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Tém tat

Dat van dé: Cam bién sinh hoc thé hé dau tién da duoc xay dung cach day hon 50 ndm. N6 bao gébm hai
thanh phan: cac thanh phan sinh hoc va bd chuyén d6i cam bién sinh hoc cé vai trd quan trong trong viéc
theo ddi cac chat trung gian hda hoc than kinh cling nhu xac dinh cac chat cé s6 luvong rat nho trong mau.
Mat khdc, glutamate cé vai trd quan trong trong sinh hda ciling nhu trong chuyén hda va cac chat trung gian
than kinh. Thach thirc dat ra cho cdm bién sinh hoc hién dai 1a phat hién va xac dinh néng d6 rat nhé cla céc
chat chira trong mau gdm nhiéu chat phirc tap, yéu t6 nhiéu cao. V&i nhitng ly do d6, chiing t6i thurc hién dé
tai nay v&i muc tiéu: Tim ra ndng d6 nao cla polyethylenimine (PEI) thé hién tinh nhay cdm cao nhat, dic hiéu
cao va cé su 6n dinh lau dai, tir d6 phat trién cdm bién sinh hoc cé thé theo ddi ndng dd Glutamate in vitro.
DP4i twong va phwong phap nghién ciru: Ching toi thiét k& cdm bién sinh hoc cho glutamate véi néng dé PEI
khac nhau dao déng tir 0% dé&n 5%, sau dé ching t6i tién hanh chuin d6 & ngay thi 1 va ngay thi 8. Két qua:
Sau khi tién hanh chuin d6 ndng d6 Glutamate trén 5 nhém cam bién sinh hoc v&i ndng d6 PEI khac nhau
(0%, 0,5%, 1%, 2,5% va 5%), két qua nghién clru cho thay: néng d6 PEl dao déng tir 0,5% dén 1% la tét nhat
xét theo V., K, ; trong khi, PEI 1% cho thdy sy 6n dinh tuyét voi. K&t luan: PEI 1% la thiét ké t6t nhat cho
viéc phat trién cam bién sinh hoc theo ddi ndng d6 glutamate in vitro. Trong twong lai, ching tdi mong doi cé
thé phét trién duwoc cdm bién sinh hoc cé kha ning xac dinh glutamate cay ghép dwoc trén ddng vat thuc nghiém.

Tir khéa: Cém bién sinh hoc cho glutamate, polyethylenimine (PEI) tdng cudng hoat tinh glutamate
oxidase, cdm bién sinh hoc glutamate oxidase.
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THE ROLE OF POLYETHYLENIMINE
IN ENHANCING PERFORMANCE OF GLUTAMATE BIOSENSORS
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Background: The first biosensor was constructed more than fifty years ago. It was composed of the
biorecognition element and transducer. The first-generation enzyme biosensors play important role in
monitoring neurotransmitter and determine small quantities of substances in complex matrices of the samples
Glutamate is important biochemicals involved in energetic metabolism and neurotransmission. Therefore,
biosensors requires the development a new approach exhibiting high sensibility, good reproducibility and long-
term stability. The first-generation enzyme biosensors play important role in monitoring neurotransmitter and
determine small quantities of substances in complex matrices of the samples. The aims of this work: To find
out which concentration of polyethylenimine (PEI) exhibiting the most high sensibility, good reproducibility and
long-term stability. Methods: We designed and developed glutamate biosensor using different concentration
of PEl ranging from 0% to 5% at Day 1 and Day 8. Results: After Glutamate biosensors in-vitro characterization,
several PEl concentrations, ranging from 0.5% to 1% seem to be the best in terms of V, the K ; while PEI
content ranging from 0.5% to 1% resulted stable, PEl 1% displayed an excellent stability. Conclusions: In the
result, PEI 1% perfomed high sensibility, good stability and blocking interference. Furthermore, we expect to
develop and characterize an implantable biosensor capable of detecting glutamate, glucose in vivo.

Key words: Glutamate biosensors, PEI (Polyethylenimine) enhances glutamate oxidase, glutamate oxidase
biosensors.
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1. DAT VAN DE

Cam bién sinh hoc thé hé dau tién d3 duoc xay
dung cdch day hon 50 ndm [2]. N6 bao gdbm hai
thanh phan: cac thanh phan sinh hoc va bd chuyén
déi [5][6][16]. CAm bién sinh hoc dugc ng dung
réng rai trong nhiéu linh viec cudc sdng nhu: trong
y hoc, khoa hoc méi truong, trong ché& bién thuc
pham [17][18]... Mdc dU d3 ra doi tir rat 1au nhung
vé nguyén ly hoat dong co ban, van duoc ap dung
cho dén hién tai, dong thoi phat trién cac bd cam
bién sinh hoc thé hé sau nay théng minh, chinh xac,
nho gon va ddé nhay cao hon [8][12][14].

Cam bién sinh hoc |a mot thiét bj két hop mot
dau do (vi du nhu day Bach kim, Plastinum) véi mot
thanh phan sinh hoc nhu enzym oxidase [6]. V& mét
ciu tao, mot cdm bién sinh hoc bao gdbm bdn bd
phan chinh: dau do sinh hoc: ¢ tac dung bat cdp
va phat hién sy c6 méat cha cac tdc nhan sinh hoc
can phan tich; tdc nhan c6 dinh: gitp gan cac dau
thu I&n trén dién cuc; bd phan chuyén d6i tin hiéu
gilip chuyén cac bién d6i sinh hoc thanh céc tin hiéu
c6 thé do dac dwoc; bd phan x{r ly, doc tin hiéu ra
(b6 phan nay cé tac dung chuyén thanh cac tin hiéu
dién dé may tinh va céc thiét bj khac cé thé xur ly).
Glutamate la chat trung gian hda hoc quan trong
lien quan dén chuyén héa nang luong va truyén dan
than kinh.

Mat khac, ndong dd glutamate & trong n3o rat
nhd, do d6 can cé phuong tién, kj thuat mai dé phat
hién va theo ddi vdi d6 nhay va do dac hiéu cao. b6
cling chinh 13 thach thirc dat ra cho cam bién sinh
hoc hién dai dé phat hién va xdc dinh ndng do rat
nhd clia cac chat chira trong mau [12]. Do d6, mot
yéu cau dit ra |a can phai phat trién mot cdm bién
sinh hoc m&i c6 tinh nhay cdm cao, d&c hiéu va én
dinh lau dai.

Trong bdi canh nay, ching t6i d3 phat trién
cam bién sinh hoc md&i dwa trén vai tro cla
polyethylenimine (PEI) trong viéc nang cao hiéu
qua cla cac cdm bién sinh hoc thé hé dau tién.
Polyethyleneimine 1a mét polymer t6ng hop mang
dién tich duwong, n6é d3 dugc dwa vao mot sé loai
cam bién sinh hoc dé 6n dinh cic enzym, nhw
glutamate oxidase hodc glucose oxidase bang cach
tang sw 6n dinh enzyme théng qua su hinh thanh
cac phire hop polyanionic/polycationic va viéc giam
bét lwc day tinh dién gitta enzyme va co chat déu
mang dién tich am [1][3].

Chinh vi vay, ching t6i thyc hién dé tai nay véi
muc tiéu: Tim ra véi nbng dé ndo cia PEI thi cdm
bién sinh hoc cé dé nhay cao nhét, déc hiéu cao va
c6 sw 6n dinh Idu ddi, tir d6 phdt trién cdm bién sinh
hoc cé thé theo déi néng d6 Glutamate in vitro.

2. 901 TUQNG VA PHUO'NG PHAP NGHIEN CUU

2.1. Chuan bj héa chat

- Dung dich PBS 50mM dugc chuan bj bing cach
hoa tan 8,9g NaCl (0,15M), 1,76g NaH,PO, (0,04 M),
6,89g NaOH (0,04M) trong nudce 1 lit nwdc tinh khiét
va sau d6 chudn dé pH =7,4.

- Dung dich Glutamate oxidase dwoc chuan bi
bang cach hoa tan 200Ul enzyme trong 10 pL PBS
(20 kilounits/mL), bao quan & -20°C.

- PEI 5% duwoc pha loang tir dung dich PEI 50%
(w/w H,0,), bao quan & -20°C.

- Dung dich Ortho-Phenylene Diamine monomer
(monome OPD, 300mM) da dwgc hoa tan 648g OPD
trong 20ml PBS ngay trudc khi st dung [14].

- Cac dung dich glutamat c6 dac (1M) duoc
chuan bi & nuwdc cé dé tinh khiét cao ngay trudc khi
st dung nhu mé ta trudc day.

- Dung dich acid ascorbic (100 mM) dugc chuan
bi bang cach hoa tan trong HCl (0,01M).

- PU hoa tan trong THF (dung dich 1% v/v) bao
quan & -20°C.

2.2. Chuan bj cam bién sinh hoc

Cam bién dwoc chuan bj bang cach cat doan day
Pt-Ir (95%, Ir 5%) dai khodng 4 cm, sau d6 loai bo
I6p cach dién Teflon bao boc bén ngoai & 2 dau dai
khoang 2 mm [7]. S& dung kinh hién vi dé cit duoc
chiéu dai Pt-Ir chinh xac cta phan tiép dién 13 1,0 +
0,1 mm (b& mat hoat déng cla cdm bién sinh hoc).
DAau con lai dé két noi véi hé théng. Sau d6 bé mat
hoat dong cda dién cuc sé duwoc bao phl bén ngoai
[an luot cac I6p nhu d3 mo ta & Hinh 2.1.
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Hinh 2.1. Chuan bj cam bién sinh hoc
Trong nghién cru nay, ching t6i da thiét k& 15
cadm bién sinh hoc bang Platinum sau d6 chia thanh
05 nhom:
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- Nhém 1: PEI 0%, Pt/PPD/[GIqu]5 /PU 1%

-Nhém 2: PEI 0,5%, Pt/PPD/[PEI+GIuOX]5/PU 1%

- Nhém 3: PEI 1%, Pt/PPD/[PEI+GIqu]5 /PU 1%

-Nhém 4: PEI 2,5%, Pt/PPD/[PEI+GIuOX]5/PU 1%

- Nhém 5: PEI 5%, Pt/PPD/[PEI+GIqu]5 /PU 1%

Tién hanh chudn d6 Glutamate in vitro ngay thi
01 va ngay th& 08 trén ca 05 nhdm sau do, thu thap
dit liéu va phan tich két qud, so sdnh dé bén, do dac
hiéu gitta 05 nhom thiét ké. Phép do cacgid tri Vv, ,,
K, va LRS dugc thyc hién bang cach st dung thiét
bi eDAQ QuadStat, e-Corder 410, eDAQ, Australia.

2.3. Phan tich va xtr ly sé liéu

Sau khi chuan d9, cdc cdm bién sinh hoc duoc
danh gia dya trén cac gid tri V,,,, K, va LRS (linear
regressions slope, duwdng hdi quy tuyén tinh).

Phan tich s6 liéu thdng ké dua vao phan mém
GraphPad Prism 5.02.

3. KET QUA
Chung t6i d3 tién hanh nghién ciru anh hudng
cUa ndng d6 PEl khac nhau tir 0% dén 5% déi véi cac

cam bién sinh hoc cho glutamate. Mi nhém gdm 3
b6 cdm bién sinh hoc (n = 3). Trong nghién cru nay,
nhitng thay d6i cla céc théng s6 Michaelis-Menten
(Viae K,) va LRS da dugc ghi nhan.

3.1V,

Nghién ctru tién hanh so sanh gia tri Vi CUA
thiét ké co ban (PEI 0%) (nhém chirng, n=3) va céc
nhém khac (PEI 0,5%, 1%, 2,5%, 5%, n = 3). Gia tri
V. trung binh + SEM duoc thé hién trong Biéu do
3.1. Tr két qua cho thay, ndng dé PEI tir 0,5% dén
5% c6 gia tri V,,,, cao hon so v&i nhém chirng (PEI
0%). Tai ngay th nhat, V,  trung binh + SEM dat
duoc gia tri cao nhat véi thiét k& PEI 0,5% (527,90
+24,120 nA, R,=0,896). Vao ngay 8, gia tri VMAxvgn
duogc duy tri & mirc cao dang ké so véi nhém chirng
& ndng dd PEI 0,5% dén 2,5%. O nbng d6 PEI 1a 0%
va 5%, V,,,, gidm dang ké & ngay 8 (p < 0,05). Vi vay,
cac cdm bién nay khdéng 6n dinh theo thoi gian. Do
do, tir s6 liéu théng ké cho thay, pham vi cha PEI tir
0,5% dén 1% la tot nhat xét vé vV, va tinh 6n dinh
cla no theo thoi gian.
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Biéu d6 3.1. Gid tri V, , trén 5 nhém nghién ctru

3.2.K,

Céc gia tri trung binh K, + SEM dugc thé hién
trong Bi€u d6 3.2. Vi PEI 1%, gia tri K, thap hon so
v&i nhdm chirng & cd ngay 1 va ngay 8 (ngay 1: 0,601
+0,066 mM, R, = 0,980, nhom chirng: 0,891 + 0,083
mM, R, = 0,985), (ngay 8: 0,612 £ 0,054 mM, R =
0,985, nhdm chirng 0,909 + 0,103 mM, R, = 0,978).
Chuing t6i khdng quan sat thay su thay d6i dang ké
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cla K, & nong dé PEI 1% vao ngay 8. Diéu nay cho
thay cé mot sy 6n dinh t6t theo thoi gian cla PEI
1%. O nhitng nbng d6 PEI khac gia trj cta K,, dao
dong nhiéu. Gia tri K, thay d6i khong ti 1& voi ndng
d6 PEl, dao dong twr 0,065 + 0,117 mM, R,=0,943
dén 1,651 + 0,196 mM, R,=0,979. Chi s6 K da 6n
dinh theo thoi gian vdi PEI 1%.
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Biéu d6 3.2. Gia tri K, trén 5 nhém nghién cttu

3.3. Linear Region Slope

Vao ngay 1, gia tri LRS & tat ca cac ndng dd cla PEI (tlr 0,5% dén 5%) trong thi nghiém cao hon dang ké
5o véi nhdm chirng (PEI 0%). Vao ngay 8, PEI tir 0,5% dén 2,5% cho thay gid tri LRS cao hon nhém chirng (PEI
0%). Néng d6 PEI 1% c6 gia tri LRS cao nhat 0,0004 + 0,0001 nA mM-! (R,=0,999) & ngay 1 va 0,0003 + 0,0002
nA mM™ (R, =0,999) trong ngay 8. Do dd, chirng minh rang chi c¢é PEI 1% cho thay sy 6n dinh cao.
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Biéu do 3.3. Gia trj Linear Region Slope trén 5 nhém nghién ctru

4. BAN LUAN

4.1.V,,

T k&t qua nghién ctru cho thay, rd rang su gia
tadng ndng do PEI d3 lam tdng gid tri cda V. trong
khoang PEI tir 0,5% dén 2,5%. V,,,, |a thong s6 biéu
thi s6 lwgng cac phan tlr enzym hoat tinh lang dong
trén cac bé mat cla cdm bién sinh hoc. Su hién dién
clia PEl din dén sy gia ting gia tri cla V\ux SO VO
nhém cdm bién sinh hoc co ban (nhém chirng PEI

0%). Do d6, PEl da hoat dong nhu mot chat “tang
cuwdng hoat déng cla enzyme”. Trén thyc té, diéu
nay d3 duoc khang dinh bang cac nghién clru trudc
day PEI xac dinh sy gia tang V, , d6i v&i cdm bién
sinh hoc [9][11][13]. Hon thé& nita, & néng d6 PEI
0,5% va 1%, gia tri V, . c6 sy 6n dinh theo thdi gian,
c6 thé do sy 6n dinh tinh dién cla enzyme. Do d4,
néng dé PEl tlr 0,5% dén 1% la tét nhat xét trén
phuong diénVv,, ..
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Glu™

Hinh 4.1. Twong tac tinh dién gilta glutamate oxidase (GluOx, 140 kDa, polyanionic)
v@i polyethyleneimine (PEI, 750 kDa, polycationic) [9].

4.2.K,

Véinong dé PEI 1%, gia tri K, thap hon & ngay 1
(0,601 £ 0,066 mM, R2 = 0,980) va cd & ngay 8 (0,612
+0,054 mM, R, =0,985) so v&i nhém chirng (ngay 1
(0,891 + 0,083 mM , R2 = 0,985) va ngay 8 (0,909 +
0,103 mM, R2 = 0,978). biéu nay cho thdy gia tri K,
cling c6 mdt sy 6n dinh tot theo thdi gian. Nghién
cru cla McMahon va cdng su viéc cling d3 két luan
viéc sir dung PEI da lam gidm déng ké gia tri K, (0,65
+ 0,05 mM, PEI, n = 20) so v&i nhdm khéng sir dung
PEI (5,4 + 0,7 mM (n = 45, p < 0,001), ly gidi cho hién
twong trén 13 vai trd cha PEl (tich dién dwong) trong
viéc giam bét lywc day tinh dién gitta enzyme va co
chat déu mang dién tich &m [10][15]. PEI gitip gidam
rao can dién tir gitta cdc enzym va co chat tir d6 lam
gidm dang ké gia tri K .

4.3. Linear Region Slope

Vao ngay 1, LRS & tat cd cdc nong dod cua PEI
duoc sir dung trong thi nghiém cao hon dang ké so
v@i nhém chirng. Vao ngay thi 8, PEI tir 0,5% dén
2,5% cho thay gia tri LRS cao hon nhém chirng. Vai

néng d6 PEI 1% thi LRS c6 gia tri cao nhat 1a 0,0004 +
0,0001 nA mM™ (R, = 0,999) trong ngay 1 va 0,0003
+0,0002 nA mM™ (R, = 0,999) trong ngay 8 so Voi
tat ca cdc nhdm con lai. So sdnh v&i nghién clru clha
Ford va céng su cling cho thay viéc st dung PEI [am
tang su 6n dinh theo thoi gian clia cdm bién sinh hoc
[4]. Do d6 chung t6i khang dinh rang, chi cé PEI 1%
cho thay su 6n dinh cao.

5. KET LUAN

Sau khi so sdnh cdc nhdm thiét ké cdm bién sinh
hoc cla Glutamate in vitro, ching téi nhan thay
néng dé PEI tir 0,5% dén 1% la tét nhat néu chidya
trén gid tri v, ., K va dong thoi si dung nong do
PEI dao dong tir 0,5% dén 1% dan dén 6n dinh. PEI
1% cho thay sy én dinh cao vdi gia tri LRS cao nhat
ca ngay 1 va ngay 8.

Do d6, ndng d6 PEIl 1% la lwa chon t8i wu nhat
cho viéc theo d&i ndng d6 glutamate trong co thé
V@i d6 nhay, d6 dic hiéu cao va tinh én dinh theo
thoi gian.
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