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1.1 ##y

111 J0ki. BERRAIZEAR. pcDNA3.1(+) EAZ K
RBAE E. coli DHSo BFE HH H ERF22 Bt Fifg A i
REEEREFCE A YA F 5 G M A P2 0T 5 P o B 5
Ky {RA7; 293T M. HeLa 41y T [B Rl e
A i

1.1.2  F iRk 7] . KOD-plus/Taq f§ . dNTPs.
Ligation high ¥ #8554 H TOYOBO Al J5iki
DNA /NIRRT & . DNA B ih ek R 7]
% PCR /=W MO 7 845 W 1H Axygen 2
Al; JFURL DNA KSR &8 B T R 2
F] ; Effectene Transfection Reagent I [ Qiagen &
F]; DMEM Fi 5 T GIBCO A7; 5-FU T
Sigma A #]; Z-VAD-FMK. MGI132. PMSF. 4l
ZUHRRE T 3E 2R 2 A7) s GAPDH itk
FTAbmt Byt W R A B A Al s Smac.
Cleaved Caspase 3/8 #i & Iy T Cell Signaling
Technology 2~ H]; 1L-24 $iiA&M T GenHunter 2
PARP $iA T Santa Cruz /A #].

1.2 FTIEFRBIME

1.2.1  FlEHE IL-24-F2A-Smac IR £E.

5l ¥ & & & . IL-24-sense, CCAAGCTT
ATGAATTTTCAACAGAGGCTG; IL-24-F2A-
antisense, ATCTCCAGC GAGCTTGAGAAGATCG-
AAGTTTAGAGTCTGCTTTACTGGAGCCCTCTT-
AGCTCTGAGCTTGTAGAATTTCTGC; F2A-Smac-
AAGCAGACTCTAAACTTCGATCTTCTC-
AAGCTCGCTGGAGATGTTGAGAGCAACCCAG-
GTCCAGCGGTTCCTATTGCACAGAAATCAGA-
G; Smac-antisense, GC TCTAGA TCAATCCTC-
ACGCAGGTAGG. & (5 I #1464 F2A EH# T
JPH1.
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IL-24 sense F1 IL-24-F2A antisense 5|%), #4T PCR
NN, 3RS IL-24-F2A (3B 20 I3 %)) 3L A, LA
pCB-Smac ki A 54, FH Smac-F2A sense Al
Smac antisense 5| %), #t 17 PCR & N, 3K 4
F2A-Smac &R AR5 755370 DA B IR SRAG (1 A Jk
ML, F ] IL-24 sense 1 Smac antisense 7|
Y, #tAT Bl A PCR, 18 F Gk & H KK
IL-24-F2A-Smac.

PCR X NFEF: 94°C FilAZ 1k 2 min; 94°C A8
30s, S8CIE-K30s, 68C L 1 min, 30 MK,
68°C 10 min, 15°C fR¥E. H 2 wl BEAT HLIK % 5,
WAL [P H LR B (1 260 bp).

BRutz 4k, AR Lk =K E S PCR 15
WEKJEE T IL-24-IETD-Smac Al IL-24-EEED-Smac i
ArFER. P IL-24 Sense F1 Smac antisense 3£,
HALSI W %) k. IL-24-IETD antisense, GCCAA-
CTCTTCAGAGGTCTGTCTCAATGAGCTTGTAG-
AATTTCTGCA; IETD-Smac sense, GAAATTCTA-
CAAGCTCATTGAGACAGACCTCTGAAGAGTTG-
GCTGTCG; IL-24-EEED antisense, GCAATAGG-
AACCGCATCTTCTTCCTOGAGCTTGTAGAATT-
TCTG; EEED-Smac sense, GAAATTCTACAAGC-
TCGAGGAAGAAGATGCGGTTCCTATTGC. 2 {4
Bk 44853 54 IETD #1 EEED #4% 1541
1.2.2  pcDNA3.1(+)-IL-24-F2A-Smac J5kE (1K) 2E .

¥ pcDNA3.1(+)vector H Hind I F1 Xbal T #BE4T
MEGTIF3H] 5 384 bp (1K Fr Bealif . Fkess 2
) fil & %5 8] IL-24-F2A-Smac. IL-24-IETD-Smac Al
IL-24-EEED-Smac 7} 5| 24T Hind T 1 Xbal T AU
PI, 531K/ 5020 1260, 1188 F1 1188 bp /)
Jr Beatifb]nl.

¥ EIRPIAN Gl I DL — o B EL i 2 EP &
1, AN Ligation high, 16°C /KigiEHd . &t
WA, BREaRE S, BRI SIS R, A
Hind 1 FT Xbal T RUEE D)L H BHPEFORL, 9077 % 58
3K 73 1F 6 it KL pcDNA3.1 (+ )-IL-24-F2A-Smac.
pcDNA3.1 (+)- IL-24-IETD-Smac #1 pcDNA3.1 (+)-
IL-24-EEED-Smac.

1.3 HHpEEER

293T. HeLa 40l & 10% /i 45 37 (1) DMEM
15 5% CO,. 37°C QMG FRAM h s 9. B femr— R
MR T 6 FLACh, T4 S 70%~ 80%
B FF af 8 g . H ok B G 00 BB OWL Effectene

Transfection Reagent 4% J il & Ui 1 15. 8 h 5k
PRI
1.4 HmbE

JORLEE JL 4 M 24 h J5, 4 Sl n N 5-FU.
Z-VAD-FMK FI MG132 4b 3 — 5 i [1] Ji5 247 40 B
AT N — 20 1 o B A
1.5 HERREE

76 FLBR P 48 G IR, N PBS Ut 2 i,
¥ PBS LBRT# )5, N 100 wl 483, fEUK L
2L AN 5 FH AN R TR N 400, WA B Ok i
I EP &, ForiEwi )G, 4T 12000 r/min &0
10 min. HX_E3, H Lorry vEI2 S AR E. B
80 wl B 15 1/4 PRF1 Sx HLIK INFE 2% ph iR &
100°C &% 10 min.  EFFE, HUKORAK L 80 V,
SYEIRHLE 120 V). WK G # RS PVDF JiE |, 4%
Ji FH S% MR == B 1 h J5, —dt. bt
AT A, a2 KOG W AT B A iR IA
R/l
1.6 MTT #&N4BARFEE R

¥ HeLa 40 i T 6 cm £ 3500, Ik H K 5
80% ~ 90% ik 4T #% 4% . % YL 2L B . Effectene ®
Transfection Reagent % 44iRA A G Ui 15, 24 h 5
S FH R Ak, # LA 96 FLAR T, 4EFL 3 000
ANIHY, FRILIEEE S INN 5-FU JE47 408, 24 h )5
K040 M A7 05 2. BEFL NN 20 wl MTT (4 g/L),
37C, 5%CO, ¥ H 4h, W2 biF, BEALINA 150 ul
DMSO, £ #% K L5 % 15 min Ji5 H 8§ bx X T
570 nm FASIWL G, 28l v 5 4 A A5 4 i A
R FEAKXWR:

e AT AGREAD |0,
A= = e A D) <100%

2 & R

21 E4H R pcDNA3.1 (+)-IL-24-F2A-Smac-
pcDNA3.1 (+)-IL-24-IETD-Smac- pcDNA3.1 (+)-IL-
24-EEED-Smac HI#32

2.1.1  fl A& KA IL-24-F2A-Smac.  IL-24-IETD-
Smac. IL-24-EEED-Smac 4 3. M IL-24 sense
F1 Smac antisense 5|94 4 11 7= H) K/ 5 B AE K
T (K 1a).

2.1.2  H 41 )% ki pcDNA3.1 (+ )-IL-24-F2A-Smac-
pcDNA3.1 (+)-IL-24-IETD-Smac. pcDNA3.1 (+)-1L-
24-EEED-Smac V) %% . 4 Bk 3 NHELLm
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2.1.3 FAZRAEAMEEECE. R CMV E3)
T-3RIX 1L-24 F1 Smac BN SERR,  PIANEEER 2 1] 2y
W A IETD. EEED 1 F2A #i473%#:. HHh IETD
A EEED 41 8y V) /& ) A= 7t IETD/EEED 5 | i
| AR A IERT A 1) AVPL VK2 18], B

Smac

(a) bp M1 2 3 4 (©

2000—=

AR D 5 A Z MBSy, 8912 )5 IETD/EEED
BRI HR B AR TL-24 (1) C (& 1c). F2A &% 787
DIy HPRASL IR — AN BTUIT SR TE 2A BB YT
AL REAT BTV, yﬁF4¢~AHﬁ§u@§§£%§£%’E
Smac &5 1 N %ii; 55— & Furin 85 [ # # U167
R BEYIZ A AT LA bR 2A EE&@JF?&%E IL-24
C ¥z MR 741 (] 1c).
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Fig. 1 Identification of the plasmids’ construct and the schemachart of fusion genes expression cassettes
(a) M: DNA marker; J: Negative control; 2: pcDNA3.1(+)-IL-24-IETD-Smac; 3: pcDNA3.1(+)-IL-24-F2A-Smac; 4: pcDNA3.1(+)-IL-24-EEED-Smac.
(b) M: DNA maker; /: IL-24-IETD-Smac positive control; 2: pcDNA3.1(+)-IL-24-IETD-Smac; 3: IL-24-F2A-Smac positive control; 4: pcDNA3.1(+)
IL-24-F2A-Smac; 5: IL-24-EEED-Smac positive control; 6: pcDNA3.1(+)-IL-24-EEED-Smac. (¢) The schemachart of fusion genes expression cassettes

in which IL-24 and Smac fusion protein with indicated cleaved site.

22 F2Ai
EF

o TR IETD. EEED. F2A 3 AN 7874
ROR, B ) 3 AN EARR IR R RN 293T 1,
24, 48, 72 h USRS, FHAER AR B AS
WER A PG E AN IR, 4R ER,
F2A B A I R OB DR e, B8 A
1V s #0547 B 1) 5L BY D) B i (8] 4E A2 39 (1 2).
IETD/EEED %3 1/ Sk & 2 1 By D) R A,
5 F2A BEE T T 0w B 1 — A I I A A
MARIBIE A 2). LA ESes g R, 753
AT IETD. EEED. F2A 1, F2A H#HTA S
1) 11 BY DR e

EEFEYIMREM T IETD. EEED &

PpcDNA3.1(+)-IL-24-EEED-Smac — — — 4+ — — — 4 - - - 4+
pcDNA3.1(+)-IL-24-F2A-Smac — — + — — — 4+ — - - 4+ -
pcDNA3.1(+)-IL-24-IETD-Smac — + — — — 4+ — — — 4 — —
24 h 48 h 72h
Fusion protein «..
(IL-24)
1L-24

Fusion protein
(Smac)

-ee =% goy
SMac " s S5 s o s D s o . 0

GAPDl —seseraas bbb D aDaDad

Fig. 2 The cleavage efficiency of each linker
peptide at various time points
The detection on the cleavage efficiency of each linker by Western blot.
The three kinds of plasmids was transfected into 293T cells for 24 h, 48 h
and 72 h, respectively. The cleaved IL-24 and the Smac protein mediated
by F2A linker peptide can be detected at each time points, but be not
detected in the other two groups of IETD and EEED constructs.
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2.3 F2A WIEIIEKI T caspase 7&1E

2.3.1 Caspase [fIEHLIR T F2A JER T ET D)L
HIF W F T IETD/EEED 8 1. 5-FU #&—Fhif
AT 254, Ohtani ZEMHF 57 K B 5-FU 2 1ok
T caspase 2 I S V. AL 5 0 caspase 1, 3 and 8
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G SR E HepG2 AT, 51 F T nid &%
7BV 5305 K caspase 1<, Rl INA
5-FU 34111 caspase MBIV, A& 3% 42 1 B BY DI 3L
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Fig. 3 The cleavage efficiency of each linker after treated by 5-FU
(a) HeLa cells transfected with the pcDNA3.1(+) IL-24-IETD-Smac, pcDNA3.1(+) IL-24-EEED-Smac and pcDNA3.1(+) IL-24-F2A-Smac for 24 h,
then be added 5 -FU (0.3 g/L) for 24 h. (b~ d) HeLa cells transfected with the pcDNA3.1(+) IL-24-IETD-Smac, pcDNA3.1(+) IL-24-EEED-Smac and
pcDNA3.1(+) IL-24-F2A-Smac for 24 h respectively, then be added 5-FU (0.1 g/L, 0.3 g/L, 0.6 g/L) for 24 h. (e) HeLa cells transfected with the
pcDNA3.1(+) IL-24-F2A-Smac for 24 h, then be added 5 -FU (0.3 g/L) and Z-VAD-FMK(25 wmol/L) for 24 h.

232 PF2A B THIBVIE S caspase iG W HIE
FHC
T 5-FU B ABE 0 T caspase 175 1L

T F2A R TIEYIE, B4 F2A E’J%fﬂxﬁl
R R S 5-FU & 1547 75— & 1R 77 = 40t
P2 B 5-FU FIS 3N, caspase ITEILFESEE
Wsahn, g5 H R F2A JE BT B UINCR 1R i 4
(8 3b). IETD. EEED 45 AN E 1 Smac

EEHBHE 2, IETD EH: N RRE AP JH
BRI £ IL-24 SLF(K 3¢), /A EEED 4%
TG RIS AP e R 2 > S IL-24 A,
HIB AT B 2 (k% (18] 3d). B LS k).
F2A JEH TN BT V)% S caspase V&1 S EAH K.

T UEW] F2A R A B DI RCR S5 55
caspase A <, JIA caspase I3 Z-VAD-FMK ]I
il caspase (131K, Kl F2A 1IBY D)% 101K
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(55 3 % Uik TE) I AH BAS I 21 25 (1 5 PR AR (B 3e),
Ui F2A 3R I BY DI SE S caspase IITE AL
FHEK.
2.4 IETD/EEED j
Hiz =L F&fE
IR RN, $E 5 caspase BY V)RR JE T
PL{R & IETD 5 4% EEED 8T V) 2k . i &
caspase 1?4, 7F IL-24-IETD/EEED-Smac i & 2 [
FKIERG T, o] LU iG55 g Wi,
Smac I EEHTH £, 11 IL-24 85 F &0 00 241
DECRBA, UL b U R ORI B ) 2
IR DI 5. SCERIRIE, 1L-24 B AT
T AP, K502 AT 2 T IETD/EEED

EET ZRANB T Lifs IL-24 &

(2)

MG132(10 wmol/L) - 0.5h 1h 2h
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Fusion protein
(IL-24)
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IL-24 EEME Y EER SR AERE. 4R ER:
BEFE MG132 Ab3 i [a) ()35 i, TETD/EEED &4+
MFHWA ERrE AT, B IL-24 A8
HEW N, T Smac %A W B,
caspase T W RE FEW AT B 2 0. RN, AR Rl
5-FU 4bFE R, %fF IL-24 (85 Y], EEED AT
IETD 8k W3, BWIEAR @Y, EEED 4121
BIUIRCE ML T IETD( 4a, b). & LRk, wLL
Ut B #E 1L-24-linker-Smac il &5 A K IE R4 T,
IETD/EEED %5 Ik 5% B hn ) 7 13 IL-24 5 1R
FALRRA, 1N Smac 2 A HIEAT 2 B 0.

(b)
MG132(10 pmol/L) - 05h 1h 2h

5-FU (0.3 g/L) + + +

PcDNA3.1(+)IL-24-EEED-Smac

Fus10n protem

1IL-24

Fus10n protem
Smac)

Smac

Cleaved caspase 3

Fig. 4 IL-24 protein with significant degration regulated by the ubiquitin-proteasome system
(a) HeLa cells transfected with pcDNA3.1(+) IL-24-IETD-Smac for 24 h; then be added MG132 for 0.5 h, 1 h and 2 h. (b) HeLa cells transfected with
pcDNA3.1(+) IL-24-EEED-Smac for 24 h; then be added MG132 for 0.5h, 1 hand 2 h.
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Fig. 5 The cleaved efficiency of F2A enhanced by 5-FU is linked to stronger antitumor effect
(a, b) HeLa cells transfected with pcDNA3.1(+) IL-24-F2A-Smac for 24 h, and then planted into 96well plate with 3000 cells each well. Then, 5-FU
(0.1 g/L or 0.6 g/L) was added. The untreated HeLa cells was used as control. After 24 h, cells were detected by MTT assay. /: Mock; 2: pcDNA3.1(+)
IL-24-F2A-Smac; 3: 5-FU; 4: pcDNA3.1(+)IL-24-F2A-Smac+5-FU. (¢) The schemachart of the possible mechanism in stronger antitumor effect of
anti-cancer proteins mediated by F2A linker peptide. ‘P < 0.05, pcDNA3.1(+)-IL-24-F2A-Smac+5-FU vs pcDNA3.1(+)-IL-24-F2A- Smac; “P < 0.05,

pcDNA3.1(+)-1L-24-F2A-Smac+5-FU »s 5-FU.
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A Study of Three Linker Peptides’ Cleavage Efficiency
at The Post-translational Level

LI Hong-Yan"?, ZHOU Zhi-Ming?, PAN Qiang", YANG Dong-Mei",
GU Jin-Fa?, SHEN Jia-Ni", WANG Shi-Bing", ZHANG Kang-Jian?"
(" Xin Yuan Institute of Medicine and Biotechnology, College of Life Science, Zhejiang Sci-Tech University, Hangzhou 310018, China;
2 Institute of Biochemistry and Cell Biology, The Chinese Academy of Sciences, Shanghai 200031, China)

Abstract 1L-24 and Smac are the important candidate genes for the targeting multi-genes therapy of cancer. In
the construction of IL-24 and Smac dual gene expression vector, a stable and efficient linker is critical. We use
three different linkers such as IETD, EEED and F2A to obtain three eukaryotic expression plasmids which are
pcDNA3.1 (+)-IL-24-IETD-Smac, pcDNA3.1 (+)-IL-24-EEED-Smac, pcDNA3.1 (+)-IL-24-F2A-Smac, and then
combined with 5-fluorouracil (5-FU) treatment to study the cleavage efficiency of the three linker peptides. The
results showed that among three IL-24-linker-Smac dual gene expression vectors, the F2A linker is superior to
IETD and EEED linkers. In addition, its cleavage efficiency is positively correlated with activated caspases.
Moreover, the fusion protein mediated by both IETD and EEED linker also can be cleaved,but their upstream
IL-24 protein with 4 additional amino acid residues derived from IETD or EEED linker was detected with obvious
degradation regulated by the ubiquitin-proteasome system. This study will provides a reference for the construction

of dual-gene or muti-gene expression vector in cancer therapy.
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