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For the genus~specific or/and species-specific detection
of bacteria in a sample liquid, bacterial RNA is
hybridized with a primer which is complementary to a
genus-specific or species-specific region of the RNA oI
particular bacteria or to a highly conserved region of
the RNA of bacteria in general, but which is not
complementary at its 3' end to the RNA of bacteria of
another genus or species, the primer is elongated in the
presence of a suitable polymerase and the four

deoxyribonucleotides, if desired, with a concurrent or
subsequent labelling of the elongation product and an

elongation product formed is hybridized with a genus-
specific or species-specific oligonucleotide after
denaturation and the hybridization is detected by means
of the oligonucleotide label. '
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The invention concerns a method for the genus-specific
or/and species-specific detection of bacteria in a
sample liquid.

After the development of hybridization techniques many
methods were developed for the detection of certain
nucleic acids which could be used to detect the presence
or absence of particular nucleic acid segments. These
methods also encompass the diagnosis of human hereditary

diseases as well as of other defects at the genome level

which do not necessarily lead to an actual effective
disease. However, the nucleic acid tests based on the
initially developed methods did not have a very high
specificity and there were difficulties with respect to

the accuracy of the detection in particular when testing
for mutations on nucleic acids which only affected a few
bases. In particular the known hybridization methods

were too unspecific for the differentiation of nucleic

acid variants which merely differed 1in one or two bases.
The reason for this was firstly that very stringent
conditions could not be used for the hybridization
because of the use of relatively short oligonucleotides
which is why the absence of hybridization of one base (a
so-called "mismatch") could usually not be detected.
Another reason was the availability of often only
relatively small amounts of purified nucleic acid or

nucleic acidsto be differentiated.
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The PCR reaction was developed among others as part of
the further development of the nucleic acid detection
methods and can be used to amplify a nucleic acid to be
detected. However, by-products are often formed in the
PCR reaction which interfere with the subsequent detec-
tion by hybridization. Therefore a method was already
suggested in EP 0 332 435 (filed March 9, 1989 in the
name of Imperial Chemical Industries and published
September 13, 1989) in which, in order to differentiate
between nucleic acids which differ by at least one
nucleotide, a diagnostic primer is used which is elon-
gated with the aid of a polymerase and the nucleoside
triphosphates, whereby, however, an elongation only takes
place when the 3' terminal nucleotide of the primer 1is
complementary to the corresponding nucleotide of the
nucleic acid to be detected. The presence of a possible
point mutation variant 1s determined in this method via
the presence or absence of an elongation product. This 1is
shown in this application using particular hereditary

diseases in humans as an example.

However, there are also difficulties in this technique
in that some polymerases have a so-called "proof reading
activity" which corrects the mismatch during the primer
elongation and thus make a specific detection
impossible. It was therefore still necessary to develop
a method with which' differences of only one base on
nucleic acids can be detected reliably. In particular
there was a need for a highly specific detection method
for nucleic acid variants in order to detect the

presence or absence of particular bacterial genera and

to differentiate between them in a sample liquid. The

present invention seeks to provide such a highly

specific method.
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The invention therefore concerns a method for the genus-—
specific or/and species-specific detection of bacteria
in a sample liguid in which bacterial RNA is hybridized
with a primer which is complementary to a genus-specific
or species-specific region of RNA of particular bacterila
but which is not complementary at its 3' end to the RNA
of bacteria of another genus or specles, the primer 1is
elongated in the presence of a suitable polymerase and

the four deoxyribonucleotides, if desired, with a
concurrent or subsequent labelling of the elongation
product whereby an elongation product which forms when
the primer and template RNA are complementary 1s
additionally hybridized, after denaturation, with a
genus-specific or species-specific oligonucleotide and
the hybridization is detected by means of the
oligonucleotide label.

Within the scope of the invention the primer can also be
complementary to a region of the RNA of bacteria which 1is

in general highly conserved provided that a mismatch
results at the 3' end of the primer when 1t 1s base

paired with the RNA of the other genus or species.

Within the scope of the invention the term "bacterial
RNA" also includes an amplification product of the RNA
which is directly formed by the bacteria. The amplifica-
tion of the bacterial RNA can be carried out using known
methods such as e.g. polymerase chain reaction (USP

4, 683,195 by Mullis et al., in the name of CETUS
Corporation and published July 28, 1987), nucleic acid
sequence based amplificétion (EP-A 0 329 822, filed
August 26, 1988, in the name of Cangene Corporation and
published February 24, 1988) or fast enzyme linked
intense chain replication effect (German Patent
Application P 39 29 030.1 filed September 1, 1989, 1in

the name of Boehringer Mannheim GmbH and published
March 7, 1991).
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Since two selection steps are used in the method

according to the present invention 1t 1s possible to
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considerably reduce the risk of erroneous results caused
by only one differentiating reaction and thus the method
provides a highly specific test which can be used to
differentiate between bacterial RNAs which only differ
in a few bases which in turn allows a statement about
the presence of a particular bacterial genus or speciles.
Indeed it is particularly the 16S-rRNA and also the 23S-
rRNA of bacterial species which often only differ 1in a
few nucleotides. Such differences are often the only
possibility of differentiating between "harmful" and

"harmless" bacteria. In principle also a differentiation of
individual bacterial families can be carried out

according to the present invention.

In a particular preferred embodiment of the invention it
is possible to determine the actual species in virtually
one step after an examination for the presence of
members of a genus of bacteria. A primer is used for
this which is complementary to the RNA of a particular
genus of bacteria but which differs from the RNA of

bacteria of other genera by at least one and preferably
two or three bases at its 3' end. If bacteria of the

genus being searched for are present in the sample
liquid, an elongation product is formed after primer
elongation and this elongation product 1is then

hybridized with an oligonucleotide which corresponds to
another region of the bacterial RNA whereby in this case
the requirements for hybridization are only met for a

particular species of this bacterial genus.

In the method according to the present invention it 1is

possible to use very long primers for the hybridization
of the RNA with the primer which in turn allows the use
of very stringent conditions in this hybridization. As a
result the primer elongation step already ylelds a very
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specific result which is substantially increased by the
additional hybridization step. According to the present
invention it is also possible to run additional control
experiments in which primers or oligonucleotides are
used which are complementary or identical to regions on
the RNA which are the same for many bacterial genera and
species. For control experiments there are even primers
or oligonucleotides which are specific for all
eubacteria. The presence and accessibility of the target
RNA can be demonstrated by such control experiments and
thus prevents "false negative" results. In addition
blind experiments without target RNA can be carried out.
By this means it is possible to avoid mistaking
artefacts in the primer elongation as well as in the
hybridization for the actual specific reaction. At the
same time the amounts of bacteria of a particular genus
or species can be estimated in relation to the total
amount of bacteria.

According to the present invention any RNA which can be
shown to be different in different genera or species can
be used as the RNA of bacterial origin.rRNA, mRNA or t-
RNA is preferably used by selecting primers and
oligonucleotides for the method according to the present

invention which are complementary to them. Bacterial RNA
is prepared for the method according to the present
invention according to known methods.

The actual detection of the hybridization of the
elongation product formed is carried out via the
oligonucleotide label whereby any type of label for
nucleic acids can be used in this case. According to the
present invention the elongation product can in addition
be labelled in order to also observe this reaction; the
labelling can either be carried out during its formation
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or subsequently or it can be labelled via the primer.
The labelling of the elongation product is preferably

carried out by using a primer which 1is already labelled.

It is particularly preferred according to the present

invention that the labelling of the primer and of the
oligonucleotide is different and that thus both steps in

the procedure can be controlled and monitored
separately.

The elongation products are prepared for the
hybridization in a well-known manner, preferably by
separating non-elongated primers and non-reacted nucleic
acid A components. All methods are suitable for this
which lead to a separation of the nucleic acid fragments
by size. This is preferably carried out using gel
electrophoresis or ascending thin layer chromatography.
Separation by HPLC also appears sultable.

The hybridization with the oligonucleotide 1is then also
carried out in a well-known manner such as e.g. by
Southern transfer of the DNA onto a nitrocellulose paper
or by other known methods. The necessary conclusions can

then be drawn from the location of the signal after
hybridization with the oligonucleotide as well as from
the signal strength.

Within the scope of the invention it 1is, however, also
possible and also preferred to carry out a double
labelling of elongation product and oligonucleotide 1n
such a way that an elongation product formed 1s bound
via its label to a solid phase and the detection 1is then
carried out by means of an oligonucleotide 1n labelled

form which 1s not complementary to the non-elongated
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primer and thus cannot result in a erroneous signal. For
such labels binding pairs are for example suitable such
as biotin/streptavidin or hapten/anti-hapten antibody,
such as digoxigenin/anti-digoxigenin antibody in which a
binding partner is coupled to the solid phase (e.g.
streptavidin) and the second partner 1s bound to the
primer or to one of the nucleic acid building blocks.

In order to increase the specificity of the method
according to the present invention, the hybridization
with the oligonucleotide takes place on a sequence which
is different from the primer sequence. This sequence can
be at a distance from the primer sequence such as the
corresponding nucleic acid chain lengths which are
usually produced by primer elongation methods. The
hybridization is preferably carried out with a sequence
which is near to the sequence on the RNA complementary
to the primer and is at a distance to it of 20 to 400
bases in the 5' direction.

Within the scope of the method according to the present
invention a primer is preferably used which is 15 to 50

nucleotides long whereby the length of the primer 1is,
however, primarily dependent cn the hybridization
conditions and thus on the stringency of the process
which 1s 1in turn debendent on the temperature
sensitivity of the polym;fase used which is preferably
AMV or MMulV reverse transcriptase. The hybridization
temperature may not be higher than the temperature
tolerated by the polymerase but should, however, be high
enough to enable a high stringency. The longer the
primer i1s, the higher is the melting temperature of the

hybrid product of primer and RNA sequence to be
detected.
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The oligonucleotide used for the hybridization with the
elongation product is preferably 12 to 20 nucleotides
long within the scope of the invention which on the one
hand achieves a high specificity and on the other hand
nevertheless keeps the demands on the oligonucleotide

synthesis relatively low.

The method according to the present invention allows the
presence of particular bacteria to be detected in a _
highly specific manner in a sample liquid. In particular
it is possible in this process to also determine the
actual subspecies at the same time when a particular
bacterial genus is present. The high specificity
requirements for clinical diagnosis are also fulfilled.

The following examples are intended to further elucidate

the invention.

Example 1

Differentiation of Lactococcus lactis subspecies lactis

and L. lactis subspec. cremoris

Cells of the respective bacterial subspecies (1 to 3 g)
were suspended in 3 ml 1 x SSC (150 mmol/l NaCl, 15
mmol/1l trisodium citrate, pH 7.0 at 0°C). After lysing
the cells with glass beads (50 g; ¢ 0.17 mm) in a cell
homogeniser for 4 x 30 seconds, a phenol extraction was

carried out in which it was shaken out 3 x with 3 ml 1 X

SSC and 6 ml phenol (1 x SSC saturated) 1n each case.
This was followed by a four-fold extraction with twice
the volume of diethyl ether. Finally the nucleic acids
were precipitated by addition of 0.1 volume of 5 mol/l
potassium acetate, 2.5 volume absolute ethanol at -20°C
and after centrifugation (20 minutes, 10000 g) the
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precipitate was dried Under vacuum. Remaining DNA was
resuspended by suspension in 10 ml 3 mol/l sodlium
acetate, pH 6.0 at 0°C in an Ultra Turraft(lo seconds)
and after centrifugation and repeating thils procedure 3

to 4 times mainly rRNA was obtained as a pellet.

2 ug of the rRNA prepared in this way and 10 pmol primer

having the following sequence (SEQ ID NO 1)

5' CGGTTAAGAACGCTCTCCTACCATTT 3
were denatured in 5 ml buffer (0.1 mol/l KCl; 0.05 mol/l
Tris-HCl, pH 8.3) for 4 minutes at 90°C and the mixture

was subsequently incubated for 10 minutes at 70°C. 1 1l

of this mixture was incubated with 4 ul buffer
(0.05 mol/l Tris/HCl1l, pH 8.3; 0.12 mol/l NacCl,
0.07 mol/1l MgCl,; 0.06 mmol/1l 4dGTP, 4dCTP, dTTP 1n each

case; 0.06 mmol/l [32P] a-dATP (about 1 uCi; 5 units AMV
or MMuLV reverse transcriptase (Boehringer Mannheim))
for 20 minutes at 45°C. The reaction products (2 pl)
were separated by means of ascending thin layer
chromatography (DEAE cellulose, Polygram cell 300%,
Schleicher and Schiill) for 45 minutes at 80°C using

0.4 mol/l ammonium formate in 9 mol/l urea as the mobile
solvent. The elongation products formed could be
detected after autoradiography.

As a control of the detection system, a control reaction
was carried out as a positive standard using a synthetic
oligonucleotide which is complementary to rRNA molecules
of almost all bacteria having the sequence (SEQ ID NO 2)
5' AGAACGCTCCCCTACC 3'.

The conditions were the same as those already described
for the specific primer.

A sample of the elongation products which were obtained
using the specific primer was denatured 1in 200 ul 0.4 N
NaOH (20 minutes, 25°C) and then bound to a membrane

* Trade Marks
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(Zetaprobe'I;MBiorad; dot blot, Minifold'I,'MSchleicher and
Schiill) . The detection probe having the sequence
(SEQ ID NO 3)

5! TGCGTAATAGCTCACT 3',
whose complementary sequence on the RNA is ca. 65 bases
from the complementary sequence to the specific primer
on the 5' side (5 pmol) was labelled in 20 ul buffer
(0.027 mol/l Tris/HCl, pH 8; 0.011 mol/l DTT; 0.9 mmol/1
spermine; 0.011 mol/l MgClz; 0.25 mmol/1 [&-32P] ATP,
ca. 30 uCi) by a 30 minute incubation at 37°C. Non-
reacted nucleotides were removed and the labelled
detection probe purified by use of the system Gene
Clean ™ or Mer Maid™Bio 101 Inc., La Jolla, USA). The
membrane prepared as described above to which the
elongation product is bound, was washed 1in 0.5 x SSC,
0.5 % SDS for one hour at 50°C and then pre-incubated in
6 X SSC, 5 x Denhardt, 0.5 % sarcosyl, 0.1 % SDS for 2
hours, also at 50°C. The hybridization was carried out
with 3 pmol of the detection probe in 6 x SSC, 5 X
Denhardt, 0.5 % sarcosyl, 0.1 % SDS for 4 hours at 38°C,
followed by a wash with 2 x SSC, 0.1 % SDS (2 X 5
minutes at 25°C, 1 x 5 minutes at 37°C). After
autoradiography, a densitometric analysis of the
autoradiogram was carried out the result of which showed
that after applying the elongation product in the dot '
blot comparable signals were obtained for the elongation
products formed and the control reaction; however, when
the detection probe\is used this is only the case when

L. lactis subspec. lactis 1s present.

Examnple 2
Differentiation of Lactococcus lactis and Streptococcus

oralis, test for cDNA with a L. lactis-specific
detection probe.
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The oligonucleotide of 17 bases in length having the sequence (SEQ ID NO 4)

5t TTCGCTCGCCGCTACTT 3°
was used as primer which 1s _ —
complementary to RNA of L. lactis but which, however,
differs from Steptococcus oralis RNA in the last base at
its 3' end. The RNA preparation as well as the
hybridization and primer elongation was carriled out as

in Example 1. The sequence (SEQ ID NO 5)
5' CTAGCAGTTATTCATGAGTG 3'°

was used as the specific oligonucleotide which only
hybridizes to L. lactis RNA which is substantially
different from the RNA sequence of S. oralis. The
hybridization of the elongation product transferred onto
a membrane was also carried out as described in Example
1 but at a temperature of 48°C. The detection was
carried out as in Example 1 by autoradiography and
densitometric analysis.

Example 3
Differentiation of Lactococcus genera from other

enterococci or gram-positive bacteria and the

subspecies-specific differentiation of Lactococcus
lactis subspecies lactis and Lactococcus lactis

subspeclies cremoris

The sequence (SEQ ID NO 6)

51! CTCACTTCTTAACGCTCCAG 3
was used as primer. This sequence is genus-specific for
Lactococci and allows to differentiate this genus
from enterococci and other gram-positive bacteria. The
RNA preparation as well as the hybridization and‘primer

elongation was carried out as in Example 1. The sequence
(SEQ ID NO 7)

5' AGCGTTGGATTCAATTTAAT 3'
was used as the specific oligonucleotide for the
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subspecies Lactococcus lactis subspecies lactis. The
hybridization of the elongation product transferred onto
the membrane was again carried out at 38°C and the
subsequent procedure was also as described 1in Example 1.
After autoradiography and densitometric analysis, 1t was
clear in this case that a hybridization only occurred
when Lactococcus lactis subspecies lactis was present
and not when the elongation products of Lactococcus

lactis subspecies cremoris were only present.
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Sequence protocols

SEQ ID NO 1

Length of sequence:
Type of sequence:
Type of strand:
Topology:

26 bases
nucleotide sequence (DNA)
single strand

1inear

5' CGGTTAAGAA CGCTCTCCTA CCATTT-3'

SEQ ID NO 2

Length of sequence:
Type of sequence:

Type of strand:
Topology:
51'-AGAACGCTCC CCTACC-3'

SEQ ID NO 3

Length of sequence:
Type of sequence:
Type of strand:
Topology:

5'-TGCGTAATAG CTCACT-3'

PEPEPIPRAN " VL KT GRay PP ITTS PAp G TP PI YL EERRUIS [ 1 TP COISRUe TNy FTVPSI SPS R R | RN FEPPTRRT Y PR T S

16 bases
nucleotide sequence (DNA)
single strand

linear

16 bases
nucleotide sequence (DNA)
single strand

linear
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S D NO 4

Length of sequence:

Type of sequence:

Type of strand:
Topology:

5!'-TTCGCTCGCC GCTACTT-3'

SEQ ID NO 5

Length of sequence:
Type of sequence:
Type of strand:
Topology:

5'=CTAGCAGTTA TTCATGAGTG-3'

SEQ ID NO 6

Length of sequence:
Type of sequence:
Type of strand:

Topology:
5'=CTCACTTCTT AACGCTCCAG-3'

SEQ ID NO 7

Length of sequence:
Type of sequence:
Type of strand:
Topology:

5'-AGCGTTGGAT TCAATTTAAT-3'

FFUGLARTEATCD Eder Sl ul] P 8 AR MUIM O | SURNTERY GACT SR ML MG USRI o] M | S A 2 b el v e s L s 0300 PO A M o ., 228

17 bases

nucleotide sequence (DNA)
single strand

linear

20 bases
nucleotide sequence (DNA)
single strand

1linear

20 bases

nucleotide sequence (DNA)
single strand

linear

20 bases

nucleotide sequence (DNA)
single strand

linear
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The embodiments o©of the 1nvention in which an

exclusive property or privilege 1s c¢laimed are

defined as follows:

1. A method for a genus-specific and species-
specific detection of bacteria 1n a sample 1liquid,
wherein:

a) bacterial RNA is hybridized with a primer
which is complementary to a genus-specific region of
RNA of a particular bacteria or to a highly
conserved region of RNA of bacteria 1in general, but
which 1s not complementary at i1its 3' end to RNA of
bacteria from another genus,

b) said primer 1is elongated in the presence
of a sultable polymerase and the four deoxy-
ribonucleotides,

c) an elongation product formed is hybridized
with a species-specific oligonucleotide after
denaturation, and

d) the hybridization is detected by means of

an oligonucleotide label.

2. A method as claimed in claim 1, in which said
elongation product of said primer 1s concurrently or

subsequently labelled.

3. A method as claimed 1in claim 1 or 2, wherein
salid primer 1s complementary to a genus-specific and
sald oligonucleotide 1s 1dentical to a specles-

specific region of rRNA, mRNA or t-RNA.

4 . A method as claimed 1in claim 1 or 2, wherein

different labels are used for said primer and said

oligonucleotide.
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5. A method as claimed 1n c¢laim 3, wherein
different labels are used for said primer and said
oligonucleotide.

6. A method as c¢claimed in c¢laim 1, 2 or 5,
wherein said polymerase 1s AMV-or MMulLV-reverse

transcriptase.

7. A method as claimed in claim 3, wherein said

polymerase is AMV- or MMulLV-reverse transcriptase.

8. A method as claimed in claim 4, wherein said

polymerase is AMV- or MMulLV-reverse transcriptase.

9. A method as claimed in c¢laim 1, 2, 5, 7 or 8,
whereiln said elongation products formed are
separated according to their size using gel
electrophoresis or ascending thin layer
chromatography before hybridization with sald

oligonucleotide.

10. A method as claimed in claim 1, 2, 5, 7 or 8,
wherein one partner of a specific binding palr 1S
used as a label for said elongation product and 1its
other partner 1is bound to a solid phase and
hybridization with said oligonucleotide 1s carried

out on said solid phase.

11. A method as claimed in claim 1, 2, 5, 7 or 8,
wherein hybridization with said o©ligonucleotide
takes place on a first sequence of the elongated
primer which 1s near a second sequence which 1is
complementary to said primer and wherein said first
sequence 1s separated from second sequence by 20 to

400 bases 1n the 5' direction.
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12. A method as claimed in claim 1, 2, 5, 7 or 8,
wherein said oligonucleotide is 12 to 20 nucleotides
long.

13. A method as claimed in claim 1, 2, 5, 7 or 8,

wherein said primer is 15 to 50 nucleotides long.

14. A method as claimed in claim 9, wherein one
partner of a specific binding pair 1s used as a
label for said elongation product and 1ts other
partner is bound to a solid phase and hybridization

with said oligonucleotide 1is carried out on said

solid phase.

15. A method as c¢laimed 1in c¢laim 9, wherein
hybridization with said oligonucleotide takes place
on a first sequence of the elongated primer which 1s
near a second sequence which 1s complementary to
said primer and wherein said first sequence 1s
separated from second sequence by 20 to 400 bases 1in

the 5' direction.

16. A method as claimed in c¢laim 10, wherein
hybridization with said oligonucleotide takes place
on a first sequence of the elongated primer which 1is
near a second sequence which 1s complementary to
said primer and wherein said first sequence 1is

separated from second sequence by 20 to 400 bases 1in

the 5' direction.

17. A method as claimed in c¢claim 1, 2, 5, 7, 8,
14, 15 or 16, wherein said oligonucleotide 1s 12 to

20 nucleotides 1long and said primer 1s 15 to 50
nucleotides long.
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18. A method as claimed in claim 3, wherein said

oligonucleotide is 12 to 20 nucleotides 1l1long and

said primer is 15 to 50 nucleotides long.

19. A method as claimed in claim 4, wherein said
oligonucleotide is 12 to 20 nucleotides 1long and

said primer is 15 to 50 nucleotides 1long.

20. A method as claimed in claim 6, wherein said
oligonucleotide is 12 to 20 nucleotides 1long and

said primer is 15 to 50 nucleotides long.

21. A method as claimed in claim 9, wherein said
oligonucleotide 1is 12 to 20 nucleotides 1long and

said primer is 15 to 50 nucleotides long.

22. A method as claimed in claim 10, wherein said
oligonucleotide 1is 12 to 20 nucleotides long and

said primer is 15 to 50 nucleotides long.

23. A method as claimed in claim 11, wherein said
oligonucleotide is 12 to 20 nucleotides 1long and

said primer is 15 to 50 nucleotides 1long.

24. A method for genus-specific and species-
specific detection of bacteria in a sample 1liquid
comprising the steps of:

a) hybridizing Dbacterial RNA with a primer
which is complementary to a genus-specific region of
RNA of a particular bacteria wherein said primer 1S
not complementary at its 3' end to RNA of bacteria
from another genus,

b) elongating said primer in the presence of

a suitable polymerase and deoxyribonucleotides to

form an elongation product,
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c) hybridizing said elongation product after
denaturation with a labeled oligonucleotide which is
specific for a particular species within a genus of
bacteria, and

d) detecting any hybridization by means of

sald labeled oligonucleotide.
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