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W T 9T A 6] He BE B LG 7R 77 R K YT 8 (Aci penser dabryanus) 8 45 4l i (Dabry’s sturgeon fin-derived
cells s DSFCs) ¥ R RS 10 52 W), 26 P45 115 35 4k 33 8024k K W 19 DSFCs 6 268 8 f{ DSFCs B T A (- 196°CH
HAE . ARIEHEAW PR IR EE (MEM) iR 4 M (Fetal bovine serum, FBS) K& — H 3£ WV A1 ( Dimethyl sulfoxide, DM-
SOYHEC AT . 40 8 D SEB 4 . O & A 6l ¥ F DMSO B [ 52 5 20 - 5 % DMSO+45% MEM 50 % FBS, 10 %
DMSO+40 % MEM+50 % FBS, 20 % DMSO+30 % MEM+50 % FBS; @ & A [ ¥ B FBS It e 828041 :10% DMSO
+90% FBS+0% MEM.10% DMSO-+70% FBS+20% MEM.10% DMSO-+50% FBS+40% MEM.10% DM-
SO+30% FBS+60% MEM,10% DMSO-+10% FBS+80% MEM, X} £ 2 7> % FIJE &2 W85 .CCK - 8 ¥ . i =t
S8 SR 00 48 L R T R A L R ST L 255 AT AN R VR AE 2R 4 X DSFCs VR AE JG 1% ST S% A . 45 92 1 7%, O [ e
DMSO AL L 5280 41 H , DMSO B B2 20 %6 B, 40 it 52 95 J sl LA DU BE L 47 06 %6 F [ AR 6 B 8. {2 38.3 %6511 526
M 10% DMSO 4l il 4 KRS BAF 4715 3640 0 80.2 % M1 78.7% . AR M FBS Bt HLSC 56 41,90 % .30 %
10% SCE AN IE I BFER T 70% M 50 % S84l . FBS M EE N 30 % A1 10 % MR LM i A T- R B2 T 90 %
MIVRAE2H (8.24%,15.3504 vs 3.54%4) .3 HZ M AAE. LA W] 1 25 7t (P <<0.05) 5 4fi g Ji I 45 2R W 7R, 55 FBS ik
JER 90 Yo Y ZRAF A L 35 . FBS M A 30 % F1 10 YR AF 4 Go /Gy 140 It L 51 35 1 58838 it (P <<0.05) . S Al G, +
M HH 40 0 L ) 34 i 25 AR (P <<0.05) ,FBS ¥k ¥ 30 % 5 10 WAL L £ F A B (P >0.05), WFsE%:8], KT
it 200 R 14 < 04 R AR A B R P RS AR R 8 19 DMISO (5 % ~ 10 %0 il i i B 1) FBS.
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KT Rk R (Aci penser dabryanus) s &
T EH VL b 45 A b b A2 T 50 b 3k <A 22 Al A £
KA ST H A EE AR AN, T4k, BT
ok BEAET LA I A 00 AR AL R VT AR Y IR S R DR
DL BRI SE S (CR) Wy R i K 4. ik,
CIRZSETAI SSEANS =i (1 ST e 3 B = IR | A2
(Zhuang et al, 1997; Zhang et al, 2011; J& I 4%,
2014) . EBARIRARAE (- 196°C W 2O 1E A il 17 i 16 )
b o440 Jifd (%) 5 2 7 7k Z — (Cabrita et al, 2010),
AT DA AR AR L 2 58 4 00 1 4 B 1% g B R IR A S 1Y
A RETE o 85 TS RE DR R R A 8t A% S M L T IR
A7 AN4E B Wy B 25 J5 i A 2R X (Fickel et als
2007 ; Psenicka et al, 2016), RAGmit, i T A[HE
Wy ok AN Ta] 5 Bis 7 500 F0 Ve VR o B S AN (R 324 Ry

WFE A #2019 - 04 - 19

E£TH :FHEK AR 4 (C190303) 5 i F L = ik 48 1A 24
Al = PR A 5 (XN270)

YEHE B XNIEIE 1985 4R 4L, &, L TR, E BN F i f fa
KPP HE5E . E-mail: 05juanjuan@163.com

EWAEE HA5% . E-mail: du_hejun@ctg.com.cn

XEHS 1674 -3075(2021)02 — 0079 — 07

1E 38 AN BE 4K 3] — 3t g 114 45 =X B0 VR AR P X AR AL 1Y
i i 5% A HLIAR 317 R A7 (Chen et al, 2004; Magal-
haeslivia et al, 2017), K, RA LEXT P EE T
Sl 5T DR A AR IR DR A 7 15 AT IR AR ST L 1
F0 2 — b BE AT R0/ 0 M A 8 T A O i A R
P B KRR BE 23 GE H K-

A 5T DA VT 6568 25 4 L & (dabry's sturgeon
fin-derived cells, DSFCs) 2 5 5 #1 k. 32 FIIE &5 2%
WLEE LCCK — 8 ¥ it =X 4 i A 4G 0 41 i 94 1= 25 52 3
FBE R TEA R e L B LR A7 X DSFCs BRACR 1
SEMA, LAY TE 20 i 2K 7 b I 52 A b A A7 K VT 6 Y
WAL AR B AR 0 2R 00 A 9 B A AR PR B

1 #R5F*®

1.1 iRXFI KA

B B A A A HE I 4 3 . MEM B 3%
0.25% B M. B E PBS ¥4 Gibeo j* fih. FITC-
Annexin V Apoptosis Detection Kit I (BD), CCK
-8 (Dojindo, HA) \PI (¥ % K),Rnase A(Taka-
ra) 4l L 55 3% i (Corning) . — H 3 W ( DMSO,
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Sigma) , 5 #1324 (Thermo Forma 3111) {7 1.3.5 @B AN EBEHRAAHPE BTN

U6 WM (Olympus IX71) | 55 3 5 .0 AL (Ep-
pendorf) | it 25 4l it {¢ ( Beckman Coulter) ; fif§ F5 {3
(Bio-Rad) A ¥ % 4 # (Thermo) ,
1.2 ZWHH

SCE MRS 8 AR K VL6 B8 45 41 e DSFCs H
HREIRIE ST T L 0 TR A0 2R B IR AR B i) b 4 R NS
1.3 ELWFHIE
1.3.1 @ EREERER W1IBLELAHKIL
B L, 2 7000 1) S BE IS B R 41 2L 5 B
PR AT AR IR B RN & 200 i AR IV Y
MEM, & F 25°C 5% M = A At 35 35 46 b ok 47 85
It M2 AT, IR R T KA WA T W
FEA YL S, o 35 50 P A0 A S A0 B A aE R GA
70% LA 1L BL0.25 Y IR B IE AR AL 0. mAHUE R
%5 8 AR A DSFCs 4 M R AR S2 56 41 8
1.3.2 @ kamsan SR TXEAER
WA KOS R 19 DSFCs 20 M- 17 447 .

ANTF e BE DMSO 11 R A7 W 20 43 AL 45 50 DM-
SO+ 45% MEM + 50% FBS, 10% DMSO + 40%
MEM+ 50 % FBS, 20 % DMSO + 30 % MEM + 50 %
FBS 331 3 A~ 52541 5

ANTR] B 4R I T VR R G B Y R A A o A
10% DMSO-+90% FBS+0% MEM,10% DMSO
+70% FBS+20% MEM.10% DMSO-+50% FBS
+40% MEM, 10% DMSO + 30% FBS + 60%
MEM.10% DMSO-+10% FBS+80% MEM 3t
5ANLIRA . MM BE S 1X10° A4 /mL, B4
3SAEE . B4 DSFCs 40 i 78 4 47 30 d
Ja WO AT S R R ARG 3R .
1.3.3 BAFWE KNFEGFEA T EHER DSE-
Cs g 7515 3% 24 h 5, 76 8 O % B s ™ W
FE 0 A A I RE IR
1.3.4  CCK - 8 s A il 40 Ml d . X BR 21 0 T 41
0 ) 5% % Ak 230 2H Ry AN [) R A 2H 53 DR A 1 200 i A6
D[R] 24 h, BRORHES0CAE 0 240 B AR 4l AS (] 1 B
[E] LAA 3 1% %% Bl M, A L 40 B W O 100 pl,
25°C 5% CO, FAF N 5555, 15 20 M W BE 5, 15 57 A1
7 B[] . CCK — 8 A« 735 15 77 21 AH g B 8] 5 5 1]
BFLEF RPN 10 pL 19 CCK - 8 I, 580 1R
B PRUEAL P e 1 — 1k s AR 22 35 57 4 h 5, HT AR
AL % 450 nm AL ROGEE (D),

YA AR XTI 1= (D segpn / D gy ) X100 %4

SEH2H DSFCs 20 M, B0 4= K, A & EDTA
) 1B T A 20 B, O 0o SE 4 ML, 800 r/min B 0
5 min, 3% LW, B TR A 1 X PBS 5 2 40 il 4,
800 r/min B> 5 min, 7 LI, BE 2 G EHE YA
Ji1 100 pL. 1 X Binding Buffer T & . Il A 5 uL An-
nexin V- FITC #l 5 pL PI, iR 41, iR T &6
WEE 15 min; IlA 300 pL 1 X Binging Buffer &
S R, TR ST 3k A b O o A AR N
1.3.6 @ p A AN 4 E I (cell cycle) & ¥5 40
M\ — R 53 3458 W B L B R — R o LS5 T 42 T3
4t FE 43 R T 5 5 2L PN B Be . B S8
3 W1, H) DNA & a1 (G, 8D .DNA & s (S
B 5 DNA A UGG, ). M 238 40 i 7 24
W1, Go IG5 T 240 L JR0 A L 5% 1k A 43 2L
17— A W27 DI e i 20 i b A eI . e A S0
A T O T A AN B UK T A0 R T o S s A
WA 1 X PBS & & 40 g A1, 1 000 r/min & .0
5 min, 5% BV HE 2 WGETHMA 5 mL 8 £ i
B T0% 1 £ T, 03 JiE TR AT 4l i, 4°C O i R
(>18 h), WU & 58 47 (9 40 M, PBS % % A PI
Yepl, i N F 30 min, PBS 3 % 0 A
300 pl. PBSHE & 40 g, 1R &) O, A i b i =X 4 A
A
1.4 #iEE

B AT B4 45 9 5% FH SPSS 20.0 B pk E 47 20 #r
[N TN S VAL = N o8 e A2 E N T v s |
WA & J5 22 53 #t ( Two-way analysis of variance) ,
GER M+ R P<<0.05 NEFBF,P>0.05
NI ENEESR .

2 H#R

2.1 AEIREFRFRLN DSFCs WER AL
FEAN [ MR B DMSO Bt EE VR A7 16 20 i 52 56 21
W& DMSO ¥ B2 ry 38 fm . Z o i 7e 35 5% 24 h J5
F18) Dt R 55 A i A0 A B I S /N [ 5 5
2%, HE 20 % DMSO A7 09 40 i 52 95 ) Al L
K 0 20 B 9 % . FE AH W) DMSO # B2, AN []
FBS ¥ B B b i) 52 560 21, 90 %6 .30 %6 K 10 %6 1 5
5 20 40 52 5 I A 1 B s R 4 40 i e A T
AR T 7006 F 50 %6 SEB AL, 4IRS O S B IS )
ez, BIF AR B AR 2 (B D,
2.2 AREREBLL ZRF®A DSFCs iF /1 LL &
CCK ~ 8 ¥4 5% .10% LA 2 20 % DMSO 52
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WA RKITE AN . 45 R KW, 20%0DMSO 55 WRE FBS FRAFR AL R A7 I 4 4 CCK - 8 5 4
¥4 (36.5%) 5 5% DMSO(80.2%) Fl 10%DMSO L5 LB FBS ¥ & H 90% .30 % F1 10 % AY 5L 5
(78.7 %) S5 56 21 240 R 3% g A LA, 1 T B B ZH 20 S 1) (88.7%.90.3% vs 91.5%) BEH T
BOARBEEZES (8 2-A);5%DMSO f 10% 70% A1 50% B 5L K 41 (80.8% wvs 70.3%)
DMSO 4™ 52 56 40 i 3 7 b4 22 5 A B 5 1 A ) (K 2-B).

(A-H . & URAF A0 s RS R =200 pm)
1 AEWRERE FRER KT DSFCs BNy B R S B B

(A - H: Morphology of adherent cells in each cryopreserved group, scale bar=200 pm)

Fig.1 Morphological comparison of DSFCs cryopreserved in different concentrations of freezing solutions after recovery

100 r
A abe (B) ab a
c o e L
é . S0 == I L —— e
Rz
HZ g0 | L
25
S
g;() 40 3 -
= QO
20 r
0
5 10 20 90 70 50 30 10
DMSO ¥ /% FBS A7 209K /%
Different concentrations of DMSO Different concentrations of FBS

2% S AR AN /NG R B AQ R 22 5 I 2 (P <C0.05)
B2 AERE DMSO(A)F0 FBS(B) % 7F DSFCs £ 7 /5 & H EL &
Bar charts with different lowercase letters indicate significant differences P<C0.05
Fig.2 Comparison of cell viability of DSFCs cryopreserved at different concentrations

of DMSO(a) and FBS(b)after recovery
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2.3 A[REIRE FBS Btk &7 DSFCs BA TR ELE

HHE CCK — 8 ¥k I 45 J 15 1, FBS W & N
90 % .30 %0 1 10 %6 S 56 41 1) 40 B 3G 77 48 v g FH
A LA A3 A R 3 3 A S5 4 vh DSFCs 4 il i1 7
ST H 0 (B 3, 45 R A WIE R 30% FBS
110 % FBS FRA7 4 40 i S 08 - 5% & Tk N
90 % FBS Yy A7 20 (8.24 %, 15.35% vs 3.54%).
3 N URAFZH 40 M A 5 0 T 3 B PR 2 ) AE B b A, HE
g SRR (PR LD

2.4 A[EIRE FBS Z1FH DSFCs 40 A1 B A L %

MR BE FBS B Fb R A7 WOxT 48 At ) 19 1Y) 5%
e (F 1D MK JE 5 ATLLE 1, 5 FBS W BE 90 Y0 R A7 4
A HEE .30 %6 F 10 YO AF4H Gy /Gy ST 4 i Lb 451 35 B
3 fIN (P <C0.05) .S AT G, /M 391 40 it L ) 24 8 3%
AR (P<C0.05), 30 0 FRAF AL 5 1006 VR A 4 Z 1] Tk
BOESIHEAREE(P>0.05), 90 % & FF 4 40 i
WF Go /Gy BIHHR/N T S IR G, /M # %K
W, RO R AR 2 .

(a2)90% (b)30% (¢)10%
':‘:'_ 3 Q1-UL{1.83%) @1-UR{D.96%) ':C'_ - Q1-UL{2.90%) Q1-UR{1.08%) ':D- = Q1-UL{0.57%) Q1-UR(1.46%)
2] 2]
Lo . «C . Lo
A A A
W 7 3 w3 W 7 3
') 3 o] = 3 =
(v . o i [
32y s ] 5
2] - »] i 2]
JQ1-LL(94.62%) Q1-LR(2.58%) 1Q1-LL(88.86%) Q1-LR(7.16%) 3 Q1-LR(13.89%)
LEELL ) B e R A R SRR LJLILLELE B 10 LS B B R R LI R R LELELEELY B L 03 B B L B B R RN |
108 10t 109 108 107 108 10t 109 108 107 10° 10# 109 108 107
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3 AR E FBS FfF4H DSFCs 48 fE T
Fig.3 Flow chart of apoptosis of DSFCs at different FBS concentrations
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at different FBS concentrations
F£ 1 FRERE FBS B bt & 75 7 xT 40 i B 23 09 52 M
Tab.1 Effects of different FBS concentrations on the

cell cycle phase of DSFCs

- ‘ il g
Go/Gy G,/M S
90 % FBS 74.0745.02 4.8340.52 24.14+3.52
30%FBS 91.0943.77 3.6140.74 11.7844.95
10%FBS 90.6445.38 3.3310.52 10.9342.51

3 it
3 BRERFEYMERFHPHAEA

DRAP A= ¢ D52 37 A2 W) 22 P 1) T N
it o ] e X T Ml K 4 W ) BB A ) T
V2 O ARAT B ARG I R 1 B 20 2 L B Ak 400 i
FNEH LU I DR A7 K P55 %0 B AR B R A 45 5 )
A SRy A K R ARk 4 A F R T B
(Mandawala et al, 2016 ;Praxedes et al, 2018), 7E
MR (- 196°C) 2544 T, JL-F B A /Y 20 1 A 354 75 2
AR R RS 1k, B AR OIS R4 9 4 2L A
JRLHEAT VR AT o T O A0 PR B 3R S i A A AR T
o9 2 H B0 AR ) 2E R (Ramos et al, 2014), H
Bl Z MY 25 E (Ulrich et al, 1979; Wilkinson
et al,2003) \ZH 4! (Psenicka et al, 2016) F140 ffd 1% #
(L 4E,2010; Perezmarin et al, 2018) 8K IE
DRAEARAT ) o SR, A [ 4 ol 14 240 A 5L R A7 T
200 L %) A B 00 D ) R A AR R R R R L R A
WZH 53 B TC b DA B 8 AR I VR A7 Ty S5 8 2 1 422 52 T
ZH I B4 % A7 0 & (Leonquinto et al, 2014 ; Martinez-
paramo et al, 2017),
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3.2 A EEE DMSO ¥ DSFCs 4 &% R A% M
ARSI S5 R BoR, 24 DMSO HE ARk E 5%
1000 B, B2 05 T AR TE 7 80, 2k B S K F)
20 Yo Bif L 20 S F1AA 36.5 %6, HLE I3 A 40 it X LA
it B L 2 5% 9K o 1) 200 M A A R4, BRI AR
PFF R A C 232 B KRB fs. X AT RE R T
F B DMSO XF DSFCs & i 1 %5 5 i 35 @l E

S BT 240 R A T R B 5 VR S 5 %60 DM-
SO VR A7 40 M A6 2 950 )5 F ¥ G R B AR 10
DMSO 1F- 34 iU 2828 5 {5 P 20 850808 1] 22 57 JF AN
%, H DMSO W EE R 5% B4 BRI 2288 10%
TR I, 7E TR AF 5 [0 6 2% 20 i &R 4 2
R 10289 DMSO #E47  — 25 5208, T DU IE
9L A A R S T
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Fig.5 Changes of cell cycle phase of DSFCs in different FBS concentrations

3.3 A EEE FBS X DSFCs 4 % 30 3 89 2 i
TEAS [l e B TE FE i) FBS S28 20 v, vk B e b i
70 % F1 50 Yo FBS 41 Y 4i il 7% 71 (80.8% vs 70.3%)
AR T e 90 Y FBS 4 MUY & 30% M 10%
FBS 41 (4 40 il 75 77 (88.7%6.,90.3% vs 91.5% ). #F
— 25 XoF 20 L3 AR G A 1) 90 %6 .30 Y6 BT 10 %6 FBS
18 S 0 A AT A LR T R A B R BB FBS YR R
(R BEAIR , FBS #R A 30 %6 1 10 Y6 ) 5 A VR A7 21 1
PR T AR S B 5 TR S 40 R 3t R WL FBS
BE 3026 F1 10 Y% I VRAFEH Go /Gy S 20 1/ 43 L3
TS WA G, /M 320 i b =32 R A1 L 26 B G 4 b %) 4
JH 45 /0 T FBS Y B R 90 Y 1 A7 40 R R 43 20
F S IR G /M #8140 F Go /Gy BE 4 LIRS
FE OB A T B AR A 22 . D2 LA T R A i 4 ok
F W E AR R FBS #e A 380, 40 M %R AF 2 96
Je TR O T % T AT 200 ) e 0 M 3B A0 B D
PRI AT BB S iR 4 13 AT LA R R DMSO 1Y 83 1, a1 vk B2
() FBS 16 % 16 4 A7 I 0 4 i A A /e . il 7
FP IR £ SR 4 2R E A0 B B4 B L I T AR G A
T RS BE L AT R A0 G A7 LA 495 5 DT A
20 ML P R T B0 A M Y A O R R R D, 20025
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L A 2 % 1 FHLARL (0

AR S5 M A ) b R SR S TR B A R AT
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Efficacy of Different Cryoprotectants on the Cryopreservation of Dabry’s Sturgeon Fin Cells
LIU Juan-juan, LIU Xue-ging, HU Ya-cheng, WANG Bin-zhong, DU He-jun

(Hubei Key Laboratory of Three Gorges Project for Conservation of Fishes, Institute of Chinese
Sturgeon Research, China Three Gorges Corporation, Yichang 443000,P.R.China)

Abstract: The cryopreservation of cells from endangered species plays an important role in the preservation
and rescue of germplasm resources. In this study, the effect of freezing solution composition on the cryopr-
eservation of Dabry’s sturgeon fin-derived cells (DSFCs) was investigated. The objectives were to com-
pletely preserve the genetic information of Dabry's sturgeon at the cellular level and provide technical sup-
port for continued applications of somatic cell lines. Eighth passage DSFCs in the logarithmic phase were
cryopreserved in liquid nitrogen (- 196°C) with eight different formulations of the freezing solution. The
freezing solution ingredients were culture media (MEM) with dimethyl sulfoxide (DMSQO) at three concen-
trations and bovine serum (FBS) at five concentrations. The concentration ratios were prepared as follows:
(D 5%DMSO+45%MEM+50%FBS; (2) 10%DMSO+40%MEM-+50% FBS; (3) 20%DMSO+30%
MEM+50%FBS; (4) 10% DMSO+90% FBS+0% MEM; (5) 10% DMSO+70% FBS+20% MEM;
(6) 10% DMSO+50% FBS+40% MEM; (7) 10% DMSO+30% FBS+60% MEM; (8) 10% DMSO+
10% FBS+80% MEM. Apoptosis and cell cycle phase were detected using morphological observations,
CCK - 8 assays and flow cytometry. The DSFCs treated with 20% DMSO did not adhere well and the sur-
vival rate was low (38.3%), but the survival rates were significantly higher when the DMSO concentration
was reduced to 10% DMSO (78.7%) or 5% DMSO (80.2%). At the different FBS concentrations, cell vi-
ability was significantly higher at FBS concentrations of 90% FBS, 30% FBS and 10% FBS than at 70 %
FBS and 50% FBS. Furthermore, the rates of cell apoptosis at 30% FBS (8.24%) and 10% FBS (15.35%)
were significantly higher than that at 90% FBS (3.54%), and the differences were significant among all
three groups (P <C0.05). The cell cycle phase results showed that the proportion of cells in the G,/G,
phase at 30% FBS and 10% FBS were significantly higher (P<C0.05) than at 90% FBS, while the propor-
tion of cells in the S phase and G, +M phase were significantly lower (P<C0.05). There was no significant
difference in the cell cycle of DSFCs between the 30% FBS group and the 10% FBS group (P>>0.05). Our
results show that a low concentration of DMSO (5%—10%) and high concentration of FBS should be used
for the long-term cryopreservation of Dabry’s sturgeon cells.
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