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A

fter acknow
ledging the attendees 

as “som
e of the sm

artest people in  
the country”—

and joking about the 
questionable appropriateness of his  
new

 scientific title—
the president got 

dow
n to the business of the m

orning:  
outlining “the next great A

m
erican 

project,” the B
R

A
IN

 (B
rain R

esearch 
through A

dvancing Innovative  
N

eurotechnologies) Initiative.
 

“A
s hum

ans, w
e can identify 

galaxies light-years aw
ay, w

e can study 
particles sm

aller than an atom
,” the 

president said. “B
ut w

e still haven’t un-
locked the m

ystery of the three pounds 
of m

atter that sits betw
een our ears.”

 
O

bam
a w

ent on to describe how
 

his new
ly proposed initiative w

ould 
aim

 to change that. T
his new

est of 
his G

rand C
hallenges w

ould be to 
obtain not only a thorough m

ap of 
the brain and its roughly 100 billion 
neurons, but a dynam

ic picture of 
how

 that com
plex organ w

orks in real 
tim

e. U
ltim

ately, scientists could use 
this know

ledge to pick apart how
 w

e 
think, learn, and rem

em
ber as w

ell as 
how

 to better treat disorders such as 
schizophrenia, Parkinson’s disease, 
post-traum

atic stress disorder, and 
A

lzheim
er’s disease.

 
R

oukes, Siapas, and m
any of 

their colleagues had long aw
aited an 

N
A

V
IG

A
TIN

G
 TH

E
 

B
R

A
IN

’S
 M

Y
S

TE
R

IE
S

C
A

LTE
C

H
 R

E
S

E
A

R
C

H
E

R
S

 (A
N

D
 TH

E
 W

H
ITE

 H
O

U
S

E
)  

say it’s tim
e to piece together a dynam

ic m
ap of the brain—  

one that show
s its com

plex trafficking across trillions  
of neuronal connections. A

ddressing this grand challenge  
could just be the technological m

oon shot of a generation.

B
y K

im
m

 Fesenm
aier

announcem
ent like this one—

an  
acknow

ledgm
ent of the project they 

had cham
pioned for several years,  

that of a large-scale effort that w
ould 

focus top scientists and engineers on 
revealing the details of the brain.

LE
T’S

  
B

A
C

K
TR

A
C

K
It all really started taking off for  
R

oukes w
hen, in Septem

ber 2010,  
he traveled to O

slo as the director of 
the K

avli N
anoscience Institute at 

C
altech to attend the annual K

avli 
P

rize sym
posium

. H
e struck up a  

conversation there w
ith the directors 

of several K
avli neuroscience centers 

about the m
aturation of technologies 

com
ing out of nanoscience and  

their potential to im
prove our  

understanding of the brain.
 

W
hy w

as R
oukes, a physicist and 

nanoscientist, even thinking about 
neuroscience? T

hat dates back to  
a decision m

ade m
ore than 15 years 

before by form
er C

altech provost  
Steve K

oonin. In the late 1990s,  
G

illes L
aurent (now

 a director of  
the M

ax P
lanck Institute for B

rain 
R

esearch) told K
oonin that one of  

the things his field w
as sorely lacking 

w
as the ability to insert tiny electrodes 

into the brain that w
ould allow

  
scientists to record signals from

  
m

ultiple neurons at the sam
e tim

e. 
T

hat got K
oonin thinking.

 
“I knew

 that M
ichael w

as  
expert at fabricating very tiny things,” 
K

oonin says. “So I connected G
illes 

and M
ichael up and provided a bit of 

seed m
oney to grease the interaction. 

M
y intuition in doing so w

as nothing 
m

ore than having tw
o accom

plished 
faculty interested in reaching out 
across disciplinary boundaries, and 
know

ing that new
 instrum

entation 
alm

ost alw
ays leads to new

 science.  

W
ho knew

 it w
ould blossom

 into  
w

hat it did? Such are the rare pleasures 
of academ

ic adm
inistration.”

 
W

hat blossom
ed w

as a close 
friendship betw

een R
oukes and 

L
aurent, and a lasting collaboration 

at the intersection of neuroscience and 
nanoscience. A

fter a couple of sm
all 

pilot projects, R
oukes helped L

aurent 
introduce the use of tiny neural  
probes that could be m

ass-produced.
 

In 2002, Siapas joined the  
C

altech faculty as a neurobiologist 
interested in brain circuits and the 
functions of m

em
ory and learning. 

T
hese com

plex functions arise as a 
result of the coordinated activation of 
large populations of neurons distrib-
uted throughout the brain. In order to 
elucidate these brain patterns, Siapas 
w

anted to capture large-scale record-
ings from

 freely behaving anim
als.  

H
is interests aligned perfectly w

ith 
those of R

oukes and L
aurent, and  

the three began thinking about w
ays 

to enhance the scale and quality of 
electrophysiological recordings as  
w

ell as develop prototype devices to 
explore different research directions.
 

A
s a result of these interactions, 

R
oukes says he becam

e increasingly  
fascinated by the brain. “In fact,  
I’ve sort of sw

itched the center of m
y 

activity tow
ard biological applications 

of nanotechnology,” he says, “w
ith  

the brain now
 being a principal effort.  

A
nd all of this is the result of Steve 

K
oonin saying, ‘G

et to know
 this guy, 

G
illes. See w

hat happens.’”

B
A

M
A

 year after R
oukes’s inform

al  
conversation in O

slo w
ith the neuro- 

science directors, a sym
posium

 took 
place outside of L

ondon, hosted by the 
K

avli Foundation, the A
llen Institute 

for B
rain Science, and the G

atsby 
C

haritable Foundation. T
here, a 

ne m
orning this past A

pril,  
nanoscientist M

ichael 
R

oukes and neurobiologist  
T

hanos Siapas sat am
id the 

scientists and engineers packed 
into the E

ast R
oom

 of the 
W

hite H
ouse. T

hey listened as  
Francis C

ollins, director of the  
N

ational Institutes of H
ealth 

(N
IH

), introduced President 
B

arack O
bam

a as “our scientist 
in chief,” and w

atched as the 
president took his place behind 
the podium

.

2
5

F
A

L
L

 2
0

1
3

   E
N

G
IN

E
E

R
IN

G
 &

 S
C

IE
N

C
E

          
2

4
E

N
G

IN
E

E
R

IN
G

 &
 S

C
IE

N
C

E
   F

A
L

L
 2

0
1

3



N
euroscience and nanoscience  

are not the only fields that are  
likely to benefit from

 the new
 

B
R

A
IN

 Initiative. C
ertainly, trying 

to understand how
 hundreds of 

thousands or m
illions of neurons 

connect and behave across a 
range of tim

escales w
ill produce 

w
hat has been called a “data  

deluge” —
and m

anaging and  
m

aking sense of that flood of  
inform

ation w
ill require new

 tools  
for data m

anagem
ent and analysis.

 
A

 K
avli Futures S

ym
posium

 
w

as held at C
altech in January, 

bringing together 16 scientists 
from

 a range of fields to discuss 
this issue. The organizers  
estim

ated that recording from
 a 

m
illion neurons a thousand tim

es 
per second w

ould generate 100 
terabytes (102,400 gigabytes)  
of data per day. H

ow
ever, if you  

com
pressed the data, you m

ight 
be able to get dow

n to about 
3,000 terabytes of data per year 
—

a huge am
ount of inform

ation, 
but not beyond the range of other 
big-data projects.
 

M
achine-learning expert  

Yaser A
bu-M

ostafa participated  
in the sym

posium
. “The m

agnitude 
of the project and the am

ount of 
data w

ill be com
pletely im

possible 
to handle,” he says, “unless you 
have a m

ethod that w
ill be able  

to do the needed m
apping, inter-

pretation, and analysis in an auto-
m

ated w
ay.” A

bu-M
ostafa believes 

that such a m
ethod w

ill com
e  

from
 m

achine learning —
an area  

in w
hich, he adds, C

altech has a 
lot to contribute.

M
ap P

roject sparked a conversation  
in W

ashington, D
.C

., about the  
potential benefits that could be realized 
by a large-scale, brain-related national  
initiative. In February, P

resident 
O

bam
a even alluded to such a project 

in his State of the U
nion address—

 
tw

o m
onths before announcing the 

B
R

A
IN

 Initiative. “E
very dollar w

e 
invested to m

ap the hum
an genom

e 
returned $140 to our econom

y,” he 
said. “T

oday our scientists are m
apping 

the hum
an brain to unlock the answ

ers 
to A

lzheim
er’s …

 N
ow

 is not the tim
e 

to gut these job-creating investm
ents 

in science and innovation. N
ow

 is the 
tim

e to reach a level of research and 
developm

ent not seen since the height 
of the Space R

ace.”
 

T
he president w

ould later  
propose getting the B

R
A

IN
 Initiative 

started w
ith a budget of about $100 

m
illion for fiscal year 2014—

w
ith 

funds com
ing from

 the N
ational  

Institutes of H
ealth, D

A
R

PA
 (the 

D
efense A

dvanced R
esearch P

rojects 
A

gency), and the N
ational Science 

Foundation. Several private organiza-
tions, including the K

avli Foundation, 
have also said they w

ill contribute  
to the effort. B

ut details about the  
allocation of funding, the areas of 
research, and the initiative’s goals  
and m

ilestones are still to be defined.
 

T
o that end, the N

IH
 has  

appointed a high-level w
orking group 

of neuroscientists to review
 available 

inform
ation, to recom

m
end goals  

that are in line w
ith the vision of the 

initiative, and to com
e up w

ith a  
scientific plan for achieving those goals.
 

C
altech’s A

nderson is a m
em

ber  
of that 15-person group, w

hich N
SF 

director C
ollins refers to as the  

B
R

A
IN

 Initiative’s “dream
 team

.”  
T

he team
’s charge? First, com

pile  
a list of research areas tagged for  
im

m
ediate funding. T

hen subm
it a  

full report in June 2014. 
 

A
nderson considers him

self  
privileged to be part of the w

orking 
group. A

nd even m
ore to the point,  

he says, “I’m
 thrilled that the president 

of the U
nited States has recognized  

the im
portance of understanding  

brain function.”

 
A

sked about the group’s progress, 
A

nderson notes that he and his  
B

R
A

IN
 colleagues are just beginning 

deliberations. “O
ur plan,” he says,  

“is to solicit input from
 a broad  

range of scientists. I think it w
ill be 

fascinating and instructive to listen  
to the different voices in the neurosci-
ence com

m
unity and see w

hat kind  
of consensus can be reached.”
 

W
hile m

any have applauded  
the initiative and its am

bitious scope, 
there are detractors w

ho w
orry,  

am
ong other things, that the project’s 

funding w
ill steal from

 other neuro-
science projects or that the brain is 
the w

rong subject for such a focused 
project. A

nderson, how
ever, sees  

the B
R

A
IN

 Initiative as “an exciting  
opportunity to accelerate progress  
in our understanding of brain function 
in health and disease by prom

oting  
new

 technology developm
ent and 

applications.”
 

R
oukes agrees. “T

his is an  
incredible opportunity to do a m

oon 
shot in term

s of the technology that 
w

ill be developed, w
hich w

ill  
dem

ocratize how
 the next generation  

of neuroscience is done,” he says.  
“W

e w
ould be foolish not to  

capitalize on this m
om

ent.” 

num
ber of participants from

 neurosci-
ence and nanotechnology—

including 
R

oukes, Siapas, and C
altech neuro-

scientist D
avid A

nderson—
cam

e 
together to identify new

 opportunities 
for technological developm

ent at the 
interface betw

een these disciplines. 
“T

here w
as spirited discussion about 

the best avenues and approaches to 
take,” A

nderson says.
 

D
uring the course of the sym

- 
posium

, a subgroup of participants 
—

including R
oukes; G

eorge C
hurch, 

one of the leaders of the H
um

an  
G

enom
e P

roject; R
afael Y

uste, a  
neurobiologist from

 C
olum

bia  
U

niversity; and others—
got together 

and began to form
ulate a new

 project.
 

C
apitalizing on the m

om
entum

 
from

 that sym
posium

, R
oukes w

rote 
a “technical foundations docum

ent” 
along w

ith C
hurch and Paul A

livisatos, 
a nanom

aterials scientist and director 
of the L

aw
rence B

erkeley N
ational 

L
aboratory. T

he docum
ent laid out  

a roadm
ap of sorts, describing the  

nanotechnologies that w
ould need to  

be developed to fuel a neuroscience 
revolution. In June 2012, a group 
including R

oukes, C
hurch, A

livisatos, 
Y

uste, and tw
o others published a 

paper in the journal N
euron describing 

w
hat they dubbed the B

rain A
ctivity 

M
ap (B

A
M

) P
roject. T

hey follow
ed 

that up earlier this year w
ith a brief 

overview
 of the project, this tim

e in  
the journal Science.
 

O
ne of the central points in all 

of these docum
ents w

as that m
any 

brain functions m
ay em

erge as a result 
of neuronal activities taking place in 
physically separate regions of the brain 
at the sam

e tim
e. M

onitoring such 

disparate activities is no easy task; 
neuroscientists today are generally 
restricted to using electrodes that allow

 
them

 to study brain activity from
 one 

neuron at a tim
e up to only a few

.  
B

ut brain circuits involve m
illions of 

such nerve cells, each w
ith thousands of 

connections that m
ight be rearranging 

all the tim
e. Focusing on individual 

neurons could lead researchers to m
iss 

the forest for the trees.
 

O
n the other hand, im

aging  
technologies such as functional M

R
I 

and m
agnetoencephalography (M

E
G

) 
are able to capture w

hole-brain activity 
—

but at the expense of single-cell 
specificity. T

hey allow
 researchers to see 

w
hich brain regions are activated w

hile 
a subject participates in a particular 
activity, for exam

ple, but provide little 
detail in term

s of w
hich neurons are 

involved, how
 they’re connected, and 

under w
hich circum

stances they fire. In 
other w

ords, that forest is looking pretty 
nice, but w

hat happened to the trees?
 

T
o get at the elusive m

iddle 
ground, w

here researchers w
ould be 

able to im
age, understand, and eventu-

ally m
anipulate collections of neurons 

at the level of brain circuits, the B
A

M
 

advocates called for the developm
ent 

of new
 tools that w

ould allow
 them

 to 
record every activity spike from

 every 
neuron in a circuit. C

urrent im
aging 

techniques cannot record activity  
from

 enough neurons and do not reach 
sufficient depths w

ithin the brain tissue 
to achieve this goal. N

or are current 
techniques for gathering electrophysi-
ological m

easurem
ents able to record 

activity from
 enough neurons in dense 

enough patches. H
ow

ever, the authors 
argued, there are prom

ising research 

avenues that could im
prove the  

situation in each of these areas.  
T

hey also suggested that entirely new
 

m
ethods for w

irelessly, noninvasively 
recording neuronal activity could 
prove useful. For exam

ple, they w
rote 

in the N
euron paper that they think 

“it w
ill ultim

ately becom
e feasible to 

deploy sm
all w

ireless m
icrocircuits, 

untethered in living brains, for direct 
m

onitoring of neuronal activity.”
 

T
o take steps tow

ard that goal, 
R

oukes and Siapas have started a 
B

eckm
an Institute pilot project at 

C
altech, in w

hich they are developing  
arrays of tiny electrodes called nano-
probes that w

ould be able to m
easure 

brain activity from
 far greater num

bers 
of neurons than is currently possible. 
T

ypically, to record electrical signals 
from

 neurons, researchers insert hand- 
assem

bled bundles of four sm
all w

ires 
into the brain tissue. Siapas and others 
have m

anaged to get recordings from
 

as m
any as 25 of these bundles at once, 

but it has proved difficult to scale up 
beyond that.
 

R
oukes and Siapas’s research 

w
ould allow

 them
 to m

ass-m
anufacture 

tiny silicon probes that could record 
neuronal activity from

 denser popu-
lations of neurons by using m

any re-
cording sites along the lengths of each 
probe. “U

sing these techniques, w
e can 

m
ake a new

 generation of needles that 
are m

uch finer and have m
any, m

any 
m

ore recording sites,” R
oukes says.

TH
E

 D
E

TA
ILS

If nothing else, the published articles 
and less form

al w
hite papers produced 

by the proponents of the B
rain A

ctivity 

Learning  
From

  
M

achines

D
avid A

nderson is the Seym
our B

enzer  
Professor of B

iology and an investigator w
ith 

the H
ow

ard H
ughes M

edical Institute. 

Yaser Abu-M
ostafa is a professor of electrical 

engineering and com
puter science. H

is w
ork  

is supported by Intellectual Ventures. 

M
ichael R

oukes is the R
obert M

. Abbey  
Professor of Physics, A

pplied Physics, and 
B

ioengineering. H
is neuro/nano w

ork is 
funded by a N

ational Institutes of H
ealth 

(N
IH

) D
irector’s Pioneer A

w
ard and grants 

from
 the G

. H
arold &

 L
eila Y. M

athers 
Foundation and the N

ational Science  
Foundation (N

SF). 

T
hanos Siapas is a professor of com

putation 
and neural system

s. H
e receives funding  

from
 the G

ordon and B
etty M

oore  
Foundation, the M

athers Foundation,  
the N

SF, and the N
IH

.
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