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Abstract

In the experimental teaching of tissue and cell culture for graduate students, cell transfection
technology is an important component. In previous experimental schemes, plasmids carrying flu-
orescent protein GFP genes were used to transfect cells. Fluorescence microscopy can be used to
observe the results of transfection and roughly calculate transfection efficiency. However, there is
still a lack of methods for analyzing and detecting transfection results of cells without fluorescent
markers. This experiment aims to address this issue by incorporating dot immunoblotting tech-
nology into the detection method, and exploring the experimental protocol and analysis methods
to help students to handle more comprehensive cell biology techniques.
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1. 5|15

0 2 e AR R T B 73 TGS T i, A2 . B2 e BE D5 V2R IR (DNA B RNA) AT
SAMPEAERE . FARSNEMEZ R N B E R EH R E, sk R R T B A S R R A
MNP T4 R 2 D B D RE IR T . e BB E — R D RE S8 K AR AE M A TR, T T 2& A
SAE N PN S RE AW T, T AR R R DN B, IR RE DG Tk, AERE FE AR AL AU A 15 57
SEIRHC R, MM R — N E R R, DTSR A5 Ot B GFP 2 B ) R 4%
Qedmf)a, DO B BTREAT IS, I A T SR O A RIS TE L, T BUE MR TR G T K
o XFIBGAAOHRICE A AN LA S AT A, T DU TSR LR, (B0 T Ok TRk 1 B (1 465
i HABARZE B B & DO B I, JFORLES Qe 4 I 70 B Rl g 208 280 b A Rk

ARSI IXAN WL, AEAS AR T B R B AR . B e BN 24 52 (Dot blot, DB)s&
TR AR A S B TR Ja BT DUR DA SR A R A BBV N 7 ik, R 2 AT 2
0 — UL R SEIR TR o 15 TR A A L A B P K i R AT PR SR 38 BTG ) A% ST AR EL, XM 5 ¥
PRI o, FERPARAE, 10 H— Sk T RIS 22 AR, AR T Rl AR A o RS B o e R A
AR . ASON S0 T5 S R 7 AT TIRR, DB 2 A SR S A i A I AP =2 A bR

2. #H (LEES R

2.1. ¥
HEK-293T 4@ f1 EGFP-C3 Jsi i B b B Y K2 S5 AR RS20 = H
2.2, V2%

CO, K 7#4H(SANYO, MCO-15AC); £ 44 (Thermo, 1300-A2); /KiBHA(HEFRIIE, HS-2); vkFH(E
%%, BCD-183D); 8| & %<t & i 45 (Zeiss, Observer-Z1); % 2 .0>HL(Eppendorf, 5424-R); 4 it $AX
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(Thermo, CountesslI-FL); A/RE L HL(Baygene, QSpin); iRk 7 25 (SCI-Logiex, MX-S); 7K F-HEPR (AL
DR, TS-2000A); 75 4H oAl A (EHE 3 0T, JY96-11/N); fHIRAR (- #FKs %, DNP-9082); EEtr{X(BMG,
POLARstar-Omega); f4.2% & 6% 4% (Tanon, 5200); &% ¥ A% (Gilson, 2 uL; 10 uL; 100 pL; 1000 pL);
HH ) B 28 (Eppendorf, Easypet-3)%% .

2.3. §Ht

3k (Axygen, T-1000-B/200-Y/10-W-R-S); 1.5 mL .0 (Axygen, MCT-150-C); 50 mL B0 %
(Crystalgen, 23-2262); £l (Costar, 4487; 4489); 10 cm 1%7% L (Corning, 430166); 6 Lt (Corning, 3516);
96 fL#% (Corning, 3599); A& 4T 4E 2 K5 (BBI, 0.22 um, F619511)% .

2.4. Rl

DMEM (Gibco, 10566016); fifiZf- 1% (FBS, AusSeneX, FBSSA500-S); TrypLE (Gibco, 12604021);
TurboFect %44 71(Thermo, R0531); PBS (Gibco, 10010031); RIPA (Pplygen, C1053); BCA &1 & ik
7 & (Thermo, 23227); iAW #H(BD, 232100); TBST ¥ (Sangon, C520009), /)it TUBBL H5 FE {4
(BBI, D198906-0100), /)Rt GFP Hiog & Hi{A(BBI, D190750), HRP #ric %t/ iR 1gG (BBI, D110098),
HRP 1427 & 6 EY(Millipore, WBKLS0500), £ 1 141571 (Roche, 04693132001)%% .

3. /&
3.1. HEK-293T dpEpYiE SR

1 37°C, 5% CO, 4~ , F 10~12 mL & 10% FBS ) DMEM $5 77 £ 5577 HEK-293T 41 10 cm
BRI, B 3 RABA LIk AT S 37T CHAAAMA], #EaIEFRE, A 2 mL TrypLE JH/4H
Jitl 30~60 s, ¥ 2% TrypLE JFF 2 mL DMEM H 240, 5 2% 1.7 mL 40 i85 #h N 10~12 mL 7 10% FBS
(1) DMEM K5 7rdk, 78 5) J5 gk kit o7 .

3.2. EGFP-C3 [RAIFE S E5R A B HIME

U 3.1 T VR A AR R, 2 R E 10 JiimL, fFL 2 mL B3R A 6 FLIR, TS SR
& 15~20 min (EAHUTIE, JEFEEERE 2 CO, M iR R G K 40%~50%. 6 LA H 25 —HE Xt i
4, % HEASRIRA . 7E 1.5 mL B0 I 1.2 mL L% DMEM #1 4 pg EGFP-C3 Fiki, Hilf3iR
%) M 6 uL TurboFect, BIZIFENRS), =iR#FEME 15 min. X IRA/ESSE DMEM A 45 & 0 iUk
BRI, HAREAEE A AL IR G G RTREY) 400 ub, 551 E FRafi R 2 CO, Bi 7746
W, BEIR Ah SR ARBEEEFRE 32 h J5 THEIE O B AF-488 HOGIEIE N LA

3.3. MRRRERNH FSERREEED

FEEAURRE IR, AL 2 mL PBS B3R UES% 2 K. WF RS, Hn 0.5 mL PBS, Fi§H JiWkdT Big
WEEEA AR, AR B 2 1.5 mL B.O0E , UK LB E 15~20 min (F40M00F%. B 1 R AR
P, 01 mL ddH,O e = & £ 78 0 R, 4% 50*PI g I EL IR In ) RIPA 2@
1F 4°C°F 500 g &0 8~10 min YL, WF 43 Bk, Mg BaE T N 250 ul & 1*P1 [ RIPA, A7
ZIWRAT 15~20 RAE 40 58 420 ik, vk E24% 30 min. 13,000 g B0 15 min, HX 200 pL BiEHFHERE A
B 15 mL S0, BUS ul R, A& 1%PILIY RIPA Fik 10 fi5)5, HKHR BCA W& it B 7 kit
ITEAEE.
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3.4. BERENICREAIZH

B ZARS AR 4 K b, BRRS 10 pg BEA, BMEEA 2K FETFESNANT 1h FH
A 10%/B a9k i) TBST ZIRASREE I L he F B P, 5 mL A& 5%/ la 95k i) TBST #ikE 1000
5 —Pi(Anti-EGFP/TUBBL), 4°C FiFEK. 7% —¥i, H 10 mL TBST ¥k 4 ¥k, #:K 10 min. JIA5
mL F& 1% As 0K 1 TBST Rkt 5000 £ —Hi(HRP Fric RPN 19G), =EMHE 1h. FE 5, H
10 mL TBST ¥t 4 %, H:K 10 min. ¥ HRP A2 KGR Ay B LIRS, HISIMER |, =iREE
2~3 min J5 B T R C UG TG WEE. EGFP ENZEHR %N A 10 min, TUBBL ENiZERZE I A] 30 s,

35. ERLESHES T

R AR EE A5 i 5 B2 Image-d F2FP(NIH) THEELRTG . S8 IR il 26 1814 ] GraphPad Prism 6 5§
TR Excel 3545 . AR 70 W7 0o B 07 220 0, BRI “* 7 2R P < 0.05, “**” K P <0.01,
“ARx? R P<0.001, “nis” FIRP>0.05. RELINEHEAR S.DH T SCHFA L R EARE v AE T

LHER TG
4. R

4.1. EGFP-C3 3t HEK-293T MM TE B &S

P L(a) s, Hede 36 h f5 il LA B0 & B R 4R 5. ARIRZRAE T, xR AR 2
FRENKNGES, KPR S LT ARG RGO, S50 B 1 56(E 5 R AME R &k
Mgt BE—BAH Image-d 2T SR ZOUE T, IRETHRIH AR R R Lied
MEIOGE T REm TR, P<0.001, K 1(b)Fm. 1245 F M MEAE & AN B3] TurboFect
e BAX R #e e EGFP-C3 ki J, HEK-293T AUMA R AF HFEUACR .

(a) EGFP-C3 NC

(b) 120

AN T e B BE/AL UL
3

EGFP-C3 NC

Figure 1. HEK-293T cells emitted green fluorescence after transfection with EGFP-C3 plasmid. (a) Compared with negative
control, HEK-293T cells after transfection with EGFP-C3 plasmid emitted green fluorescence, and the fluorescence was
mainly localized in the cytoplasm; (b) Compared with negative control, the relative fluorescence intensity observed after
transfection of EGFP-C3 plasmid was significantly increased (P = 0.0003)

[E 1. #% 3% EGFP-C3 RAifg HEK-293T 4Hf & HRERK. () SxTERIELL, %% EGFP-C3 FThifE HEK-293T 4Aa
MHGFERY, BRAETEEMTHEER; (b) S3RMEL, %3 EGFP-C3 B /EMEF P AHEX R IBE BEIEX
(P =0.0003)
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4.2. EGFP-C3 #3:A &M HEK-293T AR RRERRE

N R IR S AR A P R R A RA R, HELEAMER %, FILMH BCA EAE
R R ER BEEAT Tl . MBI R, SRR, SR BN, RREBEAEN
WRPE (Y, ng/mL) S5 HEAIL 6 (X, OD)Z: [BAL & JE 55 RN Y = 892.22X, £ [81H £ %k R? > 0.999,
wnE 2(a) s, AT RLAE AR S EE RS RS SRR, STI0 4 A AL B K
PLREEZES, P> 005 Wk 20)fR. ZERSG R, ELRRXM4T, EGFP-C3 Jii kil Juxf
HEK-293T 4HMI AL A& e 1 JC A SRR, 2S00 75 V2 AN R Akt J 22 I B o5 6 28 BV I8 SI2 56 445 TR (1) 1)
Lo

@ 7, 1200 ® - /s
o0 | Y0222 P 2 10000 -
E R?=0.9993 - :
Jti; P e 2 7500
g 60 e 2 5000
Ul T 2500
M el st
0 Fad] 0
0 03 06 09 12 EGFP-C3 NC
6 EE/OD
®Kk
S5 06
Anti-EGFP . . <
E 0.4

Anti-TUBBI1 . ' 0

Figure 2. HEK-293T cells expressed EGFP protein after transfection with EGFP-C3 plasmid. (a) Standard curve for protein
quantification by BCA method. (b) There was no significant difference in protein concentration between the experimental
and the control samples (P = 0.6219). (c) Cell lysates DB analysis of the experimental and control samples. (d) Compared
with the control samples, the chemiluminescence signal of EGFP was significantly enhanced after transfection of EGFP-C3
plasmid (P = 0.0001)

2. %3 EGFP-C3 Fuki/g HEK-293T #HffIkiA EGFP & H. (a) BCAZEEAEEMEMZ. (b) SLWHSITERAL
MRBREARELEEERP = 0.6219). (c) EIAMIBEMMEHAMFRN DB Fif. (d) SXHRMELL, #E
EGFP-C3 R#if5 EGFP 183} TUBBL ML ¥ &% 155 B & 1E5%(P = 0.0001)

EGFP-C3 NC

4.3. BERRENBLILER

2(c) 45 REM, Y EGFP-C3 Jiikifa, HEK-293T 4yt Bl T 581 EGFP PR ik 44
LAE S W2 A BRI R TSR E S, (MR B TS0 dH, Hrekurnseied, K
MELFN REZH A0 R H B B SR 0, HEINZ A5 5 (0 L RT A5 Se3e B FH ) EGFP $i4k 5 4t
R e R AR AR S S S 55 . DL TUBDL B &K K JEAVE 9 9 B0 BT REAS EGFP {55 5 J& 13k
TH—)G, itz R B, SR 0E 2d)Fn. i, S04 EGFP 155 K 35 & T X R
4, P<0.001, ¥iHH GFP-C3 %44 J5 1) HEK-293T 4l L3 iA EGFP & .

5. i
SELG AN A HEK-293T 400, JLANMbkaniRE SR8 SVAO 5, B Bl it S5 BRHSER B g
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MAMEEE R ) RIERE ST, TR gesest, # QLR Eim[1]. Thermo Scientific TurboFect % 44 il /& —
R, 5T AR G VR G50, TR DNA JFURDR ik A N BAZ A b o 4 AR AR 22
FhAIMIRBUA S R, R HA R AT EMRAL, BRMAEEEtE, WA —AREE. MR
AbFE, TR LG A0 B 7 S0 20 R S R BB I 5 R (2] TEARSLIGH, 5B TurboFect #% 445 H
EGFP-C3 Jfi ki % e HEK-293T 4ff3 2] 1 1R U i YR .

SVEE R IR B A 1 A BE S e v R AR R I AR, X RS E B TR AR K, DR sk
B 3RAE A BCA 1 & & i @A S g AT R, BT VAR SEBR T A HOE S, DRIES 22
BAHTAT . BCA B [5C 28 i b (A kA7 A B8 5 B F ik e AR LG -2 T i e ke i) o o
J7i%(Bradford %€ &), Pierce BCA & & & EAMEERIS, BUONENTAT LAFE S H 215 5%3K 1
WEPERN(EIER) AR B R, B2 E AR E R RN 2, T EA T S & A A —1[3]. BCA
EEE R WIGIE T EGFP-C3 FURIE Lt HEK-293T 4L {1 & (14 B AE /1 TC B B8, %5206 7 VEAR
SR X i 23 R B A G s B 8 S 45 SRR A

BT SER 2 A2, AR R R AU B R AAEZE e, L RR A F N 2 8 T BR S0 A 1R 46
BRI 52, AERf b LR R P AR I B B & . A EE 1 TUB [A R AR EZEM NS EA,
FESEMME LR, R4 B R R A E IR A S . AT SIS IR,
1 TUBbL fENZ, AT RALE 73 17K~ b2 7 B i W1 4% EGFP-C3 ik e, HEK-293T 4 i rh & Rk
THHAEL .

gr b, SR, TATE T AT DU TR A A SR IR BUE N, AL Y I R SR R R S
B, W SenG S v DI BURSE AT AR SRR AE S, T SR AR DG SEIG B LA R A W T v

SE K
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