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Protein engineering may be
‘the future of science —

: but—reahsmg that he was runnmg outof

- FAYE FLAM

| SCIENTISTS ARE INCREASINGLY bet-
ting their time and effort that the way to
| control the world is through proteins.
- Proteins are what makes life animated.
| They take information encoded in DNA
| andturn it into intricate three-dimen-
~ sional structures, many of which act as
tiny machines. Proteins work to ferry
 oxygenthroughthe bloodstream, extract
 energy from food, fire neurons, and
- attackinvaders.One can thinkof DNAas
| working in the service of the proteins,
| carrying the information on how, when
. andinwhat quantities to make them.
Living things make thousands of dif-
. ferent proteins, but soon there could be
- many more, as scientists are starting to
| learn to design new ones from scratch
| withspecific purposes inmind.Someare
 lookingto design new proteins for drugs
and vaccines, while others are seeking
 cleaner catalysts for the chemical indus-
 tryand new materials.
David Baker, director for the Institute
Protein Design at the University of
Washington,compares protein design to
- theadvent of custom tool-making. At
I 'some pomt,proto—humans wentbeyond
| merely finding uses for pieces of wood,
rockorbone,and started designing tools
| tosuit specific needs.
Now, it’s possible to make a similar
~ transition on a molecular scale, since sci-
~ entistscan create proteinswith structures
~ that nature never produced. “They can
~ transcend the natural protein universe,’
| said William DeGrado, a chemist at the
| University of California, San Francisco.

Peoplehavebeentalkingabout protein
engineering for decades. But until the last
couple ofyears,carryingit outwasadaunt-
ingly complex problem. There are no sim-
ple rules to predict how proteins fold into
theirvarious 3D structures. So evenif you
cotild design a protein with just the right
shape forsomejob, therewouldbe no obvi-
ous way to know how make it from pro-
tein’s building blocks, the amino acids.

But over many years, scientists have
been chipping away at the problem,
DeGrado said. Unlikein othermorewidely
publicised fields, there haven’t been any
celebrated milestones (such as the com-
pletion of the $3 billion human genome
pro,ect) Nor have there beer any single,
surprise breakthroughs such as CRISPR -
—acomponent of yogurt bacteria that rev-
olutionised the ability to manipulate
genes. But now some scientists think

designing proteins willbecomeat leastas
importantas manipulating DNAhasbeen
in the past couple of decades.

What’s recently changed is the ability
todecipherthe complex language of pro-
tein shapes. There’s a very simple way
that the linear chemical code carried by
strands of DNA translates into strings of
amino acids in proteins. But then the
laws of physics come into play. The pro-
teins snap into folded structures because
amino acids are attracted or repelled by
others many places down the chain.

University of Washington’s Baker said
that when he was starting his career some
30yearsago,seniorscientists tried to steer
him away from protein engineering
because there was no guarantee he would
make any appreciable progress in his life-
time.Buthesaid heliked the challengeand
the interdisciplinary nature of the quest,
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which combined computer science, biol- -
ogy,chemistryand physics.Since then,sci- -
entists have advanced their understand-
ing of the physics of proteins, and
computing power has increased. Baker
startedatranslaﬁonsystemcaﬂedRosetta,

i

maproyect mlled Rosetta@home :
Baker and colleagues then deviseda
sort of game called Foldit,inwhichcitizen
scientists could try figure outhowcettain
proteins would fold. They eventually
enlisted the help of more than a million
people,hetold me.Thatwonthemtheabil-
ity to predict how smaller proteinswould
fold,but larger ones werestill toocomplex. |
According to the magazine Science, they
got a boost from scientists studying how 4
evolution hasled tothe proteins wealready
have. Most genetic mutations that affect
thestructure of proteinswill lead tosome-
thing that doesn’t work, and the death of
whatever inherited it. But certain combi-
nations of different mutationswill leadto
a modified version of the same thing,
allowing new proteins to evolve. :
And finally, their biological Rosetta
stone is working. UCSF’s DeGrado said
his Iab is looking at how to create new
medicines with better stability—on the
shelfand in the body. He’s also studying
Alzheimer’s disease and similar neuro-
logical conditions, which are charac-
terised by brain proteins that foldup
incorrectlyinto toxic deposits.
Baker’s lab is working on an equa
diverse set of applications, mcludmg ag
vaccine that would simultaneously pro-
tect against all strains of the influenza
virus,andasystem to break downgluten,
in the hope of helping people with celiac
disease. Others are looking for proteins
that help convert solar energy to fuel.
Baker pointed out that thereare 20tothe
200th possible proteins—more thanthe
number of atoms in the universe. Evolu- |
tion has produced just a minute fraction.

So, there’s room to expand. - >
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