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Abstract: The binding characteristics and stability of coreopsin with CYP3A4/CYP2D6 was studied by
using spectroscopy analysis and computer simulation techniques. The results show that the intrinsic
fluorescence of cytochrome P450 proteins (CYPs) is quenched mainly by static quenching and
supplemented by dynamic quenching. The binding capacity of coreopsin with CYP3A4 is greater than
that of CYP2D6. The coreopsin interacts with CYPs to form a complex. The binding of coreopsin to
CYPs leads to changes in the secondary structure of CYPs. The coreopsin mainly binds to CYPs
through hydrogen bonds and van der Waals forces. The complex formed by coreopsin and two types of
CYPs is stable.
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1.1 #E5{EE

CYP3A4 F1 CYP2D6 W T 2[5 Sigma AW, 4 X955 H W T 50 ROG AW BH A R 7], HAb )
Y15 [ 7= 43 A ali il 7).

F-7000 BI5% Y6638 A% ( H 4% 5 A &), MOS-500 %[5 — 834X (3 E Biologic 2 ) » Cary300 %!
L HN-AT WA T (& AR A FD.

1.2 F &
1.2.1 ®RAEAiE

WX A CYPs (11 pmol /L) W, i 4 38 35 1 28 Wk B2 43 3 o4 0,4, 6,13.79,22. 96,32, 12,
41.25,50. 37 pmol/L. 4r31F 298,303,310 K M & 30 min. 2 G & 5. & R & S A48 588 Ry
5 nm. AP KR 280 nm, PN 295~450 nm. F 298 K, AA=15,60 nm % [F] 2596635 .
WP 5508 66Tk B RE S e BE AR [R]. SRS 220~400 nm, kMK A 210~350 nm, #H K2 nm.
I = 2 DTGB Y CY Ps 142 XS 35 15 ¥ B 433 2 11,50, 37 pmol/L.

1.2.2 %4k

B4 W3 MA CYPs(11 pmol/L), 835 1.2, 1 35 AH R M B9 4 X9 35 H R, 91T ST
D, DAAH [R) v B B & 09 36 1R 25 1. SNBSS 200~400 nm, BREEFEEEH 1 nm.

1.2.3 B =4kt

CYPs ¥ B0 11 pmol/L, 4 HIECH] 2 (£ XS4 : n(CYPs)=0: 1,4.6:1,9.2 : 1 EWHTF
M5E CD G, R Dichroweb 15 CYPs 4t 25 #4251k,

1.2.4 HEMNEM

M PDB(protein data bank) F# CYP3A4(1TQN) #1 CYP2D6 (3QM4) i #y . 1E King Draw H {1k
BRI H 3D 45, A Autodock 4. 0 X4, X 4E&F R 5.0 nm X 5.0 nm X 5. 0 nm, F&HE [E]#E 4
0.037 5 nm, X HEXECH 100 K. KA PyMOL(1. 7. 2) 4b 2%

FIH] Gromacs 2020. 6 #E473) 11388, ¥4 AMBER99SB-ILDN Hl Gaff /£ 5 CYPs #1418 45
J1%. #Sr TIP3P KR, @SrK& 1, Wi Na™ PHiR 5 s B or 7 XHES RAE P i a5 i, R A et
BRI T KA (50 000 ) AR L IR /ME. 22 WLIE U FR 25 (NVT) FAE IR 55 i (NPT - i 5k F AR
TERZ ALK 2 fs, BT 100 ps. AR EE R 298 K, AU 8] 4 100 ns, B &) [A] P& A 2 fs. 3 344
75 AR 25 (RMSD) . 277 MR ¥ 3l (RMSF) Fil [ g 2 42 (R, ) ¥4 £4 5E 1.

2 HRHMEITR

2.1 WHRERMNE

CYP3A4-4: 0945 H 1 CYP2D6-4: X 45 H 1Y 2 ot iE 2 pros. I 2 v W, W Ah CYPs 78
338 nm PTG K e, Horh &8 45 1 IO BEARMK, T2, A & X8 3 HREAR T CYPs
DGR, - RECYPs BIETER . RIS E 5 CYPs 456 7 AR K CYPs WIRTESEOE, %k
SHEEA AL FEH KRS . CYP3A4-4 X451 Al CYP2D6-4: %25 1 Stern-Volmer MWK 3 FizR.

B1 &£BHENEH

Fig. 1 Structure of coreopsin
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Fig. 2 Fluorescence spectra of CYP3A4-coreopsin (A) and CYP2D6-coreopsin (B)
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Fig.3 Stern-Volmer curves of CYP3A4-coreopsin (A) and CYP2D6-coreopsin (B)
F1 EBEHES CYPsIERAMEREBMBEREZEH
Table 1 Quenching constants and quenching rate constants of interaction between coreopsin and CYPs
10* X H K 8 10" XM I 3 4L
HEWE R BE T/K - - R’
K./(L* mol™) K,/(L+ (mol-s) ")
CYP3A4-4: 35 2 1F 298 2.86+0.23 2.86+0.23 0.996 3
303 2.35+0.12 2.35+0.12 0.985 7
310 1.544+0.19 1.5440.19 0.972 9
CYP2D6-4: 44 3 1F 298 2.254+0.11 2.254+0.11 0.992 6
303 1.7740. 14 1.7740. 14 0.973 4
310 1.274+0.21 1.2740. 21 0.978 9

CYP3A4-4 3251 F1 CYP2D6-4: %% 25 1 ) Benesi-Hildebrand M4 1 Van’t Hoff B WNE 4 /&,
HE 4 W, 1/(F—F) 5% ENEECR LM, SHEEE T EEBEIELYE, U CYPs-4 X925
TR Fit R 1 1. WIE
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1 1 1
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. _A H() AS()
In Kh—iRT R €Y
AG =AH' — T AS" =—RTIn K, (5)

TS G A LM Gibbs A HAEZE (AG*) . #5748 (AH") FI§AE (AS®) , THE 55 T3 2. Hr,
Fioh 4 X945 it i CYPs BFEOGIREE , KMl n RORGE G W BORMZE G0 580, R AT H 8, T
WO, HE2 v, K fE7E 10'~10° L/mol Z i), W4T 5 CYPs [A1471F 45 B 558 1) 3%
M. K 58S AARG, BEUNREE T &, CYPs & X3 1 8 5 WM E R, CYP3AL-4 9%
50T CYP2D6-4: WG 45 A RE 100, AG <<0 FoRMEAEM M H & id B, AH <0 £WCYPs-4:
R E5 I U HOGARY . AHF AS® B/ 0 R SRS S FEAE .
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(B) CYP2D6-4: %51
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Fig. 4 Benesi-Hildebrand curves and Van’t Hoff diagrams of CYP3A4-coreopsin (A) and CYP2D6-coreopsin (B)
R2 CYPs-EBHEHFHESEHNANZESH

Table 2 Binding constants and thermodynamic parameters of CYPs-coreopsin

I R T/K 10" X%%ﬁ;ﬁ& JEA AH®/ Gibbs H mﬁ%% MiAE AS°/
K, /(L * mol ") (k] * mol™") AG" /(K] * mol™") (J+ (mol-K)™H)
CYP3A4-4: 78 35 4 298 10. 6240. 13 —28.8840.09 —28.6840. 10 —0.9320.08
303 9.1540. 14 —28.7840.05
310 6.7840.02 —28.6740.04
CYP2D6-4: 3% 3 298 9.4940.18 —29.2240.12 —28.3840.13 —2.8240.06
303 7.65740.09 —28.3640.04
310 6.0040.12 —28.3440. 10

2.2 CYPs _RLEHTL

&5 o CYP3A4-E 4511 Fl CYP2D6-4: XS 25 1 (1 25 A0t itk. B IE 5 WT UL, Bifi 75 4 %% 2 1 Wk B 1 3
K, 2T 206 nm AR ESR T FBIFFEBEI] AL . £ T 258 nm AL AYIERFL S {H 58 B 2 2 e . A
BEEWRRMEZIOCE N BEAML, XA CYPs & WE T E WL HEA 2 K

E&Q[ll—lﬂ .
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Fig. 5 UV spectra of CYP3A4-coreopsin (A) and CYP2D6-coreopsin (B)
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Fig. 6 Synchronous fluorescence spectra of CYP3A4-coreopsin (A) and CYP2D6-coreopsin (B)
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B I PR
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Fig.7 Three dimensional fluorescence spectra of CYP3A4,CYP3A4-coreopsin (A) and CYP2D6,CYP2D6-coreopsin (B)
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Fig. 8 CD spectra of CYP3A4-coreopsin (A) and CYP2D6-coreopsin (B)
R3 CYPs&EBHFHEN_REMTH
Table 3 Secondary structure change of CYPs-coreopsin
HEWKR o B2 T/ V6 BT/ % TEH A/ %6
CYP3A4 63+0.11 640.09 30+0.03
n(CYP3A4) + n(EXYHH)=1:4.6 67+0.05 5+0.02 28+0.03
n(CYP3A4) : n(4 835 1)=1:9.2 7340. 01 2+0.07 25+0.13
CYP2D6 82+0.09 1040. 18 8+0.07

n(CYP2D6) : n(BMHH)I=1: 4.6 86+0. 04 740.01 740.03
n(CYP2D6) : n(£ X4 H)=1: 9.2 88=0. 04 6+0.08 60. 04

2.3 itEHEM

R4l B 22 2 FIVRE) G R0 e /DN BB B 38 3 e AR B 25 2R &1 9 FzR. CYP3A4/CYP2D6-4: %% %
X 2R 3 —32. 65, —31. 52 kJ/mol, 5% JEM & AG WA AR, HE 9L, &X83H S
CYP3A4 #11#) ALA305 (0. 255 nm ), SER312 (0. 402 nm)#1 LEU483 (0. 349,0. 347,0. 475 nm YJE i 5 4~
AEE. SWAH S CYP2D6 i) ALA209 (0. 348 nm) Fl ALA209 (0. 351 nm) JE K 2 S 8. N
AE, GufBAERE . SUEERE AR R A a8 KT AE, G RE) . R PR A& 9 3 238 o U8 A 7l 4
WIBIA e

10y CYP3A4-& 351 F CYP2D6-4x % 35 H iRl 3 Jy 27K, W&l 10 Al WL, CYPs 54392
W45 A5, RMSD 7E 0. 1~0. 3 nm W8, RIS S CYPs I it EEZ &Y. RMSF 0] 4
EAZRPEMARRZ . CYPs 58S AR, 0 & MRk L & T iEE CYPs 1)
RMSF A, RS 4HHG08R 1xX LesR BLny R pIvE, 08840 5k Jm /N T 2 CYPs 1y RMSF A, &
400 45 K SE R I 1Y F B RRAIRTY. CYPs 5 &4 45 & )5, 78 0~100 ns BF[E N, R, H7E— &
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Fig. 9 Best docking mode of CYP3A4-coreopsin (A) and CYP2D6-coreopsin (B)
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Fig. 10 Simulated dynamic diagrams of CYP3A4-coreopsin (A) and CYP2D6-coreopsin (B)
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