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Estimation of Membrane Property of Dendrite

YUuicHIRO SHimIzU, ! Tosniakr Omori, 13
Toru AonisHI%1 and MasaTo OkaDAfbf3

Membrane property in dendrite is one of important determinants for integra-
tion of information received by neurons. However, it is difficult to directly mea-
sure the membrane property as well as spatiotemporal distribution of membrane
potential, since there exists limitation of spatial resolution in experimental mea-
surements of dendrites and the observed data from the dendrites by means of
voltage imaging are noisy. In this study, we propose a statistical estimation
algorithm using distributed constant type Kalman filter which estimates spa-
tiotemporal distribution from noisy data observed at limited locations. Mem-
brane properties of dendrites are estimated by using the EM algorithm. We
verify the effectiveness of the proposed method by applying simulation data to
the proposed method and evaluate the relation between the spatial resolution
of observation and estimate error.

1. 0D O0ad

0000000000000000000000000000000000000000
0000000000000 0000000000000000000000000000
03 0000000000000000000000000000000000000
oooooood®® 000000000 0000000000000000000000
000000000000 0000000000000000000000000000
Ooooood® 00000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000 0000000000000000
0000000000000 0000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 D0O00000® Y 0ooo00000000000ono
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000o0o0000ooooo

0000000000000 000000000000000000000000000
00000000000 000000000000000000000000EMO000
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000000 0000000000000000000000000000

f1 00000000 ODO0O000000OO0 Doooooo

Graduate School of Frontier Science, The University of Tokyo
t2 0000000000 D0O0O0O0ODOOO0 DO0OOoOooooo

Interdisciplinary Graduate School of Science and Engineering, Tokyo Institute of Technology
t3 000000000000 DODOOODOOOOOO

RIKEN Brain Science Institute

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

gbooooboboooboooooboobooboboobooboooobobobobobo
gboboboobooobooooooooooboboboboboboobo

2. 00gooOoOOobOoOOooOdg

00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000000*™W
00000.00000000000000000000000000000000000
0000000000000000000

2.1 000000000000 DO00OOO0

00,0000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
0000000000000000000000000000000000008Y 000
0000000000000 0000000000000000000000000000
00000000D000000000000000000000000000000000
0000000000000000000000000000000000 000 ¢+00
000 v(z,t) 000000000000000O0O00O0000OOOO0O00Y

ov(z,t) _p v (x,t)

ot Ox?

0000DO0OO0ODO0O0O0O f(u(z,t)Ju(z,t) 00000000 0O0O0OOOOOO
O00s(z,t) 000000000000000000000000000(s(x,t)s(2’,t)) =
S(x—2)d(t—t)ODO0s0000D000

2.2 0000000000000
0000000000000000000000000000000000000000
000000000000 00000Y 00000000000000000000000
00000000000000000000000000000000000000000
oooooooooog
(1) DOODOO0DOOOOO
00,00000000000000D00000000000000000 (1)000O00
0000000000000 000000000000000

+ f(o(@,0) + ule, t) + &s(x,1) (1)

Vo1.2009-MPS-76 No.40
Vol.2009-BIO-19 No.40
2009/12/18

position (§)

time (k)

01 0OoooooooOooooOooOoOooooOoOoOoOoooOoOoO0oOoOoOOoOoOoO0OoOoDOOobDOoOoooDoboOooo
0oooO0o0ooooooobObOOo0ObOO0O0O0O0ObOO0O0ObOO00O0O0O00O0O0OO0O0O0O0ODOO
0w, 000000 gy, 000000000 DOO0O0OO0DOO0O0OODODOOOOOOOOOODOOOOOOO
gooooooooooOooooooOoOoOooOOoOoO0OoOobOOoOoOoOoOoOoDOOOOOoOoDOoOoOoOoooDoO
00oo0bOO0o0oo0O0O00O0O0oO0O0oO0O0o0ObOO0ObOOObDOODOOnDO

Fig.1 Mathematical model of dendrite and graphical structure of Kalman filter. Dendrite(left fig-

ure) can be modelled using distributed constant circuit(central figure). Each large node and
small one in right figure represents true membrane potential and observed membrane poten-
tial, respectively. As shown in right figure, membrane potential at each time and position is
determined stochastically in terms of the voltage of neighboring compartments.
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Fig.2 Estimation of spatiotemporal distribution of membrane potential over the dendrite. Each
symbol (a)-(e) indicates the number of spatial points where observed value can be used for
estimation; observed data of all points is used for (a), data of every other points, and every
two points, three points, is used for (b)-(c), and data of only £ = 1 is used for (e). Thick
lines in the top figures are observed value used for membrane potential estimation and those
in bottom figures are estimated membrane potential.
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Fig.3 Estimation of parameters @(left), b(center), and D(right). Each parameter was inferred from

the initial parameter value 90 O different from optimal one. As used in figure 2, each symbol

(a)-(e) indicates the number of spatial points where observed value can be used for estimation.

goooooooooooooooooooooooobooobooooOooDOOooOooooDon
oooooooboobooooooooooooooboooboboOooobobooooo

3.2 0DO00O0O0O0OOOOO0OOOOOOOOOO
23000000 EMOODOOO0OOOOOOOO0OOOOOOOOOOOODOOOOBOOO

00000000000000000000000000000000000000000
0000000 M(Vg,kt1, Ve—1,ks Ve,ks Ver1,k|Ont1,Yeps1) 0000000000000
00000000000000000000000000000000000000000

coobooooooobooooooooOobOo0ooooooobooOobOOoOoboboboOoDOOOOon

gobooooobooood

0300020 (a)0(e)000000DDOO0DOOO0OODOOO0OOOODOOOOOOOO
O00000000@IbODODOOOND9OOONN0NONONDOOONOOONDOOOO
ocoboooooooobOO0o0ooobo0ooobo100eEeMOO0O0OO0ODOOO0 10000000000
O00000o0o0o0oUo0ooUo0ooUoO0oo0oUoO0DOoUDOOOOoUD(a)Oo
(gOO0O0O0O0OUO0OUO0OD 1000200000000 000UDUOODOOUDOUDOO
goooobooooooooobooboooooooobooOoboOoobooOboOoOoobooooooDon
300000000 (doUuoUoUoUUoLUUoLUOoUOUOULOUDUODODODODOO
0000000000000 0000O0U00 (¢=1)0000oo0ooooooO (e)oo

gobooooboooooooocoooo

(© 2009 Information Processing Society of Japan



gooooooood
IPSJ SIG Technical Report

01 000000000000000 & b0D000000000000O00 (0)
Table 1 Estimate error of parameters for membrane properties(O ).

a b D

(a) 0.8602  0.8591  0.8569

(b) 1.083 1.083 0.426398

(c) 1.240 1.256 0.672306

(d) 1.389 1.439 1.042385

(e) 6.258 6.437 7.482064
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