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Preparation of coliphage MS2 reference material for norovirus test
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ABSTRACT: Objective To prepare coliphage MS2 reference material with required uniformity and stability,
which can be used for the quality control of norovirus detection process. Methods The coliphage MS2
(CMCCPh001) was confirmed by molecular biology method. The microsphere-shaped reference material was
prepared by freeze-drying technology, and the homogeneity, long-term stability and short-term stability were tested.
Five kinds of samples including oyster were used as the matrixes to confirm the using effects. Results The prepared
samples were spherical, white and uniform in size, and their uniformity met the requirements. After long-term storage
at =20 °C for 12 months, the samples were stable. After short-term storage at 4 °C for 28 d and 37 °C for 5 d, the
samples were stable. There was no significant difference between the threshold cycle (Cq) value and the average

value of uniformity test. The validation experiment of 5 kinds of samples such as oyster showed that the reference
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material could be used as the quality control of food norovirus detection process. Conclusion The molecular level

identification result of coliphage MS2 (CMCCPhOO01) is consistent with the characteristics of coliphage MS2. The

uniformity, long-term stability, short-term stability and applicability test results meet the requirements for quality

control reference materials in the norovirus inspection process.
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HERZAET, ¥ 5IR RN RS
WEEE . RS . HP i 4% B (norovirus, NV)& H
5 R IR R R & e 2 i R Y, oy 2
5 R A 0 AP R VS A B R S AR A /N
¥, HF 27 nm, B THRWEERL, #H kR,
GI Hl GII S Ble A28 228 , BL i e AU 6
Wl MRk JEYE . MEE . SRR RV, SRR IR
FOREIR T RE B R, A AR IR e

TEE U EE ARG B A B B b, 8 AR 1A TG
BPETR . ST T R AU (real-time polymerase
chain reaction, RT-PCR)JJ7 45, Hff RT-PCR ELA K1
i RIEAREE, ARG T2 R, BRI
AGE AR SR, b E R E e E AR KR
B S B R (Food and Drug Administration, FDA) | [EFrprif
fk2H 2 (International Standard Organization, ISO)%, {H 2
RT-PCR 7 iE7E & S Al i i vh 52 ZFh IR 25, anoé
JEE i PCRANARITUR 22 5% . ST RT B8 70 . 97 RNA 42
BUSRI &R . RT-PCR 735G S i . i Ae S
JLHEI RNA B Pl 45 . D ek s B i,
FAFE ., W fFEAER e ONMEESE X5 4 i
AR T R B AR A T T

KIHFFRRVE R R MS2 RT LIE R RNA R8T AEY#4
M AR A B R, BT 2 A () mgEEE A
(phage) /& {2244 1) RNA 8, A ™8 10%E BReRdE, H
JERYLAEE HTE AR, 3 H I T A R S 5 B RS2 AR TR R
ZARB S F A EAMESCE R, EXABRALE, YR
ST LA S AR B R . () KT RRINE BT R MS2
(coliphage MS2)BENS AR IAAT 18 I mvk B il as, AT
K5 10'°~10" PFU/mML, il £k oAy fi .

P Pt S5 PR PR AR B 0 1 4 R AT BRI T R MS2
TR SR T DU S s B et R S il . F [l
AVl F A AT BT MS2 145 2% F7 RNA (armored RNA)
PTG s A I A e sl . AR AR U OLR FOSUZ 3
A R R R MS2 AR i T DS B R s
Rl R R, (R, LIRHIR R AT R MS2
FREDI TR SER AR, fEE A s A7 L 2R E ™4 o
ABFFER AV R TR 2 R AT TR R MS2 bRifEd)

i

s
jm)

\

p=t

B, DRSS AT RE, JrfE sk e, LU
IR RE R I IR S

1 MR5RE

1.1 EFEEHH

K % FF B W B & MS2 (coliphage MS2) CM
CCPhOO1( " [ = “% & FP {8 58 .0 ); KB AT K12
CICC29001(H [H T b B R Pt o
1.2 FE5RF
121 ME:

LABCONCO FreeZonel2L ¥ % T 1 #l (15 =
LABCONCO 7Al); PL2002 H ¥ AR - LA 2
/A#l); Thermo SHKE4000-8CE #7JK . Thermo1389 4: 4%
446 . Thermo205050GC fHIE}E 3246 . Thermo %4 J1 % 21R
#HL(3EE Thermo Fisher Scientific 23 F]); Bio-rad CF96
PEGE R PCR X (3EE Bio-Rad A ).

1.2.2  3HRABARA)

KIGFHEWERE R MS2 MR FREEHES: 20170630,
I AR TR IR WD), B IR BIR1E IR 2 BE (it
5170502, JbEREMAE BB BR A F]); N-0 fRIPFIGH
51 20180825, HE R AL 2 MR E AR B ), A E RS
1900407, J&l¥ OXOID 23 wl); NaCl(#t5: F201906002).
CaClL(#It5: F20100527)(FE 255 BIL AR R A BR A ), A
EBEAS: WXBDO0576V, #[E VETEC 2 #H]); BBk
511033190, 3£ BD A Hl),

2B ECH]: E PR 10 g, NaCl 5.0 g, #
W5 1.0 g, BIEH 6.0 g, 2.5 mol/L CaCl, %45 10 mL, 7%
17K 1000 mL, pH 7.2

R ER 2% nhEL T (phosphate buffered saline, PBS)(L
51967438, 3 [H Gibeco 2\ H)); & 1F K5 34043200)
BRI RIS A & d S 30607100, Ht4 Roche 23 H));
—B 8 RT-PCR IR F| & @5 AI11575A, A4 TAKARA 2>
#)); Tris(fit5: 0883¢358, [ AmrescoAH]); HAMR[HLS:
WO0507L050, A= T A4 TR (i) B A BR A F L 4 W
(#H5: 20160411, i [EH B2 ERATBRA A,

KIGFFEMEE R MS2 514" X B4 MS2-TM3-F
Sense TM3 LC/RG 5-GGCTGCTCGCGGATACCC-3' .
MS2-TM3-R Antisense TM3 RG 5-TGAGGGAATGTGG
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GAACCG-3', 4%l : [JOE]-ACCTCGGGTTTCCGTCTTGC
TCGT-[BHQ1](At i K —HEZ A F) o
1.3 LWHE
1.3.1 XBHBALB K MS2 BH775 %

PEEL ATCC1597 . KIGHFT B K12 B9 f A0 37 4%
Bl FIEBE A AR 2%, FHEIK 36 °C, 180 r/min, }i3% 4 h
ZXEON . O R & A EE SR 2 mL, A BRAARE 5
3, FBA), ##E 0.5 h, X5 THREIK 36 °C, 195 r/min #F474%
F& 24 h % 100 mL FEFEYINA 2 mL 545, 4k&E 36 °C
P 10 min, W FIRIFIY T &L, 5000 r/min #.0
15 min. 4 F IR 0.45 pm IUEBERLNE, T—70 °CIRAE,
FH T R T e T A MIS2 s v ) B A0 V4 R T
1.3.2  XATE MS2 " B R 69 549A

i A RNA 3250 & 52 BOK 1 AT 0 e 7 44
MS2 ) RNA, SRIGEH 1.2.2 F R # M # R MS2
F1WpiE4T RT-PCR, K= Wik 24 wl 04700 5 4R I F 55 1 1]
K 4 ¥ 15 B b .0 (National Center for Biotechnology
Information, NCBI) 3 #E47 EbXF 4347 o
1.3.3 XA B S E Kk MS2 35514 69 3B -4t 4

K REER R MS2 Wtk HHKHEESR
TR 0 SR B AT T W T Ak MIS2 B 32 WA T 10 Fi 04 R R IR o
MIEH ] 107" JEATRRE, T o2,

W RS KIAFF R MS2 454 RGBT K12 42
R T E IR, 36 °CHE3% 18 h, B 300 pL WK HT i K12
HIIE R, S AF) 1.5 mL i EP 45 .48 5 L 200 pL
) MS2 R ANFERBOIN AR LR K MATF R K12 B9 300 uL &
FERGHE, SRIGTE 36 °CA-MF F45A 5 mine

FZTERE A B 4 mL @ik A 50 °C 1238, Jn
AZE10 mL MR 3R, RE A LR KIGFF BRI MS2 254
W, BRRIRS, RIEMEARER R L. FEEE,
36 °CHESF 24 ho MUHEWEEBEAG RS R, T8 KA E
PR MS2 BE SR MR L
1.3.4 KA E MS2 "% @ WRATEM T 64 % T

A4 KM AW T PR R HE BT 5 N-0 PR3P FRIF% IR 121
BE, RIELL 20 pLERM T XEATHTR, TR TR
AT TR T

B TS ORI A 2 mL BITEAH R, B0 2E R
BT TEPE M L, SRJ5 I R TR TS TR 75
1.3.5 ¥ HALE

FENLHBOA TARMESI R 15 1, maEibs e & o
A 1 mL PBS, 4 RIGHF RIS R A MS2 VR T4 5 5873 1 i
FEIRAT, B 200 pL, i FH = 2l 8 RNA i35 & (Roche 22
A2 UL, SRECK AT R E /R MS2 9 RNA, fiff
JH PrimeScript™ One Step RT-PCR Kit, 1.2.2 H i KRG HT
MEE R MS2 519 R 54T, SHESCERU b6 40, fil

FHDE A2 i PCR A TAGIN, R i AGH 0 25 5% 1 10 (L0 4 4
(threshold cycle, Cq)f, K 3SD 522 50#r, PEMFRS 34
A, KIAFT BT A MS2 bRl R AR E M L 38 A
PMERRE SIS FBIL TR
13.6 47 bk

FEREAN R T 37 4 °CHEE, I TR e AR
37 CHAMTF BT 1. 3. 5. 11 d ER, S riEY
JEA 3 AT, 4 °CrBITE 1.5, 7. 14, 28 d INEE,
AR HEYI A 3 AP AT .
1.3.7 KHATE L E AR MS2 AR W R B AL AT

PG AR AE 7 B R BAAT R TR 7R MS2 FRiEE) Bl &
F-20 CHMATF, REUEHEFHMEN, + 0. 1. 3. 6.
12 A H A EORE, 17 1 4R R ffRe e v r g, 4
AFRUER) B 3 AP AT .
1.3.8 WFRE+FE

A4 3 IR Z A KA FF IR T IR MS2 ARiEY) JTiRE

BUEATUREIRRE, MR LI 10 MRS . AR ik fEE
WA T 1 mL PBS I, B 200 uL, i FH v 4l B B IR i
H&IRH RNA, 218 GB 4789.42—2016 (£ i 244 H k5
M EMMAEYHRR FURSEAR) , -k
RT-PCR fFI X HEA YA TH 1 . X 3 KRR E L=
ARSI 25 SR 304 753907
1.3.9 KA E MS2 "% B AT M R AR SURIE

VRN . WRDL. BAEE b EUN. ARSE, dEfTEE A
SCEG, K515 R GB 4789.42—2016., TEAEAL BTN
BOMA KA A VE R AR MS2 bR UEI IR, REBUREE RNA, JF
AT, SRIE USRS Cq R EEE NS, T
SERE S RIS, RO FRIE) T 04 1 SR .

ARSI A GHE XTI B LRI R
2.5 cmx2.5 cmx2.5 cm K/, BRIE 25 g AT BRIy
Ji4e—fl, fmA 40 mL TGBE buffer (Tris % 12.1 g, H &%
3.8 g, AW 10 g, ZEM/K 1000 mL, pH=9. 5) , [FIHNA
— K HEVE R MS2 IR, =EiR$ER2 20 min, [F4E
FEIRAT A 5.0 (R 2 T (polyethylene glycol, PEG)TLIE |
TUIEVE AL TR 2 I GB 4789.42—2016, HL 200 pL YIS
S B SR SR 1) 7 15354 T RNA 28U RT-PCR §°
o MR A BRI AR T 0 AR AR BE R I T 1 A%, 7R
A5 [l e Ry A 7 IR

FEIE AN DURE R AG: BCE /D 10 ANJERE S UEA 7 A,
IBULTH A B R P T (e A5 0 O3 A0 S A 6 1 B T A 31 20 g
FHTI R B T AR BRAT AN DI RR SRR o K 359 55 14 9 Ak B 40 S0
H(2.0£0.1) g, INAR] 15 mL &.08 %, S8 MA 2 mL i
FE AW K BT, 7158 30 U, B 1 AR
PR MS2 BRUE BRI o J5 SR A BRI 4R « B0
M8 GB 4789.42—2016. B 200 uL #)5 8500 iR, &
BRI AIPERE 36 (9 7 1 ET T RNA 8B RT-PCR 471, #R#E

=]
a]
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AP ARFRN T ARk, R R MR A TREAC T 4 fi5.

EASE N IS B TR A S TR B ARl
F PBS W5, FH R, 1A 50 em?, FER Tk
A 490 uL i, RIFHIA— N KT R MS2 W R A
YIFRER, KA I AT R 3~4 1K, HL200 pL 24
ST MR e 0 VAT S 22 ) RNA 42 EURT RT-PCR #4E
MRPE S R ARA A AL, S5 R0 LA R BE RN T 1 5,
FETEA I N A TR

2 GR55HH

2.1 EREREEIAGER

ffi 5| % MS2-TM3-F Sense TM3 LC/RG. MS2-
TM3-R Antisense TM3 RG X K BGFT 7 MS2 W &4 14 7= 4
B E5 T H

5°-GGCTGCTCGCGGATACCCGTACCTCGGGTTTC
CGTCTTGCTCGTATCG CTCGAGAACGCAAGTTCTTCA
GCGAAAAGCACGACAGTGGTCGCTACATAGCGTGGT
TCCATACTGGAGGTGAAATCACCGACAGCATGAAGTC
CGCCGGCGTGCGCGTTATACGCACTTCGGAGTGGCTA
ACGCCGGTTCCCACATTCCCTCA-3’.

£ NCBI Wi fifi Ff BLAST #{4% MS2 W B (& AR )
TR S B = A TR 8 X4 #T, 5 Sequence ID:
InkA5375HMS5016Escheriachia phage MS2 (1% [ X 8 % 51)
—HPERF] 100%.

22 KBHE MS2 BEFIEFIITHER

KIGFFE MS2 W R SRR R I3 1o AR
Wit AR TN I 200 pL, PraiHaaAbitms Eikn w290

2.3x10" PFU/mL, R5F400R B AT LAk 51 05 1 VA b 420 S o
R
23 HmBSAMRIEER

SoF 15 9 RS AT B W T A MIS2 A v o A T 4G I 4%
e 2, KRIGFFRM R MS2 FREREN Y Cq 1E25 L5
24.33~25.71, RNE5 R BEE, H CqEZEFAK,

5, WAIMERIRAES, Cq [EAYPRERZ SD fHh
0.23, #£ ik 3 fi5 SD AR 22 MTEFE N %A 24.26~25.64 Z
6], 15 PHFE S B2 STPER I 25 SR fp B (oM 25.31, fe/IME
24.44, HJ{EL3SD JEHN, HSIHERF AR,

1£ GB 4789.42—2016 ', Kuill455: Cq<38 ] LAF K
B Xl AR R S XA AR . RNA R BCR
Ri>1%0 Z5EIX 2 g5, 0] RATFAA o ad s il 2 2R 14
AR, Cq EIV KT 31.26, MAYHI 4 MS2 535
IR AERE S B S Cq f2N 25.71 /T 31.26, &
b 5E AT DA R A R A T A R AR, T RIME R
TE PRSI0 1) P S s o8 P

2.4 KT E MS2 BEE AR EY BRI E SR

T 37 CCIME R IRAE 5 d N, KIGHT MR 1A MS2 Arife
YI Cq (E- SR SIVER IR I, 2257, AT LA
ALEVERESIEOR AR, FTLUR I, e g
AT LR AR vk A Jr SRR Tis . A52R I 3.

T4 CHRAT, MAHUCLE )™ B9 FF R TR 1A MS2
PRUERISCHEA T 28 d (R AR E R I, Kt R W R AT A
Wit T 1 MS2 R M JSTLE 4 °CA&1F T A 28 d AR E, WT LA
Ve R REAF A5 F . S5 RILEK 4.

Fz 1 KBEFREE A MS2 578011 #i45 R (PFU/mL)
Table 1 Results of the count in the coliphage MS2 culture (PFU/mL)

T A Ak JER 10" 107 10”° 10 107 10°¢ 107 1t 107 107"
FAFL ZRWH AW ZRWH AR ZAREE AR ZARAH ZRAH 369 50 2
FA7 2 ZAWIE ZAWE ZAEE 2RI ZAEE ZARNE 2RI ZAEE 400 41 4

F2 15 KXBITERE A MS2 #rEY RIS N R
Table 2 Results of the uniformity test of 15 bottles of coliphage MS2 reference materials

FrifEd) i CqfH FRIEY) Cq fH
MS2-1 25.18 24.97 MS2-9 25.24 2491
MS2-2 24.55 24.33 MS2-10 24.92 24.65
MS2-3 24.98 25.16 MS2-11 24.95 24.83
MS2-4 25.45 24.91 MS2-12 24.92 24.97
MS2-5 24.96 24.99 MS2-13 24.89 24.56
MS2-6 24.72 25.12 MS2-14 24.96 24.93
MS2-7 24.91 24.50 MS2-15 25.71 24.91
MS2-8 25.61 24.94 Rl 24.95
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R3 KBITE MS2 iREY REAREMHRNLER 37 °C)
Table 3 Results of short-term stability test of coliphage MS2
reference materials (37 °C)

At ) /d Cql Cq2 Cq3 Cq FHME
1 2439 2439 252 24.66
3 26.40 25.18 24.89 25.49
5 2438 26.13 23.80 24.77
11 / / 28.25 28.25

R4 KBFHITE MS2 FREYRERREHERNLERE °0)
Table 4 Results of short-term stability test of coliphage MS2
reference materials (4 °C)

i ] /d Cql Cq2 Cq3 Cq FHME
1 25.07 2433 31.31 26.90
3 24.73 26.54 25.85 25.71
5 25.21 24.41 243 24.64
7 / 2433 24.4 2437
14 2455 24 84 23.55 2431
28 2413 25.39 30.10 26.54

2.5 KBBFEMS2 BEAREVRKATREMER

XA A B R AT B R MS2 B iRy i EA T
—20 °CHYPRBIRRE PN, B R BT T RH 25 b e 7
=20 CHAF TR 1 AENFRE, TR IR A 251
BRI S,

#5 KBTEEEE MS2 fREY FRKEIRE RN R
(20 °C)
Table 5 Results of long-term stability test of coliphage MS2
reference materials (20 °C)

el H Cql Cq2 Cq3 Cq ‘F-¥1H
0 2426 2425 2436 24.29
1 26.20 26.30 26.66 26.39
3 26.66 24.96 26.00 25.87
6 26.30 26.68 26.03 26.34
12 26.53 26.61 25.63 26.26

2.6 MhEIFRELER
AR B K BT B I B AR MS2 ARER I, 4 AL
B. C3 FIMMEARE BAINE, 455 Bt ks 1y

BRI, HS5HEMIA MR IR B E R 22 A K, AL
YRR TR . 255 L3R 6.
2.7 KEIFHFEEEFEE MS2 frEYIFUE B ML R
M), FHRQ). FAUK(G). B hH)FIAZ(C)S5
TR S JE 0T TS PR PR E R, I DA I B AR MLS2 (4 il
SIS I o T UMERR 2 (T 21 24.89, 456 KIGHF
BRI T A MS2 bR v o i N i AS [R) R i AR AR AR Ak, 313
FEA IR . 4550 0038 7 F15E 8. Bk M-20 #4041, Hog
ZER>1%, KRR M-20 SN BRI RNA $2EK
RT-PCR ¥l #21EH, 1 M-20 7 RNA 2B RT-PCR
W R AELE R, ATREJE N RNA FEBCRMK& 7E
RT-PCR i FEH A AEPI I R T, AR AE S Bkt i i R 3
WO IR, FREEXRE ST E R MR . 25 b, R
ZARAER) 5T AT LA SF M 0 Ao 2 A ) g 2ok R o e 4 o

3 HFHie5iie

TEE il O G0 1 ARG 3, S ARG T 2 R 1
WEAEH L. R TR IS R B, SR ARG I 1
Hp R R SR R S W AR ER) B . 7E GB 4789.42—2016
h, HEFEE R T TR R R SRR R . IR E
L A £ S b Q015 B M) 2 L SR 2 I 5 v
FATT RS B A MS2 W B AR 7 R sl %),

®6 RHITEMEEE MS2 MEARELSR

Table 6 Results of the coordinated calibration

PEbR
LR ]
A B C
FESL P S CqfH Cq 1 Cq 1
1 24.1 24.47 27.56
2 239 24.06 26.38
3 23.6 24.54 26.69
4 23.4 24.7 26.8
5 23.7 24.17 26.54
6 234 24.03 27.06
7 23.7 23.87 27.53
8 226 23.95 26.64
9 24.5 24.01 27.07
10 22.7 23.93 27.09
FHME 23.56 24.17 26.94
MOPHIE 24.89
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®7 HIEM). FQ. HING). BE MHEFO)HERER
BY3E A MR LS R
Table 7 Results of suitability verification of the sample matrixes
of oyster (M), green clams (Q), melons (G), carrots (H) and
lettuce (C)

g; W WY RS W ek
M-1 29.92 3.10 M-19 31.24 1.20
M-2 29.08 5.50 M-20 32.84 0.40
M-3 29.03 5.70 Q1 25.68 57.80
M-4 28.38 8.90 Q2 27.81 13.20
M-5 29.93 3.00 Q3 26.9 24.80
M-6 29.79 3.30 Q4 27.69 14.40
M-7 29.07 5.50 H1 26.18 40.90
M-8 29.55 4.00 H2 26.9 24.80
M-9 29.23 4.90 H3 25.46 67.40
M-10 29.15 5.20 H4 23.64 237.80
M-11 30.27 2.40 Gl 25.84 51.80
M-12 30.51 2.00 G2 25.85 51.40
M-13 28.94 6.00 G3 25.76 54.70
M-14 30.44 2.10 G4 26.42 34.60
M-15 30.67 1.80 Cl1 30.17 2.60
M-16 30.66 1.80 C2 30.5 2.00
M-17 29.2 5.00 C3 29.69 3.60
M-18 29.76 3.40 C4 31.11 1.30

KIGAT R VETE R MS2 & H A Y ok 45 e 7,
M TT W EH & LRSS, Mkt 4 GB
4789.42—2016 HFRYER, iU 6 B A3 H A
BOSA 2 X, ANl ok g5 S R, B Ry #
JRE P W B A MS2, A M RS S RS20,
R AR A2 B R 35 LA P2 o SR VR TR A
£ MS2 bRUEYI I, FaaE kR4, B T ZAnEY) R iE
Lagili=p

BT R IBFFE MS2 bRy i S v RLAT,
2 3457 TR S AR R SR, 48 4 1 37 °Cigfiifa
FEPEMNR, 4 °C 28 d., 37 °C 5 d VhRE A EEFESLRRRE; W LIR
UERE S FE AR o 1 S TR R SR IB AN Z R, —20 °C4&AF
TRESL T AR A GE AT, FE S TR EE IR R AE 20 °C
PATR o ASBIFSE il 25 10 A AT T s B A 00 S5 1 24 ) ek A

FasEE RAF, R (8, T DURS B AR 36 A 53 7EAG B A v
PEAT R, 42 e A ) T A
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