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Biological Context - PilA1
• Type IV Pilin protein.


• Source Gram-postive Clostriodes difficile


• The function of the protein.

• Forms long fibres via long helix


• Target protein has truncated helix

• We know the sequence from construct design.


• Existing structure models of pilins and 
psuedopilins (Type II secretion)


• Structural bioinformatics information:

• Secondary structure prediction

PilE1 (2hi2), Craig et al., 2006





The data
• Single sweep of data

• Indexed and integrated with 

DIALS

• Scaled with Aimless

• Enantiomorphic ambiguity:


• P41212


• P43212


Source Diamond Light Source I04-1

Wavelength (Å) 0.92

Resolution range (Å) 51.21-1.65

Unit-cell parameters

a = b, c 102.57, 104.34

⍺ = β = 𝜸 (º) 90

Spacegroup P41212 or P43212

Total No. of reflections 964312 (39779) 

No. of unique reflections 67404 (3396)

〈I/︎σ(I)〉 12.0 (0.6)

CC1/2 0.999 (0.390)

Rmeas 0.142 (3.961) [0.05†] 

Multiplicity 14.3 (11.7) 

Completeness (%) 100.0 (100.0) 

Mosaicity(º) 0.12

Wilson B factor (Å2) 27.1



A Manual approach



Search for homologues

• Using full-length protein sequence


• PDB sequence FASTA and PHMMER search functions


• Structure search tools:


• HHPred

https://www.ebi.ac.uk/pdbe/entry/search/index/?advancedSearch:true=
https://toolkit.tuebingen.mpg.de/tools/hhpred












Collection of homologues
Protein Organism PDB Code Sequence 

Identity (%)
Method of 

identification

Psuedopilin Escherichia coli 3g20 31.82 PDBe BLAST, HHPred 

PulG Klebsiella pneumoniae 1t92 27.18 PDBe BLAST, HHPred 

PilJ Clostridioides difficile 4ixj 19.86 PDBe BLAST, HHPred 

TcpA Vibrio cholerae 1oqv 17 HHpred

PilE1 Neisseria gonorrhoeae 2hi2 17 HHPred, Literature 
Search

PilE Francisella tularensis 3soj 14.42 Literature Search

PilX Neisseria meningitidis 2opd 14.06 PDBe BLAST, HHPred 

PilA Acinetobacter baumannii 5vaw 13.49 Literature Search

FimU Pseudomonas aeruginosa 4ipu 13.51 HHPred



PilX: 2opd Pseudopilin: 3g20 PulG: 3g20 PilJ: 4ixj

TcpA: 1oqv PilE1: 2hi2 PilE: 3soj PilA1: 5vaw

FimU: 4ipu



Model preparation

• Select a peptide chain from 
each search model


• Perform alignment with 
target for each search model


• Prepare a model using 
Sculpture

cat *_entry.fasta > combined.fasta



Build an ensemble



Build an ensemble





Unit-cell contents

• Determine the number of 
copies within the unit cell


• Mathews co-efficient 
suggests 4 but 3 could 
also be likely



Questions to answer

• Spacegroup ambiguity 


• P41212 or P43212


• Number of molecules in the asymmetric unit


• 3 or 4 copies





Success?
• TFZ score:


• > 8 solution found


• 5-7 possible solution


• < 5 unlikely solved


• LLG


• Value increases during process.


• > 100


• How does the map look?





Automated Approach



AMPLE / MrBUMP

• AMPLE: automated search model building.


• MrBUMP: complete molecular replacement pipeline


• Searches for suitable models and prepares them.


• MR utilising Phaser and MOLREP


• Phase improvement using SHELXE


• Full model building with Arp/Warp and Buccaneer 

Available via CCP4 Online

https://ample.readthedocs.io/en/1.4.4/description.html
https://journals.iucr.org/d/issues/2018/03/00/rr5152/
https://ccp4online.ccp4.ac.uk


MrBUMP



AMPLE

• Input:


• Scaled data


• Sequence


• Decoys (fragments) generated by Quark

https://zhanglab.ccmb.med.umich.edu/QUARK/


Another way…



PilX: 2opd Pseudopilin: 3g20 PulG: 3g20 PilJ: 4ixj

TcpA: 1oqv PilE1: 2hi2 PilE: 3soj PilA1: 5vaw

FimU: 4ipu



Ab initio MR
• Arcimboldo - employs Phaser and SHELXE


• Data extends beyond 2 Å


• Secondary structure prediction: PSI-PRED


• 30 residue helix

http://chango.ibmb.csic.es/
http://bioinf.cs.ucl.ac.uk/psipred/


Arcimboldo



Arcimboldo



Model Building



Refinement
Spacegroup P41212

Rwork (%) 19.4

Rfree (%) 21.4

No. Of non-H atoms

Protein 3069

Solvent 254

No. Of residues 400

R.M.S deviations

Bond angles (º) 1.30

Bond length (Å) 0.01

Average B factor (Å2)

Overall 28.00

Protein 28.53

Water 34.38

Ramachandran plot

Most favoured regions (%) 97.21

Allowed regions (%) 2.57

Outliers (%) 0

Clashscore 0.48

MolProbity clashscore 0.81

• Multiple rounds of refinement 
with Refmac and Coot. 


• Weighting term of 0.1 applied


• Water placement using Coot


• Clashes and outliers 
detected with Molprobity


• Validated using the PDBe 
validation server



Final Model



Final Model
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Summary

• Many avenues to pursue…


• Take into account biological context, particularly with 
model building


• Try the automated pipelines


• If data extend to 2 Å attempt ab initio MR
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