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SUMMARY

HDAC enzymes play important role in expression of many human diseases (including diseases can
cause death), therefore it is necessary to profound study HDAC enzymes and their inhibitors.
Nowadays, using in silico methods (method of using computer) in research and development medicines
becomes common. So in this study, we apply AutoDock software to show interaction between
romidepsin and HDAC6, HDACS8 enzymes. And the docking results based on theoretical calculations
showed that romidepsin could not bind to Zn?* ion, but it could bind to many major amino acids in the

active region of HDAC.
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1. GIOI THIEU

Histone deacetylase (HDAC) dong vai tro quan
trong trong phién ma gen va c6 nhiéu chic
nidng trong cac qua trinh sinh hoc cua sinh vat
nhan thuc lién quan dén nhidm sic thé. Hién
nay cd 18 loai HDAC, chia thanh 4 nhém:
nhém | (gdm HDACI1, HDAC2, HDACS3,
HDACS); nhém Il (gbm HDAC4, HDACS,
HDAC6, HDAC7, HDAC9, HDAC10); nhém
Il (gom SIRT1, SIRT2, SIRT3, SIRT4,
SIRTS5, SIRT6 va SIRT7) va nhém IV (gom
HDAC 11) (Yoon and Eom, 2016). Nhém
HDAC c6 dién (nhém 1, 11, 1V) la nhiing
enzyme phu thuéc Zn?* chira mét tdi xGc tac
VGi ion Zn?* & day cua né ma c6 thé bi uc ché
boi cac hop chét lién két dwoc véi Zn?* nhu
nhiing acid hydroxamic (Ruijter et al., 2003).
Con cac enzyme thuoc nhém I11 ¢ mot co ché
hoat dong khac la phu thugc vao NAD*
(Schemies et al., 2010). Nhitng enzyme HDAC
bit thuong 13 nguyén nhan caa nhiéu cian bénh
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& ngudi nhu bénh than kinh, rdi loan chuyén
hoa, bénh viém, bénh tim va bénh phdi (Seto
and Yoshida, 2014), ndi bat nhat chinh 1 biéu
hién cua ching trong hang loat cac cdn bénh
ung thu - mot trong nhitng bénh c6 nguy co
gay tir vong cao (Witt et al., 2009). Trong s6
cac enzyme cua HDAC thi hai enzyme
HDAC6, HDACS dugc tap trung nghién ctu
dinh huéng d& tri bénh (Falkenberg and
Johnstone, 2014) (Mottamal et al., 2015). Bing
cbng nghé cDNA nguoi ta phan tich dugc
enzyme HDACS 1a gen diéu hoa estrogen trong
té bao ung thu va MCF-7 (Inoue et al., 2002),
thdng qua co ché didu hoa estrogen cua
HDACSG cho thay sy anh huong nhét dinh cua
enzyme dén bénh ung thu va (Zhang et al.,
2004), HDAC6 con dugc phat hién la c6 lién
quan dén bénh ung thu dudng mat hay con goi
1a ung thu 6ng mat (Gradilone et al., 2013) va
enzyme ndy ciing 1a muyc tiéu dé tri bénh ung
thu bang quang vi kha ning lam di can té bao



ung thu bang quang-diy ciing dugc xem la
nguyén nhan chinh gay nén sy tai phat lai cia
can bénh ciing nhu la gy nén tir vong cho
nhimg nguoi mac bénh ung thu (Zuo et al.,
2012). HDAC6 la enzyme duy nhit trong
HDAC c6 song song hai mién xuc tac 1a mién
xUc tac 1 (CD1) va mién xuc tac 2 (CD2), tuy
nhién trong bai nghién cau ta chi tap trung vao
CD2 bai vi chi CD2 thé hién tinh dic hiéu cua
chit nén rong (Hai and Christianson, 2016).
Giéng nhu enzyme HDAC6 hay cic enzyme
HDAC khac, enzyme HDACS ciing biéu hién
trong nhiéu cin bénh ung thu khac nhau &
nguoi nhu ung thu da day, ung thu thyc quan,
ung thu dai tréng, ung thu vu, ung thu budng
trung, ung thu phoi, ung thu tuyen tuy, ung thu
tuyén giap,...trir ung thu tuyén tién liét thi
HDACS it biéu hién hon (Nakagawa et al.,
2007), ngoai ra sy biéu hién cao hay thap cua
enzym ndy sé& anh huéng dén muc do bénh
nang hay nhe cua bénh u nguyén té bao than
kinh (Oehme et al., 2009). HDACS8 con dugc
phét hién 1a muc tiéu quan trong dé chéng lai
bénh san méang - mét bénh ky sinh tring bi
lang quén do giun dep thuoc gidng
Schistosoma gay ra, la nguyén nhan gay ra
hang tram nghin ca tir vong hang nam (Marek
et al., 2013). Romidepsin (FK228), mot chat
ic ché histone deacetylase manh dugc goi la
depsipeptide, 1a mot polypeptide tu nhién duoc
phan lap tir Chromobacterium violaceum
(Nakajima et al., 1998) (Hinh 1).
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Hinh 1. (@) Chromobacterium violaceum; (b)
Romidepsin dwoc ban trén thi truong voi tén
thwong mai Istodax; (c) Cdu tric cua
romidepsin
Romidepsin 1a chét tc ché HDAC duogc chip
thuan cua FDA Hoa Ky dé diéu tri ca bénh u té
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bao lympho té bao T & da (CTCL) va u lympho
té bao T ngoai bién (PTCL). Tuy nhién ban
than romidepsin chi mai 1a tién chat, khéng co
kha ning twong tac voi tli hoat déng cua
HDAC ma né phai chuyén thanh dang hoat
dong nhd hoat dong khir cua té bao trong co
thé séng (Furumai et al., 2002) (Hinh 2).
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Hinh 2. Sir chuyén hoé thanh dang hoar déng
thiol cua romidepsin
Mic du ¢ nhiéu bai viét vé kha ning wc ché
cia romidepsin v6i HDAC nhung chua cé
nghién ciru sdu nao cua romidepsin vé co ché
wc ché ¢ hai enzyme HDAC6, HDACS. Do d6
phuong phap tinh toan 40 c6 thé dong vai tro
quan trong dé biét co ché wc ché cua
romidepsin, tir d6 c6 thém thong tin dé lam co
s& cho nghién ctu, phét trién thuéc wc ché
HDAC, gilp chira tri nhiéu cin bénh lién quan
t6i HDAC, dic biét nhat 1a cac can bénh ung
thu ma cho dén nay van chua c6 thude diéu tri
va dat duoc nhu cau han ché cac tac dung phu
khi st dung.
2. PHUONG PHAP NGHIEN CUU:
2.1. Chuén bi ligand va enzyme
V& ciu tric 2D cua dang hoat dong cua
romidepsin bing phin mém ChemDraw
Professional 16.0, rdi chuyén doi thanh dang
3D bing phan mém Chem3D 16.0, tién hanh
tinh toan ning luong thap nhat, dong luc hoc
phén tir. Sau d6, téi wu cong thic v6i phuong
phép ban thyc nghiém PM6 biang Gaussian.
Phuong phap ban thuc nghiém PM6 vira dem
lai két qua tot nhat vira c6 thé tiét kiém thoi
gian thyc hién (Markovié¢ et al., 2012), dong
thoi gop phan nang cao do chinh xac cua viéc
docking bing phin mém AutoDock (Bikadi
and Hazai, 2009). Cau truc tinh thé cua

HDAC6 (ID: 5EEI, d¢ phan giai: 1.32 A) va
ciu trdc tinh thé HDACS (ID: 1T67, d6 phan



giai: 2.31 A) duoc tai tir co s6 dit ligu protein
data bank dudi dang file .pdb. Sau do cac
enzyme dugc Xt ly loai bo nude, cac ion kim
loai khéng lién két, ion tao phuc, ligand,... chi
ngoai trr Zn?* bang phan mém Discovery
Studio 2019 Client.
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Hinh 3. Cdu tric 3D cua enzyme HDACS (ID:
SEEI), HDACS (ID: 1T67), ion Zn?* (qud cdu
mau xam) va ligand romidepsin sau khi xz ly
2.2. Docking phan ti:

Docking phén tir gitta ligand va enzyme dugc
thuc hién bang phan mém AutoDockTools ver
1.5.6 dwoc tich hop sin bd phin mém
Autodock Vina va Autodock 4.2 (Trott and
Olson, 2010). Két qua chi ra sy tuong tac cua
romidepsin véi hai enzyme, biéu dién tuong
tac dwoc phan tich bang phan mém Discovery
Studio Client 2019. Trudc hét can phai
docking mu (blind docking) bang Autodock
Vina dé xac dinh vi tri va va tu thé hoat dong
t6t nhat cua ligand d6i véi enzyme. Docking
mu cho phép quét toan bo enzyme (protein) dé
tim kiém céac diém tuong tac méi va chua biét
bang cach thyc hién nhitng md phong docking
riéng biét xung quanh ting amino acid cua
enzyme (protein) (Pérez-Sanchez et al., 2017).
Autodock Vina st dung hop gian do c6 kich
thudc ba chiéu dé bao trim toan bo enzyme va
khoang cach giira cac diém 1a 1,000 A tinh tir
trung tam cua enzyme. Dya vao két qua dau ra
clia Vina, tu thé ligand dau c6 nang lugng thip
nhat dugc chon lam re-docking ligand vi né c6
&i lyc rang budc hon cac ligand c6 tu thé khac
va khong c6 bat ky gia tri RMSD nao (Trott
and Olson, 2010). Sau khi chon dugc vi tri
twong tac tot, qué trinh docking phan tir dwoc
tién hanh. Hop gian d6 ba chiéu 100x100x100
duoc cai dat lai v6i khoang céch giita cac diém
2 0.375 A tinh tir tam cua re-docking ligand da

chon. Trong qua trinh docking phan tu, thuét
toan di duyén Lamarkian (LGA) dwoc st dung
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dé tim kiém cac manh ghép. Céac tham sé duogc
st dung bao gdm: i) s6 lan chay GA (number
of GA run): 100 lan; (ii) s6 ca thé trong nhom
(population size): 150; (iii) s danh gi4 ning
luong cuc dai (maximum number of energy
evals): 250000. Céc tham s6 con lai duoc giir
nguyén gidng tham s miac dinh cia chuong
trinh.

3. KET QUA VA THAO LUAN:

Két qua docking phan tir dugc wu tién chon s&
dwa theo mirc nang lugng thap nhat két hop véi
gia tri do léch can quan phuong (RMSD) nho
hon 2 A. RMSD nhu mot thuée do do chinh
xé&c cua cac thuat toan gan két gitra protein va
ligand (Kirchmair et al., 2008), cac két qua
docking c6 gia tri RMSD khéng Ién hon 2 A
dugc chang minh 1a dock tét va thanh céng
(Gohlke et al., 2000). Do d6 két qua docking
gitra romidepsin va hai enzyme HDAC6 va
HDACS c6 mic nang lugng lan luot 1a: -6.29
kcal/mol va -7.12 kcal/mol; gia tri RMSD lan
luot 12: 0.89 A va 1.04 A. So sanh muc do
tuong tac cua romidepsin véi két qua tuong tac
cuia MS-344 trén HDAC8 va SAHA vai
HDAC6 di dwoc cong bd trén Protein data
bank (Hinh 4).

4 > A,
SAHA-HDA( 6 MS344-HDACS

Hinh 4. Tuong tdc ciia SAHA va MS344 lan
lirot enzyme HDAC6 va HDACS8

Nhan thdy rang, romidepsin tuong tic yéu véi
ca hai enzyme tai trung tdm hoat dong, tuy
nhién, né khéng chui sau vao trong ti hoat
dong cua HDAC dé tao lién két voi coenzyme
la ion Zn?* (d6i véi cac HDAC nhom 1, 11, 1V)
(Hinh 6) do ciu trdc cong kénh cia nhém khoé
hoat dong (phan nam ¢ miéng tui).
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Hinh 5. Bé mat fiwong tdc ciia romidepsin véi
vi tri hoat déng trén HDAC6 va HDACS8
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Hinh 6. Tui lién két cia romidepsin véi enzyme
HDAC, ion Zn?* nam riéng lé phia ngoai (cau
mau xam)

Nhung romidepsin tao dugc lién két véi nhiéu
amino acid quan trong trong tdi hoat dong cua
ca hai enzyme (Hinh 7). Cu thé trong enzyme
HDACS, romidepsin tao nhiéu lién két van der
Waals véi Asn645, Cysb84, His614, Phe583,
Phe642, Pro571. Nhiéu lién két manh véi cac
amino acid nhu tao cac lién két hydro véi
Asn530, Gly582, His463, Ser631; lién két pi-
alkyl véi Leu712, Pro464 va lién két voi
His574, Phe643, Tyr745 bang lién két pi-
sulfur. Cac amino acid trén dong vai tro nht
dinh trong viing hoat dong cia mién xdc tac 2
& HDACS6, dac biét 1a Tyr745, day 1a gbc Tyr
nam ké can ion Zn?* va dugc cho la c6 vai tro
on dinh chét trung gian phan ung (Miyake et
al., 2016). Con trong twong tac vGi enzyme
HDACS, romidepsin tao lién két pi-alkyl voi
Met274 va Phe207. Trong d6, Phe207 duoc
nghién ctru 1a c6 vai tro dac biét quan trong
trong viéc giam hoat dong cua dot bién
CYP2E1 (Wang et al., 2015). Bén canh do,
romidepsin con twong tdc manh vgi cac amino
acid than dau nhu lién két voi Gly151, Phe208
bing lién két hydro; lien két pi-sigma voi
Tyr100; lién két alkyl véi Lys33 va tao lién két
v6i Phel52 bang lién két alkyl va lién két pi-
sulfur. Trong sé cac amino acid than dau thi
Phe152 va Phe208 cé tdm quan trong trong
viéc on dinh phan lién két cua chat tc ché

(Estiu et al., 2010).

HDACS
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Hinh 7. Cdc twong tac gitra romidepsin va
HDAC6 va HDACS dwoc biéu dién dudi dang
3D (trai) va 2D (phai)
4. KET LUAN:
Két qua docking cua romidepsin véi hai
enzyme HDAC6 va HDACS khong lién két
dugc véi ion Zn?* do romidepsin mang nhém
khoa hoat dong quéa cong kénh dé chui sau vao
trong tUi hoat déng. Tuy nhién romidepsin
ciing ¢6 tiém nang wc ché enzyme khi no tuong
tac voi cac amino acid chinh, cac amino acid
nay c6 vai tro nhit dinh trong khu vuc hoat
dong cua hai enzyme nhu trong cac bai nghién
ctru di duoc cong bd trude bang nhiéu lign két
nhu van der Waals, lién két hydro, pi-sulfur,
alkyl, pi-alkyl, pi-sigma. Ngoai ra, nghién cau
nay 1a co s& cho cac nghién ciu khac nhim
phét trién cac hoat chit c6 kha ning wc ché
chon loc HDAC6 va HDACS khéng gén kém.
Tién dé cho cac phuong phap sang loc 40 in
silico két hop Vvéi cac phuong phép thir hoat
tinh sinh hoc in vitro, in vivo.
LGOI CAM ON
Chang tdi xin chan thanh cam on sy tai tro quy
bau cua Bo Giao Duc va Dao Tao danh cho
nghién ciu nay (M4 s6: B2019-TCT-37).
TAI LIEU THAM KHAO:
1. Bikadi, Z. and Hazai, E., 2009. Application of
the PM6 semi-empirical method to modeling
proteins enhances docking accuracy of
AutoDock. Journal of cheminformatics. 1(1): 15.
2. Estiu, G., West, N., Mazitschek, R., et al,,
2010. On the inhibition of histone deacetylase
8. Bioorganic & medicinal chemistry. 18(11):
4103-4110.
3. Falkenberg, K. J. and Johnstone, R. W.,
2014. Histone deacetylases and their inhibitors
in cancer, neurological diseases and immune



disorders. Nature reviews Drug discovery.
13(9): 673-691.

4. Furumai, R., Matsuyama, A., Kobashi, N., et al.,
2002. FK228 (depsipeptide) as a natural prodrug
that inhibits class | histone deacetylases. Cancer
research. 62(17): 4916-4921.

5. Gohlke, H., Hendlich, M. and Klebe, G.,
2000. Knowledge-based scoring function to
predict protein-ligand interactions. Journal of
molecular biology. 295(2): 337-356.

6. Gradilone, S. A., Radtke, B. N., Bogert, P.
S., et al., 2013. HDACG6 inhibition restores
ciliary expression and decreases tumor growth.
Cancer research. 73(7): 2259-2270.

7. Hai, Y. and Christianson, D. W., 2016.
Histone deacetylase 6 structure and molecular
basis of catalysis and inhibition. Nature
chemical biology. 12(9): 741-747.

8. Inoue, A., Yoshida, N., Omoto, Y., et al.,,
2002. Development of cDNA microarray for
expression profiling of estrogen responsive
genes. Journal of Molecular Endocrinology.
29(2): 175-192.

9. Kirchmair, J., Markt, P., Distinto, S., Wolber,
G. and Langer, T., 2008. Evaluation of the
performance of 3D virtual screening protocols:
RMSD comparisons, enrichment assessments,
and decoy selection—What can we learn from
earlier mistakes? Journal of computer-aided
molecular design. 22(3-4): 213-228.

10. Marek, M., Kannan, S., Hauser, A.-T., et al.,
2013. Structural basis for the inhibition of histone
deacetylase 8 (HDACS), a key epigenetic player
in the blood fluke Schistosoma mansoni. PL0S
Pathog. 9(9): €1003645.

11. Markovi¢, Z., Milenkovié, D., Porovi¢, .,
et al., 2012. PM6 and DFT study of free
radical scavenging activity of morin. Food
chemistry. 134(4): 1754-1760.

12. Miyake, Y., Keusch, J. J., Wang, L., et al.,
2016. Structural insights into HDACS6 tubulin
deacetylation and its selective inhibition.
Nature chemical biology. 12(9): 748-754.

13. Mottamal, M., Zheng, S., Huang, T. L. and
Wang, G., 2015. Histone deacetylase inhibitors
in clinical studies as templates for new
anticancer agents. Molecules. 20(3): 3898-
3941.

14. Nakagawa, M., Oda, Y., Eguchi, T., et al.,
2007. Expression profile of class | histone
deacetylases in human cancer tissues.
Oncology reports. 18(4): 769-774.

15. Nakajima, H., Kim, Y. B., Terano, H.,
Yoshida, M. and Horinouchi, S., 1998.
FR901228, a potent antitumor antibiotic, is a

116

novel histone deacetylase inhibitor.
Experimental cell research. 241(1): 126-133.
16. Oehme, 1., Deubzer, H. E., Wegener, D., et
al., 2009. Histone deacetylase 8 in
neuroblastoma tumorigenesis. Clinical Cancer
Research. 15(1): 91-99.

17. Pérez-Sanchez, H., Cerdn-Carrasco, J. P.
and Cecilia, J. M., 2017. Implementation of an
efficient Blind Docking technique on HPC
architectures for the discovery of allosteric
inhibitors. In: 2017 46th International
Conference on Parallel Processing Workshops
(ICPPW). IEEE, 33-38.

18. Ruijter, A. J. d., GENNIP, A. H. v., Caron,
H. N., Kemp, S. and KUILENBURG, A. B. v.,
2003. Histone  deacetylases (HDACS):
characterization of the classical HDAC family.
Biochemical Journal. 370(3): 737-749.

19. Schemies, J., Uciechowska, U., Sippl, W.
and Jung, M., 2010. NAD+-dependent histone
deacetylases (sirtuins) as novel therapeutic
targets. Medicinal research reviews. 30(6):
861-889.

20. Seto, E. and Yoshida, M., 2014. Erasers of
histone acetylation: the histone deacetylase
enzymes. Cold Spring Harbor perspectives in
biology. 6(4): a018713.

21. Trott, O. and Olson, A. J., 2010. AutoDock
Vina: improving the speed and accuracy of
docking with a new scoring function, efficient
optimization, and multithreading. Journal of
computational chemistry. 31(2): 455-461.

22. Wang, Y., Zheng, Q., Zhang, J., et al.,
2015. How mutations affecting the ligand-
receptor interactions: a combined MD and
QM/MM calculation on CYP2E1 and its two
mutants. Chemical Research in Chinese
Universities. 31(6): 1029-1038.

23. Witt, O., Deubzer, H. E., Milde, T. and
Oehme, 1., 2009. HDAC family: What are the
cancer relevant targets? Cancer letters. 277(1):
8-21.

24. Yoon, S. and Eom, G. H., 2016. HDAC
and HDAC inhibitor: from cancer to
cardiovascular diseases. Chonnam medical
journal. 52(1): 1-11.

25. Zhang, Z., Yamashita, H., Toyama, T., et
al., 2004. HDACG6 expression is correlated
with better survival in breast cancer. Clinical
Cancer Research. 10(20): 6962-6968.

26. Zuo, Q., Wu, W., Li, X., Zhao, L. and
Chen, W., 2012. HDAC6 and SIRT2 promote
bladder cancer cell migration and invasion by
targeting cortactin. Oncology reports. 27(3):
819-824.



	22. NGHIÊN CỨU SỰ TƯƠNG TÁC CỦA ROMIDEPSIN VỚI ENZYME HDAC6 VÀ HDAC8 SỬ DỤNG CÔNG CỤ AUTODOCK - 2003

