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WHAT IS CLAI MED I S:
1. A method for nucleic acid synthesis and
regeneration of a reusable initiator for sueh—the

nucleic acid synthesis, the nethod conprising:

exposing an initiator attached to a solid support

for the nucleic acid synthesis to a |I|inking

nucl eotide in the presence of a polynmerase, so that
the linking nucleotide 1is incorporated to the
initiator, the |linking nucleotide having a substrate
base, a substrate sugar, and a 3 hydroxyl group;

exposing the initiator containing the 1inking
nucl eoti de to nucl eotide monomers in the presence of
t he pol ymerase, so that a nucleic acid is synthesized
and is coupled to the initiator right after the
I i nki ng nucl eoti de;

provi ding a mono-functional DNA glycosyl ase, the
linking nucleotide with the substrate base being
recogni zabl e and exci sabl e by the nmono-functi onal DNA
gl ycosyl ase;

subjecting the substrate base to an excision
treatment with the mono-functional DNA glycosyl ase,
so that the substrate base is excised by the nono-
functional DNA glycosylase to generate an abasic site;

providing an abasic site endonuclease, t he
resulting abasic site being recognizable and the
substrate sugar being cleavable by the abasic site

endonucl ease;
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subjecting the abasic site to a cleavage
treatment with the abasic site endonucl ease, so that
t he substrate sugar and the backbone of the nucleic
acid at the abasic site are both cleaved to rel ease
the nucleic acid fromthe initiator, so that a 3’ -
term nal nucleotide of the initiator has a 3
phosphat e group, and so that a 5 -term nal nucl eotide
of the synthesized nucleic acid has a 5 phosphate
group;

providing a 3 phosphatase activity-possessing
enzyme; and

subjecting the 3 -term nal nucleotide of the
initiator to a dephosphorylation treatnment with the
3’ phosphatase activity-possessing enzyne, so that
t he 3" phosphate group of the 3 -term nal nucl eotide
of the initiator is converted back to the original

3’ hydroxyl group.

132. A nmethod of regenerating a reusable initiator

for nucleic acid synthesis, the method conpri sing:

providing a nono-functional DNA glycosyl ase;

providing an initiator for the nucleic acid

synthesis and a synthesized nucleic acid, t he

initiator being attached to a solid support, the

synt hesi zed nucl ei ¢ acid bei ng linked to the

initiator right after a linking nucleotide having a

substrate base and a substrate sugar, the I|inking
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nucl eotide with the substrate base bei ng recogni zabl e

and exci sabl e by the nono-functi onal DNA gl ycosyl ase;

subjecting the substrate base to an excision

treatment with the npno-functional DNA gl ycosyl ase,

so that the substrate base is excised by the npno-

functional DNA gl ycosyl ase to generate an abasic site;

providing an abasic site endonucl ease, t he

resulting abasic site being recognizable and the

substrate sugar being cleavable by the abasic site

endonucl ease;

subjecting the abasic site to a cleavage

treatment with the abasic site endonucl ease, so that

the substrate sugar and the backbone of the nucleic

acid at the abasic site are both cleaved to rel ease

t he synthesized nucleic acid fromthe initiator, so

that a 3'-term nal nucleotide of the initiator has a

3’ phosphate group, and so that a 5'-term nal

nucl eoti de of the synthesized nucleic acid has a 5’

phosphat e group;

providing a 3 phosphatase activity-possessing

enzyne; and

subjecting the 3 -term nal nucl eotide of the

initiator to a dephosphorylation treatnent with the

3’ phosphatase activity-possessing enzyne, so that

the 3 phosphate group of the 3'-term nal nucl eotide

of the initiator is converted back to an original 3’

hydr oxyl group.
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223. A method of synthesizing a nucleic acid, the
met hod compri si ng—the—feollowingsteps—of:

ar—providing an initiator attached to a solid

support, wherern-the initiator +s—being coupled with

a linking nucleotide having a substrate base, a

substrate sugar, and a 3 hydroxyl group;

by —=exposing the initiator coupled with the

linking nucleotide to nucleotide mpnoners in the

presence of a polynerase, so that the nucleic acid

is synthesized and coupled to the initiator by

reacti ng one of the nucl eotide nononers with the 3’

hydr oxyl group of the |linking nucl eotide;

e —subjecting the substrate base to an exci sion

treatment with a nmono-functi onal DNA gl ycosyl ase, so

that the substrate base is excised by the nmono-

functi onal DNA gl ycosyl ase to generate an abasic site;

é—=subjecting the abasic site to a cleavage

treatment with an abasic site endonucl ease, so that

the substrate sugar and a—sugar—phosphate—the

backbone of the nucleic acid at the abasic site are

both cleaved to release the nucleic acid from the

initiator, thereby formng a 3' phosphate group at a

3'-term nal nucleotide of the initiator; and

e)—subjecting the 3 -term nal nucl eotide having

the 3’ phosphate group to a dephosphoryl ation

treatment with a 3° phosphatase activity-possessing
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enzyme, so that a hydroxyl qgroup is fornmed at the

3'-term nal nucleotide to regenerate the initiator.

364. A nethod of regenerating an initiator for

nucleic acid synthesis, the nethod conprisi ng—the
fol-l owing—steps—of:

a—providing an initiator attached to a solid

support, wherein-the initiator +s—being coupled with

a linking nucleotide and a prewly—synt hesi zed nucl ei c

acid:, and the |linking nucleotide hasving a substrate

base and a substrate sugar;

by —subjecting the substrate base to an exci sion

treatment with a nmono-functi onal DNA gl ycosyl ase, so

that the substrate base is excised by the nono-

functional DNA gl ycosyl ase to generate an abasic site;

e} —subjecting the abasic site to a cleavage

treatment with an abasic site endonucl ease, so that

the substrate sugar and a—sugar—phesphate—the

backbone of the nucleic acid at the abasic site are

both cl eaved to rel ease the pewly—synt hesi zed nucl ei ¢

acid from the initiator, thereby formng a 3

phosphate group at a 3'-term nal nucleotide of the

initiator; and

é—subjecting the 3 -term nal nucl eotide having

the 3’ phosphate ogroup to a dephosphoryl ation

treatment with a 3° phosphatase activity-possessing

enzyne, so that am hydroxyl group is fornmed at the
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3 ' -term nal nucleotide to regenerate the initiator

for being reused for further nucleic acid synthesis.

25. The method according to any one of Claims 1 to

4, wherein the nono-functional DNA glycosylase is
selected from the group consisting of uracil-DNA
gl ycosyl ase, al kyl adeni ne DNA gl ycosyl ase, single-
strand-sel ective nmonof uncti onal uraci | DNA
gl ycosyl ase 1, nethyl-binding domain glycosylase 4,
t hym ne DNA gl ycosyl ase, mutY honol og DNA gl ycosyl ase,
al kyl purine glycosylase C, al kyl purine glycosylase D
8- oxo- guani ne gl ycosylase 1 wit hout abasic site | yase
activity, endonuclease Ill-like 1 without abasic site
| yase activity, endonucl ease VIII-like glycosylase 1
wi t hout abasic site |yase activity, endonuclease
VITl-1ike glycosylase 2 wthout abasic site |yase
activity, endonucl ease VIII-like glycosylase 3

wi t hout abasic site |yase activity, and enzymatically

active fragnments thereof.

36. The nmethod according to Claim 25, wherein the

mono-functional DNA gl ycosylase is one of uracil-DNA

gl ycosyl ase and al kyl adeni ne DNA gl ycosyl ase.

47. The method according to any one of Clainmns 1 to

4Cai-m—31, wherein the abasic site endonuclease is

selected from the group consisting of endonucl ease
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VIIl, endonuclease 111, and enzymatically active

fragments thereof.

58. The nmethod according to Claim 47, wherein the

abasic site endonucl ease is endonucl ease VIII.

69. The nmethod according to any one of Clains 1 to

4Caim—%, wherein the 3 phosphatase activity-

possessing enzyne is selected from the group
consi sting of a polynucl eotide kinase 3'-phosphat ase,
a 3 -phosphoesterase, and enzymatically active

fragments thereof.

#10. The method according to Claim 69, wherein the
3’ phosphat ase activity-possessing enzyme IS
sel ect ed from the group consi sting of T4
pol ynucl eoti de kinase with 3 phosphatase activity

and zinc finger DNA 3’ -phosphoesterase.

811. The nmethod according to any one of Clains 1 to

4Cai-m-1, wherein the substrate base of the |inking

nucl eotide is selected fromthe group consisting of
uracil, hypoxant hine, thym ne, cytosine, guanine, 5-
fluorouracil, 5- hydr oxymet hyl uraci |, 5-
fornmyl cyt osi ne, 5-carboxylcytosine, 3-methyl adeni ne,
3-met hyl guani ne, 7-methyl adeni ne, 7-nethyl guani ne,

Né- met hyl adeni ne, 8- oxo- 7, 8-di hydr oguani ne, 5-



10

15

20

25

Y DBL-0006WOSG 55

hydr oxyl cyt osi ne, 5- hydr oxyl uracil

di hydr oxyuraci l, et henocyt osi ne, et henoadeni ne,
thym ne glycol, cytosine glycol, 2,6-diam no-4-
hydr oxy-5- N- met hyl f or mam dopyri m d-i ne, a
formam dopyri m di ne derivative of adeni ne, a
formam dopyri m di ne derivative of guanine, adenine
opposite guanine, wuracil opposite guanine, wuracil
opposite adeni ne, t hym ne opposite guani ne,
et henocyt osi ne opposite guani ne, adeni ne opposite 8-
0Xxo0- 7, 8-di hydroguani ne, and 2- hydr oxyl adeni ne

opposi te guani ne.

912. The nmethod according to Claim &8l1, wherein the
substrate base of the linking nucleotide is one of

uraci | and hypoxant hi ne.

3113. The nmet hod according to Claimz223 or 4, wherein

the substrate base is wuracil, thereby formng

deoxyuri di ne.

3214. The nmet hod according to Claimz223 or 4, wherein

the substrate base is hypoxanthine, thereby formng

deoxyi nosi ne.

1015. The nmethod according to any one of Clains 1 to

4Cai-m—%, wherein the initiator, the synthesized

nucl eic acid, and the |inking nucleotide are each in
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one of a tenplate-independent form and a tenpl ate-

dependent form

1116. The method according to Claim 1l or 3, wherein
t he polynerase is selected fromthe group consisting
of a famly-A DNA polynmerase, a famly-B DNA
pol ynerase, a fam | y-C DNA pol ymerase, a fam |y-D DNA
pol ynerase, a fam | y-X DNA pol ymerase, a fam |y-Y DNA
pol ynmer ase, a reverse transcri ptase, and

enzymatically active fragments thereof.

1217. A kit for nucleic acid synthesis and

regeneration of a reusable nucleic acid for sueh-the

nucleic acid synthesis, the kit conprising:

a polymerase and a linking nucleotide for the
nucl ei ¢ acid synthesis;

a mono-functional DNA gl ycosyl ase;

an abasic site endonucl ease; and

a 3' phosphatase activity-possessing enzyme;,

wherein the kit is used according to a-the nmethod
as—desecribed—+n—of Claiml.
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3518. A kit for synthesizing a nucleic acid, the kit
20 conpri sing:
a pol yner ase;
an initiator attached to a solid support;
a nmono-functional DNA glycosyl ase;
an abasic site endonucl ease; and
‘25 a 3' phosphatase activity-possessing enzyme;,

wherein the kit is used according to the nethod

‘ of Cl ai m 223.
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tenpl at e- dependent fTorm

4819. A kit for regenerating an initiator for nucleic
acid synthesis, the kit conprising:
an initiator attached to a solid support;
a mono-functional DNA gl ycosyl ase;
an abasic site endonucl ease; and
a 3' phosphatase activity-possessing enzyme;,
wherein the kit is used according to the nethod

of Cl ai m 364.



