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Using a random arbitrarily primed polymerase chain reaction, messenger RNA expression levels were
assessed after exposure to 10% (v/v) toluene for 8 hr in solvent-tolerant Pseudomonas sp. BCNU 106.
Among the 100 up-expressed products, 50 complementary DNA fragments were confirmed to express
repeatedly; these were cloned and then sequenced. Blast analysis revealed that toluene stimulated an
adaptive increase in the gene expression level in association with transcriptions such as LysR family
of transcriptional regulators and RNA polymerase factor sigma-32. The expression of catalase and
Mn2+/Fe2+ transporter genes functionally associated with inorganic ion transport and metabolism in-
creased, and the increased expression of type IV pilus assembly PilZ and multi-sensor signal trans-
duction histidine kinase genes, functionally categorized into signal transduction and mechanisms, was
also demonstrated under toluene stress. The gene expression level of beta-hexosaminidase in associa-
tion with carbohydrate transport and metabolism increased, and those of DNA polymerase III subunit
epsilon, DNA-3-methyladenine glycosylase I, DEAD/DEAH box helicase domain-containing protein,
and ABC transporter also increased after exposure to toluene in DNA replication, recombination, and
repair, and even in defense mechanism. In particular, the RNAs corresponding to the ABC trans-
porter, Mn2+/Fe2+ transporter, and the B-hexosaminidase gene were confirmed to be markedly in-
duced in the presence of 10% toluene. Thus, defense mechanism, cellular ion homeostasis, and biofilm
formation were shown as essential for toluene tolerance in Pseudomonas sp. BCNU 106.
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Fig. 1. Representative differential display profiles of RNA sam-
ples from Pseudomonas sp. BCNU 106 cultured on LB
with 10% (v/v) toluene for 0.5 hr (lane 2 and 5) or 1
hr (lane 3 and 6). The cells were grown on LB without
toluene for 1 hr as a control (lane 1 and 4). Lane 1-3,
profile with primer combination of Ea2 and Esll. Lane
4-6, profile with primer combination of Eal0 and Es3.
Arrow represents differentially amplified bands.
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Table 1. Up-regulated RAP-PCR products in solvent-tolerant Pseudomonas sp. BCNU 106 after exposure to toluene

RAP-PCR  Primer set Protein . Length of cDNA
. Locus tag Gene product Functional category .
products anchor/arbitary name obtained (bp)
A Eal/Es32  ppoose YeR family DsdC  Transcription 356
transcriptional regulator
A3T Ea2/Es5-1 PP_0182  hypothetical protein Function unknown 411
A4T Ea2/Esl1-1 PP_4397 g{)ze IV pilus assembly Signal transduction mechanisms 305
A6T Ea3Es5-1 PPS_2671 transcriptional regulator Transcription 400
A7T Ea3/Es5-2 PP_1405 hypothetical protein Function unknown 449
AST  Eal0/Esl-1  PP.0481 catalase Inorganic fon transport and 326
metabolism
AT Eal0/Es3-1 PP 0353 DNA ‘polyn'lerase 111 PolC DNA rephcatlon, recombination, V!
subunit epsilon and repair
A12T2  Eal0/Es3-1  PP_0481 catalase Inorganic fon transport and 348
metabolism
AIST  Eal0/Ese-l  PP5108 VA Polymerase factor o b g ccription 214
sigma-32
A17T Ea7/Es2-1 PP_2145 beta-hexosaminidase Carbohydrate transport and 423
metabolism
A20T Ea7/Es5-1 PP_0182  hypothetical protein Function unknown 407
A21IT Ea7/Es5-2 PP_0182  hypothetical protein Function unknown 391
BIT2 Fa5/Es3-1 PP 1918 aminodeoxychorismate Coenzyr.ne transport and %8
lyase metabolism
Chromatin structure and dynamics
BT Fa5/Es3-2 PP 5340 histone d.eacetylas.e / . Seconda'ry metabolites 148
superfamily protein biosynthesis, transport, and
catabolism
B4T1 Eab/Es5-2 T1E_3781 hypothetical protein Function unknown 448
multi-sensor signal
B5T2 Ea5/Es5-3 PP_1350 transduction histidine TorS  Signal transduction mechanisms 218
kinase
B6T2 Ea5/Es5-4 PP_1243  hypothetical protein Function unknown V!
B10T1 Ea5/Es6-4 PP_2179  peptidase C26 GuaA  General function prediction only 260
BT Fa5/Es7-1 PP 0705 DNA-3-methyladenine DNA rephcahon, recombination, 3
glycosylase II and repair
BI2T2  Ea5/Es72  Pp4syy CoaketoacylACP FabH  acyl-carrier-protein 389
synthase
Cell motility and secretion /
B13T2 Ea5/Es7-3 PP_1890  pili assembly chaperone Intracellular trafficking and 277
secretion
BISTI  Fa6/Es21  PP.2145 beta hexosaminidase Bglx ~ _arbohydrate transport and 771
metabolism
PputW619_ 2+ 2+ Inorganic ion transport and
B16T2 Ea6/Es2-2 0233 Mn"/ Fe™ transporter = Nramp metabolism 423
PputW619_ 2+ 2+ Inorganic ion transport and
B17T2 Ea6/Es2-3 033 Mn"/ Fe™ transporter = Nramp metabolism 463
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Table 1. Continued

RAP-PCR  Primer set

L t
products anchor/arbitary ocus 1ag

Gene product

Protein Functional catecor Length of cDNA
name gory obtained (bp)

DEAD/DEAH box

DNA replication, recombination,

BIST2  Fa6/Es-4  Ppaogy leiease Recq 2nd repair / Transcription / 542
domain-containing Translation, ribosomal structure
protein and biogenesis
PputW619_ Mn’*/Fe® transporter of Inorganic ion transport and
BISTS Eab/Es2-4 0233 the NRAMP family metabolism 42
B19T Ea6/Es2-5 PP_1243  hypothetical protein Function unknown 272
B23T3 Ea6/Es3-3 PP_1887  hypothetical protein Function unknown V!
B24T3 Ea6/Es5-1 PP_0182  hypothetical protein Function unknown %
B26T1 Ea6/Es5-3 T1E_2218 hypothetical protein Function unknown \%
B27T1 Ea6/Es5-4 PP_2628 ABC t.ran.sporter, . Defense mechanisms 238
ATP-binding protein
Cell motility and secretion /
B28T2 Ea6/Es7-1 PP_1890  pili assembly chaperone Intracellular trafficking and 278
secretion
1. variable.
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Secondary metabolites

biosynthesis,
trans port, and
catabolism 3%

Fuctional unknown
32%

Signal transduction
mechanisms 6%

Transcription 10%

Inorganic ion
transport and
metabolism 10%

Defense

mechanisms ——
39, Carbohydrate
—— transport and
. e metabolism 6%

Cell motilityand /

secretion 6% . [/ \

Acyl-c'arrloer- /" DNA replication, \\‘ Coenzyme transport
protein 2% recombination, and Geperal functlon - andmetabolism
repair 6% prediction only 3%

3%

[ Chromatin structure and dynamics / Secondary metabolites biosynthesis, transport, and catabolism

B Signal transduction mechanisms

[ Transcription

[ Inorganic ion transport and metabolism

B Carbohydrate transport and metabolism

B Coenzyme transport and metabolism

B General function prediction only

B DNA replication, recombination, and repair
B acyl-carrier-protein

= Cell motility and secretion

B Defense mechanisms

O Fuctional unknown

Fig. 2. Distribution of the genes increased in Pseudomonas sp. BCNU 106 by 10% toluene stress, according to biological function.
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