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Sang loc hop chat co tac dung trc ché enzym tyrosinase bang
phuong phap in silico - in vitro

Pham Thé Hai'

* Ninh Bao Yén', D3 Thi Nguyét Qué', Lé Thi Thu Huong?,

Nguyén Thi Huong Giang?, Vii e Loi?, Bui Thanh Tung?

IDai hoc Duoc Hd Ngi, 13-15 Lé Thanh Tong, Hd‘N.oAi, [/iét Nam
’Khoa Y Duoc, Pai hoc Quoc gia Ha Noi, 144 Xuan Thuy, Cau Giay, Ha Ngi, Viét Nam

Nhan ngay 27 thang 3 nam 2016
Chinh stra ngay 20 thang 4 nam 2016; Chap nhén dang ngay 10 thang 6 nam 2017

Tém tit: Tyrosinase 1a mot dich phan tr quan trong tham gia vao qua trinh hinh thanh cac séc to
melanin. Uc ché enzym tyrosinase cé thé 1am han ché viéc san sinh qué nhidu cac séc té melanin
tir d6 gitp diéu tri cac rdi loan lién quan dén ting sic t§ da. Nghién ctru tim kiém hoat chat c6 tac
dung trc ché enzym nay co y nghia 16n trong khoa hoc y dugc va my pham. Trong nghién ctru nay
chung t4i tich hop phuong phap tinh toan ly thuyét (in silico) va thuc nghiém in vitro nhim tim
kiém hop chit co tac dung trc ché tyrosinase tir co s& dif liéu hoa hoc Spectrum Collection. Cu thé,
sau khi sang loc in silico tim dugcl9 hop chit du doén ¢6 tac dung tc ché tyrosinase. Dya trén Kkét
qua nay, 4 hop chit hoa hoc bao gém dibenzoylmethan, 2,2°,4’-trihydroxychalcon, 3,4-
dimethoxycinnamic acid va acetosyringon dugc lya chon nham sang loc va danh gia tic dung trc
ché tyrosinase in vitro. Két qua thu dugc 3,4-dimethoxycinnamic acid c6 hoat tinh manh nhat va

{rc ché tyrosinase theo co ché khong canh tranh.

Twe khoa: Tyrosinase; in silico; in vitro; QSAR; Docking phan tir.

1. Pit van dé

Céc van dé vé sic td da thuong gay nhiéu
ap luc v& mat thAm my, dic biét 1a ddi v6i phu
nir. O chau A, hang nam tiéu t6n hang ty USD
cho cac san pham lam sang da (lam giam cac
ddm néng, tan nhang hay lam mo cac vét nam).
Hién nay nhiéu san phdm lam sang da, chéng
nam str dung hoat chat 1a cac chat wrc ché enzym
tyrosinase. Tuy nhién nhitng hoat chét wc ché
enzym tyrosinase hién nay nhu hydroquinon va
arbutin lai c¢6 van d& vé su an toan va tinh hiéu
qua [1, 2]. Chinh vi thé tim kiém cac hop chét
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trc ché tyrosinase hién van 1a méi quan tdm
ciia cdc nganh céng nghé duoc phdm va hoa
m§y pham.

Viéc nghién ctru va phat trién thuéc mdi rc
che tyrosinase la mot quy trinh rat ton kém ca
vé thoi gian va tién bac, tuy nhién ty 1& that bai
lai twong dbi cao. Do d6, trong nghién ctru nay
chung t61 ung dung phuong phap tinh toan va
md phong phan tur (goi tat 1a phuong phap in
silico) dé sang loc cac hop chit rc ché
tyrosinase nhdm giam thiéu chi phi va thoi gian
tim kiém hop chat tiém ning trc ché tyrosinase
c6 ngudn gbe tu nhién va téng hop hoa dugc.
Dua trén két qua sang loc bang phuong phap in
silico, chung t6i ap dung phuong phap do quang
trén dia 96 giéng dé danh gia tac dung ciing nhu
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xac dinh co ché uc ché tyrosinase cia mot s
hop chat ti€ém nang nhat.

2. Nguyén liéu va phwong phap nghién ctru
2.1. Nguyén liéu

Co s¢ dit lidu Spectrum Collection bao gdm
2560 hop chét ¢ hoat tinh sinh hoc dugc nhém
cac nghién ciu vién cua MicroSource
Discovery Systems Inc. thu thip va cong bd
(http://www.msdiscovery.com/index.html).
Thanh phan cua co s& dit liéu ndy bao gom: Céc
thudc dang duoc s dung (khoang 60%) phan
lon la cac thudc c6 ngudn gbc tong hop hodc
ban tong hop (khoang 5% c6 nguén gbe tu
nhién); hop chit c6 nguén gbc tu nhién (khoang

25%) hay cac hop chédt chuyén hoa thu cap
dugc phan 1ap va x4c dinh cdu trac
(khoang15%).

2.2. Héa chdt va thuéc thir

Enzym tyrosinase (5771 U/mg), co chat L-
tyrosin, hydroquinon (Sigma Aldrich). Hoa chat
dé pha dung dich dém kali phosphat: kali
dihydro phosphat; dikali hydro phosphat, kali
hydroxyd (Sigma  Aldrich). Chat thir
dibenzoylmethan;  2,2°,4’-trihydroxychalcon;
acid 3,4-dimethoxycinnamic; acetosyringon
(Sigma Aldrich). Dung m6i dimethylsulfoxide
(DMSO) (Sigma Aldrich).

2.3. Phwong phap nghién cuu
2.3.1. Sang loc cac hop chit tc ché
tyrosinase sir dung m6 hinh in silico )
Chung t01 dinh huéng phat trién hé thong
sang loc 4o theo cac budc gidong hinh 1. HE

théng nay bao gém nhiéu phéu loc cho phép
sang loc dugc nhitng co s dir li€u 16n (hang
nghin hop chat) nham wu tién mot tap hop nho
cac hop chit tién hanh cac thi nghiém in vitro.

Pau tién, tinh toan cac tham sd phan tir dac
trung cho cdu trac phan tr ciia mdi hop chit
cho ting phéu loc. O phdu loc giéng thude
druglinkess, cac tham s6 phan tir 1a khéi lugng
phan tar (MW), hé s6 phan bd dau/nude (LogP),
sd cac nguyén tor cho cic lién két hydro
(nHBDon), nhan cac lién két hydro (nHBAc) va
s6 lién két co thé quay duoc (nRotB) dugc tinh
toan. Sau d6, cac hop chit théa man cac tinh
chat nay: MW< 500 g/mol, LogP< 5, nHBDon<
5, nHBAc< 10 va nRotB < 10 s€ dugc gitr lai
cho cac phéu loc tiép theo. Tiép theo cac hop
chat trai qua phéu loc tim kiém sy twong dong
v6i cac hop chat e ché manh tyrosianse. Cac
hop chét duoc lua chon c6 hoat tinh manh st
dung trong tim kiém c4u trac twong dong duoc
trinh bay & bang 1. Cac hop chit nam trén cing
ctia day (sau khi dugc sip xép) s& duoc giir lai
cho phéu loc tiép theo. Sau d6, cac hop chit
duoc du doan kha nang uc ché tyrosinase va
cac hop chit dwoc du doan 1a c6 kha ning tc
ché tyrosinase s& duoc du doan kha ning trc ché
(46 manh yéu) st dung cac hé théng phan loai
két hop cac mod hinh QSAR di duoc cong bd
trugc day [3]. Cac hop chit duge xac dinh 1a co
kha ning trc ché manh tyrosinase s& duoc giit
lai va tién hanh nghién ctru Docking dé danh
gid muc do twong tac va &i luc lién két véi
enzym. Quy trinh tién hanh trén phin mém
ICM 3.8 (Molsoft LCC.) dya trén nghién ctru
cua Senol et al [4].

Hinh 1. M phong hé thong sang loc in silico lya chon hop cht trc ché enzym tyrosinase.



14 P.T. Hai va nnk. / Tap chi Khoa hoc PHOGHN: Khoa hoc Y Duoc, Tdp 33, S6 1 (2017) 12-18
Béng 1. Danh sach cac hop chét c6 hoat tinh manh sir dung trong tim kiém céu triic trong dong
STT Tén hop chat STT Tén hop chat
1 Acid kojic 7  8’-epi-cleomiscosin A
2 L-mimosin 8  4-prenyloxy-resveratrol
3 L-Tropolon 9  Alkyl-thiocarbamat E
4 N-cyclopenthyl-N-nitrosohydroxyl-amin 10 3-Hydroxy-4-methoxy benzaldehyd thiosemicarbazon
5 Kurarinon 11 Benzylbenzamid
6  Phenyl-thiourea 12 Acid methyl ester ofgentisic

2.3.2. Panh gia tic dung tc ché tyrosinase
in vitro ctia mot sb hop chat da sang loc duoc
bang mé hinh in silico

* Phurong phdp danh gid tic dung ikc ché
tyrosinase in vitro

Téc dung (e ché enzym tyrosinase in vitro
dugc danh gia theo phuong phap cia Mashuda
va cong sy voi mot so thay ddi nho [5]. Cac
buoc tién hanh nhu sau:

Chuén bi miu thir: Cac hop chit duoc hoa
tan trong dung dich DMSO dé duoc dung dich
gbc c¢6 ndng do 1a 10mM. Dung dich gbc tiép
tuc duoc pha lodng bing dém kali phosphat
thanh cac dung dich c6 ndng do 50uM; 100uM
va 500puM dé thuc hién cac phan tng e ché
enzym.

Danh gia tic dung trc ché enzym tyrosinase
in vitro trén dia UV 96 giéng day phang Costar
3596 (Corning, M¥), tién hanh do d6 hap thu &
490nm trén hé théng may doc ELISA kém theo
bd 0 4m (xMark, Bio-Rad). Chét ching duong
0 day str dung hydroquinon

Hon hop phan tmg gdm: 30ul dung dich
dém kaliphosphat; 50ul dung dich co chat L-
tyrosin 2mM; 20ul dung dich mau thir & cac
ndng do khac nhau. Sau khi u dia 96 giéng bang
méy U elisa trong vong 3-5 phiit & nhiét do 37°C
bd sung 100ul dung dich enzym tyrosinase
100U/ml (pha trong dung dich dém kali
phosphat 0,1M ngay truée khi st dung) va lic
30 gidy trong may eclisa. Cudi cung u dia 96
gleng trong vong 30 phut ¢ nhiét do 37°C va
tién hanh do quang ngay & budc séng 490nm.

Mau chimg c6 cac thanh phan tuong ty nhu
mau thir nhung dung dich mau thu dugc thay
bang dung dich dém kali phosphat. Song song
vOi mau ching va mau thir ta 1am mau trang
ching va tring thir nhung 100ul dung dich

enzym tyrosinase 100U/ml duoc thay bz‘ing
100ul dung dich dém kali phosphat.

Phan trim wc ché enzym tyrosinase duoc
tinh theo cong thic sau:

o Inhibition =100 E =210

A-B

Trong do (A: mat d6 quang trung binh cua
mau chung; B: mat d§ quang trung binh cua
mau trang ching; C: mat d6 quang trung binh
cua mau thu; D: mat d§ quang trung binh cua
mAu tring thir).

* Phuong phdp xdc dinh co ché irc ché
tyrosinase ciia hop chat tiém ndng nhat

Ta tién hanh x4c dinh so bo co ché tac dung
ctia hoat chit tiém nang nhét dya trén viée xay
dung dd thi Lineweaver - Burk voi néng do co
chat thay doi [5]. Thi nghiém dugc tién hanh
nhu phan phuong phap danh gia tac dung tc
ché tyrosinase in vitro nhung néng do co chat
thay d6i tir 100pM - 500pM.

Tir két qua do mat d§ quang cua mau thir va
mau chumg ¢ cac nong do co chat khac nhau ta
v& d6 thi thé hién mdi quan h¢ gitra nong do co
chét va téc do phan tmg (toc d6 phan tng ¢ day
dugc thé hién thong qua mat do quang). Dua
vao dlem giao nhau cua do thi duong thang the
hién mdi quan hé gitra ndng d6 co chit va tdc
d6 phan tng khi ¢ mit va khong co mit chat
trc ché dé két luan chit thur tc ché tyrosinase
theo co ché nao. Lehninger va Michael xac dinh
¢6 bdn co ché e ché tyrosinase 1a: canh tranh,
khong canh tranh, co ché hdn hop va hén hop
khong canh tranh (non-competitive inhibitor) [6].

* Xup 1y két qua

S6 lidu duoc luu trir va xtr Iy bang phin mém
Microsoft Office Excel 2007 va phan mém SPSS
20.0. Sb liéu duoc biéu dién dudi dang gia tri
trung binh + d60  léch  chuén
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(Xp+ SD). So sénh gié trj trung binh ctia cac mau
bang one-way ANOVA véi test hau kiém Dunnet
dé so sanh gia tri trung binh giita cac mau. Sy
khac biét c6 y nghia thong ké néu p< 0,05.

3. Két qua va ban luin

3.1. Sang loc cac hoat chdt ¢6 tac dung uc ché
tyrosinase bang mo hinh in silico

Tién hanh sang loc co so  Spectrum
Collection qua qua pheu lgc thir nhat thu dugc

1394 hop chit co dic diém glong thuoc qua
phéu loc tim kiém cac hop chét c6 cdu trac
tuong dong v4i cac chat cé hoat tinh e ché
tyrosinase da biét thu dugc 109 hop chat. Ap
dung mé hinh QSAR dé sang loc 109 hop cht
da qua phéu loc tim kiém dong dang thu duoc
25 hop chét duoc du doan 1a co hoat tinh e ché
tyrosinase manh. Tién hanh docking phan tir
trén 25 hop chit nay thu dwoc 19 hop chit co
kha ning gin két v6i trung tim hoat dong cua
tyrosinase. Danh sach 19 hop chét nay duoc liét
ké o bang 1.

Bang 2. Két qua sang loc in silico trén co s dir lidu Spectrum Collection

STT Hop chat STT  Hop chat STT  Hop chat

1 Acid ferulic 8 Nilutamid 15 Culmorin

2 Naproxol 9 Rockogenin 16 4,4’-Dimethoxy dalbergion
3 Acid 3,4-Dimethoxy-cinnamic 10 Dipyrocetyl 17 Acid kainic

4 Dalbergion 11 Acetosyringon 18 Troglitazon

5 Dibenzoylmethan 12 Diplosalsalat 19 Dicamba

6 Obtusaquinon 13 Atranorin

7 2,2"4'-Trihydroxychalcon 14 Acid arjunolic

Tu cac hop chit sang loc va két qua
docking ctia 19 hop chat duoc du doan cé tac
dung rc ché manh tyrosinase va co ai luc lién
két voi trung tim hoat dong (AG, kCal/mol) cua
enzym, 4 hop chat dugc du doan 1a co tac dung
{rc ché tyrosinase manh va co ai lyc lién két véi
enzym cao nhét 1a: acid 3,4-dimethoxycinnamic

3, 4-Dimethoxy-cinnamic sold

(AG = -6.7 kCal/mol), 2,2',4'-trihydroxychalcon
(AG = -8.1 kCal/mol), acetosyringon (AG = -
7.9 kCal/mol) va dibenzoylmethan (AG = -8.2
kCal/mol) dugc chon dé tién hanh danh gia tac
dung uc ché tyrosinase in vitro. Hinh 2 biéu
dién céu dang 3D cua cac hop chat nay trong
trung tdm hoat dong ctia tyrosinase.

2,274 - Trikydroxychalcan

Hinh 2. Tuong tac giita cic hop chat sang loc dwoc véi cac acid amin trong trung tim hoat dong ctia tyrosinase.
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Nhin chung ca bdn hop chét déu duoc du
doan 1a c6 hoat tinh manh, c6 4i luc lién két tot
v6i dich phan tir. Phan tich két qua docking
(Hinh 2) cho thiy ca bén hop chat déu co kha
nang di sdu vao khoang gin két va déu tao duoc
phirc chelat v6i 2 ion Cu’®" nam & sdu trong
trung tdm hoat ddng clia enzym. Pay duoc xem
1a co ché quan trong gay trc ché hoat dong cua
tyrosinase [7]. Bén canh do, cac hop chét nay
déu tuong tic manh v4i enzym thong qua nhiéu
lién két hydro véi cac acid amin His61, His259,
His263 va His296 ¢ day khoang, dong thoi
tuong tac ky nudc (n-m, m-alkyl) véi cac acid
amin Phe264, Val283, Met280 va Ala286 &
miéng khoang. Nhu vay, xét & muc d6 phan tur,
cac hop chét co ciu dang hoan toan phu hop va
on dinh trong trung tim hoat dong cua
tyrosinase va dugc du doan 1a rc ché enzym
nay theo co ché canh tranh.

3.2. Pdnh gid tic dung irc ché tyrosinase in
vitro ciia mét sé hop chat da sang loc duoc
bang mé hinh in silico

3.2.1. Két qua danh gia tac dung uc ché
tyrosinase in vitro.

M&i hop chét dugc tién hanh danh gid tac
dung e ché tyrosinase ¢ 3 ndng d6 khac nhau:

50uM; 100pM va 500puM. M&i ndng d6 dugc
tién hanh thir trén 3 giéng. Thi nghiém duoc lip
lai 3 1an. Két qua dugc trinh bay ¢ bang 3.2.
Theo d6, ¢ néng d6 50uM chi c6 acid 3,4-
dimethoxycinnamic thé hién tac dung @c ché
tyrosinase v6i % wc ché 1a 13,3% tuy nhién téc
dung wc ché khong manh (0,01 < p < 0,05).
Nhing hop chat con lai déu khong thé hién tac
dung trc che tyrosinase hodc tac dung trc ché rat
yéu. O ndéng d6 100pM dibenzoylmethan va
2,2’ 4 -trihydroxychalcon khong thé hién tac
dung tc ché tyrosinase (p > 0,05). Hop chit
acetosyringon va acid 3,4- dimethoxycinnamic
déu thé hién tac dung tc ché tyrosinase véi %
trc ché 1an luot 1 15,36% va 32,33%. O ndng
dd 500uM thi hoat chét dibenzoylmethan co6
hién tuwong két tua lai khi pha lodng v6i dung
dich dém tir dung dich gbc 1a DMSO (c6 thé do
dibenzoylmethan & ndng do cao khéng tan
trong dém kali phosphat). Chinh vi thé khong
danh gia dugc tic dung Gc ché cua
dibenzoylmethan & ndng do nay. Cac hop chit
2,2’ 4’ -trihydroxychalcon; acetosyringon; acid
3,4-dimethoxycinnamic con lai déu thé hién tac
dung trc ché tyrosinase vdi % tic ché twong tng
12 29,72%; 59,82% va 96,74% (p < 0,01).

Bang 3. Két qua sang loc hoat tinh &rc ché tyrosinase in vitro cua 4 hop chit duoc chon

(1 Nong d6 500uM Nong d6 100pM Nong d6 S0uM
STT  Ciclo oD 1(%) 0D 1(%) oD 1(%)
1 Chirng duong - - 0,191 97,8+ 1,7 0,196 96,1 £2,7
2 Dibenzoylmethan - - 0,185 34+2,1 0,196 -
3 2’.2 A 0,133%* 29,7+4,0 0,178 6,8+2,0 0,192 2,0+1,7
trihydroxychalcon
4 Acetosyringon 0,076** 59.8+3,7 0,162*%* 154+£38 0,183 6,4+27
5 A.CId 3:4- . . 0,006** 96,7+23 0,129%* 323+3,6  0,170% 13,3£3,0
dimethoxycinnamic

Ghi chu: *: p<0,05; :“*: p<0,01; I: % urc ché enzym;
OD = mat d6 quang cuia mau thir - mat do quang ciia mau trang.

3.2.2. Két qua xac dinh so bo co ché tc ché
tyrosinase ctia hop chét tiém niang nhat

Chung t6i tién hanh xéac dinh so bd co ché uc
ché tyrosinase ctia acid 3,4- dimethoxycinnamic &

noéng d6 200uM voi ndng d6 co chit thay
(100uM-500uM). Po mat dd  quang
L-DOPAquinon tao thanh & cac ndng do co chat
thay dbi. Két qua duogc thé hién ¢ bang 4.
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Béng 4. Két qua do mat do quang & cic ndng do co chit khac nhau

Nong d6 co chat 100 uM 200 uM 300 uM 500 uM
Khong c6 acid 3,4-dimethoxycinnamic 0,016 0,034 0,045 0,062
Co acid 3,4-dimethoxycinnamic 0,01 0,02 0,026 0,061

Théong qua gid tri mat do quang
L-DOPAquinon do dugc ta xdy dung dd thi
Lineweaver - Burk biéu dién gia tri 1/AOD
(1/Vy) theo 1/(S) nhu hinh 3.

1/AOD

+ Khong cé chit fre ché
B C6 chit ie ché

Hinh 3. Do thi Lineweaver - Burk ctia enzym
tyrosinase khi c6 mat va khong co mat
3,4-dimethoxycinnamic acid.

Nhin vao dd thi Lineweaver - Burk cua
enzym tyrosinase khi c6 mat va khong c6 mat
acid 3,4-dimethoxycinnamic ta thdy rang duong
thang biéu din mdi quan hé giita ndng do co
chat va tbc do phan tng khi c6 mat va khong co
mat chat tc ché giao nhau tai mot diém nam
trén truc tung. Theo 1y thuyet vé dugc dong hoc
enzym [6] thi vi tri giao diém cua 2 rang duong
thang b1eu dién moi quan hé giira nong do co
chat va tbc d6 phan tng khi c6 mat va khong co
mit chit e ché s& quyét dinh co ché wre ché cua
hop chit. Néu giao diém ndm trén truc hoanh
thi hop chét we ché theo co ché canh tranh. Néu
giao diém ndm trén goc phan tu thr tu cia truc
toa do thi hop chit tc ché theo co ché hdn hop.
Néu giao diém ndm trén truc hoanh thi hop chét
trc ché theo co ché khong canh tranh 14 truong
hop dic biét cua trc ché hdn hop va truong hop
2 dudng thang khong giao nhau (song song) thi
hop chat trc ché theo co ché khong canh. Do d6
ta két luan duoc rang acid 34-
dimethoxycinnamic rc ché tyrosinase theo co

ché khéng cgnh tranh, 1a truong hop dic biét
cua uc ché hon hop.

4. Két luan va kién nghi

Nghién ciru d3 sang loc duge 19 hop chét
c6 duoc du doan la tac dung uc ché tyrosianse
in silico dong thoi danh gia duoc tac dung e
ché tyrosinase in vitro clia 4 hop chét dugc du
doan 1a ¢ tac dung trc ché tyrosinase manh
nhit. Két qua thu dugc 1a hop chat
dibenzoylmethan khong c6 tic dung trc ché
tyrosinase & ca 3 nong do S0uM; 100uM va
500uM. Hop chat 2,2’ ,4’-trihydroxychalcon chi
thé hién tac dung e ché tyrosinase & ndng do
500uM. Hop chét acetosyringon thé hién tac
dung e ché tyrosinase ¢ nong do 100puM va
500uM. Chi c6 acid 3,4-dimethoxycinnamic thé
hién tac dung e ché tyrosinase & ca 3 nong do
50uM, 100puM va 500uM theo co ché trc ché
khong canh tranh.

Loi cam on

_ Nghién ctru duge thyuc hién trong khon khé
bé tai khoa hoc va cong nghé cap PHQG HN,
ma s0 0G.16.86.
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Screening of Potential Tyrosinase Inhibitors
using In Silico-In Vitro Approach
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Abstract: Tyrosinase is an important molecular target involved in the formation of melanin
pigments. Tyrosinase inhibitors can prevent the overproduction of melanin pigments; thereby helping
to treat disorders associated with hyperpigmentation. Research into the substance that inhibits this
enzyme is of great significance in medical and cosmetic science. In this study we integrated in silico
and in vitro experiments for screening compounds that inhibit tyrosinase from the Spectrum Collection
chemical database. As the results of in silico screening, 19 compounds were predicted to inhibit
tyrosinase. Based on this result, four chemical compounds including dibenzoylmethane, 2,2 '4'-
trihydroxychalcon, 3,4-dimethoxycinnamic acid and acetosyringone were selected for in vitro
evaluating the inhibition effect of tyrosinase. The results showed that 3,4-dimethoxycinnamic acid had
the strongest inhibitory potency and inhibited tyrosinase under non-competitive mechanism.

Keyword: Tyrosinase; in silico, in vitro; QSAR; molecular docking.



