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SUMMARY

I. Title
Development of multiplex real-time PCR based on lab-on—a—-chip to detect

foodborne pathogens in fresh-cut vegetables

II. Objective and Significance of Research
1. Objective of Research
m The purpose of this research is to develop a lab—on—a-chip based real-time
PCR technique and system that detect foodborne pathogens in fresh-cut
vegetables within 4 hr.
m The purpose of this research is to develop a sample preparation technique and

system using immunomagnetic particles.

2. Significance of Research

Rapid detection and identification methods for bacterial foodborne infections have
increased over the past ten years because of growing concerns among researchers
worldwide regarding this important public safety problem. Several schemes are
available for modern microbiological wvalidation, including Association of Analytical
Communities (AOAC) International, International Dairy Federation (IDF) procedures,
European Microbiological Method Assessment Scheme (EMMAS), and Microval. The
most widely known modern detection methods include enzyme immunoassays, nucleic
acid probes, polymerase chain reaction (PCR), electrochemical techniques, and
micro/nano-sized immunoparticle tests. These methods must follow an initial cultural
enrichment step, which increases the low levels of the target microorganism over a
period of approximately 24 to 72 h. Despite continuous improvements, modern
techniques for microbiological food testing are still laborious and time-consuming.
Thus, 1t is highly desirable to develop automatic analytical methods that reduce the
test time between sample preparation and detection, and improve the repeatability of
microorganism detection in food.

Several methods report the combination of sample preparation and detection to
reduce the culture time required by rapid detection methods using immunomagnetic
particles. One method combined immunomagnetic beads with flow cytometry to detect
Escherichia coli O157:H7 (E. coli O157:H7) in ground beef with a sensitivity of 10°
CFU mL' in 1 h and 10 CFU ¢! in 5 to 7 h. A combination of immunomagnetic
particles with an electrical conductance technique reduced the detection time for
Salmonella by several hours. Docherty et al. reported the detection of Campylobacter

in chicken using a combination of immunomagnetic particles and PCR with a sensitivity
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of 420 CFU g ! after 18 h. Thus, methods that combine immunomagnetic particles with
a detection technique can more rapidly detect microorganisms in food than alternative

modern detection methods.

II. Scope and Research field

m PCR primer fabrication for detection of food-borne pathogens in fresh—cut
vegetables

m Establishment of food-borne pathogene analysis condition using real-time PCR

m Design and fabrication of LOC for gene detection

m Evaluation of PCR amplification using LOC and PCR amplification with gene
marker of food-borne pathogene

m Real-time PCR optimization for multi—detection of food-borne pathogens

m Establishment of immunomagnetic separation based sample preparation method

m Design and fabrication of LOC for mult—detection

m Optic system setup for mult—detection

m Application of immunomagnetic separation based sample preparation to fresh-cut
vegetables

m Performance test for the combined immunomagnetic separation based sample
preparation and LOC based real-time PCR

® Fabrication and evaluation of sample preparation H/W system

m Prototype fabrication of multi—detection LOC based real-time PCR

IV. Results and Recommendation

1. PCR primer fabrication for detection of food—-borne pathogens in fresh-cut

vegetables: Primers used in this study were targeted to genes encoding for the
16s rRNA, coa (coagulase), can (collagen adhesion), and nuc (S. aureus specific
gene) in S. aureus, iap (invasion associated protein), hly (hemolycin), inlA
(internalin), and 16s rRNA in L. monocytogenes, inv (Salmonella specific invasion),
fIiC (fllagella), 16s rRNA in Salmonella spp., and 16s rRNA, eae (intimin), fliC
(fllagella), rfb (0157 specific gene) in E. coli O157:H7. These primers were

selected based on their specificity, and synthesized for use.

2. Establishment of food—-borne pathogene analysis condition using real-time PCR:

In order to establish detection limits of the real-Time PCR, 10-fold serial
dilutions of the four reference strains were analyzed covering a range from
5.240.4 to 1.2+0.3 log cfu/mL. Reaction conditions for each pathogen using SYBR
Green were optimized to develop efficient real-time PCR, and standard curve was
generated from the real-time PCR cycle threshold values for quantitative
analysis.

3. Design and fabrication of LOC for gene detection: Disposable plastic LabChip for

- 12 -



real-time PCR was designed and fabricated using 3D CAD. The LabChip based on
a Cyclo Olefin Copolymer (COC) had three channels comprising positive, negative
and sample channels, and was generated using core-mold. Consequently, a
disposable plastic three channel real-time PCR system to detect food pathogens

within 90 min was developed.

4. Evaluation of performance for LOC-based real-time PCR amplification. We

designed a prototype of fluorescence optics for real-time PCR system, and tested
the performance of optic part from measuring the fluorescence intensity at 488

nm and 520 nm. In addition, we checked the accuracy of temperature control.

5. Real-time PCR optimization for multi-detection of food—-borne pathogens:

Selected oligonucleotide primers for food pathogens were tested for PCR
amplification of a DNA fragment with a melting temperature for E. coli O157:H7,
L. monocytogenes, Salmonella spp., and S. aureus. The limits of detection (LOD)
of the selected primers were 10° cfu/mlL for S. aureus (Ct;26) and L.
monocytogenes (Ct;26), and were 10 cfu/mL for E. coli O157:H7 (Ct;26), and
Salmonella spp. (Ct;27). In colony real-time PCR without extracting DNA, the
LOD was decreased to 10°cfu/mL. When the lettuce artificially inoculated with
four strains was analyzed using real-time PCR, the LOD was 10* cfu/mL for E.
coli O157:H7 and S. aureus (Ct;26), and was 10” cfu/mL for Salmonella spp. and
L. monocytogenes (Ct;25).

6. Establishment of immunomagnetic separation based sample preparation method.

The gold—-coated iron magnetic nanoparticles were synthesized and characterized.
E. coli O157:H7, L. monocytogenes, Salmonella spp., and S. aureus were
simultaneously separated and detected using nanoparticles as magnets and for
absorbance measurement. Core-shell structured FesO4/Au particles were prepared
from iron core particles by reduction of Fe ions and nucleation of gold ions on
core particle surfaces. The Fes0s/Au particles were purified and modified using
16-mercaptohexadecanoic acid as a coupling agent for anti-E. coli O157:H7
antibodies, anti—L. monocytogenes antibodies, anti—Salmonella spp. antibodies,
anti—S. aureus antibodies under optimized immobilization conditions. The Fes04/Au
particles produced were comprised of FesOs core particles with a diameter of
less than 5 nm and coated in a gold shell approximately 5 nm thick. These
Fe304/Au particles were used to demonstrate the feasibility of high—sensitivie
detection, and the specificity of Fe3O4/Au particle binding with E. coli O157:H7,

L. monocytogenes, Salmonella spp., S. aureus were confirmed.

7. Design and fabrication of LOC for mult—detection. Multi—detecting LOCs was
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designed using the same tool and comprised with inlet, outlet, PCR amplification
and detection part including 3 channels as 25 X 60 X 0.7 mm size. The PCR
amplification part in the system was designed as 2 X 5 X 0.2 mm size. And from
the amplification design, the PCR detection part was also designed as 1 X 3 X
0.1 mm size. The Labchip for prototype fabricated from the molding injection and
had 3 channels and 5 ~ 10 pL volume with polycarbonate (PC). The fabricated
chips didn't any change the shape even high temperature at 120C and had the

good optical transparent property over 90%.

8. Optic system setup for mult—detection: We designed the fluorescence optics for

multi-detection and set up the real-time PCR system. And then we confirmed the
performance of optic part from measuring the fluorescence intensity at DNA 70pg
~ 800ng. When the fabricated real-time PCR (NBS-100) was compared with
LightCycle 1.5 (Roche) from resulting DNA 50 ng with 30 cycles of L.
monocyogenes ATCC153131, we knew that the PCR efficiency and consuming

time was similar.

9. Application of immunomagnetic separation based sample preparation to fresh—cut

vegetables: Two procedures for sample preparation prior to real-time PCR
(NBS-100) were compared in this study: one was based on immunomagnetic
separation of the target bacteria from the sample, using magnetic particles coated
with immunoglobulin antibodies to E. coli O157:H7, L. monocytogenes, Salmonella
spp., and S. aureus. The other was conventional plating method based on the
serial dilution of sample. As a result, immunomagnetic separation using real-time
PCR (NBS-100) assay was capable of detecting 10 cfu/g of sample. In contrast,
conventional cultural method based on the serial dilution of sample gave negative
result at 10 cfu/g of sample. Thus, the combination of immunomagnetic separation
and real-time PCR (NBS-100) makes possible the development of a automated

detection process with high sensitivity, which require a minimum of manual work.

10. Performance test for the combined Immunomagnetic separation based sample

preparation and LOC based real-time PCR.: The performance of the combined

LOC based real-time PCR and immunomagnetic separation based sample
preparation was evaluated in vegetables including as lettuce, chikory and baby
vegetables artificially inoculated with 10-10° cfu/mL of E. coli O157:H7, L.
monocytogenes, Salmonella spp., and S. aureus. Regardless of the sample used,
E. coli O157:H7 was detected at 10 cfu/g of sample. The optimized multiplex
PCR based on immunomagnetic separation showed that the selected primers
were specific to the detection of E. coli O157:H7, L. monocytogenes,

Salmonella spp., and S. aureus. When our NBS-100 based on immunomagnetic
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separation was compared with ABI7500 and conventional plating method (KFDA
code), NBS-100 was capable of detecting 10 cfu/g of sample at which yielded
negative result by conventional cultural method. As compared with ABI7500,
NBS-100 gave the same or better results. In addition, RSD for Cr of NBS-100
based on immunomagnetic separation was 0.1-1.9% in baby vegetable and
0.1-2.5% 1in lettus, indicating that reproducibility of our NBS-100 based on
immunomagnetic separation was good. These results from this study showed
that the developed real-time PCR combined with immunomagnetic separation is

promising in terms of sensitivity, specificity and reproducibility.

11. Fabrication and evaluation of sample preparation H/W system.: The sample

preparation system and its internal process was developed from the research
results of competent authorities and analysis of conventional protocol. And the
system was designed according each module with solution inlet, Lysis,
membrance filter, 3-way valve and solution outlet and evaluated the
performance. From the results, we fabricated the H/W system for sample
preparation with 300 X 150 X 300 mm as size and 5 kg as weight. Using the
fabricated system, we confirmed that the pathogens ((E.coli 0157, Samonella
spp., L. monocytogenes ATCC15313) was separated from fresh-cut foods
(lettuce, cabbage and chicory).

12. Prototype fabrication of multi—detection LOC based real-time PCR: We

completed a portable rapid sample preparation system to isolate food

pathogens from fresh vegetables within 3 hours and made an efficient 3
channel LabChip—based real-time PCR system to detect food pathogens within

40 min.

In conclusion, we have developed an efficient and rapid molecular diagnostic
system consisting of a sample preparation system, a 3 channel real-time PCR
LabChip. The entire detection method, including sample processing and real-time PCR

amplification, was completed within 4 h, making it a rapid single-day assay.

V. Results Achievements and Their Application Plans

Establishing HACCP regulation-based molecular diagnosis core technologies to
detect agricultural and food pathogens. Preventing the spread of contaminated fresh
vegetables before sales. Reducing recovering expenses by food pathogen accidents.
Providing a convenient rapid point—of-care test system to detect food pathogens for

both experienced and inexperienced persons.
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Table 1. Kinds of pathogenic microorganisms that cause food poisoning

Pathogenic No. of cells that cause Toxin that
Category . . . .
microorganisms illness cause illness
® 10°-10 cell/g for human
Salmonella spp. )
® ~10 cell/g for infant
Vibrio paraheamolyticus | = 10%-107 cell/g for human
Infection L. B { L 102 Ceﬂ/g for human
Campylobacter jejuni ! 6
type ® 10" cell/g for human

Listeria monocytogenes m g few cell

FEscherichia coli O157:H7 =l = 10-100 cell

Food-borne

. . Staphylococcus aureus m 10510 cell/g in foods 1.0 ng/person
intoxication
Clostrium perfringens = 10%-10° cell/g for human
Others ® (Emetic) 10°-10 cell/g in
. foods El’ltel”OtO.Xil’l,
Bacillus cereus ) —_— | heat-resistant
» (Diarrheal) 10'-10° cell/g endospore
for human

1997 wl=roll A ek WA st 015670 o) gk AlgmAatar g efuir; WA s ha
w2l o3 J¥ek AFs AlaE ARFAEAR ofrh Hdown AAZ Age dHE 2
Abdlolth, H 2% digg AR, T FAE FUkE-A Az &uek ol V) F
Wk g A Febgele] Fotel we) 2FsuAo]l Frhelal tidstelE FAl) R ] o]
AlHE 7 AR Egsta ok 2lvekel A 2000720059 FoF s 1007, 70007
AR A 2Fs 34 (Fig. D7F 2R 53] 20039l = &34 ddda REY
2 AF 5t 2ol %HMW bR o ® W= A Had v §lE AEE FuHrt ¢lojo] WA
otk 1999 m o]l EAOl oskd At 62,4587 (AbE 529, R =y 1963,14170
(AP 997), AmdEl 1,342,5327 (AHE 5567), BlaH ol 24987 (APd 4999)9] wAje] B
aFRon, va AYEAME S ol 479 ol 9sle] A7k 500092 AbgA7E ¥HAyES)
B Akt ofel mare 1999 el 2Ee] AFs ARltS AALSH7] f13ke] 53w Rk
%+

v}
o] &S NBsA o A7k 24N HAaES PALE HAEATH
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Table 2. Advantages and disadvantages of detection method

Viral Load

Rapid Kit Western Blot LOC
Assay
Sampling Method +++ + + +++++
Dimension +++++ + + +++++
Cost +++++ + ++ +H++
Time to Detection +++++ + + +H+++
Easy of Use +++++ + + +++++
Rapid Detection + + +H+++ +H+++
RNA Detection + + tHtte +tHttt
Diagnostic Marker ++ +++ +++ +++++
Novelty of Method + + +++ +Htt+t
o
A3 A A7 He
A Y& A8
R AHFET HAES 9% PCR | m A=A/ ZIA Y
primer A #t = AT (S aqureus F)
= 3834 (L. monocytogenes, Salmonella spp., E. coli
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, OWrH?n
®m Real-time PCRe| 9|3t A5 | n RAAF
sl 4520 g » 1 59| primer A¥
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, * Real-time PCRY €¥ wA=d A=
n A Az el A | m Axd px
A 2 Az » 3D CAD o|-& 3 A7
C AALE o EY AH
- Aol HAAE
» PCR T3/4&8 # AAE A=
[ AeolFoAe PCRZEE A | m Az 2=
5 4% « PCR 3 TEE 99 Az T&
- ool fAA FE AZ
n OEF 4FEG AES A% | w2y
real-time PCR %7 & # 3} * Primerd] tE5E A5
- U2 FFEE o8 T HolE AF
C AERE 24
= AE matrix 33 2AF
» 7)E B AEHIe] ¥
R R R I E v L
gd48 71¢ B4 - e dAbe) AlE
C HFE So] gAY FRA Az
Y BolFA-vheay QA FFA AW % 5995
. wu AEAARNY # So] ¥y HA 27 24
s OEdEE Aeclel HA | w ARE AL
2 A & = 3D CAD °]& # 24
» PCR F3/A&54-<9 27
- AARE TR AL
- BeolFY HuAE
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Al 1A =l -9 BrEstoke] oigk Tl E st
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L AAH 2

7}, PCR #417]

(1) PCR #247]+= thermo-cycling¥4d-& &3to] PCR (polymerase chain reaction) %3 ©]
7he sl Hlez #47] 5ol Thermal cycler’} W= o STt

(2) dA o] ALEHE HHOZ = Peltier 249 22 EH A2AE ALEE= ¥R air
£ heating3le] 72 7tdshes Wy, 9494& A3 Ao 7FdstkeE W, 24

71 EAFAE AUAAA 7HE = ol ATt
(3) AA PCR #47] AlHoA =& HAFE&S 7= 7I9o2F% Applied BioSystems,
Bio-Rad, Takara, Roche, Corbett 52 3A7} A8 #4715 Aista Qi)

Sample No. of Sample Speed

Light Source Detection Channel format samples  Volume(iL) (50cycle, h)

Lightcycler 5 3 Filters .
(Roche) LED(450-490nm) (530/640,/7100m) Capillary 32 20 <1
Smartcycler LED(450-490nm) 4 Filters Tubes 16-96 95-100 <1
(Cepheid) (520/550/585/710nm)
Abi prism 7000 B 4 Filters . 5
(Appl. Biosyst.) Tungsten-Halogen (500-660nm) Ywell 9% 25-100 2-3
ADbi prism 7700 o laser(488nm) 500-660nm %Bwell % 95-100 9-3
(Appl. Biosyst.)
ADbi prism 79000y cer(488nm) 500-660nm 96/384well 96/384 5-100 9-3
(Appl. Biosyst.)
i-Cycler B 5 Filters . 3
(Biorad) Tungsten-Halogen (Flexible) Ywell 9% 25-100 2-3
MX-4000 4 Filters
(Stratagene) Tungsten-Halogen (350-830nm) Ywell 9% 10-50 2-3

(4) #< Roche?t 22 A AFFANA FHAA I S A8t 9t A&
AR EA3NE HEd PCR 24HAZE &35 A=Estal glo, o Qo= A
TAoR AL FAA BEAHME MY 9 Ha33 dE Bio-Rad®t ABI,
TaKaRa, Biomed A} %°] 7 A} FE5E FAFAY a5 Zds Estr] 9

3 A& AdsaL = Folvt

o]
(D) == =28 A3 =) A o Adg3dd f201H 7ol 485 Fgstd

(2) MAZe] A 7jedd 27t A oA 7)== AR blol o AL g5 EF 5
9 & ]
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(@) H, BuE EANAES o] 43 ¢S EFehe GEH ABE B A7) AR
g AEsa glo $AE dAAGS AT A AmE gl

Tl AFs)e

A EY AEAAMEE A% AR o] &2 EYToly AEFYE EHoR 74
S B3 Huda gtk AEEE 32 PuE 9% 494 E Dynabeads®
(Invitrogen) AFellA] duljslal il AT AEHDHE AF3E 93 Al Adle] 488
F glon wmolar 3o @R A Fie F =

ol Atk FFAEES T/ A8 A BSFA =GR ARl me we ATt
3893 v} (Kauzlarich, 2006, Laibinis, 2003).

ANBAAZ A= v MatrixAel Al 71EEeE Pathatrixi= 250 239 A5 S
5 2 Y 7 e AAo AR FAHAHOE At Iy vty O Y EE
Goj A, wukgd A A Y} o] FAE AHAE AEEZFH Asoz #Esr] o
Ha TARS 7FA 2 o

g, wel Q7 g 2 48 AFe ey 2

A48 71H A & AFANLAR Ao &8
. s fd 1 AE FA2 AEE Rapid
NEE g nAE §142 AL 98 G T =
TaKaRa |0 TSIV RS AEE A G gen caean quA o A
v BEAAY 7l 1iaAE>
- L AE e mAE fdA 2E8 Rapid kit
= Aae | T - b
Roche  Sheciic - fuoescent  probe AR Lyga <o)y 3ot ohim  Awa
caHme TR Ae 71 wAw>
Roche Hot start PCR-& 7|¥to 2 t=7Z= kit |LightCycler ® Multiplex DNA Master
ot HybProbe <AJAEZ/AHAEE>
. Branched DNA (bDNA) 7|8 o]&3h
Branched DNA (bDNA) 7|&& ©o]&3% Q@ L alas =)
Bayer Ax A5 a7 135\1>A ATdg kit 83 <AA=Z d
[}
QIAGEN el tube oM vE SF 7M5d QIAGEN® Multiplex PCR Kit <AAEA
Genotypeing ©]+} DNA testing 7] & o>
Invitrogen QI 7k ok 7] Al = AR A HEA 9] |StemPro® EZChek ™ Human Tri-Lineage
VOB mgl ges e $ 9l kit AT Multiplex PCR Kit <2 W2 ¢8>
Az o= 1249 557143 o)y Multlplex—PCR. detecugn kit E)z_y 12
Seegene GZA28 2 9 kit Af different respiratory viruses <ZF71A
THEE T o Kt T H]—OIE]Z_: 7‘(11‘_/1_%>
Caliper MA2o]H 7]4S o83 LabChip A28 DNA, RNA % @A T ahChip kitA-&3}
Technologies |71 gt <AAEA dd>
He Ad mUEy 2 A7 Mol F DNA B3 oj#o], Aok A7 2 7]el#
Affymetrix |3 F48 ARE AFste A2 g V], 2ZEolZ FAE  GeneChip Al =8
GeneChip¥} Al 2€S AF 74 A <AYRAEE>
) NanoChip Molecular Biology Workstation
AolE A7|EEdy  wlolmzr WY )
Nanogen 19\? }(]Jhi A HL] ce kel °= ISNP %2 Short Tandem Repeats(STRE
ano Al A= Aot A <AAEA gd>
Packard  DNA % wdd$ T guiae g poodectc WAL AAEEAAC
BioSciences &= of#|ofojet YaA Z-Y Jlw A ;> ackard IO A= =
[}
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2. mUlFE
7} PCRAH 9] w1 7] %70 33}

(1) PCR S Fo] 7}edh A At #dste] el = A S5 et
Ped A@AE F47I7I=A AEFSIE o] FojAal ey, ojek #¥d VerE
A 3-570 719l AM Bskar 3l Ao SR vt

Aol AFske] 7lefEo] o] Fof

(@ 2y o5 AAEL PAE FA4 FE 2
gk A

ool Sl ey d
(1) o3 7)wke] Ak ol A ob4 83k al x| oy, A5 ey ¥ A
7@l A A dAel v 2ol #E Sl S = 20008 Aso® 1o B
I o], 2002-2003d 30917, 2004-20051 90 o] EAHE T HZ 5o 4%
T7HAE ol Far vk iy thE-E9 B350l obAe wATxE R Al Aoz
7Ie (A 5319 60%) £l Ao Ao FHAJ] T Tlewo]l 27H =
Hpol @ R3] Y el WA A Hahal gl AAolv

il &
Aot AF F AERAA Y g A= glow A4 WdReld s 2006-20074
o] 271¢] 53 AU
(2) M=o MatrixAkel Zo] FAdoz AEAR AAYE AT A3t 7esMdel )
Harg vk glom w23 Ackde] A&AES 8 27 d d HEsF 19
t}

Hojof & Aoz dAdd

g S ATsd e 2 a4 qFe ooy 2

EEpR—— A7) U § A4t o) gAY

A fa mAdE AR HES AR ] o

2 = . NzAFETE 2832717 Y& =7t
G2 Edd |PCR E+ real-time PCR A+ 2 Als _—[17Hu1—j;_0-1‘j]i gEO@r L sE =
AAE 7e 712A =R e

= ol - o (A fd mE A HEE Rapid
AE Y MAE £Ax AFS 9 —' ~ T

PCR ujbﬂr ]I—gtigm PCR }Oﬂ?g T ges cagold Ausk oA
At Trea S il E;ﬂ;-q‘j/] 7]% H]7HE'_}>

Azg og JE A9 W4T £304 AEE Ruid
=R e e <@ieo Aust ohuv Al

ZAAE V& vAqE>

A $3 "AE FRAA A
PCR ™+ real-time PCR ¢
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A2 A AFZE2HA7E gl - & Ve d SN xR st A A

£

o g ofy

. McGraw—-Hill Yearbook of Science & Technologyol A H]Z 2003d AZolv} A< 2
S AF Ve Ty weke F vEd Fan Tk o] Az A 200398 VEleE
1

A7l WS Fe ANoE BASEOM FF Poslol @ ERA FUoR BA

e HESH] AsiAe 29 ol e i S 7| A ELISA, Hhol &
of ofsl A=dA ™ Fig. 2014 vebdinkel o] 34 o]4fe) Azt

71 vhe] S AIA L ELISAE o] &3HA] 5 24 AJ7F o]
woll 2837l el ge] At

T RN Food

& N

il [ IMS |« 1

K 2 1 v
| 1 : ]

H . primary or preenrichment |

|3 i (6-24 h)

il - | Al ELISA;
: » Biosensor | : i v PCR(34h) ’
| 1
\ I

secondary enrichment
(24 h)

v
plating
(24 h)
X A )
biochemical characterization ‘ PCR (~4 h); |
[metabolic fingerprinting] (4-24 h) ribotyping (8 h)

Fig 2. Flow diagram showing the steps in food-borme pathogen detection. A heavy arrow indicates

a realistic step for biosensor application, and a dotted arrow is a desirable step. IMS =
immunomagnetic separation; PCR = polymerase chain reaction; ELISA = enzymelinked

immunosorbent assay.

3. & A JER Ve wWrlsA HgALAE o83 AlEdAE IMS)et

il

real-time PCR-S ©| &3 Wlo| QAN E 2% F 255 fHF o A #Ae 107
cel/mL o2 4A7F o] 71538k A AEE AZS Aoz AFe AF=sid AEFV|&
T A&EAE 7] TAd 7oAty SedETh

4. 79 FAx 2AAG 7lEe| o] AE-dAE e PCRS 433s] 523 Fi8& #A s}
20079 Munozel 93kd 7] 20d FeoF H iy 2500 E39l-S 43 Ay PCRy nfo]e.

AAE FF A&7 Fo AJFERE o7 X8k Aolw FF nlo] 2 AlA
= F B4 Rokz Awdvt (Lazcka, 2007). 3k 20064 Frost &

o AR A AdEREA B mEW FHA AW V)= FRE A4 SVHAE A
Row 1 F AEAAM S PCRe e AA3] £F3tal & ARZ #4E V|e/ids F
LA 33 Y} (Forst & Sullivan, 2006).

f
*%
lo
!
O
=
oo
dho

K

- 30 -



5 @A AlFo= JidtEo e PCRLS 200998 7|+ 2.2 Table 3 (R.F. Louleg, 2009)°l 4|

Ak 23 o] 24t A FHA 308 oWl 7HA TF e HEY F e AR dyA
noew olF TV|FEoE i AqeA AMEd 7S RT-PCR FFoA vlugttd {4}
ZE oo A HA s mpE Ao w 4y A Idaho Technologies 7)&F=3 A3 A
o= ydd w AEAdAY TeE7hA EFEUH AEelA AEAA dAA e
RT-PCR Al&Fxtt % g fedoA] 7p 438 Ao= fodr

120 4
100:
il
60

40

Publications in SCI journals

204

Culture Methods
Biosensors

N ———ELISA
"1 Y= * Gel Electropharesis

0 x T T T
1985 1990 1995 2000

- T 1
2005 2010

Fig 3. Time series of the number of works published on detection of pathogen bacteria over

last 20 years.

Market Overview

Genomics
Technologies

* Nucleic Acid isolation Technologies
- Consumables
- Instrumentation th rough

- General PCR Technologies Catalog,

- Reagents
= Instrumentation
= gRT-PCR Technologies
- Reagenis
- Instrumentation
= DNA Microarray Technologies
- Arrays
- Consumables

- Instrumentation
- Softwara

= DNA Sequencing Technologies
- Chain Terminator DNA Sequencing
Technologies
- Next Generation DNA Sequencing
Technologies

Table 3. Current commercially available PCR products

Direct Sales

Web site, and
Distributor

Fig 4. Strategic Analysis of U.

Pharmaceutical
C

ompanies
Biotechnology
Companies
Agricultural
Companies
Clinical
Lzboratories
Forensic
Laboratories

Gowernment

Agmum
NIH
NSF

Institutions:
Hospitals and
Medical Schools
Non-Profit
Organizations

S. Genomics Markets.

the

Detection Method Instrument Manufacturer Analysis Time

LATE-PCR Bio-Seeq PLUS Smiths Detection < 40 min

PCR Evocycler HD12 Evogen < 30 min
LightCycler 2.0 Roche Diagnositics 25 h

Real-time PCR GeneXpert 3-Agent Cepheid 35-45 min
Multiplex PCR Autonomgus Pathogen Northrup Grumman 2 h

Detection system
Rapid PCR R.APILD System Idaho Technologies < 30 min
RAZOR EX Idaho Technologies 30 min
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b
1. A Ho A A F T8 Y Aesi AEFS 9% PCR primer A2}
Z3 S aureus= 16s rRNA, coa (

aureus specific gene)®] 471 FAAE HEIY A, L monocytogenes™ iap (invasion

coagulase), can (collagen adhesion), nuc (S.

associated protein), hAly (hemolycin), nlA (internalin), 16s rRNA 471 F#Xk, Salmonella
enterica®| A= inv (Salmonella specific invasion), fliC (fllagella), 16s TRNA2] 37§ #FAA} E.
coli O157:H7+ 16s rRNA, eae (intimin), fliC (fllagella), rfb (0157 specific gene) & 3
AAZ st FAAPE o Fo] Zgolw 2-3F& HdEslth

2. Real-time PCReol| 93l 7| A==y BAx7 &

7 Eo] primer AMWEY] I HELZ FAFS S aureus nuc (Ct;12.38), L.
monocytogenes hly (Ct;12.95), Salmonella spp. inv (Ct;11.9), E. coli O157:H7 eae (Ct;12.21)
FAAE 7 AFE5d 5o AR AEE3th Real-time PCRel 9% #4x7 HAst&
#18 SYBR green®-2 ©]&3Fe] 95C 5% denature, 95C 15%, 60T 156%, 72T 33% 40
cycles 138 % melting curve® 27| 93t 95T 10&%, 60T 30%2E 3 B/19 replicas
3W o4 whE)ste A xS HA gkt

Az 749 a4 f1E58& #2013 | & stom H AAA :
T, A5 EF00 uL ol3h, Ad FH, A o], H 4 § FES AASA HS HAASA
o AT 27] o]%, @4dd FH AA EHe 58 9 AE AP JA ATEa, EHE
B2 §dA A8 @200 A4, st 9 F5o Ui 53 A, AFE 58S A=
A3 AA o AFHe] COC (cyclo olefin copolymer)H#H = 42 AFE 203 A7 3
4 2 FHS A4 AL EEE 44 A58 FyaojHe A, st 2 2 HS A=
o] @A) E HEV] AME ol&ste] A 9 stas HEFsta, EHs Ziete]
A 3% 2 HEe] 7hed A AEE f2olF AAEES AL
4. HZo)Fo) A9 PCRETH Hs AF

AT 27], Al=rpe] (A (F)E H2olH PCR 3% % Ae A5E fstyd ==&
=, 3T, AZE], YAl T ALY TS| BRE 84 VeES 9 ¥ AESA
o AT A 27] olF, 84 VwES HF JAE Fsto A7 ARete EE ko
dad 84 7eEEs 2% 9 AloE S35ty f2olf Fes A Ala"s skt Al
2" FZolf Holy FAA FF AFE 95t Aluntole F}A(F)E F L9E, PCR
AerxAd 2 AEAe H1F dES AASA Y DNase activity o84 7152 53 3 o4
= E24 taq polymerase ¥ 2 TR HAALE o] 83t FH3H Alof 24 g 2 QA H|
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2EZ Edlo] geolPeld F4% 3 3

N
o|\

& vhie g,

U5 A S5 152 93 real-time PCR %71 ¥4 3}
L OF A A4EE Zelolw Y 9 Kol HF (SYBR green 95T 156%, 60T 15

Z, 72T 30% 30 cycle, melting curve #4; 95C 10%, 60C 30% 3 replica 3¥ HH&
24 7)) 0 Oligo®V6es5 AZEE o] §3lo] Zgfolw] HA £ @Y real-time PCR
Sl FAE AT 2F oo o= UhE real-time PCR &334 #4 £
Tm Fkol 5k ol #ol7l Urs: FAIEAE Zoo|E ZAAsv. 7 Zeko|mE B
cereus®l ™3 real-time PCR X &, A7|d&ste] #F EolAd A5& skt
AEDE A L 4% AEEgs 1002 dAERE 10° oA 1 cfu/ml AEF7 HEE
34 e & DNA F%319 real-time PCRS 333t 49 7Hthreshold) A& & 33}
= cycle 39 Ct & 7o 2 AZSIAE DA

213 matrix &3 A} 4F9] A FES 10918 AR g4ste] HE 4 225 mL7f
Solde Ao EF3 5 FNF 256 go AMAsSe] #HVE 30x dASEAY 1
mL¥ DNA 5% %, real-time PCRE 33}

of =k & vt AMEFE ZAA3 AT thF real-time PC
o2 Y% F real-time PCRA &334 #4& vt
712 A=W 3te] vl Applied Biosystems 7500 system3} - Ao A 7f ksl 3] 20
A28 NBS-1008 sE 70l 4§ 25532 DNA &= vlasiv

-

hival)

6. YeAAd-wd 7 7|9 AlEdAe 7| S
7F YA Ao Az
(1) Fes0s A Y= =Fe] A 2F: 3—neck round flask (500mL)ell 0.5 M2l NaOH 250 mLE

(2)

& F 01 M FeClz » 4H20, 0.2 M FesCls » 4H:0, 04 M HCI 25 mL 8% #|2Hg &
}3. mechanical stirrerE ©]&3Fe] 1500 rpme L= WwkslH g9 &%= 8
O FA BT A B2 & A7 g o] &ste] AF s A7sta pH 2 A
o] HCl #8945 o8&t Tzl & FiF, de=xs A&t AAg $ 100 mL
STl BEAAA e Basislv dxe EAdYEUiE 5o Advd (FE-TEM,
Tecani G2 F30 S-Twin), T P4 Ad 17 (FE-SEM, LEO SUPRA 55, Carl Zeiss NTS
G mgH)& AF&3t9om TEM Al 83 copper %% nickel gridE AF&3te] Qo] uwat
phosphotungstic acidE A}£3}9] negative staining X3t o™ SEM A &+& Si wafer
ol A AA FQlEth XRD AHME™Y S 30 KV 30 mAolA Cu-Ka radiation ( =
154056 A)E A}£3F Shimadzu XD X-ray diffractometer® o] 8&3}o] =43¢ on 9}
o] EF&o wE FHdE= wWslel & Vis. spectrometer (USB2000 fiber optic
spectrometer, Oceanoptics)E A3} &4 813t}
A== QA AR AT AEREE A U= AE AFESE] 05 mM Mag 8 mLE A
2 & olekg &9 10 mLol ¥AMAIZIaL 1 M APTMSSF 244 3F 9HS- A7 th A2
o gt-2-2 53] M3t 50 mL F 7ol #ARAIZ T 2 mM gold (III) chloride (HAuCly »
3H:0, 99.9%, Aldrich)E 70 mL ZFFol =< % 50 mL S5l #4tbE A Ao &
sk & gk wwkAlA 1% sodium citrate (999, Aldrich) 33 mLE #7135 & 24)7F vh&-A]

}_,

3
il
(o8]

NI i
iR
ol
4

o e
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4g ol gstel A4 AAH
A

TEI 5ol FA-U=Ad AR FA Az

2HgE Au-FesOy Y=Y AE ol &8t ANEdA e & 918 IA aA4st= Fig. 59 28 W
o2 APHA. 05 nM Au-FesOs 10 mL FE R A& ApE3to] o&bs 10 mL=
A 7130 1.0 mM MDA (16-Mercaptohexadecanoic acid, 99%, Aldrich)E #7}sle] 2
b Wb A F T A S o] &ske] MA Sl HE 10 mL FE& R FAA AT 04 M EDC
(1-Ethyl-3-(3-dimethylaminopropyl)  carbodiimide, 97%, Aldrich)9} 01 M NHS
(N-Hydroxysuccinimide, 98%, Aldrich)E Yx=AF &Ho] A7} 3 & 28 Fob uhs-A]7]
I AAE o] &3l A3 AHFle] 5 mL PBS (pH 74) fFg&de] AEA AT
Protein G (Pro.G) 0.5 mgs 73 & 4A7F WkS-A]7] AL X}Q% o] &3l AAH3 £ 1
mL PBSol| #4x171. 10 pg/mL ¥ %9 antibodyE FH7Fsk & 2x17F 8-&A) 7] Sh=
o] &3lo] A A3 30 mg/mL BSA 5 mLE Xﬂ ZF 3k & antibody’l 23d AA G A9} 1
A ZE S A AT A S o] &3k AA 3 F PBS 30 mLell kA7 WAR#ASATY. o
ZFe] S&Zo uwE THE HEle] B9le Vis. spectrometer (USB2000 fiber optic

spectrometer, Oceanoptics)E AF-&3lo] =3t}

-

v

o MHDA  EDC/NHS Pro.G

AU' FE304

Y o

Antibody BSA
. . B Anti-Au-Fe,0,

Fig. 5. Schematic diagram for immobilizing antibodies on Au-Fe3z0Os nanoparticles.

ARAAE ol §F AR F B PARS Bel/5E7] A5l AP EAge] EA
FAE pAA Ak ). wABEZAN E coli OIG7TH7-S ¥AoZ Fov I A
(antibody E. coli 157:H7, Bac Trace, Kerkegaard & Perry Labhoratories Inc.)E 3174 A 7]

71 918 A LA 2HS AL A g9 Fo #4kd 05 mM X}HO]X} 10
mLE dAF7E o]&sY oeg 10 mLel A #AHAIZL 1 mL APTMS
(3—-Aminoproplytrimethoxysilane, 97%, Aldrich)E #7}3lo] 2A17F Wk AT}, HEE 5 o
B2z 53] Az3d 5 10 mLel H’\V\Vﬂ‘jr 01 M GA (Glutaric anhydride, 95%,
Aldrich)E& A G A ol &8 gofo] H7} 3 & 247 wkgA]7 @ -COOHE &4 A7
th v & dEER 5ﬂ AA, Fgefor 33 A —? T8 8 mLel &4HAF T 0.4
M EDC¢ 0.1 M NHSE &3st 2 L—*r%@lig Alabeh $- 8 mL A AA gl A7)
sto] SGEZF REEAA A o2 M A sk, A2 F 5 mL PBS (pH 7.4) W ol] #4AF v
E. coli 157:H72] A2 wigEAS 31837 ¢8| Protein G (Pro.G, Sigma)E 05 mg
HA7Fe & AXNE dESAA A4S o] &3l AlE & 1 mL PBSel #4FAIZ. 10 ng/mL &
=9 antibodyZE H7Fsle] 2A17F WESAIZL & A4S o] £3Fo] A& 3T 30 mg/mL BSA
(98%, Sigma-Aldirch) 5 mLE antibody”} Z23¢ A AAeF 1 A 7F v A Zth &4 -8
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o] &3te] AlF 3§ 5 PBS 10 mLel #4HA1A WA R A Y (Fig. 6). 9438 A 7=
FyAAE " (FE-TEM, Tecani G2 F30 S-Twin), FAFdA&W 4 (FE-SEM, LEO
SUPRA 55, Carl Zeiss NTS G mgH)% AFE3F9 AL TEM A 35 copper %= nickel grid
S A3t e, SEM A& Siowafer ol ZAAIA Aty iAbe] F3hel uhE
T3 w WEte el Vis. spectrometer (USB2000 fiber optic spectrometer, Oceanoptics)
A&t S48l Tt

iy o

Glutaric
o APTMS anhydride. EDC/NHS °
Fe;0O, NHS-Fe;0O,
(Magnetite)
Y B

Pro.G Antibody BSA %

Fig. 6. Schematic diagram for immobilizing antibodies on the nanomagnetic particles.

L x}g 1 mM MHDA7} 611% o gh-& 3 12417 WHEAIZ v, AT
A& o] &3te] MHDAZF 2 AE AAA-F Ux=gdAsEs ¥ 2 A4, 04 M EDC% 0.1 M
NHSS] &oeA] 18 &<t wksA AT E coli O157:H7 &A 10 pug/mL7F €3ld PBS (pH
74) Holl A 241F FoF REEAA AA-w HmPdx mHe FAE A A A B 5olH
W8-S Al ASH7] 913 0.1 M ethanolamine} 30% &9oF WAl § of 42148 o] &-3lo] A A
gk T, E. coli O157:H70] X3H¢l PBS €F& o A7 A H -5 H=gxE H7tst
of 1AZF whEAZl & A E o] &ohe] skl o]4e A A3zt 2AEs F }7]
8t FAZE AN 7= Tl T3 A SPR bare Au & o] &, 7 ¢

S AAT =Y AFE3A Y. Fig. 7 Au Fel MHDA, EDC/NHS, 3+, ethanolamme, E
coli O157:H7 FEAIFE W el S WstE Azbel whe el e A4 -
o HEiAel A nAE o2 ARtk AlAE Au-FeiOs =S4 XRD, SEM,
TEM ¥ UV-vis. spectrume 3 EAH7IE 3kt

N, o

>

=

Ol

=]

1lTo

% o
i3 ot mlm
[0

00

o
£
£
s
2=

..000000000000.;_

85.5

85.0 1

84.5
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Incident Angle (R/R )

83.5 : T T T T T T T T
0 100 200 300 400 500 600 700 800
Time (min.)

Fig. 7. Resonance angle shifts of SPR at each reaction step.
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A 3% coli O157:H72] ¥/ *—77‘1‘34 FAll screening o AE7FeAS A3 H
gto] E. coli O157TH7 s wE AA-5 vl o8k #F F WatE AT 25
o] e 250 mL PBS ¢&&9dd 2+ W E coli O157:H7 (10, 10°, 10°, 10° cell/mL)<
LANA AR o™ 400 uLe] Ad-w YegdAE AF Edel Hrbskal 30E3F WA g 5
9} Aoz Yedxs EHFG ¥H Y Y xE 5EA S sonications ©]-§3Fo] &
ANz & 2HEY S AT 54 vAE i AEdAE 5AE A 98 ARE
H Z47Fe Anti-Au-FesOp Wm=dah A2 A7) dAb Az sW st 22 o] w3
FuRom ALgd FAE F2HPolE ABCAMAL, AwdelE KPLAL, YT e
ChemiconAtell Al Z;z} -9dsle] 34} ¥ stock solution AlZ=Hel whe} Az F ARSI 2+

2 AES

zhel AFL b ARE ANEdAY ZrREZ url Bd AEAEE AT § o
edAA APston ZF 33 wHEsiivh dAbe]l FAESAL FHAAAVE (FE-TEM,
Tecani G2 F30 S-Twin)= AHESlS™ copper 3= nickel grid& AE-3ted 2ol uhe}
phosphotungstic acidE AF&3}9] negative staining 23}t YA S&o| wE 3%
Wsle]l &le Vis. spectrometer (USB2000 fiber optic spectrometer, Oceanoptics)E AF-&

E{o{n

g Aol AF, =l BUE 444 1EE e A 77t Al =}a)
Atk Az GeAEd Aol e g, S 2 sEe Ymnbol e A AF)e] A A
G E ol gt e, e B sES Jestel A % R fHEe] hed dEdEs
2o e AFskld. deded A4 T35 AoH e 2559 FANS o83 a9
EF 2R 2REE wdd W O¥RIE)RE BY U5, 2&A9], 7|E 2 FF, AFS
o] &3 PCR & 5= B B AL Al s o] 8she] vl Agshe] A5 sl

8 TheHE8 FA A9 =
AP 27, Yxmnlo] QA A(F)E SYBR green #gol o w3 9 AHE AA
D Iq Photo-diode 3 #A=717M4 3 4= &4 H 4, <544 s

F&3kal, LED 3¢ 2
sHdE8 FAE AEad. Add g5 E8 A= DNA s=d4/455 #1F)=
&8 2ol FYste] AAF E EAF AHE o] &ste] skl wWE A3 54 2
vl AF sto] As "H7hskaith.
9. Y- Ze7|vk Alm dAAY VeEs o83 AgEd v5 9 dAY

ARH AN AE Aoz FFdF 1719 F2YE TSB 10 mLoll HE3le] 37Tl 244
sk wjkd & o]B A3 gAow vt wiUd 7 7& 10-10° cfu/mL 7HA 1084 @
AME 343te] Td A& et 4F AFHtes FHORE 73] 25 g9 Al
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Aol FESFAL WA S WA g & GAE Ao AMEFoRN i Bo| #Eles XA
ATt EE A]E+& clean benchollA] Fid oz HEHow TE ARE YE vl Wit
3 A OFAE 71, Z 5 o] &3t KFDAS AET AW =A% AsdAe wae 4
e AA 25 g ¥ 25 mLAke] 225 mLe HEFE ¥ 183 2EvAL § St &
= A% g Aste] aAMiA o] mEakal 2447k vk & FEeigEs Faste] MEFE EA
AT E coli OI5TH7S #2371 fdAE dxe B9 AlE7F S99 dawola 1
mLE A3 3te] EMB 3] 8] %] oﬂ &3l 35TCAlA 24X mj s & =] 5454 Jus
Zk = *EHUPQ— Aeisich AL TSAC Althste] 2447F wigste] 28-S S

jud)
_
2

golsl B API kit 522 AAJ}. Salmonella spp. & F8l= Fvru]kelS XLD LA
5 oo}oﬂ 35TCoNA 24A12F ik = AN FEYE o4 FgFoz HAeste] TSYE
HE 5 30TCoNA 24-48 A|7F wjksle] 1984l urase &4, lysine decarboxylase %4
2ol dia] API kit & AR&ste &< AATTE. L monocytogenesv Tl FF,
Oxford LA Ao HFslo] 30TCoAA 24-48 A7+ wjksle] wix| S AA w52 FH3 Z=2
UE Aedte] TSYE o HE %, 30ColA 24-48 A7F wjokdte] 23 kA, B-hemolysisS
YEF 22 motility ¥, catalase 9, mannitol W3], rhamnose 3, Xylose Hl 73 59
gAdor AAGY, S aqureus © 1 mLe AHENS egg vyolk tellurite’} &

baird—-parker ILA|WjA]o] E3le] 35T Al 45-48A1%F v ¥ & F g W= Sl FH
Ay BE=Z3 Ao Zz S MAYste] BHIO| At)sle] vk 5 coagulase test 52 A
API kit 5 o2 HAS )

éJX,OL

=

S

ST

10. A& AA g 7wl 489 Fg2oH HE: A=d 54 H7 2 A5

Real-time PCR-S 9|3t %‘ooi AbEE BE AFTEae A4A DNAE As AA g7t
€y dWywow BY 1 EE 2 mLE AFHIZS Qiagen® Tissue/blood genomic DNA
extraction kitE AR&3le] EE|stal A xpd wel AA T dit TRFE dATER FF
3ho] AR TE ABIT500S ©] 83 real-time PCR #4%72 d#UHE=Z Toyobo? SYBR
greend ARE3F L, 95C 5% denature ¥, 95C 15%, 62T 15%, 72T 30% 30 cycles 73y
3F51 AL, melting curveE A7) 9438te] 95T 10%, 60C 302 E F712 F33Auck A5 AA4H
H 4 Gr7ke we} 7+ 234 Cr (Threshold Cycle)7F AFEH Q). 120 H AlAd" NBS-100
o A] real-time PCR £4-& A= 2 Ageoa] Alxd Eojx oz A X3 SYBR green
master mixs AFEEA T BAEAL 95T 28 denature ¥, 95T 10%, 72T 10% 30 cycles
Fgste] 7t FFAAE Cr #& A=A B A9 3719 replica®: 7hA AL 334 O]”
v sto] FE k. T AT del A s oy HEVE O] 0}04
A

1. AlmdAgE st=do] Alad 53 Alad 54 H@oF 8 A5
A 3%
-1

AT 27], Yxnlo] S A A (F)= Ao AA Ve FHrjRe yxeA-de Tnk
7lEE ol &dte] AEAAY ZREZS FHAW. ANEAAHE ZREZY XA E/9F-
TAE T el FAY d9 FE T ANETFYE Y, lysis =E, membrane filter,
3 way &) R AEAHYE =0 AA"S AASAT B AA =W o5 A Al
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1L AldHo A A %o F o Hes5d &S g Primer A%

AdH A AT AFEY F s AeEie AES S8 oAy 7HA 3 DB (Pubmed,
Sciencedirect S)& ©|839 S. aureus, L. monocytogenes, Salmonella enterica
Typhimurium, E. coli O157H7S 42 PCRE primersS ATt 238t 72+ 2
T MR E coli O157TH7= 99 set, L. monocytogenest 61 set, Salmonella enterica
Typhumurium< 72 set, S. aureus+= 54 set®] primer setS A2 ZASA Y. 8 ZAE
238l S aureus o)A+ 16s TRNAS} coa (coagulase), can (collagen adhesion), nuc (S. aureus
specific gene)?] 470 FHA, L monocytogenest iap (invasion associated protein), hly
(hemolycin), inlA (internalin), 16s rRNA 47] 34X}, Salmonella enterica oA inv
(Salmonella specific invasion), fliC (fllagella), 16s TRNA®] 371 F & XA}, E. coli O157:H714
+ 16s tRNA, eae (intimin), fliC (fllagella), rfb (0157 specific gene)®] FHA 45& Hik
AR ARSI 4 BE FAAE o Fo] Zooly 2-3F & HEsttt (Table 4).

Table 4. Major primers for detection of target food-borne bacteria

Target gene in

food pathogens Sequence(5’-3") Product(bp) Reference

E. coli 015717

GTAAGTTACACTATAAAAGCACCGTCG

TCTGTGTGGATGGTAATAAATTTTTG 106 Spano et al.
ATGCTTAGTGCTGGTTTAGG .

eae gene GCCTTCATCATTTCGCTTTC 248 Tarr and Whittam
CACAGCTTACAATTGATAACA a1l Blanco o al
CTCACTATAAGTCATACGACT -
TGAAGGTGGAATGGTTGTCA o Vu ot al
AGCAGCGCAGATATTTGTCA :
TTTCACACTTATTGGATGGTCTCA .

b gene TGAGTTTATCTGCAAGGTGATTCC 346 Desmarchelier et al.
CTACAGGTGAAGGTGGAATGG 7 Wang ct al
ATTCCTCTCTTTCCTCTGCGG :
CCACGACAGGTCTTTATGATCTGA o Perelle ot al
CAACTGTGACTTTATCGCCATTCC :

. TACCATCGCAAAAGCAACTCC

fli€ gene GTCGGCAACGTTAGTGATACC A1 Paton et al
TGTCATTGCAACCAGATTTA .
GTCGGCAACGTTAGTGATACC 269 Medellin et al.
CATTGACGTTACCCGCAGAA 100 Spano cf al
CGCTTTACGCCCAGTAATTCC :
CCCCCTGGACGAAGACTGAC

16s TRNA ACCGCTGGCAACAAAGGATA 401 Wang et al
CGACCCCTCTTGAACATATATCTC
GCTCTGGATGCATCTCTGGT 397 Wadsworth Center

L. monocytogenes
ACAAGCTGCACCTGTTGCAG 131 Furrer ot al
TGACAGCGTGTGTAGTAGCA :

iap gene AATCTGTTAGCGCAACTTGGTTAA 349 Rodriguez-Lazaro et al
CACCTTTGATGGACGTAATAATACTGTT
AGGTTCTTCCAACAATAACAGC
ATTTAACGCCATTGTCTTGC 330 Koo and Jaykus
TGCAAGTCCTAAGACGCCA 13 Nogva ct al
CACTGCATCTCCGTGGTATACTAA -

hly gene GCAGTTGCAAGCGCTTGGAGTGAA

456 Paziak-Domanska et al.

GCAACGTATCCTCCAGAGTGATCG
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CCTAAGACGCCAATCGAAAAGAAA

TAGTTCTACATCACCTGAGACAGA 858 Norton et al.
ACTATCTAGTAACACGATTAGTGA - Ingianni et al
CAAATTTGTTAAAATCCCAAGTGG :
nlA gene ﬁg%gégg:ggéig%g%%ﬁ% 457 Werbrouck et al.
GAACCAGCTAAGCCIGTAAAAG -
CGCCIGTTTGGGCATCA 312 Coillie et al.
GGCTAATACCGAATGATGAA
AAGCAGTTACTCTTATCCT 287 Isonhood et al.
165 TRNA A ATy AR TG 365 Werbrouck et al
CTTCCGCAATGGACGAAAGT 168 Coillic et al
ACGATCCGAAAACCTTCTTCATAC :
S. aureus
CCGCTTCAACTTCAGCCTAC - Cremomes e il
TTAGGTGCTACAGGGGCAAT :
ACCACAAGGTACTGAATCAACG
coagulase TGOTTTCCGATTGT TCGATGE 986 Aarestrup et al
TGCTGGTACAGGTATCCGTGAAT .
AGAAGCACATAGAATGCATGA 468 Shopsin et al.
GATTGATGGTGATACGGT
CAAGCCTTGACGAACTA 274 Costa et al
nue gene GCGATTGATGGTGATACGGTT o7 Jhang et al
AGCCAAGCCTTGACGAACTAAAGC
GCGATTGATGGTGATACGGT
AGCCAAGCCTTGACGAACTAAAGC 447 Brakstad et al.
AAAGCGTTGCCTAGTGGAGA 2 i
AGTGCCTTCCCAAACCTTTT
collagen adhesin éggggggég??ég?%?i 568 Projan et al.
GTCAAGCAGTTATTAACACCAGAC 3 Tristan et al
AATCAGTAATTGCACTTTGTCCACTG :
CAGCTCGTGTCGTGAGATGT 0 Strommenger ¢t al
AATCATTTGTCCCACCTTCG :
AACTCTGTTATTAGGGAAGAACA
16s TRNA CCACCTTCCTCCGGTTTGTCACC 756 Zhang et al.
ACGGTCTTGCTGTCACTTATA o7 Masuds et al
TACACATATGTTCTTCCCTAATAA :
Salmonella enterica Typhimurium
GTGAAATTATCGCCACGTTCGGGCAA - Sl i gl
. TCATCGCACCGTCAAAGGAACC :
o gene GCTGCGCGCGAACGGCGAAG 299 Marzano cf al
TCCCGGCAGAGTTTCCCATT -
ACTCTTGCTGGCGGTGCGACTT i s Tioelh e ]
GATGCTGTGCCGGTAACACC :
fic ATAGCCATCTTTACCAGTTCCCCC 153 Lim et ol
i gene GCTGCAACTGTTACAGGATATGCC un et al
CGGCGTGAAAGTCCTGGCG 288 Touron et al
GAATCTTCGATACGGCTACG '
ﬁzgggéggéfg&fcm 350 Kotetishvili et al.
16s TRNA GTTTTTCTTCGGTATCCTATTCCG
484 Masuda et al.

GATGCATCTCTGGTCATTGTATTAC
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-
& “H}Eﬂ] 74€ 7}#@*

samples ©]-83l real-time PCR& AAI8HH, £7] DNA <ol vl#s= 5= %é% qds 5
At} o7 A, AGdE Lo WSS dog)i= HA9 97} (Threshold)E AR, vh&S A
ans

o7 HA9 9riet FF o] vh)i= <l Ctgk (Threshold Cycle)o]
o] standard curve® 2dE ¢ dow mH o AE
of thal A% standard sample¥ ZA Ctib& AbEste] o 7)o AEA7IH 27 FHZFESE T
o F U
AGQE primerE AREElo] 4F9 AFELS UG oR 7 fHAY] WEE (sensitivity) &
gd3t7] 98l real-time PCRES 33 A3} S aureust nuc F3AA7F 12382 Ct kol 7f
A Grkal coa 1519, cna 1543, 16s TRNA 14922 &AW A} (Fig. 9). L. monocytogenes
= hly FAAF 12952 Ct gtol 7F8 wokar, iap 14.94, inlA 1516, 16s TRNA 15.239] %1
t}. Salmonella spp. + inv 11.9, fliC 1298, 16s TRNA 13.94¢] .9, E. coli O157H7 #H A
Ct 2 eae® 1221103, fliC 1464, rfb 13.14, 16s tRNA 1391% 2% o™, nuc, hly,
inv, eae &°| 24 A= Fo] FAAEA AW AT HEA odd HeEmd 7
Zo A% F 53 A primer®E AFEE F dS AoE fddAn mEk o] oo AEd
A FEatd 7} fAE ZElo]HE AFE3E real-time PCR Zfo| w2wW 5% 43 Wzt
T (sensitivity)E H.o|i= Aoz e o] ARE3L7]eo| Axe Aoz AT,
M1 234 M1 234 M1 234

1. 165 rRMNA, 2. gae 1. 165 rRMNA, 2. cha 1. 18srRMA, 2. 0hv, 1 165 rREMNA 2: Jap,
3 W . 4. e 3 coa, 4. nuc 3 mc 3kt 4 indA

Fig. 8. Agarose gel electrophoresis of PCR-amplified DNA from the target gene of food-borne
bacteria. A; E. coli O157:H7, B; S. aureus, C; Salmonella enterica Typhimurium D; L.

monocytogeres.
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Amplfication Pict Amplification Plot

ol A B
> ctvalue: nuc12.38 ﬁiualue:mtmz.g@-'
S N—
c D

o Ctvalue: inv119 n Ct value: eae12.21

000 —v oo | —

Fig. 9. Sensitivities of target genes from food-borne bacteria by real-time PCR. A; S. aureus, B;
L. monocytogenes, C; Salmonella spp. D; E. coli O157:H7.

t}. Real-time PCRell o3& +4x31 4%

Aemat Bo] AR AAYE ZHolmE EFI 7 HeEHd el e E4x
1S HZE 7] sty 4 AF51rel DNAE F=3% v 1.240.3 - 52404 log cfu/mL
MEF7F S EE o] templateE 108]2 @AE R 314 8}9] real-time PCRS 333t} o]
o] EAxAL FFAEZ SYBR greens A8+ 3L, 95T 5% denature, 95C 15%, 60T

ﬂJ

15%, 72T 33% 40 cycles 33+ v} melting curveE 27| $3lo] 95T 10% 6OC 30%
E Fdste] 4 A" dAlAN AHE FHs UdEHHAY. B HES 37H4 replicas
ZFA o 39 o] wkESt] A E A, ANER] FEE AXFTE ZASE 712 log curve
5 ds F ey, oF VxR AFEAES $3 standard curveE AT} (Fig. 10, 11,
12 and 13)

o
=
s} 714 S0l BEE BAD 5 A
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Fig. 10. Real-time RT PCR amplification profiles and standard

Fig. 11.

Fig. 12.

Amyiraaton Fiot

Cyele

e

iy

i e i

Cycte

Amplification Plot

Amplification Plot

Cyele

curve of S. aureus targeting the

each gene. A; coa, B; nus, C; cna, D; 16s rTRNA.
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Real-time RT PCR amplification profiles and standard curve of L. monocytogenes
targeting the each gene. A, hly, B; iap, C; inlA, D; 16s rRNA.
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Real-time RT PCR amplification profiles and standard

the each gene. A; fliC, B; inv, C; 16s rRNA.
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Fig. 13. Real-time RT PCR amplification profiles and standard curve of E. coli O157:H7 targeting
the each gene. A; eae, B; fliC, C; rfb, D; 16s rRNA.

A Amplification Curves B Amplification Curves
4 " 1 L R
.| _log CFU quantity log CFU quantity Iy
| M 5.28 ] 0.94 ¢
e 4.36 ~ ® 1.16 '3
g o A 185 & a 0.32
] 24 - —_—
{ - i
i i
- 12 =
08
e
- o
S 15 ® % W » 0 & % B & & w0 & A S - B S
Cycten Cycles

TFig. 14. Detection for L. monocytogenes according to isolation methods milk (A) and juice (B).
B : Thin overlay agar, @ : Direct PCR, A : Immunomagnetic bead added in

contaminated milk.
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3 FAA HEE B2 HY A L A
7k 3D CADE o] &3t s1o]% (Lab-on-a-chip) A A

Positive, negative, real sampled 32 T3 W&& 98] 3 channel& 2+ 7|3 Fx2=
AABATE 3 {FAR SF W HEF] B 23 reagent?] S ydte] 10 uL o o] -
a2 AAsA FAY @S g8 12 f2ojHoAde WMH FeR 3oy {FH
A3t " FAS redde] el ofg e 2aF 2ol e AME HAIsHA =l (ofe 14

Aol fArel Fan). 23 o) e 14 HAdoA FAA HAWH FEHE AASASH
A Y] @Eg fEl FHE AlZo] Frhste] AAEAY. EHY AFE-E $138 inlet¥} outletd]
JAE e wom Arsglon 2 989 DY E Aged §A9 rr AFE A7
Atk (o}g] 22 Meolx gl Fan). AP ABE FHE = 3= inlet F-E3} outlet
BEg Addeges sudis £ 0|58 4+ Y= F2E Ao 1 Ad 24 09
A& Fall Al Fx FHeo A A AR HYE FEAE AT
1 - 75 for=
| 20
— o
CE Ip)
e i o,
o . s o
m ) o
5 M=
(1st plate) (2nd plate)
(h) 2nd Lab-on—a—chip design (mm)
735 o
! o~
! : ) .
R . = —~ . Y 0 o 0
™M o ~— o]
. — :
Q
\ L
(Bottom plate) (Top plate)

46
M i
=[5
ol &
— — B
‘41 U9
(Clip)

- 46 -



=& A% F4 Aol A& COC (Cyclo Olefin
o A A= 1 mmeol® 32 05 mmoe = A}
o

haol A ARyl glenz dugto] wmpar ofFojd & JnE FAE

(Bottom plate) (Top plate)

(Clip)

ok PCR €3/4A&8& A AAF A%
(1) Heo 54
(7F) Material : COC (Cyclo Olefin Copolymer)
(1}) Channel Number : 3 Channels
(t}) Channel Volume (Total) : 9 uL
(8}) Heat Stability : <120C
(v}) Optical Spec. @ Transparent

(PCR Lab-on—a-chip prototype)
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o N e‘i__ et

(PCR Lab-on-a-chip packing)

4. fH2ojF oA 2] PCRTH e A%

7F PCR # 788 S8 Al&a" 3%

(1) S=A 59 75 AF

(7} Aol AR  AZE oA HAI} &
s Arjo] 9o LxE FAse vtk 2 A AL
HAAE Yep Lol =3 AA HollAe] 2xe] # 2t ]
s 24T F dE HE At 2EE vwd A3 $dd dAgs 4

tt.

Temperature 80

Temp. [Deg]
e

0:1:40 0:320 as0 o
Time [H:M:8] o 100 200 300 400 500

(Control temperature) (Real detection temperature)
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3]
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-

wfaea
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-l-l-.-l-l..l
S o0 N
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Thermo—cycling Graph in Three Step PCR
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(th #47] Uel

(1st Design)

(Prototype Design)

(2} PCR #=oly &47] A
@ A7) : 255(7F2) X 213(A =) X 296(%°]) mm
@ =% 585 kg
@ A AC 220 V /60 Hz, 350 W

@ 7}493E- : Peltier heater

® A% 1 0-99 C

® 7td< % 0 Hl 3C/sec

O = AZE : + 05T
Fet=A 1 SYBR(488/520 nm)

_—

LHER

(Genesys (RT-101))
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State Indicating LED
Chip Holding Lever

Chip Loading Stage

(Chip Holding Lever and LED image)

Operation
Indicating Lamp K 9 9 ’
Chip Loading

(Sample) ﬁ\ -
N/ X/ W

Standby Run

(Chip Loading and Process Lamp Image)

m

L, g0 F ol A %zﬂ
1) He 29=E &213}7] 913k DNase activity 7%

ﬁ

=3
a

=
[s) [s)

(71 1 mg® pACTB DNA (beta actin, pCMV-SPORT6/ACTB, clone # hMU000729), 10 X
buffer (500 mM Tris-HCl pH 7.5, 100 mM MgCl2, 10 mM DTT, 1M NaCl), ddH0&

Egsle] 10 uLEs Aol &3k 3 37°Coll A 16A17F B3, 2 ul9 loading dyeZE

89 ol7t=Z A~ Aox A7 A% 314

(Wb = Ay "letd fFHES HelA] DNAZE el

DNases} 2ol %@ #2449 &40 98 T
o

Yol AAsths Ang o

1.

9. w3 Ho| A RNAQ Zgl:= 4L

gdvt (Fig. 15).

A2 Holx Futh uhEhA
ZAd odw A &gron] e

Fig. 15. DNase activity test. Lane 1, intact ACTB DNA; 2, 3, DNase activity test on tube; 4, 5, 6,

DNase activity test on chip #1, 7, 8, 9, DNase activity test on chip #2.
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(2) el &A% PCR reagent?] A4 % E2F 343}
(7}) Taq polymerase®] PCR &84 W]l : Roche?| Fast start Tag polymerase®} Takara
9] ExTaq polymerase® 2% PCR HF&-8 2 AF-o|x 723t SEEDBiochip?
GeneSys (RT-101)¢} Roche®] LightCyclerel A Z}7+e] PCRE F3§stgctt. 7 Ay 1
AT A NEE GeneSys (RT-101)e| A= Takara® ExTaq

Fedon TEATE ALL < 5 IAT Fig. 16).

polymerase”} - AAE

GeneSys LightCycler

Fig. 16. The optimization of PCR reaction condition on chip using GeneSys. 1, 4, Negative control;

2, b, Roche reagent; 3, 6, ExTaqg. Template, pRPL DNA (ribosomal binding protein,
CMV-SPORT6/RPL, hMU001233) was used.

(1) ExTaq polymerase (TaKaRa) &% titration : ¥4 2] PCR &84S &7 98 05 U,

C = N
1 U 25U, 5 U, 10 U9 ExTaq polymerase (TaKaRa)E ©|&3}9] polymerase® unit
H2 PCRS 33ttt 2 A3 ExTaq polymerase (TaKaRa) 2.5 U o]’gel 4] ¥3}i=
PCR Z3E 5% &+ AdAdvh wepa] 2 Aol Azs fFh41 5358 320 F ol A
AN &EWE polymeraser 25 UzZ FAA oW, Algel 7lA4< AAHS 1d3tpH 25

U o]/9] polymeraseE AHE3IE 22 Andolgla dabd ) (Fig. 17).

Fig. 17. Taq polymerase titration on chip using GeneSys. Lane 1, negative control; 2, 10 U; 3, 5

U; 4,256 U; 51U 6 05 U.
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(th HAgd x=d3lelA PCR AdA AF : GeneSys (RT-10D)e 4] ExTaq polymerase

(TaKaRa) 25 U AFg3le] PCR WH&-& 7 3| a3 Ay sd3 A3dEE 48 +

At ol & GeneSys®t #+dA T3 FojF o FHA FHol g AR AHE
1=

Ha e HY AaE BoE).

53 5 elth (ohd Fig. 188 24

Fig. 18. PCR reproducibility test on chip using GeneSys. A. 1, negative control; 2, 3, PCR with
ExTag premix. B. 1, negative control; 2, 3, PCR with ExTaq premix.

7F o AEssd AE58 Zool A ¥ Solk AF
TR AFEm dA) E coli O157:H7, S. aureus, Salmonella spp., L. monocytogenes
o] A&S 98 1Adxe HAEHy AYE primer £ 5 &84 24 (melting curve

analysis) 2 ©]&3F v}5 2 A7 PCR (multiplex real-time PCR)S 93] €23 Tm 39
= 7] $13}e] Oligo ® V65 AXEY A E o]&3dle] 1432 4

A Zeto|mE gidoer AFS AAAT. 1 A} o]
E9 L7t 15C+022 A FFAEZTY Tme Aol7t Ao 7F 349 peak T-#-°] o
7F Y= 2709 e o AER ¢ USs AeE F

]
1491 2ol E A4Sl (Table 5).

Table 5. Primers used in this study

Organism , Product
(Targeted gene) Sequence (5’-3") (bp) Reference
E. coli O157:H7 CAGTCTGGATCGCGAAAACTG 141 Jinneman et al
(uidA, B-glucuronidase) ACCAGACGTTGCCCACATAATT ’
S. aureus CGCTACTAGTTGCTTAGTGTTAACTITAGTTG 11 Al ¢ al
(nuc, Thermonuclease) TGCACTATATACTGTTGGATCTTCAGAA arcon et al
L. monocytogenes ACTTCGGCGCAATCAGTGA 137 Amagliani et al
(hly, hemolycin) TTGCAACTGCTCTTTAGTAACAGCTT agha :
Salmonella spp.  (ttr, TTTATACCGGCCGCGAAGT % Omiccioli et al
tetrathionate reductase) CCTGTAAGGCGCTAAGAAACATC :

- 1

2 AAEFe] E coli O15T:H72 87AC, L. monocytogenest 81.49°C, Salmonella
spp.3= 88.22C, S. aureusy 81.49TC9 Hir Tm S AJv (Fig. 19). ojuwo] ¥AxA&

4% HgEatel iy zhzbe] ZepolmE AREE @ real-time PCRY &8 =41 £4&
H
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%
0

4

AE 2 SYBR greend A3, 95C 5% denature ¥, 95C 156%, 62T 15%, 72T
30 cycles 718 2 melting curveE 7] 93t 95T 10%, 60T 30%E F33H T}
Tme =o|7} 2 E. coli O157TH73 S. aureuss 171522 Salmonella spp. < L.
monocytogenes S 21502 thg A7 PCRS #3le] F&3Adk 2719 ZFel sk o}
% A PCR &3l 54 24 #3833 A3 E coli O15THTH S, aureus+ 717t 86.99C
2} R0CY Tme YerNAa Salmonella spp.9t L. monocytogenes+= 83.11TC <2} 80.45T <)
TmS YebAAY} (Fig. 19). o] 23} @Y real-time PCRe ZA¥ = =AY Tm EZ5H
°F7F (0.1TCT1TC) Wojywton} &3 e peak H2lol &S FX Fovw 4F 2 FE59

27+ o] primersS tE real-time PCR-E primer® 2 A 39t}

0
P ol

\*

A Mot Curve B Mot Curve

E-coliO137:HT \ b 5 aursus

C Mot Gurve : D Melt Curve

Saimoneliaspp \ .| L monocytoganss

F Moit curve

s | EcoliO157:HT+ 5. qureus f o» | Salmonsilaspp.+ L monacytogenss.

Fig. 19. Melting-curve analysis corresponding to the amplicons generated by SYBR Green simplex
(A-D) and multiplex(D and E) real-time PCR showing the peaks and T, values of E.
coli O157H7, S. aureus, Salmonella spp. and L. monocytogenes.

wk 4% A FEae HAAZE AES Y8 AHE primer7b oW fol] A &stolxE 4
W} S4E FEE F deEA Boldes HAFd e B cereus®E FIOE Y
real-time PCR-& 43§38 Z3} threshold ¢! 0.0001% %F33= Aol glo] AAA FZ 4
S de F gldew, 1 FEANES AU Ese] AHRE gty My oW JFEE WA
g 4= glo] B Ao AbgH 4% AEF Zgolri= F Eoldgds ol s 4= gt
(Fig. 20)



Ampificaen P

Marker 1 2 3 4

ane1

oo D001

000

1. EcoliO157:H7, 2.5 aureus,

Yoy 7T = = " 3 Salmonellaspp. 4.L monocytogenss

Fig. 20. Specificity test of the four primer pairs in B. cereus.

4% HFsate] AAZE AE5§ Zgomrt A& 7 v SAE FIsHy] sk 7
S wjeksle] 10MA WAEE 1-10° cfu/ml AEF7 HEE 5 45le] DNAE F&319
real-time PCRS 3383t 2t ol MEXG7) B2 $AZ dAS 149 F2F J48 o
Rom, A AARA HA dvbe] wet 2z A8 A E5E Ct (threshold cycle)7F A9

[S]

t} (Table 6). = A3}, S. aureus 9+ L. monocytogenes = 269 Ct #+e 1’}5}14}01 10
cfu/mL Al X5 W}X] HEo] 7}53}03231 E. coli O157°H7 & 10 cfu/mL Aol A Ct 26,
Salmonella spp. = 10 cfu/mL A XAl Ct 27 & Hol AEHJTE 2 o3t 84|
Fol A Zb w9 real-time PCR A¥= Ct ghol WF AN Foide] e, 154 tol
agFd e o A AEFAMR FAEo] 7leskltt.

Table 6. Mean Ct values obtained by real-time PCR wusing as template purified DNA of
food-borne bacteria from 10° to 1 cfu/mL

No. of cells Threshold cycle (Ct)
(cfu/mL) E. coli O157:H7 S. aureus Salmonella spp. L. monocytogenes
10° 14 18 15 17
10" 17 20 18 20
10° 20 23 21 23
107 23 2 24 2
10 26 29 27 29
1 29 - 29 -

- 56 -



o} 23 matrix &3 AV

AR A 459 AFgmao] LdEo d& w AEE ZooME AREste] AATE
o= HAEY F AE Had MxsE &7 Asto 7 7S i dkste] 1098 @Ad R 8
Aete] 25 g FAFIE Eoldde Huwol| 47 HEste] JE £ 225 g& ¥al 02T &
EvpbASE & 1 mLE AFH 3] DNAE %3 £ real-time PCRS 33ty %3 7 4
oA FEE A} AEFE 517 s A F 54k f<1HHX] of m=kdk & 24
AZE vjkste] AME4E AAAT B A8 3719 replicag 7FA L o] % ¥hig3}o]
FaE AT (Fig. 21).

Bacterial strain
2
101 102 10%* 104 105 10% 107
TEEEEE
Real time PCR
3
- Colony count
Fig. 21. Overview of the entire method.
7 g 2709 AEFUE B A 94 HFoR yHdd 23 THL 9 5 9
ler (Fig. 22), & ﬂ} (threshold)7} =] Ct #to] AE=HAH (Table 7). S
aureus 9 Salmonella spp. = 10° cfu/mL A X5 742 AZFo] HUT, E coli OI57:HTS L.

of #t= oA 4 AT Eat
7b e Aow

@ste] mgror}

monocytogenes = 10° cfu/mL A XFoNA % AZo] 71589t
o 5] Zth=Z DNAE F&3lo] Ags9d Z23ut 1 log cfu/mL AX %
stoly . w3 o df ANBEE IE AFR3SE colony real-time PCRS
10° cfu/mLol A % Ct ko] 2501402 HAZEH Q)

HoH

a
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E¢oliO15T:HT 5. auraus

00181 0013519
oot a0

Salmoneilaspp. L monacytogenss
o

0013812 013819
ap so

©.000001 0.0a0001

Fig. 22. Real-time amplication plots obtained using DNA purified from different amounts (10° to 10
cfu/mL) of artificially inoculated vegetables with food-horne bacteria. Blue line is
threshold line.

Table 7. Mean Ct values obtained by real-time PCR using different amounts (10° to 10 cfu/mL) of
artificially inoculated vegetables

No. of cells Threshold cycle (Ct)
(cfu/mL) E. coli O157:H7 S. aureus Salmonella spp. L. monocytogenes
10° 16 21 20 19
10* 19 24 23 22
10° 23 26 27 25
107 26 - 29 28
10 29 - 29 -

UM tF real-time PCR A&=8 =Zelolwz ZAE E coli OISTHT, S aureus,
Salmonella spp.$t L. monocytogenes & 2719 X#o|HE AL 2FoA HAE=S 9l
st APES FdsAY 4 259 v AAZF PCR &8 54 4 ZA3, &a=149 peak
7b wtd Ao ZelFel AES AT F AALew, E coli O157HTH S. aureust 10°
cfu/mL oA Ct 26, Salmonella spp.$+ L. monocytogenes = 10° cfu/mLoll Al Ct 253+ K.
ol A HERES Festtt (Table 8)(Fig. 23).
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Table 8. Mean Ct values obtained by real-time PCR using different amounts (10° to 10 cfu/mL) of
artificially inoculated vegetables

No. of cells Threshold cycle (Ct)
(cfu/mL) E. coli O157:H7 + S. aureus Salmonella spp. + L. monocytogenes
107 16 _
10° 20 13
10° 24 17
10" 2% 21
10° - %5

E<coliO15T-HT+ 5 aursus Salmonsilaspp. + L. monocytoganss

Fig. 23. Real-time melting curve peaks, amplication plots and mean Ct values obtained by
real-time PCR using different amounts (10" to 10° cfu/mL) of artificially inoculated
vegetables with combination group the two pathogens.

gk 7€ B AEH ke v

o peo A Jfukel geo]F A Ad NBS-1009] A58 26187 9ste] 71&o ¥
312 9J¥ Applied Biosystems 7500 real-time PCR system2 AF-&3lo] 4% 9] A F&4f9

A FEH Y% DNA AZE oz sA9 real-time PCRES F33tdch. 1 23}, L
monocytogenes®| 73-¢ 7 AlZ=wlolA 163 179 Ct #& UEtdo] A9 Z& A3 EE
e E coli OI57:H7S 159 18, S. aureus™ 199 22, Salmonella spp.= 163 212
ABI75009] # =7t 23 o %o, X425 10 cfu/mL 2o]2 2Ad w9 Al2~8 7]a&
Ak A77F ABAHH AL 2E AR AEo] Jed AoE AAHSY (Table 9)(Fig.
24).
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Table 9. Comparision of Ct values obtained by real-time PCR using ABI7500 system and

nanobiosys system

Strain No. of cells Threshold cycle (Ct)
(cfu/mL) ABI7500 NBS-100
E. coli OI57:H7 10° 15 18
S. aureus 10° 19 22
Salmonella spp. 10° 16 21
L. monocytogenes 10° 16 17

Start Time:20100422174237 Elapsed time:20100422181939
Trtenshy of Fluarescence © Temperaiure Cyle

ccipa
Get Status | Get Parameter|

Temperatrs | Hold Time -

Pl % |
[ B |
73 7 ||

pi[ T pe[ Tes[ 1
|
setParamter

pi nmsup 016583 P3| 01

R

on ||~ 0_Pause | Resume HENEREREE RS S

Rect Send to PCR
n;Janjza ui maaiaamwas‘ﬂaesiinav3a:5isadnu G080

@ Status [On-CineN Chin Exist i) Chin Door gy _Save |

Fig. 24. Real-time PCR amplication profiles in NBS-100 real-time PCR.

6. UeAtd-me e 7w ARdAY Vs 2
7k WA 4 ARe] Al %
(1) FesOs A= =}
27148 B 23 Y
Ao AL AL
A A A= T AT o) Bk =
=248 A4 (ferromagnetic), = A (ferrimagnetic) 2 %
H Aol AgskeE WA (antiferromagnetic) ©E ¥ T
AsArgo] Fyd F9e2 B4 nho d7AES A, ARk
AR GA|H o2 ApslEw o A7l EASHA] Fs W
of ola] xdo] o] mjgFyo] AHE G At I WA=
bt Ql Ao = Ao Thaf Rl e FApr] Aol o) R HdHoR %*@d‘jr

Ol

Aol oA vElE AR WA AV 5L
A eI AR o] YA A oEd ] W
W=tk B A7 vhekd Ak oju) Q1 o] 2§
A4 (paramagnetic) 0. &
AA S AAEY] A9
o 94 1718 A7) Ao
Aq

]_

o

_Cq
_Cq

oft

I

o
B HE o i

Agjgzlmrréw

=]

B Ao s dgxgdlel 482 ¢ s APAE A feA dAE e o
Satlom AR B T 2 4R A7) v vz FobA A HH 9 F Aol %Xﬂ
A @a A WA AspbgRo] oy x| T% dojd 5 Al sl ddaFd &%
F-2k9]) g7 o] }Lﬁ}oi FAg el Ak &, AE = KVelA oA FH(AE)S 44+ F3(V)
of HlgskA Ha 2 9A Z77F Y= *’Fﬁ%oi l'%’\]%} T e REF FHopA A HH oy A
e e A4 (K, Boltzman constant)= 33} Al o} # o] 7haslth ol sk FEHE 24A
2 (superparamagnetic)o] 2} 3t AA =4 F magnetite (FesO)7F 7HA = F8 EAo=
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dH 7 Qv (Mikhaylova, 2004). FAHAd S 7HA= AAUY=AAES 2 MRI 942 93
%9 A (constrast agent)Z 7fE o] o] g% dom Fo AAUY=PAES EAS 19994
Corouel] 9l WxEHAT}E (Table 10). Coroiuoﬂ )& magnetite (FesO4)2F SPIO
(superparamagnetic iron oxide, FesOu)= Z7]9F 3| 3] #7 5 U S™ magnetiter™ 1 -
50 nm 7], SPIO= 4 - 6 nm 2719 Fe;0.5 9wttt 2 dAqolA e Alsdx gl &-&3f
7] 9ste] o F-Adel kA A&kl o F-AE A A olkAzbe HAs & F s
SPIO EA4& 2= FesOy AAAY=AAE AR SPIO 548 7[A&= 4 - 6 nm 37]9
FesOy A W= A= Muhammend”7F s =8-S 7|90 2 A= Qlom LS 9 s
H A ghstolrh. A2 FesOr A4 vhwglA= TEM % SEME &3 949 27 9 £¥ 8 3
AR e Hit 5 nm AE, IF 10 nm oY A7 EAF 80%°]d 4 - 6 nm Wl &
AsAt (Fig. 25). =3 XRDE 58 FesOy A& (PDF#19-0629)2] A 4A-ed& 2Felshaltt
(Fig. 26). A& FesOs AU A9 & F3817] 8] Wit 5 nm A= 21
2 ALke A3 oF 5 mM & gkt

{t

O

Table 10. Relaxivities of ferro—-, ferri- and super paramagnetic nanoparticles (R: relaxivity, mM s’

Compound Ri R Ro/R1

Fes03 0.21 8.86 42.2
5Fe203x3Gd203 2.54 207.83 81.82
(5Fe203x3Gd203)-dextran 61.78 201.4 3.26
Magnetite 3.02 55.29 18.31

SPIO 30 100 3.33

Gd(OH)3 4.83 9.63 1.99

GdPOq4 1.68 48.34 28.77

PyPO, 12.81 26.77 2.09

* 1. Coroiu, 1999

<FEHRAAEH B> <FAAAE >

Fig. 25. Electron microscopic images of Fe3Oi nanomagnetic particles.
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[440]

Intensity (cps)
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Fig. 26, X-ray diffraction pattern of FezOs nanomagnetic particle.

7 whgel g wr] wee SPR A#E Ea HAach AR AE ol &d ABA

gokel b ekl % FIE A7) WHE 2AG A4S 5 mm 4739 Nb
ANE o §5H oM 450 nm HFAM A4 EAHE AYAA] FAE FAstark o 2
3, e AR el ARFQH BA6 A0l BH xAHE AL ¢ 5 2o 28 oy
ZAAE AL skt o mRE AAe] o AN 0FOR HAH F AR 0@
AmAAE Ake AR (Fig. 20,

vt <=0 0
Magnet.

g i =g |

450 nm
detector

A EA L R AR} X AR ZA
Flow cell 2 Az (0.25 pmole) ol AFER 2ol

0.36

0.27

0.18
0.09
0.00

0 100 200 300 400 500 600
Time (sec)

Intensity change (@450 nm)

Fig. 27. Collection of nanomagnetic particles and intensity change.
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A2 Anti E. coli-Mag. YA YASE o] &3l E coli O157:H7] W3k A& <}
A A A 450 nm A FFAY] WEE AR REAAEEHN 25 g2 PBS ¢E 8o
717410 - 10° cell/mL E. coli OIS7TH7S S 9AA A2E £ 225 mL PBS ¢5& el 84
AA ABE #=8])3Avt. Anti E coli-Mag. A 05 mLE A73E & #3247 E o] &3]
AAZL & IAZE d7)skdvl. o AIZRE Ay bet mAEzke] vEEE 9% ARte
SPR ZA3}e] 9& AIZHe AAs AT Wkgo] #v A]E+= 045 um nylon membrane filter
ol-g3te] #H3tal PBS 1 mLel 4HAIATH 1 mLel #4FE E. coli O157:H79] &%
PAb= A S ol &3ty wFAH Y w5AAE 450 nm HFNA 2 FF AV WsE
g AT WSt E B ZPARE wE V7] Wt el wel dE] e RS
F AAT AR FY 2 & 5 450 nm MY L FF AV WMEE ARSI S
10° cell/mL 744 29l & 4 ot WEdd At 107 cel/ml =744 #A T 5 UF
S & F AT o) AAPAE ol & ANEHAAY #HHE ZEEFS At

29).

0.040 0.026
— Concentration E 0.024-
g 0.0351 (log oe‘:ls/mL) c  0.022-
o 0030 _ , Q0020
0 0 ]
0.018
< 00251 3 i
e " M 5 @ 006
< 02 5 ~0.014] ¢
@ 5 0.012
2 00151 S 0010] %
© > 0.008
8 0010 B e §/
o e
@ 0.005- S 0004 %
< 0.000— £ o0
T T T - 0.000 L e L L AL
0 100 200 300 400 10’ 10° 10° 10* 10°
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Fig. 28. Visible spectra of gold nanomagnetic particle according with the concentration of E. coli
O157:H7 (left) and ahsorption change at 450 nm (right).

\

~

THg L YR HE

gL YR
ARTRE|

10 ml Mag. Particle
with water

4 0.5M NaOH 10 ml Mag. Particle

mechanical stirrer with water 3;2 :r‘:ﬂi
— 0.5 ml
Fe?*, Fe'* Soin. e — 10 % APTMS Anti Ecoli-Mag,
. eCl4H; Homogenization,
L 0.2M Fe.cicar;,0 e B, M et
N 04M Hel
dark brow

pH 2, HCI
2 L | filtration | 0.45 pm Nylon
Pro.G-Mag. 0.5 mg/ml Pro.G | filtar |

— e 1 magnet | 10 min |
Sonication 10 pg/ml Pro.G g‘

N Anl EICO“'Mag' l 30 mg}ml BSA dispersion — sonication
| | Whwdorn | seeson |
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i

dispersion

.

/’

Fig. 29. Summary of sample preparation protocol using nanomagnetic particle.



2) -7 A 5417}
A2 Ad - YedAbs Xoray I AEE ol &al 7|E Ud=dASd vus 3 <
39tk Fig. 302 X-ray 3|& 2"EZ Q] peak assign= PDF#19-0629 (Fe+2Fe2+304),

PDF#04-0784 (AwE #FHi=Z 2 =A™, Au (111Dl slid3t= 2039 38.1%, FesOs (311

SIshE 20%t9) BBARRIE AY-F ATt B AGHASS HeAs,

Au[111]

Au [200]

—»Fe,0,[400]
Fe,0, [440]
Au [220]
Au [311]
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Fig. 30. X-ray diffraction pattern of Au-Mag nanoparticles.

gk AAS AT a2 9@ #dEE AA-ARAES B
o & & 9%l :—L’Oiod Fe;040 it 4A=27]+=
A= A 2AEo] oy dAAERAE S4Es 9l
wekow =AY oy (Fig. 31(a) AH-7 YA 10 - 20 nm AR "t A7 5 71X
HAl Fo)Z AFEE FesOy QAR H*}‘:ﬂ e ¢ 7 dSdY (Fig. 31(b). A -5 H=
PAre] AA g s Fstr] A8 FadAdAnFor S48t 1 2% Fig. 32°ﬂ LhE}
v onkel Zo] oA AME 53 Zo] kst FujE FdEH] Ao tiFE 10 nm A
o] AVE HAWEA 20 nmhA] EAEE RS AT & AATH E3 Fig. 2254 149

A <

UL Q= 722 1 - 15m AR FAE F4Y

™

1

fl

Fig. 31. SEM images of FezOs (a) and Au-FezOs (b) nanoparticles.
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Fig. 32. Bright-field TEM micrograph of Au-Fe3z0Os4 nanoparticles on Cu grid.

o) AnE WFOoE AGF Au-TeO: U] 5% (Carrwodd AT F AT 5
% 4 qgieh,

Zo] AR e 27hA Rl er JgHler 05 nM R AZdEs ¢

O &3 Au degdAter 49 F FHAF (635 nm FF A 157 x 100 Mem” (D]
Lockwood, 2004)e}x 714 s & &
Cau-resos - 0.4 nM
@ Au9 Hit 9A & (WE AL 4 (A, Heuglein, 1999)& &3t F4 o

Fe;Oy 7} A 8k= F-3 & aLdsfo] ALt
0. 57Ny (dAu) 0-57TNA (dFe3O4)3
" 3V 44 3Vipes04

3

(1

dFe304 ) ({))

VAu VFe3O4

(n/N, )= 0.52(<~

A7) Aol A Na £ avogadro numbers, daw & dresos © YA Hat A4, Vi molar
volumes YERHTE Al4bel] A9 7+ iAo Hyt AAHL Auv 10 (TEM 23}, FesOsis 5
nm (TEM Z3H)E, molar volumeS Aus 10.2 cm’/mol, FesO:= 446 cm’/mols AH&3F9lt)
FA@2)= e Au-FesOp W= Atel Au 948 45 HdS AoE 7] whgol ARE3
Fes0y ¥ 8 mLol2Z & 0.16 g9 FesO7F AFgElom Az & & Au-Fes04 9 FAE 0.19
g2 003 g9 FA W7l VeEbEI o] BFE Au FAE HASTHE Au-Fes0.0 BEE
0.5 nM Fzo|th
Cau-resos - 0.5 nM

AR AQ-T A 47190 % HAsAh Fig. 333 o] A4-

fhn A Q)
! = H
o mole ol$¥ FeO: AMA wddAsh A-F g BF ANBoE FHee

goms AY-F g A4 54 Hsy,
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Fes0, magnetic magnetic gold
nanoparticles anoparticle

Fig. 33. Magnetic field character of Fe3z0s nanoparticles and magnetic gold nanoparticles. It shows
that the left is FezOs nanoparticle solution and the right is magnetic gold nanoparticle

solution against the magnet.

Azrgk A - v
A7) wet A FFEF gl Aele g
Y=Y A= Fig. 343 2] 530 nm
535 nmelA Hoj FFE Hilvs A .
Uxgdx w8 Axle] 23k localized Surface Plasmon (LSP)ell 2] 3]
A - HdmdA 3 LSP EAS Sl o e g wo] A dee ¢
ol gt et & Y Ate] LSP £ ¢ WA S o] &ste] vl gl S4E Ao o &

=]

iRy
>
lo
B
o
o
2
>4
o,
rlo
&)

)
o
Iy
9
L
ful
=
32
vl
iy
-
e
u
L
tr
iRy
>
Ir

Sacs

4
=
fu
o
=
o
+
&
o
o
)
N

o

_L oo

T RE

Py
S, ARE AY-F e BY EARDE PR FASYTh wW AY-F 1

R4

w3 Fol2 o] 48 Fe: AAAE AN Fdo] F47 A gk,

0.6

1 Au nanoparticle
0.5 1 Mag-Au

— -Mag

Absorbance

400 500 600 700 800
Wavelength {(nm)

TFig. 34. Visible absorbance spectra of the nanoparticls, Au (black line), magnetic gold (Mag-Au, red

line) and magnetic (Mag, vellow green line) particles.

A7 Fei0:0] B mol we} ARHE AuFeiOs J=gia 54¢ sholso] fatel 25, 4,
5 umole?] FesOs U= 4% AH83kol Assta o Aukeg FAAA dvjdon 548 vl
9tk 29 4 umole®] Fe;00% A83t9 4% 2710] glo] Aol7k hebbal 29 5 mole

o] FesOwar AHE3IYE A% 1 - 5 um A7|7HA vt ddtal teFsts yebstt. o258 vy
EIAE F U= FesOs =P AE 4 tmole 915 & 7 AW (Fig. 35).
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Fig. 35. SEM images of Au-FesOs4 nanoparticles fabricated with various concentrations of FesQOs (2.5,
4, 5 umole FesOy).
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Fig. 36. Vis. spectrum and absorption intensity change according to collecting Au-FeszOq

nanoparticles.
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Fig. 37. TEM images of E. coli O157:-H7 before (a) and after (b) adsorption with the antibodies

immobilized magnetic gold nanoparticles.
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Fig. 38. SEM image of membrane after filtering sample solution with the excess magnetic gold

nanoparticles and the nanoparticle adsorbed E. coli O157:H7.
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Fig. 39. TEM images of the magnetic gold nanoparticle adsorbed E. coli O157:H7 with (a) and
without filter.
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Fig. 41. Visible spectra of magnetic gold nanoparticle according with the concentration of E. coli
0157:H7 (a) and absorption change at 550 nm (b).
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Fig. 42. TEM images of Listeria before (left) and after (right) adsorption with the antibodies

immobilized gold nanomagnetic particles.
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Fig. 43. Visible spectra of Anti Listeria-Au-Fes3Os nanoparticles according with the concentration of
Listeria (left) and ahsorption change at 550 nm (right).
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Fig. 44. TEM images of Salmonella before (left) and after (right) adsorption with the antibodies

immobilized gold nanomagnetic particles.
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Fig. 45. Visible spectra of Anti Salmonella—Au-Fes;Os nanoparticles according with the concentration
of Salmonella (left) and ahsorption change at 550 nm (right).
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Fig. 47. Visible spectra of Anti S.arueus-Au-FezOs nanoparticles according with the concentration
of S. aureus (left) and absorption change at 550 nm (right).
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Fig. 48. Summary of sample preparation protocol using Anti-Au-Fe;Os nanoparticles.
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Fig. 60. Multidetection optical path design.
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Fig. 61. Nanobiosys.INC real-time PCR (NBS-100).
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ZhA| AL 3 o] wbEEte] stk 1L At AT Eat SoldA Y A SHAE o] &9



AEdAg BH-Es AFEste] 10 cfu/ml AZF=E Jed AT AR A= E coli
O157:H77} AZ9 A &A% real-time PCRel 93+ Cr (Threshold Cycle)7} 29% 3915 o
uel MEF7F BEFS FA-vH=AY FEAd 9 Axe AR =4S FUE F
)\}\}}\q— (Flg 64

O 2=
wE T

wa
Recovery (bog CFU/mb

1 2 3 4 5 6
Inoculation level (log CFU/mi)

i (7 VALUE ==Cr= Recovery [log CFU/mi]

Fig. 64. Cr values obtained by real-time PCR assay and recovery of E. coli O157:H7 obtained by

preparation method using nanomagnetic—antibody in artificially inoculated vegetables.

L 7S Al A g e v

B oghAol A AFANT HFEET SolgAS Ay FFA e AmAAe el
Belne el felel AFFAN A AE ARAAAN uADE S AN, %
Fe wFste] 1004 10 clu/mL 744 10M8 BAEE 84 ske] 25 go] FFIE Sofdd
ole] 47 QEse] WE 5 25 g BT 02% 2EAAS T Ao AT wvldl
Ay FAW AW APFe 2 AFNA 1 mLe A5 DNAS FEAT, E B A
FTe beAYFTAE Aol TAUS BAFY F& £IF F DNAZ FESAT F
Al ABT B real-time PCR +9 23 (Fig. 65), Ay FFAE o83 AzdAd
P

o] 10°cfw/mL W0+ L AwFrt 98 W 7o) AHe g AEse] gejAAu, 10
cfu/mLe] #& 9] Alyto] stz AdPTolA 7IEe dA ey o
ol AAl HFolA ot A& Fr EAztE 55w PFdE 23

F avke 54e #98 A
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30

25

CrValue

20 |

15

5 6
Tnoculation level (lag CFU/m)

mFood Code of KFDA
mPreparation method of nanomagnetic-antibody

L% B 4 8 & 7
1. 105CFU/g 4. 10° CFU/g
2.105CFU/g 5.102CFU/g
3. 104CFU/g 6.10'CFU/g
7. D.W.

Fig. 656. Comparison of Ct values obtained by real-time PCR assay using preparation method
based on nanomagnetic-antibody and Food Code of KFDA in artificially inoculated
vegetables with E. coli O157:H7 NCCP11091.

10. A& AAg 7o) 289 20y AF Aad B4 97 82 AF
]

b AX A A A A L. monocytogenes, Salmonella spp., S. aureus, E. coli O157H7 &
)

aureus ATCC6L38, Salmonella spp. ATCC13076, L. monocytogenes ATCC15313F4 Zr 5
Hjksle] 1004 SAEE 10° oA 10 cfu/mlL AE57F HE2 3 4dste] A &HE =2 4% 9
FE FYOR M F, 25 g 4 MBS SolgE ARl 247k JHUANE YEste] AE

T 225 g& ¥a AE AHE & 1 mLE AFHZ DNAE F%319 real-time PCRES 3

s AAE HAa AUt wel 2wl A7 Cr kel AFEFAY (Table 11). E. coli
OI57TH7 & =& ARA 279 Cr & YEhlo] 10 cfu/mL AlXF7b4] fHEo] 7Festal e,
Salmonella spp. & AAZANAT 10° cfu/mL AZF7HA A& A FdFolAde=
E. coli O157H73 vlz7EA 2 10 cfu/mL AEF7HA AFS 5= JAv. L monocytogenes =
27¢] Cr #ro=z XA} FAFolA 10° cfu/mL AEF7HA @%O] 7He et o, H o] H] Ay
Zol e 10 cfw/mL AZEF74A AEHAT S, aureuss AA G FFolA 10° cfw/mL 7+

Aol A 2ol A= 10° cfu/mL AlE57H4 AZEH Ak o ur_e Az wEl = o]
SA oA Aoz wolH Azl AEAEI o FhoH, aggdvre] aggETY o
e NEFAME AZo] 7hestth £ 459 AF5d-S EFstd HEd #1A& & 2
Bz AFY AFETEY Aol g Ao AAHER dEor AT AEURE O
Fobd 4 9lg Aol

- 82 -



Table 11. Mean Cr values obtained by real-time PCR (NBS-100) using different amounts (10° to 10
cfu/mL) of artificially inoculated vegetahles

Strain No. of cell Cr value

(cfu/g) Chicory Sprout Lettuce

10° 15.8 16.1 179

1of1 19.7 19.7 23.4

£ coli OISTLT7 1o3 23.3 24.1 26.1

NCCPLL00L 1o2 25.7 26.1 26.7

10 27.0 26.8 27.0

10 27.9 27.0 27.4

10° 165 162 177

10° 20.2 19.6 23.0

Salmonella 10* 24.0 24.4 27.1

SPD. 10° 27.0 27.0 28.4

ATCC13076 10 ND 28.7 29.4

10 ND 29.7 29.7

10° 17.1 14.2 16.2

10° 20.3 17.4 21.3

L. monocytogenes 10* 24.0 20.9 24.3

ATCC15313 10° 27.0 24.1 27.0

10 ND 27.1 ND

10 ND 28.6 ND

10° 19.1 186 177

10° 23.1 22.7 23.0

Sares 1 o

ATCC6538 10° ND D ND

10 ND ND ND

T8 2FE A3t E. coli O157:H7 NCCP11091, S. aureus ATCC6538, Salmonella spp.
ATCCI13076, L. monocytogenes ATCCI5313 ¢ 7= Algd 2Xgo|WEo| Z AFm1-S
Soldoz A= ¢ Ad=AE Gl Al A=7A APl ARgd wEFoloel EuE E
coli O157:H791 932 ==, Salmonella spp. ATCC14028, Salmonella enterica subsp. enterica
ATCC43971, L. monocytogenes ATCCI9111, S. aureus ATCC25923, S. epidermidis
ATCC12228 ¢} olg xZgo|Hz HAE=E F g A S-4AUNEToE B. cereus ATCC14579
E o 7 d=E Zgolro] dig HE Solde Assisiv

o
=
o Egvestel 2 YT #79) DNAZ FZste] o8 FHOE 3
N :

.

3} A B. cereus ATCC14579% EwiF 319

YERH AL, E coli 0157 Zefo]w o]e]e] 349 ol &
A = FFol AE:HA &t (Table 12). 3
A3 ATCC13076, ATCC14028 # o} Salmonella
enterica subsp. enterica ATCC43971% AEE F Qo] Salmonella spp. 75 AET F 3l
= Zglol s Felstd o™, L monocytogenes ol ATCCIS3139F ATCCI9111%
L. monocytogene & HEE 7 AT S, aureus Zelolm Ed ATCCE538 o] 9]¢ * T}

K3

A

sg

&

(\N)

et

=
b

g

ofN
‘O|(-I’

4
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aureus$l ATCC25923& A

= S
Yol S. aureus £o|4 <l izgloln
=

Aloll E. coli O157:H7 27H
I} B. cereus ATCC14579 &3

Ao S epidermidis ATCC12228%= #HZE% A
51

2
g2l & 4 AT} (Table 12). 53+ 4%e] Lo &
cereus ATCCl4579 &3+t=F, Salmonella spp. 370
monocytogenes 27\ 13 B. cereus ATCC14579 &

=, S. aureus 27§3f, S. epzdermzdzs 9} B. cereus ATCCl4579 & rFE9 AL3A &
= 7 wF EolFel Tm oA A A2 melting curveE YEM I QS8 3Helsslvt

(Fig. 66).

Table 12. Specificity of the four primer pairs

in various food-borme bacteria

Strain

Primer

L.

coli Salmonella 1. monocytogenes S. aureus

E. coli O157:H7 NCCP11091

E. coli O157H7 932

E. coli O157H7 NCCPLIMOV/E. coli
O157H7 932

E. coli O157H7 NCCPLIMOV/E. coli
O157H7 932/B. cereus ATCCI14579
B. cereus ATCC14579

+ — — —

+ — — —

+ — — —

Salmonella spp.ATCC13076
Salmonella spp. ATCC14028

Salmonella enterica subsp. enterica
ATCC43971

Salmonella spp. ATCC13076/Salmonella
spp. ATCC14028/Salmonella enterica
subsp. enterica ATCC43971
Salmonella spp. ATCC13076/Salmonella
spp. ATCC14028/Salmonella enterica
subsp. enterica ATCC43971/B.
cereus ATCC14579

B. cereus ATCC14579

L. monocytogenes ATCC15313

L. monocytogenes ATCC19111

L monocytogenes ATCCI5313/ L
monocytogenes ATCCI9111

L monocytogenes ATCCI5313/ L
monocytogenes ATCCI9111/ B cereus
ATCC14579

B. cereus ATCC14579

S. aureus ATCC65H38

S. aureus ATCC25923

S. epidermidis ATCC12228

S aureus ATCC 6038/S. aureus
ATCC2923/S. epidermidis ATCC12228
S aureus ATCC 653%/ Saureus
ATCC25923/ S. epidermidis
ATCCI12228/ B. cereus ATCCl14579

B. cereus ATCC14579
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Meit curve Meit Curve
E. coliO157:H7 NCCP11091 °* | Salmonell spp. ATCC13076

E.coliO157:HT 932

B. cereus ATCC14579

ive Reporter(Rn)
Derivative Reporter(-Rn)

Tm: 85.06 Tm:87.4

Temperature(Q) Temperature(C)
Melt Curve Meit Curve

s ATCCI5313 - . aureus ATCC 6538
L mon: s ATCCI9111 s

us ATCC14579 0aa | S epidermidis ATCC12228

rcC25923

Derivative Reporter(-Rn)

Tm:84.55 Tm:82.38

Fig. 66. Melting-curve analysis generated by real-time PCR assay using the four primer pairs in
combinations of 11 food-borne bacteria (E. coli O157H7, S. aureus, Salmonella spp., L.

monocytogenes and B. cereus).

A& EolAy A AFAHL F237] 95t real-time PCRE T3t AdA7 A3
& F YEE dulFol 4T ATEas £9st] HJET 57HA A¥TE& AASte] DNAE
FZ3% ¥ real-time PCR-S F33le] 72 AF51S AEsA Eoldoz HA=d ¥ 4 A=
Z| g3} Th Table 139 Ay A@A= 72 Aol st 747k 4239 ZefolmE 4
£3le] Agste] AAIZ 571A] Ao HER 4 AFEAFS A HEE E 5 e
nz B AGoa] A& szglo|mrt o HolA]l Zelowdg &2l 3 &

Table 13. Validation of the four primer pairs by blind test in combination of food-borne bacteria

Primer
Group ;
E. coli Salmonella L. monocytogenes S. aureus
A + + + +
C + + - -
D - - + +
E + + -

A 1 E. coli O157H7 NCCP11091, Salmonella spp. ATCC13076, L. monocytogenes ATCCI15313,S. aureus ATCCH538
B ! Blank

C  E. coli O157:H7 NCCP11091, Salmonella spp. ATCC13076

D : L monocytogenes ATCCI15313,S. aureus ATCCBE538

E : Salmonella spp. ATCC13076, L. monocytogenes ATCCI15313

F Alz"l NBS-1003 FAHoz AgAXg T AF5S
Hlolul A5 o= 3l E coli O157:H7, S. aureus,
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Salmonella, L. monocytogenes® 7} & wj<kale] 10 - 10° cfuw/mL AEF7F H 52 35438}
of Zt MMl HE 4F9 s EFete] 4 A BV S0 AWl HE 5, 27 wom
Ueddeh U 2 A oR AR AR F 4 Hesds T A= AddujA el zt
7k 314 mEaho] 2443 widkste] AEFE AA S = oA 1 mLE AF
3to] DNAE F=3 3 2o H A& NBS-10091 4 real-time PCR-S- 488 %t} (Table
14). E. coli O157H7S #AW o2 10° cfw/mL7FAR A& O real-time PCRE 2.2 10
cfu/mL A ZEFNA Cr 24728 ks YEhRRZ 1 cfu/mLoAlA%E HAZFo] 738 Aot wdh
S. aureus, Salmonella, L. monocytogenes? 7A-Folx EE AHES EE 7oA FHAH
o AEAME 10° cfu/mL AXF 7% AF =908, A9 4%, Samonella 10
cfu/mLZ ARG vtz gdE=ydov S oaureus® L. monocytogeness 2 7F
10%cfu/mL, 10° cfw/mL7FASE  AZo] 7153tk wWolu Al Ao s Samonella$t L.
monocytogenes 7 10° cfu/mL 7HA AZH AT F¥F9 A Salmonella’= 10 cfu/mL, L.
monocytogenes®t S. aureus™ 10° cfu/mL MEF7A A& Ho] 2L ANAH A LA E 7
ZH = ol wEy 747 vE AEHAEE vEdrle AN dAd R 7 AR e
o] A Axea}t FTAMY A& YF 10° cfu/mL oA 10 cfu/mL AXEFE 7¢ Ao]7)
22 th (Table 14. and Fig. 67). 28y}, &1 MO ZE AZA7Lo] H A 24 A7 o]Ato] &R
HEAG vaste] gleo] 3 AAEE ARESSlE we widsks HAgle] AEdA e 2
g AIZRE Z3Heto] 3TAAZE ool HEo] hedte R FAONA HAAZ HES 7l

gt

Table 14. Comparison of lab-on-a chip NBS-100 system and food code of KFDA in detection of

food-borne bacteria

No. of cell Chicory Sprout Lettuce
Strain ('c tu/g) NBS100 KFDA NBS100 KFDA NBS100 KFDA
& (Cr)__ (log CFU/niL) (Cr)__ (log CFU/mL) (Cr) (log CFY/ml)

102 15 59 17 5.7 11 6.0
10 16 4.8 20 4.5 13 4.6
E. coli O157:H7 104 18 3.9 22 3.8 16 3.7
NCCP11091 10° 21 4.2 24 36 18 29
10# 27 2.6 27 2.5 20 2.3
10b 28 NDY 28 ND 24 ND
gy w22 B

Salmonella : : .
104 23 3.9 26 3.7 25 3.6
SPD- 10° 25 3.2 28 2.7 27 2.8
ATCC13076 10# 28 2.1 ND 2.0 28 2.0
10 29 ND ND ND 29 ND
lOZ 19 6.1 16 6.1 21 6.2
10 24 5.1 18 5.0 24 5.0
L. monocytogenes 10" 27 4.2 21 4.1 26 4.1
ATCC15313 10° 28 31 23 3.0 28 31
10# ND 2.4 26 2.3 29 2.2
10 ND ND ND ND ND ND
10° 23 6.0 19 6.0 17 6.2
10° 25 55 21 5.1 20 4.7
S. aureus 104 26 39 23 3.8 22 3.7
ATCCHR38 10° 27 3.3 25 29 26 3.0
10# 28 2.6 27 2.1 28 1.9
10 ND ND ND ND ND ND

Y ND : Not Detected
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E. coli O157:H7 NCCP11091

Lettuce

Chicory

108 chufg
105 chufg
104 cfufg
108 chufg
102 chule
10 chufg
DW

iy 3 3 4 I R

Chicory Sprout Lettuce

R eR T R

Salmonella spp. ATCC13076

108 cfu/g
108 cfu/s
104 cfufg
108 cfufg
102 cfufe
10t cfufg
oW

A Nl

7 ¥ 2 3.4 5 B
-

Lettuce

L. monocytotenes ATCC15313

Chicory

108 chu/fg
105 chufs
104 cfufg
108 cfufg
102 cfu/g
10t chufs
DWW

R R

S. aureus ATCC6538

Chicory Sprout
1 234567 :

108 chy/g
10° chufg
104 ch/'g
108 chy/g
102 cfufg
10! chy/g
oW

SO DD

o2 3 4 h B

Fig. 67. Electrophoresis of real-time PCR products by lab-on-a chip NBS-100 system in artificially

inoculated vegetables.

oA A A

2ol F Alxdl NBS-1009 71E& AP AdA Abgs] sid
ABI7500% A 5-& vaLstr] 935k a

]

A

9} =AXAA real-time PCRE 339 ‘jr

A% K coli OI57T:H7AAE F Aladl R A 10 cfu/mL A EZF7HA 7130 A=F 0
o 5o Az dFolA T AL B5 AL wYd A& A A o, Holy]
Aol A Salmonellad] Wl A A3E AL slar= NBS-1000] 27 ¢ 2 HAEFTHS W

o a1 )l (Table 15).

- 87 -



Table 15. Comparison of lab-on-a chip NBS-100 system and ABI7500 in detection of food-borne

bacteria
No. of cell Chicory Sprout Lettuce
Strain ('cfu /a) NBS100 ABI7500 NBS100 ABI7500 NBS100 ABI7500
& (Cn) (Cr) (Cr) (Cr) (Cr) (Cr)
10° 15 158 17 16.1 11 179
10° 16 19.7 20 19.7 13 23.4
E. coli O157:H7 10* 18 23.3 22 24.1 16 26.1
NCCP11091 10° 21 25.7 24 26.1 18 26.7
10% 27 27.0 27 26.8 20 27.0
10 28 26.9 28 27.0 24 27.0
10: 19 16.5 22 16.2 19 17.7
10 21 20.2 24 19.6 22 23.0
Salmonelia 10* 23 24.0 % 24.4 %5 271
SPp- 10° 25 27.0 28 27.0 27 28.4
ATCC13076 10° 28 ND ND 28.7 28 29.4
10 29 ND ND 29.7 29 29.7
10: 19 17.1 16 14.2 21 16.2
10 24 20.3 18 17.4 24 21.3
L. monocytogenes 10* 27 24.0 21 20.9 26 24.3
ATCC15313 10° 28 27.0 23 241 28 27.0
10% ND ND 26 27.1 29 ND
10 ND ND ND 28.6 ND ND
10° 23 19.1 19 18.6 17 17.7
10° 25 23.1 21 22.7 20 23.0
S. aureus 10* 26 27.0 23 27.0 22 26.9
ATCCE538 10° 27 ND 25 29.8 26 ND
10% 28 ND 27 ND 28 ND
10 ND ND ND ND ND ND

Fulj =} wjon A
cfu/mL 9 10* cfu/mL AEZEF7F EANEZ FEso AzmAHT & DNAE =
real-time PCR& &3ttt 24 w9, Axg T L@ RNA 53] vy AJdste] FFEHA
(SD)$} HHHEFHARSD)E T35 ‘jr (Table 16). wjo]n]afao] Al NRS-1008.= <=3
real-time PCR9] Croll gk RSD gke] 0.1-1.9%, FvjFolAe] RSD #2 0.1-25%= A d7d
Aol ARt om 275= 01 - 5% FlEEAA ) 2dHEZ E Ag-Al A7)
WE Lab-on-a chip NRS-100 A&~ #& ol &2 A& EA3= A5 5 dAFE
FE Aoz Agdr

l
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Table 16. Repeatability of real-time PCR assay using lab—on-a chip NBS-100 system

Target strains Mean Cr sSp? RSD?
. , 10* 23.5 0.3 15
E. coli O157:H7 NCCP11091 10° %6.8 01 04
10° 245 04 15
Sorout Salmonella spp. ATCC13076 10° 96.8 01 05
pro L. monocytogenes 10* 23.6 0.4 1.9
ATCC15313 10° 27.3 05 0.1
10° 26.7 0.4 13
S. aureus ATCC6538 10° 96.8 05 19
. , 10° 23.7 0.6 2.5
E. coli O157:H7 NCCP11091 10° 96,7 00 07
10* 24.8 04 18
Lt Salmonella spp. ATCC13076 10° 96,7 02 0.9
ctiuce L. monocytogenes 10* 24.7 0.2 0.9
ATCC15313 10° 272 05 0.1
10° 26.6 0.2 0.9
S. aureus ATCC6538 10° 270 06 93

Y Standard deviation

? Relative standard deviation was calculated by dividing the SD by the mean value and given in percent.

=

1 A=2dx8 8 shedlo] Alag 53 Alad 5S4 Jo 8 43
7 ANEANY ZreE sj
() AEFHY A& 54 9 W (Table 17), #3718 52 EFd 799 YA

SES
W3 ol3F AB

AAe MRS Fse] AsdAe 2REFs JEssit

lj

Table 17. Detection process and method for Samonella spp. in Food Code

TA | AN-ZA AEFTA A5AAY BE T4 2L 3)
=3 | O #HA 25 g (or 25 mL) + Peptone water (7365) 225 mlL A 7}sFe] ai 35 ¢
() .
=5 18 + 2 AIZh)
W& =]k 9 O Sk 1.9 S5 wi¥9 01 mL + Rappaport-Vassiliadis Broth (7512)
° ' 10mL A 7}she] wjek (42°C, 24 + 2 A|7H)
2 | 4 & v < O =1 8iek9) Macconkey Agar (7102) %+ Deoxycholate Citrate Agar (7186)
wWeEF | v T+ XLD Agar (7166) #7bsto] <k (35C, 24 A17hH)
O HE3-8) A (Nutrient Agar, 7145); 35°C, 18 ~ 24 A|3t+
39 Al 5} 8} A O TSI AbHERR] (7162); 35°C, 18 ~ 24 AlZF — A=34 A4 AAL
A% O a"g4gH, Urease 24, Lysine decarboxylase ¥4
<3 O +HTE 3ol - E58dAg O E5dA

(2) AA2 A Aol x
o5/ F-ap A o =2

_I_/

A2 5 e 2AEAR A2 sk, Ade BARE 34
o
=

ul-
TR 22 EZS JEE Yt (Fig. 63).
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&% 9= | A E (MHE0[RY4) ‘
259

/223
(Peptone water 225 mL, 5min)

22|
(ZE|, 5Smin)

A-gH|= Bt

He
(37%, 250rpm)

@ M) J‘
=

Lysis B
(2min)

Elution H|T{

e :::::| Capture H = H7} ‘:
[ 4] | omin) ‘

Fig. 68. Schematic diagram of sample preparation system and Nanobiosys.INC sample preparation

process.

L S = g B B i A S Rt

(D AzdAqg g st=dlo] Alade Aadxe AR A WFEat4gdolw, Capture bead
SA F9F Lysis ZEF, Membrane filter5-, MH 9 AN#H w&F 2 P BE F
s dEEom ARSI Y ARAdAY FARY A oFAAELS o9 B AZ
|HFoE Qs @ ¥AHoE ¥R Yt

(2) AMEAAYE st=do] Axde] &9 FoFE A AdeY fgEiny-E A0,
| F9 B gHE 2AZd F e Ves Ady

Fig. 69. Latex rubber of solution injection part.
(3) Lysis &4 (ClaremontBio Lyse module)= %& UF-o ZH % A7l vj= (60 -

100 um)7t Wgs ol gow, ZE FEF Lysis §4 Helzh wl=o] oske] Cell Lysis
7 o) ol et
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2E
Pore Size: 50um

(4) Membrane filter, 3 way

H o

= 47+ pitting EFES Tllske] AZE)
ore size 0.45 pym* Lysis =& 5-9 4] capture
way WHol| ofs) & viE & A T

At} membrane filteres =

magnetic bead®] TFE

WA S5,
)% 5|},

W o M

Membrane filter 3 way valve YA} A pitting
SHE B T Eetn cHE@: EopaE
« 95 : Pore size 0.45um

25 AR HE| +25: 2|4 @4 & 2|7 @ 6 tubing connector

212 pitting (1)

A pitting (2)
LA E: EokRE N
+25: 2|4 @ 1.8 tubing connector

o Bepael

+2: 2|7 @4 tubing & syringe connector

Fig. 71. Membrane filter, 3 way valve and solution oulet parts.

212 pitting (1)

Fig. 72. Unit module and parts of sample preparation hardware

system.
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(5G) AaAXYL g o] Alxe A2

Oh) N EAA YL =g o] A2 A}k
@ =7]: 300 (7}2) X 150 (A2) X 300 (¥°]) mm
@ =% 5 kg
@ AY: AC 220 V/ 24 V

sedo) Azw A4 2 A%

Q

[€] s

g 3=dgo] AAElL Capture® beadE F93le] gDNA 5T 4= 9=
o

=l 7}2 X & 2 WAE 95t g3 gor dEEnt

@ NEAAYE st=go] AAES A ZTREZS EYE d95F 2 258 3D =
2IAg o] &3fte] AA st Azt

@ Fig. 733 Zo] A udAel g st=do] A2g2 Auiko] A = 5294, 3 way
W A o] 73l B3 Elution® €92 =S R ¢ = 8ol Fx= A
2 A A Sl

@ Fig. 749} Fig. 759 Zo] AxdxgE s=do] Alad U5 EHe
2ES FA3At Neodium magneticoll 28] waste line (1xp)o] 23] wi=
beads do]3l =5 o|&3dte] & FFo FHE FXovh I & FYFE E3
FU 9 capture¥® beadi= Lysis module, membrane filter ¥ 3 way WHE E3}o] gDNA %
T8 AZS g4 & e S22 AA E AU
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Wiaste line (1%}
Lysis m =5

Membrane
Filter5:

Sway iy - \Waste line (2Xp)

gDNA g0

5 ¢ Waste line Neodium magnetic

Fig. 74. The inner structure of sample preparation hardware system.

T
o,
s

a4s

5
ANadH G st=dlo] A2 des A8kt
(2) Fig. 763} #Zo] Alzme #3 2 A3 iy -m’/] magnetic bead 7} %= ]k
capture bead H7}8k= A& Foko] Ll Aes AT

(3) E. coli 0157 (1X107 copy/LB250 mL (%% 250g))¢t 200 uL beadZ 3 7}3ke] Fig. 76¢] 6
#Hoad 520 uL DWE FH7bskdoh aelar 583F boilingdlel DNA 3 uLE &3 &
real-time PCR®] Roche (Light Cycler 1.5) ZH]9} Yx=nlo] @ A2 () NBS-10078] oA A%

EIRAS S A=

(4) Table 183 Table 19¢] *7A 2% real-time PCRE F383}9 1, Fig. 763 7ol % %7
N Fed A ghe ST Fig. 773 2ol &A e
(=F)EFY oddate] EEHo AEHAwS A
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Table 18. Reagent

Table 19. Temperature

x4 L3 Step Tm Time
2X SYBR Green Master Mix 10d Reaction Cycle 40 cycles
Primer Aul Pre Denaturation 95 60 sec
DNA 3ul .
DW 31 Denaturation 95 10sec
Total volume 204 Annealing & Extension 72 10sec
1) (=] )] e af/2 =t (3) man

2 7]0j] Atz= 2591} LB media 225ml &7}

(peptone based water, 5min)

.‘ll

Y

Filter for 5min

(4)  [RPEHIE H7H 5)
Foodborne Bacterial- 37°C, 1hr, 250rpm
specific antibody coated

magnetic Beads =7}
3

Smin

(e 2 (6) [Capture bead &7}

[capture®! bead ]

Fig. 76. Sample preparation process.

Amplifisation Curves

Welting Pesks.

IR TR RN AR NER T AR N AN W
e

Blue : Non template
Green : Ecoli 0157 1 x 10° copy
Red : Beads (200ul) + E.coli ©157 1 x 10'° copy / LE250ml {+43%)

(a) Roche’ Light Cycler 1.5 result.

e

Trtenaly &l F T Termperatie Cyels

—_—
RS T
— e
T e
T

o

2 =
P2:
P2

Beads (200ul) + E.coli 0157 1 x 10 copy / LB250ml (+4F3%)
Negative control
E.coli 0157 1 X107 CFU

(b) Nanobiosys.INC NBS-100 result.
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(¢) Gel image of Roche & Nanobiosys.INC.
Fig. 77. Roche & Nanobiosys.INC real-time PCR result.

5) NEAAYE st=9o] A ~de] Lysis 253 23FE membrane filterd %S H538}
71§13kl ZEAl Lysis ¥ Elution 9415 A A real-time PCR2 Roche (Light Cycler
1.5) v e} vimnlo] @ Al A(5) NBS-100H] ol A A e W w3} th

6) Alof ¥ &% AL Table 18% Table 199 oW, AU E coli 0157 v% 9 H|=
%ol A real-time PCR-S 433}t

(7) Lysis 289 % W& ofdf A ol WA= w, Fig. 783 o] RocheAl?]
Lightcycler 1.5 Zu] 9} 1f=nlo] @ Al A (52) NBS-100 1] oA real-time PCRS 483}
t}.

(7 AAMAHo A AREH FHE NS Lysis LEI F9
(\}) Lysis buffer 500 uL <)

(th) Lysis 259 2H T% (2 min)

(2}) Lysis ZE9 =¥ AXA

(vh) Elution buffer 100 pL =%

(AD) Lysis %59 Y +%F

(o}) Elution® gDNA 3.

(8) Lisis =EY} Lysis 8o A membrane filter 2714 F7FE 7[A 3 2 A4 A44+=

T3} Lysis ZEo| Z2¢¥ membrane filter7} Lysis &Y AF&3 AW &89
, 0] capture® bead”} elution Ao A membrane filterel]l ]38 bead 9]
A F o ZM lysis B&o] £7] W02 Aottt waa], dxe§ st=do] Al ~H

< lysis 280 A% membrane filterE AMg3le] F2E 7l

(a) Lysis module, (b) Lysis module and membrane filter.
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(4)

(5)

(6)
(1)

Lysis @&

Blue : Non template
Dark blue: E.coli ©157 1 x 107 copy
Red : Beads (200ul) + E.coli 0157 1 x 101° copy / LB250ml {+4f3=)

A e e

Lysis 25 + membrane filter

Blue : Non template
Dark blue: E.coli ©157 1 x 107 copy
Red : Beads (200ul) + E.coli O157 1 x 100 copy / LB250ml (+4f3=)

(¢) Roche Lightcycler 1.5 result.

Lysis B & Lysis _'E-g + membrane filter
THensT sTFIGsTescence ™ Tomparaions Coele - Temnely ol Flasrasconce o Tompersiars Cocle
e P3 p3 i e
- ik [5 £ P1 —
—— e, wil . e =
R -_— —

o P2

Temperature 0 Cycle

P1: Beads (200ul) + Ecoli 0157 1 x 10 copy / LB250mI (+4&5) P1: Beads (200ul) + E.coli 0157 1 x 10 copy / LB250ml (+425)
P2 : Negative control P2 : Negative control
P3 : E.coli 0157 1 X107 CFU B3 : Ecoli 0157 1 X107 CFU

(d) Nanobiosys.INC NBS-100 result.

Fig. 78. Lysis performance evaluation of Sample preparation hardware system.

NESF A2 95A% Ao Az A4E A4
geoly Tx AAH L ARE AR
A AL 2 AR 98 2R Je JFor T2E FAFAAL Ad L 10

o,
mm, A4 71o]_C 30 mm o]é}, 7 #Z7)E 25 X 60 mm ©] &+t
d 59, 3Ads 2= FEE AEFS 5 - 10 1L

o,

PCR =% % 4 F-9+= Z°] 5 mm X % 2 mm= AAs 0w, PCR s 7ol &
He 725 ZAE AEs] st 2ol 3 mm X F 1 mm oo HE: B SA &
= Alzskdvt

5719 Layer’} A& TF%& layer 1 - 32 3 ¥4, layer 45 #F 24 layer 53 $7
2 T e A Vs 7hR HAgE ol

Layer 13 32 PC (polycarbonate) #| &, layer 2= € A3A Au5E AAT}S 3 Bidn
(90%°]7) % WE=(130T - 135C)E FHAHsI 2 A|xdd A3t A5 & A3}
e ddg 388 9%t 54 0.2 mm o= FH Aol Al&EF

Dol AGEL Best )

_1
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(

(7F) A& : Polycarbonate (PC)
() Al D 3Ad

=
e

(th A& 15 - 10 uL
N

(Zh At 1 135C ol
(vh) 3 FhE 0 90% ] (350 nm o]4)

(8) webA], 2 dAq-Ae vedEs 2oy 7xe B2 F AdEes A8 45 A4
2 Az WS olgste] Wi Ao e FMsta, PCR 5% B SAA
SAEE AR V12, @ A S)e AAs] fste] layer 49 F Ad AF A4 U
G oA BEe # 24 79 A 50 umek f/E T F9 GFA 200 im) e FAE
iR B R R SRR L S R s

+ Scaling Tape =

co
co c(2)
co c(3)
co (4
co c(s)

Transmittance (%)
Transmittance (%)

at

s00 a0
wiavelength (nrm) Wavelength (nrm)

Fig. 80. Transmittance of PC/COC materials.

2AtEE ZakE

Fig. 81. Lab-on—a-chip product.

Fig. 82. Lab-on—-a-chip packing image.
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Lol AEE A
(1) 2AREAN A LEES (21T oo 2= #94) 2 B8 A

Fo o) s AE &l Al 2FE& Al ZslarAr sk T
(2) 213 LB Ee 2xAo= 3 step, 30 cycles 7|52 = pre_denaturation 95C (5%),
denaturation 95C (10%), annealing 55C (10%), extension 72C (10%)= A A 3}lo] 38%F

ol A Fh& T AU

3) IR S EFo &A= 2 step, 30 cycles 7|52 2 pre_denaturation 95C (1+),
denaturation 95C (10%), annecaling & extension 72C (10&)& A A3Fo] 405 o] A3}
&S AU B3 2 step =% Al WS Fig. 833 # 2™, Denaturation 10 sec,
Annealing & Extension 10 sec® AA % 1 cycle@d 47 sec o= &£EEF2] &5
Aojdte] PCR F-Fo| 7hsdh 248 st 23 3e Al

Pre_denaturation 72t < Total run time : 262 0|L|
TPa——l

100

e ann A

) JUUVUL

70

i 2 step PCR #+7F : 30 cycle ( Denaturation (P1) + Extension{P2) )

50

40

(a). 2 step, Heating block temparature control result.

1eycle total time : 47sec

100

95

2 i

i

: j : :

1 . 1

! Heating time : 11sec | i, cooling time : 16sec i
ekt At o o, et i e

a0 ; | ] ]
i

i

T/ TN

5 i ; ;
65 e — -

70

i g 2 i
3 b :3 45678 910111213114151617'13192021222324}2526272829303132333435363?3639%1{)41424344454647’4&495‘05152
3 i i
i

(b) 1cycle, Heating block temparature control result.
Fig. 83. Heating block temparature control result.
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) % AlEe Fig 843 2ol ARES A %5l
W} ool ol AT

)
(7}) %E%%O 840 2% ANE F&o 3 stepolA 2 step TF ZE F FAHo| e

(t) 30 cycle PCRS 40+ o2 2%Ao] W A7HS @3k 4= v}
(th O]Q*QL ZE2E gsaEE W2of 7 HA3e A
Ae B g

« 37| : 20X20X30 cm « 37| : 20X20X30 cm

<5 :6.0kg - E5F 59 kg

«HE :AC 220V /60 Hz 350W - FE : AC 220V / 60 Hz, 350 W
« ZFEE : Peltier heater « 7FEH : Peltier heater

SAFE2E 1 0-99 °C JAFE2E 1 0-99 °C

« FFE=C ;O 3°C/sec « P80 E|O 3°C/sec

2L gEL o+ 01°C 2o FJEL £ 0.1°C

« BEEE 0 SYBR(488/520 nm) « HSHE4  SYBR(488/520 nm)

Fig. 84. Lab-on-a—chip Detection System Prototype.

(5) Real-time PCRoll 482 Ad/o Wxedas A 48402 Afy= AFo] glo] Ak
AN E L] AAS BAsAT 2 GAS 53 AdAANA A/ e

X}J 10 mL Az 248 A3 AlFHom Ao 28%E & AW 2000 9 534 1

3 Apgol Fad Yo F3 (05 mLE 2#Hg AFEN = 100 9 FEoldnt (B

= Sigma-AldrichAb A FeH 7]5). &5 1 L o dizkystel sk =713 A =}

483 AsstE Eﬂd‘jr“q 7 ALE g ESE ¢ AY FEoR vold AoR iy
real-time PCR®| 7]1E we] ZEB) w3 A=

OFO
H
{

1“>
ta
il
i
~
r [0

(6) Real-time PCRoll AR82 F-& polycarbonate A &2 3o
ol Azket7] el 59 AN Eol thEEs AAZ F AL 59
AZrst7) Wl AR ] =
A dujriel 50009 FEE i
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(7) 2 AFo|Aa 7j28t Real-time PCR A4S 7| Aakg 9] AE wwst A
Table 203 7t} Roche, Applied Biosystems, Bio-Rad % th5-2¢] &3] Abol| Al A4
AET T ik AEg vaste] 2 AdFoA JEd AR HE VHtez 37
ol s &Eo] 7hsstal, 875k AlE o] Aon, SAAgo] wE vk ofye} A3
A7)7F Ao 7Aool 20-30% A% A 7Fl Aol dvkal gt

M =2 oo

Table 20. Comparison of real-time PCR systems between commercial products and newly developed

product in this study

=19 =]
_ Applied
% A RCCHE Bio-Rad dho] 2 Lo} ol
Biosystems
H&EE Lightcycler 1.5 ABIT500 CF{96 ExiCycler™ g6 NBS-100
A (em) (W XD XH) 30 X 40 X 45 34 X49 X 45 33 X 46 X 36 35 X 54 X 47 20 X 20 ¥ 30
2 (Kg) 20 23.5 21 30 5.9
%7 Al ZF (rnin) 80 60 60 60 40
de Capillary Tube Tube Tube Tube Micro=fluidic chip
=3 N 1289 Tubedlld 14 & 1202] chip ol A 320 H&
Al 7 (ul) 20 10 ~30 1) ~25 50 §~10

A& A
< Tube 7|2H (1712 TubedlM = DEIS) & 2 7 EH AR
£ U E & AuE
& D712 real-time PCR 4 A 7}] real-time PCR

o AeEd gedE il g9l
(D) Aol A 2ol M Algd e sh=do] AlAgle o]g3ke] gDNAE %, Ued=d 3
ool 10 ul 79 2 &8 2ol Al=dol A 2 step, 30 cycle PCRE %3}

2 A 2H (40L M)E E%}oﬂ E.coli 0157 (P1=10", P3=10" cfu/g) 103] °]’3 =A3}9
o™ Fig. 89 Table 203} 7Zo] P1S Cr 25, P3¥% Cr 159 Hi A7 e A9}
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(3)

(4)

[TcTester:

Pon Seming Ogticsl Gain Callbrasion Start Time:201 10610134613 Elapsed time:20110610141043
oS =1 | puyesa[ s Tritwalty of o T (=20 —
Ponopen ||| Gainl [ Fofset [0
h
ORI I T otfset [ (]
Cycl W | Gain3 T affser [ B
Cun et § H
Fimp [Mew | so | oA [ TIE
Fiocios 2| m—— P3
Get Status | Get Parsmeter| Cycle Mo, = ||* s P1
Temperature Hold Time ”_ J—
AT L] Ll s o
e ———
Hold w® T — p2
w1 % 0 e
r=3 il T
P3 > i = L T Cyele
Malting Temp |5 ating Hold [37
Maliing Stam |65 End % 1
Haen 5 Stap Time 10
FCh Flag Pl Fz] 3T
Contal B
Cinitiakization || O Pause | Resume | swp | |*
Temp Seting| I _SetParsmeter | [~ Fun_ |
Optical Valus
Pl REET P2 w0 p3 e o
Focoive from PCA I Sond 10 PCA

i e A ||)€‘§ﬂ EVECEIN Y

@ Stetus [On-Tine Chip Exlst [ Chip Door gy _Sawe Clear |  Graph |

P1: Beads (200ul) + E.coli 0157 1 x 10° copy / LB250ml (+4=5)
P2 : Negative control

- Ecoli 7
P3 : Ecoli 0157 1 X107 CFU Gel #7|Q85 »

Fig. 8. E. coli O157 concentration result.

Salmonella spp.itoll* gDNAE %, UsHAE8 #A2oFd 10 uL ¢ 9 UsHE=8
gl o)z Al z"lo| A 2 step, 30 cycle PCRE 75319 Salmonella spp. 2% AALES &

Sk A=

Salmonella spp.2] PCR AloF 24 ¥4 tadE&8 o] Axde 25 X

18% Table 19¢} ZoH v =8 2oy A=d (A0R olU)E F3te] Salmonella
spp. (P1=10", P3=10" cfu/g) 103 o] ZA3}9 o™, Fig. 863 Table 20 #Z¢] P1e Cr
24, P3¥ Cr 159 Hit 23 s 9t

TCTester =]
Por Seming Oplical Gain Calbeation Stan Time:201 1061011 2666 Elapsed time:201 10610115030
(o] 1 | Trtanaly o TR W =)
Port Opan_|| | Gaint [~ oftsst [ s e
Fon Close f— - I
Galn2 | T oftser [ (]
: - |
Cyclo W | a3 [ T ottaat [ -
C 1 T -
Tog (0w | w0 | o H rict - PL

Aacips H W_N—_-—'mw_.___ X 5
_Gel Status | Get Paramater| Cycle o, [ 30 ||° - =

Tamparature Hald Time
"

B2

% Cycle

PCA Flag G| Tra] T8
Cantrol - &
initatization || 0 Pause | Resume | swp | |*
Aun

Temp Sating Sot Parameter | [~ Fun

Optical Value

Pl 3532 s p3 1139 T
FReceive from PCR 1 Send to PCR
| [ﬁm}}ﬁl T R

Chip Exist |Gy Chip Door Gy S Clear | _Gragh |

| @ Swus [OnCine
I

P1 : salmonella enterica 1 X10*CFU PL P2 P2
P2 : Negative control Gel ®M7|GE .

i =
P3 : salmonella enterica 1 X107 CFU -

Fig. 86. Samonella spp. concentration result.
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(5) L. monocytogenesitol Al gDNAE &, UsHE=E 2o Hd 10 ul =49 ¥ vs4d=
& WMoy Alx"o| A 2 step, 30 cycle PCRS T&3te] L. monocytogenes A& A4
R TR A=

(6) L. monocytogenes®] PCR Al¢F x4 9 UFHE8 o3 Axdle] &5 271
Table 18¥ Table 199 ZoH, thxd&EE Aoy Al=" (402 olu)S &3t L
monocytogenes (P1=10°, P3=10" cfu/g) 103 o] =A3 9 om, Fig. 87 % Table 203}
2ol P12 Cr 21, P3& Cr 159 Hyt A3 ke dsid)

]
..l‘ 2\‘? I%]II_-“;‘ e '_ ! P Taoraicance o Tumuwi lllll \4- pg
1| | cuez — tom — _ i
0 | Gainz [ T aftset [ |- -
s0 | oA J| ey S EPE
- ‘"'f.-e-:'w“':; '.'?‘“.‘mr_l = o -
S —
-,,s-.---u'- [Gn-Te Chip Exist gy Chip Door gy _Save | _Claar | @ragh |
P1: Listeria monocytogenes 1 X10* CFU
P2 : Negative control Gel M7|G=
P3 : Listeria monocytogenes 1 X107 CFU © l ’
Fig. 87. L. monocytogenes concentration result and Gel image.

(7) S. aureusitol A gDNAE F%, Usi=8 #2oidd 10 ul ¢ ¥ yUsia=8 #H2
o3 A" A 2 step, 30 cycle PCRS &3t S aureus A& AAAE &<k},

®) S. aureus®] PCR Al¢F 4 % tFHEE o] A xde % X2 Table 18%
Table 199} 7Zonl tErdE4 Lol Al~d (408 o|u)S B39 S aureus (P1=10%
P3=10" cfu/g) 103 o] =A3t3o, Fig. 88 2 Table 213 #o] P12 Cr 24, P3+=
Cr 159 H 23 ks ATt
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Optical Gain Calibration Start Time:20110610150637 Elapsed time:20110610152955

=1 | putptxr—— 50 Trtenaity of Flucrescence 1o T el
e e—————
Pondpen ||| gaint [ Tefsst [0 7 P2
Pon Close
__l GainZ Tafset [0 By
Cycle W | Gaing | T ofsat 1= -
[+ (| -
Yomp [7%W | 50| oA | i P1
N Recios p— 3 =
Get Status | Got Paramoter] Cycto No, [ 3 st S
Temperatue Hold Time ————————— nn—
AT k- 1
Hold % T P3
] T -4 T
| Pz kil T
p3 . W 4 Temreraw BT
W | [Melting Temp  [# Moting Held [57
| | [Meting Stan TEE End =
o F [Swn Time |10 2
PCR Flag PI] 1 pz] 1 P3| H
W Control - -
inifatization || 0 _Pause | Resume | Stop 11
Temp Setting | Set Parameter | [~ Run
Optical Value
P UH246pE 40098 B3 (51565

Facaivo from PCA | Send 10 PCA
| o 5 : .
|

i@ Staws [On-One

Chip Exist i Chip Door gy _Sawe | Cloar | _ Graph

P1 : Staphylococcus aureus 1 X104 CFU

P2 : Negative control

P3 : Staphylococcus aureus 1 X107 CFU

Fig. 88. S. aureus concentration result.

Table 21. E. coli O157, Salmonella spp., L. monocytogenes & S. aureus concentration Ct value

Ct Value
No. of Cell (cfu/g)

E. coli 0157 Salmonella spp. L.monocytogenes S.aureus

10%° 15 -

107 % 15 15 15
10 - 24

A2de ol gtel 347 o

L
o] &3l 408 o|u A ELAT (L coli 0157, Salmonella spp.,
aureuss =8 HE F AALS A9
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o,
N
N
i
2
o
=2
o
)
rx
re,
—
=
i
1
B
o,
v

A A&

Real-time PCRel| 938 7§
W A E 5t
¥ : 10* cells/mL)

100

A EET AEE 9% PCR primer A&+

OYEdT (S awreus): A AAE TSkl 165 rRNA,
coa (coagulase), can (collagen adhesion), nuc (S. aureus
specific gene) 47] F-HAAF A€

2854 (L. monocytogenes, Salmonella enterica, E
coli Ol57TH7): L monocvtogenes= iap (invasion
associated protein), Aly (hemolycin), in/A (internalin), 16s
RNA 478 AR, Salmonella enterical A= inv (Salmonella
specific invasion), fliC (fllagella), 16s rTRNA] 378 7 7},
E  coli Ol57H7= 16s rRNA, ege (intimin), fiC
(fllagella), rf6 (O157 specific gene)E ZXE FAxE 4o
FAAE T Eo] o 2-3% A EH

2. Real-time PCRY| ¢Jg+ AF5ad EMx271 3¢

T Eo| primer AW HAEZZA AT S aureus
nuc  (Ct;,12.38), L. monocytogenes  hly  (C;;12.95),
Salmonella  spp. nv(Ct11.9), E. coli OI57H7 eqe
(C;1221) FHdAE 728 As5d o] fdx=2 A4

Real-time PCRel| €3 &4xA 233 SYBR green
W o]&3e] 95C 52 denature, 95 C 15%, 60 C 153
72°C 33% 40 cycle2 A3 T melting curvees 97| ¢35t
o] 95°C 10%, 60C 3025 43 (3N replicsd 3 o
st EA 2 H A3

100

CSAA AEE Aecel A 2 A%

3D CADE o|&3 A A4 45 3 e A5 F4
2 ujzEoln, 25 X 75 X 1 mm AR A4 1 mng A
B 9 2 uiE. F 92 2EEE 93Z3 PCRAE
Adoel™ 25 X 75 X 056 mme] # F4& 7
wE dudE wEA JAgstr] st A FAS 05mm
ol 3719 A (positive, negative, sample’d ™ FH
st #-A olF9 Ad EFL 04 mm, AE ZHol=70
mm o/ PCR 5% % A= Ad9 #2& 17 mm, Z°ole
5 mm, 2729 A Zolx= 025 mm= AAE we A ZF
HE PCR 7% HAAANM A= FFE
20 X 2 mmz F g 9 shao] Hyd
AeolFe] 4

3

51
H
A AEE Heold 33 2 AEAF 9 9F
AR Fxwolx DS Fol w3 ZHelw EE=wo)x
B8 AME AY AXC hatE o gle F¥elH EEw)
oz &8 Yo AYHE 7 2L FAA HAEE AL
ol A # dv AAAA FYor ;o FY e
A g 2 s e 2o 59 M ] F9 23e%
7tzy AR, 7o) g3 AbE AY AAd Aw | EF
F4 2 YdErt ¥& COCARE 93 A&7 44
g olgste A g, i R FHE A
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PCR T%/H&8 3 AARE A Azl e H 2 6
HA71E olgst] A AMAEE AstH € A
AL el A AR B oshdE obeka ok d
Al 120C, 223, 10tone 2 Zhgste]l e HIAF .
| ol FHe A%t e e F

1B 1R

. Aol M el PCREH A5 AS

PCR # F&& #% A" 5 @ dyo| 2% &xE
o] g%t 2REEL Wreo 2nAA HE AXste] 24
22EEqAMe 2=z (9BT) Uib] £ 05C ojue #AAk
& AoE sl o A= 45 cycle 7] 319 A ¢
1T olul AAE zte= 2EAY 7|<g &% . LED %43
photo—-diode #A%7]|, Short/Long pass filter 2 Dichroic
mirror”|8Ee] B A= B35 57 (48’620 nmE- ©] &3
of 3AEAA 4T g E ASs. g AZE o] H
g fpols Fohe 255012 )mm X 2136 =2 ) X 296%
o )mm, 5.85 kg, 350We AC220V/60H£2] PCRF T A
288 A =g

AEolFelA FAA FF AF 0 Y LIRS FUs
7] $18F DNase activity #3521 mg 9 pACTB DNA
(beta actin, pPCMV-SPORT6/ACTB, clone # hMU000729),
10 X buffer (500 mM Tris-HCI pH 7.5, 100 mM MgCl2,
10mMDTT, 1IMNaCl, ddH.0E5 &#3ste] 10 ulE 33l
A% 3 37°CAl A 1687 23, 2 pl8] loading dy&E 2
o] 8% of7tE 2 AoX HA7|FE st FH SEEE £A4E
PCR *l¢F &4 Roche® Fast start Tagq polymeras&}
Takara®] ExTaq polymerase, =% (05 U, 1 U, 25 U,
50 10 U) AAF 2 AR AR E o] g3t PCRB| W 3]
e, 1 Ayl ExTag polymerase (TaKaRa) 25 U?o]
AolA FAR T AEAY 2aE I

51 A4S 9
real-time PCR
ooy 4%

A%

100

5 EAEET HAES $138 real-time PCR =4 A3}

Primere] Y53% A% @ 48 S50 &84 4
& &3 Twakol 6C ol Aol7t Y= E. coli O15THT (8
7C)Z S, aureus (80C), Salmonella spp. (83C)<+ L
monocytogenes (80C)E A A= F A& Zgolr &
%)

UE IFE ol&d o 5ol Ae ve A

olME B. cereus®] W& real-time PCRe: ZA3} =
gol TFEold ol v T YN E Bolds
3t AEAEE ALY XAEd Zgolne ASAEE
aureus (Ct;26)9} L. monocyvtogenes (Ct;26)= 10% cfu/mL
WA E. coli 0157 (Ct;26)3} Salmonella spp. (Ct27)= 10
cfu/mL7}A Az 45 o 27 g€ FFolA 24
& A3 S aureus® Salmonella spp.= 10° cfu/mL7}A E
coli 01573 L. monocytogenes= 10” cfu/mL7A A& H o]
HEAE 2dE A5 AEFAEIT 1 log cfu/ml H ¥
DNA 2% ¢lo] colony real-time PCR 3 Z3 10°
cfu/mLol A Ct 25 o] oz A&

AF matrix £ 2AF L FAFOAAN HE AEES s
A3 E coli OI57H7H S. aureus (Ct26)= 10" cfu/ml,
Salmonella  spp.9+ L. monocytogenes (Ct;25) = 10°
cfu/mL7}A] A=

71& ¥ A=W W : Applied Biosystems 7500
system™ . Ao A FLer Ho]H Al€ NBS-100

o

e
oy 4 (K

&}

A]
g
S

i

U
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S sExAAAN 45 HEFE5TY DNAAEZE d|wsk Ay
L. monocytogenes(Ct; 163 17)& A% 7257 A
H, E coli O157:H73} S. aureus, Salmonella spp. = ABI
Al2=glo] 10 cfu/mL FFo2 4E7F ¢ =&

YaeAd w2 7|4k 6. =2t d-d9 2 7)uk AlEdAE 7]
Az AR e g g dxte] Ax 0 10-20 nm 7] FF9 core/shell
EAYAIZE @ 3h o) Fe o A5 edA Az}

AFg5 Bo] A YA dA TFA Ax 3} 2
AaE E coli O157H7¢] TEM °|H] A& E38 & 143}
ol

A Bolgd Ay dx SgA A 2 EAHk
XRD, SEM % TEM= &3l AZd 44 5E-AH7 . SPR:
ol &3 dA A} =4 I

e AEFAANZEEH o
HE ol&d mukg izt e 271 &9l 10° cel/mL
e 2 AHE 3

AsEd FdA os4= 7. s Aol A 2 A%
S A% A2AF A=d 3D CAD ©o|§& 3 A7
1= PCR TF/ASH9 AA @ AAZE ASHAA EAE =
A FHas 2 kAR AS AE SEE 9% PCRA
S 59 A4 2 A, AAE 3 Ax 3Es Feke
O Aqke] ok 1 = 5 ul - 10 pLoluie] A2 A
2 EF Y 5AE AYUES AT
HA G do]a3 A=t
Aoz e A=
PCR 3%/A=8& A AAIE A%
- Material : PC (Polycarbonate)
- Channel Number : 3 Channels
- Channel Volume (Total) : 5 uL. - 10 pL
100 - Heat Stability : <120C
- Optical Spec.: Transparent (<90%)
8 Ted=8 F5A A=g 5
UEsAaEs JF3GsA A4 2 A% 1AdES vast
o] q) 2xE29 384 2% Ao b) PCR 30cycles 280
woA /e X Aol A v o) ANz FFAE
o Awko] 7153 real-time PCR 7% ®©Al, d) Y34 =
e us §AA JE G 4 S A A
o dgstA e st
AE4 probedl FFEA HI L monocvtogenes
ATCC153131& A HAstd DNA 50ng?t 30 cycles 7]&¢
2  Rochert?] LightCycler 1.5} Yxulo] QA2 & 9
NBS-100 Anjo|A AZ8 probe?] FFEAHES A7t =Z
Hrrek A3} A8 PCR &8 3 2A|7HS Hols
AEFAE AAE 7s9 9 9, YA -He FE 7|8k AR dAA-Y 7lss o8 AEsE
T A 2 2T o 55 2 dAeg

el Aa o & el AR AL T 4

ks [e]
AEE Ao R FoFEd EoldAe YA F9
AL o]&3 AlTHX W o2 NBS-1009] <9 3t

100

RS
10 cfu/mLolAE AFs5dS AET 5 A
& AsdAZH I val YA

NN




10.

o] o
AAE .

upeha] AR AFol A ofF
o A= addd 4 3
Ag AAE 7ol &4
7t 2 As

HETE AR AXH AL T I, A A, Holy]
NAAE oz sto] E coli O157:H7 NCCP11091, S.
aureus ATCC6538, Salmonella spp. ATCC13076, L.
monocytogenes ATCC15313¢] 10-10° cfu/mL |59
A AEPRE 2AF A3, E coli O157:H7S BE A& A
10 cfu/mL MEF7HA] HEHRNoH, Alsd wE HE7
we] 2 Aol ¢191e

4

o o
rlo
2
i
i
iht
>
>
=,
J
X,
ot

BA A H -

1% EolA ZAF @ T8 ASEe Aol AR 4%
o AE Zeto|wrt 7} AFmate] HolAlA g9
3}l E. coli O157:H7 2%, Salmonella spp. 3%, L.
monocytogenes 2%, S. aureus 2%, S. epidermidis 1%,
B. cereus 1%F°] W3t SolAdS AFg. 1 Ay, 7+ o
Eo]&el Zgloly o3 & ATEAS HEHA Zd2.
TAW 5 ovE Wy vm o 2 A" sk
NBS-1007% &H¥H, NBS-1007% 7]&e
ABI75009Fe] 5 wlagt A¥, &
2 10° cfu/mL7HA AEHYon, FAHoZ HAEH A &
e 10 cfu/mLelA NBS-1002.%2 E. coli O157:H7 &
o] HZFol 7Fsaks. ABI750000 <]t &)
Agol e & Aol gloy 2w ¢ £
AL 71E FAHORE HA 24X AR
akE A m"lo A 2-4A]7F0 2 TE 5] o]
Azol 7tsdd o= AtmE.

MNP ZAF 0 2 A 2Fo A 2% REARAA 459
AZzEo HAZFo| th3t real-time PCRE Croll Wk RSD
ghol Hlolmj A 2ol 0.1-1.9%, FajFolA 0.1-2.5%%
ANEA Aol 2FHE 0.1-5%2 RSD s WHAA
o)

=

d
[
ofs
2L
N

-

RN
O 12

%
= AEA 7o)

ox T
S
>
>
>
[

100

11

AZAA YL stugo] A" =

ArdAeE ZREZ AP @ AEFFde AA 25 g,
peptone water 225 mL, F#7|#AAA E. coli 0157 =4
g Fa ol B4 2 wds) 2E, A= Hyp
wjF, capture W= 7}, Lysis, Eution #4& A= Al
BAAY ZREES FYPY
ANgAdAE st=do] A& 5 @ AA A wjek
2 YA oln] capture Bl= H7tAM  elution ¥4
A yFages e A, B Ax R A
FARE glo)dl Fggon I AAGFIGOH lysisE
¥, membrane filter, 3 way ¥H % & #jEH=s Fgt
AAske] 30007t=) x 150(A 2 x 300( 3°) mm, 5 kg,
AC220V/24V st=g)o] Al2~dg A 243k

KeX
T
KeX
T

MRl o oX

EAAE W stedo] Aa" A AS ARAAE
€ st=dol Axg A H7E HdM E coli 0137

(1X10" copy/LB250 mL (%43 250 g))9t 200 ul beads 3
7bste] o A AA-AESE AW F, 20 W DWW H7F 25
7 boilingste]l DNA 3 1L F&9t9 2x SYBR green
master mix 10 uL, primer 4 plL, D.W 3 pL¢] A|¢FzxA 3
pre-denatureation 95 C 60 % denaturation 9 C 10z
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Annealing & Extension 72T 10%9] 2 step &% FAO®R
Roche (Light Cycler 1.5) &d]e} AAL AW E o] &3}
PCR 2&& v A5

AlEET AEE U5 AE Aol AadY A EE A
Fzol 72 A3 B A A zdE J Ax

Aol HAE8 Aladle AAE A ZdE 2o
A Al="E 7]er 3 step (pre_denaturation 95 C (5 &,
denaturation 95T %), annealing 55 C (10 &, extension
72C (10%)) 22 A491E 2 step (pre_denaturation 95 € (1
), denaturation 95°C (10%), annealing & extension 72¢
(10x2) o2 2xAolE T3P o™ o= <l A|7F238
oA 26002 dEg, Lok A3 A8 AlxdE A
Aste] Al 2ES A2

Aeud tedsE: A g9 Addo A G F
FH I .coli 0157, Salmonella spp.,, L. monocytogenes ,
S aureus WA O ZHE P+ oo Al E]E T
=9o] A2€e o]&3dte] gDNAE 3 I FE39] 2x
SYBR green master mix 10 W, primer 4 L, DW 3 L
o] A)FxA 3 pre-denatureation 95 C 60 % denaturation
95C 10%, Annealing & Extension 72C 10&¢l 2 step<
E 2707 30cycle 30min °JWje] #A} A} AR E
o]-&3te] Ml HZ3}

o=
(10
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AF-AE3E 71 %=

— = 5T = o =z 1= o) i H
/1\_])1\_1_\ O]ZHiE );]1%'/]0 —9—1: 23175‘—'1__ 71i] }?j 2 =
2~
-

1=
%S5 93 primer MY ILEFE X

X

o

s
oo

ol

ol
£
&
1>

o, ofN

AEEve A AEE AT A3 A TR AEE Be FEOIH A vwke] #4d
min o] | A A& == A AAK R st A o

3} :
PCR %) & @A, Fu/= 9] Ves AEskeE Ve
AFu5d AEE Y%t real-time PCRA 4% HF5ad & vE real-time PCRZE7-E
2 Ao dAe AT gt om vioulo] 9 Al Ao A ket -20]3]
< ARESte 71E AlE diP AR Aol s

e -de 2 7Rk AR AR Zledd esiats ol 83 AMadAYs 43 F&Ed
A7t 0 3h o) M 2dfEsS fd

s B oAdd BAR Q8 xFEsE Y] ojed
AAINE. At AZAM A BAH A F
TIANA 2 S =deH R oy AF
T MAme w52 7 Ao w5 A
EE 7 el sddre = A A
A ARAA AsdA RGN &) e etAl st

o)

1
o
N
it
=
i3
fitl
S
Il
o

A 23 92 vF fdEo] £9]
2wk | A& T
real-time PCR &H] 7o 7}

WA 7ts s
3} 5
Al

HAEAR AAL V<9 A A5 2 553 A (7 D ow AR A F e mAAE E
= 2 ES gges g =2

EZo 9 ¥4 fdTs9n ols xTgste] H

%

o

gom FF AEA

ASZAAG G FEdo] Azd v AAdRelAs ARAA G stesle] Azde
2 AA )% ABE Behe AA L AT
g e Fgnd ohe ws) A A7
A USY e

AFE5T HAEE UdFAE A0y Alxde /=9 dFEaEs B2y Alxds st

& : ol PCR% | dAE gloy, ol 7|ytor 2

Z 3Fold UFHE) gow A/ A Y 2 HAH st & Ao
2 o4H
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A5 & A7y My A Mulstg A=
xﬂ 1 ] 01_:1‘?7]]1:”— /qu-
L =wEAA A
A A} ) Vol. | =419 | SCI
i 12> ) ™
A= o FAA [ a0AA | 35AA | R (No) | R G
Detection of Escherichia
coli O157:H7, Listeria K Y
monocytogenes, K\;vori
Salmonella spp. and S-w J. Fd Hyg. ,
2011 Staphylococcus aureus | Lee, N. | Lee, N. Choi. M Safety 26(2) | = uf
using duplex real-time S Ko o. ¥
PCR assay with melting HS. Chun
curve analysis on fresh i
lettuce.
Young-Ki
A combined separation Lee,
and colorimetric detection Sung-W Hyang Nari Lee, J. Food
submitted |of E. coli O157:H7 using ook gChoi Sook Hyun-Joo . =& | SCI
gold-coated magnetic Chun Chang, | Protection
particles Sung-Woo
Kim
2. 531 A3
99 5319 4% 5%9 539 A%
%9 _ _ _ o= _
o 5381 99 297 2993 |01 5A” | 559 |5%% 5393
HNemg A=
< fs A4
w4 e 2 R
=29 wmglo o whlo oo om e _
g |28 T ) | e (1000 2010 B % A eRAE || 10-06622
S A DOOL 3;‘1 N = 0033798 | A WY, A7 vUx | d¢ - 36
nAEe  HeH () QA2 o]
s = H = [
LR HNzEd A%
Hohg
5o dus 9
IREI oo | =Rl _ _
2011 B PCRel = oA | Fm 10-2011
| Eseles FU4 72; - 0058R873
AN PCR AR | "
BAY 7 A
[ DA R ST .
2011 Sk A | 10-2011-
|18 1 2 j%?f &= (())04;)826
ClEe, e 2 A UTT
= i
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| FE-ITEHZIE2EL (YR FE AAN-FAF dEHH)

m 3470 IT714de] R7hsted S4-IT S¥71% 2E 2 71 A8 A% A4 5
m F AN $AAGH, TEREED, I I, EAG ATL, T E
2 A7 30099 A

o
Bl

4

— A HA[RDNAAN (FRTANFRFTE AA3-FAF ATAH)

= M 4E, $HE, A T AEALL o TR bAE FEFE ¢ 9 44
20 2 &4

= 300 719 2 7B Fol e

P

—| BIO KOREA2010 (vto] .22 oF 20108 A 3] A7-HA4 & 292 dw2%49)

m Hpel 247, GMO R AF7ITAE, AYEE R Hel A A, Bio-ITEH 7%, Hel
2 Ad 2 BM7I7] F IW/SY 2540 4A 2 71E e, 12,0009 AAH FF

-'ﬂi J_' i[‘ =
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— 2011 A st 7171 A3 (A A2 A=)

— 2011 #xuio]le st (vlo]e st -FA & FI3HA)

23
m A% 7Y A 7FF L 4379 7]

n @A, JFFHAH, vloleda, Yl Hele A 9 48

7}

porch webd F

S

S

o

Al 42 F7rA, B atell 28 A

=]
o

%l-

T

el LOCE 174 A1 7

S

Hin

S

gy

=
=

2o 2 PCR primer

]_

=7

3

ol

R

m 4F HAE 9

-~

171 & A<

%
L

4

real-time PCR2]

i

2 AE A" A 28 Aoy

2] hiosensor®

=
[e)
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A6 & APMUBEIA E B of 2 Bt

P

Zl=™8H

ol

1. A& A A9 (Sample Prep)
7}, Sample Prep 20112 “Sample preparation for Virus, Toxin & Pathogen Detection &
Identification” A= 2011d 49 4 - 54(v] = Aol ar) &3k}

1}, Sample preps AR oR  Fadk @A Aol Sample collection, (Pre-)
concentration, Lysis, Target extraction, Transfer to analysis module] W34 7)<
oAzl Aoz Fgstux wmHata vk = AN s, 7l g Ak A o

ARTL 155 bl FHol WA FFHOR =9 stu = FFolth.

Alternative sample prep technologies

Sample prep as separate vs. integrated module approach

Sample prep with micro- and nanofluidics

Nanotechnology challenges for sample preparation

Robust sampling methodologies

Food, water, air, and environmental sampling

Novel methods of extraction from tough (non-filterable) matrices
Single use sample concentration modules

Advanced lateral flow assays for sample prep

Nucleic acid or protein based sample prep for next generation sequencing

Sample prep technologies for detection/diagnostics vs. pharma
wheb A, FFu)/a9] sample prepd R4S AHA S Baw di= 7|Eolt)

2. A9 e Al A 2 s 7F A

A AAF (Diagnostics)i= AW A AAF (in vivo diagnostics)®t Ae] A& HALF (in
vitro diagnostics, IVD)Z th ¥ Aol A HAAE Awk A2 A AAF (Routine IVD) <}
AR A9l A AAF (Esoteric IVD, Specialized IVD)Z F-H#Et} AE A9 A A= o
Ul Ak 214} (General chemistry), @ e AL (Hematology), Ml et 714} (Cytology),
v AE e HJA (Microbiology), 89384 et AAL (Immunochemistry), 344 g 4
A} (Genomics, proteomics, metabolomics)Z T Rk oz WARSHA g HA 2

Ax A AAE B2 A HJAF (Molecular diagnostics, MDx)#}al 3k},

75 AA A9 A Ax} A #3 2 A
AA AL AT A AA 2001WEE 2007W7 A AHTF 9.4% A Ashe] 20074 3900 &
F2=2 d439h AwA (Siemens), 297 AEAFA 5 (Roche Diagnostics), ofHE A gAY
B (Abhott Diagnostics)7} 2007 A7A A9 g Ar AAe 32 22 459t 1 5

£ o]o] w=ZTF (Beckman Coulter), £ (Johnson & Johnson), ¥1E T]zl<& (Becton
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Dickinson), ¥ .M 2] & (bioMerieux)7} AlA ALl At HAF A& Tt X wlAE 130
AEE  FAsle]  wlold ZAGANYEF (Bayer Diagnostics), Hlol= =
Behring-Diagnostic Products Corporation)E 3FH&le] AlA A9 7w AL A9 36.0%E
Astdvh A AR AE 7198 29 AGAE = AA A9 G HAF Ao 200%E
ARt AA Al A HAF A 2007@HH 20139 7R AFE T 5.0% ke 2013
W 520998 = A Agoluh

15 R ) I o e = e Y S B e B =L s

MA 2 A AR AL 2001WFE 2007A7FA] AFE T 16.9% A Aske] 20073 279
TEE JAAY. 29 G A E-7F #Z8k2 (Cobas Ampliprep, Cobas TagMan HIV, HBV,
HCV), #1Z213 (Amplichip CYP2D6, CYP2C19)-S T3l AlA £4F Aa AA A139 37.0% %
2}A s Th =47 XQA}MH 2 ¥3sle] FIEZ2ZH (Gene Probe), SfHE AWALAH- 1o

= (Myriad), X9l HE t)z1& vlodg o HolAl (Qiagen), HEg o] B Z=Z A (Third
Wave Technologles)ﬂ /‘ﬂ A 2 At HJAF A)Ee] 95% 5 AA| 3T ofHE HAALY H=
2001 wlolAl A (Vysis)E $H3ke] s EW]A (PathVysion), #2494 (UroVysion), CEP8/12,

CEPX/Y §€ #usto} w4 1w A4 Aol istieh AA w4 A 44 A2 2007
GRE 20139 7bA] At 14.0% A dske] 2013 d 589 & = A Aotk

oA A AR 713 29 2 99 24

Ak A AR g ofekE gt @l A W gt T Alzke] A sedve A
A =t} wmak A 7AA Fu) 5UE e Azvl oA A EA45s AR ZReuh gt
ek HAE vl Bl ol WeE A3, A el dvhe dRle Advh e A A
el Bl 5ol wxdnh ek AAF AH AR]ielA b dwke el 53] dE=
A4 53] (Gene patent)elth. FdA4 E= HA FAA4 AL, Ax3} FA AL, #ol
A A, drelgol FA4 Mg, nlel# s FAA4 M, dH, A2F & T 74
A Bl v AAR A g SAbel Al 713 eclelu, A T Aol Al f1fe] At
wEkA] ek AJAR gu] e sharak shEdAle 53d g 8 A 534 B9 E 96
ol Mg 53 d#Fs FHeloF Tk

o, AGAA An] F 7 A A

(1) wl= e AGAp ] s7F AR
vl Al A9l e HAR ] F7F X2 510(K)  (Premarket notification), PMA

(Premarketing approval), ASR (Analyte specific reagent), RUO (Research use only) % 47}
Az FREch

510(K)= Class I, Class T 2@ 9% Class [IIZ £59 A g4 #&Aujo] sk 3714 x}o]
oot A gAE A E Al A Al 0L 510KV E AlEseoR dvh wE B
A et A HJAY AvlE Alg AAF XA (Fast Track Designation) .2 30 o] 37}
7bestrl 510(K)= 71w 2ek AL Avjel =54 95 Al Fo €t FDA 37 @dats
Ak ArL guje 7)E, 94 5284, TEARE AR 510K) #HE 57 oqFE B4
R, A WiE, SolA, WAL AFA, v oS4, A% A sl g AA

pid s -
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PMAE Class IZ 79 ¢ g4 Aule] tigk 37F dxjolth. PMAE 91474 (False
positive, 24-& G oz FAA) 9S4 (False negative, S Aoz AA) 5 A Az
7F 82 A Ao A= g TheAdel FAHE Erh PMA d7beE dEVFE A E o5 5
QAL AZx A AN Ax Al AAL A AE AR AL Al AR AANE 23
dnkd oz PMA 37L& 918 180¢e] A28 HTh ASRS A& U §A A9 32l ¥ A&
& o] g% A (Antibody), &4 (Receptor), At (Nucleic acid), ]9} (Reagent)S 2]
gt} FDAE dolt 2 A5 33 AT4dA AAHoz Alzx o83 ASRel
e Agd o R s7FE sfFa Ut

RUOw ¢34 F84E& 9453 & A A5 Hdo=z Axd 2Ad AAF Avjo ok
517} Axfolr, RUO 37k Algk4 Rl Alstko] 7} 3}t

st FDA 37} glo] e dAl A& Aldstes dAe ok A gdAlb v Az 3A)
7F A4 AF4AE A HdA Y CLIA (Clinical laboratory improvement amendments of 1988)¢]
F3ote A4 g eor w fHAAF AvE Alxshd FDA 371 glo] Alad 4+

(o3

a o

(2) 9 A AAF ] F7F A3

19983 #% A9 At AAL ¥ ®XF (European IVD Directive) 7} vF# % o] 200013 ] 3
7] Ak Al R AAF AN AR ks ek AAF v o) Alx-E - ARE
S 9% gtAQEelTh 20039 12€ o] § EU 4% F7bel Al Algts = Adk HAF vl 79 A
9 A AAF #Av] xFHo| FEtar, CE (Comformité Européenne) ¢15-8& EE&jof Aol
Vst s 37F ARE ke s A 1S 9l U ARE e AolE e
oh gk vlar S 7F AR vl f9 7 AHS g 24 g w41E e 5EAE

FARSS

3. NGS (Next-generation sequencing) 7]

A7 E 24 7]<(Sequencing technology)2] A% 1977\ Sanger 59 Hil o] F o] Ewn}
Sanger sequencing HHo]l Al AlgEol oyl ol EAW A7|9F  (capillary
electrophoresis)¥ A3Het Fefe] AFstd 7] 717F 1990 Bws 7] A &Fskdrh ol #sk A
3} &0 Al FH sequencing technology #okoll A AJEL Az el o] o] Fojx|al g,
AA 7 FEEL glo] A F7IAE 4 7] (next-generation sequencing technology)

o]t}

7}. Clonal Amplification Techniques

71£ 9] sequencing WS DNA fragment libraryE #3, $3%3}7] 98] bacterial clone2
we= wASs Fdew vk 7479 single DNA  fragmenty®  Bacterial  artificial
chromosome(BAC)o|&}al &2 &= W kbp9 insert sizeE 71X+ vectore] 93] E. coliol
transforming ¥ 3%, transformantE plating©. = selection % separationd}®], single DNA
fragmentZ 58 2 ¥ bacterial cloneg cell growthE %3 SIZA7]A4A v}, o]yt
bacterial clones WH&7] 918 AAL 273F 7t 2857 wiEdd AZLF organism % 7l
A& sequencingshi=d 714 AA A< rate-limiting step®|th. wEtA] o] Ao == A7 &=
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FH, 08-S fU|dor ZFol7] L% A= 7o sk 2.9 7F 9lo] gkan, FH it s
emulsion PCR¥} polony PCR %©| ©]# 3t bacterial clone—freedt clonal amplifications 7}

a7 s 3Avt

1}, Emulsion PCR

Emulsion PCR<2 genome DNAZE fragmentationdle] <& DNA librarys 3342
separationd}©] emulsion SFolA] SF3}A stowH Z}Zte] single fragmento] t™ 3+ clonal
amplificationS 7}s8tA 3 Aotk 7|F A Eo| continuous stirringe] o] FoiA & 714,
PCR reagent, ¥% PCR primer’} ¥Weol 421%¥ microbead, DNA library %°] ¥3d
aqueous phaseE dropwise® "o A ¥ W single DNA fragment®} single microbead %
PCR reagent’} X% emulsion®] THE9] A A ¥ 3, thermocyclingS %3 PCRS &3}
At 28A ¥ beadol] 32 primer’t AE Ardo] 7] W&o bead® surfaced| =ZH
DNA fragment”} PCRE S A Ay o]lu 2] beadell = single DNA fragment®l|
A frEl gt DNARRe] 219, o8 A 529 signals X338 microbeadi= microfabricated
wello| Y sequencing-e 3%k 7]¥ 9o 32AE o] sequencing reactiono] o£= 4 A}

t}. Polony PCR

Polony PCR< oil-water phase separation ™Al polyacrylamide gels ©]€3}9] single
DNA fragmentE separationdtil L A oA PCRE 3li= 7l=oltf. Gel WA PCR
reaction®| in situ® 218 =™, polyacrylamide gel®] DNA fragment®] diffusions 9o} 7]
w70 Z}7+e] single DNA fragment’} micron-scale®] colonyE YHEA & 3L(polony), ©]
polonyEo] 7/HE#A o7 % A4 sequencinge] &&= 4 9t}

2}. Commercialized Platforms

Emulsion PCR3¥} polony PCR %3 %22 bacterial clone-free WHe =<3t o]# 3t
amplified¥ clones B3} 02 Z A9 sequencingdtys 7149 F£3 wrdo=z os H+9
-4 AL A @9t F-8-8 379 major 3 AFel Al next-generation sequencing
technology & #4843 systems 71date] ZAI8HSTE 31 WAl 2= 2004 RocheAtoll A 454
Cooperation A}et £33 454 GS FLS sequencerE FA|31% 3, 20063 2007 zhz+
Illumina A}e] Genome Analyzer®}, Applied Biosystems AF2] SOLID7|F #d 2 ZA] S A}k A
71A1 9] platform %5 3% 242 Z bacterium freedt clonal amplification 7)< 3 cyclic3h

massively parallel sequencing 7]&S o] &3t 5o )
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