




he sat in a remote field station in Madagascar, surrounded by 
dense rainforests, Mark Krasnow realized that his journey halfway 
around the world was worth it. The handful of biologists gathered 
around him agreed that the mouse lemur could be the animal he 
was looking for.

The HHMI investigator from Stanford University School of 
Medicine was on a quest for a better animal model for human 
disease. The fruit flies and mice he’d been studying couldn’t help 
him answer many basic research questions on lung diseases, and 
he knew that scientists studying other disorders had similar expe-
riences. He wanted to find a better disease model.

After a year of research into species worldwide, Krasnow had 
brought an unlikely team of high school students, molecular biol-
ogists, mouse lemur experts, and a veterinarian to the East African 
country to search for an animal that might be a closer match to 
people than mice, the perennial lab favorite. Madagascar’s early 
separation from the continental land masses, some 80–90 million 
years ago, created an evolutionarily eccentric collection of plants 
and animals, including lemurs. “It’s like a biologist’s dreamland,” 
says team member Sarah Zohdy, a doctoral student at the Univer-
sity of Helsinki and one of a small number of scientists studying 
mouse lemurs.

The group spent several nights in the summer of 2010 scanning 
the tall trees for all types of lemurs, but they were most interested in 
the grey mouse lemur, Microcebus murinus (see Web extra, “Meet 
Microcebus murinus”). The big-eyed, bug-eating lemur from Mad-
agascar’s west coast is one of the world’s smallest primates. And, 
more importantly for Krasnow’s group, mouse lemurs’ DNA has 
diverged from humans only half as much as the DNA of mice.

At the field station, in Ranomafana National Park, Krasnow 
talked with Malagasy biologists about the potential of mouse 
lemurs as a model for human disease. “They had grown up with 
lemurs but had never thought about model organisms,” Krasnow 
says. They loved the idea that mouse lemurs could help cure dis-
eases, he says, but they were concerned that the lemurs—and the 
country—not be exploited in the process.

Moving Beyond the Mouse 
During the past half century, biomedical research has focused 
on a handful of model organisms, as research communities have 
developed tools that make in-depth studies possible. The most 
widely used models include the mouse, the roundworm, the fruit 
fly, and, more recently, the zebrafish. For disease research, mice 

have been the focus; introducing genetic changes, scientists have 
made great leaps in understanding disease and basic biology (see 
Web extra, “Model Redefined”).

But mice can’t do it all. A 2008 analysis by University of Mich-
igan scientists showed that in 40 percent of genetic defects known 
to cause human disease, researchers either do not see symptoms 
in mice or cannot identify an equivalent gene. “The mouse has 
revolutionized medical research, but it is necessarily limited by its 
biology,” Krasnow says.

Physician-scientist Michael Welsh had been studying cystic 
fibrosis (CF) for many years when it became clear that the field 
needed a new way to understand the disease. In humans, the 
single gene mutation that causes CF induces problems through-
out the body, especially the lungs and gastrointestinal system. In 
mice, the mutations fail to produce typical CF disease.

“To understand the pathogenesis of a human disease, a model 
can be critical. If the model does not reproduce features seen in 
human disease, making progress can be a challenge. And if you 
want to develop new therapies, and the model does not manifest 
those key defects, you have nothing to correct,” explains Welsh, 
an HHMI investigator at the University of Iowa. “It was frustration 
and the lack of an ability to make sufficient progress that led us to 
develop another model of cystic fibrosis.”

Welsh’s team settled on the pig, and their new CF model 
develops disease like that of humans. “It is a very exciting time,” 
Welsh says. “We are able to answer questions and approach per-
sistent problems that have been plaguing the field.”

Failure to replicate human disease isn’t the only problem 
with mouse models of disease. “There have been some very 
expensive long-term clinical trials based on mouse models that 
just didn’t turn out the way they did in mice,” says immunolo-
gist Mark Davis, an HHMI investigator at Stanford University. 
“The real test of a model is whether there is any predictive ability, 
and I think there is often a disconnect between mouse data and  
human disease.”

Davis says scientists should make a more systematic attempt to 
understand disease in people, which is the direction he has taken 
his own research. For many diseases, he says, “We don’t know 
enough about the human disease to know whether it is a good 
model or not.” But he is enthusiastic about Krasnow’s attempt to 
identify a better model. “We should rationally choose other models 
that are closer to humans and therefore more likely to translate.”

FroM idea to Madagascar
Krasnow’s path to Madagascar began in 2009 when several Palo 
Alto High School sophomores—Camille Ezran, Jason Willick, 
Krasnow’s daughter Maya, and, later, Alex Scholz—pestered him 
to work in his lab. After fending them off several times, he real-
ized he could apply their growing knowledge of biology to the 
mouse model problem.

“We spent the entire summer trying to understand what would 
make a good model, since we had never been exposed to genetic 
model organisms before,” Ezran says. It had to be small and easy 
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very hard to study in mice,” Krasnow explains. “Those studies are 
already being done in mouse lemurs.”

The visit made clear to Krasnow that, to help local scientists 
and conservation efforts, as much research as possible should be 
done in Madagascar. “We would like more researchers coming to 
Madagascar,” says Benjamin Andriamihaja of the island’s Institute 
for the Conservation of Tropical Environments, “but at the same 
time we would like to protect our forest to maintain its value.”

This newfound interest in mouse lemur research offers a 
great opportunity for training, says lemur biologist Alison Rich-
ard, an HHMI Trustee and professor at Yale University who has 
worked on the island for decades. “Much of the work establish-
ing mouse lemurs as a model organism could involve Malagasy 
students,” she says. 

creating a collaBorative landscape
On their return, Krasnow and his team started planning how to 
move ahead. In June 2011, Krasnow and Albertelli hosted the first 
ever mouse lemur meeting, at HHMI’s Janelia Farm Research 
Campus, bringing together field biologists from Madagascar, 
Europe, and the United States with geneticists, conservation biolo-
gists, and model organism experts. “I had not had the opportunity to 
be in the same workshop with so many other types of researchers,” 
says Anne Yoder, who runs the Duke Lemur Center at Duke Uni-
versity, a sanctuary that studies lemur behavior and conservation. “It 
was neat to see what the collaborative landscape might look like.”

One outcome is that Krasnow’s group and others have commit-
ted to studying mouse lemurs without sacrificing them, instead 

turning to genetics, imaging, and other noninvasive 
techniques honed through the study of other model 
organisms. “There are huge opportunities in bringing 
to bear today’s research tools on existing samples from 
lab colonies and field studies, for the benefit of humans 
and lemurs alike,” Krasnow says.

The biggest area for immediate impact is genetics 
and genomics. The June meeting spurred a renewed 
effort to complete the mouse lemur genome, says Jeff 
Rogers of the Baylor College of Medicine’s Human 
Genome Sequencing Center. That could help 
researchers analyze the thousands of existing tissue 
samples for genetic connections to disease, including 
the Alzheimer’s-like syndrome found in these animals, 
and help to identify what DNA sequences are highly 
conserved between mouse lemurs and humans.

“It is so beneficial for us to have a community of 
investigators focused on doing research on mouse 
lemurs,” Rogers says. “The opportunity to combine years 

Mark Krasnow thinks learning about the genetics and physiology 
of the mouse lemur could help humans as well as preserve the 
endangered animals.

“For decades Madagascar has Been seen as a 
hotspot For Biodiversity, and rightly so.” 

Alison Richard

(continued on page 48)

to work with. Its brain, lungs, and other organs had to resemble 
those in humans. It had to reproduce fairly quickly. And it had 
to be more closely related to humans than mice were. Spending 
weeks in the library and on the Internet, the students constructed 
a spreadsheet of the world’s smallest mammals, which they then 
narrowed to a dozen to examine in more detail.

The mouse lemur rose to the top. The idea gained traction 
when Krasnow starting discussing it with other scientists and col-
leagues. “They agreed with the need for a new genetic model 
organism and embraced the idea of the mouse lemur,” he says.

Next, Krasnow turned to Stanford veterinarian and geneticist 
Megan Albertelli. At first, she thought the idea was farfetched, 
but then she heard Krasnow describe the biological argument for 
the mouse lemur as a model organism. After the group learned 
that several European research centers had decades-old colonies 
of mouse lemurs, Krasnow decided his team needed to visit one 
to talk to the scientists.

The group went to Europe, where they saw their first live 
mouse lemurs at a 40-year-old colony housed on the grounds of 
a small castle. “That convinced me that this was something we 
could do,” Albertelli recalls. What excited Krasnow was that the 
scientists had been keeping detailed records and tissue samples 
for the colony’s history, including the animals’ tendency to get an 
Alzheimer’s-like disease.

Their next stop was Madagascar, and more research paths 
emerged as they talked to field biologists there. Those experts 
could help study genetic links to behavior, the team realized. 
“Social groupings, behavior, and behavioral diseases, have been 
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(HAVE MICRoSCoPE, WILL TRAVEL)

 
w e B  e x t r a :�  Hear Eric Betzig talk about the microscope 
and see how it dazzled Woods Hole students and faculty in 
an audio slideshow. Go to www.hhmi.org/bulletin/nov2011.

Planchon, now an associate professor at 
Delaware State University, plans to develop 
similar microscopes to look at live multi-
cellular organisms and continue working 
closely with biologists. Ultimately, Betzig’s 
group would like to merge the Bessel sheet’s 

capabilities with the super-resolution of 
PALM, a project that the Galbraiths—fre-
quent collaborators at Janelia Farm who 
brought their own custom-built PALM with 
them to Woods Hole this summer—are urg-
ing forward. 

The long days at MBL will transition 
into long days back at Janelia Farm, as the 

Betzig team continues to improve the Bes-
sel sheet. Because what they really learned 
at Woods Hole, Gao says, is how urgently 
biologists await those improvements. W

This paper is certified by SmartWood for FSC 
standards, which promote environmentally 
appropriate, socially beneficial, and economically 
viable management of the world’s forests.
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(CALLING ALL TEACHERS)

were suspects, she added, and each suspect 
used a characteristic brand of pen. The 
students figured out how to use paper chro-
matography to distinguish the inks in Bic, 
RoseArt, and other pens. Most were able to 
finger the guilty suspect. “I wanted them to 
understand the concepts more deeply than 
they would if they had just been given the 
instructions,” Gurick says.

Getting in Practice
Stony Brook’s curriculum, like all good 
teaching programs, also requires preservice 
teachers to spend plenty of time in schools, 
watching and teaching. Before they’re 
allowed to student-teach in the third and 
final semester of their master’s course, pre-
service teachers at Stony Brook must spend 

100 hours each observing teachers—in mid-
dle schools and high schools, in ordinary and 
high-need districts, and teaching different 
subjects. Many preservice teachers also help 
teach in the university’s unique biotechnol-
ogy, chemistry, physics, and earth science 
teaching laboratories. Science teachers from 
80 percent of Long Island’s school districts 
bring their students for half-day laboratories.

Establishing strong ties with local schools 
can pay off for much smaller teacher-train-
ing programs. At Trinity University, aspiring 
science teachers do a year-long internship 
at one of three “professional development 
schools”—elementary, middle, or high 
school—in San Antonio, where they are 
mentored by an experienced teacher. In 
exchange, the university appoints these men-
tors as clinical faculty for a year, complete 
with library and other privileges, and Trinity 

f o r  m o r e  i n f o r m a t i o n :�  To learn about new science 
and math standards and to see a comparison of preservice 
programs, visit www.hhmi.org/bulletin/nov2011.

faculty lead professional development initia-
tives for the teachers at each school.

Back in Kalamazoo, Lauren Miller will 
do her student teaching next spring, and 
next summer she’ll teach eighth graders 
the unit she develops on sex hormones 
and obesity. Beyond that, she plans to 
teach family consumer science, which 
includes personal nutrition, reproductive 
health, and parenting, to high schoolers. 
She’ll take her newfound enthusiasm for 
science with her. “Science is asking ques-
tions—you ask one question and you’ve 
got 10 more after that,” Miller says. “I want 
to take that to my students and get them 
excited about science.” W

CONTINUEd FROM pAgE 17

(LIVING CHEMISTRY)

can launch career-changing collaborations, 
as Crabtree and Schreiber have learned. 

“The important thing,” says van der 
Donk, “is that biologists and chemists are 

really talking to one another more than we 
used to. As a result, biologists understand 
better what chemists can bring to the table. 
And chemists understand better the ques-
tions that biologists really care about.” This, 
he says, has led to a bigger impact of chem-

ists on biological problems. And they’ve  
only just begun. W
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(STAR SEARCH)

 
w e B  e x t r a :�  Travel with Mark Krasnow and his team 
as they explore the rainforests of Madagascar. See the 
slideshow at www.hhmi.org/bulletin/nov2011.

of background information concerning both 
wild and captive mouse lemurs with new 
genetic and genomic data is very exciting.”

At Stanford, Krasnow and his group 
are pushing forward with mouse lemur 
research, starting with seeking out addi-

tional samples and setting up collaborations 
with Malagasy scientists and other lemur 
biologists around the world. They think that 
learning about the genetics and physiology 
of mouse lemurs could help preserve the 
endangered animals.

“For decades Madagascar has been seen 
as a hotspot for biodiversity, and rightly so,” 

Richard says. “But it is welcome to see that 
recognition translating into a broader sci-
entific interest in mouse lemurs—primates 
found nowhere else in the world.” W

f o r  m o r e  i n f o r m a t i o n :�  See other articles on researchers 
applying chemistry to biological questions throughout this issue, 
in print, online, and on the iPad.
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