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Summary

Glycolate oxidase of oxydoreductase enzyme family is a free radical involved in oxidized yields
oxalate. High oxalate levels lead to insoluble calcium oxalate stone formation, which causes primary
hyperoxaluria, renal parenchyma damage, progressive deterioration of renal function. Chalcone is a
simple compound of a large group of flavonoids, which has been reported to have many therapeutic
effects in free radical-related diseases. This study built a docking model to evaluate binding ability of
chalcone compounds on enzyme glycolate oxidase. The potential chalcones after docking process
would be selected to perform molecular dynamics simulation within 20 ns to evaluate the stability of
the complex over time. The result showed that most of the compounds were well bound and able to
inhibit enzyme glycolate oxidase. This model could be applied to predict the antioxidant activity of

other similar derivatives.
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Dit van dé

Glycolat oxidase la mdt ho enzym oxidase
acid a-hydroxy phu thuéc FMN (flavin
mononucleotid) thé hién tinh dac hiéu co chat
rong va kha nang oxy hoéa glycolat thanh
glyoxylat, glyoxylat thanh oxalat. Qué trinh tao
oxalat hinh thanh can calci khong tan, dac biét &
than . Cac nghlen cru tim kiém cAu tric e
ché GO dé& giam qua trinh oxy hoa giup didu tri
tang oxalat niéu nguyén phat & ngwoi. Hién nay,
trén lam sang da cé mot sb thubc dwoc st dung
gilp ¢ ché enzym glycolat oxidase, trong dé
ndi bat 1a thuéc lumasiran dwoc chi dinh tron
didu tri tdng oxalat niéu nguyén phat & nguoi e
Chalcon gom nhitng hop chét don gian thudc
nhém I&n flavonoid, c6 mat trong rat nh|eu loai
thwe vat voi tac dung chdéng oxy hoa . Chalcon
¢6 cAu tric chudi mé, mang hai vong aryI duwoc
két ndi thong qua mdt dém ba carbon, lién két
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propenon (hinh 1). Poan propenon chwa bao
hoa a, B khéng chi chiu trach nhiém vé hoat tinh
chéng oxy héa ma con rat quan trong trong
chuyén déi cu tric chalcon thanh cac dan chét
khac nhau giup tang cwong hoat tinh M. Tuy
nhién, hién nay van chuwa cé nhiéu nghlen clru
sang loc trén cac hop chét chéng oxy héa tot
nhw chalcon cé khd nang ¢ ché tot enzym
glycolat oxidase. Vi vay, nghién ciru nay dwoc
thwe hién véi muc tiéu tdng quat 1a dw doan kha
nang gan két cla cac hop chéat chalcon voi
enzym glycolat oxidase bang phwong phap
docking va mé phong dong lwc hoc phan tr.
Qua trinh docking bang phan mém LeadIT sé
gilip chon ra cac hop chét tiém nang nham tién
hanh mé phéng déng lyc hoc phan t& trong 20
ns bang phan mém GROMACS 2020.

O
Hinh 1. Céng thirc céu tao chung
cla céac chalcon nghién ctru
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P6i twong va phap
nghién clru

Cosé divliéu

Co s& dir lieu gdbm 90 hop chét thudc khung
cAu tric chalcon, cé hoat tinh sinh hoc dwoc xac
dinh bang phwong phap danh bat gbc tw do
DPPH thu duwoc tir cac bai bao khoa hoc véi cac
gia tri ICso tr 9,56 uM dén 11027,16 pM. Sau khi
loai 10 chat gay nhiéu bang phan mém
Z — score, co s& dir liéu con lai gébm 80 hop
chat dung dé xay dwng mé hinh mé ta phan to
docking tai khoang gan két ctia enzym glycolat
oxidase. CAu truc tinh thé phirc hop protein
glycolat oxidase v&i chat (rc ché 4-carboxy-5-
dodecylsulfanyl-1,2,3-triazol (CDST) tai vi tri
hoat dong twong ty phic hop GO-glycoxylat
cho tac dung (rc ché manh, sé dwoc lay tir ngan
hang div liéu Protein Data Bank (ma pdb:
2RDT).

Re-docking

Nh&m chirng minh d6 tin cdy cta quy trinh
docking, cac ligand ddng két tinh can duoc
re-docking vao khoang gén két véi 3 loai ciu
hinh gébm phdi t&r 1 nguyén dang duoc lay tir
protein bang cach x6a cac chudi acid amin,
nwéc, ion va cac phdi tir khdng lién quan khac
bang coéng cu Sequence Edito cla phan mém
MOE 2015.10; phdi t& 2 thu dwoc bang cach téi
thiéu hoa nang lwong phéi t&r 1 hai 14n bang
cong cu Minimize Energy cia phdn mém Sybyl-
X 2.0; phéi t&r 3 dwoc vé lai bdng ChemDraw
Pro 12.0 va tién hanh chuan bj twong tw ligand.
V&i cong cu FlexX tich hop trong phan mém
LeadIT 2.1.8, tién hanh docking céu tric 3D cla
protein vé&i lan lwot 3 phéi tir. Két qua redocking
bao gdm diém sé docking va gia tri RMSD thé
hién khoang cach gira cac cdu dang clia phéi
tr dock v6i ligand déng két tinh cta ting phéi
tlr. M6 hinh dang tin cay khi gia tri RMSD cla ba
trwdng hop redocking khéng qua 2 A o,

Xay dwng mé hinh docking phan tir

Protein da dwoc chuan bi bang MOE 2015.10
sé dwoc tai 1én LeadIT 2.1.8 d& tién hanh
docking. PAau tién, cac vi tri quan trong trong
khoang gén két dwoc lwa chon bang cong cu
Define Binding Site. Sau d6 tw vi tri hoat déng
clia protein mé& réng 6,5 A xung quanh ligand
ddng két tinh. Qua trinh docking dwoc thuc hién
bang céng cu FlexX dwoc tich hop sén trong

phwong

phan mém LeadIT 2.1.8 va lwu két qua 1a diém
sb docking dwéi dang tép *.sdf. Diém sb docking
(don vi kJ/mol) thé hién &i lwc gan két phéi tr -
protein dwa trén muc dé twong thich v&i vi tri
gén két tai dich tac dong. Diém sb docking cang
nhd, ai lwc gén két cang tét.

M6 phéng dong lwc hoc phan tor

Cac chét tiém nang t docking duwoc tién
hanh moé phéng dong lwc hoc phan t& (MDS)
trong thoi gian 1a 20 ns (nano gidy) cho mdi
phirc hop bang phan mém GROMACS 2020.4
voi trudng lwc CHARMM27. Phirc hop tao
thanh sé dwgc moé phéng dong lwc hoc trong
mdi trwdng nwéc twdong minh TIP3P, hép nwéc
sau dé sé dwoc thém ion va trung hoa dién tich
bang dung dich NaCl 0,15 M. Giai doan can
bang trudc khi mé phdng gdm téi thiéu hoéa
nang lwong, can bang NVT trong thdi gian 100
ps va nhiét d6 1a 300 K, can bang NPT trong
thoi gian 100 ps va ap suat 1a 0,987 atm (1 bar).
M6 phéng dong lwc hoc sau dé dwgc thwe hién
trong 20 ns, v&i 2000 khung hinh (frame). Sau
qua trinh mé phéng déng lwc hoc, gia tri RMSD
dwoc st dung d& danh gia mac do 6n dinh cta
cac nguyén ti trong diéu kien mé phéng. Cau
truc dwoc xem la én dinh va cé y nghia khi
RMSD < 3,0 A . Bén canh d6, RMSF duwoc
dung dé khao sat sy linh déng cla cac acid
amin trong protein hodc cac nguyén t& nang clia
ligand trong hé. RMSF > 0,2 chirng té acid amin
(hoac phdi ttr) dé linh dong 1.

Cong thirc tinh RMSD:

RMSD(t1,t2) = Jﬁ SN mi i (tr)-ri (t2 )||2

Coéng thirc tinh RMSF:

_ 1T .t ref2
RMSI:,_\/?th:1‘r,(tJ)—ri ‘

Két qua va ban luan

Két qua re-docking

Hinh 2 la clu truc tinh thé clia glycolat
oxidase trong phirc hop véi chat e ché 4-
carboxy-5-dodecylsulfanyl-1,2,3-triazol (CDST)
dwoc xac dinh bang phwong phap nhiéu xa tia X
voi do phan giai 1,95 A B,
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Hinh 2. a) Céu tric tinh thé phirc hop glycolat
oxidase — CDST va b) cau truc héa hoc chat trc ché CDST

Bang 1 trinh bay két qua redocking rat tét voi - 47,19 kJ/mol dén - 45,66 kJ/mol, cho thdy mé
RMSD cua ca ba phoi tr deu nh6 hon 2 A véi  hinh docking c6 do tin cay phu hop dé dung
diém sb docking nam trong khodng tlr trong cac nghién ctu tiép theo.

Bang 1. Két qua phén tich mé hinh redocking ctia 2RDT

Phéi tir Diém sé redocking (kJ/mol) RMSD
Ph6:i ter 1 (nguyén thdy) ] _ -47,19 0,9507
PI:IOI tva 2 (phdi tir nguyén thay dwoc toi thiéu - 46,02 0,9853
hoa, nang lwong)
Phéi tr 3 (tw xay dung) - 45,66 0,9096

Vi tri hoat dong cla glycolat oxidase gébm cac  hydro ch&t ché véi Arg263, Arg167, His260.
acid amin quan trong nhw Tyr26, Trp110, Quan trong hon la vong indol sau canh cula
Tyr132, Arg167, Lys236, His260 va Arg263. Tai  Trp110 hwéng vé dudi hydrocacbon ctia CDST.
khoang gén két & hinh 3 CDST tao céc lién két

Hinh 3. Khoang gén két cia glycolat oxidase
va tuong tac gitra cac acid amin voi chat tre ché CDST
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Két qua docking phan to

Két qua phan tich cho thdy ca 80 chat déu
docking thanh céng vao khoang gan két véi 800
cau dang duoc ghi nhan. Diém sé docking cla
80 hop chat dao dong trong khoang tir
-52,44 kJ/mol t&i -10,37 kd/mol. Trong dé cé
19 chét c6 diém sb th&p hon -30 kJ/mol, chiém ti
l& 24% trong s6 cac phdi t&r duwoc khdo sat (hinh
4). Hinh 5 cho thdy cac hop chét nghién ctu
déu twong tac voi tat ca cac acid amin quan
trong nam trong vi tri hoat déng tai khoang gan
két. Ba acid amin quan trong tao lién két hydro
véi chat (rc ché 4-carboxy-5-dodecylsulfanyl-
1,2,3-triazol (CDST) c6 tan suét twong tac cao
nhat Arg263, Arg167 va His260. Tuy nhién
His260 c6 tan suét tao lién két hydro khoéng cao
bang acid amjr]1 Tyr26 tai vi tri hoat dong.

Hinh 4. Biéu dé phan bé diém sé docking
cla glycolat oxidase

Mataz
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biém s6 docking = -52,44 kJ/mol
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Hinh 5. Tan suat tvong tac véi cac acid amin
tai khoang gan két cta glycolat oxidase

Hop chat SoAaAA 2021 3f (hinh BA) co
diém sb docking tét 1a - 52,44 kJ/mol (th&p hon
-50 kd/mol). Trong dé vong B véi sy hién dién
nhém thé -NO, twong tac ba acid amin quan
trong Arg263, Arg167, Tyr26 va nhom thé
-COOH ciing cho twong tac tai khoang kha tét.
Hinh 6B la chat N123TC_2018_5f cho diém sb
docking -44,39 kJ/mol v&i vi tri para trén vong B
cling chira nhém thé -COOH cho két qua twong
déi tbt. Ngoai ra, cac chat cé khung ciu tric
twong tw thay nhém thé -COOH bang -OCH;
cho két qua docking khéng tét bang.

B Arg 187

- N123TC_2018_5f
biém s6 docking = -44,39 kJ/mol

Hinh 6. Cac phdi ti tiém nang lién két véi cac acid amin tai khoang glycolat oxidase

Két qua mé phéng déng lwc hoc phan tor

Sau qua trinh docking, hai phdi tir tiém nang
la SoAaAA_2021_3f va N123TC_2018_5f duoc
lwa chon dé tién hanh mé phdng dong lwc phan
tt & 20 ns. Hinh 7A 1a két qua RMSD cua phirc

hop SoAaAA 2021 3f. Trong 7 ns dau tién,
phirc hop co cau tric twong déi bat én dinh véi
gia tri RMSD dao dong tr 1 A d@én 1,5 A. Tw
8 ns tr& vé sau, phirc hop protein-ligand dan én
dinh v&i giad tri RMSD dao ddng trong khoang
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1,75 A. Hinh 7B 14 két quéa RMSD cua phtrc hop
N123TC_2018 5f, gia tri RMSD dao dong
on dinh & mirc 1,5 A trong khoang thoi gian 2,5
ns dau. Trong khoadng thoi gian tir 2,5 ns dén
10 ns, phtrc hop chwa 6n dinh v&i bién d6 dao
dong Ion, tuy nhién gia tri RMSD van nhé hon
3 A Trong 10 ns cudi, phic hop
N123TC_2018_5f da én dinh va dao dong trong

0.25

0.2

khodng 1,5 A. Nhin chung, cad phic hop
N123TC_2018 5f va SoAaAA_2021 3f ddu cb
dd 6n dinh chap nhan trong khoang thdi gian mé
phdng déng lwc hoc (20 ns), tuy nhién véi két
qua RMSD thu duwoc cho thdy phirc hop
SoAaAA 2021 3f twong ddi én dinh hon trong
qua trinh MD.
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Hinh 7. Gia tri RMSD cta phtrc hop SoAaAA_2021_3f (A)
va phirc hop N123TC_2018_5f (B)
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Hinh 8. Gia tri RMSF cua phirc hop SoAaAA_2021_3f (A)
va phire hop N123TC_2018_5f (B)

RMSF |4 mot thong s6 dé& danh gia tinh linh
dong cua cac acid amin trong protein. Cac gia tri
RMSF trong hinh 8 d&u nhé hon 2 A, cho thay
hau hét cac acid amin kha 6n dinh trong subt
thoi gian mé phéng dong Iwc hoc. Tuy nhién, hai
phirc hop déu cé su dao dong Ién & hai ving
acid amin, phic hop SoAaAA 2021 3f dao
dong & vung acid amin thir 50 — 60 v&i dinh la
acid amin th(r 54 va vung acid amin sé6 160 —
210, dinh la acid amin s6 172. Nguoc lai, &

phrc hop N123TC_2018_5f, hai vung acid amin
bién déng cé khac biét hon 1a ving acid amin
th&r 50 — 60, dinh la acid amin th(r 58 va vung
acid amin thr 170 — 220 va gia tri RMSF Ion
nhét tai acid amin thr 207. Cac acid amin quan
trong Arg263, Arg167, His260 & ca 2 phirc hop
déu 6n dinh va kha twong déng nhau & ca hai
phirc hop trong sudt qua trinh mé phang. Gia tri
RMSF cla ba acid amin quan trong Arg263,
Arg167, His260 trong phirc hop
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SoAaAA_2021_3f lan lwot la 0,603; 1,337;
0,51 A, con & phirc hgp N123TC_2018_5f lan
lwot 1a 0,581; 0,721; 0,423 A. Tw két qua cho
thdAy cac acid amin & phic hop
SoAaAA 2021 3f va N123TC_2018_5f déu kha
4n dinh va it di chuyén, trong dé cac acid amin
clia phirc hop N123TC_2018_5f cho céac gia tri
RMSF 6én dinh hon.

Ban luan

Mo hinh m6 ta phan tir glycolat oxidase cho
két qua rat tbt v&i 24 % cac chat co diém sb
docking dudi -30,00 kJ/mol. Trong dd, chéat
SoAaAA 2021 _3f c6 gbc -NO, twong tac kha tét
véi cac acid amin & khoang gan két cua
gycolate oxidase v&i diém sé docking tét la
-52,44 kJ/mol. Chat N123TC_2018 5f cho diém
sb docking - 44,39 kJ/mol vé&i vi tri para trén
vong B ciing chira nhém thé -COOH cho két
qua tuong dbi tét. Hai hop chét trén dwoc thuc
hién qua trinh mé phdng déng lwc hoc (20 ns)
cho két qua RMSD va RMSF cua phtrc hop kha
t6t, déu nam trong khodng chap nhan. Phic
hop SoAaAA_ 2021 3f c6 gia tri RMSD 6n dinh
hon phirc hop N123TC_2018_5f, nhwng két qua
RMSF thi nguwgc lai. Mac du phic hop
SoAaAA 2021 _3f c6 gia tri RMSF kém &n dinh
hon nhwng cac acid amin quan trong Arg263,
Arg167, His260 déu cho gia tri RMSF <2 A. Con
& phtrc hop N123TC 2018 5f gia tri RMSF
twong déi tét khi hau hét cac acid amin déu 6n
dinh nhwng phirc hop cé gia tri RMSD dao ddong
kha 1&n trong 10 ns d4u va chi bat dau on dinh &
nlra thdi gian sau trong qua trinh mé phéng.
Dwa vao cac két qua trén, nghién ciru da tim ra
dwoc 2 dan chét chalcon co tiém nang (e ché
enzym glycolat oxidase la SoAaAA_2021_3f va
N123TC 2018 5f. Trong doé, SoAaAA 2021 3f
la chét tiém nang cao hon can dwoc thdy nghiém
in vitro va in vivo nham danh gid kha nang
trc ch,é enzym glycolat oxidase.

Két luan

Nghién ctru xay dung mo hinh docking phan
tlr nham danh gia kha nang gan két voi enzym
glycolat oxidase ctia cac hop chat chalcon. Két
qua phan 16n cac chat nghién ctru déu c6 kha
nang gan két tbt tai khoang gén két cla enzym
glycolat oxidase. Hai chét cho két qua docking
tiém nang nhat dwoc tiép tuc tién hanh mo
phdng déng lwc hoc (20 ns) ciing cho két qua
kha tét trén cac gia tri RMSD, RMSF. Tém lai
chalcon va cac dan xuét chalcon van c6 hoat

tinh chéng oxy hoéa cao va tiém nang (rc ché
enzym glycolat oxidase kha tét. Kha nang gan
két con tuy thudc vao cAu tric cla cac chat voi
nhwng acid amin quan trong tai vi tri hoat dong
cta enzym. Vi thé, trong nhirng nghién ctru tiép
theo, cac chat cé clu tric twong tw can duoc
tiép tuc dwoc thir nghiém hoat tinh chéng oxy
héa nhdm chirng minh dd chinh xac cta md
hinh. Ngoai ra, cac dan chét tiém nang trong
nghién cu nay can dwoc thir nghiém in vitro va
in vivo trong cac nghién ciru tiép nbi nham
khdng dinh hoat tinh &c ché enzym glycolat
oxidase.
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