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Repeats



Frequency

14% proteins contains repeats (Marcotte et
al, 1999)

1: Single amino acid repeats.

E.g. QRQRQRAQAAQAAQQA

2: Longer imperfect tandem repeats.
Assemble in structure.



Definition repeats
Sequence, length, imperfect, tandem

MRAVVKSPIMCHEKSPSVCSPLNMTSSVCSPAGINSVSSTTASE
GSEFPVHSPITQGTPLTCSPNVENRGSRSHSPAHASNVGSPLSSP
LSSMKSSISSPPSHCSVKSPVSSPNNVTLRSSVSSPANINN
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Definition repeats
Sequence, length, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN

MTSSVCSPAG INSVSSTTASE
GSFPVHSPIT QO
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Definition repeats
Sequence, length, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN
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Tandem repeats fold together
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Tandem repeats fold together
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Definition repeats
Sequence, length, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN
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weblogo berkeley edu

http://weblogo.berkeley.edu

(Vlassi et al, 2013)



A subunit PP2A structure

PDB:1b3u
Groves et al. (1999) Cell



Ap1l Clathrin Adaptor Core

PDB:1w63

Heldwein et al. (2004) PNAS




Ap1l Clathrin Adaptor Core

PDB:1w63
Heldwein et al. (2004) PNAS



o Top view

Fib

__ Side view

Andrade et al. (2001)
J Struct Biol




Detecting repeats in sequence

Often not straightforward.
N-terminal human Huntingtin.
Can you find repeats?

>sp | P42858 |HD HUMAN Huntingtin OS=Homo sapiens

MATLEKLMKAFESLKSEFQQQOQOOOOOOQOOQO0Q0Q00Q00Q0PPPPPPPPPPPQLPOPPPQAQP
LLPOQPOQPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAP
RSLRAALWRFAELAHLVRPOQKCRPYLVNLLPCLTRTSKRPEESVQETLAAAVPKIMASFEG
NFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOOOVKDTSLKGSFGVTRKEMEVSPSAEQLVQVYEL
TLHHTQHODHNVVTGALELLOQOLFRTPPPELLOTLTAVGGIGQLTAAKEESGGRSRSGSI
VELIAGGGSSCSPVLSRKOKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQIGQPQD
FEDEEATGILPDEASEAFRNSSMALOQAHLLKNMSHCROQPSDSSVDKEVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSIL



Detecting repeats in sequence
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N-terminal human Huntingtin.
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Detecting repeats in sequence

Often not straightforward.
N-terminal human Huntingtin.
Can you find repeats?

EFQKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKA
CRPYLVNLLPCLTRTSKRP-EESVQETLAAAVPKIMAS
NDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHS
TQYFYSWLLNVLLGLLVPVEDEHSTLLILGVLLTLRYL
PSAEQLVQVYELTLHHTQHODHNVVTGALELLQQLFRT



Detecting repeats in sequence

Often not straightforward.
N-terminal human Huntingtin.
Can you find repeats?

EFQKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKA
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CRPYEWNEERP E KRP-EESMOE

NDNE KSSSPTIRRT




Detecting repeats in sequence
Dotplots

Comparing a sequence against
itself




Detecting repeats in sequence
Dotplots

TLRSSVSSPANINNS
NMTSSVCSPANISV



Detecting repeats in sequence
Dotplots

TLRSSVSSPANINNS
| 1 match

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
L1 11T 8 matches

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| | 2 matches

NMTSSVCSPANISV



Detecting repeats in sequence
Dotplots

TLRSSVSSPANINNS
| 1 match

NMTSSVCSPANISV



Detecting repeats in sequence
Dotplots

TLRSSVSSPANINNS

ASINY &KDAS S.LINN
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Detecting repeats in sequence
Dotplots

TLRSSVSSPANINNS

ASINVASOASS.LAN
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SEQUENCE 1 ’

SEQUENCE 2

Sequence 1

SRR,

Window size Scoring matrix —
15 BLOSUM 62 s

[246 x 244] # Score at (1:M, 1:R) : -8

i

Seql:1
I
MTMDKSEL|VQKAKLAEQAERYDD! KAVTEQGHE
RKPLQTPT|PIRRLWTMDTSELVQKAKLAEQAERYDDM
|



Exercise 1. Using Dotlet with the human
mineralocorticoid receptor (MR)

*Go to the Dotlet web page:
http://dotlet.vital-it.ch

Click on the input button and paste the sequence of
the human mineralocorticoid receptor (UniProt id
P08235)

*Try to find combinations of parameters that show
patterns in the dot plot (Hint: You can adjust this
finely using the arrows)

*Find repetitions clicking in the diagonal patterns


http://dotlet.vital-it.ch/
http://dotlet.vital-it.ch/
http://dotlet.vital-it.ch/

Exercise 1. Using Dotlet with the human
mineralocorticoid receptor (MR)

METKGYHSLPEGLDMERRWGQVSQAVERSSLGPTERTDENNYMEIVNVSCVSGAIPNNST

Z @ouanbag

SEQUENCE 1 SEQUENCE 2

15

Sequence 1

R
RN

Q
Q

[984 x 984] # Score at (194:V, 153:T) : 10

Seq1'194

NTPLRSFMSDEGESVNGGVMRAVVKSPI CHEKS
YSYEQQNQQGEMSPAKIYQNVEQLVKFYK NGHR

e ]

BLOSUM 62

14,000 =
12,000
10,000
8,000
6,000
4,000
2,000+

SSVCSPAGIN SSTTASFGSFPVHSPIT
LRSFMSDSGS NGGVMRAVVKSPIMCHE



Detecting repeats in sequence

Using a multiple sequence alignment helps.
Conserved repeated patterns

2|4EI ZIEI:I EIEiEI ZITEI 2|8EI fZIQEI S:I:II:I 5:10 S:EEI
wr_damind-970 ---TYF - -DSDCP-TLDSATSSLTHCQHTSEFNICSPWKSS IVGSPPLFSPLEYVMKSPYSSPFHEIGSWVRESFLESC - - NTHMRERSSWVESFTTHG
i -7 3 ---T%F--DSDPCP-S5SLASASTHLTRGHHTSFNTCSPYKSSMYGSPPLASPLSYMKSPYSSPRSIGSYRSPLSC - -NTHMRSSYWSSPTTHG
wr_cyadesd-97 ] ---TFF--DSDCP-SLASTHTHLIQGRQHTSEPNTCSPWKSSYYGESPPLASPLSY I KSPYSSPHEIGSWSSPLEC- - NTHMRSSVSESSPTTYG
wr_orvEiasd -0 TCFEPOCSAVSSPYWEQTSCAATLAN I KRRNSYTCSPYWESCTYGESPPLTSPLN IMRSPMSSPHEMESSWRESPPSCSTTCHIRSESWSSRPT - - -

wr_tabifugues-931 MCFGEFPMCESSVWESPYESOTSCASTLPNIKERNSATCSPFVWESSTYGSFPLTSFLNIMRSP I SSFOSMSSVREFPPSCSTTENIRSSWSSRFT - - -
wr_oeockmoamis?-23d TCFAPLCSSYSSPYWSRTSCAATLAN I KRRNSY TCSPYWESSTYSSFPLTSPLNYMRSPMSSPRSMSSYRSFPSCSTTCENIRSSYSSPT - - -

fre_xeroounsdf-Dra --FGHF -
e @nolie -850 - -F&HF -
mr_Nigaton’{-985 - -FGHMHF -
nrr_tzemiopygia-387 - - FGMF -
nre_ g @M e -285 --FGHF -
me_sorodelahizd-293 - - F G 5F -
mre_au e ]-280 --F35F -
nre_rahue-281 --F%5F -
e fonroe -84 --FG35F -
e ey e -98d - -F&HF -

-TYHEPWYNQWTPKESCSPHTDHRCS | AHSP - - AGTWVES -
-TYWESEPYNOQGTPLECSPNIENRGSMLHSPPHASNMGS -
-WWHERP INQGTFLESCSPNIENRGESMLHSFAHASNWGS -
- SMHSPMGRQGTFLSRSPNYENRGSMLHSFPAHI SNYGS -
-AMHEP IGQGTPLERSPNYESRGESMLHSPAHWENWGS -
-PYHEP I TQGTPLPCESPNYWENRSSYSHSPAHASNWGS -
-FPYHEFRP I TQGTSLTCSPSVWENRGSRESHSPWHASNWGS -
-PYHSFPFITRQGTSLTCSPSYWENRGSRSHSPFTHASNYGS -
-PYHEP I TQGTPLTCSPNAENRGSRSHSPAHASNWGS -
-TYHEP I TQGTPLTCESPNYWENRGSRSHSPAHASNWGS -

FLSSPYSSMRSP
PLSSPISSMKSP
FLESFISSMKSF
FLSSFISSMKSP
FLSSPISSMKSP
PLSSPISSMKSP
FLSESFLSSMKSF
FLSSFLSSMKSP
FLSSPLSSMKSS
PLSSPLSSMKSP

SSPPEHASLKSESPYWSSPNNITWRPSWSSPGHMI -
SEPPEHCSVHKEPYWSSPHNNI TMRESSWSSPAMNM-
SEFFPESHCSVHKEPYWSSPNNITMRESSWVSSFAMNM-
SSFPSHCSYHKSPYSSPHNNITMRESSYSSFANL -
SESPPESHCSVHEPWSSPHNNI TMRSSWSSPAMNM-
SEPPEHCSVHKEPWSSPNHNYTMRSSVWSESSPANIN
SEFFPSHCSVKEPWSSPNNYWFLRESSVWSSFANLN
SSFPSHCSYKSPYWSSPNHNYWFLRSSYSSPANLN
SESPPEHCSVHKSEPWSSPNNYWTLRESSWSSPANIN
SEPPEHCSVHKEPWSSPNHNYWTLRSSVWSESSPANIN

JalView with Regular Expression searches



Detecting repeats in sequence

Using a multiple sequence alignment helps
Conserved repeated patterns

2|4El 2|5I:I ZIBI:I ZIBEI
_damiad -7 0 ---TYF--DSDPCF-TLDSATSSLTHCQHTE B S SV GE
il e -97 2 ---T%F--DSDCP-SLASASTHNLTOGHHTE S P CGE=REA RN
wr_ouafnes-97 ] ---TFF--DSDCP-SLASTHTHNL IQGOHTELS U= R=R¥Rtac) = [

_oryziasi-23d TCFGPRQCSAVSENIMWSOTSCAATLAN I KRERNSYTCERMWE SCTWGE
wr_tahiffugut-991 MCFGPFMCSSVSEIWEQTSCASTLRFN I KRERNSATCERMWVE S S TYGE
wr_omeockmaiz{-234 TCFAPLCSSWESERRYSOTSCAATLAN I KRRENSWYTCERMYES S TWGE

wr_xeroausdd-979 --F&MNF--TWH WHOWTPHKSCERRIHTDHNRCS 1 AH - - AGTYEEN ] 5P
r_gmodia =290 - -FGMNF - - TWSERgY MO TPLSCERIM | ENRGSML HERFFP H A S MG ER
i_attigaton-285 --F&NF - -VWVHERM I HQGTPLSCERIMN | ENRe SL HEREAH A S NY G ER

wr_taeriopygizd-287 - - FGHNF - - SMHERSMG2 G TP LS REJINYEN R G ShL HEREA H | 5 WG EERE
wr_gallve-086 --F&MNF - - AMH QG TPLSRERINYESRGSMLH AUH WS WG = 5P
w_morodelatiz =333 - - FGSF - - PYWHERM| TOQG TRFLPCEIMNYENR S SW S HEREA H A S NGB

s 1-280 --F&SF--PVYHERY ! TRGTSLTCERSYENRG SRS HENEYHASNYGER

it_rattesd-957 - FesF--PvHERI TooTsLTeEsvENRG s RS HERIT H A 5 N o ER
ite_honeod 4-004 - FGSF--PVHERI TRo TPLTCERINAENRG SRS HERD A H A S 1w G E cp
i_egu =98 - FoNF--TvHERdI TR TPLTCERANvENRG SR HERRAH A s N o ER
=10l x|
Find Next
gp
Find Firf_all

[~ Match Case MNew Feature

JalView with Regular Expression searches



Detecting repeats in sequence

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches



Detecting repeats in sequence

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches

eReqgular Expressions:
[LS]P.A

matches L or S, followed by P, followed by
anything, followed by A
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JalView with Regular Expression searches
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[LS]P.A

matches L or S, followed by P, followed by
anything, followed by A

Which one is not matched?
«LPTA, SPAA, LPPA, LPAP, SPLA



Detecting repeats in sequence

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches

eReqgular Expressions:

[LS]P.A

matches L or S, followed by P, followed by
anything, followed by A

Which one is not matched?
«LPTA, SPAA, LPPA, LPAP, SPLA



Exercise 2. Using JalView with a MSA of
the MR with orthologs

Load the multiple sequence alignment of the
MR in JalView: MR1_fasta.txt (from URL:
https://cbdm.uni-mainz.de/
files/2015/02/MR1_fasta.txt)

‘Use the “Select > find" (of Ctrl+F) option with a
regular expression and mark all matches (click
the "Find all” option!)

*Search the motif "SP”. Look for regions with
repeats. Would you correct the alignment based
on the hits? Experiment with other motifs.



First time running JalView?

Remove annoying start: SIF— =0 .
Backups Links Output Editing Web Services
Visual  Colours  Overview  Structure Connections

Open new alianment

G t Maxamize Window —} Show annotations {7 Quality m
O O Open Overview W Conservaton [s/ Consansus L\/I Occupancy

. Full Sequence ¢ 2 Show Group: Conservation r_J Consensus |
[ools > Preferences > Visual Rortasgn s ] | comenmus:  togram[V]  tegel
F?T‘ SansSerd v 14 v plain v

Show Unconserved _J Sequence ID Tooltip
fealic Sao ce Ids
ftalic Sequence Ids 7] List Database References /|

. = \\ = 144 Smoocth Font ] List Non-postional Features ||
Un-tick option “Open file ey
Gap Symbo - v

Wrap Alignment 1
Sort abgnment by No sort
Sort annotations by No sort v Autocalculated first v

Open file | ] http://www.jalview.org/examples/exampleFile_2_3.jz

OK Cancel




#T1 #T2 #T3 #T4 #T5 #T6 #T7
SR X R RO Yo RN I R =0 R RN S o WA ISR -3« I RS X SR ISR i (o DDA IDRE-2" [+ B N TR 1o IO U1 D I
IR T T R I (0 M ITORDRDRR - <R S VI I RN TR | RPN I | Y RO IO /1 DR AR I I S I T
158508572 |Hsapiens SGSSVNGGVMRAVVKSP IMCHHKSP SVCSPLN-MTSSVCSPAGINSVSSTTA-SEGSEPVHSP ITQGT PLTCSPNYENRGSRSHSPAHA -SNVGSPLSSPLYS
31324675 | Cjacchus SGSSVNGGVMRAIVRSPIMCHHKSPSVCSPLN-MTSSVCSPAGINSESSTTA-SEGSFPVHSP ITQGT PLTCSPNYENRGSRSHSPAHA -SNVGSPLSSPLYS
1126331313 |Mdomestica SGNSVNGSIMRSIVKSPIMHEKSP SVCSPLN-MNSSVCSPAGINSVSSTTA-NEGSEPVHSP ITQGT PLPCSPNYENRS SVSHSPAHA -SNVGSPLSSPILS
73978292 | Clupus SGSSVNGGVMRAIVKSPIMCHHKSPSVCSPLN-MTSSVCSPAG SSVSSTSA-SEHGSETVHSP IJGT PLTCSPNYENRGSRSHSPAHR- —VGSPLSSPLYS
301763160 | Amelancleuca SGSSVNGGVMRATVKSP IMEHHKSPSVCSPLN-JMTSSVCSPAG SSVSSTSA-SFGSFTVHSE TTQGT PLTCSPNYENRGSRSHSPAHA-SNVGSPLSSPLYS
| 6981208 | Rnorvegicus SAASMNGGALRATVKSPII[HHKSSSVSSPLN SSVCSPVEINSMSSSTT-SHGSFPVHSP ITQGT SLTCSPSYENRGSRSHSPTHRA-SNVGSPLSSPLYS
144227212 |Mmusculus SGTSMNGGALRAIVKSPII[HHKSPSVCSPLN-MPSSVCSPAGINSMSSSTA-SEGSEPVHSP IJGTSLTCSP SYENRGSRSHSPVHA-SNVGSPLSSPLYS
1148224443 |Xlaevis SDKSMNGKLKSNTVKSPLS| SHKNLSVGSP SV LPVCSPTGISSTSCST——TEGNETVHSPVNIVT PKSCSPHIDNRCS IAHSPAGT —— VESPLSSPVYS
327274009 |Acarolinensis CANSMNGS IMPSIMKNPRITQHRSPPDCSPQS-—MTSSVCSPPGINS VT STTPTN EGNETVS SPVNOGT PLSCSPNIENRGSMLESP PHA—SNMGSPLSSPIYsS
|115529242 | Tquttata SGSTVNGGAMHTIVKSPIMEQHKSPSGCSPQN SSVCSPAGVNSMS STTA-S FIGNEF SMHSPMAQGT PLSRSPNYENRGSMLESPAHI —SNVGSPLSSPIYsS
225936142 |Ggallus SGSAMNGGAMHAVVKSPIVLQHKSPSGCSPQN SSVCSPAGVNSVSSTTA-NFGNFAMHSP TdQjGT PLSRSPNYESRGSMLESPAHV-SNVGSPLSSPIS
239923135 |Rrutilus GSHQPSGGPQECAVVSASVESGMASVLSCSSDGYGPGPMSS P THNMVS STTSPTYFDSDC PSLASASTNLTQGHH- -~ SPNTCSPVKS SMV[GSPPLASPLYV
154240734 |Drerio GAQLPNGGPQECAVVSDSVPSALVTALSSSTD——GSCPMSSPTAHNMVS STTSPTYFDSDCPTLDSATS SLTHCQH-——|TSPNICSPVKSSIVGSPPLPSPLYV
#F2 #F3 #F4
#TS8 #TO #T10 #T11 #T12 #T13 #T14 #T15
2700000004800 . ged. L. L 30 ——— )L u320. L L 03200000 433000 g0 s 3BoL 1L u3600 1. -
PR IR (VO DR PR [ 0% | PO O O™ " (S| PR ISR | O PR (PR [Nl DS R[N [PUPRY | PSRy IR | MO IR " [
|158508572 | Hsapiens MKSSISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-—--NSRCSVSSPSNTNANRSTLSSPARS-{TvGs ICSPVNNAFS Y TASGT SAGSSTILRDVVE SPDTIRE -
31324675 | Cjacchus MKSSISSPPYHC VKSPVSSPNNVTLRSSVSSPABIN****NSRCSVSSPSBTN*NRSTLSSPA}SffTVGSICSPVBNﬂFSYTASGTSAGSSISRDVVPSPDTQE*
126331313 |Mdomestica MKSPISSPPYHCYVKSPVSSPNNVIMRSSVSSPANIN-——-NSRCSISSPSNTN-NRSTLSSPARS-MVGSSICSPGNNAFSFAASATSVIGSSTTQDVIPSPETNE -
| 73978292 | Clupus MKSPISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-—--NSRCSVSSPSNTNANRSTLSSPTAS-{TvGs ICSPVNNAFS Y TASGT PAGS SWARDVVE SPDTIRE -
301763160 |Amelanoleuca MKSPISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-—--NSRCSVSSPSNTNNRSTLSSPTHS-{Tves1cspvNNEFS Y TASGT PASSSHARDVVESPDTIE-
| 6981208 | Rnorvegicus MKSPISSPPYHCYVKSPVSSPNNVHLRSSVSSPANLN-——-—NSRCSVSSPSNNTHNRSTLSSPTAS-{Tves 16sP I9NAFSYATSGASAGAGH I QDVVESPDTHE-
1144227212 |Mmusculus MKSPISSPPYHCYVKSPVSSPNNVHLRSSVSSPANLN-—--NSRCSVSSPSNTNANRSTLSSPTAS-{TvGsSIGSP INAFSYTTSGASARAGH I QDMVE SPDTHE -
1148224443 |Xlaevis MRSPISSPPHAYLKSPVSSPNNIYVRPSVSSPGNI————— MIRSSLSSPSNAN-|NRSTISSPARS-MGSSICSPAYSTILGELPGVMPTDG—{GTASDI SAETIKD—
327274009 |Acarolinensis MKSPISSPPYHCHVKSPVSSPNNITMRSSVSSPANM-———— MSRCSIASPSNAN-NRSTLSSPAYS-TVGSSMCSPVNGALSFPPSSTPVGPGIGODIVSSPDTKDV ¢
1115529242 | Tquttata MKSPISSPPYHCYVKSPVSSPNNITMRSSVSSPANL————— MSKSSIASPSNAN-|NRSTRSSPAYS-TVGSSICSPVNNSIGFLPSGTPVGPSHSQDTVESPETKD-
225936142 |Ggallus MKSPISSPPYHCYVKSPVSSPNNITMRSSVSSPANM-———— MSRSSIASPSNAN-NRSTRSSPAYSTYGGSSICSPVNSSLGFPASSTPAGPSHSQDTVESPETKD -
239923135 |Rrutilus MKSPVSSPRYTIGYVRSPLSCNTN-4{MRSSVSSPTTNGGNTCNIRPSISSP PV-————————————— GSMAMS SPRNSSRGFSVSSP PSGLGIVONDVNSPESRE -
154240734 |Drerio MKSPVSSPHYIGYVRSPLSCNTN-{MRSSVSSPTINGGNTCNIKPSISSPPYA——————————————1 GSMSMSSPRNSSRGESVSSPPSGLGIVONDVNSPEJRE -
#F5 #F6 | | #F7 #F8 B8 | | #r10 #F11

Vlassi et al. (2013) BMC Struct. Biol.



Mineralocorticoid receptor
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Vlassi et al. (2013) BMC Struct. Biol.






Modelling the repeat region with
AlphaFold...




Modelling with CI-Tasser...




Modelling with trRosetta...




Modelling with AlphaFold3...
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Composition bias



Detection of CBRs

Compositionally biased regions (CBRs)

High frequency of one or two amino acids in
a region.

E.g. QLPQPPPQAQPLILPQPQ

Also:

Single amino acid repeats (homorepeats)
E.g. 00000000000 (polyQ)



Detection of CBRs

Often straightforward.
N-terminal human Huntingtin.
Can you find CBRs?

>sp | P42858 |HD HUMAN Huntingtin OS=Homo sapiens

MATLEKLMKAFESLKSEFQQQOQOOOOOOQOOQO0Q0Q00Q00Q0PPPPPPPPPPPQLPOPPPQAQP
LLPOQPOQPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAP
RSLRAALWRFAELAHLVRPOQKCRPYLVNLLPCLTRTSKRPEESVQETLAAAVPKIMASFEG
NFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOOOVKDTSLKGSFGVTRKEMEVSPSAEQLVQVYEL
TLHHTQHODHNVVTGALELLOQOLFRTPPPELLOTLTAVGGIGQLTAAKEESGGRSRSGSI
VELIAGGGSSCSPVLSRKOKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQIGQPQD
FEDEEATGILPDEASEAFRNSSMALOQAHLLKNMSHCROQPSDSSVDKEVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSIL



Detection of CBRs

Often straightforward.
N-terminal human Huntingtin.
Can you find CBRs?

>sp | P42858 |HD HUMAN Huntingtin OS=Homo sapiens

MATLEKLMKAFESLKSFQQOQQ0000000000000000QPPPPPPPPPPPQLPQPPPQAQP
LLPOQPOPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAP
RSLRAALWRFAELAHLVRPOQKCRPYLVNLLPCLTRTSKRPEESVQETLAAAVPKIMASFEG
NFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOOOVKDTSLKGSFGVTRKEMEVSPSAEQLVQVYEL
TLHHTQHODHNVVTGALELLOQOLFRTPPPELLOTLTAVGGIGQLTAAKEESGGRSRSGSI
VELIAGGGSSCSPVLSRKOKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQIGQPQD
FEDEEATGILPDEASEAFRNSSMALOQAHLLKNMSHCROQPSDSSVDKEVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSIL



Detection of CBRs

Often straightforward.
N-terminal human Huntingtin.
Can you find CBRs?

>sp | P42858 |HD HUMAN Huntingtin OS=Homo sapiens

MATLEKLMKAFESLKSFQQOQQ0000000000000000QPPPPPPPPPPPQLPQPPPQAQP
LLPOQPOPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAP
RSLRAALWRFAELAHLVRPOQKCRPYLVNLLPCLTRTSKRPEESVQETLAAAVPKIMASFEG
NFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOOQOVKDTSLKGSFGVTRKEMEVSPSAEQLVQVYEL
TLHHTQHODHNVVTGALELLOQOLFRTPPPELLOTLTAVGGIGQLTAAKEESGGRSRSGSI
VELTIAGGGSSCSPVLSRKOKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSOQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQOIGQPOD
EDEEATGILPDEASEAFRNSSMALOQAHLLKNMSHCROPSDSSVDKEFVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSIL



Detection of CBRs

Often straightforward.
N-terminal human Huntingtin.
Can you find CBRs?

>sp | P42858 |HD HUMAN Huntingtin OS=Homo sapiens

MATLEKLMKAFESLKSFQQOQOO00000000000000000PPPPPPPPPPPQI.PQPPPQAQP
LLPQPOQPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAP
RSLRAALWRFAELAHLVRPOQKCRPYLVNLLPCLTRTSKRPEESVQETLAAAVPKIMASFEG
NFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOOQOVKDTSLKGSFGVTRKEMEVSPSAEQLVQVYEL
TLHHTQHODHNVVTGALELLOQOLFRTPPPELLOTLTAVGGIGQLTAAKEESGGRSRSGSI
VELTIAGGGSSCSPVLSRKOKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSOQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQOIGQPOD
EDEEATGILPDEASEAFRNSSMALOQAHLLKNMSHCROPSDSSVDKEFVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPQVRGATAILCGTLICSIL



Function of CBRs

Conservation => Function

Length, amino acid type not necessarily
conserved

Frequency: 1 in 3 proteins contains a
compositionally biased region (Wootton,
1994), ~11% conserved (Sim and Creamer,
2004)



Function of CBRs

Conservation => Function

Length, amino acid type not necessarily
conserved

Functions:

Passive: linkers

Active: binding, mediate protein interaction,
structural integrity

(Sim and Creamer, 2004)



Structure of CBRs

Often variable or flexible: do not easily
crystalize



1CJF: profilin bound to




2IF8: Inositol Phosphate Multikinase Ipk2

D55P — — —

Site Record o
FOEMDTVMNY RVLEHKAAGHDGTLTDGDGLL I FKPAFPQELEFYKA | Q\-"RD\-"S RERKSSADGDA
FDE 26 20 40 60
DSSP— - —_ —
Site Record o o000
PDBPLCSWMFTYLGVLNEGAK IEQSGDAALLKIDERLSDSTDNLDS I PVKS EKSKQYL‘JL EML
FDE gy 70 120
D.SSF-L n a R R R R -._ . -.._ e
Site Record o=—0
PDBLYGFSKFNILDIKLGKTLYDSKASLEKRERMK SETTTSGSLEFRICGMK | OKNPS VLN
FDE 15, ' 130 140 150 : ' ' 170 ' 180

DS5P g — —

5ite Record

rDBQLS LEYYEEEADSDY IFINKLYG RS RTDQN\-"S DA I ELYFNNFPH LS DARKHQLKI{TF LKRL

FDE ygy 190 200 210 220 230 290
DSSF . e . n e . _ﬁ

Site Record o—0
FOEQL FYNTMLEEEVRMI SSSLLFI YEGDPERWELLNDVDKLMRDD DDDDDDDDNDDDDDD
FDE 34, ' 250 260 270 280

Site Record o
FOEDAEGSSEGPKDKKTTGSLSSMSL I DFAHS El TPGKGYDENV | EG‘\I"ETL LDI FI"-"IKFL EHHH
FDE 317 320 330 340 350

DS5P

Site Record

PoEHHH
FDE



2IF8: Inositol Phosphate Multikinase Ipk2

RVEETTTSGEL



2CX5: mitochondrial

cytochrome ¢
B subunit N-terminal




2CX5: mitochondrial
cytochrome c
B subunit N-terminal

FFEFFIFVENF




Amino acid homorepeats (polyX)
Distribution is not random:

Eukaryota:
Most common: poly-Q, poly-N, poly-A, poly-S, poly-G

Prokaryota:

Most common: poly-S, poly-G, poly-A, poly-P
Relatively rare: poly-Q, poly-N

Very rare or absent in both eukaryota and prokaryota:
Poly-I, Poly-M, Poly-W, Poly-C, Poly-Y

Toxicity of long stretches of hydrophobic residues.

(Faux et al 2005)
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Homorepeats are frequent but

difficult to characterize Bablo

Mier

e.g. polyQ:
MATLEKLMKAFESLKSFQQO000000000000000000QQPPPPPPPPPPPQIL PQP

* 10% of human proteins have homorepeats
* |ow sequence conservation
* not possible to predict function by homology

Homorepeats need to be studied in context



Martin

Function of polyQ  schacte

polyQ in Huntingtin

Human PEPEPPPEERIOLEQEEPOAQELLE PIPPPPPPPPPPGPAVAEEPLHRPKKELSATKHDRVN KIMACSALRHCTNSLCE S TLEELGL--=~- -- - -
Dog [LMEAPESLESFQRUOROOARG----------------- PPPEPPEQRIQELP PPLP E- BRPPPEDBRRCHAVARRBLHRBKKELSATERDRVY| [FMACEAVRHCIMSLOGETLSELGL----- -- - -
Mouse [LMKAFESLKSFUOO0000PRER------------ APPPPPPPPPP PEQERPQEE---------- PPPEDPRLEGEARE BLHREKRELSATREDRVY| [FMACSAVRHCINTVCSSTLSELGL----- -- - -
Opossum PRARE------------—- peepppegeed e pOR0R - BOBE- BBBREERRDECE s ovee BAkRBRRELSTTREDRYY| [FLACTAVRNCVMSLCSSSYSELGL----- -- - -
Chicken PAAIPE——EPTIRPADPINKLGSWPPAPT FDTDAESLIBRINRRTGHAVVELGTLI §SLEELEHFRKRELLTTREDRVY) [FLACTAVRHCVMSLCS 5CRSELCL----- -- - -
Frog [URAFESTRSFQMAE- - ---—-----------m-mmmmmm oo VEVVEREPABKARKDESTNREDRYY| [FLACTAVRHCVMLCESSYSELGL----- -- - -
Zebrafish - e GELEAEELVRRAKKDLATTKEDRYT| [RLACTAVRHCVLELCSS8YSDLGL----- -- - -
Trout - mmmmmmmemmmeeeoeee GRETARETVURQKFEQATTREDRYT| [KLACTAVRHCIMSLCSSSYSELGL-—--- -- - -
Fugu - mmmmmmmemmmeeeoeee GRETARETVURQKFEQATTRADRYS| [FLACMAVRHCINTLCCSTYSELGL-—--- -- - -
Stickleback - smmmmmmmmmmeeeeeeo GRETAEELVERQKKEQATTREDRYT| [RMACAAVRHCIMALCNGSLSELGL----- -- - -
Lancelet - -- -- ----srrxzzavereorve| [eoarfevkicnsingsoesfsn-——-- -- - -
Capitella - -- -- --—-rrrofaBuseaerTs| REACsavescvRTLINGMYRSYGL-—--- -- - -
Limpet fissgatkiiiaf- - - -- -- -- BomeDRny| [REACSAVTSCVHTLINSECPTYEL-—--- -- - .
Nematostella [LLENFEALKNFREGIEVTDTNE -- - -- -- ---LAKKKEGLLETRDRTS| [PRACAAVEYCENLLCSSBHCSHAL----- -- - -
Trichoplax [LLEAREALENYYEGARZEDER - - -- S RREVLTTRERTE| [RMACVALRTCLVTLLSS8GDLGL-—- -- . §
Ciona intestinalis [LVESVNALKEFYGGL3SEDKT -- - -- S IKDALISPNERk RIGLIALISCLASLLDSCHGGLGL _____ -- _ i

Ciona savignyi [LVESVNALKFFHGGLESEDRT -- - -- oo rose@eBrer@i| RCALLSFRGCRSEILASSSHLAL-—--

D. melanogaster [FVGFVEQLRNTECSH-- -- - -- -- RQRIT| [T@ALNAFDEIREHVVSEYLTERBCHYHRH

D. mojavensis [FI#HVIQLRNTECHQ-- -- - -- -- -- --EQFIA| [IQALNAFDKIFBHVVSEYLTERECHYHAHOOORO00x 7 A000-----
D. sechellia [FVGEVEQLRNTECER-- -- - -- -- -- --F@FIT| [RALNAFDKIFBNVVSEYLTERECHYHAHOOORO00rF 000 -----

D. erecta [FVGEVEQLRNTECHR-- -- - -- -- -- --RQRTT| |IRALNAFDKIFEHVVSKYLTEBECHYHAH

D. yakuba [FVGEVEQLRNTECEQ-- -- - -- -- -- --BQFIT| [IHALNAFDKIEBHVVSEYLTERECHYHAH

D. grimshawi [FTGYVIQLENTECHE-- -- - -- -- -- --EQFIA| [IQALNAFDKIFBHVVSEYLTABECHYHAH

D. pseudoobscura [fTGEVIQLENTECEE-- -- - -- -- -- --EQKIT| [IRALNAEDKIEBHVVSKYLTABECHYHAH
D. persimilis [FTGEVDELRNTECER-- -- - -- -- -- --RQEIT| [ LNAE‘DKIFPHWSKYLTSPPCHYIRH ----------------

D. ananassae [FIGEVEQLRNTECSQ-- -- - -- -- -- --RQRTA[ |[IRALWAFDKIFEHVVSKYLTGRECHYHAH
D. willistoni [FTGYVDRLRNTECER-- -- - -- -- -- --FFTV| [RALNAFDKIFBHVVSRYLTGRECHYHAHE----—- LOORRg----- - ---------—--

D. virilis [FTGHVDULRNTECER-- -- - -- -- -- --F@r1A| [[RALNAFDKIFBHVVERYLTABBCHYHAH

Schaefer et al (2012) Nucleic Acids Res.



Exercise 3. Search for a polyQ insertion in
the MR family

*Open in Jalview the alignment of the
mineralocorticoid receptor: MR1_fasta.txt

Find a polyQ insertion.

Do you see any other biased region nearby?
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