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Ubiquitous presence of chromogranin A in the inner ear of guinea pig
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Chromogranin A (CGA), which is supposed to be responsible for the calcium storage of secretory vesicles and is also considered to be a marker

protein of neurons and endocrine cells, has been found in a variety of organs and tissues. In the present study, soluble proteins from the organ

of Corti, saccule, crista, utricle, tectorial membrane, stria vascularis, and the spiral ligament from the inner ear of guinea pig were extracted, and

probed with both polyclonal and monoclonal CGA antibodies to determine the presence of CGA. A 75 kDa protein reactve to both antibodies

was found in the organ of Corti, saccule, crista, utricle, stria vascularis, and the spiral ligament, suggesting the widespread presence of CGA in
the inner ear.

Chromogranin A; Chromogranin A antibody; The organ of Corti; Inner ear

1. INTRODUCTION

Chromogranin A is the major soluble protein of adre-
nal medullary chromaffin cells, constituting 40% of the
soluble proteins of secretory vesicles [1]. The secretory
vesicles of chromaffin cells have recently been identified
as a major inositol 1,4,5-trisphosphate-sensitive Ca®*
store [2], and the Ca®* storage function of the vesicles
has been attributed to the Ca** buffering role of CGA
[3.4]. Chromogranin A undergoes Ca®* and pH-depend-
ent conformational changes [5] and binds 32-55 mol of
Ca**/mol of protein with dissociation constants of 24
mM [4]. In addition to the abundance of CGA in adre-
nal medulla, CGA is found in most, if not all, neurons
and endocrine cells throughout the animal kingdom,
ranging from human to Paramecium [1]. Due to its ubiqg-
uitous presence in neurons and endocrine cells [6-9],
CGA is now regarded as a marker protein of neuroen-
docrine cells [10]. Past studies demonstrated the pres-
ence of CGA in a wide variety of organs and tissues
such as brain, anterior pituitary, skin, heart, kidney,
olfactory bulb, thyroid, and the central nervous system
[1,6,11-13]. The widespread presence of CGA in many
tissues across the species and the lack of isotypes in a
given species strongly suggest that CGA is an ancient
protein with potential functions of fundamental impor-
tance,

Correspondence address: S.H. Yoo, Laboratory of Cellular Biology,
Bldg. 36, Room 5D-15, NIDCD, NIH, Bethesda, MD 20892, USA.
Fax: (1) (301) 480 3242.

Abbreviations: CGA, chromogranin A; PBS, phosphate-buffered sa-
line.

Published by Elsevier Science Publishers B.V

In spite of the extensive studies on the existence of
CGA in a number of organs and tissues, the existence
of CGA in the inner ear of any species has not been
studied. Therefore, we examined the possible presence
of CGA in several tissues of the inner ear of guinea pig,
and found the presence of CGA in the organ of Corti,
saccule, crista, utricle, stria vascularis, and the spiral
ligament.

2. MATERIALS AND METHODS

2.1. Animals

A total of 13 young adult male guinea pigs (NCR 2, 200--300 g) were
sacrificed by decapitation under CO, inhalation anesthesia and the
cochleas were removed immediately for dissection under a micro-
scope. Isolation of the organ of Corti, saccule, crista, utricle, tectorial
membrane, stria vascularis, and the spiral ligament was carried out in
ice-cold phosphate-buffered saline (PBS), and was completed within
1 h of the animal’s death. The otoconia from the saccule and utricle
were initially removed by fine tweezer during dissection and then the
additional dislodged otoconia were removed by centrifugation follow-
ing sonication.

2.2. Chromogranin A purification and antibody preparation
Chromogranin A from bovine adrenal medulla was purified as
described previously [5] and was used to immunize rabbit. For anti-
body production, 50 ug of purified CGA in 1 ml of PBS was mixed
with 1 mi of Freund’s complete adjuvant and injected into a rabbit.
Three weeks after the first injection 25 ug of CGA in 0.5 ml of PBS
mixed with 0.5 ml of Freund’s incomplete adjuvant was injected,
followed by a third injection of 25 ug of CGA in 0.5 ml of PBS mixed
with 0.5 ml of Freund’s incomplete adjuvant two weeks thereafter. The
CGA antiserum was collected one week after the third injection and
the CGA antibody was affinity purified using CGA-affinity column
chromatography. The bound CGA antibody was eluted with an acid
buffer (0.2 M glycine-HCI, pH 2.2) and neutralized immediately with
2 M Tris-HCl, pH 8.8. The eluted antibody fractions were concen-
trated by ultrafiltration using Amicon centricon 10 (10,000 MW cut-
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off), and dialyzed overnight against 100 volumes of PBS at 4°C. The
antibody concentration was adjusted to ~0.7 mg/ml and kept in 0.02%
NaN,.

2.3. Protein extraction from the inner ear tissues

For the extraction of soluble proteins, the tissues in PBS were
extensively sonicated in cold room while maintaining the tissues at
4°C. This procedure released soluble proteins from each tissue, which
can be separated from the remaining tissues by centrifugation at
15,000xg for 10 min. After centrifugation, the supernatants containing
the soluble proteins were collected and used as protein samples.

2.4. Immunoblot

The soluble proteins were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and either visualized
by Coomassie blue or silver staining, or electrotransferred to nitrocel-
lulose membrane for immunublot analysis. For immunoblot analysis,
the affinity purified rabbit polyclonal antibody directed against bovine
CGA and the mouse monoclonal CGA antibody directed against
human CGA (Boehringer Mannheim) were used both at 1:1000 dilu-
tion. The CGA antibody binding was detected with a biotinylated
secondary antibody and the streptavidin-biotinylated alkaline phos-
phatase complex system using the amplified alkaline phosphate im-
munoblot assay kit (Bio-Rad) as described by the manufacturer.

2.5. 2-dimensional PAGE

The 1D jsoelectric focusing was carried out using the small tube (1.5
mm x 7.5 cm) gel unit of Hoefer (San Francisco, CA, USA)in the pH
range of 4 to 8, and the 2D PAGE was carried out on a 10% SDS-gel
according to Laemmli [14]. The 2D gel was stained with Coomassie
blue first and followed by silver staining to enhance the detection limit.
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3. RESULTS

To obtain proteins from the various tissues of inner
ear, the soluble proteins from the pooled organ of Corti,
crista, saccule, utricle, tectorial membrane, stria vascu-
laris, and the mixture of the stria vascularis and spiral
ligament were obtained from guinea pigs as described
in section 2. Among these, the crista yielded largest
amount of protein. In order to examine the contents of
the soluble proteins from crista, the proteins were sepa-
rated by SDS-PAGE, along with purified CGA, and
visualized by Coomassie blue staining (Fig. 1A). To
determine the presence of immunoreactivity to the CGA
antibodies, bovine CGA and the crista proteins were
transferred to nitrocellulose membrane and probed with
the polyclonal rabbit antibody raised against purified
bovine CGA (Fig. 1B).

As shown in Fig. 1B, the antibody binding was ob-
served in a ~75 kDa region. In particular, the polyclonal
antibody reacted very strongly with the purified bovine
CGA (Fig. 1B), showing a major reactivity in the ~75
kDa region (intact CGA). The minor reactivity in the
lower molecular weight region appears to be due to the
reactivity of antibody to the proteolyzed CGA although
the fragments were not visible in the Coomassie blue
stained gel. The same antibody also reacted with the
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Fig. 1. SDS-PAGE and immunoblot analysis of chromogranin A antibody binding of the soluble proteins of crista. Purified bovine CGA and the

soluble proteins from the crista of guinea pig inner ear were separated on a 10% SDS-gel according to Laemmli [14] and either stained with

Coomassie blue (A), or subjected to immunoblot analysis using CGA antibody (B). {A) Bovine CGA in the amount of 0.1 ug (1x), 0.25 ug (2.5x),

0.5 ug (5x), and the soluble crista proteins in the amount of 5 ug (1x), 10 ug (2x), and 15 ug (3x) were stained with Coomassie blue. (B) Immunoblot

analyses: bovine CGA in the amount of 0.05 ug (1x), 0.1 ug (2x), and the soluble crista proteins in the amount of 2.5 ug (1x), 5.0 ug (2x) were
blotted, and probed with the polyclonal antibody (B).
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crista proteins with a major reactivity in the ~75 kDa
region. Since the results in Fig. 1B indicated the pres-
ence of CGA in the crista and the immunostaining
method employed was sensitive enough to detect CGA
from very small amounts of protein, 3-4 ug of proteins
from each tissue were separated by SDS-PAGE and
subjected to immunoblot analysis as in Fig. 2.

As shown in Fig. 2A, the polyclonal antibody reacted
with a ~75 kDa protein from the organ of Corti, crista,
stria vascularis, utricle, saccule, and the mixture of the
stria vascularis and spiral ligament, but not with the
tectorial membrane proteins, suggesting the presence of
CGA in all of these tissues except the tectorial mem-
brane. In addition, the same antibody also reacted with
a protein of ~110 kDa in several of these tissues. How-
ever, the identity of the band is not clear at present
although chromogranin B [15], another member of the
chromogranin family, has a size of ~110 kDa on the
SDS-gel and has previously been shown to crossreact
with a chromogranin A antibody [16}. In parallel exper-
iments, an identical protein blot was also im-
munoreacted with the monoclonal antibody. As shown
in Fig. 2B, the antibody reacted with a ~75 kDa protein
from the organ of Corti, crista, stria vascularis, utricle,
saccule, and the mixture of the stria vascularis and spi-
ral ligament, but showed no reactivity with the proteins
from the tectorial membrane. Nevertheless, the CGA
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immunoreactivity demonstrated in all the remaining tis-
sues agreed with the result obtained with the polyclonal
antibody (Fig. 2A).

Since the proteins from the mixture of the stria vascu-
laris and spiral ligament reacted as well as or better than
those from stria vascularis alone with the antibodies, it
appeared that the spiral ligament also contained CGA.
Therefore, in order to determine the presence of CGA
in the spiral ligament, the spiral ligament was further
separated from the stria vascularis, and the soluble pro-
teins were extracted from the spiral ligament for analy-
sis by immunoblot (Fig. 3). As shown in Fig. 3B and C,
the spiral ligament showed a major immunoreactive
band in the ~75 kDa region and a minor reactive band
at ~110 kDa region, indicating the presence of CGA in
the spiral ligament. To further confirm the existence of
CGA in the spiral ligament, the soluble proteins of spi-
ral ligament were separated by 2D PAGE and subjected
to immunoblot analysis using the monoclonal antibody
(Fig. 4). As shown in Fig. 4B, the monoclonal antibody
reacted with a ~75 kDa protein with an isoelectric point
(pD) of 5.0, agreeing with the known pl of CGA [1].

4. DISCUSSION

The present results demonstrate the presence of CGA
in several tissues of the inner ear, i.e. the organ of Corti,
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Fig. 2. Immunoblot analysis of chromogranin A antibody binding of the soluble proteins from the inner ear tissues. The soluble proteins from

the several inner ear tissues of guinea pig were separated on a 10% SDS-gel, blotted, and probed with the polyclonal antibody (A) and the monoclonal

antibody (B) to detect the proteins reactive to the CGA antibodies. The amount of proteins loaded in each lane is 3-4 ug except the tectrorial
membrane (2 ug). S.V. + S.L. stands for the mixture of the stria vascularis and spiral ligament.
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Fig. 3. SDS-PAGE and immunoblot analysis of chromogranin A antibody binding of the soluble proteins of the spiral ligament and stria vascularis.

Purified bovine CGA and the soluble proteins from the siria vascularis and spiral ligament of guinea pig inner ear were separated on a 10% SDS-gel

and either stained with Coomassie blue (A), or subjected to immunoblot analyses using CGA antibodies (B and C). (A) 0.5 g of bovine CGA and

10 ug each of the soluble proteins of the spiral ligment (S.L.) and stria vascularis (S.V.) were stained with Coomassie blue. (B and C) Immunoblot

analyses: 3.6 g each of the spiral ligament and stria vascularis proteins were blotted, and probed with the polyclonal antibody (B) and the
monoclonal antibody (C).

crista, saccule, utricle, stria vascularis, and the spiral ular contents of secretory vesicles, including catechol-
ligament. Chromogranin A has been suggested to play amine, peptides, prohormones, and neurotransmitters
important roles in sorting and packaging the intravesic- [5.23], and in controlling Ca** storage/release of the
IEF —» IEF —
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Fig. 4. Two-dimensional PAGE and immunoblot analysis of the soluble proteins of spiral ligament. The soluble proteins of spiral ligament were
separated by 2D PAGE and subjected to either silver staining (A) or immunoblot analysis using the monoclonal antibody (B). The amounts of
protein applied were 5 ug (A) and 3 ug (B).
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inositol 1,4,5-trisphosphate-sensitive intracellular Ca**
store [2,4]. Considering that CGA is a marker for neu-
rons and endocrine cells and CGA is primarily found
in the dense-core vesicles of these cells [10], the presence
of CGA in several tissues of the inner ear appears to
suggest the existence of neuronal or endocrine cells in
these tissues and even to predict the existence of CGA-
containing vesicles in the respective tissues. The im-
munobilot of the 2D gel of the soluble proteins of spiral
ligament showed an immunoreactive protein with a size
of ~75 kDa and a pl of 5.0, In light of the fact that
chromogranin A is an acidic protein with acidic amino
acids comprising 25-30% of the protein [17-22], a pI of
5.0 reflects the acidic property of the protein and is
consistent with the known pl values of CGA, which
range from 4.5 to 5.5 [1]. In addition, our preliminary
immunohistochemical study of chromogranin A in the
cochlea of guinea pig showed strong chromogranin A
immunoreactivities in the interdental cells, spiral liga-
ment, and in all the supporting cells of the organ of
Corti (unpublished observation). Detailed immunohis-
tochemical characterization of chromogranin A im-
munoreactivity in the inner ear is currently under study.

The relative amount of CGA in the soluble proteins
of each tissue, quantitated by measuring the intensity of
each band on the immunostained membrane using a
laser densitometer, indicated that CGA constitutes 0.4—
0.8% of the soluble proteins of each tissue in which
CGA was found (not shown). The amount of soluble
protein extracted from the spiral ligament was compar-
able to that obtained from the crista, both of which were
among the largest amounts solubilized. Considering the
intensities of the immunostaining of CGA from the
crista and spiral ligament, it appeared that CGA exists
in a higher concentration in the spiral ligament than in
the crista. Although the significance of the abundance
of CGA in the spiral ligament is not clear, it is of interest
to note that the connective tissue cells near the root
cells, or the cells near the Reissner’s membrane attach-
ment have been suggested to regulate the cation content
of perilymph [24]. Therefore, in view of the millimolar
concentration of Ca?* [25] and the relative abundance
of CGA in the spiral ligament, it is tempting to speculate
that CGA in the spiral ligament might participate in the
Ca”" buffering role of the spiral ligament, thereby con-
trolling the Ca®" concentration of perilymph. Hence ul-
trastructural localization of CGA in each tissue would
not only provide clues regarding the neuronal or endo-
crine origin of the cells, but also shed new light on their
functions in the inner ear.
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