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TOM TAT

Vit liéu ¢6 cdu triic cellulose do vi khuan tao ra — mét san pham cta cong nghé sinh hoc, trong nhirng nam
gin day da duoc quan tam nghién ctru tmg dung trong linh vuc y sinh. Véi hé théng cdu tric soi siéu min,
mang cellulose vi khudn c6 cac dic tinh riéng biét nhw kha ning gitt nudce, mic d6 polymer hoa, tinh thé hoa,
d6 tinh khiét va d6 bén kéo cao. Trong nghién ciru nay, mang cellululose do Acetobacter xylinum tao ra dugc
kiém tra cac dic tinh vé do bén co 1y, cAu trac soi min, ¢6 kha ning twong hop sinh hoc v6i muc dich hudng téi
su dung 1am gi4 d& nudi ciy té bao trong k¥ nghé mo. Té bao fibroblast tir da va xwong dudi ciia chudt nhat
trdng dugc nudi trong moi truong DMEM co bd sung 10% huyet thanh thai bo va 1% khéng sinh. Sau d6 té
bao dugc gieo vao dia nudi cdy co gin mang cellulose vi khudn. Két qua nghién ciru cho thiy két cau do bén,
su twong hop sinh hoc cia mang cellulose vi khuén pht hop & sir dung lam gia do trong nudi chy té bao
fibroblast chugt nhét trang Céc té bao co the bam trai va lan rong trén dia nu01 cdy c6 gan mang cellulose vi
khuén khi so sanh véi diéu kién nuéi cdy té bao théng thuong trong dia nuodi cay khong gan mang cellulose sau
khi gieo té bao 1 ngay, 4 ngay va 7 ngay. Két qud nay co thé 14 co s6 buge dau cho cac nghién ctru tiép theo vé

viéc nudi cdy té bao trén gia d& cellulose vi khudn trong céng nghé nudi ciy tao mo.

Tir khéa: Acetobacter xylinum, cellulose vi khudn, fibroblast, gia d&, ki nghé mé

GIOI THIEU

San pham sinh hoc c6 cdu tric soi cellulose do
vi khuén tao ra hién nay dang dugc quan tim nghién
ctru sir dung trong cdy ghép va lam gia d& nuéi cdy
té bao tao md nho vao cac dic tinh ndi bat vé su
tuong thich sinh hoc, d6 bén co 1y, hinh dang va chu
trac hoa hoc rit riéng biét va ndi troi cua loai vat
liéu nay.

Céu tric co ban cua mang cellulose do vi khuan
tao thanh (bacterial cellulose hay BC) la cac soi
chtra chudi B-1-4 glucan véi cong thirc phan tir 1a
(C¢H00s)n. Céc chudi glucan dugc lién két véi
nhau thong qua cac cau ndi (intra) va ngoai (inter)
ndi Hydro (Ul-Islam et al., 2012). S¢i cau tric BC
dugc Muhlehalerin mé ta 1an dau nim 1949 va cé
kich thude nho hon 100 14n so véi cellulose thyuc vt
(Chawla et al, 2009; Gayathry, Gopalaswamy,
2014). Khac véi cellulose thuc vat, cellulose vi sinh
hoan toan khong chtra lignin va hemicelluloses.

Mot s0 nghién ctru gan day trén the gioi da cho
rang mang BC c6 cau truc mang ludi soi nano tinh

khiét voi do két tinh cao (Chen et al., 2010; Keshk,
2014), mic d§ polymer hoa cao (Dahman et al.,
2010), do bén co gidi cao (Castro et al., 2011), kha
ning giit nudc tot (Saibuatong, Phisalaphong, 2010)
va tuong hop sinh hoc tét, 1a vat liéu rat phu hop
cho viéc chita tri vét thuong.

Mang cellulose vi sinh dugc dung dé diéu tri
bén trong, nhu cic miéng ghép xuong va cac ky
nghé mo6 khac va qua trinh tai tao (Duarte et al.,
2015). Tinh ning ndi bat gitp mang cellulose vi
sinh ¢o thé sir dung trong y té 1a c6 thé d& dang bam
rat nhidu hinh dang khac nhau ma van duy tri dugc
tat ca cac dic tinh c6 ich cua no. Bﬁng viéc dan
mang cellulolse vi sinh vao dng rdng dai, cac ong
nay c6 thé dugc dung dé thay thé cho mot vai vi tri
khac nhau nhu hé tim mach, éng ti€u hoa, ni¢u dao
hodc khi quan (Khan ef al., 2015; Zang et al., 2015).
Gan day mang cellulose vi sinh da dugc Ung dung
trong cic ong vi dan (stent) va mach mau nhan tao
(Schumann et al., 2009). Cellulose con dugc md
hinh hoéa thanh mang dang mét ludi dé co thé su
dung trong cic cau triic thay thé bén trong co thé,

427



ching han nhu mang v6 ndo - 16p mang cimg (dura
matter) (Xu et al., 2014). Ngoai viéc thay thé, cdu
tric nay con dugc st dung nhu manh ghép dé twong
tac voi vat liéu sinh hoc ¢ bén trong.

Su twong hop sinh hoc 1a mgt trong nhitng yéu
ciu dé danh gia sy an toan khi sir dung cac thiét bi
va vat liéu y sinh. Str dung té bao dé kiém tra sy
teong hop sinh hoc dbi voi cac duoc phém, vat liéu
sinh hoc hay cac k¥ thuat chan doan ngay cang duoc
coi trong. Cac té bao thudng duoc st dung cho xét
nghiém nay thuong 1a cac té bao fibroblast nuodi cdy
tr da, niém mac miéng, niém mac nha chu, té bao
HelLa, té bao keratinocyte, cac dong té bao khac
nhau tr chugt, cling nhu céc té bao nudi céy tor gan
va lach chudt (Wiegand, Hipler, 2008).

Nghién ctru nay duogc thyc hién véi muc dich
khao sat mot sb dic tinh cua mang BC do 4.
xylinum tao ra va kha nang st dung cua mang BC
lam gi4 d& nudi cdy té bao fibroblast thu dugc tir
chugt nhit tring. Pay la nghién ctru bude dau cho
céc nghién ctru tiép theo sir dung vat liéu BC lam
gia do trong k¥ nghé mo.

VAT LIEU VA PHUONG PHAP
Nuébi ciy vi khuin tao mang BC va xir Iy mang

Vi khuan 4. xylinumcé kha nang san xuét mang
cellulose duoc chon lya va nudi céy tinh ¢ diéu kién
30°C, pH = 6. Thanh phan méi trudng cho vi khuén
tao miéng cellulose bao gdm: dudng saccarose (20
g), (NH4),SO4 (8 g), (NH4),HPO, (2 g), nudc dira
gia (1 lit).

Céc miéng cellulose duge thu hoach sau thoi
gian nudi cdy trung binh khoang 14 ngay. Lay cac
miéng nay ra va rira sach bang nuéc, sau d6 xir Iy
bang bdn nudc s6i c6 bd sung NaOH 4% trong 30
phiit dé loai bo cac t& bao vi khuan con bam vao.
Rira k¥ lai bang nudc dé loai bo NaOH. Ep loai bo
b6t nuée. Tam BC wét ndy sé tiép tuc dugc ngam
trong tui nilon dan chat c¢6 5 lit nude chira H,0,
1,5% da dugc chinh pH = 11 (st dung NaOH 0,5%).
Ti nilon c¢6 chtra tim BC nay s& dugc lic trong 10
phiit va tiép tuc cho vao nudc séi trong khoang 30
phiit dén khi BC chuyén sang mau trang. Sau khi
dugc lam tring, BC s& dugc rira biang nudc va ép
voi don vi 10 tin/m’. Lam kho BC & nhiét do
140°C. Mang BC dugc hap vO trung va dong goi
chan khéng. Mang BC khé duoc kiém tra cac dic
tinh ly, hoéa, sinh hoc.
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Kiém tra dic tinh co ly:

Mang BC dugc lam khé ¢ 3 mic d§ khac nhau
dé kiém tra ty 1€ HyO: cellulose c6 anh hudng tdi
cac dac tinh co ly cua mang hay khong. Ty 1€ H,O:
cellulose dugc xac dinh qua d¢ day va trong luong.
Mang BC duogc can luc uét, sau d6 1am kho trong tu
sdy ¢ nhiét d6 50-60°C trong vong 24 gio. Cong
thirc xac dinh ty 1€ H,O va ty 1€ cellulose dugc tinh
nhu sau:

Ty 1€ nude (%) = [(Trong lugng mang BC udt—
Trong lugng mang BC kho)/Trong lugng mang BC
udt] x 100

Ty 18 cellulose (%) = (100% — ty 1& nuée)

Miu dugc chuén bi véi chidu dai 60mm, rong
10mm, khoang kéo 40mm va vén téc kéo la
5mm/phit. Céac chi tiéu kiém tra bao gdm: do bén
kéo (strength, MPa), tmg suét tai diém dut (strain at
break, MPa), bién dang tai diém dat (strain at break,
%), va Modul dan hdi (kéo) (Modulus, MPa).

Kiém tra cau truc sgi cellulose va sy bam trai
cua té bao trén vat liéu BC

Kinh hién vi quét (SEM) duoc sir dung dé phan
tich cAu trc hinh dang cua mang BC. Thong qua ky
thuat chup SEM, hinh dang be mit va lat cat mang
BC ciing nhu hinh anh cac té bao bam va xam nhap
vao mang ludi soi cellulose co6 thé quan sat va danh
gia duogc.

Thi nghiém danh gia tinh twong thich sinh hoc
ciia mang BC véi te bao

Thu da va xuong dudi tir chudt nhat tring dé
nudi cdy té bao fibroblast. Da va xuong dudi chudt
duogc xir 1y bang trypsin/EDTA 0.25% (Gibco) va cb
dinh trong dia nudi cdy dd dugc phu gelatin
(Sigma). Té bao fibroblast tir da bt diu xuét hién
sau khi nudi cdy 1 ngdy, trong khi fibroblast tir
xwong xuét hién lau hon, sau khoang 5 ngay. Moi
truong nudi cdy sir dung 1a DMEM (Gibco) duge bd
sung 10% huyét thanh thai bo (FBS, Sigma),100
U/ml penicillin va 100 U/ml streptomycin. Té bao
nudi cdy dugc dat trong ti 4m 37°C véi 5% CO,.
Hai ngay moi truong nudi cdy duoc thay mot 1an.

Sau thoi gian nudi cdy tir 7-10 ngay, cac té bao
fibroblasts da bam va lan rong kin bé mit dia, thu
hoach té bao vdi 0,05% trypsin/EDTA, ly tam voi
tbc do 1400 vong/phut trong 5 phit. Thu te bao va
chuyén vao dia nuéi cdy véi mat do 10° t& bao/ml.
Pia dugc pha mang BC duoc so sanh véi dia dbi
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ching khoéng c6 mang BC. Cit mang BC thanh
miéng tron, kich thudc theo duong kinh cua dia nubi
céy (dia Nunc 35mm). Phu gelatin trugc va gin
miéng mang BC vao dia. Dia ddi chung khong dung
mang BC nhung c6 phu gelatin. S6 luong té bao
dugc dém bing budng dém Newbauer, té bao song
duogc xac dinh bang trypan blue, sau 1, 4 va 7 ngay.

KET QUA VA THAO LUAN

Mang c6 ciu tric s¢i nanocellulose do A.
xylinumtao thanh

Mleng BC dugc tao thanh sau khoang 5 ngay
nudi cdy c6 do dai, chic, mau tring va bé mat min.
Sau khi xtr 1y loai bd bdt nudc, mang BC duoc kiém
tra dudi kinh hién vi dién tir quét (SEM). Hinh anh

S480010k\/u’7mmx 0.0

cho thdy cdu trac 3D chit ché dugc hinh thanh tir
cac soi cellulose kich thudc nano (tai mot so6 diém
do duoc 32-35 nm) (Hinh 1).

Hé théng s¢i cua mang BC dugc hinh thanh tir
cac sgi nano sap xép chat ché trong khong gian ba
chiéu, tao thanh cac tim hydrogel c6 bé mat va do
x6p cao. Vi khuan 4. xylinum c6 thé tao cellulose &
chu trac bac I (ribbon-like polymer) va bac II
(thermodynamically stable polymer) (Chawla et al.,
2009). Khi xay ra qua trinh tong hop, céc
protofiblril ciia chudi glucose dugc vi khuan tiét ra
qua vach té bao va tap hop lai tao thanh cac ribbon
cellulose dang sgi nano (Dahman, 2009; Maria et
al., 2010). Cellulose dugc téng hop c6 bé mit chira
rt nhiéu nhém hydroxyl nén c6 dic tinh giit nuéc,
phan rd sinh hoc va kha ning bién ddi hoa hoc
(Klemm et al., 2005).

$-4800 1.0kV 6.2mm x60.0k SE(U)

Hinh 1. CAu trlc soi cellulose mang BC chup dwéi kinh hién vi dign tir quét (SEM).

M@t s6 dic tinh co 1y ciia mang BC

Do két cdu cia BC 1a mang ludi cac soi
cellulose dan xen nén két ciu cua vat liéu min va c
d6 dai chac. Tuy nhién, dé c6 thé sir dung BC lam
vat liéu trong cac Ung dung y sinh thi can xu ly ky
vt liéu dé loai bo bot nua6ce, vi khuan va cac protein
bam trén BC nhung vin dam bao nhing tinh chét
phii hop cua vat lidu. Trong hau hét cic img dung y
sinh, mang BC thuong dugc st dung & trang thai
wét. Khi da duogce lam kho, BC khong dé dang ngam
nudce tro lai. Vi vay, viée khao sat cac ty 1€ cellulose
khéc nhau trong cac trng dung khac nhau cua vat liéu
BC can duoc tién hanh va danh gia dé tim ra vt liéu
duoc loai bo bst nude va ¢ cu tric cling nhu cac
dac tinh co 1y phu hop cho muc dich st dung.

Dé khao sat sy anh huong cua ty 18
nudc/cellulose trong qua trinh xur 1y téi dac diém co

1y cua vat ligu, b? ty 1€ chira nude 95%, 85% va 55%
duogc lya chon dé so sanh (Hinh 2).

Khi mang dugc 1am kho hoan toan (loai bo hét
nuée) dé chup SEM (Hinh 2), c6 thé thdy cac soi
cellulose day dic, dan xen ching chit. Cac dic tinh
co ly thay ddi phu thudc vao ciu tric sgi nano cua
mang BC. Ty 1¢ cellulose cang nhiéu thi mang cang
¢6 d6 bén dai. P9 bén kéo c6 thé cao gép 2 1an khi ty
1€ cellulose tang 1én 45% so voi 15%. Modulus cua
mang co ty 1¢ cellulose 45% dat t&i 1 GPa, trong khi
& mang c6 ty 1é cellulose <15% la rit nho.

Scionti (2010) nghién ctru déc tinh co ly cua vat
liéu BC, khao sat modulus cia mang cod ty I¢
cellulose dao dong tur 0,88-92% va két luan rﬁng do
bén kéo, tmg suat va modulus thay d6i phy thude vao
ham lugng cellulose cua vat liéu. O vat lidu ¢o ty 1&
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cellulose 10, 40 va 92% modulus 1an luot twong tng
la 2 MPa, 738 MPa va 10 GPa.

Két qua khao sat trong nghién ciru ndy cho thiy

PO bén kéo
8
7
6
oS
[
23
—
1
o N
5% 15% 45%

Ty lé cellulose

Modul dan hdi (kéo)

1200

1000

800

600

400

200
0 ——

5% 15% 45%

MPa

Ty lé cellulose

Nguyén Thi Kim Anh et al.
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va mang van dam bao do chic, bén co thé s dung
lam vét li¢u trong nudi cay té bao.
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Hinh 2. Khao sat mét s6 tinh chét co ly cia mang BC véi sy thay ddi vé ty Ié cellulose.

Danh gia tinh twong thich sinh hoc ctia mang BC
véi te bao
Nudi so cip té bao tir to chirc mé ciia chugt

Té bao duogc khai thac tir chudt theo mé hinh ciia
Seluanov er al. (2010). Trong qué trinh khai thac té
bao, yéu té vé tring phai dam bao tuyét dbi dé tranh
nhiém khuan.

Té bao fibroblast xuét hién sau 1-2 ngay & dia
nudi cay tir md xuong va sau 5 ngdy ¢ dia nudi cay
tr mo da.

So sdnh khd ning moc ciia té bao trén mang BC
vdi khd nang moc va phdt trién ciia té bao trong dia
nudi cdy thong thuwong

Nubi cdy té bao trén mang BC c6 ty 1& cellulose
45%, so sanh véi nudi cay trén dia khong c6 mang
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BC, theo ddi kha ning bam va dém sé luong té bao
sau nuoi cay 1, 4, 7 ngay.

Mot s6 loai té bao co thé phat trién khi c6 mang
BC nhu té bao than phéi ngudi (HEK) (Grand et al.,
2009), nguyén bao xuwong (osteoblast) (Chen et al.,
2009), té bao sun (chondrocyte) (Svensson et al.
2005), té bao co tron nguoi (SMC) (Petersen, 2011).
Torres et al. (2012) cho ring bé mat mang BC khong
phit hop cho sy bam trai cia té bao fibroblast. Két
qua trong nghién ctru nay thé hién rd té bao
fibroblast thu tir da khong cé hién tugng bam trai rd
rét trén bé mat mang BC (Hinh 4), nhung fibroblast
thu tir xwong lai bam trai rat t6t va cho hinh anh
tuong dwong nhu t& bao nudi cdy trong dia nudi cdy
dugc phi gelatin hd tro cho hién tuong bam cua té
bao (Hinh 5).
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Hinh 3. Phan tach t& bao tlr da chuét (A) va tir xwong dudi chudt (B) (10x).

1 ngay
A-
B-

Hinh 5. Té bao fibroblast tlr xwong dudi chudt phat trién trong diéu kién nuoi cdy khong cé BC (C) va c6 BC (D) sau 1, 4, 7
ngay (10x).
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Hinh 6. Hinh anh chup SEM té bao bam va xam nhap vao mang BC.

Phan tich qua kinh hién vi dién tir quét cho thiy
hinh anh té bao bam va tuong thich véi mang ludi
cellulose (Hinh 6).

Mang BC da dugc cdy in vivo vao chudt cong dé
kiém tra tinh tuwong thich sinh hoc (Helenius et al,
2006). Té bao fibroblast xAm nhap vio trong mang ludi
soi cellulose va khong c6 hién tugng viém xay ra ching
t6 mang BC c6 kha nang tuong thich rét cao véi co thé
chudt. Két qua nudi cdy t& bao in vitro trén bé mit
mang BC trong nghién ctru nay ciing cho két thdy té
bao fibroblast chugt nhét tring hoan toan c6 thé phat
trién, bam va xam nhap vao hé thdng ciu truc soi cua
mang BC. Nhu vy, mang BC hoan toan co tiém ning
str dung l1am gia d& trong k§ nghé nudi cdy mo.

KET LUAN

Véi cu trac min ¢6 kich thu6e soi & mirc d6 nano,
mang cellulose do A. xylinumtao ra c¢6 dic diém co ly
bén va tuong thich sinh hoc cao, ¢6 thé duoc st dung
lam gia d& (scaffold) nuéi ciy fibrblast tir chudt nhit
tring. Té bao fibroblast thu tir xuwong dudi c6 kha ning
phat trién va bam rat tot vao mang BC. Két qua ndy co
thé 1am co str cho cac thi nghiém tiép theo sir dung BC
trong k§ nghé md nudi cdy tao md phuc vu cho cac
muc dich thay thé, ghép mé trén ngudi.

Loi cam on: Nhom tac gid chan thanh cim on Uy
Ban Nhdn dan Thanh pho Ho Chi Minh da ho tro
kinh phi cho nghién ciru nay.
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SUMMARY

In recent years, bacterial cellulose material has been considered as a potential biotechnological product for
biomedical applications. Previous studies described some special properties of bacterial cellulose, such as
water holding capacity, high polymerization, high crystallization, high purity, and strength. In this study,
bacterial cellulose membrane produced by Acetobacter xylinum was examined for its possibility to use as a
scaffold for cell to grow. Firstly, mechanical properties of bacterial cellulose membrane including strength,
stress at break, strain at break, and modulus were analyzed. Secondly, cellulose fiber structure was observed
with scanning electron microscope. Lastly, biocompatibility of bacterial cellulose membrane was investigated
for application as scaffold for cell culture. The results showed that bacterial cellulose membrane had fine fibres
arranged to form 3-D porous structured hydrogel. Also, the mechanical qualities of material were suitable for
using as a biomaterial. Fibroblast cells isolated from mouse’s skin and tail bone were cultured in Dulbecco's
Modified Eagle's Medium supplemented with 10% fetal bovine serum and 1% antibiotics. Cells then collected
and sew into bacterial cellulose membrane placed in cell culture disk. At different time points at 1 day, 4 days,
and 7 days after sowing the cells, it is clearly seen that cells can adhere, grow and expand on the surface of
cellulose membrance placed on cell culture disk, as comparible as cells cultured in disk without cellulose
membrance. In conclusion, bacterial cellulose membrane is a suitable material for cell culture as a scaffold.
The results observed from this study might be suggestions for next investigations on using bacterial cellulose

membrane as scaffold for tissue engineering.
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