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An hydrolase is an enzyme that catalyzes the 
hydrolysis of a chemical bond.

HYDROLASES

A-B + H2O       A-OH + B-H

HYDROLASES CLASSIFICATION

HYDROLASES → EC 3
BREAK ACID ANHYDRIES → EC 3.6
PHOSPHORUS-CONTAINING ANHYDRIES → EC 3.6.1



- Found in all 3 domains:
- archaea
- bacteria 
- eukarya 

- This family catalyzes the hydrolysis of Nucleoside 
Diphosphates linked to other moieties, X.

Evolutionary related proteins → common mechanistic 
attribute 

NUDIX HYDROLASE SUPERFAMILY



NUDIX FAMILIES
SCOP CLASSIFICATION

1. MutT-like family

2. MutY C-terminal domain-like family

3. NADH pyrophosphatase family

4. IPP isomerase-like family

5. GDP-mannose mannosyl hydrolase NudD family

6. BT0354 N-terminal domain-like family

7. mRNA decapping enzyme-like family



GX5EX7REUXEEXGU

X refers to any aminoacid

U refers to hydrophobic an 
aminoacid

NUDIX MOTIF



SEQUENCE ALIGNMENT

GX5EX7REUXEEXGU



NUDIX MOTIF
loop-αhelix-loop

NUDIX STRUCTURE

GX5EX7REUXEEXGU

NUDIX FOLD
α/β/α sandwich 



NUDIX FAMILIES

1. MutT-like family

2. MutY C-terminal domain-like family

3. NADH pyrophosphatase family

4. IPP isomerase-like family

5. GDP-mannose mannosyl hydrolase NudD family

6. BT0354 N-terminal domain-like family

7. mRNA decapping enzyme-like family

3.6.1.13     ADP-ribose diphosphatase

3.6.1.52     Diphosphoinositol-polyphosphate diphosphatase

3.6.1.55     8-oxo-dGTP diphosphatase

- COFACTOR UNION
- CATALYTIC MECHANISM
- SPECIFICITY

http://enzyme.expasy.org/EC/3.6.1.13
http://enzyme.expasy.org/EC/3.6.1.13
http://enzyme.expasy.org/EC/3.6.1.52
http://enzyme.expasy.org/EC/3.6.1.52
http://enzyme.expasy.org/EC/3.6.1.55
http://enzyme.expasy.org/EC/3.6.1.55


ADP-RIBOSE PYROPHOSPHATASES (E. coli)

- Subfamily → ADPR pyrophosphatases

- Gene: nudf
- Proline 15 residues downstream of Nudix Motif
- Avoid high levels of ADPR

nonenzymatic ADP-ribosylation of proteins

1. Enzyme inactivation
2. Apoptosis
3. Cytotoxicity



ADP-RIBOSE PYROPHOSPHATASE
Structure analysis
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ADP-RIBOSE PYROPHOSPHATASE
Structure: Nudix domain

6 α-helices + 11 β-strands
alfa-beta-alfa sandwich



ADP-RIBOSE PYROPHOSPHATASE
Structure: Nudix motif

Leu119 Gly97

Gly97 to Leu119
loop-helix-loop structure



ADP-RIBOSE PYROPHOSPHATASES
Substrate Binding Site



ADP-RIBOSE PYROPHOSPHATASES
Substrate Binding Site



ADP-RIBOSE PYROPHOSPHATASES
Catalytic and Mg+ binding site



ADP-RIBOSE PYROPHOSPHATASES
Catalytic Mechanism

Gabelli SB; et al (2002)



ADP-RIBOSE PYROPHOSPHATASES
Superimposition

ADPR pyrophosphatase+substrate
ADPR pyrophosphatase

L9

L9

RMSD 0.389907



ADP-RIBOSE PYROPHOSPHATASES
Multiple Sequence Alignment



DIPHOSPHOINOSITOL POLYPHOSPHATE 
PHOSPHOHYDROLASE 1 (DIPP1)

H. sapiens

IP8

Thomas, M. P. & Potter, B. V. (2014)



DIPP1
Structure: Nudix domain
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4 α-helices + 7 β-strands
alfa-beta-alfa sandwich



DIPP1
Structure: Nudix motif

GGGMEPEEEPSVAAVREVCEEAGV
GX5EX7REUXEEXGU

Gly50

Val73

Gly50 to Val73
sheet-loop-helix structure



DIPP1

2FVV



DIPP1
Substrate Binding Site



DIPP1
Substrate Binding Site

Thorsell, A. G. et. al.(2009)



DIPP1
Substrate Binding Site



DIPP1
Mg+ Binding Site



DIPP1
Catalytic Site



DIPP1
Catalytic mechanism
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Modified from: Thorsell, A. G. et. al. (2009)



DIPP1
Catalytic mechanism



DIPP1
Superimposition

RMSD = 0.35

DIPP1-IP6
DIPP1-Inhibitor



DIPP1
Multiple Sequence Alignment



8-oxo-dGTP DIPHOSPHATASE (E. coli)

8-oxo-dGTP

dGTP

Oxidative stress

8-oxo-dGMP
MutT hydrolase

Mutagenic! -> 
Mispairing with A

+ PPi + H+
+ H20

Prevention of 8-
oxo-dGTP 
misincorporation in 
the DNA

Mildvan AS et al (2005). 

E. coli → Hydrolysis of 
damaged nucleotides by 
MutT can avoid 
replicational and 
transcriptional errors. 

High specificity for 8-oxo-dGTP



8-oxo-dGTP DIPHOSPHATASE (E. coli)
Structure: Nudix domain
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2 α-helices + 6 β-strands
alfa-beta-alfa sandwich
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8-oxo-dGTP DIPHOSPHATASE (E. coli)
Structure: Nudix domain



L-B

L-C
α1

Gly38

β3

8-oxo-dGTP DIPHOSPHATASE (E. coli)
Structure: Nudix motif

Ile60

Gly38 to Ile60
Strand-loop-helix-loop structure



8-oxo-dGTP DIPHOSPHATASE (E. coli)
Substrate Binding Site



8-oxo-dGTP DIPHOSPHATASE (E. coli)
Substrate and Mn2+ Binding Site 



8-oxo-dGTP DIPHOSPHATASE (E. coli)
Substrate and Mn2+ Binding Site

- Hydrogen bonds 
- Mn2+ coordination



8-oxo-dGTP DIPHOSPHATASE (E. coli)
Catalytic mechanism

Modified from: Mildvan AS et al (2005). 



8-oxo-dGTP DIPHOSPHATASE (E. coli)
Catalytic mechanism



L-D

L-D

L-AL-A

8-oxo-dGTP diphosphatase + 8-oxo-dGMP
8-oxo-dGTP diphosphatase

8-oxo-dGTP DIPHOSPHATASE (E. coli)
Substrate Binding Site-Conformational Change

RMSD =  0.80



8-oxo-dGTP DIPHOSPHATASE (E. coli)
Multiple Sequence Alignment 

 

D119

R23 F35 G37 Lys39

E53 E57



1. Nudix motif is very conserved

2. Metal ions are needed as cofactors

3. Similar catalysis mechanisms but different substrates

CONCLUSION
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1. The Nudix family appears in :
a) Only in archaea
b) Only in bacteria
c) Both domains
d) Only in eukarya
e) All 3 domains

2. Nudix hydrolases are...:
a) Pyrophosphatases that hydrolyze nucleoside diphosphates
b) The nucleoside diphosphates that linked to another moiety (X)
c) a and b are correct
d) There is only one family 
e) all options are correct.

3. The Nudix motif...
a) is very conserved among different species.
b) is barely conserved among different species.
c) consists of 23 aminoacids.
d) b and c are correct.
e) a and c are correct.



4. MutT...
a) is a subfamily of Nudix.
b) hydrolyzes 8-oxo-dGTP to 8-oxodGMP.
c) a and b are correct.
d) doesn’t present an alfa-beta-alfa sandwich (Nudix domain).
e) All options are correct.

5. Indicate the correct answer:
a) MutT is an heterodimer.
b) 8-oxoguanine is not mutagenic at all. 
c) MutT hydrolyses the oxidized form of guanine.
d) MutT doesn’t need any metal ion to be active.
e) There isn’t an homolog MutT in the Homo sapiens genome.

6. The ADP-ribose pyrophosphatase
a) Degradates IPP.
b) Contrarily to most Nudix proteins doesn’t need Mg.
c) its biological (functional) assembly is a dimer.
d) uses water as catalytic base.
e) uses water as catalytic acid.



7. DIPP1 needs for it’s interaction…
a) Mg
b) F
c) a and b are correct
d) Cl
e) All answers are correct 

8. DIPP1 function is…
a) IPP hydrolysis
b) IPP synthesis
c) Oxidated guanine hydrolysis
d) Guanine hydrolysis
e) ADP-R hydrolysis

9. About ADP ribose pyrophosphatase…
a) Mg are coordinated in an octahedral conformation. 
b) It has a conserved Nudix motif among orthologs.
c) a and b are correct.
d) It hydrolases ADPribose
e) All are correct.

 



10.  About the ADP-ribose pyrophosphatase… Choose the wrong answer:
a) Magnesiums have a tetrahedral coordination
b) Uses hydroxide as nucleophile for the catalysis.
c) a and b are wrong
d) Can be found in humans
e) All answers are wrong


