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Alkaline Phosphatase Activity during
Homogenisation of Hepatopancreatic Tissues of
Shrimps using Sodium acetate, KCI solution,
Tris-HCI and Glycine-NaOH buffer.
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Abstract— Hepatopancreatic tissues of shrimps, Penaeus monodon, Penaeus indicus, Metapenaeus monocerus, Solenocera
Choprai and Parapenaeopsis stylifera was homogenized at 3000 rpm/10 min using various buffers such as 0.5M Sodium acetate
buffer, 2M KCI solution, Deionised water, 0.1M Tris-HCI buffer and 0.1M Glycine-NaOH buffer of pH 5.5, 7.0, 7.4, 8.4 and 9.5,
respectively. Alkaline phosphatase activities in each of these tissue homogenates were assayed using p-nitrophenylphosphate either
as a substrate in respective homogenisation buffer or 2-amino 2-methyl 1-propanol buffer, as the liberation of p-nitrophenol/min at 37
°C/L of homogenate. Enzyme activity increased by more than 1.5 folds as the assay buffer changed from respective homogenisation
buffer to AMP-buffer. Lowest activity was observed in 0.5M Sodium acetate and highest activity was observed in 0.1M Tris-HCI buffer.
Increase in pH of the buffer increased the activity of alkaline phosphatase, but Glycine-NaOH buffer even at pH 9.5 did not favour the

activity compared to Tris-HCI buffer.

Index Terms— Alkaline phosphatase, Shrimps, Black tiger shrimp, Indian shrimp, White shrimp, Brown shrimp, tiny shrimp, Buffer,

Homogenisation

1 INTRODUCTION

Activity of alkaline phosphatase is affected by a
numerous complex interdependent factors such as
pH, temperature, enzyme concentration, substrate
concentration, and effector concentration. Type of the
buffer and pH of the buffer is also very important for the
activity of alkaline phosphatase. Non-phosphate-
containing buffer is required for alkaline phosphatase as
phosphate buffer saturates the active site of the alkaline
phosphatase and Pi passively hinders the active sites [1].
A wide variety of substrates have been developed to
assay its activity. Studies by Hethey et al., [2] suggest that
at pH 9, enzymatic conversion of p-nitrophenol
phosphate (pNPP) to nitrophenol and phosphate by
alkaline phosphatase is higher in a Tris-buffered solution
in comparison to Glycine-buffered solution. This
difference in alkaline phosphatase activity is stated due to
the screening of the substrate by glycine. Even though
amino groups are the buffering chains in both Tris buffer
and Glycine buffer, the amino groups of Tris is
predominantly in the NH. form, but the amino group of
glycine is predominantly in NH+, form between pH 8.6 to
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Hence, amine group of Glycine that is positively charged
could thus interact with the phosphate group of pNPP
that is negatively charged, resulting in the formation of
an ionic bond and preventing efficient recognition of
pNPP by alkaline phosphatase. However, the amine
group of Tris that is neutral would not form an ionic
bond with pNPP that in turn allows for efficient
recognition of the substrate. Glycine activates alkaline
phosphatase when present in very low concentrations
(0.1-1 mM), but in the concentrations used in the buffer
system (0.01-0.1M) it has an undoubted inhibitory effect
[3]. Tojyo [4] reported that increasing the molarity of
carbonate buffer or glycine buffer in the assay solution
decreased intestinal alkaline phosphatase activity more
markedly than enzyme activities of other tissues.
Selection of suitable buffer of non inhibitory and suitable
pH range during homogenization of hepatopancreatic
tissues to isolate in optimum activity, and its effect on the
outcome of the alkaline phosphatase assay is very
important both scientifically and commercially. Alkaline
phosphatase is a phosphomonoester hydrolase that is
commonly used as a conjugating enzyme in biological
research. Since, there is a considerable demand for
enzymes with the right combination of properties for
specific application isolation of enzymes with optimum
yield and activity from its source using suitable buffer is
very important. We have made an attempt to study the
effect of the buffer used during the homogenization on
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the alkaline phosphatase activity during the assay of
hepatopancreatic tissue homogenates.

2 MATERIALS AND METHODS

2.1 Chemicals

Buffers used for homogenization of hepatopancreatic
tissues were prepared as per ACS [5]. Assay buffer, 2-
amino 2-methyl 1-propanol (AMP) buffer of pH 10.3 was
prepared by dissolving 78g of AMP in 500mL of
deionised water, and then 200mL of 1M HCI is added,
and subsequently made up to 1000mL in 1 L volumetric
flak using deionised water. While homogenization
mediums such as 0.5M Sodium acetate buffer, 2M KCI
solution, 0.1 M Tris-HCI buffer, and 0.1M Glycine-NaOH
buffer of pH 5.5, 7.0, 84 and 9.5, respectively, are
prepared as follows. 0.5M Sodium acetate buffer was
prepared by dissolving 4.1g of sodium acetate anhydrous
in 1L volumetric using deionised water, and then pH of
the buffer was brought down to 5.5 using 0.05M acetic
acid that was prepared by adding 2.85mL of glacial acetic
acid in volumetric flask and making the volume to 1L
using deionised water. 2M Potassium chloride (KCI)
solution was prepared by dissolving 149.1g of potassium
chloride using deionised water, and pH was adjusted to 7
using 0.1M NaOH solution. 0.1M Tris-HCI buffer of pH
8.4 was prepared by adding 12.111g of the free Tris base
to 900mL of deionised water and then titrated with 1M
HCI solution until the pH 8.4, and the volume was made
up to 1L. Similarly, 0.1M Glycine-NaOH buffer was
prepared by dissolving 7.5g of glycine in 900 mL of
deionised water and the pH was adjust to 9.5 using
concentrated NaOH solution, and finally volume was
made up to 1L. The buffers were added with MgCl. and
of ZnCl:to respective final concentration of 0.1M. All the
buffer preparations were filtered and sterilized at 121 °C
for 20 minutes. All the chemicals and reagents used were
of analytical grade and were obtained from Merck
Limited (Mumbai, India).

2.2 Sample Collection

Marine shrimps caught using trawl nets from the Arabian
Sea were obtained from the fishing boats landed in
‘Bunder area’, Mangalore between July and December
month. The time elapsed between catching and landing
may not exceed over four to six hours. The material was
brought in an insulated container after adequately icing
them in the proportion of 1:1 shrimp to ice, to the
laboratory within two hours. Five different species of
marine shrimps such as Penaeus monodon, Penaeus indicus,
Metapenaeus  monocerus,  Solenocera  choprai  and
Parapenaeopsis  stylifera available along the coastal
Karnataka were identified and used for the present study
[6][71[8]. Hepatopancreatic tissues were packed in plastic
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bags, labeled, frozen at —40 °C, and stored at —20 °C in a
deep freezer until further use.

2.1 Homogenisation

The samples were thawed at room temperature of 28 °C.
The hepatopancreas and attached tissues were selected,
and weighed. The each samples were homogenized in
Potter-Elvehjem  homogenizer (Rotek Instruments,
Kerala,) at 3000rmp/10 min at 4 °C temperature in
different lots using 0.5M Sodium acetate buffer, 2M KCI
solution, deionised water, 0.1 M Tris-HCI buffer or 0.1M
Glycine-NaOH buffer of pH 55, 7.0, 7.4, 8.4 and 9.5,
respectively, at 1:10 tissue to buffer ratio. The crude
homogenate were filtered to remove insoluble and each
filtrate was assayed for protein content and alkaline
phosphatase activity.

2.3 Enzyme Assay

The procedure used for alkaline phosphatase analysis
was basis on that of Bomers and McComb [9]. Substrate
was prepared by dissolving 83.5mg of disodium
paranitrophenyl phosphate (pNPP) in 1.0ml of 1.5mM
magnesium chloride solution and stored at 4 °C. This
solution was colorless and used when the optical density
was at 410nm< 0.800. While, 10.8mMY/L Stock solution of
the paranitrophenol (pNP) was prepared by dissolving
150mg of pNP in about 80 mL of 0.25M NaOH solution
and stored at room temperature of 28 °C in brown colored
bottle. 54 mM/L working solution of the paranitrophenol
(PNP) was prepared freshly by pipetting 0.5mL of pNP
stock solution in 100mL volumetric flask and volume was
made up to the mark using 0.25M NaOH solution. In one
set of experiment, enzyme assay incorporates buffer same
as that of the homogenization buffer and in another set of
enzyme assay buffer incorporate only 2-amino 2-methyl
1-propanol (AMP) buffer regardless of the types of the
buffer used for tissue homogenization. 1.4mL of different
buffers were taken, mixed and incubated at 37 °C for
5min. Then 0.05mL of hepatopancreatic tissue
homogenates was added. To this mixture, 0.1mL of the
substrate was added, mixed and incubated at 37 °C for 15
minutes. Then, 4ml of the 0.25M NaOH was added to
each tube in sequence maintaining timed intervals to
stops the enzyme activity. Then the content in the tubes
were mixed and cooled to room temperature of 28 °C.
Colorless pNPP gets hydrolysed by alkaline phosphatase
at a given buffer pH and incubation temperature of 37 °C
to form yellow colored free pNP, which shows maximum
absorbance at 410 nm in a spectrophotometer that was set
to zero with the blank. In our alkaline phosphatase assay,
0.05ml of tissue homogenate was mixed with reagent and
incubated for 15 minutes and the total volume was made
up to 5.55ml. However, the total volume in the case of
each standard was 5.0ml. Hence, pNP in mM/L or
alkaline phosphatase activity in U/L in the tissue
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homogenate = (Test absorbance x 0.027 x 5.55 x 1000) /
(Standard absorbance x 15 x 5.0 x 0.05). Alkaline
phosphatase activity in U/L is the liberation of 1mM of
pNP per minute at 37 °C incubation temperature per liter
of tissue homogenate in respective buffers. We made no
corrections for the slight variation of molar absorptivity
of pNP with pH and (or) buffer concentration. The crude
tissue homogenates obtained were assayed for Total
protein [10].

3 RESULTS AND DISCUSSIONS

Alkaline phosphatase was isolated from hepatopancreatic
tissues of five different species of marine shrimps such as
Penaeus monodon (Black Tiger shrimp), Penaeus indicus
(Indian white shrimp), Metapenaeus monocerus (Brown
shrimp),  Solenocera  choprai (Red shrimp) and
Parapenaeopsis stylifera (Tiny shrimp) available along
coastal Karnataka. Suitable working buffer and assay
buffer during isolation was selected by homogenizing the
hepatopancreatic tissues of Black Tiger shrimp, Indian
white shrimp, Brown shrimp, Red shrimp and Tiny
shrimp using 0.5M Sodium acetate buffer, 2M KCI
solution, deionised water, 0.1M Tris-HCI buffer and 0.1M
Glycine-NaOH buffer of pH 55, 7.0, 7.4, 8.4 and 9.5,
respectively, at 1:10 sample to buffer ratio. We have
selected a homogenization speed of 3000 rpm for 10
minutes for further purification as maximum quantity of
protein was released by this method. Generally during
cell disruption yield is measured in terms of the total
protein released, rather than the activity of the enzymes
of interest [11]. Alkaline phosphatase assay was
performed either using respective homogenization buffer
or 2-amino 2-methyl 1-propanol (AMP) buffer.
Components and pH of the buffer plays a major role in
the alkaline phosphatase activity. Of the three metal
binding sites in the active site of the alkaline phosphatase,
two zinc ions are shown to play a direct role in catalysis
[12]. However, magnesium ion in the active site of the
alkaline phosphatase has also shown to play a major role
in catalysis [13].

During homogenization of hepatopancreatic
tissues of Black Tiger shrimps, release of protein from the
tissues were ranging from 7700 to 8520mg/L of the tissue
homogenate using respective buffer. When the tissue
homogenates prepared using 0.5M Sodium acetate buffer,
2M KCI solution, deionised water, 0.1M Tris-HCI buffer
or 0.1M Glycine-NaOH buffer, and were assayed using
AMP buffer, alkaline phosphates activity was 59.00+2.16,
92.68+0.94, 96.00+2.31, 122.500+2.89 and 64.00+9.35 U/L,
respectively. However when homogenization and assays
were performed using 0.5M Sodium acetate buffer, 2M
KCI solution, deionised water, 0.1M Tris-HCI buffer and
0.1M Glycine-NaOH buffer, the enzyme activity was
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36.50+3.11, 62.68+0.94, 56.00+2.31, 117.75+2.06 and
44.50+1.73 U/L, respectively (Fig.1). When the alkaline
phosphatase assay buffer changed from respective
homogenization buffer to AMP buffer, catalytic activity
of the alkaline phosphatase increased significantly
(p<0.01) and the increase was around 1.5 folds, except in
the case of homogenate formed using Tris-HCI buffer.
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Fig. 1 Alkaline phosphatase actvity in hepatopancreatic tissue
homogenates of Black Tiger shrimp {Penaeus monodon) using
different buffers.

Even though catalytic activity of alkaline
phosphatase was increased sharply (p<0.01) as the pH of
the buffer used for the homogenization increased, sharp
fall in the enzyme activity was observed in the
homogenate formed using deionised water and the 0.1 M
Glycine-NaOH buffer. Least enzyme activity was
observed in tissue homogenate using 0.5 M Sodium
acetate buffer of pH 5.5, followed by Glycine-NaOH
buffer of pH 9.5, and then the homogenate formed using
deionised water. Even though the pH of the buffer
increased from 8.4 to 9.5, respectively in 0.1 M Glycine-
NaOH buffer and 0.1M Tris-HCI buffer, sharp fall
(p<0.01) in the enzyme activity was registered in 0.1M
Glycine-NaOH buffer, which may be due to the
inhibitory effect of the glycine in the buffer. There is an
insignificant (p>0.01) difference in the activity of the
alkaline phosphatase activity was registered in samples
homogenized using either the 1M Glycine-NaOH buffer
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or 0.5M Sodium acetate buffer. Glycine above 0.01-0.1M
concentration is reported to have unfavourable for
catalytic activity of alkaline phosphatase [3]. On the other
hand at high substrate concentration catalytic activity of
the alkaline phosphatase is fairly constant over the range
of 7.6 to 9.0, and hydrolysis is very slow at pH value
above 9.6 [14].

At the end of homogenization of
hepatopancreatic tissues of Indian white shrimp, total
released protein varied from 8500 to 10800mg/L. During
this period, highest activity for alkaline phosphatase was
observed in tissue homogenate prepared using 0.1M Tris-
HCI buffer and assayed either using AMP buffer or Tri-
HCI buffer (Fig. 2). Alkaline phosphatase isolated from
Rhizopus microsporus reported to have higher intracellular
and extracellular activity in Tris-HCI buffer of pH 8 and 9
[15]. Least alkaline phosphatase activity was observed in
the tissue homogenate prepared using 0.5M Sodium
acetate buffer and 0.1M Glycine-NaOH buffer, and
subsequently assayed using respective buffer. Low
activity for alkaline phosphatase in tissue homogenate in
0.5M Sodium acetate buffer assayed using same buffer
may be due to the reversible loss of activity during
homogenization and assay. We have register 1.4, 1.4, 2.5
and 1.8 fold increases in the activity of alkaline
phosphatase when we have changed the buffers such as
0.5M Sodium acetate buffer, 2M KCI solution, deionised
water, and 0.1M Glycine-NaOH buffer to AMP buffer
during assay. Pigretti and Milstein [16] reported that
alkaline phosphatase isolated from Escherichia coli
undergone reversibly loses its activity below pH 6 and
they further stated that the activity also depends on the
type of the buffer.
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Fig. 2 Alkaline phosphatase actvity in hepatopancreatic tissue
homogenates of Indian white shrimp (Penaeus indicus) using
different buffers.

Total protein released from the hepatopancreatic
tissues of Brown shrimp during the homogenisation
using different buffers varied between 8500 and
12900mg/L. During this period sharp increase (p<0.01) in
the activity was observed when the pH of the buffer
increased, respectively in 0.5M Sodium acetate buffer, 2M
KCI solution, deionised water, 0.1M Tris-HCI buffer,
however, the sharp fall (p<0.01) in enzyme activity was
observed in sample prepared using 0.1M Glycine-NaOH
buffer of pH 9.5. Highest alkaline phosphatase activity
was registered in both tissue homogenates prepared
using 0.1M Tris—HCI buffer, and assayed using 0.1M
Tris—=HCI buffer or AMP buffer. On the other hand in
those samples both homogenised and assayed using
deoionised water and 0.5M Sodium acetate buffer,
enzyme activity was 21.00+1.15 U/L and 22.00+2.31 U/L,
respectively (Fig. 3). Lower activity in the samples
homogenised and assayed using deionised water may be
due to the deficiency of the effectors in the homogenate.
Zinc and magnecium deficiency negatively effects the
activity of the alkaline phosphatase [17], and ionic
strength is necessary for enzyme activity [18].
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Fig. 3 Alkaline phosphatase actvity in hepatopancreatic tissue
homogenates of Brown shrimp (Metapenaeus monacerus) using
different buffers.

Protein content in the hepatopancreatic tissue
homogenates of Red shrimp were between 7700 to 8950
mg/L. During this period, tissue homogenate in 0.1M
Tris—HCI buffer registered highest activity of 142.50+4.04
U/L and 138.00£2.00 U/L, respectively in tissue
homogenates assayed by AMP buffer and 0.1M Tris—-HCI
buffer (Fig. 4). Excluding in the case of the homogenate in
0.1IM Glycine-NaOH buffer and deiodinised water,
catalytic activity increased as the pH of the buffer
increased in those homogenates assayed using respective
homogenization buffer. However, when the assay buffer
changed from respective homogenization buffers such as
0.5M Sodium acetate buffer, 2M KCI solution, deionised
water, or 0.IM Glycine-NaOH buffer to AMP buffer,
catalytic activity increased by around 1.5 folds.

IJSER © 2011
http://www.ijser.org

160 160
140 4 + 140
120 4 + 120
|
= 5
> 100 + 100 ¢
£ 2
2 2
= i
5 80 80 ©
o 0
K >
= g
£ 60 T 60 O
o
40 4 - . + 40
—&— Assay using homogenisation buffer
—/—Assay using AMP buffer
20 T r T r 20
Q £ [ 6 T
§ £ § 3 2
S ° E = P4
0 k-] [= P
£ = Q c
2 Q 2 3
] >
% 3 @
[=]

Homogenisation buffer

Figure 4 Alkaline phosphatase actvity in hepatopancreatic
tissue homogenates of red shrimp (Solenocera choprai) using
different buffers.

Similarly during the homogenisation of
hepatopancreatic tissues of tiny shrimp total protein
released using various buffers varied between 7700 to
8950 mg/L. As illustrated in the Figure 5, activity of
alkaline phosphatse in both tissue homogenate of tiny
shrimp in 0.1M Tris—HCI buffer assayed using 0.1M Tris—
HCI buffer and AMP buffer regiserd highest activity.
When both the homogenization buffer and assay buffers
were 0.5M Sodium acetate buffer, 2M KCI solution,
deionised water, or 0.1M Glycine-NaOH buffer catalytic
activity was significantly reduced. During this period we
have registered increase of catalytic activity by around 1.5
folds when all the respective assay buffers were changed
to AMP buffers. Of the various shrimps assayed for
alkaline phosphatase activity, white shrimp registered
highest activity, and then tiny shrimp, red shrimp, tiger
shrimp and brown shrimp.

In this study, during the homogenization of
hepatopancreatic tissues of Black Tiger shrimp, Indian
white shrimp, Brown shrimp, Tiny shrimp, activity of the
alkaline phosphatase in the homogenate increases as the
pH increases for all the buffers, so the increase in pH
must directly affect the enzyme and/or substrate.
However type of the homogenization media is also very
important as lower activity was register in all the species
in homogenization medium such as 0.5M Sodium acetate
buffer, 2M KCI solution, deionised water, and 0.1M
Glycine-NaOH buffer. Similar to the previous results [19]
[20] alkaline phosphatase activity was found to be greater
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in tissue homogenate prepared and assayed using Tris
buffer than in Glycine buffer. Changing the pH of the
buffer appears to affect the results of the alkaline
phosphatase assay in similar way. The cleavage rate of
pNPP by alkaline phosphatase is higher in Tris than in
Glycine, as Tris effective nucleophile for the phosphate,
after cleavage of pNPP the phosphate remains bound to
the active site of alkaline phosphatase that has to be
removed in order for the enzyme to bind another
molecule of pNPP [21]. This transphosphorylation from
the substrate to Tris would accelerate phosphate’s
cleavage from the enzyme and clear the enzyme’s active
site [2].
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Fig. 5 Alkaline phosph actvity in heg reatic tissue
homogenates of Tiny shrimp {Parapenaecopsis styiifera) using
different buffers.

4 CONCLUSIONS

In conclusion, hepatopancreatic tissues of Black Tiger
shrimp, Indian white shrimp, Brown shrimp and Tiny
shrimp during homogenization showed increasing
activity for alkaline phosphatase for the substrate pNPP
as the pH of the buffer increased. However, alkaline
phosphatase activity was registered at higher level in 0.1
M Tris—HCI buffer compared to the 0.1M Glycine-NaOH
buffer, eventhough pH of the 0.1M Glycine-NaOH buffer
was higher than the 0.1 M Tris -HCI buffer. When assay
buffers of changed from the respective homogenisation
buffers such as 0.5M Sodium acetate buffer, 2M KCI
solution, deionised water, 0.1M Tris-HCI buffer and 0.1M
Glycine-NaOH buffer of pH 55, 7.0, 7.4, 8.4 and 9.5,
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respectively to AMP buffer alkaline phosphatase activity
increased by. However, 0.1 M Tris —-HCI buffer of pH 8.4
is found to be favourable for homogenising.
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