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Rapid detection of Listeria monocytogenes by immunomagnetic
separation combined with selective medium
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Abstract: Listeria monocytogenes is a pathogenic bacterium, therefore, it is essential for food safety monitoring to
establish a rapid and specific detecting method. In this study, immunomagnetic beads and selective medium were combined
to detect Listeria monocytogenes at different concentrations (10'=10° CFU/mL). Other three types of Listeria spp.,
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Staphylococcus aureus and Vibrio parahaemolyticus were also detected to conduct the cross-reaction analysis. Meanwhile,
contaminated milk samples were prepared to explore the limit of detection of immunomagnetic beads combining with
selective medium. Results showed that Listeria monocytogenes with the concentration of 10> CFU/mL and above was
successfully detected. Milk samples were detected within 6 hours, with a detection limit of 0.7 CFU/mL. The method
developed is capable of detecting milk samples within 30 h, which is 38 h faster compared with national standard method

with the same sensitivity.
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54002 (ILIER 1/2¢). CMCC 54003 (1/2a) 0
ATCC 19115 (4b), H&ifi s FHIRFRA (L. innocua
L1456), JURITZEHTRER L. welshimeri, % [KZE
W K¢ W Listeria grayi , R ¥ L 9K B Vibrio
parahaemolyticus ATCC 17802, 4 ¥ {07 % BR A
Staphylococcus aureus ATCC 6538, i £ 5 fifd 1
Pseudomonas aeruginosa ATCC 15442, KJHFF
Escherichia coli O157: H7 8099 FlAk ¥ 2F kT 1
Bacillus subtilis ATCC 9372, LA I BRI H
IR A RS T

1.3 SREHIKEH &
1.3.1 Hitksgifk

1B R IR B UTVE M. ProteinG 3 12 A k4l
LKA 1B10AT7 $iik (P 5256 2= i )
il 28 18 PRI 2 30T R AR S 1 R S BRI
SDS-PAGE %7 2lifb 5 i s se bk, —20 Chift
e
1.3.2  [E# ELISA WEHiikRsk o Xbiiise 7k
5Hr

DL K 6 AR 10° CFU/mL 9 LM 4k
AR, 4 CIFE 16 h; & 5% AT
0.015 mol/L PBST Hf Ml fftsti, 37 CHFAE 1 h;
TS R 1B10AT Uik, 37 CHFHE 1 h;
A HRP FRidEHLR 1gG Hilk, 37 CHE
30 min; JIA TMB K .2, &6 10 min;
2 mol/L HySOs Z 1L N7, BEARAX ODaso fE ; LA
W 108 CFU/mL 14 3 # LM (1/2¢., 1/2a & 4b
MR . B r A I RE T R BT AR R T
6 CCA= TR T | 4 v (5 R 2 BR AT 4 SR B A
KIGATFIA O157 Rkl B 2 JUAT IR b,
4 CWFE 16 h; & 5%MBIEUKIAY 0.015 mol/L
PBST &M EEbrt, 37 CHEE 1h; 1B10AT7 Hifk
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Wi ke 4 000 51 —HUMA, 37 CH#E 1 h; fin
A HRP tric 40 1gG $iik,37 CHFE 30 min;
A TMB JIEY) 5, #EGW 10 min; 2 mol/L
HoSOs 0k RV, BFRN ODaso 1 o
1.3.3  WEERIEBEDLIA

H 4 DYNABEADS M-280 TOSYLACTIVATED
A ULAS, HORBE I E TR VA T Buffer
A (0.1 mol/L @2z b, pH 9.5), JIA 20 pg
1 1B10A7 B4l Buffer C (3 mol/L FiFRE,
pH 9.5), 37 CIMEMH 18 h; Wi EHmAE L
H5WER, FH&A 0.5% BSA 1Y 0.01 mol/L PBS
HAWER, 37 CWE 1 h; BEHEFETEA 0.1%
BSA (1) 0.01 mol/L PBS. [RIF i & JoePiiA 5
WA, MENIITERT IR,
1.4 IMB-iE £ M AR EA N BB & 2 BT
1.41 LM g%

43 514 3 R LM (CMCC 54002 .CMCC 54003
Fl ATCC 19115) 4%FhT TSB-YE WA IEF A,
BRER T 30 CHiFE 18 h,
142 BHEBRHTHRE

DL 0.01 mol/L PBS Xof [ ¥ A7 465 5 7
Be. AN FRHE 204 10° CFU/mL, HX 500 uL
JFRRIMAZE 4.5 mL PBS ', 1RG5 500 uL
Jnz 4.5 mL PBS Hr, DIAH[R]AY 77 k40 o i i B
#| 10* CFU/mL #1 10° CFU/mL, B 50 pL 4% #e &
W, AT TSB-YE [EARE IR, 37 CHift
24 h, LI R EE
1.4.3 GO REBRIT

FEFP A P BSR4 1 mL 55 25 pL fgE
Wik (BLHG LI MM IR RE, & T
Dynal-MIX1 JE4JXH 37 “CJ)¥ 1 h; 0.01 mol/L
PBST YEW 2 K, Wioregansres i, Semizk
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HT 50 uL PBS, ¥k TTLH Y PALCAM [ {4+
FRFEr; 37 CH¥E 24 h, HAEMENEE .
144 FAHBEE T WEREEER S BIE2 ke
ELEy

Bt 1 mL ¥k 10 CFU/mL 9 LM (CMCC
54002) 5 25 pL RPEREERAE 37 CF R 1 h,
25%I0 R 1K, BEOTESERZE BIE S 2.5%)IK%
TREALRAE S, IR T ERE 2 h, BT BT,
PBST ¥t 3 W s s [, PBST ¥ 3 1K;
30% . 50% . 70% . 85% . 95%F1 100% LB
K 2K STRSIRER B 2 U I S5 T
AbFEXFFE S AT CO, I A T4 s TG HORE
ZWE 4G B TR N gL,
1.4.5 IMB-PALCAM 7 {4347

R LM T TSB-YE WA 55, EEERH
30 CHiFR 18 h, BMR 132 MYk, JERRHE
MBEZEWE R 10°, 10*, 10°, 10%, 10' CFU/mL,
I 50 uL A YR BE TR, R4 T TSB-YE [ {&$ 5%
$, 37 CHF% 24 h, DIBRE IR EE o S mizk
WAL HESHE 133,
1.4.6 IMB-PALCAM 32 X 43471

i SO AR TR | A Q2R R TR R 37 2
T 2 A T TSB-YE WG 753k, i
HIAE IR R TR AR KGN, &I R
BT 3% 40NN LB 33kt , s S
FREARST 30 CHiFE 18 h, MR 1.3.2, JU&FhE
PRAYEE I Z 10* CFU/mML, FEME 4 1 mL
525 uL BV 1B10AT7 L AIREER N, [A]if
W1 mL [FREMR B A TR S 25 uL (IR TC G hi ik
FIwEER IR, 37 CH¥ & 1 h, 0.01 mol/L PBST
YE2 ¥k, B ZE 50 uL PBS, %1 T PALCAM
Ak, BT 37 CHiIFEARESE 24 ho KHITET

M 1 K
1.5 IMB-PALCAM &M A L5 B M
1.5.1 IMB-PALCAM #:ill & [R# BN 5 42
A 4T

A LM T 5 mL TSB-YE Wik 3:5E, T
FERTEFE 18 hy WK HLAIJCH PBS % LB iR
W, WWEIZE 10 CFU/mL K, H#FTR
MikE (2x. 4x. 8xFll 16%), RFMREEASH 1 mL 14
W5 9 mL 24 WHR A, VN N BT ekt
BN IE T AORESL A H 1 mL, IIAF] 9 mL JCRd
() TSB-YE WA= 5 1557, 30 CHig 24 b
WH, BRI mL #K S 20 uL %y
BT 37 ‘CFJ% 1 h, PBST ¥ 2k, Wi ES)E
%R 50 uL PBS, ¥%TF PALCAM #5573, F
37 CHFEM TSR 240 J5, AL
1.5.2 IMB-PALCAM # I AN =] 8 B fisf [ T 9
NI 5 G4 W

RN LM T 5 mL TSB-YE ARG 555, T
PERTREFE 18 hy WK HLIJGH PBS 5 LR B 14
W, WWRERZEMT 10 CFU/mL K, WE 6
A TRISE BRI R B S50 40, 43BN 1 mL ik
JE TN 9 mL 4i4-473, 45 2h.4h. 6 h.8 h,
10 h F1 12 h, SRS AFA A | mL 4RSS
20 uL GREREER N, ARSI 1.5.1,
1.6 HEHHAZE

AR S B 2 Microsoft Excel 5 SPSS AbFH

2 ZR

21 BEABEREBEETERENSEEERY
7 E

¥raifb)5 i) 1B10AT7 R PAHLUEST SDS-
PAGE, J5 4% S5t Wi Ju 4, 78 55 kDa F1 25 kDa
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BRFTAE B S A, ARl BuiRai e, HEAR R D YER ST, (HiZ R 5 i va 2 R B A
a1 ELISA Mz, HWEEKTE LM 5 1B10A7 S AR E IR ETE— A X v

LIRHAHURESPAEA &, URBLNED ) 1.6x10", 23 SRIEHIER-EFMETARCE (IMB-PALCAM)
2.2 BKERRRERERARSFRES T il 3 Fh R T R AV 45 R
mE 1 iR, 1B10A7 BIEAH S 3 Fhimis M 1 7R, IMB-PALCAM #5:i 3 A

RIR LM B AF TR B R, Sl g 2 s MIE LA LM X5 FHPESE R

257
20

1.5

0D450

05

. . .D.E.D.ﬁ.&.@.m.

LM 12c LM 12a LM 4b LW LI LG SA PA EC BS

1 1B10A7 BHi4F 14D 4

Fig. 1 Specificity analysis of 1BI0A7 monoclonal antibody. LM 1/2c: Listeria monocytogenes CMCC54002; LM
1/2a: Listeria monocytogenes CMCC54003; LM 4b: Listeria monocytogenes ATCC19115; LW: Listeria welshimeri; LI:
Listeria innocua; LG: Listeria grayi; SA: Staphylococcus aureus; PA: Pseudomonas aeruginosa; EO: Escherichia coli
0157: H7; BS: Bacillus subtilis.

0

%1 IMB-PALCAM &R E MiEE LM
Tablel Detection of Listeria monocytogenes of different serotypes by IMB-PALCAM

Concentration of LM (CFU/mL) Strain Serotype Result
10* CMCC 54002 1/2¢ +
CMCC 54003 1/2a
ATCC 19115 4b +
10° CMCC 54002 1/2¢ +
CMCC 54003 1/2a
ATCC 19115 4b +

+: Listeria monocytogenes grew on PALCAM after immunomagnetic separation.
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24 HFAEBRETARRKHIKS BIETHHF
HHEE

TRIERLER S LM WIRTE PBS s &, 2l
TR E K AR UK IS, AR T
(SEM) TNMEEMHMLEE, SR WE 2 Fs, ki
0 2.8 pm WREER S HUA RIS , RETERS T S

SE 13-Jul-12 GRIM WD11.7 mm 20.0 kV*x8.0k 5 pm

2 PHBRETIUEGRHKS RETHFENGS

LM RHMMPREN GG, WRE S, U]

I T PE LR RE R I AR LM,

2.5 IMB-PALCAM AR MHERHER
IMB-PALCAM £33 10'~10° CFU/mL ¥ Ji

T LM, S5 2 BN, IR R N

10° CFU/mL L4 | #4 LM ; % F##E 76 10° CFU/mL

SE 16-Jul-12 GDIM WD10.5 mm 20.0 kVx8.0k 5 pm

Fig. 2 Combination of immunomagnetic beads and Listeria monocytogenes in SEM. (A) LM were captured by

immunomagnetic beads. (B) Control (Immunomagnetic beads only).

%2 IMB-PALCAM RHE S
Table 2 Sensitivity analysis of IMB-PALCAM

Concentration of LM

(CFU/mL) IMS-PALCAM
10° +
10*
10° +
10° -
10! -

+:  Listeria monocytogenes grew on PALCAM after
immunomagnetic separation; -: Listeria monocytogenes did
not grow on PALCAM after immunomagnetic separation.

MULTFKFER LM, W X%k S Wik
IMB-PALCAM ¥ #:10 LM () K I R 7 & ly
10° CFU/mL,

2.6 IMB-PALCAM ;2% X D HieER

ZHE4% 16 h DL AL S BB ZE i Re TR | 9
ZEITRED . RS ISR TR . R TR T A N
(2T R R AEFE PALCAM [H ARl B F7 56 [
TEMUR R A THVE 4 B0 603 4 PR B iUk 5
RV, 1T R LSBT 0 AN T S PR IR AT L 1 R
(K 3). 24 IMB-PALCAM J7 461 10* CFU/mL
TS FIATE , R e IR S A A
HIE PR EE—E M AR, Hh it i 2=
WrRrRE S LM AR K B AR E , S
HAER A UE ok i A 7%, NAIR ERES LM
XA TF,
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50 1 Iil
O VI S — |Iil| L 1

LM LI LG LW SA VP

3 IMB-PALCAM %44 A B # 20 B HY 32 X R
S

Fig. 3 Cross reaction analysis of IMB-PALCAM on
different bacteria. LM: Listeria monocytogenes; LI:

CFU

Listeria innocua; LG: Listeria grayi; LW: Listeria
welshimeri; SA: staphylococcus aureus; VP: Vibrio
parahaemolyticus; CFU: colony forming unit.

2.7 IMB-PALCAM #& Ni&EE misREm

ZR
271 IMB-B @I IR IA R A&
GeA- ke i

W 3 s, L RS2 LM 15 i &
YIRER,, 424 h BT, IMB-PALCAM ¥:RER TN
F| LM ¥R 10> CFU/mL VLT B93275 Ye 2 ke

% 4 IMB-PALCAM %630 1 5 B 18] A< [5] B9 4 90 4 &

wn, AEIFRA 6 CFU/mL,
2.7.2  IMB- 355 EE R WA R E e E T
W TE 5 G-I

Wit 52 5 G A= WA it 1 R ISP ) ) S, s
REER AR B BCRIE N, H 2 BIEAHSC, 23 H it
[H]7E 6 h, 8h, 10 h A1 12 h i, IMS- 5 (745 37 3t
DRI R S AR W Y LM (3 4).

%3 IMB-PALCAM £ 444 & #I LM
Table 3 Detection of Listeria monocytogenes using
IMB-PALCAM in milk samples

Diluted time IMS-PALCAM result
1 (10> CFU/mL) +
2% aF
4x <
8x +
16x +
Blank =
+: Listeria monocytogenes grew on PALCAM after
immunomagnetic separation; —: Listeria monocytogenes

did not grow on PALCAM after immunomagnetic
separation.

Table 4 Detection of milk samples in different culture time using IMB-PALCAM

Culture time (1) Initial concentration of Lm

Concentration of LM after

IMS-PALCAM result

in milk (CFU/mL) culture (CFU/mL)
2 0.7 - -
4 0.7 10 -
6 0.7 10? +
8 0.7 10° +
10 0.7 10° +
12 0.7 10* +
Blank 0 = =

+: Listeria monocytogenes grew on PALCAM after immunomagnetic separation; —: Listeria monocytogenes did not grow on

PALCAM after immunomagnetic separation.

http://journals.im.ac.cn/cjben
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3

AR S 36 5 E T 2 1 A% RG24 R A R S
PEBUARI R T, © ST LR B A
P, AR ERESUUNZ KIS S LM 14T
JRFfr, Hor B 1B10A7 240 Rk BT 20 Wb Al 4
REPUNNE TR R P IE R AL, JFEAA B 1 R A
SN FH T 4 B 2 R T R e v s
Rk LIS FH TSP ARG D%

ARWFFENF IMS-PALCAM A6 LM, Y4
AR T 10° CFU/ML B, SaeMAEk i T %
TE 2%V b, fEM 1 mL FHE &S] 10° CFU
PAEM LM; HEWET 10° CFU/mL A,
IMS-PALCAM 5 XfE DL B 50 A i LML, [
SMEHGETR N, RPERLERE R EOR 5 SRk
ARSI R 7E 10°~10° CFU/mL 2 8], iy
FAEAZ TG Y B S & R AR AR, S T T
AME, IMS-PALCAM LRI S WIHE SR, 555
TR AT BT

BRI A A R TR — R DL B R
BURMEY), RERBU™ER R H A
e, A, Z 4 S 2R E Y a R
SR ETISY R S X TR ) R I 5 A Sy
gl AL [ bk B OB T LM 4y
BRSBTS A AR A TR
SERMERG, (AFERTECK, W 3~7 d; EAERRE
AR B A RE FRFE )7L 5 APL Listeria 322010
PRT R B, (AT AR T B A, ARSI
AL o AU I o 28 R B - B -l ik B
AP | AR SRR, X
AR 10 CFU/mML LRI 0kEsh, 426 h

HETH R SRR R R G

SRIM, BT LM 58 s R R B AR
AIREPERS2Y D 1B10AT BRIV BERE LSS &
LM, i 5558 50 4= W Re iR A AR 38 SURE, HE
TR TRUI 19 2 3 79 o 2 B A A SR T A S 3R
Bro #7e E— 22 XA PR, AT T2 s i
B 3LE API Listeria 85 7475 250 01F o
Wadud %5 P2 5 F %0 8 W Bk 5 (0 % 5F A
(IMS-ALOA) il LM, {H o iz 07k iy 0
I FIENA KR, NAHBEAT . Yang %5
gh4 IMS FISZREDE G PCR YT ST T—F&
SR ARSI 73, AR TR X S R S 56 2% A 1) 2L
KR, ARTFE LN, MHEZ T, AT
JUT S ST (ARSI 3 R AN T AT B R R
WA TE , A B S 2 R 5 W s Ba e T
Rl
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