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Tém tit

Mot sb enzyme PMO cua nam dao 6n Magnaporthe oryzae dugc biéu hién manh trong qua trinh xAm nhiém vao cy lta.
béy c6 thé 14 nhan t6 trg giup trong qua trinh xam nhiém ciia ndm dao on véo vat chu, do d6 viéc nghién ctru cac cht trc
ché enzyme PMO c6 nguon gbe tir thién nhién ¢6 thé mang lai mot phuong phap khang bénh dao on than thién voi moi
truong. Trong nghién ctru ndy chung t6i da sir dung cic cong cu tinh toan dé sang loc cac hop chat thién nhién e ché
enzyme PMO MGG 06069 (AA9) tir co s dit liéu Vietherbs ciia hon 4600 cac hop chét thién nhién khac nhau. Két qua
mo phong dong luc hoc phan tir va mo phong docking phan tir cho thdy c6 41873 cau hinh docking véi AA9, trong d6 c6
03 hop chét (Pubchem ID 164630, 5322012, va 6325833) tao ai luc lién két manh nhat véi AA9.

T khoa: Magnaporthe oryzae; bénh dao 6n; enzyme PMO; mo phong, docking.
Abstract

Some PMO enzymes of the rice blast fungus Magnaporthe oryzae were highly expressed during infection in rice. These
PMO enzymes could facilitate fungal penetration into rice tissues; therefore, the study of naturally derived PMO enzyme
inhibitors may provide an eco-friendly method to control rice blast disease. In this study, we used computational tools to
screen natural compounds that potentially inhibit PMO enzyme MGG _06069 (AA9) from the Vietherbs database of more
than 4,600 different natural compounds. The results of molecular and molecular docking simulations showed that there
were 41873 docking compounds with AA9, of which 03 compounds (Pubchem ID 164630, 5322012, and 6325833)
showed highly potent inhibitors with sub-nanomolar affinities.
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1. Mé dau

Pdng 14 mot trong nhimng kim loai oxy héa
khtr duoc sir dung nhiéu nhét trong sinh hoc [1].
C6 mot s6 loai vi tri hoat dong cta dong trong
sinh hoc v6i su két hop khac nhau cua cac phdi
tr N, O va S. Trung tdm hoat dong monocopper
loai 2 chira cac phdi tir N/O, dugc tim thay trong
nhiéu enzyme hoat hoéa oxy. Trong thap ky
trugc, trung tdm hoat dong monocopper loai 2
moi dugec xéc dinh trong polysaccharide
monooxygenase (PMO), mdt ho cua enzyme
hoat hoa oxy c6 thé phan cit cac polysaccharide
thong qua hydroxyl hoa lién két CH gay ra su
phan cit lién két glycosidic (Hinh 1) [2-10]. Do
tac dung phén cit oxy hoa méi caa chung, PMO,
con dugc goi 1a PMO dung dich (LPMO), ¢6 kha
ning hoat dong hiép ddng véi cac hydrolase
glycoside (GH) truyén thdng dugc sir dung rong
rai trong cac nganh cong nghi¢p. Do d6, PMO
c6 tiém ning to 16n trong viéc cai thién cac qua
trinh chuyén d6i sinh khdi.

PMO sir dung histidine dau N bao ton (H1)
va mot histidine bao ton khac (H75 trong ciu
trac PDB 5UFV) dé diéu phdi trung tim dong
theo mo tip hinh chitr T dugc goi 1a nep histidine
[6] (Hinh 1). Trong hau hét cac ho PMO, mot
tyrosine chiém vi phdi tri proximal. Vi tri
equatorial va vi tri distal md dé lién két véi cac
phdi tir ngoai lai nhu O2 va nude. Mot s don
phan bao quanh cic tim dong, ching han nhu
don phan dugc bao ton Q167 trong cac PMO
hoat tinh trén cellulose, tao thanh lién két H véi
cac phéi tu vi tri hoat dong, da dugc chung minh
1a rt quan trong d6i véi hoat tinh [3, 11].

Khi nghién ctru k¥ cac trung tim ddng trong
tat ca cac ho PMO di duoc md ta dic trung,
chung t6i nhan thdy rang c6 su da dang 16n vé ca

hinh hoc ctia inner sphere va mang lién két hydro
xung quanh trung tam hoat dong [12]. Tuy
nhién, chi trong mot sd truong hop c6 cac cdu
triic do phan gidi cao, trung tam Cu(Il) cuia PMO
méi duoc md ta chi tiét [13-16]. Trong hau hét
cac cdu tric, trung tAm dong bi hu hong bai
chum tia X cuong d cao dugc sir dung dé thu
thap dir liéu XRD [12]. Hon nira, cac ciu tric
XRD chi cung cap quan diém tinh trén céc trang
web hoat dong ciia dong. Trong nhidu PMO, pho
cong huong thuan tir dién tir (EPR) cho thay tAm
ddng ton tai trong mot hdn hop cia cac ciu trac
khéc nhau [9-11, 17].

Su hiéu biét chi tiét vé trung tdm hoat dong
don nhan dong 1a viéc can thiét dé hiéu dugc co
ché cia PMO. Do sy han ché vé dir liéu thuc
nghiém noi trén, cac cong cu tinh todn da dugc
sir dung dé nghién ciru vé trung tdm hoat dong
ctia cac PMO [18] ciing nhu co ché phan ung
[19] hay tuong tac giita chiing voi cac co chét
[20]. Cac phuong phap tinh toan nay da duoc s
dung dé sang loc chét trc ché cho nhiéu enzyme
[21, 22] va ciing c6 thé duoc ap dung dé sang loc
cac chét (rc ché PMO. Cac PMO cua nim dao 6n
Magnaporthe oryzae, bao gdm MGG 06069
(AA9) va MGG _00245 (AA16), dugc biéu hién
manh trong qué trinh xdm nhiém vao vat chu
(ciy lua). Uc ché cac enzyme ndy sir dung cac
chat e ché tu nhién c6 thé mang lai mot phuong
phap than thién moi truong dé khang bénh dao
on trén cay lua. Cac PMO thuoc ho PMO AA16
chua duogc nghién ctu cAu truc, trong khi ho
PMO AA9 da duogc nghién ctru. Vi vay, chung
t6i tap trung vao viéc sang loc cac chat trc ché tu
nhién cho AA9. 4600 hop chét thién nhién tir co
s¢ dir li€u Vietherbs [23], co s¢ dir li¢u cac hop
chét tu nhién & Viét Nam, s& duogc nghién ctru.
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Hinh 1. Sy phan cit lién két glycosidic gy ra boi sy hydroxyl héa lién két C-H béi vi tri hoat dong ctia dong trong PMO.

2. Phuong phap nghién ctru
2.1. Cau tricc AA9 va chit irc ché

Khoang hon 4600 chat thién nhién tir co s
dir liu Vietherbs [23] dugc st dung dé danh gia
kha ning e ché enzyme AA9 (tén goi khac 1a
enzyme PMO). Cau trac 3 chiéu cua cac hop
chét thu dugc tir co sé dit liéu PubChem [24-26].
Trong khi d6, cu tric 3 chiéu cua AA9 dugc tai
tr ngdn hang co s& dir licu protein (Protein Data
Bank) véi ID STKI [16].

2.2. Tinh todan hoa hoc lugng tir

Vi tri hoat dong déng trong cAu tric XRD cua
AA9 dugc sur dung dé chuén bi cac md hinh dau
vao cho tinh todan DFT. Céc residue quan trong
tao thanh tuong tic dang ké voi tim dong dugc
liy bang MCPB.py [27] v6i muc cat 4,1 A tir
nguyén tir dong. Cac mo hinh dugc toi wu hoa vé
mat hinh hoc trong méi trudng nudce an (hang sb
dién moi € ~ 78,4) bang cach sir dung phép tinh
luong tir hoa hoc véi B3LYP phiém ham lai &
muc 6-31G (d, p).

2.3. M6 phong docking phén tu

AutoDock Vina [28] dugc sir dung dé gin cac
chét wre ché 6 sin vao khe ho lién két cua AA9.
Khe hé lién két dugc chon c6 trung tdm la Cu®",
Trong do, kich thudc ludi docking dugce chon la
24 x 24 x 24 A. Mic du, hi¢u suat caa AutoDock
Vina phu thudc vao tham s6 exhautiveness, dugc
chon 14 8 do cac két qua danh gia cho thay 8 1a
mot gid tri phu hgp [29]. Chénh I¢ch nang lugng

16n nhét gilta cac cAu hinh docking dugc dat
thanh 7 kcal mol™. Ai luc lién két phdi tir 16n
nhat dugc chon 1a cau tric gin két tot nhat.

2.4. Mo phong dong luc hoc phén tir

GROMACS phién ban 5.1.5 [30] voi kha
nang tang toc GPU duogc st dung dé md phong
dong luc hoc phan tir cia h¢ AA9 + chét uc ché.
Céc thong s6 mé phong MD duoc tham khao tir
cac nghién ctru trude do [18, 31, 32]. Cac cdp
khong lién két dugc tinh toan véi cut-off 0,9 nm.
Cu thé, cac tuong tac van der Waals (vdW) duoc
tinh toan véi khoang cach 0,9 nm va phuong
phap ludi hat Ewald duogc sir dung dé tinh toan
tuong tac tinh dién voi khodng cach 0,9 nm. Ban
dau, cac hé théng solvat hoa duoc cuc tiéu hoa
bang cach st dung phuong phap dbc cao nhit
(steepest descent). Cac hé di cuc tiéu sau do
duoc hdi phuc trong 0,1 ns m6é phong NVT va
mo phong NPT. Anh chup nhanh cubi cung cua
mo phong NPT duoc sir dung lam dau vao cho
mo phong MD. Mdi quy dao dai 100 ns. Dit liéu
mo phong dugce ghi lai sau mdi 1 ps.

3. Két qua nghién ctru va thao luin

Céc phan tir hop chit ty nhién tir co so dit liéu
Vietherb duoc dock vao AA9 su dung
AutoDock Vina, phan mém docking nguén mo
phé bién véi hon 10000 trich dan trong muoi
nam qua [33]. AutoDock Vina dugc sur dung vi
cho két qua dang tin cdy v6i enzyme AA13 [34].
Ung v6i mbi chat ty nhién c6 khoang 9 vi tri lién
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két véi AA9 (pose). Do do6, ching ta c6 41873 lién két tu do docking cuia cac hop chat ty nhién
két qua docking cho AA9. Phan bd niang lugng  véi AA9 duogc thé hién trong Hinh 2.
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Hinh 2. Phéan b6 4i lyc lién két t do ciia cac chét ty nhién véi AA9. Ai lyc lién két ty do thu dwoc tir phwong phap
docking phan tir sit dung phan mém AutoDock Vina.

Céc hop chét c6 thé tao lién két khéng héa tri  nho hon 0.3 nm s& dugc ghi nhan. Sip xép ai luc
v6i Cu?* ¢6 nhiéu tiém ning co6 thé tc ché hoat  lién két tu do tir nhd dén 16n cac cdu hinh
tinh cua AA9. Do d0, ching t6i tién hanh sang  docking ndy. Chung t6i dé& xuét top-lead
loc két qua docking sir dung tinh toan khoang  compounds c6 kha ning (rc ché AA9 thong qua
cach cuc tiéu tir phdi tir toi Cu®’. Cac hop chit  tao lién két hydro véi Cu®" nhu Hinh 3.
¢ nguyén tir tao khoang cach nho nhét t6i Cu?*

Hinh 3. C4u hinh lién két docking cuia toplead 6 hop chét tu nhién tao lién két véi Cu2™. Két qua thu dugc boi mé phong
AutoDock Vina va trinh bay bai PyMOL 1.3.

Do mb phong docking phan tir sir dung nhiéu  phdi tir, cAu tric ciia enzyme 1a ¢d dinh). Mb

gan dung (nhu mo hinh nude 4n, chi sir dung cac ~ phong dong luc hoc phan tir khong dinh kién

hydrogen phan cuc, gidi han s vi tri thir cita  duoc sir dung dé tinh chinh két qua docking thu
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dugc. Vi tri lién két cia phdi tir véi AA9 duoc
hdi phuc trong thoi gian 100 ns mé phong dong

luc hoc phan tt. Phan 16n cac hé dat téi can b?mg
sau 40 ns ciia mo6 phong (Hinh 4).
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Hinh 4. P 1éch quan phuong dy du nguyén tir ciia cac hé AA9 + chét tre ché trong mé phong dong luc hoc phan tir.

Sau khi tinh chinh bang mé phong dong luc
hoc phan tir chi ¢6 3 hop chit c6 Pubchem ID
164630, 5322012, va 6325833 tao lién két chat
ch& voi AA9 (Hinh 5). Viée nay c6 thé khing
dinh kha ning wc ché hoat tinh ciia AA9 boi 3
hop chat néi trén. Tién hanh nghién ctru siu hon

st dung phuong phap lai gitta mé phdéng co hoc
luong tir v6i co hoc ¢b dién (QM/MM) nén duoc
ap dung dé tai khang dinh kha niang nay. Pong
thoi, cac nghiém in vitro cling nén duogc tién
hanh nham khang dinh két qua tinh toan.

Hinh 5. C4u hinh lién két ciia 164630 (Butrin) (A), 5322012 (Grossamide) (B) va 6325833 (Prebetanin) (C) voi AA9
da duogc tinh chinh thdong qua mé phong dong luc hoc phan tir.

4. Két luén

Mot s6 hop chat ty nhién c6 kha ning tao lién
két voi AA9, trong d6 164630, 5322012 va
6325833 1a 3 chit tiém ning nhat dugc dé xuat
bdi mé phdng dong luc hoc phan tr va mé phong
docking phan tir. Cac phéi tir nay déu c6 twong
tac khong lién két v6i Cu(ll) trong trung tdm
hoat hoa cua protein. Cac nghién ctru chuyén sau

hon nhu tinh toan ai luyc lién két tu do sir dung
md phong dong luc hoc phan tir hay cac tinh toan
QM/MM giup lam sang t6 cé hay khong phan
g héa hoc hoic tao lién két phdi tri gitta AA9
va phdi tir hay nghién ctru in vitro s& dugc tién
hanh trong twong lai gan dé tai khang dinh két
qua thu duoc.
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Loi cam on: Cong trinh khoa hoc nay la mot
phan két qua cia Chwong trinh Hop tic Khoa
hoc va Cong nghé theo Nghi dinh thu giita Bo
Khoa hoc va Cong nghé Viét Nam va Bo Ngoai
giao va Hop tic quéc té Italia (Md sé
NDT.36.ITA/18).
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