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Molecular docking of polyhydroxy substituted flavone analogues (1-25) as substrate molecules to
the active site of tyrosinase (PDB ID: Deoxy-form (2ZMX) & Oxy-form (1WX2)) and Free-Wilson
analysis were studied to understand the roles of hydroxyl substituents (R;-Ry) in substrate
molecules for the tyrosinase inhibitory activation. It is founded from Free-Wilson analysis that the
R=hydroxyl among R;-R, substituents had the strongest influence on the tyrosinase inhibitory
activity. H-bonds between the hydroxyl substituents of substrate molecules and amino acid residues
in the active site of tyrosinase were contributed to make a stable substrate-receptor complex
compound. Particularly, it is proposed from the findings that the noncompetitive inhibitory
activation would take place via H-bonding between peroxide oxygen (Per404) atom in the active
site of tyrosinase and the hydroxyl substituents in substrate molecule.

Key words: flavone analogues, H-bonds, molecular docking, noncompetitive inhibitory activation, tyrosinase
inhibition
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1 JtHRyu 5, 2008].

2 4R tyrosinase AIAIEA] kojic acid=  tyrosinase2]
W W ] Akeke] viIAe 2 HIZAAR AalvkeAd
[Tokiwa %, 2007; Neeley 5, 2009]2 eldth wkdel,
azelaic acide= 78] Akt AgebA] Xakarl w3 9 ofn]
A e Ao R 1 AAAR ANkeds v
ERdtHMercedes 5, 2000]. =2l, tyrosinase®] X-ray A% +Z
[Matoba &, 2006]°1 71%38t 43 W7UES EZ[Kimz}
Uyama, 2005], tyrosinase A3lAlo] #HSF HAE Flo] A+
[Choi 5, 2008; Chen 5, 2009; Wang 5, 2010], 571844
¢l A4 [Chung 5, 2009; Ghani 3} Ullah, 2010], QSAR 1
TF[Xue 5, 2008; Sawant 5, 2010] ¥ EAEA [Khan, 2007]
o} EAl=)[Lam 5, 2010; Sun 5, 2010]] 5o thdr A1E
3} ZF/d[Rendon3} Gaviria, 2005; Solano &, 2006; Chang,
2009]1°] ohFsHAl HAEa Sk HEgh AAEL alkyl-3,4-
dihydroxylbenzoates [Sung 5, 2004], oleanolic acids®ll <]t
tyrosine phosphate 1BS] #3l&/de] #g 3D-QSAR [Sung 5,
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Fig. 1. General structure of polyhydroxy substituted (R;-Ry)
flavone analogues (1-25) as tyrosinase activity inhibitor.

2007] & EA=7 ZAA flavone - =AE2] tyrosinase
s &Adol]l B3 3D-QSAR EA[Parks} Sung, 2010], 5o #&
g ATES B

2 A= tyrosinase A &St whEoll Hofsh=s 714
224 flavone FEA(1-25) 5 |87|(R,-R~OH)E2] o3
< AFHOR ofglfslr] flte] wAEH A4S Adsta 1
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Free-Wilson ¥%]. Polyhydroxy X3+ (R,-R,~OH) 7]Z&x}
24 flavone =R (Fig. 1) (1-25)¢] tyrosinase #3127k
(Obs.plspye A X [Park?} Sung, 201019 %S 2183192 [Kim
5, 2006] Free-Wilson 4] (Kubinyi, 1993)2 SAS X213
(Ver. 33)0.2 ARISISITE. o] 412 oF=9] 3 Fo ##
E4o] BEavlle] FAH] ARE ZAHUS 75l oA
binary scale (0-13)2] 545502 Wgkslo] AR
|3 Es) ootk AEGAH 2 H7|Fo] AlHH
T2 FoRl 9ol ARk 88 WhlHol st o8 1
of sgelitt. FIHATA e A 5H Wl o= =
WHE7E FEMGe] Aol 7P FA| 7k RE dokr]
fate] FEWMTOl BRE SHHTE XT3 AZ thell ols
®E3kE HE 7R AR S Adeith aea &
Hj Aol &3t 24 447(ClogP)= Sybyl (Ver. 8.1.1) Z&
8oz Ak

A= 4. FEAZA tyrosinase®] X-A AR FER=
20093z 4 ot (Streptomyces castaneoglobisporus: E.
coil) 2] ZASZ RCSB protein data bank (PDB)ZFE &
A deoxy-form (2ZMX)Z oxy-form (IWX2) 27IAE ©]&
3 tHMatoba 5, 2006]. Deoxy-forme HHS-x|of 272]
2 A (Cu) Tro] EAlSE FHlo]aL oxy-forme 2712 2]
2} Atelof AbAA7E itslE FEHZE EAEE FRolth
tyrosinase®] RE&Aoll gk 71AEAES] =7 Sybyl 21
@ [Tripos Inc., 2008] 5= Surflex-Dock =& (Sybyl. Ver. 8.1.1)
2 o]Fo] A} o] BRES F&A WH9 active site A0
22| protomol-based 'HE A-8-3H}[Patrick 5, 2008]. HE3F,
docking score (DS)= scoring functions AME-3PH o] XA
ATz e A Zte 2 sigtEe] A 218k (Kdel 71

> o ot

Z3}Jain, 2003]. =HAE tyrosinaseflol] RE & Ex}9b
Caddie protein (ORF378)S A3} flavone #%=A(1-25)5
g B3, A8 AEAeT GAske] & dE3S
X = 248 HLS MOLCAD (molecular computer aided
design) ZZ 73 (Sybyl Ver. 8.1) 0.2 A5t AASIATE
2o

Ag719) 9. Flavone +=4(1-25)2] 712EA W 297
(R;-R=OH)7} W3}stol] wWE, Free-Wilson metrixe} =%
tyrosinase A3&/374(Obs.pls)) B 453°3<(ClogP)S Table 1
o Aefsidint. Aok 2ol, 71dEA T hydroxyl- A9 | &2
T v W FEldRteke] miiAge R Qg BIEAA
2l Ak [Neeley &, 200912 W& F119] opr]i=it 117
£ Alole] Aoz Ik A A S [Mercedes 5,
20001 #efste] QPR 71A-8A 2 stete @Al 71
gt} 2y AR CRE J-ARA F, oH AS(R-Ry)7T
tyrosinase®] #a|&Adol 71 & FEE ISR 2 7oA
5 Te3lalA} Free-Wilson 48 A8l o (1)21S &

At

Obs.pl5;=0.213(+0.149)R,(OH)-0.011(::0.142)R,(OH)-0.020
(+0.134)R;(OH)+0.054(=0.118)R,(OH)+0.164(+0.123)R5(OH)-
0.143(£0.153)R4(OH)-0.086(20.127)R,(OH)+0.091(+0.116)
Ry(OH)-0.922(:0.172)R4(OH),

(n=25, F=10.670, s=2.052, R*=0.873) (1)

(2] A=A HFES ZFAT)E olfe A
o] At o2 SyHae] ST uebd =ZA D7)
wolt). mE EEaEe /KA 73 SAATE 25 9
slAAFEAL Bh o] Fre] tidel w7} S| F53
Foll gt 7= s 29 4 Arth(Kubinyi, 1993). 2=
57, o] A& 71€717F e AW wEe dHe 275
A et o] AozRE 7F XFI|ER,-Ry)2 tyrosinase A
slgAdel thek 71o) £ME R>>RSSReROIUTH T2
R,=hydroxyl-X|3717} A1 & JS vzlem Umzx] X3
E2 713 ehe AFelt. o] Aol WEW, benzopyrone
22 X87](R-Rs=0OH)E°] 2-phenyl Z2’F X|3H7](Re-Ro=
OH)EHT} HwW-9H o2 A& TS PIXL A
AAFSEAL Qltt.

NARAY] 2. 254 B 24 F, ol Ax
9 BExpe] A, 53 4o #AHo] I 24h=A /713
Bo] A Re] HFet ExiAte] mgslr|7iA]e] AR g
AY F23 JFe vxe BujAFe] 7)ol 2y 7]
oM 78RS 2574 (ClogPyt AshEA (plsy) Atole) gt
e g st ole V1F-48A 2} gletEe] IR
A wrEshs AsiEge] A7, dAA 2 A st
03 ZIgHo QoA 2ol ot oAl FFeR
S-S on|git). o]k AR o5 7|HEAES tyrosinase
Al g gl st 3D-QSAR HAIA AlARE B} 19l OH [Park
3} Sung, 2010] &53782] 7194R1E&2 19%°]1tt.




Table 1. Matrix for Free-Wilson analysis, observed tyrosinase inhibitory activity (Obs.pls)) and hydrophobicity (ClogP) of flavone analogues

(1-25)
Substituents (R)*
No Obs.pls, ClogP
1 2 3 4 5 7 8
1 1 1 1 1 6.61 1.481
2 1 1 1 1 491 4.910
3 1 1 1 4.50 2.605
4 1 1 1 448 1.838
5 1 1 430 4.300
6 1 1 1 432 4.320
7 1 1 1 1 421 2311
8 1 1 1 4.05 1.988
9 1 1 3.63 2.575
10 1 3.63 2.575
11 1 1 1 3.56 2.905
12 1 341 2.575
13 1 1 1 1 1 3.48 1.134
14 1 1 333 2.575
15 1 1 3.27 3.563
16 1 1 1 1 331 0.874
17 1 1 1 3.19 1.988
18 1 1 1 1 321 2337
19 1 1 3.16 2.408
20 1 1 1 1 3.20 1.244
21 1 1 3.09 1.820
22 1 1 3.03 2.733
23 1 1 1 1 1 3.06 0.837
24 1 1 1 1 1 1 3.01 0.915
25 1 1 2.81 3475
26°  Kojic acid 4.01 -1.387
27¢ Arbutin 3.83 -0.508

"R;-Re=OH(1), "EC5=14 uM, “EC5;=40 pM.

Table 2. Characteristic of amino acid residues around binding site of tyrosinase®

Characteristic

Amino acid residues

Glul82
Arg55, Argl 85, Argl192

Poalr, charged (acidic; 1)
Poalr, charged (basic; 3)
Polar, uncharged (11)

Asn93, Asnl91, GIn200, Ser56, Ser206, Thr37, Thr203, His 38, His54, His190, His194

Nonpolar, hydrophobic (16)  Ala202, Val193, Val195, Val205, Leul81, Ile42, lle189, Pro207, Phe41, Met43, Met201, Trp184, Trp196, Gly53, Gly183, Gly204

“RCSB protein data bank (PDB): Deoxy-form (2ZMX) & Oxy-form (1WX2).

714 =5 Ak A5 RS ClogP=0.837-4.320
HAZ EF=22] kojic acid (ClogP=-1.387)Et} AAdo] &
SHFHEECIUTE A7lolA SES] AFAdRte]l =9 #
(ClogP<0ys e 7d-9oll= S7delm kel Zh(ClogP>0)s 1+
il Agole HISAEYS nigitth e Abdeliel tigh
in-viro A, HAFTE Hellle FHAo 74 diz
ClogP=2.0 F-=° Z[Natsch 5, 2009], ©] #ET TAY 2o
W I Fof et SrEso] gagt. o) ZEje <A
o] o}7]o)|A thZ flavone F=A(1-25) FES HA3 4
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o|5 Ateloll= wieIde FA4ol 7hsste] HIZEAAR] Asfinke

AAAFe] 71edu]&(19%)°] ZA] &

&

-1N P%



Flavone f=A15<] Tyrosinase A318/d3} ¥kg<llX Hydroxyl X1315<] 9% 59

His216
273A

Cu302

/ ’

His194 // :
:1.89A

<. Ser206

Fig. 2. H-bonding (yellow dot line) interactions between substrate
molecule (16) and amino acid residues in active site of tyrosinase
(Deoxy-form; 2ZMX): The o-helix were shown as helices or
cylinders, while p-sheets were shown as arrows and the loop
regions as tubes.

His54
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Fig. 3. H-bonding (yellow dot line) interactions between substrate
molecule (18) and amino acid residues in active site of tyrosinase
(Oxy-form; 1WX2).

Fig. 4. Surface representation of the highest docking scored
compound (18) and active site of tyrosinase (Oxy-form; 1WX2):
The color ramp for H-bonding (HB) site ranges from red (H
donors) to blue (H acceptors). This image was generated with the
MOLCAD program in SYBYL 8.1.
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AL AZE 4 ok 23U oxy-formell4E Rs=hydroxyl
719k PR Atole] AE](4.32A)2 W]Fo] o]E Ale]d
A4 B2 E7FssIth

3, Fig. 391& oxy-formell thale] slghE, 18 (DS=5.02)
o] =74 2H5S YERISITE &, R,=0OHS| HYAR= 2|4t
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Nl FAATHTh203 &7]; 235A 2 Ser205 #7]: 2.38A)
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S FABIATE ©1AE Fig. 2 2 304 712EA} tEA
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g HAR1 945 st =HE I At Ald K
Feo]7] wZolt). 718 F=AEQ] tyrosinase A3EAdo &
3 3D-QSAR TAIA A3} 2de] H-bond AIHA)C]
7P 2 714R1&(26.1%)y HERIITRE 2A ¢l wePark B
Sung, 2010] Fig. 4°1= MOLCAD71YS& #&dlo] 3+ o=,
3}5HE, 182] H-bond TAFHAY] =4E 2H5S AAE
o}, ool W2 712 3RHES] hydroxyl-2|87]7F ERES
3 A 7eiel & FEER,~R=R,~OH)°| tyrosinase2]
A4 AFHRE)ED LA $1A18E peroxide (S
22y 7Pto] AR|Te 2 Fig 37 2 =7 EE5S U
War k.

BARle) B4, =7)2Fo)(DS)= Van der Waals 7k
A 2A olHelA 45 JEFS T e FEAY s
71AEA}2] atom pairsS 7|WHOZ ScoreZ TREUHPatrick 5,
2008]. Table 3°l= tyrosinase®] F ¥Ell(deoxy-form % oxy-
formpl] thek 71 REAEC] DSE B, =74 FEl9A AF
ol¢] Al 2 WA FHO HEA Aol AfSHS
A stA . AR deoxy-formell g 7| EAES] DS,
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Table 3. Docking scores (DS) of flavone analogues in binding site of tyrosinase and their binding environment

Deoxy-form (2ZMX)

Z
o

Oxy-form (1WX2)

DS Crash Polar Distance (A)* DS Crash Polar Distance (A)*
i 475 -0.83 332 1.93(7), 2.81(8) 485 0.73 297 44902)
2 5.25 -1.20 3.72 2.15(2), 4.82(4) 430 -0.67 2.06 4.34(5)
3 4.99 117 326 2.09(2), 4.74(4) 3.86 -0.50 2.79 4.4002)
4 4.89 -0.62 2.24 1.91(7) 432 -1.15 225 4.43°
5 4.56 -0.79 2.27 2.06(2) 3.84 -0.90 1.17 3.86(2), Per404
6 523 -0.86 211 1.99(7) 520 -0.57 3.11 45102)
7 5.02 118 327 2.07(2), 4.74(4) 3.64 -0.53 2.80 436(2)
8 5.53 -1.61 333 2.08(7), 4.99(6) 4.07 -1.26 2.54 4.45(7)
9 5.40 -1.32 2.12 1.96(8) 4.03 -1.21 1.99 7.07(6)
10 4.97 -0.51 2.78 2.00(7) 4.12 -0.76 2.06 4.49(8)
11 5.36 -0.80 3.08 2.03(7) 5.09 -0.92 1.98 4.32(4)
12 5.38 -1.14 1.84 1.95(8) 4.18 -0.73 1.83 4.47(3)
13 5.50 -0.80 385 1.94(7) 381 -0.56 287 43902)
14 5.44 121 232 2.01(7) 404 072 2.00 44707)
15 5.35 -1.01 327 2.07(7) 416 -0.93 1.92 423(4)
16 5.85 -1.00 3.74 1.92(7), 4.52(09) 412 -0.86 225 432(5)
17 5.34 133 329 2.06(7), 4.64(9) 412 -0.78 220 4.39(6)
18 5.21 -0.51 3.31 1.94(7) 5.02 -1.27 241 2.52(2), Per404
19 5.23 -0.75 2.97 1.93(7) 3.85 -0.67 2.16 3.74(7), Per404
20 5.34 -0.81 4.03 1.96(2) 4.09 -1.89 3.08 4.60(5)
21 4.94 -1.73 3.30 2.04(7) 3.75 -1.19 1.90 2.63(7), Per404
22 5.05 -0.81 3.27 - 4.52 -1.35 1.89 2.95(2), Per404
23 4.52 -1.32 3.47 2.07(2),4.73(4) 4.68 -1.51 3.24 4.65(5)
24 4.41 -1.00 3.26 2.87(8), 1.94(7) 4.21 -0.48 3.01 5.05(5)
25 581 -0.75 297 1.93(7) 4.04 L1 0.97 6.36(4)
26° 5.40 -0.88 331 1.80 4.67 -0.37 2.08 2.97, Per404
274 7.42 -0.82 4.26 2.05 5.92 -1.11 3.83 5.10

*Spacial distance from the closest located oxygen atom of OH groups to the copper atoms, The figures in a parenthesis are a number of substituents

(R;-Ry), Pquinone part, °kojic acid, ‘arbutin.

7FsAol Aong wkgq FHo ot WS 4
3 [Etter, 1990101 &It AAA] A/ wEgo] F= dof
g Z0R oET oY T {3 AT Ad A
3 -0-H..N-¢] AR+ 29 ki/mol, 222 Cu-0 ¥j92
3 U= 343(63) kl/molo|th. 1B o) Adse] A
il AgellyA] vl oF Li120|th. wEbx Faddel
AjFor A7 g 3, FoddeR g A vz
TRl w9 A% mEE vEAAS] jEgo] FAle o
ofd EFsEEe] 72 EX &g o= ddHh
H]73AA YR =, Tyrosinase?}e] WHollA A< vlA
A WS Uil A2 YR [Neeley &, 2009] Wi
5 %5579 kojic acid®] oxy-formell thet =7F RO
FH kojic acid®] meta-hydroxyl HYAR= peroxide (Per404)2]
OYA}2.49A), meta-hydroxyl O¥ARE Ser206 771(2.02A4) ¥
methylhydroxyl HEA7F Asn1917b7](1.99A)8} 371¢) =443
< 74zt st dlen x87)eh FEjdRtete] Agrt
2.97AS 2 (Table 3) L O|E FAo] 7Fags 2 AWt 3
Tt} kojic acid®] 749 ¥ ofuz}, g o=, Fig. 30llAe} o]
1891 3}3HE9] R,~hydroxyl HYAI} peroxide (Per404)2] O
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tyrosinase oxy-form} tyrosine?} 7+ phenold 712 3}5HE}
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l
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S ARE Aok
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0,827} 713824 phenol FAF Z hydroxyl group®] HYARF

FaAT o] FAE Aol defolA peroxido rotationZ 73k
butterfly distortion® 2 Q138}[Deeth 2 Diedrich, 2010]
peroxide ATH0-0)°] EAXHA 0,87l FdAs7T dojt
o} A1 O-H Atele] A&7} phenol #4F] hydroxyl O
AAE o]%F3t] hydroxyl group] B SAAIBlE ga1Ho] =
7F8 phenoxy anion®] Lewis acid® 2F8-3l= F2|UAE &kt
z18d g0 2 | dx}ol| phenoxy groupe] AH= o] 6Hl$
7k 8 # sitE S AdEnh 2 A, A7 et
& LAl oJg vl (O-CuyS 738k 23 inductive
effectz Qlale] 712EA}2] hydroxyl group®] A=AE 21
ortho-9x19] a2 Cayt S-S ZAE olox]&
o2 ©HA12] ukSol M, peroxide OpPA ortho-912]2] W3k
= S B Coyell g Jd X8-g-(SyArell ©]s)
of 2 Age] AAATHCo-0). olw o2H = hydride
anion(H)2 4312 ®= oxonium ion (='O,H)°| Wol=go
24 oFg3 792 el bidentateS AAISRE L] A
22 v Aeukgo] Xsjd Aol
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Scheme 1. Proposed the noncompetitive inhibitory activation pathway via H-bonding between peroxide oxygen (Per404) atom in the active

site of tyrosinase and the hydroxyl substituents in substrate molecule.
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