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Biodegradability of dyes by Pseudomonas pseudomallei
13N A was examined by spectrophotometric and thin layer
chromatographic methods. The results are summarized as
follows:

{i) Pseudomonas pseudomallei 13NVA intact cells were respon-
sible for the decolorization of p-aminocazobenzene, C.I. Acid
Orange 7, C.I. Acid Orange 12, C.I. Acid Orange 20, C.1.
Acid Red 88, C.I. Direct Red 28, C.I. Direct Yellow 4,

C.1. Basic Violet 1, C.l. Basic Violet 3 and C./. Basic Orange
21.

(ii) The half-decolorization time of the azo dyes used in this
experiment showed goad correlation with their molecular
weights.

{iii} The detection of the reaction products of p-amino-
azobenzene and C.I. Basic Violet 3 was examined by spectro-
photometric and thin layer chromatographic methods. The
results indicate the possibility of biodegradation of these
dyes by Pseudomonas pseudomallei 13NVA.

INTRODUCTION

Biodegradability of dyes is important not only biochemically
but also in the bioiogical treatment of waste waters con-
taining dyes. Certain azo dyes have already been noted for
their carcinogenic activity, with the result that the meta-
bolism of the whole class in living organisms has been
examined [1-5]. However, basic research on the biodegrada-
tion of dyes in biological waste treatment has started
only recently [6]. Information relating to the biodegrada-
bility of dyes other than azo dyes is insignificant. It was
decided to start by investigating the biodegradability of
several dyes by Pseudomonas pseudomallei 13NA (dye-
assimilating bacteria}. All the dyes tested are listed in Tables
1-3, together with their designated abbreviations. From a
practical point of view, the results obtained in this experi-
ment may be applicable to the efficient biological treatment
of dyes using a combination of activated sludge and dye-
assimilating bacteria (Pseudomonas pseudomallei 13NA).

EXPERIMENTAL

Materials

Biological Materials

The microorganism used in this experiment is Pseudomonas
pseudomallei 13NA (abbreviated as 1T3NA), which was grown
in a medium {pH 7.0) containing 20 g of molasses, 10 g of
corn steep, 2 g of K,HPQ, and 1 g of NaCl per litre of dis-
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TABLE 1
Azo Dyes

Name

p-Aminoazobenzene
(pAAB)

C.1. Acid Orange 7
(AOQ7)

C.1. Acid Orange 12
(AQ12})

C.I. Acid Orange 20
(AD20)

C.1. Acid Red 88
{AR88)

C.l. Direct Red 28
{DR28)}

C.1. Direct Yellow 4
{DY4)

TABLE 2

Triphenylmethane Dyes

Name

C.l. Basic Red 9
(BR9)

C.l. Basic Violet 1
(BV1)

C.l. Basic Violet 3
(BV3)

C.l. Basic Blue 26
{BB26)
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TABLE 3
Name Structure
O NH;
Anthraquinone dyes ( ‘A ;)\
C.l. Disperse Violet 1 AN
(DV1) ’
o OH
C.l. Mordant Red 3 DD
(MR3) 0,@50 Na
Acridine dye . "
C.\. Basic Orange 14 TN NHy),
(BO14) ’ Qﬁg <

Xanthene dye

. {HyC)3N o N(C "ol
Pyronine B = Tv 25k

(PB) Q A
Oxazine dye
Capri Blue THGIN o0 KicHy,

(CB) j:l U
Thiazine dye j ‘
C.1. Basic Blue 9 HCIaN- s NICH,

(BB9) UNU c
Methine dye o,
C.1. Basic Orange 21 @‘i—cn«,

{BO21) CH=CH 4

c

tilled water. The molasses were beet blackstrap molasses

containing 48.5% saccharides by weight and corn steeps were
supernatant liquid of corn soup. The culture was kept on a
slide of peptone—meat extract—glucose agar.

Chemical Materials
All chemicals used in this experiment were Analar grade.

Methods

Culture of 13NA Cells

13NA cells were pre-cultivated for 6—8 hours and cultivated
for 16—20 hours in a rotary shaker (200 r.p.m.) at 37°C.
The cells were grown in a synthetic medium, containing
molasses, corn steep, K;HPO, and NaCl; they were collected
by centrifugation, washed twice with 1/30 mol/l phosphate
buffer, pH 7.0, and resuspended in the 'same buffer (ready
for immediate use). The concentration of cells in the sus-
pension was determined by measuring its turbidity at 660 nm.

Dye Incubation and Measurement of Decolorization

Mixtures of dye solution and 13NA intact cells were incu-
bated at 37°C without shaking. After a given period of time,
the reaction’ mixture was extracted with n-butano!. The
absorbance of the butanol extract was measured in the visible
portion of the spectrum, and this value referred to as the rate
of decolorization of the dyes. When incubation with 13NA
intact cells was used, viable cell counts in the dye solution
medium were determined by serial dilution.

Octanol—Water Partition Coefficient

Octanol {10 ml) was added to the dye solution {10 ml) and
the mixture shaken at 25°C. After partition equilibrium was
reached, the dye concentration of the water layers was
determined in terms of visible absorbance. The partition
coefficient was calculated from the dye concentration.

Detection of Reaction Products

The reaction products of pAAB and BV3 were extracted
with either n-butanol or dichloromethane. The solvent layer
was dried over anhydrous Na,SO4. The change in the ultra-
violet absorption spectrum of the n-butanol or dichloro-
methane layers was used to detect reaction products. The
spectrum was measured using a Hitachi EPS-3T spectro-
photometer. Thin-ayer chromatography on a Wakogel Fus,
plate in methanol—dichloromethane was used to determine
if any dichloromethane-soluble reaction products had formed.
The spots were analyzed by the ultraviolet (254 nm) method.

RESULTS AND DISCUSSION
Decolorization of Dyes by 13NA Intact Cells

The decolorization rate of dyes by 13NA intact cells was
measured as a function of incubation time (see Figures 1
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Figure 1 -~ Decolorization of dyes by 13NA intact cells

Rate of decolorization, %
g

Incubation time, h

Incubative condition of dyes by 13NA intact cells.
dye conc. @ 5 X 107 mol/l, 13NA intact cell :
pH : 7.0, temp. : 37°C, by static culture.

1gdry weight/ml,

% DY4, ¢ BVI, W BV3, & DV, 4 PB, * BO21.

Figure 2 — Decolorization of dyes by 13NA intact cells
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and 2). The curves can be divided into three types. Type (a}
consisting of dyes that were decolorized without an induced
period, and where 90% decolorization occurred within 50
hours. Azo dyes (pAAB, AQO7, AO20 and ARS8} belong to
this type. Type (b) dyes were decolorized after a certain
induced period. Azo dyes {AO12, DR28and DY4), triphenyl-
methane dyes (BV1 and BV3} and the methine dye (BO21)
belong to this type. Type (c} dyes, of which hardly any were
decolorized, ie. they were not decolorized by 13NA intact
cells within the limits of this experiment. Anthraquinone dye
(DV1) and xanthene dye (PB) belang to type (c).

On the basis of the above data, the time for half decolori-
zation was evaluated as the time required to reduce the
concentration of the dye to one-half of its initial value. The
half-decolorization times of dyes by 13NA intact cells are
given in Tabie 4.

TABLE 4

Half-decolorization Times (h} for Dye Solutions Containing
{a} 5 X 10™° mol/l and {b) 1 X 1075 mol/l of Dye

Dyes f{a) (b} Dyes (a) (b)

pAAB 9 9 BVI 44 b4
AQ7 26 21 BvV3 61 b4

AQ12 49 29 BOI14 X
AO20 3 9 PB X x
AR88 13 16 BO21 101" 89
DR28 76 57
DY4 46* 42

13NA intact cell : 1g dry weight/ml

pH:
x;
*

7.0, temp. : 37°C, by static culture
dyes whose final decolorization did not reach 90%
dyes whose final decoloration did not reach 90%

The decolorizability of azo dyes increased in the following
order; AQ20>pAAB>AR88>A07>A012>DY4>
DR28. A020 and pAAB — decolorized particularly rapidly.
Comparing AO7 to AQ20, it would appear that the position
of the hydroxy group makes an important contribution to
the decolorizability of these dyes; the hydroxy group in
AQ20 is in the p-position and in AO7 it is in the o-position.
On the other hand, ARS8, containing a naphthalene ring,
was decolorized more rapidly than AO7 containing a benzene
ring. The results of the experiments on AQ7 and AR8B8 were
similar to the results of the respiratory inhibition effect of
these dyes on activated sludge microorganisms [7].

The decolorizability of triphenylmethane dyes was
inferior to that of azo dyes; that is, BV1 and BV3 were
appreciably decolorized, but BR9 and BB26 were not
decolorized under these experimental conditions.

On the other hand, BO21 was decolorized very little, but
DV1, MR3, BO14 and PB were not decolorized by 13NA
intact cells. CB and BB9 were decolorized solely under
anaerchic conditions and, consequently, the decolorization
of these dyes was reversed by oxidation in air.

The viable cell counts of the incubation mixtures with
BV3 or pAAB {1 X 10~5mol/l) were measured as a function
of the incubation time. Under the experimental conditions,
the viable cell counts were constant over 100—140 hours.
During the incubation time of this experiment, there was no
observed decrease in the viable cell counts of such culture
and dye mixtures.

Relation of Decolorizability of Dyes with their Molecular
Weight and with their Octanol—Water Partition Coefficient
To determine whether or not decolorizability was dependent
on the chemical structure of the dye, an attempt was made
to correlate the decolorizability of dyes with molecular
weight and with the octancl—water partition coefficient. The
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octanol —water partition coefficient of an organic compound
has been given an indication of the permeability of the
organic compound through the cell membrane by Hansch
et al. [8,9]. Therefore, molecular weight and the octanol—
water partition coefficient were used to evaluate the permea-
bility of the dyes through the cell membrane. It is believed
that the cell permeability of dyes serves as a guide to their
biodegradability.

The relation of the half-decolorization time of the dyes by
13NA intact cells to the molecular weight of dyes is shown in
Figure 3. The half-decolorization time of all dyes had no
appreciable correlation with molecular weight. However,
the half-decolorization time of the azo dyes examined
showed good correlation with molecular weight — their
plots are contained in the shaded area of the figure.
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Figure 3 — Relation of the half-decolorization time of dyes
by T3NA intact cells to the molecular weight of dyes

The relation between half-decolorization time of dyes by
13NA intact cells and the octanol—water partition coefficient
of dyes is shown in Figure 4. The half-decolorization time
of all dyes had no appreciable correlation with the octanol—
water partition coefficient. In general, the decolorization
of dyes by 13NA is not related to molecular weight and the
octanol—water partition coefficient of dyes, but that of the
azo dyes may be related to their molecular weight.

Detection of Reaction Products of pAAB and BV3 by 13NA
Intact Cells
The ultraviolet spectrum of the reaction products of BV3
in n-butanol is shown in Figure 5. The spectrum of BV3 in
n-butanol is characterized by a strong maximum at 307 nm
and a weak maximum at 252 nm. The shapes of these maxima
varied with reaction time; the peak at 252 nm gradually
shifted to 265 nm with an increase in absorbance. As the
reaction proceeded, absorbance at 265 nm diminished
slightly. From this, it appears that spectroscopic evidence
for the presence of the reaction product is given by the
265 nm maximum. Similarly, the presence of the reaction
product of pAAB is confirmed by such a spectral change.
Further, the reaction products of BV3 and pAAB were
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Figure 4 — Relation of half-decolorization time of dyes by
13NA intact cells to the octanol—water coefficient of dyes

detected by thin-layer chromatography. The thin-layer
chromatography of the dichloromethane extract of BV3
reactant, using a 3:97 mixture of MeOH and CH,Cl, by
volume as a developing solvent, produced a spot not for
BV3 (R¢ = 0.1) but for some unknown product {R; = 0.6).
Similarly, thin-layer chromatography of the dichloromethane
extract of pAAB reactant, using a 1:99 mixture of MeOH
and CH,Cl, by volume as a developing solvent, did not
produce a spot for pAAB (R; = 0.7) but produced three
spots (R; = 0.5, 0.8 and 0.9) of unknown products.

The results indicate the possibility of the biodegradation
of pAAB and BV3 by 13NA. Consequently, it is neces-
sary to identify the reaction products.

In addition, it was proved, by spectrophotometric and
thin-layer chromatographic methods, that pAAB and BV3
are degradable by cell-free extracts of 13NA. Therefore, it
is necessary to purify the enzyme for degradation of pAAB
and BV3,
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Figure 5 — UV spectra of the reaction products of BV3 in
n-butanol
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