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F E A T U R E

Some scientists call it the Principle of Limited Sloppiness. 
Sounds better than, “Holy cats! Never thought that’d 
happen. Oh, um, I meant that’s exactly what I intended. 
Really. Think they’ll publish this in Science?”

Examples:
Louis Pasteur tried to kill a bunch of chickens with 

cholera as he studied the disease, hoping to fi nd a way to 
prevent it—they merely got sick. When he tried again with 
a more virulent strain, the chickens clucked and pecked like 
nothing at all was amiss. And thus the path to vaccination 
was paved.
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CONNECTIONS
HIDDEN

left and above: Cells go to 
extraordinary lengths to warn 
each other of intruders—as 
shown by the little-before-seen 
nanotubules connecting these 
immune cells after they were 
poked with a microscopic tip. 
(Green shows cell nuclei.)
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Wilhelm Roentgen was experimenting 
with electrical discharge. A nearby screen 
coated with a barium compound fl uoresced 
when an electrical tube he was watching dis-
charged. While he was trying to fi gure that 
out, he found a photographic plate in his desk 
drawer. On the plate, he could see the image 
of a key that had been sitting on his desk. Not 
much later, he could see a medal bearing the 
image of Alfred Nobel hanging around his 
neck. He had observed evidence of what he 
called x rays.

One day, Alexander Fleming noted that the 
bacteria in a culture dish he was studying was 
contaminated by mold. The bacteria nearest 
the mold—which had apparently arrived from 
another lab—was dying and failing to regener-
ate. Why? You got it, penicillin.

Of course, pure serendipity would not 
have propelled the work of any of these men 
forward. It’s hard not to notice, however, that 
sometimes the best-equipped, best-prepared 
scientist can benefi t from a confounded expec-
tation.

In December 2004, the University of 
Pittsburgh School of Medicine’s Russell Salter, 
associate professor of immunology, and Simon 
Watkins, professor of cell biology, physiology, 
and immunology and director of the Center 
for Biologic Imaging (CBI), were investigat-
ing dendritic cells. Dendritic cells, members 
of the immune system, gobble up various 
and sundry pathogenic trespassers that would 
otherwise make us ill, take news of these inter-
lopers to lymph nodes, and get the immune 
response rolling. The scientists wanted to 
learn exactly how the cells captured bacteria. 

Well, they ended up fi guring that out, 
thanks in no small part to a unique imaging 
system. But what they discovered in the midst 
of this effort—that’s the stuff of limited slop-
piness. In the end, an Oops! amounted to the 
discovery of how a little-seen method of cel-
lular communication works.

In the south wing of the Biomedical 
Science Tower, on the second fl oor just 
off the elevator, is one of the more expen-

sively stocked closets on campus. It’s the 
nerve center of Watkins’ Center for Biologic 
Imaging.

Space is at a premium here as Watkins, 
Salter, and this writer congregate amid non-
descript-looking electronics—black and gray 
boxes, dozens of power cords, joysticks, and 
what appears to be a conventional microscope. 
It would be easy to dismiss this as a cluttered 

storage area, but it is one of the most sophis-
ticated imaging systems in the world for look-
ing at living cells. 

The system housed here integrates multiple 
technologies, each of which has been “pushed 
to the absolute limit,” Watkins will tell you. 
Most of the cameras are prototypes that aren’t 
commercially available, for instance. And sev-
eral of the components were custom-built by 
Pitt’s own machinists and electricians. 

The center has six other lesser live-cell 
imaging systems. In total, 29 systems make 
up the CBI’s holdings, allowing it to respond 
to imaging requests of 150 research groups, 
in Pitt’s medical school and throughout the 
country, annually. 

“We can challenge cells with any kind of 
imaging technology we want,” says the fi t 47-
year-old Watkins, who seems like he’d be fun 
to have a drink with.

“But it’s all ridiculously expensive, that’s the 
problem with it. This camera is $46,000. [He 
holds one of four such devices that capture 
images at high speed and in three dimensions.] 
This stuff hanging off the bottom [a confocal 
microscope, used to generate images through 
fl uorescence] is $130,000—just the stuff at the 
bottom.” Pointing to the laser bench (contain-
ing fi ve lasers) above his head, Watkins, read-
ing glasses dangling from a cord around his 
neck, adds, “And that’s $95,000 up there.”

More than a few imaging labs have ele-
ments of this equipment, he says. 

Salter points out, however, that none has 
assembled all the parts as Watkins has with 
his closeted $700,000 apparatus. Scientists 
around the world covet access to Pitt’s tech-
nology. The system—which collects data and 
generates moving, three-dimensional pictures 
showing nanolevel players in action—helps 
investigators probe a range of diseases and 
biological phenomena with greater clar-
ity. Without it, Salter and Watkins probably 
wouldn’t be generating headline news of late.

In a paper published in February 2004, 
a team at the University of Heidelberg, 
in Germany, announced it had observed 

something bizarre while looking at rat adre-
nal cells: thin, long physical connections. 
They were like strings fl oating in the media. 
The researchers called them “tunneling 
nanotubes.” 

In August of that year, a London team 
made a similar observation regarding human 
immune cells. 

Before this, physical connections between 

cells were, if not unheard of, at least given 
little credence. Sure, cells communicate via 
gap junctions or chemical signaling, but 
physical connections?

Daniel Davis of the London research group 
says that since the publication of his team’s 
paper, “A lot of people said they saw [the 
nanotubules], even when they were students 
in the ’70s, but they ignored them.” These 
tubes were thought to be just cellular junk, he 
adds, and were relegated to obscurity. 

Hans-Hermann Gerdes, the University 
of Heidelberg team’s senior author, believes 
nanotubules connect all manner of cells. The 
London team suggested that fi nding out what 
these little tubes do would be an intriguing 
new goal for cellular immunologists. 

Yet Russ Salter and Simon Watkins had 
never heard of these nanotubules when they 
were in the thick of a collaboration last win-
ter, months after the Heidelberg and London 
teams reported their fi ndings. The two were 
busy watching dendritic cells consume bac-
teria like the Hungry, Hungry Hippos of the 
1970s children’s game gobbled marbles. Much 
as the plastic hippo head would thrust forward 
and drag a marble to its belly, dendritic cells 
fl attened out and issued forth diaphanous, 
veil-like folds that enveloped bacteria, drawing 
them into the heart of the cell. 

“It was a much more active process than 
we had been led to believe based on the litera-
ture,” Salter says.

That’s what the Pitt researchers were look-
ing at, and, really, that’s all they were looking 
for: How dendritic cells internalize bacteria.

But they found more.
Wanting to learn the specifi cs of what 

makes dendritic cells change shape and active-
ly hunt down bacteria, Salter (an expert in 
the uptake and processing of antigens, who 
bears a slight resemblance to Rob Reiner) and 
Watkins decided to introduce a calcium-sensi-
tive dye into the system. One of the signs that 
a cell has been activated is a change in its con-
centration of calcium. The dye would allow 
the investigators to watch when and how and, 
perhaps, why the cells reacted to the bacteria. 

As the two examined the images generated 
by Watkins’ microscopy masterpiece, they saw 
the bacteria turning on dendritic cells, fl uxing 
calcium, as expected. Flash, fl ash, fl ash. 

Yet this is when the scientists’ examination 
of the dining habits of dendritic cells began to 
take a detour. 

The location of the fl ashes was off. Cells 
nowhere near the bacteria fl uxed and fl ashed 



away. They fl ashed and fl uxed before bacteria 
introduced to the dish even came into view. 
Cells whose purpose in life is to capture 
pathogens and take antigens to lymph nodes 
to prompt immune response seemed to be 
getting excited and sharing news of a bacterial 
assault without actually touching bacteria.

“That started to make us think something 
else was going on,” Salter says. 

Did the cells know something was coming? 
Did they have a sort of cellular ESP?

Salter and Watkins devised an experiment 
they hoped would shed light on why these 
cells seemed to be jumping the bacterial gun. 
They placed cells in a sterile base medium. 
They loaded bacterial solution into an extraor-
dinarily small microinjection tip (about 400 
nanometers across and invisible through a 
10-times magnifi cation lens), intending to 
squirt the stuff onto the dish. If the locally 
delivered bacterial solution started a fl ux erup-
tion on the other end of the dish, they’d know 
something was up. Because it’s easy to clog 
an opening that’s considerably narrower than 
a cross section of a human hair, Watkins and 
Salter also placed dye in the bacterial broth, 
so they could see if anything was coming out 
of the tiny tip. 

Squirt. Wait and watch. Squirt. The 
researchers injected the bacterial solution onto 
the dish medium at specifi c sites. The fi eld of 
cells responded like paparazzi at a red-carpet 
premiere.

The fl ash and fl ux, however, did not radi-
ate out as each cell in the bacteria’s path was 
activated. The investigators had assumed that 
one cell would fi re, then the one next to it, 
then the one next to that. … They assumed 
wrong. Cells blinked, but not just those juxta-
posed. Not all of the bursts of light were even 
in the same bacterial fi eld (denoted by the 
haze of the dye). And not all of them lit up.

It looked like the cells might be linked in a 
network. But linked with what? 

Here’s where the Principle of Limited 
Sloppiness, with a good dose of doggedness, 
came into play. 

Later that day, Watkins, at work in his 
microscopy playground, was manipulating the 
microinjection tip. He pressed the injection 
button and looked for dye to come out. It 
emitted nothing. The tip was clogged. 

Then Watkins happened to touch one of 
the cells in the dish with the tip and saw cal-
cium fl ux fl ying across the dish. Not one, but 
several cells got excited by the little poke—
without the tip even releasing bacteria.
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Immune cells have been scraped from the area outlined. A calcium flux, one of the early 
signs of cellular activity, moves through nanotubules and spreads around the corner 
to remaining cells in the course of 25 seconds. The red star indicates the cell that was 
prodded with a microinjection tip, prompting the calcium response. 



Watkins thought, Well, that’s very strange.
“It was a surprising fi nding because I didn’t 

expect to see anything,” says Watkins.
 This had to be explored, explained. 
Watkins called Salter. Salter came to CBI, 

and the pair, in Watkins’ words, spent the rest 
of the morning running around poking cells 
with a clean microinjection tip. 

“Every time we did it, there was fl ux fl ying 
across the dish. It was incredibly dramatic and 
exciting,” he says.

On their cell-prodding spree, Watkins and 
Salter again noticed what seemed to be net-
works of cells fi ring.

If chemical communication were at work 
—that is, if the poked cell were releasing 
something to alert the others—that substance 
would radiate out like a disturbance in water 
when a pebble is dropped into a pond. All the 
cells in the fi eld would eventually react. That’s 
not what Watkins and Salter saw.

They would touch one cell, and one group 
of cells would respond. When they touched 
another cell, another group of cells would 
respond.

The lab was abuzz. This didn’t appear to be 
a chemical secretion response. It seemed likely 
that some sort of physical connection existed. 

At the end of the day, Watkins, Salter, 
and research specialist Jenny Karlsson headed 
home, sat down at their computers, scoured 
the literature, and came across the exact same 
paper: the Heidelberg group’s description of 
nanotubules.

So nanotubule-hunting they went. Isaac 
Newton saw farther because he stood on the 
shoulders of giants. Salter and Watkins delved 
more deeply into the world of nanotubules 
because they could peer through remarkable 
imaging equipment. They saw wispy tubules 
200 to 300 nanometers in diameter that were 
about 2,000 times longer than they were wide. 
They saw that nanotubules are capable of 
carrying small molecules. They saw calcium 
fl ux transmitted through the tubes, which 
confi rmed for them that communication was 
taking place between networked cells. And 
they saw evidence, by inhibiting gap junctions 
as well as chemical signaling functions, that no 
other known mechanism could be responsible 
for that communication.

At a January meeting in Vancouver, Salter 
delivered a presentation on what they’d 
learned. 

“At the beginning, there were people say-
ing, ‘It’s all secretion. It’s this, that, and the 
other,’” Watkins says. “But they all, by the 
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Here a swath of cells was scraped from the middle of the culture dish to test the hypothesis 
that nanotubules were responsible for the calcium flux—rather than chemical signaling, which 
could cross the gap. 



end of the meeting, were saying, ‘It’s prob-
ably these darn tubes,’ which was kind of 
cool for Russ.”

Salter and Watkins published their fi nd-
ings in the September issue of Immunity;
that caused a bigger stir. The paper quickly 
became one of most downloaded items from 
the journal’s Web site. A recent Google 
search for “Watkins, Salter, and nanotubules” 
yielded about 100 hits, including one site that 
argues nanotubules are evidence of intelligent 
design. “It’s bizarre,” Watkins says.

The discovery is compelling to the scien-
tifi c community and laypeople alike, Watkins 
thinks, because, “It’s not incremental; it’s 
something completely new.” Watkins and 
Salter actually saw the nanotubules in action. 

 “Had we fi ve years ago had some hint 
of this, the microscope probably wouldn’t 

have allowed us to see the tubules,” Salter 
says. “Live-cell imaging capabilities are just 
now advanced enough to see [nanotubules] 
at this stage.”

Before this technology, cells had to be 
fi xed in formaldehyde to be observed, a 
deadly proposition for the cell. 

“If (nanotubules) survived fi xation pretty 
well, they would have been described in 
1970,” Salter says.

The German and British teams had seen 
the stringlike connections. What Salter and 
Watkins did, with the aid of a stunningly 
precise imaging system, allowed the pair to 
tell the scientifi c community exactly what the 
connections were and what they did.

“We really just showed that these con-
nections exist,” Davis says. “We didn’t show 
any specifi c signaling event from one cell to 
another. The recent work from Pittsburgh has 
identifi ed why (nanotubules) are important.”

Put it this way: The earlier work is compa-
rable to looking at a single aerial photograph 
of Oakland. One can see the roads (nano-
tubules) and the cars (information) and can 
subsequently assume that the cars travel along 
the roads. What Salter and Watkins did was 
equivalent to installing a video camera on a 
blimp overhead to record images throughout 
the day. Such images would show you a mas-
sive infl ux of traffi c during morning rush 
hour and an equally large clearing out of traf-

fi c at the end of the business day. This would 
help you fi gure out, with some certainty, what 
the roads were for. And if you kept watching, 
you could understand all manner of things 
about Oakland: How commuting works, how 
many people work there, etc.

Metaphors aside, the upshot of Watkins 
and Salter’s work is an explanation of how 
the immune system responds so quickly to 
challenges.

Watkins discusses this one day recently, 
hands clasped behind his head, his feet rest-
ing on his desk: He explains that if just one 
dendritic cell were aware that an invader had 
entered the system, the chances of it surviv-
ing the epic journey, by cellular standards, 
from, say, the fi ngertip to a lymph node in 
the armpit, are minimal at best. With nanotu-
bules spreading the news to a wider network, 

chances of kicking the immune system into 
gear are vastly improved.

“Rather than just one soldier running, 
you’re going to get a whole army, a cohort or 
a troop at least,” Watkins says. “It’s a way of 
amplifying response. It makes sense once you 
know about it.” 

Salter and Watkins have carved out time 
each week to pursue bench work on nano-
tubules.

“The guys in my lab laugh all the time 
because it’s so unusual to see two [principal 
investigators] doing experiments,” Watkins 
says, laughing himself.

“We’re so excited about this. I haven’t had 
this much fun since I was working on dystro-
phin [which is critical to muscle function] in 
the late ’80s when I was 
at Harvard.”

Salter, who is also 47, 
shares his enthusiasm. 

“We did these experi-
ments together and real-
ly didn’t have involve-
ment from other people 
in our groups. We have 
just treated it like our 
pet project that’s fun 
to do,” he says. “We’re 
two relatively old—or at 
least established—inves-
tigators that might have 

some insight into things that haven’t been 
seen before.”

The two will attempt to answer new nano-
tubule questions that have arisen, including 
how big something can be and still move 
through the tunnels. 

In terms of potential applications, Salter 
wonders if these tunnels might play a role 
in vaccination; he’s particularly interested 
in tumor immunology. If the tunnels were 
somehow prompted to relay tumor antigens 
to the lymph nodes, they might be able to 
help instigate a quicker and better immune 
response.

It’s also possible, Salter says, that nanotu-
bules play a role in HIV transmission; HIV 
affects dendritic cells.

The scientists would like to observe nano-
tubules in action in a living human body, if 

for no other reason than to prove that they’re 
not simply a lab-dish phenomenon. 

“The obstacles to that are optical,” Salter 
says, laughing at the wordplay mouthful he 
just uttered. He’s pretty confi dent that if 
anyone will be able to refi ne the technology 
to make that happen, it’s Watkins and his 
Center for Biologic Imaging.

 “He’s a tremendous asset to this place 
[Pitt],” Salter says of Watkins, who describes 
himself as “a biophysicist cum wannabe 
immunologist.”

“I’m pretty sure this is the biggest user-
friendly microscopy center in the country,” 
says Salter.

In some circles, Watkins’ reputation now 
precedes  him. During a recent trip to Moscow 

for a conference, a large 
Russian man approached 
him and said, in heavily 
accented English, “You 
are the Steven Spielberg 
of immunology.” 

When pressed, Salter 
identifi ed himself as the 
set designer. Together, 
both plan to craft a 
more complete depic-
tion of how the immune 
system works, one frame 
and many little tubes at 
a time.

Two immune cells connected by 
nanotubules.
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A recent Google search for “Watkins, Salter, and nanotubules” yielded about 100 

hits, including one site that argues nanotubules are evidence of intelligent design.


