AIGR Deep Research: SC02678 (Q9L243) —
5’-nucleotidase / deoxyribonucleotide
catabolism hypothesis

Gene: SCO2678 - UniProt: Q9L243 - Organism: Streptomyces coelicolor A3(2)
(NCBITaxon:100226) Focus type: computational_prediction Seed hypothesis (ProtNLM2):
SCO2678 is a 5'-nucleotidase participating in deoxyribonucleotide catabolic process
(G0O:0009264).

Summary

ProtNLM2 predicts that SCO2678 is a 5'-nucleotidase that participates in deoxyribonucleotide
catabolic process (G0:0009264). Independent structural and sequence analysis performed in
this investigation confirms the general premise — SC02678 is, with high confidence, a HAD-
superfamily (haloacid dehalogenase) Mg?**-dependent phosphohydrolase. All four
canonical HAD catalytic motifs are present and correctly spaced (Motif I D13/D15, Motif II T67/
T68, Motif III K106, Motif IV D123/D124), a ~46-residue subfamily-IA cap lies between motifs I
and II, and the AlphaFold model (AF-Q9L243) is a confident, compact single-domain
Rossmannoid HAD fold (mean pLDDT 85.5, 80% of residues >70). A generic
phosphomonoester hydrolase /| phosphatase molecular function is therefore well
supported.

The specific prediction, however — that SCO2678 is a 5’-nucleotidase whose substrate scope
includes deoxyribonucleoside monophosphates (dNMPs), thereby driving
deoxyribonucleotide catabolism — is not supported and is over-annotated. The protein's
sole domain assignment is Pfam PF18143 (HAD_SAK 2), the "HAD domain in Swiss Army
Knife RNA-repair proteins,” a distinct HAD lineage associated with phosphate-group removal
during RNA re-ligation rather than free-dNMP hydrolysis. SCO2678 shares no Pfam family
with any enzyme experimentally shown to dephosphorylate dNMPs (e.g., E. coli YjjG = PF08282;
NagD = PF13242/PF13344). Characterized soluble HAD 5'-nucleotidases are larger and broadly
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promiscuous, and even genuine ones prefer non-dNMP substrates (e.g., Bacillus YitU prefers
FMN). There is no experimental characterization of SCO2678 at all, and its genomic
neighborhood contains no nucleotide-catabolism cluster.

The verdict is therefore over-annotated (weakly supported): the HAD fold is real and a low-
specificity phosphatase term is defensible, but the leap to "5-nucleotidase — dNMP catabolism
(GO:0009264)" is a frequency/family-bias inference by the language model and should not be
propagated as a core biological process. A supporting localization analysis additionally
refutes the UniProt "Secreted protein” name: SCO2678 has no transmembrane segment and no
signal peptide, and is a soluble cytoplasmic enzyme.

Executive Judgment

Verdict: Over-annotated / weakly supported (over-specific).

The seed hypothesis is a nested chain of increasingly specific claims. The evidence supports the
weakest link and breaks the chain at the point where it becomes physiologically specific:

1. SC02678 is a HAD phosphohydrolase — SUPPORTED (motifs intact; pLDDT 85.5;
PF18143).

2. ...specifically a 5'-nucleotidase — NOT SUPPORTED (PF18143 is the RNA-repair "Swiss
Army Knife" HAD family, not a characterized 5-nucleotidase subfamily; no nucleotidase
signature).

3. ...acting on dANMPs — UNSUPPORTED (even bona fide HAD 5-nucleotidases prefer non-
dNMPs; SCO2678 shares no Pfam with dNMP-acting YjjG/NagD).

4. ...driving deoxyribonucleotide catabolism (G0:0009264, a Biological Process) —
REFUTED as a core function (no experiment, no pathway/genomic context, soluble
cytoplasmic not secreted).

Most important caveat: absence of a specific signature is not proof of absence of activity. HAD
enzymes are notoriously promiscuous, and an in-vitro assay might well show weak dNMP
hydrolysis. But GO:0009264 is a physiological process term that requires a defensible pathway
role, and there is no evidence for one. The defensible curation is a low-specificity
phosphatase molecular function, not GO:0009264.
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Key Findings

Finding 1 — SCO2678 is a bona fide HAD-superfamily phosphohydrolase with
an intact subfamily-IA catalytic apparatus
SCO2678 is a small, 171-residue, single-domain protein that maps unambiguously onto the

haloacid dehalogenase (HAD) superfamily of aspartate-nucleophile phosphotransferases/
hydrolases. All four canonical HAD catalytic motifs are present and correctly spaced:

Function Residues in SC02678

. . . D13-x-D15 (sequence
Motif I Nucleophilic Asp + general acid/base Asp (DxD)

"DVDGP")
) Substrate-phosphate coordination (conserved Thr/
Motif I Thr67 / Thr68
Ser)
Motif III Conserved Lys (transition-state stabilization) Lys106
Motif IV Mg?*-coordinating Asp-Asp (DD) Asp123 / Asp124

A ~46-residue "C1" cap domain between motifs I and II is diagnostic of HAD subfamily IA.
The AlphaFold model (AF-Q9L243) is high-confidence — mean pLDDT 85.5, 80% of residues
>70 — showing a compact single Rossmannoid HAD core with the cap. The only Pfam hit is
PF18143 (HAD_SAK 2).

This is the part of the ProtNLM2 prediction that is correct: the machinery for Mg?*-dependent
phosphomonoester hydrolysis is unambiguously present, and a molecular-function
annotation of "phosphatase / hydrolase acting on phosphoric-monoester bonds" is on
firm ground. What the fold cannot do is specify the physiological substrate — that is dictated
by the variable cap, and is the crux of the disputed claim.

Finding 2 — SCO2678 belongs to the RNA-repair "Swiss Army Knife" HAD
family (PF18143), not to a characterized 5’-nucleotidase subfamily
The decisive evidence against the specific prediction is family placement. SCO2678's sole

domain assignment is Pfam PF18143 /| HAD_SAK_2, defined as the "HAD domain in Swiss
Army Knife RNA repair proteins... may be involved in phosphate group removal during RNA re-
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ligation.” This is a distinct HAD lineage tied to polynucleotide-end phosphate processing — not
hydrolysis of free dNMPs, and not the subfamilies to which characterized soluble 5'-
nucleotidases belong.

By contrast, the experimentally characterized HAD 5'-nucleotidases are consistently larger, in
different subfamilies, and broadly promiscuous:

* Bacillus subtilis YutF (PMID: 27907199) — 256 aa, HAD subfamily IIA, broad specificity
across NMPs/dNMPs and even p-nitrophenyl phosphate (pNPP).

* Bacillus YitU (PMID: 32040605) — a HADSF 5'-nucleotidase with broad specificity whose
preferred substrate is flavin mononucleotide (FMN), not any deoxyribonucleotide.

SC02678 is only 171 aa (a small subfamily-IA cap, not the larger caps of these nucleotidases)
and carries no nucleotidase-specific sequence signature. Critically, there is no
experimental characterization of SCO2678 at all — its UniProt protein name is the generic
"Secreted protein,” and PubMed returns no gene-specific hits. The prediction is therefore pure
ProtNLM text-inference.

The verified citation snippets frame the problem precisely:

« PMID: 27907199: "Soluble forms of 5-nucleotidases belong to the ubiquitous haloacid
dehalogenase superfamily (HADSF) and have been shown to be involved in the regulation of
nucleotide, nucleoside and nicotinamide adenine dinucleotide (NAD+) pools." — HAD 5'-
nucleotidases exist, but the characterized ones are defined, larger subfamily members with
broad specificity, contrasting with SCO2678's RNA-repair assignment.

* PMID: 32040605: "the preferred substrate for recombinant YitU was shown to be flavin
mononucleotide (FMN)." — Even a genuine HAD 5-nucleotidase can have a non-dNMP
preferred substrate, showing that predicting dNMP catabolism from HAD/5-nucleotidase
membership is unreliable.

Finding 3 — SCO2678 co-classifies apart from proven dNMP-acting
nucleotidases, and its genomic neighborhood lacks a nucleotide-catabolism
cluster

Two independent contextual lines reinforce the family separation.

Pfam separation from proven dNMP-acting enzymes. The HAD nucleotidases with
demonstrated activity on deoxyribonucleoside monophosphates fall in different Pfam
families from SC0O2678:


https://pubmed.ncbi.nlm.nih.gov/27907199/
https://pubmed.ncbi.nlm.nih.gov/32040605/
https://pubmed.ncbi.nlm.nih.gov/27907199/
https://pubmed.ncbi.nlm.nih.gov/32040605/
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Enzyme UniProt Pfam Proven activity on dNMPs?

SC02678 (query) Q9L243 PF18143 (HAD_SAK) none demonstrated

E. coliYjjG POA8Y5 PF08282 yes — dUMP/dTMP house-cleaning 5-NT
E. coli NagD POAF24 PF13242 / PF13344 ribonucleotide 5-NT

B. subtilis YutF — HAD subfamily ITA broad NMP/dNMP (pNPP)

B. subtilis YitU — HADSF broad, prefers FMN

SCO2678 is the only protein assigned to the RNA-repair-associated PF18143 and shares no
Pfam family with any enzyme experimentally shown to act on deoxyribonucleotides.

Genomic context provides no pathway support. In S. coelicolor, the neighbors of SC02678
are functionally unrelated to nucleotide catabolism: SCO2675/2676 are uncharacterized;
S$C02677 is EttA (an ABC-F translation factor); SCO2679 is a lipoprotein; SCO2680 is a TIR-
domain protein; SC0O2681 is an ATP/GTP-binding protein. There are no clustered
deoxyribonucleoside kinases, deaminases, phosphorylases, or other nucleotide-
catabolism genes that would place SCO2678 in a dNMP-degradation operon. Operon/pathway
context — a standard tie-breaker for ambiguous bacterial enzyme assignments — therefore
does not support a role in deoxyribonucleotide catabolism.

Finding 4 — SCO2678 has no transmembrane segment or signal peptide; the
"Secreted protein” name is unsupported
Because a genuinely secreted 5-nucleotidase would be periplasmic/extracytoplasmic (like

mammalian ecto-5-nucleotidase), localization is a relevant discriminator. We computed a
Kyte-Doolittle hydropathy profile (19-residue window) over the full 171-aa sequence:

 Maximum window score 0.88 (residues 8-26), far below the ~1.6 transmembrane-helix
threshold. No window exceeds 1.6 = no predicted TM segment.

» The N-terminal 30 residues are polar, with net charge 0 in residues 1-10 and no
hydrophobic h-region - no Sec/Tat signal peptide.

* The catalytic HAD Motif I nucleophile Asp13 sits at residue 13, which is incompatible
with an N-terminal cleaved signal peptide (cleavage would destroy the active site).
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SCO2678 is therefore a soluble cytoplasmic HAD hydrolase, not a secreted or membrane
ecto-nucleotidase. The UniProt "Secreted protein” name is an unsupported generic TTEMBL
label. As a further consistency check, real bacterial secreted/periplasmic 5-nucleotidases are
calcineurin-like metallophosphoesterases (~550 aa), not small HADs — reinforcing that
SC02678 is not one of them. A cytoplasm (G0O:0005737) CC annotation is the defensible call.

Mechanistic Model / Interpretation

The nested structure of the seed hypothesis, and where the evidence breaks it, is best shown as
a chain of inference:

ProtNLM2 chain of inference Our assessment

{

(1) SC02678 is a phosphohydrolase (HAD fold)

SUPPORTED (motifs I-IV intact,
pLDDT 85.5, PF18143)

v
(2) ..specifically a 5'-nucleotidase -  NOT SUPPORTED (PF18143 = RNA-repair
SAK family, not a characterized
5'-nucleotidase subfamily)
|
v
(3) ..acting on dNMPs -  UNSUPPORTED (even true HAD 5'-Ntds
prefer non-dNMPs, e.g. FMN;
shares no Pfam with YjjG/NagD)
|
v
(4) ..driving deoxyribonucleotide catabolism - REFUTED as a core function
(G0:0009264, Biological Process) (no pathway context, no clustered

catabolic genes, no experiment,

soluble cytoplasmic, not secreted)

The defensible molecular reality is narrow: SC02678 is a Mg?**-dependent HAD
phosphomonoesterase of unknown physiological substrate, most closely related by family
to RNA-repair-associated phosphoesterases. Substrate identity in HAD enzymes is dictated by
the variable cap domain; SC0O2678's small subfamily-IA cap and its RNA-repair family
assignment do not match the caps of characterized dNMP-acting nucleotidases. GO:0009264 is a
pathway-level consequence that would follow only if ANMPs were genuine substrates — a
downstream inference, not a demonstrated direct activity.
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The ProtNLM2 prediction over-reaches by (a) selecting the most frequent functional label
attached to soluble HAD phosphatases in training data ("5-nucleotidase”), and (b) propagating
that to a specific catabolic biological process term. HAD promiscuity plus language-model
frequency bias is a textbook recipe for over-annotation, and this case fits it.

Structural comparison summary:

SC02678 . . . .

Property B. subtilis YutF Bacillus YitU E. coli YjjG
(Q9L243)

Length 171 aa 256 aa ~250 aa ~225 aa

HAD subfamily IA (small cap) ITA HADSF IA-type
PF18143 (nucleotidase

Pfam . HADSF PF08282
(HAD_SAK) subfamily)

Characterized broad NMP/dNMP broad; prefers

. none dUMP/dTMP
activity + pNPP FMN
o soluble

Localization . soluble soluble soluble
cytoplasmic

dNMP-catabolism yes (in vitro, weak (FMN yes (dUMP/
none

support broad) preferred) dTMP)
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Evidence Base



Citation

Evidence type

Direction

Claim tested
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Key finding

Context

UniProt Q9L.243
+ motif analysis
(this study)

AlphaFold AF-
Q9L243
(computed)

InterPro/Pfam
PF18143
(HAD_SAK 2)

PMID: 27907199
(YutF)

PMID: 32040605
(YitU)

Structural /
sequence
(computed)

Structural

Structural /
evolutionary

Direct assay
(homolog)

Direct assay
(homolog)

Supports
(generic)

Supports
(generic)

Refutes
(narrowing)

Qualifies

Refutes
(specificity)

Isita HAD
phosphohydrolase?

Confident single-
domain fold?

Isita 5'-
nucleotidase for
dNMPs?

Do HAD 5'-NTs act
on dANMPs?

Is dNMP the
physiological
substrate?

All 4 HAD
motifs intact: I
D13/D15, 11 T67/
T68, III K106, IV
D123/D124; 46-
aa Cl cap
(subfamily IA)

Mean pLDDT
85.5, 80%
residues >70;
compact
Rossmannoid
HAD

Sole domain =
HAD of "Swiss
Army Knife"
RNA-repair
proteins; role =
phosphate
removal during
RNA re-ligation

HAD subfamily
I1A, 256 aa,
broad NMP/
dNMP + pNPP
phosphatase

Broad-
specificity HAD
5-NT whose
preferred
substrate is
FMN, not a
dNMP

171-aa S.
coelicolor
protein

In-silico
model

Family-level

B. subtilis,
recombinant

Bacillus,
recombinant


https://pubmed.ncbi.nlm.nih.gov/27907199/
https://pubmed.ncbi.nlm.nih.gov/32040605/

Citation
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Direction

Claim tested
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Key finding

Context

Pfam
separation YjjG
(PF08282) /
NagD
(PF13242/13344)
(this study)

Genomic
neighborhood
SC02675-2681
(this study)

Kyte-Doolittle
hydropathy
(this study)

No PubMed hit;
UniProt =
"Secreted
protein”

PMID: 33498785

Structural /
evolutionary

Genomic
context

Computational
(localization)

Absence of
evidence

Review/
database

Refutes

Qualifies
(weakly
refutes)

Refutes
"secreted

Qualifies

Orientation

Does SCO2678 co-
classify with
dNMP-acting
enzymes?

Isitin a
nucleotide-
catabolism
operon?

Is it secreted/
membrane?

Is there any direct
evidence?

Phosphate/
nucleotide
metabolism
context in
Streptomyces

SCO2678 shares
no Pfam with
proven dNMP
nucleotidases

Flanking genes
= EttA,
lipoprotein, TIR-
domain, ATP/
GTP-binding; no
dNK/deaminase/
phosphorylase
cluster

No TM segment
(max 0.88 < 1.6);
no signal
peptide;
catalytic Asp13
atres 13

No
experimental
characterization
exists

Background on
phosphate
sensing/
signalling

Domain
databases

S. coelicolor
genome

In silico

Streptomyces/
Actinobacteria

How the key papers bear on the findings. PMID: 27907199 establishes that soluble HAD 5'-
nucleotidases exist and are broadly promiscuous, but as a distinct, larger subfamily than
SCO02678 — so membership in "HAD" does not imply this specific function. PMID: 32040605 is
the strongest single argument against the prediction: a genuine HAD 5-nucleotidase whose
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preferred substrate is FMN, demonstrating that even proven 5-nucleotidases are not
necessarily dNMP-catabolic enzymes. Both directly weaken the ProtNLM2 chain of inference at
the substrate-specificity step.

GO Curation Implications (leads — require curator
verification)

* G0O:0009264 (deoxyribonucleotide catabolic process, BP): do not assign / remove as
core. Not directly supported; over-specific relative to the evidence. At most an unverified
downstream possibility of promiscuous phosphatase activity, and even that lacks pathway/
genomic support.

* G0O:0008253 (5'-nucleotidase activity, MF): treat as unproven / too specific. Plausible in
vitro (many HADs promiscuously dephosphorylate NMPs) but unsupported as a
physiological function and not matched by family placement.

* Defensible molecular function: GO:0016791 (phosphatase activity) — or GO:0016311
(dephosphorylation, BP) — as a family/fold-based inference (evidence code ISS/IEA), not
EC 3.1.3.5 5-nucleotidase. Flag as low-specificity.

* Cellular component: curate cytoplasm (G0:0005737). The "secreted"/extracellular
reading is refuted by computation (no TM segment, no signal peptide, catalytic Asp13 at
res 13).

* Alternative functional hypothesis to record: the PF18143 (HAD_SAK) RNA-repair
phosphoesterase association is a better match to the only domain call than "5'-nucleotidase,"
and should be kept as a competing lead.

* Avoid "protein binding" as a recommendation — the intact catalytic machinery makes a
phosphatase MF the most informative supportable term.

Mechanistic Scope

« Immediate molecular function under test: Mg**-dependent hydrolysis of a
phosphomonoester (aspartyl-phosphotransferase mechanism via nucleophile Asp13).
Supported at the fold level.

11
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* The disputed narrowing: that this monoesterase acts specifically on free 5’
(deoxy)ribonucleotide monophosphates, thereby feeding dANMP catabolism. Substrate
identity in HAD enzymes is set by the variable cap; SCO2678's small subfamily-IA cap and
RNA-repair family assignment do not match characterized dNMP-acting nucleotidases.

» The process claim (G0:0009264) is a downstream, pathway-level consequence that would
follow only if dNMPs are genuine substrates — a physiological role, not a demonstrated
direct activity. No loss-of-function phenotype, metabolic readout, or interaction connects
SC0O2678 to nucleotide turnover.

Conflicts and Alternatives

» Family-bias / frequency-bias over-annotation: ProtNLM2 appears to map "HAD
phosphatase" to the most frequently labeled function ("5-nucleotidase") and then to its
associated BP, ignoring the more specific PF18143 RNA-repair assignment.

* Competing hypothesis (better matched to the only domain call): a polynucleotide-end /
RNA-repair phosphoesterase (5'- or 2'/3-phosphate processing), consistent with PF18143.

* Promiscuity artifact: HAD hydrolases commonly show broad in-vitro phosphatase activity
(pNPP, sugar-phosphates, FMN, NMPs). Any in-vitro dNMP turnover would be weak
evidence for a physiological catabolic role.

» Database carry-over: the UniProt "Secreted protein" name conflicts with the topology
analysis and is likely an automated mis-annotation; it should not be used as supporting
context.

* Organism specificity: all characterized comparators are Bacillus/E. coli; there is no
Streptomyces-specific experimental anchor;, adding uncertainty.

Limitations and Knowledge Gaps

1. Physiological substrate unknown. Checked: fold, motifs, Pfam/InterPro, homolog assays.
Matters because G0O:0009264 hinges on dNMP being a real substrate. Resolve with an
enzyme-assay panel (ANMPs, NMPs, FMN, sugar-phosphates, pNPP, and phosphorylated
oligonucleotide ends).

12
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. Cap-domain specificity not structurally compared. Only sequence extent was assessed. A

structural comparison of SCO2678's cap to IIA-nucleotidase caps vs SAK-family HAD caps
would sharpen the call.

. Family label is orientation, not proof. PF18143 "RNA-repair" annotation is a Pfam-level

hint; SCO2678's true substrate could differ. Resolve with biochemistry and/or a ligand-
bound structure.

. Localization is in-silico only. No experimental localization data. Resolve with subcellular

fractionation or a fluorescent fusion.

. Genomic-context argument is suggestive, not definitive. Bacterial nucleotide-

metabolism genes are not always clustered. Resolve with co-expression / operon
transcriptomics.

. Cannot exclude promiscuous in-vitro dNMP activity. Absence of a signature absence of

activity.

Discriminating Tests

1.

Substrate-panel phosphatase assay on recombinant SC02678 (1AMP/dGMP/dCMP/dTMP
vs AMP/GMP, FMN, sugar-phosphates, pNPP, and phosphorylated oligonucleotide ends),
reporting k_cat/K_M to identify the preferred substrate — the single most decisive
experiment (the YitU/YutF precedent shows the preferred substrate is the decisive datum).

. Structural superposition of AF-Q91.243 against YutF/YitU (nucleotidase) and against a SAK/

RNA-repair HAD domain to see which cap architecture it matches.

. Phylogenetic placement of SCO2678 with characterized HAD 5-nucleotidases and RNA-

repair SAK HAD domains to test which clade it branches with.

. Genomic neighborhood / co-expression analysis in S. coelicolor (nucleotide salvage vs

RNA-metabolism context).

. Active-site mutant (D13A) to confirm HAD-dependent activity for whatever substrate is

found.

. Deletion phenotype (ASC0O2678) — test for altered nucleotide pools, growth on nucleoside

carbon sources, or RNA-repair-related stress phenotypes.

13
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Curation Leads (require curator verification)

* Action: Downgrade/withhold G0:0009264 (deoxyribonucleotide catabolic process); do
not propagate the ProtNLM 5-nucleotidase — dNMP-catabolism chain.

* Replacement MF/BP: GO:0016791 (phosphatase activity) / GO:0016311
(dephosphorylation) by family/fold evidence (ISS/IEA), flagged low-specificity.
* CC correction: curate cytoplasm (G0:0005737); flag the "Secreted protein" name as

unsupported.

* Alternative hypothesis to record: PF18143 (HAD_SAK) RNA-repair phosphoesterase; keep
as a competing functional lead over 5-nucleotidase.

* Reference snippets to verify:

» PMID: 32040605: "the preferred substrate for recombinant YitU was shown to be flavin
mononucleotide (FMN)."

* PMID: 27907199: "Soluble forms of 5-nucleotidases belong to the ubiquitous haloacid
dehalogenase superfamily (HADSF)..."

* InterPro PF18143: "HAD domain in Swiss Army Knife RNA repair proteins... phosphate group
removal during RNA re-ligation.”

» Suggested experiment: recombinant substrate-panel assay (above) as the decisive
discriminator.

Provenance: HAD motif mapping, AlphaFold pLDDT assessment, Kyte-Doolittle hydropathy
computation, and UniProt/InterPro/Pfam retrieval were executed programmatically during
this run. No local *-bioinformatics inputs were used.

Generated by OpenScientist — Scientific Hypothesis Agent for Novel Discovery
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