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CLAIMS

1. A molecular design method for an ice growth inhibition material, comprising the following
steps:

(1) constructing a library for structures of compound molecules, wherein the compound
molecules comprise a hydrophilic group and an ice-philic group;

(2) simulating and evaluating the spreading performance of each of the compound molecules
at an ice-water interface by adopting molecular dynamics (MD) simulation; and

(3) screening the compound molecules with desired affinities for ice and water-_as the ice
growth inhibition materiall,

wherein in the MD simulation of the step (2), simulation and calculation are performed on

interactions between the compound molecules, interactions between the compound molecules

and the water molecules, and interactions between the compound molecules and ice-water

molecules

wherein the interactions include the formation of a hydrogen bond, a VVan der Waals interaction,

an electrostatic interaction, a hydrophobic interaction, a ©-w interaction.

2. The molecular design method according to claim 1, wherein the MD simulation of the step
(2) is performed by GROMACS, AMBER, CHARMM, NAMD, or LAMMPS:.

3. The molecular design method according to claim 1, wherein preferably—-in the MD simulation

of the step (2), a model of a water molecule is selected from models of TIP3P, TIP4P,
TIP4P/2005, SPC, TIP3P, TIP5P and SPC/E;-.

4. The molecular design method according to claim 1, wherein preferably-in the MD simulation

of the step (2), a model of a water molecule is selected from TIP4P/2005 model of a water

molecule:.

5. The molecular design method according to claim 1, whereinpreferably, in the MD simulation

of the step (2), a force field parameter is provided by one of GROMOS, ESFF, MM force field,
AMBER, CHARMM, COMPASS, UFF, CVFF and other force fields:.
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6. The molecular design method according to any one of claims 1 to 5, whereinpreferably, in

the MD simulation of the step (2), a temperature and pressure are adjusted when the simulation
and calculation are performed on the interactions between the molecules.;—

7. The molecular design method according to claim 6, whereinpreferably, the temperature and

the pressure are adjusted by using a V-rescale temperature regulator and a pressure regulator;

8. The molecular design method according to any one of claims 1 to 5, whereinpreferabhy; in

the MD simulation of the step (2), a molecular configuration of the compound molecules is

maintained by selecting a potential energy parameter .;

9. The molecular design method according to any one of claims 1 to 5, whereinpreferabhy; in

the step (2), periodic boundary conditions are adopted for x-direction, y-direction and z-
direction when an aqueous solution system is simulated; periodic boundary conditions are

adopted for x-direction and y-direction when an ice-water mixed system is simulated.;

10. The molecular design method according to any one of claims 1 to 5, whereinpreferably; in

the MD simulation of the step (2), a cubic or octahedral box of water is selected;-.

11. The molecular design method according to claim 10, whereinand in the MD simulation of
the step (2), a cubic box of water with dimensions of 3.9 x 3.6 x 1.0 nm? is preferredselected:.

12. The molecular design method according to any one of claims 1 to 5, whereinpreferably; a

main chain of the compound molecules is a carbon chain or peptide chain structure.;

13. The molecular design method according to any one of claims 1 to 5, whereinpreferably; the

hydrophilic group is a functional group capable of forming a non-covalent interaction with a




10

15

20

25

30

0133P00706P01 FPSG21110934

14. The molecular design method according to claim 13, wherein the functional group is a

funcitoanl group capable of forming a hydrogen bond, a Van der Waals interaction, an

electrostatic interaction, a hydrophobic interaction or a w-w interaction with water.

15. The molecular design method according to claim 13, wherein the hydrophilic group is

selected from at least one of hydroxyl (-OH), amino (-NH>), carboxyl (-COOH) and amido (-
CONHD)).

16. The molecular design method according to claim 13, wherein the hydrophilic group is

selected from a compound molecule of a hydrophilic amino acid, glucono delta-lactone (GDL)

and a saccharide, and a molecular fragment thereof.

17. The molecular design method according to claim 16, wherein the hydrophilic amino acid is

selected from proline (L-Pro), arginine (L-Arg) and lysine (L-Lys).

18. The molecular design method according to any one of claims 1 to 5, wherein the ice-philic

group is a functional group capable of forming a non-covalent interaction with ice;-forexample;

19. The molecular design method according to claim 18, wherein the ice-philic group is a

functional group capable of forming a hydrogen bond, a Van der Waals interaction, an

electrostatic interaction, a hydrophobic interaction or a ©-x interaction with ice.

20. The molecular design method according to claim 18, wherein the ice-philic group is selected
from hydroxyl (-OH), amino (-NH>), phenyl (-CsH5s), or pyrrolidinyl (-C4HgN).

21. The molecular design method according to claim 18, wherein the ice-philic group is selected
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a compound molecule of an ice-philic amino acid, a benzene ring (CsHs) and pyrrolidine
(C4HgN), and a molecular fragment thereof.

22. The molecular design method according to claim 21, wherein the ice-philic amino acid is

selected a compound molecule of glutamine (L-Gln), threonine (L-Thr) and aspartic acid (L-

Asn).

23. The molecular design method according to any one of claims 1 to 5, whereinpreferably; the

ice growth inhibition material is formed by covalently bonding a block comprising a hydrophilic
group to a block comprising an ice-philic group, or is formed by ionically bonding a molecule

comprising a hydrophilic group to a molecule comprising an ice-philic group.

324. The molecular design method according to any one of claims 135, further comprising a
step of synthesizing the compound molecules..—

25. The molecular design method according to claim 24, fer-example-the step of synthesizing
the compound molecules are selected from polymerization, dehydration condensation, or

biological fermentation of genetically engineered bacteria.

426. An ice growth inhibition material obtained by the molecular design method according to

any one of claims 1-325;, Preferablywherein; the ice growth inhibition material is an atactic

polyvinyl alcohol (PVA) with a diad syndiotacticity r of 45%—6015-65% and a molecular weight
of 10-500 kDa:preferably--the P\ A-has-a-diad-syndiotacticityrof 50% 0%6-and-a-molecula
weight-of 10-30-kDa, or a combination of the atactic PVA with an amino acid, a polyamino

acid, and/or a peptidic compound.

27. The ice growth inhibition material according to claim 26, wherein the PVA has a diad
syndiotacticity r of 45-60%.

28. The ice growth inhibition material according to claim 26, wherein the PVA has a diad

syndiotacticity r of 50%—-55% and a molecular weight of 10-30 kDa.

64 Marked Sheet



10

15

20

25

30

0133P00706P01

FPSG21110934




10

15

20

25

30

0133P00706P01

FPSG21110934




10

15

20

25

30

0133P00706P01 FPSG21110934

1029. A cryopreservation solution, comprising the biomimetic ice growth inhibition material

according to any one of claims 426 to 28:. preferably,—the biomimeticice-growth-inhibition

an Q ala a a aYaalalla alalla NO N alala ) A N aalla¥a' alla’ NO MiNA
C v v O v C v o otyv y v 1o \/ v v v g joorya

30. The cryopreservation solution according to claim 29, wherein the cryopreservation solution

further comprises a polyol, a water-soluble saccharide {or a derivative thereof-such-as-water-

soluble-cellulose) and a buffers,

31. The cryopreservation solution according to claim 29, whereinmore—preferably; the

cryopreservation solution comprises-the-peptidic-compound—and-specifically-comprising, per
100 mL, 0.1-50 g of the peptidic compound, 0-6.0 g of the PVA, 0-9.0 g of the polyamino acid

or the amino acid, 0-15 mL of DMSO, 5-45 mL of the polyol, the water-soluble saccharide at

0.1-1.0 mol-L, 0-30 mL of serum and the balance of the buffer—er.

32. The cryopreservation solution according to claim 29, wherein the cryopreservation solution

comprises the P\VAand-specificathy-comprising-per 100 mL, 0.01-6.0 g of the PVA, 0-50 g of
the peptidic compound, 0-9.0 g of the polyamino acid or the amino acid, 0-15 mL of DMSO,

5-45 mL of the polyol, the water-soluble saccharide at 0.1-1.0 mol-L*, 0-30 mL of serum and

the balance of the buffer:-.er

33. The cryopreservation solution according to claim 29, wherein the cryopreservation solution
ifi ising, per 100 mL, 0.1-
50 g of the amino acid or the polyamino acid, 0-6.0 g of the PVA, 0-15 mL of DMSO, 5-45

mL of the polyol, the water-soluble saccharide at 0.1-1.0 mol-L*, 0-30 mL of serum and the
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balance of the buffer;-.

34. The cryopreservation solution according to claim 29, wherein meostpreferably-the content

of the amino acid and/or the polyamino acid in the cryopreservation solution is 0.5-50 g;

preferably 1.0 35 ¢, per 100 mL; for example, the content of the amino-acid may be 5.0 35 ¢,

35. The cryopreservation solution according to claim 34, wherein the content of the amino acid

and/or the polyamino acid in the cryopreservation solution is 1.0-35 g per 100 mL.

36. The cryopreservation solution according to claim 34, wherein the content of the amino acid

in the cryopreservation solution is 5.0—35 g per 100 mL.

37. The cryopreservation solution according to claim 34, wherein the content of the amino acid

in the cryopreservation solution is 15-25 g per 100 mL.

38. The cryopreservation solution according to claim 34, wherein the content of the polyamino
acid is 0.59.0 q.

39. The cryopreservation solution according to claim 34, wherein the content of the polyamino
acid is 1.0-5.0 q.

40. The cryopreservation solution according to claim 30, whereinpreferably; the polyol may-beis

a polyol having 2-5 carbon atoms;preferably-a-diot-having-2-3-carbon-atems; and/or a triol;

41. The cryopreservation solution according to claim 40, wherein the polyol is a diol having 2—

3 carbon atoms.

42. The cryopreservation solution according to claim 40, wherein the polyol is selected from

any one of ethylene glycol, propylene glycol and glycerol.
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43. The cryopreservation solution according to claim 40, wherein the polyol is ethylene glycol.

44. The cryopreservation solution according to claim 40, wherein the content of the polyol in

the cryopreservation solution is 5.0-40 mL per 100 mL;

45. The cryopreservation solution according to claim 44, wherein the content of the polyol in

the cryopreservation solution is 6.0—20 mL per 100 mL;

46. The cryopreservation solution according to claim 44, wherein the content of the polyol in

the cryopreservation solution is 9-15 mL per 100 mL;

47. The cryopreservation solution according to claim 30, whereinpreferably. the water-soluble

saccharide is at least one of a non-reducing disaccharide, a water-soluble polysaccharide;—a

water-seluble-celulose and a saccharide anhydride, andferexample-is-selected-from-sucrose;
trehalose, hydroxypropyl methylcellulose and polysucrose;.

48. The cryopreservation solution according to claim 47, wherein the water-soluble saccharide

is a water-soluble cellulose.

49. The cryopreservation solution according to claim 47, wherein the water-soluble saccharide

is selected from sucrose, trehalose, hydroxypropyl methylcellulose and polysucrose.

50. The cryopreservation solution according to claim 30, whereinpreferably; the buffers may

beis selected from at least one of DPBS, hepes-buffered HTF and other cell culture buffers.;

51. The cryopreservation solution according to claim 29, wherein the cryopreservation solution

comprises preferably-the content-ofthe-DMSO in-the-cryopreservation-selution-isin a content
of 0-10 mLferexample; 1-.075-mk; per 100 mL;.

52. The cryopreservation solution according to claim 51, wherein the cryopreservation solution

comprises DMSO in a content of 1.0-7.5 mL per 100 mL.

53. The cryopreservation solution according to claim 29, wherein the cryopreservation solution
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comprisesthe-content-of-the serum in-the-cryopreservation-selutionsin a content of 0.1-30 mL;
for-example5-0-20-mb-per 100 mL;

54. The cryopreservation solution according to claim 53, wherein the cryopreservation solution

comprises serum in a content of 5.0-20 mL per 100 mL.

55. The cryopreservation solution according to claim 30, wherein the cryopreservation solution

comprises the-content-of-the water-soluble saccharide-in-the-cryopreservation-selutionis in a
content of 0.1-1.0 mol- L ,forexample-0-1-0-8-mol-L 5 per100-mL.;

56. The cryopreservation solution according to claim 55, wherein the cryopreservation solution

comprises the water-soluble saccharide in a content of 0.1-0.8 mol-L™.

57. The cryopreservation solution according to claim 30, wherein the cryopreservation solution

comprises the-contentofthe polyol inthe-eryopreservation-selutionisin a content of 5.0-40 mL;
forexample6.020-mL; per 100 mL.

58. The cryopreservation solution according to claim 57, wherein the cryopreservation solution

comprises the polyol in a content of, 6.0-20 mL per 100 mL.

59. The cryopreservation solution according to claim 29, wherein preferabhy-the pH of the

cryopreservation solution is 6.5-7.6.;

60. The cryopreservation solution according to any one of claims 29 to 59, whereinpreferably;

the peptidic compounds are obtained by reacting ice-philic amino acids;sueh-as-threonine{-
Fh)-glutamine(L-Gln)-and-aspartic-acid-{(L-Asn);-with other hydrophilic amino acids that may

be selected from arginine, proline and alanine, or glucono delta-lactone (GDL) or saccharides.

61. The cryopreservation solution according to claim 60, wherein the ice-philic amino acids is
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selected from threonine (L-Thr), glutamine (L-GIn) and aspartic acid (L-Asn).

62. The cryopreservation solution according to claim 60, whereinmerepreferably; the peptidic

compound consists of no less than two amino acid units;-.

63. The cryopreservation solution according to claim 62, wherein the peptidic compound

consists of sueh-as 2-8 amino acid units.

64. The cryopreservation solution according to claim 60, wherein-mereprferably; the peptidic
10  compound has a structure of any one of formula (1) to formula (9):

0
OH O —OH

formula (1)
H\/\OIO% ?H
NH, H o NH,
formula (2)

15

formula (4)
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OH O H o
N, B0

formula (5)
(:)H (T)Ii “
HO ™ Y OH
OH OH OHO
formula (6)
OH OH Hf\
N
HOTTYT
OH OH 0O, N,
formula (7)
?H ?H H H
HO Y Y OH
OH OH Q ~Ng
formula (8)
R O
H H; | H. H
R—N C —C——N C —C——NH;
[
O
formula (9),

wherein, R in the formula (9) is selected from substituted alkyl and unsubstituted alkyl, and the
substituent may be selected from -OH, -NH2, -COOH, and -CONH:-and-the-like;for-example;
Rissubstituted-orunsubstituted-C,_e-atkyl-and preferably Ris-CH3-CH.CH3,-CH.CH.COOH;
n is an integer no less than 1 and no more than 1000;

65. The cryopreservation solution according to claim 64, wherein R is substituted or

unsubstituted Ci1.¢ alkyl.

66. The cryopreservation solution according to claim 65, wherein R is -CH3, -CH>CHs, or -

CH2CH>COOQOH.

72 Marked Sheet



10

15

20

25

30

0133P00706P01 FPSG21110934

67. The cryopreservation solution according to claim 29preferably, wherein the amino acid is

an amino acid comprising an ice-philic group and a hydrophilic group, the polyamino acid is a
polyamino acid consisting of an amino acid comprising an ice-philic group and an amino acid

comprising a hydrophilic groups-.

68. The cryopreservation solution according to claim 67, whereinand the polyamino acid
preferabhy-has a degree of polymerization of 2-40.

69. The cryopreservation solution according to claim 68, whereinforexample_the polyamino
acid has a degree of polymerization of 6, 8, 15 and-or 20-and-the-like,and-forexample-.

70. The cryopreservation solution according to claim 67, wherein the polyamino acid is one of

or a combination of two or more of poly-L-proline, poly-L-arginine;-.

71. The cryopreservation solution according to claim 67, wherein the amino acid is selected

from one or two of arginine, threonine, proline, lysine, histidine, glutamic acid, aspartic acid,
glycine-and-the-tke;-.

72. The cryopreservation solution according to claim 67, wherein the amino acid issuch-as a

combination of arginine and threonine; or a polyamino acid consisting of the abeve-amino acids.

1273. A cryopreservation reagent, comprising the cryopreservation solution according to any
one of claims 46-29 to 72 and the-a freezing equilibration solution-according-te-claim-11, wherein
the freezing equilibration solution comprises, per 100 mL, 5.0-45 mL of a polyol and the

balance of a buffer.

74. The cryopreservation reagent according to claim 73, wherein the freezing equilibration
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solution further optionally comprises 0—-15 mL of DMSO, 0—30 mL of serum, and/or 0-5.0 g of
a PVA.

1375. Use of the cryopreservation solution according to any one of claims 10-29 to 72erthe
freezing-equilibrationsolutionaceording-to-clabm-11 or the cryopreservation reagent according

to claim 42-73 or 74 for cryopreservation of cells, tissues and organs;

1476. The use according to claim 4375, wherein the cells are germ cells or stem cells;—fer

77. The use according to claim 76, wherein the germ cells are selected from oocytes and sperms,

and the stem cells are selected from embryonic stem cells, various mesenchymal stem cells, and

hematopoietic stem cells.

78. The use according to claim 77, wherein the mesenchymal stem cells are umbilical cord

mesenchymal stem cells, adipose mesenchymal stem cells or bone marrow mesenchymal stem

cells.

79. The use according to claim 75, wherein the tissue is an ovarian tissue or embryonic tissue.

80. The use according to claim 75, wherein the organ is an ovarian organ.
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