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ZHERMMINAF T4 VAZRET 5. O HE
MFZIZBWTIE, VATV TBNA T T A VL%
TR U CREBRI PR AP 2R3 2 &2k D,
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AE— 7 —F VELEREICB T S 3ER O
HORR, DHHEPRD SN0 125 L TD) A
7 1) 7 No.20-6 % persistent strain (PS). i 2®
L—ELPEEINGE Do A TO)ATYT
No040-1 % transient strain (TS) & LV, BRI ff
L7 (Table 1),
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ZAb% CVIEIC X V#x, Thbb, FL—F
ORI R 35T T 200 ] OIRW K TS \IPEE L.
E T 45 IR S 700 W% 150 11 @ 0.1% CV
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VT AT A7) TODg ZHIEL, Bt S
72CVENLFT T4V ARELTER LT,
4. NAF T4 IVLHEREROEA

PVC 7V — M LRIZEREINZY) A7) 7N A
T T A4V A & BRI IR ARAR (H KBEE) T 100
B & D, 1 ml ¥ A BRI & PEv il
LCHEEARL, 100ulZ 207 L4 -
M v 72—V a3y (BH) ERERE# (BD

Table 1 Bacterial strains
Bacteria Strain Type* Source persist or transient
No.
Listeria monocytogenes  20-6 1 Slicer persist
Listeria monocytogenes 40-1 10 Product trimmings from transient

slicing machines

*A total of 77 L. monocytogenes isolates were classified into 13 different types by combining the results of the
serotyping, PFGE, and three PCR-based typing methods ".
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6.2 M FT LB L O BeET

INAF T 4 VL5 EPSOARFHIHERT 5
722 6-1 HTHRE L7234 47 4 VAR E
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Tween80 ¥ W o T 25 T 30 45 [ 48 & I WL B ) |
i) =F L YT 7 3 KRR (ethylenediamine
tetraacetic acid, EDTA) (05 M EDTA pH 80 &
T 25C 3MEMEL), i) In#k (70 C ok
BT LR EMBLED), iv) 7oA Y AM K
At bV 7 2 (NaOH) & H T 25C 3 RpffjAL
). v) B (05M %itkk (H,S0,) i< 25T 3
WAL ER) . vi) W54 % 8% 3 (Endoglycosidase H
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)7 O MWB RERE B 28 & 25C DMK % 1
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W1lml 2 25ml D% /7 —) (995%) %z Cik
MU, ECkBr w05 X )P L7z, |
Habkd L, it SR CilE S92, WEK
2ml THEM L 720 T EPS % 05ml 12 5% 7 «
J — VW 05ml 2N A CTRAIL. 25ml O #EHE
WAz CHEIRT20-30 0 iE Lz HVF T
V¥ — A4 EEEF U-2000 B (H 3N A 5 27)
HWT, AREHEZ 490nm TERE L, 57
2 NVaA—ABEENAF T4V LAHOEPS EE
L7z
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Fig.2 (A) Destained biofilm (measured at ODsoo) by crystal violet assay.

(B) L monocytogenes viable cell count. Closed circles (@) are represented
L monocytogenes strain No. 20-6 (persistent strain). Opened triangles
(&) are represented L monocytogenes strain No. 40-1 (transient strain).
Asterisks are represented significant value (P < 0.01) (A).

3. NMFT71ILLDS5DEPS O

WNAF T4 VAL RAEZEREL TEPS®
AT 27200 MHEEE LT BE
. EDTA. &, 7N, B B REEH%
(Endoglycosidase H) IZDOWTHEH 2175720 £
O #H %, 05M EDTA (pH80). 7 )V 4 V) (1M
NaOH) 3 X OF Endoglycosidase MLEL D5 H D &
Iy ) —VIZ XD LB AHERE S 7z (Table 2).

Z®»9H %, 05M EDTA (pH8.0) AW X AR B D
ATHUUBW AL z2BRELL,
IM NaOH &I WARDER L TV 2 W REMED %
Zbhlzzd, 00IM A5 IM £ TORT, J A
TUTERBEBIP®) ATV T NAF 7 4 VAE
WIZOVWTRBEHFRZL 2 A, 01M ® NaOH
T 10 45 AL BR DS EE W N O D e o 72 2
&2 5. 0.1M @ NaOH % i & Endoglycosidase

Table 2  Precipitation by ethanol using different EPS isolation methods

EPS isolation methods

Incubation time

Precipitation by ethanol

Planktonic cell

Sonication in 1% Tween 80 at 25 °C
0.5 M EDTA, pH 8.0 at 25 °C

Heat at 70 °C

IM NaOH at 25 °C

0.5 M H»SO, at 25 °C
Endoglycosidase H at 37 °C

Sterile DDW at 25 °C

— +
30 min -
3h +*
1h -
3h +
3h —
O/N** +
3h -

*Precipitation is obtained from only 0.5 M EDTA solution.

**Qvernight
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Fig.3 Extracellular polymeric substances (EPS) isolation methods from
L. monocytogenes biofilms and incubation time. (A) 0.1 M NaOH.

(B) Endoglycosidase H. Closed circles (@) are represented L.
monocytogenes viable cell count (cfu/ml). Bars are represented glucose

yielded (ng/ml).
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R % Fig. 312”8 L72o NaOH LTI 60 77

BICY AT ) TOBERICL ) WERA L. 7
I— ZEHHM L 720 EndoH Tl —HLILE 3
WEAOZEIE SN o 7255 NaOH LEL D
TNA—=ABENE o286, YATYTN
A% 7 4 VAEBEDS EPS # it 32 kL L
TIiZ 01M ® NaOH {E# T 10 4 MLF 2475 &
L& L7

4, VAFUTZNA AT 4 I LbdD EPS DEE
No0.20-6 8 £ 0" No40-1 V) A5 7THEKIZDOW
T SHTHRHZIT o 2 MBEIC X o TNA F
T ANVANS EPS Zfl L, #EEEIRRE &N A F
T4 IVAEHREICBI 5 EPS®E 7 =/ — Vi
T va— 2B LTER L. FORE
ZAb% Fig. 4 [SR L72e NA F 7 4 )V ZIE I
EV T IO D EEERE IR T EPS &A% <.
X 5I2PSTH 5D N0o20-6 D EPSEN TS TH 5
No.40-1 IZHARTEWEHA D 5 L7z,

Glucose (ng/dish or ml)

24 36 48 60 72
Time (Hours)

Fig.4 Extracellular polymeric substances yield
values in L. monocytogenes planktonic cells
or biofilms. Closed circles (@) are represented
biofilms, opened circles (O) are represented
planktonic cells of the L monocytogenes strain
No. 20-6 (persistent strain). Closed triangles
(4) are represented biofilms, opened triangles
(&) are represented planktonic cells of the
L monocytogenes strain No. 40-1 (transient
strain). Asterisks are represented significant
value, * P < 0.05, *™* P < 0.01.

4. & ¥

AE—27F—F VEERKHICBT S 3 4FH O

EORREON) X7 THkZ MIERB L O
DNA BUZEESWTH L, BREICH 7o ToHHE
Ny 4 T ORER (No. 20-6) % persistent strain
(PS), —EL»GMSNRdh o725 14 TOWK
(No.40-1) % transient strain (TS) & LTV, &
NS DWRDINA F 7 4V AT HE B L THRFT
iTo 7o ZOMER, v~ 4 7uF L —Fr W
CVEEIZX D, PSRRI CV &E23INT %
A 5N 72A5, TS TR SN d - 72 (Fig.
20) L2 LEHDSH, TNOLOWKMTTL— b
FoARBUZEE Do 72 (Fig. 2B). H#GEE
L7 F U 2 WS HREBRE O RN L, wih
DD BRI ConA ISHATH 7V a—2dH
H\WER v — AR & B S HEDAFAED
RINIZEE (F—=FRET), PSIETS
WCHARTHBINCEAT 2 L HEEDL Wil ietE)s
HHEEZONI o ZZT VAT TNAL T4
V2D EPS IZoWTHGEN %47 - 726

— RN A T 7 4V BB & ARSI
PHEMICADELAY N vy 7 ARK L, Th
OAMEERICE ) WIS EELA-> THIEL T
BV, EPSOAZMM L TERT S L IIAY
Tld%wv, £2T, TNHDOX M) v 7 ANLH
RV HEAE T B EPS O & & i 4 % 7250 D JLFE
HiEZOWTHRE 21T > 720 TORE. 1M O
NaOH T 10 ¥4 2 HET, VAT U TH
REWEE T 72 ) — VHBEIC L A7V a—2X
HELTEPSZERET S I EDHEE o7z,
Sheng &5 % &, & A H M E T H 2
Rhodopseudomonas acidophila 7> 5 @ EPS i 13
OMEIZB VT, EDTA L X 1 H NaOH L
TO EPS IS BAEFTdH - 7255, NaOH LT
WEERICE ARAENETORAZTRFEL TV 5,
Sheng 5% O LT\ 5 NaOH iz 1M T
HY, TORETE, EFEZORFHIIBNTH, Y
ATV T OBERICE B LEZ LN HEWBOET
LT NVa—ZAg0MMB RS N7 (Fig. 3) 2 & »
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5. WkE EPS % X5 § % 723 D NaOH AL # i
FEIZOWT, N4 F 7 4 )V AD S EAZ BT
\Z EPS ZHithd % 2 & ASn] g LB E % 0.1 M
& L7 (Fig. 3).
DLEDOSEHBRE» S, VAT YT NA T 7 4
V24 ® EPS % 01 M ® NaOH THLEE L 72#212 PS
& TSIZOWTC, EHEIRE COFAERFE N A A 7 4
VAR IZ BT 5 EPS &2 fllE L. R
RN TR AT o720 ORGSR, HEHERE CfF
ETAHAVATIVTEDINAFT T4 VLAZTEL
TW2 ) AT T OHPHEEINAFIET % EPS
BRLEWZ EPHS L o7 (Fig. 4) . 72,
PSHTS &0 B EPSENREL o7z LEXD,
JAFYUTHENAF T4 NVLEZRETSEZE, *
7o XA X TANVIERELIZ)V ATV TOIH L
T WRIMIAEAET % EPS &A% W 7 ARt~
DEAEMEICEHG LTV B I RIE Sz,
EPSIZIEH T VEHEL AT 4 LEHEDNDH Y,
BTV MBET DY IRE R lipid-A 12
EHEELTwDEEND, —F. AT4 554k
Eh T NEHEC AR ZEOREAIIIERICEE . M
ROMIZID B LHITHFELTWD EEbN
TWwd, FCOMBFLZKBEICKHTE LY
HEUHEET LYY SHEHEILELIE. Ay
DAL FURITATILAF DX D B 2D
WA & Y CRESNTELIIT VLT 52 L2D
57 LG, VAFIVTNAFTAVADRD
EPS % {3 % 7z OFi Lk & L T NaOH 2¢
EDTA X VR TV, ) A5 7®EPS X
H TNV EHETH B IR E WA D Lk v,
ConAlZa-D-ZVa—RARa-D-~7wv /) —
AEBBRTHLIFTHY,. T2 ELLHE
THLTXFANT VY, ZF)a—=rv, wvFv,
TIARZF U, ATA VA VIHKETAEIE
DA SN T 5 A5, Strathmann 5 13, 832G
ConA a-D-7Vva—xARa-D-~vv /) —RA

%4 % 72\ Pseudomonas aeruginosa DNA F+ 7 4

NV AHIZHAET 5 7V VRIS D RIS

BT EERLE'", 720 TARONAF 7401
LpHHIEE NS EPSREMHL Y L5 V82 H
PHEMBFELBERR S THLZ D" &
I, NA T 4V AHRICE E N5 EPS ®ATE; 5
WimldHHWIEY ¥ — L 1 EZE60mm) &7

D¥ing Th oA %ho72EHKE LT, EPS O
L LTV a—AUAOREREE N TS
MR H DR, VATUTNAFT T4 IVLD
EPS O R E LR LW TR ¥ X0 B
RERMTH LR EZOND,

YATYTONAF 74 0VAERHE L E LTl
HE 5PV MWB Oz 12D + ) 7
MY A 74 3 > (TSB) 82> BHI 853 72 &1l i
DHDOBEHEINALZ L LHHD, FEHXMNCV L
% I\ TAT - 72 M i3 TSB 5% BHI ¥54b12
AT MWBE# DN A F+ 7 4 )V AR DS BT
Tholz (F—FREF), Ty VATYT L#E
ZIICEfR e SN B IMETD EPS 24l b &
CERT LD E LTy v 37 G 7 EEHUK
5 DREED 2 chemically defined media A% L
TwaEEns "™, MWBEH#IZNA F 7 4L 4
DR TR, VAT Y TNAF T 4 VLAHO
EPSOMEBIPTERICDHEL TWDLEEZDL
Nb,

Romanova & '3~ 4 7 a 7L — b FICERK
BRLYRTI)TNAF T 4 VAT B
NRUYHFNV A= 2O E CV Qe i TRz
R CVETIIAEROABETE > TWHDOTIE %
CHEBPEFT o TVBIEEZRLTWV D, HF
b4 707 L — 2 HWACVETPSIZBW
THRERERYIZ CV 2SN 3 2 1A 25 5 & 7225,
EPS U DK & CV THFE > T a0 b A%
Vo WA T T A INVATEEY) AT ) T OEREN 7% EF
i & LT, Stk CV Heta R0 A4 W 0l & Dot
277/ ¥ =" B (adenosin 5  -triphosphate
ATP) 23" 2l 5 2 & bMET L7z v.
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Quantification and characterization of polysaccharides in
the biofilms of Listeria monocytogenes which resides in
food processing plants

Hiromi Nakamura
Department of Microbiology
Osaka City Institute of Public Health and Environmental Sciences
Listeria monocytogenes is a food-borne pathogen that can lead to potentially life-
threatening listeriosis in high-risk populations. The foods reported to be associated
with listeriosis are ready-to-eat foods consumed without further cooking. In Japan,
there are high health risks specifically in ready-to-eat seafood products, usually highly
processed, have an extended shelf life at refrigeration temperatures. In a previous report,
we investigated L. monocytogenes contamination in commercially available ready-to-
eat seafood products, and showed that there is a high incidence of L. monocytogenes
contamination in cold-smoked salmon. We detected and examined by molecular typing
methods L. monocytogenes isolates from a cold-smoked fish processing plant to trace the
source of contamination. Our study has indicated that L. monocytogenes resides in this
plant in the form of persistent strains during our investigation. Extracellular polymeric
substances (EPS) play an important role in the bacterial biofilms such as physicochemical
and biological characterization and structural configuration and function. Persistent strain
(PS) is the specific L. monocytogenes strain types (combined with serotype, PFGE and
PCR-based typing) frequently isolated for a long time, on the contrary, transient strain
(TS) is the L. monocytogenes strain types isolated only one time during our investigation
in the cold-smoked salmon processing plant. In the present study, we analyze to know
quantification and characterization of polysaccharides in the EPS of L. monocytogenes PS
and TS biofilms. We elucidated that polysaccharide containing the fluorescently labeled
lectins, concanavalin A (ConA) target sugars, o-D-glucose and a-D-mannnose seemed to
be involved in biofilm of L. monocytogenes. The 0.1 M NaOH extraction method without
cell lysis from L. monocytogenes biofilm was found to be the most effective among the EPS
isolation methods we used. After the NaOH isolation steps, quantification of EPS yield
values in L. monocytogenes biofilm was obtained by phenol-sulfuric method. Consequently,
the total amount of EPS in L. monocytogenes biofilm was higher than in planktonic cells.
The total amount of EPS in PS of L. monocytogenes biofilm has higher than TS. Our study
was indicated that the higher amount of polysaccharides in EPS of L. monocytogenes
biofilms tend to reside in food processing plant.



