


Is Alba an RNase P Subunit?

strength,!1"13 although low levels of activity can be reconstituted

from subsets of the proteins.!? These four proteins were originally
identified as potential RNase P subunits based on their distant
but discernible similarity to four of the eukaryotic nuclear RNase
P proteins: Pop5/hPop5 (=Mth687p), Pop4/Rpp29 (=Mthll1p),
Rpp1/Rpp30 (=Mth688p) and Rpr2/Rpp21 (=Mth1618p).51114
One of these proteins, Mth687p (the homolog of eukaryotic Pop5p)
has a three-dimensional fold that resembles the conserved struc-
ture of the single bacterial RNase P protein, although there is no
recognizable sequence similarity between these bacterial proteins
and the archaeal/eukaryotic proteins.!>1¢ In addition to these four
proteins, ribosomal protein L7 improves the thermostability of the
reconstituted holoenzyme in Pyrococcus horikoshis;' this is probably
an idiosyncrasy of the enzyme in the Pyrococcus/Thermococcus
lineage. In addition to its role in the ribosome, L7 in Archaea is a
component of box C/D snoRNPs.!8

H. sapiens RNase P protein Rpp25 has only tenuous similarity to
the S. cerevisiae RNase P protein Pop8p,'? but there is clear similarity
to an archaeal protein known as Sso10b or “Alba.”?? This protein has
been extensively characterized in Sulfolobus acidocaldarius, in which
it is a dimeric, highly basic protein that binds cooperatively and at
high density to DNA, inducing negative supercoiling and compacting
the DNA.?!"2> DNA binding affinity of Alba is regulated by Sir2,
which deacetylates a key lysine, modulating gene expression.?4-2
The structure of the N-terminus of Alba is similar to the DNA
binding domain of DNase I, followed by a region of similarity to
initiation factor domain IF3 at the C-terminus.?!"?” Although the
role of Alba as a DNA binding protein is clear, it has been suggested
that it has a dual role in Archaea: one in DNA binding, and the other
in RNase P?° The role of Alba in RNase P function was proposed
the basis of its similarity in sequence to the H. sapiens RNase P
protein Rpp25, and the presence of both DNA- and RNA-binding
structural motifs, rather than experimental evidence. It was further
suggested that Alba may originally have been an RNA binding
protein that has retained this function, but subsequently evolved
DNA binding properties in Archaea.

Is Alba a component of the RNase P holoenzyme in Archaea? We
examined this question using the same approaches that were used to
confirm the presence of the four previously identified proteins in the
archaeal RNase P, but could find no evidence for ecither the physical
association of this protein with the native RNase P holoenzyme nor
enhancement of catalytic activity of enzyme reconstituted in the
presence of this protein.

MATERIALS AND METHODS

Methods were substantially the same as previously described for
the confirmation of Mth11p, Mth687p, Mth688p and Mth1618p
as RNase P protein subunits.®

RNase P cleavage assays. Enzyme samples were assayed for RNase
P activity in 10 ulL reactions containing 50 mM Tris-Cl pH 8.0,
20 mM MgCl,, 1 M NH,Cl and ca. 2 nCi 3*P-labeled pre-tRNA.
Reactions were incubated at 50°C for 30 minutes, and products were
separated by electrophoresis in 8% urea-polyacrylamide gels and
visualized by autoradiography.

Production of antisera to Mth1483p. Antiserum against
Mth1483p was produced by Cocalico Biologics from recombi-
nant protein provided by Mark Foster, Ohio State University.
Antisera against the other RNase P proteins has been previously

described.®
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Figure 1. Mth1483p does not copurify with RNase P activity. The level of
RNase P activity in each fraction is shown above the corresponding level
of Mth1483p detected in the western blot below. r1483p = 50 ng purified
recombinant histagged Mth1618p, 25-39 = 5 ul of glycerol gradient
fractions (numbered from the top of the gradient), probed with a 1:1000 of
anti-Mth1483p antiserum.

Purification of M. thermoautotrophicus RNase P. M. thermoau-
totrophicus cell extracts were fractionated using DEAE-Trisacryl Plus
M (Sigma-Aldrich). Active fractions were pooled and samples were
fractionated in 10-40% glycerol gradients. Fractions collected from
the bottom of the tubes were assayed for RNase P activity.

Western blots for detection of Mth1483p. Samples of purified
RNase P and recombinant Mth1483p were separated by SDS-
PAGE and transferred to nitrocellulose membranes. Blots were probed
with anti-Mth1483 serum and subsequently with HRP-conjugated
goat anti-rabbit IgG (Supersignal West Pico Rabbit IgG Detection
Kit, Pierce #34083), followed by visualization according to the
manufacturers instructions.

Immunoprecipitation of RNase P using antisera to Mth1483p.
Protein-A agarose was incubated with immune or preimmune serum,
and cross-linked with sodium borate and dimethyl pimelimidate.
Purified RNase P was added and mixed overnight at 4°C. The beads
were pelleted, and the supernatant (“flow-through”) collected. Beads
were washed and eluted with three washes of elution buffer at 72°C.
Samples of the final bead slurry, flow-through, and elutions were
tested for RNase P activity.

Reconstitution of active RNase P-holoenzyme. His-tagged
recombinant RNase P proteins dissolved in 8 M urea were diluted,
bound to Ni-NTA agarose (Qiagen),washed, and eluted by treatment
with Factor Xa (Pierce). Aliquots of these proteins were added to
RNase P assay buffer (above) containing M. thermoautotrophicus
RNase P RNA, heated to 65°C for 5 min, cooled to 50°C and then
tested for RNase P activity.

RESULTS AND DISCUSSION

The Mth1483p does not co-purify with RNase P-activity.
Mth1483p was detected in western blots of glycerol gradient frac-
tions of partially-purified RNase P from M. thermoautotrophicus,
but the peaks of RNase P and Mth1483 protein are well-separated,
with Mth1483p sedimenting more rapidly even than the RNase P
holoenzyme (Fig. 1). We have shown previously that all four bona
fide RNase P proteins copurify exactly with RNase P activity in these
gradients.” Mth1483p could not be detected in the purified RNase P
post-glycerol-gradients, whereas Mth11p and Mth1618p were readily
detected in this purified enzyme preparation (data not shown).
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Figure 2. Anti-Mth1483p sera does not immunoprecipitate RNase P activity.
Immune and preimmune sera to Mth1483p was bound fo protein-A agarose
beads and mixed with glycerol gradient purified RNase P. Reactions were
washed and eluted with three times with elution buffer heated to 72°C. Beads
and elutions were assayed for RNase P activity.

+ 0+ o+ o+ o+ o+ = 11
+ + + + + - + 1618
o T ot + - + + + 1483
> 4+ + - + 4+ + + 687
= + - + + + + + 688
=z - + + + + + + RNA
- o e - - e # Precursor
- - Mature
p— Leader

Figure 3. Mth1483p does not inhance reconstitution of RNase P activity
from recombinant components. Recombinant RNase P RNA and protein
components indicated (each at ca. 100 nM) were reconstituted and
assayed for RNase P activity. Native = partially-purified M. thermoautotro-
phicus RNase P.

Anti-Mth1483 does not immunoprecipitate RNase P activity.
RNase P activity was not retained by protein-A agarose treated
with anti-Mth1483p immune serum (Fig. 2). In contrast, parallel
reactions using anti-Mth11p serum efficiently retained RNase P
activity compared to the preimmune sera (data not shown). We have
previously shown that antisera against all four bona fide RNase P
proteins immunoprecipitates RNase P activity from partially purified
or purified RNase P preparations from M. thermoautotrophicus.

Mth1483p does not enhance reconstitution of RNase P activity.
The RNase P RNA and the four known RNase P proteins are all
necessary and sufficient to reconstitute efficient RNase P activity
in the M. thermoautotrophicus, Pyrococcus horikoshii and Pyrococcus
Sfuriosus systems; Mth1483p or the Alba homologs in the Pyrococcus
systems, are not required for reconstitution of active RNase P
enzymes in vitro.!1"1317 Although reconstitution of the M. thermo-
autotrophicus enzyme is not efficient or consistent (due perhaps to
poor solubility of two of the proteins!?), the inclusion of Mth1483p
in reconstitution assays does not improve activity (Fig. 3).
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An additional line of evidence against a role for Alba homologs
in Archaea as RNase P subunits is that deletion of the gene for Alba
(albA) in Methanococcus voltae does not affect growth, but does affect
the overall protein pattern in a way similar to deletion mutants
of the other chromatin protein genes hmvA and hstB, encoding
a histone-like protein and a histone, respectively.?® In contrast,
deletion of any of the ten nuclear RNase P proteins in S. cerevisiae
is lethal,4 as is elimination of the single RNase P protein in Bacillus
subtilis?

In conclusion, although there is evidence that the H. sapiens
homolog of the archaeal chromatin protein Alba is physically
associated with RNase P, the biochemical evidence does not support
a second role for Alba in the archacal RNase P holoenzyme. Given
that other eukaryotic nuclear RNase P enzymes (e.g., yeast) do not
contain clear homologs of this protein, if the Rpp25 protein really
is a subunit of the human enzyme, it seems more likely that this
represents a recruitment of this protein to the RNase P holoenzyme
in a recent (in evolution time scales) ancestor of humans, rather than
an ancient link between chromatin structure and RNA processing,.
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