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Abstract

Cyanobacteria are a group of bacteria that obtain their energy by photosynthesis and play a significant role in the breakdown of herbicides
in nature. Inthis s tudy, e xperiments w ere p erformed fora period o f15 days with 1 2 cyanobacteria o btained f rom d ifferent a quatic
environments and three h erbicides c ommonly used in agriculture {2,4-Dichlorophenoxyacetic a cid ( 2,4-D), Trifluralin and L inuron}. The
herbicides were pipetted at certain concentrations into BG11 broth. The herbicide resistance of the 12 cyanobacteria was determined by using
Chlorophyll-a measurement, rate of growth assessment, the probit analysis and the results of the lethal concentration test (LCi.50). According
to the LCy, values at day 15; the Synechocystis sp. strain number 6 in the 2,4-D environment, the Synechococcus sp. strain number 41 in the
Trifluralin environment, and the Chroococcus sp. strain number 4 inthe L inuron environment, w ere d etermined t o be r esistant to the
concentrations of herbicide. According to the day 15 values, the Synechocystis sp. strain number 6 was determined to be resistant to three
different herbicide concentrations in the 2,4-D, Trifluralin and Linuron environments. Since it is a study that contributes to the protection of the
environment, we intended for this study to set a new precedent for other studies.
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INTRODUCTION

Algae are b otanically d efined as organisms w ithout
roots, stems and leaves that have bodies known as “thallus”
and c hlorophyll-a pi gments. Even t hough ¢ yanobacteria
match t his d efinition, t heya react ually microscopic
prokaryotes. Similart o b acteria, ¢ yanobacterial ack a
nucleus, a nd t heir D NA i s s pread acr oss t he ¢ ytoplasm
instead of being confined to a single 1 ocation within the
cell. However, u nlike o ther b acteria, they are capable o f
photosynthesis by using light energy from the sun thanks to
their chlorophyll pigments. They were first named as blue-
green algae by Sachs in 1874. This name was given to them
because o ft heirw ater-soluble phy cocyanin and
phycoerythrin pigments. Another important pigment found
in cyanobacteria is B-carotene, the precursor of vitamin A.
Cyanobacteria are common in lake, pond, river, ocean coast
ando ceans urfaceh abitats. Terrestrial formso f
cyanobacteria can be found both on the surface and at a few
cm depth of humid soils. Due to their high physiology and
complex metabolism, ¢ yanobacteriaar eb iologically
interesting an d eco nomically i mportant o rganisms. There
are nearly 2000 species belonging to 150 genus. Due to the
sequence analyses of 16S rRNA and the similarity of their
cell wall t o g ram n egative b acteria, t hese o rganisms are
considered as a phylum within the bacteria domain. There
are f ive o rders w ithin t he cy anobacteria p hylum. These
order are further divided into sub-categories, first according

to whether they are single-celled or filamentous, and then
according to their cell division morphology [1].

As a word, h erbicide m eans “h erb/weed k iller.”
Chemical substances used as herbicides in agriculture can
spread into the soil, and from the soil into lakes, streams,
rainwater, unde rground w ater, pl ant and a nimal pr oducts,
eventually reaching living organisms in the process. These
highly t oxic s ubstances can h ave d ifferent h alf-lives an d
agricultural uses [2].

Numerous s ystematic s tudies h ave b een co nducted t o
date in Turkey’s waters, and the majority of our country’s
water f lorah asb eend escribed [3,4, 5] . Ina s tudy
conducted b y C adirici, a t hermophilic cy anobacterium i n
Balcova, Izmir, was isolated and molecularly identified [6].
A study assessing the e ffects of 2,4-D on t he growth, the
proteins a nd ¢ hlorophyll-ao f Chlorella vulgaris and
Spirulina platensis was performed in 2008 [7]. In a study
conducted i n T hailand w ith m icrocosm, t he eco logical
effects o f the L inuron h erbicide w ere i nvestigated [ 8]. A
study performed in the irrigation channels across the Greek,
Bulgarian and Turkish borders assessed the risk posed by
traces of 15 pe sticides i ncluding T rifluralin i n a quatic
environments [9]. In another ecosystem study conducted in
the ¢ oasts of F lorida, t he e nvironmental r isks a ssociated
with four tr iazine, t wo t riazinone, t wo ur ea a nd one
pyridazinonep  esticidesw eree  valuated[  10].
Comprehensive s tudies ha ve be en c onducted to date
regarding the widespread use, e ffects and costs of 2,4-D,
Trifluralin and Linuron herbicides in Turkey [11, 12, 13].
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In this study, we planned to use cyanobacteria that can
reproduce i n a quatic e nvironments ( blue-green al gae) t o
breakdown h erbicides { 2,4-Dichlorophenoxyacetic aci d
(2,4-D), Trifluralin and Linuron} as a source o f nitrogen
and c arbon. Thus, by pr oviding op timum c onditions f or
herbicide breakdown, we aimed to contribute economically
to the prevention of pollution.

MATERIALS AND METHODS

Materials

Water samples obtained from the Kurtbogazi Dam, the
Mogan L ake, the E ryaman Lake, t he Uncal1 Stream, the
Kizilirmak R iver an d t he B afa Lake were u sed fort he
isolation of aquatic cyanobacteria.

Isolation and Cultivation Conditions

The retrieved water s amples were r apidly sent to the
laboratory, an d 5m 1o ft hese s amples were s eparately
pipetted into 2 50 m1 E rlenmeyer flasks with B G11 broth
[14]. A M initron br and s haking i ncubator pr oviding a
temperature of 25° Cand 12 hour 1ight/12 h our da rk
conditions w as us ed. Isolation was pe rformed unde r a n
inverted m icroscope w itht he a id of Pasteur pipettes
specially t hinned by he at, and the c ulture c ollection w as
prepared. The isolates were kept in a 4 °C refrigerator. The
identification of the cultures w as pe rformed according to
morphological ch aracteristics [ 1]. The ex periments were
performed at the laboratory of the Gazi University Faculty
of Science (Table 1).

Table 1. The Cyanobacteria Isolates, and their sources of
isolation

CODE

NUMBER* SOURCE

17  Microcystis sp.  Bafa Lake, Aydin

31  Microcystissp.  Eryaman Lake, Ankara
80  Microcystissp.  Bafa Lake, Aydin

44  Microcystissp.  Bafa Lake, Aydin

6 Synechocystis sp. Kizilirmak River, Kirikkale
63 Synechocystis sp. Uncali Stream, Antalya
8 Chrococcus sp.  Kurtbogazi Dam, Ankara
4 Chrococcus sp.  Mogan Lake, Ankara

27  Chrococcussp.  Kurtbogazi Dam, Ankara
58  Chrococcussp.  Uncali Stream, Antalya

41  Synechococcus sp. Uncali Stream, Antalya

24 Synechococcus sp. Uncali Stream, Antalya

Turkey. The h erbicides were dissolved i n acet one an d
prepared for the experiment.

Chlorophyll-a Measurement

In this study, 12 cyanobacteria isolated from di fferent
aquatic environments were adjusted to 0.5 McFarland and
pipetted into BG11 broth [ 14]. The 2,4-D, Trifluralin ve
Linuron herbicides were then pipetted into the BG11 broth
at cer tain co ncentrations ( for2 ,4-Da nd T rifluralin:
between 5 0-200 mg/l, for Linuron: be tween 0. 05-1 m g/1).
The trials were performed for 15 days in a Minitron brand
incubator (Figure 2). Chlorophyll-a values w ere measured
spectrophotometrically b y us ing s amples t hat w ere t aken
every 3 days [ 15]. The trial for each cy anobacteria w as
performed for 15 days in two parallels. From the samples
that were taken every 3 days, readings were performed with
a spectrophotometer a tt he 630 ,6 47a nd 664 nm
wavelengths and recorded.

*=@Gazi University Faculty of Science, Culture Collection,
TURKEY

Source of Herbicide
All three h erbicides w ere p urchased as a co mmercial
pure p owder f rom a f actoryinthe A fyon pr ovince of

©

Figure 2. Pictures taken with a HP M525 6x digital camera
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Percent Inhibition

Percenti nhibition w asc alculated w ith A bbott’s
formula a ccording t o t he ¢ hlorophyll-a v alues [ 16]. The
percent inhibition rates were separated for use in the probit
analysis [17].

_ (Control — Bacteria Chlorophyll — a)

PI
(Controlx100)

Growth Rate

The growth rate was calculated with Abbott’s formula
according t o t he ¢ hlorophyll-a v alues [ 16]. For aq uatic
cyanobacteria, t he data forthe day 15 growthrates at a
concentration of 100-200 mg/1 2,4-D and Trifluralin and at
a concentration of 0.1-1 mg/l Linuron were compared with
one another.

__ IniControl) - In (Bacteria Chlorophyll—a Value)

Growth Rate
Diay

Probit Analysis

Itis a method th at e stimates b iological a ctivities b y
regression analysis. For the SPSS program to function, data
mustb e p rovided as t estp arameters suchas p ercent
inhibition, opt ical de nsity a nd fluorescence [ 17]. Int his
study,t hec hlorophyll-am easurementsf ort he
cyanobacteria were ¢ alculated, an dt her esults were
converted i nto pe rcenti nhibitionr ates with A bbott’s
formula [ 16]. Probit analysis was performed by using the
percent i nhibition r esults obtained o n day 15 of t he
experiment. The | ethal co ncentration v alues ( LC;y and
LCsg) o ft het hree he rbicides fort he 12a quatic
cyanobacteria w ere ¢ alculated. Resistant s trains w ere
compared with one another by using column charts, and the
strain with the highest resistance was identified.
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RESULTS AND DISCUSSION

LC;y Assessment

For the herbicide 2,4-D, the LC |, value at day 15 was
between 43. 8 mg/latthelowestand 1 66,8 mg/latthe
highest (Chroococcus sp. number 4 a nd Synechocystis sp.
number 8).

For the herbicide Trifluralin, the LC;, value at day 15
was between 3.32 mg/l at the lowestand 181 mg/l at the
highest ( Chroococcus sp. number 4 a nd Chrococcus sp.
number 8).

For the herbicide Linuron, the LC,, value at day 15 was
between 0.0001 mg/l at the lowest and 0.044 mg/l atthe
highest ( Synechococcus sp. number 41 a nd Chroococcus
Sp. number 4).

According to the L Cy, values, the ¢ yanobacteria with
numbers 6 (from the Kizilirmak River), 41 (from the Uncali
Stream) and 4 ( from the M ogan L ake) ha ve t he hi ghest
resistancet ot heh erbicide concentrationsi nt heir
environments.

LCsy Assessment

For the herbicide 2,4-D, the LC5, value at day 15 was
between 81.3mg/latthelowestand 747.8 mg/latthe
highest (Chroococcus sp. with number 4 and Synechocystis
sp. with number 6).

For the Trifluralin herbicide, the L Csy value at day 15
was between 139.5 mg/l at the lowest and 882 mg/l at the
highest (Chroococcus sp. number 27 and Synechocystis sp.
number 6).

For the herbicide Linuron, the LCs, value at day 15 was
between 0. 0022 mg/latthe lowestand 0. 71 mg/latthe
highest ( Synechococcus sp. number 24 and Synechocystis
Sp. number 6).

Accordingt ot he L Cs, values, t he ¢ yanobacterium
number 6 ( fromt he Kizilirmak River) had the highest
resistancet ot heh erbicide concentrationsi nt heir
environments.

*LC
10
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180 + + 0,045
> 160 - 0,04
2 140 + 0,035
5 120 + 0,03
2 z
E 100 + 0,025 3
E o8 f 002 5
€ 60 + 0,015 £
3 40 -+ 0,01
~ 20 - 0,005
gl B | [ 0
8| 4 |27|58| 6 |63|17]31]80 a4
2,4-D| 151 |43,8| 105 |69,6| 167 |88,9|57,2|75,1| 138 | 74,7/91,7| 71,7
mmmm TRF | 181 |3,32(5,96|22,8| 100 | 115 | 30 | 109 |3,22|81,5|44,9] 165
—#—LiN |0,01/0,04/0,03/0,03| 0 | 0 [0,02/002] 0 | 0| 0| 0
CYANOBACTERIA

*Pearson’s Chi Square Goodness-of-Fit in SPSS program with the calculated. (Significance level is 5%)

Figure 3. Probit Analysis Results for the LCyo Values of the Herbicides 2,4-D, Trifluralin and Linuron
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Figure 4. Probit A nalysisR esultsf ort he LCs

Ina t en days tudyc onductedu nderl ight,t he
cyanobacteria Microcystis aeruginosa was able to survive at
a2,4-D dose of 1000 to 1500 ppm [18]. LCsy values were
determined in a study that in vestigated the toxic e ffects of
the herbicide 2,4-D on the two phytoplankton species known
as Phaeodactylum tricornutum and Dunaliella tertiolecta.
Accordingt ot hiss tudy,t he L Cso of Phaeodactylum
tricornutum against 2 ,4-D was determined as 3 62°9 ppm,
and the L Cs, of Dunaliella tertiolecta against2 ,4-D was
determined a s 185 “11  ppm [ 19]. Ins tudies f rom t he
literature onh erbicided egradation, it iss eent hat
Pseudomonas bacteria br eakdowns T rifluralin a t dos es of
approximately 500 ppm [ 20]. In m any s tudies ¢ onducted
with pure and mixed cultures, it has been reported that 2,4-D
could b e used as acar bon an d en ergy s ource b y cer tain
species b elonging toth e Artrobacter, Pseudomonas,
Xanthobacter ve Alcaligenes genera [21,22,23]. In 1997,
Fairchild et al . h ave co mparatively measured r esistance
values a gainst 1 6 h erbicides w ith t he al gae Selenastrum
capricornutum and the water plant Lemma minor. At the end
ofthe 96 hour e xperiment, t he r esults were e valuated i n
terms o f L Csy. At the be ginning of t he e xperiment, 2. 10°
Selenastrum capricornutum cellsa nd 12 Lemna minor
(duckweed) plant had been placed in the study environment.
Accordingt ot hes tudy results,th e L Cso valuef or
Selenastrum capricornutum at 96 hours was 41.77 pg/L for
2,4-D, and 673 pg/L for trifluralin. For Lemna minor, on the
other hand, the LCs, value at 96 hours was > 100,000 pg/L
for2,4-Dand 17 0 p g/ for t rifluralin [ 24]. Inas tudy
conductedi n 2004 w itht he cyanobacterium Chlorella
vulgaris, 20, 60 and 180 pg/L of the herbicide Linuron was
applied to immobilized cells. While growth was observed in
cyanobacteriaa t 60 p g/L c oncentration, no g rowth w as
observed at the highest dose [25].

In o ur s tudy, t he v ery h igh r esistance v alues ag ainst
herbicides in terms of LCs, for the Synechocystis sp. strain
with code number 6 (isolated from the Kizilirmak River)
were n oteworthy. Yet, t he t olerated v alues for al 1t hree

Valueso ft heH erbicides2 ,4-D, T rifluralin

and L inuron

herbicides v ary b etween 0 .1-1 p pm according to the EPA
[26]. Based on the toxicity classification o fthe WHO, the
herbicides are ranked, starting from the least toxic, as 2,4-D
< T rifluralin < L inuron [27] . Itcan al so bes eent hat
cyanobacteria (strains with code numbers 6, 63, 80, 44, 24,
41), w hich were very s ensitive to the L Cjy values o fthe
herbicide L inuron, h ave g ained r esistancet oi tsL Cs
concentrations (except for strains with code numbers 80 and
24) by means of the bleaching effect [28]. When the LC)y
and LC;s, values were evaluated together, it was seen that the
Microcystis sp. strain number 44 had especially a high level
of resistance t o the 2 ,4-D and T rifluralin he rbicides. This
sample isolated from the Bafa lake can p otentially be used
for the biological treatment of the lake and its surroundings.

Int hec ontinuation oft hiss tudy,t he herbicide
breakdown rate o f the most resistant cy anobacteria will be
determined with aid of chromatographic procedures (HPLC)
The described section includes herbicide use and resistance
studies These studies w ill focus p articularly o n's train
number 6. Following the completion of the experiment, the
propagation o f this ¢ yanobacteria in large scale fermenters
and BG11 stock for use in herbicide-contaminated areas can
be proposed. After taking the necessary p recautions, strain
number 6 can be used for cleaning the environment with the
aid of a spray plane or pump. The economical aspect of the
study, and the fact that it contributes to the protection of the
environment, i s pr omising int erms of bi otechnology.
Studies that can be performed at genetic level may allow for
even better results to be obtained. We believe that this study
will set a good precedent for other future studies.
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