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Abstract

Human Insulin Promoter Factor 1 (IPF-1) gene plays an important role in the embryonic development of
pancreas and in the transcriptional regulation of insulin production. Mutations in this gene are known to cause
pancreatic agenesis and diabetes mellitus. A detailed bioinformatic study of all the known mutations from HGMD
database in the IPF-1 gene revealed interesting information. The information of all the experimentally proven
mutations were collected and analyzed using bicinformatic tools IMEx, SMART, PSIPRED and software pro-
grams developed by us. We tried to find out whether the presence of microsatellites in the IPF-1 gene has any
significance in the generation of these mutations. Our analysis revealed that the InsCCG243 (Proline insertion)
mutation, known to inhibit the insulin production, is due to microsatellite polymor phism. We analyzed 9 known
mutations (excluding the silence mutations) and found out except one (R197H), all the other mutations (C18R,
Q59L, Pro63fsdel, D76N, G212R, E224, P239Q, InsCCG243) fall outside the domain region. The mutation
falling in the domain region seems to be inducing a change in the secondary structure and resulting in change or
absence of protein function. We report that 4 out of these 9 mutations fall inside the microsatellite tracts and thus
indicating a positive role of microsatellites in mutagenesis.
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I ntroduction

Endocrine pancreas is made up of 4 types of cells: beta
cells(secretinginsulin), alphacells(secreting glucagon), delta

tain proper glucose sensing, insulin processing and glucose
homeostasis (Hart, A.W et a, 2000). Mutations in |PF-1

cells (secreting somatostatin) and PP cells (secreting pan-
creatic polypeptide). Insulin Promoter Factor 1 (IPF-1) or
Somatostatin Transcription Factor (STF-1) (other synonyms:
IDX1 and PDX1) is a homeodomain containing protein,
known to play a key role in the transcription of endocrine
pancreas specific genes in adults such as insulin, glucose
transporter 2 (GLUT-2) and glucokinase in beta-cells and
somatostatin in gamma-cells (Ohlsson, H et al, 1993;
Petersen, H.V et a, 1994; Schwartz, P.T et al, 2000). Apart
from generegulation, |PF-1isalso found to be responsible
for the development of the pancreas (Sander, M. and Ger-
man, M.S, 1997). ThelPF-1isalso required for the expres-
sion of FGFR1 signaling componentsin betacellsto main-

areknown to beinvolvedin several disorders, including pan-
credtic agenesisand diabetesmellitus (Kim, SK et al, 2002).
Altered regulation of the expression of insulin geneleadsto
abnormal beta-cell function that leads to diabetes.

Apart from genes, the human genome also consists of a
large number of nucleotide repeat units of size 1-6 bp re-
peated tandemly called Microsatellites or Simple Sequence
Repeats (SSRs) or Short Tandem Repeats (STRS)
(Schlotterer, C, 2000). Microsatellites are found in all the
known genomes, spanning from prokaryotes, eukaryotesand
viruses and are widely distributed both in coding and non-
coding regions((Toth, G et al, 2000; Sreenu,V.B. et al, 2007).
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Mutation Change Disease Phenotype
C12R, Exon 1 TG (Cys) - COC (Arg) Diabetes mellitus, Type IT
59L, Exon 1 CAG (Gl -> CTG (Lew Diabetes mellitus, Type I

Prof3fadel Exon 1 Induces Stop Codon

Pancreatic agenesis

D7aH, Exonl

GAC (Asp)-> AAC (Ash)

Diabetes mellitus, Type IT

R197H, Exon 2

COC (Arg) - CAC (His)

Diabetes mellitus, Type I

G212K, Exon 2

GGG (Gly) -» AGG (Arg)

Diabetes mellitus, Type IT

E224F Exon 2

GAG (Ghi) -> AAG (Lys)

Diahetes mellitus, Type I

F2397), Exon 2

QO (Pro) -» CAG (O

Diabetes mellitus, Type I

InsCiT 3243, Exond Induces extra Proline

Diabetes mellitus, Type IT

Table 1: List of genes collected from HGMD, their changes and phenotypes

712 CTG CCG CCG CCG CCG ---
CTG CCG CCG CCG CCG CcG cccccec oA

238 L P P P P

CCC CCC GGA (Normal)

(Mutant)
P P P G

Figurel: Alignment of the normal and mutant sequence depicting the changein the amino acid sequence. The colored site
isthe CCG insertion that induces an extra proline in the sequence.

Mutations in these microsatellite regions occur at much
higher rate when compared with those in the rest of the
genome (Ellegren, H. 2000).

Microsatellites are known to be highly polymorphic due
to the high rate of mutations in their tracts (Jarne, P. and
Lagoda, PJ.L. 1996). These mutations can be either in the
form of increase/ decrease of repeat units or in the form of
single nuclectide substitutions/del etiong/insertions and other
events (Fan, H. and Chu, J.Y. 2007). Increase or decrease
of repeat units of microsatellites in coding regions might
lead to shift in reading frames there by causing changesin
protein product (Li, Y.C et al, 2004) and in non-coding re-
gions are known to effect the gene regulation (Martin P et
a, 2005). Point mutations (Substitutionsand Indels) arealso
found to occur at a higher rate in microsatellites than else-
where (Sibly, R.M. et a, 2003). Microsatellite mutations
with in or near certain genes are known to be responsible
for some human neurodegenerative diseases (Tautz, D et
a, 1994). So, we made a brief study to check whether the
mutations in this IPF-1 gene has any relation with these
microsatellite repeats and the study reveal ed interesting re-
sults.

M ethods

All the experimental proved mutations of the IPF-1 gene,
that arefalling insidethe coding regionsand eventually |ead-
ing to phenotypic differences were collected from the Hu-
man Gene Mutation Database (HGMD) (Stenson PD et al,
2003). Table 1 gives thelist of al the 9 mutations consid-
ered for analysis. The mutations do not include silent muta-
tions, which do not induce any change in the amino acid
sequence, and all the 9 mutations that produce a disease
phenotype (Hani, E. H et al, 1999; Macfarlane, W. M et al,
1999; Weng, Jet a, 2001; Cockburn, B. N et a, 2004).

Results and Discussion

Out of the nine mutations, four are falling in the
microsatellite regions. Two of the four mutations seems to
be aresult of ‘Strand Slippage Replication’, which is a
predominant mutation mechanism of microsatellites. Strand
Sippage Replication (also known asDNA Slippageor Sipped
Strand Mispairing) occurs during DNA replication, which
resultsin the mispairing of oneor more repeat units by form-
ing aloop out at the mismatch site (Fan, H. and Chu, J.Y,
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2007). This causes a decrease/increase of repeat units in
the microsatellite tract ,thus making the microsatellite tract
highly polymorphic.

The mutation InsCCG243 is a clear indication of
microsatellite polymorphism inserting an extra repeat unit
of CCG The actual site of mutation isamicrosatellite tract
of (CCG),. (SeeFigure. 1). Thisresultsin an extra proline
inthe aminoacid sequence and there by inhibiting theinsulin
expression to a significant extent (Hani, E. H et al, 1999).
Another mutation, Pro63fsdel refersto apoint mutation (de-
letion) of anucleotide‘C’ from the 63" codon leading to a
frame shift, there by inducing a stop codon.

Thisresultsin anincomplete protein and has been proved
to beresponsible for pancreatic agenesis (Stoffers, D. A. et
a, 1997). The mutation Pro63fsdel also falls in a mono-
nucleotide microsatellite region (C),.. The deletion of *C’
refers to a deletion of a repeat unit of a mononucleotide
microsatellite tract indicating a strand slippage repli-
cation. (See Figure 2)

Asdiscussed earlier, point mutationsal so occur at ahigher
rate in the microsatellite regions than the rest of the ge-
nome, we also looked for point mutations inside the
microsatellitetractsin the | PF-1 gene. Two mutations G212R
and P239Q fall in the microsatellite tracts (GCG),
[Range:626-634] and (CCG), [Range: 714-728] and suggest
their rolein mutation generation.

It is also observed that none of these mutations except
one (R197H) doesnat fall inthe homeodomain region (HOX
Range: 146-208) that is very essential for the actual func-
tion of the protein. But, all these mutations despite of lying
outside the domain region effect the function of thisprotein
leading to diabetes or pancreatic agenesis. The R197H
mutation fallsinside the domain region and also seemsto be
effecting the helix formation at that position. The sequence
submitted to PSIPRED server indicatesthat the Arginine at
that positionislikely to form ahelix and the mutation might
change the secondary structure of the domain leading to
malfunction of the protein.

181

61 5 P P D 1 s P Y E WV P P

241

gl H L H H H L P

301

101 P E G A E P G v L E E P N
i6l

121 w M K 5 T K A H

AGC CCC CCG GAC ATC TCC CCG TAC GAG GTG CCC CCC CTC GCC GAC GAC CCC GCG GTG GCG
L A D D P A V A
CAC CTT CAC CAC CAC CTC CCG GCT CAGCTC GCG CTC CCC CAC CCG CCC GCC GGG CCCTTC
A Q L A L P H P P A G P F
CCG GAG GGA GCC GAG CCG GGC GTC CTG GAG GAG CCC AACCGC GTC CAGCTG CCTTTC CCA
R VvV ¢ L P F P
TGG AMAG TCT ACC AAA GCT CAC GCG TGG AAA GGC CAG TGG GCA GGC GGC GCC TAC GCT

A W K G @ W A G G A Y A

Figure2: TheYellow colored region isthe mononucl eotide microsatellite tract (C repeating 6 times). A deletion of aC from
thetract isaindicative of dippage strand replication where arepeat unit ‘' C' is deleted leading to a premature termination of

the protein. Red color indicates the stop codon.

Further more, most of the mutationsin the |PF-1 genefall
in GC rich regions. It is well known fact that the rate of
occurrence of mutations in GC rich regions is less when
compared to AT rich regions because of the strong triple
bond between G and C. But, interestingly, 7 of the 9 muta-
tionsare changing either C or G or both and 4 out of these
7 mutations fall inside the microsatellite regions. This
indicates that micro satellites play a relatively positive
roleinthe mutagenesis.

Conclusion

Microsatellites are known for their higher rate of muta-
tionsand are known to be associated with various diseases.
So, we analyzed the | PF-1 mutations and their possible as-
sociation with the microsatellites. The | PF-1 mutationsfrom
HGMD database are mapped on to the microsatellite tracts

of IPF-1 and theresults seem to indicate that microsatellites
play an important role in the mutagenesis of IPF-1 gene
leading to Pancreatic agenesis and Type 2 Diabetes Melli-
tus. Extending thiswork on alarge scale by analyzinglarge
number of genes might give abetter evidence of therole of
microsatellitesin generating mutations.
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