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Abstract: The adsorption efficiency of bare magnetic particles for different concentrations of Staphylococcus aureus and for mixed

bacteria was studied. And the method was applied to the detection of S. aureus in beef samples. The quantity of beads, the broth volume and the

reaction time were optimized for enrichment the bacteria, to examine if the method of Real-Time Fluorescent Quantitative PCR is suitable for

measuring the content of bacteria. The results showed that the bare magnetic particles had high adsorption rate to S. aureus in the broth, with the

content of 10°~107 cfu/mL in the culture broth. The adsorption rate was over 95%. The DNA from the bacterium cells enriched by 10mg beads

and SmL culture broth for 10 minutes could be detected by Fluorescent Quantitative PCR. The DNA extracted from S. aureus was detected by

Fluorescent Quantitative PCR after enriched by beads in beef broth at the concentration of 10*cfu/mL. Moreover, the DNA extracted from S.

aureus was tested after enriched by beads from the mixture broth with Escherichia coli. The method could be used for enrichment and detection

of S. aureus in food.
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1 Jis.
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Table 1 Results of adsorption efficiency of bare magnetic particles for different concentrations of Staphylococcus aureus

BRI E/ (cfymL) AW E/% DNA RE/(ng/uL) DNARIUE DNA 4E(Asy/Asxo) Ctfh
10° 96.31+0.38 19.98+2.62 R 1.81+0.06 21.41£0.32
10° 95.59+0.87 16.76+2.04 R 1.88+0.01 32.40+0.11
10 97.06+0.57 16.0243.07 R 1.78+0.01 33.46+0.21
10° 99.39+0.59 721.20+5.92 NaOH 1.89+0.02 29.76+0.27
10 98.72+0.79 749.10+11.42 NaOH 1.81+0.05 33.49+0.28

R 2 FAERFAE X HITRIR M RESA
Table 2 Effect of the quantity of beads on adsorption efficiency
FEER R & /mg B AT B R/ (cfu/mL) B /% 2 &) AR A HRM F/cfu
5.0 90.72+1.40° 8.6x10°+2.7x10*
7.5 86.08+2.76° 8.2x10°+5.2x10*
10.0 1.9x10° 95.23+2.41° 9.0x10°+4.6x10*
12.5 95.23+2.03° 9.0x10°+1.9x10*
15.0 97.94+1.42° 9.3x10°+2.7x10*

i FRNBFEATER
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37 CIEIREEFR 6 h, FEIFREIKIEDY 207 cfw/mL, BEAT
PRBEERW IS0 . REERFI BN 10 mg, 37 CWR P E 4
10 min, HEATAFE BB T 2R . AN
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WS B TRV AR T BRBEIR N TR VR B 23 S ik b TR VAR
HUEI1) DNA WREE 540 WER 3 Fis.

3R, ERLIR ST B AR IR E N 207
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Tk B R 4 B 571 26 BK BT PR P 28 AN T B (HL 35 K T
90%, BHMAEM 5~30 mL I Ff R T A B E
(p>0.05) ; T AR 30 mL i, BRI
REREZER (p<0.05) o 41 E R AT HE S H AT
(KR OV EERE R RIS L, MABVNFT
TR S REER B N 7S 2 B . Hao 2578 thisi ] 1
X—IG, T S mg BRI 1 mL 9N
104 cfu/mL (& ORIEIRE, BTN 99.9%. H2
HUEII) DNA ¥R EERE AW AT IR, BRI B )3
2R TR 3 R, BRI 5 mL &3t
HE BRI FEUCN 10° cfw/mL 1 ERIRELE K DNA K
JEEANAL R CL5 A2 9 PCR HIRG ISR o SR FH A S8 2%
AT & S AR, TR 4 0 0 ) BR B R TR
KRBTSOV, RILTER M = Rt fE 1
IEATIHEAR S A K, DRI BT SRAS R TR A K T LSRR A
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BEFRINE], R TR S o

"3 DRBHATARTRATRAR B 2R 220E

Table 3 Effect of volume on adsorption efficiency

TR AT

B /mL  #iREJE/ (cfu/mL) koA -5 ofu B /% DNA 26 (Ax/As)  DNA KA /(ng/ul)
5 101148 97.69+0.80" 1.73+0.02 806.5£15.3
10 2000+38 96.62+1.82° 1.75+0.03 1552.2454.8
30 207 5998432 96.58+0.52" 1.77+0.01 4339.2+148.6
50 9682+49 93.55+0.47° 1.72+0.02 7476.7£119.0
100 19315476 93.31+0.37° 1.74+0.02 12383.3+945.3
7R 4 WP SRR B AR AR I Y 14 RSN
Table 4 Effect of reaction time on adsorption efficiency
R E &8 18] /min Mw%ﬁﬁg' BSRBWE By AWE/% DNA %4  DNA J&K/E/(ng/uL)
B R JZ/(cfu/mL)
5 980+7 94.69+0.68° 1.68+0.02 644.08+38.47
10 1000+9 96.62+0.91° 1.70+0.04 795.84+30.14
15 207 1010+14 97.58+1.36™ 1.67+0.03 855.74+40.90
20 1020+5 98.55+0.47° 1.67+0.06 775.92+58.21
25 1030+5 99.52+0.52%® 1.60+0.04 825.84+13.00

2.4 f TR B IR R A PR R B B R

HE 9% 6 h J5 48 & ERE IR E N 207
cfu/mL, #RZER 10 mg, B S mL, 37 CHLBEE,
HEAT AN RIS BB 8] T DRSPS 3G S 56 AN R W B s

()T R o} B YRR P 26 B ik b B R R DNA
W HAEIER 4 P,

R 4 55 R LR 4 0 €081 25 TR AT (1 B 2.«
Bt B AR AT A 5 min B 002 25 min, PR HTERIR
1M\ 94.69%34 INF 99.52%; WL R4 10 min K,
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HUI) DNA WREE LA, W B T 3RAS 6 08 (B 2 BR 1A
PRARHE IR 1) DNA W5 407 O 2 94t PCR ks
MESR, G552, 10 min BEEN 96.62%. 25575
Mty IR E S A I 752, ERRIE A R
& SIS A]4 10 min.

2.5 REERIEATRI £

PRSI B ERE ERIRE N 107 cfu/mL, W
BRESTE] 10 min, 37 CURPESE, BRERN &0
IR AR P s R 5.

% 5 45 RRY, MFRERH &, BE SR O
BREA B VRARIIE R, WP B2 R s AR RN B A
FUR, BEERGERERIIGI, WHRZE BT ARYE T

AT BIEE mg TR LRI <5 B €0 A A BR A PR B
2 6x10° cfu. MABRIEHISE IR FUIRIE, SR EH
B BREA G S REER IO LRI 2 10° ofwmL, BEHA#E
FEZRTT CAUR Y o S S 2 O A, DRI BE R T i A
TR, TRk At .

26 WARAEMNREER

KT B B s WS el i et
SR AR B R A O PRREER B A SR, ) sE
R EA EE R . PRI & T e B BR R IR
N 72 efwmL. KIAFEIREE N 75 cfw/mL, WP HR
RHUR 10 mL (5 mL 438 (U8 &3k 5 5 mL KJaFT
BB A, #REZZRF & 10 mg, 37 CHRIESE
10 min, BTG BRI P2 000 . PR B IR B 2 sk
6 Fi7Ro

= 5 RHEROMIME
Table 5 The maximum adsorption capacity of beads

B R A/mL FEER R & /mg /% ARBEZRA I H &/ cfu AREEZRR I H -/ (cfu/mg)
10 10 81.99+1.29° 5.8x10%+1.0x10° 5.8x10°
30 10 29.73+1.68 6.3x10°+3.6x10° 6.3x10°
50 10 17.73+1.41° 6.3x10°+5.0x10° 6.3x10°
50 20 34.68+3.64° 12.3x10°+1.3x10° 6.1x10°
50 30 51.27+1.94° 18.2x10°+6.9x10° 6.1x10°
< 6 RHEADR S EIRP R S Hafrss R
Table 6 Results of the adsorption of beads in mixed bacteria
Kk AEEH BMERES  AECEHH 5] . ‘
gj x 4; f éi/ff%fm %@ fﬁl’/;L) ; ;;ﬁ%iﬁ ), j;x #; /f,i DNA %% /(Axy/Azo) DNA #RE/ng/ul)  Ct{h
4+1 14+1 88.89 73.33 1.87+0.06 1011.80+23.85  33.35+0.50
5+1 1742 86.11 68.00 1.89+0.03 1007.08+28.88  33.57+0.32
5+0 16+2 86.11 70.67 1.8120.02 899.32+64.25 33.07+0.14
R/ 7 RUEE TR AR SR EEEKERMLE
Table 7 Adsorption efficiency of beads for Staphylococcus aureus in beef broth by optimal method
A5 gg;l ggil B /% ﬁggﬁl Iﬁgﬁf zngi Ct{t
1 275+14 3547 87.27 240 819.20+13.82 1.98+0.08 33.58+0.32
2 40517 81+3 80.00 324 852.84+35.14 1.93+0.03 33.08+0.11
3 620+26 96:+14 84.52 524 911.68+24.02 1.92+0.02 33.40+0.40

TR 6 GERERY], SO E A S AT E
S ELBITR & TR RN T B — AR PR R, RETR
AT i = TIUARTEER T e Cu R T BR R (VR P . 3%
CR BRI R T KA R, AT 86% /4
JEEN T0%EA, Ut T RRIEBRN S T VR BV 1488
PE, (X e i R AT RN SIS Rl s )
ISR DNA, FRAIZEE PCR AR, g (]
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CAE D PCR RTINER, ot & Bk 7Ok
PCR VA4 85 A P
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P42 80%~87.27%, 5% 4. 6 L5 ML, SO E
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3 ZHig

ARSCERT T BRHEER S AS RIS T 408 A A Bk
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RO B, T 9t PCR R 7 iR ESR

[1] Mcdermott A B, Spiegel H M, Irsch J, et al. A simple and
rapid magnetic bead separation technique for the isolation of

tetramer-positive virus-specific CD8 T cells [J]. AIDS, 2001,

(3]

(]

[10]

15(6): 810-812

Kojima T, Takei Y, Ohtsuka M, et al. PCR amplification from
single DNA molecules on magnetic beads in emulsion:
Application for high-throughput screening of transcription
factor targets [J]. Nucleic Acids Research, 2005, 33: e150
Michael B Murphy, Shirin T Fuller, Paul M Richardson, et al.
An improved method for the in vitro evolution of aptamers
and applications in protein detection and purification [J].
Nucleic Acids Research, 2003, 31, ¢110

Kalamasz Dale, Long S A, Taniguchi R, et al. Optimization
of human T-cell expansion ex Vvivo using magnetic beads
conjugated with anti-CD3 and Anti-CD28 antibodies [J].
Journal of Immunotherapy. 2004, 27(5): 405-418

PR, = B2 A AN F T AR IS Rk AR b T & &
[T].H AT 2 2 44 5, 1998,32(3):180-182

SUN Zu-yue, LU Hui-chun. Detection of Salmonella in
polluted water by magnetic powder [J]. Chinese Journal of
Preventive Medicine, 1998, 32(3): 180-182

BN, A O AR S AR T R 2 S M REATT
WS AT TR S 22,2000, 18(3):185-187

WANG Xin-wei, LI Jun-wen, CAO Fu-huan, et al. Preparation
of immune magnetic bends and preliminary observation on its
performance [J]. Journal of Preventive Medicine of Chinese
People's Liberation Army, 2000, 18(3): 185-187

GIFE R ol iy v SR W S EHIEQ 7% 90 TN o/ 8 O L
PR R OB S BAR FBIT 25 2F,2006,33(1):4-5,11

QIU Jin, FAN Xue-jun, SHEN Sheng, et al. Study on the
adsorption capacity of lab made magnetic particles to the
common food-borne pathogenic bacteria [J]. Modern
Preventive Medicine, 2006, 33(1): 4-5, 11

B TE IR, PIVEEL, S5 AT TR o) v v 2 0 R P R 1A
SBHFFE[I] 0 B AR 3624 7K,2006,16(12):1429-1431

FAN Xue-jun, CHEN Heng, SUN Min, et al. A study on
adsorption efficiency of lab made magnetic beads for large
amounts of bacteria [J]. Chinese Journal of Health Laboratory
Technology, 2006, 16(12): 1429-1431

P, 5 BB AR T 0, 55 AR %08 DL B Y58 T W PR R
A SRIRAF 5 [J]. SEF TBA R 2#,2009,16(5):1381-1383
YANG Liu, SU Ming-quan, YUE Qiao-hong, et al. Study on
adsorption effect of bare magnetic particles on common
food-borne pathogenic bacteria [J]. Practical Preventive
Medicine, 2009, 16(5): 1381-1383
SN/T1870-2016, H 1118 ity H BTl B0 B A 7 i STz i
)t PCR VA[S]

SN/T1870-2016, Method for detection of pathogens in food

191



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.2

(11]

[13]

[14]

192

for export Real-time PCR method [S]

TRERE RS, A0, 5 B T S B ER PR ) T <o (]

FIEREE IR T[] & S kAR, 2013,34(9):175-178

WANG Cheng-cheng, ZHAO Ling, LI Ming-tong, et al.
Research of rapid separation of Staphylococcu saureus based
on immunomagnetic beads [J]. Science and Technology of
Food Industry, 2013, 34(9): 175-178

G 5 R AR SE T T S U 0 T ORI R A )
e SR SR AL A e R, 2011,5(3):20-23

LI Qian-qian, CHEN Ping, REN Chang-fei. Preparation of the
bare magnetic beads used in enrichment of food-borne
pathogenic bacteria and optimization of the adsorption
conditions [J].
Technology, 2011, 5(3): 20-23
Zuvo H, Xie Z, Ding X,

Agriculture Food Products Science and
et al. A novel magnetic
capture-multiplex PCR assay for the simultaneous detection of
three foodborne pathogens [J]. Quality Assurance and Safety
of Crops & Foods, 2011, 3(4): 212-220

GEIGHA XUBH, P00 78 58 N G S R el R e e P Bk
EEHIRHF A &R 54D AR R, 2013,32(3):265-

[15]

271
LIANG Guang-ming, LIU Yang, SUN Li-jun, et al. Condition
optimization of building immunomagnetic bead using human
immunoglobulin G for enrichment Staphylococcus aureus [J].
Journal of Food Science and Biotechnology, 32(3): 265-271

G G P R R REA I < B €0 % BR T T VAW [D].
Kb ,2013
ZHANG Jian-hui. The

Study on the methods of

immuno-magnetic ~ separation  rapid = detection  of

Staphylococcus aureus [D]. Changsha: Hunan Normal
University, 2013

S it s L R PRTEAGHI AR S O - E AR ER

WS T P REATE ST AN SR 2 PCR AR EII P SIR B TV

@7 [D].IY)1: 7)1 2K2,2007

QIU Jin. The rapid detection system for the common

foodborne pathogenic bacteria-study on the adsorption

capacity of lab made magnetic beads and rapid detection of
Vibrio parahemolyticus using TagMan real-time PCR [D].

Sichuan: Sichuan University, 2007



