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Abstract

Objective: To construct pseudovirion containing Ebola virus (EBOV) NP gene sequence and estab-
lish EBOV Tagman real-time fluorescence quantitative PCR detection assay. Methods: The NP gene
sequence of EBOV was analyzed to determine whether the gene contained repeatitive sequence,
complex secondary structure and high GC content, based on the sequence analysis results, the NP
gene sequence was synthesized and cloned into lentivirus packaging vector PGWLV-pseudovirus,
transformed into DH5a competent cells and screened to obtain a positive clone of pGWLV-NP
plasmid. The recombinant plasmid was transfected into 293T cells, cultured for 48 h, and purified
to obtain a high purity pseudovirus, which was identified by RT-PCR as containing the EBOV NP
gene. After counting pseudovirus particles by fluorescence quantitative qPCR, the pseudovirus
particles obtained in this study were used to prepare standards for EBOV nucleic acid detection.
Results: A Tagman real-time PCR method based on EBOV NP gene was established. In this study, the
Ct values of Taqman fluorescence quantitative PCR method based on cDNA of EBOV pseudovirus
containing NP gene showed a good linear relationship with cDNA standard nucleic acid in the
range of 1x 10° ~1x101 copies/uL, and the correlation coefficient could reach 0.99. Conclusion The
standard substance used in this method simulates the structure of real virions, has good un-
iformity and stability after detection, and can be used as positive standard quality control sub-
stance for EBOV nucleic acid detection, realizing the whole process monitoring of nucleic acid de-
tection.
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1. 5|18

PR 1# 495 9% (Ebola virus disease, EVD) 4 #x3% [# 47 ! Ifl #4(Ebola haemorrhagic fever, EHF), & H3%1H#
$1J% ##(Ebola virus, EBOV)FEAMIHE N R KSR V(WA A2 AU 1) A A8 S G i ZUE H I A% G
M NBILELRE, MEEMARALTAZS. WK EFEUZESEMRE. KR BOAIESE N
FHIE, RANEPI s Bt R a2 —, BAA W E e I BUEE(50%~90%) [1] [2].

AR E T 1976 FELEIEMPIASAH AR FE 2K T35 PHIAE 1 5 75 P AL B R GIAE 1) MR B 32 3L
D ESHMS R, B S EAEM AR NI R SR E . WIERSERIE . STl ek 2L = 5 H I
BCE BT IL[3]. 2013 4F & 2016 4, BRERHEEXRHIETEIE, X2 L DRI R K. REEERT (A 5
KA B ) — ORI RIS B, PEIE W M 10 NEZK[4]. EBOV 2R fsE. AR, JE#IE RNA
WiEE, JBLRMERS], HIEERA KL 19 kb, A4S 7 MEEMEE[6]. BRFEHHETER IRy 2 K
21K, HEWRHERRN, —BERT, PRI SRR G A A E 7] (8], PRIt A2 B vk fff Hb 12 Wi
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e BRI ) R . AR A R B 5] R AR G RS W A, EEAIE R SRR
RLEEAR(PCRYFIZER 7 T A A HAR, £FXF RNA Jpii#g, J27E PCR &Ml BN 7 % P IRRT), 05
RNA i o 10 4% S B 55 cDNA, FEEAT 43, 1 F2 A H6 FE AR 2 V9 55 RNA $2IHL RNA Wi %5 y cDNA.
PCR ¥4 KW r5E, H, EN RNA FIFRECR ., W R S mss Rk, R fes
MF A SRS, FEH 2R iR, DURIER 2SR R HER P 5E[9] [10]. AHF 7@ 54T
BRI NP K FS), P 7AW kA NP 2, By, W7 SBEhoRSE NP
K DR RS 3 0, 3 T-iZ B0 75 NP L [RI 37. 1 Taqman S 5¢ 6 8 BAG I 725 . 1% B BORL RS 58 VE AT,
TGt VR R AZ TR A I (1) b SR 4% i, R ST ARG W 43 2 14 ol 4 1

2. R EE
2.1. ik, EH

pGWLV-pseudovirus # /A SRR B NP & A o 4 MEB 347 9007 & & e
22 FERHA

DH5a &2 A40/d. Pfu Polymerase HH 75 JHEMER ML AMV [ 5K8g. RNase #1157, Taq DNA
GG T4 DNA JEHG . 3404 H TaKaRa A J6 A B 5 HUORLR 8 i) #1070 &0 5 e A w4241k 293T
1 R BE 40 i ZE R, DMEM. MEM. FBS. D-PBS JJH Hyclone.

2.3. S|4t

H 4 GenBank A &k F AR BRI B NP JE [R5 1), 4 MER A 7] 4 B NP FE K 1942 7 51, [Rl s 1L Oligo
6 BAF BT — Xt 51 W0 F T PR A S B (0 e 514 44 NPF/NPR, 8 () 1 Bt 538bp, il -3 52 K3l EBOV
NP K o [FIRf %116 B EBOV NP %K RT-PCR VLA SER %% 8 & PCR KU BT FH 51 AR & BT 514
KAREF P HN L 1o
2.4. RT-PCR ¥ EBOV BFEHENS X

R4 X Genbank FAS[FFERI ) EBOV NP K0 #T, & BEAHXT LR 57 107 5 H T RT-PCR K% &
SR, KEH 4N 538bp.
2.5. EBOV NP EER kg

Xt H ISR T AT 0T, bR R B EE RS, B Hei, GC &' RIERFIIaT
gh 5, RT3 e MER B 31301 oligo Wit B AT 1T & Al AL PCR 7kl 4= K8 2972bp HI5E
NP R 70 [ %2 pGWLV-pseudovirus F1; #4L DHSa A2 400, 38505 Al PCR % 58 07 1% 3145
o [ SRR
2.6. TAFEERNAEHZ

FH M v RSty KRB 3% 5, HIC N 3 2= 00RK & ) 2 iR S 3k AT ORI K &l 2%, o B = ORI
PRSI B MR A A
27. BRENERELE

S5 293T 40, IHA4LZ P3-P4 L %R KRBT )5 48 h 5 IEREE; X
BEOHTIRE, K48, LRI PRI AL S BT ER R B 50 pL i B R R BUR R RNA, @it
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PCR il f52 8% 5 7= W) R 6 E 25 NP 35 [R OB 25
2.8. SERSEYEEE RT-PCR 80753500 ST

2.8.1. BIRFIREFYE cDNA BIFIZ

F % QIAGEN 24 &) {95 7% RNA $2HURA 7 & QlAamp Viral RNA Mini Kit #E47 0% 75 RNA AIFZEL,
FIF QIAGEN S SRt AT S % 5%, 3RAS M4l 1 EBOV NP £ [A ) cDNA . K cDNA F%4Mrok
A 5E H 260 nm/280 nm [AE, 8 AH XS 75t 2 H 5 H L DLEL, 22 10 15 RYIFRSRAS % A EBOV NP
18095 T AT i (10°~10" copies/pL).

2.8.2. AN EE RT-PCR R NFERRE GBI

SKHH 20 uL J2 %44 & : HR qPCR Master Mix(2x)10 pL, #%1(10 umol/L) 0.6 pL, .. R 514(10 pmol)
% 0.4 uL, cDNA Fr#EFHHMR 1 pL, Rnase free H20 #ME 20 pLo RMNFERF: 95°CHiAEYE 5 min, 95°CAF
PE10s, BKIEEARESIY Tm HEE N 58°C. 59°C. 60 CHEATHOLE R PCR RY:, UILIBKIEE, B
KIFIE] 30 s, 40 MG, BEAMEIEE R FRATRIGE T RS FIH cDNA RVIBRHE S FTIRS 1) CtE/E
N E S BN AN [R5 R 5 P S A 8 LB R BB MR M B, e bilbrvte i 2k, SRASARAERNA 7 FR . ¥
T BERERUORLIN A8 1) CeAB I ANFRERNE T AR, TSRS HAZ IR % D13,
2.9. B%E cDNA = RRFEroHEn

BEHL BIHEL 10 & H#& MIPREY R, $2HL RNA, @I F R PUCST-NP 87 fARHE 5 7 A
WT5id, W1, XS E P B AT R AR B AR, BRI Ce 8, BUE R S R 105 Z i it AT Gt
AbFE

Table 1. Primer sequence used in this study

F 1. KRR RASIHFS

EIE/EA S S HI(5-3") .
NP 538bpF GAGTATGCTCCTTTCGC RT-PCR
NP 538bpR TTTGGTATTCGCCGTAG RT-PCR
ZEBOV-NP-FQ TTCCCTTTCCAGGACCCATC RT-gPCR
ZEBOV-NP-RQ TCGGGAATGGTCGTATCCTG RT-gPCR
ZEBOV-NP-FAM-P CCTGGCCATCAAGATGATGATCCGACT RT-qPCR probe
I3 i
9 = PUCS57 - NPH7#fE T 2 Log10(copies)
60, / = ’
5.5 § .
5.0 7 S
45 6 ..
40
&35 > -
<30 4 "o
oS X y=-0.2546x + 11.142 -
20 ) R =0.9964 My
L5
1.0 .
0.50.371609 0
0.0—. . = : — 2 — 0 10 20 30 40

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
FEE2N
Figure 1. Establishment of standard curve with PUC57-NP plasmid as standard
B 1. PUC57-NP BRIt i S AR 2k
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3. 58
3.1. pGWLV-NP RRAHEMLE

HRAE NCBI KR FHIHAT N T A NP JER], 200k i )3 5255 A 0 e B 1 50 % pGWLV-NP, 25t
PCR JFiEMERYI ST, SRR, 2R IE 2 F1E 3.

bp M 1

2000 <= 7975bp
5000
3000 <= 2972bp
2000

Figure 2. Digestion identification of pPGWLV-NP recombinant
plasmid

2. pGWLV-NP E4HFRAIRERTIEE

1 2 3 4 M bp

2000
750

538bp —» 500

Figure 3. PCR identification of pPGWLV-NP recombinant plas-
mid NP gene

& 3. pGWLV-NP E4H R NP £[E PCR £7E

3.2. ™EHBRI{ER EBOV B MIAR S 895 &%
ZiabmEAN I RESG, BAERREER cDNA ] 5& FrdE s, R TEF T cDNA [ NP &
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K RT-PCR %5, 25 SRt 4, (ERRTHUEBURFFER 10°~10° copies/L, FT ¥t %5 51 9 A 2
B2 S5 URLID cDNA TP AIE) NP JE0H, 3 H AN E.

bp

2000
1000
500

M 10° 10° 107 10° 10° 10* 10° 10?

«—538bp

Figure 4. Identification of NP gene by pseudovirus RT-PCR
4. {853 RT-PCR & NP £H

3.3. ERTERERE RT-PCR 075 ENET

RIE BT cDNA il 2% (1) R AU LA R AR E S AT bR I 2R i 2, @ R TR IR P 8 NP
SEIR (R SE R 996 s B ik . SR 5. S5 3 ST LUR I, 7E 10°~10° copies/uL i, RT-PCR 4%
R WRARREZERARN, HRNER PCR HER—, FFMMRBEMAETN G EERAKR, FIE
P i 2 2 ST I AR R R B AR R — A Cr ~PIME R AT o 7T DUE A 2 1 R R AT, ArdEdh 2877 1%
Ny=-0217x+ 12.432. I RH R*=0.9928.

I Logl0 (copies)
6.5 E——
6.0 =wWEE> 10
55 s e 9 ...
5.0 4y 35 4 8 .
45 At if . g,
40 e / -
L J
% 35 of / / / / 6 y=-0217x+12.432
3.0 A / S 5 ] ®
/ y ) y R®=0.9928
25 / e // / / 4
20 3
15 hé / of 4 .
1.0 / / / / 2
0.5924m07 // - / > I
0.0 —- — —— 0
0 5 10 15 20 25 30 35 40

2 4 6 810 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
EIEEN

Figure 5. Fluorescence quantitative RT-PCR detection of 10-fold gradient diluted cDNA standard and establishment of
standard curve

& 5. KHEE RT-PCR 3 10 [EHEEFEFE cDNA Froff BN FFRE 2R BV IE ST

3.4. BIRE D RAFERE

FEALHIEUARVE S, 10 45, 32HURNA, FFH PUCS7-NP &7 R I 75 1 4547 S 2% ¢ RT-PCR #&30,
XIRTG Cr AHBATHR B ORI EE DB TH 5, S5 R M, R¥E 1| mL PR R AR Tk $5 V1405 1 mL
PP BV B ORI EE DUBOR A LA 0.04%. ILEE 2.

Table 2. Percentage of plasmid residues in pseudovirus

2. BRETRAKERSL

IR 1 mL 975 553 97 B350k DTS 1 mL 75 553 5 R i BE 4 DL "otk
P9 F NP A 1B B 4.12E+09 9.26E+06 0.02%
4. i

B0 B (T A 2 T BRSNS AR N ], AR BER AR B RIABOR . WAL s AR A&
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AR 5

IR R SR ALK 11]. HAT, 2K ORI ey 2L Eh WA i 2 (0 7 VE AT R0 B I 26 26 7,
2 SRR I R e G R NG, FERR PN AT B SRR AR R A e B DR B B, R I 44k )
T3 E3RAT i A B BB B[ 12] o B0 7 — Mk FH AR 55 B S AR 50 B X R 3 1 h G R A 5 2 11 11 22 DRI
it FE BRI, B A0 I B0 2 5 T AT SR G PR (R B AR RORE,  HLIX M B A RIDRE A 2R TR BRI
HILE SR )1, REed T — A4 R g, B R ARG A 22T [13] [14].

EAT, BR 98 R A% G A E 9 975 J5L A A 2 S T2 AR AU 78 () A AT R . 2014 F B R (3R 1R
F(EBOV), HHCONHIMmA, fEJUANTE. F) b B A ZE 5 R 5 PG AR %2 A 4%, 51 T et R oerE
[15]. H#l, ZmEnmEY. SBURPLHI S MR SIANIERE, R FRREIT RS NEY % as
RERm, GROETARMNEERER R, R 7B SRR N 2 A A K . BRI BUw It
TRERR AR AR, MTEIRE, HRTRA BRG], E SRR T TH = 2 Fiof EBOV A 2 Al
Jiid, R ZEAL B it NFRIE B 42 07 T R A — 5 0 XURS IR I, R 0kt v 3 e A SR 2 14 7 VR
Ft EBOV [IEUR ML DL ST G508 R 7 v, R ZUPE AL e (B 32 i 20 A 2 o i

AR EBOV BIAZA 768 [ NP [14mhd 2L K H T EBOV 50 8 1 f02% LK J5 52 RT-PCR 1%
JtE & PCR AN H (LA . NP 23R R0 28 1 S HIE A o i B 1 —— B R A B AT,
HEEYRR RS WiEE RNA TR, CRE s 5 5k (R 4 75 e e i A2 P IR R 3k N 2993 300 1 1A 7
[16]o LT HET IR A H I F R 8 NRNSEAFI0 N B S8 IROBE S5 R I SEA7 08 N I, 4 th BT v 1)
PR NP A1 VP40 S 1gG, Bl MR R EEPURBIE R AR, BRI QLR AIE 2 9 55 1) 44
W B Z R AL IgM ISR AR 1gM [17]. A#FFEH, 3B LR /RBUZEBOV)IF) NP 2[4
BT AT & UG, FZE R T b B EOW SR 8RS, AT B B R4l B SR I 3R gL, 1
PAF AR TS, R genwize FRALAVRTINTT V%, HBO 25 (1 R BURLEGEAT 1R e, R
Fnb b, R EREURE 10 5B RIRE S 10°~10" copies/mL, FEHUR#IZIR RNA J5, fE#ET RT-PCR % 5¢
NP F K] () [5] I5 1 FH 2 500905 35 A% R bR vk i 2547 Taqman SERN 5¢ % 2 B PCR HIFRHE AT ZR A0 22 . TR A1)
PUCS7-NP JiiRi 2] Taqman S 2 5@ A I 75 v 00 25 UKL A 1 R 5% B J2EAT A . 45 5%
W, AHWFRRRIIHIE IR T 4 N & ZEBOV NP JEK (B0 35, I B 12 1507 5 J5URL A% R 7 57
TEEED e REME. M. SRNECRN Taqman SE 5O E &R 7%, EZAAN )7 ddh
IR B8 F R R SRS B A 0.02% 15t B ASHIE 72 BT SR P B0 75 2 57 1) Taqman 5% i &EAS I 7732
A AT

AW 5T i) 4% (1) EBOV B B AR 6 T H T EBOV 78R [ 1 X (B 42 34 1M & B AR K I w7 B A
5, BAZA. AW REMI A, REEHMEREs B, AR&WHEEEHINER ) MRS
R ER NN S S N - S ey £ WP ZS L=t DL SR TR (1)7 N & % Nt = S S ID O R P57 S E
B R bR, 5RAWEEA S R EE RNA AN, RSB & B A BoRrfeEtE, #I TR,
TR AT I 285 SR ) LSS P 5, AEAH DA A 2 30 1) G B HE T S A o

ZE&UWH
OSBRI H (HRI%R 5 2021HK158).
SEEk
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