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Method and Test Kit for Quantitative Determination of Polynucleotides in a
Mixture

The Technical Field of the Invention

The present invention is related to a method and a test kit for carrying out a quantitative
determination, in which the amounts or the relative proportions of more than one
individual target polynucleotide sequence present are determined simultaneously from a
mixture of polynucleotlde sequences using a mlxture of polynucleotide probes having
approximately the same number of nucleotides. ‘The method and the test kit enable the
quantitative determination of dynamic variations, of a multitude of individual organisms
as well as related subpopulations present in a sample containing a mixture of organisms,
1.e. a target population. The invention is based on a quantitative affinity aided solution
hybridization combined with resolution providing fractionation. The invention is closely
related to the invention disclosed in the International patent application WO 02/055734,
in which the individual polynucleotide sequences of the probe mixture have distinct and
distinguishable sizes. In contrast to this, the recognizing probes of the present invention
have approximately the same number of nucleotides. The method and the test kit are
useful in health care, environmental research, pharmaceutical industry and food industry
and are applicable for many other diagnostic, biotechnical and scientific purposes.

The Background of the Invention

The rapidly accumulating genetic information combined with combinatorial chemistry
and bioinformatics allowing the handling of enormous amounts of information has
created a demand for new more accurate methods, which allow the simultaneous and/or
sequential studies of dynamic situations and variations in natural environments.
Accordingly, totally new approaches for carrying out research in molecular biology,
- health care, epidemiology, pharmaceutical and food industry are required.

In health care as well as in pharmaceutical and food industry, especially, practicing
physicians, environmental consults, industrial hygienists, safety officers, health
inspectors, environmental consults, veterinarians and/or other persons working with or
being responsible for the evaluations of possible health or epidemiologic risks have a
need for new effective tools for assessing the effects of remedial, sanitary or other
measures on whole populations of organisms. There is for example an increasing demand
for methods and tools for assessing the effects of mew and conventional treatment

modalities, including sanitary and remedial measures.
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Based on the accumulating information including availability of genetical key elements
and the knowledge of their biological role and functions, new methods are continuously
developed. A powerful new tool is the oligomer-chip technology. The common
characteristic of the microarray techniques and the feature distinguishing it from the
present invention is that the probes or the polynucleotide sequences used as reagents are
immobilized or coupled to a solid carrier. The immobilization of the probes acts as a
steric hindrance and prevents the hybridization to take place in a stochiometric fashion,
thus, resulting in a low yield. The oligomer-chip technology allows simultaneous
handling of an enormous amount of samples, but the results are not quantitative and do
not allow quantitative comparison in a wide dynamic range.

The principles of affinity aided solution hybridization are well known and have been
disclosed, for example, in the patents US 6,136,531 and US 4,968,602. DNA
diagnostics and detection using mass spectrometric methods have been described, for
example 1 the patent US 6,043031 and the International patent application
WO 99/37663.

The patent US 5,807,682 discloses a method, which applies affinity aided solution
hybridization and fractionation for detecting one or more mutation sites in the same
gene. Therefore, the probes are short oligonucleotide sequences, and the hybridization
temperature 1s critical making it difficult to use a large number of probes simultaneously,
since multiple probes are prone to have different melting temperatures. One or more of
these probes 1dentifying specific mutations sites are separated and identified by
selectively modifying the probes with a synthetically produced uncharged polymer,
which alters the charge/fractional drag, which enables the probes to move with different
mobility rates in a non-sieving medium.

None of the methods mentioned above tackle the problem of providing a method for a
quantitative determination of several different polynucleotides simultaneously.

In the International patent application WO 02/055734 a method and test kit for
overcoming the problem of obtaining quantitative results is described. Said patent
application discloses a method and a test kit, including the reagents for quantitative
determination of polynucleotides or variations in their amounts in a cell or tissue sample.
The method and test kit applies organized pools of soluble polynucleotide probes with
distinct, distinguishable sizes varying from 16 to several thousands of base pairs. The
quantitative method allows comparative assessment of variations, e.g. in transcription
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profiles or expression patterns. Said method is based on the varying and distinct sizes of
soluble polynucleotide probes. It is the difference in size of the probes that enables the
assessment of the individual nucleic acid sequences.

Probes from more or less conserved or hypervariable regions are knmown to enable
classification and organization of different organisms in phylogenetic levels including
groups, genus, species or subspecies. A quantitative evaluation of the amounts of
individual organisms, their subpopulations in a mixture using said probes would enable
studies of dynamic variation in target populations. Such evaluations would have several
useful applications. Unfortunately, the method disclosed in WO 02/055734 is not
applicable to probes, which are polynucleotide sequences having approximately the same
number of nucleotides, because sufficient resolution for reading the results may not be
achieved.

Consequently, the objective of the present invention is to provide a new and effective
tool to enable specialists working with or being responsible for investigations and
evaluations of possible health risks and the need of repair or other remedial measures to
obtain quantitative data for evaluating the risks and remedies.

The objective of the present invention is to provide a method and test kits not only for
quantitative determination of the amounts and relative proportions of individual
organisms, or certain subgroups in a population, it also allows comparative assessments
of sequential time variations in the population due to internal or inherent control
mechanism taking place in the cell or selected measures or interventions externally
applied on the organisms or populations of organisms or polynucleotides thereof.
Comparative assessments of population in sample obtained from different sites may also
be made by this method. Simultaneously, the objective is to provide a very sensitive test,
which allows the quantitative determination of very small amounts of analyte
polynucleotides, which otherwise would be under the detection limit. This is achieved
by PCR-amplification of the probes, which correspond to the amount of analyte
polynucleotides having a sequence complementary to that of the probe in the sample.
Due to the fact that the probes are present in surplus as compared to the analyte
polynucleotides they may be quantitatively recovered and released before the
PCR-amplification.

The advantages related to the present invention as well as to the method and test kits
described m WO 02/055734, include the fact that the quality of the polynucleotide
preparation, especially RNA, to be analyzed, is not critical. For example, RNA known




CA 02489196 2004-12-09
WO 2004/005545 PCT/FI12003/000544

to require special treatment, due to its instability, may be used without adding any
resolution enabling tags for the quantitative assessment. The manufacturing of test kits,
which need not include immobilization steps and certain commercially available reagents
allows preparation of easily adaptable tailor-made tests, directing the attention to certain
subsets of genes in a given organism or related organisms. |

T'he method may be used as fully automatic or semiautomatic assemblies. The procedure
may be interrupted at several stages. The samples and reaction products may be
preserved until sufficient data has been collected or it is more convenient to continue the
process and record the results.

A Summary of the Invention

As a summary, the present invention allows a simultaneous, quantitative recording of
changes and variations of the amounts and/or relative proportions of more than one
individual polynucleotide sequences in a mixture. The method and the test kit enable the
determination of amounts and/or relative proportions of individual organisms or
subgroups thereof from a sample or mixed population pool, which has been taken from
different sites or at different points of time, before and after certain internal or external
treatments or interventions. This is useful, especially, when studying the effects and the
impact of various physical and chemical stimuli applied on the target population,
including antibiotic treatment, hygienic measure and other interventions. The invention
also allows the evaluation of inherent changes in population. The invention allows
simultaneous comparative assessment of several biological phenomenons.

The method and test kit of the present invention are not only quantitative, they may also
be made very sensitive and allow quantitative detection of polynucleotide sequences
present in diminutive amounts. The characteristic features of the method and test kit of
the present invention as well as their applications are as defined in the claims.

A Short Description of the Drawings

Fig. 1 shows the seﬁaration of single stranded DNA fragments and polynucleotides with
different fluorophores by capillary electrophoresis.

Fig. 2A 1llustrates the hybridization process between the tracer (star) tagged probes (P)
and affinity or biotin (B) tagged single stranded RNA analyte sequences and the
formation of hybrids (H) between the analytes (A) and the probes (P).
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Fig. 2B illustrates the hybridization process between probes (P) with tracer tags (star)
simultaneously acting as resolution enabling tags and affinity or biotin (B) tagged double
stranded polynucleotide or RNA analyte sequences and the formation of hybrids (H)
between the analytes (A) and the probes (P). Probes, which do not match analyte
sequences, or which are present in molar excess, remain free in solution.

Fig. 3A depicts the capture of the affinity (B) tagged hybrids (H) to a solid separation
aiding tool (SAT) covered with the counterpart of the affinity tag (B).

Fig. 3B depicts the capture of the affinity (B) tagged hybrids (H) to a solid separation
aiding tool (SAT) covered with the counterpart of the affinity tag (B). Tracer tagged
probe sequences, which have not hybridized with an affinity tagged analyte sequence, are
not captured. Naturally, the separation aiding tools (SAT) bind free affinity tag as well
as such affinity tagged analytes to which no probe sequence has hybridized. '

Fig. 4 depicts release using elution of the tracer tagged probes (P) from the solid
separation aiding tool (SAT)/leaving the affinity tagged analyte sequence (A) with the
separation aiding tool (SAT) and tracer tagged probe (P) in solution.

Figs. 5 A-B depict a 16S tRNA approach in microbial ecology.

Fig. SA depicts a ribosomal RNA gene operon including 16S, 23S and 5S rRNA with
the variable regions 1-9 of the 16S rRNA highlighted.

Fig. 5B depicts the structure of 16S rRNA with the variable regions allowing species
identification and more or less conserved regions allowing identification of microbial

groups.
Fig. 6 depicts a phylogenetic tree of clostridia and related bacteria.

Fig. 7 shows the results, which may be recorded from an electropherogram and from a
data file when carrying out the comparative process of the invention according to
Example 1. All probes are functional in hybridization with C. symbiosum E981051
RNA. Bact and Erec probes have different sizes (18 and 19 bases, respectively) and
different mobilities. The electrophoretic mobility of the Erec-5A probe is different from
that of the Erec probe due to the addition of an A-tail.
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Figs. 8 A-B show the result, which may be recorded from an electropherogram and from
a data file obtained when carrying out the comparative process of the invention according
to Example 2.

Fig. 8A shows the result with the probes Bact and Chis. Chis probe identifies only
strain  C. tyrobutyricum E99908, whereas Bact probe identifies all bacterial strains.
Neither probe identifies fungus Trichoderma reesei.

Fig. 8B shows the result with the probes Bact and Erec. The Erec probe identifies only
strain C. symbiosum E981051, whereas the Bact probe identifies all bacterial strains.
Neither probe identifies the fungus Trichoderma reesei.

Fig. 9 shows the results, which may be recorded from an electropherogram and from a
data file obtained when carrying out the quantitative process of the invention according
to Example 3. The Bact and Chis probe signal intensities correspond to the amount of
C. tyrobutyricum E908 RNA used for hybridization.

Figs. 10 A-B show the results, which may be recorded from an electropherogram and
from a data file when carrying out the qualitative and quantitative process of the
invention according to Example 4.

Fig. 10A depicts results obtained when analysing RNA from C. symbiosum E1051 with
the probes Bact and Erec, RNA from C. tyrobutyricum E908 with the probes Bact and
Chis, and a microbial population comprising RNA from C. butyricum E908,
C. symbiosum E1051 and C. lituseburense E1853 with probes Bact, Chis and Erec. The
Bact probe identifies all strains, whereas the Chis probe identifies only strain E908 and
the Erec probe identifies only strain E1051. The level of fluorophores, which label the
probes Bact and Chis is equal, whereas that of the probe Erec is lower. The proportion
of RNA from each strain is given as percentage of the total RNA used for the
hybridization.

Fig. 10B depicts results obtained when analysing a microbial population comprising
C. tyrobutyricum E908 and C. symbiosum E1051 with the probes Bact and Chis. The
Bact probe identifies both strains, whereas the Chis probe identifies only strain E90S.
The proportion of RNA from each strain is given as percentage of the total RNA used
for the hybridization.

Fig. 11 shows a semi-automated performance of the process as a flow sheet.
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Fig. 12 shows the results, which may be recorded from a mass spectrogram and from a
data file obtained when carrying out the qualitative and quantitative process of the
invention according to Example 5. The signal intensities of the Bact and Chis probes
correspond to their concentrations in the sample.

Fig. 13 is a schematic depiction of the preparation of the probes by PCR.

Fig. 14 shows electropherograms depicting the areas (fluorescence units) of probes from
assays with the same amount of mRNA without (=non amplified) and with
PCR-amplification (=15 cycles of PCR) and a negative control. Samples were run on
an ABI 310 genetic analyzer.

Detailed Description of the Invention

The terms used in the present invention have the meaning they usually have in the fields
of recombinant DNA technology and nucleic acid hybridization technology. Some terms
in the present invention are, however, used in a broader or somewhat different manner.
Therefore, some of the terms are defined in more detail below.

Definitions

The term "target population” means a mixture of several varying individual organisms
present in a sample comprising different more or less related individual organisms,
which may be organized in groups or subpopulations, for example, according to their
phylogenetic relationship. Examples of such mixed target populations are found in all
crude samples that contain or have contained any living or dead organisms, including
bacteria, fungi yeasts, plants and animals, etc. Environmental studies may be made e.g.
from polluted soil samples. Bacterial populations inhabiting the intestines may be the
focus of interest for hygienists. The amounts or relative proportions of Salmonelia,
Shigella and E.coli in a sample indicate the hygienic standards and possible health risks
in food industry, restaurants and kitchens. Yeast populations may-be checked for the
presence of Saccharomyces, Torulopsis, Candida, etc. The information is important €.g.
for excluding presence of contaminants. The amounts or relative proportions of
Aspergillus, Penicillium, Trichoderma and other fungi may be used as an indication of
fungal contamination in buildings. Another useful application of the method eventually
providing rapid life saving results is the assessment of the effect of certain antibiotics on
a sample from a patient suffering from a disease caused by antibiotic resistant bacteria.
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Even plants and animals including human beings form populations, which may be
grouped and tested by the method of the present invention.

The organisms may include any unicellular or multicellular organisms with
characterized, partially characterized or uncharacterized genomes, which preferably
include highly conserved, partially conserved or hypervariable regions, which allow the
identification of the organisms and their organization in groups or subpopulations. The
target population may originate from any specimens that contain or have contained living
organisms, including microorganisms, plants, animals as well as human beings. The
genomes of E. coli, S. cerevisiae and human beings represent organisms with genomes
which at present are more or less fully characterized. The presence of polymorphism is a
particularly interesting subject of the present invention.

In the present invention the population 1s assessed in the form of a polynucleotide
mixture isolated from a sample comprising said population. The sample polynucleotide
mixture comprises individual polynucleotide sequences and groups thereof, which may
be identified with common, more or less conserved probes. The population may be
divided in subpopulations, which represent different phylogenetic levels, including
groups, genera, species or subspecies. By assessing the amounts or relative proportions
of said individual polynucleotide sequences and subgroups thereof, it is possible to
evaluate dynamic variation in the amounts and/or relative proportions of organisms or
individual polynucleotide sequences taking place in a mixture of polynucleotide
sequences or in a target population by taking sequential samples or by comparing
samples from different sites or places.

It is to be noted that the polynucleotide sequences in the sample, i.e. the analytes, may
be of any size. Generally, they are more or less fragmented polynucleotide sequences. In
the present invention the reagents or probes used for identification are polynucleotide
sequences, which have approximately the same number of nucleotides. The
polynucleotide probes are rendered distinct with distinguishable sizes by providing them
with resolution enabling tags, which are, for example, polynucleotide sequences, which
may act as affinity tags, primer tags or simply as resolution enabling tracer tags. In the
present invention oligonucleotides comprise from 2-12 base pairs, whereas probes having
more than 15, e.g. 18-35 base pairs are prefered. Especially in more sensitive
embodiments of the method of the present invention, in which PCR-amplification is
used, the probes should have more base pairs, preferably at least 30 base pairs.
Therefore, the probes of the present invention are defined as polynucleotide
sequences. Principally, there is no upper limit, but it 18 self-evident that short probes are
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more cost effective and easier to prepare and handle. Long probes are also more difficult
to make distinguishable by adding short resolution enabling tags. Therefore, the
particular problem, which is solved by the characteristic feature of the present invention
is not the length of the polynucleotide probes but how to get polynucleotides sequence
having approximately the same number of nucleotides sufficiently distinguishable to
enable accurate recording of the results.

The term "pool" means a mixture, subset or a library of soluble or solubilizable
polynucleotide probes, i.e. relatively short polynucleotides having approximately the
same number of nucleotides, i.e. the same size, which are complementary to and thereby
capable of identifying the desired target polynucleotide sequences in the sample. Each
pool comprises an optional defined number of polynucleotide probes. A convenient
optional number is, for example, approximately 10 probes. However, the method may
be used with as few as two or three probes, but a more convenient number of probes is
five or more probes in each pool. Test kits with pools comprising hundreds of soluble
probes may be prepared and used in the quantitative and/or comparative method of the
present invention. Even if it is possible to prepare pools comprising thousands of probes,
a prefered upper limit seems to be approximately 300-500 different probes in order to
obtain a satisfactory resolution when recording the results. In other words, it must be
possible to distinguish the probes from each others by mass spectrometry,
chromatography or electrophoretic techniques. The pools are said to be "organized"
because the contents of each pool are known and are placed in an organized, defined and
recognizable manner in their own vessels, which may be marked and named to allow
their identification. For example when series of pools are prepared on identical
microwell plates, each well is characterized not only by its content but also by its place.
Thereby, 1dentification is accurately enabled.

In the present invention the "pools of polynucleotide probes" means a set or mixture of
soluble polynucleotide sequences, i.e. DNA fragments, which are made from selected
polynucleotide probes, capable of identifying the desired groups of organisms having an
polynucleotide sequence, in common, e.g. conserved motifs. Such common
polynucleotide sequences are well known and comprise more or less conserved regions,
which may be found, especially in ribosomal RNA (rRNA), etc., but they are also
present in other tissues and organelles containing polynucleotide sequences.

Ribosomes are present in all living cells and are known to comprise proteins and
ribosomal RNA (rRNA). Said rfRNA in turn comprises alternating conserved and
variable regions with nine variable regions found, for example, in the bacterial 16S




CA 02489196 2004-12-09
WO 2004/005545 PCT/FI12003/000544

10

rRNA (Fig. 5). The rRNA genes (rDNA) are organized in rrn operons, where rDNA
genes are separated by hypervariable spacer regions. Most organisms carry several rrn
operons in their genome and in most cases the intragenomic sequences of the structural
rRNA are highly similar. Analysis of rDNA sequences data, especially that of a small
subunit rDNA has revealed variable regions in the gene sequences that contain
information specific for different phylogenetic levels; groups, genera, species oOr
subspecies (Fig. 6). Thus, sequences unique to certain organisms may be found. This has
been utilized to design species and group-specific nucleic acid probes for detection and
identification of bacteria and other microorganisms. Such more or less conserved regions
or motifs that are more or less common for a multitude of other organisms, enable the
individual organisms in a target population to be organized in certain groups or
subpopulations. Therefore, the identification and comparative assessment of variations of
individual organisms and subgroups in the target population is also enabled. DNA and
RNA from other sources also comprise more or less variable or conserved regions,
which may be used for specific identification of individual organisms or certain
subgroups in target populations. Polynucleotide probes for other genes and the
corresponding messenger RNA (mRNA) may be used to monitor functional properties
such as antibiotic resistance in bacteria and gene allele polymorphism.

The term "surplus” means that the polynucleotide probes are present in a molar €xcess as
compared to the analyte polynucleotides in the sample in order to achieve an accurate
recording, which is a prerequisite for the quantitative determination. For accurate
recording, the soluble polynucleotide probes must be present in a molar excess or surplus
and they must be distinguishable, €.g. by mass.

In the present invention the "distinguishability" is achieved by providing the probes with
so called "resolution enabling tags". The polynucleotide probes of the present invention,
which enable identification of related groups of organisms and which are especially
useful in the application of the present invention, generally, have approximately the same
number of nucleotides. Before use, said polynucleotide sequences may be modified and
provided with features, which make them distinguishable m a size-based separation,
fractionation or recording system. This may be achieved by end-tailing the
polynucleotide sequences with "resolution enabling tags", which change the mass of the
probes and thereby provide them with different mobilities in the fractionation, separation
or recording systems used. Preferably, the resolution enabling tags should simultaneously
function as affinity, tracer or primer tags. Preferably, said tags should have more than
one of the desired functions.
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For example, the polynucleotide probes, which are present in excess as compared to the
target polynucleotides, which are quantified, may be provided with polynucleotide
sequences, including polyA, polyT, polyU, polyC, polyG, mixed polynucleotides, €.g.
polyATs, polyGCs or other nucleotide combinations or other oligonucleotide sequences
including any mixtures thereof. In addition to being resolution enabling tags, these
oligonucleotide sequences may act as affinity tags and primer tags. Tracer tags or labels,
e.g. fluorophores of different sizes not only enable detection, they are also useful as.
resolution enabling tags, if they have sufficient differences in size or mass. Amino acids
or peptides, which do not disturb the hybridization reaction may be used as resolution .
enabling tags, but they may also function as affinity tags and fracer tags. There are
several strategies reported for the synthesis of peptide oligonucleotide conjugates, which
all are readily adaptable for the present in<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>