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Lecture Title: Precision Measurements in Biology: Transforming 

biology to a truly quantitative and mathematical science. 

Is biology a quantitative science like physics? I will discuss the role of precision measurement in both 
physics and biology, and argue that in fact both fields can be tied together by the use and 
consequences of precision measurement. 
 
The elementary quanta of biology are twofold: the macromolecule and the cell.  Cells are the 
fundamental unit of life, and macromolecules are the fundamental elements of the cell.  I will describe 
how precision measurements have been used to explore the basic properties of these quanta, and 
more generally how the quest for higher precision almost inevitably leads to the development of new 
technologies, which in turn catalyze further scientific discovery.  In the 21st century, there are no 
remaining experimental barriers to biology becoming a truly quantitative and mathematical science. 
 

Scientific achievements 

Stephen Quake invented the biological equivalent of the integrated circuit. He and his students 
developed the first microfluidic large scale integration (LSI) by fabricating chips with thousands of 
mechanical valves.  This technology paved the way for large scale automation of biology at the 
nanoliter scale,  and in recent years Quake and his collaborators have used it for applications as 
diverse as discovering a new drug for hepatitis C, mapping the genomes of unculturable 
environmental microbes, and measuring gene expression in individual cancer stem cells. 
 
Quake's group was the first to apply microfluidic technology to the determination of protein structure 
through x-ray crystallography. By showing that the unique fluid physics of nanoliter scale reactors 
allow one to control and manipulate the kinetics of protein growth in ways that are impossible at the 
macroscale,   they developed a chip to screen protein crystal growth conditions that outperforms 
conventional methods by an impressive margin.    This chip has been commercialized and is used in 
structural biology labs in industry and academia around the world. 
 
Quake used microfluidic plumbing to create combinatoric arrays of assays that give unique 
economies of scale in labor and reagent consumption; these dynamic arrays have also been 
commercialized and are used by major pharmaceutical companies and research organizations for 
applications ranging from managing salmon fisheries to studying cancer. 
 
Quake also demonstrated the first successful single molecule DNA sequencing technology, which has 
been commercially developed and is a leading candidate to deliver the first $1,000 genome.    In 2009 
he and two co-workers sequenced his genome using the commercial version of the single molecule 
sequencing technology that he developed, an event that was widely reported in the popular press. He 
is one of the first half dozen people to have their entire genome sequenced and the only one to also 
have invented the sequencer used to obtain their genome. 
 
His contributions to genomics also include the development of the first non-invasive prenatal test for 
Down syndrome, which was enabled by next generation sequencing technologies, and the first 
measurement of the immune repertoire of an organism. 
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