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Comparison of Growth Rates of Listeria Interspecies in Different Enrichment Broth

Da Yeon Lee and Yong Sun Cho'*
Samsung Biologics Co., Quality Control Team, Incheon, Korea
'Korea Food Research Institute, Food Analysis Center, Jeollabuk-do, Korea
(Received August 31, 2017/Revised September 26, 2017/Accepted December 21, 2017)

ABSTRACT - Monitoring of Listeria monocytogenes, the causative agent of listeriosis, in food is inportant for
public health. The Korean Food Standards Codex has adopted a ‘zero-tolerance’ policy for L. monocytogenes. The
standard detection method of L. monocytogenes is based on enrichment. Thus, proper enrichment methods need to be
instituted to ensure quality control of the detection procedures. In this study, the growth of L. monocytogenes and List-
eria innocua as a mixed culture in Listeria enrichment broth (LEB) was monitored during artificial contamination of
enrichment culture. We confirmed competitive growth or interspecies inhibitory activity of L. monocytogenes and L.
innocua. Interspecies growth differences and the inhibitory activity of different inoculation and mixtures L. innocua
against L. monocytogenes were examined. The concentration of L. monocytogenes must be 2.0 log CFU/mL or more
than L. innocua to grow better than L. innocua. It is known that Listeria spp. and L. monocytogenes show growth dif-
ference during LEB, resulting in the risk of false-negative results. The inhibition of L. monocytogenes by L. innocua
was always observed when present at lower concentrations. However, it was confirmed that L. innocua suppressed
when L. monocytogenes was present at a higher concentration. Therefore if a mixture of Listeria spp. is present,
detecting L. monocytogenes is difficult. Thus, a new enrichment broth to improve the detection rate of L. monocyto-
genes is needed.
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Listeria monocytogenes= 5’38714 gram ¢/ F-olx ol ol tigk A7t T8, WA Sy AFe
DHFOZ 30% o/ =2 AAES Hole ATEE FZ QA& H]F35}e] World Health Organization (WHO)
79 ListeriosisE §'33517] wlifol] YAHo2 Fa3h 9} Food and Drug Administration (FDA) 5 olg] 7|2
Qalde s ERIATHY Hix 7Y ee Hogo] ok3t 9 L. monocytogenes®] #2]715S BEHEE HAs I4
A o A ZTEHE oyt oy dukzog [0°%~10° st FEoR APt A
CFU/gZ AAEI o] ¥re o AFFoME 2 FEo] L. monocytogenes®] AZHHS SHMIFS o &3t
A A3, 53] "ol oFgh AHRolA AAQl culture-based ZEHW, PCR HE4, ELISA &4, DNA
ZoltPd, B, B 5 AAs Ao &3] A5ty &, o microarray, LAMP &% o] UXW, dut LFG A o A
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L. monocytogenes &S W
cytogeness AHA O = FHtalr] flal] H7kek /AP A
AAA S A= ©E Listeria 52 AHS 5= JAE 7
S3the Bart o0 A Folle vhFeE Listeria $50]
edd g Jdom Aoz, FHstH 5A4do] mg Wl
at7] witol ol&S st HA T uhebA
Listeria & 7¥] 237 2 734l oJ8lA L. monocytogenes
£ A& Al L. monocytogenes7t EASIHEE EHE =
= 9] TFsAdol ATk

=] AFFHL L monocytogenes a2 13 12} 1)
A2 Listeria Enrichment Broth (LEB)E 7333l AT}
8 ZAll 28 Tryptic Soy Broth (TSB), Fraser broth
o] AL} 23} FHulR|ANAM Q] Listeria % 7Fe] A&
of gk AFAZ7F BALE ol os!on sff AF37d
A A4 E LEB WA Q] Listeria & 7+e] A8 A4+
Hyg vk Qivk by S A FeA FE AEHE
Listeria < 4% (L. monocytogenes, L. innocua, L. ivanovii,
L. seeligeriyS 173lo] LEBO| &3 wisia 482 &
lsted A HEHE AES Il vt skl

Materials and Methods

2 Aol AM8-H F5== L. monocytogenes (ATCC 15313),
L. innocua (ATCC 33090), L. ivanovii (ATCC 19119), L.
seeligeri (ATCC 35967)= American type culture collection
(ATCC, Manassas, VA, USA)A] #oF dto} A3 T
AbE FdFE 30% glycerol stock vialel ¥ 3 —70°C
deep freezeroll W HASIN O™, FQ A] tryptic soy agar
(TSA; Merck., Darmstadt, Germany)°l| 0.6% yeast extract
(YE; Becton-Dickinson., Erembodegem, Belgium) 3 3}3gh
HiR]ell 35+ 2°C, 24 +2417F, 330l A Al Wi 5t
248t Al 5 ARSI

Table 1. Primers and probes used for the real time PCR assay to identify Listeria species'®

Listeria & 4% ZEIH[QFol Q=%

Listeria species 4% &3 W& Al 2+ w2 AL-S 2l
3171 918 TSA+YE 0.6% 8lX]olA] 35+ 2°C, 24+ 2A|7+
A3} A7) L. monocytogenes, L. innocua, L. ivanovii, L.
seeligeriS McFarland 1.02 %% ¥ 34slx 53 &3
st Alg S A Z5FATE LEB (Merck., Darmstadt, Ger-
many) ° %7] #7} 100 CFU/mL °] =5 A|lg9<
A& 455 FES wiAE 35+2°C, 70 rpm X8
HjFBhE A Al Zbo] WE 7} #¢] S-S real-time PCR
System (Applied Biosystems Inc., Foster City, CA)Z &<l
stAT 459 +& o= WSS AE WE2TE s
2o WHO R L monocytogenes$t L. innocua (E= L.
ivanovii, L. seeligeriys 1:12 33t 23 E3hlofFd o] A3
& gl

Real-time PCR M2 2]t DNA ==

4%9) Listeria 4% 200uLE HiYield™ Genomic
DNA Mini Kit (RBC Bioscience Co., Taipei, Taiwan)E
ARgete] FEaTh FEHHES wirdel w2t proteinase
K 30 uLE 2833, 60°C, 15% W% ¥ GB buffer
200 uL E3ste] 70°ColA 158 wikate] cell lysisS 3F
3 ethanol 212] & GB columnlE &7 A £ 5t
DNAZ bindingAl 7|22 wash buffer2 A& 34t} 70°Co
Al 15% &< pre-heating@t elution buffer2 DNAE F&
st

Real-time PCR B

PCR mixture= template DNA 2 pL, tagman fast advanced
master mix (Applied biosystems) 10.0 uLoll L. monocyto-
genes, L. ivanovii®t L. seeligeri, L. innocua Zt primerE
0.2 uL, tagman probe 0.2 uLE& 3L nuclease-free water
6.8 uLZE 3] AA| 20 uLZ 3t ABI 7500 (Applied
biosystems)= AF-&3}e] 252 (Iset: L. monocytogenes, L.
innocua, 2set: L. monocytogenes, L. ivanovii, 3set: L. mono-

)

Strain Target gene (accession number)

Primer and Probe (5°-3”)

F: CGGCGCACCTAACCAAGTAA

Phosphatidyl inositol

L-monocylogenes — \ \ holipase C (HG421741.1)

R: CAGTCTGGACAATCTCTTTGAATTTT
P: FAM-TCAAGATGACTACAATGGTCCGAGTGTGAAAA-QSY

F: CTGATTTTGTCGTTAAATCTTCAG

L Putative internalin
L. seeligeri

R: GTTAAATTAATTTGAACGAAATGAGGG
P: VIC-CAGTTGTTTCTTCCGCGACGGCTAAAG-QSY

F: CAGGGATTATTATACTCATTGT GG

R: GCTGCGAACTTAACTCAACTTG
P: FAM-CCTGATTATCACCCGTTTCTGCTCCAAC-QSY

F: CTACAAGTAAACGAGGITGCTAC

(AY626261)
L. ivanovii N-acetylmuramidae like
' protein gene (AY542872)
L. innocua Inhibitor of Apoptosis protein

(M80349.1)

R: GGAAGTAAGAATGCTGTGGTC
P: VIC-CTCCAGCGCCAGAACGTACATTAAGCC-QSY
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cytogenes, L. seeligeri) duplex real-time PCRS 433}
t}. PCR primer= Table 13} 221 50°C, 2+, 95°C, 20
% hold ¥ denature 95°C, 2%, anneal/extend 60°C, 30%
A& 40 cycle REESIATE A 7F A4S fI8 2T 45
o th3l standard curves= PCR 33] HFE-9] 7} A|59 U
gk Ct Bk + TR o2 2 § 3|AEA S 53l
A S A=At 52 384 (amplification efficiency,
AEY2 AE=10"-1 (s: slope of standard curve)>2 At&
3t 72 #2 35ng DNAS YA EZRTE nuclease-
free waters &4 tHETE ARE-SIATE

L. monocytogenesgt L. innocua X7] @<= H| & ¢
E Hln

TSA+YE 0.6% BiA|ol|A] 35+2°C, 24+ 2A]7F A3} A
L. monocytogenes$}t L. innocuas McFarland 1.0 2 %
5 3Aetal 2] 45 HE H et AlES S
AzekAdTh. 7F A@N ] 9] H|E&2 L. monocytogenes:
L. innocua (1:1, 2:1, 10:1, 100:1)Z A Z3}% 3L, LEBO
%7] &7k 100 CFU/mLe] H =5 HJFsF3AT}. 35+2°C,
70 rpm X & vl FsPEA] 0, 24, 484|170 Agosti & Ottaviani
Listeria Agar (ALOA; Biomériux, Marcy L’Etoile, France)
of =3lal 35+2°Col A 24417 wisted 7 wo] AF
A1 Heks AlrFstant. Aoz logaho 2 Wkste] &
Ao 2% w2 @ wdE S 2T E SRtk

Al

Logy, CFU/mL

Log;o CFU/mL

hour

Fig. 1. Growth curves of pure and mixed cultures of Listeria spp.
in LEB measured by RT-PCR. Growth pure cultures (Line graph)
and as a mixed culture (Bar graph). Symbols are as follows: L.
monocytogenes (B, =), L. innocua (B, - *) L. ivanovii (M, )
and L. seeligeri (I, - - - -).

Results and Discussion

Listeria & 4% TGN W=7

Listeria % 4% £3 W% A 7t @e] A%S %l A
I} L. innocua®) 457F 73 Hax| o T3 214 7 A
chEu g iR Eetui koA 97.95% A&kl A€
TG WA, L. monocytogenes= 24117+ 87.86%,
L. ivanovii, L. seeligeri< 48A]1 7kl 28.06%, 25.13%= T
S eyl mls gt gFolr o] Aol A=At wt

B

hour

Fig. 2. Growth curves of pure and mixed cultures based on L. monocytogenes in LEB by RT-PCR. Growth pure cultures of LM", mixed
culture of LM and LIN? (panel A). Growth pure cultures of LM, mixed culture of LM and LV (panel B). Growth pure cultures of LM,
mixed culture of LM and LS* (panel C). Growth pure cultures of LM, LM, LIN, LV and LS mixed culture (panel D). Symbols are as
follows: pure culture of LM (@, ), Listeria spp. mixed culture (x, —). VL. monocytogenes *L. innocua L. ivanovii *L. seeligeri.
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Fig. 3. Monitoring the number of L. monocytogenes (LMM) and L. innocua (LINM) viable cells in LEB.
Panel A: LM 10> CFU/mL LIN 10> CFU/mL culture. Panel B: mixed culture (LM 10* CFU/mL and LIN 10> CFU/mL) Panel C: mixed
culture (LM 2.0 x 10> CFU/mL and LIN 10> CFU/mL). Panel D: mixed culture (LM 10° CFU/mL and LIN 10? CFU/mL). Panel E: mixed

culture (LM 10* CFU/mL and LIN 10* CFU/mL).

2FA] Listeria & 742 E3F 9l Al A{=fol 7t
e 4 F AATHFig. 1).

2 AFHA NN AES BHCE s o
cytogenesO| B2 ©| & 7|50 2 Z} #o] L. monocytogenes
o Aol o' FaFE vA= A F]ls) & A Fig. 2
9} 74t} Panel A= L. monocytogenesSt L. innocuas E3F
v st wiFA Nl L. monocytogenes S L. mono-
cytogenes TSR FMAM L] L monocytogenes 52 &
At Az dsujFe nls] Zdujgd oA L
monocytogenes2] A5-°] 24X 7+HE 1.46 log CFU/mL A
e AL ol v, panel B8} C= ©@Eu] ok
I EdMFHAA L] L monocytogenes®] 5] &Lat
o] Zpo]7} §lSith. Panel Dol & GEH|k o vlg] &
gAML monocytogenes2] A50] 24X 7HEH
1241og CFUmML A€ A& skt wapa L
innocua®| &N A L. monocytogenes?t AS-o] A3 =
U(Panel. A, D). ©l+= Listeria & 7+l &3 vl A A
%9 Aoz} Uthe B et XA v L
ivanovii, L. seeligeri= L. monocytogenes2] A5l J&FS
FA Fethe As & F U L oinnocua®] S

L. monocytogenes, L. ivanovii, L. seeligeri®] 93-S 1A

EAsE

| L. mono-

o L jvanovii, L. seeligeri= L. monocytogenesQ} L.
innocua®l °l3l &0 AsE AAE AUt

L. monocyfogenes$} L. innocua X7| @<= B[&O]
0E vl

L. monocytogenes$}t L. innocua®] %7] 29 H]&°] A3
Foll TS vA= A=E 1] 8 27 HEHS
H &g xdste] widal Btk v Aol AHE-S
ALOA A9 A|= L. monocytogenese P-glucosidase T4
o 93] =1 Fgo] FAJ=™ phospholipaseZdell <3
el opaque white halo’t ™, L. innocua=
Hegro] P4 A opaque white halo= YERIA] &
of §RFo R o] kst 2SO wige A%

R

=0
b |

E AT e F 2ol A% Fdsih 2wy 2
s &F HEsted E widet A3 L. monocytogenes
9} L. lnnocua./] Z}- ]—E ] ko] ] 1910g CFU/mL 48/‘]
7}

kel 1.5 log CFU/mLL.Z L. monocytogenes?t L. innocua
of "]l 1.0 CFU/mL ©] HA ALtk L mono-
cytogenes®] Z7| BE| L. innocuaRth 291(0.3 log CFU/
mL) o]’ Q9% A L monocytogeness L. innocua®l
24217k 1.7 log CFU/mL, 4847+l 1.2 log CFU/mL &7
254913, 1081(1.0 log CFU/mL) ©1% 998 A9% n}
7= 2447890 0.9 log CFU/mL, 484174] 0.7 log CFU/
mL AA AE3HATE 10081(2.0 log CFU/mL) ©]7%¢ ¢
¥ 7A9ol= L monocytogenes7t L. innocuaX T} 24X 7F
o 0.4log CFU/mL Bo] B&3lAA R 4847 e A7+
FYUSIA G (Fig. 3, Table 2). & &)X L. monocyto-
genes7t HU+= TFE Listeria spp.oll 23k Qo] Eo] =
of emgME #o] el As g AA AE
WO 2= L monocytogenes’t FAEE7] o]
vold Zlow Azt o9 e A=

jg—l

AZ 50|

L. mono-

rr

Table 2. Monitoring the number of viable cells in LEB (48 h at
35+2°C)

log CFU/mL Oh 24 h 48 h

1.0x 10> LM" 2.0+£0.04Y 9.6+0.22 9.0+0.43
ure
P 1.0 x 10> LIN® 2.0+0.03 9.7+0.13 9.1+0.33
1.0x10° LM 2.0+0.05 8.1+0.17 8.0+0.38
1.0x 10> LIN 2.0+0.04 10.0+0.10 9.5+0.32
20x10° LM 23+0.06 8.1+031 8.0+0.24
. 1.0x 10> LIN 2.0+0.05 9.8+021 9.2+0.32
mixed
1.0x10° LM 3.0+£0.05 9.0+021 83+0.32
1.0x 10> LIN 2.0+0.01 99+0.13 9.0+0.41
1.0x10° LM 4.0+0.03 93+052 83+0.12
1.0x 10> LIN 2.0+0.07 89+0.12 83x+0.23

L. monocytogenes, ?L. innocua., mean + standard deviation (n = 9)
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cytogenes7} EA = B33 L. innocua® 7o)
gA BHEE o] | AFol A5 5 2 A5 A
TE5S 4o F v ddET wEba, B Aol
= @A =W AF B Ve A2 244 LEB W
Ao|A L. monocytogeness HA=3st=tl AI7F A=<
218153 t}. Dahshan 5V W29 L. innocuas 28.5%, L
monocytogeness 1.0%, Jamali 5'92 L. innocuas 57.8%,
A&3A=Hl, L innocua®l Hl
5| L. monocytogenes2] prevalence’} |- & A& E
AT} o= L. monocytogenes®] G0 AAZ &g 4
UATE L. innocua®l 218l 50l Xiﬁﬂﬂoi HE5A
7FeA L odldEnt dadol mEw AYSA s 9
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TFe WE7F AT dA7HA A
UA] eI,
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M2 Sl e] sidke] sttt AzhE T B
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