
Structure

Previews
choosing the most relevant enzyme-

ligand complex for their analyses in

structure-based drug design applica-

tions but will also help the structural

bioinformatics community in selecting

suitable structural representatives for

protein family-based studies on ligand

diversity (Najmanovich, 2017), function

evolution (Das et al., 2015), and struc-

tural modeling (Lam et al., 2017), among

others. For example, the carbonic anhy-

drase superfamily in CATH (Dawson

et al., 2017) contains many carbonic an-

hydrase enzyme structures with different

ligands bound in different parts of the

structure (Figure 2A). Using the ranking

of PDB structures for each EC by Tyzack

et al. (2018), it is possible to easily find

the enzyme structure with the cognate

ligand bound (exact match in this

case, Figure 2B). Another research area

to which this study will contribute

massively is the structure-guided inter-
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pretation of how genetic variants may

impact the structure and function of

proteins.

In summary, the study presents a

very valuable strategy for selecting struc-

tures of enzyme-cognate ligand com-

plexes for structural biologists, structural

bioinformaticians, and biomedical re-

searchers alike, with helpful data on

PDB structures provided for these users.
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In this issue ofStructure, Stach et al. (2018) describe the properties of SplE, a trypsin-like enzyme fromStaph-
ylococcus aureus. They report, on the basis of biochemical and structural studies, the unusual specificity
requiring the presence of histidine in the P1 subsite of its substrate.
A search of the Protein Data Bank (PDB;

Berman et al., 2000) with the term

‘‘trypsin’’ identifies over 1,000 entries,

with a further 500 or so found with

the term ‘‘chymotrypsin.’’ The oldest

deposited structures of these enzymes

are 40 years old (PDB: 1tgb; Fehlhammer

et al., 1977), so it should be a safe bet that

by now all should be known about the

mode of activity and about specificity of

this family of enzymes. Nevertheless, a

paper by Stach et al. (2018) in this issue

of Structure describes unusual properties

of another trypsin-like enzyme and its

specificity for the presence of histidine in
the P1 subsite (Schechter and Berger,

1967) of its substrate.

This trypsin-like enzyme SplE from

Staphylococcus aureus is a product of

an operon that encodes, in total, six

closely related proteases and might

constitute a first example of a proteolytic

system in bacteria. This operon is located

on a pathogenicity island, suggesting that

the produced enzymes might be involved

in bacterial virulence. All six enzymes

share a similar fold, whereas their speci-

ficity differs very significantly, ranging

from chymotrypsin-like specificity of SplA

(P1 tyrosine or phenylalanine) and gluta-
mine, asparagine, and aspartic acid for

SplB, to elastase-like specificity of SplD

(small residues in P1). SplE, however, dif-

fers in its specificity not only from the other

enzymes encoded by this operon but from

practically all othermembers of the trypsin

family, which rarely if ever are capable of

cleaving substrates containing a histidine

residue at the P1 site.

Determination of the specificity of

SplE was a relatively straightforward part

of this project. A tetrapeptide library

of the type Ac-X4-X3-X2-P1-Acc (where

Acc denotes 7-amino-4-carbamoylme-

thylcoumarin) containing 18 sub-libraries
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Figure 1. A Model of a Fragment of a Substrate Including the
Subsites P3-P10 Interacting with SplE
This model was created independently of the model shown by Stach et al.
(2018) by superimposing on SplE a structure of trypsin complexed with a
Kunitz inhibitor. The reactive loop of the inhibitor was computationally
mutated, and the side chain of His39, part of the catalytic triad (Dodson and
Wlodawer, 1998) but not observed due to disorder, was added.
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was utilized. In each sub-li-

brary, the P1 position con-

tained a particular natural

amino acid, while the X4, X3,

and X2 positions contained

equimolar mixtures of tested

residues. Hydrolysis of pep-

tides in the library resulted in

an increase of fluorescence,

and the results were

completely clear—high spec-

ificity for a histidine in P1,

with much lower activity for

a glutamine, and practically

no activity with other amino

acids. Further elaboration of

the specificity of SplE was

performed with a cellular li-

brary of peptide substrates,

in which a large number of

potential substrates (8-mer

peptides) were displayed on

the surface of E. coli

cells. The cleavage of these

peptide substrates would

lead to a change in

the fluorescence properties

of the cells, amenable to fluo-
rescence-activated cell sorting (FACS).

The results of the latter studies have

shown that the specificity of SplE was

not limited to the P1 site alone, but was

also influenced by other sitesmore distant

from the cleavage point. Thus, the P2 site

would preferentially contain leucine,

whereas the preference at the P3 site

was for a large aromatic residue

(tyrosine, phenylanine, or tryptophan).

The authors determined a high-resolu-

tion (1.75 Å) crystal structure of SplE to

gain insight into the structural basis of

the observed specificity of the enzyme.

Whereas the structure is that of the

apoenzyme, the conformation of the sub-

strate could be ascertained by modeling

based on the data available for other

trypsin-like enzymes with ligands present

in their active sites. Thus, modeling of the

consensus tetrapeptide Trp-Leu-His-Gly

in the active site of SplE provides

convincing clues about structural features

around the S1 pocket of the enzyme

responsible for its preference of His in

this place. The peptide in the active site
of SplE with the surrounding enzyme res-

idues interacting with it are shown in

Figure 1 (as well as Figure 4 of Stach

et al., 2018). The optimal positioning of

the peptide requires only very small rear-

rangement of the P1 pocket, as observed

in the crystal structure of apo-SplE pre-

sented by Stach et al. (2018). The imid-

azole ring of P1 His is hydrogen bonded

through its ND1 atom with the enzyme

histidine and through the NE2 atom with

the carbonyl oxygen atom of glycine

at the bottom of the S1 pocket. These

interactions, as well as the presence

of Val residue lining the S1 pocket, pro-

vide an effective arrangement encom-

passing the His side chain in the pocket.

It is also possible that a Glu side chain,

similar in length to His, may also create

similar interactions with the same His res-

idue, which would explain the partial

specificity of SplE to this amino acid in

the P1 site.

All members of the Spl family of prote-

ases differ to some extent in the structural

details around their active sites from the
canonical arrangement

observed in other trypsin-like

proteases. Stach et al. (2018)

suggest a possibility that

only some specific substrates

induce certain conformational

changes leading to the cata-

lytically effective arrangement

of the active site. This—

currently speculative—idea

could explain the exceptional

substrate specificity of Spl

proteases, which is stricter

than that of other related en-

zymes from different sources.

However, as these hypothe-

ses are solely based on the

structure of the apoenzyme,

and since it is necessary to

make some rearrangements

to the coordinates to accom-

modate modeled substrates,

these suggestions need to

be considered with some

caution. It may be expected

that the work of Stach et al.

(2018) will be pursued, partic-

ularly by investigating SplE
structures in the presence of non-cleav-

able substrates or inhibitors, which will

shed light on the structural and functional

characteristics of this unusual and inter-

esting group of proteases.
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