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Statement of Purpose: Poly(ethylene glycol) (PEG) 
hydrogels functionalized with peptide moieties have been 
widely used in regenerative medicine applications. While 
many studies have suggested the importance of affinity 
binding within PEG hydrogels, the relationships between 
the molecular structures of the peptide motifs and their 
affinity binding to protein therapeutics remain largely 
unexplored, especially in recently developed thiol-
acrylate photopolymerization systems.[1] Herein, we 
employ fluorescence resonance energy transfer (FRET) 
and thiol-acrylate photopolymerizations to investigate 
how the molecular architectures of affinity peptides in 
crosslinked hydrogels affect their binding to diffusible 
proteins. The binding between diffusible streptavidin and 
biotinylated peptide bound to PEG hydrogel network was 
used as a model system to reveal the interplay between 
affinity binding and peptide sequences/architectures. In 
addition, we designed affinity peptides with different 
structures to enhance affinity binding within PEG 
hydrogels and to provide tunable affinity-based controlled 
delivery of basic fibroblast growth factor (bFGF). 
Methods: Three peptides (GKG2C or GKG7C, and 
GKG12C) with 2, 7, or 12 glycine spacers were 
synthesized in a solid-phase peptide synthesizer (SPPS), 
followed by biotinylation at the N-termini (for 
streptavidin binding) and FITC-conjugation (for FRET) at 
a selected deprotected lysine residue. In the presence of 
10 wt% PEG-diacrylate (PEGDA, mw: 6 kDa or 10 kDa) 
and AlexaFluor 555-labeled streptavidin (AF555-SA), the 
HPLC-purified peptides were co-polymerized into the 
PEG hydrogel network via a thiol-acrylate photo-
polymerization.[1] FITC-labeled biotinylated peptides 
(2μM) were used as FRET donor while AF555-SA was 
used as a FRET acceptor. As photopolymerized hydrogel 
network evolved, the fluorescence of the macromer 
solutions was measured in a microplate reader at donor 
(Ex: 485 nm, Em: 535 nm), acceptor (Ex: 560 nm, Em: 
590 nm), and FRET (Ex: 485 nm, Em: 590 nm) filter sets. 
Normalized FRET was used as an indication of protein-
peptide binding. Peptide sequence (KRTGQYKL) know 
to bind to basic fibroblast growth factor (bFGF) was also 
synthesized with a cysteine residue and conjugated with 
FITC for FRET measurement. Linear bFGF-binding 
peptide (bFGF-bp) was synthesized as described 
elsewhere.[2] The release of bFGF from affinity PEG 
hydrogels incorporated with different bFGF-bp structures 
was assessed. The bioactivity of released bFGF was 
evaluated in in vitro culture of PC12 neuroblastoma cells. 
Results: FRET results on biotinylated peptides-
streptavidin binding. As demonstrated by FRET 
experiments, we found that the binding between bound 
peptide ligand and free diffusible protein decreased as the 
network of crosslinked hydrogel evolved, likely due to the 

limited ligand accessibility of proteins to the immobilized 
peptide ligands.  As demonstrated by increased FRET in 
PEG hydrogels, the decreased protein-peptide binding, 
however, can be “rescued” by adding additional glycine 
spacers to extend the binding motifs away from the 
crosslinking points and increase peptide ligand flexibility 
and accessibility to diffusible proteins (Figure 1 Left). 
Peptide-bFGF binding and bFGF release. We found that 
the binding between protein and peptide ligand could be 
increased with linear multivalent affinity peptides. No 
statistical differences were found on FRET results in PEG 
solution and in PEG hydrogels using bFGF and 
multivalent bFGF-bp, indicating that the use of linear 
multivalent peptide preserve/enhance the protein-peptide 
binding. Sustained release of bFGF was evident when 
higher peptide-to-protein ratios (R) were incorporated in 
photopolymerized PEG hydrogels (Figure 1 Right). 
Furthermore, when linear bFGF-bp was entrapped in PEG 
hydrogels to form affinity semi-IPN, the release of bFGF 
was further delayed, demonstrating the importance of 
peptide architectures on affinity binding as well as on 
controlling the availability of the growth factors. The 
released bFGF was found to remain its bioactivity to 
induce PC12 cell differentiation. 

  
Figure 1. (Left) Normalized FRET for biotinylated 
peptide-streptavidin binding in PEG solution/hydrogels. 
(Right) Protein-to-peptide ratio (R) as well as peptide 
structure affects the release of bFGF from PEG hydrogel. 
Conclusions:  We have revealed the importance of 
peptide structure on affecting affinity binding to protein 
therapeutics in photopolymerized PEG hydrogels. 
Through intelligent design of the affinity peptide 
chemistry, we showed that the affinity binding can be 
significantly increased in hydrogel environments and that 
the release of growth factor can be tuned through 
controlling the binding within the permissive PEG 
hydrogels. The results presented herein should prove 
useful in the design and fabrication of hydrogels to retain 
and sustain release of growth factors for promoting tissue 
regeneration. 
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