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DETECTION OF PHOSPHATASE ACTIVITY
IN AQUATIC AND TERRESTRIAL
CYANOBACTERIAL STRAINS

ABSTRACT: Cyanobacteria, as highly adaptable microorganisms, are characterized
by an ability to survive in different environmental conditions, in which a significant role
belongs to their enzymes. Phosphatases are enzymes produced by algae in relatively large
quantities in response to a low orthophosphate concentration and their activity is signifi-
cantly correlated with their primary production. The activity of these enzymes was investi-
gated in 11 cyanobacterial strains in order to determine enzyme synthesis depending on
taxonomic and ecological group of cyanobacteria. The study was conducted with 4 terrestrial
cyanobacterial strains, which belong to Nostoc and Anabaena genera, and 7 filamentous wa-
ter cyanobacteria of Nostoc, Oscillatoria, Phormidium and Microcystis genera. The obtained
results showed that the activity of acid and alkaline phosphatases strongly depended on
cyanobacterial strain and the environment from which the strain originated. Higher activity
of alkaline phosphatases, ranging from 3.64 to 85.14 umolpNP/s/dm?*, was recorded in ter-
restrial strains compared to the studied water strains (1.11-5.96 pmolpNP/s/dm?). The activ-
ity of acid phosphatases was higher in most tested water strains (1.67-6.28 pmolpNP/s/dm?)
compared to the activity of alkaline phosphatases (1.11-5.96 umolpNP/s/dm?). Comparing
enzyme activity of nitrogen fixing and non-nitrogen fixing cyanobacteria, it was found that
most nitrogen fixing strains had a higher activity of alkaline phosphatases. The data obtained
in this work indicate that activity of phosphatases is a strain specific property. The results
further suggest that synthesis and activity of phosphatases depended on eco-physiological
characteristics of the examined cyanobacterial strains. This can be of great importance for
the further study of enzymes and mechanisms of their activity as a part of cyanobacterial
survival strategy in environments with extreme conditions.
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INTRODUCTION

Cyanobacteria, the oxygen-evolving photosynthetic prokaryotes originat-
ing about 3.5 billion years ago, occupy a credential position between pro- and
eukaryotes (Atzenhofer et al., 2002). Cyanobacteria successfully colonise al-
most all kinds of terrestrial and aquatic ecosystems, due to their high ecological
adaptability to different environmental conditions (Oren, 2000). They also
play an important role in the global cycling of elements, such as carbon, nitro-
gen and phosphorus (Sanudo-Wilhelmy et al., 2001). Cyanobacteria represent
productive and efficient biological system due to the fact that many cyanobacteria
have ability to perform both photosynthesis and nitrogen fixation together
with their efficient nutrient uptake mechanisms (Parveen and Pandey, 2011).

In the environment with widely fluctuating nutrient availability, cyano-
bacteria synthesize new proteins which contribute to survival of the organ-
isms and become a part of their unique survival strategy. In order to deal with
phosphate deprivation, cyanobacteria have devised a number of different
measures (Pandey, 2006). Since inorganic phosphate is the only form of phos-
phorus that is directly used by cells in most ecosystems, there is a deficiency
of phosphorus (Thingstad et al., 2005). Three main components involved in
phosphorous metabolism in cyanobacteria include: inorganic phosphate (Pi)
uptake, dissolved organic phosphorus (DOP) hydrolysis, and polyphosphate
(polyp) biosynthesis and catabolism (Duncan, 2010). During short periods of
phosphorous starvation, cyanobacteria use accumulated phosphate stored in
the form of polyphosphate reserves for cellular metabolism (Bhaya et al.,
2000). This enables cyanobacteria to propagate 3-4 cell divisions even when
the dissolved phosphate is entirely depleted (Chorus and Mur, 1999). During
long periods of phosphorus starvation, cyanobacteria produce extracellular
phosphatases, extracting phosphate from a wide spectrum of organic com-
pounds and converting it into biologically available inorganic phosphate and
organic moiety (Stihl et al., 2001).

Phosphatases (phosphomonoester hydrolases — PME) represent the group
of phosphohydrolases which play an important role in phosphate release in
aquatic environments (Matavulj and Flint, 1987; Chrost and Suida, 2002).
Phosphatases represent inducible catabolic ectoenzymes and their expression
is generally regulated by the external concentration of inorganic phosphate,
but the internal N:P ratio may also play a role in this process (Hoppe, 2003).
After the early phase of enzyme synthesis, phosphatases accumulate in the
periplasmic space and at the later stage they are released outside the cell (Pandey,
2006). Their activity is modulated by different physicochemical factors like
temperature, light, pH, micro and macronutrients, salinity and heavy metals
(Singh et al., 2000).

Alkaline phosphatases (APA) include a group of inducible isoenzymes
(Luo et al., 2010) which optimally react in pH ranging from 7.6 to 9.6 (Chrost
and Suida, 2002). Their role is to catalyze the hydrolysis of a variety of phos-
phate esters and to liberate inorganic phosphate (Chrost and Suida, 2002). The
active center of enzyme is conserved well, although the protein features of
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alkaline phosphatase are strongly divergent. Regulation of the APA synthesis
is carried out through a repression-derepression mechanism and by competi-
tive inhibition (Chrést and Suida, 2002). Phosphate causes repression of the
enzyme activity in a concentration dependent manner while lower amounts of
phosphate lead to derepression of the PMEase enzyme (Pandey, 2006).

Acid phosphatases represent a group of isoenzymes that optimally react
in pH ranging from 4.0 to 5.5. Regulation of synthesis often takes place with-
out any form of repression with inorganic phosphorus present in the environ-
ment (Chrost and Suida, 2002).

The importance of increased phosphorus loading in the process of eutrophi-
cation of water ecosystems was recognized at the end of the sixties (Matavulj
et al., 1990; Pandey and Tiwari, 2003). The low TN:TP ratio, together with ther-
mal stratification, reduces transparency and increases water temperature and pH,
and frequently enhances the occurrence of cyanobacterial blooms (Mischke,
2003). Since phosphorus is an important factor in the growth of cyanobacteria
and phosphorus concentration greater than 0,1 mg/L is sufficient to cause cyano-
bacterial blooms in aquatic ecosystems (Bartram et al., 1999), it is of great
significance to test phosphatase enzyme activity in cyanobacterial strains.

The aim of the present study was to investigate the changes in PMEase
activity of 11 cyanobacterial strains during the stationary phase of growth.
The other objectives include comparison of PMEase activity in terrestrial and
freshwater cyanobacterial strains as well as determining whether there is a differ-
ence in enzyme activity between nitrogen-fixing and non nitrogen-fixing strains.

MATERIALS AND METHODS

Cyanobacteria and culture conditions

Detection of phosphatase activity was performed in the cultures of 11
different cyanobacterial strains. Seven water cyanobacterial strains were iso-
lated from surface waters in the region of Vojvodina (Simeunovi¢, 2010) and
four strains were isolated from different soil types in Vojvodina (Simeunovic,
2005). All cyanobacterial strains that were examined belong to the Novi Sad
Cyanobacterial Culture Collection-NSCCC. The studied terrestrial strains belong
to the Nostoc and Anabaena genera, whereas the studied aquatic cyanobacterial
strains belong to the Microcystis, Nostoc, Phormidium and Oscillatoria genera.
Strain Microcystis PCC 7806 was purchased from Pasteur Culture Collection
(http://www.pasteur.fr/bio/PCC). The cyanobacterial strains were grown in
the laboratory conditions in liquid synthetic mineral medium BG-11 (Rippka
et al., 1979), with or without nitrogen, depending on the ability of the strains
to fix atmospheric nitrogen. The cultures were incubated photo-autrophically
at 22-24°C under illumination of cool white fluorescent light. Phosphatase
activity was determined on the 21 day of incubation, during the stationary
phase of growth.
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Enzyme assay

Phosphatase activity (PA) in the cyanobacterial cultures was measured
using the spectrophotometric method and enzyme activity was measured as
the rate of hydrolysis of the phosphatase substrate p-nitrophenylphosphate (p-
NPP, Sigma Aldrich), by detecting the released product, p-nitrophenol (Mata-
vulj, 1986). Activities of alkaline and acid phosphatases of tested strains were
determined at pH values of the appropriate sterile buffer (pHS and pH9) as
their potential activities at a temperature of 30°C. Phosphatase activities were
determined by adding 0.3 ml of 5% p-nitrophenylphosphate into 2.4 ml of
sample. After one hour of incubation, the reaction was interrupted directly by
adding 10 M NaOH and the result of enzymatic reaction was a yellow product,
para-nitrophenol (pNP). The intensity of the yellow color was proportional
to the level of phosphatase activity of the sample and therefore the sample
absorbance was measured at 420 nm using a spectrophotometer (Beckman
25). The calculation of enzyme activity was performed according to Matavulj
(1986). Sterile distilled water was used as a control. All enzyme assays were
done in triplicate and the results are expressed as mean values.

RESULTS

In order to determine the possible relationship between phosphatase ac-
tivity and taxonomic and ecological background of the studied cyanobacteria,
comparison of the enzyme activity was made during the stationary phase of
the growth between water and terrestrial strains, as well as between nitrogen-
fixing and non-nitrogen-fixing strains.

90.00 +

80.00 -+

70.00 -

60.00 -+

= Activity of acid

50.00 - phosphatase

40.00 + = Activity of alkaline

3000 ¥ phosphatase

20.00 +
10.00 -

0.00

(umolpNP/s/dm?)

Phosphatase activity

251 C¢2 LC1B 2578

Tested cyanobacterial strains

Fig. 1

34



7.00

6.00

5.00

4.00 B Activity of acid phosphatase

0 Activity of alkaline
phosphatase

3.00

Phosphatase activity
(umolpNP/s/dm’)

2.00

Tested cyanobacterial strains

Fig. 2

When analyzing the phosphatase activity in terrestrial strains, it was ob-
served that the activity of alkaline phosphatase ranged from 3. 64 to 85.14
umoleP/s/dm while the activity of acid phosphatase ranged from 3.66 to 5.48
umolpNP/s/dm?, indicating a higher activity of the enzyme alkaline phosphatase
(Figure 1). The hlghest AP activity was detected only in Anabaena strain LC,B
(85.14 pmolpNP/s/dm’ ) compared to the other terrestrial strains, and the lowest
activity was recorded in Nostoc strain 2S; (3.64 umoleP/s/dm3) Acid phos-
phatase was less actlve in the studied terrestrial strains, ranglng from 3.66 to
5.48 umolpNP/s/dm?>. The exception was the strain 2S, and in case of this strain
an increased activity of acid phosphatase was observed (5.01 umolyNP/s/dm3)
in comparison with the alkaline phosphatase (3.64 pmolpNP/s/dm”).

Unlike terrestrial strains, most of the water strains (86%) were character-
ized by a higher activity of the acid phosphatase in comparison to alkaline
phosphatases (Figure 2). An exception was the strain Phormidium (Pali¢) in
which acid phosphatase showed a lower activity than the alkaline phosphatase
The activity of alkaline phosphatase ranged from 1.11 to 5.96 umoleP/s/dm
while the acid phosphatase activity ranged from 1.67 to 6.28 umoleP/s/dm
Acid phosphatase in the examined strains was almost equally active in strains
Oscillatoria (DTD Becej) and Oscillatoria (Tavankut) with values of 6.18
umolpNP/s/dm® and 6.28 pumolpNP/s/dm’, respectively (which also represent
the highest recorded value of acid phosphatase activity in the examined aquat-
ic strains). The strain with the lowest activity of acid phosphatase was strain
Phormidium (Pali¢) (1.67 pmolpNP/s/dm?).

In case of nitrogen fixing cyanobacteria, the act1V1ty of alkaline phos-
phatase ranged from 3.27 to 85.14 umolpNP/s/dm?, while the range of acid
phosphatase enzyme activity was lower, with values between 3.49 and 5.48
umolpNP/s/dm? (Figure 3). Thus, in most nitrogen-fixing strains (60%) a higher
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activity of alkaline phosphatases was observed. The exceptions were strains
28, and Nostoc (Zobnatica) in which a higher activity of acid phosphatase was
detected. The highest AP activity, reaching the value of 85.14 umolpNP/s/dm?,
was detected in cyanobacterial strain Anabaena LC,B.

The results obtained for non-nitrogen-fixing strains showed dominant
activity of a01d phosphatase, and the values ranged from 1.67 to 6.28
umolpNP/s/dm? (Figure 4). Alkaline phosphatase in these strains showed a
lower activity than the acid phosphatase, with values between 1.11 and 5.98
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pumolpNP/s/dm?. The exception was the strain Phormidium (Pali¢) which was
characterized by increased activity of alkaline phosphatase (3.06 umolpNP/s/
dm?®) compared to acid phosphatase (1.67 pmolpNP/s/dm?).

DISCUSION

Based on the results obtained by examining cyanobacterial strains, it can
be noticed that the phosphatase activity is a strain specific property. The results
suggest that during growth under laboratory conditions each strain reacts dif-
ferently to the environmental conditions; some strains are characterized by the
dominance of alkaline phosphatase, while in the others there was a higher activ-
ity of acid phosphatase. This leads to a conclusion that an organism of a given
genotype is a very much product of its environment (Tempest and Neigssel,
1978). Singh et al. (2007) have collected similar data indicating that the phos-
phatase activity is a species-specific property. The results of Tetu et al. (2009)
indicate that different species and even different strains of the same species are
likely to react quite differently to phosphate deficiency. The physiological man-
ifestation of P stress, nutrient requirements and uptake capacity are complex
and variable among cyanobacterial species and strains (Schreiter et al., 2001).

In this study the enzymatic activity was compared between aquatic and
terrestrial strains, as well as between nitrogen-fixing and non-nitrogen-fixing
strains. It was observed that the phosphatase activity was clearly during the sta-
tionary phase of growth differs between terrestrial and water strains, as well as
between nitrogen-fixing and non-nitrogen-fixing strains. In 3 out of 4 terrestrial
strains alkaline phosphatase had greater activity than acid phosphatases. Unlike
terrestrial strains, 6 of 7 water strains were characterized by high activity of the
enzyme acid phosphatase during the stationary phase of growth. The results in-
dicate that there is a connection between enzymatic activity and the processes of
cell differentiation (sporulation, formation of heterocyst) in cyanobacteria. This
may explain the higher activity of alkaline phosphatase in the majority of nitro-
gen-fixing cyanobacterial strains examined in this study, because during their
life-cycle they form heterocysts and often permanent spores. Pandey et al. (1991)
had similar results and they observed a higher activity of alkaline phosphatase in
a wild type Anabaena dolium during sporulation which suggests that the enzyme
activity is related to sporulation rather than the phosphate starvation. The as-
sumption that the induction of the APase activity during P-stress may be con-
sidered as an early biochemical event preceding sporulation is strengthened by
the observation that excess phosphate inhibits both sporulation and alkaline
phosphatase activity (Pandey, 2006). Banerjee and John (2005) showed that
the phase of rapidly increasing phosphatase activities correlates with the grad-
ual loss of ability to form hormogonia in some examined Rivularia strains.

The results of this study show different activity of acid and alkaline phos-
phatases depending on their origin and eco-physiological characteristics. On the
basis of these results, we may assume that there could be a connection between
enzymatic activity and the taxonomic and ecological groups of cyanobacteria.
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Whitton et al. (1998) indicate that the taxonomic affiliation and origin of cyano-
bacterial strains play an important role in the phosphatase activity in cyanobacte-
ria, and their results suggest that representatives of family Rivulariacae have a
greater activity in comparison with the strains which do not belong to this family.

Enzymatic activity is modulated by macro- and microelements present in
the medium and in the cell (Pandey, 2006). The examined cyanobacterial strains
were grown in mineral medium containing EDTA complex and Mg** and Zn**
ions. Therefore, there is a possibility that the mineral medium could influence
the enzyme activity in some strains. In this study enzymatic activity was meas-
ured during the stationary phase of growth, when concentration of nutrients in
the medium is considerably reduced, which could also affect the activation of
certain types of phosphatase enzymes. Pandey (2006) reported the requirement
for Mg?" in the APase activity in four diazotrophic cyanobacterial strains. There
are several reports of enhanced phosphatase activity in cyanobacterial strains in
response to elevated calcium (Whitton et al., 2005). Relatively low level (1 pM)
of all micronutrients (Mn?, Cu*", Zn®>" and Fe’") enhanced the activitg of
PMEase or kept it stable (Pandey, 2006). Tons such as Na*, K, Fe*" and Zn*" at
moderate concentrations had a stimulating effect on phosphatase activity in
Lyngbya majuscula (Al-Shehri, 2006). Singh et al. (2007) show that salinity
(NaCl) significantly stimulated phosphate uptake which is followed by a greater
P-accumulation in the cells. Therefore, the availability and concentration of cer-
tain nutrients may play an important role in regulation of phosphatase synthesis
in cyanobacteria. Liu et al. (2011) showed that the lower concentrations of
inorganic phosphate led to inhibition of the cell growth rather than cell death.
Pandey (2006) registered a decrease in phosphatase activity during incuba-
tion, which correlates with a gradual increase in internal phosphorus content.
In cyanobacterial cells internal phosphate pool regulates the synthesis of re-
pressible phosphatases (Fitzgerald and Nelson, 1996). Thus, the concentration
of phosphate initially supplied in the medium and the cellular phosphate level
significantly affect the time required for the expression of phosphatase (Ku-
mar et al., 1992). Banerjee (2007) found the presence of significant phos-
phatase activity in cyanobacteria strain Calothrix anomala 182 even when the
concentration of P in the medium was high. Besides this, physical factors like
temperature and light significantly affect the enzymatic activity. In case of
cyanobacteria Anabaena oryzae enzymatic activity was greatly reduced in
cells that were incubated in the dark, compared with cells incubated in light
conditions, which indicates that photo energy is required for the synthesis of
APases (Singh and Tiwari, 2000). From this point of view, further study of the
influence of different factors on enzyme phosphatases in the examined cy-
anobacterial strains would be of great importance.

CONCLUSION

Analysis of phosphatase activity in water and terrestrial cyanobacterial
strains provided the evidence that there is a strong connection between enzy-
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matic activity and the taxonomic and ecological groups of cyanobacteria. Ac-
tivity of alkaline phosphatases was dominant in most of the examined terres-
trial and nitrogen-fixing cyanobacteria during the stationary phase of growth.
On the other hand, acid phosphatases showed a higher activity in the largest
number of water and non nitrogen-fixing cyanobacteria. The results suggest
that synthesis and activity of these enzymes are the specific property of every
cyanobacterial strain. The obtained results are significant for the study of
cyanobacterial metabolism and their responses to environment conditions. In
that respect it is very important to understand how different factors affect
phosphatase activity of cyanobacteria, which requires further investigations.
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JETEKIINJA ®OCPATAZHE AKTUBHOCTU KO BOJEHNX 1
3EMJBUIITHNUX COJEBA LIMJAHOBAKTEPUJA
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[Hajana J. Kosau, 3opuna b. CBupuen
VYuusepsurer y Hobom Cany, [IpuponHo-maremMaTnaku GaxKyaTeT,
JemapTMaH 3a OHOJIOTH]Y U €KOJIOTH]Y,
Tpr Jocuteja O6pamosuha 2, 21000 Hosu Cax, Cpouja

PE3UME: llujaHoOakTepuje ce Kao BPJIo aJanTHOMIHA MUKPOOPTaHU3MH OJJIH-
Kyjy crocoOHomhy MpeXHBIbaBama y Pa3siIuYUTHM HETMOBOJEHUM YCIOBHMA CIIO-
Jballllbe CPeIMHE y YeMy 3HauajHa yJora npuiaja lbuxoBUM eH3uMuMa. docdarase
(bocdomoHoecTEpase) NpeacTaBibajy eH3UME KOje MUKPOOPraHU3MH, yKIbYdyjyhu u
MHKpOAJIre, MPOAYKY]y Y PEIaTHBHO BEIMKUM KOJIMYMHAMA KA0 O/rOBOP HA HHUCKY
KOHLICHTPALM]y Heoprauckor Gpocpopa. AKTHBHOCT JiBe rpyne pocharasa (Kucenux
Y alKaJIHUX) UCIIMTHBaHA je Ko 11 ¢pumamMeHTO3HHX cojeBa LMjaHOOAKTepHja y IIHIbY
onpehuBama CHHTE3¢ U AKTUBHOCTH €H3MMa Y 3aBUCHOCTH OJ] TAKCOHOMCKE M €KO-
JIOLIKe T'pyne nujanobakTepuja. McnuTuBama cy BpuieHa ca 4 a3otoduxcupajyha 3e-
MJBHIITHA COja [TUjaHo0aKTepHja Koju puraajy porosuma Nostoc n Anabaena, kao u
ca 7 BOIGHUX cOjeBa KOju cy peacTaBHUIH ponosa Nostoc, Oscillatoria, Phormidium
u Microcystis. Pe3ynraTu NCIMTHBAbA yKa3alu Cy HA JOMHHAHTHY aKTHBHOCT aJl-
KaJHUX (Qocdaraza kox BehuHe HCIUTHBAHUX 3€MJBHIIHUX COjeBa ]_[I/I_]aHO6aKTepI/I_]a
(75%) mpu yeMy ce aKTHBHOCT KpeTana of 3,64 1o 85,14 umolpNP/s/dm’. Huxa ak-
TUBHOCT ankaiHux ¢ocdaraza (1,11 mo 5 96 umoleP/s/dm3) KOHCTaTOBaHa je KOJ
Behune BozieHnX cojeBa y nopehemy ca semsbunnM cojesuma. Kucene docdarase cy
rnokasasie 3Ha4yajHo Behy akTUBHOCT KOl BehUHE BOJCHHUX COjeBa (86%) [IpU 4eMy Cy
Ce ICTEKTOBaHEe BPEAHOCTH KpeTalie Off 1,67 no 6,28 umoleP/s/dm Pesynratu ncriu-
THBamwa Cy yKa3alld Ha TO Jia je aKTUBHOCT eH3uMa (ocdarasza CBOjCTBO CIELUPUIHO
3a CBaKH II1jaHOOAKTEPUjCKH COj (COj-CTIen(UIHO CBOjCTBO) U /1a 3HAYAJHO 3aBHCH OJI
wuxoBor nopekia. [lopenehn aktTuBHOCT eH3uma pocdarasa uzmehy azoropukcupa-
Jyhux u Heazoropuxcupajyhux cojeBa, KOHCTaTOBaHO je /1a je Beha akTUBHOCT aJIKaTHUX
¢docaraza Ouna kapakTepucTUYHA 32 BehMHY HCIUTUBAHUX a30TO(UKCHpajyhux co-
jesa (60%), noxk je kon Behnue HeazoTopukcaTopa 3adenexeHa JOMUHAIM]ja aKTHBHO-
ctH kucenux pocdarasza (83%). JJobujenu pesynTatu uay y Npuiior TOMe Aa aKTUBHOCT
OBHX CH3HMMa 3HAYajHO 3aBUCH U 0] eKOPHU3UOIOMKNX KaPAKTECPUCTHKA TECTHPAHUX
LHjaHOOAKTepHjCKUX cojeBa. CBaKako O OJ BEJIMKOT 3Hadaja OUIIO CIPOBECTH Jasba
WCIUTHBAKhA aKTHBHOCTH OBHX €H3MMa y 3aBUCHOCTH O] Pa3IMYUTHX (HaKTOpa CIio-
Jballllhe CPpeIHE U MeXaHh3aMa BbUXOBOT JIeI0Bambha Kao JieJla CTpaTeruje MpeKuBIba-
Bama [[MjaHO0AaKTEePHja Y HETIOBOJFHUM YCIIOBHMA CIIOJBAIIELE CPEIIHE.

KJbYUYHE PEYU: kucene docdarase, unjanodaxtepuja, ankanse pocdarase,
€H3UMCKa aKTUBHOCT
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