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Abstract A Staphylococcus sp. EY-3 with the capability of
decolorizing Congo Red was isolated from soil at an effluent
treatment plant of a textile and dyeing industry. This strain
was able to almost completely decolorize a high concentration
of Congo Red in 48 h under aerobic conditions. Optimal color
removal (more than 96%) was achieved at 30-40°C, and no
noticeable effects of different pH values (5.5- 8.0) on decoloriza-
tion were observed. This strain also exhibited a remarkable
decolorization ' capability against azo dyes under aerobic
conditions, even at a high concentration (dyes 1 g/l) of dye.
The metabolic product of Congo Red degradation by this
strain was identified by gas chromatography with mass
selective detection (GC/MSD) to be an amine derivative
benzidine.

Key words: Azo dye, biodegradation, Congo Red, decolor-
ization, Staphylococcus sp.

Azo dyes constitute the largest class of synthetic dyes
widely used in textile, paper, leather, cosmetics, and food
industries [10]. Since most of them have mutagenic or
carcinogenic properties [6], industrial effluent containing
azo dyes must be treated before it is discharged into the
environment. Although several physicochemical methods
have been used to eliminate the colored effluents in
wastewater [12, 13], they are generally expensive, of limited
applicability, and produce a large amount of sludge. Therefore,
great interest is focused on the microbial biodegradation of
dyes as a better alternative. Azo dyes are generally considered
to be xenobiotic compounds, which are rather recalcitrant
against biodegradative processes in conventional sewage
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treatment systems [15]. Nevertheless, it has been demonstrated
during the last few years that several microorganisms are
able to transform azo dyes to noncolored products or even
completely mineralize them under certain environmental
conditions [2]. There are numerous reports which describe
the biodecolorization of azo dyes under anaerobic conditions,
however, only a few studies reported that azo dyes couid
be decolorized by bacteria under aerobic conditions [2- 4,
7, 12, 16]. Depending on the structure of azo compounds,
the biodegradability is reduced by the presence of substituents
such as sulfonate groups [5]. Congo Red, a sulfonated diazo
dye, has been reported to be the azo dye most resistant to
microbial decolorization [8, 18]. Decolorization of Congo
Red by bacteria is poorly understood so far, compared with
other azo dyes.

In this paper, we report the isolation and characterization
of a new potent bacterium, Staphylococcus sp. EY-3,
capable of efficiently decolorizing azo dyes including Congo
Red. To the best of our knowledge, this is the first report
on azo dye decolorization by Staphylococcus sp.

Isolation and Characterization of Congo Red-Decolorizing
Bacteria

Various soil samples were collected from the vicinity of an
effluent treatment plant of a textile and dyeing industry,
which is located in Saha-Gu, Busan, Korea, and screened
for Congo Red-decolorizing microorganisms. The screening
of the strains for dye decolorization was performed on MY
agar plate (pH 7.0) containing (per liter): Na,HPO, 2 g,
KH,PO, 1g, (NH),SO, 2 g, MgSO,-7H,0 0.4 g, NaCl
3 g, CaCl,-2H,0 0.1 g, FeCl,-6H,0 0.05 g, yeast extract
0.2 g, agar 15 g, and 140 uM Congo Red. Microorganisms
were selected on the basis of clear zone on agar plate. The
strains growing on the plates and decolorizing the dye
were selected and grown in the same liquid medium. The
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Table 1. Microbial characteristics of the isolated strain EY-3.
Strain EY-3

Sphere
0.5-1.0

Characteristics

Morphology

Cell size (um)

Motility

Gram staining

Spore formation

Aerobic growth

Growth in 10% NaCl

Cytochrome oxidase

Catalase

Urease -

Coagulase

Novobiocin resistance

Nitrate reduction

[B-Galactosidase

B-Glucosidase

Alkaline phosphatase

Acid (aerobically) from
glucose
arabinose -
xylose
mannose
mannitol
raffinose
cellobiose
saccharose
trehalose

Symbols: +, positive; -, negative.
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general characteristics of the strain used for decolorization
studies were determined according to Bergey’s Manual of
Systematic Bacteriology [14] and other physiological tests,
including carbon-source utilization, by using the API 20E
system (BioMerieux, France), API 50 CHE (BioMerieux),
and BIOLOG GN test kit (MicroLog™ System, Biolog, CA,
U.S.A.). Analysis of the 16S rDNA sequence of the isolated
strain was performed in MicroID Co. Ltd., Seoul, Korea.
One strain, No. EY-3, which had a high decolorization
ability against Congo Red, was isolated. This isolate was
Gram-positive, a sphere, nonmotile, aerobic, oxidase-negative,
catalase-positive, novobiocin-resistant, and could grow well
in the presence of 10% NaCl (Table 1). The 16S rDNA
sequence of the isolate was highly identical to that of

Staphylococcus cohnii (similarity, 97.0%). On the basis of
the above results, the isolate EY-3 was identified as a
member of the genus Staphylococcus and designated as
Staphylococcus sp. EY-3.

Characteristics of Congo Red Decolorization by
Staphylococcus sp. EY-3

The cells were grown aerobically at 35°C for 15h in MY
medium (pH 7.0). To determine the effects of physicochemical
factors on Congo Red decolorization, precultured cells
were inoculated at 1% (v/v) into 500-ml flasks containing
100 ml MY medium (pH 7.0) with 0.5% glucose, 0.2% yeast
extract, and 140 uM Congo Red, and aerobically incubated
at various temperatures or in the same medium adjusted to
different pH values. Decolorization of culture supernatant
after centrifugation at 10,000 xg for 20 min was measured
at A, (506nm) using a scanning spectrophotometer
(Ultrospec 3000 UV/VIS, Pharmacia, Sweden). Decolorizing
activity was expressed in terms of the percentage decoloriza-
tion by the same method as described previously [1].
Decolorization activity was calculated as follows: Decoloriza-
tion (%)=[(initial absorbance)- (observed absorbance)/
(initial absorbance)]x100. All experiments were conducted
in triplicate. The uninoculated sterile medium was used as
a control. Cell growth was monitored by measurement of
optical density of culture medium at 580 nm. Dry cell
weight was determined after washing the cell pellets by
centrifugation with sterile water and drying overnight at
80°C. As shown in Table 2, Staphylococcus sp. EY-3
almost completely decolorized 140 uM Congo Red within
48 h of incubation at 30, 35, and 40°C under aerobic
conditions. Cell concentration increased also in proportion
to increase of decolorization rate. Moreover, even at high
dye concentration of 1.4 mM (dye 1 g/1), more than 82% of
the color was removed under the same conditions, whereas
less than 24% was decolorized at higher dye concentrations
of 7.2mM and 14.3 mM, because of growth inhibition
effect of these high dye concentrations. Effects of pH
values on the decolorization of Congo Red by Staphylococcus
sp. EY-3 showed the results similar to those by temperatures
(Table 3). Although the highest color removal was detected

Table 2. Decolorization (%) of Congo Red by Staphylococcus sp. EY-3 after 48 h of growth at different temperatures and dye

concentrations under aerobic conditions.

Temperature Dye concentration (mM)
) 0.14 0.7 1.4 7.2 14.3
20 75 (1.96) 67 (1.52) 58 (0.97) 14 (0.12) 6 (0.04)
30 97 (2.96) 84 (2.60) 83 (2.32) 23 (0.31) 13 (0.12)
35 98 (3.02) 87 (2.82) 83 (2.34) 24 (0.32) 13 (0.12)
40 96 (2.94) 84 (2.64) 82 (2.26) 23 (0.31) 12 (0.12)
45 85 (2.63) 76 (1.85) 66 (1.48) 21 (0.28) 10 (0.07)

“Dry cell weight (mg/ml) after 48 h of growth; the variation in dry cell weight of triplicates was 0.01 to 0.05 mg/ml.

The variation in decolorization by triplicates was 0.01 to 0.15%.
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Table 3. Decolorization (%) of Congo Red by Staphylococcus sp. EY-3 after 48 h of growth at different initial pH’s, and dye

concentrations under aerobic conditions.

Dye concentration (mM)

Initial pH Final pH'
0.14 0.7 1.4 72 14.3
5.0 5.0+0.04 86 (2.50)° 80 (2.25) 70 (1.73) 12 (0.17) 5(0.04)
5.5 5.1+0.02 93 (2.87) 84 (2.46) 72 (1.87) 17 (0.26) 7(0.04)
6.0 5.1+0.05 94 (2.86) 87 (2.53) 74 (1.87) 22(0.30) 12 (0.13)
6.5 5.120.04 96 (2.91) 90 (2.75) 79 (2.07) 25 (0.31) 13 (0.14)
7.0 5.1+0.07 98 (2.95) 92 (2.76) 82 (2.08) 27 (0.32) 16 (0.15)
7.5 5.2+0.03 97 (2.94) 91 (2.78) 80 (2.10) 27 (0.31) 16 (0.14)
8.0 5.3120.02 91 2.77) 86 (2.52) 72 (1.88) 23(0.31) 13 (0.13)

°pH values measured after 48 h of growth at different initial pH’s and dye concentrations of 140 pM and 700 uM.
"Dry cell weight (mg/mt) after 48 h of growth; the variation in dry cell weight of triplicates was 0.01 to 0.05 mg/ml.

The variation in decolorization by triplicates was 0.01 to 0.13%.

at pH 7.0, there were no noticeable effects on percentage
decolorization at different initial pH values within the
range tested when 140 uM, 700 pM, and 1.4 mM dye
concentrations were used. To determine the effects of carbon
and nitrogen sources on cell growth and Congo Red
decolorization, the cultures were aerobically incubated in
MY medium containing various carbon or nitrogen sources at
35°C for 48 h, and the most effective decolorization rate
with good cell growth was found in the presence of 0.2 to
1% of glucose and yeast extract or peptone (data not
shown). Although Congo Red has been reported to be the
azo dye most resistant to microbial decolorization [8], in
the present study, Staphylococcus sp. EY-3 was able to
decolorize 82% of the dye, even at a high dye concentration
of 1.4 mM.

Decolorization of Azo Dyes by Staphylococcus sp. EY-3
To investigate whether Staphylococcus sp. EY-3 was
able to decolorize other azo dyes, precultured cells were
inoculated at 1% (v/v) into 500-ml flasks containing
100 ml MY medium (pH 7.0) with 0.5% glucose, 0.2%
yeast extract, and azo dyes, and incubated for 48 h at
35°C with shaking at 250 rpm. Decolorization of culture
supernatant after centrifugation at 10,000 xg for 20 min
was determined by monitoring the decrease in absorbance
at the visible absorbance maximum of each dye. As shown
in Table 4, Staphylococcus sp. EY-3 also showed an
excellent decolorization capability against azo dyes tested.

Table 4. Decolorization (%) of azo dyes by Staphylococcus sp.
EY-3 after 48 h of growth at 35°C under aerobic conditions.

Dyes Dye concentration® A_,  Decolorization
(mM) (nm) (%)
Amaranth 1.65 510 98.1
Tartrazine 1.87 410 93.8
Methyl red 371 514 97.6
Acid Blue 113 1.47 570 95.2

‘Molar concentrations of each dye correspond to 1 g of dye/l.
The variation in decolorization by triplicates was 0.02 to 0.16%.

Wong and Yuen [17] reported that Klebsiella pneumoniae
RS-13 and Acetobacter liquefaciens S-1 completely
decolorized 371 UM methyl red at 30°C under shaking
conditions within 2 days and | week, respectively. However,
Staphylococcus sp. EY-3 almost (97.6%) decolorized an
even higher concentration (3.71 mM) of methyl red within
48 h. These results indicate that Staphylococcus sp. EY-3
has a high decolorizing ability even at a higher concentration
of azo dyes, compared to other azo dye-decolorizing bacteria
reported previously [2]. Therefore, Staphylococcus sp.
EY-3 isolated in this work appears to be highly promising
for applications involving biodegradation of azo dyes at
high concentrations.

Detection of Intermediate Metabolite

The first step in the degradation of azo compounds is
usually the formation of amine derivatives, and the amine
derivative benzidine is formed by degradation of Congo
Red [9]. Production of benzidine from the Congo Red
degradation by Staphylococcus sp. EY-3 was analyzed by
gas chromatography with mass selective detection (GC/
MSD). Thus, after incubation at 35°C for 48 h in MY
medium (pH 7.0) with 0.5% glucose, 0.2% yeast extract,
and 140 pM Congo Red, 2 ml of the culture were taken out
and extracted three times with equal volumes of ethyl
acetate. The combined extracts were evaporated at 40°C
under nitrogen, and dried residues were dissolved in 100 pi
of methanol and 2 pl fractions were analyzed by GC/MSD:
Automated GC/MSD analysis was performed on a Hewlett-
Packard Model 5890 gas chromatograph (Palo Alto, CA,
U.S.A.) and 5970B MSD using HP-5 column (0.2 mm i.d.x
25 m, 0.33 pm coating thickness). The GC was operated
under the following conditions: manual injection, split 1:15;
injector temperature, 230°C; carrier gas, He; flow rate, 20 ml
min"'; oven temperature programmed from 100 to 250°C at
5°C min"'; detector temperature, 280°C; and running time,
60 min. The MSD was operated at 70 eV. As shown in Fig. 1,
the compound with a retention time of 12.431 min and
patterns of mass spectral fragmentation was identical to
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Fig. 1. GC/MSD total and specific ion trace of ethyl acetate-
extractable metabolites formed from Congo Red by Staphylococcus
sp. EY-3.

authentic benzidine, [1,1'-biphenyl]-4'4-diamine. Because
benzidine is soluble in the organic solvent dichloromethane,
it is not contained in the culture medium. Therefore, this
result indicates that benzidine was formed as a metabolite
of Congo Red by Staphylococcus sp. EY-3. Decolorization
of the dye may take place in two ways; either adsorption
on the microbial biomass or biodegradation of the dyes
by the cells [21]. Dye adsorption may be evident from
the inspection of the bacterial growth; those adsorbing
dyes will be deeply colored, whereas those causing
degradation will remain colorless. Staphylococcus sp.
EY-3 cells cultured for 48 h with azo dyes tested were
found to be colorless. Decolorization assay of butanol
extract of the cell pellets after incubation for 48 h showed
that none of the azo dyes tested were significantly detected
in cell pellets (data not shown). These results, therefore,
indicate that the color removal by this strain is due to
biodegradation.

It is generally recognized that the mechanism of bacterial
decolorization of azo dyes is triggered by azoreductase, and
that the aerobic reductive metabolism of azo dyes requires
specific enzymes (aerobic azoreductases), which catalyze
the NAD(P)H-dependent reduction of azo compounds to the
corresponding amines [2, 19, 20]. Therefore, purification
and biochemical characterization of azoreductase from
Staphylococcus sp. EY-3 should help clarify the exact
mechanism of Congo Red degradation by azoreductase.
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