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Microbial decolorization of azo dyes by Proteus mirabilis
K-C Chen, W-T Huang, J-Y Wu and J-Y Houng
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A bacterium identified as  Proteus mirabilis was isolated from acclimated sludge from a dyeing wastewater treatment
plant. This strain rapidly decolorized a deep red azo dye solution (RED RBN). Features of the decolorizing process

related to biodegradation and biosorption were also studied. Although P. mirabilis displayed good growth in shake
culture, color removal was best in anoxic static cultures. For color removal, the optimal pH and temperature were

6.5-7.5 and 30-35°C, respectively. The organism exhibited a remarkable color removal capability, even at a high
concentration of azo dye. More than 95% of azo dye was reduced within 20 h at a dye concentration of 1.0g L -1
Decolorization appears to proceed primarily by enzymatic reduction associated with a minor portion, 13-17%, of
biosorption to inactivated microbial cells.
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Introduction involved in the bioreduction of azo dyes [4]. Biological

Azo dyes consist of a diazotized amine coupled to an amin Ztgs':i?%rCrg%r;o?)?gam:rtr?sbgirgiglfogizcglC[g?]?r?irc]j%?tigr): ttge
or a phenol, and contain one or more azo linkages. AzgQ. . : ' )
dyes are the largest class of dyes with the greatest varie%é'()log'c""I degradation of azo dyes, the uptake or accumu

of colors. At least 3000 different varieties of azo dyes are 38::/:; ?13'2]3 'erbklg?crg?r‘siiéirg]fegzgl332%?23’&3;?23?:30 be
extensively used in the textile, paper, food, cosmetics an ' P Y

pharmaceutical industries. A related topic having receive ('jgi?ilérr]e2;2?25;}@3?}8;?“8:;;%?Il)bégjnmu'slgglszau gf]felcn
considerable interest is the presence of color in effluent ! y

associated with production. Dyes are recalcitrant molecule ;ﬁigbsrg;b;ir\'/te'g oleesccglgglﬁeglsogn%f]cl)ni?ﬁérrlzl eﬂtuhzrr;i Cgr:};le
which are difficult to degrade biologically. In addition, 9 YES, q P y

. ; . - and azo dyes [16].
some azo dyes are either toxic or mutagenic and carcino RED RBN (Figure 1) is an azo dye used in textile and

gﬁg:ﬁi cgl]bh;—sri?::}n;"?entth ngs g%eo ngﬁﬁ?chvﬁfaerc Oggvjlavtieos ndyestuff indu_stries. RED RBN has a _deep red color, and
' its presence in effluents poses an environmental threat. We

precipitation, adsorption by activated carbon, oxidation byisolated a bacterium with the ability to decolorize high con-

Oﬁogiéll?c?:zlrg?c ;??];aett'ﬁg dgng ; é" Itrzglérrztlllon.c Ocsgem'cr‘gldgé entrations of RED RBN. In addition, characteristics of the
phy g y Y, P ecolorization process involving biodegradation and

;Vr?jtgfslivmvngga?gligggﬁiﬂ; fs(ill?/ﬁ):;i g{t’e?rr;tilsgsbﬂ'océ?_mbiosorption were examined to establish a feasible color
cal processes have received increasing interest owing trgmoval process for a wastewater treatment system.

their cost effectiveness, ability to produce less sludge, and
environmental friendliness. Therefore, a practical biopro-Materials and methods
cess for dye-containing wastewater needs to be develope
Microorganisms capable of degrading azo dyes includ
Proteusspp [10],Enterococcuspp [12],Streptococcuspp
[13], Bacillus cereuq15], Streptomycespp [9], and the
white rot fungus Chanerochaetes chrysosporiuid,5].
Under aerobic conditions, most azo dyes are not degradab
by bacteria [4,8]. However, under anaerobic conditions, th
azo linkage in the dyg molequle can be rgduced o for ore size filter, while other components were sterilized at
colorless aromatic amines which are occasionally toxic an@zr>C for 20 min. Ten ml of sludge solution was then
carcinogenic [17]. The reduction of azo dyes in the intestine dded to a 500-n".|l Erlenmeyer flask containing 100 ml of

of humans and other animals has been known for quit§ ' .
some time. The azo reduction of tartrazine mediated by az M medium. The cultures were incubated afGn a

reductase was first demonstrated by a pure cultur@rof

g‘creening of decolorizers
PSIudge obtained from a dyeing wastewater treatment plant
was acclimated for 1 month and then served as the source
of the bacterium. The screening medium (SM medium)
ontained: peptone, 10 g; meat extract, 10 g; NaCl, 5g in
liter of distilled water with 0.1 g of RED RBN. RED
BN dye was sterilized by passing it through a 04%-

teus vulgarissolated from the feces of rats [10,11]. Besides N
azo reductase, lignin peroxidase was also considered to be to NHT \IIN_NH
N
HO3S0CH2CH2028 ON =N Y SO3H
Cl
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rotary shaker at 130 rpm. Next, the broth of the decolorizedive rod, it was motile, catalase-positive and facultatively
flask culture was transferred to fresh SM medium to screeanaerobic. The strain was identified Bsoteus mirabilis
the strain having color removing ability. The screening pro-based on the GN microplate (Biolog, CA, USA), fatty acid
cedure in the liquid culture was conducted repeatedly untibnalysis (Hewlett-Packard, CA, USA), APl 20E
a decolorized culture occurred. A small amount of decolor{BioMerieux SA, Marcy I'@oile, France) and APl 50 CHE
ized broth was then poured into an agar plate containingBioMerieux SA).
SM medium and it was incubated at°8) Colonies sur-
rounded by decolorized zones were selected. Isolates we@haracteristics of microbial decolorization
then tested for their color removal ability in a submergedP. mirabilis was propagated in SM medium in a shake cul-
culture and the best isolate was selected. Finally, identifiture and in anoxic static culture to observe cell growth and
cation of the isolate was entrusted to the Culture Collectiordecolorization. Growth in shake culture was much better
and Research Center, Food Industry Research and Develojiran in anoxic static culture (Figure 2). After 12-h culti-
ment Institute (Hsinchu, Taiwan). vation, the biomass produced in shake culture was around
five times that produced in anoxic static culture. Only 20%
Dye assays of color removal was observed in the shake culture but
RED RBN (R-198) was obtained from Everlight Chemical more than 95% of the dye was eliminated in the anoxic
Industrial Co, Taoyuan, Taiwan. The dye had maximumstatic culture, even when associated with a low level of cell
absorbance at 515 nm, and had a chemical structure as illugtowth. Next, the effect of surface aeration on decoloriz-
trated in Figure 1. To ensure that pH change in the dyetion in static culture was examined by gassing the flasks
solution did not influence decolorization, the visible absorp-With or without pure nitrogen before cultivation. At the
tion spectra were recorded between pH 3 and 9 and p}beginning of cultivation, a slight amount of dissolved OXy-
did not affect spectrum. Dye concentration was measureg@€n existing inside the flask supported cell growth. As the
spectrophotometrically at 515 nm. The efficiency of colorcells exhausted the dissolved oxygen, color removal was
removal was expressed as the percentage ratio of the decéetter under anoxia. Roxoet al demonstrated biodegrad-
orized dye concentration to that of the initial one, ie, theation of azo dyes by pure cultures &froteus species.
difference between the initial dye concentratibyg(i), and ~ Microbial reduction of azo dyes is an enzymatic reaction

the residual dye concentratioBye(r), of the sample: linked to anaerobiosis because it is inhibited by oxygen
[10,11]. Therefore, facultative or obligate anaerobes are
Dye(i) - Dye(r) necessary for azo dye reduction. Bacteria are seldom able to
Color removal (%) Dveli x 100% decolorize azo compounds in the presence of oxygen [15].
ye(i) The optimal pH for decolorization ranged from 6.5-7.5

. . (data not shown). The rate of decolorization decreased with
Decolorizing cultivation _ decreasing temperature. At temperatures of 30S3%he
The ability of P. mirabilis to decolorize the dye was tested ¢qor reduction rate was two times faster than that at a
using shake culture and static culture. The cells were prezange of 20-2%C, but nearly the same level of dye removal
cultured for 12 h at 3T on a rotary shaker at 130 rpm. a5 finally reached at both temperatures. Consequently, the
Ten ml of the culture was inoculated into a 500-ml Erlen-o|16wing “decolorization experiments were performed at
meyer flask containing 200 ml of SM medium. The culture 3gec pH 7.0 in anoxic static cultures.
was incubated on the shaker. Samples (5ml) of culture peptone and meat extract were nitrogen sources for cell
broth were taken at regular intervals and suspended par-
ticles were removed by centrifugation, the pH and dye con-

centrations (after appropriate dilution) were then measured. 3

The decolorizing cultivation was also performed under

static conditions at 3@ for an appropriate time period to g0l e 130

observe the progression of color removal. Anoxic con- oo

ditions were achieved by allowing nitrogen to flow in the _ ” S

flask and topping the mouth with a rubber stopper. ) - J 1 =

£ 6o Q 120 2

Results and discussion 8 145 §
. . L g 40r @

Isolation and identification a

This study was started by screening the novel dye-decolor- o . 110

izing bacteria and then identifying the specific isolate. Col- 541 \ /,/./'/ :

onies having orange, yellow and white colors surrounded ,/-fm/' H05

by a nearly decolorized zone were isolated and then tested Cl \ ]

for dye removal capability using submerged culture. One 0 = . or———7=0. lgg

strain isolated from white colonies was inoculated in 0 5 10 15 20 25 30

100 ml of SM medium in a 500-ml flask and cultivated at Time (h)

30°C under static conditions. After 24 h, the isolate dis- Figure 2 Comparison of shake culture with static culture on cell growth

played an excellent ability in clearir_lg dye color to a degreeang dye removal in SM medium. Biomas#l)(shake culture, @) static
undetected by the naked eye. The isolate was a Gram-negadture. Dye concentration{) shake culture,®) static culture.
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growth. When the meat extract was omitted, a better color
reduction efficiency was observed (Figure 3). The effect of 100 |-
peptone concentration was then investigated. The color f
reduction rate during the first 10 h of incubation increased

with increasing peptone concentration up to 40 g. A 80
higher peptone concentration did not further increase the

color reduction rate. After 33-h cultivation, cultures con- £
taining varying amounts of peptone showed no significantg 60
difference in their biomass concentrations (approximately\g
1.0gL™.

Substitution of inorganic nitrogen (N)@l) for peptone
gave poor cell growth and low color reduction efficiency &
(data not shown). Roxoet al demonstrated that glucose F
stimulated the reduction of tartrazine B vulgaris[10]. 20l
Chung et al reported that glucose inhibited reduction of 4
tartrazine byB. fragilis [2]. Therefore, an additional carbon - \
source was tested. Color reduction was not improved by . RS a
the addition of either glucose or sucrose to the culture con- 0 10 20 30 40
taining inorganic nitrogen, although the biomass reached a
similar level (approximately 1.0 g£) as the control cul-
ture (Figure 4). Figure 4 Effect of the concentration of glucose or sucrose on decoloriz-

Figure 5 depicts the effect of dye concentration at a rang%i())ns-u'\gfgsi:mlgom{fof\i‘tli_?féI(efCthfn?ien;dei?ramgdl{ (;?EE F;Ec'j\l %ec)l
Of. 100-1000 mg L* on C(?lOI’ remqval byp. mirabilis. Even 5gL% (@) glucc?se’10 g4l:1, NIQ-1|4CI’1 g L™ meat extragc’:t 10 gt and
with the dye concentration as high as 1000 m§ nearly a5 g L'% (O) sucrose 20 g t, NH,Cl 1 g L%, meat extract 10 g*
85% of the dye was removed after 10 h and nearly completend NaCl 5gL*; (M) sucrose 5gti NH,Cl 1gL™ meat extract
color loss was observed after 20fh.mirabilisalso showed 10gL™ and NaCl 5g L% (A) peptone 10 g I, meat extract 10 g2
excellent dye removal capability for azo dye BK-5 (dataand NaCl 5gL*
not shown), which is a deep black dye conventionally used
in the textile industry and has a structure similar to RED 1100

ye con

40

Incubation time (h)

RBN. These results suggest tliatmirabilisisolated in this 10004
work is highly promising for applications involving biodeg-
radation of azo dyes at high concentrations. 900
800
= 700
B L
£ 600
¥ A
100 & 5
(&)
(]
=
a
= 80
g
z \
9 60 0\ I
o o . I |
wl
v \ 20 30 40 50
5 40 a Time (h)
Q
S \ Figure 5 Effect of dye concentration on decolorization in SM medium.
o Concentration of RED RBN: W) 1000 mg L%, () 500 mg L'%; (@)
20 \ 200 mg L% (A) 100 mg L%
A -
ol o v =8 — Mechanism of microbial decolorization
0 5 10 15 20 25 30 35  Decolorization of the dye solution by bacteria could be due

to adsorption to microbial cells or to biodegradation. In

adsorption, examination of the absorption spectrum would
Figure 3 Effect of peptone concentration on decolorization. Medium reveal that all peaks decreased approximately in proportion
composition (each contained 0.1 g'lof RED RBN dye): @) peptone  tg each other. If dye removal is attributed to biodegradation,

10gL™* and NaCl 5 g L*; (M) peptone 20 g t* and NaCl 5g L*; (O) . . . - ’
peptone 30g L and NaCl 5g L% (C)) peptone 40gt: and NaCl either the major visible light absorbance peak would com

5g L™ (A) peptone 30gt* and NaCl 5g L% (A) peptone 10 g L2, Pletely disappear or a new peak W9U|d appear. Dye adsorp-
meat extract 10 g1t* and NaCl 5 g L~ tion would result in cell mats which are deeply colored

Incubation time (h)
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because of adsorbed dyes, whereas those retaining their 190 20
original colors are accompanied by the occurrence of biode- s
gradation [6]. Figure 6 displays the change of UV-visible
spectra of RED RBN (R-198), using the supernatant fluid 80
of the culture, before and after 20-h decolorizing cultivation
with P. mirabilis. The absorbance peak at 515 nm com-
pletely disappeared after cultivation for decolorization. In S 60
addition, as the azo dye was reduced, the broth returned tg
its original white color. These results indicate that the color
removal byP. mirabilis may be largely attributed to bio- §
degradation. o
Enzymes in microbial cells can be permanently inacti-& I
vated by HgCJ. In this work, various concentrations of g
HgCl, were added to decolorization cultures to study dye 20
removal by P. mirabilis. Dye removal decreased with
increased concentrations of HgQFigure 7). At concen-
trations of HgCJ} higher than 500 mgt, a slight color
reduction (around 13-17%) was observed in the first 3 h 0
and the cell surface became red. Thereafter, no more dye Time (h)
removal was observed. Moreover, cell growth nearly ceased, ) ) ) ) )
during incubation with a high concentration of HgCl Fl9U'® 'f.ﬁeCt_Of g%/lcb concentration or b'?sorpt'or}dt’_””g decg';’”z'
Therefore, color reduction in the initial 3 h of cultivation Tgoocﬁ‘névé‘l!"(”.,'”u) 500”,17']39 'fin (o, g) 1%% ,Tc]gnéle;n(f'?)' :o'mm?l
is attributed to adsorption to the biomass. The cell surfaceilled symbols: dye concentration. Open symbols: biomass.
became red when decolorization was proceeding in the cells
which were inactivated by Hg&l When living bacteria
were used, the cell surface retained its original white colo
and only a trace amount of azo dye covered the cell surfac
Moreover, no significant color change of the cell surface
was observed in aerobic cultures. Therefore, microbia
decolorization byP. mirabilis was preceded primarily by
biological degradation. Even at a dye concentration as hig
as 1000 mg £, P. mirabilis degraded the azo dye almost
completely. Therefore, it is postulated that the mechanis
of the color reduction byP. mirabilis is: (1) the dye is
adsorbed to the cell surface; (2) some amounts of the dye
were transferred through the cell membrane; (3) the trans-

40

Biomass (g/l)

o

0.0

IIerred dye was degraded enzymatically inside the cells; and
4) the degraded products diffused out to the bulk solution.
\t a low dye concentration, almost all of the dye could be
egraded completely by the reductase inside the cells.
hen the dye concentration was increased up to a critical
alue, the color-reduction capability of the cells would not
e enough to degrade all the transferred dye through the
ngell membrane and then the dye could be accumulated on
the cell surface.
Figure 8 depicts the effect of antibiotics on growth of
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Figure 8 Effect of antibiotics on cell growth of. mirabilis in SM
Figure 6 Variation of UV-visible spectra of azo dye solution after decol- medium. (\) Control; () penicillin-G, 1000 mg t*; (M) chloram-
orizing cultivation withP. mirabilis. (——) Original dye solution; (-----) ~ phenicol, 1000 mg t; () chloramphenicol, 3000 mgt; (A) chloram-
decolorized dye solution. phenicol, 5000 mg t*.
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proceeded primarily by biological degradation associated
100 | with a minor portion of the dye adsorbing onto the cell
surface. A four-step mechanism was postulated based on
these experimental observations. Toxicity study of the pro-
ducts from the degradation of RED RBN dye By mira-

bilis is now in progress.
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