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Cheek cells



Visualizing Life Across Scales
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The Chariot Race from Ben-Hur (1959)



“The Harold M. Weintraub Graduate Student Award 
recognizes outstanding achievement during graduate studies 

in biological sciences.  
Fred Hutch established this annual award to honor the bold, 

creative, pioneering spirit embodied by Hal Weintraub.” 
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Neurodegeneration

Progressive loss of cells
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‘Powerhouse 
of the cell’
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This image was created with the assistance of DALL·E 2
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Limited success in targeting mitochondria for 
therapeutics (medicine)
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Mitochondria are constantly moving (dynamic)
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Fusion: joining of multiple mitochondria



Mitochondria are constantly moving (dynamic)



Mitochondria are constantly moving (dynamic)

Fission: division into two or more mitochondria



Mitochondria are constantly moving (dynamic)
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Homeostasis

Mitochondria change shape (morphology) in response to different  
cellular conditions
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Scripps Research Institute among the first to invest in this 
cutting-edge imaging technology



Tubular

Mitochondria change shape in response to different cellular conditions
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Cryo-electron tomography captures 
mitochondrial membrane ultrastructure

Scale bar = 100 nm
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PMID: 36786771 Elongated Mitochondria (‘functional, pro-survival mitochondria’)



Jackson Pollock

Number 14: Gray, 1948
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Cryo-electron tomography captures 
mitochondrial membrane ultrastructure

Scale bar = 100 nm
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Elongated Mitochondria (‘functional, pro-survival mitochondria’)PMID: 36786771



Tg-treated fragmented mitochondria contain swollen cristae

Scale bar = 100 nm

“Pro-cell death” mitochondria contain swollen cristae

PMID: 36786771 Fragmented Mitochondria (‘damaged, pro-cell death mitochondria’)



Transform beautiful pictures into meaningful numbers



Borrowing methods from the computer vision community
Mimicking LIDAR data from self driving car
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Software to make very precise measurements of 
membrane architecture

Distance Curvature Orientation
PMID: 36786771



Cellular conditions induce opposing changes in outer-to-inner 
membrane distance between distinct network morphologies

Detecting statistically significant 
differences of 0.8-3.6 nm!

PMID: 36786771
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Elongated and fragmented mitochondria are very different at the 
detailed membrane level

OMM-IMM distance

Intra-crista distance

Crista curvedness

Junction curvedness

Crista angle variability

Fragmented 
“Pro-cell death”

 Elongated 
“Pro-survival”

PMID: 36786771

This suggests that learning what shapes the structure of membranes might be the key to 
understanding what controls how mitochondria work



To the internal architecture of their two membranes

Membrane 
architecture

Scale bar = 100 nm



50 nm 

Unidentified “volcano” structure hidden within 
mitochondria



Unidentified “volcano” structure hidden within 
mitochondria
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Tubular

Mitochondria change shape in response to different cellular conditions
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Can we reverse or prevent mitochondria fragmentation?



Designing molecules to 
promote healthy mitochondrial 

shapes and function

PMID: 38915623
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Mitochondria are constantly moving (dynamic)
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Support Across Scales
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