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ABSTRACT

Background: Possible colocalization of taurine and zinc transporters (TAUT, ZnT) has not been explored in the
retina, although taurine-zinc interactions play physiological, and pathological roles. The objectives of the present
work were to identify TAUT and ZnT-1,3,7 in rat retinal cells and layers and to explore effects of decreased zinc
on them by immunochemistry and immunohistochemistry, respectively. Methods: Specific first antibodies and
secondary antibodies, conjugated with rhodamine or fluorescein-isothiocyanate were used. Observations were
done in a Nikon DIC fluorescence microscope. About 300 cells were counted per condition, and each value
corresponded to an individual rat. Results: From total retinal cells, ganglion cells (GC) were 12-15%, and glial cells
(GliC) 20-25%. TAUT and ZnT-1,3,7 were in 32, 29, 28 and 29% of total cells, respectively. TAUT, ZnT-1,3,7 were
located in 64, 63, 53 and 72% of GC, and 57, 66, 82 and 66% of GliC, respectively. Significantly higher number
of GC expressed ZnT-3 than GIiC. Colocalization of TAUT and ZnT-1,3,7 was around 20%. Highest presence of
TAUT was in photoreceptors, internal nuclear, and ganglion cells layers. ZnT-1,3 were mainly concentrated in
photoreceptors, outer plexiform, and ganglion cells layers. ZnT-7 was high in photoreceptor and outer nuclear
layers. The reduction of zinc, by the intracellular chelator (19-39%) in the retina, significantly decreased TAUT
in all layers, except photoreceptors, indicating that the presence of zinc is necessary for its maintenance in
this structure. Conclusions: Differential distribution correlates taurine and zinc with prospective functional
consequences, such as emission of neurites, metabolic regulation, and signal transduction of the retina.
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to its osmoregulatory function. Zinc has been recognized as an
essential element for plants and animals, and it is the second

Taurine, A B-Amino ACID with a negative charged sulfonic
acid group, a compound completely zwitterionic over the
physiological pH range (at pH 7.4) [1,2], is present at high levels
in the retina of many vertebrates [3] (79 mM in rat) in which
exerts multiple functions [4-12] including trophic effects [7,13].
In fact, one of the factors that regulate the degree of apoptosis
during ischemia is taurine, by preventing the formation of the
Apaf-1/caspase-9 apoptosome [14]. Taurine loss contributes to
cell shrinkage during apoptosis, suggested by Lang et al., [15]
who Indicated that taurine preloading prevents the apoptotic
cascade from proceeding beyond the cell shrinkage step,
implying that the cytoprotective actions of taurine are linked
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most abundant trace element in the human body after iron [16].
It is crucial for normal development and function of the central
nervous system (CNS), and deficiency of this element during
early development could result in gross structural defects [16-20].

Zinc and taurine have been reported to interact for affecting
regeneration of the optic nerve in goldfish retina [13] and
modifying taurine transport [21]. For instance, the intracellular
zinc chelator N,N,N,N-tetrakis (2-pyridylmethyl) ethylenediamine
(TPEN) diminishes outgrowth of goldfish retinal explants and
taurine minimizes this effect [13]. Taurine and zinc seem to
interact for modulating outgrowth from the retina in vitro and in
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vivo, exerting their trophic effect in a bell-shaped manner [13].
The injection of TPEN into the eye of a goldfish significantly
increases affinity of taurine for its transporter [21]. Zinc levels
are important to maintain an adequate concentration of taurine
in the retina, possibly by modulating taurine transport [21]. In
addition, the presence of taurine, taurine transporter (TAUT),
and zinc have been shown in different layers of the goldfish
retina [22]. Few reports show localization of zinc transporters in
the mammalian retina, although the presence of some of ZnT
family which acts to decrease intracellular zinc levels by efflux of
zinc from cytoplasm to extracellular space or to organelles [23],
7Zn'T-1 [24-26], Zn'T-3 [27,28], Zn'1-7 [29], and ZnT-8 [30]
have been documented in different layers of the rodent retina.
However, there is no evidence of the location of TAUT and ZnTs
in specific cell population, such as ganglion cells (GC) or glial cells
(GliC) of the retina, which play relevant roles in this structure,
and there is no evidence of the coexistence of these transporters
in the different layers of retina. GC related to the transmission
of visual information to the brain, receive information from the
Phot through intermediaries neurons as bipolar, amacrine, and
horizontal [31,32]. GliC related to the development, organization
and function of the retina, contribute to the regulation of the
volume of extracellular space and the elimination and metabolism
of several molecules. In addition, the GC and GliC are in contact
in the retina to maintain this structure [33-35].

Moreover, the precise join cell localization of mentioned
markers, not known at the present, could be also indicating
functional interactions between taurine and zinc in the retina
and will give a better resolution by employing isolated cells.
Therefore, due to known roles of taurine as a trophic agent
of the optic nerve [7,13] and to the relevant metabolic roles
of glia in the retina, as well as the interactive communication
between retinal layers, the main purposes of the present study
were to identify GC and GliC expressing TAUT and Zn'Ts and
in retinal layers, in order to contribute to further understanding
of particular roles of these molecules in specific types of cells.

MATERIALS AND METHODS
Animals

Male Sprague-Dawley rats (150-200 g) from the animal housing
at Instituto Venezolano de Investigaciones Cientificas had an
adaptation period of at least 48 h in the experimental housing
of the Laboratory, provided with food and water ad libitum. The
animals were decapitated between 8:00 and 10:00 am, and the
eyes were extracted from orbit. The handling of animals was
conducted following the standards of animal bioethics [36] and
was approved by the Biocthics Committee for Animal Research
of Instituto Venezolano de Investigaciones Cientificas.

Isolation of Rat Retinal Cells

Retina was dissected and cells were isolated with 0.25% trypsin in
Locke buffer (500 ul) pH 7.4, composed (in mM) of 154 NaCl, 2.7
KCl, 2.1 K,HPO,, 0.95 KILPO,, 2.7 sucrose and 2.5 HEPES, at
37°C for 10 min, followed by mechanical separation with Pasteur
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pipette. The cells were washed with phosphate saline buffer
Na*-K* (PBS) 0.1 M pH 7.4, centrifuged for 10 min at 2000 rpm
(300 g), and counted in Neubauer chamber. Integrity of membrane
was determined by 50% Trypan blue exclusion (>96%). The cells
were fixed with 2% paraformaldehyde in PBS (1000 ul) for 30 min,
centrifuged and taken in PBS + 30% sucrose for 24-48 h.

Immunocytochemistry of Taurine and Zinc Transporters

Cells were adhered on plates pre-coated with poly-L-lysine
(0.0025 mg/ml), 400 ul per plate (approximately 5 x 10° cells). For
facilitating permeability, cells were placed in PBS with 0.3% Triton
X-100 for 20 min. For blocking nonspecific binding, a solution of
5% bovine serum albumin (BSA) in PBS was used. Incubation of
the cells with primary antibody specific for GC was done using
anti-glycoprotein Thy 1.1 (goat IgG or rabbit IgG) (K-16: sc-6071
or H-110: s¢-9163, respectively, Santa Cruz Biotechnology) and
for GliC, anti-glial fibrillary acidic protein (GFAP) (goat IgG or
rabbit IgG) (C-19: sc-6170 or H-50: sc-9065 respectively, Santa
Cruz Biotechnology) 1:100 in PBS, 0.3% 'Iriton X-100 and 1%
BSA for 1 h at 37°C. After washing with PBS, incubation was
performed in the dark with rhodamine-conjugated secondary
antibody (goat anti-rabbit or donkey anti-goat IgG) (sc-2091 or
sc-2094, respectively, Santa Cruz Biotechnology) diluted 1:50 in
PBS, 0.3% Triton X-100 and 1% BSA for 45 min to identify GC or
GliC, respectively. For labeling TAUT, cells were incubated in the
dark with specific primary antibody anti-TAUT (E-10: sc-166640,
mouse IgG, Santa Cruz Biotechnology) [37] diluted 1:500 in
PBS, 0.3% Triton X-100 and 1% BSA for 1 h at 37°C. For Zn'Ts
the following primary antibodies were used: Anti-Zn’T-1 (goat
IgG, D-20: s¢-27501, Santa Cruz Biotechnology) [26], anti-Zn'T-3
(rabbit IgG, 197 011, Synaptic Systems) [27] or anti-Zn'T-7 (goat
IgG, S-12: s¢-160946, Santa Cruz Biotechnology) [29] diluted
1:200, 1:100 and 1:100, respectively, in PBS, 0.3% Triton X-100
and 1% BSA for 1 h at 37°C. After washing with PBS, incubation
was performed in the dark with fluorescein-5-isothiocynate-
conjugated secondary antibody (FITC) (goat anti-mouse or goat
anti-rabbit or rabbit anti-goat IgG) (Santa Cruz Biotechnology)
to identify TAUT-1 or Zn'T-1, 3 and 7, respectively, diluted 1:250
in PBS, 0.3% Triton X-100 and 1% BSA for 45 min, followed by
washing with PBS repeatedly. All primary antibodies used are
specific for labeling molecules of interest. In previous studies
demonstrate the use of these antibodies, CG [38,39], CGli [40],
TAUT [41], ZnT-1 [26,42], Zn'1-3 [43], Zn'T-7. For negative
control, cells were incubated with secondary antibody only to
determine the nonspecific fluorescence [37]. Experiments were
performed separately for cach type of cell and for each transporter.
For colocalization of transporters, secondary antibody conjugated
with FITC was used for TAUT and with rhodamine for Zn'T.
Microscopic observation (Nikon, Eclipse E600) and cell counting
(around 300 per condition) were done.

Treatment with Intracellular Zinc Chelator N,N,N,N-
tetrakis-(2-pyridylmethyl) Ethylenediamine in vivo

The concentration of intracellular zinc chelator TPEN was 5 nM
and 5 days of treatment [13]. Three experimental groups of rats
were conducted: (1) intraocular (io) administration, of 2 ul of
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5 nM of TPEN dissolved with dimethyl sulfoxide 0.001% final
concentration; (2) io administration of 2 ul of 0.31% DMSO
0.01% final concentration (vehicle, control group); (3) only
needle puncture (sham intervention). 5 Days after injection,
retinas were obtained immunohistochemistry assays of TAUT
were performed as described.

Preparation of Retinal Slices

Dissection and fixation of tissue were done. Rats were
anesthetized with Equitesin, (1 mli.p./kg) (Na*-pentobarbital in
95% cthanol chloral hydrate in propylene glycol and magnesium
sulfate in water). The animals were decapitated; eyes were
removed and fixed in 4% formaldehyde for 24 h. After fixation,
the eyes were dehydrated by several washings with 70% ethanol
for 4 h, later were cleared in xylene solvent (substance miscible
with paraffin) at room temperature. The eyes were placed in
xylene, and three changes were made for 1 h each at room
temperature, then after 4 changes, were included in paraffin for
1 hinan oven at 56-58°C. They were allowed to solidify overnight
at 4°C to form the histological blocks. Tissues were cut in the
microtome into sections of 5-7 u at room temperature.

Immunohistochemistry of Taurine and Zinc Transporters

The sections were mounted on slides coated with egg
albumin [22]. Antigen retrieval was performed with 0.5% trypsin
for 15 min, and the slides were washed with PBS. To permeabilize,
the sections were incubated with Triton X-100 (0.1%) diluted
in PBS for 10 min and the slides were washed with PBS. To
block non-specific binding was added 5% BSA diluted in PBS
for 1 h. They were then incubated overnight at 4°C with a
polyclonal antibody developed in mouse anti-TAUT-1 (Santa
Cruz Biotechnology), at a dilution of 1:500 in 5% BSA. After
incubation, the sections were washed with PBS and incubated
in the dark at room temperature for 1 h with rhodamine-
conjugated secondary antibody (goat anti-mouse IgG) (Santa
Cruz Biotechnology) at a dilution of 1:500 in 5% BSA. For
staining the nuclei of cells, the sections were incubated for 5 min
with 1 pug/ml of 4’,6-diamidino-2-phenylindole (DAPI). After
incubation, the sections were washed with PBS. To examine the
immunofluorescence of DAPI and rhodamine was used a Nikon
microscope (Eclipse E600) with Coolpix 4300 camera attached.
For negative control, cells were incubated with secondary antibody
only to determine the nonspecific fluorescence [37].

Analysis of Photographs

The photographs were combined and analyzed with the
program Image ] version 1.47, which is a program of digital
image processing the programmed public domain in Java and
developed at the National Institutes of Health [44]. Fluorescence
was measured as integrated optical density (IOD). For the
determination of the IOD selection “circle” was used (the option
was a tool of “elliptical” in Image J) 100 pixeles? (25 pixeles* =
10-15 wm?) in four areas for each tissue layer randomly selected
for then calculating the average of each area [45]. In the case of
ganglion cell layer (GCL), measurements were made by cells, ten
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cells were chosen randomly and in each cell IOD was measured
in three different areas, using 20 pixeles? for calculating average.

Statistical Analysis

Fach value represents the mean =+ standard error of the mean.
Percentage of cells with specific markers was calculated from
total number of cells (~300 per condition). Numbers of counted
cells are indicated. Total specific cells, GC or GliC, were used
for evaluating the presence of TAUT. Reported n refers to the
number of rats. To establish differences between the presence
of cach transporter in cells or in layers of the retina, Analysis of
Variance (ANOVA), followed by Tukey’s post-test was done with
INSTAT statistical program. Values of P < 0.05 were considered
statistically significant.

RESULTS

Localization of Taurine Transporter in Ganglion and
Glial Cells of Rat Retina

Of total retinal cells, 14% corresponded to GC and 22% to
GliC [Figure la]. Of total retinal cells, 32, 29, 28, and 29%
corresponded to TAUT, Zn'T-1, Zn'T-3, and Zn'T-7, respectively
[Figure 1b]. TAUT was located in 64% of GC and in 57% of
GliC [Figure 2a]. Figure 2b corresponds to a representative
image of GC and CliC of different experiments labeled both
with rhodamine- and of TAUT with FITC-conjugated secondary
antibodies, coexistence is indicated by the arrows.

Localization of Zinc Transporters in Ganglion and Glial
Cells of Rat Retina

Zn'T-1 was found in 63% of GC and in 66% of GliC [Figure 3a].
Zn'T-3 was located in 82% of GC and in 53% of GliC [Figure 3a]
(P < 0.05). Zn'T-7 was present in 72% of GC and in 66% of
GliC [Figure 3a].

Colocalization of Taurine Transporter and Zinc
Transporters in Total Retinal Cells

Of total retinal cells, 19, 20 and 18% corresponded to
colocalization of TAUT-ZnT-1, TAUT-ZnT-3 and TAUT-Zn'T-7
[Figure 3b]. Figure 4a-c corresponds to representative images
of TAUT labeled both with FITC- and ZnT-1, Zn'T-3 or Zn'T-7
with rhodamine-conjugated secondary antibodies, as indicated
by the arrows.

Localization of Taurine Transporter and Zinc
Transporters in Layers of Rat Retina

The IOD values are reported in Table I. There were significant
differences in the distribution of TAUT, Zn'T-1, and Zn'I-7
between the layers of the retina [Figure 5]. TAUT was variable
detected in all layers of the retina [Figure 5a]. When ANOVA
was performed, a significantly higher staining in the inner
nuclear layer (INL) compared with the inner plexiform layer
(IPL) and the outer plexiform layer (OPL) was observed,
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Figure 1: (a) Percentage of ganglion cells (GC) and glial cells (GliC)
in isolated retinal cells, n = 16. (b) Percentage of isolated retinal cells
with taurine transporter (TAUT) or zinc transporters (ZnT), n = 8.
Total counted cells: 300-320 per field. Fluorescent labeling of retinal
cells isolated with primary antibody Thy 1.1 for GC or GFAP for GIiC
and for localization of transporters with primary antibody anti-TAUT
anti-ZnTs (1, 3 and 7). Was used secondary antibody conjugated with
FITC and with rhodamine. The percentage for each corresponds to
the average of all tests performed. Each value is the mean =+ standard
error of the mean.

500 = H193 P < 0.05 [Table 1]. The ZnT-1 was also located
at different layers of the retina, more intensively in GCL
respect to INL, OPL, and Phot [Figure 5b]. The OPL and Phot
had more ZnT-1 respect to IPL, the INL and outer nuclear
layer (ONL), F ;. = 2471 P < 0.05 [Table 1]. ZnT-3 was
distributed homogeneously in the layers, without significant
difference [Figure 5c]. Zn'T-7 was located significantly less in
GCL respect to ONL and Phot [F1gure 5d]. Phot showed more
Zn'T-7 respect to OPL, F ., =596 P < 0.05 [Table 1].
addition, it is shown the TAUT coexisting with Zn'l-1, 3 and
7 [Figure 5e].

Effect the N,N,N,N-tetrakis-(2-pyridylmethyl)
Ethylenediamine on Localization of Taurine Transporter
in Layers of Rat Retina

The 10D values are reported in Table 2. The treatment with
the intracellular chelator of zinc, TPEN, produced significant
differences in the distribution of TAUT. Was observed
significant decrease of IOD in all layers of retina least in the
Phot compared with the TAUT control group [Table 2].

DISCUSSION

Localization of Taurine and Zinc Transporters in
Ganglion and Glial Cells of Rat Retina

Several studies have demonstrated the high concentration of
taurine, the existence of its synthetic enzymes and the presence
of TAUT in the retina [22,37,46,47]. Zinc is also abundant in the
retina [22,48], however, the location of ZnTs in this structure has
been limited and only lately reported [26,28]. Moreover, there
are no studies on the colocalization of TAUT and ZnTs in the

]
-1

8

8

3

TAUT expresising cells, % of total

o

White Light

TAUT

GC + TAUT

GliC + TAUT

White Light

D Negative Control

Figure 2. (a) Percentage of ganglion cells (GC), total counted cells: 249; and glial cells (GliC), total counted cells: 285, presenting
taurine transporter (TAUT). (b). Immunolabeling of TAUT (FITC) in GC and GIliC (rhodamine). Scale Bar: 15 pm for all panels. Arrows
indicate existence of TAUT in both types of cells. Each value is the mean + standard error of the mean; *P < 0.05 respect to the GC +TAUT n=4
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retina. The coexistence of TAUT and ZnT in isolated cells of the
retina is a novel finding that could contribute to understanding
the relation of taurine and zinc in terms of structure-function
of the retina. Location of TAUT in GCL and in isolated GC
of the retina, as first evidenced in this study, may be linked
to axonal transport of taurine in the rat [49], rabbit [50] and

WInT-1
BiInT-3
OZnT-7

ZnT expression % of total

a
-]

GC GliC
ZnT-1, 3, 7in GC and in GIiC
100

Frecuency of TAUT / ZnTs co-
localization in retinal cells, % of total
cells

RN BN B

E TAUT-ZnT-1 TAUT-ZnT-3 TAUT-ZnT-7

Figure 3: Percentage of ganglion cells (GC) and glial cells (GliC)
presenting zinc transporters. (a) ZnTs expression% of total. ZnT-1, 3,
7in GC and GliC. ZnT-1, total counted cells: 301 and 262, respectively.
ZnT-3, total counted cells: 265 and 311, respectively. ZnT-7, total
counted cells: 261 and 235, respectively. (b) Co-localization of taurine
transporter (TAUT) and zinc transporters (ZnT-1, 3 and 7) in retinal
cells, total counted cells: 300-312. n = 4-5. Each value is the mean
+ standard error of the mean. *P < 0.05 respect to the GC + ZnT-3.

White Light

goldfish [51]. Taurine, transported by axons, could stabilize the
electrical properties of them on their w ay to the brain, and also
protect innervated centers [51].

Table 1: Integrated optical density of TAUT and ZnT-1, 3 and
7 in rat retinal layers

Retinal TAUT ZnT-1 ZnT-3 nT-7
layers

GCL 143+3 139+5%%* 145+3% %% 122+7
IPL 131+5 134+7 138=+8 149+5
INL 165+3%%* 111+5 120+8 140+8
OPL 129+10 190+ 7*F*¥*%# 14947 x%x %% 129+9
ONL 138+6 119+6 131+5 160+8*#
Phot 150+10 169 p¥*x*kxkx# 142+12 1754 2%%*#

Taurine transporter TAUT: n=12; zinc transporters ZnT-1: n=8;
ZnT-3: n=8; ZnT-7: n=5. Integrated optical density was determined in the
layers of the retina in four areas randomly selected to calculate the average.
In GCL, ten cells were randomly chosen for obtaining 10D in three areas
of the same size for obtaining average. Each value is the mean=SEM.
*P<0.05 respect to IPL; **P<0.05 respect to OPL; ***P<0.05
respect to INL; *#P<0.05 respect to GCL; **#P<0.05 respect to ONL,
10D: Integrated optical density, GCL: Ganglion cell layer, IPL: Inner
plexiform layer, OPL: Quter plexiform layer, SEM: Standard error of the
mean, INL: Inner nuclear layer, ONL: Outer nuclear layer

Table 2: Integrated optical density of TAUT in rat retinal layers
after quelating intracellular zinc

Retinal layers Control TAUT TAUT-TPEN
GCL 142+2 94+4%
IPL 132+6 104+7%
INL 165+3 85+8%
OPL 130+3 105+6%
ONL 138=+3 84+12%
Phot 151+5 139+7

Taurine transporter TAUT: n=12; integrated optical density was determined
in the layers of the retina in four areas randomly selected to calculate the
average. In GCL, ten cells were randomly chosen in three areas of the same
size for obtaining average. Each value is the mean=SEM. * P<0.05 respect
to layers retina of control, I0D: Integrated optical density, GCL: Ganglion
cell layer, IPL: Inner plexiform layer, OPL: Outer plexiform layer,
SEM: Standard error of the mean, INL: Inner nuclear layer, ONL: Outer
nuclear layer

White Light

Negative Control

Figure 4: Immunoreactive cells for taurine transporter (TAUT) and zinc transporters (ZnTs) in isolated rat retinal cells. (a) TAUT-ZnT-1. (b) TAUT-
ZnT-3. (c) TAUT-ZnT-7. The TAUT was labeled with rhodamine and ZnTs with fluorescein. Scale Bar: 15 pm for all panels. Arrows indicate

coexistence of TAUT and ZnT in same cells
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TAUT-Rhodamine

ZnT-1-Fluorescein

ZnT-3-Fluorescein ZnT-7-Fluorescein

Figure 5: Inmmunohistochemical localization (a) of TAUT. (b) ZnT-1. (c) ZnT-3. (d) ZnT-7. (e) Inmmunohistochemical localization of TAUT
and ZnT-1, TAUT and ZnT-3 and TAUT and ZnT-7 in the rat retina. The TAUT was labeled with rhodamine and ZnTs with fluorescein. Second
antibodies for TAUT was conjugated with rhodamine (red) and for ZnTs with fluorescein (green). The retinal layers are observed: ganglion cells,
GC; ganglion cell layer, GCL; glial cells, GliC; inner nuclear layer, INL; inner plexiform layer, IPL; outer nuclear layer, ONL; outer plexiform layer,
OPL; photoreceptor, Phot. For each condition, the negative control is shown. Boxes indicate the location of the transporters. n = 4 for each

TAUT-ZnT. The image was taken with a Nikon microscope, x40. Bar: 12 ym

Our study shows that not all GC of the retina have TAUT
(64%), indicating variability in the distribution and probable
functionality of these cells by the presence of a plasma membrane
marker, such as TAU'T, accompanying differentiation of GC and
communication of these cells with central regions innervated
by optic nerve. The physiological classification of GC has
been detailed in various mammalian species: Cat [52,53],
primate [54], rabbit [55,56], and rat [57]. Primary antibody used
was specific for labeling of glycoprotein Thy 1.1 present in GC
of retina, as demonstrated in previous studies [38,39]. The fact
that TAU'T is not present in all GC might be a clear indication
of the variety of these retinal cells. Thus, taurine could be related
to GC functions in the cell body and in their projections, further
supporting it as a trophic agent in retina and optic nerve [7].

Miiller cells are related to the development, organization,
metabolism, and various functions of the retina, contributing
to the elimination of neurotransmitters and other
substances [34,35]. Of all retinal cells, 25% were labeled as
GliC and 57% of these GliC had TAUT, showing diversity of
these cells in the retina, and linking taurine to particular cell
population in which the amino acid might be relevant for
specific roles, as described [58,59]. GliC is in constant contact
with Phot and could be involved in redistribution of taurine

J Mol Pathophysiol e Jan-Mar 2015 e Vol4 e Issuel

in the retina induced by light and by TAUT activity [60-62].
In addition, Miiller cells, i.e. GliC, forming the inner limiting
membrane, contain abundant taurine and are the predominant
source of taurine for GCL [63]. Miiller cells span the neural
retina with cytoplasmic projections that connect not only to
Phot, but with vasculature, and GC, which can take up taurine,
while GC relay visual signals from the retina to the brain, and
due to their critical role in vision, the mechanisms taking place
to protect these cells are imperative [64].

More than half of GC and of GliC were positive for ZnT-1 (63
and 66%, respectively), which emphasizes the influence of
the transporter in the maintenance of intracellular zinc levels.
Similarly, from total cells, about half of GC and almost all of
GliC have ZnT-3 (53 and 82%, respectively), indicating an
interesting significant difference between the two types of cells,
although the meaning of this observation remains for further
studies. Zn'T-1, as present in the plasma membrane of the
pigment epithelium [23,25], is associated to the regulation of
zinc homeostasis [26]. Zn'T-3, which drives zinc into neuronal
vesicles [23,46], might also exert conjoint regulation of zinc
levels in combination with Zn'T-1. Labeling for ZnT-3, found
in glutamatergic vesicles in the nervous system, has revealed
an unexpectedly high concentration of this transporter in the
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outer limiting membrane region (OLM) of murine retina, which
contains the mitochondria-rich portion of inner segments of
Phot and is not related to vesicle release. As Miiller cells are
in constant contact with Phot, approximately 70% of retinal
mitochondria are located in the inner segments of Phot [28].
It has been proposed that the apical villi of GliC are part of
OLM [27,28] that could be associated with both the staining
observed for TAUT, Zn'T-1, and Zn'T-3. Thus, GliC through
Zn'T-3 transporter activity might regulate the homeostasis
of zinc in the retina, which is important for mitochondrial
function in the inner segments of Phot see [28]. Zn'T-7
has been located in the mouse retina, especially in GC and
pigment epithelial cells and is involved in mobilizing zinc
ions in the Golgi apparatus [29]. Other zinc transporters, like
ZI1P, which are responsible for increasing intracellular zinc by
either transporting the metal from the extracellular space or
organelles lumen into the cytoplasm see [65], have not been
studied in retinal cell population, although the two families of
zine transporters, Zn'T and ZIP, could maintain zinc levels in
tissues, and might maintain interaction with taurine system.

Localization of Taurine Transporter and Zinc
Transporters in Layers of Rat Retina

TAUT, responsible for maintaining homeostasis of taurine in
different tissues, and taurine itself have been located in Phot
of goldfish [22] and rat retina [37]. Pow et al. [37] observed
that TAUT in the ONL in the adult rat Sprague-Dawley retina,
which coincides with the localization of TAUT in this study.
Furthermore, in Phot, taurine plays a role in phototransduction
process, therefore, adequate levels, maintained by the activity
of TAUT, are necessary in this structure. It has been suggested,
as reported by Pasantes-Morales et al. [61], that calcium and
taurine are intimately involved in the mechanism to stabilize the
structural and functional integrity of the membranes of Phot.
Taurine modulates calcium uptake and is via channels dependent
on cyclic guanosine monophosphate (cGMP) in the outer
segments of retinal rod [61]. Taurine may cause a conformational
change within the membrane and affect the physical state of
the membrane lipid or could modify the transporter protein
for calcium uptake system in connection with regulation of the
phosphorylation sce [6]. The OPL (synaptic region between
Phot, bipolar and horizontal cells) was also obtained from a
label of TAU'T, indicating that taurine may have a potential role
for regulation of signal transduction through the stimulation of
the uptake calcium and inhibition of protein phosphorylation
as reported by [6]. In fact, Huxtable [5] indicated that taurine
in OPL of goldfish and eel retina may modulate synaptic
transmission in the OPL, since the taurine, as an inhibitory
amino acid might act on glycine and GABA, receptors. GCL were
intensely labeled for TAUT, probably in accordance to axonal
transport of taurine in the visual system [49,51].

Zinc transporters, Zn'1-1, Zn'1-3, and Zn'T-7, were localized
in different layers of rat retina, which indicates that these are
involved in zinc metabolism in the tissue, possibly to maintain
certain concentrations of zinc required for the interaction with
taurine or other functions. The intense localization of the Zn'Ts

48

in Phot might contribute to zinc function as a neuromodulator
of synaptic neurotransmission, in addition of other ions such
as calcium [48,66]. Phot is not a synaptic region, however,
synaptic vesicles are concentrated there see [27,28]. Vesicles
with de zinc transporter Zn'l1-3 protein are assembled in the
Golgi apparatus of glutamate and zinc releasing neurons and
transported down the axon [67]. Once in the presynaptic
terminal, the vesicles can be seen to contain glutamate and
free zine, both of which have receptors on the postsynaptic
membrane. Zinc modulates myriad channels, transporters, and
receptors locally after diffusing a few tens of micrometers, on
neurons and glial cells. All calcium channels have some zinc
permeability, and zinc-permeating postsynaptic neurons are
chaperoned by the thionein-metallothionein system [67], these
are another source for the transport of zinc. So far, members of
four distinct superfamilies of Ca-conducting channels as TRP
channels have been shown to transport Zn [68]. Zn'T-3 in Phot
could be also involved in mitochondrial respiration [27,28]. In
fact, it has been shown that zinc may enter mitochondria by
metallothionein and modulate mitochondrial respiration [69].

We demonstrate the presence of Zn'l-1, Zn'1-3, and Zn'1-7 in
OPL, INL, IPL,, and GCL. The ZnTs in GCL and INL (nuclei
of amacrine, bipolar, GliC and displaced GC), cells that have a
key role in vision, could be related to the same function already
described for taurine. In this study, the location of ZnTs in
OPL and IPL (connection regions) suggests a possible zinc
sequestration and vesicular storage in the case of Zn'1-3 and
Zn'1-7 in both plexiform layers. Zn'T-1 could also be involved in
conserving appropriate levels of zinc, but by efflux from the cell.

Effect the N,N,N,N-tetrakis-(2-pyridylmethyl)
Ethylenediamine on Localization of Taurine Transporter
in Layers of rat Retina

Intracellular chelator of zinc, TPEN, is one of the most widely
used among others, not toxic at the concentrations used, and
effective and has a higher affinity for zinc (4 x 10> M) as an
intracellular chelator [70-72], thus the chelator effect could be
considered as specific for zinc reduction. In addition, TPEN
at 1-3 uM induces caspase-dependent apoptosis in cultured
retinal cells, and concentrations 100 times higher of extracellular
chelator diethylenetriaminepentaacetic acid no cause effects on
retinal cell cultures [73], which shows that for TPEN, due to
high affinity and intracellular effects, could be more effective
for causing the reduction of zinc and for studying functional
aspects. The distribution of TAUT in different layers of the
retina when zinc decreased is a novel finding showing that TAUT
is required for zinc operation in this structure, perhaps by the
formation of taurine-zinc complex. There are no reports of the
effect of declining zinc on the localization of taurine and its
transporter; however, we have shown that zinc modulates taurine
transport in concentrations dependent manner, directly acting
on the transporter or by forming taurine-zinc complexes in cell
membranes [74]. Together, these findings on localization by
immunohistochemical and transport of taurine, contributes with
interactions of taurine and zinc in the retina in terms structure-

function since both molecules have a significant role in the CNS.
Jan-Mar 2015
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In addition, since taurine is a modulator of calcium fluxes [5,75]
and zinc is related to calcium channels and long-term
potentiation [18], one putative common target for taurine
and zinc interactions could be the maintenance of calcium
homeostasis. Coexistence of TAUT and Zn'Ts in isolated cells
and the particular presence in tissue layers are novel results that
link structure-function in the retina. The conjoint presence
of these transporters is probably responsible for maintaining
adequate levels of taurine and zinc, thus facilitating cross talking
and influencing their interactions.
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