C180rf21 / DUF4674 Fold Assignment:
Deep Research Report

Executive Judgment

Verdict: REFUTED — The seed hypothesis that C18orf21 has "no established molecular
function" and that the DUF4674 fold "remains genuinely unassignable" is refuted by
converging structural, biochemical, and genetic evidence published in 2025-2026.

Three independent research groups identified C18orf21 as RMP24 (Ribonuclease MRP protein
subunit p24), a constitutive and specific subunit of the human RNase MRP ribonucleoprotein
complex (PMID: 40867056, PMID: 39974906, PMID: 41888142, PMID: 41136609). The DUF4674/
Rmp24-like fold can be confidently assigned to the RPP21/Rpr2/SNM1 structural superfamily
of RNase P/MRP subunits, based on:

1. Foldseek structural homology: When the C18orf21 AlphaFold model (Q32NCO0) is searched
against the AlphaFold/SwissProt database, RPP21 orthologues from three species appear as
the closest non-self structural homologs (E-values 2.7x107* — 9.0x107%).

2. Literature confirmation: Smith et al. (PMID: 41136609, PMID: 39974906) explicitly state
"C18o0rf21/RMP24 and RPP21 display significant structural homology."

3. Experimental structure: Cryo-EM structures of human RNase MRP containing C18orf21/
RMP24 (chain K) have been deposited (PDB: 9UH9 at 3.47 A, 9UH7 at 2.84 A).

4. Zinc coordination: Analysis of PDB 9UH9 reveals a Cys, tetrahedral zinc site (CYS43, CYS46,
CYS104, CYS107; Zn-SG distances 2.32-2.33 A; mean SG-Zn-SG angle = 109.5° + 2.6°),
matching the zinc-binding motif described for archaeal RPP21 (PMID: 18922021).

Critical caveat regarding the narrow hypothesis formulation: A single Foldseek search
against PDB only (PDB100) does NOT confidently assign the fold — all PDB hits had probability
<36% and E-value >0.25. The confident assignment requires searching the AlphaFold
structural database, where RPP21 homology is clearly detected. This is because RPP21 itself
lacks a standalone experimental PDB structure (it is only present as part of larger complexes
not well-indexed in PDB100 for Foldseek matching).
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Gene nomenclature note: HGNC has already renamed C18orf21 — RMP24 (HGNC:28802,
approved symbol, modified 2025-03-28). The previous name "chromosome 18 open reading
frame 21" is deprecated.

Summary

C18o0rf21 (chromosome 18 open reading frame 21), now officially renamed RMP24 by the
HGNC (approved 2025-03-28), encodes a 220-residue protein belonging to the DUF4674/
UPF0711 family. This investigation tested whether the DUF4674 fold can be confidently
assigned to a known structural superfamily using Foldseek structural-homology searches of
the AlphaFold-predicted model (UniProt Q32NCO0).

The key finding is a database-dependent outcome: searching PDB100 alone yields no
confident structural matches (best hit: ribosomal protein L11 at 35.3% probability, E-value
0.25), but searching the AlphaFold/Swiss-Prot database identifies RPP21 (ribonuclease P
protein subunit p21) as a clear structural homolog across multiple species (E-values ~107%). This
computational finding has been independently validated by three research groups in 2025-
2026, who demonstrated through cryo-EM structural analysis and biochemical experiments
that C18orf21/RMP24 is an RNase MRP-specific subunit with structural homology to RPP21 but
distinct complex-specific interactions. The protein contains a conserved Cyss tetrahedral zinc
finger (CxxC-x57-CxxC motif) directly observed in the cryo-EM structure at PDB 9UH9, with
near-ideal coordination geometry (mean SG-Zn-SG angle: 109.5° + 2.6°).

For GO curation, the unknown/ND molecular function designation for C18orf21/RMP24 should
be replaced with experimentally supported terms: zinc ion binding (G0O:0008270), RNA
binding (G0:0003723), rRNA processing (G0:0006364), and ribonuclease MRP complex
(GO:0000171). The evidence base is strong, comprising cryo-EM structures, functional assays,
and convergent identification by independent groups.
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Key Findings

Finding 1: DUF4674 Fold Is Undetectable Against PDB Alone but Assignable
to RPP21 Superfamily via AlphaFold DB

The AlphaFold model for C18orf21 (UniProt Q32NC0) was searched against two structural
databases using Foldseek. Against PDB100, all hits fell below the confidence threshold: the top
hit was ribosomal protein L11 at only 35.3% probability (E-value 0.25), far below the ~70%
probability threshold typically used for confident fold assignment. This result, taken in
isolation, would support classifying DUF4674 as a genuinely novel fold with no assignable
superfamily.

However, searching the AlphaFold/Swiss-Prot database yielded a qualitatively different
result. RPP21 orthologs from three species were identified as structural homologs: mouse
RPP21 (Q8R040, E-value 2.7x107*), Xenopus RPP21 (Q5TM57, E-value 3.8x107*), and human
RPP21 (Q9H633, E-value 9.0x107*). The yeast ortholog SNM1 (P40993) was also detected at E-
value 4.3x107*. The structured cores are comparable in size (C18orf21: ~120 aa with mean
pLDDT 90.3; RPP21: ~115 aa with mean pLDDT 95.1) and share similar secondary structure
content (62 helix/32 strand vs. 57 helix/31 strand residues). Crucially, both proteins contain two
CxxC motifs forming a zinc-binding site: C18orf21 has CPYC(43-46) and CKTC(104-107), while
RPP21 has CRGC(62-65) and CLTC(92-95). Despite this structural similarity, sequence identity is
below 15%, explaining why sequence-based methods fail to detect the relationship.
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| Feature C18orf21/RMP24 RPP21
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I
UniProt Q32NCo Q9H633
Length 220 aa 154 aa
pfam PF15719 (Rmp24-like) PFO4032 (Rpr2/Rpp21)
Structured core ~120 aa (res 2-125) ~115 aa (res 3-117)
Core mean pLDDT 90.3 95.1
Core SS content H=62, E=32 H=57, E=31 |
CxxC motifs CPYC (43), CKTC (104) CRGC (62), CLTC (92)
Basic residues 22.7% 16.9%
Complex RNase MRP (specific) RNase P (specific)
Foldseek E-value ~10-* (structural homology) |
Sequence identity <15% (undetectable by BLAST)
PDB structure 9UH9 chain K (3.47R) | No standalone PDB
Function rRNA processing | tRNA processing

Figure 1. Structural comparison of C18orf21 (DUF4674) and RPP21 showing pLDDT confidence profiles and summary
of shared features. Both proteins have well-structured cores of similar size with conserved CxxC zinc-binding motifs
and similar secondary structure composition, despite less than 15% sequence identity.

Finding 2: C180rf21/RMP24 Is an RNase MRP-Specific Subunit Required for
rRNA Processing

Three independent research groups converged on the same discovery in 2025-2026:

1. Liu et al. (2025) (PMID: 40867056 / PMID: 40027791) identified NEPRO and C180RF21 as
constitutive subunits of metazoan RNase MRP and renamed them RMP64 and RMP24,
respectively. They reported: "Here, we identify NEPRO and C180RF21 (which we renamed
RMP64 and RMP24, respectively) as constitutive subunits of metazoan RNase MRP." The
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study further showed that "NEPRO and C180RF21 each form a complex with all other
subunits of RNase MRP, stabilize its catalytic RNA, and are required for rRNA maturation
and cell proliferation.”

2. Smith et al. (2025) (PMID: 39974906) independently identified the same proteins, naming
C18orf21 as RMRPP1, and demonstrated that "RMRPP1 and Rpp21 display significant
structural homology, but we identify specific regions that drive interactions with their
respective complexes."

3.Zhou et al. (2026) (PMID: 41888142) provided cryo-EM structural confirmation and
comprehensive  functional characterization, reporting: "Using structure-based
bioinformatics and cryo-EM structural analyses, we identify NEPRO (RMP64) and C18orf21
(RMP24) as the bona fide subunits unique to RNase MRP, which are indispensable for
precursor-rRNA cleavage, ribosome assembly, protein synthesis, and chondrogenesis."

A companion study (PMID: 41136609) further demonstrated that "By targeting these RNase
MRP-specific subunits, our functional analysis reveals that RNase MRP is essential for rRNA
processing and preferentially required for 40S ribosome biogenesis."

The convergent identification by independent groups using different methodologies
(proteomics, structural biology, bioinformatics) provides exceptionally strong evidence.
C18o0rf21/RMP24 is specific to RNase MRP and absent from the closely related RNase P complex
— distinguishing these two ribonucleoprotein enzymes, which share most of their protein
subunits.

Finding 3: InterPro/Pfam Classify DUF4674 and RPP21 as Separate Families

Despite the demonstrated structural homology, current sequence-based classification
databases have not unified these families. InterPro classifies C18orf21 under IPR029779
(Rmp24-like, family-level, no parent superfamily) and RPP21 under IPR007175 (Rpr2/Snm1/
Rpp21, family-level). The corresponding Pfam families are PF15719 (Rmp24-like) and PF04032
(Rpr2/Rpp21/SNM1). No shared superfamily or homologous superfamily grouping exists in
InterPro as of June 2026. ECOD, SCOP2, and CATH entries for PDB 9UH9 are not yet available.

This gap between structural evidence and database classification is significant: it means that
automated pipelines relying solely on InterPro/Pfam annotations would not detect the RPP21
relationship and would continue to classify DUF4674 as functionally uncharacterized. The
Pfam description for PF15719 has been updated to "Ribonuclease MRP subunit P24-like" but
still lacks GO term assignments.
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Finding 4: Cys, Tetrahedral Zinc Finger Confirmed by Cryo-EM

The cryo-EM structure at PDB 9UH9 (3.47 A resolution, chain K) directly visualizes a zinc atom
(ZN 301) coordinated by four cysteine residues: CYS43, CYS46, CYS104, and CYS107. The zinc
coordination geometry is near-ideal:

Measurement Value Ideal

Zn-SG distances 2.32-2.33A 2.30-2.35 A

Mean SG-Zn-SG angle 109.5° + 2.6° 109.5° (tetrahedral)
Individual angles 105.7°,107.4°,108.5°, 110.6°, 110.8°, 113.7° —

Zinc-binding motif CxxC-x(57)-CxxC C4-type zinc finger
Coordinating residues CPYC(43-46) + CKTC(104-107) —

CYS18 (the only other cysteine in the protein) is not involved in zinc coordination (16.2 A from
the zinc atom). The archaeal RPP21 homolog from Pyrococcus furiosus also contains a zinc-
binding motif confirmed by NMR (PMID: 18922021): "Pfu RPP21 in solution consists of an
unstructured N-terminus, two alpha-helices, a zinc binding motif, and an unstructured C-
terminus." This supports the zinc finger as a shared ancestral feature of the RPP21/RMP24
structural superfamily.


https://pubmed.ncbi.nlm.nih.gov/18922021/
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C. Zinc-Finger Comparison:
C180rf21/RMP24 vs RPP21

Feature C18orf21/RMP24 RPP21
Complex RNase MRP RNase P
Zinc motif 1 CPYC (43-46) CRGC (62-65)
Zinc motif 2 CKTC (104-107) CLTC (92-95)

CxxC spacing

CXxXC-x(57)-CxxC

CxXC-x(26)-CxxC

Coordination

Cysa (confirmed)

Cysa (by analogy)

Zn in PDB Yes (9UH9) Not standalone
Zn distances 2.32-2.33A N/A
Geometry Tetrahedral Tetrahedralt
Sequence ID <15% —
° Foldseek E ~10-4 —

*Inferred from archaeal RPP21 NMR (PMID: 18922021)

D. Key Evidence Summary for Fold Assignment

VERDICT: DUF4674 fold is ASSIGNABLE to RPP21/Rpr2 structural superfamily

Foldseek vs PDB10O:
Foldseek vs AlphaFold DB:
Experimental structure:
Zinc coordination:
Shared with RPP21:
Literature (2025-2026):

GO

MF:
MF:
BP:
cc:

CURATION LEADS:

No confident matches (best prob=35.3%) - fold appears "novel"

RPP21 clearly detected (E=10-%) - fold is RPP21-like

PDB 9UH9 (3.47R) — 118/220 residues resolved in cryo-EM

Cyss tetrahedral zinc (CYS43/46/104/107), distances 2.32-2.33R
Zinc-binding CxxC-x(n)-CxxC motif, a-helical core, RNA binding

3 groups independently identified C18orf21=RMP24 (RNase MRP subunit)

G0:0008270 (zinc ion binding) — direct structural evidence from PDB 9UH9
G0:0003723 (RNA binding) — stabilizes RNase MRP catalytic RNA
G0:0006364 (rRNA processing) — required for pre-rRNA cleavage
G0:0000171 (ribonuclease MRP complex) — cryo-EM-confirmed subunit

Figure 2. Comprehensive analysis of C180rf21/RMP24 zinc coordination and structural features. Panel includes pLDDT
confidence profile of the AlphaFold model showing high-confidence structured core, zinc coordination schematic with
tetrahedral Cys, geometry from PDB 9UHY, structural comparison with RPP21, and evidence summary.

Finding 5: HGNC Gene Renaming Confirms Functional Assignment

The Human Gene Nomenclature Committee (HGNC) has officially renamed C18orf21 to RMP24
(HGNC:28802, approved 2025-03-28). The updated nomenclature reflects the established

function:
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Field Previous Current

Symbol C18orf21 RMP24

Name Chromosome 18 open reading frame 21 Ribonuclease MRP subunit p24
Gene group — RNase MRP complex subunits
OMIM — 621218

A pseudogene, RMP24P1 (HGNC:57042), exists at 4q21.23. The HGNC renaming represents an
official recognition that this gene is no longer "uncharacterized."
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Key Finding

MRP with
C18orf21/RMP24
(PDB: 9UHY,
9UH7); reveals
double-anchor
substrate-binding
mechanism

Archaeal RPP21
contains two
alpha-helices and
a zinc-binding
motif — same
topology as
C18orf21/RMP24

C18orf21
highlighted as
minimally
characterized
protein within a
detectable
protein complex

No confident PDB
hits (best
prob=35.3%,
E=0.25)

RPP21 detected
as structural
homolog (E~107%)
from 3 species;
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detected
(E=4.3x107%)
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GO Curation Implications

Current state

* HGNC symbol: RMP24 (formerly C18orf21), HGNC:28802, approved 2025-03-28
» Pfam PF15719 (Rmp24-like): No GO terms assigned

* InterPro IPR029779 (Rmp24-like): No GO terms; description updated to reflect RNase MRP
subunit role

12
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* UniProt Q32NCO0: Function annotated as "Specific component of the MRP ribonucleoprotein
endoribonuclease." Subcellular location: Nucleus

Recommended curation leads (require curator verification)

Molecular Function (MF): - Lead 1 — Zinc ion binding: Annotate with GO:0008270 (zinc ion
binding). Direct structural evidence from PDB 9UH9: Cys, tetrahedral zinc coordination (CYS43,
CYS46, CYS104, CYS107), with ideal bond distances (2.32-2.33 A) and geometry (mean angle
109.5°). This is the zinc finger motif shared with RPP21 (PMID: 18922021). - Lead 2 — RNA
binding: Annotate with G0:0003723 (RNA binding), supported by the RNA-stabilizing role
(PMID: 40867056) and cryo-EM showing direct contact with catalytic RNA. Consider more
specific term G0:0030515 (snoRNA binding) if the RNase MRP RNA qualifies. - Avoid: Do not
annotate with ribonuclease activity (G0O:0004540) — the protein subunit is not the catalytic
component; catalysis resides in the RNA moiety.

Biological Process (BP): - Lead 3: Annotate with GO:0006364 (rRNA processing), supported by
multiple direct assays showing requirement for pre-rRNA cleavage (PMID: 40867056, PMID:
41136609, PMID: 41888142). - Lead 4: Consider GO0:0042274 (ribosomal small subunit
biogenesis), supported by Smith et al. showing RNase MRP is preferentially required for 40S
ribosome biogenesis (PMID: 41136609).

Cellular Component (CC): - Lead 5: Annotate with GO:0000171 (ribonuclease MRP complex),
supported by all four primary papers and cryo-EM structure. - Lead 6: Annotate with
GO0:0005730 (nucleolus), consistent with nuclear localization and rRNA processing function.

Function assignment vs. "unknown/ND"

The evidence overwhelmingly supports that the unknown/ND designation for molecular
function should be replaced. The gene product is a zinc-binding ribonucleoprotein subunit
with RNA-stabilizing activity within the RNase MRP complex. This is not a downstream
phenotype or pleiotropic effect — it is the direct molecular activity of the protein.

13
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Mechanistic Scope

Direct gene-product activity

C18o0rf21/RMP24 is a zinc-binding structural/accessory protein subunit of the RNase MRP
ribonucleoprotein complex. Its direct activities are: 1. Zinc ion binding: Cys, tetrahedral zinc
coordination via CxxC-x(57)-CxxC motif (CPYC at 43-46, CKTC at 104-107). Confirmed by PDB
9UHS9. 2. RNA binding/stabilization: Stabilizes the catalytic RNA moiety of RNase MRP (PMID:
40027791) 3. Complex assembly: Forms a complex with all other RNase MRP subunits;
required for complex integrity 4. Substrate specificity determination: Together with NEPRO/
RMP64, distinguishes RNase MRP from RNase P (which uses RPP21 instead)

Downstream consequences (not direct activity)

* Pre-rRNA cleavage (catalyzed by the RNA, not RMP24 itself)
* 40S ribosome biogenesis

* Protein synthesis

e Cell proliferation

* Chondrogenesis (PMID: 41888142)

Fold relationship to RPP21

The DUF4674 fold is a structural paralog of the RPP21/Rpr2 fold. Both serve as subunit-
specificity determinants in related ribonucleoprotein complexes: - RMP24/C18orf21: Specific to
RNase MRP — rRNA processing - RPP21/Rpp21: Specific to RNase P — tRNA processing

Both share: - Similar structured core size (~120 residues vs ~115 residues) - Similar secondary
structure (helix-rich, ~38% helix) - Conserved Cyss zinc-binding motif (CxxC-x(n)-CxxC) - High
basic residue content (22.7% vs 16.9%) - Sequence identity <15% (below BLAST detection
threshold) - Functional analogy as specificity-conferring subunits of related RNP complexes

14
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Evolutionary relationship:

Ancestral zinc-binding
RNP subunit (CxxC-CxxC)

|
| |

RMP24 RPP21
(DUF4674) (Rpr2/SNM1)

RNase MRP RNase P
(rRNA) (tRNA)

Conflicts and Alternatives

Conflict with seed hypothesis

The seed hypothesis frames C18orf21 as "uncharacterized" with "no established molecular
function." This was accurate before 2025 but is now definitively incorrect. Multiple groups
independently identified the function using complementary approaches (proteomics,
structural biology, functional genomics). HGNC renamed the gene from C18orf21 to RMP24 on
2025-03-28.

Naming ambiguity

The protein has been given different names by different groups: - RMP24 (Liu et al. 2025; Zhou
et al. 2026) — adopted by UniProt and HGNC - RMRPP1 (Smith et al. 2025) - RMP24 is now the
official HGNC symbol (HGNC:28802)

Fold assignment nuance

While the structural homology to RPP21 is confirmed, the two families remain classified
separately in InterPro/Pfam (IPR029779 vs IPR007175, PF15719 vs PF04032). No formal
superfamily grouping exists yet. This is a classification database lag, not a scientific
disagreement. Both share zinc-binding CxxC motifs (confirmed structurally for C18orf21 in
PDB 9UH9 and for archaeal RPP21 by NMR in PMID: 18922021).

15
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PDB-only Foldseek limitation

The seed hypothesis specifically asks about a "single Foldseek structural-homology search of its
AlphaFold model against the PDB." Against PDB100, the search returns only weak hits. This is
because: 1. RPP21 has no standalone experimental PDB structure well-indexed in Foldseek
PDB100 2. The RNase MRP structures (9UH9, 9UH7) are very recent (2026) and may not yet be
fully indexed 3. The true structural homologs are detectable only in the AlphaFold database

No evidence of catalytic activity

Despite being part of an RNase complex, RMP24 itself is not the catalytic subunit. The catalytic
activity resides in the RNA component of RNase MRP. RMP24 should not be annotated with
ribonuclease activity (GO:0004540) or related catalytic terms.

Partial resolution in cryo-EM

Only 118 of 220 residues (53.6%) of C18orf21/RMP24 are resolved in PDB 9UH9 (residues 2-
119). The C-terminal half (residues 120-220) is disordered and unresolved, consistent with
AlphaFold predictions (pLDDT <50 for residues 126-185). The zinc-binding core (residues 43—
107) is well-resolved.

16
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What would resolve
it

No formal
superfamily
classification

PF15719 has no
GO terms

Direct RNA-
binding
specificity
unknown

Isoform-specific
function unclear

C-terminal half
function
unknown

Zinc finger
functional
requirement

RMP24P1
pseudogene
relevance

InterPro, Pfam, ECOD,
CATH databases

InterPro API query

Literature review; no
CLIP-seq of isolated
RMP24

UniProt shows
alternative sequence
for residues 1-88
(isoform 2)

AlphaFold pLDDT <50
for res 126-185; not
resolved in cryo-EM

Zinc coordination
confirmed
structurally

HGNC:57042 at
4q21.23

Affects automated
annotation pipelines and
Pfam2GO

Prevents Pfam2GO-based
annotation for DUF4674
family

Needed for precise MF
annotation (RNA binding vs
snoRNA binding)

Different isoforms may
have different functions;
isoform 2 lacks N-terminal
helix including CYS18

May have regulatory or
interaction function in
disordered state

Is zinc required for folding
only, or also for RNA
binding/catalysis?

May indicate recent gene
duplication; relevant for
expression studies
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Discriminating Tests

1.

ECOD/SCOP classification of PDB 9UH9: Once structural classification databases process
the new cryo-EM structures, they should create a formal superfamily linking Rmp24-like
and Rpr2/Rpp21 families. This would resolve the fold assignment question definitively.

. Direct RNA-binding assay: EMSA or filter-binding assay with purified RMP24 and RNase
MRP RNA to determine whether the protein binds RNA directly or requires other subunits
for RNA interaction. This distinguishes GO0:0003723 (RNA binding) from a structural-
scaffolding-only role.

. Zinc mutation analysis: Mutate CYS43, CYS46, CYS104, or CYS107 to serine and test for: (a)
loss of zinc binding by ICP-MS, (b) loss of RNase MRP complex assembly, (c) loss of rRNA
processing. This directly tests the functional requirement of zinc coordination.

4. Foldseek re-search with updated PDB: Once PDB 9UH9/9UH7 are indexed, repeat the

C

Foldseek search against PDB100. The fold should become assignable from PDB alone via
cross-match to RPP21 in complex structures.

.DALI structural comparison: Submit the experimental coordinates of chain K from PDB
9UHO (residues 2-119) to the DALI server for comprehensive structural comparison against
all PDB entries.

uration Leads

Lead 1: Replace unknown/ND with RNase MRP subunit annotations

* Action: Remove unknown/ND for molecular function

» Candidate MF: GO:0008270 (zinc ion binding) — structural evidence from PDB 9UH9;
G0:0003723 (RNA binding) — functional evidence from PMID: 40027791

» Candidate BP: GO:0006364 (rRNA processing)

» Candidate CC: GO:0000171 (ribonuclease MRP complex)

» Evidence: PMID: 40867056, PMID: 41136609, PMID: 41888142 (direct experimental)
 Confidence: High
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* Key quote to verify (PMID: 40867056): "Here, we identify NEPRO and C180RF21 (which we
renamed RMP64 and RMP24, respectively) as constitutive subunits of metazoan RNase
MRP."

Lead 2: Fold assignment to RPP21 structural superfamily

* Action: Note structural homology to RPP21/Rpr2 family (PF04032/IPR007175)

* Evidence: Foldseek E-value ~107* (AlphaFold DB), confirmed by PMID: 41136609
("significant structural homology"); shared Cyss zinc finger confirmed by PDB 9UH9 and
PMID: 18922021

» Implication: DUF4674 is not a genuinely novel fold — it is a highly divergent member of
the RPP21-like structural superfamily with a conserved zinc-binding topology

 Caveat: No formal SCOP/ECOD/CATH superfamily grouping exists yet

Lead 3: Gene symbol update

* Action: Use current HGNC symbol RMP24 (HGNC:28802)
« Status: HGNC approved 2025-03-28; C18orf21 is now the previous symbol
* OMIM: 621218

* Gene group: RNase MRP complex subunits

Lead 4: Zinc ion binding MF annotation

* Action: Add GO:0008270 (zinc ion binding) with IDA evidence from PDB 9UH9

» Evidence: Cryo-EM structure shows ZN atom coordinated tetrahedrally by CYS43, CYS46,
CYS104, CYS107 with ideal distances (2.32-2.33 A) and geometry (109.5° + 2.6°)

* Key quote to verify (PMID: 18922021, for comparison): "Pfu RPP21 in solution consists of
an unstructured N-terminus, two alpha-helices, a zinc binding motif, and an unstructured
C-terminus."

Lead 5: InterPro superfamily proposal

* Action: Propose creation of a shared superfamily encompassing IPR029779 (Rmp24-like)
and IPR007175 (Rpr2/Rpp21/SNM1)

* Rationale: Structural homology confirmed computationally (Foldseek E ~107%) and
experimentally (three independent cryo-EM/structural studies)

* References: PMID: 39974906, PMID: 41136609
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Lead 6: Pfam GO mapping for PF15719
 Action: Submit Pfam2GO mapping for PF15719 (Rmp24-like) — G0O:0008270, GO:0003723,
G0:0000171

 Rationale: Would enable automatic annotation of RMP24 orthologs across species

Lead 7: Disease relevance via RNase MIRP

* Note: Mutations in RNase MRP RNA (RMRP gene) cause cartilage-hair hypoplasia (CHH,
OMIM #250250). Zhou et al. (PMID: 41888142) show C180rf21/RMP24 is required for
chondrogenesis, suggesting potential relevance to CHH pathology through the same
complex.

* Action: Consider disease annotation linkage

Computational Provenance

Analysis 1: Foldseek vs PDB100
* Method: Submitted AlphaFold model AF-Q32NC0-F1-model_v6 to Foldseek REST API
(search.foldseek.com), mode=3diaa, database=pdb100

* Result: 25 hits returned, all with probability <36%. Top hit: ribosomal protein L11 (5col,
prob=35.3%, E=0.25, alnlen=80, seqid=16.2%). No RPP21 match.

* Interpretation: PDB-only search fails to assign the fold.

Analysis 2: Foldseek vs AlphaFold databases

* Method: Same model, databases=afdb50 + afdb-swissprot

* Result (afdb-swissprot): 84 hits. After self/ortholog matches (top 5, all DUF4674 family),
next non-self hits are: (6) C. elegans C16C4.19 (E=1.4x107%), (7) mouse RPP21/Q8R040
(E=2.7x107*), (8) Xenopus RPP21/Q5TM57 (E=3.8x107%), (9) human RPP21/Q9H633
(E=9.0x107%), (10) yeast SNM1/P40993 (E=4.3x107%).

* Interpretation: RPP21 is the closest structural homolog outside the DUF4674 family,
confirming fold assignment.
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Analysis 3: AlphaFold pLDDT

» Method: Parsed B-factor column from AlphaFold v6 model AF-Q32NCO0-F1

* Result: Mean pLDDT=74.0; structured core (res 2-125): mean=90.3; disordered region (res
126-185): mean <50

Analysis 4: Zinc coordination (PDB 9UH9)

*» Method: Downloaded PDB 9UH9, extracted chain K atoms and HETATM zinc

* Result: ZN(301) coordinated by SG atoms of CYS43, CYS46, CYS104, CYS107. Zn-SG distances:
2.32-2.33 A. Six SG-Zn-SG angles: 113.7°, 110.8°, 107.4°, 108.5°, 105.7°, 110.6° (mean=109.5° +
2.6°, ideal tetrahedral=109.5°). CYS18 is 16.2 A from Zn (not coordinating).

* Interpretation: C4-type (Cyss) tetrahedral zinc finger confirmed. CxxC-x(57)-CxxC motif.

Analysis 5: Experimental structure coverage

e Method: Parsed PDB 9UH9 chain K CA atoms

* Result: 118 of 220 residues modeled (53.6%), continuous segment residues 2-119. B-factor
range: 71.0-409.8 (mean 173.7).

* Interpretation: Structured N-terminal core well-resolved; C-terminal half disordered/
unresolved.

Analysis 6: HGNC nomenclature

* Method: REST API query to rest.genenames.org

* Result: HGNC:28802, current symbol=RMP24, previous symbol=C18orf21,

name="ribonuclease MRP subunit p24", gene group="RNase MRP complex subunits",
OMIM:621218

Report generated 2026-06-22. Based on 2 iterations of autonomous investigation covering
Foldseek structural homology search, AlphaFold model analysis, cryo-EM structure validation,

zinc coordination geometry, InterPro/Pfam classification, HGNC nomenclature, and systematic
literature review of 8 papers.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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