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DNA Separation Chips Using Asymmetrically-Switched
Nonuniform Electric Fields

Soyeon Yi and Young-Ho Cho

Key Words :  Bio-Separators(% A =2 2] 7]), Electrophoresis(% 7] % &), Asymmetrically-Switched
Nonuniform Electric Fields(H] th & 1.2} 7] 7%

Abstract

We present the experimental study to realize a DNA separation chip using asymmetrically-switched
nonuniform electric fields. The DNA separation chip redistributes DNA molecules within a specific area
based on the size- and field-dependent nonlinearity of DNA drift velocity. The present chip is composed of a
width variable channel to distribute nonuniform electric field, a DNA loading slit and a pair of electrodes to
apply electric field. We focus on the design of DNA separation chips with identifying the nonlinearity of
DNA drift velocity using three different DNA molecules (11.1kbp, 15.6kbp, and 48.5kbp) in the chips. It is
demonstrated that different size of DNA shows different net migration in different direction under the
asymmetrically-switched nonuniform electric field.

FRo & WA Bdd A7 A4S
ks F1Ee] A719% AR A4S, FA A7)
E A71% oAl Z7]e wet thE L2 o]EdHE DNAES ¢
T A7 o7} F7) Xéfm ol o] EA|A o]EAT Y A= o] gale] B
gzt Hlg), & Ee4Ai= DNA o §4Ee] A
M DNA el 271 A8A EAFig. 3)S o|&3le, nxygoz 0]7}Q
= A71eA ZbEe] DNAE A7) up&
L ME o] Wy} &L 2 o)Este] Fals "l
92 DNA %}a}Ax}oﬂ #5 Aow YU
gl gAn Bade A7) Wl Mgl wh, e ’
DNAE 21 A7]o] ue} dxjols W3 mr 2e7)b o ‘
27 gk B =RoxE o2 ow AW Hf
A= oY EH%}( atchet) EYVE Ao ZHE s
a1tk A|QHsk DNAY-E] 22KFig. 1)olAlE vt Al NS
JJ_X}‘217]X]'(F1g 2)—‘2— B A2 oFdhe| @17}Ekar B4

Slide Glass

T AR, B, AR % ol o A 7
39 A7 Eet, oA e s T
E-mail : nanosys@kaist.ac.kr
TEL : (042)350-8691 FAX : (042)350-8690

@RS vpol ey g ok, A e . . I
Ejii‘i‘r] 2 Fhel AFesh A= Fig. 1 Top view of the DNA separation chip




266

X

R

2Ab=

9] Zols wuEAZ

oluviz}l, AHd DNA &5

% 49 #4o]

Folel A1GERACIRL BelfE
otk gHe sbd w

23 e},
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Fig. 2 Asymmetrically alternating electric field and time
condition for DNA separation: E denotes the electric
field when the voltage of 10V is applied between
two electrodes (d=6cm) in Fig. 1 at T= 3 sec
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Fig. 3 DNA self-focusing principle: (a) The nonlinearity
of DNA drift velocity, depending on the molecular
sizes (M;<M,<Mj3) and electric fields; (b) Size-
dependent DNA migration in the asymmetrically
alternating electric fields of Fig. 2
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Fig. 4 Nonlinear drift velocity of the DNA molecules (Table
1), measured from the conventional agarose gel
electrophoresis: E; and E, are the electrical field
condition, where the net migration distance of DNA
Il is zero(stationary) at the time condition of
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Fig. 6 Cross-sectional view of the DNA separation chip
along the line A-A’ of Fig. 1
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Fig. 7 Fluorescence images showing the separation of
DNA into the three different bands in the fabricated chip
for the condition of Fig. 2: (a) initial image; (b) image
after 80min; (c) image after 160min; (d) image after
240min
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Fig. 9 Estimated focusing locations of DNA 1, II, and III
in the DNA separation chip
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