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Tém tit. Vit liéu composite két hop gitra cellulose vi khudn va nano bac (BC/AgNPs) dugc khao sat kha
ning Gc ché va tiéu diét 4 vi khuan gdm Escherichia coli, Staphylococcus aureus, Pseudomonas
aeruginosa, Bacillus subtilis. Composite BC/AgNPs cho thdy kha ning @c ché vi khuan, thé hién qua su
xudt hién vong khang khuin d6i v6i ca 4 vi khudn, trong d6 vi khuin Gram duong 1a S.aureus va
B.subtilisco vong khang khuan 1én hon so véi 2 vi khuan Gram am 13 E.coli va P.aeruginosa(P<0,05).
Khi cho tiép xuc truc tiép, composite BC/AgNPs diét vi khuan dat hiéu suat 100% & cac khoang thoi gian
tiép xuc khac nhau. E.coli bi tiéu diét ngay sau 15 phit tiép xuc voi composite, trong khi khoang thoi gian
dat hiéu suét diét khuan 100% cua composite lén luot 12 45 phat va 60 phut ddi voéi B.subtilis va
P.aeruginosa. S.aureus chi bi diét hoan toan khi tiép xuc véi composite trong thoi gian 120 phut.

Tir khéa. Composite, hiéu suat diét khuan, nano bac, vong khang khuan

ANTIBACTERIAL ACTIVITY OF COMPOSITE PRODUCED FROM BACTERIAL
CELLULOSE AND SILVER NANOPARTICLES

Abstracts.Composite of bacterial cellulose and silver nanoparticles was investigated for its antibacterial
activities against 4 bacteria including E.coli, S.aureus, P.aeruginosa, and B.subtilis. The composite
BC/AgNPs inhibited the growth of bacteria, exhibited through antibacterial zone of inhibition to all 4
species. Diameter of inhibition ring against Gram positive bacteria, including S.aureus and B.subtilis was
larger than that of inhibition ring to against negative bacteria E.coli and P.aeruginosa (P<0.05). When
bacterial liquid culture was directly contact with the composite, bactericidal performance up to 100% was
detected after 15, 45, 60 minutes to E.coli, B.subtilis, and P.aeruginosa, respectively; meanwhile,
S.aureus was compeletly removed after 120 minutes.

Keywords. Composite, bactericidal performance, silver nano particles, antibacterial rings

1 GIOI THIEU

Cellulose vi khuan hay bacterial cellulose (BC) duoc tao thanh chu yéu tir vi khuan thudc chi
Acetobacter spp.. BC 1a mot polymer tu nhién, khong phén nhanh, bao gdm nhitng gdc glucosepyranose
n01 v6i nhau nho lién két B-1,4- glucan,co cong thie hoa hoc la (C¢H1905),.BC chira nude cao (ty 1€ nudce
xap xi 99%), kha ning giit nudc tot, dd bén co hoc cao vi trong ciu tric ¢é nhiéu nhém OH™ ¢6 cau ndi
hydro bén vitng tao nén mang ludi mang bén chit, kha nang tham hat dich tét. Dac biét 1a BC c6 tinh
tuong hop sinh hoc cao va khong gay doc ddi véi té bao. Véi nhiéu dic tinh tét ctia mot vat liéu, BC duge
ung dung trong nhiéu linh vuc nhuy dugc, cong nghiép gidy, ché tao mang loc, vv... [1,2]. BC 1a vat liu
t6t dé st dung lam bang vét thuong trong y té vi no ¢6 kha nang duy tri mot moi truong c6 do 4 am thich
hop tai ving bi ton thuong, dong thoi c6 kha ning bam tt trén bé mit da gitp bao phii vét thuong tét hon
lam cho qua trinh lanh dién ra nhanh [3].

Mac d}‘l mang rat nhiéu vu diém cia mot vat liéu, nhupg ban than BC khong c6 kha nang khang khuénq.
Mot s0 nghién ctru da tao hon hop ¢ dang dich paste ket ho”p~chitosan -BC - Pplyvinylpyrrolidqne va bo
sung dung dich nano bac nham tang tinh khang khuan cua hon hop [4]. Dich hon hgp nay cho két qua tot

© 2019 Truong Pai hoc Cong nghiép Thanh phd H Chi Minh



KHA NANG KHANG MOT SO VI KHUAN CUA 215
COMPOSITE CELLULOSE VI KHUAN KET HGP NANO BAC

trong thi nghiém tri bong da trén chudt, vét thuong lanh nhanh va ving da phuc héi nhu binh _thuong.
Bing dan vét thuong tur vai khong dét duoc ngdm voi dung dich nano bac cho két qua khang khun trén 3
chung vi khuan P. aeruginosa ATCC 27853, S. aureus ATCC 25923, E. coli ATCC 25922 [5].

Nano bac (AgNPs) dugc nghién clru ing dung trong y sinh nho vao déc tinh khang khudn va dugc thira
nhan vé hiéu qua khang khuan cao hon so v6i mudi bac [6]. Cac hat nano bac twong tac voi ba thanh phan
quan trong cua té bao: thanh té bao peptidoglycan; mang t& bao chét, noi cac dic tinh hoa hoc va vat Iy bi
bién ddi va dan dén sy mat can bing vé d6 tham thiu, tinh thdm thau, van chuyén electron, DNA
ribosome, céc vi tri phan tr phospho va Iuu huynh cé trong protein, dac biét 1a trong cac enzyme tham gia
chudi vén chuyén electron [7].Cac hat nano bac d gin véi 16p lipopolysaccharide cé trong vach té bao
khuan Gram 4m 13 E. coli 1am thay d6i cac dic tinh co ban cta thanh té bao vi khuan [8].Trong nhing
nam gan ddy, nano bac thuong duoc st dung trong bing vét thwong va dung cu y sinh hoc [9].

Viéc két hop BC va nano bac tao thanh composite BC/AgNPs hira hen tao ra mét vat 1iéu maéi cé cac dac
tinh tot hd trg qua trinh lanh vét thuong, dong thoi co kha ning diét khuan. Mot sb nghién ciru trude diy
da tao composite BC/AgNPs bang phuong phéap in situ v6i viéc ngdm BC trong dung dich mudi bac 1am
cho céc ion bac gan két vao mang ludi OH ctia BC va sau d6 sir phuong phap khir hoa hoc véi cac chat
khu s dung nhu TEA hay NABH, dé tao nano bac tir muéi bac nitrate. Mac du phuong phap nay tao
composite cO sy gan két bén chat gitra BC va AgNPs vi gan két dya trén lién két hoa hoc cong hoa tri, tuy
nhién c6 rat nhiéu tranh ci vé doc tinh cta cac chat khu nay va kha ning kht khong hét cac mubi bac
thanh nano bac khong kiém soat duoc ham lugng mudi bac con gin lai trong mang ludi BC. Khac voi
phuong phap in situ, ex situ 1a phuong phap ché tao dya trén cac dic tinh hap phu cua vat liéu cellulose vi
khuan. Cellulose vi khuan va dung dich nano bac dugc chuan bi riéng. Nano bac ¢ thé duoc ché tao bang
cac phuong phap khac nhau. Sau d6, AgNPs duoc ngdm chung voi vat liéu BC va chi ¢6 qua trinh hap
phu vét Iy xay ra ma khéng c6 phéan tng hdéa hoc [10].

{ Cellulose vi khudn

® AgNPs

Hinh 1:Phwong phdp gin nano bac vao BC bang hdp thu vat 1y [10]
Trong nghién ciru nay, composite duoc tong hop bang phuong phap hoéa ly Kkét hop. Nano bac dugc ché
tao tir AgNO; qua phan ng st dung chét khir hitu co ethylen glycol (EG) la chét léng, khong mui, trong
sudt, khong gay kich tmg da. Bén canh d6, PVP (polyvinyl pyrridone) dugc str dung lam chét bao vé. BC
s€ duoc ngam trong dung dich chira nano bac dé tao composite BC/AgNPs. Sau d6, composite tao thanh
s& dugc kiém tra kha ning khang mét s6 loai vi khuan thudc ca hai nhém vi khuan Gram dwong va Gram
am.

2 VAT LIEU VA PHUONG PHAP

2.1 Vit liéu

Nano bac dugc ché tao tr bac nitrate (Schaular,Tdy Ban Nha), chat khir Ethylen glycol (Duksan, Han
Qudc), va chat bao v¢ polyvinyl pyrridone (Sigma Aldrich, Hoa Ky).

Vi sinh vat dugc nudi cy trong cac méi truong Mueller Hinton agar (Schaular, TAy Ban Nha), Luria
broth base (Invitrogen, Hoa Ky), Tryptic soy agar (Schaular, Tay Ban Nha).

Chung vi khuan st dung trong nghién ctru ndy gom:Escherichia coli ATCC 25922, Staphylococcus
aureus ATCC 25923, Pseudomonas aeruginosa ATCC 10145, Bacillus subtilis ATCC 11774.
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Vit liéu cellulose vi khuan dugc cung cip tir Trung tim R&D Khu cong nghé cao Thanh phd H6 Chi
Minh.

2.2 Phuong phap
Ché tao nano bac bang phirong phdp polyol

Ethylen glycol (EG) vira dugc st dung lam dung mo6i, vira lam chét khir va polyvinylpyrridone (PVP) lam
chat bao vé, ket hop voi viée gia nhiét 1én t&i khoang 200°C trong thoi gian 1 gio.

Ché tao nano bac bang phuong phap khir polyol vdi chat bao vé khong thé thiéu trong viéc 6n dinh cac
hat nano bac trong giai doan dau ciia phan tmg tao nano bac 1a PVP va ethylene glycol hoat dong vira 13
dung moéi vira 1a chét khi,két hop véi gia nhiét. Polyvinylpyrridone 1a mot polymer hoa tan trong nudce
dugc lam tr monomerN- vinylpyrrolidone. Viée ché tao hat nano bac bang chét khir EG két hop voi gia
nhiét khoang 200°C va khudy tir, thoi gian phan tmg khoang 1 gio dong hd. Ion Ag” dudi tic dong cia
chat khir EG tao ra nguyén tir Ag. Sau d6, cic nguyén tir nay két hop v6i nhau tao thanh cac hat Ag c6
kich thudc nano. Tién hanh can 0,79g PVP va 0,078g AgNO; vao 50ml EG khudy tir dén tan va gia nhiét
dén 200°C trong 40 phit, dung dich chuyén tir khong mau sang mau vang dic trung, giam nhiét tiép tuc
khudy 20 phut, rét toan bd dung dich vao dng thity tinh va luu trit & nhiét ¢ phong,

Kiém tra hinh dang, kich thuoc hat nano bac

Dung dich nano bac sau khi ché tao s& dugc do UV-visbang may do quang phd hép thu(Jasco V730). Sau
do, kinh hiém vi dién tr quét (scanning electron microscopy - SEM, Hitachi F4800) dugc sir dung dé
kiém tra kich thudc cling nhu hinh dang hat nano bac.

Ché tao composite BC/AgNPs va kiém tra cdu triic ciia composite bang SEM

Qué trinh ché tao dya trén dac tinh hép thu vat Iy cua BC, luc nay khong xay cac phan tng hoa hoc. Mang
BC sau khi xir 1y, cat mang voi kich thuge 1x1 cm®, dun sbi 30 phut trong khoang 1 2 1an, hap khir tring
121°C, 1 atm, 15 phuat.Sau do, tién hanh phacac dung dich nano bac véi cac ndng d6 khac nhau
10000g/ml, 5000g/ml, 2500¢g/ml, 1000g/ml, 500¢/ml, 100g/ml va 50g/ml.BC sau khi di hap khir tring
dugc ngam voi dung dich nano bac trén trong 3 gio.Sau khi ngdm, composite dugc rira qua lan luot cac
dung dich acid oxalic 1%, ethanol 30% va nudc cit vo tring. Tién hanh dong khé miu composite & -50°C
duéi diéu kién hat chan khong trong 4 gid, sau d6 chuyén miu Ién thanh nap mau va tién hanh quan sat
dudi kinh hién vi dién tir quét (SEM).

Khdo sat kha ndng khdng khudn ciia composite BC/AgNPs

Chon mot khuén lac dién hinh cta timg chung vi khuan nudi cy trong canh méi trudng LB, nudi cdy trén
may lic véi téc do lac 120 vong/phiit, & nhiét d6 phong, trong 24 gio. Tién hanh pha lodng va do OD dich
vi khudn & bude séng 625nm sao cho gia tri OD dat 0,08-0,1 twong dwong 10® CFU/ml. Pha lodng dich vi
khuén c6 s6 té bao dat 10° CFU/ml, tién hanh cy trai 1én dia thach.

Vi khuén c6 mat do 10° CFU/ml dugc céy trai trén dia thach. Sau do, dat composite ché tao voi dung dich
nano bac & cac nong d9 khac nhau lén bé mit thach véi miu d6i chimg 1a BC khong gin nano bac. Sau
thoi gian G 24-48 gio, tién hanh do ban kinh vong khang khuan ctia composite.

Khao sdt kha nang diét khudn ciia composite BC/AgNPs

Phuong phap t1ep xuc tryc tiép ‘composite voi dich khuén gitp khao sat kha nang diét khuan cua
composite vi ndng d6 nano bac rat thap ch1 tr S0g/ml. Cho composite t1ep xtc v6i dich khuan c6 mat do
10° CFU/ml trong diéu kién lic. Sau cac mbc thoi gian khao sat cua viée tlep xuc gitra composite va dich
khuan (5, 15, 30, 45, 60, 90, 120, 150 phut), tién hanh hat 100pl dich khuan va trai déu trén dia thach
dinh dudng. Sau 24-48gid, quan sat va dém khudn lac trén dia thach.
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3 KET QUA
3.1 Hinh dang va kich thuéc ciia hat nano bac

Hinh anh chup SEM‘(hinh ’2b) cho théy hat nano bac tao thanh c6 dang hinh clu co kich thuée khoang
20nm va tuong doi dong nhat, khong bi két tu lai thanh dam.
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Hinh 2:Nano bac. (a) Phé hdp thu UV — vis ciia dung dich nano bac, (b) Anh chup SEM ciia dung dich nano bac

Dung dich nano bac ché tao c6 ham luong 10000g/ml, c¢6 dinh hip thu cao nhét do duoc tai budc song
xap xi 420nm (2a). Dung dich keo nano bac c6 budc song 420nm khi hat bac co6 kich thude nho va ddng
deu Két qua tao duoc kich thudc nano bac & nghién ctru nay tuong tu voi nghién ciru trude day [11]. Do
on dinh cta dung dich nano bac duogc theo doi va kiém tra bang mot s6 1an do cho téi sau ngay thu 14 thi
khong co sy khac biét so véi két qua do téi ngay thir 30 sau khi ché tao nano bac.

Dung dich nano bac ché tao dugc c6 dang hinh cau, kich thudc hat dong déukhoang 20 nm va vi chi ¢6
mdt bé mit plasmon duy nhat nén trong phd UV-vis ctia chiing chi xuit hién 1 dinh hip thucao nhat va
duy nhit tai budc song khoang 420 nm, két qua nay rat phu hop véi cong bd ciia nhom téc gia XiFeng va
cong sy (2016) va nhom nghién ctru Nguyén Thi Bich Huong va cong su (2017) ciing da ché tao dugc
dung dich keo nano bac c6 dinh hap thu cao nhit & budc song 420 nm, khi 4y dung dich keo nano bac c6
kich thuéc nho va dong déu.

3.2 Kiém tra hinh dang céu tric ciia composite

Composite BC/AgNPs dugc kiém tra hinh thai soi cellulose c6 gén cac hat nano bac bf?mg kinh hién vi
dién tir quét (hinh 3). BC ddi chig co céc soi cellulose tinh khiét siéu min, dan xen tao cau triic 3D day
bén chat (hinh 3b). Cac hat nano bac hinh ciu c6 kich thudc trung binh do dugc khoang 20nm phéan b
déu trong mang luéi cellulose ciia BC (hinh 3c). Composite BC/AgNPs ¢6 mau nau vang khi duoc két
hop voi dung dich c6 nano bac kich thudc hat twong dwong 50 nm va cac hat nano bac phan bé déu trén
soi cellulose [12]. Mau sic ctia composite thu dugc trong nghién ciru ndy c6 mau vang nau nhat dic trung
cua nano bac c¢6 kich thudc nho hon 50nm gén vao soi cellulose.
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Hinh 3: Composite BC/AgNPs. (a) Composite BC/AgNPs 1000ppm, (b) cdu triic soi cellulose vi khudn, (c) cdu tric
composite BC/AgNPs

3.3 Khio sat kha niing khang khuin ciia composite BC/AgNPs

Miéng composite BC/AgNPs c6 dién tich 1 cm* duoc dit trén cac dia thach da cdy trai vi khuén
dé kiém tra kha nang khang khuan. Cac hat nano bac tir composite khuéch tan trén bé mit thach,
{rc ché vi khuan thé hién qua vong khang khuan. Vong khang khuan xuat hién ddi véi ca 4 doi
tugng vi khuan khao sat gom E.coli, S.aureus, P.aeruginosa B.subtilis voi cac ndong d6 nano bac
sir dung tir 50-1000ppm (ug/ml). Khong co vong khang khuan xuat hién véi BC dbi ching (hinh
4).

Hinh 4: Ban kinh vong khdng khudn ciia composite BC/AgNPs o cac nong dg khdc nhau (a) ban kinh vong khdang
khuan E.coli; (b) ban kinh vong khang khuan S.aureus, (c) l?dn kinh vong khang khuan P.aeruginosa; (d) ban kinh
vong khang khudn B.subtilis.

Khi str dung ndng do bac cang cao dé tao composite BC/AgNPs thi vong khang khuédn do dugc c6 duong
kinh cang 16n (hinh 4). Vong khang khudn xuat hién xung quanh composite chimg to nano bac khuéch tan
ra xung quanh va tc ché sy phat trién ctia vi khun. Nghién ciru kha nang khang d6i v6i Staphylococcus
aureus and Klebsiella pneumoniae cua vat liéu nanocomposite giita Cu va cellulose ciing cho két qua
vong khang khuan tuong ty nhu quan sét thdy & nghién ciru nay [13].

Bén kinh vong khang khuin duoc tinh tir mép giéng dén mép khuén lac moc duoc xac dinh o moi nér}g
do la khac nhau va khac nhau ¢ tung loai vi khuan (p<0,05). Composite BC/AgNPs uc ché vi khuan
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S.aureus manh nhét so v&i cac vi khuan con lai & tat ca cac nong do bac dugce str dung tao composite gdm
50, 100, 250, 500, 1000 O g/ml.

Kha nang khang khuan ctia composite BC/AgNPs & cac néng AgNPs tao ban kinh vong khang khuén 16n
nhat doi voi S. Aureus (0,64cm) va ban kinh vong khang khuén nho nhat quan sat thay vai E. coli (0,5¢m)
khi str dung nong do bac 10000¢g/ml tao composite (hinh 5).
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Hinh 5: Ban kinh vong khang khuén composite BC/AgNPs chita nano bac & cdc nong dg khdc nhau khéng cdc vi

khuan S. aureus, E. coli, P. aeruginosa va B. subtilis.
Trong sb 4 vi khuan khao sat, composite tao thanh gitra BC va nong do bac 500- 100007 g/ml cho két qua
khang khuan véi vi khudn Gram duong gdm S.aureus va B.subtiliscao hon so voi 2 vi khuan Gram am la
E.coli va P.aeruginosa khi st dung composite ché tao tir nano bac c¢6 ndng do tir 250-10000 g/ml
(P<0,05). Phuong phap khuéch tan dia thach duoc sir dung trong cac nghién ctru cho thay rang vat liéu
téng hop tir BC va nano bac c6 hoat tinh khang khuén rd rét va kha nang e ché vi khuan 1a khac nhau
giira cac vi khuan.

3.4 Khio sat kha néing diét khuén caa composite

Sau khi vi khuan tiép xtic véi composite, dich khuan s& dugc cay trai trén dia thach va hiéu suat diét
khuan thé hién qua sb khuén lac dém dugc. Hiéu suét diét khuan duge tinh dua trén dbi ching. Quan sat
trén dia thach tai cic mdc thoi gian d6i voi timg vi khuan dé cap o trén, hau hét khong co hodc co rét it
khuan lac xuét hién (hinh 6) cho thay kha nang diét khuan v6i hiéu sudt gan nhu tuyét doi.
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Hinh 6:Hiéu sudt diét khuén thé hién qua 56 khudn lac xudt hién & cdc khoang thoi gian tié}? xuc khac nhau gitta cac
vi khudn a. E.coli, b.B.subtilis, c. P.aeruginosa, d. S.aureus voi BC/AgNPs, so voi doi chieng la vi khuan tiép xuc voi
BC.

Composite dugc tao thanh tir viéc sir dung dung dich nano bac cé néng do rét thép la 50¢g/ml gén Kkét voi
BC, khi cho tiép xtic véi dung dich chira vi khuin da cho thay kha nang diét khuan. Tuy nhién, dé dat toi
hiéu suét diét khuan cho téi mirc t6i da thi thoi gian tiép xac dai ngén khac nhau & ting loai trong s6 cac
vi khuan dugc khio sat (hinh 7).
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Hinh 7: Hiéu sudt diét khudn cia composite BC/AgNPs ¢ n(;ng do nano bac 50g/ml déi véi cac vi khuén E.coli,
B.subtilis, P.aeruginosa, S.aureus.
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Khi E.coli tiép xtic v&i composite trong 30 phut thi vi khuan da bi diét 100%. Trong khi d6, B.subtilis bi
diét hoan toan sau khoang thoi gian 45 phit. P.aeruginosa chi bi diét 100% sau thoi gian tiép xtc 60
phut. Thoi gian tiép xtc ciia S.aureus voi composite can ti 150 phut thi vi khuan nay méi bi diét voi higu
sudt 100% (hinh 6). Composite c6 hat nano bac & kich thudc nho khoang 30nm cé kha ning diét E.coli
v6i hiéu sudt 100% [14]. Kich thuée hat nano 16n hon, trong khoang tir 50-80nm, hi¢u suat diét vi khuan
S.aureus va E.coli tuong L'mg dat 99,4% va 98,4% [15]. O nghién ctru nay, hat nano c6 kich thude rat
nho, chi khoang 20nm cho thiy kha ning diét E.coli trong thoi gian tiép xuc rat ngan (15 phut) va co thé
diét ca B.subtilis, P.aeruginosava S.aureus ching to comp051te BC/AgNPs 1a vat liéu diét khuén rat tiém
nang. Viéc su dung vat li€u composite c6 nano bac co thé tranh viéc dua nano bac truc tlep vao vét
thuong va s& khong gay tac hai téi cac té bao [16].

4 KET LUAN

Composite BC/AgNPs sau khi ché tao bang phuong phép ex situ ¢6 su gan két cac hat nano bac duoc ché
tao bang phuong phép polyol véi kich thuéc khoang 20nm vao mang ludi cellulose c6 kich thuge soi vao
khoang 100nm. Composite c6 kha nang khang mot s6 cac vi khuan Gram 4m va Gram duong, trong do
kha nang khang vi khuan Gram duong tot hon so voi kha nang khang vi khuan Gram am. Composite
BC/AgNPs 50g/ml v&i ndng d6 nano bacthdp cho hiéu suét diét khudn rat cao va can thoi gian tiép xuc
khéc nhau & mdi loai vi khudn.Composite BC/AgNPs voi kha chong lai cac vi khuan c6 thé 1a vat lidu
tiém nang hd tro diéu tri cac vét thuong.

LOI CAM ON
Nhom tac gia xin chan thanh cam on Phong thi nghiém Cong nghé sinh hoc, Trung tdim R&D, Khu Cong

nghé cao Thanh phé H6 Chi Minh dd hd tro cic vat tu, nguyén lidu, thiét bi cho cac thi nghiém trong
nghién ctru nay.
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