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SUMMARY

APPLICATION OF ELECTROCHEMICAL BIO-SENSOR BASED ON MODIFIED
MICRO-ELECTRODE TO DETECT PLANT PROTECTION DRUGS

In this study, electrochemical biosensors based on conductive polymer (polyaniline, PANi) and carbon
nanomaterials (graphene, Gr) were fabricated on a screen-printed electrode (Pt-SPE) to detect plant
protective drugs (Methamidophos). PANi films were synthesized onto microelectrodes using cyclic
voltammetry (CV) then coated Gr film directly onto the electrode. The PANI/Gr bilayer hybrid material
has good electrical conductivity, high porosity, good adhesion to biological molecules, and fast
electronic transmission. PANi/Gr hybrid membranes were used to fabricate disposable
acetylcholinesterase sensors to detect acetylthiocholine (ATCh). The electrochemical sensor is capable
of detecting the Methamidophos with a detection limit of 1-50 ppm for a period of 10 minutes with the
error permitted limit (15%). The electrochemical sensor provides a very promising technical solution to
monitor topical acetylthiocholine levels in patients with neurological diseases and to identify
neurotoxins such as sarin and pesticides.

Key words: Electrochemical bio-sensors, graphene (Gr), polyaniline (PANi), acetylcholinesterase
(AChE), plant protection drugs.

1. GIOI THIEU va d6 bam dinh tot voi phan tir sinh hoc nén
Gan day, nhidu nghién ciru tap trung vao phat thuong duoc st dung trong cam bién sinh hoc
trién cac cam bién dién hoéa va cam bién sinh dién hoa. Hon nira, PANi c6 ba trang thai hoa
hoc trén co sé cuia mang lai cua polyme tuong hoc khac nhau c6 thé dugc diéu chinh bing
hop sinh hoc va vat liéu nano din dién [1]. phuong phép dién héa [3,4] va ching nhay véi
Trong s& cac vat liéu nano dan dién, graphen qua trinh proton héa/khir proton [5]. Ngoai ra,
(Gr) va cac din xuit ctia né cO cac dic tinh su ¢ mit clia cic nhom amin trong chudi
tuyét voi nhu: d6 dan dién tdt, d6 6n dinh co polyme cua PANi tao thuan loi dé c6 dinh
hoc va tinh linh hoat tot nén dugc tmg dung enzym. Mang PANI/Gr hai 16p v6i do dan dién
nhiéu trong h¢ théng cam bién dién hoa [2]. tdt va su truyén dién tr nhanh da dugc chiung
Polyanilin (PANi) voi do xép cao, do dan dién minh 1a ¢o lgi trong linh vyc cam bién dién hoa
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dé phat hién chat doc than kinh [6,7] va theo
doi cac proton duoc giai phong tir gen qua qua
trinh khuéch dai [8].

Trong nghién ctru nay, dién cuc trén co s6 vi dién
cuc bién tinh v6i PANI/Gr s& dugc tmg dung nhu
cam bién sinh hoc dién hoa, sau d6 dugc tich hop
v6i mot hé thiét bi do dién hoa va modul truyén
dan tin hiéu khong day (GSM/GPRS) dé xac dinh
du lugng thubc BVTV. Co ché cua viée x4c dinh
thubc BVTV 1a dua trén sy (rc ché hoat dong cua
enzyme acetylcholinesterase (AChE) bai thudc
BVTV. Khi tiép xtic voi phan tir thubc BVTV
(methamidophos), hoat dong cla enzyme AChE
bi trc ché khién n6 san sinh ra it proton hon so véi
binh thuong. Sy chénh léch vé luong proton s&
duoc ghi nhan trén mot thiét bi xur 1y tin hiéu
(dugc truyén dan khong day vé tram xir 1y trung
tam) qua do6 cho ta biét ham lugng thubc BVTV.
2. THUC NGHIEM VA PHUONG PHAP
NGHIEN CUU

2.1. Héa chat

Anilin (CeHsNH,), Axit sunfuric (H2SO4), Kali
Permanganat (KMnO.), Acetylthiocholine
(ATCh), Acetylcholinesterase (AChE), dung
dich dém photphat (PBS), Glutaraldehyde
(GA), Fe(NOs)s 1a san phim Sigma-Aldrich,
Hoa Ky. Pién cuc carbon in ludi (SPE) (® =3
mm) 1a san phim Quansense, Thai Lan. Mau
graphen/Cu dugc cung cdp bai Vién Khoa hoc
vat liéu, Viét Nam.

2.2. Cac phwong phap phéan tich

Céc thi nghiém dién hoéa duoc tién hanh trén
thiét bi AUTOLAB PGSTAT302N (Metrohm,
Ha Lan). Hinh anh FE-SEM duoc chyp trén
thiét bi S-4800 (Hitachi, Nhat Ban). Phd FTIR

Vi dién cuc

Modun potentiostat

Modun GSM/GPRS

ciia mang PANi duoc do trén thiét bi Nicolet
iS10, Thermo Scientific, M¥.

2.3. Chirc niing hoéa bé mit vi dién cue (Ché
tao cam bién sinh hoc theo chirc ning héa bé
mat)

Vi dién cuc duogc chirc ndng hoa bé mat béng
cac vat liéu khac nhau theo cac budce sau:

Téng hop mang PANi: Vi dién cuc (1 x 3 cm)
dugc phi mang PANi bang phuong phap quét
thé vong (CV) véi khoang thé quét tir -0,2 V
t6i +0,9 V, tbc do quét 50 mV/s, 10 chu ky
quét trong dung dich H,SO4 0,5 M chura anilin
0,1 M.

C6 dinh mang graphen trén bé mat vi dién cuc:
Mang Gr dugc ché tao bang phuong phap
CVD trén dé Cu, sau d6 duoc phu 1én vi dién
cuc bang phuong phap loai dé Cu trong dung
dich mubi Fe(NO3z)3 2% [9].

Cé dinh mang enzyme trén bé mdt vi dién cuc:
Enzym Acetylcholinesterase (AChE) duoc ¢
dinh trén mang PANI/Gr bang cach phu nho
giot 1pl dung dich AChE ndng d6 5 IU/ul
trong dém PBS (pH 7.4) 1én bé mit mang
PANi/Gr va 0 & 4°C, 24 h trong hoi
glutaraldehyde (GA). Pién cuc sau khi ¢6 dinh
AChE duoc rira bang dung dich dém PBS 20
mM (pH=7) dé loai bo GA du va cac enzym
khong duogc c6 dinh. Sau d6 dién cuc
PANI/Gr/AChE tiép tuc dugc phu thém 2ul co
chit acetylthiocholine (AChCI) ndng d6 5 mM.

May tinh

Hinh 1. So do khéi hé thang tich hop: cam bién, xi lifkhuéch dai va truyén dir lieu khdng day
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3. KET QUA VA THAO LUAN

3.1. Pic trung tinh chit cia vi di¢n cue bién
tinh

Hinh 2 1a ph6 FTIR ciia mang PANi phu trén
bé mit dién cuc bang phuong phap dién hoa.
Két qua trén phd FTIR xuit hién c4c dao dong
dic trung cho PANi tai s6 song 3441 cm™® (dao
dong héa tri N—H), 2920 cm™ (dao dong hoa tri
=C-H trong mach vong), 1594 cm™ (dao dong
C=N), 1509 cm™ (dao dong héa tri C=C (dao
dong khung)); 1302 cm? (dao dong C-N);
1161, 825 va 520 cm™ (dao dong hoa tri C—H)
[10,11]. Nhu vdy, mang PANi di duoc tong
hop dién hoa thanh cong trén bé mat hé vi dién
cuc. Mang polyme dan c6 nhém chirc —NH
dugc xac dinh bang phd FT-IR tao kha ning
lién két voi cac vat liéu chirc ning (graphen,
enzym dic hiéu) dé xay dung cam bién sinh
hoc dién hoa.

IMS-NKL x40 SE(M)

Hinh 3. Anh FE-SEM ciia mang graphen sau khi gin lén dién cwc Pt/PANi

Tinh chét dién hoa ciia bé mit vi dién cyc bién tinh
dugc nghién ciru bang phd xung séng vudng nham
han ché su anh hudng cua dién ap dat vao vat li¢u
sinh hoc, tang d§ nhay cua tin hi¢u. Dong dién
phan hdi ctia vi dién cuc duoc thé hién trén hinh 4.
600
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(2) PANI/Gr + Glutaraldehyde

500  (3) PANI/Gr-Glu + Enzyme AChE

(4) PANi/Gr-Glu-AChE + 0.1mM AChCl
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Hinh 4. Phé SWV ciia vi dién cuc bién tinh
trong khodng thé -0,6V + +0,6V, tan sé quét
12,5 Hz, buéc thé 5 mV, bién dé xung 50 mV

trong dung dich HCI 0,1 M
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Hinh 2. Phé FT-IR ci:a PANI téng hop bang
phuong phap dién héa
Hinh 3 1a anh FE-SEM ctia mang Gr sau khi
phu trén bé mit dién cuc Pt/PANI. Két qua cho
thiy mang Gr rit mong va dugc phu déu trén

bé mit dién cuc Pt/PANI. Chu tric mang layer-
by-layer PANi/Gr dugc ché tao thanh cong s&
lam ting d6 nhay, do dan dién va thoi gian
truyén dan tin hiéu dién hoa cua cam bién.

IMS-NKL x30.0k SE(M)

Két qua phd xung séng vudng SWV trén hinh
4 cho thay mang PANi gin Gr hoat dong dién
héa binh thuong. Khi u trong hoi
glutaraldehyde (GA) thi c6 su tao lién két giira
mang polyme va GA, do GA khéng c6 tinh
chat hoat dong dién hoa va hiéu tmg che lap bé
mat mang nén tin hiéu duong SWV s€ giam,
tuong Ung tinh chat dién hoa trén bé mat cam
bién giam. Khi tiép tuc gin tiép enzym AChE
1én mang composite thi c6 thém mdt 16p che
chén trén bé mat, vi vay duong hoat dong dién
s& giam néu tiép tuc quét SWV. Nhung néu
cho co chit AChCI vao thi do phan tng gitra
co chit va enzym sinh ra cac dién tir va ion H*
nén tinh chit dién hoa trén bé mat cam bién
thay ddi, tin hiéu hoat dong dién hoa tang 1én.
3.2. Thir nghiém hoat tinh ciia enzym cb
dinh trén dién cuc



Hoat tinh cia enzym AChE gin c¢6 dinh trén
dién cyc duoc thir nghiém véi néng do co chat
AChCI 50 uM. Sy thuy phan cua co chat tai
cac vi tri hoat dong cua enzym trén bé mat cam
bién duoc ghi nhan bang hai phuong phap ap
thé va quét thé (Hinh 5). Piéu d6 khang dinh
enzym da duogc gén ¢d dinh trén dién cuc va
van giit dugc hoat tinh.
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Hinh 5. Ghi nhdn phan izng enzym-co chdt trén
bé mdt dién cuc bang phwong phdp quét thé tai
V =+ 300 mV
Viéc xac dinh du luong thuéc BVTV sit dung
cam bién enzym dua trén sy Uc ché cua thude
BVTV t6i hoat tinh cua enzym d6. Tin hiéu
lién quan dén hoat hoa cta enzym cang manh
thi cang thuan tién cho viéc theo doi do giam
cia do hoat héa khi c6 mit thuéc BVTV. Do
d6, viéc xac dinh n6ng dd co chit bdo hoa,
n6ng do cua co chat ma tai do tin hiéu thu nhan
giit gi4 tri khong ddi va mang enzym da phan
mg hoan toan vdi co chit, dong vai trd quan
trong ddi vé&i hoat dong cua cac cam bién
enzym. Puong chudn co chit ciia cam bién
enzym dugc thé hién trén hinh 6. Pap ung
dong dién dbi v6i dién ap +300 mV dugc ghi
nhan véi ndng do co chit tang tir 1 t&i 900 pM.
Két qua thu dugc cho thdy khi co chit AChCI
dat ndng do trong khoang 1 mM thi tin hiéu
thu dwoc dat gia tri bdo hoa va tin hiéu dau ra
khong ddi. Vung hoat dong t6i wu cua cam
bién dugc xac dinh 1a nam trong khoang 50 —
100 uM. Nghién ciru thir nghiém hoat dong
clia cam bién ¢ cac nong d¢ 16n hon (trén 100
1M) cho thay d4u hiéu cham hoat dong cuia cac
cam bién nay khi co chdt wc ché. Va hién
nhién, ving néng do thap hon (< 50 uM) s&
cho tin hiéu ban dAu thip, khong thuan tién cho

phép do xéc dinh ndng d6 thude BVTV.

129

0 200 400 600 800 1000
Cprcn (NM)
Hinh 6. Duong chudn biéu dién sw phu thugc
cuia tin hiéu dau ra vao n(fng dé co chit

3.3. Thir nghiém xac dinh thuéc BVTV
Trong phan ndy ching t6i tién hanh thu
nghiém kha ning phat hién thuéc BVTV cia
cam bién d3 ché tao duoc v6i mot sé thude thir
nghiém  thugc dong lan hitu co
(Methamidophos). Thir nghiém duoc tién hanh
bang phuong phap 4p thé tai dién thé +300
mV. Su c6 mit cia thuéc BVTV trong dung
dich thir dugc biéu hién théng qua su e ché
phan mg enzyme AChE v&i co chit AChCI,
néi cach khac 1a sy sut dong trén duong ap thé.
Do déc cia dudong suy giam cudng do dong
dién trén duong ap thé khi c6 mit thubc BVTV
ti 1& véi nong d6 thudec BVTV (Hinh 7).
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Hinh 7. Phat hi¢n thuéc BVTV ho
Methamidophos su dung cam bién dién hoa
AChE bang phuong phdp &p thé
3.4. Xay dung dwong chuin xic dinh dw

lwong thuée BVTV

Viéc tién hanh xay dung duong chuan dé xac
dinh du lvong mdi loai thubc BVTV duoc thuc
hién cho timg cam bién. Cac cam bién sau khi
ché tao dugce bao quan & 4°C va co thé sir dung
dugc trong vong 30 ngay. Thoi han st dung tdi
da coa mdi cam bién sau khi iy ra khéi noi
bao quan 1a 24 h. Duéi day 1a duong chuan xac
dinh Methamidophos.
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Hinh 8. Puong chuan thusc BVTV ho
Methamidophos si dung cam bién dién hoa
AChE bang phirong phap dp thé
3.5. So sanh két qua do trén thiét bi da ché tao

v6i két qua do bing phwong phap HPLC

Két qua so sanh v6i phép do trén thiét bj HPLC
cho thy, cac két qua trén thiét bi cam bién
dién hoa 1a dang tin cdy, mac du co sai s6 1on
hon so v6i phuong phap HPLC nhung vin nim

trong gi6i han cho phép (sai s6 dudi 15%). Sai
s6 16n trong cac phép do véi cam bién enzyme
la kho tranh khoi do sy thay doi nhat dinh
trong hoat tinh ctia enzyme theo diéu kién do.
Dic biét, cam bién dién hoa duoc ché tao nhim
phuc vu viéc do dac va phan tich tai hién
truong, trong thoi gian khoang 10 phdt trén
mdi phép do, didu nay phuong phap HPLC
khong thuce hién duoc.

Céc két qua phan tich Methamidophos trén
mAu nudc va mau rau bang hai phuong phap
HPLC va vi cam bién tich hop thiét bj dién hoa
da ché tao duoc trinh bay trong bang 1 va bang
2.

Bdng 1. Két qud phan tich trén nén nuée

Nong do thuc (ppm) 1 5 10 20 50
Nong d6 do dugc trén HPLC | 1.18 (22.7%) | 5.11 (£1.2%) | 9.74 (x£0.7%) |19.65 (+0.4%)|50.18 (£0.9%)
Nong do do dugc trén
. . 0.7 (£5.5%) | 4.9 (£9.3%) |12.1 (£12.3%)|21.4 (£14.2%)| 49.1 (£5.9%)
thiét bi da ché tao
Bdng 2. Két qud phan tich trén nén rau
Nong do thuc (ppm) 1 5 10 20 50
Nong d6 do dugc trén HPLC | 1.29 (£2.9%)| 5.09 (£1.1%) [10.08 (£0.5%) 19.01 (+0.4%)50.36 (+0.3%
Nong do do dugc
. . 0.8 (£5.9%) | 4.8 (£9.6%) [12.5(+12.1%)21.4 (+14.3%)@9.5 (+6.3%)
trén thict bi da cheé tao
Két qua kiém tra du luong thudc BVTV c6 thé Google

dugc tinh toan tir cac dit liéu hién thi trén man
hinh may do, hodc man hinh may tinh. Tuy
nhién, chiing t6i tién hanh két ndi hé thiét bi
v6i modun dan truyén khong ddy GSM/GPRS
nhim day dir liéu nay 1én Google Drive, cho
phép hién thi tryc tiép ndng do thudc BVTV.
Giao di¢n dang nhap cho nguodi su dung la tai
khoan Google va giao dién nguoi si dung la
bang Google spreadsheet nim bén trong
Google Drive (hinh 9).

pang nhap mét lan. Truy cap tat ca.

Dang nhar

1€ tiép tuc str dung Gma

Hinh 9. Giao dién truy cdp tai khodn Google

130



L @ hitps:

/jelocs gooagle.com/spreaclsheets/el/1AReVsS 3IPIghdF S OqueeiH

= Iy [
Tép Chinhstra Xem Chén Dinhdang DIhéu Congcu Tiénichb

& e AP § % o0 002- Anal 10 B

1 NONG 80 THUGC TRU SAU
2 Ther gian Néng 44 (ppm)
3 4275410T
145840 1CT 4
5 1528271CT 8

Hinh 10. Hién thj nong d¢ thudc trir sau trén
thiét bi Client

Mbi khi thiét bi Client nhan dwoc dir lidu tir
thiét bi do, thiét bj Client s& xtr 1y dir liéu, sau
d6 gtri dir liéu qua giao thiee HTTP 1én Google
Spreadsheet cua Google Drive. Nhung Google
Spreadsheet s€ khong hién thi dir liéu dugc
ngay lap tirc. Ung dung Web duogc viét trén
nén Google Apps Script s& chuyén nhing dir
li€éu nhan dugc tur giao thirc HTTP sang giao
thee HTTPS, 1a giao thuc hgp 1€ ma Google
Spreadsheet chép nhan, khi do dir liéu s€ dugc
hién thi thanh céc cot va hang tuong tmg véi
thoi gian ma dir liéu dén dugc server.
4. KET LUAN
Cam bién sinh hoc dién hoa duge ché tao thanh
cong trén co s& polyme dan polyanilin (PANi) va
graphen (Gr) c6 kha nang phat hién thubc BVTV
ho Methamidophos. Mang PANi dugc tong hop
1én cac vi dién cuc bang phuong phap quét thé
vong tuan hoan va mang Gr duoc tong hop bang
phuong phap ling dong hoi hoa hoc (CVD), sau
do chuyén tryc tiép lén ~mang polyme dan.
Enzyme AChE dugc gan ¢d dinh 1én vi dién cuc
di bién tinh véi PANI/Gr sir dung hoi
glutaraldehyde b&o hoa. Cam bién sinh hoc dién
hoa ché tao duoc c6 kha ning phat hién thude
BVTV v6i gidi han phat hién tr 1-50 ppm, thoi
gian 10 phut trén mdi phép do va duogc so sanh
két qua do cua phép do HPLC véi sai s6 nim
trong gidi han cho phép (15%).
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