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R ipp   l e  M a r k s

Only plants can take nitrogen gas from the 

air and use it to make the protein they need 

to grow. Or so biologists thought. Now sci-

entists at Ocean Genome Legacy in Ipswich, 

Massachusetts, and their colleagues at 

Harvard Medical School have shown that 

animals, too, can convert food into air.

The animals are marine clams called ship-

worms. They burrow into and eat wood, 

causing more than a billion dollars in dam-

age to ships and piers each year.

“Wood has very little nutritional value,” 

said biologist Dan Distel, executive director 

of Ocean Genome Legacy. “It contains almost 

no protein. But these clams use bacterial 

symbionts living inside a special organ in their 

gills to convert dissolved air (which is about 

80% nitrogen) into the protein they need.”

The discovery reveals a new way for ani-

mals to feed and suggests that other animals 

in the sea and elsewhere may be able to 

survive with only air as a source of protein. 

Understanding how these clams make use of 

this process is also helping researchers gain 

insights into how plants fix nitrogen, respon-

sible for a large percentage of the protein 

made by plants and ultimately eaten by live-

stock and humans.

Distel and colleagues Claude Lechene 

and Gregory McMahon of Harvard Medical 

School and Yvette Luyten of Ocean Genome 

Legacy published a paper on their findings in 

the September 14, 2007, issue of Science. 

Using multi-isotope imaging mass spec-

trometry (MIMS), they directly imaged and 

measured nitrogen fixation by individual 

bacteria in host cells, and demonstrated that 

Clams Make Food from Thin Air

fixed nitrogen is used for host metabolism. 

“This approach,” said Lechene, “introduces 

a powerful new way to study microbes and 

global nutrient cycles.”

Bacteria and archaea responsible for bio-

logical nitrogen fixation can be found in 

free-living form or in symbiosis with algae, 

higher plants, and some animals. Although 

these microbes are a critical part of the global 

nitrogen cycle, “there has previously been no 

means to evaluate this fixation process at a 

subcellular resolution,” wrote Lechene et al. in 

their paper. “This is now possible with MIMS.”

Wood and woody plant materials are 

abundant in the biosphere and are impor-

tant nitrogen sources for fungi and micro-

organisms. But few animals are able to feed 

primarily on wood. Although rich in carbon, 

said Distel, wood contains two orders of mag-

nitude less nitrogen per unit of carbon than 

does animal tissue. Animals using wood as 

food must therefore obtain other sources of 

combined nitrogen for biosynthesis. Wood-

eating termites, for example, supplement 

their diet with nitrogenous compounds pro-

duced by nitrogen-fixing bacteria in their gut.

Along came shipworms, able to do the 

same thing.

“Although conspicuous communities of 

nitrogen-fixing bacteria have not been found 

in the guts of shipworms,” said Distel, “dense 

populations of intracellular symbionts have 

been observed in cells in shipworm gills.” 

A bacterium capable of fixing nitrogen gas, 

Teredinibacter turnerae, has been isolated 

from the gills of shipworms in the species 

Lyrodus pedicellatus.

Distel, Lechene, and co-workers localized 

and measured nitrogen fixation by individual 

cells of T. turnerae using MIMS to measure 

the incorporation of nitrogen gas enriched in 

the rare stable isotope 15N. “MIMS technol-

ogy has allowed us to localize, quantify, and 

compare nitrogen fixation in single cells and 

subcellular structures,” said Distel.

Indeed, it turns out, animals—or at least 

this clam—can make food from thin air.Oceanography  Vol. 20, No. 418

This image depicts nitrogen fixation 
by individual bacteria within bacte-
riocytes in the marine bivalve Lyrodus 
pedicellatus. A color-coded image of 
15N/14N has been overlaid on a trans-
mission electron micrograph to show 
the accumulation and distribution of 
the stable isotope 15N. Nitrogen-fixing 
bacteria are revealed by elevated 
15N/14N ratios (green to brown). Field: 
25 x 30 um. Credit: National Resource 
for Imaging Mass Spectroscopy, 
Harvard Medical School and Brigham 
& Women’s Hospital, Boston, MA

L. pedicellatus. Photo 
courtesy of Daniel L. Distel, 
Ocean Genome Legacy




