#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 18 (2024) 188703

#ASELEETFHE ST TR
SEMA %-6 BRI BN

WA ZED UL EE P

ZFEY

Tt I ROl

1) (KRS A TSR, 794 710064)
2) (PZsCiBREMIBLL BB, P94 710068)
3) (PULASMARF AR, Vi 710049)

(2024 457 A 5 HYF; 2024 4£ 8 F 1 HURENE k)

% KA RSB T (cold atmospheric plasma, CAP) 1 FH B A5« £ 2% 03 9 40 L A R8T 8 h
& — P BV 00 R TR YT T B CAP AT LUE o B AR OG5 4 AE K 1 41 L A 3 -6 (interleukin-6, IL-6) 3%
35, A i geE S S I e sE R G SR CAP #5475 aS AR LX) IL-6 A5 TN RE M sEma ATl = T fff. AL
RO F 80 12 O 1, BRI T A [) A1 38 K 5k B 1) 22 A8 L 3 X TL-6 A8 52 K HL 5 Az (o Bz BRI R ) 25 R SR
W, 24 e 300 RN T 30 MHz H #3798 )% KT 0.5 V/nm I, TL-6 (16 - 2 {0 AR 40 08 k| K 2R 1] 4k 35 54 F 1 b

P2, o BRI KR, TR 1 TL-6 5 H 32 4R Y

G54, X R IE B A W ON L 7 A TR AR L AR S

MO B T CAP U5 13710 1 TL-6 52 WA SC A A 2800 1) AL EL A FHAILY , I 2Bl F CAP
T IR S AE 1S B I, SRR A R T AE I 7 SR 4 11 B B A B R Al

K RAURS T, S, IR 6, 4T3 1)

PACS: 87.50.C-, 87.10.Tf, 87.14.E—, 87.15.B—

B RAESFE FIK (cold atmospheric plasma,
CAP) HiilF UKL 16 PR BOAF 2, JF %70 re
YRS, B N TR L 124
1k, CAP FEfHE ) FUREE ), Skt 10, s 1Y
55 ZRERIERNIRI T O P IS —E R G
T CAP 1iR)7 I B, —J7 Wit th T CAP #5747 19
P, 0 37 2 TR s 20T DS )l s A 12, 0 L2 %A
AR A T % 3t JIC ] (1, DT 52 W 98 40 J )
B A K AR 53— 7, CAP 1EiRyr i fe
PR TR VEY BT, 75 R R AN N 0 S A L

DOI: 10.7498/aps.73.20240927

S, JIE A AR T (1,

VB Ry —Fh EE A T, A4 E 6 (in-
terleukin-6, IL-6) AJ LA Fh PN B2 200 0 . 0T 24 200 7
R E WA AE Wb, T2 S 5 UARAE RV R
() Z2 P MR B R (9], SRE PR 15 e 0 18 4
R AR UIANIC, JRHRE TR 5 7R 1) 28 H AR 10,
LAY S i FR G052 BRI, TL-6 23 5 H 32 K
IL-6R (interleukin-6 receptor, IL-6R) H1 1) 3Z {44k
Al IL-6Ra 45, Z )5 it — 5 E 1 130
(glycoprotein 130, gp130), Rl IL-6RP, £ h IL-6/1L-
6R/gpl130 /NRE AR 1T, TG JAK/STATS
{553 I, SRR 1) IO 0 B PR ) SRR, By
SEG R MR SR R F &R, ST, IL-6 £

*orp E A RS S (HEHES: 2021M702629) . BRVE 4 B S A T (HEHES: 2024SF-YBXM-386) . BEFE 4 H SR B 2EILREAFIT
T (bS5 2023-JC-YB-004) FIPHZHRH -0 HR2E R + TRMMLERIH (S 24KGDW0023) BB Y.

t BIE1E#E . E-mail: huxc@chd.edu.cn
© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

188703-1


http://doi.org/10.7498/aps.73.20240927
mailto:huxc@chd.edu.cn
mailto:huxc@chd.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 18 (2024) 188703

NN B RAR, 24 “RE KA KA, TL-6 7By
BEASJERE RV 2% 1) 25 A7 BH A0 35 i T e ik
T IL-6 B A FACHIRR A5, AT LA TL-6 S 75 BB IE
FIB G RAE A AHRLBNRG 1677 P A Al

CAP fER—Ri 2@ iidy s T8, Al LA iz
2 5 3 g SRE Y AR v Sl R IL-6 193K
IR FEAIEITAE . #iln, Hirasawa 55 1 Fl Akbari
S 1S e b & B CAP W] LU i ] 10-6 Y
ik, THERICAR SEH D, NITAYT F e
FLIRIE. CAP 238 i it fin i o 37 i SR L B8 77 A
(), T HEAT () FL 7 A X TL-6 A 52 M 45 R ] 4.
T AE LATE BB v S 30 L SR RE 6 1 2RI TL-6
0 PR A 38, AT 22 A 9 R s By 11920, 33K T8 7R
& CAP #5707 LI 7EIR 7 e hE 1 A R A% AT
ZRVERL. SR, A S HIZ %) TL-6 (1520 K2 4L
I AR SR B B, O .32 48 SR B 5 i B A [R
i, XL RS EGEE ST ARS8 Ak, 2
R SIE 6 45 SRR 2 X A= W) T A AR AR A A A
BTV I GOULJZE THI Al B AN L 370 TL-6 15200 A
FAOCAR 538 5 A LB PR il g LB, AR O B b PR
T CAP FEFEAEIRYT J5 A HE— A2 N H.

AR, 73181 1% (molecular dynamics, MD)
B 28 A TE RO A [8] RUBE B F5 0 T 3h 2855
TR 7 T H 2023 MD RSP AT DL i 35 A FEA
Bi KON AT, W2 10 AR A R oy F e
P FE R A R AZ RO, TR A ZR iy
Yy BT BB AN A5 1 (R AR A AT S IR e 22T Sy T
53 A A2 72 L 0 TL-6 (4548 K DI BE S e, A SC
K MD 84U 5, it A CAP #8587
HLIGVE T TL-6 Y345 RG0S | 505 i 2 | 1
WS A B — R A5 B i, DRSS [R S 808 0
IL-6 25t A2 e PRS2 e . JT4 — 2 iV E G 1Y
IL-6 %514 5 HAZ f& TL-6R #E A7 % 42, 43 B B 37 4f
IL-6 J5 205 51% TRy 52

2 AMENE-6RE L HF 5N F
TTE 7%
2.1 BHENTE-6 &l

e, 1L-6 45 F R VR T 45 1 204 2 (RCSB
PDB:1ALU), JF7E 15 2 A #h 42 S b 45 44 e 2k
FORIE. 18] 1(a) 42 TL-6 Z5 My B IE AL IR, %450
184 MRFEFRI N, AUH5 4 MK o B2ELL B 24k

) 3 IR E. #F 1L-6 55 IL-6R &5 &ad fit v, 1L-
6C Uit (5% 5 Argl181-Arg184 g fdf 1L-6 {555 NI
G54, TR AU R AR e B T BB 2,
I8 J5 24T HL I T TL-6 V70 AE W3k v 5 I f1)
BRI, M N IRATRT 20 MRS BN R TG, 55
PINFLAEREN, X T 1L-6 FYAE MR MmN 29,

Site I

Bl 1 (a) IL-6 HUS5H, T (LRRICIRIE, B (0103 IR E;
(b) IL-6 5Z k& & nE K

Fig. 1. (a) IL-6 structure, where cyan represents long helix,
pink represents short helix; (b) diagram of IL-6 binding to
IL-6R.
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Fig. 2. RMSD of the protein IL-6 at electric field with dif-

ferent (a) frequencies and (b) intensities.
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Fig. 3. RMSF of the protein IL-6 at electric field with dif-

ferent (a) frequencies and (b) intensities.
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Fig. 4. Effect of electric field on the center distance of residual salt bridge.
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Fig. 5. Total number of secondary structures of the C-terminal of IL-6 at electric field with different (a) frequencies and (b) intensities.
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Fig. 6. Stride evolution of secondary structures of protein IL-6 at different electric field intensities.
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Fig. 7. Three-dimensional structures of protein IL-6 at different electric field intensities.
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Fig. 8. Total dipole moment of the protein IL-6 at electric field with different (a) frequencies and (b) intensities.
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Fig. 9. Effect of electric field on the docking of IL-6 and IL-
6R: (a) No electric field; (b) f = 30 MHz, £ = 0.5 V/nm.
Green, ligand IL-6; yellow, receptor IL-6R a.
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Abstract

Cold atmospheric plasma (CAP) is considered to be a very promising cancer treatment method due to its
“selective” killing effect on cancer cells. The CAP can inhibit tumor inflammatory responses and activate the

immune system by reducing the expression of the key inflammatory factor Interleukin-6 (IL-6). However, the
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influence of the strong alternating electric field induced by CAP on the conformation and function of IL-6
remains unclear. In this study molecular dynamics simulation is used to investigate the effects of alternating
electric fields with different frequencies and intensities on the conformation of IL-6. We statistically analyze the
root mean square fluctuations, root mean square deviation, secondary structural alterations, and dipole moment
changes of IL-6 under different electric field parameters. Furthermore, molecular docking is utilized to assess the
influence on the receptor-binding process. The results show that when the electric field frequency is below
30 MHz and the intensity exceeds 0.5 V/nm, the average dipole moment of IL-6 increases, leading to changes in
the rigid regions at the C-terminus which maintain structural stability. Specifically, the salt bridges that
stabilize the long helices rupture, and the number of a-helices decreases. The docking outcomes reveal that the
distance between the key binding residues of the conformationally altered IL-6 and its receptor increases,
thereby disrupting the normal binding process and potentially impairing its normal biological functionality. This
study explains the internal interaction mechanism of CAP-induced electric fields affecting IL-6-related biological
effects at the micro level, and provides important theoretical basis for optimizing parameters in the practical
application of CAP in tumor inflammation treatment and the development of effective cancer therapy

strategies.
Keywords: cold atmospheric plasma, alternating electric filed, interleukin-6, molecular dynamics simulation

PACS: 87.50.C—, 87.10.Tf, 87.14.E—, 87.15.B— DOI: 10.7498/aps.73.20240927
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