








But here also lies the paradox. How can 
insight gleaned from simple animals in any 
way translate to cures for human disease and 
disorders? The answer lies in the genes. Below 
the boundless diversity in the animal world 
lies an astonishing degree of commonality at 
the genetic level. The genes that control cell 
division or hormone release—or any aspect of 
growth, disease, or aging—are essentially the 
same in the worm and the fish and the mouse 
and the human.

As this issue of MBL Catalyst celebrates, 
scientists at the MBL study animals at all levels 
of organization—from the single gene in a 
fish that may explain autism in a child; to the 
communities of microbes that power our planet; 
to the entire kingdom in the Encyclopedia 
of Life. Much of the animal world remains 
unexplored, yet discovering and preserving 
biodiversity is key to advances in medicine, as 
well as the protection of life on Earth. Read on, 
and see what the animals are telling us.

 Below the boundless diversity in the animal world lies an 

astonishing degree of commonality at the genetic level.

Historically, the purple-spined 
sea urchin (Arbacia punctualata) has 

been an important research model in cell 



It’s Back!

Hercules was a strong man, but was 
he a scientist? In one Greek myth, 
Hercules is ordered to slay the hydra, 
a monstrous swamp serpent with nine 
heads. To his amazement, Hercules 
finds that each time he smashes one 
head, two more sprout in its place. 
Hercules smartly conquers the beast 
using fire, but he has also revealed 
the hydra’s astonishing power of 
regeneration.

It’s a power that is widely found in 
the animal kingdom. Cut the hydra—
actually a tiny aquatic animal—in two, 
and each half regrows into a whole 
body. If a starfish loses an arm, it shoots 
out another. And the zebrafish heart, 
when it sustains damage, doesn’t scar 
the way a human heart does: It regrows 
healthy new heart muscle. 

If so many animals can regenerate lost 
limbs, nerves, organs, even a whole 
body, why can’t human beings? The 
question is a big one, but answering it 
could lead to therapies for some of our 
most serious medical challenges, from 
heart disease to spinal cord injury. With 
this in mind, the MBL’s new initiative in 
Regenerative Biology and Medicine is 
rapidly taking shape.

 “We all share basically the same 
complement of genes, whether that be 
a fish or a frog or a human being,” says 
Jonathan Henry of University of Illinois, 
an expert on lens regeneration and a 
faculty member in the MBL Embryology 
course. “Of course, the genes are 
regulated differently in these various 
animals. But if you assume the [same] 
genes are there, why can’t humans 
exhibit extensive regeneration, while 
other animals can?” 

The MBL, scientists are finding, is an 
excellent place to probe this question. 
Many marine organisms are highly 
regenerative, and they are readily 
collected and maintained at the 
MBL, sometimes by the researchers 
themselves.

“Eel Pond is full of these critters,” says 
Stefano Tiozzo, pulling a collecting cage 
encrusted with sea squirt colonies out of 
the Woods Hole pond. Tiozzo, an MBL 
Research Awardee from the University 
of California-Santa Barbara, wants to 
know how this creature—familiar as a 
pest that clumps onto boat propellers 
and piers—can so faithfully regenerate 
its entire body. 

If so many 

animals 



“If we pull the animals out of the matrix 
in which the colony grows, and leave just 
a few blood cells behind, within 48 hours 
the blood cells plaster together and attempt 
to rebuild the organism,” Tiozzo says. 
“The first attempt doesn’t work; it looks 
like a cancer. But soon the cells find a way 
to reorganize, to remember what is front 
and back in the organism, what will be the 
nervous system, what will be muscle. And 
they rebuild the animal.”

Expertise in marine animal husbandry is just 









VITAL STATISTICS

Steward of the Seas
Lubchenco had her first encounter 
with independent research at the MBL, 
learning “how to ask research questions 
and design experiments,” she says. 





ou can sense the collective exhale in the room when 
Megumi Hashiguchi succeeds at her delicate task. With a 
quiet huddle of students gathered around her, Hashiguchi, 

a teaching assistant in the MBL Zebrafish course, is carefully 
poking a one-celled zebrafish embryo with a thin microinjection 
needle. These students aren’t kids—they include professors from 
places like MIT and the University of Barcelona—and they want 
to master this precise procedure so they can transfer it back to 
their home labs.

Conversations buzz and the students scatter, finding a seat at a 
lab bench where they try the microinjection themselves. Inside 
the needle are tiny molecules that are meant to “knock down,” 
or disrupt, a certain gene in the new embryo. If all goes well, 
the transparent embryo will integrate the molecules, and the 
students will observe how disturbing that gene affects normal 
development. It’s helpful that the zebrafish embryo develops 
quickly: a heartbeat within 24 hours, and two days later the larva 
hatches and swims. What’s even more convenient is that their 
mutated zebrafish, once mated, will produce a prodigious number 
of young with the same mutation. 

“You can think of a zebrafish as a mini, 
aquatic mouse, except when you put 
a few males and females together; the 
next morning you’ve got several hundred 
embryos,” says Joan Ruderman, a professor 
at Harvard Medical School and president of 
the MBL Corporation, who was a student in 
the Zebrafish course in 2008. 

Ruderman is one of many senior-level 
researchers who have taken this course in recent years, as the 
tropical freshwater fish has earned a vaunted spot as a vertebrate 
model organism, right up there with the laboratory mouse. The 
fish’s fecundity, as well as the ease with which its DNA can be 
manipulated, are huge pluses for biomedical researchers. 

“If you’ve got a gene of interest, you can knock it out in the 
zebrafish within a week, and get some real data back within two 
months. That same experiment can take two years in a mouse,” 
says Joseph Buxbaum, a professor at Mt. Sinai School of Medicine 
and a Zebrafish course alumnus.

Buxbaum spent last summer at the MBL studying genes associated 
with autism and schizophrenia, which are a main focus of his lab 
at Mt. Sinai. He took advantage of the expertise in the MBL’s 
Zebrafish Facility, where the fish are husbanded for research use.

“We think one of the critical parts of schizophrenia is changes in 
the cells that provide insulation around neurons,” Buxbaum says. 
“We’ve identified a gene that we believe affects those insulating 

Y

One Fish, Many Hats
cells. So I am testing that hypothesis. That is really hard to do in a 









For Deegan, a central question is when the 
grayling initiate migration, and at what stage of 
growth. Do the “young-of-the-year,” or very 
small fish, head for the lake at the same time 
as the adults? Tracking individual fish is critical, 
due to a growing appreciation that individual 
variability has important population and ecological 
consequences. To do this, Deegan uses an 
ingenious tool.

For years, researchers have used passive induced 
transponders, or PIT tags, for tracking animals. 
Deegan uses these tags along with antennae 
that run across the river bottom and then loop 
back, encompassing the river’s width. Each 
loop antenna is attached to a solar panel and 
a data logger. When a tagged grayling swims 
through the loop, the tag charges—and the fish 
is identified and counted. This is not so different 
from the Speedpass programs for counting cars 
on highways. By placing loop antennae along 
many miles of inaccessible rivers, Deegan can 
follow thousands of grayling as they disperse to 
spawning and feeding habitats for the summer, 
and then return to the lakes for the long Arctic 
winter. •   — DG
 

A s someone who loves to fish, Linda 
Deegan knows how hard it can be to find them. 








