




 

Simulations suggest that antibiotics would 
not work on mirror bacterial targets 

Mirror life: what is it, and why is it a risk? 

“Mirror life”, the future existence of self-replicating organisms such as bacteria but composed 
of building blocks which have the opposite three-dimensional orientation to their natural 
counterparts, has been identified as a future “unprecedented risk” (Adamala et al. 2024a) to 
humanity. Since the publication of a technical report (Adamala et al. 2024b) exploring the 
details of this risk, there has been widespread agreement in the scientific community that 
research directly leading to the creation of mirror life should not be carried out.  

This was echoed by 96 experts at the Spirit of Asilomar conference (Spirit of Asilomar 2025); 
86 experts at the Paris Conference on Risks from Mirror Life (Paris Conference on Risks from 
Mirror Life 2025); a commentary by the German Central Commission for Biological Safety 
(ZKBS 2025); a report from the UNESCO International Bioethics Committee (International 
Bioethics Committee 2025); and a roundtable participant statement by the UK Government 
Office for Science which explicitly calls for “a coalition among funders, researchers, 
governments and civil society to develop appropriate guidelines to manage the development 
of mirror molecules and prevent the development of replicating mirror organisms.” (McLean 
et al. 2025) 

While much is unknown about the specific modalities of risk from mirror life, the UK is bound 
by the Precautionary Principle (Principle 15) of the 1992 Rio Declaration, which states: “Where 
there are threats of serious or irreversible damage, lack of full scientific certainty shall not be 
used as a reason for postponing cost-effective measures to prevent environmental 
degradation.” (United Nations Department of Economic and Social Affairs 1992) The creation 
of mirror organisms presents such a threat. 

Despite this, there have been claims that the creation of mirror life could be mitigated by 
existing countermeasures, such as antibiotics. While some achiral antibiotics exist, and mirror 
antibiotics could be developed, this argument entirely overlooks the practicalities of 
manufacturing and disseminating antibiotics to all relevant environmental niches (as mirror 
bacteria could infect not only humans but animals, plants, and marine plankton). Furthermore, 
it is not clear that the science underpinning this claim is sound. Pedroni et al investigated this 
using molecular dynamics simulations to determine whether amoxicillin could bind to a 
mirrored version of its bacterial protein targets from Chlamydia trachomatis (Pedroni et al. 
2025a) and Staphylococcus aureus (Pedroni et al. 2025b). They showed that amoxicillin was 
not able to bind to mirror targets. 

Our investigations 

Molecular dynamics is a popular and well-accepted computational method for investigating 
the interactions between biomolecules and molecules which can bind to them. It is commonly 
used in drug discovery as a “first pass” method to eliminate candidate molecules which 
obviously show no affinity for a given target. It provides a high-throughput and fairly rapid way 
of assessing interactions between two components, thus enabling us to determine whether a 
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drug is likely to bind with its target (and hence exert the antimicrobial effect required to kill 
bacteria, both natural and mirror). 

Here, we have adapted and extended the methodology used by Pedroni et al to a much wider 
range of countermeasures. We sought to establish whether any of these existing 
countermeasures could consistently interact with mirror targets from a variety of pathogens.  

Our results 

In Figure 1, we show the distance between each antibiotic and either its native (blue bar) or 
mirror (red bar) protein target. In all instances, across multiple simulations which each ran for 
100ns (a standard duration), the distance between the mirror target and the antibiotic is much 
greater than the native target and the antibiotic. 

 
Figure 1 

 

This suggests that, of the existing antibiotics we tested, none would be able to kill mirror 
bacteria. 

Unlike the natural (i.e. non-mirror image) proteins, where the antibiotics remain in the binding 
site–suggesting successful inactivation of the bacterial protein–most antibiotics are not 
retained in the mirror image proteins. This can be seen in the animated renders of the system 
over time (“movies”), which show the antibiotic drifting away from mirror targets but being 
held tightly by native targets. This is reflected in the line graph below (Figure 2C), which 
shows distance between the antibiotic amoxicillin and its mirror/native target. 

 
 
 
 
 

Figure 2 (A, B and C) 
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In short, of the existing antibiotic countermeasures we tested, none were effective against 
mirror targets. 

A more detailed description of our results, including a comprehensive methodology and all 
supporting data, will be provided in an upcoming manuscript intended for peer review and 
publication in an academic journal.  

What steps the UK Government should take 

There is a growing, clear consensus in the scientific community for a ban on research that 
directly leads to the creation of mirror life. However, this is distinct from safe research that 
may involve mirror components. We believe that much excellent research and innovation will 
come from research that leverages certain mirror biomolecule components, supporting 
economic growth, saving lives, and creating novel solutions to technological problems. A 
clear delineation is needed between safe and unprecedentedly risky research. 

The UK Government should be bold: research which directly leads to the creation of mirror 
life is dangerous, and it should not be supported or funded by the UK Government (directly 
or indirectly), and should be banned from taking place in the UK. 

Our results, in combination with those from Pedroni et al and in vitro microbiological 
investigations (Kleinman et al. 2025), clearly show that existing countermeasures would not 
enable us to combat mirror life if it escaped containment.  

As stated in the report following the Paris Conference on Risks from Mirror Life (Paris 
Conference on Risks from Mirror Life 2025): 

[A dedicated group of experts] was unable to identify one or a small number of key 
experiments that they thought might significantly change the risk assessment in 
the near term, though they agreed that research would be valuable for determining 
the scale of risk and informing future preparedness, detection, and response efforts. 
Some noted that further research might change their conclusions about the risks of 
mirror life, but many argued that such research should not block efforts to establish 
governance. 

While the UK Government may wish to commission further research into specific aspects of 
mirror life and its risks, this should not preclude the application of the precautionary principle.  
 
The UK has the opportunity to take the lead in regulating this emerging risk while modelling 
responsible innovation, showing investors and the global life science community that the UK 
is a safe and secure place to do cutting-edge research. 

 

 

 

 

The Centre for Long-Term Resilience         3 

https://doi.org/10.1101/2025.10.10.681688
https://zenodo.org/records/17167205
https://zenodo.org/records/17167205


Simulations suggest that antibiotics would not work on mirror bacterial targets 

References 

 

Adamala, Katarzyna P., Deepa Agashe, Yasmine Belkaid, et al. 2024a. “Confronting risks of 
mirror life.” Science 386 (6728): 1351-1353. 
https://www.science.org/doi/10.1126/science.ads9158 

 

Adamala, Katarzyna, Agashe Deepa, Damon J. Binder, et al. 2024b. “Technical Report on 
Mirror Bacteria: Feasibility and Risks”. Stanford University. 
https://stacks.stanford.edu/file/druid:cv716pj4036/Technical%20Report%20on%20Mirror%20B
acteria%20Feasibility%20and%20Risks.pdf 

 

International Bioethics Committee. 2025. “Draft report of the International Bioethics 
Committee (IBC) on the ethical issues related to the research, development and application of 
synthetic biology”. UNESCO. https://unesdoc.unesco.org/ark:/48223/pf0000395064 

 

Klienman, Alexander, Joe Torres and Brian Wang. 2025. “Evaluation of antibiotic and peptide 
vaccine strategies for mirror bacterial infections”. bioRxiv: 2025.10.10.681688. 
https://doi.org/10.1101/2025.10.10.681688 

McLean, Dame Angela et al. 2025. “Research and analysis: Mirror life”. Government Office for 
Science. https://www.gov.uk/government/publications/mirror-life/mirror-life 

 

Paris Conference on Risks from Mirror Life. “Paris Conference on Risks from Mirror Life: 
Meeting Report.” Zenodo, 9 September 2025. https://doi.org/10.5281/zenodo.17167205 

 

Pedroni, Lorenzo, Gianni Galaverna, Chiara Dall’Asta and Luca Dellafiora. “Computational 
Investigations on Structural Aspects of Mirror Life”. Zenodo, 16 January 2025. 
https://doi.org/10.5281/zenodo.14672236 

 

Pedroni, Lorenzo, Gianni Galaverna, Chiara Dall’Asta and Luca Dellafiora. 2025b. 
“Computational Perspectives on Amoxicillin and Staphylococcus Aureus in Mirror Life”. Global 
challenges 9 (8). https://pubmed.ncbi.nlm.nih.gov/40860460/ 

 

Spirit of Asilomar.  2025. “Spirit of Asilomar and the Future of Biotechnology summit 2025.4.4: 
Risks from Mirror Life”. Rice University. https://doi.org/10.25611/X89A-D947 

 

United Nations Department of Economic and Social Affairs. 1992. “Report of the United 
Nations Conference on Environment and Development: Annex 1: Rio Declaration on 
Environment and Development”. United Nations General Assembly. 

The Centre for Long-Term Resilience         4 

https://www.science.org/doi/10.1126/science.ads9158
https://stacks.stanford.edu/file/druid:cv716pj4036/Technical%20Report%20on%20Mirror%20Bacteria%20Feasibility%20and%20Risks.pdf
https://stacks.stanford.edu/file/druid:cv716pj4036/Technical%20Report%20on%20Mirror%20Bacteria%20Feasibility%20and%20Risks.pdf
https://unesdoc.unesco.org/ark:/48223/pf0000395064
https://doi.org/10.1101/2025.10.10.681688
https://www.gov.uk/government/publications/mirror-life/mirror-life
https://doi.org/10.5281/zenodo.17167205
https://doi.org/10.5281/zenodo.14672236
https://pubmed.ncbi.nlm.nih.gov/40860460/
https://doi.org/10.25611/X89A-D947


Simulations suggest that antibiotics would not work on mirror bacterial targets 

https://www.un.org/en/development/desa/population/migration/generalassembly/docs/global
compact/A_CONF.151_26_Vol.I_Declaration.pdf 

 

ZKBS Online. 2025. “Mirror bacteria”. Published September 22. 
https://zkbs-online.de/synthetische-biologie/spiegelbakterien# 

 

 

 

 

 

The Centre for Long-Term Resilience         5 

https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_CONF.151_26_Vol.I_Declaration.pdf
https://www.un.org/en/development/desa/population/migration/generalassembly/docs/globalcompact/A_CONF.151_26_Vol.I_Declaration.pdf
https://zkbs-online.de/synthetische-biologie/spiegelbakterien#



