Structure proof-reading at SGC
(Structural Genomics Consortium)

Melanie Vollmar
Structural Genomics Consortium

University of Oxford

i Ty
S
oy Y
{1
& =]

ry
3 7

-
MWy 185

UNIVERSITY OF

OXFORD Karolinska
Institutet

SGC Toronto SGC Oxford SGC Stockholm



Reason for structure proof-reading

* Importance shown by structures recently retracted from the
PDB

* Discuss interesting features in relation to biological relevance
* Second opinion whether refinement is complete

 Keep a general standard for all structures deposited by SGC
* Ensure high quality structures for public domain

You would never submit a paper to a journal without giving it
to a colleague/supervisor to read, would you?



Files for proof-reading

* Processing log-file, e.g. from Scala, Truncate, Denzo

« MTZ file from processing (optional unmerged, unscaled data
file)

* Phasing log-file, e.g. from Phaser (optional)

 Refinement log-file of last refinement step, e.g. Refmac5

 PDB and MTZ file from last refinement step

e Dictionary (.CIF)

 TLSinput file

* Protein sequence

* Any other keyword file used in refinement

* Atext file with comments for proof reader, e.g. problematic
areas in the structure, notes about processing and phasing



Proof-reading steps

* Proof-reading check list:
— ftp://hestia.sgc.ox.ac.uk/pub/px

* Checking data processing

* Check space group

e Check for twinning

* Check phasing result (optional = see appendix)
* Check last refinement step

* Check waters

* Run Molprobity or Quality Control Check
* Run Moleman2

» Blast sequence and align sequence

* Check ligand geometry

 Walk structure and map



ftp://hestia.sgc.ox.ac.uk/pub/px

Checking data processing

Critical values from Scala/Truncate log-file
Number of rejections per image

Y Loggraph Scala.log

N Run.Rot MidPhi Batch Bfactor Mn(k) Ok  Number Hie fppearance Edit Utilities Help
NumReject Mn(k) & Ok (at theta = 0) v range
1 1.1 -4950 1 -0.694 1.0651 0.9940 1703 |0 @ (k)
2 1.2 -48.50 2 -0.688 1.0622 0.9905 2193 0 " = 0k
3 1.3 -47.50 3 -0.677 1.0564 0.9851 2219 0
4 1.4 -46.50 4 -0.668 1.0453 0.9774 2202 0
5 15 -45.50 5 -0.656 1.0339 0.9671 2198 0
6 1.6 -44.50 6 -0.641 1.0180 0.9542 2217 1
7 1.7 4350 7 -0.629 1.0017 0.9395 2208 |O 7
8 1.8 -42.50 8 -0.614 0.9811 0.9185 2217 | 0 |
What to look out for: A |
*  Low number of rejected reflections per image; a | ‘°'°N | 200
maximum of maybe 5 165.7,-0.12
Tahles in File
* |deally a constant scaling factor of 1; except if i
crystals have irregular shape At yois ot resotion gz J
Analysis agjainst intensity, p2
Completeness, multiplicity, Rmeas v. resolution, p2 F
Graphs in Selected Table
Mn(k) & Ok (at theta = 0) v range 3]
B v range
Number rejected v range J
f




Checking data processing

Critical values from Scala/Truncate log-file

Scaling Bfactor

4 Loggraph Scala.log

File Appearance Edit Utilities Help
B wvrange
0~ wi= Bfactor

-1 4

-2 4

T T
100 200
H
204.9,-3.07
Tables in File

Anisotropy

¥ Loggraph Trucate.log

Analysis against all Batches for all runs , p2
Analysis against resolution , p2

Analysis against intensity, p2

Completeness, multiplicity, Rmeas v. resolution, p2

Graphs in Selected Table

What to look out
for:

* Dropinscaling
Bfactor below -10

indicates radiation
damage

. Severe anisotropy

of data

300 H

200 H

100 H

Hle Appearance Edit Utilities Help
Mn{F) v. resolution

=@= Mn(F(d1))

== Mn(F{d2))

=0= Mn(F{d3))
wif Mn(F{ov))

Resolution (A)

2.36,-9.69

Mn(k) & DK (at theta = 0) v range
E v range
Humber rejected v range

| I

Tables in File

Acentric Moments of E for k =1,3,4,6,8
Centric Moments of E for k =1,3,4,6,8
Cumulative intensity distribution
Amplitude analysis against resolution

Graphs in Selected Tahle

Mn{F) v. resolution
Mn(Ffsd) v. resolution
Ho. reflections v. resolution




Checking data processing

Critical values from Scala/Truncate log-file
Rmerge and Mn (I/sd)

N 1/d”2 Dmin(A) Rmrg Rfull Rcum Ranom Nanom Av_| SIGMAI/sigma sd Mn(l/sd) Nmeas Nref Ncent FRCBIAS Nbias

$S
10.0302 5.76/0.034/0.033 0.034 - 0 2569 171 15.0 169|33.6 15181 3471 282 -0.034 6396
20.0604 4.07]0.0510.045 0.045 - 0 2766 274 10.1 198[29.0 25328 6141 258 -0.030 10449
30.0906 3.32|0.0530.046 0.048 - 0 2226 217 10.2 179|24.9 34283 8065 292 -0.026 14346
40.1208 2.88]0.0580.051 0.050 - 0 1024 91 11.3 99]19.5| 41036 9532 296 -0.018 17632
50.1509 2.57|0.083[0.071 0.053 - 0 545 65 8.4 69|14.7 47223 10882 294 -0.015 20428
60.1811 2.35|0.121}0.104 0.058 - 0 359 60 6.0 61|11.1 51759 11871 295 -0.009 22521
70.2113 2.18}0.172|0.145 0.064 - 0 251 58 4.3 62| 8.0 56805 12968 295 -0.016 25099
80.2415 2.03]0.2490.211 0.070 - 0 177 59 3.0 63| 5.8 60838 13841 295 -0.020 26770
90.2717 1.92)0.430[0.366 0.078 - 0 99 57 1.7 623.5 64727 14717 297 -0.015 28369 [[SJErr I .
100.3019 1.82/0.734/0.615 0.086 - 0 56 56 1.0 62| 2.0 64070 15068 213 -0.008 27775 | me appearance Eat utiities Help
SS Ifsigma, tdean Mn(l}Ysd{Mn{l))
"><b>Forinline graphs use a Java browser</b></applet> o lisigma
a0 4 s Mn{lisd)
Overall: 0.086 0.073 0.086 - 0 665 109 6.1 86 11.6 461250 106556 2817 -0.024 199785
Rmrg Rfull Rcum Ranom Nanom Av_| SIGMAI/sigma sd Mn(l/sd) Nmeas Nref Ncent FRCBIAS Nbias
What to look out for:
* Increase of Rmerge from low to high resolution; increase without sudden ©]
jumps
*  Atareported value for mean I/sigl of 2 Rmerge reaches a maximum where 0 , , |
its error can be trusted M pesotution @) s
2.02,-3.98
*  Usually goes along with a sudden decrease in completeness Tables in Filo
»»» Scales v rotation range, p2
*  For phasing and refinement a higher resolution may be used on the expense Aulysis against 2 Batches forallrns . b2 |J
of increasing error and incomplete data; beware and don't report it as Comptonae ity Fmess v. resalutian, p2 |
H Graphs in Selected Tahle
resolution of the structure s
Rmerge v Resolution
Average |,5d and Sigma J
Fractional hias
¥




Checking data processing

Critical values from Scala/Truncate log-file
Completeness and multiplicity

N 1/resol*2 Dmin Nmeas Nref Ncent %poss C%poss Mlplct AnoCmp AnoFrc AnoMIt Rmeas Rmeas0 (Rsym) Rpim
RpimO PCV PCVO

$S SS

1 0.030 5.76 15195 3485 28¢ 99.0 99.0 44 |- - - 0.038 0.038 0.034 0.018 0.018 0.045 0.045

2 0.060 4.07 25435 6248 279 98.7 98.8 4.1 |- - - 0.059 0.059 0.051 0.028 0.028 0.066 0.066

3 0.091 3.32 34328 8110 293 99.8 993 4.2 |- - - 0.061 0.061 0.053 0.028 0.028 0.068 0.068

4 0.121 2.88 41064 9560 294 99.8 994 43 |- - - 0.065 0.065 0.058 0.031 0.031 0.075 0.075

5 0.151 2.57 47244 10903 294 99.7 995 43 |- - - 0.094 0.094 0.083 0.044 0.044 0.110 0.110 Wilson BfaCtor

6 0.181 2.35 51784 11896 29§ 99.6 995 44 |- - - 0.137 0.137 0.121 0.064 0.064 0.160 0.160

7 0.211 2.18 56854 13017 29§ 99.4 995 44 |- - - 0.195 0.195 0.172 0.091 0.091 0.227 0.227 =

8 0.242 2.03 60887 13890 29 99.2 99.5 4.4 |- - - 0.282 0.282 0.249 0.131 0.131 0.329 0.329 | no sopesrence ot s o

9 0.272 1.92 64787 14777 2974 99.0 99.4 4.4 |- - - 0.487 0.487 0.430 0.227 0.227 0.574 0.574 Witson plot Suggested Blactor 741

10 0.302 1.82 64314 15312 253 97.8 99.2 42 |- - - 0.837 0.837 0.734 0.395 0.395 0.988 0.988 e s, YANCT)
44 wifs In(Mn{Fsquaredi_poss }Mn{ff)

Overall 461892 107198 2882 99.2 99.2 43 - - - 0.098 0.098 0.086 0.046 0.046 0.111 0.111

Nmeas Nref Ncent %poss C%poss Mlplct AnoCmp AnoFrc AnoMIt Rmeas Rmeas0 (Rsym) Rpim RpimQj
PCV PCVO

What to look out for:
*  Overall completeness of the data > 95%

T T
316 2.24

. . . Resolution (#)
* Note: in high resolution shell not always guaranteed and = N
may be as low as 60%
) . . . Acenlﬁc Moments of E for k =1,3.4.6,6
«  Slope of Wilson Plot is almost a straight line Camulative oty S

Cumulative intensity distribution

bysis against v

*  Bfactoris sensible for the resolution range; increases ' ] Graphs in Selected Table
with decreasing resolution Hicon pi Suggested Biastor 4




Checking space group

Run Pointless on un-merged data file to check for space group

I Pointless: prepare intensity data for scaling Initial parameters from /work/ACVR1A/27-proof-d003-K00991-x003) |—| X

| How |

Jobh title I[Nu title given]

W Determine Laue group | Match index to reference | Choose a previous solution _| Just combine input files

Input reflection file type: MTZ file — |

Project name: Iﬁ—pmc—dDDS—xl crystal name: Ix dataset name: |p2
MTZ #1 Full path.. — ||Murkm0.r‘R1 Arg-proc-d003-x003-aew/pZ-unmerged.miz Browse | e

Edit list _.| Add File |

W VWrite output reflections in the best space/pointgroup

Output MTZ vR1A-d0D3-pro— ||p2—unmer'ged _pointless1.mtz Browse | Wiew

| Alwrays set primitive orthorhombic groups in cell length order {a<b<c) & allow monoclinic 12 setting of C2 — |
Excldod Datz =
i{atfice Symmetry Delennination =
Critersz For Accepling Parfials =
Addiitional Options =
Run ~ Save or Restore — Close |
* Gell Dinensions : {ohsolete - refer to dataset cell dimensions above) * Cell Dimensions : (obsolete - refer to dataset cell dimensions above)

83.6000 98.7000 83.8500 30.0000 117.4200  50.0000 83.6000 98.7000 83.8500 90.0000 117.4200 90.0000

* Resolution Range : )
* ResolutionRange :

0.00068 0.30189 { 38.461 - 1.820 A )
* Sort Order : 0.00068 0.30189 ( 38.461- 1.820A)
1 2 3 4 5 * Sort Order :

* Space grovp = 'P 1 21 1' (mmber 4} 1 2 3 4 5

* Space group="'P 121 1' (humber 4)
Cell dimensions and space group as used in

_ Cell dimensions and space group as
refinement

found by Pointless from unmerged data



Checking for twinning

 Using Loggraph and Truncate log file
* Oraweb server

http://nihserver.mbi.ucla.edu/Twinning/

Y Loggraph Trucate.log

Fle Appearance Edit  WHilities Help

Cumulative intensity distribution (Acentric and centric)

B0 o

Centric_ohser

What to look out for:
*  Any indication of twinning

. Here: observed data almost identical to
acentric theoretically expected data

0& 1
Z

0.394,83.67

Tables in File

Acentric Moments of E fork =1,3,4,6,8 Ay
Centric Moments of E fork=1,3,4,6,8

Amplitude analysis against resolution
Anisotropy analysis (FALLOFF). From Truncate on the 22f 110

Graphs in Selected Table
Cumulative intensity distribution (Acentric and centrc)in 5|

=0

=0



http://nihserver.mbi.ucla.edu/Twinning/

Checking for pseudo-transiation

° Using FFT/Peakmax to generate native Order No. Site Height/Rms Grid  Fractional coordinates Orthogonal

Patterson map coordinates Origin

1 122628 0 0 0 0.0000 0.0000 0.0000 0.00 0.00 0.00
8 7 7.97 4 5137 0.0289 0.0307 0.9784 -35.36 3.03 72.82
3 3 775 3 0 9 0.0188 0.0000 0.0630 -0.86 0.00 4.69

e OraZanuda web server

http://www.ysbl.york.ac.uk/YSBLPrograms/index.jsp 11 9 7.67 1 6135 0.0045 0.0367 0.9652 -36.90 3.62 71.84

1
2
3
4
510 9 752 1 6 6 0.0054 0.0364 0.0416 -1.16 3.59 3.10
6
7
8
9

6 5 7.16 5 2136 0.0342 0.0113 0.9726 -34.70 1.12 72.39

7 6 715 4 5 7 0.0260 0.0309 0.0485 0.30 3.05 3.61

5 4 679 0 2132 0.0000 0.0109 0.9435 -36.43 1.07 70.23

12 10 558 3 7 1 0.0203 0.0446 0.0068 1.43 4.40 0.51
10 9 8 554 5 6 0 0.0348 0.0371 0.0000 2.91 3.66 0.00

k4 Patterson - Generate Patterson Map =211 2 2 419 8 0 6 0.0581 0.0000 0.0450 3.12 0.00 3.35

| Hep |12 13 0 3.35 6 80 26 0.0425 0.5000 0.1823 -3.48 49.35 13.57
Job title I— K
@ Run FFT to generate Patterson — |map in CCP4 — |furmat
W List peaks to file

I Flot  default Harker — |map sections with coordinates of peaks in map — |

MTZin Full path.. — [fworidACYR1Ai27-proof-d003-K00991-x003/OriginalM TZmtz Browse | View |

Fi F — | sSigmaF1 SIGF — |

Map TEMPORARY — [[OriginalMTZ_pattersont .map Browse | View | What to look out for:

Peak coord YR1A-003-pro.3 |[OriginalMTZ_peaks1 pdb B Wi T .
e pro.~ [OriginalMTZ_peaks1.p s || o | «  Any indication for pseudo-translation

Define Map L . . .

Extent ¢ asymmetric unit . or range x | | y| | z] | . Any peak as big as 15% of the origin

Exclude Reflections " shows for example a NCSon a

Exciude refections - paramelers for il crystallographic axes

@ F less than n ™ sigmaF where n is |3.I]

_| F absolute value less than |

_I F ahsolute value greater than |

_| Resolution less than |?4.43I] A or greater than |1 16 A

fnfrequently Used Pallerson Oplions =

FPeak Search Deiails I

Run = | Save or Restore — Close |

~|



http://www.ysbl.york.ac.uk/YSBLPrograms/index.jsp

Checking for twinning

Using Phenix.Xtriage to check for twinning

' Xtriage analyses for /work/ACVR1A/27-proof-d003-K00991-x003/0riginalMTZ.mtz

? il

Help Wiew log  Save graph
[Summary H Data quality ” Lattice properties || Twinning analys =
T S | to section: | Tring s’ summay :
File Utilities Help (=]
(;) 5 ? Tests for presence of twinning
K Pref&erences volp jobEhlstry NZ test (0<=z<1) to detect twinning and possible translational NCS f-d001/data.mtz ] [Browse‘..l
. Maximum deviation acentric : 0.012
Projects . = i ] [Browse‘.. I
Maximum deviation centric : 0.032
elect Delate ) New project & 5= |
E . E <NZ(obs)-NZ(twinned)>_acentric: -0.003
D Last modified | # of job . )
# MAT28B_proof  Mar 14 2011 06:30... 1 <NZ(obs)-NZ(twinned)>_centric : -0.006 882 90.000 90.000 9(]
ISCAlA-phase-.. Mar03 2011 11:47... 1 o Acentric obsarved ||
HEP1A-proof Feb 212011 04:01... 1 +a Acentric untwinned
GLPZRA_phase... Feb 18 2011 06:39... 4 0.7 NZ test . Centric observed ks :]
PHKG2A-d001_... Jan 28 2011 02:13 ... 1 =@ Centric untwinned
MYCLDA build  Jan 202011 11:24 ... 8 bsolution :] (58.961)
ERAP1A-d00Z-... Jan 18 2011 11:00 ... 3
ANLNA-X062-b... |an 112011 05:36 ... 8 0.6 meters. . .
ACVR1A-d003-... Dec 09 2010 05 1
ACVR2A_proof  Dec 07 2010 05 1
HSPOOR1A_proof MNov 29 2010 04 1
MACROD1A-ph... Nov 082010 02:1.. 1 0.5
RAMP2A_proof... Oct 27 2010 02:07... 1 g
TXNL2A_proc-x... Oct 08 2010 05:42... 2
PKMyTla_proof  Sep 28 2010 08:4... 1 0.4
KLHL2A _proof — Jul2320100224 ., 1 E
DHRS4A-proof-... Jul 212010 1248 .. 1 A
ENO3A-d001-x.. Jul 14 20100954 .. 1 T
0.3
Output directory : | /work/MAT2BB/28 -1
PHENIX version 1.7-650
0.2
Show results
0.1 ‘Project: MAT2BE_proof

“45 / for Xtriage

(4]

|Run from phenix.xtriage




Checking for twinning

* Using

Phenix.Xtriage to ii S "
CheCk for. i winning Analyses i
twinning

Using data between 10.00 to 2.59 Angstrom.
Determining possible twin laws.

The following twin laws have been found:

What to look out | Type | Axis | R metric (%) | delta (le Page) | delta (Lebedev) | Twin law |

for: | PM | 2-fold | 0.278 | 0.360 | 0.005 | -hk| |

* An_y m_dlcatlon of M: Merohedral twin law
twinning PM: Pseudomerohedral twin law

* Other tests run in 0 merohedral twin operators found
Phenix.Xtriage are to 1 pseudo-merohedral twin operators found

find pseudo— In total, 1 twin operator were found
translation and The largest off-origin peak in the Patterson function is 5.41% of the
anisotro py height of the origin peak. No significant pseudotranslation is detected.

The results of the L-test indicate that the intensity statistics

are significantly different than is expected from good to reasonable,

untwinned data.

As there are twin laws possible given the crystal symmetry, twinning could

be the reason for the departure of the intensity statistics from normality.

It might be worthwhile carrying out refinement with a twin specific target function.

Note that the symmetry of the intensities suggest that the assumed space group is too low. As
twinning is however suspected, it is not immediatly clear if this is the case. Careful reprocessing
and (twin)refinement for all cases might resolve this question.




Checking last refinement step: log file

* Using a text editor to look for critical values

Usage of hydrogens

Data line--- make check NONE |

Data line--- make |hydrogen ALL | hout NO peptide NO cispeptide
YES
ssbridge YES symmetry YES sugar YES connectivity YES
link YES *
Data line--- refi  type REST resi MLKF  meth CGMAT |bref ISOT
Data line--- refi tlsc 10
Data line--- TLSD WATERS EXCLUDE
Data line--- ncyc 10 Refinement of Us, .
Data line--- scal typeSIMP LSSC ANISO EXPE

Data line--- solvent YES

Data line---fweight  MATRIX 0.31|

Data line--- monitor MEDIUM
plane 10.0

chiral 10.0 bfactor 10.0
10.0

Data line--- labin FP=F SIGFP=SIGF FREE=F
Data line--- labout FC=FC FWT=FWT PHIC=PHlI

DELFWT=DELFWT

PHDELWT=PHDELWT FOM=FOM

Data line---{temp 0.53.05.0 8.0 11.0 |
Data line--- angle 1.1
Data line--- chir 1.65
Data line--- PNAME 8-prog-d003-x003-aew
Data line--- DNAME p2
Data line--- RSIZE 80
Data line--- END

e.g. isotropic

togsion 10.0 distance 10.0 angle 10.0
sphere 10.0 rbond 10.0 ncsr
R_flag .

HWT=PHWT
Overall weighting of
the data; tightness
depends on
resolution

What to look out for:

How is the data weighted?

Depends on data quality and should
be chosen so that refinement is stable

Are hydrogens present in refinement?

To improve electrostatics within the
structure hydrogens should always be
used even for low resolution data

Is the refinement of Us isotropic or
anisotropic?

Low resolution data not accurate
enough so should be refined
isotropically; for high resolution
anisotropy can improve the
refinement

How are the Bfactors weighted and are
the Bfactors complete?

Weighting should be sensible for a
stable refinement; only complete
Bfactors give information about
flexibility but also about badly build
areas in a structure

Weighting of temperature

factors; allow for side chain
flexibility




Checking last refinement step: log file

* Using a text editor to look for critical values

in case of multiple copies of the same molecule within the unit cell; group definition handled differently in
different refinement programs

What to look out for:

* |Is NCS present and how are the groups defined and weighted?

Improper NCS definition may be a reason for a stuck refinement; can be released for
high resolution data; additionally check NCS definition in COOT by superpositioning

Setup Non-Crysiaiograpiic Symmelry (NCS) Besirainis |
Now-Crysialioorapiic Symmelry resiraint ¥ L s
NCS restrain chain — |, residues to with medium = |restraints

Edit list — | aau residue range |

to chain — | {same residue ranges as defined ahove)

Edit list _ll Add chain |

Edit list = | Add HCS restraint |

Number of chains on o ;
Data line--- NCSR NCHAins 3 CHAIns B A C NSPANS 1 696 710 1 Weighting of the NCS

which the NCS Data line-—- NCSR NCHAins 3 CHAIns B A C NSPANS 1 726 735 1 )
restraint will be ———Batatire=-[NCSR NCHAins 3 LHAIns B A C NSPANS 1 591 609 4 resf“a'”t' e.g. 4
applied, e.g. 3 Data line-— NCSR NCHAMS 3 CHAIns B A C NSPANS 1 800 804 4 | ——  which corresponds
Data line--- NCSR NCHAins 3|CHAIns B A CNSPANS 1 915 933 4 to “medium”
Data line--- NC ins 2 CHAIns B C NSPANS 1 761 788 6 weighting if picking

|dentifier for chains Datalire== NCSR NCHAins 2 CHAIns B C NSPANS 1 809 815 6 from GUI

in the NCS restraint, Data line-— NCSR NCHAins 2 CHAIns B { NSPANS 1 634 8556
e.g. BAC; 1%tin the
list is master chain |

Number of residue spans in the
NCS restraint, e.g. 1; residue span,
e.g. from residue 634 to 855



Checking last refinement step: log file

* Using a text editor to look for critical values

To account for local and global flexibility; treated differently in What to look out for:
different refinement programs *  Has TLS been used and how are the

i ?
Data line--- make check NONE groups defined:

Data line-—- make hydrogen ALL  hout NO peptide NO  cispeptide Helps often to improve refinement for

YES low resolution data but is not always
ssbridge YES symmetry YES sugar YES connectivity YES effective at high resolution

link YES .

Data line--- refi type REST resi MLKF meth CGMAT  bref ISOT * H?cve Water?mOIeCUIes be excluded in TLS

ine-Frefi refinement:
Dot ine.| 715D WATERS EXCLUDE 10 cycles of TLS hether to includ in refi
oata e L T1SD W \ refinement and whet t.er tcT include V\{aters.ln refinement
Y or not is still under discussion

Data line——scal typeSIMP LSSC ANISO EXPE Wwaters are

Data line--—- solvent YES excluded

Data line--- weight MATRIX 0.31

Data line--- monitor MEDIUM  torsion 10.0 distance 10.0 angle 10.0

plane 10.0 . . . .
chiral 10.0 bfactor 10.0 bsphere 10.0 rbond 10.0 ncsr TLS mpUt defined in an mpUt
10.0 file
Data line--- labin FP=F SIGFP=SIGF FREE=FreeR_flag _TLS
Data line--- labout FC=FC FWT=FWT PHIC=PHIC PHWT=PHWT Range of TLS RANGE 'A 202.' 'A286." ALL
DELFWT=DELFWT group, e.g. chain TLS
PHDELWT=PHDELWT FOM=FOM A residues 202 to RANGE 'A 287.' 'A 499." ALL
Data line--- temp 0.53.05.08.0 11.0 286 all atoms TLS
Data line--- angle 1.1 RANGE 'B 199.' 'B 283." ALL
Data line--- chir 1.65 TLS
Data line--- PNAME 8-proc-d003-x003-aew RANGE 'B 284.' 'B 375." ALL
Data line--- DNAME p2 TLS
Data line--- RSIZE 80 RANGE 'B 376.' 'B 498."' ALL

Data line--- END



Checking last refinement step: log file

* Using a text editor to look for critical values

Ncyc Rfact Rfree FOM  -LL -LLfree rmsBOND zBOND rmsANGL zANGL rmsCHIRAL

SS
SS
0]0.2102 0.2508 0.831 |539584. 29214.7 |00 40 0.0 0.0 0.0
1]0.1992 0.2426 0.844 |536522. 29126.0 |00 40 0.0 0.0 0.0
20.1954 0.2400 0.848 |535100. 29084.8 |0.0 40 00 0.0 0.0 ]
3/0.1938 0.2388 0.850 |534404. 29065.7 |0.0 4.0 00 0.0 0.0 What to look out for:
410.1928 0.2382 0.851 |533965. 29055.2 | 0.0 @0 0.0 0.0 0.0 . Do Rfactor and Rfree Of |ast reﬂnement
5/0.1922 0.2378 0.852 [533670. 29048.1 |00 @40 00 0.0 0.0
6/0.1917 0.2374 0.852 |533422. 29041.3 |00 @40 00 0.0 0.0 step make sense?
7|0.1913 0.2372 0.853 |533220. 290349 |00 @O0 0.0 0.0 0.0 A gap of about 5% between the two is
8]0.1910 0.2370 0.853 [533039. 29028.4 |00 40 00 0.0 0.0 often desired
9/0.1908 0.2368 0.854 [532890. 29022.8 |00 @40 00 0.0 0.0
10| 0.1907 0.2367 0.854 | 532763. 29018.2| 0.0241[1.323 1.847 0.888 0290 |°* How bigis FOM?
11| 0.1801 0.2310 0.863 | 527605. 28871.5| 0.0187 |0.905 1.657 0.769 0.244 The higher the better the model fits the
12| 0.1742 0.2275 0.869 | 524582. 28779.9| 0.0173 |0.772 1.600 0.722 0.216
13| 0.1705 0.2248 0.873 | 522668. 28714.7| 0.0169 [0.730 1.597 0.708 0.195 data
14| 0.1682 0.2230 0.875 | 521344. 28669.3| 0.0166 [0.710 1.611 0.706 0.176 |+  How big is RMSD bond?
15| 0.1666 0.2217 0.878 | 520468. 28636.9] 0.0164 [0.696 1.627 0.707 0.160 . . .
16| 0.1654 0.2207 0.879 | 519788. 28609.5| 0.0162 [0.686 1.639 0.708 0.145 Value smaller than 0.020 is desired (in
17| 0.1646 0.2200 0.880 | 519313. 28589.8| 0.0160 [0.678 1.645 0.708 0.133 general dependent on resolution)
18] 0.1639 0.2194 0.881 | 518947. 28575.3| 0.0160 |0.673 1.649 0.708 0.124
19| 0.1635 0.2189 0.882 | 518680. 28563.9] 0.0159 [0.670 1.649 0.708 0.118
20| 0.1631 0.2185 0.882 | 518453. 28553.4| 0.0158 |0.667 1.648 0.707 0.112
SS
STEXT:Result: SS Final results S$

Initial Final
R factor 0.2102 0.1631
R free 0.2508 0.2185
Rms BondLength 0.0241 0.0158
Rms BondAngle 1.8468 1.6479
Rms ChirVolume 0.2898 0.1124



Checking last refinement step

* Using a text editor to look for critical values
What to look out for:

* Isthere aligand present and is the dictionary for it given?

Ligands which are not in the standard dictionary need to be described by their own dictionary file
* Isa MAKE_U_POSITIVE problem present and is the refinement stable?
U tensor for temperature factors is not correctly defined in refinement; this needs to be avoided

C f a CIF fil ; : CGMAT cycle number= 7
ontents ot a lle; gives restraints determines

. L. . . . weigth matrix 0.8000001
and dictionary information for ligands —
function value 195881.0 /\

data_comp_DRG Overall weighting

# term for data Restraint type N restraints fms Delta Av(§igma)

loop_ Bond distances: refined atoms 915 0.015 0.922
_chem_comp_atom.comp_id Bond distances: others 6 0.002 020
_chem_comp_atom.atom_id N »
_chem_comp_atom.type_symbol Geometric
—_chem_comp_atom.type_energy Weighting term Overall :scale= 0.826,B = 0.066 RMSDs
_chem_comp_atom.partial_charge Partial structure 1:scale= 0.424,B = 30.042

DRG CAP C CH2 0.049 for data and Overall anisotropic scale factors

DRG 1HAP H HCH2 0.000 Bfactor is not B11=-0.14 B22 = 0.62 B33 =-0.48 B12 = 0.00 B13 = 0.00 B23 = 0.00
DRG 2HAP H HCH2 0.000 properly chosen
DRG CAN C CH2 0.049

DRG IHAN H HCH2  0.000 OverallR factor = 0.1364
DRG 2HAN H HCH2  0.000 Free R factor = 0.1655
DRG NAU N NT2 0.316 Overall figure of merit = 0.9201
DRG HAA H HNT2 0.021

DRG HAB H HNT2 0.021 Trying gamma equal 2.3013467E-03
DRG CAO C CH2 0.049 Gamma decreased to 0.000000

DRG 1HAO H HCH2 0.000 -




Checking water molecules

khan:/work/ACVR1A/27-proof-d003-

00-50 O

5.0 - 10.0

10.0 - 15. 10 **

15.0 ’ 3D HEEEAAAK

20.0 Q4 *H A A A

25.0 /30,0 117 HHsskodokoiodesesosos ok ok ok sk ok ok ok ok ok

30.0
35.0
40.0
45.0
50.0
55.0
60.0

Make sure refinement excluded water molecules
Run actit.csh

— Script is based on ACT from CCP4 package and can be found

here:
ftp://hestia.sgc.ox.ac.uk/pub/px
Input
actit.csh <pdbin>

where
<pdbin> is the PDB file you want to check the waters in

Output

35,0 163 KEFHFK KA KKK kKA A KKK K KK KKKk KK
DD H 3k K ok ok ko ok ok ok ook ok o ok K o K o K o K o K KK SR K oK K Sk oK K K K KK o
DO F K K Kok ok ok koo ok ok o o K o K o K o K oK KK SR K oK oK K KK SR K K oK K KK
37 KA AR AR KR KKK oK K oK K oK K o K o KoK K o
LRAELELEEELEL

Gaussian distribution of
water molecules

1
(o]
(92}
o
[e¥oleolololololoNa)

.gt. 100.0

-build-mv 127: actit.csh final_tlsanl1.pdb

oJeJeJolooJoJoloJoJoJoloJoJololoJoJoJooYoJoJoNo)

What to look out for:

*  Suspicious water molecules with
high temperature factors

List of water molecules with
Bfactors higher than 50

HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH

HOH
HOH

HOH
HOH
HOH

50w
* % *W
677W
423W
779W
662W
953W
399W
660W
778W
* % *W
534W
499W
424\W
* % *W
312w
287W

50.03
50.08
50.11
50.19
50.22
50.23
50.23
50.28
50.29
50.32
50.37
50.40
50.43
50.65
50.68
50.71
50.73
50.75

eJeJoJoJeoJoJoJoloJoJololoJoJoloJoJoJoJ oo XoJoYoNo)o

HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH
HOH

* % *W

18W
856W
294W
966W
980W
714W
879W
863W
913W
838W
334W
828W
709W
252W
%%k *W
878W
%%k *W
771W
487W
698W
776W
702W
359W
704W
590W


ftp://hestia.sgc.ox.ac.uk/pub/px

Checking Bfactors and close atoms

e TLSanl
—  Within CCP4 as stand-alone
— Get complete Bfactor of the model

Job title |[Ho title given] K

Analyse TLS parameters from  Refmac — |

Qutput coordinate file (XYZ0UT) should contain

total B factor = |

_I Output file containing the axes for translation, libration, etc.

TLS file  Full path.. ||MDH<.|’HC\"R1 Af27-proof-d003-K00991-2003/Refined_TLS.ts = Browse | |
PDB file  Full path.. ||MDH(IH.CUR1 AfZ7-proof-d003- K00991-x003ffinal.pdb Brovwse | |

Browse | e |

* Input
— TLS output file from refinement
— PDB file of final model

*  Qutput
— PDB file with complete Bfactors

PDB out ¥R1A-d003-pro ||ﬁna]_tlsanl1 .peb

Oifrer opfions W
_I Analyse derived atomic ADPs and flag non-positive definite ones
Close |

~l

Save or Restore —

Run i |

CRYST1 83.600 98.700 83.850 90.00 117.42 90.00 P 121 1 CRYST1 83.600 98.700 83.850 90.00 117.42 90.00 P 121 1
SCALE1  0.011962 0.000000 0.006206  0.00000 SCALE1  0.011962 0.000000 0.006206  0.00000
SCALE2  0.000000 0.010132 0.000000  0.00000 SCALE2  0.000000 0.010132 0.000000  0.00000
SCALE3  0.000000 0.000000 0.013435  0.00000 SCALE3  0.000000 0.000000 0.013435  0.00000
ATOM 1 N ARGA202  11.597 -4.441 -9.468 N ATOM 1N ARGA202 11597 -4.441 -9.468 1.0065.78] N
ATOM 2 CA ARGA202  12.056 -3.528 -8.374 C  ANISOU 1 N ARGA202 8044 8737 8213 977 -50 146 N
ATOM 4 CB ARGA202  12.087 -2.077 -8.873 C ATOM 2 CA ARGA202 12.056 -3.528 -8.374 1.0070.65] C
ATOM 13 C ARGA202  11.164 -3.634 -7.123 C ANISOU 2 CA ARGA202 8678 9258 8909 915 13 198 C
ATOM 14 O ARG A 202 9.995 -3.215 -7.155 O  ATOM 4 CB ARGA202 12.087 -2.077 -8.873 1.00[67.23]  C
ATOM 18 N THRA203  11.719 -4.206 -6.042 N  ANISOU 4 CB ARGA202 8253 8817 8473 952 54 308 C
ATOM 19 CA THRA203  11.054 -4.288 -4.717 C ATOM 13 C ARGA202 11.164 -3.634 -7.123 1.00[70.10] ¢
ATOM 21 CB THRA203  10.343 -5.649 -4.477 C ANISOU 13 C ARGA202 8594 9107 8932 860 5 145 C
ATOM 23 OG1THRA203 11.312 -6.645 -4.125 0 ATOM 14 O ARGA202  9.995 -3.215 -7.155 1.0 0
ATOM 25 CG2THRA203  9.556 -6.101 -5.719 C  ANISOU 14 O ARGA202 8577 9098 8963 883 -18 143 O
ATOM 29 C THRA203  12.061 -4.080 -3.572 C  ATOM 18 N THRA203 11719 -4.206 -6.042 1.00[67.32] N
ANISOU 18 N THRA203 8250 8705 8623 792 22 102 N

Bfactors before running TLSanl

Bfactors after running TLSanl



Checking Bfactors and close atoms

e TLSanl TLS group definition:

—  Within CCP4 as part of Refmac5 — Byhand
— Is then run when using TLS in refinement — Using TLS MD server
— Get complete Bfactor of the model http://skuld.bmsc.washington.edu/~tlsmd/

E} Run Refmac5

Enter additional user-defined geometry library (LIBIN) | Help
Joh title I I

Do  TLS & restrained refinement  — |using no prior phase information — |input

no — |twin refinement
MTZ in \T2BB_proof-m— || Erowse | e
FP — | Sigma

=
MTZ out \TZBB_proof-i.-— || Brovese | Wi |

PDB in \T2BB_proof-iv—— || Browse | Wi |
PDE out \TZBB_proof-i.—— || Browese | e | What to IOO k O Ut fo r:

LIB in T2BB_proof-n.. | Merge LIBINs | erouor | vew | «  High Bfactors give information
Output lib \T2BB_proof-ir.~ Browse | Wi about

TLS in (optional) T2BB_proof-ir | croate TLSIN | erouse | vew | flexible/unordered/badly build
TLS out T2BB_proof-n— | Browse | v areas in the structure

Include keyword file :T2BB_proof-n.— || Browse | gy |

Data Harvesiig o
FiL8 Paameiors ]

e 01 cycles of TLS refinement |1I]
Set initial Bfactors to 20.0 {numetc value unimportant)
Add TLS contribution to XYZ0UT (B factors and AHISOU lines)

(-

.
ara _— o
Sefiyr Beomeliic Resirainls =
Setuyr Non-Crysiaficoraphic Symmelry (NCS) Restfrainis o
Na NCS resirails are correnily defied
Edit list = | Add NCS restraint |

Run = Save or Restore Close |



http://skuld.bmsc.washington.edu/~tlsmd/

Checking Bfactors and close atoms

e Moleman2
— Download and more information can be found here:
http://xray.bmc.uu.se/usf/xutil.html See manual for more
— Get started by loading the PDB file of interest possibilities
- MOLEMAN?2 > re <pdbin.pdb>
— Check Bfactors for PDB file
- MOLEMAN?2 > bf st

Chain name  Atoms Bave Bsdv Bmin Bmax Brms

Bharm.ayv
. . A<-> 2422 2668 1272 826 29.55 22.84 _ o
Protein chains B<-> 2408 36.54 18.45 11.51 40.93  29.65 High Bfactor indicate badly
C<-> 2452 25.09 13.46 8.40 28.47 20.32 : : :
Dg-> 2460 24.99 14.60 8.48 28.94  20.06 ordered areas in protein chains

Water chain = <> 1009 36.47 891 12.20 57.i9 37.54 33.79

<> 124 2280 12.47 981 69.77 2599 19.05

: <> 68 3500 7.85 1330 5048 35.86 32.90

Other ligands J<> 143 4271 810 1920 63.66 43.47 40.85
F<> 13 3310 1169 9.77 57.20 35.10 27.47

What to look out for:
*  High Bfactors give information about flexible/unordered/badly build areas in
the structure

*  High temperature factors for ligands = ligand is likely not to fit the density,
e.g. salt ion where there should be water



http://xray.bmc.uu.se/usf/xutil.html

Checking Bfactors and close atoms

e Moleman?2
— Download and more information can be found here:

http://xray.bmc.uu.se/usf/xutil.html See manual for more
— Check duplicated atoms and errors in occupancy for PDB possibilities
file

- MOLEMAN?2 > pd sa

ERROR - ALTERNATE LOCATIONS IN IDENTICAL POSITIONS
Coordinates for the following two atoms have alternate locations

. but their distance is only 0.02 A, suggesting
CA of Ser in two ey are in identical positions in space and | Occupancy
conformations should be into a singlgecatiens
ATOM 577 CAASE 19.651 -7.171 19.097] 0.50 30.68 € Bfactor
ATOM 578 CABSERA 239 |19.655 -7.168 19.073]0.50 30.70 C

WARNING - OCCUPANCIES DO NOT SUM TO 1.00
for the following atom, the occupancies of the 1
alternate locations add up to 0.70 instead of
1.00 (this can be okay if you are sure that the
atom has partial occupancy, or if it lies in a
special position, such as on a twofold axis):
ATOM 23216 CGCFLCF 1 -3.969 -14.778 27.908] 0.7026-62

(p]

Incomplete occupancy

What to look out for:
. Duplicated atoms and which can maybe be merged

*  Occupancy hastoadd up to 1

. Big differences in Bfactors between atoms of alternative conformations
shows that occupancy needs to be assigned in different ratio



http://xray.bmc.uu.se/usf/xutil.html

Checking geometry and more

* Molprobity
— The web server can be found here:
http://molprobity.biochem.duke.edu/

— Works for PDB files refined with most common refinement programs

¥) Main page - MolProbity - Mozilla Firefox <2>

Fle Edit View History Bookmarks Tools Help

[ Mest Visited ¥ @CEH[OS [JSuppert™  °r_autoBUSTER Docum... S Main Page - SGC Ox... 7 ClustalW2 giExPASY - Toels [§ Basic Emacs Editor ... »

@ [ nttp://molprobity biochem. duke edu/index php?MolProbSID=0909e5a176347a0r58r achcas544belbser 7 = | (4= @,

141 Main page - MolProbity ‘ & -

oL,

PROBITY

Main page
Evaluate X-ray
Evaluate NMR
Fix up structure
Work with king

Main page

FILE UPLOAD/RETRIEVAL (MORE OPTIONS)

PDB/NDBcode:[ |

type: [ PDE coards :
type: | PDB coords 3 Upload >

View & download files
Lab notebook
Feedback & bugs
Site map

Save session
Log out Walk-thrus & tutorials:

You are using 0% of
your 200 Mb of disk
space

Common questions:

Evaluate X-ray structure: Typical steps for a published X-ray
crystal structure or one still undergoing refinement.

Cite MolProbity: Chen etal. (2010) Mol Probity: all-atom structure
validation for Ty graphy. Acta Cry grap
De6:12-21

Evaluate NMR structute: Typical steps for a published NMR
3 and/or
ensemble or one still undergoing refinement.
Davis et al. (2007) Mol Probity: all-atom contacts and structure validation for
Fix up structure: Rebuild the model to remove outliers as part proteins and nucleic acids. Nucleic Acids Research 35:W375-W383.
of the refinement cycle.
Cite KiNG: Chen etal. (2009) KiNG (Kinemage, Next Generation): A
versatile interactive molecular and scientific visualization program. Protein

Science 18:2403-2409.

Work with kinemages: Create and view interactive 3-D
graphics from your web browser.

What's new in 3.18: Installing Java: how to make kinemage graphics work in your
browser,
* New references added.

 Update to allow download ofjiffiloop to standalone Download MolProbity: how can I run a private MolProbity

installs. server, or run from the command line?

® Improved handling of modified nucleic acid bases.

* Workaround for remediator bug due to " HA2 GLY"
being both old and new format.

* Updated versions of various components.

NB: the back button doesn 't work inside Mol Probity

® Bug fixes/improvements in cmdline tools

It appears thatJava is notenabled in your browser, S0 you may not be able to use i raphics.

About MolProbity | Website for the Richardson Lab | Intemnal reference 3 18

Done

What to look out for:

. Ramachandran outlier

*  Outlier in bond length and bond angle
. Bad rotamers

*  Outliers in CB atom chirality

. Amount of serious clashes between
residues but also between residues and
ligand/water

Main page and input


http://molprobity.biochem.duke.edu/

Checking geometry and more

Molprobity
The web server can be found here:
http://molprobity.biochem.duke.edu/

All Atom (Clashscore, all atoms: 7.58 0o percentile” (N=141,2.80A + 0.254)
1cti . Contacts (Clashscore is the number of serious steric overlaps (> 0.4 A) per 1000 atoms.
Overall statistics; ps (> 04 A)p
[Poor rotamers 4.44% (Goal: <1%
Green . acce pted ﬁ IRamachandran outliers 0.00% (Goal: <0.2%
- Ok but can Ramachandran favored 97.20% (Goal: >98%
. Protein lCp deviations >025A 1 Goal: 0
be improved Geometry N " . A 1 0254
. MolProbity score 2.05 99™ percentile (N=4482, 2.80A + 0.254)
Red . Fa I Ied [Residues with bad bonds: 0.00% Goal: 0%
[Residues with bad angles: 0.00% IGoal: <0.1%

) viewing finalFH-multi.htm| - MolProbity - Mozilla Firefox

Hle Edit View History Bookmarks TIpols Help
@ @ 121 nttp-molprobity.biochem. duke edusviewtext php?MolProbSID=9909e5a176347a0r58fachcas544beln v | [# @
Fi Most Visited ™  [6]CentOS  [3SupportY %, autoBUSTER Docum... S Main Page - SGC Ox... 17 ClustalW2 gy ExPASy - Tools [ Basic Emacs Editor ... »

MMain page - MolProbity

PROBITY

x ‘mvwewlngfma\FHrmultl ntmi- ... x | &

Viewing finalFH-multi.html

When finished, you should | close this window |.

Hint: Use File | Save As.. to save a copy of this page.

100" percentile is the best among structures of comparable resolution; 0™ percentile is the worst.

" Mol Probity score is defined as the following: 0.42574%log(1+clashscore) + 0.3299 log(1+max(0,pctRotOut-1)) + 0.24979%og(1+max(0,100-pctRamaFavored-2)) + 0.5

Live sorting requires JavaScript enabled and Safari 2, Firefox 1.5, or IE 6

Click on column

Detailed statistics
given for each residue

=

| Clsh>04A  Ramachandn  Rommer  Cpdeviaton  Bondlenghs.  Bondangles. <= label to list from
| Clashecorei758  Outliers:00f1537  Poor rolamers: 550f1240  Outliers: 1 0{1469 Outliers: 0 of 1551 Oulliers: 0 of 1551
B 5% ) s ] ] worst to best
General case / 83.9,154.9 chiangles: 80
_ Favored (79.31%) B B B B
Glycine /639294
_ Favored (46.92%) R R R R
Glycine / -73.6,1752
_ Favored (75.27%) 57.3% (tp) 004k i i
General case / -56.6,-49.4 chiangles: 1782,583
Glycine / -43.1,-46.4
_ Favored (75.08%) 91% (mtm-85) 0.0474 B B
General case / 555,423 chi angles: 288.8,192.8305.7 265
Ad6 LYS 102.60 - ci:?ﬁi (/88585;:)5 . 0.01A - -
SRS Rl : - |
Done ) -



http://molprobity.biochem.duke.edu/

Checking geometry and more

* Quality Control Check from JCSG

— The web server can be found here:

http://smb.slac.stanford.edu/jcsg/QC/

— Needs PDB file, MTZ file and log file from last refinement step, protein sequence
—  Only works for files refined with Refmac5

¥) Quality Control Check v2.7 - Mozilla Firefox

Hle Edit View History Bookmarks Iools Help

<« M Q.’l ﬂ [5“'? http:#/smb slac stanford eduijcsg/QC/ .] ﬁ. a
[ Most Visited ¥ [g|CentOS [2Support™  ®, autoBUSTER Docum... $ Main Page - SGC Ox... (7 ClustalW2 gExPASy - Tools [ Basic Emacs Editor ...
% Quality Control Check v2.7 |+ .

(C{;CC/—-, -

=/ Joimn Center for Structural Genormies
ing high throughput methods for target selection, cloning, mprm ion;
fion, X-ray diffraction, and struciure determination,

Program Documentation

Enter the file names in appropriate boxes

Note: Refinement must be performed by REFMACS.
Phase MTZ file could be a Sharp (eden-unique.mtz) or a Solve (solve.mtz) file.

PDB File: [ Browse... | MTZ File: [ Browse... |
SEQ File: .

(fasta/pir format) LOG File:
Phase MTZ File:

(for origin check)

Select the desired tasks

w
o
=
]
aQ
=k

Task
PDB Check
ADIT Check
MolProbity Check
NCS Outliers Check
Nomenclature Check

&)

&

El

&)

&

El

Sequence Check
Refinement Stats Check
Map vs Model with Resolve
Origin Check

&)

&

|

Done 4



http://smb.slac.stanford.edu/jcsg/QC/

Checking geometry and more

e Quality Control Check from JCSG

— The web server can be found here:
http://smb.slac.stanford.edu/jcsg/QC/

©) qQuality Control Check v2.7 - Mozilla Firefox

Fle Edit View History Bookmarks Tools Help

@ - @ @ [ 52 nttp:ysmb siac stanford edujesg/ac/ ~| A~ )
[ Most Visited ¥ [g| CentOS [JSupport™ % autoBUSTER Docum... ¥ Main Page - SGC Ox... {ClustalW2 g ExPASy - Tools [§ Basic Emacs Editor ... » .
S= Quality Control Check v2.7 prﬁ- : : - What to IOOk Out for-
R-factors: ]

Rwork = 16 31 % 4|+ Geometry problems as in Molprobity

Gap = 5.54 % (seems a little large, may need further investigation) — Check

R-factors d\strlk(:zlggg ‘Etrigtﬁrgts; 8 A resolution . Flags on data q ua ||ty
1600
Ries *  Refinement settings

1400 Rfree - Rwork
J *  Water molecule and ligand geometry
g o «  Clashes between side chains or side
2 80 o) chains and waters, side chains and
g cm S ligand molecules, side chains and back
E o € bone ...
=

0 *  Sequence errors

0
o oes o1 o 02 0 03 0 04 *  Unusual Bfactors and occupancy

Expectation values:

Rfree/Rwork = 1.34

Rfree error estimate = 0.0096

Standard uncertainty for Rfree = 0.002

Standard uncertainty for Rfree/R= 0.013

Na/f = 0.1090

Rf/R expectation = 1.25

Difference between Rf/R and expectation value = 0.09

Standard deviations between the expected and observed ratio = 6.92 (seems too large, please check.)

Map Correlation:
Fo-Fc map correlation = 0.966 (OK)

Restraints:
The default B factor restraints were used.
Hydrogens have been added during refinement.

NCS:
Number of chains = 4
Resolution is = 2.0 &, no NCS needed.
NCS arouns in PDR headar = N ]

Done



http://smb.slac.stanford.edu/jcsg/QC/

Checking geometry and more

* Quality Control Check What to look out for:
—  Within CCP4 . Geometry

* Input Flags on data quality

— Refined PDB file *  Refinement settings
—  Refined MTZ file . Water molecule and ligand geometry

e  Output . Clashes
utpu . Sequence errors

— Logfile with text presentation of results .
— Postscript files giving graphical presentation of results

Unusual Bfactors and occupancy

Crystal Structure Factors
Cell parameters: Input
FY check - Run Sfcheck and Procheck —| [ = ‘gﬁga‘g 2 Ef ];:136? b ;_ 3;;;:]8 b Nominal resolution range: 587 280 A
: A - T T I TN, =
I | HEIP Space group: P42 21 2 Unique reflections above 0: TRE4T
N S above 1ot ToORT
Job title D O n It u Se abave 36: 47366
-. . Reflections > 0: 1
Processed resolution|| srcueck
< _I Run Procheck to analyse structure geometry P ro C h e C k . Nominal resolution range: 58.7- 280 A
= B ’ {max. from input data, min. from author)
W Run Sfchec analyse structure against experimental data N Used reflections: 78845
odel Reflections out of resolution: 2
Run Sfcheck against native SF —i |data O bso I ete 13118 atoms (515 water molecules) Completeness: 93.1 %
. - Number of atoms with aniso_U: 12097 R_stand(F) = <o(F)>/<F> : 0.078
_| Generate anisothermally corrected SF amplitudes T T 41 Anisotropic distribution of Structure Factors
Volume not occupied by model: ~ 66.3 % | ratio of eigen values: 0.9366 0.9366 1.0000 |
Coords in Full path.. — ||MDMMP|TZBBIZB—pmuf—dI]I]1 fiinal.pdb Browse | Wigsw <B: (for atomic model): 62.0 A"2 Ontival resslii s N
G[B): 19_54 cal resolubion: U5
A Matth fFi iE Expected opt. resol. for complete data set: 2.04 A |
MTZin Full path.. — ||MOMMATZBB!ZB—pmuf—dI]I]1 Hinal.mtz Brawse Wi CE’ e“'sz‘_’e ’“]e“- @ =5 Estimated minimal error 0.051 A
orresponding solvent H S04 - -
F FCTR — | Sigma SIGF_p4 =1 effect“/e reso | ut|o n Model vs. Structure Factors
FreeR FreeR ﬂag = I R—factor for all reflections: 0.254
Correlation factor: 0.885
Rampage Output P3 .TZBB_proof-m— ||ﬁnal_rampage1 ps Broese | Wie Of the eIeCt ron R—factor: 0.259
. for F=>200
Sfcheck Output PS (TZBB_proof-. | final_sfcheckl.ps Browse | vew || density e, resolulion range: 490~ 280
Refinement e
Rfree: 0.281
Program: BUSTER 2.80 Nfree: 3771
Run — Save or Restore  — Close Nominal resolution range: 50.0- 280A R—factor without free—refl.: 0.258
Reported R—factor: N.A. Non free—reflections: T2306
Number of reflections used: TRE4R <u= (error in coords by Luzzati plot): 0372 A
Reported Rfree: N.A. Estimated maximal error: 0.139 A
Sigma cut—off: N.A. DPL: 0513 A
Scaling
Scale: 0.857
Bdiff: —6.39
Anisothermal Scaling (Beta):
25564 2.5564 1.6116 0.0000 0.0000 0.0000
Solvent correction — Ks,Bs: 0,836 230.117




Checking sequence

e Blast search to get reference sequence
— Get sequence from model
phenix.print_sequence <PDBin.pdb> > <PDBin.seq>
<PDBin.pdb> structure to get the sequence from
<PDBin.seqg> new file with printed sequence
— The web server can be found here:
http://expasy.org/tools/blast/

— Get sequence from each chain of target protein in the pr=m=mmm=——
ASU @ - @ @ i np.iwww expasy cnooisilasy e M %)
. . . B Most Visited ™ (@] CentOS [ Support™  “r autoBUSTER Docum... 5 Main Page - SGC Ox.. ClustalW2 gy ExPASy - Tools [§ Basic Emacs Editor ... »
— Align the sequences of target protein with reference [acomoson ¢ -
[+ A saacn [ExPASy web ste 2] or (6o ) (ear
Sequence %'"5‘"@““" & ExPASy Proteomics Server
— Sequence alignment tools ‘ R
http://www.ebi.ac.uk/Tools/msa/clustalw?2 18 BLAST Network Service
http ://p ro bco ns. sta nfo rd . ed u/ 'k-- = NCB Bl:"\i:'L s maintained by the Swiss Institute of Bicinformatics.
http://mafft.cbrc.jp/alignment/software/ — .
http://www.ebi.ac.uk/Tools/msa/tcoffee/ o St P T e o PROTE o 1 AW kot
What to look out for: cvwstoms &%
. Run BLAST | or | Reset Form
*  Mismatch between reference sequence and model s
Seq ue nce d ue to bu I I d I ng % blastp - query against the UniProt Knowledgebase (Swiss-Prot + TIEMBL)
. Mismatch between reference sequence and model
sequence due to mutations i —— )

*  Mismatch in residue numbering

Done



http://expasy.org/tools/blast/
http://www.ebi.ac.uk/Tools/msa/clustalw2
http://probcons.stanford.edu/
http://mafft.cbrc.jp/alignment/software/
http://www.ebi.ac.uk/Tools/msa/tcoffee/

Checking ligand geometry

e Turn non-standard ligand into PDB coordinates
— The web server can be found here:
http://davapcl.bioch.dundee.ac.uk/prodrg/
http://www.ccdc.cam.ac.uk/support/documentation/mogul/mogul/mogul.3.3.html

) The Dundee PRODRG Server - Mozilla Firefox <2> =) =] B

Hle Edit View History Bookmarks Iools Help

« @ @ () ntp-sidavapc bioch dundee ac.ukfprodrg/ ~| [~ a)
FiIMost Visited ™  []Cent0S £3Support™  ‘_ autoBUSTER Docum... §{ Main Page - SGC Ox... {JClustalW2 giyExPASy - Tools [§ Basic Emacs Editor ...
[8] The Dundee PRODRG Server ] -

The GlycoBioChem PRODRG?2 Server

Please note that this server is strictly for academic use (max 5 submissions/day) only

You can obtain your own copy of PRODRG for academic/commercial use here.

A FAQ is available here, READ it before using this server

... X-ray
refinement/MD

.... drug
design/docking

What to look out for: oo

Correct geometry for ligand

Funded by:

GlycogioChem
*  Correct bond length, bond

angle, valence state

* Single, double, triple bond

W O L -

Paste your input here (PDB coordinates, MDL MOLfile, text drawing). See below for instructions.

infmizati
Please be patient, this can take up to 2 minutes
This WWW PRODRG server will convert coordinates for small molecules in PDB format to the following topology

formats: GROMOS, GROMACS, WHAT IF, REFMACS5, CNS, O, SHELX, HEX and MOL2. In addition, coordinates for
hydrogen atoms are generated.

[«

Done



http://davapc1.bioch.dundee.ac.uk/prodrg/
http://www.ccdc.cam.ac.uk/support/documentation/mogul/mogul/mogul.3.3.html

Checking ligand geometry

e Turn non-standard ligand into PDB coordinates

— software can be found here:

http://www.ysbl.york.ac.uk/~pyoung/JLigand/JLigandInfo.html

B JLigand 1.0.9

JLigand File Tab Ligand View Help
Load Ligand: ‘ | | Search Library ... || Check Valencies || Correct Bonds | []AtomIds [ |Hydrogens [ |Charges
[c ]
N
o |
H
[s |
T

cl N

Br N/>C*--ﬂ N \\C O“'fo
i \ %chpf o "
T C:Q:N/ \ /O /0.-#

C ™ C

> é C o]

Se 0/ ““*—C/
N b
ed
| O]
| O |
=

O

Link ATP

Del

What to look out for:

*  Correct geometry for
ligand

*  Correct bond length,
bond angle, valence state

. Single, double, triple
bond



http://www.ysbl.york.ac.uk/~pyoung/JLigand/JLigandInfo.html

Walk structure

* Create “ghost” PDB structures of NCS chains
— Script can be found here:
ftp://hestia.sgc.ox.ac.uk/pub/px

* |nput

allOnChain.csh <pdbin> <first residue> <last residue> <chainlD>

where " Coot BER
<pdbin> the PDB f||e you Want tO CheCk the WateI’S |n File Edit Calculate Draw Measures Validate HID About Mapman |ED-extensions Extensions

<first residue> first common residue in all NCS chains of the
model

<last residue> last common residue in all NCS chains of the
model

<chainlD> unique chain identifier
*  OQOutput
— PDB file for each unique chain
— NCS copies are superpositioned and last common
atom for all chains is merged

— Shows detailed differences in rotamers and backbone
trace

— Gives a full PDB file and not just a ghost image as in
Coot

= Reset View [= Display Manager

C e at(‘zf%@:.awame@mEE

What to look out for:

* Differences in NCS chains
*  Check if they are supported by density

Successfully read coordinates file fwork/ACVR1A/27-proof-d003-K00991-x003/proof-build-mv/final.all...


file:\\hestia\ftp\pub\px

Walk structure: overview

Coot for visual inspection of structure

Files needed:
— Final PDB file to be checked
—  MTZ file from last refinement step
— PDB files created by allOnChain.csh
Create a views record file
— This is a possibility to track changes suggested by the proofreader
— Coot - Extensions = Views = Add view
Coot = Extensions > Views = Save views
Coot > Calculate = Run script = pick myproof-views.src
Coot = Extensions = Views = Views panel
Open Ramachandran plot
— Coot > Validate > Ramachandran Plot
Open Kleywegt plot
— Coot - Validate - Kleywegt Plot
Walk structure residue by residue for each unique chain

Check waters from actit.csh and
— Coot = Validate = Check/Delete Waters

Check rotamers

— Coot = Validate = Rotamer analysis
Side chain building

— Coot = Validate = Density fit analysis
Check unmodeled density blobs

— Coot = Validate = Difference Map Peaks



Walk structure: Ramachandran Plot

* Coot for visual inspection of structure

 Open Ramachandran plot

— Coot = Validate = Ramachandran Plot

What to look out for:

. Ramachandran outlier
* Andthose in allowed region

Allowed region /

' Dynarama |

0 ...0of-d003-K00991-x003/final.pdb

180

L— Ramachandran
outlier

—— Favoured region

[ 1
B0 |‘-:
_ .l-l : | .
|
PRi ] _—"‘i_| | T
—BH |
— |
| | I
1 = 2 1 ey ) ‘165 B
- T T f T | ||
180 —-1Z20 —-60 0 (=10 120 180 |-
(] D
In Preferred Regions: 1097 (95.89%)
In Allowed Regions: 43 ( 3.76%)
Outliers: 4 ( 0.35%)
[ & oK ] [ ¥ cancel

Glycine
residues




Walk structure: Kleywegt Plot

* Coot for visual inspection of structure

* Open Kleywegt plot
— Coot - Validate = Kleywegt Plot

' Dynarama — O %

0 ...0of-d003-K00991-x003/final pdb

130

120+

What to look out for: Deviation

. Ramachandran deviation for the same 50 - between 'the _
residue but compared between two §ame famlno acid
NCS molecules 20 in chain A and

«  The longer the arrow the bigger the chain B

deviation —B0H

. Ramachandran plot of back bone
should be as close as possible between

I
. . . I - |
NCS copies; side chains may vary y 1 ' \
—1leg—= T T T
-180 -120 -80 O B0 120 180




Walk structure: waters

* Coot for visual inspection of structure
’. ¢ Questionable Waters BE

d ChECk waters from aCtItCSh and O W2l O [Occ: 1.00] Bfac: 42.37 ED: 2.13 sigma
] O W27 O [Occ: 1.00] Bfac: 41.67ED: 2.03 sigma
— Coot = Validate = Check/Delete Waters

DES

(O W150 © [Occ: 1.00] B fac: 29.68 ED: 2.94 sigma

! (O W?215 O [Occ: 1.00] Bfac: 31.41 ED: 2.75 sigma
File Edit Calculate Draw Measures Malidate HID About Mapman JED-extensions Extensions

= Q Reset View E Display Manager

() W 229 © [Occ: 1.00] Bfac: 28.57 ED: 2.66 sigma
) W 231 O [Occ: 1.00] Bfac: 37.76 ED: 2.10 sigma
@ W252 O [Occ: 1.00] Bfac:52.41ED: 1.29 sigma

(O W 272 O [Occ: 1.00] Bfac: 34.04 ED: 2.50 sigma

x Pointer. Distances. BER

¥l Show Pointer Distances

. . =| 2
uJSJS-'”“.—}@@%E

Min Distance | 0.10 | Angstroms
@ Max Distance| 3.60 | Angstroms
P
&y
v What to look out for:
X . Coordination of water molecules
’ e  Bfactors
&
®
Y
$
[ |

(mol. no: 0) © f1/W/252 HOH occ: 1.00 bf: 52.41 ele: O pos: (32.91, 0.40,14.30)




Walk structure: rotamers

* Coot for visual inspection of structure

e Check rotamers

— Coot - Validate = Rotamer analysis

Rotamer with =

- Jnusual Kotamer Graphs !
low probablity Molecule 0: final pdb
\ Chain A I
—— D________ _ o _Ee—m O ] N I H o ] __|
Z11 Z71 Za1 Z41 251 261 271 Z51 Bl
Chain B I
O B e O - — = O = S Sy — = O I —
Z08 Z1s 275 Z35 243 258 265 75 23
EZIain C I
_ B o ___ = O o= [ o
213 223 733 243 253 263 273 253 20
IChain D I I
_________ z _ s [ o N o N e R | \_ = o __
z20 730 Z40 Z50 260 2?0\ 750 20

\ [+]

==

Rotamer with
missing atoms

\

What to look out for:

° Unusual rotamers

*  Consistency between NCS chains

Unrecognised rotamer




Walk structure: density fit

* Coot for visual inspection of structure " Density Fit Graphs

Molecule 0: final pdb

hain A =

* Side chain building

(I TS hmﬂﬂﬂﬂhmhmh |—||_||—||_|.—| '—lﬂ.—ﬂh = V_||—||—|l_||—||_||_||_||—
— Coot - Validate = Density fit analysis 711 ez ezl e el
Chain B
|—||_||_||_||_"_||_||_||_|Hhmnﬁhﬁnﬂﬂﬂﬂﬂﬂ.—ﬂm—‘hﬂﬂﬂﬂh |—|r—|l_|r—||_”_||_|r_|l—|l_h—| O HHHHH[_
208 218 228 238 248
What to look out for: Chain € ﬂ
i i |_||_||_| Do l—h—u—u-ﬂﬂﬂ [ N o e [ | ] PV R = -
*  Atoms that can be placed in the map without Razal oo o =
doubt at sigma > 0.5 Iihal I
|:||:||:| EIDDEIEIDEIEIDDD (]}
210 220 230 240

Lysine side chain @ sigma 1.0

Same lysine side chain @ sigma 0.5



Walk structure: unmodeled density

* Coot for visual inspection of structure

* Check unmodeled density blobs
— Coot - Validate - Difference Map Peaks

File Edit Calculate Draw Measures Validate HID About Mapman JED-extensions Extensions

7 ) Reset View [ Display Manager

(mol. no: 0) O /1/W/252 HOH occ: 1.00 bf: 52.41 ele: O pos: (32.91, 0.40,14.30)

' Difference Map Peak Analysis

Select Difference Map

@ 2 fwork/ACVR1A/27-proof-d003-K00991-x003/PhaseMTZ.mtz DELFWT PHDELWT

Select Model

@ 0 /work/ACVR1A/27-proof-d003-K00991-x003/final.pdb

Sigma Level
Find Peaks above | 5.00

-

. sigma

Which Peaks?

[] Find Positive Peaks?

[7] Find Negative Peaks Also? ' Difference Map Peaks HREE

@ 1 0.35(6.75sigma) atxyz=( 24.87, :
() 2 0.31(6.00sigma)atxyz=( 4072,

‘_Z (0 3 0.30(5.75 sigma) at xyz = ( 6.774, -
O 4-0.29 (-5.68 sigma) atxyz = 2161,
z ()5 0.28(542sigma) atxyz =( 2211,
= (0 6 0.28(5.42sigma) atxyz =( -1.101,
A () 7 0.28(5.31sigma) atxyz=( 3582,
: ()8 0.27(5.24 siama) atxvz=1( -11.03.
%
+
e
: What to look out for:
&
® *  Missing water molecules
® *  Here: check rotamer fit; maybe
® alternative conformation
[ |




Walk structure: metal ions

Coot for visual inspection of

structure

Check valence state and
coordination of metal ions

Literature data for d(M-X) [if missing, see Table 2/3 in link below]

b 0.37"universal constant”, see Brese and O'Keeffe)
distance
S Mg Mn Zn Ca Ni Co Cd Fe
(0] 1.693 1.79 1.704 1.768 1.654 1.7 1.904 1.759
N 1.85 1.87 1.770 2.14 1.75 1.84 1.96 1.86
S 2.18 2.2 2.09 2.45 2.04 2.06 2.29 2.16
Valence 2 2 2 2 2 2 2 3

Observations - enter coordingating atom type, and Metal-ligand

Total valence (=2)

distances

Residue H111 H113 H138 W111 W113 w138
atom (X) [N S S S (0] (0]

dyx A 1.78 235 239 2.4

dy.x B 2.1 2.21 2.22 2.28 2.25 2.12

What to look out for:
. Valence state of the ion

. Distances between the metal ion
and coordinating residues/waters

Mdller, Kopke & Sheldrick 2002, Is the bond-valence method able to identify metal atoms in protein
structures? Acta Cryst D 59, 32-3
Brese & O’Keeffe 1991, Bond-valence parameters for solids, Acta Cryst B 47, 192-197

Mg

Mn

Zn

Ca

Ni

Cd

Co

Fe

do
Vij-A
vij-B
do
Vij-A
vij-B
do
Vij-A
vij-B
do
Vij-A
vij-B
do
Vij-A
vij-B
do
Vij-A
vij-B
do
Vij-A
vij-B
do
Vij-A
vij-B

1.85 2.18 2.18 2.18 1.693

Calculations - compare bold values to valence of metal (i.e. the charge, usually)

Calculated

1.693valence

1.20827 0.631625 0.566903 0.551786 0 0
0.508813 0.922119 0.897531 0.763173 0.221927 0.315356

1.87 2.2 2.2 2.2 1.79 1.79
1.275379 0.666706 0.598389 0.582433 0 0
0.537073 0.973335 0.947381 0.805561 0.288447 0.4098§

1.77 2.09 2.09 2.09 1.704 1.704
0.973335 0.495245 0.444498 0.432645 0 0
0.40988 0.723016 0.703736 0.598389 0.228624 0.324872]

2.14 2.45 2.45 2.45 1.768 1.768
2.645799 1.310319 1.176051 1.144691 0 0
1.114168 1.912954 1.861945 1.583218 0.271796 0.386219

1.75 2.04 2.04 2.04 1.654 1.654
0.922119 0.432645 0.388312 0.377958 0 0
0.388312 0.631625 0.614783 0.522752 0.199726 0.283807]

1.96 2.29 2.29 2.29 1.904 1.904
1.626591 0.850303 0.763173 0.742823 0 0
0.684971 1.241371 1.20827 1.027396 0.392533 0.557784]

1.84 2.06 2.06 2.06 1.7 1.7
1.176051 0.456675 0.40988 0.39895 0 0
0.495245 0.666706 0.648929 0.551786 0.226166 0.321379

1.86 2.16 2.16 2.16 1.759 1.759
1.241371 0.598389 0.537073 0.522752 0 0
0.522752 0.873598 0.850303 0.723016 0.265265 0.37693§

2.96
3.63

3.12
3.96

2.35
2.99

6.28
7.13

2.12
2.64

3.98
5.11

2.44
2.91

2.90
3.61




Use web services and tools within CCP4 to check data quality and structure

Objective analysis of known physical and chemical restraints

Exceptions: biochemical knowledge and background information about target
protein may explain outliers

Check ligand geometry = it’s the most interesting bit of your structure, e.g.
catalytic mechanism, inhibition

Second opinion helps to find errors and helps to get you out of a refinement loop
Proof-reader not familiar with protein and therefore looks at it more objectively
Speeding up to get structure ready for deposition

Start using validation tools throughout refinement and especially towards the end

In the end:

A structure has to make
biologically sense




Appendix: Checking phasing result

Using a text editor
SpaceGroup of Solution: P1211
SINGLE solution
Solution written to PDB file: /work/ACVR1A/3-phaser-d001-x003-aew/ACVR1A 9.1.pdb
Solution written to MTZ file: /work/ACVR1A/3-phaser-d001-x003-aew/ACVR1A_9.1.mtz

Solution log-likelihood gain: 5520.59
Solution annotation (history):

RFZ=16.1 TFZ=12.4 HAK=0 LLG=391

RFZ=14.9 TFZ=35.4 HAK=0 LLG=1383
RFZ=14.8 TFZ=45.3 HAK=0 LLG=2865
RFZ=14.5 TFZ=53.1 HAK=0 LLG=4684

LLG=5521

What to look out for:

e Z-scores for rotation and translation function are expected to be > 6-7 for
successful MR result

* LLG (log-likelihood gain) increases with every found molecule




* Molprobity
The web server can be found here:
http://molprobity.biochem.duke.edu/

Ia Firefox <2>.

Main page - MolProbity - Mo:
Hle Edit View History Bookmarks Tools Help

« - ® ﬂ [m http: fimolprobity biochem.duke_edufindex.php v] [.‘lv
[EMost visited ¥ [g]CentoS f3Support™ S autoBUSTER Docum... $i{ Main Page - SGC Ox... #%iClustalW2 gy ExPASY - Tools [§ Basic Emacs Editor ... »

™ main page - MolProbity & v

1oL,

PrROBITY

Add hydrogens

Select a model to add H to:
(©] final.pdb Original file uploaded by user
Select a method of adding H:

Add missing H, optimize H-bond networks, check for flipped Asn, Gln, His (Reduce -build)

@ Asn/GIn/His flips

Advanced options: /] Make Flipkin kinemages illustrating any Asn,Gln, or His flips

O No flips Add missing H, eptimize H-bond networks, leave other atoms alone (Reduce -nobuild)

Start adding H >

Adding hydrogens

IDO: Help text about Reduce and adding hydroeens goes here
TODO: Help text about Reduce and adding hydrogens goes here

Check on atom flips by adding hydrogens

Review flips

oL

PROBITY

These Flipkin kinemages illustrate the changes Reduce made. Residues that were flipped are marked with stars (*) in the Views menu.

® finalFH-flipnq.kin (6.1 Mb): View in KiNG | Download
@ finalFH-fliphis.kin (4.9 Mb): View in KiNG | Download

Reduce didn't flip any groups while adding hydrogens to your file. This may indicate that all of the Asn's, Gln's, and His's in your structure are oriented correctly.

(Show all Asn/Gln/His)

Continue >

PrOBITY
Main page
Erlehmm SUGGESTED TooLs (ALL ToOLS)
Evaluate NMR
Fix up structure ' i
T P it Currently working on: final.pdb
View & download files 1 -
Lab notebook %7 Analyze geometry without all-atom contacts
Feedback & bugs Add hydrogens
Site map y
Edit PDB file
Save session
Log out
Downgrade file to PDBv2.3 format (for downlead only)
You are using 1% of {44 Makesimple kinemages
your 200 Mb of disk W5
space.
RECENTLY GENERATED RESULTS (ALL RESULTS)
PDB  Uploaded PDB file as final.pdb 5:50am EDT
[set time zone]
POPULAR DOWNLOADS (ALL DOWNLOADS)
File name Size View... Download
O coordinates L
a &> kinemages
Check all - Clear all Download checked files and folders as a ZIP archive
FILE UPLOAD/RETRIEVAL (MORE OPTIONS)
PDB/NDBcode:| | type: [PDB coords z
e OB com 3]
Walk-thrus & tutorials: Common questions:
Evaluate X-ray structure: Typical steps for a published X-ray Cite MolProbity: Chen et al. (2010) Mol Probity:all-atom structure
crystal structure or one still undergoing refinement. validation for 1y Acta Cry i L
Done -

Main page; chose file and analysis

Flip suggestions and download possibility



http://molprobity.biochem.duke.edu/

* Molprobity
— The web server can be found here:
http://molprobity.biochem.duke.edu/

Main page - MolProbity - Mo: fox <2> ol (%

Fle Edit View History Bookmarks Tools Help

@ - @ @ (1] http:/molprobity.biochem duke.edu/index.php |

[ Most Visited ™ [@]Cent0S {3 Support~  °» autoBUSTER Docum... S Main Page - SGC Ox... 7 ClustalW2 gyExPASy - Tools [§Basic Emacs Editor ... »

11 main page - MolProbity £ A

M\)L Analyze all-atom contacts and geometry

PROBITY

Select a model to work with:

O final.pdb Crigjnal file uploaded by user
® finalFH.pdb Derived from final.pdb by Reduce -build

Choose the outputs you want:

M\)L Main page 30 kinemage grapnics
PROBITY Clashes
v Xeray SUGGESTED TOOLS (ALL TOOLS) Hydrogen bonds
SEUED Y [ van der Waals contacts
Q’;;";};“;‘:? Currently working on: [finalFHpde_ Derived from final.pdb by Reduce -build 3
Ramachandran plots
View & download files o
Lab notel 't [/} Make simple kinemages Rotamer evaluation
I oY | )
;ﬁ:[::::k & pugs - Analyze all-atom contacts and geometry Geometry evaluation
Smm e e 77 EditPDB file CP deviations
Log out [ RNA sugar pucker analysis
Downgrade file to PDBv2.3 format (for download only) [ RNA backb: f .
You are using 8% of <. Visualize interface contacts ackbone conformations
your 200 Mb of disk P
b ) Make views of trouble spots even if it takes longer
O Alternate conformations
RECENTLY GENERATED RESULTS (ALL RESULTS) [J Model colored by B-factors
) [ Model colored by occupancy
LY‘ Added H with -build to get finalFH.pdb 5:52am EDT [ Ribbons
P08 Uploaded PDB file as final.pdb 5:50am EDT
Charts, plots, and tables
[set time zone] Clashes & clashscore
Ramachandran plots
POPULAR DOWNLOADS (ALL DOWNLOADS) )
L Rotamerevaluation
File n Size View... Download Geometry evaluation
0 o coordinates CP deviations
O b kinemages [ RNA sugar pucker analysis
Check all -Clearall Download checked files and folders as a ZIP archive 1 RNA backbone conformations
[ Chart for use with Coot (may take a long time, but should take less than 1 hour)
Suggest / report on automatic structure fix-ups
FILE UPLOAD/RETRIEVAL (MORE OPTIONS) Cronte himl om of multi.chart
reate html version of multi-char
PDB /NDB code: type: | PDB d : . . . : ; :
/ ] YP cooree [ List all residues in multi-chart, not just outliers
type: [ Run programs to perform these analyses > |
Walk-thrus & tutorials: Common questions: Analyze all-atom contacts and geometry
- - - S = SDO: Help text about analusis ooes here
e | TODO: Help text about analysis goes here

Main page; chose file and analysis

Options for geometry analysis



http://molprobity.biochem.duke.edu/

PrRoBITY

Molprobity

— The web server can be found here:

http://molprobity.biochem.duke.edu/

\)L Analysis output: all-atom contacts and geometry for finalFH.pdb

Summary statistics

All-Atom (Clashscore, all atoms: [7.58 oo™ percentile” (N=141, 2.80A + 0.254)
Contacts (Clashscore is the number of serious steric overlaps (> 0.4 A) per 1000 atoms.

[Poor rotamers 4.44% (Goal: <1%

[Ramachandran outliers 0.00% (Goal: <0.2%

[Ramachandran favored 07.20% (Goal: >08%
c:::tnw (CP deviations >0.25A4 1 Goal: 0

: 'MolProbity score” 2.05 (oo™ percentile” (N=4482, 2.80A  0.25A)
[Residues with bad bonds: 0.00% (Goal: 0%
[Residues with bad angles: 0.00% (Goal: <0.1%

100" percentile is the best a

REMARK 40

REMARK 40

REMARK 40 PROGRAMS
REMARK 40  AUTHORS
REMARK 40

REMARK 40 URL
REMARK 40  AUTHORS
REMARK 40

REMARK
REMARK 40 REFERENCE
REMARK 40

REMARK 40

s
5

REMARK 40 BAD ROTAMERS

Continue >

REMARK 40 RAMACHANDRAN OUTLIERS
REMARK 40 RAMACHANDRAN FAVORED 9

3 of comp 0" percentile is the worst.

" Mol Probity scere is defined as the following: 0.42574%l0g(1+clashscore) + 0 32096 og{1-+max(0,petRokOut-1))+ 0 24979"log{1+max(0,100-pctRamaFavered-2)) + 0.5

Multi-criterion visualizations

=
Mulfi-criterion
|t chart
=
View in KiNG | Download (2.9 Mb) View (305 Kb}

Single-criterion visualizations

® Clash list (12 Kb): View

* Ramachandran plot kinemage (425 Kb): View in KiNG | Download
* Ramachandran plot PDF (241 Kb): View

® Cp deviation scatter plot (84 Kb): View in KiNG | Download

You can download your PDB file with REMARK 40 inserted, or the same without hydrogens.

REMARK 40 MOLPROBITY STRUCTURE VALIDATION

MOLPROBITY  (KING, REDUCE, AND PROBE)

¢ L.W.DAVIS,V.B. CHEN,

R. M. THMORIENO, J. 3. HEADD, W.B. ARENDALL , J .M. WORD

: HTTP: //KINEMAGE . BLOCHEM. DUKE . EDU/MOLPROBITY/

I.W.DAVIS, A.LEAVER-FAY,V.B.CHEN, J.N.BLOCK,
G.J.KAPRAL, X .WANG, L.W.MURRAY ,W.B. ARENDALL ,

i J.SNOEYINK, 1.5 RICHARDSON, D. C. RICHARDSON

VMOLPROBITY: ALL-ATOM CONTACTS AND STRUCTURE

i VALIDATION FOR PROTEINS AND NUCLEIC ACIDS

NUCLEIC ACIDS RESEARCH. 2007;35:W375-83.

REMARK 40 MOLPROBITY OUTPUT SCORES
REMARK 40 ALL-ATOM CLASHSCORE :

7.58

4.4% 55/1240  (TARGET 0-1%)
0.65  0/1537  (TARGET 0.2%)
7.2% 1494/1537  (TARGET 98.0%)

) Main page - MolProbity - Mozilla Firefox <2>

Fle Edit View History Bookmarks Tools Help

a5 - ®

1 main pag olProbity *

roL

PROBITY

Main page
Evaluate X-ray
Evaluate NMR
Fix up structure
Work with Kins

View & download files
Lab notebook
Feedback & bugs
Site map

‘Save session
Log out

You are using 11% of
your 200 Mb of disk
space

=k
@ (M ntp:smotprobity biochem auke edumaex php | @)
[EMost Visited ¥ [g]CentOS [ISupport¥ % autoBUSTER Docum... §i Main Page - SGC Ox... [ ClustalW2 g EXPASY - Tools [5 Basic Emacs Editor ... »
Main page
SUGGESTED TOOLS (ALL TOOLS)
Currently working on: finalFHpdb _ Derived from final pdb by Reduce -build
¥/ Make simple kinemages
Analyze all-atom contacts and geometry -
#“ Edit PDB file
@ Downgrade file to PDBv2.3 format (for download only)
Visualize interface contacts -
REGENTLY GENERATED RESULTS (ALL RESULTS)
% U Analysis output: all-atom contacts and geometry for finalFH.pdb 5:55mm EDT
LY‘ Added H with -build to get finalFH.pdb 5:52am EDT

[... more reulis ..]

POPULAR DOWNLOADS (ALL DOWNLOADS)

File name Siz| View...
O bcharts
O & coordinates
O & kinemages
Check all - Clearall Download checked files and folders as a ZIP archive

[set time zone]

Download

Done

FILE UPLOAD/RETRIEVAL (MORE OPTIONS)

PDB/NDB code: [ | type: [PDB coords B

type: [PDB cooras| 2

Walk-thrus & tutorials: Common questions:

I

Output after geometry analysis

Main page and download
options after geometry
analysis


http://molprobity.biochem.duke.edu/

Appendix: Walk structure

* Coot for visual inspection of structure

e Check waters from actit.csh and
— Coot = Validate = Check/Delete Waters

Choose a Map:

1 jwork/ACVR1A/27-proof-d003-K00991-x003/PhaseMTZ .mtz FWT PHWT - ]

" Checking Waters: - O

Molecule Number: | 0 ...oof-d003-K00991-x003/final pdb: ¢]

with B factor greater than: |80.00 |a~2 Active
with map sigma lewvel less than: [ 1.00 l electrons/A3 Active
with closest contact less than: [ 2.30 IA Active
with closest contact more than: [ 3.50 ]A Active

[ Ignore Partial Occupancy close contacts
[ Ignore Waters with Zero Occupancy

For Waters that match:
@ Any Criterion

) All Criteria

[ J ok ] lxgancel]




