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1. Abstract

Although non-essential, glycine plays an important role in major metabolic reactions and
is most known for its anti-inflammatory effects. An accumulation of contemporary research has
shown that glycine is able to stabilize membrane potential using glycine receptors at the cellular
level and to protect mitochondrial function directly, whether it is from inflammation, heavy metal
poisoning, or ischemia-induced neuroinflammation. In this research, the existence of a
hypothetical mitochondrial glycine receptor is examined. Immunofluorescence imaging was used
to examine the presence of the glycine receptor subunits alpha 1 and alpha 2 in both non-
differentiated and differentiated neuroblastoma cell lines. The preliminary results indicated the
correlation between the localization of mitochondrial fluorescence and the glycine receptor in non-

differentiated cells.

2. Introduction

Glycine is known to be the simplest amino acid, a protein building block. It is considered
non-essential because it can be synthesized from choline, serine, hydroxyproline, and threonine
(Wang et al. 2013). Glycine is important for its contribution to major metabolic reactions, such as
the production of glutathione (Durkin, Friedberg 1952), a tripeptide with broad intracellular
antioxidant functions, the production of creatine (Brosnan et al. 2011), which provides muscles
with energy, and the production of collagen (Wu et al. 2020), which provides strength to muscles,
skin, cartilage, blood, bones, and ligaments. What glycine is most known for, however, is its anti-

inflammatory effects by inhibiting the activation of macrophages (Wheeler et al. 2003).



The mechanism underlying the anti-inflammatory properties of glycine may be through
the regulation of cellular activation via glycine-gated chloride channels within the cell membrane
(Wheeler et al. 1999). It has long been established that neurons in the central nervous system have
glycine receptors and in the 1990’s it was found that many white blood cells, including Kupffer
cells in the liver and other macrophages (that cause inflammation), contain the same glycine
receptors (Wheeler et al. 1999).

Froh et al. proposed that glycine can protect rat liver from injury caused by bile duct
litigation (Froh et al. 2008). They originally hypothesized that injury would mean inflammation,
which would then trigger Kupffer cells activation. They concluded that glycine must be able to
protect liver function by inhibiting Kupffer cell activation using the glycine receptor on the
macrophage's plasma membrane. To their surprise, systemic blockage of Kupffer cells by any other
means had no protective effect on hepatocytes, suggesting that glycine acted through an alternative
mechanism.

These alternative mechanisms were explored in subsequent studies in which the
preservation of mitochondrial membrane potential after heavy metal poisoning with mercury and
iron was observed in mouse models (Pal et al., Bhattacharyya 2012). Pal et al. examined the
emission of reactive oxygen species (ROS) intracellularly by fluorescent microscopy. They found
that excessive ROS production led to the activation of apoptosis and that treatment with mercury
exerted severe oxidative stress and damage to mitochondria. Co-treatment with glycine
dramatically reduced oxidative stress. Bhattacharyya studied a similar mouse model, but with
heavy metal poisoning from iron. They examined the ratio of reduced and oxidized glutathione,
which were significantly lower in iron heavy metal poisoning alone as compared to the normal

control.












that segregates to respiring mitochondria, yielding a fluorescence with intensity proportional to
membrane potential. Negative controls for the secondary antibody alone with glyR were conducted

(not shown).

Figure 4: Colocalization of the glycine receptor with a mitochondrial marker. (A) Green
fluorescence immunostaining of neuroblastoma cell lines for GlyR with a scale of 20 um. (B) Red
fluorescence immunostaining of neuroblastoma cell lines for Mitotracker with a scale bar of 20

um.

Red Mitotracker was used in combination with the selected antibody (glycine receptors
subunits alpha 1 + alpha 2 mix) to provide contrast in the fluorescence microscopy and show the
areas in which fluorescence for both mitochondria (figure 4B) and glyR (figure 4A) are visible.
There seems to be a co-localization of both the glycine receptor antibody and mitochondria. The
low fluorescence intensity of Mitotracker red prevented a thorough co-localization analysis. This
low fluorescence may be due to the fixation and permeabilization treatment needed for
immunostaining. Future co-localization studies should replace Mitotracker labeling with co-

immunostaining of mitochondrial membrane proteins.
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7. Closing Remarks

Although these are preliminary results, the findings indicate that the glycine receptor
could be located on the mitochondrial membrane. Further immunostaining experiments are
necessary to provide additional confirmation. Another important step would be to confirm if the
mitochondrial localization is preferential in non-differentiated neuroblastoma cells.

These findings then inspire further questions and research regarding the potential
function of the glycine receptor on the inner mitochondrial membrane. Does glycine receptor
expression affect the mitochondrial membrane potential? Does the glycine receptor regulate
neuroblastoma differentiation? Can targeted expression protect mitochondrial function from

ischemia/ reperfusion in differentiated neurons?
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