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PROTEIN SEQUENCE - STRUCTURE - FUNCTION

Principal activities:

Bioinformatics analysis of protein sequences and structures
Structural prediction and molecular modelling

Molecular design







Aggregates, amyloids
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Identification of protein repeats

Analysis and Classification of the known 3D protein structures
Structural prediction

Experimental tests

Evolution of proteins with repeats

Applications in medicine, material science and nanotechnologies
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Proteins with tandem repeats



Proteins with tandem repeats

Proteins with internal duplications represent a large portion of genomes

E. coli (7%), S. cerevisiae (17%),Human (27%)
All SwissProt (14%)

Pellegrini et al. (1999%roteins 35:440

Sequence m— X X X X )( X )
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Structure

only ~ 2% of known 3D structures

Difficulties of experimental (X-ray and NMR) determination of the 3D structure




HYBRID APPROACHES TO OBTAIN 3D STRUCTURE
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Bioinformatics analysis, structural prediction,
molecular modeling

It is possible to get
o 3D structure a reliable 3D structural model
based on sequence analysis!

Incomplete experimental structural data
(EM, CD, etc)




Prédiction et modélisation de protéines a séquences répétitives

Leucine-rich repeat proteins

Kajava et al., (1995) Structure, 3, 863 *
Kajava (1998) J.Mol.Biol. 277,519

a-Helical Coiled coil pentamer of COMP

Kajava (1996) Proteins, .24, 218

Filamentous Hemagglutinin Adhesin
of Bordetella pertussis (56 nm long)

Kajava et al. (2001) Mol. Microbiology, 42, Z

Human involucrin (46 nm long)

Kajava (2000) FEBS Lett. 473, 127

Rpnl and Rpn2 subunits of eukaryotic
proteasome

Kajava (2002) J.Biol.Chem. 277, 49791




Structural-Functional Annotation of Genomes

Proteins with aperiodic
sequences and globular
domains

Proteins with
tandem repeats
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@ Abinitio structural prediction ©




IDENTIFICATION

OF PROTEIN REPEATS
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Pertactin from Bordetella pertussis

GILL ENPAAELQFRN:SVTSSCQLSDDE RRFLG
T VTVKACKLVADHATLANVGDTWDDDE
A LYVACEQ\QS| ADSTLQGAG « <
G VQ ERZANVTVQRS'V DG
CLH GALQS.QPEDLPPSRVVLRDTN/TAVPASGAPA
A VSVLGASELTLDG(H TGRAA
GVAAMQEAVVHLQR:TI RREDAPAGGAVPG GAVPG GAVPG GFGPG GFGPVLDOWY
G VDVSCSSVELAQSV EAPELGA
A | RVCRGARVTVSG (SLSAPHEN
VI ETGGRRFAPQAAPL S| TLQAGAHAQEKA
LLY  RVLPEPVKLTLTGGDAQG
D IV ATELPSI PGTSI CPLDVALASQ'RATG




Pertactin from Bordetella pertussis

1l L 1

GLL ENP--emememen ELQFRN-CSVTS-S CQLSDDE RRFLG
V2 AV — CKLVADH-ATLAN- VCDTWDDIH
LYVACEQ---mm-- QS| AD-STLQG AG
(€Yo = ~ cou— NVTVQR-SAIV -D G rAR. P
CLH GALQS QPEDLPP- SRVVLRD-TNVTA- VPASGAP [ S N\
VS T — SE LTLDG- CH TG- CR T o
(EV/VAY o climmm— VVHLQR-ATI R-RCDAPAGGAVPGG\VPGGWPGHFGPGHFCPVLDONY g \
(EY[» V- cHm— sS VELAQ-SIV EA- PELG b a—_. S
o VE > Chm— RVTVSG- CSLSA- PHCN .
VI ETGGRREAPQ\/P-- LS| TLQAGAHA-QCK
LLYRVLPEP---m----- VKLTLTGGDA-QG
DIV ATELPS| PGTSI GP- LDVALASQ\RWT G
O X @ XXX----------~- XoX0XX- oX®-XX

Generalized sequence profiles implemented in pftools (Bucher et al., 1996, Comput. Chem. 20, 3-23)



Methods for detection of tandem repeats in proteins

Type of method

abinitio/ apriori

Properties of repeats Rapidit

Fourier Transform analysis

Long arrays without indel;

b+
abinitio
REPPER (Gruber et al., 2005)
Short string extension algorithms +
abinitio With indels and less thar
XSTREAM (Newman and Cooper, 2007) 15-20 residues
T-REKS (Jorda and Kajava, 2009)
Sequence-sequence alignment -
abinitio More than 15 residues.

RADAR ((Heger and Holm, 2000)
TRUST (Szklarczyk and Heringa, 2004)

With indels.

Hidden Markov Models (HHMs) or sequence
profiles

PFAM(Sonnhammer et al., 1998)

requiresa priori

Long and strongly

information imperfect repeats
SMART ((Schultz et al., 1998)
BISMM library (Kajava and Steven, 2006)
HMM-HMM or profile-profile comparisons abinitio

HHREPID (Biegert and Soding, 2008)

Long and strongly
imperfect repeats

Kajava, (2011)). Struct. Biol.
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Methods for detection of tandem repeats in proteins

Type of method

abinitio/ apriori

Properties of repeats Rapidit

Fourier Transform analysis

Long arrays without indel;

b+
abinitio
REPPER (Gruber et al., 2005)
Short string extension algorithms +
abinitio With indels and less thar
XSTREAM (Newman and Cooper, 2007) 15-20 residues
T-REKS (Jorda and Kajava, 2009)
Sequence-sequence alignment -
abinitio More than 15 residues.

RADAR ((Heger and Holm, 2000)
TRUST (Szklarczyk and Heringa, 2004)

With indels.

Hidden Markov Models (HHMs) or sequence
profiles

PFAM(Sonnhammer et al., 1998)

requiresa priori

Long and strongly

information imperfect repeats
SMART ((Schultz et al., 1998)
BISMM library (Kajava and Steven, 2006)
HMM-HMM or profile-profile comparisons abinitio

HHREPID (Biegert and Soding, 2008)

Long and strongly
imperfect repeats

Kajava, (2011)). Struct. Biol.



Cargo recognition complex

a b c d
1 METTQQSE
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a- Helical solenoid fold prediction for the N-terminal
part of vps35 (orange in (d))

b- 2D class averages from negative stain electron
microscopy

c- 2D projections of the full cargo recognition complex
model (d) for comparison with the EM class averages
in (b)

)
}

(Hierro et al., Nature, 2007) Bar: 100A

The a-solenoid fold extends the full length of Vps35 and Vps26 is bound at the opposite end from Vps29.
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G TLENPSS------- ELQFRN-GSVTNSEQLSDA
Tl TLKATSS-------- KLVADH-ASVANVCEQTWDA
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ELQFRN-GSVTNSEQLSDA
KLVADH-ASVANVCEQTWDA
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/GENERAL_SPEC: ALPHABET="
/DISJOINT: DEFINITION=PROTECT; N1=1; N2=43;
/NORMALIZATION: MODE=1; FUNCTION=GLE_ZSCORE; R l 44.55; R2=-0.0035;

R3=0.7386; R4=1.001; R5=0.208; TEXT="ZScore

/NORMALIZATION: MODE=2; FUNCTION=LINEAR; R1=0.

TEXT='OrigScore’;

/CUT_OFF: LEVEL=0; SCORE=90; N_SCORE=7.0; MODE = =1;

/DEFAULT: MI=-26; |=-3; IM=0; MD=-26; D=-3; DM =0;
/M: SY=" F;M= -2,-3,-3,-4,2,-3,-2,1,-2,0,-1,-2,-3,-3,-4,-2,-1,0,-
/M: SY=" |'M=-1,-5,-2,-3,-2,-3,0,1,1,-1,1,-1,-2,-1,1,-1,0,1,

/M: SY=" A;M=2,-3,1,0,-5,2,-2,-1,-1,-3,-2,1,1,0,-2,2,2,0,-8,

/M: SY=" L'M=-3,-8,-5,-4,2,-6,-2,2,-4,6,4,-3,-3,-2,-3,-3,-2,

/M: SY=" Y M=-4,-2,-6,-6,9,-7,0,-1,-5,-1,-3,-3,-6,-5,-6,-4,-

/M: SY="  D;M=1,-6,3,3,-7,0,0,-2,-1,-4,-3,2,0,1,-2,0,0,-2,-9,

/M: SY=" Y';M=-5,-3,-6,-6,10,-7,-1,-1,-2,-1,-2,-3,-6,-5,-5,-4

/M: SY="  K;M=-1,-6,1,1,-4,-2,0,-2,2,-3,-1,1,-1,1,1,0,0,-3,-7

/M: SY=" A" ;M=1, -410, -51, -1,-1,0, -3,-1,1,0,0,0,1,1,
/M: SY="  R;M=0,-5,0,0,-5,-1,0,-1,1,-3,-1,1,0,1,1,0,0,-2,-5,-

/l: MI=0; 1=-2; MD=0; /M: SY="X'; M=0; D=-2 ;
/M: SY='  R;M=0,-5,1,1,-6,0,1,-2,1,-4,-2,1,0,1,2,1,0,-2,-5,-5
/M: SY=" F;M=-3,-7,-6,-6,6,-5,-3,3,-2,5,3,-4,-5,-4,-5,-4,-3,

/M: SY="  Q;M=-1,-6,0,0,-3,-2,1,-1,1,-2,0,0,-1,1,1,-1,0,-1,-6
/M: SY="  K;M=-1,-8,0,1,-3,-2,0,-2,3,-3,0,1,0,2,2,0,0,-3,-6,-
/M: SY=" G;M=2,-5,1,0,-7,7,-3,-4,-2,-6,-4,1,-1,-2,-4,2,0,-2,
/M: SY=" D;M=1,-7,54,-8,1,1,-3,0,-5,-3,2,-1,2,-2,0,0,-4,-10
/M: SY=" | M=0,-5,-1,-2,-2,-2,-1,2,0,0,1,-1,-2,0,0,-1,0,1,-6
/M: SY=" L'M=-2,-6,-5,-5,3,-5,-3,4,-3,6,4,-4,-4,-3,-4,-3,-2,
/M: SY=" Q;M=-1,-5,-1,-1,-3,-2,0,0,0,-2,-1,0,-1,0,0,-1,0,-1,
/M: SY=" V;M=0,-4,-3,-4,-1,-3,-3,5,-3,3,3,-2,-2,-2,-3,-2,0,5
/M: SY=" L' M=-1,-6,-3,-3,-1,-3,-2,2,-3,3,2,-2,-2,-2,-3,-2,-1
/M: SY="  D;M=0,-6,3,3,-6,0,1,-3,2,-5,-2,2,-1,2,1,0,0,-4,-7,-
/M: SY="  K;M=-1,-6,0,0,-2,-1,0,-3,3,-4,-1,1,-1,0,1,0,0,-3,-6
/M: SY=" N;M=1,-4,1,1,-5,0,0,-2,0,-3,-2,1,1,0,-1,1,1,-1,-7,-

/l: MI=0; I1=-1; MD=0; /M: SY="X'; M=0; D=-1

/M: SY="G';M=1,-5,0,0,-5,1,-2,-1,-2,-3,-2,0,0,

/M: SY="G';M=1,-6,3,3,-7,3,0,-4,-1,-5,-4,2,-1

/M: SY=" WM=-9,-12,-9,-11,1,-11,-4,-8,-5,-3,-6,-6,-8,-7,3,-
/M: SY=" WM=-7,-9,-9,-9,0,-9,-4,-5,-5,-1,-4,-6,-7,-6,2,-3,-
/M: SY="  K;M=-1,-7,0,0,-3,-2,0,-2,2,-3,-1,1,-1,1,2,0,-1,-3,-
/M: SY=" G;M=2,-3,0,-1,-6,3,-3,-2,-3,-4,-3,0,0,-2,-3,1,0,0,-
/M: SY=" Q;M=-2,-6,0,0,-3,-3,1,-2,0,-2,-1,0,-2,1,1,-1,-1,-3,
/M: SY=" T;M=0,-4,-1,-1,-4,0,-2,0,-1,-2,0,0,-1,-1,-1,0,1,0,-
/M: SY="  T,M=0,-5,0,0,-3,-1,-1,-1,1,-3,-1,1,-1,0,0,1,1,-1,-6
/M: SY="  G;M=0,-5,0,-1,-5,3,-2,-3,-1,-5,-3,0,-1,-1,-1,1,0,-2

’

ACDEFGHIKLMNPQRSTVWY

0; R2=0.1;

-1,

-7, -

'1,2,0,0,1,8,-6;

1,-2,1,0,-3,-10,-6;

5,2;
-4,-4;
.5;
1,-3,0;
4,-4,-1,11;
_6;
;-4,-4,-1,11;
-6;

5;

,-7,-6;
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LYVACEQ-------- QASI AD-STLQ

Vo J =~ C mu— NVTVQR-SAIV D

LH GALQS.QPEDLPPSRVVLRD-TNVTAVPASGAP
VSVLGA---mmnmm- SE LTLDG CH TGR

VA AMQG----n- VVHLQR-ATI RREDAP.

AV Vi C T— SS VELAQ-SIV EAPEL
| RVCRG--------- RVTVSG GSLSAPHCEN

VI ET RRFAPQAAP- LSI TLQ HAQCK
LLYRVLPEP-------- VKLTLTGCADAQG

DIV ATELPSI PGTSI GPLDVALASQ \RWI!

Sequence profile search

EL QFRN-GSVTNSEQLSDA
KLVADH-ASVANVCEQTADG
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/GENERAL_SPEC: ALPHABET=" ACDEFGHIKLMNPQRSTVWY
/DISJOINT: DEFINITION=PROTECT; N1=1; N2=43;

/NORMALIZATION: MODE=1; FUNCTION=GLE_ZSCORE; R l 44.55; R2=-0.0035;

R3=0.7386; R4=1.001; R5=0.208; TEXT="ZScore

/NORMALIZATION: MODE=2; FUNCTION=LINEAR; R1=0. O; R2=0.1;

TEXT='OrigScore’;
/CUT_OFF: LEVEL=0; SCORE=90; N_SCORE=7.0; MODE =1,

/DEFAULT: MI=-26; |=-3; IM=0; MD=-26; D=-3; DM =0;

IM: SY=" F;M= -2,-3,-3,-4,2,-3,-2,1,-2,0,-1,-2,-3,-3,-4,-2,-1,0,-

/M: SY=" |'M=-1,-5,-2,-3,-2,-3,0,1,1,-1,1,-1,-2,-1,1,-1,0,1,
2,0,-8,

IM: SY=' L'M=-3,-8,-5,-4,2,-6,-2,2,-4,6,4,-3,-3,-2,-3,-3,-2,
0

w

IM:SY=' A'M=2,'3,1,0,-5,2,-2,-1.-1,-3,-2.1,1,0,-2.2,
6

6

/IM: SY=" Y ,M=-4,-2,-6,-6,9,-7,0,-1,-5,-1,-3,-3,-6,-5,-6,-4,-
/M: SY="  D;M=1,-6,3,3,-7,0,0,-2,-1,-4,-3,2,0,1,-2,0,0,-2,-9,
/M: SY=" Y';M=-5,-3,-6,-6,10,-7,-1,-1,-2,-1,-2,-3,-6,-5,-5,-4
/M: SY="  K;M=-1,-6,1,1,-4,-2,0,-2,2,-3,-1,1,-1,1,1,0,0,-3,-7
/M:SY=" A ;M=1, -410, -51, -1,-1,0, -3,-1,1,0,00,1,1, -1,-7, -
/M: SY="  R;M=0,-5,0,0,-5,-1,0,-1,1,-3,-1,1,0,1,1,0,0,-2,-5,-

/I: MI=0; I=-2; MD=0; /M: SY="X"; M=0; D=-2
/M: SY=" R;M=0,-5,1,1,-6,0,1,-2,1,-4,-2,1,0,1,2,1,0,-2,-5,-5
/IM: SY="  F;M=-3,-7,-6,-6,6,-5,-3,3,-2,5,3,-4,-5,-4,-5,-4,-3,
/M: SY=" Q;M=-1,-6,0,0,-3,-2,1,-1,1,-2,0,0,-1,1,1,-1,0,-1,-6
/M: SY="  K;M=-1,-8,0,1,-3,-2,0,-2,3,-3,0,1,0,2,2,0,0,-3,-6,-
/IM: SY="  G;M=2,-5,1,0,-7,7,-3,-4,-2,-6,-4,1,-1,-2,-4,2,0,-2,
/M: SY="  D;M=1,-7,5,4,-8,1,1,-3,0,-5,-3,2,-1,2,-2,0,0,-4,-10
/M: SY=" |M=0,-5,-1,-2,-2,-2,-1,2,0,0,1,-1,-2,0,0,-1,0,1,-6
/M: SY=" L' M=-2,-6,-5,-5,3,-5,-3,4,-3,6,4,-4,-4,-3,-4,-3,-2,
/M: SY="  Q;M=-1,-5,-1,-1,-3,-2,0,0,0,-2,-1,0,-1,0,0,-1,0,-1,
/IM: SY=" V;M=0,-4,-3,-4,-1,-3,-3,5,-3,3,3,-2,-2,-2,-3,-2,0,5
/M: SY=" L'M=-1,-6,-3,-3,-1,-3,-2,2,-3,3,2,-2,-2,-2,-3,-2,-1
/M: SY="  D;M=0,-6,3,3,-6,0,1,-3,2,-5,-2,2,-1,2,1,0,0,-4,-7,-
/M: SY="  K;M=-1,-6,0,0,-2,-1,0,-3,3,-4,-1,1,-1,0,1,0,0,-3,-6
/M: SY=" N;M=1,-4,1,1,-5,0,0,-2,0,-3,-2,1,1,0,-1,1,1,-1,-7,-

/I: MI=0; I=-1; MD=0; /M: SY="X"; M=0; D=-1
IM: SY: M=1,-5,0,0,-5,1,-2,-1,-2,-3,-2,0,0,
IM: SY="G';,M=1,-6,3,3,-7,3,0,-4,-1,-5,-4,2,-1,

/M: SY=" WM=-9,-12,-9,-11,1,-11,-4,-8,-5,-3,-6,-6,-8,-7,3,-
/M: SY=" WM=-7,-9,-9,-9,0,-9,-4,-5,-5,-1,-4,-6,-7,-6,2,-3,-

/M: SY="  K;M=-1,-7,0,0,-3,-2,0,-2,2,-3,-1,1,-1,1,2,0,-1,-3,-
M: SY="  G;M=2,-3,0,-1,-6,3,-3,-2,-3,-4,-3,0,0,-2,-3,1,0,0,-
/M: SY="  Q;M=-2,-6,0,0,-3,-3,1,-2,0,-2,-1,0,-2,1,1,-1,-1,-3,
/M: SY=" T;M=0,-4,-1,-1,-4,0,-2,0,-1,-2,0,0,-1,-1,-1,0,1,0,-
/M: SY=" T,M=0,-5,0,0,-3,-1,-1,-1,1,-3,-1,1,-1,0,0,1,1,-1,-6
/M: SY="  G;M=0,-5,0,-1,-5,3,-2,-3,-1,-5,-3,0,-1,-1,-1,1,0,-2

Prosite and Pfam collections of motifs http://hits.isb-sib.ch/cgi-bin/PESCAN;
CRBM collection of protein repeats: http://bioinfo.montp.cnrs.fr

'1,-2,0,0,-1,-8,-6;
1,2,1,0,3,10,-6;

4,-8,-9,26,0;
6,-6,18,-1;
5,-5;

10,-6;



New HEAT-like repeat motifs in proteins regulating

Nuclear proteasome activator BIm10

(PA200)
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Scan protein sequence against CRBM libraries of sequence profiles

Profiles are constructed by using program package pftools [Bucher et al, [1996) Comput. Chem, 20, 3-23.) This page uses Pfscan module
of pftools that allows to find known protein motifs in a given sequence.

Library "REPEATS" contains profiles of the known tandem repeats. Each profile spans several [normally 3] repeats and this affords a
more sensitive probe of noisy data than a single repeat [e.g. Kajava [1993] J.Mol.Biol, 277, 519-527]. Detail information about profiles
can be found in their annotations.

Library "PROTEIN DOMAINS" contains the other sequence motifs,

Paste your protein sequence in FASTA format:

*Protein A
EEEEGMNYCSRTY IFPPPPWWAF DEEREGMIVCSRTY IPPFPEWWAEFD
MMVCERTY IFPPEPWWAFD
Select profile categories to search in:
[“IRepeats
[#Protein damains
Or upload a FASTA sequence file |[ Browse. .

(v EGLUGE Tou're logged as kajava Log out




Pfscan [Help]
Query results :

Matching profile : LRR_SDS22 - SDS22+-like LRR profile.
? E-value = 6. 19E-01 ; N_score = 7.535 ; Position : 116 - 198

Profile |HNHRIKEIENLEZX LPFHLEHLELHNHRIKKIENLEA——TLFHLEHLEL-

Query |[TLEQLSISENLIHgnipgelgl LNRLYYLDLGSNRLNGSIFV(Lf cng=SSSLOYIDLSHNSLTGEIPLNYhehIKELRFLLT—
? E-value = 8.50E-01 ; N_score = 7.397 ; Position : 305 - 376

Profile |HNNRIKKIENLEA——LFNLEHLELNNNRIEKIENLEA——LPNLEHLELNNNRIKEIENLEA——LPNLEHLEL-

Query |DONRIHGSIPPEI=snLINLTLLNLSSNILSGPIPRELckLSKLERVYLSNNHLTGEIPMELgdIPRLGLLDY—

? E-value = 4.32E-01 ; N_score = 7.6%91 ; Position : 378 - 446

Profile |HHHNREIKEIENLEA-LFHLEHLELNHNNEIKEIENLEA——LFHLEHLELNNNEIEEIENLEALFNLEHLEL—
Query |RHNLSGSIPDSFGnLSQLRRLLLYGNHLSGTVPQSLgkCINLEILDLSHHNLTGTIPVEVVSHLRNLEL -
Matching profile : LRR_TYPICAL - Typical LRR profile.

? E-value = 1.63E-02 ; N_score = 2.114 ; Position : 175 - 247

Profile |NHNQLTR¥YPDHLFRGLPHLEHLY LNHNQLTRVPDHLFRGLPNLEHLY LNHNOLTRVPDHLF-RGLFNLEHLYL—

Query |[NHSLTGEIPLHYHCHLEELRFLLLWSNELTGTYPSSLSNSTHNLEWHDLESHNHLSGELPSOV i SEMPQLOFLYL—
? E-value = 3.59E-05 ; N_score = 11.771 ; Position : 353 - 424

Profile |[NHNQLTRVPDHLEFRGLPHLEHLY LNHNQLTRVPDHLFRGLEFNLEHLY LNHNQLTRVFDHLFRGLPNLEHLYL—

Query |SHNHLTGEIPMELGDIPRLGLLDVSRNNLSGSIPDSFGHLSQLRRLLLYGNHLSGTVEPQSLGEKCINLEILDTI-
? E-value = 5.16E-02 ; N_score = 8.614 ; Position : 281 - 352

Profile |WHHNQLTRYPDHLFRGLPNLEHLYLNHNQLTRVPDHLFRGLPNLEHLYILNHNQLTRYPDHLFRGLPNLEHLYL—

Query |GHSLGGEITSSVRHLSYHLVQIHLDONRIHGSIPPEISHLLNLTLLNLSSNLLSGPIPRELCKLSKLERVYL—
? E-value = 4.41E-04 ; N_score = 10.682 ; Position : 475 - 546

Profile |[NHNQLTRVPDHLEFRGLPFHLEHLY LNHNQLTRVPDHLFRGLPNLEHLYLNHNOLTRYFDHLFRGLPNLEHL YL —

Query [SSNELSGEIPPOLGSCIALEHINISRNGEFSSTLPSSLGOLPYLKELDVSFNRLTGAIPPSFOOSSTLEHINE—

Matching profile : LRR_FS - Plant specific LRR profile.

! E-value = 1.53E-11 ; N_score = 18.143 ; Position : 98 - 173
Profile |SHNRLSGEIPESLGSLEN-LORLDLSHNRELSGEIFPESLGSLENLORLDLSHNRLSGEIFPESLGSLEN ——-LORLDL—
Query |SERNFFVGKIPPEIGSLHEtLKQLSLSENLLHGHIPOELGLLNRLYYLDLGSHRLHGSIFVOLFCHGS==s=10YIDL—
! E-value = 5.24E-10 ; N_score = 16.607 ; Position : 174 - 247
Profile |SHNRLSGEIPESLGSLEN-LORLDLSHNRELSGEIFESLGSLENLORLDLSHNRLSGEIFESLGSLEN-LORLDL—
Query |SHHSLTGEIPLHYHCHLE=LRFLLLWSHELTGTVPSSLENSTHNLEWHDLESHHLSGELPSOVISKHPQLOFLYL—
! E-value = 1.02E-13 ; N_score = 20.317 ; Position : 353 - 424
Profile |SHNRLSGEIPESLGSLENLORLDLSHNRLSGEIPESLGSLENLORLDLSHNELSGEIPESLGSLENLORIDL—
Query | SHNHLTGEIPHELGDIPRLGLLDVSRNNLSGSIPDSFGHLSOLRRLLLYGHHLSGTVPOSLGECINLEILDL—
! E-value = 2.60E-10 ; N_score = 16.911 ; Position : 280 - 352
Profile |SHNRLSGEIPESLGSLEN-LORLDLSHNRELSGEIPESLGSLENLORELDLSHNRELSGEIPESLGSLENLORLDL—
Query  |AGHSLGGEITSSVRHLSVnLVOIHLDONRIHGSIPPEISHLLNLTLLNLSSHLLSGPIPRELCKLSELERVYL—
! E-value = 3.27E-12 ; N_score = 18.812 ; Position : 475 - 546

Profile |SHNRLSGEIFESLGSLENLORLDLSNNRLSGEIPESLGSLENLORLDLSHWRLSGEIPESLGSLENLORLDL—
Query |SSNELSGEIFPOLGSCIALEHLNLSENGFSSTLPSSLGLLPYLEKELDVSFHRLTGAIPPSFOQSSTLEHLNF—

Visualisation des résultats du module pfscan




From sequence to 3D structure




IS APROTEIN WITH REPEATS
STRUCTURED OR UNSTRUCTURED?

VAN
(T

Structured Unstructured



Protein tandem repeats:

the more perfect the less structured

P, =0.7-0.8 | P, =0.8-0.9 P;n =0.9-1
ID Ratio - VSL2 80.4% 88.6% 88.9%
ID Ratio - IUpred 56.0% 62.7% 67.2%
ID Ratio - FoldIndex 62.4% 68.6% 70.3%
ID Ratio - TopIDP 85.6% 88.8% 91.1%

Jorda et al. FEBS Journal 2010.




IS APROTEIN WITH REPEATS STRUCTURED OR UNSTRUCTURED?

Polypeptide
with tandem repeats

3D structure ?
~ Unstructured



Distinguishing between structural and functional residue conservations

protein_human VKVSAHGAS| DSVWTALGA GVQAGGS8SAKDVRSRGATVSG.GAVN
protein_rat VHLNAHGATI KTMYSGNHSVQAGSKHSARBVHQSANTVHCAGSN
protein_yeast VKVSFQS3 S| DSMTALGA GWSSGSDAKDVRSRGAW/SG.GAVK

L GD/QSDGQVRATSAGATVRD/AAADP G KKPLAL QAGDAQAGH. KSAG.GPPPIQM..
L GD/QSWGQMFHASDGFGMVRD/SYRDGPNRYTLGLQAGHAQAYYLRSSS'A..N DQM..
L AAVNNDGQVRATSAGACVWIVAAQDPG KKPLAL SSGDGKAGH. KSAG.GPPPILM..

protein_human
VEVSAHGALIIDSHNTALGA

VIVEG-GAVNLADYQIDGH
VRATSAGAMNTVRDVAARADF DGEEEP
LALQAGDALQAGF LESACAGPPPLQ
MNTVHG-DAVRLDGABRGEO
LAVESDGOAALLE LAARGE
LTWEARRARTVAELRSLON
IEVTGGERVEVDEVHNAASR




Distinguishing between One sequence repeat

structural and functional Indirect experimental
residue conservations structural evidence

One unit of repetitive

structure
Analysis and Classification
VKVSAHGALSIDSMTALGA CD spectroscopy y
IGVOAGGSVSAKDMRSRGA 2 .
VTVSG-GAVNLGDVQSDGQ (conformation) of the known 3D protein

VRATSAGAMTVRDVAAAADPDGNKKP
LALQAGDALQAGFLRSAGAGPPPDQ
MTVNG-DAVRLDGAHAGGQ
LRVSSDGQAALGSLAAKGE
LTVSAARAATVAELKSLDN
ISVTGGERVSVQSVNSASR

Electron—microscopy structures

(shape,
oligomeric state)

3D

structural
model



Repeat length (amino acid residue)

DNA satellites

DNA minisatellites

DNA microsatellites

7
é

Analysis and Classification
of the known 3D protein

structures

Kajava, (2011). Struct. Biol.
(in press)




Filamentous Haemagglutinin adhesin
major virulance factor of Bordatella pertussis,

etiological agent of whooping cough

EM
negatively stained

Rod-like shape
50 x4 nm

Makhov, Hannah, Brennan, Trus, Kocsis, Conway, \filhdy, Simon, Steven).Mol.Biol. (1994) 241, 110
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2165 residues sequence
Repeats

Filamentous Haemagglutinin adhesin (FHA) of Bordetella pertussis
~50 nm

N-domain
V Rod-like shape according to EM

V' B-structural protein

according to circular dichroism spectroscopy mesurements

Makhov, Hannah, Brennan, Trus, Kocsis, Conway, \fieghd, Simon, Steven).Mol.Biol. (1994) 241, 110



WHAT CAN REPEAT LENGTH TELL US ABOUT ITS STRUCTURE?

class ITT

T —

40

\J

30
Repeat length (amino acid residue)

\

A.V. Kajava (2001). Struct. Biol. 134:132



The known structures of 3-solenoid proteins

Tailspike Antifreeze protein

- endorhamnosidase
¥ cell division
inhibitor

N j f';x
£ YadA adhesin N-acetyl-glucosamine
PrtC protease C Glutamate synthase 1-phosphate uridyltransferase

Kajava and Steven (2008§vances in Protein Chemistry, 73, 55-96



Classification of beta-solenoids

Cross-sectional shapes

B-type

Kajava and Steven (20083vances in Protein Chemistry, 73, 55-96




Repeat 1 VN VA CGGA VK | AS AS SV C- N

Repeat 2 LA VQ AGGK VQ ATL LN AG G-T
Repeat 3 LL VS ARQS VQ LGA LS ARQ-A
Repeat 4 LS VN AGGA LK ADK LS AT GSR

consensus Lx Vx AGGx Vx Lxx Lx Ax G-x
— >

\ 4

positons 1 3 5 7 9 11 13 15 17 19

2D plot
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Kajava A, Cheng N, Kessel M, Simon M, Willery E, Jacob-Dubuisson, F,
Locht C, Steven ACMol Microbiol. 2001; 42(2):279
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Kajava A, Cheng N, Kessel M, Simon M, Willery E, Jacob-Dubuisson, F,
Locht C, Steven ACMol Microbiol. 2001; 42(2):279
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New HEAT-like repeat motifs in proteins regulating

Nuclear proteasome activator BIm10
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Twisted and curved Curved Twisted



Twisted and
Curved

A

BIm10-20 S Proteasome _
lwanczyk, Sadre-Bazzaz, Ferrell, PA200 activator- 20S proteasome

Kondrashkina, Formosa, Hill and Ortega  Ortega, Heymann, Kajava, Ustrell, Rechsteiner &
J. Mol. Biol. (2006) 363, 648-659 Steven (2005). J. Mol. Biol. 346, 1221-1227



Structure of a BIm10 Complex Reveals
Common Mechanisms for Proteasome
Binding and Gate Opening

Klanoush Sadre-Bazzaz, ' Frank G. Whitby,' Howard Robinson, ® Tim Formosa, ' and Christopher P, Hill%®
"Departmont of Bischermstry, Lniversity of Liah School of Madicing, Salt Lake City, UT B4112-5650, USA

*Bidogy Depatment, Brookhaven Mational Laboratory, Upton, WY 11973-5000, LISA

“Comaspondence chrisifbochem. utsh.adu

DOI 101018/, molcal 2010.02.002 March, 2010

. Btructure of the Blmi10:Proteasome Complex




HYBRID APPROACHES TO OBTAIN 3D STRUCTURE

[\—( X X X X )( X J—

Bioinformatics analysis, structural prediction,
molecular modeling

It is possible to get
o 3D structure a reliable 3D structural model
based on sequence analysis!

Incomplete experimental structural data
(EM, CD, etc)




Functions

of proteins with repeats




Protein-protein interactions

Large dimension
and surface

Rab geranylgeranyl transferase (LRR)
Anaphase-promoting complex (TPR)

Cleavage Stimulatory Factor (HAT repeats)




Structural proteins (silk, collagen, etc)

Building blocks for open-work lattices

Clathrin

Involucrin
(cell envelope)

Adopted from Nature Reviews Molecular Cell Biology > 4/(\ o
1; 187-198 (2000) R




Multivalent binding

Karyopherin alpha
and nuclear localization signal
(Conti et al., Cell, Vol 94, 193-204)

Bacterial outer surface
proteins (pertactin, FHA)




Adaptive immune system: the variable
lymphocyte receptors of jawless vertebrates.
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