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(57) ABSTRACT

The object of the present invention 1s to provide a method that
allows stable amplification of an internal standard material
while maintaining an accurate assay value for a target nucleic
acid 1n a nucleic acid detection system involving the use of an
internal standard material and a reagent kit used therefor. The
present invention relates to a method for nucleic acid ampli-
fication comprising preventing an internal standard amplifi-
cation product from affecting amplification reaction of a tar-
get nucleic acid by performing amplification of an internal
standard material prior to amplification of the target nucleic
acid 1n the method for amplifying a target nucleic acid 1n a
sample using an internal standard material and a reagent and
reagent kit used therefor.
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Fig. 1
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Fig. 2

Standard curve for target nucleic acid (NG)
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Fig. 3

Ampilification of internal standard nucleic acid (CT)
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Fig. 4
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Amplification curve for target nucleic acid (HBV)
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Fig. 5

Standard curve for target nucleic acid (HBV)
1041-1078 copies/test
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Fig. 6

Amplification curve for internal standard nucleic acid (Arita2)
1076 copies/test
(HBV 10*1-1048 copies/test)
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Fig. 7

Influence of changes in internal standard material concentration
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Fig. 8

Influence of changes in internal standard primer concentration
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Fig. 9

Influence of changes in amount of reaction solution composition
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Qualitative reaction of Neisseria gonorrhoeae
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METHOD OF NUCLEIC ACID
AMPLIFICATION AND MEASURING
REAGENT AND REAGENT KIT THEREFOR

RELATED APPLICATIONS

[0001] This application 1s a divisional application of U.S.
application Ser. No. 12/738.,413, filed Apr. 16,2010, which 1s
a National Phase of International Application No. PCT/
JP2008/068829, filed Oct. 17, 2008 which designated the
U.S. and that International application was published under
PCT Article 21(2) 1n Japanese, and claims priority to Japa-
nese Application No. 2007-271902, filed Oct. 19, 2007, all of
which applications are expressly incorporated herein by ref-
erence 1n their entirety.

TECHNICAL FIELD

[0002] The present invention relates to a method for ampli-
tying a nucleic acid in a sample and a reagent used therefor.
More particularly, the present invention relates to a method of
amplification involving the use of an 1nternal standard mate-
rial.

BACKGROUND ART

[0003] A variety of methods for nucleic acid amplification
have been developed as techniques that allow detection of
very small amounts of nucleic acids 1n a sample. In particular,
a method 1n which efficient 1sothermal amplification 1s car-
ried out (e.g., the LAMP method) has been employed 1n a
wide variety of testing fields as a technique that allows simple
and rapid detection with the use of a cost-elfective apparatus
without a temperature control function.

[0004] The present inventors reported that nucleic acids
could be quantified at a concentration range of 10° to 10°
copies/test with the use of a LAMP detection system that does
not mvolve the use of an mternal standard maternial (Y. Mori,
et al., Journal of Biochemical and Biophysical Methods, 359,
145-1577, 2004). Since this technique does not use an internal
standard material, the results obtained by such technique are
relative amounts of target nucleic acids.

[0005] Meanwhile, a method of quantification ivolving
the use of an internal standard material 1n the LAMP method
was reported (H. Tam, et al., Analytical Chemuistry, 79 (15),
5608-5613,2007). This method involves the use of an internal
standard material having a sequence similar to that of the
target nucleic acid to simultancously amplily the target
nucleic acid and the internal standard material. Since the
quantifiable concentration range of this method 1s as small as
10™ to 10° copies/test, it is necessary to dilute a sample and
repeat assays a plurality of times 1n order to assay nucleic
acids of a wide concentration range.

DISCLOSURE OF THE INVENTION

[0006] Inadetectionsystem involving the use of an internal
standard material, an amplification product of the internal
standard material affects an amplification reaction of a target
nucleic acid. Thus, a target nucleic acid cannot be accurately
assayed, and such drawback 1s considered to be a common
problem of 1sothermal nucleic acid amplification techniques
that yield high amplification efficiency. The present invention
1s 1ntended to overcome such drawback and to provide a
method that allows stable amplification of an internal stan-
dard material while maintaiming an accurate assay value for a
target nucleic acid and a reagent used therefor.
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[0007] The present inventors have conducted concentrated
studies 1in order to attain the above object. As a result, they
have found that the influence of an imternal standard amplifi-
cation product imposed on an amplification reaction of a
target nucleic acid can be avoided by refraining from per-
forming an amplification reaction of an internal standard
material simultaneously with a reaction of a target nucleic
acid; that 1s, by performing an amplification reaction of an
internal standard material prior to or subsequent to a reaction
ol a target nucleic acid. This has led to the completion of the
present invention.

[0008] Specifically, the present mnvention provides (1) to (9)
below.
[0009] (1) A method for nucleic acid amplification com-

prising performing amplification of an iternal standard
material prior to amplification of a target nucleic acid.
[0010] (2) The method for nucleic acid amplification
according to (1) comprising the steps of:

[0011] (a)adding a solution containing an internal standard
material with a known concentration or copy number to a
sample containing a target nucleic acid;

[0012] (b) performing an amplification reaction using an
amplification reaction solution containing an oligonucleotide
primer used for amplification of an internal standard material
that allows performance of amplification of an iternal stan-
dard material prior to amplification of a target nucleic acid
(hereafter referred to as an “internal standard primer”) and an
oligonucleotide primer used for amplification of a target
nucleic acid (hereaiter referred to as a “target nucleic acid
primer”’) under given conditions; and

[0013] (c) performing assay via a means that allows the
amplification reaction of the internal standard material to be
distinguished from the amplification reaction of the target
nucleic acid.

[0014] (3) The method for nucleic acid amplification
according to (1) or (2), wherein the target nucleic acid 1s
quantified.

[0015] (4) The method for nucleic acid amplification
according to (1), comprising the steps of:

[0016] (a)adding a solution containing an internal standard
material with a known concentration or copy number to a
sample contaiming a target nucleic acid;

[0017] (b) performing an amplification reaction using an
amplification reaction solution containing an oligonucleotide
primer used for amplification of an internal standard material
that allows performance of amplification of an internal stan-
dard material prior to amplification of a target nucleic acid
(hereafter referred to as an “internal standard primer™”) and an
oligonucleotide primer used for amplification of a target
nucleic acid (hereaiter referred to as a “target nucleic acid
primer’”’) under given conditions; and

[0018] (c) performing real-time assay via a means that
allows the amplification reaction of the internal standard
material to be distinguished from the amplification reaction
of the target nucleic acid and determining the 1nitial concen-
tration or copy number of the target nucleic acid 1n a sample
based on the results of assay and the amount of the internal
standard material added.

[0019] (5) The method for nucleic acid amplification
according to any one of (1) to (4), wherein the internal stan-
dard material has a nucleotide sequence different from that of
the target nucleic acid at least in the primer design region.
[0020] (6) The method for nucleic acid amplification
according to (5), wherein the internal standard primer 1is
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designed to specifically hybridize to the internal standard
material but not to hybridize to the target nucleic acid under
given conditions and the target nucleic acid primer 1is
designed to specifically hybridize to the target nucleic acid
but not to hybridize to the internal standard material under the
given conditions.

[0021] (7) The method for nucleic acid amplification
according to (5) or (6), wherein the amplification reaction 1s
the LAMP method.

[0022] (8)Anassay reagent or reagent kit used for perform-
ing the method for nucleic acid amplification according to any
one of (1) to (7).

[0023] (9) The assay reagent or reagent kit according to (8),
which at least comprises the reagents described below:
[0024] (a) an internal standard material with a known con-
centration or copy number, which has a nucleotide sequence
different from that of the target nucleic acid at least 1n the
primer design region;

[0025] (b) an internal standard primer that allows pertor-
mance of amplification of an internal standard material prior
to amplification of the target nucleic acid under given condi-
tions; and

[0026] (c) a target nucleic acid primer.

[0027] According to the present invention, an amplification
reaction of an internal standard material 1s performed prior to
a reaction of a target nucleic acid, so that an internal standard
material can be stably amplified while maintaining an accu-
rate assay value for the target nucleic acid. According to
qualitative techniques, specifically, the efficiency of extrac-
tion and purification from various samples or influence of
components in samples on an amplification reaction can be
monitored. According to quantification techniques, also,
absolute amounts of nucleic acids can be assayed 1n a wide
range of 7 digits or more.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 11s achart showing the results attained via the
LAMP method using a target nucleic acid (1.e., NG plasmid)
at each concentration of 10" to 10”7 copies/test and an internal
standard nucleic acid (i.e., C'T plasmid) and assaying fluores-
cence quenching of a quenching probe caused along with
amplification of the target nucleic acid via Mx3000P real-
time assay.

[0029] FIG. 2 1s a chart showing a standard curve obtained
using NG plasmid.

[0030] FIG. 3 1s a chart showing the results attained via the
LAMP method using a target nucleic acid (1.e., NG plasmid)
at each concentration of 10" to 107 copies/test and an internal
standard nucleic acid (i.e., C'T plasmid) and assaying fluores-
cence quenching of a quenching probe caused along with
amplification of an internal standard nucleic acid wvia
Mx3000P real-time assay.

[0031] FIG. 415 a chart showing the results attained via the
LAMP method using a target nucleic acid (1.e., HBV plasmid)
at each concentration of 10" to 10° copies/test and an internal
standard nucleic acid (1.e., Arita2 plasmid) and assaying fluo-
rescence quenching of a quenching probe caused along with
amplification of the target nucleic acid via Mx3000P real-
time assay.

[0032] FIG. S 1s a chart showing a standard curve obtained
using HBV plasmid.

[0033] FIG. 615 a chart showing the results attained via the
LAMP method using a target nucleic acid (1.e., HBV plasmid)
at each concentration of 10" to 10 copies/test and an internal
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standard nucleic acid (1.e., Arita2 plasmid) and assaying fluo-
rescence quenching of a quenching probe caused along with
amplification of an internal standard nucleic acid wvia
Mx3000P real-time assay.

[0034] FIG. 7 1s a chart showing changes 1n amplification
times for a target nucleic acid (HBV plasmid) and an internal
standard nucleic acid (Anta2 plasmid) at internal standard
material template concentrations of 107, 10*, and 10° copies/
test.

[0035] FIG. 8 1s a chart showing changes 1n amplification
times for a target nucleic acid (HBV plasmid) and an internal
standard nucleic acid (Arnta2 plasmid) using an internal stan-
dard primer at concentration of x1 and primers at lower
concentration (x0.235, x0.3, and x0.5).

[0036] FIG. 9 1s a chart showing changes 1n amplification
times for a target nucleic acid (HBV plasmid) and an internal
standard nucleic acid (Arita2 plasmid) with the use of a
reagent component Ax1 and a reagent component Ax1.2 of
high concentration.

[0037] FIG. 10 1s a chart showing the results of amplifica-
tion of an internal standard nucleic acid (CT plasmid; 1.C.)
and a high-concentration template of NG plasmid (NG_H) 1n
the same reaction solution.

[0038] FIG. 11 1s a chart showing the results of amplifica-
tion of an internal standard nucleic acid (CT plasmid; 1.C.)
and a low-concentration template of NG plasmid (NG_L) 1n
the same reaction solution.

[0039] This description includes the contents as disclosed
in the specification of Japanese Patent Application No. 2007 -
271902, which 1s a priority document of the present applica-
tion.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0040] The method for nucleic acid amplification of the
present invention comprises performing amplification of an
internal standard material prior to or subsequent to amplifi-
cation of a target nucleic acid. The condition of amplification
of an internal standard material being performed prior to
amplification of a target nucleic acid means that an amplifi-
cation reaction of the internal standard material 1s mnitiated
before an amplification reaction of the target nucleic acid
template 1s mitiated. To this end, designing of an internal
standard primer that allows performance of amplification
with early timing (i.e., in advance) 1s necessary. The term
“internal standard primer” refers to an oligonucleotide primer
used for amplification of an internal standard material. In
general, special conditions for designing a primer used to
perform amplification with early timing have not yet been
established. Thus, a primer used to perform amplification
with early timing 1s selected from among primers that are
designed by conventional techniques with the use of dedi-
cated software or the like, and the selected primer 1s desig-
nated as an internal standard primer.

[0041] The condition of amplification of an internal stan-
dard matenal being performed subsequent to amplification of
a target nucleic acid means that an amplification reaction of
the internal standard material 1s iitiated after an amplifica-
tion reaction of the target nucleic acid template 1s initiated. To
this end, designing of an internal standard primer that allows
performance of amplification with late timing (1.e., afterward)
1s necessary. Thus, a primer used to perform amplification
with late timing 1s selected from among primers that are
designed by conventional techniques with the use of dedi-
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cated software or the like, and the selected primer 1s desig-
nated as an internal standard primer.

[0042] In a method for 1sothermal nucleic acid amplifica-
tion, 1n general, the timing for amplification tends to be earlier
as target nucleic acid concentration 1s elevated. Thus, 1t 1s
necessary to elevate concentration of the internal standard
material 1n order to amplity the internal standard matenal
with early timing. In contrast, 1t 1s necessary to reduce con-
centration of the internal standard material in order to amplity
the internal standard material with late timing.

[0043] Inthe present invention, specifically, the concentra-
tion of the internal standard material 1n the amplification
reaction solution 1s set to be higher than that in the amplifi-
cation reaction solution used for assay wvia simultaneous
amplification of an internal standard material and the target
nucleic acid, in order to amplily the internal standard material
with early timing (1.e., 1n advance). Such concentration 1s
preferably set to be 10 times as high or higher, and more
preferably 100 times as high or higher. In contrast, concen-
tration of the internal standard material 1n the amplification
reaction solution 1s set lower than that 1n the amplification
reaction solution used for assay via simultaneous amplifica-
tion of an internal standard material and the target nucleic
acid, 1n order to amplify the internal standard material with
late timing (1.e., afterward). Such concentration 1s preferably
set to be 0.1 times as low or lower, and more preferably 0.01
times as low or lower.

[0044] The internal standard material used in the present
invention 1s not particularly limited, provided that the relevant
nucleic acid has a nucleotide sequence different from that of
the target nucleic acid at least 1n the primer design region.
Examples of such nucleic acid include a naturally occurring
nucleic acid and a partially or fully artificially synthesized
nucleic acid.

[0045] By reducing concentration of the internal standard
primer of the present invention to a level lower than a general
level (1.e., a single nucleic acid detection system), the amount
ol the internal standard amplification product can be reduced,
and accuracy of target nucleic acid assay can be improved. By
clevating concentration of a substrate nucleotide for nucleic
acid synthesis to a level higher than a general level, a substrate
that 1s consumed 1n the amplification reaction of the internal
standard material can be supplemented, and the problem of
delay 1n target nucleic acid amplification can be resolved.
This enables detection with higher sensitivity within a shorter
period of time.

[0046] According to the present invention, specifically,
concentration of the internal standard primer in the amplifi-
cation reaction solution 1s set to be lower than that in the
amplification reaction solution that 1s used for assay via
simultaneous amplification of an internal standard material
and the target nucleic acid, 1n order to amplily the internal
standard material with early timing (1.e., 1n advance). Such
concentration 1s set preferably 1 time lower, and more pret-
erably 0.5 times or lower. Thus, the amount of the amplifica-
tion product of the internal standard material can be reduced,
and the accuracy of target nucleic acid assay can be improved.

[0047] In the present invention, further, concentration of a
substrate nucleotide for nucleic acid synthesis 1s set to be
higher than that in the amplification reaction solution that 1s
used for assay via amplification of the same target nucleic
acid without the use of an internal standard material, 1n order
to amplily the internal standard material with early timing
(1.e., 1n advance). Such concentration is set preferably higher
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than 1 time, and more preferably 1.1 times or higher. Thus, a
substrate that 1s consumed in the amplification reaction of the
internal standard material can be supplemented, and the prob-
lem of delay in target nucleic acid amplification can be
resolved. This enables detection with higher sensitivity
within a shorter period of time.

[0048] A person skilled in the art can adequately regulate
the conditions for reaction reagent components described
above, so as to amplily the internal standard material before
the target nucleic acid.

[0049] The internal standard primer of the present imnven-
tion 1s designed to specifically hybridize to the internal stan-
dard material but not to hybridize to the target nucleic acid
under stringent conditions and the target nucleic acid primer
1s designed to specifically hybridize to the target nucleic acid
but not to hybridize to the iternal standard material under
stringent conditions as described above.

[0050] Under stringent conditions, a specific hybnd 1is
formed but a non-specific hybrid 1s not formed. Specifically,
an oligonucleotide having high homology to a nucleic acid
(1.e., homology of 80% or higher, preferably 90% or higher,
and more preferably 95% or higher) undergoes hybridization.
More specifically, hybridization 1s carried out in the presence
of 0.5 to 1M NaCl at 42° C. to 68° C., 1n the presence of 50%
formamide at42° C., orin anaqueous solutionat 65° C. to 68°
C., followed by washing with the use of a 0.1x to 2xSSC
solution at room temperature to 68° C.

[0051] In one embodiment, the method for nucleic acid
amplification of the present invention comprises the steps of:
[0052] (a)adding a solution containing an internal standard
material with a known concentration or copy number to a
sample containing a target nucleic acid;

[0053] (b) performing an amplification reaction using an
amplification reaction solution containing an oligonucleotide
primer used for amplification of an internal standard material
that allows amplification of the internal standard material
with earlier timing (1.¢., 1n advance) than the amplification of
the target nucleic acid and an oligonucleotide primer used for
amplification of a target nucleic acid; and

[0054] (c¢) performing assay via a means that allows the
amplification reaction of the internal standard material to be
distinguished from the amplification reaction of the target
nucleic acid.

[0055] Inanother embodiment, the method for nucleic acid
amplification of the present invention comprises the steps of:
[0056] (a)adding a solution containing an internal standard
material with a known concentration or copy number to a
sample contaiming a target nucleic acid,

[0057] (b) performing an amplification reaction using an
amplification reaction solution containing an oligonucleotide
primer used for amplification of an internal standard material
that allows amplification of the internal standard material
with earlier timing (1.e., 1n advance) than the amplification of
the target nucleic acid and an oligonucleotide primer used for
amplification of a target nucleic acid; and

[0058] (c) performing real-time assay via a means that
allows the amplification reaction of the internal standard
material to be distinguished from the amplification reaction
of the target nucleic acid, and determiming the 1nitial concen-
tration or copy number of the target nucleic acid 1n a sample
based on the results of assay and the amount of the internal
standard material added.

[0059] Samples used 1n the present invention are not par-
ticularly limited, provided that samples can comprise nucleic
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acids. Examples thereof include specimens derived from
organisms such as humans and other ammals, specimens
derived from plants, food, and environments, substances con-
taining partially or fully artificially synthesized nucleic acids,
and culture solutions thereof. Such samples may be subjected
to pretreatment, such as 1solation, extraction, concentration,
or purification.

[0060] In the present invention, the term *“‘target nucleic
acid” refers to a nucleic acid to be detected that 1s subjected to
amplification. The term “target sequence” refers to a target
nucleotide sequence on the target nucleic acid. The target
nucleic acid may be any nucleic acid to be amplified, without
particular limitation. Examples of target nucleic acids include
various types of genes of animals and plants, various virus
genes, and various microorganism genes, such as bacteria,
mold, and yeast genes, regardless of whether or not they are
DNA or RNA. Target nucleic acids may be naturally occur-
ring or artificially synthesized, and an example thereof 1s
PNA. Also, examples include single-stranded nucleic acids
and double-stranded nucleic acids. In the present ivention,
the term “template nucleic acid” refers to an original target of
detection that comprises 1n 1ts molecules a target sequence
and serves as a base for primer design.

[0061] Prior to pretreatment such as 1solation, extraction,
concentration, or purification, the internal standard material
1s added to the sample, the resultant 1s subjected to pretreat-
ment, and the target nucleic acid 1s then assayed by the
method of the present invention. Thus, efficiency of pretreat-
ment can be monitored. When the internal standard material
1s added to a sample that had been subjected to pretreatment
and target nucleic acids are qualitatively assayed, influence of
components 1n the sample on the amplification reaction can
be inspected, and a false negative reaction can be distin-
guished. Further, a variety of target nucleic acids with known
concentrations may be subjected to the method of the present
invention to prepare a standard curve in advance, and the
results of assay of unknown test samples are compared with
the resulting standard curve. Thus, the target nucleic acids in
the unknown test samples can be quantified.

[0062] In the present invention, a method for detecting a
nucleic acid 1s not particularly limited, provided that such
method allows the amplification reaction of the internal stan-
dard material to be distinguished from the amplification reac-
tion of the target nucleic acid. For example, methods involv-
ing the use of a fluorescence-labeled probe or radioactively
labeled probe can be employed.

[0063] Inthe present mvention, the method for nucleic acid
amplification 1s not particularly limited, provided that i1t 1s a
method for 1sothermal nucleic acid amplification that yields
high amplification efficiency. For example, an amplification
technique mvolving the use of a primer having the X1c+X2

structure; 1.e., the loop-mediated i1sothermal amplification
(LAMP) method, 1s preferable.

[0064] Hereatter, an amplification technique ivolving the
use of a primer having the X1c+X2 structure 1s described.
Specifically, a primer having the X1c+X2 structure 1s
designed as follows:

[0065] (a) when a first arbitrary sequence Flc and a second
arbitrary sequence F2c are successively selected from the 3
side of the target sequence on a template nucleic acid strand
toward the 3' terminal on the template nucleic acid strand, a
primer comprising a sequence identical to F1c and a sequence
F2 complementary to F2¢ 1n that order from the 5' side toward

the 3' side; and
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[0066] (b) when a third arbitrary sequence R1 and a fourth
arbitrary sequence R2 are successively selected from the 5
side of the target sequence on a template nucleic acid strand
toward the 3' terminal on the template nucleic acid strand, a
primer comprising a sequence R1c complementary to R1 and

sequence R2 identical to R2 1n that order from the 5' side
toward the 3' side.

[0067] The primers (a) and (b) may be used as a pair.
Alternatively, either primer (a) or (b) may be used as a pair in
combination with a general primer.

[0068] An amplification reaction can be carried out using a
strand displacement-type DNA polymerase as a polymerase
under 1sothermal conditions. This 1s because a primer has an
X1c+X2 structure, an extension product from the primer
comprises a complementary sequence (underlined) of
X1c+(X2+)X1, and the extension product undergoes intras-
trand annealing and forms a single-stranded region on the
synthesized double-stranded nucleic acid. Specifically, a new
origin for strand displacement 1s provided on an extension
product via intrastrand annealing without dissociating the
double strand at high temperature. Regarding the outline of
this reaction, reference may be made to the description on the

LAMP method below.

[0069] Examples of strand displacement-type DNA poly-
merase described above include Bst DNA polymerase, Beca
(ex0-) DNA polymerase, Klenow fragment of E. coli DNA
polymerase I, Vent DNA polymerase, Vent(Exo-) DNA poly-
merase (resulting from removal of exonuclease activity from
Vent DNA polymerase), DeepVent DNA polymerase, Deep-
Vent(Exo-) DNA polymerase (resulting from removal of exo-
nuclease activity from DeepVent DNA polymerase), ©29

phage DNA polymerase, MS-2 phage DNA polymerase,
7Z-Tag DNA polymerase (Takara Shuzo Co., Ltd.), and KOD
DNA polymerase (Toyobo Co., Ltd.).

[0070] The LAMP method 1s described below. The “LAMP
method” was developed by Notomi et al. (Nucleic Acids
Research, 28 (12), €63, 2000), and it 1s a method for nucleic
acid amplification that enables isothermal complementary
strand synthesis in which the template nucleotide 1s annealed
to the 3' terminal thereot, the annealed site 1s used as an origin
for complementary strand synthesis, and a primer that anneals
to the resulting loop 1s used 1n combination. According to the
LAMP method, the 3' terminal of the primer always anneals
to a region derived from a sample. Thus, a checking mecha-
nism resulting from a complementary bond of nucleotide
sequences repeatedly functions. This enables amplification
reaction of gene sequences with high specificity.

[0071] Inthe LAMP method, primers comprising at least 4
types of oligonucleotides that recognize nucleotide
sequences 1n 6 regions 1n total on a nucleotide sequence of the
template nucleic acid (an “inner primer F”” (hereafter referred
to as “FIP”), inner primer B (hereafter referred to as “BIP”),
outer primer F (hereafter referred to as “F3”), and outer
primer B (hereafter referred to as B3”)) are used. As the
amplification reaction proceeds, a dumbbell-shaped nucle-
otide having a 3' terminal that serves as an origin for seli-
template synthesis and loop structures at both terminals 1s
formed. When primers having a nucleotide sequence comple-
mentary to a nucleotide sequence in the single-stranded
region of the 5' terminal loop structure of the dumbbell struc-
ture (1.e., a loop primer F (hereafter referred to as “LF”)
and/or a loop primer B (hereafter referred to as “LLB”)) are
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used, further, the number of origins for nucleic acid synthesis
1s 1ncreased, and this can shorten the reaction time and
improve detection sensitivity.

[0072] Aninner primer 1s necessary to carry out the LAMP
method. When an arbitrary sequence X2¢ located on the 3
side and an arbitrary sequence X 1c¢ located closer to the 3' side
in each template DNA strand are selected, an inner primer
comprises a sequence X2 complementary to the sequence
X2c and a sequence X1c identical to the sequence X1c¢ from
the 3' side toward the 5' side 1n that order (i.e., an inner primer
has the X1c+X2 structure). In terms of functions, X2 of the
inner primer anneals specifically to the template and provides
an origin for complementary strand synthesis, and X1c pro-
vides a complementary sequence for an amplification (exten-
s1ion) product to form a loop. The resulting loop serves as a
new origin for complementary strand synthesis.

[0073] The term “outer primer” refers to two types of prim-
ers (a primer complementary to each of double strands) hav-
Ing a sequence complementary to an arbitrary sequence X3¢
located outside of the inner primer (1.€., closer to the 3' side of
the template) and capable of annealing thereto.

[0074] In order to facilitate annealing of a primer to a tem-
plate nucleic acid, the lengths of the sequences X1 (X1c), X2
(X2c¢), and X3 (X3c¢) are each preferably 5 to 100 nucleotides,

and more preferably 10 to 350 nucleotides.

[0075] The inner primer and the outer primer are necessary
for each of double strands (F and R), and two types of inner

primers (Flc+F2 and R1c+R2) and two types of outer primers
(F3 and R3) are designed.

[0076] Arbitrary sequences are preferably selected, so that
the amplification product resulting from the LAMP method
preferentially causes intramolecular annealing, instead of
intermolecular annealing, and forms a terminal hairpin struc-
ture. In order to preferentially cause intramolecular anneal-
ing, for example, 1t 1s important to take the distance between
the sequence Flc and the sequence F2¢ and the distance
between the sequence R1 and the sequence R1c¢ into consid-
cration when selecting arbitrary sequences. More specifi-
cally, sequences are selected, so that the distance therebe-
tween 1s 0 to S00 nucleotides, preferably 0 to 100 nucleotides,
and most preferably 10 to 70 nucleotides. The numerical

values represent the number of nucleotides excluding the
sequences Flc, F2¢, R1, and R2.

[0077] The term “loop primer™ refers to two types of prim-
ers (each primer being complementary to each of double
strands) comprising at the 3' terminal a nucleotide sequence
complementary to a sequence in a loop formed via annealing
of complementary sequences generated on the same strand of
an amplification product of the LAMP method. The outer
primer and the loop primer are not indispensable for the
LAMP method; however, use of these primers enables a more
eificient amplification (extension) reaction.

[0078] A sequence of reactions 1s preferably carried out 1n
the presence of a butler that allows a preferable pH level in the
enzyme reaction, a salt that 1s necessary for maintaining
catalyst activity of an enzyme or for annealing, an enzyme
protecting agent, and, according to need, a melting tempera-
ture (Tm) regulator. A buifer that has buflering actions under
neutral-to-weak alkaline conditions, such as Tris-HCI, 1s
used. The pH level may be adjusted 1n accordance with the
type ol DNA polymerase used. As a salt, for example, KCI,
NaCl, MgCl,, or (NH,),S0,, 1s added, so as to maintain
enzyme activity and to modily melting temperature (I'm) of
DNA, according to need. As an enzyme protector, bovine
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serum albumin or sugar 1s used. As a melting temperature
(Tm) regulator, 1n general, betaine, proline, dimethyl sulfox-
1de, or formamide can be used.

[0079] The LAMP reaction proceeds by adding the com-
ponents (1), (11), and (111) below to the template nucleic acid
and performing incubation at temperature at which an inner
primer 1s able to form a stable nucleotide pair bond with a
complementary sequence on the template nucleic acid and
strand-displacement type polymerase 1s able to maintain
enzyme activity. Incubation 1s carried out at 50° C. to 75° C.,
and preferably 55° C. to 70°, for 1 minute to 10 hours, and
preferably 5 minutes to 4 hours.

[0080] (1) Two types of mner primers, or further two types
of outer primers, or further two types of loop primers;

[0081] (1) Strand-displacement type polymerase;
[0082] (i11) Substrate nucleotide.
[0083] Nucleotide strand synthesis from the outer primer

needs to be mitiated aiter nucleotide strand synthesis from the
inner primer 1s initiated. To this end, mner primer concentra-
tion 1s set to be higher than outer primer concentration, for
example. Specifically, inner primer concentration may be set
to be 2 to 50 times, and pretferably 4 to 25 times, higher than
the outer primer concentration.

[0084] Various reagents that are necessary when carrying
out the method of the present mnvention can be packaged 1n
advance to prepare a kit. For example, necessary reagents,
such as an internal standard material, an internal standard
primer, a target nucleic acid primer, four types of ANTPs that
serve as substrates for nucleic acid synthesis, DNA poly-
merase, reverse transcriptase, butlfer, salt, protector, and label
probe, are provided 1n the form of a kat.

[0085] Specifically, the assay reagent or reagent kit of the
present invention includes at least the reagents below:
[0086] (a) an internal standard material with a known con-
centration or copy number having a nucleotide sequence dii-
ferent from that of a target nucleic acid at least 1in the primer
design region;

[0087] (b)anoligonucleotide primer used for amplification
of an internal standard maternal that allows performance of
amplification of an internal standard material prior to ampli-
fication of the target nucleic acid; and

[0088] (c¢) an oligonucleotide primer used for amplification
of a target nucleic acid.

[0089] Theassay reagentorreagentkit of the present inven-
tion may further include the reagents below:

[0090] (a) an oligonucleotide probe used for detecting an
internal standard material; and

[0091] (b) an oligonucleotide probe used for detecting a
target nucleic acid.

EXAMPLES

[0092] Examples of the present mvention are described
below, although the present invention 1s not limited to these
examples.

Example 1

Quantification of Neisseria gonorrhoeae by the
LAMP method

(1) Assay Template

[0093] Plasmid DNA was prepared as the internal standard
material template via subcloning of part of the region of the
cryptic plasmid of Chlamvydia trachomatis (hereafter referred
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to as “CT plasmid™). Also, plasmid DNA was prepared as the
target nucleic acid template via subcloning of part of the mtrA
region ol Neisseria gonorrhoeae (hereafter referred to as

“NG plasmid”).

Sequence of internal standard template

(CT plasmid) :
(SEQ ID NO: 1)

CTCGAGAAGA TTTATCGTAC GCAAATATCA TCTTTGCGGT 60
TGCGTGTCCT GTGACCTTCA

TTATGTCGGA GTCTGAGCAC CCTAGGCGTT TGTACTCCGT 120
CACAGCGGTT GCTCGAAGCA

COGTGCGGGET TATCTTAAAA GGGATTGCAG CTTGTAGTCC 180
TGCTTGAGAG AACGTGCGGE

CGATTTGCCT TAACCCCACC ATTTTTCCGG AGCGAGTTAC 240
GAAGACARALAA CCTCTTCGTT

GACCGATGTA CTCTTGTAGA AAGTGCATAA ACTTCTGAGG 300
ATAAGTTATA ATAATCCTCT

TTTCTGTCTG ACGGTTCTTA AGCTGGGAGA AAGAAATGGT 360
AGCTTGTTGG AAACAAATCT

GACTAATCTC CAAGCTTAAG ACTTCAGAGG AGCGTTTACC 480
TCCTTGGAGC ATTGTCTGGG

CGATCAAC 428

(2) Synthesis of Internal Standard Primer and QQuenching
Probe

[0094] Primers targeting the region of the cryptic plasmid
of Chlamvydia trachomatis and having no cross-reactivity
with related species were designed. Synthesis of primers was
consigned to Operon Biotechnologies. Synthesis of quench-

ing probes was consigned to J-Bi1o21.

CT-FIP:
(SEQ ID NO: 2)
5'-CAAGCAGGACTACAAGCTGCAGCCETTT

GTACTCCGTCAC-3"

CT-BIP:
(SEQ ID NO: 3)
5' -GCGECCCATTTCCCTTAACTCEGTCAAC

GAAGAGGTT-3"

CT-F23:
(SEQ ID NO: 4)
5'-ATCTCGGAGTCTCAGCAC-3!

CT-B3:
(SEQ ID NO: 5)
5'-CCTCAGAACGTTTATECACTTTC-23"

CT-LF:
(SEQ ID NO: 6)
5'-AAGATAACCCCGECACGT-3!

CT-LB:
(SEQ ID NO: 7)
51" -GGAGCGAGTTACGAAGACA-3!
CT-Pr (TAMRA label) :
(SEQ ID NO: 8
5' -ATAACCCCGCACGTGCTTCGAGCAACC-3"

o —
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(3) Synthesis of Target Nucleic Acid Primer and Quenching
Probe

[0095] Primers targeting the mtrA region of Neisseria gon-
orrhoeae and having no cross-reactivity with related species
were designed. Synthesis of primers was consigned to
Operon Biotechnologies. Synthesis of quenching probes was
consigned to J-Bio21.

NG-FIP:
(SEQ ID NO: 9)
5" -CGTGGCTCAACACATGACCCAAGCGETCC

GGTCGGCA-3 !

NG-BIP:
(SEQ ID NO: 10)
5' -ACGGAGAAAGTTTACAACCGGACACARLA

ACAGGCTCATATCCAGC-3"

NG-F3:
(SEQ ID NO: 11)
5'-GCGGTTATCTCTGCATCGE-23"

NG-B3:
(SEQ ID NO: 12)
5" -GGETGTCGTAGCGGAAAC- 3

NG-LE:
(SEQ ID NO: 13)
5' -CGGLGAAAAATACAATATCGCCC-3"

NG-LB:
(SEQ ID NO: 14)
5' -CGACAAAACGGCACATTTATGG-3 !
NG-Pr (BODIPY-FL label}:
(SEQ ID NO: 15)
5" -CACATTTATGGTCAAACAGTGCGGCAAC-3Y

(4) Composition and Concentration of LAMP Reaction
Reagent

[0096] Concentrations of reagents in 30 ul of the final
LAMP reaction solution were adjusted at the following lev-
els.

[0097] 30 mM Trns-HCI (pH 8.8)
[0098] 15 mM KCl
[0099] 15 mM (NH,),SO,
[0100] 12 mM MgSO,
[0101] 0.15% Tween 20
[0102] 2.1 mM dATP
[0103] 2.1 mM dCTP
[0104] 2.1 mM dGTP
[0105] 2.1 mM dTTP
[0106] 38.4 U Bst DNA polymerase (New England Biolab)
[0107] 107 copies of CT plasmid
[0108] Internal standard primer
[0109] 0.8 uM CT-FIP (SEQ ID NO: 2) and CT-BIP

(SEQ ID NO: 3)
[0110] 0.1 uM CT-F3 (SEQ ID NO: 4) and CT-B3 (SEQ
ID NO: 5)
[0111] 0.4 uM CT-LF (SEQ ID NO: 6) and CT-LB (SEQ
ID NO: 7)
[0112] 0.067 uM 1nternal standard probe CT-Pr (SEQ ID
NO: 8)
[0113] Target nucleic acid primer
[0114] 0.8 uM NG-FIP (SEQ ID NO: 9) and NG-BIP
(SEQ ID NO: 10)
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[0115] 0.1 uM NG-F3 (SEQ ID NO: 11) and NG-B3
(SEQ ID NO: 12)
[0116] 0.4 uM NG-LF (SEQ ID NO: 13) and NG-LB
(SEQ ID NO: 14)
[0117] 0.067 uM target nucleic acid probe NG-Pr (SEQ ID
NO: 15)

(5) Detection and Determination of Quantitative Value

[0118] Detection was carried out by the quenching probe
method. Quenching of fluorescence caused by amplification
of an iternal standard material and a target nucleic acid was
detected 1n real-time using an Mx3000P system (Stratagene).
(Quantitative values were determined based on the fact that the
Tt value (the time for the fluorescent intensity varying upon
amplification to reach a given level) depends on the 1nitial
template amount.

(6) Quantitative Evaluation of Target Nucleic Acid

[0119] A dilution series of 101 to 107 copies of NG plas-
mids were added to the LAMP reaction reagent as target
nucleic acids. The LAMP reaction was carried out at 63° C.
for 60 minutes, quenching of fluorescence was assayed 1n
real-time by the quenching probe method, and a standard
curve was prepared.

[0120] As a result, the minimum detection sensitivity was
at 10 copies of NG plasmud per test (FI1G. 1) and the range of
quantitative assay was at 101 to 107 copies/test (with the

standard curve exhibiting a correlation coefficient R of
0.9994) (FI1G. 2). Good reproducibility was attained for both

NG plasmids and CT plasmids (FIGS. 1 and 3) and all ampli-

fication procedures for 101 to 107 copies of NG plasmids per
test were completed within 60 minutes.

Example 2

Quantification of HBV by the LAMP Method

[0121] (1) Assay template

Plasmid DNA was Prepared Via Subcloning of an Artificial
Nucleic Acid as an Internal standard material template (here-
alter referred to as “Arita2 plasmid”). Also, plasmid DNA was
prepared as the target nucleic acid template via subcloning of
part of the HBV S region (hereafter referred to as “HBV
plasmid”).

Sequence of internal standard template
(Arita2 plasmid) :
(SEQ ID NO: 16)

ATAGCTACCC
TCCGACATTG

ATTCCTACGG
ACCCAGTTAG

TTACGTACGC
TGGCACTATC

TATGGAACGG
AGGGTGTAAG

-continued

TCATACCATC
CATCCGTCAT

TCTAACCTAG
GTTGCCTCTT

TCTTACCATG
GATGGGAGTA

ACTAACGTAG
GTTGGGACTA

GCTCATACCT
TCCAACCCTG

CCTCTATCCT
AGCATCCCTG

CGTCTTACCT
TGGTAGCGAG

GCAGTAAGCT
AGGATGCCAG
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420

480

540

600

ATTCGAAGGG TGATTGGATC GGAGATAGGA 60
TGGGTCAATC GTAGGGACAA TCGAAGCCAG
AATGCAAGGG TCAATGGTAC GCAGAATGGA 120
TGGCACTTAG CTAGCCAGTT AGGATCCGAC
TATCCAAGCG TGTATCGTAC GGTGTATGCT 180
TCGGAGTAAC GATCGCACTA AGCATGGCTC
AATCCTAGGC TGATAGGTTC GCACATAGCA 240
TGCCACATAC GATCCGTGAT TGCTAGCGTG
ATTCGTACCG AGAACTCACG CCTTATGACT 300
GCCCTTATGT CACCGCTTAT GTCTCCCGAT
ATCACACCCG TTATCTCAGC CCTAATCTCT 360
GCGGETTTAGT CTGGCCTTAA TCCATGCCTC

(2) Synthesis of Internal Standard Primer and Quenching
Probe

[0122] Primers targeting an artificial nucleic acid Arita2

were designed. Synthesis of primers was consigned to
Operon Biotechnologies. Synthesis of quenching probes was
consigned to J-Bio21.

[0123] Quenching probes (QP) are fluorescence-labeled
probes that were developed by the National Institute of
Advanced Industrial Science and Technology (AIST) based
on the principle that a quenching probe hybridizes to a target
sequence and fluorescence 1s quenched by guanine present on
the target sequence (see JP Patent Nos. 3437816 and
3985939).

Arita2-FIP:
(SEQ ID NO: 17)
5' - CECTTGCATAGTCCCATGCAAGGCTCAATGETAC-3!

Arita2-BIP:
(SEQ ID NO: 18)
L' - ACGGTGOTATGCTTCGGTGTGCGAACCTATCAGC -3

Arita2-F3:
(SEQ ID NO: 19)
L' -GGACAATCGAAGCCAGAA-3!

Aritaz2-B3:
(SEQ ID NO: 20)
5'-ATCACCGATCGTATGTEGE-3"

Arita2-LF:
(SEQ ID NO: 21)
5'-GCTAGCTAAGTGCCATCC-23"

Arita2-LB:
(SEQ ID NO: 22)
L'-AACGATCGCACTAAGCAT -3

Arita2-Pr (TAMRZA label) :

(SEQ ID NO: 23)
5'-GCTAGCTAAGTGCCATCCATTCTGCETACC-23!

(3) Synthesis of Target Nucleic Acid Primer and Quenching
Probe

[0124] Primers targeting the HBV S region were designed.
Synthesis of primers was consigned to Operon Biotechnolo-

gies. Synthesis of quenching probes was consigned to
J-Bio21.

HBV-FIP:
(SEQ ID NO: 24)
5' -CCGCAGACACATCCAGCGATAAACCTCCAATCACTC
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-continued

ACCAA-3"!

HBV-BIP:
(SEQ ID NO: 25)
5'-CATCCTGCTGCTATEGCCTCATCTTCTTETTCCTGGA

ATTAGAGGACA-3

HBV-F3:
(SEQ ID NO: 26)
5'-CAAAATTCGCAGTCCC-3!

HBV-B3:
(SEQ ID NO: 27)
5'-GCAGGTCTTGCATGGTCC-3"

HBV-LF:
(SEQ ID NO: 28)
5'-CAGCGATAGCCAGGACA-3!

HBV-LB:
(SEQ ID NO: 29)
5'-TCTGCACTATCAAGCGTATETTGC-23"

HBV-Pr (BODIPY-FL label):
(SEQ ID NO: 20)
5'-GTTGGTTCTTCTGGACTATCAAGGTATGTTGCCC-31

(4) Composition and Concentration of LAMP Reaction
Reagent

[0125] Concentrations of reagents in 30 ul of the final
LAMP reaction solution were adjusted at the following lev-
els.

[0126] 25 mM Tns-HCI (pH 8.8)
[0127] 12.8 mM KCI]
[0128] 12.8 mM (NH,),SO,
[0129] 9.7 mM MgSO,
[0130] 0.10% Tween 20
[0131] 1.79 mM dATP
[0132] 1.79 mM dCTP
[0133] 1.79 mM dGTP
[0134] 1.79 mM dTTP
[0135] 28.8 U Bst DNA polymerase (New England Biolab)
[0136] 10° copies of Arita2 plasmid
[0137] Internal standard primer
[0138] 0.4 uM Arita2-FIP (SEQ ID NO: 17) and Arita2-

BIP (SEQ ID NO: 18)
[0139] 0.05 uM Anta2-F3 (SEQ ID NO: 19) and Arita2-
B3 (SEQ ID NO: 20)
[0140] 0.4 uM Anta2-LF (SEQ ID NO: 21) and Arita2-
LB (SEQ ID NO: 22)
[0141] 0.067 uM internal standard probe Arita2-Pr (SEQ
ID NO: 23)

arget nucleic acid primer
[0142] Targ leic acid pri
. - E :24)an -
[0143] 1.6uMHBV-FIP (SEQID NO: 24)and HBV-BIP
(SEQ ID NO: 25)
. - : an -
[0144] 0.2 uM HBV-F3 (SEQ ID NO: 26) and HBV-B3
(SEQ ID NO: 27)
: - : an -
[0145] 0.8 uM HBV-LF (SEQ ID NO: 28) and HBV-LB
(SEQ ID NO: 29)
[0146] 0.067 uM target nucleic acid probe HBV-Pr (SEQ
ID NO: 30)

(5) Detection and Determination of Quantitative Value

[0147] Detection was carried out by the quenching probe
method. Quenching of fluorescence caused by amplification
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of an 1internal standard material and a target nucleic acid was
detected 1n real-time using an Mx3000P system (Stratagene).
Quantitative values were determined based on the fact that the
Tt value depends on the initial template amount.

(6) Quantitative Evaluation of Target Nucleic Acid

[0148] A dilution series of 10" to 10° copies of HBV plas-
mids were added to the LAMP reaction reagent as target
nucleic acids. The LAMP reaction was carried out at 63° C.
for 60 minutes, quenching of fluorescence was assayed 1n
real-time by the quenching probe method, and a standard
curve was prepared.

[0149] As a result, the minimum detection sensitivity was
at 10 copies of HBV plasmids per test (FI1G. 4) and the range
of quantitative assay was between 10" and 10° copies/test

(with the standard curve exhibiting a correlation coefficient R
of 0.9996) (FIG. 5). Good reproducibility was attained for

both HBV plasmids and Arita2 plasmids (FIGS. 4 and 6) and
all amplification procedures for 10" to 10® copies of HBV
plasmids per test were completed within 60 minutes.

Example 3

Intfluence of Changes in Concentration of Internal
Standard Material on HBV Detection

[0150] Inordertoinspectconcentration of the internal stan-
dard material necessary for preceding amplification, the
amounts of the internal standard material (Anta2 plasmid)
templates were determined to be 10° copies, 10* copies, or
10° copies per test in HBV detection.

(1) Composition and Concentration of LAMP Reaction
Reagent

[0151] The composition and concentration of the reac-
tion reagent employed in Example 2 were utilized,
except for the amount of the internal standard material
template.

[0152] (2) Amount of HBV Plasmid Template and Detec-
tion Thereof
[0153] The amounts of HBV plasmid templates were set at

two levels; i.e., 10" copies and 10° copies thereof per test, and
the LAMP reaction was carried out at 63° C. for 60 minutes.
Quenching of fluorescence for each amount of template
caused by amplification of HBV plasmids and an internal
standard material (Arita2 plasmid) was detected 1n real-time
using an Mx3000P system (Stratagene), and the Tt value was
determined.

[0154] (3) Results

[0155] The Tt value determined 1n (2) 1s shown 1n Table 1
and 1n FIG. 7 as amplification time. When concentration of
the internal standard material was low (i.e., 10° copies/test),
the highly concentrated HBV plasmid template (10° copies/
test) was amplified before the internal standard material was
amplified. As a consequence, the amplification reaction of the
internal standard material was significantly delayed. The dii-
ference 1n the amplification time for the internal standard
materials between HBV plasmid templates at two different
concentrations was as large as 5.67 minutes. When concen-
tration of the internal standard material was high (i.e., 10°
copies/test), the amplification reaction of the internal stan-
dard material was not delayed, and amplification times for the
internal standard materials were substantially constant,
regardless of concentrations of HBV plasmid templates. In
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order to rapidly amplify the internal standard material within
a given period of time regardless of the amount of the target
nucleic acid template, accordingly, it 1s necessary to set the
amount of the internal standard material template at a high
level. In the present case, 1t 1s adequate to select an amount of
10° copies/test.

TABL

(L]

1

Amplification time for target nucleic acid and internal standard material
for each amount of internal standard material template (min)

Amount of internal standard template

Amount of template (copies/test)

(copies/test) 10° 10% 10°
10! copies of HBV 33.0 274 22.4
10° copies of HBV 5.90 5.57 5.54
Arita2 5.38 6.84 8.33
(10! copies of HBV)

Arita2 5.41 8.41 14.0
(10° copies of HBV)

Example 4

Influence of Changes 1n Concentration of Internal
Standard Primer on HBV Detection

[0156] The concentration of the internal standard primer
suitable for preceding amplification was inspected by chang-
ing concentrations of the iternal standard primer to x1 (1.e.,
concentration employed 1n a system that does not perform
preceding amplification of an internal standard material),

x(0.25, x0.3, and x0.5 at the time of HBV detection.

(1) Composition and Concentration of LAMP Reaction
Reagent

[0157] x1 internal standard primer
[0158] 1.3 uM Anita2-FIP (SEQ ID NO: 17) and Arita2-
BIP (SEQ ID NO: 18)
[0159] O0.17 uM Anta2-F3 (SEQ ID NO: 19) and Arita2-
B3 (SEQ ID NO: 20)
[0160] 1.3 uM Anta2-LF (SEQ ID NO: 21) and Arita2-
LB (SEQ ID NO: 22)
[0161] The composition and concentration of the reaction

reagent employed 1n Example 2 were employed, except for
the amount of the internal standard primer.

(2) Amount of HBV Plasmid Template and Detection Thereot

[0162] The amounts of HBV plasmid templates were set at
two levels; i.e., 10" copies and 10° copies thereof per test, and
the LAMP reaction was carried out at 63° C. for 60 minutes.
Quenching of fluorescence for each amount of template
caused by amplification of HBV plasmids and an internal
standard material was detected in real-time using an
Mx3000P system (Stratagene), and the Tt value was deter-
mined.

(3) Results

[0163] The Tt value determined in (2) 1s shown 1n Table 2
and in FI1G. 8 as amplification time. When the amount of the
internal standard primer was large (x1), the amplification
time for HBV plasmid became long as a whole, and a delay in
the amplification time around the detection sensitivity level
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was significant. If the amount of the internal standard primer
was excessively reduced (x0.23), the amplification time for
the 1internal standard material changed due to the concentra-
tion of HBV plasmid, and 1t was difficult to complete the
amplification reaction within the given period of time. In the
present case, accordingly, 1t 1s adequate to select an internal
standard primer concentration of x0.3.

TABL.

L1l

2

Amplification time for target nucleic acid and internal standard
material for each amount of internal standard primer (min)

Amount of template Amount of internal standard primer

(copies/test) x1 x0.5 x0.3 x0.25
10! copies of HBV 52.6 34.2 33.9 21.3
10° copies of HBV 11.4 6.7 5.9 5.3
10° copies of Arita2 3.70 4.45 5.38 6.45
(10! copies of HBV)

10° copies of Arita2 3.65 4.43 5.41 7.57
(10° copies of HBV)

Example 5

Intfluence of Concentration of Reaction Reagent
Components on HBV Detection

[0164] Concentrations of the reaction reagent components
suitable for preceding amplification of an internal standard
material were mspected by changing concentrations of the
reaction reagent components including substrate nucleotides
at the time of HBV detection, and the influence thereof was
ispected.

(1) Composition and Concentration of LAMP Reaction
Reagent

[0165] A reagent component Axl including substrate
nucleotides (at a concentration that 1s generally employed 1n
a single target nucleic acid detection system) and a reagent
component x1.2, which1s a 1.2-fold concentrate of Ax1, were
prepared.

[0166] Reaction component Ax1

[0167] Concentrations of reagents i 30 ul of the final
LAMP reaction solution are set at the levels shown below.

25 mM Tris-HCI (pH 8.8)

10 mM KCl

10 mM (NH,),SO,
3 mM MgSO,

0.10% Tween 20

[0168] 1.4 mM dATP

1.4 mM dCTP

1.4 mM dGTP

1.4 mM dTTP

28.8 U Bst DNA polymerase (New England Biolab)

[0169] The internal standard material (Arita2 plasmid), the
internal standard primer, the internal standard probe, the tar-
get nucleic acid primer, and the target nucleic acid probe,
except for reagent component A, and the concentrations
thereof employed in Example 2 were employed herein.




US 2014/0308663 Al

(2) Amount of HBV Plasmid Template and Detection Thereof

[0170] The amounts of HBV plasmid templates were set at
three levels; i.e., 10" copies, 10* copies, and 10° copies
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TABLE 3-continued

Amplification time (minute) for target nucleic acid and internal
standard material for each amount of reaction reagent component

thereot per test, and the LAMP reaction was carried out at 63° Amount of template Reagent component A
C. for 60 minutes. Quenching of fluorescence for each |
amount of template caused by amplification of HBV plasmids (copies/test) X1 x1.2
and an internal standard material was detected 1n real-time Arita2 10° 6.33 5.35
* 1 '
using an Mx3000P system (Stratagene), and the Tt value was (107 copies ol HBV)
: Arita2 10 6.36 5.26
determined 4
' (107 copies of HBV)
Arita2 10° 6.83 5.43
(3) Results (10° copies of HBV)
[0171] The Tt value determined in (2) 1s shown 1n Table 3 Example 6

and 1in FIG. 9 as amplification time. When the reaction solu-
tion of reagent component Ax1 was used, a highly concen-
trated HBV plasmid template (10° copies/test) was amplified
betore the internal standard material was amplified. When the
x1.2 reaction solution was used, however, the internal stan-
dard material was first amplified, and the internal standard
material was amplified within a given period of time, regard-
less of concentration of HBV plasmid template.

[0172] Thus, it 1s preferable to set concentration of a reac-
tion reagent component including substrate nucleotides at a
higher level, in order to perform preceding amplification of an
internal standard material. In the present case, a concentration
of x1.2 1s adequate.

TABL.

(L]

3

Amplification time (minute) for target nucleic acid and internal

standard material for each amount of reaction reagent component

Detection of Neisseria gonorrhoeae by the LAMP
Method

(1) Composition and Concentration of LAMP Reaction
Reagent

[0173] The composition and concentration of the reaction
reagent employed 1mn Example 1 were employed herein.

(2) Detection

[0174] The LAMP reaction was carried out at 63° C. for 60

minutes by designating high-concentration NG plasmid or
low-concentration NG plasmid as the target nucleic acid, and
quenching of fluorescence was detected in real-time by the
quenching probe method.

(3) Result

[0175] As shown in FIGS. 10 and 11, the internal standard
material (CT plasmid) and the target nucleic acid (NG plas-
mid) could be amplified 1n the same reaction system, and the

Amount of template Reagent component A _ _ : ) _
amplification time for the internal standard material was con-

(copies/test) x1 x1.2 stant, regardless of concentrations of target nucleic acid tem-

10! copies of HBV 26.3 31.5 plates. o o

104 copies of HBV 14.4 175 [0176] All publications, patents, and patent applications

10° copies of HBV 6.10 6.50 cited herein are incorporated herein by reference in their

SEQUENCE LISTING

<l60> NUMBER OF SEQ ID NOS: 30
<210> SEQ ID NO 1

<211> LENGTH: 428

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<«220> FEATURE:

entirety.

<223> OTHER INFORMATION: Description of Artificial Sequence:synthetic

DNA

<400> SEQUENCE: 1

ctcgagaaga

ttatgtcgga

cgtgceggggt

cgatttgcct

gaccgatgta

tttectgtety

tttatcgtac
gtctgagcac
tatcttaaaa
taaccccacc

ctcttgtaga

acggttctta

gcaaatatca

cctaggcegtt

gggattgcag

atttttccgg

aagtgcataa

agctgggaga

tctttgeggt

tgtactccgt

cttgtagtcc

agcgagttac

acttctgagg

aagaaatggt

tgcgtgtcct

cacagcggtt

tgcttgagag

gaagacaaaa

ataagttata

agcttgttgg

gtgaccttca
gctcgaagca

aacgtgcggg
cctettegtt

ataatcctcet

aaacaaatct

60

120

180

240

300

360
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-continued

gactaatctc caagcttaag acttcagagg agcgtttacce tceccttggagce attgtcectggg 420

cgatcaac 428

<210> SEQ ID NO 2

<211> LENGTH: 39

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 2

caagcaggac tacaagctgc agcgtttgta ctccgtcac 39

<210> SEQ ID NO 3

<211l> LENGTH: 37

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 3

gcgggcgatt tgccttaact cggtcaacga agaggtt 37

<210> SEQ ID NO 4

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 4

atgtcggagt ctgagcac 18

<210> SEQ ID NO b5

<211l> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: b5

cctcagaagt ttatgcactt tc 22

<210> SEQ ID NO o

<211> LENGTH: 17

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence:synthetic
DNA

<400> SEQUENCE: 6

aagataaccc cgcacgt 17

<210> SEQ ID NO 7

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic

Oct. 16, 2014
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-continued
DNA
<400> SEQUENCE: 7
ggagcgagtt acgaagaca 19

<210> SEQ ID NO 8

<211l> LENGTH: 27

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 8

ataaccccge acgtgcttcg agcaacc 277

<210> SEQ ID NO ©

<211l> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 9

cgtggctcaa cacatgaccce aagcgtceccgg tcggca 36

<210> SEQ ID NO 10

<211> LENGTH: 45

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 10

acggagaaag tttacaaccg gacacaaaac aggctcatat ccagce 45

<210> SEQ ID NO 11

<211> LENGTH: 18

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:synthetic
DNA

<400> SEQUENCE: 11

gcggttatct ctgcatcg 18

<210> SEQ ID NO 12
«211> LENGTH: 17
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:synthetic
DNA

<400> SEQUENCE: 12

ggtgtcgtag cggaaac 17
«<210> SEQ ID NO 13

<211> LENGTH: 22

<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:synthetic

DNA

<400> SEQUENCE:

13

cgggaaaaat acaatatcgc cc

<210>
<211>
<212 >
<213>
220>
<223 >

DNA

<400>

SEQUENCE :

SEQ ID NO 14
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgcription of Artificial Sequence:synthetic

22
DNA

14

cgacaaaacg gcacatttat gg

<210>
<211>
<212 >
<213>
220>
<223 >

DNA

<400>

SEQUENCE :

SEQ ID NO 15
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgscription of Artificial Sequence:synthetic

28
DNA

15

cacatttatg gtcaaacagt gcggcaac

<210>
<211>
<212 >
<213>
220>
<223 >

DNA

<400> SEQUENCE:

attcgaaggy

aatgcaaggy

tatccaagcy

aatcctaggc

attcgtaccyg

atcacacccg

atagctaccc

attcctacygy

ttacgtacgc

tatggaacgy

<210>
<211>
<212 >
<213>
<220>
<223 >

DNA

<400>

SEQUENCE :

SEQ ID NO 1leo
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Desgscription of Artificial Sequence:synthetic

600
DNA

16

tgattggatc

tcaatggtac

tgtatcgtac

tgataggttc

agaactcacyg

ttatctcagc

tcataccatc

tCctaacctag

tcttaccaty

actaacgtag

SEQ ID NO 17
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: Description of Artificial Sequence:synthetic

34
DNA

17

ggagatagga
gcagaatgga
ggtgtatgct
gcacatagca
ccttatgact
cctaatctcet
gctcatacct
cctetatect

cgtcttacct

gcagtaagct

tgggtcaatc

tggcacttag

tcggagtaac

tgccacatac

gcccttatgt

gcggtttagt

tccgacatty

acccagttag

tggcactatc

agggtgtaag

13

-continued

gtagggacaa

ctagccagtt

gatcgcacta

gatccgtgat

caccgcttat

ctggccttaa

catccgtcat

gttgcctett

gatgggagta

gttgggacta

tcgaagccag

aggatccgac

agcatggctc

tgctagcegtyg

gtctcccocgat

cccatgcctc

tCccaaccctg

agcatcecctyg

tggtagcgag

aggatgccag

22

22

28

60

120

180

240

300

360

420

480

540

600
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-continued

cgcttggata gtcggatgca agggtcaatg gtac 34

<210> SEQ ID NO 18

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 18

acggtgtatg cttcggtgtyg cgaacctatc agc 33

<210> SEQ ID NO 19

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic DNA
<400> SEQUENCE: 19

ggacaatcga agccagaa 18

<210> SEQ ID NO 20

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 20

atcacggatc gtatgtgyg 18

<210> SEQ ID NO 21

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 21

gctagctaag tgccatcc 18

<210> SEQ ID NO 22

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 22

aacgatcgca ctaagcat 18

<210> SEQ ID NO 23

<211l> LENGTH: 30

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:synthetic
DNA
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-continued

<400> SEQUENCE: 23

gctagctaag tgccatccat tcectgcecgtacc 30

<210> SEQ ID NO 24

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 24

ccgcagacac atccagcgat aaacctccaa tcactcacca a 41

<210> SEQ ID NO 25

<211> LENGTH: 47

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 25

catcctgcectg ctatgcctca tcettettgtt cctggaatta gaggaca 477

<210> SEQ ID NO 26

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 26

caaaattcgce agtccc 16

<210> SEQ ID NO 27

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 27

gcaggtcttyg catggtcc 18

<210> SEQ ID NO 28

<211> LENGTH: 17

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Desgcription of Artificial Sequence:synthetic
DNA

<400> SEQUENCE: 28

cagcgatagce caggaca 17

<210> SEQ ID NO 29

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
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-continued
DNA
<400> SEQUENCE: 29
tctggactat caaggtatgt tgc 23

<210> SEQ ID NO 30

<211> LENGTH: 34

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Description of Artificial Sequence:gsynthetic
DNA

<400> SEQUENCE: 30

gttggttctt ctggactatc aaggtatgtt gccc 34
1. An assay reagent or reagent kit for nucleic acid amplifi- from the 5' side of the target sequence of a template
cation wherein amplification of an internal standard material nucleic acid in the internal standard material toward the
is performed prior to amplification of a target nucleic acid, ' terminal on the template nucleic acid, the primer (b2)
comprising at least the following reagents: comprises a sequence Rlc complementary to R1 and a
(a) an internal standard material with a known concentra- sequence R2 1dentical to R2 in that order form the 5' side
tion or copy number having a nucleotide sequence dif- towar d the 3' su:le; and. | |
ferent from that of a target nucleic acid at least 1n the (c) an 011%011“_‘71‘3015_1(1‘3 primer used ffjl' 3111P11ﬁ0_3t1011‘0f d
primer design region, wherein the concentration of the target nu'clelciamdj wherein the 01_1%0111:1‘71“30“(‘1‘3 primer
internal standard material 1s set to be higher than that of for amplification of a target nucleic acid 1s primer (c1)
an amplification reaction solution used for an assay and/or (9‘2)3 |
involving simultaneous amplification of the internal (c1) Wherem.when a first arbitrary sequence Flc and a
standard material and the target nucleic acid: second arbitrary sequence F2c are successively selected

from the 3' side of the target sequence of a template
nucleic acid in the target nucleic acid toward the 3'
terminal on the template nucleic acid, the primer (c1)
comprises a sequence identical to Flc and a sequence F2
complementary to F2c¢ in that order form the 3' side
toward the 3' side;

(c2)wherein when a third arbitrary sequence R1 and a forth
arbitrary sequence R2 are successively selected from the
S' side of the target sequence of a template nucleic acid
in the target nucleic acid toward the 5' terminal on the
template nucleic acid, the primer (c2) comprises a
sequence R1c complementary to R1 and a sequence R2
identical to R2 1n that order from the 5' side toward the 3'
side.

2. The assay reagent or reagent kit according to claim 1,

which further comprises the following reagents:

(b) an oligonucleotide primer used for amplification of an
internal standard material that allows performance of
amplification of an internal standard material prior to
amplification of the target nucleic acid, wherein the con-
centration of the oligonucleotide primer used for ampli-

fication of the internal standard material 1s set to be

lower than that of an amplification reaction solution used

for an assay ivolving simultaneous amplification of the
internal standard material and the target nucleic acid,
and the oligonucleotide primer for amplification of the
internal standard material 1s primer (bl) and/or (b2):

(b1) wherein when a first arbitrary sequence Flc and a
second arbitrary sequence F2c are successively selected
from the 3' side of the target sequence of a template
nucleic acid 1n the internal standard material toward the

3' terminal on the template nucleic acid, the primer (b1) _ _ _ _
comprises a sequence identical to F1c and a sequence F2 (a) an oligonucleotide probe used for detecting an internal

complementary to F2c¢ 1n that order from the 3' side standal:d material 3 and ,
toward the 3' side: (b) an oligonucleotide probe used for detecting a target

nucleic acid.

(b2) wherein when a third arbitrary sequence R1 and a
fourth arbitrary sequence R2 are successively selected %k % k%
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