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- ZC3H14 has a functionally comparable ortholog in Drosophila 
melanogaster called dNab2.

- Both play a role in polyadenylation control and splicing regulation. 
- dNab2 and ZC3H14 have a similar set of domains including a zinc 

finger at the C-terminus end (Kelly at al., 2014).

ZC3H14 as an RNA binding protein

Research Question

Conclusion

qRT-PCR quantification of dNab2 levels 

Results: The adult fly heads showed a fold change value of 0.46 
indicating dNab2 expression levels were knocked down by about 
54% in the IR compared to the control (p<0.05). The larval brains 
had a fold change of 0.61 and dNab2 knockdown by 39% 
(p<0.05). 

Gel Electrophoresis Quantification

Results: Knocked down levels of dNab2 did not significantly 
alter splicing of CASK, only raised the average percentage of 
unspliced transcript. 

- The dNab2-IR flies did not demonstrate the same level of 
unspliced transcript as previous data with dNab2 null flies.

- Potentially, the level of dNab2 was not knocked down enough 
to produce the splicing defect. 

- Alternatively, neurons might not experience altered splicing of 
Ca-Alpha1D and CASK when dNab2 is decreased.

Future Directions: 
- Increase the amount of dNab2 knockdown using a UAS-

dicer.
- Use a different Gal4 to target another tissue type (ex. glia).

- Mutations in genes that encode for RNA binding 
proteins can lead to variations in splicing resulting in 
incorrect alternative splicing or the retention of certain 
introns. 

- Intron retention can impact overall gene expression 
and potentially the proteins being produced (Vuong et 
al., 2017).

- This shows that ZC3H14 can compensate for dNab2 loss.

https://bioprinciples.biosci.gatech.edu/module-4-genes-and-genomes/4/-8-genomes

- It is unknown what dNab2 specifically interacts with that results in 
this defect in gene splicing and expression due to dNab2 loss. 

- The previous experiments examined all cell types of larval brain 
tissue and did not examine which specific brain cell types undergo 
this altered splicing.

- This study also looks at adult flies in addition to larvae to see if 
different stages of development potentially impact splicing. 

- Will the splicing defect due to knocked down levels of dNab2 
occur in neurons of adult flies and larvae?

- Mutations that cause changes in splicing are linked to 
a variety of muscular and neuronal conditions (Pak et 
al., 2011; Poulos et al., 2011).

- ZC3H14 is a gene in humans that is essential for brain 
development and neural function. It encodes for the 
ZC3H14 RNA binding protein which regulates poly(A) 
tail length control, brain development, and the 
production of synaptic proteins. 

- Mutations in the ZC3H14 gene is linked to increased 
prevalence of intellectual disability (Kelly et al., 2014; 
Musante et al., 2014).

ZnF RNA-binding domain (Leung et al. 2009). Interestingly,
one of the ZC3H14 mutations in intellectually disabled pa-
tients (R154->termination codon) leads to loss of ZC3H14
isoforms 1–3 but leaves isoform 4 intact (Pak et al. 2011), sug-
gesting that these longer isoforms are necessary for cognitive
function in humans, while isoform 4 may perform a distinct
function.

Although little is known about the molecular function of
human ZC3H14, both the S. cerevisiae and D. melanogaster
presumptive orthologs of ZC3H14 bind polyadenosine RNA
and are required to restrict poly(A) tail length in vivo (Ander-
son et al. 1993; Hector et al. 2002; Pak et al. 2011). As with
ZC3H14 isoforms 1–3, the budding yeast and fly Nab2 pro-
teins both localize to the nucleus at steady state (Anderson
et al. 1993; Pak et al. 2011). Genetic studies reveal interactions
betweenNab2 and genes encoding components of the nucle-
ar polyadenylation machinery (Kelly et al. 2010; Pak et al.
2011) suggesting that one principal Nab2 function is control
of polyadenylation. Consistent with a critical role for Nab2
in post-transcriptional regulation, S. cerevisiae and D. mela-
nogasterNab2 are essential for cell viability and development,
respectively (Anderson et al. 1993; Pak et al. 2011).

Our previous work demonstrating a requirement for D.
melanogaster Nab2 in normal locomotor behavior (Pak et al.

2011) led to the hypothesis that neurons are exquisitely sensi-
tive to defects in nuclear poly(A) tail length control. The sub-
sequent findings that neuron-specific expression of wild-type
dNab2 rescues dNab2 null developmental and locomotor
defects, and that neuron-specific depletion of dNab2 in oth-
erwise wild-type animals can elicit similar defects, confirmed
this hypothesis (Pak et al. 2011). These studies, coupled with
the finding that humans with ZC3H14 mutations display
nonsyndromic intellectual disability (Pak et al. 2011), suggest
that ZC3H14 and dNab2 may perform functionally analo-
gous roles in RNA metabolism in invertebrate and vertebrate
neurons. However, no studies have been performed previ-
ously to assess the molecular function of ZC3H14.
Herewe demonstrate that depletion of ZC3H14 leads to ex-

tended poly(A) tails in a cultured mouse neuronal cell line
without significant accumulation of poly(A) RNA in the nu-
cleus, supporting a model in which ZC3H14 plays a primary
role in control of poly(A) tail length in mammalian cells.
To extend these molecular results and assess the function
of ZC3H14 in neurons in vivo, we exploit Drosophilamutant
for Nab2. Our results show that neuron-specific transgenic
expression of a nuclear isoform of human ZC3H14, but
not the shorter, cytoplasmic isoform retained in human
ZC3H14-associated intellectual disability patients (Pak et al.
2011), rescues developmental and behavioral phenotypes of
Nab2nullD.melanogaster. Critically, this overt rescue by a nu-
clear isoform of ZC3H14 is accompanied by repair of an un-
derlying defect in poly(A) tail length in the fly brain. These
data indicate that human ZC3H14 is a functional ortholog
of fly Nab2 that plays a critical role in the control of poly(A)
tail length of neuronal RNAs in vivo.

RESULTS

To examine the molecular function of ZC3H14, we utilized
neuro 2A (N2A) cells (Olmsted et al. 1970). Consistent with
previous results (Leung et al. 2009; Guthrie et al. 2011),
ZC3H14 isoforms 1–3 (Fig. 1A) are primarily localized to
the nucleus in this neuronal cell line (Fig. 1B). To assess the
functional consequences of loss of ZC3H14, we used siRNA-
mediated depletion. The siRNAs targeted to ZC3H14 were
designed to deplete all transcript variants. As a control for
a protein implicated in regulation of poly(A) tail length, we
also examined the consequences of siRNA-mediated de-
pletion of the nuclear poly(A)-binding protein, PABPN1.
PABPN1 modulates the processivity of poly(A) polymerase
to achieve optimal poly(A) tail length (Kuhn and Wahle
2004) and previous work has shown that depletion of
PABPN1 leads to shortening of bulk poly(A) tails (Apponi
et al. 2010). As shown in Figure 2A, both ZC3H14-iso1-3
and PABPN1 could be efficiently depleted from N2A cells.
We then examined bulk poly(A) tail length in N2A cells treat-
ed with either of two independent ZC3H14 siRNAs, PABPN1
siRNA, or control scrambled siRNA (Fig. 2B,C). Depletion of
ZC3H14 resulted in an increase in bulk poly(A) tail length

FIGURE 1. Human ZC3H14 isoforms 1–3 are localized to the nucleus
of N2A cells. (A) Domain alignment of S. cerevisiae Nab2, D. mela-
nogaster dNab2, and human ZC3H14 isoforms 1–3 and isoform
4. The conserved N-terminal PWI-like fold, Q-rich, RGG/predicted
classical nuclear localization signal (cNLS), and C-terminal tandem
CCCH zinc finger RNA-binding motif (ZnF CCCH) domains are indi-
cated. The zinc finger domains of human ZC3H14 and fly dNab2 share
significant homology with 48% amino acid similarity in the zinc fingers
as determined by analysis with Clustal W (Larkin et al. 2007). The loca-
tion of the Arginine-to-termination codon (R154Ter) mutation that
eliminates isoforms 1–3 in intellectual disability patients is shown as
is the location for the Alternate exons that are included/excluded to gen-
erate ZC3H14 isoforms 1–3. The PWI-like domain used to raise poly-
clonal ZC3H14 antibodies, which recognize ZC3H14-iso1-3, (Leung
et al. 2009) is also indicated (Antibody binding region). (B) ZC3H14 lo-
calization in cultured N2A cells was assessed using an antibody directed
against the PWI-like domain of ZC3H14 (α-ZC3H14) and thus iso-
forms 1–3 are visualized (green). Cells are costained with the RNA
speckle marker SC-35 (α-SC-35) to indicate the position of nuclear
speckles (red). Corresponding Hoescht staining (blue) is shown to indi-
cate the position of the nucleus. A phase image is also shown.
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(Kelly et al., 2014) https://pubmed.ncbi.nlm.nih.gov/24671764/

- Lack of dNab2 causes changes in gene expression, splicing, and 
observable phenotypes in behavior and neuronal function.

- Due to these developmental defects, flies that lack the dNab2 
gene typically die before reaching adulthood (Kelly et al., 2014).

Gene splicing and expression

RNA

cDNA

- RNA was isolated and purified from the adult 
fly heads and larval brain tissue in the Gal4 
control and dNab2-IR experimental groups.

RT-PCR
- Semi-Quantitative RT-PCR was run on the 
cDNA with gene specific primers to target and 
amplify the first intron in Ca-Alpha1D and CASK.

- cDNA (complementary DNA) was 
synthesized from the collected RNA samples 
using reverse transcriptase. 

- qRT-PCR uses a 
fluorescent tag to 
examine if there is a 
change in the amount of 
the transcript.

https://www.nature.com/articles/nrm.2017.130

Funding

Previous splicing data
- Previously collected RT-PCR data from larval brain tissue shows 

that Drosophila lacking dNab2 experience altered splicing and 
what appears as a retained first intron in numerous genes 
responsible for proper CNS development. 

- The dNab2 null flies also demonstrated higher relative gene 
expression levels compared to the wild-type.

Results: Loss of 
dNab2 alters splicing of 
Ca-Alpha1D and 
CASK, exhibiting  
significantly more 
unspliced transcript 
compared to the wild-
type. This indicates 
possible retention of 
the first intron.

(Kelly et al., 2014) https://pubmed.ncbi.nlm.nih.gov/24671764/

- RNA interference (RNAi) produces small RNA fragments called 
inverted repeats (IR) that are complementary to the target 
mRNA to reduce translation and therefore overall protein 
production (Mohr, 2014).

- Gal4 is a transcription factor used to produce mRNA in a specific 
tissue type (Brand et al., 1993).

- The Gal4/UAS system targeted mRNA knockdown of dNab2 in 
neurons.

- I used flies containing elav-Gal4 to drive neuronal gene expression 
and promote Gal4 transcription. 

- These flies were crossed with those containing an upstream 
activating sequence (UAS) for Gal4 to bind to and initiate 
transcription of the desired genes.

- These flies also contain an IR sequence that is used to create short 
hairpin RNAs to decrease dNab2 expression.
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https://app.biorender.com

Drosophila dNab2 is an ortholog of ZC3H14

Using RNAi to knock down dNab2 levels

Gal4/UAS System

Methods

https://www.bio-rad.com/en-us/applications-technologies/what-real-time-pcr-qpcr?ID=LUSO4W8UU

https://app.biorender.com


