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Abstract

Histamine, a biogenic amine, is a neurotransmitter in neurons and sensory receptors in
invertebrates. Histamine has rarely been reported in bivalves. We used HPLC with pre-column
derivatization using 2,3-naphthalenedicarboxaldehyde (NDA) as a fluorescent labeling agent to
measure histamine in ganglia, and peripheral tissues of the oyster Crassostrea virginica. We also
used Western Blot technique to look for the presence of a histamine receptor in the mantle rim.
HPLC results found histamine present in ng amounts in both the cerebral and visceral ganglia, as
well as the mantle rim and other peripheral tissues of C. virginica. The study confirms and
quantifies histamine as an endogenous biogenic amine in C. virginica in the nervous system and
innervated organs. Western Blot technique also identified a histamine H2-like receptor present in
sensory tissue of the oyster's mantle rim.

Introduction

Histamine is a biogenic amine found in a wide variety of invertebrates, where it has been
found to be involved in local immune responses as well as regulating physiological function
in the gut. It also functions as a neurotransmitter, especially for sensory systems!. Histamine
has been well studied in arthropods and gastropods, but has been rarely reported to be
present or have a function in bivalves other than the limited reports identifying it in ganglia
and nerve fibers of the Baltic clam, Macoma balthica?3. In the gastropod Aplysia, histamine
neurons are involved in feeding and respiration*12, In insects and other arthropods,
histamine neurons have been shown to be involved in photoreception?3-15,

Bivalves, including the oyster, Crassostrea virginica, contain dopamine, serotonin and other
biogenic amines in their nervous system and peripheral tissues. These biogenic amines serve
as neurotransmitters and neurohormones and are important in the physiological functioning
of the animals6-18, C. virginica has a reciprocal dopaminergic and serotonergic innervation
of the lateral ciliated cells of the gill, originating in the cerebral and visceral ganglia, which
slow down and speed up the beating rates of the cilia, respectivelyl®. This
neurophsyiological system is a useful model with which to study the actions of these and
other biogenic amines. A preliminary physiology study in our lab indicates that histamine
may be involved in a sensory-motor integrative response between the animal's sensory
system in the mantle rim and beating of the gill lateral cell cilia. The pharmacology suggests
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the presence of a histamine H2-like receptor in the mantle rim tissue based on the responses
to histamine receptor agonists and antagonists20.

In the present study we used HPLC to identify and quantify histamine in the nervous system
and innervated organs of C. virginica, and immunoblotting to determine if histamine
receptors are present in the sensory tissue of the mantle rim. Historically, methods to
quantify histamine in tissue samples have had low accuracy and specificity. Recently a new
HPLC analytical method, using pre-column derivatization with 2,3-naphthalene-
dicarboxaldehyde (NDA) followed by fluorescence detection, showed improved accuracy
and detection sensitivity for histamine?1:22, We used this pre-column NDA derivatization
technique in the present study.

Materials and Methods

Adult C. virginica of approximately 80 mm shell length were obtained from Blue Island
Oyster Company, Sayville, NY, and maintained in the lab for up to two weeks in
temperature regulated aquaria containing Instant Ocean® artificial sea water (ASW) at
16-18° C, specific gravity of 1.024 + 0.001, 31.9 ppt salinity and pH of 7.8 £ 0.2. Animals
that fully closed in response to tactile stimulation and required at least moderate hand
pressure to being opened were used in each experiment.

NDA and histamine were obtained from Sigma-Aldrich (St. Louis, MO). Gemini 54 C18
reverse phase HPLC columns were obtained from Phenomenex (Torrance, CA). NP-40 lysis
buffer, Bradford reagent, Laemmli 2x loading buffer with p-mercaptoethenol (BME), Bio-
Rad Mini-Protean TGX gels (10%), Bio-Rad Precision Plus Protein WesternC Standards,
Tris/glycine SDS buffer and Bio-Rad Precision Protein StrepTactin-HRP conjugate were
obtained from Bio-Rad.

Goat polyclonal anti-histamine H2 receptor 1° antibody (sc19773) and chicken anti-goat
IgG-HRP 2° antibody (sc2953) were obtained from Santa Cruz Biotechnology. CN/DAB
Substrate, Pierce Western Blot Signal Enhancer and all other reagents were obtained from
Fisher Scientific.

Sample Preparation for HPLC Analysis

Right shells of animals were removed and mantle rim, mantle, heart, palps, posterior
adductor muscle and gill were dissected, blotted dry, weighed. Approximately 1 g of each
tissue was placed in eppendorf tubes containing 2 ml of 0.4M hydrochloric acid on ice.
Cerebral ganglia and visceral ganglia were removed and pooled from 6 and 8 animals,
respectively, and placed in eppendorf tubes containing 1 ml of hydrochloric acid on ice.
Ganglia and tissues samples then were homogenized on ice with a Brinkman Polytron and
centrifuged at 2,000 x g for 20 minutes at 3° C. The supernatants were re-centrifuge at
15,000 x g for 20 minutes. The resulting supernatants were vacuum filtered through 0.24
micron Millipore filters and the filtrates kept on ice for the derivatization reaction.

In Vivo (Brooklyn). Author manuscript; available in PMC 2015 June 25.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Harrison et al. Page 3

NDA Derivatization Reaction

Histamine standards and tissue fltrates were adjusted to pH 9.5 with NaOH. Aliquots (0.6
ml) of each standard or filtrate were derivatized at room temperature by adding in sequence:
0.2 ml borate buffer (20 mM, 10% v/v acetonitrile, pH 9.5), 0.2 ml potassium cyanide (20
mM) and 0.4 ml NDA (0.3 mM in methanol). After exactly 15 minutes of derivatization an
aliquot of each derivitized sample was injected into the HPLC for separation and analysis.

HPLC Analysis and Sample Detection

Aliquots (20 pl) of derivatized samples were injected into a Beckman System Gold HPLC
fitted with a Phenomenex-Gemini 5u C18 reverse phase column and a guard column. The
isocratic mobile phase (40/60 v/v acetonitrile /phosphate buffer, 50 mM, pH 6.8) had a flow
rate of 2 ml/min. To detect and quantify derivatized histamine, the effluent from the HPLC
column flowed through a Jasco FP 2020 Plus Spectrofluorometer fitted with a 16 pl flow
cell set for 450 nm excitation and 484 nm emission. A histamine standard curve was
generated and used to quantify histamine levels in the samples. Results are reported as ng/g
wet weight for peripheral tissues and ng/ganglion for cerebral and visceral ganglia.

Fluorescence intensity of samples produce by NDA derivatization was time dependent. This
method was very sensitive at quantifying histamine, but samples had to be derivatized one at
a time to ensure that the reaction time was the same for each sample prior to HPLC
injection. We found 15 minutes of derivatization was optimal and provided consistent results
for both standards and tissue samples. If samples were allowed to derivatize longer than 30
minute before injection there was a marked decrease in fluorescence intensity.

Sample Preparation for Western Blot

Preparation of Tissue Lysate—Mantle rim tissue was dissected, rinsed well in ASW,
blotted, cut into %2 inch segments and weighed. Each segment was placed into an Eppendorf
tube with 2.5 mL of ice cold NP-40 lysis buffer (containing protease and phosphatase
inhibitors), and sonicated on ice for 2-3, 5 sec bursts with a Brinkman Polytron. Sonicated
samples were kept for 30 min on ice, then centrifuged at 10,000 x g for 20 min and pellets
discarded. The lysate supernatants were pooled and aliquots were analyzed for protein
concentration by Bradford assay. Aliquots of the remaining lysate were adjusted to a protein
concentration of 4-5 mg/mL and stored at -80° C.

Preparation of Samples for Loading onto SDS-PAGE Gels—Lysate proteins were
denatured by mixing aliquots in a 1:1 ratio with Laemmli 2x loading buffer containing BME
and allowing the mixture to sit for one hour at room temperature. Laemmli-treated samples
(20-40 ug total protein) were wet -loaded into wells of polyacrylamide gels (Bio-Rad Mini-
Protean TGX gels, 10%), alongside pre-stained molecular weight markers (Bio-Rad
Precision Plus Protein WesternC Standards), then electrophoresed in Tris/glycine SDS
buffer (25 mM Tris, 190 mM glycine, 20% methanol, 0.1% SDS, pH 8.3), for approximately
1 hour at 150 v.
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Western Blotting

Results
HPLC

Gels were removed from their plate, and before immunoblotting was started, the pre-stained
WesternC standards were visualization to ensure that proteins migrated uniformly and
evenly during electrophoresis. Gels were rinsed in transfer buffer (25 mM Tris, 190 mM
glycine, 20% methanol, pH 8.3), and sandwiched onto nitrocellulose membranes. Wet-
transfer was done in a Mini Trans-BlotR electrophoretic cell (Bio-Rad) under constant
current at 20 v for 150 min in the presence of a cooling module to prevent excess heating.
After transfer, membranes were rinsed with ddH20, treated with a Western Blot Signal
Enhancer (Pierce), rinsed 5x with ddH,0, and then blocked with 5% non-fat dry milk in
TBS-T (tris buffered saline, 0.1% Tween-20) for 1 hour at room temperature. Membranes
were treated with the 1° antibody (goat polyclonal anti-histamine H2 receptor) at 1:300
dilution (TBS-T and 2% blocker) for 24 hours at 4° C, followed by extensive washing with
TBS-T. Membranes were then exposed to the 2° antibody (chicken anti-goat 1IgG-HRP)
1:7000 dilution for 60 min at room temperature. During this time, Precision Protein
StrepTactin-HRP conjugate (Bio-Rad) was also present (1:5000 dilution) to resolve protein
standards on the nitrocellulose membrane. Membranes were washed extensively with PBS-T
(phosphate buffered saline with Tween), followed by chromogenic detection of HRP-
conjugated standards and histamine H2 receptor protein using CN/DAB Substrate (Fisher
Scientific). After membrane blots were chromogenically developed, images were captured
using a Carestream GI212 Pro Molecular Imaging System.

The HPLC parameters used were able to resolve NDA derivatized histamine in the standards
and tissue samples as a strong peak with a retention time of 6.6 minutes (Fig. 2). The NDA
derivatization reaction produced a fairly linear concentration response for histamine
standards over the range of 1 femtogram to 1 nanogram (Fig. 3). HPLC analysis revealed
histamine in peripheral tissues ranging from about 1.0 - 2.5 ng/g wet weight, with heart
having the highest amounts and gill the least (Fig. 4). Histamine also was detectable in both
cerebral and visceral ganglia with cerebral ganglia containing about 1.5 ng/ganglion and
visceral ganglia about 0.25 ng/ ganglion (Fig. 5). Co-injecting histamine standards and tissue
samples revealed a single derivatized histamine peak. Other amines tested with this NDA-
derivatization procedure, including GABA, glutamine, dopamine, serotonin and histadine,
did not have retention times similar to that of histamine.

Western Blot

Western Blot analysis of C. virginica mantle rim proteins revealed the presence of histamine
H2-like receptors. A protein band of 70 kDa, corresponding to histamine H2 receptors is
shown in Fig. 6.

Discussion

Histamine is an important bioactive compound, serving as a neurotransmitter and
neurohormone in invertebrates, but has rarely been studied in bivalves. Histamine is
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considered to be a universal neurotransmitter of arthropod photoreceptors23. Histamine is a
neurotransmitter of statocyst hair cells and involved in graviception In gastropods, and it has
been suggested that histaminergic involvement in graviception may be a general feature of
many molluscs??.

Preliminary work with C. virginica in our lab showed histamine to be involved in a sensory
response of the mantle rim that effects gill lateral cilia beating rates2°. These findings
prompted us to look for histamine in various tissues and ganglia of C. virginica using a
recently developed HPLC method with NDA pre-column derivatization. In the present study
we found histamine in small amounts in oyster peripheral tissues (ng/g amounts) and ganglia
(ng/ganglion). For comparison, other biogenic amines present in C. virginica such as
serotonin and dopamine are about 100 - 200x higher in peripheral tissues and about 10x
higher in ganglia6.

In this study we also were able to use immunoblotting to demonstrate the presence of a
strong band at 70 kDa correlating with histamine H2 receptors. Our Western Blot results
match well with that of Matsuda et al. who found a 69 kDa band identified as histamine H2
receptor proteins in rat and human tissues?’.

The mantle rim of bivalves is a sensory structure containing various sensory receptors. The
involvement of histamine in sensory systems of invertebrates, particularly gastropods,
coupled with our preliminary physiology research, strongly suggest histamine to be a
sensory neurotransmitter in the mantle rim of C. virginica. Future work will involve a full
pharmacological study of the physiological effects of histamine at the mantle rim, as well as
immunohistochemical studies of histamine and histamine receptor types in mantle and other
innervated tissues of C. virginica.
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P

Fig. 1.
a - oyster with right shell removed showing tissue; b - enlargement showing sensory

tentacles of the mantle rim (arrow), ¢ - enlargement show visceral ganglia (VG), d-
enlargement showing cerebral ganglia (CG) after removal of palps.
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Fig. 2.
a. HPLC trace of 100 fg of histamine standard; b. HPLC trace of 6 (3 pairs) of pooled

cerebral ganglia.
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Standard curve for histamine using HPLC and fluorescence detection with pre-column

derivatization with NDA.
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Histamine Levels in Tissues of
C. virginica

ng/g wet wt £ sem

] I G N ¢
y”ﬁf@g

Fig. 4.
Histamine levels (ng/g £ sem) in adductor muscle, mantle, mantle rim, palps, heart and gill

of the oyster C. virginica detected by HPLC with fluorescence detection. N = 2.
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Fig. 6.
Western Blot of mantle rim showing a protein band of approximately 70 kDa indicating the

presence of an H2 histamine receptor.
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