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Hypertension is related to Na dysregulation and bound-Na in skin and muscle are the cause of high
blood pressure. The Na-binding molecule has not been identified in human, so my work on its
identification may contribute to the medical cure for hypertension by solving the mechanism on
Na-binding.

The project established new concept of osmoregulatory strategy by
ion-binding in addition to traditional ion transporting. | developed new fixation and florescent
methods to observe the Na-binding phenomenon in specific mucus-secreting cell called club cells. |
showed the existences of Na-binding molecules at cellular levels and partially purified the
molecules from mucus. No consistent peptide sequences could be identified via MS/MS analysis,
suggesting the Na-binding molecules could be glycoproteins, glycoaminoglycans, or secondary
metabolites. This unexpected results required further investigation and confirmation before
publishing. 1 continue to investigate the molecules after the funding period and 1 am positive that
it will lead to a breakthrough in osmoregulatory phgsiology and hypertension in general.

I have established domestic and international collaboration, published the results in international
journals and, present the topics in domestic and international conferences.
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Eels are migratory species that are capable of acclimating to freshwater (FW) and
seawater (SW) transfer directly (i.e. euryhaline). | have studied osmoregulatory physiology
in eels over three decades but there is a basic and yet unanswered phenomenon when the
eel is facing a FW to SW challenge. FW eels drink copiously in SW but the switch from FW
to SW epithelia in gill, esophagus, and intestine takes more than a day to accomplish. A
delayed increase in plasma Na* suggested that FW eels can tolerate the initial Na* influx
from drinking by a mechanism other than transporter-mediated osmoregulatory
mechanism.

I hypothesized that binding molecules could be produced by eel to inactivate the
osmolality of Na*. In this project, | have discovered that “organic-bounded Na*” are present
in eel intestine, gill, and skin, where their contents changed rapidly upon SW transfer. This
Na-binding is similar to the osmotic inactive Na found in the skin of human patients with
hypertension. The Na-binding that may slow down the ion influx and contribute to the
delay of plasma Na* changes observed in eel, and could be the feature determining why eels
and some other fish models are stronger euryhaline species.

The aims are to demonstrate the Na-binding phenomenon using newly developed
methods including EPMA and Na-green dye, and also identify the nature of Na-binding
molecules by purification and/or bioinformatics methods. With the identification,
physiological roles of the Na-binding molecules are to be examined using eel and other
animal models

My research methods include the use of physiological response of euryhaline eels and
their secretions which may contain the Na-binding molecules. | used bioinformatics
methods to identify proteins that may have potentials to bind to Na*, according the
negative charge that the proteins process. I used 2-dimensional gel electrophoresis to
identify possible Na-binding proteins. | use chromatography methods including HPLC to
purify Na-binding molecules from the eel mucus secretion. 1 used EPMA to localize the
Na-binding molecules in eel intestinal mucus and confirmed the Na-binding phenomenon. |
use MS/MS system in collaboration with Jichi University to identify the possible molecules
that may bind to Na+ in the purified fractions after chromatography. 1 use histology
methods to identify mucus cells that produce Na-binding molecules and study the mucus
layer formation in eel esophagus using a novel fixation method.

() 1 used EPMA and Na-green to
demonstrate the Na-binding phenomenon in
eel tissues and mucus. | have identified
mucus cells and club cells in the eel
esophagus which are potentially secreting
the Na-binding molecules. Figure 1 (left)
showed the Na-binding molecules in the

mucus cells of the eel ) esophagus. | used Figure 1. Insoluble Na* accumulations in eel
Na-green of cell-penetrative type to locate the esophagus demonstrated by EMPA (left) and
Na-binding in vitro, and have demonstrated Na-green (right).

that the club cells are containing Na-binding
molecules (Figure 1, right). The findings have been published in international journals
(Wong et al, 2017).

(2) I use Carnoy’s solution as fixative and discover mucus compartments in eel esophagus.
Mucus cannot be fixed by ordinary fixative with crosslinking properties, namely
formaldehyde-containing reagents. I use Carnoy’s solution to fix the eel esophagus and
found that the mucus structure and integrity can be maintained. With various histological
and immunocytochemical staining technique, | found that different types of mucus cells are
present and they secrete immiscible muci that form layers or compartments. This allow
functional specialization among different mucus compartments (Figure 2). We identify
some potential Na-binding mucus cells with this study and the findings have been
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Figure 3. Representative HPLC chromatograph from
reverse-phase phenyl column showing the Na-binding

molecules containing fractions (Arrows). Red line
indicates the OD at 215 nm.
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submitted to international journals for
reviews (Wong et al, 2019).
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use of Na-free, non-acidic, non-denature
mobile phase for the purification of Na-binding molecules. The molecule could not be
detected in the past because Na* is a major source of ionic strength present in mobile
phases. Moreover, acidic mobile phases are common in HPLC but they can dissociate the
Na-binding. I used neutral and non-denature conditions to resolve the Na-binding
molecules from the mucus of eel (Figure 3, unpublished). The identification of the
molecules in the fractions are still underway.

The novelty of this topic has attracted lots of attention from peer fish physiologists and
was welcomed in the International Congress on the Biology of Fish held in Canada in 2018.
With the funding supported through the past 3 years, | have seeded this topic in the
research field and will continue to investigate this topic.
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