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Tém tit

Curcumin, [1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione], hay dugc goi la diferuloylmethane, la
polyphenol ty nhién dugc tim thiy nhiéu trong thin r& ciia cdy nghé (Curcumin longa), va céc loai Curcuma khéc.
Curcumin dugc chung minh c6 nhiéu hoat tinh sinh hoc tiém nang, trong d6 c6 hoat tinh khang nhiéu loai ung thu va
khang viém. Trong nghién ciru nay, mo phong 1y thuyét phiém ham mat d6 va docking phan tir dwoc st dung dé khao sat
hoat tinh khang hai loai ung thu va (Phosphoinositide 3— kinase PI3K; Protein kinase B, AKT) va khang viém
(Glucosamine 6-phosphate synthase, GLCN6P) cia hai dan xut curcumin khac nhau, gdm curcumin- ! (Cur-1), va
curcumin-111 (Cur-III) ¢ dang diketon va ketoenol. Két qua cho thay tat ca cac hop chat nghién ctru déu c6 tiém nang sinh
hoc véi cac gia tri nang lugng lién két tot hon so v6i cac chit e ché chuan twong tmg. Cac hop chat nghién ciru déu co
tiém ning chng ung thu va khang khuan khi tao dugc cac lién két hydro, twrong tac n-alkyl, n-sulphur va n—c véi cac
amino acid trong ving hoat dong ctia protein. Hi vong két qua thu dugc gitip hiéu rd hon dnh hudng cia ciu tric hinh
hoc cua cac curcumin Ién hoat tinh khang ung thu va khang viém cta chang.

Tir khéa: curcumin; 1y thuyét phiém ham mat do; docking phén tir; PI3K; AKT; GLCNG6P; polyphenol.
Abstract

Curcumin, [1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione], also known as diferuloylmethane, is a
natural polyphenol which can be found abundantly in the rhizomes of turmeric (Curcuma longa) and other Curcuma
species. Various potential biological activities, including anticancer and anti-inflammatory properties, have been
demonstrated in the literature. In this study, theoretical density functional theory (DFT) simulations and molecular
docking were employed to investigate the anticancer activity against two breast cancer targets (Phosphoinositide 3-kinase,
PI3K; Protein kinase B, AKT) and the anti-inflammatory activity against Glucosamine 6-phosphate synthase (GLCNG6P)
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of two curcumin derivatives: curcumin-l (Cur-1) and curcumin-1I1 (Cur-I1l) in both diketone and ketoenol forms. The
results showed that all studied compounds exhibited biological potential, with better binding energy values compared to
corresponding standard inhibitors. These compounds demonstrated potential for anticancer and anti-inflammatory effects
by forming hydrophobic, n-alkyl, n-sulfur, and n-c interactions with amino acids in the active site of the protein.
Hopefully, these findings shed light on the influence of the conformational structures of curcumin on its anticancer and

anti-inflammatory activities.

Keywords: curcumin; density functional theory; molecular docking; PI13K; AKT; GLCNG6P; polyphenol.

1. Gi6i thiéu

Curcumin, [1,7-bis(4-hydroxy-3-
methoxyphenyl)-1,6-heptadiene-3,5-dione], hay
duogc goi la diferuloylmethane, 1a polyphenol tu
nhién duoc tim thay nhiéu trong than r& cia cay
nghé (Curcumin longa), va cac loai Curcuma
khac [1]. Khi chiét xuat tir nghé, thanh phan tho
clia curcumin bao gdom khoang 70% curcumin
(curcumin 1), 17%  demethoxycurcumin
(curcumin 1), 3% bis-demethoxycurcumin
(curcumin III) va phan con lai (10%) la
cyclocurcumin (curcumin V) (Hinh 1). Trong
s6 cac hop chit nay, curcumin IV khong c6 cac
hoat tinh sinh hoc [2]. Curcumin c6 thé ton tai
dudi dang dong phan hinh hoc S-cis-diketon
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hoic S-trans-diketon va dang ddng phéan
tautomer hoa cis-enol vi né cd cau trac P-
diketon. Trong dung dich, curcumin tdn tai dudi
dang hdn hop can bang diketon va ketoenol dbi
xtng va 6n dinh do qua trinh tautomer héa. Dang
diketon chiém uu thé trong dung dich acid hoic
trung tinh va dang ketoenol chiém uu thé trong
dung dich kiém. Sy can bang giira ching phu
thugc vao loai dung méi, pH va nhiét do [3].
DPong phan ketoenol bén hon dong phan diketon
nho ¢6 sy hinh thanh lién két hydro ndi phén tu
va lién phan tir. Ngoai ra, curcuminoid con chira
cac nhom carbonyl, methoxy va hydroxyl gop
phﬁn tao nén hoat tinh sinh hoc da dang cua
curcumin.

Ketoenol

HO OH

Hinh 1. C4u trac hoa hoc ciia curcumin-1 (Cur-1) va curcumin-I11 (Cur-III) & dang diketon va ketoenol

Céc hop chét curcumin so hitu nhiéu hoat tinh
sinh hoc tha vi da dugc chimg minh bang nghién
ctru thyc nghiém 13n mo6 phong. Hién nay, cac

nha khoa hoc di ching minh rang hoat chit
curcumin cé tinh chéng oxy hoéa [4, 5], chdng
viém [6, 7] va khang khuén [8]. Ngoai ra, cic hop
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chét nay cling da duoc st dung voi muc dich bao
vé gan [9, 10], ic ché huyét khéi, bao vé than kinh
[11, 12], bao vé tim mach [8], chong ung thu [1],
ha duong huyét, chita viém khop [13]....
Curcumin ciing da duoc sir dung dé diéu trj ky
sinh tring dudng rudt va nhu mot phuong thude
chira ngd doc, rin cin va nhiéu bénh khac [14].
Viém 1a chudi phan tmg cua co thé dong vai
trd chinh trong sy phat trién ciia hau hét tat ca
cac bénh man tinh nhu bénh ty mién dich, tim
mach, ndi tiét, thoai hoa than kinh va ung thu.
Viém c6 tac dung chdng lai su ton thuong & mo,
1am lanh vét thuong nhung dong thoi ciing tao ra
su dau don két hop voi man do va 1am phong vét
thuong. Stress oxy hoa ¢ thé dan dén viém méan
tinh va gay ra cac bénh man tinh [16]. Yéu t6 hat
nhan kP (NF-kB) va yéu t6 hoai tir khdi u alpha
(TNF-0) dong vai tro trung tam trong phan tmg
viém trong qua trinh san xuét cac ROS (cac phan
tir hoat tinh chira oxy) [17]. Lién quan dén hoat
tinh khang viém, nhiéu nghién ctru da ching
minh rang, curcumin c6 thé giam viém bang
cach tuong tac va lam bat hoat cac qua trinh
viém [15]. Polyphenol trong cdu tric cua
curcumin c¢6 thé lam giam qué trinh san xuét
TNFa va tin hiéu té bao do TNFa lam trung gian
trong cac loai té bao khac nhau. Céc nghién ctru
in vitro va in vivo chi ra rang curcumin 1a chét
trc ché TNFa do n6 két hop truc tiép voi TNFa
[18]. Theo nghia nay, curcumin diéu chinh biéu
hién TNFo bang cach tic ché acetyltransferase
dic hiéu p300/CREB din dén trc ché qua trinh
acetyl hoa cua protein histon/nonhiston va do dé
trc ché phién ma [19]. Ngoai ra chi sé NF-kp,
yéu t6 phién ma chinh lién quan dén sy khoi dau
clia qua trinh viém, c6 thé bi chin bdi curcumin
[20]. Hoat chét curcumin nay uc ché IkBKinase
gy trc ché NF-kB. Ngoai ra, curcumin ciing trc
ché cic cytokin gdy viém, chiang han nhu
chemokin, interleukin (ILs), cling nhu céc
enzyme gdy viém, ching han nhu
cyclooxygenase-2 (COX-2) cam tng tong hop

oxid nitric (iNOS) va cac phan t& khic nhu
cyclinD1 [21].

Bén canh do, curcumin con c¢6 kha nang
chéng ung thu bang cach tc ché sy tao khéi u,
tac dong dén hau hét cac giai doan cua qua trinh
hinh thanh va phat trién khéi u. Nhiéu nghién
ctru d chimg minh ring curcumin c6 thé lam
giam sy ting trudng té bao ung thu trong phong
thi nghiém va trc ché sy ting trudng cua khéi u
& dong vat thir nghiém. Trong mot sd nghién
ctru, curcumin da dugc chimg minh c¢6 kha nang
ngin nglra ung thu rudt ¢ loai gim nhdm bang
cach trc ché qua trinh peroxy hoa lipid va trc ché
cac biéu hién cyclooxygenase-2 (COX-2) bang
cach tang enzym glutathion S-transferase (GST)
[22]. Mit khac, ROS va viém c6 lién quan dén
qua trinh sinh ung thu [23], ching dong vai tro
chu yéu 1a tac nhan khoi xudng trong 1y thuyét
ba giai doan trong qua trinh khéi phat, thic day
va tién trién ung thu. Vi 1y do nay, mot sd dic
tinh chéng ung thu ctia curcumin da duoc 1y giai
1a do cac hoat dong chdng oxy hoa théng qua
quét cac gbe tu do ROS. Hon nita, tic dung cta
curcumin ddi voi cac gen va cac protein khac
nhau nhu Bel-2, VCAM-1, Cyclin D1, Bax, NF-
kP, VEGF hoac COX-2, c6 vai tro ngan chan céc
giai doan thiic ddy va tién trién cua ung thu [24].
Hosseini va Ghorbani da mé ta tac dung chong
ung thur ctia curcumin bang nhiéu tac dong ddi
v6i qua trinh gy dot bién, diéu hoa chu ky té
bao, qua trinh apoptosis (chét t& bao theo chuong
trinh) va biéu hién gen gay ung thu [25].

C6 thé thiy di di c6 rt nhiéu nghién ctru
thuc nghiém 1an tinh toan mo6 phong khac nhau
dd thuc hién vé hoat tinh sinh hoc cua céc
curcumin khéac nhau, tuy nhién chua c6 nghién
ctru nao giai thich sy khac nhau vé mot s6 hoat
tinh sinh hoc nhu ung thu, khang khuan dya trén
su khac biét vé cAu trac cta cac dang curcumin.
Vi vay, trong nghién ctru nay, chiing t61 sé khao
sat hoat tinh chéng ung thur (Phosphoinositide 3-
kinase, Protein kinase B); khang khuén
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(Glucosamine 6-phosphate synthase) cia hai
curcumin I va curcumin III & dang diketon va
ketoenol thong qua m6 phong Docking. Hi vong
két qua thu duoc s& gitip giai thich duoc su khac
nhau c6 thé vé hoat tinh khang ung thu va khang
viém xudt phat tir sy khac nhau trong dang cu
trlic ton tai cua cac curcumin.

2. Poi twong nghién citu va phwong phap
nghién ciru

Trong nghién ctu nay, ching t6i chon mo
hinh ba chiéu cua protein Phosphoinositide 3-
kinase, Protein kinase B (hoat tinh chdng ung
thu) va Glucosamine 6-phosphate synthase (hoat
tinh khang khuan) (Hinh 2) dé tién hanh mo
phong tuong tac voi cac phdi tir. Cac cau trdc
protein dugc iy tir ngan hang co so dir licu
chinh ¢6 ma s6 PDB ID lan luot 1a: 1E8z
(Phosphoinositide 3-kinase), 4GV1 (Protein
kinase B) [26], 1jxa (Glucosamine 6-phosphate
synthase) [27]. C4u trac 3D cia protein duoc thu
thap tor co so d&r liéu chinh RCSB

(A)

(https://www.rcsb.org/). Sau do, ciu tric nay
duoc tién xtr Iy cac yéu t6 khong lién quan bang
cach loai bo céac phan tir nudce, cac phéi tr khac,
tap chét, chi giir lai 1 phén tir protein (bang phan
mém Discovery Studio 2021 Client). Sau do,
phan tir protein s& duoc thém hydro, t6i uu hoa
cac hydro phan cuc, tinh lyc Kollman va xay
dung file .pdbqt 1am dit liéu dau vao dé tién hanh
Docking phan tur.

Cac chu dang hinh hoc khic nhau cua
curcumin I va curcumin IIT dugc khao sat bang
phuong phap DFT (phiém ham mat do) trén
phan mém Gaussian 16 (Rev. C.01) [28]. Nghién
chu st dung mic 1y thuyét MO06-2X/6-
311+G(d,p) va dugc mo phong trong moi trudng
nudce, st dung mo hinh solvat hoa dua trén mat
do (solvation model based on density — SMD).
Sau khi khao sat cac cdu dang c6 thé ¢, cau dang
bén nhét ctia mdi hop chat s& dugc ding dé lam
phéi tir tién hanh trong nghién ctru Docking phan

Hinh 2. Céu tric protein dich: (A) Phosphoinositide 3—kinase, (B) Protein kinase B
va (C) Glucosamine 6-phosphate synthase.

Phan mém Autodock 4.2.6 [29] duogc st dung
dé tién hanh cac moé phong docking. Qua trinh
md phong st dung thuat todn Lamarckian
Genetic Algorithm (LGA) véi cac théng s dang
chu ¥ nhu sau: (i) s 1an chay GA (Number of

GA Runs): 30; (ii) s6 ca thé trong nhém
(Population Size): 300; (iii) s6 danh gia ning
lugng cyc dai (Maximum Number of evals):
10.000.000.
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Bang 1. Tham sé hop ludi cua timg protein

Protein AKT PI3K GLCNG6P
Grid box center
X y z X y z X y z
-22,1 3,6 11,2 44,5 14,2 30,9 -18,2 3,9 6,0
Grid box size

X y z X y z X y z

58 58 58 60 60 60 60 60 60
Phin mém AutoDockTools 1.5.6 va 3. Két qua va thio ludn

Discovery Studio 2021 Client dugc sir dung dé
phan tich hinh anh hai chiéu va ba chiéu cia két
qua mod phong. Cac két qua mo phong s& duoc
sap xép theo ning lugng tu do lién két (AG) va
vi tri lién két giita protein va phdi tir. Cac phdi
tir ¢6 nang luong tu do lién két tot nhat (AG thap
nhét) voi protein s€ dugc chon Iam cac hoat chét
¢6 hoat tinh tiém nang.

3.1. Céu tritc phin tir va tinh chét dién tiv
Trong nghién ciru nay, cic cau dang c6 thé co
ciia Cur-l va Cur-III d3 duoc tdi wu hoa dé xac
dinh céc cau triic bén nhat, 1a dang ton tai chinh
ctia mdi hop chét. Ciu tric t6i uu hoa, phan bd
orbital bién HOMO, LUMO va bé mit thé nang
tinh dién (ESP) cua dang bén nhat d6i véi hai
hop chat curcumin I (Cur-I) va curcumin Il
(Cur-I1I), ton tai & hai dang diketon va ketoenol,
trong dung méi nudc & muc 1y thuyét MO6-
2X/6-311+G(d,p) dugc trinh bay ¢ Hinh 3.

Structure HOMO LUMO ESP
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Hinh 3. Cau tric t6i uu hoa, orbital bién HOMO-LUMO va bé mit thé ning tinh dién ESP (tir -4x102 dén 4x102 a.u.)
cta (A) curcumin | va (B) curcumin III & hai dang diketon va ketoenol (mau d6 mang dién tich 4m, mau xanh mang
dién tich duong).
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Két qua vé cdu trac bén nhét cua Cur-1 va
Cur-III dugc trinh bay trong Hinh 3. Trong hai
cAu trac ndy, mdi vong thom ctia Cur-III chi lién
két véi mot nhom hydroxyl (-OH), trong khi d6i
voi Cur-I 1a mdt nhém hydroxyl va mot nhom
methoxy (-OCHz). Cac vong thom trong phan tir
Cur-1 va Cur-III dwoc gin voi nhau bang cau ndi
chtra cac nguyén tir cacbon chua bao hoa (C=C
va -CO-). Trong nghién ciru ndy, cic chat nghién
clru ton tai O hai dang tautomer héa 1a diketon
(-CO-CH2-CO-) va ketoenol (-CO-
CH=CH(OH)-). Tuy nhién, do sy dich chuyén
nguyén to hydro (thudc C8) trong dang diketon
vé nguyén tir 04 ¢ dang ketoenol da khién cho
ciu trac phén tir cta hai dang ndy twong dbi co
su khac biét, dic biét 1a sy dong phang ciia phan
tir. That vay, cac dang ketoenol cua ca Cur-I va
Cur-III gan nhu dong phang voi cac goc nhi dién
chira C tai cdu ndi giira hai vong co gia tri xap xi
180° trong ca hai pha nudc va PEA. Nguoc lai,
gia tri goc nhi dién C19-C8-C20-C24 thudc Cur-
I trong hai pha nay c6 gié tri lan luot 1a -179,06°
va-179,56° va goc C22-C18-C7-C19 tuong trng
d6i véi Cur-111 12 -180° va -179,74°. V& co ban,
ciu truc cta hai hop chit nghién ctru khong co
su khac biét rd nhiéu vé céu tric trong hai pha.
Tuy nhién, d6 dai lién két O4-H trong dang
ketoenol cua ca Cur-I va Cur-III trong pha nudc
(lan Iuot 13 1,01 va 1,01) ngén hon so véi d6 dai
tuong tng trong PEA (1an luot 13 1,02 va 1,02).

Céu tric HOMO biéu thi viing orbital phan tir
bi chiém chd c6 ning luong cao nhit. Do do,
orbital HOMO cho phép du doén cac vi tri co
kha ning cho dién tir cao nhét ciia phan tir.
Nguoc lai, cau trac LUMO biéu thi viing khong
gian khong bi chiém chd, hay vung khong gian
tréng dién tir, c6 ning luong thap nhit. Vi vay,
orbital LUMO biéu thi cac ving khong gian co
nang luong thap nhat dé phan tir nhan hoic kich
thich mot dién tir. D4i v6i Cur-1 va Cur-111, nhin
chung cac orbital HOMO va LUMO phan bé
trén toan bo cau tric clia cac hop chat nghién ciru
(Hinh 3).

Gian d6 bé mit thé nang tinh dién (ESP map)
thé hién su phan bd dién tich va cac tinh chit lién
quan dén dién tich ctia phan tir. Mau d6 biéu dién
cac ving c6 dién tich Am nhit, mau xanh duong
dai di¢n cho céac vung c6 tinh dién duong nhéat.
Duya vao Hinh 3, viing c6 tinh dién 4m nhét caa
dang diketon & ca 2 hop chit nghién ctu déu
duoc tim thiy tai cac lién két doi C=0. Trong
khi d6, d6i v6i dang ketoenol, tai cac lién két doi
C=0, C=C va mach cacbon ndi hai vong
polyphenol cic ving cé tinh dién 4m nhét.
Nguoc lai, cac nhom hydroxyl-phenolic va
methoxy dugc xac dinh 1a cac vung tich di¢n
dwong nhat cta Cur-1 va Cur-III.

3.2. Ning lwong lién két va cdc twong tic dwoc
tao thanh

Cac hop chéat nghién ctru nay s& dugc dock
véi ba protein  Phosphoinositide 3-kinase
(PI3K), Protein kinase B (AKT) va Glucosamine
6-phosphate synthase (GLCN6P) (Hinh 2), dé
xac dinh nang lugng tu do lién két (AG,
kcal/mol) va tuong tac vdi trung tdm hoat dong
dé danh gia kha ning (rc ché ba protein nay. Két
qua thu dugc cho phép danh gid dugc hoat tinh
chéng ung thu va khang khuan ctia ching.

Két qua vé nang luong tu do lién két gitra hop
chat nghién ciru véi enzyme/protein ciing nhu vi
tri twong tac gitra chiing va ban chit cac lién két
tuong tac s€ thu dugc tur tinh toan docking. Tu
d6 cho phép xac dinh hop chat c6 tiém ning hoat
tinh (Hit Compounds) dua vao tiéu chi nang
luong lién két véi enzyme/protein tot nhat.
Nhirng hop chat nao c6 tiém ning hoat tinh cao
nhat s& dugc chon 1am d6i tugng nghién ciru tiép
theo dé phat trién thanh thudc didu tri bénh ung
thu, khang khuan bang cac nghién ctru thuc
nghiém.

Gia tri nang luong lién két tw do Gibbs (AG)
t6t nhat cua cac hop chat nghién ctru véi protein
dich AKT, PI3K, GLCN6P duoc trinh bay cu thé
0 Bang 2. Bén canh do6, céc protein dich nay con
duoc dock v6i hai chat chuan 1a Oxaliplatin (mot
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chat e ché chuén trong diéu tri ung thu) va
Fluconazol (mot chat khang ndm dung dé diéu
tri cac bénh nhiém ném) nham thuc hién viéc so
sanh. Cac hop chét nghién ciru lién két voi thu
thé protein t6t nhat khi c6 murc nang luong tu do
Gibbs (AG) thap nhit.

Quan sat Bang 2, ning luong lién két cua cac
hop chat d6i v6i hai protein lién quan dén cac
bénh ung thu 1a AKT va PI3K cho thay tat ca cac
dang ton tai cua hai hop chat nghién ctru Cur-I
va Cur-III déu c6 diém ning luong lién két tot
hon so véi chat e ché chuan Oxaliplatin (-8,45
kcal/mol va -6,71 kcal/mol). Cu thé, ning luong
AG ctia hop chat nghién ctru c¢6 gia tri ning
lugng AG tir -9,02 dén -8,48 kcal/mol (véi
protein AKT) va tir -9,55 dén -8,58 kcal/mol (véi

PI3K). V& kha ning lién két voi protein
GLCNG6P, toan bd cac chét co niang luong lién
Kkét tr -8,2 dén -7,19 keal/mol, thép hon so voi
chit chuan twong ung Fluconazol (-6,52
kcal/mol). Nhu vay, tit ca cic hop chit nghién
ctru déu c6 kha ning lién két véi cac protein tot
hon chit chuin tuong Ung, la cac loai thube da
duoc thuong mai hoa dé diéu tri bénh tuong ung.
Ngoai ra, dwa vao gia tri ning luong lién két
(AG), ddi véi hoat tinh chdng ung thu thi Cur-|
(-9,55 dén -8,48 kcal/mol) c6 hoat tinh cao hon
so v6i Cur-11 (-8,97 dén -8,58 kcal/mol). Nguogc
lai, d6i v6i hoat tinh khang khuan tuwong tng véi
protein GLCNG6P thi kha ning lién két véi thy
thé cta Cur-11 (-8,2 kcal/mol t6t hon so véi Cur-
I (-7,73 kcal/mol).

Bang 2. Ning lugng lién két ty do Gibbs ctia cac hop chat nghién ctru véi ba protein
Ia Phosphoinositide 3—kinase (P13K), Protein kinase B (AKT) va Glucosamine 6-phosphate
synthase (GLCNG6P) (don vi, kcal/mol).

Tén chat

Ning lwong lién két tw do (AG)

AKT PI3K GLCNG6P
Diketon -9.02 -8.58 -7.73
Cur-I
Ketoenol -8.48 -9.55 -7.68
Diketon -8.86 -8.62 -8.2
Cur-111

Ketoenol -8.58 -8.97 -7.19
Oxaliplatin -8.45 -6.71 -
Fluconazol - - -6.52

Hinh 4 — 9 thé hién cac hudng lién két co diém ning lugng t6t nhat cia timg hoat chat nghién ciru

v6i ba protein AKT, PI3K va GLCNG6P.
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Hinh 4. Anh 2D (A) va 3D (B) mo ta twong tac lién két giita hai dang diketon va ketoenol ctia Cur-I véi protein AKT.
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; ILE @
@ : A:879 \
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Hinh 5. Anh 2D (A) va 3D (B) mo ta twong tac lién két giira hai dang diketon va ketoenol ciia Cur-I vé6i protein PI3K.
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Ketoenol

Hinh 6. Anh 2D (A) va 3D (B) mé ta twong tic lién két gitra hai dang diketon va ketoenol cua Cur-I
voi protein GLCNG6P.

(A) SER Ai6D3 Diketone

§ I cYs A
. A:300 A

Ketoenol

Hinh 7. Anh 2D (A) va 3D (B) mo ta twong tac lién két giira hai dang diketon va ketoenol ctia Cur-III véi protein AKT.
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33

Ketoenol

Hinh 9. Anh 2D (A) va 3D (B) m ta twong tac lién két giira hai dang diketon va ketoenol ctia Cur-111
véi protein GLCN6P
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Céc lién két hydro dugc tao thanh trong ving hoat dong cua protein khi phdi tir va protein twong
tac v6i nhau duoc thé hién qua Bang 3. Ngoai ra, cac twong tac duoc hinh thanh giita hop chat nghién
clru va protein bao gdm tuong tac m-alkyl, m-sulphur va n—c (Hinh 4-9).

Bang 3. Lién két hydro tao thanh trong ving hoat dong cia protein

Protein
Phdi tir AKT PI3K GLCNG6P
Lién két hydro
GLU 234, LYS THR 887, ASP 964, GLU 198, ASP 439
Diketon 158, ASP 439, LYS 890
cur-l TYR 437
ALA 230, GLU GLU 880, ALA 885, GLU 198
Ketoenol 234, ARG 241, LYS 833, TYR 867
GLU 228
THR 352, GLN SER 806, GLU 880, SER 347, GLN 348, SER
Diketon 348, SER 347, ASP 841 349, SER 401, LYS 485,
SER 349 GLU 488, ALA 602
Cur-111 LYS 487, GLU GLU 880, ASP 964, SER 347, SER 349, THR
Ketoenol 488, ALA 602, LYS 833 352, GLU 488, LYS 487,
THR 352, SER ALA 602
347, SER 349

3.3. Thdo ludn chung

Protein Phosphoinositide 3—kinase (PI3K) va
Protein kinase B (AKT) la hai protein quan trong
trong hoat dong chong ung thu. Viéc ngin chin
hoat dong ciia chiing ¢ thé gitip ngin chin su
phat trién va khién té bao ung thu ty pha huy.
Céc nghién ctru hién nay dang tap trung vao vi¢c
tim ra cac thudc co thé e ché hoat dong cua
PI3K va AKT, nham cai thién diéu tri ung thu.

Céc két qua ctia viéc docking phan tir cho thay,
cac hop chét nghién ctru déu c6 kha ning tuong
tac tbt vai protein AKT va PI3K. Trong do, viéc
tao duoc cac lién két hydro, tuong tac m-alkyl, n-
sulphur va n-c véi cac amino acid trong vung
hoat dong cua protein du doan cac chit nghién
ctru ¢6 kha ning trc ché protein AKT, PI3K dé trd
thanh tac nhan chéng ung thu tiém ning.

Bén canh 4o,
phosphate synthase (GLCN6P) 1a mot enzym
quan trong trong qué trinh tong hop murein,
thanh phan chinh ctia vach té bao cta vi khuan.
Vi vy, cac phan tir c6 kha ning twong tac tot véi
protein ndy c6 thé tré thanh cac tac nhan khang
khuan tiém nang. Trong nghién ctru nay, cac hop

protein Glucosamine 6-

chat chung toi nghién ctru Cur-1 va Cur-III déu
c¢6 kha nang e ché tot voi GLCN6P véi ning
luong lién két (-8,2 dén -7,73 kcal/mol) t6t hon
so v&i chat e ché chuan Fluconazol (-6,52
kcal/mol). Bén canh do, cac hop chét nay tao
dugc céc lién két hydro, tuong tac n-alkyl, n-
sulphur va n—c véi cac amino acid trong ving
hoat dong cua protein.

Tuy nhién, viéc tim kiém cac phan tir tiém
ning nay chi 1a budc dau trong qua trinh phat
trién cac tic nhan chéng ung thu va khéang
khuan. Nhimg phén tr nay can duoc thuc hién
thém nhimng thir nghiém khac dé danh gia ky
ludng hon vé do an toan va tac dung trude khi
diéu ché céc loai thude diéu tri.

4. Két luan

Hoat tinh sinh hoc (chéng ung thu va khang
khuan) caa Cur-1 va Cur-III thyc hién qua viéc
tuong tic cac chat nghién ctru véi ba protein dich
AKT, PI3K va GLCNG6P, sau d6 so sanh vdi hai
chat chuan Oxaliplatin va Fluconazol, thu duoc
cac két qua sau:
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- Tat cac hop chat nghién ctu déu co6 tiém
nang sinh hoc vdi céc gia tri nang luong lién két
tot hon so v&i cac chat e ché chuan tuong ung.

- Cac hop chat nghién ctru déu c6 tiém ning
chéng ung thu va khang khuan khi tao duoc cac
lién két hydro, twong tac m-alkyl, m-sulphur va
-G vO1 cac amino acid trong vung hoat dong
cua protein.
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