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Supplementary Table 1. The electronic parameters in the computational model.    
Parameter symbol Value 

Area of soma ܣ௦ 1.0 × 10ିହ ܿ݉ଶ 
Area of apical dendrite ܣௗ  1.2 × 10ିସ ܿ݉ଶ 
Area of basal dendrite ܣௗ 8.0 × 10ିହ ܿ݉ଶ 
Membrane capacitance ܥ 1.0 ܨߤ/ܿ݉ଶ 
Conductance between soma 
and apical dendrite 

݃_௦_ௗ  1.0 × 10ିହ ݉ݏ 

Conductance between soma 
and basal dendrite 

݃_௦_ௗ 1.6 × 10ିହ ݉ݏ 

Membrane leakage 
conductance for soma and 
dendrite 

݃_ 1.47 ݉ݏ/ܿ݉ଶ 

 
  



Supplementary Table 2. The Hodgkin-Huxley equations of different channels in the model. 
Channel Gating functions 

 ݃ܫ ∙ ݉ଶ ∙ ℎ൫ ܸ_ௗ −  ൯ܧ
ேெ ݃̅ேெܫ ∙ )ܤ ܸ_ௗ) ∙ ൫ ܸ_ௗ −  ேெ൯ܧ

ܫ  ݃ ∙ ܿ ∙ χ(ܽܥ) ∙ ൫ ܸ_ௗ −  ൯ܧ
ு ݃ுܫ ∙ ݍ ∙ ൫ ܸ_ௗ −  ൯ܧ
ோ ݃ோܫ ∙ ݊ସ ∙ ൫ ܸ_ௗ −  ൯ܧ
_ௗܫ  ݃_ ∙ ൫ ܸ_ௗ −  _ௗ൯ܧ
_௦ܫ  ݃_ ∙ ൫ ܸ_௦ −  _௦൯ܧ

_ௗ ݃_ܫ ∙ ൫ ܸ_ௗ −  _ௗ൯ܧ
 
  



Supplementary Table 3. Parameter values of HPC model. References and comments: 1) 
modified from Jakub N et al., 200350. 2) modified from Golomb D. et al., 200646. 3) modified 
from Destexhe A. et al., 199451.  
 

paramet
er 

variables 
value References

/Comment 
paramete

r 
variables 

value 
Reference
s/Comme

nt 
ೌߠ  -20.0mV 1 ߬ 20 2 
݇ೌ  16.0mV 1 0.13ܿ݉ ݒଶ/(݉ݏ ∙  2 (ܣߤ
߬ೌ  35ms 1 ߬[] 13ms 2 
ೌߠ  -40.0mV 1 ܽ 6 2 
݇ೌ  -7.0mV 1 ܽ 3 2 
߬ೌ  157ms 1 ߬ 300ms 2 
ߠ  -37.0mV 2 ܯ 3.57mM 3 
݇ 7.2mV 2 ݇ 0.0744 mV-1 3 

 
  



 
Figure S1. Layout of simulated hippocampal pyramidal cell (HPC) network. (A) 3-D view of the 
hippocampus slice where simulated region is approximately limited by 4000μm (X)×600 μm(Y) )×360 
μm(Z). The red rectangle represent one somatic plane layer L_soma of CA1 pyramidal cells. (B) 3-D view 
of one stack comprised of L_soma contains 200×18 cells in (X, Y) plane. (C) Top view in (X, Y) plane of 
one stack network (solid-colored circles represent soma position). The diameter of the soma is 17.8μm 
and the soma edge-to-edge distance dcc ranges from 2 to 4 μm. Thus, the dimension of the network is 
3958~4356 μm (X) ×354~388 μm (Y). (D) Physical representation of the stacking factor (SF). White-
colored cells represent the actual modeled cell location, whereas gray-colored cells represent the 
virtually stacked cells around the modeled cell locations. As an example with SF=3, each modeled cell 
was surrounded by two extra virtual cells at the same location and the amplitude of electric field 
generated by modeled cells was multiplied by three.       
 
 
 
 
 



 
Figure S2. Three-compartmental neuron model and electric field interactions between two cells within 
the neural network. (A) each modeled cell contained three compartment: apical dendrite (ad), soma (s) 
and basal dendrite (bd). Three ion channel currents (INMDA, IKDR, ILeak)  are added into apical dendritic 
compartment. Four ion channel currents (ICa, IKAHP, IKM, and ILeak) are inserted into basal dendritic 
compartment. Somatic compartment is consider as a passive one. Cell(i,j) and Cell(k, l) represented any 
two cells of network in different column (Z axis) in (X, Z) plane in Figure S1C, where 1≤i,k≤200, 1≤j,l≤18, 
and j≠l. Electric field couplings between any two compartments among Cell(i,j) and Cell(k, l) were 
bidirectional. Each paired couplings were symbolized as (i,j)_z→(k,l)_z and (k,l)_z→(i,j)_z where 
z={ad,s,bd}. (B) Extracellular potentials (V_((k,l)_e_ad), V_((k,l)_e_s), and V_((k,l)_e_bd)) acted on each 
extracellular node of three compartments of the target Cell(k, l) using Eq. (2). Field effect on each 
compartment of the target Cell(k, l) was the superposition of all fields generated by all source Cell(i,j). 

 
 



 
Figure S3. Extracellular potential, field measurements in modeled network. a) A virtual 2×3 multi-
electrode array (MEA) is mimicked to match the recording electrodes of in vitro experimental settings. 
This MEA is placed parallel to and 30μm away from surface layer in (X, Y) plane of the network. The solid 
black circles are virtual recording electrodes with top ones (Tt, Mt, and St) and bottom ones (Tb, Mb, 
Sb). The bottom electrodes are placed in the same plane (X, Z) of the somatic layer. The distance 
between top and bottom electrodes is set as 125μm. Mt and Mb are located in the middle of limited 
longitudinal scope with 2mm distance from two borders in X axis. (Tt, Tb) and (St, Sb) are located in two 
sides of (Mt, Mb) with the equal distance of 1mm. Extracellular potential at the site of each electrode 
was calculated by superposition of fields at this site generated by all cells in network using Eq. (1). Field 
amplitudes are calculated using Eq. (3). 
 


