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W0308

Teaching Elves to Collect Data: An Analysis of the Last Million Diffraction Images from ALS 8.3.1.
James Holton, Physical Biosciences, Lawrence Berkeley National Laboratory, Berkeley, CA 94720.

Most X-ray data sets collected at synchrotron sources do not produce usable results. An analysis of data
collected m 2003 at the ALS beamline 8.3.1 shows that 2346 datasets were collected and 41 structures were
deposited i the PDB. Although it 1s understandable that not every dataset leads to a published structure. 1t
15 troubling that ~98% of them do not. This large gap between collected data and useful results is not
unique to 8.3.1. The 28 operating American PX beamlines collect ~100.000 datasets/year. This suggests
that a great deal of improvement in scientific productivity can be attained 1if the reasons for failed projects
are better understood.

57 datasets/deposit !!!!
Worldwide < 40 hours/deposit
~ 40-150 crystals/structure
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Star of Africa Crystallography lab

How to define high throughput at the beamline ?
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Space Group diagram for primitive cubic lattice
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The uppet number indicates the Chiz increase when moving to a higher symmetry group
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Space Group Diagram

Space Group diagram for primitive orthorhombic lattice
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The upper number indicates the Chi2 increase when moving to a higher symmetry group.
The lower number represents the probility that the Chiz change is carrect.
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HKL-2000/HKL-3000
as reported for MCSG structures
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Final model with right target Auto-build (resolve) model with wrong target
APC81521 APC81501

To figure out the right target at the resolution of 2.5A

1. Manually build helixes and stands;
2. Submit this model to dali to find out several similar structures in PDB;
3. Search targetDB(MCSG) using the sequence of these structures to find out the right target.
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Anomalous Signal to Molse vs. Resolution
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Anomalous Signal to Molse vs. Resolution
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content 17 mole ules in AU
~38% solvent content = 57 molecules in AU
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Anomalous Signal to Moise vs. Resolution
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UNIVERSITY 1222 crystal form

7VIRGINIA

~210 A
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UNIVERSITY 1222 crystal form

7VIRGINIA

~210 A
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BMC Sructural Biology 2006, 6:27

Figure §
The putative active sive of SA1388. (&) Conserved resi-
dues at the putative actve sites of 541 388 (green), 5P 1609
{cyan) and E colf yhgl (yellow). The twa zinc ons of SA1 388
and the bridging warer molecule are shown as spheres and
the cquivalent residues in the three strucoures are labelled in
their respactive colors. The two histidine residues of SA| 388
that are contributed by the adjacent subunit are colered
navy blue. (B) Electron density of the endogenos ligand (Fo-
Fe map contoured at 3.0 o) thar s directly ligated 1o the
rcuive site Zing fons in 541368, Residues interacting with the
twan zinc atoms are shown and the metal ing inter-

httpctwww lomedcentral.com/ 14726807127

eryoprotection and therefone conclude that the obsenved
Niganad st in Gact be an endogenously bowned ligand tha
was co-purified after i iomn.
contours of the difference electron density map (Figure
5B) afier final refinement suggests the presence of a head
group directly ligated 1o the metal ions and a mostly
alipharic il that has few specific polar interacions with
the surrounding protein wesidues (Fgure SB). Two @
[¥289, shown in Figure 5A) and
a tryptophan (W22) lie in close proximity to the bound
ligand and may be invalved in ligand binding.

Discussion

Ablhough homologs of both PII and NIF3 proteins are
founed whiguitously in all three kingdoms of life, the fine
tion of SA1388 and its homolags that con
ik anch M1ER-Jiker chomain vin completely unknaws
The fusion of the two proteins in one peptide chain indi-
cates a functional coupling of these two proteins. The
structural features revealed in the presem swdy, such as
the cage-like hexameric worold stucture with s NIF3
domains as walls and the two Pll-like domain trimers as
Nicks, thwe dinuchear metal site, and the ingrinsically bound
ligand, may provide ¢ chues of i pote | functiom
The primary role of the nitrogen regulatory PII proteins is
o integrate various intracellular carbon and nitrogen sig-
nals by regulating enzymes involved in nitrogen assimila-
tion [10]. Pl exens its regulawory effects by undergoing
differert post rranslational modifications, such as uridy-
Iytation [24] and phosphorylation [25] by variows sodi-

s o e

in bath

lcki.ns have been salved including glnB (from E. coli, T
thermophilus, Smecococcws and Herbaspirillum), Glna (E
coli). gInK (E. coli). HisG (E. coli and M. mbercwlosis).
Cuthl (human, rat and T. mariima), and a hypotherical
pmmn from COG 1993, Effectors of P include ranscrip-

actors [10,11], sgmalling prowins ep, histidine
« [26), and metabolic eeymes like gl amine syn-
thase |27]. Apart from its primary signalling modulator
glutamine, PII proteins are known to bind a range of small
molecule effeciors such as ATP, UMP, and 2-kewoghnarare.
which affecs s function antagonisically w glutamine
(reviewed in |10]). It is highly likely that the wimeric Pl
domain of $41388 also plays a ligand induced signalling
role and probably ngulates the fanction of the NIE3 il
domains.

Unlike PII domains, the NIF3-like domains have only
recently begun to be structurally characierized. and their

actions are indicated by domed lines. The bridging warer mol-
ecule between the two Zn atoms is indscaved by an asterick
.

function reladonshi ins sketchy. NIF3-like
e ubiguitoasly conserved  from bactes
jotes (28] They have been defined in uniprot
s the uncharcterized protein Gmily UPE0135

that has 64 homologs [29]. Several homologs of this fam-

Page Bof 11
twage mier ot For cation pupsesl
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[X| HKL-3000 v0.98.698r.ph059 Package Licensed to Wladek Minor at University of Virginia Academic license

File Options  Site Configuration Crystal Information Help

Proiectl Data | Summaryl Index | Strategyl Integrate | Scale | Structure | Publication | Macros | Credits | Copyrights

Pending Set: Building Model - Refmac: Done

1. 2ukd_import.sca i Analyze Data | Prepare Model | Run MR | Rebuild Model

Status:
Time Elapsed: 00:00:46

Space Group P41212 = Refine start 15:43:51 Apr 02, 2008 - number of waters: 111 ..
hap in hkl_import.miz, model in hkl_import.pdb
# of Residues 134 /388

Molecular Weight 2194373 B, Fom us. Cudle

37.21 2.20

Resolution

| . e . o —————————

# of Molecdles F AU |2 m N
040 .

Solvent Content

g 04
Aort ) o2

R factor
way

Display Map Pefine cycle 1R = 0,193 B free = 0,200 Fom = 0,895
Refine cycle 2R = 0.187 R free = 0.208 Fom = 0.B87
Refine cycle 3:F = 0,183 R free = 0.214 Fom = 0.B81
Refine cycle 4R = 0,184 R free = 0.217 Fom = 0.B77
Fefine cycle 5:R = 0.184 R free = 0.220 Fom = 0.875
Fefine cycle & R = 0.183 R free = 0.222 Fom = 0.672
Refine cycle 7:R = 0.183 R free = 0.223 Fom = 0.871
Fefine cycle & R = 0.183 R free = 0.225 Fom = 0.863
Fefine cycle 3R = 0.182 R free = 0.225 Fom = 0.B68
Fefine cycle 10: R = 0.182 R free = 0.227 Fom = 0.B67

Bond distances rmsd: 0.019, bond angles rmsd: 1.758
hap out hkl_refine_1.miz, model out hkl_refine_1pdb

= Refine end 15:44:38 Apr 02, 2008 ... /
Build MNew Residuesl Compact Model | Improve Map | =
Check Geometry | Sec Str Statistics | Add Waters |
Render Model | Display Seqguence |
BuldLigand |  Checkwaters |  METwMSE | |-
RefineModel | Manual Model Build | AdvancedMode |
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= YaXa) x| Coot
File Edit Calculate Draw Display Manager Measures Validate HID ResetWiew About

(mol. no: 2) CZ2f1IAl8 W ; © C pos: (2945, 3.9
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PepDB @ [UNIVERSITYy VIRGINIA, 5ot Msiter

Exprewnon - 34 pecords Sl page | of 1
ecor la

Other systems provide additional
contextual up- and downstream
Information

Wetlab
chemicals & solutions
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. Build Ligand . Build Ligand

* Use Standard Use Custom
Librany ~ Library

Use Standard Use Custom

o Use File Library Library

~ Use File

—al Wiew

—List of Ligands —List of Ligand
code  |name type # of atoms code  [name type |# of atoms
ACE acetyl polymer 3 & ET1 BIS-TRIS PROPANE non-polymer 19 [
FCOR Formyl palymer Z NTS MNAPHTHALEME TRISULFOMNATE non-palymer 22
BOC TERT-BUTYLOXYCARBOMNYL GROUP palymer 7 ADP ADEMOSINE-5"-DIPHOSPHATE non-palymer 27
V& Isovaleric_acid palymer B LAT LACTOSE D-sacchard 23
DFO 2,2-difluoro-3-hydrostatone polytmer 14
NIME K-methylamide polyter 2
5TA STATINE palymer 11
ETA ethanolamine palymer 4
TFA TRIFLUOROACETYL GROUP palymer 4}
AN 4-TRIFLUDROMEHYLAMNILINE palymer 11
MPR BETA-MERCAPTOPROPIONATE palymer g
Dar MN-METHYL-ALPHA-BEETA-DEHYDROALAMIME  polymer B
ACE Z2-AMINO-3-CARBONYLBUTANOIC ACID palymer 9
ADD 2,6,8-TRIMETHY L-3- AMINO-5-BENZ Y L-3-M palymer 23
CRM M-CARBORYMETHIONIMNE palymer 11
DIP DIPEMTYLAMINE palymer 11
BaL BETA-ALANIMNE palymer g
MAN-h-D beta_D_mannose D-pyranose 1z
MAG-b-D beta_D_MN-acetyl-Glucose C-pyranose 15 _
ala sialic-acid L-saccharid 21 ¥
Ligand Id  |DIP Ligand Id  [LAT
Done | Cancel | Done | Cancel |
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% HKL-3000 v0.98.698r.ph059 Package Licensed to Wladek Minor at University of Virginia Academic license

File Options  Site Configuration Crystal Information Help

Projectl Data | Summaryl Index | Strategyl Integrate | Scale | Structure | Publication | Macros | Credits | Copyrights

Pending Set: Building Model - Refmac

1. 2d6im_import.sca || Analyze Data | Prepare Model | Run MR | Rebuild Model

Status:
Time Elapsed: 00:071:21

= Build ligand start 143457 Apr 02, 2008 ...

Space Group Pz12121 Cycle 1- ligand build
. Cycle 2 - ligand build
# of Residues 1537318 > Build ligand end 1:35:40 Apr 02, 2008

Molecular ‘Weight 18152.59

= Build ligand start 14:36:44 Apr 02, 2008 ...

Resolution 3721 160 Cycle 1- ligand build
Cycle 2 - ligand build
# of Molecules f AU |2 = Build ligand end 14:37:30 Apr 02, 2008
Solvent Content 0.41 = Refine start 14:52:15 Apr 02, 2008 - number of waters: 598 ...

Map in hkl_refine_1.miz, model in hkl_build_ligand_2 pdb

B, Fom us. Cyde
$I !

L—
Display hap 4 05
3 3
& F
U 04
g o0z
o 0
Refine cycle F free = 0.237 Fom = 0.793
Refine cycle E free = 0.225 Fom = 0.808
Refine cycle Efree = 0.221 Fom = 0.813
Refine cycle F free = 0.220 Fom = 0.815 /

Check Geometry | | |

Render hodel | Disp\aySequencel

| | Advanced Mode |
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eoe X/ Coot

File Edit Calculate Draw Display Manager Measures Validate HID ResetView About

(Mol ) CZ2M1IAIST TRP occ: 1.00bf 7.84 ele: C po . 91, 5.97)
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8ene X! Coot

File Edit Calculate Draw Display Manager Measures Malidate HID BesetView  About
4 L !

4

Y
[mol. not 2) CZ2M1/A81 TRP oce: 1.00 bf: 633 ele: C pos: (2948, 391, 591)
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8ene X Coot

File Edit Calculate Draw Display Manager Measures ‘Validate HID Reset'View About
L__

Successfully read coordinates file hkl_refine_3 pdb. Moleclle number 2 created.
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806 [X| HKL-3000 v0.98.698r.ph059 Package Licensed to Wladek Minor at University of Virginia Academic license

File  Options Site Configuration Crystal Information Help

Projectl Data | Summaryl Index | Strategyl Integrate | Scale | Structure | Publication | Macros | Credits | Copyrights

Pending Set: Building Model - Refmac: Done

1. 2dbm_import.sca i Analyze Data | Prepare Model | Run MR I Rebuild Model

Status:
Time Elapsed: 00:01:26

> Refine end 14:33:44 Apr 02, 2008 ...

Space Group Pz1z121

> Refine start 15:05:35 Apr 02, 2008 - number of waters: 638 ..

# of Residues 1287318 Iap in hkl_refine_2.mtz, model in hkl_refine_2-coot-0.pdb
f Refine cycle 1: R = 0172 R free = 0.220 Fom = 0.818
ity el e Refine oydle 2 R - 0.171 R iree - 0.213 Fom - 0.818
Resolution 97.21 1,60 Refine cycle 3: R =0.172 Rfree = 0.219 Fom = 0.819
Reflne cycle 4R =0172 Rfree = 0.219 Fom = 0.818
# of Molecules f AL 2 Refine cycle 5:R = 0,172 B free = 0.220 Fom = 0.818
4 Refine cycle 6:R = 0,172 R free = 0,220 Forn = 0,817
Solvent Content 0.4 Refine cycle 7:R = 0,172 R free = 0.220 Forn = 0.818
Refine cycle 8:F = 0172 R free = 0.220 Fom = 0.818
Refine cycle 9:F = 0.172 R free = 0.220 Fom = 0.817
Refine cycle 10: B = 0.172 R free = 0.220 Fom = 0.818
Bond distances rmsd: 0.012, bond angles rmsd: 1.442
Abort Ivlap out hkl_refine_3.mtz, model aut hkl_refine_3.pdh
> Refine end 19:07:21 Apr 02, 2008 ..
- = Geometry analysis start 15:07:44 Apr 02, 2008 ...
Display Map Maodel in hkl_refine_3,pdb
Clashscore 6.79
Clashscore is the number of serious steric overlaps (= 0.4A) per 1000 atoms
Rotamer owliers 1.14% goal =1%

Ramachandran ottliers 0.00% goal <0.2%
Ramachandran favored ~ 98.959% goal »38%
Residues with bad bonds ~ 0.00% goal <1%
Residues with bad angles  0.00% goal <0.5%
MolProbity score 1.42

= Geometry analysis end 13:07:58 Apr 02, 2008

Build MNew Residues | Compact Model | Improve hap | &
Check Geometry | Sec Str Statistics | Add Waters |
Render Model | Display Sequence |
BuldLigand |  CheckWaers |  METwMSE | |-
Refine Model | Manual Model Buld | | Advanced Mode |
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R HKLZ000 w088 6316 phizs, smo17 Package Licens=ed to Wiadek Minor at University of Virginia — Academic [eeRse

(Sl HKLZ000 v0.56. 661 phis. sm 1T Package Licensed 1o Wiadek Minor at University of Virginia Academic license
FEile Qptions  Principal C SHE G Crystal Help

Eile  Options  Principal C ste G Crystal Help
| Project | Data | Summary | Index | Strategy | Integrate | Scale | Structure | Publication | Macros | Credts | Copyrights |

| Project | Data | Summary | Index | Stategy | integrate | Seale | Structure | Publication | Macras | Credits | Copyrights |

hiolecule Formula CHIZH10251C1 N Exact Formula

Intensity File outputsca Space Group Pz12121 Molegules per AU 1.0 Density (giml) 137
A1 {all) 0.0205 A1 002001 whZ 0.0550 Coof 1006 Flack 0.9990 esd 0.8495

hpiecule Formula CSHIZNIOZS1CN | Exact Formula

Intensity File outputsca Space Group P212121 Molecules per AU |10 Density (g/ml) 1.37
R1 (2] 0.0086 R 0B WRE 00500 GooF 190 Flack 00043 asd 00450

~Molecuile View / Malecule View

Flack=0.999 . Flack=-0.0049

(o

- Symmetry Distance: N1 CE 47T A I Symenelry [Distance: NT CR 47T A
~Controls Contrals
W Direct Methad Fedne o1 Add New Atoms |0 W [Hrect Meshod Refing i Add New Atoms |0
=i Edit Current Input I Remave All Hydrogens
CHsplay Map Hydroge 1 Edit Current Input R 1 Remave All Hysrogens

ol Show Log = Add Ideal Hydrogens i Show Log é 1 Add |deal Hydrogens

I Inverse Structure Abort W Anisotropic B-factor Refinement 1 [rwares Struchure At W Aniscirpic B-tactor Refnement
_I Feject Refiections - Histary + I Extinction Refinement i Reject Reflections. - History + 1 Extinction Refinenment
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