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Abstract Thirty-six bacteria that degraded long-

chain hydrocarbons were isolated from natural

environments using long-chain hydrocarbons (waste

car engine oil, base oil or the c-alkane fraction of

base oil) as the sole carbon and energy source.

A phylogenetic tree of the isolates constructed using

their 16S rDNA sequences revealed that the isolates

were divided into six genera plus one family (Acine-

tobacter, Rhodococcus, Gordonia, Pseudomonas,

Ralstonia, Bacillus and Alcaligenaceae, respec-

tively). Furthermore, most of the isolates (27 of 36)

were classified into the genera Acinetobacter, Rho-

dococcus or Gordonia. The hydrocarbon-degradation

similarity in each strain was confirmed by the

2,6-dichlorophenol indophenol (2,6-DCPIP) assay.

Isolates belonging to the genus Acinetobacter

degraded long-chain normal alkanes (n-alkanes) but

did not degrade short-chain n-alkanes or cyclic

alkanes (c-alkanes), while isolates belonging to the

genera Rhodococcus and Gordonia degraded both

long-chain n-alkanes and c-alkanes.

Keywords Cyclic alkane � Car engine oil �
2,6-DCPIP assay � Hydrocarbon-degradation �
Long-chain hydrocarbon

Introduction

Environmental pollution by petroleum hydrocarbons

has become a serious problem all around the world.

Large-scale incineration plants have been developed,

and incineration of hydrocarbon pollutants is carried

out to clean up hydrocarbon-contaminated sites. The

treatment time is short, but the system requires huge

machines and large amounts of heavy oils (Mats-

umiya and Kubo 2007). Biological treatments for

hydrocarbon-degradation have also been investigated.

For the construction of such bioremediation systems,

many kinds of hydrocarbon-degrading bacteria have

been isolated and analyzed (Pritchard et al. 1992;

Komukai-Nakamura et al. 1996; Lal and Khanna

1996; Korda et al. 1997; Vidali 2001; Iwamoto and

Nasu 2001; Dua et al. 2002; Aislabie et al. 2006).

Long-chain hydrocarbons, especially long-chain cyc-

lic alkanes (c-alkanes), are difficult for bacteria to

degrade (Perry 1979, 1984). Therefore, isolation of

long-chain hydrocarbon-degrading bacteria is impor-

tant for bioremediation of hydrocarbons.

Various screening and evaluation methods have

been developed for isolating hydrocarbon-degrading

bacteria. 2,6-Dichlorophenol indophenol (2,6-DCPIP)
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is an oxidation–reduction indicator that detects the

oxidation of NADH to NAD+, which is related to

hydrocarbon-degradation by bacteria. The 2,6-DCPIP

assay has been used for rapid and simple isolation of

hydrocarbon-degrading bacteria (Hanson et al. 1993).

This assay has also been used for estimating hydrocar-

bon-degrading bacteria in soil (van Hamme et al. 2000).

In previous studies, we isolated three kinds of long-

chain hydrocarbon-degrading bacteria (Acinetobacter

sp. ODDK71, Rhodococcus sp. NDKK48 and

Gordonia sp. NDKY76A) for bioremediation of

hydrocarbons (Koma et al. 2001, 2003a, b, 2005).

Strain ODDK71 used long-chain n-alkanes as a sole

carbon and energy source, but did not use c-alkanes

(Koma et al. 2001). This strain did degrade c-alkanes

under limited conditions, such as co-metabolism with

n-alkanes (Koma et al. 2003a). On the other hand,

strains NDKK48 and NDKY76A used n-alkanes and

c-alkanes as sole carbon and energy sources (Koma

et al. 2003b), but the metabolic pathways for c-alkanes

differed between the two strains (Koma et al. 2003a,

2005). Since the hydrocarbon-degrading abilities seem

to differ among genera, exhaustive analyses of hydro-

carbon-degradation will be important for selecting

microorganisms for bioremediation of hydrocarbons.

The present paper describes the isolation and charac-

terization of long-chain hydrocarbon-degrading

bacteria, and analysis of their hydrocarbon-degrading

abilities by the 2,6-DCPIP assay.

Materials and methods

Screening of long-chain hydrocarbon-degrading

bacteria

Car engine oil-degrading bacteria were isolated using W

medium (per liter: 2 g (NH4)2SO4, 14.3204 g Na2HPO4,

5.4436 g KH2PO4, 0.5 g NaCl, 0.2465 g MgSO4,

2.78 mg FeSO4 � 7H2O, 14.7 mg CaCl2 � 2H2O,

2.01 mg ZnSO4 � 7H2O, 0.15 mg (NH4)6Mo7O24 �
4H2O, 0.2 mg CuSO4 � 5H2O, 0.4 mg CoCl2 � 6H2O

and 1.49 mg MnSO4 � 5H2O) (Koma et al. 2003a)

containing 1% (w/v) car engine waste oil, car engine

base oil (SAE10; Shin-nihonsekiyu Co., Tokyo, Japan)

or the c-alkane fraction from the base oil as a sole

carbon and energy source. The car engine base oil

contains 75% c-alkanes (carbon numbers: above 16)

(Konishi and Ueda 1992), and the c-alkane fraction was

prepared by the urea adduct method (Lappas et al.

1997). Each soil suspension or water sample was added

to 5 ml of the medium, and cultivated at 30�C and

100 rpm for 72 h. Cultures showing an optical density at

660 nm of[1.0 were spread on Luria-Bertani (LB)-agar

medium (per liter: 10 g peptone, 5 g yeast extract, 5 g

NaCl and 20 g agar). In the same environmental

samples, the similar shaped colonies were omitted.

Isolated microorganisms were pre-cultivated in 5 ml of

LB broth at 30�C and 160 rpm overnight. Each pre-

culture was inoculated into 5 ml of W medium

containing 1% (w/v) oil, and cultivated at 30�C and

100 rpm for 72 h. One-ml of the culture was centrifuged

at 4,000g for 5 min, and the cells were re-suspended into

1 ml of W medium. Bacteria showing an optical density

at 660 nm of [1.0 were selected as candidates for

hydrocarbon-degrading bacteria. The hydrocarbon-deg-

radation abilities of the candidates were investigated

using a previously reported method (Koma et al. 2003a).

Identification and phylogenetic analysis

of isolated microorganisms

Isolated strains were identified by their 16S ribosomal

DNA (16S rDNA) sequences. The DNA extraction

method for 16S rDNA sequencing and sequence data

analysis were described previously (Sanpa et al. 2006).

The 16S rDNA of the isolates was amplified by

polymerase chain reaction (PCR) with primers 20F

(50-TGTAA TCGTC GGCCA GTAGA GTTTG

ATCCT GGCTC -30) and 1510R (50-CAGGA AACAG

CTATG ACCGG CTACC TTGTT ACGAC

T-30). The reaction was carried out for 30 cycles of

95�C for 30 s, 55�C for 30 s and 72�C for 1 min. The

amplified DNA was purified using a PCR product

purification kit (PCR-M Clean-Up System; Viogene,

Taipei, Taiwan). The 16S rDNA sequences (500 nt) of

the isolated bacteria were determined with an SQ5500E

DNA sequencer (Hitachi, Tokyo, Japan) using a

sequencing primer (50-TTGCG CTCGT TGCGG

GACT-30), and the data were compared with the data

in the GenBank database using BLAST (version 3.0),

which is available at http://www.ncbi.nlm.nih.gov/

blast/. A phylogenetic tree was constructed by the

neighbor-joining method. The 16S rDNA sequences of

the isolated bacteria were aligned by the software

Clustal X, and the root phylogenetic tree was drawn by

the software njplot (Arenskötter et al. 2001).
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Measurement of the degradation ratio of long-

chain hydrocarbons

The strains Acinetobacter sp. ODDK71, Rhodococcus

sp. NDKK48 and Gordonia sp. NDKY76A were pre-

cultivated in 5 ml of LB broth at 30�C and 160 rpm

for 24 h. Each pre-culture was inoculated into 100 ml

of W medium in 500-ml baffled flasks containing 1%

(w/v) car engine base oil or 0.1% (w/v) hydrocarbon

(decane (C8), hexadecane (C16), eicosane (C20) or

dodecylcyclohexane) and cultivated at 30�C and

120 rpm for 72 h (Model AT-12R; Thomas, Tokyo,

Japan). After the cultivation, residual oil was

extracted by the chloroform-methanol extraction

method and measured by gas-chromatography (Koma

et al. 2001).

Estimation of hydrocarbon-degrading abilities

by the 2,6-DCPIP assay

The 2,6-DCPIP assay was modified as follows. Isolated

strains were pre-cultured in 5 ml of LB broth at 30�C

and 160 rpm until the optical density at 660 nm became

[1.0. After centrifugation at 4,000g for 5 min and

washing with 0.9% saline, the cell density was adjusted

to 1.0 according to the optical density at 660 nm. After

sterilization, 750 ll of W medium (Fe-free), 50 ll of

FeCl3 � 6H2O solution (150 lg/ml) and 50 ll of 2,6-

DCPIP solution (37.5 lg/ml) were added to a 1.5-ml

microtube. Subsequently, 80 ll of cell suspension and

5 ll of sterilized substrate (various petroleums or

hydrocarbons) were added to the medium, and the cells

were cultivated at 30�C and 100 rpm for 48 h.

Subsequently, the color of the medium was observed,

and evaluated as positive for microbial hydrocarbon-

degrading ability if colorless (degraded) and negative

for microbial hydrocarbon-degrading ability if blue

(not degraded).

Results

Isolation and identification of long-chain

hydrocarbon-degrading bacteria

Long-chain hydrocarbons are difficult to be degraded

by microorganisms in nature (Perry 1979, 1984), in

fact long-chain n- and c-alkanes are often detected in

the hydrocarbon-contaminated soils. In order to

enhance the efficiency of bioremediation for hydro-

carbon-contaminated soils, various kinds of bacteria

were isolated using three types of long-chain hydro-

carbons (waste car engine oil, base oil or the c-alkane

fraction of the base oil). About 400 samples were

used for the isolation of long-chain hydrocarbon-

degrading bacteria. Thirty-six strains showing high

cell densities (optical density at 660 nm of [1.0) in

the hydrocarbon-containing media were isolated

(13 strains from waste oil; 6 strains from base oil;

and 17 strains from the c-alkane fraction). The genera

of the isolates were analyzed by BLASTN using the

variable region of 16S rDNA registered in GenBank

(Table 1), and a phylogenetic tree of the isolates

based on their 16S rDNA sequences was constructed

(Fig. 1).

The 36 strains were classified into 4 groups: actino-

bacteria (17 strains); c-proteobacteria (12 strains);

b-proteobacteria (4 strains); and firmicutes (3 strains).

Thirteen strains among the actinobacteria isolates

(NDMI114, NDKK1, NDKK2, NDKK5, NDKK6,

NDKK7, NDKK48, ODNM2B, NDMI54, NDKY82A,

ODNM1C, NDKY3D and NDKY72A) belonged to the

genus Rhodococcus, and the remaining strains (NDK

Y2B, NDKY2C, NDKY76A and NDKK46) belonged

to the genus Gordonia. Ten strains among the

c-proteobacteria isolates (ODDK71, ODYM1, ODYM2,

ODYM3, ODYM5, A132, ODMI29, NDMI78, NDM

I119 and ODNM6) belonged to the genus Acineto-

bacter. In this screening, 3/4 isolates were identified as

the genus Rhodococcus, Acinetobacter or Gordonia.

The genera Rhodococcus and Gordonia were mainly

isolated using the c-alkane fraction of base oil, while

the genus Acinetobacter was mainly isolated when

waste oil or base oil was used as the sole carbon and

energy source.

Analysis of the hydrocarbon-degrading abilities

of strains ODDK71, NDKK48 and NDKY76A

by the 2,6-DCPIP assay

The 2,6-DCPIP solutions have been used for esti-

mating hydrocarbon-degrading microorganisms in

soil (van Hamme et al. 2000). To investigate hydro-

carbon-degrading abilities of 36 strains exhaustively,

the accuracy and sensitivity of the 2,6-DCPIP

assay for hydrocarbon-degradation was tested. The
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hydrocarbon-degradation abilities of strains ODD

K71, NDKK48 and NDKY76A were compared with

both the 2,6-DCPIP assay and GC analysis (Table 2).

The degradation ratio of 0.1% (w/v) n-hexadecane by

strain ODDK71 was [90% after 48 h of cultivation

as evaluated by GC analysis, and the color of the

2,6-DCPIP solution changed from blue to colorless.

In contrast, the strain did not degrade alkylcyclohex-

anes according to the GC analysis, and the color of

the 2,6-DCPIP solution remained blue. On the other

hand, c-alkane-degrading bacteria, strains NDKK48

and NDKY76A, degraded dodecylcyclohexane as

evaluated by GC analysis, and the color of the

2,6-DCPIP solution changed from blue to colorless.

Table 1 Homology

searches of isolated car

engine oil-degrading

bacteriaa

a Homology searches were

performed by BLASTN

using the 16S rDNA data

registered in GenBank
b The values in parentheses

indicate the percentage

similarities

Strain Homology withb Identified as

A132 Acinetobacter sp. SMCC B0208 (100) Acinetobacter sp.

NDMI119 Acinetobacter sp. SMCC B0208 (99.8) Acinetobacter sp.

NDMI78 Acinetobacter sp. SMCC B0208 (99.2) Acinetobacter sp.

ODDK71 Acinetobacter sp. ATCC 11171 (100) Acinetobacter sp.

ODMI29 Acinetobacter sp. SMCC B0208 (99.6) Acinetobacter sp.

ODNM6 Acinetobacter sp. SMCC B0208 (99.8) Acinetobacter sp.

ODYM1 Acinetobacter haemolyticus LH168 (100) Acinetobacter sp.

ODYM2 Acinetobacter haemolyticus LH168 (100) Acinetobacter sp.

ODYM3 Acinetobacter sp. SMCC B0208 (100) Acinetobacter sp.

ODYM5 Acinetobacter haemolyticus LH168 (100) Acinetobacter sp.

ODMI79 Achromobacter xylosoxidans (99.8) Alcaligenaceae

Alcaligenes sp. TS-MOSK-4 (99.4)

ODNM5 Alcaligenes sp. J12 (99.8) Alcaligenaceae

Achromobacter xylosoxidans (99.8)

F31 Bacillus thuringiensis 2000031482 (100) Bacillus sp.

ODMI57 Bacillus subtilis GL (99.4) Bacillus sp.

ODNM4 Bacillus anthracis 2000031664 (100) Bacillus sp.

NDKK46 Gordonia terrae COE-O1 (100) Gordonia sp.

NDKY2B Gordonia terrae COE-O1 (100) Gordonia sp.

NDKY2C Gordonia terrae COE-O1 (100) Gordonia sp.

NDKY76A Gordonia terrae COE-O1 (100) Gordonia sp.

F721 Pseudomonas aeruginosa PAO1 (100) Pseudomonas sp.

F722 Pseudomonas aeruginosa PAO1 (100) Pseudomonas sp.

ODMI90 Ralstonia eutropha HAMBI2380 (100) Ralstonia sp.

ODNM1AB Ralstonia taiwanensis BHU1(100) Ralstonia sp.

ODNM2B Rhodococcus sp. Lact1 (100) Rhodococcus sp.

NDKK1 Rhodococcus sp. Lact1 (100) Rhodococcus sp.

NDKK2 Rhodococcus sp. Lact1 (100) Rhodococcus sp.

NDKK48 Rhodococcus sp. Lact1 (100) Rhodococcus sp.

NDKK5 Rhodococcus sp. Lact1 (100) Rhodococcus sp.

NDKK6 Rhodococcus sp. Lact1 (100) Rhodococcus sp.

NDKK7 Rhodococcus sp. Lact1 (100) Rhodococcus sp.

NDKY3D Rhodococcus ruber AS 4.1038 (100) Rhodococcus sp.

NDKY72A Rhodococcus ruber AS 4.1038 (100) Rhodococcus sp.

NDKY82A Rhodococcus sp. Lact1 (100) Rhodococcus sp.

NDMI144 Rhodococcus sp. Lact1 (99.8) Rhodococcus sp.

ODMI54 Rhodococcus sp. Lact1 (100) Rhodococcus sp.

ODNM1C Rhodococcus sp. Lact1 (99.8) Rhodococcus sp.
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These results indicate that color change of the

2,6-DCPIP solution and hydrocarbon-degradation by

GC analysis corresponded completely (Table 2).

Thus, the 2,6-DCPIP assay can evaluate microbial

hydrocarbon-degradation abilities in an accurate,

sensitive and simple manner.

Characterization of hydrocarbon-degrading

bacteria by the 2,6-DCPIP assay

Exhaustive analysis of hydrocarbon-degradation can

be evaluated by measuring the growth of each strain

using many types of hydrocarbons, however growth
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Fig. 1 Phylogenetic analysis of isolated car engine oil-

degrading bacteria using partial sequences of their 16S rDNAs

(500 nt). The kinds of oils used as carbon and energy sources

are indicated by superscript letters: a, waste oil; b, base oil; c,

c-alkane fraction of base oil. The 16S rDNA sequences of

authentic strains were obtained from GenBank, and their

accession numbers are as follows: Alcaligenes sp. PNCB1

(AY090020); Achromobacter xylosoxidans ATCC 9220

(AF411021); Ralstonia eutropha HAMBI 2380 (AF501365);

Pseudomonas syringae ATCC 19310 (AJ308316); Pseudomo-
nas aeruginosa ATCC 15442 (AF094718); Acinetobacter

venetianus ATCC 31012 (AJ295007); Acinetobacter lwoffii
ATCC 17925 (U10875); Acinetobacter haemolyticus ATCC

17906T (Z93437); Rhodococcus erythropolis ATCC 53968

(AY281112); Rhodococcus ruber DSM 43338T (X80625);

Gordonia terrae ATCC 25594T (X81922); Mycobacterium
porcinum ATCC 49939 (AY012580); Arthrobacter sulfonivo-
rans ATCC BAA-112 (AF235091); Bacillus subtilis ATCC

21331 (AB018487); Bacillus cereus ATCC 27877 (Z84581);

Deinococcus radiopugnans ATCC 19172T (Y11334); and

Thermus aquaticus YT-1 (L09663)
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rate and cell size etc. influence the optical density.

The 2,6-DCPIP assay can sensitively detect the

primary oxidation of hydrocarbon, therefore the assay

is suitable for exhaustive investigation of hydrocarbon-

degradation of each isolate. Hydrocarbon-degradation

by the isolated bacteria was analyzed by the 2,6-

DCPIP assay (Table 3), and characterization of the

isolates was carried out. All isolates belonging to the

respective genera degraded base oil and heavy crude

oils (types A and C). Regarding n-alkane-degrada-

tion, the long-chain n-alkanes hexadecane (C16) and

eicosane (C20) were also degraded by all isolates. All

strains of the genera Gordonia and Pseudomonas

degraded short- and middle-chain n-alkanes, namely

hexane (C6), octane (C8) and decane (C10), while

several strains of the genus Rhodococcus degraded

hexane (4 of 13 strains), octane (4 of 13 strains) and

decane (10 of 13 strains). However, almost all strains

of the genus Acinetobacter (9 of 10 strains) did not

degrade short-chain n-alkanes.

On the other hand, c-alkanes were mainly degraded

by strains belonging to the genera Rhodococcus and

Gordonia. Strains belonging to the genera Rhodococ-

cus (5 of 13 strains) and Gordonia (4 of 4 strains)

degraded hexylcyclohexane, and almost all strains

belonging to the genera Rhodococcus (10 of 13 strains)

and Gordonia (4 of 4 strains) degraded dodecylcyclo-

hexane. However, strains belonging to the genera

Rhodococcus (2 of 13 strains) and Gordonia (1 of 4

strains) found it difficult to degrade methylcyclohex-

ane. These results indicate that strains belonging to the

genera Rhodococcus and Gordonia can efficiently

degrade c-alkanes with long alkyl side-chains.

Regarding aromatic hydrocarbon-degradation,

dodecylbenzene (length of alkyl side-chain: 12) was

degraded by many strains throughout all the genera,

whereas no strains in the genera degraded benzene.

For polycyclic hydrocarbons, decalin, naphthalene

and anthracene were degraded by several strains

belonging to 5 genera, although tetralin was difficult

to degrade. Strains of the genus Rhodococcus

degraded more kinds of polycyclic hydrocarbons

compared to the other genera, since decalin, naph-

thalene and anthracene were degraded by 6, 8 and 7

strains of the genus Rhodococcus, respectively.

n-Alkanes were degraded by all strains of the

respective genera, and the degradable substrates were

similar for each genus (Table 3). c-Alkanes were

mainly degraded by strains of the genera Rhodococ-

cus and Gordonia, and almost all strains of the other

genera did not degrade c-alkanes. These results

indicate that class Actinobacteria may have a specific

function for the degradation of c-alkanes.

Discussion

To investigate the characteristics of hydrocarbon-

degrading genera, the hydrocarbon-degradation

abilities of 36 isolates were exhaustively analyzed

by the 2,6-DCPIP assay. Long-chain n-alkanes

were degraded by all strains of the respective

genera, whereas short-chain n-alkanes were mainly

degraded by strains belonging to the genera Pseu-

domonas and Gordonia. The evaluation of n-alkane-

degradation by each genus obtained by the 2,6-

DCPIP assay is almost in agreement with data in

previous studies (Rehm and Reiff 1981; Asperger

and Singh 1991; Sakai et al. 1994; Throne-Holst

et al. 2007).

Table 2 Analysis of hydrocarbon-degradation by major strains using gas-chromatography and the 2,6-DCPIP assay

Substrate Acinetobacter sp. ODDK71 Rhodococcus sp. NDKK48 Gordonia sp. NDKY76A

GCa 2,6-DCPIPb GCa 2,6-DCPIPb GCa 2,6-DCPIPb

n-Decane (C10) 0.0 ± 0.0 - 21.9 ± 2.6 + 95.4 ± 4.6 +

n-Hexadecane (C16) 90.2 ± 1.8 + 82.3 ± 5.9 + 95.0 ± 4.9 +

n-Eicosane (C20) 3.9 ± 2.2 + 20.2 ± 5.2 + 34.2 ± 5.6 +

Dodecylcyclohexane 0.0 ± 0.0 - 27.9 ± 2.7 + 98.4 ± 0.4 +

Car engine base oil 10.6 ± 2.8 + 14.6 ± 0.5 + 25.5 ± 0.2 +

a The values indicate the degradation ratio of 0.1% (w/v) of the respective hydrocarbons or 1% (w/v) car engine base oil after

cultivation for 48 h (ODDK71) or 72 h (NDKK48 and NDKY76A)
b The symbols + and - indicate that the solution was colorless (degraded) or blue (not degraded), respectively
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On the other hand, c-alkanes were degraded by

strains of the genera Rhodococcus and Gordonia,

which belong to class Actinobacteria, in the present

study. In previous studies, strains of the genera

Rhodococcus and Gordonia degraded c-alkanes

(Schumacher and Fakoussa 1999; Kummer et al.

1999; Kostichka et al. 2001; Whyte et al. 1998), and

strains of these genera carry the hydrocarbon oxida-

tion gene alkB (Vomberg and Klinner 2000; van

Beilen et al. 2002, 2003, 2007; Whyte et al. 2002).

Several hydrocarbon-degrading bacteria belonging to

the genus Pseudomonas or other genera carry alkB

gene, however the strains did not degrade c-alkanes.

The c-alkane-degrading bacteria belonging to the

genera Rhodococcus and Gordonia may have the

different type(s) of alkB gene relating to c-alkane-

degradation.

In the present study, the genus Acinetobacter was

mainly isolated when car engine waste oil or car

engine base oil was used as a substrate for isolation of

hydrocarbon-degrading bacteria. Since strains of the

genus Acinetobacter degrade c-alkanes with co-

oxidation (Perry 1979; Ko and Lebeault 1999; Koma

et al. 2003a) and the growth rates of strains of the

genus Acinetobacter are faster than those of strains of

the genera Rhodococcus and Gordonia, strains of the

genus Acinetobacter appeared to become dominant

strains in medium containing car engine waste oil or

car engine base oil. On the other hand, when the

c-alkane fraction of car engine base oil was used

for the isolation of hydrocarbon-degrading bacteria,

c-alkane-degrading and long-chain n-alkane-degrading

bacteria belonging to the genera Rhodococcus and

Gordonia were isolated, and these genera could

degrade c-alkanes without co-oxidation.

Long-chain hydrocarbons remain in hydrocarbon-

contaminated soils for long periods of time (Stroud

et al. 2007; Throne-Holst et al. 2007), and c-alkanes

are especially difficult for microorganisms to degrade

in nature (Matsumiya and Kubo 2007). The genera

Acinetobacter, Rhodococcus and Gordonia would

contribute to the bioremediation of long-chain hydro-

carbons. The 2,6-DCPIP assay has been applied to the

enumeration of hydrocarbon-degrading microorgan-

isms in mixed cultures (van Hamme et al. 2000). This

assay has also been applied to the selection of

autochthonous microorganisms that can degrade

hydrocarbon contaminants in contaminated soils,

since these microorganisms would contribute to the

cleaning process for hydrocarbon-contaminated soils.

Development of bioremediation systems using hydro-

carbon-degrading bacteria and the 2,6-DCPIP assay is

currently in progress.
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