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TOM TAT

Muc tiéu: San xuét enzyme Br512 tai té hop cho g dung khuéch dai gene dich bang cong nghé
khuéch dai ddng nhiét qua trung gian vong I&p (Loop-mediated isothermal amplification - LAMP) phéat
hién SARS-CoV-2.

Vat liéu va phwong phap: Plasmid pKAR2-Br512 ma héa enzyme Br512 duoc bién nap vao té bao
E. coli BL21(DE3). Enzyme Br512 tir d6 duoc biéu hién bang chat cdm g déc hiéu (IPTG) sau dé duoc
tinh sach bang phuong phap sac ki &i luc. Panh gia dac tinh cua enzyme Br512 tw san xuét, so sanh véi
enzyme Bst 3.0 (Biolab NewEngland), st dung phuong phap reverse transcription LAMP (RT-LAMP) phat
hién gen N ctia SARS-CoV-2. Thir nghiém duwoc tién hanh trén méu bénh pham.

Két qua: Br512 thu duoc cé do tinh sach cao, khdong tap nhiém céac protein cta vi khuén. Phan (ng
RT-LAMP str dung enzyme Bst 3.0 hodc Br512 phat hién gen N cia SARS-CoV-2 v&i nguwdng phat hién
lan lwot la 10?2 ban sao/ul va 10" ban sao/uL.

Két luan: Biéu hién va tinh sach thanh céng enzyme Br512 va st dung trong xét nghiém RT-LAMP dé
sang loc SARS-CoV-2 v&i ngudng phat hién la 10? ban sao/uL.

T khéa: SARS-CoV-2, khuéch dai dang nhiét, Bst polymerase.

ABSTRACT

Objectives: To produce recombinant Br512 enzyme and investigate its application in RT-LAMP to detect
SARS-CoV-2.

Material and methods: E. coli BL21(DE3) cells was transformed with pKAR2-Br512 encoding plasmid then
induced with specific inducer (IPTG); the expressed Br512 enzyme was purified by affinity chromatography;
its activity was evaluated and compared with commercial Bst 3.0 polymerase (Biolab NewEngland) in the
RT-LAMP reaction for identifying the SARS-CoV-2’s N-gene. Clinical trials were conducted on patient
samples as well.

Results: The inhouse Br512 enzyme was highly pure enough and retains its LAMP activity in compareable
with that of Bst 3.0 from New England Biolab; both product can sense SARS-CoV-2 RNA at the threshold
of 10" copies/uL and 10? copies/uL, respectively.

Conclusion: Successful expression and purification of the recombinant Br512 enzyme and its application of
the RT-LAMP assay for the SARS-CoV-2 screening with a detection threshold of 10? copies/uL.

Keywords: SARS-CoV-2, Isothermal amplification, Bst polymerase.
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1. DAT VAN BE

SARS-CoV-2
viridae, gay ra hdi chirng viém duwdng hd hap cap

thé gidi tinh dén ngay 12/12/2021 [1]. Chan doan
s&@m dong vai tro quan trong trong viéc phat hién
nhanh va cach li kip thdi cac ca thé nhiém mam
bénh dé kiém soat sy lay lan cua vi-rit SARS-

la vi-rat thuéc ho Corona-

va nhiéu bién chirng nghiém trong trén hé tiéu
hoéa, than kinh, tim mach. Day ciing 1a nguyén
nhan dan dén hon 5 triéu ca tr vong trén toan
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CoV-2; ddng th&i, cho phép can thiép diéu tri
sém, giam nguy co phat trién cac bién chirng
nghiém trong hon [2]. Cé nhiéu phwong phap
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xét nghiém dwoc phat trién dé phat hién vi-rut
SARS-CoV-2, nhv RT-PCR, gidi trinh tw gen,
PCR ki thuat s, ELISA, RT-LAMP, CRISPR-CAS
[3]. Trong d6, RT-gPCR la phwong phap cé do
nhay va doé dac hiéu cao, dwoc Tb chirc Y té thé
gi¢i (WHO) cong nhan va dwgc str dung rong rai
nhat. Song, phwong phap nay doi hdi ki thuat
vién phai c6 tay nghé cao, co s& xét nghiém phai
c6é cac dung cu xét nghiém dét tién nén kho ap
dung bén ngoai cac co s& dwoc trang bi chuyén
dung. Hon nira, thoi gian quay vong xét nghiém
cé thé dén vai gio, cung voi ki thuat phic tap,
lam han ché kha nang xét nghiém cho cac tinh
huéng can sang loc nhanh. Do d6, viéc trién khai
rong rai xét nghiém RT-qPCR kho kha thi, dac
biét la & vung sau, vung xa, cac khu vic han ché
vé nguén lwc [3].

Khac phuc nhirtng diém néu trén, cac ki thuat
khuéch dai axit nucleic dang nhiét (nhw LAMP)
lai c6 tiém nang phat trién to 1&n, vi ching cho
phép chan doan mam bénh nhanh chéng v&i
yéu cau thiét bi don gian, ré tién [4]. RT-LAMP
(Reverse transcription loop-mediated isother-
mal ampli-fication of DNA) la ki thuat khuéch dai
axit nucleic & nhiét dé khéong ddi, st dung hai
hoadc ba bé méi, enzyme Bst polymerase cé hoat
tinh tach mach va téng hop s¢i axit nucleic v&i
hiéu suat cao [3], [4]. Cac enzym Bst polymerase
c6 nhiéu loai khac nhau (bao gdm wild-type Bst
polymerase, Bst large fragment, Bsm, Bst 2.0,
Bst 3.0...) da dwoc san xuéat thwong mai. Nhung
trong do, chi cé enzym Bst 3.0 ¢6 hoat tinh phién
ma nguwoc [4], [5], [6]. Mat khac, gia thanh cao va
nguén cung bi gian doan do dai dich COVID-19 la
nhirng khé khan trong viéc trién khai thuwéng quy
xét nghiém RT-LAMP.

Nham chd ddng ngudn vat liéu phuc vu xét
nghiém, ching t6i nghién ctru san xuat enzyme
Br512 - mét dang enzyme Bst DNA polymerase tai
t6 hop dwoc nghién clru va phat trién béi Andrew
D Ellington va cdng sy ndm 2020 - d& (r‘ng dung
vao ki thuat RT-LAMP phat hién SARS-CoV-2.

2. VAT LIEU, PHUONG PHAP NGHIEN Cc(rU
2.1. Vat liéu nghién ctru

Chuén duvong RNA SARS-CoV-2 khai thac tw
Cong ty Sao Thai Dwong; Plasmid pKAR2-Br512

chira cAu truc biéu hién enzyme Br512 khai thac
tr Addgene (Hoa Ky); t& bao E. coli BL21(DE3)
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khai thac tr Labo Trung tdm Nghién ctru Y hoc
Viét - Plrc, Bénh vién Trung wong Quan doi 108;
mau dich hau hong cla bénh nhan dwoc tach
RNA béang kit QlAamp Viral RNA (Quigen).

Cac hoa chét phuc vu xét nghiém khai thac tu
Sigma-Aldrich (St. Louis, MO, Hoa Ky); cac enzym
thuwong mai va dung dich dém lién quan duwoc khai
thac tr New England Biolabs (NEB, Ipswich, MA,
Hoa Ky); bd mdi trong phan (rng RT-LAMP khai thac
tr Integrated DNA Technologies (IDT, Coralville, IA,
Hoa Ky).

2.2. San xuat enzyme Br512 tai té hop

Plasmid pKAR2-Br512 (Addgene, Hoa Ky)
mang trinh tw gen ma hoa protein Br512 dwoc
bién nap vao té bao E. coli BL21(DE3). Khuan
lac dwoc nudi trong 10 mL méi trwong LB (1%
peptone; 1% NaCl; 0,5% cao ndm men) cé bd
sung ampicillin qua dém & 37°C 14c 140 vong/phut.
Sau doé, 1 mL dich nudi dwgc thém vao thanh 100
mL méi trwéng LB ¢c6 bd sung ampicillin, nudi &
37°C, lac 140 vong/phut cho dén khi OD600 dat
0,6-0,8. Té bao dwoc cdm trng biéu hién enzyme
Br512 bang 0,5-1-2 mM IPTG & 16°C hoac 37°C
trong 16-18 gi® (qua dém) lac 140 vong/phut. Sinh
khdi dwoc thu bang cach li tam 6.000 x g trong
5 phut & 4°C. Tiép d6, sinh khdi dwoc hoa tan
trong dém li gidi lanh (50 mM Phosphate Buffer;
pH 7,5; 300 mM NaCl; 20 mM imidazole; 0,1%
Igepal CO-630; 5 mM MgSO,; 1 mg/mL DTT) b
sung PMSF 1 mM. Sinh khdi dwgc siéu am theo
chwong trinh 1TON-40OFF, Amplitude 40% trong 4
phut & trén da. Dich li gidi dwoc li tam 10.000 x g
trong 20 phut tai 4°C. Dich ndi dwoc chuyén vao
bng eppendorf sach.

Protein thu dwoc trong dich li gidi dwoc tinh
sach theo phwong phap ai luc ion bang Ni-NTA
Resin (Thermo Scientific, Hoa Ky). Nhwa Ni-
NTA dwoc chuyén vao éng eppendorf, sau do li
tam 700 x g trong 2 phut, loai bd dich néi. Nhua
Ni-NTA dwoc can bang b&i dém can bang (50
mM Phosphate Buffer; pH 7,5; 300 mM NaCl; 10
mM imidazole), li tdm 700 x g trong 2 phut, loai
bd dém. Mau dwoc chuan bi bang cach thém 1:1
v/v dém can bang. Sau dd, hén hop dwoc thém
vao 6ng cha nhya Ni-NTA, G I3c trén da trong
30 phat. Hat nhwa sau dé dwoc rira véi ti 1é 2:1
v/iv dém rtra (50 mM Phosphate Buffer; pH 7,5;
300 mM NaCl; 50 mM imidazole), li tdm 700 x
g trong 2 phat. Rira gidi protein v&i 150 L dém
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rira giai (50 mM Phosphate Buffer; pH 7,5; 300
mM NaCl; 250 mM imidazole) bang céch li tam
700 x g trong 2 phut.

Protein thu sau rira gidi dwoc kiém tra bang do
OD & buwdc séng 280 nm va dién di SDS-PAGE;
thr hoat tinh trén phan (rng RT-LAMP.

2.3. Phan trng RT-LAMP phat hién SARS-CoV-2

Phan rng RT-LAMP phat hién SARS-CoV-2
sir dung bd mbi phat hién ving gen N cuda vi-rit.
Khi st dung enzyme Bst 3.0 (NEB), thanh phan
phan &ng bao gébm dém Isothermal Amplification
Buffer Il 10X (NEB; 20 mM Tris-HCI; 10 mM
(NH,),SO,; 150 mM KCI; 2 mM MgSO,; 0,1%
Tween 20; pH 8,8 tai 25°C), 0,4 M Betaine, 4
mM MgSO,, 0,25 mM dNTPs, 1,6 uM FIP primer,
1,6 yM BIP primer, 0,4 uM F3 primer, 0,4 uM
B3 primer, 0,8 yuM LF primer, 0,8 uM LB primer,
0,108 U/uL enzyme Bst 3.0.

Khi st dung enzyme Br512, thanh phan phan
&ng bao gdm dém Isothermal Amplification Buffer
10X (NEB; 20 mM Tris-HCI; 10 mM (NH,),SO,; 150
mM KCI; 2 mM MgSO,; 0,1% Tween 20; pH 8,8
tai 25°C), 0,4 M Betaine, 4 mM MgSO,, 0.25 mM
dNTPs, 1,6 yM FIP primer, 1,6 uM BIP primer, 0,4
MM F3 primer, 0,4 uM B3 primer, 0,8 uM LF primer,
0,8 pM LB primer. Nong d6 MgSO, duoc thi
nghiém tai 2-4-6-8 mM. Phan (rng dwoc khao sat &
khoang nhiét dé6 59-65°C, trong thoi gian ttr 30-70
phat. S&n pham ctia phan ng RT-LAMP duoc dién
di trén gel agarose 1,2% hodc dwoc quan sat ddi
mau bang cach bd sung SYBR™ Green | Nucleic
Acid (Thermo). Cac mau cé RNA clia SARS-CoV-2
dwoc phat hién cé6 mau xanh 1a; ngwoc lai, cadc mau
am tinh gilr nguyén mau cam.

3. KET QUA NGHIEN cU’U

3.1. Biéu hién va tinh sach enzyme Br512 tai
té hop

Chung t6i khdo sat qua trinh biéu hién enzym
Br512 trén 3 yéu tb 1a nhiét do, nébng dd chét
cam wng va thoi gian cam ng. Br512 duwoc
khao sat biéu hién & hai nhiét d6 16°C va 37°C,
chat cdm (rng IPTG dwoc khdo sat & ba ndng
dé 0,5-1-2 mM va khoang th&i gian biéu hién
dwoc danh gia tlr 12-18-24 gid. Trong cac diéu
kién da dwoc thir nghiém, diéu kién tét nhat cho
sinh tdng hop protein tai té hop la & 16°C, cdm
¢ng véi 1 mM IPTG va thoi gian tbi wu la 18 gid.
Tap chi Y HOC QUAN SU, SO 363 (3-4/2023)

Enzym Br512 tw san xuat dwoc dién di SDS-
PAGE kiém tra kich thwéc, do tinh sach. Két qua
phan tich SDS-PAGE (hinh 1) cho thay chi cé
1 vach protein duy nhét & giéng trong dich rira
giai. Diéu nay chirng té enzyme Br512 thu nhan
dwoc ¢6 do tinh sach cao, khéng tap nhiém céac
protein cla vi khuan.
-
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Hinh 1. Bién di SDS-PAGE Br512 polymerase
3.2. Phan wrng RT-LAMP phat hién SARS-CoV-2

3.2.1. Phan trng RT-LAMP str dung enzyme Bst 3.0

Phan wng RT-LAMP s& dung Bst 3.0(NEB)
véi thanh phan phan ng da néu & trén, duoc
khdo sat didu kién nhiét dd t» 59-65°C, ndng
dé MgSO, trong hé dém twr 2-4-6-8 mM, luvong
enzym s dung trong phan rng tr 0,054-0,108-
0,162-0,216 U/uL. Két qua dién di sdn pham phan
&ng RT-LAMP cho thdy nhiét do téi wu ctia phan
tng la 62°C (hinh 2), ndng d6 MgSO, tdi wu la 4
mM (hinh 3) va lvong enzyme Bst 3.0 tbi thiéu
(hinh 4) cho qua trinh khuéch dai 14 0,108 U/uL.
3.2.2. Phan tng RT-LAMP str dung enzyme Br512
tai té hop

Phan &ng RT-LAMP st dung enzym Br512 véi
thanh phan phan (rng da néu & trén, dwoc khao
sat diéu kién nhiét do tir 59-65°C, nong d6 MgSO,
trong hé dém tir 2-4-6-8 mM, lvgng enzym st
dung trong phan rng ttr 0,054-0,108-0,162-0,216
U/uL. Két qua dién di san phdm RT-LAMP t6i wu
phan &ng (hinh 5 va hinh 6) cho thay, néng do
MgSO, 1a 4 mM va tai nhiét do 62°C cho két qua
t6t nhat.

3.2.3. B¢ nhay cua céac phan trng RT-LAMP

Phan &vng RT-LAMP st dung enzyme Bst 3.0
ho&c hén hop enzyme RTx va Br512 duwoc thir
nghiém v&i dai chirng dwong RNA COVID-19
dwoc pha loang 10 Ian thanh cac néng do tir
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10°-10'-102-10° copies/uL. Két qua (hinh 7) cho
thdy, d6 nhay cta phan ng dung Bst 3.0 dat

canh do, dé nhay cua phan wng RT-LAMP st
dung enzyme Br512 (hinh 8) dat ngwdong 10?2

copies/uL.

dén 10" copies/pL (1/3 mau lén tin hiéu). Bén

s59°C

6s5°C

62eC

T-LAMP téi wu nhiét d6 phan ing

Hinh 2. Bién di sén phdm R

Néng d6 MgSO.:

8 mM

ey 13 14 15 16

6 mM

4 mM

2 mM

Hinh 3. Pién di sdn phdm RT-LAMP t6i wu néng dé

0.054 U/uL

MgSO,

0.162 U/pL 0.216 U/uL

0.108 U/uL
Hinh 4. Pién di sdn phdm RT-LAMP tbi wu lurong enzym Bst 3.0

Bst 3.0

Tap chi’Y HOC QUAN SU, SO 363 (3-4/2023)
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( H 10° 101 102 ~H_10° 10'102 10°
vV VW YW
Hinh 7. Két qua khéo sat do nhay Hinh 8. Két qua thi nghiém do nhay
phén tng RT-LAMP str dung Bst 3.0 phén tng RT-LAMP str dung Br512

3.2.4. Thir nghiém trén mau bénh phdm Iam sang
Phan &ng RT-LAMP sir dung enzyme Bst 3.0 hodc Br512 duwoc thtr nghiém trén cac mau bénh pham
lam sang la m&u RNA tach tir dich hdu hong clia bénh nhan. Két qua thir nghiém lam sang RT-LAMP
phét hién 12/12 mau bénh pham Iam sang (hinh 9), trwéc d6 da dwoc xac nhan bang phan &ng realtime-
PCR. Déc biét, cac mau cé Ct cao (< 19), pha loang 100 va 1.000 1an, phan &ng RT-LAMP c6 thé phat
hién dwoc chi sau 45 phut.

Tap chi Y HOC QUAN SV, SO 363 (3-4/2023) 7
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Hinh 9. Két qué phén irng RT-LAMP SARS-CoV-2 N-gene
st dung enzyme Bst 3.0, dién di sén phdm LAMP va quan séat déi mau SYBR Green
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Hinh 10. Két qua phan ting RT-LAMP SARS-CoV-2 N-gene
str dung enzyme Br512, dién di san phédm LAMP va quan séat déi mau SYBR Green

4. BAN LUAN

Trong qua trinh biéu hién, nhém nghién ctu
khéng nhan thay sw khac biét gitra cac ndng do
IPTG cdm ng dwoc khao sat. IPTG khong phai
la mot chat cdm (rng vo hai; thay vao dd, né cé
thé gay &c ché va gay gidm hiéu suét tdng hop
protein dang ké cta té bao E. coli BL21 (DE3) vén
da mang ganh néng chuyén héa do plasmid mang
gen cla déi twong biéu hién. Nong d6 IPTG c6 thé
duwoc diéu chinh mot cach hiéu qua, tr 40-400 uM
dé giam thiéu tac dong tiéu cwc nay [8].

Nhiét d6 nudi E. coli BL21 (DE3) biéu hién
enzyme duwgc khdo sat & 16°C va 37°C trong cac
khoang thoi gian 16-18 gidr. Két qua thu duoc lvong
enzym t6i da & diéu kién nuéi la 16°C, trong 18 gio.

Néng d6 imidazole trong dung dich dém can
bang va dung dich rira hat Ni-NTA &nh hwéng
dén doé tinh sach cua protein. Ngoai ra, nE“)ng dé
imidazole trong elution buffer ciing anh hwéng dén
lwong protein thu dwoc. V&i da sb protein tinh sach
bang hat Ni-NTA thi néng dé imidazole phu hop
trong dém can bang va rira hat tor 10-20 mM; néng
dd imidzole str dung trong giai doan tach rira cudi
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cung la 250 mM [9]. Trong nghién cu nay, chung
t6i thy néng do imidazole 50 mM thu dwoc enzym
v&i dd tinh sach tét nhat. Do tinh sach ctia enzyme
dwgc danh gia qua hinh anh dién di SDS-PAGE
la mot dai protein gon, khéng cé cac vach phu voi
cac kich thuwéc khac nhau (hinh 1). Hon niva, v&i
16 enzyme khéng dat d6 tinh sach, cac thir nghiém
danh gia hoat tinh trong phan trng LAMP cho cac
tin hiéu dwong tinh gia.

Enzyme Bst 3.0 Ia mét enzyme Bst polymerase
duwoc nghién clru cai tién hoat tinh tach mach, tbc
dod trang hgp manh mé, on dinh nhiét tét va chiu
duorc diéu kién nébng dd mudi cao. Day 1a san phdm
enzyme thwong mai duy nhéat dang dwoc st dung
cho cac xét nghiém LAMP c6 hoat tinh phién ma
nguwoc tr RNA thanh DNA. Trong nghién ctru nay,
chung téi da téi wu phan ing RT-LAMP mét buéc,
phat hién SARS-CoV-2 N-gene & néng dd 10!
copies/uL sau 60 phut (hinh 7).

Enzyme Br512 dwoc Andrew D Ellington va
cong sw phat trién ndm 2020, bang cach thém 12
amino acid va nhém HP35 dé tao ra nhom HP47
cla Bst large fragment (Bst LF) polymerase, gilp

Tap chi Y HOC QUAN SV, SO 363 (3-4/2023)



cai thién d6 hoa tan va hiéu suét tinh sach enzyme
tot hon. Pdng thai, tang tinh chiu nhiét va cé thém
hoat tinh phién ma nguwgc ma Bst LF khong cé [7].

Trong nghién cru nay, chung t6i da biéu hién va
tinh sach thanh coéng enzyme Br512, s&* dung toi
wu phan ng RT-LAMP hai buwérc, phat hién SARS-
CoV-2 N-gene & néng dod 102 copies/uL sau 70 phut
(hinh 8). Phan (rng RT-LAMP & ca 2 giai doan dién
ra & 62°C, nbéng do MgSO, 4 mM (hinh 5, hinh 6).
Tuy nhién, pH dung dich dém & giai doan phién ma
nguoc 1a 8,0 va & giai doan sau la 8,8 thi tdi wu cho
phan (rng xay ra. Sw khac biét vé pH cé thé anh
hwéng dén hoat tinh phién ma nguoc cta Br512.
Do d6, day 1a mét khé khan trong qua trinh ti wu
phan trng RT-LAMP mét buéc véi enzyme Br512.

Dé khéc phuc van dé nay, ching t6i da st dung
két hop enzyme Br512 va mot enzyme phién ma
nguwoc RT xexo cho phan (rng RT-LAMP mét buérce.
Phan (rng RT-LAMP s dung enzyme Br512 mot
buwédc duwgce chung toi tdi wu da phat hién SARS-
CoV-2 N-gene & ndng do 102 copies/uL sau 70 phut.

Trong céng b clia Andrew D Ellington va cong
sw, cac tac gid chi danh gia hoat tinh va so sanh
hiéu suét enzyme véi enzyme Bst 2.0 va ching
minh wu diém vwot troi cta Br512 tét hon Bst 2.0
két hop RT trong phan &ng RT-LAMP (rng dung
phat hién COVID-19. Tuy nhién, tac gia nay khong
so sanh v&i enzyme Bst 3.0 [7].

Chung t6i tiép tuc danh gia phan trng RT-LAMP
st dung enzyme Bst 3.0 va Br512 tw san xuét trén
mau RNA tach twr dich ty hdu ctia mét sé bénh
nhan trwdc dé dwoc chin doan xac dinh dwong
tinh v&i SARS-CoV-2 bang realtime-PCR. Két qua
thé hién trén hinh 9 va hinh 10, cho thdy phan (rng
RT-LAMP d& phat hién chinh xac, phu hop véi két
qua chan doan bang realtime-PCR; khéng truédng
hop nao am tinh gid va khong xuét hién dwong tinh
gid & mau chirng am. Bén canh do, chung téi con
t6i wu thanh cong phan ng ddi mau s dung thubc
nhudém SYBR-Green | dé doc két qué phan (ng
RT-LAMP, gitp rat ngan thei gian xét nghiém.

Nhw vay, ching t6i da san xuat thanh coéng
enzyme Br512 ng dung phat hién chinh xac
SARS-CoV-2 N-gene dwa trén céng nghé khuéch
dai acid nucleic dadng nhiét RT-LAMP. Day la mot
phwong phap don gian, nhanh chéng, chinh xac.

M&c du vay, két quéa nghién ctru cia ching toi
van con mot s6 diém han ché. Do la can tiép tuc
tdi wu phan ng RT-LAMP mét buéc véi enzyme
Br512 va danh gia phan &ng RT-LAMP trén nhiéu
mau bénh phdm lam sang hon dé c6 thé ap dung
trong sang loc thuwdng quy.

Tap chi Y HOC QUAN SV, SO 363 (3-4/2023)

5. KET LUAN

Nghién clru san xuét enzyme Br512 tai t6 hop
cho (rng dung khuéch dai gene dich bang cong
nghé khuéch dai dng nhiét qua trung gian vong
lap (Loop-mediated isothermal amplification -
LAMP) phat hién SARS-CoV-2 tai Bénh vién Trung
wong Quan doi 108. Két qua: biéu hién va tinh sach
thanh cong enzyme Br512 va s dung trong xét
nghiém RT-LAMP dé sang loc SARS-CoV-2. Cu
thé, enzyme Br512 thu dwoc cé do tinh sach cao,
khéng tap nhiém cac protein cta vi khuan; phan
trng RT-LAMP st dung enzyme Bst 3.0 hoac Br512
phat hién gen N clla SARS-CoV-2 v&i ngwdng phat
hién 1an lwot la 10" copies/uL va 102 copies/pL.
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