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Rapid Detection of Cronobacter Species in Infant Formula Powder using Liposomes

0|74, #2|E| 22t &

L]0, BB, @2, 2SI

Gibaek Lee', Shruti Shukla, Xinjie Song, Sunhyun Park? Youngsook Oh, Myunghee Kim*

it

A E 2R AEATY AZRZATME, sty AZ e

!Production 1 Team, Seoul Dairy Cooperative
Food Standard Research Center, Korea Food Research Institute
Department of Food Science and Technology, Yeungnam University

g Sas) A% 3
7

28 AL A0 ko] g Felshe
gl g 712 Aotk wl hSe] bt
el Aol 34 WA 27 8wl o S

A, 7o #o] B2 AX| AL LTt
Cronobacter & AN HES Ao g £
= /H];T'J dF Oi/‘ﬂ E}Okd A Foll EA5t

=
Hol AR 4, H e, A 5 A7
& of7] @ Sleks Abo] el

S
4!

* Corresponding author: Myunghee Kim
Department of Food Science and Technology, Yeungnam University

Ueldo=z & A4S vt ¢lth(Ivernsen et al.,
2003; Muytjens et al., 1983: Jung and Lee, 2010;
Kim et al., 2008). Cronobacter sakazakii (C. sakaza-
kii)x= Enterobacteriaceae®l %31= 1827 {ht
olm, Ix}E YA = TAIVIN o=
19801 Enterobacter sakazakii ©Fal ™8™ = ] o1}
20083l Cronobacter species® A% WA C.
sakazakii=. Y4 o] W17 =| ¢ tH(Friedemann, 2007;
Iversen et al., 2008). C. sakazakii= 1958 <=2}
of A% Ao} gkAfo A Hx= Buwglon,
BE AR A8 Qes o), 59

3 frofel ] et A%, Ao} BAY 3
o 28 298 Ao U ARR N BAR
o] tHFAO/WHO, 2008; Muytjens and Kollee, 1990).
Aok 34 ol9] ] Aol gk Hele] Eo
=3] AgtE o] o™, HNAZE Cronobacter <5
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Algto] oA AEE ARIZE = 2] el A
1 115 0)(Choi ef al., 2008), =S H]|E3F 7}
o 4= frokg Aol tig dAst 7|e=s 43
3 ) THCommission Regulation, 2007). Al Ao} Bl
-0k C. sakazakii -2 | AFE0] 40-80% ]
el vk - X Aol Ak 1001 | E<t
C. sakazakii®ll &)st ZHAANZF A A A 052 57}
sl= FA o] tH(Derzelle et al., 2007).

C. sakazakii®) 71 Al wl<F, Astek4 A
Ab AT Y, AR B S Fok] Y
ol ol st W ES AlZte] ol AeFHT
oA k= EA1 o] ATHEDA, 2002). Poly-
merase chain reaction (PCR), real-time PCR "2
Mt vy el vlste] T} Solwrf &2
I DNAS &% &lshr] 919t A= o4
AP AEAR 7S o= 7] wo B
HA o7 AE37] ofel ©do] U tHOrlandi
and Lampel, 2000). ©] & K. ¢+s}7] J8M = 7]
A e GEES e £ Qe AT Ed
A&7 2] 7o) A58t

G} A 8] 5ol Hh-g-& o] &gt X S
A FAE F1E Al 574 2 subtyping®l] ©]
g 5o] $rHKim et al., 2003). &FE Ay} A
gt A E ol gsto] Aldts A= o] &
T UTHE Bl o] % W3S 53] A%
o4&l AT =t FEol o] &% o] givHCoons e
al., 1942; Haglund et al., 1964; Swamunathan et al.,
1978; Thomason 1981). W9} & 37| PCRY} 2
< FAA TE7 e e ke ) 2
QA ko Sy Qo] Q%A kol th
FO AlRE AT = I T ok A
A 7FA a1 3 tH(Leem, 2012).

EEL FEN A ApRA 0w FAEH =

}o]

N g
O

o o
5

A
=
ool AHEA, Ak, oL

YA = I~
2, Es XA

2=
Y 2 Escherichia coli(E. coli) O157:H7, Salmo-
nella spp. 8 -2 2555 Al o] kA oF O 7 A
k=] 31 Q) tH(Park and Kim, 2008; Shukla ef al.,
2011). FZoll= AlgollA Ao w8 85 =

o]7] S1gk W o2 AR Fol &
Aol &85 31 QI th(Shukla ef al., 2016).

webA] 2 Aol A Fskal gl 1A,
A&, A S 2 Cronobacter 3% 71 2]
A Y2 AL A, Bl EEE o] g-8to]
ek A% 7HE AEWS Cronobacter muytjensii
(C. muytiensii)} C. sakazakii 573 ©.= 7 2|}l A}
stoth. gh, A ZollA] Agst W83 o] 3 v Y
A7}, AR Park 5-(2012), Song “5-(2015), Shukla &
(2016)8] AT=ZollA E3 g A= v Et

IRERTT
1) Bejele] Z

C. muytjensii®} C. sakazakiis W% F cell= A
I 7]l formaling 2] $ $(formalin-killed
cell: FKCs), E7]¢] weje] o] &3} th(Park et
al., 2012).

2) B

New Zealand;t 214 F71 E7]5 ©]-8-8+4] Cana-
dian Council on Animal Care®] ¥} 7F2 o] w2k
WS AAI5F tH(Canadian Council on  Animal
Care, 2002). FKCs®]l Freund’s incomplete adjuvant=-
1:19] Bl& R ok 5 E77) o 5ok th(Park er
al., 2012).

W

) HEZZEEE GlgG)2 FH|

HA77E FRF AF S AN 5= HYFH S
Lelstr] flske] 4TeolA 30 &< A4lEe
(10,000 x g)3}FSd tH(Song and Kim, 2013). ¢4 +#
2] & FoAX A5 A caprylic acid®} ammonium
sulfate 31412 ©]- 8380 7] Aol A 23 &
oA 1gG FAE 7 A 8FA P HMcKinney and Par-
kinson, 1987). " Al A <] 7HE S48 9
3}o] indirect noncompetitive enzyme-linked immu-
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@ el AMT|E A

nosorbent assay(INC-ELISA: 7HdH] 73t a 4™
A E A A8 TH(Song and Kim, 2013).

4) 2LE0| H=

2 ZF-2 Shukla 5(2011)2] Wl w} 1, 2
-dipalmitoyl-sn-glycero-3-phosphoethanolamine (DPPE,
7.2 pmol), 1, 2-dipalmitoyl-sn-glycero-3-phosphocho-
line (DPPC, 14.3 pmol), 1, 2-dipalmitoyl-sn—glycero-
3-[phospho-rac-(1-glycerol) ] (DPPG, 40.3 pmol), cho-
lesterol (40.9 pmol), “72] 31 100 mM sulforhodamine
B(SRB)E ©]-&-3}o] Az}t

5) =L &9 H|=

SH-tagged 2] 3% ¥} maleimide-derivatized IgG&
A AL 7 F]k REEAIZ] G-2fel 100 mM 9] eth-
ylmaleimideZE 3£3}3t= 0.02 M TBS buffer (0.15
M NaCl, 0.01% NaN, Z3, pH 7.0)S DPPE-ATA
1 mol I ethylmaleimide 10 mol2] H] &= 7}3F &
229 et oA 70 rpmO.Z 30% WA F T
Sepharose CL-4B column®]] & 2}A]| A 2] &
T8-S A2 F 4T A aF 55t T3

e,
6) 2|2 E9 54

2] 352 H7]:= Malvern Nano-Zs particle size
analyzer (Malvern, Worcestershire, UK)= ©]-8-3}¢

=74t
7) C. muytjensii 2

C. muytjensii B %S 96-well microtiter plate®]]
T 3Fo] 37TColA 2A3F ZRBAIZATE FH o]
W % 0.01 M PBS buffers o] g3l A& %
5% skim milkE 3E33H= 0.01 M PBS buffers 3
7}sled 37 C oA 1A]7F &<k blocking A 7] 3L T}
2] 0.01 M PBS buffer= A| 28t} 71 3 anti-C.
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Fig. 1. Concept of immunoliposome based immunomagnetic
concentration and separation assay.

L FEO

muytjensii 1gG-tagged 2] 355 96-well microtiter
plateol] &5 37 C oA 1A1ZF 52k RES-A] Zi T},
ChA] & 5% skim milkS E 3= 0.01 M PBS
buffers ©]8-31o] ZH7}o] wellS- 234 A28l 2
T A ok A EEE AAS v, AW
AC] LF<?0 30 mM  octyl-B-D-glucopyranoside
(0G) 280 uLE W1l BXEFS A =4
RB= 5534 550 nm, ©1 7] 9H4 585 nm & & 4%

Haralct,

2]

ol

=

I

8) U= RUXIE ©182t C sakazakii &

Borosilicate tube®l] C. sakazakii ¥]%F 3] &
SEEE 1 ulA 7heE $ 2479 tubeel 20 pL 2
HAU =AY YRS T 8ke] 1417 F<F vES
Al F . HE-S- % 0.01 M PBS buffer® A 2] 8}11,
4% skim milkE X 3}= 0.02 M TBS buffer® t}
Al M A8t A= A -2 C. sakazakiis A 71 8¢
At} IAH HAG =R AR -C. sakazakii =
Aol 200 3| A e WYY EF §HES 70 uL A
tubeol] ¢ & 1A1ZF T3 WEEAIA AL
- AU = A QA -C. sakazakii ESHA|S &
AA AT} o] E-8kA = 0.02 M TBS buffer= A &
St k3 Al A9 AdE<1 30 mM OG 280 uL
= 93 g EF] 3% SRBES WEAF L




1.8 - 3rd injection

1.6 -
£
0 14 4
3 12
e " 2nd injection ———a
g 14
g &b
£ 08+
S —-c
5 0.6 -lst injectio}

04

0.2

0 T T T T : T %

o 1 2 3 4 s 6 7 8 9 10 11 12
Immunization period (weeks)

Fig. 2. Titer of developed rabbit anti—C. muytiensii IgG during
immunization period. Each arrow indicates immunogen
injection time. a and b: antibody titer from two indepen-
dent immunization experiments; c: antibody titer from
non—immunized rabbit as a control.
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SRBZ &34 550 nm, 7|94 585
nmol| A Y =5 543 cHFig. 1.

9) INC-ELISA2}2] H[ul

W= 2 RS o8-8t C. sakazakii -~ Ay
INC-ELISA assay £} H] 7.5} tH(Song and Kim, 2013).

10) wWXtEkg Al

o

WARE-S- A2 Cronobacter spp. 65 (C. saka-
zakii, C. dublinensis, C. malonaticus, C. universalis,
A2l Sal-
monella enterica subsp. enterica serovar Enteritidis,

C. condiment, C. muytjensii)?} 2§

E. coli O157:H7, Bacillus cereus, Enterobacter aero-
genes, “LE] 1L C. freundii®}2] WA S =7
3kt

AAE ABAIEE g
sample matrix 2. ©]-8-3}3 TH(Cho and Irudayaraj, 2013).

M
o
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Table 1. Characterization of SRB—encapsulated liposomes

Mean diameter (nm) 206

Inner volume (entrapped) of liposomes (uL) |4.06 X 10712
SRB concentration (mM) 100
Amount of SRB/liposome (pmol) 4.06x10713
Concentration of liposomes (particles/mL) 5.74x10"

I, 22t
I XS F7f

C. muytjensii, C. sakazakii®l oot &S st
12577k &4 ©] 17FE INC-ELISAR 574
gt A, 17| 3ol E Y b T A
S W 8-977HA] STkehe 2o E YERRT
(Fig. 2).

Fig. 2 YEbS C. muytjensii 2ol o st &+
A A7) FolE B anti-C. muytensii 1gG= 13}
T 7t e E‘}iE}. 22}, 32} W

2 FE T A¥kA
ﬂ oﬂy]._g] ] jﬂ = 7]—
i i =i EL]_H = 2 (Leenaars and Hen-
driksen, 2005) 12} & o] 3 35 7+A 9] =7} W
o102 T1ol7} A AL SEakgl o)

2. SRB £ ={2&9 57

Ao ALg3 B EFS Tble MW R vkl
2] 206 nme] A&, YEFS o] F= olF A
2 Qb o] Hu]= 4,06 x 10772 uL, P
171 4.06 x 107" umol2] SRBE EZ3sh= A0
% UERS T

gt AAksE 23S 89 1 mL & 5.74 x 10" 7l
o] B F JAF wAES= O E AALE ST
A A EA Ho 5(2008)0] 7Hdet 2] 5
3.65 x 10”2 72| J=}2} 236 nm ] 3171% 714w
methyl blues ZH 303 Salmonella
ek AJoF o & ARE-E 9l T}, Shukla E(2014)t 223
nm =17]°] SRB XA B35S Salmonella %

A A= E—‘

EE
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Fig. 3. Size distribution and integrity measurement of SRB—

tagged liposomes. Values are the mean of three mea-

surements. Error bars represent=S.D. The coefficient of

variation(% CV) for fluorescence intensity(n=6) is below
15%.

&)

S1g A Az ntE T2y EA o -8kt
3. BEZE integrity &%

YEFE o] &3 AT A A& Al
gxFol] 2R e FFEL AVE =
doto] HRAS JHFHoR EA4 k= Flo]
o whebA gl 2Fel FgEde] sk 24
A=A FRlsk= slo] Fagtd, o] E flske]
2 25 3] o] A FAd A 8] AFR1 0GE ¥
7] A3 79 FFEE S5 Fig 3). 54
A3} Fig. 3041 B vkel 2ol 1:10° &2 34
3t Y xE GdoA 0GE ¥7] AT F-of 104)
Ao FF e Aol7t Sl Ao R YEl g
EE Yo =& sE® X3 F o] 9l SRB7}
quenching effect’= {13l W PFEE Holrprt
0G A7} e 2LFo] A HA LA =3 d SRB
7 g el BAtHo] 12 FHEE Hole
2 elg = Sk

4. C. muytjensii 2

Anti-C. muytjensii 1gG-tagged 2| 3XF-& ©]-8-3}
of Tl A C. muytensiies = A3}, A
74 %78 6.3 x 10* CFU/mLZ YEFSETHFig. 4).
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Fig. 4. Standard curve for detection of C. muytiensii. All experi-
ments were conducted three times. Data represent mean
+ 8D.

C. muytjensii A=°l B Qs A7+ 13O =
sandwich ELISAS} v] . 3}o] ©] w2 11 7FdshA|
AZH= A & T AUk 53 Bk =
B, 6417+ B AIZFO R 0.4-14.4 x 105 CFU/
mLe] HEHAE YERA Hochel?} Skvor(2009)
o PR Ea AW A ) vl wE] & o, of
Z1e A 7Rkt A Wk el ATk o
SAE A3E WY o] A= Cronobacter
spp. & H=E317] flal gl ES o] &3t Hx A
TEZMN C. muyensiie A <45, ZHH, WgteA A=
st lolA BaEF Y o] 8 TheAdE HolF

A=

== C. muytiensii

22000 ATCC 51329
T == C, muytiensii
€DC 3523-75
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Fig. 5. Specificity of developed fluorescence—based liposome
immunoassay. All experiments were conducted three
times. Data represent mean + SD.




¥ anti-C. sakazakii IgG EDAC : 1-ethyl-3(3-dimethylaminopropy)) carbodiimide

@  magnetic nanoparticle NHS : sulfo-N-hydroxysuccinimide

@  Uvosome m Magnetic holder
) & Remove unbound antibody
@ & v
a o W )
X N7 y

| RT, 10min RT, 2h !3 % |ii —

Immunomagnetic nanoparticle
u bound bacterial cells

/

Plating on VRBG

&\\-n
'.‘ A
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e chm}‘(

uag etic
separation
Immmm-ﬂ\ﬁc

Immundliposome

Fig. 6. Detailed schematics of the procedure for (a)conjugation
of magnetic nanoparticles with anti—C. sakazakiilgG; (b)
reaction of immunomagnetic nanoparticles with C. saka-
zakii cells; (c)formation of immunoliposome—C. sakaza-
kii— immunomagnetic nanoparticle complex.

N anti-C. muytjensii 1gG= C. muytjensii
ATCC 513299} C. muytjensii CDC 3523-75¢1] 352
-S4 -& YER ISR (Fig. 5). =, C. muytjensii ©)
Qle] 5ol tish wAHEE- §lol C. muytjensii Wt
& AzeE B w84 S Yrs,

Ezj LY A B

i
o

o1

=AM /IXTRE YH2] conjugation &@l

Fig. 6(a)< anti-C. sakazakii 1gG7} Y= A d ) A}
ol conjugation ¥+ -2 LRI B2 Eolt)
Aol Ael B 7re] ATATE oka) 9
5}o] Bradford assay= ©]-838Fo] 7+29] ¥} vt
Pl S 24 sk o AelA gl A
FEE 8.3510.01 mg/mL ©] STt 14]
AU A} A il WEol
A Q1A S8 AT W ol Fol
A= 1.15 mg/mL 4= <& S AU
|5 oA AgshA] ekar ‘EL% A 9
F A3 e Alst A9 3
7.20%0.01 mg/mL ©] % 0.1, AsHEL
59% & & = A TH(Table 2).
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Table 2. Binding efficiency of rabbit anti—C. sakazakii IgG onto

magnetic nanoparticle
Initial antibody (mg/mL) 8.35%0.01
Free antibody (mg/mL) 1.15%£0.01
Bound antibody (mg/mL) 7.20£0.01
Bounding efficiency (%) 86.2310.01

Bounding efficiency (%) =Bound (initial —free) antibody/Ini-
tial antibody X 100

6. C. sakazakii 24

M AENE )83t C. sakazakii W] %
2 0,10'-108 CFU/mLY] =2 Z43slo] 23S
Tyt T E S| A% C. sakazakii 1 mL

HAAG Y Y AE 53 5 1411
AlA H 2 YAt C. sakazakn
2 AgtatA stk of 7ol |

o] C. sakazakii ¥} 23 3HIA = EO]
sttt 71 A3, 10° CFU/mL

x 10° CFU/mL(Fig. 7)<
| e ?JXF*’ o]
Lol AREE AL Q=
A8l AEAEHoZ A%l INC-ELISA®S] 7
ZAEE v s Ay, =S HiA oA o] HE
Al INC-ELISA T 6.2 x 10° CFU/mLoY| A 5-F] signal
O] ]A'E]'MJ—(FIg 7) }‘Hiﬂl 7HHL% tﬂgﬂ
1uu WA E2H-E 3.3 x 10° CFU/mLY]
ZSHAIE 2o 1008 = wighet A& gelst
OﬂE‘r ojuf AEHA= SAANETY 3= F
o= HE 3u) ] At sk Al
42 A7 39 tHHochel and Skvor, 2009). Kelley
9} DeSilva(2007)= w41 o] Add 2 e & o
Z317] Y3 BCVE 15-20% K.t} oo} shr}ar
Husted, o] A58 A3 %CV 15% v wke
2 S AyE Bl Add S A
=31+ 3.3 x 10° CFU/mL ©] 12, C. sakazakiis 2
AlZE 30 Rl AEE = o A A&
9]+ 10°-10" CFU/mLZ uYERt} ¥hd INC-

3
O
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Fig. 7. Detection sensitivities of developed immunoliposome—based
immunomagnetic concentration and separation assay and
INC—ELISA in the detection of C. sakazakii. All experiments
were conducted three times, and the data represent the
mean=+S.D. The coefficient of variation(%CV) for fluores-
cence intensity (n=6) is below 15%.

A

ELISA®] 71&3%H7= 6.2 x 10° CFU/mL, &4~
e ALstas Sk Ao R 17X
QFstth, o] st Aduh= 719 A& vl
sto] WA YA 2§07 HEAZH
AZNEE T F dvks RS AAbst
(Shukla et al., 2016).

e AE e WA % -2 7 st7] flst
o C. sakazakii$} Th& A = 7HS] WAk
S5 YAt Ao M = C. sakazakii 7| 2] S+
6% X7 10108 CFU/mLY %2 LA %
blank®] A28 3} 7 9] FAFSE Al 19S5 HHEF
11, C. sakazakiio| X WF =2 Al1do] YERSY
(Fig. 7). =, C. sakazakiio| Wt 5©]%] 0 & 1{h-&-3}
= %O]/\éé‘ glgk = Uk

]::

7.

Nl

7 He8Ad

HI

G A A ol 83 AEE AF AR
2gat7] 95t 10% ZAEFS Frlsko] C
sakazakii AAFE A3 A} G A7 Qlof|A]
C sakazakii 7AZ3HA= 3.5 x 10° CFU/mL €1 A

S 5 S5 7)) i BEvlel A4
5}74] 7} 1 x 105 CFU/mL ¢! A& 7relalt}d A=
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Fig. 8.(a) Cross—reactivity of the developed immunoliposome—
based immunomagnetic concentration and separation assay
with other genera of foodbome pathogens. (b) Cross—reac-
tivity with Cronobacter strains. All experiments were conduct-
ed three times, and the data represent the mean +S.D. The
coefficient of variation (%CV) for fluorescence intensity
(n=6) is below 15%.
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