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(57) ABSTRACT 

The present invention relates to nucleic acid inhibitors, com 
positions and method for enhancing synthesis of nucleic acid 
molecules. In a preferred aspect, the invention relates to inhi 
bition or control of nucleic acid synthesis, sequencing or 
ampli?cation. Speci?cally, the present invention discloses 
nucleic acids having a?inity for polypeptides With poly 
merase activity for use in such synthesis, ampli?cation or 
sequencing reactions. The nucleic acid inhibitors are capable 
of inhibiting nonspeci?c nucleic acid synthesis under certain 
conditions (e.g., at ambient temperatures). Thus, in a pre 
ferred aspect, the invention relates to “hot start” synthesis of 
nucleic acid molecules. Accordingly, the invention prevents, 
reduces or substantially reduces nonspeci?c nucleic acid syn 
thesis. The invention also relates to kits for synthesizing, 
amplifying, reverse transcribing or sequencing nucleic acid 
molecules comprising one or more of the nucleic acid inhibi 
tors or compositions of the invention. The invention also 
relates to using the inhibitors of the invention to prevent viral 
replication or treat viral infections in a subject. Thus, the 
invention relates to therapeutic methods and pharmaceutical 
compositions using the inhibitors of the invention. The inven 
tion thus may be used for in vivo and in vitro inhibition of 
nucleic acid synthesis and/or inhibition of polymerase activ 
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COMPOSITIONS AND METHODS FOR 
ENHANCED SENSITIVITY AND 
SPECIFICITY OF NUCLEIC ACID 

SYNTHESIS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to US. provisional patent 
application No. 60/142,072 ?led Jul. 2, 1999, Which is spe 
ci?cally incorporated herein in its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a method for 
increasing sensitivity and speci?city of nucleic acid synthesis 
by reducing nonspeci?c nucleic acid synthesis occurring at 
ambient temperature. The invention also relates to novel 
nucleic acids Which have high a?inity to polymerases. The 
methods and compositions of the present invention can be 
used in DNA sequencing, ampli?cation reactions, nucleic 
acid synthesis and cDNA synthesis. 
[0003] The invention also relates to nucleic acids and com 
positions Which are capable of inhibiting or preventing 
nucleic acid synthesis, sequencing, ampli?cation and cDNA 
synthesis, for example, by binding one or more polypeptides 
With polymerase activity. In addition, the materials and meth 
ods of the present invention may be used as therapeutics to 
inhibit the replication of organisms that rely upon a reverse 
transcriptase activity for completion of their life cycle, such 
as retroviruses. The invention also relates to vectors and host 
cells comprising such nucleic acid molecules. The invention 
also concerns kits comprising the compositions or nucleic 
acids of the invention. 

BACKGROUND OF THE INVENTION 

[0004] DNA polymerases synthesiZe the formation of DNA 
molecules Which are complementary to a DNA template. 
Upon hybridization of a primer to the single-stranded DNA 
template, polymerases synthesiZe DNA in the 5' to 3' direc 
tion, successively adding nucleotides to the 3'-hydroxyl 
group of the groWing strand. Thus, in the presence of deox 
yribonucleoside triphosphates (dNTPs) and a primer, a neW 
DNA molecule, complementary to the single stranded DNA 
template, can be synthesiZed. 
[0005] Both mesophilic and thermophilic DNA poly 
merases are used to synthesiZe nucleic acids. Using thermo 
stable rather than mesophilic polymerases is preferable since 
the higher annealing temperatures used With thermostable 
polymerases result in less non-speci?c DNA ampli?cation 
from extension of mis-annealed primers. Even With thermo 
stable polymerases, hoWever, some primer sequences and 
certain experimental conditions can result in the synthesis of 
a signi?cant amount of non-speci?c DNA products. These 
non-speci?c products can reduce the sensitivity of poly 
merase-based assays and can require extensive optimiZation 
for each primer set. In addition, this problem is intensi?ed 
When polymerases having a high level of activity at ambient 
temperature are employed (for example, DNA polymerase 
from Thermologa neapolilana). 
[0006] In examining the structure and physiology of an 
organism, tissue or cell, it is often desirable to determine its 
genetic content. The genetic framework of an organism is 
encoded in the double-stranded sequence of nucleotide bases 
in the deoxyribonucleic acid (DNA) Which is contained in the 
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somatic and germ cells of the organism. The genetic content 
of a particular segment of DNA, or gene, is only manifested 
upon production of the protein and RNA Which the gene 
encodes. In order to produce a protein, a complementary copy 
of one strand of the DNA double helix (the “coding” strand) 
is produced by polymerase enZymes, resulting in a speci?c 
sequence of ribonucleic acid (RNA). This particular type of 
RNA, since it contains the genetic message from the DNA for 
production of a protein, is called messenger RNA (mRNA). 
[0007] Within a given cell, tissue or organism, there exist 
many mRNA species, each encoding a separate and speci?c 
protein. This fact provides a poWerful tool to investigators 
interested in studying genetic expression in a tissue or cell. 
mRNA molecules may be isolated and further manipulated by 
various molecular biological techniques, thereby alloWing 
the elucidation of the full functional genetic content of a cell, 
tissue or organism. 

[0008] A common approach to the study of gene expression 
is the production of complementary DNA (cDNA) clones. In 
this technique, the mRNA molecules from an organism are 
isolated from an extract of the cells or tissues of the organism. 
This isolation often employs chromatography matrices, such 
as cellulose or agarose, to Which oligomers of thymidine (T) 
have been complexed. Since the 3' termini on mo st eukaryotic 
mRNA molecules contain a string of Adenosine (A) bases, 
and since A binds to T, the mRNA molecules can be rapidly 
puri?ed from other molecules and substances in the tissue or 
cell extract. From these puri?ed mRNA molecules, cDNA 
copies may be made using the enzyme reverse transcriptase 
(RT) or DNA polymerases having RT activity, Which results 
in the production of single-stranded cDNA molecules. The 
single-stranded cDNAs may then be converted into a com 
plete double-stranded DNA copy (i.e., a double-stranded 
cDNA) of the original mRNA (and thus of the original 
double-stranded DNA sequences, encoding this mRNA, con 
tained in the genome of the organism) by the action of a DNA 
polymerase. The protein-speci?c double-stranded cDNAs 
can then be inserted into a vector, Which is then introduced 
into a host bacterial, yeast, animal or plant cell, a process 
referred to as transformation or transfection. The host cells 
are then groWn in culture media, resulting in a population of 
host cells containing (or in many cases, expressing) the gene 
of interest or portions of the gene of interest. 

[0009] This entire process, from isolation of mRNA to 
insertion of the cDNA into a vector (e.g., plasmid, viral vec 
tor, cosmid, etc.) to groWth of host cell populations containing 
the isolated gene or gene portions, is termed “cDNA cloning.” 
If cDNAs are prepared from a number of different mRNAs, 
the resulting set of cDNAs is called a “cDNA library,” an 
appropriate term since the set of cDNAs represents a “popu 
lation” of genes or portions of genes comprising the func 
tional genetic information present in the source cell, tissue or 
organism. 
[0010] Synthesis of a cDNA molecule initiates at or near 
the 3' termini of the mRNA molecules and proceeds in the 
5'-to-3' direction successively adding nucleotides to the 
groWing strand. Priming of the cDNA synthesis at the 3'-ter 
mini at the poly A tail using an oligo (dT) primer ensures that 
the 3' message of the mRNAs Will be represented in the cDNA 
molecules produced. The ability to increase sensitivity and 
speci?city during cDNA synthesis provides more represen 
tative cDNA libraries and may increase the likelihood of the 
cDNA library having full-length cDNA molecules (e.g., full 
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length genes). Such advances Would greatly improve the 
probability of ?nding full-length genes of interest. 
[0011] In addition to their importance for research pur 
poses, reverse transcriptase enzymes play a critical role in the 
life cycle of many important pathogenic viruses, in particular, 
the human immunode?ciency viruses (HIV). In order to com 
plete its life cycle, HIV and other similar viruses must use a 
reserve transcriptase enZyme to convert the viral RNA 
genome into DNA for integration into the host’s genomic 
material. Since this step is critical to the viral life cycle and 
host cells do not have any similar requirement for reverse 
transcriptase activity, the reverse transcriptase enZyme has 
been intensively studied as a chemotherapeutic target. In gen 
eral, the bulk of therapeutic reagents directed at the reverse 
transcriptase enZyme have been nucleotide analogues, for 
exampleAZT. Other therapeutic modalities using oligonucle 
otide-based reagents, e.g., anti-sense oligonucleotides and 
riboZymes, have been used to inhibit viral replication, hoW 
ever, these reagents are not targeted speci?cally against 
reverse transcriptase activity, instead of being targeted 
against the nucleic acid of the viral genome. See, for example, 
Goodchild, et al., “Inhibition of human immunode?ciency 
virus replication by antisense oligodeoxynucleotides,” Proc. 
Natl. Acad. Sci. USA 85:5507-5511 (1988), Matsukara, et al., 
“Regulation of viral expression of human immunode?ciency 
virus in vitro by an antisense phosphorothioate oligodeoxy 
nucleotide against rev (art/trs) in chronically infected cells,” 
Proc. Natl. Acad. Sci. USA 86:4244-4248 (1989), Rossi, et 
al., “RiboZymes as Anti-HIV-1 Therapeutic Agents: Prin 
ciples, Applications, and Problems,” Aids Research and 
Human Retroviruses 811831189 (1992), Goodchild, 
“Enhancement of riboZyme catalytic activity by a contiguous 
oligodeoxynucleotide (facilitator) and by 2'-O-methylation,” 
Nucleic Acids Research 20:4607-4612 (1992) and Kinching 
ton, et al., “A comparison of gag, pol and rev antisense oli 
godeoxynucleotides as inhibitors of HIV-1,” Antiviral 
Research 17:53-62 (1992) Which are speci?cally incorpo 
rated herein by reference. Oligonucleotides that have been 
blocked at the 3'-end to prevent their elongation by reverse 
transcriptase have also been considered as inhibitors (see, for 
example, Austermann, et al., “Inhibition of human immuno 
de?ciency virus type I reverse transcriptase by 3'-blocked 
oligonucleotides” Biochemical Pharmacology 43(12):2581 
2589 (1992). Each of the above cited references is speci?cally 
incorporated herein in its entirety. 
[0012] Oligonucleotides have been investigated for anti 
HIV activity. For example, Idriss, et al. (1994), Journal of 
Enzyme Inhibition 8(2)97-112, disclose DNA oligonucle 
otides in a hairpin structure as inhibitors of HIV RT activity 
While KuWasaki, et al., (1996) Biochemical and Biophysical 
Research Communications 228:623-631 disclose anti-sense 
hairpin oligonucleotides containing a mixture of deoxy and 
2'-methoxy-nucleotides With anti-HIV activity. 
[0013] NotWithstanding these and other efforts to modulate 
the activity of polymerases, there remains a need in the art for 
materials and methods to prevent the undesirable activity of 
the polymerases While permitting the synthesis of nucleic 
acids by the polymerase When such synthesis is desired. 
These and other needs are met by the present invention. 

SUMMARY OF THE INVENTION 

[0014] The present invention provides materials and meth 
ods for inhibiting, reducing, substantially reducing or elimi 
nating nucleic acid synthesis under certain conditions (pref 
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erably at ambient temperatures and/or Within a cell) While 
permitting synthesis When such synthesis is desired. 
[0015] In a preferred aspect, the invention relates to meth 
ods for the prevention or inhibition of nucleic acid synthesis 
during reaction set up (e.g., in vitro) and preferably before 
optimum reaction conditions for nucleic acid synthesis are 
achieved. Such inhibition of synthesis at sub-optimum con 
ditions or during reaction set up prevents or reduces non 
speci?c nucleic acid synthesis. Once reaction setup is com 
plete and the optimum conditions are reached, nucleic acid 
synthesis can be initiated. 
[0016] In another aspect, the present invention relates to a 
method of inhibiting a polymerase enZyme Within a cell (e. g., 
in vivo) by introducing into the cell an oligonucleotide or 
inhibitor of the invention, preferably said oligonucleotide 
comprises a 5'- and a 3'-portion, Wherein the said 3'-portion 
comprises one or more deoxyribonucleotides or derivatives 
thereof and said 5'-portion comprises one or more ribonucle 
otides or derivatives thereof and Wherein all or a portion of 
said 3'-portion is capable ofbase pairing to all or a portion of 
said 5'-portion and incubating said cell under conditions caus 
ing the inhibition of the polymerase. In some embodiments, 
the 5'-portion of the oligonucleotide Which comprises ribo 
nucleotides forms a 5'-overhang. In another aspect, the oligo 
nucleotide is in the form of a hairpin and preferably the stem 
of the hairpin comprises a series of contiguous ribonucle 
otides based paired or hybridiZed With a series of continguous 
deoxyribonucleotides. In some embodiments the polymerase 
is a reverse transcriptase and may preferably be an HIV 
reverse transcriptase. 

[0017] In another aspect, the present invention provides a 
method of inhibiting replication of a virus, by providing a 
virus, said virus comprising a reverse transcriptase and 
requiring activity of the reverse transcriptase for replication 
and contacting said reverse transcriptase With an oligonucle 
otide or inhibitor of the invention that inhibits activity of said 
reverse transcriptase thereby inhibiting replication of said 
virus. In some embodiments, the oligonucleotide comprises a 
5'- and a 3'-portion, Wherein said 3'-portion comprises one or 
more deoxyribonucleotides or derivatives thereof and said 
5'-portion comprises one or more ribonucleotides or deriva 
tives thereof and Wherein all or a portion of said 3'-portion is 
capable ofbase pairing to all or a portion ofsaid 5'-portion. In 
some embodiments, the 5'-portion of the oligonucleotide 
Which comprises ribonucleotides forms a 5'-overhang. In 
another aspect, the oligonucleotide is in the form of a hairpin 
and preferably the stem of the hairpin comprises a series of 
contiguous ribonucleotides base paired or hybridiZed With a 
series of contiguous deoxyribonucleotides. In some embodi 
ments, the virus is an HIV. In some embodiments, contacting 
comprises introducing said oligonucleotide into a cell. 
[0018] More speci?cally, the invention relates to control 
ling nucleic acid synthesis by introducing an inhibitory 
nucleic acid or oligonucleotide Which binds to or interacts 
With the polypeptide With polymerase activity (e.g., DNA 
polymerases, reverse transcriptases, etc.). Accordingly, such 
inhibitory nucleic acids or oligonucleotide can bind the poly 
merase and interfere With nucleic acid synthesis by prevent 
ing binding or interaction of the polymerase or reverse tran 
scriptase With the primer/template. Preferably, such 
inhibitory nucleic acid molecules are double stranded mol 
ecules although any form of nucleic acid molecule may be 
used as long as the molecule can bind or interact With the 
polymeriZation enZyme of interest. Such molecules may be 
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DNA, RNA, DNA/ RNA hybrids, double stranded DNA, 
double stranded RNA and DNA/RNA double stranded mol 
ecules. Derivative nucleic acid molecules may also be used 
such as Protein Nucleic Acids (PNAs), linked nucleic acids 
(LNA, available form Proligo, Boulder Co.) and nucleic acid 
molecules comprising modi?ed nucleotides. Moreover, the 
nucleic acid molecules may be in any form or topology such 
as linear, circular, supercoiled, double stranded With one or 
more single stranded portions, hairpin structure, or com 
plexed With other molecules such as peptides or proteins and 
the like. Such inhibitory nucleic acids preferably include 
double-stranded nucleic acid molecules (Which may com 
prise one or more internal, 5' and/or 3' single stranded por 
tions), or single stranded nucleic acid molecules capable of 
folding into a double stranded form, i.e. forming one or more 
hairpin-loops, such that at least one double stranded portion 
of the nucleic acid molecule is capable of binding to a 
polypeptide With polymerase activity. In one aspect, the 
nucleic acid molecules used in the invention bind the 
polypeptide having polymerase activity (e.g., DNA poly 
merase, reverse transcriptase, etc.) With high a?inity. Once 
the polymerase or reverse transcriptase is complexed With the 
inhibitory nucleic acid, it is unavailable for annealing to the 
primer/template substrate, resulting in reduced, substantially 
reduced, or no polymerase or reverse transcriptase activity. In 
some embodiments, the oligonucleotides of the present 
invention may comprise a 5'- and a 3'-portion, Wherein said 
3'-portion comprises one or more deoxyribonucleotides or 
derivatives thereof and said 5'-portion comprises one or more 
ribonucleotides or derivatives thereof and Wherein all or a 
portion of said 3'-portion is capable of base pairing to all or a 
portion of said 5'-portion. In some embodiments, the oligo 
nucleotides of the invention may comprise a 5'-portion, 
Wherein said 5'-portion comprising ribonucleotides forms a 
5'-overhang. In some embodiments, an oligonucleotide of the 
invention may comprise one or more modi?cations so as to be 

non-extendable. In some embodiments, this modi?cation 
may be to the 3'-most nucleotide. In some embodiments, the 
modi?cation is phosphorylation of the 3'-most nucleotide at 
the 3'-hydroxyl. An oligonucleotide of the present invention 
may comprise one or more modi?cations so as to be resistant 
to digestion or degradation by, for example, one or more 
nucleases. In some embodiments, this modi?cation may be 
the incorporation of one or more phosphorothioate moieties. 
In some embodiments, the modi?cation may comprise alky 
lation of one or more hydroxl groups. 

[0019] Thus, the inhibitory nucleic acid is preferably intro 
duced into the reaction mixture Where it competitively binds 
to or interacts With the polymerase, thereby inhibiting syn 
thesis by the polymerase under particular reaction conditions. 
Thus, interaction or binding of the inhibitor and polymerase 
preferably results in the formation of an inhibitor/ polymerase 
complex. 
[0020] The inhibition of polymerase activity or nucleic acid 
synthesis by the nucleic acids of the invention is preferably 
reduced, substantially reduced, inhibited, or eliminated so 
that nucleic acid synthesis may proceed When reaction con 
ditions are changed, for example, When the temperature is 
raised. In a preferred aspect, the changed conditions affect the 
ability of the inhibitory nucleic acids to interact With the 
polymerase causing release of the polymerase and/or dena 
turation or inactivation of the inhibitory nucleic acids making 
the polymerase available thus alloWing nucleic acid synthesis 
to proceed. In one aspect, the inhibitory nucleic acids and the 
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primer/template substrate competitively interact With the 
polymerase to prevent synthesis. Under the changed condi 
tions, the competitive interaction is reduced such that nucleic 
acid synthesis occurs. In another aspect, the changed condi 
tions cause the double stranded inhibitory nucleic acid mol 
ecule(s) (including hairpins) to denature or melt such that 
single stranded molecules are formed Which do not substan 
tially bind or interact With the polymerase. In another aspect, 
a second change in conditions (i.e., temperature is loWered to, 
for example, ambient temperatures) alloWs the inhibitor 
nucleic acid molecules of the invention to reactivate or again 
inhibit nucleic acid synthesis. That is, the inhibitors may 
again interact or bind With the polymerase or reverse tran 
scriptase under the changed conditions. For example, the 
changed conditions may alloW the inhibitor to form double 
stranded molecules Which effectively enhances its binding or 
interacting capacity With the polymerase or reverse tran 
scriptases. Thus, in accordance With the invention, the inhibi 
tors may be reused or recycleable during synthesis reactions 
(single or multiple) Which may require multiple adjustment or 
changes in reaction conditions (i.e., temperature changes), 
Without the need to add additional inhibitor. 

[0021] The invention therefore relates to a method for syn 
thesiZing one or more nucleic acid molecules, comprising (a) 
mixing one or more nucleic acid templates (Which may be a 
DNA molecule such as a cDNA molecule, or an RNA mol 
ecule such as an mRNA molecule) With one or more primers, 
and one or more inhibitory nucleic acids or compositions of 
the present invention capable of binding or interacting With an 
enZyme having polymerase activity, and (b) incubating the 
mixture in the presence of one or more enZymes having 
nucleic acid polymerase activity (e.g., DNA polymerases or 
reverse transcriptases) under conditions suf?cient to synthe 
siZe one or more ?rst nucleic acid molecules complementary 
to all or a portion of the templates. Alternatively, the method 
may comprise mixing one or more inhibitor nucleic acids 
With one or more polymerases and incubating such mixtures 
under conditions suf?cient to synthesiZe one or more nucleic 
acidmolecules. Such conditions may involve the use of one or 
more nucleotides and one or more nucleic acid synthesis 
buffers. Such methods of the invention may optionally com 
prise one or more additional steps, such as incubating the 
synthesiZed ?rst nucleic acid molecule under conditions suf 
?cient to make a second nucleic acid molecule complemen 
tary to all or a portion of the ?rst nucleic acid molecule. These 
additional steps may also comprise the use of the inhibitory 
nucleic acid molecules of the invention. The invention also 
relates to nucleic acid molecules synthesiZed by these meth 
ods. 

[0022] In a related aspect, the nucleic acid synthesis 
method may comprise (a) mixing one or more polymerases 
With one or more of the inhibitory nucleic acid molecules of 
the invention, and (b) incubating such mixture under condi 
tions suf?cient to inactivate or substantially inhibit or reduce 
polymerase activity of such polymerases. In another aspect, 
such incubation is under conditions suf?cient to inhibit or 
prevent such nucleic acid synthesis. 
[0023] The invention also relates to a method for amplify 
ing one or more nucleic acid molecules, comprising (a) mix 
ing one or more nucleic acid templates With one or more 
primers, and one or more inhibitory nucleic acid molecules or 
compositions of the present invention capable of binding or 
interacting With an enZyme having polymerase activity and 
(b) incubating the mixture in the presence of one or more 
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enzymes having nucleic acid polymerase activity (e.g., DNA 
polymerases) under conditions su?icient to amplify one or 
more nucleic acid molecules complementary to all or a por 
tion of the templates. More speci?cally, the invention relates 
to a method of amplifying a DNA molecule comprising: (a) 
providing a ?rst and second primer, Wherein said ?rst primer 
is complementary to a sequence Within or at or near the 
3'-termini of the ?rst strand of said DNA molecule and said 
second primer is complementary to a sequence Within or at or 
near the 3'-termini of the second strand of said DNA mol 
ecule, and one or more inhibitory nucleic acids or composi 
tions of the invention (e.g., a nucleic acid having a?inity for 
an enZyme With polymerase activity); (b) hybridizing said 
?rst primer to said ?rst strand and said second primer to said 
second strand; (c) incubating the mixture under conditions 
such that a third DNA molecule complementary to all or a 
portion of said ?rst strand and a fourth DNA molecule 
complementary to all or a portion of said second strand are 
synthesized; (d) denaturing said ?rst and third strand, and said 
second and fourth strands; and (e) repeating steps (a) to (c) or 
(d) one or more times. Such conditions may include incuba 
tion in the presence of one or more polymerases, one or more 
nucleotides and/or one or more buffering salts. The invention 
also relates to nucleic acid molecules ampli?ed by these 
methods. 

[0024] In a related aspect, the nucleic acid ampli?cation 
method may comprise (a) mixing one or more polymerases 
With one or more of the inhibitory nucleic acid molecules of 
the invention, and (b) incubating such mixture under condi 
tions suf?cient to inactivate or substantially inhibit or reduce 
polymerase activity of such polymerases. In another aspect, 
such incubation is under conditions suf?cient to inhibit or 
prevent such nucleic acid ampli?cation. 
[0025] The invention also relates to methods for sequenc 
ing a nucleic acid molecule comprising (a) mixing a nucleic 
acid molecule to be sequenced With one or more primers, one 
or more of the inhibitory nucleic acids or compositions of the 
invention, one or more nucleotides and one or more terminat 

ing agents to form a mixture; (b) incubating the mixture under 
conditions su?icient to synthesiZe a population of molecules 
complementary to all or a portion of the molecule to be 
sequenced; and (c) separating the population to determine the 
nucleotide sequences of all or a portion of the molecule to be 
sequenced. The invention more speci?cally relates to a 
method of sequencing a nucleic acid molecule, comprising: 
(a) providing an inhibitory nucleic acid or composition of the 
present invention (to Which an enZyme With polymerase 
activity as af?nity), one or more nucleotides, and one or more 
terminating agents; (b) hybridiZing a primer to a ?rst nucleic 
acid molecule; (c) incubating the mixture of step (b) under 
conditions su?icient to synthesiZe a random population of 
nucleic acid molecules complementary to said ?rst nucleic 
acid molecule, Wherein said synthesiZed molecules are 
shorter in length than said ?rst molecule and Wherein said 
synthesiZed molecules comprise a terminator nucleotide at 
their 3' termini; and (d) separating said synthesiZed molecules 
by siZe so that at least a part of the nucleotide sequences of 
said ?rst nucleic acid molecule can be determined. Such 
terminator nucleotides include dideoxyribonucleoside 
thiphophates such as ddNTP, ddATP, ddGTP, ddITP or 
ddCTP. Such conditions may include incubation in the pres 
ence of one or more polymerases and/ or buffering salts. 

[0026] In a related aspect, the nucleic acid sequencing 
method may comprise (a) mixing one or more polymerases 
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With one or more of the inhibitory nucleic acid molecules of 
the invention, and (b) incubating such mixture under condi 
tions su?icient to inactivate or substantially inhibit poly 
merase activity of such polymerases. In another aspect, such 
incubation is under conditions su?icient to inhibit or prevent 
such nucleic acid sequencing. 
[0027] The invention also relates to the inhibitory nucleic 
acids of the invention and to compositions comprising the 
inhibitory nucleic acids of the invention, to vectors (Which 
may be expression vectors) comprising these nucleic acid 
molecules, and to host cells comprising these nucleic acid 
molecules or vectors. Compositions of the invention may also 
include those compositions made for carrying out the meth 
ods of the invention or produced While carrying out such 
methods. The invention also relates to pharmaceutical com 
positions. Such compositions may comprise one or more of 
the inhibitory nucleic acid molecules or oligonucleotides of 
the invention and at least one other component selected from 
the group consisting of one or more nucleotides, one or more 

polymerases (e.g., thermophilic or mesophilic DNA poly 
merases and/or reverse transcriptases), one or more suitable 

buffers or buffer salts, one or more primers, one or more 

terminating agents, one or more viruses, one or more cells, 
and one or more ampli?ed or synthesiZed nucleic acid mol 
ecules produced by the methods of the invention. The inven 
tion also relates to methods of producing an inhibitory nucleic 
acid comprising culturing the above-described host cells 
under conditions favoring the production of the nucleic acid 
by the host cells, and isolating the nucleic acid. The invention 
also relates to nucleic acid produced by synthetic methods. 
Such inhibitory nucleic acid molecules of the invention may 
also be made by standard chemical synthesis techniques. 
[0028] In a related aspect, the present invention provides 
materials and methods for the in vivo inhibition of poly 
merase activity. In some embodiments, the present invention 
provides for the introduction of the inhibitory oligonucle 
otides of the present invention into an organism thereby inhib 
iting a polymerase present Within the organism. In some 
embodiments, the polymerase may be a reverse transcriptase, 
preferably a viral reverse transcriptase. In some embodi 
ments, the present invention provides a method for the inhi 
bition of a viral reverse transcriptase comprising contacting a 
cell or virus expressing a viral reverse transcriptase With an 
inhibitory oligonucleotide under conditions causing the oli 
gonucleotide to inhibit the reverse transcriptiase. Preferably, 
the oligonucleotide is contacted With the cell under condi 
tions su?icient to have the oligonucleotide taken up by the 
cell by Well knoWn techniques. In some embodiments, the 
present invention provides a method of inhibiting the groWth 
of a virus, comprising contacting a cell infected With a virus 
that requires reverse transeriptase activity to complete its life 
cycle With an inhibitory oligonucleotide under conditions 
causing the oligonucleotide to be taken up by the cell and 
causing the reverse transcriptase to be inhibited thereby 
inhibiting the groWth of the virus. In some embodiments, the 
present invention provides a method of treating an organism 
or subject infected With a virus that requires reverse tran 
scriptase activity to complete its life cycle comprising con 
tacting an infected cell of the organism or subject With a 
composition comprising an inhibitory oligonucleotide under 
conditions causing the oligonucleotide to be taken up by the 
cell and causing the reverse transcriptase to be inhibited 
thereby treating the organism. 
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[0029] The invention also relates to kits foruse in synthesis, 
sequencing and ampli?cation of nucleic acid molecules, 
comprising one or more containers containing one or more of 
the inhibitory nucleic acids or compositions of the invention. 
These kits of the invention may optionally comprise one or 
more additional components selected from the group consist 
ing of one or more nucleotides, one or more polymerases 
(e.g., thermophilic or mesophilic DNA polymerases and/or 
reverse transcriptases), one or more suitable buffers, one or 

more primers and one or more terminating agents (such as one 
or more dideoxynucleotides). The invention also relates to 
kits for inhibiting viral replication or kits for treating viral 
infections comprising the inhibitory nucleic acids of the 
invention. Such kits may also comprise instructions or proto 
cols for carrying out the methods of the invention. 
[0030] Other preferred embodiments of the present inven 
tion Will be apparent to one of ordinary skill in light of the 
folloWing draWings and description of the invention, and of 
the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] FIG. 1. The activity of Tne DNA polymerase Was 
qualitatively determined. Panel A: determination in the 
absence of inhibitor A, Panel B: determination in the presence 
of inhibitor. The ?ve lanes, of each panel, from left to right are 
15 sec, 30 sec, 1 min, 2 min and 5 min time points that have 
elapsedbefore the reactions Were quenced. P and C denote the 
primer position and control lane, respectively. InhibitorA did 
not contain dideoxynucleotide at its termini. 
[0032] FIG. 2. Ampli?cation of a 2.7 Kb target DNA 
sequence (pUCl9) Was performed at 5 different dilutions of 
the template. The target Was ampli?ed by Tne DNA poly 
merase. TWo different concentration of Tne polymerse (85 
nM and (e.g, 1 unit) and 42.5 nM (e.g., 0.5 units)) and the 
respective inhibitor B Complexes (using a l50-fold excess 
hairpin B over the polymerase concentration) Were used for 
each ampli?cation condition. The concentration of the target 
DNA in lanes 1, 2, 3, 4 & 5 is 100 pg, 20 pg, 2 pg, 0.2 pg and 
0.02 pg, respectively. Inhibitor B did not contain dideoxy 
nucleotide at its termini. 
[0033] FIG. 3. A 1 Kb, 3 Kb and 5 Kb target DNA sequence 
(human genomic source) Were ampli?ed by Tne (85 nM (e.g., 
1 unit) and Taq (e.g., 1 unit)) DNA polymerases as repre 
sented in panels A, B, and C respectively. The four lanes of 
each panel represented as a, b, c and d are Tne (+l25-fold 
excess inhibitor A), Tne (+50-fold excess inhibitor A), Tne 
(no inhibitor) and Taq (no inhibitor), respectively. InhibitorA 
contained a 3'-terminal dideoxynucleotide (i.e., ddT). 
[0034] FIG. 4. The ampli?cation ofa 5 and 15 Kb target 
DNA sequence (human genomic source) Was performed With 
Tne DNA polymerase (8.5 nM (e.g., 0.1 units)). The ?ve 
panelsA, B, C, D and E represent reaction conditions: Tne (no 
inhibitor), Tne (+50-fold excess inhibitor), Tne (+l50-fold 
excess inhibitor), Tne (+300-fold excess inhibitor), Tne 
(+750-fold excess inhibitor), respectively. The tWo lanes (a 
and b) for each panel represent ampli?cation of a target siZe of 
5 and 15 Kb. For this assay, the inhibitor B Was used Which did 
not contain a terminal dideoxynucleotide. 
[0035] FIG. 5. The ampli?cation of a 3 Kb target DNA 
sequence (human genomic source) Was performed With 1 unit 
Taq DNA polymerase. The three panels A, B, and C represent 
reaction conditions: forA and B the same primer sequences 
Were usediI) the PCR mix Was incubated at 94° C. for l min 
and Was set on ice to force mis-priming. All PCR reactions 
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Were set for 30 min at 25° C. so as to increase non-speci?c 
DNA synthesis. Each condition has four lanes-lane a (Taq 
control), b (Taq+l6 nM inhibitor), c (Taq+32 nM inhibitor) 
and d (Taq+64 nM inhibitor). Inhibitor B Was used Which did 
not contain a terminal dideoxynucleotide. 
[0036] FIG. 6A is a graph shoWing the results of poly 
merase activity assays of TherrnoscriptTM I in the absence and 
presence of nucleic acid inhibitors at ambient temperature 
(left bar), 37° C. (center bar) and 55° C. (right bar). TS 
denotes polymerase reaction initiated by ThermoscriptTM I, 
TS-D denotes polymerase reaction initiated by Thermo 
scriptTM I in the presence of nucleic acid inhibitor D, TS-E 
denotes polymerase reaction initiated by ThermoscriptTM in 
the presence of nucleic acid inhibitor E, and TS-H denotes 
polymerase reaction initiated by Thermo scriptTM I in the pres 
ence of nucleic acid inhibitor H. 
[0037] FIG. 6B is a graph shoWing the results of poly 
merase activity assays of TherrnoscriptTM I in the absence and 
presence of nucleic acid inhibitors at ambient temperature 
(left bar), 37° C. (center bar) and 55° C. (right bar). TS 
denotes polymerase reaction initiated by ThermoscriptTM I, 
TS-C denotes polymerase reaction initiated by Thermo 
scriptTM I in the presence of nucleic acid inhibitor C, TS-H 
denotes polymerase reaction initiated by TherrnoscriptTM I in 
the presence of nucleic acid inhibitor H, TS-E denotes poly 
merase reaction initiated by TherrnoscriptTM I in the presence 
of nucleic acid inhibitor E, TS-F denotes polymerase reaction 
initiated by ThermoscriptTM I in the presence of nucleic acid 
inhibitor F, and TS-G denotes polymerase reaction initiated 
by ThermoscriptTM I in the presence of nucleic acid inhibitor 
G. 
[0038] FIG. 7 is a photograph of an agarose gel shoWing the 
results of ampli?cation reactions using a 1.6 kb (A), a 2 kb (B) 
and a 2.6 kb (C) fragment of the NF2 gene. In each panel, lane 
a is the ampli?cation using Taq polymerase alone, lane b is the 
ampli?cation reaction in the presence of inhibitor 
HPHH4Sspa3 at a molar ratio of 1.2:1 inhibitor:polymerase 
and lane c is the ampli?cation using Platinum Taq. 
[0039] FIG. 8 is a bar graph shoWing the results of a dNTP 
incorporation assay at the indicated temperatures. At each 
temperature, the solid black rectangle reports the results 
obtained With Taq polymerase alone, the striped rectangle 
report the results obtained With inhibitor HPHH4Sspa3 at a 
molar ration of 2:1 inhibitor:polymerase, the White rectangle 
report the results obtained With the same inhibitor at a molar 
ratio of 7.5:1 inhibitor:polymerase. 
[0040] FIG. 9 is a graph shoWing the dose dependent inhi 
bition of Taq polymerase by inhibitor present HPHH4Sspa3 
present at the indicated molar ratios. 

DETAILED DESCRIPTION OF THE INVENTION 

De?nitions 

[0041] In the description that folloWs, a number of terms 
used in recombinant DNA technology are utiliZed exten 
sively. In order to provide a clearer and consistent understand 
ing of the speci?cation and claims, including the scope to be 
given such terms, the folloWing de?nitions are provided. 
[0042] Primer. As used herein, “primer” refers to a single 
stranded oligonucleotide that is extended by covalent bond 
ing of nucleotide monomers during ampli?cation or polymer 
iZation of a DNA molecule. 

[0043] Template. The term “template” as used herein refers 
to double-stranded or single-stranded nucleic acid molecules 
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Which are to be ampli?ed, synthesized or sequenced. In the 
case of a double-stranded molecule, denaturation of its 
strands to form a ?rst and second strand is preferably per 
formed before these molecules may be ampli?ed, synthesiZed 
or sequenced, or the double stranded molecule may be used 
directly as a template. For single stranded templates, a primer, 
complementary to a portion of the template is hybridiZed 
under appropriate conditions and one or more polymerases 
may then synthesiZe a nucleic acid molecule complementary 
to all or a portion of said template. Alternatively, for double 
stranded templates, one or more promoters (e.g. SP6, T7 or 
T3 promoters) may be used in combination With one or more 
polymerases to make nucleic acid molecules complementary 
to all or a portion of the template. The neWly synthesiZed 
molecules, according to the invention, may be equal or 
shorter in length than the original template. 
[0044] Incorporating. The term “incorporating” as used 
herein means becoming a part of a DNA and/or RNA mol 
ecule or primer. 

[0045] Ampli?cation. As used herein “ampli?cation” 
refers to any in vitro method for increasing the number of 
copies of a nucleotide sequence With the use of a polymerase. 
Nucleic acid ampli?cation results in the incorporation of 
nucleotides into a DNA and/or RNA molecule or primer 
thereby forming a neW molecule complementary to a tem 
plate. The formed nucleic acid molecule and its template can 
be used as templates to synthesiZe additional nucleic acid 
molecules. As used herein, one ampli?cation reaction may 
consist of many rounds of replication. DNA ampli?cation 
reactions include, for example, polymerase chain reactions 
(PCR). One PCR reaction may consist of 5 to 100 “cycles” of 
denaturation and synthesis of a DNA molecule. 

[0046] Nucleotide. As used herein “nucleotide” refers to a 
base-sugar-phosphate combination. Nucleotides are mono 
meric units of a nucleic acid sequence (DNA and RNA). 
Nucleotides may also include mono-, di- and triphosphate 
forms of such nucleotides. The term nucleotide includes ribo 
nucleoside triphosphates ATP, UTP, CTG, GTP and deoxyri 
bonucleoside triphosphates such as dATP, dCTP, dITP, dUTP, 
dGTP, dTTP, or derivatives thereof. Such derivatives include, 
for example, [otS]dATP, 7-deaZa-dGTP and 7-deaZa-dATP, 
and nucleotide derivatives that confer nuclease resistance on 
the nucleic acid molecule containing them. The term nucle 
otide as used herein also refers to dideoxyribonucleoside 
triphosphates (ddNTPs) and their derivatives. Illustrated 
examples of dideoxyribonucleoside triphosphates include, 
but are not limited to, ddATP, ddCTP, ddGTP, ddITP, and 
ddTTP. According to the present invention, a “nucleotide” 
may be unlabeled or detectably labeled by Well knoWn tech 
niques. Detectable labels include, for example, radioactive 
isotopes, ?uorescent labels, chemiluminescent labels, biolu 
minescent labels and enZyme labels. 
[0047] Blocking Agent. “Blocking agent” refers to a nucle 
otide (or derivatives thereof), modi?ed oligonucleotides and/ 
or one or more other modi?cations Which are incorporated 
into the nucleic acid inhibitors of the invention to prevent or 
inhibit degradation or digestion of such nucleic acid mol 
ecules by nuclease activity. One or multiple blocking agents 
may be incorporated in the nucleic acid inhibitors of the 
invention internally, at or near the 3' termini and/ or at or near 
the 5' termini of the nucleic acid inhibitors. Preferably, such 
blocking agents are located, for linear inhibitor nucleic acid 
molecules, at or near the 3' termini and/or at or near the 5' 
termini and/ or at the preferred cleavage position of the 5' to 3' 
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exonuclease of such molecules (Lyamichev, V., BroW, M. A. 
D., and Dahlberg, J. E., (1993) Science, 260, 778-783). Pref 
erably, such blocking agents prevent or inhibit degredation or 
digestion of the inhibitor nucleic acid molecules by exonu 
clease activity associated With the polymerase or reverse tran 
scriptase used or that may be present in the synthesis reaction. 
For example, blocking agents for the invention prevent deg 
radation or digestion of inhibitor nucleic acid molecules by 3' 
exonuclease activity and/or 5' exonuclease activity associated 
With a polymerase (e. g., a DNA polymerase). Preferred 
blocking agents in accordance With the invention include 
dideoxynucleotides and their derivatives such as ddATP, 
ddCTP, ddGTP, ddITP, and ddTTP. Other blocking agents for 
use in accordance With the invention include, but are not 
limited to, AZT, phosphamide backbones (e. g., PNAs), 
3'-dNTPs (e.g., Condycepin) or any nucleotide containing a 
blocking group, preferably at its 3'-position. Such blocking 
agents preferably act to inhibit or prevent exonuclease activ 
ity (e.g., 3'-exonuclease activity) from altering or digesting 
the inhibitory nucleic acids of the invention. In some embodi 
ments, the 5'-terminal of the oligonucleotides of the present 
invention may be modi?ed in order to make them resistant to 
5'-to-3' exonuclease activity. One such modi?cation may be 
to add an addition nucleotide to the 5'-end of the oligonucle 
otide in a 5'-5'-linkage (see, KoZa. M. et al., Journal of 
Organic Chemistry 5613757). This results in at the 5'-end of 
the oligonucleotide Which results in the 5'-end having a 3'In 
another aspect, such blocking agents preferably inhibit or 
prevent polymerase activity of the polymerases from altering 
or changing (e.g., incorporating nucleotides) to the inhibitory 
nucleic acids of the invention. 

[0048] Oligonucleotide. As used herein, “oligonucleotide” 
refers to a synthetic or biologically produced molecule com 
prising a covalently linked sequence of nucleotides Which 
may be joined by a phosphodiester bond betWeen the 3' posi 
tion of the pentose of one nucleotide and the 5' position of the 
pentose of the adjacent nucleotide. Oligonucleotide as used 
herein is seen to include natural nucleic acid molecules (i.e., 
DNA and RNA) as Well as non-natural or derivative mol 
ecules such as peptide nucleic acids, phophothioate contain 
ing nucleic acids, phosphonate containing nucleic acids and 
the like. In addition, oligonucleotides of the present invention 
may contain modi?ed or non-naturally occurring sugar resi 
dues (i.e., arabainose) and/ or modi?ed base residues. Oligo 
nucleotide is seen to encompass derivative molecules such as 
nucleic acid molecules comprising various natural nucle 
otides, derivative nucleotides, modi?ed nucleotides or com 
binations thereof. Thus any oligonucleotide or other molecule 
useful in the methods of the invention are contemplated by 
this de?nition. Oligonucleotides of the present invention may 
also comprise blocking groups Which prevent the interaction 
of the molecule With particular proteins, enZymes or sub 
strates. 

[0049] Hairpin. As used herein, the term “hairpin” is used 
to indicate the structure of an oligonucleotide in Which one or 
more portions of the oligonucleotide form base pairs With one 
or more other portions of the oligonucleotide. When the tWo 
portions are base paired to form a double stranded portion of 
the oligonucleotide, the double stranded portion may be 
referred to as a stem. Thus, depending on the number of 
complementary portions used, a number of stems (preferably 
l-lO) may be formed. Additionally, formation of the one or 
more stems preferably alloWs formation of one or more loop 
structures in the hairpin molecule. In one aspect, any one or 
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more of the loop structures may be cut or nicked at one or 
more sites Within the loop or loops but preferably at least one 
loop is not so cut or nicked. The sequence of the oligonucle 
otide may be selected so as to vary the number of nucleotides 
Which base pair to form the stem from about 3 nucleotides to 
about 100 or more nucleotides, from about 3 nucleotides to 
about 50 nucleotides, from about 3 nucleotides to about 25 
nucleotides, and from about 3 to about 10 nucleotides. In 
addition, the sequence of the oligonucleotide may be varied 
so as to vary the number of nucleotides Which do not form 
base pairs from 0 nucleotides to about 100 or more nucle 
otides, from 0 nucleotides to about 50 nucleotides, from 0 
nucleotides to about 25 nucleotides or from 0 to about 10 
nucleotides. The tWo portions of the oligonucleotide Which 
base pair may be located anyWhere or at any number of 
locations in the sequence of the oligonucleotide. In some 
embodiments, one base-pair‘ing-portion of the oligonucle 
otide may include the 3'-terminal of the oligonucleotide. In 
some embodiments, one base-pairing-portion may include 
the 5'-terminal of the oligonucleotide. In some embodiments, 
one base-pair‘ing-portion of the oligonucleotide may include 
the 3'-terminal While the other base-pairing-portion may 
include the 5'-terminal and, When base paired, the stem of the 
oligonucleotide is blunt ended. In other embodiments, the 
location of the base pairing portions of the oligonucleotide 
may be selected so as to form a 3'-overhang, a 5'-overhang 
and/ or may be selected so that neither the 3'-nor the 5'-most 
nucleotides are involved in base pairing. 

[0050] Hybridization. The terms “hybridization” and 
“hybridizing” refer to base pairing of tWo complementary 
single-stranded nucleic acid molecules (RNA and/or DNA 
and/or PNA) to give a double-stranded molecule. As used 
herein, tWo nucleic acid molecules may be hybridized 
although the base pairing is not completely complementary. 
Accordingly, mismatched bases do not prevent hybridization 
of tWo nucleic acid molecules provided that appropriate con 
ditions, Well known in the art, are used. In a preferred aspect, 
the double stranded inhibitory molecules are denatured under 
certain conditions such that the complementary single 
stranded molecules Which are hybridized are alloWed to sepa 
rate. Single stranded molecules formed do not interact or bind 
polymerase or interact or bind polymerase With reduced e?i 
ciency compared to the corresponding double-stranded mol 
ecule. 
[0051] Unit. The term “unit” as used herein refers to the 
activity of an enzyme. When referring, for example, to a DNA 
polymerase, one unit of activity is the amount of enzyme that 
Will incorporate l0 nanomoles of dNTPs into acid-insoluble 
material (i.e., DNA or RNA) in 30 minutes under standard 
primed DNA synthesis conditions. 
[0052] Viruses. As used herein, viruses that require a 
reverse transcriptase activity to complete their lifecycle are 
seen to include, but are not limited to, any member of the 
family retroviridae including human immunode?ciency 
viruses, bovine immunode?ciency virus, bovine leuukemia 
virus, human T-lymphotrophic viruses, caprine arthritis-en 
cephalitis virus, equine infectious anemia virus, feline immu 
node?ciency virus, feline sarcoma and leukemia viruses, 
maedi/visna virus of sheep, mouse mammary tumor virus, 
simian immunode?ciency virus and other retroviruses knoWn 
to those skilled in the art. 

[0053] Vector. The term “vector” as used herein refers to a 
plasmid, phagemid, cosmid or phage nucleic acid or other 
nucleic acid molecule Which is able to replicable autono 
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mously in a host cell. Preferably a vector is characterized by 
one or a small number of restriction endonuclease recognition 
sites at Which such nucleic acid sequences may be cut in a 
determinable fashion Without loss of an essential biological 
function of the vector, and into Which nucleic acid molecules 
may be spliced in order to bring about its replication and 
cloning. The cloning vector may further contain one or more 
markers suitable for use in the identi?cation of cells trans 
formed With the cloning vector. Markers, for example, are 
antibiotic resistance change genes, including, but not limited 
to tetracycline resistance or ampicillin resistance. 
[0054] Expression vector. The term “expression vector” as 
used herein refers to avector similar to a cloning vector but 
Which is capable of enhancing the expression of a gene Which 
has been cloned into it, after transformation into a host. The 
cloned gene is usually placed under the control of (i.e., oper 
ably linked to) certain control sequences such as promoter 
sequences. 
[0055] Recombinant host. The term “recombinant host” as 
used herein refers to any prokaryotic or eukaryotic microor 
ganism Which contains the desired cloned genes in an expres 
sion vector, cloning vector or any other nucleic acid molecule. 
The term “recombinant host” is also meant to include those 
host cells Which have been genetically engineered to contain 
the desired gene on a host chromosome or in the host genome. 
[0056] Host. The term “host” as used herein refers to any 
prokaryotic or eukaryotic microorganism that is the recipient 
of a replicable expression vector, cloning vector or any 
nucleic acid molecule including the inhibitory nucleic acid 
molecules of the invention. The nucleic acid molecule may 
contain, but is not limited to, a structural gene, a promoter 
and/or an origin of replication. 
[0057] Promoter. The term “promoter” as used herein refers 
to a DNA sequence generally described as the 5' region of a 
gene, located proximal to start the codon. At the promoter 
region, transcription of an adjacent gene(s) is initiated. 
[0058] Gone. The term “gene” as used herein refers to a 
DNA sequence that contains information necessary for 
expression of a polypeptide or protein. It includes the pro 
moter and the structural gene as Well as other sequences 
involved in expression of the protein. 
[0059] Structural gene. The term “structural gene” as used 
herein refers to a DNA sequence that is transcribed into 
messenger RNA that is then translated into a sequence of 
amino acids characteristic of a speci?c polypeptide. 
[0060] Operably linked. The term “operably linked” as 
used herein means that the promoter is positioned to control 
the initiation of expression of the polypeptide encoded by the 
structural gene. 
[0061] Expression. The term “expression” has used herein 
refers to the process by Which a gene produces a polypeptide. 
It includes transcription of the gene into messenger RNA 
(mRNA) and the translation of such mRNA into polypeptide 
(s). 
[0062] Substantially Pure. As used herein “substantially 
pure” means that the desired puri?ed molecule such as a 
protein or nucleic acid molecule (including the inhibitory 
nucleic acid molecule of the invention) is essentially free 
from contaminants Which are typically associated With the 
desired molecule. Contaminating components may include, 
but are not limited to, compounds or molecules Which may 
interfere With the inhibitory or synthesis reactions of the 
invention, and/or that degrade or digest the inhibitory nucleic 
acid molecules of the invention (such as nucleases including 
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exonucleases and endonucleases) or that degrade or digest the 
synthesized or ampli?ed nucleic acid molecules produced by 
the methods of the invention. 
[0063] Thermostable. As used herein “thermostable” refers 
to a DNA polymerase Which is more resistant to inactivation 
by heat. DNA polymerases synthesiZe the formation of a 
DNA molecule complementary to a single-stranded DNA 
template by extending a primer in the 5'-3'-direction. This 
activity for mesophilic DNA polymerases may be inactivated 
by heat treatment. For example, T5 DNA polymerase activity 
is totally inactivated by exposing the enZyme to a temperature 
of 90° C. for 30 seconds.As used herein, a thermostable DNA 
polymerase activity is more resistant to heat inactivation than 
a mesophilic DNA polymerase. HoWever, a thermostable 
DNA polymerase does not mean to refer to an enZyme Which 
is totally resistant to heat inactivation and thus heat treatment 
may reduce the DNA polymerase activity to some extent. A 
thermostable DNA polymerase typically Will also have a 
higher optimum temperature than mesophilic DNA poly 
merases. 

[0064] 3'-to-5' Exonuclease Activity. “3 '-to-5' exonuclease 
activity” is an enZymatic activity Well knoWn to the art. This 
activity is often associated With DNA polymerases and is 
thought to be involved in a DNA replication “editing” or 
correction mechanism. 
[0065] A “DNA polymerase substantially reduced in 
3'-to-5 “exonuclease activity” is de?ned herein as either (1) a 
mutated DNA polymerase that has about or less than 10%, or 
preferably about or less than 1%, of the 3'-to-5' exonuclease 
activity of the corresponding unmutated, Wild-type enZyme, 
or (2) a DNA polymerase having a 3'-to-5' exonuclease spe 
ci?c activity Which is less than about 1 unit/mg protein, or 
preferably about or less than 0.1 units/mg protein. A unit of 
activity of 3'-to-5' exonuclease is de?ned as the amount of 
activity that solubiliZes 10 mmoles of substrate ends in 60 
min. at 370 C., assayed as described in the “BRL 1989 Cata 
logue & Reference Guide”, page 5, With HhaI fragments of 
lambda DNA 3'-end labeled With [3H]dTTP by terminal 
deoxynucleotidyl transferase (TdT). Protein is measured by 
the method of Brandford, Anal. Biochem. 72:248 (1976). As 
a means of comparison, natural, Wild-type T5-DNA poly 
merase (DNAP) or T5-DNAP encoded by pTTQ19-T5-2 has 
a speci?c activity of about 10 units/mg protein While the DNA 
polymerase encoded by pTTQ19-T5-2(Exo-) (U.S. Pat. No. 
5,270,179) has a speci?c activity of about 0.0001 units/mg 
protein, or 0.001% of the speci?c activity of the unmodi?ed 
enZyme, a 105-fold reduction. Polymerases used in accor 
dance With the invention may lack or may be substantially 
reduced in 3' exonuclease activity. 
[0066] 5'-to-3' Exonuclease Activity. “5'-to-3 “exonuclease 
activity” is also enZymatic activity Well knoWn in the art. This 
activity is often associated With DNA polymerases, such as E. 
coli Poll and Taq DNA polymerase. 
[0067] A “polymerase substantially reduced in 5'-to-3' exo 
nuclease activity” is de?ned herein as either (1) mutated or 
modi?ed polymerase that has about or less than 10%, or 
preferably about or less than 1%, of the 5'-to-3' exonuclease 
activity of the corresponding unmutated, Wild-type enZyme, 
or (2) a polymerase having 5'-to-3' exonuclease speci?c activ 
ity Which is less than about 1 unit/mg protein, or preferably 
about or less than 0.1 units/mg protein. 
[0068] Both of the 3'-to-5' and 5'-to-3' exonuclease activi 
ties can be observed on sequencing gels. Active 5'-to-3' exo 
nuclease activity Will produce different siZe products in a 
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sequencing gel by removing mono-nucleotides and longer 
products from the 5'-end of the groWing primers. 3'-to-5' 
exonuclease activity can be measured by folloWing the deg 
radation of radiolabeled primers in a sequencing gel. Thus, 
the relative amounts of these activities (e.g., by comparing 
Wild-type and mutant or modi?ed polymerases) can be deter 
mined With no more than routine experimentation. 

[0069] Inhibitory nucleic acids. The nucleic acids of the 
present invention include single stranded and double stranded 
nucleic acids (although other strand multiples such as triple 
stranded (e.g., triple helix) molecules may be used) including 
nucleic acids comprised of DNA, RNA, PNA, LNA or other 
derivative nucleic acid molecules, or a combination thereof. 
The inhibitory nucleic acid comprises a sequence Which is 
capable of forming a site at one set of conditions (preferably 
at ambient temperature) Which competes With the template/ 
primer substrate used in synthesis or ampli?cation for bind 
ing an enZyme With polymerase activity and competes less 
e?iciently under a second set of conditions (preferably 
elevated temperatures) for nucleic acid synthesis or ampli? 
cation. Preferably, the sequence of the inhibitory nucleic 
acids is not complementary to the primer used in the synthe 
sis, ampli?cation or sequencing reaction to be inhibited. As 
Will be recogniZed, other nucleic acids (natural, unnatural, 
modi?ed etc.) may be selected and used in accordance With 
the invention. Such selection may be accomplished by bind 
ing studies and/or nucleic acid synthesis inhibition assays. 
Design of nucleic acid sequences for hairpin formation may 
be accomplished by those skilled in the art. See, e.g., Antao, 
V. P. and Tinoco, 1., Jr., 1992, Nucl. Acids Res. 20: 819-824. 
Preferably, the nucleic acid inhibitor could be made nuclease 
resistant (3'-to-5' exonuclease and 5'-to-3' exonuclease) and/ 
or inert to polymerization. Methods to render the nucleic acid 
inert to exonucleases and polymeriZation are knoWn in the art 
and include, for example, using derivative nucleic acid mol 
ecules Which may include derivative nucleotides (for 
example, using phosphamide and/ or phosphorothioate back 
bone rather than phosphate) and/ or addition of one or more 
blocking agents to the inhibitory nucleic acid molecules of 
the invention. The inhibitory nucleic acid preferably form one 
or more hairpin-loop structures With a double stranded stem. 
The double stranded stem can have blunt ends and/ or a single 
stranded overhang (for example, at the 5' and/ or 3' terminus) 
designed so as to mimic the typical primer/template substrate 
of a polymerase. 

[0070] Inhibitory nucleic acids of the present invention are 
preferably used in the present compositions and methods at a 
?nal concentration in a synthesis, sequencing or ampli?ca 
tion reaction suf?cient to prevent or inhibit such synthesis, 
sequencing or ampli?cation in the presence of a polymerase 
or reverse transcriptase enZyme. The ratio of inhibitory 
nucleic acids of the invention to polymerase or reverse tran 
scriptase may vary depending on the polymerase or reverse 
transcriptase used. The molar ratio of inhibitory nucleic acids 
to polymerase/reverse transcriptase enZyme for a synthesis, 
sequencing or ampli?cation reaction may range from about 
0.001-10011; 0.01-100011; 0.1-10, 000:1; 1-100, 000:1; 
1-500, 000:1; or 1-1,000, 000:1. Of course, other suitable 
ratios of such inhibitory nucleic acids to polymerase/reverse 
transcriptase suitable for use in the invention Will be apparent 
to one of ordinary skill in the art or determined With no more 
than routine experimentation. 
[0071] Inhibitory nucleic acid molecules of the invention 
may be synthesiZed by standard chemical oligonucleotide 
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synthesis techniques (for example, phosphoramidite and oth 
ers know in the art, see US. Pat. No. 5,529,756). Altema 
tively, recombinant DNA techniques may be used to produce 
the inhibitory nucleic acids of the invention by cloning the 
nucleic acid molecule of interest into a vector, introducing the 
vector into the host cell, growing the host cell and isolating 
the inhibitory nucleic acid molecule of interest from the host 
cell. Inhibitory nucleic acid molecules of the invention may 
also be obtained from commercial sources of custom oligo 
nucleotides such as Life Technologies, Inc. or may be made 
enZymatically, for example, by using polymerases in nucleic 
acid synthesis or ampli?cation reactions. 
[0072] In some embodiments, the oligonucleotides of the 
present invention may be used for therapeutic purposes. In a 
preferred embodiment, the oligonucleotides of the present 
invention may be used to treat a subject (for example, a human 
or an animal) infected with a virus that requires reverse tran 
scriptase activity to replicate. For therapeutic treatment, oli 
gonucleotides may be administered as a pharmaceutically 
acceptable composition in which one or more oligonucle 
otides of the present invention may be mixed with one or more 

carriers, thickeners, diluents, buffers, preservatives, surface 
active agents, excipients and the like. Pharmaceutical com 
positions may also include one or more additional active 
ingredients such as antimicrobial agents, antiin?ammatory 
agents, anesthetics, and the like in addition to oligonucle 
otides. 
[0073] The pharmaceutical compositions of the present 
invention may be administered by any route commonly used 
to administer pharmaceutical compositions. For example, 
administration may be done topically (including opthalmi 
cally, vaginally, rectally, intranasally), orally, by inhalation, 
or parenterally, for example by intravenous drip or subcuta 
neous, intraperitoneal or intramuscular injection. 
[0074] Pharmaceutical compositions formulated for topi 
cal administration may include ointments, lotions, creams, 
gels, drops, suppositories, sprays, liquids and powders. Any 
conventional pharmaceutical excipient, such as carriers, 
aqueous, powder or oily bases, thickeners and the like may be 
used. 
[0075] Pharmaceutical compositions formulated for oral 
administration may be in the form of one or more powders, 
granules, suspensions or solutions in water or non-aqueous 
media, capsules, sachets, or tablets. Pharmaceutical compo 
sitions formulated for oral administration may additionally 
comprise thickeners, ?avorings, diluents, emulsi?ers, dis 
persing aids, binders or the like. 
[0076] Pharmaceutical compositions formulated for 
parenteral administration may include sterile aqueous solu 
tions which may also contain buffers, diluents and other suit 
able additives. 
[0077] The pharmaceutical compositions of the present 
invention may be administered in a therapeutically effective 
dose. A therapeutically effective dose is one which inhibits 
the replication of the virus within the host. It is not necessary 
that replication of the virus be entirely eliminated in order for 
a treatment to be therapeutically effective. Reduction of the 
rate of replication of the virus may be a therapeutic effect. 
One or more doses of the pharmaceutical compositions of the 
present invention may be administered one or more times 
daily for a period of treatment which may be a single admin 
istration or may be multiple administrations per day for a 
period of several days to several months or until a cure is 
effected or a diminution of disease state is achieved. Persons 
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of ordinary skill can easily determine optimum dosages, dos 
ing routes and the frequency at which doses should be admin 
istered. 

[0078] Polymerases. Enzymes with polymerase activity to 
which the inhibitory nucleic acids of the present invention can 
bind or interact include any enZyme used in nucleic acid 
synthesis, ampli?cation or sequencing reactions. Such poly 
merases include, but are not limited to, polymerases (DNA 
and RNA polymerases), and reverse transcriptases. DNA 
polymerases include, but are not limited to, Thermus thermo 
philus (Tth) DNA polymerase, T hermus aqualicus (Taq) 
DNA polymerase, T hermolaga neopalilana (Tne) DNA 
polymerase, T hermolaga marilima (Tma) DNA polymerase, 
T hermacoccus liloralis (Tli or VENTTM) DNA polymerase, 
Pyrocaccusfuriosus (Pfu) DNA polyermase, DEEPVENTTM 
DNA polymerase, Pyrococcus woosii (Pwo) DNA poly 
merase, Pyracoccus sp KOD2 (KOD) DNA polymerase, 
Bacillus slerolhermaphilus (Bst) DNA polymerase, Bacillus 
caldaphilus (Bca) DNA polymerase, Sulfolobas acidacal 
darius (Sac) DNA polyermase, T hermoplasma acidophilum 
(Tac) DNA polymerase, T hermus ?avus (T?/ Tub) DNA poly 
merase, Thermus ruber (Tru) DNA polymerase, T hermus 
brockianus (DYNAZYMETM) DNA polymerase, Methano 
baclerium lhermaaulolraphicum (Mth) DNA polymerase, 
mycobacterium DNA polymerase (Mtb, Mlep), E. coli pol I 
DNA polymerase, T5 DNA polymerase, T7 DNA poly 
merase, and generally pol I type DNA polymerases and 
mutants, variants and derivatives thereof. RNA polymerases 
such as T3, T5 and SP 6 and mutants, variants and derivatives 
thereof may also be used in accordance with the invention. 

[0079] The nucleic acid polymerases used in the present 
invention may be mesophilic or thermophilic, and are prefer 
ably thermophilic. Preferred mesophilic DNA polymerases 
include pol I family of DNA polymerases (and their respec 
tive Klenow fragments) any of which may be isolated from 
organism such as E. coli, H. in?uenzae, D. radiodurans, H. 
pylori, C. auranliacus, R. Prowazekii, T pallidum, Syn 
echocysis sp., B. sublilis, L. laclis, S. pneumoniae, M tuber 
culosis, M leprae, M smegmalis, Bacteriophage L5, phi 
C31, T7, T3, T5, SP01, SP02, mitochondrial from S. 
cerevisiae MIP-1, and eukaryotic C. elegans, and D. melano 
gasler (Astalke, M. et al., 1998, J. Mol. Biol. 278, 147-165), 
pol III type DNA polymerase isolated from any sources, and 
mutants, derivatives or variants thereof, and the like. Pre 
ferred thermostable DNA polymerases that may be used in 
the methods and compositions of the invention include Taq, 
Tne, Tma, Pfu, KOD, T?, Tth Stoffel fragment, VENTTM and 
DEEPVENTM DNA polymerases, and mutants, variants and 
derivatives thereof (US. Pat. No. 5,436,149; US. Pat. No. 
4,889,818; US. Pat. No. 4,965,188; US. Pat. No. 5,079,352; 
US. Pat. No. 5,614,365; US. Pat. No. 5,374,553; US. Pat. 
No. 5,270,179; US. Pat. No. 5,047,342; US. Pat. No. 5,512, 
462; WO 92/06188; WO 92/06200; WO 96/10640; WO 
97/09451; Barnes, W. M. Gene 112:29-35 (1992); Lawyer, F. 
C., et al, PCR Meth.Appl. 2:275-287 (1993); Flaman, J.-M, et 
al., Nucl. Acids Res. 22(15):3259-3260 (1994)). 
[0080] Reverse transcriptases for use in this invention 
include any enZyme having reverse transcriptase activity. 
Such enzymes include, but are not limited to, retroviral 
reverse transcriptase, retrotransposon reverse transcriptase, 
hepatitis B reverse transcriptase, cauli?ower mosaic virus 
reverse transcriptase, bacterial reverse transcriptase, Tth 
DNA polymerase, Taq DNA polymerase (Saiki, R. K., et al, 
Science 239:487-491 (1988); US. Pat. Nos. 4,889,818 and 


























