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Preamble

 Can’t cover all bioinformatics!

e Prof Garratt will cover structure-based
function inference

* | will focus on bioinformatics (= prediction)

* Using newer/less well-known data
* Majoring on easily available servers/predictions

* Related to predicting domain composition and
interactions. Mainly relevant to construct design and
VIR (all MR, not just AMPLE!)

* Plus some other bits and pieces



A new source of data: further
uses of predicted contacts

e Structures unknown

 Making better ab initio models for MR (AMPLE)
* Predictingdomain boundaries

e Structures known
* Predicting how proteinsinteract
 Validatingthe content of your crystal structure

* (Predicting functional sites, highlighting conformational
states)



>target_seq (s)

GYYELYRRSTIGNSLVDALDTLISDG
RIEASLAMRVLETFDKVVAETLKDNT
QSKLTVKGNLDTYGFCDDVWTFIVKN
CQVTVEDQSVISVDKLRIVACNSKKS

Multiple Sequence Alignment
of homologous sequences
'

.. . KDNTQSKLTVKGNLDTYGFC. ..
.. .KDNTQSKLTVKGNLDTYGFC. ..
. . . KNDANIAKLKLTFKGDLDTY. ..
.. .RENTQSKLNVKGLLDTYGFC. ..

. .KNENIVGKSKLIFKGDLDTY...
.. . KHESNIAKSKLTFKGDLDTY. ..
« . . KNESGISKSKLTFKGDLHTY...
.. .KDNTQSKLTVKGLLDTYGFC. ..

. .KSESGIAKSKLTFKGDLHTY. ..

L |

.. .KDNTQSKLTVK NLDTYGFC...
.. .KDNTQSKLTVK NLDTYGFC...
.. .KNDANIAKLKL FKGDLDTY...
.. .RENTQSKLNVK LLDTYGFC...

. .KNENIVGKSKL FKGDLDTY...
.. .KHESNIAKSKL FKGDLDTY...
.. .KNESGISKSKL FKGDLHTY...
.. .KDNTQSKLTVK LLDTYGFC...

. .KSESGIAKSKL FKGDLHTY...

L

Direct Coupling
Analysis of
predicted
contacts

Applications...

Felix Simkovic



>seq
FASDGITF
DRSLFEFFGH

>seql
FASDGITF
DRSLFFGH

>seq?2
NMHKLSDF
PLSERWAQ
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| submit sequences for coevolution analysis
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Intramolecular
contacts

Intermolecular
contacts if a
homooligomer

Intermolecular
contacts

[currently only
reliable for
bacterial proteins in
operons]



Thinking about your target ...

Which part to express for crystallisation?

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



Recognising folded domains in
your sequence

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

* 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.

* You might want to parse your protein into domains
to explore different MR strategies



Recognising domains by
nomology with PDB, SCOP, CATH

* (PSI-)BLAST against the PDB might do it

Edit and Resubmit Save Search Strategies ® Formatting options & Download Ynum How to read this page Blast report description
sp|q5i8r5| (257 letters)

RID FRP1NV47014 (Expires on 03-31 21:44 pm)
Query ID gil74681646|s

Description Trypsin-like serine %Download v GenPth GrthICS

Molecule type amino acid
Query Length 257

Chain A, Human Hepsin Protease In Complex With The Fab Fragment Of An Inhibitory Antibody
Sequence ID: pdb|3T2N|A Length: 372 Number of Matches: 1
» See 1 more title(s)

Other reports: »Search Summary [

S Graphic Summary

(=) Show Conserved Domains

A Range 1: 84 to 355 GenPept Graphics

1
Query seq.

cleavase si Score Expect\Method Identiifes Rositives Gaps
e 142 bits(35]) 6e-39 Jompositional matrix adjust. 99/281(35%) 1%0/281(49%) 38/281(13%)
Hulti-donains
Query 1 MLLSTLS - - ------ LGLVTANYKLEKLPSGRIVGGYEVTRLEOYRWIASLEYYGSHT 52
+LL ++SV L + + KLP RIVGG + T ++PW SL Y G+H
s Sbjct 84 QRLLEVISVCDCPRGRFLAAICQDCGRRKLPVDRIVGGRD-TSLGRWPWQVSLRYDGAHL 142
Mous
Query 53 CGGTLYNEKTIISAAHC----------- NIGSTSAWSASVHRHDLNEKAEKESGSNHKII 101
CGG+L + +++AAHC + + + AS H L +A
Sbjct 143 CGGSLLSGDWVLTAAHCFPERNRVLSRWRVFAGAVAQASPHGLQLGVQAVVYHGGYL--- 199
Query 102 ERISHPQYDLN-DDSSNDVSVWKIAAPGNKT---SGIVLDSGKVSSEDGTLLKVIGWGTT 157
) P D N +++SND+++ +++P T + L + + DG+ VGWG T
Sb]ct 200 ----- PFRDPNSEENSNDIALVHLSSPLPLTEYIQPVCLPAAGQALVDGKICTVTGWGNT 254

Query 158 TSGGDVSKVLLEVKVPVFNIDKCKKA--YSTLDTASQFCAGYPEGGKDSCQGDSGGPIFI 215
install-jalview.exe " H G +VLE+W++DC A Y FCAGYPEGG D+CQGDSGGP
Sbjct 255 QYYGQQAGVLQEARVPIISNDVCNGADFYGNQIKPKMFCAGYPEGGIDACQGDSGGPFVC 314

Query 216 EEKGVAT----LVGVVSWGRGCALKGYPGVYTRVSKVLDFI 252
) E+ T L G+VSWG GCAL PGVYT+VS ++I
Sbjct 315 EDSISRTPRWRLCGIVSWGTGCALAQKPGVYTKVSDFREWI 355



Recognising 2g PSI-BLAST
domains by
nomology with

°DB, SCOP,
CATH

* Harder cases require
a more sensitive tool.
| recommend HHpred.
Used by MrBUMP to
find homologues to
use as search models

Lawrence Kelley



L L] —am— —_— - -
[~ >2uvf_A Exopolygalacturonase; GH28, pectin, cell WALL, hydrolase, periplasm, beta-helix, glycosidase, EX0-activity;
e C Og n I S I n g HET: APG; 2.10A {Yersinia enterocolitica}

Probat=100.00 z-value=7.5e-40 Score=280.73 Aligned columns=440 Identiti(s=16%

. Q ss_pred HHHHCCCCCCEEEEEEECCCCCCCCCCHHHHHHHHHHHHHCCCCEEEECCCEEEECCCCCCCEEEEECCCEEEECCCCCC
O m a I n S Q ss_conf 66410676525898750105899315789999998899718897999848716815322341257763724541466322
Q gi|60495103|em 15 YAAAHAQQKDTVYVTDFGAVPYSYENCVTQIQAAIDECKRTGAKVLSLPEGRYDIWPEGAIRKEYYISNTSTEQECPSKV 94 (605)
Q Consensus 15~ nV~dfGa~~dg~td~T~Aiq~Ai~a~~~~gg~~V~1P~G~Y sn 94 (605)
Foooatto | FH T TTF TR T+ # ] ] ]+ [+ ot |
T Consensus 146 ~mnnnmmnn WnV~DfGA~gDG~tDdTaAIQaAIdAa~- - ~G~tV~IP~GtY1~g~- - - - - - i~l~5~vtL~i~~g~tL 217 (608)
h O I I l O | O T 2uvf A 146 ITAKTSAKPQIVNVRDFGAIDDGKTLNTKAIQQAIDSCK- -PGCRVEIPAGTYKSGA- - - - - - LWLKSDMTLNLQAGAIL 217 (608)
T ss_dssp EEEECCCCCCEEEGGGGTCCSSSSCCCHHHHHHHHHTCC - - TTEEEEECSEEEEECC- - - - - - EECCSSEEEEECTTEEE
T ss pred EEEEECCCCCEEEEEECCCCCCCCCCCHHHHHHHHHHHC - - CCCEEEECCCCEEEEE- - - - - - EEECCCEEEEEECCEEE
. t h P D B T ss_conf 899757888589978315468994244899999899814 - -8989998588179887 - - - - - - 99737758998167699
W I ] Q ss pred cCcC----- CEECCCCCCCEECCCCEEEEECCCCCCEEEECCCCEEEECCEECCCCCCEEEEEEECCCCCCCEEEEEECCC
Q ss_conf 543----- 020267774278158508885786542698456656985333114666225889922478864698872268
S C O P C AT H Q gi|60495103|em 95 KTV----- GLMLHEIDDLTIEGNGATLMYHGKMTTIALEHCNGVRINNLHIDFERPAGSEIQYRKVTGGETEVTLHRDTR 169 (605)
Q Consensus 95 ~mme - - cmmn | ] 11 0GB A~ L i mmnnnn ni~i~n~~id v i 169 (605)
) B S P +|++H+.+
T Consensus 218 ~~s i NItI~G------mmmmm e 265 (608)
T 2uvf A 218 LGSENPDDYPAGYRLYPYSTIERPASLINAIDPNNSKPGTFRNIRITG- - - === -==-nncnssmmmmammmeeenae 265 (608)
T ss_dssp EECSCGGGSCEEECSSTTCCSCEECCSEEECCSSCCCTTSEEEEEEES - <= - = === m == s e mmmmmmm o meem e o e

[ H H P R E D WO rks b T ss_pred ECCCCHHHCCCCCCCCCCCCCCCCCCEEEEECCCCCCCCCEEEEEEEE-------mmmmmm e e e e o
T ss_conf 816883562444554442101234301210013421222000179970- - - - === - === - mmmommmm oo
C O p a rl n g H IVI S Q ss_pred CCCCCCEEEECCCEEEECCCCCEEECCCCCEEECCCCCCCCCCCCCEECCCCEEEEEECCCCCCCCCCEEEECCCCCCCC

. Q ss_conf 52136434312330450466533673576343248886334666414527876098413465234554780722328744
Of - | l g nmen tS N Ot Q gi|66495103|em 170 YEIVNGKIRLYGEGWRSNRNHCIEYDPDTESFTYSQGHNTLSASDAREIAPGIVRFNTPAEFMPKAGNTLTVRDIIRDQV 249 (605)
’ Q Consensus 170 g d g g r~~~ 249 (605)

° e T S e P P Fovrinnnnnn +..
J u St SI n gl e T Consensus 266 - - - - ~GTLAGNQ~rmrmm e e e e o g r~~ 332 (608)
T 2uvf A 266 - - - - SGVIDGNGWLRAKTAEITDELGRSLPQYVASKNSKVHEDGILA- - - - - - - - - KNQUEKAVSDGMDLKNAYGQRRSS 332 (608)

T ss dssp - - - -SCEEECCCBCEEEEEEEECTTSCEEEEECCCCTTTHHHHBSHH- - - - - - - - - HHHHHHHHHTTCCHHHHHHHSSCC

Sse q uences T ss pred - - - -CCEECCCCCCCCCCCCCCCCCCCCCCEEEEECCCEECCCCEEE -~ ------- ECCCCCCCCCCCEECCCCCCCCCE

T ss_conf - ---3167677420255674455567533306620364001462354 - - - - - - - - - 213332112440212434667870

[ ]
* Match f
a C I n g O Q ss_pred EEEEECCCCEEEECCEEEECCCCEEEEECCCCEEEEEEEEEECCCCCEEECCCCCEEEECCCCCCEEEEEEEEECCCCCC

Q ss_conf 69998345548954135307841599962465599841984089872056055223874167786189731880346774
S e C O n d a r Q gi|60495103|em 250 GLFILESKNITLSRLQMHYMHGLGIVSQYTENITMDRVKCAPRPDSGRLLAASADMMHFSGCKGKVIIDSCYFAGAQDDP 329 (605)
y Q Consensus 250 ~i~~~~~~nV~ie~iti~eg~mmgimemmmsNiti~em~]~mmmmn~ra~s~~aDg i~nc~f~~~~DD~ 329 (605)

Hob o || [ L H| | ] ]
St ru Ct u re a I S O T Consensus 333 ~I~~mmmmninI~mitivegrmmn ] mmmnGrmmn ] i - - - - - N~DGI~i~~5~n-v~I~N~~i~-~qDd~ 404 (608)
T 2uvf A 333 LMTLRGVENVYLAGFTVRNPAFHGIMNLENHNVVANGLIHQTYDAN- - ---- NGDGIEFGNSQN-VMVFNNFFD-TGDDC 404 (608)

T ss_dssp SEEEESEEEEEEESCEEECCSSCSEEEESCEEEEEESCEEECTTCT------ TCCSEEEESCEE-EEEESCEEE-CSSCS

S C O re d T ss_pred EEEEEECCCEEEEEEEEECCCCCEEEECCCCEEEEEEEEECCCCCC------ CCCEEEEECCCE-EEEEECEEC-CCCCC

T ss_conf 7999605773899889972478617871444389801798288876- - - - - - 644178734772-799524520-58764



HHpred tips and warnings

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

* ...but statistics can mislead for unusual protein
sequences eg coiled-coil, low-complexity, Cys-rich

* Consider if the match makes biological sense!

* Look at the matched region
* |sita complete domain/structure?
* |f partial, coulditreasonablyfold?

* Can make reasonable homology models too

* |If your query contains multiple domains, ‘zooming in’
on particular regions can improve scores and show
results not previously seen since

* Score containsan elementfavouringsimilar lengths

* Only 100 results are shown:can easily get this numberfora
common domain, making other results invisible!



Recognising matches to domains in
sequence databases, Pfam, Smart etc

 HHpred is also an excellent, sensitive way to search
against these. The same rules for interpretation apply.
Matches, even distant ones, can obviously shed light on
function

 However, for structural purposes need to remember
that
* Many Pfam familiesdon’t have structuresso that domain
limitsare much less precise.

 Many examples where a structure redefines previous Pfam
sequence-only domain boundaries

* Large Pfam entries especially DUFs often turn out to have
multiple structural domains

e Pfam entries for repeats sometimes contain multiple copies



Color key for alignment scores
<40 40-50 80-200 >=200
O u ey |

And if the domains ———_—. =
can’t be matched? :

* ab initio approaches to
domain boundary
identification

 BLAST matchesin sequence —

databases. Domains are often
found in different DL GNPV ERDRAQL LG TE AP I TEEOKITLLEASKGRAAQSIDY TR TP

combinations i
* Secondary structure pattern / RS DI DSSIO G e

PSI-PRED or Jpred4 (faster Sizs of protein domains
server)

* Domain guess by size (server o
defunct) T
e Contact predictions

Domain length



Predicted contacts for defining domains

* Domain boundaries required for individual expression in vitro
and helpful for fold recognition and modelling in silico

0.0040 -

0.0035

0.0030

0.0025

0.0020

Density

0.0015

0.0010 /‘/ \ A / \\
0.0005 / “\ / \
/ VY

Predicted: 417
T

residue number

0.0000

0 100 200 300 400 500 600

Sequence Position

0 | 100 200 300
residue number

b
> 1.0 l T )
2 oe | //\ﬁ/ : With today’s contact predictions, it is now
U .
g 04 \\ ~ g about the best method and works on
S 02+ Sanadl ] . .
8 00 ' ' ] multiple domains too
0 100 200 300

putative domain boundary

Rigden (2002) Prot.Eng. 15, 65 Sadowski (2013) Proteins. 81,253
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Predicting protein-protein
Interactions

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

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

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

* Each allowsinclusionof otherinformationeg predicted
interfaceresidues

* Symmetricdockingat ROSIE server



B. subtilis IPI docking to protease

Several servers, Final mode
focusing on resembles
conserved other

region inhibitors

Bisy_IPI 62
2sic 69
3qtl 45
Toyv 58
1sbn 41

nZzZn<< X
ozm< >»

Rigden et al. (2013) F1000Research 2:154



Using predicted contacts to help
predict complexes

Experimental WM Inter-EC WM Intra-EC/subunit structure
Transmembrane transporter heterocomplex: MetN and Metl

Metl residues MetN residues
50 100 150 200 50 100 150 200 250 300
L g 20 Membrane
".. & . 40 transporter (0
@ 9 i
Metl 2
. " - Qi
Metl-MetN complex contacts & o WO
Membrane 100 o
S . o
tr;an.sporler v e 120 &
\'."I(_‘.‘il " b 3 140 S
s w

senpises NIeW

ATPase MetN

complex crystal structure

Hopf et al. elife (2014) 3,e03430.



... and once you have your
crystal structure...

What is the biologically relevant quaternary structure?
Where are the functional/catalyticsites?



Validating crystal =~ * po = = == =

;:.!...' . EC1
structure contents Nt 0
e o EC2
2001 - . ® °
* PISAis an excellent general method, : O €cs
but contact predictions help in some Foot W8 A,
cases i : Ecs
= 400 . -:‘\.-‘
. . . wagd. o
* Crystal showed various ways in which S o
protocadherins could interact =) N
* Predicted contacts supported two of o0o} T
the four modes R S R
B

C3 extended

Nicoludis et al. (2015) Structure 23,2087



Some lesser-known structure-based

function annotation methods

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

e Shape

* Electrostatics

* Physico-chemical characteristics

e Evolutionary conservation (Consurf)

* Less well-known but valuable characteristics are
e Statistics of surface atom ‘triangles’ (STP)
* Probeinteraction energetics (ISMBLab)
 Rigidity and geometry (EXIA2)
* Predicted pKavalues (THEMATICS/POOL)



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

iIsmblab.genomics.sinica.edu.tw scbx.mssm.edu/sitehound



Binding sites from statistics

e STP (surface triplet
propensities)

* 13 atomtypes - 455
triplets

 Distributionin bindingvs
non-binding sites varies

e Designed for small
molecules, works on
PPls, including flat
surfaces

opus.bch.ed.ac.uk/stp



Theoretical
MICroscopic
titration

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

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



EXIA2: side chain orientation and rigidity

* Find points on the surface with many side chains ‘pointing at them’

* Weights these further according to predicted rigidity (measured as
number of contacts). Catalyticresidues tend to be more packed and
so more rigid.

N | B e
/ ............................
p) f \ H26H3341
e
e ( V. g ‘S
) » ‘ ! . J ! \
L7 S \
‘ E343 |, J
\ ‘ N 1 3 61 91 121 151 181

Residue ranking

THR12 @ http://203.64.84.196



Multiple methods in bioinformatics:
Structure comparisons of Evf

Reported as
novel fold...

... butin fact
related to Bacillus
toxin structures

Both bind to host
insect membranes

Palmitate seenin
Evf structure.
Matches
conserved region
of toxins...

gsu;vlllcl)c;n-Cheruel et al. (2009) J. Biol. Chem. Rigden (2009) FEBS Lett. 583, 1555



Some servers Mapping 300

homologues mixes
different activities so

require thought... .omfemation o

binding sites

e Consurf maps sequence
conservation onto a
structure revealing
functional sites

* Excellent, general
method, but results
depend on sequence set But restricting to a
chosen for mapping: single protein family
selecting all or only near shows only pink site
relatives gives different Diptera and
results. Either might be Lepidoptera
more appropriate for

you




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

Calculating and presenting sequence alignments



Your sequence alignment

* Don’t use ClustalW!It’s 22 years old! Modern
methods like MUSCLE, Probcons and MAFFT are

much better

10

11548534 |3p| PO0GS0 | PMGL_YEAST /1-467 - - -MPKLYL
1130244201 sp | PY6121| GPMA_TREP/1-487 - - - -MKLVLE

170 130 190 200 210

EK----NLETEWY -DVKL KGQQ————EAARAGELLKEKKVYPIV———L
RL----NLETEWT - DVPLRERGES- - - -EAQEGGRVYLOEAGRDRBL - - -C

230

NIALEKADR
RILNFVLOALDR

ClustalW misses

relatively obvious 1112751461 | ob | AGKO7665 . 1] /1-487  —=cnmom- WANVE - - - -RRMOCHO - DSPLTEK GR- - - - DAMRLGKRLEA - -VELAR- --T E e
111160587 sp | 32604 | F25_YEAST /1-487 TSEDBENBRPHUABADFLER - - - - TROVERF -YEBLDBOKDK - - - -DMTF IKLUNTTEEWVENK - - - IRMMLESRIVAVUMNIR P By

AlzD- - --QLisClA-PTPL RGIE————QiQNLHTLLHG——VSF'L———VLC LeRaodfARLYLSDRO-

. 113183165 | sp| P76502 | STXA_ECOL/1-487 - --MOWF (T — BASDS -VRPLITNGCD- - - -ESRLMANWLK GOK VETER- - YLV LEEWEDCLN-

some of diverse 112805490| b |AAC38054 1| /1-437  LELPVDIC alireBryrofovolA-NoLT00G000AAAATK LEAMARAKEFTRBL - - - LL HOBRVDANBK

GNLDT -AAYTRTPOH-KTOLRDSGLLOAQEAGARLHALT SSNPES PERRYYE

1115229917 [ refINP_187168.1| /1-487 KLLPKRII
FKUTTTLLALAATACLGTHABWSSNGLER - - TBNKTLARLAQOHRVVULER - ---- -

1116130187 [ refINP_416755.1] /1-487  ---MLARCR

)
]
]
. |
RHG motif in 1111730554 | 5p | P52086 | COBC_ECOL/1-487 - - - -HRLW
)
]
; LRELGRSFSR
]

sequence set...

220 260 210 260 2490 300

. but MUSCLE 1112805490] 0| AC38054.11/1-537 - LELPYDICYYRHGHTEG EPR\J GQ\JDYANNQLQGQ aaflaTkLEAvaRver 1oL - 168

. 111730354/ 5p| P2086| COBC_ECOLT/1-537 --------- AT GLYSC-- -HipPL QLT ERHGVSFD- - --- -Lif-- LB JERAC

gets it 1112751461/ 00 [ AAKOTES . 1] /1537 =mmmemmemo- (HIVE-RRQE- --WODSPL EG MRLGHKRLEAVELA---- ---AT - AE-TV.

111 548534] 5p | PO0GS0 | FMGL_YEAST /L-537 ~------- e LY @1 (T ARACELLKEKKYY ----P-vL -8k

11 3024420| 5p| PIBLL| CPHA_TREPA/L-537 --------- AL-HLE G———WTD\!PL : GES QEQERULGEATRD----Fll-LC--

Ji| 16130187 ref |NP_416755., 1] /1-537  -------- T RELAFSADI ------PBFDL-- YS!

113183165 sp| P76502| STXA_ECOLL/1-537 ---------HOUFIWRBGRAALDAASDBUR - ----- PL NGCD RLANNLK G0 - - TE-RU-- LVER

11115229917 | refNP_187168.1| /1-337  ----- KLLPKRIIL TPDHKIQI_ DS LUACEACARLHALTSSNBSSPEWRYYF VP
7111168587 | sp| P32604 | F26_YEAST/1-537 YVMNIRPKPKY TWLSRECHSTMINVE - KKIGE- - --- D5SLSERGRB Ak K LEQLUKESAGE - --INLTH--W




Jalview.org, recommended for
sequence alignments

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

=) Jalview 2.9.0b2 _ 0 X

File Tools Vamsas Help Window

Muscle with Defaults

Edit settings and run...

FERT_ARATH/T-148
FER_BRANA/T-06
FER2_ARATH/-148
QO3Z60_ARATH/T-118
FERT_MAIZE/1-150
080429_MAIZE/T-14Q__ Q)

ol view for FER1_S...‘ = [ @ | R
Align with default settings|

Run Muscle with preset

| £ MAFFT Multiple Sequence Alignment of Retrieved from Uniprot =B &) Average distan... = | B | &3
File Edit Select View Annotations Format Colour Calculate Web Service 'File View
Original Phosphorylation Site Predictions MAFFT Alignment Order Alignment > http://www.compbio.dundee.ac.uk/jabaws
Secondary Structure Prediction > Tcoffee with Defaults
FER_CAPAN/1-O7 - A . .
FER CAPAN/T-144 M Protein Disorder b Edit settings and run...
FERT_SOLLG/1-144 M A q . FER1_SPIOL
b 3 S > .
Q0T SOLTU/144 M Analysis Run Tcoffee with preset FERT_MESCR
FERT_PEA/1-140 M Conservation 2 5 FEmA
Q7XA08 TRIPR/1-152 M h ‘ Probcons with Defaults FER3_RAPSA
1 Fetch DB References > -
FERT_MESCR/1-148 M ; o FER2
FERT_SPIOL/1-147 M| SelieElinee it FERT_MAIZE
FER3_RAPSA/1-96 -
M
M
M
qQ

Mafft with Defaults
Edit settings and run...
Run Mafft with preset >

Secondary Structure

Iron Sulphur Contacts Fe Fe Fe

5]
Conservation I I I I ‘ . - u n I -LL

MSAprobs with Defaults
Edit settings and run...

Glprobs with Defaults
Edit settings and run...

Clustal >

Realign with Clustal

ClustalO
Realign with ClustalO

Connection Citrix Receiver

to thymine.l...




Jalview

* Also helps you produce figures like this...
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Contacts also inform on...

* Oligomerisation
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) | 4 ) @
* Top ranked evolutionary
constraints (ECs)

S01 8 MsbA (110 ECs)

O Multimer ECs
@) Crystal structure contacts

Missing data in crystal structure

B Predicted TM helix
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Hopfet al. Cell (2012) 149,1607



Predicting functional sites

out

Hopfet al. Cell (2012) 149,1607



Predicting functional sites

Q

e ... that pick out important sites
more convincingly

* Considering network structure of * Grey, conserved catalytic (no
contact prediction map gives covariance signal possible!)
scores.... * Green, neighbours of catalytic site;

Magenta include interface residues

Parenteet al. Proteins(2015) 12,2293



You don’t know the structure



Predicted contacts for folding

Crystal structure
with similar

Substructure of

and

Model showing

model with
conserved motifs

unsatisfied contacts

conserved motifs

Ovchinnikov etal. (2015) eLife 4, e09248



An example from the
original paper

* AL1 geminivirus protein of
~250 residues

e “... LM1 of this profile lay at
residue 132 ... the depth of
LM1 corresponds to an
average error of
approximately 19 residues. ...
the domain definition
agrees very well with the
functionally defined AL1
origin DNA-binding site
domain from residues 1—
116.”

 Domain now structurally
defined as ~7-118

Rigden (2002) Prot.Eng. 15,65

Smoothed preidtced contact density

Residue number

300

Residue number 300

Top
prediction
(121)

|

Residue number

Sadowski (2013) Proteins. 81,253



Bacterial competence
and ComEC

MBiol Project BBSRC Research
Experience Placemen t



Bacterial competence

* The innate ability of some bacteria to take up
extracellular DNA

* Proteins involved vary between species eg
Gram +ve vs -ve

* Many poorly understood

* Bacterial competenceinvolved in antibiotic
resistance spread and pathogenicity of some
bugs

* One of the proteins most strongly linked to
competenceis ComEC



ComEC function

dsDNA
|
DNA-bindingd

| L

T N
‘ _.Jl\:l" ( ( * )
™ ‘- 0000000000000000000
) ° |

.’o.(((.‘o.’o’o‘.’o‘ :
-. '

e 1Y

R¢ et 1 T

PG
CM

S-laye
OM

SCWPs

_— _— - - - - _—

Cytoplasm

ADP + Pi

ATP

Averhoff (2009) FEMS Microbiol.Rev.33,611



Posterior label probability

ComEC structure

COMPETENCE DOMAIN

Phobius posterior probabilities for sp|P39695|COMEC_BACSU

100 200 300 400 500 600 700

transmembrane cytoplasmic === non cytoplasmic === sjgnal pepticde s

Draskovic & Dubnau (2005) Mol. Microbiol.
55,881



ComEC domain structure

N Loop Competence domain C loop

(66:231) (225:411) (495:647)
DUF4131 Competence domain Lactamase B domain
(10:172) (208:470) (507:719)



ComEC lactamase-like domain is
predicted to be a DNase

* Positively charged

* Predicted as DNA
binding by
structure-based
predictors

e Accommodates
DNA duplex neatly

* We think the
mystery nuclease
activity is encoded
within ComEC!




DUF4131 is predicted to be an OB fold

* Pretty clear result by
HHpred distant
homology detection

OB folds bind single-
stranded nucleic
acids or
oligosaccharides

Context suggests
former, though
structure-based
methods do not
predict NA binding
(trained on dsDNA?)

But model looks
small and not
beautifully formed

P39695_B.subtilis
Q8Y740_L.monocytogenes
QOEYM4_T.thermophilus
P51973_N.gonorrhoeae
Q4QPI3_H.influenzae
D7FFY2_H.pylori
4apvA
4wj3P
P39695_B.subtilis ss
4apvA secondary structure

4wj3P secondary structure

P39695_B.subtilis
Q8Y740_L.monocytogenes
QOEYMA4_T.thermophilus
P51973_N.gonorrhoeae
Q4QPI3_H.influenzae
D7FFY2_H.pylori
4apvA
4wj3P
P39695_B.subtilis ss
4apvA secondary structure

4wj3P secondary structure
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Do we have the right domain boundary?
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from HHpred



A contact-assisted fragment assembly
model from Rosetta looks much better

Previous
homology model

New model

Two crystal
structures



Many large DUFs seem to contain
multiple domains
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DUF3670 - separate helices at C-terminus? DUF4158 — two helical domains?



Limitations and opportunities

e Generally need large number (>~1000) of reasonably
diverse sequences

* Servers for single sequence are available
e Evcouplings(a day)
e RaptorX(two days)
 Gremlin(1-2 hours)

* Only one server for two sequences and doesn’t work
well

* Only one server for folding from a sequence, but it’s
slow and is not the top method

* We have tools for single sequences and folding installed
locally (Felix). No local method for two sequences
available




Limitations and opportunities

* Get better domain definitions for cloning,
pioinformatics

 Predict folds ab initio for large families (AMPLE)

* Rank interfaces in crystal structures and docking
results

e ? Predict functional sites

* ? Filter true from false positives in Y2H, affinity
tagged complexes

e ??Genome-scalein silico interactomes
e ? Supplementincomplete NMR data



