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SUMMARY

PREPARATION OF ARMORED RNA AS A POSITIVE CONTROL
FOR REAL-TIME RT-PCR DETECTING MARBURG VIRUS

Marburg virus is the causative agent of a severe viral hemorrhagic fever in human with high mortality
rate. This study aims to prepare virus-modified particles, based on MS2 bacteriophage, to be used as a
positive control for the diagnosis of Marburg virus by Real-time RT-PCR. To this aim, the target region
of Real-time RT-PCR assay was cloned into the pMC037-HisMS2_PLP_pac plasmid, generating
expression vector pMS2-MARV-NP. MS2-like particles were then produced in E. coli BL21(DE3) and
were purified by Ni-NTA affinity chromatography. Analysis by SDS-PAGE and agarose gel
electrophoresis, transmission electron microscopy, and real-time RT-PCR showed that the His-tagged
Armored RNA particles carrying the target region were successfully assembled and purified at high
concentration (3.9 x 108 copies/uL by RT-gqPCR quantification) while DNA plasmid contamination was
negligible. Most importantly, these armored RNA particles were found to be resistant to RNase A.
These findings reveal the potential of Armored RNA technology for rapid preparation of ribonuclease-
resistant viral RNA controls.

Keywords: Armored RNA, Marburg virus, MS2 bacteriophage, Real-time RT-PCR.

1. PAT VAN PE 252 ca mic dugc ghi nhan (Towner et al.,
Theo t6 chic Y té Thé gisi (WHO), virus 2006). Trong hai nim gan day, mot sb ca tir
Marburg (MARV) 1a tac nhan gay bénh tdi vong do MARYV tai Guinea va Ghana ciing da
nguy hiém cho loai nguoi véi ty 1é tir vong cao dugc ghi nhan (Koundouno et al., 2022;
dén 90% (Feldmann et al., 1996; Leffel and Hussain, 2022). DO la bénh téi nguy hiém
Reed, 2004). Bénh nhan nhiém MARV sau nhung hién van chua c6 thude diéu tri va vic
thoi gian o bénh tir 2 dén 21 ngay s& xuét hign xin phong MARYV nao duge luu hanh (Gene et
triéu chirng sét xuat huyét nghiém trong, séc, al., 2009; Suschak and Schmaljohn, 2019). Do
suy da tang va tir vong. Tt khi dugc phat hién vay, can c6 cac xét nghiém chinh xac dé phat
lan dau tai Marburg (Cong hoa Lién bang Pirc) hien MARV trong cdc mau bénh phim, moi
vao nam 1967, MARV da gay ra nhiéu vu dich trudng nhim ngan ngira bénh lan truyén trong
rai rac, dién hinh 1a & Angola trong cac nim cong dong.

2004-2005 lam 227 ngudi chét trong tong sé
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Hé gen cia MARV la mét soi RNA am kich
thudc khoang 19 kb chaa bay khung doc mo,
ma hoa cho nucleoprotein (NP), protein VP24,
VP30, VP35, VP40, glycoprotein va RNA-
dependent RNA polymerase (Leffel and Reed,
2004). Cac phuong phap thuong quy dé phat
hién MARV trong c4c mau bénh pham hién
thuong dya trén k¥ thuat TagMan Real-time
RT-PCR véi ving gen dich nam trong gen ma
hoa NP. Bé dam bao tinh chinh xac cua quy
trinh xét nghiém, can phai c6 mau kiém ching
duong dé kiém soat chat luong cua ting giai
doan phan tich tir budc tach chiét RNA dén
budc khuéch dai RT-PCR. Kiém ching dwong
dang RNA phién ma in vitro da duoc sir dung
trong it nhat 10 sinh pham RT-PCR duoc cip
phép boi Cuc quan ly Thuc pham va Dugc
pham Hoa Ky dé phat hién virus Ebola
(EBOV) vén cung nhém véi MARV (Jacob et
al., 2020). Tuy nhién, cac mau ching duong
RNA nay chi gitp kiém tra dugc budc khuéch
dai RT-PCR va rat d& bi phan huy, doi hoi diéu
kién bao quan lanh khat khe. Trong nd luc tiéu
chuan hoéa cac xét nghiém sinh hoc phan tir
phat hién EBOV, Uy ban chuyén gia vé Tiéu
chuén héa Sinh hoc cia WHO di Iva chon hai
mau kiém ching duong duéi dang lentivirus
tai t6 hop khong nhan ban dwoc 1a Ebola NP-
VP35-GP-LLV va Ebola VP40-L-LLV (WHO,
2018). Du ¢6 dé 6n dinh cao va c6 thé duoc sir
dung lam kiém chimg dwong cho toan bo quy
trinh phan tich ké ca budc tach chiét RNA
nhung quy trinh san xuit kiém chimg duong
loai nay can nudi cdy té bao dong vat vai cac
yéu cau vé trang thiét bi va kinh phi ton kém.

Mot dang chung duong khac hién ciing dang
duoc sir dyng trong mot sé sinh pham phat
hién EBOV la Armored RNA® (Asuragen)
(Cepheid, 2015). Nho cdng nghé dong goi
RNA dich trong cau trac thuc khuan thé MS2,
Armored RNA c¢6 kha nang bao vé RNA khoi
cac nuclease, cd tinh bén nhiét tt, an toan va
dic biét 1a qua trinh san xuat trong Escherichia
coli don gian hon nhiéu so véi vector lentivirus
(Cheng et al., 2006; Mikel et al., 2015). Cho
dén thoi diém thang 12 nam 2022, chua c6
nghién ctru hay san pham thuong mai ndo dugc
cong bd lién quan dén ching duwong Armored
RNA cho MARV. Do vay, muc tiéu cua
nghién ctu ndy ld nhim tao ché pham
Armored RNA dung lam kiém chimg duong
cho quy trinh Real-time RT-PCR phét hién
MARV méi dugc xdy dung bai nhdm nghién
cau chang toi.

2. THUC NGHIEM

2.1. Vat ligu

Chung E. coli DH5a va E. coli BL21(DE3)
dugc sir dung dé tach dong gen va tao hat
Armored RNA. Vector pMCO037-
HisMS2_PLP pac duoc chuyén giao tir Paul
Freemont (Addgene plasmid  #128233;
http://n2t.net/addgene:128233; RRID:
Addgene_128233) (de Martin Garrido et al.,
2020). Boan trinh ty vung gen NP cua MARV
(MARV-NP) duoc ly tir ngan hang dir liu
véi ma sb GenBank 1a MK271062.1 va dugc
dat téng hop tir cong ty GenScript (M¥). Cac
oligonucleotide dugc sur dung trong nghién cuu
nady (Bang 1) dwoc cung cap boi cong ty
Macrogen (Han Qudc).

Bang 1. Trinh ty cdc doan oligonucleotide si dung trong nghién cuzu.

STT | Tén oligo Trinh tu (5' - 3) Muc dich st dung

Arm-1 CGACTCACTATAGGGAGACGGTGCTGAGTGA-

1 TAGAGACTAGTGGA
Arm-2 CTCATGTTGAGACGTGACCTGAGCTAGCCA- Xy dung chu tric

AGACCATCATGC :

2 pMS2-F AGGTCACGTCTCAACATGAGG

4 pMS2-R CGTCTCCCTATAGTGAGTCGTATTAAT

5 pMS2-L-F GTCGAACAGAAAGTAATCGTATTGT Sang loc va giai trinh

6 BZF1 GAGCTAGCCAAGACCATCA tu gen tong hop

7 MARV-N-F ACATGAACAYCAGGAAATTCA

8 MARV-N-R GTTTTCAATTTCTGCAGCRA gRT-PCR va gPCR

9 MARV-N-P | FAM-CCGTYCTCAGCCAGAAACGAGA-TAMRA




22. Xay dung plasmid pMCO037-
HisMS2_PLP_pac mang trinh ty doan gen
dich MARV-NP

CAu trdc vector biéu hién hat Armored RNA
bao gom: (i) operon ma héa cho maturase
(protein A) va dang dimer cua protein vo (CP)
dugc ndi véi nhau bai trinh tu (His)s c6 chic
ning giup tinh sach hat thyc khuan thé; (ii)
trinh tu ving gen dich MARV-NP gin véi
trinh ty TR quy dinh qua trinh dong goi virus
(Hinh 1). Vector pMC037-HisMS2_PLP_pac
dugc mé vong bang PCR véi bo mdi pMS2-F
va pMS2-R. Sau khi duoc khuéch dai bang
PCR sir dung bo mdi Arm-1 va Arm-2, ving

T7-P,

T7-T, T7-P,

gen dich MARV-NP dugc chén vao vector da
dugc mg vong & trén tao thanh plasmid pMS2-
MARV-NP bing cach s dung NEBuilder®
HiFi DNA Assembly Cloning Kit (NEB) theo
huéng dan cua nha san xuit. San pham noi
duogc bién nap vao E. coli DH50 va nudi trén
moi truong thach LB ¢6 bd sung kanamycin 50
pg/ml. Céc khuan lac riéng r& dugc sang loc
bang ky thuat PCR khuan lac st dung hai moi
pMS2-L-F va BZF1. Cac khuan lac duong tinh
duoc nudi long, tach chiét plasmid va giai trinh
tr v6i mdi pMS2-L-F dé thu nhan dong
plasmid chinh xac

T7-T,

Hinh 1. Cdu tric vector biéu hién pMS2-MARV-NP mang viing gen dich NP ciia MARV.
Protein A: maturase; CP: protein vo; MARV-NP: vlng gen dich; TR: trinh tu déng g6i; T7-P: T7
promoter, T7-T: T7 terminator.

2.3. Biéu hign, tinh sach va dic tinh hoa hat
Armored RNA mang gen MARV-NP

Dong plasmid pMS2-MARV-NP cé trinh ty
chinh xac duwoc bién nap vao E. coli
BL21(DE3). Sau qué trinh sang loc, mot khuan
lac duogc nudi trong 100 mL mbi treong LB cé
b sung 50 pg/mL kanamycin, & 37 + 1°C, téc
dd lac 200 vong/phat. Khi mat do té bao dat
dén gia tri ODggo 12 0,6-0,8, isopropyl-p-d-
thiogalactoside (IPTG) dwoc bd sung vao canh
truong téi nong do cudi la 0,5 mM. Canh
truong tiép tuc dugc nudi lic & 20 + 1°C trong
14 gio. Hat virus tai t6 hop duoc tinh sach
bing HisPur™ Ni-NTA Resin (Thermo
Scientific) theo huéng dan cua nha san xuat
v6i mot s6 diéu chinh nhu sau: Bezonase
(Millipore) dugc bd sung vao dém pha té bao
dé dat t6i ndng d6 cudi 1000 U/mL, dich pha té
bao dugc u & nhiét d6 thuong trong 3 gio dé
Bezonase phan huy axit nucleic cua té bao vat
chu E. coli, ndng d6 NaCl trong dich rira cot
duoc tang 1én 1 M dé tang hiéu qua loai bo du
luong DNA. Két qua tinh sach dugc kiém tra
bing cach dién di SDS-PAGE va dién di trén
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gel agarose. Hinh anh hat virus trong dich tinh
sach dugc chup bang kinh hién vi dién tir
Hitachi FE-SEM S-4800 tai Vién Vé sinh dich
té Trung wong (Viét Nam).

2.4. Phuong phip tach chiét RNA tir hat
Armored

Mau dich tinh sach sau HisPur™ Ni-NTA
Resin duoc pha lodng 10 lan trong nudc
nuclease-free va dugc u 95°C trong thoi gian 5
phat dé ly giai hat virus (Cheng et al., 2006).
Déi vai thir nghiém xu 1y véi RNase A (xem
muc 2.6), RNA tir hat virus dugc tach chiét
bang RNeasy Mini Kit (QIAGEN) theo huéng
dan ciia nha san xut.

2.5. Real-time RT-PCR danh gia nong d
RNA cia MARV-NP

RNA caa MARV-NP dugc dinh lwong bing
BioFact™ OneStep Multi-Star gRT-PCR Kit
st dung t6 hop mdi miu do MARV-N-F,
MARV-N-R va MARV-N-P theo huéng dan
ctia nha san xuat. Chu trinh nhiét cua phan ting
nhu sau: 55°C-15 phat; 95°C-15 phat, 40 chu
ky: (95°C-15 gidy, 58°C-30 gidy, 60°C-30
giay).



2.6. Real-time PCR danh gia d§ nhiém tap hudéng dan cua nha san xuit va dugc dinh

DNA cia MARV-NP luong bang Real-time RT-PCR nhu trén.

DNA cia MARV-NP trong dich tinh sach 3. KET QUA VA THAO LUAN

dugc dinh lugng bang Real-time PCR sir dung 3.1. Xay dung cdu tric plasmid pMS2-
GoTaq™ G2 DNA Polymerase theo hudng MARV-NP

dan cua nha san xuat. Chu trinh nhiét cua phan Trinh tu tong hop nhan tao cua ving gen dich
ung nhu sau: 95°C-3 phut, 40 chu ky (95°C-15 MARV-NP duoc ndi vao vector pMCO037-
giay, 58°C-30 gidy, 60°C-30 giay). HisMS2_PLP_pac nhd ki thuat ndi Gibson dé
2.7. P§ 6n dinh cia cac hat Armored- tao vector biéu hién pMS2-MARV-NP. Sau
MARV-NP déi véi RNase A khi bién nap san pham cua phan @ng Gibson
Do 6n dinh cua cac hat Armored-MARV-NP vao té bao E. coli DH5a, cac khuan lac dugc
dbi voi RNase A duge xac dinh bang cach cho sang loc bang k¥ thuat PCR khuan lac. Két qua
hat Armored-MARV-NP va miu RNA tach sang loc cho thay thay 5/6 dong khuan lac
chiét (khong dugc bao goi) 0 véi RNase A dwong tinh v6i mot bang sang duy nhit c6 kich
(QIAGEN) & cac liéu lugng 0,5 U/uL, 0,05 thuac khoang 500 bp, phu hop véi tinh toan ly
U/uL va 0 U/uL (khdng bd sung RNase A) & thuyét (Hinh 2A). Két qua giai trinh tu mot
37°C trong 1 gio. Cac mau duoc tach chiét dong plasmid cho thiy d thu nhan dugc vector
RNA bing RNeasy Mini Kit (QIAGEN) theo biéu hién pMS2-MARV-NP ¢4 trinh ty chinh

Xéc so véi thiét ké (Hinh 2B).
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Hinh 2. Két qua tao cdu triic pMS2-MARV-NP.
(4) Két qua sang loc khuan lac mang cau triic pMS2-MARV-NP bang PCR. 1: mdu dm tinh, 2-7: dong
khudan lac tir I dén 6, 8: HighRanger 1 kb DNA Ladder (Norgen).
(B) Két qua gidi trinh tw dong plasmid pMS2-MARV-NP. Trinh ti viing gen dich diwoc gach trén.

3.2. Biéu hign, tinh sach va aic tinh hoa hat kDa, twong ung voéi kich thudc ctia maturase
Armored RNA mang gen MARV-NP cua thuc khuan thé MS2. Ngoai ra, con xuit
Pé kiém tra su biéu hién cua céc protein cau hién céc vach protein c6 kich thudc xap xi 75
thanh nén hat Armored RNA, cac phan doan kDa nhiéu kha nang 1a cAc protein tir vat chu E.
trong qué trinh tinh sach bang sic ki ai luc Ni- coli chua dugc loai bo hét. Cac két qua nay
NTA dugc dién di bién tinh trén gel SDS- cung cép biang ching cho thiy hai protein ciu
PAGE. Két qua dién di (Hinh 3A) cho thay thanh nén I6p vo cua thuc khuan thé MS2 la
trong cac phan doan ria giai (giéng 3 va giéng CP (180 phién ban/virion) va maturase (1
4) chu yéu thu dugc protein co kich thudc phién ban/virion) déu c6 mat trong dich rua
khoang 28 kDa, phu hop véi tinh toan ly thuyét giai sau tinh sach bang sic ky &i luc Ni-NTA
cua protein vo CP ¢ dang dimer gin dudi vai ty 1€ hop ly (de Martin Garrido et al., 2020.
(His)s. Bén canh d6, phd protein sau ria giai Tiép do, két qua dién di trén gel agarose (Hinh
con xuat hién vach mo ngay bén dudi vi tri 45 3B) cho théy dich rira giai sau tinh sach (giéng
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6) xuat hién mot bang sang duy nhét, trong khi
d6 & giéng sau xu ly véi Benzonase va trudc
khi 1&n cot c6 xuét hién mot dai sang (smear) &
bén dudi va mot biang sang c6 kich thuéc gan
biang bing sang & giéng sau tinh sach. Céc két
qua nay cho thiy la dich sau tinh sach chi c6
mot doan axit nucleic rat cé thé chinh 1a doan
RNA duoc déng goi trong hat virus. Dong
thoi, két qua nay ciing cung ¢ biang chirng 1a
doan RNA da dugc dong goi thanh cong nén
khong bi phan huay béi Benzonase trong khi
enzym nay lai phan giai rat hi¢u qua DNA va
RNA cuia vat chu E. coli thé hién qua viéc dai
smear c6 kich thudc dudi 400 bp. Hinh anh
chup dich rira giai boi kinh hién vi dién tr cho
thdy xuét hién nhiéu hat virus hinh cau, duong
kinh 21,8 + 0,7 nm (Hinh 4), phu hop véi hinh
dang va kich thudc cua thuc khuin thé MS2
(Cheng et al., 2006). Toan bo cac két qua nay
cho thiy di tao va tinh sach thanh cong hat
thuc khuan thé MS2 tai t6 hop tir E. coli

BL21(DE3) mang cau tric pMS2-MARV-NP.
1 2 3 4 M L 6 7

A B
Hinh 3. Két qua biéu hién cdu triic Armored va
tinh sach sdc ki Gi luc tir dich té bao chdt E.
coli BL21 (DE3).

(4) Két qua dién di SDS-PAGE; giéng 1: dich
phd té bao trude lén cot sdc ky, giéng 2: dich
khdng bam cét, giéng 3,4: dich rira gidi tai
phan doagn 1, 2; giéng M: thang chudn protein
GangNam-Stain™,

(B) Két qua dién di trén gel agarose; L: 100 bp
DNA Ladder (NEB); 6: Dich rua gidi phan
doan 1va 2; 7: dich phd té bdo trude khi 1én
ot sdc ky.
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100 nm
Hinh 4. Anh chup hat thyc khudn thé trong
dich sau tinh sach bang kinh hién vi dién tir
truyén qua.
Dé khing dinh hat virus tao ra c6 mang trinh tu
RNA dich cia MARV-NP, néng d6 RNA
trong dich tinh sach da dugc danh gia bang
phan ung Real-time RT-PCR. Két qua dinh
luong (Bang 2) cho thay, nong d6 RNA cua
MARV-NP trong dich tach chiét 1a khoang 3,9
x 107 phién ban/uL va néng d6 DNA nhiém
tap (lwong DNA plasmid mang ciu tric
MARV-NP con sot lai) 1a 1,8 x 10! phién
ban/uL, khéng dang ké so véi ndng do RNA
thu nhan dugc. Két qua nay cho thiy da tinh
sach thanh cong Armored RNA mang ving
gen dich MARV-NP véi nong d6 1a 3,9 x 108
phién ban/uL dich riaa giai (do dich dugc pha
lodng 10 lan trugc khi tach chiét va dinh
lwong) véi lugng DNA nhim tap 1a rt nho.
Hién nay, cac ché pham thuong mai Armored
RNA thudng dugc cung cip & khoang nong do
10° phién ban/uL (Mikel et al., 2015). Do vay,
dich tinh sach nay ciing di duoc pha lodng vé
nong d6 10° phién ban/uL dé thu nhan ché
pham Armored RNA-MARV-NP. Nhan thay
v6i do pha lodng 3,9 x 10° lan, c6 thé coi
lwong DNA nhiém tap di bi pha lodng vé nong
d6 0 phién ban/pL ché pham.
Bang 2. Két qua ddanh gid nong do hat
Armored mang viing gen RNA dich va d¢
nhiém tap DNA bdng Real-time RT-PCR va

Real-time PCR.
Cq trung binh £ Nong 26 * B(.)AléCh
Do 1ech chuin chuan (phien
c ban/uL)
Két qua dinh
lwgng Real- 9,83+0,06 [3,9%x107+1,5x108
time RT-PCR
Két qua dinh
lwgng Real- | 32,25+0,45 (1,8 x 101 +0,6 x 104
time PCR




3.3. Pp on dinh cia hat Armored RNA-
MARV-NP d6i véi RNase A

Nhu d3 dé cap & trén, hat Armored RNA-
MARV-NP cé kha nang khang vai hoat tinh
cia ché pham Benzonase, von la mot loai
endonuclease cé kha ning phan huy toan bo
cac dang DNA va RNA. Trong noi dung
nghién ciru nay, d6 on dinh cia ché pham
Armored RNA-MARV-NP tiép tuc duoc danh
gi4 v6i RNase A von 1a mot endoribonuclease
phan cit cac phan tir RNA mach don & cac goc
C va U. Két qua phan tich (Bang 3) cho thiy
cac gia tri Cq trung binh thu dwgc & cac mau
ché phim Armored RNA-MARV-NP khi
khong xur ly véi RNase A hoac khi xir ly véi
RNase A la khdng c6 sy khac biét dang ké.
Trong khi d6, & cac mau RNA da duogc tach
chiét khi u véi RNase A thi ndng do suy giam
rd rét, xuéng dudi ngudng dinh lugng (Cq ting
tr 8 dén 10 don vi). Piéu nay chung to RNA
MARV-NP trong ché phim Armored RNA
duoc tao ra trong nghién ciu nay la bén véi
RNase A.

Bang 3. Két qua Real-time RT-PCR ddnh gid
do on dinh cua hat Armored RNA doi Véi

RNase A.
Cgq trung binh
Xir Iy + D) léch
chuin
Armored + 0 U/uL RNase A 25,67 + 0,19
Armored + 0,05 U/uL RNase A 26,13 + 0,55
Armored + 0,5 U/uL RNase A 25,88 + 0,63
RNA + 0 U/puL RNase A 25,77 £ 0,55
RNA+ 0,05 U/uL RNase A 33,95+ 1,01
RNA+ 0,5 U/uL RNase A 35,88 £ 0,18

Han ché cua nghién ctru nay 1a chua danh gia
dugc do bén cua ché phim Armored RNA-
MARV-NP trong cac diéu kién bao quan thuc
té (bao quan & -20°C trong thoi gian dai, ¢ diéu
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kién lam viéc tir 2-8 °C trong vai ngay, nhiéu
chu ky doéng va thdo doéng hay khi bao quan
trong mau mau, mau madi truong). Tuy nhién,
nhiéu nghién ctu di dwoc thyc hién nhim
danh gi4 tinh bén caa Armored RNA khi duoc
bao quan trong cac diéu kién khac nhau. Bién
hinh 1a nong do hat Armored-HIV khéng bi
anh huong khi dugc bao quan trong huyét
thanh nguoi ¢ 4°C trong 60 ngay, -20°C trong
180 ngay hoic sau 5 lin dong va thao dong
(Pasloske et al., 1998).

4. KET LUAN

- bi xay dung thanh céng vector biéu hién
pMS2-MARV-NP mang vung gen dich
MARV-NP ¢ trinh tu chinh xac so véi thiét
ké.

- bi tao va tinh sach thanh céng hat Armored
RNA mang vung gen dich MARV-NP tir d6
tao ché phim Armored RNA-MARV-NP véi
ndng d6 108 phién ban/uL, khdng bi nhiém tap
DNA.

- Hat Armore RNA thu dugc c6 kha nang
khéng lai tac dung cia RNase A.
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