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JiZ J5L i (Sigma, Type 1A). 1%%FIfiLi# 4 45 19 (Sigma,
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Table 1 Parameters used in the simulation

Parameters Description Value in2-D  Value in 1-D
model model
u Intracellular Ca* concentration pmol/L wmol/L
D, Ca” diffusion constant in x 30 pm?st 600 pwm?s
direction
D, Ca* diffusion constant in y 15 pum?/s!™?
direction
h Spatial pace 0.05 wm 0.1 pm
At Temporal step 0.01 ms 0.01 ms
u, Threshold u for CRU open 0.2 wmol/L!" 0.2 pmol/L
o CRU releasing strength 1 pmol/L pm™ 2.5 ymol/L ypm
T CRU open time 10 ms™” 10 ms

v Maximal remove velocity ~ 8 wmol/(L+S)"" 8 wmol/(LsS)”!

k Binding ability of Ca® to pump 0.2 wmol/L" 0.2 wmol/L
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Fig. 1 Ca* release events triggered by local
depolarization through loose-patch
(a) Single Ca?" spark. (b) Multiple Ca*" sparks. (c) A cell-wide Ca* wave.
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Fig. 2 Stochastic recruitment of Ca* release
unites during propagation of Ca® waves
(a) Image of a Ca® wave in line-scan mode. (b) Spatial inhomogeneity
enhancement of wave image in (a). (c) Time differential of image in (a).
(d) Integration of images in (a), (b) and (c) (see method for detail), in
which the precise location and timing of the firing CRUs can be taken.
The arrowhead denotes a firing CRU when leap-like propagation
happens. (e) Distribution of the waiting time (A¢) along the propagation

direction.
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Fig. 3 Relation of the average wave speed and
the coefficient of variation (C,) of Az
The line denotes a negative corelation.
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Fig. 4 Simulation of Ca®* wave propagation in cardiac myocytes
(a) One-dimensional simulation of Ca®>* wave when constant trigger

threshold of CRU is used. (b) One-dimensional simulation of Ca** wave
when stochastic behavior of CRU is introduced. (c) A snapshot of
two-dimensional simulation of Ca* wave. (d) Reconstructed line-scan
image along the line in (c).
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Fig. 5 Effects of Ca* sensitivity of CRU on the
property of Ca* wave
(a) and (c) Effects of py, and Hill on speed of Ca*" waves. (b) and (d)
Effects of py. and Hill on the coefficient of variation (Cv) of the waiting
time. [1: Hill=2; O: Hill=4; W : Hill=6. (¢) and (f) Relation of wave
speed and Cv of the waiting time. The K in (a), (b) and (e) is 0.2 wmol/L.
That in (c), (d) and (f) is 0.25 wmol/L. O: Hill=2; A: Hill=4; O: Hill=6.
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Stochastic Initiation and Propagation of Intracellular
Ca* Wave in Cardiac Myocytes"

TANG Ai-Hui, WANG Shi-Qiang™
(State Key Laboratory of Biomembrane and Membrane Biotechnology, College of Life Seiences, Peking University, Beijing 100871, China)

Abstract The Ca* wave is a chain reaction of intracellular Ca* release channels through a Ca*-induced Ca*
release mechanism. In cardiac myocytes, Ca** wave has drawn much attention because it is found to induce
arrthythmia genesis. To investigate the microscopic process of wave propagation, Ca?" imaging was performed with
high spatial and temporal resolution »ia a laser-scanning confocal microscope combined with loose-seal patch
clamp. These observation and analysis revealed that Ca*" waves originated from a stochastic recruiting of Ca?
release units (CRUs) by a pioneer Ca*" spark, which had a low possibility in normal cells. During wave
propagation, the ‘waiting’ time that the wave propagate between two neighboring CRUs along propagation
direction distributed normally, and cells with a lower speed had a more dispersive distribution of ‘waiting” time.
To study the cause of the randomicity, the wave propagation was simulated with a numerical model. The
simulation showed that the intrinsic stochastic open process of CRUs can fully explain the above phenomenon.
Increasing the maximal open probability of CRUs reduced the randomness of wavefront propagation and enhanced
the average velocity of wave meantime. These experimental and numerical results provided an unequivocal

quantification for the stochastic behavior of wave initiation and propagation.

Key words Ca* wave, cardiac myocyte, stochastic process, model

*This work was supported by grants from National Basic Research Program of China(2004CB720007), Hi-Tech Research and Development Program of
China (2007AA02Z457). The National Science Foundation of China (30721064, 30730013, 30425035) and National Institutes of Health, USA
(RO1 TW007269).

**Corresponding author.

Tel: 86-10-62755002, E-mail: wsq@pku.edu.cn

Received: December 6,2007  Accepted: June 16, 2008


mailto:wsq@pku.edu.cn

