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Preparation of plasmid DNA reference material for Listeria monocytogenes
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XU Longyan®,

(1. School of Laboratory and Biotechnology, Southern Medical University, Guangdong

Guangzhou 510515, China; 2. Inspection and Quarantine Technology Center (1QTC) ,
Guangdong Guangzhou 510623, China)

Abstract ; Objective To develop a plasmid DNA reference material for rapid and comprehensive identification of Listeria
monocytogenes. Methods The synthetic DNA fragment contained the hlyA, pleB and inlA, which were currently used for
the detection of Listeria monocytogenes, was cloned into vector PUC57 to construct the plasmid reference material ( pDNA
Listeria) . The quantity, homogeneity and stability of pDNA Listeria were evaluated by ultraviolet spectrophotometry (UV).
real time quantitative polymerase chain reaction (qPCR) was used to evaluate the applicability of pDNA Listeria. Results
The results showed that the fixed value of pDNA Listeria was 29.85 pg/mL, which had traceable values, reliable
homogeneity and good stability. The pDNA Listeria could be staored at =20 “C for more than one year. The pDNA Listeria
also provided comparable sensitivity and reliability to the genomic references material. Conclusion The pDNA Listeria
could be used not only to identify Listeria monocytogenes but also to describe the biological characteristics such as virulence,
pathogenicity, and invasiveness of Listeria monocytogenes at the same time. Importantly, the study proved the application of

rapidly synthesized multiple targets plasmid serving as qPCR standard for pathogen identification.

Key words: Listeria monocytogenes; synthetic plasmid standard; real time fluorescent quantitative PCR
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A 3 PR 26 5 R S 0 91 A 57 PCR DA R S 26
PCR, MU ZEWARR & N 3N R R E P E AN E S
& IPI-1 1 LIP-2, Ho 22 [QA 1M 2 H (hiyA) (B RR
C R (pleB) & T LIP-1, WAL R Z M (inld) JE T
LIP-2, hiyA B& B 4 5% 09 25 W7 %% 00 % I 2 O
(listeriolysin, LLO) /& H. 3% 2= 17 4% T8 % 8 & H) — Fb
BRI, 2 B0 2% 107 R TR RS W0 g O B M A BC
BRI = b 3 T 5 DA B T T A 2 S R TR B
FPRBL , I BEAT A S0 A

ROEAE R PCR K J7 5 AH B 19 4% 1R 2 % H
A3 = LR 4L DNA 1E S % 0 e DL TR s oy
ZAFRR TR M E S, N R B
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F ke, DRI Y AT G 2 AR TR A A B R
WA TR 2 7% b R X T 28 307 R 181 1) A% TR A T A i &8 0%
T

AR GE 4003 S B A R 2 R A
B9 hlyA .pleB .inlA FE R ) J5CRLAE R 298¢ 6 5E & B A i
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RE AT VPA , TR R A4 8 L R 20 2 2% i 1Y Tl A7
P, DU FhoAT 38 B9 09 A R0 S % 6 R AT D R ke
I S A% TR G U B T M % R B = S % b kL 22 T
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1 #REFE
1.1 FEAR 5

P 2 S R TR PR E TR R (ATCC 19115) , #h T M
T A B A g RO PR A, A BN T S IR 55
B A Y TRABRA A AL 519 & a,
DNA )3 i e K5 R IR A PR A w42t ABI
SYBR FAST qPCR Master Mix (2 x) ( %% [i] New
England Biolabs) ,

1.2 ik
1.2.1 FBORI-MsErE

HRIE A B 2 kR R T Y hlyA ( GenBank .
KC770796. 1) | pleB ( GenBank; JF712529.1) . inlA
(GenBank ;: EF445938. 1) 3K 551 N T. & ml— B 3
PR DA s 0 8 A 1 B, RS S ) A% R I 81 AT TR
% [ [ 5z A Y £ R {5 B 0 (National Center for
Biotechnology Information, NCBI) R ¥4 ( https://
www. ncbi. nlm. nih. gov/) T %%, B=AFHELL T
4 BE A1) ER IR AE — 2 ( DL AH DG 1Y 35 IR R B aagteg B
1), I s BE R pUCST H AR )i o 41 BUORE , 4 44 h
pDNA Listeria , 9 38 #ifb 5 H T i — 20 5
1.2.2 JFUR 2% E

KFHEAIMHIERE (UV ) 30 R DNA ) 46 B

AT S8 3 A K DU AE & FE 260,280,230 nm % B2 1Y
SHMET B WOL BE E ( A260, A280, A230) , i E
a2 fFBR RNA FEE H s %4, ki DNA 1)
A260/A280 7E 1.8~2.0 Z 8], A260/A230 KT 2.0
BN BE AT G 275 i E0K
1.2.3 5kl
A4 18 [ B B o £k 2H 2 (International Organization
for Standardization,1SO) ¥t & Y 05 kT AT BURE , I
INREER A 1 WL, il UV 3438 pDNA 1 18] 7
FUR N 3 501
RPN B S PEAG I . BEMLIEBE 9 & pDNA, R 45
FES Y B2 rh 2R 2 00 4 1w 0 A
aie, UV YE RN 5 5 22 53 (F-I030) BN 2 2 1
R T) 87 A9 PR 46 D . BE ML 25 #% 10 %5 pDNA, JF H
UV X P E 1wl BN TS 3 R,
2o AT M ¥ A M, IR AR AR 1SO 48 B 35 TTAh
pDNA 5] PE R Ao PR STk, R A (1) 15
JERL DNA B (B AN 35 59 P 51 2 0 AS 0 2 5 () s
JT A s 2 AR B ek BHA
u, =/ (Q1/vl = Q2/v2)/n (1)
Horb Q1 A 2207 A, Q2 AN 2207 Aol R4
6] R 02 AL A n S 41N D B,
1.2.4  FaoE Mkl
TEARED) BT 25 vh 55 22 2% 8 o i KO AR e
PERV AR E M. 23 I E#E 4.-20.-70 C UV %
HEAT AR R (6 A~ H ) 5,56 C (2 ) 4T
e i L BRI | TR JEE - 20 °C A Ay il 4% Y BB bR o )
JBT B4R 28 A A7 AR AT K AR e MRS (8 UV
PRI —k, — LRI 12 A~ H ), W R pDNA
Listeria TEREAE WA 0] WO A 2 . MR U5 1SO ¥8 15 35
PEAR B AR AE A B 1, IR PE Al R 1k B AS Wi
PEDTHER . #F — B MR A X (2) 7H5 Bk DNA 7E
12 A H AR RS Pk 5 R A 28 BE (w,) -
u, =s(B,) XN (2)
Horr g, SR e PR MR R th g RS ) 2 RHR
FIAR e I 25, N 2 B PE TF Al A9 B ), Vo= 12
M.
1.2.5 pDNA [958 {55 A8 & B 7
pDNA Listeria FJRFPE(E HH 8 AN [R] 14 55 56 25
UV J7 ik U [al s, 46 I 45 38 3 20 48 11 K A DL A
BAKIEASFHEME E 255 % 8 M LK=E
145 5 S (E AR K% pDNA bR i O PEAE . 3R
2% 180 #5m 35" MRS A X (3) 5B DNA 7
SE SRR I AR E BE (u,)
u, =s/p (3)
Horbros S ECFEE bR HER 22 ,p IR E5H .




B 0 L A 2 30T R T DR DNA 235 ) T (9 F o) —— 0 7, 4

—281—

pDNA A ASH 2 Bt =30 4, 43 il 2 i
Gr%et FEOR B S MG A R0 5E B (u, ) I AR
I AR E BE (u,) E (R 1A B A 8
(u,)o AKX (4) S5 Y5 IR EA 5
E B

Umnzﬁ/(uj+u,2l+uf) (4)

TR A 22 B B, 4 A o AS 1 o B 3 LU
BEHET (k,k=2) . L ¥ A A8 B i
N (5) IR

Ucrir = tery X k (5)
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4 271 bp & 55 pDNA Listeria 1) #5 D14, 220 (6)
T BT BB DNA A& 41 DNA (gDNA) /)
G

copies( nL) =
6.02 x 107 (#£ 14K /mol) x DNA ¥k Ji¥ (g/uL)
660 X DNA 43F K/ (g/mol)

(6)
ERSE R, A A 2x10° ~2x 10" $ 01 /L Y
pDNA Listeria Fl gDNA il & 10 1% #i B £ 571 ¥ B2 B¢
i T HEAT qPCR #:91 . qPCR 23 #7 {8 J§ ABI SYBR
FAST qPCR Master Mix (2x), 7E /NBEA h L 25 ul
B HEAT PCR RN (519 )% 50 R 38 F R/ L 3%
1), &AW & 10 pmol/L 51 ¥, PCR # ¥
95 °C #ilA: P 10 min, 95 C A 30 5,55 CiB Kk 45 s
BEAT 40 DIEER, R qPCR 45 4 4= 1 pDNA Al
gDNA 1 F s b i il 26

1 PSR PCR AT

2 H#R
2.1 JCRIAgELF pDNA Listeria ali i e
BT & hiyA pleB inlA 3 B DNA B,
R Z A Bl A SR AR pUCST il 25 T S 4L
#i pDNA Listeria( WIE 1), pDNA 24 Huaifb)m , 4
W UE S, A R A A R B 8 o
100% , £ & B (DL I8 2) . [A] B pDNA /) A260/
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T FEHBEL RNA 7554,
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W flyA
W p/cB

\ -4
aagtcg
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Figure 1 Diagram of pDNA Listeria plasmid construction

2.2 pDNA Listeria 13414

N TR LR 2 % i W ORI Ty 22
OIMTEE (F-K 35 ) PP T pDNA B P A ] 25
APV TR EEE SR AT T et aE e B, A Y R
DNA FR#EY B pDNA Listeria 18 PN 3447 4 1 (]
Bt ge it Ho s W3k 2, 45 R W pDNA (9 1% 5t
EAE I R (] 34 B Pk B 22 S B4 it 2 X
(P>0.05) ,% W% pDNA ¥ /& qPCR 12 % #1 K
M A Bk MR A TS AS 2 A R
EE R 0.67 wg/mL,

% 2 pDNA Listeria F[F ¥ 57t A6 I 45 5% 51t

Table 2 Statistical analysis of homogeneity test results

Table 1  Primers for PCR detection of Listeria monocytogenes of pDNA Listeria
H 7 5 A P (5'-3") F BER/N/bp by 01 Q2 F F0. 05
hlyA F.CCGTAAGTGGGAAATCTG 143 N 17. 090 12.233 3.104 F0.05(2,20)3.49
R:AATATCTCGTAAGTCTCC ] 23. 845 25. 833 2.051 F0.05(9,20)2.39
pleB F.CCAGCAGCTCCGCATGAT 199 23 pDNA Listeria E(J %%{%‘ré
R:ATTCCTTGAGCAATTTGTT
inlA F:TCCCTAATCTATCCGCCTGAAG 69 £ 4.-20,-70.56 CHYELE FHEAT T 180 KM

R:TCGCCAGTTATCTGACATTCTG

1.3 GEil2Eor

fdi ] SPSS 16. 0 F1 Graphpad 5. 0 #4475
GyHT o B AT A R ) Uy 25 Ah B RRUE M A
BT feft 5 1) 2 1 1 H 2 A R H AR BT, 2 1B I <
£,0.95,n=-2xS ;[ (n=2 B AME) T S, &FH
AR M ] B AR DR B R R M, (B X ¢ A
554538 pDNA 5 ¢DNA 938 455, P<0.05 K
LRAGAIT#E L,

S RE SEMETAL  JETE 56 C HEAT T 60 K 1A% i iR
JED 5, 45 R R W] pDNA Listeria [ fif A W] . (L
F3) ., RMLMEBIAIVE ) pDNA 1Y 28 50 BE 7 4T
KR e MR, Bt 12 A H RABE 2 S 3y P 2K
PEIJTT7 2 Y =B, +B, (B, N -0.017 58,8, N
29.51), AH BN n=2 F1 P=0.95(95% & {5 /K F)
B - 5T L8I12, 45 RN 1B <
toos ,n=2XS o (n=2 & HME,S,, &R EAH
FEME 0. 116 8) , & B JiT il % 19 0T AL DNA 275 ) it
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TGAAGTTCAAATCATCGACGGTAACC TCGGAGACTTACGAGATAT

TGABRARARGGTGCTACT
tgaagttcaaatcatcgacggtaacc tcggagacttacgagatattttgaaaaaagg‘tgctacttttaaccgggaaacac

TAACCGGGAAACAC
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L f il sl
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r\
i I i \ i \ .7 i ﬁ no \
Lo AN ﬂ/\hmr' ettt N AL
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Figure 2 Sequencing of the insertion target sequence of pDNA Listeria
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# 3 pDNA Listeria J8 178 2 M 0 S0 i1 45

Table 3  Statistical results of short term stability of pDNA Listeria

1 BE/°C 1] /d xts t P
0 30. 04+0. 20
4 2.8451 0.104 5
180 29.02+0. 82
0 30.31+0. 17
-20 1.879 4 0.240 9
180 29.95+0. 25
0 29.95+0. 17
=70 0.289 9 0.799 2
180 29.99+0. 11
0 30.02+0. 31
56 3.5293 0.0717
60 28.15+0.73

BA R4 fe e, M2 (3) 35 pDNA
Listeria £ 12 > A W 1 52 & M 51 & 19 A i 2 %
(u,), B ZTH 13 W09 8 M A B E A 1,40
pg/mL,
2.4 pDNA Listeria EH

8 A [ 52 56 2 A [m] € pDNA /Y J& MEE,
RO A AE A5 3 A, O HLRE A B0 B9 I RO

(- S (R A0 RS BE A A%, 8 D SR % B 19 B

29.85 pg/mL # Ik Ky J& pDNA Listeria 1 J& P AH .
pDNA JE {H i 27 5K (9 09 AN 8 2 B8 w, B et A =X
(4) i+ & %&,Eﬁ%lAE’JT@%EEﬁ 0.22
pg/mL

2.5 pDNA Listeria Z5 G ANHf 22 PE 53 #7

JERL DNA 25 b BHR) A ff 2 B A 48 i AR 335
PESI AR AHE BE (u,) IR E M AR A
ﬁ%ﬁ%ﬁ?(u) FEAE I R S A A E E (u,) , 25

SRR E B IR A (5) T S A W TR b e
Wﬁm&“,?ﬁé&iﬁ(@ﬁﬁ%ﬁ%*ﬁﬁmﬁﬁmg,m
FWAREAR T EE 1,57 pg/mL, ¥ BAHEE N
3.14 pg/mL,
2.6 qPCR AR h 4 i g o

i B BE B B pDNA  Listeria /E i #54) (10°,
10°.10* .10’ ,10” 1 10" copy/mL) #1F qPCR 43 #r .,
BN FRN HE AL 3 U, I ARG PR B {E (CufED) 5 BEAR
We B 2 [H] Y 06 R AR ME T Ze (IR 3) , A5 pr i
LRILRPEMI SE R BN R 4 i, TEARBEE S, i A
LR B B R AE 94. 3% ~98. 1% [ [ Y, B
LM RAF, RUIE B Bl /B qPCR AR,

H qPCR BRI 225 i v] F T 5048 25 Wi ke 187 19 46

. MK E 10" copy/mL AR BE (R IK 9 IRE
SN T AAE 7 b A D 3 498 3 BRI 4
T, A qPCR A LOD {8 (K R BR) 298
10" copy/mL( WLZ& 4) ,
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Figure 3  Standard curves of hlyA, pleB and inlA genes constructed by pDNA Listeria

F 4 pDNA Listeria 7T HR 1 Hh 28
Table 4 Standard curve for pDNA Listeria

H bR ot 2% R? *’;;ﬁ ” ;?Bmm
hiyA y=40.618-3.448x 0.999  95.0 10!
pleB y=41.116-3.368x  0.997  98.1 10"
inlA y=40.346-3. 468« 0. 998 94.3 10"

2.7 pDNA Listeria F13EF 20 DNA F5 e 5 (9 24X
it T 5 A2 b o R BT AL DNA 2 25 #1 Kt

Toh B S R A AR 2% i A o Y 2k B AR bR i R R
526 W, Gt oy B A s ol il £k R B4 ORI
BEA o R ) o 5 LU WV A A R R b
WA AR 95% EARE T BE N 41 DNA #5759 4 if
£ 5 pDNA Listeria 57 19 b 1fE i 48 2 [] 22 5
TG (P>0.05), Wk 5, Fik, ol LIl
i pDNA Listeria 184 55 5 41 DNA S K ) 2 1 22
WA

# 5 pDNA Listeria MEEFE AL DNA AR L4

Table 5 Comparison of substitution between pDNA Listeria and genomic DNA

b 3 PIRE (e) FFE(K) (n=6)
N Zes
pDNA gDNA t pDNA gDNA t P

hiyA 0.949 9 0.960 9 0.789 7 0.465 5 -3.448 2 -3.454 5 0.827 6 0.445 6

pleB 0.981 1 0.980 1 1.540 6 0.184 1 -3.368 3 -3.3775 1.137 8 0.306 8

inlA 0.942 5 0.9419 0.564 1 0.597 0 -3.468 3 -3.4535 0.595 6 0.577 4
AAH SE R, [A]iE it qPCR 20 #F T pDNA Listeria

3o AR QPCR K1 i 26 58 5

e 455 11 55 DR A U s o 0 IO oA o DI 4 5 TR
AL TR AR Y AE 2 R T 5 2 I A B8 A 91 A
PRI 2 rb AN B LA 34 50 i (i AT 0 95 08 8 CFE 7 TRk
TESEAT 5T 5 PP % B #0454 06 {8 R HE LA
R, 25 S S 30 5 10 A 00 2 SR DL EAT AR . TR U AR
T F i A R 2 2 bR

AL DNA & AR hy 2 2% bR W) BT 1 i 4% 42
TR AT R, AT LU A N T A B3R A 58 8 1 3k
B, A e B N TR ROK 2 A B R R A R
FE R — > ok R L 3 i S 2R [R] A 22 Ak T H
F16 5 TR A G 0 3 A7 o e 2

A FE AR AR 2 i A R A A B AT
pDNA Listeria 1F >y B384 25 7 5 A7 7 M A D0 R4S 0 42k
REVEAN 92 % fh . — A 00 KL W] B B 55 hiyA | pleB |
inlA 3 BRI H AR, A 51 AR 4iE NCBIL 28 A 1Y
hlyA pleB inlA J¥3) N T4 B, OB 0 e BE i A 8] i
S 5 KA A (ELRA A, R LG T ) 1 9 A 1 R A
) AT E L 34 AT 4 AR A PR R [R] A e X
pDNA Listeria $E47 32 B AF 2 437, W78 pDNA
Listeria 26 FE R 4f, 345 PE R MEW 2 1S0 $51/ 35

H pDNA Listeria i #5 B bR i 26, &t B 4, ol &
R B 1 2 M T L ZH DNA T hiyA pleB |inlA 3
FEHH PCR B it 5%

PRI, A BIF 53 B T 79 B3 2 37 5 B BRE DNA 2
W) 5 Ry PR AR AR T hiyA pleB .inlA 3£ PCR
DA B At T (B 09T U AR A i Ay BRGS0 R TR A
D5 56 28 o1 b 8 i 4R 4L T A IR IR, BURL DNA FR
YHE) 5T FL AT 300 oA T R o AT | 48 e L (R T
A SR SR R, E R 7R B A M AR A A b, 2 0
PR P hlyA 3 TR £ TR bR o S HRE 7R
YOI TRE RS o, o A AL ined R IR BEOR AR
PCR K 2% S 4R 3 EJE s 2 Fh ml 2%
FE FHE ST 53 A YRR R G B — A Rz S8 B — Fef
27 i W Z2 RS D A0 AR 3R AT BT B 2 5 1Y S B R
DLARTE Y S g IR AT, A B bR o ) I 7 3R
L 2 TR TR R 0 S 0 2 RR A AT )T N RE 8
Ay b AR v PN 2 T R AR 0 S % 3 R DG T H Y
i K S DR B 25 S 06 25 0 o 45 R 09 AT LG M HE B
PR, K 5e 45 SR 0 BN AL AT T T R AP Sl
Ry TR H L 2R 0T R TR | e i R R AR 58 e M s 3
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Detection of Staphylococcus aureus in food by droplet digital polymerase chain reaction
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Abstract; Objective To establish a new quantitative method for detection of Staphylococcus aureus in food by droplet
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