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PANH GIA MOT SO DAN XUAT N-HYDROXYCINNAMAMIDE
VA N-HYDROXYBENZAMIDE MANG PON VI LIEN KET AMIDE
NHU LA CHAT UC CHE CAC ENZYME HISTONE
DEACETYLASE NHOM I VA Il THONG QUA MO HINH
DOCKING PHAN TU
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Tém tat: Cdc hop chat irc ché enzyme histone deacetylase (HDAC) dang dwoc quan tam
nhu cdc hop chdt dan dwong méi mang hoat tinh chong ung thir manh mé trong cdc thir nghiém
tién lam sang va thir nghiém lam sang. Hydroxamic acid dwge biét dén la cdc chdt irc ché
HDAC, chiing da dwoc chitng minh la ¢é déc tinh chéng ung thuw manh mé doi véi cdc bénh
ung thu ¢ nguwoi. Trong s6 18 loai enzyme HDAC, enzyme HDAC nhém I va II dwoc coi la muc
tiéu diéu tri trong cdc logi bénh khdc nhau bao gom ung thw va nhiém ky sinh tring. Trong
nghién ciru nay, cdc twong tic cua cdc dan xudt cinnamoylhydroxamic acid va
benzohydroxamic acid véi enzyme HDAC nhém I va Il dwoe mé ta bang viéc gan két tirng hop
chat vdo viing hoat dong théng qua phan mém Autodock4Zn. Hién tai van chwa co tdi lidu cong
bo vé mé hinh docking phéin tir hodc cdc mé hinh dong két tinh giita cdc dan xudt ndy voi
enzyme HDAC. Do dé, nghién cvru nay la tién dé xdc dinh céc khung héa hoc tiém nang dé e
ché chon loc HDAC nhém I va II, lam co s6 phdt trién cdc dan xudt twong tw gép phan vao viéc
tim kiém cdc chdt chong ung thw tiém ndng.

Tw khoa: docking phan tir, HDAC, in silico, ung thu.

Abstract: Histone deacetylase (HDAC) inhibitors have been receiving attention as novel
lead compounds with strong anticancer activity in preclinical and clinical trials. The
hudroxamic acid known as HDAC inhibitors, which has been shown potent anticancer
properties on human cancers. Among 18 HDAC enzymes, class I and Il HDAC is implicated as
a therapeutic target in various diseases, including cancer, parasitic infections. In this study,
the interactions of cinnamoylhydroxamic acid and benzohydroxamic derivatives with the class
1 and Il HDAC enzyme were performed and described by docking the compounds into the active
site using Autodock4Zn. Currently, there are no published documents regarding cases involving
co-crystallized ligands or docking models between this derivatives, and class I and Il HDAC
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enzyme, respectively. Therefore, the results aims to identify potential chemical frameworks for
selective inhibition of HDAC, as a basis for development of similar derivatives that contribute
to the search for potential anticancer substances.

Key words: cancer, HDAC, in silico, molecular docking.

1. Giéi thi¢u

Hién nay, enzyme histone deacetylase (HDAC) 1a muc tiéu day hira hen cho cac can thiép
trj liéu, nham stra doi cac trang thai biéu sinh bat thuong lién quan dén ung thu, tiéu duong va
cac bénh khac ¢ ngudi [1-3]. Su cin bang ciia qua trinh acetyl hoa histone dwoc duy tri boi hai
loai enzyme, histone acetyltransferase (HAT) va HDAC [4]. Enzyme HAT xtic tac cho viéc
chuyén mot nhom acetyl tir acetyl-CoA sang nhom e-NH; cta du luong lysine trong protein
[5], trong khi d6 HDAC c6 tac dung d6i lap véi HAT (Hinh 1).
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Hinh 1: Ciu tric chromatin va hoat dong phién ma: Enzyme HATs xiic tac cho qua trinh acetyl hoa
cho phép kich hoat phién m; Enzyme HDACs xic tac qua trinh deacetyl hoa dan dén tic ché phién ma.
(Hinh anh 14y tir website: https://ruo.mbl.co.jp)

HDAC xuc tac cho qua trinh deacetyl hoa nhom e-N acetyl lysine amino acid & phan dudi
ctia histone, lam dong xoén chromatin, do d6 trc ché qua trinh phién ma [6]. Su c4n bang gitra
hoat dong cua HAT va HDAC la diéu kién dé cac té bao hoat dong binh thuong [6].

Céc nghién ctru di cho thdy rang trong cac té bao tién ung thu, sy deacetyl hoa chiém wu
thé dan dén nhiing thay doi trong su tang sinh, sy bi¢t hoa, su chét cua té bao, hay noéi cach
khac 1a bién chiing thanh cac té bao ac tinh. Pong thoi, sy gia ting qua trinh deacetyl ciing dan
dén sy di chuyén mat trat tu cla cac té bao va hinh thanh mach mau, tir d6 dan dén su hinh
thanh va phat trién ctia bénh ung thu. Chinh vi vay, HDAC duoc xem 1a nguyén nhan giy ra
cac bénh ung thu nhu ung thu biéu mé than, ung thu biéu mé vay ¢ dau va cd, u lympho té bao
B, u lympho té bao T va bénh Hogkins...

Hi¢n nay da xac dinh dugc 18 loai enzyme HDAC c6 mat trén nguoi, dugc chia thanh
bdn nhom dua trén chirc nang va trinh ty DNA bao gém: nhém I (HDACI1, HDAC2, HDAC3
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va HDACS), nhom Ila (HDAC4, HDACS, HDAC7 va HDAC9), nhém IIb (HDAC6 va
HDAC10), nhém IV (HDAC11), cac nhém nay cha yéu ndm & nhan, tim hoat dong phu thudc
vao ion Zn>". Riéng nhom III gdm céc Sirtuins 1-7 1a mot ho cac enzyme phu thudc vao NAD"
[7, 8]. Trong khi d6, hau hét cic nghién ctru dinh huéng tri bénh thudng tap trung vao céac
enzyme HDAC1, HDAC2, HDAC3 va HDAC6 [9], thi gan day d3 c6 su quan tim ngdy cang
tang ddi v6i enzyme HDACS nhu 13 mot muc tiéu diéu tri hudng dich méi [10]. Trong nghién
ctru nay chi tap chung vao nghién ctru vé bon enzyme HDAC2, HDAC6 va HDACS.

Hinh 2: Cu trac xép chong cia HDAC2 (mau hong), HDAC3 (mau nau), HDAC6 (mau lam)
va HDACS8 (mau lyc). (Hinh anh dugc xtr Iy boi nhom tac gid)

Hydroxamic acid dugc nha khoa hoc Heinrich Lossen phat hi¢n ra vao nam 1869 khi dng
thuc hién phan ung gitra hydroxylamine va dietyl oxalat [19]. Trudc day, hydroxamic acid
thuong khong duoc coi 1a mdt nhém chire ¢6 hoat tinh sinh hoc ndi bat trong hoa hoc hitu co
do dé bi thiry phan, bi khir va chuyén hoa. Nhung gan day, hydroxamic acid da thu hit duoc su
quan tdm déng ké vi kha ning trc ché nhiéu loai enzyme chira kim loai nhu metalloproteases,
lipoxygenase, histone deacetylase va stress oxy hoa qua kim loai chuyén tiép. Chang han nhu
suberoylanilide hydroxamic acid (vorinostat) di dugc sir dung trén 1am sang dé diéu tri ung thu
hodc cac bénh vé thira sit.

Gan day, cac nghién ciru toan dién vé mdi quan hé giiia cdu trac, hoat dong cua cac chit
trc ché HDAC cho thdy rang cac hop chit dua trén cdu trac N-hydroxycinnamamide va
N-hydroxybenzamide (Hinh 3) 6n dinh hon cac chit twong ty chudi mach thing [25-27].
N-Hydroxycinnamamide va N-hydroxybenzamide déng vai trd ¢dam nhan nhu ca nhém lién két
kim loai va vung cau ndi, duge cong nhan la cAu trac vuot troi trong cac thiét ké chat trc ché
HDAC hién tai. Cu thé, cac loai thudc hién nay dugc FDA Hoa Ky chép nhén cho diéu tri cac
loai bénh ung thu vé& huyét hoc nhu belinostat [28], givinostat [29], Panobinostat [30] va
resminostat [31] déu mang modt phan céu tric 1a N-Hydroxycinnamamide hodc
N-hydroxybenzamide.
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N-hydroxycinnamamide N-hydroxybenzamide
(cinnamoylhydroxamic acid) (benzohydroxamic acid)

Hinh 3: Ciu tric cinnamoylhydroxamic acid va benzohydroxamic acid

Dua vao nhitng chi tiét trén, trong nghién ctru ndy chiing toi tién hanh nham muc tiéu cac
dan xuit N-Hydroxycinnamamide va N-hydroxybenzamide mang don vi lién két aminde vao
trung tdm hoat dong ctia cac enzyme HDAC phan nhém I va II. Nham muc dich khao sat kha
nang luong tuong tac, su on dinh va hoat tinh trc ché trén cac loai HDAC, giup tim hiéu sau
hon cac hoat dong trc ché cua cac hop chat va lam co sé phat trién cac dan xuat tuong tu, gop
phan vao phat trién cac loai thudc didu tri cac bénh ung thur.

2. POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1. Chuén bij ligand va enzyme

Céu trac 3D cia cac hop cht duoc vé trén phr:in mém Gauview, sau do, tién hanh toi uu
hoa ning luong bang ham DFT (B3LYP/6-31g (d, p)) trong Gaussian 09. Ciu triic enzyme
HDAC?2 (6G30), HDAC6 (5EEI), (HDACS (ID: 1T67) duoc tai xudng tir ngan hang so di liéu
protein RCSB. Sau d6, enzyme dugc xtr 1y loai bo cac phan tir nude va céc ion kim loai khong
lién két, ion Zn?" va céc phan tr nudc tai vi tri hoat dong dugc gitr lai.

2.2. Docking phan ti

Qua trinh docking phén tir dugc thuc hién bang chuwong trinh AutoDock4Zn. Ving khong
gian docking dugc chon bao trum léy toan bd trung tdm hoat dong, cac tham $6 docking dugc
gilt nguyén giéng véi cac tham sé mic dinh. Tién hanh qué trinh docking phan tir str dung ludi
gian do khong gian 80x80x80 A va diém khoang cach 13 0,375 A. Phan mém Discovery Studio
dugc sir dung dé phan tich két qua cac tuong tac giira phdi tir va thu thé sau khi giao thirc
docking két thac.

LN 5 5 Ae o , . 3 n , _BE
Hiéu qua cta phdi tir duoc xac dinh bang cong thirc: LE = 77
Trong d6, BE 1a nang luong lién két va HA 13 s6 nguyén tir ciia phi (khong tinh cac nguyén
tir hydro). Cac phdi tir cho gia tri LE > 0,3 thi duoc xem 1a hop chat ddn duong tiém ning.
3.KET QUA VA THAO LUAN
3.1. Tiéu chi chon lwa phdi tir (ligand)

CAu tric chung cta cac chat tc ché HDAC gdm c6 3 phan. Nhom khoa hoat dong (Cap
group): thuong la cac peptide vong hodc vong thom, cé vai tro quan trong trong viéc nhan di¢n
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bé mit amino acid. Ving cdu ndi (Linker) s& thudng chita cac nhém ky nudc gdm: céc
hydrocarbon than dau mach thiang hay vong, no hodc khéng no cé vai tro trong viée tao lién két
van der Waals v6i kénh enzyme. Nhom két thuc gan kém (ZBG) c6 thé 1a cac hydroxamic acid,
nhém o-aminoaniline ctia benzamide, cac thiol... Nhém nay c6 vai trd gian v6i ion kém tai day
clia tai enzyme [11]. Trong d6 phan don vi lién két (CU) thudc ving cdu ndi ching dam nhiém
nhiém vu gén két nhom khoa hoat dong va vung cau ndi hinh thanh nén goc lién Kkét giup cho
nhoém khéa hoat dong co co hdi tiép xuc va tuong tic véi miéng tai cua trung tim hoat dong
enzyme HDAC. Céc chét (rc ché enzyme HDAC c6 thé chi ddi khang véi mot vai loai HDAC
(HDAC isoform-selective inhibitors), nhung ciing c6 cac chat d6i khang tat ca cac loai HDAC
(pan-inhibitors).

Nghién ctru nay di tién hanh chon lya ngiu nhién 6 hop chit 1a cac dan xuét cua
cinnamoylhydroxamic acid va benzohydroxamic acid bang cach thay d6i tai nhém khoa hoat
dong (Hinh 4).

= i Viing ciu néi Nhém két

Nhém kahﬂé I?é:nk;!t thlif gén

. hoatdgng |\ kem

H © o
R_ N OH
R
1-3 o 4s
"= 3)Bowe R= 480w
3) cinnamoyl 6) cinnamoyl

Hinh 4: Cac din xuét duoc lya chon cua cinnamoylhydroxamic acid va benzohydroxamic.

3.2. Xac dinh trung tAm hoat dong-vi tri giin két trén enzyme HDAC

Docking phén tir st dung dé xac dinh hudng cua cac chit tre ché khi lién két véi protein,
nham dy doan mbi lién két va hoat dong cuia cic hop chét khi lién két v6i protein. Ngoai ra,
docking c6 vai tro trong du doan ai lyc va hoat tinh cua cac dugc chat déi véi protein, tur d6 du
doan kha nang hoat hoa, tam hoat dong va tc ché ddi véi enzyme.

Trung tdm hoat dong cia HDAC phén nhém I va II gdm 2 phan chinh: ion Zn®' la
coenzyme ctia HDAC va kénh enzyme dang tGi hinh éng (Hinh 5), cu trac linh dong c6 thé
bién d6i phu hop voi chiéu dai ligand khéac nhau, trén mi¢ng tai c6 mdt vanh nhé dugc tao nén

83



TRUONG DAI HOC NAM CAN THO Tap chi Khoa hoc va Kinh té phat trién s 16

tir mot vai vong xodn protein, phan vanh nay s& trong tc voi nhom nhan dién bé mat HDAC.
Cac HDAC nhom I va II déu cho thiy c6 trung tAm hoat dong gan nhu twong ty nhau. Cu thé
tai trung tam hoat dong cia HDACS, thanh tui dugc tao thanh boi Phel52, Phe208, His180,
Gly151, Met274 va Tyr306, chu yéu la cic amino acid ky nuéc. Cac amino acid nay gidng nhau
trén cac HDAC loai I, ngoai trir Met274. lon kém nam & day tui, hinh thanh nam lién két phéi
tri bao gom lién két véi carboxylate oxygen cta Aspl78 va Asp267, va véi nguyén tr N cia
His180. Hai vi tri phdi tri khac duoc chiém boi carbonyl va hydroxyl oxygen ctia nhom chirc
hydroxamat trén chat trc ché.

Chét (rc ché

1 1vs33 -

Hinh 5: Vi tri hoat dong cua enzyme HDACS. Phan mau xanh biéu thi vi tri va nude.
Phan mau nau cho thay vi tri ky nudc. (Hinh anh duoc xir Iy boi nhom tac gid)

Trong nghién ctru nay chi tap chung vao phan tich kha nang hinh thanh chelate véi ion
k&m cua cac dan xuat khi duoc gin vao trung tim hoat dong cia mbéi HDAC va kha ning tuong
tac voi mot s amino acid quan trong (key amino acid).

3.3. Panh gia m6 hinh docking

Dau tién, mo hinh docking phan tir duge danh gia bang cach tién hanh re-docking hop
chat ddng két tinh MS-344 tré nguoc lai enzyme HDACS nham so sanh véi ciu trac phire hop
X-ray ban dau trén co s¢ dit liéu RCSB. Qua trinh re-docking cho phép khang dinh mé hinh
docking véi khong gian duoc chon cho két qua du doan co dat do tin cdy cao hay khong. Cu
thé, két qua re-docking cho thay hop chat cho gia tri RMSD (root mean square deviation) nhod
hon 2 A so v6i phdi tir thue nghiém (Hinh 6). Trong d6, mot mé hinh dugce xem dat két qua t6t
khi gia tri RMSD khéng vuot qua 2.0 A va gia tri RMSD ¢6 vai trd nhu 1a phép do dac chat
luong cac két qua docking ciia hop chit dugc gin két trong mé hinh so véi cu tric thyc nghiém
[32]. Cac md hinh docking trén HDAC2 va HDAC6 déu duoc danh gia va cho thdy mo hinh
déu dat do tin cdy cao voi gia tri RMSD nhé hon 2 A (Dit liéu khong duoc cong bd cho HDAC2
va HDACS6).
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-

Phéi tir re-docking
Néang lvong = -6.7 kecal/mol
LE=3.0
RMSD = 1.12 A

Hinh 6: Ciu hinh lién két ciia phi tr MS344 dugc mo ta bing giao thire re-docking so véi ciu trac
thuc nghiém dugc xac dinh bang X-ray. (Hinh anh duogc xur Iy bdi nhom tac gid)

3.4. Giao thirc docking

Két qua docking cho thiy cac dan chat co kha ning lién két tot dén trung tdm hoat dong
ctia enzyme HDAC, nhom hydroxamic acid hinh thanh lién két v6i Zn?" va lién két voi nhidu
amino acid bang cac twong tac van der Waals, pi-pi,.. Két qua docking dwoc hién thi trong Bang
1-3. Cu thé, tat ca cac dan xut dugc nhan dinh 1a c6 kha nang trc ché HDAC tuy nhién khong
¢6 yéu t chon loc. Do mirc chénh léch ning lugng trc ché giit cac enzyme nho. Thong thudng,
cac hop chit dugc xem 1a te ché chon loc néu khac nhau 2-3 vé d6 16n vé su tuong thich uc
ché vé6i cac thy thé. Do 1éch cao nhit (2,13 kcal/mol) thudc vé hop chét 5 gitta HDAC2 va
HDACS, cho thdy hop chét c6 khuynh hudng e ché manh HDAC2 hon HDACS, tuy nhién
khong thé khfmg dinh duoc yéu td chon loc do do 1éch gitt HDAC2 va HDACG6 lai qua nhé
(0,64 kcal/mol). Nhin chung, cac hop chat duoc nhan dinh 1a cac hop chét loai pan-HDAC, do
dai twong tac gitra hop chit véi cac amino acid 12 hop 1y dé hinh thanh nén tuong tac bén (< 5A)
(Hinh 7). Phan tich cac tu thé lién két cua tat ca cac phan tr dugc thiét ké cho thay rang, su
hinh thanh lién két n-n stacking gitra nhom chira Vong thom & trung tAm cia cac chit tuong tu
nhu belinostat véi amino acid Phe152/Phe208 gitip 6n dinh trinh lién két trong tGi. Mot lién két
khac 13 twong tac n- stacked gitra nhom vinyl ctia cac hop chét duoc thiét ké va His180 ciing
g6p phan vao sy 6n dinh cua phirc hop. Ngoai ra, hai nguyén tir oxy ciia ZBG phirc hop voi
kém, chung tham gia vao lién két hydro voi His142, His143, Asp178 His180 va Tyr306 Két
hop ca tiéu chi phan tich nang luong gan két va kha nang lién két, cac dan xut co thé duoc gia
dinh 1a cac ung clr vién tiém nang nhat dé trc ché enzyme HDAC nhém I va II (pan-HDAC).
Tuy cac hop chét 1a chét trc ché HDAC khong chon loc, co thé nhidm muc tiéu 1a cac loai HDAC
khéac nhau dan dén giam hiéu lyc tri liu. Do d6 can ¢o cac két qua thuc nghiém khac dé cung
¢6 thém tin cay cho két qua du doan.
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Bing 1. Liét ké cac tuong tic clia cac dan xuat cinnamoylhydroxamic acid va benzohydroxamic acid

v&i cac amino acid trén enzyme HDAC2

Cys278, Leu276

Ligand (kczﬁ/];:nol) Cac amino acid twong tac LE
1 -7,54 Phe210, His145, Leu276, Gly154, Phel55, 0,36
2 -8,09 Phe210, His145, Leu276, Gly154, Glu208, Asp104 0,35
3 897 Phe210, Phel55, His183, Cys156, Glyl154, His145, 0.34

’ Gly306, Leu276, Pro34, Tyr209 ’

His145, Tyr308, His146, Asp181, Asp269, Phel55,

4 790 Lewars, Hy12183 ’ ’ 042
5 863 Tyr308, His145, His146, Phel55, His183, Leu276, 0.41

’ Asp269, Aspl181, Gly306, Asp104 ’
6 -6,18 Leu276, Asp104, Tyr308, Glyl154, His146, His183, Phe210 | 0,29
Belinostat -9,42 Tyr308, His146, Phe210, Phe 155, His183, Tyr209, 0.43

Ghi chii: Belinostat-chat ik ché pan-HDAC dwoc chon lam doi chirg. BE: nang lwong lién két

Bing 2. Liét ké cac tuong tic clia cac dan xuat cinnamoylhydroxamic acid va benzohydroxamic acid

v&i cac amino acid trén enzyme HDAC6

BE

Ligand (keal/mol) Cac amino acid twong tac LE

1 -8,16 His573, His574, Asp612, Tyr745, Phe583, Phe643, Phe642 | 0,39

) 8.12 His573, His614, Phe643, Phe583, Ser531, Leu712, Pro464, 0.35
Gly582

His573, His574, Asp612, Phe583, Phe643, Phe614, Pro464,

3 -8,13 . 0,35
His463

4 -7,72 His573, His574, Asp612, Phe583, Phe642, Leu712, His614 | 0,41

5 -7,99 Asp612, Gly582, Phe583, Phe643, His614, Leu712, Phe642 | 0,38

6 -7,78 Leu712, His614, Phe583, Phe643, Asp612, His573 0,37

Belinostat -8,75 Tyr745, His574, Phe643, His614, Phe583, Leu712 0,39
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Bing 3 Liét ké cac twong tac clia cac din xuat cinnamoylhydroxamic acid va benzohydroxamic acid
v&i cac amino acid trén enzyme HDACS

Ligand (kczﬁ/];:nol) Cac amino acid twong tac LE

1 -7,75 Aspl78, His143, His142, Phel52, His180, Met274 0,37

) 213 Phe208, Phel52, Tyr100, GIn263, Gly304, Gly140, 0.35

’ Trpl41, Cys153 ’
Aspl78, His143, His142, Phel52, His180, Phe208,

3 71 Tyf306, Lys33 0.34

4 -6,79 Aspl78, Phel52, Tyr306, Glyl51, Phe207, Met274 0,36

5 -6,5 Phel52, Met274, Tyr306, Asp178 , Glyl151 0,31

6 -6,6 Glyl51, Tyr100, Lys33, Phe152, Phe208, Tyr306, His180 | 0,31
Belinostat -9,11 Aspl78, His143, Phel52, His180, Phe208 0,41

Ghi chii: Belinostat-chdt vrc ché pan-HDAC dwoc chon lam doi chimng. BE: ning heong lién két
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Hinh 7: CAu hinh lién két cta hop chat 5, 1 va 2 tai trung tdm hoat dong ctia enzyme HDAC2,
HDACG6 va HDACS. (Hinh anh dugc xir Iy boi nhom tac gia)
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4. Két ludn

Trong nghién ctru nay, da dinh hudng gin két cac dan xuit cinnamoylhydroxamic acid
va benzohydroxamic acid vao tim hoat dong cia HDAC phéan nhom I va II. Két qua cho thiy
cac hop chét déu hinh thanh lién két v6i Zn>" va hinh thanh cac twong tac tt véi cac amino acid
bang nhiéu lién két hydro, van der Waals, pi-pi shaped,... gdy trc ché enzyme HDAC. Bén canh
do6, nghién ciru nay con lam co so phat trién cac dan xuat twong tyr gop phan vao viée tim kiém
cac chat chéng ung thu tiém niang. Lam tién dé cho cac phuong phép sang loc 4o in silico két
hop voi cac phuong phap thur hoat tinh sinh hoc in vitro, in vivo.
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