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Tinh ché enzyme AaCasl2b va wng dung phat hién
Neisseria meningitidis bang ky thuat LAMP keét hop
CRISPR-Cas m{t ong

Purify enzyme recombinant AaCasl2b for Neisseria meningitidis
detection using LAMP combined CRISPR-Cas one-pot technique

Dbao Thi Huyén, Lé Hiru Phic Son, Pao Thanh Quyén, Bénh vién Trung wong Qudn doi 108
Ng6 Tat Trung va Lé Hiru Song

Tom tat

Muc tiéu: Tinh ché va tng dung enzyme AaCas12b trong két hgp LAMP-CRISPR giup chan doan
nhanh bénh viém mang nao do Neisseria meningitidis. Béi tugng va phuong phdp: Plasmid BPK2014-
AaCas12b (#121949, Addgene) mang trinh tu gen ma hoa cho protein AaCas12b dugc bién nap vao té
bao kha bién E. coli BL21(ADE3). Sau d06, tinh ché enzyme nay bang c6t sac ky ai luc Niken. Enzyme
AaCas12b sau tinh ché dugc iing dung trong phuong phap CRISPR/Cas két hgp phan tng khuéch dai
dang nhiét LAMP gitp phat hién nhanh Neisseria meningitidis. Két qua: Bi€u hién va tinh sach thanh cong
enzyme AaCas12b c6 kich thuéc khoang 130kD, cé hoat tinh sinh hoc. Phan ting két hgp gitta LAMP va
CRISPR/AaCas12b trong mét 6ng phan (ng phat hién Neisseria meningitidis v&i dé nhay 102 ban
sao/phan Ung trong téng thai gian 60 phut. Két ludn: Enzyme AaCas12b tu téng hgp c6 hoat tinh va c6
tinh Uing dung cao trong hé théng cat dac hiéu CRISPR/Cas.

Tu khéa: Neisseria meningitidis, AaCas12b, CRISPR.

Summary

Objective: Expression and purification of AaCas12b and its application to combine LAMP and CRISPR
in one-pot to detect Neisseria meningitidis. Subject and method: E. coli BL21(ADE3) cells were transformed
with plasmid BPK2014-AaCas12b encoding for AaCas12b protein. After that, Niken affinity
chromatography method was used for enzyme purification. Enzyme Aacas12b applied to CRISPR/Cas
combined isothermal amplify reaction LAMP for Neisseria meningitidis detecting. Result: Expression and
purification of AaCas12b enzyme have 130kD and has biological ctivity. LAMP combined
CRISPR/AaCas12b in one-pot assay could detect Neisseria meningitidis with sensitivity of 102
copies/reaction on 60 minutes. Conclusion: Enzyme AaCas12b in-house have activity and applicability in
endonuclease systems CRISPR/Cas.
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1.Pat van dé

CRISPR (Clustered Regularly Interspaved Short
Palindromic Repeats) la mét ho cac trinh tu DNA c6
nguon goc tlr bd gen clia cac sinh vat nhan so-vi
khuan va vi khuan ¢é [1]. Nhimng trinh ty nay hinh
thanh tir cac doan DNA cutia nhimng thuc khuan thé
ting tan cong vao sinh vat nhan so d6. Chiang dugc
dung dé phat hién va pha hay DNA cla nhiing loai
thé thuc khuan tuong tu trong céc lan tan cong vé
sau. Do dé, chung ddéng vai tro quan trong trong hé
thong phong thu virus (phage) cta sinh vat nhan so
[1]. Dya trén hé thong phong thu dé, cac nha khoa
hoc phat trién ra da dang cac enzyme cas phuc vu
cho nhu cau chinh stra gen va gan day con Ung
dung trong chan doan, chdng han nhu CRISPR-Cas9
va CRISPR-Cas12a/Cpf1, CRISPR-Cas12b/C2c1. Hau
hét cac protein cas dugc cau tao bsi hai mo-dun
chtic ndng chinh: “adaptation module” (cung cap vat
liéu di truyén vao hé théng CRISPR tao ra crRNA) va
“effector module” (dugc huéng dan bdi crRNA,
nhdam muc tiéu va phan cat axit nucleic dich) [2].

Ung dung clia hé théng CRISPR-Cas trong chdn
dodn sinh hoc phan t& méi dugc kham pha va
nghién cliu gan day. Hé thong nay cé kha nang
nhan dién moét cach dac hiéu DNA trinh tu dich va
cét chinh xac ching. Trong d6, crRNA ¢6 chic nang
dan hudng cho enzyme Cas tim dén két hop vGi
doan DNA dich c6 chda trinh tu PAM phu hgp va
trinh tu lién két b6 sung Vi vi tri protospacer trén
crRNA [3]. Sau khi nhan dién thanh c6ng, enzyme
nay sé thé hién hoat tinh cit phan t&r DNA dich moét
cach dac hiéu, bén canh do, tinh chat exonuclease
(clollateral activity hay con dugc goi la hoat tinh
trans-cleavage) dugc déng thai hoat hod, enzyme 16
ra mot dau cdt manh mé cac phan td DNA mach don
(ssDNA) c6 trong hon hop phan tng [4]. Nghién ciu
clia Wang va cong sy da ung dung hoat tinh nay
nham phan rd cac dau do huynh quang sgi don
(Fluorescent-quencher- probe) nham ghi nhan duoc
tin hiéu [5].

Hién nay, trong chan doan nhanh vi khuan
Neisseria meningitidis, nghién cttu cia DoKyung Lee
va cdng sy cling nhu nghién ctru cdia Seki M va cdng
su da st dung cong nghé khuéch dai dang nhiét
LAMP vgi uu diém la phan tng dang nhiét, thai gian
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khuéch dai ngan va dé nhay cao [6, 7]. Trong nghién
clttu nay, chung téi cung cap thém mét cong cu
CRISPR-Cas giup tang tinh dac hiéu ctia phan Ung
LAMP. D€ giam thiéu su nhiém chéo trong qua trinh
thao tac, nghién ciru hudng téi su két hgp LAMP
cung CRISPR trong cung mét 6ng phan Ung. Tuy
nhién, diéu nay gap han ché I6n bdi cac bién thé
enzyme Bst DNA polymerase cho phan ting LAMP
t6i uu & nhiét do tir 60-65°C. Trong khi d6, cac bién
thé enzyme Cas c6 nhiét do hoat déng tur 37-42°C.
Su khong bén nhiét ciia enzyme Cas khién chung tré
nén kho két hgp. Méi day, trong nghién clu cua
Teng va céng su da xac dinh hé thong CRISPR-
Cas12b/C2c1 tu vi khuan Alicyclobacillus acidiphilus
(AaCas12b), duy tri hoat déng nuclease t6i uu trong
pham vi nhiét d6 rong (tu 31°-59°C) [8].

Mat khac enzyme AaCas12b chua dugc thuong
mai hoéa, do dé viéc chi dong tao ra protein nay la
diéu rat can thiét cho viéc tién dén ting dung trong
cac phuong phap méi. G day, nhém nghién ctiu ting
dung dac tinh cat DNA mach don va nhiét d6 hoat
déng cao cla enzyme nay nham muc tiéu: D€ ing
dung két hop véi phuong phdp khuéch dai ddng nhiét
LAMP giup thuc hién phdt hién Neisseira meningitidis
trong mét 6ng phadn ting ma khéng phdi hai 6ng nhu
cdc cbng bé trudc.

2. Déi tugng va phuong phap
2.1. Vat liéu

Plasmid BPK2014-AaCas12b (#121949,
Addgene), chda trinh ty ma hod cho enzyme
AaCas12b, t& bao kha bién E. coli BL21(ADE3) AserC
AycdX; Gel sac ky HisPur™ Ni-NTA Resin (#88221,
ThermoFisher). Hod chat Sigma-Aldrich (St. Louis,
MO, USA), enzyme thuong mai EnGen® Lba Cas12a
(Cpf1) (#M0653T, NEB, Ipswich, MA, USA), boé moi,
doan dau do dung trong phan ting LAMP va CRISPR
dugc téng hgp bdi Integrated DNA Technologies
(IDT, Coralville, 1A, USA).

2.2. Biéu hién va tinh sach enzyme AaCas12b
tdi té hop

Plasmid BPK2014-AaCas12b (#121949, Addgene),
mang trinh tuy gen ma héa protein AaCas12b dugc
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bién nap vao té bao kha bién E. coli BL21(ADE3).
Khuan lac thuan sau bién nap dugc tang sinh trong
5mL méi trudng LB (1% peptone, 1% NaCl, 0,5% cao
nam men, pH 7,0-7,5) c¢6 bé sung 34mg/mL khang
sinh chloramphenicol & 37°C trong 8-12 gig, lac 160
vong/phut. Sau do, tiép tuc tang sinh trong 500mL
mai trudng LB c6 b6 sung chloramphenicol, nuéi &
37°C, lac 160 vong/phut cho dén khi OD600 dat 0,4-
0,6. Té bao dugc cam U(ng biéu hién enzyme
AaCas12b bang 0,5mM IPTG & 16°C trong 16 gig, lac
160 vong/phut. Sau dé ly tam 4000xg trong 10 phut
G 4°C thu sinh khoi. Can té bao dugc ly giai bdi dich
ly gidi - Lysis buffer (NPI-10: 50mM dém phosphate,
300mM NacCl, 10mM imidazole, 0,5% TritonX, TmM
DTT, 10% glycerol, pH 8,0), dao trén déu, pha té bao
bang siéu am theo chuong trinh 40ON-40FF,
Amplitude 40% trong 10 phut, & 4°C. Thu héi protein
tai pha long bang cach ly tam véi toc do toi da
(15.000xg) trong 45 phut tai 4°C (dich thu hoi lysate).

Protein thu dugc trong dich ly gidi dugc tinh
sach theo phuang phap ai luc ion bang Ni-NTA Resin
(Thermo Scientific, USA). Hat Ni-NTA Resin dugc
chuyén vao 8ng eppendorf, sau d6 ly tam 500xg
trong 2 phut, loai bd con. Hat Ni-NTA dugc can bang
b&i dém can bang (50mM dém Phosphate, 300mM
NaCl, 10mM imidazole, 0,5% TritonX, TmM DTT, 10%
Glycerol, pH 8,0), lac dao 0 5 phut sau doé loai dich.
Mau lysate dugc thém vao 6ng chia hat Ni-NTA
Resin, U lac trén da trong 5 phat. Tiép tuc ly tam
500xg trong 2 phut va loai dich. Hat nhya sau dé
dugc rta 2 lan vai ty 1é 1:2 v/v dém rla - Wash buffer
(50mM dém Phosphate, 300mM NaCl, 40mM
Imidazole, 0,5% TritonX, TmM DTT, 10% Glycerol, pH
8,0). Rlra gidi protein véi ty I& 1:1 v/v dém rUa giai -
Elution buffer (50mM dém Phosphate, 300mM NaCl,
500mM imidazole, 0,5% TritonX, TmM DTT, 20%
glycerol, pH 8,0). Protein thu héi dugc bao quan
trong dém bdo quan - storage buffer (50 mM Tris-
HCI, 200mM KCI, 0,1mM EDTA, 1TmM DTT, 40%
glycerol, pH 8,0) va bdo quan &-20°C.

Protein sau tinh sach dugc dién di trén gel SDS-
PAGE (tham khao quy trinh tur Cold Spring Harbor
Protocols) [9] d€ kiém tra va do néng do bang
phuong phap Bradford (tham khdo quy trinh tu Bio-
protocol) [10]. Dong thai, chiing cling dugc danh gia

hoat tinh dua trén mé hinh cat dac hiéu gen CtrA
Neisseria meningitidis bang hé thong CRISPR c6 so
sanh véi enzyme thuong mai EnGen® Lba Cas12a
(Cpf1) (#M0653T, NEB, Ipswich, MA, USA).

2.3. Khuéch dai ddng nhiét qua trung gian
vong lap - LAMP

Phuang phap tng dung két qua ctia nghién ciu
trudc [11], theo d6, enzyme BstLF dugc tinh ché
thanh cong va tng dung trong mé hinh khuéch dai
dang nhiét qua trung gian vong Idp LAMP phat hién
Neisseria meningitidis. Phan tng st dung 3 cap moi
khuéch dai viing gen CtrA dac hiéu cho chlng vi
khuan (cac trinh tu cu thé cda cac moi sé dudc cung
cap néu doc gid quan tam va lién hé véi nhom tac
gid). Thanh phan phan ting bao gbm dém Isothermal
buffer 1X (20mM Tris-HCl, T0mM (NH4)2S04, 50mM
KCl, 2mM MgS0O4, 0,1% Tween 20, pH 8,0-8,8 @25°C),
0,4M Betaine, 0,25mM moi dNTP, 1,6uM moi FIP - BIP
primer, 0,4uM méi F3-B3 primer, 0,8uM moi LF-LB
primer, enzyme BstLF. Phan Ung toi uu & nhiét do
63°C, trong thaoi gian 40 phut. Kiém tra san pham
khuéch dai ctia phan ing LAMP trén gel agarose 1,2%
hoac cat dac hiéu bang CRISPR.

2.4, Cat ddc hiéu mach déi DNA bdng hé théng
CRISPR-Cas

Dé kiém tra hoat tinh clia enzyme cét giGi han
AaCas12b, phan ng cét dac hiéu CRISPR dugc tién
hanh vgi thanh phan dém 1X NEBuffer r2,1 (50mM
NaCl; 10mM Tris-HCl; 10mM MgCl2; 100ug/ml BSA;
pH 8,0 @25°C), 750nM doan dau do ssDNA FAM-
Quencher (trinh  tu/56-FAM/TTATTATT/BHQ-1/),
75nM gRNA, 25nM AaCas12b (New England Biolabs,
Ipswich, MA). T4t ca cac thanh phan nay dugc trén
déu trong téng thé tich 20uL va thém tryc ti€p vao
8ng san pham LAMP. Sau d6, phan Ung dugc 0 &
39°C trong 30 phut, theo déi tin hiéu huynh quang
bang may doc huynh quang.

3. Két qua va ban luan

3.1. Biéu hién va tinh sach enzyme AaCas12b
tdi té hop

Nghién ctu biéu hién protein AaCas12b tu
plasmid BPK2014-AaCas12b (#121949, Addgene)
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(Hinh 1A). Viéc téng hop cac bién thé protein tai to
hgp mang cac dac tinh chon loc c6 vai tro rat quan
trong trong nhiéu linh vuc dac biét la sinh phan ta.
Bién thé AaCasi2b tu Alicyclobacillus acidiphilus
dugc téng hgp trong nghién ctu cha Fei Teng va
cdng su vGi uu diém co thé duy tri hoat dong
nuclease t6i uu trong pham vi nhiét d6 rong tir 31°C
dén 59°C [8]. Plasmid BPK2014-AaCas12b mang
trinh ty gene ma héa cho protein AaCas12b gén véi
dudi 10xHis tag giup tang ai luc va do tinh sach déi
vGi cot sdc ky &i luc. Quy trinh biéu hién dugc thuc
hién dua theo céng b6 cla Fei Teng va cong su [8].

Protein AaCas12b c6 kich thudc I6n khoang 130kD.
Viéc lua chon ching chl hét sic quan trong bdéi
protein dich mang kich thudc I6n, khoé cudn gap.
Nhoém nghién clu da tim ra chiing cha phu hop la E.
coli BL21(ADE3) AserC AycdX - mét chiing dugc thiét
ké dé két hop déng dich ma hiéu qud cua
phosphothreonine (pThr) vao protein tai t6 hop bdi
Escherichia coli. O chling nay, viéc xéa gen serC chiu
trach nhiém vé muc d6 phosphoserine néi bao bang
cach xda phosphatase gia dinh, ycdX cho phép két
hgp pThr déng nhat & cac vi tri khac nhau trong cac
protein khac nhau [12].

Chu thich hinh B:

1: dich lysate sau khi phd té€ bao (chuwa qua cot)
2: dich chay qua cét (flow through)

3: Protein thu héi sau tinh sach

4: Protein sau khi bdo quan bdng dém bdo quén

Hinh 1. (A) So d6 cdu trac plasmid BPK2014-AaCas12b (plasmid #121949, Addgene), mang trinh tu gen ma hoa
protein AaCas12b (nguén: Addgene). (B) Hinh anh dién di SDS-PAGE sau tinh sach protein AaCas12b bang
HisPur™ Ni-NTA Resin. Trong d6, M la marker bang danh dau kich thudc 100kD. Cac mdi tén dé chi bang protein
AaCas12b thu héi dugc sau tinh sach hoan nguyén bang elution buffer (3) va bdo quan bang storage buffer (4).

Sau khi pha té bao bang siéu am, protein dugc
gan Ién cét sac ky ai luc Niken béi dudi 10x-His Tag,
cac protein khéng c6 dudi nay lap tuc bi ria troi khoi
cot. Ty 1é cac thanh phan dém trong qua trinh tinh
sach cling gép phan anh hudng dén su tinh sach
cla enzyme sau thu hoi, trong d6, néng do
imidazole dac biét quan trong, néng dé imidazole
can tang dan dé rtia hét cac tap protein khéng can
thiét. Trong pha thu hoéi, enzyme AaCas12b dugc
thu hoi trong dém chia imidazole nong dé cao
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500mM imidazole (elution buffer) sé ddy protein
dich ra khoi cot gitp thu hoi dugc lugng t6i da.
Enzyme sau thu héi dugc dién di SDS-PAGE thé hién
trén (Hinh 1). Protein tinh ché & giéng 3 va giéng 4
thé hién do tinh sach cao, chi c6 duy nhat 1 bang
dich véi kich thuéc khoang 130kD, phu hgp véi kich
thudc du kién.

Su tinh sach protein anh hudng rat nhiéu cac
phan Ung sinh hoc phan ti. Mot protein dugc tinh
ché bi nhiém ban cac tap chat cé thé gay ra tc ché
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phan Ung dién ra hoac gay ra hién tugng duong tinh
gid. Viéc tao ra mot quy trinh biéu hién va tinh sach
don gian, dd do sach phuc vu tng dung trong ky
thuat sinh hoc phan tir la diéu can thiét. Nghién ctu
nay da tao ra protein AaCas12b c6 Ung dung trong
hé théng cat déc hiéu CRISPR/Cas phuc vu muc dich
chan doan. Tuy nhién, nhém nghién ciu khéng
khuyén cdo st dung protein nay dé phat hién vi
khuan E. coli vi nd vat chui trong qua trinh biéu hién,
viéc con ton du DNA cutia ching chu trong dich thu
hoi protein la diéu kho tranh khoi.

N6ng dé BSA chuin

0,018466667
0,037166667
0,042466667
0,108933333
0,151266667
0,179266667

100

“ o,

3.2. Két qud do néng dé protein AaCas12b theo
Bradford assay

Nong do protein trong dung dich thu hoi dugc
danh gia bang phuong phap Bradford c6 pham vi
do nhay tir 5ng/uL dén 100ng/uL protein [13]. Thudc
thi phan ng chd yéu véi du lugng arginine va phan
ung it hon véi du lugng histidine, lysine, tyrosine,
tryptophan va phenylalanine. Th&r nghiém dua trén
quan sat rang dé hap thu téi da doi v6i dung dich
acid cla Coomassie Brilliant Blue G-250 thay d6i tur
465nm sang 595nm khi xay ra lién két véi protein.

BUONG CHUAN BRADFORD ASSAY ¥=0,0017x4

R*=0,99

017

0,108933333. 77

Hinh 2. Xay dung biéu dé dudng chuan Bradford.
Budng chuan dugc xay dung bdi 6 néng dé BSA bao gébm (5ng/uL, 10ng/uL, 20ng/uL, 50ng/uL, 80ng/uL,
100ng/uL) tuyén tinh vdi gia tri OD595 theo ham sé y = 0,0017x + 0,015 vi x la nbng dé protein (ng/ul)
vay la gia tri OD595 culia phtic hgp thuéc thi-protein.

Trong phép do nay, dudng chudn dugc xay
dung tur BSA tuyén tinh trong khoang ti 5ng/ulL -
100ng/uL (Hinh 2). Tiép theo, pha loang protein
AaCas12b theo hé s6 2, lan lugt la 2-4-8 lan. Méi
nong d6 dugc do lap lai 3 1an, sau d6 lay gia tri trung
binh. Theo d6, nbng d6 protein AaCas12b thu hoi
dugc trong dung dich ria gidi (AaCas12b elution) la
64,2361ng/uL va dung dich bdo quan (AaCas12b
storage) la 33,6805ng/uL, tuong duong véi khodng
0,5uM AaCas12b elution va 0,25uM AaCas12b
storage. Tuy nhién, Bradford cé mét nhugc diém la
chi do dugc néng dé protein téng sé. Diéu nay co
nghia khong phai tat ca protein do dugc déu la
protein dich va déu c6 hoat tinh. Chinh vi vay,
protein sau tinh ché can dugc trai qua thi nghiém
khao sat hoat tinh.

3.3. Két qud khdo sdt hoat tinh enzyme AaCas12b
bdng phdn img cdt ddc hiéu CRISPR

Budc dau, nghién cliu khao sat hoat tinh cla
enzyme AaCas12b bang phan lng cat dac hiéu
Neisseria meningitidis. Hai hdén hgp enzyme
AaCas12b elution (dugc hoan nguyén bang elution
buffer sau tinh sach) va AaCas12b storage (dugc bao
quan bang storage buffer). Tin hiéu hoat tinh cis ty
Ié thuan véi tin hiéu huynh quang thu duogc trong
phan (ng CRISPR. Két qua khao sat hoat tinh cla
AaCas12a trong phan ng CRISPR (Hinh 3) cho thay
& nhiét dé téi uu 390C enzyme AaCas12b tinh sach
dugc cb hoat tinh sinh hoc, chung cat dac hiéu gen
ctrA cla Neisseria meningitidis. Dong thai, khao sat
ty 1& gRNA:enzyme Cas lan lugt la 1:2; 1:1; 2:1; 3:1
thay rang & ty Ié gRNA:enzyme Cas = 3:1 phan lng
6 hiéu suat cao hon ca (Hinh 3).
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25nM gRNA : 12.5nM cas
50nM gRNA @ 25nM cas

gRNAcasiZb = 21

Hinh3. Khao sét hoat tinh clia enzyme AaCas12b trong phan ting CRISPR cét ddc hiéu ndo mé cau. Phan ting

dugc khao sat tai cac nong do

Khao sat hoat tinh clla AaCas12b & nhiét do cao
60°C, thay rang vGi ndbng do 50nM elution va 25nM
elution cho hoat tinh t6t. Hon thé, khi bdo quan
trong storage, cho thdy hoat tinh clia enzyme én
dinh hon so véi elution. Vi nong dé 12,5nM storage

Fluorescence Hiatory

gRNA:enzyme Cas = 1:1; 2:1; 3:1.

ghi nhan dugc tin hiéu manh hon so véi 12,5nM
elution va tuong duang véi cac nong d6 25nM va
50nM elution (Hinh 4). Piéu nay cho thdy enzyme
AaCas12b tinh sach dugc c6 hoat tinh va c6 thé hoat
dong & nhiét d6 cao.
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Hinh 4. Két qua ghi nhan tin hiéu huynh quang khao sét hoat tinh ctia enzyme AaCas12b elution va AaCas12b
storage tai cac nong do khac nhau.

Khdo sat hoat tinh enzyme AaCas12b elution va
12,5nM-25nM-50nM Ung dung trong phéan Ung

AaCas12b storage tai cac nong do khac nhau bao gom
cat dac hiéu CRISPR/Cas nham gen dich Neisseria

meningitidis. Nhiét d6 phan ung la 60°C trong 120 phut. Phan Ung dugc thuc hién & may doc huynh quang
Light Cycle 480, ché d6 doc lién tuc tai budc sdng 465-510nm, phan tich két qua bang tin hiéu huynh quang

thuc theo thai gian.

Thuc té, trudc khi tham gia cat dac hiéu CRISPR/Cas, gen dich Neisseria meningitidis can dugc khuéch dai
dac hiéu bang phan tng khuéch dai dang nhiét qua trung gian vong lap LAMP. Sau d6, coi san pham khuéch

dai la ca chat cho phan ting CRISPR/Cas tiép theo.
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Hinh 5. Hinh anh két qua danh gia hoat tinh enzyme AaCas12b. (A) hinh anh dién di khuéch dai bang phan ting
LAMP; (B) hinh anh do tin hiéu huynh quang phan (ing cat dac hiéu CRISPR-Cas st dung AaCas12b.

Két qua khuéch dai LAMP cho thady day bang véi
nhiéu kich thuéc khac nhau (ladder) trén gel dién di
agarose. Khi tang thai gian khuéch dai LAMP lén 80
phut thay d6 nhay tang tir 101 xudéng 100 ban sao
(Hinh 5A). Tuy nhién két qua thi nghiém & néng d6
100 ban sao khi thuc hién 80 phut cé ty 1é lap lai
khéng cao, dong thai déi khi xuat hién ca hién
tugng duaong tinh gia tai cdc mau ching am. Sau dé
san pham khuéch dai dugc dua vao phan tng cat
dac hiéu CRISPR-Cas. Két qua cho thay c¢6 tin hiéu
cat & nhitng mau 101 va 102 ban sao, ma khéng thu
dugc & 100 ban sao (Hinh 5B). Do d6, c6 thé phéng
doén rang, khi tang thoi gian [én 80 phut, thuc té
khoéng cé su khuéch dai gen dich & nong dé qua
thap la 1 ban sao ma tin hiéu duong tinh cia LAMP
G ndng do 1 ban sao la tin hiéu gia, do cdc moi bat
cap khéng dac hiéu khi dugc U véi nhau qua lau.
Diéu nay ching to, enzyme AaCas12b tinh sach
dugc c6 hoat tinh, va dé tinh khiét c6 thé ing dung
dugc trong cac phan ng cat dac hiéu CRISPR-Cas.
Khi két hop LAMP va CRISPR/Cas hai budc c6 thé
phat hién N. meningitidis c6 nbng dé 101 ban sao.
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3.4. Két qua phdt hién Neisseria meningitidis
bdng phuong phdp LAMP két hop CRISPR-Cas12b
trong ciing mét buéc phan irng

Su két hgp LAMP va CRISPR trong cung moét 6ng
phan Ung la mét thach thac I6n d6i véi khéng chi
cac nhém nghién cliu & Viét Nam ma con trén thé
gidi. Pa c6 mot s6 cdng bo cling tiing két hop hai
phan Ung nay trong cing mét 6ng phan Ung phat
hién SARS-CoV2 [14] hay Klebsiella pneumoniae [15].
Chua mot cong b nao cé thé két hagp hai phan tng
nay trong cung moét diéu kién dé phat hién Neisseria
meningitidis. Su khé khan c6t 16i khi két hgp hai giai
doan phan ting nay la su chénh léch nhiét dé t6i uu
cho phan tng LAMP va CRISPR. Trong do, nhiét dé
t6i uu clia phan ing LAMP la 60-65°C va nhiét d6 t6i
uu cla phan ung CRISPR la 37-42°C. Su kham phara
enzyme Cas chiu nhiét cé dai nhiét d6 hoat déng
cao gilp cho kéo gan khoang céach gitta LAMP va
CRISPR. Tuy nhién, su két hop van rat khé khan khi
khodng cach van la rat I6n. Nhém nghién clu da toi
uu cac diéu kién dung dich dém phan tng phu hgp
gitp phan Ung LAMP c6 thé dién ra & nhiét do thap
haon tir 50-60°C va phan ting CRISPR ¢6 thé dién ra &
diéu kién nhiét dé cao hon tir 50-60°C.
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Hinh 6. Hinh anh Két qua khao sat hoat tinh enzyme AaCas12b trong diéu kién dém phan ting va nhiét d6 phan
ung khac nhau; (A) Hinh anh huynh quang thu dugc tir phan ing CRISPR & 630C khi st dung cac dém khac nhau
bao gém r2.1 (NEB, Ipswich, MA, USA) hodc buffer isothermal | (NEB, Ipswich, MA, USA) hodc buffer isothermal Il
(NEB, Ipswich, MA, USA); (B) Hinh dnh huynh quang thu dugc khi thuc hién phan tng CRISPR sau khi U enzyme
AaCas12b tai nhiét do 50°C trong 50-80 phut va tai 55°C trong 50-80 phut.
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Két qua Hinh 6A cho thdy enzyme AaCas12b
khéng phu hop véi dung dich dém phan tng dang
nhiét cia LAMP. Cu thé khi thuc hién khdo sat hoat
tinh enzyme nay & nhiét do cao véi cdc dém phan
tng khac nhau thi thay rang chi cé dém r2.1 cho tin
hiéu cao; dém isothermal | cho tin hiéu gidam dang
ké&; dém isothermal Il cho tin hiéu am tinh. Su khac
biét nay, phong doan do su khac biét vé do pH cua
dém phan (ng, trong d6, dém phan tng LAMP cé
pH 8,8, dém phan Ung r2,1 cla phan ung CRISPR la
pH 8,0. Bac biét, sau khi x{r ly gia nhiét enzyme &
(50°C-55°C) trong (50-80 phut) thay rang hoat tinh

buffer isord pH=2.0
+ 557

H O +50=C “+ 60=C

clia enzyme gidm khi tdng nhiét d6 va thagi gian U.
Diéu nay doi hoi phan tng LAMP can dugc t6i uu ca
vé mat nhiét d6 va thai gian u.

Nhém nghién cliu da khao sat cac loai dém khac
nhau nham t6i uu cho két hop hai phan ting LAMP
va CRISPR trong mét 6ng. Thay rang, dém dung dich
isor4 bao gébm 20mM Tris-HCl, 10mM (NH4)2S04,
50mM KCI, 4mM MgSO,, 0,1% Tween 20, pH 8,0
@25°C. Theo d6, phan ting LAMP c6 thé khuéch dai
dugc mau chiing duong & cac nhiét do thap 50°C;
55°C; 60°C (Hinh 7A).
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Hinh 7. Hinh anh két qua t6i uu phan ting LAMP va CRISPR
trong cing mét 6ng phan ting phat hién Neisseria meningitidis.

Bén canh do6, dé tang hoat tinh cla enzyme
AaCas12b c6 thé hoat déng 6n dinh & nhiét dé cao
50°C, nhom nghién cdu t6i uu va bé sung 100mM
glycine. T d6, khi thuc hién tat ca thanh phan phan
tng LAMP va CRISPR trong cung mét 6ng ma chi
thay d6i nong dd Mg**; pH dung dich dém va bd
sung glycine, phan tng khuéch dai LAMP va phan
ing cat CRISPR dién ra va co6 thé thu dugc tin hiéu
huynh quang rd rang. Hinh 7B la hinh anh tin hiéu
huynh quang thu dugc khi thuc hién dong thoi
LAMP va CRISPR-Cas trong cung mét 6ng phan
Ung. Diéu kién phan (ng dién ra & 50°C trong 100
phut. Trong dé doc tin hiéu & 50 phut sau cla phan
Ung. Tin hiéu duong tinh & cac nong do 101 ban
sao, 102 bdn sao va 103 ban sao; am tinh & cac
néng d6 10° ban sao va ching am H,O va DNA
ngudi khde manh.

4. Két luan

Protein AaCas12b dugc biéu bién thanh céng c6
hoat tinh enzyme cat dac hiéu trong hé théng
CRISPR/Cas nham phat hién N. meningitidis sau
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khuéch dai dang nhiét (LAMP) véi d6 nhay la 102
ban sao/phan ung.
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