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Description

[Technical Field]

[0001] The present invention relates to a composition
for cryopreservation comprisingDNAnanostructure, and
methods of using same.

[Background Art]

[0002] An anti-freezing material refers to a compound
capable of reducing or inhibiting ice crystal formation in a
solution exposed to a temperature below zero (0) °C
whenpresent in the solution. At present, the anti-freezing
material includes smallmolecules, synthetic polymerand
anti-freezing protein. For example, KR20180109267A
discloses a DNA nanostructure for freezing control and
amanufacturing method thereof. KR20180084782A dis-
closes peptide polymers capable of reducing or inhibiting
the formation of ice crystals at temperatures below 0 °C.
KR20150137440A discloses an antifreeze protein de-
rived from an antarctic toothfish. US6307020B1 dis-
closes intracellular skin type antifreeze polypeptides
and their corresponding coding nucleic acids.
WO91/10361A1 discloses an antifreeze glycopeptide
derived from the fluid or serum of Arctic or Antarctic fish.
In the case of the small molecules used currently, very
high valid concentration (for example, 60% or more) is
required thus to sometimes cause tissue toxicity. Further,
in the case of naturally existing proteins, it is difficult to
perform purification andmass-production thereof, hence
entailing a limitation of very high price of the product.
[0003] Life organisms living in an extremely low tem-
perature ("cryogenic") environment contain anti-freezing
proteins that prevent freezing of body liquid so as to
protect cells and tissues. The anti-freezing proteins in-
dividually have inherent structures. However, it is known
that a regular alignment in a peptide called threonine is
engaged with a specific surface of an ice crystal and has
effects of suppressing growth of the crystal.
[0004] DNA origami is a bottom-up fabrication techni-
que for forming a nanostructure using complementary
self-binding properties between four (4) unique bases of
DNA, wherein the nanostructure is formed using a very
long single DNA strand called a scaffold DNA, which
usually has7000ormorebases, andmultiple short staple
DNAs,whichareused for conjugating thesingle stranded
DNA in a specific shape.
[0005] Such DNA origami technology allows to pro-
duce two/three-dimensional nanostructures having a
complex shape with a high precision within several nan-
ometers (nm), which cannot be prepared by a conven-
tional top-down fabrication technique. Through this tech-
nology, applicationof thenanostructure suchasprecisely
arranging diverse nano-materials in desired positions
may be possible. Further, the fabricated nanostructure
may have very excellent biocompatibility because of
using bio-molecules.

[0006] Cryoprotectants act complexly inside and out-
side a cell. Specifically, a structure absorbed inside the
cell suppresses formationandgrowthof icecrystals in the
cell. On the other hand, a structure existing outside the
cell suppresses formation and growth of ice cells around
the cell, and prevents the cell from being damaged by ice
crystals outside the cell to pierce a cellular membrane.
[0007] Meanwhile, in the case of dimethyl sulfoxide
(DMSO) as one of the cell cryoprotectants commonly
available in the art, this should be used in a great amount
such that a mixing ratio of DMSO with a cell culture
medium reaches about 10% (v/v). In addition, the above
compound is a substance having cytotoxicity and ad-
versely affects cell viability (survival rate), hence causing
a problem in that it should be removed as soon as
possible after thawing.
[0008] Further, prior studies on DNA origami materials
to prove no occurrence of cytotoxicity have been dis-
closed, however, there is still not completely clarified
whether cytotoxicity expressed or whether various types
of cells have cytotoxicity when a peptide having anti-
freezing ability is combined with the above DNA origami
material. Therefore, for commercialization, assessment
of the above tasks is further required.

[Summary of Invention]

[Problems to be Solved by Invention]

[0009] An object of the present invention is to provide a
composition for cryopreservation of cells or tissues, com-
prising a DNA nanostructure.
[0010] In addition, another object of the present inven-
tion is to provide a composition for cryopreservation of
food, comprising a DNA nanostructure.
[0011] Further, another object of the present invention
is to provide a method for cryopreservation of cells or
tissues.
[0012] Furthermore, another object of the present in-
vention is to provide a method for cryopreservation of
food.

[Means for Solving Problems]

[0013] The invention is set out in the independent
claims. Preferred embodiments are reflected in the de-
pendent claims.
[0014] To achieve the above objects, the following
technical solutions are adopted in the present invention.
The present invention provides a composition for cryo-
preservation comprising: a nucleic acid structure which
includes a scaffold nucleic acid folded at predetermined
positions to formmultiple strands, a plurality of first staple
nucleic acids wherein at least a portion of a sequence
thereof comprises a complementary sequence to that of
the scaffold nucleic acid, which are bound to at least one
of the strands of the scaffold nucleic acid to forma double
strand, and a plurality of second staple nucleic acids
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wherein at least a portion of a sequence thereof is com-
plementary to that of the scaffold nucleic acid but at least
one end thereof is not complementary thereto, which are
bound to at least one of the strands of the scaffold nucleic
acid to formadouble strandandasingle strandat the end
thereof;
[0015] linkers coupled to at least one of single strands
in the nucleic acid structure; and
an anti-freezing peptide coupled to at least one of the
linkers.
[0016] In another aspect, the present invention pro-
vides a composition for cryopreservation of cells or tis-
sues.
[0017] In another aspect, the present invention further
provides a composition for cryopreservation of food.
[0018] In another aspect, the present invention further
provides a method for cryopreservation of cells or tis-
sues.
[0019] In another aspect, the present invention further
provides a method for cryopreservation of food, .

[Advantageous Effects]

[0020] The composition of the present invention has
excellent freeze-protection ("cryopreservation") effects
of cells and tissues.
[0021] Using the composition of the present invention
may increase cell viability when cells are under cryopre-
servation.
[0022] The composition of the present invention has
excellent food cryopreservation effects.
[0023] In food freezing using the composition of the
present invention, the food may maintain the original
texture thereof.

[Brief Description of Drawings]

[0024]

FIG. 1 is a diagram illustrating a case in which a
scaffold nucleic acid and staple nucleic acids bind to
each other to form a structure.
FIG. 2 is diagrams illustrating several nucleic acid
origami structures, wherein A is 4 helix bundle (rigid
structure), B is 4 helix bundle (flexible structure), C is
24helix patch (Rothemund square) structure,D is 12
helix bundle (rigid structure), E is 12 helix bundle
(90□ bent structure), and F is 12 helix bundle (45□
bent structure).
FIG. 3 is a diagram illustrating 4, 6 and 12 helix
bundle (HB)‑rigid structures.
FIG. 4 is a diagram illustrating 4 helix bundle flexible
structure, and 6 helix bundle flexible structure.
FIG.5 isadiagram illustratingorigami structureswith
or without a gap.
FIG. 6 is a schematic diagram illustrating a method
for measuring recrystallization inhibition (RI) effects.
FIGS. 7 and 8 are photographs and a graph illustrat-

ing RI measurement results for a buffer solution
containing only MgCl2 in pure distilled water.
FIGS. 9 and 10 are photographs and a graph illus-
tratingRImeasurement results for a solution inwhich
an unstructured single-stranded DNA is present.
FIGS. 11 and 12 are photographs and a graph illus-
trating RI measurement results of a scaffold DNA
sample.
FIG. 13 is a diagram illustrating 4 helix bundle rigid
structure and flexible structure.
FIG. 14 is a diagram illustrating 6 helix bundle rigid
structure and flexible structure.
FIG. 15 is a diagram illustrating 24 helix patch struc-
ture.
FIG. 16 is a diagram illustrating 12 helix bundle firm
structure and bent structures.
FIGS. 17 to 20 are photographs and a graph illus-
trating RI effects of DNA origami structures.
FIG. 21 illustrates a growth process of ice crystals
over observation time, in regard to 6 helix bundle
rigid structure.
FIG. 22 is a design diagram illustrating DNA-PNA-
peptide patch.
FIG.23 illustrates resultsofagarose-gel electrophor-
esis of the completed DNA-PNA-peptide patch.
FIG.24 illustrates results of observingactual appear-
ance of the DNA origami structure used in the ex-
periment through atomic force microscopy (AFM).
FIG.25 illustrates resultsofagarose-gel electrophor-
esis experiment wherein a stability test of the struc-
ture (a peptide-free patch structure) was conducted
in a phosphate buffered saline (PBS) and a cell
culture medium (Dulbecco’s Modified Eagle’s Med-
ium, DMEM), respectively.
FIG.26 illustrates resultsofagarose-gel electrophor-
esis experiment after the stability test of the structure
(the peptide-free patch structure).
FIG. 27 illustrates the distribution of structures ab-
sorbed inside HSC‑3 cells or adsorbed to an outside
of the cells (violet: peptide patch, blue: nucleus).
FIG. 28 illustrates results of observing cell protection
ability when thawed after freezing where DNA patch
or a control (PBS buffer) is included.
FIG. 29 is a graph illustrating cell viability over in-
cubation time of each of the origami structures (cryo-
preservation time is 24 hours which is the same in all
cases), as compared to DMSO 10%.
FIG. 30 is a graph illustrating results of measuring
cell viability after incubation for 24 hours and cryo-
preservation for 1 month.
FIG. 31 illustrates results of in-situ confirming cryo-
preservation effects of DNA origami.

[Mode for Carrying out Invention]

[0025] Hereinafter, the present invention will be de-
scribed in detail.
[0026] The present invention relates to a composition
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for cryopreservation ("cryopreservative composition"),
including a DNA nanostructure.
[0027] As used herein, cryopreservation refers to pro-
tecting cells, tissues and/or food from freeze damage
possibly occurring during cryopreservation of the cells,
tissues and/or food.
[0028] As used herein, freeze damage refers to da-
mage possibly occurring in cells, tissues and/or food
when the cells, tissues and/or food are frozen. For ex-
ample, damage to a cellular membranemay occur due to
ice crystallization of water. In addition, when a non-in-
vasive cryoprotectant is used, it affects only an extracel-
lular salt concentration and thus the resulting high solute
concentration may cause osmotic stress to the cellular
membrane. Further, a high concentration cryopreserva-
tive needed for vitrificationmay causedamagedue to low
water chemical potential or chemical toxicity. However, it
is not limited thereto.
[0029] In the present invention, cryopreservation may
appear by combined action of DNA nanostructure inside
and outside cells and tissues. For example, the structure
absorbed inside the cellmay inhibit formation and growth
of ice crystals inside the cell, while the structure existing
outside the cell may inhibit formation and growth of ice
crystals around the cell, and prevent the cell from being
damaged by ice crystals outside the cell to pierce the
cellular membrane. However, it is not limited thereto.
[0030] The composition for cryopreservation of the
present invention may include a material used to protect
live tissues, cells or organisms and food from freeze
damage.
[0031] According to an embodiment of the present
invention, the composition for cryopreservation may in-
hibit formation or growth of ice crystals.
[0032] Ice crystals can grow through ice recrystalliza-
tion, which refers to a process of growing from small ice
crystals to larger ice crystals, and the growth thereof
occurs according to Ostwald ripening mechanism. The
Ostwald ripening may be performed in a dissolution-
diffusion-refreezing or a sublimation-diffusion-conden-
sation mechanism. In other words, the ice recrystalliza-
tiondoesnot occuras the icecrystalsareadhered toeach
other, but rather as small ice crystals aremelted between
the crystals, and spread toward large ice crystals, thus to
be a portion of large ice crystals while refreezing.
[0033] Inhibition of growth of ice crystals refers to ac-
tions of preventing ice formation, lowering a speed of ice
formation, preventing ice recrystallization, lowering a
speed of ice recrystallization, or maintaining a size of
ice crystals to be small.
[0034] The composition for cryopreservation of the
present inventionmayprevent freezingof cells or tissues.
Further, when thawed after cryopreservation of cells, cell
viability may be improved.
[0035] Effects of preventing and suppressing freezing
of cells or tissues may vary depending on an extent of
icephilic properties in relation to types and configuration
of bases to construct the DNA nanostructure included in

the composition.
[0036] The composition for cryopreservation of the
present invention may include a nucleic acid structure.
[0037] Thenucleic acid structuremaybe a nucleic acid
origami structure.
[0038] The nucleic acidmay beDNA, RNAor PNA, but
it is not limited thereto.
[0039] The nucleic acid origami structure is a structure
formed by folding predetermined portions of a scaffold
nucleic acid (DNA scaffold in FIG. 1) while binding to a
plurality of staple nucleic acids, as shown in FIG. 1.
[0040] The scaffold nucleic acid is a single-stranded
nucleic acid, of which length may be appropriately se-
lected depending on a length, size, shape, etc. of the
structure to be formed, and a type of acid having a length
of about 7000 to 8000 nucleotides (nt) may be used. In a
specific embodiment of the present invention, M13mp18
DNA having a length of 7,249 nt was used, but it is not
limited thereto. When preparing the DNA structure using
M13mp18 scaffold DNA, the molecular weight of the
resulting structure is about 5 megadaltons, which corre-
sponds to about 10‑20 kg, but it is not limited thereto.
[0041] In the staple nucleic acids, at least a portion of
the sequence thereof has a complementary sequence to
the scaffold nucleic acid, thereby allowing the scaffold
nucleic acid to be folded or immobilized at specific posi-
tions.
[0042] In the present invention, the staple nucleic acid
may be a plurality of staple nucleic acids (hereinafter,
referred to as "first staple nucleic acids"), which are
bound to at least one of the strands of the scaffold nucleic
acid to form a double strand. Further, the staple nucleic
acidmaybeaplurality of staplenucleicacids (hereinafter,
referred to as "second staple nucleic acids"), wherein at
least a portion of a sequence thereof is complementary to
that of the scaffold nucleic acid but one end thereof is not
complementary thereto, which are bound to at least one
of the strands of the scaffold nucleic acid to forma double
strand and a single strand at the end thereof.
[0043] The first staple nucleic acid may have a com-
plementary sequence to that of the scaffold nucleic acid,
and thusmaybebound to thescaffold nucleic acid to form
a double strand.
[0044] The second staple nucleic acid may include a
portion having a complementary sequence to that of the
scaffold nucleic acid and another portion which is not
complementary to the scaffold nucleic acid at at least one
end on a side ("one end"). For example, the one endmay
be not complementary to the scaffold nucleic acid or both
ends may be not complementary to the scaffold nucleic
acid, however, it is not limited thereto.
[0045] In the present invention, the staple nucleic acid
may includeaplurality of first staple nucleic acidsalone, a
plurality of second staple nucleic acids alone, or the
plurality of first and second staple nucleic acids together,
but it is not limited thereto.
[0046] The staple nucleic acidmay have a length prop-
erly selected on the basis of a length, size or shape of a
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structure to be formed, for example, the lengthmay range
from 20 to 50 nt, but it is not limited thereto.
[0047] In thepresent invention, at least oneendportion
of the second staple nucleic acid not complementary to
the scaffold nucleic acid may be a portion designed so
that at least one end of a base sequence of the staple
nucleic acid is not complementarily bound to a base
sequence of the scaffold nucleic acid by extending a
length of a portion of the base sequence of the staple
nucleic acid when designing the base sequence. When
the second staple nucleic acid is bound to the scaffold
nucleicacid, theat least oneenddescribedabovemaybe
exposed to one side of the nucleic acid origami, which is
hereinafter referred to as a "handle".
[0048] The nucleic acid origami structure is a specific
structure formed by binding the staple nucleic acids to
specific positions of the scaffold nucleic acid and folding
the staple nucleic acids at the specific positions, and the
staple nucleic acids are designed so that the scaffold
nucleic acid has such a specific structure.
[0049] The design of the staple nucleic acid may be
performed according to a conventional method, and for
example, a design program such as caDNAno may be
used, but it is not limited thereto.
[0050] The nucleic acid origami structure may be pre-
pared using conventional thermal annealing techniques.
[0051] This technique starts by heating the scaffold
nucleic acid and staple nucleic acids as raw materials
to a high temperature (for example, 80 to 95 °C), so that
all nucleic acid strandsare in a single-strandedstate. The
nucleic acid strand has a melting temperature according
to a base sequence thereof, and in a case of above the
melting temperature, the nucleic acid exists mainly as a
single strand, and in a case of below the melting tem-
perature, the nucleic acid exists mainly as a double
strand. When slowly lowering the temperature of the
reaction solution, the nucleic acid strands start to exist
as the double strand while complementarily binding, and
in thenucleic acid origami, about 200 staple nucleic acids
bind to the designed positions while cooperatively bind-
ing, thereby creating a structure having a desired shape.
[0052] Since the respective staple nucleic acids have
different base sequences, times of binding are slightly
different from each other. However, because the conven-
tional thermal annealing technique allows the tempera-
ture to be gradually lowered over a sufficient time (more
than several hours), a condition, in which all the staple
nucleic acids are sufficient to bind, is formed, and there-
fore, it is possible to prepare a structure so as to have the
desired shape regardless of the base sequences.
[0053] The scaffold nucleic acid is folded at the pre-
determined positions to form a plurality of strands, and
the staple nucleic acids have sequences designed so as
to allow the scaffold nucleic acid to be folded at the
predetermined positions. Therefore, the scaffold nucleic
acid forms a predetermined structure while the staple
nucleic acids bind to the scaffold nucleic acid by the
above method.

[0054] The scaffold nucleic acid strands and the staple
nucleic acids may bind to each other to form double
strands (double helices), wherein the nucleic acid origa-
mi structure may have, for example 2 to 50, 2 to 45, 2 to
40, 2 to 35, 2 to 30, 2 to 25, 2 to 20, 2 to 12, or 4 to 12 helix
bundles, and specifically may have 4 to 12 helix bundles,
but it is not limited thereto. FIGS. 2 and 4 illustrate nucleic
acid origami structures having various numbers of helix
bundles.
[0055] A linker may be bound to at least one of the
single strands in the nucleic acid structure. Specifically,
the linker may be bound to at least one among the single
strands existing at an end of the second staple nucleic
acid, but it is not limited thereto.
[0056] The linker may be any nucleic acid of which at
least a portion has a complementary base sequence at
the handle, and may include nucleic acid strands, for
example, DNA, RNA, PNA, etc., but it is not limited there-
to. The linker may be a strand to which a functional
material such as phosphor, peptide, etc. is additionally
attached, but it is not limited thereto.
[0057] The linker is bound to at least one among the
handles described above, may be bound to one or multi-
ple or all of handles, but it is not limited thereto.
[0058] A length of the linker may be properly selected
on the basis of a length of the handle, the configuration of
base and a length, size, shape, etc. of the structure to be
formed. For example, the length of the linker may range
from 5 nucleotides (nt) to 50 nt, specifically, 5 nt to 30 nt,
but it is not limited thereto.
[0059] In the present invention, an anti-freezing pep-
tide may be a peptide bound to at least one among the
above linkers. The anti-freezing peptidemay be bound to
at least a portion of the linker. The at least a portion of the
linker refers to one or multiple strands among single
strands of the nucleic acid structure or the entire or a
portion of a whole base sequence of one among the
linkers. For example, the peptide may be bound to one
end of the linker or to both ends of the linker. Binding
between the linker and the anti-freezing peptide may be
performed through a hydrogen bond, covalent bond,
peptide bond, or the like, but it is not limited thereto.
[0060] In one embodiment of the present invention, a
linker having a complementary base to a base sequence
of the handle portion (for example, peptide nucleic acid
strand (PNA)) may be designed, and peptide can be
bound to at least one of the linkers (hereinafter, referred
toasa "probe"). Theprobemaybebound to thehandleas
a portion designed when forming a nucleic acid origami
structure in an aqueous solution (see FIG. 24).
[0061] As used herein, the peptide refers to a peptide
having anti-freezing effects. Effects of suppressing the
growth of ice crystals may vary according to an extent of
icephilic properties based on types of the peptide and a
density of peptide arrangement.
[0062] In one embodiment of the present invention, the
peptide may include a single or combined type of amino
acid polymers. The amino acid may have anti-freezing
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effects. For example, the amino acidmay include alanine
or threonine, but it is not limited thereto.
[0063] A length of the amino acid polymer may be
properly selected on the basis of a length and base
configuration of the linker, a length or base configuration
of the exposed single strand, a length and size, shape,
etc. of the structure to be formed. For example, the length
of the amino acid polymer may range from 1 to 20 amino
acids, 1 to 10 amino acid, or 2 to 10 amino acids, but it is
not limited thereto.
[0064] In the nucleic acid origami structure of the pre-
sent invention, the anti-freezing peptidesmay be aligned
at a predetermined interval. In one embodiment of the
present invention, an arrangement of anti-freezing pep-
tides may be formed on one side of the nucleic acid
origami structure.
[0065] As the origami structure has many more han-
dles, the number of anti-freezing peptides attached to the
handles may also be increased, thereby improving anti-
freezing effects. In one embodiment of the present in-
vention, an origami structure having an arrangement of
96 anti-freezing peptides at an interval of 16 nt, which is
present in a transversal direction at one side of a nucleic
acid origami sheet structure (a structure in which anti-
freezingpeptidesarealignedatall handleportions inFIG.
22), exhibited higher cell viability than an origami struc-
ture having an arrangement of 48 anti-freezing peptides
at an interval of 32 nt in the transversal direction (seeFIG.
29).
[0066] The structure of the present invention may be
absorbed inside a cell or adhered to an extracellular wall
so as to enclose the cell. Amaterial absorbed inside a cell
may suppress formation and growth of ice crystals gen-
erated inside the cell during freezing/thawing the cell.
Further, the material absorbed inside the cell may pre-
vent and inhibit cells and tissues from being frozen.
Further, when cells are thawed after cryopreservation,
cell viability may be improved.
[0067] The structure adhered to the outside of a cell
may suppress formation and growth of ice crystals gen-
erated around the cell, inhibit penetration of the ice
crystals into the cell, and protect a cellular membrane
from being damaged. Further, the structure adhered to
the outside of a cell may prevent and inhibit cells and
tissues from being frozen, and prevent damage to the
same. Further, when cells are thawed after cryopreser-
vation, cell viability may be improved.
[0068] The structure used in the present inventionmay
have aweight/volume ratio (percent) of 0.001% to 0.03%
in an aqueous solution, and 0.001% to 0.003% in a cell
culture medium.
[0069] As compared to permeable small molecules
used for existing tissue preservation that require a high
weight/volume ratio of up to several tens of percent, the
nucleic acid structure of the present invention may have
ice crystal growth inhibitory effects even at considerably
loweredweight/volume ratio, andmay furtherexhibit anti-
freezing effects of cells or tissues. Further, when cells are

thawed after cryopreservation, cell viability may be im-
proved.
[0070] In this regard, the nucleic acid origami structure
according to the present invention may include a twisted
or curved helix bundle.
[0071] For example, a direction in which the helix bun-
dle is twistedmaybecontrolledbyan insertion or deletion
of a base, and the bundle may be twisted in a right
direction by inserting the base into the helix or may be
twisted in a left direction by deleting the base. A degree of
twisting may be controlled by the number of bases. The
number of bases to be inserted or deleted may be one or
two per every length of 21 bases in which the helix is
rotated twice, and even if the number of bases exceeds
the above range, there is no particular limitation as long
as there is no problem in maintaining the structure.
[0072] Further, for example, the base is inserted into
one helix of a plurality of helices, and the base is not
inserted into other helices or the base is deleted so as to
make a difference in the length between the helices, so
that the helix bundle may be curved.
[0073] In addition, the nucleic acid origami structure
may include a surface that can come into contact with an
ice recrystallization surface in an aspect of inhibiting ice
crystal formation or growth, that is, ice recrystallization. It
is also possible to maximize the ice recrystallization
inhibition effect by coming into contact the surface of
the nucleic acid origami structure with the ice recrystalli-
zation surface over a largearea in a formof a plane rather
than a line. Further, the nucleic acid origami structure
may a large area in the form of a plane, the anti-freezing
effects of cells or tissues may be maximized.
[0074] Further, the present invention relates to a com-
position for cryopreservation of cells or tissues, including
the composition described above.
[0075] Whencryopreserving cells or tissues, cellmem-
branes may be damaged due to ice recrystallization
during melting the cryopreserved cells or tissues for
subsequent use, thereby resulting in damaging the cells
and tissues due to occurred cell dehydration. Organisms
living in a lower-temperature environment may be more
easily damaged by ice recrystallization.
[0076] The nanostructure included in the composition
of the present inventionmay be absorbed inside the cells
and tissues or adhered to extracellular walls of the cells
and tissues so as to enclose food. A material absorbed
inside cells and tissues may suppress formation and
growth of ice crystals generated inside the cells and
tissues during freezing/thawing the same. In addition,
the material absorbed inside the cells and tissues may
prevent and inhibit food from being frozen. Further, the
structure adhered to the outside of the cells and tissues
may prevent and inhibit the cells and tissues from being
frozen, and further prevent damage to the same.
[0077] The composition of the present invention may
be applicable to all cells that are commonly used by
freezing for preservation, and may include, for example,
prokaryotic cells; eukaryotic cells; microorganisms; ani-
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mal cells; cancer cells, sperms;eggs; stemcells including
adult stem cells, embryonic stem cells, and dedifferen-
tiated stem cells; blood cells including cord blood, white
blood cells, red blood cells, and platelets; and tissue cells
includingkidneycells, liver cells, andmuscle cells, but it is
not limited thereto.
[0078] In addition, the composition of the present in-
vention may be applicable to all tissues that are com-
monly used by freezing for preservation, and may in-
clude, for example all tissues such as cornea, kidney,
heart, small intestine, pancreas, lung, liver, and the like
without limitation thereof.
[0079] The composition of the present invention may
further include a preservative solution for cryopreserva-
tionof cells and/or tissues.Thepreservative solutionmay
include, for example, water, saline, phosphate buffered
saline (PBS), various cell culture media, but it is not
limited thereto.
[0080] The composition of the present invention may
include 0.001 to 0.5%(w/v) of the nucleic acid structure,
and specifically 0.01 to 0.03% (w/v), but it is not limited
thereto.
[0081] While the permeable small molecules used in
the current tissue preservation process require a high
weight/volume ratio of up to several tens of percent, the
nucleic acid origami structure of the present invention
mayhave ice recrystallization inhibition effects even in an
extremely low content, which may be more advanta-
geous for preservation upon freezing of cells and tissues.
Further, when cells are thawed after cryopreservation,
cell viability may be improved.
[0082] Further, the present invention relates to ameth-
od for cryopreservation of cells or tissues including ex-
posing subject cells or tissues to a temperature below
zero in the presence of the composition.
[0083] When freezing the subject cells or tissues in the
presence of the composition, it is possible to prevent the
cells or tissues from being damaged by inhibiting ice
recrystallization at the time of subsequent thawing.
[0084] Further, the present invention relates to a com-
position for cryopreservation of food including the above
composition, as well as a method for cryopreservation of
food, which includes exposing subject food to a tempera-
ture of below zero (0 °C) in the presence of the above
composition.
[0085] The composition of the present invention may
be applied to all frozen foods, and when using the com-
position, it is possible tominimize a decrease in texture of
the food at the time of subsequent thawing.
[0086] For example, the structure of the present inven-
tionmaybeabsorbed into foodoradhered toanouterwall
of the food so as to enclose the food. Amaterial absorbed
into food may suppress formation and growth of ice
crystals generated inside the food during freezing/thaw-
ing the same. In addition, the material absorbed in the
food may prevent and inhibit food from being frozen.
Further, the structure adhered to the outside of the food
may prevent and inhibit the food from being frozen, and

further prevent damage to the same.
[0087] Hereinafter, the present invention will be de-
scribed in detail with reference to examples.

EXAMPLE

1. Identification of ice recrystallization inhibition ef-
fect by cation and DNA structure through experi-
ment

1.1 Experiment method for ice recrystallization

[0088] A splat cooling experimental technique com-
monly known in the art was used tomeasure theRI effect
(see FIG. 6). First, a cover glass was placed on a metal
plate pre-cooled with liquid nitrogen (temperature on the
cover glass surface is about ‑150 °C), and 20 µl of a
solution containing a material for measuring the RI effect
dispersed thereinwasdroppedat a height of about 1.5m.
As soon as the solution contacts the cover glass, it
spreads thinly and freezes while being rapidly cooled,
and a plurality of very small ice crystals are formed due to
the rapid cooling. Then, the cover glass was transferred
to a cold stage having drilled holes through which ice
crystals canbeobservedwith anopticalmicroscope. The
cold stage was maintained at ‑6 °C, and a state, in which
the ice crystals grow as small crystals gradually merge,
was observed for 30minutes. Thereafter, the sizes of the
ice crystalsweremeasured to compare howmuch the ice
crystals have less grown compared to the control (a
sample containingonly solutionwithout a freezing control
material).

1.2. Observation of RI effect in cations-containing
aqueous solution and unstructured DNA sample

[0089] First, RI measurement experiment was per-
formed on a buffer solution containing onlyMgCl2 in pure
distilled water, and it was confirmed that ice recrystalliza-
tionwas inhibited as the ion concentrationwas increased
(see FIGS. 7 and 8). Based on the results of this experi-
ment, the MgCl2 concentration of the reference buffer
solution in the subsequent experiments was set to be 5
mmol (mM). RI performance of the sample was mea-
sured by comparing relative RI performance of the sam-
ple to the reference buffer, which means that the smaller
value, the higher RI performance.
[0090] Next, RI measurement experiment was per-
formed on a solution containing DNA in the unstructured
single-stranded state. The concentration of DNA used in
the experiment was set to be 50 to 200 ng/uL, which is
similar to the concentration of DNA structures prepared
through the conventional manufacturing processes. As a
result of measuring the RI performance of a sample in
which 169 types of staple DNAs forming 6 helix bundle
rigid structure aremixed in a single-stranded state, it was
observed to have a value of 0.87 to 1.0 with little ice
recrystallization inhibition effect compared to the buffer
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(see FIGS. 9 and 10). In other words, it was experimen-
tally confirmed that, although DNA strands have the
effect of aggregating Mg2+ ions, it is impossible to hold
the Mg2+ ions unless they form a structure having a
constant shapeand rigidity in anaqueous solution, there-
by the RI effect hardly occurs at the macro level.
[0091] In addition, the RI value of the scaffold DNA
sample performed in the samemannerwasmeasuredup
to about 0.7 (see FIGS. 11 and 12). The reason why the
scaffold DNA has a slight RI performance compared to
the staple DNA is assumed that, due to characteristics of
the long scaffold DNA, it forms a secondary structure in
which the entire region does not exist in the single-
stranded state, but rather some portions bind in a double
strand with complementary to each other.

1.3. Design of structured DNA origami

[0092] Thereafter, an experiment was performed on a
DNAstructure inwhichDNAstrandsaredensely linked to
each other thus to have constant cross-sectional shape
and rigidity. 9 types of structures designedasan example
of DNA origami technique include: (1) 4 helix bundle rigid
structure; (2) 4 helix bundle flexible structure (gap 5 nt);
(3) 6 helix bundle rigid structure; (4) 6 helix bundle flexible
structure (gap 3 nt); (5) 6 helix bundle flexible structure
(gap 5 nt); (6) 24 helix patches; (7) 12 helix bundle rigid
structure; (8) 12 helix bundle bent structure (90°); and (9)
12 helix bundle bent structure (45°).
[0093] The design methods for each structure are as
follows.

(1) 4 helix bundle rigid structure and (2) 4 helix
bundle flexible structure (gap 5 nt)

[0094] The structures (1) and (2) have cross sections
consisting of four double-stranded DNAs, of which one
side is packed in a square shape of about 4.5 nm (FIG.
13). These have a structure in which the same forms of
linkage are repeated based on a length of about 192 nt,
andhavea total lengthof about 600nm, respectively. The
rigid structure of (1) was designed so that opposite ends
(5’ end and 3’ end) of all staple DNAs present in the
structure are directly contact with each other, and the
flexible structure of (2) consists of ssDNA in which a gap
between opposite ends of 150 adjacent staple DNAs is 5
nt.
[0095] (3) 6 helix bundle rigid structure, (4) 6 helix
bundle flexible structure (gap 3 nt) and (5) 6 helix bundle
flexible structure (gap 5 nt)
[0096] The structures (3), (4) and (5) have cross sec-
tions consisting of six double-stranded DNAs, which are
packed in a hexagonal shape (FIG. 14). These have a
structure inwhich the same formsof linkageare repeated
based on a length of about 168 nt, and have a total length
of about 400 nm, respectively. The rigid structure of (3)
was designed so that opposite ends of all staple DNAs
present in the structure are directly contact with each

other, and the flexible structures of (4) and (5) consist of
ssDNA in which a gap between opposite ends of 169
adjacent staple DNAs is 3 nt and 5 nt, respectively.

(6) 24 helix patches

[0097] The structure (6) has a cross section consisting
of twenty-four double-stranded DNAs, which are ar-
ranged in a straight line to form a sheet shape (see
FIG. 15). The structure has a length of about 90 nm
(256 nt) and a width of about 55 nm. This structure
was designed so that all ends of the 192 staple DNA
present in the structure directly contact with each other.

(7) 12 helix bundle rigid structure, (8) 12 helix bundle
bent structure (90°), and (9) 12 helix bundle bent struc-
ture (45°)

[0098] The structures (7), (8), and (9) have cross sec-
tions consisting of twelve double-stranded DNAs, which
are packed in a hexagonal shape (see FIG. 16). The rigid
structureof (7)wasdesignedso thatall endsof180staple
DNAs directly contact with each other. The structures (8)
and (9) have flexible regions with a length of 42 nt by
removing 11 staple DNAs present in the middle of the
structure, andare formed ina shape inwhich the lengthof
the DNA linking opposite ends of the structure was shor-
tened to 357 nt and 189 nt, respectively, and a central
portion thereof was bent at 90° and 45°, respectively.

1.4 Preparation of DNA origami and observation of
RI effect

[0099] Thereafter, the ice recrystallization inhibition
effect of DNA structure structured so as to have constant
cross-sectional shape and size was confirmed. A pro-
cess for preparation of an origami structure is as follows:
after admixing a rawmaterial and the buffer then heating
the mixture to 80 °C, the temperature was lower to 65 °C
over 1 hour, followed by a thermal annealing technique in
order to reduce the temperature to 25 °C at 1 °C per hour.
In order to separate the structure preparedby the thermal
annealing technique, unreacted materials were filtered
using a centrifugal purification filter manufactured by
Amicon Co. A concentration of the structure after purifi-
cation was measured using absorbance at a wavelength
of 260 nm, followed by diluting the structure with the
buffer in order to reach a target concentration.
[0100] The shape of the structure prepared according
to the above design was measured by AFM (see first
column images of FIGS. 17, 18 and 19). As a result of
performing RI experiments on at least nine types of DNA
structures having at least two types of different densities,
RI valuewithamaximumof0.53wasmeasured (seeFIG.
20). The remaining samples exhibited higher RI perfor-
mance than 4 helix bundle (samples 1 and 2) having the
narrowest cross-sectional area, and the higher the con-
centration of the structure, the higher RI performance as
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a whole. This is believed that since the Mg2+ ions can be
sufficiently concentrated near the structures so that the
RI performance may be exhibited when the cross-sec-
tional area is at a certain level, and as the number of
structures in the aqueous solution is increased, a region
capable of inhibiting ice recrystallization is increased.
With regard to 6 helix bundle rigid structure, as a result
of observing the ice growing process after 30 minutes, it
was observed that the ice is grown to a size similar to that
of ice crystals in the buffer not containing the material
after lapse of about 2 hours (see FIG. 21).
[0101] Through a series of experiments, it was demon-
strated that the composition including theDNAstructures
inwhich cationswere concentrated could exert higher ice
recrystallization inhibition effects than DNA which does
not form a structure.

2. Fabrication of DNA-PNA-peptide origami struc-
ture

2.1. Designing DNA-PNDA-peptide origami struc-
ture

[0102] DNA-PNA-peptide structures having scaffold
DNA, staple DNA, handle, Cy3 dye and PNA-peptide
binding sites, respectively, were designed (see FIG. 22).

2.2. Fabrication of DNA-PNA-peptide origami struc-
ture (see FIG. 23)

[0103] In order to fabricate a structure having a PNA-
peptide probe attached thereto, all nucleic acid materials
to construct the structure, that is, scaffold DNA, staple
DNA including handle and PNA-peptide were mixed
simultaneously. Thereafter, according to the same ther-
mal annealing process as that in the fabrication of DNA
origami structure, a DNA-PNA-peptide structure, in
which the DNA-peptide probe is attached to the handle
site of the DNA origami, was formed. The formed DNA-
PNA-peptide structure was subjected to the same pur-
ification process as that used for the DNA origami struc-
ture.

3. Confirmation of cell protection ability by DNA
structure

3.1. Experimental material and condition

[0104] The present experiment was conducted using
HSC‑3 cells as cancer cells. A concentration of the
nucleic acid origami structure used in the experiment
was 100 ng/uL and 200 ng/uL, respectively. When a
peptide probe was attached, the structure with a con-
centration of 300 ng/uL was used. By mixing the cell
culture medium and the cryopreservative material in a
ratio by volume of 9:1, a final material used for cell
experiments was prepared with a concentration of 10
ng/uL to 30 ng/uL.

[0105] First, the nucleic acid origami structure was
subjected to determination of freeze-protection effects
of the structure only without the peptide probe. There-
after, a PNA probe having anti-freezing peptides such as
alanine and threonine adhered thereto was used to im-
plement an experiment of measuring freeze-protection
ability of DNA-peptide combined material.
[0106] The nucleic acid origami used for determining
cell protection ability has the following shapes: (1) 4 helix
bundle structure; (2) 6 helix bundle structure; (3) 12 helix
bundle structure; and (4) 24 helix patch structure, re-
spectively. Further, a shape of the structure formed ac-
cording to theabovedesigningprocesswasconfirmedby
AFM (see FIG. 24).

3.2. Confirmation of structure stability under saline
and cell culture medium condition

[0107] In order to confirm whether the DNA origami
structure can maintain the structure itself during interac-
tion with cells, the DNA structure was admixed with 10%
phosphate buffered saline (PBS) and DMEM cell culture
medium in a ratio of 9:1, followed by incubation at 37 °C
for maximum 8 hours.
[0108] In 1, 2, 4 and 8 hours, incubation was com-
pleted, followed by observing appearance of the DNA
structure through AFMand agarose-gel electrophoresis
so as to confirm structural stability thereof (see FIGS. 25
and 26).

3.3. Confirmation of cell absorption

[0109] Whether the prepared patch structure is ab-
sorbed to the inside/outside of the cell and attached
thereto was monitored through a confocal fluorescence
microscope (see FIG. 27).
[0110] Asafluorescent label,Hoechst 33258wasused
for nucleus staining, while Cy3 was used as a DNA
origamimaterial. Thenucleuswasstainedwithbluewhile
a place where the origami is located was indicated with
magenta color.
[0111] A solution including DNA-PNA-peptide patch
was mixed with a mixing ratio of 10% in the cell culture
medium, followed by incubation. As a result of observing
immediately after incubation, after 1 hour and after 2
hours, respectively, it was confirmed that an amount of
the patch existing inside/outside the cell was gradually
increased over the incubation time.

3.4. Confirmation of cell viability

3.4.1. Confirmation of change in cell viability
throughmicroscope when thawed immediately after
freezing

[0112] First, the freeze-protection ability of a typical
DNA patch structure was confirmed through the micro-
scope. Then, after mixing cells with 10% PBS and the
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DNA patch structure and incubating the same, the mix-
ture was subjected to freezing-thawing as like RI experi-
ment, followed by confirming survival of the cells from
images. As a result of the experiment, it was confirmed
that all of the cells in PBS state were almost destructed
but quite of the cells mixed with the DNA patch structure
were survived (see FIG. 28).

3.4.2. Confirmation of cell viability through MTT as-
say when thawed after 24 hours cryopreservation.

[0113] Cell viability over time was confirmed when the
cells were incubated in the cell culture medium including
each DNA structure and each PNA-peptide bound there-
to at 37 °C (see FIG. 29).
[0114] For samples including the patch (PNA-peptide
probe), the highest cell viability was found when incu-
bated for 2 hours. Among them, when the DNA structure
with a probe having five (5) threonines (Thr × 5) at a
concentration of 300 mg/ul was incubated at a liquid
nitrogen temperature for 2 hours and then thawed after
24 hours of cryopreservation, it showed the highest cell
viability among all of the samples.
[0115] Meanwhile, for a bundle type structure, cell
viability tended to increase over incubation time.
[0116] Cell viability was compared and determined
between the origami structure samples and the cryopro-
tectant DMSO 10% (see FIG. 29).
[0117] The patch structure in a layer form showed the
most excellent cell protection ability, and this is because
the above structure has the widest cross-sectional area
relative to the volume of material and flexibility, whereby
the structure may efficiently interact with a cellular mem-
brane thus to exhibit freeze-protection ability.
[0118] The material, in which alanine and threonine
peptidesareattached toapatchstructure,wasconfirmed
to have amuch higher freeze-protection ability. From this
result, it was confirmed that the peptide having freeze-
protection ability exhibits excellent ice crystal formation
and growth inhibitory performance inside and around the
cells. In the case of a material to which threonine is
attached using 96 probes, it was confirmed that this
material has more excellent performance than DMSO
10% as a cryoprotectant commercially available in the
art.

3.4.3. Confirmation of cell viability when thawed
after long-term cryopreservation

[0119] Based on the experimental condition of 2 hours
incubation that showed the highest cell viability, in order
to confirm cell viability at long-term cryopreservation for
more than 24 hours, the cells were under cryopreserva-
tion at a liquid nitrogen temperature for 1month and then
thawed, followedbymeasuringcell viability (seeFIG.30).
[0120] As a result, it was confirmed that the DNA
structure having Thr × 5 probe has the highest cell
viability, which is substantially the same as the result

obtained after 24 hours cryopreservation. Further, it
was also confirmed that the structure at 200 ng/ul and
300ng/ul, respectively, still has higher performance com-
pared to DMSO 10% control. From this result, it could be
understood that the cryoprotectant using an origami
structure may be used for long-term cryopreservation.

3.5. In-situ RI and confirmation of cell status

[0121] Similar to the experimentalmethoddescribed in
Example 1.1, an experiment for determining RI perfor-
mance of a material inside cells was conducted at ‑6 °C
for 30 minutes. A nucleus portion (blue stained) of the
cell, a cytoplasm portion (green) and a cellular mem-
brane portion (red) were stained respectively, and char-
acteristics thereof in relation to temperature changewere
observed by a fluorescence microscope. For the control
(PBS buffer), a nucleus of the cell after low temperature
freezingwasdamagedandhadan irregular shape, there-
fore, it was difficult to find the nucleus. For the cytoplasm,
a size of ice crystals inside the cell is rapidly increased
duringRImeasurement, and the ice crystals are very little
remained after thawing. Therefore, it could be confirmed
that most of the cytoplasm disappeared due to cell da-
mage. Further, it could be confirmed that the cellular
membrane was initially distorted and then destructed
(see FIG. 31).
[0122] In the case of the experimental group in which
the patch structure at a concentration of 10% was ad-
mixed with the cell culture medium, it was confirmed that
a nucleus of the cell undergone low temperature freezing
was maintained similar to the initial stage. Further, the
size of ice crystals inside the cell observed through the
cytoplasm was quite smaller than that of the control,
therefore, it was confirmed that the material has effects
of suppressing the growth of ice crystals even inside the
cell. Further, even when thawed after freezing, bright-
ness of the cytoplasm was maintained, therefore, very
little damage to the cells could be confirmed. Moreover,
since fluorescent images of the cellular membrane are
similarly maintained even after freezing and thawing,
thereby observing cell freeze-protection effects of the
material.

Claims

1. A composition for cryopreservation comprising:

a nucleic acid structure which comprises a scaf-
fold nucleic acid folded at predetermined posi-
tions to form multiple strands, a plurality of first
staple nucleic acids wherein at least a portion of
a sequence thereof comprises a complemen-
tary sequence to that of the scaffold nucleic acid,
which are bound to at least one of the strands of
the scaffold nucleic acid to forma double strand,
and a plurality of second staple nucleic acids
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wherein at least a portion of a sequence thereof
is complementary to that of the scaffold nucleic
acid but at least one end thereof is not comple-
mentary thereto, which are bound to at least one
of the strands of the scaffold nucleic acid to form
a double strand and a single strand at the end
thereof;
linkerscoupled toat least oneof singlestrands in
the nucleic acid structure; and
an anti-freezing peptide coupled to at least one
of the linkers.

2. The composition according to claim 1, wherein the
linker is DNA, RNA or PNA.

3. The composition according to claim 1, wherein the
linker has a length of 5 nucleotides to 20 nucleotides.

4. The composition according to claim 1, wherein the
peptide has a length consisting of 1 to 10 amino
acids.

5. The composition according to claim 4, wherein the
amino acid is alanine or threonine.

6. The composition according to claim 1, wherein the
nucleic acid structure comprises two or more helix
bundles and a surface adapted to come into contact
with ice crystals.

7. The composition according to claim 1, wherein the
nucleic acid structure comprises a twisted or curved
helix bundle.

8. A composition for cryopreservation of cells or tis-
sues, comprising the composition according to any
one of claims 1 to 7.

9. A composition for cryopreservation of food, compris-
ing the composition according to any one of claims 1
to 7.

10. A method for cryopreservation of cells or tissues,
comprising exposing subject cells or tissues to a
temperature of below 0 °C in the presence of the
composition according to claim 8.

11. A method for cryopreservation of food, comprising
exposing subject food to a temperature of below0 °C
in thepresenceof thecompositionaccording to claim
9.

Patentansprüche

1. Zusammensetzung zur Kryokonservierung, umfas-
send:

eine Nucleinsäurestruktur, umfassend eine Ge-
rüstnucleinsäure, die an vorbestimmtenPositio-
nen unter Bildung mehrfacher Stränge gefaltet
ist, eine Vielzahl von ersten Hauptnucleinsäu-
ren,bei denenwenigstenseinTeil ihrerSequenz
eine zu der der Gerüstnucleinsäure komple-
mentäreSequenzumfasst unddieunterBildung
eines Doppelstrangs an wenigstens einen der
Stränge der Gerüstnucleinsäure gebunden
sind, und eine Vielzahl von zweiten Hauptnuc-
leinsäuren, bei denen wenigstens ein Teil ihrer
Sequenz zu der der Gerüstnucleinsäure kom-
plementär ist, aber wenigstens eines ihrer En-
den nicht komplementär dazu ist und die unter
Bildung eines Doppelstrangs und eines Einzel-
strangs an ihrem Ende an wenigstens einen der
Stränge der Gerüstnucleinsäure gebunden
sind;
Linker, die anwenigstens einen der Einzelsträn-
ge in der Nucleinsäurestruktur gekoppelt sind;
und
ein Gefrierschutzpeptid,k das an wenigstens
einen der Linker gekoppelt ist.

2. Zusammensetzung gemäß Anspruch 1, wobei es
sich bei dem Linker um DNA, RNA oder PNA han-
delt.

3. Zusammensetzung gemäß Anspruch 1, wobei der
Linker eine Länge von 5 Nucleotiden bis 20 Nucleo-
tiden hat.

4. Zusammensetzung gemäß Anspruch 1, wobei das
Peptid eine Länge hat, die aus 1 bis 10Aminosäuren
besteht.

5. Zusammensetzung gemäß Anspruch 4, wobei es
sich bei der Aminosäure um Alanin oder Threonin
handelt.

6. Zusammensetzung gemäß Anspruch 1, wobei die
Nucleinsäurestruktur zwei oder mehr Helixbündel
und eine Oberfläche, die geeignet ist, mit Eiskristal-
len in Kontakt zu kommen, umfasst.

7. Zusammensetzung gemäß Anspruch 1, wobei die
Nucleinsäurestruktur ein verdrilltes oder gekrümm-
tes Helixbündel umfasst.

8. Zusammensetzung zur Kryokonservierung von Zel-
len oder Geweben, umfassend die Zusammenset-
zung gemäß einem der Ansprüche 1 bis 7.

9. Zusammensetzung zur Kryokonservierung von
Nahrung,umfassenddieZusammensetzunggemäß
einem der Ansprüche 1 bis 7.

10. Verfahren zur Kryokonservierung von Zellen oder
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Geweben, umfassend das Behandeln der betreff-
endenZellenoderGewebebei einerTemperatur von
unter 0°C in Gegenwart der Zusammensetzung ge-
mäß Anspruch 8.

11. Verfahren zur Kryokonservierung von Nahrung, um-
fassend das Behandeln der betreffenden Nahrung
bei einerTemperatur vonunter 0°C inGegenwart der
Zusammensetzung gemäß Anspruch 9.

Revendications

1. Composition pour cryoconservation, comprenant :

une structure d’acide nucléique comprenant un
acide nucléique d’échafaudage replié à des po-
sitions prédéterminées pour former demultiples
brins, une pluralité de premiers acides nuclé-
iques de base, dans laquelle au moins une
partie de sa séquence comprend une séquence
complémentaire à celle de l’acide nucléique
d’échafaudage, qui sont liés à au moins un
des brins de l’acide nucléique d’échafaudage
pour former un double brin, et une pluralité de
deuxièmes acides nucléiques de base, dans
laquelle au moins une partie de sa séquence
est complémentaire à celle de l’acide nucléique
d’échafaudage, mais au moins une de ses ex-
trémités n’est pas complémentaire à celle-ci, qui
sont liés à au moins un des brins de l’acide
nucléiqued’échafaudagepour former undouble
brin et un simple brin à son extrémité ;
des lieurs liés à au moins un des simples brins
de la structure d’acide nucléique ; et
un peptide antigel couplé à au moins un des
lieurs.

2. Composition selon la revendication 1, dans laquelle
ledit lieur est un ADN, ARN ou APN.

3. Composition selon la revendication 1, dans laquelle
ledit lieur présente une longueur de 5 nucléotides à
20 nucléotides.

4. Composition selon la revendication 1, dans laquelle
ledit peptideprésenteune longueur consistant en1à
10 acides aminés.

5. Composition selon la revendication 4, dans laquelle
ledit acide aminé est l’alanine ou la thréonine.

6. Composition selon la revendication 1, dans laquelle
la structure d’acide nucléique comprend deux ou
plusieurs faisceaux d’hélices et une surface adaptée
pour entrer en contact avec les cristaux de glace.

7. Composition selon la revendication 1, dans laquelle

la structure d’acide nucléique comprend un faisceau
d’hélice tordu ou courbé.

8. Composition pour cryoconservation de cellules ou
de tissus, comprenant la composition selon l’une
quelconque des revendications 1 à 7.

9. Composition pour cryoconservation d’aliments,
comprenant la composition selon l’une quelconque
des revendications 1 à 7.

10. Procédé pour la cryoconservation des cellules ou
des tissus, comprenant l’étape consistant à exposer
les cellules ou les tissus pertinents à une tempéra-
ture inférieure à 0°C en présence de la composition
selon la revendication 8.

11. Procédé pour la cryoconservation d’aliments,
comprenant l’étape consistant à exposer les ali-
ments pertinents à une température inférieure à
0°C en présence de la composition selon la reven-
dication 9.
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