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Water-in-oil (W/O) emulsion has been used for biological and combinatorial application. In these applications, many
water droplets are served as micro reactors and several reactions are carried out simultaneously. To make W/O
emulsion, stirring device or homogenizer are used conventionally. Since these devices such as magnetic stirrer bar
are not disposable, they have many risks of contamination. In addition, these methods require a certain amount of
volume at least 1 mL. In this paper, it was investigated that novel emulsification methods using AC voltage. There
were two approaches for emulsification: electrodes placed inside and outside of micro-tube. For the internal
electrode method, high voltage electrode was placed in micro-tube. On the other hand, for the external electrode
method, high voltage and ground electrodes were placed on outside wall of micro-tube. In the both cases, when AC
voltage was applied to the electrode, water solution that was placed at bottom of the micro-tube was dispersed into oil
phase. Moreover, it was confirmed that this emulsification did not affect polymerase chain reaction. These
methods have some features: preparing electrode inexpensively, especially for external method, non-contact operation
to prevent contamination from mixing devices and requiring small amount of volume, for example, 100 L to 500 pLL.

1. [FL®IZ

W/O (water-in-0il) T~/L3 3 0%, #/NR/KIEN I
SEMLTOWORETH L. F, 20 WO =<wLya %
FIH LIERSRBMEE 2B OTCW D, 2, #h2kiEo
VEDOEDE~VA YT 72— LTHAL, £t
DR H % Dk AN TRISZAT 5 LT 5. WO =
ATV arERNSHZET, VAT L= EAVDSLD D
IO~ 7 u ) T 7 2 —%dicx 5. flziE, &
BFITAT TV —nbEE#R L2 EZENEL (directed
evolution) X > TEIRT D LV o7c L9 7, SREHEOLE

F—U—F L, EXIUL, i, Bkl
* BBEATRERFET o n U—T 5% (4418580 ZmILE
EHTRIATES. » o 1-1)
Department of Ecological Engineering, Toyohashi University of
Technology, 1-1 Hibarigaoka, Tempaku, Toyohashi, Aichi
441-8580, Japan.

o FURRFELRLEFR (113-8656  HUTER SUR XA 7-3-1)
Department of Electrical Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan.

! mizuno@eco.tut.ac.jp

ZRIFHCSSED, ar e N T A7 I A R U —IZ8
ERETD D E, MUNMERTRIGEITH) 2T, TO
PEL O B BRI T FANRI IR 22, 2O TR 51k
ZRISDEIRILESND. ZNOERAEFALEFIEE LT,
1 43F PCR (polymerase chain reaction) ¥E73251F Hav 5 2.
DX WO =~y a rEISALEKSRTHE, £
WKBIREMBE B~ TR T 4 v I A —F—=RKETT
AP —%fHo TS E TN D, ZRHOEEEHVHHE,
ZOREEIND, HLBREOERE (D Lb ImL) 270
EHALTHZENTET, £, 200 ORI K LEE
FAENDZEMBENT=, BHIAEMFRIE RS & &2
i, 78R arZIx—yvarOFRERD &V o7
Vit
T 2T, A e E A b7 R L LT, B
ROV OV THRF L. D&, flxiX2E 100~
500nL OKEERIE 5~20ul) CTHALT D &, By Ml
WEBETIZTELSBVWRMTH D Z &, HDWITRERAR L
Ry S — U5 Z L 32w, B0 D) XD ek

o



BREAO-FACEDORZEE L 2 DICH (HEBEEZ D) 27

DI AT o 72,

B AL E OBRIZOWT, EREZ AW bIEE <
DORFFEMTOR TS 2. E 72, BRICE BIc oW TIE
J RNV Z BT 2 FIIN U CEge i Al 2> 72 K & AR L
Wk 2BEIE 2355, LrL, 22 TRT LD Al
A LKA & BRI LIREED B LT 2 HIEIZ >V TTIE
LA ETFRI TR, ARaCTIE, BT Lo THRE L
TORAEOIE &AM & 2IRA - AL TE D2 L %2RL, 20O
FALDRR T SRR LI oW TS 5.

EBIT, ZZORULEBEBRE AW FIER, EMFrae

B E G2 DME DD DT2DI, PCR Z#1T-TC, £

DB L.

2. #EELE

BRERANWDHFIEL LT, EREHINT 570 0EMER
FROWES, &2 WIISMEBICERE L2356 0 2 a4 R
IRl AT if?x%y7%747m%nﬂ7%%wh
BIBENERICEHE T DAL, BMNEICEELBHRTH D
ERMEREL, v~ /70T a2—TE2HBEBLTHHT LI
VLT 2 —T T o 7 AHHEmRE LTz, ANTICERE T 5%
B, TIARTF oA 7 aF a—T OINBO 2 EENZT

(1
1.5ml Micro tube

Glass capillary (1.D. 0.5mm)
Tungsten wire {0.3mmg)

-

o

Rapeseead oil and Aqueous Solution

&S S
o OO

Aluminum Block

&)
O
j l I—P To power supply
TS
v
To ground
®
B1 FEEELE (PR
(A) RS, (B) REOHKT

Fig.1 Experimental setup in the case of internal
electrode.
(A) Components, (B) Experimental setup.
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Fig.2 Experimental setup in the case of external electrodes.
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Fig.3 Emulsification by AC electric field.
(A) Setup, (B) after 3 seconds and (C) 10 seconds.
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Fig.4 Photographs of W/O emulsion 1.
(A) Milli-Q water, (B) KClI solution. Rapeseed oil including
surfactant (1%) was used. voltage applying time (left to
right) was 1, 3, 5 and 10 min, respectively.
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Fig.5 Photographs of W/O emulsion 2.
(A) Milli-Q water, (B) KCl solution. These were in the case
of without surfactant. Voltage applying time (left to right)
was 1. 3. 5 and 10 min. respectivelv.
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Table 1 Diameter of the droplets 1.

Time Diameter* CV Condition

[min]  [pum] [70]

Rapeseed oil Water

1 8.58+433 504
3 6.981+3.58 513

1% Tween 80 Milli-Q
5 7331413 56.4
10 8.07+3.86 479
1 7431452 60.8
3 732£4.09 559
1% Tween 80 10mM KCI
5 794365 46.0
10 625+287 459
1 731E£4.14 56.6
3 6.6913.14 469
No surfactant Milli-Q
5 7.08£293 413
10 643+278 432
1 882+4.01 454
3 6.71£2.60 38.7
No surfactant 10mM KCI

5 7.443.00 404

10 7.38%327 444

*Mean =+ SD.
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Table 2 Diameter of the droplets 2

Applied voltage Diameter oV %]
[kVop] [wm]
4 9.44+437 46.3
6 9.83£425 433
8 8.74+4.54 519
10 10.84+4.08 37.6

*Mean =+ SD.
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Fig.6 Emulsification using external electrode.
(A) Experimental setup, (B) after 3 seconds and (C) 10
seconds.
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Table 3 Diameter of the droplets of PCR application.

Lane

Voltage Time  Diameter* CV Position of in
[kVop] [sec] [pm] %] electrode Fig.

7

5 15 424+221 522 2

5 30 324+1.15 354 3

3 15 361184 511 Inside 4

3 30 3.69+1.70 46.0 5

3 60 414+2.08 502 6

5 60 413+2.19 529 7

Outside
55 30 404+173 428 8

*Mean =+ SD.
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Fig.7 The results of the PCR (gel electrophoresis).

Lane M: molecular weight marker (A/Hind 1II), lane 1:
positive control (without emulsion). Lane 2-8 correspond to
the sample mentioned in Table3.
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