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Abstract

acid dehydrogenase complex (BCKD).
guenced in an Iranian 3 years old girl.

in the 3-D protein Structure.

Background: Maple syrup urine disease (MSUD] is a rare metabolic disorder caused by deficiency in branched chain alphaketo
Methods: In this study, the coding regions and flanking splice sites of the BECKDHA, BCKDHE, DET and DLD genes have been se-
Results: Anovel homozygousmutation (p.Glu33oLys)wasdetected in the BCKDHE gene. In silico analysis showed significant change

Conclusions: This alteration probably affects the structure and function of the E1j7 subunit of BCKD complex.
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. Introduction

Maple syrup urine disease (MSUD; OMIM ID # 248600)
is an autosomal recessively inherited error of metabolism
resulting from the deficiency in the mitochondrial
branched-chain alpha keto acid dehydrogenase complex
caused by mutations in one of the four genes BCKDHA,
BCKDHB, DET and DLD. There are at least five main clinical
phenotypes in MSUD patients differing in presentation
and severity of the disease. The majority of affected in-
dividuals (~75%) have the classic form of the disease in
which the residual enzymatic activity is near 2% of normal
activity [1-6].

The estimated worldwide incidence of MSUD ranges
from 1 in 185,000 to 1 in 940,000 in western countries;
the prevalence is much higher in certain ethnic groups,
specifically the Mennonite populations of Pennsylvania
and other nearby states(1in 176) [7].

We report here a novel homozygote missense muta-
tion in the BCKDHB gene in the province Khuzestan.

2. Methods

2.1. Patient

The patient was a three years old girl, one of two chil-
dren of consanguineous parent. The patient exhibited the
classical clinical phenotype of MSUD. The medical diagno-
siscould onlybe completed laterbytheplasma aminoacid
analysis high BCAAs have been observed, with leucine at
1970 pmolfL (normal range 55 - 167 pmel(L}, isoleucine at
1978 pmol/L{normalrange 52 -283 pmol/L). Afterobtaining
an informed consent,all family members were questioned
about theirpersonal medical history.

2.2.S5ample Collection, DNA Isolation and Polymerase Chain Re-
action

Peripheral blood was collected from patient and her
parents in the EDTA tubes. The DNA was extracted by the
standard salting out protocol, and the quality of the ex-
tracted DNA was verified by gel electrophoresis. All cod-
ing exons of the BCKDHA, BCKDHB, DBT and DLD genes
wereamplifiedby PCRusing primersdesigned by software
Primer3 (http:/fprimer3.ut.eef). Primers are showed in Ta-
ble1.

The PCR was performed in the following conditions:
100 ng genomic DNA,200 pM dNTP, 1.5 mM MgCl;,2.5 units
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Table 1. Sequencesaf the Forward and Reverse Primers Used for $eparate Amplification of Exons in the BCKDHE Gene

Exon Forward Primer Reverse Primer Amplicon Length, bp Tm,*C
1 SHGCCACCTCTAGCCCACACTTCCE" S-AATAAGC TGLRGATGC AAGGA-S' 438 58,6
2 STGTATTTTACAACACACGAAATGA-3" S TGTTAACCATTGAGC TCCAC A3 216 58,0
3 STECACTGTTGEITTGCGAGACAA-3' FTTCTGCGEGTGEOGTTEGAA-S 170 1
4 SCCTTGATCGAGATCTATGGTCCS S-TCCATACAATGGGGATATGACA:" 07 603
3 S TACCACCATCCATCACCAGA-R STGAATAAGGCAGTCACAAAAGGS' 182 6.2
[ SCATGACATTACTCTCATTTGICAR" S GGGTAGCGGLAATACTTGAAY 250 59,6
7 SN TGCACAAGTGTCACCTCAGA-3" S GOTTCCAAGCAC AACGTAGSY 205 5497
B SCCACATGAATTGATTGTGAGC 3" FCAAAAATAACTTGCCTCGC A" 176 59,4
9 S-ACCTGTCGAAAGCGAGTTGT-' SHGGAATTGCACAAGCATTGAAS 204 59.7
10 FEEATCATGOGAACATGCTGTTACC3" S-ACACTGATGATTGCTGTGTC TG 402 603
1 SSGCATTCAACTAGTTTTTGAGGC-3' S-GCCAAAGGTTTCAGGGAAAT-Y 226 39.5

Super Tag polymerase, and 25 pmol of each primer. Am-
plification was carried out in a total volume of 25 pL. After
an initial denaturation at 93°C for 5 minutes, followed by
35 cycles of 93°C for 1 minute,annealing at 60°C for 30 sec-
onds,and extension at 72°C for 45 seconds,and ended by a
final extension at 72°C for 3 minutes.

PCR products were directly sequenced and analyzed by
the ABI Prism 3700 automated genetic analyzer (Applied
Biosystems). The results were analyzed and provide with
Chromas, Fast-PCR,and compared with the reported gene
sequence using the BLASTN program.

3. Results

Exons and the flanking intron sequences were ampli-
fied for each four genes. Figure 1 demonstrated PCR prod-
ucts for exons of the subjected genes.

Direct sequencing analysis of the patient and her par-
ents after comparison with the NCBI reference sequence
of the BCKDHA, the BCKDHBE, the DBT, and the DLD genes
demonstrated a homozygous missense mutation GAG —+
AAG substitution in the BCKDHB gene at exon 9, which
causes an amino acid exchange of glutamate to lysine at
codon 330 (Figure 2). This mutation has not been previ-
ously reported. Samples from parent showed the men-
tioned change in a heterozygous manner. We further eval-
uate the pathogenic properties of the mentioned change
by different mutation prediction programs, which pre-
dicted it as pathogenic. DNA samples from 50 individuals
were tested in order to confirm the absence of new identi-
fied mutation. Theprediction ofthe functional effect of the
missense single nucleotide alteration was done using soft-
ware PolyPhen2 (Polymorphism Phenotyping v2) [8], SIFT

(Serting Intolerant From Tolerant) [9], Mutation taster [10],
and Predict SNP[11,12]. Resultsare summarized in the Table
2.

In addition, bioinformatics analysis by Swiss model-
ing software (www.swiss-prot.org) reveals that the mu-
tant amino acid causes conformational changes in the se-
guence of BCKDHB gene. As visible in Figure 3, it changes
the F-sheet conformation at first and totally effects whole
protein structure.

4. Discussion

As described, a homozygous variant was identified in
the BCKDHB gene in the affected girl. It was a missense mu-
tation G = A(E330k-7) located in exon 9 (c1110G = A) lead-
ingtoanamino acid substitution of glutamate for lysine at
position330. Herparents were heterozygous forthis muta-
tion. Afterwards, for verifyingthe Pathogenicity of this mu-
tation, PCR and direct sequencing was performed for exon
gand its flanking regions in 50 unrelated individuals. Nei-
ther mutation was found inthe 100 alleles of 50 normal in-
dividuals that were in the same ethnicity as the patient's
family from Southwest [ran.

To date and regarding Human Genome Database
(www.HGMD.org) , more than 187 mutations have been
found in the four MSUD causing genes BCKDHA, BCKDHB,
DET,and recently identified DTT gene responsible for mild
form of MSUD. But, most reported mutations occur in the
BCKDHA or the BCKDHB gene with 45 and 35 percents in
MSUD patients worldwide, respectively (Genetics Home
Reference, ww.ncbi.nlm.nih.gov).

According recent report, it seems that occurrence of
some mutations in the MSUD causing genes depends on
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Figure i. Numbers Indicate Amplified Exonsof Fach 4 Genes

Upper-left BCKDHA gene, upper right BCKDHE gene, lower left DET gene, and lower right DLD gene.
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Figure 2. Detected Homozygous Missen se Mutation in Exon 9 of the BCKDHE Gene is Shown in A, Chromogram of Patient {Lower) Compared to Heterozygous Parents [ Upper)

Revealing E330K Amino Acid Change; B, in Comparison, Partial Mutant Sequence is Aligned Against A, Wild Type

ethnicities, so that targeted mutations could be suggested
forindividuals of certain geographic locations [13].

Divers mutation prediction programs suggested the
novel change as pathogen (Table 2) with max score index-
ing. That means the highest probability for Pathogenic-
ity. Furthermore, 3D structure protein model was created.
Hereby, mutant versus wild type model was compared. As
in the figure 2 has been showed, the conformation change

Zahedan | Res Med Sci. 2016;18(10):e3390.

might negativelyaffectsthe complexbuildingbetween the
BCKDH and its partners.

Considering the above mentioned findings, and clini-
calevidence of MSUD diagnosis in the patient we conclude
that the nucleotide change is causative for the outbreak
of disease and will extend the mutation list of MDUD pa-
tients. This is significant for screening of affected individ-
uals at least in southwest Iran. Despite, functional study
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Table 2. Diverse Prediction Program s Have Been Used for Improving Pathogenic Mature of the Movel Change in the BCKDHE Gene. The Last Two Columns Show the Scoringof
Henign Yersus Damagin g Prediction. According Mentioned Prediction Programss, the Novel Mutation is Pathogen With High Probability

Program Result Score of Detected Change in This Report Benign Score Damaging Score

Sift Damaging 0.0 1.0 0.0

Polyphen2 Damaging Lo (81 Lo

Mutation Taster Pathogen = 0.5 = 0.5 Close to1

Snap Mon-Matural BS% = 50% 10 0%

Mutation Assessor pathogen oy = 50 10 0%
Figure 3. Comparison of Wild Type and Mutant Protein Structures

Normal Mutant

A, the predicted 2D structure of normal protein product of the BCKDHE gene (wild-type B3 protein); B, the E3z0K mutant Et/F pratein structure, (Pictures prepared by Swiss

model software ).

could confirm definitely the Pathogenicity of the detected
change in our patient.

Finally,identification of the novel mutation shed some
light on the molecular pathelogy of MSUD in Iranian sub-
jects.Inthe meantime,the detection of the novel mutation
in the Iranian patient would facilitate prenatal identifica-
tion in herat-risk family.
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