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Speaker: MEGAN  T. VALENTINE 
DATE: Thursday, April 17, 2014 at 11:00AM IN LEWIS LAB. 311 
 
Title: New insight into biomaterials design through molecular and geometric control of protein-based structures   
 
Biological materials are incredibly complex: structural elements are found on many length scales, non-linear elastic effects are 

common, forces are generated and transmitted on demand, and protein binding/unbinding dynamics give rise to new time scales of material 
rearrangements. These dynamics not only suppress fatigue, but can allow systems to heal even when loaded to failure. Such materials 
properties impart tremendous function to biological systems: bacteria divide, cells crawl, and tissues maintain cohesive and adhesive strength 
to form complex organisms that can withstand substantial force. Yet, our ability to exploit the unique properties of cells and tissues to 
generate manmade materials with enhanced functionality remains poor.  In this talk, I will discuss my laboratory's efforts to develop a 
predictive understanding of how molecular architecture and dynamics control the mechanics of biomaterials using two model systems. First, 
we use high-resolution optical and electron microscopy and a suite of custom-built magnetic tweezers devices to investigate biopolymer 
networks made from microtubules, a rigid cytoskeletal polymer critical for cell division and cargo transport. We find these networks stiffen 
nonlinearly under load until they plastically yield due to the force-induced unbinding of crosslinkers. By combining our experimental work 
with finite element based computer simulations, we have developed a predictive understanding of how network composition, and particularly 
crosslinker compliance, dictates the mechanical response.  Second, we explore the role of geometry in controlling biological adhesion using 
marine mussels as a model organism.  Using a custom built load frame with integrated dual view imaging capabilities, we can observe the 
dynamics of mussel plaques as they debond from glass. We find that the shape of the holdfast improves bond strength by an order of 
magnitude compared to other simple geometries and that mechanical yielding of the mussel plaque further improves the bond strength by 
~100× as compared to the strength of the interfacial bonds.  Both experiments provide new insight into the physical origins of biomaterials 
properties, and suggest new avenues for design of biomimetic systems with enhanced materials properties.   

 
Megan T. Valentine received her B.S from Lehigh University ('97), M.S. from UPenn ('99) and Ph.D. from Harvard ('03), all in 

Physics. She was a postdoctoral fellow at Stanford in the Department of Biological Sciences, where she was the recipient of a Burroughs 
Wellcome Career Award at the Scientific Interface. She joined UC Santa Barbara as an Assistant Professor of Mechanical Engineering in 
2008 and received an NSF Career Award for her work on neuron mechanics in 2013.  

 

Speaker: ELLIOT ELSON  
Date: Thursday, April 17, 2014 at 4:10PM in Lewis Lab. 316 
 
Title: Bioelectromechanics of Engineered Heart Tissues 
 
Heart muscle contains not only muscle cells (cardiomyocytes, CMs) but also a comparable number of much smaller fibroblasts the 

primary function of which under normal conditions is to maintain the tissue’s extracellular matrix. In response to hypertension these 
fibroblasts can convert to myofibroblasts (MFBs). This phenotype, which plays an important role in wound healing, has properties of both 
normal fibroblasts and smooth muscle cells. MFBs continue to secrete collagen but also are larger and have increased contractility. The 
collagen production and increased contractility of the mFBs stiffens the heart muscle, impairing its ability to relax and leading to a “dystolic 
dysfunction” that can lead to heart failure and death. Moreover, MFBs can interrupt the orderly spread of electrical excitation that is 
required for normal heart contraction and can lead to reentrant arrhythmias. Also, in response to a myocardial infarction the MFBs replace 
dead CMs, generating an infarct scar that helps to maintain the integrity of the heart wall but that also impairs the electromechanical 
function of the muscle. It is therefore important to understand how MFBs affect heart muscle function. 

Engineered heart tissues (EHTs) that model important aspects of heart muscle function provide a promising approach to this 
subject.  EHTs can be assembled from embryonic CMs (and also embryonic stem cells) and MFBs embedded in a collagen matrix 
(Eschenhagen, Fink et al. 1997).  The cells form a connected network of myofibrils that undergo periodic twitch contraction.  Using 
methods that we have developed to measure the mechanical properties and twitch contractile force of EHTs, we have shown that they 
display characteristic features of heart muscle (Asnes, Marquez et al. 2006).  Our current aim is to develop an experimental system in which 
we can construct EHTs with specified proportions of CMs and MFBs either randomly intermixed or with the MFBs organized into defined 
patterns, e.g., MFB “islands” that mimic infarct scars. We will then test the effects of the MFBs on the electromechanical function of the 
EHTs via measurements both of the spread of excitation along the EHT using potential sensitive fluorescent dyes and of the stiffness and 
the twitch contractions of the EHTs.  We have also developed computational models that include a Hodgkin-Huxley-type account of action 
potentials, excitation-contraction coupling (calcium ion-dependent activation of actin-myosin contractility), and the mechanical properties 
of the cells, matrix and the tissue overall. 

References: 
Asnes, C. F., J. P. Marquez, et al. (2006). "Reconstitution of the Frank-Starling mechanism in engineered heart tissues." Biophys J 91(5): 

1800-10. 
Eschenhagen, T., C. Fink, et al. (1997). "Three-dimensional reconstitution of embryonic cardiomyocytes in a collagen matrix: a new heart 

muscle model system." Faseb J 11(8): 683-94. 
 

 Elliot Elson obtained his B.A. at Harvard, his PhD at Stanford under the direction of Robert L. Baldwin and did postdoctoral 
work in the lab of Bruno Zimm at UCSD.  His first faculty position was in the Chemistry Department at Cornell University, where he 
stayed from 1968 to 1978.  He joined the faculty of the Medical School at Washington University in St. Louis in the Department of 
Biological Chemistry (now the Department of Biochemistry and Molecular Biophysics).  His research interests have centered on 
fluorescence fluctuation methods for measuring molecular dynamic processes, cell mechanics and motility, and engineered tissues.  
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