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Fig. 1

(57) Abstract: The present mvention relates to a method for
the detection of nucleic acid synthesis and/or amplification,
characterised in that said method comprises adding at least
one colorimetric metal indicator and at least one bland mag-
nesium chelator to a reaction mixture for nucleic acid ampli-
fication. The present invention further relates to a kit for car-
rying out such a method and to the use thereof in the health,
food and agricultural or veterinary fields.
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METHOD FOR THE DETECTION OF NUCLEIC ACID SYNTHESIS AND/OR
AMPLIFICATION
DESCRIPTION

The present mvention relates to a method for the detection of nucleic acid synthesis
and/or amplification.

The best known technique for amplifying nucleic acids 1s based on an enzymatic
reaction named Polymerase Chain Reaction, commonly known under the acronym PCR.

PCR reproduces in vitro the synthesis phase of the cellular cycle, during which the
genetic material 1s duplicated m order to be equally distributed to the daughter cells.

More particularly, a classical PCR protocol includes a step of nucleic acid
denaturation (performed at a temperature varying in the range 95 to 99°C) before the
various amplification cycles. This step 18 necessary since the polymerase, 1.¢. the enzyme
responsible for the nucleic acid amplification, uses a single-stranded nucleic acid as a
template for the synthesis of the complementary sequence. More particularly, the
polymerase synthesises the new strand of nucleic acid by sequentially inserting the
complementary nucleotides to those present on the template strand starting from small
fragments of nucleic acid acting as primers.

At each cycle, the nucleic acid 1s denatured at high temperature (denaturation step).
Subsequently, the temperature 1s lowered to such a value as to allow the primers to bind to
the complementary regions of the template nucleic acid (annealing step). Eventually, the
polymerisation step takes place, 1.¢. the polymerase synthesises the new chain of nucleic
acid starting from the primer as described above. This denaturation - annealing -
polymerisation cycle 18 iterated several times in order to amplify even very low amounts
of template nucleic acid. The sclected polymerase 1s heat-resistant since 1t 1S to be
subjected to high temperatures for a long time.

The need to denature the nucleic acid m order to allow amplifying same obliges to
use, for the execution of PCR, a thermal cycler enabling operation at different
temperatures during the different steps of the process and a fast transition from one
temperature to another.

This constraint results in PCR being a technique hardly utilisable for the improvised
surveys, 1.¢. for those tests that are to be performed 1n simple and quick manner 1 the
field 1n order to take the most appropriate decisions in timely manner.

A very good technique that dispenses the nucleic acid amplification protocols with

the use of a thermal cycler 1s the loop mediated 1sothermal amplification, 1n short LAMP.
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LAMP allows 1sothermal amplification of nucleic acids. In other words, during the
whole LAMP reaction, temperature 1s constantly kept m the range 60 to 65°C. The
constant temperature conditions allow executing the whole LAMP amplification protocol
in a thermostated bath, mn a stove or in a thermal block. In this way, a nucleic acid
amplification protocol 1s available, which 1s wholly free from the use of the sophisticate
and complex thermal cycler required to perform PCR.

In this respect, LAMP appears as a selectable methodology for the nucleic acid
amplification processes performed mn the field and 1 a manner wholly independent of the
laboratory. That 15, LAMP seems to be a particularly suitable methodology for the
analyses known as "point-of-care testing". Indeed, this kind of analyses, being performed
in the field in improvised manner by staff that needs not to be a skilled staff, requires very
versatile and easily implementable techniques.

An aspect of the nucleic acid amplification techniques like PCR and LAMP, which
at present still 1s problematic and hence limiting, especially for the execution of point-of-
care tests, concerns the step of detecting the possibly amplified nucleic acid.

Usually, a nucleic acid amplified by means of PCR or by means LAMP can be
visualised through gel electrophoresis performed 1n the presence of mtercalating agents.
Intercalating agents are molecules capable of emitting fluorescence when they are excited
by UV radiation. Intercalating agents, such as for instance ethidium bromide, act by
entering the double helix of the amplified nucleic acid, which can thus be visualised by
using UV radiation.

In the alternative, nucleic acid amplification can be monitored in real time (real-time
analysis) by performing the amplification reaction 1n the presence of fluorescent
precursors and by measuring the fluorescence emitted by the specimen under test by using
suitable apparatuses. Lastly, m recent times, turbidimetry has become widespread as a
method of detecting nucleic acid amplification (especially for LAMP-amplified nucleic
acids).

The turbidimeter measures the increase in the turbidity of the reaction mixture
occurring as the nucleic acid amplification reaction proceeds. The increase in the turbidity
of the reaction mixture occurring upon nucleic acid amplification 1s related to the release
of phosphate 1ons (coming from the nucleotides), which, in the presence of magnesium,
precipitate as magnesium pyrophosphate and make the solution become turbid.

Yect, both the visualisation of the amplified nucleic acid by means of mtercalating

agents, and the real time wvisualisation by means of fluorescent molecules or the
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visualisation by means of the turbidimeter bind the execution of the nucleic acid
amplification reaction to an ad hoc equipped structure (a laboratory or a facility) attended
by skilled staft who 1s capable of managing the instrumentation and knows how to handle
substances, such as the mtercalating agents, which are dangerous for the public and
environmental health.

Morecover, a further strongly limiting aspect related to the use of intercalating agents
1s that such agents are added to the mixture at the end of the amplification reaction or in
the agarose gel, 1f the latter 1s used as the detection method. This entails opening the tubes
where the reaction occurs and consequently, gives rise to a high risk of polluting the
environment with the amplified nucleic acid (whether 1t 18 contained 1n the test specimens
or 1t 18 contained 1n the positive control specimens).

Environmental contamination with nucleic acids can persist for very long periods
notwithstanding the proper decontamination procedures are carried out. Morcover, the
contaminations often give rises to false positives that may occur at even irregular
intervals, even when the problem had apparently been solved. Under such a situation, in
order to ensure contamination eradication, the only solution 1s to design again the test and
to formulate again ex novo the components thercof (for instance, the primers used for
amplification).

It 1s clear that this scenario, 1.€. environmental contamination, 1s absolutely to be
avoided, 1n particular during the setting up of diagnostic kits, since the validation step of a
kit 1s an extremely expensive procedure.

Recently, 1in order to detect a LAMP-amplified DNA, Goto et al. have found that, by
adding hydroxynaphthol blue (HNB) to the reaction mixture, 1t 1S possible to
colorimetrically follow the nucleic acid amplification (Goto ef al., Biotechniques (2009)
Vol. 46: 167 - 172).

Hydroxynaphthol blue (HNB) 1s a metal 1on indicator. As disclosed above, during
the LAMP amplification reaction, magnesium concentration decreases since magnesium
forms complexes with pyrophosphate and precipitates. The decrease 1n magnesium
concentration accompanying nucleic acid amplification causes a change m the colour of a
reaction mixture to which HNB has been added. In particular, the colour of the mixture
passes from a deep blue tone to a light blue tone.

Yet, n the standard LAMP reaction conditions, such tone variations are difficult to
be appreciated, especially when amplification 18 minimum (i.e. the specimen 1s weakly

positive) and when the evaluating viewer 1s not skilled.
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The detection of the amplification of a nucleic acid 1s thus a problem still to be
solved.

In this context, the technical problem underlying the present invention 1s to provide
a method for the detection of nucleic acid synthesis and/or amplification, which has a
sensitivity, and hence a reliability of the results, improved over the prior art systems.

The Applicant has found a response to the technical problem stated above 1n a
colorimetric method for the detection of the synthesis and/or amplification of a nucleic
acid, wherein at least one colorimetric metal indicator and at least one magnesium chelator
(preferably, a bland magnesium chelator) are added to a reaction mixture for nucleic acid
amplification. Thereafter, the reaction mixture thus obtained 1s placed in contact with a
specimen to be analysed 1 order to synthesise and/or amplify the nucleic acid possibly
present in the specimen. Lastly, presumably at the end of the amplification process, there
1s checked whether a change 1n the starting colour occurred in the reaction mixture.

At the end of the amplification step, a definite change in the colour of the reaction
mixture from a colour falling in the range of violet (for instance violet, lilac or magenta) to
a colour falling in the range of blue (for instance, sky blue) 1s indicative of the presence of
the target nucleic acid in the specimen being tested.

By applying the method of the present invention, the Applicant has surprisingly
noticed a significant improvement m the colorimetric detection of the amplified nucleic
acid with respect to the detection obtained by applying the prior art methods. In particular,
the Applicant has realised that, by applying the method of the invention, the detection of
nucleic acid amplification 1s more sensitive, 1.¢., 1t allows detecting lower concentrations
of target nucleic acid, 1s robust, 1.¢. 1t 1s not affected by small variations in the method
parameters, and hence 1t 18 more rehiable than the methods the literature at present
proposcs to this aim.

The higher sensitivity of the method of the invention with respect to the prior art
methods 18 due to the fact that the difference between a negative specimen and a weakly
positive specimen can be seen by the naked eye as a definite colour change, whereas only
a small change 1 a tone of the same colour (from deep blue to hight blue) 1s obtained
when applying the prior art methods. Actually, when a nucleic acid 1s amplified with the
method of the invention, if nucleic acid amplification has occurred, the colour of the
amplification reaction mixture passes from a colour falling in the range of violet (for
instance violet, lilac or magenta) to a colour falling i the range of blue (for instance, sky

blue). The colour difference 1s so evident that it can be readily appreciated also by a non-
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skilled viewer. This improvement n the visualisation of the amplified nucleic acid 18
possible only 1f at least one colorimetric metal indicator and at least one bland magnesium
chelator are added 1n combination to the amplification reaction mixture.

The method of the present invention has proved more advantageous than the prior
art method also from an economic standpoint. Actually, 1t works at lower nucleotide
concentrations than the standard ones (it 1s known that the nucleotides are a very
expensive starting material, which however 1S necessary in order to perform such
methods). This allows reducing in non-negligible manner the costs associated with the
application of the method, especially in mass screenings.

Finally, the Applicant has realised that the addition of the at least one bland
magnesium chelator to a reaction mixture for nucleic acid amplification may, in some
cases, favours the amplification reaction.

Hereinafter, the present invention will be described in detail also with the help of the
accompanying Figures, i which:

- Fig. 1A shows the colour difference between a positive biological specimen (containing
an amplified nucleic acid) and a negative biological specimen (not containing the
nucleic acid) obtained by means of a prior art detection method 1 the absence of
sodium citrate;

- Fig. 1B shows the colour difference between a positive biological specimen (containing
an amplified nucleic acid) and a negative biological specimen (not containing the
nucleic acid) obtained by means of the method of the invention;

Fig. 2A shows, highlighted in grey, the increasing behaviour of a typical curve of a
target DNA amplification by means of a LAMP reaction conducted in the presence of
SYBR GREEN (which 1s the signal reading channel) by means of a real-time thermal
cycler;

Fig. 2B shows, highlighted in black, the decreasing behaviour of the curve of a target
DNA amplification by means of a LAMP reaction conducted m the presence of
hydroxynaphthol blue (the signal reading channel used corresponds to the channel for
SYBR GREEN) by means of a real-time thermal cycler;

Figs. 3A - 3C show the effect of sodium citrate on the behaviour of the curve of
amplification of a target DNA by means of a LAMP reaction conducted in the presence
of SYBR SAFE and read mm the SYBR GREEN channel in a real-time thermal cycler.
The sodium citrate concentrations analysed are: 0.5 mM (Fig. 3A), 1| mM (Fig. 3B) and
1.5 mM (Fig. 30).
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The present invention concerns a method of colorimetrically detecting nucleic acid
synthesis and/or amplification of a, characterised 1n that said method comprises adding at
lcast one colorimetric metal indicator and at least one bland magnesium chelator to a
reaction mixture for nucleic acid amplification.

More particularly, the method of detecting the synthesis and/or amplification of a
nucleic acid according to the present invention comprises the steps of:

(1) providing at least one set of primers designed for synthesising and/or amplifying in
specific manner at least one region of the target nucleic acid,;

(1) combining the set of primers of step (1) with a reaction mixture for the amplification
of a target nucleic acid, said mixture comprising at least one colorimetric metal
indicator and at least one bland magnesium chelator;

(1) placing the reaction mixture obtained from step (1) in contact with a biological
specimen so as to amplify at least one region of the target nucleic acid possibly
present in the specimen; and

(1v) verifying the possible change 1 the colour of the reaction mixture.

The addition of the combination of at least one colorimetric metal indicator and at
Icast one bland magnesium chelator makes the reaction mixture colorimetrically sensitive
to minimum amounts of amplified nucleic acid. Actually, by applying the method of the
present invention, also small amounts of amplified nucleic acid are capable of causing a
definite change in the colour of the reaction mixture. In the method according to the
present mvention, the colour of the mixture changes from a colour falling in the range of
violet (for instance violet, lilac or magenta), to a colour falling in the range of blue (for
instance sky blue). On the contrary, by applying the methods proposed by the prior art, the
amplification of a nucleic acid makes the colour of the reaction mixture change from a
deep blue to a sky blue. The method of the present invention allows considerably
enhancing the colour differences between a positive specimen (1.€. a specimen 1n which a
nucleic acid has been amplified) and a negative specimen (1.e. a specimen where no
nucleic acid amplification occurred). Indeed, even a specimen which 1s only weakly
positive (small amounts of amplified nucleic acid) is detectable by means of the method of
the present invention. The combination of at least one bland magnesium chelator and at
least one colorimetric metal indicator 18 essential for such a result.

A first aspect of the method of the present invention concerns the colorimetric metal
indicator, which 1s preferably selected from among: hydroxynaphthol blue, eriochrome

black T, 8-hydroxyquinoline + butylamide, titanium yellow, xylidyl blue, calmagite,
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magon, thymol blue, eriochrome cyanine R, alizarin S, o-cresolphthalein, 1,2,3-
trihydroxyanthraquinone, leucoquinizarin, quinalizarin, p-nitrobenzene-azo-p-
nitrobenzene-resorcinol, butylamide, chromotrope 2B, ammonia + phenolphthalem,
alkaline hypoiodites, pentamethinedibarbituric acid and diphenylcarbazide.

Said indicator 18 preferably employed m a concentration varymg from 0.05 to 0.2
mM and, more preferably from 0.1 to 0.15 mM.

The colormetric metal indicator particularly preferred for the aims of the present
invention 1s hydroxynaphthol blue.

A second aspect of the method of the present invention concerns the bland
magnesium chelator, which 1s preferably selected from among: sodium citrate, acetic acid,
ADP, aspartic acid, ATP, n-butyric acid, citric acid, cysteine, 3,4-dihydroxybenzoic acid,
O,0-dimethylpurpurogallin, EDTA, EGTA, gluconic acid, glutamic acid, glutaric acid,
olyceric acid, glycine, glycolic acid, glycylglycine, guanosine, B-hydroxybutyric acid,
inosine triphosphate, lactic acid, malic acid, NTA, oxalic acid, polyphosphate, propionic
acid, purine, salicylaldehyde, salicylic acid, succinic acid, tartaric acid,
tetrametaphosphate, trimetaphosphate, triphosphate, uridine diphosphate.

Preferably said bland magnesium chelator 18 used 1 a concentration varymng from
0.5 to 2 mM, more preferably from 0.8 to 1.2 mM.

The bland magnesium chelator particularly preferred for the aims of the present
invention 1s sodium citrate.

In a preferred embodiment, hydroxynaphthol blue is used in combination with
sodium citrate. The nucleic acid synthesised and/or amplified by the method according to
the present invention 1S DNA and/or RNA. In case the nucleic acid to be amplified 1s an
RNA molecule, the latter 1s preferably first subjected to reverse transcription by an
enzyme such as the reverse transcriptase. The nucleic acid having undergone reverse
transcription, or cDNA, 1s then amplified according to the method according to the present
invention.

In the context of the present invention, the term "method of nucleic acid synthesis
and/or amplification” 1s used to denote a methodology allowing multiplication of a
determined fragment of a nucleic acid of mterest. The method of nucleic acid synthesis
and/or amplification preferred for the aims of the present mvention 18 LAMP, PCR or
variants thercof. Particularly preferred 1s the loop mediated 1sothermal amplification
(LAMP).

The LAMP technique 1s a recently developed methodology of nucleic acid
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amplification (Notomi T ez al., 2000).

The principles of the LAMP method are shortly described hereinbelow 1n order to
make understanding of some preferred aspects of the method of the present invention
casier.

The LAMP method 1s based on the use of a set of four primers (or oligonucleotides)
specifically designed for a certain nucleic acid sequence, for instance a DNA molecule.
Morecover, LAMP uses a thermophilic polymerase capable of synthesising and amplifying
the target nucleic acid 1n 1sothermal conditions by means of "strand displacement”.

The set of primers 1ncludes a parr of outer primers F3 and B3 and a pair of mnner
primers FIP and BIP. These primers are specific, and hence they are capable of detecting
and binding six different flanking regions of the target DNA sequence to be amplified.
Starting from the 5'-end of the target DNA, the flanking regions are F3, F2, F1, Blc, B2¢
and B3c ("c¢" stands for complementary"),

The primers are so designed as to promote formation of hairpin-loop structures
durmng the mitial steps of the reaction, and consequently the synthesis of high amounts of
self-primed DNA from such structures as the reaction proceeds.

In particular, outer primers F3 and B3 are normal single-domain primers and allow
amplifying the whole target DNA sequence. The mner primers (FIP and BIP) are hybrid
(double-domain) primers and consist of regions Flc and F2 (FIP) and regions Blc and B2
(BIP), respectively. Each primer in the inner pair 1s capable of recognising two out of the
six regions of the target DNA and the pair of mnner primers performs the main task in
LAMP reaction (actually, they are used in a much higher concentration (in excess) than
the pair of outer primers.

The LAMP reaction essentially includes two steps: a first step allows generating the
starting structure for the actual amplification step, which 1s the second step.

In the first step, the mner primers react first. In particular, region F2 m FIP binds to
the complementary region (F2¢) of the target DNA and the clongation of the newly
synthesised DNA strand by the polymerase begins.

At this point, outer primer F3 binds to the complementary region (F3c¢) of the target
DNA and, by displacing the DNA strand synthesised starting from FIP, it releases the
newly synthesised DNA strand. A loop structure 1s formed at the 3'-end of such a DNA
strand, since region Flc (deriving from FIP) hybridises with region F1 of the newly
synthesised strand.

Primers BIP and B3 react in similar manner on the other end.
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At the end of this step, a target DNA 1s obtained, which 1s characterised by a
structure (defined "self-structure”) which self-hybridises at the ends thereby forming
loops. Such a DNA will start the actual amplification step.

The self-structure 1s the new target DNA that, during the amplification step in
LAMP, 1s amplified starting from primers FIP and BIP.

The amplification step begins with the elongation starting from the free 3' end of the
self structure and with the elongation starting from FIP, which binds to loop region F2c¢. In
this manner the same self-structure as that produced in the first step 1s formed again,
together with a structure complementary thereto. The elongation reactions always continue
starting from FIP and BIP until producing highly elongated structures. A further pair of
primers, defined as loop forward (LF) and loop backward (LB) primers, may be added to
the LAMP reaction mixture. Such primers aim at significantly accelerating the reaction,
enabling a reduction even by 50% 1n the reaction time.

In the embodiment 1 which the synthesis and/or amplification of the nucleic acid 1s
performed by using LAMP, the method of the present invention includes the steps of:

(1) providing at least one set of primers designed for amplifying at least one region of a
target nucleic acid sequence by means of LAMP;

(1) combining said set of primers with a reaction mixture for the amplification of a
target nucleic acid by means of LAMP, said reaction mixture comprising at least one
colorimmetric metal indicator and at least one (bland) magnesium chelator;

(1) placing the biological specimen in contact with the combination obtained from step
(11) so as to amplify at least one region of the target nucleic acid sequence possibly
present 1n said specimen; and

(1v) verifying the possible change mn the colour of the reaction mixture.

Steps (1) to (1v) just described may optionally be preceded by a step of nucleic acid
denaturation. Preferably, said denaturation step i1s performed at a temperature of 90 -
100°C, for a time which preferably varies from 1 to 10 min, and more preferably from 4 to
& min.

Also according to this embodiment, the addition of the combination of at least one
colormmetric metal mndicator and at least one bland magnesium chelator makes the reaction
mixture colorimetrically sensitive to minimum amounts of amplified nucleic acid, which
are capable of causing a definite change 1n the colour of the reaction mixture.

The synthesis and/or amplification reaction by means of LAMP 1s carried out at

temperature which preferably varies from 50 to 80°C, and more preferably from 35 to
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70°C.

The amplification reaction may be carried out 1n a thermostated bath and/or a stove
and/or a thermal block.

The amplification reaction 1s made to proceed for a time which preferably varies
from 30 to 90 min, and more preferably from 40 to 75 min.

An aspect of the method of the present invention concerns the reaction mixture for
nucleic acid amplification. The mixture preferably comprises: at least one polymerase; a
buffer solution comprising a magnesium salt; a nucleotide triphosphate mixture; and/or at
lecast one regulator of the melting temperature.

In the context of the present invention, the term "melting temperature” denotes the
temperature at which halt the nucleic acid 1s 1in the double helix (or double strand)
condition and half is in the denatured (single strand) condition.

In general, the polymerase used 1n the method of the present invention 1s capable of
amplifying the target nucleic acid (preferably, a DNA) preferably under 1sothermal
conditions by means of a strand displacement activity.

In the context of the present invention, the term "strand displacement activity”
denotes the ability of a polymerase to displace a nucleic acid strand, for instance a DNA
molecule found downwards during the synthesis reaction, while leaving it integer (1.¢. the
term denotes the nability to hydrolyse the nucleic acid strand).

In particular, the polymerase 1s a DNA polymerase, preferably a thermophilic DNA
polymerase. The big fragment of the thermophilic DNA polymerase of Bacillus
stearothermophilus 1s particularly preferred for the aims of the present invention.

As to the buftfer solution, 1t preferably comprises a magnesium salt, KCI1, Tris-HCI,
NH4SOy, triton X-100 and/or tween 20. Preferably, the magnesium salt 1s MgSO4. Said
magnesium salt 1s preferably employed 1n a concentration varying from 1 to 8 mM and,
more preferably from 1.5 to 7 mM.

In particular embodiments of the invention it 1s possible to introduce further
magnesium in the reaction mixture, for instance in the form of magnesium ion (Mg”"),
preferably by the addition of MgCl,. In this respect, the Applicant has noticed that the use
of magnesium, salified as a chloride, enhances the violet colour of the starting reaction
mixture before the amplification reaction takes place.

As to the deoxynucleotide triphosphate mixture, it includes a mixture of dATP,
dGTP, dCTP, dTTP, preferably in a concentration varying from 1000 uM to 3000 puM.

As to the melting temperature regulator, 1t 1S chosen from among: betaine,
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trimethylamine N-oxyde, proline, dimethylsulfoxide and formamide. The melting

temperature regulator particularly preferred for the aims of the present invention 1s

betaine, which 1s preferably used in a concentration varying from 0.6 M to 1.6 M.

As to the set of primers, 1t includes at least one pair of primers capable of
recognising and binding the target nucleic acid sequence. The pair of primers preferably
comprises a forward primer complementary to a sequence 1n the 5' region of the target
nucleic acid and a reverse primer complementary to a sequence 1n the 3' region of the
target nucleic acid.

In the embodiment 1 which the synthesis and/or amplification of the nucleic acid 1s
performed by using LAMP, the set of primers of step (1) comprises at least one pair of
inner primers and at least one pair of outer primers. Optionally, also the use of further pair
of primers, defined as loop primers, can be provided for. Each pair of inner primers
comprises at least one forward mner primer (FIP) and at least one reverse inner primer
(BIP); cach pair of outer primers comprises at least one forward outer primer (F3)
complementary to F3¢ and at least one reverse outer primer (B3), each pair of loop
primers comprises at least one mner loop primer (LF) and at least one outer loop primer
(LB). Each primer in the set 18 designed so as to preferably form structures defined as
"hairpin loops" during the first steps of the LAMP reaction.

Each mner primer 18 any arbitrarily selected nucleic acid sequence. For designing
said sequence, 1t 18 preferable to consider that:

- the length of said sequence preferably varies from 35 to 60 nucleotides, more
preferably from 40 to 60 nucleotides;

- the melting temperature of said sequence preferably varies from 55 to 70°C, more
preferably from 52 to 63°C,;

- the GC percentage (1.¢. the percentage guanine + cytosine content of said sequence with
respect to the total nucleotide content) preferably varies from 30 to 65%, more
preferably from 35 to 55%;

- the concentration m which said sequence (1.e. each mner primer) 1s used preferably
varics from 0.2 to 2 mM, more preferably from 0.6 to 1.6 mM.

Each outer primer 1s any arbitrarily selected nucleic acid sequence. For designing
said sequence, 1t 18 preferable to consider that:

- the length of Flc¢ or Blc¢ preferably varies from 20 to 30 nucleotides, more preferably
from 17 to 22 nucleotides; the length of F2 and B2 preferably varies from 20 to 30

nucleotides, more preferably from 17 to 22 nucleotides;
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- the melting temperature of Flc or Blc preferably varies from 63 to 68°C, more
preferably from 52 to 63°C; the melting temperature of F2 or B2 preferably varies from
56 to 65°C, more preferably from 358 to 63°C;

- the GC percentage (1.¢. the percentage guanine + cytosine content of said sequence with
respect to the total nucleotide content) preferably varies from 30 to 65%, more
preferably from 35 to 55%; and

- the concentration in which each outer primer is used preferably varies from 0.1 to 2
mM, more preferably from 0.1 to 1 mM.

Each loop primer 1s any nucleic acid sequence arbitrarily selected from among the
sequences complementary to the sequences between F2 and Flc and B2 and Blc. For
designing said sequence, 1t 1s preferable to consider that:

- the length of said sequence preferably varies from 12 to 36 nucleotides, more
preferably from 17 to 22 nucleotides;

- the melting temperature of said sequence preferably varies from 55 to 70°C, more
preferably from 52 to 63°C;

- the percentage GC (1.¢. the percentage guanine + cytosine content of said sequence with
respect to the total nucleotide content) preferably varies from 30 to 65%, more
preferably from 35 to 55%; and

- the concentration 1n which said sequence (1.€. each loop primer) 1s used varies from 0.2
to 2 mM, preferably from 0.3 to 1 mM.

A further aspect of the present invention concerns the use of the method of the
present invention in the health field, i particular for human health. Moreover, the method
of the mvention can be applied n the agricultural and food field and/or in the veterinary
field.

Us of the method described above for detecting the presence of pathogens in a
specimen 1s particularly preferred for the aims of the present invention. In this
embodiment, what 18 being synthesised and/or amplified 1s a nucleic acid (DNA and/or
RNA) belonging (specific) to the pathogen.

In particular, at least one pathogen is selected from among: Mycoplasma, Listeria,
Leptospira, Pseudomonas or Parvovirus

The pathogen belonging to the Mycoplasma genus preferably 1s a haemotropic
mycoplasma. More preferably, said haemotropic mycoplasma 1s selected from among:
Candidatus  Mycoplasma  haemominutum, Candidatus Mycoplasma  turicensis,

Mycoplasma haemofelis, Mycoplasma haemocanis and Mycoplasma haematoparvum.
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The pathogen belonging to the Listeria genus 18 preferably Listeria monocytogenes.

The pathogen belonging to the Leptospira genus 1s preferably Leptospira
Interrogans.

The pathogen belonging to the Pseudomonas genus 1s preferably Pseudomonas
fluorescens.

The pathogen of viral origin 1s preferably selected from among: canine Parvovirus
(CPV) and feline panleukopenia virus (FPV).

As set forth above, m the context of this embodiment, the term "detecting the
presence of at least one pathogen” means synthesising and/or amplifying at least one
fragment of nucleic acid specific to the pathogen of interest. In other words, the method of
the present invention includes in this case the synthesis and/or amplification of a region of
the genome of the concerned pathogen by using specific primers.

Said synthesis and/or amplification may be carried out by means of LAMP, PCR or
variants thercof. Preferably, the synthesis and/or amplification 1s carried out by means of
LAMP.

Also m this embodiment, as described above, the synthesis and/or amplification
reaction by means of LAMP 1s carried out at a temperature which preferably varies from
50 to 80°C, and more preferably from 55 to 70°C. The amplification reaction may be
carried out 1n a thermostated bath and/or a stove and/or a thermal block.

The amplification reaction 1s made to continue for a time which preferably varies
from 30 to 90 min, and more preferably from 40 to 75 min.

In case the synthesis and/or amplification of at least one fragment of nucleic acid of
the concerned pathogen i1s carried out by means of LAMP, the design of each primer
according to step (1) 1s carried out by taking into account what has been described above
for the synthesis and/or amplification of the nucleic acid carried out by means of LAMP.

In particular, 1n the context of the present embodiment:

- the at least one forward inner primer 18 preferably selected from among SEQ ID NO: 3,
9, 15,21, 27, 33 and 39;

- the at least one reverse mner primer 18 preferably selected from among SEQ ID NO: 4,
10, 16, 22, 28, 34 and 40;

- the at lcast one forward outer primer 18 preferably selected from among SEQ ID NO: 1,
7,13, 19, 25, 31 and 37,

- the at least one reverse outer primer 18 preferably selected from among SEQ ID NO: 2,

8, 14, 20, 26, 32 and 38.
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Preferably, the pair of inner primers comprises SEQ ID NO: 3 and 4 or SEQ ID NO:
9 and 10 or SEQ ID NO: 15 and 16 and 1s specific for the detection of haemotropic
mycoplasmas 1 dogs and cats.

Preferably, the pair of mner primers comprises: SEQ ID NO: 3 and 4 for the
detection of Candidatus Mycoplasma haemominutum;, SEQ ID NO: 9 and 10 for the
detection of Candidatus Mycoplasma turicensis, SEQ ID NO: 15 and 16 for the detection
of Mycoplasma haemofelis.

Preferably, the pair of inner primers includes SEQ ID NO: 21 and 22 and 1s specific
for the detection of Listeria genus, preferably for the detection of Listeria monocytogenes
SpecCIcs.

Preferably, the pair of inner primers includes SEQ ID NO: 39 and 40 and 1s specific
for the detection of Leptospira genus, preferably for the detection of Leptospira
interrogans Specics.

Preferably, the pair of inner primers includes SEQ ID NO: 33 and 34 and 1s specific

for the detection of Pseudomonas genus, preferably for the detection of Pseudomonas

fluorescens species.

Preferably, the pair of inner primers includes SEQ ID NO: 27 and 28 and 1s specific
for the detection of Parvovirus genus, preferably for the detection of canine Parvovirus
(CPV) and/or the detection of feline panleukopenia virus (FPV).

Preferably, the pair of outer primers comprises SEQ ID NO: 1 and 2 or SEQ ID NO:
7 and 8 or SEQ ID NO: 13 and 14 and 1s specific for the detection of Mycoplasma genus.

Preferably, the pair of outer primers comprises: SEQ ID NO: 1 and 2 for the
detection of Candidatus Mycoplasma haemominutum;, SEQ ID NO: 7 and 8 for the
detection of Candidatus Mycoplasma turicensis, SEQ 1D NO: 13 and 14 for the detection
of Mycoplasma haemofelis.

Preferably, the pair of outer primers includes SEQ ID NO: 19 and 20 and 1s specific
for the detection of Listeria genus, preferably for the detection of Listeria monocytogenes
SpecCIcs.

Preferably, the pair of outer primers includes SEQ ID NO: 37 and 38 and 18 specific
for the detection of Leptospira genus, preferably for the detection of Leptospira
interrogans Species.

Preferably, the pair of outer primers includes SEQ ID NO: 31 and 32 and 1s specific

for the detection of Pseudomonas genus, preferably for the detection of Pseudomonas

fluorescens Species.
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Preferably, the pair of outer primers includes SEQ ID NO: 25 and 26 and 1s specific
for the detection of Parvovirus genus, preferably for the detection of canine Parvovirus
(CPV) and/or the detection of feline panleukopenia virus (FPV).

In particular embodiments, the set of primers to which the present invention refers
further includes a pair of loop primers.

Preferably, the pair of loop primers comprises: SEQ ID NO: 5 and 6, SEQ ID NO:
11 and 12; SEQ ID NO: 17 and 18; SEQ ID NO: 23 and 24; SEQ ID NO: 29 and 30; SEQ
ID NO: 35 and 36; or SEQ ID NO: 41 and 42.

In a preferred embodiment, the pair of loop primers comprises: SEQ ID NO: 5 and
6, SEQ ID NO: 11 and 12; or SEQ ID NO: 17 and 18 and 1s specific for the detection of
Mycoplasma genus.

Preferably, the pair of loop primers comprises: SEQ ID NO: 5 and 6 for the
detection of Candidatus Mycoplasma haemominutum;, SEQ ID NO: 11 and 12 for the
detection of Candidatus Mycoplasma turicensis;, SEQ 1D NO: 17 and 18 for the detection
of Mycoplasma haemofelis.

In a preferred embodiment, the pair of loop primers includes SEQ ID NO: 23 and 24
and 18 specific for the detection of Listeria genus, preferably for the detection of Listeria
monocytogenes Specics.

In a preferred embodiment, the pair of loop primers includes SEQ ID NO: 41 and 42
and 18 specific for the detection of Lepfospira genus, preferably for the detection of
Leptospira interrogans Species.

In a preferred embodiment, the pair of loop primers includes SEQ ID NO: 35 and 36
and 18 specific for the detection of Pseudomonas genus, preferably for the detection of
Pseudomonas fluorescens species.

Preferably, the pair of loop primers includes SEQ ID NO: 29 and 30 and 1s specific
for the detection of Parvovirus genus, preferably for the detection of canine Parvovirus
(CPV) and/or the detection of feline panleukopenia virus (FPV).

The sequences to which the preferred embodiments of the present invention refer are
listed 1n Table 1.

TABLE I

Species Name [Sequence SEQ ID NO

Candidatus F3 5-TTACCGAGGCTTGTAATCTTTTGC-3’ SEQ ID NO: 1

Mycoplasma
haemominutum
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haemofelis

Candidatus B3 [5’-TGAGATAGGTTTTCGGTGATTAGCT-3' [SEQ ID NO: 2
Mycoplasma

haemominutum

Candidatus FIP [5’CGCTCGTTACGGGACTTAACCAAACTGG|SEQ ID NO: 3
Mycoplasma AGGTTATCAGAATGACAGGTG-3

haemominutum

Candidatus BIP [5’TCGTAAGATATAGGAAGGCTGGGGCCA [SEQID NO: 4
Mycoplasma TTATGCCTACCATTGTAGCACG-3'

haemominutum

Candidatus LF |5-AGCTGACGACAGCCATGCA-3 SEQ ID NO: 5
Mycoplasma

haemominutum

Candidatus LB |5S’-CAAGTCATCATGCCCCTTATGCC-3' SEQ ID NO: 6
Mycoplasma

haemominutum

Candidatus F3 5’-AGGCGAAAACTTAGGCCATT-3’ SEQ ID NO: 7
Mycoplasma

turicensis

Candidatus B3 5-TGTTCCACCACTTGTTCAGG-3’ SEQ ID NO: 8
Mycoplasma

tUricensis

Candidatus FIP |5S’ACGGTGTGGACTACTGGGGTATTTTACG SEQ ID NO: 9
Mycoplasma CTTAGGCTTGAAAGTGTG-3’

turicensis

Candidatus BIP |S’TCGGCGTTGTAGCTTACGTGTTTTTTTCC SEQ ID NO: 10
Mycoplasma CCGTCAATTCCTTTGAGT-3'

tUricensis

Candidatus LF |5S-TCTAATCCCATTTGCTACC-3’ SEQ ID NO: 11
Mycoplasma

turicensis

Candidatus LB [5-CGCCTGGGTAGTACATATGC-3' SEQ ID NO: 12
Mycoplasma

turicensis

Mycoplasma F3 5-ATGAATGTATTTTTAAATGCCCAC-3' SEQ ID NO: 13
haemofelis

Mycoplasma B3 |5’-AAGGATGGGATCACGTCAAG-3 SEQ ID NO: 14
haemofelis

Mycoplasma FIP |5’-ACCATCGCTGGTTTGCAACACATTTTGT [SEQ ID NO: 15
haemofelis CATCATGCCCCTTATGCC-3'

Mycoplasma BIP |S’TCGGATAGGAGGCTGCAATTCGCCCCCGISEQ ID NO: 16
haemofelis ATATAGCTGACACGG-3'

Mycoplasma LF |5-GCACGTTTGCAGCCCAA-3' SEQ ID NO: 17
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interrogans

CTGGCCTAAAACTGAC-3'

Mycoplasma LB |5S’-CTCCTTGAAGTTGGAATCACTAG-3' SEQ ID NO: 18

haemofelis

Listeria F3 5’-AGCCGTGGATGTTATCGT-3' SEQ ID NO: 19

monocytogenes

Listeria B3 5’-GAAAAGCTTATTCATGGGG-3 SEQ ID NO: 20

monocytogenes

Listeria FIP |5’-GTACGTGGAAGGGAGATACCCTTTTTT |[SEQ ID NO: 21

monocytogenes GATTGCTCTGGTTACACT-3'

Listeria BIP |5’-TGAATCTCAAGCAAAACCTGGTTTTTCAISEQ ID NO: 22

monocytogenes ACGTGAGAAATTCCGCTA-3'

Listeria LF |S’-GCTTTAGCAAATACATATTT-3 SEQ ID NO: 23

monocytogenes

Listeria LB |5-GATTTAGTATTCTTCGACTATGG-3' SEQ ID NO: 24

monocytogenes

CPV/FPV F3 5’-CAGGTGATGAATTTGCTACAG-3' SEQ ID NO: 25

CPV/FPV B3 |5’-TCCTGCTGCAATAGGTGTT-3' SEQ ID NO: 26

CPV/FPV FIP |S’CCAAAGTTAGTACCTCCTTCAGCTTTTT [SEQ ID NO: 27
A CAAATAGAGCATTGGGCTT-3'

CPV/FPV BIP |5°’GACGTGGTGTAACTCAAATGGGAATTTT [SEQ ID NO: 28
GTGCACTATAACCAACCTCAG-3'

CPV/FPV LF  |5’-GAGGCAAAGAATTTAGAAATGGTGG-3" SEQ ID NO: 29

CPV/FPV LB |5’-ACTGAAGCTACTATTATGAGACCAG-3" [SEQ ID NO: 30

Pseudomonas  |F3 5’-AAGCACTTTAAGTTGGGAGGA-3’ SEQ ID NO: 31

fluorescens

Pseudomonas |B3 5’-ACGCATTTCACCGCTACAC-3’ SEQ ID NO: 32

fluorescens

Pseudomonas |[FIP |5S’-TTACGCCCAGTAATTCCGATTAACGTTT [SEQ ID NO: 33

fluorescens TGACAGAATAAGCACCGGCTAA-3'

Pseudomonas |BIP |S’-CTCAACCTGGGAACTGCATTCAATTTTARSEQ ID NO: 34

fluorescens GGAAATTCCACCACCCTCTA-3'

Pseudomonas |LF  |S’-CTGTATTACCGCGGCTGCTG-3' SEQ ID NO: 35

fluorescens

Pseudomonas |LB |5’-AACTGTCGAGCTAGAGTATGG-3 SEQ ID NO: 36

fluorescens

Leptospira F3 5’-GTGGAATTCCAGGTGTAGC-3’ SEQ ID NO: 37

interrogans

Leptospira B3 S-GGTTTTTCGCGTATCATCGA-3’ SEQ ID NO: 38

interrogans

Leptospira FIP |5’-ACCGGGGTATCTAATCCCGTTTTTTTTG [SEQ ID NO: 39
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Leptospira BIP |5S’-AGTTGTTGGGGGTTTTAACCCTTTTTTT [SEQ ID NO: 40
interrogans TCACTCTTGCGAGCATAG-3
Leptospira LF |5S-ACTACCCACGCTTTCGTGC-3’ SEQ ID NO: 41
interrogans
Leptospira LB [5-ACGGATTAAGTAGACCGCCTG-3 SEQ ID NO: 42
Interrogans

Nucleotide sequences characterised by 80 - 85% homology with respect to the above
listed sequences are to be considered as utilisable 1in the method of the present invention.

The specimen that 1s subjected to the method of the present invention 1s any source
of nucleic acid (DNA and/or RNA). In preferred embodiments, the specimen 18 any source
of at least one pathogen or of the genome of at least one pathogen, for instance a food,
water or soil.

Preferably the specimen 1s a biological specimen, for instance blood and 1its
derivatives (plasma, serum and so on), urine or any biological fluid, a fragment of a tissue,
hairs, facces or cells.

The specimen can be used as such, or 1t can be subjected to lysis.

The lysed specimen will contain the nucleic acid of interest.

The lysate can be further purified 1n order to separate the nucleic acid molecule from
the other components of the specimen.

As discussed above, the step of placing the reaction mixture for the nucleic acid
amplification described above in contact with the specimen 1s necessary to prime the start
of the reaction of synthesis and/or amplification of the target nucleic acid sequence
possibly present in the specimen.

At the end of the reaction of amplification of the target nucleic acid sequence
possibly present m the specimen, the change in the colour of the reaction mixture can be
observed only 1f the synthesis and/or amplification of said sequence has taken place.
When the method of the present mvention 1s applied, the change in the colour of the
reaction mixture 1S more definite and more apparent than i the prior art methods.
Actually, the colour of the reaction mixture changes from a colour falling in the range of
violet (for mstance violet, lilac or magenta) to a colour falling in the range of blue (for
instance, sky blue), whereas, by applyig the prior art methods, the colour of the reaction
mixture changes from a deep blue colour (before the amplification) to a sky blue colour
(after amplification) or from magenta-violet to violet. The definite change 1n the colour of
the reaction mixture that 1s observed by amplifying a nucleic acid m accordance with the

present method 1s related to the addition of at least one colorimetric metal indicator and at
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lcast one bland magnesium chelator into the reaction mixture, as described above. The
combined use of at least onc colorimetric metal indicator and at least one bland
magnesium chelator also has the advantage that it possibly allows using nucleotide
triphosphate concentrations lower than those normally used in the prior art methods. For
instance, the nucleotide concentrations may vary from 500 to 3000 uM, more preferably
1500 to 2000 uM. The method of the present invention thus allows visualising and/or
monitoring the amplification of a nucleic acid by the naked eye (visually), as a change 1n
the colour of the reaction mixture. Also a scarcely exercised or non-skilled viewer can
ascertain whether or not the amplification of the nucleic acid sequence of mterest has
taken place at the end of the reaction, since the change 1n the colour of the reaction
mixture 18 definite and apparent even when only minimum amounts of the sequence have
been amplified.

As described before, the possibility of using lower nucleotide concentrations than
those normally used 1n the prior art methods allows a considerable reduction 1n the costs
for carrying out the method, since nucleotide triphosphates are very expensive. Hence, the
method of the present invention 1s also very advantageous from an economic standpoint.

Usually, m order to monitor the reaction quality, that 1s, for instance, m order to
check whether the reaction has correctly taken place, or whether or not the reactants being
used work, or whether a contamination of the reactants occurs, one or more positive
controls and/or one or more negative controls are employed.

In the context of the present method, therefore, a specimen may be a positive control
or a negative control.

A positive control 1s, for mstance, at least one region of the sequence of the nucleic
acid of mterest (target nucleic acid). Such a region can be the sequence of the region of the
target nucleic acid as such (alone), for instance the double-stranded DNA sequence of the
region. In the alternative, such a sequence may be inserted mto any cloning vector. The
cloning vector containing the sequence of at least one region of the target nucleic acid can
be used as a positive control of the method of the present invention. In particular
embodiments, the region considered, both in the form of a nucleotide sequence as such
and 1 the form in which the nucleotide sequence of the region 1s inserted mto a cloning
vector, may be a region of the genome of a pathogen, in particular a region of the nucleic
acid sequence of the pathogen being the target of the method of the present invention.

A positive control specimen, subjected to the method of the present invention, will

take, at the end of the amplification reaction (whether 1t 1s a PCR or a LAMP) a sky blue
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colour. Hence, the specimen will change from a colour falling in the range of violet
(before the amplification) to a colour falling in the range of blue, for instance, sky blue
(after amplification), which will be indicative of the positive result of the method, that 1s
of the quality of the reactant and the experimental conditions.

A negative control 1s a specimen where all reactants needed for the execution of the
method are present, but no nucleic acid to be amplified 1s present. Therefore, the specimen
will have the same colour both before and after amplification, that 1s, 1t will have a violet
colour only 1f the method has correctly occurred (for instance, if there is no
contamination).

In other words, by using at least one positive control and at least one negative
control, the reliability of the method can be monitored.

In order to validate and/or confirm in quick and simple manner the result obtained
by applying the method of the present invention it 1s possible to use the usual nucleic acid
visualisation techniques available to any person of skill 1n the art: for instance, increase 1n
turbidity, gel and UV race, fluorescence increase due to bonds of intercalating agents or
fluorophore substances excited by UV-rays or by light of suitable wavelength.

A further aspect of the present mvention concerns a kit for carrying out the method
as described 1n the present patent application.

Said kit preferably comprises the following reactants:

- at least one set of primers according to the present invention;
- at least one buffer solution comprising a magnesium salt;

- at least one nucleotide triphosphate mixture;

- at least one polymerase;

- at least one melting temperature regulator;

- at least one colorimetric metal indicator;

- at least on¢ bland magnesium chelator;

- at least one positive control;

- at least one negative control.

The kit components listed above are as described 1 the description of the method of
the present invention. Moreover, the kit of the present invention may comprise different
reaction tubes, preferably tubes of plastic material, of Eppendort type. More preferably,
the capacity of said tubes 1s 1n the range 0.2 to 0.5 ml.

The reaction tubes contain the reactants, which preferably are freeze-dried so that

they can be preserved to ambient temperature.
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In particular, the kit according to the present invention 18 used for the detection of
the presence of a haecmotropic mycoplasma, preferably selected from among: Candidatus
Mycoplasma  haemominutum, Candidatus Mycoplasma turicensis, Mycoplasma
haemofelis, Mycoplasma haemocanis and Mycoplasma haematoparvum, in a biological
specimen.

The kit of the mvention 18 also used for the detection of a pathogen belonging to the
Listeria genus, preferably Listeria monocytogenes, 1n a biological specimen.

The kit of the mvention 18 also used for the detection of a pathogen belonging to the
Leptospira genus, preterably Leptospira interrogans, 1n a biological specimen.

The kit of the mnvention 1s also used for the detection of a pathogen belonging to the
Pseudomonas genus, preferably Pseudomonas fluorescens, 1in a biological specimen.

The kit of the invention 1s also used for the detection of a pathogen of viral origin,
preferably selected from among canine Parvovirus (CPV) and feline panleukopenia virus
(FPV), 1n a biological specimen.

In the preferred cases mentioned above, the kit according to the invention includes
the primer sets as disclosed in the description of the method.

EXAMPLE 1
Hydroxynaphthol blue is used in the LAMP methods in order to follow the

amplification reaction according to the methods known in the art (Goto M et al,
Biotechniques, 2009; Ma XJ ef al., J. Virol. Methods, 2010; Cardoso TC et al., Mol. Cell
Probes, 2010). The Applicant, when applying the prior art methods, has obtained a blue
colour of the reaction mixture, before the LAMP amplification, which colour has not
always enabled colorimetrically following the amplification reaction of the nucleic acid of
interest. This 1s because, by applying the prior art methods, the amplification reaction has
a deep blue colour before the amplification of the nucleic acid and, at the end of a possible
amplification of the nucleic acid of interest, has a pale blue colour which seldom can be
distinguished in definite manner from the colour of the starting mixture. Fig. 1A shows a
positive specimen and a negative specimen when the method of Goto ef al. 1s applied. We
remind that a positive specimen provides information about a specimen where the nucleic
acid has been amplified, and hence 1t provides an 1dea of the reaction mixture colour at the
end of the amplification when the amplification of a nucleic acid occurred. A negative
specimen provides mformation about a specimen where the nucleic acid has not been
amplified, and hence 1t provides an 1dea of the starting colour of the reaction mixture, 1.¢.

before amplification.
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In order to enhance the colorimetric difference of the reaction mixture before and
after the amplification of the possible nucleic acid, so as to e¢nable a simple and fast
monitoring of the same amplification even by non-skilled staff, a bland magnesium
chelator has been added to the mixture. The bland magnesium chelator used 1s sodium
citrate. It has been tested at the following concentrations: 0.25, 0.5, 0.75, 1, 1.25, 1.50,
1.75,2,2.5, 3,4.5 mM.

The addition of sodium citrate and hydroxynaphthol blue to the reaction mixture for
the LAMP amplification has given, before amplification, a violet colour to the mixture.

At the end of the possible amplification of the nucleic acid, the mixture has taken a
sky blue colour, that can be clearly distinguished from the starting colour of the reaction
mixture (before amplification).

Fig. 1B shows a positive specimen and a negative specimen when the method of the
present mvention 1s applied. The results show that the method of the present invention
allows considerably enhancing the colour difference between the beginning and the end of
the reaction 1f compared to the methods known 1n the literature.

In order to verity the actual functionality of sodium citrate in enhancing the contrast
between the violet colour of the negative specimens and the sky blue colour of the positive
specimens, a real time thermal cycler has been used.

SYBR GREEN has been used as the reading channel. Indeed, the Applicant has
surprisingly found that, under these experimental conditions, the thermal cycler 1s capable
of reading both the results of a conventional LAMP amplification, and the results of a
LAMP to the reaction mixture of which hydroxynaphthol blue has been added.

In the presence of hydroxynaphthol blue, the curve corresponding to the
amplification of the target DNA, mstead of having an increasing behaviour as in the
conventional LAMP (see Fig. 2A), has a decreasing behaviour as the colouring agent in
the reaction mixture 18 changing from a violet colour to a sky blue colour (see Fig. 2B).

The experimental work has been divided into two steps, a first step of validation of
the reading method described above, and a second step of evaluation of the effect of the
addition of sodium citrate to the LAMP reaction mixture.

As to the first step of validation of the reading method of the results by means of a
real time thermal cycler, 10 specimens containing the LAMP reaction mixtures with
hydroxynaphthol blue (1n 10 different tubes) and 10 specimens with the LAMP reaction
mixtures containing SYBR SAFE have been prepared.

A same amount of a positive control (5 ul, corresponding to about 90,000 targets)
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with the same dilution has been added to the specimens.

The specimens have been incubated for one hour at 65°C.

The curves of the two specimen pools (1.¢. the reaction mixture with and without
hydroxynaphthol blue) have been compared.

The two kinds of specimens have shown an increasing behaviour (in the case of the
curve of the LAMP with SYBR SAFE) and a decreasing behaviour (in the case of the
curve of the LAMP with hydroxynaphthol blue) in the amplification curve for the same
number of cycles (see Figs. 2A-B). Also the behaviours of the curves for both kinds of
specimens have been identical (both curves attain the platecau at the same number of
cycles).

This result has allowed determining that the real time thermal cycler can be used as
a "non standard" mstrument for reading the colour of a LAMP reaction mixture to which
hydroxynaphthol blue has been added.

The second step has included verifying the effect of sodium citrate on the change of
colour of the LAMP reaction mixture. In particular, three LAMP reaction mixtures have
been prepared, to which hydroxynaphthol blue and sodium citrate 1n increasing
concentrations have been added. The concentrations of sodium citrate being analysed are:
0.5 mM (Fig. 3-A), 1 mM (Fig. 3-B) and 1.5 mM (Fig. 3-C).

The same amount of a positive control (9,000 targets) has been added to ecach of the
three mixtures.

The specimens have been incubated at 65°C for 1 hour. The behaviours of the
amplification curves at the three different concentrations of sodium citrate (see Figs. 3 A-
B.-C) show that the gap between the signal measured at the beginning of the amplification
reaction and the end signal 1s the greater the higher the sodium citrate concentration in the
mixture. The reaction has been inhibited by 5 mM concentrations.

These results have demonstrated that sodium citrate, in the positive specimens (1.¢.
in the tubes where the nucleic acid has been amplified) 1s effective 1n making the end
colour of the reaction mixture tend to sky blue. Moreover, the addition of sodium citrate to
the LAMP reaction mixture containing hydroxynaphthol blue has proved capable of
enhancing the contrast between the negative specimens (1.¢. the specimens of which the
colour remains violet because the nucleic acid has not been amplified) and the positive
specimens (1.¢. the specimens of which the colour becomes sky blue because the nucleic
acid has been amplified). In effect, with the method of the present invention, the colour

difference between a positive and a negative specimen [violet (negative) - blue (positive)]
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1s much more definite and detectable than in the method of Goto et al., which does not
include the addition of sodium citrate [deep blue ( negative) - sky blue (positive)]. The
visual results are reported 1n Fig. 1, where Fig. 1A shows the specimens to which the prior
art colorimetric method, which does not include a step of adding hydroxynaphthol blue 1n
combination with sodium citrate to the LAMP reaction mixture, has been applied, whereas
Fig. 1B shows the specimens to which the method of the present invention has been
applied.

It 1s clearly apparent that, when applying the method of Goto ef al. (Fig. 1A), the
colour difference between a positive and a negative specimen 1s less distinguishable than

when applying the method of the present invention (Fig. 1B).
EXAMPLE 2

In order to demonstrate that sodium citrate does not inhibit the LAMP amplification
reaction, the Applicant has subjected specimens containing a positive control
(Mycoplasma  haemofelis, Candidatus Mycoplasma haemominutum, Candidatus

Mycoplasma turicensis, Listeria monocytogenes, Leptospira interrogans, Pseudomonas

fluorescens, Parvovirus as control have been tested) to LAMP amplification reaction with

and without sodium citrate.

In particular, 4 specimens containing 4 mM and 6 mM of magnesium with and
without 1.5 mM of sodium citrate have been prepared.

Specifically, the samples are:
SAMPLE 1: LAMP rcaction mixture containing 4 mM of magnesium,;
SAMPLE 2: LAMP reaction mixture containing 4 mM of magnesium, 1.5 mM of sodium
citrate;
SAMPLE 3: LAMP reaction mixture containing 6 mM of magnesium;
SAMPLE 4: LAMP reaction mixture containing 6 mM of magnesium, 1.5 mM of sodium
citrate;

The LAMP has been conducted for 70 min at 65°C and the results obtained (in

minutes) are reported 1n the following table.

Non-diluted Specimen with 1:10 | Specimen with 1:20
specimen dilution dilution
Specimen 1 | 23.8 26.3 41.04
Specimen 2 | 21.49 24.09 25.92
Specimen 3 | 25.82 26.09 50.56
Specimen 4 | 22.64 25.67 34.39
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Each specimen has been tested as such and with 1:10 and 1:20 dilutions.

As 1t can be appreciated from the time values obtained, the specimens containing
sodium citrate have lower values, that 1s, they develop the reaction more rapidly. Hence, 1t
1s deduced that the addition of sodium citrate does not inhibit the LAMP amplification

reaction and, instead, in some cases, such addition can favour the reaction.

EXAMPLE 3

Detection of contamination with Mycoplasma

In order to test the validity of the method, specimens of DNA extracted from
complete cat blood have been amplified by the method of the present invention in order to
check whether the same were contaminated with the following pathogens: Mycoplasma
haemofelis, Candidatus Mycoplasma turicensis and Candidatus Mycoplasma
haemominutum.

The DNA has been extracted from the blood samples by using the commercial kit
NucleoSpin® Tissue (Macherey-Nagel).

The detection of the possible specimen contamination has been verified by applying
the method of the present invention and by using PCR.

Twenty specimens have been tested and the results obtained are as follows:

Results obtained by applying PCR:

- Candidatus Mycoplasma haemominutum: 9 positive specimens (of which 2 positive
also for Mycoplasma haemofelis and 2 positive also for Candidatus Mycoplasma
turicensis);

- Candidatus Mycoplasma turicensis: 2 positive specimens (2 of which positive also
for Candidatus Mycoplasma haemominutum);

- Mycoplasma haemofelis: 3 positive specimens (2 of which positive also for cMhm);

- Negative specimens: 10.

Results obtained by applying the method of the invention:

- Candidatus Mycoplasma haemominutum: 9 positive specimens (of which 2 positive
also for Mycoplasma haemofelis and 2 positive also for Candidatus Mycoplasma
turicensis);

- Candidatus Mycoplasma turicensis. 2 positive specimens (2 of which positive also
for Mycoplasma haemominutum),

- Mycoplasma haemofelis: 3 positive specimens (2 of which positive also for
Mycoplasma haemominutum);

- Negative specimens: 10.
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The following methods have been compared for the detection of the results obtained
by the method of the present invention:
a) real time monitoring on a thermal cycler;
b) colour change with hydroxynaphthol with and without sodium citrate.

In the whole, 20 comparative tests have been carried out.

The two detection methods have shown a 100% congruence of the results only when
the combination of hydroxynaphthol blue and sodium citrate 1s added to the reaction

mixture, according to the method of the present invention.

Detection of contamination with Listeria monocytogenes

In order to detect Listeria monocytogenes, 19 specimens of DNA extracted from
bacterial cultures of Listeria monocytogenes have been tested. The DNA has been
extracted by using the commercial kit NucleoSpin® Tissue (Macherey-Nagel).

The following methods have been compared for the detection of the results obtained
by the method of the present invention:

a) real time monitoring on a thermal cycler;
b) colour change with hydroxynaphthol with and without sodium citrate.

In the whole, 20 comparative tests have been carried out.

The two detection methods have shown a 100% congruence of the results only when
the combination of hydroxynaphthol blue and sodium citrate 1s added to the reaction
mixture, according to the method of the present invention.

Moreover, tests have been carried out on a plasmid (in particular, vector pCRT™4-
TOPO® has been used as the plasmid), mnto which a DNA fragment has been mtroduced
that corresponds to the same region of the genome of Listeria as the one being amplified.
Tests have been carried out by means of LAMP reaction at serial dilutions (on a base 10)
of the plasmid, and a sensitivity of the LAMP test of 2 targets/ul (corresponding to the
ninth dilution on base 10 of the starting plasmid) has been detected.

Detection of contamination with Pseudomonas fluorescens

In order to detect contamination with Pseudomonas fluorescens, 18 DNA specimens
extracted from bacterial cultures of Pseudomonas fluorescens by using the commercial kit
NucleoSpin® Tissue (Macherey-Nagel) have been tested.

The specimens have been subjected to the method of the invention and the occurred
amplification has been verified both by means of real time monitoring and by means of
colour change.

The results clearly show that only the method of the invention has been capable of
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detecting the presence of Pseudomonas fluorescens 1in all DNA specimens.

Detection of contamination with Leptospira

In order to detect Leptospira, 11 DNA specimens extracted from urines (the
positivity of which was known) by using the commercial kit NucleoSpin® Tissue
(Macherey-Nagel) have been tested.

A double test has been carried out on the specimens, with the method of the present
invention and with PCR.

The results have shown that the method of the present invention 1s capable of
detecting 11 positives out of 11. The reference method PCR has detected 11 positives out
of 11.

The method of the present invention has been carried out by visualising the results
both by real time¢ monitoring, and by using the change in the colour of the reaction
mixture.

The two visualisation methods have shown a 100% congruence of the results.

Detection of contamination with Parvovirus

In order to detect Parvovirus, 9 specimens of DNA extracted from faecal swabs (the
positivity of which was known) by using the commercial kit NucleoSpin® Tissue
(Macherey-Nagel) have been analysed.

The specimens have been analysed by means of PCR and by the method of the
present invention, and the superimposability of the results has been verified.

Lastly, the step of detecting the product amplified according to the method of the
present mnvention has been conducted both by using real time monitoring and by using the
change 1n the colour of the reaction mixture. The results have shown a 100% congruence

of the results obtained with both different methods.
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Patent claims

1. A method for detecting the synthesis and/or amplification of a target nucleic
acid sequence, comprising the steps of:

(1) providing at least on¢ set of primers designed for synthesising and/or amplifying at
least one region of said target nucleic acid sequence;

(1) combining the set of primers as per step (1) with a reaction mixture for the
amplification of said at least one region of the target nucleic acid sequence, said
reaction mixture comprising at least one colorimetric metal indicator and at least one
magnesium chelator;

(11) placing the reaction mixture obtammed from step (1) in contact with a biological
specimen so as to amplify said at least one region of the target nucleic acid sequence
possibly present 1in said specimen; and

(1v) veritying a possible change 1n the colour of the reaction mixture.

2. The method according to claim 1, wherein said colorimetric metal indicator 18
selected from among: hydroxynaphthol blue, eriochrome black T, 8-hydroxyquinoline +
butylamide, titanium yellow, xylidyl blue, calmagite, magon, thymol blue, eriochrome
cyanine R, alizarin S, o-cresolphthalem, 1,2,3-trihydroxyanthraquinone, leucoquinizarin,
quinalizarin, p-nitrobenzene-azo-p-nitrobenzene-resorcinol, butylamide, chromotrope 2B,
ammonia + phenolphthalein, alkaline hypoiodites, pentamethinedibarbituric acid,
diphenylcarbazide and combinations thercof; said colorimetric metal indicator being
preferably hydroxynaphthol blue.

3. The method according to claim 1 or 2, wherein said magnesium chelator 1s a
bland magnesium chelator selected from among: sodium citrate, acetic acid, ADP, aspartic
acid, ATP, n-butyric acid, citric acid, cysteine, 3,4-dihydroxybenzoic acid, O,O-
dimethylpurpurogallin, EDTA, EGTA, gluconic acid, glutamic acid, glutaric acid, glyceric
acid, glycine, glycolic acid, glycylglycine, guanosine, B-hydroxybutyric acid, 1nosine
triphosphate, lactic acid, malic acid, NTA, oxalic acid, polyphosphate, propionic acid,
purine, salicylaldehyde, salicylic acid, succinic acid, tartaric acid, tetrametaphosphate,
trimetaphosphate, triphosphate, uridine diphosphate and combinations thereof; said bland
magnesium chelator being preferably sodium citrate.

4. The method according to anyone of claims 1 to 3, wherein said colorimetric
metal indicator and said bland magnesium chelator are hydroxynaphthol blue and sodium
citrate, respectively.

5. The method according to anyone of claims 1 to 4, wherein said possible change
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in colour of the reaction mixture 1s from a colour falling in the range of violet, preferably
violet, lilac or magenta, to a colour falling in the range of blue, preferably sky blue.

6. The method according to anyone of claims 1 to 5, wherein said method of
synthesis and/or amplification of a nucleic acid sequence 1s LAMP.

7. The method according to claim 6, wherein step (1) comprises the steps of:

(a) arbitrarily selecting a sequence F3c, a sequence F2¢ and a sequence Flc 1n the 3
region of the target nucleic acid sequence starting from the 3' end;

(b) arbitrarily selecting a sequence B3, a sequence B2 and a sequence B1 1n the 5' region
of the nucleic acid sequence starting from the 5' end;

(¢) providing at least one set of primers in order to amplify said target nucleic acid
sequence by LAMP, said set comprising;:

(cl) at least one pair of mner primers comprising a forward inner primer (FIP) and a
reverse mner primer (BIP), said FIP comprising a sequence F2 complementary
to F2¢ and the sequence Flc complementary to F1, said BIP comprising the
sequence B2 complementary to B2¢ and a sequence Blc complementary to B1;

(c2) at least one pair of outer primers comprising a forward outer primer (F3)
complementary to F3c¢ and a reverse outer primer (B3) corresponding to the
region B3¢ of said target nucleic acid sequence.

8. The method according to claim 7, wherein the set of primers as per step (¢)
further comprises at least one pair of loop primers comprising an outer loop primer (LB)
and an inner loop primer (FB).

9. The method according to anyone of claims 1 to 8, wheremn the reaction mixture
of said step (1) comprises a deoxynucleotide triphosphate mixture at a concentration
varying between 1000 and 3000 uM.

10. The method according to anyone of claims 1 to 9, for detecting the presence of
at least one pathogen sclected from among: Mycoplasma, Listeria, Leptospira,
Pseudomonas, canine Parvovirus (CPV) and feline panleukopenia virus (FPV) m a
biological specimen.

11. The method according to claim 10, wherein said Mycoplasma 1s selected from
among:. Candidatus Mycoplasma haemominutum, Candidatus Mycoplasma turicensis,
Mycoplasma haemofelis, Mycoplasma haemocanis and Mycoplasma haematoparvum; said
Listeria 18 Listeria monocytogenes, said Leptospira 1S Leptospira interrogans, said
Pseudomonas 18 Pseudomonas fluorescens.

12.  The method according to claims 7 and 10 or 11, wherein for Candidatus
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Mycoplasma haemominutum said set of primers comprises the primers F3, B3, FIP, BIP,
LF and LB having sequences corresponding to SEQ ID NO: 1, 2, 3, 4, 5 and 6,
respectively; for Candidatus Mycoplasma turicensis said set of primers comprises the
primers F3, B3, FIP, BIP, LF and LB having sequences corresponding to SEQ ID NO: 7,
8,9, 10, 11 and 12, respectively; for Mycoplasma haemofelis said set of primers comprises
the primers F3, B3, FIP, BIP, LF and LB having sequences corresponding to SEQ 1D NO:
13, 14, 15, 16, 17 and 18, respectively; for Listeria monocytogenes said set of primers
comprises the primers F3, B3, FIP, BIP, LF and LB having sequences corresponding to
SEQ ID 10 NO: 19, 20, 21, 22 and 24, respectively; for canine Parvovirus (CPV) and
feline panleukopenia virus (FPV) said set of primers comprises the primers F3, B3, FIP,
BIP, LF and LB having sequences corresponding to SEQ ID 10 NO: 25, 26, 27, 28, 29 and
30, respectively; for Pseudomonas fluorescens said set of primers comprises the primers
F3, B3, FIP, BIP, LF and LB having sequences corresponding to SEQ ID NO: 31, 32, 33,
34, 35 and 36, respectively; and for Leptospira interrogans said set of primers comprises
the primers F3, B3, FIP, BIP, LF and LB, having sequences corresponding to SEQ 1D NO:
37, 38, 39, 40, 41 and 42, respectively.

13. A kit for carrying out the method in accordance with anyone of claims 1 to 12,
comprising;:
- a set of primers designed for synthesising and/or amplifying at least one region of a

target nucleic acid sequence;

- at least one buffer solution comprising a magnesium salt;
- at least one nucleotide triphosphate mixture;
- at least on¢ polymerase;
- at least one regulator of the melting temperature;
- at least one colorimetric metal indicator;
- at least one bland magnesium chelator;
- at least one positive control; and
- at least one negative control.

14. The kit according to claim 13 for detecting the presence of at least one pathogen
selected from among: Mycoplasma, Listeria, Leptospira, Pseudomonas, canine Parvovirus

(CPV) and feline panleukopenia virus (FPV) 1n a biological specimen.
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