
The Israelimind behind the

Blue Brain Project
Hebrew Universityneuroscientist Prof. Idan Segev says the real

breakthroughin brain science will be at least as momentous as the

Industrial Revolution and the current Information Revolution
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ly works, takes more than ordinary

brain power. team that should even-

tuallycomprise thousands of staffers

around the world using supercomput-

er combiningthe computationalpower
of 000,01PCs is expectedto reach its

goalin about two more decades. And

Israelis led by the Hebrew University

of Jerusalem'sProf. Idan Segev are

playing keyrole in this effort,which

isaimed not onlyat understandingthe

brain with itshundreds of billionsof

neurons but also at repairingdiseased

cellsand tissues.

Perhapsin only few years,scientists

devotingthemselves to the Blue Brain

Projectbased in Lausanne, Switzerland

are expected to learn enough from

their work on mouse brains to make

bigdifference in both basic neurologi-
cal science and clinicaltreatment at the

bedside.

Segev,formerlyhead of HU's neurobi-

ology department in the Silberman

Institute of Life Sciences and co-

founder and previouslydirector of the

InterdisciplinaryCenter foT Neural

Computation,has spent most of his life

and career on the university'sGivat

Ram campus, There he received his

bachelor's degreein mathematics and

biology,his master's of science degree
in neurobiologyand his doctorate in

experimentaland theoretical neurobi-

ology(the last two with highesthon-

ors).

Later, he spent few years doing
research at the US National Institutesof

Health (NIH)and few months at the

Massachusetts Instituteof Technology,
but understandingthe brain while

workingat the Jerusalemcampus has

been his vocation and obsession.

He decided to forgohis management

work two years ago to concentrate on

being "plainscientistand professor."
Since ,1002he has been one of the

leaders of the Blue Brain Project,the

onlyparticipantto have direct line to

the Swiss IBM supercomputer,which

costs 02$million and whose cooling
alone with Geneva lake water has an

annual pricetag of 1$ million. The

supercomputer,he says,takes up about

twice the area of his own office.Segev
not only goes to Switzerland few

times year; he and his six advanced

neuroscience students also participate
in weeklyvtdeoconferences for consul-

tation and collaboration. The Jerusalem

center for neural computation is the
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largestand most importantof its kind

in the world.

Segev'sfunding comes from Israeli

and international grants, including

the NIH. The Edmond J. Safra

PhilanthropicFoundation headed by
his widow, LilySafra who donated

to HU for the establishment of the

031$million Edmond and LilySafra

Center for Brain Sciences has given

05$million.

"We promised we would be among

the world's five top brain research cen-

ters in the world, and theyare actively

involved in supervisingour work,"

Segev says. New nodes of the Blue

Brain have opened in Spain and in

France, with another one due to be

launched in the Far East. "We have

fantasythat the whole world will even-

tuallybreak politicalborders and focus

on circuits in the brain," Segevsays.
Neural computationis new research

fieldthat focuses on how the nervous

system'sprocesses sensory information

(vision,hearingand touch) and creat-

ing appropriatebehavioral output.

"But how does the brain go about it

computation?"he asks. "How do the

physicalcomponents of the nervous

system the ion channels in the neural

membrane, the synapses and neural

transmitters that connect the neurons,

the electricalsignals(thespikes)that

neurons carry and the uniquelystruc-

tured nerve cells and the largenet-

works created by them performthe

task of computing?This mystery is,

perhaps,the greatestintellectual chal

lengeof the 21st century.The fieldof

neural computation has made this

challengeitsgoal.
"The brain is livingproofthat phys-

ical,chemical, and electrical compo-

nents can displayhighlydevelopedlev-

els of intelligence,"Segev states. "It

processes and computes information!"

But how do the billions of cells that

make up the human brain control the

functioningof the body, movement,

memory, emotions, and the perform-
nee of creative tasks?

Neuroscience in the 20th century

"was noted for the development of

sophisticatedtechniquesthat gave us

an inside view of the nervous system at

different levels. The invention of the

electron microscope in the 1950s

allowed scientists to identifytypesof

synapses and pinpointtheir location

on the dendrite," Segevadds.

But now, he says, "the time has come

to synthesize to go beyond the en or-

mous achievements of the 20th centu-

ry in exploringneural mechanisms at

the anatomical, physiologicaland

molecular levels and develop theo-

ry or workingmodel that connects the

mechanistic level that we became inti-

matelyacquaintedwith and the behav-

ioral level.We need to synthesizethe

biologicaldetailsof the brain into its

emergence psychologicalcapabilities
thisrequires ru'w mathematical theo-

ry for this amazing machine."

Progressin these multidisciplinary
fields"will allow us to exchangeparts
of livingbrain, construct artificial

brains and make more effectiveuse of

our own brains. The breakthroughwill

be at least as momentous as the

Industrial Revolution and the current

Information Revolution. It will alter

our lives in far-reachingand fascinat-

ingways,"he enthuses.

Computationalscience is new field,

and using it to map the brain cur-

rently section of the mouse brain,

whose genome is incrediblysimilar in

itsfunction to the human brain.

"Many medications for humans,

including some for depression,
Parkinson's and Alzheimer's, have

been developedon the mouse model,"

he continues. "The mouse is better

than the rat, as the genome replicates
faster and is better understood."

Neurocomputationis combination

of new approachto learn more about

the brain.

"If you looked at brain function as

just mechanical phenomenon," he

says in an interview in his Silberman

Institute office piledwith papers and

journals,demonstratinghis pointson

laptopwith screen fullof stains, "you
would get just descriptionbut not

real understanding."
Einstein had moustache and wore

business suit, while Segev is clean

shaven and wears brown leather jack-

et, denim shirt,sportsshoes and casual

beige-greentrousers. But with his halo

of grayinghair surroundinghis head

and his untidyoffice,one can't keep

wonderingwhether the quintessential

Jewish physicistwould feelat home in

this office,at the universityhe helped

found in Jerusalem90 years ago.

"I am theoretician. The brain is

physicalsystem,thus many physicists
have come into the field of neuro-

science. With the complexityof the

brain and the many levelsof descrip-

tions from genes to electricalwiring

connections, we needed new multi-

disciplinaryapproach,"Segevsays.
"In the past,we didn't have such an

integrativeattempt at understanding
the brain until Bert Sakmann [the

German cell physiologistwho shared

the Nobel Prize in Physiology or

Medicine with Erwin Neher in 1991

for their work on the function of sin-

gle ion channels in cells]came and

said he has plentyof anatomical and

physiologicaldata about the brain.

But he didn't know what to do with

all this, how to connect it and make

some functional sense of it.So it was

turning point for me when was

working on individual nerve cells

and thanks to him switched to the

simulation of cortical column in the

."mouse brain

Cortical columns in the cortex of the

mammalian brain each of them the

size of one cubic millimeter and con-

tainingabout 000,01highlyconnected

network of nerve cellseach firingaway

its electricalsignalslike machine guns

in tinyfractionsof second are the

basic units of brain function, says

Segev.The cortical column is func-

tioningunit with each neuron con-

nected to 000,01others, creatingclose

to billion synapticconnections. If

combined, all the neurons and their

tree-like processes axons and den-

rites in singlecolumn would be

four kilometers long.As the human

cortex contains about one million such

columns. allthe neuronal fibersin the

brain could be wound around the Earth

many times, he calculates.

Segevcredits Prof.Henry Markham,

Weizmann Institute graduate who

serves as projectdirector of the Blue

Brain Projectin Lausanne and coordi-

nating work on brain circuitryand

visualization, as being "much more

visionarythan am."

Markham, Segevsays,wants to create

brain research center in Geneva that

is the size and has the impact of the

city's CERN, the European

Organization for Nuclear Research,

which uses itshuge particleaccelerator

to studyfundamental physics.
Markham, for example,isworkingon

cortical column that involves the

touchingsystem;this best-known cor-

ticalcolumn that processesthe sensory

information arrivingfrom rat whisker

that, when in contact with something,

givesthe rodent the abilityto navigate

in the world even in the dark. Each sin-

glewhisker has connection to par-

ticular column in the mouse cortex so

that all the sensory information from

this whisker is processedfirstin this

particularcolumn.

Another sensory system is the pri-

mary visual area that resides in the
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back of the skull.There, too, individ-

ual columns are responsiblefor specif-
ic visual functions such as responding
to particularangle(say45 degrees)
in the visual world. Indeed, the nerv-

ous system in mammals never relies

on one singlenerve cell for any par-

ticular function;rather whole net-

work of neurons does the job as an

group. Now that Segev'scenter has

simulated in the Blue Brain supercom-

puter one whole cortical column, it

can use it as model for simulating
others automatically,justas poly-
merase chain reaction (PCR) machine

used by molecular biologistscan

amplifycopiesof DNA piecesacross

several orders of magnitude.
The cortical column mechanism,

Segevsays,acceptingthe suggestion,is

like multiple-lensflyeye that melds

largenumber of images into single

composite.When the neurons in the

column record and process the message

from many other neurons and then

another part of the brain puts all of

them togetherand whole scenery

(visual,auditory)emerges there. In

lower animals such as fly,however,

when one cellor small group of cellsis

destroyed,there is no replacement.

Fortunately,in mammals and espe-

ciallyhumans, there is lot of redun-

dancy,so if some nerve cells are dam-

aged,nothing happens.This, declares

Segev,is very different from depend-
ence on singlecomputer cable that, if

severed, stopsthe machine from work-

ingaltogether.Thus, when his science

teacher in school told him that only
10th of his brain's neurons actually
functioned, he was wrong.

"We know that all neurons in the

brain operateelectricallyand chemical-

lyallthe time under allconditions;yet,
in terms of the brain's capacityto learn

new tasks,we use only tinypartof it.

Indeed, due to the inherent redundan-

cy and the huge number of cellsand

synapticconnections in our brain, itis

possibleto embed more and more

information without losingthe exist-

ing information. Our brain capacityis

huge!"Segevsays.
But all this electricalfiringrequires

energy, so the brain consumes about

fifthof all energy (calories)that our

whole body consumes, he continues,

even when we are asleep.

Simulatingsuch columns means that

you have to have mathematical

descriptionof the electricalactivityof

each type of cell, which firesits own

"electrical signalsvery specifically.
There are 40 or 50 different types of

cells,says the Jerusalemneuroscientist,

each"׳. with its own 'electricalmusic

This music is composed from series

on brief (thousandth of second)

spikeswhose magnitude is one-tenth

of volt."

After havingsuch models, one needs

to model mathematicallythe con nee-

tion between neurons (calledsynapses)

and then connect 000,01nerve cells

and billionsynapsesexactlyas theyare

in the mouse brain.One can thus repli

cate in details the cortical column of

the mouse. The spikeappears and then

disappearslike fireworks, which can be

translated in bar-code or Morse-Code-

like image.The spikeitselfis similar in

human brain and in cockroach's

brain or any other creature with nerv-

ous system.

"We are lookingfor generic,univer-

sal signalthat isrelevant to the brain in

any mammal," he says.The Blue Brain

Projectwill "change the way brain sci-

ence is done. Unlike molecular biolo-

gists,brain scientists didn't save the

actual data on each neuron that they
accumulated over the years.Today,
can read papers on data, but not study

the data itself.There isno human brain

database (orcompletemouse database)

in the world, but with the umbrella

providedby the Blue Brain Project,we

could start comparing new informa-

tion to what was alreadysaved. So the

Blue Brain Projectforces participantsto

save their data in standard format,"

Segevsays.
The move from simulatingthe brain

and treatingmalfunctioningneurons

will not be extraordinarilylong,says

Segev.Markham is especiallyinterest-

ed in brain disorders, particularly
autism. "He has line of 'autisticmice

with pharmaceuticalcomponent
that iffound in highconcentrations in

females duringpregnancy is likelyto

cause autism in the offspring.So he

Mr

has

$1ST$has$1ST$

$2ND$has$2ND$been injectingit into pregnant

mice. We planto compare the cortical

columns of normal and autistic

rodents. As autistic children suffer

from great sensitivityto stimuli, we

think it is likelythat the problem
derives from specificbrain mechanism

that results in hypersensitivity(bar-

rage of electricalactivity)of the corti-

cal column in response to sensory

input.We are tryingto simulate this

hyper-excitability.If we can see what

goes wrong in the column, maybe we

could repairit with medication based

on our findings.think patientscould

benefit in only few years if we can

prove by our computer model that

drugbased on our simulation works is

indeed effective."

If there is no animal model of par-

ticular disease, the disease cannot be

tackled in systematicand deep way;

the Blue Brain team willprovidesuch

new simulation-based medical

approach,he adds. In the future,

completemodel of the animal brain

will mean none of them has to be

killedto examine itsbrain,Segevnotes.

At present,there is no schizophrenicor

mouse model, but there is one for

depression and another for

Alzheimer's, epilepsyand several other

neurodegenerativediseases.

Segev outlines several new "buzz

words around the world" relatedto his

field that will undoubtedly further

push improved understandingof the

brain. One is "connectomics."

"Ifyou want to see the connection

synapse between two nerve cells,you

can't do it with regularmicroscope.
You must slicethe cellsthinlyand use

an electron microscope.Israel is not

involved in this huge project,as the

technologyis too expensivefor slicing
the whole brain and then reconnecting
the whole network in three dimen-

sions. At Harvard, scientists have man-

aged to stain the brain of livingani-

mals into rainbow of 99 colors (the

Bra inbow technique) this will facili-

tate the connectomics projectas the

brains of these molecular-engineered
mice are glowing with colors rather

than the gray matter's their natural

color.Usingthe Brainbow, we can now

observe that when the mouse learns

somethingnew, the researcher can see

new synapse beingcreated in the liv-

ingbrain in real time."

Then there is optogenetics,initiated

by Stanford Universityscientist Prof.

Karl Deisseroth, in which singleneu-

rons in the brain can be turned on and

off likelightbulbs by addingthe DNA

of microbial proteinssensitive to light.

Opticfibers implantedinto the brain

could thus control geneticallyand very

specificallytargetedbrain cellswithin

neural circuits, possiblyleading to

treatments for various neurologicaldis-

eases such as epilepsyor retrievingsen



sitivityto lightfor age-relatedmacular

degenerationthat causes blindness.

"The same molecule, rhodopsin,that

enables our eyes to detect lightcan be

embedded it into the genome of

mouse," explainsSegev,"the brain cells

become sensitive to light.So when laser

lightshines on them, it activates

group of cellsand enable us to uncover

the function of these cells.This is real

revolution."

It is possiblethat specificbrain

regionsof Parkinson's disease patients
could one day soon be injectedwith

virus that carry the DNA that codes for

rhodopsin and optic fibers could be

implantedto enable to activate these

regionselectricallyusing light,and

thus repairtheir function and amelio-

rate this devastatingdisease.

Segev refers to himself and all

human beingsas "purelyphysical
machine that can generate all the

beautyof feelingsand creativity.My
role is to understand how this

machine generates all these amazing
Human things and what happens

when the brain is sick. have become

very optimisticin the last few years.

There has been exponentialgrowth in

the field. never thought even year

ago that one could activate even sin-

glenerve cell in the livingbrain with

light,not to speakabout specificnet-

works of cells.But it can be done and

we do it as community of scientists

together.can't predictwhat will hap-

pen even in year because the speed
of change is so huge. But there will

certainlybe serious ethical issues. The

question is how much we want to

invade, improve or change the brain.

If we can manipulategenes, we can

manipulatethe brain."

While neuroscience is flourishing

and the 21st century has alreadybeen

called the "Century of the Brain"

because treatments will be needed for

the agingpopulationwhose brains start

to malfunction when they are old

Segevworries that the natural sciences

could be overpowering.
"With all respect to science, we

should preserve carefullythe humani-

ties and arts. We will have to be very

carefulnot to destroythe arts and other

so-to-speaknon-scientific fields.We are

losingfields and courses and staffers,

and the humanities are in danger of

collapsing."
With robots with artificialbrains

processingdata and do the technical

work for us, mankind "will have lot

of time for thinking,creatingand

enjoying each other's company and

the world around us," concludes

Segev,noting that arts and humani-

ties will be be needed essentiallyfor

leisure time as they,after all,provide
the meaning of what we do beyond
the mere survival. "Will these robots

have emotions? Self-awareness? An

independent will? These and other

yet-unknown issues will undoubtedly
be our central concerns in the 21st

century.This much is clear:We are on

."the brink of greatadventure

brainyand passionateman

By STEVE LINM

Hebrew University'sGivat Ram campus

was his wild, wiry hair.As he began

speaking,couldn'thelpthinkingthat

his hair stylenot onlyhides bigbrain,

but likehissharpmind underneath, it

dartsIn differentdirectionsin an appar-

eritlyspontaneous fashion.

Itishis passionfor his professionthat

permeatesour conversation, arisbythe
end of the 90 minutes we spendwith

him, am convert: brain science is

clearlythe fieldof the future,and one to

persuadeone'schildren to pursue.

"When I'm in the shower, don't

think about science, he confides,

smiling."I think about the young

Israeliswho come and studyhert,who

could make huge amount of money

in business and so forth. reallylove

my students."

He ismodest about his own achieve-

ments and visiblyshocked when we tell

him that Googlesearchfor his name

yieldsover 000,01hits.But he isquick
to praisecolleaguesin his field,some of

Whom he thinks deserve Nobel prize,
and likes to point out that Albert

Einstein considered the greatestmind

in history had small brain that

weighedonly1.5kg.
"Blue Brain Project"is anSegev

ambitiousattemptto recreate partsof

the human brain(andthe whole brain

by targetdate of )0302and under-

stand how itworks. It alsohappensto

puttingIsraelat the forefrontof the/?>■

theoreticalside of worldwide break-

throughin brain science.

"This 'brainblossoming,'as we callit,

ishappeningin 10 centers worldwide,

includinghere in Jerusalem,"he says.

"The mathematical model ismy partof

the project.We are central node. If

was not doingthe mathematical model

of cells,therewould be no simulation of

the brain. You can playmovies, but it's

the electricalactivitythat produce."

SegevspeaksexcellentEnglish,albeit

with slightIsraeliaccent, yethe does

not attributehislanguageskillsto the

factthat he was born in London year

afterthe Stateof Israelwas declared.

"It was by chance, historicalacci-

dent," he explains."I was born to Israeli

parentswho happenedto be livingin

England,but they returned to Israel

after year, so it'snot aliya: am

absolutely,totallyIsraeli."

Segevis professorin Computational
Neuroscience at the Hebrew University
of Jemsalem'sInterdisciplinaryCenter

for Neural Computation(ICNC).
It was at the Hebrew Universitythat

he received his B.Sc. )3791(in

Mathematics and Ph.D. )2891(in

Experimental and Theoretical

Neurobiology.

Accordingto his officialbiography,
his researchteam studieshow neurons,

the elementarymiaochipsofthe brain,

compute and dynamicallyadaptto our

ever-changingenvironment.

In recent years,Segev'slaboratoryhas

worked jointlywith experimental

groups worldwide in an endeavor to

model in detailthe corticalcolumn

functional unit containingthousands

of intenselyconnected networks of,

neurons.

"The corticalcolumn is mm. by
mm. thick and like barrel[of gun],

containingabout 000,05cells,"he says,

adding:"We want to simulate partof

the brain in fine detail,which we've

alreadydone with the corticalcolumn,

and eventuallythe whole brain."

The ultimategoal,he says,isto unrav-

el how fine variationswithin the corti-

calnetworkgiveriseto particularbrain

diseases.

Once the originof diseasesisunder-

stood, presumably,theycan then be

reversedand even cured.

Last year, Segevparticipatedin the

Hebrew University'spioneeringpro-

gram, "Scientistson the Rails,"featur-

ing lecturers on commuter trains

between Modi 'inand Tel Aviv.

Segevsays he isalso interested in the

connection between art and the brain

and recentlyedited Artists, book of

originaletchingsby 10 top Israeliartists

spurredby an encounter with ICNC

neuroscientists,

1"think artistsinstinctivelyunder-

stand the brain,beyondthe biologyof,

it,and it'sonlynaturalfor us to work

he says./׳together

Showing us computer simulation

of camera enteringthe brainof lab-

oratory mouse, with myriad of

multi-colored neurons, he adds,

laughing:"You can make very nice

movies out of this, and I'm sure

Disneywould".ןו be interested

MIND BLOWING! Nerve cellsinthe cerebralcortex of Brainbow transgenicmouse. Usingmolecular methods, nerve cells/A

the livingbrain express fluorescentproteins,which allowthe neurons to glowwith specificcolors under lightsource. Up to

160 colorswere observed, thus facilitatingthe analysisof neuronal connectivityand circuitryin the brain.(Brainbow/idanSegev


