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[57] ABSTRACT

Strand Displacement Amplification for amplification of
nucleic acid target sequences in situ in cells in suspension,
on slides or in tissues. Excellent specimen morphology is
preserved, and either DNA targets, or RNA targets, or both
may be selectively amplified. In situ amplification by SDA
is compatible with immunochemical techniques, so that both
amplification of target sequences and immunological stain-
ing can be performed on the same specimen.
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DETECTION OF NUCLEIC ACIDS IN CELLS
BY STRAND DISPLACEMENT
AMPLIFICATION

FIELD OF THE INVENTION

The present invention relates to amplification of nucleic
acids and in particular to amplification of nucleic acids in
morphologically intact cells.

BACKGROUND OF THE INVENTION

Nucleic acid amplification techniques have provided
powerful tools for detection and analysis of small amounts
of nucleic acids. The extreme sensitivity of such methods
has lead to attempts to develop them for early diagnosis of
infectious and genetic diseases, isolation of genes for analy-
sis, and detection of specific nucleic acids in forensic
medicine. Nucleic acid amplification techniques can be
grouped according to the temperature requirements of the
procedure. The polymerase chain reaction (PCR), ligase
chain reaction (LCR) and transcription-based amplification
require repeated cycling of the reaction between high (85°
C~100° C.) and low (30° C.-40° C.) temperatures to
regenerate single stranded target molecules for amplifica-
tion. In contrast, methods such as Strand Displacement
Amplification (SDA), self-sustained sequence replication
(3SR) and the QP replicase system are isothermal reactions
which can be performed at a constant low temperature
(usually about 30°-40° C.).

One of the best-known nucleic acid amplification methods
is the Polymerase Chain Reaction (PCR). This method is
described by R. K. Saiki, et al. (1985. Science 230,
1350-1354) and in U.S. Pat. No. 4,683,195, U.S. Pat. No.
4,683,202 and U.S. Pat. No. 4,800,159. Briefly, to amplify a
target sequence using the PCR, two primers complementary
to sequences flanking the target sequence are hybridized
(one to each of the opposite complementary strands) and
extended, using the target sequence as a template, by addi-
tion of deoxyribonucleotides and a DNA polymerase. After
extension, the temperature of the reaction is raised to sepa-
rate the newly-synthesized strand from the template, then
lowered to reanneal the primers and repeat the extension
process. Due to the characteristic cycling of the reaction
temperature, the PCR requires the use of a heat stable
polymerase such as Taq polymerase.

In contrast, Strand Displacement Amplification (SDA) is
an isothermal method of nucleic acid amplification in which
extension of primers, displacement of single stranded exten-
sion products, annealing of primers to the extension prod-
ucts (or the original target sequence) and subsequent exten-
sion of the primers occurs concurrently in the reaction mix.
This is in contrast to the PCR, in which the steps of the
reaction occur in discrete phases or cycles as a result of the
temperature constraints of the reaction. SDA is based upon
1) the ability of a restriction endonuclease to nick the
unmodified strand of a hemiphosphorothioate form of its
double stranded recognition site and 2) the ability of certain
polymerases to initiate replication at the nick and displace
the downstream non-template strand. After an initial incu-
bation at increased temperature (about 95° C.) to denature
double stranded target sequences for annealing of the prim-
ers, subsequent polymerization and displacement of newly
synthesized strands takes place at a constant temperature
(usually about 37° C.). Production of each new copy of the
target sequence consists of five steps: 1) binding of ampli-
fication primers to an original target sequence or a displaced
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single-stranded extension product previously polymerized,
2) extension of the primers by exonuclease deficient (exo™)
klenow polymerase incorporating an o-thio deoxynucleo-
side triphosphate, 3) nicking of a hemiphosphorothioate
double stranded restriction site, 4) dissociation of the restric-
tion enzyme from the nick site, and 5) extension from the 3'
end of the nick by exo™ klenow with displacement of the
downstream non-template strand. Nicking, polymerization
and displacement occur concurrently and continuously at a
constant temperature because extension from the nick regen-
erates another nickable restriction site. When primers which
hybridize to both strands of a double siranded target
sequence are used, amplification is exponential, as the sense
and antisense strands serve as templates for the opposite
primer in subsequent rounds of amplification. SDA is
described by G. T. Walker, et al. (1992a. Proc. Natl. Acad.
Sci. USA 89, 392-396 and 1992b. Nuc. Acids. Res. 20,
1691-1696). Examples of restriction enzymes which nick
their double stranded recognition sites when an o-thio dNTP
is incorporated are HincIl, HindIlI, Aval, Ncil and FnudHI.
All of these restriction enzymes and others which display the
required nicking activity are suitable for use in SDA. The
Walker, et at. disclosures are hereby incorporated by refer-
ence and details of the SDA method are found in the
following Examples.

Targets for amplification by SDA may be prepared by
fragmenting larger nucleic acids by restriction with the
endonuclease used in the SDA reaction (e.g., HincIl). How-
ever, for in situ amplification it is most preferred that target
nucleic acids having the selected restriction endonuclease
recognition sites for nicking in the SDA reaction be gener-
ated as described by Walker, et al. (1992b, supra). This target
generation scheme is also described in U.S. Pat. No. 5,270,
184, the disclosure of which is hereby incorporated by
reference. This method for generation of SDA-amplifiable
target sequences comprises heat denaturing double stranded
nucleic acids containing the target sequence and hybridizing
four primers to the target sequence. Two of the primers (S,
and S,) are SDA amplification primers as defined below,
with target binding sequences near their 3' ends and restric-
tion enzyme recognition sites 5' to the target binding
sequences. When both amplification primers are used ampli-
fication is exponential, however, use of only one amplifica-
tion primer results in linear amplification of the target
sequence. The other two primers (B, and B,) are external
primers as defined below and consist only of target binding
sequences. S, and S, bind to opposite strands of double
stranded nucleic acids flanking the target sequence. B, and
B, bind to the target sequence 5' (i.e., upstream) of S, and
S,, respectively. Exonuclease deficient klenow polymerase
(exo” klenow polymerase) is then used to simultaneously
extend all four primers in the presence of three deoxynucleo-
side triphosphates and one modified deoxynucleoside triph-
osphate (e.g., deoxyadenosine 5'-[a-thio]triphosphate dATP
[aS]). Extension of S, and S, produces two extension
products, S;-ext and S,-ext. Extension of B, and B, results
in displacement of the downstream S, and S, extension
products from the original target sequence template. The
displaced, single stranded S, extension product serves as a
target for binding of S, and B,. Similarly, the displaced,
single stranded S, extension product serves as a target for
binding of S, and B;. All four primers are then extended on
the S,-ext and S,-ext templates to produce a second pair of
extension products which are displaced by extension of the
external primers as before. Binding and extension of
complementary amplification primers on these displaced
extension products results in synthesis of a complementary
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