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A MUBEAL B AR A ™ o (HES IR AL B SSOR AR AE 5 IR
1 A A I 18] 52 AR T ARF ST LA R |
P TR A LI ATE J1 R PEH fE bR, JT e =it 1
BB EARBI T, WA = JEtR TR B H
S MR A HOR T Be, Hufs Dy 5k [H 4 8 1 7 o 4
AR S 58 5E A o

1 MESTHE

1.1 SNEBRAFS5ER

AHEFE T =M T SRR (260+50) g ok H T
W A0 X B R IR oK 7= SR 5 5, Pk i R gt 4
TG 105, TCHUBAR O3 R B B 95 T 7 I K22
2B, SR AR R B (K 1.5 m,
F&1.0m, fm 0.6m), KHHE 172 7 & L 15
cm 28 B AL BRAG TR VAE AR X s Ay 12 4F
RS FEBEEIX, KA 40 cm, HHK 50%.
FEEWIR R E G R, & H K5 B,
H $ & Ry R 8 SR TR 1 10%~15% SERG R Fep
PN D™ ST S5 S A S B
1.2 LIt

RIE XM I R 5 B R T ik A g
i, FHICHE T AR MR TRET T 52K 082 3 000
Wi, FHEREOKIEE 3RS, FEHERE AT IR
BFE 8 h, WIT S, LR E 4 R AL
PRAL, AP ARG . EE AR . AR
AR S B (PP S - B RS - AR
BEEEE =111, MR, BRI MR K
Bedl, BAHEE 3T, B AT
ZAHFHN (200420) 1, K 32 A5 BRRIAS [] Wk B2 1 T Y
A — R PESE RN, BT 25 °C IR, Fek
40 r/min, 55—, DIEEVWE 0.03 g/mL, AbFE2h
Je WA 43 B (0 B R =HURDIRAS 22 D B/ 32 A5 B
SO, MRS BRI Rl MR RS, A
PEH RGOS B AN S, HBEE 3 MR . 0.03,
0.06 F1 0.09 g/mL, AbFH 2 h J5I5E /B3R, MK
O3 B R0 o Bl WO B . AR b, dEBURGE
B FP S, FERGEERIVREE T, JEAT d5cad A B
(B AP A o e 2 R Rl 70 B VR A P 2 S b A A

FEH AL o B RAE R S IR 69 AL
SEES AT AL, LAV AP Y A2 R BRAE T
WEZH, ALFEZH 14 0.09 g/mL A JKEE 1 B 1F H 30
min ZAEHH, AL 2 4 0.09 g/mL IR A R AE
FH 30 min P 3ZAE IR o SRAERE 5 57 20 I U
TR, SRIG I E I 2 BB MY B (Lee
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HT,2009), HHILESHEEE (H-7650) L& S T
W, XHEMY R AT IER, X ON 4 i 25 A 4
MR, & F AR DN L A

R B Z AR BRI L R
BUJE, SYERONZAI | BRI . JRAAR . BRI TGS
AR OF P RCR S A 1 2 OKG B9 B R Y
AR BB AT AR RIS EEE K R 5 U,
YRR e 1] NN S SN
ek 1, HEKZ 022 pm B g S0, 5
il pH 7E 8.0~8.5, /KR 25~26 °C, hJ¥ h 25, %
E S BN S mg/L, JeIMIEHEN HIREI,
HELIEL 3K,

g mER OTEmZ 0, W
PRI A (R ) R & 0 b B LR ER T 1
BRI, B FHA WKL 100 BifH L. %
HEEFEERER 5. 10, 15, 20 F1 25 min, &FA6F
[ [EI PR 2L 10 5T Bk ah ik, w8 3 A7
THEEEHE , S BRSO A T 52 1 K 5%
RPN, X o6 B KR AR AT 1) e HsE T, Bl
Je BRI L SRAFTE R . S X IR (R
O3 B WAL FEOP AL AIK) . 0.09 o/L AR H i
21, 0.09 g/L 1A B A A BRI AL A4

QIR DAk sz Mk, BRIk (5
W) FoREEE R BEVLEC 10 T Rk 4 ik,
S 100 mL AYBERRrh, AR IR By pk 4o 30,
40, 50, 60 1 70 mg/L 3 5 Ny BE AR (i 2
IR 40% 9 S ), BN IREEALE 10 H T
Wk, W 3 A FAT, 3 h RSN
SA ARG TEOL .S58 4340 A 82 1 52 770

QAT RIS, MBS ARIF AL 25 0 2 18 B 1
A BEALER 10 5T BAER IR S A7 iR = W
FORMER () 1T NS N — A2 Hhik Bk
BEHT (K 10 emx 8 3 emx & 12 em), FEGL Y THRIE
B DEIR R IE RO CE AL, GLE
e EHCE 1 emx1 em A ZI R,

EEXE AR BN AAREAT 0T Ge 3T, il sk DL AT
NBE KRR (s): FFAT BRI B G IR 4R
Wesh iEtE) 32 3h s (cm/min): 407437 1) 6 IR
AR . IBBIIEES (cm): AN RDEIRAIAE K
1.3 RS

JIT A S 56 00 Y LASE S E bR e 1R (n=3) &
7~, H Levene [RIEHAE & EAFA IES /00 Fl T 2
FPE, ZJ5 R SPSS 22.0 H At X it A K
7 W & )5 2250 B (Two-Way ANOVA), #FE1E
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WEZES, WH Tukey [k 50X £ 172 & Lk
BT, 24 P<0.05 I, WA WA EAES 4 R
H & #E#R, ffif GraphPad Prism 8.0.2 # {4 (32
) H#HATEE AR,

2 4

2.1 AR EREERENZREIVRE 5 BEBR

Ve WA RIS TE] Sk 2 h, it VR B AR 36
AN TR Ah RZE 1 53 B R A BT AR T, 2[R A3 B R A7
T FEES MRHE N 0.03 g/mL i, BrEE
Mg . v R B . A IVER BRI A Tl T
14 B A4y B R 11.67%. 23.34%.  100.00% Fl
100.00%., B N 0.06 g/mL B, Bl 25 1 it
W R IRV . AICER RO B VR
AYBSRLIER 24.33% . 36.00% . 100.00% F1100.00%
B N 0.09 g/mL I, Bl FI R . PR
FIBER . A TIVER 1 V8RN TR A5 T 20 B 2R 43 )
H 55.00%. 64.67%. 100.00% 1 100.00% (& 1),
ZEROR, FHWALTE 2 h, AJNER R RIR &
WAE =R T 43 B 35 Tk E] 100%, FE1E

Rt R A 1 PR E
. = .
alkaline protease sarre peptidase
- ﬂim‘ﬁﬂﬁﬁ - ‘JF'b";.‘
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100 - c ¢ c C c ¢
80 + C
. 8 c?
= 260 a
3 S B
WS b
&8 40 A
2 b a
A
m-aﬂ H
o (L1 . .
0.03 0.06 0.09
B A % /(mg/mL)

concerntration of enzyme soulution

1 AEIRERERAIE 2 h B =R FEIMRIM S EE
AENG F RS A R BERREE N, AN RIBG L [0 G732 22 A7
TER 3 ZE 5 (P<0.05); AN KNS B o AH [ B RAE A R T
GERI B S AEAE B E R (P<0.05), [ 2~3 [,

Fig.1 Effect of enzyme solution treatment on separation
rate of P. trituberculatus egg block after 2 h
Different lowercase letters indicate that under the same concentration of
enzyme solution, there is significant difference in egg mass separation
rate between different enzyme solutions (P<0.05); different capital let-
tersindicate significantdifference in egg mass separationrate under different

concentrations of the same enzyme solution (P<0.05), the same as Figs.2-3.
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[ 4% % 30 min, £E 0.03. 0.06 F10.09 g/mL Fj¥
JET AT B R, RSN, BERAEH I
30 min, N 0.09 g/mL [ EEFRALBRA, AJNE
P VR 5 R 1) 43 25 321 100% (&1 2). B
Ja, PEHUA VR R AR A M@ Tit 0% % 1%y
0.09 g/mL, 15 A A 30 min, FEAT & AE F I
[0S o 25 R BRI 5 4y B R R A OC, 7ER
T A 0.09 g/mL, VEFHEE A 30 min B, AL
IR EAER B ROR (] 3),

22 EHEBRIURSBERIEMEINRENEN
BEHT R BMELS R TR, SXIRAMIL, &

o AR TR RETH
papain mixed enzyme
100 — =
B
80 | b
[0} —I
o B
%E 60 + A
= b
EE sl oA
®RE 40N
2
20 | ’l‘ I
0 L L L
0.03 0.06 0.09

g R ¥ /(mg/mL)
concerntration of enzyme soulution
&2 FREIRERANEAEGNEESHERLE
30 min B =FER T EIVRA 77 H R
Fig.2 Effect of enzyme solution treatment on separation

rate of P. trituberculatus egg block after 30 min

D?kIL\ﬁ’Elﬁﬁ TRA W
papain mixed enzyme
100 - -
oo
80 -
8
o ®
=2 60|
5 8 .
% N
& 8 40 a
2 a
20 -ﬂ I
0 , .
10 20 30
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B3 0.09 mg/L AJNEBESRAE S BERLIE

=R FEEOIER 30 min I B ER

Fig. 3 Effect of enzyme solution treatment on separation

rate of P. trituberculatus egg block after 30 min
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o WAL BR 04 32 K5 B A SR IR IR S A TR, 55 P B0
JE B 1 40 2 (] 4-a), v, RIRER P AL
T 2 H DI 4 S0 B A PR R L /b 20 R A A —

@

im im
om \
: om
0.5 um 0.5 pm :
(b) ()

e (5] 4-b), TRABERAL BEAY S2ORG B1 A S0 DI 1 B
G2, R BA AR (B 4-c).

E4 DUPREMIESTERENE
(a) IR ZH; (b) /b FEZL 1, M 0.09 g/mL AJRE AREAEH 30 min 12 K500 (o) ALFE4L 2, Jyv 0.09 g/mL B4 FEKAEFH 30 min 24500 im

PGB, om. Ak R .

Fig. 4 Transmission electron microscopy transverse sections of the outer egg membrane

(a) control group; (b) treatment group 1, the concentration of the papain was 0.09 g/mL and the separation time was 30 min; (c) treatment group 2, the

concentration of the mixed enzyme was 0.09 g/mL and the separation time was 30 min. im. inner egg membrane, om. outer egg membrane.

23 AEILZEMBEZHEINSEFLER

TERAL KR N (25+1) °C 1), AR & 7 i 0160
BUANCIRTENT R4 . ACBRA 1 S5 AbFE4E 2 kb FE S
BIRemE ik i gh i, (B L R B 22 57 (B 5).
B 2L ] A7 K5 B B AL Rl 31%, ALFHRZE 1 A6
b3 58%, ALHRA 2 (LR A 64%., BEARIY
ZAE U HL AL Ny 42%, AbFRAL 1 (R4 R R
72%, AbPRAL 2 BRI R R 72%. TR I 32K R
B Al %k 57%, PR 1 BB RN 76%,
A BRAL 2 BORAL RN 75%. B PN TG Zh R 32 K
GREL LR N 59%, AbHAH 1 IFIE RN 89%,
AEFRA 2 BIRAL TN 85%., B PN IR g4I 2 4
BRE AR R 70%, AbHA 1 IFIE N 89%,
REFRAH 2 (AL 87%, Ko HRZH A2 K5 O e (14
R AL PN, H2% 5 W3 (P<0.05), P-4t
PR ORI R 22 R B3 (P>0.05), H & & M
J&, WEARRYI L R .

24 HKTFINE

T SRR LS AR I T 2R
55, BUFEXTIRAL . AN ARG . WA MR . B
RIALL, 4 DRI TEERE W LR & 2R (P>
0.05), 5min AARIBZETRTE 5% LR, 15 min
JEYIASET R W EFH(E 6), 7ET# 20 min 5,
AILENE Rt 97 7

ARG MK AR RZ AR IR
T MRV BE I R O B3, TEVRE R 30 mg/L 1Y
KT, GMERTE 3 h BFIFET RAE 10% LLF (&1 7),
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control papain - mixed enzyme
- Ccp €
100 5 b ]g
Ba  PBC  HI pf
80 A bbb TD a
. Ab L1 c ¢ T
SE o6l 1 I
< op B
E% g A a
=
2 40 f,
= <
<
20 H
0
1 2 3 4 5
ENE-aELiE

different developmental stages
El5 AEXEBRZHR FEERNOBFFULHIR
LYNZLH, 23MEW, 3JRmM, 400 AR, 5.0 A REIR
iR NEDNGFERORAFIR G, SRR )54 2
ZES R AFKE F BRI R BRAEAS [ 8 A %2 72
Fig. 5 Effects of P. trituberculatus embryo incubation
in vitro at different developmental stages

1. cleavage stage, 2. blastula stage, 3. gastrula stage, 4. nauplius stage, 5.
zoea stage. Different lowercase letters indicate that there are significant
differences in hatching rate between different enzyme groups at the same
development stage; different capital letters indicate that the hatchability
of the same enzyme group is significantly different at different develop-

mental stages.
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TH, AR R EE TR
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Fig. 6 Effects of exposure to air on the mortality rate of %{ g
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B 7 FEEREERDHAG 3 h B3 =5 T Bk ) ,%%fﬁ%ﬁ i
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Fig. 7 Effects of formalin on the survival rate of ©
larval P. trituberculatus 8 BHMBHEFREHT=EREFENEN
1T AW

(&1 8), Ty 3 i 6] 2y 2.43 s; VY15 3B B
S Y4 35 B R 4y W 8.34 em Al 1.65 em/s, $TG
WEZS (P>0.05),

3 iR

3.1 AR BERIZREIVRE T ER
=PRI, SO O A R R S
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(a) RRII 8], (b) IEENIEEE, (c) BHNER: LIRGHE, 2 BhE, 3.
ARINE AR, 4%,
Fig. 8 Observation of larval P. trituberculatus under
the conditions of in vitro incubation and parental hatch

(a) reaction time, (b) speed, (c) movement distance; 1. mixed enzyme, 2.

parent hatched, 3. papain, 4. control.

(0 BT B IAR TN A1 2 B, K JF ] 35 7 I 1Y
WIE b, BRI, (H e Te s iR B FR 0,
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2N 9P 22 (] 5 3% 1 R 23 B A R = R D AR
Bl s ) AR SR A Ak, TS
YL FNFE T 1Y 32 A5 BR 2352 0 31) Ji] B4 B 1) 32 4 B0
A I R 100% MIET R T LR A2
K OB B AR A%, AN 5T 35 il 25 W sl i
FRACON Y 5 2R A PR . Carral 551" 76 LI (Aus-
tropotamobius pallipes) I &5 & K5 37 v 38 i %2 1 19
THELBEGN , AT LUA S AR 2 AR I A PET R, B
A SE U I T 25 ok iR, (T 0.2
mg/dm’ [ FL. % £ Gk b B 5 42 1 1 (P. pelagicus)
BIARIIRCR B2 MUESE" FErh ARG (Eriocheir
sinensis) WG & AR L H &I, #E R Hbk S fL4E
A7 IR Lot A TR ROCR DT W . AR FH 24
P BB R IR AR T — RO, HAEe A ™
TSI A P2 A, HALE A O s .
AHIF S e FH i R e 52 05 O 0 B B 7 v, A R M
fo VIESEMES gy, SRS s R, Y 4
fEVEFIEAL T 2K OR Z R B E R, b 132
O EE N ORI Y . G5 R BoR, TERTE Y 30
min, Y& 0.09 mg/mL I, A2k 51 He i 43 B R
B, S 100%, —@EREEE B TR IR RUE Y
WG , ke 1 258 A ok i S5 4L,
MU TH E ARG R AR =%,
32 oBERIEARIPRANTL

TEVEZ 8T, WD FAME — 28 2 )28k
B, BTN SR AR & B BA o R AIER]
TE A G Y S VR (Carcinus meanus)™
B B UE (Sicynia ingensis)'" . H A THYF (Mac-
robrachium nipponense)'”, 4 % ¥ B (Scylla ser-
rata) " WLEERIAT G )2 U1 B I AH L 4548 . SEE
WA IR St T RAFI R B8, —Jr Ok iR
NG Z A S i A, 55— 7 T SRR 5 Ah R
AT S H TR e RS . ARG, 4 B R Ab 3
1F B SZAG IR EAL ARG I, AT S R B ER E K
L, TR AL B ) 52K B R ZH A LG 5 4 i
wy, HIBREEWAD TRIE—F, 5HAYEE E
Jjaponica)'” W R —B, FBRIKRIN AT 528G 51 5k
RIS AR 10% EFHE] 90% LA F, A H DR
JE 5 RE A 5 e SZ A BP 1 e AL %, B S Lee™ F1 H]
K B K e B R JRE B R B R B = 2 —
TEH AL N 10.69% 42 5 3] 66.67%. TEABF 5T
Hh B 0 B R A TR 0 A A A A A1 BT J5E
AR, AN G 7S RS O] AR v S S R R
1 H AT DA e A B A HE b A, R TR s S H
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AL
33 TRIRAZMIE AR IER

AT, PR R S P P AE I
SR 5 P B 2 T U A s 7 s A 3
i KT 50%. i 3 2 S5 0 IR i O Ak 3 4 5 3
50% LA b, g3 B Ak B A2 ORG O Ak R 0T 4 &
75% LA Lo AT U B R A A A 1 — A S
W, EHRSH B PRI IS, H L
JE fi 30 R 5 i 00 22 T %) AR T S A 5 5 st ) i Ak
e 3t B AT EAHE , #RAREE AT 40%. JRIAIAZ )5
IR R R, 353 80% LA L, JFHA
)25 & B R G — Mo p5= s A D B 1, v EL o ™
YIRS R85 35 A IR AR ZE T 38 7 Kt o B D g 1
P 5 i B R AN R G R A A v 1 DG A
HH AR Z2 A0 i A B AT A% . HEB A4 T ik
W2, 25 W2 AT 4R o I8 A PR 2RI B
BEAh, 5 S i P 35 DR 2 A P s o ) R TR 9
PEARRG A B & TR, B, RN Z AT,
RGeS, KB AL TR e, —H
o TR, WRAGEE L2 5 I B R AA Tk 37 A
ffo ARG RFIMEL TX— 8, FFHLES
BB PRS I SZRE 00, 0 T A2 ORG O AR R
JE R A R 5 e, Ak 7 I i 1) 22 iy ik o8
T 50%. HHULTT UL, A5 R I 2 S IR 25 5
RARIET, (FRAE SR BR 3 88 2 I i vl LA %
Hhsh G B AR S R KR BE T, SRR
34 BT ETE HRE

BIRRE SR AT DU gy 2 A 7= [l i, 43 ik
FAR . WAL | MO S T 3% 7l 1 2 HG O
TR 2R A5 B IR IIEAbA R LSRG fff b 4 o P 455
A, FTRABRD B TR A f PR R . e B
FETIM RS LAY, A, BRI AL T 44 23 1]
FURA, AT DR E A = gs . (HAR TR S = —
A, B AR SEETR RAL 0 2 1A 5 BRI AL 1Y) 4
A To2E . WHASE KM, Zat i swat
S, BRI AL A SIS BRI AL B A I A
FE2S . MiOPER YOI A T TR E
M 5 min, HCHE R E E oK, RGO
e g B R A SR o FEARBIESE Y, WAL 19 2l 44
T 88 5 min BIAET-HAE 10% LAT, BEE T 80T
[ 3G m, SET-FB T LT, DL 1S min 5 AR,
FET- 35K 50% LA b, 33055 5 45 X MR Ay 52 e 4% SR
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A—F"", Quinitio % R /R H AR 52 HAE K
— PR PR L (S, serrata) BRI TR R,
TE 40 mg/L W48 /R By bk im0 2% 5% 3 h, Wk Z,
£ 3 h BB T RALAE 0%~8%, WAL 4 14k 5 i
Wb, GRIET RN >38%, WMIH K2, M
AIAE Z) AR, ARG, BRI SRR
R Ak D A B4 A8 O Ty AR 52 1 TG B 3 25 5%, wIE
ot BH B8 PRI AL AN 5 ) 4 A T

TEN, XFFAKESYI A CETG) IR, AE
i AT Ay 2 AR 2 B S 5 TR T AL L R
i, AH A A BRI 0T, S RAT T ik
(RS A AT BV E R S, I ELAT R 22 i iR
H—FAER AR EARFE, JLFARSXIK 75
Wik 0, IR RS B, AE e 556 1% B[R] Py
A H 2 T I E B 0 B TR Sh ) 0 25 R AT RS
girh, BEERIK SR EA AT R, e A
TR B IERECY BT Lk i — 245 H e B (AR 5%
TRHLOP S5 S YIRIE 1 0 25 5, AT B i
FIa] iz sh B Az shii e 3 S B B iRk
YIHRIAT AT T 00, 455 R B (O 25 R4
IRARAE NI AR IZ B RE 1 2 A 3, PR
UE B AR B SRR AT AT

Zi b, ARMRE T =R T EZR IR G
T8 1) 53 BRC 7 B Ab R, BI0.09 g/mL AR
EAWE, 4YEIEE 30 min, WIRR T =900 K
Wy B IG T RE08 B R A gl ik, JF HOH 506K
SEAk = g Lh g AR ) T R 2 S, SRIAHIE
S8 9T R FH 04 JUR i 8 AR A 7 7 T 40 44 I3 £ I 97 THT
o, P, IR DR o S B AR R EOR
ATt — I R e, AF R =P G I G 5
MR R 2B AR T, =it 1
b FH 52 B4 5245 B0 I B AR AL AR L 2%

(3 7 BA A SUTC 52 B s A2 B Al 22 )
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Exploration of in vitro incubation of Portunus trituberculatus eggs

NIU Xueying ', REN Zhiming’>, WU Jiaying', MU Changkao ", WANG Chunlin '
(1. Key Laboratory of Applied Marine Biotechnology of Ministry of Education,
School of Marine Sciences, Ningbo University, Ningbo 315211, China,
2. School of Faculty of Mechanical Engineering & Mechanics, Ningbo University, Ningbo 315211, China)

Abstract: In order to explore the in vitro incubation technique of fertilized eggs of Portunus trituberculatus, this
study firstly screened the most suitable isolation solution for fertilized egg blocks, then conducted in vitro incuba-
tion studies of fertilized eggs at different developmental stages and transmission electron microscopy observation
of fertilized egg membranes after treatment with the isolation solution, and finally measured the larval viability of
fertilized eggs treated with the isolation solution after hatching. The results showed that papain was an ideal separ-
ation solution, and the separation rate was more than 99% with a concentration of 0.09 g/mL and separation time at
30 min. The highest hatching rate of 89.0%=3.3% was recorded for in vitro embryos in zoea stage, compared to
70.0%+4.8% for the control group. The lowest hatching rate for in vitro embryos was observed at the cleavage
stage, which was 58.0%+3.9%, and that for the control group was 31.0%+2.3%. In general, compared with the
control group, the hatching rate of the treatment group increased significantly; the observation results of transmis-
sion electron microscopy also supported this phenomenon with the structure of fertilized egg membrane being
loose and its thickness decreased after the separation solution treatment; exposure to air, formalin solution stress
and behavioral test were used to evaluate the quality of larvae in different treatment groups. The results showed
that there was no significant difference in the vitality of larvae in treatment group and control group. In conclusion,
the isolation solution obtained in this study can effectively improve the hatching rate of fertilized P. tritubercu-
latus eggs without affecting the larval vitality, and our results can provide a reference for the in vitro embryos

hatching of P. trituberculatus and other crustaceans.
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