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ABSTRACT

The study was carried out to improve the sensitivity of paper-based
biosensors for detecting antibiotics inhibiting bacterial protein synthesis.
The biosensor was based on the detection of luminescence intensity of
nanoluciferase protein (NanoLuc), which was synthesized on freeze-dried
paper containing an in vitro transcription-translation system. NanoLuc
was synthesized by applying water samples without antibiotics on freeze-
dried paper, resulting in luminescent emission when combined with the
Furimazine substrate. In contrast, in the presence of antibiotics, the
luminescent intensity was lower due to the inhibition of NanoLuc
synthesis. The luminescent intensity was recorded with a digital camera
and quantified by ImageJ software. The estimated detection limits were
13,9; 0,23; 1,2 and 0,32 ug/mL for gentamicin, chloramphenicol,
erythromycin, and paromomycin, respectively. The sensitivity of
luminescent paper-based biosensors was increased 2 or 3 folds depending
on each antibiotic.

TOM TAT

Nghién civu duege thue hién nham cdi thién do nhay cia cam bién sinh hoc
nhdn dién nhém khdng sinh irc ché sw tong hop protein trén nén gidy.

Cam bién sinh hoc nhan dién khang sinh dua trén cuong do phat quang
cua protein nanoluciferase (NanoLuc) duwoc tong hop trén nén gidy dong
khé c6 chira hé thong phién ma dich ma trong diéu kién phong thi nghiém.

Khi nhé nuée lén nén gidy, protein NanoLuc dioc téng hop va phdt sdng
khi két hop véi co chat Furimazine. Nguweoc lai, khi c6 khang sinh irc ché
sy tong hop protein cua vi khuan sw tong hop protein NanoLuc bi can tré
dan dén cwong dé phat sang yéu. Cuong dé phat sang dwoc ghi nhdn bang
mdy chup dnh ky thudt s6 va dinh lwong bang phan mém xie Iy anh ImageJ.
Gioi han phat hién khang sinh dwoc ghi nhdn cho gentamicin,

chloramphenicol, erythromycin va paromomycin lan lwot la 13,9; 0,23;
1,2 va 0,32 uglmL. DJ nhay cia cam bién sinh hoc dwoc cdi thién 2 hodc
3 lan tiy timg loai khéng sinh.

1. GIOI THIEU

Uc ché su tong hop protein cua vi khuén 1a mot
trong nhirng co ché hoat d6ng quan trong cua khang

sinh nham kim ham sy sinh truéng phat trién hodc
tiéu diét té bao vi khuan (Kapoor et al., 2017). Nhom
khang sinh tic ché sy téng hop protein cua vi khuin
theo 3 co ché, trong d6 (i) gan vao tiéu don vi 30S
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(nhém aminoglycoside, tetracycline), (i) gén trén
tiéu don vi 50S (nhém chloramphenicol) va (iii) gan
vao vi tri tdng hop peptide trén tiéu don vi 50S
(nhém macrolide) (McCoy et al., 2011). Cac nhom
khang sinh nay déu dugc sir dung rong rai trong nuoi
trong thay san (Nguyen et al., 2014, 2020). Tuy
nhién, viéc lam dung khang sinh da dan dén sy phat
sinh vi khuan khang khang sinh (Schar et al., 2021),
ton Iuu du lwong khang sinh trong san pham thiy
san gy anh huong dén stc khoé ngudi tiéu ding
(Liu et al., 2017), anh hudng uy tin san pham thay
san xuat khau cua Viét Nam.

Cac phuong phap phat hién khang sinh trong
moéi trudng hodc san pham thuy san dang dugc 4p
dung hién nay gom sic ky long cao ap (HPLC), sic
ky khdi phd (GC-MS) (Phu et al., 2015; Uchida et
al., 2016). Uu diém cua cac phuong phap nay 1a c6
gidi han phat hién thap va do nhay cao, nhung cac
phuong phéap nay doi hoi trang thiét bi chuyén dung,
hoa chat dat tién va ngudi phan tich phai c6 k¥ thuat
cao dé thyc hién cac quy trinh chin doan phiic tap
trong cac phong thi nghiém. Do d6, nhu cau phat
trién phuong phap phat hién khang sinh dé sir dung,
thoi gian phéan tich nhanh va khong phu thugc vao
cac thiét bi dat tién 1a viéc lam can thiét, déc biét cho
cac nude dang phat trién.

Gan day, cam bién sinh hoc dang dugc cac nha
khoa hoc dic biét quan tdm phat trién dé nhan dién
khang sinh do c¢6 nhiéu wu diém nhu chi phi thap,
thoi gian phan tich nhanh, than thién véi nguoi su
dung va khong phu thudc vao trang thiét bi hién dai
(Mungroo & Neethirajan, 2014; Reder-Christ &
Bendas, 2011; Zhou et al., 2021). Cam bién sinh hoc
nhan dién nhom khang sinh wc ché sy téng hop
protein cua vi khuan da duoc phat trién bang cach
tong hop protein tin hiéu B-galactosidase trong diéu
kién in-vitro trén nén gidy dong kho, sir dung hé
thong PURExpress in vitro protein synthesis kit
(E6800, New England Biolabs, My) (Tran et al.,
2017). Cam bién sinh hoc nay nhan dién khang sinh
bang su thay di mau sic do B-galactosidase dugc
tong hop va thily phan co chét chlorophenol red -
D-galactopyranoside, din dén sy thay d6i mau sac
tir vang sang tim. Két qua ghi nhan gigi han phat
hién khang sinh dugc bao cdo lan luot 12 0,5; 2,1;
0,8 va 6,1 ug/mL. Trong nghién ctru nay, cam bién
sinh hoc duoc cai thién nham gia ting gidi han phat
hién (limit of detection — LOD) nhém khang sinh c
ché sy téng hop protein cua vi khuin thong qua viéc
d6i protein tin hiéu thanh NanoLuciferase
(NanoLuc), mét protein phat quang sinh hoc méi ¢6
mtc phat quang cao, tin hiéu phat quang 6n dinh va
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kha ning duy tri tin hiéu phat quang bén hon cac
protein phat quang sinh hoc trude d6 (Griss et al.,
2014; Lowell et al., 2015).

2. PHUONG PHAP NGHIEN CUU
2.1. Vat liéu nghién ciou
2.1.1. Khang sinh

Dung dich géc (nong d6 1 mg/mL) cua
paromomycin sulfate (Sigma Aldrich, My) va
tetracycline hydrochloride, (Nacalai Tesque, Nhat
Ban) duoc chuan bi bang cach hoa tan trong nudc
cét. Chloramphenicol va erythromycin (Nacalai
Tesque, Nhat Ban) duoc hoa tan trong ethanol
(Merck, Duc), va sau d6 tiép tuc pha lodng bang
nudc cat.

2.1.2. Plasmid

Plasmid pET2la-NLuc mang gen ma hoa
protein NanoLuc dugc cung cap boi PGS.TS.
Hideyuki Matsuura, Pai hoc Osaka, Nhat Ban.

2.2. Vit liéu nghién ctru
2.2.1. Chudn bj DNA khuén cho qud trinh biéu
hién protein NanoLuc trén nén gidy trong

diéu kién in vitro (in vitro transcription
translation system - IVTT):

doan DNA dung lam mach ma khuén cho qua
trinh biéu hién protein NanoLuc gém vi tri gan
ribosome (ribosome binding site), gen ma hoa
protein NanoLuc hoat dong dudi su diéu khién cua
promoter T7 va trinh ty cta terminator T7 dugc
khuéch dai bang phuong phap PCR st dung cap moi
T7 promoter 5’-TAATACGACTCACTATAGGG-
3 va T7 terminator 5’-
GCTAGTTATTGCTCAGCGG-3’. Thanh phan
hoa chit va chu ky nhiét cho phan tmg PCR dugc
thuc hién theo Tran and Tran (2020). San pham PCR
dugc kiém tra trén gel agarose 1% nhudém bang
ethidium bromide trong dung dich TAE 0,5X. Sau
d6, san pham PCR duoc tinh sach bang kit (Wizard
SV gel and PCR clean up system, Promega, My).
San phim PCR di tinh sach dwoc dung lam mach
ma khuén cho qué trinh biéu hién protein NanoLuc
trong diéu kién in vitro.

2.2.2. Chudn bj dia gidy tam IVTT cua protein

NanoLuc:

st dung mdy in muc sdp (ColorQube 8570,
Xerox) dé in mau thiét ké 1én nén gidy cellulose
(1442-150; Whatman, Anh) (Hinh 1A). Giéy da in
dugc ép nong & 100°C trong 10 phut dé 1am tan chay
sap nham tao ra cac hang rao khong thdm nudc dé
chtra hdn hop phan ung (Hinh 1B).
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Sau d6 dan mét 16p keo dinh & mot mat cua gidy
dé tranh thim hdn hop phan ung. Gidy tam duoc ¢b
dinh vao budng u trudc khi tam hé thong tong hop
protein NanoLuc trong diéu kién in vitro (Hinh 1C).
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C. Gidy tim dugc ¢b dinh vao budng u

Hinh 1. Pia gidy tim IVTT cia protein
NanoLuc

2.2.3. Chudn bj phan ung IVTT cua protein
NanoLuc trén nén glay

thir nghiém tng hop proteln NanoLuc trong
diéu kién in vitro trén nén gidy s dung PUREfrex
2.0 kit (Genefrontier, Nhat Ban) (Nishikawa &
Ueda, 2001). Thanh phan cho mdi phan ung (2 uL)
bao gém 1 pL dung dich I; 0,1 uL dung dich 11; 0,2
pL dung dich IIT va 20 ng DNA khuon cta gen ma
hoa protein NanoLuc (san pham PCR tinh sach).
Dbi chimg 4m 1a phan tng khong c6 chira DNA
khuén ctia gen ma hoa protein NanoLuc. Sau khi
chuan bi, 2 pL hdn hop phan tng duoc tim 1én mdi
diém trén gidy va gidy tim nay duoc lam lanh nhanh
trong nito 1ong va déng kho lanh trong it nhat 3 gio.
Phan ting téng hop dugc kiém tra bang cach nho 2
pL nue cat va i ¢ 37°C trong budng am trong 2 gio.
Protein NanoLuc téng hop duoc kiém tra thong qua
kha ning phét sang khi tac dung véi thubc thir Nano-
Glo Luciferase (Nano-Glo® Luciferase Assay
System, Promega) (England et al., 2016).
2.2.4. Tha nghiém nhdn dién nhom khang sinh
#c ché su tong hep protein cua vi khudn
ciia IVTT protein NanoLuc trén nén giay:

2 uL dung dich khang sinh & cac nong do xéac
dinh hodc nuéc cit dwoc nhé 1én mdi diém cho phan
{mg trén gidy va u & 37°C trong budng 4m trong 2
gio. Sau khi 1, budng u dugc dé trén d4 va nho 2 pL
thudc thir NanoGlo Luciferase (Promega, My) da
dugc pha lodng 5 1an trong dung dich pha lodng di
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kém. Sau do6, budng o dwoc dit trong hop tdi va
cuong d6 phat sang tir cac diém phan tng duoc ghi
nhan bang may anh ky thuat s (Griss et al., 2014).
Trong truong hop c6 su hién dién cia khang sinh,
su tong hop protein NanoLuc s& bi wc ché, dan dén
tin hidu phét quang yéu hogc khong c6 tin hi¢u phat
quang. Tin hiéu phat quang duoc dinh lwong bang
phan mém phan tich va xtr 1y anh ImageJ. Cudng do
tin hiéu dugc do trong mdi vong sap (giéng phan
{mg), doi tir hé thdng mau RGB (RGB type) sang hé
thong don sic (8-bit gray scale) va phan tich cuong
do sang cua anh theo thang do d6 xam (grayscale).
Gia tri thu duoc tir phan tng khong chira mau DNA
duogc sir dung dé trir mau trang. Gidi han phat hién
(Limit of Detection — LOD) dugc xac dinh theo
cong thirc LOD = 3 xSD/S trong do S (Slope) 1a h¢
s6 goc cua duong chuan va SD (Standard Deviation)
1a do léch chudn cuaa gia tri trung binh cia mau trang.
3. KET QUA VA THAO LUAN

3.1 X4c dinh sy tong hop protein NanoLuc
trong diéu kién in vitro trén nén gidy
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Hinh 2. Kha ning téng hop protein NanoLuc
trong diéu kién in vitro trén nén glay

Dé xac dinh kha ning tong hop protein NanoLuc
trong diéu kién in vitro trén nén gidy, phan tng
phién ma va dich ma protein tin hiéu NanoLuc dugc
chuan bi theo mé ta & phuong phéap nghién ciru. Sau
khi kich hoat lai phan tng bang cach nhé 2 pL nudc
c4t va u phan ung & 37°C trong 2 gio, két qua cho
thdy & phan tmg c6 su hién dién cua DNA khudn,
tin hiéu phat sing dugc ghi nhan, ngugc lai & mau
4m tinh hodc mau khong c¢6 thude thir thi khong ghi
nhan duogc tin hi€u phat sang. Cuong do phat sang
ctia protein NanoLuc duoc dinh lugng bang phan
mém xir 1y anh ImageJ (Hinh 2). Cac két qua nay
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cho thay protein NanoLuc da duoc tong hop thanh
cong trong diéu kién in vitro trén nén gidy.

3.1. Thir nghiém kha ning nhan dién nhém
khang sinh wc ché sy tong hep protein
cia vi khuin bing hé théng IVTT cua
protein NanoL.uc

Pé chitng minh hé théng IVTT cua protein
NanoLuc ¢6 tiém nang phan tng nhu mot cam bién
sinh hoc, cac phan tmg IVTT trén nén gidy duoc thir
nghiém kha nang trc ché sy tong hop protein cua vi
khuan. Mot s6 khang sinh dai dién cho nhom khang
sinh rc ché sy tong hop protein cua vi khuan duoc
chon gom (i) gentamicin dai di¢n cho nhom uc ché
su tong hop protein bang cach gan vao tiéu don vi
308, (ii) chloramphenicol dai dién cho nhom trc ché
su téng hop protein gan trén tiéu don vi 50S va (iii)
erythromycin dai dién gan vao vi tri tong hop
peptide trén tiéu don vi 50S. Ngoai ra,
paromomycin, mot amynoglycoside thugc nhom (1)
duoc chon dé thir nghiém thém do ngoai kha ning
khang khuan, paramomycin con c6 kha nang khang

ky sinh trung nhu nhom Cryptosporidium,
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Entamoeba hodc Leishmania (Kobets et al., 2012;
Kikuchi et al., 2013) Cac dia gidy dong kho dugc
tam vé6i hé théng IVTT va NanoLuc DNA dugc nho
2 uL dung dich khang sinh & cac nong d¢ khac nhau
va i ¢ 37°C trong 2 gio. Két qua cho thay s uc ché
tong hop protein NanoLuc ti 1¢ thuan véi nong do
cua tung loai khang sinh, hay cuong do phat sang
giam dan & mau c6 ndng d6 khang sinh cao va ngugc
lai. Cuong do phat sang dugc ghi nhan bang may
anh ky thuat sé va dinh luong bang phin mém xu ly
anh ImageJ. Gidi han phat hién LOD dugc tinh theo
cong thire LOD=3 xSD/S cho két qua LOD cua

gentamicin, chloramphenicol, erythromycin va
paromomycin lan luot 1a 13,9; 0,23; 1,2 va 0,32
pg/mL. MJi loai khang sinh &c ché su tong hop
protein cua vi khuan tac dong ¢ céac giai doan khac
nhau ciia qué trinh phién md mRNA, diéu nay c6 thé
anh huong dén gia tri LOD cua céc loai khang sinh
vura thu nghiém (McCoy et al., 2011). Két qua nay
cho thay tiém ning ciia cam bién sinh hoc str dung
hé thong IVTT cua protein NanoLuc trén nén giay.
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Hinh 3. Kha niing nhan di¢n nhém khang sinh c ché sw tong hop protein cia vi khuan

Ghi chu: Gia tri ghi nhdn la gia tri trung binh +do léch chudn (SD) ciia 3 lan lap lai thi nghiém
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Dua trén nguyén 1y cua cam bién sinh hoc nhan
dién nhom khang sinh ac ché protein cua Vi khuén
bang su thay d6i mau, cam bién sinh hoc trén nén
giay phat quang da duoc cai tién thanh cong bang
céch thay thé gen ma hod cho protein tin hiéu p-
galactosidase thanh gen ma hoa cho protein tin hiéu
NanoLuc. NanoLuc 1a protein da dugc gay dot bién
dé cai thién cuong do phat quang véi kha niang phat
sang cao hon Firefly Luciferase (Fluc) va Renilla
Luciferase (Rluc) 150 lan (Hall et al., 2012). Hon
nira, tin hi€u phat sang ciia NanoLuc dugc ghi nhan
1a 6n dinh va duy tri ldu hon c4c protein phat quang
sinh hoc trude d6. Khi sir dung gen ma hoéa protein
NanoLuc nhu 1a thanh phan nhan dién khang sinh
ctia cam bién sinh hoc da cai thién dugc d6 nhay cao
hon, cy thé giGi han phat hién cua 3 loai khang sinh
goém paromomycin, chloramphenicol va
erythromycin giam lan lugt gan 2, 4 va 5 1an so Véi
nghién ciru trude (Tran et al., 2017). Tuy nhién, do
nhay nay van can cai thién hon nira. Phuong phap
chiét tach cac thanh phan can thiét cho qua trinh
phién ma, dich ma trong diéu kién phong thi nghiém,
ham luong ribosome hoic RNA van chuyén trong
cac hé théng IVTT thuong mai c¢6 thé 1a nhitng yéu
t6 anh huong dén viéc tdng hop protein. Str dung hé
thong IVTT dugc két hop tir nhing thanh phan riéng
I& can thiét cho qua trinh phién ma dich ma s& dé
dang chuan hoa d6 nhay cua cam bién sinh hoc hon.
Ngoai ra, str dung ribosome nhay cam cao véi khang
sinh thay vi ribosome cua vi khuan Escherichia coli
vi dy, ribosome ¢6 ngudn goc tir cac vi khuan khac
nhau rat nhay cam voi khing sinh nhu
Staphylococcus aureus NCTC 6571 hoac
Streptococcus pneumonia ATCC 49619 (Andrews,
2001) hoic ribosome c6 dot bién lam tang do nhay
v6i khang sinh ciing 1a mot giai phap dé ting do
nhay ciia cam bién sinh hoc.

Cam bién sinh hoc trén nén gidy dong khé co thé
hoat dong trong it nhat mot tuan khi bao quan ¢ 4°C
(ngdn mat tu lanh) hay -20°C (ngan dong tu lanh).
Diéu nay cho thdy kha nang chuan bi truéc s6 luong
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cam bién sinh hoc trén nén gidy dong kho dé c6 thé
sir dung trong thoi gian cho phép tai phong thi
nghiém hoic tai hién truong thu mau. Bén canh do,
chi phi san xuat thip, nguyén liéu than thién véi moi
truong, dé sir dung ciing nhu khong phu thude vao
trang thiét bi dat tién ciing 1a mot s6 wu diém déng
lwu ¥ ciia cam bién sinh hoc trén nén gidy.
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Hinh 4. Tinh 6n dinh ciia cam bién sinh hoc
4. KET LUAN

Nghién ctru da cai thién dugc d6 nhay cta cam
bién sinh hoc phat quang nhan dién khang sinh G
ché sy tdng hop protein caa vi khuan trén nén gidy.
Tuy nhién, d6 nhay cua cam bién sinh hoc van can
chuén hoa thém dé cai thién ciing nhu nghién ctru
thém vé cac kha ning wng dung trong thuc té nhu
(rng dung nhan dién khang sinh trén mau thyc pham,
san pham ché bién thily san. Hon nita, v6i wu diém
dé sir dung, khong phu thudc vao trang thiét bi dit
tién, chi phi san xuat thap va nguyén liéu than thién
Vi moi truong, cam bién sinh hoc trén nén gidy
dong kho co thé (g dung nhu mot bién phap sang
loc ham lugng khang sinh luu ton trong moi truong
hay trong thuc pham & diéu kién thuc té, dac biét la
o nhung nuoc dang phat trién, chwa trang bi duoc
nhiéu phong thi nghiém day du trang thiét bj dat tién
¢ cac dia phuong.
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