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Engineers, biologists, and chemists from around the globe
gathered for the fourth International Conference on

Biomolecular Engineering (ICBE2013) in Fort Lauderdale,
FL, January 13−16, 2013. Hosted by the Society of Biological
Engineers, the biennial meeting serves as a platform to
“cultivate knowledge and catalyze innovation” in the biological
sciences. With a theme of “Molecular approaches to global
challenges”, ICBE2013 was a fast-paced Gordon-style confer-
ence organized by conference chairs Kristala Jones Prather
(MIT) and Ali Khademhosseini (Harvard). Each day was
punctuated by a keynote presentation from a pioneering
visionary: George Church (Harvard), Nicholas Peppas (UT
Austin), Virginia Cornish (Columbia), and James Collins (BU),
who described the strides their groups have made in defining
the field of biological engineering and offered their perspectives
on its ability to solve problems in energy and human health.
Building on these exceptional talks were invited presentations
from more established researchers and reports from young
investigators. Junior scientists, including graduate students and
postdocs, were also offered a unique opportunity to speak to all
attendees in a rapid fire session that preceded each poster
session. In all, the 4 day program consisted of more than 30
research presentations across 7 sessions and roughly 100
posters covering diverse areas of research to solve key global
challenges.

■ SCIENTIFIC MEETING OVERVIEW

Reprogramming Cells. Opening the meeting was George
Church’s keynote outlining the development of tools to both
sequence and engineer whole genomes. Biological engineering
has been fundamentally constrained by the number of
biological sequences available to it. Whole genome sequencing,
however, offers unparalleled opportunities in the discovery of
new biologically interesting sequences for engineering
applications. Advances in the past 6 years have made this
capability accessible to most laboratories with a cost on the
order of a few thousand dollars.1 However, Church believes
that advances in nanopore sequencing technology2 will allow
whole genome sequencing to become even more inexpensive
and ubiquitous in the form of a small hand-held device.
Complementing these efforts is the development of high
throughput multiplexed techniques to rewrite whole genomes.
With Multiplex Automated Genome Engineering (MAGE),3

engineers can efficiently generate 4 billion microbial genomes
per tube per day making “selection the new bottleneck in strain
engineering”. Such high throughput techniques have applica-
tions beyond traditional pathway optimization efforts in
metabolic engineering, including codon reassignment in
industrial organisms to implement phage resistance, genomic
isolation from wildtype strains, and more diverse catalysis with

orthogonal amino acids such as those with azide and ketone
side chains. Current work in his group now exploits TALE
nucleases4 and CRISPR5 to develop this capability for
eukaryotic systems.
Subsequent talks by fellow synthetic biologists described

efforts to engineer DNA and RNA sequences for specific
applications. Chris Voigt (MIT) discussed successes in his lab
replicating large Boolean complete functions within biological
cells.6 However, despite the ability to identify and tune novel
circuit components, integrating components together with a
predictable output still remains a challenge. To that end, in
collaboration with Doug Densmore (BU), he has created a
robust CAD program that will design variant circuits given only
an output specification and automate their assembly, allowing
the user to screen for the desired output. Similar concerns
regarding the predictability of system output were voiced by
Stephanie Culler (Genomatica). Leveraging -omics data, they
are able to predict the strain mutations and enzyme fluxes need
to optimize pathway production.7 However, their design efforts
are hampered by the variable output of characterized “parts” to
tune enzyme expression. Other talks within the session were
directed to the development of tools to control gene
expression. Julius Lucks (Cornell) outlined the development
of orthogonal antisense RNA transcriptional regulators and
SHAPE-seq to probe their structure,8,9 while Timothy Lu
(MIT) described the use of Zn fingers transcription factors to
engineer circuits in eukaryotic systems.10 Charles Gersbach
(Duke) similarly discussed the development of synthetic DNA-
binding proteins, including Zn finger proteins and TAL
effectors, which when fused to an effector such as a
transcription factor, nuclease, or histone deacetylase can be
used to engineer mammalian gene circuits and edit genes for
disease treatment.

Engineering New Strains. Virginia Cornish (Columbia)
described in her keynote a future where biological knowledge is
the bottleneck to strain development and engineering. As a
solution, however, she proposed high throughput in vivo
methods of directed evolution. Addressing the problem of in
vivo selection, she discussed the success of the yeast 3-hybrid
(Y3H) system developed in her lab.11 Using traditional
synthesis techniques, Cornish’s lab has developed expertise in
the creation of enzyme substrates that can couple transcription
factor domains with DNA binding domains. Successful cleavage
(or ligation) of the substrate by the mutated enzyme leads to
transcription (or silencing) of the reporter gene, directly
impacting cell viability in a quantitative manner.12,13 To
introduce diversity, Cornish proposed the use of homologous
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recombination and yeast mating. Library diversity can be
directly introduced by transformation of linear DNA or through
the use of heritable plasmids. When coupled with mating,
extraordinary diversity (∼1013) can be quickly generated in a
continuous manner from small libraries of ∼104 mutants.14

This pool size can then be rapidly screened by Y3H, alleviating
the selection bottleneck.
Others discussed leveraging the power of systems biology to

tackle the challenge of strain engineering. Jens Nielsen
(Chalmers) described the use of genome scale metabolic
models to rationally select gene targets for manipulation.15 He,
however, also agreed with Cornish that our knowledge is
incomplete and argued that purely rational mutations may lead
to pleiotropic effects. To fill this knowledge gap, he advocated
the study of strains adaptively evolved for particular
applications to better inform our systems level understanding
of these pathways and improve the successes of inverse
metabolic engineering.16,17 Brian Pfleger (UW Madison)
described similar systems level analyses to identify and
overcome bottlenecks in saturated fatty acid production in
bacteria.18 Charlie Boon (Toronto) spoke about techniques to
better understand the interconnected and pleiotropic nature of
gene networks. Utilizing the concept of synthetic lethality,19 his
group has generated quantitative genetic interaction maps for
75% of all yeast genes revealing functional cross-connections
across genes.20

Finally, a number of scientists spoke about the development
of new tools for pathway and biological engineering. Cynthia
Collins (RPI) discussed the development of microbial consortia
to engineer more efficient pathways by minimizing the
metabolic load on a given cell. Novel routes of carbon fixation
(Matt Mattozzi, Harvard Wyss Institute) and enzymes for
lignocellulose degradation (Michelle O’Malley, UCSB) were
also described. Hal Alper (UT Austin) discussed the engineer-
ing of transporters to uptake pentoses in yeast, while Matt
DeLisa (Cornell) summarized their efforts to engineer
glycosylation pathways in the glycosylation-deficient E. coli.
Similarly, novel protein tools such as allosteric switches (Marc
Ostermeier, Johns Hopkins) and redox-controlled self-splicing
inteins as biosensors, gene regulators, and antimicrobials
(Marlene Belfort, SUNY Albany) were presented.
Molecular Approaches to Human Health. Nicholas

Peppas (UT Austin) in his keynote outlined key challenges
facing the delivery of protein therapeutics. His talk focused on
transmucosal and oral delivery routes of protein drugs such as
interferon-β for multiple sclerosis treatment through the use of
nanoscale hydrogels.21 Ravi Radhakrishnan (UPenn) described
models for the design of nanocarrier surfaces for passive tissue
targeting, while Yi Tang (UCLA) discussed active localized
therapeutic delivery. Laura Segatori (Rice) presented on the use
of nanoparticles themselves as a vector to induce autophagy in
diseased cells. Finally, James Swartz (Stanford) described the
use of nanoparticles as a novel and potent vaccine. Due to their
cell free nature and click chemistry, virus-like particles
decorated with antibodies and other antigens/proteins may
be rapidly prototyped and manufactured as vaccines to a wide
array of illnesses.22 Such systems are safer and significantly
reduce the production time needed to generate pandemic-level
vaccine stockpiles from 200 to 14 days.
Other health-related talks centered on increased under-

standing of natural systems. Celeste Nelson (Princeton)
described the role of mechanical gradients in the formation
of branching structures such as those in the alveoli of lungs,

while improved methods to empower such research were
discussed by Alex Dunn (Stanford).23 Margaret Ackerman
(Dartmouth) and Peter Tessier (RPI) spoke about their efforts
to better understand and tune the responses of antibodies to
treat chronic conditions such as HIV infection and Alzheimer’s
disease. Kurt Deshayes (Genentech) described their studies to
better understand the apoptotic network. While this network
cannot be modulated universally across all cell lines, they have
had some success developing a potent peptide ligand to induce
apoptosis in some cancer lines and potentiate the efficacy of
existing anticancer therapeutics.

Synthetic Biology for Regenerative Medicine and
Beyond. Closing the meeting was James Collins’ (BU)
keynote, which summarized the evolution of synthetic biology
as viewed through the prism of his lab. Growing from its
infancy in transcriptional control circuits24 to RNA regulatory
devices8,25,26 and multiplexed genetic switchboards and
circuits,6,27 Collins believes synthetic biology is poised to
solve diverse nontraditional problems. Among these he cited
the proliferation of engineered organisms, which has
implications not only in biosecurity, but more intriguingly in
that of industrial espionage. However, he believes circuits that
count28 will enable stolen or accidentally released strains to self-
destruct after a preset interval unless reset. Another interesting
class of problems lies in antimicrobials with applications in
therapeutic biology and traditional process engineering. Collins
envisions engineered bacteriophage that can potentiate existing
antibiotics and resensitize resistant strains by targeting
microbial DNA repair mechanisms.29 Such phage could also
express modified surface proteins, allowing for rapid
diagnostics30 or degradation of biofilms in industrial pipelines.31

Moving forward, he believes that the tools of synthetic biology
will allow for even the reengineering of humans. As examples,
he discussed synthetic mRNA transfection for regenerative
medicine32 and engineered probiotics to detect and counter
infections.

■ IN CONCLUSION
As encapsulated in the unofficial theme of the meeting, “it is no
longer a question of what can be done with biology, but how
quickly we can select for it”. Living biological systems may be
engineered to actively synthesize drugs, materials, and fuels,
while biomolecules can be repurposed as biosensors and novel
therapeutics and used to tune the operation of our own bodies.
More importantly, our ability to engineer these systems is no
longer limited by our creativity or ability to synthesize them,
but rather our ability to analyze and isolate them. This rise in
the recognition of the power of biology is affirmed by the
growth of ICBE from its initial focus on Systems Biology,
Protein Engineering, and Molecular Interactions to encompass
advances in Synthetic Biology, Metabolic Engineering,
Bionanotechnology, Cell & Tissue Engineering, Biophysics,
Protein Engineering, and Computational Tools for Biology.
With the new tools and vision presented at ICBE2013,
ICBE2015 promises to be even larger, with potential solutions
to an even more diverse set of global challenges.
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