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•Data collection more difficult.
•Many software packages cannot deal with resolution lower then 2.5-3Å.
•Refinement does not converge.
•Structure determination takes 2-12 months (vs. 1-14 days at 2.5Å)
•Referees complain
•7% of structures deposited at PDB were determined at resolutions lower then 3Å

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

Computational Structure Determination

Phasing

Heavy Atom
Replacement
(Heavy atom or Se;
SAD, MAD, SIRAS;
synchrotron)

Sharp

Solve/Resolve

SHELXD

Molecular
Replacement
(Known model)

Molrep (CCP4i)

Phaser (CCP4i)

CNS

Many other …

Images

Phase Extension

3DX 3DX
2DX

2DX

Prerequisites:

• Diffraction Dataset (h,k,l)
– Suitable Resolution

• 4.5 Å- 6 Å or better.
– 3DX data quality (high resolution shell)

• Rsymm 30-40%
• I/sigma > 3
• Completeness 75-80%

• Model for Molecular Replacement
>12% complete,
>30% identity
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Molecular Replacement
Examples from 3DX - NSB (2003) 10:807-11.

Partial models can be used to bootstrap MR search. 

2. TRANSLATION

1. ROTATION

1. ROTATION

1. ROTATION

4?

3?

Molecular Replacement
Examples from 3DX - Cell (2006)

Low Resolution (~6A)
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6A dataset might be sufficient to obtain MR solution. 

Molecular Replacement
Search Space in 2DX is limited.

translation

rotation

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.

Molecular Replacement
Direct Search in CNS

#!/bin/bash -f

translation=0
rotation=0

for a in 1 2 3 4 5 6 7 8 9 10 11 12
do
 for b in 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
37 38 39 40 41 42 43 44 45
 do

lsqkab xyzin2 1.pdb xyzout input.pdb << END-lsqkab
translate 0.0 0.0 $translation
rotate polar 0 90 $rotation
end
END-lsqkab
cns < rigid.inp > rigid.out
cat rigid.pdb | grep starting >> log.starting
cat rigid.pdb | grep final >> log.final
rm -rf rigid.pdb
echo $translation $rotation >> log.matrix
 let "rotation+=2"
 done
 rotation=0
 let "translation-=1"
done

translation

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

Molecular Replacement
Symmetry Considerations

translation

rotation

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

/programs/i386-linux/molrep/7.4.03/bin/molrep HKLIN ../../1_DATA/ORIGINAL/160/ED32/ap_ed_65A.mtz MODEL ../../2_PDB/a2.pdb <<stop
# Request DOC-file
_DOC  Y
#LABIN F=FP SIGF=SIGFP
LABIN F=F SIGF=SIGF
_FUN T
_FILE_T molrep_rf.tab
_RESMAX 4.0
#_RES_R 12.0
#_RES_T 10
#_RAD 25
#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
#NMON:   <1>      - number of monomers. Program will try to create full model
_MODE F
_RAD 37
#_ORIGIN 0.5 0.5 0.5
_PACK Y
_ANISO N
_ALL Y
_SURF N
_NMON   1
_SIM 0.4
_NP     2
_NPT    50
_END
stop

Molecular Replacement
Molrep
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             theta    phi     chi    alpha    beta   gamma      Rf    Rf/sigma
Sol_RF  1     2.50  120.63   91.07   76.13    3.57   14.88     642.2      5. 12
Sol_RF  2   131.33 -136.61  112.65   88.65   77.35  181.87     416.4      3.32
Sol_RF  3    50.98  134.27  114.29   88.53   81.48    0.00     410.4      3.27
Sol_RF  4    25.81    0.02  179.98    0.00   51.61  180.02     407.1      3.25
Sol_RF  5   135.00  179.11  178.75    0.00   90.00  181.77     390.0      3.11
Sol_RF  6    14.57  127.09   86.74   79.53   19.90    5.35     389.9      3.11
Sol_RF  7    22.92  132.77   95.13   87.98   33.41    2.45     370.9      2.96
Sol_RF  8    13.31    4.39  178.72    3.73   26.63  174.95     345.6      2.76
Sol_RF  9    34.27  133.38  100.96   88.44   51.49    1.67     333.5      2.66
Sol_RF 10   128.62 -149.18  105.83   81.27   77.10  199.63     331.4      2.64

Molecular Replacement
Molrep (search with monomer)

Rotation Function

Translation Function
             alpha   beta    gamma   Xfrac  Yfrac  Zfrac   TF/sig R-fac   Corr
Sol_TF_1  1   76.13    3.57   14.88  0.000  0.545  0.011   25.37  0.570  0.309
Sol_TF_1  2   76.13    3.57   14.88  0.009  0.043  0.009   24.55  0. 512  0. 456
Sol_TF_1  3   76.13    3.57   14.88  0.410  0.132  0.005   19.77  0.587  0.261
Sol_TF_1  4   76.13    3.57   14.88  0.497  0.046  0.468   17.40  0.586  0.253
Sol_TF_1  5   76.13    3.57   14.88  0.509  0.543  0.447   17.14  0.558  0.332
Sol_TF_1  6   76.13    3.57   14.88  0.008  0.044  0.467   16.93  0.562  0.321
Sol_TF_1  7   76.13    3.57   14.88  0.000  0.545  0.453   16.92  0.577  0.270
Sol_TF_1  8   76.13    3.57   14.88  0.000  0.545  0.438   16.21  0.580  0.266
Sol_TF_1  9   76.13    3.57   14.88  0.000  0.544  0.336   15.46  0.586  0.258
Sol_TF_1 10   76.13    3.57   14.88  0.009  0.042  0.339   15.19  0.550  0.342

Molecular Replacement
Molrep (search with the tetramer)

Translation Function

64.0A  Rf_1_Tf_4     0.00    0.00    0.00  0.000  0.000  0.344  0.467  0.427
64.5A  Rf_1_Tf_3     0.00    0.00    0.00  0.000  0.000  0.344  0.462  0.439
65. 0A  Rf_2_Tf_3     0.00  180.00    0.00  0.000  0.000  0.156  0. 460  0. 441
65.5A  Rf_2_Tf_3     0.00  180.00    0.00  0.000  0.000  0.156  0.466  0.429
66.0A  Rf_2_Tf_3     0.00  180.00    0.00  0.000  0.000  0.157  0.471  0.411
68.0A  Rf_1_Tf17     0.00    0.00    0.00  0.424  0.576  0.476  0.668  0.312

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

Computational Structure Determination Refinement
Basic Protocol

Anneal

Refine B-factors

Model/Remodel

X 30
“Checking your imagination: application of R-free
value”, Kleywegt GJ and Brunger AT, Structure
1996, Vol 4 No 8, p 897-904.Met in AQP0

Refining NFAT

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

Refinement
Helical Restrains

hel i x . def
assign  ( resid 4 and name C)
        ( resid 5 and name N)
        ( resid 5 and name CA)
        ( resid 5 and name C)
                   10000 -64.0 7 2
assign  ( resid 5 and name N)
        ( resid 5 and name CA)
        ( resid 5 and name C)
        ( resid 6 and name N)
                   10000 -41 7 2
assign  ( resid 5 and name C)
        ( resid 6 and name N)
        ( resid 6 and name CA)
        ( resid 6 and name C)
                   10000 -64.0 7 2
assign  ( resid 6 and name N)
        ( resid 6 and name CA)
        ( resid 6 and name C)
        ( resid 7 and name N)
                   10000 -41 7 2

scale=1.0
flags include dihe cdih end

anneal . i np or  mi ni mi ze. i np
…
{* additional restraints file *}
{* eg. auxiliary/dna-rna_restraints.def *}
{===>} restraints_infile="helix1.def";
…

Other possibilities:

• DNA restrains
• Beta sheet restrains

-Force

-Ideal or model
angle

-Deviation

-power
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#!/bin/tcsh
echo HI
foreach aaxis ( 64.00 64.05 64.10 64.15 64.20 64.25 64.30 64.35 64.40 64.45 \
                64.50 64.55 64.60 64.65 64.70 64.75 64.80 64.85 64.90 64.95 \
                65.00 65.05 65.10 65.15 65.20 65.25 65.30 65.35 65.40 65.45 \
                65.50 65.55 65.60 65.65 65.70 65.75 65.80 65.85 65.90 65.95 \
                66.00 66.05 66.10 66.15 66.20 66.25 66.30 66.35 66.40 66.45 \
                66.50 66.55 66.60 66.65 66.70 66.75 66.80 66.85 66.90 66.95 )
set outsuff = "${aaxis}"
echo "running ${outsuff}"
/bin/sed "s/AAXIS/${aaxis}/"  rigid-step1.inp | \
#/bin/sed "s/OUTPDB/sa_models\/anneal_${outsuff}.pdb/"  |      \
/bin/sed "s/OUTPDB/sa_models_4.5A\/anneal_${outsuff}.pdb/"  |      \
/bin/sed "s/INPUT/sa_models_4.5A\/anneal_${outsuff}.pdb/"                 \
                        > input_files/anneal_${outsuff}.inp
# use cns_clust to launch a single cns job into the xray queue
       cns_clust  input_files/anneal_${outsuff}.inp                      \
               logs/anneal_${outsuff}.log
end
exit
#

Refinement
Evaluate Cell

#!/bin/csh -f
# a script to launch a cns job into the em queue of the compute cluster

# set up some convenience variables
set resloc = .clustsca
set serno  = .sernum

# make certain our cluster script/result directory exists
if( !(-d ${resloc}) ) then
        mkdir ${resloc}
endif

# check for a serial number in our super-secret cache file
if( !(-e ${resloc}/${serno}) ) then
        echo "0" > ${resloc}/${serno}
endif
@ sernum = `cat ${resloc}/${serno}` + 1
echo "${sernum}" > ${resloc}/${serno}

# make an alias for our new script
set newsc = "${resloc}/run_cns_${sernum}.sc"

# now create our cluster script
echo '#\!/bin/csh -f' > ${newsc}
echo '' >> ${newsc}
echo 'set fsroot = "/nfs"'  >> ${newsc}
#echo 'source "${fsroot}"/xray/vogan/src/cns_solve_1.1/cns_solve_env' \
echo 'source "${fsroot}"/programs/i386-linux/cns/cns_solve_1.1/cns_solve_env' \
        >> ${newsc}
echo '' >> ${newsc}
echo 'cns_solve < '"${1}"' \' >> ${newsc}
echo '    >& '"${2}" >> ${newsc}

# now launch that script on the cluster
chmod +x ${newsc}
bsub -q em -I ${newsc} >& ${newsc:r}.log &
sleep 0.2

Refinement
Variations

Check Temperature
Check Symmetry Restrains
Check geometry Restrains
Refine Unit Cell Parameters

Refinement
Lipids

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

Model Building: O

1. generate sequence datablock from protein
sequence

   edit ~sliz/test/sod.init file
   format expl (6(10a1,1x)) where 6 is number of 10
letter block in one line
   multiple lines of sequnce OK
   read sod manual for other seuqnce 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-o test.pdb test ; ; ; ; ;
7. Run baton:
   read di.o
   mol di ca ; end
   baton_build test 1 F
   yes yes
  no to finish

8  mol test ca ; end
9  refi_init test
10. refi_gen  test ;
11. lego_au_mc
12. lego_au_sc
13 mol test zone ; end
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Model Building: COOT

Map/Molecule
Selector

Main Window:
Dragged, dynamic maps
Oops
Mouse and dials (OSX) control

Building Menu:
Real space refinement
Rotamers
Chain extension

Coot-check

Sequence - view

Symmetry


