
Thanks to the growing support of 

CUMIRP members, Cluster V 

continues to grow! This year we 

not only continue to explore 

ongoing projects but also are able 

to fund three new bioinspired 

seed research projects, host 

monthly research presentation 

lunches to encourage multi-

directional interactions between 

interdisciplinary researchers and 

industry partners, and continue 

to grow BioInspire! The outreach 

program piloted last winter with 

forty 5th graders, has been invited 

for presentation at the upcoming 

N a t io n a l  Ar t  Ed u ca t io n 

Association conference. 

Read more in this newsletter and 

as always feel free to contact us 

with any questions or comments—

we love hearing from you! 

Cluster V continues to flourish! 
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Members: Duncan Irschick (Biology)  

Duncan Irschick and several 

colleagues are using the 

BeastcamTM technology to 

launch a new initative, called 

Digital Life.  Digital Life will aim 

to become the premier website 

for high-resolution 3D models of 

living animals.  These 3D models 

will benefit educators, scientists 

and conservationists.  These 3D 

models can be viewed in virtual 

reality, and can be 3D printed, 

and will allow students and 

laypeople to interact with animals 

in a way never seen before.  The 

Digital Life initative is launching 

in early November 2016 and will 

begin with two campaigns, one to 

create 3D models of all seven 

species of sea turtles in the world, 

and another to create 3D models 

of frogs.  This effort is being 

undertaken through various 

partners, such as zoos or other 

private breeders.  Further, the 

Digital Life team plans to take the 

technology to Southeast Asia in 

2017 to scan a wide range of 

amphibians and reptiles, many 

of which are extremely rare, or 

represent new species.  

BeastcamTM prototypes for still 
(top) and mobile (below) 

subjects 



Members: Jae-Hwang Lee (MIE), Al 

Crosby (PSE), John Harris (Derm), 

Maureen Lynch (MIE)  

M u l t i - s c a l e  q u a n t i t a t i v e 

measurement of biophysical 

properties of clinical samples and 

internal tissues is imperative for 

biomechanical markers that can 

capture subtle mechanical changes 

associated with abnormal 

transformation since a growing 

b o d y  o f  e v i d e n c e  h a s 

demonstrated tight connections 

b e t w e e n  m e c h a n i c a l 

characteristics of cells/tissues and 

pathologic conditions. However, 

existing methodologies are limited 

for  sens i t i ve ly  measur ing 

mechanical properties of target 

cells/tissues in a quantitative, 

reproducib l e  manner .  In 

particular, in vivo mechanical 

measuring presents critical 

challenges because surrounding 

tissues substantially damp 

mechanical  agi tat ion and 

resultantly significantly reduce 

force resolution.  

To address these challenges, with 
the support of the UMass 
President’s Office S&T Fund, an 
inter -d i s c ipl inary  r esearch 
program has been formed that 
unites UMASS’ biomechanical 
characterization capabilities on 
the Amherst, Lowell, and 
Worcester campuses to discover 
novel mechanical characteristics 
of biomaterials originating from 
nonlinear mechanical responses at 
u n c o n v e n t i o n a l l y  h i g h 
deformation speeds (up to Mach 
2).  

“BioInspire!: Fostering Creativity, 

Innovation, and Collaboration in 

Elementary Art and Science”. Their 

presentation will expose Art 

educators from around the nation 

to the CEM outreach program 

BioInspire! which exposes 

students to scientific prototype 

development inspired by naturally 

occurring adaptations, while 

maintaining the creativity of art 

class.  

Nicole Singer (Fort River Art 

Teacher), Juliana Tordella (UMass 

Graduate), Jennifer Green (CEM 

Program Manager) 

Nicole and Juliana have been 

invited to the 2017 NAEA 

C o n v e n t i o n  t o  p r e s e n t 

Biomechanics for Disease Diagnosis and Cell Engineering  

National Art Education Association Invites BioInspire! Presentation 

Revealing the Molecular Mechanisms of Mechanosensing 

in Bone 

cells act to sense the local mechan-

ical environment, and then trans-

duce a signal into the cell, leading 

to increased differentiation and/

or proliferation of osteo -

progenitors. They propose that 

the Hedgehog (Hh) signal trans-

duction pathway is key to this 

process. The work will use trans-

genic lines of zebrafish to report 

Hh activity in living organisms 

and manipulate Hh signals in a 

time and/or tissue specific man-

ner. It will also use behavioral 

assays wherein fish are fed hard or 

soft diets over time, altering the 

mechanical environment in which 

bone forms. By these environmen-

tal manipulations, the investiga-

tors hope to better understand the 

complex relationship between 

genes, cells and the environment 

in producing complex skeletal 

geometries.  

Members: Craig Albertson (Bio) 

Bone is a dynamic tissue that can 

sense and respond to its mechani-

cal environment, but the molecu-

lar and cellular mechanism that 

mediate this ability are poorly 

understood. In a recently funded 

NSF proposal Albertson (PI) and 

Rolf Karlstrom (co-PI) address this 

question. Their model is that the 

primary cilia on bone progenitor 
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Experimental approaches for (l-r) 
quasi-static, medium, and high 

strain rate mechanical characteri-
zation of a skin cancer 

Juliana Tordella (left) and Nicole 
Singer (right) demonstrate 

GeckskinTM during a 5th grade 
BioInspire! class 



Members: Al Crosby (PSE), Duncan 

Irschick (Bio), Elizabeth Dumont 

(Bio) 

Members Crosby, Dumont and 
Irschick attended the 2016 ICVM.  
In addition, with lead organizer 
Mason Dean (Max Planck 
Institute of Colloids and 
Interfaces) Crosby, Irschick and 
Ling Li (Harvard) organized an 
integrative, multi-disciplinary 
symposium, “Approaches to 
Vertebrate Biological Materials”, 
detailing the current state of 
research on the impressive range 
of biological “materials” possessed 

by vertebrates, drawing together 
work on systems ranging from 
bone and cartilage, to teeth and 
scales, to feathers and setae, to 
synthetic materials inspired by 
these at the International 
C o n g r e s s  o f  V e r t e b r a t e 
Morphology (ICVM), June 29-July 
3 2016.. Addressing material 
science questions in an informed 
evolutionary and/or organismal 
context is rare, and materials 
science work has traditionally 
been poorly represented at ICVM. 
As such, scientifically, the primary 
goals of the symposium was to 
illustrate to biologists the value of 
biomaterials research and the 

in living organisms that permit 

i n t e r r o g a t i o n  o f  b o n e 

development under different 

mechanical environments.  

In previous pilot studies, fluid 

flow was applied to zebrafish 

larvae using an existing perfusion 

bioreactor to determine whether 

applied fluid flow would influence 

bone development patterns. A 

limitation of the existing system is 

Members: Craig Albertson (Bio), 

Maureen Lynch (MIE) 

Bone is a mineralized, load-

bearing tissue that can sense and 

dynamically respond to its 

m e c h a n i c a l  e n v i r o n m e n t . 

Unfortunately, the molecular 

mechanisms through which bone 

mechanotransduction occurs is 

not well understood, in part due 

to lack of high-throughput assays 

that the fluid flow was applied 

vertically through a bioreactor 

chamber, whereas fish typically 

experience lateral fluid flow. As a 

next step the group will design a 

3D-printed lateral flow chamber 

to test how fluid flow applied 

laterally influences the patterns 

and/or pace of bone development 

in zebrafish larvae.  

International Congress of Vertebrate Morphology 2016 Symposium 

Assessing in vivo Bone Tissue Development: The Next Step 

Evolutionary Mechanics of Impulsive Biological Systems 

movement while a compliant 

material stores insufficient elastic 

energy. To understand this trade-

off, the group is focused on two 

goals: 1) establish the principles of 

fabrication and analyses of 

performance for impulsive 

components, and, 2) resolve the 

roles of materials properties and 

geometry for achieving asymmetric 

energy flow. Using micro-assembly 

techniques established within the 

group, the team is fabricating 

impulsive components (actuators, 

springs, and hinges) on sub-μm to 

mm length scales. Furthermore, 

they are developing new scaling 

principles and experimental 

methods to deconvolute the role 

of material properties and 

geometry in the kinematic 

performance of these fabricated 

components, as well as biological 

materials used in impulsive 

systems.  

Members: Alfred J. Crosby (PSE) 

With DoD Multidisciplinary 

University Research Initiative 

(MURI) support, Crosby leads a 

t eam wi th  the  goa l  o f 

understanding how material 

properties relate to rapid, 

impulsive motion of both 

biological and synthetic systems. 

Engineered and biological elastic 

materials face the same underlying 

trade-off: a stiff material impedes 
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Optical image of cross-section of 
composites with unidirectional 

Kevlar fibers.  
Image by Yongjin Kim, PhD 

student in the Crosby research 
group   

a c c e s s i b i l i t y  o f  m o d e r n 
techniques, while providing 
points of access for engineers/
chemists/materials scientists 
interested in finding broader 
biological inspiration for their 
work. 



Conte Building 

120 Governors Drive 

University of Massachusetts 

Amherst, MA 01003 

 

CUMIRP Cluster V Researchers support the continuous flow of information 

between disciplines that is critical for understanding the complete picture of a 

property be it a species adaptation or materials property. They are committed 

to looking to nature for answers to engineering design challenges, while at the 

same time looking to the engineering design process to further understand 

adaptations in nature. 

For more information about anything in this newsletter, please contact: 

C E N T E R  F O R  E V O L U T I O N A R Y  
M A T E R I A L S  

To learn more about CUMIRP 

Cluster V Membership please 

contact: 

CUMIRP Director 

Dave Waldman at (413)577-1243   

dwaldman@polysci.umass.edu  

Interested in hearing the results 

from the research described in 

this newsletter?  Become a Part 1 

Cluster V Member! 

Have an idea you want to 

develop? Inquire about a 

CUMIRP Part IV membership. 

Want to work more intimately 

with one of the Cluster V 

research groups with on-on-one 

research? A Part II membership 

might be a good fit! 

Intrigued? Here’s how to get involved with CLUSTER V: 

 

cem.umass.edu 

Jennifer Green 

Program Manager, Center for Evolutionary Materials 

Email: jgreen@mail.pse.umass.edu 

Phone: 413-577-1130 

Al Crosby 

Cluster V Co-Director 

413-577-1313 

Crosby@mail.pse.umass.edu 

Duncan Irschick 

Cluster V Co-Director 

413-545-1696 

irschick@bio.umass.edu 

mailto:dwaldman@polysci.umass.edu

