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Introduction 
The small leucine-rich proteoglycans (SLRP), prevalent 
in collagenous tissues, regulate collagen fibrillogenesis 
and provide biochemical cues critical to tissue function. 
SLRPs purified from animal sources bear low yields.  
Inspired by the native SLRP decorin we have designed 
peptidoglycans that contain a collagen-binding peptide 
attached to a glycosaminoglycan.  We hypothesized that 
peptidoglycans would modulate collagen fibrillogenesis 
and decrease fibril diameter in vitro similarly to decorin.  
In addition to influencing fibrillogenesis, peptidoglycan 
incorporation within collagen gels influenced human 
coronary smooth muscle cell (hSMCs) behavior resulting 
in increased gel remodeling and elastin synthesis.  
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Materials and Methods 
Peptides RRANAALKAGELYKSILYGC1 (SILY) and 
SYIRIADTNITGC2 (Dc13) were synthesized, cleaved 
then purified by reverse phase chromatography; purity 
was confirmed by mass spectroscopy.  Peptides were 
conjugated to oxidized dermatin sulfate (DS) (Celsus 
Laboratories, 1.1 aldehyde/DS) using the 
heterobifunctional crosslinker PDPH (Pierce)3.  Following 
conjugation the peptidoglycans were purified by gel 
filtration using a column packed with Sephadex G-25 
medium (GE Healthcare) and lyophilized.  
 
Samples compared in this study include collagen alone, or 
collagen mixed with DS, DS-SILY, DS-Dc13, decorin, or 
free peptides.  Treatment concentrations were added at a 
10:1 molar ratio of collagen:additive.  Molar ratios were 
calculated using molecular weights: collagen 285kDa, DS 
41kDa, DS-SILY 43.2kDa, and Decorin 100kDa.  Gels 
were formed with a final collagen concentration of 
4mg/mL, pH of 7.4, and ionic strength of 164 mM. 
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Collagen gels, 200 μL, were prepared within a 20 mm 
diameter wettable surface of hydrophobic printed slides 
(Tekdon, Myakka City, FL).  Gels were incubated 
overnight at 37 °C in a humidified incubator prior to 
mechanical testing. Rheometry was performed with an 
AR G-2 rheometer (TA Instruments) with a 20 mm 
diameter parallel plate geometry; a normal force control 
of 0.25 N was used to lower the geometry onto the gels. 
Tests were performed at a stress of 1.0 Pa. 
 
hSMCs (Cascade Biologics) were maintained in Medium 
231 with smooth muscle growth supplement.  For gel 
experiments 106cells/ml (passage 3) in Medium 231 
supplemented with 1% FBS were used.  The Fastin assay 
kit (Biocolor, Ltd.) was used to quantify elastin 
production after 10 days in culture.   
 
 

 
All experiments were performed in triplicate.  
Significance was determined using Design Expert 
(StatEase) software with α = 0.05. 
 
Results 
The complex moduli (G*) of collagen gels formed in the 
presence of DS, decorin, DS-SILY, or free SILY peptide 
are shown in Figure 1. At all frequencies, the storage 
modulus (G′) was greater than the loss modulus (G′′) 
indicating a gel-like material. Decorin and DS-SILY 
significantly increased G* approximately 2.5 times 
collagen alone, whereas DS increased G* approximately 
1.7 times that of collagen.  SILY alone did not affect G*. 

 
 
 
 
 
 
 
 
 

Figure 1. Complex modulus collagen-based gels  
 
The peptidoglycan formed with the SILY peptide 
increased elastin synthesis by hSMC cultured within the 
collagen gels, while the presence of DS and DS-c13 
decreased elastin production relative to collagen alone 
(Fig.2).  The addition of peptide alone had no effect on 
elastin synthesis (data not shown) after 10 days in culture.   

 

Figure 2. Elastin produced per 200 µl gel. Collagen and 
DS-SILY are different from all other treatments (p<0.05). 
 
Discussion and Conclusions 
Peptidoglycans can mimic many of the features of natural 
proteoglycans as seen through influence of fibrillogenesis 
and fiber diameter (data not shown), and gel stiffness.  In 
addition they increased gel remodeling and elastin 
synthesis, which is critical for engineered blood vessels.  
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