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Abstract

Cerebral cavernous malformations (CCM) are vascular dysplasias that usually occur in the brain
and are associated with mutations in the KRITL/CCM1, CCM2/MGC4607/0SM/Malcavernin, and
PDCD10/CCM3/TFARI5 genes. Here we report the 2.9 A crystal structure of the ankyrin repeat
domain (ARD) and FERM domain of the protein product of KRIT1 (KRIT1; Krev interaction
trapped 1). The crystal structure reveals that the KRIT1 ARD contains 4 ankyrin repeats. There is
an unusual conformation in the ANKA4 repeat that is stabilized by Trp-404, and the structure
reveals a solvent exposed ankyrin groove. Domain orientations of the three copies within the
asymmetric unit suggest a stable interaction between KRIT1 ARD and FERM domains, indicating
a globular ARD-FERM module. This resembles the additional FO domain found N-terminal to the
FERM domain of talin. Structural analysis of KRIT1 ARD-FERM highlights surface regions of
high evolutionary conservation, and suggests potential sites that could mediate interaction with
binding partners. The structure therefore provides a better understanding of KRIT1 at the
molecular level.
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1. Introduction

Cerebral cavernous malformations (CCM) are vascular dysplasias that usually occur in the
brain and have been found in up to 0.5 % of the human population (Otten et al., 1989).
Sporadic occurrence of the disease is mostly associated with a single lesion (Fischer et al.,
2013), and can lead to hemorrhagic stroke, focal neurological defects and sometimes death.
Familial occurrence of the disease is more serious than the sporadic form. Familial cases are
associated with multiple lesions throughout life, and can have devastating effects
(Cavalcanti et al., 2012). The biological basis for this disease is still not definitively defined,
although in recent years there have been significant advances in understanding the basic
signaling pathways and mechanisms that are disrupted in the disease (Draheim et al., 2014;
Draheim et al., 2015; Faurobert et al., 2013; Fischer et al., 2013; Fisher and Boggon, 2014;
Fisher et al., 2015b; Maddaluno et al., 2013; Zhou et al., 2015). Paramount to these studies
were the discoveries that almost all familial CCM patients were heterozygous for mutations
in one of three genes, termed KRIT1/CCM1 (Laberge-le Couteulx et al., 1999; Sahoo et al.,
1999), CCM2/MGC4607/0S9M/Malcavernin (Liquori et al., 2003), and PDCD10/CCM3/
TFARI15 (Bergametti et al., 2005; Guclu et al., 2005). In these patients, lesions are
associated with a ‘second hit’ mutation that usually results in ablated expression of the
resulting protein (Akers et al., 2009; Gault et al., 2005; Pagenstecher et al., 2009). It is
therefore clinically and biologically important to understand the functional roles of the
protein products of these three genes, and why disruption of their expression results in
destabilized neurovasculature.

The three proteins expressed by KRIT1, CCM2, and PDCD10 genes are termed KRIT1
(Krev interaction trapped 1; cerebral cavernous malformations 1, CCM1), CCM2 (cerebral
cavernous malformations 2; osmosensing scaffold for MEKK3, OSM) and CCM3 (cerebral
cavernous malformations 3; programmed cell death 10, PDCD10). These protein products
are generally considered scaffolding proteins and can directly interact with one another
(Draheim et al., 2015; Fisher and Boggon, 2014; Fisher et al., 2015a). Structural studies
have been conducted for CCM2 and CCM3 that discovered novel domains in both proteins
(Fisher et al., 2013; Li et al., 2010), and the structural basis for CCM2 and CCM3
interactions with binding partners (Draheim et al., 2015; Fisher et al., 2015b; Li et al., 2011,
Xu et al., 2013; Zhang et al., 2013). Similarly, structural studies have been conducted for
KRIT1, and have facilitated the discovery of a Nudix fold domain at the KRIT1 N-terminus
(Liu et al., 2013), a novel PTB-binding site which interacts with the protein ICAP1 (integrin
cytoplasmic associated protein 1) (Liu and Boggon, 2013; Liu et al., 2013), the mode of
interactions with CCM2 (Fisher et al., 2015a) and (SNX17) sorting nexin 17 (Stiegler et al.,
2014), and the distinct and unusual manner by which the C-terminal FERM (band 4-point-1,
ezrin, radixin, moesin) domain binds to the small GTPase Rap1 (Ras related protein Rapl)
and the cell adhesion molecule HEG1 (Heart of Glass 1) (Gingras et al., 2012; Gingras et al.,
2013; Li et al., 2012). These structural studies have therefore provided insights into the
molecular basis for the CCM complex proteins and their interactions (Fisher and Boggon,
2014), however gaps still remain in our structural understanding of KRIT1. The domain
assignments of this protein include the crystallographically defined N-terminal Nudix
domain, three NPxY/F motifs, a predicted ankyrin repeat domain (ARD) and a C-terminal
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FERM domain (Fig. 1A). The ARD and FERM domain folds are well described as
mediators of protein-protein interactions (Frame et al., 2010; Sedgwick and Smerdon, 1999),
however, until now, no structure contains the KRIT1 ARD. We therefore considered
whether crystallographic studies could reveal the structure of the KRIT1 ARD, help us
better understand how KRIT1 folds, and improve our understanding of KRIT1’s biological
function.

We report the crystal structure of human KRIT1 ankyrin repeat and FERM domains to 2.9
A This is the first crystal structure containing KRIT1 ARD. We find that KRIT1 contains
four ankyrin repeats and that the ARD packs against KRIT1 FERM domain. This
conformation is maintained over the three copies in the asymmetric unit, and because of its
relationship to the FERM domain is reminiscent of the FO domain found in talin. We
therefore propose that the KRIT1 ARD is an FO-like domain. We also find that the ankyrin
groove of the KRIT1 ARD is exposed and oriented away from the FERM domain, with a
hydrophobic cleft and a conserved tryptophan residue (Trp-330) marking the center of the
grove. We propose that the KRIT1 ARD is poised for protein-protein interactions at this site.

2. Materials and Methods

2.1. Sub-cloning, expression and purification of the ankyrin repeat and FERM domains of
human KRIT1

Human KRIT1 (amino acids 259-736)(termed KRIT1ARD-FERM) (Uniprot ID: 000522) was
subcloned into a modified pET32 vector with an N-terminal hexahistidine-tag. Recombinant
KRIT1 was expressed in Escherichia coli Rosetta (DE3) cells (Novagen) and induced with
0.6 mM IPTG (ODggg 0.6) overnight at 18 °C. Cells were harvested and resuspended in lysis
buffer (20 mM Tris pH 8.0, 500 mM NaCl, 20 mM imidazole 10% glycerol and 1% triton
X100) with protease inhibitors, lysozyme (100 pg/ml) and DNase | (10 pug/ml). Three cycles
of freeze/thaw were conducted using ethanol/dry ice bath and cells were sonicated in 50 ml
falcon tube for 2 minutes total. The samples were clarified by centrifugation at 20,000 rpm
for 1 hour at 4 °C. Supernatant was applied to a 1 ml HisTrap (GE) nickel affinity column,
and protein eluted with 5 ml lysis buffer supplemented with 400 mM imidazole. To cleave
the affinity tag 300 pl of TEV protease (~1 mg/ml stock) was added to the protein samples,
and samples were transferred to dialysis tubing and dialyzed overnight against 1 L lysis
buffer at 4 °C. After the overnight dialysis, the sample was re-applied to a HisTrap column
and the flow-through collected. Following filtration through a 0.2 um filter, the protein
sample was applied to a Superdex 200 (GE) preparative gel filtration column. Fractions
were collected and analyzed by SDS-PAGE.

2.2. Crystallization of KRIT1ARD-FERM

For crystallization, KRIT1 was concentrated to 2.4 mg/ml in 20 mM Tris pH 8.0, 250 mM
NaCl with 2 mM TCEP. Sparse matrix and grid screens were conducted, and an initial hit
was obtained from JCSG screen (Qiagen) against precipitant conditions 0.1 M HEPES pH
7.5, 10% PEG 8000, 8% Ethylene glycol. Crystallization was optimized by grid screening
and the best crystals were obtained overnight at room temperature using hanging drop vapor
diffusion methodology. 2 pl drops containing 1 pl protein and 1 pl precipitant were used to

J Sruct Biol. Author manuscript; available in PMC 2016 December 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhang et al. Page 4

obtain optimal crystals against precipitant conditions of 0.05 M HEPES pH 7.3, 8% ethylene
glycol, 8% PEG 8000. Crystals were cryoprotected by supplementing the precipitant with
10% glycerol and flash freezing in liquid nitrogen.

2.3. Data collection and structure determination

180° of data were collected from a single crystal at beamline 24-ID-E (NECAT) at the
Advanced Photon Source. Data were integrated and scaled using the HKL package
(Otwinowski and Minor, 1997). The structure was determined by molecular replacement
using Phaser (McCoy et al., 2007). Matthews coefficient analysis suggested three copies per
asymmetric unit and a solvent content of 61%. Two domains were searched for, the FERM
domain of KRIT1 (PDB ID 4DXA)(Li et al., 2012) and residues 39 to 158 of an ankyrin
repeat domain with high sequence identity (40% over 123 residues) to the predicted KRIT1
ARD region (4HB5, unpublished). Three copies of the KRIT1 FERM domain were found
with final TFZ scores of 15.1, 39.7, 36.4 and three copies of the ankyrin repeat domain were
found with final TFZ scores of 23.8, 21.3 and 17.3. The initial R/Rfee following the first
round of refinement in Refmac5 (Murshudov et al., 2011) was 43.0/42.3. Following
sequence correction and standard rounds of model building and refinement using Refmac5
(Murshudov et al., 2011), Phenix using TLS and NCS (Adams et al., 2010) and Coot
(Emsley et al., 2010) the final R/Rgee Values for the model are 20.6/24.6. The structure is
deposited in the PDB under accession code 5D68.

3. Results and Discussion

3.1. Expression and crystallization of KRITARD-FERM

We began by sampling the expression and purification of KRIT1 constructs to determine the
structure of KRIT1 ARD. We found that we could express and purify a construct of KRIT1
that encompassed both the predicted ARD and the FERM domain (residues 259-736)
(KRIT1ARD-FERMy ang that this protein could be purified to crystallization quality and
concentrated to approximately 2.4 mg/ml. On conducting extensive crystallization trials with
KRIT1ARD-FERM \ye were able to obtain diffraction-quality crystals and collected X-ray
diffraction data to 2.9 A resolution. We determined the structure by molecular replacement
using the KRIT1 FERM domain (Li et al., 2012) and an engineered ankyrin repeat protein
with high sequence similarity (40% identity over 123 residues) to the KRIT1 predicted ARD
(PDB ID: 4HB5). We deposited the final structure in the Protein Data Bank under accession
code 5D68. Data collection and refinement statistics are shown in Table 1.

3.2. Overall structure

The 2.9 A structure of KRIT1ARD-FERM shows that KRIT1 contains four ankyrin repeats
that fold into an ankyrin repeat domain (ARD) between residues 288 and 419. It also shows
that the KRIT1 FERM domain maintains its trefoil composition of F1 (ubiquitin-like), F2
(acyl-CoA-hinding protein) and F3 (phosphotyrosine binding/pleckstrin homology) fold
subdomains (Li et al., 2012) between residues 420 and 736 in the context of a longer
construct (Fig. 1B)(Table 1). The overall structure comprises 3 copies of KRIT1ARD-FERM
in the asymmetric unit. Residues 288 to 729 are visible in the electron density for each of the
3 copies, with portions of the a12—-a13 loop (residues 610 to 615) and the f6—37 loop
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(residues 646—655) within FERM F2 and F3 lobes, respectively, not observed. Within the
crystal lattice there is an interaction between the FERM F2 lobe (helix a12) and the concave
surface of the ARD (repeats 1 and 2). This interaction appears to be crystallographic as we
do not observe higher-order oligomers on purification of KRIT1ARD-FERM py sjze exclusion
chromatography (not shown). A compact configuration of the KRIT1 FERM domain and
ARD occurs in each copy whereby the ARD stacks against the F1-lobe of the FERM
domain. The three copies of KRIT1ARD-FERM \ithin the asymmetric unit are experimentally
identical with root-mean-square deviations below 0.75 A over 429 carbon alpha atoms for
each of the chain pairings. The structure represents the first visualization of the KRIT1 ARD
and how it interacts with the KRIT1 FERM domain.

3.3. The structure of the KRIT1 ankyrin repeat domain

The ARD region of KRIT1 was predicted to contain an ankyrin repeat domain comprising
four ankyrin repeats when the KRIT1 gene was identified (Serebriiskii et al., 1997), but until
now this has not been confirmed at the structural level. We find that the KRIT1 ARD
contains four ankyrin repeats (Fig. 2A). Ankyrin repeats are canonically 33 amino acids in
length and comprise two a-helices and a B-hairpin that links to the next repeat. The repeats
stack on top of one another in an ‘L’-like fold. Ankyrin repeat domains usually function in
protein recognition by interacting with binding partners using the concave ankyrin groove
between the *‘palm’ (formed by the a-helices) and the ‘fingers’ (formed by the B-hairpins)
(Chiswell et al., 2008; Sedgwick and Smerdon, 1999). The KRIT1 ARD follows the
canonical fold, with each of the repeats comprising the expected a-helices and B-hairpin-like
secondary structure elements. The fourth ankyrin repeat, ANK4, however, contains an insert
between its a-helices comprising three residues, GIn-401, Asn-402 and Asn-403. This insert
seems to be stabilized by the highly conserved Trp-404, which interposes between the a-
helices and may be required for this particular conformation (Fig. 2B-E).

3.4. Intramolecular interaction between KRIT1 ARD and KRIT1 FERM domains

In the structure an unexpected interface is observed between KRIT1 ARD and KRIT1
FERM domain. This interaction is mediated by the convex surface of ankyrin repeats 2 and
3 and predominantly the region between strand 2 and helix a2 of the F1 lobe of the FERM
domain. The interaction buries on average 993 A2 (503 A2 from the ARD and 490 AZ from
the FERM domain) (calculated using PISA server (Krissinel and Henrick, 2007)). Itis a
mostly polar interaction, comprising 10-12 hydrogen bonds (Figure 2F,G) and is well
conserved over evolution (Figure 2H and (Li et al., 2012)). The compactness of the ARD-
FERM interface and the consistence of this arrangement over the three copies found in the
asymmetric unit suggest that the ARD could be considered a ‘FO’ lobe of the KRIT1 FERM
domain, similar to FO domains observed in talin and kindlin (Goult et al., 2009; Goult et al.,
2010).

3.5. Comparison with other KRIT1 structures

The evolutionary conservation of KRIT1 has the potential to indicate regions of the protein
important for intermolecular interactions. Previously, we demonstrated that the interaction
between KRIT1 and Rapl small GTPase takes place using a highly conserved surface (Li et
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al., 2012). We therefore superposed the current structure with the previously determined
structures of KRIT1 in complex with its binding partners Rapl and HEGL1 to investigate
potential binding sites for other partners (Gingras et al., 2012; Gingras et al., 2013; Li et al.,
2012). We find that, based on the superpositions, no conformational change is required in
KRIT1 ARD to accommodate binding to Rapl (Fig 3A). We also find that structural
comparison of each of the FERM domains from the different complexes yields maximal
root-mean-squared deviations of 0.72 A over 297 carbon alpha residues, indicating very
little conformational change on either inclusion of the ARD or binding of Rapl or HEG1.

Conservation analysis of KRIT1ARP-FERM ghows that the most extensive completely
conserved surface is the Rapl binding site on FERM domain F1 and F2 lobes (Li et al.,
2012) (Fig 3B). There are also extensive completely conserved regions on the ARD, and
these fall in both the ankyrin groove and the back side of the ARD (Fig 3B). The conserved
regions of the ARD are largely hydrophobic, with some regions of negative electrostatic
potential (Fig 3C). On analysis of the KRIT14RP we noticed that a well-conserved
tryptophan residue (Trp-330; indicated with a grey circle in Figure 2H). This tryptophan sits
in a hydrophobic patch of the ankyrin groove, and in concert with the ANK4 insert
stabilized by Trp-404 seems to define a structural feature with potential to mediate protein-
protein interactions (Figure 3D,E). It will be interesting to discover in future studies whether
the ankyrin groove of KRIT1 mediates protein-protein interactions.

3.6. Comparison of KRIT1 ARD with other ARD structures

The KRIT1 ARD contains 4 ankyrin repeats. On submission of the structure to the Dali
server (Holm and Rosenstrom, 2010) high similarity is observed with designed ankyrin
repeat proteins, termed DARPIns. For example, a Dali Z-score of 20.5, root-mean-squared
deviation of 1.3 A over 121 amino acids and sequence identity of 31% over 155 amino acids
is observed for a DARPIn designed to interact with B-tubulin (PDB ID: 4DRX) (Pecqueur et
al., 2012). Although KRIT1 has a known function as a tubulin binding protein (Beraud-
Dufour et al., 2007; Gunel et al., 2002), structural superposition suggested that the
interaction would generate a clash, and microtubule binding assays confirmed that the ARD
does not bind microtubules (not shown).

3.7. Discussion

Mutations in the KRIT1 gene are strongly associated with the cerebral cavernous
malformations disease. We set out to better understand the structure and function of KRIT1
by determination of the crystal structure for KRIT1ARD-FERM Qyr analysis of the 2.9 A
structure shows that KRIT1 contains an ankyrin repeat domain of 4 ankyrin repeats which is
held in a stable conformation adjacent to the KRIT1 FERM domain.

The structure of KRIT1ARD-FERM gggests surface regions that are completely conserved
over evolution (Fig 3B), and of these the ankyrin groove is hydrophobic (Fig 3D). The
arrangement of completely conserved Trp-330 along with surrounding residues, particularly
the unusual loop in ANK4 stabilized by Trp-404, seems to define a potential interaction
surface, although the binding partner is not yet known. Our extensive studies to probe for the
ability of binding partners to interact at this surface have, thus far, been inconclusive and
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will be followed up in a future study. We have also been hampered by our finding that
KRIT1FERM strongly binds by pull-down to a wide range of proteins (not shown); we
would therefore caution against the use of the KRIT1 FERM domain alone for protein
interaction studies. Nonetheless, the ankyrin groove of KRIT1 ARD seems tailor-made as a
macromolecular interaction site.

The presence of additional domains adjacent to FERM domains has been well documented
for the integrin-binding proteins, talin and kindlin (Goult et al., 2009; Goult et al., 2010)
where “FO” precedes the F1, F2 and F3 lobes of their FERM domains. For KRIT1, the ARD
seems to fulfill a similar structural role. It is conformationally in a very similar arrangement
in each of the three copies of the asymmetric unit of our crystal structure. Therefore, instead
of considering the ARD and FERM domains as ‘beads-on-a-string’, we propose that the
ARD-FERM region should be considered a globular module. In addition, the orientation of
the ARD with respect to the FERM domain generates a conserved V-shaped wedge, and it
will also be interesting to see if this mediates a site of inter-molecular interaction.

Overall, the determination of the KRITARD-FERM strycture provides a clear definition of the
KRIT1 ARD, which contains 4 ankyrin repeats. The structure suggests a stable orientation
for the ARD and FERM domains, and it also implicates potential sites for binding partner
interactions.
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Figure 1. Schematic showing domain assignments for KRIT1 and cartoon diagram showing the
structure of KRIT1ARD-FERM

A) Schematic showing domain assignments for KRIT1. Amino acid numbering is indicated
above. NPxY motifs are indicated by RR-NPxY/F1, NPxY/F2 and NPxY/F3. ARD indicates
ankyrin repeat domain. ANK1-ANK4 indicate ankyrin repeats 1 through 4. FERM indicates
band four-point-one, ezrin, radixin, moesin domain. F1, F2 and F3 indicate FERM
subdomains. B) Overall structure of KRIT1ARD-FERM shown in cartoon format. The ankyrin
repeat domain is colored orange and is indicated ARD. The band four-point-one, ezrin,
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radixin domain is indicated FERM and colored by sub-domain, F1 is salmon, F2 is lilac and
F3 is lavender. The location of the ankyrin groove is indicated.
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capitals, moderately conserved ankyrin repeat residues in lower case, and hydrophobic
residues in the consensus indicated by v (Mosavi et al., 2004; Sedgwick and Smerdon,
1999). KRIT1 residues that conform to the consensus are colored red. W404 is colored
green. Residues that interact with the FERM domain are underlined. F) Stereoview of the
intramolecular interaction between KRIT1 ARD and FERM domains. ARD ankyrin repeats
colored as in panel B, FERM F1 colored as in panel A. Hydrogen bonds are indicated in
green. Interacting residues are shown in stick format with oxygen atoms colored red and
nitrogen atoms colored blue. G) Schematic map of the ARD-FERM interface. Hydrophobic
interactions are indicated by orange dashed lines and hydrogen bonds by solid blue lines. H)
Sequence alignment of KRIT1 ARD. Secondary structure elements colored per ankyrin
repeat with a-helices shown as cylinders and p-strands as arrows. ARD residues that interact
with KRIT1 FERM domain are indicated with red diamonds, and W404 is shown with a
green triangle. W330 is indicated with a grey circle. Uniprot or GenBank accession number
are followed by the Latin name and label in parentheses: 000522 Homo sapiens (Human),
Q6S5J6 Mus musculus (Mouse), BSDF47 Rattus norvegicus (Rat), XP_003496996
Cricetulus griseus (Hamster), G3QHP7 Gorilla gorilla (Gorilla), XP_001166592 Pan
troglodytes (Vhimpanzee), G1RZ72 Nomascus leucogenys (Gibbon), F6TVZ5 Macaca
mulatta (Macaque), F713T9 Callithrix jacchus (Marmoset), E2RAAS5 Canis familiaris
(Dog), XP_002925462 Ailuropoda melanoleuca (Giant panda), Q6 TNJ1 Bos taurus (Cow),
G1SM20 Oryctolagus cuniculus (Rabbit), G3TAHO Loxodonta africana (Elephant),
XP_001491579 Equus caballus (Horse), FISFDO Sus scrofa (Pig), XP_003475143 Cavia
porcellus (Guinea pig), GIPWA1 Myotis lucifugus (Bat), G3X3N7 Sarcophilus harrisii
(Tasmanian devil), F7CJF5 Monodel phis domestica (Opossum), GIN921 Meleagris
gallopavo (Turkey), NP_001026144 Gallus gallus (Chicken), XP_002196126 Taeniopygia
guttata (Zebra finch), GIKRC6 Analis carolinensis (Chameleon), F7CJC5 Xenopus
tropicalis (Frog), G3NJI7 Gaster osteus acul eatus (Stickleback), XP_003452511
Oreochromis niloticus (Nile tilapia), COH9F0 Salmo salar (Atlantic salmon), B8JI1Z5 Danio
rerio (Zebrafish). Alignment was conducted using ClustalW (Larkin et al., 2007). Figure
was generated using Aline (Bond and Schuttelkopf, 2009). Interacting residues were defined
using the PISA server (Krissinel and Henrick, 2007).
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[

Figure 3. Structural insight into KRIT1 interactions with binding partners
A) Superposition on r.h.s. of KRIT1ARD-FERM ‘shown on I.h.s., with KRIT1 FERM domain

in complex with Rapl small GTPase and Heart of Glass receptor tail (HEG1)(PDB ID:
4HDQ)(Gingras et al., 2013) shown in middle. B) Conservation and (C) surface
electrostatics of KRIT1ARD-FERM The syperposed Rapl and HEG1 are shown as per panel
A. Dark blue indicates complete conservation and white indicates no conservation in panel
B, as defined by the consurf server (Landau et al., 2005). Red indicates negative potential
and blue positive potential in panel C. D) Stereoview showing electrostatic potential of
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KRIT1 ARD ankyrin groove. E) Ribbon diagram in same orientation as D. The location of
tryptophans 330 and 404 are indicated.
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Table 1
Data collection and refinement statistics for KRIT1 ARD-FERM.
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Data Collection

Space Group

Cc2

X-ray source

APS 24-1D-E

Cell dimensions, a, b, ¢ (A)

125.7,80.2, 213.1

a B,y (%)

90, 91.7, 90

Wavelength (A)

0.97918

Resolution range (A)"

50-2.9 (3.0-2.9)

No. unique reflections

46892 (4654)

Degrees of data (°) 180
Completeness (%)” 100 (100)
Roim (%)*+ 11.6 (53.8)
1o()* 75 (1.7)
Redundancy” 3.7(3.8)
Wilson B-factor (A?) 424

Refinement

Resolution Range (A)"

49.37 -2.91 (2.97 - 2.91)

Reactor (%) 206 (29.9)

Free Rector (%) 24.6 (29.9)

No. Free R reflections” 2376 (127)
Free R reflections (%)" 5.1(5.0)

Residue range built

A/ 288-610, 615-647, 654-730
B/ 288-610,615-646,655-736
C/ 288-610,615-646, 654—729

Favored/Allowed/Outliers

No. non-hydrogen protein atoms 10652
No. water molecules 66
Model Quality
RMSD bond lengths (A) 0.004
RMSD bond angles (°) 0.788
Overall B (all atoms) 46.0
Ramachandran plot (%) 97/3/0

MolProbity clashscore/Percentile

2.83/100t percentile

*
Parentheses indicate highest resolution shell

+
Rpim indicates ‘Precision-indicating merging R factor’, a measure of the precision of the averaged intensity measurements (Weiss, 2001), where

Rpim = *hkd [L/(N = 1)172 % [thil j ~ (Ihkd)] / *hki < Thil j
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