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The Effects of Heat Shock on the Development of Bovine Parthenogenetic

Embryos in vitro

XU Wei, TANG Shuang, L.V Zhi-yi,SU Feng, HUA Song,ZHANG Yong”
(Key Laboratory of Animal Reproductive Physiology and Embryo Technology » Ministry o f
Agriculture, Institute of Biotechnology . Northwest Agriculture and Forestry University , Yangling
712100, China)

Abstract: The present study was conducted to investigate the stress response of nuclear or cyto-
plasmic components to heat shock, and the detrimental effects of heat shock on expression of zy-
gotic genes stage, cell apoptosis and in vitro development of bovine embryos. The parthenogenet-
ic embryos were incubated at 38.5 or 41 C for 7 h, respectively; then the nuclei of embryos cul-
tured at 41 °C were transferred into cytoplasts enucleated at 38.5 “C to construct heat shock nu-
clei-normal cytoplasm embryos (HN embryos) and 38.5 °C nuclei were transferred into 41 °C cy-
toplasts to construct heat shock cytoplasm-normal nuclei embryos (HC embryos). The develop-
ment rate of nuclei-cytoplasm exchange embryos, expression of zygotic activated genes and apop-
tosis of embryo cells were detected. In vitro culture showed that blastocyst formation rate for HC
embryos decreased significantly compared to parthenogenetic embryos in control and HN embry-
os. Incomplete activation of zygotic genes was observed in nuclear exchange embryos, especially in
HC embryos. It suggested that heat shock might disrupt some cytoplasmic factors required for
zygotic gene activation. Apoptosis induced by heat shock was observed in both HN and HC blas-

tocysts and the incidence of apoptosis in HC blastocysts was significantly higher than that in HN
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embryos. These results suggested that: although heat shock injuries exist in both nuclear and cy-

toplasmic components, cytoplasmic component is more susceptible to heat shock than nuclear

component.

Key words: heat shock; nuclei-cytoplasm interaction; bovine parthenogenetic embryos; zygotic

gene activation; apoptosis
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¥y A Sigma /A, MEM 255 & 5 82 1A i . MEM
R T E FEBR W G 2F %5 (FBS) F1 TCM-199 1
I B Gibeo A H], AR IR E (HMG) iy
H Serono il 252\ A .

11,2 DEBR40fER 4 4= PSR B VYT B S
Y AW A B K (5 100 TU « mL ' HHER +
0.1 mg -+ mL "§E8 ZOIEUEE AR 25~30 C
TG A AR HE R K A DR [ S 6 A, R B O B K i
(R 45 4 AL 2G0T » FH TG T A B K bk T .
12 5 Sk 09 T I i il 0 B S SR T B AR 2~8 mm
B3, B SRR A 3 0.5 TU » mL ™' JF R
5% (v/v)FBS [ PBS i B . 1A 00 ik B2 T 056 il
AR IEA 3 2 DL B B0 U UR 41 i £ LAY
N Fe-BPBE 4 i 5 G R (COCs)

1.2 KRB AHE

1.2.1  BREE40fH Y BCB g a0 HiEn
COCs fE & 4 0.4% BSA f 5 Ca*' . Mg®>  PBS
(PBS-BSA) 1t 3 ARG & A 26 pmol « L7}
BCB 1) PBS-BSA 1, 7E 38. 5 C k001 1Y BR 55 v
Yot 90 min, Y455 fF COCs 78 PBS-BSA
HYE 2 W TN LB T 1R R M R R R A
COCs,

1.2.2 RS EKE 57 2= G B 240 A Sh B A 5
FEW(OM) (9.5 g« L' M199+ 10 mmol « L'
Hepes—+1 mmol « L ' NEAER4N + 2. 5 mmol « L}
BAEBEM+ 0.075 U s mL ' JRIEHEZE (HMG) +1
pg e mL ' 17-3 M T EE(17-E2) +10% FBS) #il e 16
38.5 C,5% CO. M AR &M T4 2 h DL L.
R COCs 78 PBS sk 3 ¥k, 5 JH 101 7 19 B
PRV 2 WG B A RB 72 38.5 °C 5% CO,,
MR S5 1 T B 3% 20~ 24 h, P BE 40 25 44 Ab
AR SR G, T & 0. 1% B RIRE M Ca® .
Mg®" PBS #3446 3 min, 3 FH WA 52 42 W T 22 B3 B0
4G . H PBS 3k 3 UK, 26 0L B S0 BE 1 k4%
HE RS — AR I T2 RAT 1 O B: 20 B 7

1.2.3  GP-B:40 A OICME SO A FA 80 Ak 2 b QLR
i S7E 38.5 C.5% CO, M MR & 1F F ¥4 2 h
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VE3 W ARIEHAS 1.9 mmol » L' 6-DMAP iy
SOFaa #1 38.5 °C,5% CO, Ml FNGE 451 F 1555 4
h, BEOEE M IRIGREDL 020, — 41T 38.5 CHi 5%
Th,—HET A1 ‘CHiFR 7 h, WG #E47 8% 4 45
k.

1.2.4 EE#H HLER24KEKBHHETE 10
pg + mL ' Hoechst 33342 1) PBS fp {4 5 min, 7
A 7.5 pg e mL AN IR B(CBY A 10% FBS
() PBS fiif b e A7 % B e, TOOLRMBE T
FREAZ W ALE EZE W — /N A, R
e 4 A BRI 1) B 3 2H B A L DA /D 56 A 2 0 A iR
AT . 25 BRI 5T 14T 19 O T F5-F- 4 19 SOF aa
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e 5 1A 375 A L 0 L S 30 O R B P s T T A
() SOFaa $5 R WD FERE TR A NI 20 min, HZH 1K
TE LA (0. 3 mol « L' H @& #i#.0. 05 mol « L' &
ALEE 0.1 mol « L ' BHEREE.0. 27 mol « L "4 AR .
0. 1% BSA) ¥l 4~6 min, SR 5 i ATRES . S
Bl 28 V.20 ps,2 . SO VR RLA WG TR
HhEETR

1.2.5 ARSI SR W5 8~ 10 A5 HICHE LI
JI i B Rl 1) AL IR R B A SIS 1Y 50wl A
8 mg « mL ' BSA f§ SOFaa i 9, F 38.5 C,

£ 1 PCR3|¥FE7

Table 1 Primers used in PCR amplification

5% CO, MR B 4 F R 3% 72 hs B A& A
10% FBS ) SOFaa H14k2k 55 5% 96 h., &:F@ 48 h 2
IR . S IAE 48 A1 168 h Bk L2 B 4 K 1 4 iR
KA.

1.2.6 RT-PCR ¥ F Cellsdirect cDNA Syn-
thesis System(Invitrogen) #F47T 8 4 Y B 4 IR if B
R RNA $2 RIS — 55 cDNA f45 i. 43 5
Bax . Hsp70. 1.Glut5. el F2a K #4780, PCR
SIS 1, PCR i B ¥ 2,94 °C 30 s, 50
5,57 °C 30 s. 72 C 30 s. 3k 30 MEH, ¥ 5 pL
PCR =9 FAEF 100 BB W68 I Fi Dk A7 A )
1.2.7 HFT=-KEM % Jfl DeadEnd Fluorometric
TUNEL System (Promega) #:47 2 4 g 89 .8 41 ffy
W RR R TR . AP BRI 2 ] PBS/PVP 3%
3 WK 5 min, BRFRTE 406 2 58 HYRE I v [
1 hHEESE T 0.2% Triton X-100 1 5 min #47&
A3 s 2 A Equilibration Buffer (Promega) 1,
BUE4 8 mins BEEASIEI B A 50 uL TR (5 ul
FITC-conjugated dUTP + 1 pL. terminal deoxynu-
cleotidyl transferase + 45 L. Equilibration Buffer)
BT 37 CCREEG UM 60 mins £ 2 X SSC # K
BETE 15 min 1L 5 16 A0 A TH B AL BT
25 pg » mL ' RNase A f150 pg « mL ' PI i PBS/
PVP /1 15 min JEAT MR e . & i J5 7 LSM-
510 OB R AL BB (Carl Zeiss) T WAL,

KA NCBI % 5 SIIFFA1(5'-3") iR K/ °C P4 KN/ bp

Gene Accession No. Primer sequence Tm Fragment size
CATTGGACTTCCTTCGAG

Bax NM_173894 ) ) 50 108
AGATGGTCACTGTCTGCC
AGAGCATCAACCCCGACGA

Hsp70. 1 BTU02891 ) ) 57 247
TACACCTGGATCAGCACGC
GTGGATGCGGAGATAGAG

Glut5 BC151530 50 338
GCGGTGAAACAGACAGAG
GGTCAGAAGATGAAACGC

elF2a NM_001102283 50 482
CATGAACCCATACACGGC

1.3 K&t TR GRS A o DI 5 DIOHE S0 IR i (IR 3

I — R IR IR BE L 2 A, — AT
38.5 CHEFF 7T h. B —4HET 41 CH:FE 7 hiBlJG1E 2
2LV o B AL Bk — 90 0 R AT A% T e R PR
A~ XE 5 A MR CRRGROR D LA Be ARI Ji- 1E A%

T 2D BRI IICHE JVR e (A IR AT ME 8035 2D g xR
CHA ST IR 8] A0 29 5l e 53 15 K6 20 A ] DA R
IR 2E) RSNE TR G SR 4 BRI R B L.

U A RT-PCR A 0 3 Fft 544 R 7 8 2
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G AR R REZH o 0 B A% ST AR NS A8 AR AR X
B TIPS B R

5 =i ] TUNEL £ 4 20 iR G 76 2 40 0
1918 4t A 100 AN IR 0 R T L. DL A DI T
JVR I DAy B Xk B - A A% Jo A RN EOUS 1 AH ELAE
Xof e SR iR B 1) B2 )
1.4 ZitoHh

AR E R 3 YL R T R R A i 4
3 AZd 7 EEH 8. 8 1= 95 2 (apoptotic index) =
PR T 20 88/ s 20 B B < 100 %6, i 56 B £ Sig-
maStat 3. 5(Systat Software, Inc. , Richmond, CA)%X
P 3EAT B0 R 207 22 43 BT Cone-way ANOVA), £ P<<
0. 05 B+ IA Ay i B0 20 [ A7 A 3 22 57

2 & R
2.1 RAHERRERBRNENLE
HARA AN L T HRNEK 2 PR .2 415

TR AT B B B H o PO - TE R M BT A
R B AR S  F 2 5 TE R IBE S I T 3 2 R
EY O RE AN MM R A 7 h G IR R B R E T
[ (P<<0.05),

x2 AHERREREBENGINRE
Table 2 In vitro development of nucleus-cytoplasm exchange

embryos after heat shock

SN - KEEB& IR ES %
R e 5 WA !
o No. of embryos developed to
Origin of No. of —
2 2L BN
embryos embryos
2-cell Blastocyst
PIMERTE 2
160 88.8(142) 41. 3(66)°
Parthenogenetic
WA -
176 79.5(140) 29.5(52)"
Heat shock nuclei
S 4 l
152 59. 2(90) 10. 5(16)"
Heat shock cytoplasm
PO 2
164 47.6(78) 6.1(10)"

Heat shock parthenogenetic

A A R AR BRI AT 95 5 (P<00. 05)

@b Within the same column, values with different super-

scripts are significantly different

2.2 EFHEEEERRERBEREPHREER
15 2 R IR 25 BEALZE L 10 4L 8 41 i IR i
AT 6 1 W e R IK 0 o e IR TE i Jo

R RZE b A — MOV R BRI 51 5 525 DR A o8 4
(B 1A o FEARGON - 1 W R T A I o 2 MU R 52
SR KB S TR R A T AR T
Hsp70. 1 FEPH gL (& 1B), X RUILE RS AT %
FE I SR TAEES TRE PEE AN e R BLA

A M 1 2 3 4
bp
400 —»
300 —

200

|

100 —

300 —
200 —

A, PR TE R A IR A T OE S R B 0L B A
N BT TE R A T AR A G O B R KA R . ML DNA A/
XA F bR AE s 1. Baxs 2. Hsp70.1; 3. Glut5; 4. eIF2a
A. Examination of zygotic activated genes expression in heat
shock nucleus-cytoplasm embryo ; B. Examination of zygotic ac-
tivated genes expression in nucleus-heat shock cytoplasm embry-
o. M. DNA Marker; 1. Bax; 2. Hsp70. 1; 3. Glut5; 4.
elF2a
1 #BEE
EiER

Expression of zygotic activated genes in 8-cell nucleus-

SR RERERPETHEERANE

Fig. 1

cytoplasm exchange embryos

2.3 RHEZRERERAOATER

* H TUNEL (TdT-mediated dUTP nick end
labeling) AR ic ¥ #EAT WEJIG 40 Jf o T A6 . 75 8 4 Jifd
1974 A 2H 24 A R A B B A G AIOHE
PTG ZE AT T S O 4 L IR 2A0 o R B R U VR JIG 1Y
i 25 SRR WY, 4 A0 21 0 U8 T 48 B0 = 2GR
RO < AR ATME S0 4 - PR - 1 8 4 T IR
PR IE B 5 A IR AL OE R IME O 41, HL A
Y 2 ) 22 5+ i % (P<C0. 05, & 2B),

3 3
3.1 MPEZS5RRXMNIERAENZE

ALK 1E B 15 IR 9 IR G 5 P ONE fif AT A
A DL RO I e 20 A% 55 40 TR 4 A [
Wil PACHR B SR A A5 R R IO IE R I B E
VR R I A T A R LA A B AT 95 % e 2
Py ]k BRI % 3 W AR A A R i 4 ml S
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FrCiR R & o (55 JOHEBOE IR G F0 PO - IR I BRI AT B IR iR POlUE R JRE D T R &2
Jo B R R BE RN - I R R T A IR B K T RE Jes H I A 5 BT S S 1
R R X R W IR G 04 A% 5 O R Y 5

IMERGR 2L Pz PUEA PGS 2 _
A Parthenogenetic Heat shock nuclei Heat shock cytoplasm  Heat shock parthenogenetic
E .
8-cell
Vg
Blastocyst
B

[ parthenogenetic

d
B heat shock nuclei
[ heat shock cytoplasm
30f EEEE heat shock parthenogenetic
b
0 I

AL Treatment

A RMERIG I R - I T o M R A M R - I A YR LA A B M R R L A T S 0 0 T AT Sk R
BERINZ s RATR R 8 M PR TR (0D o HEAIR 40 pmee B BAGMOW B 50 B 40 IV ik 2 U 40 O 0 T A 2 i o 0 T 4 4K
= A TN R/ A R < 100 00 o BN DA P A o R A [ b b R R ) R A A B 28 S (P<20. 05)

A. Representative images of TUNEL labeling in parthenogenetic, heat shock nucleus-cytoplasm, nucleus-heat shock cyto-

Ho

o
(=
T

He

=
T

JET38%L Apoptotic index

plasm and heat shock parthenogenetic embryos. Arrow indicate condensed nucleus. Arrow head indicate apoptosis nucleus
(yellow). Scale bar: 40 um. B. Effect of heat shock on apoptosis in blastocysts derived from nucleus-cytoplasm exchange
embryos. The formula for apoptosis index = apoptotic cell number/ total cell number X 100%. Data presented by Mean=+
S. E. M. The different superscripts above each bar mean significant difference( P<C0. 05)

B2 #ENZRERERITHZMN

Fig. 2 Apoptosis in nucleus-cytoplasm exchange embryos after heat shock



1258 oW "

E ¥ ik 41 %
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GG (ZGA) A H IR IE &K F 1 —
NEERMF, AT EAME G R AT
PR B A 5 A Ry TR, — 2 R H
B EEEFNBENZN BRI RS, AT
T R b 2 PO AR pH B B4R S — RS A BR
55 FE 7 K52 85 11 Hsp70. 1 (1435 I 22 35 Ag 6 B 1k
2 A5 B 10T 1) R A o I 42 1E VS i 40 i AR R ) R BE R
N o R ST | N = Y WV 1 o5 R e YN ]
XHRRG P A — E R E . R IE R F E
) FH TN T R A 4 AR L A T RV O L 0
AT Y FEEEEY T, gluth J&—Fp
WG IEE N xE N S RN R A 5. S
5570 255 W DA REE 0 i) S PR 1) B 3 o DT A 36 A B 40
MRACHHE fERE . HAEARIFERGE T IF 2 5
BT A B mRNA R i 4 1S 58 48 A S 5T Y
AL M B SR T MR R E A B
A B i B AR Y. Bax & — bR TSR
Bax  H BB IE 8 K 72 E 4T I 38 18 L 3 fin 3d
35 P DT AR 2 4 B O 15 B S Bel-2 JB R R K
Wef AV 38 375 1 LA 00 1) 200 e 9080 T o DTG 7 40 e 0 1 o A
ke 5 B AR

ARG XS 4 P ZGA R I 22 35 1 5L R AT A
T, 25 5 s PO i R i B ARG TR A S A
IS TE RIS . X — 1 00 7E #0805 1E %
R EE A R R T S W . 5 2 T, O R A0 e R
A7 R B mRNA R T, X 28 8 (5 DL &
mRNA B ANEAR. AT E RIS E T
FER FR M A 5L SR 0 YR & AR A
I VST o AT e 2 1 3 S B 1 T R AR AR PR A . AT
MR T Mo i SRR IR R i A AR R4l %
RRE . A BEUE A B T AR 5 58 a e Y o R AT
1B M o A6 A T RS A s e 4 b & 1 AR
24Rg: Y5 PR T A2 R B 0 G £ S5 ) 5 A8 R T R R
i — 2 S A F A E B H .
3.3 AHEZSERMERATHEEER

ARSI T HICHE R AR PO - I MR A
JU AR I I A% T AR VR LA B AR AT S8 S T
2 ANMII LS AN AR I AN A R B Y R TR 0. AT R
Jify  PROAZ - IE R O R A VR R AR O R A
TWRTE 2 4 A 8 240 M I S G #F R A U 2] TUNEL
FH A 200 Hf . (L 7E 8 40 MO i o th B T R BEAR B 42
FIH T AN YA T BT A A R AR 5 T AE P AT

WoE e rp 8 20 MG © 28 W] LIS I 3] TUNEL A
HT e AR B A T B B 8-16 4 .
X 5 R I 5 D A 380 A AR T T — 40 DR AR AT R
DR SRR R A T R A
BEAb s BRIE I g CHn R o sl 24 ) Ak 1D 2 il D SR Bk AE
VA G MR R Y N E A TS 1 N T RN T ]
T A B AR T R A AR .
ICHE TS B JUR A LU RGROA B B0 A% o 4 I i B A
B B A TR K A — B[R]
B A% U o 32 B RS 1 s BB S OR S2 B
i J5 A A BRI B U i 2 e A B A LA
S 2 DR TR AN AT A T AR, S OR IR
T IAGOR- TE H J5T E R VR A B IR A L PRGN -
B EMENEA TS . X —4R
W] TR R 2 2GRN M 5 2 52 B RS
HETAE G 0 0 75 5 08 T R B £ AT .

4 # it

BT GE BT I 15 97 IR AR 5 IR A A
S 1A I AR R O R AT R A A% 5 X AR Y
IO YIS R 5 DA B 7 A N IR A 2 T A A A
LR RN AR FRGON B AR B L ELIR X A
BT O IR, IR R 2 B RGOS S BURE R
WA AT 2 Bk 3 0 oy M B e 5 e 5 U Ui
2 BRG] RE2 45115 2 B9 S A AE RN T BIRE
5 I H A A IR AR 2 T B TR R ARk R
W s I H B2 2R GA 15 2 A8 IR0 5 10 9 T L
i R B A% SE ORI T
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