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Tom tat

Nghién cieu duoc thuc hién nham khao sat hoat tinh khang khudn cia 8 hop chat
Wells-Dawson — polyoxometalate ~ (POM)  bao  gom  o-KsP:WisOs. 14H:0  va
BKsP2Wi15062.19H>0 (PW1s), Kiof 0-KsP2W17061].20H0 (P-Wry),
KisH[CE" (0-P:W17061)3]. 25H,0 (Ce"WD 1:2), KisH[Zr(e-P2W17061)2].25H0 (ZrWD 1:2),
Na14[Zr4(P2W16059)2 (/,13-0)2(01‘1)2(1‘120)4] 57H0 (ZI’WD 4. 2) 0!2—K8P2W17061(C0”H20) 16H>0O
(COWD 1: ]) 062—K8P2W17061(Nl HzO) ]7H20 (NZWD 1: ]) va 0!2—K8P2W17061(CUHH20) 16H>0
(CuWD 1:1) doi véi 05 dong vi khudn bao gom Escherichia coli, Bacillus subtilis,
Salmonella spp., Pseudomonas aeruginosa va Staphylococcus aureus. Hoat tinh khdng
khudn cia tdt ca 8 hop chat Wells-Dawson POM duwoc khdo sat bang phwong phdp khuéch
tan giéng thach va/ hodc phwong phdp pha loang lién tuc 2 lan. Két qud thuc nghiém cho
thdy doi voi 3 dong vi khudn la Bacillus subtilis, Pseudomonas aeruginosa, Staphylococcus
aureus, tt cd 8 hop chat WD-POM déu thé hién hoat tinh khdng khudn. T rong do P:W s the
hién hoat tinh khang khudn tot nhat véi ca 3 dong vi khudn nay va gid tri nong do vc ché toi
thiéu (MIC) dwoc xdc dinh déu la 0,1875 mM, thap hon twong vmg lan luot la 6, 3, 6 ldn so
véi gid tri MIC ciia doi chitng dwong tetracycline. Poi véi dong vi khudan Escherichia coli,
chi c6 P:Wis 6 kha nang khang khudn véi viing tec ché khudn trung binh la 7,330,358, nho
hon khodng 4 lan so véi doi chitng dwong tetracycline. Riéng doi véi dong vi khudn
Salmonella spp., tat ca 8 hop chdt Wells-Dawson POM déu khéng thé hién kha ning khdng
khuan.

~ Tir khoa: Khang khudn, Wells-Dawson polyoxometalates, phwong phap khuéch tan
gieng thach, phuong phap pha loang lién tuc 2 lan

Trich dan: Luong, T.K. N, & Nguyén, T. N. T. (2025). Khao sat hoat tinh khang lghuén cua
cac hop chat Wells-Dawson polyoxometalate. Tap chi Khoa hoc Pai hoc Pong Thap,
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Abstract

The study aimed to investigate the antibacterial activity of 8 Wells-Dawson
polyoxometalate (POM) compounds including a-KsP>WsOs2. 14H>0 and [-KsP>WsOs2. 19H>0
(PzW{g), K]()[O!z-KaPngOﬁ]]QOHzO (P2W17), K15H[C€W Olz-PzW17061)2].25H20 (CeIVWD ].‘2),
K[5H[ZV(O{2—P2W17051)2].25[‘[20 (ZFWD ].'2), Na14[ZI"4(PzW16059)2 (/13-0)2(01‘1)2(1‘[20)4].57]‘]20
(ZrWD 4:2), ar-KsP:W17,061(Co™ . Hy0).16H,0 (CoWD 1:1), a-KsP2Wi17061(Ni''. H,0).17H,0
(NiWD 1:1) and ca>-KsP:W1;06/(Cu".H>0).16H:0 (CuWD 1:1) against 5 bacterial strains
including Escherichia coli, Salmonella spp., Bacillus subtilis, Pseudomonas aeruginosa and
Staphylococcus aureus. The antibacterial activity of all 8§ Wells-Dawson POM compounds
was examined by the agar well diffusion method and/or the 2-fold serial dilution method.
The results showed that for 3 bacterial species, Bacillus subtilis, Pseudomonas aeruginosa,
and Staphylococcus aureus, all 8 WD-POM compounds showed antibacterial activity.
Among them, P;W s showed the best antibacterial activity against all 3 bacterial strains and
the minimum inhibitory concentration (MIC) values were determined to be 0.1875 mM, 6, 3,
and 6 times lower than the MIC values of the tetracycline positive control, respectively. For
Escherichia coli, only P>W ;s showed antibacterial ability with an average inhibition zone of
7.3340.58 mm, about 4 times smaller than that of the tetracycline positive control. For
Salmonella spp., all 8 Wells-Dawson POM compounds did not show antibacterial ability.

Keywords: Antibacterial activity, Wells-Dawson polyoxometalates, agar well
diffusion method, 2-fold continuous dilution method.
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1. Gidi thiéu

Céc loai bénh do cac dong vi khuan gay ra thudng rat nguy hai cho sirc khoe cila con
nguoi. Vi khuan Escherichia coli (. coli) gay ra cac bénh ¢ nguoi nhu nhiém triung duong
ticu, duong rudt hodc xam lan, nhiém tring tai cac co quan khac. Salmonella spp. giy nhiém
triung thuc pham va dong vi khuan nay c6 thé dugc tim thy trong nhiéu loai thuc pham.
Pseudomonas aeruginosa (P. aeruginosa) tuy 1 vi khuan gy bénh co hoi nhung né ciing c6
doc luc kha cao, khi vi khuan da xam nhép vao co thé sé gdy ra nhiém khuén (Bush &.
Perez, 2022). Bacillus subtilis (B. subtilis) 12 dong vi khudn duoc xem 1 loi khuédn tuy nhién
khi chung ton tai trong mét s6 loai thyc pham nhu bot, banh mi va c6 thé gy bién doi qua
trinh sinh hoc trong cac thuyc pham nay (Nakano & Zuber, 1998). Vi khuan Staphylococcus
aureus (S. aureus) giy ra cac vu ngd doc thuc phim véi cac triéu chimg nhu budn nén, dau
bung va céc triéu ching thuong xay ra nhanh (Bush & Perez, 2022).

Su gia ting cua cac dong vi khuan khang thudc, bao gdm S. aureus khang methicillin
(MRSA), dugc xac dinh 1a nguyén nhan giy tir vong hang diu trén toan cau lién quan
dén tinh trang khang khang sinh (Samia & cs., 2022), P. aeruginosa va Salmonella spp.,
dang dit ra thach thirc lon ddi véi y hoc. Viéce str dung cac thude khang khuan tong hop dé
diéu tri cac loai bénh do cac dong vi khudn nay gay ra co thé gy tac dung phu anh hudng
dén stc khoe con ngudi (Mandell & cs., 2001). Ngoai ra viée dung cac loai thudc khéng
khuin c¢6 thé din dén hién tuong quen thuéc, khéang thube (Safitri, 2023). Vi vay, trong
nhirng nim gan day viéc nghién ctru dé tim kiém cac hop chit c6 hoat tinh khang khuan
nhung it doc hai rit duoc quan tam.

Gan day, nhiéu hop chét polyoxometalate (POM) la nhirng hop chat c6 chira cac
cum anion chira oxy va cac nguyén t6 kim loai chuyén tiép nhu V, Nb, Ta, Mo va W & trang
thai s6 oxy hoa cao cta chiing da duoc tong hop va khao sat hoat tinh khang khudn (Bijelic
& cs., 2018). Cac hop chat POM, dic biét 12 nhom clu trac Wells-Dawson, da thu hit su
quan tam dang ké nho vao cu tric hda hoc doc d4o va tiém nang sinh hoc da dang. Ciu tric
Wells-Dawson dién hinh nhu [P2W1s0e:]* dd dugc chimg minh c6 kha nang uce ché su phat
trién cta vi khudn Gram duong nhu S. aureus (Yamase, 2005). Hop chat antimony(I1D)-
containing polyoxometalate dugc cong bd ¢é tinh khang khuan dbi véi ca vi khuan Gram-a -am
va Gram-duong (Barsukova-Stuckart & cs., 2012; Yang & cs., 2015, 2016). Mot sd
polyoxometalate bao hoa nhu H4[SiW12040]-nH20 va Nag[PW1204o]~nH20 ciing thé hién
hoat tinh khang khuan (Grama & cs., 2014). Gan day nhat, hop chat polyoxometalate-based
bac (I) phenylethynide ciing di dugc chimg minh 1a ¢6 hoat tinh khang khuan (Hu & cs.,
2017). Nghién ctru cia Luong Thi Kim Nga va cong su di tong hop va khao sat hoat tinh
khang khuén cua cac hop chit Wells-Dawson POM (WD-POM) dbi véi cac dong vi khuén
Aeromonas hydrophila giy bénh xuat huyét trén ca da tron va Vibrio parahaemolyticus giy
bénh hoai tir gan tuy cap tinh trén tom, cho thay tiém ning tmg dung ctia cac hop chét nay
trong linh vuc nudi thuy san (Luong & cs., 2021).

Trong nghién ctru nay, 8 hop chit WD-POM bao gom a-KP2W1506:.14H,0 va B-
KePaWi5062. 19H,0  (PaWis),  Kio[0-KeP2W17061].20H,0  (PoWi7),  KisH[Ce!Y(ow-
P2W|7061)2].25H20 (CCIVWD 1 32), K]5H[ZI‘(O(,2-P2W|7061)2].25H20 (ZI’WD 1 12),
Na|4[Zl‘4(P2W16059)2 (u3-0)z(OH)2(H20)4].57H20 (ZI‘WD 4:2), Q-
KsP2W17061(Co™.H20).16H,0 (CoWD 1:1), 02-KsP2W17061(Ni".H,0).17H,O (NiWD 1:1),
va a2-KgP2yW17061(Cu".H20).16H,0 (CuWD 1:1) (Hinh 1) véi cac ciu trac khac nhau hoic
ion kim loai tao phtrc khac nhau duogc st dung dé khao sat hoat tinh khang khuén di véi cac
dong vi khuan E. coli, Salmonella spp., P. Aeruginosa (Gram am) va B. subtilis, S. aureus
(Gram duong). Trong s cic hop chit WD-POM, CeVWD 1:2, Zr'WD 1:2 va ZrWD 4:2
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dugc tong hop trong nghién ctru nay, cac hgp chat WD-POM bao gdbm P,W g, PaW 7, CoWD
1:1, NiWD 1:1 va CuWD 1:1 duoc cung cép boi phong thi nghiém Hoéa vo co, b moén Hoa
hoc, Pai hoc Can Tho. Muc tiéu ciia nghién ctru 1a nham kham phé hoat tinh khang khuan
ctia cac hop chit nay dé phat hién kha ning ing dung tiém ning trong viéc phat trién cac
chat diét/ khang khuan méi phuc vu trong cac linh vire y hoc va cong nghiép.

EGREREV &

P2Wis P.Wi7 Ce'V/ZrWD 1:2 ZrWD 4:2 Cuw/Co/Ni1 WD 1:1

Hinh 1: Céu trac cta cic hop chit WD-POM duoc sir dung trong nghién ctru
Céc nhém WO dugc tuong trung bang cac bat dién mau nau, cac nhom POy bén trong
dugc tugng trung bang cac tr dién mau xanh da troi. Ce', Zr"V, Cu/Co"/Ni" duoc twong
trung bang hinh ciu mau tim, cac nguyén tir oxy cla cic phan tir nude va cac nhom OH
dugc tugng trung bang cac hinh ciu mau xanh duong.

2. Vit liéu va phwong phap nghién ciru
2.1. Vit liéu va phwong ti€n nghién ctru

Thiét bi: Can phan tich bén s6 16 KERN ABJ220- 4NM (Philippines), may ly tam
OHAUS FC5706 (D), tii sdy JELO TECH ON-02G (Han Qudc), may khudy tir gia nhiét
SCILOGEX MS7-H550-Pro (M¥), t cdy vo trung Class II BSC, Esco (Indonesia), ndi hap
khtr trung autoclave HVE-50, Hirayama (Nhat), may do méat d6 quang UV-VIS Jasco - V730
(Nhat).

Hoa chat: Hoa chat sir dung dé tong hop cac hop chdt WD-POM c6 xuat xir tir Trung
Québc, Puc duoc s dung truc tiép va khong can tinh ché lai gdbm: KClO4 (Trung Qudc),
NaClO4.H,0 (Trung Qudc), LiClOs (Trung Qudc), ZrOCL.8H,O (Puc), ZrCly (Pic),
(NH4)4Ce(SO4)4.4H,0 (Trung Qudc). Cac hoa chat sir dung trong khao sat hoat tinh khang
khuén: d6 duc chuan 0,5 McFarland (tu chuén bi béng cach pha tron 0,5 mL dung dich BaCl,
1% v6i 99,5 mL dung dich H,SO4 1%, duge déy kin dé tranh bay hoi va bao quan trong
boéng t01) cao ndm men va peptone co nguon gbc tur An bs.

Céc dong vi kl}uan khuan E. Coli, Salmonella sp., P. Aeruginosa, B. Su‘btilis va S.
aureus. dugc cung cap tr B6 mon Sinh hoc, Khoa Khoa hoc Ty nhién, Pai hoc Can Tho.

2.2 Phwong phap nghién ciru
2.2.1. Tong hop cdc hop chat WD-POM
a. Tong hop Naiaf Zro(P:Wi5059) s ~(13-0)2(OH) :(H20) o] .57H>0 (ZrWD 4:2)

Tong ‘hop Naiz[B-o-P:Wi5Oss].24H>0: Hoa tan 12,8 g P,Wig trong 42 mL nude cét
trong mot coc thuy tinh, va thém vao 11,6 g NaClO4.H20O. Sau khi khuay manh 20 phut, lam
lanh hdn hop trong chau d4 khoang 3 gid, mu01 KCIO4 dugc loai bd bang cach loc. Dung
dich chura 3,5 g Na,COs trong 100 mL nude cat duoc thém vao dich loc. Ket tia mau tring
min xut hién ngay lap tic va duoc gan sau d6 dugc loc trén may loc ap suat thap khoang 4
gid. Rira két tua trong 1 dén 2 phat voi mot dung dich chira 1,33 g NaCl dugc hoa tan trong
8,3 mL nudc cat, sau d6 loc va rtra lai khoang 3 phit véi 8,3 mL methanol (2 lan). Loc san
pham qua méy loc ap sut thap khoang 1 gi¢ va cudi cung lam kho trong khong khi 3 ngay
r0i bao quan trong binh hit am (Ginsberg, 1990).
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Tong hop ZrWD 4:2: Hoa tan 0,38 g ZrCl, trong 100 mL nuéc cat va khudy manh
trong 30 phut, 3,6 g Najs[B-0-PaW150s6].24H,0 dugc thém vao dung dich dé va tiép tuc
khuay manh thém 45 phut nita. Dung dich van duc duoc lam trong bang cach thém vao 1,04
g LiClOs, tiép tuc khudy bang may khuay tir trong 30 phit. Lam bay hoi dung dich trong bé
dau ¢ 95 °C dé lam thé tich dung dich giam xuéng khoang 50 mL. Thém 5 g NaCl vao dung
dich khong mau nay va tiép tuc khudy trong 10 phut. Sau khi 1am ngudi dén nhiét 6 phong,
dung dich duoc bao quan trong ti lanh mdt ngay. Bot mau tréng xuét hién duge thu trén
phéu loc ciia hé thong loc ap suat thap va rira véi methanol (3 x 15 mL) va diethyl ether (3 x
15 mL) cudi cing lam kho trong chan khong 2 gio va cudi cung lam kho trong khong khi 3
ngay ri bio quan trong binh hiit am (Gaunt & cs., 2003).

b. Tong hop KisH[Ce(a-P:W17051)2].25H20 (CeW'" D 1:2)

0,4 g (NH4)4Ce(SO4)s.4H,0 dugc hoa tan trong 60 mL nudc cat va dung dich duoc
khuéy trong 15 phat ¢ 90 °C. Thu dugc mét dung dich mau vang nhat, 6,14 g P,Wi7 dugc
thém vao khi khudy manh dung dich, tiép tuc khudy thém 30 phit & 90 °C. Sau khi lam
ngudi dén nhiét do phong dung dich dugc loc qua giéy loc va dich loc duogc thém vao 150
mL methanol va khufiy manh. Két tia mau vang dugc tao thanh. Sau mot gio khqu manh,
két tia duoc tich ra bang cach ly tAm va rira v6i methanol (3 x 50 mL) va diethyl ether (3 x
50 mL). Lam kho trong khong khi 5 ngay (Kato & cs., 2006).

C. Téng hOp K15H[ZV(O!2—P2W17061)2].25H20 (Z}"WD 12)

0,2 g ZrOCl,.8H,0 dugc hoa tan trong 30 mL nudc ct va dung dich duoc khudy trong
15 phat 6 90 °C. Thu dugc mét dung dich trong subt khong mau, 3,07 g P.,Wi7 dugc thém
vao khi khudy manh dung dich, tiép tuc khuziy thém 30 phat & 90 °C. Sau khi lam ngudi dén
nhiét do phong dung dich dugc loc qua gidy loc va dich loc duge thém vao 150 mL methanol
dudi su khuay manh. Két tia mau tring dugc tao thanh. Sau mot gio' khudy manh, két taa
dugc tach ra bang cach ly tim va rira véi methanol (3 x 25 mL) va diethyl ether (3 x 25 mL).
Lam kho trong khong khi 5 ngay (Kato & cs., 2006).

 2.2.2 Khao sat tinh khang khudn ciia cdc hop chat WD-POM bang phirong phdp
khuech tan giéng thach

Trude tién chuan bi huyén dich vi khudn bang cach nudi ting sinh cac dong vi khuan
th nghiém trong mdi trudng Luria-Bertani (LB) 24 gid (Sezonov & cs., 2007) (co thé u
hoic sir dung may lic khuan) nhu sau: chuan bj dng nghiém co6 chua 5 rnL dung dich mdi
truong LB long déa duoc hap khir trung, dung que cay vi sinh lay mot it khuan lac tir dia
khuin cdy vao ong nghiém da chuan bi. Lic 6ng nghiém theo chiéu ngang bang may lic
khuin qua dém. Trudc khi tién hanh cac thi nghiém, cin chudn bi huyén dich vi khuan c6
ndng d6 10 CFU/ mL theo nguyén tic do do duc cua huyén dich vi khuén ¢ ndng d6 nay
gidng voi do duc chuan 0,5 McFaland ¢ budc song 625 nm ¢6 OD=0,08-0,1. Sau d6 pha
lodng 100 1an huyén dich c6 néng d6 10 CFU/ mL bang cach 1iy 20 uL huyén dich nay cho
vao 1980 pL nude mudi sinh 1y duge huyén dich ndng d6 10° CFU/ mL dé ciy vao giéng
thach LB agar.

Thi nghiém khao sat hoat tinh khang khuén cua cac hop chdt WD-POM bing phuong
phap gleng thach dugc tién hanh trong t t0 vo trung nhu sau: Méi trudng LB agar dugc chuan
bi va hip tiét trung 20 phut. DS vao mdi dia petri (90 x 15 mm) 20 mL mdi truong va dé bé
mat dia LB kho. Sau d6 trai nhe nhang trén bé mit cia LB 100 uL huyén dich vi khuan nong
d6 10° CFU/ mL. Ding bd duc 16 duong kinh 9 mm duc 3 giéng trong trén mdi dia moi
truong LB agar. Bom 50 pL dung dich cia méi WD-POM 6 mM vao mdi giéng. Sau dé cac
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dia dugc dan bang mang polyetilen va i ¢ 37 °C. Sau 24 gid, duong kinh ving te ché khuan
dugc ghi nhan. Sir dung 50 pL tetracycline voi ndng do tuong tu ndng do cac hop chat WD-
POM cho vao mdi giéng dé lam dbi chimg duong va 50 uL nudc tiét tring cho vao mdi
giéng dé lam d6i chung am.

2.2.3 Xdc dinh nong do irc ché t6i thiéu (MIC) ciia cdc hop chat WD-POM

Gia tri MIC cua cac hop chit WD-POM duoc khao sat bang hai phuong phap gdbm
phuong phap khuéch tan giéng thach dé phan tich dinh tinh khoang gia tri cua MIC va
phuong phap pha loang lién tuc hai lan dé xéac dinh chinh xac gia tri cua MIC.

a. Phurong phdp khuéch tan giéng thach

Thi nghiém xac dinh MIC bang phuong phap giéng thach dugc tién hanh theo phuwong
phép dé nghi boi Kirby-Bauer (Bauer & cs., 1966) ¢6 hiéu chinh. D6 vao mdi dia petri (90 x
15 mm) 20 mL méi truong va dé méi truong kho. Dung b duc 16 dudng kinh 9 mm tao 4
giéng tréng trén mdi dia moi truong LB agar. Bom 50 pL dung dich ctia mdi hop chit WD-
POM ¢ cac nong d6 3 mM, 1,5 mM, 0,75 mM va 0,0375 mM vao mdi giéng. Sau dé cac dia
dugc dén bang mang polyetylen va i & 37 °C. Sau 24 gi0, ghi nhan duong kinh cua ving e
ché khuan. Str dung tetracycline v6i cac ndng do twong tu cac nong do cia hop chit WD-POM
dé 1am dbi chimg duong va cac dia khong thém cac hop chit WD-POM lam d6i chimg am.

b. Phirong phdp pha lodng lién tuc 2 lan

Thi nghiém xac dinh MIC bang phuong phap pha lodng lién tuc 2 1an dugc tién hanh
trong ti vo trung dugc do dua theo phuong phap cuia Wikler (Wikler MA, 2009) véi mot sb
hiéu chinh. Chuan bi 2 ddy méi truong LB chira hop chit WD-POM véi nong do giam dan
(tr 3 mM dén 0,1875 mM va tir 2 mM dén 0,125 mM, riéng dbi ching dwong 1 tetracyline
thi tir 2 mM dén 0,015 mM) trong eppendorf 2 mL. Tiép theo, 10 uL huyén dich vi khuan
nong do 2,5x10” CFU/ mL dugc thém vao mdi eppendorf Tt ca cac eppendorf dugc u ¢ 37
°C trong 24 gi¢. Sau khi u, dung dich tir trong sudt chuyen sang duc la déu hiéu co su phat
trién cua vi khuan. MIC dugc xac dinh 1a nong d6 thdp nhat ma & nong d6 do khong co su
phat trién cta vi khudn. Tt ca cac thi nghiém xéac dinh gia tri MIC déu dugc tién hanh ba lan
lap lai.

2.2.4 Khdo sat hoat tinh khdang khudn cia cdc ion kim loai dimg tao phirc véi POMs
bang phwong phép khuéch tan giéng thach

Thi nghiém nay duoc tién hanh nhdm khéo st tinh khang khuan cua cac ion kim loai
trung tam (Ni*" Cu*', Co™, Zr*', Ce*") hién dién trong cic hop chat WD-POM dé so sanh
hoat tinh khang khuén cua ching vo1 hoat tinh khang khuén cua cac hop chat WD-POM. Thi
nghiém duoc tién‘ hanh tuong tu véi thi, nghiém k}léo sat hoat tinh khang khuan ctia cac hc_?“p
chat WD-POM bang phuong phap khuéch tan giéng thach (Bauer & cs., 1966) va dugc tién
hanh trong ;a"l V@ trung. Dung dich cac ion kim loai dugc dung c6 nong d6 6 mM va duoc
bom vao moi giéng.

2.2.5 Xir Iy 56 ligu

S6 liéu duge phan tich va xir 1y thong ké bang phan mém Minitab 16.0 va pham mém
Microsoft Excel 2010.

3. Két qua va thio luin

3.1. Tong hgp céc hep chat WD-POM

Céc hop chat WD-POM bao gém ZrWD 1:2, Zr'WD 4:2 va CeVWD 1:2 d3 duoc tong
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hop va xac dinh dung cdu trac bang phd 3'P NMR (Hinh 2) do trén may NMR 500MHz
(Bruker) tai Vién Han 1am Khoa hoc & Cong nghé Viét Nam. Khdi lugng, hiéu suét va do
dich chuyén héa hoc cua cac tin hiéu *'P trén phé NMR cua céc hop chit WD-POM duoc
tong két trong Bang 1. Bang 1 cho thiy d¢ dich chuyén hoa hoc cta céc tin hidu >'P ciia cac
hop chat WD-POM c6 sai s6 nho so v&i voi tai liéu tham khao nhung khoang cach giira 2 tin
hiéu 3'P trong mdi hop chat WD-POM gidng nhau nén cac hgp chat WD-POM di duoc téng
hop dung céu truc.

Bang 1. Khdi lrgng, hi¢u suit va d9 dich chuyén héa hoc ciia cac tin hiéu >'P
trén pho NMR cia cac hgp chat WD-POM

, Téng hop Tham khao
£ Khoi Hiéu
Hop chat lwgn suit
WD-POM (“’)- g (;;) 31p, 31p, 31p, 3p,
0
8 (ppm)  (ppm) (ppm) (ppm)

ZrwD 1:2 0,75 28,3 -9,41 -14,02  -9.20 (Kato -13.81(Kato &
& cs., cs., 2006)
2006)

CeVWD 1:2 4,45 68,3 -9,09 -14,05 -9,11 (Kato -14,10 (Kato &
& cs., cs., 2006)
2006)

ZrwWD 4:2 1,36 37,8 -7,10 -14,46 -7,17 -14,42 (Gaunt

(Gaunt & & cs., 2003)
cs., 2003)
ZrWD 122
ZrWD 1:2
ZrWD 422
CelVWD 1:2
ZrWD 422

10 15 20 ppm s 10 15 ppm 10 11 12 1 14 ppm

Hinh 2. Phé *'P NMR ciia hop chit WD-POM
tir trai sang phai: CeW'D 1:2, ZrWD 4:2 va ZrWD 1:2.
Diéu kién do: ndéng 46 WD-POM lan lugt: 0,5 mM, 3 mM, 3 mM, dung méi: D,O, 500
MHz, 303 °K, NS lan luot 1a NS = 32, 256 va 256.
3.2. Khio sat hoat tinh khang khuin ciia cic hop chat WD-POM biang phuong
phap khuéch tan giéng thach

Két qua khao sat hoat tinh khang khudn cua cac hop chidt WD-POM déi véi khuén E.
Coli, B. subtilis, Salmonella spp., P. aeruginosa va S. aureus bang phuong phap khuéch tan
giéng thach duoc trinh bay trong Bang 2 va Hinh 3. Bang 2 cho thy chi ¢6 4 hop chit WD-
POM 1a P,Wis, PyWy7, Zr'WD 1:2 va CoWD 1:1 thé hién hoat tinh khang khuan dbi voi
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khuin E. coli v6i cac vung tc ché trung binh 1an luot 1a 7,3340,58 mm, 3,00+0,00 mm,
6,33+0,58 mm va 6,00+0,00 mm. Trong 4 hop chat WD-POM nay chi c6 P,W g c6 viing trc
ché khuin hoan toan (khang khuén manh) con 3 hop chit WD-POM con lai chi ¢6 ving tc
ché khuin khong hoan toan (ving ndy chi co6 giam mat do khuan). Pdi ching dwong
tetracycline khang khuan E. Coli véi ving trc ché khuan trung binh 13 30,0+0,00 mm. Vay
P,Ws 14 hop chit ¢6 kha ning khang khuan E. Coli 6t nhat trong cac hop chdt WD-POM
nghién ciru, thap hon kha ning khang khuén E. Coli ciia tetracycline khoang 4 lan.

Tt ca 8 loai hop chit WD-POM déu thé hién hoat tinh khang khuan ddi véi vi khuan
B. subtilis nhung déu khong thé hién hoat tinh dbi voi khuan Salmonella spp.. PaWis va
Ce™WD 1:2 1a 2 hop chdt WD-POM thé hién hoat tinh khang khuan B. subtilis tot nhat va
tdt thir 2 v6i ving e ché khuan trung binh 1an luot 14 9,67+1,16mm va 8,00£0,00 mm. Vay
P,Wis 12 hop chét ¢ kha nang khang B. subtilis t6t nhat trong cac hop chat WD-POM va chi
thip hon khoang 2,3 1an so v6i di ching duong tetracycline.

Dbi voi cac loai khudn P. aeruginosa va S. aureus, tit ca 8 hop chdt WD-POM déu thé
hién hoat tinh khang khuén. P,W s 13 hop chit thé hién hoat tinh khang t5t voi ca 2 loai
khuén nay véi ving trc ché khuén trung binh twong tg 1a 10,0+0,00 mm va 14,6+0,58 mm,
thip hon 1,9 1an va 1,4 1an so voi dbi chimg duong tetracycline. Hop chét c6 kha ning khang
khuén P. aeruginosa t6t thir hai sau PaWig 1a Ce™WD 1:2 vé6i viing trc ché khuan trung binh
12 9,17+0,29 mm. Hai hop chat P,W;; va Ce"™WD 1:2 c6 kha niang khang khuan S. aureus
nhu nhau va dung thir hai sau P,W,s voi ving trc ché khuan trung binh déu 1a 13,67+0,58

——

Ecoli- e
@ E.coli - S o
/ " tetracycline RS 7 B. subtilis —P2Ws

“§ P. aeruginosa P. aeruginosa
- P2Wis %, — tetracycline

Hinh 3. Ving e ché vi khuin ciia PW;3 6 mM (trai) va tetracycline 6 mM (phai)
doi véi: A: E. coli, B: B. subtilis, C: P. Aeruginosa c va D: S. aureus.

Két qua khao sat hoat tinh khang khuan cia cac ‘hop chit WD-POM bang phuong
phap khuéch tan giéng thach cho thay tat ca cac hop chat WD-POM trong nghién ciru nay
déu co kha nang khang khuan d01 véi cac dong vi khuan B.subtilis, P. aeruginosa va S.
aureus. Vi thé trong thi nghiém tiép theo viéc xac dinh nong do we ché tdi thiéu (MIC) cua
cac hop chat WD-POM duoc tién hanh dbi véi 3 dong vi khuan nay.
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Bang 2. Két qua khao sat hoat tinh khang khuan ciia cac hop chat WD-POM & ndng d 6 mM

Vung te ché vi khuan trung binh (mm)

E. coli B. subtilis P. aeruginosa S. aureus
P,Wisg 7,3340,58" 9,67+1,16" 10,00+0,008 14,67+0,58"
PoWir 3,00£0,00°" 3,00+0,00F 6,00+0,00" 13,67+0,585¢
ZrWD 1:2 6,33+0,58¢" 6,00+0,00°F 8,00+0,00° 13,0040,00<P
ZrWD 4:2 0,00£0,00% 5,67+0,58PF 7,00+0,00F 11,00+0,005F
CoWD 1:1 6,00+0,00¢" 7,00£0,00¢P 7,00£0,00F 12,00+0,00PF
NiwD 1:1 0,00+0,00" 6,3340,58PF 6,00+0,00" 10,67+0,58F
CeVWD 1:2 0,00£0,00% 8,00+0,00¢ 9,17+0,29¢ 13,67+0,585¢
CuWD 1:1 0,00+0,00" 5,00+0,00" 7,67+0,29° 11,00+0,00%F
Tetracycline 30,00+0,00* 22,00£0,00* 19,00£0,00* 21,00£0,00*

Chii y: - Cdc gid tri thong ké c6 cdc chiF cdi theo sau trong ciing mot ¢ét khdc nhau thi sé
khac biét co y nghia vé mdt thong ké o murc 5%

- * : Viing tkc ché khudn khéng hoan toan
3.3. Xac dinh ndng dd e ché tdi thiéu (MIC) ciia cac hgp chat WD-POM
3.3.1. Phurong phdp khuéch tan giéng thach

Biing 3. Gid tri MIC (x) ciia cac hop chat WD-POM dbi véi khuan B. subtilis, P.
aeruginosa va S. aureus duwgce xac dinh bang phwong phap khuéch tan giéng thach

Gia tri MIC (mM)

POMs

B. subtilis P. aeruginosa S. aureus
P,Wis x <0,375 x<0,375 x<0,375
P2Wy7 1,5<x<3 0,75<x<1,5 x<0,375
ZrwWD 1:2 0,75<x<1,5 0,375<x<0,75 0,75<x<1,5
ZrWD 4:2 0,75<x<1,5 0,75<x<1,5 0,75<x<1,5
CoWD 1:1 0,75<x<1,5 0,75<x<1,5 0,75<x<1,5
NiwD 1:1 1,5<x<3 1,5<x<3 0,75<x<1,5
Ce'VWD 1:2 0,375<x<0,75 0,375<x<0,75 0,75<x<1,5
CuWwD 1:1 0,75<x<1,5 0,75<x<1,5 1,5<x<3
Tetracycline x<0,375 x<0,375 x<0,375

Két qua xac dinh khoang gia tri MIC cua cac hop chét WD-POM d6i v6i khuan B.
Subtilis, P. aeruginosa va S. Aureus bang phuong phap khuéch tan giéng thach dugc trinh
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bay trong Bang 3. Khi thuc hién thi nghiém véi ddy ndng do di chuin bi nhu da trinh bay &
phan Thyc nghiém, néu tai ndng d6 thap nhit trong diy van con xuat hién ving khang khuan
thi gia tri MIC dugc du doan nho hon ndng d6 nay. Néu trong khoang ndng do khao sat
khong xuét hién vung Uc ché khuén tai mot néng d0 nao do thi gia tri MIC dugc dy doan &
khoang giita ndong d6 nay va ndng do ké cao hon. Bang 3 cho thay dbi véi khuan B. subtilis,
P,Ws va tetracycline c6 gia tri MIC nho hon 0,375 mM, hgp chét Ce™VWD 1:2 ¢6 gia tri
MIC ¢ trong khoang 0,375 mM va 0,75 mM con cic hop chat WD-POM con lai déu co gia
trif MIC 16n hon 0,75 mM. Déi v6i khuan P. aeruginosa, PaWs ¢6 gia tri MIC thap hon
0,375 mM. Hai hop chat Ce'VWD 1:2 va ZrWD 1:2 ¢6 gia tri MIC trong khoang 0,375 mM
va 0,75 mM. Cac hop chdt WD-POM con lai c6 gia tri MIC 16n hon 0,75 mM. Déi véi S.
aureus, hai hop chit P,W iz va PyWy7 ¢6 gia tri MIC nho hon 0,375 mM con céc hop chét
WD-POM con lai déu ¢ gia tri MIC 16n hon 0,75 mM.

3.3.2. Phurong phdp pha lodng lién tuc 2 lan

Gia tri MIC ctia cac hop chat WD-POM déi v6i B. subtilis, P.aeruginosa va S. Aureus
xac dinh bang phuong phap pha loang lién tuc 2 lan dugc trinh bay trong Hinh 4 va Bang 4.

Trong Duc Trong Puc |

Hinh 4. Thi nghiém x4c dinh gia tri MIC ciia cac hop chit WD-POM déi véi B. subtilis.

Vong tron mau do chi gia tri MIC ctia hgp chit WD-POM/tetracyline. Gia tri MIC
duoc xac dinh la n(‘Sng d6 nho nhit ma & néng d6 do khong co su phat trién cta vi khuan. Vi
du, ddi voi tetracycline tu néng d6 3 mM dén 0,03 mM dung dich trong subt (khong c6 su
phat trién cua vi khuén), néng d% 0,015 mM dung dich duc (c6 su phat trién cua vi khuﬁn)
nén gia tri MIC cua tetracycline 1a 0,03 mM. Ghi nhéan gia tri MIC cta cac hop chat WD-
POM tuong tu.
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Bang 4. Bang gia tri MIC cia cac hop chit WD-POM ddi véi 3 dong vi khuén
duge xac dinh bang phwong phap pha loing lién tuc 2 lin

Gia tri MIC (mM)

POMs

B. subtilis P. aeruginosa S. aureus
PyWis 0,1875 0,1875 0,1875
P,Wy7 2 1 0,375
ZrWD 1:2 1 0,75 1
ZrWD 4:2 1 1 1
CoWD 1:1 1,5 1 1,5
NiwD 1:1 2 1,5 1,5
Ce'VWD 1:2 0,75 0,5 1
CuWwD 1:1 1,5 1 1,5
Tetracycline 0,03 0,06 0,03

Két qua tir Bang 4 cho thay, d6i voi B. subtilis gia tri MIC cia PaW g va Ce"VWD 1:2
lan luot 14 0,1875 mM va 0,75 mM, nho nhét trong cac gia tri MIC cua cac hop chit WD-
POM tong hop duoc. V6i P. aeruginosa, hai hop chit c6 gia tri MIC nhé nhit ciing 1a PaW g
va Ce"YWD 1:2 véi gia tri lan luot 12 0,1875 mM va 0,5 mM. Déi voi S. aureus, PaW g va
P,W 1 hai hop chét c6 gia tri MIC thap nhét 1an lugt 14 0,1875 mM va 0,375 mM.

Nhu vay, tir két qua xac dinh gia tri MIC caa cac hop chit WD-POM d6i véi 3 dong
vi khuén B. subtilis, P. aeruginosa, S. aureus bang phuong phép pha loéng lién tuc 2 lan cho
thdy P,W s thé hién hoat tinh khang khuan tt nhét trong cac hop chat WD-POM trong
nghién ctru nay déi véi ca 3 loai khuan va déu co gia tri MIC = 0,1875 mM. PaW 5 ¢6 gia tri
MIC thdp hon cua tetracycline 3,1 1an d6i v6i khuan P. aeruginosa va thap hon ciia
tetracycline 6,25 1an d6i voi hai loai khuan B. subtilis va S. aureus. Nhin chung, bang
phuong phap pha loang lién tuc 2 lan da xac dinh dwoc cac gia tri MIC cta cac hop chat
WD-POM va céc gi tri ndy pht hop voi két qua khao sat gia tri MIC cua cac hop chat WD-
POM bing phuong phap khuéch tan giéng thach.

3.4. Khio sat hoat tinh khang kl}uzxm cia cac ion kim loai dung tao phic véi
POMs bang phuwong phap khuéch tan giéng thach

Trong thi nghiém nay kha ning khang khuan cta cac ion kim loai hién dién trong cac
hop chat WD-POM bao gém Ni% Cu?*, Co**, Zr*, Ce*" dugc tién hanh dudi dang mudi tan
cua ching ddi véi vi khuén B. subtilis, P. aeruginosa va S. aureus. Déi véi B. subtilis, chi ¢d
cac kim loai Ni2* va Cu?* thé hién hoat tinh khang khuan véi ving trc ché khuan lan luot 1a
6,00+£0,00 mm va 4,00+£0,00 mm nho hon so v&i hop chdt WD-POM twong tmg lan luot 1a
6,33+0,50 mm va 5,00£0,00 mm. Véi khuén P. aeruginosa cung chi ¢6 céac kim loai Ni** va
Cu?* thé hién hoat tinh khang khuan véi viing trc ché khuan déu 1a 5,00+0,00 mm nhé hon so
v6i cac hop chit WD-POM cua cung kim loai 1an luot 14 6,00+0,00 mm va 7,67+0,25 mm.
Ving e ché khudn S. aureus cua 3 ion kim loai Ni**, Co*" va Cu?* lan luot 1a 8,00£0,00
mm, 9,00+£0,00 mm va 3,00+0,00 mm déu nhd hon vung Uc ché khuén cua céac hop chét
WD-POM tuong ung lan luot 1a 10,6£0,00 mm, 12,0+£0,00 mm va 11,0+£0,00 mm. Cac ion
kim loai Zr*", Ce*" khong thé hién hoat tinh khang khuan trong khi cac hop chdt WD-POM
c6 ion trung tAm tao phtrc 1a 2 kim loai nay lai c¢6 hoat tinh khang khuan kha t6t. Cac ion kim
loai khong thé hién hoat tinh khang khuan hodc thé hién kha nang khang khuén kém hon cac
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hop chit WD-POM c6 chira kim loai trong tmg c6 thé 1a do cac hop chit WD-POM lam bén
cac ion kim loai trong cAu trac cua chung, trong khi cac ion kim loai hién dién trong céac
mudi tan khi cho vao trong nudc tao phirc hydroxo nén cac ion kim loai di bi két tia trong
dung dich.

Vé co ché khang khuan ciia cac hop chit WD-POM d6i voi cac dong vi khuan trong
nghién ciru ndy chua duoc hiéu mot cach day di. Tuy nhién, theo cac nghién ciru trude day,
chc tuong tac polyoxometalate-protein va polyoxometalate-enzyme dugc dé nghi 1a dong vai
trd quan trong trong viéc tao trung gian hoat dong dé diét khuan (Paul & cs., 2018).
Polyoxometalate co thé tao ra twong tac cong hoa tri voi cac dai phan tir sinh hoc va gay anh
hudng dén chirc ning binh thudng cua chiing nén polyoxometalate co thé can thiép vao
nhiéu chire nang khac nhau cua protein va enzyme, von khong thé thiéu cho sy ton tai va
phat trién cua vi khuan (Bijelic & cs., 2018). Pic biét, mot so polyoxometalate cé thé thuc
hién hoat dong phosphatase (Luong & cs., 2014, 2015, 2017; Luong & cs., 2016a; Luong &
cs., 2016b; Luong & cs., 2016¢) cho théy su da dang cuia cac tuong tac gifxa cac phan tir sinh
hoc va polyoxometalate dan dén viéc khang hodc diét khuan. Hop chat Zr'WD 1:2 da dugc
ching minh la c¢6 kha nang xuc tac cho phan tng thuy phan hop chat bis-4-nitrophenyl
phosphate (Vanhaecht & cs., 2012) 1a mét chat nén kiéu mau cua DNA. Piéu nay ung ho
thém cho viéc khiang dinh 1a ho’p chat POM c6 thé dong vai tro nhu cac phosphatase, ddn dén
su tre ché hofc diét vi khuan.

5. Két luan

Trong sb cac hop chdt WD-POM nghién ctru thi P;W 5 thé hién kha ning khang khuan
tbt nhit d6i véi ca 4 dong vi khuin 1a E. Coli B. subtilis,
P. aeruginosa, S. aureus. PyWi7, Ce™VWD 1:2 13 2 hop chét thé hién hoat tinh khang khuan
dung thir hai sau PyW g va cic hop chat con lai ¢6 hoat tinh khang khudn twong dwong nhau.
Riéng ddi véi dong vi khuan Salmonella spp., cic hop chat WD-POM khéong thé hién hoat
tinh khang khuan. Hop chit P,W s ¢6 kha niang trc ché khuan & ndng d6 tbi thiéu 1a 0,1875
mM dbi véi tat ca loai khudn nghién ctru. i v6i cac hop chét con lai ndng d6 e ché khuan
t6i thiéu ciing dugc xac dinh va cac gia tri MIC cua cac hop chat nay thudng nho hon 2 mM.
Két qua trong nghién ctru ndy chi ra rang hoat tinh khang khuan ciia cac WD-POM phu
thudc vao céu trac, dién tich cia WD-POM va ion kim loai trung tdm hién dién trong céc
WD-POM ciing nhu phu thudc vao vi khuan thudc Gram 4m hay Gram duong. PoW s kich
thudc nho va ¢ dién tich Am nho nhit nén sy twong tac voi mang té bao vi khuan 1a tot nhat
nén c6 hoat tinh khang khuan tt nhét.

Tai li€éu tham khéo

Barsukova-Stuckart, M., Piedra-Garza, L. F., Gautam, B., Alfaro-Espinoza, G., Izarova, N.
V., Banerjee, A., Bassil, B. S., Ullrich, M. S., Breunig, H. J., Silvestru, C., & Kortz, U.
(2012). Synthesis and Biological Activity of Organoantimony(Ill)-Containing
Heteropolytungstates. Inorganic Chemistry, 51(21), 12015-12022.
https://doi.org/10.1021/ic301892s

Bauer, A. W., Kirby, W. M. M., Sherris, J. C., & Turck, M. (1966). Antibiotic Susceptibility
Testing by a Standardized Single Disk Method. American Journal of Clinical
Pathology, 45(4 ts), 493—496. https://doi.org/10.1093/ajcp/45.4 ts.493

Bijelic, A., Aureliano, M., & Rompel, A. (2018). The antibacterial activity of
polyoxometalates: Structures, antibiotic effects and future perspectives. Chemical
Communications (Cambridge, England), 54(10), 1153-1169.
https://doi.org/10.1039/c7cc07549a

Gaunt, A. J., May, 1., Collison, D., Travis Holman, K., & Pope, M. T. (2003). Polyoxometal
cations within polyoxometalate anions. Seven-coordinate uranium and zirconium

280



Tap chi Khoa hoc Dai hoc Do”‘ng Thap, Tap 14, S6 Dac biét 04S (2025): 269-282

heteroatom groups in [(UO2)12(u3-O)a(p2-H20)12(P2W150s6)4]*? and [Zra(us-O)a(p2-
OH)2(H20)s (P2W16050)2]'*". Journal of Molecular Structure, 656(1-3), 101-106.
http://dx.doi.org/10.1016/S0022-2860(03)00272-2

Ginsberg, A. P. (1990). Inorganic syntheses (Vol. 27). John Wiley & Sons.

Hu, T., Li, Y.-H., Kuang, X.-F., & Lu, C.-Z. (2017). Synthesis and characterization of
polyoxometalate-based silver(i) phenylethynide compounds with antibacterial and
antifungal activities. CrystEngComm, 19(25), 3445-3454.
https://doi.org/10.1039/C7CE00180K

Kato, C. N., Shinohara, A., Hayashi, K., & Nomiya, K. (2006). Syntheses and X-ray crystal
structures of zirconium(IV) and hafnium(IV) complexes containing monovacant
wells-Dawson and Keggin polyoxotungstates. Inorganic Chemistry, 45(20), 8108—
8119. https://doi.org/10.1021/ic060656¢

Sezonov, G., Joseleau-Petit, D., & D’Ari, R. (2007). Escherichia coli Physiology in Luria-
Bertani Broth. Journal of Bacteriology, 189(23), 8746-8749.
https://doi.org/10.1128/jb.01368-07

Bush, L. M. & Perez, M. T. (2022). Nhiém khuan do Escherichia coli. Cam Nang MSD
Danh Cho Chuyén Gia.

https://www.msdmanuals.com/vi/professional/b%E1%BB%87nh-truy%E1%BB%8 1n-
nhi%E1%BB%85m/tr%E1%BB%B1c-khu%E1%BA%A9n-gram-
%C3%A2m/nhi%E1%BB%85m-khu%E1%BA%A9n-do-escherichia-coli

Grama, L., Man, A., Muntean, D., Andrei, S., Florea, G., Boda, F. & Curticapean, A. (2014).
Antibacterial activity of some saturated polyoxotungstates. Romanian Review of
Laboratory Medicine, Volume 22(1), 111-118. https://doi.org/10.2478/rrlm-2014-
0007

Luong, T. K. N., Absillis, G., Shestakova, P., & Parac-Vogt, T. N. (2014). Solution
Speciation of the Dinuclear Zr'V-Substituted Keggin Polyoxometalate [{a-
PW11030Zr(u-OH)(H0)},]* and Its Reactivity towards DNA-Model Phosphodiester
Hydrolysis. European Journal of Inorganic Chemistry, 2014(31), 5276-5284.
https://doi.org/10.1002/ejic.201402735

Luong, T. K. N., Absillis, G., Shestakova, P., & Parac-Vogt, T. N. (2015). Hydrolysis of the
RNA model substrate catalyzed by a binuclear Zr(IV)-substituted Keggin
polyoxometalate. Dalton Transactions (Cambridge, England: 2003), 44(35), 15690—
15696. https://doi.org/10.1039/c5dt02077h

Luong, T. K. N., Govaerts, 1., Robben, J., Shestakova, P., & Parac-Vogt, T. N. (2017).
Polyoxometalates as artificial nucleases: Hydrolytic cleavage of DNA promoted by a
highly negatively charged Zr'"V-substituted Keggin polyanion. Chemical
Communications, 53(3), 617-620. https://doi.org/10.1039/C6CCO08555E

Luong, T. K. N., Shestakova, P., Absillis, G., & Parac-Vogt, T. N. (2016a). Detailed
Mechanism of Phosphoanhydride Bond Hydrolysis Promoted by a Binuclear Zr(IV)-
Substituted Keggin Polyoxometalate Elucidated by a Combination of *'P, 3'P DOSY,
and *'P EXSY NMR Spectroscopy. Inorganic Chemistry, 55(10), 4864-4873.
https://doi.org/10.1021/acs.inorgchem.6b00385

Luong, T. K. N., Shestakova, P., & Parac-Vogt, T. N. (2016b). Kinetic studies of
phosphoester hydrolysis promoted by a dimeric tetrazirconium(iv) Wells-Dawson
polyoxometalate. Dalton Transactions (Cambridge, England: 2003), 45(30), 12174—
12180. https://doi.org/10.1039/c6dt02211a

Luong, T. K. N., Mihaylov, T. T., Absillis, G., Shestakova, P., Pierloot, K., & Parac-Vogt, T.
N. (2016c¢). Phosphate Ester Bond Hydrolysis Promoted by Lanthanide-Substituted
Keggin-type Polyoxometalates Studied by a Combined Experimental and Density

281



Tap chi Khoa hoc Dai hoc Do”‘ng Thap, Tap 14, S6 Dac biét 04S (2025): 269-282

Functional Theory Approach. [Inorganic Chemistry, 55(19), 9898-9911.
https://doi.org/10.1021/acs.inorgchem.6b01802

Luong, T. K. N., Tri¢u, P. H., Phan, T. T., & Vandebroek, L. (2021). Hoat tinh khang nam
va khang khuén cua cac hop chat Wells-Dawson polyoxometalate. Tap Chi Khoa Hoc
Truong Pai Hoc Can Tho, 57(2A), 49-57.
https://doi.org/DOI:10.22144/ctu.jvn.2021.037

Mandell, L. A., Ball, P., & Tillotson, G. (2001). Antimicrobial Safety and Tolerability:
Differences and Dilemmas. Clinical Infectious Diseases, 32(Supplement 1), S72—-S79.
https://doi.org/10.1086/319379

Nakano, M. M., & Zuber, P. (1998). Anaerobic Growth of a “Strict Aerobe” (Bacillus
subtilis). Annual Review of Microbiology, 52(Volume 52, 1998), 165-190.
https://doi.org/10.1146/annurev.micro.52.1.165

Paul, T. J., Parac-Vogt, T. N., Quifionero, D., & Prabhakar, R. (2018). Investigating
Polyoxometalate—Protein Interactions at Chemically Distinct Binding Sites. The
Journal of Physical Chemistry B, 122(29), 7219-7232.
https://doi.org/10.1021/acs.jpcb.8b02931

Safitri, W. N. (2023). The Study of Resistance Aeromonas Hydrophila to Antibiotics from
Aquaculture Systems in Banten Province, Indonesia. [International Journal of
Research Publication and Reviews, 4(5).

Samia, N. 1., Robicsek, A., Heesterbeek, H., & Peterson, L. R. (2022). Methicillin-resistant
staphylococcus aureus nosocomial infection has a distinct epidemiological position
and acts as a marker for overall hospital-acquired infection trends. Scientific Reports,
12(1), 17007. https://doi.org/10.1038/s41598-022-21300-6

Vanhaecht, S., Absillis, G., & Parac-Vogt, T. N. (2012). Hydrolysis of DNA model
substrates catalyzed by metal-substituted Wells-Dawson polyoxometalates. Dalton
Transactions, 41(33), 10028—10034. https://doi.org/10.1039/c2dt30588g

Wikler MA, C. F. (2009). Methods for dilution antimicrobial susceptibility tests for bacteria
that grow aerobically; approved standard—Eighth edition. Clinical and Laboratory
Standards Institute.

Yamase, T. (2005). Anti-tumor, -viral, and -bacterial activities of polyoxometalates for
realizing an inorganic drug. Journal of Materials Chemistry, 15(45), 4773—4782.
https://doi.org/10.1039/B504585A

Yang, P., Bassil, B. S., Lin, Z., Haider, A., Alfaro-Espinoza, G., Ullrich, M. S., Silvestru, C.,
& Kortz, U. (2015). Organoantimony(II)-Containing Tungstoarsenates(IIl): From
Controlled Assembly to Biological Activity. Chemistry: A European Journal, 21(44),
15600-15606. https://doi.org/10.1002/chem.201502398

Yang, P., Lin, Z., Alfaro-Espinoza, G., Ullrich, M. S.; Rat, C. L., Silvestru, C., & Kortz, U.
(2016). 19-Tungstodiarsenate(Ill) Functionalized by Organoantimony(IIl) Groups:
Tuning the Structure—Bioactivity Relationship. Inorganic Chemistry, 55(1), 251-258.
https://doi.org/10.1021/acs.inorgchem.5b02189

282



