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Abstract

Octopamine is a biogenic amine first identified in octopus. It has been well studied in arthropods
and a few gastropods, serving as a neurotransmitter and hormone. The presence of octopamine has
rarely been reported in bivalves and has not been reported in Crassostrea virginica. We utilized
HPLC to identify and measure octopamine in cerebral ganglia, visceral ganglia, gill, palps, mantle,
heart and hemolymph of C. virginica. Endogenous octopamine levels increased when animals
were treated with tyramine, an octopamine precursor. A preliminary study in our lab found that
octopamine has a cardio-excitatory action on C. virginica heart. In the present study we also used
immunoblotting techniques to identify an octopamine-like receptor (Pan TAAR, trace amine-
associated receptor) in oyster heart. The study confirms the presence of octopamine in the nervous
system, innervated organs and hemolymph of C. virginica and identifies the presence of an
octopamine-like receptor in heart, strengthening the contention that octopamine is important in the
physiology of C. virginicaas it is in other invertebrates.

Introduction

Studies of the nervous system of bivalve molluscs show the biogenic amines serotonin,
norepinephrine and dopamine to be present and serve as neurotransmitters and
neurohormones~8. Many of these studies focus on the physiology of the heart and gill.
Hearts of different bivalve species tend to have different responses to various
neurotransmitters. Bivalve heart tends to be inhibited by acetylcholine and in most species
excited by serotonin®19, Biogenic amines are present and have neurophysiological functions
in Crassostrea virginicall-14. Dopamine and norepinephrine are involved in stress
responses of C. virginica and endogenous dopamine and norepinephrine levels increased in
response to mechanical stress'®16. Temperature or salinity changes also increase dopamine
and norepinephrine levels in bivalvesl’18,

Octopamine is a biogenic amine that was first identified in salivary glands of octopus®. It
has been well studied in gastropods and insects where it serves as a neurotransmitter and
hormone20-24, |t has been less well studied in bivalve molluscs?. In the clam Tapes
watlingi octopamine was found to have an excitatory action on the isolated, spontaneously
beating heart?® and octopamine receptors were identified in the animal’s accessory
ventricle?’. A preliminary study in our lab found that octopamine has a cardio-excitatory
action on C. virginica hearts?8. The present study sought to determine if octopamine and an
octopamine receptor were present in the heart and other tissues of C. virginica.
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Materials and Methods

Adult C. virginica of approximately 80 mm shell length were obtained from Frank M.
Flower and Sons Oyster Farm in Oyster Bay, NY, USA. They were maintained in the lab for
up to two weeks in temperature-regulated aquaria in Instant Ocean artificial sea water
(ASW) at 16 — 18°C, specific gravity of 1.024 £ 0.001, salinity of 31.9 ppt, and pH of 7.8 +
0.2. Each animal was tested for health prior to experimentation by the resistance it offered to
being opened. Animals that fully closed in response to tactile stimulation and required at
least moderate hand pressure to being opened were used for the experiments. Octopamine
hydrochloride, tyramine, and 1-octanesulfonic acid (sodium salt, Sigma Ultra) were obtained
from Sigma-Aldrich (St. Louis, MO, USA. For HPLC analysis. Gemini 5u C18 reverse
phase HPLC columns were obtained from Phenomenex (Torrance, CA). For
immunoblotting analysis, NP-40 lysis buffer, Bradford reagent, Laemmli 2X loading buffer
containing PME, Bio-Rad Mini-Protean TGX gels, Bio-Rad Precision Plus Protein
WesternC Standards, Tris/glycine SDS buffer and Bio-Rad Precision Protein StrepTactin-
HRP conjugate were obtained from Bio-Rad. Western Blot Signal Enhancer was obtained
from Pierce. Pan TAAR (trace amine-associated receptor) 1° antibodies (goat polyclonal,
sc-54398), and polyclonal HRP-conjugated 2° antibodies (chicken anti-goat, sc2953) were
obtained from Santa Cruz Biotechnology. CN/DAB Substrate and all other reagents were
obtained from Fisher Scientific (Pittsburgh, PA, USA).

HPLC Analysis of Tissues

Oyster tissues (cerebral and visceral ganglia, gill, palps, mantle and heart) were excised,
blotted and weighed. Approximately 1 gram of each tissue was homogenized in 2 ml of 0.4
M HCI with a Brinkman Polytron homogenizer with Omni International disposable probe
tips. One ml of hemolymph was drawn from adductor muscle with a syringe and mixed with
1 ml of 0.4 M HCI. The samples were centrifuged (15,000 x g, 20 minutes) and resulting
supernatant vacuum filtered through 0.24 micron filters. Tissue filtrates were analyzed for
endogenous octopamine levels using HPLC with fluorescence detection!2. Samples (20 pl)
were injected into a Beckman System Gold 126/168 HPLC system fitted with a
Phenomenex-Gemini 5u C18 reverse phase, ion pairing column with a guard column. All
reagents were HPLC grade. The acetate/methanol (85:15 v/v) mobile phase (50 mM acetate
buffer, pH 4.7 containing 1.1 mM of 1-octanesulfonic acid and 0.11 mM EDTA) with a flow
rate of 2 ml/min in isocratic mode. A Jasco FP 2020 Plus Spectrofluorometer fitted with a 16
ul flow cell was used for detection of native fluorescence (280 nm excitation, 320 nm
emission). Octopamine levels were quantified by comparing the peak areas of samples to
those of standards and are reported as ng/g wet weight for tissues (gill, palps, heart and
mantle), ng/ml for hemolymph and ng/ganglion for both cerebral and visceral ganglia.
Statistical analysis was determined by a t Test.

Western Blot Analysis for Heart Octopamine Receptor

Three oyster hearts were dissected, rinsed well in ASW, blotted and weighed, and placed in
eppendorf tubes with 2.5 ml of ice cold NP-40 lysis buffer containing protease and
phosphatase inhibitors. Each tube was sonicated on ice for 2-3, 5 sec bursts with a
Brinkman Polytron and then kept on ice for 30 min before being centrifuged (10,000 x g for
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20 min). The resultant lysate supernatants were pooled and aliquots were analyzed for
protein concentration by Bradford assay. The remaining lysate supernatants were adjusted to
a protein concentration of 4-5 mg/mL for SDS PAGE.

Preparation of Samples for Loading into SDS-PAGE Gels

Aliquots of lysate protein were denatured with Laemmli 2X loading buffer containing BME
(1:1 ratio) and allowed to sit for one hour at room temperature. Laemmli-treated samples
(20-40 pg total protein) were wet-loaded into wells of polyacrylamide gels (Bio-Rad Mini-
Protean TGX gels), alongside pre-stained molecular weight markers (Bio-Rad Precision Plus
Protein WesternC Standards). Gels underwent electrophoresis in Tris/glycine SDS buffer for
1 hour at 150 v.

Western Blot Analysis

After electrophoresis, gels were removed from their plate, rinsed in transfer buffer (25 mM
Tris, 190 mM glycine, 20% methanol, pH 8.3), and sandwiched for transfer onto
nitrocellulose membranes. Before immunoblotting was started, pre-stained markers were
visualization to access whether proteins migrated uniformly and evenly during the
electrophoresis process. The wet-transfer was done in a Mini Trans-BlotR electrophoretic
transfer cell (Bio-Rad) under constant current (20 v) for 150 min in the presence of a cooling
module to prevent excess heating. After transfer the membranes were rinsed with ddH,0O,
treated with a Western Blot Signal Enhancer, rinsed 5x with ddH»0, and then blocked with
5% non-fat dry milk in TBS-T for one hour at room temperature. After blocking,
membranes were incubated at 4°C with 1° antibody (Pan TAAR at 1:400 dilution). Pan
TAAR is reactive with octopamine, beta-phenylethylamine, p-tyramine (p-TYR) and
tryptamine receptors, but unresponsive to classical biogenic amines (serotonin, dopamine,
norepinephrine and epinephrine) and histamine receptors. The Pan TAAR 1° antibodies
were diluted in TBS-T and 2% blocker for 24 hours, then the membranes were washed
extensively with TBS-T, followed by incubation at room temperature for 60 min with HRP-
conjugated 2° antibody (1:4000 dilution) in TBS-T and 2% blocker, and Bio-Rad Precision
Protein StrepTactin-HRP conjugate (1:5000 dilution) was used to resolve protein standards.
After incubation the membranes were washed extensively with PBS-T and chromogenic
detection of HRP-conjugated standards and lysate proteins were resolved using CN/DAB
Substrate. After the protein blots were chromogenically developed, the images were
captured with a Carestream GI212 Pro Molecular Imaging System.

Results and Discussion

Reports of octopamine presence in peripheral tissues of bivalves or gastropods are scarce,
beyond the few reports showing it to be present in heart and hemolymph?23:29:30_ | this
study we looked for octopamine using HPLC and found octopamine to be present in
hemolymph and other peripheral tissues of the oyster C. virginica. This HPLC procedure
with fluorescence detection showed an octopamine retention time of 4.1 minutes and was
able to detect octopamine standards at amounts lower than 10 pg. The standard curve was
fairly linear up to about 2 ng (Fig. 1). The identification of octopamine from tissue samples
was confirmed by identical retention time and spectral characteristics compared to
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octopamine standards (Fig. 2a). Co-injecting octopamine standards with gill tissue samples
(Fig. 2b) or hemolymph samples (Fig, 2c) revealed a single octopamine peak with the same
4.1 minute retention time. Octopamine was present in all C. virginia tissues samples tested
(Fig. 3). Tissue amounts were in the 300 ng/g range for gill, palps, heart and mantle, while
hemolymph had about 20 ng/ml. Our results with C. virginica compares well with other
reports of octopamine, which was present in the hearts of the snail, Helix and the clam,
Tapes, at about 4X and 1/4 as much, respectively3%:31, Since tyramine is a direct precursor to
octopamine, in other experiments gills were incubated for 24 hours with 5 mM tyramine to
determine if the treatment would result in an increase in endogenous octopamine levels.
HPLC analysis of tyramine treated gills found an octopamine peak representing more than a
10 fold increase in endogenous octopamine concentration compared to controls (Fig. 4).

Compared to peripheral tissues, there are numerous reports of octopamine in nerves and
ganglia of gastropods?3, and even a few in nerves and ganglia of bivalves?>. Our HPLC
results found that the cerebral and visceral ganglia of C. virginica had approximately 1 ng/
ganglion each (Fig 5). Octopamine amounts in ganglia of snails and nudibranchs, which are
much larger than the ganglia of C. virginica, were reported to be about 10 to 100 times
greater??,

Earlier preliminary experiments in our lab showed octopamine has a physiological effect on
oyster heart, and that could be blocked by the octopamine antagonists phentolamine and
metoclopramide. In view of the fact that the present HPLC results found that oyster heart
contains a significant amount of octopamine (270 ng/g wet weight), we used Western
Blotting to look for the presence of an octopamine-like receptor in heart tissue. Using the
Pan TAAR antibody, which binds to octopamine receptors, our Western Blot revealed a
single strong protein band at approximately 80 kD (Fig. 6) in agreement with Farooqui et
al32 who found an octopamine receptor band from honeybee brain at 78 kD. Octopamine
receptors also have been identified in Tapes clam heart?’.

The study identifies the presence of octopamine as an endogenous biogenic amine in C.
virginica, and shows that C. virginica has the enzymatic pathway to synthesis it from its
precursor tyramine. The study also confirms our previous pharmacological work that
suggested a possible physiological role of octopamine as a cardio-excitatory agent by
identifying the presence of an octopamine-like receptor in C. virginica heart. Based upon
these results we will conduct a full physiological study of the effects of octopamine on
oyster heart as well as a comparative study of octopamine and octopamine receptors in other
bivalves.
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Fig. 1.

Standard curve of octopamine standards analyzed by HPLC HPLC with native fluorescence
detection (280 nm excitation, 320 nm emission). X and Y axis are log scale.
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a. Record of HPLC analysis of octopamine from gill.
c.d. Record of HPLC analysis of octopamine from gill (¢) and hemolymph (d) that was co-
injected with octopamine standard.

In Vivo (Brooklyn). Author manuscript; available in PMC 2015 November 19.

edke



ng/ml £ pam

"y 2
E w ~- - ("] =]

i
NN

m MMM
NRRMNMNNNN

1

wes T 1M jem B;6u

d hemolymph determined by HPLC analysis.

g 7L 7 "/

Fig. 3.
Octopamine levels in peripheral tissues an

yn). Author manuscr

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Pryce et al. Page 11

Octopamine in Gill
Tyramine Loading
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Fig. 4.
Octopamine levels in gill incubated with 5 mM of tyramine for 24 hours. Statistical analysis

was determined by a t-Test. p < 0.05 compared to controls.
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Octopamine

viscarsl gangla carebral ganghia

Octopamine levels in visceral and cerebral ganglia determined by HPLC analysis.
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Fig. 6.

Western Blotting of heart tissue showing a strong protein band at about 80 kD indicating the
presence of an octopamine receptor. Pan TAAR 1° antibodies (goat polyclonal) and HRP-
conjugated 2° antibodies were used. The right lane contains the protein markers.
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