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ing it. They never break, and “cleaning” them is a5 simple as turn-  of the University of California,
ing off the light. studied using atomic-force m
Moving beyond traditional tweezers, researchers can also meas-  while weaker forces are best studied
ure and c?ungc how hard the trap pulls on the bead. First, they  netic field. S "
calibrate the trap’s “stiffness.” Then, by measuring precisely how far There are other tools, too, “W
off-center the bead is, they can deduce the optical restoring force things, you can apply forces to them, b
being applied. The forces, typically on the order of tens of piconew-  simultaneously what's happening at
tons, are similar to those exerted by the molecular motors that  conformational changes,” Block poir
power muscle and actively transport material within cells. Finally, by  have used tools that can track, with nanos
incorporating the measurement into a feedback loop, the experi-  ment ofﬂuomphore-u‘igul mn Mo !
menters can tune the applied force. That makes optical traps Block's team, and others, combined
particularly useful in molecular motor research, as it becomes possi-  optical traps — an engineering feat that
ble to ask, how hard must I tug on a protein to make it stop moving?  flashes of fluorescence in the presence of the
Says Stanford biochemist James Spudich, “Tremendous numbers trapping. “It's now possible to do experiments
of things have been learned about the motors using this technology.”  pipe-dreams only a decade ago,” says Block.
MOLECULAR MOTORS When Spudich began using optical  combined fluorescent probes with magnetic
tweezers in the early 19905, he had been engaged for nearly a decade very important development.”
in what he calls a “lively argument” about how myosin moves. Spu- CONTINUING EVOLUTION Naturally these
dich believed this molecular motor took tiny steps, only about 10 nm spell the end of the trap's long development. Tk
long. Others favored a step size an order-of-magnitude larger. Both  mercial optical tweezers set-up can be pu
conclusions were based on a system of polystyrene beads coated with ~ $10,000, 2 cuttin -edge system, capable og
purified myosin, which Spudich and Michael Sheetz (now at Colum- 1o multiple parﬁcfes and precisely measuring theis
bia University) had developed a decade earlier. The observations were ~ $1 50,000 or more, just for parts. Perhaps more
indirect, however, and supported both hypotheses, most advanced research still demands expertise in
Now Spudich's group had a way to answer the question directly.  tronics, as well as biology. . P
In collaboration with Robert Simmons of King’s College London, at For almost a decade, researchers have been
Stanford on sabbatical, and Chu, who had arrived from Bell Labora-  with two traps, either by using two lasers, or
tories in 1987, they built an optical tweezers apparatus that could single laser between two positions. Recently
resolve the steps of a myosin-coated bead to within 10 nm. They  ing more complex configurations.
applied their beads to actin-coated slides, gently tugged on them David Grier of New York University, for ¢
with the tweezers, and watched them march along the filament, just graphic scheme for creating arrays of man
as they do in vivo. of RISO, in Denmark, uses a different conce
“We had to see a small step in a background of Brownian motion  cal petri dish, which he and his collaborato
noise,” Spudich recalls. “If we were right, the step size was going to  how the propagation of yeast cells changes w
be buried i1/ that noise.” Spudich estimates the team spent about  ed by cells of 3 different species. These mu
$70,000 2 «~mbling the apparatus, but it wouldn’t work until grad-  explore the cell-cell _intgm_;ﬁo_gg\%gyalwd in
uate stud - * {7 Finer bought “a few dollars worth of cardboard” at  stem cell differentiation. i
- theuniver ¢ store to block air currents. Finally, they had their Other groups have devised ways to ap
" answe:. ‘e anoved in discrete steps of about 1o nm. “I dont  ha ight’s angular 1
 think .- ©anvargument since,” Spudichadds. ~ linear forces, but not to
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