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Abstract

The 14-3-3 family of proteins has undergone considerable expansion in higher eukaryotes with
humans and mice expressing seven isoforms (B, &, n, v, 6, C, and o) from seven distinct genes
(YWHAB, YWAHE, YWHAH, YWHAG, YWHAQ, YWHAZ, and SFN). Growing evidence
indicates that while highly conserved, these isoforms are not entirely functionally redundant as
they exhibit unique tissue expression profiles, subcellular localization, and biochemical functions.
A key limitation in our understanding of 14-3-3 biology lies in our limited knowledge of cell-type
specific 14-3-3 expression. Here we provide a characterization of 14-3-3 expression in whole
retina and isolated rod photoreceptors using reverse-transcriptase digital droplet PCR. We find that
all 14-3-3 genes with the exception of SFN are expressed in mouse retina with YWHAQ and
YWHAE being the most highly expressed. Rod photoreceptors are enriched in YWHAE (14-3-3
e). Immunohistochemistry revealed that 14-3-3 e and 14-3-3  exhibit unique distributions in
photoreceptors with 14-3-3 e restricted to the inner segment and 14-3-3 ( localized to the outer
segment. Our data demonstrates that, in the retina, 14-3-3 isoforms likely serve specific functions
as they exhibit unique expression levels and cell-type specificity. As such, future investigations
into 14-3-3 function in rod photoreceptors should be centered on 14-3-3 e and 14-3-3 (,
depending on the subcellular region of question.
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INTRODUCTION

The 14-3-3s are a small family of highly conserved proteins found in all eukaryotic cells.
They function as adaptors that can modulate the enzymatic activity, structure, and stability of
client proteins by inducing or stabilizing a conformational change upon binding or by
bridging together domains or proteins in a larger signaling complex (Aitken, 2006; Bridges
and Moorhead, 2005; Cornell and Toyo-Oka, 2017). 14-3-3s are small, ~30 kDa, proteins,
and they are hockey-stick shaped with the client binding site consisting of a shallow groove
on the concave side (Gardino et al., 2006). The 14-3-3 ligand in the client protein is a short
linear motif, most often phosphorylated, found in intrinsically disordered regions (Bustos
and Iglesias, 2006). 14-3-3s serve thousands of different client proteins, influencing nearly
every aspect of cellular biology (Madeira et al., 2015; Tinti et al., 2012; Tinti et al., 2014).
Examples include regulation of cell growth and differentiation through modulation of the
MAPK pathway via activation of Raf1, negative regulation of apoptosis through multiple
mechanisms including cytosolic sequestration of Bad, and cell cycle regulation via
modulation of the transcription factors p53, FOXO, and MIZ1 (Fantl et al., 1994; Hermeking
and Benzinger, 2006; Zha et al., 1996). Likely to accommodate all of these roles, the family
of 14-3-3 proteins has been expanded in higher eukaryotes. There are two 14-3-3 proteins in
yeast, seven in mammals, and at least a dozen in many plants (Chandna et al., 2016). 14-3-3
may function as monomers, homodimers, or heterodimers, further expanding the palette of
available 14-3-3 in any given cell (Gardino et al., 2006; Sluchanko et al., 2012; Sluchanko
and Gusev, 2012).

The various 14-3-3 isoforms exhibit a highly conserved structure with significant sequence
similarity; there is 46% sequence identity between the human isoforms which results in
functional redundancy. The degree to which this redundancy extends is not completely
understood. Historically, it has been assumed that all isoforms are entirely functionally
redundant so that most studies investigating 14-3-3 and a given client use a single 14-3-3
isoform as an implicit representative of the entire family. However, emerging evidence calls
this assumption into question. 14-3-3 proteins recognize their targets via mode | (RXX[pS/
pTIXP), mode Il (RX[F/Y]X[pS/pT]XP), or mode 111 ([pS/T]X1.,COOH) consensus motifs
and, a growing number of client proteins have been observed to be preferentially recognized
by specific isoforms suggesting that subtle variations of these consensus sites may provide a
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favorable interaction with one isoform over another (Coblitz et al., 2006; Yaffe et al., 1997).
Examples of this include the water channel aquaporin-2 which is selectively recognized by
14-3-3 6 and 14-3-3  isoforms and the potassium channel TASK-3 which is most strongly
bound by 14-3-3 y (Kilisch et al., 2016; Moeller et al., 2016). In addition to this
biochemical specificity, there also appears to be specificity in the expression of 14-3-3
isoforms (e.g. Martin et al., 1994; Moreira et al., 2008; Schindler et al., 2006; Watanabe et
al., 1993; Watanabe et al., 1994; Wilson et al., 2016). This is most striking for 14-3-3 o,
which is largely restricted to epithelial cells (Leffers et al., 1993).

One type of cell where differential 14-3-3 expression or function is likely to come into play
is in the highly specialized mammalian photoreceptor. Photoreceptor outer segments are
sensory cilia with a greatly elaborated membrane surface area which allows for maximal
light sensitivity. All cilia require microtubule motor-driven intraflagellar transport (IFT) for
assembly and maintenance (Satir, 2017). 14-3-3 1 has been reported to link the IFT motor
KIF3 to a cell polarity complex (Fan et al., 2004) and ciliary-localized B-arrestin 2 which is
part of G-protein coupled receptor —- MAPK signaling pathway (Molla-Herman et al., 2008).
Phototransduction, the signaling cascade in outer segments that converts photon absorption
into an electrical signal is regulated by 14-3-3 proteins. Two photoreceptor enriched clients
of 14-3-3 that modulate phototransduction are phosducin and GCAP2. Phosducin is a Gg,,
binding protein. Light-dependent phosphorylation allows phosducin to interact with 14-3-3,
releasing Gg,, thereby facilitating dark adaptation of photoreceptors (Lee et al., 2004;
Nakano et al., 2001; Thulin et al., 2001). GCAP2 is a calcium sensor that regulates
guanylate cyclase (GC), the enzyme responsible for producing the second messenger, cGMP
(Wen et al., 2014). In the dark, GCAP2 is bound to CaZ* and inhibits GC, preventing toxic
accumulation of cGMP. In the light, Ca2* free GCAP2 activates GC to restore cGMP levels.
When Ca?* free GCAP2 becomes phosphorylated it can interact with 14-3-3 ¢, and at least
one other 14-3-3 isoform. 14-3-3 binding to GCAP2 sequesters it in the inner segment
(Hoyo et al., 2014). Another aspect of photoreceptor function is the production of melatonin
for regulation of circadian rhythms. Arylalkylamine N-acetyltransferase (AANAT) regulates
melatonin synthesis. 14-3-3 binding to phosphorylated AANAT in the dark protects AANAT
from degradation which is required for rhythmic production of melatonin at night (Fukuhara
et al., 2004; Pozdeyev et al., 2006).

Immunolabeling experiments have repeatedly demonstrated expression of 14-3-3 throughout
the retina (Buret et al., 2016; Hoyo et al., 2014; Kim et al., 2005; Koseki et al., 2012;
Nakano et al., 2001; Pozdeyev et al., 2006; Yang et al., 2008). However, the reported
localization of 14-3-3 varies somewhat which may be due to subtle differences in how
tissues were processed, or the specificity and sensitivity of the antibodies used. There is no
comprehensive analysis of 14-3-3 in the retina taking into account all the distinct isoforms of
14-3-3. The goal of this study was to determine which 14-3-3 isoforms are expressed in the
retina, with an emphasis on photoreceptors to provide a platform for further investigations
into the role of 14-3-3 in retinal biology. We used quantitative digital-droplet PCR and
immunohistochemistry with validated isoform specific 14-3-3 antibodies to detail the
expression level and localization of the individual 14-3-3 isoforms.
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MATERIALS AND METHODS

Animals

C57BL/6J (wild type, WT) mice of both sexes and at 1-4 months of age were obtained from
The Jackson Laboratory. Female C3H/HeJ mice carrying the Pde6t™2 mutation from The
Jackson Laboratory were used at 2.5 months of age when degeneration of rods is complete
and termed “ARods”. RPE65 R91W; Nrl~/~ (conefull) mice were a generous gift from
Marijana Samardzija and Christian Grimm (Samardzija et al., 2014); males at 1-3 months of
age were used. Mice were housed in a central vivarium, maintained on a standard 12/12 hour
light/dark cycle, with food and water provided ad /ibitum in strict accordance with the
recommendations in the Guide for the Care and Use of Laboratory Animals of the National
Institutes of Health. All procedures adhered to the ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research and were approved by the University of lowa IACUC
committee.

Antibodies and Immunohistochemistry

Antibodies and lectins used in this study are listed in Table 1. Mouse eyes from at least 3
individual mice were enucleated and the posterior eyecups collected by dissection. Eyecups
were fixed in 4% paraformaldehyde at room temperature for 60-90 min, cryoprotected in
30% sucrose, and then frozen in O.C.T (Tissue-Tek, Electron Microscopy Sciences,
Hatfield, PA, USA) before collecting 12 um cryosections. For immunostaining, the sections
were permeabilized in PBS containing 0.5% Triton X-100 for 10 min, followed by
incubation in 10% goat serum to block nonspecific labeling. Primary antibodies were
incubated on sections overnight at 4 °C, washed and secondary antibodies along with WGA
and Hoechst were added for 1-2 hours at room temperature. Fluoromount-G was used as the
mounting media and No 1.5 cover slips were sealed in place with nail polish. Images were
collected using a 20x objective, with digital zoom set to capture the span of the retina from
the OS to the GC and at 1 um steps in the z-axis, with the pinhole set to 1 AU on a Zeiss 710
confocal microscope (Central Microscopy Research Facility, Univ. lowa). Maximum
through stack projections were made using Zen Light 2009 (Carl Zeiss); manipulation of
images was limited to rotation, cropping, and adjusting the brightness and contrast levels
using Zen Light 2009 or Photoshop CC (Adobe).

RNA isolation and RT-ddPCR

Freshly dissected mouse retina was placed in RNAlater (Qiagen, Hilden, Germany) and
stored for up to 24 hours at 4 °C. Retinas were mechanically disrupted in a TissueLyser LT
(5Hz, 5 min) (Qiagen) and RNA collected using the RNAeasy mini (Qiagen) standard
protocol, RNA concentration and quality was measured using a Dropsense16 and an Agilent
BioAnalyzer 2100 respectively (The lowa Institute of Human Genetics, University of lowa).
Synthesis of cDNA from 1 pg RNA (RIN > 8.5) was done using the iScript kit according to
manufacturer’s instructions (BioRad, Hercules, CA, USA). PrimeTime gPCR 5" Nuclease
assays with FAM for the 5” dye and Zen/lowa Black FQ for the 3" quencher were
purchased from IDT (Table 2). 24 ul PCR reactions containing 500 nM primers, 250 nM
probe, and variable amounts of cDNA were assembled with the ddPCR Supermix for Probes
(BioRad). From this, 20ul of reaction mix was mixed with Droplet Generation Oil for Probes
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(BioRad) and the reaction was partitioned into oil droplets using the QX200 droplet
generator (BioRad). The oil droplets were then transferred to a 96 well plate that was sealed
before subjecting the samples to PCR amplification using a C1000 Touch ™ thermal cycler.
PCR amplified cDNA was then analyzed for presence or absence of fluorescence using the
Qx200 droplet reader. Results obtained from the droplet reader were then analyzed by
QuantaSoft ™ Analysis Pro 1.0.596 (BioRad).

Retina dissociation and FACS sorting

Plasmids

Rod perikarya were isolated from C57BI6/J mouse retina as described (Feodorova et al.,
2015). Briefly, four freshly dissected mouse retina were digested using the papain
dissociation system (Worthington Biochemical Corporation, Lakewood, NJ, USA).
Dissociated retinas were filtered through a 70um nylon mesh (Falcon, Durham, NC USA)
and sorting of rod perikarya was done using an Becton Dickinson Aria Il, equipped with a
70um nozzle, with standard forward and sideward scatter settings (Flow Cytometry Facility,
Univ. lowa). 20,000 sorted cells (~100ul volume) were collected in 500ul RLT buffer for
RNA isolation using the RNeasy micro (Qiagen) standard protocol, which was used for RT-
ddPCR as described above.

A pPROEX-HTb vector for expression of human 14-3-3 € with an N-terminal Hisg-tag was
a gift from Dr. Christian Ottmann (Stevers et al., 2016). Human and mouse 14-3-3 C only
differ at one amino acid (A112 in human, P112 in mouse); for expression of mouse 14-3-3
C, the A112P mutation in human YWHAZ was generated using overlap extension primers.
Mouse YWHAB, YWHAE, YWHAG, YWHAH, YWHAQ, and SFN cDNA clones were
purchased from Origene (Rockville, MD USA) and subcloned into pPROEX-HTD at the
BamHI and Notl sites. All primers were purchased from IDT (Coralville, IA USA). All
inserts and mutations were verified by Sanger sequencing (lowa Institute of Human
Genetics).

Protein purification and Western blotting

His-tagged 14-3-3 isoforms were expressed in BL21(DE3) E. coli, induced with 1 mM
isopropyl p-D-1-thiogalactopyranoside (IPTG) at mid-log phase. Induced cells were lysed
using B-PER Bacterial Protein Extraction Reagent (ThermoFischer Scientific, Waltham, MA
USA) and purified using HisPur Ni-NTA resin (ThermoFisher Scientific). Equal amounts of
14-3-3 proteins (determined by absorbance at 280nm) were separated using SDS-PAGE and
transferred to PVDF for staining with REVERT-total protein stain (LI-COR, Lincoln, NE
USA) and immunoblotting with the antibodies listed in Table 1. Blots were imaged using a
LI-COR Odyssey FC and analyzed with Image Studio (v5) software. Signal intensities were
normalized to that of total protein and at least 2 blots per antibody were analyzed.

Phylogenetic tree

Mouse 14-3-3 protein sequences (UniProt ID: QICQVS, B; P62259, e; P61982, -y; P68510,
n; P68254, 6; 070456, o; P63104, C) were aligned using the T-Coffee multiple sequence
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alignment web server (Notredame et al., 2000), the neighbor-joining tree without distance
corrections was displayed as a cladogram using iTOL (Letunic and Bork, 2016).

Statistical Analysis

Statistical differences were determined using GraphPad Prism software (v7). Statistical
significance was defined using an alpha of 0.05. Normality was assessed by the Shapiro-
Wilk test and parametric data were analyzed by ANOVA.

RESULTS AND DISCUSSION

The expression of 14-3-3 in mouse retina was examined by immunohistochemistry with
wheat germ agglutinin (WGA) as a marker of the plexiform (synaptic) layers and
photoreceptor outer segments. One pan 14-3-3 antibody robustly labeled the nerve fiber
layer, followed by the inner plexiform layer and photoreceptor outer segments (Figure 1A).
A pattern of streaks running through the outer nuclear layer indicative of Muller glia
labeling was also noted. When a second pan 14-3-3 antibody from a different commercial
source was used a different labeling pattern was obtained (Figure 1B). The second
pan-14-3-3 antibody labeled ganglion cell bodies, the outer plexiform layer, inner plexiform
layer, and inner segments. The labeling pattern in the inner segments seems the brightest at
the outer limiting membrane. That pattern is consistent with either labeling of photoreceptor
Golgi or Muller glia microvilli. The discrepancy in labeling for 14-3-3, particularly in the
inner and outer segments of photoreceptors, was unexpected.

A possible explanation for the discrepancy is that the individual 14-3-3 isoforms are not
distributed equally across the retina and the pan-antibodies do not have equal sensitivity for
the individual isoforms. To test this idea, the pan 14-3-3 antibodies were blotted against
purified recombinant 14-3-3 8, ¢, C, m, B, 'y, and . The pan-antibodies had a similar pattern
in terms of both specificity and sensitivity. 14-3-3 6, ), and -y were detected equally. The
sensitivity for 14-3-3 B and C was reduced approximately by half, and by half again for
14-3-3 e. Only trace amounts of 14-3-3 o could be detected (Figure 1C). Since the two
antibodies generated similar Western blotting results, the variability in immunostaining
remains uncertain. We decided to investigate this issue by first quantifying the expression of
14-3-3 transcripts.

We used Reverse Transcriptase-digital droplet PCR (RT-ddPCR) to investigate the relative
expression levels of all seven 14-3-3 isoforms. In RT-ddPCR, TagMan probe based PCR
amplification of cDNA takes place in a single sample partitioned into ~10,000-20,000
individual droplets; the proportion of droplets generating a fluorescent signal are fit to a
Poisson distribution to calculate the absolute initial copy number of the target cDNA. This is
currently the most accurate and sensitive technique available for quantitating RNA
expression levels (Hindson et al., 2013; Racki et al., 2014; Sanders et al., 2013; Taylor et al.,
2015). We performed five ddPCR reactions per gene using a cDNA concentration ranging
from 0.25-20ng. The results were fit with a simple linear regression model; r2 of the fits was
0.99. The abundance of the 14-3-3 isoforms in RNA isolated from mouse retina was as
follows: YWHAQ (14-3-3 ) > YWHAE (14-3-3 &) >» YWHAZ (14-3-3 ) > YWHAH
(14-3-3 ) > YWHAB (14-3-3 B) > YWHAG (14-3-3 y); Sfn (14-3-3 o) was only detected
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in trace amounts (Figure 2A). We queried the expression levels of the 14-3-3 genes from a
previously published RNAseq dataset of human retina and found a similar pattern of
expression (Figure 2B, (Whitmore et al., 2014)). With the exception of YWHAQ, the mouse
and human data are in agreement with YWHAE being more abundant than YWHAZ,
YWHAH, YWHAB, and YWHAG in that order and SFN undetectable from background.
RNAseq is very precise when comparing the expression levels of a single gene across
samples. However, quantifying expression among genes within a sample is challenging due
to imprecise transcript specifications, amplification bias during library construction, and
non-unique mapping of reads (Li and Dewey, 2011; Wagner et al., 2012). While it is
possible that the expression of YWHAQ is different in mouse versus human retina, we think
it is more likely that the RNAseq data is underreporting the abundance of YWHAQ in
human retina. The large range of expression levels for the different 14-3-3 transcripts
supports the idea that there may be cell type dependent differential expression of the
individual isoforms.

To determine if any particular 14-3-3 isoform is enriched in photoreceptors, we measured
the expression levels of 14-3-3 RNA in mouse retinas depleted of rods due to either
degeneration or developmental failure. For the degeneration model, we used two and half
month old C3H/HeJ mice, a strain that carries the Pde6t™ allele. The naturally occurring
Pde6b™! mutation causes early onset degeneration resulting in the complete loss of rods
well before two months of age (Paquet-Durand et al., 2014). All six 14-3-3 isoforms found
in healthy C57BI/6J “WT"” retinas were present in the rd1 or “ARods” retina (Figure 2C).
Relative expression was determined by comparing the slope of the line fit to each gene
within each sample (Figure 2E, black vs gray bars). Two statistically significant changes
were observed in ARods compared to WT retinas, an increase in the expression of YWHAB
(mean diff = 20.3, 95% CI [5.0, 35.6], adj. p = 0.004) and a larger decrease in YWHAE
(mean diff = 53.7, 95% CI [38.4, 69.0], adj. p < 0.0001).

We used a mouse line developed for the study of cones for the complimentary ARods model.
Samardzija and colleagues crossed the NRL KO mouse with a line carrying a hypomorphic
mutation in RPEG5. In these conefull mice, only S-cone photoreceptors are present and the
confounding formation of neural rosettes associated with excessive levels of retinal are
attenuated (Mears et al., 2001; Samardzija et al., 2014). We used this line as a “ARods + S-
cones” model and found that, as in the ARods retina, the largest decrease compared to WT
was with YWHAE (mean diff = 73.8, 95% CI [58.5, 89.1], adj. p < 0.0001). YWHAQ and
YWHAH were also decreased in conefull retina compared to WT (mean diff = 21.2, 95% CI
[5.8, 36.5], adj. p = 0.003 and mean diff = 39.3, 95% CI [23.9, 54.6], adj. p < 0.0001
respectively; Figure 2D and 2E, black vs light gray bars).

Several inferences can be drawn from this comparison. None of the 14-3-3 isoforms are
exclusively expressed in rods; if that were the case expression should have been lost in both
of the Arods retinas. Since levels of YWHAE were significantly reduced in both models, we
conclude that YWHAE is expressed in the inner retina but comparatively enriched in rods.
YWHAMH is decreased in the conefull but not the degenerated retina where we expected
similar changes; given that the cones that are made in the NRL KO are most similar to S-
cones, YWHAH could be enriched in M-cones. In both of these Arods retinas there are more
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changes occurring than the loss of rods, e.g. gliosis, so interpreting the smaller changes
observed for YWHAQ and YWHAB is not straightforward. Next we sought to validate the
interpretation that YWHAE is expressed in rods.

We isolated rods based on the distinctive condensation of heterochromatin in the center of
the nucleus (Feodorova et al., 2015; Solovei et al., 2009) and measured the amounts of
14-3-3 transcripts. Papain treatment of the retina released rod perikarya along with
fragments of other retinal cells (Figure 3A). The population of living rod perikarya was
FACS sorted from the other cells (Figure 3B) and used immediately for RNA extraction. The
yield of RNA from this preparation was significantly lower than from whole retina so only
three ddPCR reactions were used per gene with a cDNA concentration ranging from 1-5ng.
Three of the six 14-3-3 genes were detected: YWHAE was the most abundant, followed by
YWHAZ, and YWHAQ (Figure 3C). The amount of YWHAE and YWHAZ detected in
isolated rod perikarya was approximately 15% of that detected in intact retina, or 5% for
YWHAQ. It is not possible to conclude that the other isoforms are absent from rods, only
that YWHAE is the most abundant of 14-3-3s detected in this population, which is
consistent with the results from the Arods retinas. Since some Muller glial cell fragments
could remain in association with rod perikarya after sorting (Figure 3A) it is not possible to
be absolutely certain of the purity of this preparation. Therefore, we focused on just the two
most abundant 14-3-3 isoforms for subsequent validation of rod expression.

We screened commercially available 14-3-3 antibodies to find an antibody specific for
14-3-3 e and 14-3-3 C respectively (Figure 4A). Returning to immunostaining of whole
retina sections, we found that 14-3-3 e labeled photoreceptor inner segments, with the stain
more concentrated at the apical end near the connecting cilia (Figure 4B). 14-3-3 e also
labeled the outer and inner plexiform layers consistent with its reduced but not absent
mMRNA expression in the Arods retina models. 14-3-3 C labeled photoreceptor outer
segments, with the signal being most intense in the basal outer segments and an apparent
concentration in cone outer segments. Punctate labeling was present throughout the inner
segment. In addition, the ganglion cell bodies were labeled with a weaker signal throughout
the inner plexiform and inner nuclear layers (Figure 4C). The striking outer segment signal
for 14-3-3 ( raises the question why reduced YWHAZ transcripts were not observed in the
Arods retinas. A possible explanation is that the amount of transcripts in the cones masked
the loss of transcripts from rods since both Arods retinas contain cones. Returning to the
original conundrum of inconsistent immunostaining patterns with the pan-14-3-3 antibodies
for inner and outer segments, we suggest that may be explained by competition for antibody
binding to other isoforms, subtle differences in the sensitivity for 14-3-3 e versus C, or
epitope availability. Regardless, we recommend that future immunostaining experiments use
validated isoform-specific antibodies. Especially since the differential subcellular 14-3-3
labeling indicates that 14-3-3 e and 14-3-3 ( are not functionally redundant in terms of
photoreceptor biology.

Comparing our results to the phylogenetic relationship of the 14-3-3 isoforms provides
context (Figure 5). The 14-3-3 proteins fall into 3 clades: /6 (with o as an offshoot of 8), C/
B, and y/m. The &/6 clade is most abundantly expressed in retina with 14-3-3 6 likely
compensating for any functions that are unique to 14-3-3 o in other tissues. Within the other
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two clades, one of the isoforms is most abundant in retina so that it is possible that § and y
are redundant to G and m), respectively. The two isoforms with differential subcellular
localization in photoreceptors represent two different clades so they may have distinct
localization or functions in other tissues as well.

CONCLUSIONS

The central finding of this study is that 14-3-3 isoforms are differentially expressed in the
retina both in terms of overall abundance and at least, in some cases, in terms of cell type
and subcellular localization. Future studies of 14-3-3 in photoreceptor biology should focus
on 14-3-3 e and 14-3-3 C.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Expression of 14-3-3 isoforms in retina was quantified using digital-droplet
PCR

Only 14-3-3 o was not found in retina
14-3-3 antibodies were validated against recombinant proteins
14-3-3 e and 14-3-3 C were detected in photoreceptors

14-3-3 e and 14-3-3 ¢ were found enriched in inner vs. outer segments,
respectively
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Figure 1.
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14-3-3 proteins are expressed throughout the retina. A-B8) mouse retina labeled with WGA
(left), pan 14-3-3 (center, green), with merged images including Hoechst labeling for nuclei
on the right. A polyclonal pan 14-3-3 antibody (Abcam) was used in A, and a monoclonal
pan-14-3-3 (H8) in B. Asterisks in (B) indicate labeling of blood vessels by the secondary
antibody. Scale bar, 20 um and abbreviations are: OS, outer segment; IS, inner segment;
ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; IPL, inner
plexiform layer; GC, ganglion cell layer. C) Western blots of recombinant 14-3-3 proteins
probed with the antibodies used in A-B; blots stained with REVERT to label total protein.

Quantitation of the band intensities, data represent mean + SD, reveals no statistically
significant differences between the two antibodies.
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A. Mouse retina (RT-ddPCR) B. Human retina (RNAseq)
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Figure 2.
Six of the seven 14-3-3 isoforms are expressed in retina. A) RT-ddPCR results from mouse

retina plotted as a function of starting cDNA concentration. Note, error bars are smaller than
the symbol size. B) Human retina RNAseq data replotted from (Whitmore et al., 2014). RT-

ddPCR results from rd1 (C) or conefull (D) mouse retina. £) Comparison of the slope of the
linear regression for each gene from A, C, and D. P-values are represented as n.s., p > 0.05;

* p <0.05; ** p<0.01; ***, p<0.001; **** p<0.0001.
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Figure 3.

T T

2 4
cDNA (ng)

YWHAE and YWHAZ are expressed in rods. A) Cell fragments released from retina after
papain treatment stained with Hoechst, and in the right panel overlaid with the transmitted
light channel. Asterisks indicate rod perikarya; MC is a fragment of a Muller glia cell. B)

Profile of sorted cells, area circled in blue containing the cells marked green is the

population of rod perikarya collected for RNA extraction. C) RT-ddPCR results from rod

perikarya.
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Figure 4.
14-3-3 e and ( are differentially localized in photoreceptors. A) Western blots of

recombinant 14-3-3 proteins probed with 14-3-3 & (upper) or 14-3-3 ¢ (lower) antibodies;
blots stained with REVERT to label total protein. Mouse retinas labeled with WGA and
either 14-3-3 e (C) or 14-3-3 ¢ (D); scale and abbreviations as in Figure 1.
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Figure 5.

Correlation between phylogeny and retina expression of 14-3-3. Cladogram of 14-3-3
isoforms adjacent to a summary of the findings regarding mRNA and protein expression in
the retina, 7.c. indicates no change, information corresponding to the blank rows in the

protein columns was not determined.

Exp Eye Res. Author manuscript; available in PMC 2019 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Inamdar et al.

Table 1

Antibodies & Lectins used for immunohistochemistry (IHC) or Western blot (WB)

Source Cat# Conc. RRID

Rabbit anti-pan 14-3-3 Abcam Ab9063 1:250 (IHC), 1:300 (WB) AB_306972
Mouse anti-pan 14-3-3 (H8) Santa Cruz sc-1657 1:100 (IHC), 1:500 (WB) AB_626618
Rabbit anti-14-3-3 epsilon Cell Signaling | 9635 1:100 (IHC), 1:1000 (WB) | n/a

Mouse anti-14-3-3 zeta (1B3) Santa Cruz sc-293415 | 1:100 (IHC), 1:500 (WB) n/a

WGA: Alexa 594 ThermoFisher | W11262 1:500 (IHC) n/a

Goat anti-rabbit 1gG: Alexa 647 ThermoFisher | A21244 1:500 (IHC) AB_141663
Goat anti-mouse 1gG: Alexa 488 ThermoFisher | A11001 1:500 (IHC) AB_2534069
IRDye® 680RD Goat anti-Rabbit 19G LI-COR 925-68071 | 1:20000 (WB) nfa

IRDye® 800CW Goat anti-Mouse 1gG | LI-COR 925-32210 | 1:20000 (WB) nfa
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gPCR assays used for ddPCR

Table 2

Assay ID Gene Ref Seq # Exon location
Mm.PT.58.10072972.gs | YWHAB | NM_018753 4-6
Mm.PT.58.43656403 YWHAE | NM_009536 5-6
Mm.PT.58.42727760 YWHAG | NM_018871 1-2
Mm.PT.58.42310160 YWHAH | NM_011738 1-2
Mm.PT.58.29642684.9 YWHAQ | NM_001739 5-5
Mm.PT.58.31794574 YWHAZ | NM_001253807 7-9
Mm.PT.58.42262048.9 SFN NM_018754 1-1

Exp Eye Res. Author manuscript; available in PMC 2019 May 01.

Page 20



	Abstract
	Graphical abstract
	INTRODUCTION
	MATERIALS AND METHODS
	Animals
	Antibodies and Immunohistochemistry
	RNA isolation and RT-ddPCR
	Retina dissociation and FACS sorting
	Plasmids
	Protein purification and Western blotting
	Phylogenetic tree
	Statistical Analysis

	RESULTS AND DISCUSSION
	CONCLUSIONS
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Table 1
	Table 2

