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Low-R: ion Crystall h
Is Coming of Age

The theashold of what is considered “scceptable” res
olution for obtaining mechanistic insights is being
pushed by recent structures at 3.8 10 4.7 A resolution.
One of these structures, that of a fully ghycosylsted

yprotein in an wniiganded
lution, is described In this

t
Isswe (Chen et al., 200%)

Briinger, AT, Structure, 2005, 13:171-2.

Chen et al. Nature, 2005, 433:834-841.
Chen et al., Structure, 2005, 13:197-211.

«Data collection more difficult.

«Many software packages cannot deal with resolution lower then 2.5-3A.
*Refinement does not converge.

«Structure determination takes 2-12 months (vs. 1-14 days at 2.5A)

*Referees complain

7% of structures deposited at PDB were determined at resolutions lower then 3A

Computational Structure Determination wx:

1. Data Processing (IPLT, MRC)

¢ Compatibility with 3DX (HKL2000, Mosflm)

* Resolution, spot rejection,statistics, radiation damage.

¢ SBGrid supported platform (FC3-4, OSX)

¢ GUI, ease of use

¢ User Documentation

« Date processing time (from months to minutes)
2. Phasing (molecular replacement)
3. Refinement

4. Model Building and re-building

Phasing

3DX 3DX DX

2DX
Heavy Atom Molecular Images
Replacement Replacement »Phase Extension
(Heavy atom or Se; (Known model)
SAD, MAD, SIRAS; . )
synchrotron) »Molrep (CCP4i)
»Sharp »Phaser (CCP4i)

»Solve/Resolve »CNS
»SHELXD »Many other ...
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Prerequisites: RS,

# X B

« Diffraction Dataset (h,k,l) £
— Suitable Resolution P P ]

« 4.5 A-6 A or better.
— 3DX data quality (high resolution shell)
« Rsymm 30-40%
« l/sigma >3
« Completeness 75-80%
Model for Molecular Replacement
» >12% complete,
» >30% identity




Molecular Replacement %%‘
Examples from 3DX - nsB (2003) 10:807-11. PFEN
1. ROTATION

)

he.
e

2. TRANSLATION

Partial models can be used to bootstrap MR search.

Molecular Replacement
Examples from 3DX - cell (2006)
Low Resolution (~6A)

0 18 16 14 12 10 5 6 4
Resolution (A)

6A dataset might be sufficient to obtain MR solution.

Molecular Replacement
Search Space in 2DX is limited.

Typical MR with 3DX data often fails
when model identity < 30%.

Direct search, especially when followed
by refinement can offer better
convergence, but it is too time
consuming for 6D searches.

Membrane protein limited in orientation:

Direct search in 2DX can yield better
results, especially when models and
data are poor.

rotation

Molecular Replacement
Direct Search in CNS

#binbash -1

translation=0
rotation=0

forain123456789101112 4 ») translation
forbin 12345678910 11121314 1516 1718192021 222324252627 . . - - - -

37383940 4142 43 4445

do

Isckab xyzin2 1.pdb xyzoutinput pdb << END-Isqkab
translate 0.0 0.0 Stranslation
otate polar 0 90 Srotation

end
END-Isckab

ens < rigic.inp > rigid.out

catrigic.pdb | grep starting >> log.starting
cat rigid.pdb | grep final >> logfinal

m - rigid. pdb

‘echo Stranslation Srotation >> log matrix
let "rotation+=2"

tio
let “transiation-=1"
jone.

rotation
Applications can be adopted to perform MR in a limited search space.
Adjust UNIT CELL parameters!

Molecular Replacement
Symmetry Considerations

MR search (translation
function) will confirm
space group assignment.

rotation

Molecular Replacement
Molrep

1386-1i 4 IN .11 160/ED32/ap_ed_65A.mtz MODEL ././2_PDBla2.pdb <<stop
# Request DOC-fle
_poc Y
HLABIN F=FP SIGF=SIGFP
LABIN F=F SIGF=SIGF
UNT

ZFILE T molre_fab
RESMAX 4.0

#NP: <10> - number of peaks of rotation function to be checked.
Maximum: 50. Default: 10

#NPT: <20> - number of peaks of translation function to be checked.

# Maximum: 50. Default: 20

H#NMON: <1> - number of monomers. Program wil try to create full model




Molecular Replacement B
Molrep (search with monomer) TR,

Rotation Function

alpha  beta R Rf/sigma

S0l RF 1 7 3.57 642.2 5.12
S0l RE 2 77.35 416.4 3.32
Sol_RF 3 81.48 4104 3.27
Sol RF 4 51.61 107.1 3.25
1RF 5 90.00 390.0 3.11
S0l RE 6 19.90 389.9 3.11
Sol_RE T 33.41 370.9 2.96
S0l RF & 26.63 345.6 2.76
S0l RF 9 8844 51.49 333.5 2.66
Sol_RF 10 81.27  77.10 3314 2.61

Zfrac  TF/sig R-f.
25.37 0.5

Molecular Replacement
Molrep (search with the tetramer)

Translation Function

Sol_tr 1 ooir 570

Sol_TF_1 0.009 24.55 0.512

So1T1E 1 0l005 1577 0.587

ST s o 0133

SolTTF 1 0 0.321

o111 o 01270

SolTme B T000 0.541 0 01258

SelTTF 1 10 57 1488 0.003 0.042 0.3 0,302
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Computational Structure Determination x#;

1. Data Processing (IPLT, MRC)
*  Compatibility with 3DX (HKL2000, Mosflm)
. Resolution, reflection inclusion,statistics, radiation damage.
< GUI
«  User Documentation
«  Date processing time (from months to minutes)
2. Phasing (molecular replacement)
3. Refinement
4. Model Building and re-building
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000 200
000 o.00
000 000
Refinement
Basic Protocol
N
Model/Remodel

1

Anneal

g

Refine B-factors

“Checking your imagination: application of R-free.
value", Kleywegt GJ and Brunger AT, Structure

X 30 Met in AQPO 1996, Vol 4 No 8, p 897-904,

Refining NFAT B

Use as many restrains as possible
Use as few steps as possible
Identify regions that differ

Refinement
Helical Restrains

anneal . inp or nininize.inp heli x. def

Force

ideal or model
angle

“Davation
power
Other possibilities:
« DNA restrai scale=1.0
restrains i
« Beta sheet restrains flags include dihe cdih end




Refinement —%r* Refinement
Evaluate Cell A Variations

#a scriptloaunch a s ob ino the am queue o the compute

intesn
enath
{orach aai (640016405 64.10 6,15 6420 6025 6430 6435 6440 6451 | | 5 ek cnnur it st oy s

54505455 0460 8465 0418475 640 84 85 5460 84951 i

50650808 1063308 20 692305 16354 0540 63431 P

55.0 695505 60 6985651 6 756540 8.8 660 .95

56820 6. |
et 5585380008585 66.70 6675 66,0665 669085 4 checclor sl nber b sporscro ccho o Check Temperature
’ . sl

o anning Souy :
oses -JARXISS {3068} st |1 - e SosoySisono) + 1 Check Symmetry Restrains

##binised "s/OUTPDBIsa_modelsVanneal_S{outsuff)pdbr™ | |
Ibinised "s/OUTPDB/sa_models_4 5AVanneal_S(outsuff pdbr” |
Iinised "SINPUT/sa_models_4 SAVanneal_S{outsuff.pobr" v 5 make an alas forour now st
> input_fles/anneal_S{outsu) inp. Setnowse = S{resocynun.cns_S{sarmum),

#use Gns_clust o launch a single cns job into the xray queue
ns_dlust inpu_flesianneal S{outsuff.inp \

cno"Sfsemun” > Stesion) S(sermc)

Check geometry Restrains
Refine Unit Cell Parameters

18 o create ur clster st
cho lbincan £ Sinewsc)

Tlogs/anneal_S{outsuf.iog oaho > Sinawsd)
end echo et fsroot = inewsc)
oxit #echo source “S{fsrontxrayivogan/sricns_soive_1.1/cns_solve_en |
# ‘echo ‘source "§{fsroolfprograms/386-inuxGnsicns_solve_1.1/cns_solve_onv' |

echo”>> Sinewsc)
ocho"cns._solve < (1) > S{newsc)
cho 58 "S2) > S{howse)

4 nowlaunch hat script on the uster
chmod x S{newsd

bsub - om -1 Snewse) 8 {nawsc:} Jog &
seep02

Refinement Refinement
Lipids ] Composite omit maps
’ DCO-X (www.sbgrid.org)

Model Building: o B

1. generate sequence datablock from protein
sequence

edit ~slizltest/sod.init file

format expl (6(10a1,1x)) where 6 is number of 10
letter block in one line

muliple lines of sequnce OK

read sod manual for other seugne formats

2. run sod: 6d_sod < sod.init
3.start O
4. read sequence datablock: read sod.odb
5. create pdb datablock:
sam_init test
6. write out coordinates:
s-a-0testpdbtest;;;
7. Run baton:
read di.o
mol di ca ; end
baton_build test 1 F

no to finish

8 mol test ca ; end
9 refi_inittest
10. refi_gen test;




Model Building: cooT

Main Window:

— Dragged, dynamic maps
Map/Molecule e

elector' [~ Mousesand dials (OSX) control

Building Menu:
Real Space refinement
Rotamers;

Chain extension




