
US 20050287592A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2005/0287592 A1 

Kless (43) Pub. Date: Dec. 29, 2005 

(54) 

(75) 

(73) 

(21) 

(22) 

TEMPLATE-DEPENDENT NUCLEIC ACID 
POLYMERIZATION USING 
OLIGONUCLEOTIDE TRIPHOSPHATES 
BUILDING BLOCKS 

Inventor: Hadar Kless, Rechovot (IL) 

Correspondence Address: 
MARTIN MOYNIHAN 
c/O ANTHONY CASTORINA 
SUITE 207 
2001 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VA 22202 (US) 

Assignees: Yeda Research and Development Co. 
Ltd.; NuAce Technologies Ltd. 

Appl. No.: 11/211,444 

Filed: Aug. 26, 2005 

(62) 

(51) 
(52) 

(57) 

Related US. Application Data 

Division of application No. 10/069,236, ?led on Feb. 
22, 2002, ?led as 371 of international application No. 
PCT/IL00/00515, ?led on Aug. 29, 2000. 

Publication Classi?cation 

Int. Cl.7 ............................ .. C12Q 1/68; C12P 19/34 
US. Cl. ............................................. .. 435/6; 435/912 

ABSTRACT 

A novel use of a template-dependent polymerase. The novel 
use is effected by employing the template-dependent poly 
merase for incorporating at least one oligonucleotide triph 
osphate onto a nascent oligonucleotide-3‘-OH in a template 
dependent manner. 
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2'-deoxycytidine 

2‘-deoxyadenosine 2'-deoxythimidine 

2'-deolxynucleoside 

Figure 1 
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Figure 2 
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I. Primer extension 

T7___> 
Tl 

+dG, dA, dC & TpT3p +dG, dA & dC 

n. Exo vn 

1n. PCR 

T7 

Figure 3 
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T1-4 

T1-3 

Tl-5 

A: 

TC GA TT GC TA AG TC CG AT GA TA GC IG AT CG TT CG CT TA 

AA 

B: 

TC GA TT GC TA AG TC CG AT GA TA GC GG AT CG TT CG CT TA 

AA 

Dinucleotide sets: 

set I: AA, AC, AG, AT, CG, CT, GA, GC, TA, TC and TT 

set II: same, but with CC instead of AC. 

Figure 5 
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P32- 5 ' —GTAATACGACTCAC TATAGG 

3' —CATTATGCTGAGTGATATCCGTGTGTGTAAAA (T80) 

1232- 5 ' —GTAATACGACTCACTATAGG 
3' —CA'I‘TATGCTGAGTGATATCCGTAAGTAAGTAA (T81) 

Figure 6 
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1932-5’ -GTAATACGACTCACTATAGG 
3 ' —CATTATGCTGAGTGATATCCGTGAAAACTGTGTCT (T24) 

Figure 7 



Patent Application Publication Dec. 29, 2005 Sheet 7 0f 7 US 2005/0287592 A1 

1232-5 ' —GTAATACGAGTCACTATAGG 

3' —CATTATGCTGAGTGATATCCTCAGTCAG (T83) 

Figure 8 
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TEMPLATE-DEPENDENT NUCLEIC ACID 
POLYMERIZATION USING OLIGONUCLEOTIDE 

TRIPHOSPHATES BUILDING BLOCKS 

RELATED APPLICATIONS 

[0001] The present application is a Divisional of US. 
patent application Ser. No. 10/069,236, ?led on Feb. 22, 
2002, Which is a US. National Phase of PCT Application 
No. PCT/ILOO/00515, ?led on Aug. 29, 2000, Which claims 
priority of US. patent application Ser. No. 09/387,777, ?led 
on Sep. 1, 1999. The contents of all of the above-mentioned 
applications are incorporated herein by reference. 

FIELD AND BACKGROUND OF THE 
INVENTION 

[0002] The present invention relates to a novel activity of 
template-dependent polymerases and, more particularly, to 
the incorporation of oligonucleotide triphosphates in a tem 
plate-dependent manner onto a growing nascent oligonucle 
otide-3‘-OH group by such polymerases, to methods exploit 
ing the advantages of the novel activity, to compositions for 
implementing the methods and to compounds generated 
While implementing the methods. The present invention 
provides a novel platform technology, Which can be used to 
develop novel nucleic acid-based applications for biotech 
nology and nanotechnology including, for example, phar 
maceutics, biocatalysis and diagnostics. 

[0003] It is Well recogniZed that nucleic acid polymers 
possess functional capacities. These qualities may be exem 
pli?ed in vivo as speci?c recognition of tRNA anticodons 
during translation, and by splicing activity of riboZymes. In 
vitro, several systems have been established from Which 
functional nucleic acid polymers can be isolated. These 
methods of in-vitro evolution, termed hereinafter the 
directed evolution approach, include SELEX (systematic 
evolution of ligands by exponential enrichment) of RNA 
(Beaudry & Joyce, 1992) and DNA (Breaker & Joyce, 
1994), and iterative use of combinatorial libraries of oligo 
nucleotides (Frank, 1995). 
[0004] In spite of their poor number of functional groups 
(i.e., four bases in natural nucleotides), nucleic acid poly 
mers may yield diverse activities such as speci?c binding 
af?nity to a target molecule or catalysis of chemical-bonds 
formation. Recently, the inclusion of nucleotide analogs 
bearing alternative combination of functional groups further 
extend the vocabulary of nucleic acids, and establish enZy 
matic approaches for directed evolution as ef?cient tech 
nologies for isolation of functional polymers (Eaton, 1997; 
Benner et al., 1998; EarnshaW & Gait, 1998). 

[0005] Naturally-occurring nucleic acid polymers (DNA 
and RNA) maintain their basic information in the sequence 
order and combination of four distinct nucleotides, identi?ed 
by their nitrogenous base moieties adenine and guanine, 
Which are purine derivatives, and cytosine and thymidine 
(for DNA) or uracil (for RNA), Which are pyrimidine 
derivatives (see FIG. 1). 

[0006] Information transfer (e.g., DNA-dependent DNA 
replication, DNA-dependent RNA transcription, RNA-de 
pendent DNA reverse transcription and RNA-dependent 
RNA replication) is performed enZymatically by mirror 
copying of the sequence combination in one polymer to a 
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neW polymer according to a binary code knoWn as comple 
mentation, Wherein an adenine nucleotide is complementary 
to a thymidine nucleotide (or uracil nucleotide) and vice 
versa, Whereas a guanine nucleotide is complementary to a 
cytosine nucleotide and vice versa. 

[0007] The genetic binary code, Which stores genome 
information in all organisms over time, entails a simple 
information transfer key based on electrostatic and steric 
complementation betWeen tWo pairs of matching nucle 
otides. This code has been optimiZed by natural evolution as 
advantageous for reliable transfer of genetic information 
betWeen generations of organisms, betWeen cells Within an 
organism, and betWeen certain complexes and compart 
ments Within cells. For example, genetic information is 
transferred in eukaryotes When DNA stored in the nucleus is 
transcribed to RNA, Which is then translocated to the 
cytoplasm and translated by the ribosomal machinery to 
polypeptides. 

[0008] At the doWn of evolution, the relatively loW com 
plexity of nucleic acid may have been suf?cient for the 
emergence of some activities that Were probably limited to 
assembly and cleavage of nucleic acids. Some of these 
functions are still exercised today in processes such as 
splicing and transposition. Later on in evolution, the loW 
complexity of the binary code Was mainly utiliZed for 
transfer and maintenance of genetic information, While on 
top of it, a more complex code Was developed that dictates 
synthesis of additional polymers With enhanced complex 
ity—the proteins. These polymers are coded by groups of 
three successive building blocks of nucleic acids, knoWn as 
triplet codons, Which are recogniZed and decoded by the 
ribosomal protein-translation machinery. By evolving the 
triplet codons, a relatively simple information code in one 
polymer can be translated and ampli?ed into a neW polymer 
With versatile and Wide functional space. The increase in 
functional capacity may have been a major breakthrough in 
evolution developments leading to more advanced mol 
ecules and organisms. 

[0009] While conceiving the present invention it Was 
realiZed that should template-dependent polymerases be 
able to employ oligonucleotide triphosphates, instead of, or 
in addition to, nucleotide triphosphates as basic building 
blocks or units for template-dependent synthesis, the ability 
to create highly complex polymers having precisely locat 
able functional groups, and thereby better exploiting the 
information transfer capacity of nucleic acids in an unprec 
edented manner exceeding that of nature, Will become 
available. 

[0010] Assume, for example, the sole use of dinucleotide 
triphosphates as building blocks for a template-dependent 
synthesis of a nucleic acid molecule. Sixteen (24) different 
dinucleotide triphosphates are available for such synthesis, 
Which represent all of the possible combinations of the four 
natural nucleotide monomers arranged as dimers. The 16 
available dinucleotide triphosphates are: AA-triphosphate 
(SEQ ID NO:1); AC-triphosphate (SEQ ID NO:2); AG 
triphosphate (SEQ ID NO:3); AT-triphosphate (SEQ ID 
N014); CA-triphosphate (SEQ ID NO:5); CC-triphosphate 
(SEQ ID NO:6); CG-triphosphate (SEQ ID NO:7); CT 
triphosphate (SEQ ID NO:8); GA-triphosphate (SEQ ID 
NO:9); GC-triphosphate (SEQ ID NO:10); GG-triphosphate 
(SEQ ID NO:11); GT-triphosphate (SEQ ID NO:12); TA 
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triphosphate (SEQ ID NO:13); TC-triphosphate (SEQ ID 
NO:14); TG-triphosphate (SEQ ID NO:15); and TT-triph 
osphate (SEQ ID NO:16). 
[0011] Further assume that unique functional groups are 
attached to some or all of the dinucleotide triphosphates 
building blocks. In this case, a polymer can be synthesized 
having a maximum of 16 available and precisely locatable 
types of functional groups, instead of a maximum of only 
four such groups. It Will be appreciated that the maximal 
number of unique and precisely locatable functional groups 
depends on the number of monomers employed per oligo 
nucleotide triphosphate. This maximal number equals 4N, 
Where N is the number of monomers per oligonucleotide 
triphosphate. 
[0012] Therefore, the use of oligonucleotide triphosphates 
by template-dependent polymerases, instead of, or in addi 
tion to, nucleotide triphosphates as basic building blocks or 
units for template-dependent synthesis, makes possible the 
creation of highly complex polymers having precisely locat 
able functional groups. 

[0013] Furthermore, if the use of oligonucleotides as 
building blocks for nucleic acid synthesis Will become 
feasible, it Will be appreciated that each building block 
becomes scarcer as compared to the use of nucleotide 
triphosphates. This phenomenon increases With length (N) 
of the oligonucleotides employed. Thus, assuming equal 
representation for each of the four nucleotides in a given 
nucleic acid polymer, a particular mononucleotide is 
expected, statistically, every 4 nucleotides in this polymer, a 
dinucleotide is expected every 16 nucleotides, a trinucle 
otide every 64 nucleotides (see Table 1, beloW), a tetranucle 
otide every 256 nucleotides, a pentanucleotide every 625 
nucleotides, and an oligonucleotide of N-mer is expected 
every 4N nucleotides, in the nucleic acid polymer. Conse 
quently, While using relatively short oligonucleotide 
sequences as building blocks for template-dependent nucleic 
acid synthesis, not only the total number of building blocks 
required for synthesiZing a given nucleic acid sequence is 
reduced, but also each building block is less represented. As 
is further exempli?ed beloW, this feature can be advanta 
geously exploited in detection of nucleic acid sequences and 
related applications through template-dependent polymer 
iZation. 

TABLE 1 
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integrase (Taktakishvili et al., 2000). HoWever, dinucleotide 
triphosphates and oligonucleotide triphosphates have not 
been shoWn to be involved, to our knoWledge, in relation 
With template-dependent enZymatic polymeriZation of 
nucleic acids. 

[0015] Therefore, there is a Widely recogniZed need for, 
and it Would be highly advantageous to have, methods for 
better exploiting the information transfer capabilities of 
nucleic acids (Schmidt et al., 1997; KoppitZ et al., 1998; 
OgaWa et al., 2000), Which can serve as a platform technol 
ogy for development of molecules With novel biological 
activities, and for the development of novel nucleic acid 
ampli?cation and identi?cation schemes. Other applications 
and advantages of these methods Will become apparent to 
those of skills in the art While reading the folloWing sections 
of the speci?cation. 

SUMMARY OF THE INVENTION 

[0016] One object of the present invention is to develop a 
neW approach to augment both information transfer and 
functional potential of nucleic acid polymers. According to 
this novel approach, using oligonucleotide triphosphates as 
building blocks for template-dependent synthesis of nucleic 
acids, either per se, or in combination With distinct chemical 
modi?cations for the introduction of functional groups in 
each or some of these oligonucleotides, it is possible to 
extend the information vocabulary and functional diversity 
of the polymer in a manner that is correlated to the number 
(N) of nucleotide units in each oligonucleotide triphosphate. 

[0017] Another object of the present invention is to 
develop nucleic acid libraries and functional nucleic acid 
polymers of unprecedented complexity. 

[0018] Still another object of the present invention is to 
develop template-dependent polymerases capable of ef? 
ciently exploiting oligonucleotide triphosphates for tem 
plate-dependent synthesis of nucleic acids. 

[0019] Yet another object of the present invention is to 
develop neW approaches for template-dependent ampli?ca 
tion of nucleic acids. 

[0020] Yet another object of the present invention is to 
develop neW approaches for nucleic acid-based diagnosis. 

Nucleotide trimers can be arranged in 64 distinct 
combinations (SEQ ID NOS: l7—80 , from left to right, top 

to bottom) 

AAA AAC AAG AAT ACA ACC ACG ACT AGA AGC AGG AGT ATA ATC ATG ATT 

CAA CAC CAG CAT CCA CCC CCG CCT CGA CGC CGG CGT CTA CTC CTG CTT 

GAA GAC GAG GAT GCA GCC GCG GCT GGA GGC GGG GGT GTA GTC GTG GTT 

TAA TAC TAG TAT TCA TCC TCG TCT TGA TGC TGG TGT TTA TTC TTG TTT 

[0014] Previously, dinucleotides Were indicated to be 
involved in initiation of transcription by RNA polymerase 
(ShaW et aL, 1980), or as building-block units in assembly 
of oligonucleotide through non-enZymatic means (Leberton 
et al., 1993; Ordoukhanian & Taylor, 1997; Schmidt et aL, 
1997). In addition, modi?ed dinucleotides have been used as 
inhibitors of various viral enZymes such as reverse tran 

scriptase (Jahnke et al., 1995; Jahnke et al., 1997) and 

[0021] Yet another object of the present invention is to 
develop neW approaches for nucleic acid-based chip tech 
nology and nanotechnology. 

[0022] Yet another object of the present invention is to 
develop neW approaches for directed evolution of nucleic 
acids and polypeptides. 
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[0023] Further and speci?c objects of the invention 
include, but are not limited to: the introduction of a novel 
use of a template-dependent polymerase for incorporating 
oligonucleotide triphosphates onto a nascent oligonucle 
otide-3‘-OH in a template-dependent manner; (ii) the devel 
opment of methods for identifying a template-dependent 
polymerase having increased activity in incorporating oli 
gonucleotide triphosphates onto a nascent oligonucleotide 
3‘-OH in a template-dependent manner; (iii) the develop 
ment of methods for assaying a template-dependent 
polymerase for its activity in incorporating oligonucleotide 
triphosphates onto a nascent oligonucleotide-3‘-OH in a 
template-dependent manner; (iv) the development of meth 
ods for better exploiting the information transfer capacity of 
nucleic acid molecules; (v) the development of methods for 
extending a nascent oligonucleotide-3‘-OH in a template 
dependent manner; (vi) the development of methods for 
amplifying nucleic acid templates; (vii) the development of 
methods for exponentially amplifying nucleic acid tem 
plates; (viii) the development of methods for detecting a 
sequence alteration in nucleic acid templates; the devel 
opment of methods for detecting the presence or absence of 
a sequence alteration in nucleic acid templates; the 
development of methods for determining a sequence of a 
nucleic acid template; the development of nucleic acid 
libraries and functional nucleic acid polymers of unprec 
edented complexity; (xii) the development of methods for 
directed evolution of nucleic acids and polypeptides, (xiii) 
the development of methods for nucleic acid-based chip 
technology and nanotechnology, and (xiv) the development 
of compositions for effecting the above methods. 

[0024] All and any objects of the present invention as 
stated above are made possible by a novel use of a template 
dependent polymerase, the novel use comprising the step of 
employing the template-dependent polymerase for incorpo 
rating at least one oligonucleotide triphosphate onto a 
nascent oligonucleotide-3‘-OH in a template-dependent 
manner. 

[0025] According to further features in preferred embodi 
ments of the invention described beloW, the template-de 
pendent polymerase is selected from the group consisting of 
DNA-dependent DNA polymerase, DNA-dependent RNA 
polymerase, RNA-dependent DNA polymerase and RNA 
dependent RNA polymerase. 

[0026] According to still further features in the described 
preferred embodiments the template-dependent polymerase 
is thermostable. 

[0027] According to another aspect of the present inven 
tion there is provided a composition or a plurality of 
compositions comprising 4N oligonucleotide triphosphates 
each having N monomers, Wherein N is an integer greater 
than 1. 

[0028] According to still another aspect of the present 
invention there is provided a composition comprising at 
least one oligonucleotide triphosphate and at least one 
nucleotide triphosphate, Wherein the at least one oligonucle 
otide triphosphate and the at least one nucleotide triphos 
phate are selected such that monomers forming the at least 
one oligonucleotide triphosphate are not represented among 
the at least one nucleotide triphosphate and vice versa. 

[0029] According to further features in preferred embodi 
ments of the invention described beloW, each of the oligo 
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nucleotide triphosphates includes at least tWo monomers. 
The number of nucleotide units is preferably up to six, but 
it may be higher. 

[0030] According to one preferred embodiment of the 
invention, the at least one oligonucleotide triphosphate is 
unmodi?ed With respect to the natural base, sugar, and/or 
phosphate residues. 

[0031] According to still further features in the described 
preferred embodiments, at least one of the oligonucleotide 
triphosphates is chemically modi?ed in the natural residues 
of the base, sugar and/or phosphate or any other intemucle 
osidyl linkage. 
[0032] The present invention successfully addresses the 
shortcomings of the presently knoWn con?gurations of 
nucleic acids as information messengers by exploiting a 
novel activity of template-dependent polymerases, i.e., their 
ability to incorporate, in a template-dependent manner, an 
oligonucleotide triphosphate to a groWing 3‘-OH group, 
thereby better exploiting the information transfer capacity of 
nucleic acids. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] The invention is herein described, by Way of 
example only, With reference to the accompanying draWings, 
Wherein: 

[0034] FIG. 1 shoWs the general formula of the natural 
2‘-deoxynucleoside wherein Base is one of the four natural 
bases illustrated in the ?gure; 

[0035] FIG. 2 illustrates the chemical makeup of the 
thymidylyl-3‘-5‘-thymidine dinucleotide triphosphate form, 
TpT3p (SEQ ID NO:16); 
[0036] FIG. 3 is a schematic representation of the poly 
meriZation assay for detecting incorporation of a dinucle 
otide triphosphate. Step I: primer extension using primer T7, 
template T1, DNA polymerase and the deoxynucleotides 
dATP, dCTP and dGTP in the presence (left) or absence 
(right) of TpT3P. Step II: treatment of the products from the 
previous step With Exo VII to eliminate ss-DNA regions. 
Step III: PCR ampli?cation of the products from the previ 
ous step using primers T7 and B, and a connecting fragment, 
T2, that overlaps With the extended portion of T1 (bold line). 
This portion of T1 contains a run of 3, 4 or 5 A’s (in 
oligonucleotides T1-3, T1-4 and T1-5, respectively; see 
Table 2), ?anked (on its 5‘ side) by a non-A containing 
region. PCR ampli?cation in step III Will occur only if the 
extension proceeded to the end of T1 on step I; 

[0037] FIG. 4 shoWs photographs of agarose gels that 
illustrate the polymeriZation assay using the templates T1-4, 
T1-3 or Tl-S (see Table 2). The reactions in step I (lanes a-e) 
contained; a: all four dNTP’s; b: no dNTP’s; c: dATP, dCTP 
and dGTP; d: as in c, but With 3pM, of TpT3p, e: no T1 
template; f-g: PCR of step III With and Without T1 template, 
respectively; 
[0038] FIG. 5 provides an example of implementing the 
present invention for distinguishing betWeen gene sequences 
of a Wild type (A, SEQ ID NO:87) and a mutant (B, SEQ ID 
NO:88) containing a single point mutation (T to G, under 
lined). The sequences can be replicated from a speci?c 
primer at the 5‘ end (not shoWn) using the tWo given sets of 
dinucleotide combinations and a DNA polymerase. Set I 
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supports complete ampli?cation of A, but not of B due to the 
presence and absence of the dinucleotides AC and CC, 
respectively. Accordingly, set II is suitable only for the 
ampli?cation of sequence B but not of A. The ampli?ed 
products can be separated from the reaction to indicate 
Which sequence, Wild type, mutant or both, are present; 

[0039] FIG. 6 shoWs an assay of labeled-primer extension 
demonstrating incorporation of the dinucleotide triphos 
phates TpT3p and CpA3p in a template-dependent manner 
onto a 3‘ end of a primer. The reactions includes labeled 
primer p201 (SEQ ID NO:92) and templates T80 (SEQ ID 
NO:93) (lanes 1-4), and T81 (SEQ ID NO:94) (lanes 5-7). 
The nucleotides content in these reactions is: none (lane 1), 
all 4 dNTP’s (lane 2), CpA3p (lanes 3 and 5), CpA3p and 
TpT3p (lanes 4, 6 and 7). The reaction in lane 7 contains tWo 
fold the concentration of dinucleotides as is compared to that 
of lane 6; 

[0040] FIG. 7 shoWs an assay of labeled-primer extension 
demonstrating incorporation of di-and trinucleotide triphos 
phates in a template-dependent manner onto a 3‘ end of a 
primer. The reactions include labeled primer p201 (SEQ ID 
NO:92) and template T24 (SEQ ID NO:96). The nucleotide 
content in these reactions is: none (lane 1), all 4 dNTP’s 
(lane 2), dCTP and dATP (lane 3), dCTP, dATP and TpT3p 
(lane 4), dCTP, dATP and TpTpT3p (lane 5), CpA3p (lane 
6), and CpC3p (lane 7); and 

[0041] FIG. 8 shoWs an assay of labeled-primer extension 
demonstrating template-dependent incorporation of ApG3p 
and TpC3p dinucleotides. The reactions include labeled 
primer p201 (SEQ ID NO:92) and template T83 (SEQ ID 
NO:95). The nucleotide content in these reactions is: all 4 
dNTP’s (lane 1) and ApG3p and TpC3p dinucleotides (lane 
2). 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] The present invention is of a novel use of a 
template-dependent polymerase for incorporating oligo 
nucleotide triphosphates onto a nascent oligonucleotide-3‘ 
OH in a template-dependent manner; (ii) methods for iden 
tifying a template-dependent polymerase having increased 
activity in incorporating oligonucleotide triphosphates onto 
a nascent oligonucleotide-3‘-OH in a template-dependent 
manner; (iii) methods for assaying a template-dependent 
polymerase for its activity in incorporating oligonucleotide 
triphosphates onto a nascent oligonucleotide-3‘-OH in a 
template-dependent manner; (iv) methods for better exploit 
ing the information transfer capacity of a nucleic acid 
molecule; (v) methods for extending a nascent oligonucle 
otide-3‘-OH in a template-dependent manner; (vi) methods 
for amplifying a nucleic acid template; (vii) methods for 
exponentially amplifying a nucleic acid template; (viii) 
methods for detecting a sequence alteration in a nucleic acid 
template; methods for detecting the presence or absence 

of a sequence alteration in a nucleic acid template; methods for determining a sequence of a nucleic acid 

template; nucleic acid libraries and functional nucleic 
acid polymers of unprecedented complexity and functional 
space; (xii) methods for directed evolution of nucleic acids 
and polypeptides; (xiii) methods for nucleic acid-based chip 
technology and nanotechnology, and (xiv) compositions for 
effecting the above methods. 
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[0043] The present invention can be used to augment the 
information transfer capacity and functionality of nucleic 
acids in a yet unprecedented manner. The present invention 
can be used as a platform technology for the development of 
novel nucleic acid-based applications in biotechnology and 
nanotechnology. 

[0044] The principles and operation of the present inven 
tion may be better understood With reference to the draWings 
and accompanying descriptions. 

[0045] Before explaining at least one embodiment of the 
invention in detail, it is to be understood that the invention 
is not limited in its application to the details of construction 
and the arrangement of the components set forth in the 
folloWing description or illustrated in the draWings. The 
invention is capable of other embodiments or of being 
practiced or carried out in various Ways. Also, it is to be 
understood that the phraseology and terminology employed 
herein is for the purpose of description and should not be 
regarded as limiting. 

[0046] According to one aspect of the present invention 
there is provided a novel use of a template-dependent 
polymerase. The novel use, according to this aspect of the 
present invention, comprises the step of employing the 
template-dependent polymerase for incorporating at least 
one oligonucleotide triphosphate onto a nascent oligonucle 
otide-3‘-OH in a template-dependent manner. 

[0047] As used herein in the speci?cation and in the 
claims section that folloWs, the phrase “template-dependent 
polymerase” refers to one or more of a structurally diverse 
group of nucleotidyl-transferase enZymes that catalyZe tem 
plate-dependent extension of nucleic acid polymers, includ 
ing DNA-dependent DNA polymerases (EC. 2.7.7.7), 
DNA-dependent RNA polymerases (EC. 2.7.7.6), RNA 
dependent DNA polymerases (EC. 2.7.7.49), and RNA 
dependent RNA polymerase (EC. 2.7.7.48). Non-limiting 
examples of Widely employed template-dependent poly 
merases include T7 DNA polymerase of the phage T7 and 
T3 DNA polymerase of the phage T3 Which are DNA 
dependent DNA polymerases, T7 RNA polymerase of the 
phage T7 and T3 RNA polymerase of the phage T3 Which 
are DNA-dependent RNA polymerases, DNA polymerase I 
or its fragment knoWn as KlenoW fragment of Escherichia 
coli Which is a DNA-dependent DNA polymerase, T herma 
philus aquaticus DNA polymerase, Tth DNA polymerase 
and vent DNA polymerase, Which are thermostable DNA 
dependent DNA polymerases, eukaryotic DNA polymerase 
[3, Which is a DNA-dependent DNA polymerase, telomerase 
Which is a RNA-dependent DNA polymerase, and non 
protein catalytic molecules such as modi?ed RNA 
(riboZymes; Unrau & Bartel, 1998) and DNA With template 
dependent polymerase activity. 

[0048] Since every living organism contains template 
dependent polymerases, the term also refers to such poly 
merases still aWaiting to be uncovered. 

[0049] In addition, a template-dependent polymerase 
according to the present invention can be of a natural source, 
i.e., puri?ed from an organism producing it, or from a 
recombinant source. Since the genes of the above listed 
polymerases have been cloned, most of these enZymes are 
available as recombinant proteins expressed in heterologous 
expression systems. Yet, it Will be appreciated that these 
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genes can be employed to devise methodologies for the 
isolation of other genes encoding polymerases based on 
sequence, structural and/or functional similarities or 
homologies using one or more approaches such as, but not 
limited to, nucleic acid libraries screening, expression-li 
braries screening, antibody-based screening, nucleic acid 
based hybridiZation screening, functional screening, poly 
merase chain-reaction ampli?cation, and the like; the 
implementation of Which for the isolation of desired nucleic 
acids is Well knoWn by the skilled artisan. 

[0050] As used herein in the speci?cation and in the 
claims section that folloWs, the phrases “nascent oligonucle 
otide-3‘-OH” relates to a groWing nucleic acid chain having 
a hydroXyl group at its 3‘ end. Such a chain may include any 
number of nucleotides as this term is further de?ned beloW. 
In some cases, even a single nucleotide having a 3‘-OH 
group can serve as an initiator of nascent oligonucleotide 
3‘-OH. This is particularly true for some RNA-dependent 
RNApolymerases. Therefore, the term includes nucleic acid 
chains of at least one nucleotide having a hydroXyl group at 
its 3‘ end. 

[0051] As used herein in the speci?cation and in the 
claims section that folloWs, the phrases “oligonucleotide 
triphosphate” or in plural “oligonucleotide triphosphates” 
include single-stranded chains of at least tWo nucleotides 
connected via 3‘—>5‘ intemucleosidyl linkages, and Which 
have a triphosphate group attached to the 5‘ end of the ?rst 
nucleotide as illustrated in FIG. 2. 

[0052] As used herein in the speci?cation and in the 
claims section that folloWs, the terms “nucleotide” or in 
plural “nucleotides” Which are interchangeably used With 
the terms “monomer” or in plural “monomers” include 
native (naturally occurring) nucleotides, Which include a 
nitrogenous base selected from the group consisting of 
adenine, thymidine, cytosine, guanine and uracil, a sugar 
selected from the group of ribose and deoXyribose (the 
combination of the base and the sugar is knoWn as nucleo 
side), and one to three phosphate groups, and Which can 
form phosphodiester intemucleosidyl linkages. HoWever, 
these terms, as used herein, further include nucleotide ana 
logs. Such analogs can have a sugar analog, a base analog 
and/or an intemucleosidyl linkage analog. In addition, ana 
logs eXhibiting non-standard base pairing, such as described 
in, for eXample, U.S. Pat. No. 5,432,272, Which is incorpo 
rated herein by reference, is also included under these terms. 
Thus, as used herein these terms read on molecules capable 
of, While incorporated in a polymer, conventional or uncon 
ventional pairing via hydrogen bonding With naturally 
occurring nucleotides or With nucleotide analogs eXhibiting 
non standard base pairing and Which are present in a 
complementary polymer. 

[0053] As used herein in the speci?cations and in the 
claims section that folloWs, the term “nucleotide analog” 
includes nucleotides that are chemically modi?ed in the 
natural base (hereinafter “base analogs”), in the natural 
sugar (hereinafter “sugar analogs”), and/or in the natural 
phosphodiester or any other intemucleosidyl linkage (here 
inafter “internucleosidyl linkage analogs”). 

[0054] The nucleotide analogs of the invention may bear 
at least one functional group selected from: a chemically 
reactive group being a group involved in formation or 
cleavage of any form of a chemical interaction involving 
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electron, proton, or charge transfer including, but not being 
limited to, a nucleophile, a hydrogen-bond donor, a hydro 
gen-bond acceptor, an acid, a base, a charged moiety, a 
hydrophilic moiety, a metal ligand, and a leaving group; (ii) 
a chemically-inert group being a group involved in interac 
tions that have no electron, proton, or charge transfer, but 
that may have a structural role, including, but not being 
limited to, a hydrophobic moiety; (iii) a cross-linking group; 
(iv) a labeling group, and (v) a ?rst binding-group of a 
binding pair, Which are related to each other by speci?c 
binding affinity. 

[0055] The functional group as above may be linked 
directly to the base, sugar, or intemucleosidyl linkage, or 
through a spacer, so as to reduce steric hindrance that may 
interfere With binding to the polymerase and/or With pairing 
to the template. 

[0056] It Will be appreciated that a variety of functional 
groups have been successfully bound to nucleotides. It Will 
further be appreciated that such binding did not hamper the 
ability of template-dependent polymerases to employ nucle 
otides derivatiZed by such functional groups as building 
blocks for template-dependent nucleic acid synthesis. 

[0057] A ?rst binding group of a binding pair can be any 
member of a binding pair, such as, but not limited to, 
biotin-avidin/streptavidin, ligand-receptor, antigen/hapten 
antibody, magnetiZed bead-magnet/electromagnet, substrate 
analog-enZyme, metal ion-chelator, and the like. The ?rst 
binding group of the binding pair is preferably selected the 
smaller one, so as to minimiZe steric hindrance. In the listed 
eXamples, the smaller binding pairs are biotin of the biotin 
avidin/streptavidin pair, ligand of the ligand-receptor pair, 
antigen/hapten of the antigen/hapten (e.g., digoXygenin) 
antibody pair, magnetiZed bead of the magnetiZed bead 
magnet/electromagnet pair, substrate analog of the substrate 
analog-enZyme pair, and metal ion of the metal ion-chelator 
pair. 

[0058] It Will be appreciated that a variety of binding 
groups, such as, but not limited to, biotin, the antigen 
digoXygenin and magnetiZed beads have been successfully 
bound to nucleotides. It Will further be appreciated that such 
binding did not hamper the ability of template-dependent 
polymerases to employ nucleotides derivatiZed by binding 
groups as building blocks for template-dependent synthesis 
of nucleic acids. 

[0059] Across-linking group is a reactive group capable of 
covalently bonding to another group When appropriate proX 
imity and orientation are established betWeen the groups. A 
cross-linking group can be selected non-reactive unless 
activated by an external stimuli, such as radiation of the 
appropriate Wavelength or Wavelength range or a chemical. 
Examples of cross-linking groups Which can be bound to a 
nucleotide include, but are not limited to brominated and 
iodinated nucleotides such as 5‘-bromodeoXyuridine, 8‘-bro 
modeoXyadenosine and 5‘-iododeoXycitidine, or thiol-con 
taining nucleotides such as 6‘-thiodeoXyguanosine, and 
4‘-thiodeoXyuridine and additional cross-linking groups as 
described in Eaton, (1997); Benner et al., (1998); EarnshaW 
& Gait, (1998) and Sakthivel & Barbas (1998). 

[0060] It Will be appreciated that a variety of cross-linking 
groups have been successfully bound to nucleotides. It Will 
further be appreciated that such binding did not hamper the 
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ability of template-dependent polymerases to employ nucle 
otides derivatiZed by such cross-linking groups as building 
blocks for template-dependent synthesis of nucleic acids. 

[0061] Alabeling group according to the present invention 
can be a direct labeling group, i.e., a labeling group Which 
is directly detectable (detectable per se). Examples of direct 
labeling groups Which can be used according to the present 
invention to label one or more nucleotides of an oligonucle 
otide triphosphate can be an isotope such as a radioactive 
isotope, including, but not limited to, 14C, 32F, 31F, 2H, 3H, 
35S, 1251 and the like. The isotope can replace a common 
isotope participating in the chemical makeup of the nucle 
otide or, alternatively, the isotope can be added in addition 
to the atoms constituting the chemical makeup of the nucle 
otide. A direct labeling group can also be a colorant, e.g., a 
?uorescent or luminescent group, such as, but not limited to, 
SpectrumOrange TM (emission at 588 nm), SpectrumGreenTM 
(538 nm), Aqua (480 rim), Texas-Red (615 nm), and ?uo 
rescein-S-iso-thiocyanate (FITC, 525 nm). 

[0062] Alabeling group according to the present invention 
can alternatively be an indirect labeling group, i.e., a label 
ing group Which is indirectly detectable. It Will be appreci 
ated, for eXample, that any of the above-described binding 
groups can also serve as an indirect labeling group according 
to the present invention. In this case, the second binding pair 
is preferably labeled by a direct labeling group or by an 
additional indirect labeling group that binds its pair, Which 
is labeled, by a direct labeling group. Alternatively, an 
indirect labeling group can be an enZyme Which directly or 
indirectly catalyZes a color or chemoluminescent reaction, 
such as, but not limited to, alkaline phosphatase or peroxi 
dase. 

[0063] It Will be appreciated that a variety of labeling 
groups has been successfully bound to nucleotides. It Will 
further be appreciated that such binding did not hamper the 
ability of template-dependent polymerases to employ nucle 
otides derivatiZed by such labeling groups as building blocks 
for template-dependent nucleic acid synthesis. 

[0064] Examples of base analogs that can be used accord 
ing to the invention include, but are not limited to, modi?ed 
purine and pyrimidine bases such as, for eXample, O-methyl, 
C-methyl, N-methyl, deaZa, aZa, halo (F, Br, I), thio, OX0, 
aminopropenyl, amino, acyl, propynyl, pentynyl, and etheno 
base derivatives, as Well as more drastic modi?cations such 
as replacement of the base by phenyl and even complete 
deletion of the base (abasic), and additional analogs as 
described in Eaton, (1997); Benner et al., (1998); EamshaW 
& Gait, (1998) and Sakthivel & Barbas (1998). 

[0065] EXamples of sugar analogs that can be used accord 
ing to the invention include, but are not limited to, modi? 
cations of the [3-ribofuranosyl and [3-2‘-deoXyribofuransyl 
sugar residues such as, for eXample, 2‘-O-methyl, 2‘-O-allyl, 
2‘-O-amino, 2‘-deoXy-2‘-halo (F, Cl, Br, I), 2‘-deoXy-2‘-thio, 
2‘-deoXy-2‘-amino and dideoXy derivatives, as Well as cor 
responding ot-anomers and heXose analogs, and additional 
analogs as described in Eaton, (1997); Benner et aL, (1998); 
EarnshaW & Gait, (1998); Groebke et al., (19) and Sakthivel 
& Barbas (1998). 

[0066] EXamples of internucleosidyl analogs that can be 
used according to the invention include, but are not limited 
to, those in Which the natural phosphodiester linkage is 
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replaced by a linkage such as phosphorothioate, phospho 
rodithioate, phosphoroamidate, methylphosphonate, and 
additional analogs as described in Eaton, (1997); Benner et 
al., (1998); EarnshaW & Gait, (1998) and Sakthivel & 
Barbas (1998). 

[0067] Also can be used peptide nucleic acids (PNA), in 
Which the entire phosphate-sugar backbone is replaced With 
a backbone consisting of (2-aminoethyl) glycine units to 
Which bases are attached through methylenecarbonyl 
bridges. 
[0068] As used herein in the speci?cation and in the 
claims section that folloWs, the phrases “template-dependent 
manner” or “template-dependent synthesis of nucleic acids” 
refer to successive polymeriZation of oligonucleotide triph 
osphates or of oligonucleotide triphosphates and nucleotide 
triphosphates in a fashion dictated by the sequence order of 
a complementary template. 

[0069] In order to better suit the applications proposed 
herein for the present invention, the polymeriZation activi 
ties of template-dependent polymerases are preferably 
improved in terms of ef?ciency and speci?city. This can be 
achieved by modifying certain protein components involved 
in the catalytic activity of such polymerases. 

[0070] The rational for engineering polymerase activities 
is based on available structural and functional information 
thereof (Joyce and SteitZ, 1994; SteitZ et al., 1996; Kiefer et 
al., 1998; Li et al., 1998). The active site of the polymerase 
provides the speci?c binding-environment for the substrates 
including a single-strand template, a complementary primer, 
divalent metal ions and a matching (complementary) nucle 
otide triphosphate unit. Speci?c interactions in the active 
site are mostly governed by steric and electrostatic factors. 
As the reaction seems not to go through covalent interme 
diates, these interactions provide all the physical, chemical 
and energetic requirements for high ?delity and processive 
polymerase activity. 
[0071] The chemistry involves attack of the 5‘-ot-phos 
phate of the incoming nucleotide on the 3‘-OH group of the 
end terminal nucleotide of the nascent oligonucleotide, 
Which is deprotonated via the metal ions. This is accompa 
nied by hydrolysis of the triphosphate, release of a pyro 
phosphate and formation of a phosphodiester bond that 
eXtends the primer by one nucleotide at a time. 

[0072] Polymerase activity further involves major confor 
mational changes of the ?ngers domain that alternate 
betWeen “closed” and “open” forms (in the presence and 
absence of a matching nucleotide triphosphate, respec 
tively), Which facilitate alternating betWeen substrate bind 
ing, chemical reaction and enZyme sliding along the nucleic 
acid template. 

[0073] Protein modi?cations could conceivably include, 
but are not limited to, replacements, deletions and insertions 
of amino acid residues in speci?c or random locations of the 
enZyme. As it is presently impractical to anticipate in 
advance Which amino acid modi?cations Will be responsible 
for functional adjustment, a semi-rational approach for engi 
neering the polymerase is envisioned. Based on the crystal 
structure available for the large fragment of, for eXample, 
Taq DNApolymerase (Li et al., 1998) and other polymerases 
(Singh & Modak, 1998; Doubli et al., 1999), a set of enZyme 
domains are chosen for modi?cations. For eXample, such 
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domains in Taq DNA polymerase include the O helix of the 
?ngers region (Li et al., 1998; Morales & Kool, 1999). 
Modi?cations are introduced into the corresponding gene 
regions Which are cloned in suitable expression vectors by, 
for example, directed evolution means involving random 
point-mutations in the chosen domain regions, random shuf 
?ing of fragments of part or the Whole gene, and family 
shuffling of genes having similar sequences (Stemmer, 1994; 
Crameri et al., 1998; Zhao et al., 1998; Minshull & Stemmer, 
1999). These generate a library of polymerase genes 
expressing many different “versions” of the original 
enZyme, of Which individual clones are identi?ed and 
selected according to speci?c selection measures. 

[0074] The main functional goal for polymerase modi? 
cations is to improve catalytic efficiency of template-depen 
dent incorporation of oligonucleotide triphosphates. This is 
the basis for selecting the most pro?cient enZymes from the 
diverged library. Proteins expressed from the library are 
divided into several batches, Which are used in a polymerase 
selection-assay that is further described beloW. In one step of 
this assay, the concentration of the appropriate nucleotide 
units and the reaction time are monitored to select for the 
best enZyme variants. Chosen clones are further modi?ed by 
consecutive iterations of the same engineering approach 
until the desired ef?ciency is reached. 

[0075] Thus, it Will be appreciated that although template 
dependent polymerases are in general tolerant to the use of 
nucleotide analogs and/or nucleotides derivatiZed With func 
tional groups, their af?nity toWard certain analogs and 
derivatives may be altered. Furthermore, While reducing the 
present invention to practice, as is exempli?ed in the 
Examples section that folloWs, it Was realiZed that, for 
example, a certain polymerase has af?nity to a certain 
oligonucleotide triphosphate Which is inferior as is com 
pared to its affinity to nucleotide triphosphates in catalyZing 
the incorporation of these building blocks onto a groWing 
3‘-OH group of a nascent oligonucleotide-3‘-OH in a tem 
plate-dependent manner. 

[0076] Therefore, according to yet another aspect of the 
present invention there is provided a method of identifying 
a template-dependent polymerase having increased activity 
in incorporating oligonucleotide triphosphates onto a 
nascent oligonucleotideb-3‘-OH in a template-dependent 
manner, the method comprising implementation of the fol 
loWing method steps, of Which, in a ?rst step, a library of 
mutated template-dependent polymerases is constructed. 

[0077] Such construction can be effected, for example, by 
mutating (e.g., randomly mutating) a gene encoding the 
template-dependent polymerase by nucleotide alteration, 
deletion, addition, shuffling, etc., to obtain a repertoire of 
mutated template-dependent polymerases genes Which 
encode a repertoire of mutated template-dependent poly 
merases. Such polymerases can then be expressed by, for 
example, bacteria or eukaryotic cells, by methods knoWn in 
the art. In a second step of the method according to this 
aspect of the present invention, the library, of proteins of 
individual clones or of pooled clones is screened using 
template-dependent polymeriZation of oligonucleotide 
triphosphates for selecting a template-dependent polymerase 
mutant exhibiting increased activity in incorporating the 
oligonucleotide triphosphates onto the nascent oligonucle 
otide-3‘-OH in a template-dependent manner. 
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[0078] An assay for template-dependent polymeriZation of 
oligonucleotide triphosphates can be effected in any one of 
a plurality of Ways. The Examples section that folloWs 
demonstrate template-dependent polymeriZation of oligo 
nucleotide triphosphates that can be used With individual or 
pooled protein extracts, and With puri?ed or partially puri 
?ed mutant polymerases. 

[0079] Once a template-dependent polymerase mutant 
exhibiting increased activity in incorporating oligonucle 
otide triphosphates onto a nascent oligonucleotide-3‘-OH in 
a template-dependent manner is identi?ed, such a poly 
merase may serve for a second round of mutating and 
screening as described above. 

[0080] Thus, according to a preferred embodiment of this 
aspect of the present invention, the method is further 
effected and polished by using the template-dependent poly 
merase mutant identi?ed above as a basis for creating a 
second library of mutated template-dependent polymerases 
derived therefrom and screening the second library using 
template-dependent polymeriZation of oligonucleotide 
triphosphates for selecting a second template-dependent 
polymerase mutant demonstrating yet increased activity in 
incorporating the oligonucleotide triphosphates onto the 
nascent oligonucleotide-3‘-OH in a template-dependent 
manner. 

[0081] According to still further features in the described 
preferred embodiments the library of mutated template 
dependent polymerases is created using random mutagen 
esis, random fragments shuffling and/or gene-family shuf 
?ing of genes corresponding to protein fragments and/or 
domains. 

[0082] According to an additional aspect of the present 
invention there is provided a method of assaying a template 
dependent polymerase for its activity in incorporating oli 
gonucleotide triphosphates onto a nascent oligonucleotide 
3‘-OH in a template-dependent manner, the method 
comprising the step of using template-dependent polymer 
iZation of oligonucleotide triphosphates for assaying the 
template-dependent polymerase for its activity in incorpo 
rating oligonucleotide triphosphates onto the nascent oligo 
nucleotide-3‘-OH in a template-dependent manner. 

[0083] Oligonucleotide triphosphates may be mixed into 
compositions, Which are useful in implementing the meth 
ods of the present invention as are further described beloW. 

[0084] Thus, according to another aspect of the present 
invention there is provided a composition or a plurality of 
individually packed compositions forming a kit comprising 
4N oligonucleotide triphosphates each having N monomers 
in a single mix or any combination of sub-mixes, Wherein N 
is an integer greater than 1. 

[0085] Thus, if N equals 2 (dinucleotide), 16 different 
oligonucleotide triphosphates are included in the single mix 
or any combination of the sub-mixes; if N equals 3 (tri 
nucleotide), 64 different oligonucleotide triphosphates are 
included in the single mix or any combination of the 
sub-mixes; if N equals 4 (tetranucleotide), 256 different 
oligonucleotide triphosphates are included in the single mix 
or any combination of the sub-mixes; if N equals 5 (penta 
nucleotide), 1024 different oligonucleotide triphosphates are 
included in the single mix or any combination of the 
sub-mixes; Whereas if N equals 6 (hexanucleotide), 4096 
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different oligonucleotide triphosphates are included in the 
single mix or any combination of the sub-mixes; and so on. 

[0086] However, compositions according to the present 
invention may include oligonucleotide triphosphates and 
also combinations of oligonucleotide triphosphates and 
nucleotide triphosphates. 

[0087] Of particular interest are compositions including at 
least one oligonucleotide triphosphate and at least one 
nucleotide triphosphate, Wherein the at least one oligonucle 
otide triphosphate and the at least one nucleotide triphos 
phate are selected such that monomers forming the at least 
one oligonucleotide triphosphate are not represented among 
the at least one nucleotide triphosphate and vice versa. As 
further detailed beloW, such compositions may ?nd use in, 
for example detection of sequence alterations in a nucleic 
acid template. 

[0088] Oligonucleotide triphosphates may be attached on 
a solid support, Which are useful in implementing the 
methods of the present invention as are further described 
beloW. 

[0089] Thus, according to another aspect of the present 
invention there is provided a setup, in Which at least one of 
the oligonucleotide triphosphates, used for template-depen 
dent polymeriZation, is attached onto a solid support as part 
of, for example, a nanodevice or a DNA chip. 

[0090] The folloWing provides detailed description of 
some methods, Which can ?nd uses in pharmaceutics, bio 
catalysis, diagnostics, and nanotechnology according to the 
present invention. 

[0091] Thus, according to still an additional aspect of the 
present invention there is provided a method of extending a 
nascent oligonucleotide-3‘-OH in a template-dependent 
manner, the method comprising the step of contacting the 
nascent oligonucleotide-3‘-OH With a nucleic acid template, 
a template-dependent polymerase and at least one oligo 
nucleotide triphosphate under conditions in Which the 
nascent oligonucleotide-3‘-OH hybridiZes With the nucleic 
acid template and the template-dependent polymerase is 
active in incorporating the at least one oligonucleotide 
triphosphate onto a groWing 3‘-OH group of the nascent 
oligonucleotide-3‘-OH, thereby extending the nascent oligo 
nucleotide-3‘-OH in a template-dependent manner. 

[0092] According to a further aspect of the present inven 
tion there is provided still another method of extending a 
nascent oligonucleotide-3‘-OH in a template-dependent 
manner, the method comprising the step of contacting the 
nascent oligonucleotide-3‘-OH With a nucleic acid template, 
a template-dependent polymerase and 4N oligonucleotide 
triphosphates, each including N monomers, Wherein N is an 
integer greater than 1, under conditions in Which the nascent 
oligonucleotide-3‘-OH hybridiZes With the nucleic acid tem 
plate and the template-dependent polymerase is active in 
incorporating said oligonucleotide triphosphates onto a 
groWing 3‘-OH group of the nascent oligonucleotide-3‘-OH, 
thereby extending the nascent oligonucleotide-3‘-OH in a 
template-dependent manner. 

[0093] According to yet a further aspect of the present 
invention there is provided yet another method of extending 
a nascent oligonucleotide-3‘-OH in a template-dependent 
manner, the method comprising the step of contacting the 
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nascent oligonucleotide-3‘-OH With a nucleic acid template, 
a template-dependent polymerase, at least one oligonucle 
otide triphosphate and at least one nucleotide triphosphate, 
Wherein the at least one oligonucleotide triphosphate and the 
at least one nucleotide triphosphate are selected such that at 
least one monomer of the at least one oligonucleotide 
triphosphate is absent from the at least one nucleotide 
triphosphate, under conditions in Which the nascent oligo 
nucleotide-3‘-OH hybridiZes With the nucleic acid template 
and the template-dependent polymerase is active in incor 
porating the at least one oligonucleotide triphosphate and the 
at least one nucleotide triphosphate onto a groWing 3‘-OH of 
the nascent oligonucleotide-3‘-OH, thereby extending the 
nascent oligonucleotide-3‘-OH in a template-dependent 
manner. 

[0094] According to still a further aspect of the present 
invention there is provided a method of amplifying a nucleic 
acid template, the method comprising the step of contacting 
the nucleic acid template With a nascent oligonucleotide-3‘ 
OH, a template-dependent polymerase and at least one 
oligonucleotide triphosphate under conditions in Which the 
nascent oligonucleotide-3‘-OH hybridiZes With the nucleic 
acid template and the template-dependent polymerase is 
active in incorporating the at least one oligonucleotide 
triphosphate onto a groWing 3‘-OH group of the nascent 
oligonucleotide-3‘-OH, thereby amplifying the nucleic acid 
template. 

[0095] According to another aspect of the present inven 
tion there is provided another method of amplifying a 
nucleic acid template, the method comprising the step of 
contacting the nucleic acid template With a nascent oligo 
nucleotide-3‘-OH, a template-dependent polymerase and 4N 
oligonucleotide triphosphates each including N monomers, 
Wherein N is an integer greater than 1, under conditions in 
Which the nascent oligonucleotide-3‘-OH hybridiZes With 
the nucleic acid template and the template-dependent poly 
merase is active in incorporating the at least one oligonucle 
otide triphosphate onto a groWing 3‘-OH group of the 
nascent oligonucleotide-3‘-OH, thereby amplifying the 
nucleic acid template. 

[0096] According to still another aspect of the present 
invention there is provided still another method of ampli 
fying a nucleic acid template, the method comprising the 
step of contacting the nucleic acid template With a nascent 
oligonucleotide-3‘-OH, a template-dependent polymerase, at 
least one oligonucleotide triphosphate and at least one 
nucleotide triphosphate, Wherein the at least one oligonucle 
otide triphosphate and the at least one nucleotide triphos 
phate are selected such that at least one monomer of the at 
least one oligonucleotide triphosphate is absent from the at 
least one nucleotide triphosphate, under conditions in Which 
the nascent oligonucleotide-3‘-OH hybridiZes With the 
nucleic acid template and the template-dependent poly 
merase is active in incorporating the at least one otriphos 
phate onto a groWing 3‘-OH group of the nascent oligo 
nucleotide-3‘-OH, thereby amplifying the nucleic acid 
template. 

[0097] According to an additional aspect of the present 
invention there is provided a method of exponentially ampli 
fying a nucleic acid template, the method comprising the 
step of contacting the nucleic acid template With a pair of 
nascent oligonucleotides-3‘-OH, the nascent oligonucle 
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otides-3‘-OH being hybridiZable With opposite strands of the 
nucleic acid template, a template-dependent polymerase and 
4N oligonucleotide triphosphates each including N mono 
mers, Wherein N is an integer greater than 1, under condi 
tions in Which the nascent oligonucleotides-3‘-OH hybridize 
With the opposite strands of the nucleic acid template and the 
template-dependent polymerase is active in incorporating 
the at least one oligonucleotide triphosphate onto a groWing 
3‘-OH group of each of the nascent oligonucleotides-3‘-OH, 
thereby exponentially amplifying the nucleic acid template. 

[0098] As further described beloW, a given gene sequence 
of interest may be compared to that of a mutant containing 
one or more base alterations. Using the present invention, a 
short region near the mutation may be replicated by a 
polymerase starting from a speci?c oligonucleotide-3‘-OH 
hybridiZed thereto. Oligonucleotide triphosphates used for 
the reaction are doped to fully complement only one of the 
target sequences, While the oligonucleotide triphosphates 
that complement the other sequence is omitted from the 
reaction. The discriminating oligonucleotide triphosphates 
preferably contain a unique functional group, such as a 
labeling group as further described above, so as to favor 
speci?c recognition of the polymeriZed products, if any. 

[0099] An example of the folloWing concept is illustrated 
in FIG. 5. 

[0100] In this case, gene sequences of a Wild type (A, SEQ 
ID NO:87) and a mutant (B, SEQ ID NO:88) containing a 
single point mutation (T to G, underlined) are analyZed. The 
sequences can be replicated from a speci?c primer at the 5‘ 
end using the tWo given sets of dinucleotide combinations 
and a DNA polymerase. Set I supports complete ampli?ca 
tion of A, but not of B due to the presence and absence of 
the dinucleotides AC and CC, respectively. Accordingly, set 
II is suitable only for the ampli?cation of sequence B but not 
of A. The ampli?ed products can be separated from the 
reaction to indicate Which sequence, Wild type, mutant or 
both are present. 

[0101] Thus, according to yet another aspect of the present 
invention there is provided a method of detecting a sequence 
alteration in a nucleic acid template, the method comprising 
the step of contacting a nascent oligonucleotide-3‘-OH With 
the nucleic acid template, a template-dependent polymerase 
and at least one oligonucleotide triphosphate under condi 
tions in Which the nascent oligonucleotide-3‘-OH hybridiZes 
With the nucleic acid template and the template-dependent 
polymerase is active in incorporating the at least one oligo 
nucleotide triphosphate onto a groWing 3‘-OH group of the 
nascent oligonucleotide-3‘-OH, thereby extending the 
nascent oligonucleotide-3‘-OH in a template-dependent 
manner, Wherein the at least one oligonucleotide triphos 
phate is selected so as to enable extending the nascent 
oligonucleotide-3‘-OH in a template-dependent manner only 
if the sequence alteration is present, or in the alternative, 
only if the sequence alteration is absent. 

[0102] According to yet an additional aspect of the present 
invention there is provided yet an additional method of 
detecting a sequence alteration in a nucleic acid template, 
the method comprising the step of contacting the nascent 
oligonucleotide-3‘-OH With a nucleic acid template, a tem 
plate-dependent polymerase, at least one oligonucleotide 
triphosphate and at least one nucleotide triphosphate, 
Wherein the at least one oligonucleotide triphosphate and the 
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at least one nucleotide triphosphate are selected such that at 
least one monomer of the at least one oligonucleotide 
triphosphate is absent from the at least one nucleotide 
triphosphate, under conditions in Which the nascent oligo 
nucleotide-3‘-OH hybridiZes With the nucleic acid template 
and the template-dependent polymerase is active in incor 
porating the at least one oligonucleotide triphosphate onto 
the 3‘-OH group of the nascent oligonucleotide-3‘-OH, 
thereby extending the nascent oligonucleotide-3‘-OH in the 
template-dependent manner, Wherein the at least one oligo 
nucleotide triphosphate is selected so as to enable extending 
the nascent oligonucleotide-3‘-OH in the template-depen 
dent manner only if the sequence alteration is present, or in 
the alternative, only if the sequence alteration is absent. 

[0103] According to still an additional aspect of the 
present invention there is provided still an additional method 
of detecting the presence or absence of a sequence alteration 
in a nucleic acid template, the method comprising the steps 
of: (a). contacting the nucleic acid template With a nascent 
oligonucleotide-3‘-OH, a template-dependent polymerase 
and at least one oligonucleotide triphosphate under condi 
tions in Which the nascent oligonucleotide-3‘-OH hybridiZes 
With the nucleic acid template and the template-dependent 
polymerase is active in incorporating the at least one oligo 
nucleotide triphosphate onto a groWing 3‘-OH group of the 
nascent oligonucleotide-3‘-OH if appropriate base pairing 
exists betWeen the nucleic acid template and the oligonucle 
otide triphosphate, and the template-dependent polymerase 
is substantially inactive in incorporating the at least one 
oligonucleotide triphosphate onto the groWing 3‘-OH group 
of the nascent oligonucleotide-3‘-OH if appropriate base 
pairing fails to exist betWeen the nucleic acid template and 
the at least one oligonucleotide triphosphate; and (b) detect 
ing Whether the at least one oligonucleotide triphosphate is 
incorporated onto the groWing 3‘-OH group of the nascent 
oligonucleotide-3‘-OH, thereby detecting the presence or 
absence of the sequence alteration in the nucleic acid 
template. 
[0104] According to a further aspect of the present inven 
tion there is provided a further method of detecting the 
presence or absence of a sequence alteration in a nucleic acid 
template, the method comprising the steps of: (a) contacting 
the nucleic acid template With a nascent oligonucleotide-3‘ 
OH, a template-dependent polymerase, at least one oligo 
nucleotide triphosphate and at least one nucleotide triphos 
phate, Wherein the at least one oligonucleotide triphosphate 
and the at least one nucleotide triphosphate are selected such 
that at least one monomer of the at least one oligonucleotide 
triphosphate is absent from the at least one nucleotide 
triphosphate, under conditions in Which the nascent oligo 
nucleotide-3‘-OH hybridiZes With the nucleic acid template 
and the template-dependent polymerase is active in incor 
porating the at least one oligonucleotide triphosphate and the 
at least one nucleotide triphosphate onto a groWing 3‘-OH 
group of the nascent oligonucleotide-3‘-OH if appropriate 
base pairing exists betWeen the nucleic acid template and the 
at least one oligonucleotide triphosphate, and the template 
dependent polymerase is substantially inactive in incorpo 
rating the at least one oligonucleotide triphosphate onto the 
groWing 3‘-OH group of the nascent oligonucleotide-3‘-OH 
if appropriate base-pairing fails to exist betWeen the nucleic 
acid template and the at least one oligonucleotide triphos 
phate; and (b) detecting Whether the oligonucleotide triph 
osphate is incorporated onto the groWing 3‘-OH group of the 
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nascent oligonucleotide-3‘-OH, thereby detecting the pres 
ence or absence of the sequence alteration in the nucleic acid 
template. 
[0105] According to yet a further aspect of the present 
invention there is provided a method of determining a 
sequence of a nucleic acid template, the method comprising 
the steps of: (a) contacting in one or more reaction vessels 
the nucleic acid template With a nascent oligonucleotide-3‘ 
OH, a template-dependent polymerase, 4N oligonucleotide 
triphosphates each including N monomers, 4N oligonucle 
otide triphosphate analogs each including N monomers of 
Which a 3‘ monomer includes a chain-terminator moiety, 
such as a dideoxy-ribose moiety, Wherein N is an integer 
greater than 1, under conditions in Which the nascent oli 
gonucleotide-3‘-OH hybridiZes With the nucleic acid tem 
plate and the template-dependent polymerase is active in 
incorporating the oligonucleotide triphosphates and the oli 
gonucleotide triphosphate analogs onto a groWing 3‘-OH 
group of the nascent oligonucleotide-3‘-OH, so as to obtain 
a population of nucleic acid chains each being terminated by 
a different oligonucleotide triphosphate analog of the 4N 
oligonucleotide triphosphate analogs; and (b) siZe-separat 
ing, e.g., by gel electrophoresis, the population of terminated 
nucleic acid chains, thereby determining the sequence of the 
nucleic acid template. 

[0106] Several alternative protocols can be folloWed to 
execute the above sequencing method, Which protocols 
depend, to a great extent, on the labeling strategy employed. 

[0107] Thus, if the oligonucleotide-3‘-OH is labeled, tWo 
options exist. According to the ?rst option, 4N different 
labels are employed. In this case 4N reaction mixtures are 
prepared each of Which includes a uniquely labeled oligo 
nucleotide-3‘-OH and a corresponding unique oligonucle 
otide triphosphate chain-terminator. Thereafter, a single lane 
can be employed for electrophoretic separation of the popu 
lation of nucleic acid chains. According to the second 
option, a single label is employed. In this case again 4N 
reaction mixtures are prepared each of Which includes the 
labeled oligonucleotide-3‘-OH and a unique oligonucleotide 
triphosphate chain-terminator. Thereafter, 4N lanes are 
employed for electrophoretic separation of the population of 
nucleic acid chains. It Will be appreciated that a similar 
protocol can be adopted if a single label is employed to label 
the oligonucleotide triphosphates employed in the reaction. 

[0108] Alternatively, if the oligonucleotide triphosphate 
terminators are labeled, again, tWo options exist. According 
to the ?rst option, 4N different labels are employed. In this 
case a single reaction mixture is prepared and a single lane 
can be employed for electrophoretic separation of the popu 
lation of nucleic acid chains. According to the second 
option, a single label is employed. In this case again 4N 
reaction mixtures are prepared and 4N lanes are employed 
for electrophoretic separation. 

[0109] Since 4N according to the present invention are at 
least 16 and further since instrumentation capable of 
uniquely detecting 16 unique labels is presently not avail 
able, according to a preferred embodiment of the present 
invention at least some of the unique labels are combinato 
rial labels. Fluorescent combinatorial labels have so far been 
successfully employed as chromosomal paints to label each 
of the 24 human male chromosomes by a unique identi?able 
paint and may therefore serve as unique labels according to 
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the present invention. For further detail regarding combina 
torial labels the reader is referred to US. Pat. No. 5,871,932, 
Which is incorporated herein by reference. 

[0110] In any case, the above-described sequencing pro 
tocols are advantageous because the number of bands to be 
read is reduced by a factor of N and resolution is increased 
as compared to conventional sequencing protocols. 

[0111] Systems of genetic-information transfer entail 
accurate transition betWeen tWo alternate sets of building 
block combinations. The information in the neW set is then 
processed by means that are not applicable to the original 
set. Information systems of DNA and RNA use four natural 
nucleotides displaying only tWo mutually exclusive patterns 
of interactions. Extending the number of information trans 
fer codes in nucleic acid polymers alloWs better Ways to 
decipher DNA and RNA sequences. The transfer of this 
information for deciphering and ampli?cation, mostly 
assisted by enZymes, is a major task in diagnostics and 
bioinformatics. 

[0112] The prior art teaches attempts to extend the genetic 
alphabet With nucleotide analogs presenting alternative pat 
tern of base-pair interactions (Benner, 1995; LutZ et al., 
1996; Benner et al., 1998; Kool, 1998; Kool et al, 2000; 
OgaWa et al., 2000), although these attempts did not provide 
the requisite speci?city for accurate information-transfer 
applications. Some of these prior art teachings are the 
subject of US. Pat. No. 5,432,272, Which is fully incorpo 
rated herein by reference. 

[0113] The present invention presents a novel approach for 
genetic-information processing based, for example, on the 
existing set of Watson-Crick recognition-pattern that is 
stretched out by simply linking tWo nucleotides in a roW. As 
a result, the coding capacity of nucleic acids is enhanced 
from 4 to 4N distinct combinations of information transfer 
units. Deciphering this information in the neW polymer may 
be enhanced by having unique chemical moiety(ies) on each 
oligomer that can be used to induce speci?c binding or 
catalytic activity. 
[0114] Thus, according to yet an additional aspect of the 
present invention, there is provided a method of better 
exploiting the information transfer capacity of a nucleic acid 
molecule, the method comprising the step of synthesiZing a 
complementary nucleic acid molecule employing oligo 
nucleotide triphosphates instead of, or in addition to, nucle 
otide triphosphates, as basic units for synthesis. 

[0115] Directed evolution systems that select for nucleic 
acid polymers With novel activities can extend their func 
tional repertoire by inclusion of nucleotide analogs With 
base or sugar modi?cations (Sakthivel & Barbas, 1998; 
TarasoW & Eaton, 1998). Permissive modi?cations of nucle 
otides are constrained by tWo main factors: organic chem 
istry means for synthesis of the nucleotides, and compat 
ibility of the analogs With enZymatic polymeriZation. Failure 
to comply With enZymatic polymeriZation can result from 
interference of base pairing in the template or of interactions 
With the polymerase. 

[0116] Using oligonucleotide triphosphates for polymer 
iZation overcome some of the above limitations. The addi 
tion of chemical groups in various base and sugar positions 
may be more suitable for polymeriZation, as base-pair inter 
actions betWeen the template and the incoming unit are more 
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stable. Unique to this system, the natural connecting phos 
phodiester-bond betWeen the tWo nucleosides is noW a novel 
site for modi?cations extending ?exibility and conforma 
tional space of the polymeric chain. Furthermore, the com 
plexity of polymers synthesized from 4N different nucleotide 
building blocks, is much higher than of polymers With a 
four-base code. For example, a 10-mer oligonucleotide of 
standard bases has about 106 distinct possibilities, While that 
of dimers contain about 1012 different combinations. 

[0117] In screening for novel lead compounds for drug 
development, and for polymeric biocatalysts, combinatorial 
libraries of nucleic acids generated through enZymatic 
ampli?cation and directed evolution are clearly superior 
over chemically synthesiZed libraries. The novel technology 
of the present invention further strengthens these 
approaches. The uncovered activity of template-dependent 
polymerases according to the present invention can serve to 
generate almost any complex nucleic acid molecule due to 
the very high complexity of the combinatorial approach. 

[0118] Thus, it enables the preparation of nucleic acid 
polymers having at least one functional group in at least one 
type of nucleotide at a pre-selected location of the polymer. 

[0119] This aspect of the present invention is readily 
achievable using functional groups in derivatiZed oligo 
nucleotide triphosphates. Consider, for example, using 
dinucleotide triphosphates and a modi?ed A. There are 7 
different dimers in Which Ais in a distinct sequence-context, 
and therefore one can use up to 7 different functional groups 
of A When polymeriZing With dimers. If trinucleotide triph 
osphates are used, a modi?ed A can resume any one of 37 
distinct trimers (see, for example, all the A-containing 
trimers in Table 1), and therefore one can use up to 37 
different functional groups of A When polymeriZing With 
trimers. If oligonucleotide triphosphates of N monomers are 
used, a modi?ed A can resume any one of 4N-3N distinct 
sequence-context positions and therefore one can use 4N-3N 
different functional groups When polymeriZing With of 
N-mer oligonucleotides. 

[0120] Furthermore, by using a mixture of tWo different 
analogs of the same type of nucleotide, the above-described 
complexity increases to 5N-3N. Therefore, a very large 
functional diversity can be introduced into a given sequence 
context of the template by using several different analogs of 
each nucleotide. 

[0121] Some of the applications that can be developed 
based on the neW technology are further described in the 
folloWing paragraphs. 
[0122] Nucleotide polymers With speci?c binding affinity 
or catalytic activity can be isolated from combinatorial 
libraries of polymers generated using the present invention. 
The libraries may be initially formed in the DNA sequences 
through mutations and shuf?ing by conventional means 
knoWn to those skilled in the art. The sequence diversity can 
then be translated to sequence combinations of distinct 
oligonucleotide building blocks, each containing a unique 
functional group. The functional polymers are thereafter 
generated by template-dependent synthesis using a poly 
merase and can replace proteins in in-vitro applications such 
as speci?c nucleases, or create novel catalysts that are 
useful, for example, in organic synthesis reactions. 
[0123] Large combinatorial libraries of nucleic acids have 
been ef?ciently utiliZed in screening of lead compounds for 
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developing bioactive compounds such as drugs (Desai et al., 
1994; Fauchere et al., 1998). The nucleic acid libraries 
generated from oligomeric units, according to the present 
invention, have, potentially, the highest level of complexity, 
Which maximiZe the diversity and increase the chances of 
?nding a certain bioactive compound, and are therefore 
more ef?cient for screening of lead bioactive compounds. 

[0124] Speci?c ligands such as oligonucleotides and anti 
bodies are used in chips for recognition and quantitation of 
DNA and protein molecules. Due to their higher complexity 
and large repertoire for generating speci?c ligands, the 
dinucleotide-based polymers may be used to rival the cur 
rent molecules in DNA and protein chips. 

[0125] In nanotechnology, self-assembled units need to 
form netWorks that manage information transfer and pro 
cessing events in molecular scale. Functional nucleic acid 
polymers embody the basic features for such networks: (a) 
self-assembly capacity for molecular netWork setup; (b) 
addressing-locating an information point in the netWork by 
speci?c recognition and af?nity; and (c) information pro 
cessing-catalytic potential to transfer molecular changes of 
speci?c components of the netWork. The oligonucleotide 
triphosphate system for nucleic acid polymer synthesis 
presented herein is the ?rst system to hold all such qualities 
in one molecule, and is therefore uniquely suited to function 
as the basis of future “molecular softWare” in nanotechnol 

[0126] Thus, according to yet an additional aspect of the 
present invention there is provided a method of better 
exploiting the information transfer and functional capacities 
of nucleic acid molecules for DNA chip technology and 
nanotechnology, the method comprising the step of contact 
ing a component selected from at least one nucleic acid 
template, at least one template-dependent polymerase, at 
least one nascent oligonucleotide-3‘-OH, at least one oligo 
nucleotide triphosphate and/or at least one oligonucleotide 
triphosphate analog, Wherein at least one of said components 
is attached onto a solid support used in a nanodevice or DNA 
chip, and Wherein said at least one template-dependent 
polymerase is active in incorporating said at least one 
oligonucleotide triphosphate and/or said at least one oligo 
nucleotide triphosphate analog onto said groWing 3‘-OH 
group of said nascent oligonucleotide-3‘-OH, so as to obtain 
a population of nucleic acid chains bound to the solid 
support, Which can be further manipulated by means as 
described above including, but not limited to, template 
dependent extension, template-dependent ampli?cation, 
detection of sequence alteration, and detection of nucleic 
acid sequences. 

[0127] The directed evolution approach revolutioniZed the 
?eld of nucleic acid and protein engineering. This approach 
is based on natural evolution strategies that link betWeen 
multiplication, diversity and ?tness. These strategies 
adopted in the directed evolution approach open enormous 
possibilities to engineer natural molecules in vitro, and to 
create de novo unnatural molecules that are useful for 

mankind (Stemmer, 1994; Zhao et al., 1998; Minshull & 
Stemmer, 1999). Methods and technologies for performing 
these tasks are therefore valuable. 

[0128] Thus, according to yet an additional aspect of the 
present invention there is provided a method of exploiting 
oligonucleotide triphosphates for engineering functional 
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nucleic acid polymers and polypeptides by directed evolu 
tion, the method comprising the steps of: (a) contacting in 
reaction vessels a nucleic acid template With a nascent 
oligonucleotide-3‘-OH, a template-dependent polymerase, 
and 4N oligonucleotide triphosphates, each including N 
monomers, Wherein N is an integer greater than 1, and 
Wherein at least one of said oligonucleotide triphosphates 
has a mismatch as compared to the template sequence, under 
conditions in Which the nascent oligonucleotide-3‘-OH 
hybridiZes With the nucleic acid template and the template 
dependent polymerase is active in incorporating said oligo 
nucleotide triphosphates and said at least one oligonucle 
otide triphosphate containing said mismatch onto a groWing 
3‘-OH group of the nascent oligonucleotide-3‘-OH, so as to 
obtain a population of nucleic acid chains each containing 
one or multiple mutations; and (b) amplifying said mutated 
population of nucleic acid chains and further shuf?ing, 
cloning and expressing them by methods knoWn in the art to 
create pools of degenerate nucleic acid sequences and of 
degenerate polypeptides; and (c) screening said pools for 
individual clones With desired properties, and then using the 
selected clones as precursors for additional cycles of degen 
eration and selection, as described above, until the selected 
molecules are optimiZed for the desired function. In this 
Way, the nucleic acid sequences and polypeptides are engi 
neered to acquire speci?c functional properties. 

[0129] Additional objects, advantages, and novel features 
of the present invention Will become apparent to one ordi 
narily skilled in the art upon examination of the folloWing 
examples, Which are not intended to be limiting. Addition 
ally, each of the various embodiments and aspects of the 
present invention as delineated above and as claimed in the 
claims section beloW ?nds experimental support in the 
folloWing examples. 

EXAMPLES 

[0130] Reference is noW made to the folloWing examples, 
Which together With the above descriptions illustrate the 
invention in a non-limiting fashion. 

[0131] Generally, the nomenclature used herein and the 
laboratory procedures in recombinant DNA technology 
described beloW are Well knoWn and commonly employed in 
the art. Standard techniques are used for cloning, DNA and 
RNA isolation, ampli?cation and puri?cation. Generally 
enZymatic reactions involving DNA ligase, DNA poly 
merase, restriction endonucleases and the like are performed 
according to the manufacturers’ speci?cations. These tech 
niques and various other techniques are generally performed 
according to Sambrook et al., (1989), Which is incorporated 
herein by reference. Nucleic acid chemistry is generally 
performed according to Gait, (1984), Which is incorporated 
herein by reference. All of the oligonucleotides used for the 
polymeriZation assays Were prepared by solid phase synthe 
sis, and further puri?ed by electrophoresis on Urea-PAGE. 
Other general references are provided throughout this docu 
ment. The procedures therein are believed to be Well knoWn 
in the art and are provided for the convenience of the reader. 
All the information contained therein is incorporated herein 
by reference. 
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Example 1 

Dinucleotide Triphosphate Preparation 
[0132] Thymidylyl-3‘-5‘-thymidine (TpT) dinucleotide 
Was synthesiZed in liquid by V. Bogachev and V. Silnikove, 
of the Novosibirsk Institute of Bioorganic Chemistry in 
Russia. TpT Was converted to the triphosphate form (TpT3p, 
SEQ ID NO:16; FIG. 2) in tWo steps. First, it Was phos 
phorylated to a 5‘-monophosphate form by phosphoryl chlo 
ride; then, the 5‘-phosphate group Was activated by N-me 
thylimidaZole and reacted With pyrophosphate 
(tributylammonium salt) forming the desired triphosphate 
(Bogachev, 1996). 
[0133] FolloWing this procedure, 15 mg of TpT-OH (27 
mmol) yielded 3 mg (3.8 mmol) of puri?ed TpT3p. The 
puri?ed dinucleotide Was analyZed by 31P-NMR (D20) 
recorded on a Bruker AC 250 spectrometer (Karlsruhe, 
Germany). 31P chemical shifts are reported in ppm relative 
to 80% phosphoric acid and are positive When doWn?eld 
from the reference. Spectra of four distinct peaks of the 
triphosphate TpT3p: delta=—10.32 (d, J=19 HZ, P-alpha.), 
—22.04 (t, J=19 HZ, P-beta.), —7.46 (d, J=19 HZ, P-gamma), 
and of the phosphodiester phosphate: delta=0.39 

Example 2 

Dinucleotide Triphosphate Puri?cation 

[0134] TpT3p Was puri?ed by tWo ion-exchange chroma 
tography steps: a EMD-DEAE (Merck) column using 0.01 
1.2 M LiCl gradient, and by Source 15Q PE column (Phar 
macia) using 0.2-1 M NaCl gradient, buffered With 25 mM 
triethylamine acetate, pH 4. The dinucleotide fractions Were 
further desalted on DEAE Sepharose (Merck) column eluted 
With IM triethylamine bicarbonate (TEAB), pH 8. After 
evaporation and removal of the TEAB, TpT3p Was con 
verted to lithium salt by precipitation With a solution of 6% 
LiClO4 in acetone. 

[0135] The chromatography conditions in Source 15Q PE 
column Were optimiZed so that the peak position of TpT3p 
Was clearly distinguished from that of dTTP. The peaks 
differ by 4 minutes using the above conditions at 1 ml/min, 
Which exclude the possibility that some contamination of 
dTTP may have been co-puri?ed With the TpT3p and 
included in the polymeriZation assay. This result demon 
strates the practical availability of highly puri?ed dinucle 
otide triphosphates. 

[0136] Paper chromatography (PEI Cellulose F, Merck) of 
phosphorylated nucleotides Was developed With 1 M LiCl, 
and visualiZed as described (LudWig, 1981). 

Example 3 

PolymeriZation Assay-Methods 
[0137] Oligonucleotides (Table 2) used for the polymer 
iZation assay Were puri?ed by electrophoresis on Urea 
PAGE. For the polymeriZation assay, a truncated version of 
Taq DNA polymerase (543 amino acids of the C-terminus 
part), Was cloned in the pTTQ vector (Stark, 1987), and 
expressed (in E. coli JM109) and puri?ed as described 
(LaWyer et al., 1993). 










































