
UltraUltra--highhigh
resolutionresolution structuresstructures

inin validationvalidation
((andand not not onlyonly...)...)

Mariusz JaskolskiMariusz Jaskolski

DepartmentDepartment ofof CrystallographyCrystallography, A. Mickiewicz , A. Mickiewicz UniversityUniversity
Center for Biocrystallographic Center for Biocrystallographic ResearchResearch,,

PolishPolish AcademyAcademy ofof SciencesSciences, , PoznanPoznan, , PolandPoland



HowHow to to assessassess crystallographiccrystallographic structuresstructures??

ResolutionResolution ddminmin==λλ/(2sin/(2sinθθmaxmax))

ÅÅ 33 2.72.7 22 1.51.5 1.2  1.01.2  1.0

DeviationsDeviations fromfrom „„idealideal”” geometrygeometry
rms(bondrms(bond--lengthlength –– standard)standard)

ÅÅ 0.030.03 0.020.02 0.010.01

R (R (residualresidual), ), RRfreefree , , RRsleepsleep: : RR==ΣΣ||F||Foo||--|F|Fcc||/||/ΣΣ|F|Foo||

%% 3030 2020 1515

%% 88 55 22

RRfreefree -- RR

L o w M e d i u m H i g h A t o m i c



In small-molecule crystallography, atomicatomic resolutionresolution is nearly
always achieved and atomic coordinates are determined directly as 
peak coordinates in Fourier or difference-Fourier maps

In macromolecular crystallography, this is rarely the case; the
primary product is a (lower resolution) electron density map, and
an atomic model of a macromolecule is (at least to some degree) a 
result of its subjective interpretation by a crystallographer

small-molecule crystallography

(full Cu sphere, λ=1.54 Å)
dmin = 0.77 Å

Mo radiation, λ=0.71 Å
2θmax = 60º
dmin = 0.71 Å

smallsmall--moleculemolecule crystallographycrystallography

((fullfull Cu Cu spheresphere, , λλ=1.54 =1.54 ÅÅ))
ddminmin = 0.77 = 0.77 ÅÅ

Mo Mo radiationradiation, , λλ=0.71 =0.71 ÅÅ
22θθmaxmax == 6060ºº
ddminmin = 0.71 = 0.71 ÅÅ

macromolecular crystallography

dmin = 1.2 Å (Sheldrick criterion)
(atomic resolution)

already a big success

macromolecularmacromolecular crystallographycrystallography

ddminmin = = 1.21.2 ÅÅ (Sheldrick (Sheldrick criterioncriterion))
((atomicatomic resolutionresolution))

alreadyalready a big a big successsuccess

but but eveneven ifif atomicatomic resolutionresolution isis not not achievedachieved ––
atomicatomic modelsmodels cancan be be builtbuilt





Not all map interpretations are non-problematic, errors are inevitable.
They can be insignificant, trivial, serious, severe or

even devastating or (extremely rarely) intentional (fraud)

Not Not allall map map interpretationsinterpretations areare nonnon--problematicproblematic, , errorserrors areare inevitableinevitable..
TheyThey cancan be be insignificantinsignificant, , trivialtrivial, , seriousserious, , severesevere oror

eveneven devastatingdevastating oror ((extremelyextremely rarelyrarely) ) intentionalintentional ((fraudfraud))

a degree of subjectivity
is involved in map interpretation

especially with poor data
therefore

it is so essential
that crystallographers
should be well trained

itit isis soso essentialessential
thatthat crystallographerscrystallographers
shouldshould be be wellwell trainedtrained

(for instance, at Como Schools)

figures courtesy of Z. Dauter

(for instance, at Como Schools)



unrealisticunrealistic apolarapolar
""activeactive sitesite""

"metal "metal sitesite" " withoutwithout
properproper coordinationcoordination by by 
proteinprotein

funnyfunny placementplacement ofof
"S"S--S" S" bridgesbridges

FrankensteinaseFrankensteinaseFrankensteinase

Appearances may be deceptive.....



Error types
- scientific fraud, data fabrication (extremely rare)
- totally wrong model (honest error), e.g. ABC transporters, RuBisCO subunit
- wrong connections between secondary structure elements
- register error – sequence shift
- wrong residue assignment
- wrong side chain conformation
- wrong metal/water assignment
- unjustified solvent modeling
- unjustified/unreasonable B-factors
- unjustified modeling of H atoms
- fictitious modeling in bad maps at low contour

Error source
- paucity of data (reflections) - model "overinterprets" available data
- bad data quality
- negligence of experimenter



Observation/parameter ratio in protein crystallographyObservationObservation//parameterparameter ratioratio inin protein protein crystallographycrystallography

Typical protein crystal:
Matthews volume: Vm=2.1 Å3/Da → 40% solvent
protein in ASU: 500 aa (60 kDa) → 4000 non-H (5000 H) atoms
H2O molecules in ASU: 1500
model parameters: 12 000 non-H coordinates, Biso fixed (no water)
(assuming no disorder) 16 000 non-H coordinates + individual Biso (no H2O)

20 000 non-H coordinates + individual Biso (1000 H2O)
45 000 non-H coordinates + Baniso (1000 H2O)
64 500 aniso non-H + H coordinates/Biso fixed (1500 H2O)
70 000 aniso non-H + iso H (1500 H2O)

(152 000 multipole model)

unique reflections: 6.0 Å 1200
4.0 Å 4000
3.5 Å 6100
3.0 Å 9700
2.5 Å 17000
2.0 Å 33000
1.8 Å 45000
1.5 Å 77500
1.2 Å 150000
1.0 Å 260000
0.8 Å 510000
0.6 Å 1200000

TypicalTypical protein protein crystalcrystal::
MatthewsMatthews volumevolume:: Vm=2.1 Vm=2.1 ÅÅ33/Da/Da →→ 40% 40% solventsolvent
protein protein inin ASU:ASU: 500 aa (60 kDa) 500 aa (60 kDa) →→ 4000 4000 nonnon--HH (5000 H) (5000 H) atomsatoms
HH22O O moleculesmolecules inin ASU:ASU: 15001500
model model parametersparameters:: 12 000 12 000 nonnon--HH coordinatescoordinates, , BisoBiso fixedfixed (no (no waterwater))
((assumingassuming no no disorderdisorder)) 16 00016 000 nonnon--HH coordinatescoordinates + + individualindividual BisoBiso (no H(no H22O)O)

20 000 20 000 nonnon--HH coordinatescoordinates + + individualindividual BisoBiso (1000 H(1000 H22O)O)
45 00045 000 nonnon--HH coordinatescoordinates + + BanisoBaniso (1000 H(1000 H22O)O)
64 500 64 500 anisoaniso nonnon--HH + H + H coordinatescoordinates//BisoBiso fixedfixed (1500 H(1500 H22O)O)
70 00070 000 anisoaniso nonnon--HH + + isoiso H (1500 HH (1500 H22O)O)

((152 000 multipole model152 000 multipole model))

uniqueunique reflectionsreflections:: 6.0 6.0 ÅÅ 12001200
4.0 4.0 ÅÅ 40004000
3.5 3.5 ÅÅ 61006100
3.0 3.0 ÅÅ 97009700
2.5 2.5 ÅÅ 1700017000
2.0 2.0 ÅÅ 3300033000
1.8 1.8 ÅÅ 4500045000
1.5 1.5 ÅÅ 7750077500
1.2 1.2 ÅÅ 150000150000
1.0 1.0 ÅÅ 260000260000
0.8 0.8 ÅÅ 510000510000
0.6 0.6 ÅÅ 12000001200000



hkl not enough for high (or any, for that matter) resolutionhklhkl not not enoughenough for high (for high (oror anyany, for , for thatthat mattermatter) ) resolutionresolution

criteria for high-resolution limit of experimental data
(parameters for high-resolution data shell)

criteriacriteria for for highhigh--resolutionresolution limit limit ofof experimentalexperimental datadata
((parametersparameters for for highhigh--resolutionresolution data data shellshell))

% completeness at least 80*

(data with I > 2σ(I)      50%)
<I/σ(I)>                  2.0

% % completenesscompleteness atat leastleast 8080**

(data (data withwith I > 2I > 2σσ(I)      50%)(I)      50%)

<I/<I/σσ(I)>                  2.0(I)>                  2.0

**but don't reject reflections in sparsely populated data shells! 
each and every one reflection is very precious;
the true "optical resolution" will be simply lower



figures courtesy of Z. Dauter

Model building at low and high resolutionModel Model buildingbuilding atat lowlow andand high high resolutionresolution



Resolution     Features Observed

5.0 Å Overall shape of the molecule
3.5 Å Cα trace 
3.0 Å Side chains
2.7 Å Carbonyl O atoms (bulges)

First chance to see water molecules
2.5 Å Side chains well resolved,

Peptide bond plane resolved
1.4 Å Holes in aromatic rings

Anisotropic B-factors possible
1.2 Å True atomic resolution
1.0 Å First chance to see H atoms
0.6 Å Current limit for best protein crystals

Resolution     Features ObservedResolution     Features Observed

5.0 5.0 ÅÅ Overall shape of the moleculeOverall shape of the molecule
3.5 3.5 ÅÅ CCαα trace trace 
3.0 3.0 ÅÅ Side chainsSide chains
2.2.77 ÅÅ Carbonyl Carbonyl O O atomsatoms (bulges)(bulges)

FirstFirst chancechance to to seesee waterwater moleculesmolecules
2.5 2.5 ÅÅ Side chainSide chainss well resolved,well resolved,

Peptide bond plane resolvedPeptide bond plane resolved
1.1.44 ÅÅ Holes in Holes in aromaticaromatic ringsrings

AnisotropicAnisotropic BB--factorsfactors possiblepossible
1.2 1.2 ÅÅ TrueTrue atomicatomic resolutionresolution
1.0 1.0 ÅÅ FirstFirst chancechance to to seesee H H atomsatoms
0.6 0.6 ÅÅ Current limit for best proteinCurrent limit for best protein crystalscrystals

Resolution of electron-density maps and the corresponding model detailResolution of electron-density maps and the corresponding model detail



StructureStructure RefinementRefinement

MinimizeMinimize ((e.ge.g. . inin LSQLSQ) ) thethe followingfollowing functionfunction::
S1=S1=ΣΣw(|Fw(|Foo||--|F|Fcc|)|)22

NotoriousNotorious problemproblem inin macromolecularmacromolecular refinementrefinement, , especiallyespecially atat
lowlow resolutionresolution: : insufficientinsufficient amountamount ofof datadata

SolutionSolution: : reducereduce numbernumber ofof parametersparameters ((constraintsconstraints) ) oror ((betterbetter) ) 
increaseincrease numbernumber ofof ""observationsobservations" (" (restraintsrestraints))

StereochemicalStereochemical restraintsrestraints as as additionaladditional equationsequations::

S2=S2=ΣΣ((σσ))--22[p(ideal)[p(ideal)--p(calc)]p(calc)]22

((analoganalogyy toto ""energenergyy" " minimizationminimization))

maymay alsoalso involveinvolve elementselements ofof subjectivitysubjectivity inin choosingchoosing a a refinementrefinement pathpath
andand especiallyespecially inin manualmanual model model rebuildingrebuilding, , solventsolvent interpretationinterpretation, etc., etc.

stereochemical targetstereochemicalstereochemical targettargetweightweightweight



bond lengths

bond angles

torsion angles

Bond lengths, angles, and other
parameters that must be reproduced 
by the model

van der Waals contacts planar groups

Types of stereochemical restraintsTypesTypes ofof stereochemicalstereochemical restraintsrestraints



The source of restraintsThe source of restraints
used in almost all refinementused in almost all refinement

programsprograms

Average Average σσ
0.022 0.022 ÅÅ

derived from
small-molecule structures
(CSD)
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Rmsd of bond lengths in PDB-deposited structuresRmsdRmsd of bond lengths in PDBof bond lengths in PDB--depositeddeposited structuresstructures

at lower resolution the models are
"better" than the targets themselves
atat lowerlower resolutionresolution thethe modelsmodels areare

""betterbetter" " thanthan thethe targetstargets themselvesthemselves



The influence of restraints on the final modelTheThe influence influence ofof restraintsrestraints on on thethe finalfinal modelmodel

• guarantee stereochemical correctness of the model
• restraints absolutely necessary at low resolution
• with increasing resolution compete for control of refinement with diffraction terms
• should not be enforced more strictly than warranted by their errors
• at atomic resolution diffraction terms dominate anyway, rmsd(b)=0.03 Å normal
• at atomic resolution can be restricted to flexible parts of the model only
• their weight should be coupled with B/occ of affected atoms
• are the targets reliable? New info from CSD and PDB
• are their standard uncertainties (weights) reliable?

•• guaranteeguarantee stereochemicalstereochemical correctnesscorrectness ofof thethe modelmodel
•• restraintsrestraints absolutelyabsolutely necessarynecessary atat lowlow resolutionresolution
•• withwith increasingincreasing resolutionresolution competecompete for for controlcontrol ofof refinementrefinement withwith diffractiondiffraction termsterms
•• shouldshould not be not be enforcedenforced moremore strictlystrictly thanthan warrantedwarranted by by theirtheir errorserrors
•• atat atomicatomic resolutionresolution diffractiondiffraction termsterms dominatedominate anywayanyway, rmsd(b)=0.03 , rmsd(b)=0.03 ÅÅ normalnormal
•• atat atomicatomic resolutionresolution cancan be be restrictedrestricted to to flexibleflexible partsparts ofof thethe model model onlyonly
•• theirtheir weightweight shouldshould be be coupledcoupled withwith B/B/occocc ofof affectedaffected atomsatoms
•• areare thethe targetstargets reliablereliable? New ? New infoinfo fromfrom CSD CSD andand PDBPDB
•• areare theirtheir standard standard uncertaintiesuncertainties ((weightsweights) ) reliablereliable??



Expansion of structural databasesExpansionExpansion ofof structuralstructural databasesdatabases

Jan 1991      Sep 2008  Increase

~80000       ~480000       6x

709        >53000     ~75x
atomic 15          ~870     ~60x
0.8 Å 1997→ 0        21       ∞

Jan 1991      Sep 2008  Jan 1991      Sep 2008  IncreaseIncrease

~80000       ~480000       6x~80000       ~480000       6x

709        >53000     ~75x709        >53000     ~75x
atomicatomic 15          ~870     ~60x15          ~870     ~60x
0.8 0.8 ÅÅ 19971997→→ 0        21       0        21       ∞∞



Availability of ultra-high resolution protein structures AvailabilityAvailability ofof uultraltra--high resolution high resolution protein protein structures structures 

• at 1.0 Å number of data sufficient for unrestrained refinement
• but there is increased level of resolved multiple conformations (more params.)
• unrestrained refinement of best regions (main-chain) possible
• restraints still necessary in fragments poorly defined by diffraction (disorder)
• diffraction terms dominate refinement
• full-matrix and estimated standard uncertainties possible
• rmsd(target) values reflect combined error of model and targets
• 0.02-0.03 Å deviations from target bonds acceptable

•• atat 1.0 1.0 ÅÅ numbernumber ofof data data sufficientsufficient for for unrestrainedunrestrained refinementrefinement
•• but but therethere isis increasedincreased levellevel ofof resolvedresolved multiplemultiple conformationsconformations ((moremore paramsparams.).)
•• unrestrainedunrestrained refinementrefinement ofof bestbest regionsregions ((mainmain--chainchain) ) possiblepossible
•• restraintsrestraints stillstill necessarynecessary inin fragmentsfragments poorlypoorly defineddefined by by diffractiondiffraction ((disorderdisorder))
•• diffractiondiffraction termsterms dominatedominate refinementrefinement
•• fullfull--matrixmatrix andand estimatedestimated standard standard uncertaintiesuncertainties possiblepossible
•• rmsd(targetrmsd(target) ) valuesvalues reflectreflect combinedcombined errorerror ofof model model andand targetstargets
•• 0.020.02--0.03 0.03 ÅÅ deviationsdeviations fromfrom targettarget bondsbonds acceptableacceptable



2Fo-Fc
2.0σ
22FoFo--FcFc
2.02.0σσ BPTI at 0.86 ÅBPTI BPTI atat 0.86 0.86 ÅÅ

Fo-Fc
2.9σ
FoFo--FcFc
2.92.9σσ

Importance of high resolutionImportanceImportance ofof high high resolutionresolution

• confidence in unusual model features
• accurate modeling of multiple conformations
• possibility to "see" H atoms (essential for enzymes etc.)
• removal of model bias (better observation/parameter ratio)
• "protein stereochemistry from proteins"

•• confidenceconfidence inin unusualunusual model model featuresfeatures
•• accurateaccurate modelingmodeling ofof multiplemultiple conformationsconformations
•• possibilitypossibility to "to "seesee" H " H atomsatoms ((essentialessential for for enzymesenzymes etc.)etc.)
•• removalremoval ofof model model biasbias ((betterbetter observationobservation//parameterparameter ratioratio))
•• "protein "protein stereochemistrystereochemistry fromfrom proteinsproteins""



1EJG1EJG 1UCS1UCS 1US01US0 1YK41YK4 1R6J1R6J 1HJE1HJE 3AL13AL1 2B972B97 1GCI1GCI 1X6Z1X6Z <d>(<d>(sdsd)) EHEH

ResolutionResolution ((ÅÅ)) 0.540.54 0.620.62 0.660.66 0.690.69 0.730.73 0.750.75 0.750.75 0.750.75 0.780.78 0.780.78

R/R/RRfreefree
0.090/0.090/
0.0940.094

0.137/0.137/
0.1550.155

0.094/0.094/
0.1030.103

0.100/0.100/
0.1080.108

0.075/0.075/
0.0870.087

0.127/0.127/
xxxxxx

0.130/0.130/
0.1450.145

0.130/0.130/
0.1480.148

0.099/0.099/
0.1030.103

0.143/0.143/
0.1570.157

Rmsd(dRmsd(d)) ((ÅÅ)) 0.00.02222
0.0110.011

0.010.0155
0.0140.014

0.00.06767
0.0140.014

0.020.0222
0.0180.018

0.010.0166
0.0120.012

0.0230.023
0.0110.011

0.030.0366
0.0160.016

0.020.0288
0.0270.027

0.010.0166
0.0140.014

0.0190.019
0.0170.017

allall atomsatoms
no no disorderdisorder, B<40, B<40ÅÅ22

NN--CCαα ((ÅÅ)) 1.460(28)1.460(28)
1.456(11)1.456(11)

1.459(10)1.459(10)
1.455(10)1.455(10)

1.455(8)1.455(8)
1.453(9)1.453(9)

1.467(25)1.467(25)
1.462(9)1.462(9)

1.455(9)1.455(9)
1.454(8)1.454(8)

1.463(26)1.463(26)
1.453(6)1.453(6)

1.454(8)1.454(8)
1.454(8)1.454(8)

1.455(23)1.455(23)
1.455(23)1.455(23)

1.457(10)1.457(10)
1.457(9)1.457(9)

1.449(13)1.449(13)
1.449(13)1.449(13)

1.456(15)1.456(15)
1.454(12)1.454(12) 1.458(19)1.458(19)

CCαα--CC ((ÅÅ)) 1.529(13)1.529(13)
1.530(9)1.530(9)

1.528(11)1.528(11)
1.528(101.528(10

1.524(11)1.524(11)
1.524(10)1.524(10)

1.531(22)1.531(22)
1.534(11)1.534(11)

1.525(9)1.525(9)
1.525(10)1.525(10)

1.517(22)1.517(22)
1.524(13)1.524(13)

1.519(8)1.519(8)
1.519(8)1.519(8)

1.532(22)1.532(22)
1.532(21)1.532(21)

1.527(13)1.527(13)
1.528(10)1.528(10)

1.523(11)1.523(11)
1.523(11)1.523(11)

1.526(14)1.526(14)
1.527(13)1.527(13) 1.525(21)1.525(21)

CC--NN ((ÅÅ)) 1.336(10)1.336(10)
1.337(9)1.337(9)

1.336(12)1.336(12)
1.337(11)1.337(11)

1.333(15)1.333(15)
1.334(10)1.334(10)

1.336(12)1.336(12)
1.337(12)1.337(12)

1.333(13)1.333(13)
1.334(9)1.334(9)

1.334(11)1.334(11)
1.330(9)1.330(9)

1.333(8)1.333(8)
1.333(8)1.333(8)

1.331.3333((3838))
1.334(35)1.334(35)

1.336(11)1.336(11)
1.336(10)1.336(10)

1.331(12)1.331(12)
1.331(12)1.331(12)

1.334(11.334(188))
1.334(13)1.334(13) 1.329(14)1.329(14)

C=OC=O ((ÅÅ)) 1.237(15)1.237(15)
1.234(7)1.234(7)

1.235(12)1.235(12)
1.235(12)1.235(12)

1.231(11)1.231(11)
1.231(9)1.231(9)

1.240(17)1.240(17)
1.240(10)1.240(10)

1.234(1.234(1010))
1.234(10)1.234(10)

1.233(15)1.233(15)
1.229(9)1.229(9)

1.229(6)1.229(6)
1.229(6)1.229(6)

1.229(18)1.229(18)
1.229(18)1.229(18)

1.237(9)1.237(9)
1.237(9)1.237(9)

1.21.2336(13)6(13)
1.236(13)1.236(13)

1.234(13)1.234(13)
1.234(12)1.234(12) 1.231(20)1.231(20)

llongong/short/short((+/+/--)) ++ -- --

RemarkRemark MollyMolly unrestrunrestr.. LL//DD RefmacRefmac

Ten highest-resolution structures in PDBTen highestTen highest--resolution structures in PDBresolution structures in PDB



N-Cα-C angles (°) in PDB NN--CCαα--C angles (C angles (°°) in PDB ) in PDB 

EH: 111.2(28)
mean: 110.7(22)

Gly: 113.9(22)
Pro: 112.5(22)

structures with dmin<0.8 Å



Torsion angles ω (°) in PDBTTorsion angles orsion angles ωω ((°°) in PDB) in PDB

179.4(63)
179.4(58)

EH: 180.0(58)

0.8 Å

1.7-1.8 Å



Peptide bonds (Å) in current CSD (R<0.075)Peptide bondsPeptide bonds ((ÅÅ)) in in currentcurrent CSD (R<0.075)CSD (R<0.075)

N-CαNN--CCαα Cα-CCCαα--CC

C-NCC--NN C=OC=OC=O



Cβ

Cα

C

N

Cα

Cβ

EH    1.231(20)

1.234(12)

1.231(9)

1.230(8)

CSD  1.230(12)

180.0(58)

179.4(63)

179.8(58)

179.9(22)

1.329(14)

1.334(13)

1.329(8)

1.328(9)

1.333(12)
< 0.8 < 0.8 ÅÅ

2 2 ÅÅ
3 3 ÅÅ O

ωω

2008

Summary of results (Å, º)



Take-home messagesTakeTake--homehome messagesmessages

• Engh & Huber parameters are generally correct but some
small adjustments are indicated

• making the restraints too tight gives the impression that the
structure is more accurate; it simply fits the parameters
more precisely

• a correctly set restraint weight will give rmsd for bonds about
0.015-0.020 Å

• at ultra-high resolution the diffraction terms should be allowed
to dominate; the rmsd value can be even 0.02-0.03 Å

• a single grossly erroneous parameter can severely bias rmsd

•• EnghEngh & Huber & Huber parametersparameters areare generallygenerally correct but correct but somesome
smallsmall adjustmentsadjustments areare indicatedindicated

•• makingmaking thethe restraintsrestraints tootoo tighttight givesgives thethe impressionimpression thatthat thethe
structurestructure isis moremore accurateaccurate; ; itit simplysimply fitsfits thethe parametersparameters
moremore preciselyprecisely

•• a a correctlycorrectly set set restraintrestraint weightweight will will givegive rmsdrmsd for for bondsbonds aboutabout
0.0150.015--0.020 0.020 ÅÅ

•• atat ultraultra--high high resolutionresolution thethe diffractiondiffraction termsterms shouldshould be be allowedallowed
to to dominatedominate; ; thethe rmsdrmsd valuevalue cancan be be eveneven 0.020.02--0.03 0.03 ÅÅ

•• a single a single grosslygrossly erroneouserroneous parameterparameter cancan severelyseverely biasbias rmsdrmsd



CollaborationCollaboration

AlexAlex WlodawerWlodawer NCI NCI FrederickFrederick
Zbyszek Zbyszek DauterDauter NCI/APS NCI/APS ArgonneArgonne

Mirek Mirek GilskiGilski A.MickiewiczA.Mickiewicz UnivUniv. . PoznanPoznan

http://www3.interscience.wiley.com/cgi-bin/fulltext/119425007/PDFSTART


Data Data collectioncollection andand processingprocessing statisticsstatistics

Space group PP4411221122 P41212P41212

Unit cell paramters (Å,˚) a=133.1, c=223.1a=133.1, c=223.1 133.0978, 133.0978, 133.0978133.0978, 223.1445, 223.1445
90.0000, 90.0000, 90.000090.0000, , 90.000090.0000

Temperature (K) 100100

Resolution (Å) 5050--1.40 (1.451.40 (1.45--1.40)1.40) 6.006.00--3.234 (3.53.234 (3.5--3.234)3.234)

Completeness (%) 100( 97.6)100( 97.6) 76.2(13.1)76.2(13.1)

<I/σ(I)> 45.2 (2.1)45.2 (2.1) 3.21 (1.3)3.21 (1.3)

Rmerge (%) 4.6 (36.6)4.6 (36.6) 13.9 (177.9)13.9 (177.9)

RefinementRefinement statisticsstatistics

No. working set/test reflections 433398/1331433398/1331 24501/273124501/2731

R/Rfree (%) 13.8/18.613.8/18.6 27.69/38.2127.69/38.21

No. water molecules / waters 611611 998998

Rmsd from ideal bonds (Å) 0.0180.018 0.0370.037

<B> protein/water (Å2) 21/2821/28 89.856/85.3289.856/85.32

Ramachandran most favored/allowed φ/ψ (%) 93.2/6.893.2/6.8 77/14.7277/14.72

PDB code 2GUD2GUD --

Sample experimental table for well and poorly determined structure



Warning signsWarningWarning signssigns

high R (>25%)
large Rfree-R (>7%)
large rmsd(bonds) (>0.03 Å)
violation of chemical common sense
unusual B-factors (outside 4<B<60 Å2)
high fluctuations of B-factors
too many water molecules (>(3-resol.) per residue)
poor Ramachandran statistics (<90% favored; disallowed angles)
zero-occupancy atoms
funny metal/water sites
H atoms pretending to be part of the model
too low contour of electron density (2Fo-Fc: <1σ, Fo-Fc: <2.5σ)
reporting/discussing numbers with unjustified precision (1.2111 Å)


