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Abstract: To make progress on serious problems in biology and medicine takes a combination of skills, tools, and approaches, often requiring
collaboration across seemingly disparate fields. The trick to making breakthroughs often lies in learning to communicate across disciplines to
identify existing technologies &* and, crucially, the new tools that need to be invented.

& nbsp;

Anne M. Andrews is a neuroscientist whose work eavesdrops on chemical signaling in the brain. Paul S. Weiss is a nanoscientist who studies
materials at the smallest scales. Their scientific collaboration began by advancing nanotechnology to pursue grand challenges in neuroscience,
bridging their two fields. This expansion of each of their efforts led to ongoing advances in biology and medicine.

& nbsp;

In a specia joint public lecture, Andrews and Weiss will describe their motivation and explain how they&™re training new generations of students

and fellow researchers to look beyond traditional academic boundaries to target significant problems and to develop the necessary communication
skills to address them.
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Purkinje cells (A) and granule
cells (B) from pigeon cerebellum
by Santiago Ramon y Cajal,
1899; Instituto Santiago Ramon vy
Cajal, Madrid, Spain
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The WAR of
the SOUPS and
the SPARKS

The Discovery of Neurotransmitters and the
Dispute Over How Nerves Communicate

ELLIOTS.
VALENSTEIN
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Unlike a computer,

brains use a

rich, many-layered

analog communication system
that is based on chemistry
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Nakatsuka, N.; Yang, K. A.; Abendroth, J. M.; Cheung, K.;
Xu, X.; Yang, H.; Zhao, C.; Zhu, B.; Rim, Y. S.; Yang, Y.;
Weiss, P. S.; Stojanovi¢, M. N.; Andrews, A. M.,
Aptamer-field-effect transistors overcome Debye length
limitations for small-molecule sensing.

Science 2018, 362, 319-324.
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What is Special about Nanoscience & Nanotechnology?

Paradox
We can and should target PERFECT structures
The world is heterogeneous, even and especially at the nanoscale

Communication across disciplines

- - . . . u

Patient-Inspired Engineering and =

==

Nanotechnology =

S,

t the end of July 2015, we held a workshop an micro- and nanatechnologies in '~'

medicine at the Brigham and Women's Hospital of Harvard Medical School to discuss ‘

merging *_ dogies in eng g with a focus on biomedical applications.! .2

R R e e am
Oklu et al., ACS Nano 9, 7733 (2015) Kagan et al., ACS Nano 10, 9093 (2016)

Chan et al., ACS Nano 12, 10567 (2018)
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Beyond Measuring Nanoscale Structures

Two different
clements are
imaged.
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TUNNELING
MICROSCOPE
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Where Did These Ideas Originate?

Study the ultimate limits of miniaturization: the smallest switches & motors
Inspired by biology, but more rigid

Develop atomic-resolution microscopes that measure structure, function and spectra +
manipulate & build structures

Develop the ability to place chemical functionality from the submolecular to the cm scales
Curiosity
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“The Brain Has Always Been Nano” —Anne Andrews

Intel Itanium 2 (2003)
410 million transistors v : 5
130 nm minimum feature size - g Koy {815 ‘[i B ot
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Mesoscale

HIV virus ~120 nm Early Pentium
(1993 3,100,000 0.8 pm)

80386
(1985 275,000 1.5 pm) Nanoscale

(1982 134,000 1.5 um) The Hluminated Brain
65 nm lit oglghy

4004

2 nm width

(1971 2250 10 pm)
Courtesy Tom Jackson
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Understanding Function and Malfunction in
Neural Circuits in the Brain

Approaches:

Physical connectome
Dynamic voltage mapping
Dynamic chemical mapping
Computer simulations

The Brain Activity Map Project
and the Challenge of Functional Connectomics

A Paut Alivisales,' Miyoung Chun.? George M. Church,? Malgh J. Greonspon.® Michel L. Houkes,® and Maluel Yuste®

Nano in the Brain: Nano-Neuroscience
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Human brain:

John P. Donoghue,* Ralph J. Greenspan,® Paul L. McEuen,’ Michael L.
Roukes," Terrence J. Sejnowski,* Paul S. Weiss,” Rafael Yuste'*

Nanotools for Neuroscience and Brain
Activity Mapping

A Paul Aivisates,' Anne M. Andrmwns,*? Edward §. Boyden,' Miyoung Chun,' George M. Church,*

Karl Deisserath,’ John B Donoghue,® Scott £, Fraser” Jennifer Lippincott-Schwartz,® Loren | Loager,”
Sotiris Masmanidis,*** Paul L. McEuen.” Arto V. Nummilkko.® Honghun Park.” Darcy §. Peterka.® Clay Reid.""
Michael L Roukes, ™ ** Axel Scherer,* ™' * Mark Schnitzen, " Terrence ). Sejnowiki,** Kennoth L. Shepard,**
Deris a0, Gina Turiigiane,™ Paul 5. Weiss,"™™ " Chris Xu,"" Ratael Yuste,™**" and Xiaowel Zhuang™

"Depatnent of Chemisary, Uriwerdty of Califorida, Baibeley, Calformia 547 20, Urited States and Lawience Bedtidey Liboratory, Babeley. Califomia 94720 146,
*Cafoaria Nanadyntem Irstute and “Dopartment of Puyehiaty, and Somol Indute for Noewawres & Human Behatar, Dspartmant of Chamatry &
Nd'e"lm lmamd u"wmm-qm LN‘ MHOMI U]ljﬁ ”Mll lrhmry M:mm :‘!!Iﬂlﬁﬂ'\l lr\')wh) !nhmt«rln

~100 non-orthogonal chemical neurotransmitters
~83 billion ncurons
~100 trillion synapses

] 1 Science
The Brain Activity Map AVAAAs

A. Paul Alivisatos,™ Mlyoung Chun,’ George M. Church,’ Karl Deisseroth,’

S04 ONVN

Alivisatos et al., Science 339, 1284 (2013)
Alivisatos et al., ACS Nano 7, 1850 (2013)
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Probing and Manipulating Microbiomes

Dactenal data (16s) Molecular data (LCMS)

Approaches:

Sensor Arrays
Synthetic Biology
Precision Medicine
Oceanography
Atmospheric Science

Imaging
Visualization o, A
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Tools for the Microbiome: Nano and Beyond ?
Julie S. Biteen,' Paul C. Blnnlq',‘ Zoe G. Cardon,’ Miyoung Cllun,” George M. Church,*”

PMeter C. l)ﬂl'l’!!l%‘l:' Scott E. Frmr,[—]*m_k A Gi]l)ert,.'o Jan:l K Jammn,. Rob K.nigl_:l,'_'/\ H

Jeff F. Miller,* &Y Aydogan Ouan.“:_ 2 Kimberly A, Prather,®'" Stephen R. Quake,'**? “

BEdward G. Rub)r“_‘ gjunela A Slhw,"'ll Sharif Tah ,"é]tr van den E.ngh,..““' .

vh TV EE ALY i

Paul §. Weiss, == Gerard C. L. Wong,
and Thomas D. Young®V

Bouslimani, Knight, Dorrestein et al., PNAS 112, E2120 (2015)
Alivisatos et al., Science 350, 507 (2015)
Bitteen, Knight, Dorrestein ef al., ACS Nano 10, 6 (2016)

Aaron T. Wright,®
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Challenge Initiative

Senior faculty and industry leaders are exposed to and learn to address a wide range of problems

Start earlier — students, postdocs, staff, and junior faculty
Draw together interested, curious, talented pool — mentor and grow team(s)
Identify and address refractory or at least unsolved problems
Seed ideas and then...

Hierarchically Patterned Polydopamine-
Containing Membranes for Periodontal Tissue
Engineering

Mohammad Mahdl Hasank-Sadmbadi,”“* Patricla Samion,” Nako Nakatsuka, "' A A :
Thomas D. 1'|:|un5‘.""3 Nika T.I]hdil‘i.""e’ Sahar Annri.' Tara Ash:]t:u;v.l San§ Li,n“ h " | —_— T
Ap | — - % | I |

Ali Khademhosseini,"**10 paul . Weiss,**##010 and Alireza Moshaverinia

'i:\m

High-Tii;'oughput Gene-Edltlng
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Challenge to Address: Stem Cells, Cancer, Transplants,
Hemoglobinopathies, Bleeding Disorders, & More

High-Throughput
Gene Editingand /' Yig
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