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Modern solutions in biomedical engineering imply High-entropy alloys (HEAs) are a novel class of biocompatible
nnovative strategies at the frontier between Intereétingly, .diﬂ‘erer-n biological eﬁect§ -may be. targeted materials known for their exceptional mechanical properties and
A eteres, el (allogy o Cavalios vv.hen Implanting a blor.naterlal by comblnlng.peptldes from corrosion resistance. These alloys generally consist of five or more
b oA Ction Al T NN diverse nature. In the field of bone regeneration, the use of principal elements in equimolar or non/near-equimolar ratios, with
’ BMP-2 derived peptides is of crucial importance to : :
or improve tissue integrity. These substitutes are : - elemental concentrations ranging from 5% to 35%. Among these
promote osteodifferentiation of mesenchymal stem cells . ..

materials that are designed to positively interact with (MSCs) and guide bone formation [3]. A=A SRS Of_ therﬁ called. BI_OHEAS LB sy speleflcally
a living biological system for a therapeutic purpose peptides are easily modifiable for functionalization of developed for biomedical applications. Notable examples include
while introducing mechanical, physical and/for M, (eeaiig i come cosss SifEr [HesEl equiatomic and non-equiatomic alloys like TiZrNbTaHf, TiZrNbTaMo,
chemical functions to the body. Commonly speaking, activity to the total protein for a specific target [4]. which have attracted significant attention as a new generation of
they are defined as biomaterials [1] A simple though wuseful approach to improve the biomaterials.

It is of paramount importance to enhance the performance of peptidic molecules is to combine peptide our goal is to develop a new family of However the integration. of such materials as implants into b.one- IS
bioactivity of materials scaffolds by combining sequences with synergistic or complementary effects, a7 e only adressed as a passive process. In such an approach, the fixation
biomaterials with biological cues to drive a particular enabling to address two or more biological effects. In this iIs mainly mechanical, with anchorage failure. Therefore, the increase
tissue function [2]. In practice, biocompatibility can way, multifunctionality may be installed on biomaterials of the biointegration of the implant and the bone tissue is becoming a
T I T e noosiny bioinert solids and then without using proteins research hotspot. Such an active integration is usually achieved by
coating them with bioactive molecules. 7 grafting bioactive molecules on the surface of the metal implant.

Proadhesion and osteogenic peptides synthesis for multifunctional alloy coating
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Peptide sequences Description N N
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H:C Chy
. . P1 |KIPKASSVPTELSAISTLYL These 2 peptides sequences are the BMP-2(73-92) FI Uoresce nt P ro b € _
Peptl de selection fragment of the Bone morphogenetic proteins BMP- T 5(6)-Carboxytetramethylrhodamine (TAMRA).
P> 2, that is the most investigated and potent Aoy =985 nm et A,,, = 580 nm
KIPKASSVPTELSAISTLYLK(TAMRA)PEG,-NH, . , \ e o
osteoinductive growth factors in bone ‘
regeneration[5]. hB..
RGD peptide has been demonstrated to be able to L|
P3 [TaAMRA- GGCRGD increase the expression of osteogenic markers and K /
\ mineralization in hMSCs culture[6] /

Synthetic conditions:

Peptides were synthesized in solid-phase using a microwave-assisted protocol (MW-SPPS) on a Liberty Blue™ automated peptide synthesizer (CEM Corporation, Matthews, NC,

_ _ HPLC Rt (min HPLC gradient (% ESI-MS found (calc
United States), following the Fmoc/tBu strategy. (min) g (%) (calc)

The introduction of an additional lysine (Lys®3) in the BPM-2(73-92) fragment allows the introduction of the fluorescent probe in C terminus by coupling of the carboxylic moiety of P1 1min85 10 - 90 [M+H]'=2118,31
TAMRA to the amino function of the side chain through the formation of an amide bond. For this purpose, we chose 4-methyltrityl group (Mtt) which is removed in very weak acid (2118,53)
conditions. In order to increase the peptide solubility and to facilitate the on resin TAMRA coupling, a PEG9 linker has been introduced in C terminus. -
P2 2min12 30 - 50 [M+H] =2805,12
Peptide assembly was performed by repeating the standard MW-SPPS coupling cycle for each amino acid, using Fmoc-protected amino acids (5 equiv, 0.2 M in DMF), OxymaPure® (2805,23)
(5 equiv, 1 M in DMF), and DIC (5 equiv, 0.5 M in DMF). .
o _ _ _ _ _ _ _ _ . P3 1min35 20-60 [M+H] =979,96
Polyethylene glycol-based spacer (PEG), containing 9-atoms chain (Fmoc-8-amino-3,6-dioxaoctanoic acid) (2.5 equiv) and TAMRA were coupled in C and N terminal position of (976,06)

peptide P2 and P3, respectively, as follows: Fmoc-8-amino-3,6-dioxaoctanoic acid (2.5 equiv) and TAMRA (2,5 equiv), TBTU (2,5 equiv) and DIPEA (3,5 equiv) were dissolved in DMF
with a final dilution of 1 mL DMF for 100 mg of resin. Couplings were performed 45 min at room temperature

Mtt deprotection
After the Lys(Mtt) loading, the synthesis was carryed out with MW-assisted SPPS strategy. The following peptidil-resin was then washed several times with DCM and dried under vacuum:
K(Boc)IPK(Boc)AS(tBu)S(tBu)VPT(tBu)E(tBu)LS(tBu)AIS(tBu)T(tBu)LY (tBu)LK(Mtt)-PEGg---RinkResin

A satisfactory deprotection of Lys(Mtt) was accomplished in just three cycles of 1% TFA in DCM. The reaction was monitored by RP-HPLC from collected solutions.

Cleavage from the resin and side-chain deprotection were achieved by treatment with a TFA/TIS/water solution (95 : 2.5 : 2.5 v/v/v, 1ml/100mg of resin-bound peptide).

Lyophilized crude peptides were purified by semi-preparative Waters RP-HPLC (Milford, MA, USA) on a Phenomenex Jupiter C18 (10 pm, 250mmx 10mm) column at 4 ml/min. The solvent systems used were 0.1% TFA in H,O (A) and 0.1%
TFAin CH4;CN (B), and the gradients used are presented in Table 1. All peptides were obtained with a purity >95%.

Characterization of the peptides was performed by analytical RP-UPLC ESI-MS (Waters Acquity UPLC coupled to a Waters 3100 ESI-SQD MS) supplied with an Aeris Widepore C1 200A (3.6 um 250 x 4.6 mm) column at 25 °C at 0.6 mL/min
with solvent systems A (0.1% TFA in H,0) and B (0.1% TFA in CH;CN). Data were acquired and processed using MassLynx software (Waters, Milford, MA, USA).

HEAs Surface functionalization

The final goal of the project is the development of safe, non-destructive and biocompatible strategies to modify the surface of HEAs for —
applications in the field of medical implants .The main aim of this research is to enhance the osseointegration of two types of arc-melted and [
| . - . L . . . 2 types of High Entropy Alloys :
laser-based HEAs by immobilizing peptides providing a favorable medium to biological reactions on the alloy surface. This was accomplishea yp J Py y
by modification of the alloy surfaces by the aryl amine coating thanks to diazonium salt chemistry (in situ arylation or diazonium salt TiTaZrNbHf
electrochemical grafting ) and then covalent bonding of the peptide. TiTaZrNbMo
In situ arylation protocole a)Electrochemical grafting of D-NO2 protocole b)Electroreduction of D-NO2 to D-NH2 Peptide immobilization protocole
Aryle amine layer o Osteogenic peptide : Pro-Adhesion peptide :
p-Phenylenediamine B 3—)ror e acront —= BMP-2 like peptide RGD
NHz NH2 NH2 Acetonitrile (ACN)+ 0.1 M Electrolvte : I— )+ 210
: NH NBu,BF ,+ 0.006 M 4-nitrobenzen
m 2 diazonium salt LSV runs parameters : Deoxygenated HCI 15% 1) Peptid
: : +NaOH (pH 3) eptide
. +  Electrochemical window Linear Sweep Voltammetrv runs (0.63 mM) 3)NHS, 1h
Jorking electrode : i e 0t 0,6VvsAg/AgCI/KCI (sa parameters : = ﬁ
’ HCI’ = — t,zi . U P - | (}t_‘(}( A_ - 1L - Barbing eletrode S, . Electrochemical window : e Ofol\g]ileaCl ZJEDC'S('} i *tibstat
I l | g - | * Scanrate: SmV.cm™ :,,'-'59( > ) , to-[.}_(w\f \‘R Ag;’,&gCUKCI (:%m) p,H 6 : : i—
K TiTaZrNbeaIon ..... NH2 ..... RatIO(ll} ............ .-) . (;’ \ — | /‘I/ : \“wf = n + Scanrate : SmV.em ~ ~
pt \Q“‘fw == L -
N s b Refersnce Electrode N Ti35sNby 37155 Ta- sMo- 5 Working Electrode Reference Electrode HAPIEI0C
Aryla tion Ag/AgCUKCI (sat) COUpons 1n €poxy resin Ag/AgCUKCI (sat)
Preliminary Biological data
BMP2 like peptide bioactivity = change in C2C12 morphology (21 days)
. . Morphology of cell incubated with the allo
Assessment of the safety and biological P gy y
C2C12 Cells
Medium Culture free peptide Medium Culture with peptide BMP2 Like activity of the BMP2 like peptldes In Day1 Day2 Day3
cultured cell line models
In vitro cytotoxicity evaluation of bio-
functionalized alloy surfaces and Day4
_ _ _ Microscopy Epifluorescent images X200
assessment of their biological Blue Nucleus DAP!
. _ Red Actin F phalioidin
performances toward osseointegration
Myotubs Encreased focal adhesion = osteogenic phenotype !
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