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TOM TAT

Cac bénh Iy nhu lao va Alzheimer doi hoi phat hién sém voi do nhay cao dé can thiép kip
thoi, tuy nhién cac ky thudt hién nay nhu ELISA, PCR con han ché vé chi phi va do nhay. Nhiing
tién bg gan day trong cong ngh¢ nano cho thdy hat nano vang vo dong két hop sinh pham tdi té hop
(protein hoac aptamer) c6 thé khuéch dai tin hiéu mau, mé ra trién vong cho chan dodn sém siéu
nhay. Bdi tong quan nay phdn tich co ché ky thudt xét nghiém khdng nguyén bang s hinh thanh vo
nano dong trén hat vang, trong do ion Cu?* dugc khir boi natri ascorbate trén bé mat AuNPs véi vai
tro on dinh cia polyethylenimine, tao cdu tric Au-Cu da gidc givp tang cwong tin hiéu plasmon.
Hai bién thé dwoc khdo sat gom hé khdng thé tdi té hop GBP-CFP10G2/GBP-50B14 phat hién
khang nguyen lao CFP-10, Ag85B, va hé aptamer nhdn biét p-tau231 hodc ABO42 trong Alzheimer.
Cac hé nay dat gici han phat hi¢n thap den mutc picogram/mL va co thé quan sat bang mdt thirong.
Phuong phdp Au@Cu thé hién wu diém noi bat vé do nhay, chi phi thap va kha nang tich hop voi
nén tang glay hodic thiét bi di déng, nhung van ton tai thach thirc vé tinh on dinh cia l6p dong, kha
nang phan wng chéo va chuan héa quy trinh. Trién vong tiong lai huéng dén cdi thién vit liéu nano,
tw dong hoa quy trinh trén nén vi kénh va ng dung tri tu¢ nhan tgo trong dinh lwong tin hiéu, huong
101 nén tang xét nghiém nhanh, chinh xac va than thién chi phi cho chan dodn sém tai cong dong.

Tir khéa: Nano vang vé dong, protein tdi té hop, aptamer, tang cwong mau, chan dodn sém.

ABSTRACT

COPPER-ENHANCED GOLD NANOPARTICLES AND RECOMBINANT
BIOPRODUCTS: PROMISE FOR RAPID, HIGHLY SENSITIVE TESTING

Phan Le Minh Tu"
Phan Chau Trinh University

Diseases such as tuberculosis and Alzheimer's require early detection with high sensitivity
for timely intervention, however, current techniques such as ELISA, PCR are limited in cost and
sensitivity. Recent advances in nanotechnology have shown that copper-shelled gold nanoparticles
combined with recombinant biologicals (proteins or aptamers) can amplify the color signal, opening
up prospects for ultra-sensitive early diagnosis. This review analyzes the technical mechanism of
antigen testing by forming copper nanoshells on gold particles, in which Cu?" ions are reduced by
sodium ascorbate on the surface of AuNPs with the role of stabilizing polyethylenimine, creating a
polygonal Au-Cu structure to enhance the plasmon signal. Two variants were investigated.: the
recombinant antibody system GBP-CFP10G2/GBP-50B14 detecting tuberculosis antigens CFP-10,
Ag85B, and the aptamer system recognizing p-tau231 or APO42 in Alzheimer's. These systems
achieve detection limits as low as picograms/mL and can be observed with the naked eye. The
Au@Cu method shows outstanding advantages in terms of sensitivity, low cost and integration with
paper or mobile platforms, but challenges still exist in the stability of the copper layer, cross-
reactivity and process standardization. Future prospects aim at improving nanomaterials,

134


mailto:tu.plm@pctu.edu.vn

TAP CHi Y DU'Q'C HQC CAN THO - SO 94/2026

automating microchannel-based processes and applying artificial intelligence in signal quantification,
towards a rapid, accurate and cost-friendly testing platform for early diagnosis in the community.

Keywords: copper coated gold nanoparticle, recombinant protein, aptamer, color
enhancer, early diagnosis.

I. PAT VAN PE

Lao va Alzheimer hién 1 nhiing thach thirc y té cong cong hang dau vdi ti 1é méc
bénh va tir vong cao trén toan thé gioi [1]. Bénh lao duge ghi nhén la mét trong nhitng bénh
truyén nhidm gy tir vong cao nhat, véi khoang 10,6 tri¢u nguoi nhiém va 1,3 triéu ca tir
vong vao nim 2024, dic biét anh huong nang né dén cac nudc thu nhéap thap va trung binh
(2], [3]. Péng thoi, bénh Alzhelmer anh huong dén khoang 50 triéu ngu’orl trén toan cau va
con s6 nay du kién s& ting gip ba vao nam 2050 do sy gia hoa dén s6. Viéc phat hién sém
c6 y nghia 14m sang quan trong, gitip ngan chin sy lay truyén ctia bénh lao va cho phép bét
dau cac liéu phap diéu tri kip thoi dé cai thién chit lugng cude sdng cho bénh nhan
Alzheimer [1], [4]. Tuy nhién, mét b phén 16n bénh nhan van chua dugce chan doan, din dén
nhiing ganh nang kinh té va xa hoi khong 16 do chi phi cham séc giai doan mugn [1], [5].

Céc phuong phap chan doan truyen thong hién nay con nhiéu han ché dang ké, can
trd viéc quan Iy bénh hiéu qua [3]. Déi v6i bénh lao, soi kinh hién vi dom c6 do ‘nhay thap o
giai doan som, trong khi nudi céy vi khuan 13 tiéu chuan vang chan doan lai mit tir 2 dén 8
tuan dé co két qua. Cac xét nghiém phan tir nhu GeneXpert ¢6 do nhay cao hon nhung lai dit
d06 va kho trién khai ¢ nhitng ving han ché vé ngudn luc, dong thoi tn thoi gian va yéu cau
trang bi phuc tap [6]. Tuong tu, chén doan Alzheimer thuong dua vao cac bai kiém tra nhan
thirc hogc ky thuat chan doan hinh anh va xét nghiém dich ndo tay vén tén kém, xdm 14n va
yéu cau trang thiét bj phirc tap cting nhan lyc trinh d6 cao [1]. Viéc phat hién sém cac ddu 4n
sinh hoc nhu amyloid B (Af) va tau phosporyl hoa co thé gitip can thiép kip thoi, nhung hién
nay cac xet nghlem thuong yéu cau thiét bi dat tién (MRI, ELISA,...) va chua dat du d6 nhay
can thiét cho giai doan sém [7]. Nhimg han ché nay tao ra nhu cau cip bach vé cac cong cu
chan doan méi c6 d6 chinh xac cao, thoi gian nhanh chong, chi phi thip va dé dang tiép can.

Xu huéng phat trién cam bién sinh hoc hién nay tap trung vao cac cam bién sinh hoc
nano va xét nghiém tai chd nham dap tmg tiéu chuan REASSURED v2 tinh kha thi va hiéu
qua [8, 9]. Viée tich hop cac hat nano kim loai quy nhu hat nano vang (AuNPs) mang lai
kha niang chan doan siéu nhay nho cac dic tinh quang hoc doc dao va kha nang khuéch dai
tin hiéu manh mé [10]. Pic biét, hat nano vang vo dong ket hop voi céac smh pham tai t6
hop nhu aptamer hodc khang thé cho phép phat hién cac ddu 4n sinh hoc & ndng d6 cuc thap
nho sy thay do6i mau sac ro rét khi kich thude hat tang 1én va hinh dang hat bién d6i. Cac
nén tang dya trén gidy va cong ngh¢ in sap cung cap glal phap xét nghiém tai chd tién loi,
cho phép phan tich dinh luong bang cac thiét bi don gian nhu may anh dién thoai thong
minh. Sy két hop giira cong ngh¢ nano va sinh pham tai t6 hop hira hen mo ra trién vong
cho cac phuong phap chan doan siéu nhay, giap t6i uu hoa hiéu qua diéu tri va giam thiéu
ganh nang y té trén pham vi toan cau [10]. Ky thuat mién dich lai diém do mau dung AuNPs
két hop phu kim loai de khuéch dai tin hiéu nham phat hién protein khang nguyén voi gioi
han phat hién (LOD) rat thap [11], [12], [13], [14]. Cu thé, protein tai to hop dugc st dung
c6 kha ning bam 1én bé mit AuNPs va nhan dién dic hiéu khang nguyén muc tiéu. Tiép
theo, qua trinh tao thanh vo d@)ng trén AuNPs duoc thuc hién dé gia tang kich thudc hat va
cuong do tin hidu mau sic. Muyc dich tong quan cua bai viét nay 1a khao sat, tong hop két
qua tir cac cong trinh da cong bd vé viée sir dung sinh pham tai to hop va AuNPs khuéch
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dai tin hiéu mau bang phi dong trong cong cu xét nghiém dé chan doan sém cac bénh ly,
tap trung vao hiéu qua va uu nhuoc diém cta tung blen thé, sau d6 phén tich tiém ning timg
dung trong chan doan sém siéu nhay va céc cai tién can co.

II. NGUYEN LY KY THUAT VA CO CHE HOAT PONG

2.1. Tong quan phwong phap tong hop AuNPs va céu triic 16i-vé vang-dong
(Au@Cu)

Hat nano ¢ quy mo tu 1 dén 100 nanomet thé hién cac dic tinh vat 1y, hoa hoc va
sinh hoc doc d4o [15]. Viéc tong hop AuNPs c6 thé duoc thuc hién thong qua hai cach tiép
can chinh, bao gdm co ché "tir trén xubng" (top-down) bang cach pha v vat liéu khéi qua
cac ky thuat vat 1y va co ché "tir dudi 1én" (bottom-up) thong qua viéc lap ghép cac nguyén
tir tir qua trinh khir ion kim loai [16]. Trong cac phuong phap hoa hoc, ky thuét Turkevich
1a phé bién nhit dé tao ra AuNPs hinh cau c6 kich thude tir 10-30 nm bang cach su dung
natri citrat lam chat khir va chét on dinh. Phuong phap Brust-Schiffrin cho phép tong hop
cac AuNPs 6n dinh trong dung méi hitu co nhd vao lién két manh giita vang va cac nhom
chure alkanethiol [16].

Déi v6i cau trac hat 16i-vo, loai vat lidu nay bao g6m mot 13i bén trong va mot 16p
v6 bén ngoai ¢6 thanh phan hoa hoc khac nhau nham mang lai cac déc tinh hiép dong [17].
Phuong phap phat trién qua mam 1a chién lugc dugce sir dung rong rai nhit dé ché tao céu
trac 16i-vo Au@Cu, trong do cac hat vang dong vai tro 1a mam dé 16p vo dong phat trién
bén ngoai. Trong quy trinh nay, nong d6 cua tién chat v6 can dugc gitr & muc thap dé ngan
chan hién tuong ty tao mam dong nhat [17]. Cac cau tric da dién 13i vang vo dong (Au@Cu)
cling c6 thé dugc tong hop thong qua viéc khir phirc hop ddng trén bé mit mam vang dudi
su hd tro cta cac chat hoat dong bé mat.

2.2. Nguyén ly ky thuit mién dich lai diém truc ti€p dung AuNPs va co ché ting
cwdng tin hi¢u mau bing 16p phii v6 dong

K thuat mién dich lai diém truc tiép 1a mot phuong phéap phan tich don gian va hiéu
qua vé chi phi, c6 kha ning phat hién va chin doan tai chd doi v6i nhiéu bénh 1y khac nhau.
Nén tang cua k¥ thuat nay sir dung mang nitrocellulose dé ¢ dinh khang nguyen can phan
tich [14]. Quy trinh co ban cua k§y thuat lai diém sir dung AuNPs bao gdm viéc nhé mau
chira khang nguyén can dinh luong 1én mang nitrocellulose va dé kho, sau d6 mang dugc
v6i dung dich BSA trong 45 dén 60 phiit nham ngan chan cac lién két khong ddc hiéu. Tiép
theo, mang dwoc i véi AuNPs da duoc gin phdi tir sinh hoc dic hiéu véi khang nguyén nhu
khang thé hodc aptamer. Tir do, tin hiéu mau dugc xac dinh khi AuNPs gan phoi tir lién két
v6i khang nguyén va duge cb dinh trén mang. Ham luong khang nguyén cang cao, tin hi¢u
mau cang thé hién rd nét. Tuy nhién, cac bao cao chi ra rang tinh chit mau ndi tai cia AuNPs
thuong khong du dé nhan biét khang nguyén ¢ muc nong do thap Do do, viéc tang cuong
tin hiéu 1a can thiét va phuong phap khuéch dai tin hiéu mau bang dung dich dong di duoc
phat trién dé tang cuong LOD [18-20]. Co ché hoat dong chung ctia phuong phap tang
cuong tin hidu mau bang 16p phii dong nay dua trén sy hinh thanh vo nano dong trén bé mat
AuNPs dé khuéch dai tin hiéu mau. AuNPs, thuong dugc téng hop bang phuong phap khir
citrate cua Tetrachloroauric(Ill) acid (HAuCls), dong vai tro 1a hat nhan xac tadc cho qua
trinh tdng trudéng vé nano dong. Dung dich tang cuong tin hi¢u, luén duoc chuén bj tuoi,
chira ion Cu2* (CuCly), polyethylenimine (PEI, khéi lugng phan tir trung binh 800 hoic
1800), va chat khir 1a natri ascorbate. PEI chita nhiéu nhom -NH2, ¢ kha ning lién két
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manh m& véi ion Cu?*, tao thanh phirc hop PEI-Cu?*. PEI ciing dong vai tro 1a chit bao boc,
gitip kiém soat hinh dang va kich thudc cia ciu tric nano phat trién. Phic hop PEI-Cu?*
bat dau bi khir boi natri ascorbate trén bé mat AuNPs. Qua trinh nay din dén sy lang dong
va phat trién ctia vo nano dong 1én bé mat AuNPs. Sy hinh thanh vo nano dong lam thay
d6i cdu triic va hinh thai cia AuNPs, tir hinh cau kich thudc khoang 20 nm thanh cu tric
v0 161 da gidc Au@Cu kich thude khoang 300 nm, dan dén sy ting cuong dang | ké cuong do
mau sac. Cudng do mau ciia vét lai i 1¢ thuén voi nong do ciia khang nguyén can phan tich.
Sy tang cuong nay chuyén mau cua vét lai tir hong nhat thanh mau d6 dém [11-13]. Phuong
phép lai dlem st dung AuNPs tang cuong vé dong c6 thé duoc 4 ap dung voi cac phdi tir sinh
hoc tai to hop khac nhau dé nhan dién muc tiéu, ndi bat v4i hai bién thé chinh (Hinh 1).

" fe mban 4 R B _ Khang thé Nano vang
# & Chét phan tich JNano vang  GAptamer tai té hop vé déng

f:‘lg

1. Téng hop, gén sinh phdm tai té hop Ién nano vang 3. Téang cwéng mau béng vé ddng

2. Ky thuat lai diém
Hinh 1. Co ché phuong phap lai diém sir dung sinh pham tai to hop va nano vang vo dong
2.3. Chién lwgc gin khing thé va aptamer 1én AuNPs

Viéc gén két cac thanh phﬁn nhén dién sinh hoc 1én bé mat hat nano 1a yéu tb quyét
dinh hiéu qua ciia cac tmg dung chan doan va diéu tri. Kha ning lién hop ctia phdi tir sinh
hoc duoc chia thanh hai nhom chinh, bao gém tuong tac vat ly (khong cong hoa tri) va
tuong tac hoa hoc (cong hoa trl) [21]. Ky thuat lai diém bang AuNPs dugc phan 1am 2 bién
thé khac nhau dya trén ban chit cua ph01 tur sinh hoc dugc gan trén AuNPs.

Bién thé 1: Sir dung khang thé tai t6 hop dic hiéu (hinh 2). Phuong phap nay st
dung khang thé tai to hop dé phat hién cac khang nguyén nhu khang nguyén CFP-10, Ag85B
cta bénh lao, hodc khang nguyén ABO42 cua bénh Alzheimer. Trong phan tich khang
nguyén CFP-10 va Ag85B, khang thé tai t6 hop GBP-CFP10G2 va GBP-50B14 lan luot
duoc sir dung. Dic diém cbt 16i ctia cac khang thé nay 1a chung dugc gan thém mot peptide
4i lyc cao voi bé mit vang (GBP), gitip khang thé c6 ai luc lién két cao va dinh huéng on
dinh 1én bé mat cia AuNPs. Déi v6i khang nguyén APO42, khang thé tai to hop don thuan
duoc sir dung dé gin trén bé mat AuNPs thong qua twong tac vat Iy. Sau khi khang nguyén
duogc ¢ dinh trén mang nitrocellulose, phirc hgp AuNPs gin khang thé tai t6 hop lién két
dic hiéu véi khang nguyén, va qua trinh ting cudng vo dong sau d6 khuéch dai tin hiéu
mau, tao ra vét do [11], [12], [13].
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va chan AuNPs gén khang thé dong
Hinh 2. K¥ thuat lai diém sir dung khang thé tai to hop gan AuNPs va khuéch dai tin hi¢u
phu dong [11]

Bién thé 2: Sir dung aptamer thiol hoa dic hiéu (hinh 3). Phuong phéap nay phat hién
cac dau 4n sinh hoc protein nhu p-tau231 ctia bénh Alzheimer théng qua phdi tir nhan dién
la aptamer déc hi¢u dugc thiol héa duoc gén 1én bé mat AuNPs. Trong do, aptamer ban chét
12 doan DNA don c6 4i lyc cao v6i khang nguyén va duoc thiol hoa dé bd sung lién két -
SH, gitp aptamer c6 thé gén trén bé mat AuNPs mot cach dinh hudng va on dinh. Tuong tu
nhu v6i khang thé, sau khi khang nguyén duogc ¢d dinh trén mang nitrocellulose, phirc hop
AuNPs gin aptamer lién két ddc hiéu voi p-tau231 va qua trinh ting cuong vo dong duoc
thuc hién dé khuéch dai cuong d6 mau sic [22].

FN

Aptamer
O gl
,3‘5

AuNP gin aptamer

Hinh 3. K¥ thuat lai diém st dung aptamer dic hi¢u gén AuNPs va khuéch dai tin hiéu
phii dong [22]
2.4. Quy trinh téng quat ciia hé xét nghiém dwa trén nano vang vé dong

Céc h¢ xét nghiém dya trén vat li€u nano vang vé déng (Au@Cu) dai dién cho mot
chién lugc khuéch dai tin higu kep, két hop dac tinh quang hoc doc déo ciia AuNPs v6i kha
nang gia tang cuong d mau sac thong qua qua trinh phu dong. Quy trinh vén hanh cua ky
thuét lai diém tang cuong nano vang vo ddng bat dau bang viéc tong hop AuNPs, thuong
duogc thyc hién bang phuong phap khir citrate cua HAuCls, sau d6 tién hanh lién hop hoa
AuNPs v6i phdi tir tai t6 hop (co thé 1a khang thé lai nhu GBP-CFP10G2, GBP-50B14 hoic
Al1, hay aptamer ddc hiéu dugc thiol hoa. D6i voi khang thé, qué trinh lién hop thuong
dlI(_)’C thuc hién sau khi diéu chinh pH dung dich AuNPs & pH 8,0-9,0 va thém chét 6n dinh
PEG8000. Sau khi dung dich lién hop dugc tinh sach, quy trinh lai diém trén mang
nitrocellulose s& dugc tién hanh. Mang nitrocellulose dugc tién xir Iy bang dém TBST trong
5-10 phat, sau d6 mét luong mau nho chua chat phan tich myc tiéu dugc nho 1én trung tim
cac budng phan tmg va dé kho. Pé ngin chin lién két khong dic hiéu, mang duoc khoa
bang dung dich BSA 5% (w/v) trong 45-60 phut. Tiép theo, mang dugc 0 v6i dau do mau
AuNPs di lién hop (thuong 1a 1,0-1,5 gio) dé cho phép phan tng lién két dic hiéu xay ra,
sau d6 mang duoc rira sach nhiéu lan bang TBST. Budc quan trong nhit 13 ting cudng tin
hiéu béng vo d@)ng. Mang duogc nhing vao dung dich ting cuong dugc chun bi tuoi, bao
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gom CuCl; (0,1 M) PEI (0,5% w/v), va chét khir natri ascorbate (0,1 M) trong mat khoang
thoi gian duoc tdi wu hoa (5-10 phut), dan dén sy lang dong va phat trién cia vo dong trén bé
mit AuNPs. Cubi cing, cudng d6 mau sic cua Vet lai, chuyén sang mau d6 dam do su hinh
thanh vé dong, duoc ghi lai va dinh luong bang mét thuong hodc sir dung may anh k¥ thuat
s6 nhu dién thoai thong minh dé phan tich dinh lugng bang phan mém ImageJ [11], [12], [13].
2.5. Kha ning phan tich bang mit thwong hoic qua cong cu dinh lwgng don gian

Co ché tang cuong tin hiéu cua vat li¢u nano 16i-vd vang déng dua trén cac hién
tuong vat ly bé mat dic thu. Hiéu ung cong huong plasmon bé mat cuc bod (LSPR) x4y ra
khi cac electron dan trén bé mat hat nano kim loai dao dong tap thé dudi tac dong cua anh
sang, tao ra cac dai hap thu manh mé& [16]. Cu thé, AuNPs c6 kich thuéc khoang 16 nm hap
thy manh nhat trong viing anh sang kha kién tai budc song 520 nm, tao ra mau do dic trung
[23]. Hiéu ing nay mang lai loi ich trong viéc tao ra cc tin hiéu so mau manh mé, cho phép
phat hién bang mat thuong ma khong can thiét bi phirc tap, dong thoi dong vai tro 14 nén
tang dé khuéch dai tin hiéu trong chan doan y sinh [24], [25]. LSPR cho phép phat hién cac
dau 4n sinh hoc ¢ nong do cuc thap thong qua sy thay d6i chi s6 khuc xa. Dbi véi ki thuat
lai diém mau, viéc phat trién 16p vo dong trén mam vang lam ting dang ké kich thudc hat
tir khoang 20 nm dén khoang 300 nm va lam thay ddi hinh dang tir cau sang da dién, kéo
theo thay d6i phd hap thu tir 520 nm sang khoang 545 nm, tir d6 tao ra tin hiéu quang hoc
manh hon, tang cuong d6 mau sac [117], [12], [13], [26]. Phuong phap ndy cung cap kha
nang phat hién bang mat, vi du, ~quan sat CFP-10 ¢ nong d6 30 pg/mL [12], mét uwu diém
quan trong cho chan doan tai chd. Dé dinh lugng, cac hinh anh cta vét lai duoc chup bang
may anh k¥ thuat s6 hodc dién thoai thong minh trong diéu kién anh sang binh thuong. Sau
do, cac hinh anh nay dugc cat va phén tich bang phin mém ImageJ dé dinh luong cuong do
tin hiéu tuong d6i so v6i nén mang [11], [12], [13], [26]. V& hiéu suat chan doan, viée tang
cuong bang ddng gitip ting do nhay 1én gap 8 1an so v6i viée chi st dung AuNPs, gip 2 lan
s0 véi viée st dung bac, cho phép dat LOD thip & 7,6 pg/mL dbi voi khang nguyén CFP-
10 [12]. Khi so sanh v6i phuong phap phu vang (LOD 0,93 ng/mL), phu ddng ciing cho
thay d6 nhay vuot troi (LOD 0,21 ng/mL) ddi v6i khang nguyén Ag85B [13]. Ngoai ra, h¢
thong hinh anh ChemiDoc ciing dugc st dung dé ghi lai va dinh luong cuong d6 mau sic
ctia cac vét lai dé xay dung duong cong hiéu chudn. Két qua dinh luong bang camera dién
thoai thong minh va hé thdng ChemiDoc cho thay sy tuong dong vé do tuyén tinh, xac nhan
tinh kha thi cia viéc sir dung cac thiét bi ré tién hon nhu dién thoai thong minh cho vi¢c
dinh luong trong cac tmg dung thue té [11], [12], [13].

III. AP DUNG LAM SANG

Dm v6i chan doan bénh Alzheimer, phuong phap nay dugc ap dung dé phat hién
cac du an sinh hoc protein p-tau231, duoc xem la chi ddu wu viét dé phan biét AD, duoc
phat hién thong qua ky thuat lai diém sir dung aptamer dic hiéu p-tau231 gan trén AuNPs
va tang cuong dong Ky thuat nay dat LOD 1a 4,71 pg/mL khi do bang camera k¥ thuat sd
va c6 thé quan sat bang mat thudng xudng dén 8 ng/mL p-tau231. Tong thoi gian thue hién
quy trinh 1a khoang 140 phut, va mac du da ching minh tinh dac hi€u cao, can thém céc
nghién ctru dé danh gia tinh dic hiéu ddi v6i cac phosphoepitope khac. Ngoai ra, Amyloid
beta 42 oligomers (APO42), mdt déu 4n sinh hoc quan trong cho viéc theo doi sém AD,
ciing dugc dinh lugng bang k¥ thuat lai diém ting cudng vang vo dong st dung khang thé
All, dat LOD Ia 23,7 pg/mL khi st dung camera dién thoai thong minh va c6 thé quan sat
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bang mit thudng & mirc 320 pg/mL [11]. Tuy nhién, d6 nhay va d6 dic hiéu cua ky thuat
x€t nghiém chua dugc danh gia trén mau 1am sang.

Trong chén doan thé lao hoat dong, ky thuat lai diém tiang cuong vo dong ding
khang thé tai t6 hop dugc sir dung dé phat hién cac khang nguyén dac hiéu cua
Mycobacterium tuberculosis (MTB) trong mau nudc tiéu. P9 chinh xac chan doan cua ky
thuat lai diém tang cuong dong trong xac dinh lao hoat dong phu thudc 15 rét vao ciu hinh
khang nguyén sir dung. Ddi v6i khang nguyén Ag85B don 1¢, d6 nhay va gié tri tién doan
duong (PPV) cao & muc 90,5%, cung voi do dac hi€u va gia tri tién doan am (NPV) & mirc
86,7%, phan anh kha nang phat hién ca bénh t6t va do tin cay tuong ddi can bang giita két qua
dwong tinh va am tinh. CFP10 don 1é cho hiéu ning thip hon dang ké, voi d6 nhay va do dac
hiéu 1an luot 13 76,2% va 66,7%, cho théy han ché trong ca phat hién ca bénh va loai trir lao
hoat dong. Dang chii ¥, cau hinh két hop 2 khang nguyén Ag85B+CFP10 lam ting manh d¢
nhay 1én 95,2% va NPV 1én 90,9%, cho thdy wu thé rd rét trong viéc giam nguy co 4m tinh
gia va phit hop cho muc tiéu sang loc. Tuy nhién, 6 dic hiéu cta cau hinh két hop nay giam
xudng 66,7%, phan anh sy danh doi gitra d6 nhay cao va nguy co dwong tinh gia [12], [13].

IV. UU PIEM VA HAN CHE CUA KY THUAT

Céc phuong phép lai dlem tang cuong Au@Cu n6i bat nhd nhiéu diém thuan loi dang
ké, khién chang tro thanh nén tang chan doan tiém nang cho xét nghiém tai chd. Uu diém
hang dau 1a tinh don gian, nhanh chong, va hi€u qua vé chi phi, vi quy trinh nay khéng phu
thudc vao cac thiét b phirc tap va dat tién hay yéu cau chuyén mén k§ thuat cao, thay vao do
6 thé su dung cac thiét bi sin c6 nhu camera dién thoai thong minh dé dinh luong tin hiéu
[11], [12], [13], [22]. Viéc str dung vo nano dong dé khuéch dai tin hiéu mau d3 mang lai do
nhay phan tich vuot trdi, cho phép phét hién nhay cam bang mit thuong véi do nhay vuot troi
hon tir 2 dén 8 14n so véi ki thuat ting cudng bac va cao hon so vdi cac ky thuat quang pho
khac [12]. Ngoai ra, vat liéu AuNPs dugc sir dung ¢6 thé luu trir 1au dai, va ting cuong bang
nano vo dong trén 13i vang than thién véi méi trudng hon so VOl tang cuong bang nano vo
vang hay vo bac trén 161 vang [12], [13]. Nho nhiing uu diém vé chi phi va tinh don gian,
phuong phép nay co tiém ning tmg dung toan cau, dac biét 1a ¢ cac nude c6 thu nhép thap.

Tuy nhién, phuong phap nay ciing c6 mot sé han ché can luu y, chi yéu tap trung
vao tinh dic hiéu sinh hoc khi chan doan mot sé bénh. Cu thé, trong chén doan lao béng
khang nguyén, khang nguyén CFP-10 c6 gen dong loai ton tai trong mot sé chung Non-
tuberculous mycobacteria (NTM) (M. kansasii, M. gordonae), va phuc hop Ag85 ciing
duogc bao ton cao trong cac loai mycobacteria va NTM khac [27], [28]. Piéu nay c6 thé din
dén phéan Ung chéo rong rai gitra cac loai khac nhau, 1am gidm d¢ dac hi€u 1am sang. Méc
du phuong phap lai diém dung aptamer di ching minh tinh déc hiéu cao dbi voi p-tau231
s0 v6i cac dau an sinh hoc Alzheimer khac, nhung van khuyén nghi can c6 thém dic trung
hoa dé danh gia tinh ddc hiéu dbi véi cac phosphoepitope khac [22]. Ngoai ra, mac du dugc
coi 1a nhanh chéng, quy trinh k¥ thuét lai diém hoan chinh van yéu cau tong thoi gian twong
d6i dai khoang 140 phut dé hoan thanh [12], [13].

V. THACH THUC, TRIEN VONG TRONG NGHIEN CUU VA UNG DUNG

Phuong phap str dung Au@Cu va phdi tir sinh hoc tai t6 hop cho thiy tiém ning
16n trong viée tang cudng tin hiéu mau va nang cao do nhay phat hién sinh hoc, song van
ton tai nhidu thach thirc ky thuat va thyuc tién can dugc gial quyét trude khi ing dung lam
sang rong rai. Qua trinh téng hop va phu dong doi hoi kiém soat nghiém ngat cac yéu to
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nhu toc do phan Gng, pH, nhiét do va nong do tién chat; bat ky sai 1éch nho nao ciing c6 thé
lam thay d01 cau tric vo, gay dao dong tin hiéu quang hoc, lam giam kha nang tai lap va
tang nhiu nén [12]. Lép dong dé bi oxy hoa trong diéu kién moi truong, dan dén suy giam
kha nang khuéch dai tin hiéu theo thoi gian [12]. Viée san xuat quy mo 16n bo kit dung dich
dong dé ting cuong tin hiéu nano vang dat sy dong nhét Ve kich thuéc va d§ phu van la
thach thue, do c6 thé co su khac biét nhé gitra cac 16 san xuét c6 thé anh huong dang ké dén
d6 nhay va do chinh xac ctia xét nghiém. Bén canh d6, quy trinh pht ddng va phan img mau
hién nay con nhiéu budc, doi hoi thiét bi phu trg va kiém soat thoi gian chinh xac, chwa
hoan toan phul hop véi cac diéu kién thyc té ctia xét nghiém tai chd. Hon nita, cac nghién
ctru hién tai méi dung & mirc m6 hinh trong phong thi nghiém, thiéu bang chimg 1am sang
quy md 16n va da trung tAm dé x4c nhan hidu qua thuyc té.

Mot thach thic then chdt clia cac xét nghiém chan doan dwa trén khang nguyén la
kiém soat phan tmg chéo sinh hoc nham han ché dwong tinh gia va am tinh gia. Trong bbi
canh lao, sy bao ton cao cia CFP-10 va phic hop Ag85 giita MTB va mét sb chung NTM
(nhu M. kansasii, M. gordonae) 1am suy giam d¢ dac hiéu 1am sang, dac biét & quén thé co ti
1¢ phoi nhiém NTM cao [28], [29], [30], [31]. Thach thirc nay doi hoi cac chién luoc khic
phuc dong thoi & nhidu mirc bao gom tinh loc va lwa chon epitope déc hiéu loai thay vi sir
dung toan bo khang nguyén; thiét ké cau hinh da dau 4n c6 tinh bd tro sinh hoc nhung duoc
t6i wu bang thuat toan ngudng dé tranh cong gdp nhidu; tich hop bude xac nhan thir cap nham
phan bi¢t phan Gmg dac hiéu voi phan tmg cheo; va dac trung héa mo rong trén cac tap mau
NTM va bénh nhiém trung lién quan dé dinh luong nguy co phan tmg chéo trude trién khai
1am sang. Tuong ty dbi voi khang nguyén p-tau231, du dé cho thay tinh dic hiéu cao voi mot
phosphoepitope nhét dinh [22], van can danh gia chéo cO hé thdng d6i véi cac phosphoepitope
gan cau truc aé g1am sai 1éch chan doan. Viéc giai quyet cac thach thirc nay 1a diéu kién tién
quyét dé nang cao gia tri lam sang va tang tinh thuyét phuc ddi véi nha 1am sang.

Trong tuong lai, can cai tién nén tang xét nghiém bang cach tich hop vang vo dong
vao cac h¢ lab-on-paper, mang vi kénh dé tu dong hoa quy trinh va phat hién dong thoi nhidu
chi d4u sinh hoc. Viéc két horp véi cong nghé so va tri tu¢ nhan tao s€ cho phép dinh luong
tin hiéu mau chinh xac hon, giam sai s6 chu quan va nang cao d¢ déc hiéu thong qua phan
tich hinh anh [32]. Khi trién khai quy md lon, can chuan hoa quy trinh san Xuét, klem soat
ddng nhét kich thudc va ti 1¢ vang/dong, ddng thoi phat trién bo kit voi thude thir sin, d& thao
tac va phu hop cho str dung lam sang. Cac nghién ctru lam sang da trung tm, so sanh voi cac
phuong phap chuin nhu ELISA hodc PCR, 13 can thiét dé xac dinh gia tri thyce té. Nhin chung,
k¥ thuat nano vang vo dong ting cuong tin hiéu mau la hudng phat trlen day trién vong trong
linh vyc x¢t nghiém nhanh, nho kha nang khuéch dai tin hiéu manh, tiém ning tw dong hoa
va tich hop cong ngh¢ sd. Su két hop gilta vat lidu nano tién tién, hé vi luu, tri tué nhan tao va
cam bién di dong duoc ky vong s tao nén tang cho cac h¢ thong xét nghiém y hoc nhanh,
chinh xéc, chi phi thip va co thé trién khai rong rii trong y t& cong dong.

VI. KET LUAN

Su két hop giira phdi tir sinh hoc tai to hop (protein, aptamer) va Au@Cu di ching
minh kha ndng nang cao vugt trgi do nhay va dac hi¢u trong chan doan sém v&i LOD & mirc
picogram/mL. Mic du can dugc chuan hoa va kiém ching 1am sang quy mé 16n, nén tang
nay c6 tiém ning tré thanh cong nghé xét nghiém thé hé mai khi tich hop véo test nhanh,
h¢ lab-on-paper, mang vi kénh va thiét bi di dong, huéng ti chan doan sém va quan Iy bénh
tai cong dong véi do chinh xéc cao.
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