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Introduction

 N-Acetylglucosamine-1-Phosphodiester Alpha-N-Acetylglucos-
aminidase (NAGPA) gene codes for Uncovering Enzyme (UCE). 
UCE catalyses the addition of mannose-6-phosphate as a recognition 
tag on lysosomal enzymes directed to lysosome. The human NAGPA 
gene is transcribed into two different forms, probably due to alterna-
tive splicing. One of them, known as a brain isoform, is lacking exon 
8 (102bp) a study suggests that the cerebral cortex, expressing the 
highest quantity of the NAGPA brain isoform, might be the region as-
sociated with speech function [1]. Mutations in NAGPA are known to 
cause stuttering, a common speech disorder with unknown aetiology. 
Stuttering is a disorder related to brain development identified as in-
terruptions in normal course of speech in the form of repetitions, pro-
longations and involuntary pauses. The secondary behaviours synced 
with stuttering are eye blinking, jaw jerking, and head movements. 
It is believed that these secondary movements happen as an effort to 
decrease the severity of the stuttering. However, little is known about 
genetic basis of stuttering to date. Unknown pattern of inheritance and 
multifactorial nature of stuttering have made it difficult to find respon-
sible genetic alterations. Currently, variants of three genes GNPTAB 
[NM_024312.4] (encoding N-acetylglucosamine-1-phosphotransfer-
ase alpha/beta subunits precursor), GNPTG [NM_032520.4] (encod-
ing N-acetylglucosamine-1-phosphotransferase gamma subunit) and 
NAGPA [NM_016256.3] (encoding N-Acetylglucosamine-1-Phos-
phodiester Alpha-N-acetylglucosaminidase) have been associated 
with non-syndromic stuttering in populations from United States, 
England, Pakistan, Cameroon, Brazil and India [2-4]. According to 
previous study 6-18% of stuttering cases found to be associated with 
variants of these genes [3]. In the present study, blood samples of 
80 participants with no stuttering history collected and subjected to 
Ion proton NGS analysis revealed two major variants rs7188856 at 
position T465I and rs7110 in 3’UTR region in NAGPA gene. As the  
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Abstract
 N-Acetylglucosamine-1-Phosphodiester Alpha-N-Acetylglucos-
aminidase (NAGPA) gene codes for Uncovering Enzyme (UCE). 
UCE catalyses the addition of mannose-6-phosphate as a recogni-
tion tag on lysosomal enzymes directed to lysosome. Mutations in 
NAGPA are known to cause stuttering, a common speech disorder 
with unknown aetiology. Currently, variants of three genes GNPTAB 
[NM_024312.4] (encoding N-acetylglucosamine-1-phosphotrans-
ferase alpha/beta subunits precursor), GNPTG [NM_032520.4] 
(encoding N-acetylglucosamine-1-phosphotransferase gamma 
subunit) and NAGPA [NM_016256.3] (encoding N-acetylglucos-
amine-1-phosphodiester alpha-N-Acetylglucosaminidase) have 
been associated with non-syndromic stuttering in populations from 
United States, England, Pakistan, Cameroon, Brazil and India. In 
the present study, 80 participant’s blood samples with no stuttering 
history collected and subjected to Ion proton NGS analysis revealed 

two major variants rs7188856 at position T465I and rs7110 at 3’UTR 
region in NAGPA gene. As the information regarding to their biologi-
cal role not available we subjected to bioinformatic analysis in order 
to evaluate its mutagenic effects that would help in preforming bio-
logical assays and implications on the pathway targeting hydrolytic 
enzymes to lysosomes which is linked to stuttering and other dis-
orders. The dynamut2 analysis of Single Nucleotide Variant (SNV) 
rs7188856 revealed that the missense mutation at the position 465 
with replacement of Threonine to Isoleucine in the current predicted 
NAGPA 3D structure will causes destabilization and the ΔΔG stability 
was brought down to -0.46 Kcal/mol. The RNA fold webserver output 
for the SNV rs7110 revealed that the positions of loops and stems in 
both the structures are almost same except at the variant site. There 
is a change in the position of loop and stem in the predicted sec-
ondary 3’UTR NAGPA structure. We also performed the scanning 
of 3’UTR region containing rs7110 mutation but it did not result any 
miRNA target site. Therefore, though final confirmation of variant-ef-
fect predictions has to come from experiments and computational 
methods suggest what experiments to be performed.
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information regarding to the biological role not available we sub-
jected NAGPA variants to bioinformatic analysis in order to evaluate 
their mutagenic effects and to predict the effect on the protein-protein 
interactions that would help in preforming biological assays and im-
plications on the pathway targeting hydrolytic enzymes to lysosomes 
which is linked to stuttering and other disorders.

Materials and Methods
Selection of study participants

 The participants (n = 80) included in the current study were 
non-stutters. All the study procedures were adhered to the principles 
of the Declaration of Helsinki and were approved by the Institutional 
Ethical Committee. Written informed consent was obtained from the 
participants.

Sample collection, DNA isolation and NGS analysis

 About 5 ml of peripheral venous blood was collected from the 
study participants (n =80). DNA was extracted through Proteinase-K 
digestion followed by phenol–chloroform extraction and ethanol 
precipitation. After quantification approximately 100ng of genomic 
DNA was used to construct Exome libraries using Ion Ampliseq Ex-
ome RDY Panel (Thermo Fisher Scientific) as per the manufacturer’s 
protocol and these were quantified using Qubit 3.0 (Thermo Fisher 
Scientific). Approximately 25 Pico moles of the library was used 
for template generation, enrichment and chip loading following user 
guidelines. Sequencing was performed using Hi-Q chemistry on Ion 
Proton system (Thermo Fisher Scientific) at our facility.

 Unaligned binary data files (Binary Alignment Map, BAM) gener-
ated by the Ion Proton system were uploaded to Ion Reporter software 
(Thermo Fisher Scientific) and analysed using default settings. Se-
quences were aligned against the reference genome (GRCh38/hg19) 
by using TMAP Alignment (Thermo Fisher Scientific).

Bioinformatic analysis

The 3D protein structure of NAGPA: Complete DNA and Protein 
sequences of NAGPA gene were downloaded from the NCBI website. 
The 3D structure was not available in the Protein Data Bank (www.
rcsb.org). In order to get complete3D structure we searched for other 
websites and predicted 3D structure was found in AlphaFold Protein 
Structure Database (https://alphafold.ebi.ac.uk) with an accession 
number Q9UK23. The structure file was downloaded and used for 
further analysis.

Structure of 3’UTR region of NAGPA gene: The 3’UTR region of 
NAGPA gene which is about 634 base long was downloaded from 
NCBI’s ACE VIEW website (www.ncbi.nlm.nih.gov/ieb/research/
acembly/index.html). Prior to structure prediction the DNA sequence 
was further transcribed into RNA sequence through Biomodel (http://
biomodel.uah.es/en/lab/cybertory/analysis/trans.htm). The 3’UTR 
structure of both wild type and mutant type were designed through 
RNA fold webserver (rna.tbi.univie.ac.at//cgi-bin/RNAWebSuite/
RNAfold.cgi). The best fit with least energy was selected for further 
analysis.

Predicting mutation/damaging effect of SNP rs7188856 and 
rs7110: The NAGPA protein structure and site of the mutation 
(T465I) both were submitted to DynaMut2 (http://biosig.unimelb.
edu.au/dynamut2) to compare with wild type and mutant structure  

in order to predict the effect of mutation at level of protein 3D struc-
ture.Similarly, another mutation rs7110 in 3’UTR region was further 
subjected to bioinformatic analysis. The wild and mutant UTR struc-
tures were compared to each other in order to see the difference in the 
structure after change in the nucleotide base was observed. Most often 
a UTR mutation creates a microRNA target site and responsible for 
down regulation of the respective gene [5]. We scanned 3’UTR region 
containing rs7110 mutation for any miRNA site through targetscan 
[6] and miRanda [7].

Results
NGS data analysis

 The Ion Reporter software (Thermo Fisher Scientific) displayed 
two variants of significantly important are rs7188856 and rs7110 both 
belong to NAGPA gene in the current study. The rs7188856 variant 
arises due to change in the amino acid from Threonine to Isoleucine 
at position 465 (T465I). The other mutation was found on the 3’UTR 
region and the nucleotide change observed was from “G” to “A”. The 
rs7188856 variant appeared in the current study with frequency of 24 
% and rs7110 with a frequency of 100 %.

Bioinformatic analysis

The 3D protein structure of NAGPA: The protein structure was 
downloaded from AlphaFold Protein Structure Database (Figure 1) to 
further carryout the mutagenic pathogenic effect analysis.

Mutagenic effect of rs7188856: DynaMut2, a server based utility-
works on Normal Mode Analysis (NMA) methods to capture protein 
motion and representing wild type environment investigates the ef-
fects of single and multiple point mutations on protein stability and 
dynamics. DynaMut2 predicts the effects of missense mutations on 
protein stability, achieving Pearson’s correlation of up to 0.72 (RMSE: 
1.02 kcal/mol) on a single point. DynaMut2 predicts the variations in 
Gibbs Free Energy (ΔΔG) and in melting temperature (ΔTm) [8]. The 
dynamut2 analysis revealed that the missense mutation at the position 
465 with replacement of Threonine to Isoleucine in the current pre-
dicted NAGPA 3D structure (Figure 1) will causes destabilization and 
the ΔΔG stability was brought down to -0.46 Kcal/mol. In the wild 
type, protein structure (Figure 2A) were Threonine at the position 465 
displayed single hydrophobic interaction with Leucine at position 461 
and several polar interactions with Leucine at 461, 462, Isoleucine 
at 463, Asparagine at 468 and leucine at 469. No direct contact was 
found with Alanine at 466 and 467. Ionic interactions were nil. On 
the contrary, in mutant type (Figure 2B) were Isoleucine present at  

Figure 1: The Alfa fold predicted 3D structure of Human NAGPA Protein 
with an accession number Q9UK23 (Source:https://alphafold.ebi.ac.uk).
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the position 465 displayed two hydrophobic interactions with Leucine 
(462) and polar interactions are same as that of the wild type. Again, 
no ionic interactions were observed in the mutant type.

Mutagenic effect of rs7110: The RNA fold webserver output 3’UTR 
structure design is the secondary structure was based on the Minimum 
free energy (MFE) concept.The positions of loops and stems in both 
the structure (Figure 3A & 3B) are almost same except at the variant 
site (Figure 3B). The single nucleotide variation (SNV) is a change 
from residue “G” to “A” while “G” is a part of loop and “A” residue 
in the variant is a part of stem. There is a change in the position of 
loop and stem in the predicted secondary 3’UTR NAGPA structure.

The 3’UTR mutation and miRNA site: The 3’UTR mutation most 
of the time creates a miRNA target site. In order to search for the miR-
NA target site that might have introduced due to c*527G>A(rs7110) 
variant, different miRNA scanning web servers were used. The scan-
ning of 3’UTR region containing rs7110 mutation did not result any 
miRNA target site.

Discussion
 According to some countable number of reports mutations in 
NAGPA gene were associated to non-syndromic stuttering [1,3]. Its 
almost 40 years since the first time NAGPA gene was reported [9,10] 
and about 20 years ago cloning was performed [11], The complete 
Human 3D structure of NAGPA gene yet to be published.Because of 
this constrain several questions related to NAGPA function, likethe 
mode of inhibition by its pro-peptide [12], its catalytic mechanism 
[13], and the role of its cysteine-rich C-Terminal Domain (CTD) [11] 
have remained unanswered. Few of the variants known to impair the 
nature of protein’s folding and affect its activity [14], and some vari-
ants also found in control subjects [3]. Most of the variants reported 
so far lack the information about the effect on the enzyme activity  

and two such variants are rs7188856 and rs7110 as these two variants 
observed in our study we took this further to unravel its effect through 
In-silico based algorithms prediction.

 A missense mutation may be deleterious as it formed due to alter-
ation in the amino acid that usually produced at a specific site. Each 
amino acid has its own specific size, charge, and hydrophobicity val-
ue. The original wild-type residue and newly introduced mutant res-
idue often differ in these properties. In the present study rs7188856 
Threonine to Isoleucine at position 465 (T465I) a variant observed in 
NAGPA gene responsible for destabilising the structure. As reported 
elsewhere a threonine to isoleucine missense mutation in the peri-
centriolar material 1 gene is strongly associated with schizophrenia 
[15]. This needs to be further confirmed through biological assays. 
Generally, the variants found at the site of molecular interactions 
oftenalter binding energy and subsequently affects protein complex 
formation, on the contrary variants at the site of non-molecular inter-
actions might reduce folding energy and it leads to monomer structure 
destabilisation [16].

 The 3 UTR mutation rs7110 was earlier reported by Chen et al., 
[17]. It was observed during establishing an association between stut-
tering candidate genes GNPTAB, GNPTG and NAGPA with dyslexia 
in Chinese population [17]. The 3′ untranslated regions (3′ UTRs) of 
messenger RNAs (mRNAs) decides mRNA’s location, translation and 
its stability and also plays a major role in Protein–Protein Interactions 
(PPIs), and could able to transmit genetic information encoded in 3′ 
UTRs to proteins. This function has been shown to regulate diverse 
protein features, including protein complex formation or posttransla-
tional modifications, but is also expected to alter protein conforma-
tions. Therefore, 3′ UTR-mediated information transfer can regulate 
protein features that are not encoded in the amino acid sequence [18]. 
Interestingly, differences in the 3′ UTRs can alter mRNAs localization 
near the synaptic region of neurons so that neuro transmitter synthe-
sis can be regulated by synaptic demand and activity. As this can be 
correlated with the fact that the stuttering is a neurological disorder. 
Though final confirmation of variant-effect predictions has to come 
from experiments and computational methods will help in suggesting 
what experiments to do.

Conclusion

 NAGPA mutations and stuttering, the connection between these 
words was established decade ago but it still demands strong evi-
dence. There are hundreds of SNVs reported through GWAS analysis 
but major of these SNVs do not have supporting information regard-
ing to their biological role. Such type study will help to select the 
more appropriate SNVs and they further can be taken for biological 
assays. In the current study, the two SNVs reported and their bio-
informatic analysis suggests that these two variants can be further 
subjected to biological assays.
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Figure 2: The dynamut2 analysis showingcomparison with wild type (Fig-
ure 2A) and the missense mutation at the amino acid position 465 with 
replacement of Threonine to Isoleucine in the variant type (Figure 2B) in 
the submitted NAGPA 3D structure. The amino acid change was highlight-
ed with an arrow.

Figure 3: The image shows the RNA fold webserver output of secondary 
structure of 3’UTR region both wild type (Figure 3A) and variant type 
(Figure 3B). The single nucleotide variation (SNV) is a change from resi-
due “G” to “A” while “G” is a part of loop and “A” residue in the variant 
is a part of stem was highlighted with an arrow.
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