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LOI CAM DOAN

T6i xin cam doan rang cac két qua trinh bay trong luan an 1 cong trinh
nghién ctru cua ti, duoc thuc hién dudi su hudng dan khoa hoc ciia GS.TS. Chu
Ptic Trinh va PGS.TS. Cao Viét Hung. Cac s6 liéu, két qua nghién ctru va dong gop
khoa hoc chinh trong ludn 4n 1a trung thuc, d3 dugc cong bd, xuit ban trong cac bai
bao khoa hoc cua toi cung cac cong su. Nhirng két qua nay chua timg duge sit dung
dé bao vé bat ky luan an nao trudc ddy. Cac tai lidu tham khao déu dugc trich din
day du va ding quy dinh.

. ) Ha Noi, ngay 21 thang 6 nam 2026
Dai dién tap thé can b§ hudng dan Tac gia luan an

GS.TS. Chir Dure Trinh Huynh Thi Thuy Linh



LOI CAM ON
Trong subt qua trinh thyc hién nghién ctru va hoan thién luan an, to61 da nhan

duoc sy hd tro quy bau tir nhiéu c4 nhan va tap thé.

Trude hét, toi xin tran trong gui 101 tri 4n sau sic dén GS.TS. Chtr Pire Trinh,
truong Pai hoc Cong ngh¢, Pai hoc Quéc Gia Ha N¢i1, va PGS.TS. Cao Viét Hung,
truong K§ thuat Samueli, Pai hoc California, My. Su huéng dan tan tdm, nhiing
trao d6i hoc thuat ciing cac gop ¥ chuyén mon cua quy thay da giup t6i dinh hudng

nghién ctru va tirng budce hoan thanh luan an nay.

T6i xin tran trong cam on quy thay cd, can bd, hoc vién, sinh vién cic phong
thi nghiém B6 mon Vi co dién tor va Vi hé théng, Khoa Pién tir — Vién thong,
Truong Pai hoc Cong nghé, Pai hoc Quéc gia Ha NOi1; phong thi nghiém Vién Cong
nghé¢ Sinh hoc, Pai hoc Hué; phong thi nghiém K¥ thuat Y sinh, Vién Khoa hoc va
Cong nghé Viét Nam — Han Quéc; phong thi nghiém Hé thong y sinh, Khoa Co khi,
Truong K¥ thuat, Pai hoc Qubc gia Trung Chinh, Pai Loan. Su hop tic va hd trg
ctia cac don vi da tao diéu kién thuén lgi cho toi trong qua trinh thyc nghiém va thu
thap dir liéu nghién cuu.

T6i ciing xin cam on tap thé quy thay c6 Khoa Pién tir Vién thong, truong
Pai hoc Cong nghé, Pai hoc Qudc gia Ha Noi; quy dong nghiép Khoa K¥ thuat va
Cong nghé — Pai hoc Hué da chia sé kinh nghiém chuyén mén, déng gép nhiéu y
kién hitu ich va ludn hd tro toi trong qua trinh thuc hién luén an.

Sau cung, toi xin gui 10 tri an t6i gia dinh, nhimg ngudi luon 13 diém tua
tinh than viing chac, da dong vién, sé chia va dong hanh cing toi trong sudt ching
duong hoc tap va nghién ctru.

Ha Noi, ngay 21 thang 6 nam 2026
Téc gia lun an

Huynh Thi Thuy Linh
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MO DAU
1. Sw cén thiét cia dé tai

Nganh nuéi tdm toan cau dang duy tri toc do ting truéng manh mé, du kién
dat 6,1 triéu tin vao nam 2025, trong d6 tom thé chan tréng va tdm st chiém
khoang 80% tong san lugng. Véi gia tri thuong mai cao va vai trd trong yéu trong
xudt khau thuy san, nghé nuéi tom da trd thanh nganh cong nghiép chién lugc dong
g6p dang ké cho an ninh luong thuce, viée 1am va tang trudng kinh té ctia nhiéu qudc
gia ven bién. Tuy nhién, bénh dém tring do vi-rait WSSV (White Spot Syndrome
Virus) van 1a mbi de doa 16n nhat dbi voi sy phat trién bén viing ctia nganh nay. Vi-
rit ¢6 kha ning 1ay lan cuc nhanh, gy ty 1& chét 100% chi sau vai ngay, lam thiét
hai toan cau udc tinh 8—15 ty USD, va mdi nam tiép tuc gay thém khoang 1 ty USD
ton that, tvong duong khoang 10% san lugng tom thé gidi. Pang lo ngai hon, cac
khao sat tai vung ven bién Pai Loan da ghi nhan ty 1& nhiém WSSV tu nhién 1én
dén 77,2% & tom st, chimg minh ring vi-rat khéng chi t6n tai trong moi trudng
nudi ma con luu hanh trong quan thé ty nhién, ludn tiém an nguy co tai xam nhap

va bung phat dich dién rong.

Tai Viét Nam, WSSV xuét hién tir dau thap nién 1990 va di nhiéu 1an dién ra
trén dién rong, gay thiét hai nghiém trong cho nganh nu6i tom. Chi riéng ndm 2011,
khu vuc Déng béng song Ctru Long ghi nhan hon 20.854 ha dién tich bi thiét hai, va
trong cac nam tiép theo, con s nay van duy tri & mic hang chuc nghin hecta ao
nudi bi anh hudng. Pac biét, tai thanh phé Hué, noi c6 hé théng dam pha Tam
Giang — Cau Hai 16n, bénh ddm tring thudng xuyén tai phat & cac ving nudi trong
diém nhu Phu Vang, Quang Dién va Phong Pién, de doa nghiém trong dén sinh ké
nguoi dan. Nam 2021, trong s6 cac mau bénh duge thu thap va phan tich, ty 1€
nhiém WSSV chiém t6i 20,25%, cho thdy mirc do luu hanh cao cia mam bénh. Cac
dot bung phat lién tiép trong nhitng nam gan day da gay thiét hai hang chyc ty dong,
budc nhiéu hd nudi phai xa ao, ngung vu hodc chuyén ddi dbi tuong nuodi, anh

huong 16n dén kinh té dia phuong va an ninh sinh ké viing ven bién.



Tinh hinh trén cho thiy bénh dém tring do WSSV van 1a méi de doa thuong
trye, dic biét trong bdi canh bién ddi khi hau va mat do nudi ngay cang ting. Nguy
co nay khong chi mang tinh quéc gia ma con c6 pham vi khu vue, doi hoi cac giai
phap phat hién, giam sat chu dong va kiém soat hiéu qua ngay tai hién trudng, nham

bdo dam sy phat trién bén viing cua nganh nuoi tom.

Céac phuong phap phat hién cha yéu hién nay ctia ngudi néng dan thuong
quan sat lam sang hay xét nghiém PCR tai cic trung tdm xét nghiém. Cac phuong
phéap nay vin chwa dép ung dugc yéu cau thuc tién cia ngudi nudi. Cac ki thuat
nay thuong phat hién mudn, hoac phu thudc vao thiét bi hién dai va k¥ thuat vién,
nén khong thé trién khai truc tiép tai ao nuodi. Hau qua 1a nguoi nudi thuong khong
kip thoi phat hién trong giai doan sém cta bénh dé tién hanh cach ly va xt 1y kip
thoi, khién bénh lan nhanh theo chudi cung tng gidng, thirc an, ngudn nude, 1am
chi phi kiém soat ting cao, gia ting rui ro gian doan san xuat va anh huéng nghiém

trong dén hi¢u qua kinh té cua toan chudi nudi trong.

Trong bdi canh d6, thiét bi chan doan tai chd dua trén cam bién dién hoa
dugc xem 13 huéng phat trién tat yéu cho giam sat va kiém soat dich bénh trong
nuodi tom. Cong ngh¢ nay cho phép phat hién nhanh, chinh xac, chi phi hop ly va co
thé van hanh truc tiép tai hién trudng, gitp cung cip tin hiéu canh bao cho ngudi

nudi, qua do6 giam nguy co lay lan, han ché thiét hai va duy tri 6n dinh san xuét.

Xuat phét tir yéu cau thyc tién do, ludn 4n “Nghién ciru phat trién thiét bi
chian do4n tai chd bénh dom tring do vi-riit trén tom nudi nwéc lo” dit myc
tiéu 1am chu quy trinh chirc niang hoa dién cuc, phat trién cam bién dién hoa dic
hiéu véi protein VP28, chi diu dic trung cua vi-rat WSSV, déng thot tich hop h¢ do

dién hoa di dong nham hudng t&i gidm sat ngay tai ao nudi.

Dic biét, bang viéc ching minh kha niang 4p dung quy trinh cho cac protein
khac, nghién ciru khang dinh tinh nén ting, da muc tiéu cia cong nghé, kha ning
mo rong hé théng cam bién dién hoa tich hgp phuc vu phat hién nhiéu tac nhan gay

bénh thuy san trong ciing hé thong thiét bi thong nhat va linh hoat.



2. Muc tiéu nghién ciru
2.1. Muc tiéu chung

Phat trién cam bién dién hoa c6 kha ning phat hién nhanh, chinh x4c va dang
tin cay bénh dém trang do vi-rt WSSV trén tom nudi, dong thoi xdy dung hé thong

thiét bi chan doan tai chd tich hop do, xir 1y va hién thi dit liéu.
2.2. Muc tiéu cu thé

- Nghién ctru cong nghé cam bién dién hoa Electrochemical Sensor tng dung

trong thiét bi chan doan tai chd.
- X4c dinh dau thu sinh hoc dic hiéu véi WSSV va co ché nhén biét phu hop.

- Xay dung quy trinh chtic ning héa bé mit dién cuc dé cd dinh dau thu sinh

hoc.

- Phat trién hé thong do dién hoa, tich hop phan mém xir 1y tin hiéu.

- Khao sat do nhay, do dac hiéu, do 6n dinh va gi61 han phat hién cua cam
bién dién hoa phat hién WSSV.
3. Pdi twong va pham vi nghién ciru
3.1. Poi twong nghién ciru

Cam bién dién hoa phat hién vi-rat gay bénh dém tring WSSV trén tom
nuoi.
3.2. Pham vi nghién ciru

Thuc nghiém phat trién va dénh gia hiéu qua thiét bi cam bién dién hoa phat
hién vi-rat gdy bénh dém traing WSSV trén miu chuan trong phong thi nghiém.
4. Phuwong phap nghién ctru

Luan 4n str dung phuong phép nghién ctru lién nganh, két hop dién hoa, sinh
hoc phan tir va k§ thuat dién tir dé phat trién thiét bi chan doan tai chd bénh dém

trang do vi-rat WSSV trén t6m nuoi, bao gom:



- Phuong phép 1y thuyét:

Dua trén cac co sé ly thuyét vé dién hoé hoc va sinh hoc phan tir, luin an xay
dung quy trinh chirc ning hoa dién cuc dua trén co ché hinh thanh don 16p tu lip
rap SAM tir cac hop chat thiol, nham tao nén 6n dinh cho viéc c¢b dinh khang thé.
Céc phan tng oxi hoa—khtr va qua trinh truyén dién tich tai giao dién dién cuc—dung
dich dugc phan tich theo mé hinh mach twong duong Randles dé 1am rd su bién doi

tin hiéu dién ho4 sau ting giai doan bién tinh.
- Phuong phép thiét ké k¥ thuat:

Hé théng do dién hod di dong khong day WPEMS (Wireless Portable
Electrochemical Measurement System) dugc thiét ké véi ba khdi chirc nang: dién
cuc cam bién sinh hoc, mach diéu khién tich hop mach do dién hoa, va giao dién
nguoi dung. Hé thdng cho phép do, xtr 1y, truyén va hién thi tin hiéu dién hoa theo
thoi gian thyc. Phan mém diéu khién duogc 1ap trinh bang Python, trich xuat tu dong

gia tri dong dinh, dién thé dinh va nong d6 phan tich.
- Phuong phép thuc nghiém:

Thuc hién cac thi nghiém lién quan dén quy trinh chtrc ning hod dién cuc.
Céc dic trung dién hod dugc danh gia bang k¥ thuat CV, SWV va EIS; hinh thai bé
mit duoc quan sat bing SEM/EDX; va kha ning gan két dic hiéu giita khang thé—
khang nguyén dugc kiém chimg bang Western Blot. Cac phép do dugc lap lai trén
nhiéu dién cuc khac nhau, danh gia d6 nhay, gidi han phat hién, d6 on dinh va tinh
chon loc ciia cam bién trong diéu kién thuc nghiém.

5. Cac két qua nghién ciru thu dwoc

Luan an di phat trién thanh cong quy trinh chirc ning hoa dién cuc va phat
trién hé théng do dién hoa di dong khong day phat hién protein VP28, chi ddu sinh

hoc dic trung cta vi-rat gdy hoi ching ddm tring WSSV trén tom.

Céc thi nghiém ddi chiing da lam rd vai trd trung gian quan trong cua don

16p tu 1ap rap SAM trong viéc cb dinh khang thé va ting cudng tinh 6n dinh cua bé



mat dién cuc. Bén canh dd, qua trinh phu cac hat nano vang AuNPs trén dién cuc da
cai thién dang ké d6 dan dién va dién tich bé mit hoat hoa, tao diéu kién thuan loi
cho viéc hinh thanh 16p SAM va gin khang thé anti-VP28. Cam bién sau khi chirc
ning hoa ¢ dinh khang thé cho thiy mdi quan hé tuyén tinh giita ARcr va néng do

VP28 véi dg 1ap lai va tinh chon loc cao.

Hé thong do dién hoa di dong duoc thiét ké va thiét 14p hoan chinh, 6n dinh,
v6i cdu tric nho gon, tich hop cac khéi chirc ning gdm mach diéu khién tich hop
mach do dién hod. Phin mém diéu khién cho phép xu 1y, hién thi va luu trit dir liéu,
ddng thoi trich xuat tu dong cac gia tri dong dinh, dién thé dinh va nong d6. Khi két
nbi voi cam bién anti-VP28, hé théng do CV ghi nhan mbi twong quan tuyén tinh
manh gitta phan trim bién thién dong dién dinh %Alma va ndng do VP28 trong
khoang 5-25 ng/mL, véi hé s6 tuong quan R2 = 0,994 va gigi han phét hién LOD =
2,38 ng/mL. Khi thir nghiém trén mau tom duong tinh véi WSSV, hé théng thu
duogc tin hiéu tuong d@)ng voi két qua PCR, khéng dinh kha nang phat hién nhanh,

va kha thi cua thiét bi trong diéu kién hién truong.

Quy trinh chirc ning hoa dién cuc duoc phat trién trong nghién ctru nay
khong chi hiéu qua ddi véi VP28 ma con cé thé mé rong cho cac protein khac. Cu
thé, quy trinh da duoc ap dung thanh cong dé phat hién protein NSE, qua d6 chimg
minh tinh da ng dung cua nén tang cam bién dién hoa dugc dé xuit, khéng dinh
tiém nang phat trién cam bién dién hoa da muc tiéu dua trén cing mot cong nghé
161.

6. B6 cuc ctia luin 4n

Luan an gdm phan M& dau, phan Két luan va kién nghi, 4 chuong chinh va
phan Phy lyc, dugc trinh bay tir tong quan, co s& 1y thuyét, thiét ké hé thong, két
qua thiét 1ap hé thdng phat hién bénh tém dom tring do vi-rat WSSV, cu thé nhu

sau:



Chuong 1. Téong quan vé bénh tém dém tring do vi-rit WSSV va cac

phwong phap phat hién.

Trong chuong nay, luin 4n trinh bay tong quan vé vi-rat gdy hoi chirng dém
trang WSSV (White Spot Syndrome Virus), véi protein vo VP28 duoc xem 14 chi
du sinh hoc dic trung cua vi-rit. Bén canh dé, chuong nay ciing gidi thiéu bénh
t6m d6ém tring do WSSV gdy ra, mot trong nhitng dich bénh nguy hiém nhit trong
nudi tom nudc 1o, va cac phuong phap phat hién hién nay, bao gdbm phuong phap
truyén théng, phuong phap PCR, mién dich hoc va cam bién sinh hoc dién hoa.
Ngoai ra, chwong ciing trinh bay téng quan cac nghién ciru trong va ngoai nudc vé
phat hién WSSV, phan tich han ché cua cac huong tiép can hién tai, va dé xuat hé
théng thiét bi chan doan tai chd dua trén cam bién dién héa. Tir nhiing co s& 1y
thuyét va két qua tong quan, tac gia xac dinh dinh hudng nghién ctru trong tim cia
luan 4n 1a phat trién hé théng cam bién dién hoa di dong, két ndi IoT, ¢ kha ning

phét hién nhanh, nhay va dinh luong WSSV tai chd.

Chuwong 2: Co s& 1y thuyét va nguyén Iy phat trién thiét bi dién ho4 phat
hién WSSV.

Chuong 2 lam 10 co ché chuc nang hoa bé mat dién cuc, bao g@)m dau thu
sinh hoc, don 16p tu lap rap (SAM) va vt liéu nano trong viéc ting cudong kha ning
nhan biét cling nhu truyén tin hiéu dién hoa. Tiép theo, cac phuong phap do dién
hoa, bao gom: quét thé tuan hoan CV, von-ampe song vudng SWV va phd tong trd
dién hoa EIS, dugc trinh bay nham xac dinh cac dic trung di¢n hoa lién quan dén
qua trinh phat hién WSSV. Cubi cung, chwong 2 gi6i thiéu cdu trac hé thong do
ludong dién hoa tich hop IoT, cing cic cong cu hd tro xay dung phan cing va phan
mém diéu khién (Potentiostat, mach diéu khién, Arduino IDE, Python, MIT App

Inventor) phuc vu viéc xt Iy va truyén, thu tin hiéu theo thoi gian thuc.

Chuwong 3. Thiét 1ap thuwe nghiém hé thong cam bién dién hoa phat hién
bénh tom ddm tring do vi-rut WSSV.



Chuong 3 trinh bay phuong phép thue nghiém bién tinh bé mat dién cuc va
phat trién cam bién dién hoa phat hién vi-rat WSSV. K§ thuat quét thé tuan hoan
(CV) duoc sir dung dé phu dién hod cac hat nano vang (AuNPs) trén nén dién cuc
cacbon nham tang kha nang dan dién va dién tich hoat hoa, déng tho1 danh gia dac
tinh dién hod cua bé mit dién cuc sau ting giai doan chirc ning hoa. Cac phép do
phd tong tré dién hoa (EIS) va von-ampe song vudng (SWV) duoc trién khai dé
theo ddi su bién thién tin hiéu dién hoa trong qua trinh chirc nang hoa dién cuc va

phat hién protein muc ti€u.

Bén canh do6, cac k¥ thuat hién vi dién tor quét (SEM) va phd tan sic ning
lugng (EDX) duge st dung dé phén tich hinh thai va thanh phan vat liéu, xac nhan
su phan bé déng déu ctia AuNPs trén bé mit dién cuc. Phuong phap Western Blot
dugc ap dung dé chting minh tinh dic hiéu sinh hoc cta phan ung giita khang thé

anti-VP28 va khang nguyén VP28.

Ngoai ra, chuong nay ciing mo ta viéc thiét ké va thiét 1ap hé théng do dién
hoé di dong khong ddy WPEMS (Wireless Portable Electrochemical Measurement
System), bao gom: (i) cam bién mién dich dién hoa véi dién cuc Au phu SAM cb
dinh khang thé anti-VP28, (ii) mach do va diéu khién tich hop, va (iii) giao dién
nguoi dung hién thi dit liéu thoi gian thuc, phuc vu phat hi¢n tai chd protein VP28 —

chi ddu dic trung ctia WSSV,
Chuwong 4. Két qua va thao luan.

Chuong 4 trinh bay két qua quy trinh chirc ning hoa dién cuc cam bién dién
hoa phat hién vi-rat WSSV. Hai mo6 hinh duoc trién khai nham xac nhan co ché va
hiéu qua cia quy trinh chirc nang hoa dién cuc: (1) md hinh phat hi¢n protein BSA-
FITC trén dién cuc vang SPAuE, minh ching vai trd cta 16p SAM trong c6 dinh
sinh hoc va truyén tin hiéu dién hoa; (2) mé hinh phat hién khang nguyén VP28 dic
trung cia WSSV trén dién cuc cacbon SPCE phu AuNPs, hinh thanh SAM, ¢ dinh
khang thé anti-VP28.



Bén canh d6, chuong nay trinh bay thiét 1ap va danh gia hé thdng do dién
hoa di dong khong day WPEMS (Wireless Portable Electrochemical Measurement
System) phat hién protein VP28. Hé thdng bao gém cam bién mién dich dién hoa
dugc chirc nang hoa khang thé dic hiéu, mach diéu khién tich hop mach do, va giao
dién ngudi dung twong thich véi may tinh Windows va thiét bi di dong Android, cho
phép hién thi va luu trir dit liéu theo thoi gian thue qua két ndi c6 ddy hodc khong
day. Két qua khang dinh hiéu qua, tinh 6n dinh va tiém ning tng dung thuc tién cia
hé thdng cam bién dién hoa di dong trong giam sat va canh bao bénh ddm tring do

vi-rat WSSV tai ao nuoi.

Két ludn va kién nghi

Phu luc 1. Chirc nang hoa dién cwe phat hién protein BSA-FITC sir dung
SAM L-Cysteine.

Phu luc 2. Ung dung mé rong ciia quy trinh chirc ning hoa dién cuc
trong phat hién protein NSE.

Phu luc 3. Link ma nguon chwong trinh lap trinh va hwéng din cai dit,

str dung phan meém.



CHUONG 1. TONG QUAN VE BENH TOM POM TRANG DO VI-RUT
WSSV VA CAC PHUONG PHAP PHAT HIEN

Cdm bién sinh hoc dién hod la hudng nghién ciru lién nganh két hop giita
hoa hoc, vat ly, sinh hoc phan tir, khoa hoc vdt liéu va ky thuat dién tu, dong vai tro
quan trong trong viéc phdt trién cdc cong cu chan dodn nhanh va chinh xdc. Khdc
Vi cdc phirong phdp phdn tich truyén thong, cam bién sinh hoc dién hod cé khd
nang chuyén doi truc tié}? cdc twong tac sinh hoc dac hiéu trén bé mat dién cuc
thanh tin hiéu dién, cho phep dinh lwong muc tiéu voi do nhay va do dac hiéu cao.
Nhitng wu diém nhw cdu triic don gidan, thao tic dé dang, chi phi hop 1y va kha ning
thu nhén tin hiéu theo thoi gian thyc dd givip loai cam bién nay tré thanh mét trong
nhitng nén tang dwege quan tam hang dau trong cdc ng dung y sinh, gidm sat moi
trieong, an toan thwe pham va nudi trong thiy sdan, dédc biét trong viéc phat hién

nhanh cac tac nhan gay bénh.

Trong chirong nay, ludn an trinh bay tong quan vé vi-rit gdy héi chirng dom
trang WSSV (White Spot Syndrome Virus), véi protein vé VP28 dwoc xem la chi diu
sinh hoc ddc trung cua vi-rut. Bén canh do, chwong nay ciing gioi thiéu bénh tom
dom trdang do WSSV gdy ra, mét trong nhitng dich bénh nguy hiém nhdt trong nudi
t6m nuwée lo, va cac phwong phdp phdt hién hién nay, bao gom phwong phdp truyén
théng, phwong phdp PCR, mién dich hoc va cam bién sinh hoc dién héa. Ngodi ra,
chwong ciing trinh bay tong quan cdc nghién civu trong va ngoadi nwée vé phdt hién
WSSV, phan tich han ché ciia cdc hudng tié'p can hién tai, va dé xudt hé théng thiét
bi chan dodn tai ché dwa trén cam bién dién héa. Tir nhitng co so ly thuyét va két
qud tong quan, tdc gia xdc dinh dinh hwéng nghién citu trong tdm cia ludn dn la
phat trién hé thong cam bién dién héa di dong, hé tro két néi khéng ddy, cé kha

nang phat hién nhanh, nhay va dinh luvong WSSV tai cho.



1.1. Bénh tém dém tring do vi-rit WSSV
1.1.1. Bénh tém dém tring do vi-rit WSSV va tac dong dén nganh nudi tdm

1.1.1.1. Tinh hinh bénh WSSV trén thé giéi

Nganh nudi t6m toan cau tiép tuc duy tri da ting truong 6n dinh, v6i san
lugng ude dat 6,1 tricu tan trong nam 2025, tang 2% so v&i nam 2024, sau khi da
tang 1% trong ndm 2024 va 4% trong nam 2023 [1]. Trong d6, Penaeus vannamei
(tom thé chan tring) va Penaeus monodon (tom st) 14 hai loai nuéi chi luc, chiém
khoang 80% tong san luong tdm nudi toan cau [2]. Cac qudc gia chau A nhu Trung
Quéc (1,2 triéu tan, tang 1,7%), An Do (1,0 triéu tan, ting 2%), Viét Nam, va
Indonesia van giit vai trd trung tim trong chudi cung tng toan cau. Ecuador dan dau
khu vuec My Latinh véi 1,3 tridu tan, ting 3—4% so voi nam trude. Pang chu v, san
lugng tom su toan cau du kién dat 672.000 tAn trong nam 2025, tang khoang 7%,
cht yéu nho cai thién giéng va mé rong nudi ¢ Viét Nam va An Do [1]. Voi gia tri
kinh té cao va nhu ciu xuat khau ting, nghé nudi tom di trd thanh nganh cong
nghiép chién luoc cia nhiéu quéc gia ven bién, dong gdp quan trong vao an ninh

lwong thyc, viéc lam va ting trudng kinh té toan cau.

Tuy nhién, nganh nudi tom dang phai d6i mat véi nhiéu dich bénh nguy
hiém, trong d6 bénh dém trang do vi-rat WSSV (White Spot Syndrome Virus) 1a
mot trong nhitng mdi de doa nghiém trong dbi véi nghé nudi tom trén toan thé gidi.
WSSV 1a vi-rat ¢6 kha ning lay lan nhanh, gy chét hang loat trong thoi gian ngin
[3]-[8]. WSSV dugc phét hién 1an dau tién tai Dai Loan vao nam 1992, sau d6 lan
sang Nhat Ban va hau hét cac qudc gia chau A. Dich bénh nay di duoc ghi nhan tai
nhiéu quéc gia, bao gdm Trung Qudc, An Do, Malaysia, Indonesia va Thai Lan [9].
Ca nhiém déu tién dugc chan doan tai chau My ghi nhan vao nim 1995 ¢ mot trang
trai nudi tom tai mién Nam Texas. Téng thiét hai kinh té do cin bénh nay gay ra
duoc ude tinh vao khoang 815 ty USD, va con s6 nay tiép tuc ting thém khoang 1

ty USD mdi nam, trong duong 10% san luong tom toan cau [10], [11].
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Su hién dién cua vi-rat WSSV da duogc ghi nhan ¢ cac loai tom danh bat tu
nhién gdm Penaeus monodon, Penaeus japonicus, Penacus semisulcatus va Penaeus
penicillatus dugc thu thap tai ving ven bién phia nam Dai Loan (Bang 1.1) [12].
Két qua cho thay ty 1¢ nhiém WSSV & Penaeus monodon (tom si) rat cao, 77,2%.
Phat hién nay cho thdy WSSV khéng chi ton tai trong cac hé théng nudi trong ma
con luu hanh trong moi truong ty nhién, qua dé lam gia tang nguy co lay lan dich
bénh.

Bang 1.1. Nhiém tu nhién vi-rat WSSV & cac loai giap xac dugc thu thap tir ving
ven bién Dai Loan [12].

Phwong phap phat hién Ty lé nhiém phat hién bang PCR
Tén khoa hoc H&E | TEM | Insitu | PCR | S6 maudwongtinh WSSV / | (%)
Tbng sb mau xét nghiém
T6m
Penaeus monodon + + + + 63/88 77,2
Penaeus japonicus + + Nd + 93/159 58,5
Penaeus semisulcatus Nd Nd Nd + 2/32 6,2
Penaeus penicillatus Nd Nd Nd + 3127 11

Nd: khdéng xac dinh

Nhitng nd lyc kiém soat va quan Iy WSSV dang gip nhiéu khé khin do vi-
rit c6 kha niang lay nhidm cao, 1iy truyén nhanh va thiéu cac phuong phép diéu tri
hiéu qua [13]. To chuc Stc khoe Pong vat Thé gidi (OIE) xép WSSV vao danh
sach cac bénh vi-rat nguy hiém dbi véi nganh nudi tom. Do do, cac bién phap
phong ngira va kiém soat sém 1a hét stc can thiét nham giam nguy co mang mam

bénh vao cac trai nudi [14]-[18].

Bén canh d0, viéc phat hién va chan doan sém WSSV dong vai tro then chét
dé thuc hién céc chién luoc quan 1y hiéu qua, gop phan ngin chin sy 13y lan cua vi-
rit trong cac ving nudi [19]. Trude nhitng thach thirc nay, cong déng khoa hoc qudc
té da dic biét quan tdm dén viec phat trién cac thiét bi chan doan sém tai trang trai,
huéng t6i phat hién nhanh, chinh xac va kip thoi nham han ché thiét hai do bénh

d6m trang gay ra [20].

11



1.1.1.2. Tinh hinh bénh WSSV & Viét Nam

Viét Nam 13 quéc gia ven bién véi dudng bd bién dai hon 3.260 km, ¢ ving
dic quyén kinh té rong trén 1.000.000 km?, cing hai quan dao Hoang Sa, Trudng Sa
va hon 3.000 dao, quan dao khac. Khoang mét nira dan sd sinh sdng tai cac tinh,
thanh phd ven bién, noi c6 tiém ning 16n dé phat trién kinh té bién, dic biét 1a nudi
trong thity san. Trong do, tdm nudi nude lg 13 mot trong nhirng ddi twong mang lai
gia tri kinh té cao va dong vai tro chu lyc trong co cau xuat khau thiy san cta Viét
Nam. Tinh dén chin thang ddu nim 2025, san luong thiy san nudi trong ude dat
4.284.3 nghin tin, ting 5,1% so voi cing ky nam trudc; riéng san luong tom thé
chan tring dat 719,7 nghin tan, ting 7,1% [21].

Bang 1.2. Thiét hai do vi-rat gay hoi ching d6m tring (WSSV) tai khu vuc Pong
bang song Cuu Long, Viét Nam, nam 2015 [8].

Penaeus monodon

Penaeus vannamei

3.447 ha bi &nh hwéng

1.923 bi &nh hwéng

Gia dinh

Gia dinh

38% nudi ban tham canh; 62% nubi quang canh

2% hao hut mdi ngay trong giai doan 9-109
ngay sau tha giéng

Mat do tha gidng: 15 PL/m? (ban tham canh); 8
PL/m2 (quang canh)

Chu ky nubi: 110 ngay

Gia giébng: 1.000 PL = 6,30 USD

Tang 10% mdi ngay vé lwong thirc &n va tang
trwdng

Gia thiere an: 1,5 USD/kg

Chi phi lao déng: Khodng 12,5% tbéng san
lwong (5,77 USD/ha/ngay)

Giéa ban tai trai: 7,65 USD/kg

San lwgng thu hoach: 2,74 tAn/ha (ban tham
canh); 1,5 tdn/ha (quang canh)

52,7% nudi ban thdm canh; 47,3% nudi quang
canh

2% hao hut mdi ngay trong giai doan 9-109
ngay sau tha giéng

Mat dé tha giébng: 100 PL/m? (ban tham canh);
70 PL/m? (quang canh)

Chu ky nudi: 110 ngay

Gia giébng: 1.000 PL = 4,30 USD

Tang 10% mdi ngay vé lwong thirc &n va téng
trwdng

Gia thirc an: 1,3 USD/kg

Chi phi lao déng: Khoang 12,5% tbéng san
lwong (5,77 USD/ha/ngay)

Gia ban tai trai: 3,83 USD/kg

San lwong thu hoach: 12 tn/ha (ban tham

canh); 9 tAn/ha (quang canh)

Téng thiét hai woc tinh: 3.250.775 USD

Téng thiét hai woc tinh: 7.770.624 USD
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Tai Viét Nam, tinh hinh dich bénh WSSV ciing dién bién phtrc tap, voi
nhimg dot bung phat nghiém trong dugc ghi nhan tir ndm 1993 dén nay. Bénh dém
tring dugc ghi nhan l1an dau vao nim 1993 va nhanh chong lan rong ¢ hau hét cac
vung nudi tom trong diém, Phti Yén, Khanh Hoa, Ba Ria, Viing Tau va céc tinh
ving dong bang song Ciru Long, gy thiét hai 16n vé kinh té [9]. Nam 1994, dién
tich tdom bi bénh 1én dén 84.558 ha, udc thiét hai khoang 5.225 tan, tuong duong
294 ty d@)ng [22]. Giai doan 2011-2014, bénh tiép tuc bung phat manh, dac biét ndm
2011, chi riéng khu vyc dong bang song Ciru Long dd c6 hon 20.854 ha bi thiét hai
[2]. Cac nim tiép theo, dién tich nhiém bénh 1an luot ting tir 8.109 ha (2012) Ién
22.624 ha (2014) [3]. Bang 1.2 trinh bay murc thiét hai do vi-rat WSSV gay ra tai
khu vuc Pong bang séng Ciru Long cta Viét Nam nam 2015. Cac tinh todn duoc
thuc hién dua trén nhitng gia dinh da duoc dua ra, trong d6 chi xét thiét hai cua mot
vu nudi doi v6i hai loai tom 13 tom st va tom thé chén tring.

Do bénh dién bién bénh phuc tap va chwa c6 bién phap khic phuc hiéu qua,
nhiéu ho nudi budc phai boé ddm hodc chuyén doi déi tuong nudi. Ngay 24 thang 3
nim 2021, Chinh phu di ban hanh Quyét dinh sé 434/QD-TTg phé duyét “Ké
hoach qubc gia phong, chdng mot s6 dich bénh nguy hiém trén thuy san nudi, giai
doan 2021-2030”, trong do bénh dém tréng duoc xép vao nhom bénh nguy hiém

trén tom nudi nude 1o can uu tién phong bénh, khong ché va kiém soat.

Tai khu vuc mién Trung, dac biét 1a thanh phé Hué, bénh dém tréng thuong
xuyén xudt hién trén cac ving nudi tom st va tém thé chin tring, nhat 1a & cac ddm
pha Tam Giang, Cau Hai thuéc Phu Vang va Quang Dién. Nhiéu niam lién tiép, dich
bénh da gay thiét hai dang ké cho ngudi nudi. Trong giai doan 2019-2021, dién tich
t6m bi nhiém bénh tai Quang Dién dao dong 13-38 ha, chiém ty 1¢ dang ké trong
tong dién tich nudi cua dia phuong. Cuy thé, dién tich tom bi bénh 1an luot 1a 13,50
ha (nam 2019), 37,90 ha (nam 2020) va 33,48 ha (nam 2021) [23] (Hinh 1.1). Do
dich bénh thudng xuyén xay ra tai khu vuc nay, nguoi nuoi tom & Quang Dién c6
thoi quen giri mau tdm nghi nhiém WSSV dén Tram Chan doan, Xét nghiém va

Diéu tri bénh dong vat — Chi cuc Chan nudi va Tha y Hué dé phan tich. Cac mau
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tom nhiém WSSV duoc sit dung trong cac thi nghiém cua luan an duoc thu thap tir

nguén mau thuc té nay, bado dam tinh dai dién va tinh Ung dung cua két qua nghién

cuou.
Dién tich nuoi bj tdm dém trang
40,00 3760
35,00 33,48 m2019
30,00 m2020
©
< 2500 2021
=
O 20,00
prer)
@. 15,00
(a]
10,00
5.00 1220
000 %% ggg 100 0,00 100100 409
0’00 . . ——'_——|
PhuVang Quang Dién Phong Pién Hwong Tra  Phu Léc
Dija diém

Hinh 1.1. Théng ké tinh hinh bénh cac Phti Vang, Quang Pién, Phong Dién, Huong
Tra, Phu Loc tir nam 2019 dén 2021.

Niam 2021, thanh phd Hué, c6 dién tich nudi trong trén 5.368 ha, trong d6
dién tich nudi tom 13 1.639 ha véi trit lwong khoang 1 ty con tom gidng, cing sb
lugng 16n cua, ca va cac loai khac. Tuy nhién, tir cudi thang 3 ndm 2021, dich bénh
bat dau bung phat va lan rong nhanh chéng. Trong nim nay, c6 76,74 ha ving nudi
bi anh huong béi dich bénh, trong do bénh dém tréng l1a nguyén nhan chinh, chiém
33,48 ha, con lai 43,26 ha bi tic dong do yéu t6 moi truong [24]. Nhu vay, ty 1¢ dién
tich nuoi tdm bi nhiém bénh do WSSV gay ra chiém t&i 43,62%.

Ciing trong nim 2021, cic mau tom va nudc tir cic ao bi nhiém bénh da
dugc thu thap dé xét nghi¢ém nam loai bénh chinh: bénh dém tréng WSSV (White
Spot Syndrome Virus), bénh coi MBV (Monodon Baculovirus), bénh hoai tir co

quan tao mau va co quan biéu moé IHHNV (Infectious Hypodermal and
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Hematopoietic Necrosis Virus), bénh du6i dé TSV (Taura Syndrome Virus), va bénh
hoai tir gan tuy cép tinh AHPND (Acute Hepatopancreatic Necrosis Disease). Két
qua xét nghiém duoc tra vé trong vong 24 gid. Trong téng s6 242 mau dugc kiém
tra, c6 49 mau duong tinh véi WSSV, 32 mau duong tinh v6i MBV, 20 mau duong
tinh vdi IHHNV, 20 mau duong tinh véi TSV va 20 mau duong tinh véi AHPND
[24]. Két qua cho thay WSSV chiém ty 1¢ cao nhat, 20,25% (Hinh 1.2). Sau khi xac
dinh nguyén nhan, cac ao, hd va kénh rach bi nhiém bénh dugc xir Iy bang héa chat
dé tiéu diét mam bénh. Hé théng thoat nudc cua cac ao nuoi tom bi bénh dugc dong
kin, dong thoi nguodi dan xung quanh duoc thong bao dé chi dong thuc hién céac
bién phap phong ngtra. Bén canh dd, co quan chirc nang dia phuong ting cudng
cong tac kiém soat, giam sat moi truong ving nudi va kip thoi thong bao trén cac

phuong tién thong tin dai chung.

Ty lé cac bénh trén tom (%)

m WSSV
= MBV

.75 = IHHNV

mTSV

8,26 AHPND

)

Hinh 1.2. Ty 1¢ bénh trén tom tai Quang Dién, Hué, nam 2021, WSSV chiém ty 1¢
cao nhat 20,25%.

Nhirng biéu hién 1am sang cua bénh duoc thé hién rd qua mau tom thu thap
tai xa Quang An, huyén Quang Dién vao thang 4 nam 2022, khi tom dugc tha nuoi
dugc 45 ngay (mﬁu tir Tram Chan doan, Xét nghiém va Diéu tri bénh dong vat —

Chi cyc Chan nudi va Thii y Hué) (Hinh 1.3). O miu tom niy, phan v6 dau xuat
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hién nhiéu dém trang 16m, dé quan sat bang mat thuong. Khi soi dudi kinh hién vi
v6i vat kinh 4x, cac d6m tring hién rd rét. Giai doan tir thang 3 dén thang 5 1a thoi
diém giao mua trong nam, thuong 1a cao diém xuat hién dich bénh. Dot bung phat
bénh nay da gay thiét hai hoan toan cho ca bdn ao nudi ciia mot hd dan, mdi ao co

dién tich khoang 5.000 m?.

Nhu vdy, cic quan sat thuc té va két qua xét nghiém déu khang dinh ring

WSSV van 13 nguyén nhan chinh gay chét hang loat trong ving nudi tém & Hué.

Hinh 1.3. Tém nhiém WSSV véi cac dém tring dic trung trén vo: (a) Quan sat trén
giap dau nguc; (b) Quan sat dudi kinh hién vi.

Theo S& Nong nghiép va Phat trién ndng thon thanh phd Hué, tir dau nim
dén thang 11 nam 2023, do anh hudng cua diéu kién thoi tiét va moi trudng dién
bién phtrc tap, dich bénh trén tém da phat sinh va 1ay lan trén dién rong, giy thiét
hai 1én dén hang chuc ty dong. Thong ké cho thay tong dién tich ao nudi tom bi
nhiém bénh trén toan thanh phd 1a 44 ha, trong d6 c6 16 ha bi bénh doém tring va 28
ha bi anh huong do diéu kién méi truong. Cac ao nudi bi nhiém bénh tap trung chi
yéu tai cac huyén c6 hoat dong nudi tom trong diém nhu Quang Pién, Phong Pién

va Phti Vang [25].

Tur cac s6 lidu trén ¢ thé thay, bénh dém tring van dang 1a moi de doa

nghiém trong doi véi nganh nuoi tdm, khong chi trén pham vi toan cau ma con tai

16



Viét Nam néi chung va thanh phé Hué. Hién nay, cac phuong phap phat hién bénh
chu yéu dua trén chian doan 1am sang thong qua quan sat triéu ching va bénh tich
dién hinh, hodc k¥ thuat PCR trong phong thi nghiém. Tuy nhién, cic phuong phap
nay con nhiéu han ché nhu phat hién cham, doi hoi trang thiét bi hién dai, k¥ thuat
vién chuyén mon cao va thoi gian tra két qua kéo dai.

Trude thuc trang do, viéc nghién ctru va phat trién cac thiét bi chan doan tai
chd bénh dém tring do vi-rat gay ra trén tdm nudi nude lo 13 hét stc can thiét. Cac
thiét bi nay c6 thé gitip phat hién nhanh va kip thoi, gop phan kiém soat su 1y lan,
giam thiéu thiét hai va huéng t6i phat trién nganh nudi tom bén ving trong bdi canh
bién d6i khi hau va dich bénh ngay cang phic tap.

1.1.2. Cu tric vi-rat WSSV va chi diu dic trung-protein VP28
1.1.2.1. CAu tric vi-rit WSSV

(a) 1c
Nucleocapsid =
VP26 — ): ~—{— 6=7nm Tegument
VP28 —° = 450m
1 — 19 nm
> - 210-420 nm
3 Envelope

70-167 nm

Hinh 1.4. Hinh thai va cau tric vi-rat WSSV (a) Hinh thai tong thé ctia vi-rat [26];
(b) Cau tric cat doc minh hoa cac 16p cua vi-rat [27]; (¢) Anh hién vi dién td TEM
cua vi-rut, thanh ti 1¢ = 100 nm [27].

Hinh 1.4a va Hinh 1.4c cho thay cau tric cua vi-rat WSSV c6 dang elip, véi
mot phan dudi nho kéo dai & mot dau. Kich thudc tong thé cua virion dao dong
trong khoang 210-420 nm chiéu dai va 70167 nm dudng kinh. V& mit cau tric,
mot virion hoan chinh (Hinh 1.4b) gdm ba thanh phan chinh [26]:
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- Lép mang ngoai Envelope: 1a mdt mang lipid kép c6 do day khoang 6-7
nm, bao quanh toan bd vi-rut. Trén bé mat mang bao co cac protein cAu trac chinh,
trong d6 VP28 va VP26 1 hai protein phd bién nhat, chiém khoang 60% tong lugng
protein mang [28], [29]. VP28 déng vai trd quan trong trong giai doan dau xam
nhap té bao chu, giup vi-rit gin va xdm nhap qua mang té bao biéu mo. VP26 co
thé hoat dong nhu mot protein lién két gitra mang bao va nucleocapsid, gitip 6n dinh

cau truc virion.

- Lép trung gian Tegument: Nam giira 16p mang ngoai va nucleocapsid, co
d6 day 27,5 nm. Thanh phan chu yéu cta 16p ndy 1a cac protein c6 chirc ning trung

gian, tham gia vao qua trinh lap rap, 6n dinh cau trtic cua virion.

- L6i Nucleocapsid: Nucleocapsid ¢ chiéu dai 180-420 nm va dudng kinh
54-85 nm, chtra vat chat di truyén la DNA s¢i doi (dsDNA) dugc bao boc bdi cac
protein capsid. Phan tich tir anh hién vi dién tir TEM cho thiy nucleocapsid c¢6 ciu
tao gobm 15 vong xodn doc theo truc dai cua 156i, mdi vong gém khoang 13-15

capsomer.

Nhu vy, cAu trac cia WSSV thé hién dic trung cua ho Nimaviridae, vo1 16p

mang bao lipid kép, 16p protein trung gian, va nucleocapsid xoan chira DNA soi doi.

Vi-rat WSSV lay truyén chu yéu thong qua hién tuwong an thit cac ca thé bi
nhiém bénh hodc qua ngudén nudc di qua mang. Ngoai ra, vi-rat con cé thé lay
truyén theo chiéu doc tir tom bd me sang thé hé con, thong qua trang bi nhiém
nhung khéng phat trién hodc tir cac té bao hd tro trong mé budng trimg. Qué trinh
phién md mRNA cua vi-rat, nhan d6i DNA hé gen, hinh thanh nucleocapsid va lap
rap cac hat virion hoan chinh déu dién ra trong nhan té bao. Cac protein cta vi-rat
duoc dich ma trong bao tuong [27].

1.1.2.2. Protein VP28

Céc khang thé da dong va don dong di duoc tao ra chdng lai cac protein ciu
tric ciia WSSV, va duogc tng dung trong cac cong cu chan doan quan trong. Vi-rat

c6 thé bi vo hiéu hoa boi huyét thanh chira khang thé khang cac protein ciu triic
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nhu VP12B, VP19, VP28, VP31, VP36A, VP33 (VP36B) va VP51 [30], [31].
Nhiéu protein tai to hop cia WSSV d3 duoc st dung 1am vaccine phong bénh, trong
dé cac vaccine chua VP19, VP26, VP28 va VP41A duoc ching minh c6 thé cai
thién ty 1¢ song sét cia tom sau khi nhiém WSSV [32]. Tir d6 c6 thé suy ra rang cac
protein cdu tric nay, dic biét 1a VP28, ¢ vai trd quan trong trong qué trinh nhan
dién va dap ung mién dich cua vat chu dbi véi vi-rat WSSV.

VP28 duoc xem 1a mot trong nhitng chi ddu dic hiéu va déng tin cdy nhat
cho su hién dién cia WSSV, déng thoi 1a protein chu dao trong viéc phat hién vi-rat
[33]. Cac nghién ctru cho thdy VP28 nim & bé mit ngoai ciia mang bao, gitp dé
dang tiép can trong cic xét nghiém phét hién [34]. Mitc d6 biéu hién cao cia VP28
& cac ca thé bi nhiém bénh di tao diéu kién thuén lgi cho viéc phat trién cac phuong
phap phét hién c6 do nhay cao, bao gom cac phan (g mién dich va cam bién sinh

hoc [26], [28], [35].

Khang thé chéng lai VP28 da dugc str dung lam dau thu sinh hoc trong cam
bién mién dich dién hoa, cho phép phat hién WSSV ngay ca & nong do rat thap, gop
phan chan doan va kiém soat sém dich bénh trong méi trudng nudi trong thay san
[20], [36], [37]. Do @6, viéc phat trién cac phuong phap phat hién dic hiéu va nhay
cao dua trén VP28 1a hét strc can thiét dé chan doan sém, giam sat dich bénh, chon
loc gidng khang bénh, kiém tra nguon nudc va nang cao hiéu qua quan 1y nudi trong
thity san ciing nhu hiéu biét vé co ché gay nhiém cua WSSV.

1.2. Cac phwong phap phat hién WSSV hién nay

Viée nudi tdm nuée lg duoc nhiéu dia phuong phat trién manh, dic biét 1a
nhiéu dién tich nudi tom truyén théng chuyén sang nudi tom bang ao 16t bat, nudi
tom 2, 3 giai doan, nudi tom ao ndi, gop phan ting ning suit, chat lvong t6m nudi.
Trong subt qué trinh nudi tdm, van dé quan trong 13 phong tranh tot cic tac nhan
gdy bénh trén tom, chan doan sém va theo ddi dién bién bénh dé co cac bién phap

xtr 1y kip thoi, tranh thiét hai 16n vé kinh té.
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Bénh d6m tring trén t6m nudi nude 1o co thé bit ngudn tir ba nhoém nguyén
nhan chinh: do vi-rat, do vi khuan, do méi trudng. Cac truong hop nay cé biéu hién
bén ngoai twong ty nhau, khién viéc chan doan nguyén nhan giy bénh tré nén kho
khan [38]:

- Do vi-rt: Xuat hién nhiéu dém tring bén trong vo, dic biét ¢ giap dau
nguc, dot bung tht 5-6; tom boi 16 do, bd an, do1 khi do than. Sau 3—10 ngay, tom
chét hang loat véi ty 16 c6 thé dat 100% (Hinh 1.5).

- Do vi khuan giy hoi chimg dom tring BWSS (Bacterial White Spot
Syndrome): Tom van an va 1ot vo binh thuong, ddém tr'fmg c6 thé mat sau khi 16t,

qua trinh phat trién cham, ty 1€ chét rai rac.

- Do moéi trwong: DOm trang xuét hién trén vo nhung tdm van hoat dong binh

thudng, khong tap bo, téc do sinh trudng giam nhe.

Hinh 1.5. Biéu hién nhiém vi-rat ddm tréng WSSV trén tom nuoi nudc lo: (a) Tom
thé chan trang; (b) Tom su [38].

Trong ba nhoém nguyén nhan nay, bénh do vi-rat WSSV 1a nguy hiém nhét,
gdy thiét hai nghiém trong cho nganh nudi tom ca vé san luong va kinh té. Do do,
viéc phat hién va xac dinh chinh xac WSSV c¢6 y nghia dic biét quan trong trong
cong tac phong, chong dich bénh. Hién nay, cic phuong phap phat hién WSSV
duoc chia thanh hai nhom chinh [38]:
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- Chan doan 1am sang: Dya trén triéu chimg va bénh tich dién hinh quan sat
dugc & tom bénh. Phuong phap nay nhanh, nhung khong xac dinh dugc chinh xéc

tac nhan gy bénh, nén chi mang tinh dinh hudng ban dau.

- Chéan doan phong thi nghiém: Bao gdm cac ky thuat phan tich va xét
nghi¢m nham phat hién truc tiép hoac gian tiép su hién dién cua WSSV véi do
chinh x4c cao, thuong duogc thuc hién tai cac trung tdm nghién ctru hoac phong thi

nghiém thiy san, va c6 thé chia thanh hai hudng chinh:

+ (i) Cac phuong phép dya trén quan sat hinh thai hoc va mdé bénh hoc:
nhuém moé H&E, kinh hién vi dién td¢ TEM (Transmission Electron

Microscopy), hoic lai tai chd ISH (In Situ Hybridization);

+ (ii) Cac phuong phap sinh hoc phan tir va mién dich hoc: phan ung chudi
polymerase PCR (Polymerase Chain Reaction) va cac xét nghiém mién dich
ELISA (Enzyme-Linked Immunosorbent Assay), Western Blot, FTA (Flow
Through Assay) hoac que thtr nhanh.

O Viét Nam, thu miu thuc, xét nghiém bang phuong phap sinh hoc phan tir
PCR duoc st dung 1am tiéu chuan trong phat hién WSSV, theo Quyét dinh 117/Qb-
TY-TS vé Tiéu chuin co s& quy trinh phat hién vi-rat gdy hoi chimg dém tring
(WSSV) ¢ tom, Cuc Thi y ban hanh ngay 23 thang 02 nam 2018. Tuy nhién,
phuong phap nay yéu cau thiét bj hién dai, k§ thuat vién chuyén mon cao va khong
thé thuc hién tai hién truong, khién ngudi nudi kho dua ra bién phap xur 1y kip thoi,
din dén thiét hai dang ké khi dich bénh bung phat.
1.2.1. Phuwong phap truyén thong
1.2.1.1. Chan do4n lam sang

Chan doan 1am sang 13 budc dau tién trong quy trinh phat hién bénh dém
trang do vi-rat WSSV, gitip ngudi nudi hodc k§ thuat vién nhan dién nhanh cac dau
hiéu nghi nhiém trude khi tién hanh cac xét nghiém xac nhan bang phwong phap

sinh hoc phan tir hodc mién dich hoc. Viéc quan sat biéu hién bén ngoai va hanh vi
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cua tom c6 y nghia quan trong trong viéc danh gia sém tinh trang strc khde quan

dan va khoanh vung mam bénh.

Tém bi nhiém vi-rat gay hoi chimg dém tring WSSV thuong xut hién cac
d6m tring c6 duong kinh tir 0,5-3,0 mm trén vo kitin, phu bo va dudi biéu bi. Tuy
nhién, cac ddm tring nay khong phai liic ndo cling xuit hién, va nhitng biéu hién
trong ty ciing c6 thé bt ngudn tir nhiém khuin, d6 kiém cao hodc mdi trudng
khong 6n dinh, nén khong dugc xem la d4u hiéu chan doan dang tin cay cho bénh

dom trang.

Ngoai ra, cac triéu ching 1am sang khac cta bénh bao gdm tom boi 1o do,
giam an dot ngot, than va phu bo chuyén sang mau do, vo tré nén mém va dé bong
troc [26]. Nhitng biéu hién nay thudng xuét hién trong giai doan cép tinh ciia bénh,
gitip xac dinh so bo tom nghi nhiém WSSV va dua ra quyét dinh 1y mau kip thoi
dé xét nghiém bang cac k¥ thuat chuyén sau nhu PCR, ELISA hoic test nhanh mién
dich.
1.2.1.2. Phwong phap mo6 bénh hoc

Phuong phap mé bénh hoc dugc sir dung dé quan sat cac bién d6i dic trung
trong ciu tric mo ciia tdom nhiém vi-rat gay hoi ching dém tring WSSV, thong qua
ky thuat nhuém H&E (Hematoxylin va Eosin). Dudi kinh hién vi quang hoc, cac té
bao biéu mo ciia vo kitin, mang, mo lién két dudi vo, tuyén rau, co quan bach huyét
va mo tao mau cho théy nhan té bao phi dai 10 rét, nhiém séc chit bi déy ra ngoai vi,
cung sy hinh thanh thé viii trong nhan kiéu CAI (Cowdry type A) 1 dau hiéu dién
hinh cta bénh WSSV. Cac thé vui ndy c6 thé bat mau d6 hong (ua acid) ¢ giai doan
som va xanh tim (ua base) & giai doan mudn, thuong chi xuét hién mot thé vui trong
mdi nhan té bao.

Phuong phap md bénh hoc cé gia tri cao trong chan doan so bd va diéu tra
dich té hoc, gitp nhan di¢n nhanh céc ton thuong dién hinh & mé dich. Tuy nhién,

do do nhay khong cao va co thé nhadm 1an v&i cac bénh do vi-rit khac nhu ITHHNV,
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HPV hoic MBYV, kj thuit nay thuong duoc két hop voi phan tng lai tai chd (ISH)
hoic PCR dé khang dinh chinh xé4c su hién dién ciia WSSV.
1.2.1.3. Phuwong phap kinh hién vi dién tir TEM

Ky thuat hién vi dién tir truyén qua TEM (Transmission Electron
Microscopy) cho phép quan sat truc tiép hinh thai siéu cdu tric cua vi-rat WSSV
trong nhan té bao bi nhiém. Trong cac té bao nhiém ning, virion phan bd day dic
trong nhan phi dai, ph'?m 16n bi cit doc theo truc dai, chi mot so it thé hién hinh elip

hoan chinh véi cau tric déc trung cia vi-rat.

Phuong phap TEM c6 d6 dic hiéu rat cao, gitp khang dinh truc tiép hinh
thai va su hién dién cia WSSV, déng thot giai thich tin hi€u lai duong tinh manh
trong phuong phap ISH. Tuy nhién, do yéu cau thiét bj dit tién, quy trinh chuan bi
mau phirc tap va thoi gian phan tich 1au, TEM khong phul hop cho chan doan dai tra,
ma cha yéu duoc sir dung trong nghién ctiru chuyén sau hodc xac nhan két qua mo
bénh hoc.
1.2.1.4. Phuong phap lai tai chd ISH

Phuong phép lai tai chd ISH (In Situ Hybridization) duoc st dung dé phat
hién tryc tiép DNA dic trung cia WSSV trong mé bi nhiém. K§¥ thuat nay sir dung
dau do DNA duoc danh dau bang digoxigenin (DIG) lai véi trinh tu gen dic hiéu
ctia WSSV. Khi phan tng lai xay ra, cac nhan té bao chira DNA vi-rat hién rd mau
xanh—den dam, trén nén mo duoc phan nhudém béng Bismarck Brown nham tang do

tuong phan hinh anh.

Phuong phap ISH vira cung cdp thong tin moé hoc vé vi tri tén thuong, vira
x4c dinh mtc d6 va pham vi nhiém vi-rat trong timg ving mod dich, qua d6 cho
phép danh gia truc quan mat do vi-rut trong té bao. Véi do dic hiéu va do tin cay
cao, ISH duoc xem la phuwong phép chan doan xac dinh d6i véi WSSV, thuong

duoc su dung dé xac nhan két qua tir m6 bénh hoc hoac PCR.
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Tuy nhién, phuong phap nay co6 chi phi cao va thoi gian thuc hién dai hon,
do d6 thudong duoc ap dung trong nghién ctru khoa hoc, kiém chimg mau mé hoic

danh gia két qua nhiém thuc nghiém.

H“mh 1.6. M6 bénh hoc ctia bénh dém tre“'mg trén tom thé chan tréng du’qg quan sat
bang (a) nhuom H&E; (b) lai tai chQ ISH; (¢) nhuom H&E; (d) lai tai cho ISH; (e)
va (f) kinh hién vi dién tod TEM [39].
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Hinh 1.6 minh hoa tién trinh quan sat bénh dém tring & tom thé chan tring &
ba cap d6. O mic md hoc H&E, cac té bao biéu mo va md lién két cho thdy dic
diém dién hinh cta nhiém WSSV véi nhan phi dai va thé vui trong nhan kiéu
Cowdry type A. Két qua lai tai chd ISH x4c nhan sy hién dién dic hiéu ctia DNA vi-
rGt bang tin hiéu dwong tinh manh (mau xanh den ddm) trong nhan té bao. Anh
TEM cung cép bang chimg truc tiép vé cdu trac hat vi-rat WSSV véi 16p vo bao
ngoai va 16p nhan ddc trung tam (nucleocapsid), khéng dinh mat d§ vi-rat cao trong
nhan cua té bao nhidm.

1.2.2. Phuwong phap PCR

Phan ung chudi polymerase PCR (Polymerase Chain Reaction) 1a phuong
phap phat hién bénh c6 dd chinh xac va do nhay cao, hién dugc sir dung phé bién
nhat trong chan doan vi-rat gy hoi chimg dém traing WSSV [40], [41]. Phuong
phap nay cho phép phat hién truc tiép trinh tu gen dic trung cia WSSV, dong thoi
c6 thé md rong dé dinh luong tai luong vi-rit tiy theo bién thé k¥ thuat dugc st
dung. Mot s6 dang PCR thuong 4p dung trong chan doan WSSV gdm:

- PCR ¢6 dién (Conventional PCR): phat hién sy c¢6 mat cua trinh tu gen dac
trung cua WSSV véi d0 nhay cao, tuy nhién chi mang tinh dinh tinh.

- Nested PCR: str dung hai cap moi ké tiép nhau dé khuéch dai dic hiéu hon,
nhd d6 ting d6 nhay va co thé phat hién luong vi-rat rat thap (khoang 102 ban sao).

- PCR thoi gian thuc (Real-time PCR hoac qPCR): cho phép dinh luong tai
lugng vi-rat trong mau, cung cap két qua nhanh, chinh xac va dugc T6 chirc Tha y
Thé gi6i (OIE) khuyén nghi st dung trong giam sat va kiém soat dich bénh thay
san.

1.2.3. Phwong phap mién dich hoc
1.2.3.1. Phwong phap ELISA

Phuong phap ELISA (Enzyme-Linked Immunosorbent Assay) bat giir khang
nguyén (Antigen-Capture ELISA) 1a mot k¥ thuat mién dich hoc dinh lugng dua

trén tuong tac dic hiéu gitta khang nguyén VP28 cua vi-rat gay hoi ching ddm
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tring WSSV va khang thé don dong MAb (Monoclonal Antibody). Trong k¥ thuat
nay, khang thé diac hiéu VP28 duogc cb dinh trén dia vi giéng dé bat gilt protein
VP28 c6 trong mau tom nhiém bénh, sau d6 khang thé tht cap lién hop enzyme

HRP dugc str dung dé tao tin hiéu mau.

Hé thdng capture ELISA dugc phét trién bang cach két hop khang thé don
dong 6E1 (dic hiéu v6i VP28) 1am khang thé bat giit va khang thé da dong tinh sach
tir huyét thanh chudt lam khang thé phat hién. K§ thuat nay cho phép dinh lugng
tryc tiép WSSV trong mau huyét tom (haemolymph) ma khong can tinh sach vi-rat
trude do. Bg nhay va do tuyén tinh cao dugc ghi nhan trong khoang n6ng do 5,00—
42,40 ng/pL, véi kha nang phat hién sy gia tang protein VP28 tir 5,2 ng/uL 1én 14,4
ng/pL trong sau ngdy sau khi gdy nhiém, twong tmg véi ty 1& chét tich liy dat 70%
[42].

Ngoai ra, cic nghién ciru khac ciing ghi nhan rang viéc st dung hdn hop
khang thé don dong dic hiéu véi VP19 (W25-8D) va VP28 (W29) gitp ting dod
nhay phat hién 1én gép d6i so v6i dung riéng 1¢ timg khang thé, cho phép phat hién
WSSV & mirc ndng d6 thap t6i 20 pg VP28. Mic du do nhay van thap hon so véi ki
thuat PCR, ELISA ¢6 uu diém noi bat 1a dé thyc hién, chi phi hop 1y, cho phép phan
tich dinh luong va sang loc hang loat tai phong thi nghiém, dong thoi thé hién tiém
nang tng dung trong gidm sat dich bénh trén dién rong [43].

1.2.3.2. Phwong phap Western Blot

K§ thuat Western Blot cho phép xéac dinh tryc tiép protein VP28 ctia WSSV
trong mau tom bang cach tach cac protein trén gel SDS-PAGE va chuyén chung 1én
mang nitrocellulose, sau d6 su dung khang thé dac hiéu VP28 dé phat hién. Cac
khang thé don chudi scFv dugc tao ra tir thu vién hién thi phage c6 kha ning nhan
biét cac epitope tuyén tinh cua VP28, dac biét & vung axit amin 28-67, 87-93 va
171-204, twong Ung véi cac ving khang nguyén manh trén protein nay. Két qua
Western Blot cho thiy cac khang thé scFv nhu P108D2, P108B4, P111B10 va
P157D8 phan tng dic hiéu véi protein VP28 di bién tinh, chimg minh kha ning
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ung dung cua ky thuat nay trong viéc xac dinh chinh xac vi tri epitope va phuc vu

phat trién cac hé phat hién mién dich c6 do dic hiéu cao [44].

Hinh 1.7 minh hoa két qua Western Blot xac nhan tinh dac hiéu ctua khang
thé khang VP28 (ab26935). Hinh 1.7a 13 huyét thanh trudc mién dich (pre-bleed
serum) khong xuét hién bang protein tai vi tri khoang 28-30 kDa, cho thiy huyét
thanh nay khong chira khang thé nhan biét VP28. Nguoc lai, & Hinh 1.7b 1a huyét
thanh sau mién dich (anti-serum), xuat hién mot bang rd nét & ving khoang 28-30
kDa trong miu chta protein VP28, chimg to khang thé dd nhén dién dic hiéu
protein VP28 tai to hop.

M1 2 M 1 2
120 — 170~ =
126 = 126 =
100 190 =&

re ¥ 7?2 =3
54 = 54 =
a6 — a6 = '
315 - 35 - '

Hinh 1.7. Két qua Western Blot x4c nhan tinh dic hi¢u cua khang thé khang VP28
[45].

1.2.3.3. Phwong phap FTA

Phuong phédp FTA (Flow Through Assay) 1a mot ki thuat mién dich hoc
nhanh dya trén phan Gng khang nguyén—khang thé dic hiéu, dugc phat trién nham
phat hién protein VP28 cta vi-rat gdy hoi ching dém tring (WSSV). Trong phuong
phap nay, khang thé don dong MADb dugc ¢b dinh trén mang nitrocellulose dé bit
gitt khang nguyén vi-rit c6 trong mau, sau d6 tao tin hiéu mau nhd phan tng
enzyme hodc hat vang. Cac nghién ctru di ching minh ring viéc str dung hdn hop

khang thé don dong (MAb cocktail) trong phép thir FTA gitp ting dang ké do nhay
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phat hién. Cu thé, t6 hop khang thé C-05 + C-56 va C-14 + C-56 cho kha ning phat
hién WSSV cao gip 100 lan so voi PCR mét bude va gan tuong duong véi PCR hai
bude, dong thoi co thé thuc hién nhanh tai hién truong ma khong can thiét bi phirc
tap [46].

1.2.3.4. Phuwong phap test nhanh mién dich sic ky ICTS

Phuong phép test nhanh mién dich sic ky ICTS (Immunochromatographic
Test Strip) sir dung co ché phan tng khang nguyén—khang thé dic hiéu giita protein
VP28 va khang thé don dong W29, duoc gin véi hat vang keo (colloidal gold) dé
tao tin hiéu mau. Khi mau chira WSSV duge cho chay qua mang nitrocellulose,
phirc hop khang nguyén—khang thé tao ra vach do-tim tai ving thr nghiém (T-line),
ving kiém soat (C-line) hién thi khi phan mg dién ra dung. B¢ kit ndy c6 thé phat
hién mau duong tinh & ti 18 pha lodng 1:50, cho két qua rd rang trong vong 15 phut
ma khong can thiét bi phong thi nghiém. Mic du d6 nhay thip hon PCR khoang 2
triéu 1an, test strip c6 uu diém vuot troi vé tde do, tinh tién dung, kha nang bao quan
t6i 2 ndm & nhiét do phong, pht hop cho kiém tra nhanh tai trai nu6i hoic co sé san
xuat giong [47].

1.2.4. Phwong phap cam bién sinh hoc dién hoa

Mic du PCR 1a phuong phap phd bién cho d6 chinh x4c cao, phuong phap
nay doi hoi k¥ thuat vién chuyén nghiép va trang thiét bi hién dai, thudng & xa trang
trai. Do d0, nhu cau phat trién cac phuong phap phét hién nhanh, chi phi hop 1y va
dé sir dung dang ngiy cang dugc quan tim trong linh vuc giam sat dich bénh thuy

san.

Mot trong nhitng hudng tiép can day trién vong 1a cam bién sinh hoc. Cam
bién sinh hoc 1 hé thong phan tich két hop giita thanh phan nhan biét sinh hoc va
bo chuyén doi tin hiéu. Khi xay ra sy tuong tic dic hiéu gitra dbi twong can phat
hién va phé”m tr nhan biét sinh hoc, su thay ddi trén bé mit dién cyc s& duge chuyén
thanh tin hiéu c6 thé ghi nhan va xu ly. Tuy thudc vao co ché chuyén ddi tin hiéu,

cam bién sinh hoc c6 thé dugc phan thanh nhi€u nhém nhu cdm bién dién hoa,
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quang hoc, ap dién va nhiét. Nho kha nang tich hop véi cac nén tang dién tir va hé
thong xir Iy dit liéu, cong nghé nay dang dugc nghién ctiru rong rai nham phat trién
céc thiét bi phan tich nhanh phuc vu chan doan, giam sat moi truong va kiém soat
chat luong trong nhiéu linh vuc khac nhau.

1.2.4.1. Cam bién sinh hgc
CHAT CANPHAN TICH AU THU SINH HOC CHUYEN DOI TiN HIEU XU LY TiN HIEU

Khang nguyén Khang thé
bién hoa
Kim loai nang
Quang hoc X 1y
DNA, RNA

Ap dién Hien thij

Chét doc Aptamer

Nhiét

Vi khuan Té bao, mo

Hinh 1.8. Ciu tric cta cam bién sinh hoc.

Cam bién sinh hoc (biosensor) 1a mot thiét bi tich hop c6 kha ning xac dinh
va dinh lugng chét phan tich dua trén phan Uing dac hi¢u gitta dau thu sinh hoc va
chét can phan tich, trong do6 tin hi€u sinh hoc dugc chuyén ddi thanh tin hiéu do
dugc thong qua bd phan chuyén doi [48]. Vé ciu tao, mot cam bién sinh hoc dién

hinh gdm ba thanh phan chinh (Hinh 1.8):

- Pau thu sinh hoc (bioreceptor): nhan biét dac hiéu d6i tuong phan tich, c6

thé 14 enzyme, khang thé, DNA hoic té bao.

- B6 phén chuyén dbi (transducer): chuyén d6i tin hiéu sinh hoc thanh tin

hi€u dién, quang, ap di¢n hoac nhiét.

- B0 phan xir Iy va hién thi (signal processor): khuéch dai, xir Iy va hién thi

két qua do luong.
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Tuy thudc vao nguyén 1y hoat dong va thanh phan nhan biét sinh hoc, cam
bién sinh hoc dugc chia thanh nhiéu nhém khéc nhau. Hinh 1.9 trinh bay so do phan

loai cdm bién sinh hoc dua trén co ché chuyén doi tin hi¢u va loai dau thu sinh hoc.

Phan loai cam bién sinh hoc

Co ché chuyén dbi tin hiéu

” — —  Khang thé
— 3 — Enzyme
Vi can tinh thé —  Dodong — SPR
— thach anh
(QCM) - Axit nucleic
— Do dién ap Raman, FT-IR
Séng bé mat - P Aptamer
T (sAw) — Do do dan Ong dan séng
Y —  Té bao, md
| | Po phg tong || Khac
trér
| | Polymein
phan tcr

Hinh 1.9. Phan loai cam bién sinh hoc dua trén co ché chuyén ddi tin hiéu va loai
dau thu sinh hoc.

- V& co ché chuyén d6i tin hiéu, cam bién dugc chia thanh bén nhom chinh:
+ Cam bién nhiét: dva trén su thay ddi nhiét do sinh ra tir phan ung
sinh hoc.

+ Cam bién 4p dién: str dung dao dong co hoc cua tinh thé nhu QCM
(Quartz Crystal Microbalance) hoic SAW (Surface Acoustic Wave) dé
phat hién thay ddi khoi luong trén bé mat dién cuc.

+ Cam bién dién hoa: bao gdm cac phuong phap do dong, do dién ap,
do d6 dan va pho tong tré dién héa nham ghi nhan tin hiéu dién do

tuong tac sinh hoc gay ra.
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+ Cam bién quang hoc: phat hién sy thay ddi tin hiéu quang hoc thong qua
cac k¥ thuat nhu SPR (Surface Plasmon Resonance), Raman, FT-IR, hodc 6ng dan

song quang hoc.

- V& dau thu sinh hoc, cam bién c6 thé sir dung nhi€u loai vat liéu nhén biét
khac nhau nhu khang thé, enzyme, axit nucleic, aptamer, t€ bao hodac mé sinh hoc,

va polyme in phan ttr, tiy theo ddi twong va muc dich phan tich.

Trong d6, cam bién sinh hoc dién hoa duoc hudng dén ing dung trong phat
trién thiét bi do tinh don gian trong cac budc phan tich, do nhay cao, tinh di dong va
chi phi hop 1y [49]-[53]. Cam bién ndy mang lai nhitng wu diém vé d6 nhay, d6 dic
hiéu va thoi gian ngan dé theo ddi su lay lan ctia bénh trong qua trinh nudi tom va
xét nghiém WSSV trong nudc, trude khi tha gidng [37], [54].

1.2.4.2. Cam bién sinh hoc dién héa

Cam bién sinh hoc dién hoa 13 cam bién sinh hoc trong do su tuong tac giira
d6i twong can phan tich va thanh phan nhan biét sinh hoc duoc chuyén doi thanh tin
hiéu dién thong qua hé dién héa. Cac tin hiéu do duwoc bao gdm dong dién, dién thé,
d6 din dién va tong tro dién hoa [48], [55]. Thanh phan nhan biét sinh hoc
(bioreceptor) co thé 1a khang thé, enzyme, ssDNA, té bao hodc vi sinh vat, tiy theo
muc dich itng dung. Loai cam bién nay ndi bat nho do nhay cao, thoi gian dap Uung
nhanh, d6 chon loc tt va duoc Gmg dung rong rii trong phan tich y sinh, céng nghé
thue pham va giam sat moi truong [56].

Hau hét cam bién dién hoa duoc thiét ké dua trén cau hinh ba dién cuc, bao

Y
A

gom:

- Pién cuc lam viéc (WE — Working Electrode): noi dién ra cic phan g

sinh hoc va di¢n hoa, dong vai trd quan trong nhat trong cam bién.

- bién cuc so sanh (RE — Reference Electrode): duy tri thé 6n dinh trong qué

trinh do.
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- bién cuc d6i (CE — Counter Electrode): hoan tit mach dién bang cach cung

cap hodc nhan dong dién.

Vat liéu ché tao dién cuc lam viéc thuong 1a kim loai quy (vang, bac, platin)
hoic cacbon. Cac dién cuc kim loai c6 d6 dan cao va kha nang ¢ dinh dau thu sinh
hoc tt, nhung dé& xay ra phan ing phu véi tap chat trong dung dich. Nguoc lai, dién
cuc cacbon (nhu GCE — Glassy Carbon Electrode) c6 tinh tro hoa hoc, dong nén
thap, chi phi ré va tuong thich sinh hoc tdt, song can ddnh béng va xir Iy bé mit

trude khi sir dung.

Dién cuc in ludi SPE (Screen-Printed Electrode) dang 1 xu hudéng phat trién
ng dung trong cam bién dién hoa trong nhitng nim gan day. Cong nghé nay st
dung muyc in chira vat li¢u dan dién (cacbon, vang, platin, Ag/AgCl) dugc nén qua
khuon mau 1én dé gbm hodc nhua, sau d6 xir Iy nhiét dé tao lién két bén viing gitra
16p muc va dé. Uu diém noi bat ciia SPE 1a chi phi hop 1y, kha ning san xuat hang

loat, thiét ké linh hoat va do lap lai cao.

(a) (b)

12 mm

bién cuc
so sanh

Hinh 1.10. Cac di¢n cuc in ludi st dung trong luan an: (a) di¢n cuc SPCE véi dién
cuc lam viéc cacbon; (b) dién cuc SPAUE vdéi dién cuc lam viéc vang; (c) Anh hién
v1 cau truc ba dién cuc.
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bién cuc in ludi thuong co cAu hinh ba dién cuc tich hop trén cung mot dé,
v6i kich thude nho gon, ciu triac phang, va yéu cau luong mau rat nho. Cac dién
cuc nay dugc tng dung rong rii trong cam bién sinh hoc dién hoa nho kha ning do
nhiéu loai tin hiéu nhu cudng do dong, dién thé hodc phd tong trd dién hoa. Pic
biét, dién cuc in ludi thudng duoc thiét ké dung mot 1an nhim dam bao do sach bé
mit, tranh nhiém chéo va giam sai sb giita cac phép do, ddng thoi don gian hoa quy

trinh thi nghiém trong cac trng dung phan tich sinh hoc.

Hinh 1.10 minh hoa cac dién cuc in ludi (BioDevice Technology, Nhat Ban)
st dung trong luan an. Hinh 1.10a thé hién dién cuc SPCE (Screen-Printed Carbon
Electrode) voi dién cuc lam viée bﬁng cacbon, dién tich 2,64 mm?. Hinh 1.10b la
dién cuc SPAUE (Screen-Printed Gold Electrode) vdi dién cyc lam viée phu vang,
dién tich 3,67 mm?. Ca hai loai dién cuc déu duoc tich hop ba dién cuc gff)m: dién
cuc 1am viéc, dién cuc d6i va dién cuc so sanh, dugc in déng thoi trén cung mot dé
nhua cach dién, tao nén céu trac nhé gon, thudn tién cho cac phép do dién hoa. Hinh
1.10c 1a anh hién vi cho thﬁy 1o bd tri ba dién cuc: dién cuc 1lam viée & trung tam,
dién cuc dbi bao quanh va di¢én cyc so sanh Ag/AgCl nam phia dudi, tao nén mot hé
dién cuc hoan chinh cho qua trinh do CV, SWV va EIS trong cam bién sinh hoc
dién hoa.

SPCE va SPAUE la cam bién dién hoa dung mot lan, dic tinh dién hoa cua
chung da duoc ching minh 13 ¢ hiéu qua ddi voi cac ung dung phét hién protein,
mang lai sy don gidn, d§ nhay va do 1ap lai cao [57].

1.2.4.3. Phén loai cam bién sinh hoc dién héa

Cam bién sinh hoc dién hoa c6 thé dugc phan loai theo co ché do, trong do
hai loai ph6 bién nhat 1a cam bién do dong (amperometric biosensor) va cam bién

do pho tong tré (impedimetric biosensor).
a. Cam bién do dong

Cam bién do dong hoat dong dwa trén nguyén Iy do cuong do dong dién phat

sinh tr cadc phan tng oxy hda—khir tai dién cuc lam viéc & dién thé xac dinh. Gia tri
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dong dién thu duoc ty 1& v6i ndng do chat phén tich, cho phép xac dinh ham luong
chit can do thong qua tin hi¢u dién hoa. H¢ cam bién thuong sir dung cAu hinh ba
dién cuc gém dién cuc l1am viée, dién cuc tham chiéu va dién cuc dbi. Dua trén co
ché truyén dién tir, cam bién do dong dugc chia thanh loai truyén dién tu truc tiép
va loai st dung céc chét trung gian oxy hoa—khtu. Nho d§ nhay, do chon loc va tde
d6 dap Gmg cao cing cdu trac don gian, loai cam bién nady duoc ing dung rong rii
trong phan tich glucose, phat hién cac chi du sinh hoc va gidm sat moi truong.
[58]. Tuy nhién, hiéu ning cua cam bién phu thudc dang ké vao dién thé phan cuec.
Khi dién thé dit qua cao, cac phan tmg oxy héa khong mong mudn cta chat tap cd
thé xay ra, lam giam tinh dac hiéu va anh huéng dén hoat tinh cta thanh phﬁn nhan

biét sinh hoc.

Hinh 1.11. Puong cong volt-ampe vong (CV) cta cac giai doan bién tinh dién cuc

vang trong qué trinh ché tao cam bién sinh hoc phat hién WSSV, do trong dung dich

dién ly, tdc do quét 0,1 V/s so véi dién cuc Ag/AgCl: (a) Dién cyc vang tran; (b) sau

khi pht 16p SAM thiourea; (c) sau khi hoat héa bang glutaraldehyde; (d) sau khi cb
dinh protein GST-WBP; (e) sau khi phu 1-dodecanethiol [54].

Hinh 1.11 minh hga qua trinh bién tinh bé mat dién cuc vang, budc quan

trong trong viéc phat trién cam bién sinh hoc, nham phat hién nhanh va dinh lugng
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vi-rat gy bénh ddm tring WSSV trong nudc ao nudi tom [54]. Nguyén 1y hoat
dong cua cam bién dya trén su thay dbi dién dung khi vi-rat WSSV gén dac hiéu
v6i protein GST-WBP (white spot binding protein) dugc ¢ dinh trén bé mit dién
cuc vang thong qua 16p SAM thiourea dugc hoat héa bang glutaraldehyde. Trong
d6 thi CV, dién cuc vang tran (a) cho tin hiéu dong cao va dinh oxi héa—khir 13 rang.
Sau khi tao 16p SAM thiourea (b), cwong do dong giam manh do 16p cach dién ngan
can qua trinh truyén dién tich. Budc hoat hoa bang glutaraldehyde (c) tiép tuc 1am
ting dién trd truyén dién tich, thé hién qua viéc dong giam thém. Khi ¢ dinh
protein GST-WBP (d), dong dién giam rd rét hon do 16p protein can trd khuéch tan
ion [Fe(CN)s]* /. Cudi cung, khi phu 1-dodecanethiol (e), tin hiéu dong gan nhu
triét tiéu hoan toan, xac nhan bé mat dién cuc d3 duoc phu kin hoan toan. Sy giam
dan cia cudng d6 dong theo ting budc chimg minh qua trinh bién tinh dién cuc
dién ra thanh cong, tao nén tang cho viéc ¢ dinh dau thu sinh hoc dic hiéu WSSV

sir dung cam bién dién dung.
b. Cam bién do pho tong tré

Cam bién phd tong trod dién héa EIS (Electrochemical Impedance
Spectroscopy) hoat dong dua trén viéc do su thay dbi tré khang ctia hé dién hoa khi
cO tuong tac sinh hoc trén bé mat dién cuc. Khi mot dién ap xoay chiéu hinh sin
bién do nho dugc ap vao hé, dong dién dap tiing sé 1éch pha so vdi dién ap mot goc

0.
U(w) = Uye't (1.1)
I(w) = I,e"@t+9) (1.2)
Téng tro cua h¢ luc nay duoc biéu dién nhu sau:
Z(w) = U(w)/I(w) = Uy /lge™ = |Z| e (1.3)

Z(m) ciing c¢6 thé dugc biéu dién dudi dang ham phtic trong d6 Z’ 14 thanh

phan thyc va Z” 1a phan ao:

Z(w)=Z'+jZ" (1.4)
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1Z > =(Z)+ (2")° (1.5)

Trong d6: Z' =|Z | cos0,Z" =|Z|sinb, 0 = arctan(j—:). Két qua khao sat
phd tong tro theo tan sé thu dugc s& duoc biéu dién trén mat phang Nyquist
[Z'(w) vs.Z"(w)] hodc mit phing Bode [|Z(w)|vs. f] hay [log|Z(w)| vs.
log( )l

Phép do EIS duogc chia lam hai loai:
- EIS khong Faradaic: trong dung dich khong chira cdp oxi hoa—khir.

- EIS Faradaic: trong dung dich c6 cdp oxi hoéa—khur (thuong dung
[Fe(CN)s]*™* hodc [Ru(NH3)s]*73).

Bang cach quét tin hidu xoay chiéu c6 bién d6 nho trén mot dai tan sé tir cao
dén thép tai dién thé mot chiéu cb dinh cua dién cuc lam viéc, phé téng tré ciia cam
bién dugc xac dinh. Két qua thu dugc c¢6 thé dugc biéu dién dudi dang do thi
Nyquist hoic Bode, va duoc mo phong bang md hinh mach dién twong duong
Randles gém dién tr¢ dung dich R;, dién dung 16p kép Cu, dién tré truyén dién tich
Rer va trd khang khuéceh tan Warburg Zw, d6i v6i hé dién ly chta cap chit oxi hoa—
khir [58]. Trong d6, Rcr dic trung cho qua trinh truyén dién tich giita dung dich
dién ly va dién cuc lam viéc, chiu anh huéng boi d6 dan va hinh thai bé mat dién
cuc. Zy phan anh qua trinh khuéch tan cua ion tir dung dich di¢n ly dén bé mat dién
cuc, thanh phan nay co gia tri rat nho tai ving tan sd cao va ting manh tai ving tan
s thép.

Khi ¢6 phan tmg dic hiéu giita dau thu sinh hoc va chat can phan tich trong
cam bién mién dich, 16p dién moi hinh thanh trén bé mat dién cuc lam can trd qua
trinh truyén dién tich, dan dén ting gia tri Rcr, ddy chinh 1a tin hiéu duoc st dung
dé dinh lugng ndng do6 chat.

Dua trén co ché chuyén ddi tin hiéu, cam bién phé téng tro gém hai loai:

cam bién dya trén su thay doi di€n dung tai bé mat dién cuc khi c6 sy gan két sinh
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hoc; va cam bién dua trén su thay doi tro khang dién hoa cua hé trong moi truong

chtra cap chat oxi hoa—khu.

Cam bién phd téng trd cd wu diém ndi bat 1a phan tich truc tiép, d6 nhay cao,
on dinh tét, va dién thé hoat dong thép, gillp bao toan hoat tinh sinh hoc cua dau
thu. Hon nita, phuwong phap ndy con cho phép theo ddi timg giai doan bién tinh dién
cuc trong qué trinh ché tao cam bién. Cam bién loai ndy dugc Gng dung rong rii
trong phat hién DNA, khang nguyén—khang thé.

1.3. Cac nghién ciru trong va ngoai nwéc vé phat hién WSSV

1.3.1. Nghién ciru trong nuwéc

Tai Viét Nam, mot trong nhitng cong trinh tiéu biéu vé phat hién vi-rat gy
bénh d6m trang WSSV 1a dé tai “Nghién cru tng dung cong nghé san xuat khang
thé don dong (Monoclonal Antibody) dé chan doan nhanh bénh virus trén tom nudi”
do nha khoa hoc Pinh Thuong Van va cac cong su tai Vién Cong nghé Sinh hoc,

Vién Han 1dm Khoa hoc va Cong ngh¢ Viét Nam thuc hién nam 2011 [59].

Nghién ctru nham phuc vu cong tac chan doan nhanh bénh dém tring do vi-
rat, vén dang gy thiét hai nghiém trong cho nganh nudi tdom ¢ Viét Nam. Nhom
nghién ctru di tao thanh cong cac dong té bao lai (hybridoma) c6 kha ning san xut
khang thé don dong dic hiéu véi protein vo VP28 cia vi-rat WSSV. Dura trén khang
thé nay, nhém da phat trién que thir nhanh cho phép phat hién WSSV ngoai hién
truong trong thoi gian 10-20 phut, véi dd nhay 96% va do dac hiéu tuong duong bo

kit thuvong mai cuia Thai Lan.

Khang thé don dong duoc tao ra cho thiy phan tng dic hiéu véi protein
VP28 cia WSSV, khong phan tng chéo véi cac vi-rat khac gdy bénh trén tom st va
cho két qua am tinh voi tdm khoe manh. Két qua nay chimg minh tinh tng dung cao
ctia cong nghé khang thé don dong trong viéc san xuat sinh pham chan doan nhanh,
g6p phan ning cao ning luc phat hién va kiém soat dich bénh WSSV trong nuodi

trong thiy san ¢ Viét Nam. Tuy nhién, phuwong phap chi cung cap két qua dinh tinh,
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chua hd tro dinh luong néng do va chua tich hop voi hé théng do hodc giam sat dir

liéu theo thot gian thuc.

Song song v&i cac nghién ciru chan doan, huéng tiép can phong bénh bing
ché pham sinh hoc ciing duwoc quan tim. Nha khoa hoc Phan Tuin Nghia va céac
cong su tai Truong Pai hoc Khoa hoc Tu nhién da trién khai dé tai “Nghién ctru san
xuit ché pham probiotic dang bao tir Bacillus tai to hop dé phong chéng virus giy
bénh ddm tring ¢ tom” [60]. Nghién ciru tap trung vao viéc phat trién probiotic bao
tir Bacillus subtilis tai t6 hop biéu hién khang nguyén VP28 nham kich thich dap
g mién dich trén tom nudi.

Két qua cho thay nhém nghién ctru di san xuét thanh cong ché pham & quy
mo pilot, bao gdm 20 kg probiotic bao tir Bacillus subtilis biéu hién VP28 dang
CotB-VP28 v4i mat do 16n hon hodc bang 5x10° bao tir/g va 10 kg ché pham
probiotic biéu hién VP28, ¢ kha ning bao vé khoang 70% tom (tom st va tom thé
chan trang) trudc sy xam nhiém ctia WSSV. Pay 1a mot hudng tiép can giau tiém

nang trong phong bénh chu dong cho nganh nudi trong thiy san.

Viéc ung dung cac ché pham sinh hoc thay thé khang sinh trong phong va tri
bénh thay san duoc xem 1a xu hudng tat yéu, gép phan han ché nguy co hinh thanh
cac ching vi sinh vat khang thudc, dong thdi dam bao an toan cho sirc khoe vat
nudi, con ngudi va moi truong nudi trong. Tuy nhién, nghién clru ndy tap trung vao
hudng phong bénh chu dong thong qua can thiép sinh hoc, khong phai gidi phap
chan doan hodc dinh lugng WSSV, do d6 chua dép img nhu cau theo ddi va phat
hién sém trong qua trinh nudi.

1.3.2. Nghién ctru trén thé giéi

Anusha Natarajan va cong su da phat trién mot cam bién mién dich dién hoa
st dung khang thé anti-VP28 ¢ dinh trén dién cuc cacbon thuy tinh GCE (Glassy
Carbon Electrode) [20]. Pién cuc duoc bién tinh bang graphene oxide (GO) va xanh
methylene (MB) dé tao bé mit dan dién va hoat hoa sinh hoc, sau do6 tién hanh quy

trinh “banh kep” mién dich gom:
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- (i) gin khang thé so cip (VP28 Abl)
- (ii) chan bé mit bang BSA
- (iii) bat cap voi khang nguyén VP28

- (iv) st dung khang thé thir cap gan enzyme HRP (Ab2-HRP)

Cam bién GCE/GO@MB nay thé hién do chon loc va do nhay cao, cho phép
phat hién nhanh WSSV trong miu t6m va cua penaeid. Pudng chuén tuyén tinh
duoc xac 1ap trong khoang 1,37 x 10 — 1,37 x 107 ban sao/uL (copies/uL) v6i hé
s6 tuong quan R? = 0,99, va két qua dinh luong phu hop v6i phan tich PCR, ching
minh tinh chinh x4c va tiém ning tng dung thuc té cua nén ting cam bién mién
dich dién hoéa nay.

Cong trinh cho théy vu diém vé do nhay, d¢ chon loc va kha nang ddi chiéu
t6t voi két qua PCR. Tuy nhién, cam bién st dung cau trac mién dich dang “banh
kep” v6i nhiéu bude chirc ning hoa va gan enzyme, 1am ting do phuic tap trong ché
tao va van hanh. Bén canh do, cac phép do van duoc thuc hién trén hé théng dién
hoa trong phong thi nghiém, chua hudng dén thiét bi do cAm tay phuc vu chan doan

tai cho.

Vao nam 2020, vat liéu nanocompozit Ab—N,S—GQD-AuNP—PAni dugc
phat trién trén nén cao su silicon dan dién (Conductive Silicon Rubber — CSR) dé
ché tao cam bién dién hoa phat hién nhanh va nhay vi-rat giy hoi chimg dém tring
(WSSV) trong thoi gian chi 20 phut tai Shizuoka, Nhat Ban [37]. Trong nghién ctru
nay, khang thé anti-VP28 duoc sit dung lam dau thu sinh hoc dic hiéu dé phat hién
protein VP28, chi dau quan trong ctia WSSV. Gia trj dién trd truyén dién tich (Rer)
cta dién cuc tran ban dau thip, nhung ting dang ké khi néng d6 vi-rat muyc tiéu
tang, thé hién rd trong phd tong trd dién héa EIS (Electrochemical Impedance
Spectroscopy). Cam bién cho dai tuyén tinh rong tir 10> — 10° ban sao DNA/mL
(copies/mL), v&i gidi han phat hién (LOD) dat 48,4 ban sao/mL.

Bén canh d¢ nhay cao, cam bién cho théy d6 chon loc tét, tin hiéu 6n dinh

trong sudt 5 tuan luu trit, va kha ning tmg dung thuc té dugc ching minh thong qua
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phat hién WSSV truc tiép tir miu tom bi nhiém, v6i két qua duoc ddi chiéu bang
RT-PCR dé x4c nhan tinh chinh xac. Thiét bi cam bién nay htra hen 13 giai phap
tiém nang cho hé théng giam sat WSSV tai chd va theo thoi gian thuc, dic biét

trong cac trang trai nudi tom thiéu co s¢ xét nghiém hién dai.

Ab-GQD-AuPani 1200 —
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Hinh 1.12. Cam bién dién héa phat hién WSSV dua trén phuong phap EIS véi bé
mat dién cyc CSR duge bién tinh bang vat liéu nanocompozit Ab-GQD-AuPani.
(a) So do tong quan va co ché phat hién WSSV; (b) Biéu d6 Nyquist biéu dién su
thay d6i trd khang cta cam bién tai cac nong do WSSV khac nhau trong khoang
10%-10° _copies/mL; (c) Buong hi¢u chuan thé hién mdi tuong quan tuyén tinh giira
phan trim bién thién dién tré truyén dién tich %ARcr va ndong 46 WSSV.

Co ché cua cam bién duge minh hoa trén Hinh 1.12, cam bién dugc st dung
1a cam bién dién hoa dung mot lan c¢6 d6 dan dién cao phat hién WSSV dua trén
phuong phap phd tong tré dién héa EIS véi bé mit dién cuc CSR (Conductive
Silicon Rubber) duoc bién tinh bing vat liéu nanocompozit Ab—-GQD-AuPani.
Hinh 1.12a minh hoa cau tric va co ché phat hién: khang thé anti-VP28 duoc c¢d
dinh trén 16p vat liéu din dién Ab—-GQD—AuPani phu trén nén CSR, cho phép bt
gilt ddc hiéu vi-rat WSSV ¢é kich thudc 210 — 420 nm. Hinh 1.12b 1a biéu do
Nyquist biéu dién sy thay doi tré khang ciia cam bién tai cac ndng 46 WSSV khéc
nhau trong khoang 10> — 10° ban sao DNA/mL (copies/mL). Hinh 1.12¢ 1a dudng

hiéu chuéan thé hién mdi twong quan tuyén tinh giira phan trim bién thién dién tro
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truyén dién tich %ARcr va ndong do WSSV, voi phuong trinh hdi quy y =
104,85x — 22,76 va R? = 0,9978.

Nghién ctru nay dat giéi han phat hién rat thap, dai tuyén tinh rong va chimg
minh dugc kha ning phan tich mau thyc, thé hién vu thé cua k¥ thuat EIS két hop
vat liéu nanocompozit. Tuy nhién, viéc ché tao dién cuc doi hoi quy trinh bién tinh
nhiéu 16p véi vat liéu nano phtc tap, yéu cau diéu kién ché tao va thiét bi do chuyén
dung, gy kho khan cho viéc trién khai rong rii tai cac co s¢ nudi tom.

1.4. Pé xuat hé thong thiét bi chan doan tai chd bénh dém tring do vi-rit
WSSV
1.4.1. Co s6 va dinh hwéng phat trién hé thong thiét bi

Mirc do thiét hai do bénh dém tring do vi-rat WSSV gay ra 1a khong thé ban
cdi. Van dé nghiém trong nhét 1a dién bién dich bénh xay ra rat nhanh, khi nguoi
nudi nhan biét duoc nhitng biéu hién bén ngoai thi tom thudng di nhiém ning va cd
thé chét hang loat chi sau mot thoi gian ngan. Hién nay, cic phuong phap chan doan
pho bién nhu PCR, qPCR, hay ELISA c6 d6 chinh x4c cao nhung doi héi trang thiét
bi dat tién, nhan luc chuyén mon va diéu kién phong thi nghiém duoc kiém soat
nghiém ngat. Do do, nhiing phuong phap nay khong phu hop véi viée phat hién

nhanh va chan doén tai cho & cac vung nudi tom xa trung tam.

Mic di da c6 nhiéu cong trinh trong va ngoai nudc nghién ctru vé cam bién
phat hién WSSV, cac hudng tiép can hién tai van con ton tai nhiéu han ché. Phan
16n cac nghién ctru quéc té tap trung vao viéc chirc nang hoa dién cuc nang cao do
nhay ctia cam bién dién hoa théng qua co ché bt cap dang “banh kep” mién dich
nhiéu budc hodc quy trinh bién tinh, t6i wu hoa phirc tap, doi hoi diéu kién thi
nghiém nghiém ngit va moi trudng kiém soat chinh xac. Hé thong do st dung trong
cac nghién ctru ndy chu yéu 1a cac thiét bi thwong mai chuyén dung dit trong phong
thi nghiém, c6 kich thudc cong kénh, thiéu tinh di dong va khé tng dung truc tiép

tai hién truong trong diéu kién nuoi tréng thuy san.
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Tai Viét Nam, cac cong trinh hién nay chu yéu dung lai & muc phat hién dinh
tinh bang que thir nhanh (kit test) va cac giai phap phong bénh, chua huéng dén
dinh lugng né)ng do vi-rat hay thiét bi dién hoa tu dong co thé hoat dong ngoai

phong thi nghiém.

Nhin chung, cac phuong phap hién tai van bi gi¢i han trong pham vi nghién
ctru thi nghiém, thiéu cic giai phap chan doan tai chd (on-site diagnosis) c6 kha
nang phat hién nhanh, nhay va ph hop véi diéu kién thyc té tai cac trang trai nudi

tom.

Tu thuc té do, nghién ctu cda ludn an hudng dén viec phat trién hé théng
chan doan tai chd bénh dém tréng do vi-rut trén tom nudi nuée g, dua trén nén tang
cam bién dién hoa tich hop hé thong do luong. Hé thdng duogc thiét ké nham phat
hién WSSV & nong d6 thap, thiét 1ap duong chuan dinh luong gitra nong do vi-rat
va tin hiéu dién hoa, dong thoi rat ngan thoi gian phan tich va ning cao do chinh
xac cua phép do. Dac biét, thiét bi duoc phat trién theo hudng tang tinh di dong,
don gian hoa ciu trac phan cing, va tich hop kha nang theo ddi, hién thi dit lidu
theo thoi gian thuc, gitip nguoi nudi cd thé giam sat lién tuc su bién thién ndng do

WSSV ngay tai trai nudi.

Céch tiép cin ndy mo ra huéng nghién ctru méi trong linh vue cam bién sinh
hoc dién héa, hudng t6i timg dung thuc tién trong giam sat va kiém soat dich bénh
thuy san, dac biét trong diéu kién san xuét tai chd - noi chua co phong thi nghiém

chuyén dung.

Hinh 1.13 trinh bay tong quan cac yéu té rii ro trong qua trinh nudi tom va
hé théng xét nghiém chan doan WSSV dé xuat. Phan bén trai thé hién cac yéu t6
moi trudng va sinh hoc ¢ thé dan dén bung phat dich, nhu bién d6i khi hau, mat do
nudi cao, ndbng d6 02 va NH; bat thuong, hay sy xAm nhap cta vi khuan, vi-rat gy
bénh. Phan bén phai mo ta nguyén 1y phét hién vi-rit WSSV bang cam bién dién

hoa: khang thé dic hiéu VP28 duoc gén trén bé mat dién cuc, khi bat gilr vi-rut s€
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tao ra su thay d6i dic trung trong tin hiéu dién hoa, cho phép xac dinh nhanh ndng

d6 nhiém bénh.

Céc yéu t6 rii ro trong qué trinh nuéi tém Hé thong dé xuat

Bién tinh bé mat dién cuc WE tao Virus WSSV bi bat giit bdi khang thé
lién két véi khing thé khang virus khang virus WSSV dwoc gan trén bé mat
WSSi" dién cuc WF; =

Bién dbi khi hau tht thudng

¢=0
NH
o

<l
Toém khoe manh \k

{ Tém bi nhiém
virus WSSV

Mait 86 nudi tha
tom qud 1én

Hé théng cam _bie:n phat
hién su thay d6i tin hiéu
d1én khi cé virus

Virus/ vi khudn
gdy bénh

Néng d6 02 Khéng nhiém
& NH3 trong nudc A

o
Cé3 truang hop bénh dém Lra.ng trén tém c6 dau hiéu bén Nhiém binh
ngoai rat gibng nhau. Cu thé:

- Bénh do virus WSSV gay ra;

- Bénh do vi khudn gdy hoi chimg dom trang (Bacterial Puara ké;t ludn nhanh chéng tinh E(V) vs Ag/AgCl
White Spot Syndrome — BWSS): trang nhiém virus WSSV trén tém : :
- Bénh do méi trirdng nude chi sau < 60 phit

Hinh 1.13. Minh hoa Céc yéu t6 rii ro trong qua trinh nudi tom va Hé théng chan
doan tai cho dugc dé xuat dé phat hién bénh dom trang trén tom nuoi.

Hé thong thiét bi phat hién sinh héa tich hop dién cuc cam bién nay c6 kha
ning dinh luong néng d6 WSSV, rat ngan thoi gian xét nghiém, ddng thoi toi vu do
nhay va d¢ dac hiéu nho bé mat dién cuc duge chic nang hoa béng khéng thé. Két
qua duoc hién thi truc tiép qua phan mém diéu khién va phin mém di dong két nbi
khong day, gitip ngudi dung dé dang theo doi va luu trit dit liéu.

1.4.2. Cu tric va nguyén ly hoat dong

Hé théng cam bién sinh hoc dién héa chan doan WSSV dugc thiét ké duéi
dang thiét bi cam tay di dong, gdm ba khéi chirc ning chinh dugc mo ta trong Hinh

1.14.

- Thir nhét 1a cam bién dién hoa, trong do bé miat dién cuc duoc chire nang
hoa bang khang thé dic hiéu VP28, cho phép bt cap chon loc véi protein VP28 —
chi dau sinh hoc dic trung cua vi-rat WSSV.
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- Thtr hai 1a mach do dién hoa, c6 nhiém vu chuyén doi twong tac sinh hoc
thanh tin hiéu dién do dugc (dong, dién ap). Mach diéu khién dam nhan viéc diéu

khién qua trinh do, thu nhén va truyén tin hiéu dén hé théng xir 1y.

- Thir ba 1a phdn mém diéu khién va hién thi dir liéu, dugc cai dat trén may
tinh hodc thiét bi di dong, cho phép giam sat va theo ddi két qua theo thoi gian thuc
thong qua ung dung (app) chuyén dung.

Hé théng hoat dong dua trén nguyén 1y su thay d6i dinh dong dién, do trd
khang bé mit thay d6i khi c6 tuong tac vi-rat trong mau do va khang thé anti-VP28
trén bé mat dién cuc. Cuong do thay ddi tin hiéu dién hoa tuong quan thudn véi
néng d6 WSSV trong mau, cho phép xac dinh dinh luong nong d6 vi-rat. Cong
nghé ndy co6 thé phat hién WSSV ¢ ndng do rét thap, chi vai chuc ng/mL, dap ung

yéu cau giam sat va phat hién tai hién trudng.

Mach do ﬁ Mach :_: R Tin
dién hoa diéu khién : : 4 hiéu
Cam biéh dién hoa JL_ it
bién thoai thong minh

Mau do

Hinh 1.14. So dd khéi cia hé théng cam bién sinh hoc dién hoa dé xuét.

1.4.3. Uu diém va tiém ning tng dung

Hé thong chan doan tai chd dugc dé xuat don gian héa quy trinh xét nghiém,
giam chi phi van hanh, rat ngan thoi gian phan tich, va khong yéu cau thiét bi phong
thi nghiém chuyén dung. Thiét bi c6 thé duoc st dung truc tiép tai trai nudi, giup
ngudi dan ty kiém tra mau bénh, theo ddi ngudn nude, va chii dong xir 1y kip thoi.

Cong nghé 161 dugc phat trién thanh cong trong nghién ciru nay, cam bién
dién hoa trén nén tang IoT, co thé tiép tuc duoc trién khai ap dung nham hd tro chan

doéan cac bénh vi-rat khac trén thuy hai san hodc doi voi cac bénh nguy hiém khac,
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huong to1 xay dung mang ludi gidm sat dich bénh ty dong va thong minh trong
nong nghiép cong nghé cao.

Két luin chuong

Chuong 1 di trinh bay tong quan vé bénh tom dém trang do vi-rait WSSV,
cac phuong phap chin doan hién nay, tinh hinh nghién ctru trong va ngoai nuée lién
quan dén cam bién sinh hoc dién hoa phat hién WSSV. Qua phan tich, ¢6 thé nhan
thiy rang cac phuong phap hién tai van chi yéu duoc thuc hién trong phong thi
nghiém, tip trung vao nang cao hiéu suat qua trinh chirc niang hod dién cuc va tbi vu
dic tinh dién hoa. Céc thi nghiém do van yéu cau thiét bi thuong mai dat tién, diéu
kién van hanh phuec tap, va thiéu tinh co dong. Do do, cac hé théng nay chua dap
tmg dugc nhu ciu phat hién nhanh, tai chd va chi phi hop 1y trong diéu kién nudi

trong thiy san thuc té.

Trén co s& d6, ludn an dinh hudng phat trién mot hé thong cam bién sinh hoc
dién hoa di dong, c6 kha nang phat hién dinh lugng WSSV véi d6 nhay cao, thoi
gian phan tich ngan, va tich hop chirc nang xur 1y va hién thi dir liéu theo thoi gian
thuc. Cam bién duoc xay dung dua trén co ché bat cap dac hiéu khang nguyén—
khang thé, st dung protein VP28 — dic trung sinh hoc cia WSSV va khang thé
khang VP28 1am cip nhan biét sinh hoc. Nhitng ndi dung tiép theo sé& trinh bay co

so khoa hoc va phuong phap phat trién hé théng cam bién dién hoa dugc dé xuat.
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CHUONG 2. COSO LY THUYET VA NGUYEN LY PHAT TRIEN THIET
BI PIEN HOA PHAT HIEN WSSV

Nhitng tién b khoa hoc va cong nghé vit liéu da gép phan phdt trién va téi
wu cam bién dién hoa, giup nang cao do nhay, do dac hiéu va hiéu sudt téng thé ciia
hé théng do. Cam bién sinh hoc dién héa cé kha nang phat hién va dinh lwong cac
chi ddu sinh hoc trong thé tich mau rdt nhd, cung cdp théng tin chan dodn nhanh
chéng va toan dién trong thoi gian ngdn. Ciing véi xu hwdng vi mé hod va tich hop
cong nghé, chiwong nay trinh bdy co s Iy thuyét va nguyén 1y phdt trién hé thong
cam bién dién héa phat hién WSSV dwoc dé xudt trong chwong 1. Triede hét, chwong
nay lam ro co ché chirc nang hoa bé mat dién cwc, bao gé‘m dau thu sinh hoc, don
I6p tw ldp rdp (SAM) va vt liéu nano trong viéc ting cwong kha ning nhdn biét
ciing nhw truyén tin hiéu dién héa. Tiép theo, cdc phirong phdp do dién héa quét thé
tuan hoan CV, vén-ampe séng vudng SWV va phé tong tré dién hod EIS, dwoc trinh
bay nham xdc dinh cdc ddc trung dién héa lién quan dén qud trinh phat hién WSSV,
Sau do, chwong 2 gidi thiéu cdu tric hé thong do lwong dién héa tich hop IoT, cing
cdc cong cu hé tro xdy dung phan ciing va phan mém diéu khién (Potentiostat,
mach diéu khién, Arduino IDE, Python, MIT App Inventor) phuc vu viéc xit Iy va
truyén, thu tin hiéu theo thoi gian thuec.

2.1. Chirc nang hoa dién cuc

Viéc phat hién protein chi yéu dua vao cic ky thut xét nghiém mién dich,
bao gdm héa md mién dich (IHC) [61], [62], xét nghiém hap thy mién dich lién két
v6i enzyme (ELISA) [62], [63], do t& bao dong chay [64] va microarray protein
[65]. Bén canh d6, cam bién dién hoa ngay cang duoc phat trién trong linh vuc dién
hoa dé nang cao hiéu qua phan tich [66]. S& hitu cac dic diém nhu tinh linh hoat,
nho gon va gia ca phai ching [67], cam bién dién hoa di dugc mé rong pham vi ing
dung, dac biét 1a trong viéc theo ddi va phat hién cac chi dAu sinh hoc [68]. Nho do
nhay va dd chon loc cao, cac cam bién sinh hoc dién hoéa da nhan duoc sy dau tu

dang ké vao ca nghién ctru va san xuat, dac biét cam bién sinh hoc di¢n hda dya trén
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co ché ghép cip khang thé-khang nguyén dic hiéu dugc phat trién rong rii [69]-
[71].

Cam bién sinh hoc dién hoa c6 thé phat hién va dinh lwgng nhiéu du 4n sinh
hoc trong mdt mau duy nhat, cung cp thong tin chan doan toan dién trong khoang
thoi gian ngin. Trong cdu tric cam bién, dién cuc dong vai trd trung tm, 13 noi
din ra cac twong tac sinh hoc va qua trinh chuyén d6i dién tich. Su phat trién cia
cong nghé dién hoa tién tién da thuc day sy ra doi ctia cam bién dién hoa mang in,
mang lai giai phap chin doan di dong, chi phi hop 1y va d& sir dung trong méi
truong han ché vé thiét bi [72]. Song song do, viéc tich hop vat li¢u nano da tao ra
budc ngoat trong thiét ké cam bién dién hoa. Cac vat liéu nay gitp tang dién tich bé
mat hoat dong, cai thién kha ndng van chuyén dién tich va nang cao hoat tinh xtc
tac, tir d6 cai thién do nhay va giam giéi han phat hién [73]-[76]. Hon nita, viéc két
ndi cam bién dién hoa voi cac nén tang di dong, dac biét 1a dién thoai thong minh,
d3 mo rong Gmg dung cta cam bién trong giam sat thoi gian thuc, phan tich dit liéu

tir xa va chan doén tai chd [77].

O Q © Khang thx Y

OH O NH NH
O -g O —g O —g O —g
S S S S
| | | |
DIEN CUC  fmeee3p| DIENCUC [===3p| PIENCUC |===3p| DIEN CUC
1 2 3 4

Hinh 2.1. Chtic ning hoa dién cuc dwa trén co ché khang thé - khang nguyén.
Tu goc do cAu tric, mot dién cuc cam bién sinh hoc dién hoa duoc chirc
nang hoéa hoan chinh thudong gom ba 16p chinh, hinh thanh tuan ty tir nén dan dién

ra ngoai:
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- L6p hat nano (AuNPs, AgNPs): ting dién tich bé mit hoat dong, cai thién

kha ndng dan truyén dién tich va cung cap nhiéu vi tri neo cho cac phan tur lién két.

- Pon 16p tu lap rap SAM (Self-Assembled Monolayer): tao cau ndi héa hoc
bén viing gifra bé mit dién cuc va dau thu sinh hoc, déng thoi kiém soat hudng )

dinh dau thu sinh hoc va ngan hép phu khong dac hiéu.

- Pau thu sinh hoc: 1a 16p phéan tir sinh hoc dugc c¢d dinh trén bé mat dién cuc

(enzyme, aptamer, DNA hoic khang thé) dé bat giit ddc hiéu cac phan tir muc tiéu.

Céc 16p nay phdi hop hai hoa, tao nén nén tang dién cuc 6n dinh, nhay va c6
tinh chon loc cao, 1a tién dé cho cac phuong phap do ludng dién hoa dugc trinh bay
trong muc 2.2. Hinh 2.1 minh hoa quy trinh chttc nang hoa dién cuc vang dua trén
co ché khang thé - khang nguyén, trong d6 dau thu sinh hoc 1a khang thé dugc ¢
dinh trén bé mit dién cuc vang thong qua 16p SAM. Quy trinh gom céc budc: (1)
hinh thanh don 16p tu lap rap SAM, (2) kich hoat SAM, (3) c6 dinh khang thé, (4)
bat giir khang nguyén.

Sau khi nim duoc ciu triic tong thé cta qua trinh chic ning héa dién cuc,
céc phan tiép theo s& 1an luot trinh bay chi tiét tng thanh phan chinh gdm dau thu
sinh hoc, don 16p tu lip rap SAM va 16p vat liéu nano — cac yéu td quyét dinh dén
do nhay, do chon loc va kha nang tai 1ap cua cam bién sinh hoc dién hoa.

2.1.1. Piu thu sinh hoc

Pau thu sinh hoc 1a thanh phﬁn nhan biét dac hi¢u trong cam bién sinh hoc,
¢6 chirc nang tuong tic voi chat phan tich thong qua cac qud trinh sinh hoc hoic
hoa sinh. Sy tuong tac nay tao ra nhirng thay ddi vé tinh chat vat 1y, hoéa hoc tai bé
mit dién cuc, tir @6 dugc bd chuyén d6i tin hiéu ghi nhan va chuyén thanh tin hiéu

do duoc.

Tuy theo co ché nhan biét, dau thu sinh hoc ¢6 thé 1a khang thé, enzyme, axit

nucleic, aptamer, té bao va polyme in phan tir. Trong s6 d6, dau thu khang thé duoc
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st dung rong rai véi kha nang nhan biét dac hi€u cac khang nguyén, vi sinh vat gay

bénh, doc t6 va cac chi ddu sinh hoc khac véi d6 chon loc cao [78].

Trong nghién ctru ndy, khang thé anti-VP28 duoc lya chon lam dau thu sinh
hoc dé nhan biét protein VP28 — protein cau tric dic trung cia vi-rat gay hoi ching
dbém tring (WSSV). Hiéu qua phat hién ctia cam bién khong chi phu thudc vao dic
tinh nhan biét ctia khang thé ma con chiju anh hudng bai mat d6 phan bd, do 6n dinh
va dinh hudng cua cac phan tir khang thé trén bé mat dién cuc. Do do, viéc xay
dung 16p chic ning hoa thich hop nhdm ¢ dinh khang thé mot cach hiéu qua 1a yéu

to quan trong quyét dinh do nhay va do tin cay cua cam bién.

R Chubi nan
(& * o e ang
O ien ket /  Chubinhe
W o Nucleotide NBS ke g
L O\ V4
&
— F(ab’),
~100kDa
—
Carbohydrates
— Fc
~50kDa

14 nm
Y 10 nm
N e &

“end-on” “side-on”
“head-on” “lying-on”

Hinh 2.2. Cau truc, kich thudc va cac vi tri chtic ning quan trong cua phan tir
khang thé, cung cac dinh huéng bam dic trung trén bé mat dién cuc [79].

Hinh 2.2 mé ta cu trac, kich thude va cac vi tri chic ning quan trong cua
phan tir khang thé, ciing cac dinh huéng bam dic trung trén bé mit dién cuc [79].

Khang thé (immunoglobulin — Ig) 14 cac globulin mién dich c¢6 khdi lugng phan tir
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khoang 150 kDa, véi kich thuée trung binh 14 nm x 10 nm x 4 nm [80], dwgc cAu
tao tir bon chudi polypeptide gdm hai chudi ning (H) va hai chudi nhe (L) lién két
v6i nhau biang cac cau nbi disulfide (S—S), tao thanh ciu trac hinh chir Y dic trung
[81]. Khang thé gom hai ving chic ning chinh: ving Fab (Fragment antigen-
binding) va vung Fc (Fragment crystallizable). Hai vung Fab tao thanh manh
F(ab')2, nbi v6i nhau bang ving ban 1& (hinge region) chira cau ndi disulfide (S-S).
Vung Fab chiu trach nhiém nhan biét va lién két dac hiéu v6i khang nguyén thong
qua vi tri gin nucleotide (NBS), ving Fc mang dic tinh héa 1y khac biét, c6 thé

dinh hudng cho qua trinh c¢b dinh 1én bé mat vat liéu.

Tuong tac gilta khdng nguyén (Ag) va khang thé (Ab) tuan theo nguyén tic
“6 khoa — chia khoa” duoc duy tri boi cac luc khong cong hoa tri bao gém lyc ion,
lién két hydro, luc Van der Waals va tuwong tac ky nudc. Phan (mg mién dich nay c6

tinh thuan nghich, dugc mo ta nhu sau:
Ab+AgK\——‘Ab—Ag (2.1)
a

Phtic hop Ab-Ag phu thudc vao nhiét do, d6 pH, dung méi va hang sé 4i luc
K, phan anh mirc d6 gan két gira khang nguyén va khang thé, dat gia tri khoang
1015 M1, dugc xac dinh theo cong thirc:

[Ab—Ag]

Ka = b1 Tag]

(2.2)

Trén bé mit dién cuc, khang thé c6 thé dugc cb dinh theo nhiéu dinh huodng
khac nhau nhu “end-on”, “head-on”, “side-on”, hodc “lying-on”, tuy thudc vao
phuong phép va diéu kién c¢6 dinh. Pinh huéng nay anh hudng truc tiép dén kha
ning nhan biét va bat git khang nguyén, tir d6 quyét dinh do nhay va hiéu sut cta
cam bién sinh hoc. Viéc kiém soat dinh hudng va mat do bé mat cta khéng thé duoc

xem la yéu t0 then chot trong thi€t k€ va to1 uu héa cdm bi€én mieén dich.

Theo Welch va cong su [79] hiéu suit ciia phan tmg mién dich dat t6i vu khi

ving gan khang nguyén (Fab) ciia khang thé dugc hudng ra ngoai dung dich, trong
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khi ving Fc bam chac vao bé mat (end-on). Trai lai, viéc gan ngau nhién c6 thé dan
2 [13

dén hién tugng “head-on”, “side-on”, hodc “lying-on”, lam giam kha nang bat giir

khang nguyén do can tré l4p thé hodc mat hoat tinh sinh hoc.
Céc chién luoc cb dinh khang thé hién nay c6 thé chia thanh ba nhém chinh:

(i) Hap phu vat 1y — don gian, nhung khé kiém soat dinh huéng va d& gay
bién tinh.

(i1) Lién két cong hoa tri — st dyng cac nhom chirc nhu amine, carboxyl,
thiol, hoac carbohydrate dé tao lién két bén véi 16p SAM, giup cai thi€én mat do va

dd 6n dinh.

(i11) Lién két 4i luc sinh hoc — tan dung cac tuong tac dac hi¢u nhu Protein
A/G—Fc, biotin—streptavidin, DNA-DNA hoic peptide gin vat liéu, cho phép kiém

soat dinh hudng hi€u qua hon.

Moi phuong phap déu cé uu diém va han ché riéng, va dén nay van chua c6
quy trinh nao dugc coi la ti€u chuan. Do d6, viéc lya chon phuong phap ¢ dinh phu
hop can dugc can nhic dua trén tinh chat hoa Iy cua bé mat dién cuc, diéu kién
phan ung, va kha ning duy tri hoat tinh sinh hoc cta khang thé. Bé dat duoc diéu
nay, can nghién ctru sau hon dac diém cAu trac, co ché nhan biét va yéu td dinh
huéng ciia khang thé, nham lua chon phwong phép cb dinh téi wu cho cam bién sinh
hoc dién hoa.

2.1.2. Pon 16p tu lip rap SAM

Sy hinh thanh don 16p tu lap rap SAM (Self-Assembled Monolayer) 1a mot
phuong phap hiéu qua dé bién tinh hoa hoc bé mit, nhim thac day qua trinh hip
phu hoic tao cac nhom chire cho lién két cong héa tri voi khang thé. SAM thuong
duogc tao thanh tir cadc phan tur ¢6 hai dau chure nang hoat dong, mot d4u neo bam 1én
bé mat vat liéu dién cuc, dau con lai hudng ra ngoai dung dich dé cung cép cac

nhém chiic cho qua trinh ¢6 dinh protein hoic gin khang thé. Phan chudi
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hydrocarbon & giita tao nén su 6n dinh ctia 16p SAM nhd tuong tac ky nude gitta

cac chudi, tao nén 16p phu trat ty, bén viing va c6 kha nang tai lap cao.

Trong cam bién dién héa nén vang, twong tac vang—thiol (Au—S) dugc khai
thac phd bién nhét théng qua viéc sir dung alkanethiol lam phén tir cau ndi [82],
[83]. Cac hop chit nay co thé gin bén virng 1én nén vang qua nhém thiol (-SH),
ddng thoi cung cp cac ddu nhém chie nhwe —COOH, ~NH: hodc —CH;s huéng ra
ngoai dé gin khang thé bang lién két hap phy hodc cong hoa tri. Lop quan trong nay
dong vai tro 13 16p trung gian giita bé mit cia dién cuc vang va dau thu sinh hoc

[84]-[86].

Céc 16p SAM déng vai tro trung gian quan trong trong viéc c6 dinh cac yéu
t6 nhan dang sinh hoc nhu khang thé, khang nguyén, DNA, enzyme hoic aptamer
[87]-[89]. Nho ciu tric dinh hudng tot va d6 bén hoa hoc cao, SAM gitip kiém soat
tinh chat bé mat, giam lién két khong dic hiéu, ting cuong do nhay va duy tri hoat
tinh sinh hoc cta 16p nhan dang. Nhirng dic tinh nay khién SAM tré thanh thanh
phén khong thé thiéu trong vi¢c phat trién cac cam bién sinh hoc c6 d6 chon loc va
do nhay cao, phuc vu nhiéu linh vuc tir chan doan y sinh dén giam sat moi truong

[90].

Hinh 2.3 mé ta cac phuong phap c¢é dinh dinh huéng khang thé 1én bé mit
vat liu bao gém: Tao lién két cong héa tri giita cac nhom amine (-NHz) va
carboxyl (-COOH) théng qua phan tng hoat héa EDC/NHS, hinh thanh lién két
amide bén viing giita khang thé va bé mit chirc nang héa (Hinh 2.3a); Khir ciu nbi
disulfide (S—S) ctia khang thé bang TCEP (tris(2-carboxyethyl)phosphine) hoidc 2-
MEA (2-mercaptoethylamine) dé tao nhom thiol (-SH) tu do, sau d6 lién két voi
nén vang thong qua lién két Au—S, gitp ¢ dinh khang thé dinh huéng va 6n dinh
(Hinh 2.3b); Oxy hoéa cac nhém hydroxyl trong chudi carbohydrate & ving Fc cia
khéng thé bﬁng sodium periodate, tao ra cc vi tri phan ing hoat héa c6 thé lién két
v6i bé mit mang nhoém hydrazide (-(NH-NHz), hinh thanh ciu ndi hydrazone bén

vitng gitra khang thé va vat liéu nén (Hinh 2.3¢) [79].
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Hinh 2.3. Cac phuong phép ¢ dinh dinh hudng khang thé 1én bé mat vat lidu.
(a) Lién két cong hoa tri gitra cac nhom amine (-NH2) va carboxyl (-COOH) thong
qua phan ung hoat hoa EDC/NHS; (b) Khtr cau ndi disulfide (S—S) cua khang the
bang TCEP hoidc 2-MEA dé tao nhom thiol tu do (-SH), sau d6 lién két voi nén
vang thong qua lién két Au-S; (c) Oxy hoa nhom carbohydrate trong ving Fec cua
khang thé phan tng vai bé mat mang nhom hydrazide, hinh thanh lién két
hydrazone dinh hudng cao giira khang thé va vat liéu nén [79] .

Axit (R)-2-Amino-3-mercaptopropionic, con dugc goi la L-Cysteine, 1la mot
axit amin ty nhién dong vai tro quan trong trong viéc hinh thanh cac don 16p tu lap
rdp (SAM) trong céc ing dung hda hoc bé mit cua hé théng sinh hoc. Tinh tuong
thich sinh hoc cao khién hop chat nay pht hop cho céc ung dung y sinh va cong
nghé sinh hoc [91]. L-Cysteine chira nhém thiol (-SH), yéu t6 thiét yéu cho sy hinh
thanh SAM nh¢ kha ning tao lién két vang—thiol (Au—S) manh mé va bén viing voi
nhiéu bé mit kim loai [92], dic biét 1a vat liéu nén vang [93], [94]. Do d6, L-
Cysteine c6 thé dugc sir dung dé chuc nang hoa bé mat dién cuc phuc vu cac qua

trinh lién hop sinh hoc.
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Trong nghién ctru cua Yan va cong sy [95], SAM L-Cysteine da dugc su
dung dé stra d6i cam bién dién hoa vang, cho phép phat hién cac ion dong trong cac
mau moi trudng voi gidi han phat hién thap dudi 5 ppb. Tuong tu, Moccelini va
cong su [91] da str dung cam bién sinh hoc dugc cai tién bé‘lng SAM L-Cysteine trén
dién cuc vang dé phét hién dopamine, dat gidi han phat hién 4,78 x 10”7 mol/L
trong dai nng do tir 9,91 x 10° dén 2,21 x 10~* mol/L théng qua phwong phap von-
ampe song vudng. Sy hién dién cta 16p L-Cysteine tu lap rap trén dién cuc vang da
cung cip nén tang 6n dinh cho qua trinh ¢ dinh dau thu sinh hoc va ting cudng tin
hi€u phat hién.

Ngoai ra, Aydin va cdng su [96], da st dung SAM tur 11-mercaptoundecanoic
acid (MUA) dé bién tinh cac hat nano vang, tao giao dién 6n dinh va tuong thich
sinh hoc cho qué trinh ¢6 dinh khang thé thong qua phan ng hoat héa nhém —
COOH bang EDC/NHS, hinh thanh lién két amide bén viing vdi cac nhom —NH:
trén khang thé. Cam bién sinh hoc thu duoc dat duoc gi61 han phat hién (LOD) cuc
thap 14 0,577 fg/mL ddi vé6i protein mién gan thy thé ciia SARS-CoV-2, dong thoi

thé hién tinh lap lai va d6 6n dinh cao.

Trong ca hai trudng hop, cic SAM déu cung cép cac nhém chic can thiét
cho sy gan két ctia phan tir sinh hoc va gép phan ting cudng tin hiéu. Nhitng nghién
clru ndy nhan manh tiém niang cia MUA va L-Cysteine nhu nhiing chét bién tinh bé
mit da ning, dong thdi chi ra sy can thiét phai tiép tuc nghién ctu tng dung thuc
tidn clia chung trong cac nén tang cam bién mién dich don gian héa. Trong nghién
clru nay, luan an dé xuat mot chién luoc phat hién protein don gian, nhan manh vai
tro then chét ciia cac 16p SAM trong phat trién cam bién mién dich dién hoa phat
hién WSSV.

Hinh 2.4 minh hoa dap ting phé tro khang dién hoa cua dién cuc vang duoc
phu don 16p tu 1ap rap SAM so véi dién cuc vang tran (bare), dap tmg phd cho thiy
duong kinh cia vong ban nguyét ting rd rét sau khi dién cuc duoc gan don 16p

SAM. Nhiing bién thién 1o rét trong tin hiéu dién thu dugc nay chinh la co s& dé
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nhan biét sy thay doi bé mat cua dién cuc, lam co sé dau hi¢u nhan biét sy hinh
thanh cac 16p hoa chat trén bé mat dién cuc sau cac budce bién tinh va dau hi¢u nhan

biét nong dd vi-rut trong cac nghién ctru tiép theo cua de tai.
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Hinh 2.4. Dap Gng phd tré khang cta dién cyc tran (Bare) va dién cuc duoc gin
SAM.

2.1.3. Cac hat vang nano AuNPs

Qua trinh téng hop céc hat nano vang AuNPs (Gold nanoparticles) nhim
tang dién tich bé mit hoat dong cua dién cuc, cai thién kha nang truyén dién tich va
tao nén tang thich hop dé gin két 16p tu 1ap rap SAM. Nho tinh din dién cao, tinh
tro hda hoc va kha nang twong thich sinh hoc, 16p AuNPs khong chi lam tang do
nhay cam bién ma con dam bao su 6n dinh co hoc, dién hoda cta bé mat khi ¢d dinh

khang thé hodc cac dau thu sinh hoc khéc.

Cac hat nano vang dugc hinh thanh truc tiép trén bé mat dién cuc béng k¥
thuat quét thé tuan hoan CV lip lai trong dung dich mudi vang HAuCls, sau d6 1am
sach trong dung dich axit manh H>SO4 1 M [97]. Qué trinh hinh thanh hat vang

trong dung dich mudi vang dugc mo ta theo phuong trinh (2.3):

AuCly +3e™ - Au+ 4Cl™ (2.3)
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Bang phuong phap dién hoa, cac hat nano vang dwgc hinh thanh va phin b
dong déu trén bé mat dién cuc. Viée lip lai chu ky quét tao diéu kién cho qua trinh
tao mam va phat trién thanh cac hat nano dong déu. Cac dic trung hinh thai cua 16p
nano vang bao gém kich thudc va mat do phan bd hat vang, c6 thé dugc diéu chinh
thong qua ndng dd dung dich HAuCls, thanh phan dung dich dém, khoang dién thé

quét hoac so vong quét.

(a) T
° y
Y Lg%
%
® L ..
* 2 o
P
(TS e

Hinh 2.5. Anh hién vi dién to TEM cuia cac cau tric hat vang: (a) Hat nano vang
hinh cau (d = 20 nm); (b) Hat nano vang hinh cau (d = 45 nm); (c) Hat nano vang
dang thanh [98].

Hinh 2.5 trinh bay anh hién vi dién tir TEM cua cac hat nano vang dugc tong
hop véi kich thuéce va hinh dang khac nhau: Hat nano vang hinh cau duong kinh 20
nm (Hinh 2.5a), hat nano vang hinh cau duong kinh 45 nm (Hinh 2.5b), hat nano
vang dang thanh (Hinh 2.5¢). Cac hat nano vang hinh cau c6 kich thudc nho, phan
bd déng déu, cho hoat tinh bé mit cao, thich hop cho céc ung dung can do nhay
cao. Cac hat nano vang hinh cau co kich thude 16n hon 6n dinh hon vé mat dién
hoa. Céc hat nano vang dang thanh cho phép diéu khién hoat tinh dién héa va quang

hoc theo mit tinh thé troi [98].

Nhimng két qua nay minh hoa r& anh huéng cua hinh dang va kich thudc
AuNPs dén dic tinh dién hoa va hoat tinh xuc tac, qua d6 khang dinh tim quan

trong cua viéc toi uu thong so trong qua trinh tao hat vang trén bé mat di¢n cuc.
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2.2. B phin chuyén déi tin hiéu

Trong cam bién sinh hoc, bo phan chuyén doi tin hi¢u c6 nhi€ém vu chuyén
doi cac phan ung sinh hoda xay ra tai bé mat dau thu thanh tin hi¢u c6 thé ghi nhan
va xu ly. Tuy thudc vao ban chat cua tin hi¢u dau ra, bo chuyén doi co thé la dién

hoa, quang hoc, ap dién va nhiét hoc.

Trong d6, cam bién dién hoéa hoat dong dua trén nhiing thay ddi vé tinh cht
dién hoa phat sinh tir tuong tac giita dau thu sinh hoc va chét can phén tich. Tuy
theo dai luong dugc do, cam bién dién hoa g@)m cam bién do dién thé, cam bién do

dong, cam bién do do dan va cam bién do pho tong tro.

Sy phat trién ciia cong nghé vi co dién tir va truyén thong khong day da thic
day viéc tich hop cam bién dién hoa vao cac thiét bi phan tich cam tay c6 kich
thudc nho gon. Xu hudng nay mo ra kha nang thuc hién cac phép do nhanh tai hi¢n
truong va xay dung cac hé thong xét nghiém tai chd POCT (Point-of-Care Testing),
g6p phan mé rong pham vi tmg dung ctiia cam bién dién hoa trong chan doan y sinh,

giam sat moi trudng va an toan thyc pham [99].

Trong pham vi nghién ciru ndy, cam bién dién hoa dugc lya chon nhd wu
diém vuot troi vé do nhay, kich thudc nhé gon va kha nang tich hop di dong. Cac
phuong phap dién hoa duge st dung bao gdm quét thé tudn hoan (CV), vén-ampe
song vudng (SWV) va pho tong trd dién hoa (EIS) dugce trinh bay chi tiét trong cac
muc tiép theo.

2.3. Phuong phap dién hoa

Céc phuong phap dién héa 1a k§ thuét phan tich dua trén viéc khao sat mdi
quan h¢ gitra dong dié€n, dién thé va tré khang tai bé mit phan cach dién cuc — dung
dich dién ly. Nho kha ning chuyén ddi truc tiép cac qua trinh héa — sinh xay ra trén
bé mat dién cuc thanh tin hiéu dién, cac phuong phap di¢n hoa da va dang dugc ing
dung rong rai trong phan tich hoa hoc, sinh hoc, dac biét 1a trong linh vuc cam bién

sinh hoc va thiét bi chan doan tai chd.

57



So v&i cac phuong phap phan tich truyén thdng, k¥ thuat dién hoa c6 nhiéu
uu diém ndi bat nhu do nhay cao, thoi gian dap img nhanh, thiét bi gon nhe, kha
nang tich hop va tu dong hoa, cling nhu chi phi van hanh hop 1y. Pac biét, cac
phuong phap dién hoa rat phu hop dé phat trién hé do dinh luong, van hanh ngoai
phong thi nghiém, dép Gmg yéu cau giam sat nhanh va lién tuc trong cac tng dung

thue tién nhu nudi trong thuy san.

Trong nghién ctru cam bién sinh hoc, tin hiéu dién hoa phan anh sy thay ddi
dac tinh bé mat dién cuc do céc qua trinh bién tinh, c6 dinh dau thu sinh hoc hoac
tuong tac dic hiéu giita khang nguyén — khang thé. Do d6, viéc lya chon phuong
phép dién hoa phu hgp dong vai trd quan trong trong viéc danh gid hi¢u qua chirc

nang hoa bé mat cling nhu kha ndng phat hién va dinh luong muc tiéu sinh hoc.

Trong pham vi ludn an nay, ba phuong phap dién hoda chinh dugc st dung va
phan tich bao gom: quét thé tuan hoan (CV), von-ampe song vudng (SWV) va pho
tong tro dién hoa (EIS). Mdi phuong phéap cung cap nhitng thong tin dic trung khac
nhau, b6 trg 1an nhau trong viéc khao sat bé mit dién cuc, danh gia dong hoc truyén
dién tich va thuc hién phép do dinh lugong.

2.3.1. Quét thé tudn hoan CV (Cyclic Voltammetry)

K¥ thuat quét thé tuan hoan CV 4p mot dién thé bién d6i tudn hoan Ién dién
cuc lam viéc, sau d6 do dong dién sinh ra nhu mdt ham phu thude cta dién thé. Su
thay doi dong dién tuan theo dinh luat Nernst, phan anh mbi quan h¢ gitra dién thé,

néng do va can béng oxi hda—khir tai bé mit dién cuc.
Phuong trinh Nernst (2.4):

_ o 4 RT, 0]
E=E +nFln[] (2.4)

Trong d6: E 1a dién thé dién cuc thuc té (V), E°: dién thé chuén cua cap oxi
hoa—khir; R 13 hing s6 khi 1y twéng (8,314 J mol! K1), T 13 nhiét d6 tuyét ddi tinh
theo thang d6 K, F 13 hiang s Faraday (96.485 C mol™); [0], [R]: ndng d6 hodc
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hoat d§ ctuia chat oxi hoa va khir, n 1a s6 electron trao doi trong mot phan rng oxi

hoa—khur.

30 |- Qua trinh oxi hoa

15
<o
15
30 Quié trinh khir
] ] Epcl ] 1 ]
-0.2 0.0 0.2 0.4 0.6 0.8

E (V)

Hinh 2.6. D6 thi biéu dién mbi quan hé giita dong va thé khi quét CV.

Hinh 2.6 14 @6 thi biéu dién mdi quan hé giira dong va thé khi quét CV. O
giai doan dau, dién thé duoc quét theo chiéu duong tur gia tri am hon so voi thé
chuan E? twong (mg voi phan tmg oxi hoa:

R - 0 +ne” (2.5)

Khi thé nho hon E? thi dong ban dau 1a dong khong-Faraday twong tng véi
dong nap ty. Khi dién thé dat toi £, phan tng oxi hoa bat ddu xay ra va dong dién
chuyén sang dong Faraday. Khi dién thé tiép tuc ting vé phia dwong, nong d6 chat
khir (R) tai bé mat dién cuc giam do phan tng oxi héa, lam tang dong andt. Khi

ndng do chit khir giam dén 0 ¢ sat bé mat dién cuc thi dong dién dat cuc dai andt L,
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tai dién thé cuc dai andt Epa. Sau diém nay, dong dién gidm dan do luong cht khir

giam, trong khi d6 san pham oxi héa (O) bat dau hinh thanh.
Khi quét thé nguoc lai vé phia Am, xay ra phan ung khir nguoc lai:
0O+ne” —-R (2.6)

Chat oxi hoa (O) bi khir trd lai thanh chat khir (R) khi dién thé di qua diém
E’. Khi dién thé tiép tuc giam, néng dd chét oxi héa trén bé mat dién cuc giam, dan
dén dong catot ting. Khi ndng d6 chét oxi hoa giam dén 0 & sat bé mat dién cuc thi
dong dién dat cuc dai catdt I, tai dién thé cuc dai catot Epe. Sau diém nay, dong

dién giam dan do lugng chat oxi hod giam.

Puong cong thu dugc trong phép do CV dugc goi la duong phan cuc vong
(Cyclic Voltammogram) biéu dién mdi quan hé giita dong dién I (pA) va dién thé E

(V) (Hinh 2.6).

Trong hé oxi hoa—khir thuan nghich, d6 16n dong I, va I, xap xi bang nhau.
Sy thay ddi téc d6 quét thé anh huong déng ké dén dong hoc truyén dién tich va qua
trinh khuéch tan, lam thay doi vi tri cling nhu d6 cao cua cac dinh dong. Bén canh
tdc do quét, néng dd cac chat dién hoat trong dung dich va nhiét do thi nghiém ciling
1a nhitng yéu t6 quan trong quyét dinh dic trung ctia dudng cong quét thé tuan

hoan.

K¥ thuat quét thé tuan hoan 1a céng cu quan trong trong nghién ctru dién hoa,
duoc st dung rong rai dé téng hop va bién tinh vat liéu bé mat dién cuc, cd dinh dau
thu sinh hoc trong cam bién sinh hoc, va khao sat co ché phan tng oxi hoa—khu,
danh gia tinh thuan nghich va do on dinh cta hé dién cyc. K¥ thuat CV cho phép
diéu khién phan Gng dién hoa thong qua cac tham sb dién ap va toc do quét theo
phuong trinh Randles-Sevcik, tir d6 hd tro tdi vu hoa qué trinh ché tao va dic trung

cam bién sinh hoc.

Phuong trinh Randles-Sevcik:

i, = (2,687 x 105)n®/2ACVD.v (2.7)

60



Trong d6: i), 1a dong di€én dinh (A); n 1a sO electron trao ddi trong mot phan
mg oxi hoa—khir (thuong = 1); A 1a dién tich bé mit dién cyuc lam viéc (cm?); C la
ndng d6 mol chat oxi hoa—khtr (mol/cm?); D 1a hé sé khuéch tan cua chit phan
tich (cm?/s); v 1a téc do quét (V/s); hang s6 khong ddi: 2,687 x 10°
(C mol™? V_Tl).

2.3.2. Von-ampe song vuong SWYV (Square Wave Voltammetry)

Phuong phap von-ampe song vuong SWV (Square Wave Voltammetry) la
mot k¥ thuat dién hoa xung c6 do nhay cao, dugc st dung rong rai trong phan tich
dinh luwgng cac chét dién hoat & néng do thép. K¥ thuat nay duoc phat trién dua trén
nguyén tic clia von-ampe xung vi sai (DPV) nhung duoc cai tién vé téc do do va ti
1¢ tin hiéu trén nhiéu.

Trong SWV, dién thé dit 1én dién cuc lam viée 1a su chéng chap cua song
vuong (c6 bién do khong do6i) 1én trén dién thé quét tuyén tinh. Mdi xung séng
vudng gom hai nira chu ky co dién thé d6i xtmg nhau quanh gia tri dién thé quét
hién tai. Dong dién dugc do ¢ cudi mdi nira chu ky, khi dong dién dung di suy
giam, do do, hi¢u dong di¢én gitra hai nura chu ky (an6t va catdt) phan anh chinh xac

dong Faraday lién quan dén qua trinh oxi héa—khtr cta chat phan tich.

Hinh 2.7 13 so d6 mé ta dang dién thé ap dung trong phuong phap SWV
(Hinh 2.7a) va d6 thi dic trung ciia phuong phép nay cho tin hiéu sic nét, d6 phan
gidi cao (Hinh 2.7b)

Phuong phap nay c6 uu diém ndi bat 1a do nhay cao, thoi gian do ngan va
kha nang loai bé anh hudéng ctia dong di¢én nén, nhd d6 dic biét thich hop cho céc
phép do dinh lwong ¢ nong do vi lugng hodc trong cam bién sinh hoc. Tin hiéu dinh
trong phé SWV xuét hién tai dién thé dic trung cho phan ung oxi héa hodc khir ctia

chét phan tich. Cuong d6 dong dinh (I,) ti 1é thuén voi ndng d6 cta chit do.

So v6i CV hodc DPV, SWV cho tin hiéu sic nét, d6 phan giai cao va gidi han
phat hién thap hon, dong thoi giam anh hudng cua dién dung 16p kép. Do dé, trong
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nghién ctru cam bién sinh hoc dién hoa, SWV thuong dugc sir dung dé danh gia qua
trinh nhan biét sinh hoc va dinh luong ndng d6 khang nguyén hoic protein dich sau

khi hoan tat qua trinh ¢ dinh dAu thu sinh hoc.

1

(a) lt'm= frequency | . (b)

CurrentipA

Pretreatment

—_— .
Start of scan t ° i
{

{ Y ; .
~—l Current sampling window ; \J

—— Applied potential

PotentialV

Hinh 2.7. Phuong phap SWV: (a) Ap dién thé; (b) D6 thi dic trung [PalmSens].
2.3.3. Pho tong tré dién hoa EIS

Phuong phap phd tong tr& dién héa EIS (Electrochemical Impedance
Spectroscopy) dua trén viéc ap dat mot dién ap xoay chiu bién do nho (5-10 mV)
1én hé dién hoa trong dai tan sd rong, roi phan tich dap ung dong dién. Tir d6 thu
duoc téng tré phuc Z(®w) mo ta cac hién tuong dién, hoa va khuéch tan tai bé mat
dién cuc [100]. EIS c6 vu diém vuot troi 1a tin hiéu kich thich nho nén khong pha
huy cAu tric bé mit dién cuc va khong anh hudng dén hoat tinh sinh hoc cua céac
phan tr dugc ¢ dinh trén cam bién sinh hoc.

2.3.3.1. M0 hinh mach dién twong dwong Randles

Pho tong tro dién hoa Faradaic (EIS Faradaic) duoc str dung trong diéu kién
dung dich c6 cip oxi hoa—khtr. Trong phép do nay, mot dién ap xoay chiéu dang sin
v6i bién do rat nho duoc chong 1én dién 4p mot chiéu (DC), sao cho gia tri dién ap
nay trung véi thé chuan E° ciia phan (mg oxi héa—khi:

O+ne =R (2.8)

trong do: n la s6 dién tir, O 1a chat oxi hoa, R 1a chit khur
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Khi d6, dong dién téng di qua dién tr& dung dich R, gém hai thanh phan
chinh:

- Dong khéng Faraday (i), lién quan dén sy tich va phong dién cua 16p dién

kép tai bé mit dién cuc.

- Dong Faraday (i), phat sinh tir phan Gng oxi hoa—khtr giita cac chit trong
dung dich.

Trong mach dién twong duong, qué trinh Faraday dugc mé ta bang mét trd

khang tong quat Zr, thé hién dong thoi hai yéu to:
- Téc do phan tmg oxi hoa—khir (d46ng hoc truyén dién tich).
- Su khuéch tan cua cac chét phan ing dén bé mit dién cuc 1am viéc.

Do d6, trd khang Faraday Zr thuong dugce phan chia thanh hai phan: phan
dong hoc, phan anh kha ndng trao ddi dién tich, va phﬁn khuéch tan, biéu dién qua

trinh di chuyén cua cac ion trong dung dich.

Ca : . Cqy
(a) . L . T
R, | R, "
M — = AWWH
—> ic+iF —> ic+ir Rer
Zr NNA_Zw

Hinh 2.8. M6 hinh mach dién twrong duong Randles: Ca dién dung 16p kep, Rer
dién trd truyén dién tich, Ry dién tré dung dich, Zy tré khang Warburg [100].

Hinh 2.8 minh hoa mé hinh mach dién twong dwong Randles gdm céc thanh
phf:in Car dién dung 16p kép, Rer dién tro truyén dién tich, R, dién tré dung dich, Zw
trd khang Warburg. Tré khang khong Faraday dugc mo ta boi dién dung 1op kép
Ca. Tré khang Faraday Zr (Hinh 2.8a) duoc md ta boi mach twong dwong gdm dién
trg truyén dién tich Rermac ndi tiép véi trd khang Warburg Zy (Hinh 2.8b).
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Bang 2.1 cung cip ¥ nghia vit 1y cua cac thanh phan trong mach dién tuong

duong Randles.

Bang 2.1. Cac thanh phan trong mach dién twong duong Randles.

Thanh phan | Ky hiéu Y nghia vat 1y
- Biéu thi dién trd cua dung dich dién ly voi bé mit
Pién tré dung R dién cuc.
dich ) - Phu thuoc vao néng do ion, loai ion, nhiét d6 va hinh

thai bé mit.

Pién dung lép c Mo ta su tich tu dién tich gitta dién cuc va dung dich,
kép ¢ thé hién qua trinh phan cyc khong Faraday.

o N Biéu thi toc d ctia qua trinh trao ddi electron Faraday,
Dién tro truyén

L Rer phu thudc vao hinh thai bé mat va d6 dan cua dién
dién tich

cuc.

- Pic trung cho qua trinh khuéch tan khéi cta céc ion
Tré khang dén/di tir bé mat dién cuc.

Z , sz g
Warburg " - O vung tan s6 thap, tro¢ khang Warburg c6 gia tri 16n,

duogc biéu dién boi duong dic trung nghiéng 45°.

2.3.3.2. Biéu dién pho tong tré trong mit phang phic

Phuong trinh biéu dién pho tong trd trong mit phang phtrc gdm phan thuc 2’

va phan ao Z”, nhu sau [100]:

Rer+ow™1/2

4 —

Z'(w) =R + (cwl/2Cq+1)2+w2C5(Rer+ow™1/2)2 (2:9)

Cai(Rer+ow=12) +62¢ +ow=1/2
—7"(w) = 2eatlfertow7) to Catow (2.10)

(owl/2Cq+1)" +w2C(Rer+ow™1/2)

Vi hé sb:
2RT

7= Janrreine @1

Trong d6: R 1a hang s6 khi 1y tudng, co gia tri 8,314 J mol' K,
va T 14 nhiét do tuyét doi tinh theo thang d6 K, F 1 hang s6 Faraday, co gia tri
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96.485 C mol™. Co(x,t) va Cr(x,t) 1a ndng do chat oxi hoa va chat khir & thoi diém
t va cach bé miat dién cuc mot khoang bang x. Do va Dr 1an luot 14 hé sé khuéch tan
ctia chat oxi hoa va chét khir. D 1a hé s6 khuéch tan cta cap chat oxi hoa khir, va gia
stt D=Do=Dr. Co va Dr lan lugt 12 ndng d6 cuia chét oxi hoa va chét khir. C 1 nong

do cua cap chat oxi hoa khur, va gia su C=Co=Cr.

(@) Tansé Tan sb (c)
cao thap
Zy<<Ret Ca>Rcr+ Zy

Rs oA Rs Rer
—AAMA R — Zw
cT
N~
(‘b‘) A (d)
Tan sé tang Tan s6 tang
w=1/Rc7Cy Rs + Rer- 20%Cy,

Rs Rs+* Rcr 5
\ Req/2 / ‘
: » >
r i Z'

Hinh 2.9. Mach tuong duong Randles va p}lé tf)ng trd: (a, b) tai ving tan s cao; (c,
d) tai vung tan so thap.

Hinh 2.9 biéu dién mach tuong duong Randles va phd tong trd: tai ving tan
s6 cao (Hinh 2.9a, b) va tai ving tan sb thap (Hinh 2.9c¢, d) [100].
- Tai ving tin sé cao (w — ): dién trd truyén dién tich Rer va dién dung

16p kép Car chiém wu thé. Phuong trinh (2.9) va (2.10) dugc biéu dién nhu sau:

I __ Rer
Z' =R, + T (2.12)
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2
wCqiReT

/" = —W (2.13)
Tur hai phuong trinh (2.12 va (2.13) suy ra:

7' _ p. _Recry2 an—ﬂz 2.14

( s 2) +(2")° = 2 (2.14)

Twr d6 suy ra dd thi Z” — Z’ 1a mot ban cung co tam tai Z’'=R;+(Rcr/2) va ban
kinh 1a Rcr/2. Béan cung cit truc Z’ tai Ry khi @ — oo va tai (Ry+Rcr) khi w — 0
(Hinh 2.9b).

- Tai vung tan s6 thiap (w — 0):
Z'=R,+ Ry + ow™ /2 (2.15)
7" = —ocw Y% —20%Cy (2.16)
Tt hai phuong trinh (2.15) va (2.16) suy ra:
—7"=7"—R;— R, + 20%Cy (2.17)
Tir d6 suy ra d6 thi -Z” — Z° 1a duong thang cat truc Z’ tai (R + R —

20%2C,;) (Hinh 2.9d). Tro khang Warburg duoc biéu dién theo cong thuc:

Zy = ow™ /2 —j(aw_%) (2.18)
Thuc nghiém do phd tong trd trén dai tan s rong, tir ving tan s6 cao dén
vung tan s6 thap, tin hiéu thu duoc phan anh ddng thdi qua trinh truyén dién tich va
qua trinh khuéch tan. Vi vay, do thi Nyquist bao gdm phan ban cung ¢ ving tan sb

cao va phan tuyén tinh & ving tan s6 thap (Hinh 2.10).
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Rg Rs + Rcr-202C; Rg+ Rt 7 2
Hinh 2.10. Mach tuong duong Randles va pho tong tré khi quét trén dai rong tir tan
sd cao dén thap.

2.4. Nguyén ly hé thong do lwong dién hoa va g dung xir 1y, truyén/thu tin
hi¢u
2.4.1. Céu triic hé thong

Viéc tich hop cam bién dién hoa véi cac nén tang 1oT va thiét bi di dong da
mo ra hudng phat trién méi cho cac hé théng giam sat va chan doan bénh di dong,
than thién v6i ngudi dung. Ung dung cong nghé dién thoai thong minh két hop cam
bién dién hoa cho phép phan tich dir liéu theo thoi gian thuc, giam sat tir xa va chia
s¢ dit liéu nhanh chong, hd tro chan doan bénh hodc giam sat moi truong trong nudi

trong thuy san [101].

Mot hé thong do dién héa hoan chinh thuong bao gom ba khdi chirc ning
chinh [102]:

(1) Phan tir nhian dang sinh hoc: phat hién dic hiéu muc tiéu sinh hoc.
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Phan t&r nhan dang sinh hoc 1a cic cam bién c6 bé mat dién cuc duoge chire
nang hoa b@ing dau thu sinh hoc dic hiéu, cho phép nhan biét va lién két chon loc
vO1 muc tiéu.

(2) Mach xir Iy tin hi¢u: chuyén déi tin hiéu sinh hoc thanh tin hiéu dién

6 thé do duoc.

Mach xu 1y tin hi€u st dung cac mo-dun do dién hoa nhu AD5940ELCZ
hozc LMP91000, cho phép diéu khién cac phép do dién hoéa.

(3) Hé¢ thong thu nhan va xir Iy dir liéu: chuyén ddi tin hiéu do dwoc

thanh tin hiéu doc dwoc, hién thi két qua va truyén dir liéu.

Hé thong thu nhan va xu 1y dit liéu bao gom mach diéu khién, phan mém xir

1y, va ing dung nguoi dung.

- Mach diéu khién: sit dung cac bo mach mé rong Arduino Uno hoac

ESP8266/ESP32 c6 kha ning két ndi Wi-Fi dé truyén va thu dir liéu.

- Phan mém x@r Iy: duoc phat trién trén nén tang Matlab hodc Python, phuc

vu viéc thu nhan, xur ly va truc quan héa tin hi€u di¢n hoa.

- Ung dung ngudi dung: dugc phat trién bang MIT App Inventor, cho phép
ngudi dung twong tac, giam sat va hién thi dit liéu trén thiét bi di dong thong
minh. Ngoai ra, cac nén tang truc quan khiac nhu Thunkable, Kodular hodc
FlutterFlow ciing c6 thé dugc st dung, gitip md rong kha ning thiét ké giao
dién, xu 1y dir liéu va tich hop véi phan cing IoT.

2.4.2. Truyén thong

2.4.2.1. IoT

Internet of Things (IoT) (Hinh 2.11) 1a mot hé thong gdm céc thiét bi vat 1y
dugc két ndi voi nhau thong qua Internet, cho phép thu thép, trao doi, xir Iy va phan
hoi dit liéu mét cach tu dong. IoT bao g@)m ba thanh phﬁn chinh: thiét bi, mang

truyén thong va hé thong diéu khién [103], [104].
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Hinh 2.11. M6 hinh khai quat vé IoT (Internet of Things) két nbi van vat [104].

- Thiét bi: 1a cac vat thé vat 1y c6 khé nang két ndi Internet nhu ti lanh, 6 t6,
den, tivi hoac may modc cong nghi€p, dugce tich hgp cam bién, bo xir 1y va mo-dun
truyén thong. Cac thiét bi nay c6 thé thu thap dit liéu tir moi truong, truyén dir lidu
t6i hé thong xir 1y trung tam, dong thoi nhan 1énh diéu khién dé thyc hién céc tac vu

cu thé.

- Mang truyén thong: dong vai tro két ndi va trao d6i dir lidu gitra cac thiét bi
va hé thong diéu khién, thong qua cic cong nghé nhu Wi-Fi, Bluetooth, ZigBee,
LoRa, Ethernet hodc mang di dong 4G/5G, tuy theo yéu cau vé pham vi, tdc do va

muc ti€u thu nang luong.

- H¢ théng diéu khién: 1a bo phén trung tam cua loT, c6 nhi¢m vy xu 1y dir
liéu nhan duoc, ra quyét dinh diéu khién, va gti phan hoi dén thiét bi hoic nguoi
diung. Hé théng nay c6 thé duoc trién khai dudi dang vi diéu khién (Arduino,
ESP8266), may chu bién (edge server), nén tang dam may (cloud platform), phan

mém diéu khién trén may tinh hay thiét bi di dong.
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Cong nghé ToT (Internet of Things) dang cach mang héa nhiéu linh vuc
[105]-[107], trong d6 cam bién sinh hoc dién hoa 1a mot trong nhiing tmg dung nodi
bat. Cam bién sinh hoc dién hoa két hop giita k¥ thuét sinh hoc va k¥ thuét dién hoa
dé phat hién va dinh lugng céc doi tuong sinh hoc. Khi tich hop vé1 [oT, cac cam
bién nay c6 kha ning truyén tai dir liéu lién tuc va tir xa, cho phép giam sat va phan
tich thoi gian thuc. Ung dung ndy mo ra nhiéu tiém ning trong y té, nghién ctu
khoa hoc va quan 1y méi trudng, gitp nang cao do chinh xac, téc d6 phan hoi va

kha nang xur ly dir li€u, cai thién hiéu qua hoat dong cua thiét bi

Hoat dong trén nén tang cong nghé IoT tién tién va hiru ich [103], cac két
qua do va tinh toan nong do theo thoi gian thuc c6 thé truy cip va phan tich thuan
tién trén cd may tinh va thiét bi thong minh, dugc hd trg bdi cac tuy chon két ndi co
day hodc khong day. Hé thong do ludng dién hoa hoat dong trén nén tang IoT cung
cAp mot giai phap hira hen cho viéc phat hién VP28 tai chd trong nudi tom, mang lai
nén tang di dong, than thién voi ngudi ding va co do nhay cao dé hd tro quan 1y va
kiém so4t cac dot bung phat WSSV.
2.4.2.2. MQTT

MQTT (Message Queuing Telemetry Transport) 1a giao thirc truyén thong
theo m6 hinh publish/subscribe, dugc t6i wu hoa cho céc thiét bi ToT véi yéu ciu
bang thong thap, do tin cdy cao va kha ning hoat dong trong mdi truong mang
khong 6n dinh. MQTT str dung may chu trung gian (broker) c6 yéu cau tai nguyén
thap, gitip xur 1y tac vu hiéu qua ma khong can phan ctng manh. Giao thirc ndy co

tinh m&, don gian va dé trién khai, pht hop cho nhiéu tng dung khac nhau.

MQTT duogc phat minh boi Andy Stanford-Clark (IBM) va Arlen Nipper
(EUROTECH) vao nam 1999, véi muc ti€u tao ra mot giao thirc ti€u ton it nang
luong va bing thong dé két ndi dén duong 6ng dan dau qua vé tinh. Nam 2011,
IBM va Eurotech da chuyén MQTT cho dy 4n ma ngudn mé Eclipse Paho, va dén
nam 2013, MQTT duoc chuan héa béi OASIS (Organization for the Advancement
of Structured Information Standards) [108].
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MQTT gém cac thanh phﬁn: Client: thiét bi thuc hién gtri hoac nhan dir licu;
Publisher: noi gtri thong di¢p (message); Subscriber: noi nhan thong di¢p; Broker:
may chu trung gian, tiép nhan thong diép tir Publisher va chuyén dén Subscriber.

Broker con ¢6 thé thuc hién cac tinh nang bao mat, luu trtt hoac ghi log [109].

Cac MQTT Clients twong thich v6i hdu hét hé diéu hanh hién c6 nhu
Windows, Linux, Android, iOS, ... Giao thirc ndy sir dung bang thong thap nén 1y
tudng cho Ung dung [oT. Trong nghién clru nay, Mosquitto dugc st dung lam

MQTT broker chinh, chay trén may tinh hé diéu hanh Windows.

Hinh 2.12 minh hoa giao thirc truyén thong MQTT hoat dong theo co ché
publish/subscribe thong qua may chu trung gian (broker). Trong hinh, cam bién
nhiét do dong vai tro publisher, giri dit lidu do dugce (“21 °C”) dén MQTT broker.
Cac thiét bi nhu mday tinh hodc thiét bi di dong, sau khi subscribe t&i chi dé (topic)
tuong ung, s& nhan dit lidu do broker phan phdi. Co ché nay giup giam tai két nbi
tryc tiép gitta cac thiét bi, tdi vu bang thong, dong thoi dam bao kha ning truyén dir

li¢éu nhanh, tin cdy va mé rong linh hoat trong cac hé théng IoT.

May tinh

P o orn
Publish:"21°C" Publish:"21°C

Publish:"21°C"

2 £ y
Cam bien MQTT-Broker Subcribe

nhiét do = -

Thiét bi
di dong

Hinh 2.12. M6 hinh truyén thong MQTT theo co ché Publish/Subscribe.

71



Mosquitto 1& mot MQTT Broker ma ngudén mé [110] hd tro phién ban 5.0,
3.1.1 va 3.1, cho phép giao tiép publish/subscribe nhanh, nhe, phu hop véi cac hé
théng nhung. Mosquitto cung cip thu vién viét bang ngdn ngit C va co thé dung
dong 1énh: “mosquitto_pub” va “mosquitto_sub”. Ngoai ra, Mosquitto cling 1a mot
phan cua Eclipse Foundation trong du 4n iot.eclipse.org.

- Uu diém:

+ Tdc do truyén va xur 1y dit liéu nhanh, d6 6n dinh cao.

+ D@ trién khai, twong thich nhiéu nén tang, phut hop thiét bi nhiing.

+ Ho tro cac giao thic bao mat TLS/SSL nham xac thuc may chu va

thiét bi khach, dong thdi ma hoa dir liéu trong qua trinh truyén.

- Nhuoc diém:

+ Viéc trién khai trén cac hé thong quy mo 16n co thé phic tap.

+ Néu khong duogc cAu hinh dﬁy du cac co ché bao mat TLS/SSL, xé4c
thue nguoi dung va phin quyén truy cap, hé théng co thé ton tai cac rii ro vé
bao mat.

Trong nghién ctru nay, MQTT duoc st dung dé truyén dit liéu theo thoi gian
thuc giira thiét bi do va ung dung giam sat, dap Gmg yéu cau theo ddi lién tuc. Dbi
v6i cac ung dung giam sat tir xa qua Internet, hé thong can tich hop cac co ché bao
mat TLS/SSL, xac thuc nguoi dung va phan quyén truy cip nhim bao vé dit lidu
trong qué trinh truyén va ngin chin truy cp trai phép.

2.4.3. Phan cirng diéu khién va thu thip dir liéu
2.4.3.1. Potentiostat

Hé ba dién cuc trong Potentiostat bao gom:

- Dién cuc lam viéc WE (Working Electrode): noi dién ra phan tmg oxi hoa—

khtr, 14 vi tri thu nhan thong tin dién hoa ctia mau.

- bién cuc so sanh RE (Reference Electrode): cung cdp dién thé chuan 6n

dinh, ddm bao phép do c6 do chinh xac cao va khong cho dong dién chay qua.
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- bién cuc db6i CE (Counter Electrode): can béng dong di¢n sinh ra tai dién

cyuc 1am viéc, giup duy tri diéu kién 6n dinh cho toan hé thong.

Potentiostat 13 thiét bi dién héa duoc sir dung dé duy tri dién thé khong ddi
gifra dién cuc lam viéc va dién cuc so sanh trong mot hé ba dién cuc, déng thot do
dong phan tmg xay ra tai dién cuc lam viéc. Thiét bi ndy dong vai trd trung tim
trong cac phép do dién hoa gitip xac dinh dic tinh déng hoc va co ché phan tng oxi

hoa—khtr xay ra trén bé mat dién cyec.

Vin
High Gain Vout
b hé d Op-Amp
ién thé dat
- T Veensitiép €.
®
CE
ot
= €. RE / k!
—> . ¥
' 1|CE )
@ Electrometer ‘\ /'
€. O
WEsense WEdrive

Hinh 2.13. So d6 mach Potentiostat co ban [111].

Hinh 2.13 m6 ta so dd mach Potentiostat co ban van hanh duwa trén nguyén
tac phan hdi Am (negative feedback) [111]. Bg khuéch dai thuat toan c6 d6 loi cao
(High-Gain Op-Amp) diéu chinh dién 4p Vou sao cho dién thé giita WE va RE ludn
khép véi gia tri dién thé dat trude Vi,. Trong qua trinh ndy, dién cuc dbi CE s& cip

hodc thu dong dién can thiét dé duy tri di€n thé mong mudn tai dién cuc lam viéc.

Dong dién chay gitta CE va WE, goi la dong Faraday (icg), phdn anh qua

trinh truyén dién tich trong phan tng oxi hoa—khtr xay ra trén bé mat dién cuc lam



viéc. Gia tri cua dong nay thay d6i theo toc d phan tng dién hoa, ndng do chat oxi
hoa—khir trong dung dich, va dién thé ap dung. Khi dién thé duoc diéu chinh, dong
icg biéu thi tryc tiép hoat tinh dién héa cua hé, qua d6 dugc st dung dé phén tich

dac trung vat liéu, dong hoc phan ing hodc kha nang xuc tac cua dién cuc.

Déng thoi, bo do dién thé co trd khang cao Electrometer dugc stt dung dé do
chinh x4c hiéu dién thé gitta WE va RE ma khong gdy anh huéng dén trang thai
dién hoa ctia hé. Tin hiéu phan hdi Vze i iéy thu duoc tir Electrometer duoc dua trd
lai bo khuéch dai, tao nén vong diéu khién phan hdi am kin, gitp giit on dinh dién
thé 1am viéc, ddng thoi dam bao mdi quan hé chinh x4c giita dién thé ap dung va

dong di¢n phan Uing, day chinh 1a co s& hoat dong cua cac ky thuit do dién hoa.

Dong dién tai dién cuc lam viéc khong dugc do truc tiép, ma dugc tinh thong
qua dién ap roi V trén dién tro do dong Ry, ndi gitta WE4ive va dat. Vi Ry y c6 gia
tri biét trudc, nén dong dién i co thé duoc tinh bang dinh luat Ohm:

, %4
[ =— 2.19
Rwe (2.19)

Trong do: i 1a dong dién tai dién cuc lam viéc, V 1a dién &p do duoc trén

Rywg, Ry 12 dién tro da biét gia tri.

Nhu véy, Potentiostat diéu khién va duy tri dién thé giira dién cuc lam viéc
va dién cuc so sanh, dong dién qua dién cuc lIam viéc dugc xac dinh gian tiép thong
qua dién trd Ry . Dién thé ap dung dugc xac dinh boi dién thé dit V. Dién thé tai
dién cuc lam viéc V dugc do boi Electrometer. Dong dién dugc tinh béng von ké
(E/) qua Ry, . Nho co ché phan hdi clia op-amp, Potentiostat c6 thé diéu chinh dién
thé cta dién cuc 1am viéc so véi dién cuc so sanh déng tho1 do dong di¢n sinh ra,

day chinh 1a nguyén 1y ¢t 15i ctia cac ki thuat voltammetry trong dién hoa hoc.
Tom lai Potentiostat thuc hién ba nhiém vu co ban:

- Duy tri dién thé 6n dinh gitra di¢n cuc lam vi¢c va dién cuc so sanh theo gia

tri dat trudc.
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- Ghi nhdn va phén tich dong dién phan tng, cung cip thong tin vé qua trinh
oxi héa—khtr.

- Tao dang song kich thich thich hop (tuyén tinh, vudng, hoic sin) phuc vu
cho céc k¥ thuat dién hoa khac nhau nhu CV, SWV hay EIS.
2.4.3.2. Mach diéu khién

Vi diéu khién dong vai trd trung tdm trong viéc diéu khién, thu thap va xir ly
tin hiéu ctiia mach Potentiostat. Thiét bi nay duoc 1ap trinh dé tao ra céc dang song
dién 4p diéu khién (nhu tuyén tinh, vuong, hodc hinh sin) 4p dung 1én dién cuc 1am
viéc thong qua bo khuéch dai thuat toan, déng thoi doc tin hi¢u phan hoi dién thé va
dong dién thu duogc tir hé di¢n hoa. Dit li€u do dugc s6 hoa thong qua bo chuyén doi
ADC tich hop va gtri ¢én may tinh hodc ung dung hién thi thong qua giao thirc
truyén thong nhu UART, SPI, I>C hoic MQTT.

Nho ¢6 vi didu khién, hé Potentiostat c6 thé tu dong héa qua trinh do, diéu
chinh dién thé theo thoi gian thuc, va luu tri, truyén dir liéu truc tiép hodc qua nén
tang IoT dén phan mém xur 1y. Cac module tich hop vi diéu khién thuong duogc st
dung g@)m Arduino, ESP32 hodc STM32, nhd ¢6 tbe do xur Iy cao, do chinh xac
ADC tét, va tich hop Wi-Fi/Bluetooth phuc vu cho cac tng dung do dién hoa thong

minh.

Arduino IDE (Integrated Development Environment) [112] 1a moi trudong
phat trién tich hop cho phép viét ma, bién dich va nap chuong trinh diéu khién cho
cac vi diéu khién nhu Arduino Uno, ESP32 hoic cac bo mach md rong tuong thich
khac. Méi truong nay hd trg nhiéu thu vién giao tiép tiéu chuin nhu SPI, UART va
I2C, gitp thiét 1ap két ndi gitra cam bién dién hoa va hé théng xur 1y trung tam. Nho
kha nang tuong thich cao, giao di¢n than thién va kho thu vién phong pha, Arduino
IDE duoc st dung rong rii trong nghién ctru va phét trién cac hé thdng do ludong
dién hoa tich hop IoT, cho phép diéu khién qué trinh do, thu nhan va truyén dir liéu

mot cach linh hoat.
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Trong hé thdng do dién hoa cua nghién ctru nay, Arduino IDE duogc sir dung
dé xay dung chuong trinh diéu khién qua trinh do, thu nhén, truyén va xi 1y dit liéu
thong qua két néi Wi-Fi str dung giao thie MQTT hoic qua cong ndi tiép (serial) st
dung giao thirc UART dén h¢ thdng xir 1y trung tam.

2.4.4. Phan mém xir Iy va hién thi di liéu

2.4.4.1. Python

Python 13 mot ngdn ngit 1ap trinh bac cao, da muc dich, dugc phat trién boi
Guido van Rossum va ra mat 1an ddu vao nim 1991. Ngon ngit ndy duoc thiét ké
v6i uu diém nodi bat 1a ca phap rd rang, dé doc, dé hoc va dé ghi nhg, nho d6 dic
biét phit hop cho ca ngudi méi bat dau 13n cac 1ap trinh vién chuyén nghiép. Véi ct
phap rd rang va kha ning mo rong linh hoat, Python hd tro manh mé trong nhiéu
linh vuc, dac bi¢t 1a khoa hoc dit li€u va ky thuat. Nho hé sinh thai thu vién phong
phu nhu NumPy, Matplotlib, Pandas, PySerial, ... Python cho phép xtr ly, phan tich

va tryc quan hoéa dir li¢u mot cach hiéu qua [113].

Trong hé théng do dién hoa cta nghién ciru nay, Python dugc Gmg dung dé
xay dung phan mém thu thap dit liéu tir cc cong giao tiép, xir Iy tin hiéu do, trich
Xuit, tinh toan céc thong s6 dién hoa (dién thé dinh, dong dinh va néng do dung
dich do), dong thoi hién thi két qua, dir liéu dudi dang biéu dd thoi gian thuc, gop
phan nang cao d6 chinh xac va hiéu qua trong qua trinh phan tich. Pong thoi,
Python hd trg lam viéc véi giao thirc MQTT thong qua thu vién paho-mgtt, gitp giri

va nhan dir liéu dén cac nén tang loT hoac tmg dung ngudi dung.

Ngoai ra, PyCharm 1a mot méi truong phat trién tich hop IDE duoc st dung
phé bién trong phat trién cac ing dung Python. Trong nghién ctru nay, PyCharm
duoc st dung 1am méi trudng phat trién va thyuc thi chuong trinh do dién hoa theo
thoi gian thyc. Cong cu niy cho phép viét, kiém thir va chay tryc tiép ma ngudn
trude khi bién dich thanh tép thuc thi (.exe), dff)ng thoi hd trg quan ly thu vién, tao
moi trudng 40 va to chirc ma ngudn hiéu qua. PyCharm ciing tich hop cac tinh ning
kiém tra cti phap, goi y thong minh va phét hién 1i, gitip hoan thién quy trinh phat

trién phan mém.
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2.4.4.2. MIT App Inventor

MIT App Inventor 13 nén tang truc tuyén ma ngudn mo dugc phat trién boi
MIT (Massachusetts Institute of Technology), cho phép thiét ké tng dung di dong
thong qua giao dién kéo—tha tryc quan. Giao di¢n ciia MIT App Inventor dugc mod
ta trén Hinh 2.14. Nén tang nay hd tro tu duy 1ap trinh khéi [114], phu hop cho viée
phat trién nhanh cac ng dung gidm sat va hién thi dit liéu trong nghién ciru cam
bién dién hoa.

MIT App Inventor dua trén trinh soan thdo web “What You See Is What You
Get” (WYSIWYQG), hd tro ca Android va iOS, duoc xay dung trén Google Blockly
va lay cam htng tir StarLogo TNG [115] va Scratch [116], [117]. Cho dén nay, 6,8
triéu nguoi tai hon 190 qudc gia di sir dung App Inventor dé xay dung hon 24 triéu

ung dung.

’;‘J MIT App Inventor 2
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Hinh 2.14. MIT App Inventor — Nén tang hd tro phat trién ing dung di dong [118] .

Nén tang nay ciing duoc md rong dé phuc vu cic nhém ngudi dung dic thu,
va trong nghién ctru nay, duoc str dung dé xay dung giao dién hién thi dir liéu dién
hoa, giup ngudi dung dé& dang quan sat va giam sat két qua do trén thiét bi di dong

thong minh theo thoi gian thuc.
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Két luan chwong

Chuong 2 di trinh bay co s& 1y thuyét va nguyén ly phat trién hé théng cam
bién sinh hoc dién hoa phat hién WSSV. Cac ndi dung bao gém quy trinh chirc ning
hoa dién cuc thong qua phu hat nano vang, hinh thanh 16p SAM, va ¢b dinh dau thu
sinh hoc khang thé dé nhan biét chon loc ddi trong muc tiéu. Nguyén 1y cic phuong
phap dién hoa dung dé ghi nhan sy thay dbi tin hiéu, cling nhu cau tric hé théng do
ludng va nén tang phin mém tich hop IoT cho phép truyén va giam sat dit liéu theo

thot gian thyc cling dugc trinh bay trong chuong nay.

Nhitng co so 1y thuyét va nguyén 1y nay 13 nén tang cho thiét lap thuc
nghi¢m hé théng vé chitc nang hoa dién cuc ¢ dinh khang thé anti-VP28, phat hién
VP28 — chi du sinh hoc WSSV; thiét ké, trién khai hé thong do ludong dién hoa phat
hién WSSV trong cac chuong tiép theo.
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CHUONG 3. THIET LAP THU'C NGHIEM HE THONG CAM BIEN PIEN
HOA PHAT HIEN BENH TOM POM TRANG DO VI-RUT WSSV

Duea trén co so Iy thuyét va nguyén Iy phdt trién da cung cdp ¢ cdc chwong
truoc, trong chuong nay, tac gia trinh bay cac phwong phdp thuc nghiém va quy
trinh nghién cvu sw dung dé téng hop vat liéu, bién tinh bé mdt dién cuc va phat
trién cam bién dién héa phat hien WSSV. Cu thé, cac quy trinh thyc nghiém chinh
dwge xdy dung va minh hoa trén Hinh 3.1, bao gom: (i) quy trinh chitc ndng héa
dién cuc vang SPAuE thuc hién trén cap hoa chat thir anti-BSA va BSA-FITC nham
khdo sdt cac phép do ban dau, danh gid kha néing hinh thanh 16p SAM, hiéu qua c6
dinh khdang thé va khd néing bat giir khdang nguyén, dwoc xdc nhdn théng qua danh
gia tin hiéu quang, dién; (ii) quy trinh chirc nang hoa dién cuc cacbon SPCE phu
AuNPs dé phat hién protein VP28 tinh khiét siv dung hé do thwong mai; (iii) quy
trinh chirc nang héa dién cuc vang SPAuE phat hién protein VP28 tinh khiét trén hé
do dién hoa tu xday dung WPEMS; va (iv) quy trinh chirc nang hoa dién cuc vang
SPAuE phat hién WSSV trén mau sinh hoc thuc (PCR dwong tinh), qua dé danh gid

kha ndng g dung thuec té ciia hé cam bién.

Ky thudt dién héa quét thé tuin hoan CV dwoc sir dung trong hai giai
doan: (i) tong hop hat nano ving (AuNPs) trén nén dién cuc cacbon nham ting
cuong kha nang dan dién va dién tich bé mat hoat héa; (ii) danh gia dac tinh dién
héa cia bé mdt dién cwc sau tirng giai doan bién tinh va trong qud trinh khdo sdt
hoat déng ciia cam bién. Bén canh dé, phé tong tré- dién hod EIS, vén-ampe song
vuong SWV dwoc sie dung dé phan tich sw thay doi dic trung dién héa ciia cam bién
sau tirmg buGc chire ndng héa va trong qud trinh phat hién protein muc tiéu. Pé khdo
sdt hinh thai va thanh phdn vt liéu, kinh hién vi dién tir quét SEM va phé tan sdc ning
lwong EDX duoc sir dung nham danh gid sw phdn bé ciia hat nano vang va tinh dong
nhdt ciia I6p phii trén bé mdt dién cuc. Ngodi ra, phwong phdp Western Blot dwoc dp
dung dé xdc nhdn tinh ddc hiéu ciia lién két giita khang thé anti-VP28 va khdng nguyén

VP28, dam bao do chon loc sinh hoc ciia cam bién dwoc phat trién. Cdc phuong phap
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trén dwoc phoi hop trong quy trinh nghién ciru nham xdy dung, thir nghiém va danh gid

hiéu néng ciia hé thong cam bién dién héa phdt hién WSSV,

Bén canh dé, chiwong ndy trinh bay thiét ké, xdy dung hé thong do dién héa
di dong, khong dday WPEMS (Wireless Portable Electrochemical Measurement
System) phuc vu phdt hién tai ché VP28 — protein vé dic trung ciia WSSV, Hé thong
g5m: (i) cam bién mién dich dién héa (dang dién cuc co cau tric ba dién cuc véi bé
mdt dién cuc lam viéc la Au dwoc phit 16p SAM nham c6 dinh khdng thé anti-VP28),
(ii) mach do va diéu khién tich hop (ESP32 + LMP91000 + ADSI1115, loc s6), va
(iii) giao dién ngwoi ding trén mdy tinh Windows va dién thoai Android két noi
MQTTdé hién thi—lvu triv div liéu thoi gian thuec.

3.1. Khaio sat toc dd quét va buédc thé (E step) trong quét CV ciia dién cue vang

bé nghién ctru anh hudng cta cac thong s6 dién cuc dén dic tinh tin hiéu, hé
ba dién cyc cua di¢n cuc vang SPAuE tran duogc khao sat trong dung dich dién ly.
Dung dich dién ly gom hdn hop Kali Ferricyanide (K3Fe(CN)s) 5 mM, Kali
Ferrocyanide (K4Fe(CN)s) 5 mM va Kali Clorua (KCI) 0,1 M pha trong nudc khu
ion DI.

Trong k¥ thuat quét thé tudn hoan (CV), viéc lua chon budc thé (E step) va
tbc d6 quét c6 anh hudong dang ké dén d6 chinh xac va hinh dang cua tin hiéu. Cu
the, E step cang nho thi do phan gii tin hiéu cang cao, nhung ddng thoi thoi gian
hoan thanh mét chu ky quét cling tang 1én, ddn dén kéo dai tong thoi gian do. Theo
phuong trinh Randles—Sevcik, toc d6 quét cang 16n thi dinh dong CV cang cao, tuy
nhién néu ting qua mirc c6 thé gy nhidu tin hiéu.

Do d6, dién cuc SPAUE tran duoc khao sat tai cac toc do quét ¢6 dinh trong
dai bude thé tir 2 dén 15 mV, dong thoi ghi nhan gia tri dong dién cuc dai cua dinh
andt. Cac phép quét duoc lip lai véi téc do quét ting dan dé danh gia anh huong
ctia tham sd nay. E step va tbc do quét dugc lya chon dua trén gia tri dong cuc dai

thu dugc va kha nang 1ap lai cia tin hi¢u.
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QUY TRINH THU'C NGHIEM
CHU'C NANG HOA PIEN CUC PHAT HIEN WSSV

TREN HE DO THUONG MAI TREN HE PO TU XAY DUNG
PALMSENS4/CS350M

WPEMS

3. CHI'C NANG HOA BIEN CU'C VANG

SPAUE PHAT HIEN VP28
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Hinh 3.1. Quy trinh thyc nghiém chirc nang hoa di¢n cuc phat hién WSSV trén hé
do thuong mai va h¢ do ty xay dung (WPEMS).
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3.2. Xay dung quy trinh chirc ndng hoa dién cuc

3.2.1. Quy trinh chirc ning hoa dién cwe vang phat hién protein BSA-FITC

BSA-FITC (Bovine Serum Albumin—fluorescein isothiocyanate conjugate) la
mot protein duge gan chat huynh quang, cho phép quan sat su hién dién ctia n6 dudi
kinh hién vi soi ngugc huynh quang. Trong giai doan dau cua thi nghiém, nhim
nghién ctru co ché bat cip gitra khang thé va khang nguyén & cac dai ndng do khac
nhau, cdp hoa chét anti-BSA/BSA-FITC duoc st dung nhu mét mé hinh dbi ching

deé so sanh tin hi¢u dién hoa va tin hi¢u quang hoc.

Thi nghiém churc nang hoa dién cuc vang phat hién protein BSA-FITC duogc
tién hanh dé xay dung, kiém chung va tbi wu quy trinh bién tinh bé mat dién cuc
phuc vu cac tng dung cam bién sinh hoc dién hda. Muc tiéu cua giai doan nay la
danh gid kha niang hinh thanh 16p SAM, c dinh khang thé, va phat hién dac hiéu
khang nguyén, tr d6 x4ac nhan do on dinh va do nhay cua bé mat dién cuc trude khi
ap dung cho quy trinh phat hién protein VP28, chi dau dic trung cta vi-rit gy bénh

d6m tring WSSV trén tém nudi.

Trong nghién cGu nay, hai hop chat chira nhém thiol gém 11-
mercaptoundecanoic acid (MUA) va L-Cysteine dugc lya chon dé hinh thanh 16p
SAM trén dién cuc vang SPAuE. C4 hai loai SAM déu duge khao sat theo cung mot
quy trinh gém cac bude: hinh thanh SAM, hoat héa ¢ dinh khang thé anti-BSA,
gan khang nguyén BSA-FITC, va phan tich tin hiéu bang cac k¥ thuat huynh quang,
SEM/EDX, CV, SWV va EIS.

Céc két qua chi tiét cua quy trinh chirc ning hoa dién cuc bién tinh bang
MUA duoc trinh bay trong muc 4.2.1, két qua twong tng cuia L-Cysteine duoc tong
hop riéng trong Phu lyc 1, nham giit trong tAm va bao dam tinh nhat quan cho viéc
ap dung quy trinh v6i SAM MUA trong cac cac giai doan tiép theo vé phat trién
thiét bi chan doan bénh tom doém trang do vi-rat. Quy trinh niy déng vai trd nén
tang thuc nghiém cho toan b nghién ctru, 13 co s& dé phat trién quy trinh chtrc ning

hoéa dién cyc phat hién protein VP28 & cac phan tiép theo, dong thoi gitip danh gia
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anh hudng cua cac hop chit thiol dén dic tinh truyén dién tich va kha ning nhan
biét sinh hoc ciia hé cam bién.

3.2.1.1. Hoa chat va thiét bi
a. Ho4 chit

11-Mercaptoundecanoic acid (MUA) va (R)-2-amino-3-mercaptopropionic
acid (L-Cysteine) duoc str dung dé hinh thanh 16p don tu sap xép SAM. 1-Ethyl-3-
(3-dimethylaminopropyl) carbodiimide (EDC) va N-hydroxysuccinimide (NHS)
dugc dung dé hoat hoa 16p SAM. Khang thé Anti-Bovine Serum Albumin (anti-
BSA) va Bovine Serum Albumin—fluorescein isothiocyanate conjugate (BSA-FITC)
duogc sir dung dé khao sat su bat cap khang thé — khang nguyén. Tat ca cac hoa chat

déu ctia hing Sigma—Aldrich (Hoa Ky).

Dung dich phosphate-buftered saline (PBS, pH 7,4) 10X cua hang Gibco
(Hoa Ky). Kali ferricyanide (Ks3[Fe(CN)g), kali ferrocyanide (Ks[Fe(CN)s]) va kali
clorua (KCI) ctia hing Choneye Pure Chemicals (Pai Bac, Pai Loan). Nudc khir ion
(DI water) c6 dién trd suit 18,2 MQ-cm lay tir hé thong PURIST® Ultrapure Water
System (Rephile, Singapore).
b. Dién cuc

bién cuc vang SPAUE (Screen-Printed Gold Electrode, loai ER-N) thudc
dong DEP-Chip cua hang BioDevice Technology Ltd., Nhat Ban duoc st dung cho
qua trinh chtrc ning héa bé mit va cac phép do dién hoéa. Trude khi bién tinh, cac
dién cuc dugc rira nam lan bﬁng nudc DI va lam kho nhe béng khi nito nham loai
b6 tap chat, dam bao su hinh thanh 16p SAM ddong déu. Budc rira va say kho nay
duoc ap dung thong nhat trong tat ca cac bude chirc ning hoa va phat hién protein
cua quy trinh.

c. Thiét bi

Anh huynh quang duogc thu bang kinh hién vi soi ngugc huynh quang
CKX41 tich hop camera ky thuat s6 DP71 va phan mém Olympus DP Controller
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(Olympus, Tokyo, Nhat Ban). Cac anh huynh quang thu duoc phén tich bang phan
mém ImageJ (National Institutes of Health, Hoa Ky) dé dinh lugng cuong d6 huynh
quang. Hinh thai bé mit va thanh phan nguyén t6 cua dién cuc duoc khéo sat bang
kinh hién vi dién tor quét (SEM) két hop phd tan sic niang luong tia X (EDX) st
dung thiét bi COXEM EM-30AX SEM (COXEM Co., Ltd., Han Qudc). Cac phép
do dién hoa duogc thuc hién béng bo do dién hoa PalmSens4 két nbi voi phz‘in mém
PS Trace 5.9 (PalmSens BV, Ha Lan). Hinh 3.2 m6 ta két ndi cua thiét bi do

PalmSens4 v6i dién cuc SPAUE va phan mém PS Trace 5.9 trén may tinh.

Hinh 3.2. Két ndi thiét bj do PalmSens4 v&i dién cuc SPAUE va phan mém PS
Trace 5.9 trén may tinh.

3.2.1.2. Quy trinh chirc ning héa dién cwec, danh gia bz"mg huynh quang,
SEM/EDX va phép do dién hoa

Hinh 3.3 minh hoa so dd quy trinh bién tinh dién cuc trén bé mit vang. Quy
trinh nay bao gébm nam budc chinh: (1) Hinh thanh 16p SAM MUA; (2) hoat hoa
16p SAM bang EDC/NHS va cb dinh khang thé anti-BSA 1én bé mit dién cuc; (3)
bat cap dic hiéu giita khang thé va protein BSA-FITC; (4) quan sat huynh quang va

hinh thai bé mat dé xac nhan su gén két cua protein, déng tho1 danh gia dac diém
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hinh thai va thanh phan nguyén t6 bang cac k¥ thuat SEM/EDX; va (5) thuc hién
cac phép do dién hoa dé phan tich tin hiéu phan hoi sau khi gan két sinh hoc.

- e
g FDCS %

1|sam
@ 2| Khang thé

??? oYY

O NH O NH O NH O NH

5 O  NH
- _ B

Hinh 3.3. So d0 qua trinh bién tinh dién cyc: (1) Tao SAM MUA; (2) Hoat hoa
SAM, c6 dinh khang thé; (3) Bat gitt khang nguyén BSA-FITC; (4) Thu anh huynh
quang va phan tich SEM/EDX; (5) Thuc hién phép do di¢n hoa.

- Buwdce 1: Hinh thanh SAM.

bién cuc dugc ngam qua dém & nhiét do0 phong trong dung dich MUA co6
néng do 5 mM, pha trong ethanol. Cac nhom thiol trong hop chit MUA hinh thanh
lién két cong hoa tri Au—S véi bé mat vang. Sau do, dién cuc dugc rua ky dé loai bo
cac phan tir khong gan két.

- Budc 2: Hoat h6a SAM va c6 dinh khang thé.

Nh6 3,0 pL hdn hop gdbm 0,4 M EDC va 0,2 M NHS (ty 1& 1:1 vé thé tich,
pha trong PBS 1X) 1én bé mit dién cuc 1am viéc dd duogc bién tinh SAM dé hoat
hoa cac nhém carboxyl. Bude nay thic ddy su hinh thanh lién két amide véi cac
nhém amin cua khang thé, 1am ting hiéu qua va tinh dac hiéu ciia qua trinh gin két.
bién cuc duoc gitr trong dung dich EDC/NHS 30 phut ¢ nhiét do phong, sau do rira
sach dé loai bé thudc thir du. Tiép theo, nho 3,0 uL dung dich khang thé anti-BSA
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(ndéng d6 15 pM, pha trong PBS 1X) Ién bé mit dién cuc lam viéc va giit trong 2
gid & 4 °C. Budc nay cho phép hinh thanh lién két cong héa tri amide giita SAM da
hoat héa va cadc nhém amin cua khang thé. Sau d6, dién cuc duge rira dé loai bo

khang thé khong gan két va bao quan ¢ 4 °C cho budc phat hién BSA-FITC sau do.
- Bude 3: Bit giit khang nguyén.

Dé tao diéu kién thuc ddy twong tac khang nguyén—khang thé, 3,0 pL dung
dich protein BSA-FITC pha trong PBS 1X véi cac nong do khac nhau duoc nho 1én
bé mit dién cuc 1am viée va gilr trong 1 gio ¢ 4 °C dé cho phép su gén két dac hiéu
gilra khang thé anti-BSA d3 cd dinh va protein BSA-FITC. Sau khi 4, dién cuc dugc
rira sach dé loai bo céac protein khong gén két ddc hiéu trude khi tién hanh khao sat
hinh thai bé mit va dic tinh dién hoa.

Céc phép do duogc thuc hién véi 5 néng d6 BSA-FITC khéc nhau, 1an luot 1a
0,5 uM; 1,0 uM; 2,0 uM; 4,0 uM; 8,0 uM.

- Buéc 4: Panh gia hinh thai bé mit dién cuc trin va phan tich huynh

quang dé xac nhan sy gan ket protein.

Anh huynh quang dugc quan sat va chup lai dé xac nhan sy hién dién cua
BSA-FITC trén dién cuc di bién tinh. Sau budce 3, dién cuc duge dit trén kinh hién
vi huynh quang dé quan sat dinh tinh su gan két protein va chup, luu cac anh. Dé
dinh luwong, tin hiéu huynh quang dugc phén tich bang phan mém ImageJ bang cach
chon mot viing ROI (region of interest) hinh chit nhat ¢6 dinh trén mdi anh va st
dung chtrc ning Measure dé xuat gia tri xam trung binh Mean [119]. Dé khao sat
thém vé hinh thai bé mat va thanh phan nguyén t6, cac phép do SEM va EDX ciing

duoc thuc hién.
- Buéc 5: Khao sat dac tinh dién hoa.

Dic tinh dién hoa cua dién cuc SPAuUE sau mdi bude bién tinh duge khao sat.
Nho 35 pL dung dich dién ly bao phu bé mit cia hé 3 dién cuc. Phép do CV duoc
thuc hién ¢ toc do quét 50 mV/s trong khoang thé —0,2 dén 0,6 V. Phép do SWV
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dugc thuc hién trong khoang thé —0,4 dén 0,8 V. Cuong d6 dong dinh va thé dinh
dugc trich xuat tr dong bang phan mém PS Trace 5.9 dé dam bao tinh nhat quan va
chinh x4c. Phd tong tr& dién héa EIS duge do trong khoang 105 Hz dén 0,05 Hz véi
bién do AC 1a 10 mV. D6 thi Nyquist ctia phd EIS dugc khép véi mach twong
duong Randles bang phan mém PS Trace 5.9 dé tinh dién tré truyén dién tich Rcr.

3.2.2. Quy trinh chirc ning hoa di€n cuc cacbon phat hién protein VP28

Ngoai viéc sir dung VP28 lam chi déu sinh hoc c6 d6 tin cdy cao dé xac dinh
su hién dién cia WSSV, céac nghién ctru trude cling cho théy cam bién sinh hoc dién
hoa c6 kha ning phan anh cac bién doi trén bé mit dién cuc thong qua tin hiéu dong
dién va sy thay doi tinh dan dién ctia moi trudng giita cac dién cuc. Trong sd cac ki
thuat duoc ap dung, CV va EIS da duogc st dung rong rai nho tinh don gian, kha
nang lap lai va gioi han phat hién thép, dac biét hiéu qua dbi véi cac cam bién ai
luc. Tuy nhién, nhiéu nghién ctru trude d6 thuong dua vao co ché bat cip “banh
kep” mién dich hodc quy trinh t6i uu hoa nhiéu budc dé ting cuong do nhay cia

dién cuec.

Duya trén két qua kha thi ciia quy trinh chtrc ning hod dién cuc phat hién
BSA-FITC, luan 4n tiép tuc xay dung quy trinh chirc ning hoa don gian va co tinh
1ap lai cao, ¢d dinh khang thé anti-VP28. Céc ky thuat CV va EIS duoc st dung
nham phan tich dinh tinh va dinh lugng sy thay doi tin hiéu dién hoa ctia cam bién
trong qué trinh bién tinh dién cuc va phat hién protein VP28.

3.2.2.1. Hoa chit va thiét bi
a. Hoa chit

Cip hoa chat chinh bao gom khang thé anti-VP28 cta hing Abcam, United
States va protein VP28 duoc tong hop tir phong thi nghiém. Lién két dic hiéu giita
cip hoa chat khang nguyén-khang thé dugc xac nhan doc lap bang phuong phap
Western Blot. Kali ferricyanide (K3[Fe(CN)¢]), Kali ferrocyanide (K4[Fe(CN)s]) va
Kali clorua (KCI), Gold (IIT) chloride trihydrate (HAuCls), Sulfuric acid 98%
(H2S04), Phosphate Buffered Saline (PBS) 10X, Bovine Serum Albumin (BSA) ctua

87



hang Bio Basic, Canada. Cac hoa chét con lai tuong ty véi1 danh muc hoa chét da
cung cip & quy trinh phat hién protein BSA-FITC, myc 3.2.1.1.
b. Pién cuc

bién cuc cacbon SPCE (Screen-Printed Carbon Electrode) cuia hang
BioDevice Technology Ltd., Nhat Ban dugc sir dung thuc hién qua trinh chirc nang
hoa. Trudce khi bién tinh, cac dién cuc dugc rira sach béng nudc cét hai 1an va lam
kho nhe bang khi nito, budc rira va siy khé nay duoc ap dung thdng nhat trong tat
ca cac budc chure nang hda va phat hién VP28 cua quy trinh.
c. Thiét bi

TAt ca céc phép do dién hoda dugc thuc hién ¢ nhiét d§ phong, st dung hé do
CS350M EIS Potentiostat/Galvanostat (Corrtest Instruments, Trung Qudc).

Hinh 3.4 mé ta két ndi thiét bi do CS350M EIS Potentiostat/Galvanostat vi

dién cuc SPCE va phﬁn mém CS Studio 6 trén may tinh.

| smm ==

Hinh 3.4. Két ndi thiét bi do ‘CS3§OM EIS Potentiostat/Galvanostat voi dién cuc
SPCE va phan mém CS Studio 6 trén may tinh.
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3.2.2.2. Quy trinh bién tinh phii cac hat nano vang va chirc ning hoa dién cuc

,»jﬁ%\ .—x‘
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Tom nhlem WSSV

Screen-Printed Electrode . Khang nguyén VP28
ATl Khang thé VP28

SAM (11-MUA)

Hat nano vang

Hé do dién ho Dién cuc Cacbon

Hinh 3.5. So d6 quy trinh de xuat chirc nang hoa cam bién phat hién VP28 va két
nbi cam bién vé6i hé do dién hoa.

Quy trinh bién tinh bé mit dién cuc dé phat hién VP28 va két ndi SPCE voi

hé théng do dién hoa duge mé ta trong Hinh 3.5. Quy trinh gdm 5 buéc nhu sau:
- Buwdc 1: Phu cac hat nano vang (AuNPs).

Budc dau tién ciia quy trinh 1a pha céc hat nano vang (AuNPs) 1én bé mat
dién cuc bang phuong phap quét CV. Chuan bi dung dich HAuCls ndéng d6 165 uM
pha trong dém PBS 100 mM. Nhé 35 pL dung dich ndy phu kin bé mit hé ba dién
cuc cua SPCE. Qud trinh di¢n phan dugc thyc hién béng cach quét 20 vong CV
trong dai thé tir —0,6 V dén +0,5 V vdi toc dd 50 mV/s.

Sau khi phu, dién cuc dugc rira sach. Qua trinh ma AuNPs dugc hoan thién
bang cach quét 7 vong CV trong dai thé tir —0,2 V dén +1,4 V voi cung toc do quét,
trong 35 pL dung dich H2SO4 1 M. Sau do, dién cuc dugc rtra sach va ky hi¢u 1a
CE/AuNPs.
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- Budc 2: Hinh thanh va hoat hoa SAM MUA.

O budce tht hai, dién cuc CE/AuNPs duoc 0 qua dém trong dung dich MUA
5 mM pha trong ethanol dé hinh thanh 16p don tu sip xép (SAM) trén bé mit vang
thong qua lién két Au-S gitra nhom thiol (-SH) cia MUA va céac hat nano vang
(AuNPs). Lam sach dién cuc, sau d6 nhé 2,7 pL hdn hgp EDC/NHS (0,4 M/0,2 M)
pha trong dung dich PBS 1X 1én bé mit dién cuc lam viéc va u trong 30 phut dé
hoat hoa cac nhom carboxyl (~COOH) trén SAM, tao diéu kién cho lién két cong
hoa tri voi khang thé & budc tiép theo. Pién cuc sau budc nay dugc lam sach va ky

hiéu la CE/AuNPs/activeMUA.
- Bude 3: Co dinh khang thé anti-VP28.

O budc tht ba, nho 2,7 pL dung dich khang thé anti-VP28 c¢6 néng do 150
ng/mL, pha trong dung dich PBS 1X, 1én bé miat dién cuc lam viéc cua
CE/AuNPs/activeMUA va u trong 2 gio ¢ 4 °C. Sau do, dién cuc dugc rira sach va
ky hi¢u la CE/AuNPs/activeMUA/anti-VP28. Tiép theo, nho 2,7 uL. dung dich BSA
1% (pha trong PBS 1X) 1én bé mit dién cuc lam viéc va U trong 1 gid ¢ 4 °C nham
chan cac vi tri lién két khong dac hi¢u. Sau khi rua sach, dién cuc duoc ky hiéu la
CE/AuNPs/activeMUA/BSA/anti-VP28 va dugc bao quan ¢ 4 °C cho budc phat
hién protein VP28. Trong diéu kién bao quan & 4 °C, cac dién cuc sau khi bién tinh
¢6 thé duoc luu giir trong khoang 2 tudn ma van duy tri hoat tinh sinh hoc ciia 16p
khang thé.

- Bude 4: Bit giir protein VP28.

Protein VP28 duoc pha loang trong dung dich PBS 1X (pH 7.,4) véi cac nong
d6 khac nhau. Tiép dén, nho 2,7 pL dung dich protein VP28 1én bé mit dién cuc
lam viéc ciia CE/AuNPs/activeMUA/BSA/anti-VP28 va Ui trong trong 1 gio nham
thac déy tuong tac dac hiéu. Sau do, dién cuc dugc lam sach dé loai bo céc protein

khong gan két dic hiéu trude khi tién hanh khao sat ddc tinh dién hoa.

Céc phép do duoc thyuc hién tai 6 mitc ndng d6 VP28 khac nhau, lan luot 13
10 ng/mL; 20 ng/mL; 30 ng/mL; 40 ng/mL; 50 ng/mL va 60 ng/mL. Tai mdi mirc
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né)ng do, tin hiéu duoc do lap lai 3 lan, va thi nghi¢m dugc thuc hién trén 3 dién cuc
doc 1ap theo cling mot quy trinh, twong tng véi kich thude mau n = 3 cho mdi nong
do.

- Budc 5: Khao sat dic tinh dién hoa.

Thao tic budc nay hoan toan twong tu voi budc 5 dd cung cip & quy trinh
phat hién protein BSA-FITC, muyc 3.2.1.2. Cudng dé dong dinh va thé dinh duoc
trich xuat tw dong bang phan mém CS Studio 6. Pho tong trg dién héa EIS duoc do
trong khoang 0,01 Hz dén 10° Hz véi bién d6 AC 1a 10 mV. D6 thi Nyquist ctia phd
EIS duogc khép voi mach twong duong Randles bang phan mém CS Studio 6 dé tinh
dién tro truyén dién tich Rcr.

3.3. Thiét ké hé thong do dién ho4 di dong khong diy WPEMS phat hién bénh
tom dom tring do vi-rit WSSV

Hé thdng do luong dién hoa di dong khong day WPEMS (Wireless Portable
Electrochemical Measurement System) duoc thiét ké dé phat hién VP28 — protein
quan trong lién quan dén vi-rat hoi chimg dém tring WSSV, gay anh huong tiéu cuc
dang ké dén nganh nudi tom trén toan thé gii. Hé théng bao gdm cam bién mién
dich trén nén dién cuc vang SPAuE, thiét bi do dién hoa tich hop va giao dién nguoi
dung tuong thich v&i méay tinh Windows va thiét bj Android.

3.3.1. Mo ta hé thong do dién héa di dong khong day WPEMS

Céc ng dung dién thoai thong minh két hop véi cam bién dién héa cho phép
phan tich dir liéu theo thoi gian thyc, gidm sat tir xa va chia sé dir li¢u dé chan doan
chim séc va giam sat moi truong [101]. Hé thong cam bién sinh hoc dién hoa tich
hop cam bién sinh hoc va bd chuyén ddi tin hiéu dién hoa thiét l1ap trong luan an

nay gém 3 phan chinh [102]:

- (1) Phan ttr nhan dang sinh hoc phat hién muyc tiéu can nhén dang cu thé:

dién cuc duoc chirc niang hod khang thé anti-VP28, cho phép bit giit protein VP28.
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- (ii) Hé do chuyén dbi tin hiéu sinh hoc thanh tin hiéu dién c6 thé do duoc:

mach do dién hoa Potentiostat sit dung module LMP91000.

- (iii) Hé théng xur 1y tin hiéu chuyén ddi tin hiéu do duoc thanh tin hiéu co
thé doc duoc va hién thi dir liéu, tinh toan cac thong tin can: Mach diéu khién st
dung ESP32 va phan mém diéu khién dugc viét bang ngdn ngit Python duoc st

dung cho muc dich xtr 1y tin hi€u va ung dung hién thi.

A
RN

SERVER
Giao dién ngwoi dung trén may tinh
=
Giao di‘én nguw&i dung - \/'”e,,,
= S
trén dién thoai & Nl WPEMS
_ N -
= e
9 ° X~ ®

Khang nguyén VP28 b =i

W

—

Cam bién

Hinh 3.6. Hé thong do ludng dién hoa di dong khong day WPEMS tich hop cam
bién phat hién VP28.

Dé cho phép giao tiép khong ddy, hé théng str dung giao thirc truyén thong
MQTT, tich hgp mot may chu (Broker) dé truyén, nhan cac chil dé (topics) va thong
diép (messages). Cac topics va messages duoc xuit ban (published) va ding ky
(subscribed) bdi cac Clients, bao gdm Phan mém Diéu khién, Mach diéu khién va
Ung dung hién thi. Ung dung hién thi cai dat trén dién thoai gitp ngudi dung giam
sat va theo ddi tir xa dugc xdy dung trén MIT App Inventor. Bén canh giao tiép

khong day, hé théng hd tro két ndi cé day qua giao tiép UART nhu mot kénh truyén
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du phong, phuc vu cdu hinh, kiém thtr va van hanh 6n dinh trong diéu kién phong
thi nghiém. Hé théng do luong dién hoa di dong khong day WPEMS tich hop cam
bién phat hién VP28 dugc thé hién téng quat trén Hinh 3.6.

HIEN THI
TiN HIEU
N
PHAN MEM [€------
DIEUKHIEN | STFT ) SERVER
A
INTERNET | :
Vo
A - .| MACHbPO > MACH
CAMBIEN | BDIENHOA PIEU KHIEN
N vy
NGUON

Hinh 3.7. So d6 khoi hé thong do ludng dién hoa di dong khong diy WPEMS tich
hop cdm bién phat hién VP28.

So d6 khbi cua hé théng do ludong dién hoéa duoc thé hién trén Hinh 3.7. Hé
thong thu thap dit liéu dé chuyén doi cac tin hiéu do duoc thanh tin hiéu co6 thé doc
duoc va xuit ra thong tin can thiét. Hé théng bao gém Mach diéu khién, Phan mém
diéu khién duogc lap trinh bang ngdn ngit 1ap trinh Python cho xir 1y tin hiéu va hién
thi trén may tinh chay hé diéu hanh Windows, dién thoai thong minh chay hé diéu
hanh Android.

3.3.2. Chuin bi dién cwc chitc ning va miu do
3.3.2.1. Chuan bi dién cyc chirc ning

a. Hoa chat

Protein VP28 ctia hing Bioclone Inc (Hoa K¥). Cac hoa chét con lai twong tu

v6i danh muc hoa chét dd cung cap & quy trinh phat hién protein VP28, muc 3.2.2.1.
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b. Pién cuc chirc ning

Quy trinh chirc ning hoa c¢b dinh khang thé anti-VP28 trén dién cuc SPAUE
duge thuc hién tir budce 2 dén budce 3 trong quy trinh chirc ning hoa dién cyc phat
hién VP28 dugc cung cip & muc 3.2.2.2. Khang thé anti-VP28 trong thi nghiém nay
dugc pha loang 10 lan trong PBS 1X.
3.3.2.2. Chuén bi miu

a. Mau VP28

VP28 pha lodng ¢ cic ndong d6 khac nhau trong dai tir 5 dén 25 ng/mL trong
PBS 1X. Thi nghiém véi VP28 theo budc 4 trong quy trinh chirc nang hoé dién cuc
phat hién VP28 dugc cung cip ¢ muc 3.2.2.2.

b. MAu tém nhiém WSSV

Mau t6m duoc xét nghiém PCR cho thay dwong tinh véi WSSV duoc lay tir
Tram chan doan xét nghiém va diéu tri bénh dong vat — Chi cuc chan nuéi va thu y
Hué, cua hd nuoi tom tai Quang Phudce, Quang Pién. Mau tém c6 chiéu dai 14-15
cm, trong lugng 15,94-15,96 g. Vo dau tom xuat hién cac dém tr'fmg c6 thé quan sat
duoc bang mat thuong. Mau tom va cac dém tring dugc quan sat dudi kinh hién vi

mo ta trén Hinh 3.8.

Hinh 3.8. (a) Mau tom su duong tinh vo1 WSSV véi chiéu dai 14-15 cm, trong
lugng 15,94-15,96g; (b) Vo dau tom vai cac ddom dugce quan sat dudi kinh hién vi.

Tom duogc rura sach bang nudc cat, sau d6 2 mau mang tom duogc lay va cho

vao eppendorf chira 250 pl dung dich PBS 1X. Tiép dén, dung chay sir dung mot
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lan, dim va xody mAu trong 20 1an. Dung dich miu tém sau d6 duoc ly tim & 6000
rpm trong 8 phut nham loai bo céc tap chit khong hoa tan va thu dugc dich ndi co
d6 dong nhat cao. Sau qué trinh ly tdm, 200 pL dich ndi dwgc thu va bao quan ¢ 4
°C dé sir dung cho céc thi nghiém tiép theo. Quy trinh nay gop phan giam thiéu anh
huong cua nén mau va han ché hién tuong bam ban bé mit dién cuc trong cac budce

do dién hoa tiép theo. Quy trinh chuin bj mau tdm dugc md ta trén Hinh 3.9.

R

Hinh 3.9. Quy trinh chuan bj mau tém WSSV cho thi nghiém [13].

Mau d6i ching duong 1a miu dung dich protein VP28 tinh khiét, ndng d6 50
ng/mL pha trong dung dich PBS 1X. Mau ddi chiing 4m 12 mau tring.

Nho 3 puL dung dich mau tdm WSSV 18én bé mit dién cuc lam viéc SPAUE va
u trong 1 gio & 4 °C. Sau thoi gian u, bé mit dién cuc duge lam sach 5 lan béng
nudc cat va dé kho ty nhién trude khi tién hanh do dién héa. Thi nghiém dugc do
lap lai 3 lan.
3.3.3. Thiét ké phan cirng
3.3.3.1. So d0 nguyén ly

Hinh 3.10 minh hoa so d6 nguyén 1y ctia Mach diéu khién. LMP91000 hoat
dong nhu khéi giao tiép v6i hé dién hoa ba dién cuc. LMP91000 nhén tin hiéu diéu
khién tir ESP32 théng qua giao thic I2C. LMP91000 thiét l1ap va duy tri dién thé
gitra dién cyc lam vi¢c (WE) va dién cuc so sanh (RE) béng cach diéu khién dién

cuc dbi (CE).
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Hinh 3.10. So d6 nguyén Iy Mach di€u khién.
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Hinh 3.11. So d6 nguyén 1y Mach diéu khién tich hop man hinh LCD va nguén pin:

(a) Mach diéu khién; (b) Man hinh LCD; (c) Pin.

Tin hi€u dong dién sinh ra tai di€n cuc lam viéc duoc chuyén d6i thanh dién
ap nhd bd khuéch dai chuyén doi dong—dién ap (TIA) bén trong LMP91000.
LMP91000 xuat tin hiéu dién ap tai Vou. Tin hiéu Vou nay dugc két ndi véi ADC
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16-bit cia mach ADS1115, va sau d6 tin hiéu chuyén ddi duge truyén tré lai ESP32

thong qua giao tiép I2C.

Thiét ké ban ddu md ta trén Hinh 3.10 phuc vu muc dich thir nghiém va kiém
chting chirc ning do dién ho4, thiét 1ap cac thuc nghiém tai phong thi nghiém. So do
mach cai tién Hinh 3.11 duoc m& rong vé muc do tich hop va tinh hoan thién hé
thng, hudng t6i viée xay dung mot mach diéu khién dy du, 6n dinh va phu hop
cho trién khai img dung thuc dia. Céc cai tién tap trung vao viéc tich hop dong bod
cac khéi diéu khién, do luong, cap ngudn va hién thi, nhim nang cao dd tin cdy, tinh
linh hoat va kha ndng van hanh doc 1ap cua h¢ do dién hoa.

3.3.3.2. Giai thuit diéu khién

Giai thuat diéu khién tong thé cia Mach diéu khién qu4 trinh do dién hoa, ap
dung cho ca ché d6 két ndi c6 day va khong day, duge xay dung nham dam bao qua
trinh do dién ra lién tuc, chinh x4c va 6n dinh. So d6 giai thuat 1ap trinh Mach diéu
khién dugc trinh bay trén Hinh 3.12, minh hoa rd céc budc xir 1y chinh cua Mach
diéu khién. Khi hé thong khéi dong, mach diéu khién ESP32 thyc hién giai doan
khoi tao, bao gom thiét 1ap cac giao tiép can thiét; dong thoi, trong ché do khong
day, két ndi dén may chu thong qua giao thie MQTT véi cac tham sé ciu hinh nhu
dia chi IP va cong két ndi. Pay 1a budc tién dé nham dam bao mach diéu khién co
thé giao tiép 6n dinh v4i phan mém diéu khién trén may tinh va tng dung hién thi

trén thiét bi di dong.

Sau khi hoan tat qua trinh khoi tao, chwong trinh chuyén sang vong lap chinh
dong vai tro xir 1y trung tdm cua giai thuat diéu khién. Trong vong lap nay, ESP32
lién tuc kiém tra trang thai két n6i va chd 1énh do tir phan mém diéu khién. Chi khi
két ndi duge xac nhan va 1énh do hop 1€ duoc guri xuéng, hé théng moi chuyén sang
giai doan nhan va xir 1y cac tham sé do. Cac tham sé do bao gdm dién ap bat dau
quét startV, dién ap két thuc endV, budc thé Estep va s6 chu ky quét cycle. Dya trén

cac gia tri nay, ESP32 tinh toan tong s6 diém do can thu thap theo cong thirc:
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endV—-startV
n=\—m—m—
step

+1) x cycle X 2 3.1)

trong d6 hé s6 2 phan anh hai chiéu quét thuan va quét nghich dic trung cua phép

do CV.

Goi ham két ndi co
day / khong day

Bat diu vong lap

Guri tin hiéu dén phan
mém (c6 day) / may chu
(khdng day)

Nhan tham sé cau hinh
phép do

Thiét lap tham sé ciu
hinh phép do, Count=0

Count <= tdng s6 bwéc
nhay cua phép do

Nhan va giai ma tin hiéu
Vout tir mach do

|
Gan vao bién Signal

Nhan va hién thj théng Guwi S:ignalzdén phian mém
s6 dic trweng phép do diéu khién / may chu

|

Count ++

> Két thac vong lap

Hinh 3.12. So do giai thuat 1ap trinh Mach diéu khién véi két nbi khong day va co
day.

Sau khi hoan tat budc thiét 1ap, giai thuat chuyén sang vong lap thuc hién
phép do CV. Tai mdi lan lap, ESP32 giri 1énh diéu chinh dién thé twong tng dén
mach Potentiostat LMP91000, déng tho1 doc tin hiéu dién ap Vour thong qua bo
chuyén doi twong tu—sd ADS1115. Gia tri do tir ADS1115 1a dit liéu s6 cua dién ap
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dau ra V. tir mach khuéch dai dong—thé, dai dién cho dong dién dién hoa tai dién
cuc 1am viéc; dit liéu nay duoc ESP32 xtr Iy va chuan hoa thanh goéi dir liéu gdm thé

quét va gia tri dong di¢n tuong ing.

Goi dir liéu nay sau d6 dugc truyén vé mdy chi hodc phan mém diéu khién
dé hién thi theo thoi gian thue. Bién dém duoc ting dan sau mbi lan 1y miu, va qua
trinh nay lap lai cho dén khi toan bo sé diém do n dugc thu thap diy du. Khi phép
do hoan tat, chuong trinh két thic vong 1dp do, hién thi cac thong tin dic trung ctia

phép do 1én man hinh LCD va quay tr¢ lai trang thai chd 1énh mai.

Bang 3.1. Giai thuat cho Mach diéu khién véi két ndi khong day.

Giai thuat 1. Mach diéu khién (khong day).

Begin

Call function connect to Server

Start infinite loop
If Server and Control Software are connected
Receive parameters
Set parameters
Initialize count to 0
While count <n

Collect Vout signal

e AR R o e

Initialize signal as converted Vou signal

p—
_ O

Send signal to Server

p—
N

Increment count
End While
End infinite loop
End

—_—
ook W

Giai thuat cy thé cho Mach diéu khién véi két n6i khong day duoc mo ta trén
Bang 3.1. Ban dau, khi khoi dong chuong trinh, Mach diéu khién duoc cdu hinh dé
két n6i v6i May chit (MQTT broker) véi thong tin bao gom dia chi IP va Port (2).
Sau do, chuong trinh lién tuc kiém tra trang thai két ndi gitta May chu va Phan mém
diéu khién trong mot vong lap vo han (3). Néu trang thai tra vé 1a két ndi thanh

cong (4), chuong trinh nhan va thiét 1ap cac tham sd bao gdm dién ap khoi dau

99



(startV), dién ap két thuc (endV), E-step va sb chu ky quét (5, 6) dé thuc hién do
CV. Pong thoi, n6 khoi tao bién dém count vé 0 (7). Tai diém nay, chuong trinh bat
dau vong lip thuc hién do CV. Véi diéu kién 14 count <n = ((endV — startV)/step +
1) * cycle * 2 (8), ESP32 thu thap tin hi¢u V. tt LMP91000 thong qua ADS1115
st dung giao thirc I2C (9, 10). Sau d6 giri tin hiéu di chuyén d6i nay dén May chu
(11) va ting gia tri cua bién dém 1én 1 (12). Khi count > n, vong lip két thuc (13),
hoan thanh qua trinh do luong. Tai giai doan nay, chuong trinh quay lai kiém tra

trang thai két ndi (4). Giai thuit twong tu cho Mach diéu khién véi két ni co day.
3.3.4. Thiét ké phan mém

Phan mém trong hé do dién hod khong chi thuc hién chirc ning giao tiép véi
phan cimg ma con dam nhiém toan bd qua trinh xtr 1y tin hiéu bao gém thu nhan di
liéu theo thoi gian thuc, loc nhiéu, trich Xudt cac thong s6 dic trung va tryc quan
hoa tin hiéu dong-thé. Pdi vai phép do quét thé tuan hoan, phan mém can dap ung
céc yéu cau hién thi tin hidu v6i do tré thap, cho phép cau hinh linh hoat cic tham
s6 do, hd trg két ndi da ché do co day va khong day, dong thoi dam bao giao dién
than thién va dé& van hanh. Nhiing yéu cau nay cang trd nén quan trong khi tich hop
hé do dién hoa véi nén tang IoT phuc vu giam sat va phan tich tir xa.

3.3.4.1. Kién triic phan mém diéu khién

Phan mém diéu khién dugc xay dung theo kién tric hai 16p nham t6 chirc cac
chtrc nang mot cach khoa hoc, ddm bao hé théng vira dé trién khai, d& mé rong, vura
dap Gmg day du cac yéu cau cia phép do quét thé tuan hoan theo thoi gian thyc.
Viéc phan tach 16 rang gitta 16p giao tiép voi phan cting va 16p giao dién ngudi
dung gitp tang tinh linh hoat trong phat trién, giam d6 phirc tap cia ma ngudn va
t6i uu hiéu suat van hanh ciia phan mém. Kién triic ndy duoc minh hoa trong Hinh
3.13, thé hién ludng xtr 1y tir thu nhan dit liéu, xur 1y tin hiéu dén hién thi va twong
tac v&i nguoi sur dung.

Lép giao tiép dong vai tro 1a cau ndi truc tiép gitta phadn mém va hé do dién

hoa. Pay la 16p nén tang chiu trach nhiém thiét 1ap va duy tri sy 6n dinh cua kénh
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truyén dir liéu gitta mach diéu khién va phin mém. Dé hd tro kha ning van hanh
linh hoat trong nhiéu méi truong khic nhau, 16p giao tiép duoc chia thanh hai 16p
con, twong ng v6i hai co ché truyén théng chinh ma hé do hd trg. Tht nhat, 16p
giao tiép co day st dung chuan truyén thong UART (Serial), cho phép truyén nhin
dir lidu tryuc tiép giita ESP32 va may tinh v6i do tré rat thip. Phuong thirc nay dic
biét phu hop trong cac thi nghiém yéu cau tin hiéu 6n dinh va bing théng cao,
chang han khi thyc hién do 1dp nhiéu chu ky quét trong thoi gian ngan. Thu hai, 16p
giao tiép khong déy st dung giao thirc MQTT theo mé hinh Client - Broker. MQTT
1a giao thirc truyén thong nhe, hiéu qua va 6n dinh trong moéi trudng IoT, cho phép
trién khai hé do tir xa ma khong anh huong dén téc do truyén dit liéu. Viéc tich hop
dong thoi ca UART va MQTT giGip hé do van hanh linh hoat, vira hd trg céc thi

nghiém tai chd, vira thich hgp cho cac ung dung gidm sat dién hod qua mang.

CHU'ONG TRINH CHIiNH

r

LOP GIAO TIEP VOI MACH DIEU KHIEN LOP GIAO DIEN NGU'O'l DUNG
]
y |
KHONG DAY cO DAY CAC NUT CHU'C NANG
T T - Thao tac véi mach diéu khién
- Cau hinh thd 6 phé
MQTT UART Cau hinh thong so phep do
N Y e e Ae ax - Hién thi di¥ liéu va do thi
X ly két noi dén X& ly két noi dén Thao tac véi tap tin
may chi (Broker) mach diéu khién 2P
I I
‘ |
- Truyén nhan di liéu
-Védothi ]
- Tinh toan két qua dau ra
- Lwu triy

Hinh 3.13. Kién tric phin mém.
Bén canh nhiém vy truyén nhén dit liéu, 16p giao tiép con dam nhiém quan 1y
két ndi va xur 1y sai 1i trong qua trinh van hanh. Cu thé, phan mém thyc hién theo

ddi trang thai két ndi theo thoi gian thuc, phat hién trudng hop mat tin hiéu va tu
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dong khoi tao lai két ndi dé dam bao qua trinh do khong bi gian doan. Piéu nay dac
biét quan trong trong phép do CV lién tuc, noi su gian doan dir liéu co thé anh

huong dén tinh toan ven cua d thi va két qua phan tich.

Ngay sau khi dir liéu dong-thé duoc truyén vé tir 10p giao tiép, qua trinh xir
ly tin hiéu duoc thuc hién theo mot chudi thuat toan tién xur ly. Céc gia tri Potential
va Current dau tién duogc tach khoi chudi ky tu va chuyén d6i sang dang sb. Tiép
theo, dir licu tho dugc dua vao b loc thong thép Butterworth nham loai bé nhiéu
cao tAn va 1am muot tin hiéu trude khi hién thi. DAy 1a budc quan trong giup cai
thién chat lugng dd thi CV, hd trg nguoi dung trong viéc nhan di¢n rd rang cac dinh
oxi hoa - khir va phan tich su bién thién cua tin hiéu. Sau khi loc, phﬁn mém tiép tuc
trich xuit cac thong sb dic trung cua tin hiéu, bao gdm gia tri dong dinh cuc dai
Inax, dOng dinh cuc tiéu L, d0 tach thé dinh 4E va néng do dung dich do Cm dua
trén mo hinh hiéu chuan tich hop. Cac tham sd nay 14 co sé quan trong cho cac phép
phan tich tiép theo, dic biét khi hé do duoc sir dung dé danh gia vat liéu hodc phat
trién cam bién dién hoa.

Trong khi 16p giao tiép dam nhan phan xir 1y tin hiéu va truyén thong, 16p giao
dién nguoi dung dong vai tro truc quan hoa toan by hoat dong cua hé¢ do. Lép nay
cung cip moi trudng tuong tac truc tiép véi ngudi sit dung, noi cac tham sb do
duoc ciu hinh, tin hiéu CV duogc hién thi va cic chirc ning quan 1y dir liéu duoc
thuc thi. Giao dién duoc thiét ké truc quan, bao gém cac nat chirc nang nhu thao tac
v6i mach diéu khién (Start, Pause, Restart), cAu hinh cac tham sb do (Start Voltage,
End Voltage, Step, Scan Rate, Repeat Times), hién thi d6 thi CV theo thoi gian thyc

va céc tién ich quan 1y tép dir liéu nhu luu tri, tai lai dit liéu hodic xut do thi.

Nho sy phan tach rd rang giita hai 16p va co ché xur 1y ¢6 t6 chirc, phan mém
khong chi dap tmg yéu cau do CV theo thdi gian thie ma con cho phép mo rong dé
dang trong twong lai, chang han tich hop thém céc k¥ thuat dién hoa khac, bo sung
thut toan nang cao hoic hd tro thém cic dang phan cing méi ma khong lam anh

huong dén cau trac tong thé cta hé thong.
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3.3.4.2. Xay dung phin mém diéu khién

Phan mém diéu khién dugc phét trién bang ngon ngir 1ap trinh Python, déng
vai tro 1a giao dién trung tdm phuc vu phép do quét thé tuan hoan (CV). Cac nut
chtrc ning trén giao dién duoc gan twong ng véi ting thao tac do, cho phép thiét
1ap tham sb, diéu khién qua trinh do va theo ddi két qua. Phan mém hd tro vé d6 thi
va hién thi dit liéu theo thoi gian thuc cho ca hai ché do két ndi c6 day va khong
day, dong thoi cho phép nhap dir liéu, trich xuét cac thong sb dic trung nhu gia tri
dong dién cuc dai, dong dién cuc tiéu va thuc hién tinh toan néng do mau do. Toan
bd ma ngudn, cung huéng din cai dit va st dung phan mém, duoc cung cip trong
Phu luc 3.

Giai thuat diéu khién va xu 1y dit liéu ciia phan mém giit vai tro trung tam
trong toan b hé thong do dién hod thoi gian thyc, do day 1a khoi lién két truc tiép
giita phan cung va nguoi st dung, dong thoi bao dam ludng dit liéu duoc truyén
lién tuc, chinh x4c va co thé xir 1y ttrc thoi. Hinh 3.14 trinh bay so do giai thuit mé
ta quy trinh hoat dong ctia phan mém tir giai doan khai tao dén khi két thuc mot chu
ky do, 1am rd cac budc diéu khién phép do, thu nhan, xir Iy va hién thi dit liéu. So
d6 nay 1a co s& gitp phan mém van hanh 6n dinh va cho phép nguoi ding twong tac
v61 hé do mdt cach hiéu qua.

Budc dau tién cia giai thuat 1a qua trinh khoi tao phan mém, bao gom md
cac cong giao tiép, tai cac thu vién xur 1y dit liéu can thiét va thiét 1ap cac tham s
ban dau. O giai doan nay, phan mém dong thdi khai tao cac ddi tuong quan 1y giao
thire truyén thong, bao gdbm MQTT cho két ndi khong day va UART cho két ndi co
day. Viéc hd tro song song hai phuong thic truyén thong giup hé théng linh hoat
khi van hanh trong nhiéu diéu kién khac nhau, tir moi truong phong thi nghiém dén

cac hé do tir xa yéu cau tinh co dong cao.

Sau khi hoan tat khdi tao, phan mém thuc hién budc két ndéi véi may chu
hodc mach di€u khién. Trong ché do khong day, phan mém guri yéu cau két néi dén

broker MQTT vé&i cac tham s6 cau hinh san nhu dia chi IP, cong giao ti€p va cac
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chu dé dir liéu can ding ky. Khi két ndi duoc thiét 14p thanh cong, phan mém doi
cac thong diép giri tir mach diéu khién. Trong ché d6 co day, phdn mém mé cong
UART va kiém tra tin hiéu phan hoi tir mach diéu khién; khi cong giao tiép sin sang
va c6 dit liéu dén, phan mém tién hanh nhan va phén tich goi tin. Viéc hd trg dong
thoi hai phuong thire két ndi gitip phadn mém thich tng v6i nhidu cdu hinh phan

cung va moi truong van hanh khac nhau.

Goi ham két ndi téi may chu (khéng day)/
mach diéu khién (c6 day)

I

Bat dau vong lap

Kiém tra két néi may chu
(khéng day)/mach diéu
khién (c6 day)

Gri cac tham s6
c4u hinh phép do
[

Nhan d lidu tir may cha
(khéng day)/mach diéu
khién (c6 day)

Két thuc

V& va hién thi div liéu

Ap dung bé loc théng thap Lwu dir liéu Két thac
Hién thj di¥ liéu m&i g vong lap

Hinh 3.14. So d6 giai thuat diéu khién va xtr 1y dit liéu cia Phan mém diéu khién.
Khi két ndi da dugc xac nhan, phin mém chuyén sang giai doan van hanh
chinh v&i mot vong lap lién tyc. Trong vong lap nay, truée hét phan mém kiém tra
trang thai két ndi gitra may tinh va mach diéu khién. Néu két ndi bi gian doan, phan

mém tu dong xir 1y 16i theo céc co ché d3 duoc 1ap trinh trude, chéng han nhu thir
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két ndi lai sau mot khoang thoi gian xac dinh hodc thong béo 16i cho nguoi st dung.
Khi két ndi 6n dinh, phdn mém giri cac tham sé do xudéng mach diéu khién, bao
gdm thé khoi dau, thé két thic, budc thé, tbe d6 quét va sb chu ky quét. Day 1a cac

tham sd c6t 16i quyét dinh dang song quét thé tuan hoan trong phép do CV.

Ngay sau khi cic tham sb do duogc giri di, phadn mém bét dau thu nhan di liéu
thé va dong dién duoc truyén tir thiét bi do. Di liéu duoc gui vé dudi dang chudi ky
tu theo cau triic cd dinh nham bao dam tinh théng nhat va thuan tién cho qua trinh
xtr Iy. Chudi dit liéu c6 dang Potential;Current, trong d6 dau chidm phdy duoc st
dung lam ky ty phan tach. Phadn mém thyc hién tach chudi, chuyén d6i cac gia tri tir
dang ky tu sang dang s6 va luu trit tam thoi trong bo dém dé phuc vu cac budc hién

thi va xu 1y tiép theo.

Tiép theo, phé”m mém thuc hién vé d6 thi d(‘)ng—thé dua trén cac gia tri thu
nhan duoc, cho phép nguoi van hanh theo ddi truc quan qua trinh quét thé theo thoi
gian thyc. Cac cdp gia tri thé va dong dién dugc cdp nhat lién tuc 1én dd thi, déng
thoi mdi vong quét cé thé duoc hién thi bang mau sic khac nhau nham phan biét

gifra cac chu ky va quan sat sy bién doi tin hi€u qua tung vong quét.

Sau khi qua trinh thu nhan dir liéu két thuc, phan mém tién hanh xu 1y tin
hiéu bing cach 4p dung bd loc thong thép Butterworth dé loai bé nhiéu tan s cao.
B0 loc nay dugc lya chon nho dac tinh dédp ing muot va khong gdy méo dang tin
hiéu, bao dam dudng cong quét thé tudn hoan sau loc van gitt dugc cac dic trung
dién hoa quan trong. Dt li€u sau d6 duogc trich xuit cac tham sb dic trung, bao gém
dong dinh cuc dai, dong dinh cuc tiéu, do tach thé dinh va néng do mau do theo mo
hinh hiéu chuin d3 duoc xay dung. Cac tham sb nay phan anh dong hoc phan tng,
kha nang trao ddi electron va cac dic tinh bé mat cua dién cuc trong qua trinh phan

tich dién hoa.

Giai thuat cu thé cho Phan mém diéu khién véi két ndi khong day duoc mo
ta trén Bang 3.2. Dau tién, Phan mém diéu khién goi mgt ham dé két noi voi May

chu (MQTT broker) vé6i cac tham sb bao gom dia chi IP va Port (2). Sau d6, nd
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kiém tra trang thai két nbi gitta May chii va Mach diéu khién trong mét vong lip vo
han (3). Néu trang thai tra vé 1a két ndi (4), Phan mém diéu khién giri cac tham sb
bao gdm dién ap khoi ddu, dién ap két thic, khoang 1dy mau va sb chu ky (5) dé
thue hién viéc do CV va doi dé nhén tin hiéu tir May chu (6). Phan mém diéu khién
v& va hién thi tin hiéu nay 1én giao dién do hoa ngudi dung (GUI) (7). Sau khi hoan
thanh viéc do CV (8), Phan mém diéu khién ap dung bo loc thong thip (9, 10), va
lwu dir liéu, bao gdm tin hiéu gbc, tin hiéu da loc va cac biéu dd twong tng (11). O
giai doan ndy, chuong trinh tré lai kiém tra trang thai két ndi (4). Giai thuat tuong tu

cho Phan mém di€u khién vai két ndi co day.

Bang 3.2. Giai thuat cho Phan mém diéu khién véi két ndi khong day.

Thuit toin 2. Phin mém diéu khién (khong day).

Begin

Call function connect to Server

Start infinite loop
If Server and Control Circuit are connected
Send parameters
While Receive signal from Server

Plot and Display signal

End While
Apply low-pass filter

A S A i e

Plot and Display filtered signal

—_ —
— O

Save data

_
N

End infinite loop
13. End

3.3.4.3. Xirly chudi dir liéu dong-thé tir mach diéu khién

Qua trinh truyén nhan va tach chudi dit liéu trong phan mém diéu khién dong
vai tro then chét trong h¢ do dién hod thoi gian thuc, do day 1a budc chuyén doi dix
liéu tho tir mach diéu khién sang dinh dang c6 thé xir 1y, phan tich va hién thi. Hinh
3.15 minh hoa trinh tu hoat dong cta phén mém trong hai ché do truyén thong, bao
gom két ndi khong day thong qua giao thirc MQTT va két ndi c¢6 diy qua giao tiép
UART. Mic du co ché truyén thong khac nhau, ca hai phuong thirc déu tuan theo
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cing mét nguyén tic xtr 1y dit liéu, d6 1a tiép nhan chudi ky tu chira cac gia tri thé
va dong dién, tach chudi thanh cac phan tir riéng biét va chuyén do6i ching sang

dang s6 dé phuc vu thuat toan vé dd thi va xtr 1y dir liu.

Trong ché do két nbi khong diy, phan mém van hanh theo mo hinh may
khach-may chu cta giao thuc MQTT. Dt li¢u do duoc tor mach diéu khién duoc
dong goi va truyén vé phan mém dudi dang payload cua thong diép MQTT. Khi
nhan dugc mot thong di€p mai, thudt toan trudc hét kiém tra topic cua thong diép;
néu topic trang v6i CV Values, phin mém xéac dinh day 1a goi dit liéu chira cac gia
trj thé va dong dién cta phép do CV. Noi dung payload dugc mi hoa dudi dang
chudi ky tu co cau tric, Potential; Current, trong d6 dau chdm phay dong vai tro 1a
ky tu phan tach. Dé chuyén dit liéu vé dang co6 thé xur 1y, thuat toan thuc hién tach
chudi payload tai cac ky tu phan cach, thu dugc cac gia tri riéng biét, sau d6 chuyén
d6i chung tir dang ky tu sang dang s6. Cac gié tri s6 nay duoc st dung truc tiép cho
cac bude hién thi d6 thi va xur 1y dit liéu tiép theo.

Két n6i khéng day Két noi c6 day
< Bitddu > < Bétldéu >

|
—] message | — message |

message.topic Serial is
== “CV/values” available

b b
| data_rev — split(message.payload, ;") | | data_rev — split(message, ";") |
| RunningPlot(data_rev) | | RunningPlot(data_rev) |

< Kétthuic > < Kétthuic >

Hinh 3.15. Nhan va tach chudi gia tri dong-thé.

Sau khi qua trinh tach chudi va chuyén doi dir liéu hoan tat, cac gia tri thu
dugc dugce dua vao ham xir 1y d6 thi RunningPlot, 1a ham chiu trach nhiém cip nhat

dd thi quét thé tudn hoan theo thoi gian thuc. Thuat todn vé dd thi st dung céc cap
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gia tri thé—dong dién dé dung dudng cong dic trung cua qua trinh oxi hoa va khu
x4y ra tai bé mit dién cuc. Nho co ché cap nhat lién tyc va kha nang phan tach ro
rang cac chu ky quét, ngudi van hanh c6 thé theo dai truc tiép sy bién dbi dong hoc
ctia phan tng dién hod, dong thoi phat hién cac dau hiéu bat thudng trong qué trinh

do.

Trong ché do két ndi co6 day, dit liéu duoc truyén thong qua giao tiép UART,
cho d6 6n dinh cao va do tré thép. Phan mém lién tuc kiém tra trang thai san sang
cua cé)ng ndi tiép; khi c6 dir li¢u guri dén, chudi ky tu dugc doc truc tiép tr mach
diéu khién. Miac du phuong thirc truyén thong khac véi MQTT, cau trac dit liéu
nhan duoc van gilt nguyén dinh dang Potential; Current. Do d6, thuat toan tach
chudi va chuyén d6i dir liéu trong ché d6 co diy hoan toan tuwong dong véi ché do
khong day. Sau khi chuyén d6i cac gia tri sang dang sd, dit lidu tiép tuc dugc

chuyén dén ham RunningPlot & cap nhat do thi dong—thé theo thoi gian thuc.

Viéc tach dir liéu tir chudi ky tu dong vai trd 1a bude trung gian quan trong,
cho phép chuyén ddi tin hiéu tho tir mach diéu khién thanh dit liéu co cau trac dé
phuc vu xir Iy va hién thi. Nho d6, phan mém c6 thé vé do thi quét thé tuan hoan
theo thoi gian thuc, cung cap thong tin truc quan vé cac dic tinh dién hoa cia hé do.
Sy théng nhét trong thuit toan xu 1y dir liéu giita hai co ché truyén thong, khong
day va c6 day, giup phan mém van hanh linh hoat va on dinh trong nhiéu diéu kién

thi nghiém ciing nhu cac tng dung thuc té.
3.3.4.4. Trién Kkhai bd loc thong thap

Tin hiéu ban dau nhan duoc tir mach Diéu khién con ton tai nhidu. Dé loai bo
nhidu ndy, luan 4n xay dyng mot ham loc thong thip va truyén cac thong s thich
hop cho bd loc nay. Bo loc thong thap duoc xay dyng tir cac ham trong thu vién
scipy.signal trong Python. Pau tién, cac tham sb thich hop dwgc nhip vao ham
“butter”’, bao gdbm bac ctia bd loc 1a 3, tan s6 ldy mau 1a 50 Hz (f5) va tan so cat 1a 2
Hz (fc). Sau d6, cac hé sb tir s6 (a) va miu sd (b) ciia bd loc s6 hoc Butterworth

duoc tra vé boi ham “butter” [120].
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b, a = signal.butter(3, fc/(fs*0.5), “low”)

b va a la cac hé s6 dai dién cho cac hé so da thuc tir (b) va mau (a) cua ham
chuyén doéi ctua bo loc. Ham chuyén d6i mé ta moi quan h¢ gitra tin hi€éu dau vao va

dau ra cua bd loc.

Ddi véi bd loc Butterworth [121], b dai dién cho cac hé s6 cua da thuc tir cua
b loc, x4c dinh vi tri ciia cac diém khong cta ham chuyén ddi. Nhitng diém khong
nay xac dinh vi tri ctia su suy giam hodc ting cuong trong mién tan s6. Hé s6 a dai
dién cho cac hé s cua da thirc mau, xac dinh cac diém cuc cua ham chuyén doi.
Nhitng diém cuc nay xac dinh phan ng tan sd cua bo loc, bao gSm tinh 6n dinh va

hinh dang cua dudong cong suy gidm cua nd.

Sau d6 cac hé sd dugc ap vao tin hiéu gbe (y) thong qua ham “filtfilt(b, a,
y)”. Ham “filtfilt” trong scipy.signal thuc hién viéc loc tuyén tinh 1a “forward-
backward filtering”.

filtered current = signal.filtfilt(b, a, y)
3.3.4.5. Xay dung &ng dung hién thi ngudi dung

= e

- | Add Screen Remove Screen | Project Properties | Publizh to Gallery

Palette Viewer An Components + Properties

User Interface Phone size (505,320) v S Logo_va_ten_thiet_t ¥ Appearance
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Hinh 3.16. Xay dung tng dung hién thi trén dién thoai hé diéu hanh Android.
Phan mém diéu khién véi két ndi khong day di hd tro viée thuc hién phép do

CV tré nén dé dang hon. Tuy nhién, chirc ning hién thi tin hiéu trén phan mém diéu

109



khién van doi hoi nguoi dung can duge dao tao dé hiéu cach thiét 1ap thong sb va st
dung cac nit chirc ning. Vi vy, dé don gian hoa nhét viéc hién thi thong tin tir phép
do CV, nghién ctru nay dé xuét thiét ké phan mém dua trén MIT App Inventor dé
hién thi trén dién thoai thong minh hoat dong trén h¢ diéu hanh Android (Hinh
3.16). Ung dung s& hién thi cac dit liéu can thiét trong phép do CV nhu biéu dd, cac
gi4 tri nho nhét, 16n nhit cua dong dién va gia tri ndng do.
3.4. Panh gia hé thong
3.4.1. Panh gia hiéu ning phan cing

Viéc danh gia hiéu nang phan ctng tap trung vao hai noi dung chinh:

- Khao sat sy lién tuc trong qua trinh truyén va nhan tin hiéu va do tré giita
hai ché d6 c6 day/khong day.

- So sanh mirc do twong duong tin hiéu CV giira hai ché do c6 day/khong
day.

- Khao sat do 1ap lai, dac tinh dién hoa qua hién thi dudng cong CV cua di¢n
cuc vang va di¢n cuc cacbon.
3.4.2. P nhay va gidi han phat hién

- P nhay ciia cam bién duoc xac dinh bang d6 dbc cua duong hdi quy
tuyén tinh [122], giira tin hiéu dién hoa %A5u. va ndng do protein VP28. Mdi quan
hé tuyén tinh c6 thé biéu dién dudi dang:

%Al =S XCy +b (3.2)
Trong d6, S 1a 6 nhay, C,, 1a ndng do chat phan tich.
- G161 han phat hi¢n LOD (Limit of Detection) dugc tinh theo cong thirc:

LOD = %" (3.3)

Trong do, o 1a do I¢ch chuin cua tin hiéu nén. Do 1éch chuin duge tinh dua
trén do bién thién dién trd truyén dién tich cta 3 gia tri mau tréng thu duoc tr dién

cuc duge chirc ning hod khang thé anti-VP28 theo cong thirc sau:
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o= \/Zi(ARCTi_ﬁCT)Z (34)

3—-1
3.4.3. D{ lap lai, o 6n dinh va dé tai lap

Dé danh gia do 1ap lai, mdi phép do phat hién protein VP28 duoc thyc hién
bdn 14n lién tiép trén cing mot cam bién, ddng thoi 1ap lai trén ba cam bién khac
nhau duoc chirc ning theo cung quy trinh, cing thoi diém. Gia tri dong cuc dai Inax
thu dugc & timg phép do dugc théng ké duéi dang gia tri trung binh + d6 1éch chuan
(SD), qua d6 tinh hé s6 bién thién (RSD%) dé phan 4nh d¢ 6n dinh cua tin hiéu va
kha nang tai 1ap gitra cac di¢én cuc.

3.4.4. D¢ dac hi¢u

DPé danh gid do dac hiéu cam bién duoc u trong dung dich chura khang
nguyén VP28 (15 ng/mL) c6 bo sung thém protein gay nhiéu (NSE). Tin hiéu thu
duogc so sanh véi tin hiéu tir dung dich chi chira VP28 tinh khiét ¢ cung ndng d6. Do
chénh 1éch %A1x thé hién kha nang nhan biét dic hiéu cao voi VP28, khong bi anh
huong boi cac protein khong dac hi¢u khac trong moi truong do.

Két luan chwong

Chuong 3 da hoan thién viéc thiét 1ap thyc nghiém va xay dung nén tang ky
thuat cho qué trinh phat trién hé théng cam bién dién hoa phat hién vi-rat gay bénh
dbém trang (WSSV). Trong chwong nay, hé théng do ludong dién hoa di dong khong
day WPEMS da dugc thiét ké va xdy dung nham phuc vu phat hién protein VP28 —
protein vo dic trung cia WSSV, dong vai tro quan trong trong chin doan bénh tom
dém tréng. H¢ théng bao g@)m cam bién mién dich dién hoa véi dién cuc lam viée
dugc chtc ning hoa khang thé anti-VP28, khbi mach do va diéu khién tich hop,
cung giao dién ngudi dung cho phép hién thi va luu trit dir liéu do trén nén tang

may tinh Windows va thiét bi Android.

Trude khi trién khai cac thi nghiém véi protein VP28 va mau WSSV, cac thi
nghiém khao sat ban dau str dung protein BSA-FITC da dugc thuc hién nham danh
gia kha ning hinh thanh SAM, hiéu qua c6 dinh khang thé va kha ning bét giir
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khang nguyén trén bé mat dién cuc. Cac két qua kiém ching thong qua tin hi€u
huynh quang va tin hiéu dién hoa giap xac nhan tinh kha thi va do on dinh cua bé
mat di¢n cuc sau chirc nang hoa, qua do6 1am co sé cho viéc xay dung va to1 uu cac

quy trinh phét hién protein VP28 va mau WSSV.

Tiép theo, chwong trinh bay chi tiét quy trinh chtc ning héa dién cuc, bao
gdm cac budc phi hat nano vang nham cai thién dic tinh dién hoa, hinh thanh 1ép
SAM, hoat hoa va c¢d dinh khang thé dic hiéu anti-VP28, ciing nhu cic phuong
phap dién héa dugc st dung dé theo doi su thay ddi dac trung cua bé mat dién cuc
sau ting giai doan bién tinh, tr d6 thu nhan tin hiéu phat hién ndng do protein

VP28.

Céc ky thuat CV, SWV, EIS trién khai trén hé do thuong mai dugc ap dung
nham dam bao kha ning danh gia toan dién hoat dong ctia cam bién. Trén co so do,
quy trinh chitc ning hoa va do ludng dugc ap dung va hiéu chinh dé phat hién nong
do protein VP28 tinh khiét va mau WSSV trén hé do dién héa WPEMS da xay
dung.

Nhitng thiét 14p thuc nghiém, quy trinh chtrc ning héa va hé thong do dién
hoa dugc xay dung trong Chuong 3 1a co s& cho viéc danh gia hiéu nang, do nhay,
gidi han phat hién, d6 6n dinh, d6 tai 1ap va kha nang ing dung thuc té ciia hé théng
cam bién dién hoa phat hién WSSV. Céc két qua va thao luan chi tiét s& duoc trinh

bay trong Chuong 4.
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CHUONG 4. KET QUA VA THAO LUAN

Trong chirong nay, cdc két qud thu dwoc tir qud trinh hiéu chudn va kiém
chig cau phan cam bién dién héa dwoc trinh bay va thdo ludn dwa trén cic quy
trinh phat hién hai protein muc tiéu: (1) protein BSA-FITC trén dién cuc SPAUE de
chirng minh vai tro ciia SAM (MUA, L-Cysteine) trong cé dinh dau thu sinh hoc va
bdt gitr khdng nguyén; (2) protein VP28 trén dién cuc SPCE véi quy trinh phii
AuNPs, hinh thanh SAM, ¢é dinh anti-VP28 va phdt hién nong dé VP28,

Bén canh cdc két qua lién quan dén cdu phdan cam bién, chwong nay trinh
bay két qua thiét Idp va danh gid hiéu ndng ciia hé thong do dién héa di déng khong
day WPEMS cho muc tiéu phat hién VP28 — protein vo ddc trung cua vi-rut gay hoi
chitng dom trang WSSV, Cdc két qud thie nghiém cho thdy hé thong do CV trén
dién cuc vang dwoc chirc nang hoa bcing khang thé dic hiéu anti-VP28 dat méi
twong quan tuyén tinh manh gitta phan tram bién thién dong dién dinh (%Alna) va
nong do VP28 trong khodng 5 — 25 ng/mL (R? = 0,994) véi gidi han phdt hién LOD
dat 2,38 ng/mL.

Hé thong cho phép hién thi va heu trit dit lidu theo thoi gian thiee thong qua
két néi cé day va khéng day, cé thé ddp iing yéu cau phdt hién tai ché va canh bédo
WSSV trong méi trieong nudi tém. Ngodi ra, chwong nay con trinh bay cdc két qua
danh gia vé kha nang lap lai, do on dinh, dé chon loc, va két qua kiém chitng buoc
ddu kha néng phat hién WSSV trén mau tém dwong tinh.

4.1. Két qua thiét 1ap hé thong
4.1.1. Két qua xay dung phin cirng

Hé thdng do tin hiéu sinh hoc dién hoa Gmg dung cong nghé IoT véi 3 thanh
phan chinh gdm mach diéu khién, phan mém diéu khién va ting dung hién thi. Mach
diéu khién duoc cdp ngudn 5 V, st dung module diéu khién ESP32 dé cdu hinh
mach Potentiostat LMP91000 va thu thap dir li€u tr bd chuyén doi tuong tu—sd
ADS1115 (16 bit), duoc cau hinh véi d6 phan giai hiéu dung 14 bit. Hé thong hd tro
dai dién ap do tor —825 mV dén +825 mV. Dit liéu sau khi thu nhan duogc ESP32
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truyén dén phan mém diéu khién dé xir Iy va hién thi. Phan mém diéu khién duoc
lap trinh bang ngdn ngit lap trinh Python véi giao dién ngudi dung than thién va dé
st dung dé nhan tin hiéu, vé dd thi truc quan hoa theo thoi gian thyc. Sau do, phﬁn
mém diéu khién s& xir 1y va loc nhiéu va vé lai d6 thi sau khi loc, trich xut cac gia
tri can thiét bao gdm gia tri nho nhit, 16n nhit ctia dong dién, tinh toan ndng d6 va
gui dén ung dung hién thi. Ung dung hién thi trén dién thoai thong minh hé diéu
hanh Android vé6i cach thic sir dung don gian va t6i gian hoa viéce truc quan hoa di

liéu nhu Hinh 4.1. Cac thanh phan chinh duoc cai tién két ndi khong day bang giao

thire truyén thong MQTT.

y = 0,64755"x + 11,05801

LY

VP28 5 ngimL.

VP28 10 ng/m | 14
VP28 15 ng/mL| 5 10 15 20 25

- VP28 20 ng/mL| 2 -

|— VP28 25 ngimL| Nong dé VP28 (ng/mL)

-200 0 200 400 600

' 3 Thiét bi do dién hod
\ cam tay

Hinh 4.1. Két qua thiét ké hé théng.

Trong do, thiét bi do dién hod di dong khong diy WPEMS trén thyc té chinh
12 hé mach diéu khién hoan thién dugc mod ta trén Hinh 4.2, g6m ba khdi chinh:
khdi giao tiép dién cuc, mach do dién hod, va mach diéu khién ESP32. Dién cuc
SPAUE két ndi véi thiét bi 13 hé ba dién cuc gom dién cuc 1am viéc (WE), dién cuc
so sanh (RE) va dién cuc dbi (CE). Trong mach do, LMP91000 déng vai tro giao
tiép dién hoa, thiét 1ap va duy tri dién thé giita WE va RE bang cach diéu khién CE,
ddng thoi chuyén d6i dong phan tng tai WE thanh dién ap dau ra V.., théng qua bd
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khuéch dai chuyén dong—di¢n ap TIA. Tin hi¢u Vo duoc s6 hoa bai bd chuyén ddi
ADC (module ADS1115) va truyén dén ESP32 qua giao tiép I°C dé xir Iy va hién
thi. Hé thong c6 thé thuc hién quét thé tudn hoan (CV) qua két nbi khong day, voi
tbc do truyén va do chinh xac tin hiéu trong duong v6i phép do CV c6 day. Thiét bi
c6 kich thuée tong thé 100 mm x 70 mm x 38 mm (dai x rong x cao), khdi luong

128 gram.

~

op mach diéu khién

"" "‘"A.-f%\f

Hinh 4.2. Thiét bi do dién hoa di dong khong day WPEMS.
bé dap tng yéu cau trién khai trong cac ung dung thuc dia, hé do dién hoa
duoc thiét ké cai tién theo huong van hanh ddc lap, st dung nguén pin sac tich hop
va man hinh hién thi truc tiép cac thong sd do. Hinh 4.3 13 so dd cip ngudn va két
ndi phf:in cung cua hé do dién hoa sur dung pin sac, hién thi truc tiép phuc vu ing
dung thuc dja. Hé thdng str dung ngudn pin sac gdm hai cell LiFePO4 (1) dién 4p
danh dinh 3,2 V méc ndi tiép, tao thanh bo pin 25-6,4 'V, két hop v6i mach can bﬁng

pin (2) nham bao dam an toan va 6n dinh trong qua trinh sac—xa.
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ELECTROCHEMICAL
MEASUREMENT DEVICE

Hinh 4.3. So d6 d4u ndi thiét bi tich hgp man hinh LCD va ngudn pin sac.
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Dién 4p tir bd pin duoc phan phdi qua cac mach 6n ap dé tao ra hai mac dién
ap chinh 1a 5 V va 3,3 V, phuc vu cho cac khéi chirc ning khac nhau cua thiét bi.
Sau module 6n ap 7805 (3), ngudn 5 V duge dung 1am ngudn VCC cho module man
hinh ILI9341 (5), cam bién cham TTP223 (6) va ngudén VDD cho module diéu
khién ESP32 (7). Sau module AMS1117 (4), nguén 3,3 V duoc st dung dé cip cho
LED nén cua man hinh ILI9341 (5). Viéc bd tri duong cip ngudn 3,3 V doc 1ap cho
LED nén gitip bao dam kha ning hién thi lién tuc ma khong anh huong dén do 6n
dinh cta khdi do dién hoa, han ché hién tuong sut 4p va nhiéu nguén, dac biét trong

qua trinh quét thé khi dong tiéu thu ctia mach do thay doi.

Mach Potentiostat LMP91000 da duoc tuy chinh dé hoat dong véi nguén
VDD = 3,3 V. LMP91000 (8) va ADS1115 (9) duoc cip ngudn truc tiép tir dudng
3,3 V trén module ESP32. Trong ciu hinh do, chan Vs cia LMP91000 dugc ndi
truc tiép véi VDD = 3,3 V nham thiét lap murc tham chiéu 6n dinh. Tin hiéu dau ra
Vou cia LMP91000 duoc két ndi v6i chan analog A0 ctia ADS1115 dé thuc hién
qua trinh sb hoa tin hiéu dong di¢n dién hoa.

Tu dién phan cuc 10 uF/25 V duoc méc gitta chan EN va GND cua ESP32,
cho phép hd trg qua trinh khoi dong va nap chuong trinh truc tiép 1én mach diéu
khién ma khong can thao tac nhan git nat “BOOT”, gop phan nang cao tinh thuan

tién khi trién khai thiét bi trong cac ung dung thuc dia.

Hinh 4.4 minh hoa so do phan phéi dién ap va dong tiéu thu ctia hé do dién
hoa cam tay. Viéc liét ké va téng hop dong tiéu thu cua cac khdi chirc ning, bao
gom vi diéu khién ESP32, mach do dién hoa LMP91000, bd chuyén d6i tuong tu—
s6 ADS1115, man hinh ILI9341 va cic mach ngoai vi, cho phép xac dinh dong ti€u
thu cuc dai cua toan hé théng, lam co s& danh gia kha nang van hanh ddc lap cua
thiét bi trong diéu kién thuc dia. Vi adapter 7,4 V-800 mA va bo pin LiFePO4 ciu
hinh 2S—1500 mAh két hop module sac/bao v€ 2S, qué trinh sac dugc thuc hi¢n
theo co ché CC—CV, trong d6 dong sac twong duong khoang 0,53C, bao dam an

toan va do bén cho pin. Dua trén dong ti€u thu cuc dai Xép xi 328 mA, thoi gian van
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hanh lién tuc cua thiét bi duoc uéc lugng trong khoang 3,5-4,0 gior khi bt day du

cac chuc nang, bao gobm do dién hod, hién thi man hinh va truyén, nhan dir li¢u

khong day.
Max 8+10+10+50+250+0,03+0,01+0,15= 328,19 mA
s T T e e e e e e s I
I
| \ 4 I
Ngudn sac Pin sac | IC 7805 IC 1117 3,3 1L19341 I
(LiFePO4) I (dnap5V) (énap33V) (man hinh) I
1.220 VAC '3.6,4V728 | '1.5-15V '1.max12V '1.3,3VVé5V I
3.74V-800mA 3000 mAh 2.8 mA 2.10 mA 2.10mA I
(output) (output) I 3.max 1,5A 3.max 1A 3.LED nén
I | (output) (output) 50mA(33V) I
I
I ESP32 l
I (microcontroller) I
I —>|1. 335V
| (IC 1117 3,3) |
I (22(?—1:())( ri5A[,J’pni:1ﬁt\Jut) I
1.[dién &p hoat dong] | v v v :
2 [dona tiéu thu | TTP223 LMP91000 ADS1115
g
" : (cam bién cham) (mach AFE) (ADC) I
3.[khac] I |
l 1.3-5V 1.2,7-525V 1.2,0-55V I
| 2.0,03 mA 2.10 uA 2. 150 uA
| I
ot a8 e e A e o e B e e o R J

Hinh 4.4. So do cép nguén, phan phéi dién ap va dong ti€u thu ctua hé do dién hoa
cam tay.

B6 tri chi tiét cac module phan cimg ctia hé do duwoc minh hoa trong Hinh
4.5. Trong cau hinh nay, bang mach chinh chira ESP32, LMP91000 va ADS1115
dugc bd tri & khu vyc trung tim cua thiét bi. Hé thong pin va mach quan 1y ngudn
duoc dat tich biét vé mot phia cua vo, nham rat ngén duodng cép nguén, han ché
nhiéu tir khdi nguodn lan sang khdi do dién hoa, dong thoi dam bao an toan trong qua
trinh sir dung.

Kich thuoc téng thé cua thiét ké cling duoc thé hién trong hinh, vdi cac
thong s hinh hoc 1an lugt 1a 121 mm x 74 mm x 53 mm (dai x rong x cao). Kich
thudc nay cho théy hé do c6 thiét ké gon, thuan tién cho viéc di chuyén, b tri va st

dung trong phong thi nghiém hay thuc dia. Khong gian bén trong vo dugce phan bd

118



hop ly, ddm bao cac module khong tac dong co hoc 1an nhau trong qua trinh van

hanh lién tuc.

MAN HINH LCD

, LMP91000
MACH BAO VE PIN

BMS

MACH ON AP 7805

Hinh 4.5. Thiét ké 3D b tri bén trong vo thiét bi.

CAM BIEN CHAM

MAN HINH
LCD

NUT NGUON

VI TRI GAN CONG KET NOI
DIEN cuUC CAM BIEN

CONG SAC PIN

Hinh 4.6. Thiét ké 3D b0 tri bén ngoai vo thiét bi.
Hinh 4.6 minh hoa thiét ké 3D tong quan bén ngoai cua thiét bi do dién hoa

sau khi tich hop hoan chinh cac khéi chirc ning. Thiét bi dugc trang bi man hinh
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LCD hién thj truc tiép cac thong s6 do, nut nhan diéu khién phuc vu thao tac khéi
dong van hanh, cong két ndi dién cuc do dién hod, cong sac pin va cong giao tiép
USB. Toan bo cac thanh phan dugc b tri gon gang trong vo bao vé, bao dam tinh
co dong, thuan tién cho ngudi sir dung va phu hop voi viée trién khai cac phép do

dién hoa trong diéu kién thuc dia.

Trén co s thiét ké va bd tri phan cing néu trén, toan bd cic module gdm
ESP32, LMP91000, ADS1115, man hinh hién thi va hé thong ngudn da dugc lap dat
v tich hop thanh mot hé do hoan chinh. Hinh 4.7 1 hinh anh thyc té cta thiét bi
sau khi hoan thién véi kich thude 121 mm % 74 mm x 53 mm (dai x rong x cao),

khéi lwong 303 gram. Cac module dugc két néi diing theo so do dau nbi da thiét ké,

stt dung chung ngudn cip, bao dam tinh 6n dinh va dong bd trong qua trinh van

hanh.

CONG Micro USB CONG SAC PIN ] MAN HiNH LCD
NUT NGUON

VI TR GAN CONG KET NOI
DIEN CUC CAM BIEN CAM BIEN CHAM

Hinh 4.7. Thiét bi hoan chinh v&i man hinh va nguon pin tich hop.
Két qua xay dung phan cting cho thay hé do dién hoa da dugc tich hgp hoan
chinh, c6 kich thuéc gon nhe nhung van dap ung dy du cac yéu cau ky thuit cia

phép do quét thé tuan hoan. Cau triic phan cing duoc thiét ké hop 1y, dam bao tinh
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on dinh, do tin cdy va kha nang van hanh doc lap cua hé théng, phu hop cho ca
nghién ctru trong phong thi nghiém va trién khai ing dung thuc dia.

4.1.2. Két qua phat trién phin mém

Phan mém diéu khién duoc 1ap trinh dé két ndi vi mach diéu khién qua may
chu dé thuc hién cac phép do CV khong day. Ngoai ra, phan mém diéu khién van c6
thé thuc hién cac phép do CV c6 day khi can thiét. Bén canh d6, phan mém c6 thé
nhap dir li€u tin hi€u da dugc do trudc do6 va trich Xuét céc thong s6 can thiét nhu
gia tri cyc dai, cuc tiéu va tinh toan néng do dya trén dit li¢u tin hi¢u dugc nhap
vao.

4.1.2.1. Két qua xir Iy tin hiéu

Hinh 4.8 mé ta tin hiéu do CV trude va sau khi loc nhiéu. Hinh 4.8a biéu
dién tin hiéu géc thu duoc tir mach diéu khién, trong do van tdn tai nhiéu tan s cao.
Pé loai bo nhiéu nay, bd loc thong thap Butterworth da dugc 4p dung. Két qua cho
théy nhiéu tan s6 cao trong tin hi¢u géc da duogc loai bo hiéu qua, gitp tin hi¢u tré
nén muot hon. Sau khi xtr 1y qua bd loc, tin hi¢u thu duogc thé hién dang dac trung

ctia dudng cong quét thé tuan hoan (CV) [123], nhu minh hoa trong Hinh 4.8b.

150
8o
100} 60 }
40
50}
< < f
= gl & Of
- ~ 20
-50 -40
-100} -60
200 0 200 400 600 Y200 0 200 400 600
(a) E (mV) (b) E (mV)

Hinh 4.8. Tin hi¢u do CV (a) trudc va (b) sau khi loc nhiéu.
Viéc lua chon bac bd loc phu hop c6 anh hudng truc tiép dén d6 muot cua

duong cong CV ciing nhu kha nang bdo toan cac dac trung dién hoa quan trong cua
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tin hiéu. Dé minh hoa rd rang tac dong cua bac b loc thong thép dén dang tin hi¢u
CV, Hinh 4.9 trinh bay két qua khao sat dap ung ciia hé do khi 4p dung cac bo loc

Butterworth vo1 bac khac nhau.

a0t 90
(a) (b)
60 60
~ 30 — 30}
E 3
= ot = ot
-30F -30
60} -60
-200 0 200 400 600 -200 0 200 400 600
E (mV) E (mV)
90 90
(c) (d)
60 60
— 30 — 30}
k1 k]
= O = Or
-30 -30
60| -60
-200 0 200 400 600 -200 0 200 400 600
E (mV) E (mV)
90
60
— 30F
E
= Or
-30+F
-60

-200 0 200 400 600
E (mV)

Hinh 4.9. Két qua khao sat cac bac bo loc: (a) bac 1; (b) bac 2; (c) bac 3; (d) bac 4;
(e) bac 5.
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Quan sat tin hiéu sau khi loc véi bo loc Butterworth tir bac 1 dén bac 5 (Hinh
4.9a—¢) cho thay su thay doi rd rét d6 muot tin hiéu cung véi viéc giit nguyén hinh
thai dic trung cua dudng cong von—ampe. Cu thé, bo loc véi bac thip (bac 1, Hinh
4.9a) van coOn t0n tai cac gai nhidu, phan anh kha ning loc nhidu con han ché. Khi
tang bac loc 1én mirc trung binh (bac 2 va 3, Hinh 4.9b—c), tin hi¢u CV tré nén mugt
va rd nét hon, déng thoi van duy tri duge cdu trac dinh oxy hoa—khir dic trung cia
phan tng dién hoa. Nguogc lai, khi str dung cac bo loc bac cao hon (bac 4 va 5, Hinh
4.9d—e), dang dudng cong tin hiéu bat dau c6 thay doi dang ké. Trong truong hop
nay, duong cong von—ampe khong chi dugc lam muot ma con c6 xu hudng lam tron
dinh, giam va dan mat di tinh d6i xng cta phan ung thuan nghich - dic trung cia
qua trinh oxy hoa—khir. Hién tuong nay cho thay viéc loc qua muc da 1am sai 1éch
hinh thai cua tin hiéu dién hod thu duoc, tir d6 c6 thé anh huéng dén do chinh xéc

cua viéc phan tich cac tham so déc trung.

Nhu vay, hé théng do dién hoa di dong da duoc thiét ké voi cac giai phap
dong bd ¢ ca phan ciing va phan mém nham nang cao do 6n dinh va giam nhiéu tin
hiéu. V& phan ctmg, module LMP91000 thyc hién diéu khién hé dién cuc va khuéch
dai tin hiéu, két hop voi bo chuyén doi twong tu—sd ADS1115 dat gan khéi do dé rat
ngan dudng truyén tin hiéu analog va han ché nhidu. Hé thong sir dung ngudn pin
tich hop, dugc chuyén do6i va on ap véi cac muc dién ap 5 V va 3,3 V cap riéng cho
cac khéi chire nang, gop phan bao dam do on dinh ngudn cap. Vé phan mém, bd loc
s6 thong thap Butterworth bac 3 dugc 1ap trinh bang Python di loai bo nhiéu cao tin
ma van giit nguyén dic trung ctia cac dinh oxi hoa—khur.
4.1.2.2. Két qua xay dung giao dién ngudi dung

a. Trén may tinh hé diéu hanh Windows

Giao dién nguoi dung dugc xay dung va cai dat trén may tinh st dung hé
diéu hanh Windows. Giao dién cho phép nguoi dung thao tac chon ché d6 do, cai
dit cac thong sb va didu khién qua trinh do dién hod. Ché do do co thé 1a co day,

khong day. Cac thong so 1a dai dién ap, bude dién ap, toc dg, s6 vong quét, tan so
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cit. Trong qua trinh van hanh, phdn mém hién thi duong cong quét thé tuan hoan
(CV) theo thoi gian thue, loc, vé dd thi sau loc, xuét néng do va luu dir li€u. Dir liéu
lwu gdm file .csv dang bang gém gia tri dién thé va dong dién, d6 thi trude khi loc
va sau khi loc. Cac nut chic nang nhu Start, Save Data, Reset Data, Restart,
Restart ESP giup nguoi dung dé dang thao tac, theo ddi va quan 1y dir liéu do. Giao
dién truc quan, than thién, phu hop cho cac thao tac diéu khién va phan tich tin hiéu
dién hoa trén may tinh.

[~ Electrochemical Measurement Application = X

(@)

ELECTROCHEMICAL MEASUREMENT APPLICATION

Realtime Cyclic Voltammentry Data

Login 1.0
IPaddress  Usemame  Password
10.1.2.100 Eogjjitogen c
Configure Information Save -
Ao s e I_ — e e o o e mm e e e o = =
End Voltage (mV) 600 I I
Step (mV) 10 Measurement times 2 0.6 I MY > l
Scan Rate (mV/s) 50 2 ) o i 1

€ I Tt
Repeat Times 1 Concentration g W ey 1

5
Cutoff Frequence (Hz) 2 None 04 I 05.22.27.csv 05.22_27.png 05.22_27_lowpass.png I
START | saveoaTA | ReseTDATA| restarTese| ResTaRT| | [P (R U DU DI USRSy R
Data Table 0.2

Potential (mV) Current (uA) Filtered current (uA) | * )
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0

AeEDI PpQ=

Potential (mV)

OPEN DATA FOLDER | SERIAL | 1MPORT | ﬂ]

[ No connection

|/* Electrochemical Measurement Application

- X
ELECTROCHEMICAL MEASUREMENT APPLICATION
(b) e
et /
2 Realtime Cyclic Voltammentry Data
Connect to Serial
Connect | Disconnect | Reload st PORT | COM3 ~ 80
Configure Information Save
60
Start Voltage (mV) -500 Type of solution
End Voltage (mV) 200 au_k3kd
40
Step (mV) 10 Measurement times
Scan Rate (mV/s) 50 2 3 ———
z 20
Repeat Times 5 Concentration S
£
Cutoff Frequence (Hz) 2 None 3 ;
stART | pause | save | ReseTData | ResTART|
Data Table 220
Potential (mV) Current (uA) Fitered current (uA)
430 4657441 -26.56974972055914
420 -23.95689 -28.41379664322959 -40
450 2234547 -30.667048115847702
460 -21.3671 -33.31894947693583 ! ! ! | I ] | | | | | ! | |
470 -2061893 -36.33578967411859 -500 -400 -300 -200 -100 O 100 200 300 400 500 600 700 800
-480 -2012975 -39.65824754262467 Potential (mV)
4% 19,6935 20197463536 ||
-500 -46.86217 -46.862169999998066 Aaed dQ= open DaTAFoLDER | iretess| wpor | et

COMS3 is connected

Hinh 4.10. Giao dién ngudi dung trén may tinh hé diéu hanh Windows: (a) Giao
dién khoi dong; (b) Giao dién sau khi do; (c) Céc file dugc luu.
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Hinh 4.10 mé ta giao dién nguoi dung trén may tinh gém giao dién khai
dong (Hinh 4.10a), giao dién sau khi do (Hinh 4.10b) va cac file duoc luu bao gdm

file .csv s6 liéu do, anh d0 thi tin hiéu trudc va sau khi loc (Hinh 4.10c).
b. Trén dién thoai hé diéu hanh Android

Ung dung giao dién nguoi dung dugc phat trién cho thiét bi di dong st dung
hé diéu hanh Android, cho phép ngudi ding ding nhap, chon dia chi IP, theo ddi va
hién thi dit liéu do dién hoa. Ung dung hién thi gia tri cyc dai, cuc tiéu cua dong
dién, gia tri dién thé twong ung, nong do va do thi CV truc tiép trén man hinh. Cac
nut Graph display va Refresh giup cap nhat d6 thi. Giao dién don gian, gon nhe, hd
tro tot cho viée quan sat va phan tich dir liéu dién hod ngay tai hién truong, ting
tinh linh hoat va tién dung ctia hé thong. Hinh 4.11 m6 ta giao dién ngudi ding trén

dién thoai.

Electrochemical
Measurement

Electrochemical
Measurement

10.1.2100 § Login

CM: 33.88 uM
MIN VALUES

V: 50 50 50 50 50 mvV

I: -53.39 -56.82 -58.48 -59.67 -60.64 uA
MAX VALUES

V- 240 240 240 240 240 - v 310 300 300 300 O mv

’ 8484 7687 7467 7384 00

I: 75.72 69.69 6897 6941 7001 uA

CM: 37.28 uM

MIN VALUES

10 -10 -10 -10 0

1395 -16.75 -17.75 -18.32 0.0
MAX VALUES

Hinh 4.11. Giao di¢n nguoi dung trén dién thoai hé diéu hanh Android.
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Hinh 4.12 minh hoa téng thé thiét lap két ndi cua hé do dién hoa duoc xay
dung. H¢ théng bao g@)m cam bién hé 3 dién cuc (Hinh 4.12a) duogc két ndi truc tiép
v6i thiét bi do dién hoa (Hinh 4.12b) thong qua jack cdm chuyén dung. Thiét bi do
c6 nhiém vu tao va diéu khién tin hi¢u kich thich vé thé dién cyc, dong thoi thu
nhan tin hi¢u dong di¢n phat sinh tai bé mat dién cuc trong qua trinh phan Ung dién
hoa. Dit liéu do dugc truyén vé& may tinh va hién thi trén giao dién ngudi dung. Giao
dién nguoi dung (Hinh 4.12c), cho phép ngudi van hanh thiét 1ap cac tham sé do,

theo doi tin hiéu d(‘)ng—thé theo thoi gian thuc va luu trlt dir liéu phuc vu cho cac

budc xtr Iy va phan tich sau do.

@

Hinh 4.12. Thiét 1ap két ndi do dién hoa: (a) dién cuc; (b) thiét bj do; (c) giao dién
nguoi dung.

4.1.3. Panh gia hi¢u ning phan cing

bdi véi cac phép do CV, vi¢c duy tri hoat dong lién tuc cua hé théng va dam
bao tinh lién tuc trong qué trinh do 13 rat quan trong. Tién hanh quét CV 50 vong
trén dai dién ap tir —200 mV dén 600 mV, step 10 mV. Nhu vay cé téng cong 8100
luot do. Khao sat 8100 lan truyén va nhén tin hiéu ciia mach diéu khién d6i vé6i ché

do khong day va cé day:
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- Két ndi c6 day: tin hiéu tir (mach diéu khién) dén (mach do) vé (mach diéu

khién) dén (may tinh).

- Két ndi khong day: tin hiéu tir (mach diéu khién) dén (mach do) vé (mach

diéu khién) dén (server).

Két qua khao sat thé hién trén Hinh 4.13 cho thay thoi gian mdi 1an truyén

nhan x4p xi tir 21-22 mili gidy d6i voi két ndi c6 ddy va khoang 21-24 mili gidy dbi

— Wired
—— Wireless

v6i két nbi khong day.

N
B
L]

Thei gian (ms)
N N
{
<

[\v]
-
L]
———
--—.._-,'__'—-

0 20 40 60 80 100
(a) )
So lan
24
| m
Eaxt
kS — Wired
o _—Wireless
| W
N -
-
21 " L A 1 " [ A 1 " L 2 L 2 L " L A L
0 1000 2000 3000 4000 5000 6000 7000 8000
(b) Sé I3n

Hinh 4.13. Két qua khao sat qua trinh truyén va nhan tin hiéu ¢ ché do c6 day
(Wired — duong mau do) va khong day (Wireless — duong mau xanh): (a) 100 luot;
(b) 8100 Iuot.

Gia tri tra vé cta cac tin hiéu & 2 ché do co day va khong day ciing duoc
khao sat qua do thi. Hinh 4.14 m6 ta tin hiéu CV dugc thu duoc tir ca két ndi co day

va khong day. Tin hiéu dat dén gia tri cuc dai (dinh andt) & khoang 73,641 pA (co
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day) va ¢ khoang 73,407 pnA (khong day). Tin hiéu dat gia tri cyuc tiéu (dinh catdt) &
khoang -62,276 pA (c6 day) va & khoang -63,021 pA (khong day). Nhitng chénh
léch nhé nay dugc gidi thich béi dac tinh st dung mot lan cua dién cuc dugc st

dung trong phép do, ddn dén sai s6 khi st dung lai dién cuc trong lan do sau do.

Dua trén két qua khao sat, co thé quan sat dugc do tré trong qua trinh truyén,
nhan tin hi¢u gitta phép do CV khdng day, c6 day va sy dao dong trong dinh dong
dién. Tuy nhién, nhitng chénh 1éch nay khong dang ké, viéc truyén va nhan tin hiéu

van lién tuc va khép nhau trong sudt qua trinh do & ca két ndi c6 day va khong day.

80 e Wired
60t — Wireless

-2IOO 0 2(I)0 4(I)O 660
E (mV)
Hinh 4.14. Hinh dang d6 thi CV ¢ cac ché d6 do: C6 day (Wired — duong mau do);
Khong day (Wireless — duong mau xanh).

4.1.4. Khao sat quét dién hoa dién cuc vang va dién cuc cacbon

Két qua khao sat quét thé tuan hoan trong ba chu ky lién tiép trén hai loai
dién cuyc: dién cyc vang va dién cuc cacbon, dai dién &p tu -200 mV dén 600 mV
duge mo ta trén Hinh 4.15. Két qua cho thay hé thong do va phan mém xu 1y tin
hiéu CV hoat dong 6n dinh, chinh xac va c6 d6 1ap lai cao. Trong ca hai trudng hop,
cac duong cong CV thu dugc c6 dang lién tuc, r0 rang va dugc ghi nhan déy duodca
nhanh quét thuan va nhanh quét nghich, chimg t6 hé théng diéu khién thé va thu

nhan dong dién hoat dong dong bo va dang tin cay.
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Déi voi dién cuc vang, cac dudng cong CV thé hién 15 cac dinh oxy héa dic
trung & thé dinh 220 mV, voi limax = 86,57 pA, Dmax = 85,73 HA, Ismax = 85,15 pA,
gi4 tri trung binh dat 85,82 + 0,71 pA, d6 léch chuan twong dbi 0,83%. Do tach dinh
thé AE1 = AE» =AE; = AE = 340 mV. Ba chu ky quét gan nhu chdng khit 1én nhau,
chi xuét hién sai 1éch rat nho vé gia tri dong dinh; d6 tach dinh thé khong thay doi.
Két qua nay cho thiy d6 6n dinh cao cua hé thdng do theo thdi gian va kha ning tai
lap t6t ciia phan mém trong viéc diéu khién qua trinh quét thé va ghi nhan tin hiéu
dién hoa.

O thé dinh 380 mV, dién cuc cacbon cho dong dinh nhé hon v6i Limax = 35,95
LA, Dmax = 35,41 pA, Iimax = 35,18 pA, gia tri trung binh dat 35,51 £ 0,40 pA, do
léch chuan twong ddi 1,11%, bién d6 tin hiéu thdp hon so voi dién cuc vang. Do
tach dinh thé thu duoc trén dién cuc cacbon AE; = AE; =AE; = AE = 500 mV 1én
hon dang ké so véi dién cuc vang, phan anh su gia tdng phan cuc dién hoa va dién
tré truyén dién tich tai giao dién dién cuc — dung dich. Cac két qua nay phu hop véi
dic tinh dan dién va dong hoc trao ddi electron cua vat liéu cacbon. Tuy nhién, cac
duong cong CV cia ba chu ky van thé hién sy trung khép tt, hinh dang dudng
cong khong bi méo hay troi tin hiéu, khang dinh phan mém do CV duy tri duoc do

chinh x4c va tinh 6n dinh trong trudng hop thay d6i loai dién cuc.

90 90
60 60
__ 30} __ 30}
< <
2 o} 2 of
30+ —— lmax = 86,57 pA 30}f —— l4max = 35,95 pA
60 —— Iamax = 85,73 pA 60 —— I2max = 35,41 pA
—— I3max = 85,15 pA —— I3max = 35,18 pA
-90 L— - : : : -90 L— - : : :
-200 0 200 400 600 -200 0 200 400 600
(a) E (mV) (b) E (mV)

Hinh 4.15. Két qua khdo sat dién cuc tran: (a) dién cuc vang; (b) dién cuc cacbon.
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Két qua thu dugc trén hai loai dién cuc khac nhau chiing minh réng hé théng
va phén mém do queét thé tudn hoan c6 kha nang hoat dong tin cay, d0 nhay phu hop
va tinh 13p lai cao, dap tng tot yéu cau khao sat va phan tich cac dic tinh dién hoa
cua nhiéu loai vt liéu dién cyc khac nhau.

4.1.5. Két luan

Trén nén tang Internet van vat (IoT) tién tién, hé théng WPEMS thuc hién
phép do dién hod, xuét dit liéu do va cac dir liéu lién quan theo thoi gian thuc. Két
qua co6 thé truy cép thudn tién trén may tinh Windows va dién thoai thong minh
Android thong qua két ndi co day hodc khong day. Cac khao sat cho thdy do tin cay
va kha nang tuong thich cao ctia qua trinh truyén nhén dit liéu ¢ ca hai phwong thirc
két nbi. Hé thong do dién hoa cai tién nay mang lai thiét bj do di dong, than thién
véi nguoi dung nong dan, 1a gidi phap kha thi hd trg phat hién tai chd protein VP28
trong qua trinh nudi tém.

Viéc tich hop cam bién dién hod va thiét bi do luong véi phan mém trén may
tinh hodc dién thoai thong minh thong qua két ndi khong diy cho phép giam sat va
xur 1y dir liéu theo thoi gian thuc, déng thoi ho tro chia sé dir liéu tir xa phuc vu chan
doédn bénh va theo doi méi truong.

Tiép theo, luan 4n trinh bay cac két qua nghién ctru vé quy trinh chirc ning
hod bé mat dién cuc nhim phat hién dac hi€u vi-rat gay bénh dém tréng WSSV.

4.2. Két qua khio sat, danh gia hé thong
4.2.1. Két qua phat hién protein BSA-FITC

Céc thi nghiém trén cdp hoa chit anti-BSA/BSA-FITC duoc trién khai va

danh gia ban dau. Két qua cua quy trinh dbi véi cdp hoa chat nay 1a co sd cho cic

thi nghiém tiép theo d6i véi muc tiéu WSSV.
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4.2.1.1. Két qua khao sat toc d§ quét va bude thé (E step) trong quét CV ciia

dién cuc vang

Khao sat quét 5 vong CV dién cuc SPAUE tran ¢ téc do quét 40 mV/s va 50
mV/s trong dai budc thé E-step tir 2 dén 15 mV, quan sat sy tring lap tin hiéu va ghi
lai gia tri dong dién dinh cuc dai anot. Két qua dong di¢n dinh andt dugc thé hién
trén Bang 4.1. E-step va tbe do quét duoc lya chon dya trén gia tri dong cuc dai thu
dugce va kha nang 1ap lai cia tin hidu. Két qua cho thay toc do quét 50 mV/s va
bude thé 10 mV cho tin hiéu 6n dinh, tai lap tdt nhat va dong dinh cao nhét do d6

dugc chon cho cac phép do dién hoa tiép theo.

Bing 4.1. Khao sat toc do quét va E step.

Téc do quét 40 mV/s

E step

2 3 4 5 6 7 8 9 10 1 12 13 14 15
(mV)
Ioa
(uA) 114,68 114,55 113,76 111,34 110,53 110,01 109,77 107,37 103,48 106,02 101,71 103,01 100,13 100,69
1]
Toc do quét 50 mV/s
E step
2 3 4 5 6 7 8 9 10 1 12 13 14 15
(mV)
Ioa
(WA) 107,06 114,56 117,43 118,01 118,43 118,02 119,12 119,73 122,20 17,12 116,37 112,15 114,29 109,79
1]

4.2.1.2. Panh gia hinh thai va quang hoc ciia dién cwc bién tinh phat hién

protein BSA-FITC

Hinh 4.16 m6 ta cac khdo sat bé mit dién cuc vang SPAUE tran. Hinh 4.16a
trinh bay anh chup tur trén xuéng cua dién cuc SPAuE, cho théy hé ba dién cuc tich
hop bao gém dién cuc lam viéc béng vang, dién cuc so sanh Ag/AgCl va dién cuc
d6i cacbon. Anh phéng to ving dién cuc dugc thé hién trong Hinh 4.16b, 1am ndi
bat bd cuc nho gon, phi hop cho cac phép do dién héa trong thé tich nho. Phan tich
SEM cua dién cuc 1am viéc trén Hinh 4.16¢ cho thiy cdu tric vang & kich thudc
micromet khong co d4u hiéu nhiém ban hodc tich tu vat chat sinh hoc. Phé EDX
tuong ng trén Hinh 4.16d cho thdy thanh phan vang (Au) dat 100% trén bé mait

dién cuc lam viée. Két qua cho théy bé mit sach, chua duge bién tinh trudc khi
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chtrc ning hoa. Céc két qua nay cho thiy céu trac dién cuc SPAUE 13 n nén tang phu
hop dé danh gia cac dic tinh dién hoa ciia bé mit dién cuc sau khi duoc bién tinh

trong tng dung cam bién sinh hoc [124], [125].

Dién cwc déi (cacbon) {cy»

bién cwc lam viéc

(vang)
(3.67 mm?)

bién cwc A

so sanh i hos
(Ag/AGCI)  Nevostatien & €5 59

-4 -~
15[Kv]SP=5 WD=6#" X6.4ky

Map Sum Spectrum

Element Line Type | Weight % | Weight % Sigma

Au M series 100.00 0.00

100.00

Hinh 4.16. Khao sat dién cuc vang SPAUE :[r::in: (a) Céu tric va (b) Anh hién vi cdu
truc ba dién cuc; (c) Anh SEM va (d) Pho EDX bé mat dién cuc lam viéc (Au).

Sau quy trinh chitc ning hoa dién cuc gan khang thé anti-BSA va bat giir
khang nguyén BSA-FITC, di¢én cuc dugc soi dudi kinh hién vi dé quan sat tin hiéu
huynh quang ctia BSA trén bé mit dién cuc. Hinh 4.17 cung cip anh huynh quang
ctia protein BSA-FITC (Ag) & cac ndng d6 tir 0,5 pM dén 8,0 uM, duoc bét giir trén
bé mit dién cuc di c¢d dinh khéng thé anti-BSA (Ab). Cac khung chir nhat nét dut
trong anh biéu thi ving ROI (Region of Interest) ¢ dinh, duoc st dung dé dinh
luong cudng d6 huynh quang. Quan st cho thay cuong d6 huynh quang tang dan

khi ndng d6 BSA-FITC ting, phan anh sy bat giit protein hiéu qua trén bé mit dién
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cuc di duoc chitc ning hoéa. Miu ddi chimg chi c6 dinh khang thé
(SPAUE/MUA/Ab) cho nén huynh quang rat thap, chimg t6 tin hiéu huynh quang
thu duoc co tinh dic hiéu cao, xuat phat tur su ga"m két chon loc gitta khang thé va
khang nguyén. Gia tri xam trung binh duoc trich xuét tir ving ROI ¢6 dinh (khoang
6,4 triéu diém anh) ting twong Gng v6i nong d6 BSA-FITC, thé hién mdi quan hé

dong bién gitra tin hi€u quang hoc va lugng protein gan két trén bé mat dién cuc.

SPAUE/MUA/Ab SPAUE/MUA/Ab/Ag 0,5 uM SPAUE/MUA/Ab/Ag 1,0 uM

SPAUE/MUA/Ab/Ag 8,0 uM SPAUE/MUA/Ab/Ag 4,0 uM SPAUE/MUA/Ab/Ag 2,0 uM

Hinh 4.17. Anh huynh quang cta protein BSA-FITC (Ag) & cac nong do tir 0,5 uM
dén 8,0 uM dugc bat gilt trén bé mat dién cyc di cb dinh khang thé anti-BSA (Ab).
Cac khung chit nhat nét dut biéu thi ving ROI ¢b dinh dé thyc hién dinh luong
cuong do huynh quang.

Hinh 4.18 cung cip danh gia huynh quang va hinh thai bé mit cua dién cuc
sau khi bat gitr BSA-FITC. Hinh 4.18a cho thdy cudng d6 huynh quang ting dan tir
14,53 dén 29,42 theo ndng d6 BSA-FITC ting tir 0,5 dén 8,0 uM. Hinh 4.18b 13 anh
SEM ciia di¢n cuc SPAUE sau khi hinh thanh SAM MUA, ¢ dinh khang thé anti-
BSA va bit gitt protein BSA-FITC ¢ néng do 5,0 pM dé danh gia sy thay ddi hinh
thai bé mat. So véi dién cuc tran, bé mat dién cuc sau khi bat gilt protein cho théy
su thay ddi vé hinh thai, thé hién qua su xudt hién cua céc vung két tu nho khong
ddng nhét va d6 gd ghé ting nhe, phan anh su hinh thanh 16p SAM va qué trinh gin
két sinh hoc.
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(a) SPAUE/MUA/Ab/Ag & (b) SPAuE/MU_,NAb/Ag A
- ® -~ % o |
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Cwong do huynh quang (a.u.)
o o o

0,5uM 1,0 uM 2,0 yM 4,0 uM 8,0 uM .
N6ng do protein ([.IM) Tsa;?\f]tatsl:zs _WD=7.0" x6.4k 10.0[um] AV

Hinh 4.18. Panh gi huynh quang va hinh thai bé mit cua dién cyuc sau khi gian
BSA-FITC: (a) Cuong d6 huynh quang cta protein BSA-FITC ¢ cac ndng do tir 0,5
uM dén 8,0 uM; (b) Anh SEM cuia dién cuc sau khi bét giit protein BSA-FITC &
noéng do 5,0 uM.

Cac két tu c6 kich thuéc khong déu va phan bd rd rét hon duoc quan st trén
dién cuc duoc bién tinh br?mg SAM L-Cysteine, nhu thé hién trén Hinh P1.8 ¢ Phu
luc P1.2. Nhiing dic diém hinh thdi ndy, dugc ghi nhan qua anh SEM, phu hop véi
cac nghién ctru trude day vé su thay ddi cdu triic bé mat cua dién cuc vang sau khi
phu cac hop chat chira nhom thiol [126]-[128]. Két qua quan sat ciing thong nhat
v6i phan tich huynh quang, khiang dinh ring qua trinh chitrc ning hoéa bé mit da
duoc thuc hién hi€u qua, cho phép bat gilr dac hiéu protein BSA-FITC trén bé mit
dién cuec.
4.2.1.3. Két qua khao sat tin hi¢u dién hoa quy trinh bién tinh dién cuc vang

phat hién protein BSA

Pé khang dinh vai tro thiét yéu ctia 16p SAM trong viéc c¢d dinh khang thé va
bat giit khang nguyén mot cach hiéu qua, cac dién cuc dbi chimg khong bién tinh
bang SAM da duoc khao sat. Cac phép do dién hoa duoc tién hanh nham kiém
chtng cic quan sat huynh quang va cung cap thém bing ching vé su thay ddi tai bé

mat dién cuc sau cac budc bicn tinh.
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a. Két qua trén dién cwe dbi chirng khong phi SAM

Hinh 4.19 trinh bay ddc trung dién hda cua cac dién cuc doi chirng khong c6
bién tinh SAM, dugc danh gia bang hai k§ thuit CV va SWV. Quan sat & Hinh
4.19a cho théy cac duong cong CV cua dién cyc tran, dién cuc sau khi ¢d dinh
khang thé, va dién cuc sau khi bat giit BSA-FITC gan nhu trung nhau, chi c6 sy
thay di rat nho vé cuong do dong dinh va thé dinh. Twong ty, trén Hinh 4.19b, phd
SWYV cua céc dién cuc cling thé hién tin hiéu dong tuong ddi 6n dinh, khong co su
giam dang ké nao phan 4nh sy can tré truyén dién tich. Didu nay chimg to rang, khi
khong c6 16p SAM dé hd trg cb dinh sinh hoc, cac phan tr khang thé va khang
nguyén chi hip phu yéu va khong tao thanh 16p chirc nang bén viing trén bé mat
vang. Su thiéu hut 16p trung gian nay din dén twong tac sinh hoc kém hiéu qua va
tin hiéu dién hoa khong thé hién rd rang sy thay doi sau mdi giai doan chirc ning
hoa. Do d6, két qua tir CV va SWV khang dinh vai trd quan trong cia 16p SAM
trong viéc tao lién két hoa hoc 6n dinh giita khang thé va bé mat dién cuc, tir d6 cai
thién tinh nhay va d¢ dac hiéu cia cam bién.

60

400 bareSPAUE
a0l 350 k" SPAuUE/noSAM/Ab
300 fE SPAuUE/noSAM/Ab/Ag
20t -
E"- 4-.250 I
3 0 N :<:_L'200 u
20 150 F
100 B .
e hareSPAUE
40 X0 L SPAUE/NoSAM/Ab 50t
----- SPAuUE/noSAM/Ab/Ag 0 L
-60 !

02 00 02704 06 04 02 00 02 04 06 08
E (V)

Hinh 4.19. Pap tng dién hoa cia cac dién cuc d6i ching khong c6 SAM: (a) Tin
hi¢u CV; (b) Tin hiéu SWV cua dién cuc tran, di¢n cuc co dinh khang thé va dién
cuc sau khi bat gitt BSA-FITC.

Hinh 4.20 cung cp bang ching b sung vé dap ung dién hoa va quang hoc
ctia cac dién cuc d6i chimg khong c6 16p SAM. Trén Hinh 4.20a, d6 thi Nyquist cho
thdy dién tr¢ truyén dién tich Rcr chi ting nhe tir 1,37 kQ (dién cyc tran) 1én 1,38

135



kQ (sau khi cb dinh khang thé) va 1,48 kQ (sau khi bit giit BSA-FITC). Su thay ddi
rat nho nay cho thay qué trinh gan két sinh hoc gan nhu khong anh huéng déng ké
dén tré khang bé mit, phan anh hiéu qua ¢ dinh va phat hién khang nguyén thap.

Hinh 4.20b phong to tin hi¢u EIS cho thay tré khang gan nhu khong thay doi
dang ké trudc va sau khi bat gitr BSA-FITC va tiép tuc cung c¢d nhan dinh trén
thong qua anh huynh quang chén, trong d6 bé mit dién cuc chi c¢b dinh khang thé
(hinh chén trén) va sau khi 0 v6i 8,0 uM BSA-FITC (hinh chén dudi) déu khong
xudt hién tin hiéu huynh quang dang ké. Két qua nay chting minh rang, khi khong
c6 16p SAM lam 16p neo trung gian, cac phan tir protein khong thé gin két bén

virng trén bé mat vang, dan dén tin hi€u dién hoa va quang hoc rat yéu.

—#&— bareSPAUE @ SPAUE/NnoSAM/Ab
40H. ... SPAUE/NoSAM/AD A 30 b4+ sPAuEmoSAMIALIAG SPAUE/noSAM/Ab
4 SPAUE/NOSAM/Ab/Ag| ai
30t
20+ ~ ‘
H = 2l SPAUE/NoSAM/AbIAg 8,0 uM
N N o
10 10F o+
7
0 - 1 ' A 1 0 I l/ 1 ' 1
0 20 40 60 0 10 20 30
(a) Z' (kQ) (b) Z' (kQ)

Hinh 4.20. Phé EIS va xac nhan huynh quang cta cac dién cuc doi chtng khong co
SAM: (a) Do thi Nyquist cta dién cuc tran, dién cuc cb dinh khang thé va dién cuc
sau khi bét gitt BSA-FITC 8,0 uM (Hinh chén: mach twong dwong Randles); (b) So
sanh tro khang giita dién cuc ¢ dinh khang thé va dién cuc bat giit BSA-FITC.
(Hinh chén: anh huynh quang cta cac dién cuc ddi chig khong c6 SAM: dién cuc
c¢6 dinh khang thé (trén) va dién cuc sau khi bat giit BSA-FITC 8,0 pM (duéi)).

Téng hop lai, nhitng két qua nay khang dinh rang 16p SAM déng vai tro thiét
yéu trong vi¢c hinh thanh cau ndi hoa hoc 6n dinh gitra dién cyc va thanh ph?ln sinh
hoc, gitip ting cudng kha ning bt giit khang nguyén va cai thién dang ké hiéu qua

phéat hién sinh hoc ctia cam bién dién hoa.
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b. Két qua dién héa ciia qua trinh bién tinh dién cwe phi SAM

Hinh 4.21 trinh bay cac dap ung dién hoa CV va SWV cua dién cuc SPAUE
trudc va sau khi hinh thanh 16p SAM MUA va L-Cysteine. Ddi voi dién cuc bién
tinh bang MUA, dong dinh andt giam déng ké, phan anh sy gia ting trd khang
truyén dién tich tai bé mat giao dién sau khi hinh thanh 16p SAM. Cu thé, trén
duong cong CV (Hinh 4.21a), dong dinh andt giam xubng con 3,81 pA tai 0,20 V,
so v&i dién cuc tran 1a 52,62 nA tai 0,22 V. Phan tich SWV (Hinh 4.21b) cho théy
xu huéng twong tu, voi dong dinh chi 39,06 pA tai 0,14 V, thdp hon nhiéu so voi
dién cuc tran 257,90 pA tai 0,18 V. Su suy giam ndy phu hop véi cac nghién ciu
trudc day da chi ra rang cac 16p don MUA day va dong nhét can trd manh qua trinh
trao doi electron, tao ra tin hiéu dién héa dic trung va dang tin cdy cua bé mat vang

dugc phu thanh cong [129].
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400 bareSPAUE
40 350 —— SPAUE/MUA
—— SPAUE/L-Cysteine
300F
20F
2 — 250 [~
3 Of 5_200 -
- = 150
20+
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-40 F —— SPAUE/MUA 50F
—— SPAUE/L-Cysteine ot
_60 1 1 1 1 1 1 1 1 1 1 1 1
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Hinh 4.21. B4p Uimg di¢n hoa cua cac diél‘l cuc duoc bién tinh’b(yi SAM: (a) Tin
hi¢u CV; (b) Tin hiéu SWV cua dién cuc tran, dién cuc dugc bién tinh bo1 MUA va
L-Cysteine.

Nguoc lai, cac dién cuc dugc bién tinh béng L-Cysteine thé hién kha nang
trao doi electron vuot trdi hon céa dién cuc tran va dién cuc phu MUA. Cu thé, dong
dinh andt dat 53,63 pA tai 0,20 V, cao hon mot chut so véi dién cuc tran (52,62 pA
tai 0,22 V) va cao hon dang ké so v6i dién cuc phit MUA (3,81 pA tai 0,20 V). Pho
SWYV ciing thé hién dinh 1o va cao, dat 354,70 LA ¢ 0,16 V, vuot xa cac gia tri cua
MUA va dién cyc tran. Két qua nay cho thay rang 16p SAM tir L-Cysteine khong
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can tré ma tham chi con tang cuong hiéu qua truyén dién tich tai bé mat dién cuc,
nho cdu trac phan tir ngan va nhom chirc phan cyc cua L-Cysteine cho phép twong

tac dién tir nhanh hon.

Hinh 4.22 thé hién phé EIS cta cac dién cuc tran va dién cuc dugc bién tinh
bang MUA va L-Cysteine. Trén d6 thi Nyquist (Hinh 4.22a), dién cuc tran thé hién
mot hinh ban nguyét nhé twong tng véi dién trd truyén dién tich Rer = 1,37 kQ.
Trong khi d6, 16p SAM MUA thé hién ban nguyét mo rong dang ké, tuong tng véi
Rer tang 18n 38,50 kQ, cho thay tinh can tré truyén dién tich rd rét.

Nguoc lai, dién cyc phu L-Cysteine thé hién dic tinh nguoc lai, véi phé gén
nhu tuyén tinh va Rer rat thap, chi khoang 0,09 Q, phan 4anh kha ning truyén dién
tich nhanh tai giao dién dién cuc — dung dich dién ly. Pac tinh nay dac biét co loi
trong phat trién cam bién mién dich, khi dién tr¢ truyén dién tich thuong ting 1én

sau khi c6 dinh khang thé va bat gitr khdng nguyén [130].

—a— bareSPAUE 40 | [ SPAuEmUA "
40 [ |—e— SPAUE/MUA [ [—&— SPAUE/L-Cysteine
—a— SPAUE/L-Cysteine ®
30} a0l 4
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=20} :.*.‘—20 5
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®
Or ® | ® 0
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(a) Z' (kQ) (b) Z' (kQ)

Hinh 4.22. Phé EIS cua cac dién cuc dugc bién tinh béi SAM: (a) P thi Nyquist
cua dién cuc tran, dién cuc duoc bién tinh bé1 MUA yé L-Cysteine (b) So sanh gré
khéang gitta SAM MUA va L-Cysteine. (Hinh chen: do thi Nyquist ciia SPAUE tran).

Hinh 4.22b cung cp su so sanh truc quan giita phd EIS cua hai dién cyuc co
16p SAM khac nhau. Trong khi dién cuc phu L-Cysteine c6 dic tinh pho EIS gan
nhu tuyén tinh dac trung cua tré khang thép, dién cuc phu MUA thé hién ban

nguyét 16n, dic trung cho qua trinh truyén dién tich bi can tré manh. Phan tich
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mach twong duwong Randles cho thiy su khac biét chinh nay cha yéu dén tir gia tri

Rer, phan 4nh dic diém din truyén khac nhau giita hai loai 16p SAM.

Su khac biét nay c6 thé dugc giai thich bdi ciu triic phan tir dic trung cia
ting hop chat: L-Cysteine, v6i chudi ngan va nhém chirc ludng cuc, tao diéu kién
thuan loi cho qua trinh trao d6i electron. MUA, véi chudi ankyl dai hon, hinh thanh
16p don day va chit, gdy can trd manh qué trinh truyén dién tich [131], [132]. Mbi
loai SAM vi thé mang lai loi thé riéng, tuy thudc vao tmg dung cu thé trong phat

trién cam bién sinh hoc dién hoa.

c. Két qua dién héa ciia qua trinh c6 dinh khang thé, phat hién khang nguyén
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Hinh 4.23. Dap tng dién hoa cua quy trinh chirc nang hoa dién cuc phat hién
protein: (a) Tin hi¢u Cy; (b) Tin hi¢u SWV cua dién cuc phu SAM, dién cuc co
dinh khang thé va dién cuc phat hi¢n BSA-FITC (0,5-8,0 uM).

Hinh 4.23 thé hién dap tng dién hoéa CV va SWV cua di¢n cuc duoc bién
tinh bang MUA trong qué trinh hinh thanh SAM, c¢6 dinh khang thé va phat hién
protein BSA-FITC & cac ndng d6 tir 0,5-8,0 pM. Ca hai phép do déu cho thiy su
dich chuyén duong ciia thé oxi hoa sau khi gan khang nguyén va khi néng do khang
nguyén tang, phan anh su hinh thanh cta phirc hop khang nguyén—khang thé trén bé
mit dién cyc, tao nén 16p can tré truyén dién tich [133], [134]. Do d6, thé oxi hoa

can cao hon dé duy tri phan tmg oxi hoa—khir, din dén su dich chuyén dinh thé quan
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sat duoc dic trung cho co ché can trd truyén dién tich khi xay ra gian két sinh hoc

(Hinh 4.23a) [135].

Tin hiéu SWV trong Hinh 4.23b xac nhan o xu hudng nay, véi dong dinh
giam dan theo timg budc bién tinh: tir 39,06 pA sau khi hinh thinh SAM, xudng
29,22 pA sau khi cé dinh khang thé, va giam con 7,70 pA khi bit gitt BSA-FITC
8,0 uM. Két qua nay chimg t6 rang 16p SAM MUA hoat dong hiéu qua nhu mot nén
lién két bén viing cho khang thé, dong thoi tao ra tin hi¢u dién hoa giam dan dic

trung cho qua trinh bat giit khang nguyén thanh cong.

Hinh 4.24 trinh bay dap tng EIS cua dién cuc SPAUE duoc bién tinh bang
SAM MUA trong qua trinh phat hién protein BSA-FITC & dai nong d6 0,5-8,0 pM.
Nhu thé hién trong Hinh 4.24a, duong kinh ban nguyét cta do thi Nyquist ting dan
khi ndng d6 BSA-FITC ting, phan anh sy gia ting dién tré truyén dién tich Rer do
su hinh thanh phtrc hop khang nguyén—khang thé trén bé mat dién cuc [136], [137].
Sy thay d6i nay cho thdy 16p SAM MUA hoat dong nhu mét 16p cach dién, 1am can
tré qua trinh truyén dién tich, dong thdi cho phép ghi nhan sy thay d6i tin hiéu ro rét

khi protein duoc bat gitr.
e SPAUE/MUA 250
160 o= SPAUE/MUAIAb Pién cuc Au [— + Khang thé Ab [— + Khang nguyén A;
+SAM (gié tri Rgmnén] (BS:—FIgT(;: #
L 200
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Hinh 4.24. (a) Pho EIS quy trinh chirc nang hoa dién cyc phat hi¢n protein: dién
cuc phu SAM, dién cyc 6 dinh khang thé va dién cuc phat hién BSA-FITC (0,5~
8,0 uM); (b) D6 thi hiéu chuan biéu dién sy phu thudc tuyén tinh ctia %ARct vao
noéng d6 BSA-FITC (Hinh chén: so db minh hoa phép do %ARcrt so voi gia tri nén
sau khi gan khang thé).
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Két qua khép mach twong duong Randles bang phian mém PS Trace 5.9 cho
thiy cac gia tri Chi-squared (¥?) nam trong khoang 0,0806-0,0884, ching to6 mo
hinh Randles mé phong t6t dit liéu thyc nghiém. Mi quan hé giita %ARcr va ndng
ddé BSA-FITC (Cwm) duoc thé hién trong Hinh 4.24b, cho théy su phu thudc tuyén

tinh trong toan dai khao sat, duoc mo ta boi phuong trinh hoi quy:
%AR-r = 8,89 X Cy + 65,36 (R* = 0,97) 4.1)

b6 dbc cua duong hoi quy thé hién do nhay cua cam bién dat 8,89

%ARcT/uM, v6i gidi han phat hién (LOD) 0,16 pM.

Céc két qua nay cho thly SAM MUA hinh thanh 16p pha bén viing, cho phép
theo ddi hiéu qua sy gin két sinh hoc thong qua bién thién trd khang, dong thoi
khang dinh vai trd cta 16p SAM trong viéc tao nén tang 6n dinh cho qua trinh ¢
dinh khang thé va phat hién protein dac hi¢u. Pay ciling 1a co so dé thuc hién cac
quy trinh bién tinh dién cuc cho phép phat hién protein VP28 & nong do thap trong
quy trinh tiép theo.
4.2.1.4. Két luan

Nghién cu vé qua trinh chic ning héa dién cuc vang phat hién protein
BSA-FITC da lam sang to vai trd quan trong cua cac 16p don tu sip xép SAM trong
viéc hinh thanh nén tang cam bién sinh hoc 6n dinh va dic hiéu. Cac thi nghiém ddi
chimg cho thay, trong diéu kién khong c6 SAM, viéc cb dinh khang thé dién ra kém
hiéu qua, din dén kha ning bat giit khang nguyén thip va tin hiéu dién hoa yéu,
thiéu dic hiéu. Nguoc lai, cac dién cuc dugc phu SAM thé hién 16 su thay doi tin
hiéu phu thudc n6ng do trén tat ca cac ky thuat do (CV, SWYV, va EIS), minh ching
cho vai tro trung gian khong thé thiéu ciia 16p SAM trong qué trinh nhan biét sinh
hoc va truyén tin hiéu dién hoa.

C4 hai loai SAM dugc khao sat, MUA va L-Cysteine (L-Cysteine trinh bay &
Phu lyc 1), déu hd tro hiéu qua qua trinh cd dinh khang thé va phat hién khang
nguyén BSA-FITC trong dai néng do 0,5-8,0 uM. Tuy nhién, mdi loai SAM thé
hién céc dac tinh dién hoa khac biét: SAM MUA hinh thanh 16p phu day dac, co
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dién tro truyén dién tich 16n Rcr = 38,5 kQ, mang lai do 6n dinh va kha nang chan
bé mit tdt; trong khi d6, SAM L-Cysteine cho phép truyén dién tich nhanh. Su khac
biét nay phan anh anh hudng cua ciu tric phan tir va dic tinh hoa hoc cua timg hop

chat thiol 1én kha ning truyén dién tir va twong tac sinh hoc.

Nhitng két qua thu duoc khong chi xac nhén thanh cong cua quy trinh chirc
ning hoéa bé mit dién cuc vang bang cac hop chit chira nhom thiol, ma con cung
cép co s¢ khoa hoc va thyc nghiém viing chic cho viéc lua chon va tdi wu héa thanh
phan SAM trong cac cam bién mién dich dién héa sau nay. Quy trinh nay dong thoi
dong vai tro nén tang cho giai doan tiép theo, phat trién quy trinh chirc ning héa
dién cuc phat hién protein VP28 — chi dau sinh hoc dic trung cua vi-rat gay bénh
d6m tring WSSV trén tém nudi.

4.2.2. Két qua phat hién protein VP28 véi hé do thwong mai
4.2.2.1. Khio sat quy trinh bién tinh cim bién mién dich

[—— quét CV trong dung dich HAUCI,| N s——
o} g
_1 | 0 P . <
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Hinh 4.25. Qua trinh phi AuNPs: (a) Quét 20 vong CV trén dién cuc BareCE trong
dung dich HAuCls 165 pM tir —0,6 V dén +0,5 V (Hinh chén: quet CV dién cyc
BareCE trong dung dich dién ly cung dai va toc d6 quét); (b) Quét 7 vong CV trén
dién cuc CE/AuNPs trong dung dich H2SO4 1 M tir —0,2 V dén +1,4 V, & toc do
quét 50 mV/s (Hinh chen: quét CV dién cuc BareCE trong dung dich H2SO4 cung
dai va toc do quét).

Hinh 4.25a minh hoa qué trinh quét 20 vong CV trén dién cyc SPCE tran
(BareCE) trong dung dich HAuCls 165 pM tir —0,6 V dén +0,5 V & téc do quét 50
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mV/s. Trén dudng dong dién thé c6 dinh khir tir Au** vé Au® & dién thé xap xi —0,4
V (so véi Ag/AgCl) theo phuong trinh (2.3) biéu thi phan tng ling dong tong thé
cua hat vang trén dién cuc cacbon [138]. Hinh chén trong Hinh 4.25a mo ta dd thi
CV cua dién cuc BareCE quét trong dung dich dién ly (dudng chdm den), cho thiy
xudt hién dinh oxi hoa—khtr dic trung. Hinh 4.25b biéu dién qua trinh quét 7 vong
CV trén CE/AuNPs trong dung dich HxSO4 IM tir 0,2 V dén +1,4 V, & tc d6 quét
50 mV/s. Dinh oxy héa ¢ +1,1 V va dinh khtr & +0,7 V trén d6 thi dong dién twong
ung voi sy hinh thanh vang hydroxit tr vang trong moi trudng axit, cling nhu sy
khtr cac oxit vang va hydroxit vang hinh thanh trudc do tré lai vang [97], [139],
[140]. Hinh chén trong Hinh 4.25b mé ta d6 thi CV cua dién cuc BareCE quét trong
cung dung dich H2SOs (duong chim den), cho thiy khéong xuit hién dinh oxi
hoa—khtr. Két qua nay cho thdy sy tong hop thanh cong cac hat vang bang ky thuat
quét CV. Ngoai ra, budc nay c6 hi€u qua trong viéc lam sach bé mat cac hat vang
duoc léng dong, tir do tao diéu kién thuan loi cho cac buéde tiép theo trong quy trinh

phat trién cdm bién mién dich.

BareCE
20} ——CE/AuNPs
BareAuE

(@) -04 00 04 08 12
E (V)

Hinh 4.26. (a) D6 thi CV quét trén BareCE va CE/AuNPs va BareAuE trong dung
dich H2SO4 1 M tir —0,2 V dén +1,4 V, & tc d6 quét 50 mV/s; (b) Anh SEM cua
AuNPs trén CE/AuNPs (Hinh chén: Anh SEM phong dai cac hat vang c6 dudng

kinh tir 48 dén 58 nm).

Hinh 4.26a cho théy cac dd thi CV duge quét trén cac dién cuc cacbon SPCE
tran (BareCE), SPCE da phu vang (CE/AuNPs) va vang SPAuE tran (BareAuE)
trong dung dich H2SO4 1 M tir 0,2 V dén +1,4 V, & toc d6 quét 50 mV/s. Rd rang
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1a dién cuc cacbon tran (BareCE) khong biéu hién cic dinh oxi hoa ciing nhu dinh
khir trén d6 thi CV (dudng mau den). Trong khi d6, vi tri ctia cac dinh oxy héa va
khtr trén dién cuc cacbon phi AuNPs (CE/AuNPs) twong tng voi vi tri dinh trén
dién cuc vang tran (BareAuE). Hinh 4.26b cho thdy anh SEM mé ta AuNPs trén
CE/AuNPs. Két qua truc quan nay ching minh ring qué trinh phu cic hat nano
vang bang ky thuat quét thé tuan hoan phan tan dong déu cac hat vang c6 kich
thudc nano (AuNPs) véi dudng kinh nam trong khoang tir 48 dén 58 nm nhu duoc
minh hoa bang cac chdm tring trong anh SEM. Tin hiéu CV trén Hinh 4.25 va Hinh
4.26a két hop v6i anh SEM trén Hinh 4.26b, cho thiy AuNPs da duoc ling dong va
lam sach trén bé mat dién cuc cacbon. B&é mit AuNPs nay dong vai tro la nén tang
dé hinh thanh SAM, c6 dinh cac khang thé, cho phép lién két c6 chon loc vdi cac

loai protein muc tiéu [141].
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Hinh 4.27. (a) B6 thi Nyquist (Hinh chén: Mach twong duong Randles) va (b) P
thi CV cua dién cuc BareCE va CE/AuNPs trong dung dich dién ly ¢ toc do quét 50
mV/s véi dién cuc so sanh Ag/AgCl.

Sau qua trinh phu vang, dién cuc CE/AuNPs duogc so sanh véi cac dic tinh
dién hoa cua dién cuc cacbon tran ban dau (bareCE). Két qua so sanh dugc thé hién
0 Hinh 4.27. Hinh 4.27a cho théy su thay ddi trong dd thi EIS cua dién cuc cam
bién sau khi lang dong AuNPs, duoc ghi lai ¢ dién ap xoay chiéu c6 bién d6 10 mV
va dai tan thay doi tir 105 Hz dén 0,01 Hz trong dung dich dién ly. Giao dién dién

cuc va dung dich di¢n ly dugc mo ta béng mach tuong duong Randles, bao g6m
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dién tré cua dung dich Ry, dién dung 16p kép Cai, dién trd chuyén dién tich Rer va
dién tr¢ Warburg W (hinh chen trong Hinh 4.27a). Khi bé mit dién cuc duogc chic
ning hoa tiép xtGc véi dung dich dién ly, phan tng oxy héa khir s& tao ra céc
electron va tao diéu kién cho chung di chuyén trén bé mat dién cuc. Do d6, Rer ¢o
lién quan dén qua trinh truyén dién tich, cung cip tin hiéu quan trong lién quan dén
hinh thai va d6 dan dién cta bé mat dién cuc. Rer cta dién cuc bareCE ban dau cao
0 muc 5,2 kQ sau do gidm manh xuéng 0,5 kQ, xép xi 93,2% sau budc phu vang.
Db thi CV trong Hinh 4.27b cho thiy sy dich chuyén cta cac dinh oxi hoa khir dong
dién, minh ching cho sy bién ddi trén bé mat dién cuc. Ngoai ra, cac dinh dong
dién tang va nhon hon cho théy dién cuc sau khi phu vang, thé hién do truyén dién
tich ciing nhu toc d6 phan tng oxi hoa khtr duoc cai thién. Pién tré giam dang ké,
phu hop véi su gia tang dong dién cuc dai thé hién rd sy hinh thanh cdu trac AuNPs
trén bé mat dién cuc. Lép AuNPs nay gitip ting cuong do nhay ciia cam bién va kha

nang cb dinh SAM.
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Hinh 4.28. (a) D6 thi Nyquist va (b) D6 thi CV thay d6i sau khi pht AuNPs va hinh
thanh SAM.

Tiép theo d6, sy hinh thanh SAM trén bé mat dién cuc duoc ching minh
bang su gia ting dang ké gia tri Rer, dat t6i 2,0 kQ. Két qua nay dugc thé hién 1d
rang trong Hinh 4.28a, duong kinh ctia hinh ban nguyét mau dé (CE/AuNPs/MUA)
tang dang ké so voi duong kinh ciia hinh ban nguyét mau xanh (CE/AuNPs). Dong
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thoi, viée giam va dich chuyén dong dién cuc dai trong Hinh 4.28b phu hop véi tinh
nhat quan quan sat duoc trong cac két qua thuc nghiém va ching thuc cac phat hién
ctia nghién ctru trude d6 [54], [142], di chi ra ring qua trinh hinh thinh SAM MUA

dugc dic trung bdi sy tang trd khang.

Hinh 4.29 cho théy su thay doi trong dd thi EIS va CV cua dién cuc cam bién
trong mdi budc stra d6i. Hinh 4.29a mé ta do thi Nyquist ciia cac phép do tré khang
dugc thuc hién trong qué trinh bién tinh tung budc dé c6 dinh dau thu sinh hoc &
ndng d6 150 pg/mL, bao gém kich hoat SAM, cb dinh khang thé anti-VP28 va chin
lién két khong dic hiéu (sir dung BSA 1%). Két qua thi nghiém cho thiy gia tri Rer
tang lan luot tir 0,4 kQ 1én 1,6 kQ va sau d6 1én 1,9 kQ twong tng v4i ba bude noi
trén. Su thay d6i dang ké nay vé dién trd truyén dién tich, ciing voi nhitng bién dbi
trong tin hiéu CV trong Hinh 4.29b, x4c nhan sy lién két thanh cong cua khang thé

anti-VP28 véi SAM duogc chiic nang hoda trén bé mat dién cuc.

6 30
\—=— CE/AuNPs/activeMUA
5 | [~*— CE/AuNPs/activeMUA/anti-VP28 20t
—a— CE/AuNPs/activeMUA/BSA/anti-VP28
10F
A4 I’
] g O
=i fz" 10
N = L
2 L
20}
1F 304 Z /— CE/AuNPs/activeMUA
CE/AuNPs/activeMUA/anti-VP28
pee CE/AuNPs/activeMUA/BSA/anti-VP28|
0 1 -40 A 1 3 L
6 10 -0,2 0,0 0,2 0,4 0,6
(a) Z' (kQ) (b) E (V)

Hinh 4.29. (a) Do thi Nyquist va (b) Db thi CV thay dbi trong qua trinh bién tinh
ting budc dé co dinh dau thu sinh hoc & nong d6 150 pg/mL: Kich hoat SAM
(activeMUA), ¢ dinh khang thé (anti-VP28), chin lién két khong dic hiéu (BSA).

4.2.2.2. Phat hién khiang nguyén VP28

Hinh 4.30 minh hoa két qua do phd tong tr& EIS va CV ctia qua trinh phat
hién khang nguyén VP28 & cac nong do khac nhau. Puong kinh cia hinh ban
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nguyét trén d6 thi Nyquist trong Hinh 4.30a ting phi hop véi su giam dan cua cac

dinh dong dién trong Hinh 4.30b twong tmg v&i sy gia ting nong do protein VP28.

Nong dé VP28

y = -0,12758"x + 15,30222
R? = 0,98002

0

20
Néng dé VP28 (ng/mL)
L L

60

6 - 30
Nong do VP28 0 ng/mL —— 0 ng/mL
5t —e— 10 ng/mL 20H ;g :g::::
[ 20ngimL p— 30 ngImL
—v— 30 ng/mL i
4 -+ 40 ngimL 01— a0 noimt
(@] songmL || — o [[7 e
= —>— 60 ng/mL <L
3T E!
N — -10}
2 L
20}
T 30t
0 L . 1 - . )
2 4 6 8 10 40 -0,2 0,0
(a) Z' (kQ) (b)

0.2
E (V)

0,4
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Hinh 4.30. (a) D6 thi Nyquist dap tng EIS va (b) D6 thi CV ctia qué trinh phat hién

protein VP28 & cac nong do khac nhau.

Bang 4.2. Khao sat do 1ap lai cia tin hi¢u CV.

Cm Trung binh Trung binh | Trung binh | Trung binh SD
(ng/mL) Lmaxt (RA) Imax2 (RA) Imaxs (MA) Imax (nA) (nA)
0 15,150 15,215 15,178 15,181 | 0,033
10 13,965 13,950 13,997 13,971 | 0,024
20 12,983 12,945 13,015 12,981 | 0,035
30 11,850 11,844 11,908 11,867 | 0,035
40 9,330 9,448 9,405 9,394 | 0,060
50 8,537 8,397 8,395 8,443 | 0,081
60 7,725 7,716 7,604 7,682 | 0,067

Hinh 4.30b cho théy gia tri dong dién cuc dai anot 15,150 pA, giam dan
xubng con 13,965 pA, 12,986 pA, 11,850 pA, 9,330 pA, 8,537 pA va 7,725 pA

tuong tng ndng do protein VP28 ting 1én 10 ng/mL, 20 ng/mL, 30 ng/mL, 40

ng/mL, 50 ng/mL va 60 ng/mL. bPé nghién cuu do 6n dinh cta bé mat dién cuc, tin

hiéu CV dugc do ba 1an cho mdi 1an phat hién nong d6. Dong dién cuc dai andt

trung binh va d¢ léch chuan ciia cac phép do nay duoc thé hién trong Bang 4.2 va

biéu dd chén & Hinh 4.30b.
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Két qua khao sat cho thiy gia tri dong dién cuc dai andt (Imax) giam dan khi
ndéng do khang nguyén VP28 ting tir 10 dén 60 ng/mL. Dong dinh andt giam khi
ndng d6 VP28 ting do hiéu tng phu bit bé mit cua cac phirc hop khang thé—khang
nguyén hinh thanh nhiéu hon 1am giam dién tich bé mat dién hoa hitu hiéu, ting
dién tro truyén dién tich lam can tr¢ qua trinh trao ddi dién tich gitra dung dich dién

ly va bé mat dién cuc.
Puong hdi quy tuyén tinh thu duoc c6 phuong trinh:

Iax = —0,12758 X C), + 15,30222 (R? = 0,98002) 4.2)
cho thdy méi twong quan tuyén tinh giira tin hiéu dong dién va ndng do VP28,

chirmng minh d§ nhay va tinh 6n dinh cao ctia cam bién.

Gia tri do léch chuan (SD) trong Bang 4.2 nam trong khoang 0,024-0,081
RA, tuong ing hé s6 bién thién nho (<1%), khéng dinh do¢ lap lai tdt cia cac phép
do. Nhitng két qua nay cho théy hé théng do dién hod va bé mit dién cuc hoat dong
6n dinh, c6 kha nang tai tao tin hiéu tin cdy trong qua trinh phat hién khang nguyén
VP28.

Phuong phap Western Blot dugc sir dung dé khao sat sy bét cap dac hi¢u cua
cap hoa chit chinh anti-VP28 va VP28. Két qua phuong phap Western Blot trén
hinh chén Hinh 4.31a d3 ching minh sy gan két dic hiéu giita khang thé anti-VP28
va khang nguyén VP28. Su xuét hién cua dai protein dic trung tai vi tri 28 kDa xac
nhan rang khang thé anti-VP28 nhén biét chinh xac protein VP28 ctia vi-rat WSSV.
Diéu nay khang dinh tinh dic hiéu cua cip khang nguyén—khang thé duoc sir dung
trong hé cam bién dién hod, dam bao do tin cay va do chon loc cao trong qua trinh

phéat hién sinh hoc.

Hinh 4.31a thé hién duong hiéu chuan tuyén tinh gitta d¢ thay doi dién tro
truyén dién tich A Rcr va ndng do protein VP28 trong khoang tir 10 ng/mL dén 60
ng/mL, véi hé s R2=0,98945, duoc xac dinh theo phuong trinh:

AR o7 (kQ) = 0,03922 X Cp (ng/mL) — 0,00764 (4.3)
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Trong d6 Cwm 1a ndng do cua protein VP28.

G161 han phat hién cta dién cyc cam bién 122,38 ng/mL, dugc tinh theo cong
thire (3.2) voi do dbc cua dudng dic tinh tir cong thic (4.3) bang 0,03922 kQ
mL/ng, d6 1éch chuin dugc tinh toan dua trén 3 gia tri mau tréng thu duoc tir dién

cuc CE/AuNPs/activeMUA/BSA/anti-VP28 bang 0,03115 kQ.

7
25} MigVE28 [ ]Ovalbumin
6 | NSE
2,0} 5| I VP28
c c
x 15} = 4t
- 28 kDa -
3 o3l
1,0t s
< <
2 L
0,5 y = 0,03922*x - 0,00764 11
R? = 0,98945
010 [ N N ! N N 0 EE 15 iy
0 50 100 150 200 250 125 2000 50000
(a) Nong dd VP28 (ng/mL) (b) Nong doé (ng/mL)

Hinh 4.31. (a) Pudng dic tinh sir dung ARcr 1am ham cua ndng do protein VP28
(Hinh chén: Phuong phap Western Blot phat hién VP28. M: Thang Protein); (b) Do
chon loc cua dién cuc CE/AuNPS/activeMUA/BSA/anti-VP28 ddi véi protein
Ovalbumin va NSE.

Kha nang tai tao cua dién cuc cam bién dugc kiém tra béng cach thi nghiém
thém trén hai cam bién khac theo cung mét quy trinh. Két qua cho thay ARcr thay
d6i tuyén tinh theo ndng d6 khang nguyén VP28 trong pham vi tir 10 ng/mL dén 60
ng/mL dbi véi hai cam bién nay, véi hé sd xac dinh (R?) va do doc lan luot 1a
(0,99004 va 0,03948) va (0,98486 va 0,03860), duogc biéu dién bé“mg cac phuong
trinh sau:

AR (kQ) = 0,03948 X Cy(ng/mL) — 0,00924 (4.4)
AR (kQ) = 0,03860 X Cy(ng/mL) — 0,00119 4.5)

Pé danh gia tinh dic hiéu phat hién VP28 cia cam bién
CE/AuNPS/activeMUA/BSA/anti-VP28, ludn an da danh gid kha nang phan ung

ctia cam bién ddi véi cac protein khac, cu thé 1a NSE va Ovalbumin (Hinh 4.31b).
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Phé tré khang dugce trinh bay trong Hinh 4.32 minh hoa phan tng cta dién cuc cam
bién véi cac chit phan tich c6 chtra protein NSE va Ovalbumin. Mic du bién thién
dai nong do ciia NSE va Ovalbumin rat rong, tir 125 ng/mL dén 50.000 ng/mL,
duong kinh ctia hinh ban nguyét trong tin hiéu EIS van twong d6i 6n dinh. Két qua
nay nhan manh tinh dic hiéu cua dién cuc c¢d dinh khang thé anti-VP28 ddi véi

protein VP28.

6 6
Néng dé Ovalbumin —=— 0 ng/mL Nong d6 NSE —=— 0 ng/mL
5k —e— 125 ng/mL 5t —e— 125 ng/mL
—a— 2.000 ng/mL —— 2.000 ng/mL
al —v— 50.000 ng/mL 4l —r—50.000 ng/mL
c G
<3| :*5.3 i
N N
1 2 i 2
1 1r
0 1 1 1 1 1 0 1 1 1 L 1
2 4 6 8 10 2 4 6 8 10
(@) Z' (kQ) (b) Z' (kQ)

Hinh 4.32. D6 thi Nyquist dap tng EIS ¢ cac nong do khac nhau cua protein (a)
Ovalbumin; (b) NSE.

Béng 4.3 trinh bay phan tich so sanh hiéu suat ctia cam bién duoc chirc ning
hoé trong nghién ctru ndy véi cac phuong phép phat hién WSSV khac nhau. Cac
phuong phap duoc so sanh déu dua trén co ché nhan biét mién dich khang thé —
khang nguyén VP28, cho phép danh gia truc tiép sy thay doi tin hiéu dién ho4 tai bé
mit dién cuc. Co ché phat hién dugc ap dung trong nghién ctru ndy hoan toan twong
ddng voi cac phuong phap so sanh, dic biét 1a cac ky thuat CV va EIS, qua d6 dam
bao tinh nhat quan va do tin cay cua két qua so sanh. Bac biét, cam bién mién dich
dién hoa dugc phat trién trong nghién ciru nay thé hién wu diém ndi bat vé do nhay
cao, cau tric don gian va yéu cau thé tich mau nho, giup hé thong dé dang thich ing
cho cac ing dung phéat hién tai chd va theo thoi gian thuc, dac biét phu hop voi cac

trang trai nudi tom con han ché vé trang thiét bi hién dai va nhan luc k¥ thuat.
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Béang 4.3. Phan tich so sanh hi¢u suat cam bién véi cac cong trinh nghién ctru khac.

Phuong phap Co ché Thé tich mAu | Dai phat hi¢n LOD Ti liéu tham
phat hién khao
Ccv Khing thé - 1 uL 1,37x1073 1,37x10° ban [20]
khang nguyén 1,37x107 sao/uL
VP28 ban sao/uL
Tro khang Khing thé - 400 pL 160 — 160000 | RSD 2,6%. [29]
khéng nguyén ban sao
VP26
Dién dung GST-WBP- 300 uL 1 — 1x10° ban | 1 ban sao/uL [54]
WSSV sao/uL
Ap dién tre Khang thé- 60 pL 50 - 10% | 100 virions/mL [36]
VP28/khang virions/mL
thé VP664 -
WSSV
Tro khang dién | Khang thé - 10 uL 10> — 10° DNA | 48,4 DNA bén [37]
hoa khéang nguyén copies/mL sao/mL
VP28
Cong  huong | Khang thé - 100 pL 5 —50 ng/mL 2,5 ng/mL [143]
plasmon bé mat | khang nguyén
Al scFv
Pho tong tré | Khing thé - 2,7 uL 10 — 60 ng/mL | 2,38 ng/mL Nghién ctru
dién hoa khang nguyén nay
VP28

4.2.2.3. Két luan

Nhu vy, trong phan nay, luan an dd phat trién cam bién mién dich don gian,
on dinh, dic hiéu va c6 do nhay va gidi han phat hién t6t dé phat hién protein vo
VP28 cua WSSV. Su phu thanh cong ciia AuNPs trén bé mat dién cuc cacbon 1a nén
tang cho su thanh cong cua quy trinh chirc ning héa dién cyc tiép theo, cho phép
phat hién protein VP28 ¢ khoang nong do tir 10-60 ng/mL. Quy trinh dé xuat da tao
ra sy thay doi dang ké vé tin hiéu ARct & cac n6ng do khac nhau véi hé sb duong
cong dic tinh R? xap xi 0,99, do nhay khoang 0,04 kQ/ng.mL"! trén ca 3 dién cuc
duoc trién khai. Do d6, cam bién dé xuit 1a nén tang, tao diéu kién thuan loi cho
viéc trién khai tich hop cam bién chirc ning hoa dién cuc va hé thong do luong,
theo ddi theo thoi gian thuc nhim ngin ngira va giam thiéu thiét hai do bénh doém

trang gay ra & cac trang trai nudi tom.
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4.2.3. Két qua phat hién protein VP28 véi hé do dé xuit

Tiép ndi két qua dat duoc & phan trude véi cam bién mién dich da duoc phat
trién va hiéu chuan thanh cong, phan nay trinh bay hiéu ning phat hién protein
VP28 khi tich hop cam bién vao hé do dién hoa dé xuat. Thi nghiém dugc thiét ké
nhim dénh gia kha ning thu nhan, xir 1y va truyén tin hiéu dién hod theo thoi gian
thue, dé)ng thoi kiém ching tinh 6n dinh, d6 chinh xac va do 1ap lai cua phép do
trong diéu kién van hanh thuc nghiém. Cac két qua thu dugc cho phép xac nhan tinh
kha thi cua viéc két hop gitta phan cing do dién hoa va cam bién chirc ning hoa bé
mat trong phat hién nhanh protein VP28 cua WSSV.
4.2.3.1. Khao sat quy trinh bién tinh va phat hién protein VP28 véi hé do
WPEMS

Hinh 4.33a m6 ta sy bién d6i cua cac dinh dong trong cac d6 thi CV, bao
gdm sy thay doi vé hinh dang, vi tri va cudng d6 sau mdi budc cta qué trinh stra doi
bé mat dién cuc: hinh thanh va hoat hoa SAM MUA (activeMUA), cd dinh khang
thé (anti-VP28) va bat giit protein muyc tiéu (VP28) véi cac néng do khac nhau.
Diéu nay cho théy su hinh thanh cac 16p vat liéu moi trén bé mit dién cuc. Dinh
dong dién giam dan va tré nén rong hon twong quan véi sy ting ciia nong do VP28
tir 5 dén 25 ng/mL. Két qua nay phu hop véi cac nghién ctru di cong bd [54] va
nhat quan voi két qua ¢ muc 4.2.2. cua luan an [144], khi st dung cac hé théng do

thuong mai.

Hinh 4.33b thé hién dudng dic trung sir dung phan trim bién d6i trong dong
dinh %Almax 1dm ham sb cua ndng d6 khang nguyén VP28, dugc biéu dién boi

phuong trinh sau:
%Al,qx = 0,64755 X Cy(ng/mL) + 11,05801 (4.6)

v6i hé sb R2 14 0,994 va giéi han phat hién (LOD) 14 2,38 ng/mL.
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60 sl V= 0,64755*x + 11,05801
40t R?=0,994
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Hinh 4.33. (a) Tin hi¢u do CV cua quy trinh chirc ndng hoa va phat hién protein
VP28 & cac nong do khac nhau; (b) Puong dic tinh sit dung %Almax 1am ham cua
nong do protein VP28. Mdi thi nghiém phat hién VP28 dugc thuc hién bon lan va

13p lai trén ba cam bién khac nhau.

Bang 4.4. Gié‘ tr1 dong dién cyc dai trung binh ‘cﬁa ba cam bién khéc nhau tai cac
nong do VP28 (duoc do 1ap lai 4 1an cho moi cam bién).

Cm Aul Au2 Au3 Trung binh SD
(ng/mL) | Trung binh | Trung binh | Trung binh Imax (RA) (nA)
Imax (1A) Imax (RA) Imax (1A)

5 16,99013 17,13794 17,09013 17,07273 0,07543
10 16,31723 16,56424 16,40661 16,42936 0,12507
15 15,51205 15,60614 15,31205 15,47675 0,15019
20 14,91904 15,11107 15,04817 15,02609 0,09790
25 14,43954 14,55139 14,5063 1 14,49908 0,05627

Mai thi nghiém phat hién VP28 duoc thyc hién bon 1an va 1ap lai trén ba cam
bién khac nhau. Bang chén trén Hinh 4.33b trinh bay dit liéu duéi dang gia tri dong
dién cuc dai trung binh + SD cho ba cam bién nay. Chi tiét cua bang cheén trén Hinh
4.33b dugc cung cap ¢ Bang 4.4. Két qua cho thay gia tri dong dién cuc dai trung
binh (Inay) giam dan khi nong d6 khang nguyén VP28 ting tir 5 dén 25 ng/mL, thé
hién xu hudng dic trung cia co ché cam bién mién dich dua trén can tro truyén dién
tich. Khi lugng khang nguyén VP28 ting, cac phuc hop khang thé—khang nguyén
hinh thanh nhiéu hon, che phii bé mat dién cyc, lam giam dién tich hoat dong dién

hoa va do d6 dong dinh giam. D¢ léch chuan (SD) cua cac phép do trong khoang

153



0,056-0,150 pA, twong tng hé sé bién thién nho (<1%), ching to do lap lai va do

tin cdy cao cua cam bién.

Xu huéng suy giam dong dinh quan sat dugc trén hé do dé& xuit hoan toan
phtt hop vé6i co ché dd duoc phan tich trén hé do thwong mai véi cing quy trinh
chtrc ning hoa. Qua trinh hinh thanh 16p SAM, c¢b dinh khang thé anti-VP28, chin
lién két khong dic hiéu va bat giir protein VP28 1am can tré qua trinh truyén dién
tich, ddn dén su suy giam dong dinh. Do hé do dé xuat str dung cing quy trinh chtic
nang hoéa va diéu kién do nhu hé do thuong mai, su thay ddi tin hiéu CV thu duge
phan anh ciing ban chat dién héa, qua d6 khang dinh hé do dé xuét c6 kha ning tai

hién co ché phat hién cua cam bién.

Bang 4.5. So sanh két qua nghién ctru dé xuét véi cac cong trinh khac.

Phuong Pién Muc Thé Dai phat Giéi han Dai Dinh/ Hé¢ do TLTK
phap cuc tiéu tich hién phat hién quét Dién ap dinh
miu
Cv Glassy | VP28, 1 uL 1,37x103 | 1,37x10° | -0,8 V | Equilibrium CHI440B [20]
Cacbon | WSSV copies/uL. | copies/uL dén potential CH
trong dén 0,4V | ((EpatEpc)/2)/ | Instrument,
cic mau 1,37x107 -0,4V us
tom, cua copies/uL
Kiéu ty, | Vang | WSSV 300 uL 1 dén 20 -0,3V | Pinhoxihod/ | Eco Chemie | [54]
cv  dé trong 103 copies/uL. dén ~0,5V u-Autolab
kiém tra mau copies/uL 0,7V B.V,
cac budc nuwdc hd Utrecht,
bién tinh tom Netherland
CvV Vang VP28 3uL 5 dén 2,38 -0,2V | Pinh oxi hoa/ | Thiét bi | Nghién
25 ng/mL dén 0,51V cAm tay tw | ciru nay
ng/mL 0,6V | déno,53V phat  trién
WPEMS

Bang 4.5 so sanh cac két qua nghién ctru nay voi cic cong trinh nghién ciru
khac da cong bd vé phat hién WSSV, str dung co ché lién két khang nguyén-khang
thé VP28 dé phat hién WSSV trong cac mau tom va cua penaeid [20], va co ché lién
két GST-WBP (glutathione-S-transferase tag for white spot binding protein) -
protein dom tring dé phat hién WSSV trong nudc ao nudi tom [54], voi thé tich
mau twong ddi 16n (300 pL) va sir dung hé théng do dién hoéa thuong mai dé ban.
So véi cac cong trinh nay, thiét bj va quy trinh dugc dé xuit trong luan an cho thay

nhiéu vu diém ndi bat, bao gdm thé tich miu do rat nho (3 pL), giéi han phat hién
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thip (2,38 ng/mL), dai do va co ché phat hién phu hop cho tng dung chin doan
thuc té, ddng thoi tich hop thanh cong trén thiét bi cAm tay WPEMS. Nhitng két qua
nay khong chi khing dinh hiéu suit va do tin ciy ctia phuong phap dé xuit, ma con
cho thay tiém ning tmg dung cao trong gidm sat va chan doan nhanh WSSV ngoai

phong thi nghiém, dap g yéu cau thyc tién trong nudi trong thuy san.

Dé kiém tra do dic hiéu, dién cuc anti-VP28 dugc trong dung dich VP28
15 ng/mL ¢6 bd sung protein NSE thu dugc tin hiéu %Almas v6i sai s6 1,92% so voi
dung dich VP28 tinh khiét & nong do 15 ng/mL. Két qua cho thiy kha ning cta
thiét bi WPEMS trong viéc phat hién WSSV nhanh chong, don gian va hiéu qua.
Diéu nay dap ung nhu cau cap thiét trong viéc phat trién cac thiét bi dién tir nho
gon, than thién v&i nguoi dung cho kiém tra tai chd, giam thiéu cac rui ro lién quan

dén thiét hai do dich bénh [20].
4.2.3.2. Két luan

Mach diéu khién

)

‘ Két ndi wifi

&

Wy !

V

Do thei gian thuc

; Phan mém diéu
Dung dich d T
HRg e ehign Gl
N Loc tin hiéu |’\f
\ ’ [ Hién thj
CM J ‘
— ’ Imin/ Imax | Xuét, tinh toan cac | ——
\/ AE théng sé6 dic treng

Hinh 4.34. Phuong thirc van hanh thiét bi.
Nhu da dé cap ¢ trén, VP28, protein chi ddu sinh hoc, duoc st dung rong rii
dé phat hién vi-rat gay hoi ching doém tring WSSV do nd c6 nhiéu trong vo vi-rat

[33], [34]. Mtic d6 biéu hién cao ctia n6 cho phép cac phuong phap phat hién nhay,
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tao diéu kién thuén loi cho viéc chian doan va kiém soat sém WSSV trong moi
treong nudi trong thay san [37]. Vi hién trang co sé xét nghiém, chan doan thuong
thiéu & cac trang trai, cic phwong phap phat hién VP28 tai chd 1a rat can thiét. Do
d6, trong phan nay, luan 4n phat trién thanh céng hé thong do dién hoa khong day
WPEMS phat hién VP28, bao gém cam bién mién dich, mach do dién hoa tich hop
va giao dién dd hoa than thién véi ngudi dung (Hinh 4.34). Két hop nén tang kién
trac tong thé da dugc trinh bay & Hinh 3.6, Hinh 4.34 mo6 ta chi tiét quy trinh van
hanh va ludng dit liéu cta hé thong, tir protein VP28 tuong tac véi 16p khang thé ¢
dinh trén bé mit dién cuc, tao ra tin hiéu dién héa duge thu nhan va xu 1y béi mach
do, dén qua trinh truyén dit liéu qua nén tang Cloud bang giao thic MQTT va hién
thi két qua trén may tinh, tng dung di dong. Thong qua phan tich phép do CV trén
cam bién vang duoc chiic ning hoa, khang thé anti-VP28 dugc ¢ dinh théng qua
16p SAM MUA, hé thong thé hién mdi twong quan tuyén tinh manh mé giita mirc
dd bién thién quan sat dugc & dong dién cuc dai va néng do VP28 tir 5 dén 25
ng/mL v&i hé s6 R? 13 0,994.

4.2.4. Két qua buwéc dau phat hién WSSV trén miu thue véi hé do WPEMS dé

xuat

Sau khi xdc nhan dugc d§ nhay va tinh tuyén tinh cao cua hé do WPEMS
trong viéc phat hién protein VP28 tinh khiét, budc tiép theo ctia nghién ctru 1a danh
gia kha ning tng dung thuc té ctia hé théng trong phat hién vi-rit gy bénh dém
trang WSSV trén mau thuc sinh hoc. Phan nay trinh bay cac két qua thir nghiém st
dung mau t6m duong tinh véi WSSV nhim kiém chtng hiéu qua phat hién cta hé
do WPEMS trong diéu kién mau thyc té.

Céc dién cuc SPAUE chirc ning hoa khang thé anti-VP28, sau khi 0 trong
dung dich protein VP28 tinh khiét va dung dich mau tom WSSV, dugc quét CV
trong dung dich dién ly. Két qua cho thdy muc suy giam dong dinh anét twong ddi
%Almax dat 32,25% d6i voi mau VP28 tinh khiét (d6i ching duong) va 42,75% dbi
véi mau tom duong tinh véi WSSV (Hinh 4.35).

156



90+ 90+
60 60
— 30F _ 30}
£ £
= Or =
—— Bare
-30F ——MUA -30F
anti-vP28
-60 ——VP28 -60
-200 0 200 400 600
(a) E (mV) (b)

Bare
—— MUA
anti-VP28
— WSSV
-200 200 400 600
E (mV)

Hinh 4.35. Tin hi¢u do CV cua quy trinh chirc nang hda va phat hién (a) protein
VP28; (b) WSSV.

Két hop v6i Hinh 4.35, Bang 4.6 trinh bay chi tiét cac gia tri dong dinh anot

thu dugc tir phép do quét thé tuan hoan CV tuong tng véi timg trang thai bé mat

dién cuc SPAuUE, bao gém dién cuc tran, dién cuc phu MUA, dién cuc da chirc nang

hoa khang thé anti-VP28, va dién cuc sau khi tuong tac voi protein VP28 tinh khiét

(d6i chtng dwong) cling nhu mau tom dwong tinh véi WSSV.

Bang 4.6. Gia tri dong dinh an6t ctia dién cuc SPAUE trong cac budc chirc nang hoa
va phat hién WSSV bang phép do CV va murc suy gidm tin hi¢u %Almax phat hién

WSSV.
Mau Imax (RA) | Almax (A) | %o Almax
Dién cuc tran 78,97158
bién cuc phu MUA 35,03239
bién cuc da chirc nang hoa anti-VP28 26,43859
Dién cyuc phat hién VP28 (d6i ching duong) 17,91336 8,52523 32,25%
bién cuc phat hién WSSV (ni1) 15,13690 11,30169 | 42,75%
bién cuc phat hién WSSV (n2) 15,21704 11,22155 | 42,44%
bién cuc phat hién WSSV (n3) 15,20856 11,23003 42,48%

Két qua cho thiy Imax gidm tudn ty qua cac budc chirc nang héa va qua trinh

nhan biét sinh hoc, phan anh sy hinh thanh 16p sinh hoc cach dién trén bé mit dién

cuc, lam can tré qua trinh truyén dién tich. Mirc suy giam dong dinh twong ddi
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%Almax dat 32,25% d6i véi mau VP28 tinh khiét (d6i ching duong) va dat 42,75%
d6i v6i mau tom nhi€ém WSSV, cho thay tin hiéu dién héa thu duge tir mau sinh hoc
thuc té rd rét va co do nhay cao. Céac phép do lap lai trén mau tdom nhiém WSSV
(n1—n3) cho gia tr1 dong dinh trung binh dat 15,19 + 0,04 pA, dé léch chuin tuong
dbi 0,29%, cho théy do lap lai va do 6n dinh cao cua hé do. Nhiing két qua nay
khing dinh kha ning tng dung ctia hé do WPEMS trong phat hién WSSV trén miu
thue, khong chi giéi han & phat hién protein tinh khiét trong diéu kién phong thi
nghi¢m.

4.3. Mot s dé xuat

4.3.1. Pé xuit hé thong tw dong diéu khién chu trinh cam bién

oS
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Hinh 4.36. Hé thong dé xuat diéu khién tur dong chuyén dong cam bién. Hanh trinh
cam bién: mii tén mau do.

Dé theo ddi bénh ddm trang tai chd va thoi gian thyc & trang trai nudi tom
trong diéu kién nguén luc han ché, hé théng diéu khién tu dong chuyén dong cua
cam bién dugc dé xuat trén Hinh 4.36 bao gém 9 thanh phan chinh: (1) Truc tron,
(2) con truogt, (3) dé cam bién, (4) gia d3, (5) cam bién, (6) hop chira dung dich

mau, (7) hop chtra dung dich do, (8) truc vitme, (9) dong co bude. Pong co budc
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ndi voi truc truyén dong vitme, chuyén dong theo 2 phuong (ngang va doc). Con
truot duoc thiét ké dé chuyén chuyén dong x0dn cla truc vitme thanh chuyén dong
dai va chuyén dong trén thanh tron. Ngoai ra n6 con la khung lap dit cho dé cam
bién. Hanh trinh cta cam bién duoc thé hién béng miii tén mau do6, bit dau tur dung
dich mau va két thuc & dung dich do.

4.3.2. Pé xuit irng dung hoc may trong dw doan nhiém WSSV

Viéc lya chon thuat toan hoc may (Machine Learning — ML) phu hop dé du
doan nhiém WSSV dua trén dir liéu dién hoa phu thudc vao dac trung cua bo div
liéu, kich thuéc mau va do phirc tap cia bai toan du doan. DPéi voi cac mau thuc
dugc thu thap trong cic diéu kién méi truong khac nhau, viéc tng dung ML gitip
ting cuong kha nang phan loai, phat hién bat thudng va du doan sém tin hiéu nhiém
bénh tir dit ligu cam bién.

Lién quan dén nghién ctru nay, hai thudt toan hoc may duoc dé xuit trién
khai 1a Support Vector Machines (SVM) va Naive Bayes (NB), von da chiing minh

hiéu qua trong nhiéu tmg dung sinh hoc va du doan protein.
- (1) Support Vector Machines (SVM):

SVM la mét thuat toan phan loai manh mé c6 kha nang xur 1y dir liéu nhiéu
chiéu va tim kiém ranh giéi toi vu gitta cac nhom dir liéu. Nhd vao cac ham nhan
(kernel), SVM c¢6 thé nhan dién cic mau phi tuyén tinh trong dit liéu phuc tap, do
d6 rat phu hop dé phan tich tin hiéu dién hoa von chiu anh hudng cia nhiéu yéu td
moi truong. SVM da dugc ung dung thanh cong trong cac bai todn tin sinh hoc nhu

phan loai trinh tu gen, du doan cdu tric va chiic ning protein.
- (2) Naive Bayes (NB):

Naive Bayes 1a mdt thuat toan phan loai xéc suét don gian nhung hiéu qua,
dua trén dinh ly Bayes va gia dinh doc 1ap c6 diéu kién gifra cac dic trung. Thuat
toan nay dic biét hiru ich vai dir lidu da chiéu, co toc d6 huan luyén nhanh va kha

ning tong quat tbt, phu hop cho cac tmg dung phén tich dit liéu dién hoa trong phat
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hién protein. Naive Bayes da duoc ap dung rong rai trong cac nghién ctru tin sinh

hoc dé phan loai mau gen, du doan chirc ndng protein va nhan dang mau dit liu.

Hai m6 hinh SVM va NB duoc dé xuét trién khai va so sanh dé xac dinh mé
hinh phu hop nhét cho nhiém vu du doan nhiém WSSV dua trén dit liéu dién hoa
phat hién protein VP28. Hi¢u nang cua cdc mo hinh s€ dugc danh gia thong qua cac
chi s6 nhu d6 chinh xac (accuracy), 6 nhay (sensitivity), do dic hiéu (specificity)
va gia tri F1, két hop v6i phuong phap xac thuc chéo (cross-validation) dé dam bao

tinh tin cdy cua két qua.

Vector
dac trwng

D liéu

huan
luyén

Machine
Learning

Gan nhan

dac trwng

Két qua dw doan

White Spot 0.7
ol L ey

Hinh 4.37. Minh hoa quy trinh ing dung hoc mdy trong phat hién tom nhiém
WSSV str dung YOLO Object Detection.

Hinh 4.37 minh hoa quy trinh xdy dung mé hinh hoc may ban dau cho phat
hién t6m nhiém dém trang, bao gém: (i) gan nhan dit liéu hinh anh bang khung chi
nhat, (ii) hudn luyén moé hinh phat hién d6i tuong (Object Detection) st dung
YOLO, va (iii) phat hién, dinh vi cac d6i twong di dugc hudn luyén trén cac anh

mol.
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Két luan chwong

Trong chuong nay, cac két qua nghién ctru da ching minh su thanh cong quy
trinh chtrc ning hoa dién cuc va hé théng do dién hoa di dong khong diy WPEMS
trong viéc phat hién protein VP28 - chi d4u sinh hoc dic trung cta vi-rat WSSV,

V& cdu phan cam bién, cac thi nghiém dbi chimg véi protein BSA-FITC da
1am 13 vai trd quan trong cia 16p SAM (MUA va L-Cysteine) trong viéc ¢b dinh
khang thé va nang cao dd on dinh cua bé mit dién cuc. Trong do, 16p MUA tao nén
cach dién 6n dinh, L-Cysteine ho trg truyén dién tich nhanh hon, qua d6 dinh hudéng
lya chon véat liéu SAM phu hop cho phat trién cam bién dién hoa. Bén canh do, qua
trinh phu AuNPs trén dién cuc cacbon (CE) da cai thién dang ké do dan va dién tich
hoat dong, tao diéu kién thuan loi cho viéc hinh thanh 16p SAM va gén anti-VP28.
Cam bién CE/AuNPs/activeMUA/BSA/anti-VP28 cho thay quan hé tuyén tinh tot
giita ARct va nong do VP28 (R2 = 0,989), véi gidi han phat hién 2,38 ng/mL, dong

thoi thé hién tinh 13p lai va chon loc cao trudce céac protein khong dic hi¢u.

Céc két qua thu dugce khong chi khang dinh hiéu qua ciia quy trinh chirc ning
hoéa bé mat dién cuc trong phat hi¢n protein VP28 ma con cho théy tiem nang mo
rong cua cong nghé 16i. Quy trinh twong tu da duoc &p dung thanh céng cho phat
hién protein NSE — chi dau sinh hoc dic trung ctia ung thu phdi, qua d6 chirng minh
kha ning phat trién cam bién dién héa da muc tiéu. Chi tiét vé viéc tng dung quy
trinh chirc nang hod dién cyuc trong phat hién protein NSE dugc trinh bay trong Phu

luc 2, 1am 3 hon tinh kha thi va da tng dung cta cong nghé duoc dé xuat.

Vé hé théng do dién hoa WPEMS, céac phép thir cho thy hé théng hoat dong
6n dinh va chinh xac trong ca hai ché d6 do c6 day va khong day. Ung dung
Android va phan mém diéu khién dugc phét trién cho phép hién thi, cap nhat va luu
trtr dir li€u do theo thoi gian thuc, déng thoi trich xuét tu dong gia tri cuc dai, cuc
tiéu va tinh toan nong d6. Khi tich hop cam bién vao hé do WPEMS, phép do CV
trén dién cyc vang cd dinh anti-VP28 cho thdy quan hé tuyén tinh manh giita

%Almax va nong d6 VP28 trong dai 5-25 ng/mL theo phuong trinh %Al ., =
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0,64755 x Cy + 11,05801 vdi R2= 0,994 va LOD = 2,38 ng/mL. Cac thi nghiém
do 13p lai 4 1an trén 3 cam bién doc 1ap cho SD = 0,056-0,150 pA, twong tmg hé sb
bién thién (RSD) nho hon 1%, ching t6 do on dinh va tai 1ap cao.

Déng cht y, trong khi nhiéu nghién ctiru gan day vé phat hién WSSV chu yéu
tap trung vao phat trién cdu tric cam bién va van sir dung cac hé thong do dién hoa
thuong mai trong phong thi nghi¢m [145], nghién ctru nay da xay dung thanh cong
hé thng do dién hoa di dong khong diy WPEMS c¢6 tiém ning hoat dong doc 1ap
trén thuc dia. Thiét bi dugc phat trién tir cac linh kién dién tir phd thong, tich hop
ngudn pin, man hinh hién thi va két ndi IoT, cho phép thu nhén, xtr 1y va truyén di
liéu theo thot gian thuc. WPEMS khong chi duy tri do chinh xac va do 6n dinh ma
con ¢ uu thé ro rét vé tinh co dong, chi phi.

Céc két qua thuc nghiém trén mau to6m duong tinh WSSV da xic nhan kha
nang phat hién tai chd VP28 nhanh chéng va chinh xac, qua d6 khang dinh tinh kha
thi va tiém nang ing dung thyc té ciia hé thdng WPEMS trong giam sat va canh bao

dich bénh tém nuoi.
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KET LUAN VA KIEN NGHI

Qua qua trinh thyc hién, lun an da hoan thanh cac muc tiéu dé ra, bao gém
nghién ctiru cong nghé cam bién dién hoa, xac dinh dau thu sinh hoc phu hop, phat
trién quy trinh chirc ning héa dién cuc, va danh gia hiéu ning cua hé thong phat
hién vi-rat gy bénh doém tring WSSV trén t6m nudi. Trén co s 1y thuyét vé dién
hoa, ciu tric vi-rat WSSV va co ché bit cip khang thé—khang nguyén, nghién ciru
d3 xac dinh dugc khang thé anti-VP28 14 dau thu sinh hoc dic hiéu dé cb dinh trén
dién cuc cam bién. Khang thé nay cho phép nhan biét protein vo VP28, chi dau sinh
hoc dic trung cia WSSV, tao nén tang cho qua trinh phat hién vi-rat bang phuong
phép di¢n hoa.

Quy trinh chirc ning hoa dién cuc duge xay dung va kiém ching qua ba giai
doan chinh. Pau tién, cac hat nano vang (AuNPs) dugc phu lén bé mit dién cuc
bang k¥ thuat quét thé tudn hoan (CV), gitp ting cuong kha ning dan dién va mo
rong dién tich bé mait hoat hoa dbi voi dién cuc cacbon (cac dién cuc vang duoc
chtrc nang hod bt dau tir budc tiép theo). Tiép theo, don 16p tu lip rap SAM dugc
hinh thanh tir hop chiat MUA pha trong dung dich ethanol, dong vai trd 1a 16p trung
gian 6n dinh cho viéc gén két sinh hoc. Cudi cung, khang thé anti-VP28 dugc cd
dinh 1én bé mat dién cuc thong qua lién két cong hoa tri, tao nén cam bién dién hoa

¢6 tinh dic hiéu cao d6i véi vi-rat WSSV.

Trong quy trinh chtrc ning hoa dién cuc, cac phép do dién hoa EIS cho thay
su thay doi 1o rét cua dién tré truyén dién tich (ARcT) theo né)ng do protein VP28,
quan hé tuyén tinh dugc biéu dién theo phuong trinh AR (kQ) = 0,03922 x
Cy(ng/mL) — 0,00764 véi hé s6 tuong quan R2 = 0,98945, gidi han phat hién dat
muc 2,38 ng/mL, thé hién do nhay cao cia cam bién. Céc thi nghi¢m doi ching voi
protein Ovalbumin va NSE khéng dinh cam bién c6 do chon loc tét, chi phan ng

dac hi¢u vdi protein muc tiéu VP28.

Bén canh do, tinh méi cua luén an dugc thé hién qua viéc phat trién thanh

cong hé théng do dién hoa di dong WPEMS voi mach diéu khién tich hop va phan
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mém diéu khién than thién, cho phép thyuc hién phép do CV, xir Iy va hién thi dit
lidu theo thoi gian thuc. Su thay doi cua dinh dong dién trong phép do CV thé hién
méi twong quan rd rang véi ndng do protein VP28, cung cip tin hiéu dinh lwong
phuc vu phat hién nhanh vi-rat WSSV. Phép do CV trén dién cuc vang cb dinh anti-
VP28 cho thdy quan hé tuyén tinh manh giita %Almax va ndng d6 VP28 trong dai 5—
25 ng/mL theo phuong trinh %Al = 0,64755 X Cy, + 11,05801 v4i R? = 0,994
va LOD = 2,38 ng/mL. Két qua nay chirng minh tinh kha thi ctia viéc phat trién thiét
bi cam bién dién hoa di dong phuc vu chan doan sém bénh dém tréng tai hién
truong, gop phan giam thiéu thiét hai va hd tro kiém soat dich bénh trong nudi trong

thuy san.

Pé hoan thién va mo rong két qua nghién ciru, can tiép tuc danh gia hé thong
trén s luong mau 16n hon trong diéu kién nudi thuc té, bao gdm miu tom khoe (dbi
chirmg am), mau tdm nhiém WSSV véi cac mirc do khac nhau va cac miu tom
nhiém céac bénh khac nhu EHP, AHPND. Két qua s& giup danh gia toan dién do dic
hiéu, d6 on dinh, do tin cay va kha nang irng dung cua hé théng trong diéu kién thuc

té, dong thoi tao co sé cho viée hoan thién va huéng t6i thuong mai hoa thiét bi.

Thiét bi do dién hoa di dong can duoc t6i wu vé kich thude, nang lugng tiéu
thu va kha ning két ndi khong diy dé phuc vu giam sat tir xa va canh bao dich bénh.
Bén canh do, hé théng 6 thé duoc tich hop khe cam thé nhé SD hodc sir dung bo
nhé Flash ndi bd ctia ESP32 dé luu trir tam thoi dit lidu trong trudng hop mat két
ndi mang. Khi két ndi duge khoi phuc, dit li¢u da luu sé dugc tu dong truyén 1én

may chu dé cap nhat day du dir liéu.

Huéng nghién ciru tiép theo sé& tap trung mé rong nén tang cong nghé cam
bién dién hoa nay cho viéc phat hién nhiéu tac nhan gy bénh khac trong thiy san,
hudng téi phat trién hé théng cam bién da muc tiéu phuc vu gidm sat suc khoe vat
nudi mot cach toan dién. Hon hét, cin c6 su hop tac gitra cac co s& nghién ciu,

trung tdm kiém nghiém va doanh nghiép trong linh vuc thily san nham phat trién
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hoan thién thiét bi chin doan tai chd, gop phan vao chién lugc phat trién néng

nghiép cong nghé cao va bén viing tai Viét Nam.

165



DANH MUC CONG TRINH KHOA HQC CUA TAC GIA LIEN QUAN DEN
LUAN AN
Nghién ctru sinh 1a tac gia chinh ctia cac cong trinh khoa hoc sau:

A. Tap chi

[1] Linh Huynh Thi Thuy, Phu Nguyen Dang, Loc Do Quang, Tung Thanh Bui,
Hanh Hong Mai, Chun-Ping Jen, Hung Cao, Trinh Chu Duc, “Critical Role of
11-Mercaptoundecanoic Acid and L-Cysteine Self-Assembled Monolayers in
Electrochemical Immunosensor Development”, (2026), Journal of Applied
Electrochemistry (Electronic ISSN: 1572-8838, Print ISSN: 0021-891X),
Vol. 56, No. 115, https://doi.org/10.1007/s10800-026-02496-1, Impact Factor:
3.0, WoS Q2.

[2] Linh Huynh Thi Thuy, Phu Nguyen Dang, Hung Cao, Anh H. Nguyen, Jung-
Chih Chiao, Chun-Ping Jen, Loc Do Quang, Trinh Chu Duc, and Tung Thanh
Bui, “Electrodeposition of Gold Nanoparticles for a Highly Sensitive
Immunosensor for White Spot Syndrome Virus (WSSV) Envelope Protein VP28
Detection Based on Electrochemical Impedance Spectroscopy Technique”,
(2024), IEEE Sensors Journal (ISSN: 1530-437X/1558-1748), Vol. 24, No. 22,
p36350-36357, https://doi.org/10.1109/JSEN.2024.3468318. Impact Factor:
4.32, WoS Q1.

[3] Linh Huynh Thi Thuy, Minh Le Quang Nhat, Phu Nguyen Dang, Hung Cao,
Hung Anh Nguyen, Jung-Chih Chiao, Chun-Ping Jen, Loc Do Quang, Trinh
Chu Duc, and Tung Thanh Bui, “Wireless and Portable Electrochemical
Measurement System Integrated with Screen-Printed Immunosensor for VP28
Protein Detection”, (2024), IEEE Sensors Letters (ISSN: 24751472), Vol. 8,
No. 10, p4503204, https://doi.org/10.1109/LSENS.2024.3432588. Impact
Factor: 2.78, WoS Q2.

[4] Linh Huynh Thi Thuy, Chun-Ping Jen, Guan-Da Syu, Nha Vo Quang, Cuong
Ngo Xuan, Loc Do Quang, Phu Nguyen Dang, Tung Bui Thanh, Trinh Chu
Duc, “Enhancing the Self-Assembled Monolayer Formation for Protein
Detection Platform through L-Cysteine Utilization”, (2024), Hue University
Journal of Science: Techniques and Technology (pISSN: 2588-1175, eISSN:
2615-9732), Vol. 133, No. 2B, p5-15,
https://doi.org/10.26459/hueuni;jtt.v133i2B.7366.

166


https://doi.org/10.1109/JSEN.2024.3468318
https://doi.org/10.1109/LSENS.2024.3432588
https://doi.org/10.26459/hueunijtt.v133i2B.7366

B. Ky yéu Héi nghi

[S] Linh Huynh Thi Thuy, Phu Nguyen Dang, Hung Cao, Hung Anh Nguyen,
Jung-Chih Chiao, Chun-Ping Jen, Loc Do Quang, Trinh Chu Duc, Tung Thanh
Bui, “A Highly Sensitive Immunosensor for White Spot Syndrome Virus (WSSV)
Envelope Protein VP28 Detection Based on Electrochemical Impedance
Spectroscopy Technique”, (2023), IEEE SENSORS Conference, IEEE Xplore
(ISBN:979-8-3503-0387-2, ISSN: 2168-9229), pl-4,
https://doi.org/10.1109/SENSORS56945.2023.10325273.

[6] Linh Huynh Thi Thuy, Phu Nguyen Dang, Chi Tran Nhu, Thuy Nguyen Tran,
Trung Le Thanh, Huu Nguyen Cong, Chun-Ping Jen, Loc Do Quang, Trinh Chu
Duc, Tung Thanh Bui, “Novel Electrochemical Immunosensing Structure Based
on a Functionalized Carbon Electrode with 11-MUA for NSE Protein
Detection”, (2023), International Conference on Health Science and
Technology — ICHST Conference, IEEE Xplore (ISBN: 979-8-3503-1571-4),
p1-4, https://doi.org/10.1109/ICHST59286.2023.10565337.

[7] Huynh Thi Thuy Linh, Nguyen Dang Phu, Tran Nhu Chi, Do Quang Loc, Bui
Thanh Tung, Tran Thi Thuy Ha and Chu Duc Trinh, “An Effective Carbon
Electrode Modification Process for Protein Detection Based on Gold
Nanoparticles and Immunosensing Approach”, (2023), International Workshop
on Advanced Materials and Devices — IWAMD Conference, Thai Nguyen
University Publishing House (ISBN: 978-604-350-270-1), p34-37.

[8] Linh Huynh Thi-Thuy, Nha Vo Quang, Cuong Ngo Xuan, Thuan Nguyen Duy,
Loc Do Quang, Tung Bui Thanh, Phu Nguyen Dang, Trinh Chu Duc,
“Application of Electrochemical Sensor System in Detecting White Spot
Syndrome Virus: A Review”, (2022), Asian Pacific Federation for Information
Technology in Agriculture — APFITA Conference, Vietnam National University
press, Hanoi, (ISBN: 978-604-9990-32-8), p230-238.

Danh muc ndy gom 08 céng trinh.

167


https://doi.org/10.1109/ICHST59286.2023.10565337

(8]

(9]

[10]

[11]

TAI LIEU THAM KHAO

Peroni Felipe, “Global shrimp output set to increase 2% in 2025: Rabobank,” S&P Global,
2025. Accessed: Oct. 31, 2025. [Online]. Available: https://www.spglobal.com/commodity-
insights/en/news-research/latest-news/agriculture/011525-global-shrimp-output-set-to-
increase-2-in-2025-rabobank

ASC-AQUA.ORG, “Introducing shrimp: the globetrotter of seafood,” Aquaculture
Stewardship Council ASC, 2025. Accessed: Oct. 31, 2025. [Online]. Available: https://asc-
aqua.org/learn-about-seafood-farming/farmed-shrimp/

Mark P Zwart, Bui Thi Minh Dieu, Lia Hemerik, and Just M Vlak, “Evolutionary trajectory
of white spot syndrome virus (WSSV) genome shrinkage during spread in Asia,” PLoS One,
vol. 5, no. 10, pp. 1-11, 2010, doi: 10.1371/journal.pone.0013400.

Lotz ] M, “Viruses, biosecurity and specific pathogen-free stocks in shrimp aquaculture,”
World journal of microbiology and biotechnology, vol. 13, pp. 405413, 1997, doi:
10.1023/A:1018572132529.

C M Escobedo-Bonilla, V Alday-Sanz, M Wille, P Sorgeloos, M B Pensaert, and H J
Nauwynck, “A review on the morphology, molecular characterization, morphogenesis and
pathogenesis of white spot syndrome virus,” Journal of fish diseases, vol. 31, no. 1, pp. 1-
18, 2008, doi: 10.1111/§.1365-2761.2007.00877.x.

Peter J Walker and C V Mohan, “Viral disease emergence in shrimp aquaculture: origins,
impact and the effectiveness of health management strategies,” Reviews in aquaculture, vol.
1, no. 2, pp. 125-154, 2009, doi: 10.1111/j.1753-5131.2009.01007.x.

Balakrishnan Pradeep, Praveen Rai, Seethappa A Mohan, Mudagandur S Shekhar, and
Indrani Karunasagar, “Biology, host range, pathogenesis and diagnosis of white spot
syndrome virus,” Indian Journal of Virology, vol. 23, no. 2, pp. 161-174, 2012, doi:
10.1007/s13337-012-0079-y.

Andrew P Shinn, J Pratoomyot, D Griffiths, T Q Trong, N Thanh Vu, P Jiravanichpaisal, and
M Briggs, “Asian shrimp production and the economic costs of disease,” Asian Fisheries
Science, vol. 31, pp. 29-58, 2018, doi: 10.33997/j.afs.2018.31.s1.003.

“Nghién ciru vat mang virus dém trang (WSSV) giy bénh trén tdm nudi nudc lg va dé xuat
giai phap kiém soat,” Cuc Théng tin Khoa hoc va Cong nghé Quéc gia, 2019. [Online].
Available: https://vista.gov.vn/news/khoa-hoc-nong-nghiep/nghien-cuu-vat-mang-virus-
dom-trang-wssv-gay-benh-tren-tom-nuoi-nuoc-lo-va-de-xuat-giai-phap-kiem-soat-
1331.html

Dain Lee, Young-Bin Yu, Jae-Ho Choi, A-Hyun Jo, Su-Min Hong, Ju-Chan Kang, and Jun-
Hwan Kim, “Viral shrimp diseases listed by the OIE: a review,” Viruses, vol. 14, no. 585,
pp. 1-62, 2022, doi: 10.3390/v14030585.

Vipul Panchal, Sushil Kumar, Shaikh Nausad Hossain, and Dileep Vasudevan, “Structure
analysis of thymidylate synthase from white spot syndrome virus reveals WSSV-specific
structural elements,” International Journal of Biological Macromolecules, vol. 167, pp.
1168-1175, 2021, doi: 10.1016/j.ijbiomac.2020.11.071.

Lo Chu-Fang and Guang-Hsiung Kou, “Virus-associated white spot syndrome of shrimp in
Taiwan: a review,” Fish pathology, vol. 33, no. 4, pp. 365-371, 1998, doi:
10.3147/jsfp.33.365.

Jeff Chia-Kai Hsu, Te-Ken Hsu, Jiji Kannan, Han-Ching Wang, Anchalee Tassanakajon, and
Li-Li Chen, “Diagnostic performance of a Rapid Test Kit for white spot syndrome virus

168



[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[26]

(WSSV),”  Aquaculture, vol. 558, mno. 738379, pp. 1-8, 2022, doi:
10.1016/j.aquaculture.2022.738379.

Alokesh Kumar Ghosh, “Functionality of probiotics on the resistance capacity of shrimp
against white spot syndrome virus (WSSV),” Fish & Shellfish Immunology, vol. 140, no.
108942, pp. 1-13, 2023, doi: 10.1016/.fs1.2023.108942.

Maeda Minoru, Jiraporn Kasornchandra, Toshiaki Itami, Nobutaka Suzuki, Oscar Hennig,
Masakazu Kondo, Juan D Albaladejo, and Yukinori Takahashi, “Effect of various treatments
on white spot syndrome virus (WSSV) from Penacus japonicus (Japan) and P. monodon
(Thailand),” Fish Pathology, vol. 33, no. 4, pp. 381-387, 1998, doi: 10.3147/jsfp.33.381.

Rout Namita, Sudhir Kumar, Shanmugam Jaganmohan, and Vadivel Murugan, “DNA
vaccines encoding viral envelope proteins confer protective immunity against WSSV in
black tiger shrimp,” Vaccine, vol. 25, no. 15, pp. 2778-2786, 2007, doi:
10.1016/j.vaccine.2006.12.056.

Takahashi Yukinori, Kohei Fukuda, Masakazu Kondo, Anan Chongthaleong, Kazuto Nishi,
Minoru Nishimura, Kosuke Ogata, Igarashi Shinya, Katsuyuki Takise, and Yasuyuki
Fujishima, “Detection and prevention of WSSV infection in cultured shrimp,” Asian
Aquaculture Magazine, vol. 75, pp. 25-27, 2003.

Fei Zhu, Wen-Hung Twan, Li-Chun Tseng, Shao-Hung Peng, and Jiang-Shiou Hwang,
“First detection of white spot syndrome virus (WSSV) in the mud shrimp Austinogebia
edulis in Taiwan,” Scientific Reports, vol. 9, no. 1, pp. 1-7, 2019, doi: 10.1038/s41598-019-
54837-0.

Flegel Timothy W, Donald V Lightner, Chu Fang Lo, and Leigh Owens, “Shrimp disease
control: past, present and future,” Diseases in Asian Aquaculture VI. Fish Health Section,
Asian Fisheries Society, Manila, Philippines, vol. 505, pp. 355-378, 2008.

Anusha Natarajan, K S Devi, Sudhakaran Raja, and Annamalai Senthil Kumar, “An elegant
analysis of white spot syndrome virus using a graphene oxide/methylene blue based
electrochemical immunosensor platform,” Scientific reports, vol. 7, no. 1, pp. 1-11, 2017,
doi: 10.1038/srep46169.

“Mot sb nét chinh tinh hinh kinh té — xa hoi quy III va 9 thang nam 2025,” Téng cuc thong
ké  Viet Nam, 2025. Accessed: Oct. 28, 2025. [Online]. Available:
https://www.nso.gov.vn/bai-top/2025/10/mot-so-net-chinh-tinh-hinh-kinh-te-xa-hoi-quy-iii-
va-9-thang-nam-2025/

Thiéu Vin Thanh, “Bénh d6ém tring do vi rat trén tém nudi nudc lg,” S Nong nghiép va
Phat  trién néng  thon Quang  Ninh, 2015. [Online].  Awvailable:
https://www.quangninh.gov.vn/So/sonongnghiepptnt/Trang/ChiTietTinTuc.aspx?nid=4861

Thua Thien Hue Sub Department of Livestock Production and Animal Health, “Aquatic
diseases situation report in Thua Thien Hue Province in 2019-2021,” Thua Thien Hue, Dec.
2021.

Thua Thien Hue Sub Department of Livestock Production and Animal Health, “Aquatic
diseases situation report in Thua Thien Hue Province in 2021,” Thua Thien Hue, Dec. 2021.
Cong Dién, “Thiét hai hang chuc ty déng vi tom nudi nhiém bénh,” Nong nghiép Viét Nam,
2023. [Online]. Available: https://nongnghiep.vn/thiet-hai-hang-chuc-ty-dong-vi-tom-nuoi-
nhiem-benh-d368909.html

Arturo Sénchez-Paz, “White spot syndrome virus: an overview on an emergent concern,”
Veterinary research, vol. 41, no. 6, pp. 1-34, 2010, doi: 10.1051/vetres/2010015.

169



[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

Wang Han Ching, Ikuo Hirono, Mary Beth Bacano Maningas, Kunlaya Somboonwiwat, and
Grant Stentiford, “ICTV virus taxonomy profile: Nimaviridae,” Journal of General
Virology, vol. 100, no. 7, pp. 1053—1054, Jul. 2019, doi: 10.1099/jgv.0.001248.

Xuhua Tang, Jinlu Wu, J. Sivaraman, and Choy Leong Hew, “Crystal Structures of Major
Envelope Proteins VP26 and VP28 from White Spot Syndrome Virus Shed Light on Their
Evolutionary Relationship,” Journal of Virology, vol. 81, no. 12, pp. 6709-6717, Jun. 2007,
doi: 10.1128/jvi.02505-06.

Suchera Loyprasert-Thananimit, Akrapon Saleedang, Proespichaya Kanatharana, Panote
Thavarungkul, and Wilaiwan Chotigeat, “Production of a polyclonal antibody to the VP26
nucleocapsid protein of White Spot Syndrome Virus (WSSV) and its use as a biosensor,”
Frontiers of Chemical Science and Engineering, vol. 6, no. 2, pp. 216-223, 2012, doi:
10.1007/s11705-012-1289-y.

Patil Rajreddy, K. M. Shankar, S. R. Krupesha Sharma, Amod Kulkarni, Prakash Patil, B. T.
Naveen Kumar, and A. K. Sahoo, “Epitope analysis of white spot syndrome virus of
Penaeus monodon by in vivo neutralization assay employing a panel of monoclonal
antibodies,” Fish and Shellfish Immunology, vol. 30, no. 4-5, pp. 1007-1013, 2011, doi:
10.1016/j.£51.2011.01.023.

Wu Wenlin, Lei Wang, and Xiaobo Zhang, “Identification of white spot syndrome virus
(WSSV) envelope proteins involved in shrimp infection,” Virology, vol. 332, no. 2, pp. 578—
583, Feb. 2005, doi: 10.1016/j.virol.2004.12.011.

Chang Yu Hsuan, Ramya Kumar, Tze Hann Ng, and Han Ching Wang, “What vaccination
studies tell us about immunological memory within the innate immune system of cultured
shrimp and crayfish,” Developmental and Comparative Immunology, vol. 80, pp. 53—66,
Mar. 2018, doi: 10.1016/j.dci.2017.03.003.

Abu Salman Talukder, Nusrat Jahan Punom, Md Mostavi Enan Eshik, Mst Khadiza Begum,
H M Rakibul Islam, Zakir Hossain, and Mohammad Shamsur Rahman, “Molecular
identification of white spot syndrome virus (WSSV) and associated risk factors for white
spot disease (WSD) prevalence in shrimp (Penacus monodon) aquaculture in Bangladesh,”
Journal of Invertebrate Pathology, vol. 179, no. 107535, pp. 1-10, 2021, doi:
10.1016/}.jip.2021.107535.

Prabir Kumar Kulabhusan, Jyutika M Rajwade, Vimal Sugumar, Gani Taju, A S Sahul
Hameed, and Kishore M Paknikar, “Field-usable lateral flow immunoassay for the rapid
detection of white spot syndrome virus (WSSV),” PLoS One, vol. 12, no. 1, pp. 1-14, 2017,
doi: 10.1371/journal.pone.0169012.

Mariélle C.W. Van Hulten, Jeroen Witteveldt, Marjolein Snippe, and Just M. Vlak, “White
spot syndrome virus envelope protein VP28 is involved in the systemic infection of
shrimp,” Virology, vol. 285, no. 2, pp. 228-233, Jul. 2001, doi: 10.1006/viro.2001.0928.

Joseph A. Capobianco, Wei Heng Shih, Jiann Horng Leu, Grace Chu Fang Lo, and Wan Y.
Shih, “Label free detection of white spot syndrome virus using lead magnesium niobate-
lead titanate piezoelectric microcantilever sensors,” Biosensors and Bioelectronics, vol. 26,
no. 3, pp. 964-969, Nov. 2010, doi: 10.1016/j.bi0s.2010.08.004.

Kenshin Takemura, Jun Satoh, Jirayu Boonyakida, Sungjo Park, Ankan Dutta Chowdhury,
and Enoch Y Park, “Electrochemical detection of white spot syndrome virus with a silicone
rubber disposable electrode composed of graphene quantum dots and gold nanoparticle-
embedded polyaniline nanowires,” Journal of nanobiotechnology, vol. 18, no. 1, pp. 1-12,
2020, doi: 10.1186/s12951-020-00712-4.

170



[38]

[39]

[41]

[44]

[45]

[46]

[47]

Tran Viét Tién, “Phan biét dém tréng trén tom do vi-rat, vi khuin va méi truong,” UV-Viét
Nam, 2019. [Online]. Available: https://uv-vietham.com.vn/phan-biet-dom-trang-tren-tom-
do-virut-vi-khuan-va-moi-truong

Lightner D. V., “Virus diseases of farmed shrimp in the Western Hemisphere (the
Americas): A review,” Journal of Invertebrate Pathology, vol. 106, no. 1. pp. 110-130, Jan.
2011. doi: 10.1016/j.jip.2010.09.012.

Chu Fang Lo, Jiann-Horng Leu, Ching Hui Ho, Chau Huei Chen, Shao En Peng, You Tzung
Chen, Chih Ming Chou, Pei Yan Yeh, Chang Jen Huang, and Hsin Yiu Chou, “Detection of
baculovirus associated with white spot syndrome (WSBV) in penaeid shrimps using
polymerase chain reaction,” Diseases of aquatic organisms, vol. 25, no. 1-2, pp. 133-141,
1996, doi: 10.3354/dao025133.

L T Tan, S Soon, K L Lee, M Shariff, M D Hassan, and A R Omar, “Quantitative analysis of
an experimental white spot syndrome virus (WSSV) infection in Penaeus monodon
Fabricius using competitive polymerase chain reaction,” Journal of fish diseases, vol. 24,
no. 6, pp. 315-323, 2001, doi: 10.1046/j.1365-2761.2001.00286.x.

Chen Z. J., C. S. Wang, and H. H. Shih, “An assay for quantification of white spot
syndrome virus using a capture ELISA,” Journal of Fish Diseases, vol. 25, no. 4, pp. 249—
251, 2002, doi: 10.1046/j.1365-2761.2002.00360.x.

Chaivisuthangkura Parin, Siwaporn Longyant, Sombat Rukpratanporn, Chutima Srisuk,
Pattarin Sridulyakul, and Paisarn Sithigorngul, “Enhanced white spot syndrome virus
(WSSV) detection sensitivity using monoclonal antibody specific to heterologously
expressed VP19 envelope protein,” Aquaculture, vol. 299, no. 1-4, pp. 15-20, Feb. 2010,
doi: 10.1016/j.aquaculture.2009.12.005.

Wang Yuzhen, Xiaohua Zhang, Li Yuan, Tao Xu, Yu Rao, Jia Li, and Heping Dai,
“Generation of recombinant monoclonal antibodies to study structure-function of envelope
protein VP28 of white spot syndrome virus from shrimp,” Biochemical and Biophysical
Research  Communications, vol. 372, no. 4, pp. 902-906, Aug. 2008, doi:
10.1016/j.bbre.2008.05.152.

Abcam, “Anti-White spot syndrome virus VP28 antibody,” Abcam, 2025.
https://www.abcam.com/en-us/products/primary-antibodies/white-spot-syndrome-virus-
vp28-antibody-ab26935 (accessed Nov. 03, 2025).

Inchara U. B., R. P. Sathish, K. M. Shankar, P. B. Abhiman, and P. Prakash, “Evaluation of
the Sensitivity of the Flow Through Assay for detection of White Spot Syndrome Virus

(WSSV) using a cocktail of monoclonal antibodies,” Journal of Immunological Methods,
vol. 456, pp. 54-60, May 2018, doi: 10.1016/j.jim.2018.02.012.

Sithigorngul Weerawan, Sombat Rukpratanporn, Nilawan Pecharaburanin, Siwaporn
Longyant, Parin Chaivisuthangkura, and Paisarn Sithigorngul, “A simple and rapid
immunochromatographic test strip for detection of white spot syndrome virus (WSSV) of
shrimp,” Diseases of Aquatic Organisms, vol. 72, no. 2, pp. 101-106, Oct. 2006, doi:
10.3354/da0072101.

Alan D. McNaught and Andrew Wilkinson, Compendium of chemical terminology, Version
2.3.3. International Union of Pure and Applied Chemistry, 2014. doi:
10.1351/goldbook.1033522016.

Rebecca L Caygill, G Eric Blair, and Paul A Millner, “A review on viral biosensors to detect
human pathogens,” Analytica chimica acta, vol. 681, no. 1-2, pp. 8-15, 2010, doi:
10.1016/j.aca.2010.09.038.

171



[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

Cooper Matthew A, “Label-free screening of bio-molecular interactions,” Analytical and
bioanalytical chemistry, vol. 377, pp. 834-842, 2003, doi: 10.1007/s00216-003-2111-y.

Gauglitz Giinter, “Direct optical detection in bioanalysis: an update,” Analytical and
bioanalytical chemistry, vol. 398, pp. 2363-2372, 2010, doi: 10.1007/s00216-010-3904-4.

Kagan Kerman, Masaaki Kobayashi, and Eiichi Tamiya, “Recent trends in electrochemical
DNA biosensor technology,” Measurement Science and Technology, vol. 15, no. 2, pp. R1-
R11, 2004, doi: 10.1088/0957-0233/15/2/R01.

Bastian E Rapp, Friederike J Gruhl, and Kerstin Linge, “Biosensors with label-free
detection designed for diagnostic applications,” Analytical and bioanalytical chemistry, vol.
398, pp. 24032412, 2010, doi: 10.1007/s00216-010-3906-2.

Saluma Samanman, Proespichaya Kanatharana, Wilaiwan Chotigeat, Panchalika
Deachamag, and Panote Thavarungkul, “Highly sensitive capacitive biosensor for detecting
white spot syndrome virus in shrimp pond water,” Journal of virological methods, vol. 173,
no. 1, pp. 75-84, 2011, doi: 10.1016/j.jviromet.2011.01.010.

Kimmel Danielle W., Gabriel Leblanc, Mika E. Meschievitz, and David E. Cliffel,
“Electrochemical sensors and biosensors,” Analytical Chemistry, vol. 84, no. 2. pp. 685—
707, Jan. 17, 2012. doi: 10.1021/ac202878q.

Arduini Fabiana, Laura Micheli, Danila Moscone, Giuseppe Palleschi, Silvia Piermarini,
Francesco Ricci, and Giulia Volpe, “Electrochemical biosensors based on nanomodified
screen-printed electrodes: Recent applications in clinical analysis,” Trends in Analytical
Chemistry, vol. 79. Elsevier B.V.,, pp. 114-126, May 01, 2016. doi:
10.1016/j.trac.2016.01.032.

Ahmed Minhaz Uddin, Mohammad Mosharraf Hossain, and FEiichi Tamiya,
“Electrochemical biosensors for medical and food applications,” Electroanalysis, vol. 20,
no. 6. Wiley-VCH Verlag, pp. 616626, 2008. doi: 10.1002/elan.200704121.

Kokkinos Christos, Anastasios Economou, and Mamas 1. Prodromidis, “Electrochemical
immunosensors: Critical survey of different architectures and transduction strategies,”
Trends in Analytical Chemistry, vol. 79. Elsevier B.V., pp. 88—105, May 01, 2016. doi:
10.1016/j.trac.2015.11.020.

Pinh Thuong Van, “Nghién ciru ng dung cong nghé san xuat khang thé don dong
(Monoclonal Antibody) dé chan doan nhanh bénh virus trén tom nudi,” Vién Han lam Khoa
hoc va Cong nghé Viét Nam, 2011. https://vast.gov.vn/tin-chi-tiet/-/chi-tiet/nghien-cuu-ung-
dung-cong-nghe-san-xuat-khang-the-%C4%91on-dong-monoclonal-antibody-%C4%91e-
chan-%C4%91o0an-nhanh-benh-virus-tren-tom-nuoi-2887-437.html  (accessed Nov. 02,
2025).

Phan Tuén Nghia, Nguyén Thi Van Anh, and Pham Kién Cudng, “Nghién ciru ché tao ché
pham probiotic dang bao tir Bacillus subtilis tai tf) hop dé phong virus gdy bénh dém ‘gréng o
tom,” HE THONG THONG TIN QUOC GIA VE KHOA HOC, CONG NGHE VA POI MOI
SANG  TAO, 2016.  Accessed: Jan. 21,  2026. [Online].  Available:
https://sti.vista.gov.vn/projects/udnv/nghien-cuu-che-tao-che-pham-probiotic-dang-bao-tu-
bacillus-subtilis-tai-to-hop-de-phong-virus-gay-benh-dom-trang-o-tom-685.html

Yaziji Hadi, Clive R Taylor, Neal S Goldstein, David J Dabbs, Elizabeth H Hammond,
Bryan Hewlett, Alton D Floyd, Todd S Barry, Alvn W Martin, Sunil Badve, Frederick
Baehner, Richard W Cartun, Richard N Eisen, Paul E Swanson, Stephen M Hewitt, Mogen
Vyberg, and David G Hicks, “Consensus Recommendations on Estrogen Receptor Testing

172



[64]

[65]

[68]

[69]

[70]

[71]

[73]

in Breast Cancer By Immunohistochemistry,” Applied Immunohistochemistry & Molecular
Morphology , vol. 16, no. 6, pp. 513-520, 2008, doi: 10.1097/PA1.0b013e31818a9d3a.

Veskimée K., S. Staff, A. Gronholm, M. Pesu, M. Laaksonen, M. Nykter, J. Isola, and J.
Maienpédd, “Assessment of PARP protein expression in epithelial ovarian cancer by ELISA
pharmacodynamic assay and immunohistochemistry,” Tumor Biology, vol. 37, no. 9, pp.
11991-11999, Sep. 2016, doi: 10.1007/s13277-016-5062-6.

Schmitt Manfred, Alexandra S. Sturmheit, Anita Welk, Christel Schnelldorfer, and Nadia
Harbeck, “Procedures for the Quantitative Protein Determination of Urokinase and Its
Inhibitor, PAI-1, in Human Breast Cancer Tissue Extracts by ELISA,” in Methods in
Molecular Medicine, vol. 120, 2006, pp. 245-265. doi: 10.1385/1-59259-969-9:245.

Grimwade Lizz, Emma Gudgin, David Bloxham, Mike A. Scott, and Wendy N. Erber,
“PML protein analysis using imaging flow cytometry,” Journal of Clinical Pathology, vol.
64, no. 5, pp. 447450, May 2011, doi: 10.1136/jcp.2010.085662.

Kuo Ho Chang, Kuang Che Kuo, Pin Xian Du, Batuhan Birol Keskin, Wen Yu Su, Tzong
Shiann Ho, Pei Shan Tsai, Chi Ho Pau, Hsi Chang Shih, Ying Hsien Huang, Ken Pen Weng,
and Guan Da Syu, “Profiling Humoral Immunity After Mixing and Matching COVID-19
Vaccines Using SARS-CoV-2 Variant Protein Microarrays,” Molecular and Cellular
Proteomics, vol. 22, no. 4, Apr. 2023, doi: 10.1016/j.mcpro.2023.100507.

Serrano V M, I S P Silva, A R Cardoso, and M G F Sales, “Carbon electrodes with gold
nanoparticles for the electrochemical detection of miRNA 21-5p,” Chemosensors, 2022,
doi: 10.3390/chemosensors10050189.

Kim Hye Jin, Dongsung Park, Yejin Park, Dae-Hyeong Kim, and Jinsik Kim, “Electric-
Field-Mediated In-Sensor Alignment of Antibody’s Orientation to Enhance the Antibody—
Antigen Binding for Ultrahigh Sensitivity Sensors,” Nano Letters, vol. 22, no. 16, pp. 6537—
6544, 2022, doi: 10.1021/acs.nanolett.2c01584.

Albareda-Sirvent Miquel, Arben Merkoci, and Salvador Alegret, “Configurations used in
the design of screen-printed enzymatic biosensors. A review,” Sensors and Actuators B:
Chemical, vol. 69, no. 1-2, pp. 153-163, 2000, doi: 10.1016/S0925-4005(00)00536-0.

Holford Timothy R J, Frank Davis, and Séamus P J Higson, “Recent trends in antibody
based sensors,” Biosensors and Bioelectronics, vol. 34, no. 1, pp. 12-24, 2012, doi:
10.1016/j.bi0s.2011.10.023.

Olkhov Rouslan V and Andrew M Shaw, “Label-free antibody—antigen binding detection by
optical sensor array based on surface-synthesized gold nanoparticles,” Biosensors and
Bioelectronics, vol. 23, no. 8, pp. 1298-1302, 2008, doi: 10.1016/j.bios.2007.11.023.

Sadrjavadi Komail, Mojtaba Taran, Ali Fattahi, and Alireza Khoshroo, “A microelectrode
system for simple measurement of neuron specific enolase with photolithography
technique,”  Microchemical  Journal, vol. 182, p. 107889, 2022, doi:
10.1016/j.microc.2022.107889.

Ahmed Minhaz Uddin, Mohammad Mosharraf Hossain, Mohammadali Safavieh, Yen Lu
Wong, Ibrahim Abd Rahman, Mohammed Zourob, and Eiichi Tamiya, “Toward the
development of smart and low cost point-of-care biosensors based on screen printed
electrodes,” Critical reviews in biotechnology, vol. 36, no. 3, pp. 495-505, 2016, doi:
10.3109/07388551.2014.992387.

Wong Pooi See, Sheila Nathan, and Lee Yook Heng, “A disposable copper (II) ion biosensor
based on self-assembly of L-cysteine on gold nanoparticle-modified screen-printed carbon
electrode,” Journal of Sensors, vol. 2011, pp. 1-5, 2011, doi: 10.1155/2011/230535.

173



[74]

[75]

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

Kanokwan Charoenkitamorn, Orawon Chailapakul, and Weena Siangproh, “Development of
gold nanoparticles modified screen-printed carbon electrode for the analysis of thiram,
disulfiram and their derivative in food wusing ultra-high performance liquid
chromatography,” Talanta, vol. 132, pp. 416-423, 2015, doi: 10.1016/j.talanta.2014.09.020.

Gotti Guillaume, Katia Fajerwerg, David Evrard, and Pierre Gros, “Electrodeposited gold
nanoparticles on glassy carbon: Correlation between nanoparticles characteristics and
oxygen reduction kinetics in neutral media,” Electrochimica Acta, vol. 128, pp. 412-419,
2014, doi: 10.1016/j.electacta.2013.10.172.

Teddy Hezard, Katia Fajerwerg, David Evrard, Vincent Colliere, Philippe Behra, and Pierre
Gros, “Gold nanoparticles electrodeposited on glassy carbon using cyclic voltammetry:
Application to Hg (II) trace analysis,” Journal of Electroanalytical Chemistry, vol. 664, pp.
46-52, 2012, doi: 10.1016/j.jelechem.2011.10.014.

Fan Yan, Juntao Liu, Yang Wang, Jinping Luo, Huiren Xu, Shengwei Xu, and Xinxia Cali,
“A wireless point-of-care testing system for the detection of neuron-specific enolase with
microfluidic paper-based analytical devices,” Biosensors and Bioelectronics, vol. 95, pp.
60-66, 2017, doi: 10.1016/j.bios.2017.04.003.

Afkhami Abbas, Pegah Hashemi, Hasan Bagheri, Jafar Salimian, Ali Ahmadi, and Tayyebeh
Madrakian, “Impedimetric immunosensor for the label-free and direct detection of
botulinum neurotoxin serotype A using Au nanoparticles/graphene-chitosan composite,”
Biosensors and  Bioelectronics, vol. 93, pp. 124-131, Jul. 2017, doi:
10.1016/j.b10s.2016.09.059.

Welch Nicholas G., Judith A. Scoble, Benjamin W. Muir, and Paul J. Pigram, “Orientation
and characterization of immobilized antibodies for improved immunoassays (Review),”
Biointerphases, vol. 12, no. 2, Jun. 2017, doi: 10.1116/1.4978435.

Crivianu-Gaita Victor and Michael Thompson, “Immobilization of Fab’ fragments onto
substrate surfaces: A survey of methods and applications,” Biosensors and Bioelectronics,
vol. 70. Elsevier Ltd, pp. 167-180, Aug. 05, 2015. doi: 10.1016/j.bi0s.2015.03.032.

Nggyén Phudc Thudn, Dd Hiéu Liém, and Huynh Thi Bach Yén, Gido trinh sinh héa hoc
phan 1l: Trao doi chat va nang lwong. NXB Nong nghi¢p, 2007.

Chen Shengfu, Lingyun Liu, Jian Zhou, and Shaoyi Jiang, “Controlling antibody orientation
on charged self-assembled monolayers,” Langmuir, vol. 19, no. 7, pp. 2859-2864, Apr.
2003, doi: 10.1021/1a026498v.

Love J. Christopher, Lara A. Estroff, Jennah K. Kriebel, Ralph G. Nuzzo, and George M.
Whitesides, “Self-assembled monolayers of thiolates on metals as a form of
nanotechnology,” Chemical Reviews, vol. 105, no. 4, pp. 1103-1169, Apr. 2005, doi:
10.1021/cr0300789.

Kim Dong Chung and Dae Joon Kang, “Molecular recognition and specific interactions for
biosensing applications,” Sensors, vol. 8, no. 10, pp. 6605-6641, 2008, doi:
10.3390/s8106605.

Ignat Teodora, Mihaela Miu, Irina Kleps, Adina Bragaru, Monica Simion, and Mihai Danila,
“Electrochemical characterization of BSA/11-mercaptoundecanoic acid on Au electrode,”
Materials Science and Engineering: B, vol. 169, no. 1-3, pp. 55-61, 2010, doi:
10.1016/j.mseb.2009.11.021.

Ahmad Azrilawani and Eric Moore, “Electrochemical immunosensor modified with self-
assembled monolayer of 11-mercaptoundecanoic acid on gold electrodes for detection of

174



[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

benzo [a] pyrene in water,” Analyst, vol. 137, no. 24, pp. 5839-5844, 2012, doi:
10.1039/C2AN35236B.

Chaki Nirmalya K and K Vijayamohanan, “Self-assembled monolayers as a tunable
platform for biosensor applications,” Biosensors and Bioelectronics, vol. 17, no. 1-2, pp. 1-
12, 2002, doi: 10.1016/S0956-5663(01)00277-9.

Arya Sunil K., Pratima R. Solanki, Monika Datta, and Bansi D. Malhotra, “Recent advances
in self-assembled monolayers based biomolecular electronic devices,” Biosensors and
Bioelectronics, vol. 24, no. 9, pp. 2810-2817, May 2009, doi: 10.1016/j.bi0s.2009.02.008.

Samanta Debasis and Amitabha Sarkar, “Immobilization of bio-macromolecules on self-
assembled monolayers: Methods and sensor applications,” Chemical Society Reviews, vol.
40, no. 5, pp. 2567-2592, Apr. 2011, doi: 10.1039/c0cs00056f.

Wink Th, S J Van Zuilen, A Bult, and W P Van Bennekom, “Self-assembled monolayers for
biosensors,” Analyst, vol. 122, no. 4, pp. 43R-50R, 1997, doi: 10.1039/A6069641.

Moccelini Sally Katiuce, Suellen Cadorin Fernandes, and Iolanda Cruz Vieira, “Bean sprout
peroxidase biosensor based on I-cysteine self-assembled monolayer for the determination of
dopamine,” Sensors and Actuators, B: Chemical, vol. 133, no. 2, pp. 364-369, Aug. 2008,
doi: 10.1016/j.snb.2008.02.039.

Wang Sheng-Fu, Dan Du, and Qi-Chao Zou, “Electrochemical behavior of epinephrine at L-
cysteine self-assembled monolayers modified gold electrode,” Talanta, vol. 57, pp. 687—
692, 2002, doi: 10.1016/S0039-9140(02)00072-3.

Arrigan Damien W.M. and Loic Le Bihan, “A study of L-cysteine adsorption on gold via
electrochemical desorption and copper(Il) ion complexation,” Analyst, vol. 124, no. 11, pp.
16451649, 1999, doi: 10.1039/a905370k.

Wang Wenjing, Zhijian Yi, Qiongxin Liang, Junjie Zhen, Rui Wang, Mei Li, Lingwen Zeng,
and Yongfang Li, “In Situ Deposition of Gold Nanoparticles and L-Cysteine on Screen-
Printed Carbon Electrode for Rapid Electrochemical Determination of As(Ill) in Water and
Tea,” Biosensors, vol. 13, no. 1, Jan. 2023, doi: 10.3390/bios13010130.

Yang Wenrong, J Justin Gooding, and D Brynn Hibbert, “Characterisation of gold
electrodes modified with self-assembled monolayers of L-cysteine for the adsorptive
stripping analysis of copper,” Journal of Electroanalytical Chemistry, vol. 516, pp. 1016,
2001, doi: 10.1016/S0022-0728(01)00649-0.

Aydin Elif Burcu, Muhammet Aydin, and Mustafa Kemal Sezgintiirk, “Highly selective and
sensitive sandwich immunosensor platform modified with MUA-capped GNPs for detection
of spike Receptor Binding Domain protein: A precious marker of COVID 19 infection,”
Sensors and Actuators, B: Chemical, vol. 345, Oct. 2021, doi: 10.1016/j.snb.2021.130355.

S J Xia and V I Birss, “A multi-technique study of compact and hydrous Au oxide growth in
0.1 M sulfuric acid solutions,” Journal of Electroanalytical Chemistry, vol. 500, no. 1-2,
pp- 562-573, 2001, doi: 10.1016/S0022-0728(00)00415-0.

Tang Yue and Wenlong Cheng, “Nanoparticle-modified electrode with size- and shape-
dependent electrocatalytic activities,” Langmuir, vol. 29, no. 9, pp. 3125-3132, Mar. 2013,
doi: 10.1021/1a304616k.

da Silva Everson T.S.G., Dénio E.P. Souto, José T.C. Barragan, Juliana de F. Giarola, Ana
C.M. de Moraes, and Lauro T. Kubota, “Electrochemical Biosensors in Point-of-Care
Devices: Recent Advances and Future Trends,” ChemElectroChem, vol. 4, no. 4. Wiley-
VCH Verlag, pp. 778-794, Apr. 01, 2017. doi: 10.1002/celc.201600758.

175



[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

Lazanas Alexandros Ch and Mamas I. Prodromidis, “Electrochemical Impedance
Spectroscopy—A Tutorial,” ACS Measurement Science Au, vol. 3, no. 3. American Chemical
Society, pp. 162-193, Jun. 21, 2023. doi: 10.1021/acsmeasuresciau.2c00070.

Piedras Jessica, Rocio B. Dominguez, and Juan Manuel Gutiérrez, “Determination of uric
acid in artificial saliva with compact AMP3291 reader and au nanoparticles modified
electrode,” Chemosensors, vol. 9, no. 4, 2021, doi: 10.3390/chemosensors9040073.

Simdes FABIO RUIZ and Miguel Gustavo Xavier, “Electrochemical sensors,” Nanoscience
and its Applications, pp. 155-178, 2017, doi: 10.1016/B978-0-323-49780-0.00006-5.

Lichtenecker Maisson, Maria Cristina, Carpes Marchesan, Andréia Dos, Santos Sachete,
and Fabio Diniz Rossi, “Reference Curriculum for IoT Applied to Anything: A Proposal,”
Literacy Information and Computer Education Journal , vol. 11, no. 11, pp. 3403-3410,
2020, doi: 10.20533/licej.2040.2589.2020.0447.

Minh Le Quang Nhat, Tri Ho Minh, Thang Dang Van, Nhan Nguyen Thanh Thanh, Suu
Nguyen Cuu, and Linh Huynh Thi Thuy, “Application of Internet of Things and computer
vision in building intelligent light model using solar energy,” in Proceedings - 2022 9th
NAFOSTED Conference on Information and Computer Science, NICS 2022, 2022, pp. 361—
366. doi: 10.1109/NICS56915.2022.10013476.

Stolpe Marco, “The Internet of Things: Opportunities and Challenges for Distributed Data
Analysis,” Acm Sigkdd Explorations Newsletter, vol. 18, no. 1, pp. 15-34, 2016, doi:
10.1145/2980765.2980768.

Gil Reiter, “Wireless connectivity for the Internet of Things Network,” Texas Instruments,
2014.

Perwej Yusuf, Majzoob K Omer, Osama E Sheta, Hani M Ali Harb, Mohmed S Adrees, and
Assistant Professor, “The Future of Internet of Things (IoT) and Its Empowering
Technology,” 2019. [Online]. Available: http://ijesc.org/

Mishra Biswajeeban and Attila Kertesz, “The use of MQTT in M2M and IoT systems: A
survey,” IEEE Access, vol. 8, pp- 201071-201086, 2020, doi:
10.1109/ACCESS.2020.3035849.

Soni Dipa and Ashwin Makwana, “A Survey on MQTT: a Protocol of Internet of Things
(IoT),” International Conference on Telecommunication, Power Analysis and Computing
Techniques, Pp- 173-1717, 2017, [Online]. Available:
https://www.researchgate.net/publication/316018571

Light Roger A, “Mosquitto: server and client implementation of the MQTT protocol,” The
Journal of Open Source Software, vol. 2, no. 13, p. 265, May 2017, doi:
10.21105/j0ss.00265.

Alex Peroff, “What is a Potentiostat and how does it work?,” Pine research, 2024. [Online].
Available: https://pineresearch.com/support-article/what-is-a-potentiostat-and-how-does-it-
work/

ArduinoKarl Soderby and Jacob Hylén, “Getting Started with Arduino IDE,”
https://docs.arduino.cc/software/ide-v2/tutorials/getting-started-ide-v2/, Jan. 17, 2024.

Anderson Erik W, Gilbert A Preston, and Claudio T Silva, “Using Python for Signal
Processing and Visualization,” Computing in science & engineering, vol. 12, no. 4, pp. 90—
95,2010, doi: 10.1109/MCSE.2010.91.

Kong Siu-Cheung and Harold Abelson, Computational Thinking Education. Springer
Nature, 2019. doi: https://doi.org/10.1007/978-981-13-6528-7.

176



[115]

[116]

[117]

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

Begel Andrew and Eric Klopfer, “StarLogo TNG: An Introduction to Game Development,”
Journal of E-Learning, pp. 1-15, 2004.

Resnick Mitchel, John Maloney, Andrés Monroy-Hernandez, Natalie Rusk, Evelyn
Eastmond, Karen Brennan, Amon Millner, Eric Rosenbaum, Jay Silver, Brian Silverman,
and Yasmin Kafai, “Scratch: Programming for all,” Communications of the ACM, vol. 52,
no. 11, pp. 60-67, Nov. 2009, doi: 10.1145/1592761.1592779.

Maloney John, Mitchel Resnick, Natalie Rusk, Brian Silverman, and Evelyn Eastmond,
“The scratch programming language and environment,” ACM Transactions on Computing
Education, vol. 10, no. 4, Nov. 2010, doi: 10.1145/1868358.1868363.

Pokress Shaileen Crawford and José Juan Dominguez Veiga, “MIT App Inventor: Enabling
Personal Mobile Computing,” Oct. 2013. doi: 10.48550/arXiv.1310.2830.

Jen Chun Ping, Tamara G. Amstislavskaya, Chen Chi Kuo, and Yu Hung Chen, “Protein
preconcentration using nanofractures generated by nanoparticle-assisted electric breakdown
at junction gaps,” PLoS ONE, vol. 9, no. 7, Jul. 2014, doi: 10.1371/journal.pone.0102050.

Siegenthaler James R., Breanna C. Gushiken, Daniel F. Hill, Stephen L. Cowen, and
Michael L. Heien, “Moving Fast-Scan Cyclic Voltammetry toward FDA Compliance with
Capacitive Decoupling Patient Protection,” ACS Sensors, vol. 5, no. 7, pp. 1890-1899, Jul.
2020, doi: 10.1021/acssensors.9b02249.

Stephen Butterworth, “On the Theory of Filter Amplifiers,” The Wireless Engineer, vol. 7,
no. 6, pp. 536-541, 1930.

Gauglitz Giinter, “Analytical evaluation of sensor measurements,” Analytical and
Bioanalytical Chemistry, vol. 410, no. 1, pp. 5-13, Jan. 2018, doi: 10.1007/s00216-017-
0624-z.

Elgrishi Noémie, Kelley J. Rountree, Brian D. McCarthy, Eric S. Rountree, Thomas T.
Eisenhart, and Jillian L. Dempsey, “A Practical Beginner’s Guide to Cyclic Voltammetry,”
Journal of Chemical Education, vol. 95, no. 2, pp. 197-206, Feb. 2018, doi:
10.1021/acs.jchemed.7b00361.

Idegami Koutarou, Miyuki Chikae, Kagan Kerman, Naoki Nagatani, Teruko Yuhi, Tatsuro
Endo, and Eiichi Tamiya, “Gold nanoparticle-based redox signal enhancement for sensitive
detection of human chorionic gonadotropin hormone,” Electroanalysis, vol. 20, no. 1, pp.
14-21, 2008, doi: 10.1002/elan.200704011.

Chikae Miyuki, Koutarou Idegami, Kagan Kerman, Naoki Nagatani, Mitsuyoshi Ishikawa,
Yuzuru Takamura, and Eiichi Tamiya, “Direct fabrication of catalytic metal nanoparticles
onto the surface of a screen-printed carbon electrode,” Electrochemistry Communications,
vol. 8, no. 8, pp. 1375-1380, Aug. 2006, doi: 10.1016/j.elecom.2006.06.019.

Dawan Supaporn, Rodtichoti Wannapob, Proespichaya Kanatharana, Warakorn Limbut,
Apon Numnuam, Saluma Samanman, and Panote Thavarungkul, “One-step porous gold
fabricated electrode for electrochemical impedance spectroscopy immunosensor detection,”
Electrochimica Acta, vol. 111, pp. 374-383, 2013, doi: 10.1016/j.electacta.2013.08.012.

Ahmad Azrilawani, Lee Pui Kee, and Noor Sheryna Jusoh, “A Comparative Study of Thiols
Self-Assembled Monolayers on Gold Electrode,” Middle-East Journal of Scientific
Research, vol. 24, no. 6, pp. 2152-2158, 2016, doi: 10.5829/idosi.mejsr.2016.24.06.23658.

Khamcharoen Wisarut, Charles S. Henry, and Weena Siangproh, “A novel L-cysteine sensor
using in-situ electropolymerization of L-cysteine: Potential to simple and selective
detection,” Talanta, vol. 237, Jan. 2022, doi: 10.1016/j.talanta.2021.122983.

177



[129]

[130]

[131]

[132]

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

Marques De Oliveira Rodrigo, Jacqueline Ferreira, Marcos J.L. Santos, Roberto M. Faria,
and Osvaldo N. Oliveira, “Probing the functionalization of gold surfaces and protein
adsorption by PM-IRRAS,” ChemPhysChem, vol. 12, no. 9, pp. 1736—1740, Jun. 2011, doi:
10.1002/cphc.201100080.

Vargis Vidhu Sara, Suneesh Punathil Vasu, R. Jyothi Sree, Bipin Nair, and Satheesh Babu
Thekkedath Gopalakrishnan, “Peroxidase Labeled Antibody Conjugated Gold Nanoparticles
for Ultrasensitive Voltammetric Immunosensing,” IEEE Sensors Journal, vol. 20, no. 3, pp.
1142-1149, Feb. 2020, doi: 10.1109/JSEN.2019.2946311.

Ulman Abraham, “Formation and Structure of Self-Assembled Monolayers,” Chemical
Reviews, vol. 96, no. 4, pp. 1533—-1554, 1996, doi: https://doi.org/10.1021/cr9502357.

Ding Shinn Jyh, Bin Wha Chang, Ching Chou Wu, Min Feng Lai, and Hsien Chang Chang,
“Impedance spectral studies of self-assembly of alkanethiols with different chain lengths
using different immobilization strategies on Au electrodes,” Analytica Chimica Acta, vol.
554, no. 1-2, pp. 43-51, Dec. 2005, doi: 10.1016/j.aca.2005.08.046.

Nadia F.D. Silva Claudio M.R. Almeida, Julia M.C.S. Magalhdes, Maria P. Gongalves,
Cristina Freire, Cristina Delerue-Matos, “Development of a disposable paper-based
potentiometric immunosensor for real-time detection of a foodborne pathogen,” Biosensors
and Bioelectronics, vol. 141, p. 111317, Sep. 2019, doi:
https://doi.org/10.1016/j.bi0s.2019.111317.

Silva Nadia F D, Julia M C S Magalhdes, M Fatima Barroso, Teresa Oliva-Teles, Cristina
Freire, and Cristina Delerue-Matos, “In Situ Formation of Gold Nanoparticles in Polymer
Inclusion Membrane: Application as Platform in a Label-Free Potentiometric Immunosensor
for Salmonella Typhimurium Detection,” Talanta, vol. 194, pp. 134-142, 2018, doi:
https://doi.org/10.1016/j.talanta.2018.10.024.

Atabay Saiedeh Agh, Hossein Ahmadzadeh, Parviz Norouzi, Somayeh Dianat, and Kheibar
Dashtian, “Development of a sensitive antibody-based label-free electrochemical
immunosensors for breast cancer diagnosis,” Sensing and Bio-Sensing Research, vol. 48,
Jun. 2025, doi: 10.1016/j.sbsr.2025.100793.

Xiao Yinghong, Chang Ming Li, and Yingshuai Liu, “Electrochemical impedance
characterization of antibody-antigen interaction with signal amplification based on
polypyrrole-streptavidin,” Biosensors and Bioelectronics, vol. 22, no. 12, pp. 3161-3166,
Jun. 2007, doi: 10.1016/j.bi0s.2007.02.008.

Zhong Tao, Zuhua Jiang, Yuxuan Xing, Sicong Jiang, Yuan Wu, and Shiyuan Yao,
“Electrochemical immunosensor based on gold nanoparticles for the detection of creatine
kinase as a cardiac marker,” International Journal of Electrochemical Science , vol. 19, no.
11, Nov. 2024, doi: 10.1016/j.ijjoes.2024.100821.

L Komsiyska and G Staikov, “Electrocrystallization of Au nanoparticles on glassy carbon
from HCIO4 solution containing [AuCl4]-,” Electrochimica Acta, vol. 54, no. 2, pp. 168—
172, 2008, doi: 10.1016/j.electacta.2008.08.013.

Germano Tremiliosi-Filho, L H Dall’ Antonia, and G Jerkiewicz, “Growth of surface oxides
on gold electrodes under well-defined potential, time and temperature conditions,” Journal
of Electroanalytical ~ Chemistry, vol. 578, mno. 1, pp. 1-8, 2005, doi:
10.1016/j.jelechem.2004.12.007.

Wei Zhang, Ahmet Deniz Bas, Edward Ghali, and CHOI Yeonuk, “Passive behavior of gold
in sulfuric acid medium,” Transactions of Nonferrous Metals Society of China, vol. 25, no.
6, pp. 2037-2046, 2015, doi: 10.1016/S1003-6326(15)63813-4.

178



[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]

[149]

[150]

[151]

[152]

S. Kumar, J. Aaron, and K. Sokolov, “Directional conjugation of antibodies to nanoparticles
for synthesis of multiplexed optical contrast agents with both delivery and targeting
moieties,” Nature Protocols, vol. 3, no. 2, pp. 314-320, Feb. 2008, doi:
10.1038/nprot.2008.1.

P. Topolovsek, F. Lamberti, T. Gatti, A. Cito, J. M. Ball, E. Menna, C. Gadermaier, and A.
Petrozza, “Functionalization of transparent conductive oxide electrode for TiO2-free
perovskite solar cells,” Journal of Materials Chemistry A, vol. 5, no. 23, pp. 11882-11893,
2017, doi: 10.1039/c7ta02405c.

Yun Lei, Hongyu Chen, Heping Dai, Zhaorui Zeng, Yi Lin, Feimeng Zhou, and Daiwen
Pang, “Electroless-plated gold films for sensitive surface plasmon resonance detection of
white spot syndrome virus,” Biosensors and Bioelectronics, vol. 23, no. 7, pp. 1200-1207,
Feb. 2008, doi: 10.1016/j.bi0s.2007.10.004.

Linh Huynh Thi Thuy, Phu Nguyen Dang, Hung Cao, Hung Anh Nguyen, Jung-Chih Chiao,
Chun-Ping Jen, Loc Do Quang, Trinh Chu Duc, and Tung Bui Thanh, “A Highly Sensitive
Immunosensor for White Spot Syndrome Virus (WSSV) Envelope Protein VP28 Detection
Based on Electrochemical Impedance Spectroscopy Technique,” 2023. doi:
10.1109/SENSORS56945.2023.10325273.

Yun Young Ran, Hyoung Jun Kim, and Sung Yang, “Molecularly imprinted poly(o-
aminophenol)-based electrochemical sensor for the quantitative detection of a VP28
biomarker for white spot syndrome virus,” Sensors and Actuators Reports, vol. 10, Dec.
2025, doi: 10.1016/j.snr.2025.100375.

Mattei Giorgio, Ludovica Cacopardo, and Arti Ahluwalia, “Engineering gels with time-
evolving viscoelasticity,” Materials, vol. 13, no. 2, Jan. 2020, doi: 10.3390/ma13020438.

Barbosa Oveimar, Claudia Ortiz, Angel Berenguer-Murcia, Rodrigo Torres, Rafael C.
Rodrigues, and Roberto Fernandez-Lafuente, “Glutaraldehyde in bio-catalysts design: A
useful crosslinker and a versatile tool in enzyme immobilization,” RSC Advances, vol. 4, no.
4. pp. 1583-1600, 2014. doi: 10.1039/c3ra45991h.

Feliciano-Ramos Ileana, Miguel Caban-Acevedo, M. Aulice Scibioh, and Carlos R.
Cabrera, “Self-assembled monolayers of l-cysteine on palladium electrodes,” Journal of
Electroanalytical ~Chemistry, vol. 650, no. 1, pp. 98-104, Dec. 2010, doi:
10.1016/j.jelechem.2010.09.001.

Qingwen Li, Gao Hong, Wang Yiming, Luo Guoan, and Ma Jie, “Studies on Self-Assembly
Monolayers of Cysteine on Gold by XPS, QCM, and Electrochemical Techniques,”
Electroanalysis, vol. 13, no. 16, pp. 1342-1346, 2001, doi: 10.1002/1521-
4109(200111)13:16%3C1342::AID-ELAN1342%3E3.0.CO;2-B.

Hend S Magar, Rabeay Y A Hassan, and Ashok Mulchandani, “Electrochemical impedance
spectroscopy (EIS): Principles, construction, and biosensing applications,” Sensors, vol. 21,
no. 19, pp. 1-21, 2021, doi: 10.3390/521196578.

Sangili Arumugam, Thangapandi Kalyani, Shen Ming Chen, Kokilavani Rajendran, and
Saikat Kumar Jana, “Label-free electrochemical immunosensor based on L-cysteine-
functionalized AuNP on reduced graphene oxide for the detection of dengue virus E-protein
in dengue blood serum,” Composites Part B: Engineering, vol. 238, Jun. 2022, doi:
10.1016/j.compositesb.2022.109876.

Lin Peter, Tsung Liang Chuang, Paul Z. Chen, Chii Wann Lin, and Frank X. Gu, “Low-
Fouling Characteristics of Ultrathin Zwitterionic Cysteine SAMs,” Langmuir, vol. 35, no. 5,
pp. 1756-1767, Feb. 2019, doi: 10.1021/acs.langmuir.8b01525.

179



[153] Han Jing, Ying Zhuo, Ya Qin Chai, Ya Li Yuan, and Ruo Yuan, “Novel electrochemical
catalysis as signal amplified strategy for label-free detection of neuron-specific enolase,”

Biosensors and Bioelectronics, vol. 31, no. 1, pp. 399-405, Jan. 2012, doi:
10.1016/j.bi0s.2011.10.055.

180



1.PHU LUC 1 - CHUC NANG HOA PIEN CUC PHAT HIEN PROTEIN
BSA-FITC SU DUNG SAM L-CYSTEINE

Trong nghién ctru ndy, hai loai SAM gbém 11-Mercaptoundecanoic acid
(MUA) va L-Cysteine duoc khao sat nham danh gia anh huong cta vat licu SAM
dén kha ning cb dinh khang thé va hiéu qua truyén tin hiéu dién hoa cta cam bién
mién dich. Vi SAM L-Cysteine, khang thé dugc cb dinh théng qua hai co ché: (i)
lién két chéo bang Glutaraldehyde, va (ii) lién két cong hod tri thong qua hoat hoa
nhém cacboxyl b'fmg EDC/NHS. Viéc so sanh cac loai SAM va co ché ¢d dinh
khang thé gitip xac dinh 16p nén thich hop nhat cho cam bién, dam bao do 6n dinh
cao, kha nang ¢d dinh tbt khang thé 1én bé mat cam bién va hiéu suat nhan biét sinh
hoc.

P1.1. C6 dinh khéng thé thong qua lién két chéo véi SAM L-Cysteine sir dung
Glutaraldehyde

Cam bién mién dich st dung L-Cysteine 1am SAM da dugc phat trién dé
phat hién protein muc tiéu, st dung quy trinh ba budc don gian. Trong budc dau
tién, SAM duoc hinh thanh trén bé mat dién cuc vang st dung axit (R)-2-Amino-3-
mercaptopropionic, L-Cysteine. Budc thir hai khang thé anti-BSA hoat dong nhu
mdt du thu sinh hoc, duoc ¢b dinh trén bé mat dién cuc béng lién két chéo gifra cac
nhéom amin ctia né voi cac nhéom amin ciia L-Cysteine bang cach sir dung
Glutaraldehyde (GTA) [146], [147]. Tuong tng voi mdi loai dau thu sinh hoc, chi
co thé ghép ndi v4i mot muc tiéu dic hiéu, do d6 viéc cb dinh dau thu sinh hoc cling
13 mot bude quan trong, dic trung cho cac ung dung cam bién va chan doan khac
nhau. Budc thir ba 13 budc phat hién BSA-FITC & cac nong do khac nhau, bang
cach quan sat su gia ting tin hiéu quang do lién két dic hiéu cta khang thé khang
BSA (anti-BSA) va protein muc tiéu (BSA-FITC), trong ng véi mirc ting ndng do
BSA-FITC trong khoang tir 0,5 pM dén 8,0 uM. Két hop vé6i nhiing thay d6i o
rang vé tin hiéu dién CV, SWV va EIS, sy hinh thanh cac don 16p trén bé mat dién

cuc va tin hi¢u phat hién cua protein BSA-FITC da dugc xac nhan.
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P1.1.1. Hoa chit va thiét bj

Hoa chét, dién cuc va thiét bi st dung trong quy trinh nay twong tu nhu da
trinh bay & muc 3.2.1 Quy trinh chitc nang hoa dién cuc vang phdt hién protein
BSA-FITC. Glutaraldehyde 50% cua hang Sigma—Aldrich, Hoa Ky, dugc sir dung
1am tac nhan tao lién két chéo giita cac nhom amin (-NHz), giup cb dinh khang thé
1én bé mit dién cuc vang phu 16p SAM L-Cysteine, thay thé cho phuong phéap hoat
hoa bang EDC/NHS. Hinh 3.2 mé ta két ndi cua thiét bi do PalmSens4 véi dién cuc
SPAUE va phan mém PS Trace 5.9 trén may tinh.

P1.1.2. Quy trinh chirc ning hoa dién cuc

Khang thé
£ NH NH N N N
L'CVSteK 2 NH, NH, ’ N§.¢ \\(/ S@”

Screen-Printed Gold Electrode

(3)

Hinh P1.1. So do quy trinh dé xuat: Budc (1) Hinh thanh SAM; Budc (2) C6 dinh
khang thé; Budc (3) Bat giit protein.
Quy trinh chlrc nang hoa dién cuc phat hién protein BSA-FITC sir dung
SAM L-Cysteine duogc thé hién trén Hinh P1.1.
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- Buwdce 1: Hinh thanh SAM.

O buéc 1, SAM L-Cysteine dugc hinh thanh trén bé mat dién cuc lam viée
cta dién cuc SPAuE. Pé thuc hién budc nay, dién cuc dugc ngdm qua dém trong
dung dich L-Cysteine 10 mM pha trong PBS 1X, & nhiét 46 phong. Sau do6 dién cuc
duoc lam sach va ky hiéu SPAuE/SAM.

- Bude 2: C6 dinh khéng thé.

Chuan bi dung dich gdm anti-BSA & ndéng d6 15 pM va glutaraldehyde &
noéng do 5%, pha trong PBS 1X ¢ ty 1¢ thé tich 1:1. Sau d6 nho 3 pL dung dich nay
1én bé miat dién cuc lam viéc cua dién cuc SPAUE/SAM va u trong 2 gio & 4°C.
Trong qué trinh U, Glutaraldehyde tao lién két chéo giira cdc nhom amin cta 16p L-
Cysteine va cac nhom amin cua anti-BSA, gitip khang thé duoc c¢b dinh bén viing
trén bé mit dién cuc. Dién cuc sau d6 duoc lam sach, ky hiéu la SPAuE/SAM/anti-
BSA va dugc bao quan ¢ nhiét do 4°C dé chuan bi cho viéc phat hién protein BSA &

cac nong do khac nhau.

Budc 3 bt giit khang nguyén, Budc 4 phén tich tin hiéu huynh quang, Budc
5 khao sat ddc tinh dién hoa hoan toan tuong tu véi 3 budc 3, 4, 5 da trinh bay &
muc 3.2.1. Quy trinh chirc nang hod dién cuc vang phat hién protein BSA-FITC.
P1.1.3. Két qua phat hién protein BSA-FITC

P1.1.3.1. Két qua khao sat tin hiéu quang

Hinh P1.2 cung cép hinh anh bé mit dién cuc 1am viéc SPAuE/SAM/anti-
BSA/BSA véi néng do protein BSA-FITC tir 0,5 uM dén 8,0 uM. Cac khung chir
nhat nét dt bicu thi ving ROI ¢ dinh dé thyc hién dinh luong cuong d6 huynh
quang. Nhiing hinh 4nh quang nay cho thdy khi nong d¢ tiang lén thi cuong do
huynh quang tré nén manh hon. Hinh P1.3 cho thiy cudng d6 huynh dinh luong
bang phan mém ImageJ, lan luot 14 11,722; 16,319; 20,861; 24,456 va 27,421 tuong
g véi ndng d6 0,5 pM, 1,0 uM, 2,0 uM, 4,0 pM va 8,0 uM. Nong do cang 16n thi
tin hiéu quang cang rd. Két qua nay ching té sy thanh cong trong viéc bat giit va

phat hién protein BSA-FITC & cac nong d6 khac nhau.
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BSA O uM BSA 0,5 uM BSA 1,0 uM

BSA 2,0 uM BSA 4,0 pM BSA 8,0 uM

Hinh P1.2. Anh huynh quang ctia protein BSA-FITC trén bé mat dién cyc lam viée
SPAuE/SAM/anti-BSA/BSA & cac nong do tir 0,5 pM dén 8,0 pM.

(3] 27,421
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Nong dd protein (uM)

g
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Hinh P1.3. Cuong d6 huynh quang & cac nong do protein tir 0,5 pM dén 8,0 pM.
P1.1.3.2. Két qua khao sat tin hiéu dién

Ngoai tin hiéu quang, tin hiéu dién hoa duoc khao sat dé khiang dinh sy hinh

thanh don 16p trén bé mit dién cuc va tin hiéu phat hién protein BSA-FITC.
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—BSA 0,5 M
— SPAUE/SAM

—— SPAUE/SAM
—— SPAUE bare L BSA 1,0 M
40t : 401 |_Bsa20 uM
- BSA 4,0 yM
201 20F |—BSAB8,0 uM
3 of 3 of '
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Hinh P1.4. (a) Tin hi¢u CV trudc va sau khi hinh thanh SAM L-Cysteine trén bé
mat dién cuc; (b) Tin hi¢u CV sau khi hinh thanh SAM, c6 dinh khang thé¢ BSA
(anti-BSA) va bat gilr protein & cac nong do protein BSA-FITC khac nhau.

450 — BSA 0,5 uM — SPAUE/SAM
400F —BSA1,0puM — SPAUE/SAM/anti-BSA
—— BSA 2,0 uM
3501 |_Bsa4,0um \
300} [—BSA 8,0 uM
3250 -
— 200}
150 F
100}
50

-04 -0,2 00 02 04 06 0,8
E (V)
Hinh P1.5. Tin hi¢u SWV sau khi hinh thanh SAM, ¢4 dinh anti-BSA va bat gifr
protein & cac nong do protein BSA khéc nhau.
Hinh Pl.4a cho thiy tin hiéu CV trudc va sau khi hinh thanh SAM L-
Cysteine trén bé mat dién cuc. Su gia tang dinh dong dién sau khi hinh thanh SAM
cho thiy su ting tbc d6 truyén dién tir [148], [149]. Dong dién dinh dugc cai thién

sau khi hinh thanh SAM c¢6 thé dugc coi 13 mot 1gi thé cua L-Cysteine so voi cac
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SAM khéc, thuong duoc dac trung bdi tréd khang tang [54], [142]. Hinh P1.4b cho
théy tin hiéu CV cua dién cyuc sau khi hinh thanh SAM, ¢ dinh anti-BSA va phat
hién protein BSA-FITC & cac ndng d6 khac nhau. Cac dinh dong dién giam sau khi
¢ dinh dau thu sinh hoc va bat gift protein muyc ti€u ¢ cac néng do khac nhau, néng
d6 BSA-FITC cang cao thi tin hiéu dong dién cang thap. Dé khing dinh xu hudng
nay, tin hi€u von-ampe song vuéng (SWV) da duoc khao sat va minh hoa trén Hinh
P1.5. Cac dinh cta dong dién giam manh sau khi c6 dinh anti-BSA va bat gitr

protein & cic ndng d6 protein BSA-FITC khac nhau tir 0,5 uM dén 8,0 uM.

Trong phuong phép EIS, giao tiép giita dién cuc va chat dién ly dugc thé
hién bang mach twong dwong Randles bao gom R, Ca, Rcr va W. Rer dic trung cho
sur truyén dién tich, n6 phu thudc vao hinh thai cling nhu dg dan dién cua bé mit
dién cuc [150]. Do do, dé nghién ctru su thay ddi @6 dan dién cua bé mat dién cuc
sau khi hinh thanh SAM, c¢b dinh anti-BSA va & cac néng do khac nhau cua protein
BSA-FITC, cac dién cuc duoc khao sat tin hiéu EIS, két qua duoc thé hién trén
Hinh P1.6. Hinh P1.6a cho thay duong kinh hinh ban nguyét cta biéu dd Nyquist
ngdy cang ting twong Ung vo&i Rer ting sau khi ¢d dinh dau thu sinh hoc
(SPAUE/SAM/anti-BSA) va va bit giit protein BSA-FITC & cac nong do khac nhau.
Hinh chén trong Hinh Hinh P1.6b hién thi mach tuong duong Randles dugc ty dong
kh6p v6i phan mém PSTrace 5.9 dé tinh cac gia tri Rcr. Hinh P1.6b thé hién sy
twong quan tuyén tinh voi hé s6 R? 1a 0,95136, biéu thi sy bién thién cua dién tro
truyén dién tich (4R.) 13 ham twong tmg véi thay doi vé ndng d6 BSA-FITC (Cwm)
ttr 0,5 uM dén 8,0 uM nhu sau:

AR 7 (kQ) = 0,94301 X Cp, (UM) + 4,81667 (P1.1)

Su chénh l¢ch dang ké & ca tin hiéu dong di¢n va tré khang gitra dién cuc sau
khi gan khang thé va phit SAM, cho thay anti-BSA dugc c6 dinh thanh cong trén bé

mat dién cuc, dit nén tang cho viéc phat hién protein BSA.
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Hinh P1.6. (a) ljin hiéu EIS sau khi hinh thanh SAM, c6 dinh anti-BSA va thu gilr
protein ¢ cac nong d6 protein BSA-FITC khac nhau; (b) AR duge v€ dudi dang
ham ctia nong do protein BSA-FITC.

P1.1.4. Két ludn

Trén co s lién két chéo st dung Glutaraldehyde, quy trinh bién tinh dién cuc
mién dich ba budc, nhanh va hiéu qua, dya trén 16p SAM L-Cysteine da duoc xay
dung thanh cong dé phat hién protein BSA-FITC. Cam bién cho thay su twong quan
r0 rét gitra tin hi¢u dién hoa (CV, SWV, EIS) va tin hiéu quang hoc theo néng do
protein, trong do6 tin hiéu ARcr thé hién mbi quan hé tuyén tinh manh voi n6ng do
BSA-FITC (R?=0,95136).

P1.2. Co dinh khang thé thong qua lién két cong hoa tri trén SAM L-Cysteine
hoat hoa bang EDC/NHS
P1.2.1. Hoa chit va thiét bj

Hoa chat, dién cuc va thiét bi sir dung trong quy trinh nay twong ty nhu di
trinh bay & muc 3.2.1. Quy trinh churc nang hoa dién cuc vang phat hién protein
BSA-FITC. Trong quy trinh ndy, SAM L-Cysteine duoc sir dung dé tao 16p nén hd
trg c6 dinh khang thé hiéu qua, thay thé cho SAM MUA nham d4nh gia anh hudéng
ctia thanh phdn SAM dén kha ning cb dinh sinh hoc va truyén dién tich. Hinh 3.2
mé ta két ndi cua thiét bi do PalmSens4 véi dién cuc SPAUE va phﬁn mém PS Trace

5.9 trén may tinh.
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P1.2.2. Quy trinh chirc ndng hoa dién cuc

Quy trinh chirc ndng hoa dién cuc vang st dung SAM L-Cysteine dugc thuc
hién theo cac budc tuong tu nhu quy trinh da trinh bay & muc 3.2.1. Quy trinh chic
nang hod dién cuc vang phat hién protein BSA-FITC. Khac biét chinh ctua quy trinh
nay nam & viéc thay thé 16p SAM MUA bang SAM L-Cysteine, cho phép danh gia
anh huong cua loai hop chit thiol 1én kha ning c¢6 dinh khang thé va hiéu qua

truyeén dién tich cia bé mat dién cyec.

Cu thé, dién cuc vang SPAUE dugc ngadm qua dém & nhiét do phong trong
dung dich L-Cysteine 5 mM pha trong PBS 1X dé hinh thanh 16p SAM L-Cysteine
thong qua lién két Au—S gita nhom thiol (—-SH) ctia L-Cysteine va bé mat vang cia
dién cyuc. Sau khi hinh thanh 16p SAM, dién cuc duoc rira ndm lan bang nuée DI va
sdy nhe bang khi nito nham loai bé cac phan tir khong gan két. Cac bude tiép theo
bao gom hoat hoa 165p SAM bang EDC/NHS, ¢ dinh khang thé anti-BSA, va phat
hién protein BSA-FITC trong dai n@)ng do 0,5-8,0 uM duoc tién hanh tuong ty nhu

mo ta 6 muc 3.2.1.

Céac phép do CV, SWV va EIS, cung véi phan tich huynh quang va
SEM/EDX, dugc str dung dé xac nhan qua trinh ¢6 dinh sinh hoc va danh gia hiéu
qua truyén dién tich cua 16p SAM L-Cysteine.

P1.2.3. Két qua phat hién protein BSA-FITC

P1.2.3.1. Két qua khao sat tin hiéu quang

Hinh P1.7 trinh bay anh hién vi huynh quang ctia cac dién cuc duoc bién tinh
bang 16p SAM L-Cysteine sau khi bat giit protein BSA-FITC & cac néng do khac
nhau. Cudng do huynh quang ting dan theo nong d6 BSA-FITC tir 0,5 dén 8,0 uM,
cho thiy qua trinh gin két protein dién ra hiéu qua va cac khang thé duoc ¢ dinh
6n dinh trén bé mat dién cuc. Két qua nay chimg minh 16p SAM L-Cysteine cung
cép nén tang thudn loi cho sy tuong tac dac hi¢u gitra khang thé anti-BSA va khang
nguyén BSA-FITC, dong thoi khang dinh tinh kha thi ciia quy trinh chirc ning hoa
dién cuc bang hop chat thiol nay.
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SPAUE/L-Cysteine/Ab SPAUE/L-Cysteine/Ab/Ag 0,5 uM SPAUE/L-Cysteine/Ab/Ag 1,0 uM

200 pm

SPAUE/L-Cysteine/Ab/Ag 8,0 uM SPAUE/L-Cysteine/Ab/Ag 4,0 uM SPAUE/L-Cysteine/Ab/Ag 2,0 uM

Hinh P1.7. Anh huynh quang cua protein BSA-FITC (Ag) ¢ cac nong do tir 0,5 pM
dén 8,0 pM dugc bat giit trén bé mit dién cuc cd dinh khang thé anti-BSA (Ab).
Céc khung chit nhat nét dut biéu thi ving ROI ¢b dinh dé thyc hién dinh luong
cuong do huynh quang.

u.)

(a) SPAUE/L-Cysteine/Ab/Ag

35} 31,89 O34 e .

25F

—d
o

Cwoéng do huynh quang (a.
(6]

o O

0,5uM 1,0 pM 2,0 pM 4,0 uM 8,0 uM

NanoStation

Nang do protein (pM) 15[KV] SP=6 | WD=6.8  x6.4k 0.0[um] AV

Hinh P1.8. Panh gia huynh quang va hinh thai bé mat cua dién cuc sau khi bat giir
BSA-FITC: (a) Cuong d6 huynh quang cta protein BSA-FITC & cac nong do tir 0,5
uM dén 8,0 uM:; (b) Anh SEM ciia dién cyc sau khi bt giit protein BSA-FITC &
n6ng do 5,0 uM.

Céc vung ROI c¢b dinh duoc st dung dé dinh lugng cuong do huynh quang
trung binh bing phan mém ImageJ, dam béo tinh nhat quan giira cac phép do, cho

thiy cudong d6 huynh quang ting theo nong d6 protein BSA-FITC va, phu hop véi
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xu huéng dd quan sat trén dién cyc pht SAM MUA. Hinh P1.8a cho thiy cuong do
huynh quang ting tir 18,65 1én 33,44 khi ndng do BSA-FITC ting tir 0,5 uM dén
8,0 uM, phan anh rd rét qua trinh bét giit protein phu thudc ndng do.

Nhitng ddc diém hinh thai quan sat duoc trén anh SEM ¢ Hinh P1.8b cho
thiy su xuét hién cua cac ving két tu khong dong nhit va do gbd ghé ting Ién trén bé
mit dién cuc sau khi gin protein ¢ néng d6 5,0 pM. Céc dic diém nay phu hop véi
két qua huynh quang, khing dinh hiéu qua cua qua trinh bién tinh bé mat va su bat
giit protein thanh cong trén cac dién cuc da bién tinh bang L-Cysteine. Két qua nay
phtl hop véi cac nghién ctru trude ddy, cho rang chudi phan tir ngin va dic tinh
ludng cuc cia L-Cysteine giup ting cudng twong tac sinh hoc [151], thuc day sy
hinh thanh 16p don on dinh [149], dong thoi giam thiéu hién tugng hap phy khong
dac hiéu [149], [151], [152].

P1.2.3.2. Két qua khao sat tin hiéu dién

S 400 [SRET S
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2 //,;—F 777/— 2 250 I Ag 0,5 uM
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Hinh P1.9. Bap tng dién hoa cia quy trinh chirc nang hoa dién cyc phat hién
protein: (a) Tin hi¢u CV; (b) Tin hiéu SWV cua dién cyc phu L-Cysteine, dién cuc
c¢b dinh khang thé va dién cuc phat hién BSA-FITC (0,5-8,0 pM).

Hinh P1.9 mé ta cac dap tmg CV va SWV tuong Gng cua dién cuc duoc bién
tinh bang L-Cysteine trong cung quy trinh phat hién BSA-FITC. Tuong tu dién cuc
MUA, cac phé) dién hoéa cling thé hién su dich chuyén duong cua thé oxi héa va su

suy giam dong dinh theo ndng d6 khang nguyén, xac nhan qua trinh gan két sinh
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hoc dién ra tuan tu. Tuy nhién, di¢n cyc L-Cysteine cho tin hi€éu dong cao hon dang
ké so v6i dién cuc MUA, phan anh kha ning truyén dién tich tot hon tai giao dién
dién cuc — dung dich dién ly. Cu thé, dong dinh SWV giam tir 354,70 pA sau khi
hinh thanh SAM xudng 263,30 pA sau khi c¢6 dinh khang thé, va con 15,41 pA khi
phat hién BSA-FITC & ndng d6 8,0 uM.

Su thay ddi co6 hé théng nay khéng dinh dd tin cdy cua tin hi¢u dién hoa,
d6ng thoi cho thiy rang L-Cysteine, v4i cdu tric phan tir ngan va nhom chic ludng
cuc, vira duy tri kha ning truyén dién tich cao vira dam béo tinh dic hiéu trong qua

trinh phat hién khang nguyén.

t:SPAuEfL-Cystefne 250 | [L-cysteine fit:
30’0 | e~ SPAUE/L-Cysteine/Ab %AR.y = 15,03 x C,, + 123,12 ®
CaAg 0,5 uM R?=0,95
v—Ag 1,0 uM
22,5t _..Ag 2,0 :M 200 F
a 4= Ag 4,0 pM -
< Ag 8,0 uM O
=150} X 50l
= q i3n cuc Au —+ Khéng thé Ab [— + Khéng nguyén Ag
N ""?. + (gid trj Rgynén) ‘ (BSA-FITC) ‘
1 75l ’ -, ‘ ) . ¥
ﬂ w - 100t
oot @ it o © ® ®  %ARcy L-Cysteine (Sovtr gainba)
' ® i ® L-Cysteine L
1 1 1 1 1 50 L 1 1 L 1 L 1 L 1
o 10 20 30 40 0o 1 2 3 4 5 6 7 8 9
(a) Z' (kQ) (b) Nong do protein (UM)

Hinh P1.10. (a) Pho EIS cua quy trinh chitc nang hoa dién cuc phat hién protein:
dién cuc phit SAM, dién cuc ¢ dinh khang thé va dién cuc phat hién BSA-FITC
(0,5-8,0 uM); (b) D6 thi hiéu chuan biéu dién mdi quan hé tuyén tuyén tinh cta
%ARct vao ndng do BSA-FITC (Hinh chén: so dd minh hoa phép do %ARcr so véi
gia tri nén sau khi gan khang thé).

Hinh P1.10a trinh bay phd EIS cua dién cuc SPAUE dugc bién tinh bang L-
Cysteine, sau khi c6 dinh khang thé va phat hién BSA-FITC trong dai ndng d6 0,5—
8,0 uM. Tuong tu MUA, duong kinh ban nguyét trén do thi Nyquist ting dan khi
néng d6 BSA-FITC ting, biéu hién sy gia ting Rcr do qua trinh gin két khang
nguyén—khang thé. Tuy nhién, cic gia tri Rer cua dién cuc L-Cysteine thap hon 1
rét so vdi1 MUA, cho théy kha nang truyén dién tich vuot tro1. Gia tr1 Rer duoc tu

dong fitting bang phan mém PS Trace 5.9, vdi chat luong fitting dugce danh gia qua
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tham s6 Chi-squared (y2). D6i v6i dién cuc bién tinh L-Cysteine, gia trj ¥* dao dong
tir 0,0031 dén 0,0086 trong toan bo dai ndng do, cho thdy mo hinh mach tuong
duong phu hop tot v6i dir liéu thuc nghiém.

Méi quan hé giita %ARct va ndng do Cm ctia BSA-FITC duoc thé hién trong
Hinh P1.10b, cho thiy mbi trong quan tuyén tinh trong toan dai khao sat, dugc md

ta boi phuong trinh hoi quy:
%AR.r = 15,03 X Cy + 123,12 (R* = 0,95) (P1.2)

Do doc cua duong hoi quy dat 15,03 %ARcr/uM, voi gidi han phat hién
(LOD) 0,03 uM. Nhiing két qua nay chimg minh rang dién cuc bién tinh bing L-
Cysteine duy tri tré khang thap, truyén dién tich nhanh, va ¢ tiém ning cao trong
phat trién cam bién mién dich dién hoa c6 do nhay cao.

P1.2.4. Két ludn

Két qua nghién ctru véi 16p SAM L-Cysteine hoat hoa bang EDC/NHS da
chting minh tinh hiéu qua cta quy trinh chtic ning hoa bé mit dién cyc vang trong
viéc c¢b dinh khang thé va phat hién protein BSA-FITC. Anh huynh quang cho thay
tin hiéu ting theo néng d6 BSA-FITC, khang dinh su gin két khang nguyén dic
hiéu va tinh 6n dinh ctia 16p SAM. Anh SEM thé hién rd su thay ddi hinh thai bé
mat sau khi bit gilt protein, voi do g6 ghé tdng nhe va xuat hién céc vung két tu,

phan 4nh qua trinh bién tinh bé mit dién ra thanh cong.

Céc phép do dién hoéa (CV, SWV va EIS) déu thé hién su bién thién tin hiéu
nhat quan voi co ché gan két sinh hoc, cho phép danh gia dinh lwgng hiéu qua qua
trinh phat hién protein. Pién cuc bién tinh bang L-Cysteine duy tri gia tri dong dinh
cao, dién tro truyén dién tich thép va do nhay cao (15,03 %ARCT/uM), véi gidi han
phat hién dat 0,03 pM.

Nhitng két qua nay cho thdy rang SAM L-Cysteine 1a mot nén tang bién tinh
bé mit hidu qua, vira hd trg qua trinh ¢ dinh khang thé thong qua lién két cong hoa

tri, vira dam bao kha ning phat hién khang nguyén trong dai ndng d6 khac nhau.
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Quy trinh nay c6 thé dugc xem 13 mot mod hinh dang tin cdy, phu hop dé ap dung
trong cac nghién ctru phét trién cam bién sinh hoc dién hod dua trén co ché nhan

biét dic hiéu khang nguyén—khang thé.
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2.PHU LUC 2 - UNG DUNG MO RONG CUA QUY TRINH CHUC NANG
HOA PIEN CUC TRONG PHAT HIEN PROTEIN NSE

Dé ching minh tinh da muc tiéu va kha ning mé rong cua quy trinh chirc
nang hoa dién cyc da dugc phat trién, luan 4n trién khai thém mot nghién clru tng
dung vé6i ddi twong khac, d6 13 protein NSE (Neuron-Specific Enolase). NSE 1a
protein chi d4u sinh hoc quan trong trong chan doan sém ung thu phdi té bao nho
SCLC (Small-Cell Lung Carcinoma) [153]. Nghién ciru & phu luc niy cho thay rang
cing mot quy trinh bién tinh bé mit dién cuc cacbon bang hat nano vang (AuNPs),
tao don 16p tu 1ap rap SAM tir 11-MUA hoat hoa bang EDC/NHS va c¢b dinh khang
thé ddc hiéu, c6 thé duoc tai str dung va diéu chinh linh hoat dé phat hién nhiéu loai

protein khac nhau ngoai muc tiéu chinh cua luén an.

Viéc ap dung cing cong nghé 15i ciia hé thong dé phat hién NSE da khang
dinh tinh kha chuyén, on dinh va hiéu qua cua quy trinh chtic nang hod, mé ra kha
nang phat trién nén tang cam bién dién hoa da myc tiéu cé thé tich hop vao céc thiét
bi xét nghi€ém sinh hoc di dong hoac hé théng chan doan tai chd POCT (Point-of-
Care Testing).

P2.1. Hoa chit va thiét bi

Ciap hoa chat chinh gdm protein Human NSE tai t6 hop (Neuron-Specific
Enolase) va khang thé don dong khang NSE cua hing ThermoFisher Scientific
(My). Cac hoa chit con lai, dién cuc, thiét bi tuong tu vé1 danh muc hoé chét, dién
cuc va thiét bi di cung cdp ¢ quy trinh chirc ning hoa dién cuc cacbon phat hién
protein VP28, muc 3.2.2.1.

P2.2. Quy trinh chirc ning hoa dién cuc

Quy trinh phat hién protein NSE bao gdm cac budc: phi hat nano vang
(AuNPs), hinh thanh va hoat hoa 16p tu lap rap SAM tir MUA, c¢6 dinh khang thé
dac hiéu anti-NSE, va phat hi¢n khang nguyén NSE & cac néng do khac nhau duoc
thé hién trén Hinh P2.1.
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Céc budc phu hat nano vang, hinh thanh va hoat hoa 16p SAM, két ndi dién
cuc voi hé théng do va thiét 1ap phép do dién hoa dugc thyc hién hoan toan tuong
tu cac bude (1), (2), (5) trong quy trinh bién tinh phu hat nano vang va chirc ning

hod dién cuc phat hién protein VP28, da duoc trinh bay tai Muc 3.2.2.2.

Riéng hai budc (3) va (4) trong quy trinh nay dugc thay thé bang hoa chat va
tac nhan sinh hoc dac trung cho hé NSE, cu thé:

- Khéang thé don dong anti-NSE duogc pha ¢ ndng d6 200 pg/mL.

- Protein NSE tai t6 hop duoc pha lodng trong dung dich PBS 1X véi céac
noéng do khac nhau trong dai 10 ng/mL dén 500 ng/mL dé tién hanh thi nghiém phat

hién va dinh lugng.

H
&y - ~ 2 g;j
— — e—
3

SAM MUA
& S P 8 e pr N
N @57 NSy Ty o
W 4 W 0-{ U 0‘{
anti-NSE/block/NSE anti-NSE/block anti-NSE ActiveMUA

Hinh P2.1. Quy trinh chirc ndng hoa di¢n cyc phat hién protein NSE.
P2.3. Két qua phat hién protein NSE

Hinh P2.2 trinh bay két qua do tré khang dién hod (EIS) duoc biéu dién duéi
dang d6 thi Nyquist cua cac dién cuc da duoc bién tinh theo timg bude cua quy
trinh di trinh bay ¢ muc P2.2. B thi Nyquist cung cip cai nhin truc quan vé sy
thay doi tro khang cua dién cuc 1am viéc sau mdi budc bién tinh tung 16p vat liéu

trén bé mat dién cuc.
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Su c6 mat cua 16p hat nano vang (AuNPs) trén bé mat dién cuc cacbon lam
giam dang ké dién trd truyén dién tich nhu da dé cap & phﬁn truge. Viée cb dinh cac
phan tr MUA dé hinh thanh 16p tu lip r4p SAM trén bé mit dién cuc khién gia tri
dién tré tang tor 0,4 kQ lén 1,6 kQ tai giao dién dién cuc — dung dich, do do dan
dién thip dic trung ctia 16p SAM. Sau khi hoat hod nhom chirc carboxyl trén SAM,
céc budce bién tinh tiép theo: ¢b dinh khang thé anti-NSE, chin céc vi tri hoat dong
khong dac hi¢u béng BSA, tiép tuc lam tang dién tr& Rer cua dién cyc 1én tuong
ung 2,0 kQ va 2,7 kQ (Hinh P2.2a)

— —¥— NSE 10 ng/mL
al SPCE/AuNPs/MUA/ NSE 30 ng/mL
[—— SPCE/AUNPS/MUA/anti-NSE NSE 60 ng/mL y = 0,87162 * x - 0,54479
o NSE 125 ng/mL
[—4&— SPCE/AuNPs/MUA/anti-NSE/block| NSE 250 ng/mL RZ = 0,98868
[—*—_NSE 500 ng/mL 1 ;5 B

3 4 5 6 7 8 9 10 M1 1,0 1,5 2,0 2,5
(a) Z' (kQ) (b) log [ndng dé protein NSE (ng mL" )

Hinh P2.2. Phat hién protein NSE: (a) Pap mg pho tro khang quy trinh chirc ning
hoa dién cyuc phat hién NSE trong dai nong do 10 ng/mL dén 500 ng/mL; (b) Pudng
dic tinh sir dung ARcr 13 ham ciia nong do protein NSE (Hinh chén: bé mit dién
cuc lam viéc dugc phu cac hat nano vang).

Gia tri Rer tiép tuc ting khi khang nguyén NSE duoc gin két vao dién cuc
thong qua ciu traic SAM va khang thé da duoc chitc ning hod. Hinh P2.2a cho thiy
gia tri Rer tdng dan theo cac néng do protein NSE khac nhau la 3,1 kQ; 3,3 kQ; 3,7
kQ; 4,0 kQ; 4,2 kQ; va 4,5 kQ, tuong ing véi cac néng doé 10 ng/mL, 30 ng/mL, 60
ng/mL, 125 ng/mL, 250 ng/mL, va 500 ng/mL. Sy ting trd ndy lién quan dén viéc
hinh thanh phtrc hop mién dich khang nguyén—khang thé on dinh; dong thoi, 16p
protein c6 tinh ky nuéc 1am can tré dan dién trén bé mit dién cuc. Ngoai ra, su can
try trao doi electron nay 1a bang ching rd rang cho thiy qué trinh ¢d dinh khang

nguyén NSE trén dién cuc di dién ra thanh cong theo quy trinh dugc dé xuat.
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Hinh P2.2b mé ta dudng hiéu chuin tuyén tinh duoc thiét 1ap trong khoang
noéng d6 10 ng/mL dén 500 ng/mL cua protein NSE, theo phuong trinh sau:

y =0,87162 X x — 0,54479 (P2.1)

trong d6 y 1a gia tri thay d6i dién tré truyén dién tich ARcr (kQ) va x 1a
logarit ndng do protein NSE (ng/mL). Hé s twong quan thu duogc co gia tri R? =

0,98868, cho thdy mdi quan hé tuyén tinh chit ch& giita tin hiéu do va logarit nong

d6 mau. Giéi han phat hién LOD = 3,19 ng/mL.

4’0 —a— SPCE/AuNPs/MUA/anti-NSE/block 3!5
35| l—e—  NSE (huyét thanh) 50 ng/mL Phat hign protein NSE
, la—  NSE (huyét thanh) 500 ng/mL 3,0} [trong m3u huyét thanh (ng/mL)
30l —v—  NSE (huyét thanh) 2500 ng/mL 3,0
’ 25 2,7
’\2 5 - —
) 2,3
gz ol g 20t
- ! |_
i 015}
st o 1,4
1,0} 1,0
035 i 0,5 B
ool 00l - - -
3 4 5 6 7 8 9 10 antiNSE NSE 50 NSE 500NSE 2500
(a) Z' (kQ) (b)

Hinh P2.3. (a) Pap tng pho trd khang; (b) Gia tri Rer ctia dién cuc chire nang hoa
phat hién protein NSE duogc pha loang trong cac mau huyét thanh.

Protein NSE ¢6 thé duoc st dung nhu mdt chi diu hd trg trong chan doan
khéi u thong qua phép do dinh luong trong miu huyét thanh. Ba mau NSE c¢6 nong
d6 50 ng/mL, 500 ng/mL, va 2500 ng/mL duoc pha lodng trong huyét thanh. Dién
cuc chitc nang hoa ban dau co gia tri Rer = 1,4 kQ. Hinh P2.3 cho thay su thay d6i
ctia phd EIS theo cac ndng dd6 NSE khac nhau trong mau huyét thanh. Gia trj Rer
tang lan luot 1én 2,3 kQ, 2,7 kQ, va 3,0 kQ, tuong Ung voi cac néng do duoc khao
sat, cho thiy cam bién phan (mg 6n dinh va nhay trong méi trudong sinh hoc phic
tap.

P2.4. Két luin

Két qua nghién ctru vé phat hién protein NSE di khing dinh rd tinh kha

chuyén va da muc ti€u cta quy trinh chitc ndng hoa dién cuc dugc phat trién trong
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luan 4n. Quy trinh bao gdm cac budc phu hat nano vang (AuNPs), hinh thanh 16p tu
lip rap SAM MUA, hoat hoa bang EDC/NHS, va c6 dinh khang thé dic hiéu da
dugc ap dung thanh cong dé phat hién NSE chi d4u sinh hoc quan trong trong chin
doan som ung thu phdi té bao nho (SCLC).

Céac két qua dién hoa thu duoc cho théy cam bién c6 do nhay cao, gidi han
phat hién thp va kha ning phan hdi 6n dinh trong ca mau chuin va miu huyét
thanh, chirg minh tinh hiéu qua va d6 tin cdy ctia phuong phap. Viéc trién khai quy
trinh nay cho ddi twong sinh hoc khac ngoai VP28 cho thiy cong nghé 15i c6 thé tai
st dung, mé rong va diéu chinh linh hoat, tao nén tang cho phat trién hé théng cam
bién dién hoa da muc tiéu, huong téi thiét bi xét nghiém sinh hoc di dong va chan

doan tai chd trong twong lai.
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3. PHU LUC 3 - MA NGUON

Toan bd ma nguodn cta chuong trinh 14p trinh va huéng dan cai dit, st dung

phr:fm mém duge cap nhat tai link:

https://github.com/htthuylinh/ecma
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    Z  ( 𝜔 ) = U  ( 𝜔 ) / I  ( 𝜔 ) =   U 0 /   I 0   e  − i 𝜃 = | Z | ⁡    e  − i 𝜃


    c m 2 / s )


  v


  2 , 687   ×  10 5


  ( C     m o l  − 1       V    − 1 2


  O + n   e − ⇌ R


    i  C


    i  F


  Z ′  ( 𝜔 ) =   R  s +     R  C T + 𝜎   𝜔  − 1 / 2  ( 𝜎   𝜔  1 / 2   C  d l + 1  ) 2 +   𝜔 2   C  d l 2 (   R  C T + 𝜎   𝜔  − 1 / 2  ) 2


  − Z ′ ′  ( 𝜔 ) =   𝜔   C  d l    (   R  C T + 𝜎   𝜔  − 1 / 2 ) 2 +   𝜎 2   C  d l + 𝜎   𝜔  − 1 / 2     ( 𝜎   𝜔  1 / 2   C  d l + 1 ) 2 +   𝜔 2   C  d l 2    (   R  C T + 𝜎   𝜔  − 1 / 2 ) 2

