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ABSTRACT

Microorganisms utilizing anionic detergent as their carbon and sulfur sources were isolated
from soils and sewages. Alkyl benzene sulfonate (Hiti) and sodium dodecyl sulfonate (SDS)
were the detergent compound tested.

Three of these isolated microorganisms were identified as Pseudomonas spp. and the others
as Klebsiella, Enterobacter and Acinetobacter.

Biodegradation rate of the detergents and growth rate of Acinetfobacter strain -8, Pseu-
domonas strain H-3-1 and 554 among six isolated microorganisms were investigated with
colorimetric, warburg manometric, and ultraviolet absorption analyses.

By performance of 4 serial successive tranfer to new culture broth for the purpose of
adaptation method, ABS and SDS could be degraded to far more than 40%~60% and 70%~
75%, respectively. However the employment of nonadaptation method, ABS and SDS were
degraded to 30%~45% and 45%~65%, respectively.

In another words, detergents degradation ability was increased to a certain extent by suc-

cessive transfer to the new minimal media.

We would conclude that the development of adaptation was effective in the removal of

recalcitrant compounds.

INTRODUCTION

Alkyl

major class of detergent in use for household

benzene sulfonates constitute the

purposes, therefore play the greatest part in
water pollution problems.
The ABS which has been in use for the

past decade or more, is derived from tetra-
propylene, a product of the petroleum indu-
stry and is a mixture of several hundred
isomers and homologs with highly branched
alkyl groups ranging from ten to fifteen
carbon atoms with an average of twelve
(Swisher, 1964).

For more than 20 years many reports were
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published about the biodegradation of alkyl
benzene sulfonate and sodium dodecyl benzene
sulfonate with many analytical methods.

The general analvtical methods of deter-
blue-
1975,
Hsh, 1963) and barium chloranilate method
(Hsu. 1963).

Recently Huddleston and Nielsen (Huddle-
1979) showed that the bio-

degradation pathway consisted of many steps

gent biodegradation were methylene

detergent complex method (Hayashi,

eston et al,

and the loss of surface activity ocurred early
1963).

The degree of linear alkyl bezene sulfonate

in the sequence (Huddleston et al,

breakdown necessary for the loss of surface
activity was found to approximately coincide
with loss of reactivity to the dye, methylene
blue, and was later termed primary biodeg-
radation,

In this reports, the biodegradation ability
and growth rate of Pseudomonas strain 554
and H-3-1 and Acinetobacter 1 -8 among the
six isolates were investigated with colorim-
ultraviolet absorbance

etric, manometric,

analytical method.

MATERIALS AND METHODS

1. Isolation and Identification bacterial
strains
Alkyl

microorganisms were isolated from various

benzene sulfonate (ABS) utilizing
sewages and soils by repetition of plating
alternately on minimal salt medium (Ohwada,
1975). It's
{NH).SC, 2.0g, KH.PO, 2. ¢g, Na:HPO, 3. g,
MgSO, 0.01g, FeCls 0. 01g,

1,000m! and pH was adjusted to 7.2.

compositions are ag follows;

distilled water

General characteristics of six isolated micro-
organisms were examined according to the
method in “Biochemical test for identification

of medical bacteria” (5. T. Cowan) and “Me-
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thods in Microbiology” (J.R. Norris, D.W.

Ribbons, and C. Booth) and other papers.

2. Preparation of inoculum
The flask

medium was inoculated with 0. 1ml of precul-

containing 100m! of nutrient
tured strains and incubated at 35°C for 15

hours aerobically in rotatory shaker.

3. Measurement of metabolic activity

Each side arm contained 0.3ml! of a2 sus-
pension of three times washed cells (Img dry
weight/ml) in (. 1mol phosphate buffer, pH
7.0. The main flask contained 3m! of minimal
salt medium and 100ppm of ABS were pro-
ided in it. The center cells each contained
0.4ml of 309 NaOH. After these microflagk
were incubated at 35°C after mixing strain

with medium.

4. Quantitative analysis of detergents

Alkyl benzene sulfonate was obtained {rom
Lucky company products (Hiti) and sodium
dodecyl

sulfonate from chemicals.

sigma
Methylene blue and chloroform was the pro-
duct of E. Merck, Darmastadt. Quantitative
analysis of detergents followed Hayashi’s

Method. (Hayashi, 1975)

5. Growth in minimal media
Growth in minimal salt medium containing
detergent as carbon source was determined by

turbidity. Turbidity was measured at 420 nm
with CE 272 lincar readout ultraviolet spectr-

opho tometer.

RESULTS AND DISCUSSIONS

1. Identification of isolated strains

Six isolated strains were identified accor-
ding to Bergeiv’s Manual of Determinative
Bacteriology (eight edition). The morpho-

logical and physiological characteristics of
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'8ix isolated strains were described in Table 1.
The utilization of various carbon sources
was shown in Table 2.

All of the strains were Gram-negative,
rodform, aerobic, catalase-positive, starch
hydrolysis-negative. Four strains among them
were motile with single or bipolar flagella.
Table 1

were identified to be Genus Psendomonas and

As shown in and 2, three strains
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Malonate e +

others Genus Rlebsiella, Enterobacter and
Acinetobacter (Table 3).
Table 1. Characteristics of Isolates

H-3-1 0-1554 §-8 1-8 552
‘Gram Stain — - - - - —
Form rod rod rod rod rod rod
No. of Flagella 1 0 11~2 0 1
‘Growth in Air o 4 4+ 4
*Growtg Anaerobically - + — 4 - -
‘Oxidation/Fermentation 0 O/F O 0 0 O
‘Growth at 41°C - 4+ - -+ : —

Motility e -

Table 1. Characteristics of Isolates ()

H-5-1 [-1554 1-3 01-8 552
Oxidase . -+
‘Catalase I S S E

' Starch Hydrolysis — - e _

Decarboxylase Tests
Lysine Lo -
.Ornithine — - — - . -
Arginine Dehydroluse - - . _ _
Phenylalanine Deaminase
Indole R N
MR o
VP e T T
Cimon’s Citrate e - _
Nitrate Reduction -
Urea 4 e 4L n
KON
HeS B _

Q7
3]

Table 2. Utilization of Carbon Sources

Isolants H-3-1 H-1554 -3 1-8 552

Carbon Sources

i + + -

Glucose/Gas /- L/t S /o o fb fe S/
Lactose + =+ —
Sucrose - -+ - L -+ L
Mannose -+ -+ - - -
Dulcitol — . -+ -i —
Salicin -+ + - - 4 -
Adonitol -F -+ L -+ - -
Inostiiol = — - - 4 -
Sorbitol 4 - - - “J- —
Arabinose - L + -+ - +
Raffinose - - s . 4+ _
Ramnose “+ -+ - - + -
Fructose -+ -+ N - . -
Galactose -+ -+ - + 4+
Xylose -t = -+ - o
ONPG - R - -+ s +

Table 3. Identification of 6 Isolared Strains

Strains Identification

H-3-1 Pseudononas syringae

I-1 Klebsiclla prewmnonia

554 Pseudonionas jflova

-3 Entrcbacter acrogenes

1-8 Acinetobacter calconcelicus

552 Pscudomonas cichorii

2. Degradation of detergents

The metabolic activity was measured by
O, uptakes of six isolated sirains with man-
1968. Heyman
et al, 1968. Huddleston ot «l, 1979.). Figure

ometric method (Cain et al,

1 shows that the oxidation of Acineiobacter
strain J -8, Pseudomonas strain 534 and H-3-1
was more rapidly occured. These three strains
were selected in the {urther experiments.

alkyl

sodium dodecyl sulfonate are toxic to micro-

Since the henzene sulfonate and

organisms above some criteria, the optimal
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Fig. 1. O, uptakes of six isolated strains on the
minimal salt medium containing 100ppm

ABS were measured by Yanaco Warburg

manometry.

concentration of these detergents is important
(Huddleston et al, 1979). As shown in figure
2 and 3, when 3-4x 10" cells per ml were
inoculated, Pseudomonas strain H-3-1, and
554, and Acinetobacter strain 1 -8 degraded
ABS optimally in the media containing 250
ppm ABS. But Pseudomonus strain H-3-1 and
554 and Acinefobacter strain ]-8 degraded
SDS optimally in the media containing 250
ppm, 250ppm and 500ppm SDS, respectively.
ABS and SDS in the media containing more
than 1,000ppm are toxic to microorganisms.

When 7x10° cells of Acinetobacter strain
1-8 per ml was inoculated, the extent of
biodegra dation against time of two structu-
rally different anionic detergents was shown
in figure 4. SDS was degraded more rapidly
than ABS (Allred et al, 1964). The results
were obtained by methylene blue colorimetric
analysis.

The results in figure 5 shows the effects
of glucose and yeast extract on the degrada-
tion of ABS and SDS. In this experiment
0.03% yeast extract and 1. 5¢/1 glucose were
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Fig. 2 Effocts of varying concentration of ABS on
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Fig. 8 Effects of varying concentration of SDS as
a carbon source utilized by strain [ -8, 554
and H-3-1. Culture time was 24 hours.

added in the minimal salt detergent media.
ABS and SDS were degraded more rapidly
in the media containing yeast extract than
glucose. Addition of yeast extract was more
effective on the degradation of detergent
than that of glucose.

These results suggest that the metabolism
of ABS and SDS could be carried out by
microorganisms isolated from nature. If an
energy source other than the detergent mole-
cule itself was supplied, the degradation of
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detergent was occured more rapidly than
without energy source(Bernarde et al, 1965).
We would conclude that the permeability
effect of detergent is dependent on the met-
abolic state of cells, such as energized or
nonenergized cells (Komor et al, 1979).
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Fig. 4 Biodegrdaaion of sodium3dodecyl sulfonate
and alkyl benzene sulfonate; the’ concentr
ation of SDS and ABS were 250 ppm.
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Fig. 5 The effects of glucose and yeast extract on
the degradation of ABS and SDS. Viable
cell number of isolated strain J-8 was
3.4%10° cells/ml and 2.7x10® cells/m! in
the media containing ABS and SDS, respec-
tively.
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Many reports of enzymatic studies on the
microbial degradation of Alkyl benzene sulf-
onates with short alkylchain length were
carried out (Voss, 1964. Willetts et al, 1970.
Willetts et al, 1972. Willetts, 1974). Micro-
organisms oxidised the alkyl side chain by a
g-oxidation or by a combination of an initial
w-oxidation plus subsequent 5-oxidation(Wil-
letts, 1974).

Degradation aromatic compounds are car-
ried out through the g-ketoadipate pathway,
especially through the ortho cleavage or
meta cleavage.

In this report, enzyme activity was not
detected,
tected by ultraviolet absorbance

however, ring cleavage was de-
(Swisher,

1968) and increase of respiration rate (Payne
et al, 1963).

The validity of the ultraviolet analytical
method has been discussed in detail elsewhere
(Swisher, 1968). The benzene ring has two

very intense and characteristic absorption
bands which in the case of ABS appear at
193nm and 223nm (Fig. 6). So the disap-
pearance of the bands should be good evid-
ence for destruction of the rings,
Precultured Acinetobacter strain J -8 cells
were washed three times with 0.1M phosp-
hate buffer (pH 7) after harvesting 3.4x10°
cells per m! were transfered into the minimal
salt media containing ABS and (.03% yeast
extract and incubated 35C with sufficient
aeration and agitation. In each regular inter-
val 10ml of culture broth were centrifuged
at 10,000rpm for 10 minutes. The superna-
tant was diluted to one tenth in 0.1M phos-
phate buffer (pH 7.2) and ultraviolet spect-
rum was measured. Spectrum measurements
were made in lcm silica cells and give a
light path equivalent to Imm and the refer-
ance was 0.1M phosphate buffer (pH 7.2).

The spectra in Fig. 7 indicates that subs-
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Fig. 6 UV spectrum of ABS (25mg/!). Solutions
were diluted with 0.1 M phosphate buffer
(pH 7.0), measured against 0.1M phosphate

buffer (pH 7.0) as reference in Icm cells.

tantially ring degradation in ABS would be
accoumplished in above media.

According to the Fig. 7 and 8, in 15 hours,
159% of ultraviolet alisorbance at 223nm were
disappeared and in 24 hours 36.25% of that
were disappeared (Cain et al, 1058. Willetts
et al, 1979).
is due to the 300mg/l of veast extract.

The absorbance at near 260nm

Adaptation (Fredricks, 1966) means that 1
m{ of precultured culture broth were transf-
ered serially into the minimal media contai-
ning minimal salts and 250ppm detergent
and 0.03% yeast extract. In this experiment
four successive transfers were carried out at
35C.

When ABS was used as caerbon source, the
growth rate and degradation ability and
benzene ring cleavage in the adapted state
were 1(0~125 fold, 120~135 fold, 115~130

fold increased than that in the nonadapted
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Fig. 7 Ring cleavage of alkyl benzene sulfonate
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Fig. 8 Relationship between UV absorbance and

ABS concentration.

state at the stationary phase, respectively.
However, in 24 hours incubation, the growth
rate and degradation ability and benzene ring
cleavage were 450~800 fold, 400~600 fold,
400~1,000 fold increased, respectively (Fig.
9~11).
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Fig. 10 The comparison of growth and degradation
rate in the adapted state with that in the

nonadapted one by strain H-3-1

rate in the adapted state with that in the

nonadapted one by strain 554.

When media was containing SDS as carbon
source, the growth rate and degradation
135~150 fold, 120~170 fold
increased at the stationary phase, respecti-
A00~450 fold and 450~550
fold increased in
9~11).

These results suggest that the development

ability were
vely, however,

24 hours incubation (Fig.

of adaptation was effective in the removal

~

of recalcitrant compounds.
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