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ABSTRACT

Theoptimal conditionsfor salicylic acid biodegradation by Pseudomonas fluorescens HK 44 were determined
in this study with the intention to create a microbial sensor. Kinetic experiments permitted a definition of 60
and 30min thetime needed to achieve the maximum degradation of salicylic acid presented in amedium with
and without yeast extract, respectively. The degradation in medium without yeast extract and the quantification
by spectrophotometry 230 nm were selected to be used in further tests. The use of preactivated cellsor onthe
exponential growth phase showed better salicylic acid degradation percentageswhen compared to nonactivated
cells or on the stationary growth state. Finally, the best cellular concentration used on the salicylic acid
degradation was 0,1 g.L*. Strain HK44 shows to be capable of degrade salicylic acid presented in simple
aqueous systems, making this strain a promising tool for the application on aluminescent microbial sensor.
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INTRODUCTION

Salicylic acid and its analogues are commonly used as
effective analgesics and are available to the public in a wide
variety of formulations. Despitetheir utility aspainrelieversand
antipyretics, salicylic acid can be quite toxic if taken in large
doses(2). Recommended therapeutic levelsin plasmarangefrom
150t0 300 mg.L%. However, symptomsof intoxication may appear
at 300mg.L level, and severe sequel ae of intoxicationincluding
tetany and acidosismay occur at levelsmorethan 500 mg.L* (5).

The degradation of salicylic acid and the genetic basis of
the metabolism have been investigated for decadeswith various
bacteria. A mgjority of the bacteriaableto utilize salicylic acid
possessthe enzymerequired for the degradation of naphthalene
or certaintricyclic aromatic hydrocarbons (6). All Pseudomonas
strains tested capable of naphthalene degradation oxidize
sdicylicacidto cathecol and then cleaved viathe meta-pathway
(by cathecol-2,3-dioxygenase) or the orto-pathway (by
cathecol-1,2,-dioxygenase). Salicylic acid can be also oxidized
through gentisic acid (4).

Various methods for the determination of salicylic acid have
been reported. These methodsvary from colorimetry, fluorimetry
and chromatography to ion selective electrodes and voltametric
methods. The variety of published assay methods present
problems of specificity, sensitivity and ease of operation required
for theanaysisof alarge number of samples. Besidesthat, many
of thesetechniquesrequiretime-consuming sample pretreatment
steps (e.g., extraction, derivatization or preconcentration) that
in some cases require special and expensive instrumentation
(12). For thisreason, spectrophotometric techniqueswere selected
to evauate the effectiveness of salicylic acid quantification. The
simplest method for determining total salicylic acidisthe Trinder
reaction wherethe acidisquantified at thevisibleregion (16). In
thiscase, thesalicylic acid reactswithferricionsto formapurple
complex in solution read on optical density of 530nm (ODsz).
Although the Trinder test is rapid and inexpensive to perform,
its selectivity is poor, since similar complexes can form with a
variety of compounds, including phenolic compounds (e.g.
tyrosine) and enolic metabolites (e.g. acetoacetate). The
detection of salicylic acid in the ultraviolet region (OD.s) isan
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alternative to this technique as it is more specific for this
compound (8).

Pseudomonas fluorescens HK 44 is a bacteriathat produces
bioluminescent light in response to naphthalene (14,18,19,20),
sdlicylic acid or 4-methyl salicylate when physiological active
during a bioremediation process (7). This strain is the first
genetically modified organism allowed in the USA for
bioremediation field application (12). It has been successfully
used, free or immobilized, as a biosensor for determination of
naphthalene (19) and salicylic acid bioavailability (7,9,12,14,17).

Neverthel ess, with theintention to create amicrobial sensor
asanew andytica tool for onlinemeasurement of salicylic acid
in aqueous systems, the optimal conditions for salicylic acid
biodegradation by Pseudomonas fluorescens HK44 were
determined in this study.

MATERIALSAND METHODS

Bacterial growth and degradation media

Selected bacteria Pseudomonas fluorescens HK44 was
bought on the strain bank DMSZ, Germany, with the DMSZ
6700register. Thisstrain wasincubated at 25°C for 24hin Y EPG
(Yeast extract — Peptone — Glucose) medium with addition of
tetracycline (15 mg.L 1) (18) for positive selection of thisstrain.
After achieving stationary phase of growth, cells were
centrifuged and resuspended in 10mL of distilled water to obtain
a concentrated cell suspension. To evaluate salicylic acid
degradation, cell suspension was added to 0.1 M potassium
phosphate buffer (pH 7.0) supplemented with salicylic acid
(Merck LTDA) and/or yeast extract (0.01%).

Analytical methods

To obtain the calibration curve for salicylic acid, two
spectrophotometric methodswere chosen, onein the ultraviol et
region (OD,3) and the other inthevisibleregion (ODss— Trinder
test). A known salicylic acid mass was dissolved in distilled
water containing or not yeast extract at 0.01% to evaluate the
influence of thiscompound on biodegradation of thisacid. From
these concentrated solutions, different dilutions in distilled
water were performed to obtain salicylic acid concentrations
between 1 and 100 mg.L 2. For the OD3, method, the different
dilutions of salicylic acid were analyzed directly on the
spectrophotometer, without previoustreatment. For the Trinder
test, equal volumes of a 0.02 M FeCl; solution and different
salicylic acid dilutions were mixed and analyzed on the
spectrophotometer at 530nm after Smin of reaction.

Salicylicacid degradation

Degradation experimentswere carried out to assess optimal
conditions for salicylic acid biodegradation by P. fluorescens
HK44. All experimentswere carried out on ashaker at 25°C, pH
7.0and 150 rpmfor 80 min. Eight samples (5 mL) weretakenfrom
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each erlenmeyer and filtered on acetate cellulose membranes
(0.45 pm —Advanced MFSInc.) every 10 min. Filtered samples
containing salicylic acid were quantified as described earlier.

Effect of yeast extract addition (0.01 %) to detection medium.
This parameter was assessed using cells at stationary phase of
growth (0.4g.L%) and salicylic acid solution (100 mg.L ) in 0.1
M phosphate buffer (pH 7.0). Sol utions contai ning concentrated
cells were obtained by dry weight method.

Responsetodifferent salicylic acid concentrations, different
physiological state of cells and cellular preactivation.The
response to different salicylic acid concentrations (25, 50, 100
and 200 mg.L™?), physiological state of cells (exponentia and
stationary phase of growth) and cellular pre-activation wasalso
verified maintaining 0.4 g.L™* cellular concentration. Thechoice
of thesefour different salicylic acid concentrations was guided
by the maximum concentration of this acid permitted for
environmental effluents, whichis100 mg.L . Then, wewanted
to evaluate if Pseudomonas fluorescens HK 44 would degrade
amounts of salicylic acid ranging between this value. The last
two parameters were tested using 100 mg.L* salicylic acid
solution in phosphate buffer. The pre-activation of the enzymes
involved on the biodegradation of this acid were carried out
after cellular growth by adding salicylic acid to a final
concentration of 25 mg.L . Pre-grown cellswere then incubated
overnight, centrifuged and resuspended in 10 mL of distilled
water to obtain the cellular suspension.

Effect of cdlular concentration (0.1,0.2,0.4,0.6,0.8and 1.0g.L ™).
Each concentration wastested for salicylic acid solutions of 25,
100 and 200 mg.L . Specific removal of salicylic acid (quantity
of salicylic acid removed per quantity of cells) and removal rate
(quantity of salicylic acid removed per quantity of cell per
minute) were also calculated for each salicylic acid and cell
concentration used.

RESULTSAND DISCUSSION

Salicylicacid quantification

Calibration curvesfor salicylic acid were shown to belinear
from 1 to 100 mg.L*. Equations obtained from these curves
were used in al experiments to determine the salicylic acid
degradation.

It can be seenthat thereisno asignificant difference between
salicylic acid solutions with or without the addition of 0.01%
yeast extract comparing both methods used as calibration
curves showed to be very similar.

Salicylicacid degradation
Effect of yeast extract addition to detection medium. It canbe
noted, by ultraviolet spectrophotometry, that salicylic acid



degradation was higher in the presence of yeast extract,
achieving 95% of degradation, when compared to degradation
without this compound, that was 69% (Fig. 1).

The maximum degradation timetested (80min) was sufficient
to complete salicylic acid degradation as no significant
degradation percentage was verified after that period (data not
shown). However, after 60 min, the increase on degradation
percentage, using ultraviol et spectrophotometry, to the medium
added of yeast extract was very low. To the medium to which
yeast extract was not added, degradation occurred after 30 min.
Hence, good salicylic acid degradation percentages can be
obtained at times less than 80min. This profile shows that the
total time of experiments could be decreased, which would
optimize the process.

Valdman (18) also studied the addition of yeast extract to
the detection medium in the presence of naphthalene and
P. fluorescens HK44. It was observed (14) that continuous
bioluminescence decreased almost two-fold the initial time
response when compared to the time obtained with the detection
medium with sodium salicylate or water. In this work, we
observed that the addition of yeast extract decreased the time
of salicylic acid degradation and increased the degradation
percentage of this acid.

According to Filonov et al. (4), addition of acarbon source
as nutrient increases cellular activity, stimulating the growth of
microorganisms capable of degrading the interest compound.
However, this same carbon source can inhibit degradation of
some compounds, resulting in diauxic growth. Hence, it is
important to add the optimal quantity of nutrientsto degradation
estimated from kinetic growth and yield coefficients. Itisawell
known fact that the addition of nutrients below or above the
optimal quantity would result in aslow or stop the degradation,
respectively. In this work, authors studied the effect of an
additional carbon source on naphthalene degradation by
Pseudomonas putida G7.

Responseto different salicylic acid concentrations. It can be
observed that 25 and 50 mg.L* salicylic acid concentrations
were degraded more efficiently, achieving 92 and 94%
degradation, respectively, when compared to 100 and 200 mg.L*
concentrations (69 and 58%, respectively - Fig. 2). Thiscan be
possibly explained by thefact that the salicylic acid degradation
by P. fluorescens HK 44 wasinhibited at high concentrations of
this substrate.

A similar degradation profile was aready observed for the
bacterium Ralstonia taiwanensis that presented inhibition by
phenal at concentrations higher than 853 mg.L* after 36h of
experiment (3). The degradation percentage obtained with 100
mg.L* of salicylic acid concentration (69%) was higher than
verified by Matrubutham et al. (9) using the same strain. At the
same concentration, only 50 to 60% salicylic acid was degraded
after 35 days of experiment.

Salicylic acid degratdation by P. fluorescens

Effect of different physiological state of cells. The effect of
different physiological state of cells can be seen on Fig. 3.
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Figure 1. Kinetics of salicylic acid degradation, with (@) and
without yeast extract at 0.01% () by ultraviolet
spectrophotometry, using 230nm (cellular concentration =
0.4g.L%; initial salicylic acid concentration = 100mg.L%; pH =
7.0; control = distilled water (x)).n=3
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Figure 2. Response to different initial salicylic acid
concentrations (¢) 25 mg.L%; (x) 50mg.L%; (O0) 2000mg.L; (@)
200 mg.L* (cellular concentration=0.4g.L%; pH=7.0).n=3.
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Figure 3. Effect of stationary () and exponential (@) growth
phase of PseudomonasfluorescensHK 44 (cellular concentration
=0.4g.L?Y; sdicylicacidinitia concentration=100mg.L%; pH =
7.0).n=3.
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It can be noted that salicylic acid degradation percentage
was higher (97%) when cells on exponential phase were used,
when compared to cells on the stationary state (69%). Thiscan
be explained by the fact that cells on exponential phase are
already preactivated and are capable of degradetheir substrates
faster than cells on stationary state.

Effect of cellular preactivation. Preactivation, which is the
enzymatic induction of biological activities of the cell, affected
sdicylic acid degradation by strain HK44. Preactivated cells
showed evidence of increased salicylic acid degradation during
the period of exposure to 100 mg.L* (Fig. 4). We can observe
that themaximum salicylic acid degradation percentageincreased
from 69 to 89% when preactivated cells were used. Other
interesting fact is that preactivated cells presented a salicylic
acid degradation percentage almost 50% higher than that
presented by non activated cells in the first 10min. This can be
explained by thefact that the biological activitiesof the cell were
previoudly induced by the preactivation process. Besides that,
sdlicylic acid degradation by P. fluorescens HK44 showed no
lag phase both when using preactivated and non activated cells.

The results obtained by these experiments showed to bein
agreement with the literature. Sodium salicylate solutions on
distilled water or YEP medium were used as inductors to
PseudomonasfluorescensHK 44 (14). Inthis study, preactivated
cellsshowed an activity higher than non activated cells. Valdman
(18) aso observed an increase of maximum bioluminescence
value when preactivated cells of strain HK44 were used to
degrade naphthalene.

Effect of cellular concentration. Thekinetic of salicylicacid
degradation at different concentrations and the specific
hydrocarbon degradation can be seen on Fig. 5.

It can be noted that the specific salicylic acid degradation
was higher when decreasing cellular concentration. Thisprofile
was not observed only at thelowest salicylic acid concentration
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Figure 4. Salicylic acid degradation by pre-activated (@) and
non activated () cells of Pseudomonas fluorescens HK44
(cellular concentration=0.4g.L%; initia sdicylicacid). n=3.
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studied, that was 25 mg.L* (Fig. 5¢), where 0.2 g.L* was the
cellular concentration that obtained the best specific
degradation. This fact can be explained by three ways:
Onhigher cellular densities, cells can belimited by oxygen,
resulting on alower salicylic acid degradation. Applegate et al.
(1) verified this behavior on experiments with toluene and
Escherichia coli bearing fabA':lux fusions. More recently,
Valdman (18) observed that alower signal of bioluminescence
produced by strain HK44 was achieved with increasing cell
density and that dissolved oxygen also affected the response.
Another possibility isthe production of toxic intermediates
fromthesalicylic acid biodegradation. Higher cell concentrations
of Pseudomonasfluorescens HK 44 could degrade more sdlicylic
acid, producing higher quantities of the possible toxic
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Figure 5. Specific degradation of salicylic acid (a) 200 mg.L%;
(b) 100mg.L*and (c) 25 mg.L* using different cell concentrations
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intermediate that could inhibit cells to degrade the rest of the
acid. This profile was aready observed in some experiments
with other microorganisms. An exampleof thisisthefluoranthene
biodegradation inhibition by Pseudomonas putida due to low
molecular weight intermediates, mostly benzoic acid (15).
Besidesthiswork, Rover Jr. (13) also verified aninterference of
gentisic 3-hydroxy-benzoic, 4-hidroxybenzoic and o-amino-
benzoic acid on the response of an amperometric biosensor for
salicylic acid, due to structural similarities between these
compounds and salicylic acid.

Another explanation could be that Pseudomonasfluorescens
HK44 present a quorum sensing behavior. Quorum sensing is
defined asaform of cell-to-cell communication by use of little
signalizing molecules. Once thought as arare phenomena, now
is very apparent that an extensive variety of microorganisms
have the ability to perceive and response to the presence of
neighbor microbial populations. Numerous signalizations
mediated by signaling molecules and response pathways have
been defined and many of them are considered as aregulation
form (21). This behavior is very common on Gram-negative
bacteria and has already been related to Pseudomonas
fluorescens, mediated by the molecule carboxylic-1-fenanzine
acid (10). This could justify the state of low metabolism of
Pseudomonas fluorescens HK 44 cells, decreasing the salicylic
acid removal with increasing cell concentration.

To better compare salicylic acid degradation by different
cell concentrations, the specific degradation rate of salicylic
acid (quantity of salicylic acid removed per quantity per cells
by minute) was calculated for each salicylic acid and cell
concentrations used from the values obtained for each one of
these points after 10min of experiment (see Fig. 6). Thisperiod
was chosen as a small increase on percentage removal was
observed after on (Fig. 5).

It can be noti ced that the specific degradation rate of salicylic
acid was higher when lower was the cell concentration used,

Salicylic acid specific degradation rate
(mg salicylic acid/g cells.min)
=N
S

0.1 0.2 0.4 0.6 0.8 1
Cell concentration (g/L)

Figure 6. Specific degradation rate of salicylic acid (J) 25
mg.L"%; (M) 100 mg.L%; (77) 200 mg.L*using different cell
concentrationsin 10min of experiment (pH =7.0).n=3.

Salicylic acid degratdation by P. fluorescens

independently of acid concentration, indicating better removal
rateswith 0.1 gea.L . Thisprofile was not observed at salicylic
acid concentration of 25 mg.L, where the best specific
degradation rate was obtained with cell concentration of 0.2
g.L . Lower cell concentrations probably produce less toxic
intermediates, not sufficient to cause toxicity to cells.

CONCLUSIONS

Pseudomonas fluorescens HK 44 strain showed to be capable
of degrade salicylic acid present in Simple aqueous systems. This
makes this strain a promising tool for the application on a
luminescent microbia sensor to detect and quantify salicylic acid.
Testswith strain HK44 were carried out to degrade sdlicylic acid
at different concentrations. Kinetic experiments permitted a
definition of 60 and 30 min the time needed to achieve the
maximum degradation of salicylic acid presented in a medium
with and without yeast extract, respectively. From the preliminary
experiments, the degradation in medium without yeast extract
and the quantification by spectrophotometry 230 nm seem to be
more adequate to further tests. The use of preactivated cells or
on the exponential growth phase showed better salicylic acid
degradation percentages when compared to nonactivated cells
or on the stationary growth state. The best cellular concentration
used on the sdlicylic acid degradation was 0.1 g.L%, obtaining
61% degradation for both 200 and 100 mg.L *acid concentrations.
So, Pseudomonas fluorescens HK44 shows to be capable of
degrade salicylic acid presented in simple agueous systems and
further tests are needed to show if this strain behaves the same
way whenin the presence of complex matrices.
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RESUMO

Degradacao de acido salicilico presente em solugdes
sintéticas utilizando Pseudomonas fluorescens HK 44

Com aintenc&o de criar um sensor microbiano, as condicoes
6timas paraabiodegradacéo de &cido sdicilico por Pseudomonas
fluorescens HK44 foram determinadas neste estudo. Os
experimentos cinéticos permitiram adefinicao dostemposde 60 e
30 minutos como necessarios para atingir amaxima degradacéo
deé&cidosdicilico presente em meio com ou sem extrato delévedo,
respectivamente. A degradacdo no meio sem extrato delévedo e
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a quantificacdo através de espectrofotometria 230 nm foram
selecionadas para serem utilizadas em testes posteriores. O uso
de células pré-ativadas ou na fase exponencia de crescimento
apresentou melhores porcentagens de degradacéo de acido
salicilico quando comparadas a células nédo-ativadas ou no
estado estacionario de crescimento. Além disso, a melhor
concentracdo celular utilizada nessadegradacdo foi 0,1g.L*L A
cepa HK44 parece ser capaz de degradar o acido salicilico
presente em sistemas aquosos simples, tornando este
microrganismo uma ferramenta promissora para aplicacdo em
um sensor microbiano luminescente.

Palavras-chave: é&cido salicilico, Pseudomonas fluorescens
HK 44, biorremediacdo
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