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8 am registration & continental breakfast
Gallery, W.T. Young Library

8:45 am welcome
Dr. Eli Capilouto, University of Kentucky President
Auditorium, W.T. Young Library

9 am dr. hao yan
Arizona State University
Designer Architectures for Programmable Self-assembly

The central task of nanotechnology is to control motions and 
organize matter with nanometer precision. To achieve this, 
scientists have investigated a large variety of materials including 
inorganic materials, organic molecules, and biological polymers 
as well as different methods that can be sorted into so-called 
“bottom-up” and “top-down” approaches. Among all of the 
remarkable achievements made, the success of DNA self-
assembly in building programmable nanopatterns has attracted 
broad attention. In this talk I will present our efforts in using DNA 
as an information-coding polymer to program and construct 
DNA nano-architectures with complex geometrical features. Use 
of designer DNA architectures as molecular sensor, actuator and 
scaffolds will also be discussed.

10 am break & refreshments

10:30 am dr. donald e. ingber
Harvard University
From Cellular Mechanotransduction to Biologically Inspired 
Engineering

In this lecture, I will describe the fundamental role that 
mechanical forces play in control of cell and tissue development, 
as well as how this knowledge is being leveraged to engineer 
new bioinspired materials and devices. Living cells form and 
function as dynamic hierarchical assemblies of nanometer scale 
components, yet they exhibit great robustness, mechanical 
strength and biochemical efficiency. This is possible because 
they use ‘tensegrity’ architecture to mechanically stabilize their 

internal molecular scaffolds, which also orient most of the cell’s 
biochemical processing machinery. This structural perspective 
has led to new insights into the molecular basis of cellular 
mechanotransduction – the process by which living cells sense 
mechanical forces and convert them into changes in intracellular 
biochemistry. It also has led to the creation of human “organ-on-
a-chip” microdevices that recapitulate the complex structures and 
functions of living organs, which represent powerful new in vitro 
tools for modeling human physiology and disease. 

11:30 am lunch

1:30 pm poster session
Ballroom, King Alumni House

2:30 pm  dr. todd yeates 
University of California Los Angeles
Giant Protein Cages and Assemblies in Nature and by Design

Nature has evolved myriad sophisticated structures based 
on the assembly of protein subunits. Many types of natural 
protein assemblies (such as virus capsids) have been studied 
extensively, while a number of equally sophisticated natural 
protein assemblies are only beginning to be appreciated. Among 
the latter group is a broad class of giant, capsid-like assemblies 
referred to as bacterial microcompartments. They serve as 
primitive metabolic organelles in many bacteria by encapsulating 
sequentially acting enzymes within a selectively permeable 
protein shell. Our laboratory has elucidated key mechanisms 
of these protein-based bacterial organelles through structural 
studies. On the engineering side, sophisticated natural protein 
assemblies like these have for many years represented an ultimate 
goal in protein design. By exploiting principles of symmetry that 
are shared by nearly all natural self-assembling structures, we have 
developed methods for engineering novel proteins that assemble 
to form a variety of complex, symmetric architectures. Recent 
successful designs include hollow protein cages composed of 
12 or 24 identical subunits in cubic arrangements. Symmetric 
materials that extend by growth in two or three dimensions are 
also possible. Natural and engineered protein assemblies will be 
discussed, along with their future prospects for synthetic biology 
and biomedical applications. 

complexity and self assembly
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D
onald Ingber is the Founding D

irector of the W
yss Institute for Biologically Inspired 

Engineering at H
arvard U

niversity, the Judah Folkm
an Professor of Vascular Biology at 

H
arvard M

edical School and Boston Children’s H
ospital, and Professor of Bioengineering 

at the H
arvard School of Engineering and A

pplied Sciences. H
e received his B

.A
., M

.A
., 

M
.Phil., M

.D
. and Ph.D

. from
 Yale U

niversity.  D
r. Ingber is a founder of the em

erging field 
of biologically inspired engineering, and at the W

yss Institute, he oversees a m
ultifaceted 

effort to identify the m
echanism

s that living organism
s use to self-assem

ble from
 m

olecules 
and cells, and to apply these design principles to develop advanced m

aterials and devices 
for healthcare and to im

prove sustainability. H
e also leads the B

iom
im

etic M
icrosystem

s 
platform

 in w
hich m

icrofabrication techniques from
 the com

puter industry are used to build 
functional circuits w

ith living cells as com
ponents. H

is m
ost recent innovation is a technology for building tiny, 

com
plex, three-dim

ensional m
odels of living hum

an organs, or  “O
rgans on C

hips,” that m
im

ic com
plicated 

hum
an functions as a w

ay to replace traditional anim
al-based m

ethods for testing of drugs and establishm
ent 

of hum
an disease m

odels. In addition, D
r. Ingber has m

ade m
ajor contributions to m

echanobiology, tissue 
engineering, tum

or angiogenesis, system
s biology, and nanobiotechnology. H

e w
as the first to recognize 

that tensegrity architecture is a fundam
ental principle that governs how

 living cells self-organize them
selves 

to respond biochem
ically to m

echanical forces, and to dem
onstrate that integrin receptors m

ediate cellular 
m

echanotransduction. D
r. Ingber has authored m

ore than 375 publications and 85 patents, and has received 
num

erous honors. H
e also serves on the B

oard of D
irectors of the N

ational Space B
iom

edical Research Institute, 
and is a m

em
ber of both the A

m
erican Institute for M

edical and B
iological Engineering, and the Institute of 

M
edicine of the N

ational A
cadem

ies.

H
ao Yan is the M

ilton D
. G

lick D
istinguished Professor in Chem

istry and Biochem
istry and 

D
irector of the Center for M

olecular D
esign and Biom

im
icry in the Biodesign Institute 

at A
rizona State U

niversity. H
ao Yan studied chem

istry and earned his bachelor’s degree at 
Shandong U

niversity, C
hina. H

e obtained his Ph.D
. in chem

istry under Professor N
. C

. Seem
an 

at N
ew

 York U
niversity in 2001, w

orking on design and construction of sequence dependent 
D

N
A

 nanom
echanical devices. H

e then m
oved to the C

om
puter Science D

epartm
ent at D

uke 
U

niversity, w
here he continued to explore his interests in D

N
A

 based m
olecular com

puting and 
program

m
ing. H

e joined A
rizona State U

niversity as assistant professor in the D
epartm

ent of 
C

hem
istry and B

iochem
istry in 2004. In 2008, he w

as prom
oted w

ith early tenure directly to 
full professor. The focus of his research is to use nature’s design rules as inspiration to advance 

biom
edical, energy-related, and other technological innovations through the use of self-assem

bling m
olecules 

and m
aterials. H

e aim
s to create intelligent m

aterials w
ith better com

ponent controls at the m
olecular level. H

e 
is leading an interdisciplinary team

 to design bio-inspired m
olecular building blocks and program

 their higher 
order assem

bly into system
s that w

ill perform
 com

plex functions. D
r. Yan has published m

ore than 130 papers 
and has received honors including the Rozenberg Tulip A

w
ard in D

N
A

 C
om

puting, A
lfred P. Sloan Research 

Fellow
ship, N

SF C
areer A

w
ard, A

FO
SR Young Investigator A

w
ard. 

Todd Yeates is a Professor of Chem
istry and Biochem

istry at the U
niversity of California, 

Los A
ngeles.  H

e earned his bachelor’s degree at U
C

LA
 in 1983. H

e stayed on at U
C

LA
 and 

earned his Ph.D
. in 1988. There he helped determ

ine the crystal structure of the bacterial 
photosynthetic reaction center as part of a team

 racing to determ
ine the first crystal structures 

of m
em

brane proteins. H
e then m

oved to The Scripps Research Institute to do his postdoctoral 
research on the structure of poliovirus w

ith Prof. Jam
es H

ogle. Yeates returned to U
C

LA
 in 

1990 to join the faculty in the D
epartm

ent of C
hem

istry and B
iochem

istry. H
is interdisciplinary 

research, com
bining m

olecular biology w
ith com

puting and m
athem

atics, has focused on 
m

acrom
olecular structure and com

putational genom
ics. H

is varied research findings include: 
an explanation for w

hy proteins crystallize in certain favored arrangem
ents; the developm

ent 
of new

 equations for detecting disorder in x-ray diffraction data from
 protein crystals; the discovery of 

therm
ophilic m

icrobes rich in intracellular disulfide bonds; developm
ent of com

parative genom
ics m

ethods; 
developm

ent of designed protein cages or ‘nanohedra’; the discovery of novel topological features such as 
links and slipknots that stabilize therm

ostable proteins; and elucidation of the structure of the carboxysom
e 

shell and the shells of other bacterial m
icrocom

partm
ents, w

hich serves as prim
itive m

etabolic organelles 
inside m

any bacterial cells. Yeates is a m
em

ber of the M
olecular B

iology Institute, the C
alifornia N

anosystem
s 

Institute, the U
C

LA
-D

O
E Institute of G

enom
ics and Proteom

ics, and a Fellow
 of the A

m
erican A

ssociation for the 
A

dvancem
ent of Science. H

e has published approxim
ately 150 research papers.


