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ABSTRACT
There is a problem with keeping culture medium completely or partialy free from bacteria. The use of
prokaryotic metabolic inhibitors, such as antibiotics, is suggested as an aternative solution, athough
such substances should not harm non-target organisms. Thus, the aim of this study was to assess the
effectiveness of antibiotic treatments in inhibiting free-living and biofilm bacteria and their half-life in
artificial marine environment using the copepod Acartia tonsa as bioindicador of non-harmful antibiotic
combinations. Regarding to results, the application of 0.025 g L™ penicillin G potassium + 0.08 g L™
streptomycin sulphate + 0.04 g L™ neomycin sulphate showed great potential for use in marine cultures
and scientific experiments without lethal effects to non-target organisms. The effect of this combination
starts within the first six hours of exposure and reduces up to 93 % the bacterial density, but the half-life
is short, requiring replacement. No adverse changes in water quality were observed within 168 hours of
exposure. As a conclusion, we can infer that this treatment was an effective procedure for zooplankton
cultures and scientific experiments with the aim of measuring the role of free-living and biofilm in the

marine community.

Key words: Acartia tonsa, antimicrobials, experiment, marine culture, toxicity.

INTRODUCTION

Scientific laboratory experiments are often voided
by the presence of bacteria in the medium, which
may be responsible for biased or dubious results
(Spencer 1952). The real importance/contribution
of microorganisms in cultures is difficult to be mea-
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sured because conditionstotally (axenic) or partially
(semi-axenic) free of bacteria are hardly attainable
for long periods. In this context, an efficient method
for the inhibition/destruction of bacteria without
harming non-target organisms still needs to be
developed to allow hypothesis testing and to assess
their real contribution/role in the community.

Yetka and Wiebe (1974) proposed the use of
prokaryotic inhibitors, such as antibiotics, as atool
for inhibiting bacteria in water and thus allowing
for scientific experiments. Subsequently, several
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authors have reported success using these sub-
stances to quantify bacteria respiration (Pringault
et al. 2009), bacterial growth (Wheeler and Kirch-
mann 1986), and nitrogen assimilation (Fouilland
et al. 2007), aswell asto understand aquatic trophic
interactions (DeLorenzo et al. 2001).

The use of inhibitors to prevent bacterial
activity can improve our knowledge in experiments
that assess their activities, such as those aimed to
distinguish the absorption of nitrogen between
phytoplankton and bacteria (Tungarazaet al. 2003).
Inhibitors can also exclude competition among
groups benefiting from the growth of a particular
group free from bacteria (Droop 1967), and improve
or accelerate the development of aquatic species
such as invertebrates and fish larvae (Conover
1967, Tighe-Ford et al. 1970, Walne 1974).

Antibiotics have been used for a long time
to control bacterial diseases in aguaculture, but
massive use of these substances without care or
control resulted in alimitation or even ban of these
substances in some countries where production
was intended for human consumption (Defoirdt
et al. 2007). Nevertheless, with proper care, this
procedure could be used in scientific experiments
aimed at systems without bacterial contamination,
such as semi-intensive cultivation of organisms
for population studies (Tighe-Ford et al. 1970),
to identify/measure the development stages/
rates of crustaceans (Rice and Ingle 1975, Harms
1986), and for hypothesis testing by checking the
contribution of bacteria to the community (Yetka
and Wiebe 1974, Veuger et al. 2004).

Combinations of antibiotics such as penicillin
and streptomycin have been widely used in
cultivation with positive survival and growth
results in the species of interest (Spencer 1952),
with some authors adding neomycin (Droop 1967,
Agostini 2014) and chloramphenicol (Droop
1967), thus increasing the efficiency in inhibiting
bacteria growth. On the other hand, the individual
application of oxytetracycline hydrochloride
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has shown significant results in the reduction of
bacterial diseases in fish (Pereira Jr. et al. 20006).

For the use of antibiotics on alarge scale, such
as intensive fish ponds and carcinoculture, it is nec-
essary to estimate the real effect of such substances
on the microbiological community, preferably after
conducting an assessment of their effects on non-
target organisms known as bioindicator with great
sensitivity, such as copepods and mysids (Resgalla
and Laitano 2002, Ihara et al. 2010).

The copepod Acartia tonsa Dana Calanoida
1849 certainly meets this premise: along with
having a wide distribution, short life cycle and
easy cultivation, it still has high sensitivity and is
recommended for use in acute toxicity tests (1SO
1499 1999).

In addition, copepods are an important link
in the agquatic food chain, playing a key role as
primary consumers aswell as secondary producers,
generating the interest of the economic sector to
be used in aquaculture as live food for fish larvae
(Drillet et al. 2006, Olivotto et al. 2008, 2009,
Buttino et al. 2012).

Thus, the aim of this study was to assess the
effectiveness of different antibiotic treatments in
inhibiting free-living and biofilm bacteria associ-
ated with organisms and surfaces and their half-life
in the marine zooplankton cultures.

MATERIALSAND METHODS

This study was divided into two stages: the first
wasto assess the survival of the of copepod Acartia
tonsa with different combinations of antibiotics,
and the second was to estimate the half-life and
efficacy for the combination of antibiotics with
the best survival results for the copepod A. tonsa
obtained in the first step of the experiment on the
inhibition of free-living and biofilm bacteria.

To evaluate the survival of A. tonsa to antibio-
tics, we used 60 experimental units (EU) represen-
ted by five treatments with twelve replicates each.
Tablel showsall treatmentsusedintheexperiments.
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TABLE |
Summary of all combinationstested in each treatment (T).
Abbreviation  Composition
Control untreated
T1 0.75 g L™ penicillin G potassium + 0.75 g L™ streptomycin sulphate (modified of Spencer 1952)
0.025 g L™ penicillin G potassium + 0.08 g L™ streptomycin sulphate + 0.04 g L™ neomycin sulphate
T2 2
(Agostini 2014)
T3 0.63 g L™ penicillin G potassium + 0.3 g L™ streptomycin sulphate + 0.05 g L™ neomycin sulphate + 0.01 g
L* chloramphenicol (Droop 1967)
T4 0.02 g L™ oxytetracycline hydrochloride (Pereira Jr. et al. 2006)

Adults of the copepod Acartia tonsa that
were used in the experiments were obtained from
zooplankton samples collected from horizontal
tows performed at the surf zone of Cassino
Beach, Rio Grande, RS, Brazil. All samples were
collected with a 30 cm cylinder-conical plankton
net fitted with a 200 micron mesh. In the laboratory,
Acartia tonsa specimens were identified according
Bradford-Grieve (1999) and separated, with the
aid of Pasteur pipettes and a dissecting microscope
(Olympus Sz40), from the rest of the community.
All Acartia specimens were checked according
to Sabatini (1990) to verify the development
stage they were in (i.e., copepodites VI males and
females) and acclimated for 30-hours in similar
conditions to which they were collected (salinity
30, temperature 25 °C and with a photoperiod
14:10 (light:dark)), so that any organism that had
been injured or debilitated by the stress generated
during collection could die or be removed. After
acclimation, 3 adults (i.e., Copepodite V1), without
distinction of sex, were placed in experimental
units (EU) with 60 mL (density of 1 org 20 mL™)
(Gorbi et a. 2012) of the same conditions to which
where they were acclimated. Copepods were fed
daily with the diatom Conticribra (=Thalassiosira)
weissflogii Stachura-Suchoples and Williams
(2009) at a concentration of 20,000 cell mL™
(Teixeira et a. 2010). The culture medium of each
EU was completely renewed every 24 hours to
ensure the effect of the antimicrobial agent used.
To evaluate the impact of treatments on copepod

survival, the number of copepods was recorded
every 24 hours for 3 days (Delupis et al. 1992).

The second stage was conducted in six EU
represented by two treatments containing 120 mL
of culture medium, with three replicas each: control
(without antibiotic) and T2) 0.025 g L™ penicillin
G potassium + 0.08 g L™ streptomycin sulphate
+ 0.04 g L™ neomycin sulphate. Six substrates of
wood (20 x 20 mm) that had been cleaned with
70 % ethyl alcohol were placed in each EU. To
prevent biofilm colonization on only one side of
the wooden substrates, the EU were shaken five
times a day. All EU were kept at a salinity of 30,
temperature of 25 °C and photoperiod of 14:10
inside a BOD incubator (Marconi 403), reflecting
the same conditions as the previous experiment.
To assess the beginning effects of the antibiotics
as well as the half-life in artificial sea medium,
the experiment was static, with antibiotics being
applied only once.

To estimate the density of free-living and
biofilm bacteria, three aliquots of the medium (1
mL) and of three substrates immersed in Mili-Q
water (after detachment) were taken after 6, 12,
24, 72, 120 and 168 hours of exposure to the
treatments. Free-living bacteria were deposited
directly inside Eppendorf tubes and preserved with
4 % buffered formaldehyde. Biofilm had to be
detached from the wooden substrates using three
pulses of 20 kHz for 15 seconds on each side of
the substrate (Oliveira et al. 2006) with the aid of a
Cole-Parmer® ultrasound (series 4710 - ultrasonic
homogenizer). Detached biofilm was then placed
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inside Eppendorf tubes and fixed with 4 % buffered
formaldehyde. Both samples were then stored in
thedark at 8 °C until analysis.

Free-living (org mL™) and biofilm (org cm %)
bacterial density was estimated with a flow cyto-
meter (BD FACSVerse™) at the Faculty of Phar-
macy of the Federal University of Rio Grande do
Sul (UFRGS). To ensure the reliability of data,
part of the samples were visually counted under
epifluorescence microscope, applying the same
methodology for the evaluation of the microbial
community described bel ow, and were subsequently
compared with the counts obtained in cytometer,
resulting in equivalent bacterial densities. The size
(um) and complexity of the cells were measured
using the mode of Forward Light Scatter (FSC-A)
and Light Side Scatter (SSC-A) parameters using
6 um latex beads (Invitrogem®) as standard
(Herzenberg et al. 2006, Bouvier et al. 2011, Picot
et al. 2012). The bacterial cell biovolume (um?)
estimation and conversion to bacterial cell biomass
(pg C*) were made using the allometric conversion
factor of Sun and Liu (2003) and Norland et al.
(1987), respectively.

For the evaluation of the microbial community,
biological material (of water and substrate)
obtained from EU was filtered on polycarbonate
filters (darkened with Irgalan Black), stained
with Acridine Orange (1 %) and viewed under
epifluorescence microscope (Zeiss Axioplan) at
100 X magnification. Bacterial morphotypes were
classified according to Zaritski (1975). Fungi were
observed and quantified by the same method.

Water samples of 100 mL were collected from
each treatment at 6, 72 and 168 hours of exposureto
determine the amount of phosphate (PO,), anmo-
nium (NH,"), nitrite (NO,) and nitrate (NO,), and
filtered through 0.2 um glass fibre filters (Whatman
GF/C) and frozen in polycarbonate bottlesat -18° C
to evaluate the water quality and estimate possible
changes caused by the antibiotics. Nutrients (PO,
NO, and NO,) were analysed following the
methodology described by Strickland and Parsons
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(1972), and ammonium (NH,") analysis followed
the Blue Indophenol method (UNESCO 1983).

After analysis, antibioticswere stored in sealed
containers and collected by the Engineering and
Environmental Services, SANIPLAN®.

All data were analysed with parametric
statistics. Two-way ANOVA was used to test the
survival results of Acartia tonsa over time, and
the comparative density results of microorganisms
between treatments at different exposure times. A
post-hoc Tukey test followed the analyses.

RESULTS

Significant Acartia tonsa survival rates between
treatments (F(12’220)=12.618; p<0.001) were found
(Fig. 1). T1 and T3 treatments caused the death of
all organisms within the first 24 hours of exposure.
In contrast, T2 and T4 treatments showed no
significant differences from the control (100 %
survival) in the same period of observation. After
48-hours, 8, 17 and 25 % mortality was observed
in the control, T2, and T4, respectively, but without
significant differences between them. At the end of
the experiment (72-hoursof exposure), no statistical
difference was observed between the control and
the two treatments. Survival at the end of the
experiment was 83, 83 and 75 %, respectively, for
the control, T2 and T4.

From the Acartia tonsa survival results
presented, the treatment for T2 (0.025 g L™ peni-
cillin G potassium + 0.08 g L™ streptomycin sul-
phate + 0.04 g L™ neomycin sul phate) was selected
to check its potential for inhibiting free-living and
biofilm bacteria.

In figure 2, it can be observed that the T2
treatment showed a lower density of free-living
bacteria (org mL™) compared with the control
only in the first few hours of exposure, where a
significant difference was detected at 6 and 12 hours
(p<0.001) (Fig. 2a). As for the biofilm bacteria (org
cm’®), it was observed that the selected treatment
significantly inhibited bacterial colonization in
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Figure 1 - Two-way ANOVA indicating the survival of Acartia
tonsa exposed to different treatments (Control, T1, T2, T3
and T4) after 24, 48 and 72 hours, where control = treatment
without antibiotics; T1 = 0.75 g L™ penicillin G potassium +
0.75 g L streptomycin sulphate; T2 = 0.025 g L™ penicillin
G potassium + 0.08 g L™ streptomycin sulphate + 0.04 g L™
neomycin sulphate; T3 = 0.63 g L™ penicillin G potassium +
0.3 g L™ streptomycin sulphate + 0.05 g L ™* neomycin sul phate
+0.01 g L™ chloramphenicol; T4 = 0.02 g L™ oxytetracycline
hydrochloride. Bars represent confidence intervals (95 %) and
lowercase letters indicate similarities or statistical differences
between treatments for each time eval uated.

Fre ,=12.115; p<0.001
3x10° .24 P

12, 24 and 120 hours (p<0.001) with an average
bacterial reduction of 78 % throughout the duration
of the experiment (Fig. 2b).

For free-living bacteria, a reduction of 88 %
wasobservedinthedensity with 6 hoursof exposure
(org mL™) while in the biofilm, the reduction was
75 % (org cm™). The highest inhibitory effect in
relation to control of biofilm and free-living bacte-
ria occurred at 12 (93 %) and 6 hours (88 %) of
exposure, respectively.

Differences in morphotypes and bacteria size
werefound inthe bacterial community composition
when the control was compared with those found
under the influence of treatment T2, especially in the
first 24 hours of the experiment. In the control, free-
living bacteria were represented by coccobacilli
forms (Fig. 3a), while in the T2 treatment, rods
were the dominant form with different sizes (Fig.
3b). The bacterial biofilm found in the control and
T2 were described to be of the coccus form with
similar sizes (Fig. 4).

In the biofilm of the control, it was possible to
observe the recalcitrance of the attached bacteria
even after the detachment process with ultrasound.
It was also possible to observe the extracellular
polymeric matrix and transport channels, whereas

F . 16=13.966; p<0.001
60x10° (.16) d

Free-living (org mL™)

2.5x10°

2x10°

1x10°

Bacterial density

0.5x10°

Biofilm (org cm?)

50x10° f i

40x10°

30x10° 9

20x10° !

10x10°

0

Exposure time

| Il control  EEH T2 |

Figure 2 - Two-way ANOVA indicating average free-living (a) and biofilm (b) bacteria density exposed to
control (without antibiotics) and T2 (0.025 g L™ penicillin G potassium + 0.08 g L™ streptomycin sulphate
+0.04 g L"* neomycin sulphate) over 168 hours. The bars represent the confidence intervals (95 %), and
lowercase letters represent similarities or statistical differences between treatments for each time evaluated.
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Figure 3 - Comparison of free-living bacterial communities between control (a) and T2 (b) with the evaluation of the population
of bacteria by flow cytometer after 10,000 acquired events on control (¢) and T2 (d). Lighter colours are related to higher density
cells. For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.

inthe T2 treatment, the bacteriawerewell dispersed
and individualized.

After 6 hours of exposure, the time of greater
free-living bacterial inhibition by the T2 treatment,
a higher biomass was noted for this treatment
(0.127 pg C*") compared to control (0.120 pg C*).
The free-living bacteria showed an average
biovolume (um?®) and biomass (pg C*) of 26.157
e 0.120 for the control and 35.108 and 0.123 at the
T2, respectively.

The relative size (FSC-A) and complexity
(SSC-A) of the cells of the free-living bacteria
with 6 hours of exposure (Figs. 3c and 3d) were
also evaluated. It was possible to detect differences

An Acad Bras Cienc (2016) 88 (1 Suppl.)

between the control and T2, such as the presence
of a second population forming in the antibiotic
treatment (Fig. 3d).

The free-living bacterial community also
showed variations in cell size throughout the expe-
riment. The control was represented by bacteria
relatively smaller than average (~ 1.39 um)
compared with those observed at the T2 (~ 1.86
um), and with lower average cell complexity (Figs.
3c and 3d).

For the biofilm bacteria, after 12 hours of
exposure, the same SSC-A was observed between
the control and T2, but the bacteria found on the
medium without antibiotics had a higher mean cell
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Figure4 - Comparison of biofilm bacterial communities between control (a) and T2 (b) with the evaluation of the population of
bacteria by flow cytometer after 10,000 acquired events on control (c¢) and T2 (d). Lighter colours are related to higher density
cells. For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.

complexity. In the FSC-A, similar sizeswere found
in the control and T2 (~ 1.11 ym) (Figs. 4c, d).

After 12 hour exposure, the time for higher
biofilm bacterial inhibition by the T2 treatment,
it was observed that the bacterial biofilm had an
average biovolume and biomass of 20.926 and
0.118, respectively, for both treatments.

At 72 hours, fungi of the Deuteromycota
group was observed in the substrate (spores),
while in the water column its presence was less
significant and was mostly in the form of hyphae.
Nevertheless, due to the absence of reproductive
structures (that are essential for the taxonomic
identification genera/species), it was not possible

to reach alower taxonomic level, with only conidia
of Fusarium sp. being observed in both biofilm
and the water column. However, it was a single
individual filament (hyphae), and each displayed a
reproductive structure (spore).

Figure 5 shows acomparison of relative fungal
and bacterial density. Free-living and adherent
fungi were not observed in the control at any
exposuretimeor inthe T2 at 6, 12 or 24 hours. An
increase of bacteria in the biofilm between 24 and
72 hours of exposure was observed in T2 in both
conditions. The free-living community showed
significantly more bacteria than fungi at 72 hours
and 168 hours of exposure (F ):23.755; p=0.016;

(1.4
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Figure5 - Two-way ANOVA indicating density of free-living (org mL™) (a) and adhered (org cm®) microorganisms (b). Top figures
are pictures, while bar graphs compare the density of bacteria and fungi after 72, 120 and 168 hours of exposure to T2. The bars
represent the confidence intervals (95 %) and lowercase letters indicate similarities or statistical differences between treatments for

each time evaluated.

F.,=50.539; p=0.002, respectively), while at 120
hours, no significant difference was observed in
either population (F(1'4)=6.082; p=0.069). However,
the average bacterial density was higher than that
of fungi for al times eval uated.

Regarding the biofilm community, a similar
trend was observed with significantly higher bacte-
rial density at 72hoursand 168 hours(F,, , =152.640;

1.4
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p=0.001; F,, ,=121.150; p<0.001, respectively) and
no difference was observed in either population at
120 hours of exposure (F(l, ,=6.883; p=0.058).

In relation to nutrients, there was only a dight
variation of nitrite between the control (0.001+0.00
mg L™) and the T2 (0.000+0.00 mg L™) with 168
hours of exposure, but without any significant
difference.
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DISCUSSION

The T2 and T4 treatments, based on the proportions
proposed respectively by Agostini (2014) and
Pereira Jr. et al. (2006), each represent a treatment
with a combination of antibiotics (penicillin G
potassium, streptomycin sulphate and heomycin
sulphate) or a single substance (oxytetracycline
hydrochloride). The two treatments did not
show significant differences in the survival of
Acartia tonsa when compared with the control.
Nevertheless, T2 showed a dightly higher average
survival, similar to that found in the control, than
T4. Since Kinne (1977) reported that acombination
of antibiotics should be more effectivethan asingle
substanceto prevent the excessive growth of micro-
organisms, and due to time constraints, the T2 was
selected for the next experiment instead of T4.

Apart from T4, the T1, T2 and T3 treatments
are mainly based on different concentrations of
the same antibiotics, and surprisingly T1 and T3
treatments caused the death of al organisms. If we
take a closer look at the concentrations used, it is
clear that T1 and T3 are based on a much higher
concentration of antibiotics used than T2 and T4,
and this could be making the culture medium toxic
to the copepods.

Despite the fact that the combination tested
on T1 had been previously used (Spencer 1952,
Borojevic 1966, Harms 1986, Roberts et al.
2007, Pringault et al. 2009, Trotted et al. 2011),
the concentration used had never been tested on
invertebrate cultures. Spencer (1952) used 0.32 g
L™* penicillin G potassium + 0.83 g L™ streptomycin
sulphate in microalgae culture, however, the
concentration of penicillin used in the current
study for T1 was higher, which might have caused
toxicity for the copepods. The T3 treatment, apart
from the higher concentration used and the addition
of chloramphenicol, also had not been tested on
invertebrate cultures, but only with diatoms (Droop
1967). Those results only reassure the classic

toxicology maxim* Soladosisfacit venenum” (From
Latin: The dose makes the poison”) attributable
to Paracelsus (1493-1541), who said “all things
are poison and nothing is without poison; only the
dose makes a thing not a poison,” indicating that a
substance can be harmless or poisonous depending
on the dose.

According to Sherr et a. (1986), antibiotics
used in the aquatic environments should have
broad-spectrum inhibition without affecting non-
target organisms. Based on this requirement, T1
and T3 are not recommended for use in scientific
experiments where harmful effects to non-target
organisms are not acceptable.

The use of the combination of penicillin
+ streptomycin sulphate + neomycin sulphate
in different concentrations has been widely
used to evaluate the assimilation of nitrogen in
natural aquatic communities (Middelburg and
Nieuwenhuize 2000a, b, Veuger et al. 2004,
Cozzi and Cantoni 2006) and trophic interactions
(DeLorenzo et al. 2001). However, none of these
studies tested the effects of these antibiotics on
sensitive non-target organisms, such asthe copepod
Acartia tonsa.

The use of A. tonsa for ecotoxicological tests
and marine pollution studies have been suggested
since 1977 (Lee 1977) because they are sensitive
organisms and, therefore, useful as biological
indicators (Carotenuto et al. 2002, Medina and
Barata 2003, Ihara et al. 2010, Gorbi et a. 2012).
The sensitivity of the copepod A. tonsa to different
toxic substances such as metals, antibiotics,
insecticides, antifouling products, and surfactants
has been demonstrated by acute and chronic
bioassays (Sosnowski and Gentile 1978, Lanzky
and Halling-Sgrensen 1997, Barata et al. 2002,
Medinaetal.2002). For thisreason, the International
Organization for Standardization (1SO 14699
1999) proposed the use of the copepod A. tonsa
as a sensitive species for acute toxicological tests.
Thus, it is assumed that if this copepod is resistant

An Acad Bras Cienc (2016) 88 (1 Suppl.)
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to a substance, other organisms in the marine
community should also be resistant. Treatment
with antibiotics may increase the survival, growth
and lifetime of crustaceans (Fisher and Nelson
1978, Pelletier and Chapman 1996); for thisreason,
we believe that the survival results observed in T2,
similar to those found in the control, could be an
indication that the use of antibiotics in long term
cultures could reduce the lethal damage caused by
microorganisms.

WhentheT?2 combinationwastestedto eval uate
itsbacterial inhibition potential, it was observed that
it significantly inhibited bacterial biofilm compared
with the control in almost all exposure times.
Regarding free-living bacteria, this treatment only
significantly inhibited bacterial growth at 6 and
12 hours. In general, all antimicrobial agents are
most effective to kill rapidly growing cells (Pargje
2011). Our results indicate that the inhibition
effects of the antibiotics used in this experiment
in the free-living bacteria started before 6 hours,
reaching its inhibitory peak within 12 hours and
lasting for approximately 72 hours. However, when
comparing only the efficiency of T2 without the
control, we observed that for free-living bacteria,
greater inhibition efficiency occurs at 12 hours of
exposure, as observed for the bacteria biofilm. The
contrast observed between thetreatment and control
of thefree-living bacteriamay be dueto depl etion of
nutrients, such as phosphorus and nitrogen (Smith
and Praire 2004), by the high-density observed in
the control with 6 hours of exposure. This high
density considerably diminishes in the control
with 12 hours of exposure, masking the effect of
antibiotics when compared with the control.

If we consider the concentration observed
at the control at 6 hours as the initial bacterial
concentration, it is observed that there is a decrease
in the amount of bacteriawithin 24 hours, and at 72
hours there is atrend of bacterial increase. For the
biofilm community, the greatest density reduction
occurred at 12 hours and then the effect decreased.
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After 72 hours, it was significantly reduced,
suggesting that either the antibiotic effects ceased
or they developed resistance to the combination
used. Antibiotics act as inducers for the expression
of bacterial genes encoding drug resistance
mechanisms (Butaye et al. 2003). However,
there is the possibility that antibiotic resistance
varies between regions and environments, mainly
depending on the selection pressure imposed by
the ecosystem (Pereira Jr. et al. 2006) or time of
exposure of the bacteriato the antibiotic (Ali Abadi
and Lees 2000). It is likely that the single dose
administered could explain theincrease in bacterial
density observed in this study.

Analysing the results, it is clear that there
is a delay of several hours to obtain the highest
inhibition efficiency of bacteria (between 7 and
12 hours). We believe that the antibiotics |oses
its full effect between 25 and 71 hours after the
initial ministration because it is clear that there
is an increase in bacterial density after 24 hours
of exposure when compared with the control.
However, we also need to note that a community
response delay to this loss effect should also be
taken into account.

The species of bacteria found in the water
column are the same ones found in the biofilm. The
transition from the water column to biofilm occurs
in response to environmental changes and involves
multiple regulatory networks that trandate signals
to the concerned expression change genes (Abel-
Aziz and Aeron 2014). Bacteria are capable of
multicellular behaviours (associations) that benefit
thebacterial community asawhole. Thisassociation
can be viewed as a survival mechanism, in which
bacteria are benefited by the facilitated acquisition
of nutrients and biocidal protection (Pargje 2011).
Therefore, it is likely that the inhibition effect of
antibiotics should affect biofilm bacteria later when
compared with the free-living bacteria.

One of the most important aspects of
biofilm formation is to increase the strength of
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the constituents of microbes to antibiotics. The
structural nature ofthe biofilm and the characteristics
of sessile cells produce antimicrobial resistance,
which leads to a protected environment against
adverse conditions and host defences (Costerton
et a. 2003). On the other hand, free-living bacteria
are usually susceptible to antibiotics; however, the
minimum inhibitory concentration of antibioticsin
bacterial biofilm can be up to 1,000 times higher
than that for the free-living bacteria (Patel 2005).

For biomass, it was observed that the free-
living bacteria in the treatment with antibiotics
showed ahigher amount of carbon. Thus, webelieve
that T2 selected a population that was allowed to
grow either because they were more resistant to
antibiotics or due a lack of competition because
most of the bacterial community was inhibited by
the treatment.

We speculate that the fungi observed in this
work was favoured by the reduction of bacteria
under the effect of the combination of the different
prokaryote inhibitors used. Fisher and Nelson
(1978) found that the elimination of bacteria
adhered to a substrate with antibiotics restricts the
connection of other microorganisms, such as fungi.
However, in the current research, fungi occurred
with 72 hours of exposure in both communities,
contradicting the earlier study. The presence of
fungi could be masking the real end of the effect
of the antibiotics in this artificial marine system
becauseit is known that competition between those
microorganisms occurs and the use of a fungicide
should be taken into account in future studies.

DeLorenzo et al. (2001) successfully used the
combination of 0.025 g L™ penicillin G potassium
+ 0.08 g L™ streptomycin sulphate + 0.04 g L™
neomycin sulphate + 0.5 g L™ cycloheximide as
a specific eukaryote inhibitor of fungi. However,
the use of this combination should be tested before
application to marine cultures to check its effects
on non-target organisms and their efficiency in
inhibiting fungi because it was reported that this

fungicide can cause mortality on microalgae and
protozoa (Lampen and Arnow 1961).

Within 168 hours, a lower amount of nitrite
was observed in T2 when compared to the control,
which can be related to the absence of nitrifying
bacteria (Nitrosomonas and Nitrobacter) (Chen et
al. 2006) caused by the action of antibiotics. This
result contradicts the findings of Silva et al. (2012),
who found that nitrite was significantly higher in
the treatment with antibiotic, but did not affect
the development of Penaeus (=Farfantepenaeus)
brasiliensis Latreille 1817.

Klavei and Matthews (1994) noted that the
use of antibioticsin farming can completely inhibit
the nitrification process within seven days, which
could lead to an accumulation of toxic ammonium
and nitrite. Nitrite, for example, can cause alag in
the growth and survival of cultured organisms (Lin
and Chen 2003) in high concentrations, and for this
reason must be controlled.

Based on the results of this experiment, we
suggest some possible modifications on future
considerations depending on the conditions
available: (i) addition of a fungi inhibitor; (ii)
diminish the sampling time to 3 for 24 hours, to
determine with greater accuracy the start and end
of the effect anew dosage (probably between 6 and
24 hours); (iii) the chemical parameters must be
observed because nitrite and ammonium can reach
toxic levelsin aguatic systems.

Thus, the treatment used in this experiment
can be considered an effective methodological tool
for scientific experiments about the role of bacteria
in marine communities.

CONCLUSION

With the data obtained at the end of the experiment,
we determined the absence of negative effects
on non-target organism and efficiency in the
inhibition of free-living and biofilm bacteria using
acombination of 0.025 g L™ penicillin G potassium
+ 0.08 g L™ streptomycin sulphate + 0.04 g L™
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neomycin sulphate diluted in sea water. This
treatment seemsto be a solution for cultures where
there is a need to decrease the free and adhered
bacterial density without the absolute necessity
of inhibiting growth completely. It was found that
the onset of action occurs within the first six hours
of exposure and that the time where the greatest
reduction in bacterial density occurred was 12
hours.
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RESUMO

Existe um problema em se manter meios de cultivos
completa ou parciamente livres de bactérias. O uso
de inibidores metabdlicos de procariontes, tais como
antibidticos, € sugerido como uma solucéo alternativa,
no entanto tais substancias ndo podem prejudicar os
organismos ndo alvo. Assim, o objetivo deste estudo
foi avaliar a eficacia de tratamentos com antibidticos na
inibi¢do de bactérias livres e associadas ao biofilme e
a sua meia-vida em meio marinho artificial, usando o
copépode Acartiatonsa como organismo bioindicador de
combinagBesdeantibidticosndo prejudiciais. Emrelagéo
aos resultados, a aplicagdo de 0,025 g.L™* de penicilina
G potéssica + 0,08 g.L™ de sulfato de estreptomicina +
0,04 g.L™" de sulfato de neomicina apresentou grande
potencial de aplicacdo em cultivos e experimentos
cientificos marinhos sem causar efeitos letais a
organismos néo avo. O efeito desta combinagdo inicia
dentro das primeiras seis horas de exposi¢do e reduz em
até 93% a densidade bacteriana, mas a sua meia-vida ¢é
curta, necessitando reposicéo. N&o ocorreram alteractes
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adversas naqualidade daaguade cultivo no prazo de 168
horas de exposi¢do. Como concluséo, este tratamento foi
um procedimento eficaz para cultivos de zooplancton e
em experimentos cientificos com o objetivo de mensurar
o papel de bactérias livres e associadas ao biofilme na
comunidade marinha.

Palavras-chave: Acartia tonsa, antimicrobianos, experi-
mento, cultivos marinhos, toxicidade.
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