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Use of homology modeling
Identifying binding sites:
PAAD/DAPIN/PYRIN

Automated Pipeline
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RIKEN-BURNHAM Spain

initiative

\ Domain focused sequence analyses
= New hypothesis for function:
DIDO family of proteins.
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\ Domain focused sequence analyses
Protein characterization
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CCRS5 dimerization.
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Identifying binding sites:
PAAD/DAPIN/PYRIN

Analyses of Human vs. Mo
HUMAN vs. MOUSE

RIKEN-BURNHAM transcriptome
initiative
\ > New hypothesis for function:
DIDO family of proteins.

Protein characterization
1 ACRATA, SPOC

GOAL:

ANNOTATION OF PROTEFRRAISTVED IN APOPTOSIS
USING THE MOUSE CDNA RIKEN-FANTOM?2
COLLECTION (back to 2003).

[Reed et al, Gen Res, 2003]
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[Reed et al, Gen Res, 2003]



(1) PIPELINE CREATION

Fold prediction validation
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[Reed et al, Gen Res, 2003]



Analysis of RIKEN clone
collection nitpy/

The Burnham
Institute
Fodal Lab

Apontotic protemns [ mouse protems (blast)
These results cottain strong matches between set of apoptotic proteins provided by the tearn of experts from The Burnharm
Institute and sequences of mouse proteins.

Apontotic protemns [ mouse protems (pdb-blast)

Same as above but Pdb-Blast was used mnstead of Blast. Pdb-blast 1z more sensitive than Blast, but also more wulherable to low
cotnplexty regions, which may weld false posttves.

Apoptotic Plam domains / mouse protems (blast)

These results contan strong matches between set of sequences of apoptotic domatns selected from Pfamd and mouse protems
Apoptotic Plam domams / mouse protems (pdb-blast)

same as above but Pdb-Blast was appled. In this case low-complexty problem is less mportant, since Plamd domam seqences
usually don't contain such regions.

Apoptotic Plam domams [ mouse protemns (FFAS+)

Same az above but FFAS+ was applied. MMore mteresting

itz can be detected with this method.

[Reed et al, Gen Res, 2003]


http://bioinformatics.ljcrf.edu/mouse/ann.html
http://bioinformatics.ljcrf.edu/mouse/ann.html

Analysis of RIKEN FANTOM?2 clone

Entire collection???
Double focus
— New predictions
— Support of analysis
of apoptotic genes (in
collaboration with
Dr. John Reed’s group i
15 domain families)

collection

+ Mouse proteins with ne human hits in NES pdb (FFASH)

Structural annotations of protemns without close human homeologs in IE. Because of anmotation inconsistencies in ME, some of
these protems may stll have close human homelogs m ME (needs to be checked manually).
» Mouse proteins with no human hits in ME but with hits m pdb / human genome (thlastn)

Iouse proteins without close human homeologs in IE but with some similanty to known structures were used as queties in a
search agamst human genome.

Set arofas

apaf / mouse sequences (blast)

S aroias

cardd / mouse sequences (blast)

Set aroias

CITTA / mouse sequences (blast)

et aroias

CLANA / mouse sequences (blast)

Set arofas

cryopyrin / mouse sequences (blast)

Set aroias

HAC f mouse sequences (blast)

Set aroias

HATP / mouse sequences (blast)

Set aroias

MALP { mouse sequences (blast)

Set arofas

NOD { mouse sequences (blast)

Set: cstehlile card f mouse sequences (blast)

Set: gsalvesen gransyme-B { mouse sequences (blast)

cet jzapata TEF f mouse sequences (blast)

Set

arojas

apaf / mouse sequences (pdb-blast)

Set

arojas

cardd / mouse sequences (pdb-blast)

et

arolas

CITTA / mouse sequences (pdb-blast)

et

arojas

CLANA / mouse sequences (pdb-blast)

Set

arojas

cryopyrn / mouse sequences (pdb-blast)

et

aroas

HAC [ mouse sequences (pdb-blast)

et

arolas

HATP / mouse sequences (pdb-blast)

Set

arofas

MALP { mouse sequences (pdb-blast)

Set

arojas

NOD f mouse sequences (pdb-blast)

et

cetehlile card / mouse sequences (pdb-blast)

et

gzalvesen granzyme-B { mouse sequences (pdb-blast)

Set

—

izapata TEF / mouse sequences (pdb-blast)

[Reed et al, Gen Res, 2003]



Novel mouse proteins?

e ~10,000 clones with
. . . login/remister] [new search] [precalculated results] [public results
predicted amino acid — —
sequence >100 aa. have no
homologs in NR T
* ~500 have statistically Lt il

EE

;
|

3 ri|D330027J18| PXOO192L12|3914 pdb imal
seqid=57248 520..1368 Cat0l
L] L] L] . L]
4 ri|D430035L01|PXO0194P21]43591 pdb lzaol
significant fold predictions -
pdb lrvi

seqid=62999 2732..7787 Cat03z Transcriptase Non-Nucleoside Binding

(Z-score >9, estimated error
rate <1%)

* ~1500 have a ~50% chance of
having correct fold assigned

[Reed et al, Gen Res, 2003]



Novel human proteins?

e ~10,000 clones with
predicted amino acid
sequence >100 aa.

have no homologs in
NR

* ~250 have reliable hits
in human genomic
DNA (translated)

Cwrent login: not logged in

Filter with keyword:

Results: 1- 249 of 249

[

Query

ri|0610005A07 | ROOOOO1ALS| 1277
seqid=z 65..721 Cat0l

ri|0610008C0O5| ROOOOOIB1Z | 1232
seqid=7 77..1120 Cat01l

ri|0610012Aa21| ROOOOOZNZO| 1699
seqid=635z 75..552 Cat0l

ri|1110017H11| ROOOO16M16| S04
=seqid=1578 127..450 Cat01l

ri|1110018J15| ROO0D0O14FO4| 973
seqid=1045 25..708 Catll

Page size: 250

Result vs.
human_genome

human_genome

human_genome

human_genome

human_genome

Best score

0.000e+00

0.000e+00

0.000e+00

0.000e+00

0.000e+00

Sort by score

70

71

&0

66

51

Best hit

oi|4646246|gh| ACO00031. 5] ACODO031 Homo sapiens
Chrowosowe 1pl3.3 Coswid Clone ctowl, conmplete
sequence /len=38705 (round:0)

1| 15990668 ewb | AL530548. 21| AL5S90545 Human DHL
sequence from clone RP11-299M6 on chromosome 20,
complete sequence [Homo sapiens] /len=32047
{round: 0}

gi| 7123045 gh| ACO00077.2 | ACODOO77? Howmo sapiens
Chrowosomwe Z2gll.2 Coswid Clone 3le In DGCR
Region, complete secquence /len=35735 (round:0)

gi| 15799583 gb| ACD18761. 6| Homo sapiens
chromosome 19 clone CTD-2E5SN19, complete
sequence /len=147750 (round:0)

gi| 105944217 | emb | AL441964. 4| AL441964 Human DNAL
gecquence from clone RP11-151G12 on chromosome X,
complete sequence [Homo sapiens] /len=32775
(round:0)

[Reed et al, Gen Res, 2003]



(1) PIPELINE CREATION

Summary of Annotations

Table 1. Summary of Protein Domain Family Comj
for Humans and Mice

* 219 mouse orthologs out of 227 human o e e o
genes (96% coverage) Caspase 11 10
CARD* 23 18
DED® 11 11
DD 33 33
. BIR g 7e
e Most of the difference due to PAAD and B2 24 27
NACHT containing domain proteins (n=23) ' T "
TRAF/TEF 14 18
* 21 sequences of mouse from riken are PAAD 19 12
NACHT 20 16
. o REL 5 5
absent in public databases. lek 2 2

Comparative Analysis of Apoptosis
e Overall, 29 additi and Inflammation Genes of Mice and Humans

John C. Reed,'** Kutbuddin Doctor,’ Ana Rojas,! Juan M. Zapata,’
Christian Stehlik,' Loredana Fiorentine,' Jason Damiano,” Wilfried Roth,’
Shu-ichi Matsuzawa," Ruchi Newwman,' Shinichi Takayama,' Hiroyuki Marusawa,’

Famming Xu," Guy Salvesen,’! RIKEN GER Group? and G5L Members,** and
* Onovel mouse g¢  sqam Godzik’

orthologs/paralogs r

"The Burnham institute, Lo joll, Coliformla 92037, USA; “Laboratory fov Gemome Exploration Research Group, RIEEN
Cenomic Sciences Center (GSC), RIKEN Yorchoma Institute, Sushiro-cho, Tsurumi-ku, Yokohama, Eanagawa, 230-004 5,
fapan; “Genome Science Labovatory, RIKEN, Hircsawa, Wako, Saitama 357-0198, lapan

signature domains, (

ANT2, ANT3, VDAC1, VDAC2, VDAC3, Beclin, BI-1, RTI
rp Aven, CalcingurinsA, Caleipeurinag, Nipd and NipZ and |



(2) Use of homology modeling
Identifying binding sites:

PAAD/DAPIN/PYRIN
(1) Automated Pipeline Pr € dl Ctlon Of
HUMAN vs. MOUSE b [ d ° d
RIKEN-BURNHAM Inaing maoae.
initiative
\ (3)Domain focused sequence analyses
> New hypothesis for function:
DIDO family of proteins.
\ *Domain focused sequence analyses
Protein characterization
1 ACRATA, SPOC
p (4) Predicting interaction interfaces
GOAL: CCR5 dimerization.

Use bionformatics tools, homology modeling to predict binding
Interfaces.
[Liu,T et al, Prot Sci, 2003]



Pyrin, Aim (absent in melanoma), Asc (apoptosis associated speck-like
protein containing a Caspase recrutiment domain) and a_ Death domain-like (DD)

WHERE IS THE PAAD DOMAIN?

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

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

[Liu,T et al, Prot Sci, 2003]



NALP2

MATER

CARD4

NOD2

NAIP

COs1.5

CLAN

NAC

DOMAIN ARCHITECTURES
Wi b

PAAD NACHT ( LRR’S ASC2 PAAD
? NACHT LRR’S
ASC PAAD CARD
CARD NACHT LRR’S
CASPASE ZH PAAD CASPASE
CARD | CARD NACHT LRR’S
PYRIN PAAD B-BOX Zn FINGER ‘ SPRY
Bl ( BI BI NACHT LRR’S
R R R
IF16 PAAD IF120X IF120X
? NACHT LRR’S
MNDA,AIM?2 PAAD IF120X
CARD NACHT LRR’S
PAAD ? ( NACHT ) LRR’S ? | CARD Th
ey connect
N .
\ different pathways!
Sensors!

[Liu,T et al, Prot Sci, 2003]



E e

Psi-Blast FFAS

blast

PAAD OF MEFV

Saturated

—> Phylogeny —

HITS

l

*Removal of redundancy
(splicing variants)
40 sequences

Modeling ——

MALN=T-coffee

Trees (Bayes, NJ
ME)

2" struct. Pred
(metaserver)

— > Pairwise-FFAS

» Structural neighbours
(SCOP)

e

Conserved patches

— JACKAL = MODELS

|

Minimized=CHARM

l

In the surface: CONSURF «— PSQS Evaluation

[Liu,T et al, Prot Sci, 2003]



(2) USE OF HOMOLOGY MODELING

ANCESTORAL DOMAIN




Pyrin

Sec sStr

HEF?_HDuse

ASC Human
ASC-PENDING-Nouse
PYC1 Human

MEFV Rat

MEFV_Human
AF427617 1 Human
ASC1 zebrafish
Loczg0els Mouse
AF233434 1 Zebrafish
AF327410 1 Zebrafish
CAARO1O003190 Fugu
CLAEO1OD7G5T Fugu

PAN

Sec_str
PANZ Human
PAN3 Huamn
PALN1O Husmon
PAN4_ﬁuamn
FAN1 Husamn
PLN? Huamn
PANB:Huamn
PAN11 Husmn
FANG Huamn
FANS Husmn

AT
Sec_str
AIME Human
AINZ HMouze
LINZ Rat

IFI

Jec atr

IfI1204 Mouse
I£1203 Mouse
MNDA Human
IfI16 Human
I£I205 Mouse
LaC226690 Hosue
LOCZ40922 Mouse
LOCZ40921 Mouse
LOCZ35882 Mouse
H74124 Mouse

Virug

Sec_str

18L Taba Like Diseasze
SPVWO014 Swinepox
GPO13L Rebbit Filbroma
MO13L Myxoma

1 2

3

4 5 6

HHHHHHHHHHHH---HHHHHHHHH----HHHHHHHHHH-———- HHHHHHH-—-——-————- HHHHHHHHHH----HHHHHHH

DHLLNTLEELLFYDFEKFEFELONTSLEEGHSKIPRGHEOMA-RPVELASLLITYVGEEYAVRL TLQILRATHNOROLAEELR
DAILDALENLTAEELKKFELELLSVPLREGYGRIFPRGALLSM-DALDL TDELVSFYLETYGAEL TANVLEDMGLOEMAGOLO
DAILDALENLSGDELKKFEMELLTVOLREGYGRIPRGALLCN-DAIDL TDELVSYYLESYGLELTHTVLRIMGLOEL AEQLO
EAILEVLENLTFEELEEKFEMELGTVPLREGFGRIPRGALGOL-DIVDLTDELVASYTED VALAELVVAVLEDMRMLEE ALRLO
DHLLNTLEELLPYELEKFEFELHTTSLEEGHSRIPLSLVENA-RPIKL TRLLLTYYGEEYAVRL TLOILRATNQROLAEELH

Hydrophobic core
(sol. acc. area <10%
maximum solv. area)

DHLLSTLEELYFYDFEKFEFELONTSVOEEHSRIPRS QI ORA-RPVENATL LYV TY VGEEY AVOL TLOVLRAINORLLAEELH
CELARTLEDLEDVDLEKFEMHLEDYPPOKGC IPLPRGOTEKA-DHVDLATLMIDFNGEEKATAMAVIIF AATNRRDL YEK AE
EHLOEALFEDLGADNLEKFESELGD-—-RROEPREVTESAIEFLEDEIDL ADL MVGVF TSED AVSVTVE ILRATECIHAVADDLL
EALLWALNDLEENSFETLEFHLEDVT-———-QF HLARGELESL-S0WDLASKEL ISHYGAQE AWFVVSRSLLAMNLHELVD VLI
DHLODALSWNIGADNLRERFOSELGD——-RECEPRVRESTIEFLEDEIDLVDLLVHNTF TS0 - AWSVTVD ILRGIECHAVAEELL
QLLSDVLEDLVEALELKQF TROLW-IGVEF G/EF IFRGELENE-DRODVV DI MVOOYSED - AGTITVOTLREIEQNERLERLE
——LLEILEDLLEEDFETFEWYLT-LDLLENCHFIPRAHLQDA-SRIETVDELLESYSEETAVEITNEALRFMNNTEASEELY
FLLEDFLDELDD THLREFEWYLGOHE-ERGIRP IORSOLENT-SRTE TWDELVOAYGAEGA VW TTVDVL YRMELNDL ATQL—

—-———HHHH-—--- HHHHHHHH--
FGLMWTLEELEKEEFREFEEHLEQ
ELLLALALEELSQEQLERFRHELRD
FDLLWYLENLSDEEFQSFEEYLLER
NGYHMLTHRNYSHEELQRFEQLLTE
FHLOLLLEQLSOQDELIKFEYLITT
WTLOTLLEQINEDELESFESLLITA
FGLLLYLEELNEEELNTFELFLEE
TGLOWCLYELDEEEFQTFEELLEE
CRLSTYLEELEAVELEEKFELYLGT
EALLWALSDLEENDFEELEFYLED

HHHHHHHEH-——-HHHHHHHHHHH-—
ILLLTGLDNITDEELDRFEFFLSD
MLLLTGLDHITEEELERFEYFLLT
MLLLTGLDHITEEELERFEYLALT

HHHHHHH--—HHHHHHHHHHH-—
IVLLEGLECINKHYFSLFKSLLAR,
IVLLEGLENMED YOF RTVESLLEE
ILLLEGFELMDDYHF TSIKSLLATY
IVLLEGLEVINDYHF RMVESLLSN
IVLLEGLECINKHYFSLFKSLLAR
IVLLSGLEYMNDYNFRALKSLLNH
IVLLTGLMGINDHDFRMVESLLSE
IVLLSGLEYMNDYNFRALKSLLNH
IVLLEGLENHGD YOF RTVESLLEE
LYLLEGLECINEHOQFNLFESLMVE

-HHHHHH---HHHHHHHHHHHH-—
SALIFSLEDVTHYQFEILIFLTED
TTIISVLERLTFYQFETLLFLIQD
GVIITVLENLTDYQFENFLYLVTE
GVIITVLENLSDYQFENF ITLLHE

HHHHHHHH--——
I TLOLELEQIPTT
¥ G——PDGRSIPG
L 1L——-DFELFPQF,
—-LSTGTHR LT
SLAHELQEIFHE]
PLEDVLQETFWS
THMEPEHGL TP
LSSESTTCSIPQF,
L T-ELGEGKIPTIG
ITL3EGOPPLLRG

- ——HHHHH--—-
FNIATGELHTLN
FOIARSTLDVAD
FNIPRETLNIAD

———HHHHH-———
LNLERDIQEQTT]
LELTEEMQEDTD
LGLTTENQEE YL
LELNLENREEYD
LNLERDIQEQTT]
LELTENHQDDTD
LELME-MQDQTD
LELTENHQDDTD
LELTEELQEDYI
LNLEEDNQEETYT]

———HHHHH--——
LNISDEEEQILI
INISHNDD INVLIY
LEINFVEKEEID

Sec.
Structure
Prediction

--HHHHHHEHEHHHHHHEH-————— HHHHHHHHHH-—-HHEHHHHHHH
EVEFASREEL ANLL IEHTEEQQALATNITLRIF OEMDREDLCHEVHE
RLEFAD AVDLAEQL AQF YGPEPALEVARETLERADARDWALQL OE
FLICMTEEEL ANVLE ISYEGOYIMINLFSIFSHMREEDLCREIIG
OVETASWAEVVHLL IERFPGREANDVTSNIF AIMNCDEMCVVWVER
FVDFEADGEQLVEILTTHCDSYWVENASLOVF EKMHENDLSERAED
EVEEADGEELAEILVHNTISENWIFNATVNILEEMIL TELCENAKR
FVEFARREDL ANLMEEYYPGEEANSVSLEIF GEMILEDLCERAEE
FIENANVECLALLLHEYYGASLAWMATSISIFENMNLETLSEKARD
FMEFAGPLEMACLLITHF GPEEATNRLALSTFERINEEDLWERGOR
ELEGLIPVDLAELI-SEYGEKE AVEVVLEGLEVINLLELVDQLSH

HHHHHHHHH-———————- HHHHHHHHH----HHHHHHHH
FICWATLHIONAGAVIAVNETIRIFQELNYHLL AKELOE
FTELADHLIOQSAGALSAVTEAINIFQELNYMHIANALEE
RTELADQLIQSAGALSAVAKATSIFQELNYMD IAKALEE

HELIX 3

does not have core
residues. In DD, and others
helix3 doesn’t pack too well

HHHHHHHHE-—————-——- HHHHHHHH--—————-— HHHHH-
TIQIANMMEEKFFPADSGLGELIEFCEEVPALER-AEILEE
RICLADWHMEDEFFEDAGLDEL IKVCEHIEDLD-LAKELET
RIEITDLHEEEF OV ACLDEL IELLED MPSLE-LVHNNLEE
IQIADLMEEEFRGDAGLGELIKIFED IPTLEDLAETLEE
TIQIANMMEEEFPADSGLGELIEFCEEVPALRERAEILEE
RINIADLMEEKFFEDAGLSELIEVCED IPELLALARVDILERE
FVEIADLHEDEFPED AGVDOL IKLYEQIPGLD- TANELEN
RIEIADLMEEKFFEDAGLSELIEVCED IPELD-HVD ILERE
RIQLADWHEDEFFEELGLDEL IEVCEHIEDLEDLAKELET
TFOIANMMVERFPADALGLDELINFCERVPTLEERAE ILEE

HHHHHHHH--—————-———-— HHHHHHHH---HHHEHHHHHH
FVDFAEKLFOTYPGIESLYFLEKAISMVPNAKTARSMNIN

LYIERLEKEEID

RUDLATKIMNEYNNYRATYFLYEVILRINTE-YISGTLQ
R 1DLAYKISELTPGHITIEFHKQVEFY 1PN SLLE .
MDLAHKISEQYLGTDYIEFHKRzE 134 Lal, Prot SCl, 2003]




HYLOGENETIC TREE FOR 40 PAADS

AYES. 1,000.000, 9000 trees.

80

100 _E

10

10

J;

100

100
=
g 1L
97 I__E
95
100 I, 100 C
99 e
1008
82 M
99 97

|5

PYR Asc human

PYR Ascpending mouse L__paap

| CARD

PYR Pyc1 human

PYR Asc1 zebrafish BaaD

|, CASPASE

PYR Caspase zebrafish
PYR MEFV mouse

PYR MEFV rat | PAAD

| B-BOX Zn FINGER |

_SPRY.

PYR MEFV human

PAN Pan5 human «—
PYR LOC280619 mouse
PAN PAN3 humane—
PYR CAAB01003190 fugu
PYR CAAB01007457 fugu
PYR CASPY2 zebrafish
PAN PAN2 human

PAN PAN10 human

PAN PAN11 human

PAN PAN4 human _pasp

NACHT

LRR’S

PAN PAN8 human
PAN PAN1 human
PAN Pan7 human
PAN Pan6 human
PYR Cryopyrin human

AIMLOC304987 rat | ——

1IF120X

AIMLOC240920 mouse
AIM AIM2 human

IF IF1204 mouse
IF1 IF1205 mouse
IF M74124 mouse

AIM IFILOC226690 mouse|
PAAD

IFI LOC240921 mouse

IF120X

IF120X

IFI MNDA human

IF IFI16 human

IFI IFI203 mouse

IF LOC235882 mouse
IF LOC240922 mouse
Virus NP051902
Virus NP051727
Virus NP570174
Virus NP073403

[Liu,T et al, Prot Sci, 2003]



(2) USE OF HOMOLOGY MODELING

cng.'y\"A

Centro MNacional

[Liu,T et al, Prot Sci, 2003] -+




(2) USE OF HOMQL(Q

;Y MODELING

IF1204

- CHARGED (CONCAVE)

ARGET | y574

+ CHARGED (CONVEX)

INA
g nntr‘ga ional
[Liu, T et al, Prot Sci, 2003] -ii



SUMMARY

# PAAD_DAPIN is a vertebrate-specific domain

# PAAD from MEFV genes are the ancestral ones,
sucesive duplications of the PAAD-PYR group yielded the mammalian pool

IF16 PAAD IF120X IF120X

# Viral PAAD’s might mimic IFI/AIM family

MNDA,AIM2|  PAAD IF120X

# Helix3 is disordered in DD/DED/CARD structures.
Needs partner interaction to fold properly .

# The binding interface contains at least 10 hydrophobic residues. By analogy with
CARD domains, electrostatic forces are also important.

# id, character and conserved patches are as divergent within PAAD, as
PAAD with DED/DD/CARD=> suggest specialization for not “cross-talking”

[Liu,T et al, Prot Sci, 2003]



(3) USE OF HOMOLOGY MODELING

PAAD is a 6 alpha helical bundle
Helix 3 is disordered

Binding patches correctly predicted Realktructure 1HN5
Released October 2003

Homology modeling provides insights into the binding
mode of the PAAD/DAPIN/pyrin domain, a fourth
member of the CARD/DIVDED domain family

TOMG LIU" ANA ROJAS." YUZHEN YE. anp ADAM GODZIK
The Burnham Institute, La Jolla, California 52037, USA
(RECEIVED March 5, 2003, Final REVISIoN May 23, 2003, ACCEFTED May 27, 2003

[Liu,T et al, Prot Sci, 2003]



(2) Use of homology modeling
Identifying binding sites:
PAAD/DAPIN/PYRIN

(1) Automated Pipeline NOVEl Hyp OtheSiS.

HUMAN vs. MOUSE
RIKEN-BURNHAM

initiative
\ Domain focused sequence analyses
> New hypothesis for function:
(3) DIDO family of proteins.
\ Domain focused sequence analyses
Protein characterization
1 ACRATA, SPOC
Predicting interaction interfaces
GOAL: CCR5 dimerization.

Use domain focused sequence searching to get insights into novel
Function.
[Rojas, et al, FEBS ], 2005]



(3) DIDO-1 PROTEIN ANALYSES

DEATH ASSOCIATED TRANSCRIPTION GENE (DAFT), also known as DIO.
DISRUPTS LIMB DEVELOPMENT (Garcia-Domingo et al,. 1999)

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

¢ Alteration of Limb Development by DIO-1

Overexpression
50 &5 =5 Fig
N
mOkc-1 3
'n\
54 &8 2N 319 435
]
kD1
N s
Glutamine Rich Fing Firger
Fagion Region
f
4
4% 66% B3% 100%

Suggest that the gene is a putative transcription factor
[Rojas, et al, FEBS ], 2005]



WHAT IS KNOWN: DEATH ASSOCIATED FACTOR GENE

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

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

*DIO-1 forms oligomers.

*DIO-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.

[Rojas, et al, FEBS ], 2005]



(3) DIDO-1 PROTEIN ANALYSES
ADDITIONAL EXPERIMENTAL DATA

A DIO-1 is present
1n mitotic
. . chromosomes
L
C Normal
. anaphase

-

o ¥

Mitosis on DIO
overexpressed-cells

W Asymmetric

D'Y’

TARGETED MICE SHOW SEVERE SUB-FERTILITY!!

divisions!

DIO-targeted cells
show abnormal
anaphases: lagging
chromosomes

[Rojas, et al, FEBS ], 2005]



(3) DIDO-1 PROTEIN ANALYSES

The gene contains 3 splicing variants

HD

LONG PARTS OF
TETCE THE PROTEIN
Soilcotled REMAIN UNCOVERED!

Alternative

/ splicing

ATG | | stop stop
Rl e ) [
1 2 3 4 5 6// 7 8 91011 12 13 16

[Rojas, et al, FEBS ], 2005]



(3) DIDO-1 PROTEIN ANALYSES

isol 614 aa

ING3 MOUSE

iso2 1183 aa
Coiled-coil

iso3

B PHD domain @) TFSM2
dPHD domain
A @ sroc

I CxxC motif
PHD domain
‘l [N mm

DAT1 HUMAN/265-462 t ILQV
DAT1 MOUSE/262-423 : ILQV . 80
Diolest Chick/274-434 : ILQG . 80
Dio_Fugu/206-393 TKKN . 80
Dio_Brare/234-402 z TQKG : 80
EAA09679 Anoga/391-524 D LK .KK . 80
Q9VG78 Drome/907-1094 D KRQE . 79
Q03012 Sacce/19-126 3 D : 80
074508 Schpo/115-208 : D EE.. . 52
CGBP_HUMAN/23-404 : E 1 EKDP . 54
CGBP_ MOUSE/23-408 E R... EKDP . 76
Q78ZX6 Brare/22-311 E b KMAKAPIR . ARDP : 76
GB_AK114481 Ciona/5-319 E K. GKNP : 76
EAA13256 Anoga/23-223 E JKEAKHMK . . . EEDP . 76
Q9W352 Drome/57-302 E 1 RO KENP s 76

M6 CD C WbHg C6 6 e : 76

[Rojas, et al, FEBS ], 2005]



WHAT ELSE CAN BE FOUND IN
THESE UNCOVERED REGIONS?

Yy 4

I

[Rojas, et al, FEBS ], 2005]



WIS (@B AUTOMATIC SEARCHES

NLS PHD

[ ]
oot [ - indi

na ] Involved in DNA Binding!
- e a regulatory domain

Coil-coiled
]

Ge%ah%ation factor TFS2M

[ [ \ ]

I 11 111 Minimal
transcriptionally
active fragment!

Zn ribbon*

‘\ ., Essential for Pol II to read in pause sites
and transcripts cleavage.

iso3

[Rojas, et al, FEBS ], 2005]



3) DIDO-1 PROTEIN ANALYSES

METHODS: manual

Query seq > I
| E—— ﬁ
//
Blast to
nr/uniprot90 |
Blast to EST’s &

unfinished genomes &I
= - TO ENRICH PROFILE!

Multiple alignment | | | |

T-COFFEE, A e

MUSCLE, etc

PROFILE BUILDING -‘ﬂtﬁ
2rze i

HMMER/PSI-BLAST SEARCHES in Uniprot90

[Rojas, et al, FEBS ], 2005]



(3) DIDO-1 PROTEIN ANALYSES

METHODS: HMMER strategy

Problem1
Known
HMMER- profile
bad, 1.3

bad, 1.3 ) Problem2

. nothing
_'_'_'_,_,_.--""

-

| HMMER- profile
| good, 0.02

[ \
¥
|

[

good, 0.03 good, 0.02

HMMER- profile of

&

[Rojas, et al, FEBS ], 2005]



(3) DIDO-1 PROTEIN ANALYSES

\WINS(@IBS HMMER ANALYSESI

isol

iso2 1183 aa

Coiled-coil
| ]

iso3
SPP1:
Chromatin \

«

DATI]
DATI
Diol
Dio
Dio
EAAL
QIve
Qo3c
Q74EF
CGBE
CGBE
Q78k
GB 2
EAA]L
QBT:
QOW:z
oBxXU
Mod

T ol
DILRH’ E
DSMILRH "ARD I
o= E (6 TREH IS ST
CGEECIRKY!QSAI

Q9W352_Drome

CGBP: DNA
binding!

[Rojas, et al, FEBS ], 2005]



(3) DIDO-1 PROTEIN ANALYSES

HMMER ANALYSES II

General
elongation
factor

METHODS

NLS

Involved in DNA Bindjng!
a regulatory domai

TES2M
Minimal
transcriptionally
active fragment!

QI/ II\

Zn ribbon*

PHF3 HUMAN,/232-575
QHOUSS Musmu/112-45
DAT1 HUMAN/128-575
QBOV3I4 Musmu/130-57
EMBCE Homsa/ /149-46
QEVLTH Jrome/ 1 D-8TH

" L e £
ERRL9ETD knogas/l9-566 LESuKLNSHESEUASSSES . SLERRES =
EARSISHI Maacr /258-577, .. . 0 S .
GATTY2 Sohpaf 4o T2 <. JELVRPISIARRET

tEAL YEASTS298 548

aaaaaaaaaaaaaaaaaaaaaaaaa

[Rojas, et al, FEBS ], 2005]
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\WINS(@BS HMMER ANALYSES III

iso2
1183 aa

2256 aa

NLS PHD
son [

ailegl-coil

0.083 0.05

RBMF_HUMAN —|m|—|RRM||RRM|—.—

Q8IL17_Plafa
022855_Arath #

SPOC: Protein-protein
interaction

[Sanchez-Pulido, et al, BMC Bioinformatics 2004]



(3) DIDO-1 PROTEIN ANALYSES

\iNNS@)BR HMME

is02 _

- = - )
BIVIC BlOlnformatlcs BioMed Central

Research article

SPOC: A widely distributed domain associated with cancer,
apoptosis and transcription

Luis Sdnchez-Pulido*!, Ana M Rojas!, Karel H van Wely?, Carlos Martinez-A?
and Alfonso Valencia!l

Address: 1Protein Design Group, Centro Nacional de Biotecnologia {CNB-CSIC). Cantoblanco, E-28049 Madrid, Spain and 2Department of
Immunology and Oncology, Centro Nacional de Biotecnologia (CNB-CSIC). Cantoblanco, E-28049 Madrid, Spain

Email: Luis Sanchez-Pulido* - sanchez@cnb.uam.es; Ana M Rojas - arojas@cnb.uam.es; Karel H van Wely - kvanwely@cnb.uam.es;
Carlos Martinez-A - cmartineza@cnb.uam es; Alfonso Valencia - valencia@cnb.uam.es

* Corresponding author

Model

SPOC: Protein-protein
interaction

Lsroc ks

RBMF_HUMAN

Comparative

[Sanchez-Pulido, et al, BMC Bioinformatics 2004] modeling



(3) DIDO-1 PROTEIN ANALYSES

OVERVIEW

CGBP_HUMAN CGBP FAMILY

SPP1/SET1C

£Q03012_yeast

.. L]
- { ] m—(EhD pr=
: dPHD g £FE
2 = dPHD Jou
: Q9W352_Drome C - HYPOTHESIS
Death inducer obliterator protein 1 in the context of DN
dPHD regulation
s s S SN EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER Sequence analyses of distant homologues point to a novel functic
role
/K@ative splicing DI Ana M. Rojas'?, Luis Sanchez-Pulido’, Agnes Fiitterer?, Karel H. M. van Wely?, Carlos Martine
DIO =S and Alfonso Valencia'
T 1 Protein Design Group, CNB/CSIC, Madrid, Spain
2 Departiment of Immunology and Oncology, CNB/CSIC, Madrid, Spain

DIO : apoptosis

Q9VG78_Fly chromatin stability

PHF3_HUMAN

Q8NBC6_Human ' TFS2M I SPOC
YKAS5_YEAST E SP OC

Q"N NN N NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN NN A NN NN EEEEEEEEEEEEE,

: SPEN FAMILY E
Q8IL17_Plasmodium SPEN: t.ranscriptional
; : repression

[Rojas, et al, FEBS ], 2005]



PERSPECTIVES

Hypothesis: DIO’s main role involves chromatin stability/recombination
rather than to apoptosis or cancer.

Pitfalls (many): Role of isoforms is not well established in meiosis.
This protein can be located everywhere (nucleous-citopl)...

QUESTIONS: How is the exact mechanism?
Why this protein is so unusually rich on cys?
Might be weird-metal regulated, i.e.: Molib.?

ON-GOING: 3D structure of dPHD and SPOC domains.

[Rojas, et al, FEBS ], 2005]



(2) Use of homology modeling
Identifying binding sites:
PAAD/DAPIN/PYRIN

CCR5
(1) Automated Pipeline

HUMAN vs. MOUSE Intera CtiOIl.
RIKEN-BURNHAM

initiative

(3)Domain focused sequence analyses
> New hypothesis for function:
DIDO family of proteins.

\ *Domain focused sequence analyses
Protein characterization
1 ACRATA, SPOC

GOAL: (4) Predicting interaction interfaces
CCRS5 dimerization.

Use bionformatics tools to predict residues involved in binding.

[de Juan et al, Bioinformatics, 2005]
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(4) CCRb5: dimeriz

What are GCRP?




Why are important?
eThey are extremely diverse and transduce very different messages!

(photons, odors, nucleotides, peptides, lipids....)

eThey are involved in:

Inflammation, pain response, etc...= !

MEPNETTM (Membrane Protein Network): ~ 100 GPCR Xtals!!
Consortium with 40 pharma co’s.



J GPCRDB home page - Netscape Q@E
File Edit Wiew Go Bookmarks Tools Window Help

| OO \.) O \3 @ | http: ffwww.gper .org/7tm/ | [ Search | C::go fﬂ
B, EHMail € Home @ Radio M Netscape € Search BBookmarks % The Linux Docu. .,
.;]_[ % GPCRDB home page 1 L

Last sequence update: 8-00at-05 ; Swiss-Prot rel. 47.0, TtEMEBL rel. 29 . e =
Whnere are the GCRP?
GPCRDB: Information system for G protein-coupled receptors (GPCRs)

March 2005 release (2.0) - Sprng release

Clopyright (C) 2005, GPCRDE.

Femarks:

+ The numbernng system have been modified for class & GPCERs: it describes now the helices location instead of transmembrane domains. It 15 based on the structure determined by G
Schertler and coll (Li et al. 2004,

* The & proteins have been removed from the GPCEDE and will be avalable in several weelks wia another database dedicated to GPCER interacting partners.

Class A: Rhodopsin like

Class B: Secretin like

Class C: Maetabotropic glutamate/pheromone
Class D: fungal pheromone

Class E: cAMP receptors (Dictyostelium)
Frizzleed/Smoothened family



(4) CCR5

A

Family 1

Retinal
Odorants
Catecholamines
n Adenosine

- ATP, Opiates
Enkephalins
Anandamide

Peptides
Cytokines
Formyl Met-Leu-Ph
fMLP-peptide
PAF-acether
Thrombin

Glycoproteins
I hormones
- (LH, TSH, FSH)

ic

Calcitonin
a-latrotoxin
Secretineg
PTH

VIP
PACAP
GnRH
COOH CRF

Family 3

Glutamate
(metabotropic)
Ca++

GABA (GABAR)
Pharomones
(VR, GgVN)

COOH

B

Thrombin

Angiotensin Family 1

Adenosine (Az)
Adrenergic (f2)
Serotonin (5-HT4g)

Il

a-latrotoxin

PTH

Secretin

VIP Family 2
PACAP

Glucagon

CRF

cAR4
cAR3 cAMP

cAR2 Family
cAR1

mGluR4
mGluR2
mGluR1
Catt

VR4

GgVN2
GgVNy
GABAg (R1)

Family 3

.
Vg

Vg

Family 4

Smooth-Hum

Smooth-Dro

; Family 5
Frizzled-Hum

H Frizzled-Dro

J.DOCHagert ana J.rrin

How many GCRP?
2495 entries!

CLASS A
(16 subfamilies)

—_—

e No sequence
similarity!

e The tunning to bind
ligand-G prots is
regulated by RNA
editing and phosphori-
lation



B (4) CCR5

Rhodopsin
e LH-hCG

Adenosine (Az)

Adrenergic (fiz)
Serotonin (5-HT4g)

e
Angiotensin Family 1

a-latrotoxin
PTH
Sacretin
VIP Family 2\>
PACAP
Glucagon
CRF

cAR4

cAR3 cAMP
CAR2 Family

cAR1

B

mGluR4
mGIluR2
mGluR1
Cat*t

VR4

GgVNz
GoVNy
GABAg (R1)

Family 3

il

Ny
VN4 Family 4
VNg

I

Smooth-Hum
Smooth-Dro
Frizzled-Hum
Frizzled-Dro

Family 5

If

0.047

A
CHl0

Centro Nacional

de Investigaciones
Oncologicas



CCR5

well documented (aminergic R) =505 Class A
Sub-families
Angiotensin
S .pa Bombesi
Sub-famlu//*Sub-famllles Bradykinin
- f c5 hylatoxi
eAmine Muscarlnllc ﬁnigf_ﬁ’eyy_ghzx'” 1094!
ePeptide acetylcholine iy
. : | : 357
eHormone protein AdIENOTSHIRGS T ol OX Highly sfmilar
e(Rhod)opsin Dopamine Endothelin
: : Mel rti
Olfactory Histamine Dy 2hEigEn
: : N tide Y
eProstanoid Serotonin e e
. . H O H d
eNucleotide-like Octopamine ronicli
eCannabinoid Trace amine Tachykinin
! . Vasopressin-like
ePlatelet activating factor Galanin like
. . Proteinase-activated like
eGonadotropin-releasing hormone Orexin & neuropeptides FF,QRFP
= = Urotensin II
eThyrotropin-releasing hormone & Secretagogue Adrenomedullin (G10D)
- GPR37 / endothelin B-lik
'Melatonln Chemokienl SeC(SpTor—IiILee
' N din U lik
.VI ral ) o SomatoesL’é;ct)inr:—e alr?d ar:g(ieogenin
eLysosphingolipid & LPA (EDG) -like peptide
. Allatostatin C / drostatin C
e eukotriene B4 receptor Melanin-concentrating hormone receptor
oClass A Orpha n/Other Prokineticin receptors

Other peptide receptors

Cnio

Centro Nacional
de Investigaciones

Oncolégias



http://www.gpcr.org/7tm/seq/001_001/001_001.html
http://www.gpcr.org/7tm/seq/001_002/001_002.html
http://www.gpcr.org/7tm/seq/001_003/001_003.html
http://www.gpcr.org/7tm/seq/001_004/001_004.html
http://www.gpcr.org/7tm/seq/001_004/001_004.html
http://www.gpcr.org/7tm/seq/001_005/001_005.html
http://www.gpcr.org/7tm/seq/001_006/001_006.html
http://www.gpcr.org/7tm/seq/001_007/001_007.html
http://www.gpcr.org/7tm/seq/001_008/001_008.html
http://www.gpcr.org/7tm/seq/001_009/001_009.html
http://www.gpcr.org/7tm/seq/001_010/001_010.html
http://www.gpcr.org/7tm/seq/001_010/001_010.html
http://www.gpcr.org/7tm/seq/001_011/001_011.html
http://www.gpcr.org/7tm/seq/001_011/001_011.html
http://www.gpcr.org/7tm/seq/001_011/001_011.html
http://www.gpcr.org/7tm/seq/001_012/001_012.html
http://www.gpcr.org/7tm/seq/001_013/001_013.html
http://www.gpcr.org/7tm/seq/001_014/001_014.html
http://www.gpcr.org/7tm/seq/001_014/001_014.html
http://www.gpcr.org/7tm/seq/001_015/001_015.html
http://www.gpcr.org/7tm/seq/001_015/001_015.html
http://www.gpcr.org/7tm/seq/001_999/001_999.html
http://www.gpcr.org/7tm/seq/001_001_001/001_001_001.html
http://www.gpcr.org/7tm/seq/001_001_001/001_001_001.html
http://www.gpcr.org/7tm/seq/001_001_002/001_001_002.html
http://www.gpcr.org/7tm/seq/001_001_003/001_001_003.html
http://www.gpcr.org/7tm/seq/001_001_004/001_001_004.html
http://www.gpcr.org/7tm/seq/001_001_005/001_001_005.html
http://www.gpcr.org/7tm/seq/001_001_006/001_001_006.html
http://www.gpcr.org/7tm/seq/001_001_007/001_001_007.html
http://www.gpcr.org/7tm/seq/001_002_001/001_002_001.html
http://www.gpcr.org/7tm/seq/001_002_002/001_002_002.html
http://www.gpcr.org/7tm/seq/001_002_003/001_002_003.html
http://www.gpcr.org/7tm/seq/001_002_004/001_002_004.html
http://www.gpcr.org/7tm/seq/001_002_004/001_002_004.html
http://www.gpcr.org/7tm/seq/001_002_005/001_002_005.html
http://www.gpcr.org/7tm/seq/001_002_006/001_002_006.html
http://www.gpcr.org/7tm/seq/001_002_007/001_002_007.html
http://www.gpcr.org/7tm/seq/001_002_008/001_002_008.html
http://www.gpcr.org/7tm/seq/001_002_009/001_002_009.html
http://www.gpcr.org/7tm/seq/001_002_009/001_002_009.html
http://www.gpcr.org/7tm/seq/001_002_010/001_002_010.html
http://www.gpcr.org/7tm/seq/001_002_011/001_002_011.html
http://www.gpcr.org/7tm/seq/001_002_012/001_002_012.html
http://www.gpcr.org/7tm/seq/001_002_014/001_002_014.html
http://www.gpcr.org/7tm/seq/001_002_014/001_002_014.html
http://www.gpcr.org/7tm/seq/001_002_015/001_002_015.html
http://www.gpcr.org/7tm/seq/001_002_016/001_002_016.html
http://www.gpcr.org/7tm/seq/001_002_017/001_002_017.html
http://www.gpcr.org/7tm/seq/001_002_018/001_002_018.html
http://www.gpcr.org/7tm/seq/001_002_020/001_002_020.html
http://www.gpcr.org/7tm/seq/001_002_021/001_002_021.html
http://www.gpcr.org/7tm/seq/001_002_021/001_002_021.html
http://www.gpcr.org/7tm/seq/001_002_022/001_002_022.html
http://www.gpcr.org/7tm/seq/001_002_022/001_002_022.html
http://www.gpcr.org/7tm/seq/001_002_023/001_002_023.html
http://www.gpcr.org/7tm/seq/001_002_023/001_002_023.html
http://www.gpcr.org/7tm/seq/001_002_023/001_002_023.html
http://www.gpcr.org/7tm/seq/001_002_023/001_002_023.html
http://www.gpcr.org/7tm/seq/001_002_024/001_002_024.html
http://www.gpcr.org/7tm/seq/001_002_024/001_002_024.html
http://www.gpcr.org/7tm/seq/001_002_025/001_002_025.html
http://www.gpcr.org/7tm/seq/001_002_025/001_002_025.html
http://www.gpcr.org/7tm/seq/001_002_026/001_002_026.html
http://www.gpcr.org/7tm/seq/001_002_026/001_002_026.html
http://www.gpcr.org/7tm/seq/001_002_026/001_002_026.html
http://www.gpcr.org/7tm/seq/001_002_027/001_002_027.html
http://www.gpcr.org/7tm/seq/001_002_027/001_002_027.html
http://www.gpcr.org/7tm/seq/001_002_028/001_002_028.html
http://www.gpcr.org/7tm/seq/001_002_028/001_002_028.html
http://www.gpcr.org/7tm/seq/001_002_029/001_002_029.html
http://www.gpcr.org/7tm/seq/001_002_029/001_002_029.html
http://www.gpcr.org/7tm/seq/001_002_029/001_002_029.html
http://www.gpcr.org/7tm/seq/001_002_029/001_002_029.html
http://www.gpcr.org/7tm/seq/001_002_030/001_002_030.html
http://www.gpcr.org/7tm/seq/001_002_030/001_002_030.html
http://www.gpcr.org/7tm/seq/001_002_030/001_002_030.html
http://www.gpcr.org/7tm/seq/001_002_030/001_002_030.html
http://www.gpcr.org/7tm/seq/001_002_031/001_002_031.html
http://www.gpcr.org/7tm/seq/001_002_032/001_002_032.html
http://www.gpcr.org/7tm/seq/001_002_032/001_002_032.html
http://www.gpcr.org/7tm/seq/001_002_999/001_002_999.html
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GCRP: Ligand binding

® ‘ ‘ Small‘

TSH,LH,FSH, IL’s,

odorants aa’s, amines, nucleosides

Pheromones molecules:

Intracelullar

messenger

INTERNALIZATION
TRANSDUCTION



(4) CCR5

The GCPR’s dimerize

| | NT- Ca?* sensing receptor

CT- GABAB receptor

Inhibitor

TMIV- B-adrenergic



GCRP: The problem

The events here are:
eBinding specificity.

eDimerization/Oligomerization.

Then, we have

e Can we predict the signals and distinguish them
at the sequence level?

e Which residues are involved in dimerization?
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* Existing methods to detect important
residues:

THE JouERy
O 2004 by i . _
14522 Bzocf?emzsrfj' 2003, 42, 14522—14531
Evol
of R Dimerization m Aminergic G-Protein-Coupled Receptors: Application of a
Hidden-Site Class Model of Evolution®
Orkun S. Soyer.} Matthew W. Dimmic.® Richard R. Neubig," and Richard A. Goldstein®-!
Department of Chemistry, Biophvsics Research Division, and Department of Pharmacology, University of Michigan,
Ann Arbor, Michigan 48109, and Division of Mathematical Biology, National Institute for Medical Research,
The Ridgeway, Mill Hill, London NW7144, UK.
Received June 25, 2003; Revised Manuscript Received October 1, 2003
G pr . . o .
ated by ABSTRACT: G-Protein-coupled receptors (GPCRs) are an important superfamily of transmembrane proteins
helices involved in cellular communication. Recently, it has been shown that dimerization 1s a widely occurring
T_'“““f‘_ phenomenon in the GPCR superfamily, with likely important physiological roles. Here we use a novel
n';i;::m_y hidden-site class model of evolution as a sequence analysis tool to predict possible dimerization interfaces
the rhol in GPCRs. This model aims to simulate the evolution of proteins at the amino acid level, allowing the
a netwi analysis of their sequences in an explicitly evolutionary context. Applying this model to aminergic GPCR
G prote sequences, we first validate the general reasoning behind the model. We then use the model to perform
duction - = . Ty . . : .
mutatid a family specific analysis of GPCRs. Accounting for the family structure of these proteins, this approach
accord] detects different evolutionarily conserved and accessible patches on transmembrane (TM) helices 4—6 in
divided different families. On the basis of these findings, we propose an experimentally testable dimerization
:”DZT;:;' mechanism, involving interactions among different combinations of these helices in different families of
aminergic GPCRs.

Same approach but use Probabilistic trees (MrBayes!)
Hannenhalli & Russell. JMB (2000). 306:61-76.



(4) CCR5 Chemokines: biological functions

Wound [ Th1/Th2 ]
healmg development
[Lymphmd [Angnogenems]
trafficking @
Tumor ]
metasta3|s
[Organogenems

[Inflammatlon] Cell
recruitment

Rossi & Zlotnik. Annu. Rev.
Immunol. (2000). 18:217-242.

Rogers D.
Vanderbilt University (1950s)
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TEST CASE: CHEMOKINES, known to dimerize.

Steps:

2.- Tree determinants searching=finding residues.
3.- Selecting regions.

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

5.- Experimental validation



Alignment selection
TEST CASE: CHEMOKINES

(http://www.gpcr.org/7M/)

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

o 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.



Our strategy

TEST CASE: CHEMOKINES, known to dimerize.

Steps:

1.- Alignment selection.

3.- Selecting regions.

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

5.- Experimental validation



@) CCR5  Finding residues

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

eMutational behaviour

eSequence Space
Automated Method

Predicting Funtional Residues in Protein Sequence Alignments

| o Qﬁgﬁ %OF(LSS

3-Methaod

Sirple Run Advanced Run Additional Info Contack Us

TreeDet: Predicting Funtional Residues in Protein Sequence Alignments

+ Check one or more methods!
Paste here a protein multiple sequence alignment: ¥ MB-Method

laccepted formats are ALN, FASTA, MSF, and PIR] Looks for positions in the multiple sequence alignment whose

mutational behaviour resembles that of the global alignment Lx_| .

[7]FASS

Principal component analysis of the multiple alignment and
computation of the statistical confidence in the organization of

the family into sub-familias Lx_| .

[¥]S§-Method

The level entropy method searches for the level of splitting of a
previously established phylogenetic tree to optimize the relative

entropy L1_| .

Or Upload a Multiple alignment [accepted formats as [18QUARE
abowe]

I Browse...

An additional tool to evaluate alignments Lx_| .

The alignment has to be longer than 50 residues and

contain at least 15 canuancas fhn rmora than 2004 PERFORMANCE: Some numbers [HERE].




4) CCR5
oW%at the methods do?
Predict functional sites

using different approaches.

W
1 D
2 D
3 'V
4 L}
5 ! Lt
& i Er
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position |10 IV O DL .. $11 513 845
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<=1 niet
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135 35355 1413
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MB method B>
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multiple sequence alignment

EASH_HLUIMEM
EASH_RERZV
EASH_MZVHA
[9EEGS
MAHRRSE_1L
EASH_HEHLA
EASH_EEARE
EASK_HLMSMN
EASL_HUMAHN
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a
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(4) CCR5

Sequence Space: overview

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

An example:

1 2 3 4 5 6 T 8 9 EIK
RASH_HUMAM | G F v C F G B E
RAS _RRAsy | G F v C L G E v
RESH_MSWHA E F ¥ E m E ¥
RASH_XEMLA F oy
RASH_BRARE | G F ¥ C I G E BE G H EmEI ;
RASK_HUMAN | G F ¥ C 7 G ¥ E
RASL_HUMAN | & F & C E G
SEC4 YEAST s o0 G H B G E £z By
SECd_CANAL H B @G K B G K - i
H9HET 4 FI g 6 7B G K B\ E
Q9EVL3 Fa L GDOE G K E
YPT2_SCHPO vy /B g B 0B G K
SAS1_DICDI v R , G E D G K
SAS2_DICDI FE n G E B G g
RHOC_HUMAN | 1 E [ I I B K G E
RHO_DISOM AR T I E K G K
RHO_APLCA H T T B+ Bl K 6 E
RHOL_DROME | H 0 T I E K G K
RHOB_HUMAN Pa 0 B E M G K
QeTG28 v B Ol & E K G K
RHO1.SCHPO | T T T I 7 K G K

TOTD TDy TOh SH SH SHi FC FL

o protein space

=
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(4) CCR5

Eigenvectors

wn
II g
Ml

Sequence Space: Clustering

results
X, RS

$A
WB _, CXCR35

‘ C CXCR4
D CCR1/3/V

CCR4/8
CCR10

R EHIR
2| vwee od (@) wom

_D IE

-n l4

—D.z ﬂ D.z u.4 ﬂlE

Protein Coordinates

protein space




Our strategy

TEST CASE: CHEMOKINES, known to dimerize.

Steps:

1.- Alignment selection.

2.- Tree determinants searching=finding residues.

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

5.- Experimental validation



lree-determinants: Clustering
resu/fs

Residues obtalned by Sequence-Space fam|Iy division.
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Our strategy

TEST CASE: CHEMOKINES, known to dimerize.

Steps:

1.- Alignment selection.
2.- Tree determinants searching=finding residues.

3.- Selecting regions.

5.- Experimental validation



(4) CCR5 Problem: there is no Structure!!!!

1F88 (2000) 2.8A
1GZM (2002) 2.65A

No similarity but there is a “central core”
or “bundle”

Can'tm' Nacional
de Investigaciones
Oncologicas




(4) CCR5
Visualizing interface

regions
Region selection and then, residue selection (not necessarily the TD’s)

S method, g method

. . e g ‘
buried solvent accessible CHi10

Centro Nacional
de Investigaciones

Oncolégias




@) CCR5 Vijsualizing interface
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Our strategy

TEST CASE: CHEMOKINES, known to dimerize.

Steps:

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

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



4) CCR5 — " :
— £xperimental

___validation
Chemokine receptor dimerization model

L

’ o
3 _‘;1 i"'
S <Ak
Z

iV RE  GXXXLXXL”

Hebert et al. J. Biol. Chem.
(1996). 271:16384-16392.
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CCRSI2V/V'°A and CCRS show similar
membrane expression and ligand binding

L1-2 Mut-CCR5 L1-2 Wt-CCR5

Anti CCr5 staining

;:,“J“w“‘“f} i CCR5-O3 wi‘ | “ 1 CC R5'03
| }“ A “W ‘J VW‘M ] ‘\“ " /

o N " @ CCR5mut (Kd 1.33 nM)
| @ CCR5wt (Kd 0.87 nM)

i\
A

Cell number

Fluorescence intensity

% Bound *?5-CCL5

L1-2 Mut-CCR5 L1-2 Wt-CCR5

A
CCL5-biot y CCL5-biot

0
0.01 . 10 100 100¢

Similar CCI5-binding CCL5 (nM)

Cell number

Similar affinity

YA

Fluorescence intensity




CCRS5/°2V/V'5%A s a non-functional

receptor

Migration Index

|
1 10 50 100
Chemokine (nM)

@® CCR5wt/CCL5 @® CCR5mut/CCL5
B CCR5Wt/CXCL12 M CCRS5mut/CXCL12

CCRS5 responded to Ca

L1MDRICREINTssaysl -2 CCR5 MUT




CCR5/F?V/V'%A js a non-functional ]
receptor

Green: CTX —— Marker for rafts
Red: CCR5wt/CCR5mut/TfR
Yellow: overlay

No differences in the membrane distribution




[ CCR5I2V/V'*A does not dimerize: FRETJ

Fluorescence Resonance Energy Transfer

)

(~“—' ”"ED\/ _r)

o
3
0
x
Q
-
S
0
(14

none CCL5 none CCL5

R5wt-C/ R5mut-C/
RSwt-Y R5mut-Y

R5mut-C/R5mut-Y

within 20-100A (0.002-0.01pm): prot-prot interactions



[ CCR5I22V/V'*A does not dimerize: FLIMJ

Fluorescence Lifetime IMaging

DETECTION/TIME = LIFETIME

DECREASED LIFETIME




[ CCR5I22V/V'*A does not dimerize: FLIMJ

£
n

lifetime (ns)
w  bn
lifetime (ns)

=
n
=
=

Pixel number
(relative units)

J

— T T—

005115225335 0051152253 35 0 051 15 2 25 3 35

CFP lifetime (nanosec)




CCRS5 dimerization conclusions J

CCRYS pre-exist as homodimers in absence
of exogenous ligand



o 'J '—’ffJfoij’s‘ receptors are in an equilibrium between

yeral conformations: monomers, nomodaimers and
eteroaimers
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Ligand binding might stabilize conformations
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CCRbS-based synthetic peptides containing I°?
and V'°° block CCRS5 function

wt peptide
MLVILIL +VTSVITW
mutant peptide
MLVVLIL + VTSAITW

L1-2 CCR5

"\( - mut peptide

\"¥ wt peptide
n

Cell number

Fluorescence intensity

BOTH INCLUDED IN THE MB!

BIOTIN STAINING.



and V'°° block CCRS5 function, dimerization

wt peptide mutant peptide
MLVILIL+VTSVITW MLVVLIL + VTSAITW

{ CCRbS-based synthetic peptides containing I°? }
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mut pep wt pep




CCRS-based synthetic peptides containing 152
and V150 block CCRS function, migration assays

L1.2 CCRSwt

@ medium
O +wt pept
@ +mut pept

Migration Index

X
)
©
£
c
(©)
2
©
S
D
=

0 1 10 50
CCL5 (nM)

PBL: peripheral blood lymphocytes.



Conclusions

) ""1‘

] %oooooooooooooooo

| Jissecsecsecsecsees

v 192 in TM I and V190 in TM IV play a critical
role in CCR5 dimerization and fun ction

Hernanz-Falcon P. et al. Nat. Immunol. (2004). 5:216-223.

Hernanz-Falcon P. et al. Nat. Immunol. (2005). 6:535-536.

VN -

Vol. 00 no. 0 2005, pages 1
doi:10.1003/bioinformatics/bti2

Review: collaboration between experimentalists and computational biologists.

| A framework for computational and experimental methods:

Identifying dimerization residues in CCR chemokine receptors.

David de Juan', Mario Mellado®, José Miguel Rodriguez—Fradez, Patricia Hernanz-Falcon®, An-
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Predicting Functional Residues in Protein Sequence Alignments

-Method
et FASS
E

S-Methad

Sirnple Fun Advanced Run More Info Contack Us

TreeDet: Predicting Functional Residues in Protein Sequence Alignments

*+ Check one or more methods!

[¢*]|MB-Method
Paste here a protein multiple sequence alignment: Looks for positions in the multiple sequence alignment whose
[accepted formats are ALM, FASTA, MSF, and PIR] mutational behaviour resembles that of the global alignment [§ .

[Z|FASS

Principal component analysis of the multiple alignment and -
computation of the statistical confidence in the arganization of

the family into sub-families L1_| .

[+]5-Method

The level entropy method searches for the level of splitting of a
prewviously established phylogenetic tree to optimize the relative

entropy L;_| .
[[]SQUARE

Or Upload a Multiple aAlignment [accepted farmats as an additional tool to evaluate alignments L1_| .
abowve]
| { - 1 .

Done
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