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Tém tat

Bst DNA polymerase Large Fragment (BsfLF) 13 enzyme giir vai trd tong hop mach méi
trong cac phan tmg khuéch dai déng nhiét trung gian vong lap (LAMP). Hién nay, BsfLF
thuong mai sir dung cho LAMP c¢6 gia thanh cao, trong khi BsfLF tu san xuat can quy trinh
tinh sach phtic tap va kho giit dwoc hoat tinh lau dai. Do d6, nghién ctru nay phat trién
phuong phap nham don gidn hoa quy trinh bang cach biéu hién BsiLF trong Escherichia
coli BL21(DE3) va str dung truc tiép dich ly giai t& bao thay vi tinh sach enzyme. E. coli
BL21(DE3) dugc cam tng biéu hién BsrLF bang IPTG 0,05 mM ¢ 37 °C trong 4 gid, sau
do thu té bao va ly giai & 65 °C trong vong 30 phut. Dich ly gidi tir 6 x 10'" té bao dugc bd
sung tryc tiép vao phan tmg LAMP va c6 thé phat hién tdi thiéu 10° fg DNA hé gen ctia cc
vi khuin Pseudomonas aeruginosa, Staphylococcus aureus va Salmonella enterica. Nghién
ctru da chimg minh viéc str dung dich ly giai té bao E. coli BL21(DE3)/BstLF hoan toan c6
thé thay thé cho BsfLF tinh sach trong phan tmg LAMP, cung cip ngudn sinh pham gia ré
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1 it van dé

Phuong phép khuéch dai dang nhiét trung gian vong lip
(Loop Mediated Isothermal Amplification — LAMP) la
mdt k¥ thudt sinh hoc phan tir dugc st dung rong rai trong
nghién ctu va xdy dyng cic bd sinh phdm chan doan
nhanh va chinh xac cac tac nhan gay bénh nhu vi rit, vi
khuan, va ky sinh tring. LAMP s& hitu nhimg wu diém
ndi bat vé quy trinh thyc hién don gian, khong yéu cau
thiét bi luan nhiét, gia thanh ré va kha ning khuéch dai
trinh ty muyc tiéu nhanh véi do nhay cao. LAMP c6 thé
nhan ban chinh xac trinh ty axit nucleic muc tiéu trong
diéu kién dang nhiét tir (60-65) °C chi trong vong (15-60)
phit nho su hoat dong cung lic cua tir (4-6) mdi duoc
thiét ké chuyén biét va mot enzyme Bst DNA polymerase
c6 kha ning vira tich mach vira tong hop mach méi [1].
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Trong phan ing LAMP, enzyme Bst DNA polymerase
gilr vai tro quyét dinh hoat dong khuéch dai trinh tu axit
nucleic. Bst DNA polymerase 1a mot enzyme bén nhiét,
5 khudn

stearothermophilus. BstLF 1a mot phan cua protein Bst

c6 nguén gbc tr i Geobacillus
DNA polymerase c6 chiéu dai khoang 592 axit amin va
khoi lugng phén tir khoang 67,9 kDa [2]. BstLF ¢ hoat
tinh polymerase 5'-3' nhung thiéu hoat tinh exonuclease
3'-5'. Do d6, trong phan tmg khuéch dai déng nhiét,
BstLF tap trung vao hoat tinh dich chuyén So1 va téng
hop mach méi dya trén mach don tach ra tir sy phan
tach lién két hydro tr mach kép [3]. Ung dung cua
enzyme BsfLF bi han ché do chi phi thwong mai cao,
thoi gian van chuyén kéo dai va yéu cdu bao quan
nghiém ngit, din dén lam giam kha ning tiép can va
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anh huong dén tinh sin ¢ ciia enzyme trong nghién
clru va phat hién mam bénh [4, 5].

bé khic phuc nhiing han ché trén, mot sb nghién ctru
da tap trung cai tién quy trinh biéu hién va tinh sach
Bs{LF tai tb hop, hudng dén viéc tao ra enzyme c6 hoat
tinh cao, 6n dinh va thuan tién hon cho ung dung thuc
té [6, 7]. BstLF tai to hop di duoc biéu hién va tinh sach
thanh cong tr vi khuan Escherichia coli
BL21(DE3)pLysS va tng dung trong phat hién chinh
xac Neisseria meningitidis [7]. Tai Viét Nam, enzyme
Br512, mot bién thé cua BsrLF c¢6 hoat tinh manh trong
tong hgp DNA va hoat tinh phién ma nguoc tuong tu
Bst3.0, ciing di dugc biéu hién thanh cong bing
BL21(DE3) va duoc tinh sach dé s dung trong phan
ung LAMP phat hi¢n vi rat HPV18 va SARS-CoV-2
[8, 9]. Tuy nhién, cac nghién ctru trudc déu can thuc
hién qua trinh tinh sach Bs7LF véi nhiéu bude phure tap,
tén thoi gian va phai dam bao diéu kién tinh ché, bao
quan dé enzyme duy tri duoc hoat tinh. Pé don gian
hoa quy trinh, tiét kiém thoi gian va chi phi, nghién ciru
nay da loai bo budc tinh ché protein, sir dung truc tiép
dich ly giai té bao chira BsfLF trong phan mg LAMP
nham phat hién axit nucleic cta vi khuan giy bénh. D6i
v6i linh vie nghién ciru trong nude, ddy 1a tiép can dau
tién st dung truc tiép dich ly giai té bao biéu hién
enzyme BsfLF cho phan ing LAMP. Két qua nghién
ctru khong chi dap mg muc tiéu cung cap ngudn sinh
pham tién ich, gia ré phuc vu nhu ciu sir dung tai phong
thi nghiém ma con gép phan tao tién dé dé nghién ciru
cac sinh pham té bao c6 gia tri ung dung trong chan
doan nhanh mam bénh tai hién trudng.

2 Vat liéu va phuong phap

2.1 Vat liéu nghién ctru

Chung E. coli BL21(DE3) (NEB) dugc dung dé biéu
hién protein BstLF. Plasmid pET21a(+)-BsfLF-6xHis
(mi s6 Addgene: 159148), chira trinh ty ma hoa cho
enzyme BstLF, trong luong phan tir udc tinh khoang
67,9 kDa, dugc st dung lam vector tai td hop biéu hién
BstLF. Méi truong Luria-Bertani (LB) (1 % Peptone, 1
% NaCl, 0,5 % Cao ndm men) dugc sit dung [am moi
truong nudi cdy va biéu hién cia BL21(DE3)/BstLF.
DNA hé gen cua P. aeruginosa (Phong thi nghiém Vi
sinh — Vién K¥ thuat Cong nghé cao NTT), S. aureus

ATCC6538, S. enterica ATCC14028 duoc tach chiét
bang bo sinh pham tach chiét Monarch Genomic DNA
Purification Kit (NEB) va sir dung lam trinh tu gen muc
tiéu cho phan img LAMP. Chét luong va ndng 6 DNA
hé gen vi khuan sau khi tach chiét dugc xac dinh bang
may Nanodrop One® (Thermo Scientific). Cac bo moi
dung trong phan tmg LAMP dugc thiét ké dua trén
vung gen dic hiéu cta cac ching vi khuin muc tiéu
bang phan mém Primer Explorer v.5 va duoc dit tong
hop tir Cong ty Phit Sa Genomics, Can Tho (Bang 1P).
2.2 Phuong phap nghién ctru

2.2.1 Bién nap plasmid pET21a(+)-BstLF-6xHis vao té
bao E. coli BL21(DE3)

Khoang 5 ng plasmid pET21a(+)-Bst LF-6xHis dugc
bién nap vao té bao E. coli BL21(DE3) bang phuong
phap sdc nhiét ¢ 42 °C trong 45 gidy. Sau bién nap, cac
khuén lac thudn duge chon loc trén dia thach LB bd
sung ampicillin 100 pg/mL (LB-Amp100). Sy c6 mat
clia gen muc tiéu trong cac khuan lac dugc xac dinh
bang PCR khuén lac, sir dung bo sinh pham MyTaq™
HS DNA Polymerase (Bioline, England). Chu trinh
nhiét phan tmg PCR dugc thiét 1ap theo huéng dan cua
nha san xuét va st dung cap mdi T7pro dac hiéu voi
vung promoter T7 trén plasmid pET21a(+) (Bang 1P)
dé khuéch dai trinh tu chta gen muc tiéu BstLF. San
pham PCR dugc kiém tra bang dién di gel agarose 1 %
v6i kich thu6c san pham duy kién 12 1952 cip base (bp).
2.2.2 Kiém tra biéu hién BsfLF tai t6 hop bang SDS-
PAGE va lai Western Blot

Chung E. coli BL21(DE3)/BstLF dugc hoat hoa trong
10 mL LB-Amp100 ¢ 37 °C trong vong (16-18) gio.
Sau d6, dich vi khuan duoc cﬁy chuyén sang 10 mL moi
truong LB-Amp100 vai i 18 1/10 (v/v) va nudi lic 150
vong/phut & 37 °C dén khi ODggo dat 0,6-0,8. Biéu hién
BstLF dugc cam tmg bang IPTG 1 mM tai 37 °C trong
4 gid. Sau cam g, sinh khéi té bao dugc thu bang ly
tam. Té bao duoc xir 1y véi PBS 1X, SDS 10 % va
Protein Loading Dye 4X (ti 1¢ 2:1:1) trong 10 phat &
100 °C dé c¢6 duoc mau protein téng s6. 10 uL mau
protein tong sé duoc nap vao mdi giéng trén gel SDS-
PAGE 12,5 % va tién hanh dién di & 150 V trong 90
phat. Gel dugc nhuém véi chat nhuom Coomassie
Brilliant Blue trong 2 gio, sau d6 gidi nhuom dén khi
nén gel trong sudt dé quan sat két qua.
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Su hién dién cua BstLF duogc xac nhan lai béng phuong
phap lai Western Blot. Theo d6, 2 pL miu protein tong
s6 duoc nap trén gel SDS-PAGE dé s dung cho
Western Blot. Protein dugc chuyén 1én mang
nitrocellulose va lai véi khang thé don dong Anti-6*His
dugc danh diau HRP (Proteintech, Singapore)
(1:10000) bat dac hiéu voi dudi 6*His-tag gan trén
protein BstLF. BsfLF dugc phat hién béng bo kit ECL
(Amersham Bioscience, England).

2.2.3 Khao sat diéu kién t6i wu cho biéu hién BsfLF
Biéu hién cuia BsfLF duogc danh gia ¢ cac diéu kién khac
nhau bao g6m néng do IPTG (0,01; 0,05; 0,1; 0,5; va
1) mM, nhiét d cam ung (18; 25; 30; va 37) °C va thoi
gian cam ung tir (0; 2; 4; va 6) gid. Sau cam ng, té bao
duoc ly tdm thu can va dién di SDS-PAGE dé danh gia
murc d6 biéu hién BstLF. Su khac biét vé hiéu qua biéu
hién BstLF giita cac diéu kién khac nhau dugc danh gia
bang dit liéu phan tich tir phdn mém phén tich Gel
Analyzer 23.1. Sau khi chon viing va cac band can phan
tich, phdn mém hién thi gia tri Raw volume, déy la
thong s6 thé hién mat d6 diém anh cua céc band protein.
Ty 1€ giad tri Raw volume cta protein muc ti€u va
protein tong sb cung cAp mot gia tri twong d6i vé mirc
d6 khac biét biéu hién protein tai t6 hop giita cac diéu
kién khac nhau.

Sau khi x4c dinh cac diéu kién t6i uu cho biéu hién cta
BstLF, nghién ctru biéu hién BsfLF ¢ thé tich 100 mL
moi truong LB, trai dia dé dinh luong té bao E. coli
BL21(DE3)/BstLF. Dich nubi cdy vi khuan con lai
dugc ly tdm dé thu sinh khéi va gitr & —80 °C dé sur
dung cho céc thi nghiém tiép theo.

2.2.4 Panh gia hoat tinh cta dich ly giai E. coli
BL21(DE3)/BstLF trong phan ttng LAMP

Té bao E. coli BL21(DE3)/BstLF dugc ly giai trong
nuédc Mili-Q & 65 °C trong vong 30 pht, vortex sau moi
10 phut 1, sau d6 ly tim 6 000 rpm trong 3 phut bang
may ly tim Spindown (Cleaver Scientific, England) dé
lam ling cin té bao. Trong nghién ctu trude do, phan
g LAMP ¢6 thé hoat dong khi b6 sung (2 x 107) t& bao
E. coli biéu hién Bst, do d6, nghién ciru nay st dung dich
ly giai trong khoang tir (107-10'2) té bao dé b sung truc
tiép vao phan img LAMP va d4nh gia lugng dich ly giai
té bao phu hop dé mang lai hiéu qua khuéch dai ctia phan
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{mg [4]. Phan tmg LAMP duoc thiét 1ap véi thé tich 20
uL bao gom 1X Isothermal Amplification Buffer II (1X)
(NEB), 6 mM MgSO4, 1,4 mM deoxynucleoside
triphosphates (ANTPs), 1,6 puM mdi méi FIP, BIP, 0.4
uM mdi mdi F3/B3, 6X SYBR Green I, enzyme BstLF
thuong mai duoc thay thé bang cac thé tich tir 1 uL dén
10 pL dich chiét cua E. coli BL21(DE3)/BsfLF tir cac
ng té bao voi mat do tuong img 107 dén 10" t& bao/uL,
bd sung nude Mili-Q dé phan tmg dit 20 pL. Mot ng
DNA hé gen cua S. aureus dugc sit dung cho phan ing
ban dau danh gia hoat tinh cua dich ly giai E. coli
BL21(DE3)/BsfLF. Phan ung dugc u 65 °C bang may
Realtime PCR Prime Pro 48 (Techne, England) trong 90
phtt twong ung voi 90 chu ki, tin hi€u huynh quang duoc
thu nhén sau mdi chu ki. Str dung may Realtime PCR dé
@ phan mg cho phép xac dinh thoi diém phan {mg
LAMP duong tinh 14 s6 chu ky ma tai d6 cuong do tin
hiéu huynh quang ctia SYBR Green ting thé hién qua
duong cong tin hiéu qLAMP trén phan mém Techne
ProStudy. Két qua phan tmg LAMP dugc kiém tra lai
bang dién di gel agarose 1,5 %, 50 V trong 40 phit.
2.2.5 Pinh luong tuong d6i ham lugng protein BstLF
trong dich ly giai E. coli BL21(DE3) tham gia vao phan
ung LAMP

Sau khi xac dinh luong dich chiét té bao E. coli
BL21(DE3) duoc sir dung dé phan tmg LAMP hoat
dong hiéu qua, nghién ciru da dinh lugng ham lugng
protein BsfLF tham gia phan tmg dua trén duong chuan
tin hiéu xdy dung tir dit liéu phan tich két qua SDS-
PAGE bing phdn mém Gel Analyzer 23.1. Protein
BSA chuén (Bio Basic) v6i cac ndng do tir 100 dén 400
ng/mL va dich ly giai té bao E. coli BL21(DE3)/BstLF
dung cho phan tmg LAMP dugc dién di SDS-PAGE
trén cing mot bang gel d& dam bao cac yéu té thi
nghiém dugc dong nhit. 16 L mau protein dugc nap
vao mdi giéng. Chi s Raw volume thu dugc tir phan
mém Gel Analyzer 23.1 dugc sir dung dé dung duong
chuin BSA va tinh toan ndng do protein Bs¢LF c6 trong
dich ly giai té bao tham gia vao phan tng LAMP.
2.2.6 Ngudng phat hién DNA vi khudn cta phan tng
LAMP st dung dich ly giai té bao E. coli
BL21(DE3)/BstLF
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DNA hé gen ctia cac chung vi khuén P. aeruginosa, S.
aureus ATCC6538 va S. enterica ATCC14028 duoc
pha lodng theo ddy thap phan tir 1 fg dén 10° fg va duoc
st dung cho thi nghiém x4c dinh ngudng phat hién
DNA muyc tiéu cta E. coli BL21(DE3)/BstLF-LAMP.
Phan g LAMP dugc thyuc hién sir dung lugng dich ly
giai té bao t6i vu da duoc xac dinh & Muyc 2.2.4. Gi6i
han phat hién DNA muc tiéu cua phan Ung E. coli
BL21(DE3)/BstLF-LAMP ciing dugc so sanh véi
enzyme Bst3.0 thuong mai (NEB) dé danh gia kha nang
ung dung cta dich ly giai E. coli BL21(DE3)/BstLF.

3 Két qua va thao luan

3.1 Bién nap va kiém tra dong té bao BL21(DE3)
mang vector tai to hop

Sau khi bién nap, dong té bao mang vector tai to hop
pET21a(+)-Bst LF-6xHis c6 kha ning biéu hién gen
khang khang sinh ampicillin va phat trién trén dia thach
LB-Amp100. Két qua cho thdy miu d6i chimg 4m 13 E.
coli BL21(DE3) khong duoc bién nap vector tai to hop
khong co su xuét hién cta khuan lac trén mdi truong
khéang sinh chon lgc (Hinh 1A). Trong khi do, trén dia
LB-Amp100 c6 su xuét hién cioa cac khuan lac don
(Hinh 1B), cho thdy nhitng khuén lac nay c6 kha ning
1a dong té bao d3 mang vector tai td hop.

Hinh 1 Két qua bién nap vector pET21a(+)-BstLF-
6xHis vao BL21(DE3). (A) BL21(DE3); (B)
BL21(DE3) dugc bién nap vector pET21a(+)-BstLF-
6xHis
bé xac dinh két qua dong hoa, khuén lac moc trén dia

thach LB-Amp100 tiép tuc duoc sang loc bang phuong
phap PCR khuan lac st dung cip moi T7pro, dic hiéu
cho ving promoter T7 trén vector pET21a(+). Két qua
cho thiy cac vach san pham PCR khuan lac trong dong
v6i san pham tir dbi chimg duong 1a vector pET21a(+)-

Bst LF-6xHis, phu hop vdi kich thuée doan gen muc
tiéu du kién khoang 1 952 bp (Hinh 2). Nhu véy, vector
pET21a(+)-BstLF-6xHis di duogc bién nap thanh cong
vao ching BL21(DE3), duoc goi tit 1a dong E. coli
BL21(DE3)/BstLF va dugc st dung cho céc thi nghiém
tiép theo.
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Hinh 2 Két qua PCR khuén lac tir dia LB-Amp100 sau
bién nap. (-) Pbi ching am: phan tmg khong chira
plasmid pET21a(+)-BsfLF-6xHis; (+) Ddi chiing
dwong: phan tmg bd sung plasmid pET21a(+)-BstLF-
6xHis; 1, 2, 3 va 4: khuan lac; L: thang DNA 1 kb
(NEB)

3.2 Kiém tra biéu hién BsrLF tai to hop bang E. coli
BL21(DE3)

BstLF duogc cam tng biéu hién bang IPTG 1 mM trong
4 gid & 37 °C. Két qua kiém tra biéu hién bang dién di
SDS-PAGE protein tong s6 cho thiy khi cam tmg bang
IPTG, hinh anh dién di xuit hién vach protein biéu hién
vuot muc gitta hai vach 55 KDa va 72 kDa cua thang
protein va c6 kich thudc twong tng véi kich thude 1y
thuyét cua BsfLF 13 67,9 kDa va khong thiy co su xuat
hién cua vach nay ¢ dbi chimg 4m 1a ching khéng cam
tmg IPTG (Hinh 3A). Ngoai ra, do BsfLF tai to hop
duoc biéu hién dudi dang dung hop véi dudi 6*His, su
biéu hién cua BsfLF c6 thé dugc xac nhén thong qua
duéi 6*His ndy bang phuong phap lai Western Blot sir
dung khang thé Anti-6*His. Két qua cho thiy vach tin
hi€u Western Blot dam chinh la vach protein biéu hién
vuot muc ¢ ban dién di SDS-PAGE (Hinh 3B, cét
+IPTG). Bén canh d6, vach tin hiéu nay hau nhu khong
quan sat dugc & dbi ching 4m 1a chung khong cam tng
IPTG (Hinh 3B, c¢t -IPTG). Nhu vay, E. coli
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BL21(DE3)/BsiLF di biéu hién thanh cong enzyme
BstLF téi t hop.
A B
(kDa) L -IPTG +IPTG L -IPTG +IPTG
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Hinh 3 SDS-PAGE (A) va Western Blot v&i khang thé
Anti-6*His (B) kiém tra biéu hién BstLF trong E. coli
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BL21(DE3) trong diéu kién c6 va khong c6 cam img IPTG
1 mM (4 gio, 37 °C). L: thang protein (NEB)

3.3 Khdo sat diéu kién t6i wu cho biéu hién cua BstLF
Két qua khao sat cac yéu td ndng d6 chit cam tng
IPTG, nhiét d6 va thoi gian cam tng tdi wu cho biéu
hién cua BstLF téi té hop cho thay BL21(DE3) duoc
cam ung & 37 °C trong 4 gio voi 0,05 mM IPTG dat
hiéu qua biéu hién tét nhat (Hinh 4). Diéu kién nay
cling phu hop véi nghién clu trude day [10]. Tuy
nhién, ndng d6 IPTG t6i uu cho biéu hién cta BstLF
trong nghién ctru nay 1a 0,05 mM va thdp hon so véi
cac nghién ciru trude d6 10 1an dén 20 1an [7, 10]. Viéc
giam nong do IPTG khong anh huéng dén hiéu suit
biéu hién BsfLF dong thoi giup tranh doc tinh 1én té bao
va gidm chi phi thi nghiém.

Thei gian (gio)

01 05 1 L

167 162 0 87 158 173

Hinh 4 Két qua khao sat diéu kién nhiét d6 cam tmg biéu hién BstLF & (18; 25; 30; va 37) °C, ndng do IPTG
(0,01; 0,05; 0,1; 0,5; va 1) mM, va thoi gian cam ng tr (0; 2; 4; va 6) gio. L: thang protein (NEB)

Thong thuong, & 37 °C, sy sinh truédng va phan chia
cta E. coli dién ra nhanh chong, nhung thoi gian cam
g dai c6 thé dan dén protein muc tiéu gap cudn sai va
hinh thanh thé vui [11]. Do d6, khoang thoi gian ngin
tir 4 gio dén 6 gio dugc cho 1a khoang thoi gian phu
hop cho biéu hién protein tai t6 hop. Trong giai doan tir
2 gio dén 4 gid cam Gmg, ham lugng protein BsLF ting
7,1 %, tuy nhién, tir giai doan sau 4 gio dén 6 gid cam
g, ham lugng BsfLF chi ting 1,5 % (Hinh 4). Khi té
bao budc vao pha can biang va pha suy vong, chét dinh
dudng va chit cam tng trong méi trudng can kiét, dong
thoi, doc t6 va luong té bao chét tir qué trinh tang sinh
cling tang 1én, lam sinh truong cta vi khuan cham lai
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va qué trinh dich ma protein muc tiéu cling giam [12].
Nhu viy, néu kéo dai thoi gian cam tng thi hiéu qua
biéu hién protein tai to hop ting khéng dang ké. Do do,
4 gio dugc chon la khoang thoi gian cam tng phu hop
cho biéu hién BsLF.

3.4 Khao sat hoat tinh cta dich ly giai té bao E. coli
BL21(DE3)/BstLF trong phan ung LAMP

Céc két qua & Muc 3.2 va Muc 3.3 cho thdy enzyme
BstLF dugc biéu hién vugt mirc trong té bao E. coli
BL21(DE3). Ngoai ra, enzyme BsfLF tai t6 hop duoc
thiét ké nhim muc tiéu duoc biéu hién trong E. coli
BL21(DE3) ¢ dang protein tan trong té bao chat nén dé
dang hon cho qua trinh thu nhén protein. Do do, trong
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thi nghiém nay, té bao E. coli BL21(DE3)/BstLF duoc
ly giai & 65 °C dé giai phong protein ra khoi té bao va
luong protein BstLF c6 trong dich chiét té bao duoc tin
1a c6 kha nang du dé khuéch dai trinh tu gen muc tiéu
trong phan tmg LAMP ma khong can thuc hién budc

tinh sach enzyme. Két qua khao sat ban dau cho thiy
viéc st dung truc tiép dich chiét t& bao E. coli
BL21(DE3)/BstLF c6 kha ning khuéch dai DNA muc
tiéu trong phan tng LAMP (Béang 1).

Bang 1 Két qua tin hiéu gLAMP sir dung dich ly giai té bao BL21(DE3)/BstLF

Tén miu (Dich Tén mau (Dich
S6 thir tw ly giai té Thoi gian (phut) | So thir tw ly giai té Thoi gian (phut)
bao/phan rng) bao/phan rng)
1 - - 25 5x10° -
2 + 20 26 6 x 10° -
3 1 %107 - 27 7% 10° -
4 2 x 107 - 28 8 x 10° -
5 3% 107 - 29 9 x 10° -
6 4x107 - 30 1 x 10" -
7 5x 107 - 31 2 x 1010 -
8 6 x 107 - 32 3 x 10" -
9 7 x 107 - 33 4 x 10" -
10 8 x 107 - 34 5x 10" -
11 9 x 107 - 35 6 x 10'° -
12 1x10° - 36 7 x 10'° -
13 2% 108 - 37 8 x 10" -
14 3 x 108 - 38 9 x 10 82
15 4x 108 - 39 1 x 10" 65
16 5% 108 - 40 2 x 10" 84
17 6 x 108 - 41 3 x 10" 74
18 7 x 108 - 42 4 x 10" 66
19 8 x 108 - 43 5x 10" 60
20 9 x 108 - 44 6 x 10" 35
21 1x10° - 45 7 x 10" 35
22 2% 10° - 46 8 x 10" 34
23 3 x10° - 47 9 x 10" 50
24 4x10° - 48 10'2 74

Két qua qLAMP cho thdy mau dbi chimg am (dich ly
gii té bao E. coli BL21(DE3) khong mang vector téi
t6 hop) khong c6 sy khuéch dai tin hi¢u huynh quang
(Bang 1) va hinh anh dién di khong xuét hién san pham
LAMP (Hinh 5). Phan tng LAMP duong tinh sau 20
phut u khi st dung enzyme thuong mai Bst3.0

(Béang 1). V&i luong protein ly gidi tir (107 dén 8 x 10'°)
té bao/phan tmg, hinh anh dién di khong xuét hién san
phém LAMP hodc chi xuét hién cac vét sang mo trén
gel dién di (Hinh 5, Hinh 1P). Biéu nay cho thdy luong
BstLF trong dich ly giai chua du dé khuéch dai trinh tu
DNA muc tiéu.
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N 5
N \Q (D1chl ly
giai té bao/
Phan tmg)

Hinh 5 Két qua khao sat hoat tinh cta dich protein ly giai tir 10'° dén 10'2 té bao E. coli
BL21(DE3)/BstLF/phan tng dugc thém vao phan tmg LAMP. (-): Dich ly giai té bao BL21(DE3) khong mang
plasmid biéu hién BsfLF; (+): Phan tng LAMP sir dung enzyme Bst3.0.

V6i cac phan tng bd sung dich ly giai tir (9 x 10" dén
10'2) t& bao/phan tng, két qua qLAMP cho thiy cac phan
g LAMP ¢6 su khuéch dai gen cia S. aureus (Bang 1,
Hinh 5, Hinh 2P). Tuy nhién, chi cic mau véi dich ly giai
tir (1 x 10" @én 8 x 10'") té bao/phan tng, san pham dién
di xuét hién cac vach DNA c6 kich thude khac nhau dic
trung cua san pham LAMP (Hinh 5). Cac miu con lai
(dich ly giai tir (9 x 10'°, 9 x 10" va 10'?) té bao/phan
ing) cho san pham dién di mo va khong rd vach. Vach
san pham LAMP 13 nhat ¢ phan tmg b6 sung dich ly giai
cta (10" va 2 x 10') t& bao/phan g, tuy nhién, phan
g mat hon 65 phut i dé cho két qua duong tinh (Bang
1, Hinh 5). Trong khi do, cc phan tmg duoc bd sung dich

Dich ly giai
BSA (ng/uL) BL21/BSiLF
100 200 350 400 L 6x10" sx10% 1o
- e e —— =
— : -—
T e e e
o -—
-

ly giai tir (6 x 10", 7 x 10" va 8 x 10'") t& bao/phan ting
¢6 thé khuéch dai trinh ty DNA muc tiéu va cho két qua
duong tinh trong vong 35 phuat u (Bang 1). Nhu vay, dich
ly giai tir 6 x 10'! t& bao/phan tmg dugc chon 1a lugng toi
wu duoc bo sung vao phan tmg LAMP d phat hién dugc
DNA vi khuan S. aureus va rat ngan thoi gian phat hién
DNA muyc ti€u sau khoang 35 phut.

3.5 Két qué dinh lugng BstLF duoc biéu hién trong E.
coli BL21(DE3) tham gia vao phan tng LAMP

Két qua xay dung dudng chuén BSA st dung dir liéu Raw
Volume tir phéan tich hinh anh dién di SDS-PAGE bing
phan mém Gel Analyzer thu dugc duong chuén tin higu y
=13,259x — 12,4 (R*=0,9821) (Hinh 6, Bang 2).

6000

y=13.259x - 12.4

5000 R2=0.9821 s
£ 4000 /
3 ”
2 3000 /

/.
E P
2 2000 rd
4
-
1000 A
,»///
0
0 100 200 300 400 500

Néng do BSA (ng/pL)

Hinh 6 Két qua dién di protein BSA & cac ndng d tir 100 ng/uL dén 400 ng/uL va cac miu protein dich ly
giai tir (6 x 10", 8 x 10", va 10 x 10'") t& bao/phan tng trén cung mot bang gel SDS-PAGE va dung dudng
chuan BSA bang chi s6 Raw Volume tir dir liéu phan tich Gel Analyzer.
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Bang 2 Két qua dinh luong twong dbi ndng do protein BssLF trong dich ly giai
té bao tham gia phan tmg LAMP 20 pL dya trén duong chuan BSA

Dich ly giai protein tir | Nong d¢ BstLF Nong d¢
Gia tri Raw
BL21(DE3)/BstLF Voll;me trong 16 pL nap | BstLF trong
(< 10" miu (ng/pL) LAMP (uM)
6 1938 147 1,7
8 2574 195 2,3
10 3160 239 2,8

Str dung duong chuan BSA, nghién ctru tinh toan duoc
nong do enzyme BsiLF trong dich ly giai tir 6 x 10'" &
bao dé phan tmg LAMP hoat dong hiéu qua véi nong do
cudi khoang 1,7 uM trong mét phan tmg 20 uL (Bang 2).
Pay 1a ndng d6 enzyme BsiLF phu hop cho phan tmg
LAMP vi nong d6 enzyme Bst duoc tdi uu trong cac kit
thuong mai thuong nam trong khoang (0,4-2) uM.

3.6 Ngudng phat hién DNA vi khuan cua phan tng
LAMP sit dung dich ly giai té& bao E.
BL21(DE3)/BstLF

Nghién ctru thuc hién thi nghiém danh gié hoat tinh cua
dich protein ly giai tir t& bao BL21(DE3)/BstLF so v&i

coli

DNAS. enterica

DNAS. aureus

enzyme Bst3.0 thuong mai (NEB) trong phan ung
LAMP phat hién DNA vi khuan. Két qua cho thdy dich
protein ly gidi tir E. coli BL21(DE3)/BstLF ciing thé
hién hoat tinh tao mach cta enzyme BstLF khi c6 thé
phat hién dugc 10° fg/phan Umg (S. aureus hay S.
enterica) &én 10° fg/phan tmg (P. aeruginosa) DNA hé
gen vi khuan (Hinh 7, Hinh 3P va Hinh 4P). Trong khi
d6 phan ing LAMP sir dung enzyme Bs?3.0 ¢6 thé phat
hién dugc téi thiéu 10 fg/phan tng DNA cua P.
Aeruginosa va 10 fg/phan rng DNA cua S. aureus hay
S. enterica (Hinh 7, Hinh 3P va Hinh 4P).

DNAP. aeruginosa

(fg) 105 105 104 10° 10 10! 1  10°

B - m -
Dich Iy giii [ R N B
BL21/BstLF

105 104 10 10* 10' 1

106 105 10* 10®° 102 10! 1

Hinh 7 Két qua LAMP so sanh gidi han phat hién DNA hé gen cta P. aeruginosa, S. aureus, S. enterica trong

khoang tir 1 fg dén 10° fg/phan tmg sir dung enzyme Bs3.0 thuong mai va dich protein ly giai tir 6 x 10'!té
bao BL21(DE3)/Bs/LF

Su khac biét vé giéi han phat hién DNA muyc tiéu giita
dich ly giai té bao co chira BsLF va enzyme Bst3.0 mot
phan 14 trong dich ly giai c6 chtra can té bao, DNA va

céc protein ndi sinh ctia E. coli c6 thé giy nhidu phan
ung LAMP va lam gidm d¢ nhay so vdi enzyme tinh
sach. Ngoai ra, Bst3.0 da duoc t8i wu hoa va tinh sach
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dé hoat dong trong diéu kién 1y tudng, trong khi dich ly
giai c6 thé chura tap chat tir vi khudn va cac thanh phan
dém phan ung van chua duoc tdi wu, do d6 anh hudng
dén hiéu suét khuéch dai. Bén canh do, phién ban BsfLF
d3 duoc chimg minh trude d6 1a c6 hiéu suat khuéch dai
kém hon so véi Bst3.0, do phién ban BstLF chua dugc
cai thién vé cdu tric va chire nang. O mét sb nghién ciru
tinh sach enzyme BsfLF hodc Br512 (bién thé cia
BstLF) va iing dung trong phan utng LAMP, khi so sanh
v6i enzyme Bst3.0 déu cho thay cac phién ban BsfLF cho
ngudng phat hién axit nucleic muc tiéu cao hon v6i thoi
gian 1au hon so v&i Bst3.0 [7, 9]. Cu thé, phan tng RT-
LAMP sir dung enzyme Br512 tai t6 hop tu san xuét c6
thé phat hién gen N ctia SARS-CoV-2 véi ngudng phat
hién 1a 10% ban sao/uL trong 70 phut, trong khi Bst3.0
phat hién dugc 10 ban sao/uL trong 60 phut [9]. Ngoai
ra, tit ca cac nghién ctru nay déu tiép can hudng st dung
enzyme ty san xuit voi qua trinh tinh ché phuc tap.
Trong khi d6, mac du c6 gidi han phat hién cao hon, Kkét
qua nghién clru cia chung t6i da dap g dugc muc ti€u
ban dau 1a tao ra dich ly gidi E. coli BL21(DE3)/BstLF
khuéch dai DNA hiéu qua va loai bé budc tinh sach
protein ra khoi quy trinh thuc hién so v6i cac nghién cuu
truge do, day 1a diém manh ctia phuong phap, giup tiét

Tai liéu tham khao
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kiém chi phi, rt ngan thoi gian thyc hién, phtt hop cho
nghién clru va dao tao tai phong thi nghiém. Ngoai ra,
nghién ctru cling tao tién dé cho cic nghién ciru sau sir
dung phién ban enzyme Bst t6t hon, dong thoi két hop
v6i ti wu quy trinh biéu hién, ly giai enzyme va tdi uu
diéu kién phan tmg LAMP.

4 Két lugn

Nghién ctru di biéu hién thanh céng enzyme BsfLF
trong E. coli BL21(DE3) va str dung dich ly gidi té bao
E. coli BL21(DE3)/BstLF truyc tiép trong phan tng
LAMP ma khong can tinh sach enzyme. Phuong phap
nay gitp giam chi phi va don gian hoa quy trinh, dong
thoi cung cdp ngudn sinh pham gia ré cho nghién ciru
va dao tao. Mac du phuong phap da dat hiéu qua
khuéch dai DNA, d6 nhay phan tng van can duoc cai
thién. Do d6, cac nghién ciru tiép theo nén tap trung vao
nang cao hiéu suat ly giai enzyme va t6i uu hoa diéu
kién phan tmg LAMP, mé& rong tiém ning tng dung
trong chan doan nhanh va phat hién mam bénh.

Loi cam on

Nghién cuu dugc tai trg bdi Quy Phat trién Khoa hoc
va Cong nghé — Pai hoc Nguyén Tat Thanh, mi dé tai
2024.01.25/HD-KHCN.

1. Notomi, T., Okayama, H., Masubuchi, H., Yonekawa, T., Watanabe, K., Amino, N., & Hase, T. (2000). Loop-

mediated isothermal amplification of DNA. Nucleic Acids Research, 28(12), E63. https://doi.org/10.1093/nar/28.12.e63.
2. Oscorbin, I. P., Boyarskikh, U. A., & Filipenko, M. L. (2015). Large Fragment of DNA Polymerase I from
Geobacillus sp. 777: Cloning and Comparison with DNA Polymerases | in Practical Applications. Molecular
Biotechnology, 57(10), 947-959. https://doi.org/10.1007/s12033-015-9886-x.

3. Aviel-Ronen, S., Qi Zhu, C., Coe, B. P., Liu, N., Watson, S. K., Lam, W. L., & Tsao, M. S. (2006). Large
fragment Bst DNA polymerase for whole genome amplification of DNA from formalin-fixed paraffin-embedded
tissues. BMC Genomics, 7, 312. https://doi.org/10.1186/1471-2164-7-312

4. Bhadra, S., Nguyen, V., Torres, J. A., Kar, S., Fadanka, S., Gandini, C., Akligoh, H., Paik, 1., Maranhao, A. C.,
Molloy, J., & Ellington, A. D. (2021). Producing molecular biology reagents without purification. PloS One, 16(6),
€0252507. https://doi.org/10.1371/journal.pone.0252507

5. Pedro, M. V. S., Canas, V. A., Garcia, J. R., Lopez, C., Zulueta, M., & Macauyag, E. A. (2025). A low-cost
production method for Bst DNA polymerase (large SciEnggJ, 18(1), 20-27.
https://doi.org/10.54645/202518 1HVR-89

6. Huang, W. H., Zhai, F., & Hong, G. F. (1999). Cloning, Expression, Characterization and Application of Bst
DNA Polymerase Large Fragment. Sheng wu hua xue yu sheng wu wu li xue bao Acta Biochimica et Biophysica
Sinica, 31(4), 379-384.

fragment).

@ Dai hoc Nguyén Tat Thanh
D]

NGUYENTAT THANE



Tap chi Khoa hoc & Cong nghé Vol 8, No 3

7. DPao Thi Huyén, Pao Thanh Quyén, Tran Thi Thanh Huyén, Trin Thi Thu Huyén, Ngb Tat Trung, Lé Hiru
Song. (2023). Biéu hién enzyme Bst Large Fragment tai to hop va (mg dung trong khuéch dai dang nhiét phat hién
Neisseria Meningitidis. Tap chi Y dwoc Lam sang 108, 18(5). https://doi.org/10.52389/ydls.v18i5.1882

8. Dinh Thi Thao, Nguyén Cam Thach, Nguyén Phti Thanh, Ngoé Tét Trung, Lé Hiru Song. (2023). Xay dung quy
trinh biéu hién enzyme tai t6 hop Br512, tmg dung phat hién Human papillomavirus type 18 bang phwong phap
khuéch dai dang nhiét. Tap chi Y hoc Viét Nam. 528. https://doi.org/10.51298/vmj.v528i2.6133

9. Nguyén Phu Thanh, Dinh Thi Thao, Nguyén Cam Thach, Bach Thiy Duong, Ngo Tat Trung, Lé Hitu Song.
(2023). Nghién ctru san xuat enzyme Br512 tai to hop va tmg dung sang loc Sars-Cov-2 bang k¥ thuat khuéch dai
dang nhiét. Tap chi Y hoc Qudn su, 363. https://doi.org/10.59459/1859-1655/JMM.47

10. Ma, Y., Zhang, B., Wang, M., Ou, Y., Wang, J., & Li, S. (2016). Enhancement of polymerase activity of the
large fragment in DNA Polymerase I from Geobacillus stearothermophilus by Site-Directed Mutagenesis at the
active site. BioMed Research International, 2016, 2906484. https://doi.org/10.1155/2016/2906484

11. Singh, A., Upadhyay, V., Upadhyay, A. K., Singh, S. M., & Panda, A. K. (2015). Protein recovery from
inclusion bodies of Escherichia coli using mild solubilization process. Microbial Cell Factories, 14, 41.
https://doi.org/10.1186/s12934-015-0222-8

12. Jaishankar, J., & Srivastava, P. (2017). Molecular basis of stationary phase survival and applications. Frontiers
in Microbiology, 8, 2000. https://doi.org/10.3389/fmicb.2017.02000

Evaluation of directly using Escherichia coli cell lysate expressing Bst DNA polymerase enzyme
for Loop-mediated isothermal amplification reaction (LAMP)

Hau Thi Tran", Diem Hong Tran, Huong Thi Thu Phung
NTT Hi-Tech Institute, Nguyen Tat Thanh University, HCMC, Viet Nam
“tthau@ntt.edu.vn

Abstract Bst DNA polymerase Large Fragment (BstLF) is a crucial enzyme responsible for synthesizing new
DNA strands in loop-mediated isothermal amplification (LAMP) reactions. At present, commercially available
BstLF for LAMP is costly, whereas self-synthesized BstLF requires a complex purification process and poses
challenges in maintaining long-term enzymatic activity. This study aims to simplify the production process, reduce
time and costs by expressing BstLF in Escherichia coli BL21(DE3) and directly utilizing the cell lysate in LAMP
reactions. BL21(DE3) cells were induced to express BstLF using 0.05 mM IPTG at 37 °C for 4 hours. E. coli
BL21(DE3)/BstLF cells were resuspended in Mili-Q water, subjected to heat treatment at 65 °C for 30 minutes,
followed by centrifugation to pellet the cells. The cell lysate was directly incorporated into the LAMP reaction.
The amplification capability of BstLF was evidenced when lysate from 6 x 10'! cells was included in the reaction,
enabling the detection of a minimum of 10° fg/reaction of genomic DNA from common bacteria such as
Pseudomonas aeruginosa, Staphylococcus aureus, and Salmonella enterica. This study demonstrates that E. coli
BL21(DE3)/BstLF cell lysate can serve as an effective alternative to purified BstLF in LAMP reactions, thereby
providing a cost-effective and practical resource for research and educational purposes.

Keywords E. coli BL21(DE3), BstLF, LAMP, cell lysate
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