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XAC NHAN KHA NANG PHAT HIEN E.COLI BANG BIOCHIP THONG QUA
PHUONG PHAP RAMAN
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Tém tat

Nghién ciiu tdp trung xdc nhdn khd ndng phdt hién DNA cua E.coli dya trén phuong phdp sii dung tia Raman.
Nhdn dién cam bién dvgc lam bang dé phii vit liéu nano, xdc nhdn théng qua phuong phdp SEM va EDS ciing
qud trinh phdt hién DNA E.coli dugc ddnh gid qua phuong phdp tdn xa Raman. Nghién ciiu nay da tong hop
thanh cong AgNPs/ZIF-8 vdi kich thudc trung binh ~ 700 nm, dugc xdc nhdn bang phan tich SEM (Scanning
Electron Microscope) va EDS (Energy Dispersive X-ray Spectroscopy), cho thdy sy hién dién ciia C (37,22%),
N (23,54%), Zn (21,04%) va Ag (9,64%). Vit liéu dugc phii 1én cdc chdt nén thiy tinh, thé hién pham vi kich
thuéc tir 700 - 1.000 nm va thanh phdn nguyén t6 ciia C (37,63%), N (28,08%), Zn (29,43%), Ag (2,33%). Pho
Raman cho thdy tin hiéu tham do (480 va 780 cm™), tin hiéu DNA E.coli (560 va 1.094 cm™), vdi cuong do
khuéch dai lai gdp 2,4 lan. Phdt hién DNA téi wu dat dugc 6 50 ng/mL (cudng do tin hiéu: 274), chitng minh
hiéu quad ciia hé thong déi véi cdc ting dung cadm bién sinh hoc.

Tii khéa: AgNPs/ZIF-8, chip sinh hoc, E.coli, Raman.

Ngay nhdn bai: 15/6/2024; Ngay stia chiia: 20/7/2024; Ngay duyét ddng: 22/8/2025.

Validation of Biochip-based E. Coli detection via Raman
spectroscopy

Abstract

The study focuses on validating the capability to detect E.coli DNA based on the Raman spectroscopy method.
The sensor, fabricated on a nano-material-coated substrate, was characterized using SEM and EDS techniques,
and the E.coli DNA detection process was evaluated through Raman scattering analysis. This study successfully
synthesized AgNPs/ZIF-8 with an average size of ~ 700 nm, confirmed by SEM and EDS analysis, showing
the presence of C (37.22%), N (23.54%), Zn (21.04%), and Ag (9.64%). The material was coated onto glass
substrates, exhibiting a size range of 700 - 1.000 nm and elemental composition of C (37.63%), N (28.08%),
Zn (29.43%), and Ag (2.33%). Raman spectroscopy revealed probe signals (480 and 780 cm™*) and E.coli DNA
signals (560 and 1.094 cm™), with hybridization amplifying intensity by 2.4 - fold. Optimal DNA detection was
achieved at 50 ng/mL (signal intensity: 274), demonstrating the system’s efficacy for biosensing applications.
Keyword: AgNPs/ZIF-8; biochip; E.coli; Raman.

JEL Classifications: O13, Q53, Q56.

1. PAT VAN PE

Escheriachia coli (E.coli) la mot trong nhiing tac
nhan pho bién gay 6 nhiém ngudn nudc va thuc phdm,
anh huong truc tiép dén stc khoe con ngudi, khién
nhiéu ngudi tang kha nidng bi nhiém cac loai bénh,
dan dén gia ting tinh trang nhap vién, dugc phat hién
va danh gia thong qua mét hodc nhiéu phuong phap
truyén thong két hgp (M. Mueller and R. Tainter, 2024;
WHO, 2024; M. R. Nurliyanaetal.,2018; BO Y t€, 2010).
Hién nay, E.coli dugc thuc hién bang cic phuong
phap sinh hoc phan ti nhu ELISA (Enzyme-Linked
Immunosorbent Assay), FISH (Fluorescence In Situ
Hybridization) va PCR (Polymerase Chain Reaction)
nham rut ngan thoi gian cho ti vai ngay xuéng con

vai gi¢. Tuy nhién, viéc thuc hién cac phuong phap
nay gap kho khan do gia thanh cao va quy trinh vén
hanh ky thuat con mdt s6 bat cap (L. Watterworth et
al., 2005; C. M. Shih et al., 2015; A. M. Prescott and C.
R. Fricker, 1999).

Viéc phat hién E.coli c6 budc nhdy vot khi cong
nghé cam bién ra doi, dya trén cac 6ng cac-bon da
thanh phén, thong qua quang phd hong ngoai bién déi
Fourier, giup rut ngin thoi gian, gidm chi phi va kha
nang phat hién E.coli trong thuc phdm, nguén nudc,
dac biét c6 thé phat hién néng d6 E.coli rat thap, ti 2
CFU/ml (J. Juan-Colas et al., 2016).

Cau tao co ban cua cam bién 1a mot thiét bi phan
tich chuyén d6i cac tin hiéu sinh hoc thanh nhiing tin
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hiéu c6 thé do ludng dugc, nho vao su tuong tac gita
cac chat can phan tich véi cac dau do sinh hoc, gobm 3 bo
phén chinh: Cam bién, bd chuyén d6i, hé théng tin hiéu
dau ra, c6 cdu thanh nhu Hinh 1 (V. Naresh and N. Lee,
2021; P. Mehrotra, 2015) .

Lua chon gia thé ctia cdm bién: Dua trén d6 nhay; gia
thanh va mot s6 loai dugc chon lya la (a) Thay tinh; (b)
Silicon; (c) Nhua; (d) Gidy.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vit liéu

Héa chit:

7n (NO3)2, Merck, CHsCsH2N:H 99%, Sigma
Aldrich, CHsOH, Merck, C:HsOH, Merck, AgNOs,
Merck, NaBHs, Sigma Aldrich, (3-Aminopropyl)
trithoxysilan 98% (CoH,,NO,Si, A Johnson Matthey
Company), bovine serum albumin 3%, Sigma Aldrich,
va mudi dém phosphate (PBS, Sigma Aldrich). Moi
truong Trypton Soya Broth, TM Media, b kit tach chiét
DNA (Thermo Scientific), nuGc loc siéu sach.

Base (tdm nén):

Tam thay tinh kich thuéc 22 x 22 mm, day 0,13 - 0,17
mm (cover glass-DeckGlaser-Marienfeld). Gidy mixed
cellulose ester, kich thuéc 16 rong 0,45 um (Advantec®).
Gidy micro-glass fiber filter - cellulose acetate, kich
thudc 16 rong 0,45 um (Finetech®).

Trinh ty ddu do:

5-SH-TACAAAGGGAGAAGGGCATG-3’(Gene
Wiz), tuong dong cao cac chiing E.coli, khong chia sé trinh
tu tuong dong véi bat ky thanh vién nao khong thudc ho
Escherichia coli (P. Bakthavathsalam et al., 2012).

Chung Escherichia coli ma VTCC12272 (Trung tam
Ngudn gen vi sinh vat qudc gia); ATCC 25922; nudi cay
trén mai truong NA, pH 6,5 - 7; nhiét d6 37°C, thoi gian
tli 24 - 48h, hiéu khi.

2.2. Phuiong phdp nghién citu

Phuiong phdp sii dung vt ligu: Téng hogp hat nano
(AgNPs and AgNPs@ZIF-8) dua trén phan ting khti cua
AgNO,,NaBH, va AgNPs/ZIF-8, Ag* dugc dua vao khung
trung tinh ZIF-8 thong qua phan ting khti v6i NaBH,; lua
chon gia thé va silane héa bé mat lai DNA cua E.coli véi
cam bién roi danh gia tin hiéu bang phuong phép tan xa
Raman, so sanh véi tin hiéu dau do trude dé (K. Mavani,
2013). Cac hinh vé moé phong dugc thuc hién trén phan
mém Open Office Drawing va Biorender (Hinh 2).

Sinh khéi sau qua trinh nudi cdy dugc st dung dé
chiét tach DNA t8ng s6 (gDNA) bing phuong phap phd
mang, loai b protein va taa nucleic acid. DNA sau dé
dugc st dung lam mach khuo6n cho phan ting lai vé6i dau
do ctia cam bién sinh hoc; DNA dugc bién tinh tai 95°C
trong vong 5 phut réi tién hanh u véi cam bién & 42°C
trong 2 gi® va dugc kiém tra bang Raman. Tan xa Raman
dong vai tro chuyén dai (transducer), gitp kiém tra tin
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Hinh 1. Cdc thanh phdn dién hinh ctia mot cdm bién
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Hinh 3. Co ché phdt hién cua tdn xa Raman va SERS
Nguon: Nhom nghién ciiu

hiéu trudc - sau khi tuong tac véi chat can phén tich
ctia cam bién (Hinh 3) (Z. Movasaghi, 2007).

3. KET QUA VA THAO LUAN

3.1. Két qua tong hgp AgNPs/ZIF-8

Két qua tong hop AgNPs/ZIF-8 dugc trinh bay &
Hinh 4, trong d6, duong kinh trung binh ctia khung
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Hinh 5. Hinh dnh SEM va két qud EDS ctia AgNPs/ZIP-8 phii trén tdm thuy tinh

ZIF-8 tdng hgp co kich thudc khoang 700 nm. Cac
nguyén té6 C, N, Zn chiém ty 1¢ 16n trong bang thanh
phéan EDS (Hinh 4) 1an lugt la 37,22% (C); 23,54% (N);
21,04% (Zn) theo khoi lugng, chiing to ZIF-8 tong hop
thanh cong. Bén canh do, su c6 mit cia Ag trong bang
phén tich, danh gia thanh phan nguyén t6 cho thay, Ag*
da di vao khung ZIF-8, chiém 9,64% vé khdi lugng.

Nhu vay, nghién ctiu tong hgp thanh cong AgNPs/
ZIF-8 véi kich thudc trung binh khoang 700 nm va c6
su xudt hién ctia nguyén t6 C,N, Zn, Ag.

3.2. Két quad phit AgNPs/ZIF-8 lén tdm thity tinh

AgNAgNPs/ZIF-8 dugc pht 1én tdm thiy tinh bang
phuong phap ngam trong 24 gi¢ va bay hoi tai 80°C.
Anh chup SEM cho thdy, khung kim loai ZIF-8 c6 kich
thudc dao dong trong khoang 700 - 1.000 nm; két qua
EDS cho thay thanh phéin cac nguyén t6 ctia mau do,
trong do, C chi€ém 37,63%; N chiém 28, 08%; Zn chiém
29,43% va Ag chiém 2,33% (Hinh 5).

3.3. Két qua ting sinh va tdch chiét DNA cia E.coli
VTCCI12272

banh gia viéc tang sinh khoi dap ting mo ta cta
Trung tam Nguon gen vi sinh vat quoc gia vé hinh thai
chung E.coli VTCC12272, néng d6 DNA t6ng luc nay
dat 106,7 ng/uL; ty 1é X260/280 la 1,04, chiing t6 mau
DNA tuong d6i tinh sach, khong lan tap chét, thong
qua may do Nanodrops 2000 Thermo Sciencetific.

Nguodn: Nhom nghién ciiu

3.4. Tin hiéu Raman cua ddau do va DNA E.coli

Tin hiéu Raman ctia ddu do dugc thé hién 6 Hinh
6, trong do, hai dinh hdp thu xuat hién tai budc séng
480 cm™ va 780 cm’!, pht hop véi Zanyar Movasaghi,
2007. Do do, két qua Raman ctia mau dau do c6 hai
dinh hép thu déu roi vao hai ving tin hiéu cia DNA (Z.
Movasaghi et al., 2007). Cudng d¢ tin hiéu Raman cua
dau do ghi nhén dugc 1a 18 - 20. Tin hiéu Raman ctia
d4u do 5°-SH-TACAAAGGGAGAAGGGCATG-3’ ¢6
hai dinh hép thu tai budc s6ng 480 cm™va 780 cm™; tin
hiéu ti 18 - 20 don vi cuong d6 (Hinh 6).

3.5. Tin hiéu Raman ciia DNA E.coli

Tin hiéu Raman ctia DNA E.coli dugc thé hién &
Hinh 7, trong d6, hai dinh hép thu xuét hién tai buéc
song tin hiéu cuc dai xuat hién tai vi tri budc séng 560
cm va 1094 cm’!, phu hop vé6i Zanyar, 2007. Cac bude
song trong vung tli 545 - 570 cm™ chua dugc ghi nhan
cu thé cho bat ky chat hoac hgp chat nao (Z. Movasaghi
et al., 2007). Cuong d¢ tin hiéu Raman ctia DNA E.coli
ndng do 50 ng/ml ghi nhan dugc c6 hai dinh hap thu véi
cuong do 183 va 198; tin hiéu Raman ctia DNA E.coli
¢6 hai dinh hap thu tai budc séng 560 cm™va 1.094 cm™
v6i cudng do tin hiéu lan lugt 1a 183 va 198 (Hinh 7).

3.6. Tin hiéu Raman ciia DNA E.coli lai vé6i ddu do

Hinh 8 cho thay, tin hiéu lai cia DNA E.coli v6i dau
do cho dinh hdp thu tai budc séng 1.094 cm’’, tuong
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TIN HIEU RAMAN CTUA DAU DO
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Hinh 6. Tin hiéu Raman ctia ddu do
Nguon: Nhom nghién ciiu

dong voi nghién ctiu tong hop ctia Zanyar Movasaghi
trudc do (Z. Movasaghi et al.,, 2007). Cudng do tin
hiéu lai 1én khoang 250 - 274, gap 14 14an so véi tin hiéu
Raman dau do trudc d6 (c6 cuong do khoang 18 - 20)
va gép 1,4 1an so véi tin hiéu DNA trudc khi lai.

bé danh gia sdu hon kha nang phat hién DNA
E.coli cia phuong phap Raman, cac thi nghiém trén
nong do DNA téng khac nhau lan lugt dugc thuc
hién, bao gém 100, 50, 25 ng/mL, thé hién trong Hinh
9. Két qua so sanh cho thdy, d6i v6i mau cé néong do
50 ng/mL cho két qua do tot nhat véi cuong do tin
hiéu thu nhan dugc dao dong tii khoang 250 - 275.
Tiép dén la mau mang néng d6 100 ng/mL va 25 ng/
mlL, cho cuong do tin hiéu thu nhén khong qua khac
biét trong khoang 225 (Hinh 9).

Viéc phat hién dugc DNA nong d6 25 ng/mL cho
thay phuong phap tin hiéu Raman rat c6 tiém nang khi
so sanh vGi cam bién phét hién E.coli dua trén dau do
gan trén vang nano (AuNPs) v6i gid tri nho nhét phat
hién dugc la 1py/mL, tuong duong 1.000 ng/mL (Zhu
et al.,, 2019). Du vay, tinh dén hién nay, cdc cam bién
sinh hoc cho DNA va RNA da khong ngting cai tién,

TIN HIET RAMAN CTIA E a0l TINA Sougiml i Prebes
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Hinh 8. Tin hiéu Raman sau khi lai DNA E.coli vdi ddu do
Nguon: Nhom nghién ciiu
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Hinh 7. Tin hi¢u Raman ctia DNA E.coli nong do 50 ng/mL

Nguon: Nhom nghién ciiu

c6 nhiing cam bién cho d¢ nhay lén dén 0,02 ng/mL
(IpM) (A. Lomae et al.,, 2023). Nhu vay, tin hiéu lai
thu nhén c6 hai dinh tai buéc séng 560 va 1.094 cm™;
cuong do tin hiéu tang gap 2,4 lan trudc khi lai. Nong
doé DNA 50 ng/mL thu dugc két qua tot nhét véi cuong
do lén dén 274, ndong do 100 ng/mL va 25 ng/mL c6
cuong do tin hiéu khong qua khac biét trong khoang
220 - 230.

3.7. Tin hiéu Raman ctia cdm bién sinh hoc

Phuong phap Raman ghi nhan thanh cong tin hiéu
ctia DNA & nong do 25 ng/mL, do do, 25 ng/mL DNA
E.coli sé dugc chon lam nong do tiép tuc thi nghiém
trén dé€ cam bién AgNPs. Dau do dugc gan 1én dé cam
bién, sau d6 6n dinh va khoa bang dung dich BSA trong
PBS, tao nén cam bién sinh hoc. DNA E.coli nong d¢ 25
ng/mL sau khi bién tinh & 95°C trong 5 phut sé dugc
lai vGi cam bién va tién hanh thu nhén tin hiéu Raman.

Tu Hinh 10 c6 thé€ thdy, tin hiéu Raman cta dé
AgNPs c6 cuong do hdp thu thap nhat véi khoang 165
don vi. Sau khi gan d4u do, cuong do hap thu ting lén
gan 254 (gap 1,5 lan so v6i AgNPs trudc do). Tin hiéu
thay d6i ro6 nhét khi cho DNA E.coli lai v6i cam bién

SO SANH TIN HIEU RAMAN CUA DNA E coii LAL VO PAU DO O'3
NONG DO KIAC NHAU

RAMAN SHIFT (ChH)

Hinh 9. So sanh ba néng 4o DNA E.coli sau khi lai véi ddu do

Nguon: Nhom nghién ciiu
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Hinh 10. Tin hiéu Raman ctia cdm bién sinh hoc
phat hién DNA ctia E.coli
Ngudn: Nhom nghién ciiu

sinh hoc, hai dinh hdp thu xudt hién tai budc séng
676 va 1.573 cm’'. Theo Movasaghi et al., 2007, cac
tin hiéu tuong dong cua DNA ciing dugc ghi nhan
trong vung budc séng 630 - 678 cm™ va tu 1.573 -
1.576 cm™. Pinh 637 cm™ ¢6 cudng do hdp thu 537
va dinh 1.537 cm™ ¢6 cudng d6 cuc dai 1én dén 1.325
don vi (gap tu 2,5 - 5 lan so véi cam bién trudc khi
c6 su xudt hién ctia DNA E.coli). Dong thoi, quan sat
dugc mau traing khong c6 DNA cua E.coli lic nay ¢
cuong do thadp hon hén so v6i mau lai véi E.coli (chi
dat 160 don vi va khong xuét hién bat ky dinh hap
thu nao tai ving buéc séng 1.573 cm™) (Hinh 11).
Tin hiéu Raman phat hién DNA E.coli bang cam bién
sinh hoc ¢6 hai dinh hdp thu tai 676 va 1.573 cm™' v6i
cudng do lan lugt la 537 va 1.325.

So sanh tin hiéu phat hién DNA ctia E.coli khi su
dung va khong st dung cam bién c6 sy khac biét rat 16n
vé cuong do: Tin hiéu Raman ctia mau lai khong dung

S0 SANH TIN HIEU RAMAN CUA DNA E, coff KHISU DUNG VA KHONG SUDUNG CAM BIEN
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Hinh 11. So sdnh tin hiéu Raman phdt hién DNA
ctia E.coli va mdu trang trén cdm bién sinh hoc
Ngudn: Nhom nghién ciiu

cam bién c6 cudng do tin hiéu khoang 210 - 220, trong
khi tin hiéu phat hién DNA E.coli bang cam bién dat
cuong do hap thu 537 va 1.325 (gap 2,5 - 6 lan) (Hinh
12). biéu nay chiing to AgNPs gitip tan xa Raman t6t
hon, khuéch dai lugng 16n tin hiéu sinh hoc.

Viéc phat hién dugc DNA noéng do 25 ng/mL cho
thay, phuong phap phat hién cam bién sinh hoc dya
trén AgNPs rat c6 tiém nang khi so sanh v6i cam bién
phat hién E.coli dya trén ddu do gin trén vang nano
(AuNPs) ctia nhém nghién ctiu Longjiao Zhu vao nam
2019, gid tri nhd nhét cam bién c6 thé phat hién dugc
la 1p/mL, tuong duong 1.000 ng/ml. V6i cuong do tin
hiéu Raman cao ctia cam bién sinh hoc trong nghién
ctiu nay hita hen c6 thé phét hién DNA & nong d6 thap
hon, tuong tu cam bién sinh hoc DNA va RNA phat
hién COVID-19 trong nghién ctiu ctia Lomae, 2023;
cam bién cai tién cho do nhay lén dén 0,02 ng/mL
(1pM) (A. Lomae et al., 2023).

Nghién ctiu da thanh cong phat hién
DNA E.coli bang dé cam bién AgNPs/

thuy tinh. AgNPs giup khuéch dai lugng
16n tin hiéu tan xa trong ché tao cam bién
sinh hoc phat hién DNA E.coli, cuong do
tin hiéu tang cao nhat gap 6 lan so véi khi
khong dung cam bién va nong do DNA
phat hién dugc la 25 ng/mL.

4. KET LUAN
Két qua nghién ctiu da téng hgp thanh

cong AgNPs/ZIF-8 v6i kich thude trung
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““  t6 CN, Zn va Ag; AgNPs/ZIF-8 dugc pht

Hinh 12. So sanh tin hiéu Raman trong phdt hién DNA E.coli

khi sit dung va khong sit dung cam bién sinh hoc

Nguodn: Nhom nghién ciiu

1én tam thuy tinh ¢ kich thuéc dao dong
trong khoang 700 - 1.000 nm; thanh phan
nguyén t6 ctia C chiém 37,63%; N chiém
28,08%; Zn chiém 29,43% va Ag chiém
2,33%.
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Bén canh d6, két qua nghién clGu clng
cho thdy, tin hiéu Raman cua dau do 5-SH-
TACAAAGGGAGAAGGGCATG-3’ ¢6 hai dinh hép
thu tai budc séng 480 va 780 cm™ véi tin hiéu tu 18
- 20 don vi cuong do; tin hiéu Raman ctia DNA E.coli
6 hai dinh hap thu tai budc séng 560 va 1.094 cm™,
cuong do tin hiéu lan lugt la 183 va 198. Tin hiéu lai
thu nhéan c6 hai dinh tai budc séng 560 va 1.094 cm™,
cuong do tin hiéu ting gap 2,4 lan trude khi lai. Nong
do DNA 50 ng/mL thu dugc két qua tot nhat véi cuong
do lén dén 274; nong do 100 ng/mL va 25 ng/mL c6
cuong do tin hiéu khong qua khac biét, trong khoang
220 - 230.

Trong khuon khd ctia nghién ctiu da dat dugc két
qua kha quan trong viéc dung Raman dé€ phat hién
E.coli bang chip sinh hoc tai phong thi nghiém, mé ra
huéng nghién ctiu cho tuong lai, huéng t6i phat hién
E.coli trong mdi trudng thuc té ap dung trong quan
trdc moi trudng.

Loi cdam on: Nghién ctiu dugc tai trg béi Dai hoc
Qudc gia Thanh phd Ho6 Chi Minh trong khudn khé Dé
tai ma s6 C2024-20-17m
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