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TOM TAT

Vit liéu nano ZnO cé thé ton tai & nhiéu
dang hinh thai hoc khdc nhau nhu: thanh nano,
ong nano, soi nano...véi nhirng tinh chdt quang
dién dac trung nén duoc ung dung trong ché tao
diod phat quang, tam dan séng quang hoc, laser,
cdam bién... Bén canh do, ZnO con co tinh tuwong
thich sinh hoc cao, khéng doc hai, do én dinh
héa hoc cao, diém d‘a;ng dién cao... nén da va
dang dwoc nghién cuu rong rdi trong linh vuc

cam bién sinh hoc. Trong bdo cdo nay, ching t6i
ché tao dién cuc hoat dong ung dung trong cam
bién sinh hoc galactose dpa trén nén thanh nano
ZnO dwoc c¢é dinh enzyme galactose oxidase. Két
qua CV (Cyclic Voltammetry) thu dwoc cho thdy
hé dién cuc nay hoat dong 1ot trong dung dich
galactose oxidase nong dg thay doi tir 40 mM dén
230 mM véi thoi gian cé dinh enzyme la 3 gic 30
phut.

Tir khéa: nano ZnO, cam bién sinh hoc, galactose oxidase, CV (Cyclic Voltammetry)

MO PAU

Vit lieu ZnO rit da dang vé mat hinh théi
hoc, tir cau tric 2 chiéu (dang mang), 1 chiéu
(dang soi) dén cau tric 0 chiéu (hat nano), trong
d6 c4u trac nano 1 chiéu cua ZnO rit da dang tir
dang wire (soi) dén rod (thanh), pencil (chop
nhon), tetra-pod (t&r canh)...véi tinh chat quang,
dién dac trung da va dang dugc cac nha khoa hoc
tap trung nghién cu nhiam Gng dung trong ché
tao cac cam bién hay thiét bi quang dién...Bén
canh d6, ZnO con c6 mot sb tinh chat nhu khéng
doéc hai, an toan sinh hoc, tinh twong thich sinh
hoc cao, c6 kha ning két hop voi mot sd
enzymes, cO diém dé’ing dién cao, co lien két ion
cao nén phan hay rat cham trong méi truong pH
sinh hoc binh thuong.... nén ZnO con la vat liéu
dugc wu tién lya chon trong linh vuc cam bién
sinh hoc (CBSH) [1, 2].

Vi hé CBSH sir dung vat liéu ZnO, ZnO
dong vai tro chit mang dwgc phi tryc tiép 1én
mot dién cuc (dong vai tro 1a dién cuc hoat dong

cho hé CBSH, bén canh dién cuc chuin
Ag/AgCl), sau do, cac loai enzyme khéac nhau sé
duoc ¢b dinh 1én bé mit dién cuc da c6 pha 16p
nano ZnO (tlly vao tirng loai cam bién sinh hoc
ding dé xac dinh cac co chat khac nhau ma lya
chon loai enzyme cho phu hop — cu thé 1a CBSH
galactose thi dién cuc c¢6 phu ZnO s& dugc ¢
dinh enzyme galactose oxidase dic trung).
Enzyme sau khi dugc ¢ dinh Ién ZnO sé& cho
mot s6 wu diém vuot troi hon so véi enzyme ban
dau nhu khong bi hoa tan ma van giir duoc hoat
d6 xdc tac, bén véi cac yéu té hoa, 1y... Cac nha
khoa hoc ciing st dung mot s ky thuat dé cd
dinh enzyme 1én ZnO nhu: c¢6 dinh bang hap thu
vat ly hay cb dinh bang chét tao lién két ngang
(cross-linking immobilization); trong d6 viéc ¢b
dinh bang chat tao lién két ngang glutaraldehyde
1a phuong phap duoc sir dung phd bién nhét [3].
Vi phuong phép nay, glutaraldehyde va enzyme
s& duoc hoa tan trong dung dich dém phosphate
(PBS); sau d6 dién cuc ZnO dugc ngdm vao dung
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dich trén dé ¢ dinh enzyme 1én ZnO. Dién cuc
sau khi di dugc c¢b dinh enzyme, néu chua sir
dung, s& dugc bao quan ¢ 4 °C d& dam bao van
gitr dwoc hoat tinh caa enzyme.

VAT LIEU VA PHUONG PHAP

Tao thanh nano ZnO

Trong bdo céo nay, thanh nano ZnO dugc
tong hop trén dé Fluorine-doped tin oxide (FTO)
bang phwong phép dung dich do phuong phép
nay c6 thé tong hop dugc véi s lwong Ién. Bén
canh d6, thanh nano téng hop tir phuong phap
dung dich c6 wu diém 1a thiét bi thyc nghiém don
gian, dugc thyc hién trong méi treong khdng khi
va & nhiét do thap (tir 50-150 °C). Mot sb héa
chat dwoc sir dung trong qua trinh téng hop thanh
nano ZnO: Zn(CH3;COO0),.H,0, Zn(NO3)2.6H,0,
monoethanolamine (MEA), ethanol,
hexamethylenetetramine (HMTA) (Merck). Qui
trinh thuc nghiém tao thanh nano ZnO duoc tém
tat thong qua so db trén Hinh 1.

Co dinh enzyme galactose oxidase 1én thanh
nano ZnO

Enzyme galactose oxidase duoc c¢b dinh 1én
thanh nano ZnO thong qua chit tao lién két

Ethanol

Zn(CH,CO0):.2H0
0.75M

MEA

i Khudy 2h.122h

Phunhing .
= Dung dich

DEFTO .
tao mam

Nung 500°C trong 2h

DEFTO ¢
mam ZnO

Quy trinh tao mam trén dé FTO

(A)

ngang glutaraldehyde (GA). Vi enzyme can moi
truong pH trung tinh (méi trwong pH sinh hoc)
dé khong bi mat hoat tinh, do d6 can sir dung
dém phosphate dé gitp 6n dinh pH cho dung dich
enzyme. Dung dich sir dung trong thuc nghiém
¢b dinh enzyme c6 d6 pH khoang 7,4. Mot s6 hoa
chat sir dung trong qua trinh ¢ dinh enzyme
gom: nuéc cat 2 lan, enzyme galactose oxidase
(Sigma, US) >3,000 units/g solid, galactose
(Merck), dém phosphate 1X (An D9),
glutaraldehyde solution (Merck).

Galactose oxidase duoc ¢ dinh Ién thanh
nano ZnO bang phuong phéap tron. Dau tién, GA
dugc hoa tan trong dung dich PBS 0,1 mM tao
thanh dung dich GA/PBS va enzyme galactose
oxidase dugc hoa tan trong dung dich PBS 0,1
mM tao dung dich enzyme/PBS. Sau d6, dung
dich GA/PBS va dung dich enzyme/PBS dugc
tron déu theo ty ¢ 2:1 vé thé tich dé tao dung
dich enzyme/GA/PBS. Cudi cing mau ZnO dugc
ngam vao dung dich enzyme/GA/PBS & nhiét do
phong. Toan bo qué trinh ¢ dinh enzyme dugc
tom tat trong so d6 Hinh 2.

Zn(NO:):.2H:0
0.02M

Nude cat 2 lin | HMTA

Khuay tir 2h_1 22h

i . h 4
BE,PTO co 80°C. 5h s .
mam Zno Dung dich tao rods

Rua bang

deion, say kho |
- h 4

ZnO Nanorods

Quy trinh tao thanh nano ZnO

(B)

Hinh 1. So d thyc nghiém tao thanh nano ZnO: (A) tao mfim ZnO trén dé FTO, (B) : tao thanh nano ZnO trén dé
FTO da phu mam ZnO
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PBS 10mM
= - Enzyme
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2.5%trong PBS oxidase trong PBS
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e — ZnOIFTO
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Hinh 2. So db qui trinh cb dinh enzyme galactose oxidase 1én ZnO

Phuong phap quét thé vong tuin hoan (CV)
khao sat kha niang hoat dong ctia ZnO trong
dung dich galactose

Mau ZnO sau khi dwoc ¢ dinh enzym
galactose oxidase s& dung dé lam dién cuc hoat
dong trong hé dién héa gébm dién cyc chuin
Ag/AgCl, dién cuc dbi Pt va dién cuc hoat dong

1a thanh nano ZnO trén dé FTO da dugc cd dinh
enzyme  galactose  oxidase (ky  hiéu:
GO4|ZnO|FTO). Dung dich khao sét la dung dich
galactose, téc do quét thé 100 mV/s, khoang quét
thé tir -1,2 V dén 1 V. Hé do CV st dung la hé
MPG-2 véi phan mém EC-Lab (Hinh 3).
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veo: TN ot o

Hinh 3. Hé dién héa MPG-2 va giao dién phin mém EC-Lab

KET QUA VA THAO LUAN
Khio sat cAu triac thanh nano ZnO

Thanh nano ZnO duoc ché tao bing phuong
phép dung dich & diéu kién 80 °C trong 5 gio.
Hinh thai bé mat ciing nhu dinh huéng tinh thé
cua thanh nano ZnO duoc phan tich théng qua
anh SEM va pho nhiéu xa tia X. Két qua SEM

cho thiy thanh nano ZnO tao ra co duong kinh
trung binh khoang 40 nm, c&c thanh nano cé xu
huéng phét trién theo hudéng truc giao véi dé nén,
bé mat cit ngang cua cac thanh c6 hinh luc giac
trong dbi dong déu (Hinh 4A), phé XRD quan
sat duge dinh hudng tinh thé ZnO phat trién wu
tién mat (002) (Hinh 4B).
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Hinh 4. Anh SEM (A) va phé XRD ciia thanh nano ZnO (B)

Két hop gian @5 XRD va anh SEM, nhém tac
gia nhan thdy thanh nano ZnO tao dugc c6 mot
s6 tinh chat phu hop cho ing dung trong CBSH
nhu: dién tich bé mat tiép xdc 16n, co dinh hudng
tinh thé tét cho qué trinh truyén dan dién tor. Két
hop v6i mot sé tinh chét cua vat liéu ZnO nhu:
d6 tuong thich sinh hoc cao, khong doc hai, lién
két ion cao nén bén véi moéi trudong sinh hoc nén
ching tdi hoan toan c6 thé sir dung thanh nano
ZnO di tao dugc dé cb dinh enzyme galactose
oxidase, lam tién d& cho nhitng nghién ctu tiép
theo v& CBSH dua trén nén vat liéu ZnO céu tric
nano

Khao sat kha nang hoat dong ciia GOx| ZnO |
FTO trong dung dich galactose

Kha nang hoat déng cia GOx| ZnO | FTO
trong dung dich galactose dwoc khao sat bing
phuong phap quét thé vong tuan hoan (CV) tai
tbc d6 quét thé 100 mV/s, khoang quét thé tur
-1,2 V @&n 1 V véi dién cuc lam viéc 1a GOx|
ZnO | FTO (thoi gian ¢b dinh enzyme GOx la 3,5
gi®) va dung dich dién giai la galactose 200 mM.
Hinh 5 thé hién kha niang hoat dong cua thanh
nano ZnO c6 cé dinh enzyme va khong c6 ¢
dinh enzyme trong dung dich galactose 200 mM.

<> vs. Ewe

—— Rod1_ngam PBS 0,1mM_ khong phu enzyme(2).mpr, cycle 2
—— Rod1_ngam FBS 0,1mM_phu enzyme.mpr, cycle 3

014

-

@)

<J>pAmm?
. !

(b)

0
Ewe/V vs. AglAgCI / KCI (sat'd)

Hinh 5. Buong cong CV khao sat kha niang hoat dong ciia ZnO[FTO (duong a) va GOx|rod ZnO|FTO (dudng b)
trong dung dich galactose 200 mM
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Trén Hinh 5, duong cong a la dudng cong
CV cua thanh nano khéng c6 dinh enzyme
galactose oxidase trong dung dich galactose
200 mM, khoang thé tir -0,1 V dén 1 V tin hiéu
dong thu duoc rat thap. Pudng cong b 1a dudng
CV cua thanh nano c6 c6 dinh enzyme galactose
oxidase trong dung dich galactose 200 mM, tin
hiéu dong dién cuc dai thu dwoc 1a 0,106759
HA/mm2, cao gap nhiéu lan so vai tin hiéu dong
thu duoc khi mau khéng duoc ¢ dinh enzyme.
Galactose oxidase\

Galactose + O,
H20, >

Khio sat khé niang hoat dong cia GOx| ZnO |
FTO theo thoi gian co6 dinh enzyme

Trén co s xac dinh su khac nhau vé tin hiéu
dong dién thu duoc gitra cdc mau ZnO c6 ¢b dinh
va khong c6 dinh enzyme, nhém tac gia tién hanh
khao sat kha nang hoat dong cua dién cyc GOX|
ZnO | FTO theo thoi gian ¢ dinh enzyme dé xac
dinh duoc thoi gian cé dinh enzyme téi wu. Thoi
gian ¢ dinh enzyme dugc thay doi trong 2 gio 30
pht, 3 gio 30 pht, 5 gio, 22 gid, 66 gio. Tién
hanh do CV trong dung dich galactose 200 mM
v6i cdc mau dién cuc cd thoi gian cd dinh
enzyme khac nhau, thu dugc gié tri tin hiéu dong
nhu trong Bang 1. D6 thi thé hién sy anh huong
cua thoi gian ¢6 dinh GOx dén kha niang hoat
dong cua GOx| ZnO | FTO duoc thé hién trén
Hinh 6 cho thiy khi thay di thoi gian ¢ dinh
enzyme sé& anh huong dén tin hiéu dong dién. Tin
hiéu dat cao nhat (ng véi mau cé thoi gian cb
dinh 3 gio 30 pht (11,01.10 2 pA/mm?) va giam
dan khi ting thoi gian ¢ dinh 1én. Didu nay
ching t6 khi thoi gian ¢b dinh enzyme thay dbi
c6 anh huong dén kha ning hoat dong cua
enzyme. Hién tai, véi qua trinh thuc nghiém cua
nhém, két qua tin hiéu 6n dinh va tét wng voi
khoang thoi gian ¢6 dinh enzyme tir 3 gio dén 4
gio. Theo tai liéu tham khao va két qua thyc
nghiém caa nhom nghién ciu, khi thoi gian cb
dinh kéo dai hoat tinh enzyme c6 thé bi giam do

rd
O, + 2¢

Két qua nay cho thady mau ZnO duoc cb dinh
enzyme khi dat trong dung dich galactose
(200 mM) c6 tuong tac vai dung dich galactose,
trong khi mau ZnO khéng c¢b dinh enzyme hau
nhu khong tuong tac. Két qua nay co thé duoc
giai thich la do khi c6 mit enzyme galactose
oxidase, duéi tac dung cta enzyme nay trong
dung dich galactose xay ra phan ng tao galacto-
hexodialdose va H,0-, giai phong electron, dong
gop cho tin hiéu dong thu dugc [4].

Galacto-hexodialdose + H,0»

+ 2H

nhitng bién ddi vé cAu trdc cua enzyme trong qué
trinh ¢é dinh [5]. Do d6, nhém tac gia chon thoi
gian ¢ dinh enzyme 1a 3 gid 30 phat cho khao
sét tiép theo.

Bang 1. Tin hiéu dong dién theo thoi gian ngdm

Thoi gian ¢6 dinh | Mat do dong trung
enzyme (gio) binh (J)
(10 uA/mm?)
2h30ph 6,84
3h30ph 11,01
5h 10,02
22h 5,57
66h 5,01

12

10

J.10°2 (pA/mm?)
(a1}

] I T

Theigian ¢6 dinh GOx (giv)

2h30 3h30 Sh 22h 66h

Hinh 6. D thi thé hién sy anh huéng cua thoi gian cb
dinh GOx dén kha ning hoat dong ciia GOx| ZnO |
FTO trong dung dich galactose 200 mM
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Khao sat kha ning hoat dong cia GOx| ZnO |
FTO theo nong dj galactose

Tién hanh khao sat kha ning hoat dong cua
GOx| ZnO | FTO theo nong d6 galactose thay doi
tir 40 dén 230 mM biang phuong phap CV, két
qua tin hiéu dong duoc thé hién trong Bang 2.

Bang 2. Tin hiéu dong dién theo nong do

galactose
Nong do tl;ﬁ?];dboi r(llf? ?% 2Sai sO ,
(mM) (102 pA/mm?) (10 pA/mm?)
40 4,83 0,41
60 5,32 0,52
80 6,12 0,38
110 7,45 0,58
140 8,30 0,83
170 9,46 0,44
200 10,45 0,70
230 11,68 0,60

Tu két qua thu duoc & Bang 2, vé d6 thi thé
hién mdi tuong quan giira tin hiéu dong dién thu
dugc va ndng d6 dung dich galactose. o thi
dugc biéu dién trén Hinh 7 cho thy khi nong do
dung dich galactose ting tir 40 dén 230 mM thi
tin hiéu dong dién thu duoc ting tuyén tinh theo
phuong trinh y = 0,03629x + 3,28223 Vi hé s6
tuong quan cao (R? = 0,99791). Pidu nay ching
t6 khi ndng do dung dich galactose thay dbi thi
luong enzyme phan ung hoat hda s& thay doi, tac
dong t6i luong dién tur trao ddi trong dung dich
va tir d6 anh huong téi tin hiéu dong dién. Két
Qua nay gitp cho chiing t6i ¢6 co sd ban dau tin

rang hé dién cuc GOx| ZnO | FTO c¢6 kha ning
hoat dong tét trong dung dich galactose v&i
khoang ndng d6 nhat dinh.

J (pA/mm?)

T T T T T T
45 60 90 120 150 180 210

Nong do (mM)

Hinh 7. D9 thi thé hién su thay doi dong tuyén tinh
theo nong d¢ galactose

KET LUAN

Bai bao trinh bay qua trinh ché tao thanh

nano ZnO bang phuong phép dung dich ¢ nhiét
d6 phong va ung dung cia thanh nano ZnO trong
hé dién cuc cua CBSH galactose. Két qua bai bao
cho thay thanh nano ZnO tao duoc c6 duong kinh
trung binh 40 nm, dinh huéng tinh thé (002), phat
trién twong ddi tryc giao voi dé nén FTO. Thanh
nano ZnO sau khi c6 dinh enzyme galactose
oxidase trong 3 gio 30 phat ¢ nhiét d6 phong cho
kha niang hoat dong tét trong dung dich galactose
c6 ndng do thay ddi tir 40 dén 230 mM.
Loi cam on: Nhom tac gia xin chan thanh cam
on dén PTN Bg mon Vdt ly Chat ran — Khoa Vit
ly-Vat Iy Ky thudt, PTN Héa Ly — Khoa Hoa,
Khoa Khoa hoc Vit liéu thudc Truong DH Khoa
hoc T nhién, DHOG-HCM da ho tro nhom tdc
gia trong cong tdc thuc nghiém.
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ABSTRACT

ZnO nanomaterial is a n-type semiconductor
material and exits in a variety of one-dimensional
nanostructures such as: nanorods, nanotubes,
nanowalls, nanowires, ect... [3]. They have
potential applications in making devices such as:
light emiting diodes, optical waveguides,
nanolaser, gas sensor, biosensor. Due to the high
surface area to volume ratios, nontoxicity,
chemical stability, biocompatibility, the high

isoelectric point (IEP: 9.5), ect...; ZnO nanorods
were largely used for biosensor.  In this work,
we developed enzyme electrode biosensor based
on ZnO nanorods to test galactose solution by
immobilizing galactose oxidase on ZnO nanorods
grown on FTO substrate. The result showed that
the proposed biosensor had the linear detection
range from 40 to 230 mM galactose solution.

Key words: nano ZnO, biosensor, galactose oxidase, CV (Cyclic Voltammetry)
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