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Ribonucleoside hydrolases are enzymes that catalyze the cleavage of ribonucleosides to nitrogenous bases and

ribose. These enzymes are found in many organisms: bacteria, archaea, protozoa, metazoans, yeasts, fungi and

plants.
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1. Introduction

With technological progress, the sequencing of the genomes of various organisms has turned from an expensive

and rare procedure into an affordable and routine one. Currently, many genomes of various organisms from all

three kingdoms have been sequenced, in which key proteins and enzymes with important functions have been

annotated. However, the study of the key enzymes of such a vast set of organisms is a laborious process, because

it is important not only to find the enzyme but also to study its main properties in order to understand and describe

its physiological role and propose a potentially useful application for humans, be it in biotechnology, diagnostics, or

medicine. In addition, some enzymes go unnoticed for a long time, because their potential benefits were not always

clear at first glance and the studies carried out were not systematized.

2. Physiological Role of Rih Family Proteins

Ribonucleoside hydrolases (Rih) (EC 3.2.2.1–3.2.2.3, 3.2.2.7, 3.2.2.8, 3.2.2.13, 3.2.2.25) are a family of enzymes

that are able to hydrolyze ribonucleosides at the N glycosidic bond to ribose and the corresponding nitrogenous

base (Figure 1 and Figure 2). All chemical structures in this work from here onwards were drawn using the free

online service ChemDraw JS .[1]
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Figure 1. Uridine cleavage reaction by pyrimidine-specific and nonspecific Rih hydrolases.

Figure 2. Inosine cleavage reaction by purine-specific and nonspecific Rih hydrolases.

For protozoan parasites (e.g., Trypanosoma brucei brucei, Leishmania major, Crithidia fasciculata), the role of

these enzymes in metabolism is clear. These organisms cannot synthesize nitrogenous bases de novo; they must

obtain them in other ways. To do this, they receive ribonucleosides from the outside, which are further converted

into nitrogenous bases by phosphorylation or by hydrolysis. To implement the second process, their genome

contains genes encoding certain Rih hydrolases, and thus for these organisms, such hydrolases are a key

participant in metabolism .

For bacteria, the physiological role of these enzymes is not completely clear. Bacteria have two common metabolic

pathways for the production of purines and pyrimidines: de novo synthesis and recycling of nitrogenous bases and

nucleosides. It is noteworthy that neither de novo synthesis nor the recycling route involves a simple synthesis of

nucleosides from nitrogenous bases and ribose. Instead, the synthesis of nucleosides from scratch occurs in

several steps, and the purine or pyrimidine bases are synthesized from several precursor molecules  (pp. 2883–

2897). During the reutilization (salvage) path, phosphorylation and phosphorylases associated with this process

play an important role  (p. 2916). Purine and pyrimidine nucleoside phosphorylases (purine NP, EC 2.4.2.1;

pyrimidine NP EC 2.4.2.2) play a key role in the salvage pathway of nitrogenous bases . These enzymes

catalyze the reaction shown below in Figure 3.

[2][3][4][5][6][7][8][9][10][11][12][13][14][15][16]
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Figure 3. Reaction catalyzed by purine NP and pyrimidine NP. R can be either purine nucleobase or pyrimidine

nucleobase.

Curiously enough, these enzymes are more commonly used in different organisms as opposed to nucleoside

hydrolases for purine and pyrimidine salvage pathways, the exception being protozoa, where nucleoside

hydrolases play a major role in metabolism. While the reactions of these different types of enzymes (NHs and NPs)

are different, the common role is the same: making a nitrogenous base from a nucleoside. Still, only NPs are more

commonly used in organisms for salvage of purines and pyrimidines, although genes of NHs are present.

According to this, ribonucleoside hydrolases do not play a key role in the metabolism of bacteria, although these

genes are present in their genomes, though some spore-forming bacteria, such as Bacillus cereus and Bacillus

anthracis, require nucleoside hydrolases to prevent adenosine- or inosine-induced sporulation by cleaving the

appropriate nucleosides .

For plants, nucleoside hydrolases may be needed under stressful conditions with a lack of nitrogen, when

nitrogenous bases become its source, for the production of which Rih hydrolases is needed. Under normal

conditions, these enzymes do not play a key role. These hydrolases have been found in various plants 

, and in some plants these enzymes are present as several isoforms. The physiological role of Rih hydrolases in

plants is not limited to the cleavage of standard ribonucleosides. Decreased nucleoside hydrolase activity in

Physcomitrella patens leads to delayed bud formation, suggesting involvement of Rih hydrolases in cytokinin

metabolism .

In the case of other eukaryotes, nucleoside hydrolases have been found in yeast , fungi ,

nematodes , insects , and fish . In addition, genes homologous to various Rih hydrolases have been

found in other eukaryotes, but the enzymes encoded by these genes have not been studied. In mammals, Rih

genes have not yet been found. Nucleoside hydrolase from the Aedes aegypti mosquito, which is a carrier of the

Dengue fever virus, is injected into the body at the site of a mosquito bite, destroying circulating adenosine, thereby

preventing activation of mast cells through purinergic signaling and thus acting as a local anesthetic . The yeast

Saccharomyces cerevisiae requires nucleoside hydrolase in the metabolism of pyridine nucleoside nicotinamide

riboside, a precursor of NAD  . Nucleoside hydrolase activity in this case contributes to the activation of sirtuins,

[20][21][22]

[23][24][25][26]

[27]

[23]

[28] [29][30][31][32][33]

[34][35] [36] [37]

[36]

+ [38]



Ribonucleoside Hydrolase Structure | Encyclopedia.pub

https://encyclopedia.pub/entry/49396 4/19

which are important for prolonging the life of yeast cells. In other eukaryotic organisms, the role of Rih hydrolases

remains unclear.

Two types of Rih hydrolases should be noted. These are 1-methyladenosine nucleosidase (EC 3.2.2.13) and N-

methyl nucleosidase (7-methylxanthosine nucleosidase, N-MeNase, EC 3.2.2.25). Reactions catalyzed by them

are shown in Figure 4 and Figure 5, respectively. The interesting thing about them is that both of these hydrolases

can only catalyze the specific reaction below and cannot cleave any other purines . The 1-

methyladenosine nucleosidase has only been found in starfish . It catalyzes the production of 1-

methyladenine, which is responsible for inducing oocyte maturation and is found in ovaries of starfish. N-MeNase

has been found in tea and coffee plants . It catalyzes the production of 7-methylxanthine in these plants,

which then turns into theobromine and caffeine. Thus, this nucleoside hydrolase also has an important role in the

metabolism of the respective organism.

Figure 4. 1-Methyladenosine cleavage catalyzed by 1-methyladenosine nucleosidase.

Figure 5. 7-methylxanthosine cleavage catalyzed by N-MeNase.

From the information above, it can be concluded that for some organisms, Rih hydrolases do not play a key role in

metabolism, while for others, they play one of the key roles in vital activity or under stress.

According to their substrate specificity, these hydrolases can be divided into three categories: pyrimidine-specific,

purine-specific, and nonspecific (Figure 6) (excluding 1-methyladenosine nucleosidase and N-methyl nucleosidase

since they catalyze highly specific reactions, although both could be considered purine-specific). Pyrimidine

hydrolases (also known as CU-NH, cytidine–uridine-preferring nucleoside hydrolases) are specific to

ribonucleosides containing a pyrimidine nitrogenous base (uracil, cytosine). Currently, hydrolases of this type are

[39][40][41][42][43]

[39][40][44]

[41][42][43]
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called RihA and RihB (alternative names: pyrimidine-specific NH, YbeK for RihA hydrolase, YeiK for RihB

hydrolase), discovered in E. coli and first named so by researchers in . There is not much difference between

these two types of hydrolases. They have very similar substrate specificity, although it was noted by the

researchers in  that while RihA hydrolase catalyzed only the cleavage of pyrimidine nucleosides, RihB also

catalyzed the cleavage of purine nucleosides, albeit at an extremely low rate (much lower rate than nonspecific

RihC from the same organism). An example of a reaction catalyzed by these types of hydrolases is shown in

Figure 1. Hydrolases of this type are found mainly in bacteria . Hydrolases of the second type are

specific to ribonucleosides with purine nitrogenous bases (adenine, guanine, xanthine, hypoxanthine). These

hydrolases can, in turn, be divided into two categories: specific to all purine bases (abbreviated as IAG-NH, i.e.,

inosine–adenosine–guanosine-preferring nucleoside hydrolase) or specific to 6-oxopurine bases (abbreviated as

IG-NH, i.e., inosine–guanosine-preferring nucleoside hydrolase). An example of a reaction for this type of

hydrolase is shown in Figure 2. Hydrolases of this type are found in archaea , protozoa ,

some bacteria , fungi , and insects . Hydrolases of the third type are nonspecific purine–pyrimidine

hydrolases. Alternative names also include RihC, nonspecific NH, IU-NH (inosine–uridine-preferring NH), YaaF.

These hydrolases can catalyze the cleavage of both purine and pyrimidine ribonucleosides. Most preferably, these

hydrolases react with uridine and inosine, but other nucleosides are also hydrolyzed at a certain rate and

specificity. Examples of reactions are shown in Figure 1 and Figure 2. Hydrolases of this type are found in a wide

variety of organisms: bacteria , plants , yeast ,

fungi , metazoa , and also some protozoa and archaea .

Figure 6. Types of Rih hydrolases.

3. Ribonucleoside Hydrolase Structure
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3.1. Rih Amino Acid Sequences

The wide distribution of an enzyme and the broad substrate specificity can usually be explained by differences in

structure. Sometimes, the replacement of just one amino acid residue in the catalytic center can lead to a dramatic

change in the properties of the enzyme. In this regard, it is important to consider the structure of different Rih

hydrolases in order to explain differences in substrate specificity and such a wide variety of organisms containing

genes for these hydrolases.

To assess the evolutionary relationship of various Rih hydrolases, a phylogenetic tree was constructed using the

MUSCLE algorithm  and processed in the Geneious Prime program , as shown in Figure 7. A total of 88

hydrolase sequences from different organisms were selected. From closely related sequences, for example, from

sequences of the same hydrolase from different strains of the same bacterial species, one was selected to

increase sample diversity.

Figure 7. Phylogenetic tree of Rih hydrolases from various organisms. Enzymes from archaea are highlighted in

orange, enzymes from bacteria are highlighted in blue, enzymes from fungi are highlighted in purple, enzymes from

[67] [68]
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yeasts are highlighted in pink, enzymes from organisms belonging to metazoa are highlighted in red, from

protozoan eukaryotes in light blue, and from plants in green.

On the phylogenetic tree (Figure 7), hydrolases from various organisms are marked with different colors. Some

hydrolases are marked with asterisks in the table, and their name does not indicate the type of hydrolase. This was

due to the fact that the type of hydrolase was not determined for these enzymes when they were made public.

However, from the analysis of the phylogenetic tree and further from the alignment of amino acid sequences, it can

be assumed that these hydrolases should belong to nonspecific RihC hydrolases.

Analyzing this phylogenetic tree, it is evident that hydrolases form several clusters according to the organisms in

which they are found. There is a large cluster of bacterial Rih, and within this cluster one can see a small cluster of

RihA hydrolases and a small cluster of RihC hydrolases, in which some RihB hydrolases are present in between.

From the point of view of evolutionary development, this is logical: some organisms required hydrolases that act

only on pyrimidine nucleosides, and all these RihA hydrolases are similar to each other; and some organisms

needed different type of nucleosides, instead developing the ability to catalyze reactions with different nucleosides.

RihB hydrolases are a more interesting subject for discussion. Despite the fact that they show the greatest

efficiency in the catalysis of pyrimidine nucleosides, like RihA hydrolases, which is why they are combined with

RihA hydrolases into one subtype, it was noted  that RihB hydrolases can also catalyze the cleavage reactions

of some purine nucleosides at a very low rate. This can also be seen from the tree: they are evolutionarily closer to

RihC hydrolases than to RihA hydrolases, being in between the former. Regarding bacterial Rih, it is also worth

noting that among them there are some that are located far from the main bacterial cluster and are evolutionarily

closer to other types of organisms. The reason for this diverse development of bacterial nucleoside hydrolases

remains unclear.

Small clusters of other organisms are also clearly expressed on the phylogenetic tree: a separate cluster of animal

hydrolases, a cluster of archaeal hydrolases, which are evolutionarily close to some bacterial hydrolases, and two

separate unrelated clusters of yeast and fungal hydrolases. Some hydrolases from protozoa turned out to be

evolutionarily close to the hydrolases of metazoa, while others turned out to be closer to bacterial ones. The most

interesting on the evolutionary tree are Rih hydrolases from plants. It is known that many enzymes in plants are

synthesized as several isozymes differing in primary structure and often in properties. The same is observed for

hydrolases from plants Arabidopsis thaliana and moss Physcomitrella patens, each having three RihC isoenzymes.

It is noteworthy that the hydrolases of these plants are in different clusters and that these clusters are evolutionarily

distant from each other compared to other hydrolases. Why evolution has led to such a strong difference between

one type of hydrolase in one type of organism remains not fully understood. This may be due to different ancestors

of these plant types, and accordingly, different parent enzymes of current RihC hydrolases. In addition, it can be

seen that some hydrolases are knocked out of their main clusters and often have elongated branches on the tree.

The length of the branches indicates the average number of substitutions of amino acid residues in comparison

with the neighbors, that is, in general, the proximity of the primary structure of specific hydrolases. Long branches

indicate that although this hydrolase is close to other hydrolases nearby (has one tree node with them), it still

differs significantly from them in its amino acid composition (the branch is elongated).

[45]
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Three amino acid sequence alignments were constructed for the selected sequences. Proteins were grouped

according to the type of substrate specificity: pyrimidine-specific (RihA and RihB), purine-specific (IAG-NH and IG-

NH), and nonspecific (RihC). All available organisms for each protein type were selected for comparison.

The purine-specific hydrolases IAG-NH and IG-NH have been found in protozoa, archaea, and some bacteria. It

can be seen that at the N-terminus of these enzymes, there is a strictly conserved DXDXXXDD sequence in the

region of positions 10–20, which is responsible for the binding of calcium ion and ribose. Calcium binding is also

aided by Asp residues at positions 205 and 305, while conserved GN and EXN sequences at positions 190 and

200, respectively, are involved in ribosyl ring binding . The binding of the calcium ion and the ribose ring is a

universal property of all ribonucleoside hydrolases. Therefore, the amino acid residues responsible for these

functions are highly conserved, and this applies to all Rih hydrolases. As will be seen below, everything is much

more complicated with the binding of a nitrogenous base, and accordingly the determination of amino acid residues

that determine substrate specificity. In , it was suggested that residues W83 and W260 are responsible for the

binding of the purine ring of purine nucleosides, explaining this by π-stacking interactions. However, in , studying

6-oxopurine-specific hydrolase, it is noted that there are no tryptophan residues in these structurally equivalent

positions, although the enzyme is specific to inosine and guanosine. It was also noted in  which was about IAG-

NH and not 6-oxopurine-specific hydrolase that these tryptophan residues are not preserved. In addition, the

alignment also shows that although many purine-specific hydrolases contain semiconservative Phe, Tyr, and Trp

residues (e.g., around positions 200, 204, 227), the positions considered in  and designated as ring binding of

nitrogenous bases, are not conservative. It is possible that Trp, Tyr, or Phe residues are really involved in binding

purines, but are located in other positions, or perhaps—even within this small group of hydrolases—each may have

its own type of binding and stabilization of the purine ring of the ribonucleoside. The main features of the active site

in this case are Asp residues that help bind calcium and ribose, Asn residues that are also involved in ribose

binding, and a hydrophobic pocket in which the purine base should be located (possibly the conserved L(T/S)XXA

sequence in the region of position 150 is involved in the formation of such a pocket, since it is formed from

predominantly hydrophobic amino acid residues and does not have a strict described function in catalysis).

The pyrimidine-specific hydrolases RihA and RihB are found predominantly in bacteria, although these types of

ribonucleoside hydrolases are also found in some other organisms, such as plants and protozoa. As in the case of

purine hydrolases, these hydrolases have a highly conserved DXDXGXDD sequence at the N-terminus, which is

necessary for binding the calcium ion and stabilizing ribose, which is part of the nucleosides . Despite the fact

that not only bacterial RihA and RihB were chosen for alignment but also enzymes from plants and yeast, it can be

seen that the amino acid sequences of all the presented enzymes contain a large number of highly conserved and

semiconserved regions. This may be due to the similarity of the substrates—uridine and cytidine—as well as the

fact that there are only two of them. It can be assumed that catalysis proceeds in almost the same way regardless

of the source of this type of enzyme. Presumably, highly conserved Asp and Asn residues are required for both

calcium binding and ribose binding and stabilization of the transition state during catalysis. Hydrophobic amino acid

residues, which are both conservative and semiconservative in these enzymes, are necessary for the formation of

a hydrophobic pocket in the active site of the enzyme, among which the following residues are present: Leu, Ile,

Val, Ala. In , the authors indicate that the binding of the pyrimidine ring in RihB (and accordingly, the same can

[4][12][69]
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be assumed about RihA due to the high similarity of these types of hydrolases) involves the Asn(Val/Ile)His

sequence in the region of position 140, Phe in 238 position, Phe/Tyr in 311 position, His in 315 position, Tyr/Trp in

320 and His in 329 position. These residues are indeed conserved or semiconserved in RihA and RihB regardless

of the source of the enzyme, and may aid in the binding of the nitrogenous base, which is the most hydrophobic

part of the nucleoside.

Nonspecific RihC hydrolases have the widest distribution between all types of Rih hydrolases. These hydrolases

have been found in a wide variety of organisms, ranging from bacteria to metazoan. For this type of hydrolase, as

in the previous two cases, there is a highly conserved region DXDXXXDD in the region of the N-terminus (for some

fungal hydrolases, this region is represented as DXDXXXXXDD), which is necessary for binding the calcium ion

and the 2′-OH group of the ribose ring. In general, these hydrolases also contain the Asp and Asn amino acid

residues that aid in ribose and calcium binding along the amino acid sequences and hydrophobic regions formed

by conserved and semiconservative amino acid residues. It is more difficult to identify key residues in RihC that

help to stabilize nitrogenous bases , suggesting that His and Tyr residues at positions 404 and 405 and His at

position 428 are key to the stabilization of purine bases in RihC from E. coli. At the same time, Tyr400, Tyr405, and

His428 were proposed in  for RihC as key residues binding the purine ring. The same catalytic triad was

proposed for the mechanism of catalysis of pyrimidine nucleosides (to stabilize pyrimidine bases). However, paying

attention to the alignment, one can clearly see that these residues are not conservative. For some RihC

hydrolases, the second tyrosine residue from this triad is indeed retained, and the histidine residue is highly

conserved for all RihC except fungal ones. It should be noted that the first residue of the triad does not have a

strictly defined position in the amino acid sequence of hydrolases of this type, and in principle, it may not be a

strictly conserved His or Tyr residue. However, it has been shown , that these amino acid residues are

required for catalysis. Possibly, the low conservatism in their position can be explained by the difference in the

structure of these hydrolases depending on the organism. Evolutionarily, these residues might have “migrated”

along the amino acid sequence in one direction or another, depending on the organism. Moreover, the substrate

specificity of RihC hydrolases, although generally similar (they can hydrolyze both purine and pyrimidine

ribonucleosides), still differs depending on the organism, which may be due precisely to the position of this triad

and in turn can be explained by the particular organism in which this RihC hydrolase is produced and what needs

have been formed in this organism in the course of evolution in relation to nitrogenous bases and nucleosides.

3.2. Rih Crystal Structure

To date, a number of crystal structures of the Rih family enzymes of different types have been obtained. The

researchers managed to obtain crystals of recombinant ribonucleoside hydrolases from different organisms: the

structures of enzymes from bacteria, archaea, protozoa, and even plants and metazoa are known.

Examples of structures are shown in Figure 8 (PDB codes for each structure are in parentheses). It can be seen

that Rih hydrolases can be a tetramer (Figure 8A,C) or a dimer (Figure 8B), and the structures can be both

symmetric and asymmetric.

[62]

[70]

[9][15][16][62][70]
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Figure 8. Rih crystal structures. (A) RihA from Zea mays (6ZK1), (B) IAG-NH from Trypanosoma vivax (1HOZ), (C)

RihB from Gardnerella vaginalis (6BA0). Calcium ions are shown in blue.

All currently known three-dimensional structures of Rih hydrolases contain at least one calcium ion per subunit,

which is essential for catalysis . At the same time, some structures have two (Figure 8A) or

even three and four (Figure 8C) calcium ions in them. These additional calcium ions may help stabilize the

structure itself and not play any role in the catalysis. Figure 9 shows fragments of the active site of IAG-NH from

Trypanosoma vivax in complex with inosine (Figure 9A) and RihC from Crithidia fasciculata in complex with pAPIR

(para-aminophenyliminoribitol; Figure 9B). For the IAG-NH enzyme in Figure 9A, one can observe the close

arrangement of two tryptophan residues, which, as described earlier, are involved in π-stacking and thus stabilize

the nitrogenous base of the nucleoside. Figure 9B shows the close proximity of the histidine and tyrosine residues

of the RihC enzyme to the nitrogenous base in the nucleoside (in this case pAPIR plays the role of the nucleoside),

which indicates their importance in substrate binding . Both enzymes show the presence of conserved Asp, Asn,

Glu, and Thr residues involved in the binding of the calcium ion or the nucleoside ribose ring.

[8][15][16][34][70][71][72]

[73]
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Figure 9. Active site fragments of IAG-NH from T. vivax in complex with inosine ((A), PDB ID: 1KIC) and RihC from

C. fasciculata in complex with pAPIR ((B), PDB ID: 2MAS). Molecules in the complex with the enzyme are

indicated in green, key enzyme amino acid residues are indicated in cyan, calcium ions are indicated by a gray

sphere. Key active site residues are numbered for each case.

The mechanism of catalysis for purine Rih hydrolases generally corresponds to the mechanism of SN1 nucleophilic

substitution with the formation of an oxocarbenium ion in the transition state . In this transition state, the N-

glycosidic bond of the nucleoside is in a nearly broken state with an interatomic distance of 2Å, while the attacking

water molecule is at a distance of approximately 3Å. The study of kinetic isotope effects also showed that

protonation of the N7 atom of the purine ring of the nucleoside precedes the appearance of the transition state and

leads to destabilization of the N-glycosidic bond. Based on this, three main points in the hydrolysis of purine

nucleosides can be distinguished: steric and electrostatic stabilization of the oxocarbenium ion, activation of the

nucleophilic water molecule, and activation of the leaving group.

The activation of the water molecule occurs due to its noncovalent binding to the calcium ion in the active center

and the pulling of the proton of this water molecule towards itself by the Asp residue. In the noncatalytic solvolysis

of nucleosides, it was found that the free OH groups of ribose have a stabilizing effect on the N-glycosidic bond

and prevent the formation of a positively charged oxocarbenium ion . For enzymatic catalysis, however, the

presence of free OH groups is essential. Presumably, the oxocarbenium transition state is significantly stabilized by

the interactions of the metalloenzyme and ribose in two ways. The first is the accumulation of binding energy,

which is used to bend the conformation of the ribose ring and bring it into an activated state (steric catalysis). The

second is the polarization of some hydroxyl groups with the subsequent appearance of (partial) negative charges

on them, which stabilize the resulting positive oxocarbenium ion (electrostatic catalysis).

As noted earlier, the appearance of the transition state is preceded by the protonation of the N7 atom of the purine

ring of the nucleoside. During this process, a good leaving group appears, facilitating the destruction of the N-

[11][74]

[75]
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glycosidic bond. The mechanism of such stabilization remains not completely understood, since the Trp amino acid

residues are in the immediate environment of the nitrogenous base in the enzyme, but the indole ring of the

tryptophan residue cannot be a classical acid that activates the N7 atom, since this ring is not ionized. It was

suggested  that due to π-stacking, the pK  of the N7 nitrogenous base atom increases, due to which this atom is

protonated by water.

In the case of catalysis by pyrimidine or nonspecific hydrolases, the general mechanism is similar to the previous

case. Since the calcium ion and conservative aspartic acid residues are present in all enzymes, the activation of

the nucleophilic water molecule and the stabilization of the oxocarbenium ion occur in the same way as described

above. The activation of the leaving group itself also occurs due to the protonation of the N3 atom of the pyrimidine

(analogous to the N7 atom of the purine) nitrogenous base; however, in this case, tyrosine and histidine residues

are located near the ring of the nitrogenous base, presumably involved in protonation and the formation of a good

leaving group. It is assumed that for RihC hydrolases, during the catalysis of pyrimidine nucleoside cleavage, the

protonation of the N3 atom occurs via the histidine residue itself, while in the catalysis of the cleavage of purine

nucleosides, the protonation of the N7 atom occurs along the His-Tyr-Tyr chain. At the same time, in the pyrimidine

hydrolases RihA and RihB, tyrosine residues are nonconservative; therefore, these hydrolases either cannot

catalyze the cleavage of purine nucleosides at all, or they can, but are orders of magnitude worse than the

cleavage of pyrimidine nucleosides.

Based on the structure of the active center, namely, depending on the key amino acid residues stabilizing the

nitrogenous base of the nucleoside, a classification of Rih nucleoside hydrolases into three groups not based on

substrate specificity was proposed (Figure 10). It is customary to include hydrolases in group I that have a histidine

residue in their active center (as well as tyrosine residues conjugated with this residue involved in the protonation

of the nitrogenous base ring), in group II hydrolases that have a tryptophan residue instead of this histidine residue

(and conjugate with it the second tryptophan residue at a distance, forming π-stacking interactions with the purine

ring), and in group III hydrolases with a cysteine residue in this position (which usually also has a paired cysteine

residue at a distance, also involved in catalysis).

[14]
a
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Figure 10. Schematic dividing of Rih hydrolases into three groups depending on the catalytically important

residues in the active site.

Hydrolases of the first two groups are currently the most studied and most common. In these two groups, there is

also a fairly clear division of hydrolases according to their substrate specificity. The third group includes hydrolases

with different substrate preferences. Despite the fact that the cysteine residue in the active site is more similar in

function to the group I histidine residue and that the protonation of the nitrogenous base occurs in a similar way to

the hydrolases of the first group, purine-specific hydrolases have also been found in this group (for example, in

).

It should be noted that this classification cannot be considered final, since some Rih hydrolases do not contain any

of the described amino acid residues in this catalytically important position, but contain a proline residue. This can

be seen in the amino acid alignments described in the previous section for some of the IAG-NH and RihC

hydrolases. The presence of a proline residue at this position is not a single mutation associated with the

evolutionary development of a single enzyme, but is observed for a number of Rih hydrolases from both bacteria

and archaea. If for RihC hydrolases from fungi, which have a proline residue in the position binding the nitrogenous

ring, a histidine residue is located next to this proline residue, i.e., these changes most likely do not affect catalysis,

then for purine-specific hydrolases, there is neither a histidine residue nor a tryptophan residue in the immediate

vicinity of this proline residue, which should bind the nitrogenous base in the active center. “Proline” hydrolases

have currently not been studied, so the exact mechanism of activation of the leaving group cannot be explained;

however, the researchers assume that the mechanism is similar to the activation mechanism in group II: the proline

residue increases the pK  of the nitrogenous base and facilitates the protonation of nitrogen by water, which

creates a good leaving group. However, to accurately establish the mechanism of catalysis by these hydrolases,

experiments and analysis of kinetic data and structure are required.
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