
2011 PROGRAM 
generally difficult to realize attributes. These include: the ability to 
accommodate living system—cells or microorganisms—as well as 
highly functional/chemically complex materials; to sustain or manipu-
late fluid flows; enable dynamic molecular patterning that is elicited 
both temporally and spatially; embed complex multiscale, non-planar/
curvalinear and 3D structural forms; and provide capacities for ena-
bling useful forms of mechanics—flexure, folding, and actuation as 
examples. New materials and enabling means of fabrication are 
beginning to provide approaches to construct devices with properties 
of this type along with capacities for high performance. In this lecture 
I will describe a number of examples related to recently developed 3D 
materials platforms and microfluidic devices possessing utility to drive 
discovery in biological and bioanalytical chemistry. Of particular inter-
est will be examples taken from our recent work involving integrated 
3D fluidic platforms for sustaining and manipulating complex 3D 
cellular microcultures of neurons and novel integrated tools for chemi-
cal analysis that can be used to characterize both them and biologi-
cally relevant samples more generally. I will provide an overview of 
the rapidly developing fields of soft and direct write fabrication meth-
ods that can be used to construct these devices and suggest opportu-
nities as well as needs for future progress. 
 
11:10 a.m. Poster Session, Gallery, Young Library 
12:30 p.m. Lunch 
2:00 p.m. Dr. Paul S. Weiss 
 University of California, Los Angeles 
 New Dimensions in Patterning: Placement and  
 Metrology of Chemical Functionality at All Scales 
 
Chemists have a desire to construct materials atom-by-atom and 
molecule-by-molecule, and through the development of modern poly-
mer chemistry, coordination chemistry, and crystal engineering. They 
have become moderately proficient at realizing target structures. 
Some researchers draw the analogy between atoms and nanoparti-
cles, yet as chemists, we are just beginning to realize the nanoparti-
cle equivalents of molecules and extended materials. One of the 
fundamental challenges facing nanotechnology researchers in this 
area is the development of a method to programmably assemble 
these nanoparticles into complex 1-, 2-, and 3-dimensional structures. 
The ability to create these nanoscale architectures would provide a 
means to increase sensitivity, speed, and functionality in electronic, 
therapeutic, and diagnostic devices relative to current benchmarks, 
as achieving such a feat would allow for the synthesis of designer 
materials, wherein the physical properties of a material could be 
predicted and controlled a priori. Our group has taken the initial steps 
towards this goal and developed a means of creating tailorable as-
sembly environments using DNA-nanoparticle conjugates. These 
nanobioconjugates combine the discrete plasmon resonances of gold 
nanoparticles with the synthetically controllable and highly selective 
recognition properties of DNA, making them both useful nanoscale 
building blocks and beneficial materials in their own right. This talk 
will focus on the history of these conjugates, as well as recent ad-
vances and potential applications of both the conjugates and their 
assemblies in medical research, gene regulation, therapeutics, and 
diagnostics. 

8:00 a.m. Registration & Continental Breakfast 
 Keeneland Room, W.T. Young Library 
8:50 a.m. Welcome by Dr. James Tracy 
 Vice President for  
 Research at University of Kentucky 
9:00 a.m. Dr. Georges Belfort 
 Rensselaer Polytechnic Institute 
 Proteins and Interfaces: Stability and Function 
 
Proteins are exposed to a multitude of different surfaces and 
chemistries in vivo and yet, they must retain their stability in order 
to function. However, conversion of soluble native proteins into β-
sheet-rich structured aggregates, such as amyloid and prion de-
posits can occur at interfaces. Protein stability and activity is also 
essential for use in various medical and analytical devices, such as 
biosensors, biocatalytic chips, biocompatible materials for im-
plants, drug delivery vehicles, tissue engineering and beads or 
membranes for bioseparations. Although a vast experimental lit-
erature exists on the adsorption of specific proteins to various solid 
substrates under defined conditions, difficulties in determining the 
underlying reasons for the loss of stability and function remain. 
Many researchers have addressed particular aspects of protein 
behavior at interfaces through experiment, theory and molecular 
simulation. Here, we review recent results on protein stability and 
activity on solid heterogeneous and homogeneous substrates, 
demonstrate the effect of surface chemistry and roughness on 
protein aggregation, describe a novel method to probe unfolding of 
a monolayer of tethered proteins and introduce new NMR titration 
results with chromatographic data in order to study the nature of 
protein adsorption in multimodal chromatography. We also mention 
the use of single molecule force spectroscopy to determine mo-
lecular interactions in the nuclear pore complex (NPC). Tethered 
fibril-like proteins that contain intrinsically disordered domains 
interact with carrier proteins that determine selectivity. Finally, we 
introduce a new high-throughput synthesis and screening method 
to identify protein resistant surfaces. 
 
10:00 a.m. Break (refreshments available) 
10:10 a.m. Dr. Ralph G. Nuzzo 
  University of Illinois, Urbana-Champaign 
  Devices, Fabrication Methods, and Functional  
  Materials for Discovery in Biological and Bioanalytical 
  Chemistry 
 
The fabrication of high performance integrated circuits provides 
examples of the most sophisticated materials fabrication methods, 
as well as the most high performance materials, used in any area 
of modern technology. The advanced functional systems they 
provide are ones that are generally characterized by a massive 
integration of circuit elements within compact, rigid and essentially 
planar device form factor devices. Such features, while well suited 
to the requirements of electronics, are less enabling for the classes 
of devices and modes of operation that enable the study and ma-
nipulation of biological systems. For the latter, the design rules and 
forms of materials integration involve numerous interesting but 
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 A

 native of S
outh A

frica, P
rofessor B

elfort joined the R
ensselaer faculty in 1978 after a one-year sabbatical 

leave at N
orthw

estern U
niversity and spending four years on the faculty of the S

chool of A
pplied S

cience, 
H

ebrew
 U

niversity, Jerusalem
, Israel. D

r. B
elfort received his P

h.D
. degree in 1972 and his M

.S
. degree in 

1969 from
 the U

niversity of C
alifornia at Irvine in engineering, and his B

.S
c. (C

hem
ical E

ngineering) in 1963 
from

 the U
niversity of C

ape Tow
n, C
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n, S

outh A
frica. P

rior to joining R
ensselaer in 1978, he held the 

post of senior lecturer at the S
chool of A

pplied Science, H
ebrew

 U
niversity, Jerusalem

, Israel from
 1973 to 

1977. D
r. B

elfort has spent part or all of his (sabbatical) leaves at C
ape Tow

n U
niversity (1972), N

orthw
estern 

U
niversity (1977-78), Yale U

niversity (1988), M
IT (1988) C

altech (1988) and U
C

 B
erkeley (1996).  

 G
eorges B

elfort is one of the prem
ier academ

ic scientists/engineers in the field of bioseparations 
engineering and is a leading academ

ic chem
ical engineer in liquid-phase pressure-driven m

em
brane-based processes. 

H
e has m

ade sem
inal w

ide-ranging fundam
ental and applied research contributions to the understanding, design and 

application of pressure-driven m
em

brane processes for the recovery of biological m
olecules. H

is research, both funda-
m

ental and developm
ental, is conducted in the areas of m

em
brane-separations engineering and surface science and the 

behavior of proteins at interfaces. In particular, the research involves design of new
 m

em
brane m

odules w
ith highly effi-

cient m
ass-transfer characteristics, m

odification of m
em

brane surfaces for reduced fouling, and use of genetic engineer-
ing as a tool in the separation of biological m

olecules. D
irect m

easurem
ents are also m

ade of interm
olecular forces be-

tw
een proteins and polym

eric film
s for application in separations and m

arine fouling. R
ecent interest has focused on the 

effect of solid substrates on the conform
ation of proteins, the developm

ent of a new
 m

olecular tw
o-dim

ensional im
print-

ing technique, the use of helical hollow
 fiber m

em
branes to fractionate foreign im

m
unoglobulins from

 transgenic goat 
m

ilk, and the m
odification new

 polym
eric surfaces for synthetic m

em
branes using photo-induced polym

erization that 
exhibit low

 attraction to proteins (biotechnology applications) and natural organic m
atter (environm

ental applications).  

R
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lark Professor of C
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here he also holds an appointm

ent as a Pro-
fessor of M

aterials S
cience and E

ngineering. H
e received an A

B
 degree w

ith H
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onors and 
H

ighest D
istinction in C
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istry from

 R
utgers C

ollege in 1976 and earned a Ph.D
. in O
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C
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 The M
assachusetts Institute of Technology in 1980. H
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M
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ber of Technical S
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istinguished M
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ber of the Staff in R
esearch in 1987.  H
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e is a fellow
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ent of self-assem
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onolayers. H
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enior E
ditor of Langm
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ell as a m
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erous advisory boards for both public and private entities. H

e is a cofounder of Sem
prius—
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pany developing 

new
 form

s of high perform
ance electronics. 

Paul S. W
eiss is the D

irector of the C
alifornia N
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s Institute, Fred K
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N
anoSystem

s Sciences, and D
istinguished Professor of C

hem
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istry and M
ate-

rials Science &
 Engineering at the U

niversity of C
alifornia, Los A
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e received his S

.B
. 

and S
.M

. degrees in chem
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IT in 1980 and his P

h.D
. in chem

istry from
 the U
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as a post-doctoral m
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ell Laboratories 
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esearch C
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 in 2009, he w
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istinguished P

rofessor of C
hem

istry and P
hysics at the P

enn-
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niversity, w
here he began his academ

ic career as an assistant professor in 1989.  
H

is interdisciplinary research group includes chem
ists, physicists, biologists, m

aterials scientists, 
electrical and m

echanical engineers, and com
puter scientists.  Their w

ork focuses on the atom
ic-

scale chem
ical, physical, optical, m

echanical and electronic properties of surfaces and supram
olecu-

lar assem
blies.  H

e and his students have developed new
 techniques to expand the applicability and chem

ical specificity 
of scanning probe m

icroscopies.  They have applied these and other tools to the study of catalysis, self- and directed 
assem

bly, physical m
odels of biological system

s, and m
olecular and nano-scale electronics.  They w

ork to advance nan-
ofabrication dow

n to ever sm
aller scales and greater chem

ical specificity in order to connect, to operate, and to test m
o-

lecular devices, and to connect to the biological and chem
ical w

orlds.  H
e has published over 250 papers and patents, 

and has given over 400 invited and plenary lectures.   
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