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Abstract: To construct a eukaryotic expression plasmid containing the luciferase reporter gene (Fluc) to quickly detect
apoptosis. Four amino acids, Asp-Glu-Val-Asp (DEVD), the recognize motif of Caspase-3, were introduced into the middle of
the Fluc-C and N fragment. Meanwhile, four amino acids, Asp-Glu-Val-Gly (DEVG), were selected as a negative control.
Subsequently, the recombinant gene was cloned into the N and C terminal end of the split intein, and named as pFluc-DEVD
and pFluc-DEVG. Then the plasmids were transfected into cells and renilla luciferase was co-transfected in each sample as an
internal control for transfection efficiency. Then the apoptosis level was detected by the double luciferase reporter gene and
the Western blotting analysis. The results showed that when apoptosis occurred, the content of firefly luciferase expressed in
the pFluc-DEVD plasmid transfected group was about 3 times higher than pFluc-DEVG plasmid transfected group.
Furthermore, Western blotting detection indicated that the Fluc level was significantly increased in pFluc-DEVD transfected
group when pre-treated by apoptosis stimulants. The activation degree of Caspase-3 was closely related to the expression of
Fluc, and had a significant statistical difference. These results confirmed that firefly luciferase protein expressed by
pFluc-DEVD plasmid can be cleaved by the intracellular Caspase-3 enzyme, and this plasmid can accurately reflect the cell

apoptosis level, which provides a useful method for quantitative detection of apoptosis.
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1.1 AR, HRREZERT
B FIA#H K pCl-neo. HelLa & A549 4 fifl

A S0 % R AE . BRIPENUIEE EcoR T . Sal 1
PAX MIu T, In-Fusion HD Cloning Plus (638909)
W H TaKaRa A w]; JgRiiks: YL Fugene.
Dual-Luciferase Reporter Assay System [ H 7%
# K (Promega) A wr]; KIHFFE DH50., DNA %
JiE BRI & Bk DNA /N Fp a5 & S e
B2 OB R PR R & B RAR AR (b))
A FR 72\ 7l ; Phanta EVO Super-Fidelity DNA
Polymerase 14 [ R 5t i MEBE AR W FRHECA BRA 7 5
DMEM K5 % SEFIIG 4 1L 76 1 A P4 4% 74 4% L o
(Sigma) /A7) ; Anti-Luciferase mAb (555 M095-3)
W A A R R A Y F R B RS \] 5 Caspase-3
155 9665, HLdi) 1 PARP (155 9542, £Hit) 1
A Cell Signaling Technology /Al ; —#Hif#Ht (5%
7 115-035-003) FfeHt (475 111-035-003) I H
Jackson ImmunoResearch Laboratories 227 ; HAth
T8 Sy 1 7 G A 4 i
12 FHiE
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Fluc-CR-VD 5I¥AE TAY TR (L) KA
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TE¥R s ) 72 "CHEMH 7 min; 16 ‘CE5 R .
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—e
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B
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—
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—
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—
Fluc-NR-

1 st E
Fig. 1 Diagram of primer design.

*1 B Fluc FEATESY

Tablel  Primer used for amplifilication of Fluc gene
Primer name Sequence (5'-3) Size (bp)
Fluc-NF-VD+ GCC GTG GAT GAA GTT GAT ATG GAA GAC GCC AAAAAC ATAAAG AAA GG 47
Fluc-NF-VG+ GCC GTG_GAT GAAGTT GGT ATG GAA GAC GCC AAAAAC ATAAAG AAA GG 47
Fluc-NR- CAG CAAATT TAC GCG TTC CAT CCT TGT CAATCAAGG CGT T 40
Fluc-CF+ TAA TAT TAG TACGCG TTC CGG TTATGT AAACAATCC GGAAG 41
Fluc-CR-VD- CAT ATC AACTTCATC CACGGC GATCTTTCCGCCCTT CTT 39
Fluc-CR-VG- CAT AAC AACTTC ATC CAC GGC GAT CTT TCC GCC CTT CTT 39

Annotation: Single undersore, Amino acid DEVD; Waveline, Amino acid DEVG; Double underscore, Mlu I restriction site;

Fluc, Firefly luciferase gene.

1.2.3 EFEXFRL pFluc-DEVD K pFluc-DEVG
ikiafe:s

A3 S BRI RR N D) EcoR T . Sal T fiff
Y44 DnaEC-DnaEN-PEST Bty pUC Jiikr LA
Kz 38 pCl-neo ik, ¥ DnaEC-DnaEN-PEST
Bt 5 pCl-neo #4744, PCR i 3K 15 B R Vi
FHPEIUTORL . R 4 A 9 DTG Miu T D)y
4 DnaEC-DnaEN-PEST J Bty pCl-neo 41 FH %
Bk, 5% FH In-Fusion HD Cloning Plus 14 J7 : 4%
H5 Fluc-DEVD =§ Fluc-DEVG F Bt iFf7RElE,
Fy#E Ik pFluc-DEVD J% pFluc-DEVG., % & 45 i
T RRVEE SRR R, R TAEY TR (RF)
WA IR BIHEATIN Y, PS5 RIEMR S, $% IR
I PN B 2 ORI A 1R 10 B A3 B IBUTORL &5
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RifH (B—41) A1 pFluc-DEVG 4 (35 —4), #
20 LA L 1x20° i g i Fh 2] 6 LA, 37 °C
A RESR 12 2 18 h fRi A= K% Tk 70%-80%
BF, FepsisRst, PBS Ve 2 )5, ffL#MN 900 pL
Y Opti-MEM ., #i B 9% 22 #% /8 w] Fugene 3457 1)
it UL 3 EA T Ok 4% Y, F 37 *C .50 mL/L CO,
FEFRAA RS 6 h R A B JLIRG Y, A 1 mL
A 10%M5 4 13 () DMEM B3 371 o
1.2.5 Western blotting #ll Fluc. Caspase-3 &
PARP )ik
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FEdL, 100 ‘C4:J@ A 10 min, 10% SDS-PAGE 43
BEE, 2 PVDF B, 10%MBiAgFL B4 1 h,
PL 11000 %kt Fluc —¥t, 4 CIFE LK. TBST
VeV 3%, IR 5 min, ZJ5H 1: 8 000 f B4
ZHiF 37 CWFA 1 h, mJE A TBST BE 31X,
R 5 min, FALSF R AN 4 B iE 5% .
1.2.6 ¥ K RPSCER NG T FCER BE R

PH % Jf k7 pFluc-DEVD . BH ¥ i ki pFluc-
DEVG 434l 5 Rluc JFk dL4%5 4L Hela & A549 4
Jitl 48 h, HpL¥E 3ANERESL, FFREEFRK, PBS
VeV 2 W, H BB e 15 JE RS I 79) G e B
P, UdE 6 FLAR A AR . BifJS T GloMax
KA Flue F1 Rluc BIT5E, BI4F 20 pL 2@
W) B 100 pb /) LARIL, il Fluc B3
£, ZJ55fLIA 100 uL Stop Buffer £l Rluc
TG T, T SR R 23 DA A

2 BREMT
2.1 RIHEERE

BEH A R T A6 I Bk 32 824035 DnaE-C 3 .
Y1 % FF- 4 Fluc-C. DEVD F B¢ . Fluc-N. DnaE-N
vy, PEST J¥41, HARMWE 2 FiR.

EcoR 1
CMVLE. DnaE-C
Enhancer/promoter
CFNIS
Miu 1
Flue-C
Amp’
DEVD(DEVG)
Sal 1
PEST Fluc-N

Miu 1
DnaE-N  KFAEYC

2 AT RR MG EE
Fig. 2 The plasmid map of pFluc-DEVD/pFluc-DEVG.
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22 Fluc BRI E

# Fluc 19 N ¥ )2 C dwiff 7@l & PCR, JFfff
FH 1% JE B E I B K AGI PCR 724, 25 L iR
1E 1 700 bp K/NFIA B A TSR 4571, T2
R—2 (1 3).

2.3 pFluc-DEVD % pFluc-DEVG BB
REE
i R MEAZ IR N VI EcoR T . Sal I B4
#) pUC Bikilh K25 # pCl-neo JFki, FE#E T 1%
TR WEBE e ML Uk % g, Wi/ i Be B DnaEC-
DnaEN-PEST ki Bt, F44 35 pCl-neo # iK%z,
P 0 R EA TR PCR %8, 450 R/INIEH .
il P BR A 1k P9 BT MIu T DR R e A A
DnaEC-DnaEN-PEST A B¢ pCl-neo Jiik:, FE{f
FH 1% 35 B WE 68 I H UK AT IR0, 5 9 15 47 Y
Fluc-DEVD 5 Fluc-DEVG F Bt TH 4, PhikE
2 JFORL ) T VR R A T T TR PCR %S I ST 1) il U7 %
Eo I 4 v]H, HEAR pFluc-DEVD J pFluc-
DEVG Jfiki £ B PCR § #4453 3 K /N~ 2 301 bp
IEAR R BE, 2 EcoR 1 . Sal I WUEGYI% E Al 4K
15 K/NA 2 301 bp 1 H &A1, WP 25 R 5 Fi i)
—3,

bp

5000
3000
2000

500 1700 bp

1 000
700

500

3 Fluc 2 KERFRME PCR I EER

Fig. 3 Amplification of full length of firefly luciferase
gene. M: DNA marker; 1: no sample; 2: full length of
firefly luciferase gene with DEVD; 3: full length of
firefly luciferase gene with DEVG.
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2.4 Western blotting #&3 Fluc B3 i%

£ HelLa 4 i H 5% Y 34 XF B ki pFluc-
DEVG. BH k. pFluc-DEVD LA K 25 % i ki
pCl-neo, 48 h Ja M AfER 5] STSFEM 2 h,
W 41 e 85 11 E 4T Western blotting /. H1El 5
Al L, %Y pFluc-DEVD £HAE WS 7= A= 15 1L 1K) Fluc
B, W KZ N 61 kDa, SHUHSE R, m
pFluc-DEVG ZH 432419 N it ) C %ty Fluc 2 (A
SEIT T BRI /D S S ALY Flue &, (H A B
BT pFluc-DEVD 4, 75 (4] KB e =3 30 sk
A A

bp M 1 2
5000 <5447 bp
3000
2 000 <2301 bp
1500

1 000
700
500

4 pFluc-DEVD X pFluc-DEVG R8I WEGI L E
Fig. 4 Ildentification of pFluc-DEVD and pFluc-DEVG
plasmid using restriction endonuclease digestion. M:
DNA marker; 1: pFluc-DEVD plasmid; 2: pFluc-DEVG
plasmid.

kDa M 1 2 3 4

180
130

100

;(5) = < 61kDa

40 —

35

25 —

5 Western blotting ¥ |& X B K KB Hela
4 B R B Rk

Fig. 5 Western blotting analysis detected the experssion
of Fluc protein in HeLa cells. M: protein marker; 1:
pFluc-DEVG plasmid; 2: PCl-neo vector; 3: blank
control; 4: pFluc-DEVD plasmid.
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2.5 Western blotting il Caspase-3 #1 PARP
B FRik

# pFluc-DEVD &Y pFluc-DEVG J&i v 5% e
HeLa 4ilJfd 48 h, il A STS AT FIEA 2 h )5,
e 40 MU 35 19 R4 T Western blotting #:31l. Hi & 6
AfH, B pFluc-DEVG Jfikisf pFluc-DEVD
ks, FEARET RN L AT, HEBR T BOR
YT A 10 1000 FRBEAY STS ik
)5 , pFluc-DEVD Jitki 4l f pFluc-DEVG ki 2
177 = PARP [ 24f# )2 Caspase-3 IIIE b4, 5
T A R —3 ., ZARERW, LT STS #
17 1 000 5 B RS S Al & AT, A
235 BV L BRI s, PR a0 Al /R S T
S 252 S v A A T s R
2.6 WAHRNEEEME SR EMEFERN

¥ pFluc-DEVD ¥, pFluc-DEVG Jfifi5 Rluc
JEk IR U Hela &% A549 4ilfifl 48 hJm, STS fi
PATZIGR LA 10 1000 R B ARG Fe ik, 37 CH;
FERMCE 2 h, K Rluc A1 Flue & 1. g5 R %
B, M40 & A B TR, pFluc-DEVD Jikr ) RLU
{E. (BP relative light unit, RLU=LF/LR) J& pFluc-
DEVG JFihifhy 3 £ (K 7), 22583 miAmE
TIPS Y T 4 Bk 1Y) RLU (B CSE 122 22 5
3 Wi

JHT- (Apoptosis) S FRAE 41 i #2515
T2, AR TN IR E , Y

STS - -+ - - 4+

pFluc-DEVD — + + - - =
pFluc-DEVG — — - -+ +

— —

A ———

PARP

Caspase-3

— —|
Actin \—————d

6 Western blotting #2i0l Caspase-3 #1 PARP B 3Ri&
Fig. 6 Western blotting analysis of Caspase-3 and
PARP expression in HeLa cells.
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Fig. 7 Detection the activity of firefly luciferase and sea kidney luciferase. ns: no significantly different; **: P<0.05.

(A) HeLa cell. (B) A549 cell.
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EOB U 1575 v TR /BT S /17 N A 6 I e |
ML T 0 — RN LR ik s A, Blanss T
WEL AR MBS 224 . 200G J1A I . DNA R Bt
o s T2 (R R e Ty vk 2 M BB TR
B BYREA BRI ELARA R R BB, O 3 P
A AT R AR A ARSI . E AT A S
SRR A B AR L R 96 e AR Rl A R T
PEAT A RELYR T A e A I T A S A
Luciferase KA FUR (1% 8as), B H AL Yy
Sk ) VB BN OIS e 2 Ao S NS )
P, HEASRIETTE 96 FLARFhiFA T, #RAERfE HpPuR
AIAT, AR S A A T
WFox W), Caspase-3 AE 5 4 5 4 11 B
DEVD-x, Jf/Kff# D-x ZIERYIKEL, FIX) X —4F
Pk, FA1857 T pFluc-DEVD Luciferase FIXLZE
KRG LR R G RN 7% . K Caspase-3 1)
fitg U1 IS W) DEVD i A %k 2¢Ot 2= g A
(Firefly luciferase, Fluc) A9 N %Al C 26, Ff:
B A T ER i Ok DEVD # V152 )5 , Fluc
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LD RERS IR , 76 Fluc ZEN /M N w1 C o5
YRGS —BEN A RE (Intein) 81 & ke —
Ba FEANAIERIT S, 515 EE O SR
TRl TP EAE N, BA B3R R hRE .
ARSI FH A2 43 BB N & Ik DnaE, o B T4 M
WEZH TR JE ) DNA RE BT o WAL, ihSiy
JLH 4135 DnaE-N 1 DnaE-Cl® . 5 wfgy Fe g,
T B A 2R N S IR N S C i Al e E AR, AT
DL FAME R IR E 0 BN &K A ST LUK
BRI AP AR BT YT R . AN IR —
P£, ¥ DnakE 9 N 355 C i Fi 5 B35 430l i 42
F Fluc-N i A8 K2 C i i FF3ity , DA i 4 =LA F
Fluc 9 N 35 C didh i IRk Bee R il
Fo [EIRF, b 74 m N & BRI &R B B e, 18
DnaE-C %5 Fluc-C ¥ Z [al4fi A CFNIS, LI 7E
DnaE-N 5 Fluc-N ¥ Z [A]#fi A T KFAEYC & &
R4 . Beoh, Bokihiddd A T —B PEST J¥41.
PEST i BB &AM (P). #AMR (E). #
HAMR (S) MR (T) MZIK, ERMERZMER
S A I K SO R IEE AR A%, T
W RV EI Y Fluc 28 Pk g T4,

20 g 4b T OE FORAS B, B A A N
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Caspase-3 &b FARIGEPEIRA, 2 K RO R BHR &
FEDIAY N S5 C 2 (1 g DEVD [a]F@ T, Bir LA 2
KR CR MR AS BN BTG v, I ik &
s TS STS 75 S 4 Ak A= R TR
N7 ik DnaE-C 5 DnaE-N AHH & HE M58 % 1
DnaE, ZJ& DnaE ¥ k ot R B FL N N
wi Al C sl R, PR A BB Y) ok, BHE N
ML N TG 1L AY Caspase-3 fEfEH: F1EHTY) DEVD,

I ZAFAT AT K RO R L RS 64, AT &
Haé St (8 8). M Western blotting #:91 Fluc 1945
RkFE , pFluc-DEVD JiuhiiE# TAE, Reg U] B A
IS S5 v Flue A (8 5 & 8HLY)

DL T /DB R B O RAR Flue 1 (B itk
M) T%EYY pFluc-DEVG ik 2H th 46 1) 21> & iy
Mk Flue &, JEWInT LLE LX) PEST ¥4 817

| Dnak-C | Flue- C

ek LA KA AHAB P51, AR A TEAL I Fluc 74
BEATICREE A , DN TTHE T HE R 2 AR . 1T )5 Kl PARP
J Caspase-3 & 1, #F—UFsE T#EMA STS )5,
SRV AN TR AR R A T TR . 2 S il i e
N FR A A S B0 R B UE TR A I 8 T R RE T, 45 2R
KIFEYL pFluc-DEVD JFkif) Hela K A549 4 i
1) RLU fE ELBAMEXT IR (%% pFluc-DEVG Jfik)
BT 3 4%, FHREW Flue SRR INBE,
KBS K S G E

25 FATAR, AWFFEEET ) pFluc-DEVD Luciferase
IR s 2R AT 1 5 R G D0 4 B R T P 5 3%, e
% Y A SOt A I 4 AL ) Caspase-3 T FE AT
TRANM A PR TR0, AR Sk AT R T Y R
RN, T A A R R T T B2 R T —A
fHFI 55 A% -

Protein splicing and circularization

Activation of Caspase3 by using proapoptotic drugs
Cleavage of DEVD
Reconstruction of luciferase protein

} DEVD(DEVG)
Fluc-C > Fluc-N

Fluc-N | Flue-C |

Linear luciferase (active)

8 BLRNI{EREREE

Fig. 8 Schematic illustration of working principle of apoptosis detection plasmid.
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