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ABSTRACT

SDR5C1 is an amino and fatty acid
dehydrogenase/reductase, moonlighting as a
component of human mitochondrial RNase P, which
is the enzyme removing 5′-extensions of tRNAs,
an early and crucial step in tRNA maturation.
Moreover, a subcomplex of mitochondrial RNase P
catalyzes the N1-methylation of purines at position
9, a modification found in most mitochondrial tRNAs
and thought to stabilize their structure. Missense
mutations in SDR5C1 cause a disease characterized
by progressive neurodegeneration and cardiomy-
opathy, called HSD10 disease. We have investigated
the effect of selected mutations on SDR5C1’s func-
tions. We show that pathogenic mutations impair
SDR5C1-dependent dehydrogenation, tRNA pro-
cessing and methylation. Some mutations disrupt
the homotetramerization of SDR5C1 and/or impair
its interaction with TRMT10C, the methyltransferase
subunit of the mitochondrial RNase P complex. We
propose that the structural and functional alterations
of SDR5C1 impair mitochondrial RNA processing
and modification, leading to the mitochondrial
dysfunction observed in HSD10 patients.

INTRODUCTION

SDR5C1 is a member of the short-chain
dehydrogenase/reductase (SDR) superfamily, a large
group of nicotinamide adenine dinucleotide (phosphate)-
dependent oxidoreductases (1). It was first identified as
a mitochondrial short-chain L-3-hydroxy-2-methylacyl-
CoA dehydrogenase, catalyzing the penultimate step in
the �-oxidation of short branched-chain fatty acids and
isoleucine (2). SDR5C1 was reported to be active on a
wide range of substrates, including fatty acids, alcohols,
and hydroxysteroids, and its gene (HSD17B10) was named
according to its relationship to 17-�-hydroxysteroid de-
hydrogenases (3–9). In vivo, besides being essential for

isoleucine degradation, SDR5C1 was suggested to be
involved in the metabolism of neuroactive steroids and sex
hormones (reviewed in 10,11). HSD17B10 is an essential
gene (12,13) located on the X chromosome, and to date
11 pathogenic mutations have been reported: 10 missense
mutations, and one affecting its splicing (12,14–26). In the
latter case a decreased steady state level of SDR5C1 is
associated with mild mental retardation and choreoatheto-
sis (24). The missense mutations however cause a disease
named 2-methyl-3-hydroxybutyryl-CoA dehydrogenase
(MHBD) deficiency, or HSD10 disease (OMIM #300438),
which is characterized by progressive neurodegeneration
and cardiomyopathy (reviewed in 23). The different mu-
tations are associated with a wide spectrum of disease
manifestations, ranging from a severe neonatal form, to
milder, later-onset forms. While the biochemical diagnosis
of HSD10 disease is based on elevated levels of 2-methyl-3-
hydroxybutyrate and tiglylglycine, two intermediates in the
degradation of isoleucine, the same metabolites accumulate
in patients affected by �-ketothiolase deficiency without
causing neurological complications (27). Most HSD10
patients do not develop metabolic crisis, and isoleucine
restriction does not prevent the progression of the disease
(23). The pathogenesis and clinical presentation together
with the frequent plasma and brain lactic acidosis rather
remind of mitochondrial diseases (20,23), i.e. diseases due
to respiratory-chain dysfunction, and, consistently, struc-
tural abnormalities of the mitochondria were observed in
patient fibroblasts (12). Moreover, an SDR5C1 mutant
deficient in dehydrogenase activity was found to prevent
apoptosis when supplemented to SDR5C1 knock down
cells (12), suggesting that other mitochondrial functions of
the protein play a crucial role in mitochondrial physiology
and cell survival (12).

We previously demonstrated that SDR5C1 is an es-
sential component of a multifunctional complex catalyz-
ing two early steps in mitochondrial tRNA ((mt)tRNA)
maturation. Together with TRMT10C and the endonucle-
olytic subunit PRORP, it constitutes human mitochondrial
RNase P (mtRNase P), the enzyme responsible for the
cleavage of the polycistronic mitochondrial primary tran-
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scripts at the 5′ end of tRNA moieties (28–30). In addition,
the TRMT10C-SDR5C1 subcomplex is the methyltrans-
ferase that catalyzes the N1-methylation of purines at po-
sition 9 of mitochondrial tRNAs (31), a modification cru-
cial for proper tRNA folding (32). We have shown that the
knock down of SDR5C1 in human cells is sufficient to cause
the accumulation of (mt)tRNA-precursors, and to abolish
purine-9 methylation of (mt)tRNAs (28,31). Consistently,
it was recently reported that missense mutations that result
in a decrease of SDR5C1 are associated with increased lev-
els of unprocessed mitochondrial RNAs (33,34). SDR5C1
protein levels were assessed in a few patients (12,20,33–35)
and reported to be either unchanged or decreased in car-
riers of the same mutation (20,34). The observed decrease
of SDR5C1 alone seems not generally sufficient to explain
the severity of the disease. Mechanisms underlying the pos-
sible loss of SDR5C1 protein have not been addressed ei-
ther, nor have the consequences of the mutations for the
function of the residual protein been clarified. Alterations
of the structure and function of mutant SDR5C1 are likely
to contribute to the severe impact on mitochondrial tRNA
processing and modification, and the resulting mitochon-
drial pathology. Here, we have therefore investigated the ef-
fect of selected mutations on SDR5C1, and we provide first
mechanistic insights into the impact of those mutations on
SDR5C1’s role in mitochondrial tRNA maturation.

MATERIALS AND METHODS

Expression and purification of recombinant proteins

The mutations were introduced into the previously de-
scribed (28) plasmid for the expression of N-terminally
His-tagged SDR5C1 by site-directed mutagenesis using the
QuikChange protocol (Agilent Technologies). Wild type
and mutant forms of SDR5C1 were expressed and puri-
fied in parallel with His SpinTrap columns (GE Health-
care) using previously described lysis, wash, and elution
conditions (28). Two independent protein stock prepara-
tions of wild-type and mutant SDR5C1 gave consistent re-
sults in the different experiments. In a previous study, the
purified SDR5C1R130C was reported to be unstable (12); we
did not experience problems of protein stability and did not
observe a loss of enzymatic activity under our experimen-
tal conditions. Native (untagged) TRMT10C, C-terminally
myc-His-tagged TRMT10C, and C-terminally His-tagged
PRORP were prepared as previously described (28,31).

Protein concentrations were quantitated relative
to bovine serum albumin standards by SDS-PAGE,
Coomassie brillant blue staining, and image analysis using
ImageQuant TL 7 (GE Healthcare).

Protein analysis

To determine the oligomeric state of SDR5C1, 2 �g
of protein were diluted in blue native sample buffer (ε-
aminocaproic acid (50 mM), imidazole (5 mM), glycerol
(5%), Coomassie G250 (0.025%), pH 7) and separated
by blue native, 9–19% gradient polyacrylamide gel elec-
trophoresis (PAGE) (36) followed by Coomassie brilliant
blue staining. Molecular weight reference proteins were: al-
dolase (158 kDa), bovine serum albumine (monomer 67

kDa, and dimer 134 kDa), ovalbumine (monomer 43 kDa,
and dimer 86 kDa), and cytochrome c (13 kDa). Alter-
natively, SDR5C1 was subjected to size exclusion chro-
matography. Forty micrograms of SDR5C1 were sepa-
rated on a Superdex 200 Increase PC 3.2/300 column (GE
Healthcare) using an ÄKTApurifier system (GE Health-
care) with the following buffer: NaCl (150 mM), Tris·Cl
pH 7.4 (50 mM), glycerol (10%). Elution fractions were
collected and protein content of peaks verified by SDS-
PAGE. For rapid photochemical cross-linking (37), 7.5 �g
of protein were incubated on ice in 10 �l NaPO4 buffer (10
mM, pH 7.4), ammonium persulphate (5 mM), tris(2,2′-
bipyridyl)dichlororuthenium(II) (250 �M). Cross-linking
was induced by exposure to a halogen white light source for
5 min and quenched with Laemmli buffer; control reactions
contained 1% SDS. Cross-linked samples were separated by
6–18% gradient SDS-PAGE followed by Coomassie bril-
liant blue staining.

To assess the interaction of SDR5C1 with TRMT10C,
purified His-tagged SDR5C1 was mixed with an excess of
crude bacterial lysate of native TRMT10C, and the com-
plex captured and purified with His-affinity-coated mag-
netic beads (Dynal) as previously described (31). The ra-
tio of the two proteins was assessed by SDS-PAGE and
Coomassie brilliant blue staining.

The 3D-structure rendering of SDR5C1 was generated
with PyMOL 1.3 (38).

Dehydrogenase assay

L -3-hydroxyacyl-CoA dehydrogenase activity was mea-
sured as acetoacetyl-CoA dependent nicotinamide adenine
dinucleotide (NADH) dehydrogenation (39). SDR5C1 (10
nM) were assayed in presence of acetoacetyl-CoA (30 �M)
and NADH (100 �M).

RNase P assay

In vitro transcription, 32P 5′ end labeling and purifica-
tion of the (mt)tRNAIle precursor substrate, and RNase
P activity assays were carried out and analyzed as previ-
ously described (28,40), with the following changes. Re-
actions were set at 21◦C in reaction buffer: Tris·Cl pH
8 (50 mM), NaCl (20 mM), MgCl2 (4.5 mM), DTT (2
mM), BSA (20 �g/ml), Ribolock RNase inhibitor (0.5
units/�l; Fermentas). PRORP (100 nM), TRMT10C (100
nM), and SDR5C1 (200 nM; wild type or mutant) were
used to reconstitute mtRNase P and were incubated with
the labeled (mt)tRNAIle precursor (1–3 nM; single turnover
conditions). Samples were withdrawn at defined intervals
throughout substrate-to-product conversion until plateau.
The percentage of cleaved tRNA-precursor was plotted
against time and curves were fit by nonlinear regression (one
phase exponential association) using Prism 5 (GraphPad
Software).

Methyltransferase assay

In vitro transcription, internal 32P labeling at position 9
and purification of the (mt)tRNAIle and (mt)tRNALys sub-
strates, and methyltransferase assays were carried out as de-
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scribed previously (31), with the following changes. Reac-
tions were set at 30◦C in the aforementioned (RNase P) re-
action buffer. TRMT10C (100 nM) and SDR5C1 (200 nM;
wild type or mutant) were used to reconstitute the methyl-
transferase subcomplex, and incubated with S-adenosyl
methionine (SAM; 25 �M) and the labeled (mt)tRNA (3–10
nM; single turn-over conditions). Samples were withdrawn
at defined intervals throughout substrate-to-product con-
version until plateau. The percentage of methylated tRNA
was plotted against time and curves were fit by nonlinear
regression (one phase exponential association) using Prism
5 (GraphPad Software).

Statistical analysis

Activities and reaction rates of the different mutant forms
of SDR5C1 were compared to the wild-type by one-way
ANOVA followed by Dunnett’s multiple comparison test,
using Prism 5 (GraphPad Software). P-values < 0.05 were
considered significant.

RESULTS

Among the 10 described missense mutations, we selected
two found in severe neonatal cases of HSD10 disease,
R226Q and N247S (21,34), and two associated with the
typical infantile form, P210S and R130C, the latter be-
ing the most common mutation, accounting for about 50%
of all the cases described (20,23). As control, we included
SDR5C1K172A, an artificial ‘dehydrogenase-dead’ mutant
that sustains cleavage and methylation activities compara-
ble to the wild type (31); in fact, the dehydrogenase activity
of SDR5C1 is dispensable for efficient cleavage and methy-
lation of tRNA precursors by mtRNase P (31).

Effect of mutations on the dehydrogenase activity of
SDR5C1

The dehydrogenase activity of most mutant SDR5C1 vari-
ants was previously measured in homogenates of patient fi-
broblasts and found to be decreased in comparison to con-
trols (23). However, this approach does not allow normal-
ization of the measured activity to the actual amount of
SDR5C1 protein in the tested samples. We purified recom-
binant, wild-type SDR5C1 and the mutant variants men-
tioned above, and assayed their dehydrogenase activity in
parallel (Figure 1). For SDR5C1R130C and SDR5C1P210S,
we observed a reduction in activity to about 20% and
25% of that of the wild type, respectively. The activ-
ity of SDR5C1 R226Q and SDR5C1N247S, like that of the
‘dehydrogenase-dead’ SDR5C1K172A, was barely detectable
(Figure 1). Our measurements provide a first direct compar-
ison of the dehydrogenase activity of these SDR5C1 mu-
tants.

Pathogenic mutations impair the SDR5C1-dependent tRNA
processing and modification activities of mtRNase P

Although the dehydrogenase activity and the integrity of
the active site of SDR5C1 are dispensable for mitochon-
drial tRNA cleavage and methylation, the protein subunit
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Figure 1. Pathogenic mutations in SDR5C1 affect its dehydrogenase ac-
tivity. The L-3-hydroxyacyl-CoA dehydrogenase activity of wild-type (WT)
and mutant SDR5C1 was measured with acetoacetyl-CoA as substrate
and NADH as cofactor. An active-site mutant (K172A) was included as
‘dehydrogenase-dead’ control. Means and SD of three independent exper-
iments are shown (***P < 0.001).

is essential for efficient catalysis by mtRNase P and its
methyltransferase subcomplex (28,31). Therefore, we as-
sayed the effect of the pathogenic mutations on the func-
tion of SDR5C1 in tRNA maturation. We reconstituted the
mtRNase P enzyme from purified recombinant TRMT10C,
PRORP, and the different SDR5C1 variants including the
wild-type protein, and compared the time course of cleav-
age of a (mt)tRNAIle precursor (Figure 2A and B). The
enzyme reconstituted from wild-type components cleaved
the tRNA precursor with a first-order rate constant (kobs)
of 4.63 ± 0.61 min-1. MtRNase P reconstituted with the
SDR5C1K172A showed a kobs of 5.13 ± 0.60 min-1, not sig-
nificantly different from the wild type, and in agreement
with our previous observation that the dehydrogenase activ-
ity of SDR5C1 is dispensable for tRNA processing (31). In
the case of SDR5C1P210S, we measured a kobs of 0.59 ± 0.07
min-1, a significantly slower cleavage rate (P < 0.001) corre-
sponding to about 13% of the wild type. In the case of the
variants R130C, R226Q, and N247S, the endonucleolytic
activity was too low to achieve complete substrate cleavage,
and no rate could be derived.

In a similar setting, we assayed the methyltransferase
activity of the TRMT10C-SDR5C1 (wild type or mu-
tant) complex (Figure 2C and D). Using as substrate
(mt)tRNAIle, which contains a guanosine at position 9, we
measured very similar rates for complexes containing wild-
type SDR5C1 (kobs = 1.05 ± 0.16 min-1) or SDR5C1K172A

(kobs = 0.90 ± 0.18 min-1). The methyltransferase com-
plex reconstituted using SDR5C1P210S showed significantly
lower methylation activity with a kobs of 0.12 ± 0.02 min-1

(P < 0.001), corresponding to about 11% of the wild type.
The activity with SDR5C1R130C was too low to derive a kobs,
while methylation with SDR5C1R226Q and SDR5C1N247S

was undetectable. Comparable results were obtained with
(mt)tRNALys, which contains an adenosine at position 9
(Supplementary Figure S1). From these results we conclude
that all the pathogenic mutations analyzed cause a substan-
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Figure 2. Mutations in SDR5C1 affect the tRNA-maturation activities of the mtRNase P complex. (A and B) mtRNase P was reconstituted from re-
combinant PRORP, TRMT10C, and wild-type or mutant SDR5C1, and its activity assayed with a 5′ labeled (mt)tRNAIle precursor. Reaction aliquots
were withdrawn and stopped at different time points and resolved by denaturing PAGE. In (A), the 1-minute time point of a representative experiment
is shown. (B) Cleavage data of six complete, independent experiments were plotted as means and SD, and fit by nonlinear regression. (C and D) The
methyltransferase subcomplex of mtRNase P was reconstituted from recombinant TRMT10C and wild-type or mutant SDR5C1, and its activity assayed
with position-9 labeled (mt)tRNAIle and SAM. Reaction aliquots were withdrawn and stopped at different time points and the tRNA hydrolysate resolved
by thin-layer chromatography (TLC). In (C), the 1-minute time point of a representative experiment is shown. The direction of migration and the positions
of G and m1G are indicated to the right; only the informative part of the TLC is shown. (D) Methylation data of five complete, independent experiments
were plotted as means and SD, and fit by nonlinear regression.

tial impairment of the SDR5C1-dependent tRNA matura-
tion activities of the mtRNase P complex.

Pathogenic mutations in SDR5C1 alter its oligomeric state
and impair the interaction with TRMT10C

SDR5C1 is a protein of 27 kDa forming a homote-
tramer in solution (41) whose structure was solved by
crystallography (42). The amino acids R130, R226, and
N247 are located at the interface between the subunits
of the tetramer (Figure 3), and mutations at these sites
could affect the quaternary structure of SDR5C1. To
test this hypothesis, we analyzed purified SDR5C1 by
blue native PAGE. As shown in Figure 4A, native wild-
type SDR5C1 migrated as a single band of about 120
kDa, as estimated from reference proteins, in good agree-
ment with the 116 kDa calculated for a tetramer of the
His-tagged protein. An identical band was observed for
SDR5C1R130C, SDR5C1P210S, and SDR5C1K172A. In the
case of SDR5C1R226Q and SDR5C1N247S, we observed a
pattern of three bands, possibly corresponding to tetramers,
dimers, and monomers, where the tetrameric form ac-
counted for about 25% of the total. Consistently, SDR5C1,
SDR5C1R130C, SDR5C1P210S, and SDR5C1K172A were re-
solved by size exclusion chromatography as a single peak at

about 105 kDa, confirming the homotetrameric structure
of the recombinant proteins (Supplementary Figure S2A).
The elution profiles of SDR5C1R226Q and SDR5C1N247S

displayed an additional broad peak at about 60 kDa ac-
counting for about 75% of the total protein and possibly
consisting of unresolved dimers and monomers. To further
corroborate our results, we subjected wild-type and mu-
tant SDR5C1 protein to rapid photochemical cross-linking
(37), which induced covalent dimerization of the wild-type
SDR5C1, SDR5C1P210S, and SDR5C1K172A at compara-
ble yields (Supplementary Figure S2B); the inefficient cap-
ture of tetramers apparently reflects an insufficient cross-
linking reactivity at one of the two interacting interfaces of
the monomer (Figure 3). SDR5C1R226Q and SDR5C1N247S

were less efficiently cross-linked, indicating a weaker inter-
action between the monomers. SDR5C1R130C showed an al-
tered migration pattern, with a smeared dimer band, possi-
bly indicating some alteration in the structure of the protein
upon cross-linking. From all these experiments we conclude
that the mutations R226Q and N247S severely impair the
tetramerization of SDR5C1.

The exact supramolecular architecture of the human mi-
tochondrial RNase P holocomplex and its methyltrans-
ferase subcomplex have not been elucidated. However,
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Figure 4. Mutations in SDR5C1 affect its tetramerization and the interaction with TRMT10C. (A) Wild-type and mutant, recombinant SDR5C1 were
resolved by blue native, 9–19% gradient PAGE and stained by Coomassie brilliant blue. The migration and molecular weight of marker proteins is indicated
to the left. Visible bands and oligomeric state interpretation are specified to the right. (B) Recombinant, purified His-tagged SDR5C1 (wild type or mutant)
was mixed with the lysate of a bacterial strain expressing the native form of TRMT10C. The protein complex was recovered by immobilized metal-affinity
chromatography, resolved by SDS-PAGE, and stained by Coomassie brilliant blue. A representative gel is shown. The molecular weight of selected marker
proteins is indicated to the left. (C) Quantification of recovered TRMT10C in experiments like in (B), expressed as mass percentage of the total complex.
Means and SD of six independent experiments for the wild type and three for the mutants are shown (***P < 0.001).
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we showed previously that SDR5C1 forms a stable com-
plex with the methyltransferase subunit TRMT10C and
seems to only loosely associate with the endonuclease sub-
unit PRORP (28). We investigated whether the impaired
tetramerization caused by the pathogenic mutations alters
the interaction among the subunits of the methyltransferase
subcomplex of mtRNase P. For this purpose, we made use
of a strategy that we previously employed for the purifi-
cation of the SDR5C1-TRMT10C complex (31). We incu-
bated His-tagged SDR5C1 with an excess of native (un-
tagged) TRMT10C, and recovered the formed complex
again via the His-tag of SDR5C1. Analysis of the puri-
fied complex revealed a striking difference in the recov-
ery of TRMT10C depending on whether wild-type or mu-
tant SDR5C1 was used as a bait (Figure 4B). The com-
plex reconstituted from wild-type components consisted of
about 40% TRMT10C (43 kDa) and 60% SDR5C1 (29
kDa including His tag), compatible with a stoichiome-
try of 2:4 subunits of TRMT10C:SDR5C1, and in agree-
ment with our previous findings (28). SDR5C1P210S and
SDR5C1K172A showed a ratio essentially identical to the
wild type; in contrast, with SDR5C1R130C, SDR5C1R226Q,
and SDR5C1N247S, the recovered TRMT10C was about
30%, 15%, and 10% of the complex, respectively (Fig-
ure 4C). Therefore, the mutations disrupting the SDR5C1
tetramer, but also R130C, interfere with the interaction be-
tween subunits of the mtRNase P complex.

DISCUSSION

SDR5C1 is essential for the processing of mitochondrial
primary transcripts and tRNA methylation by mtRNase P
and its methyltransferase subcomplex (28,31). Alterations
in the machineries involved in mitochondrial gene expres-
sion ultimately lead to a deficit in respiration, with detri-
mental consequences for energy metabolism, as observed
in diseases caused by mutations in mitochondrial tRNA
genes or in nucleus-encoded proteins involved in mito-
chondrial translation (reviewed in 43,44). Here, we show
that pathogenic mutations of SDR5C1 severely affect all
known functions of the protein, dehydrogenase and tRNA-
maturation related (summarized in Table 1). The mutations
R226Q and N247S, associated with the severe neonatal
form of HSD10 disease, caused a dramatic impairment of
SDR5C1-dependent tRNA-precursor cleavage, consistent
with the recently reported accumulation of mitochondrial
RNA precursors in tissues of an HSD10N247S patient (34).
Moreover, we show that also the methylation at position 9
of tRNAs, a modification crucial for proper tRNA folding
(32), is impaired by the mutations, likely further decreasing
the pool of functional tRNAs in mitochondria. This loss
of RNA maturation activity in mitochondria is expected
to cause a severe impairment of protein synthesis, possibly
worsened by a concomitant decrease in SDR5C1 steady-
state levels.

The original characterization of SDR5C1R226Q and
SDR5C1N247S patients indicated a dehydrogenase activity
corresponding to about 20% of wild-type controls (21,34).
The discrepancy with our observations may be due to the
use of different substrates, and/or the presence of other re-
dox enzymes in cell homogenates affecting the specificity

of the measurements. SDR5C1R130C and SDR5C1P210S, as-
sociated with the typical infantile form of the disease,
also showed a decrease in tRNA cleavage and methyla-
tion rates, though not as drastic. In our in vitro assays,
SDR5C1R130C and SDR5C1P210S showed a dehydrogenase
activity of about 20% of the wild type. The reported de-
crease of SDR5C1R130C protein may explain the low dehy-
drogenase activity measured in HSD10 patient cells, appar-
ently below 10% of controls (14–15,21,35). No solid infor-
mation is available about the consequences of the mutation
P210S on SDR5C1 expression levels, also because only two
cases were reported to date (20).

We show that the formation of a tetramer of
SDR5C1R226Q or SDR5C1N247S is severely impaired.
Arginine 226 and asparagine 247 are located at the
same subunit interface within the tetrameric structure
of SDR5C1 (Figure 3). In both cases, the mutations to
glutamine 226 and serine 247 introduce smaller amino
acids, thus steric clashes may be excluded. However, the
polar asparagine 247 forms one hydrogen bond with V193
of the same polypeptide chain, and one with F223 of the
facing monomer, and the mutation to serine, which is
shorter and can form only one hydrogen bond, is likely to
destabilize this region of contact between monomers. The
positively charged arginine 226 establishes an electrostatic
interaction with E232 and a polar interaction with the
backbone of L227 in the same chain. The mutation to the
shorter, uncharged glutamine is likely to abolish these in-
teractions that, although not directly linking two adjacent
SDR5C1 monomers, may be important to stabilize the
conformation of the dimerization surface. At the other
main interaction interface, the mutation of arginine 130
to the small, uncharged cysteine abolishes three hydrogen
bonds formed by the side chain of R130 with N127 and
E68 of the same monomer, and H109 of the neighbouring
monomer. Although apparently not affecting tetrameriza-
tion, this disruption of intra- and intermolecular hydrogen
bonds might possibly alter the structure of SDR5C1R130C;
the different migration pattern in comparison to wild-type
SDR5C1 after crosslinking may be an indication of such
a subtle structural alteration. Proline 210 is located on the
surface of SDR5C1, at a kink between two contiguous
�-helices that form one side of the substrate-binding cavity
(42). It mediates a sharp turn in the protein backbone and
stabilizes the start of the following �-helical section via
hydrogen bonds with V213 and R214; the substitution with
serine is likely to cause a distortion of the region, possibly
explaining the decreased dehydrogenase activity of the
protein.

N247S and R226Q are the mutations most severely af-
fecting the dehydrogenase activity of SDR5C1; considering
their location far away from the active site and cofactor-
binding pocket, our results suggest that the tetramerization
is crucial for enzymatic function, and that a monomeric
SDR5C1 does not retain dehydrogenase activity. In vivo,
the exposed interaction surfaces of mutant SDR5C1 might
induce its recognition as an unfolded protein and trigger
degradation, possibly explaining the decreased steady state
level of SDR5C1N247S in an HSD10 patient (34). However,
a similar mechanism cannot explain the reported decrease



5118 Nucleic Acids Research, 2015, Vol. 43, No. 10

Table 1. Molecular characterization of SDR5C1 mutant forms

Dehydrogenase
activity (units/mg)a

RNase P activity,
kobs (min-1)b

m1G9
methyltransferase

activity, kobs (min-1)b
Tetramerized
SDR5C1a,c

Complexed
TRMT10Ca,d

Wild type 17.26 ± 2.39 4.63 ± 0.61 1.05 ± 0.16 100% 43.2% ± 1.7
R130C 3.56 ± 0.92 n.d. n.d. 100% 28.7% ± 3.5
P210S 4.27 ± 1.32 0.59 ± 0.07 0.12 ± 0.02 100% 39.7% ± 0.6
R226Q 0.26 ± 0.16 n.d. n.d. 26.0% ± 9.5 14.3% ± 4.0
N247S 0.28 ± 0.09 n.d. n.d. 25.8% ± 6.1 9.3% ± 6.7
K172A 0.27 ± 0.09 5.13 ± 0.60 0.90 ± 0.18 100% 43.0% ± 3.5

Summary of SDR5C1-dependent enzymatic activities, SDR5C1 tetramerization, and interaction with TRMT10C. Data as illustrated in Figures 1, 2, and
4 (n.d., not determined).
aMean and SD.
bRate and standard error derived by non-linear regression.
cEstimated from four independent blue native PAGE experiments.
dMass percentage of the complex.

of SDR5C1R130C in patients (33,35), since the mutation
R130C does not seem to affect SDR5C1’s tetramerization.
While others previously did not observe an impaired bind-
ing of a Strep-tagged SDR5C1R130C to TRMT10C (33), we
found a small but significant decrease in the interaction be-
tween the two proteins. The mutation R130C thus seems
to cause slight alterations in the structure of SDR5C1 that
decrease the binding to its partner protein, and the loss of
association to TRMT10C might trigger the degradation of
SDR5C1 in patient cells.

SDR5C1’s dehydrogenase activity and an intact cofac-
tor binding site are dispensable for its moonlighting func-
tion in tRNA maturation, and SDR5C1 is not directly in-
volved in tRNA binding (31). Therefore, we suppose that
SDR5C1 plays a structural role in mtRNase P and its
methyltransferase subcomplex, supporting the activity of
the enzyme as a sort of scaffold, rather than being directly
involved in catalysis. Indeed, the active sites for endonucle-
olytic cleavage and methylation are located in PRORP and
TRMT10C, respectively. None of the amino acid residues
mutated in SDR5C1 is thus expected to be directly in-
volved in tRNA cleavage and modification. In the cases of
SDR5C1N247S and SDR5C1R226Q, the defect in tetramer-
ization severely disrupts the interaction with TRMT10C,
while SDR5C1R130C shows a milder defect in interaction
with TRMT10C. SDR5C1P120S did not show an altered
tetramerization or interaction with TRMT10C; however, as
discussed, P210 is located at the surface of the protein and
an alteration of the region might possibly hamper the scaf-
folding function of SDR5C1 without necessarily changing
the affinity for TRMT10C. In conclusion, we propose that
the detrimental effect of the investigated SDR5C1 muta-
tions on tRNA maturation is due to structural alterations
that affect the scaffolding role of SDR5C1 in the mtRNase
P complex.
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