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METHQOD AND KIT FOR REGENERATING REUSABLE INITIATORS FOR

NUCLEIC ACID SYNTHESIS

CROSS-REFERENCE TO RELATED APPLICATION

This application claims priority of U.S. Pate

- - e

Application No. 17/128,6¢77, filed on December 21, 2020,

(]

the entire content of which is incorporated herein by

nce.
FIELD
The disclosure relates to a method and a kit for
10 regenerating reusable initiators for nucleic acid

synthesis by virtue of enzymes.

[

BACKGROUND
DNA svnthesis methods, including

template-dependent and tenplate-independent DNA

15 synthesis methods, require an initiator

polynuclieotide) that serves as a primer f

additicns. However, after DNA synthesis, such an
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initiator is neormally not

Therefore, a new initiator is required for each round

5

20 of new DNA synthesis, increasing the « duction

nthesis

cost Therecof and rendering such

synthesis process, thers is a need to develop a novel

25 apprecach teo synthesize DNA and zrender a reusable

initiator for new synthesis.
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SUMMARY
Therefore, an object of the discleosure is to provide

a method and a kit for nucleic acid synthesis and

or zuch synthesis,

5 which can alleviate at least one of the drawbacks of
the prior art.

Such method includes:

)

id support

I3

for nucleic acid synthesis to a linking nucleotids

16 in the presence of a sc that the linking

is incox

linking nuclieotide having a

subst

exposing the initiator containing the linking

15 nucleotide to nucleotide monomers in presence

of the polymerase, so that a nucleic acid is

and is coupled to the initiator right

20 linking nucleotide with the substrate base being

recognizable tcisable by th D

DNA glycosy &

the substrate base to an excision

treatment with the mono-functional DNA glvcosylase,

[N~
W
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providing an abkasic site endonucliease,

racognizable and the

resulting abasic

he abasic site

e abas:

the substrate sugar and the backbone of the nucleic

+

the abasic zite are bhoth cleaved to

the newly synthesized nucleic acid from the

16 initiator, so that a 37 -terminal nuclectide of the

<

ide of the

rhosphate group:

vroviding a 3' phosphatase activityv-possessing

subiecting the 37 -terminal nucleotide of the
initiator to & dephosphorylation treatment with the

seszling enzyme, so that

rminal auclectide

20 of the initiator is converted back to the original

initiator te be reusable

hydroxyl group for

Fh

or a new round of syathe

The kit inciudes a polyn

a mono-—functiconal DNA glivco
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enzyme. is used according to the aforesaid

method.
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Another object of the disclosure is to provide a

- regenerating a reusable initiator for nucleic

te at least one of the

can allevia

3 Such methced includes:
providing a mono~-functional DNA glycosylase;

providing an initiator and a newly synthesized

nucleic initiator being linked

support, the newly synthesized nucleic

16 linked to the initiator right after a linking

l

ving a substrate base and a substrate
sugar, the linking nucleotide with the substrate

base being recognizable and excisable by the

mono-functional DNA glvcosviase;

the substrate base to an excision

treatment with the mono-functional DNA glvcosylase,

1 }

so that the substrate base 1is excised by the

mono-functional DNA = tc generatse an

20 vroviding an abasic site endonucliease, the

resulting

v

fs

[wd
{

SUOSTYa

andonucliease;

subjecting the abasic site to a cleavage

o}

(R

]
W

treatment with the abasic site endonuclease, so that

substrate sugar and the backbone of the nucleic

acid at the abasic gsite are both cleaved to release
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newly synthesized nucleic acid from the
initiator, so that a 3’ -terminal nucleotide of the

initiator leaves a 3’ phosphate group, and so that

D

rrainal nu newly synthesized

3 nucleic acid has group;

providing a 3' phosphatase activity-possessing

initiator to a dephosphorylation treatment with the

16 3" phosphatase activity-possessing enzyme, so that

phosphate group of the 37 ~terminal nu

of the initiator 1is converted back to an original
hydroxyl group for the initiator to be reusable
for a new round of synthesis reaction.
15 BRIEYF DESCRIPTION OF THE DRAWINGS
Cther features and advantages of the disclosure will
become apparent in the following detailed description

“erence to the accompanying

embodiments with re

drawings, of which:

26 FIC

e Y

synthesis and

to its original form as

appliied in Example 1, infra, in which the symbol ™U”
represents a linking deoxyuridine, the szymbol N7
23 represents an incorporated nucleoside monomer,

symbol “UDG” represents uwracil-DNA glvcecosyvliase, *tr

._.
{

symbol “Nei” represents endonuclease VIII, and

ot
g
o
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symbol “T'4 PNKP” repressnts T4 polynucleotide kinase

with 37 phosphatase activity;

FIG. 2 is a fluorescent image of vrea-polvacrylamide

showing the Ltlity of template-independent

5 nucleic acid synthesis validated in Example 1, infra;

FIG. 3is a fluorescent image of urea-po

gel showing results of amplie 1, ianfra, in which the

1 LT NWaxid
DO L o

a polynucleotide contair

initiator and a newly synthesized nucleic acid with a
16 linking deoxyuridine, the symbol “U” represents a

treatment with UDG

treatment with

treatments with UDG and Nei, and the symbol “U+N+P”

represents treatments with UDG, Nei, and T4

15 FIG. 4 is a schematic diagram illustrating

template-independent nucleic acid synthesis and

reversion of an initiator to its original form as

appilied in Example 2, infra, in which the symbol ™I7

o
T
w0
[s
b
s
]
o
s
o

1o}

|

epr

0]
i

sen’ deoxyinosine, tThe symbol Y“N”

20 represents an incorporated nucleoside monomer, the

mhol “AAGY enine DNA glycosylase,

and the

symbol “T4 PNKP” represents T4 polynucleotide kinase
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escent image of urea-polyacrylami

gel showing the feasibility of template-independent

nuclieic acid synthesis validated in Example 2, infra;
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FIL5. 6 is a flucresce

acrylamide

gel showing results of Example 2, infra, in which the
s el e 7 ¥

1 "8” represents a polvnucleotide cont

ning an

initiator and a newly synthesized nucleic acid with a

<l

]
®
=
s
]

5 linking deoxyvinosine, the symbol “A” repres

AR NE4

treatment with AAG only, the symbol “N” represents a

treatment with Nei only, the symbol “A+N” represents

el, and the symbol “A+N+P~

[

epresents treatments with AAG, Nei, and T4 PNKP;
16 FIG. 7 is a schematic diagram illustrating

late~dependent nucleic acid synthesis and

il

reversion of an initiator to its original £o

K

U
b

1

appiled in Example 3, infre, in which the symbol “U”

represents a linking deoxvuridine, the symbol °N”

15 represents a nucleoside, the symbol “UDG” represents

uracii-DNA glvcosylase, the symbol “Nei” represents

endonuciease VIII, and the symbol “T4 PNKP” represents

Lth 37

T4 polynucleoti

FIG. 8 ig a fluorescent image of

20 results of ie 3, infra, in which the
ng represents a duplex poclynucleotide

zed nucleic

g an initiator and a newly synthes

decozyuridine, the symbol “U”

represents a Lreatment with UDG only, the symbol “N

[N~
W
b

epr xnts a treatment with Neil only, the symbol “WU+N”

0]
n
®

N

represents treatments with UDG and Nei, and the symbol

™

“U+NA+RY represents treatments with UDG, Nei, and T4
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D .
NKP;

FIG. 9 1s a schematic diagram i1liustrating

.

template~-dependent nucleic acid synthesis and

an initiastecr to its criginel foxrm as

3 &

o

plied in Example 4, infra, in which the symbol “I”

represents a linking deoxyvinosine, the symbol »N”

represents an incorporated nucleoside monomer, the

it
o1}

A glycosylase,

O]
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sents endonuclease VIII, and the

16 symbo pelynucliecotide kinase

scent image of
vacrylamide gel showing results of Example 4,
ra, 1in which the symbol ™8 represents a dup
15 polynucleotide containing an initiator and a newly

synthesized nucleic acid with a linking deozyinosine,

the symbol “"A"” represents a treatment with ARG only,

A

the symbol “N” represents

W

treatment with Nel only,

6l

the symbol "A+N" represents treatments with AAG and N

20 and the symbol “A+N+P” represents treatments with AAG
Nei, and T4 PNKP.
DETAILED DESCRIPTION
It is to be understood that, i1f any prior art

n igs referred to herein, such reference does

publiicati

not constitute an admission that the publica

[N~
W

a part of the common general knowledge in the art, in

Taiwan or any other country.
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purpose of this specification, it wiill he

cilearliy understood that the word “comprising”

including but neot limited to”, and that the word

a corraspondling mean

5 Unless defined otherwise, ail
scientific terms used herein have the meaning commonly
in the art to which the

=Nt

)
o

belongs. Cne skilled in the art will

recognize many methods and materials similar or equivalent
10 to those described herein, which c¢ould be used in the

practice of the present disclosure. Indeed, the present

disclcosure is in no wa
described.
The present disclosure provides a method for nucleic

able initiatox

¢

15 acid synthesis and regeneration of a reu

for such synthesis, which includes:

Ltator attached to a solid support

for nuclieic acid sy 23ls to a |

26 nucleotide 1s incorporated to the initiator, the

pase, a

ezposing the initiator containing tl

-

nucleotide to nucleotide monomers in the

a nuclieic acid is
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synthesized and is coupled to the initiator right

after the linking nucleotide;
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providing a mono-functional DNA glycosylase,

-

linking nucleotide with the substrate base being

recognizable and excisable by the mono-functional

5 subjecting the substrate base to an excision
treatment with the mono~functional DNA glycosyliase,

so that the substrate base is excised from the

mono-functione

to ge an abasic site;
16 providing an abasic site endonucle

resulting abasic site heing recognizable and the

sub ate 81 being cleavable by the abasic site

¢

endonucliease;
subjecting the abasic site to a c¢leavage

15 treatment with the abasic gsite endonuclisase, so that
the substrate sugar and the backbone of the nucleic
acid at the abasic site are both cleaved to release

nucledc acid from the

inal nuclectide of the

26 initiator leaves a 37 phosphate group, and so that
i piv) I4

Fr-terminal nucleo

st}

acid has a 5’ phosphate group:

providing a 37

atase activity-possessing

C

enzyme; and

~erminal nucleotide of the

]
W

subijecting the
initiator to a dephosphorylation treatment with the

37 phosphatase activity-possessing enzyme, so that
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yminal nuclectide
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of the initiator is converted back to the origir

3" hydroxyl group for the initiator to be reusable

round of reactilon.

3 According to the present disclosure, the excision
treatment, the cleavage treatment, and the

dephosphoryvliation treatment may be conducted

nucleic acid sequence”,

16 and “nucleic acid fragment” as used herein refer to a

form, and comprise

naturally occurring nucleotides or artificial chemical

mimics. The term “nucleic acid” as used herxrein is

g N

15 interchangeable with the terms “oligeonuclectide”,

Iz AN i WTYNT A FY

leotide”, gene’, DNA™, “gDNAY, “™RNA”, and

' “indtiator” refers to a mononucleoside,

amononucleotide, an oligeonucleotide, a polynucleotide,

[y

20 or modified analogs thereof, from which a nucleic acid

alsc

sized. The

to a Xeno nucleic acid (XNA} or a

i TN AN ¥ sy 5 3 H -~
acid {(PNA} ng a 3" -hydroxyl group

]
W

or hybridized
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to form a duplex

o]

tor may have sequence selected from

5 a non-self complementary seguence and & non-self
complementarity forming seguence. The term “self
complementary” means that a seguence (e.g. a nuclecotide

on itself

fol

sequence,

saquence
{i.e. a region of the seguence binds or hybridizes to

16 ancther

=

egion of the sequence), creating a duplex,

double~strand like structure which

late for nucleic acid synthesis. D
close together the complementary regions of the

sequence are, the strandmay form, for instance, hairpin
15 loops, Junctions, bulges or internal loops. The term

self complementarity forming” is used to describe a

sequence (e.g. a nucleotide sequence, a XNA, or a PNA

1

equence) from which a complenentary extended pox

is formed when such sequence serves as a templats

26

o

namely, a seif-comp

as a templ

on such se

]

the se

yrming se

When the “ATCC” sequence serves
extended portion “GGAT” complementary to such seguence

i

{i.2. aself-complementary

]
W

is formed from such seguences

sequence “ATCCGGAT” is formed).

Generally, a “template” is a polynucieotide that
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W

containg the targst nucleotide sequence. In some

in

W e

stance vence”, template

3, the terms “target s

polynucleotide”, “target nucleic acid”, target

colynucieotide”, nucl

57 AN
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sequence’, and variations thereof, are uzed

interchangeably. Specifi

=

comple

fers to & strand of

copy

w
)
w

93
5

nucleotide analogs through the activity of a

template~dependent nucleic acid polymerase. Within a

duplec

non

the “top

the “bottom” strand. Similarly, the

Ie
[

nd is often depicted and described as
3 \\;;;

strand. The “template” strand may alsc be

the “sense’” strand, and the non-template

trand as the “antisense’” strand.

of

the initiator and a 5’ -fterminal nuclectide of the

synthesized nucl

at

tached to the

upport via a linker.

Examples of the solid support include, but are not

limited to, microarrays, beads {coated ocr non-coated),

columns, optical fibers, wipes, nitrocelluloeose, nylon,

g

[

ass, guartz, diazotized membranes {(paper or nylon),

&
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celliulose

metallcoids,

als,

magnetic

hylene, polyprop

[
%]
jor
9]
—
=3
o
9]
o]
I
o
(w3
[
}.
.
j»3
)

{e.g., gelatins), lipopolysacche

o}
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e
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-

mides, methylmethracrylate

porous polymer Thydrogels,
nanostructured surfaces,; nanotubes {such as carbon

10 nanotubes

~——

; and nanoparticles (such as gold

nanoparticles or guantum dots)

According to the present disclosure, depending on
the form of the initiator, the synthesized nucleic acid

1

and the linking nuclectide may each be in

ol

T

15 ter

slate~independent form or a template-depsndent
form.
As used herein, the term ‘“incorporated” or

of a nucleilc

terminology

20 regarding incorporation of nucleic acid precursors.

For example, the nucl de aGTP is a

deocxyribonucleoside triphosphate. Upon

into DNA, dGTP becomes dGMPE, that is, a deoxvguanoesine

monophosphate moiety. Although DNA does not include

[N~
W

one may say tl

into DNA.

According to the present disclosure, the
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nucleotide moncmers may

nuocleotide whose constituent elements are a sugar, a

]

phosphate group and a nitrogen base. The sugar may b
ribose in RNA or Z2'-deoxyribose in DNA. Depending on

3 whether the nucleic acid to be synthesized is DNA cor

I
—
r
-
—
-
1
~

RNA, the nitroge

v~<

1bhase 1s selected fromadenine, gua

uracil, c¢vitosine and thymine. Alternatively, the

may ke a
modified in at least one of the three constituent
16 elements. By wav of example, the modification can take

. the laevel

1

rlace ¢

4

product (such as dinosine, methyl- jeoxveyvitidine,
decxyuridine, dimethylamino-b-deoxyuridine,
diamino-2, 6-purine or bromo-b-deoxyuridine, and any

15 other modified base which permits hyl

’

the level of the sugar (£
deoxyvribose by an anal«

phosphate

~—
P

alkylphosphor orothicate derivatives

43}

20 According to the present disclosure, the
woval:le blocking molety.

¢ blocking moiety incliude, but

3'-0-blocki

1g moiet Yy a Lase

blocking meoiety, and a combination thereof.

]
W

The nucleoctide monomer having a removable blocking

molety is alszso referred to as a reversible termin

Therefore, the nucleotide monomex having the
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cking molety ig also referred to azs 37 ~blaocked

reversible terminator or a 37 -0O-modi > reversible

terminator, and the nucleotide monomer having a base
blocking moiety is also referred to as a 3’ -unkblocked
5 reversible terminator or a 37 -0H unblocksed reversible

terminator.

As used herein, the term

ly modifie

When such a reversible terminat

16 a growing nucleic acid by a poly

rporation of another nucleotide monoms

Such "reversible terminator®™ base and

9}
=

& nucleic acid can be deprotected by chemical
rhysical treatment, and following such deprotection,
15 the nucleic acid can be further extended by a

polymerase.

Examples of the 3'-0-blocking moiety include, but

are not limited to, domethyi, C-amino, C-ailyl,

O-methoxyacetyl, O-acetvl,

26 O—-{p-toluene)sulfconate, O-phosphate, O-nitrate,
O=[4-methoxyl~tetrahydrothiopyranyli, O~

1=

tetrahydrothiopyranyl, O=[5-methy

tetrahydrofuranyl, C-{Z-methyl,4-methoxzy] -

tetrahydropyranyl, O-i{S-methyl]-~tetrahydrepyranyl,

25 and O-tetrahvdrothiofuranyl, 2-nitrobe:

O-methyi, and C-acyl.

o

Examples of the 3'~unblocked reversible
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P
=

terminators include, but ar

propyloxylmethyl-7-deaza-dATrE,

2-nitrophenyl) -2, 2-dimethyl-propyloxylnet

5 1-{5-methoxy=~2~nitrcocphenyl)~2, 2~-dimethyl-propyloxy

N

methyi-7-deaza~-dGTP, S5-1(8)~1-{(5~-methoxy~-2~

nitrophen-vl1)-2,2-dimethvi-propyloxyimethyl1-dUTP,

and S-0{8)~1~{(2~nitropl 2-dimethyl-

1y 1)

16 According to the present disclosure, the base

be a reversible dye-tfterminator.

Fxamples of the reversible dve~-terminator include, but

(

are not limited to, a dve-terminator of
ITilumina NovaSeqg, & zreversible dye-terminator of

15 ITilu

ina NextSeq, a reversible dye-terminator of

o

Iilumina MiSeqg, & reversible dye-t

Tilumina HiSeq, & reversible dye-terminator of

Genome Analyzer IIX, a lightning termi

and 8 reversible dye~terminator of Helicos

20 Ricsciences Hel

known to

Since the inators are wall

and commenly used by those skilled in the art,
details of the same are omitted herein for the sake of

brevity. Nevertheless, appli

[\
Wi
i
<S
D]
1=
]
-
C
-
(44

terminators, applicable 37 -unblocked
reversible terminators, and applicable conditions for

protection and deprotection (i.e. conditicns for
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adding and eliminating the removabl
can be found in, for example, Gardner e

present

ate~-de

pende

16

PCT/US2021/064298

Pol I, Pol vy, 9, and v}, a fanily-B DNA polymerase {(&.9.
Pol II, Pol B, Pol 7, Pol o, &, and ¢}, a family-C DNA
15 polymerase (e.qg. Pol I11), a family~-D DNA polymerase
{e.g. Polb), a famil A DNA peolymerase {(e.g. Pol B, Pol
s, Pol XA, Pol u, and terminal deoxynucleotidyl
transferase), a family-Y DNA polymeras { Pol i,
Pol x, Pol n, DinB Pol IV, and Pol V), a revarse
20 transcriptase {e.g. telomerase and hepatitis B virus),

tive fragments

examples of wi

as

polymerases

rase of the

polyme

phage T7 and

235 phage T3 which are DNA-dependent
ENA polymerase of the phage T7 and T3 RNA

of the phage T3 which are DNA-dependent

RNA poly

d T3 DNA polymerase of the

nerazses;
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polymarase I or its fragmsnt known as Klenow

-

fragment of Escherichis

/]

coli which is a DNA~dependent

V]

DNA polymerase, Thermophilus aguaticus DNA

Tth DNA polymer

e and vent DNA polymerase,

]

3 thermostable DNA~dependent DNA polymerases,

eukaryotic DNA polymerase B, which is a DNA-dependent

DNA polymerase, telomerase which is a RNA-dependent DNA

1~protein o<

ibozymes; Unrau & Bartel, 19328) and
16 DNA with template-dependent polymerase activity.

Non-limiting &

rolym include

mu (), and transferas

15 Since nucleic acid

synthesis, linking nucleotide addition, and nucleic

synthesis are within the expertise and routine

9]
9]
i
[0}
951

of those skill in the art, further

thereof are omitted herein for the sake of

26 As used herein, the term “mono-functicnal DNA

5 o7 7

gilycosylase refers to naturally

mono-functi

originaily have only

glycosy

“mono-functional DNA

V
<
!,..j
o3}
92
[0l
o
]
o
,_J "
<
}.J -
[
=
=3
jog
®
P
0]
H
o

also refers to mono-functional

that are derived from bi-functional DNA

[N~
j=
S
} a4
9]
o}
i
<
!...v
o)
W
6]
9]

glveosyvliases originally having glycosylase activity

and &abasic-site lyase a&activity by removing or

v
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3 the group consisting of uracil-DNA glvcosylase {UDG or

ENTAR! -1
UNG), &l

cyladenine DNA glycosylase {AAG; also referred

to as methylpurine DNA glycosylase (MPG) ),

domain

16 g P

P
(TDG)

i

site lyase activity, endonuclease III-like 1 (NTHLIL)

lyase activity, endonucle

20 the abasic site lyase activity, and enzymaticaily

active fragme

Since remov

of bi-functional DNA glycosylases to

obtain mono-functional glycosylases are within the

]
W

expertise and routine skill of those skilled in the axrt,
details therecof are omitited herein for the sake of

brevity.
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3 more preferably at least 30%, even more preferably at

-

preferably at lea

preferably at least 50%, or even more preferably at

16 least 95% of activity of the protein ocr polypeptide from

15 embodiment of the present disclosure, the
mono-functional DNA glycosylase is alkyladenine DNA

giycosylase.

“abaszic”, Mapurinic

interchangeably use

<

20 at which the base isnot present, but the sugaxr phosphate

backkbon

intact. Therefo

iso known as apu

endonucleass

ite endonuclease.

According to the present disclosure, the abasic

]
W

site endonuclease may be szelected from the group

consisting of endonuclease VIII {(Nei), e

)
r
]
-
)
‘:\
o
:
o
=
¢
?.
‘
(
o
193]
>

tive

)

IIT (EndeXIII oxr Nth}, and enzymatically a
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fragments therecf. In an exemplary embodiment, !

abasic site endonuc is endonuclease VIIIL.

€]

According to the present disclosure, the 37

o3

3'-phosphatase

enzymatically

rhos

ase activity-possessing enzyme may be T4
polynucleotide kinase (PNX) with 37 phosphatase

10 activity ({also <referred ftTo as T4 polynucleotide

(T4 PNKP)}, as well as

Since the applicable 3 chosphatase

ctivity-possessing enzymes are within the expertise

o

15 and routine

detailils thereof are omitted herein for
37 phosphatase

found in, for

20 280 (7)) :5188-51%24, Dobson et al. (2006), Nucieic Acids

Molecular Biclogy, €:69, Coguelle et al. (2011), PNAS,

276 (18):15703-15781, and the NCBI website

[\
W
—
o
+
ot
T
i
~

Jwww.ncbil.nlm.nih.gov/gene?Db=gene&Cmd=Data

iis8earch&Term=11284#general-protein~info).

-
-

According to the present disclosure, the substrate
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coupled to the initiatox

may be selected from the group consisting of uracil,

hypozanthine, ymine, cyvtosine, guanine,

d

Tluorouracil, Hh-hydrexymethyluracil,
3 S5~formylcytosine, S5-carboxyicytosine,
3-methyviadenine, 2-methyvliguanine, 7-methyladenine,
7-methyiguanine, Né-methyladenine,

1y

cytosine,

S5-hydroxvyluracil, dihvdroxyuracil, ethenccytosine,
16 ethenoadenine, thymine glycol, cvitosine glycol,

2,06 amidopyrimidine,

of  adenine, a

formamidopyrimid

&

ine derivative of guanine, adenine
cpposite guanine, uracil oppeosite guanine, uracili
15 cpposite adenine, thymine opposite guanine,
ethenocytosine opposite guanine, adenine opposite

8-cxo-7,8-dihvydroguanine, and Z-hydroxy

cpposite guaniz

present disclosure, the suk

0
o
ot
1
Q
0l
-
0
—
for
,—1—

20 nuc racil. In another exemplary embodimen

substrate bas

linking nucleotide 1s hypoxanthine.
Since the suitable mono-functional DNA
ycosylases and tThelr corresponding substrate bases

Xxpertise and routine of those

[\
W
£
=
©
3
=
ot
vy
o
o3
s
0]
(0]
i

<

ls thereof are omitted herein

for the sake of brevity. Nevertheless, the suitable
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24

mono-functional DNA glycosyiases and Cheix

i)

corresponding substrate bases can be found in, fo

1-20,

exanple, Jacobs

Krok

.7 e ) N e . T ooy s T oo Do PN [ S Y
tal. {2012}, Current Molecular Pharmacology, 5:32-13.

W
B
<

nucleotide that is incorporated to the initiator witt

a

The term “substrate base” refers to the base of a

16 linking nuclectide that serves as a substrate for an

that

serves as a substrate for

an enzyme.
Furthermore, the present disclosure provides & kit

15 for nucleic acid

a2z3is and regeneration of a

the aforesaid polymerase, the aforesaid

mono-functional

cotide that serves as a subszstrate for

.

{

nucl
20 mono-functional DNA givcosylase, the aforesaid abasic

site endonuclease, and the aforesaid 3 p

ssessing

to the aforesaid method of the present disclosure.

n addition, the present disclosure provides a

[N~
W

method of regenerating a reusable initiator for nucleic

aclid synthesis, which includes:
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providing a mono-functional DNA glycosylasse asg

ced above;

providing an initiator for nucleic acid

synt above and a synthesized

3 nucleic acid, the synthesized nucleic acid being
linked *to the initiator right after a linking

nuclieotide as described above;

the sukstrate

treatment as described above with the
16 mono~-functional DNA glycosylase;

providing abasic site endonuclieass as

described above;

subiecting the abasic site to a c¢leavage

5

treatment as described above with the abasic site

providing a 37 phosphatase activity-posses

o
Ui
193]
-
—
.
(8]

enzyme as described above; and
subjecting the 37 -terminal nucleotids of the
initiator to & dephosphorylation treatment as

20 described above with the 3 chosphatase

her described by way of

the following examples

understood that the foll

[N~
W

intended for the purpose

be construed as limiting the disclosure in practice.

EXAMPLES
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Example 1. Template-independent nucleic acid synthesis
and reversion of synthesis initiator back to
its original form by wvirtue of uracil-DNA
glvcecosylase {(UDG}, endonuclease VIII {Nai),

3 and T4 polynucleotide kinase with
3’ phosphatase activity (T4 PNKE}
To test whether an initiator used for a

plate~independent nuclesic acid synthesis can be

converted back to its original form after nucleic acid

1Al

16 synthesis, the following experimental steps were

concducted. The detaill

e

smplate-independent nucleic acid synthse

linking deoxyuridine nucleotide and the reversion of

the initiator to its original form utilizing enzymes

)
=

plied in this example is illustrated in FIG., 1.

N

15 as a

o

A, Taemplate-independent nucleic acid synthesis
initiated with the linking deoxyuridine
triphosphate {(d4dUTP)

An initiator {a single-stranded 2i-mer

20 polynuc

thereof and a hydroxyl group at the 37
was synthesized by Integrated DNA Technologies

owa, United States) . The

[N~
W

template-~independent nucleic acid synthesis reaction
was performed using a 3’7 to 5 exonuclease-deficient

Pfu DNA polymerase (PLfu®#°7) (Z00 nM) to incorporate a

&
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=

ridine triphosphate |{ uM) to

the Pfue*e” DNA polymerase (having an

aminc acid sequence of : 8) was prepared as

5 follows. The gene construct encoding an intein~free Pfu

DNA polymerase was synthesized by Genomics BioSci and
Tech Co. (New Taipei City, Taiwan}. The Pfus*®~ DNA

was created by changing the Aspltl thereof

to ala (D141A} and the Glu!4® thereof to Ala (EL43A) on

3 ;

Site-directed

16 the gene Dbackbone using the 05

5
'

o

i

wesis Kit from New England Biclabs (I

q 4~ NN
pswich, MA,

M

United States) . The Pfus

©Yrase was expres

in E. c¢oli BL21(DE3) cells and purified through

Sepharose-Q and heparin columns using Akta FPLC system

ithcare Life Sciences (Marlborough, MA,

~ T

15 from B He

United States). As 1illustral 5. 2, deoxyvuridine

monophosphate (dUMP) was efficiently incorporated by

the Pfue¥e- DNA polymerase 1into the 37~ of the

o
o
Q

initiator.
20 B. Tenplate-independent nucleic acid synthesis right
after the linking dUMP at the 3’ end of the initiator
ndent nucleic

To demonstrate the te

dUMP at the

3" -end of the synthesis initiator Che Piuszer DNA

[N~
W

polymerass (200 nM) was used to stepwise incorporate

3" ~C~azidomethyl-dATP and a 3’ -O-azidomethyl-dTTP

1

{100 uM) (Jena Bioscience, Exrfurt, Gezrmany) to the
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initiator containing the linking dU terminusg.

The synthesis reaction was initiated by additicon of 10

ncubated at 75°C for 30

was stopped by adding 10 pL of

5 a 23 guencr deionized formamide and

mM EDTA) and sub’jected to the heat denaturation at 98°C

for 10 minutes. The reaction products were analyzed by

a 15% denaturing u

gel, and were

visualized by Amersham Typhoon Imager, GE Healthcare

16 Life

(Marlborough, MA, United States).

p—

the linking JdUMP at the 37 end of the initiator (the
15 resulting product containing the initiator, the

linking dUMP, and dAMP and dTMP has SEQ ID NO: 2.

Accordingly, the template-independent nucled

a lé-merx

generate

26 & 38-mer nuclelic acid (3EQ ID NO: 4) containing the

initiator, the linking dUMP, and the newly
lée-mer polynucleotide,

Please note that since the template-indepsndent

nucleic acid synthesis is within the expertise and

[N~
W

routine skills of those skilled in the art, the lo-mer

acid of SEQ ID NG: 2 can be synthesized de novo

led in the art with the information

o
M
oy
O
n
O
2

e
ta
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provided herein. In this example, to

experi tal procedures, the 16-mer nucleic acid

ntegrated DNA Technologies
1ited States), and was linked to

3 with the linking dUMP as described in s

to symbolize the template-independent

synthesis of the 16-mer nucleic acid.
C. The relsase of newly synthesized nucleic acid and the
reversion of synthesis initiator back to its original

10 form by the combined treatments of UDG, Nei, and T4

PRKP

To d

“ releasing the newly

-

synthes: nucleic acid and regenerating the

} 2 Q

synthesis initiator by virtue of enzymes, the 38-mex

15 nocleic acid (SEQ ID NO: 4 containing the initiator,
the linking dUMPE, and the newly synthesized 16-mer

polynucleotide was prepared. Specifically, the 16-mer

colynuclieotide was linked to the initiator with the

linking dUMP using the

20 The 38-mer nucleic

the ur site/nucleic acid

backbone cleava wrylation reaction

by the addition of 10 units of UDG, Nei, and T4 PNKP

purchased from New England Biclabs (Ipswich, MA, United

)
W
0]

States), respectively. The reaction was conducted in

10 mM MgClz, 50 mM KC1, 5 mM

the 1x Cleavage Buffer

dithiothreitel (DTT), and 50 mM Tris-HCl, pH7.5]
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M

37°C for 15 minutes. The preparation of such the 38-mex

[#2]

nuoclieic acid |

5O ID NO: 4) was confirmed by a 15%

-

denaturi as described above.

38-mer nuclelic acid
3 (SE D K ) was a ubjected to the treatment with

and Nei under the

ions deszscribed above.

10

of a 2%

“ormamide and 25 mM EDTA), and the

16 enzymes were inactivated by heating at 28°C for 10

products w

utrea-polyacryvlamide

)

visualized by Amersham Typhoon Imager, GE Healthcare

fe Sciences (Marlborough, MA, United States).

15 Az illustrated in FIG. 3, the treatments with the

of the linking dUMP from the single-stranded 38-mer

nucieic acid

synthesized
lé-mer polynucleotide (SEQ ID NGC: 3} and the

26 regeneration of the initiatoxr (SEQ ID NO: 1) with a

hydroexyl group at the 37 terminus. None

5

Nei alone, or the combination of UDG and Neil

efficiently and completely release the newly

synthesized nucleic acid and concurrently regenerate

[N~
W

the initiator with the hydroxyl group at the 37 end.
Example 2. Template-independent nucleic acid synthesis

and reversion of synthesis initiateor to its
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original form by virtue of alkyladenine DNA
glycosylase {(AAG), Nei, and T4 PNKP
To test whether an initiateor used for a

-independent nuclelc acid synthesis

oe

w0
¢

s3]
5
s

a1 Aac

back to its original form after nucl

i
}_'4
o2

.

the following experimental procedures were

conducted. The detail scheme for the

plate~independent nucleic acid synthesis using the

linking decoxyinesine triphosphate (dITP) and the

16 reversion of the initiator to its original form

in this example is

A. Template-independent nucleic acid synthesis

initiated with the linking 4ITP

(SEQ iD NGC: 1) with

5

5'~hexachloro-fluorescein (HEX) label at the 5 end and

.

an unprotected hydroxyl group at the 3’ terminus was

unsedc. T

The template-independent nucleic acid synthesis

reaction was performed using t DNA polymerase

20 {200 nM) as described in Example 1 to incorporate a

(100 aM) to the 37 end of the initiator.

linking dITP
As iliustrated in FIG. 5, the deoxyinosine
monophosphate (dIMP) was efficiently incorporated by

the Pfus¥er DNA polymerase into the 23"-end of the

[N~
W

initiator.
B. Template-independent nucleic acid synthesis right

after the linking dIMP at the 3’ end of the initiator
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o demonstrate the template~independent nucleic
acid synthesis right after the linking dIMP at the

the

g

fusrer DNA

(200 nM) was used to stepwise incorporate
3 a 37"=-0O-azidomethyl-dATP and a 37 -O-azidomethyl-dTTP
{100 uM) (Jena Bioscience, Exrfurt, Germany) to the
initiator containing the linking dIMP at the 3’ terminus.

The ion

mM manganese cations and then incubated at 75°C for 30

16 minutes. The reaction was stopped by adding 10 piL of

a wch solutio (95% deionized formamide and 25

mM EDTA) and subiectad to the hes denaturation at 98°C

-
O
al
et
[s>]
=3
-
oo}
for
—~+
D

The reaction products were analyzed by

denaturing urea-polyacrylamide gel, and were

Healthcare

15 visualized by Amerszham Typhoon Imager, G
Life Sciences farlborough, MA, United States).

As illustrated in FIG. 5, the temp

ate-independent

nuclelc synthesisg usi

ng the Pfus=*°e~ DNA
can incorporate dAMP and dTMP sequentially right after
20 the linking JdIMP at the 37 end of the initiatoxr {(the
resulting product containing the initiatcer, the

linking dIMP, and dAMP and dTMP has SEQ ID NC: 3}.

:}4

ccordingly, the template-independent nucleic acid

synthesi reaction can c¢ontinue to

lé-mer polynucleoctide of SEQ ID NO: 3 and generate a

[N~
W

38-mer nucleic acid (SEQ ID NO: &} containing the

initiator, the linking dIMP, and the newly synthesized
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16-mer pelynucieotide. The preparation of such a 38-mex

nuocleic acid {(SEQ ID NO: ©) was confirmed by a 152

5 nucleic acid synthesis iz within the expertise and

routine skills of those skilled in the art, the léo-mer

provided herein. In this example, to simplify the

16 experimental p nucleic acid was

iinking

in section € bLkelow to symboliize the

template-independent nucleic acid synthesis of the
l6-mer nucleic acid.

15 C. The release of newly synthesized nucleic acid and the
reversion of synthesis initiateor back to its criginal
form by the combined treatments of AAG, Nei, and T4
PNKP

[aal

To demonstrate t

20 synthesized nucleic acid and regenerating the

synthes: initiater by virtue of enzymes,

single~-stranded 38-mer nucleic (SEQ ID NO: 6)

dIMP, and the newly synthesized 16-mer polynucleotide

[N~
W
——~

ID NO: 3) was prepared.

ally, the lé-mer
polynucleoctide was linked to the initiastor with the

linking dIMP using the
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o
&
%]
[N

subijected to the incsine-excision, the

)

backbone cleavage, and the

site/nucleic

and T4 PNKP purchased from New England

Biolabs (Ipswich, MA, tates), respectively.

a 1x Cleavage Buffer [10

. and 50¢

16 In the control : th single-stranded
38-mer nucleic acid (SEQ ID NO: €¢) was also sukiected
to the treatment with AAG, Neil or the mixture of AA
and Nei under the identical ezperimental conditions.

1

Fach reaction was then stopped by adding 10 uL of a 2x

rmamide and 25 m

15 querich s M EDTAY, and the

enzymes were inactivated by heating at 98°C for 10

minutes. The reaction products were analyzed by a 20%

1ring urea-polyacrylamide gel, and

visualized by Amersham Typhoon Imager, GE Healthcare

26 Life Sciences (Marlborough, MA, United States).

Ag illustrated in FIG. o, the treatments with

xture of AAG, Nei, and T4 PNXP resulted in the

[#]
o

of the linking dIMP from the single-stranded 38-mexr

nucleic acid, the release of the newly synthesized

[N~
W

lé-mer polynucleoti

D NG: 37 . and the

5

egeneration of the initiator (SEQ ID NO: 1) with a

-y

wydroxyvi

[fe)

yroup at the 37 terminus. None of AAG alone,
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16

26

[N~

W

Nei alcne, or the combination of AAG and Nei can

-~

and completely cut ¥l the newly

synthesized nucleic acid and concurrently regenerate
the initiator with the hydroxyl group at the 37 end.
Example 3. Template-dependent nucleic acid synthesis
and reversion of synthesis initiator back
to its original form by virtue of UDG, Nei,

and T4 PNRP
To test whether an initiator used for a

cid synthesis can be

()

template~-dependent nucleic

converted b form afte

5y esis,

Wbl

)

-y

conducted. The

template-dependent nucleic acid synthesis using the

linking dUTP and t reversion of the

original form utilizing the enzymes as applied in this

examnple is illustrated in FIG

A, The release of newly synthesized nucleic acid and the
reversion of synthesis initiator back to its original
form by the combined treatments of UDG, Wei, and T4
PNRR

newly

To demonstrate the £

synthesized nucleic acid and regenerating the

o

synthesis initiator by virtue of enzymes, the

Q
O

R-mer nucleic acid SEQ ID NO: 4)

(W8]

single-stranded

dUMP, and the

containing the initiator,

newly synthesized 16-mer polynucleotide was prepared

PCT/US2021/064298
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as cribed in ample 1.

r“X‘-"]“’lp 1ifs

template~dependent nucleic acid synthesis, the

<Ll C

single-stranded 38-mer nu:

hybridized with a complementary

/
{

QE
(o

I(-/

5 nuclieic acid

0]

ID NG: 7) by heating at 95°C for 10

minutes, followed by slowly cooling down to 4°C to T

a duplex,; blunt-end, double stranded 38-mer nucleic

. The conplem

10 Technologies

25 nM of the duplex 38-mer nucleic acid was subjected

to the uracil-excisicn, the abasic site/nucleic acid

backbone cleavage, and the dephosphorylation reactior

s}

by the addition of 10 units of UDG, Nei, and T4 PNKP
15 purchased from New England Riolabs (Ipswich, MA, United
The reacition was conducted in

[10 mM MgClz, 58 mM KCIL1, 5 mM

dithiot and 5C mM Tris-HCl; pH 7.5% at

37°C for 15 minutes.

20 In the control experiments, the duplex 38~-mexr nuclein

acid was subliected to the treatment with UDG, cr

)G and Nel under the identical

the mixture of
experimental conditions. Each <reaction was then
stopped by adding 10 uL of a 2x guench so

5mM EDTA}, the enzymes were inactivated,

[N~
Wi
th
C
=1
=
=
I_.‘ -
[N
0]
o)
=
[o3
(9]

and the duplexz 38-mer nucleic acid was denatured by

3

heating at 98°C for 10 minutes. The reaction products
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o
=

denaturing urea-polyvacrylamide

gel, and were visualized by Amersham Typhoon Imager,

GE Eealthcare rices {Marlborough, MA, United

[AR SIP

DT 8T

[0
n

5 As shown in FIG. 8, the treatments with the mixture
of UJDGE, Nei, and T4 PNEP resulted in the removal of the

linking dUMP from the 38-mer nucleic acid, the re

of

he

NO: 3) after the heat denaturation of the duplex 38-mer
16 nucleicacid, and the regenerationof the initiator (SECQ

T N(C

] [
Ll NS L)

hydroxyl group at the

None of UDG alone, Nei alone, or the comb

mpletely release the newly

.1

and Neid canefficier

S

synthesized nucleic acid after the heat denaturation

15 of the 38-mer nucleic acid and concurrently

regenerate the initiator with the hydrozyl group at the

Example 4. Template-~dependent nucleic acid synthesis

and reversion of synthesis initiator back

20 to its original form by virtue of AAG, Nei,
and T4 PNKP

st  whether an dinitiator used for a

template-dependent nuclelc acid synthesis can be

converted back to its original form after nucleic acid

[N~
W
«
<
)
]
I
-

yvnthesis, the following expsrimental procedures were

I

conducted. The detail scheme foxr the

template-dependent nucleic acid synthesis using the
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and the reversion of

linking 417

original form utilizing the enzymes as applied in this

Ilustrated in

examplie is
A. The release of newly synthesized nucleic acid and the
3 reversion of synthesis initiator back to its original
form by the combined treatments of AAG, Nei, and T4
PNKFR

To de 'y of

synthesized nucleic acid and
16 iator Dby virtue of enzymes, the

38-mer nucleic acid (SEQ ID NO: €),

initiator, the linking dIMP, and the
newly synthesized 16-mer polynucleotide was prepared
as described in Examplile 2. To exemplify the

zndent nucleic acid synthesis, the

single-stranded 38-mer nucleic acid (SECQ ID NO: 6} was
hybridized with the complementary 38-mer nucleic acid

NO: 7) by heating at 95°C for 10 minutes,

')
{e]

th

olliowed by slowly cooling down to 4°C

26 biunt-end, doublie stranded 38-mer nucleic acid. The
!

ary single-stranded 38-maxr nucleic acid

ocbtained from Integrated DNA Technologl

Iowa, United States). 25 nM of the duplex

leic acid was subjected to the

[N~
W

incsine-excision, the abasic gite/nuclelc acild

=

backbone c¢leavage, and the dephosphorylation reactior

j5el

0 units of AAG, Nei, and T4

s

by the addition of
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o New England Biclabs (Tpswich, MA, United

), respectively. The reaction was conductad in

-

MaClz, 50 mM

ix Cleavage Buffer [10

dithiothx

(DTT), and 50 mM Tris-
3 37°C for 15 minutes.

In the control experiments, the duplex 38~mer nucleic

aclid was subijected to the treatment with AAG, Nel or

the

X

AAG and N under the identical

experimental conditions. Each reaction was then

16 stopped by adding 10 uL of & 2Zx quench solution (85%

formamide and 25 mM s were inactivated,

for 10 minutes. The reaction products were
analyzed by a 20% denaturing urea-polivacryvlamide gel,

15 and were

Healthcare Life

L

I}

states) .

-

As shown in F

26

zed lé-mer polynucl

;
A

™

D
=
o)
Z
O

>
(O3]

y after the heat denaturs

(€]
€

tion of the dup
38-mer nucleic acid, and the regeneration of the

initiator (SEQ ID NO: 1) with the hydroxyl group at the

]
W

37 terminu

AAG alone, Nel alone, or the

combination of AAG and Nei can efficiently and

o)
O
=
5
—
o
ot
D
<
n
D
—
[0

ase the newly synthesized nucleic acid



WO 2022/140232 PCT/US2021/064298

40

after the heat denaturation of the duplex 38-mexr nucleilc

ate the initiator with the

acid and concurrent

hydroxyl group at the 2

All patents and cited in  this
5 specification are 1ncorporated herein 1in their
entirety as reference. Where there is conflict, the

N

descriptions in this case, including the definitions,

1 prevail

)

While the disclosure has been described ir
16 connection with what are considered the exenplary

embodiments, it is understcood that this disclosure is

nts but 1s intended

not limited to the disclosed embodims

fto cover various arrangements included within the
spirit and scope of the broadest interpretation so as
15 to encompass all such modifications and eguivalent

ax rangement 5.
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STAVATTTANI AT T
SEQUENCE L

<110> Chen, Cheng-Yao

METHOD AND KIT FOR REGENERATING REUSABLE
3 INITIATORS FOR NUCLEIC ACID SYNTHESIS

<130> PE~-65691-WO

<160> 3
<170> Patentin version 3.5

16 <210>

s

<213> Artificial Seqguencs

15 <223> Initiator for nucleic acid synthesis

26 <211> 24

<223> Produc

ot

[x]
Wi
N

W

<
(@]
V2
no

cagggatceg tgaagetate cuat 24
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[y

16 <210> 4

o0

VAN
N
—
oA
V4
i

<212> DNA

<213> Artificial Seqguencs

iuclelc acid containing an initiator, a linking
duMPp, and a newly synthesized lé~mer

o

-

tynucleotide

26

<211i> 24
<212> DNA

<213>»> Artificial Seguence

[x]
(=
N
[N

<223> Product synthesized de novo
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n” is inosine

<400> 5
5 cagggatccyg tgaagctatce cnat 24

DNA

16 <213> Artificial Seqguence

<220
<223> i containing an initia

a newly

20 cagggatocg tgaagcectate cngegtcectag gactaage 38

[x]
Wi
AN
Ny
[y
(&)
V2

Artificial Seqguence
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<400> 7

Q)
0
+
( -+
[¢3]
&3]
co

toct agacgcagga tagettcacg gatcect
S o d 4 9 J

w2
U

210> 8
5 211> 775
212> PRT
<Z213> Artificial Seguence
220>
223> Pfulexo—) DNA polymerase
16 <400> 8
Met I1le Leu Asp Yal Asp Tyr lle Thr Glu Glu Glyv Lys Pro Yal Ille
i 5 10 15

Arg Leu Phe Lys Lys Glu Asn Gly Lys Phe Lys Ile Gilu His Asp Arg

-3

Ala Leu Leu Arg Asp Asp Ser Lys Ile
35 40 45

e
r
7]

~
=

15 Thr Phe Arg Pro

Glu Glu Val Lys Lys Ile Thr Gly Glu Arg His Gly Lyvs Ile Val Arg
50 55 60

Tle Val Asp Val Glu Lys Val Glu Lys Lys Phe Leu Gly Lys Pro Ile

20 65 70 75 &0

Thr Val Trp Lvs Leu Tvr Leu Glu His Pro Gin Asp Val Pro Thr Ile

85 90 85

Arg Glu Lvs Val Arg Glu His Pro Ala Val val Asp Ile Phe Glu

100 105 110
25 Asp Tle Pro Phe Ala Lys Arg Tyr Leu Ile Asp Lys Giyv Leu Ile Pro
1i5 120 125

Met Glu Gly Glu Glu Giu Leu Lys Tle Leu Ala Phe Ala Ile Ala Thr
130 135 140

Leu Tyr His Glu Gly Gilu Glu Phe Gly Lys Gly Pro Ile Tle Met ITle

30 145 150 155 160
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fyr Asn
210
Lys Leu

10 225

His Phe Asi

vr Thr

Lys Val
290
Leu Glu
20 305

Glu Leu

Val Glv

Pro Asn

Met Gln ¢

3 Pro Ser Giu G

; Gly Phe

a Asp Glu Asn Glu

165
Tyr Val Glu Val

180

eu Arg Ile [le Arg

Asp Ser Phe Asp

Ile Lys Leu Thr

> Tle Gly Asp Met

Leu Tyr His Val
260

Giu Ala Val Tyr

Ala Asp Giu Ile

295
Val Ala Lys Tyr
31

Lyvs Glu Phe Leu

<

@

Do

540
Pro Leu Trp Asp
340

Phe Leu Leu Arg

(o)
ot
=

o
3
(g

17

Val Lys

390

Val

Glu Ly

200
Phe

fle

Thr

fle

Glu A

280
Ala

Ser

Pro |

Val

Lvs

360

Glu’

Glu Py

Val

Arg Asp

s Ala

Glu

- Gin

vy Glu

—

D

thr Trp
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Lys Asn Ile

175

Arg Giu

Asp lle
205

Ala L‘y' s

220

Gly Ser

Met Ile Lys
190
{le Val Thr

Arg Ala Glu

Glu Pro Lys

240

- Gly Arg lle

ace
L0Q

Leu Pro Thr

ya Pro Lys Glu

Glu Ser
300
Ala Lys

I

'ie Gln Leu

Ser Thr

¢ Arg Leu

Lyvs Gly Leu

Gly Glu Asp

Ala Thr Tyr

o
o
o
ol
e
)
v
d
[

y Glu Val Ala

365

%)

Arg Glu Ser

(6]

Trp Glu Asn

400
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)]
]
b

Ile Val Tyr Leu Asp Phe Arg Ala Leu Tyr Pro Ser Ile 1le Ile Thr
405 410 415

D

His Asn Val Ser Pro Asp Thr Leu Asn Leu Glu Gly Cys Lys Asn Tyr
420 425 430
5 Asp 1le Ala Pro Gln Val Gly His Lys Phe Cys Lys Asp Ile Pro Gly
135 440 445
Phe Tle Pro Ser Leu Leu Gly His Leu Leu Glu Glu Arg Gin Lyvs Tle
450 55 460

Lys Thr Lys Met Lys Glu Thr Gln Asp Pro Ile Glu Lys Ile Leu Leu

N
(@]

b
N
-3
[’
.
~1
(@1}
b
ce
a
-]

10

Asp Tvr Arg Gln Lys Ala Ile Lys Leu Leu Ala Asn Ser Phe Ty

Tyr Tyr Glv Tyr Ala Lyvs Ala Arg Trp Tvr Cvs Lys Giu Cys Ala Glu
1

500 508 5]

15 Ser Val Thr Ala Trp Gly Arg Lvs Tyr Ile Glu Leu Val Trp Lvs Glu
515 520 525

Leu Glu Glu Lys Phe Gily Phe Lys Val Leu Tyr Ile Asp Thr Asp Gly

540

oy}
vl
<
93}
o
o

Leu Tyr Ala Thr Ile Pro Gly Gly Glu Ser Glu Glu Ile Lys Lys Lys

3 A5 0 ooy AT
20 545 550 555 560

Ala Leu Glu Phe Val Lys Tyr Ile Asn Ser Lvs Leu Pro Gly Leu Leu
565 570 578
Glu Leu Glu Tyr Glu Gly Phe Tyr Lys Arg Gly Phe Phe Val Thr Lys
580 585 590
- Ala Val Tle Asp Glu Glu Gly Lvs Val Ile Thr Arg Gly
5585 600 605
Leu Glu Ile Val Arg Arg Asp Trp Ser Glu Tle Ala Lys Glu Thr Gluo

610 615 620

[\
3
i
s
<
%)
=
F

0e
-
el

st
)

Ala

30 825 630 635 640

VYal Leu Glu Thr Ile Leu Lys His Gly Asp Val Glu Glu Ala

m
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e
=

e Val Lys Glu Val Ile Gln Lys Leu Ala Asn Tyr Glu Ile

645 650

[t}
[
[y

Yal Arg

oks

D

Pro Pro Glu Lys Leu Ala Ile Tyr Glu Gln Ile Thy Arg Pro Leu His

5 Glu Tyr Lys Ala Ile Gily Pro His Val Ala Val Ala Lys Lys Leu Als
675 680 685
Ala Lys Gly Val Lys Tle Lys Pro Gly Met Val Ile Giy Tyr Ile Val

760

o
He)
<
<
€O
g

Leu Arg Gly Asp Gly Pro Ile Ser Asn Arg Ala Ile Leu Ala Glu Glu

10 705 710 71

(921
~
L2
ja

Asp Ala Glu Tyr Tyvr 1le Glu Asn

,
<
=
e
%)
k]
]
-
<
w
o
&«
%)
jus
oy
7
—
o]
w
—3
e
[

=1
S}
w
-3
o)
O
~3
(%]
[ ]

Gin Val Leu Pro Ala Val Leu Arg 1le Leu Glu Gly Phe Gly Tyr Arg
740 745 750
15 Lys Glu Asp Leu Arg Tvr Glon Lys Thy Arg Gin Val Gly Leu Thr Ser

755 760 765

]

Trp Leu Asn Ile Lys Lys Ser

~J
-~
< s
-3
-3
ot

2
o
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WHAT IS CLAIMED IS:

1. Amethod for nucleic acid synthesis and regeneration

a reusable

comprising:

o

attached to a solid support

to a linking nuclieotide

in the presence of a polymerase so that the linking

~lectide is incorpcrated o initiator, the
linking nucleotide having a substrate base, a
16 substrate sug

exposing ti

nucleotide to

acid is

or right

providing a mono-functional DNAglycosylase, the
linking nucleotide with the substrate base being

recognizable and excisabkle by the mono-functional

20 subijecting the substrate base to an exzcision

treatment with the monce-functi

base 18 excised by trF

®

to generate an

[N~
W

providing an abasic site endonucleass, the

resulting abasic site being recognizable and the



16

26

[N~

WO 2022/140232

substrate sugax b
andonucliease;
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subjecting the abasic site to a cleavage

with the
3 the substrate sug

acid

mhaarmhatae TOUD
pnospnate group,

nucleotide of the
phosphate group;
providing a 3

subiecting

initiatoxr to
3" phosphatase
the 37 pho

o
<

of the initiatox

3!

o]

The method

mone-functional

group

alkyladenine

single-strand-se

W

AT

DNA

gly

thymine

N 1a =1 bl
glycosylase, alkyi

3

rar and

abasic

cleotide of

the 37
dephosphorylat
acti
osphate group of the
is
hydroxyl group.

accordi

N B
DNA

1, methyl-binding domain glycosylase

basic site endonucl

backbone of

ot
jon
D
v
o
(9]
H

the

site are both cieaved t

from he initiator,

ot

the initiator

and 3 that a 5 —-terminal

synthesized nucleic acid has a 5°

phos

phata

of

cleotide

-terminal nu

treatment with the

ion

sity-possessing

anzyme, So
37 ~terminal nucleot

converted back

to C1

ng
Hy

glycosy

DNA

DNA

uracil

monofunctional

4

= f

cosylase, muty homolog DNA

\/L,x >
purine glycosylase C, alkylpurine
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glycosylase D, S-oxo-guanine
abasic site lyase activity,

without abas

iIi-like glycos

3 activity, endonucleass

abasic site

“hout

=
e
-
-

lvase

~like glycosylase 3 without

ivity, and

16 3. The methed according to

moeno-functional DNA glycosylase is

glyco and alkyladenine DNA

The method according to Claim i,

1=y

site endonuclease is selected
15 consisting of endonuclease VIII,

enzymatically active

is endonucle

G. o Claim 1,

glycc

endonucle

VIII-like

activity,

+h

rom

fragments

PCT/US2021/064298

abagic site lyase

wherein the abhasic

endonuclease 111,

thereof.

5. The method acceording to Claim 4, wherein the abasic

20 phosphatase activity-possessing enzyme is selected

-

“rom The group consisting of a pelynu

cleotide kinas

3'~phosphatase, a 37 -phosphoeste

enzymatically active fragments thereof.

3
jny
D
=
n
oy
O
Q.
)]
Q
9}
O
=
(R
i
=
e}
ot
O

[N~
W

wherein the 3

phosphatase activityv-possessing enzyme 1s selected

from the group consisting of T4 polynuclieotide kinase
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(@]
i

with 23 phoszsphatas:

o
( n
A}

¢

Q
Q
ot

zinc finger DNA

s

f~phosphossterx

8. The method according to Claim 1, wherein the

gsubstrate baze of the linking nuclectide ig selected

[

isting of uvracil, hypoxanthine,

guanine, S5-fluorouracil,

. S5-fornmyicytosine,

3-methyladenis

3-methylguanine, 7-methyladenine, 7-methylguanine,
16 Ne-methyladenine, 8-ozo-7,8-dihydroguanine,

S-hydrozyl

cytosine, S5~-hydroxyi uracil,

dihvydroxyuracil, athenocytosine, ethencadenine,

Thymine glycol, cytosine giycol,

2,6-diamino-4-hydroxy-5-N-methyliformamidopyrimid-

15 ine, a formamidopyrimidine derivative of adenine, a

formamidopyrimidine derivative of guanine,; adenine

opposite guanine, uracll opposite guanine,

opposite adenine, thymine opposite guan
ethenccytosine ocpposite guanine, adenine opposite
20 8-~oxo-7,8~dihydroguanine, and Z-hydroxyliladenine

oppesite guanine.

[a
@

"he method according to Claim 8, wherein

substrate base of the linking nucleotide is one of

unracil and hypoxanthine.

X%}
(&1}
-
3
[P]

=

©
o
o

(5

according to Claim 1, wherein the

nitiator, the synthesized nucleic acid, and the

-

linking nucleotide are cach in one of a
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16

26

[N~
W

(o]

template~-ir

[s1])

dependent form and a template-dependent

form.

> DNA polymerase, a family—~D DNA polymerase,

DNA polymerase, a family-Y DNA po
transcriptase,

thereof.

gnucleotide for nucleic

an abasic site endonucliease; and

a 37

12.A method of regenerating a reusable initiator forx

nucleic acid synthesisz, compriszing:

a mono-~functional DNA glycosylase;
providing an initiator for nucleic acid

o A

synthesis and a synthesized nucleic acid the
initiator being attached to a solid suppoxrt, the
synthesized nucleic acid being linked to the

initiator right after a linking nucleoctide having
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(@]
[oN]

and a substrate sugar, the linking

15 e being

the substrate

sabkle by the mono-functional

5 subjecting the substrate base to an excision
treatment with the mono~functional DNA glycosyliase,
so that the the

PR A oS e
a0as1c sitey

o0

16 providing an abasic site endonucle
resulting abasic site heing recognizable and the

c osit

0]

sub ste s ble by the abas

o
0]
l""

(o]
(9]
i_l
¢
&
e

S
st}
.

¢

endonuclease;
subiecting the abasic site to a cleavags

15 treatment with the abasic gsite endonucliease, so the

the substrate sugar and the backbone of the nucleic

acid at the abasic site are both cleaved to release

id from t©

l

a 2f-terminal nuclectide of the

20 a 3’ phosphate group, and so that a 5" ~-terminal

nuclectide of the nucleic acid ha 5t
phosphate group;
providing a 37 stase activity-possessing

enzyme; and

~terminal nucleotide of the

]
W

subijecting the

initiator to a dephosphoryvlation treatment with the

Q

37 phosphatase activity-possessing enzyme, so tThat
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(@]
s

he 37 phosphate group of the 3’ ~terminal nu

of the initiator is converted back to an
37 hydroxyl group.

14.The method according to Claim 13, wherein the
3 meno~functional DNA glycosylase is selected from the

grou consisting of uracii-

T

alkyladenine DNA

single-strand- monofunc
glycosylase 1, methyl-binding domain glvcosylase 4

16 thymine DNA glycosylase, muty komelog DNA

glyc 3= lycosylase €, alkylpurine
e D,

abasic site lvase activity,

without abasic site lvase activity, endonuclease

glycosvlase 1 without abasic site lyase
activity, endonuclease VIII-like glycosylase 2

without abasic site lyase activity, endonuclease

[958}

VIII-1ike glycosylase without abasic site lyase

1V

Y

Lctive zragments

pt
[s}]

activity, and enzymatical

26 thereof.

thod acocor:

nctional DNA glycosylase

glycosylase and alkyladenine DNA

le.The method according to Claim 13, wherein the abagic

[N~
W
[¢X
b
-t
P

~e  endonuclease 1sg selected from the group
consisting of endonuclease VIII, endonuclease IIT1,

and enzymatically active fragments thereof.
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(@]
i

method according to Cls

site endonuclease 1is er

wherein the 3¢

18.The method accor

o]
=
o]
O
-
O
~
@]
s
W
=
s
w
-

phosphatase activity~

[

zyme 1s selected

3 from the group consisting of 3 polynucleotide kinase

Q.

If'-phosphatase, a 3f ~-phosphoesterase, an
enzymatically active fragments thereof.

19.

acae

phosphatase activity-possessing enzyme is selected
16 fromthe group consisting of T4 polvnuclieotide kinase
with 3 phosphatase activity and zinc finger DNA

20.The method according to Claim 13 wherein the

substrate base of the linking nuclectide is selected

15 from the group consisting of uracil, hypoxanthine,

thymine, cvtosine, guan ; S-fluorcouracil,

J-2

n

(D

S-hydroxyvmethyluracil, S-formylcyvtosine,
F .

s-carboxyvlicytosine, 3-methyladenine,

adenine, 7-methylguanine,

[

3-methy

uanine, 7-methy

26 Né-methyladenine, 8-oxo-7,8~dihvdroguanine,

5-hydroxyl

S-hydroxyl uracil,

dihydroxyuracil, ethenocytosine, ethencadanine,

thymine ilveol, cytosine giyvecol,

(o]

Z2,6~diamino~4-hydroxy-5-N-methyiformamidopyrimi

ine, a feormamidopyrimidine derivative of adenine, a

[N~
W

Widopyvrimidine derivative of guanine, adenine

oppesite guanine, uracil opposite guanine, uracil



WO 2022/140232 PCT/US2021/064298

(o]
(@3]

oppesite

16, hy cpposite guanin

ethenocytosine opposite guanine, adenine oppoesite

8-dihvdroguanine, and

W
N
)
v
-3
-
=)
(0]
-y
15}
t
o
o]
(o
[oF
G
9}
9]

rding to Claim 13, wherein the
initiator, the synthesized nucleic acid, and the

ilinking nucleotide are each in one of

Q

Q
o]
[o}
£
ot
It

orm emplate-dependent

16

method of synthesizing a nucleic acid, the method

following steps of:

comprising

a)y providing an initiastor attached to a soiid suppoert

wherein the initiator is coupled with a linking

15 and a 37 hydroxyl group:;
b) exposing the initiator coupled with linking

nucleotide to nucleotide monomers in the presence of

nucleic

*id is synthesized

upls { “h nitiator by reacting one of the

20 nucleotide monomers with the 37 hydroxyl group of the

EAS L I

th

iinking nucleotide;

the substrate base to an excilsior

r

treatment with a mono-functional DNA glycosyvliase,; so

ot

that the substrate base is excised by the

meno~functional DNA glycosylase to generate an

]
W

abasic site;
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|

(@]

d) subjecting the abasic site to a cleavag

with an abasic site endonuclease, so that the

)

substrate sugar and a sugar phosphate backbone at the

akasic site are both

aved to

5 acid from the initiator, thereby
phosphate group at a 3 ~-terminal nucleotide of the

initiator; and

3" -terminal nucl

16

g formaed at the 3 -terminal

regenerate the initiator.

.The method according to Claim 22, wherein th

e
mene~functional DNA glyvecosylase 1s uracil-DNA

15 glycosylase,

DNA glycosylass,

single-strand-selective monofunctional uracil DNA

, methyl-binding domain glycosylase 4,

glycosylase )
thymine DNA glycosylase, rnuty komeclog DA

alkylpurine glycosylase C, alkylpurine

20 D, 8-oxo~-guanine glycosvlase 1 without

-

abasic site

rase activity, endonuclease

without abasic s

VIII-like glycosylase 1 without abasic site lyase

2

activity, endeonuclease VIII-like gl

[N~
[
3
I_.
p
(@]
ot
o3
o5
(%]
P -
G
%3]
F.A .
I
0]

ctivity, or endonuclease

VIII~-like glycosylase 3 without abasic site lyase
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(o]
o

24, according to Claim 22, wherein

monc=f

nctional DNA  glyceosylase 1s  uracil-DNA

glycosylase or alkvladenine

25,1

d according to Claim 22, wherein the abaszic
5 gite endonuclease is endonuclease VIIT,
endonuclease IIT, a enzymatically active fragment of

endonucliease VIIT, or a enzymatically active

fragment of
26.The method according to Claim 22, wherein the abasic

10 site endonuclease iz endonuclease VIII.

wherein th

27.The method according teo Claim

phosphata

poiynuclieotide kinase 37 -pheosphatase or a

3’ -phosphoesterase.

~

15 28.The methoed according te Claim 22, in the 3¢

prhosphatase activity-possessing enzyme i3 T4
polynuclieotide o chosphatase activity or

N
[te)

>, wherein the

Q
.

26 substrate base of the linking nucleotide is uracil,
hypoexanthine, thymine, cytosine, guanine,
5-fluorocuracil, S5-hydroxymethyluracil,
S5-formylcytosine, S-carboxylcytosine

7

3-methyladenine, 3-methylguanine, 7-methvladenine,

[N~
W

T-methylguanine, Né-methyladenine

7

B-oxo-7,8-dihydroguanine, 5-hydroxyl cytosine,

S-hydroxyl uracil, dihvdrozyvuracil, ethenoccytosine,
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(o]
WO

ethenocadenine, thymine glyccl, c¢ytosine glycol,

2,6~diamino~4~hydroxy=5~N~methyviformamidopvrimid-

ine, a formamidopyrimi

midopyrimidine derivative of guanine,
5 opposite guanine, uracil opposite guanine, uvracill

opposite adenine, thymine opposite guanine,

ethenocytosine copposite guanine, adenine

8 =

; 8 or

opposite guanine,

o R

16 30.The methed accoxrding to Claim 22, wherein the

substrate base of ti

linking nucleotide is uracil

hine.

or hypox

; )

.The method according to Claim 22, wherein the

¢
[oN)
s

substrate base is uracil thereby forming

15 deoxyuridine.

32.The method according to Claim 22, wherein the

substrate base is hypoxanthine thereby forming

[}

rding to Claim 22, wherein the
20 template-independent form or a

form.

O3]
=S
(@

ing te Claim 22, wherein tl
polymerase is originated from family-A  DNA

poivmerases, family-B DNA polymerases, DNA

DNA

[ ]
j=
o
J---
e
=
¢
=
o4
w
¢
W
-

family~D DNA polymerases,

rerases, family-Y DNA polymerases, or reverse
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ing a nucledl

a polymerase;

an initi:

a mono tional DNA glycosyl

5 an abasic site endonucleass; and

nF
]

phosphatase activity-possessing

ts!
o
=
N

<
=2
[
~e

s
n
-
o
0
O

ed according to the method of

36.A method of regenerating an initiator for nucleic

16 acid zsynthesis, the method comprising the following

]

a)y providing an initiastor attached to a solid support,

wherein the initiator is coupled with a linking

d anewly synthesized nucleic acid; and

15 the linking nuclectide 3 substrate base and a

substrate sugar;

3

b) subjecting the substrate base to an excision

Treatment with a mono-functional DNA glycosylass, zo
that the substrate base 18 excised >y the
20 mone~functional DNA glyvcosylase to generate an

abasgsic site;

:cting the

) subi

@]
i
('.

!

with an abasic site endonuclease, so that the

substrate sugar and a sugar phosphate backbone at the

[N~
W

abasic site are both cleavad to rele:

the newly

synthesized nucleic acid from the initiatoeor, thereby
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nuclectide having

d) subjecti

(93}

phosphate treatment

5 with a 37 pheosphatase activity-possessing enzyms, 20

that an hydroxyl group is formed at 37 ~terminal

nucleotide to regenerate the initiator for being

reused for further nucied

37.The method according toe Claim 36, wherein the

ivacil-DNA

it
o0

10 mono-functional DNA glycosylase

n

e,

DNA glyco

w

}7

le-strand- functional uracil DNA

sing

N

glyvcosylase 1, methvli-binding domain glycosylase 4,

3

thymine DNA glycosylase, muty homoleog DNA

15 glycosylase, alkylpurine glycosylase C, alkylpurine

glycosylase D, 8-oxo-guanine glycosylase

P

without

abasic site lyase activity, endonuclease III-1like 1

-

without abasic site lyase activity, endconuclease

VIII-1

[

ke glycosylase 1 without abasic site lyase

26

3

38.The methed according to Claim 36, wherein the

meno~functional DNA  glycosylase 1s  uwracil-DNA

]
W

5

glyvecosyvliase or alkyladenine DNA glycosylase.



WO 2022/140232 PCT/US2021/064298

methed according to Claim 34, wherein the abasic

site endonuclease is endonuclease

active *ra Jment

cally active fragment

0.The method according to Claim 36, wherein the abasic
site endonuclease is endonuclease VIII.

laim 36, wherein tThe 3

sessing enzyme is a
16 poivnuclieotide kinase 3" -phosphatase oxr a

" -phosphoestaerase.

42.The method according to Claim 386,

o
4

phosphatase activity-possessing enzyvme 1s T4

pelyvnucliectide kinase with 3" phosphatase activity or

15 zinc finger DNA 37 -phosphoesterase.

413.The method according te Claim 36, wherein the

e}

=
—
~

substrate base of the linking nuclecotide is uracil

cytosine, guanine,

~hydroxymethyluracil,

20 s-formyloytosine, S-carbozyvlicytosine,

e, 3-methylguanine, 7T-methyladenine,

vanine, N°-methyladenine,

8-~oxo-7,8~-dihydroguanine, 5~-hvdroxyl cytosine,

3

S-hydroxyl uracil, dihydroxyuracil, ethenoccytosine,

ethencadenine, thymine glycol, cytosine glycol,

[N~
W

2, 6-diamino~4~hydrozy~5-N-methylformamidopyri

ine, a formamidopyrimidine derivative of adenine, a

gty
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formamidopyrimidine derivative of guanine, adeni:

oppoesite guanine, uracil opposite guanine, uracil

fu

OppOSs adenine;, thymine opposite guanine,

ethenccytosine opposit

guanine, adenine <

5 #~oxo=-7,8~dihydroguanine, or

opposite guanine.

44.The wmethod according to Claim

se of the 1i

or hypoxanthine.

16 45.The method according te Claim 26, wherein the

substrate kase 1s uracil thereby formin

deoxyuridine.
46.The method according to Claim 36, wherein the
substrate base is hypoxanthine thereby forming

15 deoxyinosine,

47.The method according to Claim 36, wherein the

initiator is in a template-independent form or a

48, A kit for regenerating an initiator for nucleic acid

20 synthesis, comprising:

or attached tc a solid support:;

a moho-
an abasic site endonucliease; and

a 3 phosphatase activity-possessing enzyme;

[N~
W

wherein the kit is used according to the method of

-

Claim 3¢.



