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Practical 5: Protein Structure Sunday 4 November 2018
Protein Structure

In this exercise, the plan is to look briefly at one of the most complete ways to predict the
(or ) and to then glance at how a given could be retrieved
from the and examined.

Predicting Protein Secondary Structure.

Feature k.ey Position(s) Description Actions Graphical view Length AS ever’ we use the PAX6 protein as an
Peta stand I e ’lexample. Evidence from various sources
::i srene ; ;Z : z::::: o 12 suggests that the PAX6 protein has 9 helices
— _— .| arranged in triplets, plus a few beta strands.

1 5 i .
S — s a seminder, 1 show here the selevant
e T .| section from the UniprotKB Feature Table.
Holic 95 _ 108 © Combined Saircas .o| The helical triplets are involved in binding. 2
Tumi 114 - 116 Combined sources s| triplets are to be found in the paired box
Helix ! 120 - 133 # Combined sources 14 region, the Other ln the homGObOX a httle
Hehxi 219 - 229 # Combined sources 11 further along_
Helix ! 237 - 246 # Combined sources 10
Hehxi 251 - 275 ¥ Combined sources 25 Here we Wlll use one Of the most

sophisticated methods available, to predict the secondary structure we already know, from from primary sequence.
Out of curiosity, I will compare the prediction with that of one of the earlier prediction methods (still used, but
although faster, significantly less accurate than modern methods).

The service considered by many to offer the most effective method of predicting secondary structure is called Jpred.
This is developed by the now located at Dundee University. Over 80% accuracy is claimed for Jpred
predictions. Due to the inherent imprecision in defining the end positions of secondary structure elements, 80% is
pretty much as good as is practically possible.

Go to the Barton Group web site at: J pred 4

Incorporating Jnet

A Protein Secondary Structure Prediction Serve
and follow the link to the |_Ze=emrdserver. Copy and paste the PAX6 protein| pmemmmmosscsese
(from the file pax6 human.fasta) into the appropriate text box. Click on Make
Prediction.

Input sequence! KKFETLSYLPPLTVEDLLKQIEYLLRSKWVPCLEFSKVGFVYRENHRSPGYYDGRY

Make Prediction Reset Form

With alacrity, JPred will report several hits with proteins of known 3D structure

(using blast against a database of proteins of known 3D structure). Links are —

offered to a number of entries in the PDB structure database. At least 2 of the o

PDB entries listed should be familiar. o

Match found in PDB Jprgd proposes that‘lt really does not m'flke sense to

" I ‘ ‘ continue. After all, if the 3D structure is effectively
e sequence you submitted is similar to those with known structure. These may provide a more accurate secondary .

structure assignment than a JPred prediction. known’ Why predlct (guess?) the 2D structure? The

If you still want to carry out a Jpred prediction click  cantinue response to this Challenge being a petulant “Because we
. want to!”

Hits found

Show| 25 v | entries Click purposefully on the Continue button. JPred, with

S e sastEvalve 13 gmall sigh of exasperation, will submit your job and

Gpax A HOMEOBOX PROTEIN PAX-6 1e-69 e X |

fmdm A PAIRED BOX PROTEIN PAX-S fo-52 tells you how busy it is. Jpred typically takes a while as

1k78 1 Paired Box Protein Pax5 1e-52 . .

1k78 E Paired Box Protein Pax5 1e-52 lt haS much tO COIlSldeI'.

1k78 A Paired Box Protein Pax5 1e-52

2k27 A Paired bi tein Pax-8 5e-52 1 1 1

e o Jpred will use PSI-Blast to align your sequence W1th all

2cue A Paired box protein Paxt Se-32 sequences deemed to be homologous, from a particularly

appropriate database. Jpred then makes its structure predictions based on an aligned “family” of proteins, rather than
just one individual sequence. Intuitively at least, this has to be a fine idea. A Multiple Sequence Alignment (MSA) of
related proteins will typically represent far more evidence for prediction than any single protein.
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https://en.wikipedia.org/wiki/Protein_secondary_structure
https://en.wikipedia.org/wiki/Protein_secondary_structure
http://www.uniprot.org/uniprot/P26367#structure
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http://www.compbio.dundee.ac.uk/jpred4/index.html
http://www.compbio.dundee.ac.uk/jpred/index.html
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JPred presents the results of running two secondary structure predictions, using the program JNET, based on two
different representations of the alignment (HMM and PSSM, similar ideas that will be discussed at some ).
Predicted helices are represented as red blocks, predicted beta sheets as green arrows. A consensus prediction is
presented (jnetpred) as is an indication of prediction confidence (JNETCONF). Algorithms are also run to predict

(Lupas, with window sizes 21, 14, 28). The
first view of the results offered is a graphical overview
aligned with your original single sequence.

The annotation bars below the alignment are as follows:

« Lupas 21, Lupas 14, Lupas 28
Coiled-coil predictions for the sequence. These are binary predictions for each location.
« Jnet Burial
Prediction of Solvent Accessibility. levels are
o 0 - Exposed
o 3-25% or more S.A. accessible
o 6 - 5% or more S.A. accessible
o 9 - Buried (<5% exposed)
» [NetPRED
The consensus prediction - helices are marked as red tubes, and sheets as dark green arrows.
s [NetCONF
The confidence estimate for the prediction. High values mean high confidence. prediction - helices

The full key to all the abbreviations used (and more
information about JNet) can be displayed by clicking on
the link.

are marked as red tubes, and sheets as dark green arrows.
o [NetALIGN
Alignment based prediction - helices are marked as red tubes, and sheets as dark green arrows.
o JNetHMM
HMM profile based prediction - helices are marked as red tubes, and sheets as dark green arrows.
* [NETPSSM
PSSM based prediction - helices are marked as red tubes, and sheets as dark green arrows.
« [NETJURY
A '™ in this annotation indicates that the [NETJURY was invoked to rationalise significantly
different primary predictions.

For a fuller view, elect to View results in Jalview'. You
will arrive at a page inviting you to select from various
viewing options. The options are explained clearly, but
to save you time reading and pain deciding, I suggest
you go for Option 1 for the clearest view. This option does not confuse the picture by gapping your query sequence
(and thus making it more difficult to associate structure predictions with regions of the PAX6 protein) and does not
force you to look at the entire, huge, MSA generated by PSI-Blast.

Jalview presents something very similar to the original view of the Jpred results. This time though, the most
significant part of the PSI-Blast MSA from which the predictions were computed is displayed, if rather blandly.

To highlight the conserved regions of the alignment, some colour is required. Jalview, offers a number of colouring
strategies. I refer you to the Help for the full story. Here I will choose what I think is a revealing option with minimal
explanation®.

%IDL %2DE %SDE %4DR

From the Jalview Colour pull down menu, select BLOSUM62 Score, to
suggest that the inclination to colour any amino acid of the MSA be
determined from its BLOSUM 62 Score with the corresponding Consensus
sequence residue and the degree of conservation at that alignment position. A
considerable number of conserved MSA positions around the homeobox
region will now be coloured various shades of blue.

In order to vary the subtlety of your display, from the Jalview Colour pull
down menu, select By Conservation, thus electing for the colour intensity to
be reﬂected by the degree of conservation for each MSA column. A jolly little

i slider bar will leap forward. At the
default setting (30), the colouring
becomes somewhat more subtle.
Slide the bar to and fro to achieve the delusion that you have control over
things. Terminate your oscillations with the minimum value selected, thus
demanding that any slight odour of conservation should elicit a maximal
colour burst! Appropriate as the interestingly conserved regions are thus most
clearly distinguishable. Ignore the reference to Groups as none have been
specified, so the entire MSA is regarded as a single Group.

Enter value to increase conservation visibility

1] Apply to all Groups

FELORMRTSFTOEQ |EALEKEFERTHYPDWFARERLAAK |
FELORMRTSFTOEQ |EALEKEFERTHYPDWFARERLAAK |
FELORMRTSFTODD | EALEKEFERTHYPDWF ARERLAMNK |
FELORMRTSFTODD |EALEKEFERTHYFDWFARERLAMNK |
FELORMRTSFTOEQ |EALEKEFERTHYPDWFARERLAAK |
FELORMRTSFSMEDQ |EALEKEFERTHYPDWEFARERLAAK |
FELORMRTSFTOQEQ |EALEKEFERTHYFPOWFARERLAAK |
FELORMRTSFTHED |EALEKEFERTHYPDWFARERLAEK |
FELORMRTSFTOERQ |EALEKEFERTHYFPDWFARERLAAK |
FELORMRTSFTOEQ |EALEKEFERTHYPDWEARERLAAK |

251532570535 2624355430443256531500110000

FEQRRMRTTFTAEQLEALEKAFERTHYFDWFTREELAQKT

Now, all the regions regarded as vaguely conserved glow enthusiastically blue. Slide along the entire width of the
MSA and you should clearly see the Paired Box domain, Homeobox domain and the compositionally biased C-

terminus are, for the most part, very evident.

1
2

Basic Bioinformatics -

Should that not work, try Full HTML.

A Practical User Introduction 3 0f13

I have made some notes on my choice, but they should not really detain you at his point. If you insist, they are

08:07:28 PM
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Here I have included the Jalview version of the MSA and structure predictions around the PAX region

] 10 ] 0 ] a0 ] 40 ] 50 ] &0 ] 0 ] &0 ] an ] 100 ] 110 ] 120 ] 130 ] 140

O UER Y- 422 MONSHSGWNOLGGYFYNGRFLPDSTROK IVELAHSGARPCD | SRILOMENGCYSK ILGRYYETES IRPRAIGGSKPRYATFEVY SK | AOYKRECPS | FAWE IRDRLLSEGYWCTNDN I PEWVES INRVLRNLASEKQOMGADGMY
UniRefS0_FERGE22-418 L55GHSEYNOLGGYFYNGRPLPDSTROK IVELAHSGARPCD | SRILOWSNGEYSKILGRYYETGS IRPRA IGESKPRYATPEVYSK | AOYKRECES | FAWE |RDRLLSEGYC THNDN | PSYVMSMACRYRVPRSPFLEQGGDHGN
et RefS0_H2 VSMEA-416 -HOTHEGWHOLGGYFYNGRFLPDSTROK IVELAHEGARPCD | SR I LOMENBCYSK ILGRYYETEE IRPRAIGESKFPRYATPDYYGK | AOVKKECRS | FAWE | RDRLL TEGWE TNDBN | FEVEE INRYL RMDKOOLGTLGTLGTE
UniRefO0_I310E42-£12 MOMSHSGWMOLGGYFYNGRPLPDSTROK IVELAHSGARPCD I SRILOWSMECYSKILERYYETGS IRPRAIGESKPRYATPEYWGK | AOYKRECPS | FAWE | RDORLLAEGYC THDN | PSWSSINRYVLRMLASDKOOMG TVGAE
IniAEfS0_ROJOSEE-ATS oo o oo DMONMENGEWEK ILERYYETES |IRPRAIGESKFRYATFEVWSK | AOYKRECPS | FAWE IRDRLLSEGWC THEN | PEVEE INRYLRNLASEKQOMGADGMY
UniRef30_BT704£50/2-405 - - -GHSEYNOLGGYYVYMGRPLPDSTROK I VELAHSGARPCD | SRILOWSMECYSKILEGRYYETGS IRPRAIGESKPRYATPDYYSK | AGFKRECPS | FAWE IRDRLL SEG | VLGAAAOVSS INRWLRNLAAOKEODDAAVOGY
i/niRefS0_FTO053,2-35¢ MONSHEGWNOLGGEYFUNGRFLFDS TROK IVELAHSGARPCD | SRILOMENGCYSK I LGRYYETGS IRFRAIGESKFRVATPEYYINEK | AOYKRECPES | FAWE | RORLL SDGEWE TRBN | FEVS SR VL RNLASEKQOMGEDGMY
ciniAefB0_TIfIT22-420 --SEHSE INOLGGYYYMGRFLFDSTROK I VELAHSGARFCD | SR I LOMSNGCYSKILGRYYETES I KPRAIGESKFRWATE SMYGK | AEYKRECES | FAWE | RDRLL SDEYC THDMN | FSWOKEQQOSGHESWYDKLRMFHNGOGW
UPAETS0_ GECBKIA-B55 - - o o o o s s s oo oo oo oo
tiniAef530_061985T-417 - -FEHSEWNOLGGYFYEGRFLFDSTRRK | VELAHOGARFCD | SRLLOWSNGCYSKILGRYYETGS IRFRAIGESKFRWATPEVYAK | AOFKRECFS | FAWE IRDRLLSEG | CTHEMN I FSWSSINRYLRMLASGEKNTLOSLOS
(/niAefS0_A7 PiGEA-419 -HKGHSGWHOLGGY YWNGRPLPDSTROK IVELAHSGARPCD | 5RILOWSNGEYSKILGRYYETGS I RPRAIGESKPRWATRPWYWGK | AEYKRECPS | FAWE IRDRLLSEGWCNNDN | PSWTSYECPMRIRRS I AFGESDSWYD
iR fS0_Fé W TH3/2-419 - - -GHSEYNOLGEYYYMGRFLFDSTROK I VELAHSGARFCD | SR ILOWSNECYSKILGRYYETGS | KPRAIGESKFRWATTFWYNK | ADYKRECF S | FAWE | RDRLLOEGYWCMMNDN | FSWSSINRYLRMLASOKEDDAAAVD A
tiniAefS0_TIG400,/2-395 - - -GHSGYNOLGGYFYNGRPLPDSTROQRIVELAHSGARPCD | 5RILOWSNGCYSK I LGRYYETGS IRPRAIGGESKPRWATFEYYNK | AOYKRECPS | FAWE IRDRLLSECLGTOEN | PSWKKKNNWLSHNTQLTNKO I THQTTY
LiniAeiB0_EOVCTII-408 ---GHSE INOLGGYYYNGRFLFDSTROK IVELAHSGARFCD | SR ILOMENGGVSKL - - - - - - - - - - LGRAIGESKFRVATTFMYSK | ADYKRECE S | FAWE IRDRLL SEGWG THNON | PEVSSINRYVLRNLAADKEDSSAQNES
B e s - e e I MY
UneRefS0_02WEY22-390 -KREHEEBYHNOLGGEYFYNGRPLPDSTRORIVELAHSGARPCD | SRILOMENGCYSKILGRYYETGS IRPRAIGESKFRVATPEVYNKVACYKRECPS | FAWE IRDRLLSEGBYCNODD | PEVSS INROKTTLSONPMYDKLEFLN
UniRef30 056452375 ---GHSGWHMOLGGAFVYMGRPLPDSTROK IVELAHSGARPCD | SRILOWSNGCYSKEILARYYETGS IKPRAIGESKPRWATPEVWNK | ADYKRECPS | FAWE IRDRL | TEMWCNTON | PSWSS INRYLRMFOMDKMYESSPPGS
it RefS0_H2ZTRI1-262 - - -BHEBMNOLGGMFYNGRFLFDS | ROK IVEFAHNGARFCD | SR I LOMENBEYSKILARYYETGTIRPRAIGESKPRYATPEYAYNK | ASYKRECPS | FAWE IRDRLLNEGTCNNDN | PEVSS INRYLRNLNGDOSNBFHNERSY
jUniRefI0_GSEDS22-404 ---GHTEYNOLGGYFYMGRPLPDATROR IVDLAHKGCRPCD | SRLLOMSNGCYSKILCRYYESETIRPRAIGESKPRYATSDWYEK | ED¥KRDORS | FAWE I RDKLLADN | CMMET I PSWSSINRYL RMLAAKKEOWTMOTEL

inetpred
JMETCONF

8986877733213 2017686867 7621695993386 247 7868653222231 46765232212345540267 7777777 777777642011111111110121402343210116777776765544413212331256655403024
JNETHMM p——-ri
IJNETPSSM e— ™
JHETIURY e owwoww w P - . [P Pr—— M

and those around the Homeobox, including some of the C-terminus compositionally biased region.

1s0 200 210 220 230 240 250 260 270 280 230 300 310 320 30 340 350 260

ENTNS | EBNGED sBEAOMREC CRRKL ORNRTsFT0ED | EALEK EFERTHYFDVFE ARERLCAAK I DEFEAR | DVWF SNRRAKWRREEKLRNGRRGASNTFEH | F18sEF 5 TEVFOF | FfoFT TFvESF TE6EMLGRTD TAL TN T¥EALFEMESEF TMANNEFMO FRvESO TESYECHMLFTEF svNGF
ENTHNS | 5SNGEDSBEAOMRLOLKRKLORNRTSFTOED | EALEKEFERTHYFDWVFEARERLAAK IDLFEAR | OVVF SNRRAKWRREEKLRNQRROASNTFSH | P 15535F5TEVYOF | FQFT TRVSSF TE6EMLGRTDTAL TNSYSALFEMESF TMANNLFMOEPVESOTSSYSCHLE TSR SVNGF
ENNGSAGSFGEDSEETOMRLOLKRKLORNRTSFTODO | EALEKEFERTHYFDWVEARERLANK IDLFEAR | OViVF SNRRAKWRREEKLRNQRROGSNF SEH | P 1558F5CE I YOFLPQTATAY-505865MLGREDEYVLAHSYS - LEAMESFEMSASLE VO TREO0 - - -55YECHLPASFAVNGF
ENTVSVETNGEDSEETOMRLOLKRKLQRNRTSFTODO | EALEKEFERTHYFDWEARERLANK IDLFEAR | OViVF SNRRAKWRREEKL RNQRRO VS SESNH I P 1558FNTEVYOR LFQFT TFY-5F5868MLGREDFVLENSYS - LEAMESFEMAASLEMOT - - -BNOTSYECHLETSF TVNGF
ENTHS | ESNGEDSBEAOMRLOLKRKLORNRTSFTOED | EALEKEFERTHYPDWVE ARERLAAK IDLPEAR | OVVF SNRRAKWRREEKLRNQRROASNTFEH | P155SFSTEVOP | POPTTRVESF TEGEMLGRTDTAL TN TWSALPEMESF TMANNLPMO EEVESBTESYECHMLP TSP SVNGR
AAALDPESCESGDDEAAARLRLKRKLORNRTSFSMER | EALEKEFERTHYPDYF ARERLAAK IDLPEAR | QUWF SHRRAKWRREEKLR - - - - - - - - - - - - SORRDSGANEPFPRPEPGYASPLYPSLHGPPECGGPORYGEPAGYAAAAAABCLOCO0000OHGASSPYAPCYLAABGPATRSP
ENTNS | ESNGEDSDEAOMRLOLKRKLORNRTSFTOER | EALEKEFERTHYPDWFE ARERLAAK IDLPEAR | QWWF SHRRAKWRREEKLRNGRRAASHTPEH P 1Es8FSTEVFOA I PoAT TPVESF TECEMLERTDTALENSVEALPPMESF TMENNLPMOVSFPLECQSQ - - - - - - - - - - - - -
T5DGNEEHNES ABEDSOLRLRLKRKLQRNRTSFTNEQ | EALEKEFERTHYPDWVE ARERLAEK | SLPEAR | QVVF SNRRAKWRREEKLRNQRRAAEQAAAASAVETABINASFEAGEMYET IPQTG TMAD T YBBMEP VST LENIGATSACLOQRDFEG YR YMLHDELTLGGYFARPCNFGEQGVNGH]
ENTHNS | EBNGEDSBEAOMRLOLKRKLQRNRTSFTOED | EALEKEFERTHYPDYE ARERLAAK IDLPEAR | QVVF SNRRAKWRREEKLRNQRRAASNTFEH | B1EsSF5TEvHOR  FloPTTRVvESEF TEGEMLGRTDTAL TN THEALFEMESF TMANSLRMO FEVEERTESYEC ML TER svNG R
GVQDQGDGSNDDSDEAQARLRLKRKLQRNRTSFTQER | EALEKEFERTHYPDWYF ARERLAAK IDLPEAR | QWWESHRRAKWRREEKLRNQRRSODSDSSSPSR I PISSSFSTATMYQR I APPSAPY - - -MERESHAGL TDEYSSLPRVPEFSVPGNMAPMPSMQQSQTEYSCHM I PHETAMT PR
TSDGNEENSSSCDEDSOMRLRLKRKLQRNRTSFSNDQ | EALEKEFERTHYPDWEARERLAEK I TLPEARIQWRTCRQROSGTAAFKHHRRGA | FQPEGEERERVGTHNARWRP AWGPASACSSESGTRRRRPRIP TGS TTPWGWEPR TPGRRPTRPPRGPSPGATPPRTPSAAQAPTEPOVNGR
TSDGNSEHNSSGDEDSOVRLRLKRKLQRNRTSFSNED IDSLEKEFERTHYPDVE ARERLAEK IBLPEAR | QVilF SHRRAKWRREEKLRNGRRFATPRLPLNAGFMAMYSE I PBF I ATMPDTYS5MS 55 GGEMGEECLOORAEGYRPAYVVFHEP LHELTOSYSHAHSAMAAAHSORHRG | P TSH(
SNESCDESPRANE TDEQMRMRLKRKLQRNRTSFTTOQ | EDLEKEFEKTHYPDWFE ARERLAQKLDLPEAR | QWINF SHRRAKWRREEKL RMQRROWG RGSN - - - = = = - o= - 2w o e oo s SFEMPSMYSS IHQPLPTMPETYRYPDCMP RS S | TEINLvoMETC LOHVNP WP TYEYYGOBRGYEHL
T5DGNEEHGESGDEDSOLRLRLKRKLQRNRTSFTNED IDSLEKEFERTHYPDVE ARERLAEK IGLPEAR | QVIVF SNRRAKWRREEKLRNQRRTVEPVVEFETESSRLFLNTGFNEMYGS I[FOP 1 ATMS EBEMTSEL SEMNGSCLOQRD AABE VP YMFHDPLHELESTYNHER AL VS ACKS Y
ENTNS I ESNGEDSDEAOMRLOLKRKLQRNRTSFTOED | EALEKEFERTHYPDWFARERLAAK IDLPEAR | QWWF SMRRAKWRREEKLRNQRROASNTPSH | P 1SsEFSTSvFOR  BoPTTRG- - - - - - BMLGRTDTALTNT¥SALPEMESF TMaANNEEMO PR vESBTESYSCMLETS PSvNGR]
45T765E650NPNCDEEOMRMRLKERKLQRNRTSFTNAQ | EALEKEFERTHYPDYFE TRERLAKKFD IDETR | QUMF SMRRAKWRREEKLROQRREAANGGNH | BlINSSFPNEMYFS IHQRIWSMPDSYNSGFGEFSEMEPMP TYARNPACLOBSNTES Y sCMIBAMDCESA~RGYDELSL 55 SR
EDRWKEDP - - - - - - DIQARLOLKRKLQRNRTSFTOQQ | ESLESEFERTHYPDWFARERLATK IGLPEAR | QWWF SMRRAKWRREEKMRNG - - - - - - -RBaTEaHENE Y PEI K TEHETESER 1 s6VAMASE | PNSABAVED VYNPARYSEGMHEMTON S SE
RPKTPEKFOTEENTNEEARLOLKRKLORNRTSFTO | @YEALEREFERTHYPDYF ARERLASK IDLPEAR | QWWF SHNRRAKW - - - - - - - - - . - ..
EKDEDOKPPTEPEBDAAARMRLKRKLORNRTSETOVE | ESLEKEFERTHYPDWEARERLACK I OLPEAR | QWNF SNRRAKWRREEKMRNKRS s6TMD 5

77777777777 77777777777777777545677222265200010135785111111110117866245411677631001110012157 7777777777 7777777777377 77377777777F7777777777777777777777777777777777777777777777737777377777

Note that, even though JNET has produced a reasonable secondary structure prediction for the start of the PAX
region, Jalview does not consider this region to be sufficiently conserved to colour? Why this might be so will
become apparent when you consider the quality of this prediction overall (in a couple of Questions time).

What protein database has Jpred chosen to search for protein sequences for the alignment upon which its predictions
will be based

Why do you suppose this database was used in preference to, say UniprotKB

Also, I have lined up the entire prediction with the Uniprot Feature Table graphic.

1 | 422
Legend: Helix ITurn Beta strand

It would appear the helices predicted least confidently by Jpred are the same ones with which GOR IV (an older
secondary structure program we should at least ) had problems.

How would you rate the Jpred prediction overall
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http://www.uniprot.org/uniprot/P26367#structure
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Protein Tertiary Structure

Protein Data Bank (PDB)

The Protein Data Bank (PDB) archive is the major repository of information about the 3D structures of biological
molecules, including proteins and nucleic acids. Structures in the archive range from tiny

proteins and bits of DNA to complex molecular machines like the ribosome. P r) =4
PROTEIN DATA BANK

In 1998, the Research Collaboratory for Structural Bioinformatics (RCSB) became responsible for the management
of the PDB.

In 2003, the wwwPDB formed to maintain a single PDB archive of macromolecular structural w R L DWIDE
data that is freely and publicly available to the global community. It consists of organizations P D B
that act as deposition, data processing and distribution centres for PDB data. PROTEIN DATA BANK

is the European resource for the collection, organisation and dissemination of data on
biological macromolecular structures. In collaboration with the other WorldWide Protein Q P D Be
Data Bank (wwPDB) and EMDataBank partners, they work to collate, maintain and
provide access to the global repositories of macromolecular structure data (the Protein Data
Bank (PDB) and Electron Microscopy Data Bank (EMDB)).

Protein Data Bank in Europe

In the course of the exercises undertaken to this point, you will have already had a look at the 3D structures for the 2
major domains of the human PAX6 protein. You might have taken a more direct route to these structures by asking
for them directly from the RCSB PDB site as follows.

Go to:
6PAX
Enter PAX6 in the Search box and click on| %= = CRYSTAL STRUCTURE OF THE HUMAN PAX-6 PAIRED DOMAIN-DNA
—5 COMPLEX REVEALS A GENERAL MODEL FOR PAX PROTEIN-DNA
the Go button. = INTERACTIONS
*9"'.'-:‘ ! Xu, H.E. Rould, M.A., Xu. W., Epstein, J.A. Maas. R.L., Pabo. C.O.
0 0 233 _
The two PDB structure hits will, hopefully, = (1999) Genes Dev 13 1263-1275
be familiar. Links are provided with each hit 3 Released: 7/13/1999 Macromolecule: N
. . . 030 View Method: X-ray Diffraction HOMEOBOX PROTEIN PAX-6 (protein)
to view the structure with a 3D viewer Resolution: 2.5 A Unique Ligands: -
- . Residue Count: 185 Search term match score: 211.93
©3D View| ' view the textual PDB entry or
download the PDB entry to a file. Matched fields in 6PAX.cif
@ _citation.title: Grystal structure of the human Pax6 paired domain-DNA complex revesls specific roles for the
inker region and carboxy-terminal subdomain in DNA binding.
Take a look at the 3D view of the 6PAX
o . It r Download File [REEgIE
PDB entry. This you have seen this| // 2CUE =0
. : 2 Solution struct fthe | box domain of the human paired box protei
preV10usly, but now I suggest a very qulck . Pg;—éun ructure of the homeobox domain of the human paired box protein

visualisation of the main mutation that
causes Aniridia occurs in the PAX6 protein.

Ohnishi. 5., Kigawa, T., Tochio. N., Tomizawa. T., Koshiba, 5., Inoue, M., Yokoyama. 5.

PubMed ID is not available.

The idea is to locate and highlight the Released: 11/26/2005 Macromolecule:
. . . Method: Solution NMR Paired box protein Pax6 (protein)
Alanine that mutates to a Proline in many a0 v Residue Count: 80 Unique Ligands: —
Aniridia sufferers. As you have discovered, Search term match score: 164.26
this is the residue 33 in the canonical protein, Matched fields in 2CUE.cif
as recorded by UniProtKB. It is residue 30 © _entity.pdbx_description: Paired box protein Paxé
. . . . @ _struct_keywords. text: homeobox domain, paired box protein, PaxE, transcrption factor, Structural Genomics,
m the proteln as Vlsuallsed here, the NPPSFA, National Project on Protein Structural and Functional Analyses, RIKEN Structural
diﬂ-‘erence being explained by Genomics/Proteomics Initistive, ASGI, TRANSCRIPTICN

which, in this instance, removes the first three amino acids. From the Select a Viewer
menu, choose JSmol (JavaScript) as your 3D viewer.

With your mouse over the structure representation, Right Click and select the Console option from the menu that
will appear.
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Practical 5: Protein Structure Sunday 4 November 2018

In the lower text box type in the following commands (there is an extensive manual under the help button if you
aspire to be an “expert”):

BACKGROUND BLACK because I like pictures to have gloomy backgrounds

SELECT 30 to concentrate all further commands just upon the
amino acid that varies in many Aniridia patients

SPACEFILL to make the selected residue stand out

COLOUR CYAN to make the selected residue stand out even more

Now move the console out of the way and twiddle your structure picture around until you have a good view of the
highlighted amino acid and where it lies with respect to the DNA binding helix triplets..

Any comments

DPJ 2018.11.04
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Model Answers . 04 November 2018
Model Answers to Questions in the Instructions Text.

Notes:

For the most part, these “Model Answers” just provide the reactions/solutions I hoped you would work out for
yourselves. However, sometime I have tried to offer a bit more back ground and material for thought? Occasionally, |
have rambled off into some rather self indulgent investigations that even I would not want to try and justify as
pertinent to the objective of these exercises. I like to keep these meanders, as they help and entertain me, but I wish
to warn you to only take regard of them if you are feeling particularly strong and have time to burn. Certainly not a
good idea to indulge here during a time constrained course event!

Where things have got extreme, I am going to make two versions of the answer. One starting:

Which has the answer with only a reasonably digestible volume of deep thought. Read this one.

The other will start:

Beware of entering here! I do not hold back. Nothing complicated, but it will be long and full of pedantry.

This makes the Model answers section very big. BUT, it is not intended for printing or for reading serially, so I
submit, being long and wordy does not matter. Feel free to disagree.



From vour investigations of Protein Secondary Structure Prediction with Jpred

y J] H (Click to return to the Instructions.)

Mostly to remind me why and how I decided to colour the MSA as I did. My objective was purely to make
obvious where the family of proteins were meaningfully similar. If you are happy that this objective was achieved,
it is probably best to read no further.

I discovered most of what follows by Selecting the Help (easiest way is to press F1 key, otherwise there is a pull
down option at the top of the display, choose Documentation option) and searching for “conservation”. From
the list of hits, I first selected “Alignment Conservation Annotation”. There it says:

“Conservation is measured as a numerical index reflecting the conservation of physico-chemical properties in the alignment:
Identities score highest, and the next most conserved group contain substitutions to amino acids lying in the same physico-
chemical class.

Conservation is visualised on the alignment or a sequence group as a histogram giving the score for each column. Conserved
columns are indicated by '*' (score of 11 with default amino acid property grouping), and columns with mutations where all
properties are conserved are marked with a '+' (score of 10, indicating all properties are conserved).

Mousing over a conservation histogram reveals a tooltip which contains a series of symbols corresponding to the physico-
chemical properties that are conserved amongst the amino acids observed at each position. In these tooltips, the presence of !
implies that the lack of a particular physico-chemical property is conserved (e.g. !proline).”

I think to understand the detail of the scoring, one would have to read the paper quoted in the Help. I think I will
leave that until another day! For now, I just make a few notes.

- The numbers under the histogram columns
appear to represent simply the number of |Senservation

phsico-chemical properties considered to be 001231532550:35262435545144523653150011
conserved. At least, this is consistently true for this example, shown by hovering the mouse over the histogram
columns. Amino Acid Properties
- Jalview admits to exactly 10 phsico-chemical properties that tiny SMALL
must be one of “Not conserved”, “positively conserved” or ‘
“negatively conserved”. ‘
ILVCAGMFYWHKREQDNSTPBZX - Alphatic
£O0:010:010:00:0'¢ TN X-+ XX Hydrophobic N
-------- XXXKXKXKXK - XXXKXX Polar
D 0'¢:0. CRIINIE XXXXX+ - XX Small
------------------- X+ +XX Proline
HED O I X+ XX Tiny
.00 R LI XX Aliphatic
------- XXXXeeeeree--XX Aromatic Aromatic
.......... XXX+ eoeee-+XX Positive OLAR
............. X.X. e o o o .XX Negative
.......... XXXX+X++++++-XX Charged HYDROPHOBIC

- The column achieving a “+” has all 10 conserved
phsico-chemical properties either positively or
negatively conserved. It is a highly, but not
completely conserved “F”. This would appear
to agree with the Help? There is no example of
a 100% conserved column in this example. If
there was, I would expect it would be represented by a “*” representing a score of 11.

- Conservation of any given property does not have to be 100% and gaps are tolerated. Reasonable as to be too
exacting would eliminating. I expect the details are explained in the original paper. I justify this statement,
unnecessarily, by claiming there are both gaps and a Proline in the column represented by a “+”.

- I am still uncertain about the difference between a “0” column and a column? I decide to believe they are

both columns were there is no measurable conservation, but “0” columns are in regions where they are
surrounded by significant conservation? One day, I will read the paper.

(134

- By observation, it can be seen that “conservation” is measured relative to the consensus sequence rather than
the query sequence. This seems a reasonable choice to me.

Well that was fun? Now I write some instructions to turn the nasty bland alignment into one that glows blue.
Click to return to the Instructions.



What protein database has Jpred chosen to search for protein sequences for the alignment upon which its predictions
will be based

The database Jpred instructed PSI-blast to use to seek proteins homologous| I
to the PAX6 query can be determined by looking at the sequence identifiers [z mammie  Eove uan | bovsaingvs mor

. . . . . . . niRefo0 I SELT-412 EGYC THDMN IPSWES INRVLRML A
displayed down the left hand side of the alignment in Jalview. The identifiers fmssomosass  goverionrevssinmyLrnis
are constructed from the name of the database and the entry identifier ke ooz SR I T i 2
separated by an underline character. So the database is the UniRef90 cluster database built from the UniProtKB

fB(J_RO)’QS‘J’I-S]B EGYC THDMN IPSYSS INRYLRMLA
database.

]

The comprise entries that are not individual protein sequences, but cluster of similar
sequences. In the case of the UniRef90 database, each entry includes all sequences 90% identical to a given seed
sequence. A representative sequence is elected as the only one of the cluster to be considered by such as PSI-
blast, but clearly, a hit with any representative sequence implies significant similarity with all the sequences of its
cluster.

Why do you suppose this database was used in preference to, say UniprotKB

The reason Jpred runs PSI-blast is to identify sequences representing as wide a family of proteins as possible, to
which a Query sequence belongs. For the purpose of structure prediction, there is little value in this collection
including many sequences that are essentially identical. A wide variety of sequences, as long as they still are likely
to be homologous, is of far greater value than a huge number of sequences. Using a UniRef database allows that
only the Representative sequence of each cluster of very similar sequences will be recognised and aligned by
PSI-blast. This allows the PSI-blast MSA to include an extensive range of variation without being bloated by
sequences too similar to be individually interesting.

How would you rate the Jpred prediction overall

Well, frankly, not as wonderful as I was expecting. Better than GOR IV, but there is still room for improvement?
jnetpred (essentially the answer) is reasonable. It misses a couple of helices including one that GOR IV also
overlooks. However, it has considerably less false positive prediction tendencies than GOR IV. The JNETHMM
predictions are particularly poor, saved by the much more accurate deliberations of JNETPSSM.

JNETHMM is a prediction computed from the Hidden Markov Model (HMM) representation of the final PSI-
blast MSA.

JNETPSSM is a prediction computed from the Position Specific Scoring Matrix (PSSM) representation of the
final PSI-blast MSA. PSI-blast uses PSSMs of the MSA of each iteration of its search as a Query for the next
iteration.

The jnetpred prediction is effectively the consensus of the predictions of JINETHMM and JNETPSSM.
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Here I have aligned the GOR IV and Jpred predictions with the secondary structure as recorded by
UniProtKB.


http://www.uniprot.org/help/uniref
http://www.uniprot.org/help/uniref
http://www.uniprot.org/uniprot/P26367#structure

So, can the prediction be improved? Jpred is better than this result suggests!

On reflection, maybe just throwing in the entire sequence of PAX6 HUMAN and hoping for the best was a little
crude? Our protein has two major domains whose secondary structure one might expect to be conserved. PSI-
blast will gather together a mountain of sequences that have one, or the other, or both of the domains and try to
align them as if they were homologous over their entire length (a global alignment). BUT, they are not all
globally homologous! This means that the alignment of both the domains regions will be polluted by sequence that
represent proteins that do not include that domain. This must substantially reduce the quality of the prediction?

This phenomena can be illustrated by choosing to view the
Jalview Overview Window (available from the View pull
down menu)’.

The wider column of blueness at the start of the alignment
represents the paired box domains. The picture suggests
about one third of the aligned sequences do not have a
paired box domain, but those sequences will have unrelated
sequence in that region that will reduce the degree to which
the alignment represents the properties of a paired box and
so also the likelihood of a sensible structure prediction*.

The problem for the more common hemebox domain looks
less severe, however, the alignment clearly includes many
sequences that do not look to have a homeobox domain.

So, what to do? I suggest the two domains might be
investigated separately? Why not run Jpred twice, once with
just the PAX6 _HUMAN paired box region and then again
with just the homebox region.

I have done this for you and will now show you the results,
however, should you wish to try it yourself, you already
have the isolated sequence of both domains saved in local thideat soalisin allbad
files. The sequence of the paired box region should be in a file called pax_domain. fasta The homeobox
sequence should be in a file called homeobox domain.fasta. Run Jpred again with each sequence and you
should get results very similar to mine.

First the new paired box prediction (top) compared to the original (bottom).
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Massively improved I would suggest. All helices present and accurately placed. The JPREDHMM prediction, in
particular, is very much improved. The Beta Sheet predictions seem weak? It finds only one (accurately) of the
three that UniProtKB suggests to be present. I wonder why, but the helices for the paired box domain specific
prediction are excellent.

3 Anillustration, in common with all the images presented in this answer, made some time ago, but still reflective of today’s results.

4 This could be Whi, as noted in the instructions, the start of the PAX reiion was considered insiiniﬁcantli conserved bi Jalview.



And so to the homeobox specific results. Once more, the new homeobox prediction (top) compared to the
original (bottom).
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As the homeoboxs are significantly more numerous than the paired boxs, less interference from sequences not
including a homeobox might have been expected. | imagined the improvement in prediction would be minimal.
However, it is very much better! All three helices are predicted in the correct positions, although Jpred appears to
be a little reluctant about the third helix? There is a rather strong beta sheet prediction that is unsupported by
UniProtKB. There is no reason to suppose that UniProtKB is 100% correct, of course, but nothing I can find
suggests that a beta sheet should appear in the middle of a homeobox. An enigma for another day.

So I conclude that this sort of protein analysis requires a little bit more than just throwing an entire sequence at a
dumb program and assuming something marvellous will occur. In this case, considering the regions of the protein
that are expected to be homologus separately is a very logical thing to do (and entirely obvious, retrospectively at
least). Geoff Barton, whose group is responsible for Jpred agrees. He says®:

“ ... Always split proteins into domains when searching. ... ”

So for both domains the prediction of the helices is far more accurate when each domain is considered separately.
However, it is not just the red bars indicating the position of the helical predictions that should be noted. Look
also at the confidence histogram. It indicates clearly that with more specific data to work on, better predictions
can be made with much improved confidence (i.e. likelihood of being correct!).

DPJ - 2018.11.04

5 As does the Jﬁred Helﬁ ... and common sense ... I feel a little foolish.



Discussion Points Sunday 4 November 2018

Discussion Points and Casual Questions arising from the Instructions Text.

Notes:

Work in progress I fear.

The intention is to provide a full consideration of some issues skimmed over in the exercise proper.

If you are attending a “supervised” presentation of the exercise, I would hope to have conducted a live discussion of
all these issues to an extent that reflects:

« the depth that seems appropriate

- the time available

- the degree to which the issues seem to match the interests of the class
+ how many of you are awake

Here, I hope to write out very full answers were such a response exists. Accordingly, I suggest you will not need to
read much of many of these discussions. There will be much detail of interest to rather few of you. Possibly a bit self
indulgent, but I wish to make a note of all the background I have discovered while writing these exercises.

In a nutshell, the exercises are trying to make very general points avoiding too much detail. Nevertheless, I record
the detail outside the main exercise text, just in case it might be if interest. Some of the answers to the “Casual
Questions” are exceedingly trivial. Some of the “Discussion Points” are exceedingly long and rambling. You have
been warned.



Discussion Points Sunday 4 November 2018

A comparative discussion of pHMM and PSSM.

These are both ways to use probabilistic models to represent Multiple Sequence Alignments (MSAs). PSSMs
(Position Specific Scoring Matrices) are used by PSI-Blast, while pHMMs (profile Hidden Markov Models) by
most of the domain databases we have looked at.

PSSMs and pHMMs represent MSAs in a similar fashion. That is, both are comprised of sets of likelihood
estimates, one for each position of the MSA. These represent the relative expectation of each amino acid, a
deletion or an insertion, occurring in the corresponding position of a protein that is homologous to the MSA.

For PSSMs, the likelihoods are computed directly from the MSA alone. Thus PSSMs are free from the
assumption that all evolutionary substitutions must comply with any global model (e.g. the PAM or Blosum
Matrices). For this to work, the MSA must be large and representative (as is typical for PSI-Blast and similar
tools) as they must represent all the evidence for likelihood calculation. Pseudocounts (discussed previously) are
a way to avoid the consequences of relying on a relative sparse data source, where inadequate depth or
exceptionally high conservation could cause misinterpretations.

For pHMMs, likelihoods are computed from both the MSA and a global model such as represented by the
PAM/Blosum scoring schemes. As the MSA for a pHMM is not the sole data source it does not need to be
large. It is used only to particularise the message of a global model. For instance, the alignment for the PAX
domain pHMM used by PFAM (discussed previously) is comprised of just 5 protein sequences.

A brief consideration of GOR and similar antique secondary structure predictors

But only brief!!! GOR is still available and, presumably, used but is vastly inferior to Jpred. Expand later!

Any comment on the highlighting of the PAX6 protein Aniridia mutation position

Primarily to observe that the mutation is positioned at the end of one of the Helical Triplets vital to this proteins
DNA binding function. It cannot therefore be surprising that it has such profound consequences.

Also, if one was ever to pursue further the examination of 3D structures in this way, maybe using software that
attempts to reflect the consequences of mutations should be considered? Such as ,
amongst others.

DPJ —-2018.11.04
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