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Abstract. Mitochondrial 3-hydroxy-3-methylglutaryl-CoA 

HMGCS2
the identification of four cases of HMGCS2 deficiency in 

HMGCS2. To 

HMGCS2 that 

HMGCS2

Introduction

are important alternative energy sources during fasting (1,2). 
Mitochondrial 3-hydroxy-3-methylglutaryl-CoA synthase 
(HMGCS2; Nomenclature Committee of the International 

and acetyl-CoA to form 3-hydroxy-3-methylglutaryl-CoA 

synthesis (3,4).

mutations in the HMGCS2
located on chromosome 1p12-13 (5). To date, nearly 30 cases 

after a period of prolonged fasting or intercurrent illness (6). 

-oxidation defects, 

are non-specific in cases of HMGCS2 deficiency. Urinary 

Japanese patients with mitochondrial 
 

In vitro HMGCS2 mutations
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-

genetic analysis.

cases referred to Department of Pediatrics, Graduate School 
of Medicine, Gifu-University (Gifu, Japan) from 2005. From 
these cases, four patients carried six rare non-synonymous 
variants of HMGCS2

in vitro
Escherichia coli strain 

BL21(DE3).

Materials and methods

Cases. -

-

On the day of symptom onset, in July 2013 (the exact day 

-

-

-
cations.

-

performed. Ultrasonography revealed an enlarged and fatty 

performed for 18 h in a similar procedure to that performed 

analysis using MS2

similar to patient 1.

then gradually developed tachypnea and loss of appetite. The 

2 

A computed tomography scan revealed an enlarged and fatty 

-
ally developed tachypnea and impaired consciousness. She 

-

status and consciousness had almost fully recovered. In total, 

standards.

-

ratios (m/z

On first evaluation, the results of urinary organic acid 

HMGCS2

HMGCS2 
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receive glucose infusion prophylactically during anorexia, to 
prevent another hypoglycemic episode. Patients 1, 2 and 4 have 

Mutational analysis. 
-

-

genomic HMGCS2

exons of HMGCS2
 

-

-

xl

previous DNA panel containing 168 genes to detect various 

-

Roche Diagnostics) for Illumina short-read next-generation 

microchip electrophoresis system (cat. no. MCE®-202; 

500 system (Illumina, Inc.). The loading concentration of 
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Roche Diagnostics). Variants in protein-coding exonic regions 

-

In silico analysis of identified novel rare variants in 
the HMGCS2 

(PROVEAN) and Sorting Intolerant from Tolerant (SIFT) (11 

Construction of two HMGCS2 expression vectors: One 
eukaryotic and one prokaryotic. 

HMGCS2

Eco

Services (GenScript Japan, Inc.). Next, the cDNA fragment 
encoding HMGCS2

containing BamHI and Eco
GGA TCC CTG GAA GTT CTG 

TTC CAG GGT CCT
GA ATT C

BamHI and EcoRI, then 

E. coli

-

-

HMGCS2

Transient expression of HMGCS2 in HEK293T cells and 
western blotting. 

or variant HMGCS2
3x105 ® 2000 (Thermo Fisher 

NaCl, 0.5% Triton X-100, 10 mM EDTA, pH 7.5). Protein in 

assay using Bio-Rad Protein Assay Dye Reagent Concentrate 

to electrophoresis in a 10% polyacrylamide gel containing 
sodium dodecyl sulfate (SDS-PAGE), then transferred to 

-

or a monoclonal anti-

and Amersham™ ECL™ Prime Western Blotting Detection 
Reagent (GE Healthcare) for detection. The secondary anti-

Expression in E. coli, purification and western blotting 
of HMGCS2. Wild-type and mutant HMGCS2 expression 

E. coli strain BL21 (DE3; 

medium (0.5% NaCl, 1% tryptone and 0.5% yeast extract; 
-

-D-thiogalactopyrano

200 mM NaCl, pH 7.5, 10% glycerol, 1 mM dithiothreitol 
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-

NanoDrop™ 1,000 Spectrophotometer (Thermo Fisher 

same procedure for HMGCS2 proteins. To compare the purity 

-

-

Corporation) for 70 min at room temperature.

The spectro-
et al

-

acetoacetyl-CoA is 3.6x103

experiments. Data are expressed as the mean ± SD.

Statistical analysis. 

Results

Mutational analysis. Six rare, non-synonymous variants of 
HMGCS2

-
tion (27,28). In the mutation analysis of patient 4, the presence 

All five of the novel HMGCS2 
in silico

damaging, respectively.

Transient expression and immunoblotting of HMGCS2 in 
293T cells. Full-length HMGCS2 cDNA contains a mito-

in all transfected cells except for the empty vector-transfected 

Expression and purification of HMGCS2 from E. coli. A 
 

in E. coli 

chromatography, PreScission protease cleavage and a second 
Glutathione Sepharose column (Fig. S2). Although extra 

E. coli

E. coli expressing the 
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variant had some residual activity. The other four variants had 

Discussion

In the present report, four cases of HMGCS2 deficiency 

analysis and an elevated FFA level during an acute episode 

 
conducted 

HMGCS2 -

HMGCS2 
acylcarnitine analysis (32). In cases of HMGCS2

HMGCS2
-actin 

targeting peptide. HMGCS2, 3-hydroxy-3-methylglutaryl-CoA.

Escherichia coli

-

-

*

3-hydroxy-3-methylglutaryl-CoA; ND, not detected.
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patients. In HMGCS2

-

HMGCS2 

HMGCS2
acid oxidation defects. Recently, Pitt et al (10) reported the 
presence of characteristic urinary organic acids such as 4HMP 

HMGCS2

acylcarnitine and urinary organic acid analyses (10).

of acetoacetyl-CoA spectrophotometrically (13,28,31,34). 

mitochondrial acetoacetyl-CoA thiolase, mitochondrial 

HMGCS2 activity in human liver samples. Whole lysates of 

-
matic activity. The expression level of HMGCS2 protein might 

-

3-hydroxy-3-methylglutaryl-CoA.



AGO et al:  FUNCTIONAL ANALYSIS OF MUTATIONS INVOLVED IN HMGCS2 DEFICIENCY IN JAPANESE PATIENTS8

61
62
63
64
65
66
67
68

70
71
72
73
74
75
76
77
78

80
81
82
83
84
85
86
87
88

100
101
102
103
104
105
106
107
108

110
111
112
113
114
115
116
117
118

120

1
2
3
4
5
6
7
8

10
11
12
13
14
15
16
17
18

20
21
22
23
24
25
26
27
28

30
31
32
33
34
35
36
37
38

40
41
42
43
44
45
46
47
48

50
51
52
53
54
55
56
57
58

60

. Mg
-

tion-dependent manner; for example, 10 mM Mg  in the assay 

free Mg  in the matrix of liver mitochondria is estimated to 
range from 0.8 to 1.2 mM (36), so the in vivo 
of Mg
physiological concentration of Mg

Thus, in the present study no Mg

Mg  (34).

to further analysis. Kinetic analysis of the V253A variant 

m values 

m value for 

m value for acetyl-CoA in 

elucidate its pathophysiology in more detail.
The three-dimensional structure of human HMGCS2 

-helix, are connected 

directly involved in the chemical reaction. Replacing this 

In conclusion, in vitro

of HMGCS2 are disease-causing mutations. In acylcarnitine 

indicators to differentiate HMGCS2
oxidation defects.
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