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Abstract

The invention relates to a method for the synthesis
of ribonucleic acid starting from deoxyribonucleic acid
in which a target sequence is present. Said DNA is
treated with restriction enzyme(s) followed by strand
separation. Subsequently one uses one nucleic acid primer
containing a promoter sequence coupled to a nucleotide
sequence which corresponds to a part of the target

sequence.

The 1invention further relates to a test kit for
synthesizing RNA.
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Method for the synthesis of ribonucleic acid (RNA).

The invention relates to a method for synthesizing
RNA starting from deoxyribonucleic acid (DNA) contalning
specific nucleic acid sequences (target sequences).

A great deal of work in molecular biology relates to
the isolation and/or detection of specific fragments of a
nucleic acid sequence. A fundamental problem 1is to
determine the quantity and/or presence of a specific
fragment of a nucleic acid sequence after the isolation
of a nucleic acid. This problem is not simple to solve
because biological material, such as cell cultures and/or
tissue cultures, and also body fluids, such as urine and
blood, often contain a complex of nucleic acids of which
only an extremely small fraction contains the sequence of
interest. In US Patent 4,683,202 Cetus describes a method
for replicating a target sequence in a so-called PCR
(polymerase chain reaction) technique in order to solve
this problem. By means of this technique, in which use 1is
made of at least two primers which recognise fragments 1in
the target sequence, the target sequence 1is replicated
exponentially in a number of cycles. By using this
technigque a target sequence is replicated by a factor of
approximately 102 in 20 cycles over a period of 3 hours.
It is then possible to detect the target sequence.

Very recently SISKA Diagnostics published a method
in WO 88/10315 for generating RNA starting from a double-
strand DNA fragment.

In order to arrive at this double~strand DNA
fragment starting from a test fluid in which DNA is
present, the said SISKA patent application one uses two
primers, as is also described in the previously mentioned
Cetus patent. According to the SISKA invention, one of
the primers is provided with a promoter sequence, for
example of a bacteriophage T7 promoter. RNA can then be
transcribed using T7-RNA polymerase. This technique has
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the disadvantage, as 1is also the case with the techniqgue
described by Cetus, that two primers always have to be
used in order to replicate the target sequence. ‘

The present invention relates to a novel method for
synthesizing RNA starting from deoxyribonucleic acid
(DNA)Y in which a target sequence is present, by treating
this DNA with one or more restriction enzymes, after
which the DNA fragment thus obtained is rendered single-
strand by a separation step, after which one nucleic acid
primer containing a promoter sequence which is coupled to
a nucleotide sequence which corresponds to part of the
target sequence is hybridized under suitable conditions
on the corresponding single-strand DNA, after which the
two nucleic acid sequences obtained 1n hybrid form are
extended from the free 3'-end by a DNA polymerase to give
a double~strand DNA, which 1is then used by RNA polymerase
as a matrix for synthesizing RNA.

The great advantage of this novel method i1is that, by
using one or more restriction enzymes, only one nucleic
acid primer, provided with a promoter sequence, 1is needed
to be able to arrive at a double-strand DNA, from which
RNA can subsequently be transcribed by RNA polymerase.
Moreover, according to the invention, a separation step
is regquired only once in order to be able to arrive at

the abovementioned double-~strand DNA.



LIt

2016358

This novel method provides many single-strand RNA
fragments which correspond to the target sequence. This
excess of RNA fragments, 1n relation to the target
sequence started from, can be detected rapidly and simply
with the aid of specific methods. One of these methods is
that the synthesized RNA 1s detected by means of gel

electrophoresis under denaturing conditions followed by
blotting, after which hybridization with a labelled
specific oligonucleotide sequence (probe) takes place.
Suitable labelling substances are radioactive substances
to be used for this purpose, such as 3H, 32p or 3°s.
Those substances which can be converted under the
influence of an enzymatic reaction, after which a
detection is possible, are likewise suitable labelling

substances. For example, an avidin/biotin complex is very
suitable for this purpose.

The invention also relates to a test kit for
synthesizing a RNA fragment starting from single.—strand
or double~strand DNA, the test kit comprising one or nmore
restriction enzymes as well as one nucleic acid primer,
provided with a promoter sequence, DNA polymerase and RNA
polymerase.

The invention is illustrated in more detail with the
aid of a detailed description of the method for synthesis
of a RNA fragment starting from DNA in which a target
sequence is present.

"Starting from deoxyribonucleic acid (DNA) in which
a target sequence is present" means that the mnethod
according to the invention can begin with either double-
strand DNA or single-strand DNA.

The term "target sequence" signifies a sequence
present in the total DNA, frequently termed the genome,
which it is desired to detect. A target sequence of this
type can code for a specific protein which, for example,
is a constituent of a coating protein of a virus.
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If the method 1s started from double-strand DNA, a
target sequence can be removed from the genome by making
use of one or more restriction enzymes. For this purpose
restriction enzymes can be used which generate either
defined overlapping ends ("sticky ends") or knotted-off
defined ends ("blunt ends"). Preferably, restriction
enzymes are used which recognize a sequence of 4 or 6
nucleotides on the DNA.

If the method is started from single-strand DNA
excellent use can be made of an endonuclease which
belongs to the class IIs restriction enzymes, such as,
for example, the Fok I enzyme. Details of the action and
the characteristics of this enzyme are described 1in an
article by Podhajska and Szybalski (Gene, 40(1985), 175-
182). With the aid of enzymes of this type it is possible
to remove a target sequence from single-strand DNA.

Subsequently the two strands of a target sequence
consisting of a double-strand DNA must be separated. A
separation of this type <can take place 1in the
conventional manner by ralsing the temperature or by an
enzymatic reaction, for example the use of a helicase or
topo-isomerase, or by a chemical reaction, such as
treatment with lye.

Subsequently "a nucleic acid primer containing a
promoter sequence which 1is coupled to a nucleotide
sequence which corresponds to part of the target
sequence" is hybridized under suitable conditions on the
single~strand DNA molecules thus obtained which contain
the target sequence with free 3'-ends dgenerated by
restriction enzymes.

......
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The term nucleic acid primer signifies a nucleic
acid sequence {made via an organic chemical synthesis or

obtained via a recombinant DNA technique) which possesses
sufficient homology with the target sequence so i:hat,
under suitable conditions, the nucleic acid primer can
hybridize on the target sequence. Frequently a primer is

at least 10 nucleotides long and preferably approximately
35 nucleotides long.

"Promoter sequence" means a nucleic acid seqgquence
(made via an organic chemical synthesils or obtained via a
recombinant DNA technique) which is recognized
specifically by a RNA polymerase. A RNA polymerase of
this type binds to a recognition sequence and starts the
transcription process by which a RNA fragment 1s made. In
principle, any promoter sequence can be used for which a
RNA polymerase is available. Suitable promoters are those
which are recognized by specific bacteriophage

polymerases, such as bacteriophage T3, T7 or SP6. T7 and
SP6 RNA polymerase are preferred.

"The promoter sequence is coupled to a nucleotide
sequence which corresponds to part of the target
sequence” means that said promoter sequence is coupled
directly or indirectly, via one or more nucleotides, in a
manner known per se to the nucleotide sequence which is
recognized by at least part of the target sequence. Said

recognition takes place if sufficient homology exists
under suitable conditions between the nucleotide sequence

and the target sequence.

After the hybridization of the nucleic acid primer,
carried out under suitable conditions, the two nucleic
acid sequences obtained in hybrid form are extended from
the free 3'-end by a DNA polymerase to give a double-
strand DNA fragment.

Suitable DNA polymerases for this purpose are
E.coli, DNA polymerase I, Klenow fragment of E.coli DNA

polymerase I, T4 DNA polymerase, AMV reverse transcrip-
tase, MMLV reverse transcriptase and the like.
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The RNA which is subsequently synthesized from the
generated double-strand DNA by a suitable RNA polymerase
is synthesized more or less continuously depending on the
quantity of RNA polymerase present. ',

The synthesized RNA can then be detected by one of
the previously described methods according to the
invention. If it 1is desired to detect several RNA
molecules, the RNA already synthesized can be multiplied
by known amplification techniques.

An example of an amplification technique of this
type is described in a patent application (WO 88/10315)
by SISKA Diagnostics.

The invention is illustrated in more detail with the

aid of a non-limiting example which follows.

EXAMPLE I

DNA is 1solated from 108 white blood cells from a
patient with a probable CMV (cytomegalovirus) infection
using a standard procedure: proteinase K
digestion, phenol/chloroform extraction followed Dby
alcohol precipitation.

After dissolving DNA in EcoRV digestion buffer (10mM
Tris pH 7.5, 7 mM MgCl,, 7 mM 2-mercaptoethanol, 100 mM
NaCl, 100 pg/ml bovine serum albumin) to a concentration
of 1 pg/pl, 3 units EcoRV restriction enzyme are added
per pug DNA and this is followed by 2 hours digestion at
37°C. EcoRV restriction enzyme recognizes a sequence 1in
'chel CMV-DNA, for example nucleotide numbers 2069 to 2074
(according to Akrigg in Virus Research, 2, 1985, 107-121)
and yields a blunt end fragment.
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Subsequently the DNA-containing sample 1s heated at
95°C for 10 nminutes (boiling water bath or in a heat
block) in order to denature the DNA. The sample is cooled
rapidly on dry ice. 2 ug of a primer consisting of 55
nucleotides (see Formula I) are added and primer
annealing takes place at 65°C for 1 minute and then at
42°C for 1 minute. 20 units Avian Myeloblastosis Virus
Reverse Transcriptase are added in the presence of 200 uM
dATP, 200 uM 4TTP, 200 uM dGTP, 200 uM dCTP, 1 mM ATP, 1
mM GTP, 1 mM CTP and 1 mM UTP and the mixture is
incubated at 42°c for 15 minutes. RNasin(R) from Promega
Biotec 1is added as ribonuclease inhibitor 1in a
concentration of 1 unit per ml (1 unit 1is 50% of the
amount of inhibitor which 1is necessary to inhibit the
activity of 5 ug RNase-A). T7 RNA polymerase 1s added and
the mixture is incubated at 37°C for 25 minutes.

For detection of the transcripts, the sample 1is
denatured in 7.4% (vol/vol) formaldehyde/10 x SSC at 55°C
for 20 minutes. After cooling on ice, the samples are
immobilized on a nitrocellulose membrane with the aid of
a slot~blot apparatus (Bio Rad).

The filters are pre-hybridized at 55°C for 10
minutes in 0.5% bovine serum albumin/0.5%
polyvinylpyrrolidone/5 x SSPE/1% SDS and then hybridized
in the same buffer with a 32p-labelled oligonucleotide
probe 5'-GAT GGC CCC GTA CAT GGT CAT CAT ACA AGC-3' (2-5
x 10° cpm/ml), this being a sequence located between
nucleotide numbers 2155 and 2126 in the correct polarity.

The filters are hybridized for 1 hour at 55°C and
then washed for 3 x 5 minutes at room temperature with 1
x SSPE/1% SDS and for 2 minutes at 55°9C. Autoradiography
takes place over a period of 16 hours at -70°C using a
so~called "intensifying screen'.

The autoradiogram confirms that CMV-RNA transcripts
can be synthesized from a DNA matrix with the aid of the
method according to the invention.



Formula I

Primer consisting of 55 nucleotides containing a T7
RNA polymerase binding site and a transcription
initiation site as well as a sequence (30-mer) which
corresponds to part of the CMV target sequence to be

detected.
h'=AAT TTA ATA CGA CTC ACT ATA GGGA ATC CTC ACT ACA

TGT GTG GAA ACA ATG TGT-3!
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CLAIMS:

1. Method for the synthesis of ribonucleic acid (RNA)
starting from deoxyribonucleic acid (DNA) in which a target
sequence 1s present, by treating this DNA with one or more
restriction enzymes, followed by a separation of the DNA
fragment thus obtained, by which means single-strand DNA is
formed, after which one nucleic acid primer containing a
promoter sequence which 1s coupled to a nucleotide sequence
which corresponds to a part of the target sequence is hybridized
under suitable conditions on the corresponding single-strand
DNA, after which the two nucleic acid sequences obtained in
hybrid form are extended from the free 3’-end by a DNA
polymerase to produce a double-strand DNA, which is then used as

a matrix by RNA polymerase for synthesizing RNA.

2. Method according to Claim 1, characterized in that the
synthesized RNA is detected by means of gel electrophoresis
under denaturing conditions followed by blotting, after which
hybridization with a labelled specific oligonucleotide sequence

takes place.

3. Kit for the synthesis of RNA according to the method
of Claim 1, comprising

- one or more restriction enzymes,

- a nucleic acid primer containing the sequence of a

promoter recognized by an RNA polymerase which is coupled to a
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nucleotide sequence which corresponds to a part of the target
seguence,

- a DNA polymerase and,

- a RNA polymerase.
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