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[Abstract] Objective:To screen the mutations of NEURODI gene in families of maturity-onset diabetes of the young (MODY),
and investigate the correlation between the mutation and MODY 6 and its potential pathogenesis in Chinese. Methods*PCR-direct
sequencing was used for screening NEUROD 1 mutations from 96 MODY probands who were negative for mutations in the GCK/
MODY2, HNFIA/MODY3 and HNFIB/MODYS5 genes, and the genotypic frequency of NEURODI variations were compared
between the 96 MODY probands and 100 non-diabetic control subjects. A de novo modeling method was used to predict the three-
dimensional (3D) structures of wild type (WT) and mutated NEURODI1 proteins. Transcriptional activities of both WT and mutant
of NEUROD! on insulin gene were detected by using dual luciferase reporter gene system. Results:Glu59GIn (NM_002500.5,
¢.175G>C), a heterozygous missense mutation in the NEURODI gene, was identified in a MODY pedigree. 3D structural analysis
showed that the mutation transformed the negatively charged Glu59 of WT into uncharged mutation GIn59, leading to the loss of
Glu59-Arg54 and Glu59-Lys88, two salt bridge bonds, and the formation of GIn59-Arg54, one new hydrogen bond. Transcriptional
activity of Glu59GIn mutant for insulin gene was reduced by 36.3% when compared with that of WT (P<0.05). A common variation
Ala45Thr (G-A) was identified, and AA+GA genotypic frequency of the variation was significantly elevated in the 96 MODY
probands in comparison to non-diabetic control subjects (P=0.002). Conclusion-Glu59GIn mutation alters the N-terminal
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molecular conformation of NEURODI1 protein, resulting in decreased transcriptional activity of insulin gene, which is the cause of
the defective insulin secretion in mutation carriers of the MODY 6 pedigree. The Ala45Thr variation is associated with earlier age of

onset of diabetes in MODY 6 probands.
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A
Glu59GIn
Ala4_5Thrl
+
. . - Reverse transcriptase
NEURODI protein S, o activation domain
1 100 155 189 356
B
Ala45Thr Glu59GIn
.
Homo sapiens DDLEITMNAEEDSLRNGGEIEEDEDEDLEEEE
Mus musculus DELEAMNAEEDSLRNGGEIEEEEDEDLEEEE
Rattus norvegicus DELEAMNAEEDSLRNGGEI[EEDEDEDLEEEE
Pan troglodytes DDLEAIMNAEEDSLRNGGE|IE[EDEDEDLEEEE
Bos taurus DDLEAMNAEEDSLRNGGEIE[EEEDEDLEEEE
Sus scrofa DDLEAMMNAEEDSLRNGGEIE[EEEDEDLEEEE
Oryctolagus cuniculus DDLEAMNAEEDSLRNGGE|E[JEEEDEDLEEEE
C
Glu59Glu Glu59GIn

270 270 _

G MGG AG G AG G AGAIGNAIGG AG

Note: A. Schematic organization of NEURODI protein. The numbers indicate the amino acids bordering the functional domains. Solid and dashed arrows
indicate the identified mutation Glu59GIn and variation Ala45Thr in NEURODI gene, respectively. B. Alignment of specific regions of NEURODI from
different mammals using Clustal O. C. DNA sequences of two genotypes of WT (Glu59Glu) and mutant (Glu59Gln) in NEURODI.

1 NEURODIEEH Glu59GIn REHETE

Fig 1 Identification of Glu59GIn mutation in NEURODI gene
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A5 IR & MODY JeiiE & 18 W24 . SRR IR X
TRAHAH L, MODY JiE# BASI h AA+GA 3L R AU A7 %
WER (OR=3.6, 95%CI 1.6~8.1, P=0.002), A%
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I EAER (K 2). FE2A F12B Sm B AR Gluso il
2878 71 GIn59 7£ NEUROD 25 [ % {45 44 v 1) 52 107 .
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Lys88 JE il T ik Eh 7 5, 17 Glus9 1) F 5% 5 Gly56 il
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Tab 1 Distribution of Ala45Thr variation in NEURODI gene
between non-diabetic controls and MODY probands [(n(%)]

Frequency of genotypes Frequency of alleles

Group n
AA GA GG A G

Non-diabetic

100 0 (0) 9(9.0)
control

91(91.0) 9(4.5 191 (95.5)

MODY

96 3(3.1) 22(22.9)Y 71(74.0) 28 (14.6)? 164 (85.4)
proband

Note: “P=0. 002, 2p=. 001, compared with non-diabetic controls.

Asp61 7l i, T &dd (& 2C) . 7F Glus9GIn % 28
Hr, GluS9 il & (9 ER A S IR, T2 19 GInS9 5
Arg54 L W T B A (Kl 2D) . ik4h, SIFT.
Polyphen-2 HI MutationTaster 4K 4 i ] 45 2 W /=
Glu59GIn 7854 % | o

A B

Note: A/B. The location of wild type Glu59(A) and mutant GIn59(B) on the global landscape of NEUROD1 protein. C. Interaction of Glu59 with surrounding
residues. The side chains of Glu59 formed strong salt bridge bonds with Arg54 and Lys88, and the main chains of Glu59 formed hydrogen bonds with Gly56
and Asp61, respectively. D. Interaction of GIn59 with surrounding amino acids. In the Glu59GIn mutation, the salt-bridge bonds of the side chains of Glu59
were disrupted, while the mutated GIn59 formed a new hydrogen bond with Arg54. Blue dotted lines represent salt bridge bonds formed between amino acids,
while green dotted lines represent hydrogen bonds.

2 NEURODI H 4 A Glu59GIn R ZE 4k i 3D 448 R

Fig 2 3D structural models of wild type and Glu59GIn mutant of NEUROD1 protein
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I

Note: A. Relative luciferase activities of the human insulin promoter luciferase reporter gene stimulated by mNeuroD1-WT and mNeuroDI-Glu59GIn in MIN6
cells. B. Expression of mNeuroD1-WT-Flag and mNeuroD1-Glu59GIn-Flag by Western blotting assay in MIN6 cells. (DPZO,OOO,compared with NC; ?P=

0.024, compared with mNeuroD1-WT. NC—pcDNA3.3.
3 BFARINRITE NeuroD1 B AMFEREENE

Fig 3 Transcriptional activities of wild type and mutant of NeuroD1 protein
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