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Repeats



Frequency

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

1: Single amino acid repeats.

2: Longer imperfect tandem repeats.
Assemble in structure.



Definition repeats
Sequence, long, imperfect, tandem

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

MRAVVKSPIM CHE
KSPSVCSPLN

MTSSVCSPAG INSVSSTTASE
GSEFPVHSPIT Q
GTPLTCSPNV EN
RGSRSHSPAH ASN
VGSPLSSPLS S
MKSSISSPPS HCS
VKSPVSSPNN VT
LRSSVSSPAN INN



Definition repeats
Sequence, long, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN

MTSSVCSPAG INSVSSTTASE
GSEFPVHSPIT Q
GTPLTCSPNV EN
RGSRSHSPAH ASN
VGSPLSSPLS S
MKSSISSPPS HCS
VKSPVSSPNN VT
LRSSVSSPAN INN



Tandem repeats fold together
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Tandem repeats fold together

m%



Definition repeats
Sequence, long, imperfect, tandem

MRAVVKSPIM CHE
KSPSVCSPLN

MTSSVCSPAG INSVSSTTASE
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weblogo berkeley edu

http://weblogo.berkeley.edu

(Vlassi et al, 2013)



A subunit PP2A structure
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Ap1l Clathrin Adaptor Core

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



Ap1l Clathrin Adaptor Core

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



Side view

Andrade et al. (2001)
J Struct Biol




Definition CBRs

Perfect repeat: QQQQQQQQAQAQAQ

Imperfect: QQQRQRPQQQQQQ
Amino acid type: DDDDDEEEDEDEED

Compositionally biased regions (CBRs)

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



Detection CBRs

Sometimes straightforward.
N-terminal human Huntingtin.
How many CBRs can you find?

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

MATLEKLMKAFESLKSEQQOQOOOOOOQ0Q000000Q00PPPPPPPPPPPQLPOPPPQAQP
LLPOQPOPPPPPPPPPPGPAVAEEPLHRPKKELSATKKDRVNHCLTICENIVAQSVRNSPE
FOKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKALMDSNLPRLOLELYKEIKKNGAP
RSLRAALWRFAELAHLVRPQKCRPYLVNLLPCLTRTSKRPEESVOQETLAAAVPKIMASFEG
NFANDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHSRRTQYFYSWLLNVLLGLLV
PVEDEHSTLLILGVLLTLRYLVPLLOOQVKDTSLKGSFGVTRKEMEVSPSAEQLVQOVYEL
TLHHTOQHODHNVVTGALELLOQLFRTPPPELLOQTLTAVGGIGOQLTAAKEESGGRSRSGSI
VELIAGGGSSCSPVLSRKQKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
PSDPAMDLNDGTQASSPISDSSQTTTEGPDSAVTPSDSSEIVLDGTDNQYLGLQIGQPQD
EDEEATGILPDEASEAFRNSSMALQOAHLLKNMSHCRQPSDSSVDKEVLRDEATEPGDQE
NKPCRIKGDIGQSTDDDSAPLVHCVRLLSASEFLLTGGKNVLVPDRDVRVSVKALALSCVG
AAVALHPESEFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPOQVRGATAILCGTLICSIL
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Detection repeats

Sometimes straightforward.
N-terminal human Huntingtin.
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Detection repeats

Often NOT straightforward.
N-terminal human Huntingtin.
How many repeats can you find?

>sp | P42858 |HD HUMAN Huntingtin OS=Homo sapiens
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TLHHTQHODHNVVTGALELLQOLFRTPPPELLOTLTAVGGIGQLTAAKEESGGRSRSGSI
VELIAGGGSSCSPVLSRKQKGKVLLGEEEALEDDSESRSDVSSSALTASVKDEISGELAA
SSGVSTPGSAGHDIITEQPRSQHTLOADSVDLASCDLTSSATDGDEEDILSHSSSQVSAV
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AAVALHPESEFFSKLYKVPLDTTEYPEEQYVSDILNYIDHGDPOQVRGATAILCGTLICSIL



Detection repeats

Often NOT straightforward.
N-terminal human Huntingtin.
How many repeats can you find?

EFQKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKA
CRPYLVNLLPCLTRTSKRP-EESVQETLAAAVPKIMAS
NDNEIKVLLKAFIANLKSSSPTIRRTAAGSAVSICQHS
TQYFYSWLLNVLLGLLVPVEDEHSTLLILGVLLTLRYL
PSAEQLVQVYELTLHHTQHODHNVVTGALELLQQLFRT



Detection repeats

Often NOT straightforward.
N-terminal human Huntingtin.
How many repeats can you find?

EFQKLLGIAMELFLLCSDDAESDVRMVADECLNKVIKA
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EHSTL




Detection of repeats
Dotplots

Comparing a sequence against
itself




Detection of repeats
Dotplots

TLRSSVSSPANINNS
NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| 1 match

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
NEBNNERN 8 matches

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| | 2 matches

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS
| 1 match

NMTSSVCSPANISV



Detection of repeats
Dotplots

TLRSSVSSPANINNS

ASINY &EDAS S.LINN
(o]



Detection of repeats
Dotplots

TLRSSVSSPANINNS

ASINVdASOASSLNN



SEQUENCE 1 ’ ‘ SEQUENCE 2 15 BLOSUM 62
Sequence 1
RT3
o}
Q
o
2
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3
3
N
@
@
[246 x 244] # Score at (1:M, 1:R) : -8
@
Seql:1
I
MTMDKSEL|VQKAKLAEQAERYD KAVTEQGHE

Window size Scoring matrix —
=

i

RKPLQTPT|PIRRLWTMDTSELVQKIZKLAEQAERYDDM
|



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/

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

METKGYHSLPEGLDMERRWGQVSQAVERSSLGPTERTDENNYMEIVNVSCVSGAIPNNST

Z @ouanbag

SEQUENCE 1 SEQUENCE 2

15

Sequence 1

Q
Q

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

Seq1'194

NTPLRSFMSDEGESVNGGVMRAVVKSPI CHEKS
YSYEQQNQQGEMSPAK IYQNVEQLVKFYK NGHR

v ]

BLOSUM 62

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

2,000

SSVCSPAGII\I SSTTASFGSFPVHSPIT
LRSFMSDSGS NGGVMRAVVKSPIMCHE



Detection of repeats

Using a multiple sequence alignment helps.
Conserved repeated patterns

2|4CI 2|5IZI E:EGEI 2|T-"I:l 2|EHEI ZIEIIZI S:IIIEI 5:1EI S:ZEI
wr_damind-270 ---TYF--DSDPCP-TLDSATSSLTHCQHTESEFNICSPYKSS IVGSPPLFSPLESYMKSPYSSPHE IGSVYRSPLEC - - NTHMRSSVYSSPTTHG
e ubilusd)-97 3 ---T%F - -DSDCP-SLASASTHLTOQGHHTESPNTCSPYKSSMYGSPPLASPLSYMKSPYSSPREIGSWRSPLSC - - NTHMRSSWSESPTTHNG
wr_cyadresd-971 ---TFF--DSDCP-SLASTHTHL I IQGRQHTEPNTCSPYKSSYYESPPLASPLSY IKSEPYESSPHS I GSWSSPLSC- - NTHMRESWVWSSPTTYG
w_onvias-99d TCFGPOCSAVSESPYWELTSCAATLAN I KRRNSYTCSPYWESCTYWGSFPLTSPLNIMESPMSSPHEMSSWRSESFFECSTTCHIRSSWSSRT - - -

wer_t@hifgu -2 MCFGPMCSSYSSPYSRTSCASTLPNIKRRNSATCSPYESSTYGSPPLTSPLNIMRESP I SESPRSMSSYRSPPSCSTTSNIRSSYSSPT - - -
e oeochmoeisd-29d TCFAPLCSSVWSSPYSQTSCAATLAN I KRRNSYTCSPYESSTYGSPPLTSPLNYVMRERSPMESPOSMSSYWRSPPSCSTTCNIRSSYESSPT - - -

e xerogu s f-9 78 - -F&HF -
fre_Fnrolis -850 - -F&HNF -
wrr_ailigaton-985 --F&GHF -
nr_taemiopygia-22y - - FGMF -
mr_g@Nus-288 - -FGHF -
mr_smorodelahizd-293 - - FG5SF -
nre_arw s =280 --F&E5F -
nre_rFhu e -231 --F&®5F -
koo {-284 --F&5F -
e ey e -98d - -F&HF -

-TYHEPVYNOQWTPKSCSPHTDOMRCS | AHSP - - AGTWVES -
-TYWESESPYNOQGTFLSCSPHIEMRGSMLHSPFHASHMGS -
~WYWHSFINQGTFLSCSPHNIENRGSMLHSPAHASHYGS -
-SMHEFPMGQGTFLSRSPHNYENRGSMLHSPAH I SHWES -
-AMHEP IGQGTPLERSPHYESRGSMLHSPAHYSNWEGS -
-PYHEP I TQGTPLPCSPHYWEMRSSWSHSPAHASHYGS -
-PYHSFITOQGTSLTCSPSYENRGSRSHSPYWHASHYGS -
-PYHEF I TRQGTELTCSPSYENRGSRSHEPTHASHYGS -
-PYWHEP I TQGTPLTCSPHAEMRGSRSHSPAHASHYGS -
-TYWHEP I TQGTPLTCSPHYWEMRGSRESHSPAHASHYGS -

PLSSPYSSMRESP
FLSSFISSMKSFE
FLSSFISSMESFP
FLSSFISSMESP
FLSSPISSMKSP
PLSSPISSMKSP
FLSSFLSSMESFP
FLSSFLSSMEKESP
FLSSPLSSMKS S
PLSSPLSSMKSP

SSPPSHASLKSPYWSSPHNNITWYRPSWSSPGHI -
SEPPSHCSVHKSESPYWSSPNNITMESSWSSFANM-
SSPPSHCSVKSPWYSSPHNNITMRESSYSSPANM-
SSPPSHCSVKESPYSSPHNNITMRESSYSSPANL -
SEPPSHCSVHSPWYWESSPHNNITMRERSSWSSPANM-
SSPPSHCSWVHSPWSSPNHNYTMRESSWSSPANIN
SSPPSHCSVYKSPYWSSPNNYWPLRESSYWSSPANLN
SSPPSHCSVKSPYSSPNNYPLRSSYSSPANLN
SESPPSHCSVHKSPWSSPNHNWTLRESVSSPANIN
SSPPSHCSWVHKSPWSSPNNYWTLRESVWSSPANIN

JalView with Regular Expression searches



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

ZI-’-'IEI , 2|5I:I . EIEEI . . E:EFEI S:EIEI .
wr_d@mia -7 0 ---TYF--DSDCP-TLDSATSSLTHCQHTE S FELS-R-R ) : : : M H S | ¢ SWYRE
Wil -97 2 ---T%¥F--DSDCP-SLASASTHLTQGHHTE S P = =1 T RTyc) ! : : S PRECRRER=RN
wr_owafnee-97 ] ---TFF--DSDCP-SLASTHTHL IQGOHTERS WK S SO G R 5 = HS | &5 W SERY
w_orysias =234 TCFGPRACSAVSEYSQTSCAATLAN I KRRNSYTCERMWE SCTWGE ! SP M H S S S RE
w_ta@hifegut-991 MCFGPMCSSYSENYEQTSCASTLRPN I KERNSATCERMWVE S S TWGE : : AL S S SV RE
wr_omeockmaiz{-234 TCFAPLCSSWSERRWSQTSCAATLAN I KRRENSWTCERYES S TWGE : : AR S S S RE
W xeroousd-97 9 --FGHF - -TWH WHOQWTPHSCERRIHTDHNRCS 1 AH A TWER PSHASL KERY
wr_gmaliz-990 --FGHF - - TYSERRWHMOGTRFLSCENIM | ENRG ShL HERIF H A S M G I : : AP S HCSWEKE
w_gttigaton-285 - -FGHF - -WwYHER | NQGTPLSCERN | ENRG ShL HERR A H A S MW G ERES : AP S HC S EKE
wr_tzemiopygizd-287 - - FGHNF - - SMHERIMG2 G TP LS REJIMNYENR G ShL HERA H |5 H WG EERE : : AP S HC S KE
wr_gallu s -088 --FGHF - - AMHERR | QG TFLSRERIMYESRG SMLH AUHOWES MW 5 PSHCSWKERS

wr_smorodelakis d-993 - - FG5F - - PYHERY -
e -850 --FGSF--PYHEIR | TOGTSLTCEARSYENRG SRS HEREY HA S MW G ERES : AP S HC S KE
wr_@tus-981 --FGESF- -PYHERR | TOGTSLTCEARSYENRG SRS HERETHAS H WG ER : : AP S HC S KE
w_froaros 1-984 --FGEF- -PYHELR | TOQGTPLTCEAINAENRG SRS HEREAH A S H WG ER F 5 HCSWKERS

it egquusl-00d --FeHF--TVHER] ToeTrLTcEdNvENRGe SR HEIRAH A s v G ER FSHCSWKELS
=10l x|
Find Mext
5P
Find Firf<_all

[~ Match Case Mew Feature

JalView with Regular Expression searches



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches



Detection of repeats

Using a multiple sequence alignment helps
Conserved repeated patterns

JalView with Regular Expression searches

eRegular Expressions:
[LS]P.A

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



Detection of repeats

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



Detection of repeats

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!)

*Try to find the expression that matches more
repeats. How many repeats do you see? How
long are they? Would you correct the alignment
based on these findings?



First time running JalView?

Remove annoying start: 2 Preferences =l .

Backups Links Output Editing Web Services
Visual  Colours  Overview Structure Connections
Open new alianment

G t Maxamize Window _] Show annctations [\/ Quality |V
O O Open Overview il W Conservaton [s/ Consansus L\/] Occupancy L
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#T1 #T2 #T3 #T4 #T5 #T6 #T17
2170 .. a180. s hsoa s koo L ok10a =2k e Ao c2do L o250l Ly L2600 ).
ST I R IR B A IR - R S [ IV AR IR | FURPRN N N Y RIS /1 A AR O N N IV - 1 B
\158508572\Hsapien5 SGSSVNGGVMRAVVEKSP L HEKSPSVCSPLN| TSSVCSPAGIINSVSSTTA-S SFPVHSPITOGTPLTCSPNVENRGSRSHSPAHA-SNVGSPLSSPLYS
| 31324675 |Cjacchus SGSSVNGGVMRAIVRSPT HEKSPSVCSPLN| TSSVCSPAGINSESSTTA-S SFPVHSPITQGTPLTCSPNﬂENRGSRSHSPAHA—SNVGSPLSSPLSS
| 126331313 | Mdomestica SGNSVNGSIMRSIVKSPL HEKSPSVCSPLN| NSSVCSPAGIINSVSSTTA-N SFPVHSPITOGTPLPCSPNVENRSSVSHSPAHA-SNVGSPLSSPISS
| 73978292 |Clupus SGSSVNGGVMRAIVKSPT HEKSPSVCSPLN| TSSVCSPAGISSVSSTSA-S SFTVHSPITIQGTPLTCSPNVE GSRSHSPAH----[VGSPLSSPLYS
| 301763180 |Amelanoleuca SGSSVNGGVMRAIVKSPT HEKSPSVCSPLN| TSSVCSPAGISSVSSTSA-S SFTVHSPITIQGTPLTCSPNVE GSRSHSPAHA-SNIVGSPLSSPLYS
\6981208\Rn0rvegicus SAASMNGGALRAIVKSPIILCHEKSSSVSSPLN SSVCSPVGINSMSSSTT-3 SFPVHSPITOGTSLTCSPSVENRGSRSHSPTHA-SNVGSPLSSPLYS
| 144227212 |Mmusculus SGTSMNGGAJLRAIVKSPIILCHEKSP SVCSPLN] PSSVCSPAGINSMSSSTA-3 SFPVHSPITIQGTSLTCSP SYENRGSRSHSPVHA-SNVGSPLSSPLSS
|148224443|Xlaevis SDESMNGKIYKSNTVKSPLS SHKNLSVGSP SV LPVCSPTGILSSTSCST——TEGNFTVHSPVNQVTPKSCSPHTDNRCSTAHSPAQT-—-—-[VESPLSSPVYS
| 327274009 | Acarcolinensis CANSMNGSIMPSIMKNPRIFQERSPPDCSPQS] TSSVCSPPGINSVTSTTPTNEGNFTVSSPVNQIGTPLSCSPNIIENRGSMLHSPPHA-SNMGSPLSSPISS
1115529242 | Tguttata SGSTVNGGA QHKSPSGCSPQN SSVCSPAGVNSMSSTTA-SEIGNFSMHSPMEJGT PLSRSPNYENRGSMLHSPAHT -SNVGSPLSSPISS
1225936142 |Ggallus SGSAMNGGA QHKSPSGCSPQN SSVCSPAGVNSVSSTTA-NEGNFAMHSPIQQGTPLSRSPNYESRGSMLHSPAHV-SNVGSPLSSPIYS
| 239923135 | Rrutilus GSHQPSGGPQECAVVSASVPSGMASVLSCSSDG PGPMSSPTGHNMVSSTTSPTYFDSDCPSLASASTNLTQGHH--—|'SPNTCSPVEKISSMV|IGSPPLASPLSV
| 154240734 | Drerio GAQLPNGGPQECAVVSDSVPSALVTALSSSTD- SCPMSSPTGHNMMVSSTTSPTYFDSDCPTLDSATSSLTHCQH-——SPNICSPVKSSIV|[GSPPLPSPLYV
#F2 #F3 #F4
#T8 #T9 #T10 #T11 #T12 #T13 #T14 #T15
2700 ..o dso. .o ded. oL u30d. . ————). . . .310. ). 4. .320. .. ). =4.330. ... J.Fao. . ..o .3bol .. 360 )1 .-
R L O O O | O DO L i | PP (R | O Y SRRy U B R IR I NI M | R T " [
\158508572\Hsapien5 MEKSSISSPPHHC VKSPVSSPNNVTLRSSVSSPABIN****NSRCSVSSPSBTN*NRSTLSSPA}S**TVGSICSPVBNﬂFSYTASGTSAGSSTLRDVVPSPDTQE*'
\31324675|Cjacchu5 MKSSISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-———-NSRCSVSSPSNTN-|NRSTLSSPAAS—TVGSICSPVNNAFSYTASGTSAGSSTSRDVVPSPDTQE -
|126331313 |Mdomestica MKSPISSPPYHCYVKSPVSSPNNVIMRSSVSSPANTIN-——--NSRCSISSPSNTN-|NRSTLSSPAAS-MVGSSICSPGNNAFSFAASATSVIGSSTITQDVIPSPETNE — -
| 73978292 | Clupus MEKSPISSPPYHCYVKSPVSSPNNVILRSSVSSPANIN-——-NSRCSVSSPSNTN-|NRSTLSSPTAS-QTVGSICSPVNNAFSYTASGTPAGSSVYARDVVPSPDTQE - -
| 301763180 |Amelanoleuca MKSPISSPPYHCYVKSPVSSPNNVTLRSSVSSPANTIN-——--NSRCSVSSPSNTN-NRSTLSSPTAS-TVGSICSPVNNAFSYTASGTPAGSSAHARDVVPSPDTQE - -
| 6981208 | Rnorvegicus MESPISSPPYHCYVKSPVSSPNNVHLRSSVSSPANLN-——-NSRCSVSSPSNNTNNRSTLSSPTAS-QTVGSIGSPIQNAFSYATSGASAGAGAHIQDVVPSPDTHE - -
| 144227212 | Mmusculus MESPISSPPYHCYVKSPVSSPNMVHLRSSVSSPANLN-———--NSRCSVSSPSNTNINRSTLSSPTAS-TVGSIGSPIGQNAFSYTTSGASAGAGAIQDMVPSPDTHE — -
| 148224443 | Xlaevis MRSPISSPPYHA{LKSPVSSP ITTVRPSVSSPGNI ————— NTRSSLSSPSNANINRSTISSPAAS-JMGSSICSPAYSTILGFLPGVMPTIDG—{GTASDISAETKD— -
| 327274009 | Acarolinensis MEKSPISSPPYHCYVKSPVSSPNNITIMRSSVSSPANM————— NSRCSTASPSNANINRSTLSSPAYS-TVGSSMCSPVNGALSFPPSSTPVGPGTIGRDIVSSPDTIKDV
|1155298242 | Tguttata MEKSPISSPPYHCYVKSPVSSPNNITMRSSVSSPANL————— NSKSSIASPSNANNRSTRSSPAYS-TVGSSICSPVNNYIGFLPSGTPVGPESHSQDTVPSPETIKD - -
| 225936142 | Ggallus MEKSPISSPPYHCYVKSPVSSPNNITIMRSSVSSPANM————— NSRSSTASPSNANNRSTRSSPAYSTYGGSSICSPVNSYLGFPASSTPAGPSHSQDTVPSPETIKD- -
| 239923135 | Rrutilus MEKSPVSSPRYIGYVRSPLSCNTN-MRSSVSSPTTINGGNTCNIRESISSPPTV-————————————— GSMAMSSPRNSSRGFSVSSPPSCLGYVONDVNSPEJRE - -
| 154240734 | Drerio MESPVSSPHYIGYVRSPLSCNTN-JMRSSVSSPTINGGNTCNIKPSISSPPTIA———————————— GSMSMSSPRNSSRGEFSVSSPPICLGHVONDVNSPEJRE - -
#F5 #F6 | | #F7 #F8 g | | #F10 #F11

Vlassi et al. (2013) BMC Struct. Biol.
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Modelling with AlphaFold...




Modelling with CI-Tasser...




Modelling with trRosetta...




Composition bias



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

1: Single amino acid repeats.

2: Longer imperfect tandem repeats.
Assemble in structure.



Definition CBRs

Perfect repeat: QQQQQQQQQAQAQ

Imperfect: QQQQRPQQQQQQ
Amino acid type: DDDDDEEEDEDEED

Compositionally biased regions (CBRs)

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

Particular case of low complexity region



Function 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 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 EKSKQYLVL EML
FDE gy 70 120
D.SSF-L n a R R R R -._ . -.._ e
Site Record o—0
PDBLYGFSKFNILDIKLGKTLYDSKASLEKRERMK SETTTSGSLEFRICGMK I QOKNPS VLN
FDE 15, ' 130 140 150 : : ' 170 ' 180

DS5P g — —

5ite Record

rDBQLS LEYYEEEADSDY IFINKLYG RS RTDQN\-"S DA I ELYFNNFPH LS DARKHQLKKTF LKRL

FDE ygy 190 200 210 220 230 290
DSSF . e . n o i _h

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

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

DS5P

Site Record

PoEHHH
FDE



2IF8: Inositol Phosphate Multikinase Ipk2

RVEETTTEGEL



2CX5: mitochondrial

cytochrome ¢
B subunit N-terminal




2CX5: mitochondrial
cytochrome c
B subunit N-terminal

FFFFIFVENFE




Amino acid repeats

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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Mier et al. (2017) Proteins



Homorepeats are frequent but

difficult to characterize bablo
Mier

e.g. polyQ:
MATLEKLMKAFESLKSFQQO0000000000000000000QPPPPPPPPPPPQL PQP

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

Homorepeats need to be studied in context



Martin

Function of polyQ Schacfer

polyQ in Huntingtin

Human VAEEBLHREBRKELGATRRDRVN| [FMACSALRHCIMSLCSSTLSELGL--—--- - - --
Dog [LMEAFEZLKSFRGAAO0000Q----------------- VAEE LHREFKELSATKEDRVY| [FMACSAVRHCINSLCGSTLSELGL---—-- - - --
Mouse  [LMRAFESLKEFQRQAQQOPRER------------APEEERPRRRRUREAPRRNGE- - -------- CBAEEBLARBRKELSATZRDRV| [RMACSAVRHCINTVCS3TLIELGL- - -- - --
Opossum  [LMKAFESLKEFORQ00RRAPE-------------- SGVEEBAHRERKELSTTREDRYN| |FLACTAVRNCYMELCH3SYSELCL--—--- - - --
Chicken LGTLISS5L ELEHE‘RKKELLTTKKDRVN KLACTAVRHCVMSLCS 308 SELGL-—---- - - -
Frog [MMRAFESLKSFRQRE----- erBBRaRkDHSTNRRDRYN| [FLACTAVRHCYNELOR33YSBLGL-—--—- -- - --
Zebrafish  [LMRAFESLKEFROOQ----- FRRKDLATTREDRVE| [FLACTAVRHCVLILCHSYSDIGL------ -- - --
Trout [LMRAFESLKSFRGER----- RUFKEQATTREDRYT| [RLACTAVRHCINSLCSS5YSELGL---—-- - - --
Fugu [WMRAFESLKSFQQRM----- RUFKEQATTREDRYS| [RLACMAVRHCINTLCCSTYSELGL---—-- - - --

Stickleback [[MRAFESLRSFQRER----- RERKEQATTERDRYVT| [KUACARVRHCIMALCNGSLSELGL -- - --
Lancelet —-srrresaverrorval Jarleverconsiursoesiisn-- - - -
Capitella [LVKAFEALRIF{BCITGERTSA -- -- - --EREDQABLAEKERTA  [REACSAVTSCYHTLLNSMYF3YCL-- -- - --

LIFAFEALEVIKKDQE---- - -- -- - -- SRRDEMY| [REACSAVISCVNTLINAECETYGL------ -- - --

Limpet
LLFNFEALENFREGT TDTNI - -- -- - -LARRKEGLLETEDRIE R CAAVKVCE‘NLLCSSIHCSHAL——

Nematostella

Trichoplax ~[cLRAsaaLRNTEcABEE0gR - - -- e aaa L EEE kkEvLTTRERIE| REACVALRTCLVTLLfSSsaDLaL-——- -- . -
Ciona intestinalis  [LVKSVNALRFFYGGLSSEDKT - -- -- - ----IKDALISINERIi pletiaclsciastinscreeter-- - - -
Ciona savignyi [LVKEVNALEFFHCGLSSEDET - -- -- - --——GrpsLfsbr RCALLSFRGCFSEILESSHSHLAL-—---
D. melanogaster [FVGEVEQLRNTECEE----- - -- -- - Elzrr| [THALNAEDEIEBEVVSEYLTE
D. mojavensis [FIZHVDALRNTECHE----- - -- -- - -- glzral [TRALNAFDETEBEVVSEYLTERRCHYHADDDORNN 7 0008 - -
D. sechellia [FVGFVEQLENTECEE----- - -- -- - -- gQRIT| [TEALNWAFDRIFENVVSEYLTERRCHYHAHOOOOOOAXE 0000--- - -
D. erecta [FVGFVEQLRNTECSH@----- - -- -- - -- wllrTr| [TOALNAFDEIFBHVVSEYLTE
D. yakuba [FVGFVEQLRNTECSE----- - -- -- - - RORTT| [[HALNAFDKIEEHVVSEYLTE
D. grimshawi [FIGYVDULENTECSQ----- - -- -- - -- wlcral [TRALNAFDKIFBHVVSEYLT
D. pseudoobscura [FTGEVDELRNTECSQ----- - -- -- - -- w0rrT| [ALNAFDETEBHVVEEYLT
D. persimilis [FTGEVDQLENTECSR----- - -- -- - -- gOrre| I@ALNARDETEBRVVEEYLTSBECEYEAHO00M- - - k000008 :EQl- - ---------—-
D. ananassae [FIGFVEQLRNTECEQ----- - -- -- - -- wlcral [TRALNAFDKIFBHVVSEYLT
D. willistoni [FIGYVDLRNTECEQ----- - -- -- - -- ROrryl IHALNARDETRBHVVEEY LT CRECEYHARD------ KROULOOREY - - - - ---------—-
D. virilis  [FTGHVDQLRNTECE§----- - -- -- - -- wlrTal [TOALNAFDEIEBHVVSEYLT

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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