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Conclusions

a)

b)

c)

d)

Architecture of nucleotide binding

A statistical study of all the nucleotide binding proteins at the Protein Data Bank
has enabled the identification of the interaction patterns for base, ribose and
phosphate building blocks.

Mono- and dinucleotides ligands that mimic the RNA substrate structure were a
good model for the study of subsite interactions and provided a reference for
RNase A family members with no reported crystal complexes.

Structural analyses in the RNase A superfamily revealed a conservation of the main
phosphate and base subsites (p;, B1) and a series of non conserved substitutions at
additional secondary binding sites, in agreement with previously reported kinetic
data.

The identified common conserved patterns and distinct peculiarities can assist in
the design of selective RNA binders.

Structural study of RNase A superfamily members by X-ray crystallography

2.1. Structural study of RNase A

e)

f)

g)

h)

2.1.1. Crystal structure of the RNase A/H7H10 double mutant in complex with 3’-
CMP

The insertion of two histidines at RNase A p, subsite mimics the enzyme active site,
conforming an alternative catalytic centre.

The creation of a secondary catalytic site at p, induced structural changes at the
active site which explain the reduction of the enzyme catalytic efficiency as
reported by previous kinetic reports.

Arg10->His substitution modifies the interactions at the N-terminus, increasing the
region mobility. These changes may explain the different observed unit cell packing

in comparison to the wild-type protein.

2.1.2. Atomic resolution crystal structure of RNase A — 3’-CMP

The atomic resolution structure of RNase A — 3’CMP (1.16 A), in comparison to
previously reported data at medium resolution (2.20 A), provided a better
visualisation of the enzyme active site conformation when bound to the catalytic
reaction product as well as the protonation state of the catalytic triad.

The comparison of RNase A — 3’-CMP with the double mutant RNase A/H7H10
complex confirms the p; site influence on the residues of subsite p;.
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2.2. Structural study of RNase 3/ECP

2.2.1. Study of active site in mutant crystal structures

j) RNase 3/ECP active site mutations do not alter the overall 3D structure of the
protein. Hence, ECP/H15A and ECP/H128N mutants can be used for comparative
functional studies.

k) Structural analyses explained the obtained catalytic results, the total enzymatic
activity abolishment upon His15->Ala substitution and the residual activity of the
His128>Asn mutant.

[) The comparison with the RNase A mutant counterparts provided a plausible
explanation for the potential contribution of Lys38 in catalysis in the ECP/H128N

mutant.

2.2.2. High-resolution native RNase 3/ECP complex structures

m) The comparison of the two new high resolution structures of sulphate and citrate
RNase 3 complexes highlighted the crystal packing differences and identified the
main protein anion binding sites.

2.3. Structural study of RNase 6

n) The first crystal structure of human RNase 6 is reported in this work, setting the
basis for further structural and functional studies.

o) Sulphate binding sites were identified, providing a reference for the protein
nucleotide phosphate binding sites.

p) A new identified region, unique to RNase 6, corresponds to a previously predicted
site for heparin by docking experiments.

g) The comparison to the protein binding mode of other characterised RNase A
superfamily members will help to analyse the enzyme catalytic efficiency towards

nucleotide substrates.

2.4. Overall comparison of RNases’ sulphate interaction sites

r) New interaction subsites have been observed for RNase 3/ECP high resolution
crystals.

s) A much higher number of sulphate recognition subsites is observed in RNase 3,
corroborating its high affinity for negatively charged polymeric molecules,
potentially contributing to its higher cytotoxicity in comparison to RNase A or
RNase 6.
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Conclusions

t) The new identified binding sites may assist the design of nucleotide or sugar
derivative analogues for applied therapeutical drug development.
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1. Papers related to the PhD thesis

- Nucleotide binding architecture for secreted cytotoxic endoribonucleases
Boix, E.; Blanco, J. A.; Nogués, M. V.; Moussaoui, M.

(2013) Biochimie 96:1087-1097

- New structure of human RNase 6 in complex with sulphate ions

Blanco, J. A.; Arranz, J.; Pulido, D.; Moussaoui, M.; Boix, E.

Data in Brief (to be submitted)

2. Validation reports for all the crystal structures submitted to the Protein Data
Bank

2.1. Structure of the RNase A double mutant (RNase A/H7H10) in complex with 3’-
CMP at 2.10 A

2.2. Structure of RNase A at high resolution in complex with 3’-CMP at 1.16 A (PDB ID:
4U7R)

2.3. Structure of ECP with sulphate anions at 1.50 A (PDB ID: 40XB)

2.4. Structure of ECP with citrate ions at 1.50 A (PDB ID: 40XF)

2.5. Structure of ECP/H15A mutant at 1.47 A (PDB ID: 40WZ2)

2.6. Structure of ECP/H128N mutant with sulphate anions at 1.34 A (PDB ID: 4X08)

2.7. Structure of human RNase 6 in complex with sulphate anions at 1.72 A (PDB ID:
4X09)

Validation reports were elaborated by the Validation Server of the Protein Data Bank
(wwwpdb-validation.wwwpbd.org/validservice.
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Vertebrate secreted RNases are small cationic protein endowed with an endoribonuclease activity that
belong to the RNase A superfamily and display diverse cytotoxic activities. In an effort to unravel their
mechanism of action, we have analysed their nucleotide binding recognition patterns. General shared
features with other nucleotide binding proteins were deduced from overall statistics on the available
structure complexes at the Protein Data Bank and compared with the particularities of selected repre-
sentative endoribonuclease families. Results were compared with other endoribonuclease representative
families and with the overall protein—nucleotide interaction features. Preferred amino acids and atom
types involved in pair bonding interactions were identified, defining the spatial motives for
phosphate, base and ribose building blocks. Together with the conserved catalytic triad at the active
site, variability was observed for secondary binding subsites that may contribute to the proper
substrate alignment and could explain the distinct substrate preference patterns. Highly conserved
binding patterns were identified for the pyrimidine and purine subsites at the main and secondary
base subsites. Particular substitution could be ascribed to specific adenine or guanine specificities.
Distribution of evolutionary conserved residues were compared to search for the structure
determinants that underlie their diverse catalytic efficiency and those that may account for putative
physiological substrate targets or other non-catalytic biological activities that contribute to the anti-
pathogen role of the RNases involved in the host defence system. A side by side comparison with another
endoribonuclease superfamily of secreted cytotoxic proteins, the microbial RNases, was carried on to
analyse the common features and peculiarities that rule their substrate recognition. The data provides
the structural basis for the development of applied therapies targeting cellular nucleotide polymers.

© 2012 Elsevier Masson SAS. All rights reserved.
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1. Introduction superfamily”. The catalytic mechanism of RNase A was already

proposed in the 60s decade prior to the three-dimensional struc-

The vertebrate secreted RNase superfamily comprises small
secreted proteins showing very diverse catalytic and biological
properties [1]. Avariety of biological functions have been attributed
to some family members, ranging from angiogenesis to host
defence [2—6]. Mammalian homologues are grouped in eight
lineages which are referred as the canonical RNases [5] (Fig. 1A).
The family members were first gathered together as pancreatic
type RNases, in honour to the family reference prototype, the
bovine pancreatic RNase A, conforming the so-called “RNase A

Abbreviations: ECP, eosinophil cationic protein; EDN, eosinophil derived
neurotoxin; pn, Rn and Bn, protein binding sites for nucleotide phosphate, ribose
and bases; RMSD, residual mean standard deviation.
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ture knowledge [7]. RNase A, is nowadays one of the best studied
enzyme and represents an ideal model to understand the endor-
ibonuclease catalytic mechanism and polymeric substrate binding
mode [8—11]. The protein active site architecture reveals several
phosphate binding subsites adjacent to the main catalytic site
which contributes to align the RNA substrate (Fig. 1B). Together
with a primary role in RNA digestion in ruminants for RNase A,
a variety of non-catalytic biological properties were described for
the other family members [2,12,13]. Other RNases were identified in
many organs and tissues, and found not only in mammals, but in
reptiles, birds, amphibians and fishes, setting the basis to define
a properly vertebrate secreted RNase superfamily [5,14,15]. The
antibacterial activity of distant related RNases suggested that
the family evolved from an ancestral host—defence function [4].
Another suggestive hypothesis based on the angiogenic properties
of low order family members, such as bird and fish RNases, ascribed
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Fig. 1. (A) Sequence alignment of human RNase A superfamily members. Secondary structure elements of RNase A are depicted at the top. Strictly conserved residues are boxed in
black and conserved residues, as calculated by a similarity score, are boxed in white. Coloured residues in RNase 1, RNase 2 (EDN), RNase 3 (ECP) and RNase 4 refer to those identified
in protein complexes (see Table 2), and ascribed to phosphate/ribose (blue), pyrimidine (green) and purine (red) bases. Cysteine pairings for disulfide bridges are numbered below.
The figure was created using the ESPript software [100]. (B) Representation of the superimposed three-dimensional structures of the RNases showing the subsites location and
corresponding residue side chains for RNase A, coloured according to the same criteria as above.

an ancestral angiogenesis role [15,16]. All members, even with
a low primary sequence identity, around 30%, share a common
three-dimensional fold. All the so-called canonical RNases conserve
the catalytic triad identified in the RNase A reference enzyme by
His12, His119 and Lys41, where Lys is located at the family signature
CKXXNTF, together with a main base subsite for pyrimidines. On
the contrary, variability is found for the residues ascribed to
secondary binding sites and a huge amount of work is still pending
to accurately understand the enzymatic properties of most of the
vertebrate secreted RNases.

The RNase A superfamily is an o + B protein type and one of the
representative classified RNases superfamilies [17]. According to its

catalytic mechanism (EC 3.1.27.5), the enzyme cleaves ester bonds
with an endoribonuclease activity. Endoribonuclease families
embrace prokaryote and eukaryote members that can participate in
cell RNA processing or are secreted proteins with a cytotoxic
defence role. In particular, together with the RNase A superfamily,
microbial RNases represent another reference superfamily, which
includes bacterial and fungal RNases [18]. Some representative
members have also been thoroughly characterized, as RNase T1,
binase or RNase Sa, and provide a wealth of information on the
nucleotide binding mode patterns [19].

In a wider context, nucleotide binding motives have been ana-
lysed by the statistical analysis of databases of nucleic acid—protein
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complexes [20,21]. Nucleotides are recognized by a great variety of
proteins: together with RNases we find proteins involved in cell
replication and expression machinery, such as RNA polymerases or
transcription factors and enzymes dependant on nucleotide-based
cofactors. A modular architecture can be defined for bases, ribose
and phosphate elements [22]. Small spatial three-dimensional
motives were drawn, outlining pockets for each individual
module, which could arise from both divergent and convergent
paths [22]. In particular, structural motives for phosphate binding
were previously reported [23] and searching tools were developed
as the Phosfinder server [24]. Likewise, nucleobase recognition
patterns have been defined by screening DNA/RNA—protein
complexes [25—28] or adenine-based ligand protein complexes
[29] and prediction softwares were proposed [30,31]. General rules
for nucleic acid recognition have been inferred and RNA and DNA
binding proteins are found to apply equivalent strategies, suggested
to share a common evolution [32].

The exponential growth of the total number of structure
complexes submitted to the protein data bank, together with the
availability of statistical and analysis tools to closely inspect the
ligand environments, such as the PDBe motif provided utilities
|33,34], offer now the opportunity to review and rediscover the
structural determinants for RNases substrate specificity. Main resi-
dues participating in nucleotide pairing and their interaction
geometries have been screened and classified according to the
overall defined patterns [22,28]. In this context, we have compared
the overall patterns for protein—nucleotide binding with the
specific requirements of the RNase A superfamily, as an endor-
ibonuclease model for substrate recognition. Many secreted endo-
nucleases have cytotoxic antitumoral properties [35—37]. Mastering
the rules that govern the cellular RNA recognition and cleavage
could set the basis for the development of targeted therapeutic
agents [38—40].

2. Overall recognition patterns for nucleotide binding
proteins

General patterns for protein—nucleotide interaction were
inferred by applying the analysis tools supplied by the online server
“PDBe Motif” at the PDBe Data Base (http://www.ebi.ac.uk/pdbe-
site/pdbemotif/) [41]. The server provides statistical analysis of
protein ligand interactions [34,42]. Protein complexes with
nucleotide-type ligands were selected to define the interacting
amino acids and the molecule pair bonding patterns. For each
protein—ligand complex the total of hydrogen bonds and van der
Waals interactions were counted and the main representative
residues were listed. The percentage value of each type of inter-
action was then taken into account and selection criteria were then
applied based on statistical interaction significance. For each
residue the significant pair bonding was defined at atomic level.

CONSURF server was applied to identify the evolutionary
conserved residues and correlate the data to the key ligand inter-
acting residues [43]. For each RNase A member a multiple sequence
alignment was carried on selecting the first 50 sequences from the
Swiss Protein database to compute their evolutionary conservation
score. Results were always considered with caution bearing in mind
the potential output bias derived from the variable availability of
sequences at the database for each RNase type. Analysis of protein
complexes was further performed manually using COOT software
[44] to check the relevant interaction distances within the ligand
environment. A three-dimensional model was built for RNase A
family members when no reference structure was available using
the Automated Modelling Server Swiss Model [45].

The overall binding preference for nucleotide binding proteins
has extensively been analysed in the literature. However, as the

VI

number of deposited structures at the protein data bank is expo-
nentially growing, we have recalculated the statistical distribution
from a considerably larger database to take it as the best reliable
reference for further comparison studies. For our purpose, to obtain
an adequate reference to analyse the RNase binding mode, we have
selected for a further detailed analysis only the nucleotide-type
ligands that could better mimic a potential RNA substrate. Small
nucleotide ligands were proven to be a good model to elucidate
the key interactions for polymeric substrate, as long and flexible
single stranded RNA would be recognized by the protein modular
motives [24].

From all the available protein—nucleotide complexes at the PDB,
only the nucleotide-type ligands showing statistical significance
were selected. When evaluating the residues within hydrogen bond
and van der Waals distances, a generous cut-off distance was
chosen, to account for the intrinsic marginal error within solved
structure complexes, and inherent side chain mobility. We must
also bear in mind that many complex structures were solved in
non-physiological conditions. Table S1 lists for each studied ligand
the most frequent hydrogen bond interacting residues. Atomic pair
bonding details are subdivided according to the nucleotide
elements to highlight the protein atom pairing predominance for
base, ribose and phosphate recognition. To better interpret the
statistical significance, the number of studied protein structures
and complexes are indicated below each amino acid. For each of the
best binding amino acid, the ligand interacting atom was plotted
against its frequency (Figure S1).

To analyse the tendency of each amino acid to interact with
every part of the nucleotide structures, we have also searched for
the significant pair bonding for the respective individual building
block (Figure S2). Only the data retrieved from complexes repre-
sented in a significant number in the database are listed. We are
also aware that overrepresentation of some physiological relevant
ligands will also bias the final conclusions, as adenine nucleotide
predominance in the database, due to their important role in
metabolic paths. Comparatively, fewer complexes for guanine
derivates are reported, and scarce data is found for pyrimidine
bases, so output results should always be considered with caution.
Figure S3 shows the percentage of total, hydrogen bond and van der
Waals interactions for the selected most significant residues for
bases, ribose and phosphate groups. The results show that Arg, Lys
and His are the favoured residues for phosphate recognition. In
a second group we find polar residues, as Thr and Ser. Likewise,
anionic residues, as Glu and Asp show a preferential interaction
with the ribose ring. On its side, adenine recognition is driven by
both hydrogen bond and van der Waals forces. The importance of
van der Waals contacts was highlighted by Luscombe et al. [20],
who reported that these type of interactions constituted two-third
of the DNA—protein total binding. Residues Val and Ile are found
to conform hydrophobic pockets for adenine and Phe for uracil
base. Selected basic and acid residues contributing to specific
interactions with potential donors or acceptors base groups at
a physiological pH were analysed. Amino acid—base pairing were
considered according to the number of bonds, as single, bidentate
or multiple interactions as previously classified [20]. Particular
attention was paid to discriminating groups between adenine and
guanine bases, as N1 or N6/06 atoms. As an example, Arg is one of
the favoured residues for both purine bases, as NH1 and NH2 atoms
bind to N6, N7 and N1 of adenine, and can also contribute by
a bidentate interaction, to anchor both N7 and O6 guanine atoms
[20]. Combination of Thr side chain with main chain interactions is
also a characteristic of a planar binding to adenine base, as
described by Kondo and Westhof [28]. Contribution of acidic resi-
dues is also favoured for base binding, where Asp OD1 or OD2
hydrogen bonding to N6 is the most observed pairing for adenine,
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and Asp and Glu acceptor oxygen atoms to guanine N1 and N2
groups. Ser OG group can also interact with the guanine 06 atom.
As for uracil binding pattern, N3, O2 and 04 atoms are the potential
candidates for hydrogen bond interactions. Following, Asn and Gln
as polar uncharged residues can also provide hydrogen bonding to
uracil atoms. Indeed, Kondo and Westhof classification of nucleo-
tide base recognition mode [28] finds Asn and GIn as the main
residues for specific uracil binding by simultaneous anchoring of N3
and either 02 or 04 atoms. Similar binding mode is reported for
thymine. Frequently, the peptide bond CO and NH groups are also
contributing in a similar fashion, being even one of the most
frequent base pairing for adenine binding proteins [28]. As
a general rule, all the residues that can provide simultaneously
a pair of hydrogen bonds are favoured for base recognition: Asn,
GlIn, Asp, Glu and Arg, fixing the base in a coplanar orientation and
providing more specificity to the site pocket.

On its turn, phosphate groups are mainly recognized by spatial
structural motives composed by 3 residues [24]. Statistical analysis
for phosphate groups reveals a clear predominance of Arg binding,
followed by Lys, fixing the phosphate groups by electrostatic
interactions (Figure S2). When analysing the phosphate binding
mode we would also need to consider the protein role. Location of
a phosphate at the enzyme active site, where the phosphodiester
bond is cleaved would be ruled by the catalytic requirements. That
would justify the overrepresentation of residues as His, Asp and
Glu, that can act as base catalysts.

As for ribose, the binding statistics is both biased by steric
hindrance and by its proximity to the phosphate group. Among all
ribose-containing ligand structures studied, the 02’ and O3’ atoms
are the ones interacting the most and Asp and Glu are often
observed at hydrogen bond distance. Notwithstanding, difference
when comparing isolated elements will always be dependent on

Table 1

the particular location of each group inside the ligand that will
determine its solvent exposure.

3. Binding patterns for the RNase a superfamily

The statistical analysis of nucleotide binding protein complexes
was then applied to characterize the RNase A superfamily, as
a representative endoribonuclease family group. The results were
analysed based on the characterized catalytic mechanism of action
of the family prototype RNase A. Substrate subsites for nitrogenous
bases, ribose and phosphate groups were defined as Bn, Rn and Pn
respectively, p1 corresponding to the main phosphate binding site
where the 3’-5' phosphodiester bond is cleaved [8—10].

A list of the RNase complexes submitted at the PDB has been
taken to define the binding patterns for each of the nucleotide
building blocks. Table 1 lists all the residues interacting for all
nucleotide-type ligand complexes for canonical RNases and Table S2
shows the pair bonding at atomic level for the most representative
complexes with substrate analogues. Additional information on
other family related members is annexed in Table S3. Main inter-
acting residues for base, ribose and phosphate are summarized in
Table 2. The subsite binding architecture is well defined for RNase A
(Figs. 2 and 3), where the main base site (B1) is specific for pyrim-
idines and the secondary site (B2) favours purine binding [8].
Together with the main phosphate binding site (p1), other
secondary subsites facilitate the RNA binding and would contribute
to the enzyme endonuclease cleavage pattern [10,46,47]. Residues
ascribed to each defined site are labelled in the sequence alignment,
where conservation of the main binding sites is visualized (Fig. 1).
Variability at the secondary binding sites could explain the RNase
homologues distinct catalytic efficiencies and substrate specificities
[5,12,48]. Table 3 summarizes the available experimental data to

List of protein complexes with nucleotide-type ligands from the RNase A superfamily. Residues involved in potential hydrogen bonds and van der Waals interactions are
included, as calculated by the PDBe motif server. Peptide backbone interactions are indicated in brackets as PB. Atom detail involved in molecule pair bonding from selected

nucleotide substrate analogues is included in Table S2.

Protein name Ligand name Ligand code PDB code Interacting residue
RNase A d(CpA) CPA 1rpg Q11, H12, K41, V43, N44, T45, C65, Q69, N71, A109, V118, H119, F120
5'ADP ADP 100h K7, Q11, H12, K41, C65, N67, Q69, N71, A109, E111, V118, H119, F120
3'UMP u3p 100n Q11, H12, K41, V43 (PB), N44 (PB), T45 (PB), H119, F120 (PB)
3',5'ADP A3P 100f K7, Q11, H12, K41, C65, N67, Q69, N71. A109, E111, V118 (PB), H119, F120 (PB)
2',5'ADP A2P 1000 Q11, H12, K41, C65, N67, Q69, N71, A109, E111, V118, H119, F120 (PB)
2'UMP u2p 1o0m Q11, H12, K41, V43, N44 (PB), T45 (PB), H119, F120 (PB), D121 (PB), A122
dUp UM3 1w4p Q11, H12, K41, V43 (PB), N44, T45 (PB), H119, F120 (PB)
5'IMP IMP 1z6d A4, K7, Q11, H12, K41, V43, N44 (PB), T45, K66, R85, H119, F120 (PB), A122, S123, V124
5'CMP C5P 1rnn H12, K41, V43 (PB), N44 (PB), T45, H119, F120 (PB)
2'-5'UpG u2G leos Q11, H12, K41, N44, T45 (PB), H119, F120 (PB)
PPAp PAP 1afk A4, K7,Q11, H12, N67, Q69, N71, A109, V118 (PB), H119, F120 (PB)
2'CMP C2P 1jvu Q11, H12, K41, V43 (PB), N44 (PB), T45 (PB), H119, F120 (PB)
dUpAp PUA 1ghc A4, K7, Q11, H12, N44 (PB), T45, N67, Q69, N71, A109, V118, H119, D121
Purine-5'P P5P 1rbn K1, E2 (PB), T3, A4
3',5'd(CpG) CGP 1rca H12, K41, V43, N44 (PB), T45, R85, F120, D121 (PB), A122 (PB)
3'CMP C3P 1rpf Q11, H12, K41, V43 (PB), N44 (PB), T45, H119, F120
2'3'UV uvc Truv Q11, H12, K41, V43, N44 (PB), T45, H119, F120 (PB)
Uarabinose 3'P UA3 1w4o Q11, H12, K41, V43, N44 (PB), T45, H119, F120
5'AMP AMP 1z6s Q11, H12, K41, C65, N67, Q69, N71, A109, E111, H119, F120 (PB)
5'UMP uspP 3jwl H12, K41, V43 (PB), N44, T45, K66
3'TMP T3P 3lxo Q11, H12, N44 (PB), T45, K66, H119
5'ATP ATP 2w5g Q11, H12, K41, C65, N67, Q69, N71, A109, E111, V118, H119, F120
5'UDP uDP 3dxh E2, R10, H12, N34, K41, V43 (PB), N44 (PB), T45, N67, Q69, A109, E111, V118, H119, F120
dGp DGP 2qca K7, Q11, H12, K41, V43, N44 (PB), T45, K66, Q69, R85, E111, V118, H119, F120 (PB)
RNase 2 (EDN) 3',5'ADP A3P 1hi4 W7, Q14, H15, C62, R68, N70, A110, H129, L130
ApppppA AP5 2bzz W7, Q14, H15, R36, K38, N39, Q40, C62, N70, H82, A110, D112, V128, H129, L130 (PB)
AppppA B4P 2c05 W7, Q14, H15, K38, R68, N70, A110, D112, V128, H129, L130
2',5'ADP A2P 1hi3 Q14, H15, H129, L130 (PB), D131
5'ADP ADP 1hi5 Q14, H15, K38, Q40, H82, Q40, H82, H129, L130 (PB)
RNase 3 (ECP) 2',5'ADP A2P 1hlh Q14, H15, R34, K38, H128
RNase 4 dUp UM3 2rnf R7, Q11, H12, F42, N43 (PB), T44, R101, H116, F117, G119

VIl
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Table 2

Summary of the identified interacting residues in structure complexes from RNase A
superfamily members with nucleotide-type ligands, as detailed in Tables 1 and S2.
Residues were classified according to the interacting nucleotide bases, ribose and
phosphate groups.

Protein Interaction block
Base Ribose Phosphate
Pyr Pur Main Others
RNase A N44 N67 H12 Q11 K7
T45 Q69 H119 H12 R10
F120 N71 K41 K41 K66
S123 A109 H119 R85
E111
V118
H119
RNase 2 (EDN) R68 w7 Q14 w7
N70 H129 H15 W10
A110 K38 R36
D112 H129 N39
V128 Q40
H129
L130
D131

assess the base preferences for the RNase homologues. Non-
conserved substitutions at some secondary sites might explain the
lower catalytic activity of some family members, as RNase 3 or
RNase 5, which have acquired other non-catalytic biological prop-
erties. Previous docking analysis using di- and tetranucleotides [12]
confirmed that main B1 and p1 sites are conserved in all members.
Some variability at B2 and P2 sites was already observed by

RNase A- PO,

RNase A

RNase T1

@::45 ¢ 7EH

Variable Average Conserved

Fig. 2. Cartoon representation showing residues involved in the catalytic mechanism
and the main phosphate recognition at P1 site for RNase A (A and B) and RNase T1 (C).
Conserved residues are labelled. Pictures were drawn with PYMOL (DeLano scientific)
and coloured using the CONSURF web server (http://consurf.tau.ac.il/) according to
their evolutionary conservation score using the colour-coding bar at the bottom image.
When not enough information was available, residues were coloured in yellow.
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RNase A- CYT

RNase A- ADE

RNase T1- GUN
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Fig. 3. Representation model for pair bonding interactions for (A) RNase A—Cytosine,
(B) RNase A—Adenine and (C) RNase T1—Guanine. Structural data was taken from the
RNase A—d(CpA) and the RNase T1-3GP complexes. Common hydrogen bonds shared
with the other superfamily members are indicated with dashed lines. Pictures were
drawn with PYMOL (DeLano scientific) and coloured using the CONSURF web server
(http://consurf.tau.ac.il/) according to their evolutionary conservation score using the
colour-coding bar at the bottom image. When not enough information was available,
residues were coloured in yellow.

inspection of RNase 2 and RNase 3 nucleotide complexes [49—51].
Reduced interaction at the phosphate secondary site p2 in the
eosinophil RNase 3 was attributed to a particular substrate prefer-
ence and cleavage pattern [52]. Mutagenesis studies on the other
eosinophil RNase homologue, RNase 2 [53,54], identified the
contribution of secondary phosphate sites on the cleavage of long
polymeric substrates. In particular both eosinophil RNases expose at
the 5’ side a cationic site, named p1, which has first been identified
by protein—sulphate crystal complexes [55—57]. Residues Arg36,
Asn39 and GIn40 in RNase 2 were ascribed to p1 site by kinetic

Table 3

Base preference for studied RNase A superfamily members at B1 and B2 subsites, as
deduced from reported kinetic results. Estimated ratio for base preference is indi-
cated in parenthesis.

Protein Substrate B1 site B2 site Reference
RNase A CpA, UpA, C>U(2:1) A>>>G [71,101-104]
CpG, UpG (10:1)
Poly(C), Poly(U)
RNase 1 Poly(C), Poly(U) C>U(2:1) A [104]
RNase 2 UpA, UpG U>C(2:1) A>G(41) [53,104]
(EDN) Poly(C), Poly(U)
RNase 3 CpA, UpA, UpG U>cC(2:1) A [52,104]
(ECP) Poly(C), Poly(U)
RNase 4 UpA, CpA U>>>C A [62,104—106]
Poly(C), Poly(U)  (10:1)
Bullfrog UpX, CpX U>C(2:1) G [81,106]
RNase CpG, UpG
Onconase  UpG, CpG U=>C G [107]
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comparison of single mutants [53]. A later study identified the
residues contributing to B1 (Thr42, Leu130 and Ile133) and B2
(Asn70 and Asp112) [54]. Interestingly, the authors observed that
removal of p0 and p2 putative sites was not only altering the
enzyme substrate affinity but was also reducing the catalytic
constant parameter, implying that these secondary sites are also
contributing to define the main enzyme catalytic centre. This
scenario was previously described for RNase A, where removal of
the positive charges at p2 residues (Lys7 and Arg10) was reducing
the enzyme catalytic constant even for dinucleotides [58]. The
results were interpreted as a long range influence through elec-
trostatic interactions on the pKa values of the enzyme main p1
active site residues [59].

Differences at the distribution of cationic clusters on eosinophil
RNases (RNases 2 and 3) may not only reflect distinct physiological
nucleic acid substrates but also affinity to other ligand partners
that may modulate their biological properties. The protein
exposed cationic clusters may correspond to sulphate rather than
phosphate binding sites, and may facilitate the recognition of other
anionic polymers as heterosaccharides [12,57]. Indeed, sulphate
anions are bound at phosphate binding sites in several RNase
crystal complexes [56,57] and overlap with the corresponding
anion positions of either saccharide or nucleotide probes [12,60,61].

(Leu)

Following, we have compared the conserved interacting resi-
dues found in RNase A members complexes with the most common
nucleotide binding patterns defined for all the database proteins.
The available protein complexes with representative substrate
analogues were overlapped and manually inspected and residues
involved in each defined site were coloured according to their
evolutionary conserved score, as implemented in the CONSURF
server. Shared common traits were then depicted for recognition of
each building block taking RNase A as a reference (Figs. 2 and 3). We
observe that the RNase A family applies one of the most frequent
strategy for base binding [28]. Fig. 3 illustrates the Thr main chain
peptide backbone pairing at the pyrimidine specific B1 site. The Thr
residue (Thr45) is conserved among the protein homologues
(Fig. 4) and Thr45 pair bonding is observed in both cytosine and
uracil nucleotide complexes (Table S2). On the other hand, the Phe
contribution through stacking interactions to the pyrimidine ring is
not conserved in many family homologues (Fig. 3) and may account
for the higher catalytic efficiency of RNase A and RNase 4. In any
case, a conservative substitution Phe to Leu for the other members
can also contribute to the B1 hydrophobic pocket.

We have also considered the structural determinants for uracil/
cytosine preference. Although the B1 pocket can accommodate
both cytosine and uracil bases, significant differences are found

Variable Average Conserved

Fig. 4. Cartoon representation showing residues involved in nucleotide recognition in the RNase A superfamily (A) and the microbial RNase superfamily (B) for pyrimidine (Pyr),
purine (Pur), and phosphate (PO4) elements. Residue numbers belonging to RNase A and RNase T1 are labelled, and equivalent counterparts in other family members are indicated.
Tables S2—S4 are taken as a reference. Pictures were drawn with PYMOL (DeLano scientific) and coloured according to their evolutionary conservation score using the CONSURF web
server (http://consurf.tau.ac.il/). When not enough information was available, residues were coloured in yellow.
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between some studied members (Figs. 4 and 5A). While the
pancreatic RNase A has no specificity, RNase 4 strongly prefers
uracil [62] (Table 3). The RNase A versatility is attributed to Thr45,
which can act as a donor or acceptor for base bonding [8,63,64]. The
close Asp83 side chain can adopt two rotamer conformations and
thereby switch the role of the Thr hydroxyl group. In contrast, in
RNase 4, as visualized by NMR complexes [65], the Asp residue
counterpart (Asp80) cannot shift freely due to close contacts with
Phe42, and the Thr is then fixed, working as an acceptor group
interacting with the uracil N3H group. Mutagenesis studies on
RNase 4 [66,67] also highlighted the key residues for uracil speci-
ficity. Structural analysis also indicates that Argl101 in RNase 4
(substituting Lys104 in RNase A) would also modify the B1 prefer-
ence, interfering with the cytosine base. Lys to Arg substitution at
that position is also observed for RNase 3, while RNases 6 and 7
retain the Lys residue. Unfortunately no detailed kinetic data is
available for some of these RNases.

A lower conservative pattern inside the family is observed at the
B2 site (Fig. 4), although the main purine recognition trait is shared
by all members. Early structural studies by X-ray crystallography
reported the contribution of residues GIn69, Asn71 and Glul111 at
adenine binding [68]. However, later data by X-ray and NMR only
observed the contribution of Asn71 [69,70]. Mutagenesis studies

A

H:345¢7EH

Variable Average Censerved

confirmed that only substitutions at Asn71 reduced the catalytic
rates [71]. A double pairing in a coplanar orientation is provided by
Asn71 (Fig. 3) binding to the N1 and N6 adenine atoms (Table S2)
that can contribute as acceptor and donor groups. The strategy
matches again the overall preferred binding mode for adenine [28].
Asn71 is conserved by all human RNase homologues except for
RNase 5 (Fig. 1). On the other hand, we observe more variability at
the other two purine binding residues (GIn69 and Glu111) (Figs. 1
and 4). GIn69 is only found in RNase A and human RNase 1
(Fig. 5A). Cationic residues at equivalent positions in other homo-
logues may offer a distinct paring. While GIn OE1 atom can fix the
N6 donor group in adenine base, a cationic Lys or Arg side chain
may have a preference to anchor guanine bases at B2 site. This
might be the case of the studied fish family members, as zebrafish
RNase, where a Lys residue is oriented towards the B2 pocket.
A more conserved substitution is found at Glul1l counterparts
(Fig. 4), although Asp substitution was attributed to a lower binding
efficiency at B2 for eosinophil RNases 2 and 3. The only exception at
position 111 for human family members is observed for RNase 7
(Fig. 1), where a Lys residue close to the N3 acceptor atom would
facilitate the purine binding. Unfortunately, no kinetic studies are
available to check the substrate base specificity for some of the
recent new family members.

RNase T1-GPG

RNase F1-2’'GMP

RNase Sa-3GP

1:34567EH

Variable Average Conserved

Fig. 5. Three-dimensional structure surface representation of RNase representative members of (A) RNase A superfamily and (B) microbial RNases. Pictures were drawn with PYMOL
(DeLano scientific) and coloured using the CONSURF web server (http://consurf.tau.ac.il/) featuring the relationships among the evolutionary conservation of amino acid positions.
Residues were coloured by their conservation score using the colour-coding bar at the bottom image. When not enough information was available, residues were coloured in yellow.
Residues for bovine seminal RNase belonging to the swapped molecule are coloured in lemon green. Nucleotide ligands are drawn in sticks and coloured according to the atom type.
Residues interacting with nucleotide ligands are labelled. Selected PDB complexes are: RNase A-CPA (1RPG); RNase 2—AP5 (2BZZ); RNase 4—UM3 (2RNF); BS—RNase (1R5C);
Onconase—d(AUGA) (2I5S); RNase T1—GPG (2RNT); RNase F1—2'GMP (1FUT); RNase U2—3AM (3AGN); RNase Sa—3GP (2SAR); Binase—3GP (1GOY). RMS deviation for all overlapped

structures is below 3 A.
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Kinetic data highlight that canonical RNases have a clear pref-
erence for adenine for the secondary base site (Table 3). Indeed,
structural data is also supporting this substrate preference, as all
nucleotide complexes locate an adenine at B2 site (Tables S2
and S3). Moreover, guanine-containing dinucleotides bind in
a non-productive mode or very weakly to RNase A [72]. As an
example, the RNase A—d(CpG) complex [73] shows an anomalous
nucleotide orientation, where the guanine is positioned at B1. We
can predict that Asn71 would interfere with the guanine O6 group.
Glu111 on its side, while favouring adenine binding, may also be
able to accommodate guanine. Indeed Glu and Asn interaction to
N6 are one of the selected for adenine binding (Figure S2).

Finally, to analyse the particularities from the RNase members
where no structural information is currently available we have
compared modelled complexes using a di- and tetranucleotide
docked ligand [12]. Overlapped structures onto the RNase A—d(CpA)
[69] and RNase A—d(ATAA)p [74] highlight the non-conserved
substitutions. Equivalent interactions were predicted at p1 and B1
sites for the 8 human RNase members. Differences are mostly
observed at B2 site, where the introduction of a negative charge at
the 64—71 loop in RNase 7 may explain the absence of local contacts
at the purine base for the docked ligand [12]. On the contrary an
increase in the number of contacts is patent for the ligand docked to
the RNase 6 homologue, which can be attributed to the insertion of
an additional Arg at the corresponding loop. Indeed, the counterpart
Arg68 in RNase 2 is contributing to the base binding in the crystal
complex (Table S2). A drastic structural modification is expected for
RNase 8, an RNase uniquely expressed in placenta, where a new Cys
determines an alternate disulfide bonding at this loop [75].
Preliminary kinetic assays using tRNA indicated a very reduced
catalytic activity in comparison to most of the other members [75].
Recent discovery of RNase 8 polymorphisms even suggest that the
RNase activity is not involved in the real protein physiological role
|76]. However, lack of a systematic comparative kinetic data
precludes a thorough analysis of these RNase A homologues.

Together with the 8 human canonical RNases we have analysed
other representative family members (Table S3). The bovine
seminal RNase, is a peculiar member with cytotoxic and antitu-
moral properties [77] that adopts a natural dimeric structure by
domain swapping [78], where each monomer provides one of the
catalytic residue to a hybrid active site and the nucleotide gets fixed
by the two swapped domains [79] (Fig. 5A). The quaternary struc-
ture retains the catalytic properties of the parental RNase A [80]
and all the critical nucleotide binding residues are conserved,
with the only exception of the anionic residue at 111 (Table S3).

A different scenario is presented by frog RNases, which have
been extensively studied because of their antitumoral properties
[36,81]. In particular RNase purified from Rana pipiens (onconase) is
currently applied in anticancer therapy. Structural studies are still
ongoing to understand its poor kinetic efficiency and cytotoxicity
mechanism [82]. Characterized frog RNases, as onconase or bullfrog
RNase 4, share non-conserved substitutions and a deletion at the B2
loop (residues 64—71). The absence of the Asn71 loop favours the
guanine binding, as confirmed by kinetic and structural studies
[83]. Indeed, the onconase—tetranucleotide complex confirms the
contribution of a Glu residue (corresponding to RNase A Glul111)
to fix the guanine at N1 and N2 (Fig. 5A; Table S3). B1 on its side
is conserved with equivalent interactions at main chain and Thr
residue. Kinetic results using dinucleotides for bullfrog RNase 4
confirm the guanine preference at B2 [84] (Table 3). Onconase and
bullfrog RNase also share the peculiarity of having a Pyr1 residue at
the N-terminus which is oriented towards the active site and is
essential for the enzyme activity [83,85,86].

The later discovery of fish homologous RNases, isolated from the
zebrafish (Danio rerio) and the Atlantic salmon RNase [87] provided

new insight into the family origin. Inspection of the structural
features of zebrafish RNase 1 also suggest a guanine preference at
B2, although no nucleotide complex or kinetic results can corrob-
orate it [15]. Phylogenetic analysis associate fish RNases with RNase
5 (angiogenin) [14,87], considered the ancestral canonical member.
Their structural similarity is also supported by related biological
properties, as antimicrobial and angiogenic activities [15]. Inter-
estingly RNase 5 (angiogenin) has a low catalytic activity and
presents a deletion at the B2 loop. Moreover, insertion of the cor-
responding RNase A loop increased by about 500x fold the protein
catalytic activity, while abolishing the corresponding angiogenic
activity [88]. Another striking similarity between zebrafish RNase
and angiogenin is the blocking of the B1 base by the protein C-
terminal. In particular, GIn117 at RNase 5 C-terminus is oriented
towards the active site in the solved crystal structure and
a conformational rearrangement would be required to provide and
alternate positioning to allow the main base binding [89].

We can conclude that all the canonical RNase A family members
provide a common double bonding base pairing for both main and
secondary bases which is classified as one of the main protein
nucleotide recognition patterns [20,28]. While residues contrib-
uting to B1 and p1 are mostly conserved, non-conservative substi-
tutions are found for B2 and secondary phosphate binding sites. In
particular, low order RNases, as frog and fish RNases, present
significant differences at the secondary base site, shifting the base
specificity from adenine to guanine. Unfortunately, only scarce
kinetic data is available to better interpret the structural particu-
larities of each RNase. In any case, the physiological role of their
substrate specificity remains unknown.

Notwithstanding, recent finding also suggest that surface
cationic residues may also be involved in the protein binding to
other polyanionic biomolecules, explaining other non-catalytic
properties. As an example, cationic clusters in RNase 3 were iden-
tified to contribute to heparin binding [90—93] and to lipopoly-
saccharides at the Gram-negative outer membrane [94]. The
protein high affinity to the exposed heterosaccharides would
mediate its further toxic effect on either bacterial or eukaryote cell
[12,94,95].

4. Binding patterns for microbial RNases

Microbial RNases is another well characterized superfamily of
endoribonucleases that share an o + B fold and includes small
cytotoxic RNases secreted by a diversity of prokaryote and eukaryote
microorganisms, as bacteria and fungi [96]. Here we have gathered
all the protein nucleotide complexes corresponding to bacterial
RNases (Barnase, RNase Sa, RNase Sa2) and fungal RNases (RNase F1,
RNase T1, RNase U2, RNase MS; Restrictocin) (see Table S4).

All the structural analysis has been referred to RNase T1 (EC
3.1.27.3), the most studied superfamily member [97]. RNase T1 is
a secreted RNase from the slime mould, Aspergillus oryzae, and was
first purified from an enzyme extract obtained from the sake
brewing process. RNase T1 also shows a general acid base catalytic
mechanism of action [98], where the cleavage of the phospho-
diester bond is catalysed by an His and a Glu residue (Glu58 and
His92 acting as a base and acid groups respectively). Additional
residues are contributing to anchor the substrate at p1, as Tyr38,
His40, Arg77 (Fig. 2C), which are suggested to contribute to stabi-
lize the transition state and facilitate the transphosphorylation
mechanism [97].

We have studied the substrate binding site architecture for
microbial RNases by analysing the available nucleotide complexes
structures (Table S4). As most protein complexes submitted to the
protein database are from mononucleotides, we could only analyse
the conserved binding patterns for the main base and phosphate
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Table 4

Summary of the common identified active site residues in structure complexes from
microbial RNases with nucleotide-type ligands, as detailed in Table S4. Residues
were classified according to the interacting main nucleotide base and phosphate
groups. Residues not present in all structures are indicated in brackets. PDB codes
are indicated together with the residual mean standard deviation values in relation
to RNase T1—GPG complex. PB refers to peptide bond.

Protein (PDB code) Interaction block

Base Phosphate
RNase T1—-GPG (2rnt) E46 Y38
N43 H40
43 (PB) E58
44 (PB) H92
F100 R77
[N36]
RNase F1—2GP (1fut/0.88 A) E46 Y38
N43 H40
43 (PB) E58
44 (PB) H92
R77
[N36]
RNase U2—3AM (3agn/1.43 A) E49 Y39
44 (PB) H41
F110 E62
H101
R85
RNase Sa—3GP (2sar/2.79 A) E41 E54
38 (PB) H85
39 (PB) R69
F37 [Y86]
[Q32]
R65
Binase—3GP (1goy/3.5 A) E59 [K26]
56 (PB) E72
57 (PB) [R82]
F55 R86
H101
[Y102]

sites (B1 and p1). The conserved patterns for all analysed microbial
RNases were considered inside each representative family (Fig. 5B).
Microbial RNases show a base specificity for guanine at the main
base site [99]. The common recognition patterns, taking RNase T1 as
a reference, is illustrated in Fig. 3C. The observed peptide bond pair
binding to guanine corresponds to one of the representative clas-
sified patterns [28]. Also, an anionic residue proving double binding
to guanine N1 and N2 donor groups is observed, matching one of
the preferred pairing. Another conserved residue at the base pocket
is Phe. As for the main phosphate binding site, His, Glu and Tyr
counterparts are conserved in all members. Together with the
reference residues, the figure illustrates the contribution of
complementary residues, as Arg77 and His40 counterparts. Table 4
illustrates the particularities that contribute to recognition of each
building block. Manual inspection of overlapped RNase-3GP
complexes confirms the matching of the key conserved residues
within each representative family (Figs. 4B and 5B).

5. Conclusions

Overall screening of nucleotide complexes at the protein
database outlines the main recognition binding strategies. A
further systematic analysis of the available nucleotide complex
structures from two representative secreted endoribonuclease
superfamilies revealed their main common binding recognition
features. Although the available protein—nucleotide complexes
present an overrepresentation of mono- and dinucleotides ligand
types, their individual binding mode can mimic the substrate
flexibility and provide therefore a good model to study the partic-
ular interactions of each nucleotide building block at the substrate

XIl

binding sites. A thorough analysis of the structure complexes of
RNase A superfamily members and the identification of evolu-
tionary conserved residues revealed the main shared patterns and
the divergence at secondary interacting regions. While the residues
contributing to the principal phosphate and base binding sites are
conserved, more freedom is offered by the secondary sites. Main
recognition patterns for base selectivity were outlined and related
to the reported kinetic data. The common conserved patterns were
applied as analytical tools to interpret the peculiarities of homol-
ogous family members where no crystal complex is available,
contributing to identify their putative physiological substrates that
may account for their cytotoxic activities. The data provides
a reference starting point for applied bioengineering towards the
design of selective RNA binders.
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Table S1: Pair binding statistics for protein interaction with nucleotide-type ligands. The data was retrieved
using the pair binding statistics search tool implemented in the PDBeMotif web server. Below each
interacting residue the total number of protein structure complexes is indicated (number of corresponding
UniProt entries/ total number of analysed structures from the Protein Data Bank. Only ligands with
significant amount of statistical data available have been selected. For each ligand, the first 5 residues with
the highest number of interactions were listed, and for each amino acid, only the atomic interactions with
significance values over 80% have been included.
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Table S2: Pair binding statistics for RNase A family canonical members with selected nucleotide-type
ligands. Atomic interactions retrieved using the PDBeMotif web server are listed for both Van der Waals

and hydrogen bonds. Protein atoms are labeled according to each molecule at the asymmetric unit.

XXIV

PICZ::Ien Ligand Information c’; ZBe Pair bonding interacting atoms
PB NE2.HIS 12A PB NE2.GLN 118
ND1.HIS 119A ND1.HIS 11B
01B CD2.HIS 12A 018 CD2.HIS 12B
CEL.HIS 12A NE2.HIS 128
NE2.HIS 12A CA.HIS 1198
CA.HIS 119A 028 ND1.HIS 11B
028 CE.LYS 41A CEL.HIS 1198
NZ.LYS 41A CG.HIS 1198
038 ND1.HIS 119A 038 NE2.GLN 118
CEL.HIS 119A PA NZ.LYS 41B
CG.HIS 119A O1A CEL.HIS 12B
PA NZ.LYS 7A NE2.HIS 128
NE2.GLN 11A CE.LYS 41B
O1A NE2.GLN 11A NZ.LYS 41B
NZ.LYS 7A cs ND1.HIS 11B
ADP 03A NE2.GLN 11A N7 CB.HIS 1198
Adenosine-5"-diphosphate 05’ NZ.LYS 7A CG.HIS 1198
Cs' CB.HIS 119A ND1.HIS 11B
om 9% c8 CD.GLU 111A cs CB.HIS 1198
ol o OE2.GLU 111A CEL.HIS 1198
\ om CG2.VAL 118A CG.HIS 1198
R N7 ND2.ASN 71A ND1.HIS 1198
/ 100h CB.ALA 109A c6 ND2.ASN 678
/3'4‘_“:3»‘” cs' OE1.GLN 69A CD2.HIS 1198
< ‘”'\”‘/, |2‘ CB.ALA 109A CG.HIS 1198
@ " Ng oz c6 ND2.ASN 67A N6 CD2.HIS 1198
b N OE1.GLN 69A CG.HIS 1198
o] LS CB.ALA 109A N1 CG.ASN 67B
P I N6 OD1.ASN 71A ND2.ASN 678
o CB.CYS 65A c2 ND2.ASN 678
SG.CYS 65A N3 CEL.HIS 1198
OD1.ASN 67A ca CEL.HIS 1198
OE1.GLN 69A ND1.HIS 118
CB.ALA 109A
N1 CG.ASN 67A
ND2.ASN 67A
CD2.HIS 119A
c2 CD2.HIS 119A
CEL.HIS 119A
CG.HIS 119A
ND1.HIS 119A
NE2.HIS 119A
N3 CG.HIS 119A
ca CB.HIS 119A
CG.HIS 119A
TET 100n c2 O1.THR 45A [ CD1.PHE 1208
Uridine-3"-phosphate CD2.PHE 120A N3 CB.THR 45B
CB.THR 45A OG1.THR 45B
N3 OG1.THR 45A CD1.PHE 1208
CD2.PHE 120A CEL.PHE 1208
CE2.PHE 120A ca CD1.PHE 1208
ca OG1.THR 45A CE1.PHE 1208
CE2.PHE 120A 02 CA.ASN 44B
CELHIS 12A 04 CE1.PHE 1208
02 CA.ASN 44A P CE1.HIS 1198




04 OG1.THR 45A CG.HIS 1198
C||4 04 CEL.HIS 119A ND1.HIS 119B
naT Tcs ND1.HIS 119A o1pP CA.HIS 1198
oy (Uﬁ NE2.GLN 11A CD2.HIS 1198
027 T’ 01P  NZLYS41A CEL.HIS 1198
ore S CE.LYS 41A CG.HIS 1198
cz” Tox NZ.LYS 41A ND1.HIS 119B
(\:3'—64 2 CEL.HIS 119A NE2.HIS 119B
of  Eo_os CELHIS 12A CA.PHE 120B
\ oo CEL.HIS 119A 02p NE2.GLN 11B
o~ ) 02' CB.PHE 120A CE1.HIS 12B
NE2.HIS 128
03p ND1.HIS 119B
CE1.HIS 1198
CG.HIS 1198
03' CE1.HIS 1198
2 CELHIS 12B
NZ.LYS 41B
02' NE2.HIS 128
CE.LYS41B
NZ.LYS 41B
A3P 100f P2 NE2.HIS 12A P1 NZ.LYS 7B
Adenosine-3'-5'- ND1.HIS 119A o1p NZ.LYS 7B
diohosphate 04P  CD2.HIS 12A CE.LYS 7B
phosp CELHIS 12A P2 NEZ.HIS12B
N oo on NE2.HIS 12A CD2.HIS 1198
o= { [ CA.HIS 119A 04p CD2.HIS 128
OFeg 07T O5P  NE2.GLN11A NE2.HIS 12B
j NZ.LYS 41A CA.HIS 119B
of | CD.GLN 11A 05P CD2.HIS 1198
A 06P  CELHIS 119A 06P NE2.GLN 11B
O] ND1.HIS 119A cs' CA.HIS 119B
Joo s 05' ND1.HIS 119A CB.HIS 1198
e M7 CEL.HIS 119A CD2.HIS 1198
W cs' CB.HIS 119A CG.HIS 1198
ND1.HIS 119A ca' CD2.HIS 1198
04' CB.HIS 119A o4’ CD2.HIS 1198
N9 CG.HIS 119A CG.HIS 1198
c8 CD2.HIS 119A 2 CD2.HIS 1198
CE1.HIS 119A cr CD2.HIS 1198
CG.HIS 119A CG.HIS 1198
ND1.HIS 119A N9 CB.HIS 1198
NE2.HIS 119A CD2.HIS 1198
N7 ND2.ASN 67A CG.HIS 1198
CD2.HIS 119A cs CD2.HIS 1198
NE2.HIS 119A CE1.HIS 1198
cs CD2.HIS 119A CG.HIS 1198
c6 OE1.GLN 69A ND1.HIS 119B
CB.ALA 109A NE2.HIS 119B
N6 OD1.ASN 71A N7 ND2.ASN 678
SG.CYS 65A CE1.HIS 1198
OE1.GLN 69A ND1.HIS 119B
CB.ALA 109A cs' ND2.ASN 678
N1 ND2.ASN 71A c6 ND2.ASN 678
ND2.ASN 71A OE1.GLN 698
Q CB.ALA 109A CB.ALA 1098
ca OE1.GLU 111A N6 SG.CYS 65B
CB.HIS 119A ND2.ASN 678
CG.HIS 119A OE1.GLN 698
OD1.ASN 71B
CB.ALA 1098
N1 ND2.ASN 71B
OE1.GLN 698
CB.ALA 1098
Q CB.ALA 1098
CG2.VAL 1188
ca CB.HIS 1198
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CG.HIS 1198B

c3' CE1.HIS 119E
o3 CE1.HIS 119
Cc5P ND1.HIS 119E
Cytidine-5"-monophosphate 2 CELHIS 12E
N o2 CE1.HIS 12E
Na/clkﬁ NE2.HIS 12E
DZ//C|2\N1/i|G 1rnn NZ.LYS 41E
C2 OG1.THR 45E
“‘C{ \74‘ CD1.PHE 120E
PAR T N3 OG1.THR 45E
- T CD1.PHE 120E
P N .
o o C4  OGLTHR4SE
02 CA.ASN 44E
N4 OG1.THR 45E
CPA 1rpg P NE2.HIS 12A
2'-deoxycytidine-2'- o1p NE2.HIS 12A
deoxyadenosine-3',5'- CD2.HIS 12A
monophosphate 02P  NE2.GLN 11A
05D CE1.HIS 119A
T C1X NZ B.LYS 41A
cc2 OG1.THR 45A
CD1.PHE 120A
N3C OG1.THR 45A
CB.THR 45A
CD1.PHE 120A
CE1.PHE 120A
cca CG1.VAL 43A
OG1.THR 45A
CC5 CG1.VAL 43A
02C CA.ASN 44A
e e 058 ND1.HIS 119A
o o CE1.HIS 119A
o NTA CG.HIS 119A
HeA C5B ND1.HIS 119A
048 CB.HIS 119A
CG.HIS 119A
ND1.HIS 119A
C8A CE1.HIS 119A
CG.HIS 119A
ND1.HIS 119A
N7A CD2.HIS 119A
C5A CD B.GLN 69A
NE2 B.GLN 69A
OE1 B.GLN 69A
C6A CD B.GLN 69A
NE2 B.GLN 69A
OE1 B.GLN 69A
OD1.ASN 71A
CB.ALA 109A
N6A SG.CYS 65A
CB.GLN 69A
CD B.GLN 69A
CG B.GLN 69A
CG A.GLN 69A
NE2 B.GLN 69A
CG.ASN 71A
OD1.ASN 71A
CB.ALA 109A
N1A ND2.ASN 71A
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OE1 B.GLN 69A
CB.ALA 109A
OE2.GLU 111A
C2A CD.GLU 111A
CG2.VAL 118A
N3A OE2.GLU 111A
C4A CB.HIS 119A
05D NH1.ARG 85A
C5D NH1.ARG 85A
Cc2D CA.ALA 122A
C8G CG1.VAL 43A
OG1.THR 45A
N7G OG1.THR 45A
CGP C5G CD1.PHE 120A
2'-deoxycytidine- C6G CE1.HIS 12A
2'-deoxyguanosine- CD1.PHE 120A
3" 5'-monophosphate 066G ND1.HIS 12A
CA.ASN 44A
T P OE1.GLN 11A
L NE2.HIS 12A
NZ.LYS 41A
1rca
Fock 01pP OE1.GLN 11A
Aor CE1.HIS 12A
038 NE2.HIS 12A
o= NZ.LYS 41A
, 05D  NDL.HIS 119A
C5D CE1.HIS 119A
it CG.HIS 119A
CE1.HIS 12A
CA.HIS 119A
CB.HIS 119A
CG.HIS 119A
ND1.HIS 119A
CA.PHE 120A
CB.PHE 120A
P ND1.HIS 119A
o1p CA.HIS 119A
CB.HIS 119A
CG.HIS 119A
c3p NDZL.HIS 119A
Cytidine-3"-monophosphate 02pP NE2.GLN 11A
N4 CD2.HIS 12A
0‘4 CE1L.HIS 12A
“|3// “‘Tf 1 NE2.HIS 12A
rpf
05 03? ND1.HIS 119A
H C2 CELHIS 12A
02'-cz-’c 1'\0 . NZ.LYS 41A
és-_c{- 02" NZLYS41A
of  ilos NE2.HIS 12A
N o c2 CA.ASN 44A
CE CD1.PHE 120A
o N3 OG1.THR 45A
CB.THR 45A
CD1.PHE 120A
ca CD1.PHE 120A
02 CA.ASN 44A
PA NE2.GLN 11A P NE2.HIS 128
NE2.HIS 12A CD2.HIS 1198
ND1.HIS 119A o1pP CD2.HIS 12B
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AMP 1265 O1PA  CD2.HIS 12A NE2.HIS 128
Adenosine monophosphate NE2.HIS 12A CA.HIS 1198
phosp CAHIS 119A CD2.HIS 1198
0o O2PA  NE2.GLN 11A 02pP NE2.GLN 118
o NZ.LYS 41A NE2.HIS 128
0ip= \” O3PA  CELHIS 119A 03P CD2.HIS 1198
A ND1.HIS 119A NE2.HIS 1198
o O5'A  ND1.HIS119A cs' CD2.HIS 1198
‘4 00 CEL.HIS 119A ca' CD2.HIS 1198
Ji~ca CG.HIS 119A o4' CB.HIS 1198
oL |~ 05'B  CEL1.HIS119A CD2.HIS 1198
CrNg, ND1.HIS 119A CG.HIS 1198
N3 N C5'A  CB.HIS119A c3' CD2.HIS 1198
S g ND1.HIS 119A c2' CD2.HIS 1198
N o5 ’ C5'B NDIL.HIS 119A c1' CD2.HIS 1198
cé : O4'A  CB.HIS119A CG.HIS 1198
s CG.HIS 119A N9 CD2.HIS 1198
ND1.HIS 119A CG.HIS 1198
04'B  CB.HIS119A cs CD2.HIS 1198
CEL.HIS 119A CEL.HIS 1198
CG.HIS 119A CG.HIS 1198
C2'A  CELHIS 119A ND1.HIS 1198
ND1.HIS 119A NE2.HIS 1198
CI'A  NDLHIS 119A N7 CG.ASN 67B
CI'B NDLHIS119A ND2.ASN 678
N9 CG.HIS 119A CEL.HIS 1198
cs8 CD2.HIS 119A ND1.HIS 1198
CEL.HIS 119A c5 ND2.ASN 67B
CG.HIS 119A c6 SG.CYS 65B
ND1.HIS 119A CD.GLN 69B
NE2.HIS 119A OE1.GLN 69B
N7 CG.ASN 67A CB.ALA 1098
ND2.ASN 67A N6 OD1.ASN 71B
CD2.HIS 119A CB.CYS 658
c5 CD2.HIS 119A SG.CYS 658
c6 OE1.GLN 69A CB.GLN 69B
OD1.ASN 71A CD.GLN 69B
CB.ALA 109A OE1.GLN 69B
N6 OD1.ASN 71A CB.ALA 1098
SG.CYS 65A N1 ND2.ASN 718
CB.GLN 69A OE1.GLN 69B
CD.GLN 69A CB.ALA 1098
OE1.GLN 69A 2 OE1.GLU 111B
CG.ASN 71A CG2.VAL 118B
CB.ALA 109A ca CB.HIS 1198
N1 ND2.ASN 71A CG.HIS 1198
CB.ALA 109A
c OE1.GLU 111A
CG2.VAL 118A
c4 CB.HIS 119A
USP 3jwl 2 OG1.THR 45A 2 OG1.THR 45B
Uridine-5"-phosphate CD1.PHE 120A CD1.PHE 1208
o N3 OG1.THR 45A N3 OG1.THR 45B
I CB.THR 45A CB.THR 45B
we el CD1.PHE 120A CD1.PHE 1208
c|2 l\ CE1.PHE 120A CE1.PHE 1208
0 S ca OG1.THR 45A ca OG1.THR 45B
& c6 CG1.VAL 43A 02 CEL.HIS 12B
Ofney” Nox 02 CEL.HIS 12A CA.ASN 44B
‘ér—c{‘ CA.ASN 44A OG1.THR 45B
of "”‘ca)os‘\ o CB.THR 45A 04 OG1.THR 45B
LA OG1.THR 45A c1' CE.LYS 41B
der c1' CE.LYS 41A NZ.LYS 41B
02’ NZ.LYS 41A o2 NZ.LYS 41B
CEL.HIS 12A CEL.HIS 12B
CE.LYS 41A o3' CEL.HIS 1198
03’ ND1B.HIS 119A ND1.HIS 1198
o4' CE.LYS 41B
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o1pP NZ.LYS 66B

o1pP NZ.LYS 66B
CD.LYS 66B
CE.LYS 66B

02pP CE1.HIS 1198
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f
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1hi4

P1

CH2.TRP 7A
CZ3.TRP 7A

o1pP

CZ3.TRP 7A

P2

NE2.GLN 14A
ND1.HIS 129A

o4p

CD2.HIS 15A
NE2.HIS 15A
CA.HIS 129A

o5P

NE2.GLN 14A

o6P

ND1.HIS 129A
CE1.HIS 129A
CG.HIS 129A

cs5'

CA.HIS 129A
CB.HIS 129A
CG.HIS 129A
ND1.HIS 129A

ca'

CZ3.TRP 7A

o4’

CB.HIS 129A

c2'

CE1.HIS 129A
ND1.HIS 129A

N9

CG.HIS 129A
ND1.HIS 129A

C8

CD2.HIS 129A
CE1.HIS 129A
CG.HIS 129A

ND1.HIS 129A
NE2.HIS 129A

N7

CD2.HIS 129A
NE2.HIS 129A

c5

CZ.ARG 68A
NH2.ARG 68A
CD2.HIS 129A

C6

CZ.ARG 68A
NE.ARG 68A
NH2.ARG 68A
ND2.ASN 70A
OD1.ASN 70A
CB.ALA 110A

N6

OD1.ASN 70A
SG.CYS 62A
CB.ARG 68A
CG.ARG 68A
CZ.ARG 68A
NE.ARG 68A
CG.ASN 70A

N1

ND2.ASN 70A
NH2.ARG 68A
CG.ASN 70A

OD1.ASN 70A
CB.ALA 110A

C2

NH2.ARG 68A
ND2.ASN 70A
CG2.VAL 128A

Cc4

NH2.ARG 68A
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Table S3: List of selected structure complexes of nucleotide-type ligands with representative RNase A
superfamily members. Residues involved in potential hydrogen —bonds and van der Waals interactions for
each nucleotide building block are included, as calculated using the PDBe motif server. PB indicates peptide
backbone interactions and PCA refers to pyroglutamic acid.

Protein PDB Interaction block
N Ligand Information Cod
ame oae Pyr base Pur base Ribose Phosphate
T35 PCA1 (PB) K9
= F98 E91 H10
2 3 DU DG DA T89 F98 (PB)
s 2i5s H97 K31
c g
S§ d(AUGA)
- H10 N69 Q67
¥ N34 (PB) | A99 (PB)
£ T35 G100 (PB)
o @ CG2 P Fo8 V101 (PB)
g g
23 1o0j1
z B Cytidil-2°,5’- g
<3 phosphoguanosine ;
2
]
<
T45 C65 H12 Qi1
i V43 N67 K41 H12
CPA N44 (PB) N71 H119
b F120 A109 F120 (PB)
. - . £ %, V118
2 —deoxycytldm.e—Z - 1r5¢ H119
deoxyadenosine-
3',5-monophos-
phate
N44 (PB) H12 Qi1
usp T45 Ka1 Ka1
i F120 H119
Uridine-3’- ) 1n3z D121 (PB) F120 (PB)
o i
2 monophosphate
g
= 3 H12 C65 H119 H12
c >
£ V43 (PB N67 11
E R UPA ) (ve) “
g N44 (PB) Q69 K41
v Q@ a T45 N71 H119
§ Uridylyl-2",5"- " 11ba F120 A109 F120 (PB)
. ¢ V118
phosphoadenosine o H119
H12 C65 H12 K7
N44 (PB) Q69 K41 Qi1
CPA e, T45 N71 V43 (PB) H12
.3 F120 A109 F120 (PB) k41
ok V118 F120 (PB)
2'-deoxycytidine-2'- o 1tq9 H119
deoxyadenosine-
3'5'-monophos- ’
phate
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T45 K41 Q11
u2p N44 (PB) V43 (PB) H12
F120 K66 K41
3djo H119 K66
Uridine 2'- F120 (PB) R85
phosphate D121 (PB) H119
ubpP va3 H12
N44 (PB) K41
3djq T45 V43 (PB)
Uridine 5'- F120 H119
diphosphate
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Table S4. List of selected structure complexes of nucleotide-type ligands with representative members of
the microbial RNases superfamily. Residues involved in potential hydrogen —bonds and van der Waals
interactions for each nucleotide building block are included, as calculated using the PDBe motif server. PB
indicates peptide backbone interactions.

Protein . . PDB Interaction block
Ligand Information
Name Code Pur base Ribose Phosphate
GPG K41 (PB) H40 N36
’ i Y42 E58 Y38
Guanylyl-2,5’phosphoguanosine Nd3 - feq
2rnt Y45 H92 R77
X 7 E46 N98 H92
3 H92 F100
N98 (PB)
F100
2GP H40 H40 Y38
Guanosine 2’-monophosphate K41 (PB) N98 H40
Y42 E58
N43 R77
g liOv N44 (PB) H92
~ Y45 F100
E46
E58
F100
K41 (PB) H40 N36
Y42 N98 Y38
N43 H40
- N44 (PB) E58
S Y45 R77
o = 1i0x E46 H92
e P73 N9
% é G74 F100
zZS R77
x g
S N98 (PB)
NS F100
K41 (PB) N36 (PB) Y38
Y42 H40 H40
N43 (PB) N98 Y45
N44 (PB) E58
Y45 R77
1bvi E46 H92
S72 N98
P73 F100
N98
N99
F100
K41 (PB) K40 Y38
Y42 E58 K40
N43 E58
N44 (PB) R77
Y45 H92
Zbus E46 F100
E58
N98 (PB)
N99
F100
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H40 N98 Y38
K41 (PB) H40
Y42 E58
N43 H92
1rnt N4¢4(5F’B) F100
E46
N98
(PB)
F100
K41 (PB) H40 R38
Y42 E58 E58
N43 (PB) N98 R77
N44 H92
1rgc Y45 F100
E46
N98 (PB)
3GP N99 (PB)
Guanosine 3-monophosphate F100
K41 (PB) H40 Y38
Y42 E58 E58
N43 N98 (PB) R77
r 1rls N44 H92
3 Y45 F100
E46
N98 (PB)
F100
K41 (PB) N36 N36
Y42 H40 Y38
N43 E58 R77
N44 N98 H92
1rga Va5
E46
N98 (PB)
F100
A75 S72
e |
Guanosine 5’- Fr® 1rga H92
monophos- o
phate T
I
K41 (PB) H40 T45
PGP Y42 E58
Guanosine- B N3
ey § 5rnt N44 (PB)
3,5~ Y45
diphosphate N98 (PB)
F100
SGP K41 (PB) H40 Y38
Guanosine- . vaz ES8 ES8
1 3 ; % N43 N98 R77
’ N44 (PB) H92
cyclophospho- 1gsp Va5 F100
rothioate E46
N98 (PB)
F100
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A75 N36 Y38
R77 H92 H40
2AM H92 E58
2'-Adenosine 6rnt R77
monophos- H92
phate F100
T41 (PB) H40 Y38
2GP Y42 E58 H40
- € g Guanosine 2’- N43 (PB) N98 (PB) E58
o 25 hos- N44 (PB)
3 S S monophos 1fut vae
z ‘é g phate E46
T g N98 (PB)
F100
3AM Y43 H41 Y39
3'-Adenosine monophosphate :zg DElGOZS l;gzl
3agn E49 R85
S F110 H101
S F110
IS
o~ O E46 H41 Y39
> 3 E49 E62 H41
& s 3ago F110 D108 E62
zZ 9 R85
3 H101
g P81 H101 Y39
2 2AM P83 (PB) H41
2'-adenosine 3ahw H101 E62
monophos- R85
phate 110
F37 N32 N32
3GP Q38 E54 R65
. ’ N39 (PB) Y86 R69
Guanosine 3™ 2sar RA40 H85
monophos- £41 Y86
phate Y86
— F37 H85 E54
& Q38 R65
S . lrge R40 (PB) R69
% Guanosine 2’-monophosphate Fa1 V86
8 & Y86
g o F37 R40 ES4
z Q38 R85 R65
§ N39 (PB) Y86 R69
3 1gmr R40 H85
L E41 Y86
-~
Q E54
Y86
SGP F37 V35 R65
Guanosine Q38 ES4 R69
23 1rsn N39 (PB) R65 H85
s R40 Y86 Y86
cyclophospho- E41
rotioate Y86
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F55 K26 K26
“ -‘:”? 3GP S56 V54 R82
823 i ’ N57 (PB) (PB) Y86
v = -
@ .g g Guanos”l;es’ 180y i i N
o @ E’ monophos- Foo S o
ES phate
V38 (PB) V37 R67
F39 E56 R71
E40 Y87 H86
3d4a N41 (PB)
m 3GP R4§
-§ Guanosine 3’- E4
S h Y87
< monophos- = — —
N g phate £40 e i
p o 3dh2 N41 (PB) Y87 H86
i S R42 Y87
E g E43
2 Y87
§ V38 (PB) R34 R34
& 2GP F39 R42 ES6
- Guanosine 2’ E40 ES6 R67
3dgy N41 (PB) H86 R71
monophos- o e
phate £43
Y87
Y41 H39 Y37
v 3 3GP H42 D97 E57
233 ine 3 N43 (PB) F99 R76
o g .g Guanosine 3’- Lrms a R7e
228 monophos- Fac
s phate D97 (PB)
F99
W50 (PB) E95 Y47
< s A23 F51 (PB) H49
£ 8%
§ % 3 Adenosine -5’- T52
255 phosphate- 1jbr NS: 6(}:;3)
s
528 2’,3’~cyclic
e~ L144
phosphate
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Figure S1: Graphical representation of interactions between aminoacids and nitrogenous bases, ribose and phosphate group. Bars represent hydrogen bond (white)
interactions, van der Waals forces (grey) and the sum of both (black). Only aminoacids with significance over 80% and have been considered. The amount of protein
structures and complexes where these interactions have been found are, respectively, 2735 and 14483 for Adenine (ADE), 18 and 161 for Guanine (GUN), 450 and 2526 for
Uracil (URA), 254 and 1748 for Ribose (RIB) and 1393 and 7285 for Phosphate (PO4). Due to the poor amount of data for Cytosine (CYT), no further studies have been

considered for this base.
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Figure S2: Graphic representation of hydrogen bond interactions for selected nucleotides with the best amino acids binders. Nucleotide-type ligands have been selected
according to statistical significance criteria. Structures and complexes where these interactions were found are: 1386/22325 for AMP-Arg; 105/682 for AMP-Lys; 85/932 for
AMP-His; 69/111 for AMP-Glu; 151/1385 for AMP-Ser; 1194/14064 for ADP-Lys; 378/3856 for ADP-Thr; 1668/23265 for ADP-Ser; 155/302 for ADP-Asn; 170/310 for ADP-
Asp; 264/3194 for ATP-Lys; 255/3588 for ATP-Ser; 232/3401 for ATP-Arg; 197/1707 for ATP-Thr; 143/304 for ATP-Asp and 127/246 for ATP-Glu.
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Figure S3: Graphical representation of interactions between amino acids and phosphate (PO4), ribose (RIB) and nitrogenous bases (ADE: adenine, GUN: guanine, URA:
uracil). Bars represent hydrogen bond (white) interactions, van der Waals forces (grey) and the sum of both (black). Only the most significant amino acids (values over 80%),
with highest total interaction percentage and interacting to all structures have been considered. For statistical data comprising many interaction values, a cut-off limit of
only the 40 highest total significance value has been taken. Structures and complexes for which these interactions (PO4, RIB, ADE, GUN and URA) can be found are,
respectively, 2942/45850 for PO4-ARG, 2598/29728 for PO4-LYS, 1497/14185 for PO4-HIS, 3339/51107 for PO4-SER, 1370/11676 for PO4-ASP, 2184/24546 for PO4-THR,
984/7141 for PO4-GLU; 129/1151 for RIB-ASP, 115/736 for RIB-GLU, 115/734 for RIB-ARG, 77/430 for RIB-ASN, 78/445 for RIB-HIS; 981/11194 for ADE-ARG, 923/5135 for
ADE-ASP, 848/5090 for ADE-THR; 112/1149 for GUN-GLU, 346/3989 for GUN-ASP, 137/1495 for GUN-ARG, 359/2393 for GUN-SER; 174/1677 for URA-ARG, 157/1416 for
URA-ASN and 139/1321 for URA-GLN.
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Abstract

Human ribonuclease 6 (RNase k6) is a basic secretory protein that belongs
to the ribonuclease A (EC 3.1.27.5) superfamily. Its expression and
induction in neutrophils and monocytes has suggested a role in host
defence. A crystal structure of this protein has been obtained at a
resolution of 1.72 A, being the first report for the protein 3D structure and
thereby setting the basis for structural and functional studies. The structure
was solved by molecular replacement using the NMR structure of human
RNase 7, its closest homologue, sharing a 55% of sequence identity.
Comparative analyses with nucleotide analogue complexes of other
members of the RNase A superfamily have been applied to understand the
RNase 6 substrate subsite base selectivity. The presence of sulphate
anions enables additional understanding of the protein ligand recognition
sites and binding interaction mode, with potential applications in the design
of nucleotide-type inhibitors or other types of drugs.

Keywords: Crystal structure, human RNase 6, RNase k6, RNase A
superfamily, sulphate anion

Chemical compounds studied in this article: Sulphate (PubChem CID:
1117)

Abbreviations: XRD: X-ray diffraction
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Specifications Table

Subject area Biochemistry

More specific subject area | Protein Crystallography

Type of data X-ray diffraction data, coordinates file

How data was acquired X-ray diffraction. Protein crystal was

diffracted at 100K using a Axgp = 0.9795 A
and a Pilatus 6M detector (Dectris®,
Switzerland). 800 images were taken at tex,

=0.2s,4¢=0.2°
Data format Structure factor amplitudes file (MTZ format)
and atomic coordinate file (PDB format)
Experimental factors Recombinant human RNase 6 was

resuspended at 10 mg/mL in 20 mM sodium
cacodylate pH 5.0. Crystals were grown by
vapour diffusion using a crystallization buffer
of 2.0 M (NH,),SO,, 0.1 M sodium
cacodylate pH 6.5 and 50 mM NaCl. One
microlitre of the sample was mixed with an
equal volume of the reservoir solution. Cubic
shaped crystals appeared after 10 days of
incubation at 20 T and were soaked in the
cryoprotectant solution prior to X-ray
exposure.

Experimental features The crystal diffracted at 1.72 A. The RNase
6 3D structure was solved using RNase 7 as
a model.

Data source location Beamline BL13 (XALOC), ALBA
Synchrotron Light Facility, Cerdanyola del
Vallés, Spain

Data accessibility Structure coordinate file has been deposited
at the Protein Data Bank (PDB code 4X09).

Value of the data

« First reported 3D structure of human RNase 6.

¢« The polypeptide chain interacts with two sulphate anions, which
facilitates further structural studies of the protein substrate binding
mode or other potential ligand recognition sites.

¢ Analysis of RNase 6 3D structure would assist the understanding of the
protein antimicrobial mechanism of action.

Experimental Design, Materials and Methods

A plasmid containing the gene of recombinant human RNase 6 was
transformed in a prokaryote expression system. The cDNA encoding
RNase6 sequence was a kind gift provided by Dr. Helene Rosenberg
(National Institute of Health, Bethesda, MD, USA). The gene was
subcloned in plasmid pET11c for prokaryote high yield expression. E. coli
cells —-BL21(DE3) strain— were transformed with the pET1lc/RNase 6
plasmis. The expressed protein was purified by a modification of the
described expression procedure (Boix et al., 1999), using 100mM TRIS-
HCI buffer, pH 7.0-7.5, for refolding and cationic exchange purification. An
additional reverse phase chromatography was applied and the purified



protein was checked by MALDI-TOF spectrometry. (Boix et al., 2012a). A
sample was lyophilised and resuspended at 10 mg/mL in 20 mM sodium
cacodylate pH 5.0 and equilibrated against 2.0 M (NH,),SO,, 0.1 M sodium
cacodylate pH 6.5 and 50 mM NaCl. One microlitre of the sample was
mixed with an equal volume of the reservoir solution and set to incubation
at 20 C. After 5 to 10 days, cubic shaped crystals appeared and were
soaked using 15% glycerol as cryofreezing agent. Data were captured at
100K using a Axgp = 0.9795 A at the BL13(XALOC) beamline of the ALBA
Synchrotron Light Facility (Cerdanyola del Vallés, Spain). For data
processing, the EDNA platform (Incardona et al., 2009) was used to predict
crystal symmetry and unit cell parameters and XDS (Kabsch, 2010) was
used for data indexing and scaling. The PHENIX software (Adams et al.,
2010) was further utilised for model phasing by means of molecular
replacement (McCoy et al., 2007) using the RNase 7 NMR structure (PDB
coordinate file 2HKY (Huang et al., 2007)) as a model. Iterative cycles of
refinement and manual structure fitting were performed with PHENIX
(Adams et al., 2010) and COOT (Emsley and Cowtan, 2004) until Ryee
could not be further improved (Brunger, 1992). Finally, the stereochemistry
of the structure was validated with SFCHECK (Vaguine et al., 1999) and
WHATCHECK (Hooft et al., 1996). Table 1 shows all the data collection
and structure refinement statistics.

Table 1: Structure refinement parameters of the RNase 6 crystal.

Data collection Refinement

Space group P2;2:2; | Resolution range (A) 48.98 — 1.72
Unit cell Reryst® / Riree” (%) 20.85/ 25.54

a, b, c(A) 27';3 33'86 Number of protein atoms 1049

a, B,y 90900%)'0 Number of water molecules 164
No. of molecules in the 1 Number of anions P
asymmetric unit (sulphate)
Resolution (A) 1.72 Rms deviation from ideal geometry
No. of total reflections 22981 Bond lengths (A) 0.009
No. of unique reflections 11717 Bond angles (deg) 1.345
Rmerge ™ e (%) 2.8(23.4) | B factors of protein atoms (A?)
I/o,® 13.0 (2.4) All 28.60
Completess for range b (%) 99.2(99.0) Main chain 25.90
Wilson B factor (A?) 21.98 Side chain 31.13
Matthews coefficient (A%Da) 1.80 B factors of sulphate anions (A% 40.95
Solvent content (%) 31.71 B factors of water molecules (A% 40.43

Rmerge= Znki Zj-1 t0 N|Ini-Ini()|/ Zhii Zj1 to N Inwi(j), where N is the redundancy of the data.
Outermost shell is 1.78-1.72 A.

Rerysta= Zn|Fo-Fel/ZnFo, Where Fo and F. are the observed and calculated structure factor
amplitudes of reflection h, respectively.

Riree is equal to Reyst for a randomly selected 5% subset of reflections not used in the
refinement.
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Analysis of the RNase 6 three-dimensional structure

Human RNase 6 is a small cationic protein that belongs to the pancreatic
ribonuclease (RNase A) superfamily. It is expressed in neutrophils and
monocytes (Rosenberg and Dyer, 1996). Recent findings describe suggest
that RNase 6 antimicrobial activity protects the urinary tract from infection
(Becknell et al., 2015). Here we present its first 3D structure, which may
contribute to understand the biological properties of the protein

Overall features: The unit cell belongs to the space group P2;2,2;, with one
protein molecule in the asymmetric unit. The RNase 6 three-dimensional
structure complies the RNase A superfamily overall conformation, with a
kidney shaped structure formed by 7 B-strands and 3 a-helices as listed in
Figure 1 and Table 2.

RNased

R¥ased
RNasaT ¥

[

i
g

VPVR
YPVH

—_— TT .
RS EREEH

Masef 7
R¥ameT Gl

Figure 1: Top, comparison of the blast alignment of RNase 6 and RNase 7 primary
sequences. Secondary structure of RNase 6 is depicted. Strictly conserved
residues are boxed in red and conserved residues, as calculated by a similarity
score, are boxed in white. Cysteine pairings for disulphide bridges are numbered
below. The figure was created using the ESPript software (Gouet et al., 1999).
Bottom, overlay of the backbone structures of RNase 6 (yellow) and RNase 7
(blue, PDB ID: 2HKY (Huang et al., 2007)). Loops L1, L2 and L8 are indicated, too,
showing the higher divergence between the two structures.

Loop residues Trpl-Lys3, GInl7-Leu2l, Lys63-Arg66, Gly86-GIn90 and
Pro108-Ser112 were partially disordered. In particular, practically no
electron density was visualised for residues Pro2, Lys3, GInl7, Leu2l,
Gly86 and Lys87, which could not be not properly modelled. Alternate side
chain conformations were modelled for Arg4, Ser59, Arg92 and Lys111.
Arg4, the RNase A counterpart of Glu2 in RNase A, cannot provide the
corresponding Glu---Arg salt bridge observed in RNase A, which stabilises



the al helix (Chatani and Hayashi, 2001; Rico et al., 1984). The high g
motion values of some RNase 7 loop residues are also observed in the 7~
RNase 6 structure, particularly in loops L1, L2 and L8 (see Figure 1), where
4% of the residues are disordered and could not be modelled properly.

Table 2: RNase 6 secondary structure elements.

loop residues helix residues strand residues [ A\ . -
L1 W1-T6 al K7 —H15 B1 Q40 — L44 ) N
L2 116 — Q22 a2 C23-T34 B2 S59 - 160
L3 Q35-H39 a3 F48 — D56 B3 C69-Q71
L4 H45 — S47 pa V76 — S85 /
L5 L57 - 158 B5 R92 — K100 —
L6 V61 - N68 B6 F102 - D107 (
L7 S72 - P75 B7 V119 - 1126 Alag7- S A
L8 G86 - C91 27|
L9 P108-1118

g5 | o "/‘B4§Ar982‘
‘/

Crystal packing: Residues involved in crystal packing were analysed by the
PISA web server (Krissinel and Henrick, 2007). The intermolecular
contacts are illustrated in Figure 2 and listed in Table 3. Interactions are
found mostly between B3, B4, B5 and B7 strand residues (GIn71, Arg82,
Ala97-Tyr99, Serl125, lle126) and loop residues. No packing contacts are
seen in the environment of the active site, therefore enabling further
substrate analogue studies.

$ .1 . .
i BT | Ser125-lle126
| i A
%

T

o "\J\
> U \ 1L6 | Lyse3
o
AN ) o
e “

GIn71 S T

Active site: Active site architecture is conserved with respect to RNase A.
Residues His15, Lys38 and His122 (His12, Lys41l and His119 RNase A
counterparts) build the active site groove, with His122 adopting the so-
called inactive orientation (Borkakoti, 1983), a conformation reported to be
favoured in aqueous ionic salt solutions (Berisio et al., 1999). The
imidazole ring of RNase 6 His122 shows a related rotation of x;~137° and
X2~127° The other ring orientation (active) is found predominant in other
ribonuclease crystal structures 1RPG (Zegers et al., 1994) (deMel et al.,
1992). The potential active orientation of this histidine ring would be also
influenced by the interaction with the vicinal Aspl24 residue, whose
interaction would account for the correct His122 tautomer in catalysis
(Schultz et al., 1998). Interestingly, the inactive histidine orientation would
be hindered upon presence of a purine base at the B, subsite (Zegers et
al., 1994).

L9 Lys117

I

Figure 2: Graphic representation (middle, right) of the loops
(yellow), B-strands (red) and a-helices (blue) of the RNase 6
3D structure. Interacting residues and intermolecular
interactions are listed in Tables 2 and 3, respectively, the latter
depicted in ball and sticks. These are detailed as zoomed
images, in which the corresponding symmetry-related protein
molecule interacting residues have been labelled in italics and o
represented in dark. Interactions have been drawn in green.
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Table 3: Intermolecular packing interactions between symmetry related
molecules in the RNase 6 crystal. Only hydrogen bond interactions are included,
taking a cut-off of 3.4 A as a reference, as calculated by the PDBePISA server
(Krissinel and Henrick, 2007).

symmetry crystal molecule symmetry related distance
operation interacting atom molecule interacting atom A
Arg82 Ne Glul2 Oel 3.32
Arg82 Nn1 Serl120 3.30
Arg82 Nn2 Asp113 051 3.12
llel26 N Pro115 O 3.10

X1,y z

Lys63 N Tyr116 O 3.27
Ala97 O GIn49 Ne2 2.90
GIn98 Ol Tyrl16 On 2.47
Serl25 Oy Lys117 N¢ 3.03
X-Yo, -y-Yo, -2 Tyr99 N Serl9 Oy 2.73
% y-1, 2 GIn71 Ne2 Asn32 051 3.11
T GIn71 Oel Tyrg88 On 2.86
-x+1, y-¥, -z-%2 |Lys117 O Lys3 NC 2.81

Table 4: Atomic interactions between sulphate anions and RNase 6 residues.
Potential hydrogen bond distances have been considered using a cut-off
distance of 3.4 A.

sulphate Interaction interacting protein atom distance (A)
site and atom
S1 o1 His122 N31 2.73
o3 His15 Ne2 2.98
Leul23 N 2.73
04 GInl14 Oel 3.30
His15 Ne2 3.26
S2 o3 Arg66 Ne 2.89
His67 N 3.16

Sulphate binding sites: Two sulphate ions were located in the solved
protein structure (see Figure 3) Interactions with nearby residues are listed
in Table 4 and illustrated in Figure 3. S1 corresponds to the active site of
the enzyme and has also been identified in substrate analogue complexes
of RNase A (Bell, 1999; Berisio et al., 2002; Fedorov et al., 1996; Mueller-
Dieckmann et al., 2007; Zegers et al., 1994), EDN/RNase 2 (Leonidas et
al., 2001; Mosimann et al., 1996), ECP/RNase 3 (Boix et al., 2012a) and
angiogenin/RNase 5 (Holloway et al., 2005). On the other hand, the second
sulphate binding site (S2) has not been reported in any other superfamily
member so far. Interestingly, docking studies have predicted potential
interactions of RNase 6 residue Arg66 with heparin sulphate and
nucleotide phosphate moieties of ligand analogues (Boix et al., 2012b).
Comparative studies with other family member complexes with substrate
analogue or heparin derivatives (Fontecilla-Camps et al., 1994) (Garcia-
Mayoral et al., 2013) suggest that this site may represent a distinct anion
interaction subsite. Further work is envisaged to identify putative related
RNase 6 biological properties.

XLVI

Figure 3: Representation of sulphate anions S1 and S2. Each anion has been
depicted together with its own |2F,-F¢| (blue) and |F,-F| (magenta) electron density
maps at 1.50 and 50, respectively. Interactions with nearby residues (see Table 4)
and water molecules (red crosses) have been represented in purple lines.
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Annex

2.1. Structure of the RNase A double mutant (RNase A/H7H10) in complex with
3’-CMP at 2.10 A
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1 Overall quality at a glance (i)

The reported resolution of this entry is 2.10 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Riree I .315
Clashscore IS - |
Ramachandran outliers I .2
Sidechain outliers EEE I SNV 2.3%
RSRZ outliers IS T .2
Waorse Hetter

W rercentile relative 1o all X-ray stnsctures
[ Percentile retative 10 X-ray structures of similar resalution

Metric ‘Whole archive Similar resolution
(#Entries) (#Entries, resolution range(A))
Riree 66092 3012 (2.10-2.10)
Clashscore 79885 3649 (2.10-2.10)
Ramachandran outliers 78287 3610 (2.10-2.10)
Sidechain outliers 78261 3611 (2.10-2.10)
RSRZ outliers 66119 3013 (2.10-2.10)

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the electron density. The red, orange, yellow and green segments on the lower bar indicate the
fraction of residues that contain outliers for >=3, 2,1 and 0 types of geometric quality criteria.
The upper red bar (where present) indicates the fraction of residues that have poor fit to the
electron density.

Mol | Chain | Length Quality of chain
1 A 125 Y S— y
1 B 125 — /
1 C 125 - y
2 D 125 — /
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2 Entry composition (i)

There are 3 unique types of molecules in this entry. The entry contains 4338 atoms, of which 0
are hydrogen and 0 are deuterium.

In the tables below, the ZeroOcc column contains the number of atoms modelled with zero occu-
pancy, the AltConf column contains the number of residues with at least one atom in alternate
conformation and the Trace column contains the number of residues modelled with at most 2
atoms.

e Molecule 1 is a protein.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
L] A 2 S a0t o 0 0 0
! B 125 1;)0;;1 554 11;14 2(31 11D 182 0 0 0
! ¢ 125 1;)0;;] 5%4 11;14 281 1; 182 0 0 0
e Molecule 2 is a protein.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
RN YT IR

e Molecule 3 is water.

Mol | Chain | Residues Atoms ZeroOcc | AltConf

Total O
3 F 451 151 451 0 0

wokLpwine
-
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Page 4 Preliminary Full wwPDB X-ray Structure Validation Report INPUT_FILE_1

3 Residue-property plots (i)

These plots are drawn for all protein, RNA and DNA chains in the entry., The first graphic for a
chain summarises the proportions of errors displayed in the second graphic. The second graphic
shows the sequence view annotated by issues in geometry and electron density. Residues are color-
coded according to the number of geometric quality criteria for which they contain at least one
outlier: green = 0, yellow = 1, orange = 2 and red = 3 or more. A red dot above a residue indicates
a poor fit to the electron density (RSRZ > 2). Stretches of 2 or more consecutive residues without
any outlier are shown as a green connector. Residues present in'the sample; but not in the model,
are shown in grey.

e Molecule 1:

Chain A: ,
LX) L] L] L]

BBl Bl e B ool S22 2 2 2 8 e o s, 3537F 533 8
Al e S S S SR AR R e Bl G T T T Gl
o] B R ERE RER] i R e e e e e e e L
B cl-El el ARG E TR el RaE T ETE 2 8 & ELGE 2 & EEE @

e Molecule 1:
Chain B: ; —
L X ) o (3
w e
a8 o o Bz =5 = sBfle 5 8 F =z sz/s 25 52 38
G W EEEEER /AR "E B
BETETE M s & ERMETEE i 5 EE B B sETc@
e Molecule 1:
Chain C: , —
(] (] (] o 00
B BB BBz o BB BBl 2 cnze sossBi BBy -
S WY B B KBRS R PR EE . R B Rl
R HEE eSS R RcEEC BT ERG B R i A daa  Eu e EElEAEET I

LYS98

THR100
ASN103
AL!122
ca!l>sao

e Molecule 2:

Chain D: / — ,

WO RLDWIDE
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4 Data and refinement statistics (i)

Property Value Source
Space group Cc121 Depositor
Cell constants 160.37A  32.28A  106.96A Bevositor
a b, ¢, a, B,y 90.00°  125.71°  90.00° epositor
Resolution (A) ;gg B 318 De]gc];)s;tor
% Data completeness 99.1 (29.12-2.10) Depositor
(in resolution range) 99.1 (29.12-2.10) EDS
Rinerge (Not available) Depositor
Riym (Not available) Depositor
<IJo(l) > - Xtriage
Refinement program PHENIX (phenix.refine: 1.8.4.1496) Depositor
R R 0.224 , 0.310 Depositor
P e 0.227 , 0315 DCC
Riree test set 1333 reflections (5.31%) DCC
Wilson B-factor (A?) (Not available) Xtriage
Anisotropy (Not available) Xtriage
Bulk solvent k. (e/A%), By(A?) 0.33, 39.0 EDS
Estimated twinning fraction No twinning to report. Xtriage
L-test for twinning <'|L| > = (Not available), < L? > = (Not available) Xtriage
Outliers (Not available) Xtriage
F,,F. correlation 0.94 EDS
Total number of atoms 4338 wwPDB-VP
Average B, all atoms (A?) 32.0 wwPDB-VP

Xtriage’s analysis on translational NCS is as follows: (Not available)

WO RLDWIDE
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5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section:
C3p

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z| > 5 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles
Mol | Chain | pyig71 7] 5 | RMSZ | #(2] >5
1 A 044 | 0/969 | 0.60 | 0/1309
I B 045 | 0/969 | 059 | 0/1309
i C 040 | 0/969 | 058 | 0/1309
2 D 042 | 0/968 | 0.56 | 0/1308
Al | Al | 043 | 0/3875 | 058 | 0/5235

Chiral center outliers are detected by calculating the chiral volume of a chiral center and verifying
if the center is modelled as a planar moiety or with the opposite hand. A planarity outlier is
detected by checking planarity of atoms in a peptide group, atoms in a mainchain group or atoms
of a sidechain that are expected to be planar.

Mol | Chain | #Chirality outliers | #Planarity outliers
1 A 4 0
1 B 3 0
1 C 4 0
2 D 4 0
All All 15 0

There are no bond length outliers.
There are no bond angle outliers.

All (15) chirality outliers are listed below:

Mol | Chain | Res | Type Atom
1 A 500 | C3p |C2,C4,C1,C3
1 B 5007 | C3P C2,C4,C3
1 C 500 | C3p | C2',C4",C1,C3’
2 D 500 | C3p | C2,C4,C1",C3’

There are no planarity outliers.

WO RLDWIDE

SrPDB
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5.2 Close contacts (i)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogens
added by MolProbity. The Clashes column lists the number of clashes within the asymmetric unit,
and the number in parentheses is this value normalized per 1000 atoms of the molecule in the
chain. The Symm-Clashes column gives symmetry related clashes, in the same way as for the

Clashes column.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 972 0 901 33 0
1 B 972 0 901 15 1
1 C 972 0 901 44 1
2 D 971 0 901 9 0
3 F 451 0 0 44 0
All All 4338 0 3604 99 1

Clashscore is defined as the number of clashes calculated for the entry per 1000 atoms (including

hydrogens) of the entry. The overall clashscore for this entry is 13.

All (99) close contacts within the same asymmetric unit are listed below.

Atom-1 Atom-2 Distance(A) | Clash(A)
1:C:84:CYS:SG 3:F:420:HOH:O 2.24 0.94
1:C:48:HIS:HE2 1:C:82: THR:HG1 1.16 0.89

2:D:500:C3P:03P 3:F:9:HOH:O 1.90 0.89
1:C:90:SER:HA 1:C:96:ALA:H 1.41 0.86
1:C:83:ASP:0D2 1:C:85:ARG:NE 2.10 0.85
1:C:26:CYS:SG 3:F:370:HOH:O 2.42 0.77
1:A:1:LYS:HG3 1:A:2:GLU:H 1.55 0.71
1:C:100: THR:OG1 3:F:279:HOH:O 2.06 0.71
1:B:47:VAL:HB 3:F:156:HOH:O 1.89 0.71
1:A:23:SER:O 3:F:253:HOH:O 2.09 0.69
1:A:16:SER:OG 3:F:333:HOH:O 2.14 0.66
1:A:105:HIS:ND1 3:F:155:-HOH:O 2.28 0.66
1:C:20:ALA:O 3:F:382:HOH:O 2.13 0.66
1:A:91:LYS:NZ 3:F:335:HOH:O 2.29 0.65
1:A:78:THR:HG22 3:F:155:HOH:O 1.96 0.64
1:A:33;ARG:HB3 3:F:235:HOH:O 1.98 0.64
1:C:91:LYS:NZ 3:F:368:HOH:O 2.26 0.63
1:C:26:CYS:N 3:F:370:HOH:O 2.30 0.63
1:B:9:GLU:OFEL 3:F:122:HOH:O 2.16 0.62
1:A:28:GLN:HE22 | 1:C:24:ASN:HD21 1.48 0.61
1:C:98:LYS:HG3 3:F:279:HOH:O 2.02 0.60
2:D:87:THR:HG22 2:D:89:SER:H 1.66 0.60

Continued on next page...
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Continued from previous page...

Atom-1 Atom-2 Distance(A) | Clash(A)
1:C:85:ARG:N 3:F:381:HOH:O 2.35 0.60
1:C:90:SER:HA 1:C:96:ALA:N 2.16 0.59
1:C:41:LYS:HD3 1:C:44:ASN:HB2 1.84 0.59
1:C:97:TYR:OH 3:F:371:HOH:O 2.17 0.57

1:C:29:MET:HG2 3:F:435:HOH:O 2.04 0.57
1:A:105:HIS:N 3:F:155:HOH:O 2.36 0.57
1:B:1:LYS:N 1:B:2:GLU:HA 2.19 0.57
1:C:14:ASP:0D2 1:C:25: TYR:OH 2.21 0.57
1:A:97:TYR:HB3 3:F:260:HOH:O 2.04 0.56
1:C:98:LYS:N 3:F:381:HOH:O 2.39 0.55
1:A:1:LYS:HG3 1:A:2:GLU:N 2.21 0.55
1:C:40:CYS:SG 1:C:92: TYR:HB2 2.47 0.55
1:C:38:ASP:HB3 3:F:244:HOH:O 2.08 0.54
1:C:9:GLU:OE1 3:F:321:HOH:O 218 0.53
1:C:25:TYR:HD2 3:F:370:HOH:O 1.92 0.53
1:A:20:ALA:O 1:A:21:SER:HB2 2.09 0.53
1:B:12:HIS:CE1 1:B:500:C3P:02’ 2.63 0.52
1:B:66:LYS:HD3 3:F:82:HOH:O 2.09 0.52
1:C:12:HIS:CE1 1:C:500:C3P:02’ 2.63 0:51
1:A:20:ALA:O 3:F:210:HOH:O 2.19 0.51
1:A:85:ARG:O 3:F:13:HOH:O 2.19 0.51
1:A:21:SER:HA 1:A:22:SER:C 2.32 0.50
1:A:88:GLY:HA2 3:F:377:HOH:O 2.12 0.50
2:D:45: THR:HG21 2:D:120:PHE:CZ 2.47 0.50
1:A:114:PRO:HD2 3:F:284:HOH:O 2.10 0.50
1:C:22:SER:0G 3:F:227:HOH:O 2.19 0.50
1:C:89:SER:OG 1:C:90:SER:N 2.44 0.50
1:A:22:SER:C 1:A:24:ASN:H 2.14 0.49
1:C:67:ASN:ND2 1:C:69:GLN:OE1 2.42 0.49
1:B:98:LYS:HE2 3:F:307:HOH:O 2.12 0.48
2:D:87:THR:HG22 2:D:89:SER:N 2.29 0.48
1:A:104:LYS:HD3 3:F:139:HOH:O 2.13 0.48
1:A:78: THR:HA 3:F:155:HOH:O 2.14 0.48
1:C:87: THR:HG21 3:F:362:HOH:O 2.13 0.48
2:D:105:HIS:HB2 2:D:124:VAL:O 2.12 0.48
1:A:43:VAL:O 3:F:125:HOH:O 2.20 0.48
1:A:14:ASP:0D2 1:A:17"THR:HG22 2.14 0.48
1:B:118:VAL:HG23 | 1:B:119:HIS:CD2 2.49 0.48
1;C:20:ALA:HB2 1:C:82:THR:HG21 1.96 0.48
1:C:2:GLU:HG2 1:C:7:HIS:HB2 1.96 0.47
1:A:12:HIS:CE1 1:A:500:C3P:02’ 2.68 0.47
1:A:21:SER:HA 1:A:22:SER:O 2.16 0.46

Continued on next page...
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Continued from previous page...

Atom-1 Atom-2 Distance(A) | Clash(A)
1:B:66:LYS:HD2 1:B:66:LYS:HA 1.54 0.46
2:D:83:ASP:HA 3:F:61:HOH:O 2.17 0.45
2:D:86:GLU:HG3 2:D:90:SER:HB3 1.97 0.45
1:B:105:HIS:HB2 | 1:B:124:VAL:HG13 1.99 0.45

1:B:24:ASN:O 1:B:28:GLN:HG3 2.17 0.45
1:A:29:MET:O 1:A:33:ARG:HB2 2.17 0.45
1:B:81:ILE:HD11 1:B:104:LYS:HD3 1.98 0.45
1:A:25:TYR:OH 1:A:48:HIS:HE1 1.99 0.44
1:A:29:MET:HA 1:A:32:SER:OG 2.17 0.44
1:A:109:ALA:O 1:A:117:PRO:HA 2.17 0.44
1:C:92:TYR:CG 1:C:93:PRO:HA 2.53 0.44
1:C:27:ASN:OD1 1:C:97:TYR:N 2.48 0.44
1:C:38:ASP:N 3:F:169:HOH:O 2.50 0.44
1:C:92:TYR:CD2 1:C:93:PRO:HA 2.52 0.44
2:D:105:HIS:HB2 | 2:D:124:VAL:HG23 1.99 0.44
1:A:118:VAL:HG23 | 1:A:119:HIS:CD2 2.53 0.43
1:C:66:LYS:HE3 1:C:122:ALA:HB2 2.00 0.43
1:C:31:LYS:HA 1:C:36: THR:OG1 2.18 0.43
1:A:109:ALA:HB3 1:A:119:HIS:HB2 2.00 0:43
2:D:12:HIS:CE1 2:D:500:C3P:02’ 2.71 0.43
1:A:28:GLN:HE22 1:C:24:ASN:ND2 2.16 0.42
1:A:37:LYS:HG3 1:A:38:ASP:OD1 2.19 0.42
1:B:500:C3P:H5’1 3:F:363:HOH:O 2.18 0.42
1:C:103:ASN:ND2 3:F:59:HOH:O 2.50 0.42
1:B:31:LYS:HG3 3:F:220:HOH:O 2.19 0.42
1:C:85:ARG:HH12 1:C;98:LYS:HG3 1.86 0.41
1:C:25:TYR:CZ 1:C:29:MET:HG3 2.55 0.41
1:C:19:ALA:O 3:F:437:HOH:O 2.22 0.41
1:A:10:HIS:CD2 3:F:235:HOH:O 2.74 0.41
1:C:14:ASP:O 1:C:48:HIS:HA 2.21 0.41
1:B:92:TYR:CD1 1:B:93:PRO:HA 2.56 0.41
1:C:12:HIS:HE1 1:C:500:C3P:02’ 2.04 0.40
1:B:36: THR:HA 1:B:39:ARG:O 2.20 0.40
1:C:17:THR:HB 3:F:301:HOH:O 2.21 0.40
1:C:42:PRO:HA 1:C:86:GLU:HB3 2.04 0.40

All (1)'symmetry-related close contacts are listed below. The label for Atom-2 includes the sym-

metry operator and encoded unit-cell translations to be applied.

Atom-1

Atom-2

Distance(A)

Clash(A)

1:B:77:SER:OG

1:C:68:GLY:0[4.647]

2.16

0.04
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5.3 Torsion angles
5.3.1 Protein backbone (1)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all X-ray entries followed by that with respect to entries
of similar resolution.

The Analysed column shows the number of residues for which the backbone conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 A | 122/125 (98%) | 112 (92%) | 6 (5%) | 4 (3%)
1 B 122/125 (98%) | 117 (96%) | 5 (4%) 0
1 C 122/125 (98%) | 109 (89%) | 11 (9%) 2.(2%)
2 D 122/125 (98%) | 117 (96%) | 5 (4%) 0

All All | 488/500 (98%) | 455 (93%) | 27 (6%) 6 (1%)

All (6) Ramachandran outliers are listed below:

Mol | Chain | Res | Type
1 A 21 SER
1 C 89 SER
1 A 2 GLU
1 A 22 SER
1 A 19 ALA
1 C 91 LYS

5.3.2 Protein sidechains (1)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all X-ray entries followed by that with respect to entries of
similar resolution. The ‘Analysed column shows the number of residues for which the sidechain
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A 1097109 (100%) | 106 (97%) | 3 (3%) | 56 59
1 B 1109/100 (100%) | 107 (98%) | 2 (2%) | |71 |75
1 C | 109/109 (100%) | 106 (97%) | 3 (3%) | 56 59
2 D | 108/108 (100%) | 106 (98%) | 2 (2%) | 69 |73
Al | AWl | 435/435 (100%) | 425 (98%) | 10 2%) | 63 66 |

WO RLDWIDE

SrPDB

PROTEIN DATA BANK

LI



Page 11 Preliminary Full wwPDB X-ray Structure Validation Report INPUT_FILE_1

All (10) residues with a non-rotameric sidechain are listed below:

Mol | Chain | Res | Type
1 A 1 LYS
1 A 29 MET
1 A 39 ARG
1 B 2 GLU
1 B 66 LYS
1 C 15 SER
1 C 86 GLU
1 C 89 SER
2 D 87 THR
2 D 124 VAL

Some sidechains can be flipped to improve hydrogen bonding and reduce clashes. All (3) such
sidechains are listed below:

Mol | Chain | Res | Type
A 28 GLN
B 24 ASN
C 12 HIS

= = =

5.3.3 RNA (D

There are no RNA chains in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

5.5 Carbohydrates (i)

There are no carbohydrates in this entry.

5.6 Ligand geometry (i)

There are no ligands in this entry.

5.7 Other polymers (i)

There are no such residues in this entry.
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5.8 Polymer linkage issues

There are no chain breaks in this entry.
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6 Fit of model and data (i)

6.1 Protein, DNA and RNA chains (i)

In the following table, the column labelled ‘#RSRZ> 2’ contains the number (and percentage)
of RSRZ outliers, followed by percent RSRZ outliers for the chain as percentile scores relative to
all X-ray entries and entries of similar resolution. The OWAB column contains the minimum,
median, 95 percentile and maximum values of the occupancy-weighted average B-factor per
residue. The column labelled ‘Q< 0.9’ lists the number of (and percentage) of residues with an
average occupancy less than 0.9.

Mol | Chain | Analysed | <RSRZ> #RSRZ>2 OWAB(A?) [ Q<0.9
1 A | 125/125 (100%) 0.23 5 (4%) 36 41 -] 18, 30, 51, 61 0
1 B | 125/125 (100%) 0.01 4(3%) 45 50 | 19,28, 44, 65 0
1 C ]125/125 (100%) 0.32 7(5%) | 24| 26| | 15, 31, 56,70 | 1 (0%)
2 D | 125/125 (100%) -0.19 of1o0ff100f |17, 28,38, 50 0
All | ALl | 500/500 (100%) 0.09 16 (3%) 45 50 | 15,29, 51,70 | 1 (0%)

All (16) RSRZ outliers are listed below:

Mol | Chain | Res | Type | RSRZ
1 B 2 GLU 3.6
1 C 1 LYS 3.4
1 A 22 | SER 3.3
1 C 85 | ARG 3.3
1 C 19 | ALA 3.1
1 A 37 | LYS 2.5
1 B 23 | 'SER 2.5
1 A 34 | ASN 2.4
1 C 22" | SER 2:3
1 C 90 | SER 2.3
1 C 92 TYR 2.3
1 A 21 | SER 2.1
1 B 37 1 LYS 2.1
1 B 1 LYS 2.1
1 C 91 LYS 2.1
1 A 39 ARG 2.1

6.2 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA /RNA residues in this entry.
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6.3 Carbohydrates (i)

There are no carbohydrates in this entry.

6.4 Ligands (i)

There are no ligands in this entry.

6.5 Other polymers (i)

There are no such residues in this entry.
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2.2. Structure of RNase A at high resolution in complex with 3-CMP at 1.16 A (PDB ID:
4U7R)
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1 Overall quality at a glance (i)

The reported resolution of this entry is 1.16 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Rfree I ] 0.173
Clashscore EE——) I S
Ramachandran outliers I 0
sidechain outliers EE( S 2.5%
RSRZ outliers M P 1.3
Worse Better

W Percentile relative 1o all X-ray stuctures

[ Percentilee refative to X-ray structures of similar resolution

Metric Whole archive Similar resolution
(#Entries) (#Entries, resolution range(A))
Rree 66092 1042 (1.22°1.10)
Clashscore 79885 1154 (1.22-1.10)
Ramachandran outliers 78287 1097 (1.22-1.10)
Sidechain outliers 78261 1093'(1.22-1.10)
RSRZ outliers 66119 1042 (1.22-1.10)

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the electron density. The red, orange, yellow and green segments on the lower bar indicate the
fraction of residues that contain outliers for >=3, 2, 1 and 0 types of geometric quality criteria.
The upper red bar (where present) indicates the fraction of residues that have poor fit to the
electron density.

Mol | Chain | Length
1 A 124 Y /

Quality of chain

The following table lists:non-polymeric’ compounds that are outliers for geometric or electron-
density-fit criteria:

Mol | Type | Chain

Res | Geometry

Electron density

2 S04 B

2 -

X

3 CL C

2 R

X
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2 Entry COIl’lpOSitiOIl @ e Molecule 5 is SODIUM ION (three-letter code: NA) (formula: unknown).
Mol hai i A Z Al f
There are 6 unique types of molecules in this entry. The entry contains 2302 atoms, of which 1007 ol | Chain | Residues toms eroOce tCon
. Total Na
are hydrogens and 0 are deuterium. 5 E 1 1 1 0 0
In the tables below, the ZeroOcc column contains the number of atoms modelled with zero occu-
pancy, the AltConf column contains the number of residues with at least one atom in alternate ’ .
conformation and the Trace column contains the number of residues modelled with at most 2 e Molecule 6 is water.
atoms. Mol | Chain | Residues Atoms ZeroOcc | AltConf
e Molecule 1 is a protein. : 5 Total O :
6 F 205 991 991 0 16
Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C H N O S
L] A 121 2040 626 1007 184 210 13 0 19 0
e Molecule 2 is SULFATE ION (three-letter code: SO4) (formula: unknown).
Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total O S
2 B 1 5 11 0 0
Total O S
2 B 1 5 1 0 0
Total ~O S
2 B 1 5 41 0 0
e Molecule 3 is CHLORIDE ION (three-letter code: CL) (formula: unknown).
Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total Cl
3 C 1 1 1 0 0
Total Cl
3 C 1 I 1 0 0
Total Cl
3 C 1 1 1 0 0
3 C 1 Total Cl 0 0
1 1
e Molecule 4-is CYTIDINE-3-MONOPHOSPHATE (three-letter code: C3P) (formula:
unknown).
Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total C N O P
4| D ! 21 9 3 8 1 0 0

PROTEIN DATA BANK PROTEIN DATA BANK
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA and DNA chains in the entry.’ The first graphic for a
chain summarises the proportions of errors displayed in the second graphic. The second graphic
shows the sequence view annotated by issues in geometry and electron density. Residues are color-
coded according to the number of geometric quality criteria for which they contain at least one
outlier: green = 0, yellow = 1, orange = 2 and red = 3 or more. A red dot above a residue indicates
a poor fit to the electron density (RSRZ > 2). Stretches of 2 or more consecutive residues without
any outlier are shown as a green connector. Residues present in'the sample; but not in the model,
are shown in grey.

e Molecule 1:

Chain A: / -

) L ) (XXX} (] (R KX X ] L
Hez o R
] E §_8 ssz8s 3 _sB8z 2 3 e R
i 2 S B E] BISE ] R S fmimi
E-5EE £=5 RE] Pl - E i
& 2@ - GE=ZEETAT5E8s =4 38257478
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4 Data and refinement statistics (i)

Property Value Source
Space group P3221 Depositor
Cell constants 64.06A  64.06A 64.06A .
Depositor
a, b, c,a, 0,y 90.00°  90.00°  120.00°
Resolution (4) 2o 1o s
% Data completeness 100.0 (28.65-1.16) Depositor
(in resolution range) 100.0 (32.03-1.16) EDS
merge (Not available) Depositor
Raym (Not available) Depositor
<I/o(I)>" 2.63 (at 1.16A) Xtriage
Refinement program PHENIX (phenix.refine: 1.9.1692) Depositor
R R 0.144 , 0.172 Depositor
) Dfree 0.145 -+, 0173 DCC
Ryree test set 2695 reflections (5.09%) DCC
Wilson B-factor (A?) 14.5 Xtriage
Anisotropy 0.086 Xtriage
Bulk solvent k(e/A?), Byoi(A?) 0.42 , 74.1 EDS
Estimated twinning fraction 0.034 for -h-k,1 Xtriage
L-test for twinning <|L|>=047, <L?>=10.30 Xtriage
Outliers 0 of 52958 reflections Xtriage
F,,F. correlation 0.97 EDS
Total number of atoms 2302 wwPDB-VP
Average B, all atoms (A?) 24.0 wwPDB-VP

Xtriage’s analysis on translational NCS is as follows: The largest off-origin peak in the Patterson
function is 8.04% of the height of the origin peak.’ No significant pseudotranslation is detected.

Mntensities estimated from amplitudes.

WO RLDWIDE

bt

PROTEIN DATA BANK




Page 7 Preliminary Full wwPDB X-ray Structure Validation Report INPUT_FILE_1

5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section: NA,
CL, C3P, SO4

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z| > 5 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles
Mol | Chain | pyigy 1 7] 5 | RMSZ | #/2] >5
1 A 0.42 0/1125 0.60 0/1515

There are no bond length outliers.
There are no bond angle outliers.
There are no chirality outliers.

There are no planarity outliers.

5.2 Close contacts (i)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogens
added by MolProbity. The Clashes column lists the number of clashes within the asymmetric unit,
and the number in parentheses is this value normalized per 1000 atoms of the molecule in the
chain. The Symm-Clashes column gives symmetry related clashes, in the same way as for the
Clashes column.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1033 1007 981 14 9
2 B 15 0 0 1 1
3 C 4 0 0 0 1
4 D 21 0 12 1 0
5 B 1 0 0 0 0
6 F 221 0 0 7 2
All All 1295 1007 993 16 10

Clashscore is defined as the number of clashes calculated for the entry per 1000 atoms (including
hydrogens) of the entry. The overall clashscore for this entry is 8.

All (16) close contacts within the same asymmetric unit are listed below.
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Atom-1 Atom-2 Distance(A) | Clash(A)

1:A:119[B]:HIS:ND1 4:D:1:C3P:03P 2.17 0.78
1:A:104:LYS:HE3 1:A:104:LYS:HA 1.64 0.77
1:A:14:ASP:0OD1 6:F:273:HOH:O 2.14 0.65
2:B:2:504:01 6:F:296[B]:HOH:O 2.13 0.62
1:A:101[B]:GLN:NE2 6:F:112:HOH:O 2.15 0.62
1:A:103:ASN:O 1:A:104:LYS:HD2 2.01 0.60
1:A:41[BJ:LYS:NZ 1:A:44:ASN:OD1 2.40 0.54
1:A:25:TYR:CZ 1:A:29[A]:MET:HG3 2.43 0.53
1:A:103:ASN:C 1:A:104:LYS:HD2 2.30 0.52
1:A:89:SER:O 1:A:89:SER:OG 2.30 0.49
1:A:29[Bl:MET:HG3 1:A:46:PHE:CZ 2.52 0.44
1:A:69:GLN:NE2 6:F:92:HOH:O 2.51 0.43
1:A:113[B]:ASN:ND2 6:F:186:HOH:O 2.52 0.43
1:A:1[A]:LYS:NZ 6:F:87:HOH:O 2.48 0.42
1:A:43:VAL:HG22 | 1:A:85[B]:ARG:HG2 2.02 0.41

All (10) symmetry-related close contacts are listed below. = The label for Atom-2 includes the
symmetry operator and encoded unit-cell translations to be applied.

Atom-1 Atom-2 Distance(A) | Clash(A)
2:B:2:504:04 6:F:296[B]:HOH:0[4_555] 213 0.07
1:A:16[B|:SER:HG 1:A:59[B|:SER:HG[2_654] 1.65 -0.05
1:A:66:LYS:HZ1 1:A:85[B]:ARG:HH12[4_555] 1.79 -0.19
1:A:104:LYS:HZ1 6:F:29[A:HOH:O[4_555] 1.89 -0.29
1:A:16[B]:SER:0G 1:A:59[B]:SER:HG[2_654 1.96 -0.36
1:A:16[B]:SER:HG 1:A:59[B]:SER:OG[2_654 1.97 -0.37
LA1BLLYSHB2 | 1:A:101[BJ:GLN:HE21[6.654] 2.02 0.42
1:A:66:LYS:HZ2 1:A:85[A]:ARG:HH22[4_555] 2.13 -0.53
1:A:16[B|:SER:HG 3:C:3:CL:CL[2_654] 2.17 -0.57
1:A:85[B:ARG:HH12 | 1:A:121[BJ:ASP:0D2[4_555] 2.17 -0.57

5.3 Torsion angles
5.3.1 Protein backbone (1)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all X-ray entries followed by that with respect to entries
of similar resolution.

The Analysed column shows the number of residues for which the backbone conformation was
analysed, and the total number of residues.
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Favoured | Allowed | Outliers | Percentiles
fooff 100}

Mol | Chain Analysed
1 A 141/124 (114%) | 138 (98%) | 3 (2%) 0

There are no Ramachandran outliers to report.

5.3.2 Protein sidechains (i)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all X-ray entries followed by that with respect to entries of
similar resolution. The Analysed column shows the number of residues for which the sidechain
conformation was analysed, and the total number of residues.

Mol | Chain Rotameric | Outliers | Percentiles

1 A | 129/109 (118%) | 124 (96%) | 5 (4%) 43

Analysed

All (5) residues with a non-rotameric sidechain are listed below:

Mol | Chain | Res | Type
1 A 1[A] LYS
1 A 1[B] LYS
1 A 89 SER
1 A 121[A] | ASP
1 A 121[B] | ASP

Some sidechains can be flipped to improve hydrogen bonding and reduce clashes. There are no
such sidechains identified.

5.3.3 RNA (D

There are no RNA chains in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

5.5/ Carbohydrates (i)

There are no carbohydrates in this entry.
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5.6 Ligand geometry (i)

Of 9 ligands modelled in this entry, 5 are modelled with single atom - leaving 4 for Mogul analy-
sis.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and
the number of bonds (or angles) that are defined in the chemical component dictionary. The Link
column lists molecule types, if any, to which the group is linked. The Z score for a bond length
(or angle) is the number of standard deviations the observed value is removed from the expected
value. A bond length (or angle) with |Z| > 2 is considered an outlier worth inspection. RMSZ is
the root-mean-square of all Z scores of the bond lengths (or angles).

Bond lengths Bond angles

Mol | Type | Chain | Res | Link

Counts | RMSZ | #[Z| > 2| Counts | RMSZ | #|Z| > 2
2 S04 B 1 - 4,77 0.10 0 6,7,7 0.13 0
2 SO4 B 2 - 4,77 0.08 0 6.7,7 0.18 0
2 SO4 B 3 - 4,77 0.08 0 6,77 0.06 0
4 |cp| D 1 | - | 2277/ 215/ 4 (18%) | 3327 | 149 | 8 (24%)

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the chemical
component dictionary. Similar counts are reported in the Torsion and Rings columns. - means
no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals | Torsions | Rings
2 S04 B 1 - - 0/0/7/7 10/0/7/7
2 SO4 B 2 - - 0/0/7/7 10/0/?/7
2 S04 B 3 - - 0/0/7/7 10/0/?7/7
4 C3p D 1 - - 0/11/?/7 | 0/2/?/?

All (4) bond length outliers are listed below:

Mol | Chain | Res | Type | Atoms | Z | Observed(A) | Ideal(A)
4 D 1 C3P P-03" | 7.16 1.81 1.60
4 D 1 C3P | 02-C2 |-3.82 1.16 1.23
4 D 1 C3P | 03-C3’ | -3.55 1.33 1.44
4 D 1 C3P | C2-N1 | 216 1.44 1.40

All (8) bond angle outliers are listed below:

Mol | Chain | Res | Type Atoms Z | Observed(°) | Ideal(®)
4 D 1 C3p P-03-C3" | -3.11 114.10 121.56
4 D 1 C3P C5-C4-N3 | 2.89 126.40 121.34
4 D 1 C3P | O2P-P-O3P | 2.61 117.34 107.38

Continued on next page...
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Continued from previous page...

Mol | Chain | Res | Type Atoms Z | Observed(°) | Ideal(?)
4 D 1 C3p C4-N3-C2 | -2.61 116.02 120.29
4 D 1 C3p N4-C4-N3 | -2.47 113.76 118.02
4 D 1 C3pP | O3-P-O1P | -2.27 101.45 107.11
4 D 1 C3P | O2P-P-O1P | 2.21 117.68 110.58
4 D 1 C3p | O4-C1-C2" | 2.11 111.49 106.58

There are no chirality outliers.

There are no torsion outliers.

There are no ring outliers.

5.7 Other polymers (i)

There are no such residues in this entry.

5.8 Polymer linkage issues

There are no chain breaks in this entry:
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6 Fit of model and data (i)

6.1 Protein, DNA and RNA chains (i)

In the following table, the column labelled ‘#RSRZ> 2’ contains the number (and percentage)
of RSRZ outliers, followed by percent RSRZ outliers for the chain as percentile scores relative to
all X-ray entries and entries of similar resolution. The OWAB column contains the minimum,
median, 95 percentile and maximum values of the occupancy-weighted  average B-factor per
residue. The column labelled ‘Q< 0.9” lists the number of (and percentage) of residues with an
average occupancy less than 0.9.

Mol | Chain | Analysed | <RSRZ>| #RSRZ>2 | OWAB(A?)| Q<0.9
1 A | 124/124 (100%) | 052 |14 (11%)@ 12,17, 41,56 | 12 (9%)

All (14) RSRZ outliers are listed below:

Mol | Chain | Res | Type | RSRZ
A 92 TYR 7.7
21 SER 6.2
38 ASP 5.5
93 PRO 4.6
89 SER 3.5
91 LYS 3.4
39 ARG 3.4
1[A] LYS 3.2
37 LYS 2.9
94 ASN 2.8
113[A] | ASN 2.8
40 CYS 2.3
19 ALA 2.0
68 GLY 2.0

AN VR VY URY (URPY URY URY (N UY URIY (UY JY JUY J

|| | | | | | | | | | |

6.2 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA /RNA residues in this entry.

6.3 Carbohydrates (3)

There are no carbohydrates in this entry.
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6.4 Ligands (i)

In the following table, the Atoms column lists the number of modelled atoms in the group and the
number defined in the chemical component dictionary. LLDF column lists the quality of electron
density of the group with respect to its neighbouring residues in protein, DNA or RNA chains.
The B-factors column lists the minimum, median, 95" percentile and maximum values of B factors
of atoms in the group. The column labelled ‘Q< 0.9” lists the number of atoms with occupancy
less than 0.9.

Mol | Type | Chain | Res | Atoms | RSR | LLDF | B-factors(A?) [ Q<0.9
2 S04 B 2 5/7 0.43 11.04 46,46,57,101 5
3 CL C 2 1/7 0.12 2.11 13,13,13,13 1
4 C3p D 1 21/7 0.13 1.42 13,23,46,53 9
5 NA E 1 1/? 0.07 1.23 20,20,20,20 0
3 CL C 4 1/? 0.07 0.98 20,20,20,20 1
2 SO4 B 1 5/7 0.15 0.53 17,21,42,76 5
3 | CL C i 1/7 | 0.07 | -0.20 | 16,16,16,16 i
3 CL C 3 1/? 0.05 -0.72 20,20,20,20 1
2 SO4 B 3 5/7 0.13 - 23,26,27,34 5

6.5 Other polymers (i)

There are no such residues in this entry.
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2.3. Structure of ECP with sulphate anions at 1.50 A (PDB ID: 40XB)
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Title : Structure of ECP with sulphate anions at 1.50 Angstroms
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Resolution : 1.50 A(reported)

DISCLAIMER
This is a preliminary version of the new style of wwPDB validation report.
We welcome your comments at validation@mail. wwpdb.org
A user guide is available at http://wwpdb.org/ValidationPDFNotes.html

The following versions of software and data (see references) were used in the production of this report:

MolProbity : 4.02b-467
Mogul :° 1.15 2013
Xtriage (Phenix) : dev-1439

EDS  : stable22501

Percentile statistics : 21963
Refmac :  5.8.0049
CCP4 :  6.3.0 (Settle)
Ideal geometry (proteins) : Engh & Huber (2001)
Ideal geometry (DNA, RNA) : Parkinson et. al. (1996)
Validation Pipeline (wwPDB-VP) :  stable22501
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1 Overall quality at a glance (i)

The reported resolution of this entry is 1.50 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Rfrec NI || J P (.231
Clashscore IS I N
Ramachandran outliers Mfjmms T ().5%
Sidechain outliers M I | .G
RSRZ outliers M [ P 2.5V
Warse Bettor

B Percentile refative 1o all X-ray structures
[ Percentile relative 1o X-ray structures of similar resolution

Metric ‘Whole archive Similar resolution
(#Entries) (#Entries, resolution range(A))
R/rer 66092 1513 (1.50-1.50)
Clashscore 79885 1768 (1,50-1.50)
Ramachandran outliers 78287 1720 (1.50-1.50)
Sidechain outliers 78261 1718 (1.50-1.50)
RSRZ outliers 66119 1514 (1.50-1.50)

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the electron density. The red, orange, yellow and green segments on the lower bar indicate the
fraction of residues that contain outliers for >=3, 2,1 and 0 types of geometric quality criteria.
The upper red bar (where present) indicates the fraction of residues that have poor fit to the
electron density.

Mol | Chain | Length Quality of chain

The following table lists non-polymeric compounds that are outliers for geometric or electron-
density-fit criteria:

Mol | Type | Chain | Res | Geometry | Electron density
2 SO4 A 301 - X
2 SO4 A 302[A - X
2 SO4 A 302[B - X
2 SO4 A 303 - X
2 SO4 A 304 - X
2 SO4 A 305 - X

Continued on next page...
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Continued from previous page...

Mol | Type | Chain | Res | Geometry | Electron density
2 S04 A 306 - X
2 S04 B 301 - X
2 SO4 B 302 - X
2 S04 B 303 - X
2 SO4 B 304 - X
2 S04 B 305 - X
2 S04 B 307 - X

LXVI
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2 Entry composition (i)

There are 3 unique types of molecules in this entry. The entry contains 2765 atoms, of which 0

are hydrogen and 0 are deuterium.

In the tables below, the ZeroOcc column contains the number of atoms modelled with zero occu-
pancy, the AltConf column contains the number of residues with at least one atom in alternate
conformation and the Trace column contains the number of residues modelled with at most 2

atoms.

e Molecule 1 is a protein called Eosinophil cationic protein.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S

L) A 133 1165 725 243 188 9 0 15 0
Total C N O S

! B 133 1159 718 243 187 11 0 13 0

There are 4 discrepancies between the modelled and reference sequences:

Chain | Residue | Modelled | Actual Comment Reference
A 0 MET - initiating methionine | UNP P12724
A 97 ARG THR variant UNP P12724
B 0 MET - initiating methionine | UNP P12724
B 97 ARG THR variant UNP P12724

e Molecule 2 is SULFATE ION (three-letter code: SO4) (formula: O4S).

o1

ox O

02

(@ e
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Mol | Chain | Residues Atoms ZeroOcc | AltConf
2 A 1 Togal 2 ? 0 0
2 A 1 T(;toal (g g 0 1
2 | A 1 ol 08 0 0
2 A 1 TO;"LI 2 ? 0 0
2 A 1 Togal 2 ? 0 0
2 | A 1 ol 08 0 0
2 | B 1 ol 08 0 0
2 | B 1 ol 08 0 0
2 B 1 Togal 2 ? 0 0
2 | B 1 Total O 3 0 0
2 | B 1 Total o8 0 0
2 | B 1 T Q8 0 0
2 B 1 Togal (Z ? 0 0
e Molecule 3 is water.

Mol | Chain | Residues Atoms ZeroOcc | AltConf
3| A 03 | O 0 0
3| B 168 el O 0 0

$PbE
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA and DNA chains in the entry.’ The first graphic for a
chain summarises the proportions of errors displayed in the second graphic. The second graphic
shows the sequence view annotated by issues in geometry and electron density. Residues are color-
coded according to the number of geometric quality criteria for which they contain at least one
outlier: green = 0, yellow = 1, orange = 2 and red = 3 or more. A red dot above a residue indicates
a poor fit to the electron density (RSRZ > 2). Stretches of 2 or more consecutive residues without
any outlier are shown as a green connector. Residues present in'the sample, but not in the model,
are shown in grey.

e Molecule 1: Eosinophil cationic protein

Chain A: /

o °
L |, o =S @ QEgmEmy B e momy g =g o
= RE8E 3z 2 & 2 2@ B B & 823

e Molecule 1: Eosinophil cationic protein

H15

Chain B: / —_——
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4 Data and refinement statistics (i)

Property Value Source
Space group c1l21 Depositor
Cell constants 92738 51.29A 55.62A Déoosi
a,b,c a By 90.00° 111.25°  90.00° DS
Resolution (A) ﬁ}g . }gg De]gllj)sétm
% Data completeness 08.8 (44.10-1.50) Depositor
(in resolution range) 95.5 (44.10-1.50) EDS
Rinerge 0.10 Depositor
Raym (Not available) Depositor
<I/o(I)>" 2.60 (at 1.50A) Xtriage
Refinement program PHENIX (phenix.refine: 1.8.4.1496) | Depositor
R R 0.179 , 0.232 Depositor
) Dfree 0.179 , 0231 DCC
Ryree test set 1882 reflections (5.04%) DCC
Wilson B-factor (A2%) 15.3 Xtriage
Anisotropy 0.122 Xtriage
Bulk solvent ky(e/A%), B (A?) 0.39 . 38.6 EDS
Estimated twinning fraction No twinning to report. Xtriage
L-test for twinning <|L|>=048, < L?>=10.32 Xtriage
Outliers 1 of 38673 reflections (0.003%) Xtriage
F,,F. correlation 0.96 EDS
Total number of atoms 2765 wwPDB-VP
Average B, all atoms (A?) 21.0 wwPDB-VP

Xtriage’s analysis on translational NCS is as follows: The largest off-origin peak in the Patterson

function is 8.50% of the height of the origin peak. No significant pseudotranslation is detected.

ntensities estimated from amplitudes.

LXVIII
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5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section:
SO4

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z| > 2 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles
Mol | Chain | ¢y g7 #\% >2 | RMSZ #é\ >2
I A 050 | 6/880 (0.7%) | 0.59 | 9/995 (0.9%)
1 B 042 | 2/887 (0.2%) | 0.55 | 5/1006 (0.5%)
Al | Al | 046 |8/1767 (05%) | 0.57 | 14/2001 (0.7%)

Chiral center outliers are detected by calculating the chiral volume of a chiral center and verifying
if the center is modelled as a planar moiety or with the opposite hand. A planarity outlier is
detected by checking planarity of atoms in a peptide group, atoms in a mainchain group or atoms
of a sidechain that are expected to be planar.

Mol | Chain | #Chirality outliers | #Planarity outliers
1 A 0 1
All (8) bond length outliers are listed below:
Mol | Chain | Res | Type | Atoms Z | Observed(A) | Ideal(A)
1 A 19 ASN | CG-OD1 | 4.60 1.34 1.24
1 A 92 | ASN | CG-OD1 | 4.29 1.33 1.24
1 B 92 | ASN | CG-OD1 | 4.23 1.33 1.24
1 A 19 | ASN | CG-ND2 | -4.16 1.22 1.32
1 A 64 | HIS | CG-CD2 | 3.85 1.41 1.35
1 B 92 | ASN | CG-ND2 | -3.68 1.23 1.32
1 A 92 | ASN | CG-ND2 | -3.62 1.23 1.32
1 A 33 | TYR | CD1-CE1 | -2.07 1.36 1.39
All (14) bond angle outliers are listed below:
Mol | Chain | Res | Type Atoms Z | Observed(°) | Ideal(°)
1 A 92 | ASN | CB-CG-OD1 | -2.56 116.49 121.60
1 B 92 | ASN | CB-CG-OD1 | -2.56 116.49 121.60
1 A 15 HIS N-CA-C 2.52 117.81 111.00
Continued on next page...
$Pbe
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Continued from previous page...

Mol | Chain | Res | Type Atoms Z | Observed(°) | Ideal(?)
1 A 64 HIS CA-C-O 2.48 125.32 120.10
1 A 114 | ARG | NE-CZ-NH2 | -2.40 119.10 120.30
1 A 66 | ARG | NE-CZ-NH2 | -2.37 119.11 120.30
1 B 34 | ARG | NE-CZ-NH2 | -2.32 119.14 120.30
1 A 91 GLN N-CA-CB 2.24 114.63 110.60
1 B 15 HIS N-CA-C 2.24 117.04 111.00
1 B 104 | ARG N-CA-C -2.24 104.96 111.00
1 B 97 | ARG | NE-CZ-NH2 | -2.23 119.18 120.30
1 A 91 GLN CB-CA-C 2.23 114.86 110.40
1 A 19 ASN | CB-CG-OD1 | -2.13 117.33 121.60
1 A 96 CYS CA-CB-SG | -2.11 110.20 114.00

There are no chirality outliers.

All (1) planarity outliers are listed below:

Mol | Chain

Res | Type

Group

1 A

90 | ALA

Peptide

5.2 Close contacts (1)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogens
added by MolProbity. The Clashes column lists the number of clashes within the asymmetric unit,
and the number in parentheses is this value normalized per 1000 atoms of the molecule in the
chain. The Symm-Clashes column gives symmetry related clashes, in the same way as for the

Clashes column.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1165 0 1149 18 0
1 B 1159 0 1141 11 0
2 A 35 0 0 0 0
2 B 35 0 0 2 0
3 A 203 0 0 5 0
3 B 168 0 0 6 0
All All 2765 0 2290 27 0

Clashscore is defined as the number of clashes calculated for the entry per 1000 atoms (including
hydrogens) of the entry. The overall clashscore for this entry is 6.

All (27) close contacts within the same asymmetric unit are listed below.

LXIX
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Atom-1 Atom-2 Distance(A) | Clash(A)

1:B:91[A]:GLN:NE2 3:B:401:HOH:O 2.25 0.69
1:B:77[A]:ARG:NH1 2:B:303:504:04 2.27 0.66
1:B:4:GLN:NE2 3:B:402:HOH:O 2.36 0.58
1:A:53[A]:ASN:ND2 3:A:585:HOH:O 2.33 0.57
1:B:7[B]:ARG:NH1 3:B:404:HOH:O 2.38 0.55
1:A:91:GLN:HG3 1:A:95:ASN:HD22 1.73 0.54
1:A:42:THR:0G1 1:A:82[A]:HIS:HD2 1.93 0.51
1:A:122[B]:TYR:OH 1:B:49:ALA:HB2 2.11 0.51
1:A:86[A:ILE:HG12 1:A:97:ARG:O 2.11 0.50
1:A:91:GLN:CG 1:A:92:ASN:H 2.23 0.50
1:A:18:LEU:HD12 3:B:560:HOH:O 2.12 0.50
1:A:7[B:ARG:NH2 3:A:580:HOH:O 2.25 0.49
1:A:42:THR:0G1 1:A:82(BJ:HIS:HD2 1.97 0.48
1:A:91:GLN:HG2 1:A:92:ASN:H 1.80 047
3:A:564:HOH:O 1:B:18:LEU:HD12 2.15 0.46
1:A:1:ARG:NH1 1:A:5:PHE:O 241 0.46
1:B:57:ASN:HB3 2:B:307:504:03 2.18 0.44
1:A:114:ARG:HB2 1:A:118:ASP:HB2 1.99 0.44
1:A:122[B]:TYR:HH 1:B:122:TYR:HH 1.53 0.44
1:A:7[A]:ARG:NH1 3:A:558:HOH:O 2.52 0.43
1:A:82[B|:HIS:HB2 | 1:A:101[B]:ARG:HB3 2.01 0.43
1:B:82[BJ:HIS:HD2 3:B:522:HOH:O 2.02 0.42
1:A:18:LEU:HD23 1:A:18:LEU:HA 1.91 0.42
1:A:73:ARG:NH1 3:A:411:HOH:O 2.54 0.41
1:B:37[BJ:CYS:SG 3:B:503:HOH:O 2.62 0.41
1:A:42:THR:0G1 1:A:82[B|:HIS:CD2 2.74 0.40

There are no symmetry-related clashes.

5.3 Torsion angles

5.3.1 Protein backbone (i)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all X-ray entries followed by that with respect to entries
of similar resolution. The Analysed column shows the number of residues for which the backbone
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 A |144/134(108%) | 138 (96%) | 4 3%) | 2 (1%) 16
1 B | 144/134 (108%) | 143 (99%) | 1 (1%) 0 |00}
AlL-| AN | 288/268 (108%) | 281 (98%) | 5 (2%) | 2 (1%) 27
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All (2) Ramachandran outliers are listed below:

Mol | Chain | Res | Type
1 A 91 GLN
1 A 89 GLY

5.3.2 Protein sidechains (1)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all X-ray entries followed by that with respect to entries of
similar resolution. The Analysed column shows the number of residues for which the sidechain
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A 135/123 (110%) | 132 (98%) 3 (2%) 64 28
1 B 135/123 (110%) | 131 (97%) 4 (3%) 53 |16
All All | 270/246 (110%) | 263 (97%) 7 (3%) 750121

All (7) residues with a non-rotameric sidechain are listed below:

Mol | Chain | Res | Type
1 A 91 GLN
1 A 122[A] | TYR
1 A 122[B] | TYR
1 B 86[A ILE
1 B 86[B ILE
1 B 91[A GLN
1 B 91[B GLN

Some sidechains can be flipped to improve hydrogen bonding and reduce clashes. All (2) such
sidechains are listed below:

Mol | Chain | Res | Type
1 A 19 ASN
1 A 95 ASN

5.3.3  RNA (D

There are no RNA chains in this entry.

LXX
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5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

5.5 Carbohydrates (i)

There are no carbohydrates in this entry.

5.6 Ligand geometry (i)

14 ligands are modelled in this entry.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and
the number of bonds (or angles) that are defined in the chemical component dictionary. The Link
column lists molecule types, if any, to which the group is linked. The Z score for a bond length
(or angle) is the number of standard deviations the observed value is removed from the expected
value. A bond length (or angle) with [Z| > 2'is considered an outlier worth inspection. RMSZ is
the root-mean-square of all Z scores of the bond lengths (or angles).

. . Bond lengths Bond angles
Mol | Type | Chain | Res | Link | o\ (1 RNIS7 [ #(2] > 2 | Counts | RMSZ | #|2] > 2
2 SO4 A 301 - 4,44 0.14 0 6,6,6 0.10 0
2 | S04 A | 302[A] | - 444 | 0.19 0 6,6,6 | 0.09 0
2 SO4 A 302[B - 4,44 0.22 0 6,6,6 0.09 0
2 S04 A 303 - 4,44 0.19 0 6,6,6 0.07 0
2 SO4 A 304 - 444 0.20 0 6,6,6 0.07 0
2 SO4 A 305 - 4,44 0.24 0 6,6,6 0.29 0
2 SO4 A 306 - 444 0.26 0 6,6,6 0.08 0
2 SO4 B 301 - 4,44 0.13 0 6,6,6 0.08 0
2 | S04 B 302 Y 444 | 021 0 6,6,6 | 0.10 0
2 SO4 B 303 - 444 0.16 0 6,6,6 0.14 0
2 S04 B 304 - 4,44 0.16 0 6,6,6 0.10 0
2 SO4 B 305 - 444 0.17 0 6,6,6 0.08 0
2 SO4 B 306 - 4,44 0.21 0 6,6,6 0.12 0
2 SO4 B 307 - 4,44 0.19 0 6,6,6 0.14 0

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the chemical
component dictionary. Similar counts are reported in the Torsion and Rings columns. - means
no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals | Torsions | Rings
2 SO4 A 301 - - 0/0/0/0 | 0/0/0/0
Continued on next page...
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Continued from previous page... 6 Fit of model and data @

Mol | Type | Chain | Res | Link | Chirals | Torsions | Rings
2 SO4 A 302[A] - - 0/0/0/0 | 0/0/0/0 . .
51501 A [302m |- - 0/0/0/0 | 0,000 6.1 Protein, DNA and RNA chains (i)
2 SO4 A 303 - - 0/0/0/0 | 0/0/0/0
5 SO1 A 304 - - 0;0%?0 0%;0;0 In the following table, the column labelled ‘4#RSRZ> 2’ contains the number (and percentage)
3 S04 N 305 - - 0/0/0/0 | 0/0/0/0 of RSRZ outliers, followed by percent RSRZ outliers for the chain as percentile scores relative to
3 S04 N 306 - - 0/0/0/0 1 0/0/0/0 all X-ray entries and entries of similar resolution. The OWAB column contains the minimum,
5 SO1 5 301 0/0/0/0 70/0/0/0 median, 95 percentile and maximum values of the occupancy-weighted average B-factor per
3 S01 B 302 - . 0/0/0/07 70/07070 residue. The column labelled ‘Q< 0.9’ lists the number of (and percentage) of residues with an
5 so1 B 03 : : 0;();0;0 U;U;O;O average occupancy less than 0.9.
2 SO4 B 304 - - 0/0/0/0 | 0/0/0/0 Mol | Chain Analysed <RSRZ> #RSRZ>2 OWAB(A?) [ Q<0.9
; 283 ﬁ ;gz - - 8;8;8?8 8;8;8?8 1 A | 133/134 (99%) | 015 |4 (3%) 48 53 [12,17,31,53| 0
b S04 B 307 - B 0/0/0/0" | 0/0/0/0 1 B 133/134 (99%) 0.06 2 (1%) 70 |77 |12, 17, 27, 38 0

All All 266/268 (99%) 0.10 6 (2%) 54 64 |12,17,30, 53 0

There are no bond length outliers.

There are no bond angle outliers. All (6) RSRZ outliers are listed below:

There are no chirality outliers. Mol | Chain | Res | Type | RSRZ
There are no torsion outliers. ! A 3 TRP 72

1 B 35 TRP 3.1
There are no ring outliers. 1 A 86[A] | ILE 2.8

1 A 133 | ILE 2.8

1 A 90 ALA 2.8
5.7 Other polymers @ 1 B QI[A] GLN 26

There are no such residues in this entry.

6.2 Non-standard residues in protein, DNA, RNA chains (i)

5.8 Polymer linkage issues ) . o
There are no non-standard protein/DNA/RNA residues in this entry.

There are no chain breaks in this entry.

6.3 Carbohydrates (i)

There are no carbohydrates in this entry.

6.4 Ligands (i)

In the following table, the Atoms column lists the number of modelled atoms in the group and the
number defined in the chemical component dictionary. LLDF column lists the quality of electron
density of the group with respect to its neighbouring residues in protein, DNA or RNA chains.
The B-factors column lists the minimum, median, 95" percentile and maximum values of B factors

WORLDWIDE wo DWIDE
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of atoms in the group. The column labelled ‘Q< 0.9” lists the number of atoms with occupancy
less than 0.9.

Mol | Type | Chain | Res | Atoms | RSR | LLDF | B-factors(A?) | Q<0.9
2 S04 A 302[A] | 5/5 0.35 | 28.84 32,35,37.39 5
2 S04 A 302(B] 5/5 0.35 | 28.78 33,33,38.38 5
2 S04 B 301 5/5 0.24 | 9.82 24,45,56,62 0
2 S04 A 301 5/5 0.19 | 816 24,45,52,68 0
2 S04 A 305 5/5 0.25 7.50 23,28,41,41 0
2 S04 B 302 5/5 0.22 | 474 29,31,33.36 5
2 S04 A 304 5/5 0.15 | 4.56 23,24,26.27 5
2 S04 B 304 5/5 0.24 | 455 35,52,55,57 0
2 S04 B 305 5/5 0.14 | 3.87 28,31,36.37 0
2 S04 A 303 5/5 0.23 | 2.67 46,50,55,57 0
2 S04 B 307 5/5 0.16 | 2.29 24,26,29.36 0
2 S04 A 306 5/5 0.14 | 211 25,30,33.41 0
2 S04 B 303 5/5 0.30 | 2.06 34,45,58,69 0
2 S04 B 306 5/5 0.12 0.06 23,26,30,30 0

6.5 Other polymers (i)

There are no such residues in this entry.
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2.4. Structure of ECP with citrate anions at 1.50 A (PDB ID: 40XF)
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1 Overall quality at a glance (i)

The reported resolution of this entry is 1.50 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Rfrec IR I 0.228
Clashscore I ] H O
Ramachandran outliers I 0
Sidechain outliers I 1 AN | .6%
RSRZ outliers M [ o—— 8y
Warse Better

B Percentile relative to all X-ray structures
[ Percentile retative 10 X-ray structures of similar resolution

Metric ‘Whole archive Similar resolution
(#Entries) (#Entries, resolution range(A))
Rree 66092 1513 (1.50-1.50)
Clashscore 79885 1768 (1,50-1.50)
Ramachandran outliers 78287 1720 (1.50-1.50)
Sidechain outliers 78261 1718 (1.50-1.50)
RSRZ outliers 66119 1514 (1.50-1.50)

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the electron density. The red, orange, yellow and green segments on the lower bar indicate the
fraction of residues that contain outliers for >=3, 2,1 and 0 types of geometric quality criteria.
The upper red bar (where present) indicates the fraction of residues that have poor fit to the
electron density.

Mol | Chain | Length Quality of chain
1 A 134 — /
1 B 134 [ S— /

The following table lists non-polymeric compounds that are outliers for geometric or electron-
density-fit criteria:

Mol | Type | Chain | Res | Geometry | Electron density
2 CIT A 301 - X
2 CIT A 302 - X
2 CIT A 303 - X
2 CIT B 302 - X
erbDB
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2 Entry composition (i)

There are 4 unique types of molecules in this entry. The entry contains 2798 atoms, of which 0
are hydrogen and 0 are deuterium.

In the tables below, the ZeroOcc column contains the number of atoms modelled with zero occu-
pancy, the AltConf column contains the number of residues with at least one atom in alternate
conformation and the Trace column contains the number of residues modelled with at most 2
atoms.

e Molecule 1 is a protein called Eosinophil cationic protein.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
! A 134 1182 732 249 189 12 Q 14 0
. Total C N O S
! B 133 1149 716 238 186 9 0 10 0

There are 4 discrepancies between the modelled and reference sequences:

Page 4 Full wwPDB X-ray Structure Validation Report 40XF
Mol | Chain | Residues Atoms ZeroOcc | AltConf
2 A 1 Tfl’;al (g (7) 0 0
2 | A 1 ol 0 0 0
2 | A 1 ol 0 0 0
2 | B 1 ol 0 0 0
2 B 1 Tfl’;al (g (7) 0 0

e Molecule 3 is FE (III) ION (three-letter code: FE) (formula: Fe).

Chain | Residue | Modelled | Actual Comment Reference
A 0 MET - initiating methionine | UNP P12724
A 97 ARG THR variant UNP P12724
B 0 MET - initiating methionine | UNP P12724
B 97 ARG THR variant UNP P12724

e Molecule 2 is CITRIC ACID (three-letter code: CIT) (formula: C¢HsOr).

o
4 02
05 .
- OH
cz c1
ce 3
H
<
e o | (o]}
H¢
o7 =
(o % “oa
v
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Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total Fe
3 B 1 1 1 0 0
Total Fe
3 A 1 1 1 0 0
e Molecule 4 is water.
Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total O
4 A 212 219 212 0 0
Total O
4 B 188 188 188 0 0
e
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA and DNA chains in the entry.’ The first graphic for a
chain summarises the proportions of errors displayed in the second graphic. The second graphic
shows the sequence view annotated by issues in geometry and electron density. Residues are color-
coded according to the number of geometric quality criteria for which they contain at least one
outlier: green = 0, yellow = 1, orange = 2 and red = 3 or more. A red dot above a residue indicates
a poor fit to the electron density (RSRZ > 2). Stretches of 2 or more consecutive residues without
any outlier are shown as a green connector. Residues present in'the sample, but not in the model,
are shown in grey.

e Molecule 1: Eosinophil cationic protein

Chain A: / -

° . .
= = = o 0 ot 10 S e S e &
B—c—2 8 @ g=g=a=3
2 = o 2 2@z 2 & =

e Molecule 1: Eosinophil cationic protein

Chain B: /

10 et i
8 & S = & 2

L80

s
2

R22
T24

WO RLDWIDE

SPDEB

PROTEIN DATA RANK

LXXVI

Page 6 Full wwPDB X-ray Structure Validation Report 40XF

4 Data and refinement statistics (i)

Property Value Source
Space group P 4322 Depositor
Cell constants 62.53A  62.53A  175.05A Dépositor
a, b, c, a, 3,y 90.00°  90.00°  90.00°
= .
Resolution (A) gggg _ 1;8 Deg(];s;tor
% Data completeness 98.8 (50.88-1.50) Depositor
(in resolution range) 96.5 (62.53-1.50) EDS
Rinerge 0.03 Depositor
Riym (Not available) Depositor
<Ijo(I)>" 5.04 (at 1.50A) Xtriage
Refinement program PHENIX (phenix.refine: 1.8.4.1496) | Depositor
R R 0.197 , 0.231 Depositor
» Tfree 0.197 , 0228 DCC
Ryree test set 2762 reflections (5.05%) DCC
Wilson B-factor (A?) 19.6 Xtriage
Anisotropy 0.199 Xtriage
Bulk solvent ky(e/A%), By (A?) 0.35,41.2 EDS
Estimated twinning fraction No twinning to report. Xtriage
L-test for twinning <|L|>=048, < L?* > =0.32 Xtriage
Outliers 0-of 55985 reflections Xtriage
F,.F. correlation 0.96 EDS
Total number of atoms 2798 wwPDB-VP
Average B, all atoms (A?) 25.0 wwPDB-VP

Xtriage’s analysis on translational NCS is as follows: The largest off-origin peak in the Patterson
function is 5.33% of the height of the origin peak. No significant pseudotranslation is detected.

ntensities estimated from amplitudes.

<
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5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section: FE,
CIT

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z] > 2 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles
Mol | Chain | ¢y g7 #é\ >2 | RMSZ #|§| 2
T | A | 046 | 2/889 (02%) | 0.62 | LI/1007 (1.1%)
T | B | 042 | 2/908 (0.2%) | 0.62 | 8/1028 (0.8%)
Al | A | 044 | 4/1797 (0.2%) | 0.62 | 19/2035 (0.9%)

All (4) bond length outliers are listed below:

Mol | Chain | Res | Type | Atoms | Z [ Observed(A) | Ideal(A)
1 A 40 | GLN C-0 -4.30 1.15 1.23
1 A 58 GLN C-0 -4.28 1.15 1.23
1 B 36 | ARG | CZ-NHI1 | -3.56 1.28 1.33
i B | 36 | ARG | C-O |20i L7 1.23
All (19) bond angle outliers are listed below:
Mol | Chain | Res | Type Atoms Z | Observed(°) | Ideal(°)
1 B 34 | ARG | NE-CZ-NH2 | -5.97 117.31 120.30
1 A 101 | ARG | NE-CZ-NH1 | -5.69 117.46 120.30
1 B 36 | ARG | NE-CZ-NH2 | 4.40 122.50 120.30
1 B 36 | ARG | NE-CZ-NH1 | -4.22 118.19 120.30
1 B 34 | ARG | NE-CZ-NH1 | 3.26 121.93 120.30
1 B 115 | ASP | CB-CG-OD2 | 2.73 120.76 118.30
1 A 107 | TYR | CA-CB-CG | 2.72 118.57 113.40
1 A 34 | ARG | NE-CZ-NH2 | -2.65 118.97 120.30
1 A 34 | ARG | NE-CZ-NH1 | 2.55 121.57 120.30
1 A 45 | ARG | NE-CZ-NH2 | -2.51 119.04 120.30
1 A 101 | ARG | NE-CZ-NH2 | 2.49 121.54 120.30
1 B 107 | TYR | CA-CB-CG | 2.39 117.94 113.40
1 B 80 LEU | CA-CB-CG | 2.24 120.45 115.30
1 B 15 HIS N-CA-C 2.19 116.92 111.00
1 A 101 | ARG | CB-CG-CD | -2.10 106.15 111.60
Continued on next page...
&
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Continued from previous page...

Mol | Chain | Res | Type Atoms Z | Observed(°) | Ideal(°)
1 A 18 | LEU | CB-CG-CD2 | -2.06 107.50 111.00
1 A 61 ARG | NE-CZ-NH2 | -2.04 119.28 120.30
1 A 125 | VAL CB-CA-C -2.02 107.57 111.40
1 A 80 LEU | CA-CB-CG | 2.01 119.92 115.30

There are no chirality outliers.

There are no planarity outliers.

5.2 Close contacts (i)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogens
added by MolProbity. The Clashes column lists the number of clashes within the asymmetric unit,
and the number in parentheses is this value normalized per 1000 atoms of the molecule in the
chain. The Symm-Clashes column gives symmetry related clashes, in the same way as for the
Clashes column.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1182 0 1165 12 1
1 B 1149 0 1144 10 0
2 A 39 0 14 1 4
2 B 26 0 8 2 2
3 A 1 0 0 0 3
3 B 1 0 0 0 2
4 A 212 0 0 9 0
4 B 188 0 0 12 0
All All 2798 0 2331 25 6

Clashscore is defined as the number of clashes calculated for the entry per 1000 atoms (including
hydrogens) of the entry. The overall clashscore for this entry is 5.

All (25) close contacts within the same asymmetric unit are listed below.

Atom-1 Atom-2 Distance(A) | Clash(A)
1:A:101:ARG:HG3 4:A:591:HOH:O 1.52 1.09
1:A:101:ARG:CG 4:A:591:HOH:O 1.97 1.08
1:A:101:ARG:HD3 4:A:612:HOH:O 1.52 1.07

2:B:302:CIT:02 4:B:401:HOH:O 1.92 0.86
1:A:101:ARG:HG2 4:A:591:HOH:O 1.71 0.71
1:B:58[A]:GLN:OE1 | ~4:B:402:HOH:O 2.09 0.70

1:A:22:ARG:HE 1:A:24:THR:HB 1.58 0.69
1:A:95[BJ:ASN:ND2 | 4:A:402:HOH:O 2.27 0.66

Continued on next page...
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Continued from previous page...

Atom-1 Atom-2 Distance(A) | Clash(A)
2:A:302:CIT:06 4:A:401:HOH:O 2.13 0.66
1:B:101:ARG:CD 4:B:406:HOH:O 2.43 0.65
2:B:302:CIT:0O6 4:B:403:HOH:O 2.15 0.64
1:B:101:ARG:NE 4:B:406:HOH:O 2.33 0.61
1:B:36:ARG:NH2 4:B:408:HOH:O 2.39 0.54

1:A:93:ILE:O 4:A:536:HOH:O 2.18 0.53
1:A:22:ARG:HG3 4:A:499:HOH:O 2.08 0.52
1:B:22:ARG:NH2 4:B:477:HOH:O 2.42 0.52

1:B:75[A]:ARG:NH1 | 4:B:577:HOH:O 2.40 0.51
1:A:25[BJ:ILE:HD13 | 1:A:28:ARG:NH1 2.25 0.51
1:A:22:ARG:NH2 4:A:508:HOH:O 2.45 0.48
1:A:82:HIS:HB3 1:A:101:ARG:HB2 1.94 0.48
1:B:97:ARG:NH1 4:B:407:HOH:O 2.38 0.46
1:B:58[B]:GLN:OE1 | 4:B:404:HOH:O 2.21 0.45
1:B:1:ARG:N 4:B:410:HOH:O 2.48 0.44
1:A:1[A]:ARG:HB2 | 1:A:10:TRP:CD1 2.52 0.44
1:B:58[B]:GLN:NE2 4:B:414:HOH:O 2.55 0.40

All (6) symmetry-related close contacts are listed below. The label for Atom-2 includes the sym-
metry operator and encoded unit-cell translations to be applied.

Atom-1 Atom-2 Distance(A) | Clash(A)
2:B:302:CIT:C6 | 3:B:303:FE:FE[5.455] 1.57 0.63
1:A:34:ARG:NH2 | 2:A:302:CIT:07[5_455] 1.96 0.24
2:A:302:CIT:C4 | 3:A:304;FE:FE[5.455 1.96 0.24
2:A:302:CIT:C6 | 3:A:304:FE:FE[5.455 1.97 0.23
2:B:302:CIT:C3 | 3:B:303:FE:FE[5455 2.00 0.20
2:A:302:CIT:C3 | 3:A:304FE:FE[5-455 2.17 0.03

5.3 Torsion angles
5.3.1 Protein backbone (1)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all X-ray entries followed by that with respect to entries
of similar resolution. The Analysed column shows the number of residues for which the backbone
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 A 148/134 (110%) | 145 (98%) | 3 (2%) 0 100§ § 100
1 B 141/134 (105%) | 139 (99%) | 2 (1%) 0 100§ § 100

Continued on next page...
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Continued from previous page...
Mol | Chain Analysed
All All

Favoured | Allowed | Outliers | Percentiles
289/268 (108%) | 284 (98%) | 5 (2%) 0 f1o0f {100}

There are no Ramachandran outliers to report.

5.3.2 Protein sidechains (i)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all X-ray entries followed by that with respect to entries of
similar resolution. The Analysed column shows the number of residues for which the sidechain
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A 139/123 (113%) | 136 (98%) 3 (2%) 64 28
1 B 132/123 (107%) | 128 (97%) 4 (3%) 53 |16
All All 271/246 (110%) | 264 (97%) 7 (3%) 75 To1] |

All (7) residues with a non-rotameric sidechain are listed below:

Mol | Chain | Res | Type
1 A 1A ARG
1 A 1B ARG
1 A 22 ARG
1 B 73[A] | ARG
1 B 73[B ARG
1 B 128[A HIS
1 B 128[B HIS

Some sidechains can be flipped to improve hydrogen bonding and reduce clashes. There are no
such sidechains identified.

5.3.3 RNA (D

There are no RNA chains in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

woRLDWIDE
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p
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5.5 Carbohydrates @ Continued from previous page...
Mol | Chain | Res | Type | Atoms Z | Observed(°) | Ideal(®)
There are no carbohydrates in this entry. 2 A 301 | CIT | 0O6-C6-C3 | 5.06 120.24 112.89
2 B 301 | CIT | 0O6-C6-C3 | 4.29 119.12 112.89
2 A 302 | CIT | O5-C6-C3 | 3.16 117.85 122.20
5.6 Ligand geometry (i) 2 A 302 | CIT | C3-C2-C1 |3.10 121.27 113.77
2 B 301 | CIT | C4-C3-C6 | 2.75 103.75 110.12
Of 7 ligands modelled in this entry, 2 are monoatomic - leaving 5 for Mogul analysis. 2 B 301 | CIT | C2-C3-C6 | 2.73 116.45 110.12
In the following table, the Counts columns list the number of bonds (or angles) for which Mogul 2 A 302 | CIT | O7-C3-C4 | 2.69 102"80 109.22
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and 2 B ?02 CIT | O7-C3-C6 | 2.56 10?'27 108'9?
the number of bonds (or angles) that are defined in the chemical component dictionary. The Link 2 B 301 | CIT | 02-C1-C2 | 2.40 123.09 114.63
column lists molecule types, if any, to which the group is linked. The Z score for a bond length 2 B 302 | CIT | 02-C1-O1 | 2.33 117'37. 123.30
(or angle) is the number of standard deviations the observed value is removed from the expected 2 B 302 | CIT | O4-C5-03 | 2.25 117.56 123.30
value. A bond length (or angle) with |Z| > 2 is considered an outlier worth inspection. RMSZ is 2 B 301 | CIT | 02-C1-O1 | 2.17 17.78 123.30
the root-mean-square of all Z scores of the bond lengths (or angles). 2 B 302 | CIT | 05-C6-C3 | 2.15 119.23 122.20
. . Bond lengths Bond angles o )
Mol | Type | Chain | Res | Link | " "RNS7 | #(2] > 2 | Counts | RMSZ | #|2] > 2 There are no chirality outliers.
2 CIT A 301 - 12,12,12 | 0.90 0 17,17,17 | 1.66 1 (5%) There are no torsion outliers.
2 CIT A 302 3 12,12,12 | 0.80 0 17,1717 | 2.38 | 4 (23%) There are no ring outliers.
2 CIT A 303 - 12,12,12 | 0.89 0 17,1717 | 1.78 1 (5%)
2 CIT B 301 - 12,12,12° | 0.95 0 17,1717 | 1.80 | 5 (29%
— (29%) 5.7 Other polymers (i)
2 CIT B 302 3 12,1212 0.91 0 17,1717 | 2.09 | 5 (29%)

There are no such residues in this entry.

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the chemical
component dictionary. Similar counts are reported in the Torsion and Rings columns. - means
no outliers of that kind were identified.

5.8 Polymer linkage issues

There are no chain breaks in this entry.

Mol | Type | Chain | Res | Link | Chirals | Torsions Rings
2 CIT A 301 - - 0/16/16/16 | 0/0/0/0
2 CIT A 302 3 - 0/16/16/16 | 0/0/0/0
2 CIT A 303 - - 0/16/16/16 | 0/0/0/0
2 CIT B 301 - - 0/16/16/16 | 0/0/0/0
2 CIT B 302 3 - 0/16/16/16 | 0/0/0/0

There are no bond length outliers.

All (16) bond angle outliers are listed below:

Mol | Chain | Res | Type | Atoms Z | Observed(®) | Ideal(®)
2 A 302 | CIT | 06-C6-C3 | 7.57 123.90 112.89
2 B 302 | CIT | 06-C6-C3 | 6.09 121.75 112.89
2 A 303 | CIT | 06-C6-C3 | 5.41 120.76 112.89

Continued on next page...
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6 Fit of model and data (i)

6.1 Protein, DNA and RNA chains (i)

In the following table, the column labelled ‘4#RSRZ> 2’ contains the number (and percentage)
of RSRZ outliers, followed by percent RSRZ outliers for the chain as percentile scores relative to
all X-ray entries and entries of similar resolution. The OWAB column contains the minimum,
median, 95 percentile and maximum values of the occupancy-weighted average B-factor per
residue. The column labelled ‘Q< 0.9’ lists the number of (and percentage) of residues with an
average occupancy less than 0.9.

Mol | Chain | Analysed | <RSRZ>| #RSRZ>2 | OWAB(A?) | Q<0.9
1 A [ 134/134 (100%) | 016 |3 (2%) 59 66 |14,20,37,52| 0
1 B | 133/134 (99%) | -0.04 |2 (1%) 70 |77/]15,22,35 45| 0
All | Al | 267/268 (99%) 0.06 | 5(%) 65 71 |14,21,36,52| 0

All (5) RSRZ outliers are listed below:

Mol | Chain | Res | Type | RSRZ
I B | 75[A] | ARG | 2.7
1 A 0 MET 2.6
1 A 85 LEU 255
1 B 133 ILE 2.3
1 A 101 ARG 2.1

6.2 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA /RNA residues in this entry.

6.3 Carbohydrates (1)

There are no carbohydrates in this entry.

6.4 Ligands (1)

In the following table, the Atoms column lists the number of modelled atoms in the group and the
number defined in the chemical component dictionary. LLDF column lists the quality of electron
density of the group with respect to its neighbouring residues in protein, DNA or RNA chains.
The B-factors column lists the minimum, median, 95 percentile and maximum values of B factors
of atoms in the group. The column labelled ‘Q< 0.9’ lists the number of atoms with occupancy
less than 0.9.

e
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Mol | Type | Chain | Res | Atoms | RSR | LLDF | B-factors(A?) | Q<0.9
2 CIT A 303 | 13/13 | 0.25 | 13.75 28,47,51,53 0
2 CIT B 302 | 13/13 | 0.20 6.37 20,28,34,38 13
2 CIT A 302 | 13/13 | 0.21 3.11 11,18,30,32 13
2 CIT A 301 | 13/13 | 0.14 2.74 23,27,34,36 0
2 CIT B 301 | 13/13 | 0.08 | -0.68 20,24,30,32 0
3 FE B 303 1/1 0.05 | -1.62 24,24,24,24 1
3 FE A 304 1/1 0.06 | -1.70 17,17,17,17 1

6.5 Other polymers (i)
There are no such residues in this entry.
$PDB



Annex

2.5. Structure of ECP/H15A mutant at 1.47 A (PDB ID: 40W2)
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1 Overall quality at a glance (i)

The reported resolution of this entry is 1.47 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Riree - I I ().227
Clashscore I ] : 3
Ramachandran outliers EE 0
Sidechain outliers HEN 0.4%
RSRZ outliers HEE 1.1%
Waorse Hetter

B Percentile relative to all X-ray strischures
[ Percentile rebative 10 X-ray structures of similar resolution

Metric ‘Whole archive Similar resolution
(#Entries) (#Entries, resolution range(A))
Riree 66092 2222 (1.50-1.46)
Clashscore 79885 2555 (1.50-1.46)
Ramachandran outliers 78287 2496 (1.50-1.46)
Sidechain outliers 78261 2494 (1.50-1.46)
RSRZ outliers 66119 2223 (1.50-1.46)

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the electron density. The red, orange, yellow and green segments on the lower bar indicate the
fraction of residues that contain outliers for >=3, 2,1 and 0 types of geometric quality criteria.
The upper red bar (where present) indicates the fraction of residues that have poor fit to the
electron density.

Mol | Chain | Length Quality of chain
1 A 134 P— /

The following ‘table lists non-polymeric compounds that are outliers for geometric or electron-
density-fit criteria:

Mol | Type | Chain | Res | Geometry | Electron density
2 CIT A 301 - X
2 CIT A 302 - X
2 CIT B 302 - X
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2 Entry composition (i)

There are 4 unique types of molecules in this entry. The entry contains 2798 atoms, of which 0
are hydrogen and 0 are deuterium.

In the tables below, the ZeroOcc column contains the number of atoms modelled with zero occu-
pancy, the AltConf column contains the number of residues with at least one atom in alternate
conformation and the Trace column contains the number of residues modelled with at most 2

atoms.

e Molecule 1 is a protein called Eosinophil cationic protein.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
LA 131 1185 733 251 189 12 @ 1 0
Total C N O S
! B 134 1148 710 240 188 10 ! 8 0

There are 6 discrepancies between the modelled and reference sequences:

Chain | Residue | Modelled | Actual Comment Reference
A 0 MET - initiating methionine | UNP P12724
A 15 ALA HIS engineered mutation | UNP P12724
A 97 ARG THR variant UNP P12724
B 0 MET - initiating methionine | UNP P12724
B 15 ALA HIS engineered mutation | UNP P12724
B 97 ARG THR variant UNP P12724

e Molecule 2 is CITRIC ACID (three-letter code: CIT) (formula: CgHgOr).
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Mol | Chain | Residues Atoms ZeroOcc | AltConf

2 A 1 Tigal g (7) 0 0

2 | A 1 fowl ¢ 0 0 0

2 | B 1 fowl ¢ 0 0 0

2 | B 1 fowl 0 0 0

e Molecule 3 is FE (IIT) ION (three-letter code: FE) (formula: Fe).

Mol | Chain | Residues Atoms ZeroOcc | AltConf
3 B 1 Total Fe 0 0
1 1
3 A 1 Total Fe 0 0
1 1
e Molecule 4 is water.
Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total O
4 A 229 230 /230 0 1
Total O
4 B 181 181 181 0 0
b d
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA and DNA chains in the entry.’ The first graphic for a
chain summarises the proportions of errors displayed in the second graphic. The second graphic
shows the sequence view annotated by issues in geometry and electron density. Residues are color-
coded according to the number of geometric quality criteria for which they contain at least one
outlier: green = 0, yellow = 1, orange = 2 and red = 3 or more. A red dot above a residue indicates
a poor fit to the electron density (RSRZ > 2). Stretches of 2 or more consecutive residues without
any outlier are shown as a green connector. Residues present in'the sample, but not in the model,
are shown in grey.

e Molecule 1: Eosinophil cationic protein

Chain A: / —
(] o
I.g-gl«-g-g-s-g.l.§-§-§-g-g-g.l.l
ETEEETET R e R ‘BEEER
e Molecule 1: Eosinophil cationic protein
Chain B: / e /

R34
| |
RT5
| |
Y107
| |
D115
| |
P123
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4 Data and refinement statistics (i)
Property Value Source
Space group P 4322 Depositor
Cell constants 62.54A  62.54A 175.23A Denosi
a b ¢ a, B,y 90.00°  90.00°  90.00° pposttor
o oo
% Data completeness 100.0 (25.45-1.47) Depositor
(in resolution range) 96.7 (62.54-1.47) EDS
Rinerge 0.04 Depositor
Raym (Not available) Depositor
<I/o(I)>" 2.77 (at 1.47A) Xtriage
Refinement program PHENIX (PHENIX.REFINE: 1.8.4.1496) | Depositor
R R 0.206 0.223 Depositor
1 e 0.204 , 0.222 DCC
Riree test set 2933 reflections (5.04%) DCC
Wilson B-factor (A?) 20.9 Xtriage
Anisotropy 0.042 Xtriage
Bulk solvent ky(e/A%), Byi(A?) 0.37, 43.0 EDS
Estimated twinning fraction No twinning to report. Xtriage
L-test for twinning <|L'>=048, < L*> =0.31 Xtriage
Outliers 0 of 60217 reflections Xtriage
F,,F. correlation 0.96 EDS
Total number of atoms 2798 wwPDB-VP
Average B, all atoms (A?) 26.0 wwPDB-VP

Xtriage’s analysis on translational NCS is as follows: The largest off-origin peak in the Patterson
Sunction is 4.69% of the height of the origin peak. No significant pseudotranslation is detected.

Hntensities estimated from amplitudes.
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5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section: FE,
CIT

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z| > 2 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

Page 8 Full wwPDB X-ray Structure Validation Report 40WZ

added by MolProbity. The Clashes column lists the number of clashes within the asymmetric unit,
and the number in parentheses is this value normalized per 1000 atoms of the molecule in the
chain. The Symm-Clashes column gives symmetry related clashes, in the same way as for the
Clashes column.

. Bond lengths Bond angles
Mol | Chain | py 1q7 #E| >2 | RMSZ #é\ >2
1 A 040 | 1/870 (0.1%) | 0.60 | 6/985 (0.6%)
1 B 0.34 0/925 055 | 3/1046 (0.5%)
AT | Al | 037 | 1/1795 (0.1%) | 0.58 /| 972031 (0.4%)

All (1) bond length outliers are listed below:

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1185 0 1174 9 0
1 B 1148 0 1138 4 0
2 A 26 0 9 3 1
2 B 26 0 9 4 2
3 A 1 0 0 0 1
3 B 1 0 0 0 2
4 A 230 0 0 7 1
4 B 181 0 0 3 0
All All 2798 0 2330 16 4

Clashscore is defined as the number of clashes calculated for the entry per 1000 atoms (including
hydrogens) of the entry. The overall clashscore for this entry is 3.

All (16) close contacts within the same asymmetric unit are listed below.

Mol | Chain | Res | Type | Atoms | Z | Observed(A) | Ideal(A)

1 A 10 | TRP | CE3-CZ3 | 2.07 1.42 1.38
All (9) bond angle outliers are listed below:

Mol | Chain | Res | Type Atoms Z | Observed(°) | Ideal(°)
1 A 34 | ARG | NE-CZ-NH2 | -5.61 117.49 120.30
1 A 34 | ARG | NE-CZ-NH1 | 4.38 122.49 120.30
1 A 107 | TYR | CA-CB-CG | 2.87 118.84 113.40
1 B 34 | ARG | NE-CZ-NH2 | -2.73 118.94 120.30
1 B 107 | TYR | CA-CB-CG | 241 117.98 113.40
1 A 61 ARG | NE-CZ-NH2 | -2.41 119.10 120.30
1 A 61 | ARG | NE-CZ-NH1 | 2.26 121.43 120.30
1 B 115 | ASP | CB-CG-OD2 | 2.10 120.19 118.30
1 A 112 | 'ASP | CB-CG-OD1 | 2.05 120.14 118.30

Atom-1 Atom-2 Distance(A) | Clash(A)

2:A:302:CIT:07 4:A:401:HOH:O 2.02 0.76
1:A:39[A]:ASN:OD1 4:A:402:HOH:O 2.06 0.73
1:A:101[B]:ARG:NH1 4:A:405:HOH:O 2.35 0.58
1:B:34:ARG:HH22 2:B:302:CIT:H21 1.70 0.55
1:A:34:ARG:HH22 2:A:302:CIT:C5 2.20 0.54
2:B:302:CIT:04 4:B:401:HOH:O 2.17 0.54
1:A:53:ASN:ND2 4:A:404:-HOH:O 2.35 0.53
1:A:101[B]:ARG:NH2 4:A:534:HOH:O 2.37 0.53
1:B:34:ARG:HH22 2:B:302:CIT:C2 2.22 0.52
1:A:117:ARG:NH2 4:A:613:HOH:O 2.44 0.49
1:B:123:PRO:HG2 4:B:520:HOH:O 2.15 0.47
1:A:34:ARG:HH22 2:A:302:CIT:C4 2.31 0.43
1:A:32[A]:ASN:ND2 4:A:565:-HOH:O 2.39 0.42
1:B:75:ARG:HD3 4:B:532:HOH:O 2.19 0.42
1:A:79:PRO:HG3 1:A:104[A]:ARG:NH1 2.35 0.41
2:B:302:CIT:0O7 2:B:302:CIT:03 2.39 0.41

There areno chirality outliers.

There are no planarity outliers.

5.2 Close contacts (i)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogens

WO RLDWIDE
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All (4) symmetry-related close contacts are listed below. The label for Atom-2 includes the sym-

metry operator and encoded unit-cell translations to be applied.

Atom-1 Atom-2 Distance(A) | Clash(A)
2:A:302:CIT:07 | 3:A:303:FE:FE[5.555 1.66 0.54
2:B:302:CIT:C6 | 3:B:303:FE:FE[5_555 1.82 0.38

LXXXV

Continued on next page...
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Continued from previous page...

Atom-1 Atom-2 Distance(A) | Clash(A)
4:A:403:HOH:O | 4:A:443:HOH:O[5_555] 1.95 0.25
2:B:302:CIT:C3 | 3:B:303:FE:FE[5.555] 2.06 0.14

5.3 Torsion angles
5.3.1 Protein backbone (1)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all X-ray entries followed by that with respect to entries
of similar resolution. The Analysed column shows the number of residues for which the backbone
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 A 149/134 (111%) | 146 (98%) | /3 (2%) 0 100§ § 100
1 B 141/134 (105%) | 138 (98%) /| 3 (2%) 0 100 § | 100

All All | 290/268 (108%) | 284 (98%) | 6 (2%) 0 100 § | 100

There are no Ramachandran outliers to report.

5.3.2 Protein sidechains (i)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all X-ray entries followed by that with respect to entries of
similar resolution. The Analysed column shows the number of residues for which the sidechain
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A 139/122 (114%) | 137 (99%) 2 (1%) 781 50
1 B |131/122 (107%) | 131 (100%) 0 100 100}
All All 270/244 (111%) | 268 (99%) 2 (1%) 75

All (2) residues with a non-rotameric sidechain are listed below:

Mol/| Chain | Res | Type
1 A 121[A] | ARG
1 A 121[B] | /ARG

Some sidechains can be flipped to improve hydrogen bonding and reduce clashes. There are no
such sidechains identified.
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5.3.3 RNA (D

There are no RNA chains in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA /RNA residues in this entry.

5.5 Carbohydrates (i)

There are no carbohydrates in this entry.

5.6 Ligand geometry (i)

Of 6 ligands modelled in this entry, 2 are monoatomic - leaving 4 for Mogul analysis.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and
the number of bonds (or angles) that are defined in the chemical component dictionary. The Link
column lists molecule types, if any, to which the group is linked. The Z score for a bond length
(or angle) is the number of standard deviations the observed value is removed from the expected
value. A bond length (or angle) with |Z] > 2 is considered an outlier worth inspection. RMSZ is
the root-mean-square of all Z scores of the bond lengths (or angles).

Mol | Type | Chain | Res/| Link Count?onI?Mlnglgt:;S\ﬂ > 2 CountsBorfﬁ\lnglgle;HZ\ > 2
2 CIT A 301 - 12,12,12 | 0.88 0 17,1717 | 1.64 2 (11%)
2 CIT A 302 3 12,1212 | 1.01 0 17,1717 | 2.24 9 (52%)
2 | cr | B |01 - [121212] 110 0 17,1717 | 2.00 | 6 (35%)
2 | CIT | B | 302| 8 |121212| 121 | 1(8%) | 17,17,17| 2.0 | 4 (23%) |

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the chemical
component dictionary. Similar counts are reported in the Torsion and Rings columns. -’ means

no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals | Torsions | Rings
2 CIT A 301 - - 0/16/16/16 | 0/0/0/0
2 CIT A 302 3 - 0/16/16/16 | 0/0/0/0
2 CIT B 301 - - 0/16/16/16 | 0/0/0/0
2 CIT B 302 3 - 0/16/16/16 | 0/0/0/0
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All (1) bond length outliers are listed below: 6 Fit of model and data @

Mol | Chain | Res | Type | Atoms | Z [ Observed(A) | Ideal(A) X .
2 B | 302 | CIT | C2C3 | 2.06 150 153 6.1 Protein, DNA and RNA chains (D)

In the following table, the column labelled ‘#RSRZ> 2’ contains the number (and percentage)
All (21) bond angle outliers are listed below: of RSRZ outliers, followed by percent RSRZ outliers for the chain as percentile scores relative to
all X-ray entries and entries of similar resolution. The OWAB column contains the minimum,

Mol | Chain | Res | Type | Atoms Z | Observed(?) | Ideal(’) median, 95 percentile and maximum values of the occupancy-weighted average B-factor per
2 B 302 | CIT | 06-C6-C3 | 5.53 120.93 112.89 residue. The column labelled ‘Q< 0.9’ lists the number of (and percentage) of residues with an
2 A 301 | CIT | 06-C6-C3 | 5.07 120.27 112.89 average occupancy less than 0.9,

2 A 302 | CIT | 06-C6-C3 | 4.07 118.81 112.89

2 B 302 | CIT | O7-C3-C6 | 3.76 114.37 108.95 Mol | Chain Analysed <RSRZ> #RSRZ>2 OWAB(A?) | Q<0.9
2 g 301 gT 86-86-(033 3.59 118.12 112.89 1 A | 134/134 (100%) 0.05 | 2(1%) 70 |77/ 15,21, 34,45 | 1 (0%)
A s [ oIT TorcE g 5 a0 Tag T 1| B 134134 100%) | 003 |1 (0%) 16, 25, 39, 47 | 3 (2%)
2 B 301 | CIT | 04-C5-03 | 3.37 114.71 123.30 All All 268/268 (100%) 0.01 3(1%) | 77 15, 23, 37, 47 | 4 (1%)
2 B 301 | CIT | C3-C4-C5 | 3.33 121.84 113.77

2 A 302 | CIT | 02-C1-O1 | 3.15 115.30 123.30 . .

5 A 302 | CIT | 02-C1-C2 | 3.14 19570 114.63 All (3) RSRZ outliers are listed below:

2 B 301 | CIT | C3-C2-C1/| 3.09 106.29 113.77 Mol | Chain | Res | Type | RSRZ

2 A 302 | CIT | 03-C5-C4 | 2.73 114.11 122.74 1 B 0 MET 51

2 A 302 | CIT | C4-C3-C6 | 2.59 104.13 110.12 I A 128[A] | HIS 23

2 B 302 | CIT | 06-C6-0O5 | 2.22 116.77 123.76 1 A 35 LEU 31

2 A 302 | CIT | 06-C6-O5 | 2.22 116.77 123.76

2 B 301 CIT | C2-C3-C6 | 2.16 105.13 110.12

g 2 ig; gg 8;8?23 ;}(1) Eig; igzgg 6.2 Non-standard residues in protein, DNA, RNA chains (i)

; i 381 g%}w 82:8?:8? ;83 ﬁ;?g Ei;g There are no non-standard protein/DNA/RNA residues in this entry.

6.3 Carbohydrates (i)

There are no chirality outliers.

There are no torsion outliers. There are no carbohydrates in this entry.

There are no ring outliers.

6.4 Ligands (i)
5.7 Other polymers (i)
In the following table, the Atoms column lists the number of modelled atoms in the group and the
number defined in the chemical component dictionary. LLDF column lists the quality of electron
density of the group with respect to its neighbouring residues in protein, DNA or RNA chains.
The B-factors column lists the minimum, median, 95" percentile and maximum values of B factors
5.8 Polymer linkage issues of ‘atoms in the group. The column labelled ‘Q< 0.9” lists the number of atoms with occupancy
less than 0.9.

There are no such residues in this entry.

There are no chain breaks in this entry.
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Mol | Type | Chain | Res | Atoms | RSR | LLDF | B-factors(A?) | Q<0.9
2 CIT B 302 13/13 0.22 5.46 20,28,32,33 13
2 CIT A 301 13/13 0.12 3.49 22,26,33,35 0
2 CIT A 302 13/13 0.26 3.04 15,18,28,29 13
2 CIT B 301 13/13 0.12 1.10 21,28,35,41 0
3 FE A 303 1/1 0.07 -2.19 16,16,16,16 1
3 FE B 303 1/1 0.05 -2.70 26,26,26,26 1

6.5 Other polymers (i)

There are no such residues in this entry.
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2.6. Structure of ECP/H128N mutant with sulphate anions at 1.34 A (PDB ID: 4X08)
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1 Overall quality at a glance (i)

The reported resolution of this entry is 1.34 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Rfree M) I (.27
Clashscore I—() K
Ramachandran outliers mm{je P (.4%
Sidechain outliers I 1 3 1.2%
RSRZ outliers I .Y
Worse Hetter

0 Percentile relative 1o all X-ray strisctures
[ Percentile refative 10 X-ray structures of similar resolution

Metric ‘Whole archive Similar resolution
(#Entries) (#Entries, resolution range(A))
Riree 66092 1196 (1.38-1.30)
Clashscore 79885 1305 (1.38-1.30)
Ramachandran outliers 78287 1262 (1.38-1.30)
Sidechain outliers 78261 1262 (1.38-1.30)
RSRZ outliers 66119 1196 (1.38-1.30)

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the electron density. The red, orange, yellow and green segments on the lower bar indicate the
fraction of residues that contain outliers for >=3, 2,1 and 0 types of geometric quality criteria.
The upper red bar (where present) indicates the fraction of residues that have poor fit to the
electron density.

Mol | Chain | Length
1 A 134 j S— /

Quality of chain

1 B 134 _— /

The following ‘table lists non-polymeric compounds that are outliers for geometric or electron-
density-fit criteria:

Mol | Type | Chain | Res | Geometry | Electron density
2 SO4 A 201 - X
2 SO4 A 202[A - X
2 SO4 A 202[B - X
2 SO4 A 204 - X
2 SO4 A 205 - X
2 SO4 A 206 - X

Continued on next page...
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Continued from previous page...

Mol | Type | Chain | Res | Geometry | Electron density
2 S04 A 207 - X
2 SO4 B 201 - X
2 SO4 B 202 - X
2 SO4 B 208 - X
W
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2 Entry composition (i)

There are 3 unique types of molecules in this entry. The entry contains 2837 atoms, of which 0
are hydrogen and 0 are deuterium.

In the tables below, the ZeroOcc column contains the number of atoms modelled with zero occu-
pancy, the AltConf column contains the number of residues with at least one atom in alternate
conformation and the Trace column contains the number of residues modelled with at most 2
atoms.

e Molecule 1 is a protein called Eosinophil cationic protein.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace

Total C N O S
! A 133 1156 717 236 194 9 Q 13 0

Total C N (O
! B 134 1169 728 238 190 13 0 14 0

There are 6 discrepancies between the modelled and reference sequences:

Chain | Residue | Modelled | Actual Comment Reference
A 0 MET - initiating methionine | UNP P12724
A 97 ARG THR variant UNP P12724
A 128 ASN HIS engineered mutation | UNP P12724
B 0 MET - initiating methionine | UNP P12724
B 97 ARG THR variant UNP P12724
B 128 ASN HIS engineered mutation | UNP P12724

e Molecule 2 is SULFATE ION (three-letter code: SO4) (formula: O4S).

o1

0% O
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Mol | Chain | Residues Atoms ZeroOcc | AltConf
2 A 1 Togal i) ? 0 0
2 A 1 T%al CS) 2 0 1
2 | A 1 T‘g"(ﬂ Ef ? 0 0
2 | A 1 Tog‘al Sf f 0 0
2 A 1 Togal 2 ? 0 0
2 A 1 T";al Ef f 0 0
2 | A 1 T";al 2 f 0 0
2 B 1 T‘);al Ef ? 0 0
2 B 1 TO;al (i ? 0 0
2 B 1 Togal (j f 0 0
2 B 1 T(’;al 2 ? 0 0
2 B 1 T";al Ef f 0 0
2 B 1 T‘igal (; g 0 1
2 B 1 Togal (i ? 0 0
2 B 1 Tostal 2 ? 0 0
2 B 1 TO;M Ef f 0 0
e Molecule 3 is water.

Mol | Chain | Residues Atoms ZeroOcc | AltConf
3 A 210 T;fgl 2(1)0 0 0
3 B 912 T2°1t’§1 2?2 0 0
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA and DNA chains in the entry., The first graphic for a
chain summarises the proportions of errors displayed in the second graphic. The second graphic
shows the sequence view annotated by issues in geometry and electron density. Residues are color-
coded according to the number of geometric quality criteria for which they contain at least one
outlier: green = 0, yellow = 1, orange = 2 and red = 3 or more. A red dot above a residue indicates
a poor fit to the electron density (RSRZ > 2). Stretches of 2 or more consecutive residues without
any outlier are shown as a green connector. Residues present in'the sample, but not in the model,
are shown in grey.

e Molecule 1: Eosinophil cationic protein

Chain A: /

. e o
= o) = = ~ - 0o oo oSS .
oo ™S A=Y £ 28 ™5 g™e™g™=a
RE SE 2 2 = &z 28 2 2 B

e Molecule 1: Eosinophil cationic protein
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Chain B: / — /
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4 Data and refinement statistics (i)

5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section:
SO4

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with [Z] > 5 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles
Mol | Chain | pyig71 7] 5 | RMSZ | #(2] >5
1 A 034 | 0/1239 | 053 | 0/1688
I B 035 | 0/1250 | 055 | 0/1698
A | ANl | 034 | 0/2480 | 054 | 0/33%6

Property Value Source
Space group Cc121 Depositor
Cell constants 92.87A  51.10A 55.60A Deuh
a, b, ¢ a, B,y 90.00° 111.09°  90.00° Y o
Resolution (A) ﬁg; B }gi DGEODSSOI
% Data completeness 08.8 (41.37-1.34) Depositor
(in resolution range) 08.8 (41.37-1.34) EDS
Rinerge 0.04 Depositor
Riym (Not available) Depositor
<Ifo(I)>" 1.90 (at 1.34A) Xtriage
Refinement program PHENIX (phenix.refine: 1.9.1692) | Depositor
R R 0.184" , 0.218 Depositor
o Tifree 0.184 , 0217 DCC
Riree test set 2623 reflections (4.86%) DCC
Wilson B-factor (A?) 12.3 Xtriage
Anisotropy 0.059 Xtriage
Bulk solvent k. (e/A%), Byi(A?) 0.35 , 38.0 EDS
Estimated twinning fraction No twinning to report. Xtriage
L-test for twinning <L > =047, < L?*>=0.30 Xtriage
Outliers 0 of 54033 reflections Xtriage
F,,F. correlation 0.96 EDS
Total number of atoms 2837 wwPDB-VP
Average B, all atoms (A?) 17.0 wwPDB-VP

Xtriage’s analysis on translational NCS is as follows: The largest off-origin peak in the Patter-
son function is 10.09% of the height of the origin peak. No significant pseudotranslation is de-

tected.

Mntensities estimated from amplitudes.
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There are no bond length outliers.
There are no bond angle outliers.
There are no chirality outliers.

There are no planarity outliers.

5.2 Close contacts (i)

In the following table, the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogens
added by MolProbity. The Clashes column lists the number of clashes within the asymmetric unit,
and the number in parentheses is this value normalized per 1000 atoms of the molecule in the
chain. The Symm-Clashes column gives symmetry related clashes, in the same way as for the
Clashes column.

Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1156 0 1124 22 1
1 B 1169 0 1156 11 0
2 A 40 0 0 6 1
2 B 50 0 0 4 0
3 A 210 0 0 12 1
3 B 212 0 0 6 0
All All 2837 0 2280 34 2

Clashscore is defined as the number of clashes calculated for the entry per 1000 atoms (including
hydrogens) of the entry. The overall clashscore for this entry is 7.
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All (34) close contacts within the same asymmetric unit are listed below.

Atom-1 Atom-2 Distance(A) | Clash(A)
2:B:203:504:03 3:B:301:HOH:O 1.96 0.83
1:A:39:ASN:O 3:A:301:HOH:O 1.95 0.83
1:B:36:ARG:NH1 3:B:302:HOH:O 2.10 0.82
1:A:66:ARG:NH2 2:A:205:504:03 2.12 0.79
1:A:85:LEU:N 3:A:301:HOH:O 2.15 0.79
2:A:206:504:02 3:A:448:HOH:O 2.04 0.74
1:B:82[BJ:HIS:ND1 3:B:450:HOH:O 2.19 0.71
1:A:122[A]:TYR:OH 3:A:441:HOH:O 2.09 0.70
1:B:128:ASN:OD1 3:B:493:HOH:O 2.12 0.67
1:A:97:ARG:NH2 3:A:306:HOH:O 2.27 0.67
1:B:37[A]:CYS:SG 3:B:505:HOH:O 2.52 0.66
1:A:101[B]:ARG:NH2 | 3:A:308:HOH:O 2:31 0.63
1:B:42: THR:OG1 1:B:82[B]:HIS:HD2 1.86 0.59
1:A:86[A:ILE:HG12 1:A:97:ARG:O 2.03 0.58
2:B:202:504:04 3:B:303:HOH:O 2.17 0.58
1:A:19[BJ:ASN:OD1 1:B:33:TYR:OH 2.16 0.57
1:A:122[A]:TYR:OH | 1:B:49:ALA:HB2 2.10 0:52
1:B:86[A:ILE:HD11 | 1:B:99:ALA:HB2 1.94 0.49
1:A:104:ARG:NH1 2:A:203:504:03 2.46 0.48
1:A:77:ARG:NE 2:A:203:504:04 2.27 0.48
1:A:101[BJ:ARG:HG3 | 3:A:463:HOH:O 2.13 0.47
1:A:28:ARG:HG3 3:A:321:HOH:O 2.15 0.47
1:A:75:ARG:HB2 2:A:206:504:01 2.17 0.45
1:A:68:LEU:HD13 3:A:485:HOH:O 2.17 0.43
1:A:98: TYR:HE2 3:A:301:HOH:O 2.01 0.43
1:B:77:ARG:NH1 2:B:205:504:02 2.48 0.42
1:A:53[BJ:ASN:OD1 3:A:302:HOH:O 2.22 0.42
1:A:82[A]:HIS:NE2 1:A:84:ASP:OD1 2.53 0.42
1:A:92:ASN:HB3 3:A:359:HOH:O 2.20 0.42
1:A:66:ARG:HB3 2:A:205:504:04 2.20 0.41
1:B:57:ASN:HB3 2:B:206[A]:504:03 2.20 0.41
1:A:18:LEU:HD12 1:A:18:LEU:HA 1.91 0.41
1:B:82[A]:HIS:NE2 1:B:84:ASP:OD1 2.52 0.41
1:A:2:PRO:HA 1:A:3:PRO:HD3 1.86 0.40

All (2) symmetry-related close contacts are listed below. The label for Atom-2 includes the sym-

metry operator and encoded unit-cell translations to be applied.

Atom-1 Atom-2 Distance(A) | Clash(A)
1:A:32:ASN:ND2 | 2:A:205:504:01[4_556 2.04 0.16
3:A:321:HOH:O | 3:A:413:HOH:O[4_556 2.17 0.03

PROTEIN DATA BANK
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5.3 Torsion angles
5.3.1 Protein backbone (1)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all X-ray entries followed by that with respect to entries
of similar resolution.

The Analysed column shows the number of residues for which the backbone conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 A 144/134 (108%) | 141 (98%) | 2 (1%) 1 (1%) 30
1 B 146/134 (109%) | 145 (99%) | 1 (1%) 0 f100] 100
All All 290/268 (108%) | 286 (99%) | 3 (1%) 1.(0%) 43 |18

All (1) Ramachandran outliers are listed below:

Mol | Chain | Res | Type
1 A 91 GLN

5.3.2 Protein sidechains (1)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all X-ray entries followed by that with respect to entries of
similar resolution. The Analysed column shows the number of residues for which the sidechain
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A 135/123 (110%) | 133 (98%) 2 (2%) 761 40

1 B | 137/123 (1A%) | 133 (97%) | 4 (3%) | 55
All | Al | 272/246 (111%) | 266 (98%) | 6 (2%) 23

All (6) residues with a non-rotameric sidechain are listed below:

Mol | Chain | ‘Res | Type
1 A 122[A] | TYR
1 A 122[B] | TYR
1 B 37[A CYS
1 B 37[B CYS
1 B T6[A PHE
1 B 76[B PHE
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Some sidechains can be flipped to improve hydrogen bonding and reduce clashes. There are no
such sidechains identified.

5.3.3 RNA (D

There are no RNA chains in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

5.5 Carbohydrates (i)

There are no carbohydrates in this entry.

5.6 Ligand geometry (i)

18 ligands are modelled in this entry.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and
the number of bonds (or angles) that are defined in the chemical component dictionary. The Link
column lists molecule types, if any, to which the group is linked. The Z score for a bond length
(or angle) is the number of standard deviations the observed value is removed from the expected
value. A bond length (or angle) with [Z| > 2 is considered an outlier worth inspection. RMSZ is
the root-mean-square of all Z scores of the bond lengths (or angles).

. > Bond lengths Bond angles
Mol | Type | Chain| Res | Link| o 1 Rysz i #|Z| > 2 | Counts | RMSZ T #2] > 2
2 | sod | A 201 T [ 444 | 019 0 6,66 | 0.11 0
2 | So4 | A [202[A] | - | 444 | 019 0 666 | 007 0
2 | S04 | A | 202B]| - | 444 | 022 0 6,66 | 0.09 0
2 | S04 | A 203 - 444 | 022 0 6,66 | 0.09 0
2 | so4 | A 201 S 444 | 021 0 6,66 | 007 0
2 | S04 | A 205 | 444 | 045 0 6,66 | 0.29 0
2 | S04 | A 206 - 444 | 034 0 6,66 | 026 0
2 7S04 | A 207 | - | 444 | 021 0 6,66 | 012 0
2 | so4 | B 201 - [ 444 | 020 0 6,66 | 009 0
2 | So4 | B 202 T [ 444 | 016 0 6,66 | 023 0
2 | so4 | B 203 - | 444 | 028 0 666 | 013 0
2 | SOt | B 201 - 444 | 031 0 6,66 | 040 0
2 /S04 | B 205 - | 444 | 017 0 6,66 | 0.07 0
2 7S04 | B [206[A] | - | 444 | 014 0 6,66 | 009 0
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Bond lengths

Bond angles

Mol | Type | Chain | Res | Link Counts | RMSZ | #|Z| > 2 | Counts | RMSZ | #|Z| > 2
2 SO4 B 206(B| - 4,44 0.11 0 6.6,6 0.11 0
2 SO4 B 207 - 4,44 0.18 0 6,6,6 0.14 0
2 SO4 B 208 - 4,44 0.30 0 6,6,6 0.19 0
2 SO4 B 209 - 444 0.24 0 6,6,6 0.15 0

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the chemical
component dictionary. Similar counts are reported in the Torsion and Rings columns. -’ means
no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals | Torsions | Rings

2 SO4 A 201 - - 0/0/0/0 | 0/0/0/0
2 SO4 A 202[A - - 0/0/0/0" | 0/0/0/0
2 S04 A 202[B - - 0/0/0/0° | 0/0/0/0
2 S04 A 203 - - 0/0/0/0 | 0/0/0/0
2 SO4 A 204 - - 0/0/0/0 ] 0/0/0/0
2 SO4 A 205 - - 0/0/0/0 | 0/0/0/0
2 SO4 A 206 - - 0/0/0/0 | 0/0/0/0
2 SO4 A 207 - - 0/0/0/0 | 0/0/0/0
2 SO4 B 201 - - 0/0/0/0 | 0/0/0/0
2 SO4 B 202 - - 0/0/0/0" | 0/0/0/0
2 S04 B 203 - - 0/0/0/0 | 0/0/0/0
2 SO4 B 204 - - 0/0/0/0 | 0/0/0/0
2 S04 B 205 - - 0/0/0/0 | 0/0/0/0
2 SO4 B 206[A - - 0/0/0/0 | 0/0/0/0
2 SO4 B 206[B - - 0/0/0/0 | 0/0/0/0
2 SO4 B 207 - - 0/0/0/0 | 0/0/0/0
2 SO4 B 208 - - 0/0/0/0 | 0/0/0/0
2 S04 B 209 - - 0/0/0/0 | 0/0/0/0

There are no bond length outliers.

There are no bond angle outliers.

There are no chirality outliers.

There are no torsion outliers.

There are no ring outliers.

5.7 Other polymers (i)

There are no such residues in this entry.
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5.8 Polymer linkage issues 6 Fit of model and data (i)

There are no chain breaks in this entry.

6.1 Protein, DNA and RNA chains (i)

In the following table, the column labelled ‘#RSRZ> 2’ contains the number (and percentage)
of RSRZ outliers, followed by percent RSRZ outliers for the chain as percentile scores relative to
all X-ray entries and entries of similar resolution. The OWAB column contains the minimum,
median, 95 percentile and maximum values of the occupancy-weighted average B-factor per
residue. The column labelled ‘Q< 0.9” lists the number of (and percentage) of residues with an
average occupancy less than 0.9.

Mol | Chain | Analysed | <RSRZ> #RSRZ>2 | OWAB(A?) | Q<0.9
1 A | 133/134 (99%) 0.28 6 (4%) 32 37 | 813, 25,/48 | 2 (1%)
1 B | 134/134 (100%) |  0.26 6 (4%) 32 37 |8 13,23, 45 0

All All 267/268 (99%) 0.27 12 (4%) 32 37 | 8,13,24,48 | 2 (0%)

All (12) RSRZ outliers are listed below:

Mol | Chain | Res | Type | RSRZ
35 TRP 5.3
0 MET 5.1
91 GLN 44
133 ILE 3.7

76[A] | PHE | 3.7
89 GLY 3.4

SG6[A] | ILE | 26
90 ALA 25
133 ILE 2.4
91 GLN 2.4

86[A ILE 2.2

95[A] | ASN 2.1

e i i i e e e e e e
| | | W =] | | T | | W] =

6.2 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

6.3 ~ Carbohydrates (i)

There are no carbohydrates in this entry.
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6.4 Ligands (i)

In the following table, the Atoms column lists the number of modelled atoms in the group and the
number defined in the chemical component dictionary. LLDF column lists the quality of electron
density of the group with respect to its neighbouring residues in protein, DNA or RNA chains.
The B-factors column lists the minimum, median, 95" percentile and maximum values of B factors
of atoms in the group. The column labelled ‘Q< 0.9” lists the number of atoms with occupancy
less than 0.9.

Mol | Type | Chain | Res | Atoms | RSR | LLDF | B-factors(A?) | Q<0.9
2 S04 A 202(B| 5/5 0.19 12.41 30,33,36,38 5
2 S04 A 202[A] 5/5 0.19 9.92 29,31,34,38 5
2 SO4 B 202 5/5 0.20 8.62 20,37,55,56 0
2 S04 A 205 5/5 0.21 8.55 11,20,28,30 5
2 S04 A 204 5/5 0.20 7.41 14,16,19,21 5
2 S04 B 208 5/5 0.19 5.82 18,24,26,30 5
2 S04 A 206 5/5 0.18 3.27 16,23,30,35 5
2 S04 A 201 5/5 0.20 3.22 43,45,52,56 0
2 S04 A 207 5/5 0.12 2.45 19,26,29,33 5
2 S04 B 201 5/5 0.16 2.15 31,36,39,40 5
2 SO4 B 205 5/5 0.21 1.17 42,47,52,53 0
2 SO4 B 206(B| 5/5 0.15 0.81 12,14,17,19 5
2 SO4 B 203 5/5 0.13 0.74 17,21,29,32 5
2 SO4 B 206[A] 5/5 0.15 0.71 12,13,15,19 5
2 SO4 B 207 5/5 0.10 0.54 18,19,24,25 5
2 SO4 B 204 5/5 0.12 -0.05 16,17,23,25 0
2 S04 B 209 5/5 0.12 -0.34 16,20,24,25 5
2 SO4 A 203 5/5 0.10 | -0.71 21,25,28,31 5

6.5 Other polymers (i)

There are no such residues in this entry.
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2.7. Structure of human RNase 6 in complex with sulphate anions at 1.72 A (PDB ID:
4X09)
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1 Overall quality at a glance (i)

The reported resolution of this entry is 1.72 A.

Percentile scores (ranging between 0-100) for global validation metrics of the entry are shown in
the following graphic. The table shows the number of entries on which the scores are based.

Metric Percentile Ranks Value
Riree mummm(js P (.25
Clashscore - |7
Ramachandran outliers T 5
Sidechain outliers EE—( VAR 4.3%
RSRZ outliers - .Y
Worse Hetter

0 Percentile relative 1o all X-ray strisctures
[ Percentile refative 10 X-ray structures of similar resolution

Metric ‘Whole archive Similar resolution
(#Entries) (#Entries, resolution range(A))
Rree 66002 2979 (1.74.1.70)
Clashscore 79885 3506 (1.74-1.70)
Ramachandran outliers 78287 3449 (1.74-1.70)
Sidechain outliers 78261 3449 (1.74-1.70)
RSRZ outliers 66119 2979 (1.74-1.70)

The table below summarises the geometric issues observed across the polymeric chains and their fit
to the electron density. The red, orange, yellow and green segments on the lower bar indicate the
fraction of residues that contain outliers for >=3, 2,1 and 0 types of geometric quality criteria.
The upper red bar (where present) indicates the fraction of residues that have poor fit to the
electron density.

Mol | Chain | Length
1 A 127 - /

Quality of chain
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2 Entry composition (i)

There are 3 unique types of molecules in this entry. The entry contains 1223 atoms, of which 0
are hydrogen and 0 are deuterium.

In the tables below, the ZeroOcc column contains the number of atoms modelled with zero occu-
pancy, the AltConf column contains the number of residues with at least one atom in alternate
conformation and the Trace column contains the number of residues modelled with at most 2
atoms.

e Molecule 1 is a protein called Ribonuclease K6.

Mol | Chain | Residues Atoms ZeroOcc | AltConf | Trace
Total C N O S
L) A 127 1049 661 197 181 10 @ ! 0

e Molecule 2 is SULFATE ION (three-letter code: SO4) (formula: O48).

o1

03 O O 04

O

02
Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total O S
2 A 1 5 11 0 0
Total O S
2 A 1 5 11 0 0

e Molecule 3 is water.

Mol | Chain | Residues Atoms ZeroOcc | AltConf
Total O
3 A 164 164 164 0 0
pRETEeTe

hd
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3 Residue-property plots (i)

These plots are drawn for all protein, RNA and DNA chains in the entry. The first graphic for a
chain summarises the proportions of errors displayed in the second graphic. The second graphic
shows the sequence view annotated by issues in geometry and electron density. Residues are color-
coded according to the number of geometric quality criteria for which they contain at least one
outlier: green = 0, yellow = 1, orange = 2 and red = 3 or more. A red dot above a residue indicates
a poor fit to the electron density (RSRZ > 2). Stretches of 2 or more consecutive residues without
any outlier are shown as a green connector. Residues present in'the sample, but not in the model,
are shown in grey.

e Molecule 1: Ribonuclease K6
Chain A: /

(]
v o g
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1
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4 Data and refinement statistics (i)

5 Model quality (i)

5.1 Standard geometry (i)

Bond lengths and bond angles in the following residue types are not validated in this section:
SO4

The Z score for a bond length (or angle) is the number of standard deviations the observed value
is removed from the expected value. A bond length (or angle) with |Z| > 5 is considered an
outlier worth inspection. RMSZ is the root-mean-square of all Z scores of the bond lengths (or
angles).

. Bond lengths Bond angles
Mol | Chain | pyig71 7] 5 | RMSZ | #(2] >5

1 A 0.41 0/1096 0.62 0/1484

Chiral center outliers are detected by calculating the chiral volume of a chiral center and verifying
if the center is modelled as a planar moiety or with the opposite hand. A planarity outlier is
detected by checking planarity of atoms in a peptide group, atoms in'a mainchain group or atoms
of a sidechain that are expected to be planar.

Mol | Chain | #Chirality outliers | #Planarity outliers

1 A 0 2

Property Value Source
Space group P 212121 Depositor
Cell constants 27.73A 38.86A 97.97A Dl
a b, ¢, a, B,y 90.00°  90.00°  90.00° epoSIey
Resolution (A) 3232 B };g DGEODSSOI
% Data completeness 99.2 (48.98-1.72) Depositor
(in resolution range) 99.2 (48.98-1.72) EDS
Rinerge 0.03 Depositor
Riym (Not available) Depositor
<Ijo(I)>" 2.16 (at 1.72A) Xtriage
Refinement program PHENIX (phenix.refine: 1.9.1692) | Depositor
0.208 , 0.255 Depositor
R, Rpree 0209 , 0.254 DCC
Riree test set 579 reflections (4.94%) DCC
Wilson B-factor (A?) 24.7 Xtriage
Anisotropy 0.081 Xtriage
Bulk solvent k. (e/A%), Byi(A?) 0.30 , 47.0 EDS
Estimated twinning fraction No twinning to report. Xtriage
L-test for twinning <|L| > =045, < L? >=0.28 Xtriage
Outliers 1 of 11717 reflections (0.009%) Xtriage
F,,F. correlation 0.95 EDS
Total number of atoms 1223 wwPDB-VP
Average B, all atoms (A?) 30.0 wwPDB-VP

Xtriage’s analysis on translational NCS is as follows: The largest off-origin peak in the Patter-
son function is 11.27% of the height of the origin peak. No significant pseudotranslation is de-

tected.

Mntensities estimated from amplitudes.
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There are no bond length outliers.
There are no bond angle outliers.
There are no chirality outliers.

All (2) planarity outliers are listed below:

Mol | Chain | Res'| Type | Group

1 A 16 ILE | Peptide

1 A 17 | GLN | Peptide

5.2 Close contacts (i)

In the following table; the Non-H and H(model) columns list the number of non-hydrogen atoms
and hydrogen atoms in the chain respectively. The H(added) column lists the number of hydrogens
added by MolProbity. The Clashes column lists the number of clashes within the asymmetric unit,
and the number in parentheses is this value normalized per 1000 atoms of the molecule in the
chain. The Symm-Clashes column gives symmetry related clashes, in the same way as for the
Clashes column.
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Mol | Chain | Non-H | H(model) | H(added) | Clashes | Symm-Clashes
1 A 1049 0 1028 34 0
2 A 10 0 0 2 0
3 A 164 0 0 21 0
All All 1223 0 1028 36 0

Clashscore is defined as the number of clashes calculated for the entry per 1000 atoms (including
hydrogens) of the entry. The overall clashscore for this entry is 17.

All (36) close contacts within the same asymmetric unit are listed below.

Atom-1 Atom-2 Distance(A) | Clash(A)
1:A:17:GLN:HG3 1:A:18:PRO:HD3 1.52 0.92
1:A:87:LYS:HD2 1:A:88:TYR:H 1.43 0.82
1:A:65:ARG:NH2 3:A:301:HOH:O 2.14 0.80
1:A:36:HIS:NE2 3:A:303:HOH:O 2.16 0.77

1:A:4[B]:ARG:NH1 3:A:306:HOH:O 2.26 0.68
1:A:127:LEU:O 3:A:458:HOH:O 2.11 0.68
1:A:2:PRO:HD2 1:A:6:THR:HA 1.76 0.67

1:A:107:ASP:0OD1 3:A:302:HOH:O 214 0.65

1:A:101:PHE:HB2 | 1:A:127:LEU:HD12 1.79 0.64

1:A:62:CYS:O 1:A:65:ARG:NH1 2.31 0.63
1:A:87:LYS:HD2 1:A:88: TYR:N 2.13 0.61
1:A:32:ASN:HB3 3:A:382:HOH:O 1.99 0.61

1:A:92[A]:ARG:NH2 | 3:A:456:HOH:O 2.35 0.59
1:A:17:GLN:HG3 1:A:18:PRO:CD 2.31 0.59
1:A:14:GLN:NE2 3:A:310:HOH:O 2.36 0.58
1:A:22:GLN:NE2 1:A:24:ASN:HB2 2.20 0.56
1:A:16:ILE:HG22 1:A:17:GLN:HB3 1.87 0.56

1:A:4[B:ARG:HG2 3:A:381:HOH:O 2.05 0.56

1:A:4[B]:ARG:NH2 3:A:311:HOH:O 2.39 0.56

1:A:19:SER:N 3:A:308:HOH:O 2.33 0.55
1:A:79:THR:HB 3:A:454:HOH:O 2.06 0.55

1:A:111[BJ:LYS:HD2 1:A:112:SER:N 2.23 0.54
1:A:2:PRO:HB2 1:A:5:LEU:O 2.09 0.53

1:A:110:GLN:NE2 3:A:448:HOH:O 2.41 0.52

1:A:4[A]:ARG:NH2 3:A:313:HOH:O 2.43 0.51

1:A:3:LYS:0 1:A:5:LEU:N 2.44 0.50
1:A:24:ASN:ND2 3:A:456:HOH:O 2.47 0.48
1:A:18:PRO:HD2 3:A:442:HOH:O 2.14 0.46
2:A:201:504:04 3:A:304:HOH:O 2.21 0.46
1:A:3:LYS:C 1:A:5:LEU:H 2.19 0.45
1:A:49:GLN:HG3 3:A:395:HOH:O 2.16 0.45
1:A:87:LYS:NZ 3:A:437:HOH:O 2.50 0.44
1:A:63:LYS:HE2 1:A:124:ASP:O 2.20 0.42

€
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Atom-1 Atom-2 Distance(A) | Clash(A)
1:A:16:ILE:O 1:A:17:GLN:HG2 2.20 0.41
1:A:101:PHE:HD1 3:A:458:HOH:O 2.03 0.41
2:A:202:504:01 3:A:305:HOH:O 2.21 0.41

There are no symmetry-related clashes.

5.3 Torsion angles

5.3.1 Protein backbone (1)

In the following table, the Percentiles column shows the percent Ramachandran outliers of the
chain as a percentile score with respect to all X-ray entries followed by that with respect to entries
of similar resolution.

The Analysed column shows the number of residues for which the backbone conformation was
analysed, and the total number of residues.

Mol | Chain Analysed Favoured | Allowed | Outliers | Percentiles
1 A | 1207127 (102%) | 119 (02%) | 3 @%) | 7 (%)
All (7) Ramachandran outliers are listed below:
Mol | Chain | Res | Type
1 A 17 GLN
1 A 20 PRO
1 A 87 LYS
1 A 3 LYS
1 A 2 PRO
1 A 4[A ARG
1 A 4B ARG

5.3.2 Protein sidechains (1)

In the following table, the Percentiles column shows the percent sidechain outliers of the chain
as a percentile score with respect to all X-ray entries followed by that with respect to entries of
similar resolution. The Analysed column shows the number of residues for which the sidechain
conformation was analysed, and the total number of residues.

Mol | Chain Analysed Rotameric | Outliers | Percentiles
1 A | 1217117 (103%) | 115 (95%) | 6 (5%) 34
sPDB

PROTEIN
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All (6) residues with a non-rotameric sidechain are listed below:

Mol | Chain | Res | Type
1 A 21 LEU
1 A 28 SER
1 A 59[A] SER
1 A 59(B] SER
1 A 67 HIS
1 A 125 SER

Some sidechains can be flipped to improve hydrogen bonding and reduce clashes: All (2) such
sidechains are listed below:

Mol | Chain | Res | Type
1 A 35 GLN
1 A 49 GLN

5.3.3 RNA (D

There are no RNA chains in this entry.

5.4 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

5.5 Carbohydrates (i)

There are no carbohydrates in this entry.

5.6 Ligand geometry (i)

2 ligands are modelled in this entry.

In the following table, the Counts columns list the number of bonds (or angles) for which Mogul
statistics could be retrieved, the number of bonds (or angles) that are observed in the model and
the number of bonds (or angles) that are defined in the chemical component dictionary. The Link
column lists molecule types, if any, to which the group is linked. The Z score for a bond length
(or angle) is the number of standard deviations the observed value is removed from the expected
value. A bond length (or angle) with |Z] > 2 is considered an outlier worth inspection. RMSZ is
the root-mean-square of all Z scores of the bond lengths (or angles).
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. . Bond lengths Bond angles
Mol | Type | Chain | Res | Link | o\ " R\IS7 [ #(2] > 2 | Counts | RMSZ| #|2] > 2
2 SO4 A 201 - 4,44 0.28 0 6,6,6 0.17 0
2 SO4 A 202 - 44,4 0.19 0 6,6,6 0.14 0

In the following table, the Chirals column lists the number of chiral outliers, the number of chiral
centers analysed, the number of these observed in the model and the number defined in the chemical
component dictionary. Similar counts are reported in the Torsion and Rings columns. - means
no outliers of that kind were identified.

Mol | Type | Chain | Res | Link | Chirals | Torsions | Rings

2 | S04 | A | 201 - - 0/0/0/0 | 0/0/0/0

2 | so4 | A |22 - - 0/0/0/0 | 0/0/0/0

There are no bond length outliers.
There are no bond angle outliers.
There are no chirality outliers.
There are no torsion outliers.

There are no ring outliers.

5.7 Other polymers (i)

There are no such residues in this entry.

5.8 Polymer linkage issues

There are no chain breaks in this entry.
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6 Fit of model and data (i)

6.1 Protein, DNA and RNA chains (i)

In the following table, the column labelled ‘#RSRZ> 2’ contains the number (and percentage)
of RSRZ outliers, followed by percent RSRZ outliers for the chain as percentile scores relative to
all X-ray entries and entries of similar resolution. The OWAB column contains the minimum,
median, 95 percentile and maximum values of the occupancy-weighted average B-factor per
residue. The column labelled ‘Q< 0.9’ lists the number of (and percentage) of residues with an
average occupancy less than 0.9.

Mol | Chain | Analysed | <RSRZ>| #RSRZ>2 _| OWAB(A?) | Q<0.9
1 A 127127 100%) | 020 10 (7%) [13] [15] ] 16, 26, 4257 0

All (10) RSRZ outliers are listed below:

Mol | Chain | Res | Type | RSRZ
1 A 1 TRP 9.7
1 A 2 PRO 5.9
1 A 87 | LYS 3.9
1 A 18 | PRO 3.6
1 A 86 | GLY 3.6
1 A 20 | PRO 3.2
1 A 3 LYS 2.7
1 A 17 | GLN 2.3
1 A 4[A] | ARG 2.1
1 A 88 TYR 2.1

6.2 Non-standard residues in protein, DNA, RNA chains (i)

There are no non-standard protein/DNA/RNA residues in this entry.

6.3 Carbohydrates (i)

There are no carbohydrates in this entry.

6.4 Ligands (1)

In the following table, the Atoms column lists the number of modelled atoms in the group and the
number defined in the chemical component dictionary. LLDF column lists the quality of electron
density of the group with respect to its neighbouring residues in protein, DNA or RNA chains.
The B-factors column lists the minimum, median, 95 percentile and maximum values of B factors
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of atoms in the group. The column labelled ‘Q< 0.9” lists the number of atoms with occupancy
less than 0.9.

Mol | Type | Chain | Res | Atoms | RSR | LLDF | B-factors(A?) | Q<0.9
2 S04 A 202 5/5 0.15 1.41 36,39,51,55 0
2 SO4 A 201 5/5 0.08 | -0.76 32,34,35.46 0

6.5 Other polymers (i)

There are no such residues in this entry.
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