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SUMMARY

DEVELOPMENT OF ALKALINE PHOSPHATASE BIOSENSORS BASED ON
ELECTRODES MODIFIED WITH MULTIWALLED CARBON NANOTUBES FOR
THE DECTERMINATION OF PATULIN.

Amperometric biosensors based on platinum screen-printed electrodes modified with

multiwalled carbon nanotubes (MWCNTs) and immobilized enzymes alkaline phosphatase

developed for the determination of patulin. Biosensor used in patulin detection based on the

inhibition of enzymatic activities. The working concentration range is 1x10° —1x107"" mol/,

limit of quantitation is 5x10™" mol/l. Modification of electrode with MWCNT allows achieving

wider range of detectable concentrations, lower detection limits, and more pronounced effect

of inhibition.

Keywords: patulin, alkaline phosphatase, mycotoxins, carbon nanotube, amperometric

biosensor.

1. MO PAU

Mycotoxin & mdt trong nhirng nhém doc tb
nguy hiém gy ra cac mbi de doa véi sirc
khoe cta cong ddng. Patulin (PAT) mic du
khong phai 13 mot trong nhitng ddc té manh
nhung dugc quan tim bdi kha nang gy ung
thu, Grc ché hé mién dich, gay sung va viém
loét niém mac rudt. Patulin duoc hinh thanh

do chang nidm mbc  Aspergillus
va Penicillium, dugc phat hién trong nudc
trai cdy, ruou tao va cac san phim tur tdo.
Patulin thuong duoc xac dinh bing céc
phuong phap sic ky nhu sic ky khi, sic ky
long [1,2] voi cac dau do khdi phéd [3],
huynh quang [4]. Cac phuong phap nay co
d6 nhay va d6 chon loc cao nhung lai ton
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kém va doi hoi tinh chuyén mén hoa cao
cta ngudi phan tich. Cong nghé cam bién
sinh hoc trong trudng hop nay rat hiru ich
trong su phat hién cac doc t6 nAm mdc nho
kha niang do luong nhanh, d6 nhay cao va
st dung thuéan loi hon so véi cac phuong
phap truyén théng khac. Mot sb cam bién
sinh hoc khac nhau da duoc st dung dé
phan tich cac doc t6 midm mbc [5,6] tuy
nhién viéc phat trién cac cam bién sinh hoc
dé xac dinh PAT hién nay dang con han ché
[7,]. ‘

Rat nhiéu loai vat liéu da dugc nghién ctru
va tng dung dé st dung lam tic nhin gin
két trong cam bién sinh hoc, trong do vat
liu nano carbon véi nhidu tinh chat déng
cht ¥ nhu kha ning dan dién cao, nhom
chitc —COOH tao ra khi bién tinh lam ting
cac tuong tac hoa sinh, rit c6 trién vong dé
tao ra mot thiét bi cam bién sinh hoc vai
muc dich cai thién hiéu suét phéan tich, lam
tang d nhay cia bé mat dién cuc trén cac
loai phéan tir khac nhau [8]

Trong bao cao nay ching t6i chiing t6i dua
ra cam bién sinh hoc dong dién
(amperometric biosensor) st dung dau thu
la enzyme alkaline phosphatase (ALP)
duoc c¢d dinh trén bé mit dién cuc in ludi Pt
(screen-printed electrode) di dugc bién tinh
bang nano carbon dé xac dinh PAT.
Nguyén ly lam viéc cia cam bién sinh hoc
dién rat don gian. Thanh phin xac dinh
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dugce khuéch tan qua mot mang ban thdm
vao mot 16p mong cia vat liéu sinh hoc
duoc gén trén bé mat dién cuc, phan ung
enzyme hoa dugc dién ra trén bé mit dién
cuc. Duya trén su thay ddi dong dién dé xac
dinh ham lugng chit cin x4c dinh [9].

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1 Vit liéu

2.1.1 Hod chit

1- naphthyl phosphate (Russia), alkaline
phosphatase (Sigma), chitosan (Sigma).
Dung dich 1% glutaraldehyde (GA) cua
hing ICN va albumin huyét thanh bo
(BSA) 5% cua hang Rianal (Hungari), nano
carbon da 16p MWNT c6 duong kinh 2 — 6
nm dén 10 - 15 nm (Sigma).

2.1.2 Thiét bi

Hé dién cuc duge ché tao tir k¥ thuat in
lu6i 12 co s& cho cam bién sinh hoc bao
gém: dién cuc lam viéc, dién cuc phu trg va
dién cuc so sanh (BVT technologies, Brno,
cong hoa Sec). Dién cyc lam viéc 1a platin
bot nhado. Pién cuc phu tro 1a platin va dién
cuc so sanh 1am bang bac. Thé tich éng
dién hoa lam viéc 1a 200 pl.

TAt ca céac phép do dugc thuc hién trén thiét
bi do dién hoa da ning MEB két ndi voi

may tinh.



25,5 MM

7,2

Pién cwe lam viéce
Pién cuc so sanh
Pién cuc phu trgr

MM

Hinh 1. Thiét bi do dién hod da nang “MEB” va dién cuc két hop

2.2. Bién tinh dién cwc bang vat li¢éu nano carbon

MWNT duoc rung siéu am trong hén hop
dung dich axit ddm dac HNOs: H,SO, (1:3)
dé tién hanh chirc ning hoa trong 2 - 4 gid.
Dung dich thu dugc dem rira sach bﬁng nudc
cat nhiéu 14n cho dén khi dat pH = 7 va rta
sach 14n cudi bing etanol, sau d6 dem siy
kho & 50°C- 60°C dén khéi luong khong dbi
va hoa tan trong chitosan (0,5% trong CH;-
COOH) dé thu duoc dung dich MWNTSs 1

= =

H

MWNT
2.3. Chuén bi cam bién sinh hoc
Pé c6 duge diu thu sinh hoc 1a enzyme
ALP, trén bé mat dién cuc ching toi tién
hanh ¢ dinh ché phdm cé chira enzyme
bang phuong phap lién két ddng hoa tri voi

0 O
CH,-NH, + HH-(CHZ)JH

Ché phim duoc chuin bi bao gdm dung

dich enzyme, dung dich BSA, dung dich

OH

Chitosan (CTS)

H,0

AN

mg/ml [10]. Dung dich nay cé chira cac nhém
-OH va cac nhom -NH- lam tang d6 phan tan
cta chiing trong nudc ddng thoi gitp cho cac
thanh phan sinh hoc nhu cic enzyme xam
nhip cb dinh t6t hon trén bé mit dng hay
trong rudt 6ng. Gén mot thé tich xac dinh 0,5
ul) dung dich MWNTSs Img/1 1én bé mit dién
cuc lam viée, dé khd va cho vao ti lanh bao

quan ¢ 4°C.

MWNTs

tac nhan gin két 14 GA. Nguyén Iy cia né
dua trén phan ng giira cac phan tir enzyme
véi hai nhém carbonyl ciia GA tao thanh
cac dai phan tir khong tan. Lép enzyme cb
dinh nay lam tang do 6n dinh cua tin hiéu.

CHz-N:CH-(CH2)3 -CH:N-CH2

dém phosphate (pH = 7,0), dung dich GA

1% va nude cat (GA dugc cho vao cudi
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cung). Lay 1 pl hén hop thu duge dem gin
trén bé miat dién cuc 1am viée. Pién cuc da
duoc chuin bi xong dé kho, dem bao quan
trong hop petri mot dém & nhiét do 4°C.
Sau d6 dem ra rira nhe béng nuée, dé kho
ngoai khong khi va bao quan trong ti lanh
true khi dem st dung. Cac cam bién sinh
hoc thu dugc ¢ thé sir dung trong vong 6
tudn v6i sai s6 phép do khong vuot qua 5%.
bién cuc enzyme duogc ché tao dudi dang 1
mang ma 1 mit tiép xGc v6i moi trudng co
chit con mit kia tiép xuc voi ving do.
Phan tng giita co chit — enzyme x4y ra trén
16p mang. Két qua su thay dbi ning luong
tu do dugc dién cuc thu nhan rdi truyén qua
hé théng do dudi dang do dong dién hodc
do dién thé.

Phan tng enzyme hda v&i tac nhan phan

ung 1a 1- naphthyl phosphate :

NaO\P/ONa
VA
g © OH

THO — + NayHPO,

San phdm phan tng 1a chit hoat dong dién
héa, trén bé mat dién cuc platin n6 bi oxi
hoéa thanh 1,4 dihydroxy-naphthalene [11]:

OH OH
o () e
OH

3. KET QUA VA THAO LUAN

3.1 Sy hinh thanh tin hi¢u phan tich cta
cam bién sinh hoc.

Tién hanh do dién cyc ALP véi co chit 1a
1- naphthyl phosphate 10°M & diéu kién
pH téi wu di duoc khao sat (pH =7,6) trén
nén dém tris-HCL. Két qua thu dugc duoc

mo ta trén hinh 2.
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Hinh 2: Puong von - ampe cia dung dich 1- naphthyl phosphate 10°M
trén nén dém tris - HCI (pH = 7,6) dién cuc ALP.

Cuong d6 dong cao nhit dugc do & dién ap
+0,6V vi vy trong cac nghién ctru tiép theo
chiing t6i st dung dién ap nay cho cam bién
sinh hoc ALP.

Nghién ctu anh huéng cia PAT dén
enzyme cd dinh cta cam bién sinh hoc
dong dién cho théy: vOi su ¢ mat cua PAT
thi cuong d6 dong cia cam bién sinh hoc
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ALP giam xudng. Didu nay ching t6 PAT
1a chit kim ham hoat tinh enzyme cta cam
bién sinh ALP va c6 thé st dung cac cam
bién sinh hoc nay dé dinh luong PAT.

Str dung cac cam bién sinh hoc di duge
bién tinh dién cuc bing MWNTSs cho thiy
¢6 su tang tin hi€u phan tich so vdi cac dién
cuc khong duoc bién tinh. Piéu nay co thé



duogc giai thich boi su gia tang bé mat dién

cuc, lam tang kha nang bam dinh cia cac

TM-1000_3525 L x1,0k 100 um

TM-1000_4051 L x1,0k  100um

(©

enzyme vao mang dién cuc cling nhu lam

tang d6 dan dién ciia chung.

TM-1000_4160

(d)

Hinh 3: Anh SEM bé mat dién cue Pt triuede va sau khi gcfn enzyme (a), (b) va dién cuc da

dwge bién tinh bc%ng MWNTs trudce va sau khi gén enzyme (c), (d).

3.2. Xac dinh mot s6 thong sé dong hoc
ALP

Lap hé phuong trinh Michaelis — Menten
tinh toan cho thdy véi co chat 1- naphthyl
phosphate khi khong co6 mit chat kim him
enzyme 1a PAT c6 K, = (18,7+0,4).10° M,
Vinax = (0,74+0,05).10° mol/Ls. Khi c6 mat
chit kim ham PAT 10'M thi K, =
(2,1£0,1).10° M; Ve = (0,31£0,02).10°
mol/Ls, diéu nay cho thdy PAT la chat kim
ham phi canh tranh.

3.3. X4y dwng phwong trinh dwoing
chuén

Tién hanh do cuong d6 dong dién cia cac
dién cuc ALP di duoc bién tinh va chua

bién tinh bing MWNTSs vé6i co chit I-
naphthyl phosphate 10°M trudc va sau khi
thém vao cac ndng do khac nhau ciia PAT.
Xay dung d6 thi mbi lién hé phy thudc giita
logarit ndng do PAT vdi ty 1¢ e ché T (%
tic ché T = [(I,-I,)/I,]x100 - 1I,, I, — gia tri
cuong do dong khi khong c6 va co PAT).
Két qua thu duge cho bang 1 cho thiy viée
st dung vat liéu carbon nano dé bién tinh
dién cyc lam ting khoang tuyén tinh ndng
d6 PAT, ddng thoi lam giam gii han dinh
Iugng LOQ va ting d0 nhay ciia phuong
phap.
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Bdng 1. Cdc ddc trung phan tich ciia cdc cam bién dé xdc dinh PAT (n = 5, P = 0,95).

Phuong trinh duong chuin Mirc
Cambién | Khoangnongdd | = @t 5)+ (b£8)x(lgo)r | [og, |
tuyén tinh kim
sinh hoc Mol/l ~
(mol/1) at 5 bt s R2 ham
%
ALP 1x10°-1x10” 69+3 -4.8+0.4 | 0.9870 | 4x10™° | 76%1
ALP - MWNTs | 1x10°1x10" 78+5 -6.9£0.5 | 0.9942 | 5x10™"" | 90+2
Dé danh gia do6 ding cua phuong phap
/. A LA \ A , , X A . Hi‘lm lu,(.rn
chiing t6i tién ‘hanh phan tich cac mau nhan Miu g RSD
tao véOi cac nong do khac nhau ctia PAT, Mol/l

két qua thu duoc duogc biéu dién & bang 2.
Bdng 2. Két qua xdc dinh PAT trong mdu
gid bang cdc cam bién sinh hoc ALP —
MWNTs (n=5, P=0.95)

Nudc tao tré em “Cajpl 10
(2.440.1)x 107" | 0.042

[Ipumonbs” (Nga)

Nudc ép tao-dao

Nong d6 \
N Nong do xac
that ] RSD
dinh (Mol/l)
(Mol/)
5x107  |(5,1£0,2)x10” 0,039
4x10° {(3,940,2)x10°® 0,049

Tu cac két qua thu dugc c¢d thé nhan xét
rang c6 thé sir dung cam bién sinh hoc dong
dién dau thu ALP dé xac dinh PAT trong
luong thuc, thuc phém.

3.4. Pinh lwong PAT trong mdt s6 miu
thuc phlem.

Pé tién hanh dinh Iugng PAT trong mot sb
loai nudc tdo va tao nhap khiu trén thi
truong, mau phan tich duoc dem chiét hai
1an véi ethyl axetat, dich chiét thu duogc cho
thém 2ml dung dich Na,COs; (14g/l) va 5
giot axit axetic, lic k§ sau d6 dem cét quay
chan khong. Can thu dugc dem hoa tan
trong 1ml nudc va dem di phan tich. Hiéu

suét thu hoi cua phuong phap dat 85 — 90%.

248

(8.0 £0.3)x 10™ | 0.038
“Kpacras nena” (Nga)
Qua téo (Balan) (4.4£0.2)x 107 |0.045
4. KET LUAN

1. Bi phat trién cam bién sinh hoc dong
dién st dung diu thu enzyme alkaline
phosphatase v6i dién cuc Pt bién tinh
MWNTs dé x4c dinh patulin.

2. ba xac dinh mot sb thong $6 dong hoc
ALP st dung co chit 1a 1- naphthyl
phosphate cho thiy PAT la chat kim him
phi canh tranh ctia phan ing enzyme hoa.

3. ba xay dung duoc phuong trinh duong
chudn cua phuong phap xac dinh PAT béng
dién cuc bién tinh va chua bién tinh béng
MWNTs

4. Pi tién hanh dinh luong patulin trong
mot s6 mau tdo va nudce tdo nhap khau trén
thi truong véi hidu suat thu hoi cia phuong
phap dat 85-90 %.




Bing phuong phap cam bién sinh hoc dong
dién st dung dau thu ALP c6 dinh trén bé
mit dién cuc in ludi Pt d3 duoc bién tinh
béng nano carbon c6 thé xac dinh doc tb
patulin trong lwong thuc, thuc phdm, cho
phép kiém soat chit lwong thuc phdm.
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