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Expression and bioactivity effects to Hela of recombinant toxin
protein rLj-RGD3 from Lampetra japonica

Piqiao Zhang, Jihong Wang, Xin Liu, Dan Chu, and Qingwei Li
Institute of Halobios Function Gene and Protein Science, Liaoning Normal University, Dalian 116029, China

Abstract: Lj-RGD3 was a toxin from the saliva gland of Lampetra japonica. To study the anti-tumor function of rLj-RGD3 and
confirm its biological status and significance, we extracted total RNA from the saliva gland and amplified the cDNA of Lj-RGD3 by
RT-PCR. The ¢cDNA of Lj-RGD3 was 357 bp long and encoded a polypeptide composed of 118 amino acids including 2 cysteines, 17
histidines and 3 RGD (Arg-Gly-Asp) motifs. We cloned the cDNA into the plasmid pET23b, and expressed the recombinant protein
rLj-RGD3 in Escherichia coli BL21. Fusion rLj-RGD3 with the C-terminal his-tag was a 15 kD soluble protein. Using the His-Bind
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affinity chromatography, we purified rLj-RGD3. Furthermore, we determined the biological activities of rLj-RGD3. To examine the
ability of rLj-RGD?3 inhibiting Hela cells proliferation, we used MTT assay. The results showed that, rLj-RGD3 inhibited bFGF
induced proliferation of Hela cells in a dose-dependent manner, the ICs, value was 2.6 pmol/L. Hoechst staining assay revealed that,
the nuclei of the cells treated with rLj-RGD3 were stained much brighter than that of untreated cells due to chromatin condensation.
Furthermore, the DNA ladder patterns from the cells treated with rLj-RGD3 were also observed. These results demonstrated that
rLj-RGD3 could induce apoptosis of Hela cells. Cell adhesion, migration and invasion are critical processes in tumor metastasis.
rLj-RGD3 significantly inhibited adhesion of Hela cells to vironectin in a dose-dependent manner. In order to determine the effect of
rLj-RGD3 on Hela cells migration toward bFGF, we used Transwell containing insert filter. rLj-RGD3 showed a significant
inhibition on Hela cells migration, the inhibition rate was 60%. In the invasion assay, the Matrigel and Transwell were used to imitate
environment in vivo. The results of invasion assay revealed that, rLj-RGD3 significantly inhibited bFGF induced invasion of Hela
cells. Taken together, these results revealed that r[j-RGD3 had typical functions of RGD toxin protein and will be valuable in

developing anti-tumor recombinant medicine.

Keywords: Lampetra japonica, RGD-motif, integrin, gene recombinant, anti-tumor
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Adinbitor EAGEECDCG SP--GNP CCDAATCKL RQGAQCAEGLCCDQCR FMKKGT VCRIARGD -DM DD Y CNG ISAG CPRNPFHA
Saxatilin EAGEECDCG AP--ANP CCDAATCKL RPGAQCAEGLCCDQCR FM KEGT ICRM ARGD -DM DD YCNG ISAG CPRNPFHA
Bistatin EQGEDCDCG SPANCQDR CCNAATCKL TPGSQCNY GECCDRCR FKKAGTVCR IARGD -WN DD YCTGKSSDCPW N-H-
Barbourin  EAGEECDCG SP--ANP CCDAATCKL RQGAQC AD G LEGCDACR GM KKGTYCRVARGD -WN DD TCTGQSAD CPRNGLYG
Decorsin APRL PQCQGDDQEKCLCNKDECPPGQCRFP  RGD ADPYCE

Ornatin B IYVRPTNDELNYCGDFRELGQPDKKCRCDGKPC TVGRCKFA RGD NDDKCISA

Variabilin NTFSDENPGFPCDCTSADAKRACGIQCACWP ~ RGD TPGGGRRIIDGQQ

Lj-RGD3 MSTFINGTQEVDAICHKQNYPMGTETQGDT ~ RGD TRTHTETQAEARTHAETHGDT RGD TRRHTWRHTRRHTDTHGH
Lj-RGD3 TRRHKLRHEHTQRHT GA ~ RGD ARRHGHNKHLHRMSAAVSECVGE

1 TEYHMFKIEN RGD HEEEHRIREME LK
Fig. 1 NCBI blasting results of RGD with other disintegrins. Adinbitor, saxatilin, bistatin and barbourin are disintegrins from snake

venom; Decorsin and ornatin B are RGD toxin protein from saliva gland of leech; variabilin are RGD toxin protein from salivary
glands of hard tick; Lj-RGD3 are RGD toxin peptide from saliva gland of L. japonica.

ar— Adinbitor
52 I_I— Saxatilin
85 _‘— Barbourin

>3 Bistantin
ol Ornatin
Decorsin
Variabilin
Lj-RGD3
0.2

2 AEYMKIEN RGD SZERA ARG LR
Fig. 2 Phyligenetic tree of different RGD peptide. Adinbitor, saxatilin, bistatin and barbourin are disintegrins from snake venom;

Decorsin and ornatin B are RGD toxin protein from saliva gland of leech; Variabilin are RGD toxin protein from salivary glands of
hard tick; Lj-RGD3 are RGD toxin peptide from saliva gland of L. japonica.
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Fig. 3 Nde I-Hind III double digestion of recombinant plasmid.
M1: A-Hind III DNA marker; 1, 2: 357 bp insert DNA; M2:
DL2000 DNA marker.

24 EHERFITREMHESEEHERN IPTG iF
ERiE54ak

BL21 Rosetta
,30°C IPTG ( 1 mmol/L)
16.5%  Tricine SDS-PAGE
rLj-RGD3 >
rLj-RGD3 )
15 kD Novagen
, Q)
KD M1 M2 1 2
45 — gt
30 -
20.1 — S — 15 kD
4.3 - -
4 Tricine SDS-PAGE St &EFMBE ML LB R
£H
Fig. 4 Tricine SDS-PAGE of the homogeneous protein

purified by affinity chromatography. M1: Rainbow™ coloured
low molecular weight markers; M2: polypeptide marker
(16949 D, 14404 D); 1: the small molecular weight composition
of natural salivary gland protein; 2: the purified fusion protein
of 15 kD.
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Fig. 5 Inhibition on Hela cells proliferation by rLj-RGD3.
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bFGF Hela PBS
1.6 R 3.2 umol/L
rLj-RGD3 Hela bFGF
bFGF
60%, bFGF

58%( 9 10)
25.6 rLj-RGD3 Hela

Matrigel Transwell

( 11), E7 rLj-RGD3{EAT Hela 42 DNA &7 i #
. Fig. 7 DNA ladder of Hela cells affected by rLj-RGD3.
rLj-RGD3 16 h Hela > 1: control; 2: cells presented in 3 pmol/L of rLj-RGD3 (showed

bFGF Hela DNA ladder).
0 1.6 32 4.8 6.4

Concentration of rLj-RGD3(pmol/L)

8 rLj-RGD3 *f Hela #HEZ M T VN RHIHI/ERA
Fig. 8 Inhibition on Hela cells adhesion to VN by rLj-RGD3.
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Fig. 6 rLj-RGD3-induced nuclear morphological changes in s ’_I—‘ I_I—I
Hela cells (shows apoptosis). Hela nuclei were stained by DNA 0 1 > 3 4 5 6 '

binding fluorescence dye Hoechst 33258 and examined by

Olympus fluorescence microscopy (400 x) in the absence (A) B9 rLj-RGD3 Xf Hela #ifi[s) bFGF T # r9HIHI1E A
and presence (B-D) of 10.7 pmol/L, 16.0 umol/L and Fig. 9 Inhibitory effects of rLj-RGD3 on Hela cells migration
21.3 pmol/L of rLj-RGD3 respectively for 24 h; B—D showed towards bFGF. 1: PBS; 2: bFGF; 3: 3.2 umol/L rLj-RGD3;
more and more condensed, coalesced, and segmented nuclei 4: 3.2 umol/L rLj-RGD3 + bFGF; 5: 6.4 pmol/L rLj-RGD3;
induced by rLj-RGD3. 6: 6.4 umol/L rLj-RGD3 + bFGF.

3 - % py A L gl

B 10 rLj-RGD3 Xt Hela 4 ff1[m bFGF i 7% R & i (Olympus 182 R MR A M, 400 x)

Fig. 10 Inhibitory effects of rLj-RGD3 on Hela cells migration towards bFGF (Olympus phase-contrast light microscope, 400 x).
Hela (1 x 10*/mL) were treated with PBS (A, B) or 3.2 umol/L rLj-RGD3 (C, D) for 30 min, and then placed in the upper chamber of
Transwell containing a gelatin-coated filer membrane. bFGF (30 ng/mL)was present as a chemoattractant which was added to the
lower chamber(B, D). After a 16 h incubation, cells were fixed in 4% paraformaldehyde. After removal of nomigrated cells, cells that
migrated to the underside of filter membrane were photographed (400 x) by Olympus phase-contrast light microscope.
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