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ANALYSIS OF THERMOPHYSICAL PROPERTIES FOR SILK PROTEIN

BASED CRYOPROTECTANTS
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Abstract: Cells cryopreservation is a common method for cell preservation in clinical application and scientific
research. 20%(v/v) FBS supplemented with 10%(v/v) DMSO are widely used cryoprotectant. However, high
concentration of DMSO is toxic to cells, and FBS presents problems related to diseases such as bovine
spongiform encephalopathy and viral infections. Therefore, it is important to look for safer and more efficient
alternatives for freezing protocol. Silk protein is a kind of natural macromolecule fiber protein with good
biocompatibility and hydrophilicity, which mainly composed of sericin and fibroin. Silk protein was used as
cryoprotectant in this paper. FBS-free CPA with sericin protein and low toxicity CPA with fibrion protein were
prepared. DSC was used to measure the melting enthalpy, the phase transition temperature and the unfrozen water
volume during the melting process, thermal properties and hydration properties of silk protein cryoprotectants
were analysed. The novel FBS-free and low toxicity freezing medium contains 5%DMSO and 1% sericin and
10% fibroin showed similar results as the control group(20%FBS+10%DSMO).In addition, the thermal hysteresis
activity (THA) of fibroin was also measured using DSC. It was found that the THA of 1% (m/v) sericin was
0.96°C, and the THA of 10% (v/v) silk fibroin was 1.15°C. The low-toxicity, serum-free cryogenic agent based on
silk protein is a potential cryoprotectant, which can inhibit the recrystallization of ice crystals.
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2R AP DL DMEM NSERERAAR . WHRRZE 1 A1 2 23 0 s IIAI AN I 20%FBS (R fR 3
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IR FEIBRAG, AHARIE BRI, VEMmARRN, RISE IR, RFKAD BBEAR E BRI K. BERATE— %
EEVEREN, ZEEARKREBAL, RSO SR AT AR SRR E 0.5%0, AHIAR IR T,
PG KRR I IR . VLA 22 I8 IR AR T 190, BRiR A=A oK sn, bl i 72 75
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BAMBARER . LEAREL RN, SEMEMG, ES2 TR LEEN, Wimsl 5K 7R RE
SEAER], 991 TGS G/KIRE ST iR BRI, LRI h & A SRR B AR, 3940 5
g R, VAR BIIHI K E R . Rk, ASHIS AN 1%22 88 A K s (R, #ig
ERVYESAE ST

R 1 ETLREARRERYFIKERAAZRE. RIE. REFKHH

R e T End AH(T) Peak A H(T) . .
] (°C) () pscWlg (°C)  (g)

1  DMEM+20%FBS+10%DMSO  -9.17 113 19220 6.2 315202 0.980 0.378
2 DMEM+10%DMSO -9.07 113 21993 52 315407 0971  0.281
3 DMEM+10%DMSO+10%SP ~ -8.83 114 22693 51 315899 0.882  0.186
4 DMEM+10%DMSO+5%SP 95 102 22063 27 314525 0.888  0.210
5 DMEM+10%DMSO+2%SP ~ -957 107 21543 46 314382 0.936 0.268
6 DMEM+10%DMSO+1%SP ~ -10.13 10.1 205633 45 313234 0.956 0.313
7 DMEM+10%DMSO+0.5%SP ~ -9.13 11.3 237.97 49 315284 0.977 0.228

T ZIEASS: SP.
2.2 BT LZFRINBFRIFTIRIAIESHE RS
W22 Z AN BRI o 40 DMSO, IS T 22 20 AU IRIR ORI U AR R 20, RHARIRRE . kS
EESH R 251 T 19 PRIR ORI 77 A48 RAH AR B AT Rl . RIF KA B S 4L
R 2 BT ARBAICERTHRERAR R B AR E

F R T¢ End AH(T) Peak A H(TP " .
5 (°C)  (°C) psc Qg (°C) Al

1 DMEM+20%FBS+10%DMSO 917 113 1922 52 315202 0.98 0.378
2 DMEM+20%FBS+5%DMSO -6.03 10.6 24867 65 321.639 0.940 0.178
3 DMEM+20%FBS+2.5%DMSO -3.87 109 27638 7.4 326067 0966 0.121
4 DMEM+20%FBS -153 136 29573 95 330.864 0.959 0.068
5 DMEM+20%FBS+5%DMSO+1% FP  -6.17 9.4 23937 57 321.352 0925 0.195
6  DMEM+20%FBS+2.5%DMSO+1% FP  -3.97 114 27273 7.6 325862 0.959 0.127
7 DMEM+20%FBS+1%FP -1.77 134 28777 9.0 330.372 0.95 0.084
8 DMEM+20%FBS+5%DMS0O+2% FP  -6.23 99  236.07 59 321229 0918 0.199
9  DMEM+20%FBS+2.5%DMSO+2% FP  -45 121 27087 8.0 324775 0951 0.123
10 DMEM+20%FBS+2%FP 227 129 28227 89 329347 0941 0.089
11  DMEM+20%FBS+5%DMSO+4% FP -6.37 89 22877 56 320942 0.894 0.203
12 DMEM+20%FBS+2.5%DMSO+4% FP  -457 106  256.2 6.9 324632 0918 0.141
13 DMEM+20%FBS+4%FP 303 131 27427 91 327789 0.933 0.103
14  DMEM+20%FBS+5%DMSO+8% FP  -6.47 10.2 22083 6.1  320.737 0.883 0.221
15 DMEM+20%FBS+2.5%DMSO+8% FP  -457 11.7 24433 7.6 324632 0.891 0.155
16 DMEM+20%FBS+8%FP -3.07 145 26273 99 327707 0.902 0.112
17 DMEM+20%FBS+5%DMSO+10% FP 6.5 9.5 205.5 5.6  320.675 0.853 0.248
18  DMEM+20%FBS+2.5%DMSO+10%FP  -4.83 12,6 22037 83  324.099 0.849 0.199

19 DMEM+20%FBS+10%FP 313 120 253.9 81 327584 0.881 0.120
i ZREAHS: FP.
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LR35 2 AR 5. 8. 11, 14, 17 ATLUKIL, 24 DMSO K5 A 5%F, 2070 0. 1%. 2%- 5%. 8%-
10%M1 22 22 55 1, PR3 77 AR A2 R B8 AN R (B 3518 B B AR, AR /KA 201N 0.178 14K 22 0.248, 118124 DMSO
WEEAASES, B 22 2 B VR BE RN, ORI VRALE PRI I A2 FR O B UK SR, AH R R I 72 R oK
R T R AR ERRR, ELREE 2 3 B BN, DRI FIRF KA Bt b B, ORGP 8 R 740
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FE 43908 2.5%F0 0 B, B 22 R 8 R FEII I, DRI FIAEASIRAE . FSE IR [FIFE I FEGE S, i
RGO AZET T, Ui DMSO KR FERHRET, N2 &R & AR 2R AR IER . B RS
%1 (20%FBS +10%DMSO) {7477 17 (20%FBS+5%DMSO+10%%2 £ 1) , HA by 2 A B il () $uis
BN . #% DMSO IKFERF 42 5%, FFUNIN 10%22 28 ()5, A4 VI AH 72 5 B N (B AR AL /0N
KRG DA, Ui 10%22 R E A A RN B KRS &, 55946 7K SER, #H] T UK T
AR, XATREE RN K E AWM SRS M ETNRCPAT B84, Emmx e, S5K0 T8 RE
VER el AT MOR MESE R, TR RE S BIIA f A: I RAF RO
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I 2.0 f12.2 S REH, HLBEARKREN 1%, LREAREN 10%E, #9705 0TS 1AH
AR L . IS AT ARF BN, BRI 2 I B 22 R B A RN A2 & F 5%DMSO KR4 5d, i
R AREE T M R B 4 D9 dE T 2 22 B U IRIR ORGP 75 B R A R ikt 7% DSC #iih 2. % 5
N 3 FMIGIR AR TR I AR AR TR L RS . REK I B S

& 3 BT RLEAREARI IR AR R EA R HE

F ) Tf End AH (TP Peak A H(T)

N {5477 f e
=] (C)  (C)  psc Wi (°C) (J/9)

1 DMEM+20%FBS+10%DMSO 917 113 19220 6.2 315202 0.980 0.378
2 DMEM+10%DMSO 007 113 249.93 52 315407 0971 0.281

3 DMEM+5%DMSO+1% SP +10%FP  -9.11 11.2 201.70 4.5 315.325 0.914 0.300
VE: “REAHE: SPy “XEAHE: FP.

A = APIGIR OR AP A A AR IR R . BE, RIRY 51 3 HARS 51 1 MAHAZ IR FE AR E B, IR
P70 2 HOARAR IR B e, A SROK o B A AR U B AN AR (R R A TR R TR B UK AR s b, 2 A
TN, AR T AHIEARAE . RN OR3P 55 3 7EF#(IK DMSO W2 () BEAH SN 1 1%22 IR 10%22 2 &
H, GR35 3 MHELLRS R 2 BIRGF K BUE R, HAR TR0 1, BB ORI AR ES &K R RE 1 EL . s
ez fg ez =m0 BA —E WS G/KEE ST, AT LU B UK s TR, BRARDK & o 240 i P LR 3473
DRI AR A7) 3 568 4 ) DR AP S8R SZ A T R4 77 1R 2 22 [
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DL KA R 7 22 8 R A 6 R ZH 30 4T DSC SR, RUZEIK 22 R 8R4 R I 1 70 79 o-1.1°C
-3.0°C. -1.4°C, MUWZEKAFHFMLE Ty BUE 5 N: -0.6°C. -0.8°C. -1.0°C. -1.2°C; ZJR&E AW, 157
IREEBUEY BN -3.4°Cy -3.2°C. -3.0°C. -2.8°C. -2.6°C; ZZEARW, 1EWHRERUE 3 : -1.8°C.
-1.6°C. -1.4°C. -1.2°C. -1.0°C, 3B RAIRAS TG4 2045 1) DSC #umitize, MihZk botrarss —Fp
FERIIE AR (T « FRRIGERBRE (To) « THA LAWK &= (@) » WK 4.

T I PG I ARV R kA% & B ERBE T, T Sz gk, THA BE 2 VKR & 2 D i i ok,
R P IKIZ G RO (~6%) , WRIPIARE SRR, B, M2ZBREAIREN 1%0, HHGEEHN
0.96°C, ILHTRRNIKIZ &N 6.45%; ULz HWREDN 10%K0, HAETEYER 1.15°C, B f& RN IK
¥ &N 6.04%.
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HIER DT K, X — R A S LR - LA T o S0 KSR 6 5 AR, U DK R T 04 2 1
R B 7 o R A e, KT UK e st A K P £ P s DR IRAT I, 22 2R (AT RE LA S5 3L
PR AR P, AEVRES I RE T, A 22 8 g 5 DK R i 0 58U 1 10 R B B ok i e, AR

M= AEPRE A .
R4 WFKNBLEABBE AT EENKSESE

P il Ty (°C) To (°O) THA (°C) (%)
-1.2 -1.20 0.00 71.01
L -1.0 -1.01 0.01 69.78

XFEIK
-0.8 -0.82 0.02 66.50
-0.6 -0.63 0.03 60.16
-3.4 -3.94 0.54 34.18
-3.2 -3.89 0.69 32.02

1% (m/iv)
N -3.0 -3.75 0.75 21.63

22
2.8 -3.62 0.82 11.52
-2.6 -3.56 0.96 6.45
-1.8 -2.49 0.69 33.45
-1.6 241 0.81 32.34

10% (viv)
-14 -2.35 0.95 25.91

“REA
-1.2 -2.28 1.08 16.67
-1.0 -2.15 1.15 6.04
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