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Highly Sensitive Detection of Pathogenic Bacteria
Using PDMS Micro Chip Containing Glass Bead

Ji Yeong Won' and Junhong Min®*

'Department of Chemical and Biomolecular Engineering, Sogang University, Seoul 121-742, Korea
“College of Bionano technology, Kyungwon University, Gyunggi 461-701, Korea

Abstract Here, we demonstrated simple nucleic acid, RNA, concentration method using polymer micro chip containing glass
bead (100 um). Polymer micro chip was fabricated by PDMS (1.5 cm x 1.5 cm, 100 ym in the height) including
pillar structure (160 pm (1) x 80 ym (w) x 100 ym (h), gap size 50 um) for blocking micro bead. RNA could
be adsorbed on micro glass bead at low pH by hydrogen bonding whereas RNA was released at high pH by
electrostatic force between silica surface and RNA. Amount of glass beads and flow rate were optimized in
aspects of adsorption and desorption of RNA. Adsorption and desorption rate was measured with real time
PCR. This concentrated RNA was applied to amplification micro chip in which NASBA (Nucleic Acid Sequence
Based Amplification) was performed. As a result, E.coli O157 :H7 in the concentration of 10 c.f.u./10 mL was
successfully detected by these serial processes (concentration and amplification) with polymer micro chips. It
implies this simple concentration method using polymer micro chip can be directly applied to ultra sensitive
method to measure viable bacteria and virus in clinical samples as well as environmental samples.

Keywords: RNA, Nucleic Acid Sequence Based Amplification (NASBA), PDMS, nucleic acid concentration
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NAGEL GmbH & Co KG, Germany)‘i o|-g3le] Fnls}
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Supermix (BIO-RAD, USA)E ©]-83} rt-PCR-S 283193tk
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wef A7} trolm A3, 4 tholw, 12]aL hairpins<
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+ heat shock T2 clpB -rrd?(]-i Gene Data Bank
o|A] AE000345914] gi1788939 : ¢11535-89622 5] Ael
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cactataggg-AAGGTTACTGGACGGCGACAA-3’)= 4-nt
GA-rich ¥{E<=A9l oJ5)] WA= 5° end (lowercase)ollA]
T7 Z2RH §F825 =Yttt Zeto|s BM2= U
HjE <A 5-AAATCCACATTTCTGACGA-3’ ]t} [15].

real-time PCR (HAIZF F3AAF SFX))0l A==
Za}o]ME gapA F (5-ACTTCGACAAATATGCTGGC
-39} gapA R (5-CGGGATGATGTTCTGGGAA-3°)0]
t} (Table 1) [16].

Table 1. Primer pairs used in real-time PCR and NASBA [15,16]

Sequence (5™-3) Tm ()

Real-time PCR
gapA F ACTTCGACAAATATGCTGGC 54.1
gapA R CGGGATGATGTTCTGGGAA 56.6
NASBA
BM1 aattctaatacgactcactatagggAAGGTTACTGGACGGCGACAA  69.7
BM2 AAATCCACATTTCTGACGA 48.4
Mgl
& A=l v|= A4

15 cm x 1.5 cme] HAH+3H Oi S A = R4 S )

Foz 160 pm x 80 pme] L 70 ume] 7HH o F tiz}
*8}04 FYE AABIAL PDMSE o83t 35 Edi=
e Pﬁro}%ir:‘r PDMS+: Sylgard 184 A$} DC-184 BZ
10 1 12 &3] 75Tl 3087 71E35199th. PDMS<}
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Fig. 1. Microscopic images of 100 um beads and polymer micro
chip; (a) 100 um beads in the chip (b) PDMS micro chip
(1.5 cm x 1.5 cm).
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Fig. 2. Scheme of mRNA concentration and amplification using
polymer micro chip @ Sample loading containing E.coli
0157 : H7 with binding buffer (Acetate, pH 5), @ Loading
of Elution buffer (Tris-HCI, pH 9, 20 uL), @ Transfer of
elutionbuffer containing concentrated mRNA to amplification
micro chip, @ Measure of amplified product.
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Fig. 3. Adsorption rate of RNA on 100 ym beads in the tube
(a) real time PCR result using 0.3 g beads with various
pH, (b) The effect of amount of glass beads on RNA
adsorption at various pH.
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Fig. 4. The effect of feed flow rate on RNA adsorption using
micro chip.
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Fig. 5. The effect of bead amount on RNA adsorption using
micro chip.
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Fig. 6. The effect of bead amount on RNA desorption using
micro chip.
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PDMS F el A o]FoiZitk. 121} PDMSE Tl dzto]
ZAgto] wl-g- go]dte] RNA HuF o]z} NASBA W3-
Zash a4 TlEE A 23] o] NASBA ¥l o
0] Ut} webr] PDMSe} T e} Aeks vl g3l thE
‘;‘r‘ﬂnz“ﬂ] 4' Hi7] (blocklng) Aol ey 18y
23]8 NASBA £ o] g4
E}H—Hﬁ l"—‘-:— 08‘7% S —7?01 NASBA H1-3-9 ﬂsﬂzﬂi x—}
wo o childe ppMS F YRS
53] %i% %‘ o= Z BSA (Bovine Serum Albumin)

Trﬂ

2 o]l83dld HA T=zAL AASE AL ﬁago}ga
o} Fig. 7& BSA®] HA sk 24 49 A8 HoiF

et = 2 AE¥ PDMS @oﬂ 0.5%9} 5%2] BSA
AeE s FH1E NASBA &9 37 53 ol f
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5%9] 1'% BSAS 73k PDMS F B3 5%, 61 @)
QoA+ Hk-o| HX] Ealgjernz Hix%] NASBA "
Solgta & 4= gt} 0.5%<] BSAS 73t PDMS 9t
o] NASBA WFS-& A3 o= P 4= ATt weA
0.5%2] BSAE PDMS F W¥<9 E27& 213 HZ9
FEE AAS

[nt] [nt]
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& |
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Fig. 7. Effect of BSA concentration on NASBA reaction (sample
concentration: 1 c.f.u/1 mL, 10 mL) in micro chip, 1 is
for Positive Control; 2, 3, and 4 are for NASBA product
without BSA 5 and 6 are for NASBA product with 5%
BSA; 7 and 8 are for NASBA product with 0.5% BSA;
9 is for Negative Control.
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