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Visualizing Life Across Scales
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Examining cell shape as the mechanism for furrow positioning in the early
Zebrafish (Danio rerio) embryo

Through previous studies, it has been found that Zebrafish embryos show a
predictable pattern of cell division consisting of the spindle apparatus always aligning
perpendicular to its orientation in the previous cell stage. Although a predictable pattern
for cell division has been determined, the exact mechanisms for the spindle positioning
are unknown. One proposed determinant of spindle alignment is cell shape. This study
aims to quantitatively analyze certain inherit characteristics of cells in early Zebrafish
embryos to observe any relationships or trends that may occur. Patterns observed in these
quantitative measurements may eventually help to formulate a model that predicts this
pattern of cell division. The data shows a relationship between cell geometry and the
orientation of the spindle axis by demonstrating that a greater difference between the long
and short axis lengths and a ratio of these lengths further from 1.0 corresponds to a
smaller angle difference between the spindle and furrow axis.
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Visualizing Life Across Scales



“The Scripps Research Institute Hosts Burgeoning Electron
Microscopy Workshop”

December 10, 2012

Professor Richard Henderson Professors Bob Glaeser (UC-Berkeley)

, | (MRC LMB) and David DeRosier (Brandeis University)
Professors Clint Potter, Bridget

Carragher and Ron Milligan
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Dynein
The ‘train’
of the cell

Microtubules
The ‘train tracks’
of the cell
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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.”







The Scripps Fellows Program

Extraordinary scientists launching impactful careers

November 07, 2018
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Neurodegeneration Cancer

FProgressive [0SS of cells Uncontrolled growth of cells




Neurodegeneration Cancer

Mitochondria
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Mitochondria

‘Powerhouse
of the cell’



Mitochondria

Power lrigger

Cellular Cellular
[ ife Death



Neurodegenerative diseases

Alzheimer’s disease
Parkinson's Disease

Huntington's disease

Amyotrophic lateral sclerosis (ALS)

Metabolic disorders

Diabetes
Obesity

Cardiovascular Diseases

Heart Failure
Ischemic heart disease

Cardiomyopathy

Mitochondria

Cancer

Renal cell carcinoma
Pancreatic cancer
Ovarian cancer
Breast cancer
Colorectal cancer
Prostate cancer
Brain cancer

Age-related diseases

ONEEI S
Age-related macular degeneration

Autoimmune disorders

Multiple Sclerosis
Inflammatory bowel disease

Systemic lupus erythematosus



Limited success in targeting mitochondria for
therapeutics (medicine)




Mitochondria



Mitochondria are constantly moving (dynamic)




Mitochondria are constantly moving (dynamic)

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)



Mitochondria change shape (morphology) in response to different
cellular conditions

Homeostasis

Cellular
mitochondrial
network

Fusion Fission



Mitochondria change shape (morphology) in response to different
cellular conditions

Hyperfusion Homeostasis

Fusion Fission
4t pa—

Fission Fusion

Cell Death
Cell Survival S

“Functional” “Damaged or dysfunctional”



Thermo Fisher Scientific



Thermo Fisher Scientific



Scripps Research Institute among the first to invest in this
cutting-edge imaging technology




Mitochondria change shape In response to different cellular conditions

Elongated Tubular

Fusion Fission
D perd —

Fission Fusion

Cell Death
Cell Survival

“Functional” “Damaged or dysfunctional”



Mitochondria
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Cryo-electron tomography captures Cellular Organellar

mitochondrial membrane ultrastructure et <4—» Membrane
orphology Ultrastructure

PMID: 36786771 E/Ongateo’ M/z‘ochono’r/a ( ’funct/ona/ Dro- surV/va/ mitochondria’) Scale bar = 100 nm



Jackson Pollock
Number 14: Gray, 1948



Cryo-electron tomography captures Cellular Organellar

mitochondrial membrane ultrastructure et <4—» Membrane
orphology Ultrastructure

PMID: 36786771 E/Ongateo’ M/z‘ochono’r/a ( ’funct/ona/ Dro- surV/va/ mitochondria’) Scale bar = 100 nm



Cryo-electron tomography captures Cellular Organellar

mitochondrial membrane ultrastructure etwark <4 Membrane
orphology Ultrastructure

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



“Pro-cell death” mitochondria contain swollen cristae

PMID: 36786771 Fragmented Mitochondria (‘damaged, pro-cell death mitochondria’) Scale bar = 100 nm



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!

Inner
membrane

Outer
membrane

Membrane distance

“Functional, “Damaged,
pro-survival” pro-cell death”

PMID: 36786771



Elongated and fragmented mitochondria are very different at the

detailed membrane level
Elongated Fragmented

"Pro-survival” "Pro-cell death”
v OMM-IMM distance

+ Intra-crista distance
+ Crista curvedness
Junction curvedness

+ Crista angle variability

This suggests that learning what shapes the structure of membranes might be the key to
understanding what controls how mitochondria work VI 36786771



To the internal architecture of their two membranes

Scale bar = 100 nm



Unidentified “volcano” structure hidden within
mitochondria

50 nm



Unidentified “volcano” structure hidden within
mitochondria

‘functional, pro-survival ‘damaged, pro-cell death
mitochonaria’ mitochonaria’



Mitochondria change shape In response to different cellular conditions

Elongated Tubular

Fusion Fission
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Fission Fusion

Cell Death
Cell Survival

“Functional” “Damaged or dysfunctional”
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Mitochondria change shape In response to different cellular conditions

Elongated Tubular

Fusion Fission
D perd —

Fission Fusion

Cell Death
Cell Survival

“Functional” “Damaged or dysfunctional”



Can we reverse or prevent mitochondria fragmentation?




Designing molecules to
promote healthy mitochondrial
shapes and function

PMID: 38915623



Designing molecules to
promote healthy mitochondrial
shapes and function

PMID: 38915623



Designing molecules to
promote healthy mitochondrial
shapes and function

PMID: 38915623



Designing molecules to
promote healthy mitochondrial
shapes and function
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Mitochondria

‘Powerhouse
of the cell’



Mitochondria are constantly moving (dynamic)
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Support Across Scales



Support Across Scales
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