagnosis, mass production of inexpensive and uniform DNA chips is necessary. For this purpose, mass preparation
of uniform DNAs as probe solutions is essential. However, mass preparation of DNA probes is impossible. Even for
DNA probes, when PCR amplification reaction is used, the number of DNAs can gradually be increased. However,
mass preparation at a time using the PCR reaction is difficult, and the DNA chips are difficult to use for clinical diagnosis.
[0009] Inaddition, since the base length of a DNA probe is large, it is difficult to identify one species in similar species.
Such a DNA probe is therefore not suitable for, e.g., infection detection. In treating an infection, the species must be
specified, and antibiotic drugs corresponding to it must be selected and administered. For this purpose, an infection
detection probe is required to have a function capable of detecting a species while discriminating similar species,
although bacteria belonging to the same species need not accurately be discriminated (that is, bacteria in the same
species can be detected all together). However, in, e.g., the DNA chip using restriction enzyme fragments of Escherichia
coli, klebsiella pneumoniae, and Enterobacter cloacae, which is disclosed in Japanese Patent Laid-Open No.
10-304897, cross reaction occurs between the three species because of the large base length of the probe. Since
similar species cannot individually be discriminated, the DNA chip can hardly be used for infection detection.

[0010] As an application purpose of microarrays, infectious etiologic agent tests have received a great deal of atten-
tion. Some probe sets aiming at testing infectious etiologic agents have also been proposed.

[0011] As animportant point of bacterial tests using microarrays, detection must be possible even when the number
of infectious etiologic agents is small. To do this, it is effective to amplify specific parts in the base sequences of the
DNAs of infectious etiologic agents by, e.g., PCR reaction using primers. For example, a 16s rRNA gene arrangement
contains a sequence unique to the species in the information of about 1,700 base pairs. When the sequence is used,
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classification can be done to some extent. In detecting/identifying bacteria, 16s rRNA parts in the DNA base sequences
of bacteria are preferably used. Hence, it is demanded to amplify the 16s rRNA parts.

[0012] For various kinds of bacteria, however, the gene arrangements are only partially clarified, and the 16s rRNAs
are not totally known. For this reason, it is not easy to design primers for PCR amplification reaction.

SUMMARY OF THE INVENTION

[0013] The presentinvention has been made in consideration of the above situation, and has as its object to provide
an infection detection probe which allows mass preparation at a time and identification of a species in similar species.
[0014] More specifically, it is an object of the present invention to provide an infection detection probe which can
suitably be used to classify a plurality of kinds of etiologic agents of an infection on the basis of the species.

[0015] Itis another object of the present invention to provide a probe set which also considers the stability of a hybrid
body between an infection detection probe and a specimen so that the difference between similar species can accu-
rately be evaluated on a DNA chip.

[0016] It is still another object of the present invention to provide a carrier on which the infection detection probe is
immobilized to make the infection detection probe react with the specimen.

[0017] It is still another object of the present invention to provide a carrier on which the infection detection probes
are chemically immobilized so that the infection detection probes are stably immobilized on the carrier, and a detection
result with high reproducibility can be obtained in the process of reaction with a specimen solution.

[0018] It is still another object of the present invention to provide a PCR reaction primer which amplifies the 16s
rRNAs of an etiologic agent in a specimen in order to detect and/or identify an infectious etiologic agent.

[0019] It is still another object of the present invention to provide a primer set which can commonly be used for a
plurality of species and effectively amplify the 16s rRNAs of an etiologic agent even when the species is unknown. '
[0020] Itis still another object of the present invention to provide a primer set which can amplify the 16s rRNAs of a
plurality of kinds of etiologic agents under the same PCR conditions.

[0021] The present invention provides a primer set characterized by amplifying all species without amplifying genes
originated in human genomes by causing PCR reaction for a human blood specimen by using all the primer sets
simultaneously. More specifically, a primer set having a sequence which is different from the base sequence of human
genome genes by three or more bases is proposed.

[0022] Other features and advantages of the present invention will be apparent from the following description.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0023] A preferred embodiment of the present invention will now be described in.

[0024] In the following embodiment, an oligonucleotide probe used to identify the etiologic agent of an infection and,
more specifically, a probe used to detect one or some of Staphylococcus aureus, Staphylococcus epidermidis, Es-
cherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Serratia marcescens, Streptococcus pneumoniae,
Haemophilus influenzae, Enterobacter cloacae, and Enterococcus faecalis will be described. That is, a nucleic acid
probe or nucleic acid probe set, which is used to detect rRNA gene arrangements in the genes of the above 10 infectious
etiologic agents in proper quantities, is disclosed.

[0025] According to this embodiment, the oligonucleotide probe to be reacted with a specimen solution containing
the nucleic acid sequence of the genes of the infectious etiologic agents contains one base sequence which belongs
to one of the first group (SEQ ID Nos. 1 to 14 in the attached sequence table) shown in Table 1, the second group
(SEQ ID Nos. 15 to 24) shown in Table 2, the third group (SEQ ID Nos. 25 to 36) shown in Table 3, the fourth group
(SEQ ID Nos. 37 to 47) shown in Table 4, the fifth group (SEQ ID Nos. 48 to 57) shown in Table 5, the sixth group
(SEQ ID Nos. 58 to 68) shown in Table 6, the seventh group (SEQ ID Nos. 69 to 77) shown in Table 7, the eighth group
(SEQ ID Nos. 78 to 85) shown in Table 8, the ninth group (SEQ ID Nos. 86 to 97) shown in Table 9, and the 10th group
(SEQ ID Nos. 98 to 106) shown in Table 10 (to be described later). An oligonucleotide probe having a base sequence
selected from the first group detects Staphylococcus aureus. An oligonucleotide probe having a base sequence se-
lected from the second group detects Staphylococcus epidermidis. An oligonucleotide probe having a base sequence
selected from the third group detects Escherichia coli. An oligonucleotide probe having a base sequence selected from
the fourth group detects Klebsiella pneumoniae. An oligonucleotide probe having a base sequence selected from the
fifth group detects Pseudomonas aeruginosa. An oligonucleotide probe having a base sequence selected from the
sixth group detects Serratia marcescens. An oligonucleotide probe having a base sequence selected from the seventh
group detects Streptococcus pneumoniae. An oligonucleotide probe having a base sequence selected from the eighth
group detects Haemophilus influenzae. An oligonucleotide probe having a base sequence selected from the ninth
group detects Enterobacter cloacae . An oligonucleotide probe having a base sequence selected from the 10th group
detects Enterococcus faecalis.
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[0026] Complementary sequences of these probe sequences can also be used as effective probe sequences be-
cause they have the same functions as those of the above probe sequences (the complementary sequences of the
first group are indicated by SEQ ID Nos. 113 to 126 in the attached sequence table, the complementary sequences of
the second group are indicated by SEQ ID Nos. 127 to 136, the complementary sequences of the third group are
indicated by SEQ ID Nos. 137 to 148, the complementary sequences of the fourth group are indicated by SEQ ID Nos.
149 to 159, the complementary sequences of the fifth group are indicated by SEQ ID Nos. 160 to 169, the comple-
mentary sequences of the sixth group are indicated by SEQ ID Nos. 170 to 180, the complementary sequences of the
seventh group are indicated by SEQ ID Nos. 181 to 189, the complementary sequences of the eighth group are indicated
by SEQ ID Nos. 190 to 197, the complementary sequences of the ninth group are indicated by SEQ ID Nos. 198 to
209, and the complementary sequences of the 10th group are indicated by SEQ ID Nos. 210 to 218).

[0027] The probes for the respective bacteria were designed from the genome parts coding the 16s rRNAs such that
they could have a very high specificity with respect to the corresponding bacteria, any variation between the probe
base sequences could be prevented, and a sufficient hybridization sensitivity could be expected.

[0028] These oligonucleotide probes are designed such that a stable hybrid body is formed by hybridization reaction
between a specimen and two or more kinds of probes bonded onto a carrier, and a satisfactory result can be obtained.
[0029] As a characteristic feature, the carrier according to the present invention, on which the infection detection
probe of the present invention is immobilized, is prepared by discharging oligonucleotide by using a BJ printer and
chemically bonding it to the carrier. As compared to the prior arts, the probe hardly peels off. An additional effect for
increasing the sensitivity is also obtained. When a DNA chip is produced by stamping called a Stanford method that
is generally widely used (for example, TAKARA SHUZO produces DNA chips by applying cDNA fragments of known
genes of human origin, which are related to cancers, by spotting or stamping), the applied DNA readily peels off. In
addition, when a probe is laid out on a DNA chip by synthesis, as in the prior art (e.g., the DNA chip available from
Affymetrix), accurate evaluation is impossible because the synthesis yield changes between probe sequences. The
carrier according to the present invention is prepared also in consideration of these problems. As its characteristic
features, the probe is stably immobilized and hardly peels off, as compared to the prior arts, and highly sensitive and
accurate detection can be executed. The preferred embodiment of the present invention will be described below in
detail.

[0030] The DNA chip of this embodiment can be applied to any specimen in which bacteria may be present, and for
example, body fluids originated in animals such as human and livestock, including blood, spinal fluid, phlegm, stomach
fluid, vaginal discharge, and intraoral mucus, and excretion such as urine and feces. All media which can be contam-
inated by bacteria can also be subjected to a test using the DNA chip, including food, drink water and hot spring water
in the natural environment, which may cause food poisoning by contamination, filters from air and water cleaners, and
so forth. Animals and plants which should be quarantined in import/export are also used as specimens.

[0031] The specimens used for the DNA chip of this embodiment include not only an extracted nucleic acid itself but
also specimens prepared by various methods, such as an amplified specimen prepared by using an PCR reaction
primer designed for 16s rRNA detection, a specimen prepared by causing PCR reaction on the basis of a PCR amplified
product, a specimen prepared by an amplification method other than PCR, and a specimen labeled by various labeling
methods for visualization.

[0032] The carrier used for the DNA chip of this embodiment includes all sorts of carriers including flat substrates
such as a glass substrate, a plastic substrate, and a silicon wafer, a three-dimensional structure having a three-dimen-
sional pattern, a spherical body such as a bead, and rod-, cord-, and thread-shaped structures. The carrier also includes
a substrate whose surface is processed such that a probe DNA can be immobilized. Especially, a carrier prepared by
introducing a functional group to its surface to make chemical reaction possible has a preferable form from the viewpoint
of reproducibility because the probe is stably bonded in the process of hybridization reaction.

[0033] As an example of the immobilization method used in the present invention, a combination of a maleimide
group and a thiol (-SH) group is used. More specifically, a thiol (-SH) group is bonded to the terminal of a nucleic acid
probe, and a process is executed make the solid surface have a maleimide group. Accordingly, the thiol group of the
nucleic acid probe supplied to the solid surface reacts with the maleimide group on the solid surface to immobilize the
nucleic acid probe.

[0034] To introduce the maleimide group, first, an aminosilane coupling agent is caused to react on a glass substrate.
Next, the maleimide group is introduced by reaction between the amino group and an EMCS reagent (N-(6-Maleimido-
caproyloxy)succinimide: available from Dojin). Introduction of the SH group to a DNA can be done by using 5'-Thiol-
ModifierC6 (available from Glen Research) when the DNA is synthesized by an automatic DNA synthesizer.

[0035] Instead of the above-described combination of a thiol group and a maleimide group, a combination of, e.g.,
an epoxy group (in the solid phase) and an amino group (nucleic acid probe terminal) can also be used as a combination
of functional groups to be used for immobilization. Surface treatments using various kinds of silane coupling agents
are also effective. Oligonucleotide in which a functional group which can react with a functional group introduced by a
silane coupling agent is introduced is used. A method of applying a resin having a functional group can also be used.
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[0036] The present invention will be described below in more detail on the basis of examples using the infectious
etiologic agent detection probes to be used to detect the 10 etiologic agents described above.

[Example 1] Microorganism Detection Using 1-Step PCR
[1. Preparation of Probe DNAS]

[0037] Nucleic acid sequences shown in Tables 1 to 10 were designed as probes to be used for detection of the 10
etiologic agents. More specifically, the following probe base sequences were selected from the genome parts coding
the 16s rRNAs of the respective bacteria. These probe base sequences were designed such that they could have a
very high specificity with respect to the corresponding bacteria, any variation between the probe base sequences could
be prevented, and a sufficient hybridization sensitivity could be expected (The probe base sequences need not always
completely match those shown in Tables 1 to 10. Probe base sequences having base lengths of 20 to 30, including
the probe base sequences, are also included in the probe base sequence shown in the tables. As described above,
complementary sequences (complementary strands) of the base sequences shown in the tables may also be used).
[0038] In the following tables, "Probe No." is assigned for convenience. SEQ ID Nos. coincide with those in the
attached sequence tables. As described above, the complementary strand sequences of the base sequences with
SEQ ID Nos. 1 to 106 have SEQ ID Nos. 113 to 218.

Table 1 : Probes for detecting Staphylococcus aureus strain

Name of | Probe | SEQ ID
Sequence
microorganizm No. No.
‘ PA-1 1 |5' GAACOGCATGGTTCAAAAGTGAAAGA 3'
PA-2 2. |5' CACTTATAGATGGATCCGCGCTGC 3
PA-3 3 |5' TGCACATCTTGACGGTACCTAATCAG 3'
PA-4 | 4 |5' CCCCTTAGIGCTGCAGCTAACG 3'
PA-5 5 |5 AATACAAAGGGCAGOGAAAOOGC 3
PA-6 | 6 |5' CCGGTGGAGTAACCTTTTAGGAGCT 3'
|staphylococcus | PA-7 |~ 7 |5' TAACCTITTAGGAGCTAGOOGTCGA 3'
aureus PA-8 | 8 |5' TTTAGGAGCTAGCCGTCGAAGGT 3'
pa-o | 9 st TAGCCGTCGAAGGI‘GGGACAAAT 3!
PA-10 10 |5 ACGGAOGAGAAGCITGCI‘TCI‘CT 3!
PA-11 | 11 |5' TGICACTTATAGATGGATCCGCGCT 3'
PA-12_ 12 |5' TGTAAGTAACTGTGCACATCTTGACG 3'
PA-13 13 |5' ACAACTCTAGAGATAGAGCCTTCCCC 3!
PA-14 | 14 |5' GIGGAGTAACCTTTTAGGAGCTAGCC 3"




10

15

20

25

30

35

40

45

50

55

EP 1464 710 A2

Table .2 : Probes for detecting Staphylococcus epidermidis strain

Name of Probe | SEQ ID
_ Sequence

microorganizm No. No.
PB-1 15 |5' GAACAGACGAGGAGCTTGCTCC 3°
PB-2 | 16 - [5' TAGTGAAAGACGGTTTTGCTGTCACT 3'
PB-3 17 s’ TAAGTAACTATGCACGICTTGACGGT 3"
PB-4 18 |5' GACCCCTCTAGAGATAGAGTTTTCCC. 3'

Staphylococcus| PB-5 19 |5' AGTAACCATTTGGAGCTAGCCGIC 3'

epidermidis | PB-6 | 20 |5' GAGCTTGCTCCICTGACGTTAGC 3'

PB—7' 21 {5' AGCCGGTGGAGTAACCATTTGG 3"
PB-8 22 |5' AGACGAGGAGCTTGCTCCTCIG 3"
PB-9 23 |5' AGAACAAATGTGTAAGTAACTATGCACGT 3'
PB-10 | 24 |5' ACCATTIGGAGCTAGCCGTCGA 3

Table 3 : Probes for detecting Escherichia coli strain

Name of Probe | SEQ ID

: Sequence

microorganizm No. No.
PC-1 25 |5' CICITGCCATCGGATGTGCCCA 3!
PC-2 | 26 |5' ATACCTTTGCTCATTGACGTTACCCG 3'

Escherichia PC-3 27 |5' TTTGCTCATTGACGTTACCCGCAG 3'

coli PC-4 28 |5' ACTGGCAAGCTTGAGTCTCGTAGA 3'
PC-5 29 |5' ATACAAAGAGAAGCGACCTCGCG 3'
pc-6 | 30 s CGGACCTCATAAAGTGOGTOGTAGT 3
PC-7 31 |5' GCGGGGAGGAAGGGAGTAAAGTTAAT 3t
PC-8 32 |5' TAACAGGAAGAAGCTTGCTTCTTIGCTG 3'
PC-9 33 st TTGCCATCGGATGTGCCCAGAT 3°
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PC-10 34 |5 GGAAGGGAGTAAAG‘I'I'AATACCI‘I‘IGCI‘C 3'
PC-11 35 |5' ATCTTTTGITGCCAGCGGTCCG 3'
PC-12 36 |5' AAGGGAGTAAAGTTAATACCTTTGCTCATIG 3"

Table 4 : Probes for detecting Klebsiella pneumoniae strain

Name of Probe SEQ 1D
Sequence
microorganizm No. No.
PD-1 37 5' TAGCACAGAGAGCTTGCTCTCGG 3'
PD-2 | - 38 |5' TCATGOCATCAGATGTGCCCAGA 3'
PD-3 39 5 .CGGGGAGGAAGGOGATAAGG‘I‘I‘AAT 3t
PD-4 40 5' TTCGATTGACGTTACCCGCAGAAGA 3'
PD-5 41: 5" GGTCIGTCAAGTCGGATGTGAAATCC 3'
Klebsiella '
PD-6 42 5' GCAGGCTAGAGTCTTGTAGAGGGG 3!
pneumoniae _
4 PD-7 43 5' TCATGCCATCAGATGTGCCCAGAT 3'
PD-8 44 5' CGGGGAGGAAGGCGATAAGGTTAA 3
PD-9 45 5' TTATCGATTGACGTTACCCGCAGAAGA 3
PD-10 46 5' CATTCGAAACTGGCAGGCTAGAGTC 3*
PD-11 47 57 OC'I'I‘I'G‘I‘I'GOCAGCGGITAGGC 3!

Table 5 : Probes for detecting Pseudomonas aeruginosa strain

Name of Probe | SEQ ID
Sequence
| microorganizm | No. No.
Pseudomonas PE-1 48 5' TGAGGGAGAAAGTGGGGGATCTTC 3'
aeruginosa PE-2 49 ' |5' TCAGATGAGCCTAGGTCGGATTAGC 3'
PE-3 50 5' GAGCI‘AGAGI‘ACGGTAGAGGGTGG 3
PE-4 51 5° GTACGGTAGAGGGI'GGI’GGAA‘I‘IT 3'
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GACCACCTGGACTGATACTGACAC 3'

52 |5"
PE-6 53 |5' TGGCCTTGACATGCTGAGAACTTTC 3'
PE-7 | 54 |5' TTAGTTACCAGCACCICGGGTGG 3'
PE-8 55 |5' TAGTCTAACCGCAAGGGGGACG 3'
PE-9 56 |5' TGCATCCAMAACTACTGAGCTAGAGTAC 3'
PE-10 57 |5' GTCGACTAGCCGTTGGGATCCT 3'

Table 6 : Probes for detecting Serratia marcescens strain

Name of Probe | SEQ ID
: . Sequence
microorganizm| No. No.
PF-1 58 |5' TAGCACAGGGAGCTTGCTCCCT 3'
PF-2 59 5! AGGTGGTGAGCTTAATACGCTCATC 3'
PF-3 60 |5' TCATCAATTGACGTTACTCGCAGAAG 3'
PF-4 61  |5' ACTGCATTTGAAACTGGCAAGCTAGA 3
PF-5 62 |5' TTATCCTTTGTTGCAGCTTCGGCC 3'
Serratia -
PF-6 63 . 5' ACTTTCAGCGAGGAGGAAGGTGG 3!
marcescens .
- PF-7 64 5' GGTAGCACAGGGGAGCTIGCTC 3'
PF-8 65 |5' CGAGGAGGAAGGTGGTGAGCTTAATA 3°
PF-9 66 5' TACGCTCATCAATTGACGTTACTCGC 3
PF-10 - 67 5' GAAACTGGCAAGCTAGAGTCTCGTAGA 3'
PF-11 68 |5*

TTATCCTTTGTTGCCAGCGGTICG 3

Table 7 : Probes for detecting Streptococcus pneumoniae strain

Name of Probe | SEQ ID
Sequence
Streptococcus PG-1 69 5' AGTAGAACGCTGAAGGAGGAGCTTIG 3'
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PG-2 70  |5' CTTGCATCACTACCAGATGGACCIG 3'
PG-3 71 |5' TGAGAGIGGAMAGTTCACACTGTGAC 3'
PG-4 72 |5' GCTGTGGCTTAACCATAGTAGGCITT 3'
PG-5 73 |5' AAGOGGCICTCTGGCTTGTAACT 3'
PG-6 74 |5' TAGACCCTTTCCGGGGTTTAGTGC 3'
. PG-7 75 |5' GACGGCAAGCTAATCTCTTARAGCCA 3'
PG-8 76  |5' GACATTTGCTTAAAAGGTGCACTTGCA 3°
69 | 77 |5 GTTGTAAGAGAAGAACGAGTGTGAGAGTG 3'

Table 8 : Probes for detecting Haemophilus influenzae strain

‘Name of Probe | SEQ ID
' PH-1 78 |5' GCTTGGGAATCTGGCTTATGGAGG 3°
PH-2 79. |5 TGCCATAGGATGAGCCCAAG‘IGG 3!
PH-3 80 |5' CTTGGGAATGTACTGACGCICATGTG 3'
Haemophilus | PH-4 81 |5' GGATTGGGCTTAGAGCTTGGIGC 3'
influenzae PH-5 | 82 |5' TACAGAGGGAAGCGAAGCTGCG 3°
_PH-6 83 |5' GGCGTTTACCACGGTATGATTCATGA 3'
" PH-7 84 |5' AATGOCTACCAAGCCTGCGATCT 3
PH-8 85 |5' TATCGGAAGATGAAAGTGCGGGACT 3'

Table 9 : Probes for detecting Enterobacter Cloacae strain

Name of Probe | SEQ ID
_ Sequence
microorganizm| No. No.
|Enterobacter PI-1 86 5' CAGAGAGCTTGCTCTCOGGGTGA 3!
‘iICloacae PI-2 87

15" GGGAGGAAGGTGTTGTGGTTAATAAC 3'
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PI-3 88 |5 GOTGITGICGITAATAACCACAGCAA 3'
PI-4 89  |5' GCGGTCIGTCAAGTCGGATGIG 3'
PI-5 90- |5' ATTCGAAACTGGCAGGCTAGAGICT 3'
PI-6 91 |5' TAACCACAGCAATTGACGTTACCCG 3'
PI-7 | 92 |5' GCAATTGACGTTACCCGCAGAAGA 3'
PI-8 93  |5' GTAGCACAGAGAGCTTGCTCICG 3'
PI-9 94 |5' CGGGGAGGAAGGTGTTGTGGITA 3'
PI-10 95  |5' ACCACAGCAATTGACGTTACCCG 3'
PI-11 96 |5' GAAACTGGCAGGCTAGAGICTIGTAG 3"
_PI-12 97 |5' AGGOGGTCTGTCAAGICGGATG 3'

Table 10 : Probes for detecting Enterococcus faecalis strain

Name of Probe | SEQ ID
_ Sequence
microorganizm{ No. No. :
PJ-1 98 |5' TTCTTTCCTCCCGAGTGCTTGCA 3'
PJ-2 99 |5' AACACGTGGGTAACCTACCCATCAG 3'
PJ-3 100 |5' ATGGCATAAGAGTGABAGGCGCTT 3'
pPJ-4 101 [5' GACCOGOGGTGCATTAGCTAGT 3'
Enterococcus . ’
PJ-5 102 |5' GGACGITAGTAACTGAACGTCCCCT 3°
faecalis
PJ-6 103 |5' CTCAACCGGGGAGGGTCATTGG 3"
PJ-7 104 |5' TTGGAGGGTTTCOGCCCTICAG 3'
PJ-8 105 |5' ATAGAGCTTTCCCTTCGGGGACAAA 3'
PJ-9 106 |5' CGAGGTCATGCAAATCTCTTAAAGCTTCT 3'

[0039] For each probe shown in the tables, as a functional group to immobilize the probe to a DNA microarray, a
thiol group was introduced to the 5' terminal of the nucleic acid after synthesis in accordance with a conventional
method. After introduction of the functional group, purification and freeze-drying were executed. The freeze-dried
probes were stored in a freezer at -30°C.
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[2. Preparation of Specimen Amplification PCR Primers]

[0040] As 16s rRNA gene (target gene) amplification PCR primers for etiologic agent detection, nucleic acid se-
quences shown in Table 11 were designed. More specifically, probe sets which specifically amplify the genome parts
coding the 16s rRNAs, i.e., primers for which the specific melting points were made uniform as much as possible at
the two end portions of the 16s rRNA coding region of a base length of 1,400 to 1,700 were designed. In order to
simultaneously amplify variants or a plurality of 16s rRNA coding regions on genomes, a plurality of kinds of primers
were designed. Note that a primer set is not limited to primer sets shown in the table 11. A primer set which is available
in common to a plural kinds of etiologic agents and amplify almost entire length of 16s rRNA coding region of the
etiologic agents can also be employed.

Table 11:
Primer No.| SEQ ID No. Sequence

F-1 107. 5’ GCGGOGTGCCTAATACATGCAAG 3°
Forward ~ ' _

F-2 108 = | 5' GCGGCAGGCCTAACACATGCAAG 3

F-3 109 5' GCGGCAGGCTTAACACATGCAAG 3°

R-1 110 5’ ATCCAGCCGCACCTTCCGATAC 3°
Reverse ,

R-2 111 5 ATCCAACCGCAGGTTCCCCTAC 3°
Primer ’

R-3 112 5" ATCCAGCCGCAGGTTCCCCTAC. 3¢

[0041] The primers shown in Table 11 were purified by HPLC (High Performance Liquid Chromatography) after syn-
thesis. Three forward primers and three reverse primers were mixed and dissolved in a TE buffer solution such that
each primer concentration had an ultimate concentration of 10 pmol/ul.

[3. Extraction of Genome DNAs (Model Specimens) of Etiologic Agents]
[3-1] Microbial Culture & Preprocess for Genome DNA Extraction

[0042] First, microbial culture media were produced by culturing type strains of the etiologic agents (Staphylococcus
aureus type strain (ATCC12600), Staphylococcus epidermidis type strain (ATCC14990), Escherichia coli type strain
(ATCC11775), Klebsiella pneumoniae type strain (ATCC13883), Pseudomonas aeruginosa type strain (ATCC10145),
Serratia marcescens strain, Streptococcus pneumoniae type strain, Haemophilus influenzaestrain, Enterobacter
Cloacae type strain (ATCC13047), and Enterococcus faecalis type strain (ATCC19433)) in accordance with a conven-
tional method. Each of the microbial culture media was sampled 1.0 ml (ODggq = 0.7) into a 1.5-ml microtube. The
cells were collected by centrifuge (8,500 rpm, 5 min, 4°C). After the supernatant was removed, a 300-ul enzyme buffer
(50 mM Tris-HCI: p.H. 8.0, 25 mM EDTA) was added, and the broth was re-suspended by using a mixer. From the re-
suspended broth, the cells were collected again by centrifuge (8,500 rpm, 5 min, 4°C). After the supernatant was
removed, the following enzyme solution was added to the collected cells, and the broth was re-suspended by using
the mixer.

Lysozyme 50 pl (20 mg/ml in Enzyme Buffer)
N-Acetylmuramidase SG | 50 pl (0.2 mg/ml in Enzyme Buffer)

[0043] The broth added with the enzyme solution and re-suspended was left stand still in an incubator at 37°C for
30 min to melt cell walls.
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[3-2] Genome Extraction

[0044] Microbial genome DNA extraction to be described below was done by using a nucleic acid purification kit
(MagExtractor-Genome: available from TOYOBO).

[0045] More specifically, a 750-ul melting/absorption solution and a 40-ul magnetic beads were added to the pre-
processed microbial suspension. The suspension was intensely stirred for 10 min by using a tube mixer (step 1).
[0046] Next, the microtube was set in a separation stand (Magical Trapper) and left stand still for 30 sec to gather
magnetic particles to the wall surface of the tube. The supernatant was removed while the microtube was kept set in
the stand (step 2).

[0047] Next, a 900-ul cleaning solution was added. The solution was re-suspended by stirring it for about 5 sec by
a mixer (step 3).

[0048] The microtube was set in the separation stand (Magical Trapper) and left stand still for 30 sec to gather
magnetic particles to the wall surface of the tube. The supernatant was removed while the microtube was kept set in
the stand (step 4).

[0049] Steps 3 and 4 were repeated to execute the second cleaning process (step 5). After that, 900-ul 70% ethanol
was added. The solution was re-suspended by stirring it for about 5 sec by a mixer (step 6).

[0050] The microtube was set in the separation stand (Magical Trapper) and left stand still for 30 sec to gather
magnetic particles to the wall surface of the tube. The supernatant was removed while the microtube was kept set in
the stand (step 7).

[0051] Steps 6 and 7 were repeated to execute the second cleaning process by using 70% ethanol (step 8). After
that, 100-ul pure water was added to the collected magnetic particles. The solution was stirred for 10 min by a tube
mixer (step 9).

[0052] The microtube was set in the separation stand (Magical Trapper) and left stand still for 30 sec to gather
magnetic particles to the wall surface of the tube. The supernatant was collected to a new tube while the microtube
was kept set in the stand.

[3-3] Test of Collected Genome DNAs

[0053] The collected genome DNAs of microorganisms (etiologic agent strain) underwent agarose electrophoresis
and 260/280-nm absorbance determination in accordance with the conventional method so that the quality (the ad-
mixture amount of low molecular nucleic acid and the degree of decomposition) and collection amount were tested. In
this embodiment, about 9 to 10-ug genome DNAs were collected in each bacterium. No degradation of genome DNAs
or admixture of rRNA was observed. The collected genome DNAs were dissolved in a TE buffer solution at an ultimate
concentration of 50 ng/ul and used in the following examples.

[4. Preparation of DNA Microarray]

[0054] The DNA Microarray was prepared according to Japanese Patent Application Laid-Open No. 11-187900.[4-1]
Cleaning of Glass Substrate

[0055] A glass substrate (size: 25 mm X 75 mm X 1 mm, available from liyama Tokushu Glass) made of synthetic
silica was placed in a heat- and alkali-resisting rack and dipped in a cleaning solution for ultrasonic cleaning, which
was prepared to a predetermined concentration. The glass substrate was kept dipped in the cleaning solution for a
night and cleaned by ultrasonic cleaning for 20 min. The substrate was picked up, lightly rinsed by pure water, and
cleaned by ultrasonic cleaning in ultrapure water for 20 min. The substrate was dipped in a 1N aqueous sodium hy-
droxide solution heated to 80°C for 10 min. Pure water cleaning and ultrapure water cleaning were executed again. A
silica glass substrate for a DNA microchip was thus prepared.

[4-2] Surface Treatment

[0056] A silane coupling agent KBM-603 (available from Shinetsu Silicone) was dissolved in pure water at a con-
centration of 1% and stirred at room temperature for 2 hrs. The cleaned glass substrate was dipped in the aqueous
solution of the silane coupling agent and left stand still at room temperature for 20 min. The glass substrate was picked
up. The surface was lightly rinsed by pure water and dried by spraying nitrogen gas to both surfaces of the substrate.
The dried substrate was baked in an oven at 120°C for 1 hr to complete the coupling agent treatment, thereby intro-
ducing an amino group to the substrate surface. Next, N-(6-Maleimidocaproyloxy)succinimido) (to be abbreviated as
EMCS hereinafter) available from Dojindo Laboratories was dissolved in a 1 : 1 medium mixture of dimethyl sulfoxide
and ethanol such that an ultimate concentration of 0.3 mg/ml was obtained, thereby preparing an EMCS solution.

[0057] The baked glass substrate was left stand and cooled and dipped in the prepared EMCS solution at room
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temperature for 2 hrs. With this process, the amino group introduced to the surface by the silane coupling agent reacted
with the succinimide group in the EMCS to introduce the maleimide group to the surface of the glass substrate. The
glass substrate picked up from the EMCS solution was cleaned by using the above-described medium mixture in which
the EMCS was dissolved. The glass substrate was further cleaned by ethanol and dried in a nitrogen gas atmosphere.

[4-3] Probe DNA

[0058] The microorganism detection probe prepared in Example 1 was dissolved in pure water. The solution was
dispensed such that the ultimate concentration (at ink dissolution) became 10 uM. Then, the solution was freeze-dried
to remove water.

[4-4] DNA Discharge by BJ Printer and Bonding to Substrate

[0059] An aqueous solution containing 7.5-wt% glycerin, 7.5-wt% thioglycol, 7.5-wt% urea, and 1.0-wt% Acetylenol
EH (available from Kawaken Fine Chemicals) was prepared. Each of the seven probes (Table 1) prepared in advance
was dissolved in the medium mixture at a specific concentration. An ink tank for an inkjet printer (tradename: BJF-850,
available from Canon) is filled with the resultant DNA solution and attached to the printhead.

[0060] The inkjet printer used here was modified in advance to allow printing on a flat plate. When the inkjet printer
inputs a printing pattern in accordance with a predetermined file creation method, an about 5-picoliter DNA solution
can be spotted at a pitch of about 120 um.

[0061] The printing operation was executed for one glass substrate by using the modified inkjet printer, thereby
preparing a DNA microarray. After confirming that printing was reliably executed, the glass substrate was left stand
still in a humidified chamber for 30 min to make the maleimide group on the glass substrate surface react with the thiol
group at the nucleic acid probe terminal.

[4-5] Cleaning

[0062] After reaction for 30 min, the DNA solution remaining on the surface was cleaned by using a 10-mM phosphate
buffer (pH 7.0) containing 100-mM NaCl, thereby obtaining a gene chip (DNA microarray) in which single-stranded
DNAs were immobilized on the glass substrate surface.

[5. Amplification and Labeling of Specimens (PCR Amplification & Fluorescent Labeling)]

[0063] Amplification of microbial genes as specimens and labeling reaction will be described below

Premix PCR reagent ( TAKARA ExTaq) | 25 ul
Template Genome DNA 2 ul (100ng)
Forward Primer mix 2 ul (20pmol/tube each)
Reverse Primer mix 2 ul (20pmol/tube each)
Cy-3 dUTP (1mM) 2 ul (2nmol/tube)
H,O 17 ul

Total 50 ul

[0064] Ampilification reaction of the reaction solution having the above composition was caused by using a commer-
cially available thermal cycler in accordance with the following protocol.
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95°C 10 min. .
O,
92C » 45 sec. 35 CYC1CS
55C 45 sec. ——
72°C 45 sec.
72°C 10 min.

[0065] After the end of reaction, the primers were removed (purified) by using a purification column (QlAquick PCR
Purification Kit available from QIAGEN). Then, determination of the amplified products was executed to obtain labeled
specimens.

[6. Hybridization]

[0066] Detection reaction was performed by using the gene chips prepared by [4. Preparation of DNA Microarray]
and the labeled specimen prepared by [5. Amplification and Labeling of Specimen (PCR Amplification & Fluorescent
Labeling)].

[6-1] Blocking of DNA Microarrays

[0067] BSA (fetal bovine serum albumin, Fraction V: available from Sigma) was dissolved in a 100-mM NaCl/10-mM
phosphate buffer such that a 1 wt% solution was obtained. The gene chips prepared by [4. Preparation of DNA Micro-
array] were dipped in the solution at room temperature for 2 hrs to execute blocking. After the end of blocking, the
chips were cleaned by using a 2xSSC solution (NaCl 300 mM, Sodium Citrate (trisodium citrate dihydrate,
CgHsNasz-2H,0) 30 mM, pH 7.0) containing 0.1-wt% SDS (Sodium Dodecyl Sulfate), rinsed by pure water, and hydro-
extracted by a spin dryer.

[6-2] Hybridization
[0068] The hydro-extracted gene chips were set in a hybridization apparatus (Hybridization Station available from
Genomic Solutions Inc). Hybridization reaction was caused in a hybridization solution under conditions to be described
below.
[6-3] Hybridization Solution
6xSSPE/10% Form amide/Target (all 2nd PCR Products)
[0069]

6xSSPE: NaCl 900 mM, NaH,PO,4-H,0 60 mM, EDTA 6 mM, pH, 7.4)
[6-4] Hybridization Conditions
[0070] 65°C 3 min — 92°C 2 min — 45°C 3 hrs — Wash 2xSSC/0.1% SDS at 25°C — Wash 2xSSC at 20°C —
(Rinse with H,O: Manual) — Spin dry (The hybridization reaction was caused at 65°C for 3 min, at 92°C for 2 min, and
at 45°C for 3 hrs. The gene chips were cleaned by using 2xSSC/0.1% SDS at 25°C and 2xSSC at 20°C, rinsed by
pure water, and spin-dried).
[7. Microorganism Detection (Fluorometry)]
[0071] The gene chips after the end of hybridization reaction were subjected to fluorometry by using a gene chip
fluorescent detector (GenePix 4000B available from Axon). As a result, the respective bacteria could be detected with

sufficient signals at a high reproducibility, as shown in Tables 12 to 21. No hybrid bodies for other bacteria were detected.
[0072] In this example, fluorometry was executed twice for each gene chip. The results are shown below.
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Table 12: Staphylococcus aureus

15

| Probe Sequence First Second
No. Fluoresc- Fluoresc-
ence S/N |ence S/N
luminance| Luminance
PA-1 |5' GAACCGCATGGTTCAAAAGTGAAAGA 3' 3000 42.9 2900/ 40.8
PA-2 |5 CACITATAGATGGATCCGCGCI’GC 3’ 7700 110.0 7700] 108.5
PA-3 |5' 'I'GCACATCI‘IGAOGGTACCTAATCAG 3' 6400 91.4 6400, 90.1
PA-4 |5 OCCCI'I‘AGI'GCTGCAGCI‘AACG 3' 25001 35.7 2500]. 35.2
PA-5 [5' AATACAAAGGGCAGCGAAACCGC 3! 7800 111.4 7800{ 109.9
PA-6 [5' CCGGTGGAGTAACCTTTTAGGAGCT 3' 4800, 68.6 4800, 67.6
PA-7 |5' TAACCI‘I'I‘I‘AGGAGC‘I-‘AGOCGTCGA?' 45000 64.3 4300, 60.6
PA-8 {5' TTTAGGAGCTAGCCGTCGAAGGT 3' 4800 68.6 4800 67.6
PA-9 |5 TAGOCGTGGAAGGI'GGGACAAAT 3! 53001 75.7 5200{ 73.2
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Table 13 : Staphylococcus epidermidis
First Second
Probe : Fluoresc- [Fluoresc-
Sequence
No. lence S/N lence ' S/N
luminance | uminance
PB-1 [5' GAACAGACGAGGAGCTTGCICC 3' 1000, 14.5 1100, 15.7
PB-2 |5' TAGTGAAAGACGGTTTTGCTGTCACT 3' 1800/ 26.1 1800 25.7
PB-3 |5' TAAGTAACTATGCACGTCTTGACGGT 3' 1400, 20.3 1400 20
PB-4 |5' GACCCCTCTAGAGATAGAGITTTCCC 3' 1000 14.5 11000 15.7
PB-5 |5' AGTAACCATTTGGAGCTAGCCGTC 3 1800 26.1 2000 28.6
PB-6 |5' GAGCTTGCTCCTCIGACGTTAGC 3! 12000 17.4 1300/ 18.6
PB-7 |5' AGCCGGTGGAGTAACCATTTGG 3' 1100 15.9 1100, 15.7
Table 14 : Escherichia coli
First Second
Probe | Fluoresc- Fluoresc-
Sequence : .
No. ence S/N |ence S/N
_ luminance luminance
PC-1|5' CICTTGOCATOGGATGTGCCCA 3 1200 17.6 1200 17.9
PC-2 [5' ATACCTTTGCICATTGACGTTACCCG 3' 1500 22.1] 1600, 23.9
PC-3 [5' TTTGCTCATTGACGTTACCCGCAG 3' 1100 16.2 1200 17.9
PC-4 {5' ACTGGCAAGCTTGAGTCTCGTAGA 3' 20000 29.4 2100 31.3
| PC-5 |5' ATACAAAGAGAAGCGACCTOGCG 3' 1500 22.1 1500 22.4
PC-6 |5 CGGACCTCATAAAGTGCGTCGTAGT 3' 2400 35.3 2606 38.8
PC-7|5' GOGGGGAGGAAGGGAGTAAAGTTAAT 3' 1200 17.6 1200, 17.9
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Table 15 : Klebsiella pneumonia‘e'

First Second
Probe Fluoresc- Fluoresc-
No. ' Ence S/N jence S/N
_ luminance luminance
PD-1 |5° TAGCACAGAGAGCITGCTC‘I'OGG 3" 5000 7.6 600 9
PD-2 |5' TCATGCCATCAGATGTGOCCAGA 3" 600 9.1‘ 600 9
PD-3 (5" OGGGGAGGAAGGOGATAAGG'ITAAT 3 700 10.6 700 10.4
PD-4 |5 'I'I'CGATIGAOGITACOCGCAGAAGA 3 1000 15.2 1200, 17.9
| PD-5 [5' GGTCTGTCAAGTCGGATGTGAAATCC 3' 27000 40.9 2700 40.3
PD-6 |5° GCAGGCTAGAGTCTTGTAGAGGGG 3! 3400 51.5 3300 49.3
Table 16 : Pseudomonas aeruginosa
First Second
Probe Fluoresc- Fluoresc-
‘ Sequence
No. lence S/N lence S/N
luminance Juminance
PE-1 |5' TGAGGGAGAAAGTGGGGGATCTTC 3' 35000 50.0 3600 50
PE-2 |5' TCAGATGAGCCTAGGTCGGATTAGC 3" 1600 22.9 1400, 19.4|
PE-3 |5' GAGCTAGAGTACGGTAGAGGGIGG 3' 3500/ 50.0 '3400 47.2
PE-4 |5° GI'ACGGTAGAGGGI'GGI‘GGAA’I‘-‘fI‘ 3! 3100, 44.3 3106 43.1
PE-5 |5' GACCACCTGGACTGATACTGACAC 3' 1600, 22.9 1600 22.2
PE-6 |5' TGGCCTTGACATGCTGAGAACTTIC 3' 1200 17.1 1200 16.7
PE-7 [5' ﬂAGHACCAGCACCTdGGGMG 3! 1000] 14.3 1200, 16.7
PE-8 |5' TAGTCTAACCGCAAGGGGGACG 3' 1100, 15.7 1100, 15.3
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Table 17 : Serratia marcescens

18

First Second
| Probe Fluoresc- Fluoresc-
Sequence
No. ' ence S/N lence S/N
. |luminance luminance
PF-1 [5' TAGCACAGGGAGCTTGCTCCCT 3' 600 8.8 6000 8.7
PF-2 |5' AGGTGGTGAGCTTAATACGCICATC 3' 700, 10.3 600 8.7
PF-3 {5' TCATCAATTGACGTTACTCGCAGAAG 3° 2000 29.4 2200 31.9
PF-4 [5' AchCAn'i'GAAACIGGCAAGcrAGA 3! 2800 41.2 27000 39.1
PF-5 |5' TTATCCTTTGTTGCAGCTTCGGCC 3' 700{ 10.3 700, 10.1
PF-6 |5' ACTTTCAGCGAGGAGGAAGGTGG 3' 3400 50.0 33000 47.8
Table 18 : Streptococcus pneumoniae
- First Second
| Probe Fluoresc- {Fluoresc- |
' Sequence :
No. ence S/N jence S/N
luminance luminance
|_PG-1 |5' AGTAGAACGCTGAAGGAGGAGCTTG 3" 1000/ 14.9 1100 16.2
PG-2 |5' CTTGCATCACTACCAGATGGACCTG 3' 12000 17.9 1300 19.1
PG-3 |5' TGAGAGTGGAAAGTTCACACTGIGAC 3' 1000 14.9 1100 16.2
PG-4 |5° GCTGTGGCTTAACCATAGTAGGCTTT 3 1800f 26.9 1900 27.9
PG-5 |5' AAGOGGCTCTCTGGCTIGTAACT 3' 1300 19.4 1500, 22.1]
PG-6 |5' TAGACCCTTTCCGGGGTTTAGIGC 3" 1300{ 19.4 1300, 19.1
PG-7 |5' GACGGCAAGCTAATCTCTTAAAGCCA. 3' 2000/ 29.9 ziod 30.9
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Table 19 : Haemophilus influenzae
First Second
Probe " [Fluoresc- Fluoresc-
: Sequence
No. ence S/N lence S/N
1uminance Juminance

PH-1 {5' GCTTGGGAATCTGGCTTATGGAGG 3° 3500 50.0 3600 50
.PH—Z 51 "IGCCATAGGA‘I'GAGCGCAAGIGGQ' 600 8.8 700, 10.1
PH-3 |5' CTTGGGAATGTACTGACGCTCATGTG 3 600 8.8 600, 8.7
PH-4 |5' GGATTGGGCTTAGAGCTTGGTGC 3' 1100 16.2 1200/ 17.4
PH-5 |5' TACAGAGGGAAGCGAAGC‘IGCG 3 7000 10.3 600 8.7
PH-6 {5' GGCGTTTACCACGGTATGATTCATGA 3' 1300 19.1 1300 18.8
PH-7 {5' AATGCCTACCAAGCCTGCGATCT 3 - 2100{ 30.9 2200 31.9
PH-8 |5' TATCGGAAGATGAAAGTGCGGGACT 3° 700{ 10.3 600, 8.7
Table 20 : Enterobacter cloacae

First Second
Probe : Fluoresc- Fluoresc- .
Sequence
No. ence S/N lence S/N
1uminance luminance

PI-1 |5' CAGAGAGCTTGCTCTCGGGTGA 3' 2100, 29.2 2200 31
- PI-2 |5' GGGAGGAAGGTGTTGTGGTTAATAAC 3' 7900 109.7 7900 111.3!
PI-3 [5' GGIGTTGTGGTTAATAACCACAGCAA 3' 1000, 13.9 1300 - 18.3
PIf4 5" GCGGTCTGTCAAGTCGGATGIG 3' 6400 88.9 6400 90.1
PI-5 |5 A'I'I'CGAAAC‘I’GGCAGGCTAGAG‘ICI’ 3! 94001 130.6 9200 1.29.6
PI—G' 5! TAACCACAGCAAT!I‘GACG'ITACOCG. 3! 4700 65.3 4800, 67.6
| PI-7 |5" GCAA_'I'I'GACG'ITACCCGCAGAAGA 37 4600, 63.9 4500 63.4
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‘Table 21 : Enterococcus faecalis

First Second
|Probe o Fluoresc- Fluoresc-
Sequence :
No. | _lence S/N lence S/N

luminance . |luminance
PJ-1 5'T1'CITI'CCI'CCCGAGTGCT‘I'GCA 3’ 1500 22.1 . 1500, 20.8|
PJ-2 S'AACACETGGGTAACI}I‘ACCCATCAG 3" 2400, 35.3 2700, 37.5
PJ-3 |5 ' ATGGCATAAGAGTGAAAGGCGCTT ‘3 ! ' 5600 82.4 5600, 77.8
PJ-415 'GACCCG%GIGCATI‘AGCI‘AGI‘ 3 \ 2300 33.8 2300, 31.9
PJ f5 5 ' GGACGTTAGTAACTGAACGTCCCCT 3° | ' 10000 14.7 1400, 19.4
PJ-6 |5’ CTCAACCGGGGAGGGTCATTGG 3 : 44000 64.7 4400, 61.1]
PJ-7 15 "I'IGGAGGGTI'I'CCGCCCTI’CAG 3’ . : | 1700 25 1800 25

[0073] The numerical values of florescent luminances(photomultiplier voltage: 400 V) in Tables 12 to 21 indicate
average pixel luminances (resolution: 5 u m). The S/N ratios indicate values obtained by dividing the fluorescent lumi-
nances by background average values measured by analysis software (GenePix Pro Ver.3.0 available from Axon)
attached to the measuring device.

[0074] As is apparent from Tables 12 to 21, the respective etiologic agents can be detected with sufficient signals at
a high reproducibility.

[Example 2] Microorganism Detection Using 2-Step PCR

[0075] As in Example 1, probe DNAs, specimen amplification PCR primers, the genome DNAs of etiologic agents,
and DNA microarrays were prepared, and the following experiments were conducted.

[1. Amplification and Labeling of Specimens (PCR Amplification & Fluorescent Labeling)]

[0076] Amplification of microbial genes as specimens (1st PCR) and labeling (2nd PCR) reaction will be described
below.

[2. Amplification Reaction Solution Composition: 1st PCR]

[0077]
Premix PCR reagent (TAKARA ExTaq) | 25 ul
Template Genome DNA 2 ul (10ng)
Forward Primer mix 2ul (20pmol/tube each)
Reverse Primer mix 2 ul (20pmol/tube each)
H,0 19 ul
Total 50 pl

[0078] Amplification reaction of the reaction solution having the above composition was caused by using a commer-
cially available thermal cycler in accordance with the following protocol.
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95C 10 min.
C. '
92° 45 sec.
25 Cycles
55C 45 sec. —
72°C 45 sec.
72°C 10 min.

[0079] Afterthe end of reaction, purification was performed by using a purification column (QlAquick PCR Purification
Kit available from QIAGEN). Then, determination of the amplified products was executed.

[3. Labeling Reaction Solution Composition: 2nd PCR] Enzyme

[0080]
(QIAGEN Hotstar Taq Polymerase) | 0.5 ul (2.5u)
Template DNA (1st PCR Product) 10 ul (30ng)
dNTP mix (Low dTTP )* 2.ul
Cy- 3 DUTP (1mM) 2 ul (2nml/tube)
Reverse Primer mix 5 ul (50gmol/tube each)
10 x Buffer 5ul
H,0 255l
Total 50 pl

*dNTP mix (Low DTTP) :
dATP,dCTP,dGTP / 5mM(final : 10 nmol/tube)
dTTP /4mM (final : 8 nmol/tube)

[0081] Amplification reaction of the reaction solution having the above composition was caused by using a commer-
cially available thermal cycler in accordance with the following protocol.

95°C 10 min.
O,
92C 45 sec. 25 Cycles
55C 45 sec. ——
72°C 45 sec.
72°C 10 min.

[0082] Afterthe end of reaction, purification was performed by using a purification column (QlIAquick PCR Purification
Kit available from QIAGEN) to obtain labeled specimens.

[4. Hybridization]
[0083] Hybridization was done in accordance with the same procedures as in Example 1.
[5. Microorganism Detection (Fluorometry)]

[0084] Fluorometry was executed for the DNA microarrays after the end of hybridization reaction by using a DNA
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microarray fluorescent detector (GenePix 4000B available from Axon). Tables 22 to 31 show the measurement results.
[0085] Even in this example, fluorometry was executed twice for each DNA microarray. The results are shown in
Tables 22 to 31.
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Table 22: Staphylococcus aureus

22

‘ First Second
Probe Fluoresc- Fluoresc-
Sequence
- No. ence S/N lence S/N
luminance luminance
PA-1|5"' GAACOGCA'[’GGITCAAAAG‘IGAAAGA 3' - 14000 186.7 13000/ 173.3
PA-2 | 5' CACTTATAGATGGATCCGCGCTGC 3' 36000 480 35000f 466.7
PA-3 | 5' TGCACATCTTGACGGTACCTAATCAG 3° 31000 413.3 29000} 386. 7]
| PA-4 5' CCCCTTAGTGCTGCAGCTAACG 3' 10000 133.3 10000 133.3
PA-5|5' AATACAAAGGGCAGCGAAACOGC 3' 390000 520 38500 513. 3]
PA-6|5"' CCGGI‘GGAG‘I‘AACCT’I‘I‘I‘AGGAGC‘I‘ 3' 22060 293.3] 22100] 294.7
PA-7|5' TAACCTTTTAGGAGCTAGCCGTCGA 3" 220001 293.3 21800 290.7
{PA-8|5" 'ITI'AGGAGGI‘AGC(I?I’CGAAGGT 3' 25000 333.3 24000 320
| PA—9..5" TAGCCGTCGAAGGTGGGACAAAT 3' 26000 346.7 25500 340
,Tabj.e 23 : Staphylococcus epidemmidis
Probe| Sequence First . Second
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No. Fluoresc- Fluoresc-
ence " S/N encé S/N
Juminance luminance |
PB-1 --5' GAACAGACGAGGAGCTTGCTCC 3 4500 62.5 4700 67.1
PB-2 | 5' TAGTGAAAGACGGTTTTGCIGTCACT 3' 9000f 125 8900] 127. 1]
PB-3 | 5' TAAGTAACTATGCACGTCTTGACGGT 3' 7100} 98.6| 7300{ 104.3
PB-4|5' GACCCCTCTAGAGATAGAGTTTTCCC 3' 4800, 66.7, 5200 74.3
PB-5 .5'; AGI‘AACCATI'IGGAGCI‘AGCOG‘IC 3! 9100 126.4 9300{ 132.9|
PB-6 | 5' GAGCTTGCTCCTCTGACGTTAGC 3' 5800 80.6] 6300, 90
PB-7|5"' _AGC&GG&GGAGPAACCATI?GG ﬁ' 5400 75 5500, 78.6
Table 24 : Escherichia coli-
| First Second
Probe Fluoresc- Fluoresc-
Sequence :
No. " lence | - §/N jence S/N
luminance 1uninan§e
PC-1 15" C‘I'C‘I‘I'GCCATCGGA‘IGI‘GCCCA 3' 56000 76.7 6200 83.8
PC-2|5' ATACCfITGCI'CA‘ITGAOG‘ITACCOG 3' 76001 104.1 7500{ 101.4
| PC-3|5' TTTGCTCATTGACGTTACCCGCAG 3' 5600, 76.7 - 5700 77
| PC-4 5" ACI'GGCAAGCI‘TGAGTCI'CGTAGA 3' 9400} 128.8 9300] 125.7,
PC-515' ATACAAAGAGAAGCGACCICGOG 3' 7260 98. 6| 7200 97.3
PC-6 | 5' CGGACCTCATAAAGIGCGTCGTAGT 3' 11500} 157.5 11500 155.4]
| PC-7|5" GCGGGGAGGAAGGGAGTAAAGTTAAT 3' 5600 76.7 5500 74.3
Table 25 : Klebsiella pneumoniae
Probe Sequence A First Second
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No. Fluoresc- Fluoresc-
lence S/N lence S/N
1uminance luninance
"PD-1{5' TAGCACAGAGAGCTTGCTCTCGG 3' 2000 28.6 2100 30
‘PD—2 5' TCATGCCATCAGATGTGCCCAGA 3' 2500 35.7 2600 37.1
PD-3_-5' CGGGGAGGAAGGCI;ATAAGGI‘I‘AAT 3 2900 41.4 2900 41.4
PD-4 |5 ‘ITCGATI'GACG‘I‘I'ACCCGCAGAAGA 3 4500 64.3 4700 67.1
PD-5 |5' GGTCTGTCAAGTCGGATGTGAAATCC 3? 9900| 1414 10100/ 144.3
PD-6 |5° GCAGGCI‘AGAGI’CI‘IGI‘AGAGGGG 3 13000 185.7 13400 191.4
Table 26 : Pseudomonas aeruginosa .
First Second
Probe ' Fluoresc- Fluoresc-
Sequence
No. ' ence S/N lence S/N
luninande luminance
PE-1] 5" TGAGGGAGAAAGI’GGGGGATC‘ITC 3! | 17000 239.4 17300} 240.3
PE-2 | 5' TCAGATGAGCCTAGGTCGGATTAGC 3 83000116.90 8600 119.4
PEj3 5' GAGCTAGAGTAOGGI‘AGAGCHI’GG 3! 17400 245.1 17000; 236 .1
PE-4 | 5' GTACGGTAGAGGGTGGTGGAATTTC 3' 15000 211.3 16000] 222.2
PE-5 5'--GACCACCI'GGACIGATACI’GACAC 3' 8000/ 112.7| . 8300 115.3]
PE-6 5'.'1‘GGCCITGACATGCTGAGAAC'I'ITC 3 5400 76.1 5800, '80.'.6
PE-7 5' 'ITAGI'I'AQCAGCAOCI‘CGGG‘I'GG 3! 5300 74.6 5100, 70.8
| PE-8 5' TAGTCTAACCGCAAGGGGGACG 3! 5400 ’76;1 5000 -69.4]
Table 27 : Serratia marcescens
|Probe Sequence First Second
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- No. Fluoresc- Fluoresc-
ence S/N lence ~S/N
luminance luminance
PF-1|5' TAGCACAGGGAGCTTGCTCCCT 3'. 3100; 43.7 3300 45.2
PF-2|5' AGGTGGTGAGCTTAATACGCTCATC 3' 3300. 46.5 3200, 43.8
PF-3|5' TCATCAATTGACGTTACTCGCAGAAG 3' 10100] 142.3 10000] 137,
PF-4 (5" ACI'GCATI'I‘GAAACI'GGCAAGCI‘AGA 3* 12000 169 11800 161.6
PF-5| 5" TTATCCTTTGTTGCAGCTTCGGCC 3 4100 - 57.7 4200"57.5
PF-6 | 5' ACTTTCAGCGAGGAGGAAGGTGG 3' : i4300 201.4 14300 195.9
Table 28 : Streptococcus pneumoniae
First Second
|Probe Fluoresc- Fluoresc-
Sequence ,
| No. ence S/N lence S/N
Juminance lmtinanbe
PG-11{5"' AGTAGAACGCTGAAGGAGGAGCTTG 3' 4500 V63.4- 4300, 60.6
PG-2 |5' CTTGCATCACTACCAGATGGACCIG 3' 5800, 81.7 5600 78.9
PG-3 |5' TGAGAGTGGAAAGTTCACACTGTGAC. 3' 5000, 70.4i 4900 69|
PG-4|5"' GC'I'GIGGCITAACCATAGI‘AGGCI'I‘I‘ 3! 8706 122.5 8800{ 123.9
PG-5 |5 AAGCGGCTCTCTGGCTTGTAACT 3' 7200 101.4 7300 102.8
PG-6 |5' TAGACCCTTTCCGGGGTTTAGTGC 3" 6700 94.4 7000, 98.6
PG-7 -5' GA(‘EGCAAGCI‘AATCTC‘ITAAAGCCA 3! 10200{ 143.7 9900 139.41
, Table 29 : Haemophilus. ix_lfluenzae
Probe Sequence First Se,cond
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No. Fluoresc- Fluoresc-
ence - S/N |ence S/N
lunmanoe Jluminance
| PH-1 |5 GCTTGGGAATCTGGCTTATGGAGG 3; A 3100, 44.3 3200 45.1
| PH-2 |5 "TGCCATAGGATGAGCCCAAGTGG 3’ 3200, 45.7 3200 45.1
PH—B.S'CPMGGAATGPAGGACG@CAM 3 4900 70 5600 78.9
| PH~4‘5"GGA'I‘I’GGGCI‘I"AGAGCI'IGGIGC 3" 3900 55.7 3800{ 53.5
PH-5 SfTACAGAGGGAAGCGAAGCI'GCG 3’ i670(_) 957 6500{ 91.5
PH-6 S'GGCG'PITACCACGGPATGATICATGA 3’ 102007 145.7 11000 154.9|
b, . PH-7 5 ' AATGCCTACCAAGCCTGCGATCT 3' 4200 60 4100, 57.7
PH-8 |5 " TATCGGAAGATGAAAGTGCGGGACT 3° 3200 45.7 3506 49.3
Table 30 : Enterobacter cloacae
First Second
Probe ' Fluoresc- Fluoresc-
Sequence
No. ence S/N lence S/N
luminance | luminance
PI-1|5' CAGAGAGCTTGCTCTCGGGTGA 3° 10000 133.3 9900{ 133.8
PI-2 |5 'GGGAGGAAGGTGTTGIGGTTAATAAC 3° 38000 506.7 38000] 513.5
PI-3 5'GGI'G‘I'I'GTGG‘1‘I'AATAACCACAGCAA 3 47000 62.7 4700 -63.5
PI-4 |5 GOGGTCTGTCAAGTCGGATGTG 3° 31000} 413.3 32000 432 .4
PI-5 |5 ATTCGAAACTGGCAGGCTAGAGTCT 3° 47500 633.3 45060 608. 1]
| PI-6 S'TAACCACAGCAATIGACGTI'ACGCG .3' 23600] 314.7 24000] 324.3
PI-7 5'GCAAMGAOGTi'ACCOGCAGAAGA 3 21500{286.7| 22700 306.8
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Table 31 : Enterococcus faecalis

First Second
|Probe | Fluoresc- Fluoresc-
. Sequence _
No:. | - ence S/N lence S/N
luminance ‘ luminance
PJ-1 |5 ' TTCTTTCCTCCCGAGTGCTTGCA 3 '7000] 98.6 7300 101.4
PJ-2 5 * AACACGTGGGTAACCTACCCATCAG 3 | 12300 173.2 ~12000]166.7
| p3-3 |5 ATGECATAAGAGTGAAAGGCGCTT 3 ' 250001352.1] 27400 380.6
PJ-4 |5° GACCOGOGGTGCATTAGCTAGT 3' 10000/ 140.8|  11000] 152.8
PJ-5 |5 " GGACGTTAGTAACTGAACGTOCCCT 3 5600 78.9 5200 72.2
PJ-6 |5 CICAACCGGGGAGGGTCATTGG 3° . 22100{311.3, 22200 308.3
| PJ-7 |5 TTGGAGGGTTTCCGCCCTTCAG 3 ’ 8800| 123.9 9000 izs

[0086] The numerical values of florescent luminances(photomultiplier voltage: 400 V) in Tables 22 to 31 indicate
average pixel luminances (resolution: 5 um). The S/N ratios indicate values obtained by dividing the fluorescent lumi-
nances by background average values measured by analysis software (GenePix Pro Ver.3.0 available from Axon)
attached to the measuring device.

[0087] Asis apparent from Tables 22 to 31, the respective etiologic agents can be detected with sufficient signals at
a high reproducibility.

[Example 3] Microorganism Detection Using 2-Step PCR

[0088] As in Examples 1 and 2, probe DNAs, specimen amplification PCR primers, the genome DNAs of etiologic
agents, and DNA microarrays were prepared, and the following experiments were conducted.

[1. Amplification and Labeling of Specimens (Utilization of PCR Amplification with Fluorescent Labeling)]

[0089] Amplification of microbial genes as specimens (1st PCR) and labeling (2nd PCR) reaction will be described
below.

[2. Amplification Reaction Solution Composition: 1st PCR]

[0090]
AmpliTaq Gold LD(5U/uL) 0.5uL
Template DNA variable
dNTP mis(2.5mM/each) 4.0pL
x10 PCR buffer 5.0uL
25mM MgCl, 7.0uL
Forward Primer
Mix(10uM/each) 0.25uL
Reverse Primer
Mix(10uM/each) 0.25pL
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(continued)

H,O variable
Total 50uL

[0091] Ampilification reaction of the reaction solution having the above composition was caused by using a commer-
cially available thermal cycler in accordance with the following protocol.

95C 10 min.
92 45 sec.
~ 39 Cycles
67C 45 sec. —!
72°C 45 sec.
72°C 10 min.

[0092] Afterthe end of reaction, purification was performed by using a purification column (QlIAquick PCR Purification
Kit available from QIAGEN). Then, determination of the amplified products was executed.

[3. Labeling Reaction Composition: 2nd PCR]

[0093]
Premix PCR reagent (TAKARA ExTaq) | 25 ul
Template DNA (15t PCR Product) Variable ( 30ng/tube )
Cy3 Labeled Reverse primer Mix 5ul
H,O Variable
Total 50 wl

[0094] Amplification reaction of the reaction solution having the above composition was caused by using a commer-
cially available thermal cycler in accordance with the following protocol.

95C 10 min.
(¢) . '
92C 45 sec. 24 Cycles
65C 45 sec.
72°C 45 sec.
72°C " 10 min.

[0095] After the end of reaction, purification was performed by using a purification column (QlIAquick PCR Purification
Kit available from QIAGEN) to obtain labeled specimens.

28



EP 1464 710 A2
[4. Hybridization]
[0096] Hybridization was done in accordance with the same procedures as in Example 1.
[5. Microorganism Detection (Fluorometry)]
[0097] Fluorometry was executed for the DNA microarrays after the end of hybridization reaction by using a DNA

microarray fluorescent detector (GenePix 4000B available from Axon). Tables 32 to 41 show the measurement results.
[0098] Note that, in this example, fluorometry was executed once twice for each DNA microarray. The results are
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shown in Tables 32 to 41.

Table 32: Staphylococcus aureus

First Second
Probe Fluoresc- Fluoresc-
' Sequence
No. ence S/N lence S/N
1mninance’ : 1uminance
PA-10 |5' ACGGACGAGAAGCTTGCTTCTCT 3! 247 3.4 14 2.1
PA-11 {5' TGTCACTTATAGATGGATCCGCGCT 3' 4177 57.9 3083 43.4
PA-12 |5' TGTAAGTAACTGTGCACATCITGACG 3* 4686 64.9 3768 53.1
PA-13 5"ACAACI'CI'AGAGATAGAGGCITOOOC 3" 2612 36.2 2709 38.2
PA-14 |5 GI'GGAGTAAOCI'I‘ITAGGAGCI‘AGCC 3! 26505 367.2 17560 247.3
Table 33 : Staphylococcus epidermidis
First Second
Probe Fluoresc- IFluoresc-
' Sequence
No. ’ ' ence S/N jence S/N
luminance 1luminance
PB-2 |{5" TAGTGAAAGACGGTTTTGCTGTCACT 3°' 7000, 94.1 18000 25.7
|PB-4. |5' GACCCCTCTAGAGATAGAGTTTTCCC 3° 3274 44.0 1100 15.7
PB-8 |5' AGACGAGGAGCTTGCTCCTCTG 3! 111 1.5 59 0.8
PB-9 |5' AGAACAAATGTGTAAGTAACTATGCACGT 3' 6920, 93.0 4910 70.1
PB-10 {5' ACCATTTGGAGCTAGCCGTCGA 3' 15244 205.0 18134 259.1
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Table 34 : Escherichia coli
First _ Second.
Probe . Fluoresc- Fluoresc-
Sequence
No. ence S/N lence S/N

luminance 1uminance
Ipc-4 |5° ACTGGCAAGCTTGAGTCTCGTAGA 3! 5416|. 74.7 2100 31.3
.PC—8 5' TAACAGGAAGAAGCTTGCTTCTTTGCTG 3' 160} 2.2 112 1.7
PC-9 |5'" TTGCCATCGGATGTGCCCAGAT 3' 41331 57.0 . 4581 68.4
PC-10[5' GGAAGGGAGTAAAGTTAATACCTTTGCTC 3' 4194 57.8 5349 79.8
PC-1115" _ATCI‘ITI'(_?I'I‘GCCAG(I%G'I‘OCG 3' 6719 92.7 2594] 38.7

5! AAGGGAGTAAAGTTAATACCTTTGCTCATTG
PC-12|3" 3984 58.6 4021 60.0
Table 35 : Klebsiella pneumoniae
First Second

Probe . Fluoresc- [Fluoresc- -
No. ence " S/N lence - S/N

luminance 1um1nance
PD-? 5' TCATGCCATCAGATGTGCCCAGAT 3' - 5414 40.0| 4171_ 62.3
PD-8 |5' CGGGGAGGAAGGCGATAAGGTTAA 3° 4096/ 30.2; 6227 93.0
PD-9 {5' TTATCGATTGACGTTACCCGCAGAAGA 3' 4122 30.4 3269 48.8
PD-10|5' CATTCGAAACTGGCAGGCTAGAGTC 3° 9474 70.0 6486 96.9
PD-1115" OCI‘ITG'I'IGCCAGCGG‘ITAGGC 3 10648 78.6 2754 41.1
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31

Table 36 : Pseudomonas aeruginosa
First Second
Probe ' Fluoresc- [Fluoresc-|
: Sequence
No. ence S/N lence S/N
luminance luminance]
PE-1 |[5' TGAGGGAGAAAGTGGGGGATCTTC 3° 6175 82.2 3600 50.0
{PE~-6 [5' TGGCCTTGACATGCTGAGAACTTTC 3°' 8159 108.6 1200 1 16.7
PE-7 |5' TTAGTTACCAGCACCTCGGGTGG 3 3277 43.6 1200 16.7
PE-9 |5' TGCATCCAAAACTACTGAGCTAGAGTAC 3! 6626 88.2 7432 103.4
PE-10 |5' GTCGACTAGCCGTTGGGATCCT 3' 5734 76.3 3365 46.8
Table 37 : Serratia marcescens
First Second
Probe : Fluoresc- | Fluoresc-
Sequence .
No. ence S/N lence | S/N
luminance 1uminance |
PF-7 |57 GGTAGCACAGGGGAGCITGCI'C 3 4482 66.4 1040 15.1
PF-8 {5' CGAGGAGGAAGGTGGTGAGCTTAATA 3" 6362 94.2 3199 46.3
PF-9 |5' TACGCTCATCAATTGACGTTACTCGC 3° 4569 67.7 2884 41.8
PF-1015" GAAACTGGCAAGCI‘AGAG‘I’CfOGI‘AGA 3 7905 117.1 6786 98.3
PF-111{5' TTATCCTTTGTTGCCAGCGGTTCG 3 12787 189.4 3849 55.7
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Table 38 : Streptococcus pneumoniae
| First Second
Probe Fluoresc- Fluoresc-
Sequence :
No. ence S/N lence S/N
luminance luminance)
PG-1 |5' AGTAGAACGCTGAAGGAGGAGCTTIG 3' 10078 70.3 1100 16.2
PG-5 |5' AAGCGGCI'C‘I’CTGGCITGTAACI' 3" 4331 30.2 1500 22.1
PG-6 |5' TAGACCCP?I‘(I:GGGGPITAGTGC 3! 4730 33.0] 1300 -19.1
PG-S 51 GACATI'I'GCI'I'AAAAGGTGCAC‘I‘I’GCA 3! 7128 49.7 7720 113. 6
PG-9 |5* GI'I'GI‘AAGAGAAGAAOGAGTGI‘GAGAGFG 3' 6665 46.5 3297 48.5
Table 39 : Haemophilus influenzae
Probe Seqﬁenoe First Second
No. Fluoresc- ' Fluorésc-
ence S/N lence S/N
luminance 1uminance
-PH-1 5" GCTTGGGAATCTGGCTTATGGAGG 3' © 11106| 150.3 3600 50.0
PH-2 {5' TGCCATAGGATGAGCCCAAGTGG 3' 7056 95.5 700 10.1
PH-4 5' GGATTGGGCTTAGAGCTTGGTGC 3' 1000 1.4 1200 17.4
PH-5 |5' TACAGAGGGAAGCGAAGCTGCG 3 _11237 152.1 600 8.7
1 PH-7 [5"' AATGCCI‘ACCAAGOC‘IGCGATCT 3! 5054 68.4 2200 31.9
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Table 40 : Enterobacter cloacae

First Second _
Pmbe- | Fluorésc— Fluoresc-
Sequence _
No. ence S/N lence S/N
Juminance luminance
PI-8 |5' GTAGCACAGAGAGCTTGCTCTCG 3' . 2221 30.1 582 8.2
PI-9 |5' CGGGGAGGAAGGTGTTGTGGTTA 3 ) ‘5484 74.2 2193 30.9
_ PI—lOé' ACCACAGCAATTGACGTTACCCG 3' : 3325 45.0 646 9.1
_. PI-11i{5"' GAAACTGGCAGGCTAGAGTCTTGTAG 3' 7574 102.5 303.9 42.8
PI-12|5' AGGCGGI‘C'IGICAAGI‘OGGATG 3! ' 5768, 78.0f = 5701 80.3
Table 41 : Enterococcus faecalis
First Second
Probe ~ |Fluoresc- | Fluoresc-
] Sequence = _ :
INo. ence S/N jence S/N
luminance luminancel
PJ-1 [5' TICTTTCCTCCCGAGTGCTTGCA 3 1014 14.9 1504 20.8
PJ-3 5’-.ATGGCATAAGAGTGAAAGGCGCIT 3‘- 4266] 62.6 5600 77.8
PJ-5 |5' GGACG‘I‘I‘AGI‘AACIGAAOG‘ICCCCI‘ 3" 652 9.6 1400 19.41
PJ-8 |5' ATAGAGCTTTCCCTTCGGGGACAAA 3' 3232 47.5 810 11.2
PJ-9 |5' CGAGGTCATGCAAATCTCTTAAAGCTTCT 3' 11411 167.6] 18776 260.7

[0099] As is apparent from Tables 32 to 41, the respective etiologic agents can be detected with sufficient signals at
a high reproducibility.

[0100] As described above, according to the examples, an infectious etiologic agent can be identified by using micro-
arrays on which probe sets capable of detecting the 10 bacteria, i.e., Staphylococcus aureus, Staphylococcus epider-
midis, Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Serratia marcescens, Streptococcus pneu-
moniae, Haemophilus influenzae, Enterobacter cloacae, and Enterococcus faecalis are separately immobilized or com-
bined. Hence, the problems of the DNA probe of microbial origin are solved. More specifically, because of the small
number of bases, oligonucleotide probes can chemically be mass-produced, and purification and concentration control
are possible. In addition, a probe set can be provided, which allows to detect bacteria in the same species all together
and discriminatingly detect bacteria in other species for the purpose of classifying the bacteria depending on the spe-
cies.
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[0101] Furthermore, a probe set can be provided, which also considers the stability of a hybrid body between a probe
and a specimen so that the difference between the species can accurately be evaluated on a DNA microarray. A carrier
on which the probe DNAs are immobilized to make the probe DNAs react with specimens can also be provided. Also,
a carrier can be provided, on which the probe DNAs are chemically immobilized so that the probe DNAs are stably
immobilized on the carrier, and a detection result with high reproducibility can be obtained in the process of reaction
between a specimen solution and the probes and probe sets.

[0102] According to the above examples, 16s rRNA gene arrangements in the genes of infectious etiologic agents
can be detected in proper quantities. Hence, the presence of an infectious etiologic agent can efficiently and accurately
be determined.

[Example 4] Primer Set

[0103] The primer sets (Table 11) used in the above examples to amplify the 16s rRNA gene arrangements of one
or some of Staphylococcus aureus, Staphylococcus epidermidis, Escherichia coli, Klebsiella pneumoniae, Pseu-
domonas aeruginosa, Serratia marcescens, Streptococcus pneumoniae, Haemophilus influenzae, Enterobacter
cloacae, and Enterococcus faecalis will be described.

[0104] The primer sets of this example are designed to give a satisfactory amplification result in PCR reaction exe-
cuted to identify an infectious etiologic agent. "Satisfactory” means not only that the target 16s rRNAs are sufficiently
amplified but also that no products other than the 16s rRNAs are generated.

[0105] "Satisfactory" also means that only the 16s rRNAs of an infectious etiologic agent are amplified without am-
plifying human genome genes originated in a specimen, which are contained in the specimen.

[0106] Any specimen in which bacteria may be present, and for example, body fluids originated in animals such as
human and livestock, including blood, spinal fluid, phlegm, stomach fluid, vaginal discharge, and intraoral mucus, and
excretion such as urine and feces are used in this example. All media which can be contaminated by bacteria can also
be used in this example, including food , drink water and hot spring water in the natulal environment, which may cause
food poisoning by contamination, filters from air and water cleaners , and so forth. Animals and plants which should
be quarantined in import/export are also used as specimens.

[0107] The PCR reaction used in this example includes PCR reaction which uses an extracted nucleic acid itself as
a template, asymmetrical PCR reaction which uses primers on one side of SEQ ID Nos. 107 to 109 (F1 to F3 in Table
11) or SEQ ID Nos. 110 to 112 (R1 to R3 in Table 11), and PCR which executes labeling for visualization.

[1. Preparation of Specimen Amplification PCR Primers]

[0108] As 16s rRNA gene (target gene) amplification PCR primers for etiologic agent detection, nucleic acid se-
quences shown in Table 11 were designed.

[0109] More specifically, probe sets which specifically amplify the genome parts coding the 16s rRNAs, i.e., primers
for which the specific melting points were made uniform as much as possible at the two end portions of the 16s rRNA
coding region of a base length of 1,500 were designed. In order to simultaneously amplify variants or a plurality of 16s
rRNA coding regions on genomes, a plurality of kinds of primers were designed.

[0110] The primers shown in Table 11 were purified by HPLC (High Performance Liquid Chromatography) after syn-
thesis. All of three forward primers and three reverse primers were mixed and dissolved in a TE buffer solution such
that each primer concentration had an ultimate concentration of 10 pmol/ul. In this example, all the forward primers
and reverse primers were used. Alternatively, one to three forward primers and one to three reverse primers may be
used.

[0111] By using a thus prepared solution of forward primers and reverse primers (forward primer mix and reverse
primer mix), genome DNAs extracted by the method described in [3. Extraction of Genome DNAs (Model Specimens)
of Etiologic Agents] were amplified by the method described in [5. Amplification and Labeling of Specimens (PCR
Amplification & Fluorescent Labeling)].

[0112] After the end of reaction, the primers were removed by using a purification column (QlAquick PCR Purification
Kit available from QIAGEN). Then, the amplified products were examined by gel electrophoresis. One band was de-
tected in 1,500 base pair regions, and it was confirmed that satisfactory PCR reaction was executed. No byproducts
were generated.

[0113] When the primers shown in Table 11 were used, satisfactory PCR amplification results were obtained in, e.
g., all of the above-described 10 infectious etiologic agents (Staphylococcus aureus, Staphylococcus epidermidis,
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Serratia marcescens, Streptococcus pneumoniae,
Haemophilus influenzae, Enterobacter cloacae, and Enterococcus faecalis).
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[Example 5] Amplification of 16s rRNA Genes from Mixture of Blood and Broth

[0114] Bacteremia model systems were prepared by adding 103 104, and 105 Enterobacter cloacae, which was
cultured in accordance with the procedures described in Example 1, to 200-ul human blood (collected EDTA blood).
An N-acetyl muramidase solution (0.2 mg/ml in Enzyme Buffer) was added to each solution. The solutions were heated
to 37°C for 30 min. After that, DNAs were extracted by using Qiamp Blood mini Kit (available from QIAGEN) to prepare
templates for PCR reaction.

[0115] PCR reaction was caused for these DNAs by using the primers shown in Table 11, as in Example 4.

[0116] As a result, as in Example 4, one band was detected in 1,500 base pair regions, and it was confirmed that
satisfactory PCR reaction was executed. No byproducts were generated. The amount of PCR amplified products ob-
tained from the band was proportional to the added cell amount. This indicates that when the primer sets were used,
only the 16s rRNAs of Enterobacter cloacae were amplified without generating any PCR byproduct of human genome.
[0117] As described above, according to this example, the 16s rRNA parts in the genes of a plurality of kinds of
infectious etiologic agents can efficiently be amplified at a high purity. In addition, even when human genome DNAs
are present, only the 16s rRNAs of an infectious etiologic agent can efficiently be amplified.

[0118] As has been described above, according to the present invention, an infection detection probe which allows
mass preparation at a time and identification of a species in similar species can be provided. More specifically, an
infection detection probe which can suitably be used to classify a plurality of kinds of etiologic agents of an infection
on the basis of the species can be provided.

[0119] Alternatively, an infection detection probe suitable for detection of, e.g., the above-described 10 bacteria as
the etiologic agents of infections can be provided.

[0120] A probe set can also be provided, which also considers the stability of a hybrid body between an infection
detection probe and a specimen so that the difference between similar species can accurately be evaluated on a DNA
chip.

[0121] In addition, a carrier on which the infection detection probe is immobilized to make the infection detection
probe react with the specimen can be provided.

[0122] Furthermore, a carrier can be provided, on which the infection detection probes are chemically immobilized
so that the infection detection probes are stably immobilized on the carrier, and a detection result with high reproduc-
ibility can be obtained in the process of reaction with a specimen solution.

[0123] According to the present invention, there is also provided a PCR reaction primer which amplifies the 16s
rRNAs of an etiologic agent in a specimen in order to detect and/or identify an infectious etiologic agent.

[0124] According to the present invention, there is also provided a primer set which can commonly be used for a
plurality of species and effectively amplify the 16s rRNAs of an etiologic agent even when the species is unknown.
[0125] According to the present invention, there is also provided a primer set which can amplify the 16s rRNAs of a
plurality of kinds of etiologic agents under the same PCR conditions.

[0126] As many apparently widely different embodiments of the present invention can be made without departing
from the spirit and scope thereof, it is to be understood that the invention is not limited to the specific embodiments
thereof except as defined in the appended claims.
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100

atggcataag agtgaaagge gett

Q10
L¢31)]
Q1
QD

a0y
23

<400>

Artificial

Synthesized DNA prohe named PJ-4
101

gaccegeggt geattageta gt

<210)
Q211
212
Q1

{220»
LerEY

. 400>

102

25

DNA
Artificial

Syathesized DNA probe named PJ-5
102

ggacgttagt aactgaacgt ccect

52

26

22

23

- 28

24

22

25
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10y 103
211y 22
212> DNA
{213 Artificial

<220)
223> Synthesized DNA probe named PJ-6

<400> 103 .
ctcaaccgeg gaggetcatt gg

210> 104

Qi 22

<212) DNA

213> Artificial

20> _

{223)> Synthesized ONA probe named PJ-7

<400 104
tiggaggett tccgeectic ag

<210> 108
Q1 25
{212) DNA
213> Artificial

220 - .
€223) Synthesized DNA probe named PJ-8

<400> 105

. atagagettt cccticgege acaaa

<210) 106
211y 29
<212) DNA
213> Artificial

<220>
€223> Synthesized DNA probe named PJ-9

<400> 106
cgaggtcatg caaatctctt aaagcttct

10y 107

Qi 23

{212> DNA

{213y Artificial

€223) Synthesized DNA for forward primér named F-1

<400> 107
geggegtgee taatacatge aag

10y 108
Quy 23

212> DNA
<13) Actificial

€223> Synthesized DNA for forward primer named F-2

<400> 108
gegecaggee taacacatge aag

<210) 109
QA 23

53

22

22

25
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Q1)
{3

{220>

€223

<400>

EP 1464 710 A2

DNA
Artificial

Synthesized DNA for forward primer named F-3

109

geggeagget taacacatge aag

<ilo> '

Q)
Q12>

L3

€220
<223

<400>

<210
Q1)
Qi)

REIE)
(220

@3
<400>

10

22

DNA
Artificial

Synthesized DNA for reverse primer named R+1

110

.atccagceege accttecgat ac

1
22
DNA

-Artificial

Synthesized DNA for reverse primer named R-2

-1

atccaaccge aggttccect ac

<210)
{2ty
{212
{13

<220
{223)

{400

m

22

DNA
Artificial

Synthesized DNA for reverse primer named R-3

nz2

atccagccge aggttecect ac

210>
Qup
L¢3}
L¢3k

{220)
<3

<400>

13

26

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PA-1
113 ) ‘

tetttcactt ttgaaccatg cggttc

{210)
<
D
Qa3

<220)
{223)

-<400)

114

24

ONA
Artificial

Compiementary DNA Sequence of Synthesized DNA probe PA-2

114

geagegegga tecatctata agte:

€210)
Q1)
Q)
Qa3

s
26
ONA .
Artificial

54

23

22

22

22

26
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<220>
223>

<400>

EP 1464 710 A2

Complementary DNA Sequeace of Synthesized DNA probe PA-3
1s o

ctgattaggt'accgtcaéga tgtgcai ) 26

{210
Q1
{21
{213

{220)
{223

<400>

116

22

DONA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PA-4
116

cgttagctge agcactaagg ge 22

<400>

1§Y

23

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PA-S
u '

gegetttege tgccctttgt att ) ) 23

{210)
Qi
Q12
Q21

<2205

<223>

* €400>

118

25

DNA
Artificial

COmplementa(y DNA Sequence qi Synthesized DNA probe PA-6
18

agctcctaaa aggttactce accgg 25

<210>

R¢iiNg

212
Qi3

<220>
<223

<400>

210>
Qi
Q1)
a3

220>
{223

£400>

119

25

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PA-7
119

tcgacggeta getectaaaa ggtta 25

120 .

23

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe .PA-8
120 N

accttcgace getagetect aaa . 23

10y
211
Q12
Q3

(220
<223

121

23

DNA
Artificial

Couplementary_DNA Sequence of Synthesizéd DNA probe PA-9

55
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<400>

EP 1464 710 A2

121

atttgtccca cettcgacge cta

210>
{11
<1
Q13>

<220)

RerE)

<400>

122

23

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PA-10
122

agagaagcaa gettctegte cgt

<210
Qy

R¢it))

L

<220y
23

<400>

agcgeggatc catctataag tgaca

<{210)
Q11
2¢1 1)
{21

<2207
<223

400>

123

25

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PA-11
123

124

26

DNA
Artificial

Complementary DNA Sequence-of Synthesized DNA probe PA-12
124 ‘

cgtcaagatg tgcacagtta cttaca

<210y
Qi
212
Q13

<220)
<223

400>

<210
Q@
<212y
<43

<220)
23

<400)

125

26

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PA-13
125

~ ggegaagget ctatctctag agttgt

126

26

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PA-14
126

ggctagetee taaaaggtta ctecac

<210
QD
2
{213

€220
3>

(400>

127

22

DNA
Artificial

CowplementaryADNA Séquence of Synthesized DNA probe PB-1
127

geagcaaget cotegtotgt te

56

E]

&)

25

26

26

26
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<210)
Qi
{212
{213

€220p
{2

<400)

EP 1464 710 A2

128

26

DNA
Artificial

Compiementary DNA Sequence,of.Synthesized DNA brobe PB-2
128

agtgacagea aaaccgtctt tcacta

{210y
2
210
{213

{220>
23

{400

129

26

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PB-3
129

accgtcaaga cgtgeatagt tactta

{210)
Q1)
212
Q1)

. {220

)
<400>

130

26

DNA .
Artificiatl

Complementary DNA Sequence of Synthesized DNA probe PB-4
130

ggraaaactc tatctctaga gegetc

<210)
Qi
212>
Qi3

<20)
{223

<400)>

131

24

DNA
Artificial

Coiplementary DNA Sequence of Synthesized DNA probe PB-5
13

gacggctage tccaaatggt tact

<210
Qi
12
Q3

(220>
{2235

400>

132

2

DNA
Artificial

Cogiplementary DNA Sequence of Synthesized DNA probe PB-6
132 : :

gctaacgtea gaggageaag cte

<210)
€211
<{212)
<213

<220)
{223

- <400

133

22

ONA
Artificial

Complementary ONA Sequence of Synthesized DNA probe PB-7
133.

ccaaatgegtt actccaccgg ct

- €210

134

57
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26

26
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Qi 22
{212> ONA
213> Artificial

220>
<223> Complementary DNA Sequence of Syathesized ONA probe PB-8

<400> 134
cagaggagca agctectegt ct-

10> 135

Qi 29

212> DNA

(213> Artificial

220> : ) : .
€223> Complementary DNA Sequence of Synthesized DNA probe PB-9

400> 135
acgtgcatag ttacttacac atttgttct

10> 136
Qay 22
<212) ONA
213> Artificial

<220>
{223) Complementary DNA Sequence of Synthesized DNA probe PB-10

.<400> 136

tegacggcta getecaaatg gt

<210y 137
QI 22
{212> DNA
13 Artificial

<220)
223> Complementary DNA Sequence of Synthesized DNA probe PC-1

<400> 137
tegecacatc cgatggcaag ag

<210y 138
Q) 26
<212> DMA
Q13> Actificial

<220
(223> Complementary DNA Sequence of Synthesized DNA probe PC-2

<400 138

"cggetaacgt caatgagcaa aggtat

<210) 139
{2ty 24
€212> DNA
13 Artificial

{223) Complementary DNA Sequence of Synthesized DNA probe PC-3

<400> 139
ctgegggtaa cgtcaatgag caaa

<210y 140
iy 24
€212) DA
Q13> Artificial

58

22

29

22

22

26
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(220> ' S
(223> Complementary DNA Sequence of Synthesized DNA probe PC-4

<400> 140 _
tctacgagac tcaagcttge cagt

<210 141

Qi 23
<212 " DNA

Q135 Actificial
<220 '

£223> Complementary DNA Sequence of Synthesized DNA probe PC-5

<400) 141

cgegaggteg ctictettty tat

<210) 142
1y 25
12y DA

K213y Artificial

{220) .
223> Complementary DNA Sequence of Syathesized DNA probe PC-6

400> 142 -
actacgacge actttatgag gtecg

£210) 143

Qi 26
{212) DNA

213> Actificial

20> '
223> Complementary DNA Sequence of Synthesized DNA probe PC-T

400> 143
attaacttta ctcccttcct cecege

Q10> 144
Q) 28

{212) DNA -
{13 Artificial

223> Complementary DNA Sequence of Synthesized DNA probe PC-8

400> 144
cagcaaagaa geaagettct tcctgtta

10y 145

Qap 2

{212> DNA

U3 Artificial

{220) ' )
223> Complementary DNA Sequence of Synthesized DNA probe PC-9

400> 145
.atctgggcac atccgatggc aa

210> 146

iy 29
212> DNA
<UD Artificial

. {220)

223> Complementary DNA Sequence of Synthesized DNA probe PC-10

59

24
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{400

210)
{211
Q12
{213

20y
2%

<400)

EP 1464 710 A2

146 -

gageaaaggt attaactita cteccttec : 29

147

22

DNA
Artificial

Complementary DNA Sequence of Synthesized ONA prabe PC-11

LT

cggaccgety gcaacaaaag at _ 22

<210)
Q1
{1
{213

220>

{223

<400>

148

3

DNA
Artificial

Compiementary DNA Sequence of Synthesized DMA probe PC-12
148 :

caatgagcaa aggtattaac tttactccct t - ' i

<210)
L211)
Q12
Q13

{220
<229

{400>

149

23

DNA
Artificial

Complementary ONA Sequence of Synthesized DNA probe PD-1
149

ccgagagcaa getctetgte cta . . 23

{210
{2
{112
Q)

<220>
223>

{400>

€210y
{2
Q1
Uy

<220)
{a

<400

150

2

DNA
Artificial

Compiementary DNA Sequence of Synthesized DNA prohe PD-2
150

tctggecaca tetgatgeca tga . 23

151

25

DNA
Artificial

Complementary DNA Sequence of Synthesized DONA probe PD-3
151 '

attaacctta tcgccttcct ceccg ’ ' 25

400>

152

25

DNA
Artificial

Complementary DMA Sequence of Syanthesized DNA probe PD-4
152 -

tettctgege gtaacgtcaa tcgaa i : _ » 25

60
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<10)
Q1)
2D

- Q)

<220
223>

<400

EP 1464 710 A2

153

26

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PD-5
153

geatttcaca tccgacttga cagace

{2100
Q1)
12>
Q13

<220)
<223

<400)

154

24

DNA
Artificial

Complementary DNA Sequence of Synthesized DNK probe PD-6
154

cccctetaca agactctage ctge

<210)
QD
{12
Q13

- {220

{223)
<400)

<210>

Lan

<y
L¢3 k)2

<220>
<223

<400)

155

24

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PD-7
155

.atctggecac atctgatgge atga

156

24

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PD-8
156

ttaaccttat cgccttectc cccg

{210y
L
Q1)
A%

{220»
<223

- <400>

157

2

DNA
Artificial

Complementary ‘DNA Sequence of Synthesized DNA probe PD-9
157

tettctgege gtaacgtcaa tcgataa

€210y
<211
Qi
<Ay

{220)
<23

<400>

158 -

“DNA

Artiticial

Complementary DNA Sequence of Synthesized DNA probe PD-10
158

gactctagee tgccagttte gaatg

210>

159

61
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Ly 22
€212) OHA
213> Artificial

<220)
223> Complementary DNA Sequence of Synthesized DNA probe PD-11

400> 159

gectaaccge tggeaacaaa gg

<{210) 160
Q) 24
€212> DNA
{213 Artificial

{220>
223> Complementary DNA Sequence of Synthesized DNA probe PE-1

<400> 160
gaagatccec cactttctee ctea

210> 161
Qi 25
{212) DNA
€213> Artificial

{220 :
223> Complementary DNA Sequence of Synthesized DNA probe PE-2

<400> ‘161
getaatccga cctaggetea tetga

210> 162
Q1) 24
212> .DNA
13> Artificial

220> '
<223> Complementary DNA Sequence of Synthesized DNA probe PE-3

400> 162
ccacccteta ccgtacteta gete

210> 163
Qi1 25
€212y DNA
<213 Artificial

220> .
€223> Coumplementary DNA Sequence of Synthesized DNA praobe PE-4

<400> 163 -
gaaattccac caccctetac cgtac

210> 164

Q) 24

212> ONA

{213) Artificial

€220> .
€223) Complementary DNA Sequence of Synthesized DNA probe PE-5

<400> 164
gtgteagtat cagtccaggt ggte

<210) 165
QU 25
<212) DNA
Q13> Artificial

62

22

24

25

24

25
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<220y
235

<400

EP 1464 710 A2

Complementary DNA Sequence of Synthesized DNA probe PE-6
165

gaaagttctc agcatgtcaa gegcca

<400>

166

. 23

DNA

‘Artificial

Complementary. DNA Sequence of Synthesized DNA probe PE-7
166

ccacccgageg tgetggtaac taa

<210y -

Qi
Q)
{3

<220>
2%

<400y

167.

22

ONA
Artificiat

Complementary DNA Sequence of Synthesized DNA probe PE-8
167 "

cgtecccctt geggttagac ta

210)
QI
Qi
{1

220>
23

<400>

168

28

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PE-9

168

gtactctage tcagtagttt tggateca

210>

QI
QU
<21

{220

- a2

<400y

169

22

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PE-10

169 :

aggatcccaa cggctagteg ac

400

170

22

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PF-1
170

agegageaag cteectgtege ta

_<210)

21

- QI

<A

<220>
2

(Kt

25

DNA
Artificial

Complementary DNA Sequenée of Synthesized DNA probe PF-2 )

63

25
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4005 171 .

gatgagegta ttaagctcac cacct

18y 112
{211)- 26
212> DNA
{213y Artificial

<2203

223> Complementary DNA Sequence of Synthesized ONA probe PF-3

400> 172
cttctgcgag taacgtcaat tgatga

TQ10y 173

Qi) 2%
212> -DNA
Q13 Artificial

220> o
223> Complementary DNA Sequence of Synthesized DNA probe PF-4

400> 173 :
tctagettec cagtttcaaa tgeagt

€210y - 174
Q11 24
212> DNA
{213y Artificial

€220>

223> Complementary DNA Sequence of Syhthesized DNA probe PF-5-

<400> 174
ggccgaaget geaacaaagg ataa

210y 118
1y 23
212> DNA
{13 Actificial

{220)

400> 175
ccaccttect cctegetgaa agt

210> 176

Qi 22

212> DNA

Q13> -Artificial

<220) '
223> Complementary DNA Sequence of Synthesized DNA probe PF-7

<400> 176

-gagcaagetc cectgtgcta ce

- Qe 11

Quy 26
<212) ODNA
13> Artificial

220>
€223> Complementary DNA Sequence of Synthesized DNA probe PF-8

<400> 177

tattaagetc accaccttcc tecteg

64

<223> Complementary DNA Sequence of Synthesized DNA probe PF-6

25

26

26

24

2
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<210>
{2
{22

<213

<220»
223

<400>

EP 1464 710 A2

178

26

DNA .
Artificial

Complementary DNA Sequence of Synthesized DNA probe PF-9
178

gegagtaacg tcaattgatg agegta

210>
{2y
12y
213>

<220)-
<223

<400>

179

27

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PF-10

179

‘tctacgagac tctagettge cagttte

{210)
Qi)
QD
Qi3

<220)

BRI

<400>

180

24

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PF-11

186

cgaaccgetg geaacaaagg ataa

€210)
L¢31).
<2
<3

<220»
<223

<400>

181

25

DNA
Artificial

Complementary ONA Sequence of Synthesized DNA probe PG-1
181

caagctccte cttcagegtt ctact

Q10>
L¢31)]

R¢3T)

<213

‘ <220)

<223
<400

Artificial

Complementary DNA Sequence of Synthesized DNA probe PG-2
182

caggtccate tggtagtgat geaag

<)
as
1

RCAk)]

{220)
<223

<400>

183

26

DNA
Artificial

Complementary DNA Sequet_lce of Synthesized DNA probe PG-3
183

gtcacagtgt gaactttcca ctctea

Q>

184

65

26
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€11y
Q12
213

<220
{2235

<400>

EP 1464 710 A2

26

DNA

Artificial

Complementary DNA Sequence of Synthesized DNA probe PG-4
184

aaagcctact atggttaage cacage

210>

Qi

{2
{2

€220)
{223)

<400)

188

23

DNA .

Artificial

Complementary DNA Sequence of Synthesized DNA praobe PG-5
185

agttacaage cagagageeg cti

210>
QI
<12y
213

<220
223

<400>

186

24

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PG-6
186

geactaaace ccggaaagee tcta

- 10

211y
{21
Q13

220>
<229

{400>

187

26

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PG-7
187

tegctttaag agattagett geegtc

<400>

Artificial

Complementary DNA Sequence of Synthesized DNA probe PG-8
188

tecaagtgea ccttttaage aaatgtc

€210)

QD

L1k
213>

<220»
a2

<400>

189

29

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PG-9
189

cactctcaca ctcgttctic tcttacaac

<210

<)

<2125
13

190
24
DNA
Artificial

66

26
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@y :

€223) Complementary DNA Sequence of Synthesized DNA probe PH-1

400> 190
cctecataag ccagattcce aage

Q10> 191
Qi1 23
Q212> DNA
{213 Artificial

{220) _
223> Complementary DNA Sequence of Synthesized DNA probe PH-2

<400> 191
ccacttggge tcatcctatg gea

<210y 192
iy 26
{212) DHA
{213 Artificial

<220y ' ‘
€223) Complementary DNA Sequence of Synthesized DNA probe PH-3

<400> 192
cacatgageg -teagtacatt cccaag

210> 193
Qi) 23
<212> DNA
213> Artificial

{220 -
€223> Complementary DNA Sequence of Synthesized DNA probe PH-4

<400> 193
geaccaaget ctaageccaa tec

210y 194
ey 22
{212) DNA
213> Artificial

<220) o ‘
€223>  Complementary DNA Sequence of Synthesized DNA probe PH-5

<400> 194
cgeagettcg cttecctetg ta

210> 195
Q1) 26
€212) DNA
13> Artificial

<220)
(223} Complementary DNA Sequence of Synthesized ONA probe PH-6

400> 195
tcatgaatca taccgtggta aacgec:

210> 196
L1y 23
212> DNA
Q13> Artificial

Q) 4
223> Complementary DNA Sequence of Synthesized DNA probe PH-T

67
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<400

EP 1464 710 A2

196

agatcgeagg cttggtagge att

<10

Qi -

L2112y
(%ls)

220>
223

400>

Artificial

Complementary DNA Sequence of Synthesized DNA probe PH-8
197 .

agtcccgeac tttcatctte cgata

{210)
Qi
<)
Q3

{220)
(223>

-<400>

198

23

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PI-1
198

tgcaagcact cgggaggaaa gaa

10»

LA

QU
<23

. €220

23

" <400>

199

25

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PI-2
199

ctgatgggta gettacccac gtgtt

210)
Qi
212>

{13

<220)
{223

<400

200

24

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe Pi-3-

200

aagegecttt cactcttatg ceat

{210)
{211
{212
Q13

- 220>

{223

400>

201

22

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe Pi-4
o

aptagctaat geaccgegeg tc

<210y
Qi
Qi
Q13

{220)
223>

{400>

202

25

DNA
Artificial

Comolenentary’DNA Sequence of Synthesized DNA prabe PI-5
202

agggeacgtt cagttactaa cgtee

68

r]

25

23

25

24

2
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<210>
Qi
{21
{213

207

<223

<400
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Artificial

Compiementary DNA Sequence of Syathesized DNA probe Pi-6
203 .

ccaatgacce tccccgetty ag

<210>
Q11)
212
{213

{220).

{223)
<400

204
22

. DNA

Artificial

Complementary DNA Sequence of Synthesized DNA probe PI-7
204

ctgaagggee -gaaaccctec aa

<210)
LAk}
{212
Qi3

{2207

<2235

<400

{210)
Qi
{12
{213

{220y
<29

{400>

205
23

-DNA

Artificial

Complementary DNA Sequence of Synthesized DNA probe P{-8
205

~cgagagcaag ctctctgtee tac

Artificial

Complementary ONA Sequence of Synthesized DNA probe Pi-9
206

taaccacaac accttcctee ceg

€210)
{11
Q12
{213)

220>

23>
<400)>

207

23

ONA
Artificial

Complementary DNA Sequence of Synthesized DNA probe P1-10
207

cgggtaacgt caattgetgt gat

- €210

Qi
{212)
Q)

<220)
Q23

<400)

<é|o>

208

26

DNA
Actificial

Complementary DNA Sequencé of Synthesized DNA prabe P1-11

- 208 .
ctacaagact ctagectgee agtttce

209

69

22

2

23

2

23

26
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QI
{21
<213

{220
{223

<400
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22

DNA _

Artificial

Complementary DNA Sequence of Synthesized DNA prbbe P1-12
209

catccgactt gacagaccge ¢t

<10
i

{212

<21

220>
G235

<400)

210

22

DNA
Artificial

Compiementary DNA Sequence of Synthesized DNA probe PJ-1
210 '

teaccegaga geaagetcte tg

210>
Qi
212>
{23

(220>
Q23

<400>

21

26

ONA
Artificial

Complementary DNA Sequence -of Synthesized DNA probe PJ-2
2n

gttattaace acaacacctt cctece

10>

Q1)
{212
QU3

{220)
<

{400

212

26

DNA
Artificial

Complementary DNA Sequence of Synthesized DNA probe PJ-3

212

ttectgteget tattaaccac aacacc

10
1))
212>

12
a3y

{220>

K223

<400)

Artificial

Complementary DNA Sequgnce of Synthesized DNA probe PJ-4
213

cacatccgac ttgacagacc gc

<210»

.<400)

Artificial

Complementary DNA Seqﬁence of Synthesized ONA probe PJ-5
214

agactctage ctgccagttt cgaat

10>
QI
12y

R ¢4 k)

215
25
DNA

Artificial

70

22

-2

26

26

2

25
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<220) .
€223> Complementary DNA Sequence of Synthesized DNA probe PJ-6

<400> 215 , .
ceggtaacgt caattgctgt getta : 25

216> 216

QI 24

<212> DNA
-3 Artificial

220>
{223> Complementary DNA Sequence of Synthesized DNA probe PJ-7

<400> 216
tetictecge gtaacgtcaa ttge 24

€210 217 .
)y 25

{212> DNA
213> Artificial

220> - .
<223> Complementary DNA Sequence of Synthesized DNA probe PJ-8

<400> 217
tttgtccecg aagggaaage tctat 25 .

210> 218

Qiy 29

(212> DNA

213> Artificial

{220
© <223> Compiementary DNA Sequence of Synthesized DNA probe PJ-9

<400> 218
agaagcttta agagatttgc atgaccteg ) ) : 29

Claims
1. Aninfectious etiologic agent detection probe set which detects an infectious etiologic agent gene, comprising:

a plurality of kinds of probes including oligonucleotide having base sequences selected from each of a plurality
of groups selected from a first group including base sequences of SEQ ID Nos. 1 to 14 and complementary
sequences thereof, a second group including base sequences of SEQ ID Nos. 15 to 24 and complementary
sequences thereof, a third group including base sequences of SEQ ID Nos. 25 to 36 and complementary
sequences thereof, a fourth group including base sequences of SEQ ID Nos. 37 to 47 and complementary
sequences thereof, a fifth group including base sequences of SEQ ID Nos. 48 to 57 and complementary
sequences thereof, a sixth group including base sequences of SEQ ID Nos. 58 to 68 and complementary
sequences thereof, a seventh group including base sequences of SEQ ID Nos. 69 to 77 and complementary
sequences thereof, an eighth group including base sequences of SEQ ID Nos. 78 to 85 and complementary
sequences thereof, a ninth group including base sequences of SEQ ID Nos. 86 to 97 and complementary
sequences thereof, and a 10th group including base sequences of SEQ ID Nos. 98 to 106 and complementary
sequences thereof.

2. A carrier on which a probe included in an infectious etiologic agent detection probe set of claim 1 is chemically
immobilized.

3. A genetic screening method of detecting an infectious etiologic agent gene by using a carrier of claim 2.
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.
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An infection detection probe which can detect a gene originated in Staphylococcus aureus, which includes oligo-
nucleotide having one of the base sequences of SEQ ID Nos. 1 to 14 and complementary sequences thereof.

A probe set which can detect a gene originated in Staphylococcus aureus and includes at least one of infection
detection probes each comprising oligonucleotide having one of the base sequences of SEQ ID Nos. 1 to 14 and
complementary sequences thereof.

A carrier on which an infection detection probe included in the probe set of claim 5 is chemically immobilized.

A genetic screening method of detecting a gene originated in Staphylococcus aureus by using a carrier of claim 6.

An infection detection probe which can detect a gene originated in Staphylococcus epidermidis, which includes
oligonucleotide having one of the base sequences of SEQ ID Nos. 15 to 24 and complementary sequences thereof.

A probe set which can detect a gene originated in Staphylococcus epidermidis and includes at least one of infection
detection probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 15 to 24 and
complementary sequences thereof.

A carrier on which an infection detection probe included in the probe set of claim 9 is chemically immobilized.

A genetic screening method of detecting a gene originated in Staphylococcus epidermidis by using a carrier of
claim 10.

An infection detection probe which can detect a gene originated in Escherichia coli, which includes oligonucleotide
having one of the base sequences of SEQ ID Nos. 25 to 36 and complementary sequences thereof.

A probe set which can detect a gene originated in Escherichia coli and includes at least one of infection detection
probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 25 to 36 and comple-

mentary sequences thereof.

A carrier on which at least one kind of infection detection probe of infection detection probes of claim 13 is chemically
immobilized.

A genetic screening method of detecting a gene originated in Escherichia coli by using a carrier of claim 14.

An infection detection probe which can detect a gene originated in Klebsiella pneumoniae, which includes oligo-
nucleotide having one of the base sequences of SEQ ID Nos. 37 to 47 and complementary sequences thereof.

A probe set which can detect a gene originated in Klebsiella pneumoniae and includes at least one of infection
detection probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 37 to 47 and

complementary sequences thereof.

A carrier on which at least one kind of infection detection probe of infection detection probes of claim 17 is chemically
immobilized.

A genetic screening method of detecting a gene originated in Klebsiella pneumoniae by using a carrier of claim 18.

An infection detection probe which can detect a gene originated in Pseudomonas aeruginosa, which includes
oligonucleotide having one of the base sequences of SEQ ID Nos. 48 to 57 and complementary sequences thereof.

A probe set which can detect a gene originated in Pseudomonas aeruginosa and includes at least one of infection
detection probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 48 to 57 and
complementary sequences thereof.

A carrier on which an infection detection probe included in the probe set of claim 21 is chemically immobilized.

A genetic screening method of detecting a gene originated in Pseudomonas aeruginosa by using a carrier of claim
22.
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24,

25,

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41,

42,
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An infection detection probe which can detect a gene originated in Serratia marcescens, which includes oligonu-
cleotide having one of the base sequences of SEQ ID Nos. 58 to 68 and complementary sequences thereof.

A probe set which can detect a gene originated in Serratia marcescens and includes at least one of infection
detection probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 58 to 68 and
complementary sequences thereof.

A carrier on which an infection detection probe included in the probe set of claim 25 is chemically immobilized.

A genetic screening method of detecting a gene originated in Serratia marcescens by using a carrier of claim 26.

An infection detection probe which can detect a gene originated in Streptococcus pneumoniae, which includes
oligonucleotide having one of the base sequences of SEQ ID Nos. 69 to 77 and complementary sequences thereof.

A probe set which can detect a gene originated in Streptococcus pneumoniae and includes at least one of infection
detection probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 69 to 77 and
complementary sequences thereof.

A carrier on which atleast one kind of infection detection probe of infection detection probes of claim 29 is chemically
immobilized.

A genetic screening method of detecting a gene originated in Streptococcus pneumoniae by using a carrier of
claim 30.

An infection detection probe which can detect a gene originated in Haemophilus influenzae, which includes oligo-
nucleotide having one of the base sequences of SEQ ID Nos. 78 to 85 and complementary sequences thereof.

A probe set which can detect a gene originated in Haemophilus influenzaeand includes at least one of infection
detection probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 78 to 85 and

complementary sequences thereof.

A carrier on which atleast one kind of infection detection probe of infection detection probes of claim 33 is chemically
immobilized.

A genetic screening method of detecting a gene originated in Haemophilus influenzaeby using a carrier of claim 34.

An infection detection probe which can detect a gene originated in Enterobacter cloacae, which includes oligonu-
cleotide having one of the base sequences of SEQ ID Nos. 86 to 97 and complementary sequences thereof.

A probe set which can detect a gene originated in Enterobacter cloacae and includes at least one of infection
detection probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 86 to 97 and

complementary sequences thereof.

A carrier on which at least one kind of infection detection probe of infection detection probes of claim 37 is chemically
immobilized.

A genetic screening method of detecting a gene originated in Enterobacter cloacae by using a carrier of claim 38.

An infection detection probe which can detect a gene originated in Enterococcus faecalis, which includes oligo-
nucleotide having one of the base sequences of SEQ ID Nos. 98 to 106 and complementary sequences thereof.

A probe set which can detect a gene originated in Enterococcus faecalis and includes at least one of infection
detection probes each including oligonucleotide having one of the base sequences of SEQ ID Nos. 98 to 106 and

complementary sequences thereof.

A carrier on which at least one kind of infection detection probe of infection detection probes of claim 41 is chemically
immobilized.
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43.

44,

45,

46.

47.

48.

49,
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A genetic screening method of detecting a gene originated in Enterococcus faecalis by using a carrier of claim 42.

An infectious etiologic agent amplification reaction primer used to PCR-amplify a 16s rRNA gene arrangement of
an infectious etiologic agent, comprising:

oligonucleotide having one of base sequences of SEQ ID Nos. 107 to 112.

The primer according to claim 44, wherein the sequence is different from a base sequence of a human genome
DNA by not less than three bases.

An infectious etiologic agent amplification reaction primer set used to PCR-amplify a 16s rRNA gene arrangement
of an infectious etiologic agent, comprising:

a plurality of primers each comprising oligonucleotide having a plurality of base sequences including at least
one of base sequences of SEQ ID Nos. 107 to 109 and at least one of base sequences of SEQ ID Nos. 110
to 112.

The primer set according to claim 46, wherein PCR reaction is caused for a human blood specimen by using all
the primer sets simultaneously.

An infectious etiologic agent detection method of detecting an infectious etiologic agent by a DNA probe by exe-
cuting a PCR amplification process using an infectious etiologic agent amplification reaction primer set of claim 46.

An infectious etiologic agent detection probe set which detects an infectious etiologic agent gene, comprising:

a plurality of kinds of probes including oligonucleotide having base sequences selected from each of a plurality
of groups selected from a first group including base sequences of SEQ ID Nos. 1 to 9 and complementary
sequences thereof, a second group including base sequences of SEQ ID Nos. 15 to 21 and complementary
sequences thereof, a third group including base sequences of SEQ ID Nos. 25 to 31 and complementary
sequences thereof, a fourth group including base sequences of SEQ ID Nos. 37 to 42 and complementary
sequences thereof, a fifth group including base sequences of SEQ ID Nos. 48 to 55 and complementary
sequences thereof, a sixth group including base sequences of SEQ ID Nos. 58 to 62 and complementary
sequences thereof, a seventh group including base sequences of SEQ ID Nos. 69 to 75 and complementary
sequences thereof, an eighth group including base sequences of SEQ ID Nos. 78 to 84 and complementary
sequences thereof, a ninth group including base sequences of SEQ ID Nos. 86 to 92 and complementary
sequences thereof, and a 10th group including base sequences of SEQ ID Nos. 98 to 101 and complementary
sequences thereof.
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Table 1 : Probes for detecting Staphylococcus aureus strain
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