
such commercial products, and remain a popu-
lar option. Miltenyi Biotec, based in Bergisch 
Gladbach, Germany, also offers reagents for 
performing column-based ‘magnetic-assisted 
cell sorting’ (MACS) using its MACS Separa-
tor. This is available in an automated version to 
simplify the purification process.
StemCell’s offerings for magnetic separa-
tion include the EasySep system, which uses 
a specially designed high-gradient magnet 
to separate nanoparticle-labelled cells. These 
paramagnetic particles are particularly small, 
to an extent where they will not interfere with 
flow cytometry performed on purified cells. 
StemCell also offers an automated version, the 
RoboSep, which gives users a variety of options 
for configuring separation protocols.
Magnetic separation’s usefulness is limited 

by the inherent constraints on the number of 
sort parameters and its reliance on cell-surface 
antigens for sorting. Nonetheless, it excels at 
applications in which bulk separations need 
to be performed quickly, or as a prelude to 
more extensive cell-sorting procedures. “In a 
lot of cases for immunology research, the level 
of purity that you get with magnetic separa-
tion is more than adequate,” says Woodside. 
“Basically, people want to do the fewest steps 
possible and get the purest cells back — that’s 
what’s driving this technology.”

Bridging the gap
With all the interest in optimizing the efficiency 
and cost of cell sorting, it is understandable that 
James Leary, head of the molecular-cytometry 
facility at Purdue University in West Lafayette, 

Indiana, is disappointed at the chilly reception 
that microfluidic platforms tend to receive 
in the community. “Flow cytometry has had 
microfluidics at its core for 40 years,” he says. 
“But it’s interesting, because the flow-cytometry 
groups and the microfluidics groups don’t talk 
to each other very much. If they did, progress 
would be a whole lot faster.”
Leary, a cell-sorting pioneer, is doing his part 
to bridge that gap through collaborations with 
colleagues such as Rashid Bashir, from his uni-
versity’s Birck Nanotechnology Center. The two 
see great advantages at the microscale, including 
portability, disposability and improved biosafety 
for handling pathogenic samples. They are 
exploring next-generation sorting technologies 
such as dielectrophoresis, in which a nonuni-
form electrical field is used to separate charge-
neutral objects based on their size or chemical 
properties (see ‘Playing the field’, page 1181). 
“The dielectrophoretic approach is attractive 
because it is electrical, it is integrated and you 
don’t have to have lots of mechanical valves,” 
explains Bashir. “Moving the cells, instead of 
the fluid, makes more sense.”
The use of laser light for cell manipulation 
is well-established (see ‘The guiding light’, 
below), and lasers are now being exploited for 
cell sorting. Kishan Dholakia, leader of the 
optical-trapping group at the University of St 
Andrews, UK, recently developed a system 
in which two- or three-dimensional patterns 
are generated by an optical-tweezers laser to 
create a ‘passive’ cell-sorting matrix. “We put 
cell samples on to an optical corrugation or 

Never mind Star Wars, lasers 
are good for more than burning 
and cutting, and in fact can be 
surprisingly gentle. Take ‘optical 
tweezers’, for example — a laser 
focused on a microscopic object 
creates an optical force trap that 
enables the precise manipulation 
of that object within a three-
dimensional space. 
Since their development in 1986, 
optical tweezers have generated 
a veritable bounty of valuable 
information, including insights into 
the physical properties of DNA 
molecules and the fundamental 
mechanisms of various enzymes 
and molecular motors. 
They have also shown 
considerable promise for 
cell manipulation, although 
biologists have yet to fully 
explore their potential. “We have 
to educate people and make 
them comfortable with optical 
technology,” says Kishan Dholakia, 
who heads the optical-trapping 

group at the University of St 
Andrews, UK. 
Many current users build 
their systems from scratch — a 
daunting and expensive prospect 
for the optics novice. To remedy 
this, Dholakia’s team has lent its 
expertise to develop an entry-level, 
single-beam optical-tweezers 
workstation — the E3100 — for 
biologists looking to get their feet 
wet. The E3100 is available from 
Elliot Scientific in Harpenden, UK. 
Cell Robotics of Albuquerque, 
New Mexico, also offers an off-the-
shelf system: LaserTweezers, an 
adjustable single-trap system that 
is designed for integration with a 
standard inverted microscope, and 
which can also be incorporated as 
a module of a larger workstation to 
allow computerized control and full 
automation.
Single-beam traps enable 
impressive experiments, but 
the future clearly lies in higher-
throughput platforms. “The 

technology has always been 
associated with one to ten 
particles,” says Dholakia. “I would 
like to see thousands of particles 
being ordered and sorted in a really 
rapid fashion.” 
Enter Arryx of Chicago, Illinois; 
its BioRyx 200 system uses 
holographic technology to 

expand the number of tweezers 
simultaneously available to 
users. “It can generate up to 200 
traps in a three-dimensional 
working volume, each of which 
is independently movable in 
real-time,” says chief technology 
officer Dan Mueth. “You can pull 
on cells and sense or measure 
how they stretch, grab cells and 
move them around, probe the 
adhesion of cells, position cells for 
investigation, or isolate cells.” 
The BioRyx 200 also offers a 
software interface that enables 
real-time manipulation or 
automation of the traps. But 
multiple traps are not the only 
benefit of holographic optical 
trapping. “You can select from a 
variety of trap shapes with different 
properties,” says Mueth. “There are 
plenty of other advantages that are 
more subtle but can have an impact, 
and have to do with optimizing 
performance and the ability to work 
with particular samples.” M.E.

THE GUIDING LIGHT

Inside Dako’s MoFlo, which can sort up to 70,000 objects per second.

Caught: sperm cells isolated from 

epithelial cells using the BioRyx 200.
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