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TOM TAT

Céc hop chét dai dién trong tinh dau cay giting den (D. Citrea) gobm Linalool (B1), p-
Citral (B2), Geraniol (B3), Borneol acetate (B4), Geranyl acetate (B5) dwgc chon
nghién ctru kha nang tc ché protein 3W37 ctia enzyme a-glucosidase. Cac thong s
hoa hoc lugng tit duwoc khao sét bang phwong phap ly thuyét phiém ham mat do
(DFT). Kha ning ttc ché protein dugc danh gia bang phuong phdp md phong
docking phan tt, kha nang twong thich sinh hoc dwgc danh gia qua cac thong s6 hda
ly tir hé thong tinh toan QSARIS va quy tac Lipinski 5. K&t qua tir tinh todn hoa
luong tir chi ra réng cac hop chat nghién ctu rat thuan loi cho sw twong tac gitra cac
phén t& d6i véi cac cdu tric protein. M6 phong docking phan ti chi ra protein 3W37
bi e ché bdi cac hop chdt nghién ctru va hiéu qua e ché theo thi tw B5> B1> B4>
B3> B2 va cac thong s& hoa ly tir hé théng QSARIS phi hop véi quy téc Lipinski 5
nén cac chdt nay c6 kha ndng tuong thich sinh hoc. Cac chat nghién cttu c6 tiém nang
trong viéc tec ché protein 3W37 va duoc khuyén khich thém cac thtt nghiém lam

sang lién quan.

Twe khoa: Ly thuyét phiém ham mat d¢ (DFT), md phong docking phan t, a-
glucosidase, protein 3W37, Distichochlamys Citrea.

1. MO PAU

Trong nhiing ndm gan day, cac bénh c6 lién quan dén rdi loan chirc ndng da va
dang nhan duoc sy quan tdm nghién ctru cua cac nha khoa hoc. Bénh tiéu duong la mot
trong sO do6 va la hoi ching rdi loan chuyén hda carbohydrate, m& va protein khi
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hormone insulin cta tuyén tuy bi thiéu hay giam tac ddng trong co thé [1]. Bénh tiéu
duwong gom 2 thé chinh 1a tiéu duong tuyp 1 (ddc trung boi sy pha huy t€bao f san xudt
insulin trong tuyén tuy) va ti€u duong tuyp 2 (ddc trung boi sy thi€éu hut insulin va st
dung insulin khong hiéu qua). Trong dd, bénh tiéu duong tuyp 2 phd bién nhat, chiém
tte 90-95 % trong tong s6 bénh nhan tiéu duong [2] va gay ra mot s6 bién chiing nhu:
tang huyét ap, dot quy, cac bénh vé than, vong mag, ... [3, 4]. O Viét Nam, ¢ khoang
3,53 triéu nguoi dang chung song vaéi dai thao duong, chiém 5,5 % dan s6 ca nudce [5].

Mot trong nhiing phuong phap diéu tri bénh tiéu duong hién nay la st dung
thudc tan duoc dé kiém soat sy tang duwong huyét sau &n bang cach tic ché cac enzym
thuy phan carbohydrate nhut @-amylase va a-glucosidase c6 trong dwong tiéu hoa [6].
Viéc stt dung thudc tan duwge mot thoi gian gay nén hién twgng dé khang thudc. Do do,
chién lugc cta cac phac d6 diéu tri ctia thude tan dugc la nang liéu, phdi hop thudc va
do6i sang thudc méi d€ tranh hién tuong dé khang. Tuy nhién, d6i vdi cac thudc tir duoc
liéu van chura ghi nhan thay su dé khang nay vi thanh phan hoat chat trong cac cay thudc
kha phong pht, c6 thé xem nhu la mét sy phdi hop thude tw nhién.

Chi Guing den (Distichochlamys M.F.Newman) thudc ho Gitng (Zingiberaceae) la
mot chi thuee vat ddc hiru cho hé thuc vat Viét Nam, dwoc miéu ta [an dau tién boi MLF.
Newman vao 1995 [7] (Hinh 1). Hién nay, c6 khoang 4 loai thudc chi Distichochlamys
dwoc cac nha khoa hoc phat hién, trong d6 thi loai Girng den (Distichochlamys citrea) dwoc
phat hién sdém nhat & vueon Qudc gia Bach Ma thugc tinh Thira Thién Hu€. Sau nay, loai
D. citrea con dwgc phat hién & mot s6 tinh mién Trung nhuw Quang Binh, Quang Tri,
Quang Nam va Nghé An [8]. D. citrea cho tinh dau c6 mui thom déc trung, dwoc nguoi
Pa K6 dung lam thudc dé tri dau bung va cac bénh lién quan dén viém nhiém, tiéu mu,
déng mau va lam lanh vét thuwong [9]. Thanh phan chinh c6 trong tinh dau cua loai D.
Citrea g‘f)m cac monoterpen (8,35-18,91 %), dan xuit oxi hda cua monoterpen (7,49-90,73
%), sesquiterpene (1,03-2,30 %), dan xuit oxi hoa ctia sesquiterpene (5,8 %) [8]. Trong
tinh dau cta cay giing den (D. Citrea) c6 thé k&€ dén mot sd cau tir c6 tac dung diéu tri
ho, Ché'ng nhiém trung, ché’ng oxi hda nhu Linalool, B-Citral, Geraniol, Borneol acetate,
Geranyl acetate [8, 10].
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Hinh 1. Cay gung den Distichochlamys citrea M.F. Newman duoc thu hdi tai vieon Qudc gia Bach
M3, tinh Thtta Thién Hué.

Mic du thudc tir duoc liéu ¢ nhiéu wu diém nhat la it gy tadc dung phu ciing
nhu gay hién tuong khang khang sinh, cach thitc st dung truyén théng (vi du nhu sac
udng) han ché viéc ting dung va phat huy bai thudc mot cach rdng rai trong cong tac
cham séc sttc khoe cong dong, chang han nhue chita nhiéu thanh phan tap chat (diép luc,
chét béo, chat nhay, ...) ctia bai thudc kha nhiéu, khi stt dung can udng liéu 16n 1am cho
nguoi bénh kho theo dudi liéu trinh trj liéu. Vi vay, nghién cttu muc dich tim kiém hop
chat ty nhién c6 tac dung chon loc nhim tng dung trong viéc kiém nghiém, tiéu chuan
hda nguyén liéu va diéu ché cac san pham thudc tir duoc liéu theo phuong phap hién
dai dang la yéu cau cap thiét hién nay. Bang phuwong phap tinh toan héa hoc lwong ti
va docking phan tir d€ nghién ctru cac tinh chat hda ly, hoat tinh sinh hoc cua duoc liéu
nham dinh huéng tim kiém cac cac hop chat tw nhién tiém nang phuc vu cho nghién ctru
cdu trag, tinh chat, co ché tong hop thudc diéu tri.
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Hinh 2. Cau trtc cta cac chat dai dién trong cay gung den (D.Citrea) B1 - B5.
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Trong nghién cttu nay, mot s6 hop chat tir tinh dau cay gung den D. Citrea gom
c6 Linalool (B1), B-Citral (B2), Geraniol (B3), Borneol acetate (B4), Geranyl acetate (B5)
(Hinh 2) dwgc lwa chon lam chat dai dién dé€ khao sat kha nang nang trc ché€ enzyme o-
glucosidase. Hinh 3 la md hinh cdu tric ctia protein 3W37 c¢6 trong enzyme a-
glucosidase (PDB-3W37; DOIL: 10.2210/pdb3W37/pdb) st dung cho nghién ctu mo
phong trong nghién cttu nay. Cac thdng s6 luong tit dugc tinh toan bang phuong phéap
ly thuyét phiém ham mat d6 (DFT). Tt d6 tién hanh mo6 phong va danh gia kha nang tic
ché& thong qua cac gia tri nang lwgng docking (DS); d¢ 1éch binh phuong trung binh gdc
(RMSD) va cac tuong tac khac nhau nhu lién két hydro, lién két cation-mt, m-1t va tuong
tac ion, lién két va twong tac van der Waals gitra cac hoat chét v4i enzyme o-glucosidase.

Alpha-Glucosidase
protein 3W37

Hinh 3. Cdu trtc cta protein 3W37 ¢d trong enzyme a-glucosidase (PDB-3W37; DOL:
10.2210/pdb3W37/pdb).

2. PHUONG PHAP NGHIEN CUU
2.1. C4u trlic t6i wu va tinh chit dic trung caa cac thudc theo tinh toan héa lugng ti

Cau truc hinh hoc phan tr ctia cac thude khao sat duoc t6i vu hoa stv dung phan
mém Gaussian 09 véi d6i xing Cl1 (khong d6i xting) [16] ¢ muc ly thuyét
M052X/6311++G(d,p) [11, 12]. Cac tan s6 dao dong duoc tinh toan dé khéng dinh cac cau
tric tinh todn dwgc nam trén cuc tidu ctia mit nang lwong thé nang (potential energy
surface - PES). Cac diém nang luong trong ciu trac hinh hoc da t6i vu duoc tinh toan
gan dung voi gia thuyét cac electron dudi 16p 2 vé hoda tri thi xem nhu khong ¢ tuong
tac va tach biét 6 trong nhan. Tinh todn nay dwa trén bo ham co so def2-TZVPP [13]. Giai
phép phan giai dong nhat gan dtng (resolution-of-identity - RI) duoc 4p dung cho moi
qua trinh t6i wu.
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Phan tich orbital bién cho biét thong tin vé hinh dang cta cac orbital phan ti va
nang luong ctia chting. Cac tinh todn nay cé thé duwoc tién hanh bang ting dung NBO 5.1
trong phan mém Gaussian 09 6 muec ly thuyét M052X/def2-TZVPP [14]. Cac thong tin vé
mat dd electron c6 thé duoc danh gia bang cac phan tich lién két. Trong d6, mitc ning
leong HOMO (highest occupied molecular orbital) Exomo dai dién cho xu huwdng cho
electron lién phan tt; ngwoc lai, mitc nang lwong LUMO (highest occupied molecular
orbital) Erumo c6 thé duoc danh gia nhu 1a gia tri dai dién cho kha nang nhan electron
lién phan tt. Nang luwgng vung cdm AE = Enomo — Erumo ¢6 thé duge xem nhu la mot
thong so cho kha néng twong tac lién phan ti boi vi nd cho biét xu hudng chuyén dich
cua electron ¢ thé duoc kich thich 1én mttc nang luong cao hay khong, dong nghia véi
viéc cd kha nang roi khoi phan tit hay khong. Nang lwong ion hda (ionisation potential,
I) va &i Iyec electron (electron affinity, A) duoc tinh todn thong qua dinh ly Koopmans'
[15, 16] I = —Enomo va A = —Erumo. Cac s0 liéu nay dugc sit dung dé€ tinh d¢ am dién
(electronegativity, x) ctia toan phan ti. DSi véi mot hé cd N electron véi tong nang luong
electron (E) va thé ndng luong hat nhan v(r), gia tri 46 am dién duoc tinh toan la gid tri
am cua thé hda hoc (chemical potential, p) [17, 18].

2.2. M6 phong docking phan tt

St dung phuong phap docking phan ti d€ du doan nang lugng docking va
twong tac gitta hop chat (ligand) véi enzyme/protein ctia vi khudn tir d6 dé nghi co ché
tee vi khudn caa hé chat nghién ctru. Cac budc tién hanh md hinh héa docking phéan ti
gom 5 budc thong qua phan mém MOE 2015.10 [19-22]:

Buéc 1. Lya chon va chudn bi cdu triic muc tiéu tic dong
- Lwta chon protein.

- X4c dinh vi tri gén két thong qua vung tac dong cua protein, duoc xac dinh dya
trén vi tri ligand (ban kinh 4,5 A) va sit hién dién cac amino acid quan trong cua protein.
Cac phan t nudc duoc loai bo va cdu dang cac amino acid duoc kiém tra trude khi tai
lap vung tac dong cua protein.

Budc 2. Chudn bi cdu triic phin ti hop chat (ligand)

- Xay dung cau triic 2D (cAu triic phang) ctia cdc phan tie hop chat dwgc vé chuyén
ddi tw dong sang cau tric héa hoc 3D (cdu tric khong gian ba chiéu) bang phan mém
ChemBioOffice 2018.

- T6i wu héa nang lwong c&u tric phan ti 3D ctia hop chit nghién ctru bang phan
mém SYBYL-X 1.1 d€ thiét lap lai cdu dang cuia chat nghién ctru, sit dung phuong phap
Conj Grad (gradient lién hgp), lya chon diém dung la thay doi ndng lwgng nho hon 0,001
kcal.mol, dién tich tirng phan Gasteiger — Huckel, s& budc lap lai t6i da 10.000 budec.
Tinh dong luc hoc phan tir véi nguyén tac gia nhiét mo phong (Simulated Annealing)
trong phan mém Sybyl-X 1.1 d€ thu duoc cdu dang cé nang lugng toan phan thap nhat.
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Cau truc phan ti duoc gia nhiét ¢ nhiét do cao (700 K) trong mot thoi gian nhat dinh
(1000 pico gidy) d€ phan tir tai sap xép lai trang thai hién tai ctia n6, sau d6 duogc lam
lanh dén 200 K trong mot khoang thoi gian khac (1000 pico gidy) vé trang thai 6n dinh
d€ dua ra cau dang cudi cung. Chuong trinh ty dong lap lai 5 [an d€ tim ra nhiéu cau
dang khac nhau can thiét, sau d6 t6i vu hda nang luong lai dé xac dinh nang luong
khong gian (steric) nh3m dua ra cac cadu dang bén hon cdu dang ban dau véi sy khac
biét vé ndang luong.

Budc 3. M6 hinh tdi ldp ghép phan ti (Re-docking)

Lap ghép lai cau tric ligand dong két tinh trong protein, nham muc dich danh
gia tinh phit hop ctia cac thong s8 1ap ghép. Qua trinh nay duoc tién hanh véi 3 ciu dang
ligand nhu sau:

(1)- Tach ligand ttr phitc chat hop dong két tinh trong protein.
(2)- Tach ligand tr phtic hop dong két tinh.

(3)- Chuan bi phan t ligand hoan toan méi véi cau tric bén, nang luong t6i vu
va dong luc hoc phan t.

Dbénh gia thong s6 RMSD (Root-mean-square deviation), cho biét mutc d¢ sai léch
clia cac cau dang ligand sau lap ghép so véi cdu dang c6 san trong cau tric tinh the, va
so sanh cac twong tac ligand cé trong cdu tric tinh thé va tuong tac tao ra sau khi lap
ghép. K&t qua md phong lap ghép thuc su dang tin cay khi gia tri RMSD < 2,0 A va cac
twong tac gitra cac ligand véi protein ban dau khac nhau khong dang ké.

Budc 4. Lip ghép phéan tir vio muc tiéu tac dong

- Lap ghép phan tir nghién cttu trong co s6 dit liéu da chudn bi. Tién hanh quy
trinh lap ghép bang phan mém MOE 2015.10 véi cac tuy chon nhu sau: phirong phéap
d3t cAc manh ligand vao tti gan két 1a phép thiét 1ap phit hop véi cau tric 3D; s8 két qua
t6i da cho mbi budce 1dp 1a 1000, s6 két qua t&i da cho mdi sw phan manh ligand 1a 200;
gitr lai mot s6 cAu dang tdt nhat ctia modi phan tir hop chat trong phtic hop (ligand-
protein) gan két d€ tiép tuc phan tich twong tac. Cau dang tot v6i diém s8 1ap ghép thap
nhat (Score — kcal.mol ), diém sd nay la tong nang luong tiéu thu cho su hinh thanh cac
trrong tac gan két gitta phan tir nghién ctru véi muc tiéu tac dong (protein).

Budc 5. Phén tich két qua ldp ghép phan tir vao muc tiéu tic dong

- banh gia kha nang tic ché protein ctia hop chdt nghién ctru thong qua viéc danh
gia diém sd lap ghép va tuong tac ligand-protein gom:

+ Nang leong 14p ghép phan ti DS (kcal/mol), tham s& dd léch binh
phuong trung binh géc (RMSD).
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+Phan tich tuwong tac gitta phan t& hop chat véi muc tiéu tac dong va biéu
dién twong tac trén mat phang 2D, 3D thong qua cac lién két hydrogen, tuong tac n-r,
twong tac ion, twong tac cation-n. Cac twong tac bé mat van der Waals duoc phat hién
boi s tiép xtic cac bé mat than trude, ky nuwdc gitta phan tit hop chat va diém gan két
(cac amino acid ctia protein).

3. KET QUA VA THAO LUAN
3.1. C4u trac - tinh chat ctia cac hgp chat nghién ciru theo tinh toan lwgng tix

C4u trinh hinh hoc t8i wu ctia cac hgp chat B1-B5 tai murc ly thuyét M052X/6-
311++G(d,p) duoc trinh bay ¢ Hinh 4. Nang lwong dién tit ¢ trang thai co ban va moment
lwdng cuc cta cac hop chat B1-B5 duwoc trinh bay ¢ Bang 1. Nhin chung, viéc t6i uvu hoa
cac hgp chat B1-B5 nén cac hop chat nay co tinh 6n dinh va ton tai trong tw nhién. Dong
thoi khong co su bat thuwong nao vé do dai va goc lién két trong cac hop chat nay. Thong
qua viéc t6i wu hda cdu trinh hinh hoc da xac dinh dwoc d¢ dai cua cac lién két ddc trung
nhw C-C, C-O, O-H nidm trong khoang ttt 0,96 — 1,50 A. Néng leong dién tit ¢ trang thai
co ban ctia cac hgp chat B1-B5 bién thién tir -292382,08 (B3) dén -388984,32 (B4) kcal/mol.
Ngoai ra, gia tri moment ludng cuc ctia cdc chat B1-B5 16n va nam trong khoang 1,925
(B1) dén 4,561 (B2) Debye nén sé thuan loi trong viéc hinh thanh lién két gitta cac phoi
tte voi protein [23, 24].
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Hinh 4. C4u trac hinh hoc t6i wu cua cac hop chat nghién ctu B1 — B5 tai muc ly thuyét
MO052X/6-311++G(d,p).
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Bang 1. Nang liong dién tix 6 trang thai co ban (kcal/mol) va moment lidng cuc ctia cac hop
chét nghién ctru B1 — B5 tai muc ly thuyét M052X/6-311++g(d, p).

Nang lIwong dién tt ¢ trang Moment ludng cuc

T Hop chilt Ky hiu théi co ban (kcal/mol) (Debye)
1 Linalool B1 -293140,37 1,925
2 p-Citral B2 -292382,08 4,561
3 Geraniol B3 -293138,24 2,115
4 Borneol acetate B4 -388984,32 2,032
5 Geranyl acetate B5 -388951,62 2,695
Ky hiéu B1 B3

HOMO

LUMO

Hinh 5. HOMO va LUMO ctia hop chat nghién cttu B1-B5 tinh toan theo phuong phép orbital
lién két tw nhién tai muic ly thuyét M052X/def2-TZVPP.

Céc hop chat B1-B5 duoc tién hanh phan tich orbital bién tai muc ly thuyét
M052X/def2-TZVPP bang phuong phap NBO dé xac dinh thong tin vé hinh dang va
nang luong ctia cac orbital phan ti (Hinh 5). Cu thé, mat d¢ dién t& trong cac orbital
HOMO va LUMO cua cac hop chat B1-B5 déu phan bd trén twong d6i dong déu trén
dién tich cia mdi phan tir. Ngoai ra, bang phwong phap orbital lién két tu nhién (NBO)
con 6 thé xac dinh dwoc cac thong s6 hda hoc luong tir va két qua duoc trinh bay ¢ Bang
2. Nang luong HOMO va ndng luong LUMO Ian luot la dai lwong dédc trung cho kha
nang nhuong va nhan electron cua phan tr. Gia tri Enomo ctia phan te B1-B5 twong ting
la -7,945 eV; -8,196 eV; -7,872 eV; -9,266 eV va -7,992 eV. Diéu nay c6 nghia la kha ndng
cho electron tang theo thit tit B4< B2< B5< B1< B3. Twong tu, kha nang nhan electron sé
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téng theo thit tw B4 < Bl< B5< B3<B2. Gia tri AEcarctia B1-B5 nam trong khoang i 6,862
dén 7,688 eV. Mat khéc, hop chat B4 c6 gid tri nang luong ion hda va ai luc electron 16n
nhét (129,266 eV va A=2,578 eV).

Bang 2. Thong sd hoa hoc lwong tir ciia B1 — B5 tir tinh todn orbital lién két ty nhién tai muc ly
thuyét M052X/def2-TZVPP: nang lwong HOMO (Eromo), ndng luong LUMO (Erumo), bién thién
nang luong vung cdm (AEcar), nang luwgng ion hoa (I), i luc electron (A), d6 am dién (), hoa
thé (u).

I A x B=-y
Hop Esomo  Erumo AEcar (eV)

chat (eV) (eV)

= Frumo—EHOMO

—Enomo —Evumo I+ A)/2 —(0E/ON) v

Bl -7,945  -1,083 6,862 7,945 1,083 4,514 -4,514
B2 -8,196  -0,520 7,676 8,196 0,520 4,358 -4,358
B3 -7,872  -0,979 6,893 7,872 0,979 4,426 -4,426
B4 -9,266  -1,578 7,688 9,266 1,578 5,422 -5,422
B5 -7,992  -1,007 6,985 7,992 1,007 4,499 -4,499

Do d6, thong qua viéc t8i wu cdu trtc hinh hoc tai mic ly thuyét MO052X/6-
311++G(d,p) va phan tich orbital lién két tai muc 1y thuyét M052X/def2-TZVPP bang
phuong phép NBO c6 thé budc dau khang dinh cac chat B1-B5 c6 tiém ning trong viéc
tec ché protein 3W37 clia enzyme a-glucosidase.

3.2. Khao sat kha ning ttc ché protein 3W37 ctia alpha-Glucosidase bang cac hop chat
nghién cttu st dung mo6 phong docking phan tae

Chung t6i tién hanh khao sat vi tri tiém nang dé cac hop chat B1-B5 ttc ché hiéu
qua protein 3W37 ctia enzyme a-glucosidase véi bon vi tri tiép can khac nhau (Hinh 6).
Céc vi tri tiép can tuwong ting véi cac ky mau sac khac nhau tir vi tri 1 dén vi tri 4 cu thé:
vi tri 1 (mau vang), vi tri 2 (mau xanh luc lam), vi tri s6 3 (mau xam) va vi tri s6 4 (mau
cam) dugc str dung dé danh gia kha nang tec ché cta cac hop chat véi protein 3W37 va
két qua duoc trinh bay ¢ Bang 3. Nhing vi tri thuan loi cho qua trinh tic ché protein
3W37 sé c6 ndng luwong docking thdp va sd lugng twong tac 1on. Do d6, tir két qua Bang
3, vi tri s6 2 (mau xanh luc lam) thuan loi cho hop chét B2, B4 tiép can dé tic ché protein
3W37 va vi tri s6 4 (mau cam) sé thuan 1oi cho hop chat B1, B3, B5.
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Sites1—4
Alpha - Glucosidase

Site 3

Hinh 6. Cau truc cua protein 3W37 véi cac vi tri ti€p can (hdc) ctia chiing boi mét s thudc tiém
nang duoc khao sat: vi tri 1 (mau vang), vi tri 2 (mau xanh luc lam), vi tri 3 (mau xam) va vi tri 4

(mau cam).

Bdng 3. Sang loc két qua vé kha nang trc ché'1én cac vi tri tiém nang trén protein 3W37 ctia cac

hop chét nghién ctru.

Protein 3W37
Hop chat Vitril Vi tri 2 Vi tri 3 Vi tri 4
E N E N E N E
B1 9,2 1 -8,9 1 -9,8 2 -11,9
B2 -8,1 1 9,1 2 -7,6 0 -8,4
B3 -7.9 1 -8,3 1 -8,0 1 -9,4
B4 -8,0 1 -10,8 2 -7,3 1 -6,9
B5 9,6 1 -10,9 2 9,0 1 -12,0

E: nang luong docking DS (kcal/mol); N: s6 tuwong tac

Kha nang trc ché protein 3W37 ctia cac hop chat B1-B5 duwoc nghién ctru bang
phuwong phdap mo phong docking phan tt va hinh anh mo6 phong 2D-3D cta qua trinh
tec ché duoc trinh bay lan lwot 6 Hinh 7. Ngoai ra, cac két qua vé théng s6 qua trinh
docking nhu nang luong docking (DS), chi s6 RMSD, cac tuong tac van der Waals, lién
két hidro dugc trinh bay ¢ Bang 4 va tir d6 c6 thé danh gia dwoc hiéu qua tic ché ciia cac
hop chat B1-B5 1én protein 3W37.
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Hinh 7. M6 phong triec quan 2D-3D tie ché protein 3W37 thong qua tuong tac cuia cac
nhém chtc trong hop chat nghién ctru va amino acid caa protein 3W37: [B1-3W37], [B2-3W37],
[B3-3W37], [B4-3W37], [B5-3W37].

Qua trinh nghién cttu m6 phong docking phan tr gitta cac chat nghién ctru véi
protein 3W37 c6 gia tri dd 1éch binh phuong trung binh (RMSD) déu nho hon 2A trong
tat ca cac chat nén két qua docking dang tin cay [25]. Két qua mo6 phong qua trinh
docking cac hgp chat B1-B5 1én pretein 3W37 nhan that rang hop chat B2 ¢6 nang luong
docking cao nhat -9,1 kcal/mol nén c6 kha nang tic ché cao nhat. Hop chat B2 duoc gén
vao protein 3W37 thong qua viéc twong tac gitta B2 véi cdc amino acid ctia protein bang
9 tuong tac van der Waals va 2 lién két hidro trong dé nhém -O- cua B5 sé twong tac voi
nhém -O- va -N- ctia cac amino acid Arg 670 (3,02 A) va Arg 676 (32,93 A) bing tuong
tac H-acceptor. Mt khéc, gid tri DS ctia hop chat B5 khi tic ché€ protein 3W37 la thap
nhat (-12,0 kcal/mol) nén c6 thé du doan kha nang tc ché€ protein 3W37 cua B5 la yéu
nhat. Do d6 c6 thé sdp x&ép mot cach twong ddi kha ning e ché protein 3W37 ctia cac
hop chét nghién cttu theo thit ty giam dan nhu sau B5> B1> B4> B3> B2.
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Bang 4. Cac thong s0 trong tuong tac thong qua md phong docking phan ti gitra cac hgp chat
nghién cttu B1 — B5 véi protein 3W37.

Ligand-protein Lién két hydro

Twong tac van der

Waals
Phtxc DS |[RMSD| L P T D E

Asp 370 |H-donor 2,85| -1,8

Phe 374, Arg 332, Asp
- @) N |Ala363 |H-acceptor|2,94| -1,6
B1-3W37 1.73 359, Met 361, Tyr 331,

11,9
7 5-
C His 373 |H-nt 356 | 0,7 |The 364, Asp 362

@) N |Arg 670 |H-acceptor |3,02| -1,8 |Tyr 659, Arg 699, Leu
663, Gly 698, Gly 791,

O | N |Arg676 |H-acceptor|2,93| -4,7 |Thr 790, Glu 792, Asp
666, Ile 672

B2-3W37| 9,1 | 0,89

Asp 359 |H-donor 2,80 -3,2 Arg 332, Tyr 331, Asp

B3-3W37 | -9,4 1,94 )
Arg 629 |H-acceptor |2,85| -1,4 370, Phe 364, His 373

O N |Arg 670 |H-acceptor |3,10| -1,5 |Thr 790, Gly 791, Val
760, Gly 698, Arg 699,
- Asn 768, Ile 759, Glu

B4-3W37 0,92
10,8 O | N |Arg676 |H-acceptor|3,31| -0,9 |792, Tyr 659, Asp 666,
Leu 663, Ile 672, Thr
662
Arg 629 |H-acceptor | 3,04 | -4,0 Asp 370, Tyr 331, Phe
- O N |Arg269 |H-acceptor |3,29| -1,2 |364, Ala 363, Met 361,
B5-3W37 1.32
12,0 5. Gly 330, Arg 332, Asp
C | . His 373 |H-mt 3,65| -0,7 359
ring

DS: nang lwong docking (kcal/mol); RMSD: Root-mean-square deviation (A)

L: Ligand; P: Protein; T: loai twong tac; D: khoang cach twong tac (A); E: nang lueong (kcal/mol)

3.3. Twong thich gitra thong s6 hoa ly va hoat tinh cta hgp chét nghién ciru khi ttc ché
protein 3W37

Bang 5 tong hop cac thong sd hoa ly ctia cac hop chat nghién ctru B1-B5. Cac
thong s két n6i bao gdm nang lwong tic ché trung binh (DSTB, kcal.mol-1); Khoi luong
phan te (Ma, amu); D phan cuc (A3); Thé tich (size) (A) va hé s6 phan tan LogP, LogS
cuia cac hop chdt nghién ctru B1-B5. Cac thong sd nay duoc tinh toan thong qua hé thong
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QSARIS bang phuong phap Gasteiger-Marsili (ref). Hoat tinh sinh hoc hodc dwgc 1y ctia
cac hop chat nghién ctru duwoc ddnh gia dua trén quy tac 5 ctia Lipinski, mot chi s6 tinh
cay d€ du doan hoat tinh cta chédt nghién cttu nhu thudc tiém nang [26]. Quy tic chi ra
rang mot phan tinh c6 kha nang tic ché t8t thong qua twwong tac véi amino acid phai ¢6
LogP < 5, khoi luong phan tir < 500 amu vdi s6 luong chat nhan lién két hydro < 10, s6
luong chét cho lién két hydro < 5 [27]. T4t ca cac hop chat nghién ctu déu c6 logP <5
cho hé s phan tan va hé s6 hoa tan nhéan gia tri am. Bén canh d6, B1 - B5 déu gia tri
phan cure 16n va dan dén kha nang lién két cao véi cac acid amin thdng qua viéc thé hién
lién két manh mé vdi cac tuong tac hydro va tuong tac van der Waals. C6 thé két luan
rang, diéu nay rat c6 loi cho su tic ché protein. Cac hop chat nghién cttu c6 kha nang
twong thich v6i cac ing dung duoc pham trong mdi truong sinh ly trong diéu tri bénh
mdi. Tom lai, cac két qua tinh todn lam r6 méi twong quan gitra cac cdu trac va cac hoat
dong tec ché protein 3W37 ctia cac hgp chét tw nhién tiém ning, chiing to6i nghi rang cac
dac tinh cta cac phuc chat giup ching t6i dinh hudng ban tong hop hodc tong hop cta
mot s§ dan xuét twong tw trong turong lai.

Bang 5. Tong hop cac tinh chat hoa ly cta cac hop chat nghién ctru.

n Heé s6 phan tan Tong s6 twong tac
DS e bo
. o, Khoi . N
Thuoc The tich phan Hé s6 hoa tan (3W37)
3W37 lugng  ~
i LogP LogS Hydrogen bond

Bl -11,9 298,9 154,7 20,1 2,67 -1,95 3
B2 91 297,5 153,2 19,6 2,87 -2,10 2
B3 9,4 297,8 152,4 19,4 2,69 -1,93 2
B4 -10,8 326,8 197,3 22,5 2,89 -2,97 2
B5 -12,0 367,4 199,1 27,1 3,21 -2,64 3

Nang lueong tic ché (DS, keal/mol); Khéi luong phan tir (Ma, amu)

D0 phan cuc (A3); Thé tich (size) (A)

4. KET LUAN

Nghién cttu nay mé ra mot hudng tiép can mai vé cac hop chat dai dién co trong
tinh dau cay gung den (D. Citrea) dong vai tro la chét tc ché protein 3W37 ctia enzyme
a-glucosidase.Ttr nhitng thong sd tinh toan luong ti, cdc hop chat nghién ctu thich hop
cho qua trinh twong tac gitta cdc phan ti véi protein. Két qua khao sat vi tri tec ché hiéu
qua protein 3W37 la vi tri 2 cho nhém chat B2, B4 va vi tri 4 cho nhém chét B1, B3, B5.
Gia trj &6 RMSD ctia cac chit nghién cru nho hon 2A nén két qua qua trinh docking

37



Nehién civu tac dung khing a-Qlucosidase ctia mot s6 hop chdt tie cdy qung den ...

dang tin cay. Cac chat nghién cttu duoc sap xép theo chiéu ting dan kha nang tc ché
protein 3W37 nhu sau: B5> B1> B4> B3> B2. Kha ndng twong thich sinh hoc dugc danh
gid thong qua cac thong s6 hoa ly tlr quy tac Lipinski 5 va cac hop chat B1-B5 c6 ¢ phan
cye 16n va kha nang lién két cao vdi cac acid amin cua protein 3W37. Do d6, vé mat ly
thuyét cac chat nghién ctu c6 tiém nang trc ché tot protein 3W37 cua enzyme a-
glucosidase va cd y nghia trong viéc hd tro sang loc cac hop chat d€ phat trién thudc dieu
tri bénh tiéu duong.

LOI CAM ON

Nghién cttu nay duoc tai trg boi Dé tai Khoa hoc va Cong nghé cap Dai hoc Hué
ma s6 DHH2022-01-198.
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INHIBITABILITY OF COMPOUNDS FROM DISTICHOCHLAMYS CITREA M.F.
NEWMAN RHIZOME TOWARDS ENZYME a-GLUCOSIDASE BASED ON
QUANTUM CHEMICAL CALCULATION AND DOCKING SIMULATION
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ABSTRACT

The selected compounds in the essential oil of Distichochlamys citrea M.F. Newman
(commonly known as "Black Ginger") including Linalool (B1), B-Citral (B2), Geraniol
(B3), Borneol acetate (B4), Geranyl acetate (B5) were choosen to study the
inhibitability towards enzyme a-glucosidase. Quantum properties were examined
using density functional theory (DFT). The inhibitability of the compounds towards
protein 3W37 of enzyme apha-glucosidase evaluated by molecular docking
simulation and their bio-compatibility was justified by physicochemical properties
obtained from QSARIS-based analysis in reference to Lipinski's rule of five.
Molecular docking results indicated that 3W37 protein inhibited by the studied
compounds and the inhibitory efficiency was in the order B5>B1>B4>B3>B2 and the
physicochemical parameters from the QSARIS system were consistent with the rule
Lipinski 5. The theoretical results would contribute to the basis for further studies

on the chemical compositions of Distichochlamys citrea and their biological activities.

Keywords: Density functional theory (DFT), molecular docking, a-glucosidase,
protein 3W37, Distichochlamys Citrea.

Bui Quang Thanh t6t nghiép c nhan chuyén nganh Hda hoc tai
Trueong Dai hoc Sw pham, Dai hoc Da Ngmg; nhan béng Thac si chuyén
nghanh Hda ly thuyét va hoa ly tai Treong Dai hoe Khoa hoc, Dai hoc
Hué. Hién nay, 6ng giang day va nghién cttu tai Truong Pai hoc Khoa
hoc, Dai hoc Hué.

Linh vwc nghién ciru: Héa hoc vit liéu va vdt liéu nano.
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HO6 Thi T6 Van sinh ngay 20 thang 12 nam 1987 tai Gia Lai. Ndm 2009,
ba t6t nghiép Pai hoc su pham chuyén nganh Hda hoc. Hién ba dang
theo hoc chuong trinh thac si chuyén nganh Héa V6 co tai treong Dai
hoc Khoa hoc, Pai hoc Hué. Hién nay, ba cong tac tai truong Trung hoc
pho thong Phan Boi Chau, thanh phd Pleiku, tinh Gia Lai.

Linh viec nghién civu: Hoa ly thuyét.

Nguyén Vinh Pht sinh nam 1996. Ong t5t nghiép ctr nhan Héa hoc tai
treong Dai hoc Khoa hoc, Dai hoc Hué; Hién dang theo hoc chuwong
trinh thac si chuyén nganh Hoa ly thuyét va Hoa ly tai truong Pai hoc
Khoa hoc, Dai hoc Hué. Hién nay, 6ng giang day va nghién ctu tai

treong Dai hoc Y Duoc, Dai hoc Hué.
Linh vwec nghién civu: Héa hitu co va Hoa vat liéu.

Phan T& Quy sinh ndm 1982. Ong tot nghiép cit nhan Hoéa hoc tai
treong Dai hoc Su pham, Dai hoc Hué; nhan béng thac si chuyén nganh
Hoa ly tai truong Pai hoc S pham, Dai hoc Hué; nhan bang tién si
nganh Hoa ly thuyét va Hoa ly tai truong Pai hoc Khoa hoc, Pai hoc
Hué€. Hién nay, 6ng giang day va nghién ctu tai truong Dai hoc Tay

Nguyén.
Linh vwe nghién civu: Héa ly va héa ly thuyét.

Nguyén Thi Thanh Hai sinh ngay 17/04/1982 tai Thira Thién Hué. Ba
tot nghiép ky su chuyén nganh Coéng nghé thuc phdm va sinh hoc tai
treong Pai hoc Bach khoa, Pai hoc Da Ngng nam 2005; thac si chuyén
nganh hoéa ly thuyét va hoa ly tai truong Dai hoc Khoa Hoc, Dai hoc Hué
ndm 2011; bao vé luan an tién si nam 2021 nganh hoa ly thuyét va hoa
ly tai Treong Pai hoc Khoa hoc, Pai hoc Hué. Hién nay ba cong téc tai
Truong Pai hoc Khoa hoc Hué.

Linh vwc nghién ciru: vat liéu nano, héa dugc.

Nguyén Thi Ai Nhung sinh ndm 1980. Ba t5t nghiép ctt nhan Héa hoc
tai treong Dai hoc Khoa hoc, Dai hoc Hu€; nhan bs‘?mg thac si chuyén
nganh Hoa ly thuyét va Hoéa ly tai truong Dai hoc Su pham, Pai hoc
Hué; nhan bang tién si nganh Hoa ly thuyét tai truong Dai hoc tdng hop
Philipps, Marburg, Cong Hoa Lién Bang Pttc. Ba duwoc phong hoc ham
pho gido su ndm 2018. Hién nay, ba giang day va nghién cttu tai treong
Pai hoc Khoa hoc, Pai hoc Hué.

Linh vwc nghién civu: Héa luong ti va héa ly thuyét.
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