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sodt va trc ché cac loai nam bénh thuc vat. T rong nghién ciru nay, bo dir
liéu bao gom 32 hop chat da dugc thiét ké dua trén khung swon aloe-
emodin. Cac nghién ciru tinh toan mo phong da duoc dy doan twong tac
giita cdc hop chdt nay véi SDH (PDB ID: 2FBW). Két qua cho thay cdc
hop chdt thé hién cdc tuwong tac manh voi cac amino acid tai vi tri hoat
dong SDH. Nang lwong lién két dwoc di dodn déu thap hon -6,0
kcal/mol, trong khi ning lwong lién két cua carboxin (hop chdt doi
chimg) la -6,5 kcal/mol. Ddc biét, dan xudt 05 (3-methyl-9,10-dioxo-
9, 10-dihydroanthrancene-1,8-diyl dibenzoate) co nang lwong duoc duy
dodn thap nhdt la -10,5 kcal/mol (chénh léch 4,0 kcal/mol so véi
carboxin). Do dé, hop chdt nay dwoc xem la tiém ndng cho cac nghién
cieu tong hop va ddanh gid hoat tinh sinh hoc (in vitro, in vivo) trong

twong lai.

1.DAT VAN PE

Succinate dehydrogenase (SDH) con dugc
goi la succinate: ubiquinone oxidoreductase
(SQR), day 1a mot phuc hop enzyme, lién két
Vv6i mang trong ty thé dong vat c6 v va nhiéu
té bao vi khuin, dong thoi 1a enzyme duy nhét
tham gia vao ca chudi ho hap, chudi dan
truyén dién tir va acid tricarboxylic hodc chu
trinh Krebs (Xiong va cong su, 2015). Phtrc
hop SDH trong ty thé duoc cdu tao tir hai
phan, mot phan nim & ving ngoai vi (khong
bam mang) va mot phan nam & ving bam
mang (mang neo) Phan ngoai vi ctia phirc
hop gom hai tiéu don vi wa nudc 1a SDHA va
SDHB, tao nén phan hoa tan cua phuc hop.
Phéan nay c6 hoat dong clia enzyme succinate
dehydrogenase, c6 nhi€ém vu oxy hoa

succinate thanh fumarate (Avenot va cong su,
2010; Li va cong su, 2015) (Hinh 1). SDHA
la mot flavoprotein (Fp), trong do cofactor
FAD gin két véi enzyme va 1a mot phan cua
vi tri xuc tac. Trong khi d6, SDHB la mdt
protein sit-luu huynh (Ip), chira ba cum sit-
luu huynh khac nhau [2Fe-2S], [4Fe—4S] va
[3Fe—4S], déng vai trd truyén electron giira
FAD va quinone trong mang. Thudc diét ndm
{rc ché SDH s& lam gian doan qua trinh hé hap
ciia nAm bang cach ngin chin qué trinh van
chuyén electron tir cum [3Fe—4S] dén
ubiquinone tai cic ving chdng lan véi cac vi
tri ubiquinone.

Trong cac nghién ctru thude e ché ndm
bénh thi SDH 14 muc tiéu chinh cho thudc diét
nam va thude diét con tring vi khi SDH bi tic
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ché thi chu trinh Krebs bj gian doan, do SDH
xuc tac mot giai doan trong chu trinh Krebs
tao ra FADH2. Mit khac, FADH2 s& truyén
dién tor dén chudi ho hap giup tao ra ATP
(adenosine triphosphate) qua qua trinh
phosphoryl hoa, nén khi SDH bi tc ché, s&

Succinate

dan dén viéc thiéu hut ning luong ATP can
thiét cho su phat trién va sinh trudng cua té
bao ndm. Chinh vi thé tac dung diét ndm cua
tat ca cac chat (rc ché SDH phu thude vao su
gian doan chu trinh Krebs (Moosavi va cong
su, 2019).

Fumarate

FAD

F
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Khéng gian lién mang

Hinh 1. C4u tric va cach hoat dong ciia succinate dehydrogenase (SDH)

Cac phén tir thudc ¢ ché SDH sé& lién
két voi vi tri gén két ubiquinone cua phiic
hop SDH, do d6, trc ché qua trinh ho hip
ciia nam (Avenot va cong sy, 2010). Nam
2019, nghién ctru kham pha khéa néng khang
nidm cua cac din xuét carboxamide thiazole
cho kha ning Gc ché SDH so voi
thifluzamide, trong do, noi bat nhat la hop
chat 6g (N-(3',4"-difluoro-[1,1'-biphenyl]-2-
yl)-4-hydroperoxy-2-methyl-4,5-
dihydrothiazole -5-carboxamide) cho thay
kha ning c ché manh tuong ty nhu
thifluzamide voi ICso = 0,56 mg/L va con
cho thdy kha ning khang nam in vitro day
hira hen chéng lai R. cerealis (ICsqg = 6,2
mg/L) va S. sclerotiorum (1Csp= 0,6 mg/L)
cao hon thifluzamide véi ICsp= 22,1 mg/L
(R. cerealis), ICso= 4,4 mg/L (S
sclerotiorum) (Guo va cdng su, 2019). Mot
nghién ctru thiét ké va tong hop cac din xuit
trc ché SDH méi bang cach dao nguge nhom
carbonyl va amide cua hop chat
fluxapyroxad, trong d6 ndi bat 1a hop chit 5i
(3',4'-dichloro-N-(3-(difluoromethyl)-1-

Nguon: Omura va Shiomi, (2007).

methyl-1H-pyrazol-4-yl)-[1,1'-biphenyl]-2-
carboxamide) c6 phd rong chéng lai niam
loai nim (B. cinerea, P. infestan, P. sasakii,
R. cerealis, va S. sclerotiorum) (Yang va
cong su, 2019). Ngoai ra, 42 dan xuét
carboxamide chura vong 1,2,3-triazole da thé
hién hoat tinh khang nim dang ké chdng lai
S. sclerotiorum (ICso = 1,08 pg/mL), B.
cinerea (ICso =8,75 pg/mL), R. cerealis
(ICso =1,67 ug/mL) va
G. graminsis (ICso = 5,30 pg/mL) v&i co ché
nhidm muc tiéu tc ché SDH (Yan va cong
su, 2019).

Nhu vay, viéc nghién ctu cac chat diét
nim dya trén kha nang &c ché SDH rét tiém
ning va c6 thé phat trién trong tuong lai.
Nhimng nim gan ddy da co nhidu nghién ctru
trén cic dan xuit anthraquinone mang lai
nhidu hoat tinh sinh hoc tiém ning.
Anthraquinone méi  (1-methyl-2-(3'-methyl-
but-2'-enyloxy)-anthraquinone) da dugc phan
1ap tir hat ctia Aegle marmelos Correa c6 hoat
tinh khang ndm dang ké ddi voi cac ching
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gdy bénh cua loai Aspergillus va Candida
albicans (Mishra va cong su, 2017). Hai hop
chat rhein va aloe-emodin di dwoc phén lap tir
Rheum palmatum chong lai sy phat trién cta
soi ndm va su nay mam bao t& cua
Saprolegnia & tit ca cac nong do dugc thir
nghiém sau khi tiép xuc trong 48 gio (Yao va
cong su, 2016). Alizarin va chrysazin tc ché
su hinh thanh mang sinh hoc C. albicans.
Diéu tha vi 1a alizarin va chrysann chi & nong
d6 2 pg/mL di trc ché hiéu qua sy hinh thanh
soi ndm va kéo dai thoi gian séng cua
Caenorhabditis elegans bi nhiém C. albicans.
Ngoai ra, nghién ctru vé mdi quan hé ciu tric-
hoat tinh sinh hoc cua alizarin va 6 hop chét
anthraquinone khac cho théy su hién dién cua
mdt nhém hydroxyl & vi tri C', nhom nay rat
quan trong d6i v6i hoat tinh khang nim cua
hop chét (Manoharan va cong sy, 2017). Vao
nam 2022, khi dich COVID-19 di dién ra,
nghién ciru trén barbaloin dugc tim thay trong
cdy nha dam (4loe vera) - mot dan xuit cia
anthraquinone va ton tai du6i dang déng phan
cua aloin A va aloin B. Barbaloin thugc nhém
Aloin A 1a mét glucoside cua phan ti aloe-
emodin anthrone, nghién ctu da chirng minh
barbaloin hitu ich cho viéc chira tri chdng lai
cin bénh COVID-19 dang dién ra (Mitra va
cong su, 2022).

Qua day cho thiy rang cic dan xuit
anthraquinone c¢6 nhiéu hoat tinh va co thé
nghién ctru phat trién trong twong lai véi muc
tiéu phong trir va chdng lai cac ndm bénh cay
trong. Nghién ctru tap trung dinh hudng thiét
ké mot loat cac dan xuét cia aloe-emodin
nham muyc tiéu (rc ché SDH bing cac tinh toan
moé phong dé tim ra cac dan xuét cua co tiém
nang e ché SDH 1am thube chéng ndm trong
tuong lai.

2. PHUONG PHAP NGHIEN CUU
2.1 Chuén bj phéi tir va ciu triic enzyme

Céu trac hoa hoc 2D ban dau cua cac dan
xuat dugc chuan bi (Bang 1), sau do toi uu
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hoa ciu triic phan tir bang cong cu Gaussian
09W. Céu trac tinh thé SHD duoc tai vé tir
ngan hang co s& dir li€u protein
(https://www.rcsb.org/) voi ma dinh danh Ia
2FBW. Sau do6, phan mém Discovery Studio
2024 Client sir dung dé loai bo cac phan tir
nudc, ligand tao phuec.

2.2. Docking phan tir

Docking phén tur gitta ligand va enzyme
duoc thuc hién bﬁng bd cong cu AMDock véi
ving khong gian dugc lua chon 1a 20 A, trung
tam hop ludi duge dat tai vi tri X:Y:Z =
13,6:16,5:8,4. Cac thong sé khac dugc cai dat
theo ché do mic dinh cua cong cu. Biéu dién
cac twong tac bang phin mém Discovery
Studio 2024 Client.

3. KET QUA NGHIEN CUU
3.1. Panh gia mo6 hinh

Re-docking

5%

>" -
| |

Hinh 2. Qua trinh re-docking phi tir

carboxin

Nguoén: Céng bé cia tac gid, (2024).

Céc hop chat dong két tinh trong enzyme
SDH 1a 2-methyl-N-phenyl-5,6-dihydro-1,4-
oxathiine-3-carboxamide (carboxin), hop chit
nay duoc tién hanh re-docking dé danh gia do
chinh x4c ctia mé hinh. Budc nay nham ching
minh phuong phap thuc hién mang lai két qua
dat do tin cdy cao. Két qua re-docking cho
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thdy hop chét cho gia tri RMSD (root mean
square deviation) = 0,661 A (nh6 hon 1,5 A)
(Hinh 2). Piéu nay thé hién mé hinh cho két
qua dat do tin cay, phu hop cho dinh hudéng
nghién ctru.

3.2. Docking phan tir

Nghién ctru nay tién hanh thiét ké 32 hop
chat 1a dan xuat cta aloe-emodin véi céc
nhém thé khac nhau (Bang 1). Cac hop chat
déu cho thdy ning lugng tuong tac dao dong
tir -10,5 dén -6,3 kcal/mol tai vi tri hoat dong
cia SDH. Nam hogp chét (05, 09, 14, 24, 25)
cho thay ning luong thip nhat manh hon dang
ké so voi acarboxin (-6,5 kcal/mol). Cac hop
chit déu cho thdy kha ning twong tac manh
v6i cac amino acid quan trong tai vi tri hoat
dong SDH (Bang 2). Trong d6, dan xuat 05
tao phuc 6n dinh nhat trong trung tim hoat
dong cua SHD véi mirc ning lugng thip nhit
trong cac dan xuét 1a -10,5 kcal/mol va LE
(ligand efficiency) = 0,3. Khi phdi tir ¢ LE >
0,3 thi dugc xem la mot hop chit dan duong
(lead compound) tiém ning cho cac nghién
ctru dinh hudng tiép theo (Qudc va cong su,
2023a; 2023b; De va cong su, 2024; Nguyen
va cong sy, 2024). Cu thé, hop chat 05 thé
hién cac tuong tac pi-alkyl véi by ba
11e27,40,218 va Pro169. Cac nhém carbonyl
hinh thanh cac tuong tac hydrogen véi Trpl73

va Tyr58. Dong thoi loai twong tac pi-sulfur
va pi-anion ciing d3 dwoc quan sat thiy véi
Met36 va Arg43 (Hinh 4). Nhin chung tit ca
cac tuong tac nay déu co do dai < 5,36 A,
ciing ¢ thém tinh bén viing cua hop chat tai
vi tri gan két trén SDH.

3.3. Méi lién hé giita két qua va tinh
hinh nghién ciru hi¢n nay

Ung dung cac mé hinh tinh toan cho dy
doan cac tac nhan khang nim méi la mot
huéng di méi va day hira hen. Didu nay giup
1t ngén thoi gian nghién ctru, tap trung vao
muc tiéu diéu tri va mang lai hiéu qua déng
khich 1¢. Trong nhitng nim gan day, di c6
nhiéu hudéng nghién ciru 4p dung cac mé hinh
docking phan tir cho muc dich dy doan cac co
ché tuong tac va dinh hudng cho cac nghién
ctru thir nghiém. Nam 2017, Jin va cdng su da
nghién ciru 12 hop chit lai cua fenfuram-
diarylether va danh gia hoat tinh khang ndm
cia chung dbi véi nam loai nim giy bénh
thuc vat (R. solani, S. sclerotiorum, P.
infestans, P. aphanidermatum, va P. piricola)
(Jin et at., 2017). Trong d6 mot hop chét thé
hién tac dung khang ndm manh nhat ddi véi
R. solani véi gia tri 1Csp 1a 0,242 mg/L, vuot
tr6i hon thudc diét ndm thwong mai boscalid
(ICso = 1,758 mg/L) va thubc diét nim
fenfuram (ICso = 7,691 mg/L).

Bing 1. Cac din xuit aloe-emodin va niing lwgng du do4n ciia cac din xuat nay

tai trung tim hoat dong cia SDH

®

o O

Code R' R’ AG
01 -H -H -8.1
02 -H —CH; 7.6
03 -H —~COCH; -8.1
04 -H — COCH,Cl -83
05 -H —COAr -10.5

Code R' R’ AG
17 ~OCOCH; -COCH; 8.5
18 ~OCOCH; -COCH,Cl -6.9
19 —~OCOCH; —COAr 9.4
20 —Cl -H 7.1
21 -Cl —CHj 7.8
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Code R!' R’ AG
06 ~OH -H 8.1
07 —OH ~C,Hs -6.8
08 —OH ~COCH,Cl -7.2
09 ~OH ~COAr 9.6
10 —~OCHs -H 6.3
11 —~OCHj —CH; 7.4
12 —OCHj —~COCH; 8.5
13 —~OCHj ~COCH,Cl  -8.2
14 —~OCHj —~COAr 938
15 ~OCOCH; -H -8.4
16 —~OCOCH; -CHjs 7.9

Code R!' R’ AG
22 —Cl —~COCH; 7.8
23 —Cl ~COCH,Cl -7.5
24 ~NH, —~COAr 9.9
25 ~OCOAr  -H 9.8
26 ~OCOAr  —COCH; 7.8
27 —-NH, —CH; -6.5
28 —-NH, -H 7.9
29 ~NHAr -H -8.5
30 =NCgHs —CH; 7.6
31 =NOH —CH; -6.4
32 =NNH2 —CH3 -9.5

AG: Nang lugng tuong tac dy doan (kcal/mol)

Nguon: Céng bé ciia tic gida, (2024).

Bang 2. Tuong tac chinh ciia cac din xuat ciia aloe-emodin

"Code "LE Amino acid twong tac (46 dai A)

25 0,35 11e*°(2,89), Ser’’(2,74), Arg*(3,98), Gly™(2,79), His*'%(2,45),
e*'®(5,18), Pro'¥(5,12)

24 0,28 Tyr’®(2,0), Trp'(2,10), Pro'®(4,13), Ile*’(4,79), 11e*'¥(5,36),
Met36(5,01), Ile*'(4,41), Arg™(3,95)

14 0,26 Trp'™ (2,13), Ile”’ (4,78), Pro'® (4,15), Tyr**(1,97), Ile*'¥(5,38),
Arg™(3,93), 11e*(4,42), Met*(5,05)

09 0,27 Ile?’ (4,96), Trp'*(2,54), Pro'®(4,69), Tyr *(1,78), 1le*'8(5,25),
Arg™(3,92), 11e*(4,69), Met*(5,76)

05 0,30 Arg™(3,96), Tyr’*(1,99), Met*°(5,0), Ile*(4,4), 11e*'%(5,36),

Pro'®(4,13), lle?’(4,3), Trp'(2,15)

Ghi chii: “Thir tir cdc hop chat. "LE (ligand efficiency ) > 0,3 cho biét phéi tir ¢6 thé la hop chdt

khoi dau tiém nang.

Hon nita, bang chwong trinh Autodock mé
phong d3 ching minh ring nhém 2-
chlorophenyl ctia hop chat nay tao thanh lién
két m-m véi Tyrl28 va twong tac Cl-m véi
His249, 1am cho hop chit nay c6 hoat tinh
chéng lai SDH manh hon fenfuram.

Ném 2019, Zhang va cong su da nghién
ctu thiét k& 25 hop chét N-(4-fluoro-2-
(phenylamino)phenyl)-pyrazole-4-

carboxamides va danh gid vé hoat tinh

Nguén: Céng bé ciia tac gid, (2024).

chéng nidm cua chiing dbi voi bay nim giy
bénh thuc vat (R. solani, P. infestans, F.
oxysporum f. sp. vasinfectum, B. dothidea,
G. zeae, A. alternate va F. oxysporum f. sp.
niveum) bang cach e ché SDH, nghién ctru
chi ra mot hop chat (ICso = 1,836 mg/L) G
ché tét ndm gdy bénh thuc vat va hop chat
nay ciing cho thiy kha ning tc ché SDH
bang du doan bang tinh toan (Zhang va
cong su, 2019).
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Hinh 3. CAu hinh lién két cac din xuit aloe-emodin tai trung tim hoat dong SDH

ARG
€43 e
B:218
TYR
D:58
TRP
B:173 9
o 0 q fo}
PRO o
B:169
MET
, ILE ILE
&30 C:40 c:27

Hinh 4. Céc twong tic ciia din xuit 05
tai trung tim hoat dong SDH
Nguon: Cong bo cua tac gid, (2024).

Nam 2020, Yingkun va cong su (2020) da
nghién ctru thiét ké 36 dan xuit pyrimidine va
tién hanh thir nghiém hoat tinh khang ndm
trén 5 loai nAm gay bénh thuc vat (R. Solani,
F. Graminearum, H. Maydis, S. Sclerotiorum,
B. Cinerea). Két qua cho thiy hai hop chit 4-

Nguon: Cong bé ciia tac gid, (2024).

(furan-2-yl)-2-methyl-6-(p-tolyl)pyrimidine
c6 ICso= 0,072 va 4-(4-chlorophenyl)-6-(5-
methylfuran-2-yl)-2-(1H-pyrazol-1-yl)
pyrimidine (c6 ICsy = 0,077 mg/L) c6 hoat
tinh khang ndm manh hon thudc khang ndm
fluopyram (ICso= 0,244 mg/L). Thong qua
phian mém Autodock cac hop chat nay va
fluopyram da dwoc md phong dé nghién ciru
xem SDH c6 phdi 1a enzyme muc tiéu tiém
ning cua hop chit muc tiéu hay khong, diéu
nay két luan rang hai hop chit nay co ai luc
manh hon fluopyram nén kha ning wc ché
SDH t6i uu hon.

4. KET LUAN VA PE XUAT

Nghién ctru da dé xudt thiét ké 32 hop chét
1a dan xuét cia aloe-emodin c6 kha ning tc
ché enzyme SDH trong diéu tri bénh nim
thyce vat. Nghién ctiru ¢ mo phong gin két cac
dan xut vao trung tdm hoat dong ciia enzyme
SHD. Mb hinh phan tir cho thdy cac phdi tir
da twong tac vao cac vi tri e ché quan trong
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trén enzyme SHD. Két qua docking cé su
twong dong vé su hinh thanh lién két
hydrogen, twong tac xép chdng pi-pi (dang
sandwich) giita phdi tir va cac amino acid va
phtt hop vé6i cac cong bd twong quan gan day.
Qua day, mo hinh docking s& lam tién dé va
dé xuat cho cac nghién ctru vé phuong phap
tong hop hoa dugc va danh gia sinh hoc dua
trén cac két qua nghién ctu nay, gitp dinh
hudng cho tong hop thude diéu tri nAm bénh
thuc vat trong tuong lai.

Loi cam on

Nhoém nghién ctru xin cdm on Truong Dai
hoc Can Tho di hd trg kinh phi thyc hién
nghién ctru nay (Ma sé: TSV-2024-06)
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EXPLORATION OF ALOE-EMODIN DERIVATIVES AS POTENTIAL SUCCINATE
DEHYDROGENASE INHIBITORS VIA COMPUTATIONAL SIMULATION STUDIES

ABSTRACT

Succinate dehydrogenase (SDH) is a crucial target for controlling and inhibiting various plant
pathogenic fungi. In this study, a dataset of 32 compounds was designed based on the aloe-emodin
scaffold. Computational simulations were performed to predict interactions between these compounds
and SDH (PDB ID: 2FBW). The results indicated that the compounds exhibited strong interactions with
the amino acids at the SDH active site. The predicted binding energies were all lower than -6.0 kcal/mol,
while the binding energy of carboxin (the reference compound) was -6.5 kcal/mol. In particular,
derivative 05 (3-methyl-9,10-dioxo-9,10-dihydroanthracene-1,8-diyl dibenzoate) had the lowest
predicted binding energy of -10.5 kcal/mol, which is a 4 kcal/mol difference compared to carboxin.
Therefore, this compound is considered a potential candidate for future synthesis and bioactivity
evaluation studies.

Keywords: Aloe-Emodin, athraquinone, antifungal, docking, succinate dehydrogenase

38 TAP CHi KHOA HOC VA CONG NGHE CAN THO - SO 04 THANG 11/2024



