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Using integrative modelling to build a 

representative membrane

Dr. Chelsea M. Brown  Marrink research group Martini Workshop
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Brown, Chelsea M., and Siewert J. Marrink. "Modeling membranes in situ." Current Opinion in Structural Biology 87 (2024): 102837.

What is 

integrative 

modelling?
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Why is it 

important to get 

these things 

right?
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Smith, I. P., Pedebos, C., & Khalid, S. (2024). Molecular crowding alters the interactions of polymyxin lipopeptides within the periplasm of E. co li: insights from molecular dynamics. The Journal of Physical Chemistry B, 128(11), 2717-2733.

Behaviour changes with different system components/set-ups
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Smith, I. P., Pedebos, C., & Khalid, S. (2024). Molecular crowding alters the interactions of polymyxin lipopeptides within the periplasm of E. co li: insights from molecular dynamics. The Journal of Physical Chemistry B, 128(11), 2717-2733.

Behaviour changes with different system components/set-ups
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Behaviour changes with different system components/set-ups

Fischer, J. S., Wojtynek, M., Kumar, A., Baird, H., Radilova, K., Maslennikova, D., ... & Weis, K. (2025). A conserved mechanism of membrane fusion in nuclear pore complex assembly. bioRxiv, 2025-07.
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Brown, Chelsea M., and Siewert J. Marrink. "Modeling membranes in situ." Current Opinion in Structural Biology 87 (2024): 102837.

How do you 

know what is in 

your system?
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Lipids
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Lipids

Pogozheva, I. D., Armstrong, G. A., Kong, L., Hartnagel, T. J., Carpino, C. A., Gee, S. E., ... & Im, W. (2022). Comparative molecular dynamics simulation studies of realistic eukaryotic, prokaryotic, and archaeal membranes. Journal of 
chemical information and modeling, 62(4), 1036-1051.
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Metabolites
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Metabolites

Chiariello, M. G., Zarmiento-Garcia, R., & Marrink, S. J. (2024). Martini 3 coarse-grained model for the cofactors involved in photosynthesis. International Journal of Molecular Sciences, 25(14), 7947.
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Proteins
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Proteins
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Proteins
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Proteins
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Proteins
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Anything else?

• DNA

Stewart, J. B., & Chinnery, P. F. (2021). Extreme heterogeneity of human mitochondrial DNA from organelles to populations. Nature Reviews Genetics, 22(2), 106-118.
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Anything else?

• DNA

• Post-translational modifications
• Lipidation, phosphorylation, cleavage of signal peptides…

• Membrane shape
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Anything else?

• DNA

• Post-translational modifications
• Lipidation, phosphorylation, cleavage of signal peptides…

• Membrane shape

Fry, M. Y., Navarro, P. P., Hakim, P., Ananda, V. Y., Qin, X., Landoni, J. C., ... & Chao, L. H. (2024). In situ architecture of Opa1-dependent mitochondrial cristae remodeling. The EMBO journal, 43(3), 391-413.
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Brown, Chelsea M., and Siewert J. Marrink. "Modeling membranes in situ." Current Opinion in Structural Biology 87 (2024): 102837.

How do you put 

all of this 

together?
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System building

Schuhmann, F., Stevens, J. A., Rahmani, N., Lindahl, I., Brown, C. M., Brasnett, C., ... & Pezeshkian, W. (2025). TS2CG as a membrane builder. bioRxiv, 2025-04.
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System building

Kern, N. R., Lee, J., Choi, Y. K., & Im, W. (2024). CHARMM-GUI Multicomponent Assembler for modeling and simulation of complex multicomponent systems. Nature Communications, 15(1), 5459.
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System building

Andreasen, M. D., Souza, P. C., Schiøtt, B., & Zuzic, L. (2025). Creating Coarse-Grained Systems with COBY: Toward Higher Accuracy of Complex Biological Systems. Journal of Chemical Information and Modeling, 65(10), 4760-4766.
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Brown, Chelsea M., and Siewert J. Marrink. "Modeling membranes in situ." Current Opinion in Structural Biology 87 (2024): 102837.

But how would 

we build a model 

of the 

mitochondria?
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Mitochondrial 

outer membrane

Mitochondrial 

inner membrane

Intermembrane

space

Matrix

Cristae
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Model of a cristae 

junction
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Need structures!
include all native residues 

from human proteins
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How to get ‘complete’ protein structures
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How to get ‘complete’ protein structures

• Missing termini

• Missing chains

• Missing loops
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Missing loops:
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Missing loops:
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Missing termini:
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Missing termini:

TOM20 – 7VDD TOM20 – AlphaFold
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Missing termini:

RMSD – 0.85 Å

(5 cycles of 

refinement, 

1525/1844 

atoms)
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Missing chains:

ALWAYS CHECK OUTPUTS

Compare to existing structures or 

biochemical data where possible
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Proteins – Minimal cell!!

Dehydratase complex

Potassium transporter

ATPase complex

Syn3A genome consists of 452 protein-coding genes
where 20% remains uncharacterised.

Can we predict the protein complexes?

➤ Found a diverse set of complexes 

452 monomers, 81 dimers, 9 trimers,

20 tetramers, 39 ‘larger’ complex

Jan Stevens and Mert Bozoflu



42|

Proteins – Minimal cell!!

24 nm

Jan Stevens and Mert Bozoflu
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24 nm
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Need structures!
include all native residues 

from human proteins
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SAM complex – 7E4H from Yeast
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AlphaFold 3 complex prediction
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PAPI density around SAM complex



51|

Benaroya, Haym. "Mitochondria and MICOS–function and modeling." Reviews in the Neurosciences 0 (2024).
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McArthur, Kate, and Michael T. Ryan. "Resolving mitochondrial cristae: introducing a new model into the fold." The EMBO Journal 39.14 (2020): e105714.
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But no complete 

structures even of 

homologues
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Bryant, Patrick, Gabriele Pozzati, and Arne Elofsson. "Improved prediction of protein-protein interactions using AlphaFold2." Nature communications 13.1 (2022): 1265.
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Bryant, Patrick, Gabriele Pozzati, and Arne Elofsson. "Improved prediction of protein-protein interactions using AlphaFold2." Nature communications 13.1 (2022): 1265.

Too big to fold 

together with AF2
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Mitofilin/CHCH domains

Lipid modified 

(myristoylation)



58|



59|



60|

MIC60 
conservation
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Song, Wanling, et al. "PyLipID: a python package for analysis of protein–lipid interactions from molecular dynamics simulations." Journal of 
Chemical Theory and Computation 18.2 (2022): 1188-1201.
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Mitochondrial bridging 

site
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Hahn, Alexander, et al. "Structure of a complete ATP synthase dimer reveals the molecular basis of inner mitochondrial membrane morphology." Molecular cell 63.3 (2016): 445-456.
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Lai, Yuezheng, et al. "Structure of the human ATP synthase." Molecular Cell 83.12 (2023): 2137-2147.



65|

Lai, Yuezheng, et al. "Structure of the human ATP synthase." Molecular Cell 83.12 (2023): 2137-2147.

Spikes, Tobias E., Martin G. Montgomery, and John E. Walker. "Structure of the dimeric ATP synthase from bovine mitochondria." Proceedings of the National Academy of Sciences 117.38 (2020): 23519-23526.

Bovine ATP synthase
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But dimers do not 

only exist by 

themselves
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Dimers form rows in 

mammals 

Dietrich, L., Agip, A. N. A., Kunz, C., Schwarz, A., & Kühlbrandt, W. (2024). In situ structure and rotary states of mitochondrial ATP synthase in whole Polytomella cells. Science, 385(6713), 1086-1090.
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Curvature inducing 

proteins
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Building the outer membrane of a 

cristae junction
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SAM complex VDAC1 TOM complex
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VDAC1: 53

SAM complex: 10

TOM complex: 10

Built with bentopy (Westendorp, M. S. S., Stevens, J. A., Bruininks, B. M. H., & Marrink, S.-J. (2024). Bentopy: building molecular dynamics simulations with cellular complexity and scale. Zenodo. https://doi.org/10.5281/zenodo.13818758)

https://doi.org/10.5281/zenodo.13818758
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Built with bentopy (Westendorp, M. S. S., Stevens, J. A., Bruininks, B. M. H., & Marrink, S.-J. (2024). Bentopy: building molecular dynamics simulations with cellular complexity and scale. Zenodo. https://doi.org/10.5281/zenodo.13818758)

https://doi.org/10.5281/zenodo.13818758
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Wassenaar, Tsjerk A., et al. "Computational lipidomics with insane: a versatile tool for generating custom membranes for molecular simulations." Journal of chemical theory and computation 11.5 (2015): 2144-2155.
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Use TS2CG or another 

method?
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Building the inner 

membrane of a cristae 

junction
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Schuhmann, F., Stevens, J. A., Rahmani, N., Lindahl, I., Brown, C. M., Brasnett, C., ... & Pezeshkian, W. (2025). TS2CG as a membrane builder. bioRxiv, 2025-04.
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Pezeshkian, W., König, M., Wassenaar, T. A., & Marrink, S. J. (2020). Backmapping triangulated surfaces to coarse-grained membrane models. Nature communications, 11(1), 2296.
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• 651 protein chains
• 13 unique protein complexes

• 31,094 lipids

• 3,092,859 water and ion particles

• 3,769,862 total particles
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Analysis?
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Bruininks, Bart MH, et al. "Sequential voxel-based leaflet segmentation of complex lipid morphologies." Journal of Chemical Theory and Computation 17.12 (2021): 7873-7885.

mdvseg -f md.gro -x md.gro -res 1 -hg water -tg none 
-eg nwater -fs 0 -hres 0 -nt 1
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universe = mda.Universe(‘md.gro’, ’md.xtc')

clusters = 'clusters.npy'
betafactors = np.load(clusters)[0]
universe.add_TopologyAttr(mda.core.topologyattrs.Tempfactors(betafactors))
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But still flaws in the 

system set up
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But still flaws in the 

system set up

Portal 2 Wheatley Gif – Chris Baker, https://ru.pinterest.com/pin/74098356361518249/
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Future goals:
• Build an entire mitochondrion

• Membrane proteins (~450 individual chains)

• Soluble proteins (~600 individual chains)

• Metabolites/cofactors

• mtDNA

Rath, Sneha, et al. "MitoCarta3.0: an updated mitochondrial proteome now with sub-organelle localization and pathway annotations." Nucleic acids research 49.D1 (2021): D1541-D1547.

This is intended to be a 

‘living model’ and updated 

with new information
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Thank you for your attention!

Any questions?

Brown, C.M., Westendorp, M.S.S., Zarmiento-Garcia, R. et al. An integrative modelling approach to the mitochondrial cristae. Commun Biol 8, 972 (2025). https://doi.org/10.1038/s42003-025-08381-5
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Supplementary slides
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