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L 4fi (Danio rerio)t'™, #8(Cyprinus carpio)t'*>"
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(antioxidant) A F| I8 2% £ 28 390 % 40 M 76 12 R PR AT
19 ) 7R 32 1 SR R B Y, B R 1 (antifreeze
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i) T USRS A SUE S 25 H A I8
1.3 FEesBEARARE

W i A€ 5 1 MS-222 (Sigma-Aldrich,
E10521)fR I, k2B HEG, W AR, #
A7 BTG TR OO RS BL20 20, B TR 1 R B IR 2%
iR %5 (phosphate buffered saline, PBS, BI)AY 4%
FRMLA G Ve M, 03 S s B R -5 2 Wt
(Penicillin-Streptomycin, PS, Sigma)f L-15 (Gibco)
WFRETHFRIA, JFHEEFRILE Trka@ ©)
R S AL 2 B RN 1 o
1.4 hESEBEETFARFAESREER
1.4.1 FRFBREMRIE FELO0.15 g HHHAL, K
KSR 1 mm® /NG, T2 3 5
L-15 i i vk 4, 4 “C 200 g B5.0> 5 min,
WEIHUE 3 W wa—IKE.Loeke, £ BiEE
A 1 mL e & 48 R ORI 1.3 mol/L —H B
P(DMSO, Amresco). 10%Ji54- IfiL3%5 (FBS, Gibco)
1 0.1 mol/L ¥4 (Wako), AT L-15 gk,
F 0.2 um JEAS TR LE, HAHIE, RYEER
BHAAE, BAAEABRFPHEESE TIKEG C)
1 h, R ERB AT RS, T-80 CHRAF
90 min J&5 5 5 B R o B SCIRARAT 4 RER, B
B3, TR EE 3 B,

BRI 2 d 5, WA BGHBRAEE, Il
PR S 43 0 T CO S R R A VR IR (20 °C
25 ‘C. 30 CAHI 40 C)HI/KIBM T EE N, 5E
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S UR 5 AR WA R ) RS SE AL 2003 e B
# 15 mL .04, A5 mL L-15 555, 4 C
200 g &0 5 min, JE1E 3 K,

142 MEAFMMEZORIE LRI IER
1.4.1, {HFEV URARAE W BN InAS [F) B2 A 40 41k
F: A WEH BR(GSH, Merck) . HLdR I iR (VC, Merck)
M o-2E B (VE, Merck), BRI H: AFPI (A/F
Protein Inc., USA)HMI AFPIII (A/F Protein Inc.,
USA). 3 Pt /v & o4 500, 1000 F
1500 mg/L, MiFMHLARE FIRE R E S 0.1, 1.0 Fl
10 pg/mL, L8 15 FRAE I A SCRmAEA
TRAE 34, SCREE 3K, H T i ok rh A
15 .

RHIAE 2 d 5, BRIFEE T 25 CKIBH
TR E IR, 6 R ORI R SLAH 20 S e
3 15 mL BI04, A S mL L-15 #5573, 4 C
200 g B5.0> 5 min, ¥EVE 3 K.

1.5 HBETHMESE

ff R RS LA U BT VRS, DRSS
241 IHARE=15 1 100 (W/V)I A6 7E A4S S20 41
FATH ARG %5 W (Dispase 11, Roche) 50 pL; JiG4:
IM.% (FBS, Gibco) 50 pL; 40 mg/mL % J5R i (Roche)
100 uL; 1% DNasel (Roche) 50 pL; L-15 §i7E%k
750 uL, A% 1 mLiEALH, T 0.2 pm JER8 TG
UE L BLIC ) 6 A 2oLy, B F25 CH:
FA AL, BEFE 20 min R W ATIR S
ik 4 h J5h0A 10% FBS &4k, HKuH
150 pm F1 50 pm JE & U8 TH AL B 15 mL 2.0
.4 °C 200 g B0 5 min, FFHEFBRINA 2 mL
L-15 K577 3 4 'C 200 g .0 5 min, 54 LIHR
FIA 500 pL L-15 3557 5 5 40 i JF 78 W iss T
THRRTTHEG T A W (Sigma) e (0,75 46 I 20 it 35 e,
FEIE 3 W R, DLHTERRS S22 5% 0 40
MIAE A% B2, 508 VR IR AA R S AR LA, T
B REvE AR 3 R
1.6 ZHRETEEZERN

BUb B A G IR 12 1 (V)i
HJE, BT (Leica, Germany)F Ifil BR 1150 A
(Meilunbio) 340 Jitd & K0 DL K 40 MO A7 35 3R, 481t 3

AT I AEECE, BOFIE,
1.7 BUESH

Hrd R HGe 454k SPSS 29.0 (IBM, & [E)
& ANOVA 7 Z50Hr, P<0.05 F£REREE,
P>0.05 Fn 2 58 2 80 LOF Y 45 1 22
(x £SD)#7~, H GraphPad prism 10 #KAAEF .

2 HBRE5HH

2.1 HAEEIHE IR 40 i 4 R 4HE

WA YR AT 3 W4 TR AR EDRS L A1 212
FRIE, ZBE 3 I AR By h AR s S U5 G 3
Z KT T A0, TERS SN S EO A, R R T
200 6L ) 4 A 2 R sl AR IR, A e R HL A
(B 1),

Bl 1 rhAesrs 8520 21U R
a. 10x; b. 40x. SG: AR T 4iJifd.

Fig. 1 Histological characteristics of Acipenser sinensis testes
a. 10x; b. 40x. SG: spermatogonial stem cell.
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TEAHIF PR VRAR T T, b AR RS 8120 210%
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40 C)fEAAEHRAL, R EIR, MIRIEE N
25 CHY, iR B I8 5 #4520 0 4 i gk B R
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(3.86+0.51)x10°, 75 T Hofth fff v 16 £ 1) 41 g % H
HEA B FEMEZE R (P<0.05); MERIEIE N 20 C.
30 ‘CHI 40 CHY, fifviil 45 20 09 40 i %k H .
FE 22 7(P>0.05) (K 2a),

MIRARIREE N 25 CH, fiitds 2 9505 i 4 i A
W R g, A0 AT 3 (96.36+0.53)%, 5 ik R

H n=3; x+SD

8 a

E 4} 1

g

E

3

o b

= b b

m 2

2|

g
20 25 30 40
f# 7R/ C thawing temperature
K2

ANHIFETE /% cell viability

TREEA 40 °C B A9 20 A7 176 2R 25 57 3 (P<0.05).
20 CHI 30 °C P44 R TR ) A0 LA T R
T2 5 (P>0.05)(FF 2b). R, ff R T M 25 °C
B, RS2 95 5 0 A A B RN A M AE TS R AT
HABMR RIS, OB 25 CHE S h A8 5140
JHL V2 R AR AT () R R o

n=3; x£SD
100 b ab a b .
- T
00 f 1
80
40 +
20 +
0 1 1 1 1
20 25 30 40

R/ C thawing temperature

A T A AR PR o v R AR T 40 20 L T () R 200 A5 248 () B 2 1)

AR PR R A 1) 22 53 1235 (P<0.05).
Fig. 2 The effect of different thawing temperatures on cell number (a) and cell viability (b) of Acipenser sinensis
Different letter indicates significant difference between groups (P£<0.05).

23 ARMENFIXS RS HEE T AR BIR
e ERRTFEHR

5 A2V L, A A& A 2 ) 4n
Mo % B B 3 AR (P<0.05) o ¥ R AR A7 W s
1000 mg/L o-4= 5 By (VE)SZ 5 215 2] i 41 i 5 5
B3 T H AT A A A S8 41 (P<0.05) [RIRY, Fifi

)

151
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Csy, %
/000
O&&
4 500

P Antioxidant

& 3

A e H K (GSH) M BT 3R 1M BR (VC) ¥R B 11 38 Jin,
AN E 2R R B E(E 3a).

FEAN AT TG 05 T, URAERG S 20 20 i A7
T R 1 BT BERS 51(P<0.05) .78 9 it ik
FISZB 2 b, BN 500 mg/L 45 BEH K 2 95 e
(2 LA E 15 3 0 e, A 560 (94.5340.67)% . UN I

100 b n=3; x+SD

b
- be

T

O
W

b
1

B o] O
(=3 (Y S
T T

Y HIFEIE Z/% cell viability
(]
S

PrE L] Antioxidant

ANTFBT AR o AR RS ST A M AR H (o) FIARBEAF IS 2 (b) BIR2IE

AN R ) 22 57 12 75 (P<0.05).
Fig. 3 The effect of different antioxidants on the cell number (a) and cell viability (b) of Acipenser sinensis
Different letter indicates significant difference between groups (P<0.05).



578

FPEAT AR URIELIRE R R DR IR0 T A R i T A R AR v R DR AT AR Y R T 749

1000 mg/L o-2E 5 M (1) 40 M 220 (92.82+0.72) %,
LR F 500 mg/L 27 B H KA 500 mg/L Pk iz
S 2, HOJG W P22 5 (P>0.05) (I 3b),

SRS, PrdRAImEin T 1000 mg/L a-4
B Efl AR A B B2 T 500 mg/L 4F
I H K (P<0.05), 11 1000 mg/L a-A= 5 B Y 40 i 77
% 5 500 mg/L 2 bt H BRTC il 3 14 22 53 (P>0.05),
PR, o A RS T i B v R PR A7 R
1000 mg/L o-4= 5 M e A S8 = il 45 15 21 19 41 i
BH, (R A M A 5 = R
24 AEMAZEEXNPELEEETHBAOBIR
BAFERERR

Stk AL b, R R & B A0l B
2 FEAR(P<0.05) 2 AR A S N T 1.0 pg/mL

15ra n=3; x+SD

10 -

Y% B (<10°) cell number
(=) W
L
S
P he
P e
e
. b=

& RS S R
& & N TN O
8 S &S &S

S v

S ¥ § YS v

iR 1 antifreeze protein
Kl 4

AFPI RYSZIR il & A3 B S B Bc 22, R(6.85+
0.19)x10°, &3 T HAUPUAE FAINLL(P<0.05),
A A s e R, i V2 R AR A VR T B R R v
I, fEVRAE 0N S A ek B 2 B B AR TR
(A 4a),

P URORAE W RN T U VR B 1 A SE B0 2HKG BR
Y LU VR I 95 5 LA WA T R 38 S I T R RS
HZ1(P<0.05), 45 RWn, FAE YU kB Y
BN 0.1 pg/mL B4 HN3] 10 pg/mL), ## %58 755 40
JAE I R RIS B TR T R R o asin
¥ 1.0 pg/mL AFPIII (145256 20 4 fLAAI s, A
(88.44+1.64)%; ¥fiN 1.0 pg/mL AFPI SZ404H i
2 i 7E 1% 2 M (86.89+0.73)%, XK T 1.0 pg/mL
AFPIIL H.JG i 35 P 22 5 (P>0.05) (& 4b).

100 b n=3; X+SD

90- be o e
é : :

80

40 r
20
0

NIAEIE Z/% cell viability

PR 1 antifreeze protein

AT BUAREE A6 AR SR R T M AR H (o) FIEREAFIGE AR (b) MR

ANTR B AR 3R 2 TR] 22 57 1 35 (P<0.05).
Fig. 4 The effect of different antifreeze proteins on the cell number (a) and cell viability (b) of Acipenser sinensis
Different letter indicates significant difference between groups (P<0.05).
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(P>0.05), Mk, Z5&d00% H FAn s 32, 4
Hh AR BERG D T 2 MLV R R AU PP S I R 2 1
JA 1.0 pg/mL AFPI ¥ R PR RUR B dT

3 itig

30 BEHEEBEXHRLEGHERTHERLSFERFH
REF M0
figp VR 55 v VR R R A R, R Rl R L

i R IR AR A R W R R . 72 VR A L 4 7
MR, SRAESS . AR AL R N Y
FHEEEAL, S AR AR R VT LA 1k A Az ) -
R Z R EDT BRI A R
fRR(5 °C). W IR MR (15~40 °C )5 Y bk A
(50 CLAL), Hrs H MR o2 8 R s
Ao R DR A R o A 0 2O DT A0 R IR TR A TR
PRAF RIS, T ) TR R R A R O K
YN fk (Brachymystax  lenok) WA JE T 41 i 43 5 78
10 C. 20 C. 30 CHI 40 CHIKIBEHIRAE, it
PRIREE R 30 °C I AR AS 5 5 1) 4t A7 32(81.0+
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1.3)%28; i @522 SRR T 40 (Melanotaenia
maccullochi)® " FPG A F) 76517 85 I T 40 i
FEfFARIEE 2 10 °CL 30 ‘CHI38 C. A
GERIL, TRRIRE 55 AN TR 4 P 240 it RS XoF fie 7 I IR
JiE IRAR BRI AT OGP, e, %5 Hoph fa 36
FR AR IR, SRR AR Y A T R IR DY, 2
HWHE T 20 'C, 25 'C, 30 CHI 40 C 4 Fi A
[F)fiff RS, 2 BILAR ORI EE Ry 25 “C B AR 6
5 ST 40 M (A AR AT R e, 5 TR B
FRIMPARE R E KIS IR 18~25 C, il
28 CoFEURERMD, KBRS, Hikix
g Rl g 5 rh AR ) A KOs EOK IR SEA G FEXY
KGRV VRO DA 98 b e B, PR VA R i OKG F
FEIG 3. RS TR MR 7R, HAJUGH i
PR A ) T 4 e 1 T S KRR DX, AT sk 2
Jif 48 A 1 P AR 031, R At R A £ S I A
KR I ARG, AR a 1R, W Ok
TR TR, HAN I H R s o Y 2 BT
P, XA HESE 5 AR B IR T A1 M X S8 AR T e
A OIS A G
32 WMEAFIREMFEI PEGHERE T A
RERERRAZ M

TEZ R PL ORI A v, BT A D Bl Az IR 2L
Bl B AR 53 K Az A= 0 4 B i A DR 4P 4R
AR AR AN R Y B g R R, e
BR. AR R . S ALER . PR Im R ST A
SR TR ¥4 VR A A 0% T 380 e T 8 ARG IR O A T A 2
a2 R R4 s R BT e o EE W
PUIRIAR . 2B IR A4 e T IR B A R AT T
WEFE, FFAE R 2KE 7Y% ORI B A T 76 V8 VR AR P
FId RT3 B A A RV AR AR 0 S e 7
FEP RN 22 S, Flan, HUIRIMRA o-4=F B Al L
FEAK 4 3k 88 (Sparus aurata)kG 1) DNA $ifh, H
FHC RS2, 33X P AP S0 A 00 20 n =1 U 5 145
(Dicentrarchus labrax)¥5 T DNA #4576/
ARSI T AR VR IR A, B o-AE B IR ES IS BT
ORI, 5AUINZ AR X REZH A L,
R ST 40 B A7 35 R B R BTN AR RS
W o-2E B W e & B RE S 0 4R S R R A S
PIAEE H, I EA B AR R, UL o2

H W h AR R DR AP R A S0, AR
HRA RS oL BB RENR A G, SRk
ATl 20 Bk /B L S AL A DNA 34507 A5
SERW, AW AT LA ST i (Perca fluviatilis) i)
K 1% RS B B, (X0 2R 1 B R o8
PERUE 715 IR e m E et ABrse .
WIS BEH RS, AR T4 gk 5 BR A Br e &,
B2 AR MLAATE FEARBAS N o265 WA TR,
WA D IR B SR R 0 77 200 L PN T P 4R R 2 A AP s
A 3 AR 3 D g R ek 2 JEL ST 400 e 45, (B
F TR IR PR A 2o A rh 2 7 2 R I PR A U
T, B B AR 1 S8 Ak, R 4 A 3 LA RT3 1Y
B0, HE SRt Xl B S S i
G RA T T, KB R (Ictalurus furcatus)
TE LRV IR 7 s i AL S . 4 B R A
PO I 2 S AR DT A4t 7 400 B 5 R 240 LS 0
AR, A5 v 0 PR o 1 1 485 R 5 AR A,
HOX H AR RS T 40 L P R IR RSO R e 22, U
TSR I TS N AN — 8 2 X R RAOR 7 A R
BRZmR o PR AS B SCKE BT IR i R 1y FH 31 rh A R
JE T 40 LV URORAT, o2 B B i H A P A it AL Ak
TR T AR ARG T 4 R P R AR RRCR TR A, XA g
SYrhn) 2R EA G, WHADE o B AR
HEBERG T 20 MV RO 1 28 TV UR AR 3511
3.3 MAERREMMEI pEGEETHEE
RHERGEHR G

LR EE Y AP ZE AR IR R T B = R
MM, IF HRELE A S 7R AN B A A W B A
ToREO GRS TR RAFVE, IF5 4N
R A ), Rl 10 T 185 4 AR 300 ) 90 ) ok &5 1 7
AR B PIRE AR 2R, R T
BT B B A AFPL,AFPIL Fll AFPIITP,
TEM(Cyprinus carpio)t*®!, 43G9k i
(Acipenser persicus)m]g‘?lﬁ"]ﬁ?qu, PURE X
KV R IR AFROR 7 A T RGBS
JE RS T 20 MV VR ORAEIE 9T Hh & B, AFPIL Al
AFPIIL 78 I 2V RORAF R b S M P AR T 4 g ke A
FAEIE R 5K R Lo, ASHF5E s
1.0 pg/mL AFPI Y5256 41 Al W 25 £ 2 15 2 14 41 g
B IR B 0 A LA R, BRI
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TR R T RS A R AP A T vl R HOR T
Fowe 5 DL R BU R 8 =5 5 i A i 20 fR 30 L
HIAE N o A ATIEA B, 45 LE R E 1T A AL
FIPCAR IR 145 G I, O 8 SR MRS 1 24
HL BV URARAF ROR AT e ), R S g T
AT RRAE I BT A AR AN R B L3 % AR
T ST N Ve VR DR AR Y2

4 it

A 5838 3 BT R R . PR R R
F ) AR ARG T T A A R TR R R A RIR 1
o, SIS EMMARIRE N 25 CHY,
R IGAS B AR H e 22, L ANAE 16 R de i
MIEHAER ARSI 1000 mg/L o~ FE A, A LA
WER S B AN, [ ELAT A ) A i
WEE; VR 1.0 pg/mL AFPI S 56 2H i £545 31 19 40
Mg H 2, HANMEME MR e . AFsnl b
S i B ) R A R T T A A R AR AT T i B I
Tt B4 , Ay v AR A A I 8 RV VR AR A I 2 R R
PRUEF AR HE

S 3Lk
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Effects of thawing temperature and cryoprotectant on the ultra-low
temperature cryopreservation of spermatogonial stem cells of Chinese
sturgeon (Acipenser sinensis)
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Abstract: The Chinese sturgeon (Acipenser sinensis) is one of the key aquatic animals under first-degree
protection in China, but its germplasm resources, such as spermatogonial stem cells, are not well protected by
cryoprotection technology. In this study, we investigated the effects of thawing temperature, antioxidants, and
antifreeze proteins on the cryopreservation of spermatogonial stem cells of Chinese sturgeon based on the
formulation of the spermatogonial stem cell cryopreservation solution used for the American paddlefish (Polyodon
spathula). The aim was to establish a highly efficient method for ultra-low-temperature cryopreservation of
spermatogonial stem cells of Chinese sturgeon. The best cryopreservation effect was achieved at a thawing
temperature of 25 ‘C among the temperatures tested (20, 25, 30, and 40 °C). The number of cells after thawing
was (3.86+0.51)x10°, and the cell viability reached (96.36+0.53)%. The effects of different concentrations
(500 mg/L, 1000 mg/L, and 1500 mg/L) of glutathione, ascorbic acid, and a-tocopherol on the cryopreservation of
spermatogonial stem cells of Chinese sturgeon were examined. The results showed that the experimental group
with the addition of 1000 mg/L a-tocopherol to the cryopreservation solution had the highest number of cells
(7.64+0.34)x10° after thawing, which was significantly higher than that of the other groups with antioxidants
added, and the cell viability reached (92.824+0.72)%. The effects of different concentrations (0.1, 1.0, and
10 pg/mL) of two types of antifreeze proteins (AFPI and AFPIII) on the cryopreservation of spermatogonial stem
cells of Chinese sturgeon were examined. The experimental group with 1.0 pg/mL AFPI had the best defrosting
effect, and the number of cells obtained after defrosting was (6.85+0.19)x10°, which was significantly higher than
the number in the other experimental groups, and the cell viability was (86.89+0.73)%. In summary, in the present
study, we obtained the optimal thawing temperature for the cryopreservation of spermatogonial stem cells of
Chinese sturgeon, evaluated the effects of three types of antioxidants and antifreeze proteins on the effect of
cryopreservation, and established a highly efficient cryopreservation technology for spermatogonial stem cells of
Chinese sturgeon. These data provide technical support for the cryopreservation and restoration of the Chinese
sturgeon’s germplasm resources.

Key words: Acipenser sinensis; spermatogonial stem cell; ultra-low temperature cryopreservation; thawing temperature;
antioxidant; antifreeze protein
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