






of this interaction in neurons is still unknown. Future Co-IP studies will
be conducted to determine binding partners in each fraction using mouse
brain and/or fetal cortical neurons.
Active SULT4A1 protein requires proper splicing, since reports

indicate SULT4A1 mRNA is detectable in various non-neuronal tissues
but is not correctly spliced and is nonfunctional (Falany et al., 2000;
Sidharthan et al., 2014). Low levels of SULT4A1 have been reported to
be endogenously expressed by immunoblot in established cell lines,
including LN229 glioblastoma and SH-SY5Y neuroblastoma cells (Sun
et al., 2012; Sidharthan et al., 2014). The question remains if these
immortalized cancer cell lines recapitulate the neuronal environment in
which SULT4A1 exerts its normal function, as this protein is found to be
highly localized to neurons. Therefore, the expression and localization of
SULT4A1 in primary mouse cortical neuron culture was investigated, as
these primary cultures may provide a more suitable in vitro model to
study SULT4A1. Primary cortical neurons were harvested on gestational
day-15 CD-1 mice and grown on coverslips for 12 days to become
neuron-enriched. Figure 3 shows that SULT4A1 (green) is highly

expressed in DIV-12 primary cortical neurons, indicating SULT4A1 is
present early in embryonic neuron development. In addition, SULT4A1
immunoreactivity is absent in the nuclei (blue) but is detected in neurite
projections, as well as in the cell body of the neuron. Although the
SULT4A1 mutant mice were generated in a C57BL/6J and these
primary cultures were derived from CD-1 mice, we expected that this
result would be readily reproducible in our strain, even though
SULT4A1 expression was also detected in mitochondrial, microsomal,
and cytosolic fractions, but not nuclei, generated from the primary
cultured neurons by immunoblotting similar to the pattern observed with
mouse brains (data not shown).
The expression of SULT4A1 in primary neuron culture was first

reported by Butcher et al., (2010) in a study investigating the
transcriptional regulation of SULT4A1. The authors showed that both
SULT4A1 mRNA and protein were detected in primary neuron cultures
derived from embryonic day-16 mice, although the subcellular locali-
zation was not reported. Interestingly, SULT4A1 was expressed in the
neurite projections of primary cortical neurons (Fig. 3). The impact of
SULT4A1 on neurite growth and guidance remains unknown. Evidence
of SULT4A1 expression in embryonic neurons is a promising model
system to elucidating themechanistic function of SULT4A1 in vitro. It is
reasonable to infer that primary neuron cultures better represent the
appropriate molecular environment than immortalized tumor-derived
cell lines. Breeding pairs are established for the production of D28 and
D12 WT, heterozygous, and homozygous primary neuron cultures.
These studies in conjunction with behavioral analyses will provide
valuable insights into potential differences in neuronal maturation,
synaptic formation, or synaptic transmission.
In summary, this study reports the first published generation and

characterization of SULT4A1 mutant mouse models. Homozygous
mutant D28 and D12-SULT4A1 mice present with a severe and
progressive neurologic phenotype resulting in postnatal death. The lack
of SULT4A1 in the homozygous mutant pups detectable by immunos-
taining suggests that this is an essential protein required for normal

Fig. 2. Characterization of SULT4A1 protein expression in D28 and D12 mutant
mouse brains and subcellular localization of WT SULT4A1. WT, heterozygous, and
homozygous D28 and D12 25-day-old mice were euthanized and whole brains were
harvested. (A) WT, heterozygous (HET), and homozygous (MUT) D28 and D12
mice were probed for SULT4A1 protein expression. Human brain cytosol was used
as a positive control (CTRL) for SULT4A1. For both strains, WT and heterozygotes
showed positive staining for SULT4A1; however, D28 and D12 homozygotes were
negative for SULT4A1. (B) Subcellular fractionation was used to generate nuclear
(Nuc), mitochondrial (Mito), cytosolic (Cyto) and microsomal (Micro) fractions
from WT adult mouse brain homogenates. Aliquots of each fraction (50 mg) were
subjected to SDS-PAGE and immunoblotted for SULT4A1. To determine the purity
of subcellular fractions, marker proteins specific to each fraction were probed.
Histone H3 was used to probe nuclear fraction purity, mitochondrial import receptor
subunit TOM20 homolog (TOM20) was used as a marker protein for the
mitochondrial fraction, GAPDH was used as a marker for the cytosolic fraction,
and Na+/K+ ATPase was used to determine the microsomal fraction purity.
SULT4A1 protein was detected in the mitochondrial, cytosolic, and microsomal
fractions, and marker proteins demonstrated pure subcellular fractions.

Fig. 3. SULT4A1 expression in embryo-derived mouse cortical neurons by
confocal microscopy. Cortical neurons were harvested from embryonic day-15
mice and grown on cover slips for an additional 12 days prior to immunocyto-
chemistry. Cortical neurons were probed for SULT4A1 expression using a rabbit
polyclonal IgG at a 1:5000 dilution. Nuclei were labeled with Hoechst (1:20,000)
with primary cortical neurons being positive (green) for SULT4A1 protein in both
the soma and neurites, but not in the nuclei (blue).
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development. In addition, although SULT4A1 was thought to be a
cytosolic protein, its expression was detected in mitochondrial and
microsomal fractions indicating potential novel function(s). SULT4A1
was also found to be expressed in embryonic mouse brain, further
suggesting an essential role in development. Although, the function of
SULT4A1 remains unknown, these mouse models will be invaluable to
identifying and characterizing the role of SULT4A1 in mammalian
brain.
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Supplemental  Methods  

This  work  was  conducted  at  the  University  of  Alabama  at  Birmingham  (UAB)  Transgenic  Facility  

and  is  described  in  detail  (Challa  et  al.,  2016).    Pronuclear  injections  into  zygotes  obtained  from  

C57Bl/6  mice  were  performed  with  a  solution  of  sgRNAs  (25  ng/μl  each)  and  Cas9  capped  

mRNA  (125  ng/μl).  The  sequence  of  the  CRISPR/sgRNA  for  the  Δ28  and  Δ12  strains  are  as  

follows:  Exon  1  (-­  strand)  -­  5'  -­  GGTGACGATCCACACGTCGC  (TGG)  -­3'  <28  bp  deletion>  and  

Exon  3  (-­  strand)  -­  5'  -­  AGGTGGCTCTTGATGAGGCG  (GGG)  -­3'  (12  bp  deletion).  Injected  

zygotes  were  implanted  into  pseudopregnant  CD1  recipients.  Tail  biopsies  from  G0  pups  were  

obtained  upon  weaning  (3  weeks)  and  used  to  isolate  genomic  DNA.  Tail  genomic  DNA  was  

used  as  a  PCR  template  to  analyze  sequence  modifications.  Preliminary  assessment  for  the  

presence  of  indels  was  done  by  heteroduplex  mobility  assay  (HMA).  PCR  amplicons  showing  

heteroduplex  mobility  shifts  were  cloned  into  a  plasmid  vector  (TOPO-­TA  cloning,  Invitrogen)  

and  individual  colonies  were  processed  for  Sanger  sequencing.  Two  female  G0  animals  

carrying  distinct  mutations  were  bred  with  wildtype  C57Bl/6  mice  for  germline  transmission.  
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Supplemental  Videos  1  and  2.  Δ28  and  Δ12  homozygous  mutant  mice  display  severe  

neurological  deficits.    Day  17  old  mice  were  video  recorded  for  behavioral  changes.    As  shown  

in  the  representative  videos,  both  the  Δ28  and  Δ12  homozygous  mice  displayed  seizures,  lack  

of  coordination,  abnormal  gait,  and  ataxia.    Videos  were  edited  for  time  and  file  size  with  

Imovie’09  v8.06    Apple  Inc.,  Cuppertino,  CA)  and  then  exported  to  Quicktime  Player  v10.4  

(Apple  Inc.,  Cuppertino,  CA).    
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Supplemental  Figure  1.    Electropherogram  tracings  confirm  mutational  status  of  SULT4A1  was  

conserved  in  offspring  of  Δ28  and  Δ12  founders.  Genomic  DNA  was  subjected  to  PCR  

amplification  utilizing  primer  sets  specific  to  the  location  of  the  Δ28  and  Δ12  SULT4A1  

mutations  (Materials  and  Methods).    Comparison  of  WT  SULT4A1  and  Δ28  homozygous  

mutant  sequence.    The  Δ28  homozygous  mutant  possesses  a  frameshift  mutation.  Comparison  

of  WT  SULT4A1  and  Δ12  homozygous  mutant  sequence.    The  electropherogram  clearly  

displays  the  4  AA  deletion  characteristic  of  the  Δ12  strain.    


