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Editor's Note

Perceiving Reality
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While our pereeption of reality underlies our behavior as we
world, m the super-small realm of quantum
1151 ppostte. The behavior of these teeny-tiny
«drock of our perceplion. And their
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BLASS GALAXY

A plain crystal ball at a Santiasgo flea market recently caught the eye of astronomer Juan Carlos Mudioz-Mateos, who studies galaxy formation
from the Paranal Observatory in Chile. He works with the world's mast advanced telescopes. and he saw the common glass spher's potential
a3 a different kind of astrophotography lens. A few nights later, he placed it on a handrail outside the observatory, focused his camera on

the ball and made this 30-second-exposure photo, trapping the Milky Way in a cosmic marble against its own backdrop. — PRI MASTROIANNY

PHOTOGRANE BY JUAN CARLOS MUROZ-MATEOS
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“Q, Shop Now! MyScienceShop.com/STEM
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THOMAS DEERINCK
didn‘t expect his life
to change when he
walked into his science

class one day in thé mid-

1970s. Local research
scientist Betty Barbour
had come to share her

|

stunning images of the

microscopic world. She

was hoping to recriin

students for her electron

microscopy tralning

program, eager for new

helping hands. Deerinck

promptly enrolled. 4
Farty years later, his. 0

award-winning photos' &

have appeared on the

covers of scientific.

. o

journals. He’s also one

of the most senfor.

researchers at the

National Center for

Microscopy and Imaging

Research In La Jolla,.

California, where he ant

his calleagues expand

the boundaries of what ™

a microscope can see

and do." £
But as his subjects

have gotten smaller

over the years, the large

streams of data the

photos produce need

heavy-duty processing.
Recent images of

slices of a mouse brain

require a supercomputer

to assemble them

into a 3D model of

individual neurons and

synapses. The image

files are big, and the

3D models are even

larger, so managing

data is key. Deerinck

has learned that when

the microscopes can see

individual atoms, his

small world becomes

almost impossibly huge.

When yvou started i 1978 what
state of mit fosLopy

g f

was Iht

nias

thiag oy filer

ind no/agital camar.

What have beon the some of
in the last four decades?

the hreakthraughs

A b the trod 805, 3 spetial 100l o
scanming coniodal rarése ope

rrotroiopy by alicvving Lz to image |

wamples without out-af focus blur. In
fluorescent protein, which

cells valble e col
components intersils

The next advance was elertror
a hgn-eneriy boam of electrons to in

diferent vantage points 1o produce a

peront

the G0
|
24NN

=5

PNy, W

we 3 wpecimen

30 represantation

t's ke & CT wan LUt wath thousands of times bettes

resolution

0 What sort of microstopy challenges are you working

on now?

To impeove our 2ty 10 Image L
middle wale between macro and
vou can photogragh the structure of 2
the brain, all the way down 10 1he nd
maofecules Currently, thete's no way ¢

that entire range

0 50 how will you got there?

A s goung to Le & combination o
fubotics, deep-learming computer
slgorithems and [ust iImprovements

m the actug microscopes We try

16 bring all these things together

NOow yOu Birepare your specunen
choosing the nght platfarm to

IMage if, aptimiding the platform
Itseit and then haw you deal with

the deluge of data

How do you make such
G technical photos that
are also aesthetically
appealing?

A | have been married

Lo an artist fot 30

years, and the o always
looking at my images and
sdying that | should come ot
it trom a natwre photograghy
pEnpective. There should be
an ud and there shauld be

a down, paymng attenton to
coloe cantrast and « npos
Many people don't realiz

e am 1[llu_]"‘.) ity of hature
extends 10 the microscopi

world

e mi
micrao
nargan, sKic
vidual protey

ontinuausly image

Thomas Deannch's
mucroscopic photo
subgects incdude (from
104) the synithetic
bactoria Mycoplauma
mycaides, the Jagged
surface of a Mdney
sane and a huamag
tongue (purple) with
wirface hactenas (green)
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Panama & Canal 8days §
Nova Scotia 10days S1485
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A Mindset for Mars

Space agendcies are still figuring out the bes

CAN WE GO YO MARS
WO goang aray ? In May
2001, Discovers cover siovy
asded exaclly that, exploring
umanswered Questand Abowt
the peychalogical penl of
humaty cammed 1ogothet
and Hung through space

A1 the time, sclontists
dider’'t have much data 1o
predict how peopie would handie the
wamonth journey Researchers realzed
imurparsonal tkalls and camaradotin
weould be crrtcal 1o seccesy

Wed're still not sure haw things wauld
RO, Hut growing Intesest in the mental
risky of space travel — which NASA hists &
one of the biggent threats 10 astronauts

- s Spawned s wave of new resvaich
and tethnodogy.

Experts are dovoloping stress-
mansgement systam, induding virtual
feality programs and robotic Lompanions,
10 help imerplanetary travelers cope an
e trip, And projects that simulate long:
AT space Sravel are-ghving researchaers

Missions like

this one on

the Mauna Loa
volcano in Hawail
help astronauts
train for Mass-

e conditions,

insights 1o howy we'll geal,
Partipants endure months i
cramped cantines inanalog
missions at NASAS focilities
I Howstan, as well 3¢ remate
places Wke Antarcta, the
floor of the Atlantic Ocean
and atop & Hawadan yokano,
The Europesn Space Agency™
CAVES program, staned in 2011,
sends partipants into unmapped [tatian
cavemns 1o test and train their cooperatve
exploration skllly. Then there's tha final
run of Mars-500. anothet internations|
Martian analog, where six men from four
countries simulsted an entire missica to
the Red Planet aver 17 moriths, fram 2050
10 2011, in & Yiny Maoscow focility — the
tovest we've gotten to the real thing
Those projects SUGQEs RS agencies
are taking the piycholoegy of astranauts
more sanousty than it did in 2001, says
David Dinges, a professor of peychiatry at
the Univarsity of Pennisylvania Peraiman
Sehool of Mediking, Good thing. 100,
since Dinges ~ who'was foaturesd In-our

t personalibes for a trek 1o the Red Pianet.

2001 article —and collgaguns published
a study i 2014 reporting twg Nars-50()
trew mumbers atcountad for 85 percent
of the mission's reported conflics,
Chaarly, “electng voyigers with the
right psythological profile & critical to
mission success Theugh we stil] don't
xnow what that profile looks like, it's
pecoming easier 1o see what won't
wark, "Havihg S Type A porsonatities
on itlong, boring voyads may not be
the best combination,® says psychologis:
Gary Stranginin, who works with the
Transiational Research institute for Space
Health, a collaboration between NASA

“and a consertium bed by the Baylor

College of Medicing i Houston

Jack Stuster, 3 cultwcal anthropologis
whio has studied journats kept by both
astronauts énd earthbound explorers,
says behavioral issues are a surmountable
challenge. Enthusiasm fo¢ putting the
first footprints on Mars, heé thinks, will
nspire resilience: “Humans will endurs
almaost anything 1o be among the firse.”
SATNEN AN
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The Life & Death
of Social Media

WERE MORE CONNECTED THAN EVER, thanks
10 social media. Despite thousands of
miles of distance, we can still stay in
touch with friends and family. We¢an
even make new friends and start soclal
movements at the drop of a #hashtag.
Aut the websites that helped maka this
all possible had 1o start somewhere. And
gespite their strong starts, some sites
gidn’t last to see the interconnected
world we live In today. - La

Monthly active users” worldwide

S SOHILEY

Facebook reigns
supreme. with
2,23 billion
active ysers per
month in 2018 .

-

2501
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MONTRLY ACTIVE USERS (In milliany)

Who's Using What?
Percentage of Americans

who say they use social media
[2018]

Instagram Twitter

— 68%
e vl Pinterest BAEACH
Facebook Lioked!#
Snapchat
Percentage of U.S. Adults Who Use  Multipie Times a Day [2018)

ESSSsSI0 ) e
Twitter
BB | ven

Snapchat

Back From the Dead

MySpace had a brief resurgence
in 2010 with 54.3 million

Mid-1990s; The internet
bacomes widely available with
the emetgance of affordabie
parsonal computers snd

web browsers like Netscapo

a®
=

|
.
s —

P

1599: Apple offers Wi-FH
compatbility in its iBaok
laptops; the first tech company
0 8050, spurming an. industry:
wide trand.

g

a

&

§

£

5

£ MysSpace: There was a time : o _

;' when-MySpace wes in the same unique U.S. visitors 2006: 6: Fatzbook, which
g » 0 § boat as Xanga — essentially 7 °"?:“:g’ °“'Vi;‘“g:"d propie
1939 2000 2001 5 1 ‘ 2 . with ‘edu email addresses 1
\gt 935 2000 2 2002 2003 2004 2005 2'5\5 2007 2008 2009 2010 201Y 2012 2013 2044 2015 2096 2017 2018 = d!i!d: To regam,some popularity, g 60~ // and 3qain in 2013 Rl operis s memibanik
> o s - : the site went though 3 > ' reaching an audience 10 anyone. The move sparks
< ‘ & redesian and shifted its focus w50 b of 38.52 million Facobook's rise through the
= @ } = in 2010 fram personal peofiles = Al ranks of social medis 4ites,

@ ‘ £ tomusic Then it went through W _aob | |
-— . g £ anotherredesignin 2013 When  ® E 2\ .
*Snapchiat an Linkedin 3 s ; ] £ *
5 Eons: Site geared toward baby boomiry: measure users by different 2 :  thatwasn'tenough,in 2014, g = 30} ".' 4 : i
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::"["'.‘ ‘,’n‘."‘._‘ 7“.'-"‘ Dad the free .1(‘,' Yyou can
i e e O NOW ON SALE!
»

. Noise reduction

e Volume t Price 5999~ Sale Price $299*
o B e Call: 1-877-767-4480
=N MOSt e 0 OEViIcE : ' 4 L O0¢ DS;\ \

ot IR F e . ) e
"1'1—5'-{_.."!'_‘;" 2 aids work at fracto f r- l?lt st gl 1Imit

e nme D1

aviolet spectrum of light, since
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LA R o Rescarshan foand a new 4, The culpeit Rylella Tastichoss,
dniosadr ot the wrong - can infect up 1o 350 different plant spocies. The Farn o9en made it

phace 4hd tho wiong Lime : have 1o moye 1ast 16 s1op its speead (Usually by sap-eating bugs), or el

in China The preyiausty , have developed an serfal ramote-imaging system tist «cant orchirds 1

anknawn speces of advancecd A \ symptoms: withered branches and scorched Jeayis THe fvstem. whic)

' R E N D l N G ~ srrzasl " - f)r~ - r Ul've | I otectinn
S.I "”:f.‘ . d \l~)‘/ !
\ EU'UP*- S ONIVE TIoes e sulterne <

es 3 comb
oy the Uspited States, your wallet can take 4 hit with any sort of Health sauropad — glang, lang- . ' itnaging; €an flag infectad trees with over Bipercent accuraty Th 31l
scare. For those bighting cances, costs freauently spral out of cantrol nacked herbivores - was
But how often do docton talk with thair patients about the finsncial named Lingwidang shengi, of
2apects of Uratment? i 2 recont study, resadichens at e Universty ramazing dragoen from Lingwu. *
of Michigan surveyed B35S dottors and roughly 2508 pecqie diagiiosed The multipte Tossils found in northwaest
vith Dreast cancer 10 find out. And it seems many patients feul fike China are 174 miflion years old, about 15 millio
theur conceni-aren’t being heerd, cariier than paleontologusts thought this pﬁfr.q,
wrandy of the sauropod family exuted, The fossi
AT LEAST SOMEWHAY WORRIED ABOUT FINANCES ale the firsy of thelr Xind from East Asia; anothar
ol surprise. Reseatchars had Belleysd the region wa
l.._..'.';x'wr.‘é.': ) »Og never home ta these-ammals. The find suggests
advanced sauropods evolved mudh eariior and wers

of thit group say doctacs office didn't halp tdeal CVEITL B 2
with financal impact of diagnosis distnbuted much more wigely than we thought

DOLLARS IS A Snack Fit for-a Star
AND y |11 & first, astonomerns may save withessed a star
CENTS &= a planet — well sort of The star in question, AW
ey v R SPE! Aur & 13 ahaut 450 fight-years away, but it's been
inore than ”"":'i':' than exports’ radass for decades because 11 has & hstory of
10 peccent of 0 pezcent 5,' dimming avery 0 often belors retumma to its usual
househald income \ hauahicid Inconse oA L 2
R 8 on out-ofpodoet shine. Recantly it'’s boen dynming a 1ot more than wal
RApONLLE Nowy, datz from NASAS Chandra X-ray Qbsarvatory
suggest those shatly Lxllnds may be due to the nearby
collisian of twe newly formed anetary bodies, Whe
those mastes it each other, debris
Ekoly foll Inta the maw of RW

AU A, 1esulting in dus 1 g&s
WHICH DOCTORS DISCUSS FINANCIAL BURDENS WITH PATIENTS? RSt hadivredaled

) : Ly 8 track what's going Gn could
Radiation oncologists m B help stientists learn moge

Surgecns m ! - about how pladetary bod|es
- . form and what-facton afieg

e cheenotnorapy & well as bormaonel. biological and saraeted therapiey thair surwval

orchard in uuth('ln italy from blue (leastsevere) to rod (most severs)

AN

CONCERNS 8Y ETHNICITY A Curiaus Mind

Cut food budggest 10 Wanted to m.l'x to praviders Want your Kids 10 be betier at math and reading
help pay for treatment about finandal impact Encourage their sudisity, A recently published stud

L-.:ﬁ AT 7 ] o r-m found that inqussitive tiltdrest understand busic
-n( ) ar J reading concepts better, Researchers wused
Ez;:—um-:m data from a longterm project fundad by the U.S
Departiment of Edutation that's been h_wi.\,»...v-g
babies born in 2007, Sur VEYOIS checked In with the
chiidren’s parents ragulaely aver the first o years
messaning their kids' math and reading abillities a
0 n - 4 ' 0 Y : : wall 88 thele curiosity in Kindergarten, After analyzing
Porcenthoe e Fesults, the study’s authors saw
- the cannecthan between curious
mrndl and math and reading
ikulls, #ven aftar co nroling for
things like atslity 1o docus and
ied peipite s cantrol impulses — someth ™
.”;r‘."m”, talled gtfortful contral. The
Ragading Finande resulits point to another ol
B o 12 7010 K68 suxcond i shool

/, tha it < 4
Cavcnr * Canges, 2000 the authors way

oure ")

A_,.
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Pain, Motio1

oSO g alies

1,

Repeat

" Tl »

I Svear-old had boen wallang
wendd on a sidewsll when

ryviiung saned spunnmg ind het

body shook, Her ool Brphitened and

awldn’t breathe Her mend called

| | | | ' r':' |'§ [
) 1 I HMPmE exXpe
kel 1e hiad been hag
DOng 10 ACr oyery ow weeks 1or
| Bru nowe
| ] A vhist hind
found | lom:. et
weurol uspectied arrhythm
prepnl iribout ), but she
N} { ] cl | 1 V¢
have 1t checked ou
| Lzl § blood
TCASTILS, | ] wly temg i
W all el
MRS L IIARINY SenAs Hore ‘ l)i/{\‘i']g’ l]e‘rlrl
s {11, young woman who didnt dnnk or -
Jo drugs Shie had never been hospital ”]l““p“lgL)XI)L'IIL'HCC.\
e, Yeu sl cmed close 10 a complele 3 = 4
ot like this one had been

happening (o her
A DIZZYING SITUATION A
Young professionaly being sised every few weeks

for eight months.

a hypertivrond contibon

For w moment [ considered she
mght lave an reguler heartbeit, as
her neurologst thopgi, The condition

known to brng sbout dizziness.
Iighthexdedness ind shorness of
bresth. Bul Alana’s electroandiopram,
N0 Wil BXPCTICOCing paim wiirch checks the electninil activity of
01, revealed Do aksues

Sometimes when 'm stomped about

{ arasomg ior answars

the cause of o patent’s complaind
| think about other patients 'yve scep
who had somilar symploms, or whe
bad symptoms that manifest ;o
simular sequence

As 1 examined Aling
[ thought ubout Peggy.

A PATTERN EMERGES

Two monthsearler, Peggy

had urnved in the emergency
depurtnent sobhing, Vomiting
and doubling over from stomach
pai She wis in the middle ol
arecurring altack, she told me It
ahwiays went the same way: stomich
pain, vomiting and aon wwlul laste
of sulfur in her mouth

Aswe tatked about her medica)
histony, Pegey siud she also some-
times had migraine headaches Thi
stopped me for a moment; The hall:
mark ol what we broadly cull migrames
1 rectrrent, steseotypical artacksdhal
eventuallyresolve completely Coyld
Peggysattacks br migrines?

An estimated 36 million Americans
siffer from migraines, which tvpically
are severe, throbbingor pulsing
headachiea olten acoompanied by
yorniting: SSentises aren't sure ol theu
Mot cause, bl there appears 1o bo
a genelic cdirponent, sice migrines
run i Gasnlees

Peggry dhid not hisve a throbbing
fieadache when she came 1, but
ECUInNE symploms suggested she was
Having a repeat mugrate atiack, In
an exdd twist of neurology, and o the
dirgnoste Cconfusion of doctors, people
can bve migraines without headaches
Even odder, the same pesson can
have o diflzrent series of symptoms
al differvnt times

The trigeer of the attack cun also

—_——————————

CVS/pharmacy (F33] ouaereade
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Less Pees, More &

One of the signs of an aging prostate
is an increased need to urinate,
often in the middle of the night.

That's where The Prostate Formula
can help. The Prostate Formula
specifically supports:

+/ Healthy Prostate Function
« Free Urinary How
+ Healthy Prostate Size

In short? More time catching 2225,
less times getting up to pee.

For coupons and more information: MONTH
B www.ProstateFormula.com SUPPLY

HamisTocter I W Whdyreena
SIS
[ owad oedi |
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“The race to space was a thrilling time,”
JIM LOVELL, APOLLO N &°13

MISSION MOON 3-D

BEHIND-THE-SCENES STORIES AND STUNNING PHOTOS

OF THE APOLLO MISSIONS AND MORE. fad

= N i AP
;s. - BN . ‘., .

Relive the historic lunar landings and the events that led up to e
them, told in unique social and historical narrative and visually Y=g

= MEGON

Quwicd J. Eiciver . Brian May

stunning 3-D images.

» A comprehiensive tale of the space race by Astrondmy Editar David | Eicher

» New stories from the astronauts and caosmanauts whose shared perspective
turned competing exploress into (a8t [riends

» 150 stereo photos ofthe Apollo missions and space race, the lurgest collection
ever published — many never before seen in sereo

v Special 3-D viewer and introduction (o stereescupic photegraphy by Srian May

MyScienceShop.com/MissionMoon3D
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ANOTHER KIND CF ACHE
|
hed t { } Vestibular migraines S(o0. nvhcrcinlm )l
4 s propagate through the hran's
-crc:mHh*\ showrn in red

'l harve to tal ‘How do yvou feel?
asked. She rewarded
me with her first smile
1] waave since her arrival.
It's gone,” she said.
Lhs theory, The resull
migrame aure " the non-headache
Darrage ol Symploms that Tias heer
cribed o medacnl Meratare for
bee| funes. Wayy [shts ane the classy
! l minnsfesiation, but theie are many othes
O
The 1t inchudes patn in the arms and
called | ] scositrvaly 1o hight, nodse and
} wenabie are stomach pai
ke § CADCT )

|
! 1 ura ) Ly \
| riull Hi { Wi
il
J 0t pa 1 Lhe ernergenc
] ble 1 ‘
| 1 r
i f (WY rlora sin
nl wilor
) & 53 S AL 18 1]
| 110s
1 | ! \nd panadi
nsian! part
! e mn
1 1 ]

CALM AFTER THE STORM

ANMasraune 1re wenis g Hared
the I N

AL i \ I
rath hihg headach

Ly DS Presen Lo

dry | the 50 Pt
xCT ety pill. Introd

2 A5 agafo g 1

drugs work for many patent
not gl They are mast efleative
carlvin anattwek COther carly
pliase manstays melode naproxs
callenc and Aspinn

By the time patients get to 1h
ENISTREACY roOmL, theit MIgraines
e usually peaking, In thos
our gosto intrvenous drugs sinclods
.‘l'l".4‘-IA!].:'IHIA.'.IL"."';‘ ke Tor wlol a
unti-dopamine agents like Reglan
which we LEVE \'\.Il:.-

Fhirty minutes later, 1 pecked int
her room. She was curled up sleeping |
shoced out two of Tter visitinge {oend
eltthe room and closed the door

I checked on her two howrs Jae
She looked clear-eved and mefredhec

How doyou feel” T asked

She rewarded me wath bier firsh smils
sinee her arrival. " IUs gobe” i sind

Alana’s neurologist placed her
ON MESIne preventatives daaly
Magnesim '~'|§':{\'.-"l:'.."t".. nd vitamir
B She wiasigiven sumatnplan, now
one of the more widely weed migniine
medones, o take at the first s
al troihle

Muomihs later,
how Adund was dome, She
v nenune epasodes, he saad

e storm hiad blowis ofTshare, but
Alann would still need (o puard Against

INCOmMImY waves @

| asked her neurologis

adn’t had

Tany Dajer & avectar af the eyneviges

S

THE NEXT GREAT ITALIAN MASTE

The Argento Byzantine Braceletis an
impeccable work of art with a price
unmatched by any in its dass

f‘\

2%

G'}W ) ﬁw.,

Da\'musMonaLnsa David by Michelangelo, Madameﬂwm\ybyl?watm as it
some of the world's greatest masterpieces. And, fsmsaaetlshmdlpbysl .
mealworking on earih. Which is why weswgmoutmeofthebestalﬁsanstaewnupmnﬁﬂs
fo oreale yet another great lfalian masierpiece. memmmmmmwwm
for making jewelry of great beauty inspired by the Tuscan countryside, The Argento Braceletis his liest
masterpiece. And, you can own it for under $40/ 2
Each bracelet is meficulously made by mmmmmgwammmmmm
design— an intricate amay of woven finks that forms 2 flexible and elegant drape. Passing the testoftme.and .
supassing fhe definiion of beauty, mmmamm&w«smdwmwmmm‘nf
And, priced for those who appreciate a fine value,
The difference between priceless & overpriced. While shopping for bracelets, | spotted a 7" woven stering siver
Byzantine bracelet with a big designer name for $250. Ridiculous. i wasn't Rtalian made. It wasn'l near as nice.
High-end design shouldn’t carry a high price just because of a big name designer name up-charge.
No questions asked, 30-day money back guarantee. We want you glowing with satisfaction.
Masterpiece, not mass produced. Because each bracelet is handmade in lialy— taking months to create— we
only have a select number avaitable. Dommtsswsoppawmybounapmed impeccable Itakan-made jewelry
foram.tjamazngprm Call foday!

. MadeInAruzo ltaly = .925 sterfing silver ¢ TS'Wbbsterdasp

Argento Byzantine Bracelet
The classic Byzantine
Stunningly well-priced at $39 + S&P  ¢hain partern has siood
=5 the sest of time for over
' 2500 yours
'TvmaMw
detaebraeiet
exact st

' 8. 8 & & ¢

“She loves it and

wears it provdly.

The qmz/m' is outstanding,
and ber friends recognize the
classy and elegant look.™
—M.B., Minneapolis, MN

—— e —

Call today. Thmsmbmnbmmwhycum&h

Mﬂdtd“ 14101 Southcross Orve W, Ste 155, Dept. RFJ215-01, Bumsvile, Minnasota 55337 www.raffinatoitaly.com
A collection of impeccable desigu & craftomanship from ltaly.




| Mind

| Over

' Matter

Knock
on Wood

CALADRSET WATSDN

. i 1 March, 1 snowed, And
—
7 u ! nnpowed., It wits 0
avy il rools dround my town were
ng i, trappng pels and truck
VING peopsc homeless My own

M Bad s .!?'A'l|ll;g‘{-'|"r'c
might, flakes perpetualiv pelting down,
| codidn't fieen | listened for the ereaks
il soon-10-collapne timbers. 1 magpoed
the porch overhang rippng away from
the kitehen T stared into the dark

Dud 1 eventually haul mysell out of
bed 1o shovel the rasol™ Noo My fear of
[alling 1roq

JICUL O Deighil was Loo gread

4s was my love of o wirm bed
Instead i knoc ‘..'J!'! woodad R.]\'Jl'
edly. My bedsde wble s woend, and

my knockles rupped (1 with cach neéw
crnfyving thooaght. A wooden pecklace

hanps ol the hepd of my bed. | tapped

Iy wasin't & gne-tme snowstorm-
il-the-century deil. No matter the
eas0n o sitastion, knoeking on wood

how [ ward off the d tgery in ile

LEARNED YOUNG

I'm oot along. “Superstitiony and -

cal trinking arent really special

lane Risen, a p
I it ihe Urivensity of Chiicago

tessaor of behavioral
wy we thnl

“They re just part of the w

Don't open an umbseelln indoor

Avaid hlach H o Priday the
| 3th. Superstiions like these débound
| | { L } Moy W bunir
Fatle Tound that 6O percent T PO
en 181 wnocking on wound

Don't openan
umbrella indoors.
\Wwoid black cats.
Be wary of Friday the
| 3th. Supersiitions

like these abound.

Ihese beliels begin in childhood
"Kids dunve 1o Jewm about these
thanges first,” says Jacqueline Woolley,
i professor of psyeholowy at the
LUiniyersity of Texas at Austinand an
expert on chitldhood superstitions,
“They re picking up the superstitions
of thelr parvcular culture.”

But soon afier this ciildhood beliel
peaks, if starts {alling Take the conoept
ol Tuck By age 4, cluldres sce stacting
1o hear about it A couple of seirs
later, they believe m 1t pretty strongly
Bul then the skeptcism kieks in prebly
quickly after that,” savy Woolley.

She and her team witnossed tlus
tramsition during a study published
i 200 7 inthe Pachonwnic Bulfetin &
Riview. When told an improbablo story

for exemple, one ixi which a seveely
njored-dog henls withau medicil Gare

most chuldren toed o Gind a ndural
aplatution. But 5- and f-yeur-aldy
ilso often credited mirpcles or luck
Mhese supernalurml eaplanations stirted

to drop with 7-and S-year-olds And
Yuyear-olds were much more hiely to
say that events were caused by skill o
effort, not luck

| can't remgmber when my
knocking-on-wood habil kicked in
| doy howeser, remember avording
stepping on sidewilk cracks (or 1'd
brenk my mother's back), 1 also
remember that habit quickly dving,
since it was impractical and-simply
hadn'l proven truc

KNOWING BETTER

Despive this childhood riseand fall in
superstitious beliels, sonte persist into
ndulthood, even for people ¢hike me)
who don't truly befieve. Will knocking
on wood really save my roof? No

Yet I'do it knyway.

In asmdypublished in 2008
in vheSawrnal of Porsonality and
Sactud Psychology, Risen found that
participints believed 1t wasbad luck
to fempt fate — even when they didn't
beliede in fate:

She further examuned this contradic-
non o i 200 6 study published m the
Pyvehulagical Reviow, *\We see people
mantining these beliels that they
themselvas acknawledge are imtional”
she tedls e “They'll say, '] know it's
crazy, but ol going to do this " \We have
[these beliefsi because theyre Lthe vutput
of pretty basic copnitive processes”

We have two ways of thinking, she

——————— =

Back by Popular Demand!

ASLE b JWI

COLLECTON'S EDITION ’ Get to know the 20th century's most mmsﬁ&h 3.\

Einsteln’s Universe. g 5 4
» Enjoy 50+ notable and provocative guotes M =

Diisciver

« Discover Insights from family members, friends, & ¢
and intellectual rivals,

§
e
* Find Incredible photes of the genius at work and p!ax
letters, memorabilia, and more. :

Peek inside the mind of a legend with this special issue from

d

: § 7 $1 Off +
’ X FREE

ot (e Tl o by

Pre-order Now!
SHIPPING MyScienceShop.com/Einstein

Y
Discover ‘@

AL

Enjoy superb sights of the southern night sky with exquisite

views of the Southern Cross, the Carina Nebula, Omega i :
Centauri. and the courntless Milky Way gems found in i

Scorpius and Sagittarius

You'll have 5 uninterrupted evenings of private, southern
sky stargazing from the grounds of our star ladge, plus:

7/ * Daily birding and nature walks with an expert guids

o A relaxed atmosphere with no distractions

o Special day excursion to the Scarle: Macaw Sanctuary

Join us in Costa Rica for this unforgettable star party!

Learn more DiscoverMagazine.com/trips-tours/2019-costa-rica
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pperstition s establnhied, \
coil-bencfit analysts Lt can 1 i3 (Gonot
{1 seem ke ot periorming ¢ ) S v
[l!'\'.".l'}k SEIPPIORE L Can evern 4 | W that o 140
» somme people anxiety. S0 11 no of it lic '
arosnd to thmk the supersubon { WP ' '}
t ) 4 I ornzy und add acost 10 petiisn e pla . o) . |
wle) dleen “These beliefsand it — weare more hkely o complet e childee
R ool beha tunll : end regulaning ihout of & TOCLLCr Sl Lnat 50Ty o y ' ¢
Ut emnotions: savh Ruen. “When mindiet, indicating we must beliey THE MYTH OF OLD WIVES' TALES fon't wo . [ '
wott kpock on wood, you may WOrTY al feast-a litthe bt So [ relecuted 16 this supe i {
| 4 it 1es le | also wonder i ['\L‘.l‘t'l'-l.flan"d has life forever? Naacetrdiang 1
And it never hortsto bedzes yoor hels anything 10 do with the steength of 1 Brasheer; a pastdosioca] fellow ut \
\ ‘ unlly, Woolkey provides her onvm beliefs I don't anly knock on wood 1 Hurvard Unwersity specitlzing in men It G nng K il |
. oveli exampie of ownmng o parking angel” save my rool, but 1o suve my childre pry andjudgment. She and les tean R 1s0n tells me B
13 that once hung from her reanvacy mar- 15 iy son at wparty? Please bring him putdished ¥ 2017 stody m Pyy g ersiition birs, | reak 1l Galadriel Warsos
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Northern Lights’Tou"r

'M%a"rvel at the wonders of
Alaska'’s earth and sky with

Bob Berntan

njoy  talks by experts,
dogsledding, natural

hot springs, and much more !

o specislineresttours.com |
= WS peCialinterestton

SOLO OR 2
PERSON PLAY!

1(B55) 962-7478

DEVELOPS
SPATIAL SHILLS!

Never get bored by a cube assembly puzzle
again, Each code In the code book specifies
a different set of pieces that assemble Into
# cube. The codes are sorted by difficulty
from easy to hard. There are even two
sections of simple puzzies for children.
Extra pleces allow two player competition.
all packed in a beautiful box

www.ZobristCube.com Ages & - Adult

ATHENA PHEROMYNES

INCREASE ATTRACTIVENESS

Jaseph (M) * F.]Lvn(,c,.qudml You a the
research! § am married and am witls my wia
only, Well within 5 days it was amazlng. The
atfection lavel went up 20 fold. | am s0

rateful o you Dr Cutler”

Unscented Formulas for Men and Women
Pour the vial of 1/5 oz #o 2 1o 4 oz of your fragrance Wom
dasly, lasts 4 to 6 months, Sciemificaly proven. Creaded by the
tiologist who codiscoversd human phenmones in 1966
Effective for 74% usad acconding 0 the directions.

sherry (CO) "This product works! | seil e
gstate and | can't balieya how much | am
sellingl My clionts stick to me lka glue. |
can't bejleve the business! | can't delleve
now wall 10:13 works!"

Not in stores. Call: 610-827-2200 or order online at;

www.athenainstitute.com

Maik: Athena Institute, 1211 Braefield Rd., Chester Springs, PA 19425 |03

Alhena Meromone 10
for woman, $56.50. 10
o metn $299.50. | Shogls
1257 4-6 mas uses daily

Commetice, nat apbyodishics
- - -~
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-wOrld's Moist Pwerful
Leaf Vacuum...at a
PRICE!

New LOW

v Rated #1 in Vacuum Power
v Now at the Lowest Price Ever

v Converts to sn Ali-Purpose Trailer
v Stores Fiat in Minutes

Now Sastiag

DR® LEAF VACUUMS ot Jum

b 4 DRleafvac.com
i 877-200-8681




Your Daily Dose of..‘
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QUAN UM ': ))'

How the science of the super small
lets you smell, see, touch and more.
BY TIM FOLGER [LLUSTRATIONS BY JAY SMITH
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wrrure from so-called classical
phiviics, whech headd that enerpy fowed in smootd
Al the time. Planck bad n
u 14wd s JSTIEICIL oul i tumed odl o
| H I fTectively capped the
Ledd ! eouid el
are dealh ras
tun evolution. It would

tscal wark by

n |
un I\ |
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| i A4 UIVOEC 1 ITod i
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| : ML COAON ] LPDRTALINE

Al ! Iy IV InyIsioe 5o quaniung
' T i plain sight., blatuntdy and
heantiully obvious, Jke the suies r2ys and the
winkling ol U 1 sometinng ¢ive that

v explumed before tBe hdvent of
jantam mechany
How much of the quantum wWorld can

ence 1 our dady lives And what sort o

\!'\."
afocrmation cin our senses giean aboul the tn
nature o lits? After all, as the ong:n of the

theory 1sell” makes cleas; quantum phenonmer

an dte oot under our neses. In (et they mny
tkang place right ptside our noses

THE QUANTUM SCHNOZZ

What's ging on if your nose whan vou wike
Lp and smell the coliee, or the siice of ‘.v"":._'

hrown eI yous poan-lethal toaster? Far

1 e vour-face sensory organ, the nase s poark
anderstond. No leas a lummary than Earico
Fermi. who butlt the world’s firse nuclear reaclor
yace remvatked to e foend while Ir¥ing oniong
that it would be nice 1o understand DNOW/QRr Sei
) sedl works

So you're lving In bed, and sameécne ha
around

orewed frestily

Sumattan dark roast. Molecales {rom the el

thonghtfally SOME
wadt throogh the air. Your inhalatisns draw some
{ these moleculés info @ Cevily Belwesn your eye
just ghove the roof ol vour mouth. The molécule:
stick 1o a layersolovtwus on the Upper surface
the cavity, embedded wath alinclory acurons
Bangliog from thetrain ke the teptacles of a
jeliviish, olfactdry neurons are the only part ol
the epitil nervous system constantly exposed to

theobide sotkd

if the biophysicist is right; and we do smell vibrations
in addition to shapes, how do our nOSEs manage

the feat? He speculates that a quantum effect
called tunneling might be invaolved.

e ——— s co———

What happens next sn't quite clear We Kngw

the mokecules bind to some of the dix direrent

receplors on the surbisce of the ollaclory neuros

we don't koow exactly how thul contact creite
our-sensg ot smell. Why s smell such a difficol
sense 10 undérstand?

“lo purt, 1ts the

expeniments 1o probe whal’s goling on nside i

dithouity of setung up

ollactory receplom of the no avy Andrew

Horstietd, a muterials

London
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sSome 83 million miles separate the sun and Earth,
and it takes photons |ust over e ENt minutes to cavel
that distance. But the bulk of their JOUrNgy Ooceurs
inside the sun, where a typical photon spends

a millien years trying to escape:

by a vibrationad the L owmeil st propessd npu that creale the peregpion
) by chemist Malcolm Dwson o YIRS Afller il in the b
Turin hrst caught weent of Dyson'sidss in s Mucked ewav it ouw

19905, he started lookis Jgop . TiEhevil hust onl cated electranie det t. Ho ‘
would allow him 101 Iheftheary. He it upor n i ovolved ) | {

sulfur compounds, which ‘b0 0 jue odor | quantum i thinl I

and o chamotenstic molecular vibration. Turin the techinolo O 10 speak. ol

thon neccded e adentify & mpletely unrelited irders of magnitu nrt
compotind - one with a different molecular slsipe VOl [ R&D th unlimted L

than sullur but posscssing the same vibrational ime: And | doa't thank
{requency o) see iowould ymell anviling thing thu L

ki sulinrsEventually, he found one. 2 molecule
contetmiog poron. And sure coough, it réehad ol SIGHT UNSEEN

sullur, “Thats whes the penny droppe W S ON o youre yuailing 3y 14

':lh\r,i_u". This cunnot be o comeidence pwake Your evelrds are g 1 lor d
Stnce that odoriferops eurckamoment, Tunnhas | mode, bhinkiog letung o a bit of the Hght 1
besn gathering experimental evidende Lo support eamimng through t vindi
the idex, collaborating with Hoesfield 10 work oul brew, ponder this The parti
the theoretical detaids. Five vears 120, win tunn Vour [ace il ent e yelr
ind collesgues designed an experiment in which mullion Vears aeo in the center the it
some O the hydrogen moleculesin & musk-scented the tme our pol-guite-huma (%
fmgrance were replaced  with  deuteriun 10 use fire The sun wouldo't even be sendu
vistiely of hiydrogen containing an eatrs nestron thase paricies, mimed pl |
they found that people could smell the difference ime phenomenon that mught und
Smee hydrogen and deuterium  bave lentical of smell - guantum tunneling
shapes but didietent vibpationn!  frequencics Some 93 oullion mules senat |
the resulfs wgain supgested that gur noses could | Barth, and @ lakes photo {1141
wdeed detvet vibration Siilur experments with ISy U over that Jditance. But e Ou
fruit s complemented those results thelr Journey  occul 1side the sun. whe
Tunns: sdew  romain contenticu Lypical photon spends a mrlhon years &
his  cvpenmential datg bhave divaded  the escape Matter whtly packed at th n
wterdiscipbinary  community  of  olfactory Our AL the hvdrogen there s ubou
rescarchers. But il he i right, and we do unel! Jenser (han lead thut photons can ray
vibrations o addibon toshapes. how do our no an mbnitesimal raction of 4 sevond |
mandge the feat’ Tunn spoculates that ¢ quanium absarbed by & hydrogen i hich ther
effect culled tunneline might be dnvolved photon out for anoths o=t o-e-inter
e broan mterprets the uvnigue combination of key model SUFECSIS Qur sense of smell arises not In quantum meghanies, clectrons and wll arbey journey, wd indinnum. Al wooul a billton tn
| Clivated by therr bound molecules ay just-lromy the shape ol molecules, byt also from pariicles possess a dusl natur sach s both il interachinns, o photon Hm net
| nell of coflee n other words, we smell the thes mannes i which thoss molecules vibrate o purticle pnd a wive Thp sometumes  aliow he surtace of the sun, huving zseeed and
nes of mol ( Al molecules constantly pegle with  disti eledtrons 1o spread out and travel, or tunnel randomly 101 2 thousand mll
Bul them fundameninl probiem with e wmpon dased on theirstruciure Could our 05 through materusds nwavs that would be forbudden Sl the pholons pever we
pd-) YOU cup uve midloguies wmehow detect diffetences m those vibrationti ter pardicles under the roles of clussscal phys wd the sun wouldn 't shi L
fercnl Wbape Ena compastion, whieh | equencic v Luca Turin, o biophysicist at the Ihe molecular vibragons of a4 s€ent molecuic punciing. The stin ' ‘
| gis the sam o perception,” says Mexander Fleming Blomedical Scignces Rescarch might provide the night Jump down'In enengy (hat gL DY huckear 1o
ol I cma | omething more than Center in Grosoe, belleves they can Sleglrons need 1o tunnel from one part of an odor wetdDer (O o belium, a pro
1 Ivex], bul what? hanin, who ulso h ippens 10 b one of the reeeptor 1o another, The tunocling rate would eneTEy, Every second, U Vel
Ive to the lock-und world's leading perfume experts, was inspired chanee with dulerent oroleculow, trggering nerve y miliion tons of matter o encmey. B




i ) Siric charp
] o W o they
Xl
Wil f the wase nature of
bt | . iy eYe siegzhil
{14 IPpie g on the surface of a pond
| clid WDy ] san INS clone
} h ja 1o force the strong
scler force, which kicks in only at extrenely
{1 ATHICS can avercome the paricies:
clectnical repullsiom. The protomy (use and relense
le photon

Our eyes have evolved 10 be erguisitely sensitive
thése pholons. Some recent experiments hae
photons,

} that we can oven detect yingle

vhich mtnes an  mtriguimg  possibility,  Could
humans be asad 1o o5t same of the weird (eatures

[ quanimm mochanses? That s could n person

ke 2 photon or an electrom on Schrodinger's
bapions cat, dead and alive ol the samic e
dircctly enguge with (the guantum world! What
nught such an expenence de like?

“We doa't know becauses no one his tned i
sayy Rebeocs Halmes, o phiyshast ut Los Alamos
National Dasbomtory’ m- New Mewoco, Three
cars 2o when she was o gradusie stodent ot
the Umiversity of Tlimors st Urbana-Chumpazn,
gary Jed by Paul Kwim
id detect short bursts ol
light compsuing of just three photons In 2016, »
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t%. Jod by physicast

witng group of rescarch

Alipesha Vazmn al Rockefeller University in New

York, found that humans can indeod See stngle

photons  Secing. thovgh, mught ot accurately
Seseribe the experience, Vizr:, who tngd out the
photon-ghimpung lumsell, 10id the joarnal Narwr:
It not like secing light 1t almost o fechnge al
{ re d of magmmation
[n the oewr Tuture, Halmies and Yozt capect
wrmments thal will test what PCH;‘L' percerve

ATIED  PROtOd T POl IO sirangc quantum

e For cxample physicasts cun coox n sngle
! 1 bt they call a superpositon, where
fiflerent places simultancously
Halw wod her colleagues have proposed -an
F Iving two soenanos (0 1est whether
{ iy p v @ superpastion of
{ | he firgl ho-huin sconanio, o sngie
bher the lelt o right
et N md the persot wolld
2 ! : el | - 1.(.".!'

) 1 ’ 2 :‘ !‘

. !

TSN b

Would the person then sense light on both sade
of the retina? O would the interaction of the
photon withi the €ye cause [5¢ superposiuon o
collaps="" its physicists say, nto one positon: of
the ,‘,!].-‘;-5 und if =0, would i h.n:"pl;'.". L‘L{I:A‘.ll‘\ on
the reht and left ade as theory sugpesty!

Based on standard quantum mechunmcs, the
photon m the superpoasition praobably wounldal
look any different to them than sctuully randomily
sending a photon ta the left of the nght™ says
Holmes I it turns out that someone participating
i the expenment did indead perceise the photon
in both pluces simultancousty, would that mean the
person hersell’ was m a quantum state? “You could
say the observer s im ) QUENTWN superposiion
for some vinsdangly small amount of ume” says
Holmes *'But no one s toed this, so truly, we don't
know. That's reason enough 10 do the expenment.”

FEELING YOUR WAY

Now back to that cup of coffee The cup fecls
substantial, a-solid chunk of matter firmly o
contact with the skin of your hand. But that's an
Hlusion: We neves really tonch anything, at feast
not in the sense of two solid slabs of matter commg
(ogether, More than $9.9999999999 peroent of un
atom - consists of empty spaece, with nearly all its
stufl’ concentrated in the nuckos

When you exert pressure aginst e cup with
your hand, the seeming solidity comes from
the ressstance of clectrons in 1he cup, Electrans
themselves don'thave uny solume atall —theg're
just flecting, zeco-dimensional flecks of megative
edectric chape that strround aoms and malegules
like clouds. And the lavs of quitntum mechanics
It them (o specific encrgy levels amund atoms
and molecules Ax your hand . grasps the cup, it
forcen clectrons from ene levgl to anotber, wnd that
requires enerey (rom thohand snascles, which the
bruiny interprels as louchinge gomething sehd.

Our sense of dpush, “hen, arsss from un
saccedingly comsples interaction botween clecirons
around the molecules ol pur bodies and thoss of
the objects we gncounter. From that mformation
o brast “grestes (Lhe jllusion that we possess
solid (hethizs moving through u workd filled with
officr solid objects Touch dossn't give us an
accurpie nense of replity. And it may be that nese
ol aur perceplions mmtch what's really oul there
Ponuld Hoffman, o coguitive nedroscientist at the
Clwsversty of Cullfornia, Irvine, belicves that cus
ctses wind Bamin svoived Lo Ay the trive sudure of
neality, not 1o reyeal it

My ades 15 it rendity, shiléver it s 18 (oo
vomphicatod und woold take ud too misch tme and

coorgy 1o pross j he wny

More than
'98.988983938399
percent of an atom
cansists of empty
space, with nearly all
its stuff concentrated
in the nucleus. When
YyOu BXert pressure
against a cup with your
hand, the seeming
solidity comes fram
the resistance of
electrons in the cup.
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Hollman Jikans the piolure our brain cotstruct
world 10 the graphica
Al the colorful 1cons on the

{ | 1 | i
warld | t il |

' ' op |
Wi |
s | tncss b 1

Hollr 1 A | |
hunds 0 !
rege e [ in

1 i’ l 1 ¢ I

AN | f

mpia ) the
primed r ercepuons. |

one ransm | ¥ | |

y, i ol e g
CnvIrenn it wiall 1 1
tuned 10 pers om mpic
amaunt of waler necded 1O sta

So while one organmism might  Construel
more accurale representation of 1
representation doecsn’l enhance its survivoh

Hoffman's studies huse led bim 0 ¢ remurkable
conclusion: "To the extent that were
Atness, we will not B¢ tuned 10 rRalite You
do hoth

Hl' e 1Y
)

believe to be a central messugeof quant

Reality s not completely objpeciive WE Cane
separate curscelves from the world we obss
Hoflman fulls cmbmces thal view. “Space 1 st
a data strocture”™ he pays, "and physical obect

are thamselves also dath stroctores that we
an the v, When | look ut thit hull aver there
create thar dota structure Then | look away and
I've trashed that data structure because | dan™
need 1L anymore”

As Holfmuns work shows, we huven't yet &
10 grips with the Full meamng ol guantiuem theor

and what ! suvs about the nature of ranlity, Planck

"-Illlrl.'“ ‘.’.ll.:.‘&.’l s 1or most ol s e o U i
the theory be helped launch, andd always tx
i in obiective universe thal exists independently

of us He voce wiote about swhiy be decaded 10 gt

Lo physicy against the advico of his mentor: “The

ortiside workd s saomething independont from ma
somicthiog abdolute uand the quest e the lus
which apply 1o this absolute appeared (o me as th
mosl sublime saxcntfic purewit 1 e Muaybe
will take another century, and another ey 1)
{0 prove whether be was night, of o islaken

Professar voo Joly. @

Tiyn Foigear
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Eight thousand years
ago, early agriculturalists
moved into the lands
of hunter-gatherers in
Europe. What happened
next changed history.

THE

FARMER

AND THE

8Y MARK BARNA
ILLLSTRATIONS BY PRINCE PARISE
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he barrel-chested
only as Burial 7/1.

man is known to us
His 8,000-year-old

remains were found at a fishing camp

that hugs a curve

in the Danube River

as it winds through southeastern
Europe, on its way to the Black Sea.

talked red deer in denus
feeon rom whirinools
hurning rivetr, But lsterin life, he

unter-gatherer lile

secmed
ceston and toward that of a settled

Banal V1 according 1o some of the archacolos

it | tudied him, was born a hunter and

d rmey though other researchers dispule

IUs ust one of the questions that linger over

tl treteh of the Danube, where archacological

dy are reverling detadls of an dnprecedented

neounter detween tradittonal European hunter-

gathe and carly farmers moving 10l the arey
| < »0uln

1nee the 19060s, avthese sites where the Danube

arms the border between Serbia and Romania,

logists have turned uwp arufiucts and

.-

homan remuins that are 7.900 to 8.200 years old
Ihe shies here represent the oldest examples in
Enrope of interaction between [armers ind forag
ers during the region’s Neolithio transition, when
the semi-nomadic hunter-gatherer lifestyle that
had persisted for millenmia wias replaced with
agneulturel communmties, That transihon, which
oceurred at different times in different places,
changed the course of humanity

“It s probably the most exciting ‘period in his-
tory that I am aware of.” says Joachim Burger, an
archacologist and population geneticist at Mainz
Universityin Germany

I'he sites offer n glhimpse of the everyday life of
people living at this time of momentous Ltransi-
ton. And thanks to analysis of Burwl 71 and
other remains through ancient DNA sequencing
and other methods, resenrchers are uncovering
more detmls — and more mys-
terics — about the individuals
who called this bend 1n the
river home

Ancient DNA analvsis has
established that“the arriving
{armery ¢t most  closely
relitted W0 pedple living in
northwestern Anatolia, or the
Asian’ part ol modern Turkey
Agniculture had been a way
af life for them for thousands
of years. It had spread from
the Fertile Crescent in the
southeast, a region that today
inciudes Iran-and g

The Anatolwns arfiving at
the Panube’s bunks 1o furm
were not the first 1o get thetr
Binds dirty in Europein ficlds
Hundreds of miles to the south,
by the Acgeun Séea in southern
Greece, agriculturalists wete
recapng and sowing 500 years
belore the Apatolians showed

up. But there is scant evidendy

Sl

ATy

THE IRON GATES REGION

ource "Rapsocrbnn and Matis so10pe Evidenin of Distary Change frum e Memiiths
W the Midde Ages i the o0 Qutes New Napulls From Lepersab| Vic" Redbicirtion, 2004

that those carher farmers inicracled. THIS C
with locil hunter-gatherers

Before the hifth miliennium B.C
or 7,000 years ago, fartners and for BADLY
agers rarely crossed paths, examins-
non of hll“.ll remamns SHOWS REnLLic
Burger ey
probably saw each other from a dis
tunce occasionally and just stared
at each other, thinking. 'Oh, those
sfrange people.””

Whether forngors
groups were small and scattered
dwarfed by the limitless Europein
landscape. In addition, they sought
different environments, savs Stephen Shennan, an

Scparalion. says

armers o1

archacologist at the University College Loadon
and author of the book The Firsr Farmers of
Europe. Foragers opled for foresty and mountains
full of game, or rivers and coasts leeming with
fish. Farmers chose fathind with fertle soil in
tempetale climate

And vet, apainst il odds, here along L
Danube, contact happened. “It s something yery
spocial und doesn’t represent the porm at all
saYs Shennan
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ULD FISHERMEN FORAGERS
e Home 10 Lore of prehistoric
vJEu cttlemen! sit this nearly 10 |
reich ol nver 5 known ‘as e
Iron Gales region, named alter two
,' [-_ _: ,' dams |1A. { decades noo !‘,'I i &1
Dunube 5 o resource for mod

popLinLons, 11 sustamned Ih

A N gatherer bands that Hyed there more
" N .

than 5000 vearss in the Paal
Y. While many forager grou

other parts of tbhe world moved with

BEE  the scusons

CEINY Piang

BuBting game and gath-
[ron Gates bands stuck
\,!u-_ to the niver valley l ACAVYRIIO)

of thetr encampements revenl lirge amounts of Ash

bones: dietury clues preserved 1o the forag
boges showed heavy Hah consumptiog

herr favorite cateh wan apparently sturgeon
SOINE SPpecimcns longer thay) o muan, as they swit

ipriver o spring from the Black Sca 1o breed

and spawn. The activity required planmir mwd
Lowas a wroup elfort Partios would hoave used
DORLs, nets, barpoons and stone malless for ¢l
bing Vi Columbia Universit Archia ls )
Duiun Borx. who ha vated bron G |

Nosemiber JIIR L



AR AN WAL N TTIM N

Favonite iiy.hulg spols would have been the river’s
whiripools, where the currents confused the ani
mals and made them ¢asy prey
rich staple

Sofifa Stefunovic, un anthropologisl at the
Lniversity of Belgrade, savs that based on het
bone anulyses ol wany Mesolithic remaras ut lron
Crates, the {oragers were healthy with no sigas of
malnutrivon. “Their dict in the Mesolithio wan
actually peclect,” she says. “In many cuses, 1hey
lived quite long, 50 10 60 yeass

and & protein-

FIRST CONTACT
Besides cating & dict of mosuy fsh, the forig-
ety looked phvsically different fromm the Larm-
crs. Remains feom lron Gates reveal the male
hunter-gatherers, on ayerage. were morne muscu lar
and about n head taller thun the male larmers
though women from hoth cultures were about the
same hetght

The Barmsers Hkely traveled from Anatoli along
the: Blagk' Sca coast to the Duanube peninsuln
where they turned vpriver and into the heart ol
southeastern Europe Upon arrival, they probalbsily
wimed 1o befriend the Joculs, o commeoen pracuiee
of migramts entecing: an inhabied territor
siys Limversity o Kunsas archacologist [vana
Radovanovie, who studics fron Gates They'd
want 1o be on good tlerms 1o mck the foragct
briins about the region

Phis ‘could have ended  badly, miven otles

outcomes i human  hstory, In the [500s
the arrving Spanish in Mexico wiped out the
I'ne Pilgrimy m Now
England were [oiends with Native Ameticians

\zloe und Inoan empire

until they weeen't
But i Iton Gates, farmers and jorsgers 2o
wlong Human remains uncarthed at the nimer
s sites hase no battle wounds or other myuries
conustent with fullsscale confht The evidence
shows thut these (wo populationy were relativels
peacelul 1o their interactions, rather than kilin
cach other or [dntacking! cach other,” says Bore
I winld not exclude the possibility of curbersts
Of violence, hut there s no sysiematic violgnce of
e population on the other
Ibhere are a number of reasons why the huntet
gatherers may have heen fnendly toward the new
arrivals. Forexumple, they might not have vigwed
the mugrants as a threat AU lesst iniully, the
larpgers outnumbered the migrants. A 20135 pipe

in Archoweforivad and An

[‘:.'U.'L e roves vitlles Hunt

on m the huodreds. NO warror iuvesion hete

And the migrants ntere pareulture, no
misciing a netied sturgeon out of a whiripool. S
teertonial conflicts were snitkels

Stull the locagers receptivencss also could have
been something else entirely: They were already

IWaITe Of Lhe Tarmine wirs. Lo satie extent
VAM  rade  network imked he loraect

VILIVG regions pertuips as lar away as Grees

Nyt Ly 1

L




Irading for crops belore embracing agricultus

beads 11« he B k Sca Jd tools made i common. Noarth Amenican foragers traded fon

an miped from an siand 1 the domesticated madee for hundreds of seiars pror
\cpd S | L. hunter-gatherees of the cra (O cultp@ting il themseives, the paper points oul
o n orl Ihoir trade St Some-scentists want 10 s¢e more evden
1 ' nd pn bab il Mirana Roksaandic, o Universaty of Winnmipey
Bures .‘.I'.I'M--;.':».';'.' Wwho has excavated ot lron Gl
raded s L convinced that wild and domestecated starg!
| ‘ lishe 216 in4he gruins can be dbstinguwished from ench other
{ ‘ {therers wers toorh plague
| b 15 enrly as One fact not disputed umong rescarchers: 11
i f ! 1he larmers and foragers eventually shasred th u
| chers di ! tures. Both groups suw benelits Lo it sayvs Burges
) ) { e ol \ | foragers had a gencrous food supply, which
! ! nien L trigued the farmers And the foraeers were onen

luction, Within a Iew

yACrTng about ood P
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FORASGER

THE LAST FORAGER
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{rom that of Iron Gates nat

farming neighbors gathered
Lepenskt YVir to exchange ston
and ideas nd probably 1o find
malc The ronin 1NN N
published in g 2003 PNAS paper

upports Lt iden Ol the 4

10 women who came o
A0, presumabiy as part of
the farming muniies
head-turning pumber o whal
easentaliy a forager settiement

Adding 10 the mystery, thice of

VAS THI (hose women were burnigd tn‘the

hunter-gatherer manner

| fq
Fhe discovery su

casunl manner m whicharming

=l spread. suyy Borid, ea-author of
FE N the paper. “I4s very fikely tha
Neolithic wamen <oming into
>UN the lorager seltlements spread
[faromumngfskulls,” he visys
Lepenskl Vies most intriy
J pag homan borial s that ol 71
the lnrge-lramed mun, hikels
n his SOss thatvsome resecarchers beligve was

horn. o hunter und died o farmer, He was lad o

rest benenth’a bullding's plaster: floos

et aghed

kull of another individunl placed over
his Telt shoulder

Rescarchers exnmined collagen from the mans
pight femur and a pib, according to a study pub

tops replacing collngen usually in early adult

WIS i Radivcarbon, The femue, which

hood, suggested a dict primantly of fish, typical ol
fron Gates forpgess The nib, however, indicated
 frmer's grnn and meat-heayy diet. Collagen in
B i continuadly replaced, a0 11 sungeyts 4 pet

s diet in their finnl vears, savs Clive Bonsall

lead au nor a lanuy
i Edinburel
Rather thar A
1 N y ¢ [ ) !
1 i ) { | I I
cere nga goa I 1
i on emb d i
Despite the dietary torm
necstors didn | compietely ¢
was | oI \ |
on s bell
| I |
COnLrose { i
Buriwal 7/1 mns |
LAl 1 ) i i1
i Roksund ! | C
h { () ind st 1
A nii nalion I 1o
But Bonsall ( 11 I
ANt 0 ‘ m em ] i
uture analy ol tl . )
| B I ueatio iy
By the I | Tl )
320, huntcs I i
L tron Cral | n m
lh'"'l_ who | 1y oll m
Ihe hunter-gathes ve |

FARMER BOOM
Before the {aragers wet

Wrng communut N |
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Mark Borng
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YU DRIVE

AUTOMAKERS ARE REVVING UP
FOR A VERY NEAR FUTURE OF

FULLY AUTONOMOUS VEHICLES.
CAUTION: SPEED BUMPS AHEAD.

2Y HANNAH FRY
LUSTRATIONS BY NEIL WEBS
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d ! Y I~ el W i wed peeiar Jdream
] ! ! 5 n Eanh o s drveoiess car win
e ruce | bocnt organized by the ULS Delense Adsanced

M - et DARPA  (mickramed the
P’en ' nad weience” division). The agency had been
I ted 10 unmmunned vehircies for 2 whale. and with goend ren-

ide Bombs and turgeted attitcks on military vehicles

gor cause of death on the battlcheld Earher that

DARPA had announced is inteotion' 1o make one-third

[LUS ¢ d malitary forees sehicles sutopomous by 20135
Up 10 that poml, progress had been slonv and expeasive
DAKPA bad spent around hall 4 bilhon dolirs over two
decades [unding rescarch wt unvenities and companics m the
hope ol aclucyving sts ambition. Bot then came #n mgenious
Wi L creade o comnpetition? The aeency would mvite
apyome 1 i countey o design thetr own drivesless car and
¢ em szamst euch other on a long-distance track, with

prize of S| mullon [or the wanner. It would be a guxek and
cheap way 1o give DARPA 4 head start 10 pursung i1s goal
On the mormung ol the 132-mude ruce, 4 ramshackle lweup of
cirs mitherod at Slash X _Il"l.: with a fow thousund speciaton.
planned. One car Hipped upside down

Things 2Nt qusie ¥o a4

in the starting ares and had Lo be withdrawn. A seli-driving

ol ke barely cheared the stan line before it rolled onio ats
1 W wa it of the mce Une car lut 8 concrete

wall SO vards . Anothér pot tangled n 8 barbwire fence

Ihe scene around the saloon bar began (o ook ke a robot

The top-sconng vehucle, an epiry by Camegie Mellon

Umversity. manaped an impressive 7 mules belore msjudgng

A oeovintaatazme coM

hi g whach podnt the tres sturted spunmi

helo, carnied on spimmng sl they canght tiee 1L

W lnte momisz. A DARPA osmunizer chimbedd mio o

¢ 10 the faddh se (O mionn the waitin
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jorrialists thut none of the can would be getting that B

[he race had been ody, dusty, nowy and destructiyve
nd had ended without o winnee All thdse teamn of people

had worked for & vear on # creanon that had lasted, at bes

A ICW ITHnMES

Rut the competition was anything but o disaster. The nivalry
had led 1o an exploston of pew sdeas, und by the peat DARPA
Grand Challenge in 20035, the techinology wats vastly improved
An astonisting Hve defveriess cars completed the race witioul
any humuan inleryenion

Now, miore thin a decade kater, it's widely atcepted  that
the future of tmnsportution b drivesless In late 2017,
Philip Hammond, the Betigh Chancellor of the Exchequer,
pmmounced the govermment intention o have fully dover-
less cars — without a saféty attendant on bourd — o Briush
ks by 2021, Baimber, 3 Germany-based Guto minulseiurer,
hiws promised drverkess cars by 2020, and Ford by 2021
Other manufoctiress hive made smilar foresasts for thoir
driverless vehicles

On the sarface, butlding & driveeless car sounds asif it should
be relutively casy, Most humans mannge 40 master the requistie
shills (o dove Plus there arg only two possible autpuls; speed
and direction 1550 question of how much gas to apply and
by mseh 10 tirn the wheel, How luird can it be?

But, ux the frst DARPA Grand Chaliengs demonstritted,
budding an sutomomows vetotls s & lot trickier than it looks
Things quickly get comphicated whea you're trying (o gt
an algonthm Lo control 4 great big hink of ‘metal traveling
it &0 mph

BEYOND THE RULES OF THE ROAD
Linagine you've gat two yvehiclos approaching sach other ol
spead, traveling in different dircotions down a gently curved
county highwity

A homan doverwill be perfectly comtoetable i thit seenang,
kKuowing theother can will stick to iz owa: lasse and-pass silely
i few feet 1o the side. "Bl for the Yangest ime, it Joes [ook
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Newazin, profesor wtbe vy HOW 00 1D
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drive off the mde of 1 udd 8 I 3 i LMIU{,‘?S
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colltsion thiat was neves ’ T e g
Newman. But, equally, vou dou s ' ".Uﬁ. Fr;
lace (AT S AN Ll
LL\U;‘\.-IL.!I‘ IfyYou reully d find « rsalf :
tho verge ol & hewd-on crush Remember, jao
thise cars are enly ever muking edocaied guesse
about what-10/do
How do you get 1o 20 right every

sinple tme? Thol, sayn Newman, “js-a hat
hard problem

It’s 4 problem that puzzied experts for a long
tmme, but it does have g solutiop. The trick 15 10
buld 10 @ model for how o
ers will:behave, Unfortisnatcly, the same can't be
sawd of other nuaneed dgoving scenano

Whiat's hitrelo8 81l the problems with deiving that haswe nous
ing 10 dowith doging.” sass Nowrnir

Forinstance, how do you teach o sell<driving algonihm 10
understantd that you need to be extm cauticus upon heanng
the tufes of ance cream truck, or when passing o group of
Kids playing with 2 ball on the ndewalk?

Even hirder, how do vou teach u car that it should some-
times break the rules of the rond? What if 20 ambulance with
s Jeghts Oon 4% trying 1o Eet pst on 4 garrow street and you
need 10 drive up on the sidewalk (o ket it through? Oraf an ol
tanker has jickknided across o ¢country kine and you need 1o
get out of there by any means possible?

“None of these pre in the [ULKT Highway Code” Newman
points out - And yeot u truly autonomous car needs to Koaw
bow . to desl wath wll of these scenanos i its (o exst without
eier aving any humun jntervention. Even in emergencics

Fhat’s not 1o sty these are insurmountable problems
*I'don't believe there’s any lovel of intelligence that we won'y
be able'to get a machine to do." says Newman “The only
question s when.™
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PLAYING WITH A BALL  toocion wbo s e s
wne —din. (N THE SIDEWALK? s pasive pas ot wevery

Imagme o world (

Julononsous sell | J
i serr onboard aleorithms will be to avos 1him
possible And thit changes the dynamees ol o d. |

wand m front of o draverdess car, it has n | pu

m front of one &2 o junction, i & elyil by
People-who've been relutively power) 1 roads

now, hke cyelists may start cveling very slowly m frond

eif-driving cars knowing that there is never going o be an)

pogression,” says Stlgos

Getiing around thus problom mught mean bdoagiog
stricter rules to deal with people who abuse thesr posiion s

ovelists or pedestrisns It been done before, of course: Thunk

of saywalking, Orat could mean forcing everythinge else ofl’ the

roads, us happencd with the mtroduction of the sutomobile
Thats why vou don't se¢ broyeles, horses, Carts, GUTIOREY OF
pedesirians On S0 EXpressway

if we want fully aptonomous carg we'll afmost certaumdy
have (o Jo something similar again and ot the number ol
agpressive drivers, oo oream trucks, bds playiog i the road
roddwork sgns difficult pedestnunns,  emergency  vebichos

makes the

cvilisty, mobility scooters and everythmge else that
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A machne bolt Lo improve human perior iervenhior Ty

f dhecd nitt painee, she explamed, will lead Sro remaing a strugeke . < : | =]

\ S {1 }'H[ CAR Wil‘ cully (o redocton m o atiity {Atally Aroce a pe ! | e
‘ kooy | bt o kiam anil By now, we've all borne witniess (o | age from inside t ‘ .

oy 4 v e e s s STT SORTINES o v ¢l

remember phone pumbers anymors,

\ l A .. l = M U”EXP{C}{H{Y HANU nuany of us strugabe (G read our Ovwn fand- A PLAN FOR THE INEVITABLE o=

wiiting and why lots of 'us cun't nisvigats

H ! rodalets v beens cracked? Hasn' BﬁL\K CUHTRH[ Tg anywhere without ()Pf?' With teshnology Thoagh this 1= a s¢ -. 1 peodlem an.slternsts Y . ol : :':.' . 17

-

Croog Hnomons carn, Jdive il 1wy o it ol for us thene’s little opportunmty car companies coukd aecey it vill, be human Pratt sa cwho b
teagd Arent Waymao's [olly }.Hf BRIV[R 1o praciice our skilly ;L‘knnwlcdgr E3al our mnd i andc \ r al g et eV ~od 10 Wl
v i least. close-to-fully x There 18 some concern that this might able 1o rzad 8 book whike d ] rtofibe appeal of seif nce in a while. muvbe
i cany) curvently driving around the happen with sell-doving cars — where the driving cans ould be t) e time whets i ; boen
oAl Pl ' stakes are u lor gher than wath hundwrit Satne musufacturers hine 2idendy saried L« id their ST AL Py
well But oot every mide ol muod s cre mg. Unolwe get to (ol autonomy, the car (o ncoommodate our matiefion. Audi’s Traffc Jum P v s nvinsk NOT saen This (07 e T
d equally Most miles arc casy o dnve will stll sometimes  unexpectedly hand onie example 1t can com { ) 1 you's ‘ STeTAS :

o cun do o whitle dovderzormine. Others ure G back control 10 the dnver. Will we be able moving highway traflic, ledvie v ek und er
we.chancnping o remember mstinetvely whal to do? And pde Just be prepad fo step in if something goes wrong. Rut ADJUSTING EXPECTATIONS

Al the e of woitmg, Woavino' cars uren't WHAI TU 007 will teenige drvers of 1he future cver have theres 4 resson Wi Aud: kas Emed it en low-noving L5 15 the cuse with much of the driverd

tlowed to go just asywhere: They re “gro-fenced the chahce 10 master roquisite doving traffic on lmited-access roads The risky of catastrophe ar koonly dsctrszed. we'll Bave 1o witit and s
| smull. predetermuned ared. S0, o, are shills in the first place? Joswer 1 OtDrway congestios Hut one ' e A ,
the d i 5 Dasmler and Ford propose (0 have on the But even if all drivers munage to stay competent; theses And thats 80 important distncts Because o you & vill hive o Tews lessons o 12 18 that appiy w

pady by 2020 and 2021, respectively. Theyre canfined 1o o another ssue we'll sull have to contend with: What level of himan sthps monitonng the mad. sou're kelt with the wors voeld of motonng not st abson
pro-decided go-zome And that doss make the problem - ol awireness 18 bang asked of the human dover before the car's possible combmation of circumstances when un emergenc ver control, but-about bemne reabstw ur expect
JUOTITFIRTY SImapacE u:xnr'lnl cuth out”? hﬂF‘pﬂ'ﬂx A drver who's not pving attention will have Hal algorithnns can do

vewmman save the future of doveress cars will involve (hesc QOnc level 15 that the drver is expected 1o pav careful atlen- Bl time 1 assess their surroundings and decade what 1o do I tlus 1 going 0 work, we'll have to adpust r wiy of
Lypes of 20-zonc tion o the road at all times. At the ume of writing, Tesli’s Imagine Situng in o self-dnving car, hearm d nking. We're go | ced 1O oW aws L i
They Il come out working man areo that’s very well known, Autopilat 18 one such exanple of this approach, It's currestly Jookng up from your book o see o trock ahe it 1 ould work perfectly every timz, and acoept that, while
where their ownery are eatremely conlident thiut they'll work, like & lancy crudse control: IU'H steer and brake itnd acceleriste josd onta your path In an ihstenr, youll have 1o process ull mechanical Gilure might be o nure evend, algonthmne fatuse
ave Newmuan, “So iteould be part of a city, not in the mddis on the motorway, but expects the driver 10:be alert, attealive the mformation pround you! the motorbike in the it lune hinost cenainly won't be
of 4 place with unusial roads or where cowy could wander into and ready to step in at all times. To make sure you're paymg the van braking hasd abead, the car in the blind spet on your S0, kntowing thit errogs are incvitable, knowing that o we
the path. Miybe they'll work at certam times of day and in attentson. an alarm soundsii you remove your hands Invm the pght. You'd be most unfamiliar with the road at precisely the oroceed we hive no choice but to embroce uncortminty, the
flar weather sifuations. They ne going to be operated as a wheel lor 100 long moment you need to know 11 best conundrums within the workd deiveriess curs will foree 1
Lraisport service But that’s not an approach that’s going (o endawell. “It’s Add in the lack of practice. and you'll be as poorly equipped & ow. good something needa 1o be hefors we'ro w g
immpossible for even a4 ighly motivated human Lo nvisiain as you could be o deal with the situptions demanding the ¢ let it Joose on our streets That's an mportant g ¥ nd
STAYING FOCUSED eflective visual attention toward a source pf-unformation, on highest Jevel of skill it applics elsowhere How good s zood enough? Once you
Lisanoe Bambndge, a poychologst ot the Universty College which very hittle happens, for more than about hall an hour, A 2016 study ssmuluied people as passengers, rending a baalt o lawed alzorthm that can calculate somethme. should
Loudon. published & semmal cssay in 1933 called “lromes of  Bainbndge wrote in her essay book or playing on their cell phones, in 4 self~driving ¢ar vou let u? @
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Yang sz » watching yeliowish oo the
! I 1 of / oore Vhrough
w bt A ke 2 gob of white marshuallow
I'lis 150t supcreaciting.™ he says
While growing proteins m DaCIenia
! then puritying them. wiog biobby
il 0 a4 flter docsn | make 1of

NSNS YiewTh
exiraordinary. Accumulating In
Haias romin s & 1otally arubcsal

unftke

the end prodiuet is

proless anything seen
i nature, that nughl Jus be
chussia for the first
umiversal flu vaccine

David Baker, Hsua's adwviser,
calls this designer protein a "Death
Star” Imaged on his computer, its
pructure shows some resemblance Lo
the notonolns Ster Wars superweapon
Thoagh microscomc, by protew standards it'’s
2 sphere made out of many
interlocking preces

We'se figured out & way 10 put /
building blocke together /
al the right angles to form these [
very compley  sanostrutctures™ |
Baker eapluias. He plans to stud
the exterior with proteins from a |
whole swie of lu strains so that'
the immune system will Jearn 1o\
recognize them dnd be prepaned
o fend ofl future myaders A single
Denth Star will carry 20 different
yiratns of the loflucnzy virs

Baker hopes this collecton will cover
the enure range of [k\nlhk wfluenza mutation
combinations. This all-in-one preview of preseat and
future Mo strmns could replace anpual shotss Get the
Peath Star vaecination, and you'll alresdy have the
requsiie antibodies in your bloodstream

As Baker bels on designer profeins o defeat
influenza, others are betting on Divid Baker:

Aftor revolutionizing the study of proteins
molecules that perform crucill tasks in every. cell of
cvery paloral organism Baker 1s now engincering
themn from seratch ta improve on nature [n late 2017,
the Open Philanthiropy Project gave his University of
Washingion lssutute for Protein Design more thay
S10 million to deselop the Death Star and support
Rosetta, the soltware platform he conceived in' the
1990% 1o discaver how proteins are assembied Rosctta
has ollowed Bakers lab not ondy o advanee basic

the ea

CROTTIIONUS

’

these

crence and proneer new kinds of vaccines, but also (o
cromie drupy for genetic disorders, biosensars 1o detect

IVIMAZLAT M COW

torms snd earymics 10 CONVETT WANE inte broluel
§lin tcam currently members aboul 80 groad stud,
and ‘,\m:duu\ and Raker v in w.t:\:..n t.-:w.z,t witl
of thess He chaflenges heir assumplions and tw.
their epenments While mamldinng an egul
enviromment 18 winch ideas may come
anynes Hecalls his operation 2 “comu
brain.” Over. the past quirier-ces
this brain has generated neard,
scientific papers,
*David is lterally cee
a new ficld of chemustry
th front of our eyes”
Raymond Deshaies, senior
president for discovery rer usch
at the biotech company A mpen
and former professor of by
at Caltech “He's had  one
alter another”

NATURE’S ORIGAMI
When Baker was studying philosoply
Harvard University, ‘he ook a bio
class that wught him about
so-called “protein folding problen
The vear was: 1983, and scients
were still Lrying 10 make sens
of an expenment, carried oul
m the early "6Us by biochemist
Christian Anfinsen, thitt revealed
the fundamental building blocks
of all life on Earth were fmore
comples than anyone insagined

The experiment was " relatively
/ straightforwaird.  Anfinsen mixed
u sample of the protein ribonucicase
— which breaks down RNA with a
denaturant, o chemical that deactivated |1 Then he
allowed the demiturant to.evaporate. The protzin
started 10 [unction azaim as 1f nothing ever happencd
What mude this simple experiment a0 staking was
the fact thut the amino scids in protein molecules arc
folded in three:divoensional forms that make origumi
fook like child’s plav When the denaturant unfolded
Anfinser’s. ribonutlense, there were myriad ways it
could refoldiresulting in structures us different as an
origaim cratté and 4 paper airplane. Much as the folds
detecming whether o piece of paper can lly ucross a
roamyonly one fold patiem would result in functioning

tibanuclease. So the puzzle was this: How do proteins

Fknow" how 1o refold properly?

“Anfinseén showed that the informution for both
structure and activity resided in the sequence of amino
scids” aaya University of California, Los Angeles,
brochemist David Eisenberg, who has been researching
pratein folding since the 1960s “There was a hope that

Al e P o a0

i wonld be pOossbie Ly use ST | — ¢

thise-Gmmessiond! sSructum] jufisrms W t
r{:"\t‘d tisuch tore d:if than aarn od

Baker was interested coough m dizz and
other uasobed mystenes of biod gy to ek malors
anid upply 10 grad school “1Y pever worked it .“].‘:'
befg(L- e recalis He had oaly Vilgue Dol | What

biologists ditd on & daily boms, but he alvo semsed™ bt
the big questians in seicnce. uniike phile
petually be answered

Grad school plunged Bakey into (he tediobisnes
and frustrations ol benchwork. whife aYsowurturing
some of the qualitics that weuld later dist guish
him. He pursued his Ph D, under Randy Schekmar
who wai studying how moleculés move within coll
at the Umversity of Californis, Berkeley To aid
tn this research, students, were assizned the task of
dismantling hving-eells 10 observe their internal
moleculiar traffie. Nearly half @ dozea of them
frustrafed by ihe Assignment’s difficulty. had given
up by the Lme Baker got the job

Baker decided to follow his instinets even though
it méanls, going against Schekman's instructions
stead of attempting 10 keep the processes within

R v
WPy, COR

4 cell still functioning as be dissected it under hbis

Protuin maleculns play orith

“We've figured out
a way to put these
building blocks
together at the
right angles to form
these very complex
nanostructures.’

mucrosoope, Baker comcemtrated

pressavang ool
L "

stroctore I the coll were 4 wnsiwalch i APPIOAC
would be cquivalent 1o focuses on the rclatonship
between goars, rather than tryme to keep ot ticking

while tadomg it apurt

“He was gompletely obsewed,

rocalls  Dhesbues,

who wus his labmate at the tme (and one of e
students who'd surrendered). Nobody could siop
Baker, or dissuade him, He worked for montis unty

be proved his approach was correct: Cell structure

cal roles in avery dspect of lita, The way each protein folds determines its function, and the ways to fold
arm virtually limitless, as shown in this small selection of proteins visualized theough the software platfarm Rosetta, barn in Bakers lab
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ROSETTA MILESTONE

Proteins 101
Fach S.foot-long strand of DNA pached into out
alls bas the informatl 1o create 20 adiarent
WNE acids farm
eermingly codless number of yWiys

sbout 100.000 different proteins. Each

) apecific purpase, most of them cruc

10 Jweping our bodies functioning

DNA

Stored In the nucieus of the cel and
made up of four chemical buiiding
blocks — A, C, T and G, for shovt.
DNA contains an organism's
blueprints, or instructions, for life.

factory cannol directly interpret
the instructions encrypied in DNA,
an enzyme converts the directives
into 8 message know as mANA.

RIBOSOME

The cellular factory known as the
ribosome bulids proteins according
to .nANA [nstructions. The ribosome
lnks the corresponding amino ackds
fogether into a protein chain.

PROTEIN

Tireless workers in the cell, proteins
function as tiny molecuiar machines.
Each protein performs a specific
Job, which, like any widget, depends
entirely on its precise shape.

0 mRANA
Because a cell's protein-making

Protein Structures
Made of fong chains of amino acids, each protein foids into eiaborate, precise structures that determine how they function.
white the folding patterns are unigue and complicated, they can be thought of in four different levels of complexity:

PRIMARY PROTEIN
STRUCTURE
Segquence of a chain
of amino acids.

Two Tracks of Research

ways a sequeace of amino acids cavi fold. The goal is to find a protein's
most stabdie structure. Baker's lab has identified this state of equitibeium for
about 600 of the 15,000 known naturally oocwrring protein fomilies,

Folded Protein

PREDICTING HOW PROTEINS WILL FOLD
Using a software platform called Rosetta, researchers try o predict all the {

The compiex ways proteins

fold ave determined by their CREATING NOVEL PROTEINS

individual amino acids, Rescarchers also use Rosetta to design new proteins from scratch.
which naturally arrange Beocause the folding pattern, or structute, determines function, once
themselves in a state of researchers find the right shape, they can reverse enginaer the cormect
equilibvrivm with each other, amino acid sequence that will create that specific fokding pattern,




Aosetta’s impressive computational power allows researchers to predict how protains — long. complex chalns of amino acdids -
will fold: the platfoom also helps them reverse engineer synthetic prateins to perform specific tasks in medicine and other fields

1 soadds st adign i equibriom, The tronbie
1he Ut i state is wust one of hundreds of
s o1 oplions of milllons, i the amino pcid
we 13 long. That's far too many possibilibes o
| Nt must have another w '
i yen thatr i 1y LWimost imstantancou

tal ! S | (0 study whatl natury

ng He brok arl proteins o see ho
pieces bel el wd he found 1hat cach
fluct g amone many possibie
3% And then folding would occur when they
DI 10 be in the cight geometry at the siume
i Hal designed R 1 1o simuinte

s d ) wid sequence
Baker w o rving o predict how projesns
| :. 1 148
1< (18] Hoo
o1 Predict
d sequences of proleins ind challenped to
would 1odd
! 114 ! Hop. Strucihy 1l
| Tun | looked pothmg ik
nel | He proten ] Vere
{ i hen Ly LN « peed m 19
FUNCTION FOLLOWS FORM

| Bakers L 1 reccived SO sequences fron
{erahl 1111 protel 10 model
| K | ) ranstorm

protein-folding prediction from o parlor game int
lezitimate science

In wddition- o meorporanung fresh wmsights from
the bench, teim memders using o janky collecti
of computers made OF spare parts found. 1wy
run rough simulstions tens of thousands Gff tmes:t
determine which fold combanations were mostiikely

Ihey successfully prechcted structurestior [2 out ol
the 20 proteins. The predictions weee the best yed, bul
still approximanons of actusl peeicins In essence, th
moture was correel, bt blurry

Improvements followed” mpidly,  with increied
computing power centribuling to higher-resolutio
models, i well ax impraved ghality 1o pradict the lolding
of Jonger amino audichains One major lep was th
2005 launch of RotetiaidHome, a screensaver Gl
runs Rosetts on hundreds of thousands of networked
personal gompulens whenevet they re not baing used b
thetr owacrs

Yei the most stgmbicant source of progress
Rosetia”ommons, the community that bas formed
ground Rosctia. Ongpoating in Baker's laborilory and
growing with the ever-increasing number of Universit
of Washington gradoates — as well ay thetr studentsan
colleagues — 1t 15 Bakers communal bram wit large
Dozens of labs continue o pefine Lhe M LWaALY

adding insights {rom genetics and method fon

machine :A'.:lih“!.‘. New ideas und 4."“lh..'.l."|| i\

onstantly cmerging

Seates i “Proteins that just
B evolved by pure,
ed.” Baker blind chance can do
e - all these amazing

ne

cre are ’ eing things. What happens

pature: el h

computation,” he udds | ot esberotved if you actually
parre, blnd chai i d ¢ A

VAl s poas N - design proteins
| intelligently?”

ntelligenth

DE NOVO DESIGN
Matthew Bick 8 trymne-to. v
:-.u\l:tru inte BIVIng up i1

habit for o fili-bt

: ] (™ | | | '
addiction.  His Lomput .\ 8
how a coluiul LITEU 0y g
ribbonsS dnd Switls representin ) < ..1> |
the-protein’s molecular structut \
A sortaf Techmicolor Tinkeri \ N ‘ {
fioits near the centes, representing 1 ed
the oprond *You sce how | 12 rendly " f ) \

good |l.-\h!n: e asks | eng th

pbbons with s Hoger. "The protein

of envelaps the whole lentany) molecule 1 After th \ b d |
hot -5-‘,‘ bun.'" It | 5" Rl
A pastdoctoral fellow m Bake W ) [ reye
{ah Buick engineet prot | 1 All 62 contend
biosensory umng  Hosetia e t \ ! i
project orginated with the LUS \ 3 e o ,
Department of Defense. “Bich the | ’
in 2002, Chechen redels took a ! !
banch ol lllﬂ','l\' Aol { 1 ¢
there way o standoll with the . | 4
RuUssinn - gosernment A %ilY cd 1 E
Ihe  Russmans released a ga iemscal H
widely believed 1O contuin & fentan ! ( g |
genvative, that kilied more thuu uitra 0
hundred people. Since then, the Defens ~ ce How muny ¥ th fen
Depariment has been interested in simp) | 11 A '
Wiy s O detect Tentiny! i the enviromn L 14 apiod wath th
used for chemcal warfare to the futut Haker b has already levers 11 sCaLl
Proteins are rdeil moleculur sensors In the nutiral make o pradtical eos ! | M !
world. they've evolved to bind 1o spociic molcuuic iow when fentanyl bind I LOE 3 : LCh
ke a Jock and kev. The body uses this syst { stomized prot 3o
identtify substances in s environment Scent v O plant enlied thalde ore Fhis trans !
example: specibic volatiles from nutnent 1 toxim | feersiun whete shepucal weapons | ! ! ]
o dedicated proteins hnme the pose, the I o Lhen piow L the dangen
in alerting the broun o thewr presence With prot oviding an car \ ! . ]
l’""i[.‘h the lock can be cnineered cull YOrKes
FOr the featanyl project, Bick instructed Rosetta 1 [he concept can also be npplhie
modity @ protein with a patural alhinit i 1 I fatian Bk :
wiotetraose. The soltware encrated hundred atoxin, o resid u is 1D !



f synthetic
sniioe Tallow at Daker's Institute for Protein 019 31 the University of Washington, checks on a tube of syn
ot seedl i nature, ae in the peocuss of thawing af

“The current world

is quite a bit different
than the world in
which we evolved. We
live much longer, so
we have a whole new
class of diseases.”’

vdlxe ng propped to test how they pe ' m

| ¢ And | " | |
| y \ ; .[ | I " | |
It 1! a1 Ml ol
e stundard ure IKding prol
W ot 1l cedon { N
Hak et pr N Wy d cvel Iy
round, His grol \ iso desipt i
| natural v e [ !
uen witerial mé ell I i
| VG | pit en, e |
id ¢ ) cnited ) {
roects am | i A8 n i
Azl
In Baket's pre protein |
exira L com i
i A oty I |
] | mal he gmse that |
| WSO
\ oS md it |
il gicCiian | n
d parit d ! L
\ We I | | vl
1 5% ol d Wi . | 1)
Asmiis | y AN 1ient Wi
OB ne cnet
profeins Cotlic \
face today, | !
Fhe goal of 1 1
¢ B

Jonathon Keats

ATEST..

[}F/IYSTERIES
ZUNIVERSE =

EXPLORE THE QUESTIONS THAT HAVE
INTRIGUED HUMANS FOR GENERATIONS!
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What is the fate of the universe? Are we alone?
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Join Astronomy magazine senior editor Michael Bakich
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Machu Picchu — and enjoy an unforgettable view of the July 2 total solar eclipse!

Join u'ﬁ for a once-in-a-fifetime South American odyssey with a dramatic focal point: a total solar eclipse,
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unmatched views in remote areas of Chile and Peru; and 2 legacy of engineering, architecture, art, and
philosophy that includes a tradition of astronomical observation dating back two millennia.
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