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ABSTRACT

Algae are also very important ecologically becaussed in production of many economical valuabledpas and
they are beginning of the food chain for other aalsnWhereas, ample of reports are available in photogical
studies on fresh water algae throughout the gloHewever, enzyme research of algal origin is ephainer
Hydrolytic enzymes have great reasonable signifieaowing to their central role in biological proses. In this
study, acid phosphatase enzyme characterized frbaraCsp. fresh water alga isolated province WagRiver
located near Skegaon, district Jalgaon, Maharaslftralia). The acid phosphatase is a monomer propeirified

by ion-exchange and gel filtration to 3.8d with an apparent molecular mass 66 kDa on ¥B&E. The purified
acid phosphatase has an optimum pH of 4.0, andmapti temperature for the hydrolysis of p-Nitro pheny
phosphate at 5 and the km and ) 0.25 mm and 0.012mol min’mg™ respectively at the same conditions. The
activation energy found to be 54.20 KJ/mole and @ale was 2.08 between 40 and 50°C and fairlylstab
temperature up to 37°C. The activity of the enzgnfeanced by EDTA, Tween 20, Triton-X and Guaiandlteeavy
metals F&", Cu*, C&", Mg®", Hg*" and K'. The enzyme strongly inhibited by organic solveBBS, tween 20 and
heavy metals Z. The present article reveals on bio-molecular euaerization of acid phosphatase with kinetic
studies.

Keywords: Acid phosphatase, kinetic studies &ttara sp.

INTRODUCTION

Algae are one of the primitive and most adaptivgaoisms on the earth. Nowadays, the importancelgafea
constantly increases in the whole world for theidustrially and economically important productsfudfill the
demands of increasing population. Due to the higltlgnomically importance of algae very primordiatl ascanty
of work are available on the algal hydrolytic enegnAcid phosphatase is one of them, which has lsetsted
from diverse group of organism from bacteria tohleigvertebrates and higher cryptogams {ljara sp.found in
ponds lakes and river throughout the year at peakgl late summer. In this report, the isolatioartial purification
and characterization of an acid phosphatase freshfwater alg€hara sp.(CS).
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MATERIALS AND METHODS

Materials The chemicals used of analytical grade purchaseah f8igma Aldrich, USA; Himedia laboratories,
Mumbai; Fischer Scientifics, India and Merck Cheatsc India.

Collection and Authentification of Chara sp. from Waghur River: the Chara sp. microalgae collected from the
Waghur river at Sakegaon, brought to the laboratang kept in 2C for further experimentation. Meanwhile, the
collected algae identified by using standard moaplys based on their morphological characters Iggearance,
reproductive organs, habitatc While in certain cases, special help taken frdve expert phycologist Dr.
Shantaram R. Mahajan, Bhusaval.

Extraction of enzyme from Chara sp.The enzyme was extracted froBhara sp.and subjected to intracellular
enzyme, activity. The enzyme was extracted by usnogtar and pestlee, mechanical method. The macerated
algae were mixed with chilled buffer and subjectedcentrifugation at 4°C for 15 min’s and the sugaant
(CSCE)was used as intracellular enzymes.

Protein assayThe protein concentration of soluble protein gu@di by the method of Lowret al. (1951) and
using bovine serum albumin (BSA) as a standardtsatbq2].

Phosphatase assajrhe p-nitrophenyl phosphate was use for measuriid phosphatase quantitatively. In this
assay, amount of released p-nitrophenyl measurd@snhm. The acidic phosphatase reaction mixturéages 1.5
ml 3X sodium acetate incubation buffer (1M, pH 5.02ml 1.5X para-nitrophenyl phosphate in waterdi8m
carbonate was used to stop the reaction after h&tes of incubation at 8. Blank contained the same ingredients
except the enzyme solution. The enzyme activitiesevexpressed in unit per ml (U/ml) or pmole/min/ml

Partial purification of acid phosphatase The CSCE subjected to partial purification by salvprecipitation or
ammonium sulfate precipitation and further dialysifie acid phosphatase fractionated by ammoniurfateul
precipitation (CSAP) [3] and solvent precipitatig6SSP) [4]. Further, both the fractions subjectiedcheck
stability.

Purification of the acid phosphatase

a) Gel filtration Chromatography The CSAP after dialysis with 20mM phosphate buftées sample at pH 7 .0,
loaded on a previously equilibrated sephadex G+él5cglumn [5]. The maximum active fraction abbréethas
CSGF.

b) lon-exchange chromatographyThe purification of the CSGF by DEAE-cellulose aolu done starting by
determination of buffer pH that is suitable for tiee exchange column. The experiment result shothiat the
enzyme was unable to modify the counter ion at@htie 5.0 — 8.0. The enzyme was able to changeotheear ion
above pH 8.0 that was at pH 8.6, so the Tris blfeemm with pH 8.6, used as an initial buffer. Véhihe gradient
of sodium chloride and Tris 50 mm pH 8.6 bufferusimn used for ablation. The protein pattern (A2808jained
from DEAE-cellulose column chromatography and tighést peaks (CAP1) subjected for phosphataseitgcind
the fraction ranges of highest peak are analyzegtlosphatase enzyme.

Characterization of CAP1 The CAP1 characterized for optimum pH, temperateffect of metals, detergents and
solvent on enzyme activity. Molecular weight wasedained by SDS-PAGE.

Effect of temperature on CAPL1 activity The optimal temperature for SOIF action was deteechiby incubating
the assay mixture described above at different ézatpres between’@ and 858C for 15 minute at 50C. The
relationship between Energy of activation (Ea) terdperature, formulated empirically by an integieftearm of the
Arrhenius equation [6].

Effect of pH on CAPL1 activity In order to find the pH profiling of SIGF, sodiuncetate buffer (pH 3.0-5.0),
potassium phosphate buffer (pH 5.0-7.0), Tris-HGffér (pH 7.0-9.0) and glycine-NaOH buffer (pH 94.0-0)
selected. The concentration of all buffers is 50 .nfe assay mixture (1.5ml each buffer, 0.2ml 50 s\Nstrate
and 0.1ml of enzyme solution) was incubated atnoptn temperature for 15 min in different pH valuésabove
buffers and the enzyme activity was determinedgecsophotometric enzyme assay.
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Effect of substrate on CAP1 activityDetermination of CAP1 activity in different subs&raoncentration from 5 to
60 mM p-nitrophenyl phosphate, studied. The kinpticameters like Km and Vmax of enzyme preparatiene
determined using pNPP substrate. The values aegndigied by using the Michaelis-Menten plot and kieaver-
Burk plot [7].

Effect of solvent on CAP1 activity

To determine the effect of various solvents as iptesssactivators or inhibitors on the partially died acid
phosphatase, the enzyme solution were pre-incubaittd100 ul solvent at 37C for 5 min with the compounds
and then the activity was assayed. The substraleda the medium and incubated at standard conditi

Effect of detergents on CAP1 activity

To determine the effect of various detergents asipte activators or inhibitors or the purifieddphosphatase, the
enzyme solution pre-incubated, with 100 pl detetgyébmM) at 37C for 5 min with the compounds and then the
activity determine. The substrate added to the umedind incubated at standard conditions.

Effect of metals on CAP1 activity

To determine the effect of various metals as ptessbtivators or inhibitors or the purified acidgsphatase, the
enzyme solution pre-incubated with 100 pl of 1 mMdtah solution at 37C for 5 min with the compounds and then
analyzed for enzyme activity. The substrate addedd medium and incubated at standard conditions.

Thermal inactivation of CSGF The thermal inactivation of the enzyme was deteedhiat 37 and 8& for a period
of 10 to 120 min. the enzyme incubated in 100 mMNfdsuat optimum pH. Aliquots removed at intervalsda
immediately quantified for enzyme activity.

Molecular weight determination by Polyacrylamide gé&electrophoresis (PAGE)Electrophoresis carried out by
the method ofLaemmli (1970) [8] on (10% w/v) acrylamide gels under denatugatiind non-denaturating
conditions. In denaturating conditions, a samplé&CéP1 incubated for 5 min at 18D with SDS PAGE sample
loading buffer containing 2-mercaptoethanol. Fon-denaturing conditions, samples had been mixedobfdre
running with sample buffer without 2 mercaptoetiaaral SDS. Gels were stained with Coomassie brilldue R
250.The molecular mass standard markers G&1$©S PAGE kit containing 66.0 kDa., 43.0 kDa., 2@0&., and
14.3 kDa were used.

RESULTS

Partial purification of acid phosphatase

a) Precipitation of CSCE by salt precipitation andsolvent precipitation

Fractional precipitation of CSCE with ammonium sulfate The CSCE shows the presence of two iso enzymes
since, 20% ammonium sulfate precipitation showsidigpecific activity than 40%. Although the biggesrtion of

acid phosphatase enzyme precipitated at 80%, siatutead 177.39% higher specific activity compatethe crude
enzyme with 15.62% recovery. For further purifioatB0%, saturated acid phosphatase (CSAP) used.

The result of solvent precipitation indicated tlaat the solvent ratio increases the extracted pratentent and
enzyme activity also increased (table 1) and tkeipitated acid phosphatase (CSSP).

Table 1 Enzyme activity of CSCE with CSSP

CS acid phosphatase
Solvent and enzyme rati EA (U/ml) PCpg/m SA (U/mg,

CSCE 291 1.02 2.85
CSSP1 (1:1) 1.09 0.24 4.54
CSSP2 (1:2 2.5¢ 0.42 6.1¢

EA= Enzyme activity, PC= protein concentration, $&pecific activity

Stability of CSAP and CSSP2The results of comparative stability in betweent gakcipitate and solvent
precipitate presented in Table 2. The loss of emzgctivity occurred during storage of precipitag¢s1°C for a
week. The loss o€hara acid phosphatase activity was highest in the cAsmzyme fraction obtained by acetone
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precipitate (CSAP1) i.e, 100 % while in case df gpaecipitation (CSSP1) only 17.41 % of acid phusase
activity was lost in a week.

Table 2 Stability of CSAP and CSSP2

Technique Acid phosphatase activity (units/min) Hdllife
Initial activity  Activity after a week  Loss of aetty (%)

CSAP ASP (60% 10.4¢ 8.62 17.41

CSSP2 AP (1:2) 8.64 0.97 99.03

The enzyme extracted with ammonium sulfate prediipih showed maximum activity and storage stabiiy
compared with acetone-precipitated fraction of gdidsphatase; hence, the ammonium sulfate preeigifeaction
of enzymes subjected to chromatographic separatioacid phosphatase. It can thus be stated thasdhent
precipitation is suitable for enzyme precipitatifor characterization of enzyme in terms of molecusaeight
determination, but not suitable for studying enzyapplication and enzyme kinetics.

Purification of acid phosphatase

Gel filtration Chromatography The dialyzed and CSAP 16.552mg loaded on sephadb®0Golumn (20 X 1.5
cm). The CSCE high protein content observed intefigictions, 2, 7, 15, 21, 26, 29, 34 and 38. Thagin rich
fractions subjected to phosphatase assay, wher4idg fraction of CS showed acidic phosphataseigcand
abbreviated as CSGF. The results also indicatadhbee might be the presence of more than onepwmdphatase
in CS. Further, CSGF subjected to ion exchangenscatography.

lon-exchange chromatographythe phosphatase activity in the fraction numbers/Sraction of CSCE. The total
enzyme activity of fractioned samples from6-7 isO12units. After ion exchange, the CS acid phosgwnhamed
CAP1.

Purification scheme of CAP1 fromChara sp. The method employed for purification of acid phosgise was salt
precipitation, dialysis, gel filtration and ion désange chromatography. The table 3 shows recovedyfald of
purification of acid phosphatase enzyme. The crexteact of CS contained total 281.93 units of enzyout of
which 121.70 units (12 ml) of the enzyme recovdsgchmmonium sulfate and dialysis. The 81.12 ur8ts() of
enzyme subjected to gel filtration out of which£22units (6 ml) of enzyme obtained. Further 18.fdsu(5 ml) of
enzyme were loaded on the ion exchange columnfouhich only 12.01 units of enzyme recovered wit@73fold
purification and 426% of the recovery. The spedfitivity of CAP1 is 11.53 units/mg.

Table 3 Purification scheme of CSCE

Technigue Total enzyme (U)  Total protein concentrdbn (mg)  Specific activity (U/mg)  Purification folds  Yield (%)

CSCE 281.93 94.50 2.98 1 100
CSAP 121.70 24.82 491 1.64 43.16
CSGF 22.4¢ 3.1z 7.1¢ 2.41 7.9¢€
CAP1 12.01 1.04 11.53 3.87 4.26

Effect of Temperature on CAP1The CAP1 is most active at a temperature betweé@ 3dd 60°C. It retained
more than 77 % activity till 60°C, where in theigity dropped rapidly below 30°C and above 60°C ahdwed
maximum activity at 50°C. Above 50°C, the enzyneévity declined rapidly as the temperature waséased;
only the enzyme was completely inactivated at 80fCS (figure 1). The effect of temperature on &P1
showed that it is stable up to 80°C with tempernptima at 50°C. The activation energy (Ea) fotmée 54.20
KJ mol* and Q10 value was 2.08 between 40 and 50°C (optitemperature) for CSGF.
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Figure 1 Effect of Temperature on CAP1

Effect of pH on CAP1The CAP1 optimum pH observed at 4.0 with enzyméviagt2.75 U/ml, most stability in
the pH range 4.0 — 6.0, and its activity decreagestply above pH 5.0 retaining. The effect of pHtioa CAP1
showed that it is stable in a range of 4.0 -6.®vwibse pH optima of 4.0 (figure 2).
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Figure 2 Effect of pH on CAP1

Effect of substrate on CAP1 activityThe K, value for pNPP obtained, form the acid phosphatédmth algae
was within the same magnitude. When the activitthaf enzyme measured at various concentrationsN&P

substrate, a double-reciprocal plot gave a strdigbt (Figure 3) that allowed the determinationkgf and Vjax
values of 0.25 mM and 0.03&nol min* mg™ for CAP1.

Table 4 Kinetics of CAP1

Calculation method Michaelis-Menten Lineweaver-Burk  Hofstee Eadie
Vimax 0.012 0.0121 0.012 0.0124
Km 0.25 0.238 0.23 0.236
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Michaelis-Menten Plot CAP1 Lineweave-Burk plot for CAP1
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Figure 3 Ky, and Vimax 0f CAP1, M-M plot, L-B plot, Hofstee Plot and Eade Plot

Effect of solvent on CAP1 activityThe CAP1 activated by Acetone, butanol, isoamybladt and inhibited by
Chloroform. The effect of CAP1 activity on testedv@nts are given in figure 4.
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Figure 4 Effect of organic solvents on CAP1

Effect of detergents and chelator on CAPIThe influence of various detergents on the CAP1vities studied
(Figure 5). The SOIF activity inhibited by SDS asttinulated by EDTA, Tween 20, Triton-X and Guaiacol
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Figure 5 Effect of detergents and chelator on CAP1

Effect of metals on CAP1 activityThe purified CAP1, sensitive to ions at variousréeg, depending on ion nature
and isoenzymes. SOIF, activity enhanced bY,F@f*, C&*, Mg®*, Hg?*, K* and inhibited by Z# (figure 6).
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Figure 6 Effect of metal ions on CAP1
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Figure 7 Percentage of thermal inactivation of CAP1
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Thermal inactivation of CAP1 The thermal inactivation studies indicated that CAPmained completely stable
for 120 min at 4 °C (figure 7). However, the SOGEravless stable and lost 21% of their hydrolytitivay after
120 min of incubation, at their temperature optifihe enzymes were fairly stable at temperatureocuf7C.
Above 50°C, their activities declined rapidly as temperature was increased. This conduct appede ¢ommon
for plant acid phosphatase. Although, acid phosgseafrom soybean seeds showed maximum catalytigtacit
60°C. This enzyme lost its complete activity at@&ffter 10 mir{9].

Molecular weight determination by Polyacrylamide gé electrophoresis (PAGE)After SDS-PAGE analysis
under reducing conditions, single bands webserved for acid phosphatase CAP1 (Figure &alnld 5) and
their apparent molecular weight were estimatedbe 66 kDa.

Eo)
e P LY e L-c-:o-:{ .qo!.:.--

Figure 8 SDS-PAGE of CAP1 Lane 3- Marker ProteinsL.ane 2 — CAP1

Table 5 Molecular weight determination of SOIF by S PAGE

Molecular weight (kDa) L1 L2 L3 L4 L5 L6 L7 L8 L9 L 10

Band 1 67.48 66.00 66.00 59.41 5941 67.48 67.48 57.797.297
Band 2 43.00 57.79 59.41 1493 5941
Band 3 29.00 53.10 53.86 15.14
Band 4 14.30 32.36

Note: B= Band, L = Lane number and kDa = Kilo Dalton,n&2- CAP1, Lane 3- Marker Proteins
DISCUSSION

The fresh watelChara sp.strain collected from Waghur River at Sakegaommfr@algaon district, Maharashtra
(India). The isolated enzyme screened for the pasef acid phosphatasehe method employed for purification
of acid phosphatase was salt precipitation, digjyg! filtration and ion exchange chromatogragte purification
technique of acid phosphatase showed that thefgpectivity 11.53 units/mg for CAP1. This valuehgher than
reported foVigna aconitifolia[10], Trichorderma harianunjl1] andVigna mungad4]. Nevertheless, these values
are more depressed than acid phosphatase repotadtie wheat germ [12] and fresh water al§aenedesmus
obliquus[1]. The comparison of biochemical properties siflated acid phosphatase and referred acid phasghat
given in table 6.
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Table 6 Comparison of biochemical properties of idated acid phosphatase and referred acid phosphatas

. MW Vmax . L
Organism hame pH Temperature (kDa) Km (mM) (umol/min/mg) Activators Inhibitors References
+ + + 2+ +
Chara sp. 4.0 50 66 0.25 0.012 Fe”, Cu, C"fK’Jv'g . Hg™* and zn?*
Scenedesmus obliquus 5.C 50 59.41 0.24 0.02( Hg?*, Fe**, C/*, and C* Zn*, Mg®, Hg* and K'. 1
Pseudokirchneriella 5.0 47 - 0.27 0.037 - H 13
subcapitata
Rohu Fish Liver 5.C 4C 5C 0.2¢8 1.1 -- P, F, Va,Moand 1 14
Hypericum perforatum L. 5.0 15 57 0.03 9.3 céu Mo 15
. . . P, Py, F, HG'
Artemisia vulgaris pollen 5.4 -- 73-76 0.16 Tween 20 and Triton X-100 CtPand z7* 16
Cladophora glomerata 4.5 -- - 0.27 0.037 - P, Mo, Zhand | 17
Ochromonas danica 4.8 -- - 0.33 -- EDTA Co, Zf", ngra{ Fe", Ar, and 18
/;?gzerlg(')”us niger  ITCC 49 60 33 and 67 0'387;‘”0' 1.21and 1.35 SDS, Ta and®Cu UV, Hg?*, C&* and F&" 19
Vigna radiataSeeds 5.5 50 29 0.3 1.33 -- P, Va 20
Ar = arsenate, P = phosphates, Py = PyrophosphBtefluoride, Va = vanadate, Mo = molybdate and Tdartarat
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