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(57) ABSTRACT

The present invention relates to a single-stranded DNA
aptamer which inhibits oxidation by binding to L-ascorbic
acid, characterized in that the single stranded DNA aptamer
has at least one of stem-loop structure, has CG bond at the
end of the stem-loop structure, and both of the beginning
parts of the stem-loop structure are G or C, in which the
same bases are faced to each other. The aptamer of the
present invention has an anti-oxidative effect of vitamin C,
it can be used for functional cosmetics of various formula-
tions, oral nutritional supplements, foods, etc. by maintain-
ing the reduced state of vitamin C using the aptamer which
selectively binds to vitamin C to maintain the anti-oxidative
function of vitamin C for a long time. In addition, it can be
anticipated that the anti-oxidative effect is continued and
maximized even with a small amount of vitamin C by using
the aptamer selectively binding to vitamin C.

Specification includes a Sequence Listing.
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APTAMER SPECIFICALLY BINDING TO
L-ASCORBIC ACID AND USE OF THE SAME

TECHNICAL FIELD

[0001] The present invention relates to an aptamer spe-
cifically binding to L-Ascorbic acid and use of the same.

BACKGROUND ART

[0002] L-Ascorbic acid (Vitamin C, hereinafter, referred
to as ‘AA’) which is one of representative components
among antioxidants is widely used in medicine, cosmetics,
food and beverage industries due to its antioxidant activity
through neutralization of its free radicals. It was reported
that the advantage of AA when AA is used as a food aid
and/or medical active ingredient is to inhibit ZnONPs inha-
lation which may be generated in the industrial disaster (tire
and rubber plants and plant for manufacturing cosmetics) by
feeding drinking water adding AA during oxidation proce-
dure of acute lung cells. Vitamin C is commonly used as a
major solution in these industries, which cost tens of trillion
wons.

[0003] AA can be easily degraded essentially by oxidation
because of its antioxidant ability. The main factors affecting
the oxidation of AA are temperature, pH, oxygen, metal
ions, light, enzyme, and the like. In the industries using AA
as a main ingredient, the oxidative-degradation property has
been recognized as the present question for a long time
because said property affects both the storage period and
effect of the product due to said property. Therefore, many
researches and costs are being invested in developing and
discovering new and better methods as well as the under-
standing of the oxidative-degradation of AA in these indus-
tries.

[0004] Meanwhile, there are many reasons for promoting
aging, but Reactive Oxygen [0004] species (ROS) is
accepted as being one of significantly important causes. This
active oxygen is indispensably produced in the energy
metabolism process, immune response, etc., and it is an
unavoidable stimulus which is also caused by the external
harmful environment. The active oxygen has very high
reactivity and leads to DNA deterioration, excessive signal-
ing causing, protein deterioration, etc., and thus, leads to a
series of reactions accumulating harmful effect on health.
However, these harmful reactions are made to elaborately
maintain their homeostasis by the antioxidant material (uric
acid, vit. C, vit B, etc.) or antioxidant enzyme (Glutathione
peroxidase, superoxide dismutase, catalase, etc.) present in
vivo. However, an ageing of the antioxidant system accord-
ing to endogenous aging and an accumulation of active
oxygen by continuous harmful stimulus break such the
balance, harm health, promote aging and cause various
diseases such as skin diseases, skin cancer, arteriosclerosis
and thrombosis (Laure Rittie et al., Ageing Research
Reviews, 1, 705-720, 2002; Cutler R G, Annals of the New
York Academy of Sciences, 1055, 93-135, 2005).

[0005] Accordingly, there are increasing interests in anti-
oxidants that inhibit the formation of active oxygen systems
or eliminate the formed active oxygen system. Antioxidants
can be divided into two groups: a naturally occurring group
in the body and an externally administered group. The
naturally occurring group in the body includes enzymes such
as superoxide dismutase (SOD), glutathione, peroxidase,
catalase, etc., and the externally administered group includes
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phytochemicals such as kaempferol, catechin, genistein,
etc.; vitamin E, vitamin C and beta-carotene; and minerals
such as selenium, etc.

[0006] Cells are attacked by free radicals and oxygen
free-radicals caused by ultraviolet A (UVA), and ultraviolet
B (UVB) irradiated from sunlight, pollutants, stress, smok-
ing, drinking, fatty foods, etc., and if the cells are not
properly protected from such substances, they will be aged
or dead. In the case of skin, the production of materials such
as collagen or elastin, etc. is reduced or denatured by such
substances, causing the skin to lose elasticity and to have
wrinkles. In order to prevent this, it is known that it is
important to prevent the aging of the skin by applying a
preparation containing antioxidants such as vitamin A, C, E,
etc., to the skin and absorbing it into the skin to prevent
oxidation by the harmful active substances. However, syn-
thetic vitamin C has a problem in manufacturing various
formulations having a long storage period, due to the prob-
lem that it is easily oxidized in the air and its antioxidant
effect disappears.

[0007] Vitamin C, which has a very high reducing power,
reacts very sensitively to substances with high oxidation
potential and thus, vitamin C is rapidly oxidized. It is
well-known that vitamin C is oxidized and its effect is
impaired. Water has a high oxidation potential, so vitamin C
is very sensitively reacted with it and is rapidly oxidized.
[0008] Therefore, needs for new methods or materials for
inhibiting the oxidation of antioxidants, including vitamin
C, have existed for a long time.

[0009] In addition, the prevention of oxidation of antioxi-
dants using an aptamer is an approach of safe and innovative
new concept compared to the conventional methods, and it
can be manufactured to maximize the effect by applying it
to various industries. In particular, it will be a catalyst for
transforming the existing chemical-based cosmetics, nutri-
tional supplements, and food markets into DNA (BIO)-
based markets. In the future, it is expected to provide
explosive growths and innovative solutions in the DNA
markets.

PRIOR PATENT REFERENCE

[0010] Korean Laid-open Patent
10-2018-0054508

Application No.

DISCLOSURE

Technical Problem

[0011] The present invention is made by the above men-
tioned needs, and the object of the present invention is to
provide new aptamer preventing oxidation by specifically
binding to vitamin C.

[0012] The other object of the present invention is to
provide a use of the new aptamer mentioned above.

Technical Solution

[0013] In order to achieve the above objects, the present
invention provides a single-stranded DNA aptamer binding
to L-ascorbic acid to inhibit oxidation, which is character-
ized in that the single stranded DNA aptamer has at least one
stem-loop structure, the end of the stem structure of the
stem-loop structure has CG bond and both beginning parts
of'the loop structure are G or C, in which the same bases are
faced to each other.



US 2019/0078094 Al

[0014] The aptamer of the present invention is provided as
a single-stranded DNA aptamer having a CG bond at the end
of the stem structure of the stem loop structure and having
a secondary structure in which G or C base in one direction
at the beginning part of the loop structure is substituted with
T.

[0015] In one embodiment of the present invention, the
aptamer is preferably consisted of one of the base sequences
shown in SEQ ID NOS: 1 to 29, and more preferably the
above-mentioned aptamer is consisted of one of the base
sequences shown in SEQ ID NO: 1, SEQ ID NO: 4, SEQ ID
NO: 5, and SEQ ID NOS.: 17-29, but is not limited thereto.

[0016] The present invention also provides a composition
for antioxidation, comprising the aptamer of the present
invention as an effective ingredient.

[0017] In addition, the present invention provides a
method for inhibiting the oxidation of vitamin C by treating
the vitamin C with the aptamer of the present invention.

Advantageous Effects

[0018] As can be seen from the present invention, the
aptamer of the present invention has an antioxidant effect of
vitamin C and keeps the antioxidant function for a long time
by maintaining the reduced state of vitamin C using an
aptamer that selectively binds to vitamin C (ascorbic acid)
and thus can be used for functional cosmetics of various
formulations, dietary supplements, etc., and it can be antici-
pated to have continuous and maximized antioxidant effects
even with a small amount of vitamin C by using the aptamer
selectively binding to vitamin C. In addition, it can be used
for various health beverages, antioxidant drinks, antioxidant
foods, etc. by maintaining the reduced state of the physi-
ologically active ingredients such as vitamin C, etc. with the
aptamer which selectively binds to vitamin C (ascorbic acid)
to keep the antioxidant function for a long time.

[0019] In addition, the prevention of oxidation of antioxi-
dants by using an aptamer is an approach of safe and
innovative new concept compared to the conventional meth-
ods, and it can be manufactured so as to be applied to various
industries and to be effective. In particular, it will be a
catalyst for transforming the existing chemical-based cos-
metics, nutritional supplements, and food markets into a
DNA (BIO)-based markets. In the future, it is expected to
provide the explosive growths and innovative solutions in
the DNA markets.

DESCRIPTION OF DRAWINGS

[0020] FIG. 1 is a photograph of 12% native gel electro-
phoresis used for isolating a single stranded DNA library.
The band indicated by blue squares was cut and purified by
the Crush and Soak method.

[0021] FIG. 2 is an OPDA measurement graph for iden-
tifying ascorbic acid-antioxidant effect of single stranded
DNA. The antioxidant effect was observed in the single
stranded DNA of SEQ ID NO: 1, SEQ ID NO: 4 and SEQ
ID NO: 5.

[0022] FIG. 3 is a graph of Microscale Thermophoresis
(MST) measurement results of selected single stranded
DNA. As a result of the binding dissociation constant (Kd)
measurement, the binding force was confirmed at the level
of nano molarity (nM) in the single stranded DNA of SEQ
ID NO: 1, SEQ ID NO: 4 and SEQ ID NO: 5.
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[0023] FIG. 4 is a secondary folding structure of an
aptamer using an M-fold program. The stem-loop structure
of SEQ ID NO: 1, SEQ ID NO: 4 and SEQ ID NO: 5 has
common characteristics that it has a CG bond at the end of
the stem structure and has G or C in both of the beginning
parts of the loop structure, in which the same bases are faced
to each other (Red square).

[0024] FIG. 5 is a graph of OPDA measurements for 13
optional sequences including a stem-loop structure. The
antioxidant effect of ascorbic acid was observed in 13
sequences including a specific stem-loop structure.

[0025] FIG. 6 is a comparative graph of OPDA measure-
ment for SEQ ID NOS: 1, 4, 17, and 18 for which the
antioxidant effect was confirmed. It was observed that the
aptamer sequence of SEQ ID NO: 17 has the greatest
antioxidant effect.

[0026] FIG. 7 is a graph showing MST measurement
results of SEQ ID NOs: 17 and 18 for which the antioxidant
effect is confirmed.

MODE FOR INVENTION

[0027] Hereinafter, the present invention will be described
in detail with reference to Examples. However, the follow-
ing examples are described for illustrative purposes only and
the scope of the present invention is not construed as being
limited by the following Examples.

EXAMPLE 1: PREPARATION OF A SINGLE
STRANDED DNA LIBRARY

[0028] A single-stranded DNA library was constructed to
screen single-stranded DNA aptamers specifically binding to
L-Ascorbic acid using the SELEX method. Single-stranded
DNA library sequences were consisted of a total of 60 bases,
each containing 15 specific primer sequences at 5' and 3' and
having 30 random sequences.

[0029] The single stranded DNA library as designed above
is as follows.

5'-ATGCGGATCCCGCGC-N30-GCGCGAAGCTTGCGC -3
(single stranded DNA library sequence;
SEQ ID NO: 30)

[0030] A single stranded DNA library was amplified by an
asymmetric PCR procedure using a single oligonucleotide
fragment of the synthesized base sequence of SEQ ID NO:
30 as a template. Primers 1 and 2 were constructed to
perform the asymmetric PCR.

[0031] The base sequences of primers 1 and 2 above are as
follows:
(Primer 1; SEQ ID. NO: 31)
5' -ATGCGEATCCCGCGC-3 !
(Primer 2; SEQ ID. NO: 32)
5' -GCGCAAGCTTCGCGC-3 !
[0032] The asymmetric PCR was performed by mixing

Primer 1 and Primer 2 in a ratio of 10:1 in order to amplify
a large amount of single stranded DNA. The asymmetric
PCR reaction was amplified by reacting it at 94° C. for 5
minutes, followed by repeatedly carrying out 45 cycles
under the condition of 94° C. for 40 seconds, 55° C. for 40
seconds, 72° C. for 30 seconds, followed by reacting it at 72°
C. for 10 minutes. The amplified PCR product was elctro-
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phoresed on a 2.5% agarose gel, and the band was visually
confirmed at first and then separated by the Crush and Soak
method. The PCR product was electrophoresed on 12%
native gel, the single-stranded DNA bands were cut, and
then dissolved in Crush and Soak buffer (500 mM NH,OAc,
0.1% SDS, 0.1 mM EDTA) and DNA was purified with
Ethanol precipitation method (FIG. 1). The purified single-
stranded DNA library was heated at 95° C. for 5 minutes,
and then formed the folded structure at room temperature for
10 minutes and then used in SELEX.

EXAMPLE 2: SELEX FOR SELECTION OF
APTAMERS SPECIFICALLY BINDING TO
L-ASCORBIC ACID

[0033] Inorderto select the single stranded DNA aptamers
that specifically bind to L-ascorbic acid to inhibit oxidation,
SELEX (rGO-SELEX) technology using graphene was uti-
lized (Lee, A. Y., Ha, N. R., Jung, 1. P, Kim, S. H., Kim, A.
R., & Yoon, M. Y. (2017). Development of a ssDNA aptamer
for detection of residual benzylpenicillin. Analytical bio-
chemistry, 531, 1-7.).

[0034] Hereinafter, the SELEX method using graphene is
as follows.
[0035] At first, in order to remove the single-stranded

DNA non-specifically binding to graphene and 1.5-ml tube,
200 pmol of single-stranded DNA library and 4 mg/mL of
graphene were mixed in a binding buffer (20 mM Tris, pH
8.0), reacted for 30 minutes, and then the supernatant was
removed by two centrifugations. The remaining single-
stranded DNA and graphene mixtures was treated with
ascorbic acid for 30 min to react them, and the single-
stranded DNA bound to ascorbic acid was amplified by the
asymmetric PCR procedure. The amplified single-stranded
DNA was isolated by the Crush and Soak method at 12%
native gel and was obtained as the first SELEX product. The
above procedure was repeated 5 times and the symmetric
PCR was performed by using the 5% repeated SELEX
product as a template. The amplified double-stranded DNA
fragments were sequenced by Next Generation Sequencing
(NGS) technology to identify 16 sequences of SEQ ID NOS:
1 to 16, which are analyzed at a high frequency.

EXAMPLE 3: ASSAY FOR THE ANTIOXIDANT
EFFECT OF ASCORBIC ACID

[0036] phenylenediamine (OPDA) assay was performed
to analyze the antioxidant effect of L-ascorbic acid by an
aptamer. The antioxidant effect of ascorbic acid by the
aptamer was analyzed by using the principle that DHA,
which is an oxidized structure of L-ascorbic acid, binds to
OPDA to develop fluorescence (Vislisel, J. M., Schafer, F.
Q., & Buettner, G. R. (2007). A simple and sensitive assay
for ascorbate using a plate reader. Analytical biochemistry,
365(1), 31-39.).

[0037]
[0038] Sixteen sequences were synthesized according to
the frequency and folding structure of the sequence analyzed
by NGS technology in SELEX products. The synthesized
single-stranded DNA was heated at 95° C. for 5 minutes and
reacted at room temperature for 10 minutes to form a folded

The OPDA analysis procedure is as follows.
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structure. Then, 1 uM of single stranded DNA and 5 mM
ascorbic acid were mixed and reacted for 30 minutes. Then,
hydrogen peroxide (H,O,) was added to accelerate the
oxidation and then the fluorescence intensity was measured
by adding OPDA fluorescent dye (Non-Patent Document 3).
A control was a sample adding only vitamin C without
adding the synthesized single stranded DNA and was oxi-
dized more rapidly than the samples treated with the single
stranded DNA of 16 sequences (SEQ ID NOS: 1 to 16). It
was observed that oxidation of L-ascorbic acid was pre-
vented in three single stranded DNAs of SEQ ID NO: 1,
SEQ ID NO: 4 and SEQ ID NO: 5 among the 16 sequences
(FIG. 2).

EXAMPLE 4: MEASUREMENT OF THE
BINDING FORCE BETWEEN L-ASCORBIC
ACID AND APTAMER SEQUENCE

[0039] The binding dissociation constant (Kd) was mea-
sured using a Microscale Thermophoresis (MST) method to
confirm the binding force of the aptamer binding to [.-ascor-
bic acid. Fluorescence of Cy5 was attached to 5' of the
single-stranded DNA and the intensity of binding was mea-
sured by analyzing the signal difference depending on the
binding force under thermal gradient conditions (Entzian,
C., & Schubert, T. (2016). Studying small molecule-aptamer
interactions using MicroScale Thermophoresis (MST).
Methods, 97, 27-34.).

[0040] The concentration of single stranded DNA aptamer
was fixed at 5 nM and ascorbic acid was added to 16 tubes
in a concentration gradient ranging from 50 uM to 1.53 nM
and then reacted for 15 minutes. The reacted single-stranded
DNA and L-ascorbic acid were inhaled into a scanning
capillary tube (4 ul/tube) and then measured using a Mono-
lith NT.11 instrument. The aptamers of SEQ ID NO: 1, SEQ
ID NO: 4 and SEQ ID NO: 5 confirmed by the above OPDA
method were measured to have Kd values of 280 nM, 149
nM and 685 nM, respectively, and thus identified as being a
binding force of the level of nano molarity (nM) (FIG. 3).

EXAMPLE 5: ANALYSIS FOR THE
STRUCTURAL SIMILARITY OF SINGLE
STRANDED DNA APTAMER SPECIFICALLY
BINDING TO VITAMIN C

[0041] M-fold program was used to identify the secondary
structure of the single-stranded DNA aptamers of SEQ 1D
NO: 1. SEQ ID NO: 4 and SEQ ID NO: 5 the binding power
of which was identified. In the case of SEQ ID NO: 1, it is
possible to form a secondary structure in two forms, and it
was identified that SEQ ID NO: 4 and SEQ ID NO: 5 could
form a stem-loop structures in three or two forms, respec-
tively.

[0042] These three single-stranded DNA aptamers (SEQ
ID NO: 1, SEQ ID NO: 4 and SEQ ID NO: 5) are
characterized in that they have a CG bond at the end of stem
structure of the stem-loop structure and have G or C which
is faced to each other at both of the beginning parts of the
loop structure (FIG. 4, red squares). The structures of the
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three identified aptamers have stable structures with a Gibbs
free energy values of -3.65 and -1.64, -0.86 (kcal/mol),
respectively.

EXAMPLE 6: MEASUREMENT OF
ANTIOXIDANT EFFECT OF 13 VARIANT
SEQUENCES

[0043] Single stranded DNA was synthesized by design-
ing arbitrary sequences of 32 base sequences based on the
specific structural sequences identified through analysis of
folding structure of aptamer. An arbitrary single-stranded
DNA was prepared so that 10 base sequences were consti-
tuted as a unit in a stem-loop structure to be comprised 1-2
of them at both 5' and 3' ends. The antioxidant effects of the
single stranded DNAs of SEQ ID NOS: 17 to 29, which were
prepared in 13 kinds, were confirmed through the OPDA
assay (FIG. 5).

[0044] All of the 13 random sequences had antioxidant
effects against [-ascorbic acid, and the single-stranded DNA
aptamer of SEQ ID NO: 17 with a stem-loop structure at
both ends of 5' and 3' was identified as having the greatest
anti-oxidative effect among the total of 29 sequences (13
sequences which were arbitrarily synthesized and identified,
and 16 sequences which were selected by the SELEX
process) (FIG. 6).

EXAMPLE 7: KD MEASUREMENT AND
COMPARISON OF TWO MODIFIED
SEQUENCES

[0045] The binding force of the aptamer was confirmed by
MST (Microscale Thermophoresis) analysis for two
sequences in which the anti-oxidative effect was confirmed
as being high among arbitrary sequences (SEQ ID NOS: 17
to 29). Sequences of SEQ ID NOS: 17 and 18 identified by
the OPDA method obtained the measurement values as Kd
values of 729 nM and 289 nM, respectively (FIG. 7). Unlike
the result identified by the OPDA measurement method, the
Kd value of SEQ ID NO: 17 was determined as being high,
seemingly indicating that the aptamer of SEQ ID NO: 17 had
a low binding force but more specifically bound to the —OH
functional group.

TABLE 1
Number
of base
SEQ. ID. NOS. 5' to 3! (mer) Note
SEQ. ID. No: 1 GCACCGACAGGGGAGCG 30 ABA1l
CCTCGCACTGACT
SEQ. ID. No: 2 GGTGCAAACCAGCGCGC 30 ABA2
CTCTCTGACGTCG
SEQ. ID. No: 3 ACGCATGCCGGGCGCGC 30 ABA3
TCCCTGTCGTCCG
SEQ. ID. No: 4 CGAGTCAGTGCGAGGCG 30 ABA4
CTCCCCTGTCGGT
SEQ. ID. No: 5 GGGTCTGAGGAGTGCGC 30 AA-001
GGTGCCAGTGAGT
SEQ. ID. No: 6 GAACCAACGGAAGCGCG 30 AA-002
GCACCACAACGGT
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TABLE 1 -continued
Number
of base

SEQ. ID. NOS. 5' to 3! (mer) Note

SEQ. ID. No: 7 CGCAACCTGTTCGGCAG 30 AR-003
TGGECCTCCGGET

SEQ. ID. No: 8 GAACTTGCGCACTAGGT 30 AR-005
GATGCGGATCCCG

SEQ. ID. No: 9 GAAGCTTGCGCACTAGG 30 AR-006
TGGTGCGGATCCC

SEQ. ID. No: 10 GATCAACGGAAGCGCGG 30 AR-014
CACCACAACGGTA

SEQ. ID. No: 11 CGAGTCAGGTGGGATGA 30 AR-035
TGTTCGGGGAAGG

SEQ. ID. No: 12 GGCACAACGGGCGCGCC 30  AAL-1
TCCATGCTGTTCG

SEQ. ID. No: 13 TGAACGACGAGGCGCGT 30 AAL-2
CACACTGCGTGCC

SEQ. ID. No: 14 CGCAGTGTGACGCGCCT 30 AAL-3
CGTCGTTCACTCG

SEQ. ID. No: 15 CACAATCGGGGCGCGCT 30  AAL-4
CGTCCTCTGGCCE

SEQ. ID. No: 16 GGAACAACGGGCGCGCC 30  AAL-5
TCCATGCTGTTCG

SEQ. ID. No: 17 GTGGAGGCGGTGGCCAG 32 332-2
TCTCGCGGTGGCGGC

SEQ. ID. No: 18 GTGGAGGCGGTGGCCGT 32 332-4
GGAGGCGGAGGCCGC

SEQ. ID. No: 19 GTGGAGGCGGTGGCCAG 32 332-8
TCTGCGGCGCGGCAG

SEQ. ID. No: 20 GGCGGTGGCCCTGCAAG 32 332-11
TCTCGCGGTGGCGGC

SEQ. ID. No: 21 GGCGGTGGCCCTGGAAG 32 332-12
TCTCGCGGTGGCGGC

SEQ. ID. No: 22 GCGGCGGTGGCCAGAAG 32 332-13
TCTCGCGGTGGCGGC

SEQ. ID. No: 23 CGGGCGGTGGCCAGAAG 32 332-14
TCTCGCGGTGGCGGC

SEQ. ID. No: 24 GCGGCGGTGGCCTGAAG 32 332-15
TCTGGCGGTGGCCCG

SEQ. ID. No: 25 GCGGCGGTGGCCTGAAG 32 332-16
TCTGGCGGTGGCCCC

SEQ. ID. No: 26 GCGGCGGTGGCCTGAAG 32 332-17
TCTGGCGGTGGCCCA

SEQ. ID. No: 27 GGCGGTGGCCTGGAAGT 32 332-18
CTCATGGCGGTGGCC

SEQ. ID. No: 28 GTGGCGGTGGCCAGCAT 32 332-19
ACGGGCGGTGGCCAG

SEQ. ID. No: 29 GTGGCGGTGGCCAGCAT 32 332-20
AGTGGCGGTGGCCAG

[0046] Table 1 shows the aptamer sequences of the present

invention.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 32

<210> SEQ ID NO 1

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 1

gecaccgacag gggagcgcect cgcactgact

<210> SEQ ID NO 2

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 2

ggtgcaaacc agcgcegecte tctgacgteg

<210> SEQ ID NO 3

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 3

acgcatgeeg ggegegetee ctgtegteeg

<210> SEQ ID NO 4

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 4

cgagtcagtyg cgaggegete cectgteggt

<210> SEQ ID NO 5

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 5

gggtctgagg agtgcgeggt gecagtgagt
<210> SEQ ID NO 6

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 6

gaaccaacgg aagcgcggca ccacaacggt

<210> SEQ ID NO 7

30

30

30

30

30

30
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<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 7

cgcaacctgt teggecagtgg gecteegggt

<210> SEQ ID NO 8

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 8

gaacttgege actaggtgat geggatcceg

<210> SEQ ID NO 9

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 9

gaagcttgeg cactaggtgg tgcggatccc

<210> SEQ ID NO 10

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 10

gatcaacgga agcgcggcac cacaacggta

<210> SEQ ID NO 11

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 11

cgagtcaggt gggatgatgt tcggggaagg

<210> SEQ ID NO 12

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 12

ggcacaacgg gcgcgectee atgetgtteg

<210> SEQ ID NO 13

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

30

30

30

30

30

30
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<223> OTHER INFORMATION: aptamer
<400> SEQUENCE: 13

tgaacgacga ggcgegtecac actgegtgece

<210> SEQ ID NO 14

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 14

cgcagtgtga cgegectegt cgttcacteg

<210> SEQ ID NO 15

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 15

cacaatcggg gcgegetegt cctetggeeg

<210> SEQ ID NO 16

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 16

ggaacaacgg gcgcgcctee atgetgtteg

<210> SEQ ID NO 17

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 17

gtggaggegg tggecagtet cgeggtggeg ge

<210> SEQ ID NO 18

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 18

gtggaggcegg tggecgtgga ggcggaggcece ge

<210> SEQ ID NO 19

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 19

30

30

30

30

32

32
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gtggaggegg tggecagtcet geggegegge ag

<210> SEQ ID NO 20

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 20

ggeggtggee ctgcaagtet cgeggtggeyg ge

<210> SEQ ID NO 21

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 21

ggngtggCC ctggaagtct cgcggtggcg gc

<210> SEQ ID NO 22

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 22

geggeggtgg ccagaagtcet cgeggtggeg ge

<210> SEQ ID NO 23

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 23

cgggcggtgg ccagaagtct cgcggtggcg gc

<210> SEQ ID NO 24

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 24

geggeggtgg cctgaagtet ggeggtggece cg
<210> SEQ ID NO 25

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 25

geggeggtgyg cctgaagtet ggeggtggeo cc

<210> SEQ ID NO 26

32

32

32

32

32

32

32
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<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 26

geggeggtgyg cctgaagtet ggeggtggeco ca

<210> SEQ ID NO 27

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 27

ggeggtggee tggaagtcte atggeggtgg cc

<210> SEQ ID NO 28

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 28

gtggcggtgg ccagcatacg ggngtggCC ag

<210> SEQ ID NO 29

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: aptamer

<400> SEQUENCE: 29

gtggecggtgg ccagcatagt ggcggtggec ag

<210> SEQ ID NO 30

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SS DNA library
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(45)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 30

atgcggatcc cgcgennnnn nnnnnnnnnn nnnnnnnnnn nnnnngegceg aagcttgege

<210> SEQ ID NO 31

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 31

atgcggatce cgege

<210> SEQ ID NO 32

32

32

32

32

60

15
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<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 32

gegcaagett cgege

15

1. A single-stranded DNA aptamer which inhibits oxida-
tion by binding to L-ascorbic acid, wherein the single
stranded DNA aptamer is characterized in that it has at least
one stem-loop structure, and has CG bond at the end of the
stem structure of the stem-loop structure, and both of the
beginning parts of the loop structure are G or C, in which the
same bases are faced to each other.

2. The single-stranded DNA aptamer according to claim
1, characterized in that the aptamer has a CG bond at an end
of the stem structure of the stem loop structure and a

secondary structure in which one base of the beginning parts
of the loop structure is changed from G or C base to T.

3. The single stranded DNA aptamer according to claim 1,
characterized in that the aptamer is consisted of one of the
base sequences set forth in SEQ ID NOS: 1 to 29.

4. An anti-oxidative composition comprising the aptamer
according to claim 1 as an active ingredient.

5. A method for inhibiting oxidation of vitamin C by
treating the vitamin C with the aptamer according to claim
1.



