
ENDOTHELIAL CELL RESPONSE TO 
ARTIFICIAL EXTRACELLULAR MATRIX 

PROTEINS 

 

 

Thesis by 

Julie C. Liu 

 

In Partial Fulfillment of the Requirements for the 

Degree of 

Doctor of Philosophy 

 

 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

Pasadena, California 

2006 

(Defended March 21, 2006)



 ii
 

 

 

 

 

 

 

 

 

 

 

 

 

 

© 2006 

Julie C. Liu 

All Rights Reserved



 iii
ACKNOWLEDGMENTS 

I would like to thank my thesis advisor, Dave Tirrell, for his valuable advice and 

continual support.  His scientific rigor and integrity will serve as a guide for me throughout 

my career.  I appreciate especially the intellectual independence that he fostered and the 

sense of humor with which he approached all matters. 

Thank you to my thesis committee—Anand Asthagiri, Marianne Bronner-Fraser, 

and Christina Smolke—for their helpful comments and support. 

I am grateful to all former and current Tirrell laboratory members for their help and 

collaboration.  In particular, I would like to acknowledge Sarah Heilshorn, Paul Nowatzki, 

Kathleen Di Zio, Kimberly Beatty, and Marissa Mock for their assistance and thought-

provoking discussions. 

On a more personal note, I thank my parents, William and Anne Liu, for providing 

me the opportunities that enabled me to achieve my goals.  For their support and joyous 

companionship, I am grateful to my sister, Cindy Liu Abravanel, and her family—Mario, 

Megan, and Lauren Abravanel.  Finally, my thanks go to Keith Alsaker for his friendship 

and unending encouragement. 

 



 

 

iv
ABSTRACT 

ENDOTHELIAL CELL RESPONSE TO ARTIFICIAL EXTRACELLULAR  

MATRIX PROTEINS 

March 2006 

 

Julie C. Liu, B.S.E., Princeton University 

M.S., California Institute of Technology 

Ph.D., California Institute of Technology 

Supervised by David A. Tirrell 

 

Artificial extracellular matrix (aECM) proteins were designed originally for use in 

small-diameter vascular grafts.  Current synthetic grafts fail primarily due to (i) a 

compliance mismatch between the prostheses and surrounding tissue and (ii) the inability 

to support the growth of an endothelial cell monolayer.  To address these issues, 

biomimetic proteins were engineered with elastin-like repeats to confer elastomeric 

behavior and fibronectin cell-binding domains to promote endothelialization.  Lysine 

residues or the non-canonical amino acid, para-azidophenylalanine (pN3phe), serve as 

crosslinking sites. 

Human umbilical vein endothelial cell (HUVEC) adhesion to aECM proteins was 

sequence-specific.  Cells bind more strongly and exhibit faster spreading kinetics on aECM 

proteins containing the RGD versus the CS5 sequence.  Furthermore, HUVECs on the 

former protein exhibited well-formed stress fibers and organized the αvβ3 but not the α5β1 

integrin into focal adhesions.   
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Although biomaterial design has focused on the sequences of cell-binding domains, 

elements remote to these bioactive sequences were found to affect cell response to aECM 

proteins.  Proteins containing identical CS5 cell-binding domains differed in their 

placement of lysine residues that serve as crosslinking sites.  Cell adhesion and spreading 

were more robust on proteins in which lysine residues were located at the termini versus 

within the elastin cassettes. 

Crosslinked films of aECM proteins with RGD sequences adhered HUVECs in a 

sequence-specific manner.  Poly(ethylene glycol) was covalently attached to films to 

reduce nonspecific cell interactions.  Increasing the density of RGD in a film resulted in 

increased cell adhesion and spreading but did not have a significant effect on migration 

rates. 

aECM proteins were made photoreactive through the incorporation of pN3phe.  

Upon exposure to ultraviolet radiation through a patterned mask, proteins were patterned 

on a non-adhesive background.  These two-dimensional patterns then served as templates 

for cell adhesion. 

A new technique for studying cells on aECM proteins was developed.  Cells were 

pulsed with homopropargylglycine.  Newly synthesized proteins labeled with alkyne-

containing amino acids were ligated to 3-azido-7-hydroxycoumarin.  Fluorescence 

microscopy was used to visualize these proteins in a wide variety of mammalian cell types.   
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