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Abstract: Implant-associated infection and osteogenesis 
failure are two of the most common and problematic 
complications for orthopaedic patients. Modification of 
currently-used orthopaedic implants that bestows them 
with bone-healing improvement and/or antibacterial 
properties is a promising approach. In this research, a 
multifunctional nanocoating was developed using layer-
by-layer self-assembly (LBL) technique for improving 
cell adhesion and proliferation and preventing bacterial 
colonization. Adhesion ligand containing Arg-Gly-Asp 
(RGD) was used as one of the polyelectrolyte components 
and assembled in poly-L-lysine (PLL) and poly-L-
(glutamic acid) (PLGA)  multilayer coatings. 
Transforming growth factor-β (TGF-β) and gentamycin 
were also incorporated. The formed nanocoatings showed 
controlled drug release. Properties of improving 
osteoblast cell adhesion and proliferation were evaluated.  
The developed polypeptide multilayer nanocoatings 
showed controllable antibacterial properties against 
Staphylococcus aureus (S. aureus). The developed 
biodegradable polypeptide nanocoatings have the 
potential to serve as sustained drug delivery systems on 
biomedical devices for improving bone healing and 
preventing device-associated infection. 
Materials and Methods: PLL, PLGA and RGD were 
purchased from Sigma Aldrich. TGF-β were purchased 
from R & D Systems. Rhodamine-labeled RGD and 
fluorescein isothiocyanate (FITC)-labeled gentamycin 
were prepared with fluorescein dyes at 4°C for 48 hr.  
Quartz slides and stainless steel disks were used as 
substrates. The LBL process was as follows: The 
substrates were immersed in a Tris-HCl buffer solution of 
PLL for 15 min, rinsed with the buffer solution and dried, 
then immersed in RGD solution for 15 min, rinsed and 
dried, followed by incubating in a PLGA solution and 
rinsed and dried. The incubation, rinsing and drying were 
repeated as necessary to obtain the desired number of 
layers. The assembly of Rhodamine-labeled RGD was 
monitored using UV-vis spectrometry. TGF-β and 
gentamycin were incorporated via incubating the formed 
nanocoatings in the drug solutions. The release of RGD, 
TGF-β, and gentamycin was studied in a phosphate buffer 
solution (pH 7.4) at room temperature. The release of 
Rhodamine-labeled RGD and FITC-labeled gentamycin 
was measured by recording their absorbances using UV-
vis spectrometry. The effects on improving osteoblast cell 
adhesion and proliferation were evaluated using MTT and 
DNA assays. A Kirby-Bauer technique was used to assess 
the antibacterial activity of the developed polypeptide 
nanocoatings against S. aureus. 

Results:  The purpose of this study was to develop 
multifunctional nanocoatings on orthopaedic implants to 
improve cell adhesion and proliferation and prevent 
bacterial colonization (Fig. 1). UV-vis absorbance spectra 
confirmed the successive formation of PLL, RGD and 
PLGA multilayers. The release studies exhibited 
sustained release of RGD and gentamycin from the 
polypeptide multilayer nanocoatings. No significant 
cytotoxicity was observed in the nanocoatings. Increases 
of cell adhesion and cell activity were obtained after RGD 
and TGF-β introduction in the nanocoatings. The 
nanocoatings presented antibacterial properties against S. 
aureus. The developed multifunctional coatings are 
promising to control the loading and release of functional 
drugs and to achieve sustained drug release systems for 
improving bone healing and preventing biomedical 
device-associated infection.  
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Fig. 1.  Schematic diagram of multifunctional 
nanocoatings for improving cell adhesion and 
proliferation and preventing bacterial colonization. 
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