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ABSTRACT

KEYWORDS

Marine environment contains a large pool of diversified species adapted
to avariety of habitat conditions and enzymes with unique properties for
industrial usage can be recovered as by-product from fish processing
wastes. Shrimp akaline phosphatase (SAP) was isolated and purified to
homogeneity from the hepatopancreatic wastes of brown shrimp
(Parapenaeopsis stylifera). Alkaline phosphatase was extracted from the
tissues by homogenization at 3000 rpm for 10 minutes, followed by cen-
trifugation at 10000 rpm for 30 minutes, precipitation at 55% ammonium
sulphate saturation level, and dialysis for 12 hours against tris buffer.
Further purification was carried out by column chromatography through
silicagel and DEAE-sephadex. Even though 37°C was the optimum tem-
perature for catalytic activity, alkaline phosphatase retained 91% of its
activity after incubation at 65°C for 15 minutes and 75% of'its activity after
incubation at 100°C for 15 minutes. Optimum pH for catalytic activity of
alkaline phosphatasewas 9. Catalytic activity of the shrimp alkaline phos-
phatase was enhanced by Ca?* or Zn?* at lower concentration, inhibited
above 10mM concentration of Ca?* or Zn?*, inhibited by increasing con-
centration of EDTA and K*, activated by Na* and Mg?, and reactivated
the C&* inhibited alkaline phosphatase by Mg?.
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Alkaline phosphatase (EC 3.1.3.1) are non-spe-
cific phosphomonoesterasesthat arefound widely in
speciesranging from bacteriato man. Marineenviron-
ment containsalarge poal of diversified speciesadapted
to avariety of habitat conditionsand exploitations of
the unique propertiesof fish enzymesareonly at the

beginning stage. Enzymeswith uniquepropertiesfor in-
dustrial usage can be recovered as by-product from
fish processing wastes. Alkaine phosphataseisol ated
from arctic shrimpscompletely andirreversibly inacti-
vaesat 65°C for 15 minutes™? and are cold adopted?®.
While akaline phosphatasesisolated from thewarm
water shrimp, Penaeusjaponicusand clam, Meretrix
lusoriaare uniquewith their thermaostability at 65°C for
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30 minutes. Alkaline phosphatase from Penaeus
monodon can be differentiated by itspH optimum at
9.0, whileakaline phosphatasesfrom human placenta,
bovinemilk, and clam studied havetheir optima pH at
10.0. Alkaline phosphatase (SAP) from the hepato-
pancreas of M acrobrachium nipponense (Crustacean:
Palaemonidae) showed increased activity gradudly with
increasing pH valuefrom 7.6 t0 9.8°. Alkaline phos-
phataseswith apH optimum around 9 and 10 are now
widely used to clean the stock, increase water adsorp-
tion, removehair and, get cleanandrelaxed pdlet from
the hide or skin. Alkaline phosphatase from Jawala
shrimps (Acetesindicus) showed the pH optimaof 9.5,
optimal temperature of 40°C, inhibition by 1, 10-
phenanthrolineand EDTA, and reactivation by Zn?and
Mr?* sdtg®, Alkaine phosphatase (SAP) fromthecold
water shrimp, Pandal usboredlisiscompletely inhibited
by EDTA, but the activity can berestored to alarge
degreeby Zn?"1", Green crab (Scyllaserrata) alkaline
phosphatase getsinactivated by Zn?*, acomplex scheme
whereit first reversbly and quickly binds Zn?* and then
undergoesadow reversible courseto inactivation and
slow conformational change’®. Eventhough alkaline
phosphotase wereisolated and characterized from dif-
ferent cold adopted shrimp, not much attempt hasbeen
made to study shrimp alkaline phosphatase from the
warm water zonewherefish processingindustry dis-
card amountsto about quarter of theva ue added sea-
food products. Thereisaconsiderabledemand for en-
zymeswith theright combination of propertiesfor spe-
cific applicationin Industry. Attempt isbeen madeto
isolate and characterize akaline phosphatesfrom the
hepatopancresti c tissues of marineshrimp discard from
Mangdoreregion.

EXPERIMENTAL

Enzyme preparation: Brown shrimp caught using
trawl netsfrom theArabian Seawere obtained from
thefishingboatslandedin ‘Bunder area’, Mangalore
between November and December month. Thetime
lapsed between catching and |anding may not exceed
over four to six hours. A 10 kg portion of thefreshly
caught brown shrimp belongsto sizegroup of 7to 8
cm long; each weighing around 7 to 9 gramswas se-
lected for the present study. Themateria was brought
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inaninsulated container after adequately icingthemin
the proportion of 1.1 shrimptoice, to thelaboratory
within two hours. The head portion was collected,
cleaned, packed in plastic bags, labeled, frozen at -
40°C and stored at -20°C inadeep freezer until further
use. Shrimp head wastes were thawed at room tem-
perature of 28°C. The hepatopancreas and attached
tissueswere sel ected, weighed and homogenized using
the potter-el vehjem homogeni zer (Rotek Instruments,
Kerada,) using 0.1 M-Trisbuffer, pH 8.2 at homogeni-
zation speed of 600, 1200, 1800, 2400, or 3000 revo-
lutions per minutes for 10 minutes. Resulting
homogenateswerefiltered through Hyflo Super-Cd and
stored at 4°C. Filtered crude homogenate obtained
wereassayed for Totd protein and akaine phosphatase
ascited dsawhere. The crude homogenatewith highest
protein were centrifuged at 2000, 4000, 6000, 8,000,
or 10,000 revolutions per minutefor 30 minutesa 4°C
in a cooling centrifuge (REMI Instruments Ltd.
Mumbai). Each supernatant and precipitate collected
was assayed for protein content and alkaline phos-
phatase activity. Extract with highest specific activity
for akaline phospahtase were fractionated with am-
monium sulphateat 25, 35, 45, or 55 % saturation lev-
elsasdescribed by Deutscher!®, followed by diaysis
against 0.1M-Trisbuffer, pH 8.2 a 4°C using cellulose
diaysistubing of 35000 MWCO (Hi MediaLabora
tories Ltd, Mumbai) and assayed for Total protein™®
and akaine phosphatase®¥ at different timeintervas
of 6, 12, 18 and 24 hourswith the change of buffer on
every 2 hours. Further purificationwascarriedout in
silica gel chromatography, followed by DEAE-
Sephadex (GE Hedlthcare, Bangal ore) chromatogra
phy at 28°C. Thebuffer for DEAE-Sephadex chroma:
tography was 0.05M-tris-HCI, pH 7.6, and the en-
zymewas el uted from the DEA E-Sephadex column,
which measured 40cmx2cm of 250ml capacity, by an
increas ng concentration of NaCl.

Electrophoresis

SDS-PAGE was performed by Laemmlit*? gel
method utilizing vertical gel electrophoresis (Bhat-
Biotech, Bangdore) gpparatususingready tomix SDS-
PAGE gdl kit (Bhat-Biotech, Bangalore) as per the
manufacturersingructions. The SDSgd wasrunat 100
voltsfor 1 hour. Purified dkainephosphatase wasiden-
tifiedin gdl lanesthrough visualization coomassieblue
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staining procedure (Bhat-Biotech, Bangal ore).
Assay of alkaline phosphatase

The measurement of alkaline phosphatase activity
was based upon the work of Brandenberger and
Hanson™, The catal ytic effect of the enzymeonthe
initid rateof hydrolys sof p-nitrophenyl phosphatewas
determined by measuring an increasein absorbance at
410nm resulting from the hydrolysis of p-nitro
phenylphosphateto p-nitrophenol usingaUV-Visible
double beam spectrophotometer 2201 (Systronics,
Mumbai). One unit releases one micromole of p-
nitrophenol per minute under the specified conditions.
Alkainephosphatase activity wasexpressed as, umoles
of p-nitrophenol released/min/mL of enzymesolution.

Effect of temperatureon enzymeactivity

Temperature effect upon alkaline phosphatase ac-
tivity wasexamined by establi shing thetemperature of
theenzymeassay solution™, within each, individud test
tubesat 25, 35, 45, 55, 65, 75, 85, 95 and 100°C. As
temperature wasthe only parameter being changedin
thislineof analyss, dl other aspects of the assay were
identical to those already described for the standard
enzyme assay. Reaction temperature was obtained
through use of either awater bath or in cooling BOD
incubator (Rotex, Kerala).

Effect of pH on enzymeactivity

Anaysisof pH effect upon hydrolysisof artificial
substrate by alkaline phosphatase was determi nedi*!
at pH vauesranging from 2.0to 10.0. Measurements
of pH weremade on apH-meter (Systronics, Mumbai).
All other aspectsof thedkaline phosphatase assay were
asdescribed in standard assay conditions.

Effect of inhibitor sor activatorson enzymeactivity

Alkainephosphatase activity!*¥ in the presence of
ethylenediaminetetraaceticacid (EDTA) at 0.1mM,
1.0mM and 10.0mM concentrations was conducted.
Effectsof cationslike CaCl., KCl, ZnCl,and MgCl,
NaCl (Merck, Mumbai) upon alkaline phosphatase
activity wereexamined at 0.1, 1, 10, and 200mM con-
centrations of cations. All other aspectswereidentica
asdescribed for our standard assay conditions.

Chemicals
All the chemical sused were of anaytical gradeand

were obtained from Merck Limited (Mumbai, India).
Satistical analysis

One- and two-way ANOVA was performed using
Statographics 2.1 (STSC Inc., Rock vile, MD). The
differenceinmeanswasanalyzed usngaTurkey HSD
test (p<0.05).

RESULTSAND DISCUSSIONS

Alkaline phosphatase was isolated from the
hepatopancreatic tissues of brown shrimp, Para
peneopsisstylifera, through various purification steps.
Itisinteresting to notethat increasein homogenization
speed increased rel ease of protein (Figure 1). Theab-
senceof rigid cell wall makesthehomogenization of the
hepatopancresti ¢ tissue of shrimp easy. The homogeni-
zation speed of 3000 rpm for 10 minutesresultedin
homogenate with highest specific activity of
17.46+0.025 units/mg of protein for alkaline phos-
phatase. But it isinstructive to note herethat the thaw
drip of frozen shrimp before homogeni zation showed a
specificactivity of 9.79+0.025 units/mg of protein and
contributessignificant (p<0.01) portion of the specific
activity and hence care should betaken so astonot to
excludethese portionson or before homogeni zation.
Usudly duringcdll disruptionyiddismeasuredinterms
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of thetotal protein rel eases, rather than the specific ac-
tivity of theenzymée*3, Wehave sdl ected ahomogeni-
zation speed of 3000 rpm for 10 minutesfor further
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creatic tissue extract of brown shrimp (Parapeneopsis
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purification asmaximum (p<0.01) quantity of protein
released by this method. At a centrifugal speed of
10,000 rpm for 30 minutes at 4°C, quantity of protein
sedimented wasmore. Whilespecific activity of dka-
line phosphatasein the supernatant increased signifi-
cantly (p<0.01) with theincrease of centrifugation speed
from 2000 to 10000 rpm and in the sediment specific
activity decreased proportionately (Figure 2). Centrifu-
gation speed of 10000 revolutions per minutesfor 30
minutesat 4°C wasoptimuminremovingtheimpurities
and proceeded for further purification. Itisinteresting
to note herethat ammonium sulphate at 55% saturation
level extracted maximum (p<0.01) enzymesinto pre-
cipitatewith the specific activity of the precipitate for
akaline phoshatase was 59.71:£0.184 units/mg of pro-
tein, and retained minimum (p<0.01) enzymesinthe
supernatant with specific activity of the supernatant for
akaline phosphatasewas 9.33+0.016 units/mg of pro-
tein (Figure3). Didysisof thebuffer resuspended pel-
letswhich were precipitated at 55% ammonium satu-
ration levels, against 0.01M-tris buffer, pH 8.2 at 4°C
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kalinephosphatasein differ ent fractionsduring chromato-
graphicseperation in silicagel of extract of hepato pan-
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for 24 hoursrecovered sampleswith highest specific
activity for dkaline phosphatase (Figure4). Sincethere
was no significant (p>0.05) differenceinthe specific
activity of akaline phosphatase was observed between
12th and 24th hours of dialysis, dialysisfor 12 hours
was chosen for further purification. Shrimp alkaline
phosphatase was €l uted from silicagel assingle peak
(Figure5). Separation of thispeak on DEAE-Sephadex
was]judged as pure because symmetrical peaksof ac-
tivity and protein were obtained when the purified en-
zymewaschromatographed (Figure 6). Thesharp pesk
of akaline phosphatase €l uted from DEA E-Sephadex
intheinitial fractions. These datawere confirmed by
the behavior of the enzyme during electrophoresison
SDS-PAGE. Chromatographicfractionsconditutingthe
sharp peak were pooled to provide the source of en-
zymeusedinthecharacterization.

Theexperiment was performed wherethe purified
akaline phosphatase was assayed at varioustempera
tures(Figure7). Thetemperatureoptimumwasat 35°C
athough the enzyme showed activity over an unusual
broad range of temperature. The reaction mixture con-
tained 0.1M-tris buffer, pH 8.2 and 1mM p-
nitrophenyle phosphate. Sincethereisasmall amount
of nonenzymatic hydrolys's, especidly a thehigher tem-
peratureacontrol without enzymewasrun a eachtem-
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perature. In our study alkaline phosphatase demon-
strated asavery thermostable enzyme, retaining about
91% of itsactivity after beingincubated at 65°Cfor 15
minutesand 75% of itsactivity after beingincubated at
100°Cfor 15 minuteswhen we compared it to the spe-
cific activity of alkaline phosphatase at 35°C for 15
minutes. A heat stableakdine phosphatewasd soiso-
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lated from Penaeusjaponi cusby Chuang® andthe -
kaline phosphatase from bivave, Meretrix lusoriaas
reported by Chuang and Yang® isuniquewithitsther-
mostability at 65°C for 30 min.

Exposureof dkalinephosphatasetolow pH led to
a progressive loss of enzyme activity at 37°C
(Figure 8). Above pH 8 catalytic activity of alkaline
phosphatase increased dlowly, but asthe pH was|ow-
ered therate of inactivation was markedly (p<0.01)
increased. Wang and others® showed that thealkaine
phosphatase activity of shrimp (Macrobrochium
nipponense) increased gradually with increasing pH
vauefrom 7.6109.8. In our study the optimum pH for
akaline phosphatasewasfoundto be9. ThispH value
is comparable with alkaline phospatase of Penaeus
monodon reported by Chuang and Yang™ inthewhole
homogenate of the hepatopancreas by the same pro-
cedure. It is instructive to note that sharp decline
(p<0.01) the catalytic activity observed at pH 6 and
reached thelowest at pH 3.

Thecataytic activity of alkaline phosphatasewas
measured for different concentrations of CaCl2, KCl,
ZnCl2and MgCl2, NaCl and EDTA (Figure9). Cata-
Iytic activity of the akaline phosphataseincreased as
the concentration of calcium or zinc ions increased
(p<0.01), but further increasein concentration of cal-
cium or zinc ions to 10 and 100mM significantly
(p<0.01) decreased specific activity of theenzyme, but
increasein specific activity was 21% and 7% and de-
creasewas49% and 37% respectively in sampleswith
ca cium and zincionswhen compared to those samples
without metd ions. Calciumincreassestheactivity of the
enzymeat lower concentrations®® and calciumions
inhibit theenzymeactivity at hepatopancreasat higher
concentrations®®. Thisisdueto thekinetic and struc-
turd changesof intestind dkainephosphataseasafunc-
tion of cal cium concentration and enzymatic activity in-
creasesasalinear function, but above 10 mM calcium
concentration enzyme activity decreases as shown by
Brun and otherg™9. Itisinteresting to notethat increase
inconcentration of potassium ionsinthereaction mix-
ture significantly (p<0.01) inhibited alkaline phos-
phatase. It isinstructiveto notethat 63% of akaline
phosphatase wasinhibited in those samplesincubated
with 100mM concentration of potassium ionsfor 15
minutes. Increasein the concentration of the magne-
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siumor sodiumionsincreased (p<0.01) the catalytic
activity of thedkaline phosphataseand highest (p<0.01)
specific activity of alkaline phosphatase was observed
at 100mM concentration of magnesium or sodiumions
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and theincreasein the activity isnearly 77%for the
former and 23% for thelatter. Exogenous magnesium
ionshavebeen shownto activatethe enzymeactivity of
the alkaline phosphatase®. Evenin samplesshrimp
alkaline phosphatasetreated with 100mM concentra-
tion of calciumionsfor 15 minuteswereincubated with
increas ng concentration of magnesumionsand found
that specificactivity of theinhibited kaine phosphatase
increased to nearly oneand half fold. Catalytic activity
of theakaline phosphataseinhibited by calcium can be
restored by magnesiumions®. Zincioninducesadow
conformationa changeof theenzyme, whichlocksthe
enzymein aconformation having anextremely high af-
finity for the Zn?". Enzymeactivity changed at lower
concentrations of substrate, indicating a complex
cooperativity between Zn?* and pNPP ", Both Mg?*
activation and Zn?*inhibition of theenzymearerevers-
ible processes (Figure 10) and magnesiumionmay play
animportant modulatory rolein thecell for protecting
the enzyme by retaining afavorable geometry of the
activesiteneeded for catalysist®.

In our present study increase in concentration of
EDTA significantly (p<0.01) decreased the catalytic
activity of shrimp akaline phosphatase. Almost 92%
decreaseinthe catalytic activity of theakaline phos-
phatase was observed. The enzyme akaline phos-

phatase wasinhibited by EDTA indicatingthat itisa
metaloprotein®. Alkdine phosphatasefrom thehepato-
pancreas of cold water shrimp (Pandalusborealis) as
reported by Olsen and otherd™ completely inhibited by
EDTA, but theactivity wasrestored to alarge degree
by zinc. Competitive complexing mechanismand pro-
cessof inactivation by EDTA composed of therapid
initial formation of an enzyme-EDTA complex and
change in the conformational structure of akaline
phoshatase™.

CONCLUSIONS

Homogeni zation speed of 3000 rpm for 10 min-
utesisideal for the extraction of theenzymeakaline
phosphatasefrom the hepatopancreati c tissue of brown
shrimp, Parapeneopsis stylifera, as optimum protein
extractability wasobtained at thislevel. The centrifuga:
tion speed of 10000 rpm for 30 minutes at 4°C gave
maximum specific activity for dkaline phosphataseand
this speed wasfound to be optimum for separation of
impuritiesfrom thehomogenate. The ammonium sul-
phate saturation of 55% followed by diaysisperiod of
12 hourswasfound to beideal for extracting akaline
phosphatase enzymefrom the crude homogenate of the
hepatopancrestictissueof shrimp. Cacdumandzincions
werefoundtobean activator of thea kaline phosphatase
activity, but at higher than 20mM concentration of cal-
cium or zincionswerefound to decrease the cata ytic
activity. Magnes umand sodiumionsareshown to have
an enhancing effect on the catalytic activity alkaline
phosphatase. Specific activity decreased drastically at
increasing concentration of EDTA and potassumions.
Theenzymeextracted from Brown shrimpisfound to
behest res stant. Theoptimum pH for theakainephos-
phatasewas pH 9.
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