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* Introduction
* Predicting contacts from sequences using
* Deep Learning-based structure prediction eg AlphaFold 2

* Bioinformatics throughout structure determination

* Predicting domain structure
* Construct design, experimental strategy
* Protein engineering

Dradicti b initiofor MR

* Quaternary structure and protein interactions
* Finalising the structure, validation

e Structure-based function interpretation
* Using newer/less well-known data
* Majoring on easily available servers/predictions
* Case study from Structural Genomics (if time!)

* The sequence alignment in your paper...

* Cross-cutting messages
e Using multiple methods for a task is good
e CCP4 has many useful options



Introduction: Evolutionary
covariance and AF2/RF

Predicting contacts and distances between residues

Deep Learning-based structure prediction methods



Evolutionary covariance

Evolution
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Marks et al. (2012) Nature
Biotech 30, 1072



Predicting contact maps and distograms
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Drove modelling by: EVFold, DMPfold etc

Gao et al (2019). Sci Rep 9, 3514

trRosetta, AlphaFold (1)

Adhikari (2020) Sci Rep 10, 13374



ConKit and ConPlot.org
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Multiple methods:
RoseTTAFold and
AlphaFold 2

* Still use information including
covariance from MSAs but
networks learn to extract
information without
imposition of a particular
model.

* End-to-end networks produce
models directly rather than oy oura one ) ot
two separate steps 507 GDT 93.3 GDT

RNA polymerase domain) (adhesin tip)

Baek et al (2021)
Science 373,871

Jumper et al (2021) Nature 596,583



Multiple methods:
RoseTTAFold and
AlphaFold 2

e Often amazing quality but not
always... Need good MSA or

template!
c 100+
oo Phosphatase crystal Insulin crystal structure
80+ -
structure vs AF2 model vs AF2 model
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Average pLDDT on the resolved region
Bl Very high (pLDDT > 90) Confident (90 > pLDDT > 70) Low (70 > pLDDT > 50) Very low (pLDDT < 50)

Jumper et al. (2021) Nature 596, 583 Thornton et al. (2021) Nature Medicine 27. 1666



Domains and construct design

How interesting is your protein?!

Which part to express for crystallisation?

Which parts of your crystallised protein might enable phasing by MR, or
experimentally?



Intrinsic disorder prediction

Not all proteins and protein regions fold into stable
structured domains. ID proteins and regions will
not crystallise (alone)

There are many predictors, all performing roughly
equally well

| recommend IUPred (fast) and MetaDisorder (slow
but good)

Can also look for short interaction motifs in ID
regions (ANCHOR, SlimPred)
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8.0% M Ordered regions
B Disordered regions

Most low-confidence AF2 regions are 2 vox oz o
disordered but they may just be plain wrong " a0

ﬁ 20 40 60 80 100 -
pLDDT Score

Relatively high pLDDT regions in AF2
disordered regions may predict
interaction motifs

Piovesan et al. (2022) BioRxiv https://doi.org/10.1101/2022.03.03.482768



Recognising folded domains in your
sequence

* Important to characterise both their limits and relationships to known
structures...

 How novel is your protein target? Recognising distant homology might
make it less (or more!) interesting

 What related structures are available to serve as MR search models?

* You might get extra ideas about its function to guide lab experiments,
co-crystallisation, phasing (eg metal-binding sites)

* You might find the whole protein will not express/stay
soluble/crystallise etc and want to deal with only part. You might well
design construct to exclude disordered regions anyway.



Recognising
domains by
homology with
PDB, SCOP, CATH

* BLAST vs PDB might
work but HHPRED is
more sensitive

* HHPRED works by
comparing HMMs of
alignments, not just
single sequences

* Matching of secondary
structure also scored

e Used by MIrBUMP in MR
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HHpred tips and warnings

Probability (0-100) is generally a good guide....

..but statistics can mislead for unusual protein sequences eg coiled-coil, low-
compIeX|ty, Cys-rich

Consider if the match makes biological sense!

Look at the matched region
* |sit a complete domain/structure?
* If partial, could it reasonably fold?

If your query contains multiple domains, ‘zooming in” on particular regions can
improve scores and show results not preV|oust seen since
* Score contains an element favouring similar lengths
* Only 250 results are shown: can easily get this number for a common domain, making
other results invisible!

MrBUMP can search for MR search models with HHpred, most easily at CCP4
online or CCP4Cloud



AF2 for domain discovery

H Hpred @ Job ID: 5668529, Created: 5 minutes ago < 7
— r= N ‘\\¢
Input Parameters Results Raw Output Probability Plot Query Template MSA Query MSA [ ] LdJd ~ s
- ./
Vis Hits Aln Select All Forward Forward Query A3M Maodel using selection Download HHR Color Seqs Wrap Seqs

Number of Hits: 96
Query MSA diversity (Neff): 7.36207

Detected sequence features: @ Transmembrane segment(s)

Visualization

Resubmit Section
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Mesdaghi et al. (2023) BioSci Rep 43:BSR20230060



AF2 for domain boundary prediction

Predicted Aligned Error
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https://deepmind.com/research/publications/2021/enabling-high-
accuracy-protein-structure-prediction-at-the-proteome-scale

Slice’n’Dice uses the PAE or other kinds of
clustering to split structures into domains for MR



Fine details too, if reliability allows

makes two
weak H-bonds,
probably keep 4

Expected position error (Angstrms)

P664 onward
make no contacts,
delete




Recognising homology using a structure

Search PDB, AFDB, ESMAtlas, CATH using a structure in seconds

Search Settings

® »

Databases

AlphaFold/UniProt50 v3
AlphaFold/UniProt50-best v3
AlphaFold/Swiss-Prot v2
AlphaFold/Proteome v2
PDB100 220722

GMGCL 2204

Mode
@ 32DiAA

mamm|

Mammalia

antavirinae

Lassa mammarenavirus

arenavirus

alian orthoreovirus

aliicoccus

aliicoccus sciuri

(o]

Foldseek Search é

Search
Download All

Querie:
>

job pdb_A

job.pdb_A

fob.pdb_A

Job.pdb_A

job.pdb_A

job.pdb_A

History

GITHUB  SODING LAB  STEINEGGER LAB

Database Target @ scientitc Nome Seq.ld. Scos  Evale  QueryPos. TargetPos.  Alignment

Wy

https://search.foldseek.com/

Van Kempen et al. (2022) Nature Biotech
https://doi.org/10.1038/s41587-023-01773-0



Protein
engineering

WT FtpM + FDCA FtpM R166M + FDCA

Reaction composition (%)
»
o0

Reaction composition (%)
u
o

Time (h)

Ward et al (2022) Angewandte
Chemie 61,e202117324

Where you have confidently interpreted a
model as reliable then you can treat it
almost like a crystal structure...

DUET - Protein Stability Change Upon Mutation

Rational enzyme engineering using an AF
prediction

Combining AF2 predictions with other
structure-based methods eg for stability
prediction

Predicting a stable fusion protein based on

analysis of a complex structure predictio\
.(
l] = & Banerjee et al (2022)

%1\ s X vk% BioRXiv
UFL1-DDRGK1 FUSION v https://doi.org/lO. 1101/20
22.09.15.508077



Protein engineering with language models

Identify and retain residues
near ligand (functionally
important) and conserved
positions (important for some
reason)
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Allow ProteinMPNN to fill in the
gaps and design variants.
Predict structures with AF2 and -
verify similarity to starting point,
overall and at key positions
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Better expression

Sequence identity to TEVd (%)

Better activity

co ) proteinmpnn_in_jax.ipynb

File Edit View Insert Runtime Tools Help

+ Code +Text & CopytoDrive

* - ProteinMPNN in Jax!

fixbb monomer design:
= pdbs"8MAR" chalnss"A
fixbb homooligomer design
* pdb-"SXZK® chalns-"A,8,C" honcoligonerTrus

binder design:

* pdb="155C" chains="A,B" fix_pos="A"

+ Install colabdesign

O soweode

+ Run ProteinMPNN to design new sequences for given backbone
© ProteinMPNN options
model_name: v_48 020
Input Options
pdb:  GMRA

« leave blank to get an upload prompt

chains: A
homooligomar:

Design constraints

Insert text here

fix_pos:

« specify which positions to keep fixed in the sequence (example: 1,2-1a)
« you can also specify chain specific constraints (example: A1-18,81-28)
* you can also specify o fix entire chain(s) (example: )

Sumida et al (Oct 2023) Improving protein expression, stability, and function with ProteinMPNN bioRxiv doi: 10.1101/2023.10.03.560713



Tertiary structure

AF2 and RF output as search models for MR



AF2/RF and Molecular Replacement

MR is a kind of structure prediction so the availability of
accurate models of most proteins has impacted structure
solution hugely

Similarly, accurate models can be used to interpret cryo-
EM maps

Recall Adam’s talk for how to access AF2 models
See other talks for how to find and deploy AF2
models with MrParse, MrBUMP, Slice’'n’Dice,
ARCIMBOLDO_SHREDDER etc



Getting diversity in your models

This will be needed for hard cases and for e - T
cases where mu|t|p|e conformations are ; e @ s B B 4 i B m‘
accessible or sought |7 e et e e e

(Lowering will reduce GPU requirements, but may result in poor model quality. This option ignored if use_turbo is disabled)

Ways to sample conformation more N e

ages To make things more exciting we show images of the predicted structures as they are being generated. (WARNING: the order of Images |

b ro a d | y i} displayed does not reflect any ranking).

sampling options
- Network dropout (eg num samples and/or e e e o st et ot o
, , , _ here are two stochastic parts of the pipeline. Within the feature generation (choice of cluster centers) and within the model (dropout). To get structure diversity,
1s tralnlng on the adva nced Cola bfold page) you can iterate through a fixed number of random_seeds (sing num_samples ) and/or enable dropout (using is_training).
https://colab.research.google.com/github/sokrypton/ColabFold/blob/main/beta/Alp rum_podels: 3 z
haFold2_advanced.ipynb use_ptat

- Feed AF2 templates in the ‘right’ conformation i Sp— .
(and maybe ignore MSA features) .

de Alamo et al (2022) elife 11:e75751

is_training:

- Deliberately make the input MSA more shallow e smien 1

* num_madels specify how many model params to try. (5 recommended)
* use_ptm uses Deepmind's ptn finetuned model parameters to get PAE per structure. Disable to use the original model params. (Disabling may give altemative

Heo & Feig (2022) PSFB DOI: 10.1002/prot.26382 structures)

* nun_ensemble the trunk of the network is run multiple times with different random choices for the MSA cluster centers. (1= default, §=caspl4 setting)

- CI u Ste r th e i n p ut M SA a n d try | n d ivi d u a I Su b- * max_racycles controls the maximum number of times the structure is fed back inta the neural netwaork for refinement. (3 recommended)

o_to] folerance for deciding when to stop (CA-RMS between recycle:

Cl u Ste rs * is_training enables the stochastic part of the model (dropout), when coupled with num_samples can be used 1o “sample” a diverse set of structures.

* num_samples number of random_seeds 10 ry.
Wayment-Steele et al (2022) bioRXiv DOI: 10.1101/2022.10.17.512570 .

- Edit the input MSA to mutate to Ala residue pairs .
that are driving the ‘wrong’ conformation : d

« subsample_msa subsample large MSA to 3£7/1ength sequences to avoid crashing the preprocessing protocol. (This option ignored if use_turba is disabled.)

Stein and Mchaourab (2022) PLoS CB 18: €1010483.



Quaternary structure

Intermolecular interactions



Predicting protein-protein
Interactions

* Relevant to MR eg proteins A and B are cocrystallised but
neither alone solves. An accurately predicted complex, being
larger, might solve

* Many docking methods predict complexes based on steric
complementarity plus other scoring functions

* Recommendable servers include
e ClusPro, the best performing docking method
* Haddock, which has a good server with different modes

e Each allows inclusion of other information eg known interface
residues. RF/AF2 do not (easily, yet)

» Symmetric docking at ROSIE server. Also unavailable in RF/AF2



Multiple methods in bioinformatics: B.
subtilis 1Pl docking to protease

/
| Several servers, Final mode
» focusing on resembles other
conserved region inhibitors
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3qtl 45 S E: E 51
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1sbn 41 S [P R D 47

Rigden et al. (2013) F1000Research 2:154



ROSIE symmetric n: cyclic  Dn: dihedra

n=2, ...

docking for oligomers

* Only cyclic (C,) or dihedral (D,)) symmetry at
server

* Clues from self-rotation function may be
available

* AF2 cannot use this information!

Chi= 180.0
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Generate hexamers
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Bl S es”
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RFmax = 0.1981E-03



RF/AF2 to predict complexes

B tRNA-dependent amidotransferase

TM-score: 89

4-hydroxybenzoyl-CoA reductase

Modelling protein-peptide interactions
' as separate chains or linked by polyAla
TM-score: 90 are complementary approaches.

Baek et al (2021) Science 373,871 Ko and Lee (2021) www.biorxiv.org/content/
10.1101/2021.07.27.453972v2



New multimer-
trained AF2

0.0 IIIII

o
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0

(a) A2B2C2 heteromer (b) A3B3 heteromer
TM-score = 98.0, N;es = 1,246, PDB ID = 6E3K TM-score = 89.3, N;es = 795, PDB ID = 7KHD

Mean DockQ score
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(c) Protein-peptide complex (d) A2B2 heteromer
TM-score = 96.0, DockQ = 0.948, TM-score = 98.3, N;es = 716, PDB ID = 6IWD
Nres = 385, PDB ID = 6JMT

AF2 can predict oligomeric state eg asking for 5 copies may produce the
natural tetramer + one left over, rather than a pentamer
Evans et al (2021) https://www.biorxiv.org/content/ 10.1101/2021.10.04.463034v1
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Uni-Fold symmetry

« Models a single chain with known symmetry to generate oligomer
« Much quicker and slightly better than other methods on oligomers

Type | Symmetry | Number of structures

. Experimental Monomers | - | 83,392
Asymmetric 27,470
LR Il uF-symmetry s 45,496
C3 6,037

{ Cc4 1,736

C5 893

C6 639

Larger cyclic 587

D2 8,571

Multimers D3 2,577

D4 815

D5 302

D6 191

Larger dihedral 239

Icosahedral 1,182

Octahedral 544

Assembly (vertical) Assembly (front) Assymetric Unit Tetrahedral 475

Helical 581

All 98,335
Total | - | 181,727

C12 symmetry. AF2 and regular Uni-Fold fall

Li et al (2022) BioRXiv https://doi.org/10.1101/2022.08.30.505833
https://colab.research.google.com/github/dptech-corp/Uni-Fold/blob/main/notebooks/unifold.ipynb



AlphaPulldown for complicated cases

~ create noftebook.py
v (- N\ o

*00¢
sequences / — —>
prutein_l.pkl o
+ . - ”I . Graphical
* phical summary
> genwahan \ pulldown mode home-cligomer (Jupyter notebook)
- mode a!pha—anafyam sif

a lemplate /;')roteln 2pkd | ®e-0 —dh @ iz
search @ —ste 4 _} —_—
create_individual_features.py -t —o : ’-:
&} custommode  &ll_vs_al Tabular summary

|
i tm+ tm
k made / pPI-sccfre with scores

) mpDockQ/pDockQ
protein_n.pkl run_mmultimer_jobs.py

Yue al (2023) Bioinformatics 39,btac749



Protein-NA complexes with RoseTTAFoldNA

As good as AF2 on
proteins; as good as
DL-based RNA tools
on natural RNAs;
USP is protein-NA
complexes

IDDT = 0.82
FNAT =0.88

1.0

0.9 .o o .g
g e eor s
o O 2
g RE M b
0.4 = 400 &,
o 300 3 IDDT=0.71
-~ 00 & FNAT = 0.90
0.1 100 &
0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1.0
plDDT Baek et al (2023) Nature Methods https://doi.org/10.1038/541592-

023-02086-5



Generic protein-ligand prediction

RoseTTAFold All-Atom

Protein Nucleic Acid Metal Small Covalently
Sequence Sequence lon Molecule Modified Residue
MVETSQLRY ATCGGA smiles, mol2, sdf
! L

l

RoseTTAFold All-Atom (36 main blocks + 4 refinement layers)
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Protein Protein Protein Protein Covalently
Structure Nucleic Acid Metal Small Molecule Modified Protein
Complex Complex Complex Structure

Preprint, no code

Krishna et al (2023) bioRXiv 10.1101/2023.10.09.561603
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Preprint, code, Colab page!

Bryant et al (2023) bioRXiv 10.1101/2023.11.03.565471



Finalising the structure

Does it contain any residual errors?

What is the biologically relevant quaternary structure?



New covariance-based metrics for model validation
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2 Conki
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$ conkit-validate model.pdb prediction af2.pkl sequence.fasta

Sanchez Rodriguez et al. (2022) Acta Cryst D, 78, 1412



New covariance-based metrics for model validation

7adkB

Particularly
powerful for register
errors

We estimate at least
10% of 3-5A
deposits in the PDB
contain such an
error...

Sanchez Rodriguez et al. (2022) Acta Cryst D, 78, 1412



4000

PDB-wide screen '~

Number of d

Lower resolution 2 Illl
Structures tend to Contain ¢ 3.0 3.5 4.0 4.5 5.0 01995 2000 2005 2010 2015 2020

Resoltution (A) Year
more errors, but

dependence is quite

modest

Error rate not declining

recently - are
experimentalists " N el
continually tempted to R

lower resolutions?

I Deposits with a predicted error
Deposits without a predicted error

Sanchez Rodriguez et al. unpublished



Validating crystal N

structure contents

PISA is an excellent general method, but fol s AR

contact predictions help in some cases

= 400 .‘."‘

Crystal showed various ways in which L A .
protocadherins could interact \

. 600} J ‘.,'.'.*Q R
Predicted contacts supported only some of DU S . & &

Residue Position

the modes 6

PISA-cov is on the way...

Nicoludis et al. (2015) Structure 23, 2087



Structure-based function
Interpretation

Where are the functional/catalytic sites?



Multiple methods in bioinformatics:
Structure comparisons of Evf

* Reported as novel fold...

e ... butin fact related to
Bacillus toxin structures
(DALI)

e Both bind to host insect
membranes

 Palmitate seen in Evf structure.
Matches conserved region of
toxins...

e GESAMT is an excellent CCP4
option

e FoldSeek is great for a quick
search of the AFDB, ESMAtlas

etc Quevillon-Cheruel et al. (2009) J. Biol. Chem. 35,2107  Rigden (2009) FEBS Lett. 583, 1555



Structure-based function annotation

* Finding functional sites is based on their being different
somehow to the rest of the protein surface. Important
general methods are based on

* Shape (castP, ProFunc, PyMOL)
* Electrostatics (PyMOL, APBS)
* Evolutionary conservation (Consurf)

* Less well-known but valuable characteristics are
* Statistics of surface atom ‘triangles’ (STP)

* Probe interaction energetics (ISMBLab)
* Predicted pKa values (THEMATICS/POOL)



Important general methods

Shape Electrostatics Conservation
CastP APBS/PyMOL ConSurf



Binding sites from statistics

STP (surface triplet
propensities)

13 atom types - 455
triplets

Distribution in binding vs
non-binding sites varies

Designed for small
molecules, works on PPIs,
including flat surfaces

opus.bch.ed.ac.uk/stp




Different probes for different binding sites

* Hydroxyl group can be
used to probe for
carbohydrate binding
sites

* Phosphate oxygen
used for binding sites of
phosphorylated |
ligands ISMBLab SiteHound

ismblab.genomics.sinica.edu.tw sitehound.sanchezlab.org/



Advanced methods use Machine
Learning and/or multiple signals

PrankWeb uses structural and
physicochemical properties then
displays pockets with conservation

analysis https://prankweb.cz

EC 4.6.1.1 EC 5.1.1.3
Arg1029
Ser8
Asp7 Cys70 Cys178
1AB8-A, Adenylyl cyclase 1B73-A, Glutamate racemase
e EC 2.1.2.2 EC 2.3.1.129 1.0
Asniop  His108 ] )
\ 081 5
Q
& 06- @
Yy 2
Ser135 ..%
Asp144 - 0. ZI <
1GRC-A, Glycinamide 1LXAA UDP n-acetylglucosamine
ribonucleotide transformylase acyltransferase

Combines LM and contact map
features in CNN to predict GO terms
and sites

https://beta.deepfri.flatironinstitute.org/



Theoretical
MICroscopic
titration

* Computer analysis of a
reliable protein
structure can predict
pKa values for acids
and bases. Residues
with perturbed pKa
values are possible
catalytic residues,
especially if clustered.

e

mean net charge

pKa of His95 is
atypical
compared to
other His
residues in
enzyme

His95 and other
residues with
atypical pKa
cluster at
catalytic site

www.pool.neu.edu/wPOOL/index2.jsp



Some servers
require thought...

e Consurf maps sequence
conservation onto a
structure revealing
functional sites

Excellent, general method,
but results depend on
sequence set chosen for
mapping: selecting all or
only near relatives gives
different results. Either
might be more appropriate
for you

Mapping 300
homologues mixes
different activities so
no information on
binding sites

But restricting to a
single protein family
shows only ‘pink’ site
is function in both
Diptera and
Lepidoptera




Some servers require thought...

PoclD @ Area (SA) A2 Volume (SA) A3

1 762,617 506.394

Human SRSF protein kinase 2, PDB 7zkx



Some servers require thought...

PoclD @ Area (SA) A2 Volume (SA) A3

1 21186.058 159841.419

Human SRSF protein kinase 2, AFDB AF-P78362-F1



can remove the red spaghetti (and
convert pLDDT to B-factor)

[ ] ® CCP4-8.0.006 Project Viewer: rossettafold

TERE N [ SN O =

Taskmenu  Expont project Z  Show iz Mpmm

.

Job list Project directory Only show tasks containi ped here

5 containing text typed here v

54 Define AU contents
' Finished Wed 01 Jun

53 Basic MR - PHASER
+ Finished Wed 01 Jun
R=0.46 RFree=0.49

52 Define AU contents
+/ Finished Mon 30 May

51 BUCCANEER
' Finished Mon 30 May
R=0.23 %=74

50 BUCCANEER
+ Finished Mon 07 Feb
R=0.27 %=35

49 MOLREP MR
' Finished Mon 07 Feb
48 MOLREP MR
' Finished Sun 06 Feb

47 BUCCANEER
+ Finished Mon 07 Feb
R=0.28 %=34

46 MOLREP MR
+ Finished Sun 06 Feb

45 MOLREP MR
+ Finished Sun 06 Feb

44 MOLREP MR

Import merged data, AU contents, alignments or coordinates
3 Integrate X-ray images
# X-ray data reduction and analysis
& AIphaFnId and RoseTTAFold Utilities

ive model p ion - CCP4mg and MrBUMP
\ :. Identify MR models with MrBUMP, display and select with CCP4mg

MrParse
Use MrParse to test the suitability of data for MR Phasing

Process Predicted Models
Process Predicted Models - automatically process predicted models
* Experimental phasing
& Bioinformatics including model preparation for Molecular Replacement

& Molecular Replacement

.7 Density modification

}f’ Model building and Graphics

f Refinement

s Ligands

£z Validation and analysis
Export and Deposition

y ﬁ Reflection data tools

m Coordinate data tools



Case study from
Structural Genomics



GXGYXYP proteins

* Named for a conserved
sequence motif. Molecular
function unknown

* Over-represented in gut
bacteria

* Found in Polysaccharide
Utilization Loci in
Bacteroides
thetaiotaomicron

* Q: What does the protein
do?

Bacteroides thetaiotaomicron
PUL69 (BT3853-BT3862)
BT3857 BT3859
EEES 20 [ [ I D B e e

PUL28 (BT2198-BT2190) BT2193
[ ) s ) E—— e g g — ] "

PUL29 (BT2204-BT2199) BT2200
L J ] aaaaa—— ey g4

Caldithrix abyssi

CalabDRAFT_1744 CalabDRAFT_1743 CalabDRAFT_1738

L4 44 Jummny ___ _J g ) SSS—
CalabDRAFT_1739

Clostridium kluyveri
CKR_0530
g F femsm) X [ Jsa

Paenibacillus sp. JDR-2
pjdr2_1781
S D e

Pjdr2_4647
[ > [ Jaaaadessseed

Ktedonobacter racemifer
Krac_5749
[——f el N Je e ]

- GXGYXYP . Glycoside hydrolase family 92 l:| Glycoside hydrolase family 99
I:l Glycoside hydrolase family 38 . Glycoside hydrolase family 29 |:| Glycoside hydrolase family 2

[ cemininG3 [ Fsrstypec [] rok
- MFS transporter l:] SusC |:| Sadium:solute symporter

I:l RNA polymerase sigma factor l:l SusD . Carbohydrate esterase family 4
- Kelch-type beta propeller |:| FecR . Peptidase M41
- Protein tyrosine phosphatase l:] Prolyl tRNA synthase - Amine oxidase/cell wall hydrolase

- DNA helicase - Transport protein |:| Histidine kinase
I:l Transcription regulator . Solute-binding D Unknown

|:| Phytanoyl-CoA dioxygenase l:l Oxidoreductase



GXxGYXYP proteins

* Domain architectures also predict carbohydrate
connection

Q8AS5PS5 Bacteroides thetaiotaomicron (3SGG) A6LZLO Clostridium beijerinckii

lectin 2

G9S6Q7 Tannerella sp.

C7PHKO Chitinophaga pinensis
lectin 2
H1XSR2 Caldithrix abyssi B3JFZ1 Bacteroides coprocola

B9XJIO Pedosphaera parvula



GXGYXYP proteins

e Overall folds don’t help
much

e TIM barrel + 3 x novel
o+ unit

e TIM barrel DALI Z >13 for

* Allantoinase

* Polysaccharide
deacetylase

* Glycosyltransferase




GxGYxYP
proteins

* Largest cavity lies
between domains

* Glycerol from
crystallisation
solution in it

PDBsum entry 3sgg

m Go to PDB code: 3599 go |
@ Top page @ Protein @ Ligands | Qefts @ Tunnels @ Links
Cleft analysis for: 3sgg

View options

@® Binding-site(s)

Binding-surface(s) W

Coloured by
@ cleft (as in table below)
~ closest atom type
~ residue type

Jmol RasMol |

Volume — atio vertices vertices
—1@ & 222244 166 7266 1 1000 1 1042 1 6

H

R1 ble  Burled Average
depth Ligands

1 GOL 558[A] (6 atoms)
—2@ & 13415 000 6033 6 654 5 839 4 0
—3@ & 9201 o000 6084 5 930 2 95 2 0
—a4a@ & 97327 o000 5769 8 779 3 832 S 0
—5@ ) 59738 o000 6115 4 561 8 754 7 0 GOL 562[A] (5 atoms)
—6 @ 60961 000 5993 7 623 6 700 9 0
—7 @ ) 52650 000 5463 10 593 7 82 6 3 0
8@ 4%22 o000 7037 2 770 4 867 3 O 0

—9 @ 42019 o000 5479 9 287 10 605 10 2

a - N > » oa
W N W A AW W A o 3
N 2 W W =2 e oa W N O
e o

‘—10@ 1 47377 o000 6244 3 409 9 715 8
- & Proteln structure —

Residue-type colouring

Positive Negative  Neutral Aliphatic  Aromatic  Pro &Gly Cystelne

HKR D.E STNQ AVLIM FyYw PG




GXGYXYP proteins

* Largest cavity lies
between domains

* Glycerol from
crystallisation
solutionin it

* Picked out by non-
geometry based STP
(surface triplet
propensities)




GXGYXYP proteins

® The patch is conserved

® Contains multiple
aromatic residues, often
surface lying in
carbohydrate binding
sites...




GXGYXYP proteins

The patch is conserved

Contains multiple aromatic
residues, often surface lying
in carbohydrate binding

sites...
D58 3sgg

... and acidic residues
resembling known
glycosidase site... (SPRITE)

... and with perturbed pKa
values (THEMATICS)




Multiple methods in bioinformatics

GxGYxYP conclusion

* GXGYXYP is a novel Glycoside Hydrolase family

* Genome context

* Domain composition

* Cavity

* Bound glycerol

 STP

* Conservation

* Match to known GH catalytic site
* pKa perturbation

Structure-based
methods

Rigden et al. (2014) BMC
Bioinformatics 15:196



...and finally, you’re putting a
manuscript together

Calculating and presenting sequence alignments



Your sequence alighment

* Don’t use ClustalW! It’s 24 years old! Modern methods
like MUSCLE, Probcons and MAFFT are much better

150 150 200 210 230
. 191548534 | 51| PO0G50| PHGT_YFAST /1-487 - --MPK K- --—NLF‘GﬁV DV( FGE4-—--EAARAGELLKEKKV”EIV 0
ClUStalW misses 1713024420 sp| POE121 | GPMA_TREP/1-487 - -- - LT RL - - - -NLFTGNT -DVPLIPRGES- - - -EAQEGERVLOEAGRDRDL - - -C
. . 11112751461 0b | AAKD7865 . 1] /1-487 - MBVE - - - -RRMOGH]-DSP I:J\TRLCKRLEﬁ -VELAA---I
relat|ve|y obv|ous 1511168587 |sp | 732604 | F25_YFAST /1-427 TSA0TH EFLER----TROVERF- YLPLDP0<L<---- FIKLINTTEER N ---T
1111730554 | sp| P52086 | COBC_ECOL/1-487 - -- - WLT a0 - - GLfclia-PrpLfiartic :

i 1113183165 sp| P76502 | SDXA_ECOL/1-487 - -- - LD-—---- 1505 VRPITNECD- - -E RLMANWLKGOKVEIEPf—fVL
RHG mOtIf In 1712895490 b | AAC38954 .1 /1-487 E EPRVFDG IVDIA NNOLRO0CO00AAAAATELEAMAAAKERT PlL---L

. 11115220917 | refINP_187158.1| /1-487  KLLBKR B0H- T 0L SELLOAOEAGARLHALT S SHPB S PEWRYYFIVER

some Of d iverse y1116130187| ref|NP_416755.1] /1-487 XEsLy SNGLPR-- 1B TLARLAQHRVVYLER - - ----

sequence set...

220 240 250 60 270 280 250 300
7112895490 | b [AACIBG54. 1] /1-537  ----- ] EPRYEQGOVDYANNOLIO Al BeaalakerTRR- LD-- AVHIACPRY
. bUt M USCLE 7111730554 | sp| P52086| COBC_ECOLL/1-537 --------+ - Lﬂ -HARTPLE: ONEHTEEHGVSED- - - - --- LY- - LCSEWERATHIAR - LV
. 1112751461 [ ob |AAKO7863. 1] /1-937  —--m-mmm—- VE-RAMOG- --WODSPLIE HREGKREEAVERA---- --- All-- AE-TV
gEtS |t 711548534 5p | PODY50| PMCI_YEAST/1-537 ---- FIC-RLFRC- - -WyDiK LS4 K -VL-- AN-T&
7113024420 sp| PIB121 | GFMA_TREPA/1-537 - - ------+ K RL-NEFRC- - -WTDVP ILH-FY
11116130187 [ ref[NP_416755.1] f1-337  --------- AR OCL8D----- V SADI------ DL-- A----
7113183163 | sp| P76502 | STXA_ECOLT/1-537 -- - A RLMANMLKGOKVE - - - - IE -RY - - LVSPR L RAERIBLE - - -
1115229917 | ref|NP_187168.1( /1-337  ----- OEAGARLHA L TRoNBSSPEwRIFI BRI AT

31| 1169587 | sp| P32604|F26_YEAST/1-537 Y\MI\_D\PhP “(IH VE-KKDGG- --- - 0SS EkFIYAKKLEQLV{ESAGE----II‘.‘LW--



Multiple methods in bioinformatics :

Jalview.org

* All these alignment methods and more are available
through Jalview on Dundee servers

1 _
15} Jalview 2.9.0b2 X

File Tools Vamsas Help Window

s Average distan... — | [@

&

| =, MAFFT Multiple Sequence Alignment of Retrieved from Uniprot

e e

File Edit Select View Annotations Format Colour Calculate Web Service

Original Phosphorylation Site Predictions MAFFT Alignment Order

70 )

secon

Alignment

2

Secondary Structure Prediction >

http://www.compbio.dundee.ac.uk/jabaws

Tcoffee with Defaults

-EEVEY

A8 RV Protein Disorder > Edit settings and run...
¥ :f i Run Tcoffee with preset
SYRVI Conservation >

Wy N ¥ Probcons with Defaults
A A Y Y Fetch DB References y 5

[ Ayl Edit settings and run...
wEvRY] 5

Aal V] Muscle with Defaults
NN ¥ Edit settings and run...
AEVIRY) Run Muscle with preset
AT YNV

Q) YNV

Mafft with Defaults

Iron Sulphur Cont

covercron 1M ol Bl 0 o

Edit settings and run...
Run Mafft with preset

MSAprobs with Defaults
Edit settings and run...

Glprobs with Defaults

Edit settings and run...

[~ e

Connection

to thyminell...

N/

Citrix Receiver

Clustal
Realign with Clustal

ClustalO
Realign with ClustalO

File View




Jalview

* Also helps you produce figures like this...

lujc/1-156 84 ~rm e r e rrr e, — - DVGLESAYBOQALTNE-----~-c - rc e m e === GVASVLVISEBILPLVGYEVA 117
1h2e/2-208 120 - - === == == ———— GERFCDVQQRALEAVQSIVDRH EGETVL I VTEIG LKTEMA 160
1k6m/250-470 364 — - — - = = — — — — — — — GESMIEDLVQRLEPV IMELERQ- - --ENVLVICLJ AV’.C LA 401
l1e58/1-247 139 YAK--LSEKELPLTESLALTIDRVIPYWNETILPRMK- SGERV I 1AAZIGINS LRALVK 192
1nt4/1-391 240 LSKLKNG DSLFTSP-EVARNVAKPLVSYIDKALVTDRT - === === === === === —— SAPKITVLVGEIBSNIASELT 298
1dkq/1-410 246 LLSLHNAQFYLL RTP—EVARS.ATPLLDLIKTALTPHPPQK —————————— QAYGVTLPTSVLF IAGH INLANEGG 312
1gqwo/8-442 269YNYLQSLG.YYC IGAGNPLGPAQGIGFTNELIARLTRSPVQDHTSTNSTLVSNPATFPLNATMYVDF S SMVS I FF 346

lujc ss &3 84

1gwo ss «3 B4
1ujc/1-156 118 EflcPGE == csson s nan oo TPPMFTTSAIASVTL----DESGNGTFNWQMSPCNLB-----------—- -~ 156
1h2e/2-208 161 BFKPTERlL - - -~ m === DHLWSPPYMYGCTSVTI I EV -DGGTFHVAVEGDVSHIEEVKEV - - - — - - - — — — — 208
1k6m/250-470 402 YFLDKSS - = - = = = = = = = = = = = = EELPYL-KCPLHTVLKLTP ~-VA--YGCKVES I YLNVEAVNTHREKPENVDI TR 457
1e58/1-247 193 YEIBNMSE - - - -~ = === === == = EEILEL-NIPTGVPLVYEF----DENFKPL-KRYYLGNADE I AAKAAAVANQGK -~ 247
1Int4/1-391 299 A FRPY - - - -~ - - - - === === QLHDQONERTPIGGK I VFQRWHDSKANRDLMK I EYVYQSAEQLRNADALTLQAPAQR 361
1dkq/1-410 313 AMEEN -W- - - - = = — = = = = = — — TLPGQPDNTPPGGELVFERWRRLSDNSQWIQVSLVFQTLQQMRDKTPLSLNTPPGE 374
1qwo/8-442 347 ALGLYNGTEPLSRTSVESAKELDGYSASWVVPFGARAYFETMQCKSEKEPLVRALIN- - - - - - - - oo eom—o oo D 404

lujc ss BS B6

lgwo ss B5 B6

e ... rather than like this

MASR FGGRHLMNIKRAXKFELREKPLVLWSLTLAVFSIFGALRTGAYMLYILMTEKGLXOQS 97
Ssct VVGQOQTYMRTRESFSLOQRPLILWSPFFLAIFSILGTLRMWEKFMATVMFTVGLEQT 102
Ssc2 SLGPRIMANREKPFQLRGFMIVYNFSLVILSL-=-=-~-=-=-=-=YIVYEFLMSGWLST 88
Cgld0 WLGNEKYMENRPALSLRGILTLYNLAITLLSA === ==«=YMLVELILSSWEGG 9%
MASR V- - ~-~-CDQS~-FYNGP-~-~-~-~-VSKF-WAYAFVLSEAPELGDTIFIILRKQQ--KLIVF 139
Ssct V~=-=-~CFAI-YTDDA~-~~-~=-=-~-YVRF~-NSFLFLLSEVVELGDTAFIILREKR-~-PLITF 144
Ssc2 YTWRCDPIDFSNSPEALRMVRVAWNLPFML -~-SKVIELMDTVIFILRKEDGQVTFEF 139
Cigdd0 YNLQCQONL ~-SAGEGDVRVAKVLWWYYP¥F-~-SKLVEFLDTIFFVLREKTNQITF 144

Don’t forget to cite it (and all your bioinformatics)!

Waterhouse et al (2009), Bioinformatics 25, 1189



Questions?

drigden@]liv.ac.uk

&0 UNIVERSITY OF

& LIVERPOOL
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