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Project Title 
Do hydrocarbons induce membrane curvature in photosynthetic 

organisms? 

Starting Year 2019 

Principal Investigator David Lea-Smith 

Collaborators Oscar Ces, Melissa Sharp, Jane Allison 

Countries UK, Sweden, New Zealand 

Disciplines 
Microbiology, Chemical Biology, Biochemistry, Instrumentation 

Science 

Task 
Understand the function of hydrocarbons in photosynthetic cells 

through direct experimentation 

Key output 

Experimental verification of hypothesis regarding the functional role 

of hydrocarbons in cell membranes and methodological insights 

regarding the investigation techniques and instruments used. 

 

In addition to the cited documents, interviews with the researchers and HFSP data were used as 

sources. Furthermore, quantitative analyses were carried out on the basis of the Dimensions 

Database. 

 

1 Overview 

Photosynthetic microorganisms synthesize vast quantities of hydrocarbons, which globally 

account for a significant fraction of natural hydrocarbon production. Despite their abundance, the 

biological function of these molecules within living cells remained poorly understood. 

Hydrocarbons were often viewed as metabolic by-products or energy-related compounds, with 

little attention paid to their potential structural roles. 

This HFSP-funded project addressed a fundamental and unresolved question in cell biology: what 

do hydrocarbons actually do inside photosynthetic cells? Building on preliminary observations, the 

project tested the hypothesis that hydrocarbons are not passive molecules but active 

contributors to membrane architecture, specifically by promoting membrane curvature in 



 

2 
 

cyanobacteria. By combining advanced physical, chemical, and biological approaches, the project 

succeeded in providing direct experimental evidence for this role in living cells. 

2 The Project 

Cyanobacteria perform photosynthesis within an elaborate system of internal membranes, the 

thylakoids, whose highly curved architecture is essential for accommodating the molecular 

machinery of photosynthesis. Prior work by the principal investigator had provided preliminary 

evidence that hydrocarbons influence membrane curvature: cells lacking these molecules 

exhibited larger cell size and reduced membrane bending. 

The central hypothesis of the project was that hydrocarbons are embedded within the membrane 

structure and actively facilitate curvature by occupying the hydrophobic space between lipid 

leaflets. While similar effects had been demonstrated in artificial membrane systems by chemists, 

direct evidence in intact biological cells was lacking. 

To address this question, the project assembled an interdisciplinary consortium with 

complementary expertise: 

• Lipid chemistry to characterize hydrocarbon–membrane interactions, 

• Neutron scattering to probe membrane organization in whole cells, 

• Cryo-electron microscopy to resolve ultrastructural details, 

• Computational membrane modeling to integrate experimental observations. 

This combination of methods enabled investigation of membrane architecture across multiple 

spatial scales, from molecular interactions to whole-cell morphology. 

Two main experimental strategies were pursued. First, neutron scattering experiments were used 

to analyze membrane behavior in intact cyanobacterial cells, allowing non-invasive insight into 

structural organization. Second, cryo-electron microscopy provided high-resolution images of 

membrane curvature and arrangement. Both methods are technically demanding and, in this 

application context, still relatively novel. Their use not only generated insights into the biological 

system under study, but also methodological insights into how these techniques can be applied. 

Physiologically relevant light–dark cycles were incorporated into the experimental design. Under 

these conditions, cyanobacterial mutants deficient in hydrocarbon production showed 

pronounced growth defects and, in some cases, failed to grow altogether. These effects 

highlighted the functional importance of hydrocarbons under realistic environmental conditions. 

The project was particularly affected by the COVID-19 pandemic because of the team’s 

international nature and its reliance on external research infrastructures. Lockdowns, which were 

implemented at different times in different countries and were quite restrictive, made it 

temporarily impossible to gain access to necessary large-scale facilities, particularly for neutron 

scattering and cryo-electron microscopy. This delayed experimentation by approximately one 
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year. In addition, the pandemic prevented in-person meetings for an extended period due to 

restrictions on international travel and direct limits on in-person gatherings. In addition, the 

pandemic also imposed psychological and physical strain on researchers, which reduced 

productivity to some extent. 

Despite these constraints, the consortium successfully completed the planned studies through 

sustained coordination and flexible adaptation to the unforeseen circumstances, e.g., by 

reorganizing tasks and sequencing. This was possible thanks to the high motivation of those 

involved. 

3 Outcomes and Impact 

The project provided direct experimental evidence that hydrocarbons play an important structural 

role in cyanobacterial cells. Cells lacking hydrocarbons exhibited reduced membrane curvature, 

altered cell morphology and impaired growth, particularly under light–dark cycles. These findings 

demonstrated that hydrocarbons are essential for maintaining the architecture of photosynthetic 

membranes and, by extension, efficient photosynthesis. The evidence suggests that 

hydrocarbons are embedded between membrane leaflets in cyanobacteria, where they promote 

membrane curvature. This structural role was shown to be sensitive to temperature, suggesting a 

dynamic contribution of hydrocarbons to membrane flexibility and stability, justifying further 

research into the specifics.  

By confirming a mechanism previously inferred only from chemical model systems, the project 

challenged established views in cell biology, which had largely attributed membrane curvature to 

proteins and lipids alone. The results have broad implications for understanding membrane 

organization across biological systems. They suggest that small hydrophobic molecules can play 

active structural roles in membranes, opening new perspectives on membrane evolution, 

adaptation to environmental conditions and the regulation of photosynthetic efficiency. 

The findings also contribute to a more comprehensive understanding of the marine and global 

hydrocarbon cycle. In marine environments, algae and bacteria produce and degrade 

hydrocarbons, influencing carbon fluxes and contributing to processes such as the natural 

attenuation of oil spills. 

Another outcome of the project was insight into the respective strengths and limitations of 

neutron scattering and cryo-electron microscopy as investigative methods. These insights are 

being captured in a paper that documents the methodological advances and makes them usable 

for others.  

While the project did not aim for immediate commercial applications, it provides a mechanistic 

foundation for applied research in environmental biotechnology. Understanding why certain 

microorganisms produce hydrocarbons informs strategies to enhance microbial oil degradation 

and environmental remediation. 
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Last but not least, the project provided an opportunity for the researchers to further develop their 

interdisciplinary and methodological skills, build collaborations, and strengthen their academic 

profiles. Interviewees confirm that an HFSP grant is highly regarded and therefore very beneficial 

for scientific careers. In this sense, HFSP enables highly ambitious, excellent researchers—who 

also want to work across disciplinary and national boundaries—to advance their scientific 

careers. 

4 Role of HFSP and Conclusion 

HFSP funding was critical in enabling this research because it allowed the team to bring together 

an interdisciplinary group spanning chemistry, physics, and cell biology, with specialized expertise 

in the relevant techniques (neutron scattering and cryo-electron microscopy). 

Despite efforts to change this, it remains difficult to secure funding from national funders for 

research with such a high degree of interdisciplinarity. From the participants’ perspective, HFSP 

still has a clear differentiator in this respect. HFSP’s international orientation also made it possible 

to draw on a broader pool of talent, which is particularly helpful when specialized skills are 

needed – making it easier to find suitable candidates and to highly qualified candidates. 

For this specific project, HFSP was the most suitable funder, primarily because of its focus on 

interdisciplinarity and, to a lesser extent, its international orientation. Risk tolerance played a 

secondary role for the project, since preliminary results were already available. Overall, however, 

the project would certainly not have come about in this form without HFSP. 

Support from HFSP and the application process were rated as excellent. Particular appreciation 

was expressed for the strong focus on science, with minimal bureaucratic obligations and hurdles 

unrelated to the research itself. In this respect, interviewees described HFSP as a role model for 

national funders.  
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