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Abstract
Statement of the Problem: Keratin is a family of fibrous proteins found in nature as the major component of wool, hair, horn, nail, hoof of mammals and birds feather (1). The disulfide crosslinks in combination with other structural features like crystallinity and physical interaction between the β-sheets impart high strength to feather (2). Due to its high strength and biocompatibility, membranes, sponges, and fiber meshes have been produced from keratin. In this work, we describe the synthesis of a photo-polymerizable hydrogel for cell encapsulation based on the keratin extracted from barbs and barbules of chicken feather. The novelty is the synthesis of keratin allyl thioether macromer (KeratATE), based on the keratin extracted from feather that can be dissolved in aqueous cell suspension, injected, and photo-polymerized to generate hydrogels for surface coating and medical applications. Since keratin is rich in cysteine residues, s-allyl modification of sulfhydryl groups was used to functionalize keratin for chemical crosslinking (3,4). Methodology: Keratin was extracted from feather barbs by reducing the disulfide bonds in cysteine residues to sulfhydryl groups (-SH) (Figure 1). Next, the free thiol groups were converted to dehydroalanine (Dha) by oxidative elimination using O-(2,4,6-Trimethylbenzenesulfonyl) hydroxylamine (5). Then, the Dha moieties were converted to s-allyl cysteine by reaction with allyl mercaptan to produce keratin allyl thioether (KeratATE) biopolymer. Conversion of allyl mercaptan before and after allylation reaction was quantified by 5,5'‐dithio‐bis‐(2‐nitrobenzoic acid)  (DTNB) test. The secondary structure of the extracted keratin before and after allylation was determined by circular dichroism and infrared spectroscopy. Molecular weight and purity of the extracted keratin was measured by gel electrophoresis and dialysis. Crosslinking kinetics and gelation point of KeratATE was measured by rheometry. Degradation of the crosslinked keratin was measured in aqueous solution supplemented with collagenase or trypsin. Findings: The freeze-dried photo-crosslinked KeratATE hydrogels had a porous, interconnected, honeycomb microstructure. The compressive modulus of the hydrogels ranged from 1 to 8 kPa depending on KeratATE concentration. Degradation of KeratATE hydrogel was strongly dependent on trypsin concentration but independent of collagenase. Conclusion: Keratin allyl thioether derived from feather is a viable alternative to collagen based biopolymers as a photo-polymerizable gel with controllable degradation for medical applications.
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Figure 1. (a,b) keratin is extracted from feather into an aqueous solution. (c) The sulfhydryl group of cysteine residues is converted to dehydroalanine (Dha) by oxidative elimination. (d) The Dha moieties are converted to s-allyl cysteine by reaction with allyl mercaptan to produce KeratATE. (e) KeratATE is photo-polymerized by UV radiation with a photoinitiator.

Recent Publications
1. Jayathilakan K, Sultana K, Radhakrishna K, Bawa AS (2012) Utilization of byproducts and waste materials from meat, poultry and fish processing industries. J Food Sci Technol 49:278-293.
1. Han S, Ham TR, Haque S, Sparks JL, Saul J M (2015) Alkylation of human hair keratin for tunable hydrogel erosion and drug delivery in tissue engineering applications. Acta Biomaterialia 23:201-213.
1. Bernardes JL, Chalker JM, Errey JC, Davis BG (2008) Facile conversion of cysteine and alkyl cysteines to dehydroalanine on protein surfaces: versatile and switchable access to functionalized proteins. J Am Chem Soc 130:5052-5053. 
1. Arai KM, Takahashi R, Yokote Y, Akahane K (1983) Amino acid sequence of feather keratin from fowl. Eur J Biochem 132:506-507.
1. Lin YA, Chalker JM, Floyd N, Bernardes JL, Davis BG (2008) Allyl sulfides are privileged substrates in aqueous cross-metathesis: application to site-selective protein modification. J Am Chem Soc 130:9642-9643.

   


[bookmark: _GoBack]              [image: ]Biography (150 word limit)
Esmaiel Jabbari completed his Ph.D. in Chemical Engineering, Purdue University in 1993. He is Tenured Full Professor of Chemical and Biomedical Engineering at the University of South Carolina. He directs the Biomaterials and Drug Delivery Laboratory which specializes in the development of biocompatible materials for applications in pharmacy and medicine. Prof. Jabbari has received numerous awards for his research program including the Berton Rahn Award in 2012 from the AO Foundation, the Stephen Milam Award in 2008 from the Oral and Maxillofacial Surgery Foundation, and election to the College of Fellows of AIMBE in 2013. He is the author of >250 refereed articles and he has mentored >130 scholars. He serves as Academic Editor for PLOS ONE and he is the Programming Chair for Bionanotechnology theme for the annual conference of Engineering in Medicine & Biology Society (EMBS).
Email: jabbari@mailbox.scs.edu 

image2.png




image1.png
1 st




