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ABSTRACT
In the present study, we investigated the role
of eyestalk ablation on phenol oxidase activity.
The purification of phenol oxidase enzymes
from eyestalk ablated crabs showed a
statistically significant decrease in enzyme
activity and specific activity compared to
control crabs. Thus, the studies conclude that
eyestalks appear to control phenol oxidase or
ProPO system thus, may have a role in immune
regulation.

INTRODUCTION
In crustacean the X -Organ Sinus Gland Complex (XOSG) is localised in eyestalk
and is the principle neuroendocrine gland. The XOSG synthesize, store and secrete
hormones, which regulate several metabolic processes (Review Fingerman, 1997).
In crustacea eyestalk ablation has been used since, 1970 to improve the aquaculture
production in Penaeusspp (Bary and Lawrance, 1992). In vertebrates, the immune
response is under the control of central nervous system, whereas in invertebrates
it is still uncertain if neuro-endocrine glands have any role in invertebrate’s immune
system (Asusena et al., 2012). In crustacean, one of the important enzyme belonging
to humoral immunity and associated with innate immune system is Phenol oxidase
(Martin, 2009; Martin, 2011; Alvarez and Chung, 2013; Fan et al., 2011). In
invertebrates an invading pathogen is first recognized by the Prophenoloxidase
(ProPO) system. On activation of this system a series of cascade reaction occurs is
which result in pathogen encapsulation by melanin formation. This is an important
melanogenic pathway which involve in immune reaction by hemocytes (Burnett
and Burnett, 2015).
Various workers reported that the eyestalk ablation showed metabolic or
immunologic consequences in crustaceans (Martin et al., 1993; Rosas et al., 1993;
Maggion et al., 2004; Sainz-Hernandez et al., 2008). Despite numerous studies on
the prophenol oxidase (ProPO) activating system (Sritunyalucksana and Soderhall,
2000), there are no studies in literature on phenol oxidase after the eyestalk ablation.
Perazzolo et al. (2002) observed a decrease in total phenoloxidase (PO) activity
seven days after ablation of shrimp, but explained the decrease because of stress,
instead of endocrine control.
Thus, the present study was carried out to ascertain, if bilateral eyestalk ablation
has a significant effect on PO activity of the freshwater crab Barytelphusa cunicularis
(West- Wood).

MATERIALS AND METHODS
In the present study, freshwater crab Barytelphusa cunnicularis (West-Wood) were
procured from river Godavari, Near Kaigaon Toka, Aurangabad. After bringing to
the laboratory the crabs were washed thoroughly to remove slime, dirt etc. and
transferred to 10L trough containing de-chlorinated tap water with aerator. Water
was changed every 2h for 4 times on the first day. Thereafter, water was changed
every alternate day. Only female crabs acclimated for more than four days, were
used for experiment. The crabs were maintained in water containing DO 6.548mg/L; Temperature 25-±1ºC, under normal D: L cycle. Female crabs weighing
about 191.33±0.4g with carapace length of 6.5±0.1cm were only considered for
the present study.
Preparation of Hemocyte lysate supernatant (HLS)
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The HLS was prepared by the method described by Martin (2011), except the cell
homogenate was centrifuged at 15000xg for 20 minutes and the resulting
supernatant was used as a source of phenol oxidase. All experiments were carried
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Table1: The Purification of PO enzyme from Eyestalked Crab
Sample

volume
(ml)

Protein absns
@ 280nm

Total protein
(mg/ml)

Enzyme activity
absns@ 490nm

Enzyme
Activity(U)

Specific
activity(U/mg)

Yield(%)

Purification
(fold)

HLS
ASppt(30-40%)
Dialysis
Gel filtration (F-6)

20
16.8
14
3

0.360
0.369
0.208
0.073

26.0
10.92
5.04
0.039

0.038
0.036
0.029
0.017

6.32×10-3
5.04×10-3
3.37×10-3
4.25×10-4

2.43×10-4,
4.61×10-4
6.69×10-4
108.9×10-4

100
79.74
53.32
6.72

1
1.89
2.75
44.81

Table 2: The Purification of PO enzyme from Eyestalk Ablated Crab
Sample

Volume
(ml)

Protein absns
@ 280nm

Total protein
(mg/ml)

Enzyme activity
absns@ 490nm

Enzyme
Activity(U)

Specific
Yield
activity(U/mg) (%)

Purification
(fold)

HLS
ASppt(30-40%)
Dialysis
Gel filtration ( F-6)

20
16
13
3

0.492
0.380
0.193
0.126

17.8
11.04
4.55
0.066

0.025
0.029
0.026
0.011

4.16×10 -3
3.86×10 -3
2.81×10 -3
2.74×10 -4

2.33×10-4
3.50×10-4
6.17×10-4
41.6×10-4

1
1.5
2.64
17.85

out at 4ºC.

100
92.78
67.54
6.58

Table (with eyestalk) and Table 2 (eyestalk ablated). In
crustaceans, the eyestalk is the seat of X-Organ Sinus Gland
(XOSG), and is the main neuroendocrine centre that regulates
physiological as well as metabolic process (Hopkins, 2012).In
the present study, the PO activity in eyestalk ablated crabs
showed a statistically (p <0.05) significant decrease compared
with the control crabs. This suggests that eyestalk ablation
may result in direct or indirect influence on innate immunity
in crustacean. There are reports that, in M. americanum
females, immunologic variables such as ProPO and PO activity
were not affected by unilateral eyestalk ablation (Asusena et
al., 2012; Perazzolo, 2002; Maggioni et al., 2004). However,
some worker reported that bilateral eyestalk ablation resulted
in alternation in immune response (Maggioni et al., 2004;
Varghese, 2008). Sainz-Hernández (2008) reported a decrease
in PO activity in bilaterally eyestalk ablated shrimp L. vannamei.
Our study with both eyestalk ablation is in confirmation with
report of Sainz-Hernández (2008). Our finding clearly, suggests
that PO activity decreased in eyestalk ablated crab. Thus, we
conclude that, PO enzyme necessary for innate immunity is
regulated by the eyestalk. The regulatory mechanism and how
it influenced immunity in this crab is currently being elucidated
in our laboratory.

Eyestalk ablation
Acclimated crabs were divided into two group’s viz. an
eyestalked (Control with eyestlked) and other group
(Experimental - eyestalk ablated). Eyestalk ablation was carried
out meticulously, such that crabs experienced the minimum
stress. This was done by following the eyestalk ablation
technique as described by Allayayi et al. (2011).
Enzyme Purification
The HLS was subjected to salt fractionation at 30-40%
ammonium sulphate pH 7.5 and temperature 4ºC. The
precipitate was removed by centrifugation and was redissolved in 20mM sodium cacodylate (CAC) buffer; pH
7.5.This re-dissolved solution was subjected to dialysis in a
1L, 20mM CAC buffer for overnight. The dialyzed protein
solution was assayed for PO. The protein solution was
centrifuged at 14000xg for 30 minutes. Only the salt free
solution was passed through a Sephadex (G-75) column
chromatography previously pre- equilibrated with CAC buffer,
pH 7.5. The eluant volume collected was 3ml at the rate of
0.7ml/min.
Enzyme Assay
The PO activity was measured according to method of Ashida
and Dohke, (1988) with modifications as suggested by Fan et
al. (2011). PO activity was estimated as the increment in the
rate of absorbance. An increase of 0.001 per minute was
taken to be 1 unit (U): activityA490 × 10-3/minutes.
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