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London A.I. Lab Claims Breakthrough That Could Accelerate Drug Discovery
Researchers at DeepMind say they have solved “the protein folding problem,” a task that has bedeviled scientists for more than 50 years.

By Cade Metz

Nov. 30, 2020, 10:36 a.m. ET

Some scientists spend their lives trying to pinpoint the shape of tiny proteins in the human body.

Proteins are the microscopic mechanisms that drive the behavior of viruses, bacteria, the human body and all living things. They begin as
strings of chemical compounds, before twisting and folding into three-dimensional shapes that define what they can do — and what they
cannot.

For biologists, identifying the precise shape of a protein often requires months, years or even decades of experimentation. It requires skill,
intelligence and more than a little elbow grease. Sometimes they never succeed.

Now, an artificial intelligence lab in London has built a computer system that can do the job in a few hours — perhaps even a few minutes.

DeepMind, a lab owned by the same parent company as Google, said on Monday that its system, called AlphaFold, had solved what is
known as “the protein folding problem.” Given the string of amino acids that make up a protein, the system can rapidly and reliably
predict its three-dimensional shape.

This long-sought breakthrough could accelerate the ability to understand diseases, develop new medicines and unlock mysteries of the
human body.

Computer scientists have struggled to build such a system for more than 50 years. For the last 25, they have measured and compared their
efforts through a global competition called the Critical Assessment of Structure Prediction, or C.A.S.P. Until now, no contestant had even
come close to solving the problem.

DeepMind solved the problem with a wide range of proteins, reaching an accuracy level that rivaled physical experiments. Many
scientists had assumed that moment was still years, if not decades, away.

“I always hoped I would live to see this day,” said John Moult, a professor at the University of Maryland who helped create C.A.S.P. in 1994
and continues to oversee the biennial contest. “But it wasn’t always obvious I was going to make it.”

As part of this year’s C.A.S.P., DeepMind’s technology was reviewed by Dr. Moult and other researchers who oversee the contest.

If DeepMind’s methods can be refined, he and other researchers said, they could speed the development of new drugs as well as efforts to
apply existing medications to new viruses and diseases.

The breakthrough arrives too late to make a significant impact on the coronavirus. But researchers believe DeepMind’s methods could
accelerate the response to future pandemics. Some believe it could also help scientists gain a better understanding of genetic diseases
along the lines of Alzheimer’s or cystic fibrosis.

Still, experts cautioned that this technology would affect only a small part of the long process by which scientists identify new medicines
and analyze disease. It was also unclear when or how DeepMind would share its technology with other researchers.

DeepMind is one of the key players in a sweeping change that has spread across academia, the tech industry and the medical community
over the past 10 years. Thanks to an artificial intelligence technology called a neural network, machines can now learn to perform many
tasks that were once beyond their reach — and sometimes beyond the reach of humans.

A neural network is a mathematical system loosely modeled on the network of neurons in the human brain. It learns skills by analyzing
vast amounts of data. By pinpointing patterns in thousands of cat photos, for instance, it can learn to recognize a cat.

This is the technology that recognizes faces in the photos you post to Facebook, identifies the commands you bark into your smartphone
and translates one language into another on Skype and other services. DeepMind is using this technology to predict the shape of proteins.
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If scientists can predict the shape of a protein in the human body, they can determine how other molecules will bind or physically attach to
it. This is one way drugs are developed: A drug binds to particular proteins in your body and alters their behavior.

By analyzing thousands of known proteins and their physical shapes, a neural network can learn to predict the shapes of others. In 2018,
using this method, DeepMind entered the C.A.S.P. contest for the first time and its system outperformed all other competitors, signaling a
significant shift. But its team of biologists, physicists and computer scientists, led by a researcher named John Jumper, were nowhere
close to solving the ultimate problem.

In the two years since, Dr. Jumper and his team designed an entirely new kind of neural network specifically for protein folding, and this
drove an enormous leap in accuracy. Their latest version provides a powerful, if imperfect, solution to the protein folding problem, said the
DeepMind research scientist Kathryn Tunyasuvunakool.

The system can accurately predict the shape of a protein about two-thirds of the time, according to the results of the C.A.S.P. contest. And
its mistakes with these proteins are smaller than the width of an atom — an error rate that rivals physical experiments.

“Most atoms are within an atom diameter of where they are in the experimental structure,” said Dr. Moult, the contest organizer. “And
with those that aren’t, there are other possible explanations of the differences.”

Andrei Lupas, director of the department of protein evolution at the Max Planck Institute for Developmental Biology in Germany, is
among those who worked with AlphaFold. He is part of a team that spent a decade trying to determine the physical shape of a particular
protein in a tiny bacteria-like organism called an archaeon.

This protein straddles the membrane of individual cells — part is inside the cell, part is outside — and that makes it difficult for scientists
like Dr. Lupas to determine the shape of the protein in the lab. Even after a decade, he could not pinpoint the shape.

With AlphaFold, he cracked the problem in half an hour.

If these methods continue to improve, he said, they could be a particularly useful way of determining whether a new virus could be treated
with a cocktail of existing drugs.

“We could start screening every compound that is licensed for use in humans,” Dr. Lupas said. “We could face the next pandemic with the
drugs we already have.”

During the current pandemic, a simpler form of artificial intelligence proved helpful in some cases. A system built by another London
company, BenevolentAI, helped pinpoint an existing drug, baricitinib, that could be used to treat seriously ill Covid-19 patients.
Researchers have now completed a clinical trial, though the results have not yet been released.

As researchers continue to improve the technology, AlphaFold could further accelerate this kind of drug repurposing, as well as the
development of entirely new vaccines, especially if we encounter a virus that is even less understood than Covid-19.

David Baker, the director of the Institute for Protein Design at the University of Washington, who has been using similar computer
technology to design anti-coronavirus drugs, said DeepMind’s methods could accelerate that work.

“We were able to design coronavirus-neutralizing proteins in several months,” he said. “But our goal is to do this kind of thing in a couple
of weeks.”

John Jumper, a lead scientist on the DeepMind team. DeepMind
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Still, development speed must contend with other issues, like massive clinical trials, said Dr. Vincent Marconi, a researcher at Emory
University in Atlanta who helped lead the baricitinib trial. “That takes time,” he said.

But DeepMind’s methods could be a way of determining whether a clinical trial will fail because of toxic reactions or other problems, at
least in some cases.

Demis Hassabis, DeepMind’s chief executive and co-founder, said the company planned to publish details describing its work, but that was
unlikely to happen until sometime next year. He also said the company was exploring ways of sharing the technology itself with other
scientists.

DeepMind is a research lab. It does not sell products directly to other labs or businesses. But it could work with other companies to share
access to its technology over the internet.

The lab’s biggest breakthroughs in the past have involved games. It built systems that surpassed human performance on the ancient
strategy game Go and the popular video game StarCraft — enormously technical achievements with no practical application. Now, the
DeepMind team are eager to push their artificial intelligence technology into the real world.

“We don’t want to be a leader board company,” Dr. Jumper said. “We want real biological relevance.”

https://www.wired.com/2016/05/google-alpha-go-ai/
https://www.nytimes.com/2019/05/30/science/deep-mind-artificial-intelligence.html

