Table S1. Electronic resources related to the structural, sequence, and functional analysis of the Nudix superfamily (DOI1:10.6078/D1CC74).

Resource
Number

Title

Type

Explanation

Digital Object
Identifier (DOI)

1

mysql_dump char+nudix 0
4062014.sql

SQL

MySQL database dump file. The database contains experimental data on
Nudix proteins with journal references. Refer to Resource 2 for detailed
information of its structure.

10.6078/d17p4v

The layout of the Nudix
MySQL database.pdf

PDF

Schematic schema of MySQL database containing Nudix protein names,
relevant experimental data and their source references. Each box indicates a
MySQL table. The arrows represent the foreign key linkages between tables.
The data entries are stored as kinetic, screening or genetic data, each with
distinct table organizations. Each data is linked with a GO term. The
references are stored as either PubMed IDs or DOI addresses.

10.6078/d13w2x

Nudix data collection.xIsx

Excel

Summary of Nudix enzyme’s functions collected from the literature. All
experimental data for Nudix proteins were categorized into six different
evidence types (represented by six sheets of this file): 1) kcat/Km, 2) kcat, 3)
Km, 4) relative activity, 5) other biochemical activity (e.g. gel
electrophoresis, HPLC, X-ray crystal structure), and 6) genetic evidence
(e.g. knockouts, complementation). All data are compiled in a master sheet
“all data” where each row corresponds to one protein activity pair.
Additional rows are included where a given activity was investigated more
than once. This file also has a sheet “GO terms” for all the Gene Ontology
terms associated with at least one activity.

10.6078/d1059d

Initial score assignment.xIsx

Excel

To describe confidence in function assignment of Nudix proteins, six
evidence types were first classified as either biochemical or genetic, and
biochemical evidence were further categorized into four subcategories: 1)
kcat/Km, 2) pseudo kcat/Km (explained below), 3) relative activity, and 4)
others (represented by five sheets of this file). All data points were assigned
a score based on our scoring scheme (Table 4). In each sheets, the data and
their corresponding scores are shown side-by-side. There is an additional
sheet “kk used for pseudo kk”, which contains a set of protein activities that
had both their kcat/Km values and relative activities determined. In such
cases, the kcat/Km value was used to approximate pseudo kcat/Km values
for other relative activities in the same screening group.

10.6078/d1vc7g

Final score assignment.xIsx

Excel

To describe confidence in function assignment of Nudix proteins, the two
sheets “biochemical scores” and “genetic scores” combine all initial score
assignments that belong to the two categories. Within the category, the
maximum score of a given protein function was designated as Spiocnem and
Seenetic in the sheet “overall scores”. The overall score was calculated by the
equation: Syverall = 1 = (1 = Sgenetic) X (1 = Spiochem)- This score was adjusted to

10.6078/d1qp46
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take into account the abundance of annotations for a given enzyme using an
R script (explained below). The sheet “final scores” shows the score before
(Soverann) and after the adjustment (Sgpar)-

generate score biochem ge
netic.R

R script

This script combines biochemical and genetic confidence scores to yield and
integrated score. Two sheets, “score_biochem.csv”’ (Resource 7) and
“score_genetic.csv”’ (Resource 8) are used as the input files of the R script
“generate_score_biochem_genetic.R”, which yields an output file,
“score_biochem_genetic.csv” (Resource 9). Syyer 18 calculated as an
additional column in the sheet, and the result is saved as

“score_biochem genetic_soverall.csv” (Resource 10).

10.6078/d1kw28

score_biochem.csv

CcSv

Input file for Resource 6; derived from Resource 5.

10.6078/d1g59r

score_genetic.csv

CSv

Input file for Resource 6; derived from Resource 5.

10.6078/d1bc7t

score_biochem genetic.csv

CcSv

Output file for Resource 6

10.6078/d16p4j

10

score_biochem genetic_sov
erall.csv

CSv

Output file for Resource 6 and input file for Resource 11

10.6078/d1301k

11

generate_score final.R

R script

The script “generate_score final.R” is run to compute the final adjusted
scores saved as “score_final.csv” from
"score biochem genetic soverall.csv"

10.6078/d1z593

12

score_final.csv

CSv

Output file for Resource 11, with score S[final]

10.6078/d1tg6t

13

GOA analysis results.xIsx

Excel

Comparison between our literature-based study of Nudix functions and those
in GOA. The sheet “GOA_Comparison” shows the final comparison result
between our Nudix database and UniProt GOA (release 2013-12-11). The
main content in this sheet is reprinted as Table 5 in the main text of the
paper. The sheet “Statistics” contains information to derive the GOA-related
statistics mentioned in the abstract, introduction, and result part of the main
text. The sheet “MySQL _040614” contains the same protein-function-score
tuples as in the “Final Score Assignment” Excel file, and in addition
provides curated function assignments (Columns D and E) resulting from the
GOA comparison. The three sheets “UniProt GOA 121113-
EXP/NONEXP/NONF” contains all GO assignments to Nudix proteins in
GOA release 2013-12-11. The sheet “GO_Terms” contains the complete
proposed and current GO terms used in this paper to describe the Nudix
protein collection; the main content in this sheet is reprinted as Tables 1 and
2. The sheet “GO_Hierarchy proposed” contains the proposed GO
hierarchy, and is reprinted as Figure S2. Finally, the sheet
“GO_Hierarchy 010114” is an archive of the existed GO hierarchy for
Nudix-related terms as of 2014-01-01.

10.6078/d1pp4w

14

Pipelines to build sequence
alignments of the Nudix

PDF

Graphical representation of the steps used to reconstruct sequence
alignments of the Nudix superfamily, as described in the Materials and

10.6078/D1K01X
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superfamily.pdf

Methods section. (A) The pipeline to build the 78-PDB structure guided
sequence alignment. (B) The pipeline to build the 324-core sequence
alignment guided by the 78-PDB sequence alignment. (C) The pipeline to
build the alignment of the complete Nudix clan (38,950 sequences). (D)
Ilustration of how to combine two alignment into one guided by a scaffold
alignment.

15 3DCOMB alignment.py Python The file “3DCOMB alignment.py” is a structural alignment of 78 proteins 10.6078/D1F59F
script with PDB entires; can be opened with Chimera v1.6.2 **.
16 46-PDB alignment.fa FASTA | 46-PDB sequence alignment in FASTA format; can be opened by most 10.6078/D19G65
sequence alignment visualization software such as Jalview >°.
17 78-PDB alignment.fa FASTA 76-PDB sequence alignment in FASTA format; can be opened by most 10.6078/D15P47
sequence alignment visualization software such as Jalview >°.
18 340 select nudix Excel The Excel file “340 select nudix proteins.xIsx” contains information of 340 10.6078/D12018
proteins.xlsx select Nudix proteins, the subsets of which comprise of all alignments
discussed in the paper except the “Nudix-clan alignment”. The information
related to the PDB structures is reprinted in Table 3. Columns K, L, M and
N indicates the starting and ending residues of domains used in the
alignments. For each protein, the best-characterized activity with the highest
confidence score, when available, is recorded in Columns O, P and Q; such
information was obtained from Resource 4.
19 324-core alignment.fa FASTA 324-core sequence alignment in FASTA format; can be opened by most 10.6078/D1X59S
sequence alignment visualization software such as Jalview >°.
20 347-select alignment.fa FASTA | 347-select sequence alignment in FASTA format can be opened by most 10.6078/D1SG6H
sequence alignment visualization software such as Jalview >°.
21 Nudix-clan alignment.fa FASTA | Full Nudix clan alignment in FASTA format; can be opened by most 10.6078/D1NP4K
sequence alignment visualization software such as Jalview >°.
22 347-select tree.newick Newick Phylogenetic tree of the 347-select proteins. It can be opened by most 10.6078/D1J01M
phylogeny visualization software such as Dendroscope v3.2.8 ®.
23 347-select tree Dendrosc | Reconciled tree of proteins in the 347-select set. The files in Dendroscope 10.6078/D1D594
reconciled.dendro ope format have the same tree topologies as the Newick format, and additionally
contain rich information such as reconciliation, bootstrap and so on; these
files can be opened by earlier version of Dendroscope (v3.2.8 or earlier) 66
24 Nudix-clan tree.newick Newick Phylogenetic tree of the entire Nudix clan. It can be opened by most 10.6078/D18G6V
phylogeny visualization software such as Dendroscope v3.2.8 66
25 Nudix-clan tree Dendrosc | Reconciled tree of the entire Nudix clan. The files in Dendroscope format 10.6078/D14S3K
reconciled.dendro ope have the same tree topologies as the Newick format, and additionally contain
rich information such as reconciliation, bootstrap and so on; these files can
be opened by earlier version of Dendroscope (v3.2.8 or earlier) ®.
26 Figure 5 347-select tree high | PDF Original high-resolution PDF used to generate Figure 5 in the main text of 10.6078/D1101Z

resolution.pdf

the paper, with the 347-select tree. It can be zoomed-in to a high degree to
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visualize the details of the trees.

27

Figure S4 Nudix-clan tree
high resolution.pdf

PDF

Original high-resolution PDF used to generate Figure S4 in the main text of
the paper, with the entire Nudix clan. It can be zoomed-in to a high degree to
visualize the details of the trees.
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Figure S1. Pipelines to build sequence alignments of the Nudix superfamily. The detailed
steps are described in the Materials and Methods section. (A) The pipeline to build the 78-PDB
structure guided sequence alignment. (B) The pipeline to build the 324-core sequence alignment
guided by the 78-PDB sequence alignment. (C) The pipeline to build the alignment of the
complete Nudix clan (38,950 sequences). (D) Illustration of how to combine two alignment into

one guided by a scaffold alignment.
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Figure S2. Proposed Gene Ontology hierarchy. This region of the classification is a strict
hierarchy, not a DAG, except as indicated below. New terms are begun with either A (terms with
experimental support) or AP (parent terms proposed only for the structure of the hierarchy). The
relationships between parent and child terms are represented with indents. The proposed changes,
when applicable, are indicated by superscripts in front of GO term IDs: a — change name; b —
change definition; ¢ — change parent; d — add parent; e — remove; f — newly proposed. When a
term has two parents, the term is shown in black under one parent and grey in the other. The

removed term is indicated with strikethrough.
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Figure S3. Nudix box sequences in the structure-induced sequence alignment. UniProt Entry
Names and PDB IDs of 78 Nudix enzymes and their Nudix box sequences are shown in the
alignment. The most conserved positions are indicated in bold on top of the alignment. The top
38 enzymes have at least one substitution in one of the most conserved positions, or one insertion
or deletion between the conserved positions. The Clustal X color scheme was applied to all

residues.
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Figure S4. Phylogeny of the complete Nudix clan, with 38,950 unique Nudix domains that
match the HMM of one of the Pfam families in Pfam v27.0 (Mar 2013). The phylogeny was
constructed with FastTree * and mid-point rooted. The branch lengths of the tree are omitted for
simplicity. The protein domains with experimental annotations are the same as those in Fig. 5.
The domains of life of leaves are indicated on the side of the phylogeny as follows: solid
diamonds (bacteria), circles (eukaryota), triangles (archaea), or squares (virus). The clades,
functions, and IDs of leaves are indicated as in Fig. 5 for protein domains with experimental
annotations. When the text labels of multiple leaves overlapped, one leaf is shown in black, and

others are shown in light grey. A high-resolution version is available in Table S1, Resource 2.



