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ABSTRACT

This study is aimed to in vitro synthesize nanoluciferase (NanoLuc)
reporter protein using cell-free protein synthesis system to develop
biosensor for antibiotics inhibiting bacterial protein synthesis. The
template for protein synthesis was prepared by amplifying and column
purifying the DNA fragment coding for NanoLuc. This result indicated that
NanoLuc protein was successfully synthesized through its presence on
CBB staining SDS page at 21 kDa and be able to emit light when react to
Furimazine. The synthesized NanoLuc protein could detect antibiotics
inhibiting bacterial protein synthesis via some representatives including
oxytetracycline, chloramphenicol and erythromycin. Specificity was also
determined. This information gives a good starting point for further studies
on development biosensor for antibiotics inhibiting bacterial protein
synthesis; however, the effect of other parameters influencing on in vitro
NanoLuc protein synthesis needs investigating.

TOM TAT

Nghién ciru dwoe thwe hién nham tong hop protein tin hiéu nanoluciferase
trong diéu kién phong thi nghiém (in vitro), s dung h¢é théng phién ma
dich ma ngoai te bao (cell-free synthesis) de ing dung tao cam bién sinh
hoc nhdn dién nhém khang sinh vrc ché sw tong hop protein cua vi khudn.
Mach ma khuén cho qua trinh tong hop protein dwoc chudn bi bang cdch
khuéch dai va tinh sach doan DNA ma hod cho protein nanoluciferase
(NanoLuc). Két qua di xdc dinh protein NanoLuc dwoc tong hop thanh
cong thong qua sw hién dién trén gel SDS page nhuom CBB voi kich thuoc
21 kDa va ¢é khd ndng phat séng khi tac dung véi co chat Furimazine.
Kha ndng nhdn dién nhém khdng sinh irc ché su tong hop protein ciia vi
khudn duoc xdc dinh thong qua thir nghiém nhan dién mot s6 khang sinh
dai dién gom oxytetracycline, chloramphenicol va erythromycin. Tinh ddc
hiéu cia qua trinh nhan dién dwoc xac dinh. Mdc du can khdo sat thém
mot s6 yéu té anh hudng dén qud trinh tong hop protein NanoLuc trong
dzeu kién in vitro nhung két qua ndy ciing tqo tién dé cho cdac nghién ciu
tlep theo trong viéc tao ra cam bién sinh hoc ¢é kha nang nhan dién nhom
khdng sinh ikc ché sw tong hop protein ciia vi khuan.

Trich dan: Tran Thi My Duyén va Tran Thi Tuyét Hoa, 2020. Nghién ciru tao protein tin hiéu nanoluciferase:
Ung dung tao cam bién sinh hoc nhin dién khang sinh. Tap chi Khoa hoc Truong Pai hoc Can

Tho. 56(2B): 146-151.
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1 GIOI THIEU

Tinh trang lam dung khang sinh trong nu6i tréng
thUy san gy ra nhiéu van dé nghiém trong nhu 6
nhiém nguon nudc, kich thich sw phat trién cua cac
loi vi khuan khang khang sinh va du lugng khang
sinh trong san pham thuy san lam anh hudng tiéu
cuc dén sic khoé nguoi tiéu ding ciing nhu chat
luong ciia san pham xuat khau. Nam 2015, theo két
qua diéu tra vé tinh hinh sir dung khang sinh trong
a0 nudi thuy san nudc ngot & Pong bang song Ciru
Long va Pong bang song Hong, c6 10 loai khang
sinh khac nhau dugc su dung trong d6 3 loai duoc
st dung phd bién nhét 1a trimethoprim (30,8%),
oxytetracycline (30,9%) va sulfomethoxazole
(41,5%) (Pham et al., 2015). Nghién ctru cua Hoa et
al. (2011) cho thay ham lugng khang sinh trong moi
truong nude cang cao thi tan s xuat hién vi khuan
khang khang sinh cang nhiéu, vi du nhu ham lugng
sulfamethoxazole dugc xac dinh tir 0,47 — 6,66 pg/l
thi tan suat xuat hién coa vi khuin khang
sulfamethoxazole tir 2,14 — 94,4 %, trong khi do
ham lugng erythromycin duge xac dinh tir 0,15 —
2,24 pg/l, thi tan suat xuat hién cua vi khuan khang
erythromycin thip hon, tir 0,01 — 38,8%.

Hién nay, viéc phat hién khang sinh trong moi
truong nudi trong thuy san ciing nhu du lugng khang
sinh trong san pham thuy san dwoc xac dinh bang
cac phuong phép truyén thong nhu sic ky 1ong cao
ap (HPLC) hay séc ky khdi phd (GC-MS) (Phu et
al., 2015; Suzuki and Hoa, 2012; Uchida et al.,
2016). Tuy nhién, cac phuong phap nay can dwoc
thuc hién tai cac phong thi nghiém c6 day du trang
thiét bi hién dai, can bo c6 trinh d6 dé thuc hién qui
trinh phan tich phic tap, mat nhiéu thoi gian, va chi
phi cao. Piéu d6 han ché kha ning sir dung cac
phuong phap nay nhu mét phuong phap sang loc,
phan tich nhanh mot lwgng mau Ién véi chi phi gisi
han.

Cam bién sinh hoc dwoc xem 1a mot phuong
phap tlem ning dé thay thé cac phuong phap phan
tich truyén thong, cac nghién ciu vé cam bién sinh
hoc & Viét Nam van con nhiéu han ché. Nham phat
trién cam bién sinh hoc phat hién mot Sé khang sinh
duoc s dung phé bién trong nudi tréng thuy san
nhu nhém khang sinh rc ché sy tong hop protein cua
vi khuan nhu nhom aminoglycosides, tetracyclines,
chloramphenicol va macrolides trong mdi truong
nuéce ciing nhu trong san pham thuy san véi chi phi
thap, thoi gian phén tich nhanh, qué trinh phan tich
don gian, it phu thugc vao nhirng thiét bi hién dai
nhu cac phuong phép truyén théng, nghién ctu
“Tao protein tin hi¢u nanoluciferase (NanoLuc)
tng dung phdt trién cam bién sinh hoc nhdgn dién
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nhém khdng sinh e ché sw tong hep protein cria
vi khudn” duoc thuc hién nham tao tién dé cho cac
nghién ctru ké tiép trong viéc phat trién cam bién
sinh hoc nhan dién nhém khang sinh e ché sy tong
hop protein cua vi khuan.

2 PHUONG PHAP NGHIEN CUU
2.1 Vat liéu nghién ciru

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

2.2 Phwong phap nghién ciru
2.2.1 Chudn bi DNA khuén cho qud trinh biéu

hién protein NanoLuc trong hé thang cell-free
system

Nghién cuu thit nghiém qui trinh PCR st dung
doan mdi T7 promoter 5-
TAATACGACTCACTATAGGG-3’ va  T7
terminator 5’-GCTAGTTATTGCTCAGCGG-3’ dé
khuéch dai gen ma hoa protein NanoLuc. Thanh
phan hoa chat cho mot phan wng PCR bao gom: 1X
PCR buffer; 2 mM MgCly; 200 uM dNTPs; 0,2 uM
mdi T7 promoter; 0,2 uM mdi T7 terminator; 2,5U
Taq polymerase; 10 ng mau plasmid pET21a-NLuc.
Phan tmg PCR duoc thuc hién véi chu ky nhiét: bién
tinh & 95°C trong 5 phut; 13p lai 30 chu ky cho 95°C
trong 30 gidy, 55°C trong 30 gidy va 72°C trong 60
gidy; giai doan keo dai ¢ 72°C trong 5 phat. San
pham khuéch dai 1a doan DNA gom vi tri gin
ribosome (ribosome binding site), gen ma hoa
protein NanoLuc hoat dong dudi sy diéu khién cua
promoter T7 va trinh ty cua terminator T7. San
phim PCR duoc kiém tra trén gel agarose 1%
nhuém bang ethidium bromide trong dung dich
TAE 0,5X. Sau d6 tién hanh tinh sach san phim
PCR bing kit (Wizard SV gel and PCR clean up
system, Promega, M¥). San pham PCR di tinh sach
duogc dung lam mach ma khuén cho qua trinh biéu
hién protein NanoLuc trong diéu kién in vitro.

2.2.2  Phuwong phap tong hop protein tin hiéu
NLuc trong diéu kién in vitro (in vitro transcription
translation system — IVTT)

Thir nghiém tong hop protein NanoLuc trong
diéu kién in vitro sir dung PUREfrex 2.0 kit
(Genefrontier, Nhat Ban) (Nishikawa and Ueda,
2001). Thanh phan phan tng bao gom 2,5 pL dung
dich I; 0,25 puL dung dich IT; 0,5 pL dung dich III va
50 ng DNA khuon ctia gen ma hod protein NanoLuc
(san phdm PCR tinh sach). Pdi ching 4m 1a phan
ung khong c6 chira DNA khuon ctia gen ma hoa
protein NanoLuc. Sau khi chuan bi, hdn hop phan
tmg dugc i & 37°C trong 2 gio. Protein NanoLuc
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tong hop duoc kiém tra thong qua khd ndng phat
sang khi tac dung voéi co chat Furimazine (Hinh 1)
(Nano-Glo® Luciferase Assay System, Promega)
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(England et al., 2016) va trén gel SDS PAGE 15%
nhuém Coomassie Blue (CBB).
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Hinh 1: Co ché phan #ng ciia protein NanoLuc va co chit Furimazine (England et al., 2016)

2.2.3 Thur nghi¢m kha nang nhan dién khdang
sinh ¢ ché su tong hop protein cua vi khuan cua
protein tin hiéu NanoLuc

Hai micro lit cia mdi loai khang sinh (5 mg/mL)
gdbm  oxytetracycline,  chloramphenicol  va
erythromycin duoc cho vao phan ung tong hop
protein NanoLuc, ddi chimg duong 1a phan tng
chira 2 pL nudc cat va ddi chimg am 14 phan tng
khong c6 chira DNA khuon (DNA mang gen ma hoa
protein NanoLuc). Cac phan ung duoc u & 37°C
trong 2 gio. Su téng hop va tic ché tong hop protein
NanoLuc duoc xac dinh qua kha nang phat sang cua
protein NanoLuc dudi tic dung cia co chat
Furimazine (Nano-Glo® Luciferase Assay System,
Promega). Trong truong hop c6 sy hién dién cua 1
trong 4 khang sinh, su tdng hop protein NanoLuc s&
bi wrc ché, dan dén tin hiéu phat sang yéu hoic khong
c6 tin hiéu phat sang. Tin hiéu phat sang duogc ghi

nhan lai bang may chup anh ky thuat sb (Griss et al.,
2014) va dugc xir Iy bang phan mém Image J. Anh
duogc ddi tir hé théng mau RGB (RGB type) sang hé
thong don sic (8-bit gray scale), va phan tich cudng
d06 sang cua anh.

3 KET QUA VA THAO LUAN

3.1 Chuin bi mach mi khuén biéu hi¢n
protein NLuc

Plasmid mang gen mad hod protein NanoLuc
duoc xac dinh ham lugng va thuc hién qui trinh
khuéch dai nhu muc 2.2. San phim khuéch dai cua
gen ma hoa protein NanoLuc cho két qua ghi nhan
& Hinh 2A. Két qua cho thiy san phim dién di déu
hién r6 vach 759 bp, la san phém dac hiéu cua
NanoLuc. Tuy nhién & diéu kién thir nghiém, ngoai
san ph'f\m dic hiéu, két qua con cho san phém khong
dac hiéu (Hinh 2A).

Hinh 2: Két qua thuc hién va chuén hoa qui trinh PCR khuéch dai gen ma ho4 protein Nluc

(A)Két qud thire hién qui trinh PCR khuéch dai gen md hod protein NLuc: giéng M: thang DNA, gléng 1: san pham
khuéch dai; (B) Chudin ‘hod nhiét do gdn moi: gzengM thang DNA, giéng 1: 55°C, gieng 2: 56°C, giéng 3: 57°C; (C)
Chudin hod nong dp moi: giéng M: thang DNA, giéng 1: 0,2 uM/ phan img, giéng 2: 0,1 uM/ phan iing.

pé giam bot lugng san phﬁm khong déc hiéu,
mot sé chi tiéu dugc didu chinh bao gdm: i) nhiét do
gdn mdi (ting tir 55°C 1én 57°C va cho san pham
khuech dai 10, luong san phim phu it, Hinh 2B), (i1)
ndng do mdi (giam tir 0,2 pM xudng con 0,1 uM va
cho san pham khuéch dai 13, luong san phim tuong
duong, Hinh 2C) va (iii) nong do Taq ponmerase
(giam tir 2U/ phan g va cho san phdm khuéch dai
trong duong & 1U/ phan tng). Sau khi chuin hoa,
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qui trinh cho san pham dic hiéu rd, lugng san phém
khong dac hiéu giam o rét. Dleu nay cho thdy anh
huong cua nhiét do gan moi, nong d6 moi va ham
luong Tagq DNA polymerase d6i voi kha ning
khuéch dai coa qui trinh. Moi 1a nhitng doan
oligonucleotides dai khoang 20-30 base c6 trinh tu
b6 sung voi 2 diu cua doan DNA mong mudn
khuéch dai. Mai gitr vai trd quyét dinh dé Taq DNA
polymerase tong hop dugc soi bd sung, do d6 moi
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¢6 vai tro quyét dinh tinh dic hiéu cua phan @ng
PCR. Theo Quyén Dinh Thi va ctv. (2008), nhiét o
gan moi thap dan dén sy khuéch dai san pham khong
dat hiéu va nhiét do gén moi qué cao thi co it san
pham duoc tao ra. Ngoai ra, hiéu qua cia phan tng
PCR con phu thudc vao ndng d6 caa mdi (He et al.,
1994), ndng d6 mdi qué cao s& lam ting kha ning
mdi bam vao trinh ty khong dac hiéu hoac moi sé tu
bam vao nhau (Lorenz, 2012). Bén canh d6, ham
luong Taq DNA polymerase cao c6 thé lam ting
luong san pham khong dac hiéu (Bell and Demarini,
1991).

3.2 Xac dinh su téng hep ciia protein
NanoLuc trong diéu kién in vitro

Qué trinh tong hop protein NanoLuc trong diéu
kién in vitro bao gom cac thanh phan can thiét cho
qua trinh phién ma va dich ma protein (PUREfrex
2.0 kit), 50 ng DNA khuon cua gen ma hoé protein
NanoLuc. Sau khi u phan &g ¢ 37°C trong 2h, 2 uL
ctia phan tmg dugc load vao gel SDS page 15% dé
kiém tra su hién dién cua protein NanoLuc. Theo két
qua trén gel SDS page, su hién dién cua NanoLuc &
khoang 21 kDa (Hinh 3A), phu hop véi trong lugng
phéan tir cua NanoLuc (England et al., 2016). Bén
canh do, su téng hop cua protein NanoLuc dugc xac
dinh thong qua su phat sang khi tac dung véi co chat
Furimazine. Hai microlit Nano-Glo Luciferase
Assay Substrate (pha lodng 5 lan) chita co chét
Furimazine dugc thém vao phan con lai ciia phan
(g va dat vao trong hop t6i, tin hiu phét sang dugc
ghi nhan bing may chup hinh k¥ thuat s6. Két qua
cho thiy & phan tmng c6 su hién dién cia DNA
khudn, tin hi¢u phat sing dugc ghi nhan, ngugc lai
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& mau am tinh hodc mau khong 6 co chét thi khong
ghi nhan duoc tin hiéu phat sang. Cuong dd phat
sang cua protein NanoLuc dugc ban dinh lugng
bang phan mém xir Iy anh ImageJ (Hinh 3B). Céac
két qua nay chimg té protein NanoLuc di duoc tong

hop thanh cong trong diéu kién in vitro.

3.3 Kha nang nhan dién nhém khang sinh
uc ché su tong hep protein caa vi khuan caa
protein NanoL.uc

Pé chung minh cho tiém ning phat trién
cam bién sinh hoc, kha nang nhan dién nhom khang
sinh tc ché sy tong hop protein cua vi khuan cua
protein NanoLuc dugc kiém tra. Nhom khéng sinh
trc ché tong hop protein cua vi khuan c6 thé dugc
phan loai thanh ba nhém nhd, tuy thudc vao vi tri
gan vao ribosome cua ching bao gdm (i) gén vao
tiéu don vi 30S (nhom 1), (ii) gén vao trung tam
peptidyl transferase trén tiéu don vi 508 (nhom 2)
va (iii) gén vao dudng thoat peptide trén tiéu don vi
50S (nhém 3) (McCoy et al., 2011). Nghién ctru nay
tép trung vao khang sinh dai dién tir ba nhoém va

cho nhom
nhom 2

chon
chloramphenicol

oxytetracycline (OTC)
(CHL) cho

erythromycin (ERY) cho nhom 3 vi oxytetracycline
va erythromycin 1a 2 loai khang sinh dang st dung
phd bién trong nudi trong thuy san & Viét Nam trong
khi chloramphenicol hién dang dwoc cim sir dung.
Sau phan tng téng hop protein, két qua ghi nhan khi
phan ing véi co chit Furimazine, khong nhan thiy
tin hiéu phat sang ¢ ca 3 loai khang sinh, trong khi
dbi chimg duong cho tin hiéu phét sang binh thuong
(Hinh 4A). Diéu nay ching té protein NanoLuc bi trc

ché tdng hop & mau co sy hién dién cua khang sinh.
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Hinh 3: Két qua kiém tra sw tong hop protein NanoLuc trong diéu kién in vitro

(4)Gel SDS page nhuém CBB, (B) NanoLuc tdc dung voi co chdt Furimazine va phat sang. Cwong dg sang duwoc bdn
dinh lwong bang phan mém xit Iy anh ImageJ, @6 léch chudn thé hién cwong d¢ sang ciia 3 phan vmg déc lap.
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Nghién ctu tiép tuc thir nghiém véi mot sb
khang sinh dai dién cho nhom c6 co ché hoat dong
khac nham xac dinh tinh dic hiéu caa protein
NanoLuc, bao gom nhém ¢ ché sy tong hop thanh
té bao, nhom tc ché sy chuyén hod acid folic, va
nhom tc ché sy tong hop acid nucleic (Kohanski et
al., 2010). Penicillin (PEN), sulfadiazine (SDZ) va
enrofloxacin (ENR) lan luot 1a dai dién cho 3 nhom
khang sinh trén. Két qua thé hién & Hinh 4B cho thay

(A)

0.5 1

Relative gray scale

Nén t6i
(dark field) @

Nén sing
(bright field)

OTC CHL ERY

Tdp 56, Sé 2B (2020): 146-151

céc khang sinh dai dién khong thuéc nhom wc ché
su téng hop protein cua vi khuan déu cho tin hiéu
phat sang tuong dwong véi ddi ching duong, trong
khi mau thir nghiém véi chloramphenicol thi tin hi¢u
phat sang gan nhu khong phat hién. Diéu nay ching
t6 cac khang sinh khac co ché khong anh huong dén
qua trinh nhan biét nhom khang sinh muc tiéu cua
nghién cuu.

(B)
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Hinh 4: Két qua kiém tra kha ning nhan di¢n nhém khing sinh iic ché sw tong hop protein ciia vi
khuan cia protein NanoLuc

(4) Kha néng nhdn dién 3 logi khing sinh dai dién gom oxytetracycline, chloramphenicol va erythromycine; (B) Tinh
ddc hiéu cua protein NanoLuc khi thir nghiém voi mot so khang sinh co co ché hoat dong khdc gom penicillin,

sulfadiazine va enrofloxacin.

Trong nhing nam gan ddy, tong hop protein
trong dleu kién in vitro dugc chu y nhleu hon nhu 1a
mot nén tang thay thé cho cac té bao song, cung cap
mdi truong don gian va dé kiém soat hon dé nghién
ctru hé théng sinh hoc (Hodgman and Jewett, 2013).
Hé thong tong hop protein trong diéu kién in vitro
hay con goi 1a hé théng téng hop protein ngoai té
bao sbng (cell-free protein synthesis), bao gom cac
thanh phan can thiét dé phién ma, dich ma va mét
céu tric DNA khuon, cho phép chuyén phién ma cua
mot gen (Carlson et al., 2011). Hau hét thanh phan
cua cac hé théng nay déu c6 ngudn gdc tir vi khuan
E. coli, hoic mam lta mi hoic tir viéc tai tao cac
thanh phan tinh khiét cua E. coli (Carlson et al.,
2011). Hé thdng nay c6 nhiéu ing dung trong sinh
hoc téng hop, dic biét 1a nén tang cho thanh phan
sinh hoc ciia cam bién sinh hoc (Pardee et al., 2014,
2016; Slomovic et al., 2015), trong d6 DNA khuon
thuong dugc céu triic mang cac gen mi hoa cho cac
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protein tin hi¢u nhu protein phat huynh quang Green
Fluorescent Protein (GFP), Yellow Fluorescent
Protein (YFP) va p-galactosidase (B-GAL) hay
protein phat quang sinh hoc nhu Firefly Luciferase
(FLuc) va Renilla Luciferase (RLuc).

NanoLuc 14 protein bd sung méi nhét hé thong
cac protein phat quang sinh hoc (England et al.,
2016). Protein phat quang nay c6 ngudn gic tir tom
bién Oplophorus gracilirostris, véi ba lan dot bién
dé t6i wu héa luong phat quang cia protein. Ngudi
ta phat hién ra rang NanoLuc c¢6 kha nang phat sang
dic biét cao hon FLuc va RLuc 150 lan (Hall et al.,
2012). Ngoai ra, tin hi¢u phat quang 6n dinh va duy
tri 1du hon protein phat quang sinh hoc trudc d6. Véi
nhitg wu diém nay, NanoLuc hién dang dugc st
dung nhu thanh phan nhan biét trong cam bién sinh
hoc, dang cha v trong ung dung nhan dién khang
sinh trong chan doan y hoc va trong méi truong
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(Duyen et al., 2017; Griss et al., 2014; Lowell et al.,
2015).

4 KET LUAN VA BE XUAT
4.1 Kétluan

Protein NanoLuc dugc tong hop thanh cong

trong diéu kién in vitro, c6 kha nang nhan dién duoc
nhém khang sinh wc ché sy tong hop protein vi
khuan va c¢6 tinh dac hiéu cao. Protein NanoLuc ¢6
tiém ning phat trién thanh cam bién sinh hoc nhan
dién nhom khang sinh @c ché sy tong hop protein
ctia vi khuan trong moi truong nudc.

4.2 D& xuit

Tiép tuc khao sat cac diéu kién anh huong dén

qua trinh téng hop protein tin hiéu NanoLuc trong
diéu kién in vitro nhu nhiét do, pH va nghién ciru
phat trién cam bién sinh hoc nhan dién nhom khang
sinh trc ché sy tong hop protein cua vi khuan.
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