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Outline

eBackground
Domain Shuffling
Paralogy vs orthology
superfamilies, families & subfmailies

o\Why we study protein families?

eSome real examples
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Background

Some Concepts

eHomology: implies an relationship
eHow protein families appear?

By domain shuffling
By Gene duplication

eTechnically: proteins sharing the same function are closely related.

UCM-CURSO DE VERANO
JULY 2007



Background

Domain shuffling

eHomologues protein can have domain architectures
eProtein function is a result of the domain individual functions.

By domain function we can explain certain properties BUT NOT
the protein function.

CARD4 CARD I NACHT ‘l LRR’S

NOD2

——
NACHT LRR’'S
NAIP

NAC PAAD ? NACHT ‘. LRR’S

ICARD ICARD NACHT ‘l LRR’S

? ICARD I
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Background

Gene Duplication

eHomologues protein are

eOrthologues: Gene duplication before speciation (same gene in different
Species)

eParalogues: gene duplication after speciation (several genes in the same

specie)
SO
/

Orthologues

6)_ Homologues
@
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Background

Gene Duplication_I

—— ras (H. sapiens)

—— ras?2 (H. sapiens)

ras (M, musculus)

ras (G, glegarns)

rab (H. sapiens)
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rab (M, musculus)

rab {C, elegans)

in—paralogs,
Duplicacién reciente

Subfamilia ras.
Grupo de ortdlogos e
in—-paralogs.

Las dos
subfamilias
son pardlogas
entre si,

Subtamilia rab.
Grupo de ortdlogos,

Hp21-elongation factor EF-Tu of Ecoli
signal transduction-protein synthesis

GTP binding

(Taken from F. Abascal)



Background

Common origin GTP binding

Common function .
Elongation

factors

—— ras (H. sapiens) Su pe rfami Iy
ATP/GTP

binding

— ras?2 (M. sapiens)

ras (A, musculus)

ras (. elega

ATP binding

rab (H. sapiens)

rab (M. musculus)

rab {Z. elegans)
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Why?

Why do we want to study protein families?

Function Prediction
Phylogenetic analyses
Functional specificity
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Where?

Places where I can find information: Protein classification.

http://us.expasy.org/prosite

Motifs, regular expressions (low coverage ~1200 families)
domain database (HMM profiles, high coverage ~7300 fam)

: huge information. High coverage, integrates all the DB's.
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Database

SWISS-PROT

PRINTS
TrEMBL
Pfam

PROSITE patterns
PROSITE preprofiles

ProDom
InterPro
Smart

TIGRFAMSs
PIR Superfamily
SUPERFAMILY

Version
42.5
37.0
25.5
11.0
18.10
N/A
2002.1
7.1

3.4

3.0

2.3
1.63

Entries
138.992
1.850
1.013.263
7.255
1.659
131
1.021
10.403
654
1.977
219

552

Where?



Where?

I:]— |[PRO0OF19 : Protein kinase COMNTAIMNS: (IPRO0S26E: Tyrosine protein kinase, active site, 1P
endopeptidaselorotein kinase)

Interpro ——{+—IPROO0AAS : Activin type Il receptar

——(——IPRO01245 - Tyrosine protein kinase COMTAIMS: (IPRODS2EE Tyrosine protein kina

——(+—IFRO01 426 : Receptor tyrosine kinase, class ¥
——(+—IFRO01E24 © Receptor tyrasine kinase, class Il

——{+IFRO02011 : Receptar tyrasine kinase, class ||

——{+IPRO0S127 ¢ Janus kinase, J&kK

(¥ FRO0S134 : Yascular endothelial growth factar receptor, YEGFR

——(—IPRO02290 : Serinedhreonine protein kinage COMTAIMS: (IPRODS271: Serinedthre

——{+IFRO00239 : GPCR kinase

——(+IFR002291 : Phosphorylase kinase, gamma catalytic subunit

(¥ IFRO03527 : MAP kinase

——{+IFRODG7A0 : Paoxvirus serinethreanine kinase

{(+IPEO10632 : Protein of unknown function DUF1221
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Automatic methods to classify proteins: ProtoMap Where?

Based on
Search: FASTA, BLAST...for each protein
of SwissProt+ Trembl

Graph: nodes are prots, edges (weighted by
e-value)

Clustering algorithm to find the groups.

Problem? Domains!
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Automatic methods to classify proteins: ProtoMap Where?

CLUSTERING ALGORITHM

00.- Get sequence distances=> graph

190.- Grouping close related sequences (e-value < 1e-100)

20.- Initialise T = 1e-95.

39.- Computing cluster distances:
geometrical mean of e-values between each cluster pair.
If no edges: assignment of e-value=1

40 - If the e-values mean is lower than rootsquare of T, clusters are joined.

50.- Decrease the T value T: T = T*1e+05.
60.- If T > 1 => stop. Else => go back to 3°.

Sequential implementation of T values (1e-95 -> 1e-90 -> 1e-85 ... 1e-00=1)
allows a hierarchical classification of the proteins.
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Automatic methods to classify proteins: GOGS Where?

Based on BeTs (best bidirectional hits-> best similarity in both directions)

c

A Al
Al J 0 —
O IIIII mnn
l Duplicacidn \ <+—— Parecidos de secusncia
1 Al A2 Especiacion /,,x N e ——— . e
Ry Y Al A2
BEH (kestridr. hity dice: las relaciones de ortologia son A1-A1".
B Al A2
x IIIII LN D
Ad
Birsams e K —
4+— Parecidos de secusncia
N e — 1 ——
Al AZ Y R R0 — 0
A2
BBH (hestridr hif) dice: las relacionas de ortologia son A1-A1"y A2-AZ", : 3 4
BBH (pesthidr. hit) dice: las relacionas de ortologia son A1 -A27

Paralogues fusion! _
Problem? Domains!

Complete genomes
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2 Inparanoid: Eukaryotic Ortholog Groups - Mozilla Firefox

File Edit Wiew Hiskory Bookmarks Tools  Help

o - !? - @ *, (.) ||:| hktp: finparanoid. sbe,su. sef |‘F| “] |*|inparanu:uis

|:| Cuskormize Links I CARGD Welcome EiRestaurar fotografias. .. |:| andy-warhol-Up You. .. |:| andy-warhol-Up You. .. Nl_ Resktauracion de Foto. .. |:| JCOMBIO) ¥ epigenetics

-
H~“] E%'
>

-*Home

-+ All species vs all
-+Human vs all
-»Gene search

-+ Text search
-+Blast search

-=0ld version

S InParanoid: Eukaryotic Ortholog Groups
26 organisms: 509,483 gequences

olm Py
&X’ Ba . Version 5.1, Updated Tanuary 2007
o, IR S k|
‘%,% 4 ¢$ + BROWSE the database - Select two spectes and wew all their orthelogs
SOV .
+« BEROWSE the hunan results - Select a species to cotnpare aganst Human P ro b I ems.
« SEARCHBY SEQUENCE IDs - View orthologs of a specific gene or protein O n Iy pal rs Of Seqs :

Close species

*

TEXT SEARCH - Query InParancid by keywords

*

BLAST SEARCH - Find orthologs in InParancid sumlar to vour protein sequence

*

BEEQUEST A PATRWISE GENOME COLMPARTISON

Done




©J Ensembl Compara - Mozilla Firefox

B=)Es

Bookmarks Tools  Help ”

File Edit View Hiskory

O - ! ? - (9 t’ (.) |@ hikkp: e, ensembl, orgfinfofsoftwarefcomparafinde:x. hkml L_J| b | ﬂ] |*|cu:umpara protein classification

|:| Cuskormize Links I CARGD Welcome ﬂRestaurar fotografias. .. |:| andy-'Warhol-Up You. .. |:| andy-'Warhol-Up You. .. Hl_ Reskauracion de Foto. .. |:| JCOMBIO) ¥ epigenetics

H\] E%'

¥
=
HELP|

Search: Ensembl @ a1 O Sanger O | = w ||

&/ Ensembl

Jun 2007

Your EnsEMBL Ensembl Compara

= Login orRegister Database Description

0O About User Accounts ) ) ) ) )
The Ensembl Compara multi-species database stores the results of genome-wide species comparisons calculated for each data release. The
Help & Documentation datahasze includes:
¥ Comparative genomics:
About Ensembl

. ) ¥ WWhole genome alignments
Genomic Data

¥ Synteny regions

Help & Information
Software

Ensembl Compara
Ensembl Core
Ensembl Pidoc
Ensemil Reqgistry
Ensembl Variation
Ensembl Versions
Ensembl Website
Perl APl Installation

Ensembl Archive

el

ef

View previous release of

page in Archive!

Stable Archive! link for this

page

Daone

R
Diapositiva 15 de 36

Problems:
But better...

 Comparative proteomics:
v Orthologue predictions
¥ Paralogue predictions

¥ Protein family clusters

Database Schema

The table layout ofthe database is explained in the following document;

v Compara Schema Description

FPerl API

A comprehensive Perl Application Programime Interface (AP0 provides efficient access to the Ensemhbl Compara datahase.

¥ Compara Perl AP Installation: A step-by-step installation auide for all Ensembl Perl AP1s.

v Compara Perl AP Documentation: & complete reference to the objects and methods used in the Compara database AP,

¥ Compara Perl AP Tutorial: Anintroduction to the underlying concepts of the Compara database APL

Disefio predeterminado Inglés (Reino nido) [EF 4




How to’s?

eHow do I represent my protein family?

eHow do I align my sequences? Very important.

Probcons/Muscle/T-Coffee/ClustalWw ...

o \WHAT FROM MY ALIGNMENTS?
A to do sensitive searches...
A matrix to analyse trees

Important conserved residues (structures)
Important trends within subfamilies (specificity)
Important residues indicating co-evolution

UCM-CURSO DE VERANO
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How to’s?

TASH_HUMAN |5 [164 B TIELII NI ’ SHRECYY INEETCL LD MiTeSEg s At

RRAS_HUMAN |1 [160 ¢ Al TIGEI S ’ W KICSVIEIPARLDT L NggeTeNISEg s At

RTC1_HUMAN |1 [160 ‘Al TIOD S - YT KOCY INDRAARLDT LggeTeIN ey - At

RASZ_HYDMA |1 [160 { Al TIQED S| ’ SuREDCY INDKY AHLDT L MygeteaISElg = At

RASZ_DROME |1 [160 i A TIORD) = ’ YT KOCHIED P Ak LD L EggeTeNEEg s At

2ASL_MEUCR |1 |160 il Gl - SyREOCT IENEY AL LD LyeTRnfaEy s A

=ASL_MOUSE |1 |159 i A TIGOLI) HI ’ SyRE 0y INGETCLLDILgyelenfSENyS Al

2AS1_YEAST |1 160 i Al TIOED) = 4 SyRED Y TRDKYSTLDTL NygeleaIaENes At

TAS_SCHPOD |1 |160 ¢ Bl TIALII S ’ SuREK CEINGEGAY LOL L NpgeTenISENes At

*AS_LENED |1|1&0 Al TIGEI S ’ SyREDCY INDE AL LDV NygeTeRISENC A

RASE_RHIRA |1 160 Ry TIGI 5 ’ SyRECCLINSECAMLDTL MygelenIaENs At

RALA_HUMAN |1 |157 i Al TLAE DI g SyRE kY LEGEEY I TDILggeIRnariy A

RALA_RAT |1 |157 i A TLAE DI g SyRKE Y LEGEE Y OIDT L MygeTeInaryeriA:

RALE_HUMAN |1 |157 ! A TLOE DI g SyRE <Y LEGEEY I TDILgReIRRErNY AR

RALE_RAT  |1|157 Al TLOE DI ’ SyREKy Y LEGEEY I TDT L NygeleaISTyAA]

RALB_XEMLA |1 |157 ¢ Al TLOE DI ’ SyR KKy LIIGEE Y OIDT L NggeleiNIaTgAr

RAL_DISOM |1 |157 { Al TLQg DI ’ SyRKKY Y LEGEEY OTDT L NggelenaryeeiA:

RALA_DROME |1 |157 { Al TLQE DI g SyRKEY Y LEGEEY OIDT L NggelenaryeeiA:

CE1393944 |1 |157 § B mLAgH D! ’ u GEECSTOTLmpgeTealaryy

ZC42_DROME |1 156 Cl ' m=% i '

“HO4_YEAST |1 [155 Cl ey o

THOZ_SCHPO |1 |156 | (MU IgE (G TG

*HOZ_VEAST |1 [156 |[LVIMEDEACES S o . g1 Gl

2HOB_HUMAN | 1156 | TWVIEDSOCERE B LHviael O

THOE_HUMAN |1 [ 156 |[3 Ay LOvLAl D

=HOZ_YEAST |1 |156 Sl G

=HO1_SCHPO |1 156 C G

“HO1_YEAST |1 |156 C GI 4

THO1_ENTHI |1 [151 Cl GIEPT‘”

*HOL_DROME |1 [156 Ci -7« M EPEER i
: —

UCM-CURSO DE VERANO .
JULY 2007 Tree-determinant conserved




WHAT CAN I LEARN

FROM MY ALIGNMENT?

1)

FASH_HUMAN
FAS _RERASY
FASH_MSWHA
RASH_xEMLA

FASH_ERARE
FASK_HUMAN
FASL_HUMAH

prp e rp vy ey ey v B

SEC4 YEAST
SEC4_CAMAL
LSHET4

HYEVL3

VFTZ2_SCHPO
SAS1_DICDI
SASZ2_DICDI

MATLTHMT AT W
zEmArMEo T+ w
OOnOODon 0000000 &
ALECEIC e
(o e i O R TS T o ST

ML= mMmM=Em

RHOC_HUMAM
RHO_DIS0M
RHO_AFLCA
RHO1_DROME
RHOE_HUMAM
HETGZE
RHO1_SCHPO

<M IITI
AT oM
A4
HHHHHHH
LI EEE
o mmmmmm

3) protein space

¢

AT o

ol o e b

[rpry Ny Ny Nry i rplvy] Lrp vy vy ey vy Ry [ vy I = -]

jrp R rplrp ey Rry R ry]

2)

T T T P T e W

A ORI A

4) residue-position

RN TR R

rab

rho

space

rastrab

rah + rho

ras + rho
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Pazos, Valencia 2003
Romero, Valencia 04



WHAT CAN I LEARN FROM MY ALIGNMENT? How to’s?

1 D} '
z .D. :
3 Vi H
4 1 L% H Rl
2 "I:'. :;j e I | A
7 T : |
position family
matrix DD IV DL DL . 812 813 814 85 ) matrix
IV DLDL .. LA ]
VLVl .. Bems, =
1 1]
§-2-1-2.. 8013 10 15 , -~
I 111012, : -
11 58, v E _
n o Entropy iy Vo BB
+Ra.nk1ng’ +Ra_nking ek
1.0
AR R AN R ”L | | IIIIII o Tavals
35 3E AN i3 3. iz 3 4 5 6 T
11 11,
TR TEY Fig.l TreeDeterminant Positions at each division lavel.
The selected level (red] exhibits the local maximam of the
\ / Rolitiva Botropy.

e H(n) = p(Xs, Xz,....,Xn)Iongn’X—z"“'X”)
X1, X200y Xn gp(X')

Mutational behaviour
Pazos Valencia, 2001 Relative entropy cut,

del Sol, Valencia 2002

Del Sol, Pazos, Valencia JMB 03

UCM-CURSO DE VERANO
JULY 2007



Case 1: domain shuffling Get’s real!

THE PROBLEM OF THE EUKARYA LINEAGE

UCM-CURSO DE VERANO
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Case 1: domain shuffling Get’s real!

WHAT TO DO THEN?

DOMAIN ANALYSES

CHECK CONSISTENCY BETWEEN DOMAIN DISTRIBUTION
AND PHYLOGENETIC DISTRIBUTION

CHECK IF SHUFFLING IS RECENT OR OLD...

UCM-CURSO DE VERANO
JULY 2007 {Reed et al, Gen Res. 2003}



Case 1: domain shuffling Get’s real!
DOMAIN ARCHITECTURES

PAAD NACHT l LRR’S . ASC2
NALP2 DAAD
? NACHT ‘l LRR’S l
MATER ASC
PAAD CARD
I CARD NACHT ‘. LRR’S l
CARD4 I CASPASE 4F CASPASE
PAAD
NOD?2 ICARD ICARD I NACHT ‘l LRR’S l
PYRIN B-BOX Zn SPRY
PAAD EINGER
Bl NACHT ‘. LRR’S .
IF16
> NACHT ‘. LRR'S l PAAD IE120X LE120X
COSs1.5 i
MNDA,AIM2
CLAN I CARD NACHT ‘l LRR’S l PAAD 1IE120X
NAC | PAAD | 2 NACHT ‘l LRR’S l‘ 2 I CARD I

UCM-CURSO DE VERANO
JULY 2007 {Reed et al, Gen Res. 2003}



Case 1: domain shuffling Get's real!

Nacht family: PAN/NALPs/DEFCAP/PYCARD,
CATERPILLER
(Tschopp et al, Nature, 2003)

PAAD family: MEFV/PYRIN (Pawlowski, et.al., 2001 , others)

UCM-CURSO DE VERANO
JULY 2007 {Reed et al, Gen Res. 2003}



Case 1: domain shuffling Get's real!
Phylogenetic tree of the NACHT family of proteins based on the NACHT domain.

Chromosomel6.2

Pufferfish 1 Pufferfish 5

Pufferfish 3

" Pufferfish 2 » Enfterfish 4 T

Chromogo‘fﬁel&l

NAIP6m

NAIP

CLANA
NALP4/
PANZ COS1.5 ascidian

UCM-CURSO DE VERANO
JULY 2007 0l



Case 1: domain shuffling Get's real!

SEQUENCES FOR MODELING TARGETING

cos15ee /"

I




Case 1: domain shuffling Get's real!
PAAD OF MEFV

MALN=T-coffee

— Phylogeny —

i- FFAS
Psi-Blast Slatutrated Trees (Bayes, NJ
as ME)
‘ ‘ , 2nd struct. Pred
(metaserver)
J — > Pairwise-FFAS
- » Structural neighbours
HITS Modeling —— (SCOP)
| ___, JACKAL = MODELS
*Removal of redundancy Minimized=CHARM
(splicing variants) l
40 sequences Conserved patches

In the surface: CONSURF «—— PSQS Evaluation
UCM-CURSO DE VERANO

JULY 2007 {Reed et al, Gen Res. 2003}



ANCESTORAL DOMAIN Get's real!

UCM-CURSO DE VERANO
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Pyrin 1 2 3 4 S 6

Jec str HHHHHHHHHHHH---HHHHHHHHH----HHHHHHHHHH - - ——-HHHHHH-——————————- HHHHHHHHHH----HHHHHHH
HEﬁﬁ_HDuSE DHLLNTLEELLFYDFEKFEFELCONTSLEKGHIKIPRGHNONMA-RPWELASLLITYYGEEYAVRLTLOILRATNQROLAEELR
ASC Humsn DAILDALENLTAEELKKFELELLIVPLREGYGRIFPRGALLSN-DALDL TDELVSFYLETYGAEL TANVLEDMGL QEMAGQLO
A3C-PEND ING-Mouse DAILDALENLSGDELERFEMELLTVOLREGYGRIPRGALLOM-DAIDLTDELVIYYLESYGLELTHTVLEDNGLOEL AEQLQ
PYC1l Human EAILEVLENLTPEELEEFEMELGTVPLREGF GRIFRGALGOL-DIVDLTDELVASYYED Y AAEL VWV AVLEDMENLEE LARLO
MEFV_Rat DHLLNTLEELLFYELEKFEFELHTTSLEKGHIRIPLSLVENA-RP IKLTRLLLTYYGEEYAVRL TLOILRATNQROLAEELH
MEFV_Human DHLLSTLEELWFYDFEKFEFELQNTSVOKEHSRIPRSQIQRA-RPWENATLLVTYYGEEYAVOL TLOVLEAINQRLLAEELH
AF427617 1 Human CELARTLEDLEDVDLEKFEMHLED TPPOKGC IPLPRGOTEFA-DHVDLATLMIDFNGEEKAMAMAVIWIF AATNRRDL YEKAE
ASC1 zebrafish EHLQEAFEDLGADNLERKFESELGD-—-RROEPEVTESAIEFKLEDEIDLADLMVGVF TSED AVSVTVE ILRATECHAVADDLL
LOCZ280619 Mouse EALLWALNDLEENSFETLEFHLRDVT-———-QF HLARGELESL-S0WDLASKL ISHYGAQE AWRVVSRSLLAMNLHEL VD VLI
AF233434 1 Zebrafish DHLODALINIGADNLERFOSELGD——-REQEPREVRESTIEFLEDEIDLVDLLVHTF TS0 - AFSWVTVD ILRGIECHAVAEELL
AF327410 1 Zebrafiszh QLLSDVLEDLVEAELEQF TRQLW-IGVEP GVEP IPRGELENE-DRODVV DS MO0V SED - AGTITVOTLREIEQNERLERLE
CAIRO1003190 Fugu —-LLEILEDLLEEDFETFEWYLT-LDLLENCHNFIPRAHLODA-SRIETVDELLRSYSEETAVEITNEALRFMNMTEASEELNY
CALRO1007457 Fugu FKLLEDFLDELDD THLREFEWYLGOHE-ERGSRRFIORSQLENT-SRTE TVDELVOAYGAE GOV TTVDVL YRMELNDL ATQL—

Get's real!

PAN

Sec str —-———HHHH-———-— HHHHHHHH--+-HHHHHHHH-————— HHHHHHHHHHHHHHH-————— HHHHHHHHHH-—-HHHHHHHHH
PANZ Human FGLMUTLEELEKEEFRKFEEHLEQNTLOLELEQIPUTEVERASREEL ANLL IKEHYEEQOQATNITLRIF QEMDREDLCHENV MR
PAN3 Husamn ELLLAALEELSOEQLERFRHELRDVG——FDGREIFWGRLERAD AVDLAEQLAQF YGPEP ALEVARKETLERAD ARDWV A LOLOF
FAN1O Huamn FDLLWYLENLSDEEFQ3FEKYLARKIL——-DFKLPOFFLICHMTEEEL ANVLP I3 YEGOY IMNHLFSIFSHMREEDLCRELIG
PANQ_ﬁuamn NGYHLTHENYSHEELQRFEQLLTEF-LSTGTHR ITUD OVE TASWAEVVHLL IERFFGRRAMDV TSN IF AIMMNCDENCVWER
PAN1 Huamn FNLOALLEOLSODELSKFEYLITTFSLAHELQRIPHEEVDEAD GEQLVE ILTTHC D SYWWVENLASL OWF EKMHENDLSERAED
PANT? Huamn WTLOTLLEQINEDELKSFESLLWAFPLEDVLOKTRUSEVEEAD GEEL AE ILVN TS SENWIRNATVINILEEMNL TELCEMAKR
PANS Huamn FGLLLYLEEILNEEELNTFELFLEE+ THEFEHGLTRUNEVEFKARREDL ANLMEEYYF GEEANSVSLEIF GEMILEDLCERAEKE
PAN11 Husmn TELOWMCLYELDKEEF QTFEELLEEKSSESTTCEIPQFEIENANVE CLALLLHEYYGASLAMATS IS IFENMLRTLSEEARD
PANE Huamn CRLSTYLEELEAVELEKFELYLGTRT-ELGEGRIPWGSHEFAGPLEMAQLLITHF GPEEANRLALSTF ERINEEDLWERGOR
PANS Huamn EALLWALSDLEENDFEKLEFYLRDMTLSEGOPPLARGELEGLIPVDLAELI-SEYGEKE AVEVVLEGLEVMNLLELVDOQLSH

Al
Sec_str HHHHHHHH-—-HHHHHHHHHHH-——— r—HHHHH-4--HHHHHHHHH-———————— HHHHHHHHH----HHHHHHHH
AIM: Human ILLLTGLDNITDEELDRFEFFLIDEFN I ATGELHTANRIOVATLMION AGAVS AVHETIRIFQELNYML L AKRL QE

AIH@:HDuSE MLLLTGLDHITEEELKRFEYFALTEFQIARSTLDYADRTELADHL IQSAGARS AVTEAINIFOQKLNYMHI ANALEE
AIME Rat MLLLTGLDHITEEELKRFEYLALTEFNIFRETLNIADRTELADOLIQSAGARSAVAKATISIFOKLNYMD IAKALEE
IF1

Jec str HHHHHHH--—-HHHHHHHHHHH-—-———— HHHHH----HHHHHHHHH--——————- HHHHHHHH-—-—————- HHHHH-

1£1204 Mouse
I£1203 Mouse
MMDL Human
If116_Human
I£f1205 Mouse
LOCZZ 6690 Mosue
LOCZ40922 Mouse
LOCZ40321 Mousze
LOCZ35882_ Mouse
W74124 Mouse

IVLLRGLECINEHYFSLFESLLARDLNLERDHNOE QY TTIQIANMNEEKF PADSGLGEL IEFCEEVPALER-AEILEK
IVLLEGLENMEDYQFRTVESLLREELEL TEKNQED YD RIQLADWHEDKF PED AGLDEL IKVCEHIEDLD-LAEKLET
ILLLEGFELMDDYHF T31IESLLATDLGLTTENQEEYNRIEITDLMEEEF OGVACLDEL IELAEKD MPSLE-LVNINLEE
IVLLEGLEVINDYHF RMVESLLSHNDLELNLEMREEYDEIQIADLMEEKF RGD AGLGELIKIFED IFTLEDLAETLEE
IVLLRGLECINEHYFSLFESLLARDLNLERDHNOE QY TTIQIANHNEEKF PADSGLGEL IEFCEEVPALRERAEILEE
IVLLSGLEYMNDYNFRALESLLNHDLEL TENHQDD YD RINIADLMEEEF FEDAGLSELIEVCED IPELAARVD ILRE
IVLLTGLMGINDHDF RMVESLLSEELELNE-NQD QYD REVEIADLMEDEF FED AGVD QL IKLYEQIPGLD - IANELEN
IVLLSGLEYMNDYNFRALESLLNHDLEL TENHQDD YD RIKIADLMEEEFFEDAGLSELIEVCED IPELD-HVD ILERE
IVLLEGLENMGDYOQF RTVESLLREELELTEKLQEDYDRIQLADWMEDKEF FEE AGLDEL IEVCEHIEDLEDLAEELET
LVLLEGLEC INEHOFMNLFESLMVEDLNLEEDNQEKYTTF QLANNMWEEF PAD AGLDRL INFCERVF TLEKRAE ILEKE

Wirus
SeEC atr -HHHHHH---HHHHHHHHHHHH-——-—-— HHHHH----HHHHHHHH---———————— HHHHHHHH---HHHHHHHHH

18L Taba Like Disease
SPV014 Swinepox
GPO13L Rabbit Fibroma
MO13L Myxoma

SAIIFSLEDVTHYQFKILIFLTEDELNISDEEKQILDREVDFAEKLFOQTYPGIKSLYFLEEATISMVPNAK T ARSI IN
TTIISVLERLTPYQFKTLLFLIQDD INISHNDD INVLDREVDLAIKIMNEYMNYRAIYFLYEVILRINTE-YISGTLO
GVIITVLENLTDYQF EMFLYLVTEDLRINFVEREKIDRIDLAYKISELYPGHSTIEFNEQVTGY IPNEVYVDILLE

leIWLENLSDYQFKHFIYLAHEDLYIERAEKEKIDRIDLAHKISEQYLGTDYIEFMKRWDF1PNKUWD5LL{Rojas et a|, Prot. Sci. 2003}
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Get's real!

PYR Asc human
PYR Ascpending mouse
PYR Pycl human

PYR Ascl zebrafish

PYR Caspase zebrafish
PYR MEFV mouse

PYR MEFV rat

PYR MEFV human

PAN Pan5 human «—
PYR LOC280619 mouse
PAN PAN3 humane«—
PYR CAAB01003190 fugu
PYR CAAB01007457 fu
SP iS
PAN PAN2 human
PAN PAN10 human
PAN PAN11 human
PAN PAN4 human

PAN PAN8 human
PAN PAN1 human
PAN Pan7 human

PAN Pan6 human

PYR Cryopyrin human
AIMLOC304987 rat
AIMLOC240920 mouse
AIM AIM2 human

IF IF1204 mouse

IFI IFI205 mouse

IF M74124 mouse

AIM IFILOC226690 mouse
IFI LOC240921 mouse

IFI MNDA human

IF IFI16 human

IFI IF1I203 mouse

IF LOC235882 mouse

11l OCc2400Q292 mouse

UCM-CURSO DE VERANO
JULY 2007
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Virus NP051902
Virus NP051727
Virus NP570174
Virus NP073403

{Reed et al, Gen Res. 2003}



Case 1: domain shuffling
NACHT DISTRIBUTION: POSSIBLE SCENARIO

NB-arc

8

NACHT LIKE* | -

3acteria (anaba ena)

UCM-CURSO DE VERANO
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@ NACHT | LRR
I— PAAD NACHTILRR
NACHT | LRR

TIR | NB-arc
PLANTS

FUNGI

Hs

G CARD NACHT I LRR @ (CARD
¢ PAAD | NACHT I LRR
Mm Fugu

P

NACHT I LRR

NACHT | SPRY

INVERT

PAAD




Case 2: novel species

eDESCRIPTION OF NEW SPECIES
Erwinia toletana sp. nov.

UCM-CURSO DE VERANO
JULY 2007 {Rojas et al, IJESM. 2002}



Case 2: novel species

Goal: to obtain a natural antagonist of P. savastanoi.

Data: Bacterial species isolated from wild trees’ knots
(Olives, oleander...)

T

total of 81 bacterial strains!
UCM-CURSO DE VERANO

JULY 2007 {Rojas et al, IJESM. 2002}



Case 2: novel species

The problem: Resemble phenotypically to several...

What to do?:

eChoose an universal conserved marker: i.e. 16SRNA
Extract similar sequences

Build phylogenetic trees

Gene sequencing:
16S5RNA, 23SRNA, gnd, mdh

WHY THESE GENES? ?27?27?27?27?2727277

UCM-CURSO DE VERANO

JULY 2007 {Rojas et al, IJESM. 2002}



Case 2: novel species
METHOD FOR 16SRNA [ e——

From 81 sequences only the longest retained (6 , : 81

I S S— A total of 19,184 sequences retained
~ (from 80,807 initial sequences). .

The 2 most similar are retained to phylogenetic tree reconstruction

Parsimony Maximum likelihood /BioN] 000 boostrap

N /
—~,

CONSENSUS!

UCM-CURSO DE VERANO

JULY 2007 {Rojas et al, IJESM. 2002}
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5. Eﬂfeﬁca Usrg 19

E. coli AF053068

Cluster C

66 AF208650
36 AF208648

Cluster A

Cluster |
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Case 2: Extending the family

oPLACEMENT OF NEW ISOLATED GENES
Ocurrence of serin proteases in sponge and
jellyfish

UCM-CURSO DE VERANO
JULY 2007 {Rojas & Doolittle, 2002, JME}



Case 2: Extending the family

Goal: Confirm the existence of serine proteases in
early-divergent phyla, cnidaria and porifera.
Where they come from?

Data: SP are absent in plants, and protists and in fungi
are restricted to Streptomyces. However, there are
hundreds in animals!

UCM-CURSO DE VERANO
JULY 2007 {Rojas & Doolittle, 2002, JME}



Case 2: Extending the family
What are serine proteases?

eHundreds of entries
eDisulfide bonds
eCleavage peptide
eDigestive:

trypsin, chymotrypsin
eno digestive:

blood clotting
elastases

ecatalytic triad
H-D-S
eSeveral structures.

Why are they important? Fundamental question: how animals
developed the ability to digest food?

UCM-CURSO DE VERANO
JULY 2007 {Rojas & Doolittle, 2002, JME}
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Lophotrochozoa Ecdysozoa
Protostomia Deuterostomia
Radiata Bilateria
Parazoa Eumetazoa

Ancestral calonial
choanoflagellate
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Phylogenetic Tree of Life

Bacteria Archaea Eucarya

Fungl
Plants
Cyanobacter : Ciliates
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Micrasparndia
Diplomanads

70 . | . 1. .. © 2002 CZ3
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Case 2: Extending the family

fiponga trypsin

Shri=sp toypain

Human trypain

roaie fly toypain
human chymotrypsin
ghrisp chymotrypain
Rat slastane
Hoonjelly protsass 1
Borssshoecrab facter 4
House factor ¥

Sponge trypein
Shrisp trypain
uman trypain
rrule fly trypain
Human chymsotrypsin

s BFEESIFALISL-~AT -7 - NPANGA - BAL
SEAT AR FEOTVEAVCLPEAD - D= DFPADT - LON

Shrimp chymotrypsin EMIKTVELP- - 8- 8- DVEVOT -
Rat slastass OFLENGHEIALVIASFVALTSE I QTACLP- PA-G-T1
Mconjelly protease 1 o AR, IMEERVETISLINEG - 8-
Horssshoscrab factor G Al o

Mouse factar T

gpongs trypaln
Shri=p trypain
Human trypsin
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lm‘III:“Im- TE i AL T T
1 =POK == T TERMCVGFL=-Ed
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ml‘w ﬂm‘rw.l-- Iﬂ--!-'mm- T
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Case 2: Extending the family

%%

B

e

Shrimp - "

Fras '[]:l.l Subhle
Fish
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. . Fruit fly snake protein

{Rojas & Doolittle, 2002, JME}



Case 2: Extending the family
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Case 2: Extending the family
WHAT IS THE ORIGIN OF THE CHYMOTRYPSIN FAMILY?

ADDITIONAL INFORMATION:

eSponge has a D189 diagnostic for trypsin (Hannenshalli & Russell, 2000)
Jelly has N189.

eCodon for Serine at the active site:
sponge signature for trypsin: TCT
jelly: AGT,AGC

e\When blasted against NR:
sponge 48% with arthropod trypsin
jelly 36% with RAT elastase

Disulfide bonds:
sponge 5 disulfide bonds and cys match with chymotrypsin-elastase (first tree)

Jelly has digestive system with organs, sponge are loose cells.

UCM-CURSO DE VERANO
JULY 2007 {Rojas & Doolittle, 2002, JME}



Case 2: Extending the family

Fruit fiy nudel prodein

— {Rojas & Doolittle, 2002, JME}



Case 2: Extending the family

WHY THE FUNGAL ONES CLADE WITH ANIMALS?

H.G.T! Animals

SCENARIO 1 SCENARIO 2 Fungi

Plan
Plants and then Plants and
all fungi-except all fungi never had it.

imals
Invert

Streptomyces They appeared when
lost it! digestion was invented.

Fungi should be Fungi have them
more similar to because HGT in both

jelly and sponge directions.

UCM-CURSO DE VERANO
JULY 2007 {Rojas & Doolittle, 2002, JME}



Case 3: Revisiting the function Get's real!

The DIO Family of Proteins

UCM-CURSO DE VERANO
JULY 2007 {Rojas et al, FEBS J. 2004}



Case 3: Revisiting the function Get's real!

BACKGROUND DEATH INDUCER OBLITERATOR GENE (DIO)

DISRUPTS LIMB DEVELOPEMENT (Garcia-Domingo et al,. 1999)

AP B
E 3

eDIO-1 Is Present in All Tissues and
Its Levels Are Up-Regulated During Apoptosis.

eAlteration of Limb Development by DIO-1
Overexpression

-
B ‘e
50 85 & 3B
l.\.\::
mO3-1
b Dio- ]‘Injected
54 &R 21 219
-] s -“-
hOBD-1 . [ ]
] s *
Glutaming Rich £ng Firgar
Fagion Reginn
Dio-1 injected Dio-1 injected
843 100%%: T

UCM-CURSO DE VERANO
JULY 2007 Suggests that the gene is a putative transcription factor...



Case 3: Revisiting the function Get's real!

BACKGROUND | DEATH INDUCER OBLITERATOR GENE (DIO)

INVOLVED IN APOPTQOSIS (Garcia-Domingo et al,. 2003)

¢DIO-1 nuclear translocation following apoptotic stimulation requires the NLS.

eDIO-1 forms oligomers.
eDIO-1 is present in multiple forms with distinct subcellular localizations.

¢DIO-1 overexpression upregulates procaspase levels, leading to increased
caspase activity.

¢DIO-1ANLS is a dominant negative mutant that protects cells from apoptosis.

UCM-CURSO DE VERANO

JULY 2007 {Rojas et al, FEBS J. 2004}



Case 3: Revisiting the function Get's real!

NEW DATA  DEATH INDUCER OBLITERATOR GENE (DIO)

A DIO-1 is present B Mitosis on DIO
in mitotic overexpressed-cells
- &5‘ chromosomes
» "

-
wAsymmetric
divisions!

chromosomes

G Normal D DIO-targeted cells
anaphase Y show abnormal
‘ anaphases: lagging

-
-

TARGETED MICE SHOW SEVERE SUB-FERTILITY!!




Case 3: Revisiting the function Get's real!

NEW DATA DEATH INDUCER OBLITERATOR GENE (DIO)

D10 gene contains 3 splicing variants

LONG PARTS OF
THE PROTEIN
REMAIN UNCOVERED!

614 aa

1183 aa

Coil-coiled
|

Alte_.trpative DO Ma | N
o seiene \_ Focus analysis
| (aka Luis ;-) )

| stop stop

iso3

NLS PHD |
A

T ~49kb

UCM-CURSO DE VERANO
JULY 2007 {Rojas et al, FEBS J. 2004}



Case 3: Revisiting the function
OVERVIEW

: CGBP FAMILY: : SPP1/SETAC:
: CGBP_HUMAN . :Q03012_yeast
dPHD s @ l :

c dPHD :

: Q9W352_Drome

PHF3_HUMAN

Q8NBC6_Huma

YKAS5_YEAST

: SPEN FAMILY
RRM

SPOC Q22855 £ aliana§
Ué.M_.CUR.Sb.D.E.VE,ﬁA.N.O ....................................................... s
JULY 2007

Get's real!

CGBP: DNA binding
SPP1: SetlC/ chromatir

DIO : apoptosis
chromatin
stability

SPEN:
transcriptional
repression

{Rojas et al, FEBS J. 2004}



Case 4: Function Specificity Get's real!

Identifying Dimerization Residues in CCR

chemokine receptors

UCM-CURSO DE VERANO
JULY 2007 {de Juan et al, Bioinformatics. 2005}



Case 4: Function Specificity

=ASH_HUMAH |5 164

=RAS_HUMAH |1 [160

=TC1_HUMAH |1 [160

=ASZ_HYDOMA |1 160

=ASZ_DEOME |1 160 ([ .
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Case 4: Function Specificity Get's real!

G - Coupled Receptor Proteins bind different ligands.

Small‘

nght Ca2+ molecules:

Pheromones aa’s, amines, nucleosides,
odorants peptides, efc. TSH,LH,FSH, IL’s,
CK;s, etc

EFFECTOR: e
Enzyme
channels

Intracelullar messenger

TRANSBUCTION
INTERNALIZATION

UCM-CURSO DE VERANO
JULY 2007 {de Juan et al, Bioinformatics. 2005}



Case 4: Function Specificity Get's real!

The GCPR’s
dimerize N
| | NT- Ca2?* sensing receptor

C

CT- GABAB receptor

Inhibitor

d

TM IV- B-adrenergic

UCM-CURSO DE VERANO

JULY 2007 {de Juan et al, Bioinformatics. 2005}



Case 4: Function Specificity

The two main events here are:

eBinding specificity.

eDimerization/Oligomerization.

Then, we have two aims:

eCan we predict the signals and
at the sequence level?

e Which residues are involved in

UCM-CURSO DE VERANO
JULY 2007

Get's real!

them



Case 4: Function Specificity Get's real!

e Existing methods to detect important
res i d u eS : 14522 Biochemistry 2003, 42, 14522—14531

Dimerization in Aminergic G-Protein-Coupled Receptors: Application of a
Hidden-Site Class Model of Evolution®

Orkun S. Soyer. Matthew W. Dimmic,? Richard B, Neubig," and Richard A. Goldstein*-
THE JOURRAL oF BIOLOCICAL CHEMIETEY =

© 2004 by The American Sceicty for Bischumistry and Modooular Biclogy, Inc. ) ) ! ) i .
Department of Chemistry, Biophysies Research Division, and Department of Pharmacelogy, University of Michigan,

Ann Arbor, Michigan 48109, and Division of Mathematical Biology, National Institute for Medical Research,

Evolutionary Trace of G Protein-c The Ridgeway, Mil Hill, London NW7144, UK
Of R'ESldues That’ DEtermlne Globﬂ Received June 23, 2003; Revised Manuscript Received October 1, 2003
Published, JB ABSTRACT: G-Protein-coupled receptors (GPCRs) are an important superfamily of transmembrane proteins
involved in cellular communication. Recently. 1t has been shown that dimerization is a widely occurring
Srinivasan Madabushit$, Alecia K. Grossf, phenomenon in the GPCR superfamily, with likely important physiological roles. Here we use a novel
Theodore G. WenseliT, and Olivier Lichtarg hidden-site class model of evolution as a sequence analysis tool to prediet possible dimerization mterfaces
From the +Pr - | and € ' in GPCRs. This model aims to simulate the evolution of proteins at the amino acid level, allowing the
rom the odram i Structural an. omputationa . = . . - 5 . 2 . .
Biology, and §8Program in Cellular and Molecular Bi analysis of their sequences in an explicitly evolutionary context. Applying this model to aminergic GPCR
Molecular and Human Genetics, Baylor College of Med sequences, we first validate the general reasoning behind the model. We then use the model to perform
and Molecular Pharmacology, University of California, a family specific analysis of GPCRs. Accounting for the family structure of these proteins. this approach

detects different evolutionarily conserved and accessible patches on transmembrane (TM) helices 4—6 in
different families. On the basis of these findings, we propose an experimentally testable dimerization
G protein-coupled receptor (GPCR) activation medi- mechanism, involving interactions among different combinations of these helices in different families of
ated by ligand-induced structural reorganization of its aminergic GPCRs.
helices iz poorly understood. To determine the universal =
elements of this conformational switch, we used evolu-
tionary tracing (ET) to identify residue positions com- L_ -
monly important in diverse GPCRs. When mapped onto  fact, GPCRs are =0 ubiquitous that, although they are the
the rhod opsin structure, these trace residues cluster into targets of nearly 50% of current drugs (2), this iz still a small
anetwork of contacts from the retinal binding site to the g 4ion of theil'v pharmacological potential, (@),
G protein-coupling loops. Th roles in a generie trans- Some of the major queations relevant to CPCR pharmacology
duction mechanizm were verified by 211 of 239 published . . . s L
. . ) include the following: What residues are critical for ligand
mutations that caused funetional defects. When grouped bindi 4 C protei ivation? What do differ N
according to the nature of the defects, these residues sub- LR LT e ST n LG SC s A s
divided into three striking sub-clusters: a trigger region, f'an_:uhis have in common with mgmﬂ to "!191_1' activation mech-
aniam? From a structural perspective, it is known that all

where mutations mostly affect ligand binding, a coupling pinily .
region near the evtoplasmic interface to the G protein, GPCRs form a seven transmembrane (TM) a-helical bundle,

UCM-CURSO DE VERANO Hannenhalli & Russell. IMB (2000). 306:61-76.
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Case 4: Function Specificity Get's real!

Our strategy

TEST CASE: CHEMOKINES, known to dimerize.

Steps:

1.- Alignment selection.
2.- Tree determinants searching.
3.- Selecting regions.

4.- Mapping and rough model generation based
on Rhodopsin (to visually represent the results).

UCM-CURSO DE VERANO
JULY 2007



Case 4: Function Specificity Get's real!

Alignment selection

TEST CASE: CHEMOKINES

(http://www.gpcr.org/Z7M/)

e Clustering: to obtain a representative alignment containing groups:
CCR1-9, CXCR3-5, and IL8A-B (total 61).

e Different levels of redundancy tested (75-100%). A redundancy level
of 95% selected to compensate the number of sequences and alignment
bias reduction

e Realignment using T-COFFEE with secondary structure
predictions taking into account the rhodopsin model.

UCM-CURSO DE VERANO
JULY 2007



Case 4: Function Specificity

Finding residues

Get's real!

Basics: Homodimerization specificity is trying to avoid promiscuous
dimerization between homologous sequences!

Dimerization-focused strategy: obtaining the best subfamily division (as many
subfamily groups as possible).

TREE DETERMINANT
SEARCHING

el evel entropy method

eMutational behaviour
method (MB)

eSeguence Space
Automated Method
(FASS)

UCM-CURSO DE VERANO
JULY 2007

POSTER AT ECCB2005

3 TreeDet - Mozilla Firefox E]@
Eile Edit %ew Go Bookmarks Tools  Help @
P
<3:| - [ - @ I"/D || http:/isomosierra,cnb.uam.esServers/treedet v @ =) \(;1,
P Getting Started 5 Latest Headines
Google - pubmed v | |Gl search = §2 A% check = Iy ] Fd options & [&] pubmed
Iﬁ-MeI'hod
S-Method
~
Home Run Server Paramst tres Help Conkack Us
Welcome to TreeDet Server
TreeDET: a web server to explore the space of sequences
To read more about the methods see the original paper of del Sol Mesa, et ai., 2003,
¢ What is TreeDet? (GRELZL,
TreeDet is a server which runs three different methods to explore the space of sequences, Confidence Score for Function
1t includes: Annotation
1. MB method: Mutational Behaviour.
2. FASS method: an automated version of Sequence Space. Under Construction: Software Updating
3. 8-method: Entropy-based method. :
4. S8QUARE: An alignment evaluation method (see Tress et &, 2004 paper).
¢ How do I use TreeDet?
Easy:
1, Go to the Run Server tab, o
< >
Dans

{Carro et al, NAR. 2006}
{de Juan et al, Bioinformatics. 2005}



Case 4: Function Specificity Get's real!
Sequence Space: overview

Casari, G. et al. Nat. Struct. Biol (1995). 2:171-178.

An example:
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Case 4: Function Specificity

Sequence Space: Clustering results

Eigenvectors
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Case 4: Function Specificity

Sequence Space: Clustering results

Residues obtalned by Sequence Space famlly d|V|S|on
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Case 4: Function Specificity Get's real!

Bioinformatics: Conclusions

eThe automated version is capable to detect
the Functional signal

eThe dimerization signal still needs extensive human
supervision.

eNot all the obtained pairs were tested so, functional
signals could very well be dimer/oligomerization ones.

o .. But experimental validation of certain pairs
confirmed the predicitive power of this approach.
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