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With better tools for data processing and with synchrotron beamlines that are
capable of collecting data at longer wavelengths, sulfur-based native single-
wavelength anomalous dispersion (SAD) phasing has become the ‘first-choice’
method for de novo protein structure determination. However, for many
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1. Introduction

To produce three-dimensional images of the electron density
surrounding atoms within crystallized proteins, phase infor-
mation that cannot be recorded during X-ray diffraction data
collection must be estimated by other methods. These include
direct methods (Usén & Sheldrick, 1999), molecular replace-
ment (Taylor, 2003), multiple isomorphous replacement, and
multi-wavelength anomalous diffraction (MAD) and
single-wavelength anomalous diffraction (SAD) methods
(Hendrickson, 1991; Ealick, 2000). The vast majority of crystal
structures deposited in the Protein Data Bank (PDB; http://
www.rcsb.org) were determined at synchrotrons using MAD
or SAD, and involve selenomethionine (SeMet) derivatives
of the native protein (Hendrickson, 2014). However, SeMet
incorporation is not without its challenges, a major one being
its negative impact on expression yields of the labeled protein.
As an alternative, SAD phasing using the weak anomalous
scattering power of sulfur from native cysteine and methionine
residues (S-SAD) is an advantageous strategy for de novo
structure elucidation and can succeed with diffraction data
obtained using the longer wavelength X-rays of home X-ray
sources with copper (Cu; A = 1.5418 A) or chromium (Cr;
A = 2.2909 10\) anodes. Unfortunately, this method can be
frustrated by its reliance on highly redundant diffraction data,
which are not easily obtained for samples that are sensitive to
radiation damage. It is therefore not surprising that relatively
few de novo S-SAD structures have been deposited in the
PDB (~150; Weinert et al., 2015).

Metal ions that are naturally present in the protein of
© 2019 International Union of Crystallography interest can provide excellent alternative anomalous scatterers
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to sulfur. It is estimated that one third of all proteins contain at
least one metal cofactor, most commonly Ca%*, Fe*, Mgz*,
Zn** or Cu®* (Shi & Chance, 2008). These bind to specific sites
to perform catalytic, regulatory and structural functions in
diverse classes of proteins (Degtyarenko, 2000). For proteins
that bind Fe atoms, structure determination by native SAD or
MAD is often straightforward because the scattering power is
proportional to the square of the atomic number Z (Z = 26 for
iron; Piontek et al, 2010) and the iron absorption edge
(7.1120 keV, X = 1.7433) is accessible at synchrotron beamlines
and home sources. Structures determined with Mn** (Z = 25)
and Zn** (Z = 30) are also represented in the PDB (Stevenson
et al., 2004; Shi et al., 2005). If the experimenter is careful to
mitigate or eliminate potential contributors of background
noise, or factors that may mask anomalous signal detection,
native SAD phasing is also possible by recording the weak
anomalous scattering signal from light metal ions (Z < 20)
that are present in the crystallized sample, such as Ca** (Z =
20). Of the 130990 crystal structures presently in the PDB,
10 068 or 7.7% have Ca** bound, and many of these have
multiple Ca atoms present (Yaiiez et al., 2012).

The properties of Ca** make it ideal for coordination by
proteins, both directly to side-chain O atoms or backbone
carbonyl groups, as well as indirectly through waters bound to
the protein. As a result, many different classes of calcium-
binding proteins (CaBPs) have evolved (Kawasaki & Kret-
singer, 2017). These include EF-hand-containing proteins such
as the calmodulin family, C2-domain-containing proteins such
as phospholipase C and synaptotagmin, calreticulin, cal-
sequestrin and annexins that are found inside the cell, where
Ca** levels can be submicromolar (Yanez et al., 2012; Heiz-
mann & Hunziker, 1991). Outside the cell, where Ca*" levels
are typically in the low-millimolar range, there are also EF-
hand proteins, C-type lectins, cadherins, RTX proteins and
proteins with EGF-like and gamma-carboxyl glutamic acid
domains, to name just a few (Permyakov & Kretsinger, 2010).

Here, we describe the crystallization conditions, data-
collection strategies and structure-determination methods that

were used on five sections that together make up >90% of a
1.5 MDa ice-binding adhesin protein, MpIBP (Fig. 1). This
enormous adhesin is expressed on the exterior surface of the
Gram-negative marine bacterium Marinomonas primoryensis,
where it contributes to the ability of the bacterium to bind
surface ice in an Antarctic lake for better access to oxygen and
nutrients. It is hypothesized that this surface protein uses >600
Ca" ions to help to rigidify the chain formed by one of its
domains repeated ~120 times in tandem in region II (RIT) and
to aid in the proper folding and function of domains in the
other regions (RI, RIII, RIV and RV) (Guo et al., 2012, 2013).
Here, the natural incorporation of Ca** within the protein
scaffold, as occurs in an abundance of proteins, presented a
straightforward path to obtain the phasing information
needed for de novo protein structure determination.

2. Materials and methods

The RII monomer and regions RIII_1-2, RIII_1-4, RIII_5
and RV of MpIBP (Fig. 1) were expressed in Escherichia coli
BL21 (DES3) cells using pET-24a and pET-28a vectors, purified
using affinity and size-exclusion chromatography, and then
concentrated to 5-100 mg ml~". All proteins were crystallized
using the microbatch-under-oil method by mixing equal
volumes of the concentrated protein with a precipitant solu-
tion. The RII monomer crystallized in the presence of a
precipitant solution consisting of 0.2 M calcium acetate, 0.1 M
sodium acetate pH 4.5, 30%(v/v) polyethylene glycol 400.
RIII_1-2 crystallized in the presence of 0.2 M calcium
chloride, 0.1 M MES pH 6, 20% (v/v) polyethylene glycol 3350.
RIIL_S crystallized in the presence of 0.2 M calcium chloride,
0.1 M HEPES pH 7, 20%(v/v) polyethylene glycol 3350,
12% (w/v) myo-inositol. Crystals of RIII_1-4 grew in the
presence of 0.1 M calcium chloride, 0.1 M sodium acetate pH
4.6, 30%(w/v) PEG 400, and RV crystallized in the presence
of 0.1 M calcium chloride, 0.1 M sodium acetate pH 4.6,
30% (v/v) polyethylene glycol 400. Prior to data collection, all
crystals were individually flash-cooled in a cryosolution

(@)
2 Rl 1000 amino acids
®) |
/.
¥
/ ~
J
P
(0
Figure 1

X-ray crystal structures solved by Ca-SAD phasing. (a) Linear domain map of MpIBP drawn to scale. The RII repeats are colored cyan, the RIII_1-4
domains are colored blue and RIII_5 is colored green, while RV is colored magenta. (b) Expanded view of the linear domain map colored as in (a). (c)
Structures of the RII monomer (cyan), RIII_1-4 (blue), RIII_5 (green) and RV (magenta) are shown in cartoon representation with the anomalous
substructure Ca®" atoms depicted as green spheres.
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Table 1

Statistics for diffraction data.

Values in parentheses are for the outer shell.

Protein RII monomer RIII_1-2 RIII_1-4 RIII_S RV
No. of molecules in asymmetric unit 1 1 1 1 1
No. of amino acids in asymmetric unit 102 190 511 188 137
Anomalous scatterers Ca [5] Ca [9] Ca [15] Ca [8] Ca [8]
Space group P2, P22.2, Pl P2,2:2, P2,22,
Unit-cell parameters

a (é) 28.69 29.04 50.29 45.13 34.87

b (A) 43.02 45.93 61.34 50.62 43.66

c(A) 32.26 156.84 63.64 79.52 78.16
Wavelength (/c\)/eneozrgy (keV) 2.2909/5.41 2.2909/5.41 2.2909/5.41 2.2909/5.41 2.2909/5.41
Resolution range (A) 32.03-2.12 (2.26-2.12) 78.42-2.43 (2.49-2.43) 47.83-2.45 (2.55-2.45) 42.7-2.44 (2.58-2.44) 43.66-2.43 (2.52-2.43)
Total rotation range (°) 360 750 666 475 258
Anomalous multiplicity 3.8 143 3.6 8.1 5
Multiplicity 7.1 25.8 7.2 14.9 9.1
Completeness (%) 89.5 (69.6) 98.4 (90.7) 92.5(83.2) 99.3 (94.4) 99.4 (97.1)
(Ilo(1)) 17.0 (3.2) 25.59 (10.6) 5.8 (1.1) 33.4 (28.6) 1331 (7.2)
Rierge 0.081 0.083 0.344 0.07 0.1
CCyp 99.3 (98.9) 99.9 (99.3) 97 (30.9) 99.8 (99.7) 99.5 (98.2)

consisting of 80%(v/v) precipitant solution and 20%(v/v)
glycerol, with the exception of RIII_1-4, which was flash-
cooled directly in the precipitant solution.

All diffraction data were collected in-house at 100 K using a
Rigaku MicroMax-007 HF rotating-anode X-ray generator
equipped with a chromium target and an R-AXIS IV++
image-plate detector. The detector was equipped with a
helium-flushed beam path to reduce the air absorption of
long-wavelength X-rays, and the crystal-to-detector distance
was set to 105 mm.

Diffraction images for the RII monomer, RIII_5 and RV
crystals were indexed and integrated with iMosflm (Battye et
al., 2011) and then scaled with AIMLESS in CCP4 (Evans,
2006). For all three of these proteins, AutoSol from the
PHENIX suite (Terwilliger et al., 2009) was used to identify
Ca-atom sites and calculate phases. Uncertain of how many Ca
atoms there were in each protein, we input a search number
that was approximately 5% of the number of residues in the
protein as a starting point. AutoBuild (Terwilliger et al., 2008;
Adams et al., 2010) was then used to build and refine the initial
models.

The diffraction images for the RIII_1-2 and RIII_1-4
crystals were indexed and integrated with XDS (Kabsch, 2010)
and then scaled with AIMLESS (Evans & Murshudov, 2013).
For RIII_1-2, CRANK?2 from the CCP4 suite (Ness et al.,
2004) was used to identify Ca-atom sites, calculate phases and
build the preliminary model. The structure of RIII_1-4 was
solved using a combined molecular-replacement/SAD (MR-
SAD) method in CRANK?2 (Skubdk & Pannu, 2013) using
RIII_1-2 as the search model and calcium as the heavy atom
to obtain phase information and the initial model.

All initial protein models were retraced in the experimen-
tally phased electron-density maps with Buccaneer (Cowtan,
2006) and were then corrected for remaining errors with Coot
v.0.7 (Emsley & Cowtan, 2004; Emsley er al., 2010). Final
model refinement was performed in REFMACS (Murshudov
et al., 2011; Vagin et al., 2004). These structures were used as
molecular-replacement models for higher resolution native

data sets collected at synchrotron sites, the coordinates of
which have been deposited in the PDB with the following
accession codes: 4kdw (RII monomer), 5j6y (RIII_S), 5k8¢g
(RIII_1-4) and 5juh (RV) (Guo et al., 2013, 2017).
Illustrations of protein structures and electron density were
created using PyMOL. Electron-density and anomalous
difference map coefficients were calculated using phenix.refine.

3. Results

3.1. Crystallization conditions and data-collection procedure
for Ca-SAD phasing

Three of the five regions of the 1.5 MDa Ca**-dependent
ice-binding adhesin MpIBP were dissected into five protein
constructs with molecular weights ranging from 10 to 57 kDa
(Fig. 1). BLAST searches (Altschul et al., 1990) of their
sequences against the PDB did not reveal usable homology
models, negating structure determination by molecular
replacement alone. Instead, we postulated that the require-
ment of these proteins for calcium for correct folding could be
exploited as a source of anomalous scatterers if their occu-
pancy and orderliness in the crystals were high (Garnham et
al., 2008; Gilbert et al, 2005). Therefore, the calcium
concentration in the crystallization and cryocooling solutions
was maintained within the range 0.1-0.2 M for all proteins.

Diffraction data were collected from single crystals of each
of the five proteins using an X-ray home source equipped with
a chromium anode (X-ray energy = 5.41 keV). At this energy,
the anomalous term f” for calcium is 2.51 ™. This is signifi-
cantly higher than the f” value of 1.29 e~ for calcium when
using a copper anode (calculated using the graph from
http://skuld.bmsc.washington.edu/scatter/AS_index.html). For
further comparison, the f” values for sulfur are 1.15 and
0.56 ¢~ at the Cr Ko and Cu Ko wavelengths, respectively
(Ibers & Hamilton, 1974; Yang et al., 2003). In order to
measure the small Bijvoet differences as accurately as
possible, this system included Osmic Confocal MaxFlux optics

Acta Cryst. (2019). F75, 377-384

379

Guo et al. + Phasing with calcium at home



research communications

optimized for Cr Ko radiation and a helium-filled path to the
R-AXIS IV++ image-plate-based area detector to minimize
air scattering. To minimize radiation damage by the longer
wavelength Cr Ko radiation (2.2909 A), X-ray exposure times
were limited to 2-5 min per frame and 1° oscillations. Using
this approach, <500° of data yielded sufficient anomalous

multiplicity values (3.8-fold to 14-fold) to discern the anom-
alous signal from Ca atoms. This information, and all other
diffraction statistics, are presented in Table 1. The statistics for
model refinement are shown in Table 2. The experimental
phasing and model-building approaches for each protein
construct are described in the following subsections.

Table 2
Statistics for structure refinement.

Values in parentheses are for the outer shell.

Protein RII monomer RIII_1-2 RIII_1-4 RIIL_S

RV

Resolution (A) 25.7-2.42 (2.48-2.42) 78.42-2.43 (2.49-2.43) 47.83-2.45 (2.55-2.45)

42.70-2.44 (2.50-2.44)

39.08-2.43 (2.58-2.43)

No. of reflections 2605 7976 20610 6825 22197
Ryork/Riree (%) 14.4/23.4 32.8/36.3 19.2/23.2 18.56/26.27 18.8/26.5
B factors (A?)

Protein 21.6 36.8 37.7 6.2 17.41

Ligand 30.1 444 35.7 35 21.39

Water 23.1 23.5 41.5 5.0 21.70
R.m.s. deviations

Bond lengths (A) 0.012 0.0143 0.0145 0.017 0.0194

Bond angles (°) 1.54 2.07 1.71 1.7 222
Ramachandran statistics

Favored 98 92 94.8 95 97.1

Allowed 2 8 4.9 5 2.9

Outliers 0 0 0.2 0 0

) (©
@) (e

Figure 2

Examples of X-ray diffraction images. (a) Representative diffraction image of the RII monomer with resolution rings indicated at 2.5 and 3 A. (b)
Representative diffraction image of the RIII_1-2 protein. (¢) Representative diffraction image of the RIII_1-4 protein. (d) Representative diffraction
image of the RIII_S protein. (¢) Representative diffraction image of RV. The images in (b)—(e) were collected at the same wavelength and detector

position as that in (a).
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Table 3
Statistics of phase quality determined by the HySS program from AutoSol
in PHENIX.

Table 4
Occupancies and B factors of individual Ca®* ions in the RII monomer
structure.

Protein RII monomer RIIL_S RV Ca”* in RII monomer Occupancy B factor (Az)
BAYES-CC 10.8 £25.3 13.7 £ 26.5 12.4 +£25.9 Ca*" 1 1 30.4
Z-score 3.027 0.590 1.436 Ca** 2 1 204
FOM 0.51 0.44 0.293 Ca** 3 0.9 17.7
Ca™ 4 0.7 323
Ca™ 5 0.8 26.8

3.2. Determination of the heavy-atom substructure and
protein model building

The RII monomer, RIII_S and RV domains proved to be
the most straightforward cases for automated structure
determination using Ca-SAD phasing. The RII monomer
(10 kDa) crystallized in space group P2;, with one molecule in
the asymmetric unit, and diffracted to 2.12 A resolution
(Fig. 2a). The RIII_S domain (20 kDa) crystallized in space
group P2,2,2,, with one molecule in the asymmetric unit, and
diffracted to 2.44 A resolution (Fig. 2d). The RV domain
(14 kDa) also crystallized in space group P2,2,2; and
contained one molecule in the asymmetric unit. It diffracted
to 2.43 A resolution (Fig. 2e). Diffraction images of the RII
monomer, RIII_ S and RV domains were integrated with
iMosfim (Battye et al., 2011) and then scaled with AIMLESS
in CCP4 (Evans, 2006). To determine the Ca-atom substruc-
ture and calculate experimental phases for each domain, the
anomalous data, protein sequence and X-ray wavelength were
input into the AutoSol routine in PHENIX with ‘Ca’ selected
as the anomalously scattering atom (Adams et al, 2010).
Uncertain of how many Ca atoms were coordinated by each
protein, we input a search number that was approximately 5%
of the number of residues in each protein as a starting point.
In the cases of the RII monomer, RIII_5 and RV, Ca-atom

Figure 3

RIIl_1-2

substructure determination was straightforward using the
HySS program within PHENIX AutoSol (Fig. 3), and the
phases were sufficient, with figure-of-merit (FOM) values of
near 0.3 or above, for iterative automated model building by
AutoBuild within PHENIX (Terwilliger et al., 2008; Adams et
al., 2010; Table 3).

The model of the RII monomer built from experimental
phases comprised 102 residues, and the electron-density map
showed a very good final correlation coefficient and connec-
tivity (Fig. 4a). The RIII_5 and RV domain models comprised
188 residues and 137 residues, respectively, and also showed
good map coverage (Figs. 4d and 4e). Each of these initial
models were rebuilt with Buccaneer (Cowtan, 2006) using the
maps produced by AutoBuild, and then manually corrected in
Coot v.0.7 (Emsley & Cowtan, 2004; Emsley et al., 2010). Each
structure was then refined with REFMACS (Murshudov et al.,
2011; Vagin et al., 2004), and when the models were complete
there were five Ca>* ions bound to the RII monomer and eight
Ca’" ions bound to both the RIII_S and RV domains (Table 1).
Notably, not all bound calcium ions appear to be integral to
the structure of these proteins. Using the RII monomer as an
example, Ca®* ions 1-3 appear to be needed for stability of the
protein (Fig. 3a), but Ca®* ions 4 and 5 are present as a result

The five solved structures of MpIBP domains shown in ribbon representation. Protein backbone is colored bronze. Electron density for the anomalous
scatterers (Ca*) is shown as blue mesh, with the anomalous difference map contoured at 30.
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of crystal packing and have slightly lower occupancies
(Table 4).

The RIII_1-2 and RIII_1-4 domain structures were slightly
more challenging to solve using Ca-SAD phasing. RIII_1-2
(20 kDa) crystallized in space group P22,2;, with one mole-
cule in the asymmetric unit, and diffracted to 2.43 A resolution
(Fig. 2b). We found that indexing and integrating the
diffraction images with XDS (Kabsch, 2010), followed by
scaling with AIMLESS (Evans & Murshudov, 2013), was
needed to account for the lower quality of these data. The
structure of RIII_1-2 was solved using Ca-SAD methods in
CRANK? to obtain phase information and to perform auto-
mated building of the initial 190-residue model. The overall
quality of the resulting electron-density map was sufficient to
rebuild the RIII_1-2 model with Buccaneer and Coot v.0.7; the
model, and the positions of its nine bound Ca** ions, was then
refined with REFMACS.

RIII_1-4 (57 kDa) crystallized in space group P1, with one
molecule in the asymmetric unit, and diffracted weakly to
2.4 A resolution (Fig. 2c). Diffraction images were indexed
and integrated with XDS and were scaled with AIMLESS.
With an anomalous multiplicity of only 3.6 (Table 1), RIII_1-4
was the most difficult case for Ca-SAD phasing and required
the data to be truncated at 2.45 A resolution. The data set had
a high Ry, of 0.344 and it was not possible to solve the
structure with AutoSol in PHENIX using SAD methods alone.
We resorted to using an MR-SAD method in CRANK?2 to
obtain phase information and build the initial model. In this
case, the structure of RIII_1-2 was used as a partial search
model for molecular replacement and calcium was used as the
heavy atom in the combined MR-SAD approach. This gave
experimentally phased electron-density maps that were

suitable for model building and structure completion by
Buccaneer and Coot v.0.7, respectively. Refinement with
REFMACS gave an accurate RIII_1-4 model composed of 511
residues that fitted well into the electron-density map (Fig. 4c)
and showed the positions of 15 bound Ca** ions.

In general, our approach was to collect a large amount of
data for all crystals in order to achieve a high anomalous
multiplicity. We found that the proteins with higher molecular
weight, such as RIII_1-2 (190 amino acids) and RIII_1-4 (511
amino acids), required a higher anomalous multiplicity for
phasing than those of low molecular weight (for example the
RII monomer, 102 amino acids). To determine whether suffi-
cient data were available for Ca-SAD phasing, anomalous
signal indicators such as SigAno were tracked as the data were
being collected. Although we did not encounter appreciable
evidence of radiation damage during data collection, we were
careful to monitor this and other data-collection issues that
can degrade the anomalous signal. In such cases, we would
examine and truncate the data as needed to provide the
necessary information for phasing. Therefore, the optimal
data-collection strategy must be determined empirically for
each crystal.

3.3. Model building and refinement

For the five calcium-binding proteins that were studied, we
found that XDS typically gave a more robust performance
than iMosflm for data of poorer quality, and we found that
CRANK?2 tended to be faster than AutoSol in calculating
calcium-substructure maps (Fig. 3). The well coordinated Ca**
ions (those with six or more ligands from protein or water)
usually had occupancies of one or close to one, and their sites

Figure 4
Sample electron densities showing calcium-binding sites and surrounding amino acids. Electron density is shown as blue mesh with the 2F, — F, map
contoured at lo. Polypeptide chains are shown in stick representation with the carbon backbone colored orange, O atoms colored red and N atoms
colored blue. Ca®* ions are shown as large green spheres, while water molecules bound to Ca** are indicated as small cyan spheres. (a) RII monomer. (b)
RII_1-2. (¢) RIII_1-4. (d) RIIL_S. () RV.
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could typically be identified early on during substructure
determination using AutoSol in PHENIX or CRANK in
CCP4. Those Ca®" ions with fewer ligands (typically more
solvent-accessible) have lower occupancies of 0.3 or 0.4. The
initial maps obtained from Ca-SAD phasing typically had R
factors in the region of 30%, and their relatively high reso-
lution allowed most aspects of model building to be automated
(Fig. 4). These structures solved at home provided sufficient
models to solve higher resolution structures by molecular
replacement alone or by MR-SAD when synchrotron data
were available. The crystal structure of the RII monomer was
solved to a resolution of 1.35 A by single-wavelength anom-
alous dispersion and molecular-replacement methods using
Ca”" as the heavy atom to obtain phase information (PDB
entry 4kdw; Guo et al., 2013). High-resolution structures (from
data sets obtained at synchrotron facilities) of RIII_S (PDB
entry 5j6y), RIII_1-4 (PDB entry 5k8g) and RV (PDB entry
Sjuh) were determined by molecular replacement with Phaser
in CCP4 using their respective low-resolution structures
solved by in-house Ca®* phasing as search models (Guo et al.,
2017).

4. Discussion

The successful use of Ca-SAD phasing to provide the first view
of over 90% of the massive ice-binding adhesion protein
MpIBP demonstrates that the weak anomalous differences
produced by this common natural cofactor can be extracted
reliably from data collected from a single crystal. For other
proteins known to chelate calcium, we recommend using
native Ca-SAD as a first attempt at phasing, particularly if the
crystals diffract well and are tolerant of normal X-ray expo-
sure times, as it avoids the need to unnaturally derivatize the
protein. This strategy could also be used in cases where
structure determination by molecular replacement is possible
but model bias is a concern.

Many of the calcium-binding proteins within the cytoplasm
of the cell are involved in calcium signaling and can exist in
both calcium-bound and calcium-free forms. A comparison of
the structures of these two forms can provide valuable infor-
mation about the mechanism of action of the protein. One
such example is from the cysteine protease family of calpains
(Campbell & Davies, 2012). The main calpain isoforms
calpain-1 and calpain-2 are normally in the calcium-free (apo)
state (Hosfield er al., 1999; Strobl et al., 2000) and become
transiently activated on cooperatively binding up to ten Ca**
ions: eight of these ions bind to paired EF-hand motifs and
two bind to atypical binding sites in the protease core
(Moldoveanu et al., 2008; Hanna et al., 2008). This metal-ion
binding causes a conformational change to the protease core
that forms the active-site cleft with the correct juxtaposition of
the catalytic triad residues for proteolysis to occur. When the
calcium signal dissipates, calpain returns to the inactive,
calcium-free state. Related roles of other calcium-binding
proteins in the cytoplasm include calcium buffering, storage
and transport, where again the metal ion tends to serve as a
ligand.

In environments outside the cell, such as blood, lymph and
seawater, where calcium levels are in the low-millimolar range,
there is an even greater range of functions for calcium-binding
proteins (listed in Section 1). Here we also see an increased
use of calcium as an integral structural component of the
protein required for proper folding, rather than just a ligand.
The RTX adhesin, from which the five structures featured here
were derived, is a good example. As with other proteins
exported from Gram-negative bacteria through the type 1
secretion system (T1SS), the adhesin must exit the cell
through a narrow pore as an extended polypeptide chain,
C-terminus first, and then be folded on the outside as the
domains emerge into a calcium-rich environment (Thomas et
al., 2014). Bacterial adhesins appear to be involved in the
initial stages of biofilm formation, and are gaining in impor-
tance as targets for blocking bacterial infection and coloni-
zation (Spaulding et al., 2017). The RTX adhesin featured here
has calcium-dependent ligand-binding domains for affinity for
ice, polysaccharides and peptides that determines its biofilm
location (sea ice) and binding partners (diatoms) (Guo et al.,
2017). Determining the structures and binding partners of
ligand-binding domains in the adhesins of bacterial pathogens
will provide additional strategies for blocking infections.

With the help of the tremendous advances in diffraction
hardware, crystallographic software, data-collection methods
and strategies, and the use of data statistics that are now
available, our results also show that the anomalous signal of
lighter metal atoms can be collected quickly and that the lower
X-ray energy (longer wavelength) of Cr Ko radiation from an
in-house rotating-anode X-ray generator can provide suffi-
cient phasing power from calcium anomalous signals to
routinely phase protein diffraction data. This method provides
a welcome example of how to obtain structural information on
new proteins without waiting for synchrotron beam time. We
also encourage the use of Cr Ko radiation to improve the
strength of anomalous scattering of many other intrinsic
elements in macromolecules, such as zinc, iron, phosphorus
and sulfur, because of the increased f’ (Yang et al., 2003;
Roeser et al., 2005). Research groups that are considering the
acquisition of a home diffractometer are encouraged to
investigate chromium systems as an option. Those seeking to
upgrade older home sources could also investigate the rela-
tively modest modifications required to convert a copper
X-ray system to chromium, as the instrument can still be
useful for native data collections. Moreover, the relative ease
of phasing with calcium, iron, manganese, zinc or copper on a
home-source diffractometer is a valuable enough method to
consider adding metal-binding sites to the target protein
produced by recombinant methods. Thus, the inclusion of
minimal EF-hand or zinc-finger motifs might provide sufficient
sites for phasing.
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