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Neural signals transformation of magnetite-based magnetoreceptor
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Abstract: Magnetoreceptor existing in the living beings is the mechanism supporting the biological mag-

netic navigation, and the process of magnetic information transforming to neural signals is the key

process of magnetoreceptor mechanism, however it is still hypothesis. In this paper, the process of mag-

netic information transforming to nerve signals of the mechanism of electromagnetic induction, magnetic

protein biocompass and magnetite-based magnetoreceptor are characterized, and then a possible way to

cognize the process of magnetic information transforming to nerve signals from the point of view of theo-

ry is presented .
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Fig.1 Earth’s magnetic field"

B F 32 A 1 R R AL R 1) e E 9k b
KBz I 4. Wk 4R T — AT
A e B AT R R A L AR R
FETE— ARG R U ) #E 1% 0 52 1 MagR 1% &
L i 2tk 2 RALAL%E TR T — Atk 19 2R
ZEY AR — A/ — P A AL, 7E MagR
Bk 2 RE PR A, 28 58 3 BB ) Cry, 1 g%
6 M Cry FEE IR N 3Z & MagR 3@ o 7 5 AF H
M SEEL YRR A7, T MagR 9 4l 45 19 1 2%
PET, AT REKE H 5] & 3T MagR AR — R
3 1) W 3 ok B s HE W) KAy F T EANRAT N S
LRSI i SIS Gl L SO R T N
RPN 1 0y B FE AL AT g AT n o] R
MagR & FIH¥ 039 15 5 5% 40 o0 AR W5 5 10 %5 2
TG — B HEE.

BT WK 90 K TR A R BT AIL R AR < A
WA v Y BG4k L T T DL AR LA R
MRS BEE AR AN RE VR T B e 5% £ 52 1) 4
1l S A Y ) 4 8 1 4 588 TR T L 4 it n A R R
JEAZ B CEL A e B2 3% LB 40 i s ML AR R B2 2%

B T AR S AR A 22 R A R TG b
on/ 2 EAPINC R R bR I TS AG IR DI ¢

B2 BEarLPT RN PHHEE TR FHAET
Fig.2 The biocompass model of animal magnetore-

ception and navigation of the magnetic pro-
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tein biocompass mechanism
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Fig. 3 Model of how a magnetosome chain could act

to open a transmembrane ion channel. The

grey rectangle represents a magnetosome that

is anchored via a cytoskeletal filament to a me-

chanically activated trans-membrane ion chan-

nel. Torque from the magnetosome, if proper-

ly applied. could cause the transient opening of

the channel and lead to membrane depolariza-

tiont™
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Fig. 4 Hypothetical model of magnetite-based magneto-
reception. The conceptual principle involves inter-
acting clusters of superparamagnetic crystals
(blue balls) anchored to neuronal membranes by
cytoskeletal filaments. Depending on the orienta-
tion of the external field, the clusters either at-
tract or repel each other, deforming the mem-

brane and opening or closing ion channels (green)
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Fig. 5 Results of electrophysiological experiments

with the bobolink bird

a The trigeminal ganglion of the bobolink ( Dolichonyx
oryzivorus) ,» showing the nerves and the locations of neu-
rons (marked by crosses) that responded to changes in the
ambient magnetic field with altered electrical activity. b Re-
cordings from one such ganglion cell during different chan-
ges in vertical magnetic field intensity (these changes also
altered the inclination and total intensity of the field). 1
Spontaneous activity. 2 Response to 200 nT change. 3 Re-
sponse to 5, 000 nT change. 4 Response to 15, 000 nT
change. 5 Response to 25,000 nT change. 6 Response to
100,000 nT change. The Earth’s field is ~50,000 nTH],
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Fig. 6 The circuitry of film current in the H-H model
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Fig. 7

Single-domain magnetite chain

and outer magnetic field
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Fig. 8  Super paramagnetic particles and

outer magnetic field
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Fig. 9 The effect model of magnetite and outer mag-

netic field established by Solov’yov
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