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Virtual screening and molecular simulations of antisense
peptides targeting MT1-MMP

Li Zeng, Bowen Tan, Yalan Yang, Jinyi Qiu, Lili Xiong, and Canquan Mao

Laboratory of Molecular Evolution and Applied Biology, School of Life Science and Engineering, Southwest Jiaotong University,
Chengdu 610031, Sichuan, China

Abstract: Membrane type-1 matrix metalloproteinase (MT1-MMP or MMP14) plays the pivotal role in tumor
development and metastasis, so it is a promising drug target in malignancy. To acquire MT1-MMP specific binding
peptides, we first analyzed MMPs sequences to find the divergent and specific sequence of MTI-MMP by
bioinformatics approach, then set the specific sequence as the sense peptide target and designed antisense peptide
library. Finally, by means of molecular docking, molecular dynamics simulation and in vitro cell assays, we screened
the antisense peptide library against MT1-MMP and further studied the obtained specific peptides. Here, we
identified the divergent and specific sequence of AYIREGHE (Named MT1-loop) located in MT1-MMP loop by
multiple sequence alignment and established the antisense peptides library with capacity of 1 536 sequences. After
two rounds of virtual screening, we obtained five antisense peptides with Rerankscores in the top for further
screening. They all interacted with MT1-MMP, and docked well at the active site composed of MT1-loop sequence.
Analysis of the affinities of these five antisense peptides to other MMPs (MMP1-3, MMP7-13, MMP14 HPX,
MMP16) revealed that the peptide FVTFPYIR was more specific to MT1-MMP. Molecular dynamics simulation
showed that the peptide FVTFPYIR might affect the stability of MT1-MMP and thus have effects on its activities.
Meanwhile, the peptide FVTFPYIR could specifically inhibit the growth of MG63 and MDA-MB-231 tumor cells
both of which expressed MT1-MMP. The work provides a new insight and way for the development of antitumor lead
peptides targeting MT1-MMP.

Keywords: membrane type-1 matrix metalloproteinase (MT1-MMP, MMP14), antisense peptide, molecular docking,

molecular dynamics simulation
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DNA
DNA MT1-MMP
Mekler-Idlis (M-I) MT1-MMP
AHBs ( )
(12]
1 ®HE57®
11 MRREERIR
Jackson I MMPs NCBI
(http://www.ncbi.nlm.nih.gov/protein/) MMPs
PDB (http://www.rcsb.org/
pdb/home/home.do)
MMPs (Matrix 1 MG63 MCF7
metalloproteinase inhibitors, MMPIs) MDA-MB-231
MMPIs I 1 (3] MDA-MB-453
MMPs FITC
MMPIs ( 99%)
DMEM Gibco
MMPIs MTT Amresco
MT1-MMP
£1 MMPs Z#4HER
Table 1 Three-dimensional structure information of MMPs
MMPs Accession No. PDB ID MMPs Accession No. PDB ID
MMP1 EAW67031.1 3SHI MMP15 NP_002419.1
MMP2 EAWSg2827.1 1QIB MMP16 AAH75005.1 1RMS
MMP3 EAW67032.1 4G9L MMP17 AAH40507.2
MMP7 EAW67023.1 2Y6D MMP19 AAHS50368.1
MMPS EAW67027.1 3TT4 MMP20 NP _004762.2
MMP9 EAW75776.1 1L6J MMP21 NP _671724.1
MMP10 NP _002416.1 1Q3A MMP23 NP _008914.1
MMP11 NP_005931.2 1HVS MMP24 NP _006681.1
MMP12 EAW67033.1 4H76 MMP25 NP _071913.1
MMP13 NP _002418.1 20W9 MMP26 NP_068573.2
IBOM(CAT MMP27 AAQS89112.1
MT1-MMP/MMP14 NP_004986.1 3C($X((HPX)) TR NP 077278.1
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Fig. 1 Clustal X multiple alignment of human MMPs Antisense R I D S L A M L
sequences. peptides
poa (G0 VR N T
22 EMFERR XS MMPs 895> F311% . >
Libdock

Asn?® )
&7 ‘G(ﬁ/l” G 169
FVTFSYVG
\ WGIn'®—
> ﬁ‘ﬂé
3Metl7&\ ,
Hﬁ‘; 1/77 Snzos
A Ala"‘

FMAFSYVS FVTLPYVR
2 RXBK5 MT1-MMP 4 F 3% E
Fig. 2 Molecular docking of the antisense peptides to the catalytic domain of MT1-MMP. Antisense peptides: stick
model; MT1-MMP: wireframe model; green line: hydrogen bond.
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%3 RXBK5 MTL-MMP E iR 3ES
Table 3 Parameters of molecular docking of antisense peptides to the catalytic domain of MT1-MMP

Rerankscore = MolDockScore  Affinity  Interaction  Electro H Bond

(i (kJ/mol) (kJ/mol) (kJ/mol)  (kJ/mol)  (kJ/mol) (kJ/mol) VNG DTS
129-130,165-176,178,180-
FVTFPYIR  -102.39 ~136.39 -7.53 ~189.29 383 456 182,186-187,207-209,212,
214
LVSFPYVR 9964 ~150.20 945  —16825 0 1g0p JSTVSIST207209.212,
129,166-169,173-176,178,
FVTFSYVG ~ -97.68 ~128.94 ~13.88  -182.10 120  —12.88 180,186-188,208-209,212,
214
119,121,129,167-169,173-
FMAFSYVS ~ -97.35 ~145.55 ~1478 20631 0 A S S
119,129,167-178,180,186-
FVTLPYVR  -95.90 ~139.47 “1239  -160.67 0 Y s o
FVTFPYIR  MTI1-MMP ( 3 3C) FVTFPYIR
3 MT1-MMP
Phe* MTI-MMP  GIn'%?
Arg®  MTI-MMP  Arg'®  G'® 3 MMPs
(  3A) 4 FVTFPYIR
Ala'® 11" Gly'®  Phe' MMP13 FVTFPYIR
( 3B) MMPs

MTI1-MMP (  4)

Glu\lw
\

Arg 168

3 MTI1-MMP 5 FVTFPYIR B 8948 E1EF

Fig. 3 The interactions between MT1-MMP and FVTFPYIR. (A) Hydrogen bond interactions. Green line is hydrogen bond.

(B) Hydrophobic interactions. The green area indicates the hydrophobic, whereas the orange area indicates the hydrophilic. (C)
Electrostatic interactions. The blue area indicates positive electrostatic, whereas the red area indicates the negative electrostatic.
The purple arrow indicates electrostatic interactions. FVTFPYIR: stick model; MT1-MMP: wireframe model.
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F 4 RXBK5 MMPs K& 5 7 F %1%/ Rerankscores & (kJ/mol)
Table 4 Rerankscores of molecular docking of antisense peptides to family members of MMPs (kJ/mol)

Protein FVTFPYIR LVSFPYVR FVTFSYVG FMAFSYV FVTLPYVR
MMP1 -38.34 -2.98 —60.87 —35.43 —71.34
MMP2 —77.21 —96.46 -92.51 —74.62 —-100.60*
MMP3 161.88 3.59 —93.36 59.36 8.95
MMP7 —64.89 —64.01 —67.40 —11.92 —95.84
MMP8 1.42 —-105.30* —104.79 2.37 -51.23
MMP9 -81.01 —115.86%* —121.16%* -110.27* —104.06*
MMP10 -92.63 —86.12 -107.08* -111.25% —84.77
MMP11 —89.26 —82.35 -115.83 —45.72 —74.89
MMP12 15.12 —89.33 —88.82 —33.66 —68.62
MMP14 (HPX) —82.05 —28.83 —79.10 —74.88 —84.13
MMP13 —113.08%* —85.53 —-93.92 —108.14* —97.65%*
MMP16 —82.26 —68.57 —115.95* -1.07 —66.63

* indicates the rerankscore was better than those docking to the catalytic of MT1-MMP.

23 RXBKE MT1-MMP B39 F5h hFiEhl
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Fig. 4 RMSD of MTI-MMP and antisense peptides backbone during MD simulations. (A) MT1-MMP without
ligand. (B) The RMSD of MT1-MMP and FVTFPYIR in complex. (C) The RMSD of MT1-MMP and LVSFPYVR in
complex. (D) The RMSD of MT1-MMP and FVTFSYVG in complex. (E) The RMSD of MTI-MMP and
FMAFSYVS in complex. (F) The RMSD of MT1-MMP and FVTLPY VR in complex.
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Fig. 5 Changes of MG63 cell morphology by inverted
microscope (100x).
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Fig. 6 Effects of FVTFPYIR on tumor cells viability.

(A) MG63. (B) MDA-MB-231.
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Fig. 7 The affinity of FVTFPYIR to MDA-MB-231
cell (200x).
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