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ABSTRACT 

HSD10/MRPP2 is a multifunctional protein that harbours both catalytic and non-catalytic 

functions. The protein belongs to the short-chain dehydrogenase/reductases (SDR) family and is 

involved in the metabolism of several classes of steroids and in the catabolism of isoleucine. 

HSD10/MRPP2 also moonlights in a complex with the MRPP1 protein for N1-methylation of 

purines at position 9 of mitochondrial tRNA, and in a complex with MRPP1 and MRPP3 proteins 

for 5’-end processing of mitochondrial precursor tRNA. Inherited mutations in the HSD17B10 

gene encoding HSD10/MRPP2 protein lead to a childhood disorder characterised by progressive 

neurodegeneration, cardiomyopathy or both. Here we report two patients with novel missense 

mutations in the HSD17B10 gene (c.34G>C and c.526G>A), resulting in the p.V12L and p.V176M 

substitutions. Val12 and Val176 are highly conserved residues located at different regions of 

the MRPP2 structure. Recombinant mutant proteins were expressed and characterised 

biochemically to investigate their effects towards the functions of MRPP2 and associated 

complexes in vitro. Both mutant proteins showed significant reduction in the dehydrogenase, 

methyltransferase and tRNA processing activities compared to wildtype, associated with 

reduced stability for protein with p.V12L, whereas the protein carrying p.V176M showed 

impaired kinetics and complex formation. This study therefore identified two distinctive 

molecular mechanisms to explain the biochemical defects for the novel missense patient 

mutations. 

 

Running title: Biochemical characterisation of two novel HSD10 mutations  

 

Abbreviations: HSD10: 17β-hydroxysteroid dehydrogenase type 10, MRPP1: mitochondrial 

ribonuclease P protein subunit 1, MRPP2: mitochondrial ribonuclease P protein subunit 2, 

MRPP3: mitochondrial ribonuclease P protein subunit 3, SDR: short-chain 

dehydrogenase/reductases, L-methyl-3-HAD: L-2-methyl-3-hydroxyacyl-CoA dehydrogenase, 

MHBD: 2-methyl-3-hydroxybutyryl-CoA dehydrogenase, (mt)RNase P: mitochondrial RNase P, 

pre-(mt)tRNA: precursor mitochondrial tRNA, mitochondrial tRNAs: (mt)tRNA, m1A9: 1-

methyladenosine, m1G9, 1-methylguanosine, m1R9: 1-methyladenosine/1-methylguanosine. 
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1. INTRODUCTION 

17β-hydroxysteroid dehydrogenase type 10 (HSD10; also known as mitochondrial ribonuclease 

P protein subunit 2, MRPP2) is a mitochondrial enzyme involved in multiple cellular pathways 

including fatty acid oxidation, amino acid degradation, steroid metabolism and mitochondrial 

tRNA maturation. HSD10/MRPP2 belongs to the family of NAD(P)(H)-dependent short-chain 

dehydrogenase/reductases (SDR) [1–3], and was first identified as the dehydrogenase enzyme 

L-2-methyl-3-hydroxyacyl-CoA dehydrogenase (L-methyl-3-HAD) that converts L-2-methyl-3-

hydroxybutyryl-CoA to 2-methyl-acetoacetyl-CoA, the penultimate step of isoleucine 

metabolism by β-oxidation [4]. Since then, many in vitro SDR substrates have been identified 

for HSD10/MRPP2 including the sex hormone 17β-estradiol [5,6], bile acids [7], the 

neurosteroid allopregnanolone [8], and short straight-chain/branched-chain fatty acyl-CoA 

thioesters [9]. The protein is also known to be inhibited by amyloid-β peptide [10,11].  

Missense mutations of the HSD17B10 gene encoding HSD10/MRPP2 have been shown to cause 

an unusual neurodegenerative childhood disorder, 2-methyl-3-hydroxybutyryl-CoA 

dehydrogenase (MHBD) deficiency, more recently referred to as HSD10 disease [3-5]. Despite 

being reported only in a few patients, characterised by progressive neurodegeneration, 

cardiomyopathy or both, there is significant heterogeneity in the clinical manifestation [12]. A 

highly unusual feature of HSD10 disease that distinguishes this from other metabolic disorders 

is a lack of correlation between the clinical symptoms and the enzyme dehydrogenase activity, 

indicating a defect in other cellular pathway(s). To this end, several HSD17B10 missense 

mutations lead to mitochondrial damage and apoptotic cell death [13], with defects in 

mitochondrial tRNA processing [14]. In line with this, HSD10/MRPP2 protein was identified to 

be an essential subunit of the mitochondrial RNase P ((mt)RNase P) complex responsible for 

processing of the 5’-end of precursor mitochondrial tRNAs (pre-(mt)tRNA), an important 

regulatory step in the transcription of mitochondrial DNA [15]. HSD10 was hence assigned the 

alternative nomenclature of MRPP2, which will be used hereafter in the manuscript.  

The (mt)RNase P complex, exclusively found in metazoans, consists of MRPP2 and two other 

nuclear-encoded proteins: MRPP1 (RG9MTD1 gene) and MRPP3 (KIAA0391 gene). MRPP1 (also 

known as TRMT10C) belongs to the SPOUT family of RNA methyltransferases [16], whilst 
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MRPP3 is a Mg2+-dependent endoribonuclease of the Nedd4-YacP nuclease family [17]. In 

addition to the RNase P activity of the ternary complex, MRPP1 and MRPP2 were found to form 

a binary subcomplex that methylates the N1-atom of purines at position 9 (m1R9) in (mt)tRNAs 

[18]. m1R9 modification is shown to confer stability for certain human (mt)tRNA [19–21].  

To date, 13 missense patient mutations in MRPP2 have been reported (p.V65A, p.D86G, 

p.L122V, p.R130C, p.Q165H, p.A154T, p.A157V, p.A158V, p.P210S, p. K212E, p.R226Q, p.N247A, 

p.E249Q) [4,13,22–30]. Out of them, five have recently been characterised at the recombinant 

protein and biochemical levels [28,31]. Here we report two novel mutations identified in two 

families following Sanger sequencing, prompted by characteristic patterns of urine organic 

acids. The biochemical abnormalities of the mutated proteins were studied in vitro using 

expression, activity and binding assays. We show that the two novel mutations alter 

dehydrogenase activity and both tRNA modification activities (m1R9 methylation and RNase P) 

of MRPP2 via different molecular mechanisms. 

 



 7 

2. PATIENTS, MATERIALS AND METHODS 

2.1 Patients   

Family 1 (German):  

The (male) index case first came to medical attention at age 13 months with an atonic seizure 

following two days of reduced dietary intake. Body temperature was at 38°C; the patient was 

fatigue and lips suggested cyanosis; blood glucose was elevated to 250 mg/dL, lactic acid to 8.9 

mmol/L. Blood gas analysis revealed a pH of 7.373, pC02 of 27.3 mmHg and a base excess of -

12.1 mmol/L.  The major abnormality in metabolic investigations was an increase in urinary 2-

methyl-3-hydroxybutyric acid, in one investigation together with an elevated signal of 

tiglylglycine. This was accompanied by some increase of C5:1 acylcarnitine in the acylcarnitine 

pattern determined in dried blood spots. The combination of clinical observations and 

laboratory results prompted sequence analysis of the HSD17B10 gene. The physical and 

neurological development of the patient was normal, although some subcortical impairment of 

myelinisation, and hyperintensities in paraventricular white matter had been noted at magnetic 

resonance tomography. The physical and neurological development remained normal during 

four years of follow-up. 

The index case had two older brothers. The first brother (five years older than the index case) 

presented with developmental impairment affecting cognition, speech development and 

motoric coordination. He showed growth hormone deficiency and a complex chromosomal 

rearrangement, but no increase in urinary 2-methyl-3-hydroxybutyric acid excretion. The 

second older brother (eight years older than the index case) was asymptomatic with normal 

physical and neurological development. For this brother, organic acids were determined in the 

urine and showed an increase in both 2-methyl-3-hydroxybutyric acid and tiglylglycine. During 

four years of follow-up, this boy showed normal physical and neurological development. 

Magnetic resonance tomography of the neurocranium showed no abnormalities, except a small 

sella. The mother of the index case was asymptomatic. A paternal sample could not be 

obtained. 

Family 2 (French):  
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The (female) patient presented at 12 months of age with breaking of her weight curve (-0.5 SD 

at 6 months of age, -2.5 SD at 12 months of age). Her height and brain circumference remained 

stable. She had hypotonia and was not able to sit. She further showed cerebella ataxia, was 

developmentally delayed and did not speak. At 15 months of age, a systolic murmur appeared, 

compatible with asymptomatic dilated cardiomyopathy. At 18 months of age, a cardiac 

decompensation was observed which, despite treatment, let to the death of the patient at 21 

months of age. 

Urinary organic acid analysis showed elevated levels of 2-methyl-3-hydroxybutyric acid and 

tiglylglycine. Based on this profile, sequence analysis of the HSD17B10 gene and enzyme activity 

testing were performed. 

 

2.1 Mutation analysis and enzyme activity testing in patient samples  

Genomic DNA was extracted from EDTA blood by standard methods. Exons 1 to 6 of the 

HSD17B10 gene plus flanking intronic regions were analysed by Sanger sequencing. Assessment 

of the activity of L-2-methyl-3-hydroxybutyryl-CoA dehydrogenase activity in cell homogenates 

of fibroblasts and of lymphocytes, the latter immortalised by transformation with Epstein-Barr 

virus, was performed based on the description by Zschocke et al. 2000 [24]. 

2.2 Recombinant protein expression and purification  

DNA fragments encoding human MRPP2 (MGC collection 2819721) or MRPP3 (MGC collection 

5206545) were subcloned into pNIC28-Bsa4 vector (GenBank EF198106) incorporating an N-

terminal His6-tag. To generate an MRPP1-MRPP2 co-expression plasmid, a DNA fragment of 

human MRPP1 (MGC collection 4719195) and MRPP2, interspersed with a ribosome binding 

site, was subcloned into the pNIC28-Bsa vector. Constructs for MRPP2 carrying the patient 

missense mutations were generated by site-directed mutagenesis using the QuickChange kit 

(Agilent), based on the pNIC28-Bsa4 vector containing either full-length His6-MRPP2 or both 

mature His6-MRPP1 and full-length MRPP2 in a bicistronic transcript. The presence of the DNA 

changes was verified by Sanger sequencing. 
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Plasmids were transformed into E. coli BL21(DE3)-R3-pRARE2 competent cells, cultured in 

Terrific Broth at 37°C, and induced with 0.1 mM isopropyl β-D-1-thiogalactopyranoside for 

overnight growth at 18oC. For small-scale expression and solubility tests, cell pellets from 50 mL 

cultures were lysed by sonication, fractionated by centrifugation, and the resulting lysate was 

applied to immobilised metal affinity column (IMAC) for protein purification. 

For large-scale purification for biochemical assays, MRPP2 (wildtype and mutants), co-

expressed MRPP1-MRPP2 complex, and MRPP3 cell pellets from 3-12 L cultures were lysed as 

described above, and recombinant proteins were purified by IMAC and size exclusion 

chromatography, treated with Tobacco Etch Virus protease overnight, and further purified by 

IMAC and ion-exchange chromatography with a NaCl-gradient. 

2.3 Analytical size-exclusion chromatography (SEC)  

MRPP2 wildtype or mutant protein at equal amounts were injected onto a Sepax SRT SEC-300 

column (Sepax Technologies) pre-equilibrated in a buffer of 500 mM NaCl, 50 mM 4-(2-

hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) pH 7.5, 5% glycerol, 0.5 mM tris(2-

chloroethyl) phosphate (TCEP). Protein elution was detected as a UV absorbance peak. Five 

proteins of known molecular weight (MW) (Bio-Rad): thyroglobulin (bovine), γ-globulin 

(bovine), ovalbumin (chicken), myoglobin (horse) and vitamin B12, were applied to the column 

under the same conditions as for the protein of interest for MW determination. 

2.4 Differential Scanning Fluorimetry (DSF) 

DSF was performed in a 96-well plate using an Mx3005p RT-PCR machine (Stratagene) with 

excitation and emission filters of 492 and 610 nm, respectively. Each well consisted of 2 µL 

protein in 2 µM DSF buffer (150 mM NaCl, 10 mM HEPES pH 7.5), 2 µL SYPRO ORANGE diluted 

1000-fold in DSF buffer from the manufacturers stock (Invitrogen), and (if applicable) 2 µL 

ligand at various concentrations. Fluorescence intensities were measured from 25 to 96°C with 

a ramp rate of 3°C/min. Tm was determined by curve-fitting using GraphPad Prism v.5.01 

software, as described [32]. 

2.5 SDR activity assay  

https://en.wikipedia.org/wiki/Tris(2-chloroethyl)_phosphate
https://en.wikipedia.org/wiki/Tris(2-chloroethyl)_phosphate
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100 μM NAD+ and substrate (allopregnanolone or DL-3-hydroxybutyryl-CoA) of various 

concentrations (100 to 0.05 μM) were mixed in a buffer of 100 mM NaCl and 20 mM Tris-HCl 

pH 8.0, to a final volume of 50 μL, and dispensed to 384-well plates (Corning). 3.7 μM purified 

MRPP2 protein (wildtype or mutant) was added and the fluorescence from NAD+ conversion to 

NADH was continuously measured at 350 nm excitation/450 nm emission in a PHERAstar FSX 

microplate reader (BMG LABTECH) for 30 min. The obtained fluorescence data were analysed 

with the MARS software (BMG LABTECH) and kinetic parameters (KM, Vmax) were obtained by 

fitting data to Michaelis-Menten equation. kcat was calculated for four active sites of a MRPP2 

tetramer. 

2.6 In vitro transcription of mitochondrial tRNA precursors 

cDNAs representing human mitochondrial tRNAIle and tRNAVal precursors were designed with 

leader and trailer sequences of 30 and 15 nucleotides, respectively, and in vitro transcribed 

from a PCR-amplified template by T7 RNA polymerase using the Transcript Aid T7 High yield 

transcription kit (Thermo Scientific). The transcribed precursor tRNAs were purified using the 

RNeasy Mini Kit (Qiagen). 

2.7 Methyltransferase activity assay 

1 μCi [methyl-3H]SAM (15 Ci/mmol) (PerkinElmer), 1 μM individual or complexed protein(s), 

and 1 µg in vitro transcribed pre-(mt)tRNA was diluted in a buffer of 50 mM Tris-HCl pH 8, 5 

mM MgCl2, 20 mM NaCl and 1 mM DTT to 200 µL. The solution was incubated for 60 min. at 

37°C in a heat block. The reaction was stopped by phenol extraction and the pre-(mt)tRNA 

substrate was TCA-precipitated. Radioactive methylated pre-(mt)tRNA was captured on a filter 

and washed three times with ethanol prior to the measurement of radioactivity in a scintillation 

counter. 

2.8 RNase P activity assay 

RNase P cleavage was performed by mixing 300 nM MRPP1-MRPP2, 150 nM MRPP3, 10 units of 

ribonuclease inhibitors (RNasin from Promega) and 400 nM in vitro transcribed pre-(mt)tRNAIle 

in a buffer of 30 mM Tris-HCl pH 8, 40 mM NaCl, 4.5 mM MgCl2 and 2 mM DTT, to a total 

reaction volume of 8.25 μL. The reaction was performed at room temperature and stopped at 
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set times by transferring 1 μL of the reaction mixture into 5 μL 500 mM EDTA and heating to 

95ᵒC. This sample was analysed by denaturing-PAGE on a 6% TBE-urea gel (Invitrogen) run in 

TBE buffer (Invitrogen). The gel was stained for 30 min. with SYBRO GOLD (Invitrogen) diluted 

1000-fold in TBE buffer from the manufactures stock, and imaged using the Bio-Rad ChemiDoc 

Imaging System. 
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3. RESULTS 

3.1 Mutation analysis and assessment of 2-methyl-3-hydroxybutyryl-coenzyme A 

dehydrogenase activity 

Sequence analysis of the HSD17B10 gene in the index case of family 1, yielded hemizygosity of 

the mutation c.526G>A in exon 5, predicted to result in a Val176-to-Met substitution 

(p.V176M). Prediction programs MutationTaster, PolyPhen-2 and SIFT consider this change as 

“disease causing”, “probably damaging”, and “damaging”, respectively. The variant was neither 

found in ExAc nor in the 1000 G database. An enzyme activity assay for 2-methyl-3-

hydroxybutyryl-CoA dehydrogenase, which was performed in lymphocytes transformed with 

Epstein-Barr virus, did not yield detectable enzyme activity. The mutation c.526G>A in the 

HSD17B10 gene was also identified in the mother (heterozygote) and in the second brother 

(eight years older than the index case), who were both asymptomatic. In contrast, the first 

brother (five years older than the index case), that presented with major developmental 

impairment, did not have the HSD17B10 mutation identified in his relatives. 

In DNA of the patient of family 2, mutation analysis revealed the heterozygous mutation 

c.34G>C in exon 2 of the HSD17B10 gene, which was not found in DNA of her parents and 

should result in replacement of Val12 by Leu (p.V12L). The p.V12L missense change is predicted 

to be “disease causing” by MutationTaster, “probably damaging” by PolyPhen-2, and 

“damaging” by SIFT servers. The mutation was neither found in ExAc nor in the 1000 G 

database. The 2-methyl-3-hydroxybutyryl-CoA dehydrogenase activity assay, which was 

performed in lymphocytes transformed with the Epstein-Barr virus, and in fibroblast 

homogenates, revealed major residual activities of 69% and 47%, respectively. 

 

3.2 A structural annotation of known MRPP2 mutations 

Residues Val12 and Val176 are highly conserved through evolution in the MRPP2 protein 

encoded by the HSD17B10 gene. Including the two novel mutations reported here (p.V12L, 

p.V176M), there are in total 15 missense mutations reported for the HSD10 disease to date.  

MRPP2 forms a tetramer (dimer of dimers) with a Rossmann-fold as revealed by its crystal 

structure [33]. These missense mutations are distributed widely across each monomer of the 
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tetramer (Fig. 1.A) with locations in core structural elements, in close proximity to catalytic 

residues, and at monomer-monomer interfaces. Val12 is located in the central β-sheet that 

forms the core structure of the Rossmann-fold (Fig. 1.B). V176M is located in one of the two 

long α-helices (helix-αE and helix-αF) harbouring two of the catalytic residues Tyr168 and 

Lys172 (Fig. 1.C), and further residues involved in the proton-relay system as well as in 

substrate binding (Fig. A). 

 
Fig. 1. Structural mapping of HSD10 disease mutations 

(A) Sites of HSD10 patient missense mutations (green sticks) are mapped onto one monomer (yellow 

cartoon) of the MRPP2 tetramer (other subunits grey) (PDB: 2O23). The inset shows the architecture of 

the full MRPP2 tetramer. (B) Location of the p.V12L mutation (green stick) in the central β-sheet 

(orange). The secondary structure assignment is indicated for strand βA-G and helix αD-E. (C) Location of 

the p.V176M mutation. Catalytic residues (Lys172 and Tyr168) located in the same α-helical segment as 

the mutation site are shown as yellow sticks. NAD+ cofactor is shown as purple sticks. Secondary 

structure assignment is indicated helix αE-F. 

 

3.3 Recombinant expression of MRPP2(V12L) and MRPP2(V176M) 
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To determine the effect of mutations towards the translated protein, recombinant MRPP2(WT), 

MRPP2(V12L) and MRPP2(V176M) were expressed in E. coli, and purified by affinity 

chromatography to compare expression and solubility levels. SDS-PAGE revealed similar levels 

of expression in E. coli for MRPP2 wildtype and mutant proteins (Fig. 2.A and B), although the 

solubility of MRPP2(V12L) was significantly lower than that of MRPP2(WT) and MRPP2(V176M) 

(Fig. 2.A and C). The purified proteins (Fig. B) were subjected to DSF to determine their 

thermostability (Fig. 2.D). Consistent with the reduced solubility for MRPP2(V12L), the isolated 

protein (melting temperature (Tm) = 47.60±0.70) was found to be less thermostable than 

wildtype (Tm = 50.26±0.34), while MRPP2(V176M) (Tm = 55.9±0.25), by contrast, was more 

thermostable. In high-resolution analytical SEC, both MRPP2(V12L) and MRPP2(V176M) 

revealed the presence of an elution peak, like wildtype, that corresponds in MW to a tetramer 

(Fig. C). MRPP2(V12L) revealed a peak at the void volume indicative of protein aggregation, and 

is consistent with the observed lowered solubility. 

Next, binding of the NADH cofactor was assessed for recombinant wildtype and mutant 

proteins using DSF. Binding of NADH to as-purified MRPP2(WT) increased its Tm (ΔTm) by 

10.24±0.16ᵒC (Fig. 2.F) whereas both mutant proteins showed significantly lower Tm shifts with 

NADH (ΔTm = 1.60±1.0ᵒC for MRPP2(V12L); ΔTm = 1.28±0.43ᵒC for MRPP2(V176M) (Fig. 2.E), 

indicating their much reduced binding affinity for NADH. 
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Fig. 2. Effect of p.V12L/p.V176M mutations on recombinant MRPP2 protein 

(A) Intensities of SDS-PAGE bands from total lysate (S) samples of initial IMAC. (B) Intensities of SDS-

PAGE bands from elution (E) fractions of initial IMAC. Wildtype (WT) is taken as 100%. (C) SDS-PAGE of 

the initial IMAC from which intensities for (A) and (B) were calculated. (D) Melting temperature (Tm) 

values for MRPP2 mutant proteins in the as-purified state. (E) Change in melting temperature (∆Tm) 

upon addition of NADH to MRPP2 proteins. (F) Thermal unfolding curve for MRPP2(WT) in the as-

purified form and in the presence of NAD+/NADH. In the DSF experiments, n=3-5. **=P<0.01, 

****=P<0.0001. 

3.4 Dehydrogenase activity of MRPP2 mutants 

We next monitored the dehydrogenase activity of purified MRPP2 recombinant proteins (Fig. 

B), using two substrates that reflect the involvement of MRPP2 in fatty acid metabolism and 
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neurosteroid conversion. For fatty acid metabolism, the substrate 3-hydroxybutyryl-CoA, a 

short straight-chain 3-hydroxyacyl-CoA thioester previously shown to be turned over by MRPP2 

in vitro using NAD+ [10], was used. Purified MRPP2(WT), MRPP2(V12L) and MRPP2(V176M) 

were active towards 3-hydroxybutyryl-CoA with similar kcat values, although the KM of 

MRPP2(V176M) was increased 3-fold leading to an overall 3-fold reduction in catalytic 

efficiency (kcat/KM), compared to wildtype (Fig. 3.A). For steroid metabolism, we assayed the 

NAD+-dependent conversion of the neurosteroid allopregnanolone to 5α-dihydroprogesterone 

(5α-DHP). MRPP2(V12L) exhibited a nearly 3-fold decrease in catalytic efficiency compared to 

wildtype, due to both kcat and KM effects (Fig. 3.B), while, surprisingly, MRPP2(V176M) did not 

turn over this substrate. 

 
Fig. 3. Effect of p.V12L/p.V176M mutations on MRPP2 dehydrogenase activity 

Michaelis-Menten plot for the catalysis of (A) (DL)-3-hydroxybutyryl-CoA and (B) allopregnanolone by 

MRPP2 wildtype and mutant proteins in the presence of NAD+. RFU: relative fluorescence units. Kinetic 

parameters for the two reactions are shown on the right. 

 
3.5 Complex assembly with MRPP1 



 17 

In addition to its dehydrogenase activity alone, MRPP2 is an essential subunit of the (mt)tRNA 

modification complexes of MRPP1-MRPP2 for purine-9 N1-methyltransferase (m1R9) activity, 

and MRPP1-MRPP2-MRPP3 for 5’-end endonuclease (RNase P) activity. To determine the effect 

of p.V12L and p.V176M mutations towards these complexes and their associated activities, we 

first co-expressed each of MRPP2(WT), MRPP2(V12L) and MRPP2(V176M) with His6-tagged 

MRPP1, and purified the binary complexes by IMAC. In this procedure, His6-tagged MRPP1 

pulled down similar amounts of untagged MRPP2(WT), MRPP2(V12L) and MRPP2(V176M) (Fig. 

D), suggesting that the mutant proteins retained the ability to form a complex with MRPP1.  

To determine the relative stability of the binary complexes, equal amounts of the isolated 

MRPP1-MRPP2(WT/V12L/V176M) complexes were incubated and loaded onto a Superose 6 

column (Fig. 4.A). The ratio of MRPP1-complexed MRPP2 vs. uncomplexed MRPP2 is similar for 

MRPP2(WT) and MRPP2(V12L). Nevertheless, this ratio is shifted by a third towards 

uncomplexed protein for MRPP2(V176M), indicating a higher tendency for the isolated MRPP1-

MRPP2(V176M) complex to dissociate over time, compared to MRPP1-MRPP2(WT) and MRPP1-

MRPP2(V12L). 

 
Fig. 4. Effect of p.V12L/p.V176M mutations on tRNA processing functions of MRPP2-associated 

complexes (A) Size exclusion chromatography profile of MRPP1 co-expressed with 
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MRPP2(WT/V12L/V176M). The dashed boxes indicate the fractions from the chromatogram (top) and 

SDS-PAGE (bottom) where proteins form a complex, or are present as separate species in solution. (B) 

m1G9 and m1A9 methyltransferase activity of the MRPP1-MRPP2(WT/V12L/V176M) complexes. (C) 

RNase P activity towards mitochondrial pre-(mt)tRNAIle of the MRPP complex that contains 

MRPP2(WT/V12L/V176M), measured by change in electrophoretic mobility between precursor and 

processed (mt)tRNA. 

 
3.6 tRNA-dependent methyltransferase and endonuclease activities 

The MRPP1-MRPP2(WT/V12L/V176M) complexes were next assayed for the m1R9 

methyltransferase activity towards (mt)tRNAs (Fig. 4.B) containing either guanine (G) or 

adenine (A) at position 9, for formation of m1G9 or m1A9, respectively. The m1G9 

methyltransferase activity was tested with in vitro transcribed pre-(mt)tRNAIle as substrate, and 

m1A9 activity with pre-(mt)tRNAVal. MRPP1-MRPP2(V12L) showed a 2.5-fold reduction of m1G9 

methyltransferase activity and a 3.5-fold reduction in m1A9 methyltransferase activity, 

compared to the wildtype complex. For MRPP1-MRPP2(V176M), almost no methyltransferase 

activity was observed for either m1G9 or m1A9 formation. 

The RNase P activity towards the 5’-end of pre-(mt)tRNA was carried out by incubating the 

MRPP1-MRPP2(WT/V12L/V176M) complexes with purified MRPP3 (Fig. B), in the presence of 

Mg2+ (required for the cleavage reaction) and in vitro transcribed pre-(mt)tRNAIle substrate (Fig. 

4.C, left). In this assay, 60±1% of pre-(mt)tRNAIle was processed by MRPP1-MRPP2(WT)-MRPP3, 

compared to 29±6% (2-fold decrease) for MRPP1-MRPP2(V12L)-MRPP3 and only 1.9±0.2% (> 

30-fold decrease) for MRPP1-MRPP2(V176M)-MRPP3 (Fig. 4.C, right). The fold decrease of 

RNase P activity for the mutant ternary complexes is comparable to their identified 

methyltransferase activities. 
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4. DISCUSSION 

MRPP2 is a multifunctional protein harbouring both SDR and non-SDR functions. As an SDR, 

MRPP2 acts on many substrates, amongst others isoleucine, sex steroids, bile acids and 

neurosteroids. In its non-SDR function, MRPP2 moonlights in binary and ternary protein-

complexes involved in tRNA modifications. Several missense mutations are reported in the 

HSD17B10 gene coding for MRPP2, and for some mutations the phenotype severity does not 

correlate with residual SDR activity, drawing attention to the non-SDR functions of MRPP2. In 

this work, two novel mutations in MRPP2 (pV12L and p.V176M) have been identified, and 

characterised in vitro. On the whole (Table 1), both p.V12L and p.V176M mutations reduced the 

dehydrogenase activity of MRPP2, m1R9 methyltransferase activity of MRPP1-MRPP2 and 

RNase P activity of MRPP1-MRPP2-MRPP3, albeit in varying degrees and seemingly via different 

molecular defects to MRPP2 protein properties. 

 Dehydrogenase act. 

[min-1μM-1] (kcat/KM) 

 Methyltransferase act. 

[cpm] 

 RNase P act. 

[% of total 

pre-(mt)tRNA] 

Complex 

stability 

Location in 

structure 
 CoA thioester Steroid  Adenine Guanine  

WT 458±17 706±13  4609±819 5238±394  60±1 Stable  

p.V12L 412±18 540±19  1258±49 2036±85  29±6 Stable Core β-sheet 

p.V176M 481±29 -  26±31 35±31  2±0.2 Unstable Helix αE 

Table 1. Outline of the residual activities measured in this report, along with the structural location and 

ability to form the binary complex (given as stable: complex formed, or unstable: complex dissociating) 

for the two novel mutations identified in MRPP2 (p.V12L and p.V176M). 

We propose that the p.V12L missense mutation results in a less thermostable MRPP2 protein, 

reducing protein abundance that indirectly impacts on the associated enzyme functions. Val12 

is situated at the beginning of strand-βA that forms part of the core Rossmann fold β-sheet. 

When mutated to Leu, this residue likely creates a steric clash with the nearby Arg84 main-

chain and Phe82 side-chain atoms, towards the end of the helix-αC (Fig. E.1). The steric 

constraints could imply a rearrangement of the implicated residues that destabilise the core β-

sheet and overall structure. Such destabilisation can explain the significantly lowered solubility 

of MRPP2(V12L) and increased tendency to aggregate compared to wildtype, although once 

isolated, the soluble mutant protein exhibits only a moderately reduced SDR activity. Protein 
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destabilisation would also affect the tRNA processing functions of MRPP2 by reducing the level 

of soluble mutant protein for complex formation. 

We propose that the p.V176M mutation disrupts MRPP2 functions by a mechanism different 

from p.V12L. Val176 is located in helix-αF that contributes to one side of the substrate binding 

pocket (Fig. 1.C). Helix-αF is immediately followed by a loop-helix-loop segment that contains 

many catalytically important residues, including Gln162 and Gln165 implicated in ligand binding 

[34,35], Ser155 from the catalytic tetrad [36], residues involved in formation of the proton-relay 

system [36–38], and Ala154 and Thr153 from the cofactor binding pocket [39]. Mutation of 

Val176-to-Met could cause steric clashes with this loop-helix-loop segment, i.e. side-chains of 

Ala156 and the Phe159, altering positions of the catalytically important residues that result in 

kcat and KM changes to catalysis (Fig. E.2). Altogether, this supports the more pronounced effect 

on MRPP2 functions (dehydrogenase, methyltransferase, RNase P activities) for p.V176M, 

compared to p.V12L. 

An inhibitory effect of both mutations on the dehydrogenase activity of MRPP2 was not only 

observed with purified proteins for the substrates 3-hydroxybutyryl-CoA and allopregnanolone, 

but also in a comparable manner with patient cells and 2-methyl-3-hydroxybutyryl-CoA. 

However, the higher residual activity in the cells of the patient from family 2, compared with 

the residual activity found for the patient from family 1, may indicate a lower severity of the de 

novo mutation p.V12L in family 2, compared with p.V176M in family 1, but may also be due to 

heterozygosity and/or X-inactivation (family 2) in contrast to hemizygosity (index case, family 

1). In agreement with previous observations [13], clinical features in family 1 did not segregate 

with the mutation in the HSD17B10 gene. 

Although both mutations showed diminished cofactor binding from DSF, only MRPP2(V176M) 

showed an increased KM-value indicative of poor substrate accommodation, possibly due to an 

altered active site. These alterations seem to affect the steroid substrate more than the 3-

hydroxybutyryl-CoA, as shown for MRPP2(V176M). One reason for this could be the smaller 

molecular size of allopregnanolone (318.49 Da) compared to 3-hydroxybutyryl-CoA (853.63 Da). 

The smaller steroid would have fewer interaction points with the protein active site, compared 

to the larger CoA thioester substrate. Small changes to the pocket could therefore impact more 



 21 

severely the binding of allopregnanolone, compared to 3-hydroxybutyryl-CoA, which might be 

compensated by additional interaction points outside the immediate active site pocket. The 

p.V176M mutation also caused MRPP2 to dissociate from the complex with MRPP1 more 

readily than wildtype, which could explain the nearly abolished m1R9 methyltransferase and 

RNase P activities observed, as both of these activities require an intact complex [18]. Further 

structural analysis is required to elucidate how this mutation disturbs MRPP1-MRPP2 

interaction, since Val176 is not surface exposed and therefore not in a location predicted to be 

the protein-protein interface.  
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