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Sensing bacteria is attracting a great deal of interest to avoid an outbreak of ba
cterial infection. The sensors used for this purpose should integrate at least two functions in a small vo
lume: trapping bacteria and detecting them. We developed a PDMS-based microfluidic chip for trapping and d
etecting L. pneumophila cells. By using our finding that L. pneumophila might emit fluorescence when they
are forced to limit their motion in a narrow space, we can observe fluorescence from L. pneumophila cells
introduced into the chip together with microbeads: We previously make a mixed suspension of L. pneumophila

cells and the beads and then introduce them into the microfluidic chip with funnel-shaﬁed protrusions whi

ch work as stoppers both for the cells and the beads. The cells are densely packed at the inlet side of th
e stoppers and restricted their motion confined by microbeads. This method enables us to expect the observ
ation of fluorescence from the L. pneumophila cells introduced.

MEMS



# XL C—19, F—-19, z—19 (Gtm)

1. SRR YWD R

(1) FTHE LA RTES 0-157 7282 XL
DA YE S EIZ 2> TN D, 51T
Bl CIEIERDOFUERINED L2 W T &3
kX7 2 — 23 S D ZAMHE M E 7 &
IZ X DBENEGE D KX MBI 5o b
Do AU S IR T BT A B A ORE T,
JRYE SCERBE DI EMB Y R Bt % Bl 5
DRI NTHLEEZW £ Tlo, &%
Ik > TH, DNA ZWric L - THEFE D
MNDHZETHY, BEEAND EERE
FEIC/e %, £72. DNA [ LK 6PFITHEZ
DHLOERETHHIELELTZ7a—% A b
ANV —={ELHLHN, EEDBBNND &
D, FOEDICF AN T = 7RO
REE=2 U U 7 HFEBIL TR, 207k
W, R EMIC L VN TF 2y 7 %
fEICAT D 2 & DO TE D RMENEEE OB RN
< MiFF S,

(2) —F5, LSlicfkFEshdr=1L 7 hr=
7 A3 & B Kk 95 More Moore @ k
Ly Rz <, v Varvzazrsy b7
#—2 & L CLSI & B e, BFERE

a2 8L, HLWEREZR -T2
TNRAAEEETHZ AT HEMR
{t. MEMS 73 &£ More than Moore ® ~ L >
K L CERBLDOHD, 20X 574 b
Ly RIiZHH- T, A A48 & MEMS %
A L7~ Bio-MEMS F v 7OBF & A
THEY DNA F v 77 B2 0l L 5
Z5h, LIPLRENRL, ZNHT /N4 ATIE
M OREICITEEE 72 EOMB N VLB TH
V. MEEZWIIZAEN TH-oTH, 4T L
HEEICRZ D DD E s TWenolz,

2. WMEOHM

(1) ULED XD BURICEAR, MEZNEH S
DT EME, ENMEE W o T2 E .
M EERA L, Zhaz4ER{L MEMS £k
2L > TER L 7= BioMEMS F v 71 k-
THERT D Z L MmHATEE T, BEM
RANIOMERET v 7 &2 FEB L, DNA
HI T A 2 R, Z20ICHITE T2 2 &N
TEHZEeHAEE LT,

(2) Bk z—47 > & LTIE, &4 5
EREAOCEE MK ESIZEZIL, 27—V v
THEU— BRI EKERRIEETDHLY
FAT c=ma—F7 47 LAFLYFFRTE
B&FD) OHEE BT D ME o FER &
AfEL Lo, ®NERTHMEILL VA RT
BEITUOMIZEZ L, RAMTIEEZEL TR
ENERTLIME B ~DORENARETH
%,

(3) B2, MEMS R EDIED~A 7 mZE
MCREINDMEOHEEEZMD Z LI, =1
7 ha =7 AR ST B T A T B
FORIEIZHL DN EEZT,

3. WDk

MEE LV OFEBIZIL, Pt o0
HRENRD B D, —DIF LU R T i
TAHEETHY, —2HIFIL YA R T O
AT AR E LD, Z0d, F
THIERBE D Si-MEMS I X » THEIL., =2
TELNEZEFHE L VEELRE— XL A1
MRS~ 1 7 v fiiigic X o ik, Wik,
R TEORRZE~ R LT,

4. WFIEARR

(1) Si-MEMS BUHME &S~ 7

F 97 Si-MEMS BU S i 3 F  CAE B LT
AR~ 2%, X 112 MEMS Y05
T T ORI % 77, MEMS B E i T~
TEERIT, 1X2 em T, ZOF v T OHFY
121, Si BT —EERRL TH B, Inlet
MOBIEALTE LU R T E2EED Si €7 —
ThrIZyv 7 HELESIZLTWDE, ZTD Si
VI —id—Eofié LTlE, ZZicvvg
X T TS, BT — LT —DHEe.
T —OE, MEOHES, ©7—08K, *
vy TOEIQEOTIER, VLU T O
FRRRESEEZEEBL TR LTS, ¥ 2
W LT T A A DN E H KO
~A 7 a7 —HEED SEIM Ej & R,

200 stages
-—(

Si pillar structure

1. Si-MEMS ZU i F » 7 O[]

(a)

(b), Inlet

. Outlet

i 5 mm
2. Si-MEMS Wi F ~ 7
() Si~+ 2wt T —if, (b) B

2) VoA RT o

RAZ Si-MEMS iR & I S - L oA
T OEINZOWTHEIT 5, K31, v
F 2T OBE (1x10° f#/ml) 1 mL ZEH &S
WL TT v IZEAL, WELZL VAR
T OWNHEMESRE RS, LI T
Inlet INHEASNTEY . RO [V
MCHEN-EENAE T —HETH L, Hn
AR CPH E AL 7-5EI 0 & F B W IRV E RS
BERTX D, TOEBICL AR T RNEES
nNTnWs, ZoENbESTHLEICLY



= )
¢ Si-pillar area 3 !

Outlet

1
[}
1
]
1
i
Trap area of Legionellq »
1
1
1
1
]
1
|}
1

500 pm '
3. BT I S hlt e a T 5L 04 % T

450-460 nm fFUTIic 7 v — R B — 27 2 FHo =
RS Motz RBZOMEOERET, LY
3TN ERO XS A2 IR UiA
O HIVERZHIR I D LRV E L A T
HLEEIHLVAREBT-,

(38) w447 mE—XL PDMS #HE% 7=
~A 7 aiET v 7
HITETCBAZE L 7= Si-MEMS Bl F » 71 &
DL UA R T OEEHIRIC X D s &
EEIRAOAREMZ L L, K 4 (a)
WZRT LI, LU RTED Inlet D Si
EZ—DRNZ Y T ORI N T v T EN, M
TLLITRTCOBEAL YA XRT EZHNTX
BN ) TRNEL B E VST REN
bote, TOMEERRT DD, LI R
THEE~VA 7 ubE—X BB L, v/
— ZXDEBZERICZL A RTEZHAL 2 &
BHIRIC 2w EFHFEEL, BALLLT T
DVIARTEBRAARER FIEERE L
(X 4(M)), K5 IZHEE LT PDMS fil~v o1 7 1
MoK %R, £ Inlet, Outlet
NHY, MBEOHMNIE—A L2 EXILD D=
DDA KNy R=NbD, ZOWHEL —X
ELVLUFRXTEBEBLTA Ly MDD
BIZEATHE, A by =0}, B—X
L. pneumophila

Microbeads Stopper

L. pneumophila

(a) (b)

4. LI R T EOEN
@vVares— b~vf/7rE—xX

Inlet Stopper Outlet

| op— —

5. PDMS Ui 7 v 7 O AR X

6. PDMS Rk 7~ 7

DO L OIWTERH L, fERELTL YA X
T E~A 7 B BRI L COEBHIR S
WHEFBAT LI LE2HHELELDOTH S,
X 6 |Z/ESL L 7= PDMS #l~ oA 7 uifiKF v
RT,

4) VIR T OHRE

AETIZ, BE—X& PMS Hil~ o 7 ok
W&o T, VIR T O R O R 5
BaiToli e ~s, 9, vV X7
DENBIHEZIT T2, LA THEEN 10°
cell/mL {IZB L HiC, LIAXRTEE—X
FRELBEEAEEALZ, KT7TiXZZor
DA R T EHR 2 EN UL L 7z e B
BB THD, Inlet MIZE—ANHEXIED S
. HAWELEEZBATE VWD, ZOFE
WX, BPOHFEY LA R TN E— XRIZ
HESh CGEBHZHIRINTHEEZH LT
Lo LHERITE S, K8 IZHIE LTzt A
7 MVEIRT, ZTORMNL, BE—=XE LTS
F T R L BN B E NS 2
L. =, VAR TOARDOEE (AHICE
LG E) . LU R TIREIL 10 [FORE
Tho20IZHEbL LT, FEFBH S,
ZOZ L, RlcbRBLELIICLYART
NE—ABIZ Ty T EN=Z a2l X

Outlet side

Inlet side

7. wA 7 mE— XIS a2 T 5

LY RT
1.4
3 127 106 cell/mL
. 1.0 f with microbeads
©
-
> 08
h=d
n L
2 0.6
€ oay
= 107 cell/mL
0.2 w/o microbeads
0 |

400 450 500 550 600
Wavelength (nm)
8. LUFRTDEIEANRT [ L



45, SOICEEMEITEALZL A X
FIREERVEBZ RS> L bR L7z, 2
D LiE, BRI Y E2ERT 570D
BRI R L 72 D,

(5) W E DR AENE
SHIZELIT, AF v TEHNTLYAXR
7 O N ERS D i e o B S R R 2K AT
THEEIFHERMAEZRB L, K 9 %,
SO IR b Fh Y O BRI & o BIfR &R
9, FhEYEIXIEE 350 nm OEEINETH B,
B — XD HRDIGE T, SR E LR e R
HEFREICEEETIZE—ETH DD L,
E— X LU R T OBMEROGEIL. B
SRS & LI H S ERE AL, ¥ — 2 1TE
L7 LT Z ENbnd, Bt
EOBIML., i XoRE s & blcL V4%
THENECEOREAZRIEL TS Z L
ERLTWDHEEXLND, —F, S
DAL, HEIE DEESNEIT K D IR
BRoTZHLDEEZXTWD, U EOFERIT.
INETOMA TS HEEBOHIRIZINZ T,
AN DO BRE B a e E O EAB B O] =
BT o TNDHZ L BRI RIR LTV,
PLED L Hiz, w4 7 a i EN TOEEH)
R, 2EAMERRET & o AN RIS & - Tt
KW E OREAENFHEIN D FHEIL, FiiH
AR THY | RIFFEOHDO—>Th
S, TV ha=7 ATAPR SN ELT
HEOAAEICETIHLOTHD EEZ T
Do

2.0
E—X + LPHRS

—~ 15
S //
< 1.0 L/
% . *
P A E—XD#H
# 0.5

0.0 4

0 500 1000
B2 S HR AT BF R (sec)

X 9. 5D i H R e e A7
5. TABRWLE

CesSamsc) R 1)
Hiromu Ishii, Kazuaki Sawada, Makoto
Ishida, Katsuyuki Machida, Ken—Ichiro
Iida, Mitsumasa Saito, and Shin—ichi
Yoshida, “Bio-MEMS Chip for Bacteria
Detection —A Challenge of Si Technology to
Biomedical Field-” ECS Trans. Vol. 58,
No.9, pp.125-133 (2013). (Invited Review

Bz

(FaxE] (G191

(1) Youngshik Shin, Kyohei Katsube,
Kazuaki Sawada, Makoto Ishida, Hiromu
Ishii, Katsuyuki Machida, Kazuya Masu,
Ken—ichiro Iida, Mitsumasa Saito, and
Shin-ichi Yoshida, “Fabrication of
Bio—MEMS Device for on—chip Testing of the
Bacteria Behavior” Abstract No. B 5.3,
Heterogeneous Integration Challenges of
MEMS, Sensor, and CMOS LSI, Symp. B, 2012

MRS Spring Meeting, JSAP-MRS, San
Francisco, USA (2012). ZHi
(2) Kyohei Katsube, Ryuhei Hayashi,

Youngshik Shin, Hirokazu Nakazawa, Makoto
Ishida, Kazuaki Sawada, Hiromu Ishii,
Katsuyuki Machida, Noboru Ishihara,
Kazuya Masu, Yuta Takekawa, Changle Wang,
Ken—ichiro Iida, Mitsumasa Saito, Jun
Fujii, Shin—ichi Yoshida, “Bio—MEMES Chip
for Trapping Bacteria by Si-pillar
Structure and Its Application to
Legionella” Abstract No. ac12000224, The
6th Asia—-Pacific Conference on
Transducers and Micro/Nano Technologies
(APCOT), IEEE, Nanjing, China (2012). 7
B
(3) Hiromu Ishii, Makoto Ishida, Kazuaki
Sawada, Katsuyuki Machida, Ken—ichiro
Iida, Mitsumasa Saito, and Shin—ichi
Yoshida, “Bio-MEMS Chip for Bacteria
Detection -A Challenge of Si Technology to
Biomedical Field-" Abs. E12-2222, The
224th  Electrochemical Society Fall
Meeting, San Francisco, USA (2013). ¥E%F,
e
(4) R. Hayashi, H. Nakazawa, K. Sawada, M.
Ishida, H. Ishii, K. Machida, C. Wang, K.
Iida, M. Saito, and S. Yoshida,
“Bacterial Diagnostic Chip by the
Detection of Fluorescence from Legionella
pneumophila in a Microbeads Suspension”
Abs. Q2-1485, The 225th Electrochemical
Society Spring Meeting, Orland USA (2013).
Bff, Ayl
(5) R. Hayashi, Y. Nishimura, H. Nakazawa,
M. Ishida, K. Sawada, H. Ishii, K. Machida,
N. Ishihara, K. Masu, C. Wang, K. Iida, M.
Saito, and S.  Yoshida, “PDMS-BASED
MICROFLUIDIC CHIP FOR DETECTION OF
LEGIONELLA PNEUMOPHILA BY MIXING WITH
MICROBEAD” The 7th Asia—Pacific Conference
on Transducers and Micro/Nano
Technologies (APCOT), Daegu, Korea (2014)
accepted for presentation, TFef
(6) Hiromu Ishii, Makoto Ishida, Kazuaki
Sawada, Katsuyuki Machida, Kazuya Masu,

Ken—ichiro Iida, Mitsumasa Saito, and
Shin—ichi Yoshida, “Bacterial diagnostic
microfluidic chip for detecting
Legionella pneumophila” TEEE INEC2014,
Sapporo, Japan (2014). #AfF, AmcfE




(PE € PEAE)
OmIREL (G 11F)

AR AERRET R, MERERT A A

KO fr A 2 1

TR PIRE . A AFEE. S

., SHE—, FHELE

MR« ENLRFEN BEHEINRE KT
2 KFEN JURE

FHXH « BT

F 5 ¢ FFE 2014-026939

HFEAEH B :20144E 2 A 14 H

EWNADR] : EN

6. HFITHELRE

(1) Wrgefzs

HH 1= (Hiromu Ishii)
BBHINRERY T—F—AA Nk
U= VBB AT

R 2%

Woe#EFE R . 20506157

(2) HEHEIF 2T

BTHE 7 (Katsuyuki Machida)
WRTERY KRAEE TR
RS

ot 90597676

#HFHE E— (Shin-ichi Yoshida)
JUNRS: B FERE

iz

WFFE# 37 1 60128113




