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Tém tit
Muc tiéu: Ché tao que tht sac ky mién dich (lateral flow immunoassay - LFIA)
co ché sandwich phat hién Ochratoxin A (OTA) trong ngd va gao. Phwong phdp
nghién civu: Dé san xuat que thir LIFA sandwich, doc t& OTA sé& dugc gin BSA
va bién doi thanh OTA-BSA. Liic ndy OTA-BSA s& c6 chtic niang kép vira két hop
v6i khang thé khang BSA trén mang cong hop, vira két hop voi khang thé khang
OTA trén test line dé tao thanh co ché sandwich. Két qud: Gio1 han phat hién ctua
que thu 1a 4,0 pg/L cho OTA trong dém Phosphate Buffered Saline (PBS). B¢ lap
lai 1a 5/5 d6i voi 5 nong do thir nghiém va d6 6n dinh 13 3 thang khi que thir duoc
bao quan & 4°C va 25°C. Két Iudn: Ché tao thanh cong que thir LFIA sandwich
phat hién nhanh OTA trong ngd va gao.
Tir khéa: Que thr sic ky mién dich; Sandwich; Ochratoxin A.

DEVELOPMENT OF A SANDWICH LATERAL FLOW IMMUNOASSAY
TO DETECT OCHRATOXIN A IN CORN AND RICE

Abstracts

Objectives: To fabricate a highly sensitive sandwich-based lateral flow immunoassay
(LFIA) for the detection of OTA in corn and rice. Methods: To produce a sandwich LFIA,
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OTA toxin will be attached to BSA and converted into OTA-BSA. OTA-BSA is
captured by both anti-BSA antibody on the conjugate pad and anti-OTA on the test
line to form a sandwich structure. Results: The limits of LFIA for the detection
were 4.0 ng/L for Ochratoxin A in Phosphate Buffered Saline (PBS) buffer, and
the repeatability was 5/5 for 5 tested concentrations of OTA. The stability of LFIA
was 3 months when it was stored at 4°C and 25°C. Conclusion: A sandwich-based

LFIA for rapid detection of OTA in corn and rice was successfully developed.

Keywords: Lateral flow immunoassay; Sandwich; Ochratoxin A.

PAT VAN PE

Ochratoxin A 1a déc t& ndm moc
quan trong va manh nhét, duoc san sinh
boi cac loai ndm Aspergillus va Penicillium.
Co quan Nghién ctru Ung thu Qubc té
da phan loai OTA la chét gay ung thu
nhoém 2B [1], chat gay 6 nhiém trong
nhiéu loai thuc phém chua ché bién nhu
ngii cdc, cac loai hat, ca phé... Néu con
ngudi an phai thue pham nhiém OTA s&
gdy nguy hiém nghiém trong t&i sirc
khoe. Pé bao vé siac khée cho con
nguoi, viéc phat hién thuc phém b1
nhiém doc t6 ndm moc OTA 1a can thiét.

Dé phan tich OTA trong thuc pham,
mot s6 phuong phap phan tich nhu sac
ky 1éng hiéu nang cao (HPLC), sic ky
long khéi phd (LC-MS/MS), sic ky khi
khéi pho (GC-MS) va xét nghiém mién
dich hép thu lién két véi Enzyme
(ELISA) da dugc st dung [2]. Cac
phuong phép trén chi lam dugc & phong
thi nghiém lon. Mgt xét nghiém lam
ngay tai hién truong dua trén phan ing
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khang nguyén - khang da dugc nghién
ctru va phat trién. Tai Viét Nam, tac gia
Téng Pirc Minh va CS (2024) d3 nghién
ctru vé que thir phat hién OTA va phat
trién duoc bod sic ky mién dich canh
tranh dé phat hién OTA trong ca phé [3].
Theo tim hiéu ctia nhom nghién ciru,
hién nay, tai Viét Nam, hoan toan chua
c6 cong trinh nghién ctru nao vé phat
trién que thir LFIA sandwich phét hién
OTA trong ngo, gao. Do vay, nghién
ciru nay dugc xem nhu cong trinh
nghién clru mdi tai Viét Nam va duoc
thuc hién nham: Ché tao que thir LIFA
co ché sandwich dinh hwéng phdt hién
OTA trong ngo va gaqo.

POI TUQONG VA PHUONG PHAP
NGHIEN CUU
1. Poi twong nghién ciru
Hat nano vang dugc gan khang thé
don dong dé ché tao LIFA phat hién
nhanh OTA trong ng6 va gao.
* Vat liéu nghién ciru: Poc té ndm
méc OTA.
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* Héa chat, vat tw tiéu hao: Khang thé
don dong khang OTA (GMP-SMT-147-
Ab-1; Genemedi Trung Qudc), Anti-
OTA monoclonal antibody (3C5) ID
Covalab mab0029); Anti-OTA Polyclonal
antibody (Rabbit Polyclonal Antibody
(Cat # BP666 Phap); khang thé don
dong khang BSA (Bovine Serum Albumin)
(abx179053; abbexa M¥), khang nguyén
OTA (01877; Sigma DPric), khang nguyén
AFB1 (Cat # MMS1003; Fribolab);
PBS (Phosphate Buffered Saline; Merck
buc), CDI (1,1'-Carbonyldiimidazole;
Merck Dtuic). Mang nitrocelullose
(HF075MC100; HF090MC100;
HF120MC100; Merck bDuc); mang
cong hop (Standard 17 whatman; USA).

* Thiét bi nghién ciu: Hé thoéng
phun, trai khang thé Camag-autokun
(Hangzhou autokun technology - Trung
Quéc); may ciat que thar (Hangzhou
autokun technology - Trung Qudc).

Y Anti-0TA

* Thoi gian va dia diém nghién ciru:
Tu thang 01/2022 - 01/2025 tai Khoa
V¢ sinh quan do1, Hoc vién Quan vy.

2. Phuwong phap nghién ctu

Tham khao tir tac gia Wong RC [4]
chung t6i xay dung 1én quy trinh ché tao
que thir phat hién nhanh doc t6 ndm
mdc OTA.

Khang thé khang OTA duogc c¢b dinh
trén test line. Khi chat long di chuyén
dén mang cong hop, hat nano vang
duoc gin khang thé khang BSA sé& giai
phong va lién két voi BSA (BSA da
duoc gin véi khang nguyén muc tiéu
OTA trong qua trinh xir Iy mau). Cac
phtc hop hinh thanh s& di chuyén dén
mang va dugc khang thé khang OTA bat
gilt & vach test line. Khi vach test line
chuyén sang mau d6 1a mau duong tinh,
con khi khong xuét hién vach test line
12 mau am tinh.

L b

Anti - mouse hodc - -
Anti - Rabbit Nong d6 OTA cao B Tin hiéu
mau trén Test line ddm
Y Anti-BSA ‘g
@ A il Néng d6 OTA thip =P Tin hiéu
mau trén Test line nhat
& BsA E
¢ OTA L Y{(

MaAu 4m tinh

Hinh 1. So d6 minh hoa LIFA dong chay bén.
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* Toi 1w hoa cdc théng sé xét nghiém.:

- Gan khang thé 1én hat nano vang va
xac dinh gio1 han phat hién cua que thu:
Luong khang thé don dong khang BSA
khac nhau dugc thém vao v6i nong do
la 5,0 pg/mL, 7,5 pg/mL, 10 pg/mL,
12,5 pg/mL trong 100uL nano vang.

Sau khi tim dugc nong do khang thé
t6i vu dd bao phu lén hat nano vang,
chung t6i khao sat giai ndong do khang
nguyén OTA 1a 0 pg/L, 2 pg/L, 4 pg/L,
8 ug/L, 20 pug/L dé tim giéi han phat
hién cua que thu.

Panh gia mau dat: Nong do khang
thé t6i vu (ndng d6 khang thé tao ra do
nhay cao nhit) 1a mau c6 cuong do tin
hiéu mau sic trén test line ddm nhat khi
thr nghiém trén mau duong tinh co
ndng do khang nguyén 1a 8 ng/L.

- Lua chon loai mang nitrocellulose:
3 loai mang HFO75MC100, HFO90MC100,
HF120MC100 duoc so sanh vé cudng
do tin hi€u mau ¢ vach thir nghiém va
tbc do dong chay dé tim mang tdi vu
cho phat hién OTA. Khang thé khang
OTA duoc phun 1én mang va cit thanh
dai rong 3mm. Dung que thu véi 3 loai
mang va thir nghiém véi nong do khang
nguyén 8 pg/L.

Panh gia mau dat: Mang phu hop
nhét sé& tao ra cuong do tin hiéu mau
dam nhat trén duong thir nghiém.
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- Lwa chon cip khang thé phu hop
cho LFIA dé tang d6 nhay cia que thir:
Ba khang thé khang OTA khéac nhau da
dugc dua vao thr nghiém dé tim ra
khang thé twong thich nhat tao ra cuong
do tin hiéu mau cao nhit & test line.
Kiém tra hiéu suat ciia xét nghiém bang
phuong phap dipstik. 3 khang thé bat
gitt dugc phu trén mang nitrocellulose
la: Anti OTA (OTA antibody 3C5
Covalab mab0029-P), Anti OTA (BP
666 Biotrend), OTA (GMP-SMT-147-
Ab-1; Genemedi) duoc st dung dé trai
trén test line.

Panh gid mau dat: Khang thé tuong
thich nhat s& tao ra tin hiéu dam nhat
trén vach phat hi¢n.

* Danh gia hiéu qua phat hién nhanh
OTA bang LIFA: Hiéu qua phét hién
nhanh doc t6 ndm mdc OTA bao gdm
xac dinh ngudng phat hién OTA trén
mau thuc nghiém, d6 6n dinh, do 1ap lai
va phan g chéo.

Xac dinh gidi han phat hién trén mau
thuc nghiém chua ddc t6 nAm moc
OTA: Mau ngo, gao khong c6 khang
nguyén OTA dugc tron doc t5 nAm moc
OTA bang dung dich chuan (c6 nong do
Opg/L,4png/L,S ug/L, 8 ug/L,20 ug/L).
Sau d6, mau thuc nghiém dugc thir
nghiém trén que thir LFIA dé tim gidi
han phat hién.
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Xac dinh d6 6n dinh cua que thtur
LIFA: Bao quan que thir trong cac diéu
kién nhiét do khac nhau (4°C, 25°C, va
37°C), dong trong tii kin cé silicagel
chéng am. Thoi han hiéu luc cua két qua
duoc xac dinh bang cach bao quan que
thir trong cac khoang thoi gian khac
nhau. Quan sat sy thay d6i mau sic cua
vach thtr nghiém khi kiém nghiém mau
duong tinh véi néng d6 8 pg/L vao
1 thang, 2 thang va 3 thang. Panh gia
két qua tuong tmg dua vao cuong do
mau sac trén test line khi thir nghiém
trén mau duong tinh.

- B0 1ap lai cua thu nghi¢ém: Do 1ap
lai ctia thir nghiém (c& mau n = 50, 25
mau ngd va 25 miu gao) duoc danh gia
bang cach phat hién doc té nam mdbc
OTA & cac nong d6 khac nhau trong
mau ngo, gao. Mbi mau ngo, gao dugc
thém néng dd cu thé cua doc td ndm
mdc OTA 13 0 pg/L, 2 pg/L, 4 pg/L,
8 nug/L, 20 png/L.

- Phan tng chéo cua que thu OTA:
AFBI 1a chét doc twong tr OTA duogc
tao ra boi Aspergillus spp. Do do, phan
ung chéo cua OTA v61 AFBI sé€ duoc
kiém tra. Chung t6i thir nghiém nong do
AFB1 la 1 pg/L, 10 pg/L, 100 pg/L.
Mau chita AFB1 duoc thir nghiém bang
que thir OTA dé danh gia phan tng chéo.

- Chuén bj mau thyc nghiém cho que
thir c6 chira OTA chuan (pha chu dong

OTA vao ngd, gao): Cac mau ngod, gao
(n = 50) duoc xac dinh 1a am tinh voi
OTA bang phuong phap phan tich
HPLC duoc chuan bi nhu sau: 1 gam
mAau ngd, gao di nghién nho, duge tron
v6i SmL metanol-PBS (7:3; v/v). Hon
hop dugc lic va tron trong may vortex
trong 5 phut, sau d6 dugc ly tam 1.600
vong/phit trong 5 phit. Dung dich nbi
phia trén duoc lam kho bing cach siy
kho va sau d6 hoa tan bang PBS 10mM.
Sau d6, chat chuan OTA & cac néng do:
0 ug/L, 2 ng/L, 4 ng/L, 8 ng/L, 20 png/L
dugc thém vao phan dung dich vira
chuén bi.

- Két hgp OTA véi BSA (Conjugation
of OTA to BSA): OTA duogc lién hop
v6i BSA bang phuong phap CDI [5].
OTA dugc tron voi BSA theo ty 1€ 50:1
va hoa tan trong 2mL axeton vo1 CDI.
Mau sau d6 dugc phén tich bang LFIA.

3. Pao dirc nghién ciru

Nghién ctru st dung s6 liéu thudc Dé
tai khoa hoc va cong nghé cip Qudc gia
ma s6 DPTDL.CN-04/21, duoc thyc hién
theo Quyét dinh s6 1707/QD-BKHCN
ngay 23/6/2020 cia B§ Khoa hoc va
Cong ngh¢. Nhom tac gia 1a thanh vién
nghién ctru chinh cta dé tai. S6 lidu
nghién ctru duoc Hoc vién Quan y cho
phép str dung va cong bd. Nhom tac gia
cam két khong c6 xung dot loi ich trong
nghién ctru.
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KET QUA NGHIEN CUU
1. Gin khang thé 1én hat nano vang va xac dinh giéi han phat hién ciia LIFA

0 2 4 8 20

Nong d6 hat vang - khang thé ug/L
5 7,5 10 12,5

Control line

(a) Cuong d6 mau ¢ vung thir nghiém phu thude (b) Nong d6 chat chuan OTA 1a
vao noéng do khang thé gin trén hat vang 0pg/L, 2 ug/L, 4 ng/L, 8 ug/L, 20 ng/L
Hinh 2. (a) Hinh anh que thir OTA véi ndng d6 khang thé bao phu 1én hat vang 1a
5 ug/mL, 7,5 pg/mL, 10 pg/mL, 12,5 pg/mL; (b) Gi61 han phat hién cta que thu.

Nong d6 khang thé bao phu 1én hat vang c6 thé nhin rd vach phat hién va vach
dbi chtng 13 10,0 pg/mL (ndng do dugc lya chon cho cac thir nghiém tiép theo).
G161 han phat hién trong nghién ctru ctia ching t6i 1a 4,0 ug/L (Hinh 2b). Vi tiéu
chuan cho phép ctia OTA 14 5 pg/L, nén véi LOD (limit of detection - gii han phat
hién) 13 4,0 pg/L chiing toi c6 thé danh gia mau ngd, gao 1a dat tiéu chuan hay vuot
tiéu chuan cho phép.

2. Két qua lya chon mang nitrocelullose

Hinh 3. Két qua tin hi¢u mau trén test line ctia 3 loai mang
(a) HFO75MC100; (b) HFO90MC100; (¢) HF120MC100.
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Ca 3 que thir déu xudt hién tin hiéu duong tinh khi phat hién doc tt nAm mde
OTA. Trong khi mang HFO75MC100 c6 d nhay kém do dong chay nhanh, thi
mang 120 (s) xay ra duong tinh gia do hip thu khéng dic hiéu. Do d6, mang 90
(s) duoc lira chon cho céc thir nghiém tiép theo.

3. Két qua lra chon khang thé phit hop cho LFIA dé ting dé nhay ciia que thir

Hinh 4. Khang thé khac nhau duoc sir dung lam khang thé bit gii.
Cuong d6 tin hiéu mau thu dugc khi thir nghiém cuing néng do
khang nguyén 8 ng/L.

Que thir 1: Stir dung khang thé don
dong Anti OTA (3C5) trai trén vach
phat hién, khong tao ra tin hi¢u mau.
Chung t6i da thtr nghiém thoi gian u cia
khang thé Anti OTA (3C5) va khang
nguyén OTA 1a 15 phat. Két qua 1a
phan ing da xdy ra hoan toan va cé tin
hiéu mau ddm. Téc do phan tmg cua
khang thé - khang nguyén 1a cham,
c6 thé 1a khang thé nay chi phu hop véi
ELISA.

Que thir thir 2: Str dung khang thé da
dong Anti OTA (BP 666) trai trén vach
phat hién tao ra tin hiéu mau du manh

dé phan biét véi miu am tinh. Tuy
nhién, khang thé da dong thuong bét
nham nhiéu khang nguyén, do do co thé
gy giam lién két dac hiéu. Két qua l1a
phan tng chéo véi cac doc td khong
phai 1a khang nguyén muc tiéu.

Que thtr thr 3: Sir dung khang thé
don dong Anti OTA (GMP-SMT) c6 do
nhay vuot troi hon so véi 2 que thtr con
lai. Cuong d¢ tin hi¢u mau trén test line
1a dam nhét. Do d6, khang thé don dong
Anti OTA (GMP-SMT) dugc lya chon
lam khang thé phat hién dé phat trién
que thur LFIA.
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4. Hi¢u qua phat hién nhanh OTA bing LIFA

* Két qud giGi han phdt hién trén mau thiec nghiém:

a) Két qua phat hién OTA trong dém PBS.  b) Két qua phét hién OTA trong mau ngd, gao.

Hinh 5. St dung que thir LFIA dé xac dinh gidi han phat hién cia OTA
trong dung dich dém PBS va trong thuc pham.

Poc t6 ndm mdc OTA duge thém vao
dung dich dém PBS c6 néng d6 13 0 pg/L,
2 ng/L, 4 pg/L, 8 ng/L, 20 png/L va dugc
thir nghiém bang LFIA. Lién két
khong dac hiéu duoc thé hién ¢ mau 0
(Hinh 5a). Gi6i han phat hi¢n cta que thur
l1a 4,0 pg/L va cuong do mau trén vach
phat hién ty 1& thuan v6i ndng do6 OTA.

Mau thyc nghiém chira doc td OTA
c6 ndng 613 0 ug/L, 4 pug/L, 5 pg/L, 8
ng/L, 20 pg/L dugc thir nghiém bing
LFIA d¢ danh gia do nhay cua xét
nghiém (Hinh 5b). Trong thir nghiém
cua chuing t61, gi61 han phat hién cua
OTA trong ngd, gao 1a 5,0 ng/L , két qua
nay cao hon so véi trong dung dich
dém. Thém vao do, cuong do tin hi¢u
mau trén vach phat hién tdng khi tang
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ndéng do khang nguyén. Tuy nhién, két
qué cua ching toi dé dang quan sat thay
tin hiéu mau trén test line ctia mau thuc
pham nhat hon so véi pha trong dung
dich dém & cing nong do OTA.

* Két qua dj on dinh cia que thit:

Do nhay cua que thir khong thay doi
sau 3 thang ¢ 4°C va 25°C. Tin hi¢u
mau sic trén vach thir nghiém 1a dam
khi thir nghiém mau dwong tinh c6 ndng
d6 8 pg/L va khong c6 két qua dwong
tinh gid va am tinh gid. Khi bdo quan &
37°C trong thoi gian 1 thang, tin hi¢u
mau nhat di khi kiém tra mau duong
tinh c6 nong do 8 pg/L. Tuy nhién, chua
phat hién két qua 4m tinh gia va duong
tinh gia trong thoi gian bao quan.
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* Do lap lai cua thu nghiém:

5 que thitr duoc san xuat cung 1 16 va
duoc thr nghiém. Két qua quan sat thay
khong c6 truong hop duong tinh gia.
Két qua ciia mau duong tinh va quan sat
théy xuét hién 2 vach. Tinh nhét quan
ctia két qua cho thdy cac xét nghiém
trén cung 1 16 c6 dic diém gidng nhau
va c6 thé phat hién doc t6 ndm mbc
OTA (c& mau n = 50, d6 lap lai cta thir
nghiém 13 5/5 mau).

* Phan ung chéo:

b9 dic hiéu cua phuong phap duoc
thé hién bang phan tng chéo. Kha ning
phan ung chéo cua que thir OTA duogc
kiém tra véi AFB1. Phan tich & ndng do
khac nhau cia AFB1 1a 1 pg/L, 10 pug/L,
100 pg/L thi phan tng chéo khong xuit
hién trong que thtr. Do vay, ching td1 co
thé chimg minh que thir c6 thé duoc s
dung dé xac dinh OTA.

BAN LUAN

1. Bio hoa khang thé bao phii Ién
hat nano vang va xac dinh gi¢i han
phat hién cia que thir

Nong do khang thé bao phu 1én hat
nano vang la 10,0 pg/mL cho tin hiéu
mau trén test line 1a ddm nhat. Khi nong
d6 khang thé tang thém thi tin hiéu mau
trén test line va control line khong tang
duoc nira, diéu nay cho thay khang thé
bao phu 1én hat vang da dat trang thai
bao hoa.

Nong d6 khang thé bao phu 1én hat
vang trong nghién ctru cua ching t61 16n
hon so véi nghién clru cua Yiqiang
Chen [6]. Nong d6 khang thé bao phu
trén bé mat hat nano vang khac nhau c6
thé 12 do phuong phap gan khang thé.

Nong d6 khang nguyén nhé nhat xuat
hién tin hi¢u duong tinh 1a 4,0 pg/kg,
vay day la gidi han phat hién ctuia que
thir. Que thir c6 do lap lai tét & 5 nong
do nghién ctru (cd mau n = 50, do lap
lai ctia thir nghiém 1a 5/5 mau).

2. Hi€éu qua phat hién nhanh OTA
bing LIFA

Gidi han phat hién trén mau thyc
nghiém: Tac dong ctia mau ngd, gao 1én
tin hi¢u mau cua que thu va gioi han
phét hién 1a nhd. Trong mau ngod, gao
duogc pha OTA chuan (Hinh 5b), gidi
han phat hién trong mau ngd, gao la
5,0 ug/L, LOD pha trong dém PBS la
4,0 pg/L. Két qua nghién ctru cia chung
toi da chimng minh d§ nhay cuia LFIA
doi voi OTA pha trong dung dich dém
t6t hon so vai trong ngd, gao.

Xac dinh do 6n dinh va phan tng
chéo cua que thir OTA: Que thir dugc
bao quan 3 thang 6 4°C va 25°C, khi thur
nghiém ciing néng d6 khang nguyén l1a
8 pg/L tin hiéu mau trén vach test van
nhu ngdy dau san xuat KIT. Do vay,
LFIA c6 thé st dung duoc sau 3 thang
khi bdo quan ¢ 4°C va 25°C. Khi thu
nghiém ndng d6 AFB1 1a 1 pg/L,
10 pg/L, 100 pg/L thi phan tmg chéo
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khong xuét hién trong que thir. Do vay,
chung t6i c¢6 thé chirng minh que thir c6
thé dugc str dung dé xac dinh OTA trong
ngo, gao.

KET LUAN

Nghién ctru d3 thanh cong trong ché
tao que thu LIFA dong chdy bén dinh
hudng phat hién OTA trong ngo, gao.
Nong d6 khang thé bao phu 1én hat nano
vang la 10,0 pg/L; LOD cua xét
nghiém 13 4,0 pg/L, d6 6n dinh 1a 3
thang khi que thur duge bao quan ¢ 4°C
va 25°C. Que thu khong c6 phan ung
chéo véi doc té6 nAm mdc AFB1. Két
qua nghién ctru cua chiing t6i cho thay
viéc tdi wu hoa mot sb thong s6 thi
nghi¢ém dong vai trdo quan trong trong
san xuat que thir LFIA.
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