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Fig. 1. KesA potassium ion channel structure: (a) Side

view; (b) top view.
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Fig. 2. Outline of KcsA potassium ion channel.
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Fig. 3. BD simulation system.
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Fig. 4. One-dimensional PMF distribution of K* and Cl in
axial direction of KcsA channel.
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Fig. 5. I-V characteristic curve of KcsA potassium ion chan-

nel: (a) Symmetric solution; (b) asymmetric solution.

AR SRR -V & s v, W
U IEIE RN O AR, R E IE Y S 52
R p MRS Vi, 3210

158301-5



¥ 1B ¥ Acta Phys. Sin.

Vol. 72, No. 15 (2023)

158301

b= CE™ — C& exp(gVier/knT)
O™ exp(qViey /kpT) — CFS
Hrp, g oo s, HBUE N 1.6x107% C; CER AR
T (Z > 0) i Clal KAk, oo AR
M (Z < 0) () Cl a8 KHRIE. BiBER p ik, i
FFT 38 G X KA e B 55 . PToR 45 0.1 mol/L:
1.0 mol /L fEH T Ve = —52 mV, p = 2.287x10°%;
1.0 mol/L:0.1 mol/LIEH T Ve = 46 mV, p =
0.0702. WAMEAL T, B2 p Ht/h T 1, Ut
] KesA B X KA e EE L CLRIRZ. i 4b,
0.1 mol/L:1.0 mol/L 1&H T B & B8 Kt /N T
1.0 mol/L:0.1 mol/L F &5, Uil 0.1 mol/L:
1.0 mol/L 1% T BYHH B T F4FE KT 1.0 mol /L
0.1 mol /L &5

(14)

3.3 BEHENETFRESH

331 HIABR
K 6(a) FIEL 6(b) 7345 HY T X 51000 Ul

100 (a)

K+
— CI~

Ion concentration/(mol-L—1)
=
1S
b

.‘::' .. (b) _...:- :‘
—30 -:, o . .y ° Sae f
. - L]
—20F} Lo
0 . . .(.: ° L.
W ¢ e .
—10F *e v, % ¢ . .‘
. .
i oF * L . . ‘e e oy £
»< * . .‘g.- " ° H . * - ;
10: ...". ‘ % +*
L -.-. :. " et
—20 fs ,-' b . 0 .
l’ -' . * e .t
. £ S
—30F . . ‘s . L'
- . : . .
_ % - ) . s ®

—40 —20 0 20 40
Z/A

T 140 B85 W B A A 10 4 DA B —isf 220 1) 5 1 2 ]
3. I 6(a) ATLAE Y, 38 I8 SO0 Y 5 ik
JEREARRR U IR IR, BEARLEHRFAE 1 mol /L, Kk
T GOMC FEH 55 RE S IRl 18 SR S YR 1Y
P 2ERE. BEANEE (-15—15 A) By KR E T
KT CUMREE, 225007F 3 MR I, X i KesA
Xof B S - A SR R I R T X S Y. 1 6(b) I
HER AT O AR R K, g O, ATLUE
I AR AR A

332 AHAmER

& 7(a) FE 7(b) 435124 0.1 mol /L:1.0 mol /L
KC1 A 2 1.0 mol/L:0.1 mol/L KCI T ¥ i# %
LRI TR S A SEIE MRS, U HR ST A
X BFE GCMCHE BIFE R & IR B AR SEAE
€, TEE N ERIIR S KR BEE KT CIkEE, X
Wi WY B S e WL 37 ) LA ey O A RE T
KesA Sl TEARSRIENT K HA R P,

40

—40 —30 —20 —10 0 10 20 30 40
Z/A

P 6 () 3550 VAT Bl 0 20 T VR FE A3 s (b) I 220 2 1 3 A

Fig. 6. (a) Axial ion concentration distribution in symmetric solution; (b) spatial distribution of ions at a certain time.
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Fig. 7. Axial ion concentration distribution in asymmetric solution: (a) 0.1 mol/L:1.0 mol/L; (b) 1.0 mol/L:0.1 mol/L.
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Fig. 8. (a) G-c distribution; (b) normalized ionic conductiv-

ity G/c-c curve.
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Fig. 9. (a) The K* current and (b) the PMF inside the channel under the THz field at different frequencies.
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Abstract

As one of the regulators of cationic concentration in cells, potassium channels play an important role in the
depolarization and repolarization of nerve cell. KecsA (K* conduction and selectivity architecture) channel is
simple and has the commonness of potassium ion channel, which is often used as a template for potassium
channel research. In this paper, Brownian dynamics (BD) method is used to simulate the electrical
characteristics of the actual KcsA potassium channel systematically. The potential mean force (PMF) of ions in
the channel under electrostatic field, the current-voltage characteristic curve of symmetric solution and
asymmetric solution, the ion concentration distribution curve in the axial direction of the channel, and the
conduction-concentration curve are obtained. The results show that the selectivity filter region of KcsA
potassium channel blocks the passage of Cl basically, showing a special selection characteristic of the passage of
K*, that its current-voltage curve presents a basically linear distribution, and that the conductivity-
concentration curve presents a trend of first increasing and then flattening. The basic characteristic is consistent
with the experimental phenomenon. In addition, the influence of the THz field on the channel Kt current is also
simulated and analyzed. Compared with applying only the same amplitude electrostatic field, the selected
terahertz field of 0.6 THz, 1.2 THz, and 5 THz can reduce the PMF by affecting the interaction potential
energy between ion pairs, thereby increasing the Kt current. The research in this paper not only deepens the
understanding of the regularity of KcsA potassium ion channels, but also provides a new idea for studying other

types of ion channels and the influence of terahertz field on the characteristics of ion channels.
Keywords: Brownian dynamics, KcsA potassium ion channel, potential of mean force, terahertz field
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