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ABSTRACT

Background. Several point mutations in the mito-
chondrial DNA cause maternally inherited metabolic
disorders. The most common type of mutation A3243G
in the gene of transfer RNA leucine (tRNALeu(UUR) js
thought to be responsible for the prevalence of type 2
diabetes mellitus. This study was designed to analyze
the tRNALeUUUR) gene of mtDNA of the diabetic indi-
viduals with familial history of diabetes to identify the
point mutations A3243G.

Material and methods. Saliva samples were preferred
as a source of DNA to minimize the risk of infection.
DNA was successfully extracted from their saliva. Sam-
ples of high-quality DNA was amplified with PCR and
sequenced in Macrogen Inc. Korea.

Results. The m.3243A>G mutation in mitochondrial
tRNA'eu(UUR) gene was not observed.

Conclusion. The result shows that the m.3243A>G
mutation in mitochondrial tRNAU(UUR) gene is not
frequent cause of type 2 and some other factors may
be possible i.e. genetic, behavioral or environmental.
It is recommended that the sample size for diabetic
individuals need to be increased for a future study
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and screened for the mitochondrial as well as other
mutations of nuclear origin. (Clin Diabetol 2020; 9; 3:
167-173)
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Introduction

Diabetes mellitus (DM) is a common disease af-
fecting many individuals worldwide. DM encompasses
a range of metabolic failures, characterized by hyper-
glycemia developed from impairment of beta cells of
pancreas and mutations in genomic DNA. Genetic im-
pairment is involved in both peripheral insulin sensitivity
and glucose linked insulin secretions. Mitochondria has
important role in glucose insulin secretion, mutations in
mitochondrial DNA (mtDNA) can cause insulin secretion
impairment. In mitochondria, oxidative phosphoryla-
tion variation in the ration of intracellular adenosine
triphosphate/adenosine diphosphate (ATP/ADP) may
trigger the exocytosis of insulin [1].

Mitochondrial DNA follows a maternal pattern of
inheritance [2]. More than 220 mutations have been
related with syndromes in the 22 genes of human tRNA
and 40 in human tRNAUUUR gene, Epidemiological
studies indicate prevalence of approximately 1 in 5,000
mtDNA mutations in adults, making mtDNA the most
common carriers of genetic disorders [3]. Mutations
in mitochondrial tRNA genes are linked with multiple
human diseases, including heart failure, neuromuscular
disorders, diabetes, visual and hearing loss. Particularly,
mutation at position A3243G of tRNALeUUUR) gene
causing MELAS Syndrome (mitochondrial encephalo-
myopathy, lactic acidosis, and stroke-like episodes) is
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responsible for about 2% of cases of type 2 diabetes
[4]. Point mutation A3243G in the tRNALU(UUR) gepe
is one of the most common mtDNA defect, firstly
diagnosed in children with MELAS Syndrome. Some
families also express diabetes and deafness known as
MIDD (maternally inherited diabetes and deafness) [5,
6]. In general population, MIDD is responsible for 0.5
to 1.5% of all diabetes cases. MIDD pathophysiological
mechanism are complex and may involve impairment
of glucose toxicity, insulin secretion and resistance. In
mitochondrial diabetes, insulin impairment response
to glucose challenge is in an early stage and indicates
major factor in the pathogenesis of hyperglycemia.
However, insulin response to glucagon and arginine
rather than glucose is not clear [7, 8].

The most notorious mutation is A3243G in
tRNALeUUUR) gene that causes impairment in the ar-
rangement of functional proteins of Electron Transport
Chain (ETC). This type of mutation is non-adoptive and
brings impairment in the production of insulin [9].
A3243G point mutation becomes pathogenic when
its concentration reaches 10-30%.Most commonly,
considered as the frequent cause of insulin independent
diabetes mellitus [10]. Mutation in tRNALeU(UUR) gene at
position A3243G cause defects in function of tRNA to
properly assemble proteins in respiratory chain com-
plexes due to which oxidative phosphorylation will not
properly produce enough ATP to activate ATP-sensitive
potassium channels in the B-cells to secrete insulin in
response to high blood sugar level which will eventually
cause type 2 DM. The Adenine to Guanine at nucleotide
position A3243G in the tRNA gene play a major role
in the methylation amino-acylation codon recognition
and tertiary union of the molecules assembly. The muta-
tion responsible for this maternally inherited diabetes
mellitus is varying in different ethnic groups [11, 12].

The population of tribal areas of Pakistan is less
explored and little literature is available on this specific
ethnic group. Therefore, this study population has
been assessed for mitochondrial DNA mutation which
is more frequently found in population affected with
type 2 diabetes mellitus. The aim of this study was to
determine mitochondrial tRNALeU(UUR) gene mutation in
MIDD in the population of tribal areas of Pakistan as this
might help to determine the molecular mechanism of
the type 2 DM. Such type of finding will pave the way
for better treatment, genetic counselling and prenatal
diagnosis of maternally inherited diabetes.

Materials and methods

The approval of this study was obtained from
the Hazara University Institutional Review Board and
written informed consent was obtained from all the
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study individuals. A detailed medical history of the
study individuals was recorded and detailed pedigree
(Figure 1, Table 1) was drawn at the time of visit to
the affected families. Saliva samples (5 ml) were ob-
tained from fifteen diabetic individuals and DNA was
extracted successfully. Only five (N = 5) samples had
optimum quantity of DNA required for sequencing.
The collected amount of saliva 5 ml was important
to get high amount of buccal epithelial cells for high
concentration of the genomic DNA. The samples were
stored at —20 °C soon after collection to recede the risk
of contamination.

DNA extraction and PCR amplification

Genomic DNA was extracted from buccal epithelial
cells using a modified protocol [13]. The extracted DNA
was quantified using NanoDrop measurement at ratio
of absorbance at 260/280 nm as shown in Table 2.
After quantification whole genomic mitochondrial
DNA was amplified using standard kit method (Qiagen
Repli-G mitochondrial DNA kit). The fragments encom-
passing np 3243 of mitochondrial DNA were amplified
with PCR using AmpliTag DNA polymerase. The sets of
reverse and forward primer were used. The nucleotide
sequence of forward primer was F-5'-CAAATTCCTCC-
CTGTACGAAAGG-3' and the reverse primer was R-5'-
-AATGAGGAGTAGGAGGTTGGCC-3'. PCR was carried out
in a total volume of 25 ul master mix containing 50 ng
of extracted DNA, 2.0 ul each dNTP, 11.5 ul ddH20,
2.5 ul MgClI2, and 0.5 ul of Tag polymerase. The DNA
was initially denatured at 94°C for 3 min and subjected
to 35 PCR cycles of 94°C for 45 sec, 59°C for 1 min, and
72°C for 3 min. The PCR products after amplification
were electrophoresed on 1% agarose gel and stained
with ethidium bromide (Figure 2).

Gene clean

TIANgel Midi Purification Kit, Cat# DP209-02.PCR
was used according to manufacturer’s instructions for
elution of the PCR amplificated DNA.

Sanger sequencing of the targeted
mtDNA region

DNA sequencing were carried out using the Big-
Dye terminator cycle sequencing method and reaction
products were analyzed on an ABI-Prism 377 au-
tomated sequencer at Macrogen Inc. Korea (www.
macrogen.com).

The resulted sequencing data was analyzed us-
ing NCBI online tool BLAST. The revised Cambridge
Reference Sequence (rCRS) of human mitochondrial
DNA was used as reference for analysis of the DNA
samples.


http://www.macrogen.com
http://www.macrogen.com
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Figure 1. Family pedigree of all the three families (A, B and C) including three generations. The circles represent the female
members while the squares representing the male members. Black square and circles represent the diseased one and white show
the normal non diseased one. N_1 to N_5 are the type 2 diabetes individuals inlcuded in the final analysis

Table 1. Characteristics and clinical history of all the study subjects (N = 5)

Sample number Gender Age (years) Weight [kg] Complications Medications

N_1 Male 60 60 Renal disease Insulin

N_2 Male 55 75 Blindness, joint problems, Oral hypoglycemic agent

high blood pressure

N_3 Female 50 65 Joint pain, infertility, Insulin
skin and renal disease

N_4 Male 43 80 High blood pressure, hearing loss, Oral hypoglycemic agent
renal and heart disease

N_5 Male 75 55 High blood pressure, renal disease Insulin

Table 2. DNA concentrations of samples (N = 5)

Sample number DNA concentration [ng/ul]

N_1 1.81
N_2 1.96
N 3 1.78
N_4 1.90
N_5 1.84

Results

Individual’s clinical and social history was recorded
with the help of questionnaires. Characteristics of the
individuals and most common clinical complications
related to type 2 DM are presented in Table 1. The
tRNALeuUUR) gene from the proband N_1, N 2, N_4
and N_5 from the diabetic families were sequenced.
Sample 3 (N_3) was wasted and not included in the
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227bp

Figure 2. PCR amplified tRNA'UUR) gene products from sample N_1 to N_5 of 227 bp DNA fragments, L = 100 bp DNA marker

final analysis. Sequences were aligned using online
tool using NCBI. The obtained sequence data samples
were aligned with rCRS with accession No NC-012920.1
(Figure 3). After careful analysis of sequenced data,
point mutation tRNALeU(UUR) gene at position 3243 A-G
was not observed.

Discussions

In Pakistan, presently 6.9 million individuals suffer
from diabetes. It is assumed that by 2030, Pakistan
will be ranked fifth for residing most number of DM
individuals [14]. The inheritance of diabetes is different
in different ethnic groups i.e. some ethnic groups in
a particular area are more affected than others. Also,
social, behavioral and environmental factors contribute
to the onset of disease [15, 16]. Pakistani tribal areas are
still not explored with respect to mtDNA mutation as-
sociated with MIDD. In this research study, we assessed
and analyzed mtDNA tRNA!U(UUR) gene mutation in
families suffering from diabetes, living in tribal areas of
Pakistan. During recording of the questionnaires, most
of the individuals had experienced emotional stress
before the onset of type 2 DM. Emotional stress is a
risk factor for type 2 DM that should also be considered
[17]. The outcomes of the current study for mutation in
mitochondrial tRNALU(UUR) gene in subjects with type 2
DM in population from tribal areas of Pakistan identi-
fied none of the individual as a carrier of this mutation.

Diabetes mellitus is a group of metabolic disor-
ders such as destruction of beta cells of pancreas and
genomic DNA mutations in genes linked to type 2 DM
[18]. Gene mutations are involved in peripheral insu-
lin sensitivity and glucose induced insulin secretions.
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mtDNA has 10 times more spontaneous mutations as
compared with nuclear genome and is responsible for
more than 80% of MELAS cases due to lack of protec-
tive histone and DNA repair system [19]. Therefore,
mitochondrial DNA mutation may lead to impaired in-
sulin secretion due to its role in glucose induced insulin
secretion in pancreatic beta cells and pancreatic islets
cells easily effected by disturbance of oxidative phos-
phorylation. Diabetes mellitus associated with mtDNA
is transmitted maternally while the most common
point mutation associated with DM was mitochondrial
DNA tRNA gene (i.e. A3243G). Pakistani population is
not explored in respect to disease associated with mi-
tochondria particularly type 2 DM in relation with mt
tRNA-Leu gene [20]. It is still not explored that which
type of mtDNA mutation is responsible for type 2 DM.

In mtDNA, point mutations can occur due to dele-
tion, insertion and substitution of nucleotide so com-
prehensive analysis and screening of entire mtDNA is
required. However, the ratio of mutated mtDNA varies
between tissues in relation to wild type mtDNA, being
high ratio in post mitotic tissues (pancreas, brain and
skeletal muscles) while low in rapidly dividing tissues
(blood leukocytes). According to a study from Hart et
al., the defect in the mitochondrial tRNAU(UUR) gene
is associated with type 2 DM [11]. Martikainen et al.
reported that 1% of DM emergence associated with
A3243G mutation in mtDNA tRNALU(UUR) gene [21].
The response of impaired insulin to glucose in patients
with tRNALeU(UUR) gene mutation is an early and criti-
cal abnormality in the development of type 2 DM [7].
However, it should not be excluded that other muta-
tions such as tRNAGIu 14709 T - C, ND-13316 G = A,
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N_1

Range 1: 31 Io ns Graghecs

N_S

Range 1: 40 to 193 Grastus

Sbjct 138

Sequence ID: Id|Query_116591 Length: 204 Number of Matches: 1

“Score Expect  ldentities Gaps " Strand
300 bits(162) 1e-84 164/165(99%) 0/165(0%) Plus/Plus
Query 3172 CGTAAATGATATCATCTCAACTTAGTATTATACCCACACCCACCCAAGAACAGGGTTTGT 3231
PRLEE PR nrn ettty
Sbjct 31 CGTAAGTGATATCA' TCTCAACTTAGTATTATACCCACACCCA CCAAGAACAGGGTTTGT 90
Query 3232 TMG)\TGGCAGAGCCCGGTMTCGCJ\TMMCTTMAACTTTACAGTCAGAGGTTCAATX‘ 3291
TEERLRrnrrrrnnnnnnnrernnnnernrneenenreerenennnrnrnnnnnnnnnnd
Sbjct 91 TAAGATGGCAGAGCCCGGTAATCGCATAAAACTTAAAACTTTACAGTCAGAGGTTCAATT 150
Query 3292 CCTCTTCTTAACAACATACCCATGGCCAACCTCCTACTCCTCATT 3336
FEERRRRErrrnrrrrnrnrernneenrnrnnnernnnnnnnl
Sbjcr 151 CCTCTTCTTAACAACATACCCATGGCCAACCTCCTACTCCTCATT 195
Sequence 10: IcljQuery_110117 Length: 221 Number of Matches: 1
Range 11 3910 196 Cractica
Score Lxpect Identities Gaps Strand
292 bis(158) 20-82 158/158(100%) 0/158(0%) Plus/Plus
Query 3179 GATATCATCTCAACTTAGYATTA YA(((A(‘(((A( CAAGAACAGGGTTTIGTTAAGATG 3238
PERRRERRRRnnRRnnnnnnnnni IIHIIIIHIHIHIIIIIIIIIIIIIHIII
Sbjct 39 GATALCATCTCAACTTAGTATTATACCCACACCCACCCAAGAACAGOGGTTTGTTAAGATG 98
Query 3239 (1 TCGCATAAAAC T TAAAACY A(m'cm! CAATTCCICTIIC 3298
llllllllll llllllllHlllllllll T l|I|IllIllIII
Sbjct 99 GCAGAGCC (4(: AATCGCATAAMMACTTAAAACT A(AGI(M CAATTCCTICTTIC 158
Query 3299 TTAACAACATACCCATGO (W(Y(( TACTCCTYCATY 3xze
FURRRRRRR LR pnennnnnynnnpnunennnt
Sbict 159 TTAACAACATACCCATGOCCAACCTCCTACTCCTCATY 196
Sequence 10 KEQuery 233245 Leagthi 195 Number of Matches: 1
Range 11 43 te 193 Cracbvcs
T - Cnpoat Tdentstons Caps wtrand
267 bits(144) le-74 140/151(99%) 2/151(1%)
Cuery 3184 CAT-CTCAACT=TAGCTATTATACCCACACCCACCCAAGAACACGCTTTGTTAAGATGCCA 3241
PR e nnnnnnnnnnnnpnn R nn R RRRLRNIRIIY
sbjor 43 CATCCTCAACTCTAGTATTATACCCACACCCACCCAAGAACAGGGTTTGTTAAGATGGCA 104
Query 3242 TARX ARRACTTAAAACTTTACAGTCAGAGGTTCAATTOCTCTTICTTA 3301
Prrr e nnnrnnnnnnnnnn LR RL RN
Sbijecc 103 GAGCOCOOCOTAATCCCATARAACTT. TTACACTCAGAGOCTTCAATTOCTCTTICTITA 164
Cuery 3302 ACAACATACCCATGGOCAACCTOCTACTOCT 3332
trerrnennennnnnnnnnnnnnn
Ibjet 1¢S5 ACANCATACCCATOSCCIANCCTOCTACTCCT 1935

Sequence ID: KNQuory_220423 Length: 220 Number of Matches: 1

Score xpect 1dentithes Caps

263 bas(142) 2e-73 152/156(97%) 3/156(1%) Plus/Pius

Query 3182 ATCAT C?CMC?TAGTATTA?ACCCACACCCACCCMGAAC GGGTTTGTTAAGATCGS 3240

IR L O N N N N e O N N

sSbjct 40 ATEATCOTE-CETTAGTATTATACECACACECACCECARGARCAGOGTITOTTAAGATGOE 98

Query 3241 AGAGCCCGGTAATCGCATAAAACTTAAAACTTTACAGTCAGAGGTTCAATTCCTCTTCTT 3300
B NN O

sbjct 99 AGAGCCCGGTAATCGCATAAAACTTAAAACT TTACAGTCAGAGG -TCAATTCCTCTTCTT 157

Query 3301 AACAACATACCCATGGCCAACCTCCTACTCCTCATT 3336

Thieinnnnnneennnpbnnninsrennnnnnny
MAACAACATACCCATGGCCAACCTCCTACTCCTCATT 193

Strand

Figure 3. Sequence alignment of sample N_1 to N_5 obtained from Macrogen (www.macrogen.com) with revised Cambridge
Reference Sequence (rCRS) of human mitochondrial DNA (Accession NO-012920.1)

ND-13394T - C, ND-13426 A > G, ND-412026 A - G,
tRNALeu 3256 C - T, tRNALys8296 A - G, tRNALys8344
A - G, tRNALys8363 G - A, tRNASer 12258 C - A
in genes have active role in etiology of disease [22].
The pathogenic mutation in the mitochondrial
genome is very common due to the lack of efficient
mitochondrial DNA mutation repair machinery. The
mitochondrial genome has overlapping coding regions
and mutation in any region can cause severe phenotypic
effects. Since 1988, more than 270-point mutations
have been described, affecting every mtDNA gene.
Remarkably, more than half of these mutations are

located in tRNA genes, even though tRNA comprise only
about 10% of the total coding capacity of the genome.
Among the point mutations the most common are an
A-G transition at position 3243 in the tRNALeu(UUR)
gene. It was long believed that A=G transition at posi-
tion 3243 in the tRNALU(UUR) gene is the common cause
of type 2 DM [23, 24].

The leucine tRNA gene in the mitochondrial
genome appears to be a frequent spot for point
mutations, as several different mutations have been
described so far. The most common mutation occurs
at base pair (bp) 3243, and it accounts for approxi-
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mately 80% of cases of the MELAS syndrome. For this
reason, mtDNA testing were preferred while MODY
has a high inheritance rate and represents one end
of a continuum of monogenic forms of diabetes that
includes neonatal diabetes [25, 26]. The frequency of
the A3243G mutation in mitochondrial tRNALeu(UUR)
gene vary in the members of different ethnicities. In
a study conducted for the confirmation of A3243G
mutation in tRNAUUUR) gene being the frequent cause
of type 2 DM has concluded that this mutation is not
the frequent cause of type 2 DM [27].

In this study, all the selected families had type 2
DM familial vertical history. The clinical description
included phenotypic features including sensorineural
hearing loss, diabetes mellitus, cardiovascular disease,
renal disease, blindness, arthritis, hypertension, and
infertility. Other potential diabetic phenotypes include
noninsulin-dependent diabetes mellitus (NIDDM), insu-
lin-dependent diabetes mellitus (IDDM), malnutrition
related diabetes mellitus (MRDM) and other diabetes
associated syndromes such as Wolfram syndrome-
diabetes insipidus, diabetes mellitus, optic atrophy, and
deafness (DIDMOAD) and Maturity-onset diabetes of
the young (MODY) [28]. NIDDM is a heterogeneous dis-
order with different pattern of inheritance that appears
after forty year of age and is characterized by defect in
beta cell function and insulin resistance [29]. IDDM is
a polygenic disease characterized by defects in secre-
tion and action of insulin. Several molecular alteration
such as decrease in receptor tyrosine kinase activity,
insulin receptor number, and IRS-1 phosphorylation
contribute to insulin resistance [30]. MRDM also known
as tropical pancreatic diabetes mellitus is rare diabetes
linked with long term malnutrition, characterized by
hyperglycaemia, insulin resistance, insulinopenia, and
dysfunctional of the beta cells of pancreas [31]. DID-
MOAD is a mitochondrial DNA disorder, can cause DM
as the start of symptoms [32]. MODY is a monogenic
disorders in seven different genes mutations lead to
alter secretion of insulin [33]. Some diabetic patient,
diagnosed as type 2 DM do not indicate evidence of cir-
culating autoantibodies and overweight, are medicated
using oral hypoglycemic drugs. This type of diabetes
is classified as latent autoimmune diabetes of adults
(LADA) [34].

The outcomes of the current study for mutation
in mitochondrial tRNAU(UUR) gene in subjects with
type 2 DM in population from tribal areas of Pakistan
identified none of the individual as a carrier of A3243G
mutation in tRNALeU(UUR) gene, The mitochondrial DNA
is highly vulnerable to pathogenic mutation almost at
any site, therefore in the etiology of this disease other
gene variation should not be excluded. The clinical
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spectrum of mtDNA mutations are extremely broad,
identical clinical signs and symptoms can be caused
by nuclear genes and mtDNA mutations. If the suspect
are obese or overweight with fasting hyperglycaemia,
glycosuria in the presence of normoglycaemia and hav-
ing strong family history of DM recommends mtDNA
tests. Also, the large sample size and comprehensive
sequencing of the entire mtDNA molecule is needed
in Pakistani population.
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