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Abstract

This paper presents a microextractor for the separation of DNA molecules by their sizes. The DNA
microextractor immobilizes the DNA molecules of specific size in the micropillar array by adjusting the
period of the crossed electric field, thus providing a starting-point independent target DNA extraction method
without separation process monitoring. The DNA microextractor has been fabricated by a three-mask

micromachining process.

The velocity of three different DNA molecules has been measured at the electric

field of E=5V/0.8cm in the fabricated DNA microextractor, resulting in the reorientation times of
4.80+0.44sec, 7.12+0.75sec, and 9.88+0.30sec for A DNA, micrococcus DNA, and T4 DNA, respectively. T4
DNA is trapped in the micropillar array when the crossed electric field of 5V/0.8cm is applied alternately at a

10 second time interval.

The present DNA microextractor filters the DNA in a specific size range by

adjusting the magnitude and/or the period of the crossed electric field applied in the micropillar array.
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Fig. 1 Top view of the DNA microextractor

Fig. 2 Maxwell simulation of the electric field in the
micropillar arrays, where a uniform electric field
is applied to the silicon dioxide pillars distributed
with the angles, 8, of (a) 90°, (b) 60° and (c) 45°
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Fig. 3 Reorientation of DNA molecules in the
micropillar array, when the periodically switched
electrical field is applied at the angle of at 120°:
(a) DNA molecules larger than a critical size; (b)
DNA molecules smaller than a critical size
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Table 1 Measured dimension of the micropillar array
Micropillar | Micropillar | Micropillar Channel
height diameter spacing height
Dimension | 50402 | 22402 | 18202 | 2032004
[um]
Table 2 Sample DNA molecules
Micrococcus
A DNA T4 DNA
S?é'f;;nﬁgA (TAKARA Bio (5?2:3_ (Fluka &
Inc.) Aldrich Co)) Riedel Co.)
Size [kbp] 485 115 168.9
Radius of gyration
0.863 1.45 1.82
[pm]
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Fig. 7 Electric potential applied to each electrode in
Fig.1 for the crossed electric field
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Fig. 8 Experimental apparatus
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Fig. 9 Fluorescence microscope images of the T4 DNA
migration captured at every 15 minutes: the
voltage of 5V is applied between the electrodes
at 0.8cm distance and is switched at the period of
12 sec
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Table 3 Measured migration velocity* and reorientation
time of the sample DNA molecules listed in

Table 2
" Pulse | Measured | Reorienta
gz;\) [p:; A period, | velocity, | tion time,| ¢,™"
T(sec] | v[um/s] | t [sec]

12 0.76 £ 492+ 380+

A DNA 2.56 + 0.05 0.48 0.37
@85kbp) | 005 1o | 068 | 4e8x | 36i=

0.05 0.40 0.31
20 0.73 £ 6.96 + 226+

. ’ 0.05 0.90 0.29
M‘°g’§‘f°“5 224 [ 7 [ 044% | 728 | 237%

(115 kbp) 0.05 0.05 0.55 0.18
10 035+ 6.88+ 224+

0.05 0.45 0.15
20 042+ 980+ 217

0.02 0.30 0.07
T4 DNA 1.65% 12 0.14 9.96 + 221

(168.9 kbp) 0.02 0.02 0.29 0.06
10 0.025+ 9.36 207+

0.02 0.24 0.05

* Electric field of 5V is applied between two electrodes at 0.8cm
distance

** v, is the measured migration velocity of DNA molecules for the
electric field applied in constant direction.

*** the parameter for misaligned DNA molecules, ¢, is extracted from
the relation of 1= ¢;"N(Ey/E) ‘19, where N is the number of Kuhn
segment; E, the applied electric field; Ey, the field required to dominate
Brownian forces on the scale of a Kuhn segment; 75 , the Brown time
associated with a Kuhn segment
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