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Biological Context - PilA1

-~

Type IV Pilin protein. op Ioer: e

Source Gram-postive Clostriodes difficile ,

)\

The function of the protein. (

* Forms long fibres via long helix b
Target protein has truncated helix /\
We know the sequence from construct design.

Existing structure models of pilins and
psuedopilins (Type Il secretion)

Structural bioinformatics information:
e Secondary structure prediction

e Vi
—/

PilE1 (2hi2), Craig et al., 2006
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Single sweep of data

Indexed and integrated with

DIALS

Scaled with Aimless

Enantiomorphic ambiguity:

o F:)‘£1'1 223-1223
¢ [:)‘fl:3:2!-1:22

The data

Source Diamond Light Source 104-1
Wavelength (&) 0.92
Resolution range (A) 51.21-1.65

Unit-cell parameters

a=b,c 102.57, 104.34
a=B=y() 90
Spacegroup P41212 or P43242

Total No. of reflections

No. of unique reflections

964312 (39779)

67404 (3396)

(I/a(1)) 12.0 (0.6)
CC1/2 0.999 (0.390)
Rmeas 0.142 (3.961) [0.057]
Multiplicity 14.3 (11.7)
Completeness (%) 100.0 (100.0)
Mosaicity(°) 0.12
Wilson B factor (A2) 27.1




A Manual approach



Search for homologues

* Using full-length protein sequence
« PDB sequence FASTA and PHMMER search functions
e Structure search tools:

e HHPred



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

# EMBL-EBI % Services £% Research & Training © About us Q EMBL-EBI :

SPDBe

Protein Data Bank in Europe

Advanced search form
PDBE SEARCI

Phmmer sequence search

MKLKKNKKGFTLVELLVVIAIIGILAVVAVPALFSNINKAKVASVESDYSSVKSAALSYYSDTNKIPVTP
DGQTGLSVLETYMESLPDKADIGGKYKLIKVGNKLVLQIGTNDEGVTLTEAQSAKLLSDIGENKIYTSVT
ADNLGNPLTSNTKVDNKVLYIVLIDNTVMDSTK

Select to add a search field :

EMBL-EB

Cancel




(]2p Crystallographic Structure of Phosphorylated Pilin from Neisseria:
Phosphoserine Sites Modify Type IV Pilus Surface Chemistry

Forest KT, Dunham SA, Kcomey M, Tainer JA

Mol. Microbiod. {1988) [PMID: 1

Source organism: Naisseria gonovrhoeae of

Carbohydrate polymer components: ({2

A A M

Molecule 1 - GLA(1), NAG(1)

.
w
o
w

Accuracy: 0.78 Identity percentage: ¢
Bit score: 31.24 Score: 31.8

E-value: 0.0000028 Similarity count: 52
identity count: 37 Similarity percentage: 61.18%
Chain ID: A

Sequence Alignment:

Query: FTLVELLVVIAIIGILAVVAVPALFSNINKAKVASVESDYSSVESAALSYYSDTNXIPVTPDGQTGLSVLETYMESLPDKADIGGKY

Match: FTL+EL++VIAI<GILA VA<+PA +A+V+4 KSA YY +

v - wemLTYr AT AYEa

Target: FTLIELMIVIAIVGILAAVALPAYQDYTARAQVSEAILLAECQXSAVTEYYLNHEHGKW?

Click here to check for other PDB entries with identical sequence

Crystal structure of native Neisseria gonorrhoeae Type |V pilin at
2.3 Angstroms Resolution

Craig L, Arvail AS, Tainer JA

Mol. Cal (2006) [PMID: 1

Carbohydrate polymer components: ({{EZ)

Molecule 1 - DTE(1), GLA(1

Accuracy: 0.79 Identity percentage: 42.42°

Bit score: 31.13 Score: 318

X-ray diffraction
2.6A resolution
Released: 27 May 1998

Model geometry =)

Fit moded/data Data nct deposited

X-ray diffraction

2.3A resolution
Released: 12 Sep 2006
Model geometry =]
Fit moded/data =)




Sign In

, MPI
| Bioinformatics

Toolkit ‘ t HHpred HMMER ProtBLAST/PSI-BLAST

HHpred ®

Date Tool
Input Parameters

>PilAl Peptoclostridium difficile R26291
MKLKKNKKGFTLVELLVVIAITIGILAVVAVPALFSNINKAKVASVESDYSSVKSAALSYYSDTNKIPVTP

DGQTGLSVLETYMESLPDKADIGGKYKLIKVGNKLVLQIGTNDEGVTLTEAQSAKLLSDIGENKIYTSVT
ADNLGNPLTSNTKVDNKVLYIVLIDNTVMDSTK

P xampl load Fil |
aste Example Upload File Protein FASTA

Align two sequences/MSAs

Select structural/domain databases Select proteomes

PDB_mmCIF70_14_Oct

Custom Job ID

Privacy Policy Imprint Contact Us Cite Us Recent Updates

ck Institute for Developmental Biology, Tabingen

D 2008-2020, Dept. of Protein Evolution, Max Plan
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41X] A Fimbrial protein (Pilin); filament 99.17 4.2e-10 85.38 10.7 98 283
formation, CELL ADHESION; HET: GOL;
1.983A {Clostridium difficile}; Related PDB
entri

2HI2_A Fimbrial protein; TYPE IV PILIN, FIBER- 98.75 1.3e-7 65.17 9.3 63 158
FORMING PROTEIN; HET: HTO, GLA, DT6,
MEA; 2.3A {Neisseria gonorrhoeae} SCOP:
d.24

6XXD_L PilA; Type IV pilin glycosylation twitching; 98.74 1.3e-7 62.41 8.8 60 125
3.22A {Thermus thermophilus (strain
HB27 [ ATCC BAA-163 / DSM 7039)}; Relat

6GV9_I Prepilin peptidase-dependent protein D; 98.67 3.7e-7 61.01 9.6 66 140
TYPE IV PILI EHEC T4P; 8.0A {Escherichia
coli 0157:H7}; Related PDB entries: 6GV

2M7G_A Geopilin domain 1 protein; pilin, PilA, 98.58 0.0000016  48.05 9.1 61 61
bacterial nanowire, type; NMR {Geobacter
sulfurreducens}

6XXE_O Uncharacterized protein; Type IV pilin 98.53 0.0000015 55.79 9.1 62 111
glycosylation twitching; 3.49A {Thermus
thermophilus (strain HB27 [ ATCC BAA-163

10QW_B Fimbrial protein; Type IV pilin, fiber- 98.35 0.0000051 55.84 8.6 60 144
forming protein; 2.0A {Pseudomonas
aeruginosa} SCOP: d.24.1.1; Related PDB
entrie

3SOK_B Fimbrial protein; pilus subunit, 98.32 0.0000094  55.15 9.3 63 151
extracellular, CELL ADHESION; 2.3A
{Dichelobacter nodosus} SCOP: d.24.1.0;
Related PDB

5G23 A TYPE-IV LIKE PILIN TTHA1219; 98.08 0.00003 57.33 83 58 236
STRUCTURAL PROTEIN, NATURAL
COMPETENCE, TYPE; 1.85A {THERMUS
THERMOPHILUS}; Related PDB ent

6GUT_B 23S rRNA pseudouridine synthase D,PilA; 97.68 0.0001 55.47 54 67 262

BACTERIAL PROTEIN, SURFACE ADHESIN,
PROT-E; HET: ACT, SO4; 1.63A
{Haemophilus in




Collection of homologues

Protein Organism PDB Code |§:g'::§,n(f’/eo) id“en:’:iri“i?::t?;n
Psuedopilin Escherichia coli 3920 531.82 PDBe BLAST, HHPrea
----------- PuIG Klebsiella pneumoniae 1192 27.18 PDBe BLAST, HHPred
------------ PIIJ Clostridioides difficile 4ix] 19.86 PDBe BLAST, HHPred
TcpA Vibrio cholerae Toqv 17 HHpred
e emewgowmowe  me 7 el
PilE Francisella tularensis 3s0j 14.42 Literature Search
PilX Neisseria meningitidis 2opd 14.06 PDBe BLAST, HHPred
------------ PlIA Acinetobacter baumannii ovaw 13.49 Literature Search
F|mU Pseudomonas aeruginosa 4ipu 13.51 HHPred
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Model preparation

« Select a peptide chain from \ (A
each search model ) - D
‘}\ a
 Perform alignment with \ ,' /
target for each search model T

* Prepare a model using
Sculpture

cat *_entry.fasta > combined.fasta



Build an ensemble




Build an ensemble




Job 23: Build an ensemble for PHASER The job is Finished

Input Results | Comments

Log stream from phaser.ensembler

» Log stream from phaser.ensembler

Input Data

| Aligned sequenc | 3 Alignment: Aligned sequences loaded from models_pilins-noCDPilAl.fast.
| Atomic model 23 Atomic model imported from 4ixjAsculp-coot-0.pdb by job 23
Atomic model 23 Atomic model imported from 1rgOAsculp-coot-0.pdb by job 23
Atomic model 23 Atomic model imported from 1tg92Asculp-coot-0.pdb by job 23
Atomic model 23 Atomic model imported from 2opdAsculp-coot-0.pdb by job 23
Atomic model 23 Atomic model imported from 2opeAsculp-coot-0.pdb by job 23
| Atomic model 23 Atomic model imported from 3g20Asculp-coot-0.pdb by job 23
| Atomic model 23 Atomic model imported from 3s0tAsculp-coot-0.pdb by job 23
| Atomic model 23 Atomic model imported from 5v23Asculp-coot-0.pdb by job 23
Atomic model 23 Atomic model imported from 1qveAsculp-coot-0.pdb by job 23

Atomic model 23 Atomic model imported from 5vOmAsculp-coot-0.pdb by job 23

Output Data

¥% | Atomic model | Merged ensemble

» Job run details




Unit-cell contents

@ job from project: pila_ccp4
Job 3: Define AU contents The job is Finished

AU content - sequences Matthews analysis

¥ AU content - sequences

1 coples of pECC52
Description: pECC52

 Determine the number of
copies within the unit cell [ -———""-—"

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

890.7

Input Data

B Reflections 1 Reflections from AUTOMATIC_DEFAULT _free_1

Output Data

{5} AU contents AU contents

P Job run details




Questions to answer

e Spacegroup ambiguity
¢ P41212 or P43212
 Number of molecules in the asymmetric unit

3 0r4 copies



Current soln. All solns Comp/data COM file Search tree Plots from PHASER output Run

Total search request exceeds scattering specified in composition. Composition increased to resolve the discrepancy.

eLLG indicates that placement of a single copy of ensemble "SearchModel" will be very difficult

eLLG indicates that best placement of ensemble "SearchModel" will definitely be correct in the context of already correctly placed components
Top solution has TFZ score below the cutoff for a definite solution (8) Asymmetric unit may be incomplete, overfilled, partly incorrect or completely
incorrect

Hall symbol of best solution does not match input data spacegroup P 4abw 2nw P 4nw 2abw
V Elements and scores of current solution

p view jobs and files ,, 5 spacegroup P 43 21 2

Ensemble name Rot Func Z-score Trans Func Z-score Refined TFZ-equiv Packing clashes Log likelihood gain Overall LLG

SearchModel 3.1 5.9 6.9 2 29 30

V¥ Comparison of solutions

Multiple solutions found

Solutions -~

- 59.2

Trans__Z-score
Refined_Trans__Z-score ~ 59.0

Bl 'nitial_LLG
r 58.8
I Refined_LLG

Il 'nitial_Rfactor - 58.6
Refined_Rfactor

- 584
9

Clashes

Space group Trans. Z-score Refined Trans. Z-score Initial LLG Refined LLG Initial Rfactor Refined Rfactor Clashes

P43 212 6.87 6.87 29.61 29.61 58.76 58.76 2.00
P43 212 5.80 5.80 22.39 22.39 58.93 58.93 0.00
P43 212 E 0.00 21.24 21.24 59.03 59.03 9.00
P 43 21 : 6.14 21.09 21.09 58.89 58.89 7.00
P41 21 : : 20.71 20.71 58.82 58.82 7.00
P41 21 : : 20.53 20.53 59.11 59.11 10.00
P41 21 : : 20.47 20.47 58.58 58.58 6.00
P41 21 . : 20.38 20.38 59.12 59.12 3.00
P 43 21 : : 20.24 20.24 59.04 59.04 7.00

P 43 21 - - 19.52 19.52 59.17 59.17 5.00




Success?

 TFZ score:
e > 8 solution found
e 5-7 possible solution
e < 5 unlikely solved
o LLG
e Value increases during process.
« >100

 How does the map look?






Automated Approach



AMPLE / MrBUMP

 AMPLE: automated search model building.

« MrBUMP: complete molecular replacement pipeline

e 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

$%
$TABLE: Final Summary:
$GRAPHS: Final Rfactor/Rfree ws model :N:1,5,6:
: Buccaneer Final Rfactor/Rfree vs model :N:1,7,5:
: SHELXE CC vs model :M:1,9:
: SHELXE Average Chain Length :N:1,18:
$%
Model Model_Name MR_Program Solution_Type Phaser_LLG Phaser_TFZ final_Rfact final_Rfree Bucc_final_Rfact Bucc_final_Rfree ARP_final_Rfact ARP_final_Rfree SHELXE_CC SHELXE_ACL $%

1  4tsm_C_CHNSAW MOLREP GOOD -- -- 8.292 ©.384 0.266 B.283 -- -- 45.418 43

2 4tsm_C_CHNSAW PHASER GOOD 2741.068 4.508 ©.293 0.313 ©6.265 0.286 -- -- 45.468 79
3 1gve_A_CHNSAW PHASER POOR 6B5.868 6.568 ©.531 6.533 ©.529 6.537 -- -- 16.6866 11
4 2m7g_A_CHNSAW MOLREP POOR -- -- ©.543 @8.539 B.526 @.556 -- -- 9.968 12

5 3g28_B_CHNSAW PHASER POOR 23.080 6.208 @0.543 ©.541 @0.533 6.5686 - -- 1@8.250 11
6  lzwt_A_CHNSAW MOLREP POOR -- -- B8.525 @A.541 8.523 @8.561 -- -- 18.32860 16

7 3gn9_A_CHNSAW MOLREP POOR -- -- B.535 @8.541 8.523 B8.B45 - -—- 11.286 16

8  6gms_A_CHNSAW PHASER POOR 93.688 §.168 @6.553 B.542 @6.542 B.556 - -- 18.238 12
9 3ful_A_CHNSAW PHASER POOR 56.6088 6.608 6.542 B.543 @6.526 B8.545 -- -—- 168.648 13
18 3hrv_A_CHNSAW PHASER POOR 62.068 6.406 ©0.532 0.543 ©.525 8.549 - - 11.378 11
11 3hrv_A_CHNSAW MOLREP POOR -- -- 8.519 @.546 @6.526 ©.554¢ -- -- 18.736 186

12 4d48_B_CHNSAW PHASER POOR 6.0608 6.5680 ©.564 @6.546 8.543 B.561 -- -- 9.380 11

13 3g20_B_CHNSAW MOLREP POOR -- -- 8.529 B.547 @8.528 B8.557 - -- 18.268 9

14 3ful_A_CHNSAW MOLREP POOR -- -- B8.543 B.543 @0.522 B.557 - - 9.620 11

15 1t92_B_CHNSAW PHASER POOR 46.068 6.508 ©0.543 0.5458 ©.526 @.558 -- -- 1@8.8656 11
16 1zwt_A_CHNSAW PHASER POOR 64.068 6.308 @0.527 0.549 ©.538 B8.559 - -—- 168.948 18
17 1loqv_C_CHNSAW MOLREP POOR -- -- @8.522 @.558 @6.524 ©.551 -- -- 168.199 12

18 1t92_B_CHNSAW MOLREP POOR -- -- @8.538 @.551 @.528 B©.549 - -- 11.788 12

19 5vBm_A_CHNSAW MOLREP POOR -- -- @.556 @.551 @.531 ©.571 -- -- 85.978 9

28 2m7g_A_CHNSAW PHASER POOR 56.6086 6.668 @6.544 ©.553 @.518 B8.573 -- -- 9.568 13
21 Bo2y_A_CHNSAW PHASER POOR 45.888 6.3068 @.551 ©.553 @A.533 B8.562 -- -- 9.958 18
22 3gn9_A_CHNSAW PHASER POOR 63.080 6.3068 @.551 ©.553 @0.523 B8.554¢ - -- 11.1%93 18
23 Bwda_0_CHNSAW MOLREP POOR -- -- B.541 @A.553 8.538 B0.B57 -- -- 18.238 16

24 4d4@_B_CHNSAW MOLREP POOR -- -- ©.563 @.554 B@.588 @.578 -- -- 11.3868 9

25 Bw23_A_CHNSAW PHASER POOR 166.6808 7.360 0.543 ©6.554 6.526 @©.555 -- -- 18.286 16
26 Zkep_A_CHNSAW MOLREP POOR -- -- B.526 @A.554 8.5256 B.562 -- -- 11.598 186

27 o6gms_A_CHNSAW MOLREP POOR -- -- B.552 @A.558 ©.521 ©6.554¢4 -- -- 18.246 16

28 1qve_A_CHNSAW MOLREP POOR -- -- ©.558 @.559 8.529 @A.564 -- -- 18.2606 11

29 bBoZy_A_CHNSAW MOLREP POOR -- -- ©.533 @A.559 B.526 @A.556 -- -- 10.6836 16

38 BvBm_A_CHNSAW PHASER POOR 87.008 6.408 ©.562 0.561 ©.544 B.566 -- -- 16.158 18
31 4us7_A_CHNSAW MOLREP POOR -- -- 8.571 @.561 @A.537 B.571 -- -- 18.128 12

32 1loqv_C_CHNSAW PHASER POOR 46.008 6.408 @.558 6.562 ©.531 @.553 -- -- 168.568 18
33 Zkep_A_CHNSAW PHASER POOR 43.068 6.208 @.536 6.566 ©.531 B8.553 -- -- 168.478 9
34 4us7_A_CHNSAW PHASER POOR 96.068 7.608 @.551 8.574 @.522 @8.572 -- -- 18.378 12
35 Bwda_0_CHNSAW PHASER POOR 22.068 6.5086 @.568 6.579 ©.538 6.562 -- -- 9.7386 16
36 Bv23_A_CHNSAW MOLREP POOR -- -- 8.579 @.585 @8.529 @.562 -- -- 168.128 12

<! —=SUMMARY _END-—></FONT></B=>



AMPLE

e Input:
 Scaled data
* Seqguence

* Decoys (fragments) generated by Quark

cl t24 r3 polyala PHASER


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

Another way...
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ADb initio MR

* Arcimboldo - employs Phaser and SHELXE

« Data extends beyond 2 A

e Secondary structure prediction: PSI-PRED

30 residue helix

10 20 30 40 50

I MHHHHHHGSNINKAKVASVES SDYSSVKSAALSYYSDTNKIPVTPDGOQT G L N
S VL ETYMESLPDKADI GGKYKLIKVGNKLVLQI GTNDEGVTLTEAQSAK Ll

IO L S DI GE NKI YTSVTADNLGNPLTSNTIKVDNKVLYIVLIDNTVMDSTK 147
10 20 30 40 50
[l strand [ Helix I coit [l pisordered
- Disordered, protein binding. Putative Domain Boundary - Membrane Interaction -Transmembrane Helix

. Extracellular |_| Re-entrant Helix . Cytoplasmic . Signal Peptide


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

Arcimboldo

putdata | Advanced data

Job title Arcimboldo

A\ Usedatafromjob No k4 asinputbelow..

Run ARCIMBOLDO LITE “ on this machine “

Run in coil coiled mode

Input data

. Reflections pilai-arcimboldo 1 /pila/4

Asymmetric unit contains 3 components of molecular weight 15890.0 Daltons

Model
Use one or more copies of a helix v assuming rmsd from target 0.2 A

Searchfor 3 = copies of a helix containing | 30| | residues




Arcimboldo




Model Building

Results

The final model s taken from cycle 4 as this had the lowest free-R factor.
410 residues were bullt in 3 fragments. Of these, 410 residues were assigned to the sequence.

The number of chains s estimated to be 3. Of these chains, 93.0% of the residues have been bullt.
Of the residues that were buillt, 100.0% were assigned to a chain.

The refinement R-factor Is 0.26, and the free-R factor is 0.27. The RMS bond dewviation s 0.009 A.
On the basis of the refinement statistics, the model Is approaching completion.

Completeness by resklue 0 Completeness and R-factors VS cycle

Completeness by chains  0.93 . O
Number of chains

Residues buiit

Residues sequenced

Longest fragment

Number of fragments




Refinement

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

Spacegroup P42:2
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 (°) 1.30
Bond length (A) 0.01
Average B factor (A2)
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



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 A attempt ab initio MR
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