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ABSTRACT 

The invention relates to biomimetic peptide-containing com 
positions for use, in particular, for application and or deposi 
tion on a magnesium alloy, e.g., Substrate, to at least partially 
coat a surface of the magnesium alloy. The invention also 
relates to the coated magnesium alloy which is particularly 
useful for tissue and bone repair and regeneration applica 
tions, such as, for constructing medical implant devices. 
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BIOMIMETC COATING OF MAGNESUM 
ALLOY FOR ENHANCED CORROSION 

RESISTANCE AND CALCUM PHOSPHATE 
DEPOSITION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation-In-Part (CIP) of 
U.S. non-provisional patent application Ser. No. 14/079,086, 
entitled “Bone Substitute Nanocomposites and Methods of 
Synthesis Using Multiphosphorylated Peptides” and filed on 
Nov. 13, 2013, which claims priority under 35 U.S.C. S 119(e) 
from U.S. provisional patent application No. 61/725,796, 
entitled “Bone Substitute Nanocomposites and Methods of 
Synthesis Using Multiphosphorylated Peptides” and filed on 
Nov. 13, 2012, and this application claims priority under 35 
U.S.C. S 119(e) from U.S. provisional patent application No. 
61/903,741, entitled “Biomimetic Coating of Magnesium 
Alloy for Enhanced Corrosion Resistance and Calcium Phos 
phate Deposition' and filed on Nov. 13, 2013, the contents of 
which are all incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. This invention relates generally to coating compo 
sitions and coated Substrates. In particular, the invention 
includes biomimetic peptide-containing coating composi 
tions and magnesium alloy Substrates having applied thereto, 
or deposited thereon, the biomimetic peptide-containing 
compositions, wherein the coated magnesium alloy Sub 
strates are useful for tissue and bone repair and regeneration, 
Such as but not limited to, as medical implant devices in 
orthopedic, craniofacial, dental and cardiovascular Surgeries. 
0004 2. Background Information 
0005 Biomedical implant devices are known in the art and 
are commonly used in the practice of various Surgeries. Such 
as, orthopedic, dental, craniofacial and cardiovascular 
implant Surgeries. These devices may be used for various 
purposes, such as but not limited to, tissue and bone regen 
eration, and drug or biomolecule delivery. Furthermore, 
stents are also implanted into a body of a patient to Support 
lumens, for example, coronary arteries. Implant devices 
include, but are not limited to scaffolds, such as plates and 
screws. Biomaterials for the construction of implant devices 
are typically chosen based on their ability to withstand cyclic 
load-bearing and compatibility with the physiological envi 
ronment of a human body. Many of these implant devices are 
traditionally constructed of polymer or metal. These materi 
als of construction exhibit good biomechanical properties. 
Metallic biomaterials, in particular, have appropriate proper 
ties such as high strength, ductility, fracture toughness, hard 
ness, corrosion resistance, formability, and biocompatibility 
to make them attractive for most load bearing applications. 
Polymers, such as polyhydroxy acids, polylactic acid (PLA), 
polyglycolic acid (PGA), and the like, are known as conven 
tional biomaterials, however, in Some instances the strength 
and ductility exhibited by polymers is not as attractive as that 
demonstrated by metallic biomaterials. For example, it is 
known to use stainless steel or titanium biomedical implants 
for clinical applications which require load-bearing capaci 
ties. 
0006 Metallic and polymer biomaterials are not biode 
gradable and therefore, other biomaterials need to be used 
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wherein there is an interest to provide a biodegradable 
implant device Such that the device is capable of degrading 
over a period of time, e.g., by dissolving in the physiological 
environment, and Surgery is not required for remove when 
there is no longer a medical need for the implant device. 
Magnesium is potentially attractive as a biomaterial because 
it is very lightweight, has a density similar to cortical bone, 
has an elastic, modulus close to natural bone, is essential to 
human metabolism, is a cofactor for many enzymes, and 
stabilizes the structures of DNA and RNA. Magnesium-based 
implants may be degradable in-vivo through simple corrosion 
and exhibit mechanical properties similar to native bone. 
0007. There are, however, disadvantages associated with 
magnesium which have restricted its use in medical applica 
tions. For example, magnesium is very reactive in nature and 
is Susceptible to rapid corrosion as opposed to gradual deg 
radation, particularly, in high chloride environments such as 
those created by human body fluids and blood plasma, and in 
aqueous solutions having a pH of 11 or less. The physiologi 
cal pH is typically in the range of 7.4 to 7.6. During magne 
sium corrosion, a local pH increase as well as hydrogen 
liberation may ensue. If the evolution of gas is too rapid, it 
cannot be absorbed by the body and poses a significant con 
cern for medical applications. 
0008. In order for magnesium to be considered an accept 
able biomaterial for tissue and bone replacement and regen 
eration, improvement of its corrosion resistance is needed. 
Thus, there have been methods developed in the art for the 
purpose of improving the corrosion resistance of magnesium. 
Known methods include element alloying and Surface modi 
fication or coating. 
0009 Traditional surface modification methods include 
electrochemical plating, chemical conversion, anodizing, gas 
phase deposition, and organic coatings. An effective and 
mature chemical conversion process known in the artis based 
on using a chromate bath. However, use the chromate bath is 
limited due to its high toxicity. The application of plating and 
anodizing techniques are also limited by their dependence on 
toxic heavy metal ions and their adverse effects on fatigue 
properties. 
0010 Known magnesium alloy coatings typically include 
the use of ceramic, chitosan, and various forms of calcium 
phosphate (CaP). Application of a CaP coating by ion-beam 
assisted deposition or various types of electrochemical and 
chemical treatments can provide a reduced corrosion rate. 
However, the crystal structure, chemical composition, coat 
ing morphology, and the measured degradation rates can 
exhibit variability. In addition, even though initially good cell 
adhesion and spreading of CalP coatings has been demon 
strated, cell viability has shown to be compromised at longer 
time periods, which is likely due to the poor corrosion pro 
tection of CaPalone. 
0011. Other known coatings have also demonstrated vari 
able results in enhancing corrosion resistance or a lack bio 
active properties necessary for controlling cellular behavior. 
Further, coupling of the coatings to magnesium-based alloys 
as well as non-resorbable metals, such as titanium, have gen 
erally produced low coating affinity low bonding strength on 
the alloy itself. 
0012. Further, in considering biologically-derived surface 
coatings or modifiers, such as peptides, for use in coating 
magnesium alloy, it is known that bone and dentin are 
examples of mineralized tissue, which are unique hierarchical 
nanocomposites and can include about 70% by weight car 
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bonated apatite, 20-25% by weight organic matrix, and 
5-10% by weight water. Mineralized collagen fibrils are the 
major organic components, e.g., building bocks, of these 
tissues. Other non-collagenous proteins (NCPs) and glyco 
proteins account for less than about 10% of the total organic 
content and contribute to the regulation of mineralization, cell 
signaling and mechanical performance of the tissue. It has 
been shown that the mineral component in mineralized col 
lagen fibrils has almost two times greater strain than geologic 
or synthetic apatite, and the organic component is signifi 
cantly stiffer than non-mineralized collagen. Furthermore, 
the interlaced structure of the mineralized collagen fibrils 
provide a complex organization and unique mechanical prop 
erties. 
0013 NCPs are involved in collagen mineralization and a 
characteristic of NCPs is the disproportionately large per 
centage of acidic amino adds such as Asp, Glu and Ser'. For 
example, the major NCP in dentin is phosphosphoryn (DPP). 
DPP includes primarily Ser-Ser-Asp repeat motifs with more 
than 90% of scones phosphorylated. 
0014 Protein phosphorylation is one of the most common 
post-translational modifications. However, the vast majority 
of phosphorylated proteins contain only a small amount of 
phosphorylation sites adjacent to kinase-specific recognition 
motifs. The precise phosphorylation mechanisms of the 
highly phosphorylated proteins from the mineralized tissues 
are not completely understood in the art. It has been proposed 
that casein kinases (CK) 1 and 2 phosphorylate DPP intrac 
ellularly in the endoplasmic reticulum. According to certain 
hypotheses, phosphorylation occurs via a chain or hierarchi 
cal reaction wherein one phosphorylated serine becomes a 
part of the CK recognition site which leads to Subsequent 
phosphorylation of new serines. CK transfer Y-phosphate of 
ATP (or GTP) to the hydroxyl group of serine or threonine, or 
to the phenolic hydroxyl on tyrosine residues in proteins. 
0015. A number of peptides mimicking NCPs have been 
synthesized. However, the known syntheses for preparing 
bio-inspired peptides has limitations. For example, introduc 
ing any single phosphorylated amino-acids during peptide 
synthesis leads to a significant decrease in yield, thereby 
limiting the total number of phosphorylated amino acids that 
can be added to a peptide. 
0016. Thus, there is a need in the art for magnesium alloy 
containing composites for tissue and bone replacement and 
regeneration, such as tissue and bone implants, which exhibit 
the non-toxicity and mechanical properties that are desired 
while demonstrating reduced rate of corrosion when exposed 
to physiological conditions. It is an objective of this invention 
to design and develop novel biomimetic peptide-containing 
compositions for application to or deposition on magnesium 
alloy Such as to form a coating on a Surface of the magnesium 
alloy. It is desirable for these biologically-derived coatings 
and coated magnesium alloys to be effective for magnesium 
corrosion control, calcium phosphate (CalP) deposition, and 
cell signaling capabilities to enhance tissue regeneration. 

SUMMARY OF THE INVENTION 

0017. In one aspect, the invention provides a composition 
fir coating magnesium alloy. The composition includes a 
peptide selected from the group consisting of DEDE(SSD) 
DEG, wherein n is an integer from 2 to 20, indicated by SEQ 
NO. 1; RRRDEDE(SSD), DEG, wherein n is an integer from 
2 to 20, indicated by SEQ NO. 2: RRRGDEDE(SSD), DEG, 
wherein n is an integer from 2 to 20, indicated by SEQNO. 3; 
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and LKKLKKLDEDE(SSD), DEG, wherein n is an integer 
from 2 to 20, indicated by SEQ NO. 4. 
0018. In certain embodiments, the peptide is selected from 
the group consisting of DEDESSDSSDSSDDEG, indicated 
by SEQ NO. 1; RRRDEDESSDSSDSSDDEG, indicated by 
SEQ NO. 2: RRRDEDESSDSSDSSDSSDSSDDEG, indi 
cated by SEQ NO. 2; and RRRGDEDESSDSSDSSDDEG, 
indicated by SEQ NO. 3. 
0019. In another aspect, the invention provides a coated 
magnesium alloy Substrate, which includes a coating compo 
sition, which includes a peptide selected from the group con 
sisting of: DEDE(SSD), DEG, wherein n is an integer from 2 
to 20, indicated by SEQ NO. 1: RRRDEDE(SSD), DEG, 
whereinn is an integer from 2 to 20, indicated by SEQNO. 2; 
RRRGDEDE(SSD), DEG, wherein n is an integer from 2 to 
20, indicated by SEQ NO. 3; and LKKLKKLDEDE(SSD) 
DEG, wherein n is an integer from 2 to 20, indicated by SEQ 
NO. 4. 
0020. In certain embodiments, the peptide is selected from 
the group consisting of DEDESSDSSDSSDDEG, indicated 
by SEQ NO. 1; RRRDEDESSDSSDSSDDEG, indicated by 
SEQ NO. 2, RRRDEDESSDSSDSSDSSDSSDDEG, indi 
cated by SEQ NO. 2; and RRRGDEDESSDSSDSSDDEG, 
indicated by SEQ NO. 3. 
0021. In yet another aspect, the invention provides a 
method of preparing a biomimetic magnesium alloy medical 
device. The method includes making a coating composition 
including 3DSS peptide; depositing the coating composition 
on a least a portion of an outer Surface of an uncoated mag 
nesium alloy medical device to form a coating thereon, and 
producing a coated magnesium alloy medical device. 
0022. In certain embodiments, the forming and the depos 
iting of the coating composition, includes dissolving 3DSS 
powder in an organic solvent to form a 3DSS solution; com 
bining the 3DSS solution with CaP solution to form a 3DSS/ 
CaPbath Solution; immersing the uncoated magnesium alloy 
medical device, into the 3DSS/CaP bath solution to form the 
coating on the Surface of the magnesium medical device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a peptide design schematic which shows a 
R—SSD sequence containing: i) three Argamino acids at its 
N-terminus end, ii) followed by four amino acids forming the 
CK1 recognition site and iii) three Ser-Ser-Asp repeats. CK2 
recognition motif is located at the C-terminus end of the 
peptide. This peptide design schematic is in accordance with 
certain embodiments of the invention and is indicated by SEQ 
NO. 2. 
0024 FIG. 2A is a schematic showing the apparatus set-up 
for measuring hydrogen evolution, for use in certain embodi 
ments of the invention. 
0025 FIG. 2B is a schematic flow diagram showing coat 
ing processes forusein certain embodiments of the invention. 

THE SEQUENCE LISTING 
0026. The amino acid sequences listed in the accompany 
ing sequence listing are shown using standard letter abbre 
viations and the sequence listing is incorporated by reference 
herein. 

DETAILED DESCRIPTION OF THE INVENTION 

0027. The invention relates to novel biomimetic peptide 
containing compositions, metal alloys having applied thereto 
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or deposited thereon the biomimetic peptide-containing com 
positions and, coated metal alloy Substrates and articles for 
use in tissue and bone repair and regeneration, such as but not 
limited to, medical implant devices in orthopedic, craniofa 
cial, dental and cardiovascular Surgeries. 
0028. The coated magnesium alloys in accordance with 
the invention include at least one of the following properties: 
biocompatibility, corrosion resistance, biodegradability, cell 
attachment, cell viability and mechanical strength, which 
make them Suitable for use as implant devices in a body of a 
patient. 
0029. The magnesium alloys for use in the invention 
include magnesium and at least one different elemental metal. 
The at least one different elemental metal can be selected 
from a wide variety of elemental metals that are known in the 
art. In certain embodiments, the at least one different metal 
can be selected from iron, Zirconium, manganese, calcium, 
yttrium and zinc. The amount of each of the components in 
the magnesium alloy composition can vary and in general, the 
amounts are selected Such that the resulting composition is 
within acceptable non-toxic limits, Sufficiently biocompat 
ible and degradable over a period of time. For example, the 
components and their amounts may be selected Such that the 
magnesium alloy composition exhibits corrosion resistance 
in the presence of water and body fluids, which allows for 
Suitable in vitro use in a physiological environment, e.g., 
patient body and exhibits corrosion resistance with minimal 
or no evolution of hydrogen gas as the evolution of hydrogen, 
e.g., hydrogen bubbles, may cause complications in a patient 
body. 
0030. Further, in accordance with certain embodiments of 
the invention, the biomimetic peptide-containing coating is 
effective to reduce the corrosion rate of the magnesium alloy 
when subjected to body fluids and furthermore, is effective to 
reduce or preclude the evolution of hydrogen gas from the 
magnesium alloy. 
0031. It is contemplated that other components may be 
added to the magnesium alloy provided that the non-toxicity, 
biocompatibility and degradability remain within acceptable 
limits. Acceptable non-toxic limits and time frames for deg 
radation can vary and can depend on the particular physical 
and physiological characteristics of the patient, in vitro site of 
implantation and medical use of the device. Non-limiting 
examples of Suitable other components include aluminum, 
silver, cerium and for strontium. 
0032. In certain embodiments of the invention, the mag 
nesium alloy is composed of magnesium, Zinc and aluminum. 
The amount of each component can vary and in certain 
embodiments each is present in the following weight percent 
based on total weight of the magnesium alloy composition: 
about 96% magnesium, about 1% zinc and about 3% alumi 
l, 

0033. In certain embodiments, the magnesium alloy is 
formed by Subjecting the metal element components to high 
energy mechanical alloying (HEMA) and uniaxial or isostatic 
compaction and sintering. 
0034. Non-limiting examples of magnesium alloys 
include those described in PCT Application having Interna 
tional Application No. PCT/US2012/058939 entitled “Bio 
degradable Metal Alloys’ filed on Oct. 5, 2012 and based on 
U.S. Provisional Patent Application 61/5441,127 entitled 
“Biodegradable Metal Alloys’ filed on Oct. 6, 2011; and U.S. 
Provisional Patent Application 61/710,338 entitled “Biode 
gradable Iron-Containing Compositions, Methods of Prepar 
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ing and Applications Therefor filed on Oct. 5, 2012, which 
are incorporated in their entirety herein by reference. 
0035. The magnesium alloys can be used to form or fab 
ricate a substrate. In certain embodiments, the Substrate is a 
medical device, such as a medical implant device. Non-lim 
iting examples of medical implant devices include scaffolds, 
Such as but not limited to, plates, meshes, staples, screws, 
pins, tacks, rods, Suture anchors, tubular mesh, coils, X-ray 
markers, catheters, endoprostheses, pipes, shields, bolts, clips 
or plugs, dental implants or devices, graft devices, bone 
fracture healing devices, bone replacement devices, joint 
replacement devices, tissue regeneration devices, cardiovas 
cular stents, nerve guides, Surgical implants and wires. 
0036. In accordance with the invention, a peptide-contain 
ing composition is applied to, or deposited on, the magnesium 
alloy to at least partially form a layer or thin film or coating on 
a surface of the magnesium alloy. Methods for application or 
deposition of the coating composition can be selected from 
various conventional coating techniques known in the art and 
traditional apparatus used therefor. Non-limiting examples 
include, but are not limited to spraying, brushing, wiping, 
dipping, immersing in a bath, and the like. Furthermore, the 
thickness of the layer, thin film or coating can vary and may 
depend on the method of application, the components of the 
composition and the desired properties of the coated Substrate 
or article. 

0037. Some conventional coating methods may not be 
effective to produce non-uniform and porous coatings on 
magnesium alloy substrates. Technical difficulties typically 
arise from hydrogen bubbles formed on the magnesium alloy 
Surface during the coating process. Some known coating 
methods far magnesium alloy surface modification involve 
immersion of magnesium alloy Substrates into an aqueous 
environment. Immersion often includes the interference of 
corrosion effects on the coating formation, resulting in low 
coating affinity and/or low bonding strength on the actual 
magnesium alloy surface. Thus a non-aqueous environment 
can be employed for magnesium alloy Substrates using an 
organic Solution (e.g., tetrahydrofuran (THF)) as a solvent for 
the biomimetic peptide coating. This method provides an 
advantage of conserving the Surface integrity while forming a 
homogeneous coating on the magnesium alloy without con 
comitant corrosion reaction. It is also likely that increasing 
the amount of peptide may result in a thicker coating on the 
magnesium alloy surface and therefore better corrosion resis 
tance. However, enhanced performance is typically balanced 
against increased cost. 
0038 Generally, calcium (in the mineral phase of bone 
and dentin), is naturally biocompatible, non-toxic and there 
fore, a material of interest in orthopaedic applications. Vari 
ous phases of calcium phosphate (CaP) have been explored in 
the art for coating medical devices, including hydroxyapatite 
(HA), octacalcium phosphate (OCP), calcium phosphate 
dehydrate (DCP), anhydrous calcium phosphate (ADCP), 
and tricalcium phosphate (TCP). For example, it is known in 
the art to apply CaP coatings to magnesium alloys and, there 
are various conventional apparatus and methods known for 
application of the CaP coatings. Conventional methods 
include immersing the Substrates into various types of simu 
lated body fluids (SBF) at different temperatures. It is well 
established in the art that chloride ion (Cl) can promote 
corrosion by rapidly destroying the magnesium Surface and, 
accelerating pitting and galvanic corrosion. It is desirable to 
minimize the degradation of magnesium during the coating 
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process and therefore, a CaPbath (which contains no Clion) 
can be employed to minimize the interference of corrosion 
during the formation of CaP coating layer. Further, a series of 
pre-coating treatments including thermal treatment passiva 
tion in alkaline solution to optimize the Surface condition, can 
be employed. This multi-step approach can result in forming 
a crystal-like CaP coating on the magnesium alloy surface. 
0039. In accordance with certain embodiments of the 
invention and without intending to be bound by any particular 
theory, it is believed that deposition and formation of the 
peptide-containing coating on the magnesium alloy substrate 
can be effective to induce precipitation of CaP, which can 
result in the formation of a biomimetic CaP coating on the 
magnesium alloy. The peptide-induced coating can include 
an organized crystal pattern. That is, as compared to a CaP 
coating formed in the absence of biomimetic peptide, the 
peptide-induced coating can have an enhanced organized 
crystal pattern. 
0040. The peptide for use in the composition can be based 
on the highly acidic hone protein known as Dentin Sialophos 
phoprotein. Dentin Sialophosphoprotein (DSPP) is a non 
collagenous ECM protein found in bone and teeth. Phospho 
sphoryn (PP, also known as dentin phosphoprotein (DPP)) is 
a cleavage product of DSPP and has an important role in 
dentin mineralization, as well as cell signaling properties in 
bone and dentin. A member of the SIBLING family, PP can 
regulate various cellular activities such as the initiation of 
osteogenic gene expression via integrin/MAPK and Smad 
pathways. PP is an acidic Asp-Ser-rich protein containing 
30% aspartic acid and 60% serine residues. It has a unique 
predominant sequence of Asp-Ser-Ser (DSS), repeats with 
85-90% of scrims phosphorylated. This unique sequence con 
tains high negatively charged amino acids which controls 
mineral formation in dentin. PP protein, however, has asso 
ciated therewith rapid degradation and therefore, technical 
isolation of the PP protein can be challenging. Furthermore, 
the vast number of phosphorylated serine sites confer a high 
negative charge, making PP recalcitrant to further character 
ization and therefore, a biomimetic peptide approach is 
employed to overcome these challenges. 
0041 Generally, biomimetics is the study and develop 
ment of synthetic systems that mimic the form, function, or 
structure of a biologically produced Substance. Further, a 
biomimetic coating is a functional Surface modification 
designed using biological concepts. Engineering of these 
coatings typically aims to improve compatibility of the Sur 
face with biological processes. Such as cell signaling activity 
for enhanced cell proliferation and differentiation. In control 
ling magnesium corrosion, biomimetic coatings are of inter 
est due to their potentially dual roles as coating materials: 1) 
affecting the kinetics of magnesium resorption, and 2) influ 
encing cell signaling for better tissue regeneration. The bio 
mimetic coating in combination with a resorbable metal can 
result in the metal degradation providing a release mechanism 
for the biological protein attached to the surface. 
0042. In accordance with principles of biomimicry, there 

is provided peptide motif based on the amino acid sequence of 
PP. This peptide is composed of three repeats of DSS amino 
acids. PP is an acidic Asp-Set-rich protein containing 30% 
aspartic acid (Asp, D) and 60% Serine (Ser, S) residues. 
0043. In certain embodiments, a 3DSS biomimetic pep 
tide is provided based on PP. The biomimetic 3DSS peptide 
can be coated onto the magnesium alloy to provide a biocom 
patible Surface coating for improving corrosion resistance. 
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The 3DSS peptide also can be used as a template for calcium 
phosphate deposition on the Surface of the magnesium alloy. 
The 3DSS biomimetic peptide coating serves a protective role 
in both the hydrogen evolution and electrochemical corro 
S1O. 

0044. In certain embodiments, the peptides for use in the 
invention include the followings, (i) DEDE(SSD), DEG, 
wherein in represents the number of SSD motifs and is an 
integer from 2 to 20, indicated by SEQNO. 1; (ii)RRRDEDE 
(SSD), DEG, wherein in represents the number of R SSD 
motifs and is an integer from 2 to 20, indicated by SEQ NO. 
2: (iii) RRRGDEDE(SSD), DEG, wherein in represents the 
number of SSD motifs and is an integer from 2 to 20, indi 
cated by SEQNO. 3; and (iv) LKKLKKLDEDE(SSD), DEG, 
wherein in represents the number of SSD motifs and is an 
integer from 2 to 20, indicated by SEQ NO. 4. 
0045 Peptide (iii) above contains the RGD motif for cell 
integrin binding. Functional bioactive peptide motifs other 
than RGD can be used, such as but not limited to IKVAV of 
laminin. Thus, Peptide (iii) can also include RRRIKVAVEDE 
(SSD), DEG. Peptide (iv) above contains leucine zipper 
domains to promote self-assembly. 
0046. The peptides for use in the coating compositions of 
the invention can induce biomimetic calcium phosphate min 
eralization of collagen fibrils. In the presence of these phos 
phorylated peptides, highly organized mineralized collagen 
fibrils structurally similar to the mineralized collagen fibrils 
ofactual bone and dentin can be formed. Thus, DPP-inspired 
peptides can be used to synthesize highly organized biomi 
metic composite nanofibrils, with integrated organic and 
inorganic phases. These compositions are effective for use in 
the repair and regeneration of mineralized tissue, and the 
promotion of osteogenesis. 
0047. In certain embodiments, the bioinspired peptides 
include the following: (v) DEDESSDSSDSSDDEG (SSD.) 
indicated by SEQ NO. 1: (vi) RRRDEDESSDSSDSSDDEG 
(R-SSD) indicated by SEQ NO. 2: (vii) RRRDEDESS 
DSSDSSDSSDSSDDEG (R-SSD) indicated by SEQ NO 
2; and (viii) RRRGDEDESSDSSDSSDDEG (RGD-SSD) 
indicated by SEQ NO. 3. 
0048 IN (viii) above indicated by SEO NO. 3, the RGD 
motif provides for integrin binding for better integration into 
living tissues. These peptides can be phosphorylated at mul 
tiple sites. Further, these peptides can include other signaling 
self-assembly or molecular recognition motifs. 
0049 FIG. 1 shows a peptide design schematic of a 
R—SSD sequence containing: i) three Argamino acids at its 
N-terminus end, ii) followed by four amino acids forming the 
CK1 recognition site and iii) three Ser-Ser-Asp repeats. CK2 
recognition motif is located at the C-terminus end of the 
peptide. This peptide design schematic is in accordance with 
certain embodiments of the invention and is indicated by SEQ 
NO. 2. It has a unique predominant sequence of Asp-Ser-Ser 
(DSS), repeats with 85-90% of serines phosphorylated. This 
unique sequence that contains high negatively charged amino 
acids can control mineral formation in dentin. 
0050. It is contemplated, that other components may be 
added to the peptide-containing compositions provided that 
the biocompatibility and corrosion resistant properties of the 
coated article or substrate remain within acceptable limits. 
0051. In accordance with the invention, it is generally 
found that the combination of peptide and magnesium alloy, 
which includes the magnesium alloy being at least partially 
coated by the peptide-containing composition, provides cell 
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signaling ability of full PP protein while being, effective to 
promote osteogenesis and mineralization for improved tissue 
and bone regeneration. Further, as previously mentioned 
herein, the peptide-containing coating may control CaP depo 
sition to achieve a biomimetic CaP coating. Such a coating, 
has high compatibility in a mineralizing tissue site, and 
thereby can further improve the cellular compatibility of alloy 
implants. 
0052 Further, it is contemplated that a pre-treatment, con 
version coating may be conducted or applied to the Surface of 
the metal alloy prior to applying thereto, or depositing 
thereon, the peptide-containing coating composition, in cer 
tain instances, it has been shown in the art that pre-treatment 
can result in improved adhesion of a coating to a Substrate. 
0053 Moreover, in accordance with certain embodiments 
of the invention, it has been shown that coating of peptides 
can be achieved on magnesium based alloys and as a result, 
corrosion resistant properties are provided to the magnesium 
based alloys. Without intending to be bound by any particular 
theory, it is believed that the resorbable magnesium alloy acts 
as a protein/peptide delivery system. 

Examples 

0054 The examples demonstrate the effectiveness of coat 
ing biomimetic peptides on magnesium (Mg) alloy AZ31B 
(96% magnesium, 3% aluminum, 1% zinc) and includes, 
examining the consequent reduction in corrosion rate in 
simulated body fluids (SBF), and assessing the ability of the 
biomimetic peptide to induce calcium phosphate precipita 
tion on AZ31 Balloys. The commercially-available (AZ31B) 
alloy was selected as a prototype substrate because it is a 
major, low-cost commercial Mg alloy and AZ31 implants 
were believed to have potential in facilitating new bone for 
mation. 
0055 Mg Alloy Preparation 
0056. An AZ31 Balloy (1 mm thick, Alfa Aesar) was used 
as the primary substrate material. Samples were cut to 10x10 
mm squares, and then polished on both sides using 800 grit 
silicon carbide (SiC. Allied) papers to obtain homogeneous 
roughness. The final dimension of the finished substrate was 
10x10x1 mm. Before experimentation, all samples were 
ultrasonically cleaned in 100% acetone for 10 minutes, then 
in 100% ethanol for 10 minutes, in order to remove any 
Surface residues. All samples received a final rinse in deion 
ized, water (DI water). Clean AZ31B alloys were placed 
under ultraviolet radiation for one hour on each side for 
sterilization. Sterilized AZ31 Balloys were then used as non 
coated controls. In order to stabilize the surface prior to coat 
ing, all AZ31 B samples used to perform the CaP-coating 
received the following pre-treatments: (i) heat treatment at 
205°C. for one hour in argon; (ii) passivation in 1MNaOH for 
24 hours; and (iii) heat treatment at 150° C. for one hour in air. 
0057 Biomimetic Peptide Coating 
0058. A biomimetic ECM peptide motif was designed 
based on the sequence of PP protein. This novel peptide 
comprises a triple repeat of a tri-residue sequence aspartic 
acid-serine-serine (DSSDSSDSS). The designed peptide 
(3DSS) sequence was sent to 21 Century Biochemicals, Inc., 
for synthesis. 
0059. The 3DSS peptide powder was dissolved in tetrahy 
drofuran (THF, Fisher Scientific) at a final concentration of 
60 ug/mL. The peptide was coated onto AZ31B alloys by 
immersion of the AZ31 B samples in the peptide-THF solu 
tion at room temperature (RT) for two days, until the THF 

May 14, 2015 

evaporated completely. AZ31 B samples were then further 
dried in air for two more days. THF-coated AZ31B controls 
were prepared with the same method, however with no 3DSS 
peptide dissolved in THF. The coating process is schemati 
cally described in FIG.2B. 
0060 Calcium Phosphate Coating 
0061 CaP solution was prepared as calcium and phos 
phate precursor Solutions separately, then mixed to form a 
final CaP bath. The final concentration (mM) of the CaP bath 
was 14 mM of Ca(NO), 8.4 mM of NaH2PO and 4 mM 
NaHCO. The achieved Ca/Pratio was 1.67, which is close to 
that of hydroxyapatite (HA). Sodium bicarbonate (NaHCO) 
was added to the phosphate solution as a buffering element. 
0062 3DSS biomimetic peptides were added to the phos 
phate Solution during the preparation. The final concentration 
of the biomimetic 3DSS peptides in the CaP bath was 125 
ug/mL. A CaP bath containing no peptide was used for the 
control group Pre-treated AZ31 B alloys were placed in the 
CaPbath and incubated for 24 hours at RT. After CaP coating, 
all samples were rinsed in DI water, and then followed with a 
final heat treatment at 300° C. for two hours (FIG. 2B). 
0063 Surface Characterization 
0064. Scanning electron microscopy (SEM, JSM-6330F, 
JEOL) was conducted on all peptide-coated samples and CaP 
coated samples to assess coating morphology, distribution 
and structure. Elemental composition of the 3DSS coating 
and CaP coating were analyzed using energy dispersive X-ray 
spectroscopy (EDX) coupled with SEM (Phillips, XL-30 
FEG SEM). An EDX detector was attached to the SEM sys 
tem, and employed a beryllium-window protected Si (Li) 
detector operating at 15 kV for elemental analysis. Non 
coated AZ31B and THF-coated AZ31B alloys were used as 
controls for 3DSS biomimetic peptide coating, and CaP 
coated AZ31 Balloys were used as controls for 3DSS biomi 
metic peptide induced CaP coating experiments. 
0065 Diffuse-reflectance infrared spectroscopy (DRIFT, 
Nexus 470 FTIR, Thermo Election Corp) was used to char 
acterize the chemical composites of coatings. All spectra 
were collected in the range of 4000-400 cm for 1024 scans 
with a resolution at 4 cm. Bare AZ31B alloys were used as 
background for all experiments. Pure 3DSS peptide powder 
was used as a positive control for 3DSS biomimetic peptide 
coating experiments. CaP coated AZ31 Balloys were used as 
controls far 3DSS biomimetic peptide induced CaP coating. 
Both CaP coatings received a final 300° C. heat treatment. 
0.066 Corrosion Assessment 
0067. The corrosion resistance of 3DSS peptide-coated 
AZ31B alloys was assessed using two techniques. The first 
technique, hydrogen (H) evolution testing, in SBF, was car 
ried out at RT, using non-coated AZ31B alloys as controls. 
SBF solution was prepared. Ion concentrations (mM) were as 
follows: 142.0 of Na", 5.0 of K", 1.5 of Mg, 2.5 of Ca", 
148.8 of C1, 4.2 of HCO, 1.0 of HPO, and 0.5 of SO. 
Each AZ31B sample was immersed in SBF for 72 hours. The 
schematic diagram of the experimental setup is shown in FIG. 
2A. The amount of corroded Mg was calculated according to 
the corrosion reaction expressed as follows: 
Mg+2H2O=Mg"+2OH+H (Equation 1). A t-test was used 
to evaluate the difference in corrosion rate. Statistical signifi 
cance was defined as ps0.05. 
0068. The second technique, electrical corrosion assess 
ment, was also applied to monitor the corrosion behavior of 
3DSS peptide-coated AZ31 Balloys. Electrochemical corro 
sion study was carried out in Dulbecco's Modified Eagle 
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Medium (DMEM, Gibco), which was supplemented with 
10% fetal bovine serum (FBS, Gibco), 1% glutamine, 1% 
penicillin and streptomycin to meet the physiological condi 
tions for cell culture. An electrochemical workstation (CH 
instruments, Inc. 604A) with a three electrode cell configu 
ration was used. The temperature was maintained at 37° C. 
Platinum was used as the counter electrode while Ag/AgCl 
was used as the reference electrode. The potentiodynamic 
polarization (PDP) curve was recoded with a scanning rate of 
~ 1 mV/s. The potential window was set from -2.0V to -1.0V. 
Bare AZ31B alloys as well as 3DSS peptide-coated AZ31B 
alloys were used as a working electrode with one Surface 
connected to an electrical wire, the other surface exposed to 
the media (surface area was 1 cm). The corrosion potential 
and the corrosion current density were determined by linear 
fit of the Tafel plots. 
0069. Results 
0070 AZ31B Mg Alloys Coated with Biomimetic Pep 
tides 
0071 SEM results showed that a smooth, compact coating 
farmed evenly on AZ31 Balloy treated with 3DSS peptide. In 
contrast, on the non-coated AZ31 Balloy and the THF-coated 
AZ31B alloy, polishing marks were clearly evident. These 
results indicated the ability to Successfully create a coating 
layer on AZ31 Balloys. To demonstrate that this coating layer 
was indeed composed of peptide. EDX and DRIFT analyses 
were performed for further coating characterization. 
0072 The atomic composition of the surface coating was 
analyzed via SEM associated with EDX. EDX analysis 
revealed the presence of Mg and Oatoms on both non-coated 
AZ31B and THF-coated AZ31B. The presence of Oatom was 
due to oxidization on the surface of AZ31 Balloys. In addition 
to Mg and Oatoms, Cand Natoms were also presented on the 
surface of 3DSS peptide-coated AZ31B alloy. These atoms 
were mainly from the carbon backbone and amine bonds in 
the peptide. The number of Mg atoms also decreased dramati 
cally due to peptide coverage on the Mg alloy surface. These 
results confirmed that the coating layer created on AZ31B 
surface was indeed 3DSS peptide. The atoms presented on the 
alloy surface in weight (wt) '% for the non-coated AZ31B 
were: 19.46 of O and 80.54 of Mg; for the THF-coated 
AZ31B were: 5.37 of O and 94.63 of Mg; and for the 3DSS 
coated AZ31B were: 64.80 of C 8.96 of N, 14.82 of O and 
10.29 of Mg. The atoms presented on the alloy surface in 
atomic (At) % for the non-coated AZ31B were: 26.86 of O 
and 73.14 of Mg: for the THF-coated AZ31B were: 7.93 of O 
and 92.07 of Mg; and for the 3DSS coated AZ31B were: 
72.65 of C 8.62 of N, 12.47 of O and 5.70 of Mg. To further 
support these results, DRIFT assessment was applied to char 
acterize the chemical composites of the coatings. 
0073. In the DRIFT spectrum of pure 3DSS peptide pow 
der, a peak at 3300 cm corresponded to an amide A and was 
indicative of a terminal amine group due to the N H stretch 
ing vibration in the peptide. Peaks at 1660 cm and 1550 
cm corresponded to an amide I band (mainly associated 
with the C=O stretching vibration) and an amide II band 
(resulting from the N H bending vibration and from the 
C N stretching vibration), respectively. After deposition of 
the peptide on AZ31B, the DRIFT spectrum also contained 
the amide Aband (3300 cm), amide Iband (1670 cm) and 
amide II band (1540 cm), with a similar pattern in the 
spectrum of peptide powder. The spectrum was slightly 
shifted due to the fact that the peptide was presented on the 
Mg alloy Surface. This result confirmed that the coating pre 
sented on AZ31 Balloys was peptide. 
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0074 3DSS Peptide Coating Significantly Improved Mg 
Alloy Corrosion Resistance 
0075 Results were obtained for hydrogen evolution tests 
of AZ31 Balloys in SBF solution. The accumulated H. Vol 
umes of AZ31B alloys exhibited an approximately linear 
relationship with immersion time. He released from 3DSS 
coated AZ31 Balloys was consistently less than that released 
from non-coated AZ31 Balloys. For example, at starting time 
point (-0.5 hours), H released from non-coated AZ31B 
samples was 1.33 times more than that released from 3DSS 
coated AZ31B. After immersion for 72 hours, non-coated 
AZ31B still generated 1.30 times more H than 3DSS-coated 
AZ31B. The t-test showed that the difference in amount of 
released H between 3DSS-coated AZ31B and non-coated 
AZ31 B after immersion in SBF for 3 hours, was significant 
(p<0.05). 
0076 According to the corrosion reaction (Equation 1), 1 
mol of H gas corresponds to the corroding of 1 mol of Mg. 
The total amount of corroded Mg detected was 9.7 mg for a 
non-coated AZ31 Balloy and 7.5 mg for the 3DSS coated the 
AZ31B alloy. (This assumed that the alloying elements alu 
minum (3%) and zinc (1%) in AZ31B alloy were few, and 
their reaction in SBF was negligible.) The corrosion results 
demonstrated that the 3DSS peptide coating significantly 
improved the corrosion resistance of AZ31 Balloys in SBF. 
(0077. The average H. evolution rate of AZ31 Balloys was 
calculated based on the surface area of AZ31B alloys (10x 
10x1 mm with is total surface area of 2.4 cm), the total 
volume of released H., (9.03 mL for non-coated AZ31B and 
6.93 mL for 3DSS peptide coated AZ31B) and the immersion 
time (72 hrs). The average H. evolution rate of non-coated 
AZ31B alloy was 1.254 mL/cm-day'. The average H. evo 
lution rate of 3DSS peptide-coated AZ31B was 0.96 
mL/cm day'. These average H. evolution rates can be used 
as indicators of AZ31B corrosion rates. Thus, the numbers 
represent a 30% overall reduction over corrosion of non 
coated AZ31B. 

0078. The corrosion rate was also estimated by calculating 
the slopes of the linear region of the two curves, which were 
0.1 for non-coated AZ31B and 0.075 for 3DSS peptide 
coated AZ31B, respectively. A larger slope indicated a higher 
corrosion rate. 

(0079 PDP curves (Tafel plot) of bare AZ31B alloy and 
3DSS peptide-coated AZ31B alloy in DMEM media were 
generated. The anodic reaction was the dissolution of Mgby 
oxidation, whereas the cathodic reaction was the H evolution 
through a reduction process. The corrosion potential for non 
coated AZ31B control and 3DSS-peptide coated AZ31B were 
-1.50 V and -1.14V, respectively. The corrosion potential of 
3 DSS peptide-coated AZ31B was ~400 mV higher as com 
pared to non-coated AZ31B control. The 3DSS peptide 
coated AZ31B also exhibited as much lower corrosion cur 
rent: for 3DSS peptide-coated AZ31B, the I-3DSS was 
3.16' LA; for non-coated AZ31B control, the I was 3.16 
|LA (given the exposed surface area 1 cm). These results 
indicated that coated AZ31B was more stable (corrosion 
resistant) in DMEM, due to the protective properties of the 
3DSS biomimetic peptide coatings. 
0080 Biomimetic Peptides Facilitated Organized Cal 
cium Phosphate Precipitation 
I0081. To further extend the efficacy of Mg alloy coating, it 
was tested whether peptide undercoating could control the 
deposition of CaP on the alloy surface. 
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I0082 SEM results of CaP coating and 3DSS peptide-in 
duced CaP coating on AZ31B alloys were obtained. The 
crystal structures and morphologies of Cap coatings on the 
AZ31B surface with and without 3DSS were compared. The 
CaP coating formed in the presence of 3DSS peptide clearly 
exhibited a larger, crystal-like structure as compared to that of 
the CaP coating formed without the facilitation of 3DSS 
peptide. These results showed the ability to precipitate CaP 
coatings onto AZ31B alloys, and a distinct difference in the 
CaP crystal structures with and without the presence of 3DSS 
biomimetic peptide. This data clearly indicated that the bio 
inspired 3DSS peptide was inducing CaP precipitation in an 
organized crystal pattern. 
I0083 EDX and DRIFT analysis were also performed to 
further characterize the chemical structures of the CaP coat 
ings. 
0084. The atomic composition of the newly formed CaP 
coating, analyzed by SEM with associated EDX was gener 
ated. EDX analysis revealed the presence of C, O, Mg, P. and 
Caatoms on both CaP-coated AZ31 Balloys with and without 
3DSS peptide. There was also a negligible Peak of Al atom 
(0.38%, wt %) on the surface of 3DSS induced CaP coated 
AZ31B. The O, P and Ca atoms were from the CaP coatings 
on the surface of AZ31B alloys. In addition to O, P, and Ca 
atoms, atom C was also presented on both CaP coated 
AZ31B, which mainly derived from the sodium bicarbonate 
(NaHCO) in the Cap bath. The amount of each atom in 
different CaP coatings was very similar. The CaP ratio in each 
CaP-coated sample, before and after final 300° C. heat treat 
ment, was calculated based on the EDX data. The atoms 
presented on the alloy surface in weight (wt)% for the 3DSS 
induced CaP coated AZ31B were: 11.15 of C, 31.56 of O, 
4.05 of Mg, 0.38 of Al, 20.18 of P and 32.68 of Ca, and for the 
CaP coated AZ31B without 3DDS were: 8.02 of C, 27.36 of 
O, 2.69 of Mg, 21.4 of P and 40.39 of Ca. The atoms presented 
on the alloy surface in atomic (At) % for the 3DSS induced 
CaP coated AZ31B were 20.40 of C, 43.37 of O, 3.66 of Mg, 
0.31 of Al, 14.32 of P and 17.92 of Ca; and for the CaP coated 
AZ31B without 3DDS were: 15.93 of C, 40.08 of O, 2.64 of 
Mg, 16.59 of P and 24.04 of Ca. The Ca/P ratio of both CaP 
coatings was around 1.3, in particular, the CafP ratios char 
acterized by EDX for the 3DSS-induced CaP coated AZ31B 
before 300° C. heat treatment was 1.38+/-0.16 and after 300° 
C. heat treatment was 1.31+/-0.03 and, the CafP ratios char 
acterized by EDX for the CaP coated AZ31B without 3DSS 
before 300° C. heat treatment was 1.34+/-0.10 and after 300° 
C. heat treatment was 1.30+/-0.09. This lower Ca/P ratio 
(lower than 1.67) may have been due to the incorporation of 
carbonate in HA structure. 

0085 DRIFT assessment was applied to characterize the 
chemical composites of CAP coatings. Both CaP coatings 
received a final 300° C. heat treatment. For the DRIFT spectra 
of both CaP coatings on AZ31B with and without the pres 
ence of 3DSS peptide, hydroxyl (OH) stretch was observed at 
3544 cm in the spectrum of CaP coated AZ31B, and at 3550 
cm in the 3DSS peptide-induced CaP-coated AZ31B. How 
ever, the intensity of each peak was verlow, and both peaks 
were masked by the broad HO peak. Both spectra exhibited 
typical peaks of the v1, v3 phosphate (PO) region (900 
1200 cm) of HA. Both contours presented one sharp peak at 
around 1010 cm, and a shoulder peak around 1116 cm. 
The split of POv1, v3 peaks indicated that the phase of CalP 
coating formed on the AZ31 B surface was HA. Whereas 
amorphous calcium phosphate typically exhibits a single 
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band. There was also a well-defined doublet at around 600 
cm (one peak at 600 cm, another peak at 560 cm) in 
each spectrum, corresponding to PO, V4 bending fre 
quency. The peaks presented around 1300-1650 cm in both 
spectra (one peak at around 1600 cm, another peak at 
around 1400 cm) resulted from carbonate (CO™) v3 
vibration. These data indicated that the CaP coating was a 
mixture of HA and carbonated apatite, since there was 
NaHCO, in the CaP bath. To verify the DRIFT results, x-ray 
diffraction measurements were performed to confirm that the 
CaP formed was HA. 
0086 Discussion of Results 
I0087. The surface modifications developed for Mg-based 
alloys using various coating materials have led to variable 
results in enhancing corrosion resistance. It is contemplated 
that a suitable coating on Mgalloy implants has at least one of 
the following properties: adheres strongly on the Surface, as 
well as being environmentally friendly, is degradable, and is 
biocompatible with the human body. 

Coating Methods 
I0088 A non-aqueous environment was employed for the 
Mg alloy Substrates using an organic Solution (e.g., THF) as a 
solvent for the biomimetic peptide coating. This method pro 
vided an advantage of conserving the Surface integrity while 
forming a homogeneous coating on the magnesium without 
concomitant corrosion reaction. 
0089 Corrosion Test 
I0090 AS previously mentioned herein, H, gas released 
from a corroding Mgalloy implant is a significant concern for 
medical application of Mg, since this gas can accumulate in 
the body, form H gas pockets and cause the separation of 
tissue layers, as well as other negative biological conse 
quences. Because it provides precise and direct information 
on the amount of H gas generated. He evolution measure 
ment is increasingly used as a measure of the corrosive behav 
ior of Mg alloy. According to Equation 1 (above), measuring 
the gas Volume can yield a value for the mass loss of Mg, a 
value that is not affected by the formation of corrosion prod 
ucts. Unfortunately, H evolution does not provide any infor 
mation on the actual mechanisms of corrosion. For this rea 
son, a PDP test was included, which provided additional 
details of the mechanistic aspects of Mg alloy corrosion. By 
combining two techniques and using two different corrosion 
solutions (SRF and DMEM media) the peptide coatings 
protective effect on alloy corrosion was assessed by compar 
ing the coated VS. non-coated samples. The data showed that 
the 3DSS peptide coating was effective in reducing the rate of 
Mg corrosion. However, it was noted that corrosion behavior 
can vary greatly due to variations with conditions, such as the 
use of differing Mg alloys and/or immersion solutions. 
0091 Calcium Phosphate Coating 
0092. A CaP bath (which contained no Cl ion) was 
employed to minimize the interference of corrosion during 
the formation of CaP coating layer. In some instances, CaP 
layers led to initially good cell adhesion and spreading, but 
had compromised viability at longer time points. This was 
likely due to the poor corrosion protection properties of a CaP 
layer alone. Thus, a biomimetic peptide was used to direct the 
precipitation of CaP on Mgalloy. The biomimetic peptide, by 
mimicking the bioactivity of full PP protein, had the ability to 
induce controlled CaP precipitation, resulting in a biologi 
cally advantageous CaP microstructure. It was believed that 
these peptide-induced CaP coatings would result in a more 
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homogeneous coating and more would provide better corro 
sion resistance. A series of pre-coating treatments were tested 
for the purpose of providing an enhanced and more stable Mg 
alloy Surface for receiving the CaP coatings. For example, 
NaOH passivation to reduce the initial corrosion in a CaP 
bath, and strongly enhancing, the likelihood for Subsequent 
cell Survival on the coated Surface was employed. Alterna 
tively, after heat treatment the CaP coating can form more 
easily on the Substrate, potentially overcoming the energy 
barrier of apatite crystal nucleation and resulting in evenly 
distributed grains of crystallization. 
0093. From the SEM results, there was observed distinct 
differences in crystal morphology for 3DSS peptide-induced 
CaP coatings, as compared to the CaP coatings without 
3DSS. Larger crystals formed by the organizational effect of 
3DSS peptide indicated crystals with higher order fidelity, 
and also indicated more uniformity of the phosphate ions. 
0094. The Ca/P ratio was calculated based on the EDX 
results. There was observed a slight decrease in Ca/P ratio 
after the CaP coated samples being treated at 300° C. The 
Ca/P ratio of both CaP coatings was around 1.3, both before 
and after the heat treatment. This lower Ca/Pratio flower than 
1.67) may have indicated a mixture of different CaP phases, 
which may have been due to the incorporation of carbonate in 
HA structure. 
0095. In addition, DRIFT results confirmed a mixed com 
position of crystalline HA and carbonated apatite. There was 
observed a very low intensity of OH peak in both CaP coat 
ings with and without 3DSS peptide. This decrease in OH 
groups may have been attributed to the existence of carbonate 
in the CaP bath. That is, the OH group decreased with an 
increase in the carbonated substitution. The presence of 
CO, in the CaP coatings may have been from either surface 
deposits of carbonate or the CO, was incorporated in CaP 
structure. The two peaks at 900-1200 cm were not sharply 
defined and were poorly split, indicating that the HA coatings 
were poorly crystallized. The sharp splitting of the P O 
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band around 600 cm' (PO, v4) indicated a crystalline apa 
tite structure (HA), since a completely amorphous CaP 
should have only one single broad peak at this region. The 
distribution of CO' v3 sites depended on thematuration and 
formation of apatite crystals. The competition between PO, 
and CO, affected the occupancy of CO, v3 sites. The 
presence of CO, v3 may have contributed to the decrease of 
OH groups in the spectra as mentioned previously. The two 
spectra were very similar in shape, and the atomic analysis by 
EDX also showed very similar types and amounts of atoms 
derived from CaP coatings with and without 3DSS peptide. 

CONCLUSION 

0096. There was demonstrated the formation of a biomi 
metic peptide coating on AZ31 Balloy. Surface characteriza 
tions by SEM-EDX and DRIFT results confirmed the pres 
ence of biomimetic peptides on the surface of AZ31 Balloys. 
Two different corrosion tests revealed an increased corrosion 
resistance for peptide-coated AZ31 Balloys. It also was dem 
onstrated that biomimetic 3DSS peptide can direct CaP for 
mation on the AZ31 Balloys and result in very different CaP 
crystal structure as compared to CaB coatings without the 
presence of 3DSS peptide. EDX and DRIFT indicated the 
composition of crystalline HA and carbonated apatite. 
0097. The results demonstrated the effectiveness of apply 
ing biomimetic coatings to magnesium-based alloys for cor 
rosion protection. It also was demonstrated that 3DSS biomi 
metic peptide coatings can organize CaB precipitation. Thus, 
biomimetic peptide-coated magnesium alloy Substrates are 
Suitable for use as medical implants for improved osteointe 
gration. 
0098. Whereas particular embodiments of the invention 
have been described herein for purposes of illustration, it will 
be evident to those skilled in the art that numerous variations 
of the details may be made without departing from the inven 
tion as set forth in the appended claims. 

<223> OTHER INFORMATION: derived from consensus mammalian sequence of 
DSPP 

22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (5) . . (64) 
<223> OTHER INFORMATION: Ser Ser Asp repeats (in varies from 2 to 20) 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (1) ... (4) 
<223> OTHER INFORMATION: Casein kinase 1 recognition motif 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (65) . . (67 
<223> OTHER INFORMATION: Casein kinase 2 recognition motif 

<4 OOs SEQUENCE: 1 

Asp Glu Asp Glu Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp 
1. 5 1O 15 

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser 
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- Continued 

2O 25 3O 

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser 
35 4 O 45 

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp 
SO 55 6 O 

Asp Glu Gly 
65 

<210s, SEQ ID NO 2 
&211s LENGTH: 70 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: derived from consensus mammalian sequence of 
DSPP 

22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (8) . . (68 
<223> OTHER INFORMATION: Asp Ser Ser repeats (in varies from 2 to 20) 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: Insertion of 3 Arg at the N terminus of the 

peptide 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (4) . . (7) 
<223> OTHER INFORMATION: Casein kinase 1 recognition motif 
22 Os. FEATURE: 

<221. NAME/KEY: MISC FEATURE 
<222s. LOCATION: (69) . . (71) 
<223> OTHER INFORMATION: Casein kinase 2 recognition motif 

<4 OOs, SEQUENCE: 2 

Arg Arg Arg Asp Glu Asp Glu Ser Ser Asp Ser Ser Asp Ser Ser Asp 
1. 5 1O 15 

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser 
2O 25 3O 

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser 
35 4 O 45 

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp 
SO 55 6 O 

Ser Ser Asp Asp Glu Gly 
65 70 

<210s, SEQ ID NO 3 
&211s LENGTH: 71 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: derived from consensus mammalian sequence of 
DSPP 

22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (9) . . (69 
<223> OTHER INFORMATION: Asp Ser Ser repeats (in varies from 2 to 20) 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (1) ... (3) 
<223> OTHER INFORMATION: Insertion of 3 Arg at the N terminus of the 

peptide 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (4) ... (4) 
<223> OTHER INFORMATION: Insertion of Gly to generate an Arg Gly Asp 

integrin recognition motif. Other signalling motifs, such as 

May 14, 2015 
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- Continued 

IKVAV can be inserted into the sequence 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (5) . . (8) 
<223> OTHER INFORMATION: Casein kinase 1 recognition motif 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (70) . . (73) 
<223> OTHER INFORMATION: Casein kinase 2 recognition motif 

<4 OOs, SEQUENCE: 3 

Arg Arg Arg Gly Asp Glu Asp Glu Ser Ser Asp Ser Ser Asp Ser Ser 
1. 5 1O 15 

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp 
2O 25 3O 

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser 
35 4 O 45 

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser 
SO 55 6 O 

Asp Ser Ser Asp Asp Glu Gly 
65 70 

<210s, SEQ ID NO 4 
&211s LENGTH: 74 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: derived from consensus mammalian sequence of 
DSPP 

22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (12) . . (72) 
<223> OTHER INFORMATION: Asp Ser Ser repeats (in varies from 2 to 20) 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (8) ... (11 
<223> OTHER INFORMATION: Casein kinase 1 recognition motif 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (73) . . (75) 
<223> OTHER INFORMATION: Casein kinase 2 recognition motif 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (1) . . (7) 
<223> OTHER INFORMATION: Leucine zipper motif 

<4 OOs, SEQUENCE: 4 

Lieu Lys Llys Lieu Lys Llys Lieu. Asp Glu Asp Glu Ser Ser Asp Ser Ser 
1. 5 1O 15 

Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp 
2O 25 3O 

Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser 
35 4 O 45 

Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser Asp Ser Ser 
SO 55 6 O 

Asp Ser Ser Asp Ser Ser Asp Asp Glu Gly 
65 70 

1. A composition for coating magnesium alloy, compris- RRRDEDE(SSD), DEG, wherein n is an integer from 2 to 
ing: 20, indicated by SEQ NO. 2: 

RRRGDEDE(SSD), DEG, wherein n is an integer from 2 
to 20, indicated by SEQ NO. 3; and 

DEDE(SSD), DEG, wherein n is an integer from 2 to 20, LKKLKKLDEDE(SSD), DEG, wherein n is an integer 
indicated by SEQ NO. 1; from 2 to 20, indicated by SEQ NO. 4. 

a peptide selected from the group consisting of 
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2. The composition of claim 1, wherein the peptide is 
selected from the group consisting of: 
DEDESSDSSDSSDDEG, indicated by SEQ NO. 1; 
RRRDEDESSDSSDSSDDEG, indicated by SEQ. NO. 2; 
RRRDEDESSDSSDSSDSSDSSDDEG, indicated by 
SEQ NO 2; and 

RRRGDEDESSDSSDSSDDEG, indicated by SEQNO.3. 
3. A coated magnesium alloy substrate, comprising: 
a coating composition, which comprises: 
a peptide selected from the group consisting of 
DEDE(SSD), DEG, wherein n is an integer from 2 to 20, 

indicated by SEQ NO. 1; 
RRRDEDE(SSD), DEG, wherein n is an integer from 2 to 

20, indicated by SEQ NO. 2: 
RRRGDEDE(SSD), DEG, wherein n is an integer from 2 

to 20, indicated by SEQ NO. 3; and 
LKKLKKLDEDE(SSD), DEG, wherein n is an integer 

from 2 to 20, indicated by SEQ NO. 4. 
4. The coated magnesium alloy Substrate of claim 3, 

wherein the peptide is selected from the group consisting of 
DEDESSDSSDSSDDEG, indicated by SEQ NO. 1; 
RRRDEDESSDSSDSSDDEG, indicated by SEQ NO. 2: 
RRRDEDESSDSSDSSDSSDSSDDEG, indicated by 
SEQ NO. 2; and 

RRRGDEDESSDSSDSSDDEG, indicated by SEQNO.3. 
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5. A method of preparing a biomimetic magnesium alloy 
medical device, the method comprising, 
making a coating composition comprising 3DSS peptide; 
depositing the coating composition on a least a portion of 

an outer Surface of an uncoated magnesium alloy medi 
cal device to form a coating thereon; and 

producing a coated magnesium alloy medical device. 
6. The method of claim 5, further comprising implanting 

the coated magnesium alloy medical device into the body of 
a patient. 

7. The method of claim 5, wherein the forming and the 
depositing of the coating composition, comprises: 

dissolving 3DSS powder in an organic solvent to form a 
3DSS solution; 

combining the 3DSS solution with CaP solution to form a 
3DSS/CaP bath solution; 

immersing the uncoated magnesium alloy medical device 
into the 3DSS/CaP bath solution to form the coating on 
the Surface of the magnesium medical device. 

8. The method of claim 7, wherein the organic solvent is 
tetrahydrofuran. 


