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Exploring the Systems of Life 
No longer content to inventory cells' molecular parts, biologists are teaming 
up with physicists and engineers to study how these parts work together 

A rule of thumb among drugmakers is that the 
more tightly a compound binds to its molecu- 
lar target, the more potent it will be. But not 
always, it turns out. Take cytokines, natural 
protein messengers that bind to receptors on 
cells and cause them to proliferate during 
wound healing or an immune response. A cy- 
tokine molecule follows a complex life histo- 
ry before and after it binds to its receptor. It 
shuttles in and out of cells, risking destruction 
by proteases, and eventually f111ds its way 
into a recycling bin once its work is done. 
These steps interact, adding to the complexi- 
ty. When proteases destroy a cytokine mol- 
ecule, for example, they can also wipe out its 
receptor, in a feedback that further reduces the 
compound's effectiveness. 

By modeling these and other interactions 
on a computer, Douglas Lauffenburger and 
his colleagues at the Massachusetts Institute 
of Technology have found that in many 
cases the best way for genetic engineers to 
boost the potency of a cytokine drug is not 
by remodeling it to bind more tightly to its 

receptor but by altering other steps in the 
chain. Tweaking the structure to help it avoid 
destruction within the cell, for example, in- 
creases its chances of being recycled. "You 
would think that the stronger the binding, the 
more potent it would be," says Lauffenburg- 
er. "But that's often not the case." 

"The convergence of 
chemistry, physics, bi- 
ology, and engineering 

is upon us." 
--Lucy Shapiro 

As he and his colleagues have realized, un- 
derstanding how parts of a biological sys- 
tem--genes or molecules-interact is just as 
important as understanding the parts them- 
selves. It's a realization that's beginning to 

spread. Leading research universities around 
the United States have begun shelling out tens 
of millions of dollars to set up new interdisci- 
plinary institutes and departments that will 
bring together specialists from physics, chem- 
istry, engineering, computer science, mathe- 
matics, and biology to document how all the 
different cellular players work together in 
complex tasks such as determining when a 
cell divides and how gene expression is regu- 
lated. Says Lucy Shapiro, a developmental bi- 
ologist at Stanford University: "The conver- 
gence of chemistry, physics, biology, and en- 
gineering is upon us." 

The new centers will take a variety of ap- 
proaches to exploring the complex systems of 
life. A proposed center at Stanford, for exam- 
ple, is likely to focus on biophysics, while one 
at Princeton will lean toward probing networks 
of genes and proteins. Drug companies, too, 
such as the Palo Alto, California-based start- 
up Entelos, are turning to computers in the 
hope that "in silico" biology will lead to im- 
proved therapeutics. All these efforts are a re- 
sponse to the growing sense that gene se- 
quencing and other techniques will soon have 
isolated all the cell's individual parts and 
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spelled, out their isolated functions. Now, it's 
time to mwe beyond reductionism. 

"We have generated an enormous mass of 
information on the molecular events that occur 
in cells," says Marvin Cassman, director of the 
National Institute of General Medical Sciences 
(NIGMS) in Bethesda, Maryland. 'Wow we 
need to know how all these things are intept- 
ed." John Doyle, an electrical engineer at the 
California Institute of Technology in Pasadena 
who is turning his attention toward biology, 
puts it this way. "Biology has spent decades try- 
ing to be like physics," trying to understand 
complicated systems by understanding each 
part at its most basic level. 'Wow they're inter- 
ested in putting it all back together." 

Doing so, says Shapiro, will take "physi- 
cists, engineers, and biologists at lab benches 
next to one another working on the same prob- 
lem." Foremost among these problems, say 
Shapiro and others, will be understanding the 
complex chemical networks that gwern cell 
functioning. Genome analysis, for example, 
has already isolated hundreds of genes that 
code for transcription factors, proteins that 
help regulate the expression of other genes. 
'"The expression of individual genes is not be- 
ing regulated by one, two, or five proteins but 
by dozens," says Shirley Tilghman, a molecu- 
lar biologist at Princeton University. Some reg- 
ulate specific genes; others work more broad- 
ly. Some sit on DNA all the time, while others 

bind temporarily. "The complexity is becom- molecules can have a feedback effect that in- 
ing mind numbing," says Tilghman. creases or decreases the expression of other 

Simply determining the individual role of compounds. "When we get to a certain net- 
each protein only gets you so far. "Even if you work complexity, we completely fail to un- 
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derstand how it works," 
says Arkin. 

Such complexity is 
well known in fields such 
as engineering. Take the 
latest Pentium chip in 
your desktop computer. 
The chip contains mil- 
lions of individual ele- 
ments, such as transis- 
tors, connecting wires, 
and gate arrays. The be- 
havior of each element is 
understood to many dec- 
imal places. But for the 
engineers designing the 
chip, predicting how all 
the different elements 
would interact was a 
trickier proposition. Chip 
designers have to rely on 
sophisticated modeling 
programs to simulate 

have all the chemistry, it's hard to understand how different collectibnsifthe elements inter- 
how the cell functions," says Adam Arkin, a act and predict their collective behavior, so that 
physical chemist at Lawrence Berkeley they can iron out bugs in advance. 
National Laboratory (LBNL) in California. Now researchers are hoping to bring sim- 
That's because interactions between different ilar types of analyses to bear on understand- 
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