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Abstract; Objective To construct armored RNA reference material containing target RNA of group A Rotavirus (RV)
based on Q@ bacteriophage, to determine the value and to test the homogeneity and stability of such material. Methods

DNA fragment named QBSNRV which contained maturase-coding gene, capsid protein-coding gene, packing site of QB
bacteriophage, detection target sequence of group A Rotavirus and multiple clone sites from the 5’ end to the 3’ end was
synthesized, and then subcloned into pET-28a ( + ) expression vector. The recombinant plasmid was pET-Q8SNRV that
was identified by enzyme digestion and sequencing, and then transformed into Escherichia coli BL21 (DE3) competent cells
and expressed. The expressed product, virus-like particles of QB bacteriophage containing RNA of RV, named AR-RV,
was analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis ( SDS-PAGE). AR-RV was centrifuged and
purified by CsCl density gradient ultracentrifugation and sephacry gel chromatography. The morphology of AR-RV was
observed by transmission electron microscopy. The valuation, homogeneity and stability of AR-RV were tested according to

the GB/T 15000. 3-2008. Results SDS-PAGE analysis showed that the molecular mass of the expressed protein product
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was about 14. 1 kDa. The virus-like particles of AR-RV, 25 nm in diameter, with typical morphology could be observed

under electron microscope. AR-RV samples prepared in this study were valued as (1.02 +0.3) x 107 copies/pl and

behaved well in the homogeneity test, F =0.66 < F s,y - The stability test indicated that the sample was stable at 37 °C
for 15 days, 25 °C for 15 days, 4 °C for 50 days, -20 °C for at least 270 days, - 80 °C for at least 360 days with no

significant decrease. Conclusion

The group A Rotavirus armored RNA based on QB bacteriophage was successfully

prepared and had good uniformity, stability and high copy number. This method could supply with a good and biologically

safe reference material candidate for the Rotavirus virus RNA detection.

Key words: Rotavirus; armored RNA; QB bacteriophage; reference material; real-time reverse transcription-polymerase

chain reaction
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Table 1 Information of primers and probe
57 /nt
LR o (53"
HE/I 73 AN 731 ( ) (GenBank X81436)
NVP3-F ACCATCTACACATGACCCTC 963 ~982
NVP3-R GGTCACATAACGCCCC 1034 ~1 049
NVP3-P(iR4}) FAM-ATGAGCACAATAGTTAAAAGCTAACACTGTCAA-TAMARA 984 ~1 016

1.2.2 Hig A B QBSNRV HY431

2% QB Wi ih PR S N 4 7 51 LA K SN/T 2520—
2010""™ B HLAE (9 RV SZIS 2% RT-PCR 46 1 #E
XFRE Y cDNA J 81, A8 ORI A A% IR Bt
QBSNRV, 5% 2 3" 4351 24 QB Wik T {4 1L 24 1§ G £t
FEPR ACSE A 1 G 8 i P A 2 AV AP A1 RV A
HLER ¢cDNA J7 51 £ w5 B 7 45 7 51 (Apa 1. Kpn 1,
Pst 1. Spe 1.Sph 1. Not 1) , KFEZ~ 2.4 kb,
12,3 FEZBOR A S S

K FH A R 58 B 19 7 5, & IR ClonExpress® 11
One Step Cloning Kit U4 B 45 , K QBSNRV iV 57 [ F|
LA pET-28a( + ) # A v, JF ¥ Wl U] 48 5 0 ik
HP A B P A R, 6 AR R PR 4
1.2.4 HRFEX

SE(DTFrRBELRIER (5 =) )™ K
P JBRL e AR W 38 A T BL21(DE3)EE527§QHE
B IRATAE S RIREE R B LB K3k b i s 57
J BRECRA TR 95 3 R0 3 LB R 75 5 b 4R 35 15 1k 1 9%
W2 ml 35 AL R AP T 200 ml LB B 37,37 °C
180 r/min ¥E¥% 5535 & 600 nm Ak W2 Y6 (OD) {H Y
J5 0.6, 1 AL E N 0.4 mmol/L IPTG i 5 % ik
9 h, BB A, FEAT o8 B A 1R -5 TN T
¥ VR 5 HL Uk ( SDS-PAGE ) 734 o
1.2.5 4ifk

B 124 WO B B TR R IR AT OB 7S P W RE L 4 C
11 000 r/min & 0> 20 min, B8 3 5 40 510 A
DNase I 1 RNase A #E477H 4k, A 0. 45 pm 3§ IR
UE, UE MR T S A 4 R R O B 0, 4 C
80 000 r/minE.[> 5 h,/NORECH PR Z ) VLPs, ¥
VI S AL ) VLPs 3 Sephacryl $-200 HR £ J5 7
10 min/%8 . HF W 46 B 9 25 8 A 4 W E 260 F
280 nm4b iy OD {H 1 SDS-PAGE %£5¢ . B ] 4815 4
B RV A 8 AR 1y 3 B RNA (fir 45 5 AR-RV) , H
RNase-Free PBS(pH =7.2) 2 th i iE 2475 B o 0 2%
#H.
1.2.6 ¥ R U as

K AR-RV dE47 2% B 5 12 1 B
HEATWLEE .
1.2.7 5k B8 H 20 ook 48 €

S 9256 RT-PCR ¢ #5544 0] AR-RV 2 17

Ja i Gt A B

&4 5% 8 E 4 ROk pET-QBSNRV, Jz B & &
(20 wl) 4 2 x Premix Ex Tag (Probe qPCR) 10 pl,
NVP3-F 0.4 pl,NVP3-R 0.4 pl,NVP3-P 0.8 ul,AR-
RV 2 ul,RNase-Free H,0 6.4 ul; fE¥H S50k 95 C
AR PE 10 5595 CAZPE 5 5,60 C 3B Kk LEff 20 s;
40 MIEH

1.2.8 WX EME

1.2.8.1 cRNA iy %

PABR G VE N VI B Nde T &AL HY pGEM-RV
AR, HEAT AR S0 5, S iR &R (20 pl) < RioMAX™
Express T7 2 x Buffer 10 ul, 2 LAY pGEM-RV A&
8 wul, Enzyme Mix T7 Express 2 wl;37 CiE &
30 min, [ RN SEERZTMA 1 pl 1 RQL RNase-
Free DNase,37 C{& & 15 min, 3% A P2 75 U6 0 45 A
TRIzol 4EHL cRNA
1.2.8.2  cRNA i i 2% it

fif A A TR 2 P I % A € cRNA A B3
B (6. 02 x 107 #5 11 /mol ) x RNA £ 5 (ng/pl)

x107°/[ F Bt K B (bp) x 3407 = #5 Il ¥
(copies/pl), 1175 cRNA % Il (. ¥ cRNA #f 17

10 7% 2 51 66 J2 i B, 9E 47 92 1) 5 56 RT-PCR A&,

W AR 2R (20 pl) ;2 x one step RT-PCR Buffer 111
10 pl, TakaRa Ex Taqg HS (5 U/pl) 0.4 pul,
PrimeScript RT Enzyme Mix 11 0.4 pl, 5|4 NVP3-F
NVP3-R £ 0.4 wl, & NVP3-P 0.8 wl,cRNA 2 pl,
RNase-Free H,0 5.6 pl, MG/ S50k 42 C W%k 5%
5 min,95 C 284 10 s;95 CA5: 5 5,60 °C 12 K7k
#1120 5540 NEER . M P AS 76 25 19 8 ( Ce (6D
555 0 B 1 D000 x5 2 o A oA K
1.2.8.3 1205 (AN B 5E 2 40 #r

%% GB/T 15000. 3—2008 { b v FE i T-4E 5

(3) RUERE S A2 8 A9 — M JE0 R ety k) 0 i
BOR, BEHLE M 1S i AR-RV, J] TRIzol i $2 M
RNA 4% 1.2.8.2 i 51 %2 ) RT-PCR ﬁijéﬂ'ﬁ#\
R0 5E B C AR o il 2R 3153 48 DL
2% JJF 1059. 1—2012 (I & A o 2 e 5 %%
AR A R, AR

U(x) =+t (m-1)
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Hrbe,(m -1) BBEHKF o HRERm - 11
EAR &, A I B P 3B, S i G AP 24 £
m A R B
1.2.9  ¥5milss

%3 GB/T 15000. 3—2008 ! it i 3R il 4% 52 1
SR RS 7 ek BEAL AR HC 10 i AR-RV AR
G, A5 EL 100l BE 5 A TRIzol 3 32 BU RNA | 4
1.2.8.2 BySEif 9456 RT-PCR J5 47 Kl , 5% H
P2y 22 43 M O 3k 0 B 100 35 5 5 408 43 1) B
3 URKE i, B IEC 100wl #F 4, B TRIzol ¥ 42 Bt
RNA , #% 1.2.8.2 {952 0f 3¢ 9% RT-PCR J7 3 i 1746
I, SR FH B R 28 25 20 B 7 36 o BT 3 50 4
1.2.10  FosE Mk 5

%3 GB/T 15000. 3—2008 > () L 3 1 A< 52 3
TR 7k AR-RV EE S22 58 T 37
254.-20, -80 CIEAF AR KRB, 5 1.2.8.2 1y
SEHF ¢ RT-PCR Jr ik dEATRC I, A & 3 IR, R
JH B DR 27 2 R A TR U5 7 3k e TR i I R

2 #R
2.1 HZH R A E

FHBR &M A U1 BamH T 507 U] 55 20 7KL, AL
VKRR B 1 FR/ANA N T.T kb WKW, 5
pET-28a( + ) #R4K (2 5.3 kb) fl QBSNRV H Bt (%
2.4 kb) K/NZ F1—F; BamH 1/Sac 1 ¥ ) & 4 5
KL, TN A G B L TR A B2 6.0 1.7 kb 11 2 F%
Fr, SR — SR D) D F 45 R 25 51 L
INTC 5 AE H 32 A% HE IF i , UE S5 85 41 5 s 4 A g g

f 44 K pET-QBSNRV
bp M | 2

250

7 :M:DNA 43T 5t DLIS 000;1; BamH 1 Y] ;
2 :BamH 1/Sac 1 XL
# 1 pET-QBSNRV [ ] 4 5 &l

Figure 1 Enzyme digestion of pET-Q8SNRV

2.2 pET-QBSNRV 7&K [ ¥ 75 1 1 i 5 % 15
pET-QBSNRV K 7 ¥ 7 1 BL21 ( DE3) rh £

IPTG 55, 7 14. 1 kDa 2o 47 A — 4 W] i i) 2 4 7R

F 2 (B2, ik ab) , 5 B R/ — 2, £ QB

W TR PR 1 A 7 2 5 S 3R T T

kDa M 1 2 3 4 5 6 7

TE:M BB F it RIGR A  BL21 (DE3) BRE
2:pET-28a( +) W HMAKHEIKE 3 RFEFHHEHBMEEN
4~T FEFNEHAREEEN
K2 ik ¥n9 SDS-PAGE 437
Figure 2 SDS-PAGE analysis of expressed products
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S 7 2 ML e B JE 0 R O
Sephacryl S-200 HR JZ At i — 2D alifl , F i 4L 31 1
HAE RIS 53 50 260 F1 280 nm fJ OD i,
AR (R 24 ) IR SR 22 WA AE (BT 3) , X468 19 ~ 25
W R4 N Y 4H 43 #E 4T SDS-PAGE 43 #fr il 1, AR-RV
b AR SRS 21 22 WA A b R DL B 1 2kl L U

B Sephacryl S-200 HR (4l fb U R84y (K 4) o
1.6
1.4
1.2 4
@ !
8 0.8 1
0.6 1

04
0.2 1

o Firessssesssssaneeet o

1357 9111315171921232527293133353739
HS
P03 TR SR BEEE S 2 AT AR-RV BE i 9 OD {73 BT
Figure 3 Absorbance value of AR-RV purified by Sephacryl
S-200 HR gel chromatography

—e— A260 nm
—— A280 nm

2.4 HIGWER

LGS AR-RV, 1] UL K & 25 48 52 3%\ K/ —
A TEREURL , AR R 25 nm 224y, 5 UM R/ —
AR 5,
2.5 R 4LTOR A 2

PLaifb f5 09 AR-RV S 85 4 2 47 52 i) % ) RT-
PCR 73 #r, [ B DL Jii ki pET-QBSNRYV Sy [H 1 %) 1],
H,O0 g FIPEXS B, 45 5L W, PR 0 B2 0 3 S
Py 3 AR-RV 20 R0 BH M %) BR 2H 45 51— 2, 3 R
P AR S YIS (&1 6) , U 4k )5 /Y AR-RV
r I 5 4 5K Ak BA S
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kDa

1§8=

l
‘ o

l
LR IE

TE M3 By T4k Marker; 1 ~7:19 ~25 WAR & RYHE i 5
81T RAMWEHMEEKEN
Pl 4 W04 {8 (A SDS-PAGE 43 #7145
Figure 4 SDS-PAGE analysis of samples around

absorbent peak

100 nm

5 AR-RV HUEEHE v
Figure 5  Electron microscopy of AR-RV

OO ik Fan
AN OV O Oy = Oy

XTI (530 nm)

Y ITER K

o1 BHEXT B ;2 AR-RV 4153 B M FR 4
6 AR-RV Hi 5% B BRS¢ 58 RT-PCR A2l 45
Figure 6 Real-time RT-PCR for residual plasmid detection
in AR-RV

2.6 WL EM
2.6.1 cRNA f5f i £ i iy 2

LA 10 588 B2 7 BE 1Y cRNA SR 60 2F 47 52 1) ¢
St RT-PCR Z3#7 . L cRNA £ H5 B BE 14 %o 5k oy 48
Aedr, LhCr Al g 9N Ak bR i 7 bR oE R £k, By =
~3.3427x +43.678 ,R* =0.989 8,
2.6.2 W H K H A E Ay BT

L TRIzol #2815 #ifi AR-RV 1y RNA, #E47
SCHT A RT-PCR k2l . 2% JJF 1006—1994  —

G AE Y TR ARG ) 2 BRI A Co (i 28
& A 37 o DU ) 85 T B KA S AU cRNA A o il
LR HPE WU, e T35 B HOR 2
0.3 x 10", HCAR R il # 9 AR-RV 9725 2 {H 45 5
(1.02 £0.3) x 107 copies/ul, W 2,

# 2 AR-RV EHEE R
Table 2 Valuation of AR-RV
Al ®5fF o
EOEME (v
1.02x107  4.20 x 10° 14 95% 2.14 (1.02+0.3) x10’
2.7 AR
BEDL A M 10 L AR-RV KE 5, 3E AT S50 9206
RT-PCR i, 5 45 Ct {8 47 88 H R 7 22 70 ¥
AR B E K 0 =0.05 F1 A i E(9,20) , 4 F 43
AR A3 B Fy o509 20, =239, 5 2315
Y F = Ms,,,.,/Ms ., =0.66 LLEATHIL,F < F, 3
W I PN FIRL ] TG B . 22 S5, IR S8 A W 58 4 45 19 AR-
RV 2500, 45 R W3 3.

# 3 B R 7 25

Table 3 Variance analysis of uniformity test

SE fH 45 R

x s

2P SS(10") df  MS(10') F P F ecrit
3 I 0.95 9 1.06

?ﬂm 0. 66 0.73  2.39
i 3.20 20 1. 60

&t 4.15 29 — — — —

2SS RN s df o A B BE s MS RoRB 5 F FoR F K (9 48
i P RoRFEARRL F(E N 095 A8 ; Forit 3&78 76 48 B 8 3 K FF
1) F Il 58— R R IZ A G T
2.8 faEtEabr

XA ERAE 4 F B AR-RV RE 5 gE 47 52 1 9¢
It RT-PCR K, FEK5 W45 Co B 2F 47 4% M [0 05 Jr %
it oy Bro Fa Mkl 0% 45 SR WoR A B 5% 4 A% 1
AR-RV ¥ #E 37 C ol FaE A7 15 d,25 CrlfasE
TRAF 15 d 4 CHFERAF 50 d, -20 C R faE
PR-FF 270 d, - 80 C ZE /b nl k& 177 360 d, 45 5% W
4.

3 it

#11 RNA B3R #h ¢DNA FI cRNA £ & I 4 B
PERE G R R ARIE RNA 55 2 56 0 45 52 ) 7] 4 v
WM, HETC A Z M RNA B i & 7% H
RNAZ2T gk B RNA 5 R Bl F g, (B k3
S B BIF ST I o A S 4 A A B S 4 R
SR, R B GO B A0 R MRS T, AR
THET QB WEH AR RNA HI B/ FEME TINE
RV 5 ) ¥2 #5 0 AR-AV, 7 H #% GB/T 15000. 3—
2008 > (i) TSR A AT 00 40 R 8L 2 A0 M L R R
BF5E, J5 WK 5 At 52 9 28 0k 47 36 4 2 820 7, 4%
75 RV R I 5 4255 . S 6 2 ) A6 00 44 S8 999 U 5 0 1
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Table 4 Trend test for stability of AR-RV

&/ C WA FHE Db, iéﬂ?(f]ﬁ? FLF’_%ZE .05 .(n-2) Ibi 1 =255 (noay xs(by) JER-
37 Y=(-7.20x10°)X +1.08 x 107 -7.20 x10°  3.37 x10° 4 2.78 -2.17 x10° <0 I L) 1) A B2 P
25 Y=(-3.45%x10°)X +1.80 x 10" -3.45x10° 1.43 x10° 4 2.78 -5.14 x10* <0 2 XL B AR e
4 YV=(-2.87x10°)X +2.57 x107 -2.87 x10° 1.26 x10° 5 2.45 -2.04 x10* <0 A L) ) R RS E
-20 Y=(-7.38x10*)X +1.25 x10"  -7.38 x10*  3.21 x10° 7 2.36 -2.04 x10* <0 W B AN B2 E T
-80 Y=(-1.34x10°)X +2.39 x 107 -1.34x10° 7.82 x10* 5 2.45 -5.76 x 10* <0 EUNEPY - bred

18078 B8 7 ¥ R 00 T A 5 4T A B ) B

5 TR 41 20N TE I RNA A o £ 5 £ 5
AR WIS, — & 2 T 18 5 7 2R 7R 1 45 19 RNA, 1
VRIRORGRE , 55— 2% e 7 O T 10 15 T M 3,
PR ARG B 7 B PR T
A5 TAE (9 RNA A7 oA i 32 8 28 2K 0 Ak 3 14 1f
WRRA , KA R BB e s 2 N RUIF e 2
ke B | A = L = K v NI I = 5 2
5 2 7N AR AR B bR 2 (EL B8 28 5 O 3% 473 7 A
— AR A bR, I LGS B 2 B A o)
T A S0 R, R TR TS e I
o T8 7 AR AR A RNA AR RE i, o
BB, 5 B B SR L W A, A
[l A& X2 T RINA 28 9 4% I s o B 0 I RO &b
AL W B, LA BRI I8 RIS

1 SDS-PAGE £ B u] 1, A #F 58 % 1% QB Ik i
PRI SEHE 11, 2> TH 20 14,1 kDa, i 5 iy 55 0
ZRNARFEE AT H S 4% B VLPs, S 3 45 # 52
B EARAE 25 nm ZE 47 5 SEF PG RT-PCR 45 7R
VLPs 11447 RV K0 A% RNA, DL il 6 45 1 15 32
W] RV f92%: BT RNA B AR-RV 58 B % . %) 5% 9 5
R R, ST 56 2 T 00 AR 90 2 Ry P S0 bR A B
TR, B A RS W, 3 i PCR AT
T T SC R SE % RT-PCR M 3% PCR K 72
FE O 5, AR W5 SR FH bR W 7 B T B9 B4 NVP3-F
NVP3-R K& NVP3-P #4752 0 7¢Ot RT-PCR #
25 B R4 9 AR-RV f IR 5% B ORI TS e

TEH 255 H RNA By oo B8 o 22 25 B K W 3% A 1A
R 1 R PR 2 45 SR A TR B U S 5 R S 0 T Rt
DA% I RNA glifb )y B R T . A A
HATFRARE T AR 2l 4L 2 1 RNA, 4 B 7, & & T 58
6 DAY /N T 4 5 T S8 T S RO T i 2
RNA, R 0 7 (H R 22 T Ak B0 0 B 0 25 5
5 98 T RE 5 A S0 2 T 00 G D A R MG U A
BB 7 2 X B RNA #E47alifb B R g
RO AT I UL B0 IS T TS R R I
RN — B alifk, I SDS-PAGE 45 52 F , Br K 75 2K
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