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Abstract
The transcription factor SOX10 has essential roles in neural crest-derived cell populations,
including myelinating Schwann cells—specialized glial cells responsible for ensheathing axons in
the peripheral nervous system. Importantly, SOX10 directly regulates the expression of genes
essential for proper myelin function. To date, only a handful of SOX10 target loci have been
characterized in Schwann cells. Addressing this lack of knowledge will provide a better
understanding of Schwann cell biology and candidate loci for relevant diseases such as
demyelinating peripheral neuropathies. We have identified a highly-conserved SOX10 binding site
within an alternative promoter at the SH3-domain kinase binding protein 1 (Sh3kbp1) locus. The
genomic segment identified at Sh3kbp1 binds to SOX10 and displays strong promoter activity in
Schwann cells in vitro and in vivo. Mutation of the SOX10 binding site ablates promoter activity,
and ectopic expression of SOX10 in SOX10-negative cells promotes the expression of
endogenous Sh3kbp1. Combined, these data reveal Sh3kbp1 as a novel target of SOX10 and raise
important questions regarding the function of SH3KBP1 isoforms in Schwann cells.
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Introduction
Myelinating Schwann cells are a critical component of the peripheral nervous system,
providing trophic factors to motor and sensory axons and allowing rapid communication to
and from the periphery. One gene with an essential role in proper Schwann cell development
and function encodes the SRY-box containing gene 10 (SOX10) transcription factor (Stolt
and Wegner, 2010). SOX10 is expressed at all stages of Schwann cell development, and is
required for Schwann cell specification (Britsch et al., 2001; Kuhlbrodt et al., 1998)—
ablation of SOX10 function during Schwann cell development results in a complete loss of
these cells (Finzsch et al., 2010). The importance of SOX10 for Schwann cells is further
underscored by data showing that SOX10 works both independently and synergistically with
other transcription factors (e.g., EGR2, POU3F1, and POU3F2) to transcriptionally regulate
Schwann-cell specific loci (Stolt and Wegner, 2010; Svaren and Meijer, 2008)—SOX10 has
a similar and equally important role in myelinating oligodendrocytes in the central nervous
system (Kuhlbrodt et al., 1998). Of note, mutations in the human SOX10 gene are associated
with peripheral nerve demyelination in the multi-syndrome disorder PCWH (Peripheral
demyelinating neuropathy, Central dysmyelinating leukodystrophy, Waardenburg syndrome
and Hirschsprung disease) (Inoue et al., 1999), and SOX10 directly regulates loci frequently
mutated in patients with demyelinating Charcot-Marie-Tooth disease (CMT1); specifically,
Peripheral Myelin Protein 22 (PMP22), Gap Junction Beta 1 (GJB1), and myelin protein
zero (MPZ)(Bondurand et al., 2001; Jones et al., 2007; Jones et al., 2011; LeBlanc et al.,
2006; Peirano et al., 2000). Furthermore, SOX10 directly regulates the locus encoding the
key Schwann cell transcription factor EGR2 (Ghislain and Charnay, 2006; Reiprich et al.,
2010; Werner et al., 2007). Thus, SOX10 directs a transcriptional hierarchy critical for
Schwann cell development and function.

To date, SOX10 is known to regulate only a small set of loci in Schwann cells (Svaren and
Meijer, 2008). The identification of additional SOX10 target genes will provide insight into
Schwann cell biology as well as candidate genes for myelin-related pathologies. Here, we
show that SOX10 directly regulates an alternative promoter at the SH3-domain kinase
binding protein 1 (Sh3kbp1) locus in Schwann cells. Interestingly, SOX10 is believed to
transcriptionally regulate another locus that encodes an SH3 domain-containing protein
(SH3BP4) in Schwann cells (Lee et al., 2008), and yet another (SH3TC2) is mutated in
patients with demyelinating peripheral neuropathy (Senderek et al., 2003). The data
presented here expand our knowledge of SOX10 target genes and raise important questions
regarding the role of specific SH3KBP1 isoforms in Schwann cells.

Results
The Sh3kbp1 locus harbors highly-conserved transcription factor binding site predictions

Sh3kbp1 encodes three major mRNAs (mRNA-1, mRNA-2, and mRNA-3 in Fig. 1A)
expressed from three alternative promoters (P1, P2, and P3 in Fig. 1A) (Buchman et al.,
2002). However, nothing is known regarding the transcriptional regulation of Sh3kbp1. To
address this, we performed stringent comparative sequence analysis and transcription factor
binding site predictions at Sh3kbp1. Briefly, we aligned genomic sequences at the ~350 kb
Sh3kbp1 locus from Human, Mouse, Rat, Dog, Cow, and Chicken using MultiPipMaker
software (Elnitski et al., 2003). Next, we searched for non-coding regions within the
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alignment that are 100% identical among all six species and at least 6 base pairs long
(Antonellis et al., 2006). This revealed 12 non-coding ‘EP hits’ ranging from 6 to 15 base
pairs (Table 1). Interestingly, seven of the EP hits fall into two clusters—a cluster of four EP
hits was identified in P2, while another cluster of three EP hits was identified in P3
(boldfaced text in Table 1). Based on these data, we considered the seven clustering EP hits
as potential transcription factor binding sites. To assess this, we identified potential
transcription factor binding sites within each clustering EP hit (see Methods for details)
(Matys et al., 2003). Three of the seven clustering EP hits matched with a known
transcription factor binding site (Table 2). Two of these three EP hits harbor consensus
sequences for transcription factors implicated in Schwann cell development—EP04 contains
a POU3F2 binding site (Table 2 and Fig. 1B) and EP10 contains a SOX10 binding site
(Table 2 and Fig. 1C). Importantly, the predicted SOX10 binding site within EP10 overlaps
with the consensus sequence identified in our preliminary screen (Antonellis et al., 2008).

The SOX10, POU3F1, POU3F2, and EGR2 transcription factors work synergistically to
regulate gene expression in Schwann cells (Svaren and Meijer, 2008). Our computational
analyses identified highly-conserved consensus sequences for POU3F2 and SOX10 in two
promoter regions at Sh3kbp1—P2 and P3. To more broadly assess Sh3kbp1 P2 and P3 for a
role in Schwann cells, we analyzed the corresponding mouse genomic sequences for
additional, relevant binding sites (see Methods for details). This revealed three SOX10
consensus sequences in Sh3kbp1 P2 (Fig. 1D) and one consensus sequence each for SOX10
and POU3F2 in Sh3kbp1 P3 (Fig. 1E). Furthermore, the two SOX10 consensus sequences in
P3 are oriented in a head-to-head manner and are highly-conserved among vertebrate
species (Fig. 1F). Similarly conserved and oriented SOX10 binding sites have proven to be
functional at SOX10 target loci (Jang and Svaren, 2009; Jones et al., 2007; LeBlanc et al.,
2006; Peirano and Wegner, 2000). Combined, these data raise the possibility that POU3F2
and SOX10 transcriptionally regulate the Sh3kbp1 locus in Schwann cells.

Sh3kbp1 is expressed in Schwann cells in vitro and in vivo
If POU3F2 and SOX10 directly regulate the transcription of Sh3kbp1, one expectation is
that Pou3f2, Sox10, and Sh3kbp1 mRNAs are expressed in Schwann cells. To confirm this,
we performed RT-PCR on cDNA derived from immortalized rat Schwann cells (S16),
mouse sciatic nerve (mSN), and immortalized mouse motor neurons (MN-1). Importantly,
sciatic nerve tissue contains mRNA mainly from Schwann cell bodies and provides
information regarding mRNA expression in vivo. Using gene-specific RT-PCR assays, we
detected Sox10 and Pou3f2 mRNA in cultured S16 cells and sciatic nerve tissue, and not in
MN-1 cells (Fig. 2A) consistent with previous studies (Jaegle et al., 2003; Kuhlbrodt et al.,
1998)—SOX10 protein was also detected in S16 cells and sciatic nerve, and not in MN-1
cells (Supplementary Fig. 1A). To test the expression of Sh3kbp1 in these cells, we
developed RT-PCR assays specific to the first exon of each mRNA (Fig. 1A). Exon 1A was
detected in S16, sciatic nerve, and MN-1 cells (Fig. 2B). In contrast, exon 1B was only
detected in MN-1 cells, and exon 1C was only detected in S16 cells and sciatic nerve (Fig.
2B). SOX10 also directs the expression of loci in oligodendrocytes, raising the possibility
that SOX10 transcriptionally regulates Sh3kbp1 in these cells; however, Sh3kbp1 exon 1C
was not detected in oligodendrocytes upon RT-PCR analysis (Supplementary Fig. 1B).
Combined, these data are consistent with POU3F2 and SOX10 regulating Sh3kbp1 promoter
3 (P3) [but not promoter 2 (P2)] in Schwann cells.

Sh3kbp1 P3 displays strong promoter activity in cultured Schwann cells
Combined, our computational and expression studies deem Sh3kbp1 P3 an excellent
candidate for activity in Schwann cells. However, other Schwann cell-specific factors may
bind to P1 and P2, and exon 1A is expressed in Schwann cells, suggesting that P1 may be
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active in these cells. To determine the activity of each Sh3kbp1 promoter region (Fig. 1A),
we cloned the corresponding mouse genomic segments directly upstream of a luciferase
reporter gene and transfected each resulting construct into cultured Schwann (S16) cells and
motor neurons (MN-1). Subsequently, we performed luciferase assays using a 10-fold
increase in luciferase activity as an indicator of “strong” promoter activity (red lines in Fig.
3A and 3B). Sh3kbp1 P1 directed luciferase expression in a manner ~2-fold higher than the
control vector in both S16 and MN-1 cells, and Sh3kbp1 P2 did not increase luciferase
expression over that observed in the control vector in either cell line (Fig. 3A and 3B). In
contrast, Sh3kbp1 P3 directed luciferase expression in a manner ~50-fold higher than the
control vector in S16 cells, and ~3.5-fold higher in MN-1 cells (Fig. 3A and 3B).

Sh3kbp1 P3 directs reporter gene expression in the Schwann cells of developing zebrafish
To explore the function of Sh3kbp1 P3 in vivo we employed a zebrafish model system.
Zebrafish are a tractable organism for studying reporter gene expression in Schwann cells
based on observations that zebrafish embryos are transparent, develop externally, and harbor
Schwann cells along peripheral nerves by 48 hours post fertilization (hpf) (Brosamle and
Halpern, 2002; Westerfield, 2000). Furthermore, zebrafish have been successfully employed
to study Schwann-cell-specific activities of mammalian enhancers (Antonellis et al., 2010;
Antonellis et al., 2008; Fisher et al., 2006a). Briefly, mouse Sh3kbp1 P3 was cloned
upstream of an enhanced green fluorescent protein (EGFP) reporter gene, and the resulting
construct was injected into wild-type (AB) zebrafish embryos. EGFP-positive fish were
selected at 24 hpf, allowed to develop to sexual maturity, and mated with wild-type fish to
identify EGFP-positive, transgene-stable F1 progeny. Subsequently, EGFP expression was
examined in F1 zebrafish at 24 and 48 hpf. Sh3kbp1 P3 directs EGFP expression in the
forebrain (white arrows in Fig. 4A and 4B), presumptive fin bud (arrowhead in Fig. 4A), and
caudal region (red arrows in Fig. 4A and 4B) at 24 hpf. By 48 hpf, EGFP expression
continues in the fin bud (arrowheads in Fig. 4C and 4D) and hindbrain (asterisks in Fig. 4C
and 4D). Sh3kbp1 P3 directs reporter gene (LacZ) expression in the ortholog of each of the
above structures in transient transgenic mouse embryos (Supplementary Fig. 2). Importantly,
at 48 hpf we detected EGFP expression in structures consistent with Schwann cells along
motor nerves (arrows in Fig. 4E and 4F) and lateral line nerves (arrowheads in Fig. 4E and
4F). Reporter expression was concordant in these structures among 3 independent F1 lines,
co-staining with an anti-MBP antibody at 72 hpf revealed overlap with EGFP signal
(Supplementary Fig. 3), and detailed analyses did not reveal EGFP expression in
oligodendrocytes.

The SOX10 binding site is necessary for Sh3kbp1 P3 activity in S16 cells
To determine the necessity of the SOX10 and POU3F2 binding sites for Sh3kbp1 P3
activity, we deleted each binding site and performed luciferase assays in cultured Schwann
(S16) cells. Deletion of the SOX10 binding site alone caused a ~97% reduction in luciferase
activity compared to wild-type P3 (Fig. 5A). Deletion of the POU3F2 binding site caused a
~66% reduction in luciferase activity (Fig. 5A). Interestingly, deletion of both the SOX10
and POU3F2 binding sites only caused a ~71% reduction in luciferase activity compared to
wild-type P3 (Fig. 5A). To determine if our deletion assay results were an artifact of
removing nucleotides from Sh3kbp1 P3, we mutated the SOX10 and POU3F2 binding sites
by complementing (but not reversing) each sequence. This approach retains the number of
nucleotides as well as the GC content of the sequence, but should ablate transcription factor
specificity. Mutation of the SOX10 binding site resulted in a ~90% decrease in luciferase
activity compared to wild-type P3 (Fig. 5B). Mutation of the POU3F2 binding site resulted
in a ~50% decrease in luciferase activity (Fig. 5B). Finally, mutation of both the SOX10 and
POU3F2 binding sites resulted in a ~96% decrease in luciferase activity compared to wild-
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type P3 (Fig. 5B). Combined, these data indicate that the SOX10 and POU3F2 binding sites
are necessary for the promoter activity of Sh3kbp1 P3 in S16 cells.

Expression of SOX10 in SOX10-negative cells activates Sh3kbp1 P3
Sox10 and Pou3f2 are expressed in S16 cells, while neither is expressed in MN-1 cells (Fig.
2A). Furthermore, Sh3kbp1 P3 is not active in MN-1 cells (Fig. 3B). Thus, MN-1 cells
provide a unique system to test for the effect of SOX10 and POU3F2 on the activity of P3.
We therefore co-transfected the construct harboring Sh3kbp1 P3 directing a luciferase
reporter gene with expression constructs for SOX10 and POU3F2 directed by a strong
promoter (pCMV) into MN-1 cells. The addition of a SOX10 expression construct resulted
in ~50-fold induction of P3 in MN-1 cells while the addition of a POU3F2 expression
construct resulted in ~2-fold induction of P3 in these cells (Fig. 6A). Co-transfection of a
SOX10 and POU3F2 expression construct in this system resulted in a slight increase in the
mean fold-induction, however this increase was not significantly different from SOX10
transfection alone (Fig. 6A). Co-transfection with an expression vector without a
transcription factor cDNA (pCMV only) into MN-1 cells did not have an effect on P3
activity (‘Empty’ in Fig. 6A). These data are consistent with our deletion and mutation
studies (Fig. 5A and 5B) and indicate that SOX10 is important for the observed promoter
activity in Schwann (S16) cells (Fig. 3A).

SOX10 is a member of the SOXE transcription factor family that also includes SOX8 and
SOX9. All three SOXE transcription factors bind to a highly-similar consensus sequence
(Mollaaghababa and Pavan, 2003; Peirano and Wegner, 2000; Stolt and Wegner, 2010;
Wegner and Stolt, 2005). To test the specificity of the SOX10 binding site in Sh3kbp1 P3,
we co-transfected the construct harboring P3 directing a luciferase reporter gene with
expression constructs for SOX8 or SOX9 directed by pCMV. SOX10 increased P3 activity
in a manner ~2-fold higher than SOX8 and SOX9 (Fig. 6A), suggesting that SOX10 is more
specific than SOX8 and SOX9 at Sh3kbp1 P3.

Expression of SOX10 in SOX10-negative cells induces the expression of endogenous
Sh3kbp1 mRNA-3

Based on the rationale outlined above, MN-1 cells also provide a system to test for the effect
of SOX10 and POU3F2 on the activity of endogenous Sh3kbp1 P3. We transfected
expression constructs for SOX10 or POU3F2 directed by a strong promoter (pCMV) into
MN-1 cells, isolated RNA after 48 hours, and tested for the presence of Sh3kbp1 mRNAs
containing exon 1C. While the addition of a POU3F2 expression construct did not result in
detectable mRNA, the addition of a SOX10 expression construct resulted in an RT-PCR
harboring exon 1C (Fig. 6B)—PCR products were subsequently gel-isolated and sequenced
to confirm the specificity of Sh3kbp1 exon 1C (data not shown). Mock transfection, and
transfection of an expression vector without a transcription factor cDNA (pCMV only) did
not have an effect on endogenous Sh3kbp1 expression (Fig. 6B and data not shown). Thus,
SOX10 is sufficient for directing endogenous Sh3kbp1 mRNA-3 expression from P3 in
SOX10-negative MN-1 cells.

SOX10 binds to Sh3kbp1 Promoter 3 in vitro and in vivo
The data presented above support the notion that SOX10 directly regulates Sh3kbp1 P3. To
determine if SOX10 binds to this promoter, we employed a previously-described chromatin
immunoprecipitation (ChIP) assay (Jang et al., 2006; Jang and Svaren, 2009) using
formaldehyde-crosslinked samples from cultured S16 cells. Quantitative PCR analysis of an
immunoprecipitation of sonicated chromatin from S16 cells revealed strong binding of
SOX10 to Sh3kbp1 P3 compared to the nonspecific IgG control immunoprecipitation (Fig.
7A). In addition, siRNA-mediated knock down of Sox10 in S16 cells dramatically reduced
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the binding of SOX10 to Sh3kbp1 P3 (Fig. 7A). To determine if this binding occurs in vivo,
similar ChIP assays were performed using P15 rat sciatic nerve. Consistent with the S16
ChIP assays, our results indicate that SOX10 occupies Sk3kbp1 P3 in vivo (Fig. 7B).

Reducing Sox10 expression in Schwann cells reduces Sh3kbp1 expression
As an independent test of Sh3kbp1 regulation by SOX10, siRNA directed towards Sox10
was transfected into cultured Schwann (S16) cells to reduce Sox10 levels. Previous analysis
of these samples showed that Sox10 expression is reduced at both the mRNA and protein
levels (Jones et al., 2011). RNA was purified from the cells at 48 hours post-transfection,
and quantitative RT-PCR showed that Sox10 mRNA levels were reduced ~95%, and that
total Sh3kbp1 mRNA levels were reduced ~45% compared to a non-targeting siRNA control
(Fig. 8A). Importantly, these data are consistent with array-based expression profiling of
Sh3kbp1 in a Schwannoma cell line (RT4D6) treated with siRNA against Sox10 (GEO
DataSet accession number GSE12007) (Lee et al., 2008).

Dominant-negative SOX10 mutant proteins reduce Sh3kbp1 P3 activity in Schwann cells
Mutations in the human SOX10 gene cause autosomal dominant Waardenburg syndrome
type 4A (WS4A) or autosomal dominant peripheral demyelinating neuropathy, central
dysmyelination, Waardenburg syndrome, and Hirschsprung disease (PCWH) (Inoue et al.,
2004). It was previously shown that mutations associated with WS4 represent null alleles,
while those associated with PCWH represent dominant-negative alleles. Importantly,
dominant-negative proteins interfere with the function of wild-type SOX10 in activating
gene transcription in vitro (Inoue et al., 2004). These findings provide a system to disrupt
the function of endogenous SOX10 protein by over-expressing dominant-negative forms of
SOX10, and then assessing for an effect on target promoter activity. We co-transfected the
construct harboring Sh3kbp1 P3 directing a luciferase reporter gene with expression
constructs for wild-type or dominant-negative (E189X and 847insT) SOX10 into S16 cells.
The effect on P3 activity was then determined via comparison to similar co-transfection
experiments using a control (‘Empty’ in Fig. 8B). Transfection with a wild-type SOX10
expression construct resulted in a modest, but significant, increase (~20%; p=2.84×10−2) in
luciferase activity in S16 cells (Fig. 8B). In contrast, transfection with E189X and 847insT
SOX10 resulted in a ~90% and a ~80% reduction in luciferase activity in S16 cells,
respectively. These data confirm the specificity of SOX10 in regulating Sh3kbp1 P3.

Identification and characterization of the zebrafish sh3kbp1 P3
The conservation of function of the mammalian Sh3kbp1 P3 in zebrafish (Figure 4) suggests
that a functional ortholog of this promoter exists in the zebrafish genome. However, the
zebrafish sh3kbp1 locus is poorly characterized (UCSC Zebrafish Genome Browser). To
address this, we performed comparative sequence analysis between human and zebrafish to
identify zebrafish genomic segments that should flank sh3kbp1 exon 1C (data not shown).
Subsequently, 5’ RACE was employed to amplify and sequence sh3kbp1 exon 1C (Fig. 9A).
Interestingly, analysis of the genomic sequence upstream of sh3kbp1 exon 1C (which we
termed sh3kbp1 P3) revealed nine SOX10 and two POU3F2 consensus sequences (Fig. 9A)
—all of these have a probability score of 0.9 or higher. We next tested sh3kbp1 P3 for the
ability to direct luciferase expression in cultured Schwann (S16) cells. Zebrafish sh3kbp1 P3
directs luciferase expression in a manner ~4-fold higher than the control vector in
mammalian Schwann cells. In contrast, sh3kbp1 P3 only directed luciferase expression in a
manner ~1.5-fold higher than the control vector in SOX10-negative MN1 cells. Finally, we
tested sh3kbp1 P3 for activity in zebrafish Schwann cells in vivo. Indeed, sh3kbp1 P3
directed EGFP expression along motor nerves (consistent with Schwann cell expression) in
34 out of 44 (77%) EGFP-positive transient transgenic zebrafish embryos at 48 hpf (Fig. 9C
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and 9D). Thus, we have identified the zebrafish ortholog of Sh3kbp1 P3 and have shown that
it directs reporter gene expression in both mammalian and zebrafish Schwann cells.

Discussion
The transcription factor SOX10 is essential for the proper development and function of
myriad neural crest-derived cell populations (Britsch et al., 2001; Southard-Smith et al.,
1998; Stolt and Wegner, 2010) including Schwann cells—specialized glial cells responsible
for myelinating axons in the peripheral nervous system. To date, only a handful of validated
SOX10 targets have been characterized in these cells (Svaren and Meijer, 2008). The
identification of additional SOX10 targets will be critical for a better understanding of
Schwann cell biology and for exploring novel candidates for related diseases. Here, we
provide computational and functional evidence that SOX10 directly regulates a tissue-
specific promoter at the Sh3kbp1 locus. These data add to our knowledge of SOX10 target
genes and raise important questions regarding the role of SH3KBP1 in Schwann cells.

Our computational-based approach for identifying SOX10 target genes begins with genome-
wide identification of highly-conserved SOX10 binding sites (e.g., Fig. 1F). These analyses
have revealed myriad potential transcriptional regulatory elements relevant for downstream
characterization in Schwann cells (unpublished data). One such element was identified at an
alternative promoter (P3) of the Sh3kbp1 locus (Fig. 1A). Expression analyses revealed the
presence of mRNAs directed from Sh3kbp1 promoter 1 (P1) and promoter 3 (P3) in
Schwann cells in vitro and in vivo—as well as the absence of mRNAs expressed from
promoter 2 (P2). This is the first report of Sh3kbp1 expression in Schwann cells. Our data,
combined with previous studies showing that Sh3kbp1 P1 is active in a near-ubiquitous
manner (Buchman et al., 2002; Mayevska et al., 2006), suggest that transcripts produced
from P3 have a specific function in Schwann cells.

The promoter activities of Sh3kbp1 P1, P2, and P3 in SOX10-positive and SOX10-negative
cells (Fig. 3) was consistent with our expression studies and supportive of the hypothesis
that SOX10 regulates P3. However, two somewhat unexpected observations were
encountered. First, Sh3kbp1 P1 displays a relatively small amount of activity (~2-fold higher
than the control vector) in both S16 and MN-1 cells; however, the associated exon (1A) is
expressed in both cell lines. One possible explanation is that Sh3kbp1 P1 acts in concert with
other, unidentified regulatory elements to direct the expression of mRNAs containing exon
1A. While we did not identify any conserved elements outside of the three promoter regions,
a less stringent comparative sequence analysis may reveal additional candidate regulatory
elements. Second, Sh3kbp1 P3 displays a low level of promoter activity (~3.5-fold higher
than the control vector) in MN-1 cells, even though the associated exon (1C) is not
expressed in these cells. One possible explanation is that other factors are expressed in
MN-1 cells that act upon P3, but that SOX10 is required for a higher level of promoter
activity (see below). Scrutinizing the remaining 132 base pairs of Sh3kbp1 P3 that are fully-
conserved between mammals and chicken may provide insight into this possibility and
facilitate the identification of other transcription factors that bind to P3.

Analysis of the promoter activity of mouse Sh3kbp1 P3 in zebrafish revealed a tissue-
specific expression pattern conserved between diverse vertebrate species (Fig. 4 and
Supplementary Figure 2). For example, strong reporter gene expression was observed in the
fin bud and limb bud of developing zebrafish and mice, respectively. These data raise
important questions regarding the transcriptional regulation of P3 and the function of the
associated protein in this structure. However, since SOX10 expression has not been detected
in the developing limb, there are likely other transcription factors that mediate P3 activity in
this tissue. Importantly, we observed strong Sh3kbp1 P3 promoter activity in structures
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consistent with zebrafish Schwann cells at 48 and 72 hours post fertilization (hpf). Reporter
gene expression patterns (e.g., EGFP) have been well-characterized in the Schwann cells of
developing zebrafish (Antonellis et al., 2008; Jung et al., 2010). Specifically, at 48 hpf, a
characteristic expression pattern is detected along the lateral line nerves and motor nerves
(e.g., see references above in comparison to Fig. 4E and 4F). Therefore, our analyses
strongly suggest that Sh3kbp1 P3 is active in Schwann cells in vivo. Furthermore, the
activity of mouse Sh3kbp1 P3 in zebrafish cells indicates a conservation of function between
these two species, and may underscore a critical role for Sh3kbp1 P3 in vertebrate
organisms. These observations highlight an emerging body of evidence showing that
zebrafish are a relevant and tractable system for evaluating the tissue-specific activities of
highly-conserved mammalian transcriptional regulatory elements (Antonellis et al., 2010;
Antonellis et al., 2008; Fisher et al., 2006a).

Further characterization of Sh3kbp1 P3 showed that: (1) SOX10 binds to this region in vitro
and in vivo; (2) The identified SOX10 binding site is essential for the observed promoter
activity in vitro; and (3) Expressing SOX10 in SOX10-negative cells activates P3 in
luciferase assays. Additionally, disrupting endogenous SOX10 function decreases the
activity of P3 activity in luciferase assays. All of these data strongly support the hypothesis
that SOX10 directly regulates Sh3kbp1 P3. Depleting Sox10 expression with siRNA in
cultured Schwann (S16) cells reduces the expression of endogenous Sh3kbp1 by ~45% (Fig.
8A). This observation is consistent with reduced transcription from P3 and maintained
expression from P1—both of the associated exons (1A and 1C) are expressed in S16 cells
(Fig. 2B). However, our attempts to show a specific decrease in exon 1C levels via qPCR
were unsuccessful (data not shown). While there are a number of technical reasons that
might explain this discrepancy (e.g., probe specificity), an interesting possibility is that
Sh3kbp1 P3 acts as an intronic enhancer that regulates another promoter at Sh3kbp1.
However, expressing SOX10 in SOX10-negative cells induces the expression of endogenous
Sh3kbp1 exon 1C, indicating that SOX10 is sufficient for Sh3kbp1 P3 activity in these cells.

Our transcription factor binding site predictions revealed the presence of SOX10 and
POU3F2 motifs within Sh3kbp1 P3. Since both of these factors have important roles in
Schwann cells (Svaren and Meijer, 2008), we considered each a relevant candidate for
regulating P3. While our functional data largely implicate SOX10 in this process, similar
observations were not made for POU3F2. Specifically: (1) The POU3F2 motif is not as
well-conserved as the SOX10 binding site; (2) Mutating the POU3F2 binding site had a
smaller effect on P3 activity compared to mutating the SOX10 binding site; (3) Expressing
POU3F2 in MN-1 cells did not increase P3 activity in luciferase assays; and (4) Expressing
POU3F2 in MN-1 cells did not induce expression of endogenous Sh3kbp1 mRNA-3.
However, since mutating both the SOX10 and POU3F2 binding sites had an additive effect
on Sh3kbp1 P3 promoter activity (Fig. 5B) and since expressing both SOX10 and POU3F2
had an additive effect on luciferase expression directed by Sh3kbp1 P3 (Fig. 6A), the
POU3F2 binding site may play a role in Sh3kbp1 expression. One possibility is that
POU3F1, which binds to similar sequences as POU3F2 (Jaegle et al., 2003), may act on this
promoter—SOX10 and POU3F1 are known to act synergistically at other Schwann cell loci
(Ghislain and Charnay, 2006; Kuhlbrodt et al., 1998). Sh3kbp1 is a widely-expressed gene
that spans ~350 kb on mouse XqF4. SH3KBP1 proteins contain a C-terminal coiled-coil
domain, a proline-rich region, and one, two, or three src homology 3 (SH3) domains on the
N-terminus (Take et al., 2000). The inclusion of either three, two, or one SH3 domains is
dictated by the alternative use of P1, P2, and P3 (Fig. 1A), respectively (Buchman et al.,
2002). Previous expression assays have shown that at least one of the three major isoforms
is expressed in every tissue type (Buchman et al., 2002; Mayevska et al., 2006). However, to
date, mRNA-3 (Fig. 1A) has only been detected in Schwann cells (Fig. 2B), heart, skin, and
kidney (Buchman et al., 2002).
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Combined, our data suggest that the protein encoded from Sh3kbp1 mRNA-3 has a specific
role in Schwann cells. Interestingly, the two variants of SH3KBP1 protein predicted to be
expressed in Schwann cells (Fig. 2) have opposing functions that may be relevant for this
cell population. Specifically, the full-length protein isoform (RukL) is a potent inhibitor of
signaling by receptor tyrosine kinsases (Soubeyran et al., 2002), while the shorter protein
isoform translated from mRNA-3 (RukM) inhibits the function of RukL (Gout et al., 2000).
Therefore, the specific expression of RukM in Schwann cells may underscore the importance
of tightly regulated RTK signaling [e.g., ERBB2 and ERBB3 (Newbern and Birchmeier,
2010)] from Schwann cell development through terminal differentiation. A number of future
studies may provide further insight into the role of SH3KBP1 in Schwann cells. These
include: (i) Determining the effect of over-expressing RukL and RukM on RTK
internalization and degradation; (ii) Identifying proteins that differentially bind to RukL and
RukM; and (iii) Knocking down mRNA-3 expression in a relevant model system and testing
for a Schwann cell phenotype. Indeed, the identification of sh3kbp1 P3 and exon 1C (Fig. 9)
will facilitate these latter studies in zebrafish. These lines of experimentation will provide
key information on the function of SH3KBP1, and insight into any specific requirement for
expression from promoter 3 in Schwann cells.

Experimental Methods
Multiple-species comparative sequence analysis

The following sequences were collected at orthologous Sh3kbp1 loci using the University of
California at Santa Cruz (UCSC) Genome Browser (Kent et al., 2002): mouse (chrX:
156031013-156426365, mm9), rat (chrX:55956157-56565330, rn4), human (chrX:
19433168-20034598, hg19), dog (chrX:15324708-15892001, canFam2), cow (chrX:
75469265-76034103, bosTau4), and chicken (chr1:123303813-123714817, galGal3).
Repetitive DNA sequences were masked using the UCSC Genome Browser ‘Sequence
Formatting Options’, and each genomic sequence was submitted to the MultiPipMaker
alignment algorithm (http://pipmaker.bx.psu.edu/cgi-bin/multipipmaker) (Elnitski et al.,
2003). Mouse genomic sequence was used as the reference, and the ‘Search both strands’
and ‘Chaining’ options were employed. Subsequently, the MultiPipMaker ‘acgt’ alignment
file was submitted to the ExactPlus (EP) algorithm (http://research.nhgri.nih.gov/exactplus/)
(Antonellis et al., 2006) using the following settings: Minimum length of exact match to
seed = 6; Minimum number of species to seed = 6; and Minimum number of species to
extend an alignment = 6. Data were viewed on the UCSC Genome Browser using the EP
custom track output file, and a cluster of EP hits was defined as 3 or more EP hits within a
500 base pair window.

Transcription factor binding site predictions
Transcription factor binding site predictions were performed in two phases. First, clustering
EP hits (bold entries in Table 1) were analyzed using the MATCH algorithm (Matys et al.,
2003) to identify transcription factor bindings sites from vertebrate species with the
“minimize false negatives” setting. Second, mouse genomic sequences upstream of the
second and third Sh3kbp1 transcription start sites were obtained from the UCSC Genome
Browser (P2= chrX:156146410-156146532, mm9; P3= chrX:156278277-156278399, mm9)
and specifically assessed for factors involved in Schwann cell development. This was
accomplished by using the MATCH algorithm with the “minimize the sum of both error
rates” setting, and the following matrices: V$BRN2_01, V$EGR2_01, V$POU3F2_01, V
$POU3F2_02, V$SOX10_Q6, and V$TST1_02. The entire zebrafish sh3kbp1 P3
(chr24:26675176-26675949, danRer7) region was evaluated using the above matrices.
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RNA isolation and cDNA synthesis
Total RNA was isolated using the Nucleospin RNA L kit (Clontech, Mountain View, CA)
according to manufacturer’s instructions. RNA was eluted from columns with 50 uL of
RNase-free water and stored at −80°C. RNA concentration and purity (A260 and A280
values) were obtained using a Nanodrop 1000 (Thermo Fischer Scientific, Waltham, MA).
cDNA libraries were generated using 1 µg of total RNA from either MN-1 cells, S16 cells,
mouse sciatic nerve, or cardiac myocytes, and the High-Capacity cDNA Reverse
Transcription Kit (Ambion, Austin, TX) with the provided solution of random reverse-
transcription primers. Commercially available cDNA from human oligodendrocytes was
obtained from ScienCell Research Laboratories (Carlsbad, CA).

RT-PCR analysis
Isolated cDNA (see above) was subjected to RT-PCR analysis using gene-specific primers
(sequences available upon request). For each reaction, 22 µL of PCR Supermix (Invitrogen)
was combined with 1 µL each of 20 µM primer solutions and 1 µL of the indicated cDNA
sample. Standard PCR conditions were employed for a total of 35 cycles. A cDNA-negative
control reaction was included for each primer pair. After standard agarose gel
electrophoresis, reactions were scrutinized for the expected band sizes for Sox10 (952 bp),
Pou3f2 (592 bp), Sh3kbp1 exon 1A (997 bp), Sh3kbp1 exon 1B (847 bp), Sh3kbp1 exon 1C
(380 bp), human SH3KBP1 exon 1C (237 bp), and a human (445 bp) or rodent (520 bp) β-
actin amplification control. All PCR products were subsequently resolved on 1.5% low-melt
agarose gels in 1X TAE, purified, and subjected to DNA sequencing analysis to confirm
specificity.

Western blot analysis
Cultured S16 and MN-1 cells, and mouse sciatic nerve tissue were harvested and
resuspended in 37.5 uL of lysis solution containing 10 mM Tris-HCl/1 mM EDTA/50 mM
NaCl (Invitrogen) and 12.5 uL of loading buffer containing SDS (Invitrogen). After
incubation at 95°C for 5 min, the total protein lysate was electrophoresed on 4–12% Bis-Tris
gels (Invitrogen) at 125 V for 100 min in running buffer containing SDS (Invitrogen).
Samples were then electroblotted onto nitrocellulose membranes at 25 V for 100 min in
NuPAGE transfer buffer (Invitrogen). Membranes were blocked in 1X PBS/0.05% Tween
20/5% nonfat dry milk for 18 h at 4°C and then incubated with a 1:1000 dilution of anti-
SOX10 (Santa Cruz Biotechnology) or 1 ug/uL anti-actin (Sigma) antibody in blocking
solution for 1 h at room temperature. Membranes were washed three times in 1X PBS plus
0.05% Tween 20, incubated with a secondary antibody conjugated to horseradish peroxidase
for 1 h at room temperature, washed three times as described above, and finally incubated
with DAB substrate (Roche Diagnostics), according to the manufacturer’s instructions.

Expression and reporter gene construction
Primers were designed to amplify each Sh3kbp1 promoter region using the following UCSC
Mouse Genome Browser (mm9) coordinates: P1 (chrX:156064945-156065677), P2 (chrX:
156145737-156146679), and P3 (chrX:156278255-156278503). Primers were also designed
to amplify the zebrafish sh3kbp1 promoter 3 region using the following UCSC Zebrafish
Genome Browser (danRer7) coordinates: chr24:26675176-26675949. PCR products were
amplified using Gateway Cloning compatible primers (Invitrogen), so that each PCR
product was flanked by attB recombination sites. PCR products were cloned into the
pDONR221 entry vector using BP Clonase (Invitrogen) and each resulting construct
underwent digestion with BsrGI and DNA sequencing to assure insert integrity.
Subsequently, each promoter construct was recombined into expression vectors [directing
luciferase expression for enhancer assays or EGFP expression for zebrafish studies]
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(Antonellis et al., 2006; Fisher et al., 2006b) using LR Clonase (Invitrogen). Mutagenic
primers were designed and mutagenesis reactions performed using the QuikChange Site-
Directed Mutagenesis Kit (Stratagene, La Jolla, CA). All primers sequences are available
upon request. The wild-type, E189X, and 847insT SOX10 expression constructs (cloned
downstream of a pCMV promoter element)(Inoue et al., 2004; Pingault et al., 1998) were a
kind gift of Ken Inoue, Jim Lupski, and Michael Wegner. The pCMV-SOX8 and pCMV-
SOX9 expression constructs were a kind gift of Stacie Loftus and Bill Pavan. The pCMV-
POU3F2 expression construct was obtained from Origene (Rockville, MD).

Cell culture and transfection assays
Immortalized rat Schwann cells (S16) (Toda et al., 1994) and mouse spinal motor neurons
(MN-1) (Salazar-Grueso et al., 1991) were grown under standard conditions in DMEM
supplemented with 10% fetal bovine serum and 1X glutamine, and were cultured to > 80%
confluency before harvesting. For RNA isolation, ~2×107 cells were collected, transferred to
a 15 mL conical tube and centrifuged for 20 min at 2000 RPM. For luciferase assays,
~1×104 cells were plated into each well of a 96-well plate and cultured for 24 hours prior to
transfection assays.

MN-1 or S16 cells were plated in 6-well or 96-well culture dishes. Lipofectamine 2000
(Invitrogen) was diluted 1:100 in OptiMEM I minimal growth medium (Invitrogen) and
incubated at room temperature for 10 minutes. Separately, DNA samples were diluted to a
concentration of 8 ng/uL in OptiMEM I. An equivalent mass of each DNA sample was
employed for co-transfection experiments. For luciferase assays, DNA from an internal
control renilla expression construct was diluted to a concentration of 8 pg/uL in the above-
mentioned solution. Subsequently, equal volumes of Lipofectamine and DNA solutions
were combined and incubated for 20 minutes at room temperature. Cells were then
incubated with transfection solution for 4 hours under standard conditions, after which
growth media was added.

Luciferase assays
MN-1 or S16 cells were plated in 96-well plates and transfection assays performed as
described above. After 48 hours in culture medium, cells were washed with 1X PBS and
lysed for 1 hour at ~25°C using 1X Passive Lysis Buffer (Promega, Madison, WI). A total of
10 µL of the resulting cell lysate was transferred to a white polystyrene 96-well assay plate
(Corning Inc., Corning, NY). Luciferase and renilla activities were determined using the
Dual Luciferase Reporter 1000 Assay System (Promega) and a Glomax Multi-Detection
System (Promega). Each experiment was performed at least 24 times, and the ratio of
luciferase to renilla activity, as well as the fold increase in this ratio over that observed for a
control luciferase expression vector with no insert, were calculated. The mean (bar height in
figures) and standard deviation (error bars in figures) were determined using standard
calculations.

Zebrafish husbandry and transgenesis
Zebrafish were raised and bred under standard conditions (Kimmel et al., 1995; Westerfield,
2000). Embryos were maintained at 28°C and staged in accordance with standard methods
(Kimmel et al., 1995; Westerfield, 2000). Two-celled zebrafish embryos were dechorionated
with Pronase in 1X Holtfrieter’s solution for ~7 minutes. Expression constructs (see above)
were injected into embryos (n > 100) at the two cell stage as described (Fisher et al., 2006b).
Transient transgenic, EGFP-positive embryos (n=44) were analyzed at 48 hours post
fertilization (hpf; see below). To generate F1, transgene-stable progeny, transgene-positive
zebrafish were allowed to develop to sexual maturity and crossed with wild-type (AB)
zebrafish. Immunohistochemistry analyses were carried out following standard protocols
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and using a 1:50 dilution of a rabbit anti-MBP antibody [kind gift of Dr. William Talbot
(Lyons et al., 2005)], and a 1:50 dilution of a mouse anti-EGFP antibody (Invitrogen).
Secondary antibodies (Invitrogen) included a 1:1,000 dilution of goat anti-rabbit IgG
conjugated to Alexa Fluor 555 (MBP), and a 1:1,000 dilution of goat anti-mouse IgG
conjugated to Alexa Fluor 488 (EGFP). Subsequently, embryos were evaluated for reporter
gene expression at 24, 48, and 72 hpf using a Carl Zeiss Lumar V12 Stereo microscope with
AxioVision version 4.5 software.

Chromatin immunoprecipitation (ChIP) assays
ChIP assays on pooled male and female rat sciatic nerve at postnatal day 15 (P15) and
cultured Schwann (S16) cells were performed as previously described (Jang et al., 2006;
Jang and Svaren, 2009), except that S16 cells were crosslinked in phosphate-buffered saline
(PBS) containing 1% formaldehyde. In addition, the herring sperm DNA in the blocking
procedure was omitted in the in vivo ChIP assays. The antibodies used in this study include
anti-SOX10 (Santa Cruz Biotechnology sc-17342X), and control anti-IgG (normal goat IgG:
Santa Cruz Biotechnology sc-2028). Following ChIP, quantitative PCR was performed in
duplicate to calculate the percent recovery of Sh3kbp1 P3 relative to the total DNA input,
using the Comparative Ct method (Livak and Schmittgen, 2001).

siRNA treatment
Either siRNA directed towards Sox10 (Ambion, 4390771) or a negative siRNA control
(Negative control #2, Ambion, AM4613) were transiently transfected into cultured Schwann
(S16) cells with the Amaxa system (Lonza) using the Rat Neuron Nucleofection Solution.
The transfected cells were incubated for 48 hours before harvesting RNA using Tri Reagent
(Ambion), and quantitative PCR was performed in duplicate to calculate the fold recovery,
using the Comparative Ct method (Livak and Schmittgen, 2001). The following primer set
was used to detect Sh3kbp1 expression: Sh3kbp1_F, 5’-
GAAGTCTGGCCTGCTCTTTGG-3’; and Sh3kbp1_R, 5’-
GCAGGAGAAACGGAAAAGTCAC-3’.

Mouse transient transgenesis
Linearized plasmid DNA was isolated using gel electrophoresis followed by electro-elution
into 1X TAE buffer. Microinjections into eggs produced from C57BL/6xSJL crosses were
performed as previously described (Hogan et al., 1986). Subsequently, embryos were
dissected at embryonic day 11.5 (E11.5) and fixed at 4°C in 1X PBS, 8% formaldehyde,
5mM EGTA, and 2mM MgCl2 for 30 minutes, followed by three 15-minute washes (1X
PBS, 2 mM MgCl2, .01% deoxycholate, and 0.02% NP40). Embryos were then stained at
37°C in wash buffer with 12.5 mM K-Ferricyanide, 12.5 mM K-Ferrocyanide, and 2% 50
mg/ml 5-bromo-4-chloro-3-indolyl-b-D-galacto-pyranoside in N, N-dimethyl formamide for
4 hours (embryos with no indication of stain at that time were stained overnight).
Subsequently, embryos were washed twice in wash buffer for 30 minutes at room
temperature, fixed overnight in 8% formaldehyde in PBS at 4°C, and transferred into 70%
ethanol in PBS. Of 200 embryos, 37 showed positive LacZ expression. Of the positively-
stained embryos, overlapping expression was seen in the caudal spine (9), forebrain (2),
midbrain (4), cerebral cortex midline (10), limb bud (14), eye (9), endolymphatic
diverticular appendage of the otic vesicle (19), and the upper and/or lower rhombic lip (11).

5’ RACE
First-strand cDNA was generated from RNA isolated from whole, 48 hour post fertilization,
wild-type zebrafish embryos, and a single oligonucleotide primer designed within a
predicted sh3kbp1 exon down-stream of exon 1C (5’-AGAGATTCAGGCCGCTCTGG-3’).
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The cDNA sample was subsequently TdT-tailed according to the manufacturer’s
instructions (Invitrogen) and sequential PCR reactions were performed using nested primers
(available upon request) and standard PCR conditions. Following separation on 1% agarose
gels, PCR products were excised and purified using the QIAquick Gel Extraction Kit
(Qiagen, Valencia, CA), and subjected to DNA sequence analysis. All sequencing data was
analyzed using Sequencher software (Gene Codes, Ann Arbor, MI).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Conserved transcription factor binding sites at the Sh3kbp1 locus. (A) Organization of the
mouse Sh3kbp1 locus. Note the three major mRNA variants (mRNA-1, -2, and -3), the
associated promoters (P1, P2, and P3), and first exons (Exon 1A, 1B, and 1C). (B and C)
Individual ExactPlus (EP) hits were submitted to TRANSFAC to identify potential
transcription factor binding sites. POU3F2 and SOX10 binding sites are noted in red (B) and
blue (C), respectively. (D and E) Mouse genomic sequences within Sh3kbp1 P2 and P3 were
submitted to TRANSFAC to identify binding sites for transcription factors with a role in
Schwann cell biology. POU3F2 and SOX10 binding sites are noted in red and blue,
respectively. Note that the blue text in (D) represents three consecutive SOX10 binding site
predictions. Underlined text indicates mRNA sequences, which were not included in
computational analyses. (F) Genomic sequences at Sh3kbp1 P3 from six vertebrate species
were extracted from the MultiPipMaker alignment file. The POU3F2 binding site is
indicated in red. The dimeric, head-to-head SOX10 binding site is indicated in blue and by
half-arrows. Note that each SOX10 half site is fully-conserved among vertebrate species
with the exception of one nucleotide difference in one half site in chicken.
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Fig. 2.
Sh3kbp1 mRNA-3 is expressed in Schwann cells in vitro and in vivo. (A) RT-PCR was
performed on cDNA generated from cultured Schwann cells (S16), mouse sciatic nerve
(mSN), and cultured motor neurons (MN-1) to test for the presence of Sox10 and Pou3f2
transcripts. (B) Similar RT-PCR assays as described in (A) to detect Sh3kbp1 transcripts
harboring exon 1A, exon 1B, and exon 1C. Negative controls without cDNA [‘Blank’ in (A)
and (B)] were included for each reaction and primers for β-actin mRNA were used as a
positive control. Base pair (b.p.) sizes of markers are provided on the left, and expected band
sizes for each product are indicated with an asterisk.
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Fig. 3.
Sh3kbp1 P3 directs reporter gene expression in cultured Schwann cells. Sh3kbp1 P1, P2, and
P3 cloned upstream of a luciferase reporter gene were assayed for enhancer activity in S16
(A) and MN-1 (B) cells relative to a control vector [‘Empty’ in (A) and (B)]. The red lines
demarcate the 10-fold cut-off for enhancer activity (see Results) and error bars indicate
standard deviations.
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Fig. 4.
Sh3kbp1 P3 directs EGFP expression in Schwann cells in vivo. Zebrafish embryos were
injected with constructs harboring mouse Sh3kbp1 P3 directing enhanced green fluorescent
protein (EGFP) expression and analyzed (A and B). Sh3kbp1 P3 directs reporter gene
expression in the forebrain (white arrows), fin bud (white arrowheads), and caudal region
(red arrows) at 24 hpf. (C–F) By 48 hpf, signal is detected in the hindbrain (C and D;
asterisks), fin bud (C and D; white arrowheads), and along motor nerves (E and F; white
arrows) and lateral line nerves (E and F; white arrowheads) consistent with Schwann cell
expression. The above expression patterns were confirmed in three independent F1 zebrafish
strains (see text).
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Fig. 5.
SOX10 binding sites are required for Sh3kbp1 P3 activity. Site-directed mutagenesis was
used to delete (A) and mutate (B) either the SOX10 or POU3F2 consensus sequences (or
‘Both’) within Sh3kbp1 P3. Mutagenized constructs were then tested for the ability to direct
luciferase expression in cultured Schwann (S16) cells, and compared against wild-type
Sh3kbp1 P3. Error bars indicate standard deviations.
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Fig. 6.
SOX10 is sufficient for Sh3kbp1 P3 activity in SOX10-negative MN1 cells. (A) A construct
harboring Sh3kbp1 P3 directing luciferase expression was co-transfected into cultured motor
neurons (MN-1) with constructs to express POU3F2, SOX10, SOX8, or SOX9. Luciferase
assays were employed to test the activity of Sh3kbp1 P3 in the presence of each construct,
relative to the activity in the presence of the control (‘Empty’) vector. Error bars indicate
standard deviations. (B) cDNA was generated from cultured motor neurons (MN-1)
transfected with constructs to express SOX10 or POU3F2, both proteins, or neither
(‘Mock’). RT-PCR was then performed to test for the presence of Sh3kbp1 Exon 1C
(mRNA-3). Note that the primers used were the same ones employed in Figure 2B. A
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negative control without cDNA (‘Blank’) was included and primers for β-actin mRNA were
used as a positive control. A base pair marker is provided on the far left of the gel.
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Fig. 7.
SOX10 binds to Sh3kbp1 P3 in Schwann cells. (A) SOX10 ChIP assays were performed in
cultured Schwann (S16) cells treated with either control or Sox10 siRNA. Samples were
analyzed using quantitative PCR and percent recovery is calculated relative to input. Error
bars represent the standard deviation of at least two technical replicates. (B) In vivo SOX10
ChIP was performed using pooled sciatic nerve from P15 mice alongside an IgG control,
and quantitative PCR was performed using the same primer sets as in (A). Error bars
represent the standard deviation of three technical replicates.
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Fig. 8.
Disrupting SOX10 function reduces Sh3kbp1 expression and P3 activity. (A) Cultured
Schwann (S16) cells were transfected with siRNA targeted to Sox10 and quantitative RT-
PCR was used to determine the effect on Sh3kbp1 (left) and Sox10 (right) mRNA
expression. Levels were normalized to the negative controls and error bars represent
standard deviations (n=6). (B) A construct harboring wild-type Sh3kbp1 P3 directing
luciferase expression was co-transfected into cultured Schwann (S16) cells with constructs
to express wild-type or dominant-negative (E189X and 847insT) SOX10 proteins, or an
insert-free construct (‘Empty’). Luciferase assays were then employed to test the activity of

Hodonsky et al. Page 24

Mol Cell Neurosci. Author manuscript; available in PMC 2013 February 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Sh3kbp1 P3, relative to the activity in the presence of the control (‘Empty’) vector. Error
bars indicate standard deviations.
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Fig. 9.
Characterization of the zebrafish sh3kbp1 P3. (A) 5’ RACE, RT-PCR, and DNA sequencing
analysis was performed on RNA isolated from 48 hpf zebrafish embryos. The sequence of
sh3kbp1 exon 1C is indicated by underlined text. SOX10 (blue text) and POU3F2 (red text)
consensus sequences were identified using TRANSFAC and the MATCH algorithm. (B)
Zebrafish (D.r.) sh3kbp1 P3 was cloned upstream of a luciferase reporter gene and assayed
for enhancer activity in S16 (left panel) and MN-1 (right panel) cells relative to a control
vector (‘Empty’). The error bars indicate standard deviations. (C and D) Zebrafish embryos
were injected with a construct harboring zebrafish sh3kbp1 P3 directing enhanced green
fluorescent protein (EGFP) expression and analyzed at 48 hpf. Zebrafish sh3kbp1 P3 directs
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reporter gene expression along motor nerves (arrowheads) consistent with expression in
Schwann cells. Two representative transient transgenic embryos are shown.
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Table 1

Position of ExactPlus (EP) hits at Sh3kbp1

Element ID Browser Position1 Size (bp)

Sh3kbp1_EP01 chrX:156126771-156126777 7

Sh3kbp1_EP02 chrX:156146226-156146235 10

Sh3kbp1_EP03 chrX:156146461-156146466 6

Sh3kbp1_EP04 chrX:156146505-156146515 11

Sh3kbp1_EP05 chrX:156146518-156146525 8

Sh3kbp1_EP06 chrX:156265867-156265873 7

Sh3kbp1_EP07 chrX:156265938-156265947 10

Sh3kbp1_EP08 chrX:156278354-156278359 6

Sh3kbp1_EP09 chrX:156278366-156278371 6

Sh3kbp1_EP10 chrX:156278379-156278385 7

Sh3kbp1_EP11 chrX:156283747-156283761 15

Sh3kbp1_EP12 chrX:156396255-156396260 6

1
Coordinates are from the July 2007 UCSC Genome Browser Mouse assembly (mm9)

Bold text indicates elements that fall within the two clusters (see text)
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