
Seagrass meadows are a prominent feature 
of many shallow coastal areas of the temper-
ate through to the tropical ocean. Seagrasses 
provide a crucial habitat for invertebrates and 
juvenile fish, stabilize sediments and buffer 
the shoreline against erosion1. More over, 
they contribute directly and positively to the 
‘blue economy’ of the oceans through their 
long-term storage of carbon2. Lush and highly 
productive seagrass beds often thrive in nutri-
ent-deficient waters, and attempts to solve 
the enigma of how they accomplish this feat 
have driven considerable research over the 
years. On page 105, Mohr et al.3 provide crucial 
evidence indicating that the success of a sea-
grass called Posidonia oceanica (Fig. 1), which 
proliferates throughout the warm waters of 
the Mediterranean Sea (and elsewhere), might 
be attributed to the development of a highly 
integrated  partnership with a bacterium. This 
system is reminiscent of those found in some 
terrestrial plants.

On land, many close co  oper  ative partner-
ships (symbioses) have developed between 

plants and the diverse micro organisms that 
can carry out nitrogen fixation — the biological 
process that enzymatically converts nitrogen 
gas from air or dissolved in water into intracel-
lular ammonia. These symbiotic relationships 
provide the plant with a source of nitrogen that 
enables it to grow in nitrogen-poor soil. The 
best-known examples of these symbioses are 
those between legumes, such as peas, and 
root-nodule bacteria4. The evolution of this 
cooperative arrangement has resulted in tight 
integration of the genetic systems and metab-
olisms of the respective partners. Looser, asso-
ciative symbioses between plants and bacteria 
have also been identified for many terrestrial 
grasses5.

Seagrasses invaded the sea from land about 
100 million years ago6. Whether nitrogen fixa-
tion might have been a key to their continuing 
success, particularly in nitrogen-poor waters, 
has been a focus of much marine micro biology 
research7. Indeed, signs of nitrogen fixation 
have been found in seagrass leaves, roots 
and the surrounding sediments7. However, 

until now, no direct associations between the 
plants and nitrogen-fixing bacteria have been 
identified. 

Mohr et al. fill this gap by reporting 
the identification and characterization 
of a nitrogen-fixing bacterium that can 
reside in P. oceanica root cells. The authors 
obtained this evidence using state-of-
the-art pro cedures that included genetic 
analysis (metagenomics methods and 
inspection of sequences corresponding to 
the bacterium’s 16S ribosomal RNA), and a 
technique called 16S rRNA-coupled fluores-
cent in situ hybridization to visually identify 
the bacterium in seagrass tissue samples. 
They found that the bacterium was present 
at high density in P. oceanica, corresponding 
to 80% of all bacteria in the roots, and named 
it ‘Candidatus Celerinatantimonas neptuna’. It 
resides both in and between cells of P. oceanica 
roots, but is not evident on the exterior of the 
roots or in the rhizomes (large horizontal stem 
structures). 

The bacterium contains an RNA sequence 
(16S rRNA) that shows 95% similarity to that of 
a bacterium previously isolated from a sample 
of a salt-marsh grass8. Consistent with the pres-
ence of a nitrogen-fixing bacterium, Mohr and 
colleagues’ analysis of bacterial messenger 
RNA transcripts pointed to the expression of 
proteins associated with a nitrogen-fixation 
system (for example, structural proteins and 
those required for electron transfer), as well 
as associated systems that contribute to the 
required management of oxygen. In parallel, 
several highly transcribed genes in the sea-
grass indicate the system’s potential contribu-
tion to the synthesis of amino acids generated  
following nitrogen fixation.   

The authors also provide direct evidence 
for the uptake of nitrogen in this system. To 
do that, they added nitrogen gas containing 
an excess of a nitrogen isotope (15N2), enabling 
the incorporation of nitrogen into both bulk 
plant tissue and single bacterial and plant cells 
to be traced using, respectively, techniques 
called isotope ratio mass spectrometry and 
nano scale secondary ion mass spectrometry. 
The result confirms the direct relevance for the 
seagrass of bacterially mediated nitrogen fixa-
tion, which Mohr et al. also assert can satisfy a 
major fraction of the plant’s nitrogen demand 
during the growing season. Furthermore, the 
level of the tracer nitrogen increased in several 
amino acids (those expected to be promptly 
generated using ammonia from nitrogen fix-
ation) during the experiment, a finding con-
sistent with active exchange of molecules 
between the bacterium and the plant. The 
results hint at a system analogous to terres-
trial legume–microbial systems for nitrogen 
fixation, in which, for example, the plant 
provides the microbes with carbo hydrates 
that are converted to amino acids using 
recently fixed nitrogen, and the amino acids  
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How underwater seagrasses obtain the nitrogen they need has 
been unclear. Evidence has now emerged of a partnership with 
a bacterium that might be analogous to the system used by 
many land plants to gain nitrogen. See p.105

Figure 1 | The seagrass Posidonia oceanica. 
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are then transferred to the plant9.
Mohr and colleagues’ observations raise 

many questions. The authors considered other 
interactions integral to the symbiosis, includ-
ing the bacterial metabolic reactions that fuel 
nitrogen fixation, and mechanisms by which 
the seagrass might regulate this process. These 
include promoting the transport of oxygen 
through plant roots to support the respira-
tory demands of the bacteria in the otherwise 
oxygen-poor environment of the sediments 
where seagrasses are usually rooted. How-
ever, the bacterium’s oxygen requirements 
might need to be balanced by complemen-
tary adaptations to prevent inhibition of the 
oxygen-sensitive nitrogenase enzymes that 
are needed for nitrogen fixation. The authors 
also speculate about how this plant–bacte-
rial symbiosis evolved. The next challenge 
will be to isolate and grow the bacterium for 
more-detailed physiological study to investi-
gate the symbiosis further. On a larger scale, 
analysing other broadly distributed tropical 
and subtropical seagrasses, such as species 
of Thalassia, Zostera and Syringodium, for the 
presence of nitrogen-fixing partners would be 
a logical next step. 

As is the case for organisms in many marine 
ecosystems, seagrasses are under severe 
threat, and restoration efforts are under 
way worldwide10. Developing a fundamental 
understanding of the underlying microbial 
inter actions that support seagrass growth will 
surely help in these efforts.

Douglas G. Capone is in the Department of 
Biological Sciences, University of Southern 
California, Los Angeles, California 90089, 
USA. 
e-mail: capone@usc.edu

1. Larkum, A. W. D., Orth, R. J. & Duarte, C. M. (eds) 
Seagrasses: Biology, Ecology and Conservation (Springer, 
2006).

2. Lovelock, C. E. & Duarte, C. M. Biol. Lett. 15, 20180781 
(2019).

3. Mohr, W. et al. Nature 600, 105–109 (2021).
4. Thies, J. E. in Principles and Applications of 

Soil Microbiology 3rd edn (eds Gentry, T. J., 
Fuhrmann, J. J.& Zuberer, D. A.) 455–487 (Elsevier, 2021).

5. Zuberer, D. A. in Principles and Applications 
of Soil Microbiology 3rd edn (eds Gentry, T. J., 
Fuhrmann, J. J.& Zuberer, D. A.) 423–453 (Elsevier, 2021).

6. Larkum, A. W. D., Waycott, M. & Conran, J. G. in 
Seagrasses of Australia: Structure, Ecology and 
Conservation (eds Larkum, A. W. D., Kendrick, G. A. 
& Ralph, P. J.) 3–29 (Springer, 2018).

7. Welsh, D. T. Ecol. Lett. 3, 58–71 (2000).
8. Cramer, M. J., Haghshenas, N., Bagwell, C. E., Matsui, G. Y. 

& Lovell, C. R. Int. J. Syst. Evol. Microbiol. 61, 1053–1060 
(2011).

9. Clúa, J., Roda, C., Zanetti, M. E. & Blanco, F. A. Genes 9, 
125 (2018).

10. Evans, S. M., Griffin, K. J., Blick, R. A. J., Poore, A. G. B. 
& Vergés, A. PLoS ONE 13, e0190370 (2018).

The author declares no competing interests.
This article was published online on 3 November 2021.

Electrocatalysis, which accelerates chemical 
reactions driven by an electric potential at 
a solid–liquid interface, could be a key con-
tributor to a sustainable global economy 
because it can convert electrical energy from 
renewable power sources into green fuels 
such as hydrogen gas1. On page 81, Wang and 
colleagues2 describe an important advance in 
the molecular understanding of how the rate 
of an electrocatalytic process is rooted in the 
structure of water at the interface between a 
solid electrode and an aqueous salt solution 
(an electrolyte). Their findings could help to 
improve the reaction selectivity and energy 
efficiency of electrocatalytic interfaces.

Many of the unique physical–chemical 
properties of liquid water can be ascribed 
to the network of weak attractive forces of 
hydrogen bonding between molecules3. 

Water molecules at an interface formed by 
liquid water and a gas, solid or another liquid 
necessarily have fewer hydrogen-bonding 
partners. Those within one or a few molecu-
lar layers from the interface therefore often 
adopt different structural motifs (geometric 
arrangements of molecules) from those in the 
bulk liquid4,5.

Spectroscopic techniques that probe the 
stretching of bonds between oxygen and 
hydrogen, or the vibrations of ‘bending’ 
water molecules, have contributed to our 
understanding of the structure of interfacial 
water5,6. Analysis of these vibrations by infra-
red or Raman spectroscopy of interfacial water 
reveals the strength of the hydrogen-bonding 
network and the presence of specific struc-
tural motifs at the interface. Such experi-
ments are technically challenging because 

Electrocatalysis

Water molecules directed 
to speed up dissociation
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A technical feat reveals subtle changes in water structure that 
can accelerate hydrogen production at an electrode interface. 
The catalytic process could be developed to help boost supply 
of this clean fuel. See p.81

Figure 1 | Catalysis of water dissociation at a palladium electrode. Wang et al.2 studied the structure 
(geometric arrangement) of water molecules at the surface of an electrode. a, At low concentrations of 
dissolved sodium ions (Na+, not shown) and at relatively positive electrode potentials, a network of water 
molecules connected by intermolecular hydrogen bonds surrounds the electrode, which comprises 
a layer of palladium (Pd) atoms on a gold substrate. b, At higher concentrations of sodium ions and at 
relatively negative electrode potentials, hydrated sodium ions (those with associated water molecules) are 
electrostatically attracted to the electrode, narrowing the distance between Pd atoms and hydrogen atoms 
in the water molecules. This accelerates electron transfer between the electrode and the water molecules, 
causing the water to dissociate into hydroxide ions and hydrogen atoms; the hydrogen atoms initially adsorb 
to palladium atoms, and then combine to form hydrogen molecules (H2).
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