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TOM TAT

Tirdich nudi cdy chiing xa khuan Actinoplanes missouriensis, hai hgp chat flufuran (1) va trehalose (2) da dugc phén lap. Cau triic cGa hai hop chdt nay dugc xac dinh
dua trén viéc phan tich dit liéu phd NMR, ESI-MS va so sanh vdi tai liéu tham khao. Hop chét 1 dugc dénh gia kha néng tac dong Ién hoat tinh thiy phan ATPase cla
protein tai t6 hop ClpC1. Két qué cho thdy, chét 1 c6 dnh hudng dén qua trinh thiy phan cda Clp(1, mét protein diéu hoa quan trong ¢ chiic ndng phén hdy cac protein
16i cGia vi khuan lao Mycobacterium tuberculosis.

Tirkhoa: Actinoplanes missouriensis, flufuran, trehalose, ATPase, ClpC1, Mycobacterium tuberculosis.

ABSTRACT

From the culture solution of Actinoplanes missouriensis, two compounds including flufuran (1) and trehalose (2) were isolated. The structures of these compounds
were determined based on the analysis of NMR, ESI-MS spectral data and comparison with references. Compound 1 was evaluated the ATPase hydrolysis activity of the
recombinant ClpC1 protein. The results showed that this compound has the ability to affect the hydrolysis of CIpC1, a regulatory protein in Clp protease that plays an
important role in degrading misfolded proteins of Mycobacterium tuberculosis.

Keywords: Actinoplanes missouriensis, flufuran, trehalose, ATPase hydrolysis, CIpC1 protein, Mycobacterium tuberculosis.
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1.DAT VAN BE gdy tif vong & ngudi trén toan thé gigi. Nam 2021, thé gidi
c6 khoang 1,6 triéu ca tirvong va 10,6 triéu ca nhiém lao mdi,
trong dé gan 450.000 bénh lao da khang thuéc [1]. Viét Nam
la mot trong 30 nudc c6 ganh nang bénh lao cao nhét trén

Bénh lao 1a mét bénh truyén nhiém do vi khuan
Mycobacterium tuberculosis gay ra. Theo T6 chiic Y té thé gidi
(WHO), bénh lao la mét trong nhiing nguyén nhan hang dau

116 | Tap chi KHOA HOC VA CONG NGHE @ Tap 59 - S& 5 (10/2023) Website: https://jst-haui.vn



P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

thé gidi, vSi khodng 174.000 ca mac mgi va 11.000 ca t
vong méi nam [2]. Pang bao déng hon, ty Ié lao da khang
thuéc da tang lén dang ké vai khodng 8.400 bénh nhan lao
khang thudc, trong dé cé mét ti 1é khdng nhdé méc lao da
khang thudc [3]. Bénh lao da khang thuéc dugc coi xem la
m&i de doa nghiém trong dén stic khoe cong déng & cac
nudc [1]. Vi vay, viéc tim kiém cac hgp chat khang lao mai dé
diéu tri bénh la van dé rat can thiét va c6 tinh cap bach
khéng chi & Viét Nam ma trén toan thé gidi. Xa khuan
(Actinomycete) tir Iau da dugc biét dén la ngudn vi sinh vat
cung cap cac hop chat khang sinh da dugc st dung lam
thuéc [4].

Dai véi nhiéu vi sinh vat gay bénh néi chung va vi khuin
lao néi riéng, protein ClpC1 déng vai trd quan trong trong
qua trinh séng clia chiing. Khac véi nhiéu loai vi khudn khac,
ClpC1 & M. tuberculosis c6 trinh tu bao toan cao va khi két
hgp véi phiic hgp ClpP sé ddm nhan vai trd chaperone trong
té€ bao [5]. Nhiéu nghién ctru da cho thay khi ClpC1 mat hoat
tinh, su phan hay protein trong té€ bao bi gidm hodc c6 thé
bi ding lai hoan toan [6, 7]. Do &6, protein ClpC1 da tr&
thanh muc tiéu quan trong trong qua trinh tim ki€ém va sang
loc cac tac nhan chéng lai vi khudn lao mét cach an toan va
hiéu qud. Protein ClpC1 dugc tai t6 hgp tu vi khuin
Escherichia coli tai cadc phong thi nghiém ma khong can mic
d6 an toan sinh hoc cao [8]. Nhiéu hgp chat phan lap ti xa
khu&n da dugc phat hién va thé hién hoat tinh tiém nang tac
doéng lén qud trinh thdy phan protein cta ClpC1 nhu
ecumicin, cyclomarin A, va lassomycin...[9- 11].

Xa khuén Actinoplanes missouriensis 1an dau dugc phan
lap t moi trudng dat & Hamilton, bang Missouri, Hoa Ky va
dugc Couch mo ta dau tién ndam 1963 [12]. Tuy nhién, qua
nghién ctu tai liéu cho thay, cho dén nay trén thé gidi c6 rat
it tai liéu lién quan dén cac hgp chat thi cap dugc san xuat
tU lodi nay. Xa khudn nay sén sinh ra enzym 6-O-a-L-
rhamnosyl-3-D-glucosidase lam xuc tac cho qua trinh thay
phan cac flavonoid 7-O-rutinosylate va cac dan xuat cuda
rutinose [13]. Ngoai ra, tif chiing xa khudn nay da phan lap
dugc actaplanin (A4696) - mét phuc hop khang sinh
glycopeptide c6 hoat tinh tc ché manh d6i véi vi khuan
gram (+) [14, 15]. CSViét Nam chua cé nhém nghién ctiu nao
cdng bo vé cac hgp chat thi cap va hoat tinh sinh hoc ctia
ching xa khudn A. missouriensis. Trong nghién ctu nay,
chung t6i ti€n hanh nuéi cay, nhan giéng va phan lap cac
hap chat thi cap tir chding xa khuan A. missouriensis. Hai hop
chat la flufuran (1) va trehalose (2) da dugc phan lap va xac
dinh cdu trac. Hgp chat 1 dugc danh gia kha nang tac dong
Ién hoat dong thuy phan ATP (ATPase) clia protein ClpCl1,
moét protein tai t6 hgp tu vi khudn Escherichia coli dugc
chung téi st dung trong nghién ctiu nay.

2. THUC NGHIEM
2.1. Déi tuong

Chang xa khudn hiém A. missouriensis VTCC40900 dugc
nuoéi cdy va dugc cung cap bdi Trung tdm ngudn gen Visinh
vat qudc gia - Vién Vi sinh vat va Céng nghé Sinh hoc, Dai
hoc Quéc gia Ha Noi.
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2.2. Phuong phap nghién ciu

Ph& NMR dugc do trén thiét bi Bruker AM500 FT-NMR, tai
tan s& 125MHz déi véi '>*C NMR va 500MHz d6i véi 'H NMR.

Silica gel 40 - 63um va Sephadex LH-20 dugc si dung
trong sac ky cot (CC). Sac ky I6p mong TLC silica gel 60 Fysq
(0,25mm, Merck).

Protein ClpC1 cla vi khuén lao M. tuberculosis dugc téi t&
hop ti chiing vi khuan Escherichia coli Rosetta 2 va tinh sach
qua cOt chda ion Ni?* vGi dudi His-tag (Ni-TED hang
Macherey-Nagel). Hoat tinh thuy phan ATP clGa protein
ClpC1 tai t6 hgp dugc xac dinh bang cach danh gia lugng
phosphat gidi phéng ra sau phan ung bang thuéc thu
BIOMOL® Green (hang Enzo Life Sciences).

2.3. Thuc nghiém

2.3.1. Chiét xudt va phdn ldp cdc hop chdt tir

Actinoplanes missouriensis

Chaing xa khuan A. missouriensis dugc nudi cay trén moi
truong thach trong 5 - 7 ngay, sau d6 dugc cdy vao binh nén
1000mL chira 350mL méi trudng YS, lac véi toc dé 160
vong/phut, 28 - 30°C, trong 72 gid. Dich xa khuan khéng tap
nhiém, c6 mat dé 25.10° - 30.10° té€ bao/mL dugc lam giéng
g6c cho hé théng 1én men 50 lit. Sau qua trinh 1én men 6
ngay, dich nudi cdy (50L) dugc ti€n hanh ly tam dé tach riéng
dich nudc va cédn té bao. Phan dich nudc (40L) dugc chiét véi
EtOAc (3 x 4h x 20L), cét loai dung méi thu dugc can chiét
EtOAc ky hiéu la H9 (7,3g). Can chiét EtOAc dugc tién hanh
chay sac ky cot Sephadex LH-20 véi dung méi ria gidi la
methanol/nuéc (9:1) thu duoc 10 phan doan (H9.1 — H9.10).
Phan doan H9.2 (1,59) dugc chay sic ky cot silicagel
(EtOAc:MeOH:H,0, 6:4:0,1) thu dugc 9 phan doan (H9.2.1 —
H9.2.9). Phan doan H9.2.2 (35mg) dugc tinh ché bang sac ki
I6p mong diéu ché thu dugc hgp chat 1 (4mg). Phan doan
H9.2.9. (140mg) dugc tinh ché bang cét Sephadex LH-20
(MeOH:H,0, 9:1) va ldp lai hai lan thu dugc hgp chat 2
(3,6mag).

Flufuran (1): Tinh thé hinh kim; C¢HeOs ESI-MS:
m/z = 140,7 [M-H]. '"H-NMR (CDs0OD, 500MHz) & 7,95 (1H,
s,H-2), 6,51 (1H, s, H-4), 4,42 (2H, s, H-7); *C-NMR (CDsOD,
125MHz) 6¢ 177,2 (C-6), 170,2 (C-5), 147,4 (C-3), 141,0 (C-2),
110,6 (C-4), 61,2 (C-7).

Trehalose (2): Chat rdan mau trang; CioH0q, ESI-MS:
m/z = 364,9 [M+Na]*. '"H-NMR (CDsOD, 500MHz) 645,14 (2H,
d,J=3,5Hz), 3,84 (6H, m), 3,70 (2H, m), 3,49 (2H, dd, J= 10,0,
3,5Hz), 3,33 (2H, m);"*C-NMR (CDs0D, 125MHz) 6¢ 95,0 (C-1),
74,6 (C-3),73,8(C-2),73,2 (C-5),71,9 (C-4), 62,6 (C-6).

2.3.2. Bdnh gid hoat tinh ATPase cuia protein tdi té hop
CipC1

Bién nap, biéu hién va tinh sach protein tdi t6 hop ClpC1

Protein tai t§ hgp ClpC1 dugc téng hgp bang viéc gan
doan gen déc trung cho ClpC1 cta vi khudn M. tuberculosis
vGi pET28a (+) plasmid, bi€n nap va biéu hién trén E. coli
Rosettaa2 (DE3) bang phuong phap s6c nhiét. Méi trudng LB
(Luria-Bertani) Broth High Salt (MB cell, Korea) (Tryptonee
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10g; Yeast Extract 55g; Sodium Chloride 10g; pH=7,0 £ 0,2,
25°C) dugc dung lam méi trudng nudi cdy cd chua
500ug/mL Kanamycinn (Sigma, USA). Xac dinh néng d6 vi
khu&n trong méi trudng nudi cdy sau tang sinh tai ndong dé
ODgoonm dat nguéng 0,6 - 08, bd sung TmM IPTG
(isopropyl01-thio-p-D galactopyranosidee-Sigma) dé ting
cudng doé biéu hién protein trong 16 h va ti€p tuc nudi tai
16°C[16, 17].

Ly tam thu hoi can té bao sau nudi cay va tién hanh pha
mang té€ bao bang phuong phap séng siéu am trén hé théng
siéu am. Protein tai t6 hgp ClpC1 dugc tinh sach bang cot
tinh sach Ni?* ion. Dién di SDS-PAGE vgi néng dé gel 12%
(Bio-rad, USA) dugc sit dung dé phan tich chat lugng protein
sau tinh sach [18].

Nong dé protein sau tinh sach dugc do bdang phuong
phép Bradford tai budc séng 595nm trén hé théng may
Infinite” 200 PRO (Tecan, Thuy Si) [19, 20]. Dung dich dém
chia 50mM Tris-HCI, 100mM KCI, 80mM MgCl,, pH 7,5 va c6t
khr mudi PD-10 (GE Healthcare Bio-Sciences AB, Thuy Dién)
dugc st dung trong qua trinh thay di thanh phan cta dung
dich d@ém cho phu hgp vai diéu kién thi nghiém danh gia
hoat do thuy phan ATP cua protein.

Ddnh gid hoat @6 ATPase cua protein tdi t6 hop ClpC1

Hoat tinh ATPase dugc phat hién bang cach U protein tai
t6 hop ClpC1 véi néng dd ATP tuong Ung & nhiét do 37°C
trong 1 h trong dung dich dém phan tng phu hgp, thé tich
cudi cung la 50pL. Hoat tinh xac dinh ATPase ctia ClpC1 dugc
do bang cach danh gia lugng phosphat dugc giai phéng ra
bang thuéc thir BIOMOL® Green & buéc séng hap thu 620nm
trén hé may Infinite” 200 PRO (Tecan, Thuy Si) [21]. Luong
photphat dugc gidi phdng sau phan tng dugc xt ly va phan
tich trén phan mém OriginPro8. Dua vao cac két qua da dugc
cdng bé, ecumicin va rufomycin dugc st dung lam chat déi
ching duong trong thi nghiém nay.

3. KET QUA VA THAO LUAN
3.1. C4u tric ctia cic hgp chat phan lap tu ching xa
khuan hiém Actinoplanes missouriensis

Ph& khéi ESI-MS cta hgp chat 1 cho pic ion phan ti tai
m/z 140,7 [M-HJ". Trén phé 'H-NMR xuét hién hai tin hiéu tai
847,95 (1H, s), 6,51 (1H, s) va 1 nhdm methylen gan oxi tai
814,42 (2H, s). Phé 3C-NMR xuét hién tin hiéu cia mot nhéom
carbonyl tai 6¢ 177,2; tin hiéu cda 4 carbon vong thom tai &¢
170,2 (C-5),147,4 (C-3),141,0(C-2) va 110,6 (C-4); va 1 carbon
methylen tai &¢c 61,2. So sanh vdi tai liéu tham khao, cho
phép két luan chat 1 la dan xuat ctia vong furan [22].
Ph6 NMR cla chat 1 hoan toan trung khép vdi
5-hydroxymethylfuran-3-carboxylic acid hay flufuran.
Flufuran (1) dugc phan lap lan dau tién ti chdng ndm
Polyporus arcularius [22]. Flufuran thé hién hoat tinh khang
nam déi vai chiing Phytophthora cinnamomi va P. nicotianae.
Hop chdt nay con thé hién hoat tinh Gc ché enzyme
monoamine oxidase (MAQ), mot enzym cé lién quan dén cac
bénh vé than kinh nhu tram cam, parkison [23, 24].

Hop chat 2 dugc phan lap dudi dang chat rdn, mau trang.
Ph& khéi ESI-MS ctia hgp chat nay cho picion phan ti tai m/z
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364,9 [M+Na]*. Trén phd "H-NMR cla chat 2 cho thay tin hiéu
proton anomer tai 84 5,14 (d, J = 3,5Hz) v6i hang s6 tuong tac
nhé (3,5Hz), cho thay day la mét dudng a-glucoside. Ngoai
ra, cac tin hiéu proton ctia dudng glucose dugc quan sat thay
tai &4 3,84 (m), 3,70 (m), 3,49 (dd, J = 10,0, 3,5Hz), 3,33 (m).
Phé 3C-NMR xuét hién cac tin hiéu carbon tai 6c 95,0 (C-1);
74,6 (C-3); 73,8 (C-2); 73,2 (C-5); 71,9 (C-4); 62,6 (C-6). Két hop
cac dirliéu phé NMR, phé MS (m/z 364,9 [M+Nal*) va so sanh
vdi tai liéu tham khao cho phép két luan chat 2 la trehalose
[25]. Trehalose 1a mét disaccharide bao gém hai phan ti
duong a-glucoside qua lién két a,a-1,1-glycoside [25].
Trehalose dugc sinh ra trong qua trinh sinh téng hop ctia M.
smegmatis va M. tuberculosis. Trehalose rat can thiét cho su
phat trién va tén tai cGa vi khuan [25].

HH 1
7 ! OH. on
0 HPZ O HO X\ 6
2 H
HO/\SM Ho_ i3 on N !
4 3 COoOH H
M H4 3 H” 3 0HoH
wono M
2

Hinh 1. Cau tric cia hop chét 1va 2 tir chiing xa khuan A. missouriensis
3.2. Hoat tinh ATPase ciia protein tai t6 hop ClpC1

Viéc tinh sach protein tai t6 hgp bang cét tinh sach Ni-
TED dugc thuc hién nhanh chéng, dé dang va phu hgp véi
céac thi nghiém téng hgp protein trong quy mé phong thi
nghiém [26]. Két qua thi nghiém cho thdy cac protein ClpC1
sau khi dugc téng hgp déu ndm trong mang té bao, chi dugc
thu lai sau qua trinh pha mang té bao bang séng siéu am.
Diéu nay hoan toan phu hgp véi cac nghién cliu ti trudc dén
nay da chira CplC1 la mét dang protein ndi bao ddm nhiém
chuc ndng quan trong trong viéc kiém duyét va loai bd cac
protein hodc phan ti khéng con can thiét, gidp duy tri su 6n
dinh va hoat dong hiéu qua cla cac protein khac trong té
bao vi khuan. Protein tai t6 hgp ClpC1 ¢6 trong lugng phan
tlr xap xi 93,5kDa (hinh 2).

1 2 3 o o I M

935
KDa

Hinh 2. Qué trinh dién di véi ot tinh sach Ni-TED d€ tinh sach protein téi t6
hgp ClpC1

M: Maker; 1: dich nui cdy; 2, 3: dich tlr can t€ bao sau khi pha té bao;
I, 1I, l1l: Phan doan thu dich
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Hoat tinh thuy phan ATP va muic d6 én dinh clia protein
tai t6 hgp ClpC1 dugc tién hanh kiém tra va theo déi trong
sudt thi nghiém.

Phuong phap do lugng phosphate (Pi) gidi phéng ra,
dugc chung t6i st dung dé do hoat dé thuy phan ATP cda té
bao. Khi enzym ATPase thdy phan ATP (Adenosin
Triphosphat) thanh ADP (Adenosin Diphosphat) va Pi thi Pi
sé dugc gidi phong. Lugng Pi nay c6 thé dugc do bang cach
st dung phén tng hoa hoc véi chat chi thi BIOMOL® Green
[27]. Pay la phuong phap don gian, dé thuc hién va chi phi
thap cho phép xac dinh ham lugng nho Pi. Két qua cho thay,
tai nong dé 10uM, ATP bat dau tang dan hoat d6 thay phan
va thé hién day da chiic nang thay phan (bang 1). Quan sét
két qua & bang 2, hoat ddng phan giai ATP 6n dinh trong 7
ngay (chi dao déng trong khodng 1,685 -
1,829nmol/ug/phut). Sau ngay thur 7, hoat d6 ATPase khéng
con 6n dinh.

Bang 1. Hoat dd st dung ATPase cla protein tai t§ hop ClpC1 theo ndng do
ATP

Nongdd | 5uM| 10uM |[50pM|100uM | 200uM | 250uM | 500uM

Hoat d6 phan
hiy ATP 02| 05 | 1,1] 21 43 8,6 16,7
(nmol/pg/phut)

Bang 2. Hoat dd st dung ATPase clia protein téi t6 hop ClpC1 theo ngay

Ngagy | 0 [ 1|2 |3 |4 |5|6|7 8|91
Hiéu suat

hoat ddng
phan gidi
ATP 1,775(1,685(1,740(1,829(1,824(1,871(1,754(1,711|4,527|1,089|4,049
(nmol/pg/
phit)
250% -
g 00% ;
E:E 150% i
E 100% A E =
R | | = = ]
o ENIE = =
= E =
0% - = = —
Hop chat 1 Ecumicin Rufomycin Doi chimg am
Nong dd 20, 1luM O1yM B10pM

Hinh 3. Két qua danh gid tic dong cta hgp chat 11én ATPase cla ClpC1

CAc tai liéu cong bo da cho thay ecumicin va rufomycin
la hai loai khang sinh c6 dich tac déng truc ti€p dén protein
ClpC1 clia vi khudn M. tuberculosis bang cach dnh huéng dén
chic nang thay phan ATP cla né [16, 18, 28]. Do d¢,
ecumicin va rufomycin dugc st dung lam chat déi ching
duong trong nghién clu nay. Ching t6i da thir nghiém cac
néng d6 khac nhau cdia hop chat 1 va quan sat hoat déng
ATPase cla protein ClpC1. K&t qua trén biéu dé (hinh 3) cho
thay hoat dong ATPase tang dan theo néng dé clia hop chat
1(0,17uM, 1,0uM va 10,0uM). Do vay, hop chat 1 c6 kha nang
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anh hudng dén qua trinh thay phan ATP cla protein ClpC1
tuong ty nhu ecumicin, tuy nhién véi hoat dé phan giai ATP
thap hon. Cac két qua nghién ctiu trén da cho thay dich tac
dong truc tiép téi protein ClpC1 cla vi khuén lao cta hgp
chat 1. Tuy nhién, can c6 cac nghién ctiu sau hon vé co ché
va vi tri tdc dong clia hgp chat 1 1én protein ClpC1 cua vi
khuan lao.

4, KET LUAN

Day la lan dau tién hai hop chat flufuran (1) va trehalose
(2) dugc phan lap tu ching xa khudn Actinoplanes
misouriensis. K&t qua nghién ctru cho thay hop chat 1 ¢6 tac
déng dén qua trinh thay phan ATPase cla protein ClpC1 véi
kha nang lam tang dan hoat d ATPase. Day cling la lan dau
tién hgp chat flufuran dugc danh gia kha nang tac dong lén
qua trinh thay phan ATPase ctia ClpC1, mét protein diéu hoa
quan trong ctia vi khudn lao M. tuberculosis. Nghién ctu cta
ching t6i gép phan ggi ma tiém nang Gng dung cda hgp
chat flufuran dugc phan lap ti chdng xa khuin A
misouriensis trong qua trinh tim kiém cac hgp chat khang lao
phuc vu trong y dugc.

LGOI CAM ON

Cong trinh nay dugc hoan thanh véi su tai trg kinh phi
cla Bo Khoa hoc va Céng nghé (Dé tai nghi dinh thu Viét
Nam - Han Quéc, ma s NDT.47.KR/18).
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