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     Major fluxes involved in the control of cytoplasmic  Calcium 



  

The same but more schematicallyThe same but more schematically  



  

CALCIUM  WAVES and OSCILLATIONS 

Enable communication  from one side of  a cell to another or 
between cells

 Synchronize a global multicellular response to a local    
                                                            stimulus  

    Many processes are Ca2+  dependent  (regulated) 
     Many extracellular signals induce an increase in 
cytosolic    
      Ca2+ 

The speed of intracellular and intercellular plane 
waves :  5-20 mm  

Concentration of intracellular (cytosol)  calcium oscillate 
with periods ranging  from a few seconds to more than a 
minute



  

 

EXAMPLES  

  1. Calcium waves during the fertilization of   a1. Calcium waves during the fertilization of   a
  starfish  egg  starfish  egg  



  

 
 

  

2. (Spiral) Waves in Xenopus oocyte (600 2. (Spiral) Waves in Xenopus oocyte (600 m)m)

3. Waves in Medaka eggs (1000 3. Waves in Medaka eggs (1000 m)m)
        ( connected   with  mechanical   deformation )
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6.Calcium Waves in Phagocytosis (Petty, Kindzelskii, 2003)

A wave traveling around the cell's A wave traveling around the cell's 
perimeter splits in two, with the perimeter splits in two, with the 
second wave encircling the second wave encircling the 
phagosome. This second wave phagosome. This second wave 
allows the digestive enzymes to allows the digestive enzymes to 
enter the phagosome and destroy enter the phagosome and destroy 
the target. the target. 

When a mutation is introduced, When a mutation is introduced, 
phagocytosis is not completed phagocytosis is not completed 
because the calcium wave circles because the calcium wave circles 
the cell and bypasses the the cell and bypasses the 
phagosome altogether.phagosome altogether.



  

 
 

  

4. Intercellular calcium waves in epithelial cells

5. Traveling Waves of Calcium in Pancreatic Acinar Cells

Ca2+  wave travels from cell to cell around 
the acinus. 

Its function is to increase the efficiency  of 
enzyme secretion of the acinus, 
presumably by coordinating the  secretion 
of each individual cell with that of its 
neighbours.



  

Mechanisms of Calcium propagation  Mechanisms of Calcium propagation  

Simplified  mechanism: Simplified  mechanism: 

Diffusion  of  calcium  between  release sites.   Ca Diffusion  of  calcium  between  release sites.   Ca 2+2+  released   released 
from one   Ca from one   Ca 2+  2+  - sensitive pool  diffuses to neighbouring pools - sensitive pool  diffuses to neighbouring pools 
and  initiates  further  release  via  calcium induced calcium and  initiates  further  release  via  calcium induced calcium 
release. Repetition  of  this process  generate  an  advancing  release. Repetition  of  this process  generate  an  advancing  
front   of  high  calcium  concentration.   front   of  high  calcium  concentration.   

          Additional  factors:  the role of   IP3  and  Ryanodine receptors Additional  factors:  the role of   IP3  and  Ryanodine receptors 
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Intercellular Intercellular 
calcium waves:calcium waves:

The transitions The transitions 
between the cells between the cells 
are due of the diffusionare due of the diffusion
of   IPof   IP33  



  



  

The parameters  for the  two-pool  model: The parameters  for the  two-pool  model: 

k=10/s;  Kk=10/s;  K11 = 1  = 1 M ; KM ; K22 = 2  = 2 M ; KM ; K33 = 0.9  = 0.9 M ; M ; 

VV11 = 65  = 65 M/s; VM/s; V22 = 500  = 500 M/s ; kM/s ; kff = 1/s ;  = 1/s ; 

m=2 ; n = 2; p = 4 ;  m=2 ; n = 2; p = 4 ;  

kKkK22/V/V22



  

Some  other models: Some  other models: 

1. Atri  model   (1993,  e.g.  Spiral waves in Xenopus  oocyte) 1. Atri  model   (1993,  e.g.  Spiral waves in Xenopus  oocyte) 

2.2.  De Young – Keizer  model   (1992  )De Young – Keizer  model   (1992  )

3. Sneyd – Dufour  (2002) 3. Sneyd – Dufour  (2002) 

4.4.  Kupferman model  Kupferman model  The open probability The open probability 
of the IPof the IP33 receptor as  receptor as 
a function of  [Caa function of  [Ca2+2+].].

Experiment (Bezprozvanny)Experiment (Bezprozvanny)
  and  De Young-Keizer and  De Young-Keizer 
modelmodel



  



  



  

To analyze the propagation of calcium waves To analyze the propagation of calcium waves 
    we must consider diffusion of  calcium ionswe must consider diffusion of  calcium ions

The  Kupferman  model The  Kupferman  model 



  

CalmodulinCalmodulin
binds 0,2,4binds 0,2,4
Ca  ions; Ca  ions; 
atomic massatomic mass

16700  Da16700  Da  



  



  



  



  



  



  



  



  



  


