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ABSTRACT

Four highly conserved genes, encoding translation elongation factor Tu, translation
elongation factor G, the catalytic subunit of proton-translocating ATPase and the
RecA recombinase, are used to generate a sequence repertory or bank and species-
specific, genus-specific, family-specific, group-specific and universal nucleic acid
probes and amplification primers to rapidly detect and identify algal, archaeal,
bacterial, fungal and parasitical microorganisms from specimens for diagnosis. The
detection of associated antimicrobial agents resistance and toxin genes are also under
the scope of the present invention.
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CLAIMS

1. A method for detecting the presence or absence in a sample of at least one
microorganism belonging to the Klebsiella pneumoniae, Klebsiella oxytoca,
Klebsiella planticola or Klebsiella ornithinolytica bacterial species and/or

Klebsiella genus comprising:

) Contacting said sample with at least one species-specific or genus-
specific oligonucleotide selected to be sufficiently complementary to
hybridize to at least one tuf nucleic acid specific to said species or
genus;

i) Allowing said oligonucleotide and said tuf nucleic acid to hybridize
under conditions such that said oligonucleotide hybridizes to said {uf
nucleic acid, wherein said oligonucleotide hybridizes only to
microorganisms belonging to the target Klebsiella species or
Klebsiella genus and does not detectably hybridize to tuf nucleic
acids from non-target microorganisms,; and

1) Testing for hybridization of said at least one species-specific or

genus-specific oligonucleotide to said tuf nucleic acid,

wherein said at least one species-specific oligonucleotide is capable of
hybridizing to the following target nucleic acid(s): (a) a tuf nucleic acid consisting
of SEQ ID NO: 99 or the complement thereof, for the detection of K
ornithinolytica; (b) tuf nucleic acids consisting of SEQ ID NOs: 100 and 1839 or
complements thereof, for the detection of K. oxytoca; (c) tuf nucleic acids
consisting of (i) SEQ ID NOs: 102, 103 and 104 or complements thereof; or (i)
SEQ ID NO: 2261 or a complement thereof, for the detection of K. pneumoniae;
or (d) a tuf nucleic acid consisting of SEQ ID NO: 101 or a complement thereof

for the detection of K. Planticola;

wherein said at least one genus-specific oligonucleotide is capable of hybridizing
to each of the following target nucleic acids: (i) tuf nucleic acids consisting of
SEQ ID NOs: 99-104 and 1839, or complements thereof; or (ii) tuf nucleic acids
consisting of SEQ ID NOs: 1839 and 2261, or complements thereof; and

wherein said oligonucleotide is capable of:
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() specifically amplifying its target nucleic acid(s) using PCR
conditions comprising for each amplification cycle a denaturation

step of 1 s at 95°C and an annealing-extension step of 30 s at 50-
65°C : or

() specifically hybridizing to its target nucleic acid(s) under the
following conditions:

- hybridization at 55°C for 30 min in a solution comprising 1.5M NaCl
and 10mM EDTA followed by the following post-hybridization
washings:

aa) twice in 2X SSC containing 0.1% SDS at 55°C for 15 min;
and
bb) four times in 0.1X SSC containing 0.1% SDS at 55°C for 15
min.

The method of claim 1, wherein said method comprises hybridizing said sample
with at least one species-specific oligonucleotide for the detection of Klebsiella
pneumoniae, wherein said at least one species-specific oligonucleotide
comprises a probe or primer which specifically hybridizes to a polynucleotide
defined by SEQ ID NO: 1329 or 1330 or a complement thereof.

The method of claim 2, wherein said at least one oligonucleotide comprises a
first primer which specifically hybridizes to a polynucleotide defined by SEQ ID
NO: 1329 and a second primer which specifically hybridizes to a polynucleotide
-~ defined by SEQ ID NO: 1330, for the detection of K. pneumoniae.

The method of claim 2, wherein said at least one oligonucleotide comprises a
primer pair consisting of a first primer consisting of the polynucleotide defined by
SEQ ID NO: 1329 and a second primer consisting of the polynucleotide defined
by SEQ ID NO: 1330, for the detection of K. pneumoniae.

The method of any one of claims 1-4, further comprising the detection of K
pneumoniae subs. pneumoniae, wherein said detection of K. pneumoniae subs.
pneumoniae comprises contacting said sample with at least one oligonucleotide
which specifically hybridizes to a polynucleotide defined by SEQ ID NO: 103 or a

complement thereof.
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The method of any one of claims 1-5, further comprising the detection of K.
pneumoniae subs. ozaenae, wherein said detection of K. pneumoniae subs.
ozaenae comprises contacting said sample with at least one oligonucleotide
which specifically hybridizes to a polynucleotide defined by SEQ ID NO: 102 or a
complement thereof.

The method of any one of claims 1-6, further comprising the detection of K
pneumoniae subs. rhinoscleromatis, wherein said detection of K. pneumoniae
subs. rhinoscleromatis comprises contacting said sample with at least one
oligonucleotide which specifically hybridizes to a polynucleotide defined by SEQ
ID NO: 104 or a complement thereof.

The method of any one of claims 1-7, wherein said Klebsiella genus consists of

K. oxytoca, K. ornithinolytica, K. planticola and K. pneumoniae.

The method of any one of claims 1-8, further comprising detecting the presence
or absence in said sample of a shv-type beta-lactamase conferring antibiotic
resistance in Klebsiella pneumoniae comprising detecting the presence of one or

more of the following amino acid substitutions in said shv-type beta-lactamase:

Ser 130 to Gly;

Asp 179 to Ala or Asn;
Gly 238 to Ser; and
Glu 240 to Lys.

o o U 9

The method of claim 9, wherein said method comprises contacting said sample
with at least one oligonucleotide which specifically hybridizes to a shv-type beta-
lactamase polynucleotide defined by SEQ ID NO: 1884, 1885, 1896 or a

complement thereof.

The method of claim 10, wherein said at least one oligonucleotide comprises a
first primer consisting of the polynucleotide defined by SEQ ID NO: 1884 and a
second primer consisting of the polynucleotide defined by SEQ ID NO: 1335.

The method of any one of claims 8-11, wherein said method comprises

contacting said sample with at least one oligonucleotide which specifically
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hybridizes to a shv-type beta-lactamase polynucleotide defined by SEQ ID NO:
1886, 1887, 1888, 1889, 1890, 1891, 1892, 1893, 1894, 1895, 1897 or 1898 or
to a complement thereof.

The method of claim 12, wherein said at least one oligonucleotide comprises a

probe consisting of the polynucleotide defined by SEQ ID NO:; 1886, 1887, 1888,
1889, 1890, 1891, 1892, 1893, 1894, 1895, 1897 or 1898.

The method of claim 13, wherein said at least one oligonucleotide comprises
multiple probes consisting of the polynucleotides defined by SEQ ID NOs: 1886,
1887, 1888, 1889, 1890, 1891, 1892, 1893, 1894, 1895, 1897 and 1898.

The method of any one of claims 9-14, wherein said antibiotic resistance
comprises a resistance to third generation cephalosporins and to beta-

lactamase inhibitors.

The method of any one of claims 1-15, further comprising detecting the
presence or absence in said sample of one or more genes conferring antibiotic
resistance to quinolone in Klebsiella pneumoniae comprising detecting the

presence of one or more of the following amino acid substitutions:

) @) Ser 83 to Tyr or Phe; and b) Asp-87 to Gly, Ala or Asn in the gyrA
subunit of DNA gyrase encoded by the gyrA gene; and
ii) a) Ser 80 to lle or Arg; and b) Glu 84 to Gly or Lys in the parC

subunit of topoisomerase |V encoded by the parC gene.

The method of claim 16, wherein said method comprises contacting said sample
with at least one oligonucleotide which specifically hybridizes to a gyrA
polynucleotide defined by SEQ ID NO: 1936, 1937 or 1942 or to a complement
thereof.

The method of claim 17, wherein said at least one oligonucleotide comprises a
first primer consisting of the polynucleotide defined by SEQ [D NO: 1936 and a
second primer consisting of the polynucleotide defined by SEQ ID NO: 1937 or
1942, for detecting the gyrA gene.
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The method of any one of claims 16-18, wherein said method comprises
contacting said sample with at least one oligonucleotide which specifically
hybridizes to a polynuclectide defined by SEQ ID NO: 1945, 1946, 1947, 1948

or 1949 or to a complement thereof, for the detection of a gyrA gene conferring
antibiotic resistance.

The method of claim 19, wherein said at least one oligonucleotide comprises a
probe consisting of the polynucleotide defined by SEQ ID NO: 1945, 1946, 1947,
1948 or 1949 or to a complement thereof, for the detection of a gyrA gene

conferring antibiotic resistance.

The method of claim 20, wherein said at least one oligonucleotide comprises
multiple probes consisting of the polynucleotides defined by SEQ 1D NOs: 1945,
1946, 1947, 1948 and 1949.

The method of any one of claims 16 -21, wherein said method comprises
contacting said sample with at least one oligonucleotide which specifically
hybridizes to a parC polynucleotide defined by SEQ ID NO: 1934, 1935 or 1936

or to a complement thereof.

The method of claim 22. wherein said at least one oligonucleotide comprises a
first primer consisting of the polynucleotide defined by SEQ ID NO: 1935 and a
second primer consisting of the polynucleotide defined by SEQ 1D NO: 1934 or
1936, for detecting the parC gene.

The method of any one of claims 16-23, wherein said method comprises
contacting said sample with at least one oligonucleotide which specifically
hybridizes to a polynucleotide defined by SEQ 1D NO: 1950, 1951, 1952 or 1953
or to a complement thereof, for the detection of a parC gene conferring antibiotic

resistance.

The method of claim 24, wherein said at least one oligonucleotide comprises a
orobe consisting of the polynucleotide defined by SEQ ID NO: 1950, 1951, 1952
or 1953 or to a complement thereof, for the detection of a parC gene conferring

antibiotic resistance.
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26. The method of claim 25, wherein said at least one oligonucleotide comprises
multiple probes consisting of the polynucleotides defined by SEQ ID NOs: 1950,
1951, 1952 and 1953.

27. The method of any one of claims 1-26, wherein step (iii) is performed by using a

nucleic acid target amplification method.

28. The method of any one of claims 1-26, wherein step (iii) is based on a signal

amplification method.

29. The method of any one of claims 1-28, wherein a plurality of primers and/or

probes is used in a multiplex PCR assay.

30. An isolated tuf oligonucleotide primer or probe for detecting the presence or
absence in a sample of at least one microorganism belonging to Klebsiella
pneumoniae, Klebsiella oxytoca, Klebsiella planticola or Klebsiella ornithinolytica
bacterial species and/or Klebsiella genus, wherein said oligonucleotide
hybridizes to the following target nucleic acid(s):

(a) a tuf nucleic acid consisting of SEQ ID NO: 99 or the complement
thereof, for the detection of K. ornithinolytica;

(b) tuf nucleic acids consisting of SEQ ID NOs: 100 and 1839 or
complements thereof, for the detection of K. oxytoca,

(c) tuf nucleic acids consisting of (i) SEQ ID NOs: 102, 103, and 104 or
complements thereof; or (i) SEQ ID NO: 2261 or a complement thereof,
for the detection of K. pneumoniae;

(d) a tuf nucleic acid consisting of SEQ ID NO: 101 or a complement

thereof, for the detection of K. planticola; or
(e) each of the tuf nucleic acids consisting of (i) SEQ ID NOs: 99-104 and

1839, or complements thereof, or (i) SEQ ID NOs:1839 and 2261 or
complements thereof, for the detection of Klebsiella genus,
for detecting the presence or absence in a sample of at least one microorganism
belonging to Klebsiella pneumoniae, Klebsiella oxytoca, Klebsiella planticola or

Klebsiella ornithinolytica bacterial species and/or Klebsiella genus, wherein said

oligonucleotide is capable of:

(i) specifically amplifying its target nucleic acid(s) using PCR

conditions comprising for each amplification cycle a denaturation
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step of 1 s at 95°C and an annealing-extension step of 30 s at 50-
65°C : or

(1) specifically hybridizing to its target nucleic acid(s) under the

following conditions:

- hybridization at 55°C for 30 min in a solution comprising 1.5M NaCl
and 10mM EDTA followed by the following post-hybridization
washings:

aa) twice in 2X SSC containing 0.1% SDS at 55°C for 15 min;
and
bb) four times in 0.1X SSC containing 0.1% SDS at 55°C for 15
min.

31. An isolated tuf oligonucleotide consisting of the polynucleotide defined by SEQ ID
NO: 1329 or 1330 or the complement thereof.

32. An isolated tuf nucleic acid comprising SEQ 1D NOs: 99-104, 1839 or 2261 or a

complement thereof.

33. The isolated oligonucleotide of claim 30, wherein said oligonucleotide consists of

12-30 nucleotides in length.

34. A kit for detecting the presence or absence in a sample of at least one
microorganism belonging to the Klebsiella pneumoniae, Klebsiella oxytoca,
Klebsiella planticola or Klebsiella ornithinolytica bacterial species and/or

Klebsiella genus, said kit comprising oligonucleotide probes and/or primers,
wherein at least one of said oligonucleotide probes and/or primers Is capable of

specifically hybridizing to the following target nucleic acid(s):
(a) a tuf nucleic acid consisting of SEQ ID NO: 99 or the complement
thereof, for the detection of K. ornithinolytica,
(b) tuf nucleic acids consisting of SEQ ID NOs: 100 and 1839 or
complements thereof, for the detection of K. oxytoca;
(¢) tuf nucleic acids consisting of (1) SEQ ID NOs: 102, 103 and 104 or
complements thereof; or (ii) SEQ ID NO: 2261 or a complement thereof,

for the detection of K. pneumoniae;
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(d) a tuf nucleic acid consisting of SEQ ID NO: 101 or a complement
thereof, for the detection of K. planticola; or

(e) each of the fuf nucleic acids consisting of (i) SEQ ID NOs: 99-104, and
1839, or complements thereof; or (i) SEQ ID NOs: 1839 and 2261 or

complements thereof, for the detection of Klebsiella genus,

wherein said at least one of said oligonucleotides probes and/or primers is capable
of:

(1) specifically amplifying its target nucleic acid(s) using PCR conditions
comprising for each amplification cycle a denaturation step of 1 s at

95°C and an annealing-extension step of 30 s at 50-65°C ; or

(i) specifically hybridizing to its target nucleic acid(s) under the following

conditions:

- hybridization at 55°C for 30 min in a solution comprising 1.5M NaCl
and 10mM EDTA followed by the following post-hybridization
washings:

aa) twice in 2X SSC containing 0.1% SDS at 55°C for 15 min;
and
bb) four times in 0.1X SSC containing 0.1% SDS at 55°C for 15
min.

35. The kit of claim 34, wherein said kit comprises an oligonucleotide consisting of a
polynucleotide defined by SEQ ID NO: 1329 or 1330 or a complement thereof.

36. A vector comprising the isolated oligonucleotide of any one of claims 30, 31 and

33 or the isolated nucleic acid of claim 32.
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