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solution/refinement
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Where we should collect data ?

All X-ray data (2011-2013)

Time: | <1995 1996-2000 2001-2005 2006-2010

Source type: [Bending Magne
Detector type: CCD Detector Silicon Pixel Detector
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Zheng et al, Expert Opinion on Drug Discovery(2014) 9: 125-37



Diffraction experiment - the last
experiment before deposition to PDB

Dataset — 2minutes, sample change 2minutes -> 10minutes
6 datasets/hour -> 144 datasets/day

180 days -> 25920 datasets/day -> 2.5 PDB

125 synchrotron stations -> 324 PDB

Efficiency -> 0.3%



User from a Programmer Point of View

...........

“The most common source of
errors

| is located between a chair and

keyboard”



What experimenters know about data
collection ?

REMARK ESTIMATED OVERALL COORDINATE ERROR.
REMARK ESU BASED ON R VALUE (&) :
REMARK ESU BASED ON FREE R VALUE (&) :
REMARK ESU BASED ON MAXIMUM LIKELIHOOD {A):
REMARK ESU FOR B VALUES BASED ON MAXIMUM LIKELIHOOD (A*%2):
REMARK

REMARK RMS DEVIATIONS FROM IDEAL VALUES.

REMARK DISTANCE RESTRAINTS.

REMARK BEOND LENGTH (L)

REMARK ANGLE DISTANCE (L)

REMARK INTRAPLANAR 1-4 DISTANCE (&)

REMARK H-BOND OR METAL COORDINATICN {A)

REMARK

REMARK PLANE RESTRAINT (L)

REMARK CHIRAL-CENTER RESTRAINT (A*%3)

REMARK

REMARK NON-BONDED CONTACT RESTRAINTS.

REMARK SINGLE TORSION (&) : NULL

REMARK MULTIPLE TORSION (L) : NULL

REMARK H-BOND (X...Y) (&) : NULL

REMARK H-BOND (X-H...T) {L) : NULL

REMARK

REMARK CONFORMATIONAL TORSICN ANGLE RESTRAINTS.

REMARK SPECIFIED (DEGREES) : NULL

REMARK PLANAR (DEGREES) : NULL

REMARK STAGGERED {(DEGREES) : NULL

REMARK TRANSVERSE {(DEGREES) : NULL

REMARK

REMARK ISOTROPIC THERMAL FACTOR RESTRAINTS. RMS

REMARK MAIN-CHAIN BOND {A*%2) : NULL

REMARK MAIN-CHAIN ANGLE {A**2) : NULL

REMARK SIDE-CHAIN BOND {A**2) : NULL




Unexpected correlation?

2.6 3

Resolution (A)

Average R;,.. by resolution bin (with a width of 0.2 A for X-ray crystallography
PDB structures deposited after January 1, 2001, divided into two groups by the
number of missing data items (“NULLs”) in the PDB file. The means for “high-
completion” deposits (20 NULLs or less) are shown in blue, and the means for
“low-completion” deposits (50 or more NULLSs) are shown in red.

J Struct Funct Genomics. 2016 Mar;17(1):1-16.



New Product Approvals (FDA)

Industry R&D Spend
Compared to New Product Approvals
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... number of crystals

RutD from E. coli




Data collection

- What is beneficial for particular type of
experiment (MR, SAD, MAD, Ligand screening) ?

- What is possible ?

Examples:

. Wide sectors vs. narrow sectors
- Inverse beam experiment
- Crystal orientation



Theory vs. Experiment

In theory,

there is no difference between
theory and practice.



Theory vs. Experiment

In theory,

there is no difference between
theory and practice.

But, In practice, there Is.

Jan L.A. van de Snepscheut
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ttp:// www.proteindittraction.or
() [ J [ ]
[ proteindiffraction.org *
&~ [N proteindiffraction.org
it Apps [ cAMEC WeboScience & SeatsGuru B UAL [ F1000Prime i Dean's Office Blog & UVa - FinancialRep [ Save to Mendeley [ Minor Laboratory i UVa-Finalénal
ftHome @About EBrowse Lml Statistics & Submit data
m National Institutes of Health

Office of the Director

Dafa Science at NIH

Integrated Resource for Reproducibility in
Macromolecular Crystallography
This project is being funded by the Targeted Software Development award 1

U01 HG008424-01 as part of the BD2K (Big Data to Knowledge) program of the
National Institute of Health. The project is developing tools for "wrangling” data

projects, as well as individual research laboratories.

contributed by the CSGID, SSGCID, JCSG, MCSG, SGC and other large-scale
Currently indexed diffraction experiments: 2920

from protein diffraction experiments. We are also creating a growing repository

of diffraction experiments used to determine protein structures in the PDB,

Search examples

Find a specific PDB 1D- 4K6A

Free format search: 'potential drug target
Combining searches: drug AND cholera

Specific beamline: beamline=21-1D-G

Fuzzy search: authors ~ Shabalin
Resolution limit (Angstroms): resolution=1.25
Search by tag: workshop

Browse & search

Statistics

L

Submit data




Data collection strategy

» Unbinned farmats

- Binned formats
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Optimal data collection ?

I
Imax= 1007

d=3.394
1=2
[191.7 ,.393.6 ]
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Optimal data collection ?

I
Imax= 1007

d=3.394

1=2

[191.7 ,383.6 ]
HKL
Processing
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Header — is CBF header a MAH ?

2015/May/06 10:30:40

Pixel _size 172e-6 m x 172e-6 m
Silicon sensor, thickness 0.001 m
Oscillation_axis omega
Excluded_pixels: badpix_mask.tif
Chi 0.0000 deg.

Angle_increment 0.1000 deg.
Polarization 0.99

file_comments

N_oscillations 2500

Beam_xy (1223.03, 1256.56) pixels
Exposure_time 0.020000 s

Phi 0.0020 deg.

Energy_range (0, 0) eV
Start_angle 160.6000 deg.
Detector_distance ©.617619 m
Detector_Voffset 0.0000 m

Alpha 0.0000 deg.

Flat_field: (nil)
Threshold_setting 7619 eV
Exposure_period 90.020950 s
N_excluded_pixels: = 321

Kappa 0.0020 deg.

Tau = A =






Do you like this image ?




How expensive is bright lens ?

Canon EF 85mm f1.2L Il USM Lens
for Canon DSLR Cameras - Fixed
by Canon

$1,999.00 Prime
Get it by Monday, Aug 24

More Buying Choices
$1,999.00 new (22 offers)
$1,499.99 used (24 offers)

Trade-in eligible for an Amazon qgift card

YW W v 159

See Style Options

Canon EF 85mm /1.8 USM Medium
Telephoto Lens for Canon SLR

Cameras - Fixed
by Canon

$369.00 Prime

Get it by Monday, Aug 24
More Buying Choices
$369.00 new (27 offers)
$298.00 used (26 offers)

Trade-in eligible for an Amazon gift card

r v 770




Thin slicing, 0.01s/frame




VS, 5, W, VW

Int, b




Xbeam, Ybeam

150.6 151.2 150.0 150.0




Crystal orientation

hta/marcel/Rigaku/crystal_align_test/crystal test 5 0001.0sc =/10|X] jm5.ph094.sm036.db027 Package Licensed to Wladek Minor at University of Virginia Academic license

‘ Update pred | Full scale Go | Show Dwerfl ‘ Peak Sear | Edit P.S. ‘ i bright | )nfiguration Crystal Information Help

;mmef mary | Index | Strategy | Integrate Scale Structure | Publication | Macros | Credits | Copyrights

Imax= 964 Refinement Information:

#.0sc from 1 to 1 Space Group: P222
1=79 Resolution: 50.00 - 0.70
(VR G0 ] Positional: 70 @ 037 Yo 112
Partiality: 88 x2: 0351

# Beam:  125.084 Y Beam:  321.677
W, Minar a 513 b 14.02
Z Otwinowsid o 90.00 B: 90.00 1y
Crystal Rotation X: -79.777 0.000
Crystal Rotation V: 0210 0.000
Crystal Rotation Z: 175.181 0.000
Detector Rotation %: |1 Crystal Alignment Setup
Detector Rotation ¥: Crystal Alignment

Detector Rotation Z:
Crossfire X: Space Group: P222 Upelate

Crossfire Y:

Crossfire XY:

Distance:

Mosaicity:
Crossfire ¥ Scale:
X Skew:

= [=] Ready

‘ Zoom in | Zoom out ‘ Int. box ‘ Diff Vec ‘ Zoom close Caontrols
bkl = (1, 5,-1)

nt values for all sets

Half Corner Corner
B ez 070

Axis Spindle  a* Vertical c*
b v z

B2.262 -4824 -92.494
-97.738 4824 87.506
82.262 175.178 92.494
-87.738  -175.176 -87.506
B2.262 -4824 67.506
-97.738 4824 -92.494
82.262 175.178 -87.508
Display Chi -87.738  -175.17B 92.484

Refinement Sigma Cul

30 Window |1
Peak Search

Close

Refine 2! cycles
Brawvais Laftice Check Mosaicity
Abort Refinement: Reference Zone

Integrate Integration Setup

new date was send, updating picture window
CETICE e TIIET T 22T T
setactgroup 1
g: DG_pendsets_set_select num 1

putdebug: suser kill
putdebug: DG_get_detector_format: raxis3s wide
putdebug: xdisp command: /home/marcel/HKL/hKlsetup/hklbin/xdisp raxis3s wide /da
ta/marcel/Rigaku/crystal_align_test/crystal test 5_0###.0sc 1 -distance=127.38 -
lambda=0.71074

save DLIST distance 127.38

Set Beam Position Set Blind Region Set Shadow Region

Reject Criteria Check in PDB

peaks fn /home/marcel/.hkl 230/peaks.file 12277
SET(1,exp,distance_refined) 127.38
g: DG_get_detector_format: raxis3s wide
putdebug: using Denzo version 2.3.1
Elutdehuq: 5G_change2...0

A
peak pos =[3550.6,,1131.3]
intensity = 4460.2+ 92,9
Dist. to prev. peak=356.1




Space Group Determination
Laue class diagram

Space Group diagram for | centred tetragonal lattice

Done




Space Group Determination

Wiladek Minor at University of Virginia Academic license

Report  Help

hk1+++ b + yl Integrate Scale Structure | | Macros | Credits | Copyrights|
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Where are the real bottlenecks ?

Srvase | Fustabin | Mures | nm | Copripis

Tae e | NS | B

[T —

pace Group

# of Molecu|

g slblta emkins

Resaluion 2.03

Number of




Database-controlled pipeline

lab e-book

HKL-3000




Big brother?

Statistics / Progress in Minor Lab LIMS by researcher

Last week (17 Apr 2015 - 24 Apr 2015)

. Macro Datasets Structure Kinetic
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Target status and path to success

MCSG Structural Biology

PSI Programs

Homologs in PDB
PSI:Biology Targets
MCSG PSI-2 Database

PSI-2 Structures

oo
e
C.
(e
Related Sites
il

tree orientation
® left
top
bottom
() right
done

Target APC100011

Stage

Locus Tag/Selection DB Lookup
NCBI Protein Lookup
Organism

Common Name

Gene Name

NCBI Gene Lookup

NCBI Annotation

TIGR Main Role/Annotations
TIGR Sub Role

Comment

Selection Phase

Purification

final concentration: 264m|
Sel

affinity tag: cleaved
person: Gekleng Chhor

(simple view)
in_pdb
AAur_4089
gi: 119963336 accession: YP_949757
Arthrobacter aurescens TC1
beta-N-acetylhexosaminidase [Arthrobacter aurescens TC1)]
nahA
4638054

MCSG::Biology::Human Microbiome

PSI

PSIBIOLOGY
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Crystallographic ligand screening

Cocktail solutions,
each composed of 5-10
potential ligands

& | Soaking protein crystals
with cocktail solutions

Data collection, structure
solution and identification of
additional electron density

Identification of bound compound
based on the structures

of the cocktail components

and the difference electron density
map




Custom
¥ Liorary

Stendard

Lirary ¢ Check List

v

Ligand List 1_mixC

Listof Ligands

rame
PHOSFH(
ANE
TIDINE
CYTIONE- 5" NCPHOSPHATE
CYTIDINE-5"-DIPHOSPHATE
: TIOINE- 5. MONOPHOSPHATE

noa-polymer
noa-polymar

noa-polymar

Ligand Bulld Score and Map

BN L0 I R DR
2 3 £ 6 7 o

3 “

Licgand Number

and fitting

PDB File




Automatic fitting of single ligand from
particular library

HKL Build Ligand v003 x

- HKL Build Ligand v003

~ PDEFile ~~ PDB File

Check List .- PDB File

Ligand

Ligand
Found

Cancel




Ligands evaluation using crystallography and ITC

The search is extended to
compounds showing
similarity to the first hits.

Tiar?

Time (min} Time (min) Time (min}
2 W 4 w0 oo O 10 B W @ 0 1 220 20 4 50

Cefotaxime 7-aminocephalosporanic 7-aminodesacetoxy-
Kd=3.5+02uM acid cephalosporanic acid

Evaluation of identified ligands using ITC allows to determine the binding affinity
of the ligands and to identity which compounds bind with the highest affinity.



Structures of PA4794 with His-tag (A) and
HEPES (B) bound to substrate binding site

R

Double trouble —Buffer selection and
His-tag presence may be responsible
for nonreproducibility of biomedical
experiments




Effect of His-tag on SpeG
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Protein purification and crystallization
artifacts: The tale usually not told

mon Pur

Maolecular
weight (kDa)
43
anti-aggregation tags
Gluta thione s ) 24
Thioredoxin (Trx) 11

E. ¢oli native protleins

1YRW, 1Z27E, 2BLN,
AWHEG

metalloendopepti
1 endopeptidase

Exogenous proteins A i ATWS, 4PRG
3 2A40

Niedzialkowska et al, Protein Sci. 2016 Mar;25(3):720-33



Resolution and ligands in PDB

@ All structures
HE Unique structures
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Cooper et al, Expert Opinion on Drug Discovery (2011) 6: 771-782 Cooper et al, Expert Opinion on Drug Discovery (2011) 6: 771-782
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Domagalski et al. Methods in Molecular Biology (2014) 1091: 297-314



Metals in PDB

PDB structures 10597 21859 36630 19429

a 100%

O no metal
sites

O plausible
metal sites

O problematic
metal sites

1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2010 2011-as of
publication

structures
containing
problematic  40%
metal sites

0
@i | 0 | o | ejao | awpm | sy | sefases | rovasrs |

Zheng et al Nature protocols (2014)9: 156-70



Metal binding site validation:
CheckMyMetal server

mmm BV symmetry RMSD geometry angles Bldentate CBVS | Alternative metal

l400:A _MG MG- 2.1 0.111 Octahedral 5.36
lao0:B] _MG MG- 2.06 0.079 Octahedral 4.13

Mouse click action: Basic controls: Use the buttons below to control the view

@oNone Center Distance Label Left-Click to rotate Residue Name: °0n _Off
[Zoom In[Zoom Out Center Shift-Left-Click up & down to zoom Metal Distances: On ©Off
Right-Click for Jmol's context menu St Criean On 50ff

Spin: On @Off
Antialiasing: °0n _Off

43:SER Valence Summation of bond valence values for an ion
binding site
BV Summation of bond valence vectors, weighted
symmety by bond valence values. Increase when the
A670:HOH coordination sphere is not symmetrical due to
/ incompleteness.

Geometry lon binding site geometry, as calculated by the
\ NEIGHBORHOOD algerithm
y , ’ RMSD R.M.S. Deviation of observed geometry angles

A669:HOH R ( geometry  (L-M-L angles) compared to ideal geometry, in

8

—

angles degrees

537:HOH S Missing Number of sites that is not occupied in the
‘ " vertices coordination sphere for the assigned geometry
Bidentate  Number of residues that form a bidentate
interaction instead of being considered as
J multiple ligands
‘ Calcium Bond Valence Sum, used for

A668:HOH

alternative metal(s) prediction

[Muller,P. et al. (2003) Is the bond-valence
method able to identify metal atoms in protein
structures? Acta Crystallogr. D Biol.
Crystallogr., 59, 32-37.]

Alternative A list of alternative metal(s) is proposed in
metal descending order of confidency, assuming
metal environment is accurately determined

Zheng et al Nature protocols (2014) 9: 156-70



The way to prove presence of metal

Metal binding site A
9668eV

Metal binding site A
9618eV

Data collected below and above zinc
absorption edge - APS 19BM



Dissonance in Science

Mid-career: Subscription

Early-career: Subscription

Mid-career: Own behavior

Early-career: Own behavior

Mid-career: Others’ behavior

Early-career: Others’ behavior

0% 20% 40% 60% 80% 100%

FIG. 3. Norm versus Counternorm Scores: Percent with Norm > Counternorm (dotted), Norm = Counternorm
(striped), Norm < Counternorm (solid).

Anderson et al J. Empirical Res (2007) (4)6-70
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