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Preparation of a recombinant tumor-targeting ribosome
inactivating protein luffin-a-NGR and evaluation of its
antitumor activity

ZHOU Zheyue, JIANG Xinyi, ZHANG Hongrui, HUANG Zhiguang, ZOU Rui,
LOU Qiuwen, WANG Yu, ZHU Zhenhong

College of Life Sciences, Zhejiang Chinese Medical University, Hangzhou 310053, Zhejiang, China

Abstract: Loofah seeds ribosome inactivating protein luffin-o was fused with a tumor-targeting peptide
NGR to create a recombinant protein, and its inhibitory activity on tumor cells and angiogenesis were
assessed. [luffin-o-NGR fusion gene was obtained by PCR amplification. The fusion gene was ligated
with pGEX-6p-1 vector to create a recombinant plasmid pGEX-6p-1//uffin-a-NGR. The plasmid was
transformed into E. coli BL21, and the target protein was isolated and purified by GST affinity
chromatography. The /[uffin-a-NGR fusion gene with a full length of 849 bp was successfully obtained,
and the optimal soluble expression of the target protein was achieved under the conditions of 16 C,
0.5 mmol/L IPTG after 16 h induction. SDS-PAGE and Western blotting confirmed the recombinant
protein has an expected molecular weight of 56.6 kDa. Subsequently, the recombinant protein was
de-tagged by precision protease digestion. The inhibitory effects of the recombinant protein on liver
tumor cells HepG2 and breast cancer cells MDA-MB-231 were significantly stronger than that of
luffin-a. The Transwell and CAM experiment proved that the recombinant protein luffin-a-NGR also
had a significant inhibitory effect on tumor cells migration and neovascularization. The inhibitory
activity on tumor cells and angiogenesis of the recombinant luffin-a-NGR protein lays a foundation for

the development of subsequent recombinant tumor-targeting drugs.
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ASR H A et w1 E H luffin-a-
NGR, FHI 5T H AL 17 T B A= P 1k

WEERE

1.1 MH5iKF
L1.1 Etk. R Rk

pGEX2T/luffin-o. JFURL B A= S 95 28 #4 -0
17 s pGEX-6p-1 JFiki . BL21 AT 40 i HepG2 .
NFLBR 40 8 MDA-MB-231 ¥ A S 56 =
TRAF o
112 FERKF

TR R & B Axygen 3 F]; GST #H
B (M RRIEAERE) . AN ES R (ampicillin,
Amp) ., BEME WL (3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl tetrazolium bromide, MTT), 5% N k-
B-D- fii ft ¢ FL ¥§ 1  (isopropyl-p-D-
thiogalactopyranoside, IPTG) . | — %¢ 3 4% iR &1
(sodium dodecyl sulfate, SDS) FIE FH i & &t
fr i e | AR T A TR (i) AIRA
Wl RN, FHERWAE TR EYELH
ARABRAF; DMEM Kigfil . L-15 55500
H HyClone 2~ w]; 28t H KBRS 40 (glutathione
S-transferase, GST) H.ygfEPiiA . BRI H AL
Yrgbric il Pt/h R IgG (H+L). &1 marker
WH FFEZKREWHEARAERAF; 8 HiE
H e B BT AR &L AR\ ; KOD
filg . BRI PE NI SE I B TaKaRa 2w, I
41 (cisplatin, CDDP) g B I 50 A= 9145 BR

x1 KHRFAAEHY

2 F]
1.2 7
1.2.1  luffin-a-NGR £ F 893K EL

5 NGR 2R 751 (Gly-Cys-Asn-Gly-Arg-
Cys), MBI AT 0 I 7 25 B % 11 3L DNA 7
5. 5-GGCTGCAATGGTCGTTGC-3', 1%
THE TS (38 1) PCR 4 3 fil G 3
I, RWERZRMT: 10xPCR &M 2.5 pL,
MgSO, 1.5 pL, 2 mmol/L dNTPs 2.5 uL, 5|#J-F
0.5 uL, 5I¥-R 0.5 uL, & luffin-a JE R 1K) FORL
0.5 uL,KOD [ 1 uL,ddH,0 16 uL, &t 25 pL.
S ZAFUTR 94 CHIAEYE 3 min; 98 C 115,
59 °C 45s, 68 C 45s, 3/MEH; 98 C 11,
57 °C 34, 68 °C 45 s, 28 PMEFF; 68 'C 10 min,
4 °C 10 min; HU 7 pL 7= H 2 B NE R EE e v Tk 56
R, —20 CIR-AF,
1.2.2 pGEX-6p-1/luffin-a-NGR [Fhi B+

Bk luffin-a-NGR R FZR AR U]
FWARZ AR : ddH,O0 7 pL, 1025 #hifi K 2 uL,
PCR ¥ (#1A&) 8 pL,BamH I 1 pL,EcoR 1
1 L, St 20 uLo ALEGEY] ™ 1) 25 B Uk 45 e I )
JE R, =20 CORAF . 428 5 AR LR % 422
HHARZRWT . BRGE M Ligation high Ver 2
5uL, PCR ™"WIEGYIM 4 L, #dk 1uL, &3t
10 uL, 16 CJZ ;i 30 min, ¥#E4%=¥% 1k BL21
KIAFRIRZ SN, WAATEA Amp Bt
LB Pl b, 37 CHEIERFIKR., Pt
7% % 10 uL ddH,0 "', #RJGHL 0.5 L FHRAEN
AR UEFT PCR %52 (PCR Jy kMRl 1.2.1), 1EH
PCR BHPE o B 4 70 5 36 0iE

Table 1 Primers used in this study

Names Primer sequences (5'—3")

LUF-NGR-F CGGGATCCAAGAGATTTACAGTGCTAATTCTCGCC

LUF-NGR-R CGGAATTCTCAGCAACGACCATTGCAGCCGTGTTTTGCAGAAACATCCTC

http://journals.im.ac.cn/cjben
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1.2.3 F4HEA luffin-o-NGR A[i5 M RIEZH &
EEHER

J T ARA R R A EEAEN uffin-a-
NGR, FIHHBNRAR, @S IPTG %%
R E | & IRET ODeoo H . W2
Ji FNi7 S5k 8] 3 64T SDS-PAGE 20 ¥, )k
W RILMIE R RBFRMAG . Bk pd sk
2 IR .
124 HHEAMKERIERFEMSK

¥ 2 mL P2 200 mL LB 8557
h (& Amp), 37 'C. 240 r/min }53% 2 h, 00
IPTG EAWE R 0.5 mmol/L, K5 16 C,
180 r/min 4k2EE55% 16 h, Ll 4 'C. 5 000 r/min
20 R R 10 min WAEDTHE, 10 mL PBS J&ULE
Hkk, HAEMTEIK FRAREE (P 60%, A
2 s, &k 2 s, 3£ 20 min), KA SRR DA
12 000 t/min &.[» 10 min, FE®EE 0.45 pm
JEME g, B 400 pL GST EURPEEFE, 5 mL PBS
GBI BWE SERHE S, TKARRER
¥ 45 min, #% 10 mg GST b2 F# 150 uL
prescission protease (PP) [iff, F 1xW§YI2% ik
Hi B PP il 22 5540 B AAFRUAH [R] , 3 B A 2
afifbAtrh, T4 CH BB 15-16 he ASEH 1
AR Ix B U] 2 s vk i 1, B 3 K
IFWCAR VRV o XTVR IR TR s e, (]
ZEMKH R (bicinchoninic acid, BCA) i
E IR S E B P, T-80 CHRAT.

*2 TRFESFHHDAE

Table 2 Different induction conditions

1.2.5 ZEHH kKX Western blotting £ F

HAEKEO R RMRAERE, A5E
A 5% e, ACEHREIR B3 2 he A
111000 # B HIPL GST /MR EZ bk, 4 C
W% F o % . IxTBST £ vp Wi (tris buffered
saline-tween 20, TBST) ¥ 10 min, I3 K,
55 R 1 O Ao 4R W g A 1 B L AR BTN B
IgG & 2 h, TBST PEME. i H ECL =5 &%
B, HE A& A Tanon-2500 A BRiC 5%,
1.26 MTT M EEZEHEH X HepG2.
MDA-MD-231 £l RS 0§ 3 R

B %F B A= K B HepG2 41 Jfl . MDA-
MB-23 1 Ziiifd 4% 1x10* 4~/mL (40 i £ 3 70 F 96
LA (100 pL/fL), ARJEE THFRFAE DR
24 h, MN-80 CukFHEUH aifb /s EAEN, 5
B MR A 0 TR B o TR B 2 o o 2
BEJS, 4394 400.00, 200.00. 100.00. 50.00.
25.00, 12.50, 6.25 pg/mL AYHEE X HepG2 4
il f1 MDA-MB-231 4l g JE17 86 45 25, %
6 NEAL, FHrpXFRA G SR . R
E R R VA B A BH M T R 24— A A S X
H&. ¥ HepG2 4l . MDA-MB-231 4iifi & T
5% CO,. 37 CH:FEAE P kL1557 48 hy &G
FEmt, FLINA 20 uL MTT (5 mg/mL) AW,
B PERE 4 h, SRIGRER MTT W, A
150 uL DMSO ¥ , SR % 5053415 L 490 nm
ARG SR, A AR A A 3

Groups Lanes
1 2 3 4 5 6
(A) Temperature ('C) 10.0 16.0 20.0 25.0 37.0 16.0 (none-IPTG)
(B) Time (h) 8.0 12.0 16.0 16.0 (none-IPTG) / /
(C) ODgpo 0.8 0.7 0.6 0.5 0.6 (none-IPTG) /
(D) IPTG (mmol/L) 0.5 0.4 0.3 0.2 0.1 0
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1.2.7 Transwell T LW IFEHEH XS
HepG2 4 BT # RIHNHI 3R

OB A K HepG2 4G, iR 1L 2
O, KRN L 2 5.0x10* > /mL (Y3
24 £k, mRENSHIIIA 600 pL & 10%
MAE R SRR, LA 10% 038 A9 15 57 W 1
B 100, 200 pg/mL f#¥ luffin-a-NGR 5 Iuffin-a
E . EZEA 100 pL 408308, PRIE/N 2 i
SRR Z MBI ; BT 37 C. CO 8354
B3R 24 ho 24 h e/ NERGE, SRR
JE, PBS WWRIEVE 3 K, MA 600 pL HY L &
20 min; 30 min J5FHAfLPEEH, PBS M
TRUE 3 YOS T K/ NE B T E A 600 pL
iYL IE SR, 4t 30 min; PBS
WERUE 3 Wk, R s & T 7fEFE DM
100 fi558 T FEALEESE 5 A PLEF4A B, IF ] Image
Pro Plus 6.0 #{FEPEA7 A p i+ %k, s prib
G
128 BREPEREBRFLE(CAM)KIEEHLHSE
SESEzpe ik =g:aE N EITEE

WHE 8 HI 7R, RIMHHE TR
Fi3do JH 75%CBEHBERE XS IRRENL 3 3 21
23X BB | luffin-a-NGR 411 luffin-a 4. 7
Bla, TAREMB M E R X IF—A/ML,
LN, TERURARE . JorE E R E R
R, AREEREFENNN, 24 h T E O, A0
AR, BHEAE, E 24 ho HBE
HEE 1 luffin-a-NGR | luffin-o & [0 AGE B3R
Mo 48 h I/ NE ST, 74
— R PN 2.5 mL F R (E I EE=1
1) ZHEE 20 min, FARMES: A B
WLEL I AR RAB O, I RCR B3 A=
I=B 45245 /A 4525 )5-B 4525 HI1/A 4250 .
129 FHitENLES*

FIH GraphPad Prism 8 #4745 %
B, WGP A R YE YR ¢ B, Jr
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2.1 [luffin-a-NGR R Y3 1%

PCR 7=W1%: 1%35 I8 WE 8 e FEL K , 76 358 I
AT K BL— 5K/ 850 bp BISE 4% (&
1), SHMILR (849 bp) K/NFEAWE .

2.2 pGEX-6p-1/luffin-a-NGR =B K W
IAYE -

¥ pGEX-6p-1/luffin-a-NGR & 4H &t 7
BamH 1 . EcoR 1 AT XU Y], 238 MHEE K
HLUK . BRGSO, & PR IS A R RN IE
i (E 2)o K LRI S0 1E A 5 04 TRV 2% 2
YL WA AR GNP 56 E, 455 B/R 75
100%1Eff
23 HPBERFESREFHEER

HLKZERAE 3, A A ULER TIKIETEE N
16 CHIE SR EHEEHAEAEKRZ; B Al
W= IKIE R 16 h B, B EHAEN
A C AT ULES —JKIE ODggp=0.6 B 151y
HAEHBRZL ;D 0] W —JKIE IPTG KN
0.5 mmol/L RS EHEHERZ . HILEK
i FE MK 16 C. 0.5 mmol/L IPTG, i

A5 ODeoo M 0.6, 750F[E K 16 he

1 M bp
2000
1 000

750
500

luffin-a-NGR

200
100

El1 PCR ¥ luffin-a-NGR £ &

Figure 1 Amplification of the luffin-o-NGR gene.
M: DNA marker; 1: PCR amplified products of
luffin-a-NGR.
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bp bp 2.4 FELHZEA luffin-a-NGR B SDS-PAGE
F2jk & Western blotting £ E
1000 — SDS-PAGE J& , —¥Hi R GST /MR Z 3¢
o~ Bediik, —HRH HRP-£4i R IgG, ECL X5
2000 — 2000 FON R 25 R BITE 56.6 kDa v B ANH —
000 000 KRR (K 4).

750 2.5 MTT AMEEHEH luffin-o-NGR

500 X B 782 £ Bt A < RO AN I 3R
fﬁ B EA W luffin-a. luffin-a-NGR #8519

S5 FH X B 2549 CDDP 43/ | HepG2
Figure 2 Double digestion of the luffin-a-NGR MK 5 Fion. S5k, THEN luffin-a-
plasmid. M;: DNA marker (1 kb); M,: DNA marker NGR 41%} HepG2 HI MDA-MB-231 1 & 41l it 41

(2 000 bp); 1: double digests of recombinant B PR T B AR T Luffin-o 78 [ 4171

plasmid.
A B
kDa M 1 2 3 4 5 6 kDa
1
100 1§§
70
30 56.6kDa 50 56.6 kDa
bl 33
» 25
25 2
15 15
C D
kbDa M 1 2 3 4 5 kDa
150 150
100 i 98
70
50 56.6 kDa 50 56.6 kDa
40
40
35 35
25
25 -0
15 s

B3 AEFESFHTHEAERRIEE

Figure 3 Expression of recombinant protein under different induction conditions. (A) Optimization of the
induction temperature; M: protein marker; 1-5: the inductions temperatures were 10 C, 16 C, 20 'C, 25 C,
37 C respectively. 6: uninduced control. (B) Optimization of the induction time; M: protein marker; 1-3: the
inductions of duration were 8, 12, 16 hours respectively; 4: uninduced control. (C) Optimization of the initial
optical density; M: protein marker; 1-4: the ODggo values were 0.8, 0.7, 0.6, 0.5 respectively; 5: uninduced
control. (D) Optimization of the inducer concentrations. M: protein marker; 1-6: IPTG concentrations were
0.5,0.4,0.3,0.2, 0.1, 0 mmol/L.
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A kDa B
116 —
66.2 —
45 —we TP — Target protein i
35 —— S . — GST-Iuffin-0-NGR
18.4 h— GST-Tag
14.4 —e

4 ELEH SDS-PAGE Hjk (A) X Western blotting 5 (B)

Figure 4 SDS-PAGE celectrophoresis and Western blotting identification of recombinant protein. (A) M:
protein marker; 1: supernatant of recombinant expression strain. (B) Identification of recombinant protein
luffin-a-NGR by Western blotting.

A HepG2 B
100 - I | uffin-a-NGR ! k3
S 80f B Luffin-o o kRO i
< I CDDP O
= %
2 60
=
=
s 4
z v c
3 20
e e © © & & o
Vv 9 S Q Q Q
b. o by Q' Q' Q Q'
L I P SN
Protein/CDDP concentration (pg/mL)
D MDA-MD-231 E
100w Luffin-a-NGR s
[ Luffin-a
& 80 *
S I CDDP N
=]
:g 60 - : * %
E s Kk
£ 40 «
= e T% *** * F
3 20
0

“ Q Q Q Q Q Q
v o S S S S S
A RN
Protein/CDDP concentration (ng/mL)

Bl 5 ZHEEZEAMIMAAXT HepG2. MDA-MD-231 4 a4 < po 30 ) 1E B

Figure 5 Inhibition of the two recombinant proteins and CDDP on the growth of both HepG2 cells and
MDA-MB-231 cells. (A) Inhibition line chart of HepG2. (B) The control group of HepG2 cells (x100). (C)
HepG?2 cells after treatment (x100) (luffin-a-NGR/24 h). (D) Inhibition line chart of MDA-MB-231. (E) The
control group of MDA-MB-231 cells (x100). (F) MDA-MB-231 cells after treatment (x100)
(luffin-a-NGR/24 h). *: P<0.05; **: P<0.01.
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AAZ . B 2 R B RN, AN TR R
TR, B E AR

HepG2 4 luffin-a-NGR [ ICs 4 64.48 pg/mL,
FLEE 4 luffin-o #2555 T 1.87 f5; MDA-MB-231
2 ICso 7, 4 luffin-o-NGR A 99.60 pg/mL,
e Tuffin-a HZAHEE T 1.71 1% (58 3). Ui B luffin-a
AR I RS, X e 2 e P40 4 FE A S8 4 s
2.6 Transwell T LW IFELHER
luffin-a-NGR X B2 £ i 1T 7% B9 0 1 3 R

WK 6A Fras, EHHEH luffin-o-NGR 4H
MpEB s N EBREO R EEN R DT
luffin-a 75 [ 20 F1 control 4H(A45254H), HASA]
e 2 4] luffin-a-NGR 415 luffin-o 2 17E7E 2
5o EE (200 pg/mL) 4S5 (100 pg/mL)
AR EL, R R A AN B 2 Ak /N AL R S

A, UL REE VR FE R T, AR EE R /N LI 2L
HAU bz il b, A e T -, X Segh ]k
B 5 20 & [ luffin-a-NGR G # il BT 9 24 fif
HepG2 i 28 1 /N i Y B
2.7 MBPEREERE (CAM) BIiFEAE
H luffin-a-NGR X 4 & B9 & 4E A
fii i CAM # Al B 55 T # 4 &
luffin-o-NGR X357 L4 T8 LA il /e, 45
K 7A fii7s . Control 41 (AN 254H) CAM
) —2% . G I A8 LN A 45 Koy S 2R G
WKEBIE M, SR BICIR 51504, T8 U AR %
FEMEM . luffin-a 415 luffin-a-NGR 41 Il & %
JESAREAL, M SR, HEIR 2L,
UL BH S B RN AE 43 52 ) B AR L4 o Tmage Pro
Plus 6.0 #4245 540 7B s, 5%t BREH A

%= 3 E4 luffin-0-NGR A luffin-o LUK 7§08 3 7 6 Bh ez 4l B SN I 1E F B9 1Cs0 1B

Table 3 The /Csq value of inhibition on two tumor cells by recombinant luffin-a-NGR and luffin-a as well

as CDDP
Cells Luffin-a (ng/mL) Luffin-a-NGR (pg/mL) CDDP (ng/mL)
HepG2 120.80 64.48 56.67
MDA-MB-231 170.80 99.60 135.30
A Luffin-0-NGR B
200 (ug/mL) 100 - wo
; e B Luffin-a
80 [ Luffin-a-NGR
S 60t .
o
S
£ 40 f
&b
=
20 f
0

100
Protein concentration (pg/mL)

200

6 ELERA luffin-o-NGR 3 HepG2 £H i 1T #2890 % 1 F

Figure 6

Inhibition of recombinant protein luffin-a-NGR on the migration of HepG2 cells. (A) Transwell

method detects the effect of two proteins on the migration of HepG2 cells (x100). (B) Analysis of the
inhibition rate of luffin-a and luffin-a-NGR on the migration of HepG?2 cells. *: P<0.05; **: P<0.01.
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A
Control Luffin-o Luffin-a-NGR
0.9% NaCl 1360 pg/mL 1360 ug/mL
Before
treatment|
After
treatment ©
[

[
W
T

[
(e}
T

Angiogenesis inhibition (%) &

D
<
1
*

= - = Control
*% = Luffin-a
= Luffin-a-NGR

W
T

<

Control  Luffin-o. Luffin-a-NGR

&7 ELER luffin-o-NGR XJ 38 fE 45 F fR 5 B I & 374 A9 #0511 B

Figure 7

Inhibition of recombinant protein luffin-a-NGR on angiogenesis of chick chorioallantoic

membrane. (A) Intuitive pictures. (B) Analysis of the inhibition rate of luffin-a and luffin-a-NGR on

angiogenesis. *: P<0.05; **: P<0.01.

e, luffin-a 205 luffin-a-NGR 2 4% il 45 4 i
EMHEAVER. 5 luffin-a A, EHEH
luffin-o-NGR X Il A8 A B o 400 il 4 FH B g =5
SR A R R WIHEAE N luffin-a-NGR 7EHP
I 8T BT TH A A R
3 W

H A e iR 28 B0 Ja b B A A
k5 RTF7e REWMRENH TR EARL
F14) HEL 1) 25 A 0 o e g 7 & 2B R . RIPs 2 H
RO A S P IRE 25 8, an B R A R
RIEMEN . ¥ MAP30 &40, Hix
JEAE AR O e 20 e ) R e M AR, R
FAR o anef £ i JLHT g i 1) o, 920 B
VERT, SRR AN PR N P A O B . s
Tia) JORAE Sy — g %) g 8L o A4, LA ARG 4
TR/ FRSEE . R R R
FIPEH0T ) NGR (Asn-Gly-Arg) J2i 1 I B 14
JE& 7 S v i 3 HH R 1 BE A8 R R BT A I A R
SE5A B = RK motif, ‘& W] DL iR i 2R 1T e
FIKMZKEE N(APN)/CD13 43 FHe 5 sl A1
NGR Z kW] LU 22 Fl 25 ) 53— Fs 25 2 A4 i 1)
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