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Statement of Purpose: Genetically engineered proteins 
represent a new promising class of biomaterials that 
overcome the disadvantages of naturally derived 
biopolymers (potential pathogens transmission, immune 
reactions, etc). These engineered macromolecules contain 
repeated natural sequence motifs that induce a regular 
structure and self-assembly capability. Many recent 
examples show the potentiality of application of elastin-
like polypeptides (ELP) for a wide range of biomedical 
applications that exploit their features [1,2].  
This work aims at designing and producing, by 
recombinant DNA methodology, a human elastin-like 
artificial protein (HELP) as starting material for the 
preparation of self-assembled or crosslinked matrices to 
be used in regenerative medicine. On the basis of the 
VAPGVG sequence (the most structurally regular 
occurring region of the human tropoelastin) a synthetic 
gene was designed, cloned and expressed in Escherichia 
coli [3]. The obtained artificial HELP protein (an eight 
block protein polymer, MW ≈ 45000 Da) includes 
substrate amino acids (K, lysine and Q, glutamine) for 
enzymatic crosslinking. 
Materials and Methods: HELP production. The elastin-
like polypeptides were produced as described in [3]. 
Briefly, the fragment spanning part of exons 23 and 24 of 
the human elastin was amplified by PCR. The RDL 
(recursive directional ligation) was used to construct a 
synthetic gene that was inserted in an expression vector, 
pEX8EL. A suitable bacteria strain (B121(DE3)pLysS) 
was transformed with the plasmid construct. Bacteria 
were grown at 37°C, then collected by centrifugation. 
After different cycles of centrifugation/redissolution, ~1g 
of the purified protein was recovered, freeze-dried and 
characterized by SDS/PAGE (Laemmli) electrophoresis. 
Crosslinked HELP matrices. HELP protein was 
crosslinked with bacterial transglutaminase, TGase (from 
Streptomyces mobaraensis, N Zyme, BioTec GmbH).  
 

 
Figure 1. FT-IR spectra of HELP (black line) and TGase 

crosslinked HELP matrix (grey line) 

To optimize the crosslinking reaction, the experimental 
parameters were varied as follows: HELP concentration 
(from 2,5 to 6% w/v ), buffer (PBS, Tris/HCl, Tris+NaCl 
0,15 mM), pH (6÷8) and T (23±1, 37, 42°C). The 
crosslinked gels (5 mm x 1mm disks) were freeze-dried. 
The samples were observed at SEM (Cambridge 
StereoScan 360) and characterized by gel electrophoresis 
and ATR-FTIR (Nicolet 6700). 
Results: Best crosslinking conditions were found in using 
a 5%w/v HELP in 10 mM TRIS/HCl (solution H), pH 8, 
and a 6% (w/vsolution H) enzyme aqueous solution, at room 
temperature. The reaction was completed within 10 min. 
Crosslinking was verified by electrophoresis and IR 
spectroscopy. Examples of IR spectra are reported in 
Figure 1. As expected, on crosslinking, the intensity of 
amide I band (~ 1650 cm-1) increased and that of amide A 
decreased (N-H stretching of glutamine –CO-NH2 at 
~3300 cm-1) [4]. The morphology of the crosslinked 
freeze-dried matrices resulted in the range of nano-micro 
structures, with the appearance shown in Figure 2. 

 
Figure 2. SEM image of an enzymatically  crosslinked 

HELP sample. 
Conclusions:  
This work represents a first step of a research program 
aimed at investigating the potentiality of this new 
genetically engineered HELP in Tissue Engineering 
applications, particularly for vascular tissue regeneration.  
In this step the production of the recombinant Elastin was 
improved (i.e. a higher quantity of the artificial protein 
was obtained from bacteria) and the possibility of an 
enzymatic crosslinking with transglutaminase was 
demonstrated.  
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