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Abstract Presence of microcystin (MC), a predom-
inant freshwater algal toxin and a suspected liver
carcinogen, in Florida’s freshwaters poses serious
health threat to humans and aquatic species. Being
recalcitrant to conventional physical and chemical
water treatment methods, biological methods of MC
removal is widely researched. Water samples col-
lected from five sites of Lake Okeechobee (LO)
frequently exposed to toxic Microcystis blooms were
used as inoculum for enrichment with microcystin LR
(MC-LR) supplied as sole C and N source. After
20 days incubation, MC levels were analyzed using
high performance liquid chromatography (HPLC). A
bacterial consortium consisting of two isolates DC7
and DC8 from the Indian Prairie Canal sample
showed over 74% toxin degradation at the end of day
20. Optimal temperature requirement for biodegra-
dation was identified and phosphorus levels did not
affect the MC biodegradation. Based on 16S rRNA
sequence similarity the isolate DC8 was found to
have a match with Microbacterium sp. and the DC7
isolate with Rhizobium gallicum (AY972457).
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Introduction

Algal blooms have been a persistent problem for
Florida’s fresh and marine waters often due to the
indiscriminate agricultural use of nitrogen and phos-
phorus rich fertilizers, poor water and land manage-
ment practices and inadequate waste water treatment
methods (Phlips et al. 2003). The profuse growth of
algae on the surface of waters not only increases
turbidity, particulate matter and the production of
taste and odor causing compounds in water, but
blocks sunlight and kills submerged vegetation and
fish which also reduces species diversity within the
water body (Fleming and Stephan 2001). When the
algal cells finally begin to lyse, some species release
their toxic cell metabolites directly into the water
body (Metcalf and Codd 2004). These metabolites,
referred to as cyanotoxins, are potentially dangerous
to many organisms, including humans (Codd et al.
1997; WHO 1999).

Microcystins are the most commonly encountered
cyanotoxins in freshwaters, and microcystin LR (MC-
LR) is the most extensively studied (Fleming et al.
2002). The toxin was first isolated from the cyano-
bacteria Microcystis aeruginosa, but later from
species in the genera Anabaena, Oscillatoria, Nostoc
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and Anabaenopsis (Burns 2007). MC is toxic to
mammals, fish, plants and invertebrates (Codd et al.
1997; Pflugmacher et al. 1999) and is reported to
bioaccumulate in several crop plants (irrigated with
contaminated water), mussels, crayfish, and fish
(grown in contaminated estuarine water) commonly
consumed by humans (Figueiredo et al. 2004).
Studies have also shown the possible correlation
between consumption of surface water contaminated
with MC and the occurrence of HCC (Hepato
Cellular Carcinoma), the most prevalent type of liver
cancer in humans (Falconer 1991; Fleming et al.
2002). MC toxicity poses a great concern for public
health safety, and thus The World Health Organiza-
tion recommends a level of less than 1 pg/l of the
toxin in drinking water to be safe for humans (WHO
1998).

Chemically, MC are a group of monocyclic
heptapeptides having a general structure composed
of five p-amino acids and two variable L-amino acids
(which contributes to the two-letter suffix). Adda
(3-amino-9 methoxy-2,6,8 trimethyl-10-phenyldeca-
4,6-dienoic acid) is the characteristic f-amino acid
responsible for acute toxicity (Harada et al. 1990,
2004). The lethal dose (LD5g) value for MC in mice
ranges from 50 to 300 pg/kg body weight (bw), with
MC-LR having an LDsy of 50 pg/kg bw comparable
to that of chemical organophosphate nerve agents
(Dawson 1998). Liver is the main target organ for
MC toxicity (Robinson et al. 1991; Fischer et al.
2000). The major exposure route for humans is the
consumption of contaminated water (WHO 1998).
Minor routes include recreational use of lakes and
rivers (dermal), contaminated food and inhalation (if
MC is present as aqueous aerosols in air) (Codd et al.
1997).

Microcystin is recalcitrant to conventional water
treatment (Lahiti and Hiisverta 1989) and is often
detected even after chemical treatment of waters.
Physical methods of MC removal have been tried but
are constantly hampered by the presence of natural
organic matter (Newcombe et al. 2003). Chemicals
used to kill the algae are potentially toxic and may
remain in the water to pose greater danger when
consumed (Kenefick et al. 1993). These chemicals
also kill the algal cells (releasing more toxins into the
water body) and the beneficial bacteria that can
degrade the toxin (Jones and Orr 1994). Continued
and increased use of such chemicals can induce
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resistance in organisms, making the management
practices much more difficult. Biological methods of
removal are being widely researched and are gaining
more popularity (Cousins et al. 1996; Ho et al. 2007;
Edwards and Lawton 2009). Several MC degrading
bacteria have been reported so far (Valeria et al.
2006; Tsuji et al. 2006; Ho et al. 2007; Lemes et al.
2007; Pathmalal et al. 2009).

The first study of biological removal of MC was
carried out by Jones et al. (1994) in Murrumbidgee
River, New South Wales, Australia. The MC-LR
concentration of 1 mg 1™' was degraded within 5d
using native bacteria previously exposed to the toxin.
Cousins et al. (1996) also identified the possibility of
using an indigenous mixed bacterial population to
degrade low levels of MC-LR in reservoir waters that
have been previously exposed to Microcystis blooms.
Ho et al. (2007) reported that during MC-LR and
MC-LA biodegradation with Sphingopyxis sp. LH21,
no cytotoxic by-products were detected, thus dem-
onstrating the possibility of using such bacterial
species for biodegradation in drinking or recreational
water supplies. While several studies have been
carried out around the world, no research to our
knowledge regarding isolation of MC degrading
bacteria and MC biodegradation process has been
published in United States particularly from South
Florida’s Lake Okeechobee (LO) region.

Lake Okeechobee (LO) is the largest freshwater
lake of Florida providing for majority of drinking
water treatment facilities. It is also an ecologically and
recreationally important water body (Audubon of
Florida 2005) and a potential aquifer storage and
recovery zone (ASR), influencing several other lakes,
rivers and canals including Caloosahatchee River, St.
Lucie Canal and the Kissimmee River in Florida
(Steidinger et al. 1999). Phosphorus levels in LO rose
from 40 parts per-billion (ppb) in the 1970s to more
than 130 ppb by the 1990s due to runoff from nearby
agricultural operations, improved pasture, and dairy
operations. Elevated levels of phosphorus in LO have
increased the occurrence of algal blooms and changed
the species composition of the algal community
(Audubon of Florida 2005). Species of Anabaena,
Microcystis, and Cylindrospermopsis which produce
toxins, are dominant in LO, making the water
unpalatable and therefore a poor base for the aquatic
food chain (Fleming et al. 2002). Chlorophyll a and
MC toxin concentrations were at elevated levels
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during August and October of 2005 with the highest
concentrations observed in the Harney Pond, Indian
Prairie Canal and Fish Eating Bay area (SFWMD).
Sites such as Clewiston, Pahokee and Taylor slough
also show raised levels of MC very frequently.
Williams et al. (2007) studied the cyanobacterial
toxins in Florida’s freshwater systems during 2005
and reported up to 95 pg/l of MC in some zones of
LO. Being frequently exposed to such algal bloom
scenarios, these locations would have native bacteria
adapted to high toxin levels and that could exhibit
toxin degradation abilities. The objective of this study
was to isolate and characterize MC biodegrading
bacteria or bacterial consortium from Florida’s LO.

Materials and methods
Water sample collection

Four sites were selected in LO area that represented
high bloom area (HB), low bloom area (LB) and
medium bloom area (MB), based on historic MC
levels in these sites as reported by the South Florida
Water Management District (SFWMD 2008). The
sampling sites and their GPS co-ordinates are given
in Table 1. Samples were collected in pre-cleaned
125 ml Nalgene bottles. Sub-surface water samples
were collected at each site and transferred to sample
bottles. The bottles were rinsed with the water sample
before collection. Three samples were collected per
site (but were later pooled together for experiments
and analyses). Samples were collected at two differ-
ent locations on the Indian Prairie Canal (sites D and

Table 1 Description of LO sampling sites

E), since floating algal biomass was seen at two
different points of Site D. The bottles were labeled
with the site name, placed in an insulated cooler,
transported to the lab, and stored at 4°C.

MC and enrichment media

Microcystin LR (MC-LR) (from ARCH Core Facility
at Florida International University, Miami) stock
solution was prepared and stored at 4°C (1 ml
stock = 50 pg MC-LR). The initial acclimatization
(enrichment) and later experiments was carried out in
minimal salts media (MSM) suggested by Valeria
et al. (2006). The composition of the media per liter
includes 112 mg MgSO4-H,0, 5 mg ZnSO4H,0,
2.5 mg Na,MoO,4-2H,0, 340 mg KH,PO,, 670 mg
Na,HPO,-7H,0, 14 mg CaCl, and 0.13 mg FeCl;.
Twenty-five milliliters of MSM (with 0.25 pg ml~'
MC-LR) was dispensed into sterilized Erlenmeyer
flasks under sterile condition.

Enrichment study

Water samples collected from each site served as
inoculum for enrichment studies. One milliliter of
pooled sample from each site was added to 25 ml of
sterile MSM with 0.25 pg ml~' of MC-LR. Dupli-
cate samples were maintained. A control, consisting
of media without MC-LR and inoculated with sample
was also maintained under similar conditions. Similar
procedure was repeated for other sites. The inocu-
lated flasks, controls and duplicates were incubated at
26°C in a rotary shaker incubator for 20 days after
which they were sub-cultured with fresh toxin and

Site Site name Bloom frequency GPS co-ordinates Number of samples collected

A Clewiston LB N 26°45.617 3 (A1,A2,A3)
W 80°55.054

B Fish Eating Creek Canal HB N 26°57.752’ 3 (B1,B2,B3)
W 81°07.276¢

C Harney Pond Canal MB N 26°59.158' 3 (C1,C2,C3)
W 81°03.955

D Indian Prairie Canal HB N 27°02.578’ 3 (D1,D2,D3)
W 80°56.940'

E Indian Prairie Canal HB N 27°03.134’ 3 (E1,E2,E3)
W 80°57.664
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continued to incubate for another 20 days. The
process was repeated one more time at the end of
40 days. After each 20 day sub-culture, the bacterial
populations in the samples were checked using
dilution plate method on dilute nutrient agar (10%)
and the plates were incubated for 3 days at 26°C.
Colonies were represented as colony forming units
(CFU) per ml of inoculum.

MC biodegradation studies

After three cycles of enrichment studies (60 days
period), 1 ml of inoculum from each of the incubated
flasks was transferred to fresh 25 ml MSM amended
with 0.25 pg ml~" of MC-LR and incubated at 26°C
in a rotary shaker incubator for a series of 10, 20 and
30 days to observe the pattern of MC degradation by
the isolates of each site. Separate sets of control flasks
without inoculum and without MC-LR were incu-
bated under similar conditions as experimental flasks.
Colony counts were carried out at the end of 10, 20
and 30 days and plated on dilute nutrient agar (10%)
plates. Colonies from the nutrient agar plate were
then sub-cultured and maintained.

MC analyses

At the end of incubation period the samples were
analyzed for MC using high performance liquid
chromatography (HPLC). A series of steps were
carried out before the samples were injected into the
HPLC, to remove bacterial cells suspended in the
sample that cause turbidity, which would otherwise
interfere with the chromatographic process.

Each sample was sonicated to lyse the bacterial cells
and release the cell-bound toxins for complete anal-
ysis. This was done by inserting the sonicating probe
into the sample solution for 1 min. The sonicating
probe was sprayed with 70% alcohol after each sample
and wiped clean to prevent contamination. The
sonicated samples were then centrifuged at 8°C for
10 min at 10,000 rpm. The supernatant was filtered
using a 0.22 pm sterile membrane filter. The filtered
samples were then allowed to pass through a C18 solid
phase extraction (SPE) cartridge (Extract Clean™™
C18-HC 1,000 mg from GRACE). The cartridge was
first activated with 10 ml of 100% methanol followed
by 10 ml of distilled water. To the activated cartridge,
the sample was slowly added and collected separately.
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Ten milliliters of methanol was finally added to the
cartridge to elute the adsorbed MC and the eluent was
collected separately. The eluent was then evaporated
completely by purging nitrogen gas into the sample for
6-8 h. To the evaporated sample 1 ml methanol was
added. If samples showed turbidity, they were centri-
fuged again at 10,000 rpm for 4 min. The supernatant
was then transferred to clean HPLC vials and sealed.
HPLC was run on a Hewlett-Packard system equipped
with a UV-Vis spectrophotometer, using a 4.6 x
25 cm SUPELCO-Discovery C18 HPLC column
(5 pm), with acetonitrile: 0.05% and ammonium
acetate (20 mM; pH 5) as mobile phase, flow rate:
0.1 ml min~", column temperature: 20°C and UV
detection at 238 nm. Standards of MC-LR (4, 6 and
8 1g) were prepared and analyzed for determining the
calibration curve. Trend line and R* value was
generated using Microsoft Excel ™ software (Version
1997-2003). The HPLC peak area was used in the
trend-line equation to calculate the amount of MC-LR
recovered from the sample and controls.

Selection of isolates and optimal condition studies

From the results of HPLC analyses, the sample
showing maximum degradation over the 30-day
incubation period was identified. Controls with no
inoculum were also analyzed for MC-LR content to
account for photo-degradation. The amount of toxin
degradation was calculated using the difference
between initial and final toxin levels divided by the
initial toxin concentration expressed as a percentage
value.

A consortium of two bacterial isolates DC7 and
DC8 from site D responsible for maximum toxin
degradation was used for further experiments. The
bacterial isolates DC7 and DC8 were grown sepa-
rately in 250 ml Erlenmeyer flasks containing 50 ml
of MSM+ medium (MSM amended with glucose and
nitrogen to increase cell yield) on a rotary shaker
(200 rpm) at 26°C. Bacterial cells were harvested
during exponential growth phase by centrifugation
(10,000x g, 10 min, 4°C), washed once with sterile
MSM solution and resuspended in MSM medium and
used immediately. Each treatment flask received
5 x 10° CFU ml™' of DC7 and 5 x 10° CFU ml™"
of DC8 separately, adding up to an initial consortium
inoculum of 1 x 10° CFU ml™'. The bacterial con-
sortium was grown in MSM media amended with
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0.3 pg ml~' of MC-LR to study their toxin tolerance
level at 26°C for 15 and 20 days. The effect of
incubation temperature was determined by carrying
out the biodegradation at 24, 26 and 28°C. Twenty-
five milliliters of MSM (with 0.25 ng ml~! MC-LR)
was inoculated with the bacterial consortium and
incubated for 20 days. Since high phosphate levels
are quite common in LO the possible interference of
phosphate in the biodegradation process was studied
by using media rich in phosphate which consists of
112 mg MgSO4-H,O, 5 mg ZnSO4-H,O, 2.5 mg
Na,Mo00,4-2H,0, 340 mg KH,PO,, 1340 mg Na,H-
PO4-7H,0, 14 mg CaCl, and 0.13 mg FeCl; per 1 1
of deionized water. The bacterial consortium was
incubated with high phosphate MSM media along
with 0.25 pg mI~' MC-LR at 26°C for 20 days.
Control with no MC-LR and duplicates were main-
tained for all experiments.

DC7 and DCS isolate 16S rRNA sequence
analysis

The site D sample bacterial isolates DC7 and DC8
that showed maximum MC degradation were first
characterized using standard bacteriological methods.
The 16S rRNA gene was PCR amplified from
genomic DNA isolated from pure bacterial colonies.
Primers used are universal 16S primers that corre-
spond to positions 0005F and 0531R for a 500 bp
sequence, and 0005F and 1513R for the 1,500 bp
sequence. Amplification products were purified from
excess primers and dNTPs and checked for quality
and quantity by running a portion of the products on
an agarose gel. Cycle sequencing of the 16S rRNA
amplification products was carried out using DNA
polymerase and dye terminator chemistry. Excess
dye-labeled terminators were then removed from the
sequencing reactions. The samples were electropho-
resed on ABI 3130 Genetic Analyzer. Sequence
analysis was performed using Sherlock® DNA
microbial analysis software and database.

Results and discussion

Bacterial population during enrichment

Heterotrophic colony count studies carried out every
20 days (for three cycles) during initial enrichment

350

300 +

250 ——¢

200 —0—E

150 4

CFUs per mL

100 1

50 +

1 ‘ G2 ' 3
60 d Enrichment

Fig. 1 Changes in heterotrophic bacterial population
(CFU x 10° mlfl) in MC enrichment cultures derived from
LO sampling sites. Interval between each cycle (G1, G2, and
G3) was 20 days. A, B, C, and E are sampling sites

phase revealed that sample from site D showed high
turbidity and constantly higher number of colonies on
the dilute nutrient agar plates when compared to
samples from other sites (Fig. 1). During first cycle
G-1 (at the end of 20 days), number of colonies from
site D was as high as 290 x 10° CFUs ml~' and with
third cycle G-3 (at the end of 60 days) the colonies
were still as high as 160 x 10° CFUs ml~'. Even
though samples from other sites showed higher
colony counts during first cycle, the numbers started
to dwindle rapidly over the course of 60 days. The
constantly high number of colonies surviving from
sample D showed the prospective presence of MC
assimilating organisms present in the sample.

MC degradation studies

During the MC degradation study, sample from site D
showed highest degradation rate (Table 2). At the end
of 10 days of incubation, the recovery of MC from
controls averaged to 3.14 pg in 25 ml of medium
(initial concentration was 6.25 pg in 25 ml of
medium). Loss of MC-LR in controls could be
attributed to photo degradation during incubation.
Except sample D, all other samples showed lower
degradation than the controls. Sample D showed about
6% more degradation than the controls and this pattern
continued during 20 and 30 day incubation too. The
initial degradation rate predominantly depends on the
amount of MC available as well as the population of
organisms present to make use of the toxin. Once the
population establishes and starts to degrade the toxin,
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Table 2 MC degradation (%) in enrichment cultures after 10,
20 and 30 day incubation

Incubation period and ~ Average toxin Degradation
sample site recovered (pg) (%)
Day 10
A 3.78 (£0.42) 39.52
B 3.88 (£0.05) 37.92
C 3.75 (£0.47) 40
D 2.80 (£0.09) 55.2
E 3.64 (£0.37) 41.84
Control 3.14 (£0.09) 49.76
Day 20
A 2.05 (£0.05) 67.2
B 3.26 (£0.55) 47.44
C 2.46 (£0.31) 60.72
D 1.59 (£0.16) 74.56
E 2.93 (£0.66) 53.20
Control 3.79 (£0.06) 39.36
Day 30
A 1.72 (£0.55) 72.48
B 2.09 (£0.37) 66.56
C 2.17 (£0.04) 65.36
D 1.00 (£0.45) 84
E 2.29 (£0.13) 63.28
Control 3.41 (£0.17) 45.44

Values in parenthesis are SE

the rate of degradation increases and occurs at a faster
rate. Cousins et al. (1996) report that during the first
12 day of MC degradation, the rate was high only
when they incubated the sample in raw reservoir
waters, while the rate did not change rapidly when
similar studies were carried out in deionized water.
At the end of 20 day incubation, the degradation
was much faster with sample D. While 3.79 pg MC
per 25 ml of MSM were recovered from the controls,
only about 1.59 pg MC were recovered from sample
D. There was a corresponding increase in bacterial
cell count along with MC degradation (Fig. 2).
Bacterial cell count studies during day O, 11, 21
and 31 confirms that the increasing cell numbers were
indeed responsible for subsequent MC degradation
(Table 3). Controls (with no MC) did not show any
colonies on dilute nutrient agar plates. At the end of
30 day incubation the degradation rate began to get
slower, which could be due to dwindling microbial
count or the inability of the microbes to breakdown
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Fig. 2 MC-LR biodegradation (%) by site D bacterial
consortium and changes bacterial cell count (CFU x 10°
ml~") during incubation period

Table 3 Changes in heterotrophic bacterial population
(CFU x 10° ml™") during MC enrichment culture

Sample site Day 0 Day 11 Day 21 Day 31
CFU* (ml™Y)

A 40 110 150 180

B 40 100 130 200

C 40 170 200 180

D 40 180 250 280

E 40 170 190 210

* CFU colony forming units, mean three replications

the toxin any further. Analysis of metabolites arising
from this degradation would give a clear idea about
further progress in degradation.

The bacterial population from the site D enrich-
ment was found to be consisting of two bacterial
colony types. The two isolates DC7 and DCS8, when
tested individually in a replicated study showed no
significant growth or biodegradation of MC (data not
shown), therefore the two isolates were used together
as a consortium for further studies. With the HPLC
results, it was confirmed that bacterial consortium
from site D had maximum MC-LR degradation
capacity. The maximum amount of MC was degraded
during the first 20 days of incubation with sample D.
Hence this consortium was chosen for further char-
acterization studies. When MC concentration was
increased from 0.25 to 0.3 ug ml™', the site D
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Fig. 4 MC-LR recovery from site D consortium culture after
20 day incubation at different temperatures. Initial MC content
in each flask was 6.25 pg for both sample and control, with no
bacterial inoculum in control

consortium was still able to degrade 51% more toxin
compared to the controls in 15 days and 45% more
than the control in 20 days (Fig. 3). Temperature
seems to have some effect on MC degradation
(Fig. 4). While at 28°C, the degradation was poor
and at 24 and 26°C, the degradation remained more
or less the same. Phosphate level in the media seems
to have no effect on MC degrading bacteria (Fig. 5).
Even at higher phosphate levels the bacteria was still
able to degrade the toxin.

Identification of MC degrading bacteria

The site D consortium consisted of two colony types.
DC8: large, more or less circular, pale yellow,
glistening colonies with slightly uneven margins,
Gram positive rod, non-motile.

9 ! T T
2 6 T m Sample T
g : O Control
S 5 : O Initial MC
E concentration|
-
c 41
3
c 31
3
2 .
[+4
=
Q
= |

MSM - reaular phosphate level MSM - hiaher phosphate level

Fig. 5 Effect of high phosphate concentration on MC-LR
recovery after 20 day incubation of site D consortium culture.
Initial MC content in each flask was 6.25 pg for both sample
and control, with no bacterial inoculum in control

DC7: Small, circular, bright white, mucoid colo-
nies with smooth edges, Gram negative bacilli,
actively motile.

The partial sequence of the 16S rRNA gene for the
bacterial isolates DC8 and DC7 was used for database
search (Figs. 8, 9) and construction of phylogenetic
tree using neighbor joining method (Figs. 6, 7). Based
on the results, the isolate DC8 belongs phylogeneti-
cally to the genus Microbacterium, while DC7 has its
closest match with Ochrobactrum anthropi. The
bacterial isolate DC8 has in fact 0% difference with
two sp. of Microbacterium (Microbacterium liquefac-
iens and Microbacterium maritypicum/oxydans). The
bacterial strains presenting 16S rRNA gene similari-
ties lower than 99.5% and higher than 97% may
belong to different species; a full 16S rDNA sequence
analysis and other tests are needed for definitive
taxonomic identity (Tindall et al. 2010). Definitive
identification of isolate DC8 may require additional
biochemical tests or sequencing of additional gene
loci. The second bacterial isolate DC7 has sequence
matches with multiple genera, with O. anthropi as the
closest match (2.13% difference). However, based on
the online homology BLAST search in the openly
available Genbank data, the DC7 isolate was found to
be 100% matching with Rhizobium gallicum
(AY972457). Definitive identification of isolate DC7
may require additional biochemical tests or sequenc-
ing of additional gene loci. There are problems in
identifying groups of bacteria for which 16S rRNA
gene sequences are not discriminative enough; in
addition the use of unverified public databases such as
GenBank can be problematic in that errors in sequence
data are not uncommon (Woo et al. 2009).
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Fig. 6 Construction of
phylogenetic tree using
neighbor joining method for
identification of the DC8
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Microbacterium species are usually Gram-posi-
tive, aerobic or facultatively anaerobic, non-motile,
non-spore-forming rods. It grows between 15 and
37°C. The pH range for growth is 5-8. O. anthropi is
a gram negative aerobic, peritrichously flagellated,
nonfermentative, nonfastidious motile rods that are
positive for oxidase, catalase and urease production.
The organism is ubiquitous in nature but most
frequently encountered in aquatic bodies. Laura
et al. (1996) report the aerobic degradation of
atrazine using this microbe, isolated from an acti-
vated sludge. Rhizobium species are Gram negative,
aerobic, motile non-spore forming rods. Rhizobium
sp. are common soil bacteria that form plant nodules
and have the enzyme nitrogenase for fixing nitrogen.
Biodegradation of sulfonated phenylazonaphthol dye
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3.30 4.95 6.60

(Ruiz-Arias et al. 2010) and phenol (Wei et al. 2008)
was found to be associated with Rhizobium sp. While
Microbacterium sp. has never been reported so far in
biodegradation or bioremediation studies, it could
still play an important role in this particular study.
Further research is needed to understand the role of
each of these bacteria in degrading the toxin, whether
they act together or separately, which organism
precedes the other, and determining the optimal
concentration (bacterial count) needed for effective
degradation. This could be an important next step in
commercial applications to remove MC from drink-
ing water supply.

The results from the present study showed that a
bacterial consortium consisting of Microbacterium sp.
and R. gallicum (AY972457) isolated from a high
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TGGAGAGTTT GATCCTGGCT CAGGATGAAC GCTGGCGGCG TGCTTAACAC

ATGCAAGTCG AACGGTGAAC ACGGAGCTTG CTCTGTGGGA TCAGTGGCGA

ACGGGTGAGT AACACGTGAG CAACCTGCCC CTGACTCTGG GATAAGCGCT

GGAAACGGCG TCTAATACTG GATATGTGAC GTGACCGCAT GGTCTGCGTC

TGGAAAGAAT TTCGGTTGGG GATGGGCTCG CGGCCTATCA GCTTGTTGGT
GAGGTAATGG CTCACCAAGG CGTCGACGGG TAGCCGGCCT GAGAGGGTGA
CCGGCCACAC TGGGACTGAG ACACGGCCCA GACTCCTACG GGAGGCAGCA
GTGGGGAATA TTGCACAATG GGCGCAAGCC TGATGCAGCA ACGCCGCGTG
AGGGACGACG GCCTTCGGG TTGTAAACCTC TTTTAGCAGG GAAGAAGCGA
AAGTGACGGT ACCTGCAGAA AAAGCGCCGG CTAACTACGT GCCAGCAGCC
GCGGTA

Fig. 8 Partial 16S rRNA gene sequences of bacterial isolate
DC8

TGGAGAGTTT GATCCTGGCT CAGAACGAAC GCTGGCGGCA GGCTTAACAC

ATGCAAGTCG AACGCCCCGC AAGGGGAGTG GCAGACGGGT GAGTAACGCG

TGGGAACGTA CCCTTTACTA CGGAATAACT CAGGGAAACT TGTGCTAATA
CCGTATGTGC CCTTCGGGGG AAAGATTTAT CGGTAAAGGA TCGGCCCGCG
TTGGATTAGC TAGTTGGTGG GGTAAAGGCC TACCAAGGCG ACGATCCATA
GCTGGTCTGA GAGGATGATC AGCCACATTG GGACTGAGAC ACGGCCCAAA

CTCCTACGGG AGGCAGCAGT GGGGAATATT GGACAATGGG CGCAAGCCTG
ATCCAGCCAT GCCGCGTGAG TGATGAAGGC CCTAGGGTTG TAAAGCTCTT

TCACCGGTGA AGATAATGAC GGTAACCGGA GAAGAAGCCC CGGCTAACTT

CGTGCCAGCA GCCGCGGTA

Fig. 9 Partial 16S rRNA gene sequences of bacterial isolate
DC7

frequency algal bloom site at LO (Indian Prairie canal),
was effective in degrading up to 74% of MC within
20 days at 26°C. The time frame observed for such an
effective degradation seems to be similar to other MC
biodegradation studies. Matthiensen et al. (2000)
report 70% of MC-LR degradation within 10-15 days
using samples from Patos Lagoon, Brazil (degradation
rate 0.03-0.06 mg MC-LR ml~' day™"). The time
period for MC-LR removal showed that the degrada-
tion was highest during the initial 20 days and then
decreased gradually. While many authors (Jones et al.

1994; Lam et al. 1995) report an initial lag phase during
biodegradation, Christofferson et al. (2002) did not
observe a lag phase. These differences in the presence
and absence of lag phase as well as its duration could be
the result of different bacterial community composi-
tion and its degree of adaptation (Valeria et al. 20006).
But most authors agree that native microbial commu-
nity can be utilized to perform biodegradation of these
cyanotoxins quite rapidly. The degradation also
seemed to have been influenced by the bacterial cell
density, with higher the bacterial cell density yielding
higher degradation rates. Even though samples from
other sites showed some amount of degradation,
isolates from site D showed the highest. Temperature
had an effect on MC-LR degradation. Optimal degra-
dation was achieved at 24 and 26°C and any further
increase resulted in decreased degradation rate. Similar
results have been reported by Park et al. (2001) during
their biodegradations studies using Y2 strain isolated
from a hypertrophic lake in Lake Suwa, Japan. They
report that maximum biodegradation occurred
between 20 to 25°C. It is interesting to note that higher
phosphate levels in the media did not hamper the
biodegradation process in our studies.

With Florida’s growing population, subtropical
environment, climate change, and growing agricul-
tural operations all over the state, it is quite natural to
expect increasing bloom scenarios (and subsequent
toxin release) in its lakes, rivers and estuaries.
Adopting suitable water treatment technologies,
preferably a combination of physical and biological
methods, would effectively remove such toxins from
drinking and recreational water supply and will help
safe-guard Floridian’s health and protect the lives of
aquatic species.
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