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Realization of a virtual cardiomyocyte: image-based mesh construction using
machine learning, integrated simulation and statistical analysis
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3D structure of control and Muscle LIM protein knockout (MLPKO) mouse was
successfully segmented using deep learning from serial block-face scanning electron micrograph
images. We constructed real 3D structural FE mesh based on electron micrograph images from the
segmented structure. We extended our coupled simulation of mechanics and electrophysiology with
incorporating the real 3D structures. Electrophysiology and mechanical contraction were simulated
and compared between control and MLPKO model. In MLPKO model, the aggregation of mitochondria

hampers diffusion of calcium ions. We observed that higher gradient of calcium ion in MLPKO model
increased inhomogeneity in force generation and lower the efficiency of contraction.

Image based modeling



3D

Muscle Lim Protein MLPKO
scanning electron micrograph

CDeep3M

50 40

Serial block face



Ca ATP

Segmentation Images Labels interior  Labels boundary
‘ Training
25 slices { 2 i
for Training Data g
2 CDeep3M
Prediction

Cell A Cell B
400slices  690slices
14pmx14pm  14pmx14pm

& /%
X
x28m x48.3pm Interior outputs  Boundary outputs

Separation
Filtering &

Rk Connectivity
Binarize

analysis in 3D

Contour Cores
emphasized extracted

3D reconstruction Recoghition of

individual

Growing

Separated

[1]
[1] Hatano et al. “ Isolation and reconstruction of cardiac mitochondria from SBEM
images using a deep learning-based method” Journal of Structural Biology, 214 (2022)
107806

50 Fl-score
95% (74% by Hussain et al., 61% with
IMOD by Hussain et al., 2018)
(96% by Haberl et al. (2018)) 2 [1]
2 5
Fl-score 92 95% 5
90 Fl-score
2
80

3 [1]



Fvalue A

1
P e
0.8 /
06 "
e —-—cellA
04 4 cellB
‘ cellB (slice 133)
0

0.2
«-cellB (teacherA 50)
0

10 20 30
# training datasets of own image slices

2
B: C: D: E-
H:5, 10, 15, 20 I:H 2 [1]
[1]
MLPKO
Ca

Ca2+

MLPKO

Control

Control




1 1 1 0

Asuka Hatano, Makoto Someya, Hiroaki Tanaka, Hiroki Sakakima, Satoshi lzumi, Masahiko 214
Hoshijima, Mark Ellisman, Andrew D. McCulloch

Isolation and reconstruction of cardiac mitochondria from SBEM images using a deep learning- 2022
based method

Journal of Structural Biology 107806

DOl
10.1016/j . jsb.2021.107806

4 0 4

Asuka Hatano, Makoto Someya, Hiroaki Tanaka, Hiroki Sakakima, Satoshi lzumi, Masahiko Hoshijima, Mark Ellisman, Andrew D
McCulloch

Automated 3D reconstruction of isolated mitochondria from cardiomyocyte SBEM images

Annual meeting of biophysical society

2022

Someya Makoto, Tanaka Hiroaki, Asuka Hatano, Satoshi lzumi, Masahiko Hoshijima, and Andrew D. McCulloch

Development of an Ultrastructural Model of Cardiomyocytes Based on Electron Microscopy

11th Asian-Pacific Conference on Medical and Biological Engineering

2020

Yu Mochizukil, Hiroki Sakakima, Asuka Hatano, Satoshi lzumi

Excitation contraction coupling simulation on model of a cardiomyocyte based on electron microscope images

the 11th Asian-Pacific Conference on Biomechanics

2021




Asuka Hatano

Multiphysics simulation of cardiomyocytes reveals the critical role of the subcellular ultrastructure

The 6th Symposium on Theoretical and Applied Mechanics

2020

University of California San
Diego




