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DECOLORIZATION OF SYNTHETIC TEXTILE DYES BY
WHITE ROT FUNGI AND STREPTOMYCES SPECIES

[40]

Abd-El-Nasser', Nadia H. and Samia M. Helmyl

ABSTRACT

Four white rot fungi (Phanerochaete chrysosporium NRRL 6359, Coriolus ver-
sicolor NRRL 6102, P. chrysosporium NRRL 6361 and P. chrysosporium NRRL
6370) and four Streptomyces sp. (Streptomyces chromofuscus, S. griseoflavus, S.
mutabilis and S. humidus) were tested for their ability to produce xylanase, cellulase
and peroxidase in a stationary submerged liquid cultures of mineral salts solution
supplemented with 0.6 % yeast extract and 3.0 % malt extract for streptomycetes
and fungi respectively. Mineral salts solution supplemented with 1% agricultural
byproduct and oat meal extract separately were also used. Oat meal extract was the
best medium for enzymes production.The highest level of xylanase production was
detected on the 9™ day by S. chromofuscus (40.2 U/ml) in oat meal extract followed
by P. chrysosporium NRRL 6361 (33.7 U/ml), P. chrysosporium NRRL 6370 (17.8
U/ml), S. griseoflavus (17.7 U/ml), and S. humidus (17.1 U/ml). Peroxidase activi-
ties were observed at maximum level with streptomycetes than white rot fungi on
the 9 and 12" day. We selected the most active two white rot fungi P. chrysospo-
rium NRRL 6361, P. chrysosporium NRRL 6370 and three streptomycetes (S.
chromofuscucs, S. griseoflavus and S. humidus) for dyes decolorization. Stationary
and submerged liquid cultures with or without synthetic textile dyes were used as
substrates for microorganisms. Oat meal extract was the best medium for enzymes
production and dyes decolorization. Static liquid culture was the best condition for
decolorization than shaking. Culture filterates of S. chromofuscus from oat meal ex-
tract (Equal volume) decolorized diamine red by 97.7 % at the 10" day followed by
S. griseoflavus (97.1 %). P. chrysosporium NRRL 6370 gave maximum level of
“remazol brilliant red" decolorization (69.9 %) at the 7 th day, while S. griseoflavus
gave maximum level of "cibacron blue" decolorization (83.9 %) at 7 ™ day. This
study produced a better percentage decolorization through dyes degradation by
Streptomyces spp. than fungi in a shorter fermentation time with a higher enzyme
activities. .
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INTRODUCTION

Dyes found broad applications in vari-
ous industries for dyeing and printing.
Azo dyes, the largest class of synthetic
dyes used in the food , pharmaceutices,
cosmetics, paper and textiles industries
because of their ease of use, cost effec-
tiveness in synthesis, stability and variety
of colors compared with natural dyes
(Marmion, 1991).

Many studies indicated that these dyes
are toxic or carcinogenic due to the aro-
matic amines formation (Cripps et al
1990 and Wong & Yuen, 1996) while
the white rot fungi have been reportted to
efficiently degrade azo dyes without the
formation of ' aromatic amines
(Schliephake ef al 1993 and Chivakula
& Renganathan, 1995).

White rot fungi, a group of lignin de-
grading basidiomycetes have received
considerable attention for their bioreme-
diation potentials. They are able to de-
grade lignin and other recalcitrant mole-
cules using relatively nonspecific ex-
tracellular enzymes (Kirk & Farrel,
1987 and Paszezynski & Crawford,
1995).

Decolorization of various dyes by
white rot fungi (Robinson er al 2001;
Chagas & Durrant, 2001; Yesilada er
al 2002 and Kasinath ef gl 2003) and
Streptomyces species (Antonopoulos et
al 2001) was reported.

Despite the fact streptomycetes are
known to produce cellulose-free xylanase
and proxidase activity (Ball &
McCarthy, 1988 and Mercer ef al
1996), which are stable and active over a
higher pH than the corresponding fungal
enzymes (Sunna and Antranikian,
1997), these organisms have not been
extensively studied. There is no much

information on the decolorization activity
of the mutant of white rot fungi (Phan-
erochaete chrysosporium NRRL 6359,
Coriolus versicolor NRRL 6102 P. chry-
sosporium NRRL 6361 and P. chrysospo-
rium NRRL 6370) and Streptomyces spp.
(S. chromofuscus, S. griseoflavus, S. mu-
tabilis and S. humidus) and the dyes
Diamine Red 8 D200, Remazol Brilliant
Red gG D2 (Reactive Dye) and Cibacron
blue 3 G-A.

In this study the biotechnological po-
tential of culture supernatant from differ-
ent types of Streptomyces species and
white rot fungi  (Phanerochaete
chrysosporium) was evaluated.

In addition, the suitability of this en-
zymes system for decolorizing three dif-
ferent synthetic dyes has also been de-
termined.

MATERIAL AND METHODS

Dyes

Diamine Red 8 D200 (Hoechst), Re-
mazol Brilliant Red gG D2 (Reactive
Dye) (Hoechst) and Cibacron blue 3 G-A
(Ciba-Geigy) were used.The dye solu-
tions were added in equal volumes to the
medium or fermented cultural filterates
(Stock dye concentrated was 200 mg/L
equivalent to 100 mg/L final concentra-
tion after addition).

Organisms and growth conditions

The microorganisms used in this
study were :

1- White-rot fungi, Phanerochaete chry-
sosporium NRRL 6359, Coriolus
versicolor NRRL 6102, P. chryso-
sporium NRRL 6361 and P. chryso-
sporium NRRL 6370 were obtained
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from Department of Agriculture, Ag-
riculture Research Service Peoria, 1I-
linois, U.S.A., known for their delig-
nification. Stock cultures of the white
rot fungi were stored at 4°C on slants
of yeast extract- malt extract glucose
agar for 2-12 weeks.

2- Four cultures belonging to genus
Streptomyces were isolated from
Egyptian soil surrounding Tanta City
in the Delta of Nile river, and identi-
fied by Abd El-Nasser (1991).
Streptomyces strains (S. chromofus-
cus, S. griseoflavus, S. mutabilis and
S. humidus) were cultivated routinely
and stored at 4°C on a slant of basal
starch nitrate agar medium (I.S.P.,
1968).

In all experiments, spores from stock
slants of Streptomyces spp. were used as
initial inoculum. The initial inocula of
fungi were activated on the minerals me-
dia incubated on rotary shaker for 24 hr
before use.

Liquid static state fermentation media

One millilitre of heavy spore suspen-
sions of the studied microorganisms was
used to inoculate Erlenmeyer flasks of
250 ml capacity, each containing 50 ml of
the following ingredients (g/L) :

1- The first medium (M,) contained ei-
ther 0.6 % (wt/vol) yeast extract in a
nitrogen-free, mineral salts solution
(g/L: Na,HPO,, 5.03; KH,PO,, 1.98;
NaCl, 02; MgSO, 7H,0, 0.2;
CaCl,.2H,0, 0.05; plus | ml trace
element solution (g/L: Fe SO, 7H,0,
1.0; MnSO, 7H;0, 0.2; ZnSO, 7H0,
0.9) pH 6.0-6.5, or 3.0% (wt/vol)
malt extract for strains of Streptomy-

ces spp and white rot fungi respec-
tively (Lee et al 1991).

2- The second medium (M,). The agri-
cultural byproducts (corn cobs and
wheat straw) were added to the min-
eral salts solution. The best concen-
tration of the agricultural byproducts
for xylanase production was deter-
mined in a previous paper Abd El-
Nasser and Foda (1995).

3- The third medium (M;) contained
(g/L) yeast extract 6.0 (for strepto-
mycets) or malt extract 30 (for fungi)
plus oat spelts xylan, 8; we replace
oat splet xylan by 10 g. of oat meal
extract, (NH,)»,S0,, 0.1; NaCl, 0.3;
MgS0O,.7H,0, 0.1; CaCO;, 0.02;
trace elements solution 1 ml and fi-
nally adjusted to pH 7.0-7.6 then
sterile at 121°C for 15 min
(Antonopoulos et al 2001).

The inoculated flasks and uninocu-
lated control were incubated at 34°C.
Samples of the growth media were taken
periodically over the growth period.

At the end of the fermentation period,
the content of each flask was filtrated to
determine the final pH of the supernatant
and immediately analyzed for enzymes
production. The crude enzymes produced
were applied as culture filterates on the
three synthetic types of dyes to determine
the percent of decolorization.

The wastes used

Two types of agricultural byproducts
were firstly used (wheat straw and com
cobs) as substrates for enzymes and pro-
tein production. They were collected
from Giza farm. These wastes were al-
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lowed to dry in the oven at 70°C for 72
hr. These samples were ground well be-
fore use.

Decolorization experiments
Assay

Three types of synthetic textile dyes
were added to the first medium (M,) by
equal volume (25 ml each dye + 25 ml
media). The inoculated flasks and
uninoculated control were incubated on a
rotary shaker (180 rpm) at 34 °C. The
fermented broths (Culture filterates) of
M; and M; were added to the synthetic
dyes in equal volumes and incubated on a
rotary shaker or in static incubator at
34°C. The decolorization percentage was
examined at different times.

Decolorization of dyes was deter-
mined as relative decrease (%) of absorb-
ance for each dye at their absorbance
maxima by Spekol Stectrophotometer.
The digital pH meter with glass electrode
(Knick-646) was used to measure the pH
of the media. The dry weight of the my-
cellia was obtained by filtering cultures
through filter paper whatman no. 1 and
drying to a constant weight at 65°C.

Detremination of enzyme activity

Xylanase activity was assayed using
pure oat spelts xylan (Fluka Biochemika)
solution (1% w/v) prepared in potassium
phosphate buffer (100 mM, pH 7) as the
substrate. Equal volumes (1.0 ml) of cul-
ture supernatant and substrate solution
were incubated at 40 °C, for 10 min.
Then the reaction mixture was placed in
an ice bath to stop the reaction. Reaction
mixtures were centrifuged at 10,000 g,
for 4 min to allow precipitation of the
insoluble substrate.

Cellulase activity was assayed accord-
ing to the above mentioned, procedure
but replacing oat spelt xylan solution with
carboxymethyl-cellulose (CMC) solution
(1% w/v), prepared in potassium phos-
phate buffer (100 mM, pH 7) as the sub-
strate. Estimation of the concentration of
the resulting reducing sugars present in a
sample was performed using the dini-
trosalicylic acid (DNS) reagent method
(Miller, 1959). One unit (U) of either
xylanase or cellulase activity was defined
as the amount of enzyme that released 1 p
mol of reducing sugar (expressed as xy-
lose or glucose equivalent, respectively)
per minute per milliliter under the assay
conditions described.

Peroxidase activity was assayed using
2,4-dichlorophenol (2,4-DCP) as the sub-
strate (Antonopoulos et al 2001). The
reaction mixture contained equal volumes
(0.2 ml) of each of potasssium phosphate
buffer (100 mM pH 7.0) 2,4-DCP (25
mM), 4-aminoantipyrine (16 mM), per-
oxidase-containing sample and H,0,
(50mM). The reaction was initiated
by the addition of H;O, and the ab-
sorbance was determined at 510 nm,
after incubation at 53°C, for 1 min.
One unit (U) of enzyme activity was de-
fined as the amount required for an in-
crease in absrbance of one unit O.D. per
minute.

Protein determination

Protein was determined in the crude
enzyme preparation by the method of
Lowry et al (1951). Protein content was
calculated from bovine serum albumin
standard curve.

Results are the mean of at least two
replicates.
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RESULTS AND DISCUSSION

Growth and extracellular enzymes
production by selected microorganisms
on different media

An estimate of the time taken for mi-
croorganisms growth and extracellular
enzymes production was given by meas-
uring total released reducing sugars, ex-
tracellular protein and by assaying xy-
lanase, cellulase and proxidase activity in
culture supernatant.

Experiment-1

The microorganisms firstly were
grown on mineral salts medium (M,) con-
taining 0.6%5 yeast extract and 3.0% malt
extract for streptomycetes and white rot
fungi respectively. The results were taken
after 5 and 7 days of incubation on static
liquid fermszntation growth at pH 6.5 and
34°C. From Table (1) white rot fungi
proved to be the best for extracellular
xylanase formation, total released reduc-
ing sugars and protein content than Strep-
tomyces spp. Phanerochaete chrysospo-
rium NRRL 6370 gave higher extracellu-
lar peroxidase activity (0.35 U/ml) than
other microorganisms at the 5™ day of
incubation period and was still stable up
to 7 days. Phanerochaete chrysosporium
NRRL 6339 and Coriolus versicolor
NRRL 6102 gave high xylanase activity
followed by P. chrysosporium NRRL
6361 and P. chrysosporium NRRL 6370
after 5 days of incubation. Xylanase ac-
tivity decreased with Coriolus versicolor
NRRL 6102. Other microorganisms
failed to produce xylanase activity up to 7
days. All microorganisms failed to pro-
duce cellulase.

Experiment-2

The tested microorganisms were
grown on mineral salts medium supple-
mented with agricultural byproducts (1%
wheat straw and corn cobs) as carbon
sources for producing reducing sugars,
extracellular protein and enzymes. Table
2 show the levels of residual released-
reducing sugars, total protein and en-
Zymes formation using two types of agri-
cultural byproducts as substrate. Incuba-
tion was carried out at 3, 6 and 9 days at
34°C. All selected microorganisms gave
high level of protein content after 3 and 6
days, while increased after 9 days with
white rot fungi and decreased with Strep-
tomyces spp. In case of wheat straw, re-
ducing sugars decreased with increasing
time by white rot fungi while it increased
with time by Streptomyces spp. at the 6™
day and then decreased. But in case of
corn cobs reducing sugars increased with
increasing time by Streptoniyces spp. The
data concerning the final reducing sugars
are the resultant of two processes. The
enzymes produced (xylanase and/or
cellulase) should hydrolyse the relevant
polysaccharides. The presence of final
reducing sugars in the culture supernatant
and the absence of polysaccharides hy-
drolysing enzymes might point to adsorp-
tion of the enzymes on the insoluble
polysaccharides (powdered agricultural
residues). Extracellular enzymes (xy-
lanase and peroxidase) were produced by
white rot fungi and Streptomyces spp.
Maximum level of xylanase activity was
observed on corn cobs with P. chrysospo-
rium NRRL 6370 (12 U/ml) after 6 days,
while Coriolus versicolor NRRL 6102
and S. chromaofuscus after 9 days (13.2
U/ml) followed by S. mutabilis (8.4
U/ml). Extracellular peroxidase activity
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Table 1. Microorganisms grown on mineral salts medium (M1) incubated at 34°C and

pH 6.5 for 5 and 7 days.
;g ?:b g 7 g g _ '% -
Organisms g § g Eb 2 E o EED § g
gan 2a =g g3 I T2
¥z &® 8§ 2 g~
iE 8 B < 3 &
5 days
Phanerochaete chrysosporium 300 1.2 48.0 0.6 0.15
NRRL 6359
Coriolus versicolor  NRRL 216 1.04 36.0 0.0 0.20
6102
P.chrysosporium NRRL 6361 180 1.12 17.4 0.0 0.20
P.chrysosporium NRRL 6370 240 1.20 16.2 0.0 0.35
Streptomyces chromofuscus 45 0.64 0.0 0.0 0.15
S.griseoflavus 24 0.76 0.0 0.0 0.20
S.mutabilis 48 0.78 0.0 0.0 0.20
S.humidus 18 0.64 1.2 0.0 0.15
7 days
Phanerochaete chrysosporium 260 1.9 0.0 0.0 0.20
NRRL 6359
Coriolus versicolor  NRRL 340 1.8 0.0 0.0 0.15
6102
P. chrysosporium NRRL 6361 310 1.9 0.0 0.0 0.35
P.chrysosporium NRRL 6371 350 23 44 0.0 0.20
Streptomyces chromofiscus 25 1.1 0.0 0.0 0.20
S.griseoflavus 17 1.2 0.0 0.0 0.20
S.mutabilis 16 1.5 0.0 0.0 0.15
S humidus 10 1.6 0.0 0.0 0.0
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Table 2. Testing micoorganisms for their ability to produce good yeild of enzymes
grown on static liquid culture containing agricultural byproducts as a sole car-

bon source incubated at 34°C and pH 6.5 for different periods.

=] ) —= '
g 2E F g
5 B2g SEB 82 8z oE
& = & X o A
Wheat straw
3 days
P, chrysosporium NRRL 6359 5.50 1.20 450 0.0 0.0 0.10
Coriolus versicolor NRRL 6102  5.70 1.10 420 0.0 1.8 0.20
P. chrysosporium NRRL 6361 5.40 1.32 247 0.0 0.0 0.20
P. chrysosporium NRRL 6370 5.50 1.34 486 0.0 0.0 0.30
S. chromofuscus 7.70 1.44 63 0.0 0.6 0.40
S. griseoflavus 7.90 1.52 45 0.0 12 0.35
S. mutabilis 8.00 1.5 36 0.0 0.0 0.60
S. humidus 8.50 1.64 90 0.0 0.0 0.50
6 days
P. chrysosporium NRRL 6359 5.31 1.96 153 35 0.0 0.50
Coriolus versicolor NRRL 6102  6.04 1.64 99 0.0 0.0 0.40
P. chrysosporium NRRL 6361 5.88 1.80 105 0.0 0.0 0.50
P. chrysosporium NRRL 6370 5.35 1.68 111 0.0 0.0 045
S. chromofuscus ' 8.66 1.88 85.5 6.7 0.0 0.60
S. griseoflavus 8.09 1.92 49.5 4.1 0.0 0.75
S. mutabilis 8.22 1.92 54 0.0 0.0 0.80
S. humidus 8.63 2.20 72 0.0 0.0 0.65
9 days
P. chrysosporium NRRL 6359 5.25 1.55 49 0.0 0.0 0.45
Coriolus versicolor NRRL 6102  5.71 1.55 29 0.0 0.0 0.45
P. chrysosporium NRRL 6361 6.71 1.80 38 0.0 0.0 1.00
P. chrysosporium NRRL 6370 5.04 1.55 33 0.0 0.0 0.55
S. chromofuscus 8.63 2.00 36 0.0 0.0 1.50
S. griseaflavus 8.42 2.00 29 0.0 0.0 0.60
S. mutabilis 8.40 2.00 23 0.0 0.0 0.65
S. humidus 8.47 1.60 36 0.0 0.0 0.70
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§ 4z 2 2 ¢
: T E- BE §_ T._. SE
Organism ’g K- EE,, 3 g o E o E 45
g -8 8@ 28 &5 E5 3%
=~ g g3 & 2 g7
i n & X S &
Corn cobs
3 days
P. chrysosporium NRRL 6359 6.70 1.10 162 0.0 0.8 0.10
Coriolus versicolor NRRL 6102  6.67 110 135 0.0 0.0 0.30
P. chrysosporium NRRL 6361 6.67 1.10 225 54 1.0 0.20
P. chrysosporium NRRL 6370 6.13 1.10 234 0.0 040 0.60
S. chromofuscus 8.26 1.22 18 6.0 0.0 0.50
S. griseoflavus 7.22 1.48 8 1.2 0.0 0.45
S. mutabilis 7.50 1.64 18 0.9 0.0 0.85
S. humidus 7.30 1.64 5 0.6 0.0 0.10
6 days ’
P. chrysosporium NRRL 6359 398 L10 405 80 00 045
Coriolus versicolor NRRL 6102 6-12 1.22 414 8.6 04 0.30
P. chrysosporium NRRL 6361 6.18 1.46 270 84 0.0 0.50 |
P. chrysosporium NRRL 6370 4.30 1.18 450 12.0 0.0 0.30
S. chromofuscus 8.63 1.64 45 7.2 0.0 0.30
S. griseoflavus 7.23 1.90 51 0.6 0.6 0.65
S. mutabilis 8.73 1.64 45 1.8 0.0 0.25
S. humidus 8.45 1.48 51 6.6 0.0 0.25
: 9 days
P. chrysosporium NRRL 6359 586 2.00 165 025 00 025
Coriolus versicolor NRRL 6102 6.11 3.20 183 13.2 0.0 0.25
P. chrysosporium NRRL 6361 6.15 1.26 204 1.8 0.0 0.35
P. chrysosporium NRRL 6370 443 2.52 168 0.0 0.10
S. chromofuscus 8.30 0.64 114 13.2 0.0 0.15
S. griseoflavus’ 8.12 0.40 120 2.7 0.0 0.25
S mutabilis 8.63 0.38 114 4.2 0.0 0.20
S. humidus 884 040 108 8.4 0.0 0.20
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was observed on com cobs in a maximum
level with Streptomyces spp. than white
rot fungi after 3 days, then decreased by
increasing time. Cellulase activity was
not produced with all microorganisms
after 9 days on com cobs. Cellulase activ-
ity was detected in a low level with P.
chrysosporium NRRL 6361 (1.0 U/ml)
followed by P. chrysosporium NRRL
6359 (0.8 U/ml) after 3 days.

In case of wheat straw, the microor-

ganisms failed to produce extracellular -

xylanase and cellulase enzymes except, in
case of the S. chromofuscus, S. griseofla-
vus and P. chrysosporium NRRL 6359
which gave low levels of xylanase activi-
ties than comn cobs. Peroxidase activity
was produced in a hlgh level with strep-
tomycets at, the 6™ day and, the 9™ day.
Streptomyces chromofuscus gave the
h est peroxidase (1.5 U/ml) level at, the
9™ day of incubation.

Experiment-3

The microorganisms were grown on
oat meal extract medium for producing
reducing sugars, extracellular protein and
enzymes. Our results (as shown in Table
3) shows that, total protein was highly
producted with streptomycets than white
rot fungi. The highest level for protein
content was observed with S. chromofus-
cus at, the 3™ day. While the reducing
sugars was highly producted with white
rot fungi than streptomyctes. The maxi-
mum level of reducing sugars was ob-
served with P. chrysosporium NRRL
6361 at, the 6™ day. Xylanase production
was observed at, the 6™ day with maxi-
mum production by Coriolus versicolor
NRRL 6102 (14.4 U/ml) followed by P.
chrysosporium NRRL 6359, P. chryso-

sporium NRRL 6361 and S. gnseoﬂavus
(7.2 U/ml). While at, the 9% day, the
maximum production of Xylanase was
observed with S. chromofuscus (40 U/ml)
followed by P. chrysosporium NRRL
6361 (33.7 U/ml), P. chrysosporium
NRRL 6370 (17.8 U/ml), and S. humidus
(17.1 U/ml) and then decreased at, the
12" day. Cellulase production was ob-
served at, the 3™ day with low level by P.
chrysosporium NRRL 6370 followed by
P. chrysosporium NRRL 6359 and P.
chrysosporium NRRL 6361, then dlsap-
peared with all microorganisms at the 6™

and 12" day. Peroxidase activity was
highly detected with streptomycetes than
white rot fungi. Sterptomycyes chromo-
fuscus gave high peroxidase activity at,
the 12% day followed by S. humidus, S.
mutabilis and S. griseoflavus. :

Our results seem to be a better for en-
zymes activites than these obtained by
Antonopoulos et ¢! (2001) who found
that the maximal extracellular xylanase
activity (11.97 U/ml) at 120 hr (5 days)
produced by S. albus which remained at
the same levels up to 168 hr (7 days) of
incubation. Extracellular peroxidase was
detected during the growth of S. albus
with maximal activity of 0.58 U/ml ob-
tained after 72 hr (3 days). They also
found that, in contrast to xylanase and
peroxidase activity, no cellulase activity
was detected at any point throughout S.
albus growth (168 hr).

This study has shown the suitability of
extracellular enzymes production by
white rot fungi and Streptomyces spp.
grown on mineral salts solution supple-
mented with malt or yeast extract for
fungi and streptomycetes respectively,
mineral salts solution supplemented with
agricultural byproduct waste (wheat straw

. and corn cobs) or oat meal extract for
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Table 3. Testing microorganisms for their ability to produce good yields of enzymes
grown on static liquid culture of oat meal extract medium incubated at 34°C
and pH 7.0-7.6 at different times.

8 5y 2 oy .;.'
2 8 = 5 3
1 B¢ §% 3. 3. 3.
. Py o
Organisms ] g ? g g g S g 5 &5
- = = 2 3 = 2
K- g & > ) e
[ & < Q L2
3 days
P. chrysosporium NRRL 6359 3.93 0.880 378 0.0 0.4 0.40
Coriolus versicolor NRRL 6102 3.51 0.640 540 0.0 0.0 0.50
P. chrysosporium NRRL 6361 3.55 0.580 504 0.0 0.2 0.10
P. chrysosporium NRRL 6370 3.50 0.660 486 0.0 0.2 0.10
S. chromofuscus 7.82 1.720 306 0.0 0.2 0.20
S. griseoflavus 8.63 1.080 279 0.0 0.0 0.30
S. mutabilis 8.71 1.080 243 0.0 0.6 0.25
S. humidus 8.49 1.080 108 0.0 06 - 035
6 days
P. chrysosporium NRRL 6359 3.34 0.920 282 720 0.0 1.10
Coriolus versicolor NRRL 6102 3.48 0.600 102 14.40 0.0 0.20
P. chrysosporium NRRL 6361 3.82 0.720- 600 7.20 1.0 0.10
P. chrysosporium NRRL 6370 3.50 0.820 492 0.00 1.4 0.10
S. chromofuscus 9.04 1.040 72 240 0.0 0.40
S. griseoflavus 8.86 1.080 87 7.20 0.0 0.45
S. mutabilis 8.74 1.080 60 1.0 0.0 0.25
S. humidus 8.99 1.100 75 1.20 0.0 0.45
9 days
P. chrysosporium NRRL 6359 3.65 1.100 270 0.0 0.0 1.05
Coriolus versicolor NRRL 6102 3.24 0.400 360 14.2 1.5 0.45
P. chrysosporium NRRL 6361 3.45 0.680 540 33.7 1.0 0.15
P. chrysosporium NRRL 6370 3.98 0.900 564 17.8 0.2 0.10
S. chromofuscus 8.60 0.160 270 40.2 0.8 0.40
S. griseoflavus 7.83 1.080 180 17.7 0.0 0.40
S. mutabilis 7.80 0.920 108 14.2 0.0 0.40
S. humidus 7.60 1.080 78 17.1 0.0 0.55
12 days
P. chrysosporium NRRL 6359 4.44 0.940 270 4,70 0.0 1.0
Coriolus versicolor NRRL 6102 3.13 0.600 90 2.90 0.0 0.10
P. chrysosporium NRRL 6361 3.12 0.640 360 1.20 0.0 0.10
P. chrysosporium NRRL 6370 291 0.560 282 7.20 0.0 0.10
S. chromofuscus 9.01 0.820 90 2.90 0.2 0.75
S. griseoflavus 9.16 0.920 84 10.0 0.0 0.50
S. mutabilis 9.07 0.880 54 0.0 0.0 0.55
S. humidus 8.87 0.980 69 2.40 0.0 0.70
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application in the decolorization of three
different types of synthetic dyes.

Decolorization of synthetic textile dyes
by stationary submerged cultures at
different times

In liquid culture, the decolorization of
the synthetic dye solution could be due to
adsorption by the microorganisms bio-
mass or biodegradation. When degrada-
tion occurred, there was either complete
removal of the major visible light absorb-
ance peak or significant spectral change.
Absorbance maxima of Diamine Red §
D200 was at 550 nm; Remazol Brilliant
Red gG D2 was at 500 nm and Cibacron
blue 3 G-A was at 620 nm. The structures
of the investegated dyes were not found
in the Colour index (1992).

Dyes decolorization by the testing mi-
crooganisms

Experiment-1

Decolorization of the dyes during mi-
crobial growth

Four Streptomyces spp. and four white
rot fungi were tested for their dyes (Dia-
mine red, remazol brilliant red and ci-
bacron blue) decolorization activity
grown on mineral salts solution supple-
mented with 3.0% malt extract or 0.6 %
yeast extract for fungi and streptomycetes
respectively on a rotary shaker for 9 days.
The highest level of decolorization of
diamine red 8 D 200 dye was observed
with P. chrysosporium NRRL 6370 (90
%) followed by P. chrysosporium NRRL
6361 (45 %), but all other selected organ-
isms failed to decolorize this dye (Table
4). Microorganisms failed to degrade

* remazol brilliant red, but 20% decoloriza-'

tion of this dye was observed with Corio-
lus versicolor NRRL 6102 and 10 %
with P. chrysosporium NRRL 6361 and
P. chrysosporium NRRL 6370. The high-
est level of decolorization of cibacron
blue dye (75 %) was observed with P.
chrysosporium NRRL 6370 followed by
P. chrysosporium NRRL 6361 (73 %)
and S. chromofuscus (54 %). Also, it is
clear that the remazol brilliant red dye
was more stable than other two dyes. The
decolorization was shown not to be due to
any effects of pH on the dyes, since the
pH of the cultures did not alter during
growth, remaining around 3.1 to 3.5 for
fungi and 7.22 to 7.9 for streptomycets.
Final pH (high or low) not affecte the
decolorization percentage. These results
were in agrement with the results ob-
tained by Chagas and Durrant (2001).

Experiment-2

Decolorization of the dyes solutions by
the culture filtrates under non strerile
conditions

The same microorganisms were
grown on mineral salts solution supple-
mented with 1% corn cobs or wheat straw

as sole carbor sources on a static fermen- =~
tation for 9 days (Table 5). Equal volume =~

of the fermented broth was added to equal
volume of dye, then incubated in a rotary
shaker for 24 hours at 34°C. The highest
level for decolorization of diamine red
and cibacron blue dye was detected with
S. griseoflavus (71 % and 50 % respec-
tively). Remazol brilliant red dye was
very defficult to degrade. The maximum
level for decolorization was observed at
17 % with P. chrysosporium NRRL 6359
and Coriolus versicolor NRRL 6102.
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Table 4. Decolorization (%) of three different synthethic dyes by organisms grown on
mineral salts solution supplemented with 3.0% malt extract or 0.6 % yeast ex-
tract for fungi and streptomycetes respectively on a rotary shaker for 9 days.

Diamine red Remazol Brilliant red Cibacron blue
Organism i D.ry . D.ry . er
Final pH  weight %* FinalpH weight %* Final pH weight %*
mg/ml mg/ml mg/mi

P. chrysosporium 340 0.80 0 3.10 1.20 0 3.37 1.00 27
NRRL 6359
Coriolus versi- 3.26 1.20 0 3.10 1.20 20 3.26 120 11
color NRRL 6102
P. chrysosporium 3.29 1.40 45 343 1.40 10 343 1.40 73
NRRL 6361
P. chrysosporium 3.16 1.20 90 3.32 1.80 10 341 160 75
NRRL 6370
S. chromofuscus 7.22 0.80 0 7.40 1.00 0 728 1.8 54
S. griseaflavus 7.84 0.80 0 7.68 1.00 0 7.85 1.20 41
S. mutabilis 7.37 1.20 0 7.39 0.60 0 7.80 1.20 0
S. humidus 7.84 1.40 0 7.90 0.40 0 7.82 1.20 0
Control - - 0 - - 0 - - 0

* Decolarization

Table 5. Decolorization (%o) of three different synthethic dyes by mixing equal volumes
of the culture filterates of the fermented broth of selected organisms grown on
mineral salts solution supplemented with agricultural byproduct (1% corn
cobs) and dye incubated on a rotary shaker for 24 hr at 34°C.

Diamine red Remazol Brilliant Cibacron blue
Organisms red
Decolorization % _ Decolorization % Decolorization %
P. chrysosporium NRRL 6359 30 17 30
Coriolus versicolor NRRL 6102 30 17 33
P. chrysosporium NRRL 6361 30 8 35
P. chrysosporium NRRL 6370 30 8 33
S. chromofuscus 20 8 30
S. griseoflavus 71 8 50
S. mutabilis 53 8 35
S. humidus 40 8 37
Control 0 0 0
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These observations indecated that the
decolorization process by these two ex-
periments (I and 2) of decolorization
during microbial growth were not suit-
able.

Time course of decolorization of syn-
thetic textile dyes by culture filtrates
under non sterile conditions

From our resultes we observed that, S.
chromafuscus represented the highest
level of xylanase and peroxidase activi-
ties at, the 9™ day of growth on oat meal
extract followed by P. chrysosporium
NRRL 6361, P. chrysosporium NRRL
6370 and S. humidus. Therefore, the ac-
tive enzymes producer must be applied
on three different types of synthetic dyes.
The enzymes producted were used on the
synthetic dyes on shaking and static con-
dition at different periods of time. Decol-
orization was performed under shaking
condition was recorded in Fig. 1. The
highest level of decolorization percent-
age was observed at, the 4" day with
diamine red dye (86.5 %) by S. humidus
culture filterates , remazol brilliant red
dye (56.5 %) by S. griseoflavus culture
filterates and cibacron blue (63.9%) by S.
chromafuscus culture filterates.

Static decolorization conditions are
shown in (Fig. 2), 98.1% decolorization
percentage of diamine red dye was ob-
served with S. chromofuscus culture fil-
terates at, the 14™ day, while S. humidus
gave 95.4 % decolorization percentage at,
the 4™ day, and kept constant until, the 7"
day then increased to 96.04 % and 96.9 %
at 10™ day respectively. While S. chromo-
Sfuscus gave maximum level of diamine
red decolorization (97.7 %) at, the 10™
day followed by S. griseoflavus (97.1 %).
P. chrysosporium NRRL 6370 gave

maximum level of remazol brilliant red
decolorization percentage (69.6 %) at, the
10™ day. S. griseaflavus gave high level
of cibacron blue decolorization (83.9 %)
at, the 7™ day. It is also clear that station-
ary conditions were the best conditions
for decolorization than shaking one. Kan-
inath er al (2003) stated that, the decol-
orization of anthraquinone by stationary
cultures was slightly more rapid than by
the submerged ones after 10 days (100
and 95 %). Our results showed a better
percentage of decolorization through dye
degradation in a shorter fermentation time
with higher enzyme activities.

Our results also indicate that these
microorganisms could be used in
bioprocesses to remove color from
industrial effluents on static conditions.
The ability of white rot fungi and
streptomycets to degrade a wide variety
of environmentally persistent pollutants
indicates their potential use in anti-
pollution treatments.

However, only a better understanding
of the mechanisms used by these micro-
organisms will allow the development of
technologies to apply these organisms to
cleaning up aquatic and terrestrial envi-
ronments,
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