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Summary
In this study, we investigated the method of separating and quantifying only viable Legionella by combining the
Continuous-Flow Dielectrophoresis System (CFDS) and quantitative PCR (qPCR). The CFDS is equipped with a
particulate filtration system that combines the dielectrophoresis (DEP) principle and microfluidic control

technology. The DEP force has a frequency dependence, and when the separation state of viable and dead
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Legionella by CFDS was confirmed with a CCD camera, the capture of viable Legionella was observed
significantly in a specific frequency range (3.0 MHz to 6.0 MHz). So, the trapped rate of viable Legionella at an
applied voltage of 22.0 Vpp and frequency of 6.0 MHz was determined. Furthermore, the number of copies of 16S
rRNA gene per 1 CFU was calculated as a conversion factor based on the number of colonies by the plate culture
method and the number of copies by qPCR from Legionella recovered samples captured by CFDS (22.0 Vpp, 6.0
MHz). The conversion formula was then established to determine the number of Legionella by this method.
Samples prepared at nine different bacteria concentrations were then analyzed for the number of Legionella by this
method and compared with the plate culture method. As a result, R? = 0.9353 was obtained, indicating a high

correlation between this method and the plate culture method.
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1. LA RSBRERBRDRR

Legionella  pneumophila pneumophila
JCM7571 % BCYE o 2 K55 ( H /K BEER) (3R L
T36C, 72 h B, A4 H THRINL, 0.3 mM V>
W % MR (pH7.2) ICRRE L7 b O A AEHE R ik L LT
AL 72 (101 CFU/mL) . ZAVA 3 B Y o a7 1T ik
THARL TR EFRREETOAERRE L THVW
F7o, FEEREE L THWDBRIE, 2o E k%
U4 —H—/SAC 95°C, 10 min JIEAL CHW-,

subsp.

2. LOARSOERIEREICESEARBIE
ARBRI W= R 100 uL & BCYE o 2K ES
HA~EERL, 36°C T 5-7d B L T a7,

3. PCREIZLBL A RS DRIE
3-1. DNA fliH]

#AEHE 15,000 rpm, 4°C T Smin iU, EiEZFR
EUT-ILH#EIZ Lysis Buffer for Legionella (%717 /54

)% 50 L B TRAT v 7 Z3% % —TIRE14,

95°CT 10 min A2 Fa_X—hL71=, ZNERILT VI
AIFY —TERS
=L, K BT 5 min #iE%, BIE 25 uL % DNA
WiREL TR LT,

%, 15,000 rpm, 4°CT 10 min

3-2. qPCR O FNAE S G1F

gPCR |21 CycleavePCR Legionella (16S rRNA)
Detection Kit (#7717 /3474) & e, BESRIC
EAR AR BEI
AL A IA TS T T AN (16S Positive Control

FyMRTOL YA FT 16S rRNA |
10° copies/uL) 5 uL IZ 45 pL @ Easy Dilution 21z
T 10%copies/uL £T 10 5 R 7 MOATRES
EERILT-, 2L C, & 100 uL O PCR F=—7'(C
| RS I D~ 25—y A% 20 pL, REMREIT
## DNA % 5 uL Iz, 42 8&% 25 L £L T qgPCR
#£{& Thermal Cycler Dice® Real Time System Il (¥
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HIRAZ) 'Y I UTZ, qPCR Fef:i% 95°C 10 sec
D, 95C 5sec, 55°C 20sec, 72°C 20sec & 45
A7kl

4. EmIN—RXFEXRBERTL(CFDS) 1L
Wk 2IA=
4-1. FEARFIBL OV AT Lt

ARAFFETIE, BTV A 1T DA 45 T
FE AT %k Uk A4 o 30 R B A 35 8 ELESTA®
PixeeMo®™ (ELS-004, LA T, 4, AFI 727 /1y —)
ZH A ULT- (Fig. 1A), ARZE#E L DEP JFUERIC
KatflB L O~ A7 itk OB A BT TH oM
hi- A JFE 2 DA L7Z CFDS ThY, EICR
) —EBR e T AT B E I EE B L
OVJ&E I A FUIN 9 2 RS, MR & kiR 9~ 572
DIV DR TEBIOEORRIR DA CCD A
FTTIT WA LGHRT 572D OB TRER S
TW5 (Fig. 1B-a, b) . AT AT AT LD AEFEE 57 Bl

Fhti 45720 (2T B O ELESTA F v 7
(ELCI2IN, LA F, v, [F4h) (Fig. 1B-¢) BI O
ELESTA /3> ~77 (ELBI0ON, LA T, /Xy 77, [Ath)
%95, B 1% DEP (2L 55 Bigh & 1A kst
DO SNIe~ A/ afiggF v 7 Thy, >V

VHEGEES (A1), BA ST~ A7, Pk
WS (H 1) 2 BAg Rk (Fig. 1C), CCD AT Tl
LT HLEMENAEH 5 DEP Ik THIE A3
RSN ARE 723152 ©& % (Fig. 1D), & 13k
DBFERO I F L OVEBIT IR IEOMERZ B 1)
LTSN CHD, BER'Y OV AT AiE

EREHISV OB TF v 7 AP~ E K5

DN, RAFFRICB TNy 7 7 B L OGO AL
VTR TN 10 mL VY (TVE) BT
(Fig. 1B-d), Fv 7 AN 2 & LT PTFE F=2—
7 (ID:1 mmXOD:2mmX 150 mm, BL F, F=2—7,
Fig. 1B-e) 2Hifiikik == (Fig. 1B-f) Z T35
FiL7z,
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Fig. 1. Setting up for analysis using Continuous-Flow Dielectrophoresis System (CFDS).

A: Hardware of CFDS “ELESTA PixeeMo” , B: Component parts — a) Syringe pump unit, b) Digital
Microscope, ¢) “ELESTA Chip” for separating viable and dead bacteria, d) Syringe for pumping or reverse
pumping liquid, e) PFA tube, f) Reverse liquid flow unit, C: Configuration of “ELESTA Chip” — g) Inlet,
h) Electrodes for DEP, i) Outlet, D: Magnified image of electrodes by CCD camera — j) Electrode, k) Slit

between electrodes, 1) Bacteria trapped by CFDS.

4-2. B LOSEH Ot IRE DBl

B EEA 105 CFU/mML O BB 7213 10
CFU/mL #H OSEF B AW T, B RIS
BIHF o7 BHA~DOE O OKRELLEE CCD
HAT TR LT, HELLHTF v T HEENIC Sy
77k I LUICIRBE CEMA~OHIINA B L, 30k
ZiEE 50 uL/min C 3 min D5 L 7= K 5 CO E A
R LT, FIINS1E, BIE% 22.0 Vpp IZEEL,
JEEEOTAE B OS54 1% 0.050, 0.10, 0.50, 1.0,
1.5, 3.0 BLU 6.0 MHz, FEE BN A1 0.050,
0.10, 0.50, 1.0, 1.5 3L 3.0 MHz OFiH TA{LX
i,

43, AHEHIRERBIOEBEE ROME
HiEREE N 103 CFU/mL O A @B E721E 100

CFU/mL i 4 DFER B2 T, 3.0 MHz LD
6.0 MHz (23517 % CFDS AL#% O [alE A 257~
To(BUF, AW OB SIS, SEEOGAEIRE
RBLRLTD), HONLDTF TN Sy T 7%
TR L7 IR RE TEMA~DHIINZ 22.0 Vpp, 3.0 MHz
F721% 6.0 MHz (T EL, 3B 1 mL Z3# 50
uL/min T 20 min 23 CREHELIZ, I, FIIREE
Zffol=FF Y77 3 mL Z§E 50 pL/min T 60
min 72N CERL TN 2T L7, ARflos
Vo VR FIC AL, FINZ S 1R L BRI
SN TWEEEEHEE, Ny 77 1 mL % 500
uL/min C 2 min 2> TEHKL, FBAGBDIEHEL 72
ZEX L7, £ L C, CFDS ALE i o> 7 B 5 ik &
CFDS L% D[RR IZ DUV T, AR BT AR
EEBIEIC I D%, SEEREHT gPCR IETLIA
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THIERIBICLDMELL, SEERARHIzn=—28
FERL TE/RUND qPCRIEIZEDHNE L LT, & 3lR
(T 3 \TOEML, R IOEREROFLE
ZRDT,

4-4. [BILHE D Vs 53 LU qPCRIEICEHHIE
FHEE Y 102 CFU/mL £7-1% 10° CFU/mML D4
AEHZHRTLC, EIINZRM: 22.0 Vpp, 6.0 MHz T 4-3.
DFNEICHEY CFDS ALPEL 7= 1% DRI 100
uL X6 fIEE S ELTz, DD 3 IR TS
EICEVEBERIEL, 750 3 Mkl qPCR I8
TLVARTH RO —HERE LI, £z, HiR
J£% 10" 5 10° CFU/mL O TR 9 o
AEPEH L, RIS T CFDS LB AAT -7 [H]
IRIZOWT, 2% DNA i L, qPCR kick-
TLUARTHROAE =AM E LT,
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1. CFDS IZ&ALOFA RS DR R EBOBRBER
BB RIS O A BB IC BT S
EEA~OE O IREZLEE CCD VAT THIZL
Wi {475 (Fig. 2), A B R E 085G 13 K %
0.050 MHz Tl DO L SR S AV7R D> T2 73,
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Frequency (MHz)

0.050 0.10 0.50 1.0 1.5 3.0 6.0

Viable Legionella

Dead Legionella

Fig. 2. Images of viable or dead Legionella trapped by
CFDS at each frequency. Quantity level of trapped
bacteria: (++) high, (+) middle, (-) low.

2. CFDS (XA 4 EHIRES LUEERBEDOHE
g

3.0 MHz L0 6.0 MHz (Z81F 54 H O ffif
DOFHEI, ZNEh 42+2.5% (3.0 MHz), 31+
2.3% (6.0 MHz) £720), 3.0 MHz BFD 723 1.4 {4
BWHIEE TH o7 (Table 1), 7o, SEHOEEHE
DO FEHNTZENZE L 0.096 = 0.055% (3.0 MHz) ,
0.015£0.0034% (6.0 MHz) £72V, 3.0 MHz K¢ J7
DEELLTL, b 2&R T WEm A o7
(Table 2),
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Th, FEREHZE WO TIIIHEY O N DB R D
W72 8 DFEET, JEE ThHo THEE LT <R
BATREMEIZ H43 1D, D&, HRDIRDSE
ke S eyt o e E AR % (AW RiN s =3P
< LOARTOAFEE ST BESRATEL TIE 6.0 MHZ 23
HLTWHEEZ, BRIZZ O ThRFEIT-T-,
F7o, TOBOHIEHEE 30%E L7, CFDS AT A
TR AR BV CHREE T2 S £
EF 203, FRFICIEEBIRRE L 09<720, ESEE 5y
HEh MK T 32728, ARG (B 6.0 MHz,
JiEiE 50 pL/min) (2351 Il A e fa s Lz,

Table 1. Trapped rate of viable Legionella by CFDS at 3.0
MHz or 6.0 MHz (N=3).

Frequency (MHz) 3.0 6.0

Trapped rate of viable Legionella (%) 42+2.5 31+23

Table 2. Residual rate of dead Legionella by CFDS at 3.0
MHz or 6.0 MHz (N=3).

Frequency (MHz) 3.0 6.0

Residual rate of dead Legionella (%) 0.096 +0.055 0.015+0.0034

3. CFDS 7 BB ICKLHEINED FIRIERZH &
Uf qPCR iEICK HRITEED L8

CFDS ALt D RILE Th D% B DK, P4k
BB E21E qPCR JEIZIVIELTZGAIZEBWT,
1 CFU 720D T4 17 16S IRNA B D=k —
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A WHEAREL [copies/CFUl & T 5L, Bl —
oM (a) DO,

= B —#% [copies]
%44 [CFU]

HRR=
ST, BN 10> CFU/mL 7213 10° CFU/mL
DAEFEREE FW5E OEIERDS 100 pL 372
SELTE 6 BRIKDID, 3 KD PSR IEICLD
BIERE R L, D 3 iR D qPCR IEIZLDHIERSF
ARG T 9 MY OB LREA FIHIL 72 (Table
3)e WTFNOEIREDSLES, 100 pL T O
% (CFU/100 pL) &= —% (copies/100 pL) |2 K&
RITBHETL, BEEEFHBOFRL gPCR D=
E—HOREREM A G DR 9 WL EHEND
BARLRE O HfEL, 224 5.6(SD = 0.71, CV
(%)= 13) BLU5.9(SD = 0.60, CV (%)= 10) &3t
VML oo, 22T, AFEICE-THLRZ=
E— D E AR T AR A TR 6 LLT,

4. CFDS & qPCR iZZ#lAEHET-ARERID
LA RSOBHEER

FFEA 10' 235 10° CFU/mL O#iPH CRL 7=
9 FEDAEFEREHIKTL T CFDS ALH% OBl 4
BINOFT-aE — 8k, WBELRE 6, R 30%EL
TR (D) I TED, TR OL A X T E AR
HL7,

Table 3. Detection results of Legionella by the plate culture or gPCR in each 100 pL of recovery sample by CFDS and the

conversion factor calculated from 9 combinations.

Initial bacteria

) Plate culture method qPCR . .
C(Egcl:e[rjl;;ig())n (CFU/100 uL) (copies/100 uL) Conversion factor (copies/CFU)

Samplel (S1) 11 Sample4 (S4) 75.1 S4/S1 6.8 S5/S1 59 S6/S1 6.0
10? Sample2 (S2) 12 Sample5 (S5) 64.9 S4/S2 6.3 S5/S2 5.4 S6/S2 55
Sample3 (S3) 14 Sample6 (S6) 65.9 S4/S3 5.4 S5/S3 4.6 S6/S3 4.7

Avg=5.6 SD=0.71 CV(%)=13
Sample7 (§7) 101 Samplel0 (S10) 514 S10/S7 5.1 S11/S7 5.8 S12/S7 6.3
103 Sample8 (S8) 93 Samplell (S11) 585 S10/S8 5.5 S11/S8 6.3 S12/S8 6.8
Sample9 (S9) 102 Sample12(S12) 635 S10/S9 5.0 S11/S9 5.7 S12/S9 6.2

Avg=5.9 SD=0.60 CV(%)=10
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Fig. 3. Comparison of the detection results of Legionella
by the plate culture and CFDS + qPCR. The result of CFDS
+ qPCR is applied to the conversion formula.
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