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Selenoprotein P (Sepp1), a glycoprotein rich in selenium, is thought to function in selenium transport throughout the
body. The seppT gene locus potentially produces three alternative transcripts that differ only in their 5' untranslated
regions (5'UTRs) and not in their protein coding regions, as indicated by transcript information in genomic databases.
Here we investigated the distribution, relative expression, and biological significance of these transcript variants. We
confirmed the expression of Sepp1 transcript variants using PCR and sequencing. Using 5'-RACE, we identified multiple
5'-termini upstream from three different splice donor sites, and a single splice acceptor site for exon 2. We found regional
and temporal changes in variant expression in select adult and neonate murine tissue and brain regions. Distribution of
variants in heart and kidney varied with stage of development. Notably, the Sepp1b variant was localized specifically to
the hippocampus in brain. Targeted silencing of individual variants using RNAi demonstrated the biological importance
for all transcript variants in cell viability. Additionally, we determined that the Sepp1b variant is a specific target for the
miR-7 microRNA by means of its unique 5'UTR structure. Our results emphasize the importance of non-coding transcript
variations as a regulatory means for Sepp1 expression in different tissues and stages of development. The presence of
a variant localized in the hippocampus and regulated by a microRNA may have implications for the known deficits in

synaptic function caused by genetic deletion of Sepp1.

Introduction

Recent studies have highlighted the importance of non-cod-
ing sequences in regulation of gene expression. Three murine
Selenoprotein P (Seppl) transcripts present in the National
Center for Biotechnology Information (NCBI, www.ncbi.nlm.
nih.gov/) nucleotide database have identical coding exons, but
differ in their 5' noncoding exons. Thus, the variants are pre-
dicted to have the same protein products, suggesting a purely
regulatory role for the variants. Seppl transcripts are present in
most mammalian tissues, with the highest expression in liver.
Seppl is secreted primarily from liver cells and acts as a carrier
to bring selenium (Se) to brain and other body regions.! In addi-
tion, Seppl has antioxidant properties® and can chelate toxic
metals.”® Seppl knockout (KO) animals are deficient in synaptic
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plasticity in the hippocampus, suggesting an important role for
Seppl other than selenium transport.®

Selenoproteins contain the 21st amino acid selenocysteine
(Sec), a structural analog of cysteine with Se in place of sul-
fur” The codon for Sec is UGA, which is a stop codon for non-
selenoprotein mRNAs. The selenoprotein family requires the
non-coding selenocysteine insertion sequence (SECIS) element
in the 3' UTR of the mRNAs for translation.® The SECIS ele-
ment binds factors necessary for the recoding of UGA from a
stop codon to the codon for Sec.” Sec is synthesized directly on
its own tRNA (tRNAS€) through charging of the tRNA with
a serine residue, followed by phosphorylation of the serine and
subsequent exchange with selenophosphate. Seppl is unusual in
having multiple Sec residues (10 in rodents and primates),’ as
well as two SECIS elements in the 3' UTR."
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Figure 1. Arrangement of alternative 1st exons in genomic DNA
sequences. (A) Schematic showing the arrangement of mouse Sepp1
exons 1a, 1b, and 1c within the genomic DNA sequence. (B) Genomic
sequence of alternative 1st exons. Exon 1a is shown in green, exon 1b
is shown in red, and exon 1c is shown in blue, with purple showing
the overlap region between exon 1b and exon 1c. Triangles indicate
transcription start sites according to NCBI. (C) Alignment of mouse, rat
and human genomic sequences showing the relative location of the
alternative 5’ exons.

MicroRNAs (miRNAs) are a large class of endogenous non-
coding RNAs that are typically 21-22 nucleotides in length.!
miRs can suppress translation of mRNAs or target them for
degradation.”” High complementarity of the miRNA target
in mRNAs to a “seed” region in the miRNA in nucleotides
2-8 is important for miRNA target recognition.'” Endogenous
miRNA target sites have primarily been found in the 3' UTRs
of their target mRNAs. This may be due in part to the com-
monly used target prediction algorithms, which take into
account the conservation of sequences across species. Only 3'
UTRs are used for these algorithms, as conservation in cod-
ing sequences is more likely due to protein function." 5" UTR
miRNA target sites can also result in translational repression.”
The hepatitis C virus utilizes the liver-specific miR-122 for
positive translational regulation viaa 5' UTR target.' miR-10a
binds to the 5" UTR of ribosomal protein mRNAs, enhancing
translation.” A recently discovered class of miRNAs requires
simultaneous binding to 5" and 3" UTRs." Thus miRNAs can
target both 5' and 3" UTRs and exert bidirectional regulation
of protein expression. We have identified a target site for the
murine homolog of miR-7 in the 5" UTR of one of the Seppl
transcript variants.
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In this study, we investigated the tissue and developmental
expression of these variants, the effects of targeted knockdown of
expression of individual transcripts on cell viability, and the role
of miR-7 in regulation of Seppl expression.

Results

Genomics studies have identified three confirmed variants for
mouse Seppl, and these variants appear in the NCBI gene data-
base. The variants all have identical coding exons (exons 2-5),
but differ in their 5' noncoding exons (exons 1a, b, and ¢). As the
different first exons are non-coding, the variants are all predicted
to have the same protein product, suggesting a purely regulatory
role for the variants. This finding provides a possible mechanism
for differential regulation of expression of Seppl in response
to various stimuli, possibly including damage or disease states.
Figure 1A and B show the arrangement and sequence informa-
tion for the mouse exons within the genomic DNA. Exon 1a is
closest to exon 2 on the genomic sequence, while exon 1b is the
furthest 5' exon. Exon lc begins 44 bases 3' of the start of exon
1b, and overlaps 1b by 30 bases.

There are also three human and two rat transcript variants in
NCBI and other public databases. Figure 1C shows the align-
ment of alternative 5' exons for mouse, rat and human Seppl. As
with the mouse variants, the rat transcript variants have alternate
5" non-coding exons. However, all sequences of all human vari-
ants begin with the same non-coding exon. Two of the human
variants have an additional exon inserted after the first exon. The
5" exon for the mouse Seppla variant has 81% sequence homol-
ogy with the 5" exon of the rat Seppla variant, and 60% homol-
ogy with the human 5' exon. Additionally, the first exon of the
mouse Sepplc variant has 80% homology with the first exon of
the rat Sepplb variant.

To verify these sequences, we designed PCR primer pairs with
forward primers specific to each of the variant exons and reverse
primers in exon 2 for verification with reverse transcriptase PCR
(RT-PCR). Resulting products were verified by size and by sub-
sequent sequencing. To determine if the PCR products were part
of full-length messages, we also performed RT-PCR with exon 1
forward primers and reverse primers in exon 5 (Fig. 2B). These
products were also confirmed by size and sequencing to be the
predicted variants.

We speculated that the variants could have different rates of
translation if their secondary structures were different. We there-
fore used the mfold software (http://mfold.rna.albany.edu) to
examine the secondary structures of the variants. Resulting folds
and mRNA free energies are shown in Figure 3. Seppla is pre-
dicted to exhibit a moderate amount of secondary structure, with
a Gibb’s free energy value (AG) of -25.7. In contrast, Sepplb had
a simpler predicted structure with a AG of only -6.5. Sepplc had
the most complex predicted structure, with a AG of -42.1. The
great differences in complexity and free energy of the variants
could serve to exert control over the rate and efficiency of transla-
tion of Seppl.

We subsequently sought to accurately determine the 5' ter-
mini for each variant using Rapid Amplification of 5 DNA
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Ends (5-RACE). Resulting sequences are shown in Table 1.
Underlined regions correspond to the highlighted genomic
sequences are shown in Figure 1B, with the first letter of the
sequence in bold. Several possible 5'-terminal sequences were
found for each transcript variant that matched the genomic DNA
sequence. However, all variants had one of three splice donor
sites matching those of the three predicted variants, and only one
splice acceptor site for exon 2 was identified. Longer sequences
are more likely to represent the true 5" ends, although shorter
exon sequences could also result from alternative transcription
start sites. Most remarkable was the discovery of a sequence for
the Seppla variant extending 84 nucleotides beyond the 5' termi-
nus found in the public database. This variant extends into the
Sepplc variant region on the genomic DNA. We did find several
sequences corresponding to the predicted 5' end for this variant
(second sequence shown for Seppla), as well as several forms dif-
fering in length by 1-3 nucleotides. Interestingly, Seppla isolated
from adult female brain was shorter by 1-3 nucleotides on the 5'
end compared with adult male brain, implying gender-specific
transcription start sites. We also found a sequence for Sepplb that
extended 12 nucleotides longer in the 5" direction than the data-
base sequence for this variant. Two sequences for Sepplc were
shorter than found in databases; however, we cannot be certain
we found the full-length 5' sequence for this variant.

PCR primers for each of the 5' exons shown in Figure 2A
were then used for quantitative RT-PCR (qPCR) to measure
their relative abundance in neonatal and adult mouse tissues.
This revealed tissue and developmental stage specific expres-
sion patterns in neonatal and adult brain, liver, heart, and kid-
ney (Fig. 4). The most abundant transcript variant in all tissues
was Seppla. However, all variants showed temporal and tissue-
specific differences. In both neonatal and adult animals, Sepplb
expression relative to total Seppl expression was much higher in
heart than in other tissues. The Sepplc variant in heart decreased
in relative expression from neonatal animals to adult animals.
One surprising difference was that kidney mRNA levels for total
Seppl as well as the Seppla variant were higher in adult animals
than in neonatal animals, and were comparable in expression in
liver and kidney. Thus while Seppl synthesis in liver is important
for Se delivery, kidney may also synthesize Seppl, perhaps for
recycling whole body Se.

We next assessed changes during development in different
brain regions. Although Seppla was the predominant variant in
brain, we found specific regional and development expression
patterns for all three variants (Fig. 5). Notably, the Sepplb tran-
script expression was greater in the hippocampus compared with
other brain regions, and may be have important for hippocampal
functions that are impaired in Seppl KO animals. Additionally,
total Seppl and the Seppla variant increase in thalamus from
neonates to adults. These data show a high degree of spatial and
temporal regulation of Seppl transcript variants.

We previously reported that knocking down Seppl expres-
sion with shRNA decreases viability of cultured N2A cells.” To
determine which variants of Seppl may be necessary for viability
of these cells, we used RNAi directed toward the three Seppl
transcripts. Cultured N2A cells were transfected with siRNA
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Figure 2. Confirmation of transcript variants with RT-PCR. (A) cDNA
map of Sepp1 showing the locations of forward and reverse primers
used. Primer sequences are listed below. (B) RT-PCR products using
primers in exon 1a, 1b, or 1c and reverse primers in exon 2 (as indicated
by “Rev1” in cDNA map above) giving Seppla, Sepplb, and Seppic
products, respectively. (C) RT-PCR products for various tissues using
the same forward primers as A, but with the reverse primers in the last
exon, exon 5, as indicated by “Rev2” in map above.

B Sepp1b
L vr, BG=-6.5

C Seppic

AG=-42.1

Figure 3. Predicted secondary structures of 5’ transcript variants of
mSepp1 and relative folding energies. (A) Transcript Sepp1a. (B) Sepplb.
(C) Sepplc.
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Table 1. Determination of 5'-termini using 5'-RACE

Seppla

Samples (no. of occurrences)

5'-GAG GGA GCA CCG AAG TTT GGA CTG CAC CTC AGA GGG CGA GGT AAA CAA CAG GGC TAT AAA AGT C-

AGT GTC AGC CTG TGG CTT TGG GGA GCT GCT CTA ACT AGA GCA AAG AGA CAG GAC GAA GCT AGT CCG AAG

GGGTTGC

5'-GGG GAG CTG CTC TAA CTA GAG CAA AGA GAC AGG ACG AAG CTA GTC CGA AGG GGT TGC

Neonatal brain (1)

Neonatal brain (2), adult male
brain (1), neonatal heart(1),
neonatal liver(1), neonatal

kidney(1)

Neonatal liver(1),

5'-GGG AGC TGC TCT AAC TAG AGC AAA GAG ACA GGA CGA AGC TAG TCC GAA GGG GTT GC

Adult female brain(1)

Neonatal brain(1),

5'-GGA GCT GCT CTA ACT AGA GCA AAG AGA CAG GAC GAA GCT AGT CCG AAG GGG TTG C

5'-GAG CTG CTC TAA CTA GAG CAA AGA GAC AGG ACG AAG CTA GTC CGA AGG GGT TGC
5'-AAC TAG AGC AAA GAG ACA GGA CGA AGC TAG TCC GAA GGG GTT GC

Sepp1b

5'-GCT TAG ATT ATA GGG TGA TCA AAA GCA GAA AAT AAG TTA GAA ACT CGT CAA AAG TCG TCC GTC TTC CCT CA

5'-AAA CTC GTC AAA AGT CGT CCGTCTTCCCTCA
5'-GTC AAA AGT CGT CCGTCTTCCCTCA
5'-AAA GTC GTC CGT CTT CCC TCA
Seppic

Adult female brain(2)
Adult female brain(1)

Neonatal liver(1)

Neonatal brain(1)
Neonatal brain(1)
Adult female brain(1)
Neonatal kidney(1)

5'-GTG ATC GGA AAC TGT TCA GGG GCT TGC TGC ATT TGC AAG GTC GCA GCG GGA GGG AGC ACC GAA CTT TGG

ACTGCAC
5'-GCA GCG GGA GGG AGC ACC GAACTT TGG ACT GCA C

Neonate
107

Sepp1
L] Seggm
7] Sepp1b
N Seppic

Normalized mRNA Expression )>

10 o Sepp1
| | Sepp1a
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3
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Figure 4. Expression of Sepp1 transcript variants in different organs for
total Sepp1, Seppla, Seppl b, and Sepplc from neonatal (A) and adult
(B) animals. Absolute measurements of qPCR from indicated tissue were
performed using primers specific for each Sepp1 transcript variant,
calculated using the primer efficiencies for that variant, and normalized
to product from 18S rRNA primers.
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specific to each variant. Specificity of knockdown was demon-
strated by qPCR (Fig. 6A). We found that siRNA directed to
the Seppla variant resulted in a significant decrease in the 60 kD
band of Sepp! (Fig. 6B, C). Knockdown with siRNAs targeting
Sepplb and Sepplc produced a smaller decrease in Seppl expres-
sion that was not significant. Seppla siRNA also significantly
reduced expression of the 55 kD Seppl band (Fig. 6D), with a
smaller reduction from Sepplc siRNA and notably no decrease
from Sepplb siRNA. Knockdown of Seppla produced the great-
est decrease in viable cells (Fig. 6B), and the greatest increase
in apoptotic cells (Fig. 6C , Annexin V positive). However,
knockdown of each transcript resulted in decreased viability
and increased apoptotic cells, compared with the non-targeting
siRNA knockdown. This suggests that all three transcripts may
be important for neuronal cell viability in different ways.

To determine how the non-coding alternative exons could
regulate expression of Seppl, we used various search algorithms
to look for regulatory elements in the 5" UTR. These included
UTRscan  (http://itbtools.ba.itb.cnr.it/utrscan) and RegRNA
(regrna.mbc.nctu.edu.tw/heml/prediction.heml). One intriguing
element found with both searches was a “GY-box” for both the
Sepplb and Sepplc variants, in the region where they overlap on
the genomic DNA. This sequence was first found as a repressive
element in the 3' UTR of genes in the Notch pathway involved in
neural development of Drosophila,?>* and was later found to be
a target site for the miR-7 microRNA.?> We examined the tran-
script variant sequences to determine if they could provide target
sites for this miRNA. Although most miRNAs target 3' UTRs,
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functional miRNA sites have been demonstrated in 5'UTRs as
well.”7

As shown below, the murine homolog of miR-7 aligns with a
high degree of complementarity to the Sepplb transcript variant.
The GY-box (shown in bold on the Sepplb sequence) provides
a seven nucleotide “seed” region on bases 2—7 of miR-7 read-
ing 5'-3". Eleven of the following 15 bases of miR-7 pair with
the Sepplb sequence, plus 3 wobble parings, gives a total of 18
paired bases out of 22 total bases. The Seppla variant lacked a
GY box or a miR-7 binding site. Although the Sepplc variant has
a GY box, it is close to the 5' terminus and is unlikely to serve
as the seed region for miR-7 as half of the miRNA would extend

beyond the Sepplc 5' terminus.
miR-7: 3'UGUUGUUUU-AGUGAUCAGAAGGU-5'

L= LIEED Th=e FEETTT
Sepplb:5 ' UCGUCAAAAGUCGUCCGUCUUCCC-3'
To confirm this targeting, we submitted these sequences to the
online search algorithm MiRTIF (MicroRNA:Target Interaction
Filter, mirtif.bii.a-star.edu.sg/), which serves as a post-process-
ing filter for predicted miRNA:target duplexes. Pairings rated
with positive scores using this algorithm indicate predicted true

-20 kcal/mol

interactions based on “training” with experimentally confirmed
miRNA:target pairs. The software verified Sepplb 5' UTR as
a candidate target for miR-7. Additionally, we confirmed the
Sepplb 5" UTR as a possible target of miR-7 using the RNA
hybrid algorithm (bibiserv.techfak.uni-bielefeld.de/rnahybrid/).

To test the possible role of miR-7 in regulating expression
of Seppl, we targeted miR-7 using a locked nucleic acid (LNA)
antisense probe (Exiqon). We transfected N2A cells with an anti-
miR-7 LNA or control 48 h before harvesting RNA. Subsequent
gqPCR demonstrated an increase in mSepplb mRNA (Fig. 7A).
Since miRNAs can repress gene regulation without causing
RNA degradation,” we examined protein expression by labeling
selenoproteins with °Se. Media from transfected cells primar-
ily showed one band of about 60 kD. A second band approxi-
mately 50 kD in size was detectable but was less than one tenth
the intensity of the larger band, indicating it was the N-terminal
region with only one Sec residue. It was not practical to quantitate
this band because of the low relative intensity. LNA knockdown
of miR-7 increased the expression of the 60 kD band of Seppl by
more than 50% (Fig. 7B, left). In contrast, we found no differ-
ence in expression of other selenoproteins within the cell lysate
(Fig. 7B, right), indicating that miR-7 does not indirectly alter
Seppl expression through targeting of other factors controlling
selenoprotein synthesis or other off target mechanisms. Thus
miR-7 may regulate expression of Seppl, possibly by repressing
translation of the Sepplb transcript variant.

Discussion

In this study, we demonstrated temporal tissue-specific differ-
ences in expression of three predicted Seppl transcript variants,
and showed that knocking down all variants in a neuronal cell
line decreased cell viability. Importantly, we demonstrate a novel
mechanism for gene regulation that utilizes miRNA targeting of
5" alternative exons. We found several possible 5' end sequences of
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Figure 5. Expression of Sepp1 transcript variants in different brain
regions for total Sepp1 (A), Seppla (B), Sepp1 b (C), and Sepp1c (D).
Absolute measurements of gPCR from indicated tissue were performed
as described in Figure 4.

these variants, but only three potential donor sites on the 3" end
of the 1st exon sequences, all sharing a common acceptor site for
a single exon 2.

Although the different transcription start sites would result
in many variants, we can categorize these variants into three
groups based on the three possible splice donor sites on the 3'
end of these exons. The groups correspond to the three variants
identified in NCBI and other databases. While it is possible that
some sequences we identified were somehow truncated by experi-
mental procedures or even by cellular processes prior to isola-
tion, it appears that different 5' ends for each variant group do
exist, most likely as the result of variations in transcription start
sites. In addition, we identified sequences for the variant a and b
groups that extend further 5' than the sequences listed in NCBI.
Interestingly, we found no overlap for the 5' ends for each vari-
ant group between RNAs isolated from male vs female brain.
Previous gender differences in selenoprotein expression have been
described,? and the severity of behavioral impairments resulting
from deletion of Seppl in mice depends on gender.” Seppl was
previously isolated as an androgen-responsive gene,* indicating
gender-specific gene regulation. Additionally, gender differences
in human Seppl single nucleotide polymorphisms (SNPs) have
previously been identified.”” Thus different promoter elements
may regulate Seppl expression in males and females, resulting in
different transcription start sites.

The finding of a non-coding transcript variant that is pri-
marily expressed in hippocampus is of particular interest. Seppl
KO mice are deficient in hippocampal long-term potentiation
(LTP), a cellular model for learning and memory.?® Our find-
ing suggests the possible involvement of Seppl produced in hip-
pocampus in LTP. Seppl binds to apolipoprotein E receptor 2
(ApoER2).#*%% Another brain ligand for ApoER2 is the brain
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Figure 6. Knockdown of Sepp1 transcript variants with siRNA increases apoptosis

after oxidative challenge. Viability and apoptosis were assessed by flow cytometry for
propidium iodide and Annexin V fluorescence following RNAi-mediated knockdown of
Seppla, b or c transcripts in N2a murine neuronal cells. (A) Confirmation of siRNA efficacy
and specificity by gPCR measurement of RNA normalized to 18S rRNA for total Sepp1 and
for each variant, shown as median + range. (B) Western blot (above) showing Sepp1 in
media of N2A cells following siRNA transfection, and the 67 kD albumin band (below). The
(€) Quantification of the 60 kD Sepp1 band using albumin as a loading control, relative to
negative control siRNA samples. (D) Quantification of 55 kD band. (E) Percent viable cells
negative for both propidium iodine and annexin V. (F) Percent apoptotic cells defined

as negative for propidium iodide but positive for annexin V. * indicates p < 0.05 and **
indicates p < 0.01, 2-way ANOVA with Bonferonni'’s posthoc test.

Parkinson disease-related protein a-synuclein.”
Importantly, miR-7 also increases with differen-
tiation and development of neurons, and controls
neurite outgrowth.’® It should be noted that a
previous study by Zhang et al.,”” based on analy-
sis of expression in the Allan Brain Atlas (heep://
www.brain-map.org/), reported that Seppl
expression was lower in hippocampus relative to
other brain regions. However, the data set avail-
able at the time of that study is now reported
to have failed quality control (http://mouse.
brain-map.org/experiment/show/68076896).
A newer data set (http://mouse.brain-map.
org/experiment/show/79903768) shows much
higher expression in hippocampus. Our findings
of the relative expression of Seppl in adult brain,
being (highest to lowest) thalamus, cerebellum,
hippocampus and cortex, are consistent with the
online data. Additionally, a previous study using
single-cell microarray analysis of mouse brain
neurons reported Seppl as having relatively high
expression in GABAergic neurons of the hippo-
campus.’® Thus Seppl appears to be synthesized
in neurons and be important for brain function.

The developmental increase in Seppl tran-
script expression in kidney was surprising, as
Seppl is thought to primarily be synthesized in
liver for delivery of Se to the brain, testes and
other organs.* Although Seppl binds to the
ApoER?2 receptor in brain and testes,”*° binding
to the megalin receptor in kidney is important
to prevent urinary excretion of Seppl.“! Higher
expression of Seppl following development could
indicate recycling of bodily Se. The reason for
synthesizing new Seppl in kidney is unclear, but
possibly the kidney acts as a filter for oxidized or
otherwise modified forms of Seppl.

Splice variants differing only in 5'UTRs have
been demonstrated for several genes, including the
glucocorticoid receptor,”” adenosine A, recep-
tor,”® and thyroid hormone receptor a (TRa).*
These 5' variants all exert regulatory control over
protein translation. Efficiency of translation can
be affected by Gibb’s free energy of the 5' UTR
and relative structure complexity, by the presence
of elements such as the iron response element,®
and also by short open reading frames (ORFs)
upstream of the actual start codon.® The differ-
ent 5'UTRs do not contain any upstream ORFs.

signaling protein reelin, which can enhance LTP.?%3 The LTP  The mSeppl variants vary greatly in relative AG values, suggest-
deficit in Seppl KO animals indicates that Seppl may have a  ing the complexity of folding for the alternate 5' UTRs alone can
similar influence on LTP. The presence of a specific Seppl vari- influence the efficiency of protein translation. Seppl depends on
ant suggests a local signaling role for Seppl in the hippocam-  control of translation efficiency to prevent premature termination
pus. Regulation of the variant by microRNA could therefore  of translation at the UGA Sec codon.’ We have not identified
greatly influence learning and memory. Interestingly, miR-7 in  other known RNA regulatory elements in the 5'UTRs, with the
humans is decreased in glioblastoma,?** and also regulates the exception of the GY-box/miR-7 binding site.
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MicroRNAs have been identified in high numbers in the ner-
vous system, and are expressed with temporal or spatial speci-
ficity, suggesting crucial functions in regulation of their target
mRNAs. miRNAs are postulated to function in modulating local
translation at synapses to regulate synaptic function. According
to this hypothesis, a set of miRNAs inhibits translation of target
mRNAs under basal conditions, but with synaptic activity, a set
of mRNAs is de-repressed to synthesize proteins capable of self-
assembly into postsynaptic elements.” The presence of a miRNA
site within the 5'UTR of a variant that is localized to the hippo-
campus within brain suggests this may be an important method
of translational suppression during transport of the mRNA.

These studies provide a complex picture of translational con-
trol of mSeppl. 5' variants with different mRNA complexity,
and regional and temporal regulation could combine to tightly
regulate Seppl expression. This regulation may be important for
a protein containing a relatively high amount of the trace ele-
ment selenium. The identification of a Seppl transcript vari-
ant enriched in hippocampus and its regulation by miRNA has
implications for a role of Seppl in synaptic plasticity. These find-
ings help elucidate the intricate regulation of protein synthesis by
non-coding RNA and to clarify the functions of the transcript
variants of this unique selenoprotein.

Materials and Methods

PCR and qPCR. Oligonucleotide primers specific to total mouse
Seppl, Seppla, Sepplb, Sepplc and 18SrRNA were designed
and purchased from IDT (Coralville, IA). Total Seppl forward:
5“TGT TGA AGA AGC CAT TAA GAT CG-3'; total Seppl
reverse: 5-CAC AGT TTT ACA GAA GTC TTC ATC TTC-
3'. Seppla forward: 5-AAG CTA GTC CGA AGG GGT TG-3';
Seppla reverse: 5“TGC CCT CTG AGT TTA GCA TTG-3.
Sepplb forward: 5-CGT CCG TCT TCC CTC AGA C-3';
Sepplb reverse: same as Seppla reverse. Sepplc forward: 5-GAT
CGGAAACTGTTCAGG GGCTT-3" Sepplcreverse: 5-TCT
CCA CAT TGC TGA GGT TGT CCT C-3". 18SrRNA for-
ward: 5'-CGA TTG GAT GGT TTA GTG AGG-3'; 18SrRNA
reverse: 5-AGT TCG ACC GTC TTC TCA GC-3. RNA
was harvested from N2A cells and mouse tissue using TRIzol
reagent (Invitrogen), and cDNA was synthesized using the High
Capacity cDNA Reverse Transcription Kit (Applied Biosystems)
according to manufacturer’s instructions. qQPCR reactions con-
tained cDNA, oligonucleotide primers and Platinum SYBR
Green qPCR SuperMix (Invitrogen). gPCR reactions were run
on a Roche LightCycler 480 I1.

5-RACE. We performed 5'-RACE usinga 5'/3' 2nd Generation
RACE kit (Roche) according to the manufacturer’s instructions.
RNA was extracted from mouse neonatal (postnatal day 7) brain,
liver, heart, and kidney and from adult (6 mo) male or female
brain, and RNA extracted with TRIzol reagent (Invitrogen)
per manufacturer’s instructions. First, cDNA was synthesized
from a primer binding to the start of exon 5 having the sequence
5-CAC AGT TTT ACA GAA GTC TTC ATC TTC-3". After
adding a poly-A tail to the 3' end of the cDNA, a PCR was per-

formed using the kit’s 5' oligo-dT anchor primer and a reverse
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Figure 7. Knockdown of miR-7 with an antisense LNA probe increases
expression of Sepp1. (A) gPCR measurement of mRNA expression for
Sepp1 and transcript variants 48 h following transfection of N2A cells
with LNA antisense probe, normalized to 18S rRNA. (B) Protein expres-
sion measured by autoradiography of °Se-labeled protein from N2A
cell cultures 72 h after knockdown of miR-7. Above: Autoradiography
of media from three control (left) and three anti-miR-7 transfected
(right) cultures. Below left: Graph of 7°Se-Sepp1 expression normalized
to relative radioactivity for each sample. * indicates p < 0.05, two-tailed
Student’s T-test. Below right: Autoradiography of N2A cell lysates.

primer binding to exon 2 with the sequence 5-TGC CCT CTG
AGT TTA GCA TTG-3". The PCR product was diluted 1:20,
and a subsequent PCR reaction was performed using the kit’s
anchor primer and either the previous reverse primer, or primers
targeted to the 3 predicted transcript variants: Seppla, 5-TTG
CTG AGG TTG TCG CAA CCC CTT-3, Sepplb, 5-AGG
TTG TCT GAG GGA AGA CGG ACG-3', and Sepplc, 5-TGT
CCT CGC CCT CTG AGG TGC A-3". All PCR reactions were
performed using Deep Vent (exo-) polymerase (New England
BioLabs) in ThermoPol reaction buffer (NEB). The final PCR
products were separated on 1% agarose gels, and DNA purified
from excised bands using kit components. Products were cloned
using the Topo II cloning kit (Invitrogen) and sequenced.

Cell culture. N2A neuroblastoma cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM) (Gibco) and
differentiated in Neurobasal Medium (Gibco) containing B27
supplement (Gibco) for 48 h before transfection, harvest or flow
cytometry experiments.

siRNA. siRNAs rtargeting total Seppl and each tran-
script variant and non-targeting siRNA were purchased from
Ambion. Total Seppl sense: 5-GCC AUU AAG AUC GCU
UAC Utt-3', total Seppl antisense: 5-AGU AAG CGA UCU
UAA UGG Ctt-3. siRNA transfections were conducted

using Lipofectamine 2000 reagent (Invitrogen) according to
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manufacturer’s instructions. Media was collected and RNA
was harvested from transfected cells 24 h after transfection.
Seppl was purified from culture media by first precipitating
with 75% saturated ammonium sulfate followed by centrifuga-
tion at 5000 G for 30 min. Pellets were resuspended in binding/
wash buffer (100 mM sodium phosphate pH 8, 600 mM NaCl,
0.02% Tween-20). Seppl was pulled down using Dynabeads
His-tag Isolation and Pulldown magnetic beads (Invitrogen)
per manufacturer’s instructions. Seppl eluted with imidazole
solution (300 mM Imidazole, 50 mM Sodium phosphate pH
8, 300 mM NaCl 0.01% Tween-20) was separated by electro-
phoreses using 10-20% gradient Tris-HCL Criterion Precast
gel (Bio-Rad Laboratories, Inc.) and transferred to Immobilon-
P3Q Polyvinylidene Difluoride (PVDF) membrane (Millipore).
Membranes were blocked in Odyssey blocking buffer (Li-Cor),
and protein detected using a custom rabbit anti-Seppl antibody*®
with Li-Cor infrared-fluorescent secondary antibodies detected
with an Odyssey scanner. Membranes with media samples were
later stained with SimplyBlue (Invitrogen) in order to normalize
samples to the 67 kD albumin band.

Locked nucleic acid. Locked nucleic acid targeting miR-7
microRNA and a non-targeting control were purchased from
Gene Tools (Philomath) and transfected using Arrest-in reagent
(Open Biosystems) according to manufacturer’s instructions.
Anti-miR-7: 5-ACA ACA AAA TCA CTA GTC TTC CA-3}
standard control: 5-CCT CTT ACC TCA GTT ACA ATT
TAT A-3". RNA was harvested from transfected cells 24 h after
transfection. Alternatively, neutralized [75Se] selenious acid (3
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