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Efficient delivery of siRNA into mouse preimplantation
embryos by electroporation
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Abstract: We developed a detailed electroporation method to deliver efficiently siRNA into mouse preimplantation
embryos. By introducing Cy3 labeled negative control small interfering RNA (siRNA) into mouse preimplantation
embryos, we optimized conditions for the electroporation, including the voltage, pulse duration, pulse number,
electroporation buffer and an important step to weaken the zona pellucida. Embryonic survival rate, transfection rate and
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blastocyst development rate were evaluated under the converted fluorescence microscope, by embryos counting and

statistical analysis. The best transfection was achieved in opti-MEM under the conditions of 30 V, 1 ms, 3 pulses, and the

duration of digestion in tyrode’s solution was 10 s. In conclusion, the proposed electroporation approach here is a simple

and efficient tool to deliver siRNA for RNA interference (RNAI) into mouse preimplantation embryos.
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T R, Cy3 pRic BBIPEXT I siRNA
(#AM4621) F1 siPORT (#AM4502) Wy H 3 [®
Ambion A Al ; 5 RIK #T1788) I [ = [H Sigma
ANHE . B ALY EE (ECM 2001 Electro Cell
Manipulator) 4 H 3 [E BTX /24 A ; HUALHE b HL %
FUNAR T BC SR AL, F A I FESA 1 mm; opti-MEM
W [ 2 [E Invitrogen 2] 5 HARLEH Wk &R0k
VI B 2 [E Sigma /A F .
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AR HEAT I A AL B JRAZ I R 2 FL S R iR A
WREE, 5Wk 20 s SCRAMILE S BE
(P<0.05), 7% W i) T A A B — e AR
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10 s SEHLH 22 57 AN W3, X U A B 1O
FERTRI P, 375 AT 555 T Ak B Ay o 2 Ko JUR R 114 2 i
SN, ARER; HHE RN 30s 5,
75 A AR AR 2 o8 vl AL, LR POk
B BER R AEIE IR G Cy3 ZOGRRMER, HiF:
e (85%) W EE T RIHAMAMIEL 10 s
41, 5k 20s LKA X FREE; WKHEk
30 s JEIRBRAFIG R (31%) BEMCT HA; 3 4
(P<0.05); W41k 10 s I 20 s SZEGLHIE YL AR TC i 3
2550, (BPRZH Y 0 25 TR A (P<<0.05); TH
fb 10 s SCERA FHIEAAE RGN & B R 3 &

R1 ERFHHLEENEFILROR M

FIHAk 20 s F1 30 s SEHGLH . 3 MR L IE AL AL BEFN
F 2F FL 3k R 1 U0 6 A 1A A1 855 57 1) 2 iR 3 35 3
92%, W THALASAL, G L N A B
HUIEAT LS L I SEBG A, 3K 150 B L 2Lt Rt v T
B M T RGBT Ak B 3OH BT 32 3 R 1 4 D
AT T AN T 3 £ b % /0 38 0 IR I 7 ke AN R 4K 52 1
Wi (& 1).

B 1 AN ) S50 20 i ri 2 F LU A i fl
Fo AL Do G. 103803 N IIG B A,
B. E. H. K4l R — G a st A,
C. F. I. L A 55O &R A
22 HEMBFLMRMIZM

YLRAE 30 V BRI S (95%), SHE
10V 120 V SLH4H 27 B3 (P<0.05), 4hZ
e R e Qe AR AN T, (B SGA7 5 AT
R EER2R TR, BIER 10, 20,
30 V SR IRIG RN LB RERAL
F (E2).

Table 1 Electroporation efficiency after different duration of digestion

Duration Number of embryos Number of Number of Number of surviving
of digestion for treatment surviving embryos  Cy3 positive embryos  positive embryos to blastocyst
No electroporation 64 — — 57 (92.17£0.73) *
Untreated 76 73 (96.25+£2.01)* 35(47.87+1.32)° 30 (85.98 +2.04) °
10's 83 72 (87.17£3.39)®® 48 (66.63 + 0.80) ° 39(81.20 £ 0.68) °
20's 59 45(76.15+2.02)° 34 (75.58 +1.13) " 22 (64.29 £2.68)
30s 61 19 (30.99£2.34)° 16 (85.00 + 7.64) © 9 (55.56 £ 5.56) ©

Three replicate experiments were performed per treatment. Numbers in parentheses represent respective rates (x £ s ), while

other numbers represent total embryo numbers of three replicates. Within a column, the rates with different superscripts are
significantly different from each other (P<0.05).
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Fig.1 Cy3 Fluorescence level in embryos when they were electroprated after different duration of digestion.
Bar=40 um. (A—C) Zona intact embryo. Fluorescence is present in the zona pellucida but not in the cytoplasm of the
cell. (D—F) Duration of digestion was 10 s. (G—I) Duration of digestion was 20 s. (J-L) Duration of digestion was 30 s.
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Table 2 Electroporation efficiency at different voltages

Voltages Number of Number of Number of Number of surviving
V) electroporated embryos surviving embryos Cy3 positive embryos positive embryos to blastocyst
10 69 61 (88.50£0.76) * 39 (63.96 £1.15) * 32 (82.45+1.56)*
20 87 69 (79.29 + 5.42) ® 56 (81.04+1.12) ° 47 (84.00 = 1.15) *
30 73 51 (68.41 +5.99)° 48 (94.77 £2.83) © 39 (80.63 £ 1.00) *
40 81 35(43.05+1.56) ° 33(95.00 +2.89) ¢ 25(72.31 £ 1.48)°
50 89 20 (22.16 +2.16) ¢ 19 (94.00 = 1.15) © 9 (43.68 £3.70) °

Three replicate experiments were performed per treatment. Numbers in parentheses represent respective rates (x+s) ,

while other numbers represent total embryo numbers of three replicates. Within a column, the rates with different

superscripts are significantly different from each other (P<0.05).

2.3 BkimET )X R F LR B I
JUR A 175 23 B K v o ] ) S T AT, e

] A 600 ps . 800 ps A1 1 ms A 22 5508 i 35, 4k
SEE R RS E], AR R B TR (P<<0.05);
Bl Tt 2 I JK v S ] %) ZE K T 4 5 L 600 ps . 800 ps
A1 ms =ASEEG A Y RIS T 22 57 0
1 ms WFEYRIERIRS] 93% , ARSEHG bk ey
(5L Qe R T0 o F i i, (BAAS IRIG2En& & R AE
2 ms I 3 ms SLHZH T R EREAL (P<<0.05) (35 3).

2.4 BRoRORET B FILEE N
AR BRI 2R I 25 ik v B 388 T i ARG, {H

kP kB 1. 2. 3 IKIFERARE, Bk
Bk 4 W, M ECRT 3 4R A7 2R AR i 3
(P<<0.05); %% YL AR Bt 45 ok b 5000 15 i i 25 42
B (P<<0.05), BkrxEOEmME 4 WLUR, i
R EA D E R YRR RN B R Bk h
UCHU BT R AT, (LR <08 7 552 56 201 [ R 3 e
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M KOSM S 4B e R i fik, 3 A ER T
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AR S A L L2 /N B SZ R O
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Table 3 Electroporation efficiency of different pulse duration

Pulse Number of Number of Number of Number of surviving
duration electroporated embryos surviving embryos Cy3 positive embryos positive embryos to blastocyst
600 ps 61 50 (81.67 £1.76) * 32 (64.79 £1.60) * 26 (83.35+0.87) *

800 ps 94 69 (73.33£3.18) * 56 (82.34 + 1.50) ° 47 (84.82 £0.95) *
1 ms 71 51(72.33+£1.76) * 48 (92.98 £ 1.42) © 40 (83.57+1.92) °
2 ms 81 35 (42.86 +2.41)° 33 (94.74 +3.18) ° 23 (67.83 +4.12)°
3 ms 74 20 (26.65 £5.13) © 19 (93.61 + 1.69) © 9(44.99 £3.85)°

Three replicate experiments were performed per treatment. Numbers in parentheses represent respective rates (x + s ), while

other numbers represent total embryo numbers of three replicates. Within a column, the rates with different superscripts are
significantly different from each other (P<0.05).

R4 BORRER R EFFLARMRE

Table 4 Electroporation efficiency of different number of pulse

Number of Number of Number of Number of Number of surviving
pulse electroporated embryos surviving embryos Cy3 positive embryos positive embryos to blastocyst
1 83 65(79.08+1.11) * 40 (61.41 £1.10) * 34 (85.97 £1.01)*
2 79 60 (76.89 +1.12) * 46 (75.90 + 1.35)° 22 (83.65+ 1.15)®
3 81 60 (74.93£0.72) * 55(91.07 £ 1.56) ° 43 (79.07 £2.57) ©°
4 77 41 (53.46 £2.39)° 39 (93.01 £3.55) ¢ 30 (76.97 £1.19) °

Three replicate experiments were performed per treatment. Numbers in parentheses represent respective rates ( x + s ), while

other numbers represent total embryo numbers of three replicates. Within a column, the rates with different superscripts are
significantly different from each other (P<0.05).

x5 BEZMRMEFILHENIIE

Table 5 Electroporation efficiency of different electroporation buffers

Electroporation Number of Number of Number of Number of surviving
buffer electroporated embryos  surviving embryos  Cy3 positive embryos  positive embryos to blastocyst

KSOM 61 45 (75.16 +£2.95) 20 (45.74 £3.24)* 17 (89.67 = 1.82) *

PBS 74 50 (68.34 + 1.53) 36 (72.08 + 3.53) ° 7(22.41 +2.48)°

opti-MEM 71 51 (73.80 + 3.09) 46 (91.71 £ 1.84) ¢ 37 (82.87 £2.00) *

Three replicate experiments were performed per treatment. Numbers in parentheses represent respective rates (x £ s ), while

other numbers represent total embryo numbers of three replicates. Within a column, the rates with different superscripts are
significantly different from each other (P<0.05).

cjb@im.ac.cn



620 ISSN 1000-3061 CN 11-1998/Q Chin J Biotech May 25,2012 Vol.28 No.5

B2 mZFFLER /R MIE A& BT HA B RS

Fig. 2 Electroporation of mouse embryos in various stages with Cy3-labeled negative control siRNA. Bar=40 um.
(A—C) Embryos electroporated at 2-cell stage. (D—F) Embryos electroporated at 4-cell stage. (G—I) Embryos
electroporated at 8-cell stage. (J-L) Embryos electroporated at morula stage. (M—O) Embryos electroporated at

blastocyst stage.
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M E ] opti-MEM Jf45 4 siPORT #5445,
HL LS R E LR 30 V, JikePRdE] 1 ms,
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