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Abstract: Several bacterial strains tolerant to volatile organic compounds (VOCs) were isolated from the air emissions of a typical industrial

wood painting plant. Four strains that grew vigorously on a mineral salt basal medium and VOC-saturated atmosphere were identified using

BIOLOG and fatty acids analysis. A 16S rDNA sequence comparison was also performed on three of the four strains. Their phylogenetic

positions were respectively: MC8M6 of the genus Arthrobacter, MCEP3 of the genus Microbacterium, MCEPFL2 of the genus Rhodococcus.

The fourth strain, C14, was identified as Pseudomonas aeruginosa. All the four strains showed multiple carbon sources among toluene,

butyl acetate, ethoxy propyl acetate, isobutyl alcohol, ethyl acetate, diaceton alcohol, methyl ethyl ketone, methyl isobutyl ketone. By

identifying a particular strain, an evaluation of its risk group can be made by comparing it to each strain type within important world-wide

culture collections. This is the first step required to implement correct procedures using the strains and in implementing the appropriate

biosafety containment in  large scale applications.
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Introduction

A volatile organic compound (VOC) is an organic compound

that has a vapour pressure of 0.01 kPa or more at 20oC, or has a

correspondent volatility in particular conditions of use. A common

environmental issue with regards to industrial scale wood painting

plants concerns the large volumes of volatile components from the

varnish being transferred to the atmosphere rather than being

controlled. Many volatile organic compounds are classified as

hazardous environmental priority pollutants because they are toxic

to living organisms. Their actions are mainly directed against

biological membranes, depending on the hydrophobic character of

the solvents. This is technically expressed as the logarithm of its

partition coefficient between octanol and water (log P
O/W

). Solvents

with a log P
O /W

 value between 1 and 5 are highly toxic to whole

cells (Isken et al., 1999).

The same toxicity effects are expressed in microorganisms

within VOC treatment plants. Long lag phases or low efficiencies of

biological treatments are caused by the complexity of VOC mixtures.

Mixtures of VOC’s can be too complex to be degraded by

microorganisms due to the inhibition they cause.

To over come these problems, the microbial community

should select a population able to degrade solvents or a pre-adapted

consortium may be added (Deshusses et al., 1999; Van Hamme et

al., 2003; Shukla et al., 2007; Chaturvedi et al., 2008). To achieve

this, several microorganisms were isolated and studied over the

last decade and several adaptation mechanisms to solvents have

been identified. Alterations of the cell envelope structure, enhanced

rates of phospholipids biosynthesis speeding up the repairing

processes, and the removal of solvents by efflux pumps are the

main mechanisms described. Taking into consideration that gram-

positive bacteria are generally less tolerant to solvents than gram-

negative bacteria (Matsumoto et al., 2002), some interesting work

about Pseudomonas putida explained that microbial tolerance to

highly toxic compounds involves short and long term responses.

These mechanisms increase the rigidity of the cell membrane, rapidly

transforming a specific fatty acid to an unsaturated form and late to

trans isomer. Long-term response and biochemical mechanisms

decrease the concentration of toxic compounds in the cell membrane

(Ramos et al., 1997).

Beginning with the VOCs emission compositions of the wood

industrial sector, a series of experiments to study in vitro microbial

growth on each single volatile organic compound was performed

with the new isolated strains. The objective of the current study was to

identify four bacteria which used a wide spectrum of solvents as

carbon and energy sources. The purpose of these characterizations

was to classify the strains within each risk group (RG) with its

relationship with strain types deposited in the most important culture

collections. Knowledge of the RG strain is useful for its utilization in

industrial-scale biofiltration plants in order to improve VOCs removal,

retention time and consequently reduce biofilter size. On this basis,

the biosafety level of containment observed will follow procedural

guidelines in adopting the principle of the worst case, ensuring a

precautionary choice in favour of environmental and  human health.

Materials and Methods

Strain isolation and culture conditions: Isolation of VOC

tolerant strains was carried out by suspending solid or sludge
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samples collected from matrices or recirculating water from biofilters

in 50 mM phosphate buffer at pH 7.0. The suspension was then

shaken (600 rpm) for 30 min. Aliquots of this suspension were

enriched using minimal salt basal medium (MSB) (Stanier et al.,

1966) supplemented with single VOC as a carbon source (30 °C).

After several days of incubation, aliquots were plated on a solid

MSB (15 g l-1 Noble Agar, Difco, Detroit, MC, USA) medium,

transferred in an atmosphere saturated with the same VOC and

incubated at 30oC. Colonies that developed on the agar plates

were isolated and purified on yeast extract-glucose-agar (3.5-5-15

g l-1 respectively) plates without solvents. Pure cultures, which grew

in a VOC-saturated atmosphere, were used for further investigations.

Phenotypic characterization: Four bacteria isolated during this

investigation were initially examined with basic microbiological tests

such as cell morphology, gram stain, oxidase and catalase reaction.

Following this all were characterized by BIOLOG and fatty acid

analysis according to Bergey’s manual of determinative bacteriology

(Keddie et al.,1986). Further examination of 16S rDNA was

performed on MC8M6, MCEPFL2 and MCEP3 strains for

phylogenetic studies.

Fatty acids analysis: Cells were grown for 24 hr at 28oC on TSA

(BBL 11768). Growth was harvested by centrifugation and the

resulting pellets were treated to determine cellular fatty acids

composition by gas-chromatography. The extraction and analysis

was performed according to the recommendations of the commercial

identification system MIDI (Microbial Identification System, Inc.,

Delaware, USA). Profiles were compared with the MIDI identification

TSBA40 V.4.10 database.

BIOLOG substrate utilization profiles: The isolated strains were

characterized by determining their substrate utilization profiles with

BIOLOG GN2 or BP2 on a microtiter plate, designed to test the

ability of an organism to oxidize 95 different carbon sources. The

results were interpreted according to the instructions of the

manufacturer (Biolog Inc., California, USA). For this determination,

the isolates were grown for 24 hr at 28oC on medium BUG (Biolog

Inc.) supplemented with 5% sheep blood.

Growth in the presence of solvents: Microbial growth in the

presence of different VOC’s was determined following the solvent

tolerance indications described previously (Weber et al., 1993).

These experiments were performed on the following compounds

having different log P
O/W

 values (in parenthesis): ortho-xylene (3.12)

[95-47-6] (Sigma-Aldrich), meta-xylene (3.2) [108-38-3] (Sigma-

Aldrich), para-xylene (3.2) [106-42-3] (Sigma-Aldrich),  toluene

(2.73) [108-88-3] (CEPSA Italia, Italy), benzene (2.11) [71-43-2]

(Sigma-Aldrich), butyl acetate (1.82) [123-86-4] (BP Italia, Italy),

ethoxy propyl acetate (0.76) [54839-24-6] (BP Italia, Italy), isobutyl

alcohol (0.76) [78-83-1] (Idas, Italy), ethyl acetate (0.73) [141-78-

6] (BP Italia, Italy), diaceton alcohol (0.5) [123-42-2] (Idas, Italy),

butyl glycol (0.83) [111-76-2] (Shell Italia, Italy), methyl ethyl ketone

(0.29) [78-93-3] (Exxon Chemical Mediterranea, Italy), methyl

isobutyl ketone (1.31) [108-10-1] (Shell Italia, Italy). Cell growth

was monitored by measuring both the production of carbon dioxide

and the optical density using different ranges of compound

concentrations. The production of carbon dioxide was determined

using 250-ml biometer flasks  (Belco Glass, Vineland, NJ, USA),

each containing 50 ml of solution. Three repetitions containing

microorganisms were added with VOCs, another two repetitions

were used as a control (Pritchard et al.,1992). Optical density growth

was determined with two repetitions plus a control and measured

spectrophotometrically  at 520 nm.

16S rDNA sequence analysis and phylogenetic study: 16S

rDNA amplification. Genomic DNA was prepared according to the

protocol of Niemann et al. (1997). The almost complete 16S rRNA

genes were PCR amplified using the primers listed in Table 1 panel

a. The PCR amplified 16S rDNA products were purified using the

NucleoFast® 96 PCR Clean-up Kit (Macherey-Nagel, Düren,

Germany).

16S rDNA sequence: Sequencing reactions were performed using

the BigDye® Terminator Cycle Sequencing Kit (Applied Biosystems,

Foster City, CA, USA) and purified using the Montage™ SEQ
96

Sequencing Reaction Cleanup Kit (Millipore, Bedford, MA, USA).

Complete sequencing was performed using an ABI Prism® 3100

Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). The

forward and reverse primers listed in Table 1 panal b were used to

get a partial overlap of sequences, ensuring highly reliable

assembled data. Sequence assembly was performed  using the

program AutoAssembler™ (Applied Biosystems, Foster City, CA,

USA).

Phylogenetic analysis was performed using the software

package BioNumerics (Applied Maths, Belgium) after including the

consensus sequence in an alignment of small ribosomal subunit

sequences collected from the international nucleotide sequence

library EMBL. This alignment was pairwise calculated using an

open gap penalty of 100% and a unit gap penalty of 0%. A similarity

matrix was created by homology calculation with a gap penalty of

0% and after discarding unknown bases.

Results and Discussion

Isolation of solvent-tolerant strains: New solvent-tolerant

strains were screened on plates containing MSB agar medium

that were kept in a solvent saturated atmosphere. Using this

approach, we obtained many strains as colonies after four days of

incubation. Four strains, named MC8M6, MCEPFL2, MCEP3

and C14, showed vigorous growth in the presence of several

solvents. Aromatic hydrocarbons, acetates, ketones and alcohols

having different log P
O/W

 values were tested. The microorganisms

grew with VOCs as the sole carbon source, but because of the

high VOC volatility it was not possible to determine the CO
2

conversion ratio. Table 2 shows the VOCs used as a sole carbon

source by the four strains.

These strains could follow the same pathway among which

have been proposed to date, as shown at the University of Minnesota

100
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Database (Ellis et al., 1999). It is also possible that they possess

complex and specific metabolic pathways (Chadhain et al., 2007),

and/or particular properties (Rahman et al., 2007). Because it is

known that acceptable removal levels cannot always be achieved

by treating VOC mixtures(Lu et al., 2000), and inhibitory effects on

the microflora have been reported (Chang et al., 2000), these

multiple-degrading VOC microorganisms may be interesting to enrich

biofilter beds.

At the same time, inductions and relationships either among

the different compounds, loads and microbial community became

much more complex to understand and control within biofilter beds.

Experiments were set up to demonstrate the air pollution control

efficiency of inoculated microorganisms either in synthetic mineral

salt medium or in organic solid medium (Pirnie et al., 2004; Civilini,

2006). Biomolecular techniques were also optimized to follow their

activities when inoculated in complex organic matrices (Civilini et

al,. 2000; Tell et al., 2007) and in order to develop techniques for

their traceability.

Identification and phylogenetic positions of strain MC8M6:

The basic microbiological tests showed cell morphology as irregular

rods and coccoids (± 0.9-1.0 µm x 1.2-2.0 µm); single, pairs,

occasionally V-formation; non-motile, no spores. The gram stain

was positive, oxidase reaction negative and catalase reaction

positive.

Fatty acids analysis: The major kinds of fatty acids found were

saturated branched acids (>92%), and the comparison of the profile

obtained with the MIDI database are given in Table 3. The

identification score of the suggested species (Micrococcus luteus)

was 0.749, this value is acceptably separated from next match

0.632 (Brevibacillus brevis). However, the identification result does

not comply with the cell morphological observations and therefore

this result cannot be accepted without confirmation (Wieser et al.,

2002).

BIOLOG breathprint: The Biolog GP2 results obtained after 24

hr incubation at 30oC is shown in Table 4 column 1. Interpretation of

the reactions was hindered by strong background reactions in all

wells, making visual reading not possible. Comparison of the profile

- obtained using an automated microplate reader - with the

corresponding database (BIOLOG40) identified the culture as

Corynebacterium liquefaciens with a low but acceptable score (SIM

Table-2:  Characteristics and growth pattern of the isolated strains on different carbon sources

Strain Colony Carbon source(*)

colour (†) oXYL mXYL pXYL BZ TOL BA EPA IBA EA DA BG MEK MIBK

MC8M6 Yellow - - - - + + + + + + - + +

MCEPFL2 Orange - - - - + + + - + - - + -

MCEP3 Light yellow - - - - - + + - + - - - -

C14 White - + + - + + + - + - - - -

(*)  Cell growth was monitored both by measuring the production of carbon dioxide determined by biometer flask respirometric assay (Pritchard et al., 1992)

and the optical density growth on MSB. (†)   MSB supplemented with either 3,5 g l-1 yeast extract and 0,1 g l-1 of 20 essential amino acids

XYL –  xylene isomers (o - ortho, m - meta, p - para), BZ – benzene, TOL – toluene, BA – butyl acetate, EPA ethoxy propyl acetate, IBA – isobutyl alcohol,

EA – ethyl acetate, DA – diaceton alcohol, BG – butyl glycol, MEK – methyl ethyl ketone, MIBK - methyl isobutyl ketone, + = positive; _  = negative

Table-1: Primers used in this work. Panel (a): amplification of  almost complete 16S rRNA genes; panel (b): amplification of partial 16S rRNA for sequencing

Name(*) Synonym Sequence (5’->3’) Position(†)

16F27 pA AGA GTT TGA TCC TGG CTC AG 8-27 (a)

16R1522 pH AAG GAG GTG ATC CAG CCG CA 1541-1522

16F27 PA(‡) AGA GTT TGA TCC TGG CTC AG 8-27 (b)

16F358 Gamma CTC CTA CGG GAG GCA GCA GT 339-358

16F536 PD CAG CAG CCG CGG TAA TAC 519-536

16F926 O AAC TCA AAG GAA TTG ACG G 908-926

16F1112 3 AGT CCC GCA ACG AGC GCA AC 1093-1112

16F1241 R GCT ACA CAC GTG CTA CAA TG 1222-1241

16R339 Gamma ACT GCT GCC TCC CGT AGG AG 358-339

16R519 PD(§) GTA TTA CCG CGG CTG CTG 536-519

16R1093 3 GTT GCG CTC GTT GCG GGA CT 1112-1093

(*) F: forward primer / R: reverse primer,  (†) Hybridizing position referring to E. coli 16S rRNA gene sequence numbering,  (‡) Used for MCEP3 only, (§)

Used for MCEPFL2 and MC8M6 (   ) These five forward and three reverse primers were used to get a partial overlap of sequences, ensuring highly reliable

assembled data
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0.568). This identification can be questioned because of the difficult

reading and the low similarity score, and also because the suggested

taxon has an uncertain taxonomic position, having been allocated

to the genera Corynebacterium, Arthrobacter or Brevibacterium.

Phylogeny based on 16S rDNA sequences: An almost complete

16S rDNA consensus sequence (1478 nucleotides) of MC8M6

was deposited at EMBL Nucleotide Sequence Database with

AJ893515 accession number. Comparison of this sequence with

representative strains indicated the 100% relationship between

MC8M6 and Arthrobacter protophormiae DSM 20168 T (type strains

are followed by T). 16S rDNA sequence similarity of MC8M6 and

its closest relatives were A. mysorens - LMG 16219T (99.0), B.

liquefaciens - DSM 20579T (Gelsomino et al., 2004) (98.8), A.

nicotianae - DSM 20123T (98.5), A. creatinolyticus - GIFU 12498T

(98.2), A. uratoxydans - DSM 20647T (97.3), A. ramosus - DSM

20546T (97.2), A. pascens - DSM 20545T (97.2), A. rhombi -

F.98.3HR.69T (97.0), A. woluwensis - CUL 1808T (96.9).

Identification and phylogenetic positions of strain MCEP3:

The cell morphology microscope observations (Zeiss, Axiophot,

Germany) showed rods (± 0.8 µm x 1.2-3.0 µm); single, pairs;

nonmotile; no spores. The gram stain was unclear, oxidase reaction

was positive and catalase reaction positive.

Fatty acids analysis: Composition of fatty acids was of about

96% as saturated branched acids, and the comparison of the profile

obtained with the MIDI database are given in Table 3. The strain is

identified as Corynebacterium aquaticum, with a good score (0.729)

and well separated from next match (0.572) of Microbacterium

liquefaciens. Because C. aquaticum is an invalid name, by this

investigation the species remain of an uncertain taxonomic position.

BIOLOG breathprint: Also with Biolog GP2, no results were

obtained after 24 hr of incubation at 30oC because background

reactions were in all wells; no reading possible either visually or

with automated reader.

Phylogeny based on 16S rDNA sequences: The 16S rDNA

consensus sequence (1476 nucleotides) of MCEP3 was deposited

at EMBL Nucleotide Sequence Database with AJ919993 accession

number. Comparative 16S rDNA sequence phylogenetic analyses

with valid classified bacteria indicated that the strain MCEP3 was

most closely related to Microbacterium barkeri - DSM 20145T (99.9),

Mic. ketosireducens - IFO 14548T (97.1), Mic. paraoxydans - CF36T

(97.0), Mic. esteraromaticum - DSM 8609T (97.0),  Mic.

phyllosphaerae - DSM 13468T (97.0), Mic. testaceum - DSM

20166T (96.9), Mic. trichothecenolyticum - DSM 8608T (96.8),  Mic.

arabinogalactanolyticum - DSM 8611T (96.8), Mi. resistens - DMMZ

1710T (96.8), Mic. luteolum - DSM 20143T (96.8).

Identification and phylogenetic positions of strain

MCEPFL2: The cell morphology microscope observations showed

irregular rods and coccoids (± 1.0-1.1 µm x 1.2-6.0 µm); single,

pairs, short chains, V-formation; nonmotile, no spores. The gram

stain was unclear, whereas oxidase reaction was negative and

catalase reaction positive.

Fatty acids analysis: The composition profiles of fatty acids are

given in Table 3. This pattern has greater quantities of unsaturated

fatty acids (>54%) whereas all branched acids (13.83%) are related

to saturated fatty acids. The identification score of the suggested species

(0.686 - Rhodococcus rhodochrous) was good and well separated

from the next match (0.480 - Nocardia nova), but it was necessary to

consider that the genus Rhodococcus currently contains 17 validly

described species of which only 7 are covered by the MIDI system.

Table - 3: Fatty acids composition (%) of strains MC8M6, MCEP3,

MCEPFL2 and C14

Fatty acids MC8M6 MCEP3 MCEPFL2 C14

10:0 - - - 0.98

10:0  3OH - - - 9.68

12:0 - - 0.04 4.35

11:0  3OH - - - 0.1

12:0  2OH - - - 7.08

12:1  3OH - - - 1.02

12:0  3OH - - - 7.28

13:0 ISO 0.06 - - -

13:0 ANTEISO 0.09 - - -

13:0 - - 0.05 -

14:0 ISO 2.00 0.99 - -

14:0 1.09 0.25 1.78 0.57

15:0 - - 0.29

15:1 ANTEISO A - 0.44 - -

15:0 ISO 21.72 6.89 - -

15:0 ANTEISO 52.66 39.35 - -

15:1 w8c - - 0.12 -

15:1 w6c - - 0.21 -

15:1 w5c - - 0.09 -

15:0 0.38 0.63 2.28 -

16:0 ISO 6.54 19.64 - -

16:1 w9c - - 0.81 -

16:1 w7c - - 10.52 -

15:0 ISO 2OH - - 8.62 -

16:0 5.33 2.29 29.33 20.84

16:0 10 methyl - - 0.69 -

17:0 ISO 2.29 4.06 - -

17:0 ANTEISO 7.71 25.15 - -

17:1 w8c - - 5.28 0.15

17:0 CYCLO - - 0.32

17:0 - - 4.10 0.11

17:0 10 methyl - - 0.75 -

18:1 w9c - - 27.07 -

18:1 w7c - - 0.39 31.84

18:0 - - 3.03 0.36

10Me18:0 - - 3.77 -

19:1 w11c - - 0.22 -

19:0 - - 0.15 -

19:0 CYCLO w8c - - - 0.31

20:1 w9c - - 0.18 -

20:1 w7c - - 0.09 -

20:0 - - 0.37 -
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BIOLOG breathprint: The Biolog GP2 results obtained after 24

hr incubation at 30oC is shown in Table 4 column 2.  Interpretation

of the reactions was hindered by strong background reactions

in all wells, making visual reading not possible. Comparison of

the profile, obtained using an automated microplate reader

with the corresponding database (BIOLOG40), identified the

culture as R. rhodochrous with a low but acceptable score

(SIM 0.552).

Phylogeny based on 16S rDNA sequences: The 16S rDNA

consensus sequence (1474 nucleotides) of MCEPFL2 was

deposited at EMBL Nucleotide Sequence Database with

AJ893516 accession number. In order to determine phylogenetic

position, the 16S rDNA sequence of MCEPFL2 were clustered

together with  those of R. pyridinivorans - PDB9T (99.9), “R.

gordoniae” - W4937 (99.1), R. rhodochrous - DSM 43241T

(98.9), R. zopfii - DSM 44108T (97.7), R. coprophilus - DSM

43347T (97.7),  R.  ruber  - DSM 43338 T (97.6),  “R.

aetherovorans” 10bc312 (97.2), R. rhodnii -  DSM 43336T

(96.8), R. erythropolis - NCIMB 11148T (96.3), R. opacus -

DSM 43205T (95.8).

Table - 4:  BIOLOG  results: MC8M6 (column 1), MCEPFL2 (column 2) and C14 (column 3)

1 2 3 1 2 3 1 2 3

α-cyclodextrin: - - - α-methyl-D-galactoside: - - L-malic acid: + ±

β-cyclodextrin: - - β-methyl-D-galactoside: - - Methylpyruvate: + + +

Dextrin: + + - 3-methylglucose: - - Methylsuccinate: ± -

Glycogen: + ± ± α-methyl-D-glucoside: ± + - Propionic acid: + + +

Inulin: - - β-methyl-D-glucoside: - + - Pyruvic acid: + +

Mannan: ± - α-methyl-D-mannoside: - - Succinamic acid: ± - ±

Tween 40: + + + Palatinose: + + Succinic acid: - - +

Tween 80: + + ± D-psicose: + + ± N-acetyl-L-glutamic acid: + -

N-acetylglucosamine: - - ± D-raffinose: - - - Alaninamide: + - -

N-acetylmannosamine: - - ± L-rhamnose: ± - - D-alanine: + - ±

Amygdalin: - + D-ribose: + + L-alanine: + - ±

L-arabinose: - + - Salicin: - + L-alanyl-glycine: + - -

D-arabitol: - + - Sedoheptulosan: ± + L-asparagine: ± - +

Arbutin: - + D-sorbitol ± + - L-glutamic acid: + - +

Cellobiose: - + - Stachyose: - - Glycyl-L-glutamic acid: ± - -

D-fructose: + + ± Sucrose: + + - L-pyroglutamic acid: + - +

L-fucose: - ± - D-tagatose: ± ± L-serine: + - ±

D-galactose: ± + - D-trehalose: ± + - Putrescine: + - +

D-galacturonic acid: - - - Turanose: + + - 2,3-butanediol: + - -

Gentiobiose: - ± - Xylitol: - + - Glycerol: + - +

D-gluconic acid: + - + D-xylose: - + Adenosine: + ±

α-D-glucose: + + + Acetic acid: + + + 2'-deoxyadenosine: + ±

m-inositol: ± - - α-hydroxybutyric acid: + + ± Inosine: + - +

α-D-lactose: - - - β-hydroxybutyric acid: ± ± + Thymidine: + + -

Lactulose: - - - γ-hydroxybutyric acid: ± ± - Uridine: ± ± -

Maltose: + ± - p-hydroxyphenylacetic acid: + - + Adenosine-5'-monophosphate: ± -

Maltotriose: + ± α-ketoglutaric acid: ± ± + Thymidine- 5'-monophosphate: + -

D-mannitol: - + + α-ketovaleric acid: + + ± Uridine-5'-monophosphate: - -

D-mannose: + + - Lactamide: - ± Fructose-6-phosphate: - ±

D-melezitose: + + D-lactic acid methylester: - - Glucose-1-phosphate: - - -

D-melibiose: - - - L-lactic acid: + + + Glucose-6-phosphate: - - -

N-acetyl-D galactosamine + D-malic acid: - - D-L-α-glycerolphosphate: + - -

Adonitol - Mono-methylsuccinate + D-galactonic acid lactone -

i-erythritol - cis-aconitic acid + D-glucosaminic acid -

Formic acid + Citric acid + D-glucuronic acid -

Itaconic acid + α-ketobutyric acid ± Malonic acid +

Quinic acid + D-saccharic acid - Sebacic acid -

Bromosuccinic acid + Glucuronamide - L-aspartic acid +

Glycyl-L-aspartic acid - L-histidine + hydroxy-L-proline +

L-leucine - L-ornithine ± L-phenylalanine -

L-proline + L-threonine - D, L-carnitine +

γ-aminobutyric acid + Urocanic acid + D-serine -

2-aminoethanol + Phenylethylamine -

+ = Positive,  - = Negative,  + = Weakly positive

Bacteria isolated under pressure of VOC 103
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Identification of strain C14: Cultures were grown on TSA (Oxoid

CM131) and aerobic incubation at 28oC. Microbiological tests

showed rods (1 µm x 1,5-2,5 µm), single or pairs; nonmotile, gram

negative, oxidase reaction was negative and catalase reaction

positive.

Fatty acids analysis: The composition profile of fatty acids are

given in Table 3. The strain was identified as Pseudomonas

aeruginosa, however with a too low score (0.219) to accept the

result without confirmation.

BIOLOG breathprint: Comparison of the resulting profile (Table 4

column 3) with the corresponding database (BIOLOG40) identified

the culture as Pseudomonas aeruginosa with a very good score

(SIM 0.859).

Biosafety allocation: Biological risk associated with work practices

depends on the conscientious and proficient use of good

microbiological practices and the correct use of safety equipment. A

risk assessment should identify any potential deficiencies in work

practices to protect workers and public from exposure to hazardous

agents. There is no standard approach for conducting a biological

risk assessment because it is a subjective process requiring

consideration of many characteristics of agents and procedures,

with judgments often based on incomplete information. For these

reasons, a large scale utilization must follow strict guidelines

depending on the agents used. Following the “Biosafety in

Microbiological and Biomedical Laboratories” (BMBL) (CDC, 2007),

the first step in assessment of risk concerns agent identification. The

NIH Guidelines (NIH, 2002) established a classification system and

assigned human etiological agents into four risk groups (RGs) on

the basis of their association with, and resulting severity of, disease

in humans. The definition of risk group should be differentiated from

biosafety levels (BSL) of an agent. RG should be one factor

considered in association with mode of transmission, procedural

protocols, and other factors in determining the BSL in which the

work will be conducted. Different codification of deposited microbial

strains are reported from two important culture collections: RG is used

by Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

(DSMZ), whereas American Type Culture Collection (ATCC) uses

BSL, this is because it considers all the information and material for

each strain provided by the depositor in accordance to U.S. Public

Health Service guidelines. More information can be obtained about

each strain from DSMZ.

On the bases of these considerations, the characterization

of the isolated strains led to the following conclusions: 1)

The phylogenetic position of MC8M6 is in the genus Arthrobacter.

The highest similarity (100%) is obtained with A. protophormiae.

Therefore this strain is assigned a risk group 1. Same strains of A.

protophormiae and their derivates deposited within DSMZ and

ATCC collections are coded as RG-1 and BSL-1 respectively. RG-1

and BSL-1 are not known to cause disease in healthy adult humans.

2) The phylogenetic position of MCEP3 is in the genus

Microbacterium. The highest similarity (99.9%) is obtained with

Mic. barkeri.  This specie is distributed from DSMZ and ATCC as

RG-1 and BSL-1 respectively, but in ATCC it is listed under the

name of Aureobacterium barkeri.

3) The phylogenetic position of MCEPFL2 is in the genus

Rhodococcus.  The highest similarity (99.9%) is obtained with R.

pyridinovorans. All the species with a similarity significant for a possible

species relatedness (>97%) are included within RG and BSL 1.

Two strains of R. pyridinivorans are deposited in DSMZ: the strain

type DSMZ 44555T, and DSMZ 20415. The first is not ATCC

represented, and the second is deposited as Corynebacterium

nitrilophilus (BSL-1).

4) The identification of C14 corresponds to Pseudomonas

aeruginosa. This specie is well known and belongs in RG and

BSL-2.  Agents listed in BSL-2 present a moderate risk and are

associated with human disease. Though these diseases are rarely

serious, they may be hazardous to humans. Preventive or

therapeutic interventions are often available. Specific applications

of BLS2 agents must follow strict security protocols to prevent

dispersion of these microorganisms in the environment (European

Union, 2000).

The above four strains were deposited under the

Budapest Treaty of 28 April 1977  (International Recognition of

the Deposit of Microorganisms for the Purposes of  Patent

Procedure) at  the Belgian Coordinated Col lect ions of

Microorganisms (BCCM)-Laboratorium voor Microbiologie -

Bacteriënverzameling (LMG). The BCCM-LMG deposit number

of  Arthrobacter  protophormiae MC8M6,  Microbacterium barkeri

MCEP3, Rhodococcus. pyridinovorans MCEPFL2, Pseudomonas

aeruginosa C14 were respectively LMG P-22052, LMG P-22077,

LMG P-22076 and LMG P-22053.

To abide by environmental laws (European Union, 1999)

and to demonstrate the effectiveness of microbial inoculum into a

biofilter, a pool of  companies have built a biofilter to treat up to 15,000

m3 h-1 of high volatile organic carbon (VOC) emissions originating

from a company producing furniture. Using the results of this research

and following EEC law guidelines on safety (D.Lgs. 81/08, 2008),

different working groups are studying procedures to apply these

four microorganisms and optimize the biocatalyst in a fixed bed

(Tortoriello and DeLancey, 2007). In particular, biomass production,

transport, bed enrichment, microbial activities, off-gas monitoring and

waste management are the most important targets for developing

protocols to minimize environmental impact according to the biosafety

level chosen. A strategy of independent inoculum will be used to test

all procedures, initially with strains assigned RG1 and successively,

depending on the obtained data, strains assigned RG2 could be

used.
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