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SUMMARY

SYNTHESIS OF NANOSTRUCTURED Fe;0,@C CORE-SHELL WITH PEROXIDASE-
LIKE ACTIVITY AND ITS APPLICATION FOR FABIRCATION OF COLORIMETRIC
CHOLESTEROL BIOSENSOR

In this study, we presented the results of the research on the fabrication of Fe;04 nanoparticles coated with
carbon layer (nanostructured Fe;O,@C material) via a simple route. The peroxidase-like catalytic activity
of Fe;0,@C was evaluated using Michaelis — Menten and Lineweaver-Burk model. Results indicated that
Fes0,@C had strong peroxidase-nanozyme activity than that of horseradish peroxidase (HRP) —a natural
enzymee. Therefore, the synthesized of Fe;0,@C nanozyme was applied to replace of HRP for combining
with cholesterol oxidase enzymee (ChOx) to fabricate of a colorimetric biosensor for cholesterol detection.
Obtained results showed that the developed biosensor had high selectivity, and it coud detect cholesterol in
a linear range of 0.05 to 1.5 mM and with the limit of detection (LOD) was 0.01 mM. The developed
biosensor could also detecte cholesterol in real samples (human serum sample), which implied that the
cholesterol sensor performed well in complex environments, demonstrating its high application potential to
replace of HRP in developing of biosensor for cholesterol concentrations in real samples.

Keywords: nanozyme, peroxidase, enzymeatic biosensor, Fe;0,@C nanostructured material, colorimetric
detection.

két hop vai cholesterol tu do trong mau

1. MO PAU o P
va van chuyén vé gan xur ly, vi vay néu

Cholesterol cé danh phap theo IUPAC la
(3p)-cholest-5-en-3-ol, cong thirc phan tir
la Co7H460, 1a mot steroid c6 mau vang
nhat, c6 & mang té bao ctia cac mé trong
co thé, va duoc van chuyén trong huyét
tuong. Trong gan, cholesterol két hop voi
protein tao ra hai dang lipoprotein la LDL
(lipoprotein c6 trong lwong phan tir thip)
va HDL (lipoprotein c6 trong luong phan
tr cao) va duoc van chuyén vao dong
méu. HDL mang it cholesterol nén c6 thé

ham luong HDL trong mau cang cao thi
cang giam nguy co mic bénh mach vanh.
Nguoc lai, LDL chira nhiéu cholesterol va
I& nguyén nhan hinh thanh cac mang xo
vita trén thanh cdc dong mach noi chung
va cac dong mach vanh tim noi riéng (goi
1a xo vita dong mach) 1am hep hay tic
long mach mau nudi dudng co tim gay ra
cac con dau tim [1-2]. Vi vay xét nghiém
cholesterol trong méu la chi s quan trong
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trong kiém tra stc khoe. Hién nay, xét
nghiém cholesterol hién dang 4p dung la
theo phuwong phap so mau bang viéc sir
dung enzymee cholesterol oxidase
(ChOX) dé oxi hda cholesterol tao ra H,O»
va cholest-4-en-3-one theo phan tng;:

cho
Cholesterol + O, + H,0 = Cholest —
4 —en — 3 —one + H,0, 1)

H.0, sinh ra dugc dinh luong dua trén
phan ung gitta H,O, va 3,3°,5,5-
tertramethylbenzidine (TMB) tién hanh
dudi sy xuc tac cia enzymee horseradish
peroxidase (HRP) lam TMB tir dang khtr
(TMB,eg) khbng mau sang sang oxi hoa
(TMBox) €0 mau xanh dac trung theo
phén trng:

HRP
H,0; + TMB(eqy — TMB(,y) + H,0 (2)

Cuong d9 ciia mau xanh ty 1¢ v6i nong do
H,0,, tic cling twong tmg véi ndng dod
cua cholesterol. Tuy nhién enzymee HRP
dé bi anh huéng bsi nhiét do, anh sang
hay pH,...d?m dén viéc mét hoat tinh. Do
dé viéc nghién ctu st dung cac hat nano
v0 co €O hoat tinh nhu HRP (nanozyme
peroxidase), ching hoat dong 6n dinh
hon, bén hon, dé bao quan hon va c6 hoat
tinh xGc tac cao hon dé thay thé cho
enzymee HRP tu nhién la hudng quan
trong cho cac tng dung sinh hoc va cam
bién sinh hoc[3-10].

Trong nghién clru nay, chung t6i trinh
bay két qua nghién ctru ché tao va tng
dung hat nano Fe3O4 boc bdi 16p carbon
(Fe304@C) c6 hoat tinh xtc tac nhu HRP,
dé két hop chdng cling véi enzyme ChOXx
tao ra cam bién sinh hoc so mau phan tich
cholesterol. Viéc boc cac hat FesO4 bang
16p carbon vd dinh hinh nham han ché
viéc hoa tan cua Fe3O4 trong moi truong
acid, ngoai ra viéc boc carbon cling lam
giam sO tam xUc tac Fe'" giap cho hoat
tinh xuc tac 6n dinh hon va cé tinh chon
loc hon.
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2. THUC NGHIEM
2.1. Héa chit, dung cu

NH4)2Fe(SO4),.H20, FeCl3.6H,0; glucose
(CsH120¢), NaOH; natri acetat
(CH3COONa); acid acetic (CH3COOH,
99%); dung dich amoniac (NHs;, 30%);
ethanol (C;HsOH); dung dich hydrogen
peroxide (H»O,, 30%); saccarozo; acid
ascorbic; ure 1a cac hoa chét tinh khiét
(AR) cua Trung Quéc. 3,355
tetramethylbenzidine (TMB), cholesterol
(C27H460, > 99%), enzymee cholesterol
oxidase (ChOx, hoat d0 > 20 units/mg
protein, chiét tir Streptomyces sp.) dugc
cung cap bai Sigma Adrich (Pic). Dung
dich dém acetat (pH4) duoc pha tir mudi
natri acetat va dung dich acid axetic.
Dung dich TMB néng d6 20 mg.mL™
dugc chuan bi bang cach hoa tan 20 mg
TMB dang bét trong 1 mL ethanol.

2.2. Tong hop vat liéu Fe;0,@C céu
truc 16i vo

Vit liéu Fes0,@C ciu trac 161 vo duoc
téng hop qua quy trinh hai budc. Budc 1,
can 11,89 g FeCl;.6H,O0 va 8,63g
(NH4)2Fe(S04)2.6H,0 va cho vao cbc, bd
sung thém 100 mL nudc cit dé hoa tan
hai mudi tao thanh dung dich trong subt.
Dung dich dugc gia nhiét dén 80 °C rdi
cho tir tr dung dich NH3 10% vao hén
hop dén pH = 8 thi ding lai. Két tua
FesO; mau den dugc hinh thanh. bé
nguodi hon hop, dung nam cham tach két
tha, rira bang nudc cit va ethanol thu
duoc hat FesO4 mau den. Budce 2, can 10
g glucose dem hoa tan trong 30 mL nudc
cat, cho dung dich vao cdc dung két tua
Fes04 thu duoc ¢ budc 1. Hon hop duoc
khqu tron, si€u am va sau do cho vao
autoclave, dem thuy nhiét & 160°C trong
8h. Pé ngudi autoclave, ding nam cham
tach ldy két tua den, dem rtra bang nudc
cat va ethanol, sy kho va nghién min thu
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duoc hat nano Fe;0,@C cau trac 16i vo
dé lam xuc tic. Xac tac nay sau do duogc
phan tan vao nuéc cit véi ham luong 2
mg.mL™* dé sir dung.

2.3. Khdo sat hoat tinh nanozyme
peroxidase cia vat liéu Fe;0,@C

Lay cac 6ng Eppendorf, cho vao dé lan
luot 1 mL dém acetat, 50 pL hon hop xdc
tac Fe;0,@C, 50 pL dung dich TMB va
50 pL dung dich H,0,. Dé khao sat dong
hoc va cac hang s6 nanozyme, nong do
H,0, va TMB sé& thay d6i. Lic déu cac
hdn hop biang may Vortex va dé yén dé
phan Gng xay ra trong 45 phat. Sau do
hdén hop dugc ly tim, bo chat ran, lay
dung dich di do UV- Vis, iy gia trj do
hap thu quang tai budc song A = 652nm
(ky hiéu 1a Ags,) dé 1am tin hiéu.

2.4.Ché tao
cholesterol

cam bién sinh hoc
Chuan bi 6 dng ependorff, cho vao mdi
6ng 100 uL dung dich lan luot cac chét
glucose, saccaroso, acid ascorbic,
galactose, nudc cat, cholesterol nong do
0,5 mM. Tiép d6 thém vao mdi dng 10uL
ChOx (2 mg mL™), 90uL dém PBS, lic
déu bang may Vortex va dé phan tng
trong 30 phlt ¢ nhiét do 37 °C. Sau do,
cho tiép vao mdi 6ng Eppendorf trén 1mL
dém acetat (pH4), 25uL Fe;0,@C va
50uL dung dich TMB. Lic déu bang may
Vortex va dé phan tmg thyc hién tai nhiét
d6 40°C bang bé 6n nhiét trong 25 pht.
Sau d6 dem cac mau ly tm bo chat rin,
lay dung dich di do UV — Vis va lay cac
gia tri Ags; dé dénh gia do chon loc cia
cam bién. Dé xay dyng duong chuan phan
tich cholesterol, quy tinh tién hanh tuwong
tu trén, nhung cac 6ng Eppendorf duogc
thém vao 100puL dung dich cholesterol
v6i cac néng do khac nhau: 0; 0,01; 0,1;
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0,3; 0,5; 1,0; 1.5 va 2 mM; tuong tu vdi
cac mau thuc.

3. KET QUA VA THAO LUAN
3.1. Piac trung vat liéu Fe;0,@C

Pho XRD cuia Fe;0, (hinh 1A, duong a)
cho thiy cac hat st tir FesO, don pha
vai 6 dinh nhidu xa & 30,1°, 35,4°, 43,1°,
53,4°, 57,0° va 62,5° tng v4i cac mat
nhidu xa (220), (311), (400), (422), (511)
va (440) dac trung cua Fe;0,4 Cac peak
ndy van quan sat dugc rd rang trén pho
XRD cua vat liéu FesO,@C (hinh 1A,
duong b); tr d6 khiang dinh da hinh
thanh cua pha tinh thé spinel tir cua
nano Fe;O4 trong ca hai vat liéu. Tuy
nhién, cuong d6 cac peak tuong wng &
mau Fe304@C thip hon va do sic nét
kém hon so véi mau khong boc carbon
chang to trong vat liéu Fes04@C, tinh thé
FesO, van giit nguyén ciu trac, con
carbon hinh thanh ¢ dang v6 dinh hinh.
Puong cong tir hoa (VSM) cua Fe;O4 va
Fe;0,@C (hinh 1B) cho thiy ching déu
la vat liéu siéu thuan tur vai do tir hda béo
hoa (Ms) lan luot 13 55,198 emu g™ va
44,968 emu g*. Vo carbon vé dinh hinh
boc bén ngoai cua vat li¢u 1a khong co tur
tinh vi vdy tinh chat tir cia vat liu
Fe;0,@C la do Fe;O, thé hién, viéc boc
Ién 16p phu da lam giam d¢ tu hoa cua
Fe;0,@C so véi khong boc. Véi tinh chat
tr manh, vat liéu Fes0,@C sé dé dang
tach ra khoi dung dich sau khi phan tng
nho tir trudng ngoai va tai sa dung. Anh
TEM cua mau FesO, khong boc carbon
(hinh 1C) cho thdy cac hat két ty kha
manh trong khi d6 voi mau Fe;0,@C
(hinh 1D) cho thay vat liéu c6 cau tric 16i
VO 10 rang, trong d6 16i 1a cac hat Fe3Oy
¢6 kich thudéc khoang 30 + 40 nm duoc
boc bén ngoai boi I6p vo cacbon day c&
1,2+15nm.
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Hinh 1. (A) Ph6 XRD va (B) dwong cong VSM ciia (a) Fes0, va (b) Fes0,@C; (C, D) TEM ciia Fe;0, (C)
va Fe;0,@C (D).

3.2. Hoat tinh nanozyme cta vat liéu
FE3O4@C

Phé UV-Vis ciia hé phan ung TMB +
H,0, dudi su xuc tac cua FesO,@C voi
nong d6 H,0, thay dbi (hinh 2A). Dé xéac
dinh céc théng sé dong hoc cua nanozyme
chdng t6i st dung phuong trinh Michaelis

. — VimaxX[C]
—Menten: v = KotlC] (3)
va Lineweaver-Burk:
1 1 K. 1
-= X — 4
v Vmax + Vmax [C] ( )

v6i v 14 véan toc cua phan ung (dugce xac
dinh tir nong d6 TMB da bi oxi héa va
thoi gian phan ng), Vimax 12 véan tc 16n
nhat ctia phan tng, [C] 12 ndng d6 co chat
va Ky, 1a héng s6 Michaelis. Héng s6 Knm
cang c6 gia tri nho dan dén 4i lyc cia xuc
tac v6i co chat cang cao [1-9]. Két qua
tinh toan dugc v&i co chit HpO, theo
phuong trinh Michaelis — Menten (hinh

12

2B) va theo phuong trinh Lineweaver-
Burk (hinh 2C) cho thiay Fe;0,@C c6
hoat tinh nanozyme peroxidase d6i véi co
chit HyO, €0 Vimax = 4,29x108 (M s va
Km = 0,15 mM. So sanh vé41 cac xuc tac
khac c6 hoat tinh giéng peroxidase nhu
GO-COOH (Km = 3,99 mM)[8],
FegHg(PO4)6.6HZO (Km = 0,41 mM) [8]
hay FeWO, (K = 0,59 mM) [10] co thé
thay Ky, cua vat lieu Fe;0,@C dbi véi
H,O, bé hon va bé hon ca K, cua
enzymee HRP (K, = 0,214 mM) [6-10]
ching to xtc tac nanozyme Fe;0,@C co
hoat tinh manh. Song song véi Ky, bé thi
Vmax khi dung FesO,@C nanozyme ciing
cao hon so véi GO-COOH (Vmax =
3,85x10%  M.s™) [8], FeWO; (Vimax
2,18x10° M.s?) [10] hay so véi
enzymee HRP (Vmax = 2,46x10° M.s™)
[8]. Cac két qua nay cho thay hoat tinh
xUc tac peroxidase rat tot cia nanozyme
F8304@C.
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Hinh 2. (A) Pho UV-Vis cua hé véi cac nong do H,0, khdc nhau, (B) dwong cong Michaelis — Menten va
(C) do thi Lineweaver-Burk ciia nanozyme Fe304@C voi co chdat H,0,.

3.2. P chon loc ciia cam bién sinh hoc
cholesterol

Trong 6 thi nghiém trén, moi trudng phan
g trong cic hé giéng nhau, cic co chat
duoc chon vi sy hién dién cia nd trong
cac mau thuc thuong di v6i nhau nhu
trong mau. Vi vay khédo sat do dac hiéu dé
kiém tra kha ning chon loc co chit cua
cam bién ciing nhu danh gia kha ning
nhiém chéo khi phan tich. Hinh 3A trinh
bay phé UV-Vis cta cam bién véi cac co
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succrose). Cu thé hoa Ags; (hinh 3B) thi tin
hiéu thu dugc tir & mau "nhiéu" hay mau
"trang" déu nho hon rat nhiéu (khoang 5,5
1an) so v&i mau (f) thé hién d6 chon loc tbt
ctia cam bién sinh hoc.
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Hinh 3. (A) Phé UV-Vis va (B) Ags; ciia cdm bién véi cac mau phan tich: (a) acid ascorbic, (b) glucoso,
(c) galactose, (d) nudc, (e) saccharose va (f) cholesterol, (C) Phé UV-Vis va (D) duong chuan cua cam
bién vdi nong do cholesterol khac nhau.
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V6i co chat 1a cholesterol khi nong do
tang, cuong do peak hap thu tai budc song
652nm ctia cam bién tang tuyén tinh (hinh
3C), tuong tng la mau dung dich cling
dém Ién (hinh chén, hinh 3C). Xay dung
duong thang quan hé giira ndng do
cholesterol (tir 0 mM dén 2 mM) va gia tri
Ags, thu duge duong chuin cta cam bién
sinh hoc cholesterol (hinh 3D). Nhu vay,
cam bién sinh hoc ché tao dugc c6
khoang phan tich tuyén tinh tir 0,05 mM
dén 1,5mM vé6i phuong trinh duong
chuan la:

Ass» = 0,600*[Cholesterol] + 0,057; R? =
0,926 (5)

Trong do6: [Cholesterol] 1a ndéng do
cholesterol trong mau, tinh theo mM. Gidi
han phat hién (LOD) la 0,01 mM (tai S/N
> 3) va gidi han phan tich (LOQ) ¢& 0,05
mM. Co thé thay do nhay, d6 chon loc
ctia cam bién ché tao duoc kha tdt voi
cholesterol, khoang tuyén tinh ciing kha
rong cho phép ung dung dé phan tich
nong do cholesterol trong cac mau thuc
v6i d6 pha loang khic nhau dé han ché
anh hudng cta cac enzymee va protein trc
ché hoat dong ctia ChOx[1-2].

3.3. Thir nghiém trong miu thuc

Pé khao sat tinh tng dung cua cam bién
sinh hoc, ching t6i sit dung dung dich
huyét thanh ngudi (human serum) pha
lodng 10 1an 1am mau cholesterol; bén
canh do néng do cholesterol ciing dugc
thém vao dung dich serum dé lam cac
mau thém chuan (mau spike). Muc dich
cua viéc pha loang la de giam thiéu ndng
do6 céac tap chat trong mau thyc (do mau 1a
mot dung dich gdm c6 nhiéu chat khac
nhau) khong anh huong dén hoat dong
ctia cam bién; n goai ra viéc pha loang con
gilp dam bdao noéng do cholesterol trong
miu nim trong khoang tuyen tinh cia
duong chuan (do mau ngudi ¢ thé chira
néng do cholesterol vuot qua khoang
tuyén tinh cam bién). Phdé UV-Vis cua
cam bién tng voi cac mau spike thé hién
trén hinh 4A, mau cua céc dung dich cling
lén mau (hinh 4A, hinh chén,) cho thay
khi ting nong do choleterol thém vao thi
cuong do peak tang, mau dung dich cling
dam dan. D6 thi phuong phap thém chuan
dugc trinh bay ¢ hinh 4B ta x4c dinh dugc
noéng do cholesterol trong mau la 0,413
mM sau khi pha lodng 10 1an. Vay ndng
d6 cholesterol trong mau thuc la 4,13
mM, nam trong khoang an toan[1-2].

0.6 0.15 4
(a) (b)
Ch Spiked C
0.5 Eeaams Ll . > 2
5 <
=3 Si-- 20mM o
© . k . R Q 0.124
. c
O 044 PR 3| —10mm ©
8 / \ 5| —o5mM el u
. .§ L
(] H 8
2 osf H e
- 5 <
O . 0.09 -
< '
C=0413mM P
r |\> T T T 1
-1.0 05 0.0 0.5 1.0 15 2.0

T T T T T 1
500 600 700 800

Wavelength/nm Spiked Cholesterol Concentration/ mM

Hinh 4. (4) Ph6 UV-vis cia cam bién ciia mau serum va cac mau spiked theo phuong phap thém chudn
dinh lwong cholesterol VA (B) dwong chudn tir phwong phdp thém chudn.
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4. KET LUAN

Chung t61 da thyc nghiém ché tao duoc
vat liéu Fes0,@C c6 céu tric 15i vo, 18i la
hat nano Fe3Oy (kich thude 30 + 40nm) va
v6 carbon (day 1,2 + 1,5nm) vdi cac dac
trung da duoc khao sat bang phé XRD,
VSM va anh TEM. Vit liéu Fe;0,@C
cAu trac 161 vo ¢6 hoat tinh xuc tac twong
tu enzymee HRP da dugc khao sat theo
mé hinh Michaelis — Menten va
Lineweaver-Burk  cho  hiang s
Michaelis(K) d6i v6i co chat H,O, la
Km = 0,15 mM cho thidy nanozyme
Fe30,@C c6 hoat tinh peroxidase rét tot.
Ching t6i cling da st dung nanozyme
Fe;0,@C thay thé HRP trong ché tao cam
bién sinh hoc so mau cholesterol véi két
qua cho théy cam bién ché tao duoc co do
chon loc cao, do nhay tdt, khoang tuyén
tinh phu hgp, c6 kha nang hoat dong tdt
trong moi trudng phirc tap nhu huyét
thanh. Nhu vay, voi vat liéu Fes0,@C
nanozyme co hoat tinh xtic tac tot, c6 thoi
gian bao quan lau, c6 kha ning thu hoi sé
han ché chat thai rén y té...nén nanozyme
nay c6 nhiéu trién vong tmg dung dé thay
thé enzymee HRP trong ché tao cam bién
sinh hoc ndi riéng va cac phan tng sinh
ho& ndi chung.
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