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ABSTRACT

The analysis of functional population and its dynamics on the environment is essential for understanding bioremediation in
environment. Here, we report a method for oligonucleotide microarray for the monitoring of aliphatic and aromatic
degradative genes. This microarray contained 15 unique and group-specific probes which were based on 100 known genes
involved pathways in biodegradation. Hybridization specificity tests with pure cultures, strain Pseudomonas aeruginosa
KCTC1636 indicated that the designed probes on the arrays appeared to be specific to their corresponding target genes. It
was found that the presence of 8 genes encoding alkane, naphthalene, biphenyl, pyrene (PAH ring-hydroxylating)
degradation pathway could be detected in oil contaminated soil sample. Therefore, the findings of this study strongly
suggest that oligonucleotide microarray is an effective diagnostic tool for evaluating biodegradation capability in oil
contaminated subsurface environment.
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versity of Minnesota Biocatalysis/Biodegradation Database,
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Table 1. Biodegradation Gene probe sequences

No. Probe

Sequence(5'-3")

Target gene

alkB1 TCTGGCTTTGGCCGGCTACTCCGATGATCGGAATCTGGGGATTTT
alkB2 TCGGAATCTGGCTTGCAAATGAAACTGGTTGGGGGATTTTTTATG

Alkane hydrolase
Alkane hydrolase
Toluene dioxygenase

Toluene
4-monooxygenase

Xylene monooxygenase
Catechol
2,3-dioxygenase
Naphthalene dioxygenase
Naphthalene
1,2-dioxygenase
Naphthalene dioxygenase
Biphenyl dioxygenase
Bipheny! dioxygenase
Biphenyl dioxygenase
Biphenyl dioxygenase
Biphenyl dioxygenase
Pyrene dioxygenase
(PAH ring-hydroxylating)
Positive control
Negative control(blank)
bacteria THAF 3 F32}

3 todCl CTGGAACACCACTGGCGAGATAGAAGCGCTCTTGTGACGAGCATG

4 tmoA TGGACACCTAGCTATGTTACCGAAGAGCAGCTTTTCCCAGAGCGG

5 tol GTCAAAGATGCGATAAAGATTGAGGCTGAAACTTTACGTAGAAAA

6 xiE CAGTTTCTCAGTCTGTCGACCAAGGCCCACGACGTGGCCTTATCC

7 ndoB CACTCATGATAGAATGATTCCTGCCCCCGGCGACTATGTTACCGC

8  nahdc CCAAAAGCACCTGATTCATGGCGATGAAGAACTTTTCCAACATAC

9  phnAc TTCGAGCTGGAATGTGAGCGCATCTTCGCGCGCTGCTGGCTTTTT
10 bph GCCAAGGCTTTCACCTGCAGCTACCACGGCTGGGCCTACGACATCG
11 bphl ATGCCCTACATGGACGTGATGCTCGATCGCACCGAGGCGGGAACC
12 bph2 GACCTACCTCGGTGACGCCCGCCCCTATATGGACGTCATGCTGGA
13 bph3 GGCGTCTCTGTTCGACCGGGAGAACGGCAGGATCGATCCGCAGAT
14 Bph4 CTGI'TGGGTCACGAGACGCAAATCCCGAAGGCCGGCGACTTCATG
1S nidA4 GGAGCGGATCTTCGGGCGCGCCTGGGTGTTTCTCGGACACGAGTC
16 PC CAGATTGAAAGCAACCTGCAACGTATTGAGCGCAAGAA
17 NC
18 zmo ATCCTGCCCCGATTTTGAAAATTATGAATAATACCGGCGTTTTAGGGCGG

(reference probe)

(Corning Inc.)®l probeE microarrayer(Generation Il
spotter & Gen Il spotter set, Amersham; Cat # MDO
231-302) - o183l R2AZITE DNAR Aol A7)
gslra 719 2 Bejol] #EE 759 Fo oA
2} g probe= Fig. 2(APIA Yehd vie} o] nj
a3t

o2 24 alkane 2 toluene 59 Falo] FAHH /-
Zl(alkane hydroxylase, toluene dioxygenase)& 7HAl+=
X F 3, Pseudomonas aeruginosa KCTC 1636 %
24 E% A8 fFE f34e) FEAREE Bt
7] Y5l f5 2 EoF 2 F5F TFlA total RNA
2 2Eslgrt. %5 #FE diesel®] 0.1% H7HE LBH
Aol A 37°C, 24A17F B wlYE & RNeasy kit
(Qiagen, USAYE ©|83l F RNAZ FE3l9om
F 29 E9AE9] & RNAE RNeasy kit(Qiagen, USA)
g olg3l] 6 ug/ul oV A AA FE3IA =1
RNAS] HZE UVivis BRZ=AE o188k 260 mm
ol FH=E Sl FHSIAL, OD 260/280 GO
BE £52 301892 probe AZ+ A7FA RNase
free solution®l] o} A= AEIE ~70°ColA Hastirt.

% BAE DNA 78 TS i) whe-g B3l
FHleiTh. BF T ARETE 229 ¥ RNAES
Cy3(Green)2. B33 4] 3l9ioH, 09 EQASZHE =
23 & RNAE 239 AGATY A5E Fol7] 98t
o] B8 AE8E Cy3(Green)?t Cy5(Red)@ 7217+ 8%

EASIETE WA, 10 pgel & RNA, 10 pg Random
hexamer primerS ©1-83}4] 65°ColA 1087t vhSshaL
ALoA 15 AHE WAISE & 1 pl 25 mM dNTPs, 3
pl 0.1 M DTT, 6 pl 5Xfirst-stand buffer, 3 pf 1 mM
Cy3-dUTP 2+ Cy5-dUTP, 2 pl Superscript Il reverse
transcriptase (Gibo-BRL, 200 U/ul) enzymes A7kt
42°Coll A 2413F B2t HhgAIHT

4% cDNA F8S FAB] A8l 242t9] tubeoll
1 N NaOH 10 pt& 71813 37°CollA] 1087t widst
% | M Tris-HCI 25 pt& #7138} Chromaspin ZHF
ol Wi 1,300xgollM 3% F<t ¥4 sttt Buffer
7} AAE ZBFEE A} 1.5 mL FHoll ¥, 1,300% gollA]
587 AR 3 oS 300 ple) 100% oNE-23 10
wel 3 M NaOAcE A7Igh &, -70°Co) 30% &<t +
2T}, 12,000 rppmE. 208 B WA g, oEeS
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FHo2 st aFHE MESAZ 1559 oligonu-
cleotide probeZ 3433t TtHTable 1). ZHzFe] probe=
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Al gk 7198de) Balel MBSty A ae)w F
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Fig. 1. Total RNA extracted from positive contro! bacteria and
oil-contaminated soil (M: RNA Markers 0.5-9 kbp, 1, 2:
Pseudomonas aeruginosa KCTC1636, 3,4: oil-contaminated soil).
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Fig. 2. (A) Schematic diagram showing the positions of the immobilized probes in glass slides. The number of schematic diagram
correspond to probe number in Table 1. (B) Fluorescence image showing probe hybridized with total RNAs(cDNA) extracted from
standard strain Pseudomonas aeruginosa KCTC1636. (C) Fluorescence image showing probe hybridized with total RNAs(cDNA)

extracted from oil-contaminated soil.
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