
 
Table S1. Electronic resources related to the structural, sequence, and functional analysis of the Nudix superfamily (DOI: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 
 

2 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 
 

3 Nudix data collection.xlsx 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 
 

4 Initial score assignment.xlsx 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 
 

5 Final score assignment.xlsx 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 Sbiochem and 
Sgenetic in the sheet “overall scores”. The overall score was calculated by the 
equation: Soverall = 1 - (1 - Sgenetic) × (1 - Sbiochem). 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 
(Soverall) and after the adjustment (Sfinal).  

6 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).  Soverall is calculated as an 
additional column in the sheet, and the result is saved as 
“score_biochem_genetic_soverall.csv” (Resource 10).  

10.6078/d1kw28 
 

7 score_biochem.csv csv Input file for Resource 6; derived from Resource 5. 10.6078/d1g59r 
8 score_genetic.csv csv Input file for Resource 6; derived from Resource 5. 10.6078/d1bc7t 
9 score_biochem_genetic.csv csv 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.xlsx 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) 
Illustration of how to combine two alignment into one guided by a scaffold 
alignment. 

15 3DCOMB alignment.py Python 
script 

The file “3DCOMB alignment.py” is a structural alignment of 78 proteins 
with PDB entires; can be opened with Chimera v1.6.2 52. 

10.6078/D1F59F 

16 46-PDB alignment.fa FASTA 46-PDB sequence alignment in FASTA format; can be opened by most 
sequence alignment visualization software such as Jalview 53. 

10.6078/D19G65 

17 78-PDB alignment.fa FASTA 76-PDB sequence alignment in FASTA format; can be opened by most 
sequence alignment visualization software such as Jalview 53. 

10.6078/D15P47 

18 340 select nudix 
proteins.xlsx 

Excel The Excel file “340 select nudix proteins.xlsx” contains information of 340 
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. 

10.6078/D12018 

19 324-core alignment.fa 
 

FASTA 324-core sequence alignment in FASTA format; can be opened by most 
sequence alignment visualization software such as Jalview 53. 

10.6078/D1X59S 

20 347-select alignment.fa FASTA 347-select sequence alignment in FASTA format can be opened by most 
sequence alignment visualization software such as Jalview 53. 

10.6078/D1SG6H 

21 Nudix-clan alignment.fa FASTA Full Nudix clan alignment in FASTA format; can be opened by most 
sequence alignment visualization software such as Jalview 53. 

10.6078/D1NP4K 

22 347-select tree.newick Newick Phylogenetic tree of the 347-select proteins. It can be opened by most 
phylogeny visualization software such as Dendroscope v3.2.8 66. 

10.6078/D1J01M 

23 347-select tree 
reconciled.dendro 

Dendrosc
ope 

Reconciled tree of proteins in the 347-select set.  The files in Dendroscope 
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. 

10.6078/D1D594 

24 Nudix-clan tree.newick Newick Phylogenetic tree of the entire Nudix clan. It can be opened by most 
phylogeny visualization software such as Dendroscope v3.2.8 66. 

10.6078/D18G6V 

25 Nudix-clan tree 
reconciled.dendro 

Dendrosc
ope 

Reconciled tree of the entire Nudix clan.  The files in Dendroscope 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. 

10.6078/D14S3K 

26 Figure 5 347-select tree high 
resolution.pdf 

PDF Original high-resolution PDF used to generate Figure 5 in the main text of 
the paper, with the 347-select tree. It can be zoomed-in to a high degree to 

10.6078/D1101Z 
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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. 

10.6078/D1W884 

http://dx.doi.org/10.6078/D1W884


Scaffold Alignment 1 Alignment 2
(D)

324-core 
alignment

38,950 
Nudix clan 
query seqs

MAFFT --add 
for each 

subgroup

(C)

+
Separate 
into 16 

subgroups

Combine subgroup 
alignments using 

324-core as scaffold

Nudix-clan 
alignment

MAFFT fast 
and rough 
alignment

Build a 
FastTree 

tree

347-select 
alignment

subset
Build a 

FastTree 
tree

78-PDB 
alignment

246-query 
domains

HMMER 
--profile 78-PDB

Compare with 
46-PDB alignment

Compare & align 
well conserved parts

Ite
ra

tiv
e

(B)
+

MAFFT
--seed 78-PDB

MAFFT for 
subgroups

Compare & align 
less conserved parts

Build a RAxML tree 
to sort alignment

See if adjacent 
seqs are alignable

324-core alignment

MAFFT for subgroups

19 DALI 
subgroups 
of 78 PDBs

BLASTp 
246-query 

against
78 PDBs

Use top hits 
to classify 
queries to 
subgroups

For query seqs in 
each subgroup: 
MAFFT --seed 

subgroup-PDBs

Pfam 
domains

Collect 
78 PDBs

Trim PDBs and 
select chains

3DCOMB alignment

Compare with 
46-PDB alignment

Well 
conserved 

part

Align 
C-termini

Cluster with 
DALI scores

Align within 
DALI clusters

Build a RAxML tree 
to sort alignment

See if adjacent 
seqs are alignable

78-PDB alignment

Ite
ra

tiv
e

(A)

Less 
conserved 

part

Figure S1



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. 

 

 

 

 

 

 

 

 

 

 

 

 

 



GO:0008534 oxidized purine nucleobase lesion DNA N-glycosylase activity a name changed
f A001 2-hydroxy-adenine DNA N-glycoslyase activity b definition changed

GO:0016462 pyrophosphatase activity c parent changed
f A085 oxothiamine-diphosphatase activity d parent added
f A086 oxythiamine-diphosphatase activity e merged
f A087 thiamine triphosphate phosphatase activity (product undefined) f proposed

ac GO:0050333 thiamine-triphosphatase activity (Pi yielding)
f A107 UDP-hexanolamine diphosphatase activity
f A112 UDP-N-acetyl-muramoyl-L-alanine diphosphatase activity
f A117 CDP-ethanolamine diphosphatase activity
f A127 CDP-choline diphosphatase activity

GO:0000298 endopolyphosphatase activity
GO:0000810 diacylglycerol diphosphate phosphatase activity
GO:0002145 4-amino-5-hydroxymethyl-2-methylpyrimidine diphosphatase activity
GO:0004309 exopolyphosphatase activity
GO:0004427 inorganic diphosphatase activity

bc GO:0004787 thiamine-pyrophosphatase activity
GO:0008715 CDP-diacylglycerol diphosphatase activity
GO:0009678 hydrogen-translocating pyrophosphatase activity

a GO:0019177 dihydroneopterin triphosphate pyrophosphohydrolase activity (PPi yielding)
GO:0043135 5-phosphoribosyl 1-pyrophosphate pyrophosphatase activity
GO:0047430 oligosaccharide-diphosphodolichol diphosphatase activity
GO:0047734 CDP-glycerol diphosphatase activity
GO:0047874 dolichyldiphosphatase activity
GO:0050355 triphosphatase activity
GO:0050380 undecaprenyl-diphosphatase activity

f AP001 nucleoside-polyphosphate phosphatase activity
f A004 2-hydroxy-deoxyadenosine triphosphate phosphatase activity (product undefined)
f A005 8-oxo-guanosine triphosphate phosphatase activity (product undefined)

df A006 8-oxo-guanosine triphosphatase activity (Pi yielding)
ad GO:0008413 8-oxo-GTP pyrophosphatase activity (PPi yielding)

f A008 5-methyl-deoxycytidine triphosphate phosphatase activity (product undefined)
df A007 5-methyl-deoxycytidine triphosphate pyrophosphatase activity (PPi yielding)

f A009 5-methyl-uridine triphosphate phosphatase activity (product undefined)
f A010 5-hydroxy-cytidine triphosphate phosphatase activity (product undefined) (product undefined)
f A011 5-hydroxy-deoxycytidine triphosphate phosphatase activity (product undefined)
f A014 8-hydroxy-deoxyadenosine triphosphate phosphatase activity (product undefined)

df A013 8-hydroxy-deoxyadenosine triphosphate pyrophosphatase activity (PPi yielding)
f A016 8-oxo-deoxyguanosine triphosphate phosphatase activity (product undefined)

df A015 8-oxo-deoxyguanosine triphosphatase activity (Pi yielding)
ad GO:0035539 8-oxo-dGTP pyrophosphatase activity (PPi yielding)

f A029 arabinofuranosylcytosine triphosphate phosphatase activity (product undefined)
f A030 adenosine triphosphate phosphatase activity (product undefined)

ad GO:0016887 ATPase activity (Pi yielding)
ad GO:0047693 ATP diphosphatase activity (PPi yielding)

f A034 cytidine triphosphate phosphatase activity (product undefined)
df A061 CTP pyrophosphatase activity (PPi yielding)
ad GO:0043273 CTPase activity (Pi yielding)

f A055 deoxyadenosine triphosphate phosphatase activity (product undefined)
ad GO:0008828 dATP pyrophosphohydrolase activity (PPi yielding)

f A057 deoxycytidine triphosphate phosphatase activity (product undefined)
df A058 deoxycytidine triphosphatase activity (stepwise)
ad GO:0047840 dCTP diphosphatase activity (PPi yielding)

f A060 deoxyguanosine triphosphate phosphatase activity (product undefined)
ad GO:0036217 dGTP diphosphatase activity (PPi yielding)

f A062 uridine triphosphate phosphatase activity (product undefined)
ad GO:0036221 UTP diphosphatase activity (PPi yielding)

f A063 deoxyuridine triphosphate phosphatase activity (product undefined)
df A064 deoxyuridine triphosphatase activity (stepwise)

f A076 guanosine triphosphate phosphatase activity (product undefined)
df A077 guanosine triphosphatase activity (stepwise)
ad GO:0003924 GTPase activity (Pi yielding)
ad GO:0036219 GTP diphosphatase activity (PPi yielding)

f A080 inosine triphosphate phosphatase activity (product undefined)
ad GO:0036220 ITP diphosphatase activity (PPi yielding)

f A082 N4-methyl-deoxycytidine triphosphate phosphatase activity (product undefined)
f A088 adenosine tetraphosphate phosphatase activity (product undefined)

f A089 adenosine tetraphosphatase activity (AMP yielding)
ac GO:0047624 adenosine tetraphosphatase activity (ATP yielding)

f A090 guanosine tetraphosphate phosphatase activity (product undefined)
f A091 adenosine pentaphosphate phosphatase activity (product undefined)

f A136 adenosine pentaphosphate phosphatase activity (ATP yielding)
f A099 thymidine triphosphate phosphatase activity (product undefined)

df A100 thymidine triphosphatase activity (stepwise)
ad GO:0050339 TTPase activity (Pi yielding)
ad GO:0036218 TTP diphosphatase activity (PPi yielding)

c GO:0017110 nucleoside-diphosphatase activity
f A094 guanosine 3',5'-bis(diphosphate) diphosphate phosphatase activity (product undefined)

f A095 guanosine 3',5'-bis(diphosphate) diphosphatase activity (stepwise)
f A133 thymidine-diphosphatase activity

GO:0004382 guanosine-diphosphatase activity
GO:0036384 cytidine diphosphatase activity
GO:0043262 adenosine-diphosphatase activity
GO:0044716 8-oxo-GDP phosphatase activity
GO:0045134 uridine-diphosphatase activity
GO:0090450 inosine-diphosphatase activity

ac GO:0017111 nucleoside-triphosphatase activity (Pi yielding)
df A006 8-oxo-guanosine triphosphatase activity (Pi yielding)
df A015 8-oxo-deoxyguanosine triphosphatase activity (Pi yielding)
df A058 deoxycytidine triphosphatase activity (stepwise)
df A064 deoxyuridine triphosphatase activity (stepwise)
df A077 guanosine triphosphatase activity (stepwise)
df A100 thymidine triphosphatase activity (stepwise)
df A113 uridine triphosphatase activity (stepwise)

GO:0003774 motor activity
ad GO:0003924 GTPase activity (Pi yielding)

GO:0004386 helicase activity
ac GO:0008894 guanosine-5'-triphosphate,3'-diphosphate diphosphatase activity (Pi yielding)
ad GO:0016887 ATPase activity (Pi yielding)

GO:0036310 annealing helicase activity
ad GO:0043273 CTPase activity (Pi yielding)
ad GO:0050339 TTPase activity (Pi yielding)

GO:0060589 nucleoside-triphosphatase regulator activity
ac GO:0047429 nucleoside-triphosphate diphosphatase activity (PPi yielding)

df A007 5-methyl-deoxycytidine triphosphate pyrophosphatase activity (PPi yielding)
f A012 8-hydroxy-adenosine triphosphate pyrophophatase activity (PPi yielding)

df A013 8-hydroxy-deoxyadenosine triphosphate pyrophosphatase activity (PPi yielding)
df A061 CTP pyrophosphatase activity (PPi yielding)

f A131 3'-amino-3'-dATP pyrophosphatase activity (PPi yielding)
f A132 3'-amino-3'-TTP pyrophosphatase activity (PPi yielding)
a GO:0004170 dUTP diphosphatase activity (PPi yielding)

ac GO:0004636 phosphoribosyl-ATP diphosphatase activity (PPi yielding)
ad GO:0008413 8-oxo-GTP pyrophosphatase activity (PPi yielding)
ad GO:0008828 dATP pyrophosphohydrolase activity (PPi yielding)
ad GO:0035539 8-oxo-dGTP pyrophosphatase activity (PPi yielding)

a GO:0035870 dITP diphosphatase activity (PPi yielding)
ad GO:0036217 dGTP diphosphatase activity (PPi yielding)
ad GO:0036218 TTP diphosphatase activity (PPi yielding)
ad GO:0036219 GTP diphosphatase activity (PPi yielding)
ad GO:0036220 ITP diphosphatase activity (PPi yielding)
ad GO:0036221 UTP diphosphatase activity (PPi yielding)

a GO:0036222 XTP diphosphatase activity (PPi yielding)
a GO:0044713 2-OH-ATP pyrophosphatase activity (PPi yielding)

ab GO:0044714 2-OH-dATP pyrophosphatase activity (PPi yielding)
ad GO:0047693 ATP diphosphatase activity (PPi yielding)
ad GO:0047840 dCTP diphosphatase activity (PPi yielding)

c GO:0097382 deoxynucleoside-diphosphatase activity
f A002 2-hydroxy-deoxyadenosine diphosphatase activity
f A035 deoxyadenosine diphosphatase activity
f A056 deoxycytidine diphosphatase activity
f A059 deoxyguanosine diphosphatase activity
c GO:0044715 8-oxo-dGDP phosphatase activity
c GO:0044717 8-hydroxy-dADP phosphatase activity

GO:0097383 dIDP diphosphatase activity
f AP007 CDP-sugar diphosphatase activity

f A031 CDP-glucose diphosphatase activity
f A032 CDP-ribose diphosphatase activity

f AP008 GDP-sugar diphosphatase activity
f A068 GDP-beta-fucose diphosphatase activity
f A069 GDP-fructose diphosphatase activity
f A070 GDP-glucose diphosphatase activity
f A071 GDP-ribose diphosphatase activity

ac GO:0052751 GDP-mannose diphosphatase activity
f AP009 TDP-sugar diphosphatase activity

f A116 TDP-glucose diphosphatase activity
f AP011 general coenzyme A diphosphatase activity

f A036 fatty-acid-acyl-CoA diphosphatase activity
f A054 choloyl-CoA diphosphatase activity
f A096 malonyl-CoA diphosphatase activity
f A098 trihydroxycoprostanoyl-CoA diphosphatase activity
f A114 3-methyl-3-hydroxyglutaryl-CoA diphosphatase activity
f A118 CoA-disulfide diphosphatase activity
f A120 3'-dephospho-CoA diphosphatase activity
f A122 CoA-glutathione diphosphatase activity
f A125 acetyl-CoA diphosphatase activity
f A128 succinyl-CoA diphosphatase activity
c GO:0010945 CoA pyrophosphatase activity

f AP013 RNA decapping activity
f A065 m7G(5')ppp-mRNA diphosphatase activity (m7GDP yielding)
f A066 G(5')ppp-mRNA triphosphatase activity (GMP yielding)
f A067 G(5')ppp-mRNA triphosphatase activity (GDP yielding)
f A081 m7G(5')ppp-snoRNA triphosphatase activity (m7GDP yielding)

ac GO:0050072 m7G(5')ppp-mRNA diphosphatase activity (m7GMP yielding)
c GO:0034353 RNA pyrophosphohydrolase activity

f AP014 IDP-sugar diphosphatase activity
f A079 IDP-ribose diphosphatase activity

a GO:0004551 dinucleotide-polyphosphate phosphatase activity
f AP002 dinucleoside-diphosphate phosphatase activity

f A017 bis(5'-adenosyl)-diphosphatase activity
f A072 bis(5'-guanosyl)-diphosphatase activity
f AP012 general NAD diphosphatase activity

f A115 deamino-NAD+ diphosphatase activity
f A126 NAADP+ diphosphatase activity
f A129 deamino-NADH diphosphatase activity
f A134 NADP+ diphosphatase activity
c GO:0000210 NAD+ diphosphatase activity
c GO:0010943 NADPH pyrophosphatase activity
c GO:0035529 NADH pyrophosphatase activity

c GO:0047884 FAD diphosphatase activity
f AP003 dinucleoside-triphosphate phosphatase activity

f A073 bis(5'-guanosyl)-triphosphatase activity
f A130 P1-(5'-adenosyl)P3-(5'-guanosyl) triphosphate phosphatase activity (product undefined)

f AP005 dinucleoside-pentaphosphate phosphatase activity
f A024 bis(5'-adenosyl)-pentaphosphate phosphatase activity (product undefined)

f A023 bis(5'-adenosyl)-pentaphosphatase activity (ADP yielding)
ac GO:0034432 bis(5'-adenosyl)-pentaphosphatase activity (AMP yielding)

f A025 P1-(5'-adenosyl)P5-(5'-guanosyl) pentaphosphate phosphatase activity (product undefined)
f A075 bis(5'-guanosyl)-pentaphosphate phosphatase activity (product undefined)

f AP006 dinucleoside-hexaphosphate phosphatase activity
f A026 bis(5'-adenosyl)-hexaphosphate phosphatase activity (product undefined)

f A027 bis(5'-adenosyl)-hexaphosphatase activity (ADP yielding)
f A137 bis(5'-adenosyl)-hexaphosphatase activity (ATP yielding)

ac GO:0034431 bis(5'-adenosyl)-hexaphosphatase activity (AMP yielding)
f A028 P1-(5'-adenosyl)P6-(5'-guanosyl) hexaphosphate phosphatase activity (product undefined)

GO:0008796 bis(5'-nucleosyl)-tetraphosphatase activity
f A018 bis(5'-adenosyl)-tetraphosphate phosphatase activity (product undefined)

f A135 bis(5'-adenosyl)-tetraphosphate phosphatase activity (AMP yielding)
f A019 P1-(5'-adenosyl)P4-(5'-cytidyl) tetraphosphate phosphatase activity (product undefined)
f A021 P1-(5'-adenosyl)P4-(5'-guanosyl) tetraphosphate phosphatase activity (product undefined)

f A020 P1-(5'-adenosyl)P4-(5'-guanosyl) tetraphosphatase activity (ADP yielding)
f A022 P1-(5'-adenosyl)P4-(5'-uridyl) tetraphosphate phosphatase activity (product undefined)
f A074 bis(5'-guanosyl)-tetraphosphate phosphatase activity (product undefined)

GO:0004081 bis(5'-nucleosyl)-tetraphosphatase (asymmetrical) activity
GO:0008803 bis(5'-nucleosyl)-tetraphosphatase (symmetrical) activity

GO:0047710 bis(5'-adenosyl)-triphosphatase activity
GO:0008486 diphosphoinositol-polyphosphate diphosphatase activity

c GO:0052840 inositol diphosphate tetrakisphosphate diphosphatase activity
c GO:0052841 inositol bisdiphosphate tetrakisphosphate diphosphatase activity

GO:0052846 inositol-1,5-bisdiphosphate-2,3,4,6-tetrakisphosphate 1-diphosphatase activity
GO:0052847 inositol-1,5-bisdiphosphate-2,3,4,6-tetrakisphosphate 5-diphosphatase activity
GO:0052848 inositol-3,5-bisdiphosphate-2,3,4,6-tetrakisphosphate 5-diphosphatase activity

c GO:0052842 inositol diphosphate pentakisphosphate diphosphatase activity
GO:0052843 inositol-1-diphosphate-2,3,4,5,6-pentakisphosphate diphosphatase activity
GO:0052844 inositol-3-diphosphate-1,2,4,5,6-pentakisphosphate diphosphatase activity
GO:0052845 inositol-5-diphosphate-1,2,3,4,6-pentakisphosphate diphosphatase activity

GO:0008768 UDP-sugar diphosphatase activity
f A101 UDP-galactosamine diphosphatase activity
f A102 UDP-galactose diphosphatase activity
f A103 UDP-galacturonic acid diphosphatase activity
f A104 UDP-glucosamine diphosphatase activity
f A105 UDP-glucose diphosphatase activity
f A106 UDP-glucuronic acid diphosphatase activity
f A108 UDP-mannose diphosphatase activity
f A109 UDP-N-acetyl-galactosamine diphosphatase activity
f A110 UDP-N-acetyl-glucosamine diphosphatase activity
f A111 UDP-N-acetyl-muramic acid diphosphatase activity
c GO:0008758 UDP-2,3-diacylglucosamine hydrolase activity

GO:0019144 ADP-sugar diphosphatase activity
f A084 O-acetyl-ADP-ribose diphosphatase activity
f A119 2'-phospho-ADP-ribose diphosphatase activity
f A121 ADP-mannose diphosphatase activity

ce GO:0047631 ADP-ribose diphosphatase activity
GO:0080041 ADP-ribose pyrophosphohydrolase activity
GO:0080042 ADP-glucose pyrophosphohydrolase activity

Figure S2



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; c – 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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Q2RXX6_RHORT (3DUP)NUD20_ARATH [GDP, CDP]B4FMB8_MAIZE [GDP, oxoThDP, CDP]
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Q7NWQ3_CHRVO (3F13)

P72646_SYNY3 [ADP-ribose]

O33199_MYCTU (1MQW) [8-oxo-dGDP]

Q5SJY9_THET8 (2YVP) [ADP-ribose, FAD]Q9RSC1_DEIRA (2W4E) [FAD, NADH, ADP-ribose]

ADPP_BACSU [ADP-ribose]Q818Z2_BACCR [ADP-ribose]Q8KP10_BACMT [ADP-ribose]

Q84CU3_THETH (1V8M) [ADP-ribose]Q9RVM0_DEIRA [ADP-ribose]

NUDE_ECOLI (1VHZ) [Ap3A, NADH, Ap2A, ADP-ribose]
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NUDK_ECOLI (1VIU) [GDP-mannose (P-P cleavage), IDP-ribose]

NUD14_HUMAN (3Q91) [ADP-ribose, UDP-glucose]Q865Y9_PIG [UDP-glucose, ADP-ribose]NUD14_MOUSE [ADP-ribose]

YTKD_BACSU [ppp-mRNA]Q816N8_BACCR [dCTP]DIPP_ASFB7 [m7G-ppp-mRNA, PP-InsP5]DIPP_ASFM2 [PRPP]Q9RY05_DEIRA [dATP]

NUDI_SALTY (3N77)NUDI_ECOLI [TTP, dUTP, dCTP]
NUD17_MOUSE [m7G-ppp-mRNA, G-ppp-mRNA]

Q5BE28_EMENI [NAD+]NUDT1_ARATH [8-oxo-dGTP, TTP, dGTP, dATP, NADH]NUD15_MOUSE [8-oxo-dGTP, m7G-ppp-mRNA, G-ppp-mRNA]NUD15_HUMAN [8-oxo-dGTP]
Q3JWU2_BURP1 (4DYW)

Q9RWW5_DEIRA [dATP]
NUDT6_HUMAN (3H95)
NUDT7_ARATH [ADP-ribose, NADH]NUDT6_ARATH [NADH]NUDT2_ARATH [ADP-ribose]NUD10_ARATH [ADP-ribose]
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Q83ZD0_SYNP2 [ADP-ribose]NADM_SYNY3 (2QJO) [ADP-ribose, 2-phospho-ADP-ribose, IDP-ribose, NADPH]
Q5NHR1_FRATT (2QJT) [ADP-ribose]NUD18_HUMAN (3GG6) [8-oxo-GDP, 8-oxo-dGDP]
NUDJ_ECOLI (3SHD) [HMP-PP, GDP]
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Q81I75_BACCR [GDP-mannose (P-P cleavage)]
Q81CJ8_BACCR [UDP-galactose]A0REX4_BACAH (3SMD)
Q81EI3_BACCR [UDP-galactose]
Q9RY58_DEIRA [ADP-ribose]Q9RYE5_DEIRA [UDP-glucose]Q9RXI4_DEIRA [UDP-glucose, GDP-mannose (P-P cleavage)]Q818T8_BACCR [UDP-glucose]
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Q7CX66_AGRT5 [5-methyl-UTP, UTP]Q9HYD6_PSEAE [5-methyl-UTP, UTP]
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Q9X1A2_THEMA (3E57)Y079_DEIRA (2O5F) [CDP, CTP, dCTP, dCDP, dGDP, UDP, TDP]
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IDI2_HUMAN (2PNY) [IPP isomerase]IDI1_HUMAN (2ICK) [IPP isomerase]

NUD16_HUMAN (2XSQ) [m7G-ppp-mRNA, m7G-ppp-snoRNA, G-ppp-mRNA]NUD16_XENLA (2A8T) [m7G-ppp-snoRNA]
Y038_NPVAC [ADP-ribose]Y06L_BPT4 [ADP-ribose, Ap3A, FAD]

DCP2_HUMAN [m7G-ppp-mRNA, G-ppp-mRNA]
DCP2_SCHPO (2QKM) [m7G-ppp-mRNA]DCP2_YEAST (2JVB) [m7G-ppp-mRNA]DCP2_ARATH [m7G-ppp-mRNA]

AP4A_HUMAN (3U53) [Ap4A, Gp4G, Ap5A]AP4A_MOUSE [m7G-ppp-mRNA, G-ppp-mRNA]Q4V6M1_DROME [Ap4A, p4A, Gp5G, Ap5G, Ap6A]AP4A_CAEEL (1KTG) [Ap4A, p5A]
MUTT4_MYCTU [dATP]
O66548_AQUAE (3I7V)
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NUD10_HUMAN (3MCF) [PP-InsP5, Ap5A, Ap6A]NUD11_HUMAN [PP-InsP5, Ap6A, Ap5A]NUDT4_MOUSE (2DUK)NUDT4_HUMAN [PP-InsP5]NUDT3_RAT [[PP]2-InsP4, PP-InsP5]NUDT3_HUMAN (2FVV) [PP-InsP5, Ap6A, Ap5A]NUDT3_MOUSE [m7G-ppp-mRNA, G-ppp-mRNA]Q7JVG2_DROME [PP-InsP5, p4G, p4A, Ap6A]
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NUD25_ARATH [ppGpp]NUD27_ARATH [Ap5A]NUD26_ARATH [Ap5A, Ap4A]O04841_LUPAN (1JKN) [Ap4A]RPPH_BARBK [Ap4A, p4A, Ap5A, Ap6A, p5A]
RPPH_RICPR [Ap5A, Ap4A]Q5GJ03_LEGPN [Ap5A]
RPPH_SALTY [Ap5A, Ap4A]RPPH_SALTI [PRPP]RPPH_ECOLI (2KDV) [ppp-mRNA, m7G-ppp-mRNA]
RPPH_PASMU [Ap5A]

RPPH_HELPY [Ap4A, Gp4G]
TRPM2_HUMAN [ADP-ribose]
NUDT9_HUMAN (1QVJ) [ADP-ribose, IDP-ribose]

Q836H1_ENTFA (2AZW)Q9RXN6_DEIRA [dGTP, dATP]

CCAR1_HUMAN [transcription coactivator]

Q8PYE2_METMA (3GRN)

Q6XQ58_ECOLX (2I8T) [GDP-mannose (C-P cleavage)]

Q2RXX6_RHORT (3DUP)
TNR3_SCHPO [oxyThDP, oxoThDP, GDP, CDP]

Q9RVK2_DEIRA (1SU2) [dGTP, Ap4A]
Q8ZTD8_PYRAE (1K2E)
Q0TTC5_CLOP1 (3FCM)

Q4U4W6_9LACT [DHNTP]

Q9RWR3_DEIRA [dGTP]

Q7NWQ3_CHRVO (3F13)

P72646_SYNY3 [ADP-ribose]

O33199_MYCTU (1MQW) [8-oxo-dGDP]

Q5SJY9_THET8 (2YVP) [ADP-ribose, FAD]

ADPP_BACSU [ADP-ribose]

Q84CU3_THETH (1V8M) [ADP-ribose]

NUDE_ECOLI (1VHZ) [Ap3A, NADH, Ap2A, ADP-ribose]

NUDT5_HUMAN (2DSC) [ADP-ribose, 8-oxo-dGTP, ADP-mannose, ADP-glucose]
C8VDH4_EMENI [ADP-ribose]
Q0VZ62_SOLTU [ADP-ribose]

ADPP_HAEIN [ADP-ribose]
ADPP_ECOLI (1KHZ) [ADP-ribose]
O07841_RHOSH [ADP-ribose]

NUDK_ECOLI (1VIU) [GDP-mannose (P-P cleavage), IDP-ribose]

NUD14_HUMAN (3Q91) [ADP-ribose, UDP-glucose]

YTKD_BACSU [ppp-mRNA]
Q9RY05_DEIRA [dATP]

NUDI_SALTY (3N77)
NUD17_MOUSE [m7G-ppp-mRNA, G-ppp-mRNA]

Q5BE28_EMENI [NAD+]
NUD15_HUMAN [8-oxo-dGTP]
Q3JWU2_BURP1 (4DYW)

Q9RWW5_DEIRA [dATP]
NUDT6_HUMAN (3H95)
NUDT7_ARATH [ADP-ribose, NADH]
Q9RRX6_DEIRA [Ap5A, Ap6A, Ap4A, ATP, ITP, p5A, p4A, GTP]
Q81CR1_BACCR [Ap4A]
Q81CI0_BACCR [Ap4A]

Q97T37_STRPN (2PQV)
Q9RS55_DEIRA [dGTP, Ap4A, dCTP]
Q81BW4_BACCR [Ap4A]
C3H476_BACTU (3ID9)
Q5SGZ1_THET8 [ppGpp]

Q816E1_BACCR [ADP-ribose]

Q97QH6_STRPN (2B06)

Q82VD6_NITEU (3CNG)

O67435_AQUAE (2YYH)
Q55381_SYNY3 [ADP-ribose]
P73258_SYNY3 [ADP-ribose]

P74291_SYNY3 [transcription factor, NAD binding, ADP-ribose binding]

Q8EFJ3_SHEON (3GZ8) [transcription factor, ADP-ribose binding]
Q92EH0_LISIN (3I9X)

Q83ZD0_SYNP2 [ADP-ribose]
Q5NHR1_FRATT (2QJT) [ADP-ribose]

NUDJ_ECOLI (3SHD) [HMP-PP, GDP]

Q82XR9_NITEU (2B0V)

Q81I75_BACCR [GDP-mannose (P-P cleavage)]
Q81CJ8_BACCR [UDP-galactose]
Q81EI3_BACCR [UDP-galactose]
Q9RY58_DEIRA [ADP-ribose]
Q819F9_BACCR [UDP-glucose]
Q81B51_BACCR [UDP-galactose]

Q9RXP8_DEIRA [dATP]

Q81EE8_BACCR (3Q4I) [RNA exonuclease]

Q97PF7_STRPN [RNA exonuclease]

8ODP_HUMAN (3ZR0) [2-OH-dATP, 2-OH-ATP, 8-oxo-dGTP, 8-OH-dATP, 8-oxo-GTP, dGTP]

MUTX_STRPN [8-oxo-dGTP]

Q81BT8_BACCR [dATP, dCTP]
Q9K704_BACHD (3FK9)
Q81F49_BACCR [dCTP]

A0R2K6_MYCS2 [8-oxo-dGTP]

Q5LBB1_BACFN (3GWY)

NUDG_ECOLI (2RRK) [2-OH-dATP, 5-methyl-dCTP, 5-OH-CTP, CTP]
Q6G5F4_BARHE (3HHJ)

Q2RXE7_RHORT (3R03)

MUTT_ECOLI (3A6T) [8-oxo-GTP, 8-oxo-dGTP, 8-oxo-GDP, 8-oxo-dGDP]

MUTT_PROVU [8-oxo-dGTP]

Q5AU26_EMENI [NADH, ADP-ribose]
NUD19_ARATH [NADPH]

NUDC_DEIRA [NADH]

NUD19_MOUSE [m7G-ppp-mRNA, G-ppp-mRNA]
C8WVE1_ALIAD (3QSJ)

NUD15_ARATH [C2-CoA, CoA-SS-CoA, succinyl-CoA]

Q9RV46_DEIRA (1NQZ) [CoA]

NDX8_CAEEL [CoA, 3-hydroxymethylglutaryl-CoA, succinyl-CoA, acetyl-CoA]

MUTYH_HUMAN (1X51) [8-oxoG glycosylase, 2-OH-A glycosylase]
MYH1_SCHPO [8-oxoG glycosylase, purine glycosylase]
P83847_GEOSE (1RRS) [8-oxoG glycosylase]

MUTY_ECOLI [8-oxoG glycosylase]

Q7CX66_AGRT5 [5-methyl-UTP, UTP]
Q9A8K7_CAUCR [UTP, 5-methyl-UTP]

CPSF5_HUMAN (2J8Q) [mRNA binding]

D10_VACCW [m7G-ppp-mRNA]
NPY1_YEAST [NADH, NAD+, ADP-ribose, NADPH]

NUD12_HUMAN [NADPH, NADH, NAD+]
Q5AU26_EMENI [NADH, ADP-ribose]

NUDC_DEIRA [NADH]

NUDC_ECOLI (1VK6) [NADH, deamino-NADH, Ap2A]

Q9X1A2_THEMA (3E57)

YFCD_ECOLI (2FKB)

IDI_ECOLI (1PPV) [IPP isomerase]
IDI2_HUMAN (2PNY) [IPP isomerase]

NUD16_HUMAN (2XSQ) [m7G-ppp-mRNA, m7G-ppp-snoRNA, G-ppp-mRNA]
Y038_NPVAC [ADP-ribose]

DCP2_HUMAN [m7G-ppp-mRNA, G-ppp-mRNA]
DCP2_SCHPO (2QKM) [m7G-ppp-mRNA]
DCP2_ARATH [m7G-ppp-mRNA]

AP4A_HUMAN (3U53) [Ap4A, Gp4G, Ap5A]

MUTT4_MYCTU [dATP]
O66548_AQUAE (3I7V)
Q75UV1_THETH (1VC8) [Ap6A, p4A, Ap5A, Ap4A, Gp5G]
MUTT1_MYCTU [8-oxo-dGTP]

A0ZZM4_BIFAA (3FJY)
NUD10_HUMAN (3MCF) [PP-InsP5, Ap5A, Ap6A]
Q7JVG2_DROME [PP-InsP5, p4G, p4A, Ap6A]

F8UNP0_PHYSO [NADH, ADP-ribose]
NUD13_ARATH [Ap6A]

NUDB_ECOLI (2O1C) [DHNTP, dATP]

D4Q002_LISMN (3SON)

NUD25_ARATH [ppGpp]
RPPH_BARBK [Ap4A, p4A, Ap5A, Ap6A, p5A]
RPPH_RICPR [Ap5A, Ap4A]

RPPH_SALTY [Ap5A, Ap4A]
RPPH_PASMU [Ap5A]

RPPH_HELPY [Ap4A, Gp4G]
TRPM2_HUMAN [ADP-ribose]
NUDT9_HUMAN (1QVJ) [ADP-ribose, IDP-ribose]

Q836H1_ENTFA (2AZW)

Figure S4



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 64 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.  

 


