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SRR R, HRDTYRESH AP RE 300 V, Kb KE 1 ns, FRoFEFE S0 ms, FkobkEK 3K,
NEPA 21 #% % PFFs By 30 £ 5 B, 4 13.24% 1. 63%, i Nucleofector™ 2b Wy fx £ B 45 540k U-023, H it
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Abstract: [Background] With the development of biotechnology, the physiological mechanisms and biological functions of
research are becoming more and more complex, and improving the transfection efficiency of large vectors is of great significance for
multi-gene co-expression systems, genome editing, and transgenic breeding. In transgenic breeding, the transgenic vectors is
relatively large, and the efficiency of generating transgenic animals is also attributed to the transfection efficiency of porcine fetal

fibroblasts (PFFs). [Objective] Therefore, this study mainly compared the electroporation efficiency of three electroporation
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apparatus ECM® 830/NEPA 21/Nucleofector™ 2b on various parameters, plasmid dosage and topology, to explore the optimal
electroporation condition of large vector in PFFs. [Method] We transfected a 26 kb plasmid, namely pPXAT-EGFP, into the PFFs,
and then the electroporation efficiencies of various parameters of three electroporation apparatus ECM® 830/NEPA
21/Nucleofector” 2b, and the dosage and topological structure of the plasmid by the flow cytometry were compared. [Result] By
comparing the transfection efficiency of different transfection parameters, the results showed that the highest transfection efficiency
of NEPA 21 was 13.24%+1.63% at pulse voltage 300 V, pulse length 1 ms, pulse interval 50 ms, pulse number 3 times, and the
optimal electrical rotation parameter of Nucleofector™ 2b was U-023, whose transfection efficiency was 46.36%%3.95%. In addition,
the transfection efficiencies of 6, 8, 10 and 12 pg 26 kb supercoiled plasmids were compared under the optimal electroporation
parameters, and the results showed that the optimal plasmid dosage for ECM® 830 and Nucleofector ™ 2b transfected PFFs was 12
ug with 8.44% = 0.90% efficiency (transfection parameters: pulse voltage 300 V, pulse length 1 ms, pulse number 3 times) and
14.63% =+ 3.21% (U-023), while the NEPA 21 achieved the highest efficiency of 6.09% + 0.72% with 10 pg plasmid. Finally, we
compared the transfection efficiency of different quality topologies and found that the transfection efficiency of linearized plasmids
was low, only 34.96%-48.39% of the supercoiled plasmids. [Conclusion] Therefore, the optimal electroporation condition of PFFs
by Nucleofector 2b was U-023 procedure, 12 pg supercoiled plasmid; NEPA 21 was pulse voltage 200 V, pulse length 3 ms, pulse
interval 50 ms, pulse number 3 times, and 10 pg supercoiled plasmid; ECM® 830 was transfected with 12 nug supercoiled plasmid at
pulse voltage 300 V, pulse length 1 ms, and pulse number 3 times to obtain the highest transfection efficiency. Comprehensive
comparison of the above three kinds of electroporation apparatus, the optimum for transfecting PFFs with 26 kb large carrier was
Nucleofector " 2b.
Key words: electroporation; large plasmid; porcine fetal fibroblasts; ECM® 830; NEPA 21; Nucleofector  2b
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Fig. 1 The plasmid profile of pPXAT-EGFP
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12% FBS ] DMEM 5885 R IR LG 77 . Hi%% 48 h
J& 0.05%BREFH AL, 90X g .0 5 min, I 1 mL/AL
PBS & i Ut 2 40 A5RS04 e R 28 [t e il o=

(BRETOCH /A LS EO X 100%] .
1.3.3 ®#ESHMI ECM® 830 Hi%% PFFs (¥R
B 250 2% ROSS S IF 5t 45 B Ok b vy [k
300 V, ki 1 ms, kb k%L 3 #0005 1 NEPA 21
1 Nucleofector  2b #:4% PFFs 4 Juf¥) v 4% S H0H 15
Ak

3RAS NEPA 21 St S5 40 R NI

HBEATA B AT IR 7] (NEPA 21 fE65 7)) 24510 4 Fh
WL 40 G PFFs, R10h 4 NAEIE4] (NEPA-1,
NEPA-2. NEPA-3 fll NEPA-4, £ 1) Al—AH4

(ANHLHE, 100 pL NEPA HLEERAC S L TRV
TN 3 AN, oAl A DR SR L 1.3.2. BEAF,

%1 NEPA21 BIFFLAKIHSEL
Table 1 Poring pulse of NEPA21

NEPA 21 HHEZHIE 1, HHFEHURK L 100 uL
NEPA 21 HUFEHAN 8 pg FORI41 R, 1 NEPA 21 Hik;
WA I Opti-MEM .
Nucleofector™ 2b M M SC ik E - id& F] T PFFs
() o B 2 B AT AU, By 2 A A E 4
(LONZA-A: A-033 fl LONZA-U: U-023, % 2) i
— A COREEE, 100 uL Nucleofector™ 2b %%
WAV B TIORED , BMEFA TS 3 I, Al H
FOL IR KA 1.3.2. 64k, Nucleofector™ 2b Hi%%
SR A-033 F1 U-023, HHEETIRWH 100 pL
Nucleofector™ 2b HLAL 1 8 pg FURL4] k., 1M
Nucleofector™ 2b L% 3 I >k [ HL 4% 5 & Basic
Nucleofector Kit for Primary Mammalian Fibroblasts
(Amaxa, 75 [F)* Nucleofector  Solution Al supplement
Fbbil 4.5 - 1 IRA TIBAE,

P ikt e s JiaK i s et la ] ik v TEPRRE L ER3
Number Voltage (V) Length (ms) Continuous (ms) Times Voltage attenuation range (%) Electrode
NEPA-1 150 5 50 2 10 +
NEPA-2 200 3 50 3 10 +
NEPA-3 275 1.5 50 2 10 +
NEPA-4 300 1 50 3 10 +

NEPA 21 S S X5y P05 FeR kA Ukt LB K S804 ikt i 20 v, kit 50 ms, ko ()RS 50 ms, kit ik# 5
O HURTERIRSE 40%, WM+~ o ik 4 Mol 80h NEPA 21 U351 M SR AT OGS AT B A F13R 0. NEPA 21 RUEABON T MM Opti-MEM
The electroporation parameter of NEPA 21 is divided into two parts: transfer pulse and poring pulse. The transfer pulse remains fixed(pulse voltage of 20 V,
pulse length50 ms , pulse interval 50 ms, pulse number 5 times, Voltage attenuation range 40% , + / -). And the above 4 kinds of poring pulse are provided
by Guangzhou Hua Yue Enterprise Holdings Ltd which is the supplier of NEPA 21. In addition, the transfection mixture of NEPA 21 is Opti-MEM without
serum

%2 ik Nucleofector™ 2b HBEESEAYIRIE > 4H

Table 2 Grouping of optimizing the parameters of Nucleofector  2b

il S L TR

Group Parameters Transfection mixture

AEEEZ 1 Group 1 LONZA-AV 100 L Nucleofector ™ 2b AL P+8 ng JFki

W42 Group 2 LONZA-U? 100 pL the transfection mixture of Nucleofector ~ 2b and 8 pg plasmid

¥ 14 Blank group ANHL#% Non transfection 100 pL Nucleofector™ 2b HL#£ 3 Only 100 pL the transfection mixture of Nucleofector”™ 2b

D A-033; 2 U-023; ¥ Nucleofector™ 2b FJ HLH ¥ H1 H1 #4171 £ Basic Nucleofector Kit for Primary Mammalian Fibroblasts ( Amaxa, % [®) " Nucleofector
Solution Al supplement (4.5 : 1)

D A-033; ¥ U-023; ¥ The transfection mixture of Nucleofector” 2b is composed of Nucleofector Solution and supplement(4.5 : 1) wheih is from Basic
Nucleofector Kit for Primary Mammalian Fibroblasts(Amaxa, Germany)

1.3.4 Rt AE A LIRALIY NEPA 21 Al
Nucleofector ™ 2b HIF£{Y 2%, K& ECM" 830 M1t 24

(ke 300 V, Bk 1 ms, kb 3 o U,
A 6. 8. 10 Fll 12 pg AOHBIEE Fok 3E4 T 4% 4L,

BAR S Ha 4053 A 3 A4k FEZ] (ECM® 830, NEPA 21
F1 Nucleofector ™ 2b) FIX}R ) 3 AN (4L (ANHLE,
FHI L A U TR IR BN A B A AR TR
FHE N 4 N/ (648410 F1 12 pg (KFBEZHE TR
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VR TORLZH i, A ARG 25% Opti-MEM Fl 75%
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At (S FURHEME) Y PFFs IR
F SO Qe md, B4 3 AN b B RG]
PR 3 AN A CANHLE R S L i AR P 2 TR
WO, I EL 3 R, PRSI 1.3.2.
1.3.7 Siit¥#AF R SPSS 18 MAUHEAT N &
4387 (Duncan) »  FdELL Mean + SD Eon, BEM
K P<<0. 05 WIR7R 22 e et 27 W& P e

2 &

2.1 AEBESHBLER

I3 MAEA R ST LA 8 pg Tokifs Y PFFs,
WA LK B NEPA 21 15 % S50 NEPA-4(Jik
PRELE 300V, Bk 1 ms, BkaRIAIBE 50 ms, ko
UH3 KD , PSRN 13.24%+1.63% (P>0.05,
2-A) . {E Nucleofector = 2b fffE: HFE Sk U-023,
HAEE YR TIE 46.36%+3.95% (P<0.05, & 2-B) .

100
80

60 [ 46.36

ok 3318 T

ERHCR
Transfection efficiency (%)

LONZA-A LONZA-U

A: 4 F NEPA21 HLEESBINEE YR LEE, NEPA-1~NEPA-4 (KIS KL 2; B: 2 Fi Nucleofector™ 2b HLE BN YRR LLH, LONZA-A:

A-033; LONZA-U: U-023

A: Comparison of transfection efficiency between 4 kinds of NEPA21 electroporation parameters which are shown in Table 2; B: Comparison of transfection
efficiency between two kinds of Nucleofector” 2b electroporation parameters, LONZA-A: A-033; LONZA-U: U-023

El2 ATRBHSHFMTHERYER

Fig. 2 The transfection efficiency of different parameters
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10 112 pg 117 26 kb HRFE TR, HHIE 3 1] 5122 0k H
T4 12 pug I, ECM® 830 Al Nucleofector  2b B YL
B 3K 8.44%+0.90% (P<<0.05) Fl 14.63%+3.21%

(P>0.05) . 1fii NEPA 21 {ff] 10 pg Jiikif 4% PFFs

INCRIE R (6.09%£0.72%) , {HL 12 pg JFrkift
PR ARG E (5.12%£1.96%, P>0.05) .
2.3 A[EIRRAFRIMNEMIRY BRI

1E LR BRI AESECT ECM® 830, NEPA 21
H Nucleofector™ 2b 43 5l H 12 g i ME e A2k P4k it
b Yt PFFs 41l o 25 J Wow 3 il 3543 43 ) 4 i

W e e P AR TR ) 3 e 300 Tl . 16.18%+1.45%
F17.83%+1.27%; 5.64%+1.12%F1 2.20%+0.23%;
33.15%+1.30%F1 11.59%+1.20% (& 4) . ftaf 40k
PEARTORE (17 Je e h B 2K TILEB IR e 454 (P<
0.05) , HAX Ay 8 W T o br e G A 34.96% —
48.39%.
2.4 FEBEFMAILE

eI AL L B HUF HLB ECM® 830, NEPA 21 Al
Nucleofector ™ 2b 4 12 ug EBIRHEFRL IR . 45 H
WOR 3 B A R R G ROR A A s 16.18%+1.45%
5.64%+1.12%F1 33.15%+1.30%, BI 3 Ff o i {3
Nucleofector ™ 2b %% 4% PFFs [ 4 e (- 5)
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BTX NEPA-4 LONZA-U

BTX: ECM" 830 ffd5fk i S8 (pkpb b FE 300 V, BKPI-KE 1 ms, kol 3 ¥ NEPA-4: NEPA 21 stk i 280 (Bl bk 200V, kb
KJ¥ 3 ms, JkaElkg 50 ms, Jkabk% 3 ¥k) : LONZA-U: Nucleofector 2b [FIExfE BEES %L (U-023)

BTX: The better parameter of ECM® 830 (voltage 200 V, continuous 3 ms and 3 times) ; NEPA-4: The better parameter of NEPA 21(voltage 200 V, continuous
3 ms, interval 50 ms and 3 times); LONZA-U: The better parameter of Nucleofector 2b(U-023)

3 FREIFHASRIFERYE
Fig. 3 The transfection efficiency of plasmid with different dosages
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NEPA-4 LONZA-U

A JO BB R R FIG I G5 M BRI AN B LEBOE B BERIZEE AL ORL 5 0% . BTX: ECM® 830 [t i S8 ikl ks 300 v,
KGR 1 ms, BKPHCEL 3 0 s NEPA-4: NEPA 21 (35 A A 240 Gikpb b1 200 V, BKMHKEE 3 ms, Bkik E1KE 50 ms, Bkah ¥ 3 0 ; LONZA-U:
Nucleofector 2b Rl REESH (U-023) ; Sp: HHIZHESUR; Lp: ZVEAbiki

A: Cells transfected with the different topological structures of plasmid were observed by fluorescence microscopy; B: Comparison of transfection efficiency
between supercoiled plasmid and linearized plasmid. BTX: The better parameter of ECM® 830(voltage 200 V, continuous 3 ms and 3 timeTsM); NEPA-4: The
better parameter of NEPA 21(voltage 200 V, continuous 3 ms, interval 50 ms and 3 times); LONZA-U: The better parameter of Nucleofector = 2b(U-023); Sp:
Supercoiled plasmid; Lp: Linearized plasmid.*: P<<0.05; **: P<<0.01

4 EIBRARIMEMR R R AR

Fig. 4 The transfection efficiency of plasmid with different topological structures
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BTX: The better parameter of ECM® 830 (voltage 200 V, continuous 3 ms
and 3 times); NEPA-4: The better parameter of NEPA 21(voltage 200 V,
continuous 3 ms, interval 50 ms and 3 times); LONZA-U: The better
parameter of Nucleofector  2b(U-023)
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Fig. 5 The transfection efficiency of different electroporation

apparatus
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90%f%) ECM® 830, ECM" 2001 %5 AL 3L A 5 3 & /N
1AL YL PFFs. AN ECM™ 830 38 HAT % 40 45405 /N (1)
PeFh, Wikl 4-A thEAR ECM® 830 4 12 pg &4k
JRRLIR 2% T NEPA 21 1 Nucleofector ™ 2b, {H2
ARG 2RI A H A L S BN % « 55, NEPA 21
FEARIG A W T4 9% PFFs, 26 kb I E JHokL i 4%
PRI (4%—13%) , 1M 7.6 kb HRAZE kL 5%
ik 80% L P, A2 R, NEPA 21 A& & K
1A% YL PFFs.

AREG F EHE A A S TR A b
SER R AAT LB iy KB Yl X 2RISR A
FRYGE DR G R RN DR 0 A I N B
Mo REAIURE R E EIRE Rz —, B
PERR T 0 ER R LA, 3] LA ik PR 2 R K
A i g . A B ARG 4 T NF AR H LA
ARG (1) R R B ERIA 2 R O Bl
DRAT SR A, L 8 B PR TR EE B — e 2)
TLURBNZ /N ERRIE, MG 8§ R A 2
BhYW R 3 TS 2 FE R RIAP0, (2) 12/ IRES
H2A FFHVE O Z IR 7127285 (3) i [FIJg
K (B4 300 bp) P, fig K RE B IREA S 3,
AR T s g, Bis YRR KA 5—25 bp
A I 9 B 4 B AR,

4 i

BExH BT REARIEYE PFFs (BRI BA L B
PeAAT BT D I, A TOE AR AN R 1 L 4
1% (ECM™ 830/NEPA 21/Nucleofector” 2b) . Hi¥: 2%
K FORLH EFIIR S SSRGS TG PFFs U4k
RBARIE G55, 2R ILFRIL R G FE K G
LN B MRS . AW TUE R R 3 Rl
AU d, Nucleofector  2b & KA 4L PFFs [ 348



3

BRI

RBAREE G i ) LISCET 2 40 I ) P 2 PO

537

WAL, HAE U-023 IFEF MRS 12 pg (1) 26 kb
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