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Escuela Verano 1
UCM - Jul.05

Paulino Gomez-Puertas
Biolnfo Unit. CBM




v

L
= r &

'
[File| [Edit] [Colour] [Sart] Picked:

(36xB35)

8| 1hal
H57C_HUMAN
» H57C_BOWIN
H57C_MOUSE
H57D_DROME
H570_xEHLA
1dkgD
DHAK_FPASHML
DHAK_SALTY
| DHAK_WIECH
S OHAK_EURPS
4 OMAK_BIRCE
1ijceR
MREEE_0&7013
y'(MEEE_EBACSU
MREEB_L9KEHS
MREEB_L92BGE
MREEB_LSL1GE
1ledfT
FTSA_ENTHE
FTSA_ENTFA
FTSA_BACSU
FTSA_BOREU
FTSA_ECOLI
lyagzA
|ACT_BOTCI
~| ACT_HEULCR
&|ACT4_CAEEL
ACTE_HUMAM
ACTS_CHICK
1ghaA
Hxk1_HUMAN

DATKDAGT . IAG. & . ... . LHVMLEITHERTRAAARI AYGELOKEY GRERMYLIFDLGGEGT FOWVSILTIEDG, | | .
DATKDAGT . IAG. & . ... . LHVMLEITHERTRAAARI AYGELOKEY GRERMYLIFDLGGEGT FOWVSILTIEDG, | | .
DATKDAGT . IAG. & . ... . LHVMLEITHERTRAAARI AYGELOKEY GRERMYLIFDLGGEGT FOWVSILTIEDG, | | .
DATKDAGT . IAG. & .. ... LHYMLEITHERTRAAARI AYGELOKEY GRERMYLIFDLGGEGT FOVSILTIEDG, | | .
QATKOAGT . IAG. ... ... NYLRIINERTARATAYBLOKKAYGERNYLIFOLGRGTFOVSILSIONG, | . . Chat
QATKDAGY ,LAG, .. ....LNILEIINERTAAAIAYELOKGARGEQNYLIFOLGEGETFOWSILTIOOG, | . . .
QATKDAGR . IAG. .. ....LEMKRIINERTRAARALAYGELOK, . TGHRTIAWYDLGGGETFOTISITEIDEK, | . . gy
DATKDAGR, IAG, . .. ... LEMKRITHERTAAALAYGLOKGHG, HETIAWYDLGGEGT FOLSITIEIDEYG, | . &
DATKDAGR, IAG, . .. ... LEMKRITHERTARALAYGLOKEY G, HETIAWYDLGGEGTFOISITIEIDEYD, | .
DATKDAGR, IAG, . .. ... LEMKRITHERTARALAYGLOKAGE, DRTIAWYDLGEGTFOISITIEIDEVE, | .
DATKDAGR, IAG, . .. ... LEMKRITHERTARALAF GLOKAEK GORKIAWYDLGEGT FOWVSITEIADVIG, |
DATKDAGR, IAG, . .. ... LEMKRITHERTARALAF GLOKAEK GORKIAVYDLGEGT FOWVSITEIADVIG, |
FAILOAGL,ERG. .. ... .ASKNVFLIEER<AAARI GSHLH, WEEPSGHWYDIGRGTTEVAYISL, . .. vy
EAYWYOAAK , SAG., . . . ... AREVYLVAEPMAARARI GAGLP ., . WEEPIGHMIVDIGGEGTTOIAYISLA, ... ..
EAYIDATR, UAG., .. ....ARDAYPIEERFARAI GAMLP , (WWEPTGSMWYDIGGEGTTEVAILSLG, .. ...
EAYEDATE , UAG, . .. ... AKYAYTLEERFAARARI GADLP , (WWEPTGSMWYDIGGEGTTEVAILSLG, .. ... ’
EAYIDATR,UAG, .. ....AKDAFTIEERFAARARI GAGLF , . WGEPTGSMWYDIGGEGT TEVAYISLG, .. ...
EAYIEASS, UAG, .. ... .ARDVHITEERMAAARI GSELF ., . WHEAT GHMWYDIGGEGT TEVAYVISLG, .. ...
EMFYHFLADTY K, o ..o . o 5. PFALKSSLWSTREGYLTT ,  PERKDRGWYWWHLGEYHFTGLIAYEM, oo s vy
HHIRKCWEMAGL, & ... W WMHELVITRLALTETILSO,  GEKDFGTIMIDMGREGOTTTAMMHD ., . .. ...
HHIRKCWEKAGL, & ... . G.INELVITRLALTETILTO, . GEKDFGTIMIDMGEGATTTSYIHD, . .. vy
HHLLECWERAGI, ... .. .E.ITDICLEARPLAAGSAALSE,, DEKHLGYALIDIGGEGSTTIAMFRM, o .y ..
AHLYRCWMREAGF ., o .. o . L ALMDOEMYLGSLASSYATLSE,  EEREMGYLFIDMGEGTTOTIILYID, ...y . .
EMIVEAVERCGL, & ... o K WDALTIFAGLASSYSYLTE, . DERELGY CWYDIGEGTHMOIAY Y TG, o s vy
EKMTUIMFETFH, o ..., JWPAFYWSIEHAYLSLYSSERT . o o oy o TGIMLDSEDGEY THYWPIY A, o vy
EKMTUIVFETFH, ... .. . APAFYYSIAAYLSLYASGERT . o o oo o c TGIMLDSEDGEY THYWPIYVE, oy vy
EKMTUIVFETFH, ... .. .APAFYYSIAAYLSLYASGERT . o o o . o . TGIMLDSEDGEY THYWPIYVE, oy vy
EKMTUIMFETFH, o .. .. . TPAMYWAINAVLSLYASGERT . . o o . o . TEYWLDSEDGEY THTYPIVE, o vy
EKMTUIMFETFH, o .. .. . TPAMYWAIMAYLSLYASGERT . . o o . o . TGIMMOSEDGY THTYPIVE, o4y vy
EKMTUIMFETFH, o ., .. . TPAMYWAIMAYLSLYASGERT . . o .. . . TGINMMOSEDGEYTHTYPIYE, . vy, o &
ADVYELLM, KATKKRGDYDANTY AVYNATYGTHMMTCEYD, | , L OUHCEYGLITGT G, THACYMEELRHIDOL Y
ADWVYELLM, KATKKRGDYDANTY AVYNOTYGTHMMTCEYD, o, L OOHCEYGLITGT G, THACYMEELRHIDOLY
Hek1_BOWIN MWW ELLD, KATKKRGDYDANTYAVYNOTYGTMIDCE YD, | . L OOHCEYGLITGT G, THACYMEELRAIDF

| H<K_SCHMA HHYAELLEA, TELDKRE , LMVECYAVYHOTYGTLASCALE, . . JOPKCAYGLINGTG, THYAYIEDSSKWYELM

| Hekl2_DROME EMHWWSLLE, ERIDRREGOLKINTYATLHNATYGETLMSCAFY , ., . HPNCRIGLIVGET G, SHACYMEKTYHAECF
Hek1_SPIOL EDVVAELT . KAMLREKG, VDMEWVTALVHDTVGTLAGGRYY ., . . KEDVIARVILGTE. THARYMERASATHKLR
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Bioinformdtica: Integracion de informacion

estructural y evolutiva para el estudio de la funcidn

de las proteinas.

__*Prediccion de estructura de proteinas. >

-Extraccion de informacion evolutiva.
‘Prediccion de interacciones:

proteina - proteina

proteina-ligando
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Protein structure determination
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Physical principles: not in the next few years?
Protein structure

prediction

MAKEFGIPAA
VAGTVLNVVE
AGGWVTTIVS
ILTAVGSGGL
SLLAAAGRES
IKAYLKKEIK
KKGKRAV IAW
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Molecular dynamics simulation.

ab initio methods

» (X3,y3,23)
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Folding@home: Simulations of the villin headpiece

3 Phe
1 Trp
1 Phe

The
folding
time is on
the order
of 10
micro-
seconds.

CA(2+)-REGULATED ACTIN-BINDING PROTEIN.

VILLIN CONSISTS OF A LARGE CORE FRAGMENT, THE AMINO-TERMINAL PORTION, AND A SMALL
HEADPIECE, THE CARBOXYL-TERMINAL PORTION. THE HEADPIECE BINDS F-ACTIN STRONGLY IN
BOTH THE PRESENCE AND ABSENCE OF CALCIUM.

MAJOR COMPONENT OF MICROVILLI OF INTESTINAL EPITHELIAL CELLS.
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Physical principles: not in the next few years? ||
Protein structure

prediction Informatics (copying from known cases)

MAKEFG I PAA

VAGTVLNVVE

AGGWTTIVS a

ILTAVGSGGL &)

SLLAAAGRES =
|

IKAYLKKEIK = ; ) Score = 85.1 bits (208), Expect = 6e-19
KKGKRAV 1AW %f i Identities = 27/56 (48%), Positives = 42/56 (74%), Gaps = 1/56 (1%)

Query: 2 FIAIYDYKAETEEDLTIK KGEKLEIIEKEGD-WWKAKAIGSGEIGYIPANYIAAAE 56

- Homology modeling

F+A+YDY+A TE+DL+ KGEK +I+ WW+A+ +GE GYIP+NY+A +
Sbjct: 8 FVALYDYEARTEDDLSFHKGEKFQILNSSEGDWWEARSLTTGETGYIPSNYVAPVD 63

f .

- Threading

MAKEFGIPAA
VAGTVLNVVE

AGGWVTTIV FOId
S ILTAVGSGGL
SLLAAAGRES
IKAYLKKEIK
KKGKRAVIAW

ranking

Paulino Gomez-Puertas
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Protein structure prediction. Flow chart.

Expenmental Database
Sequence || Searching

oruchure

N Homolog? \
SECONaAry

Structure m
Prediction Modeling

Final
strucuture
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DATKDAGT . IAG. & . ... . LHVMLEITHERTRAAARI AYGELOKEY GRERMYLIFDLGGEGT FOWVSILTIEDG, | | .
DATKDAGT . IAG. & . ... . LHVMLEITHERTRAAARI AYGELOKEY GRERMYLIFDLGGEGT FOWVSILTIEDG, | | .
DATKDAGT . IAG. & . ... . LHVMLEITHERTRAAARI AYGELOKEY GRERMYLIFDLGGEGT FOWVSILTIEDG, | | .
DATKDAGT . IAG. & .. ... LHYMLEITHERTRAAARI AYGELOKEY GRERMYLIFDLGGEGT FOVSILTIEDG, | | .
QATKOAGT . IAG. ... ... NYLRIINERTARATAYBLOKKAYGERNYLIFOLGRGTFOVSILSIONG, | . . Chat
QATKDAGY ,LAG, .. ....LNILEIINERTAAAIAYELOKGARGEQNYLIFOLGEGETFOWSILTIOOG, | . . .
QATKDAGR . IAG. .. ....LEMKRIINERTRAARALAYGELOK, . TGHRTIAWYDLGGGETFOTISITEIDEK, | . . gy
DATKDAGR, IAG, . .. ... LEMKRITHERTAAALAYGLOKGHG, HETIAWYDLGGEGT FOLSITIEIDEYG, | . &
DATKDAGR, IAG, . .. ... LEMKRITHERTARALAYGLOKEY G, HETIAWYDLGGEGTFOISITIEIDEYD, | .
DATKDAGR, IAG, . .. ... LEMKRITHERTARALAYGLOKAGE, DRTIAWYDLGEGTFOISITIEIDEVE, | .
DATKDAGR, IAG, . .. ... LEMKRITHERTARALAF GLOKAEK GORKIAWYDLGEGT FOWVSITEIADVIG, |
DATKDAGR, IAG, . .. ... LEMKRITHERTARALAF GLOKAEK GORKIAVYDLGEGT FOWVSITEIADVIG, |
FAILOAGL,ERG. .. ... .ASKNVFLIEER<AAARI GSHLH, WEEPSGHWYDIGRGTTEVAYISL, . .. vy
EAYWYOAAK , SAG., . . . ... AREVYLVAEPMAARARI GAGLP ., . WEEPIGHMIVDIGGEGTTOIAYISLA, ... ..
EAYIDATR, UAG., .. ....ARDAYPIEERFARAI GAMLP , (WWEPTGSMWYDIGGEGTTEVAILSLG, .. ...
EAYEDATE , UAG, . .. ... AKYAYTLEERFAARARI GADLP , (WWEPTGSMWYDIGGEGTTEVAILSLG, .. ... ’
EAYIDATR,UAG, .. ....AKDAFTIEERFAARARI GAGLF , . WGEPTGSMWYDIGGEGT TEVAYISLG, .. ...
EAYIEASS, UAG, .. ... .ARDVHITEERMAAARI GSELF ., . WHEAT GHMWYDIGGEGT TEVAYVISLG, .. ...
EMFYHFLADTY K, o ..o . o 5. PFALKSSLWSTREGYLTT ,  PERKDRGWYWWHLGEYHFTGLIAYEM, oo s vy
HHIRKCWEMAGL, & ... W WMHELVITRLALTETILSO,  GEKDFGTIMIDMGREGOTTTAMMHD ., . .. ...
HHIRKCWEKAGL, & ... . G.INELVITRLALTETILTO, . GEKDFGTIMIDMGEGATTTSYIHD, . .. vy
HHLLECWERAGI, ... .. .E.ITDICLEARPLAAGSAALSE,, DEKHLGYALIDIGGEGSTTIAMFRM, o .y ..
AHLYRCWMREAGF ., o .. o . L ALMDOEMYLGSLASSYATLSE,  EEREMGYLFIDMGEGTTOTIILYID, ...y . .
EMIVEAVERCGL, & ... o K WDALTIFAGLASSYSYLTE, . DERELGY CWYDIGEGTHMOIAY Y TG, o s vy
EKMTUIMFETFH, o ..., JWPAFYWSIEHAYLSLYSSERT . o o oy o TGIMLDSEDGEY THYWPIY A, o vy
EKMTUIVFETFH, ... .. . APAFYYSIAAYLSLYASGERT . o o oo o c TGIMLDSEDGEY THYWPIYVE, oy vy
EKMTUIVFETFH, ... .. .APAFYYSIAAYLSLYASGERT . o o o . o . TGIMLDSEDGEY THYWPIYVE, oy vy
EKMTUIMFETFH, o .. .. . TPAMYWAINAVLSLYASGERT . . o o . o . TEYWLDSEDGEY THTYPIVE, o vy
EKMTUIMFETFM, o .. .. cTPAMYWAIMAYLSLYASGERT . . o o . o W TGINMMOSEDGY THTYPIYE, o oy vy o G
EKMTUIMFETFH, ... .. . TPAMYWAIMAVLSLYASGERT . . o .. o . TGIMMOSEDGY THTYPIVE, o 4.y oo i;
ADVYKLLH, KAIKKRGDYDANTY AVYHOTY GTMMTCGEYD, o, L DOHCEYGLITGTG, THACYHMEELREHIDLY 3
AMT ADWVYELLM, KATKKRGDYDANTY AVYNOTYGTHMMTCEYD, o, L OOHCEYGLITGT G, THACYMEELRHIDOLY
& gy H<K1_BOWIN MWW ELLD, KATKKRGDYDANTY AVYHATYGTMIDCEYD, | . ,OUHCEYGLITIGT G, THACYMEELRUIDOF G
SN /| Hxk_SCHMA HHYAELLEA, TELDKRE , LMVECYAVYHOTYGTLASCALE, . . JOPKCAYGLINGTG, THYAYIEDSSKWYELM
Hek 2 _DROME EMWWYSLLE, ERIDRRGOLKINTYATLHNATYGTLMSCAFY , .,  HPHCRIGLIVGET G, SHACYMEKTYHAECE g
Hek1_SPIOL EDVYAELT , KAMLEKG, VOMEMTALMHOTY GTLAGGREYY . . .  KEDVIAARVILETG, THARYMERASATHKL g
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Homologs: proteins sharing a common ancestor
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Classical homology modeling algorithm

Generate alignment query - target

Replace other amino acids

- Use most common rotamers

- keep as many atoms in positions as possible
Model loops regions (insertions and deletions)
Optimize packing

Quality check

| Replace conserved amino acid side-chains
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trefoil
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k-

¢/f sandwich

doubly wound
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TIM barrell

Superfolds
(Orengo et al.)

7-bladed beta-propeller

4,5,6,7 & 8 bladed exist
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Algoritmos de threading.
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1 Algoritmos de threading
Potenciales de contacto / Coincidencia de estructura secundaria y accesibilidad
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Count pairs of each residue
type at different separations

counts

cood match to one of the known stroctures?

=-. predict fold of matching structure
* model 3D} coordinates by homology
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Bioinformdtica: Integracion de informacion

estructural y evolutiva para el estudio de la funcidn

de las proteinas.

*Prediccion de estructura de proteinas.

— .« 2 . . 7 .
< +Extraccién de informacién evolutiva. >

‘Prediccion de interacciones:

proteina - proteina

proteina-ligando

&
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Integration of Evolutive Information
conserved

Pickec

L PPKP
<[ PRLE

ILHT_PD
|LHT_HHHHH

IF'Tl HII SE
CPT1_HUMAH
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free-deferminants .. |ated mutations

Information extracted from multiple sequence alignments
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Integration of Evolutive Information

conserved
. Belvu: alignment2.mul

Pickec
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Information extracted from multiple sequence alignments
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Hydroxymethylglutaryl-CoA lyase (HMGL)

Pl Q a1 ) B2, Qoa2)

NWEMGPROG, | . ... .. LENEKNI WSTPYRIKLIDMUSEAGLSYIET TSEWSPEWWYPEMGOHTEVLKGIAK, , |,
NWEMGPROG LENEKST , WVPTPVKIRLIOMESEAGLPYIEAT SEW SPHUWWPEMADHSDWLKGIGK, |

HHMGL_HUMAN F
F
NEMGFROG. & ..y . LLENEEST WPTRPYRIKEIDMUSEAGLPYIEAT SFEWSPRRY PEMADHSDW LK GI MK, . JF
L
N

HHMGL_MOUSE
HHMGL_RAT

HHMGEL_CHICK
HHGEL_FSEMY
LEU1_LACLA
NIFW_RHOCA
FYCE_METJA
HIS4_MvCTU
HIS4_STRECO
HIS4_ECOLT

ol Lel L
T m

NEMGPRDG. L. ... LLENEKSY WVPTRPYRIFELIDMUSETGLPYIEAT SEYSPRWYPEMADHAEWVMUGINK, |
LFEMGFRDG. ........LEHERGF, LSYAARRY GLI GELAGTGLRHIEARGAFY SPRWVPEMAGSDEYLRALPS, | .
LFOTSLROG, | ... ... . ERTPGYS, FSTISERWTIAKULERLRISYIERGF SARSFOSFEAYKLOIADOSLHNOTA, , W
LCOTTLRIOG EERTAGYA, FSLAEKKATARALDRAGYAETEY GI AAMGWAEWAEIRAVYAEIAHAT ., . . .
NOTTFROA, & v vy v o o L BESLIATRMRTEDMEFIAERKMOEY GF Y SMEVIGGATFDACIEYLNEDFWERLRALKKRT
LILLPAVIVYEGRAVRLVEGKAGSHTEY G, SAMDAALGWURDGAEWIHLYDLDARF . GRGEMHELLAE, . ¥WGK, L
LELLPAYDVEDGUAYRLWHGESGTETSY G, SPLEARLAWURSGEAEWLHLYDLDARF . GTGDMRALIAE, . YAUA, (M
.. IEPALOLIDGETYYRLHAGE Y GKERDY GNOPEPRLUDYAALNGAEYEHLYDLT GAKOPAKEAIPLIKT, , LWAG, . W
HIS4_HAEIM SIIIPALOLINGLVYRLHEGEY AKLETTY SOMPIKAFDM YWY RUGAKEIEHLYOLTGAKMPUSEATALIGK . . IWEA, . T
1go2A LLWMPAIDLFRGKYARXIKGRKENTIFYEKDPMELYEK DI EEGF TLIHVYDLSNATENSGEMLPYVLERK,, L LSE. . . F
loqo2fA_ss EEEEEEEEE EEEEEE EEEEE HHHHHHHHHHH EEEEEEHHHH HHHH

B3 pa Qat ) TTFET

HMGL_HUMAN PGINYPWVLTPHLKGFERRYARGAKEWVWIFGAASEL FTEKKNINESIEESFURFOAILKARNSAN, ISMRGYWSEALGC
HMGL_MOUSE PGINYPWVLTPHMKGFEERYARGAKEY SYFGAWVSEL FTEKNANESI EESF URFAGYMUARNAAS, ISHRGYWSEALGC
HMGEL_RAT PGINYPWVLTPHMKGFEERYARGAKEY SIFGRASEL FTREKMNYHEST EESFURFOGYMUARRAAS, ISMRGYWSEALGC
HMGL_CHICK PGEYSYPWVLTPHMLKGF MARY ARGAKEY SIFGRASEL FTKKNINESI EESLERF SEVMNARRAAS,, IPMRGYWSEVYLGC
HHMGL_PSEMY DEVSYTALYPHNRAGF ERAURAGCREYVAYEARRSEAF SENHIMESIDESFERFTPYVLRAANEAS,, IRMREGYWSEVLEGE
LEU1_LACLA TALARCYISDIDKAYERYK GAKYPRIHVEIATSPIHMK YK LKISPEEVLKNIDKCYRYARERY ,EVFE., . . . . . FSP
HIFW_RHOCA + + + PYWLICRLEMHOLOMALKT GYEEWHF AYPTESTAUNLEGK L RVYDOROWILEETRALYWFCASORG, LUMS, . . .,  W&EA
PYCB_MET JA ANTPLAMLLEGHNLY GYRHYPDDIVEKFYIKAHENGIDIFRIFDALNDVRMMETAIKTAKKW G, AEMEG, ., , ATCY
HIS4_MvyCTU DWVOWEL SGGIRDDESLAAALATGEARYMYE. + v s s s s s s o v o o TAALEMPQWCARYIGEHG, D, UMAYGLOWVEIID
HIS4_STRCO DIKVELSGGIRDODTLAAALATGETRWNLG. + 0 s s s s s s v v v v o TAALETPEWVAKYIREHG, D, KIAYGLOVREGTT
HIS4_ECOLI HMYPYEYGEEYRSEEDVAALLEAGYARVYWE. . . ooy v v v s o oo o« STAVKSHDMYKGLWFERFGAD . ALYLALOYRIDE
HIS4_HAEIHN QCKYEAWGEGIRTENDWVADL LAY GANRYYIG. o oo v v v v v s o o o o« STAVTHRESMYKNWFIKYGAE ., KFWYLALOVHINA
1qo02A AEHIUIGGGIRSLDYAEKLRKLGYRRUINVS, ., ..y vv sy » SKWLEDPSFLKSLREIDY, , , EPYFSLOTRGGER

[l ol el el i) R N RN R U]

lgqo2A_== EEEEE HHHHHHHHHH  EEEEE HHHH HHHHHHH EEEEEEEEE E

Q o5 ) he BT,

HHMGEL_HUMAN voes o PTEGKI L, SPAKVAEYTKKFFSMEEY , ELSLGDTIEYGTPGIMKDMLSAVMUIEYP ., . . L, AALAVHCHDT &G
HMGEL_MOUSE v er e PTEGEY,  SPAKVAEYAKKLYSMEEY , ETSLGOTIEY GTRGLMEDMLT AVMHEYE, |, %, TALGYHCHOTIG
HMGL_RAT +er e PTEGEY,  SPAKVAEYAKKLYSMEEY , ETSLGOTIGEY GTRGLMEDMLT AVLHEYE ., |, %, AALAVYHCHOT Y&
HMGL_CHICK PYEGHI . . SAAKYAEWSKEMY SMBGEY . ELSLGORIGI GTRGSMEKEMEARYMEEVE . . . W, GALAYHCHOT Y &
HHMGL_PSEMY ves s JPFSGAV, . APEAVAKYARELFELGEY . EISLGOTIGAGEPOETALLFELCARELE. . .Y, ARCAGHFHOTLIG
LEU1_LACLA vess +EDATRT . ,ELNFLLEAVATAWDARAT . YINIPOTYEYTTPEEYGKIFKFLIDNTKSDRE, ITF SPHCHODLG
MIFV_RHOCA vees EDASKET, ,DPDFLIRLAEYVAAAAGAL . RFRIADTLGLLDPLGAFRLMAELSARIS. .. . . LPIEMHAHNDFG
PYCE_MET.JRA vees o TLSPYH, . TIDOYYELAKKLEEMGED, SICIKDMAGLLTREYEGYELMKELKEETLS., .. . . LPIDVHSHCT SG
HISd_MvCTU GEHRE, LRGEGHWETOGE, OLWDWLERLOSEGCSEFYWTOITROGTL GGPHLOLLAGYADRT ., . . O, APMIASGGEYSSL
HIS4_STRCO LRGEGWTROGE . OLYETLORLMKEGCARY YW TOT AKDGTL AGPHLELL KMWCART . . .0, RPMYASGEYSSL
HIS4_ECOLT AGHE DAY SGWLRENSGEY SLEQLVETH LPYGLEKHML CTOISROGTLAGSHYSEYEEVCARY . . L PEVAFDSSGGIGOT
HIS4_HAEIH SGEKIVAISGWUEESGYLLETLIEDEOTY GLAEM| CTOISROGTLTGSNIGLYREICERY . . . PPIAFASSGGIGSEL
lgqoZA vees WAFKGWLAEEEIDPYSLLERLKEY GLEEIVHTEIEKDETLUEHDFSLTKKIAIEA, . . E.WVKMLAAGGISSE
lgoZA_ss EE HHHHHHHHHH EEEEEEEEHHHHH HHHHHHHHHH EEEEE

Q0 a7 ) pg .
HMGEL_HUMAN QAETHT LMAL AMEY SV F0S SEAELEEEPYARGASERLBTEDLYYMEES. 287
HMGL_MOUSE EALANTLVAL OMGEY SY WD S SMAELEECPYAKGASGNL ATEDLYYMLNG ., 287
HMGL_RAT QALANTLVALOMGEY Sy WD S SMAELBEEPY AK GASGHL ATEDLYYMLTE., 287
HMGL_CHICK LALANI LvAL OMGY S MDASYABL BREPYALGASGN Y ATEDLYYMLNG ., 260
HMGL_PSEMY MBTAMNYHAALALGYRTFOSSYAGLBEERY SPGASGNVATEDLLYLLHG, 252 F 5 HEGARDT UB
LEU1_LACLA MEWANSLART KAGAGREEERTYNGI B ERAGNAALEEIAVALHIR 250 - .
NIFY_RHOCA MBT ANT THARHAGATHLSY TMNELE. . . . . . ERAGNAACEEYGAALEAG 245
PYCE_METJA LAPMTYLKYIEAGADMYOCATSFFA. . . . . .MGTSOPFTESIVVALKG. 249 .
HIS4_MvyCTU DDERAIATLTHRG. . . ¥EGALVEKA. . .. ... .LYARRFTLFOALAAY, 240 J. PIE Univ. Zar
HIS4_STRCO DOLRATAGLYPAG. . . MEGALVGKA. . ... ... YAKAFTLEEALEAT. 236 . . . .
HIS4_ECOLI OD. . . VAALRGTE. . . MREVIVEGRA LLEGKFTVKERIACW. 241
HIS4_HAEIN AD...IEALKGTE. . . MSEVIVGRA. . . .. ... LEGKFTLSEATKCW, 243

1q02A NSLK TAOKYHTETHGLLKGYIVGRA. . . . . . . . FLEGILTYEVXKRYAR 240
Paulino Go loqoZA_s= HHHHHHHHHHHH EEEEE HH HHH ~ HHHHHHH N . CASALS- VIC.
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Hydroxymethylglutaryl-CoA lyase (HMGL)

FG. Hegardt
J. Pie

N. Casals
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Hydroxymethylglutaryl-CoA lyase (HMGL)

@ FG. Hegardt
J. Pie

N. Casals

Paulino Gomez-Puertas Escuela Verano 1
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Hydroxymethylglutaryl-CoA lyase (HMGL)
¥

FG. Hegardt

J.Pie
| N.. Casals

Paulino Gomez-Puertas I Escuela Verano 1
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Integration of Evolutive Information

Belvu: alignment2.mul

ILHT_PD
|LHT_HHHHH

IF'Tl HII SE
CPT1_HUMAH

correlated mutations

Information extracted from multiple sequence alignments

Escuela Verano 1
UCM - Jul.05
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—_—
Correlated Mutations

VEGQTSATGY LIGEN NTDDNGN TET
VESQTSATEW LI GEN NTDDNGN TET
VEEITIATSV LIGEN NEDAFREN epT
VEGITLARICY IISED NEDAERRN apT
GRICEILGEDL NNDEN NBDARRKN apT
GRISESLEDT. NNDEN ECDAREN T
PTETFIASEY WVWVEED NODNYEPNYEN
BRELGIGVII HASHKS NODNYENYEN
FTETFIAICGE WERD NODNYDNDNY
QESPMcgSEV IIdkG NQDN YPNDNY
FRGLGAGVITI NASES NODMNYENDNY
AP AmelCTEE WWGETH EMacDS3AT

EEEEERRE IR

Pazos et al.
DECREASED
STABILITY

J. Mol. Biol., 1997 SINGLE J,
MUTATION :
ﬂ@ = ({

"RESTORED"
STABILITY SECOND COMPENSATORY
MUTATION

Paulino Gomez-Puertas
Biolnfo Unit. CBM




Correlated mutations: CorrMut & PlotCorr

Olmea & Valencia. Folding & Design, 1997

I J
1 .. .S P......
L L......
I Mo _
j _
1 2 3 1 2 3 7
1| - SV SL - PL PM .
2] - - VL - - LM —
S|l - - - S | —
1 2 3 1 3 I
1| - 1 2 - 0 1
2| - - 3 - - S}
3| - - - - - - Goebel, Sander, Schneider & Valencia. Proteins, 1994

McLachlan matrix

Paulino Gomez-Puertas
Biolnfo Unit. CBM

Pazos, Olmea & Valencia. CABIOS, 1997

e Escuela Verano 1
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Correlated mutations == Phenylalanine hydroxylase (PAH)

homotetramer.

inter- pr'o’rem con‘rac’rs

- | | ‘7'.*. ";e# T / "
/‘ ii "l N\ J .
N
ﬁ i/ D415 (monomer A)

m‘rra pro’reln contacts

Paulino Gomez-Puertas I Escuela Verano 1
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e —— e
- Docking and inter-protein correlated mutations ™

Complexes Distance distributions

Xd
RMSD, = 0 4 all pairs

|
) corral ated
Protein 1 Protein 2 pairs

d (R)

organism A Xd,

organism B
intra-potein
correlated mutation

inter-potein
corralated mutation
Xdg

N

Xd,

78\

d (&)

i P —P

jc ja
Xd= 2,
i=1 cl]_-n

[ 1]
&
(=3
=
=
=
=
b

]
=]
=]

no. structures

. Pazos et al. J. Mol. Biol., 1997
Paulino Gomez-Puertas
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Bacterial cell septation

M. VICENTE. CNB. Madrid. FtsA

Escuela Verano 1
UCM - Jul.05

Paulino Gomez-Puertas
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\ ECOLI

IKATDRKLVVGLE]N
PSREMDKGGVNDLE
ALSGKHISCQNEIG
RDEHRVLHVIPQEY
TCHNDMAKN TVKAV
RELGVCVVDIGEGT
DIAYAFGTPPSDAE
GRPPRSLQRQTLAE

A0 QGVKHHLAAGIVHET

-vitf) LNITGLTDYAQEPY

WS TASVGSWIKRLNSW

VU< UMrAo=<w

Paulino Gomez-Puertas Carettoni, Gomez-Puertas, et al. Proteins, 2003. 1o 1
Biolnfo Unit. CBM UCM - Jul.05




PROPOSED MODIFICATIONS:
SUCCESS!!

» Rico et al - M. Vicente's Lab

Paulino Gomez-r uciws _| : -
Biolnta Lt CBM e Carettoni, Gomez-Puertas, et al. Proteins, 2003.



Integration of Evolutive Information

ILHT_PD
|LHT_HHHHH

IF'Tl HII SE
CPT1_HUMAH

Belvu: alignment2.mul

ELPDLP
ELPILP

Information extracted from multiple sequence alignments

Paulino Gomez-Puertas

Biolnfo Unit. CBM
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Sequence Space

Residue 1 Residue 2 Residue n
Secuence 1 00000100000000000000 00000000000000010000 ... 00000000100000000000
Secuence 2 00000100000000000000 00000000010000000000 ... 00000000000001000000
Secuence 1 00000000010000000000 00000000000000010000 ... 00001000000000000000

Secuence x 00000001000000000000 00001000000000000000 ... 00000000100000000000

Sequencespace
(Casari, Sander, Valencia, Nature. Str. Bio. 95)

Paulino Gomez-Puertas I Escuela Verano 1
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PRINCIPAL COMPONENTS ANALYSIS

>
b

S L [ - T R T .
| — — — —— i—

2D - 1D

>
= MW os o om o B,
L | I I R S S . .

=

Paulino Gomez-Puertas
Biolnfo Unit. CBM

i 2 34 5 67 X'

Clase A
.

s

Clase B

2 3 4 & 6 T 8 O

10

e
Ay Ay

-
.l“j- 'A?

A e

=]
e L LTS TR P T )

I #-~
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" predicting key positions from MSA

a)

FASH_HUMAN
FAS _EEASY
FEASH_MSYHA
FASH_=EHMLA
FASH_EREREE
FASK_HUMAN
FASL_HUMAN

OO Ooo) e -
T T P T T P B

SEC4 YERST
SEC4_CAMAL

LIHET 4
L9EWLE
FTZ_SCHPO
SAS1_DICDI
SASZ2_DICDI

M= =M M=

MADDHTT MmO T
ZEArmEo DLI<LS< w
OOOOOOn OO0 OO0 .
mmooo~zZ EEEEEEE o
MOoMmErm M e HT
[~ B _ _ _[ojy
SONOOOONG Ooooo5 o
A R T AT

FHOC. HUMAN d) residue-position

RHO_DT S0k
FHO_ARPLCA
RHO1_DROME
RHOE_HUMAN
LaTGZ2

FHO1_SCHFO

—A=Aa=EZTIZI =
"I o—am
o e o o B B
HHHHHHH
B B
= Mmoo

A o Ny
[rpNrpNrpRry RruRruRry!
T T P T PR

=X =&

rF

]
-
']

TOTD TDr TDr SHSH S

=
-

¢} protein space
rho

ras+rab 2F—1-G" rgg
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carnitine/choline acyl transferases F.6. Hegardt

malonyl-CoA insensitive
ﬁ malonyl-CoA regulated ﬁ

Escuela Verano 1
UCM - Jul.05

Paulino Gomez-Puertas
Biolnfo Unit. CBM




Carnitine-Choline: Thr/Glu/Thr vs. Val/Asp/Asn
0

Malonyl-CoA regulation: Met vs. Ser

Short vs. Long substrate: Gly vs. Met

L-CPTI_RAT 469 INAEHEWADRPIVGHLWEYVMATDYF 584 KFCLTYER RLFREGRTETWVRSCTME 683 TP QOOVELEDFEENPDY VS CGGRFFGPYA
L-CPTI MOUSE 469 INAHHE AP IVGHLWEYVMATDYEF 575 KFCLTYEASMRLFREGRTETWRSCTTE 683 TP QOOVELEDFEKYPDYVECGGREFGPYA
L-CPTI_HUMAN 469 LNAEBHEWADRQIVAHLWEYVMSIDSL 584 KFCLTYEAYMIRLFREG RSCTTE 683 OTE QOO VELEDLENNEEYVS SGGEFGE YA
M-CPTI _HUMAN 469 LNAEHE APTIIGHLWEFYLGTDSF 584 KFCLTYEA RMFREG RSCTSE 683 GIPOSQIRMFDPEQHENHLG FGPYA
M-CPTI_RAT 469 LNTEHE AP TIGHLWEFYLATDTF 584 KFCLTYEA RMFREG RSCTSE 683 QIPOFQICMFDPEOYPNHLG FGPYA
M-CPTI MOUSE 469 LNTEHE AP TTIGHLWEFYLATDTF 584 KFCLTYEA RMFREG RSCTNE 683 QIPOFQICMFDPEOYPNHLG FGPYA
COT RAT 323 CSCOHRAPYDRMIMVNIAHYYDEKLLE 434 RPGCCYET RYFYHGRTETWYRSCTVE 540 LW ittt b YLRIQGYYVEMY
COT HUMAN 323 CNCODHRPEDRMIMVNISYYYDEKIF) 434 HPGCCYET HFYHGRTETMRSCTVE 540 LN e coperaenmrspnnrend YLRYQG Y YVEMY
COT _BOYIN 323 SNCOHRE LYEYCYYYDENILE 434 RPGCCYET LFYHGRTETYRFCTVE 540 LW Gt e YTLRYQGFIVEMY
CPTII RAT 368 YHFEHE VAYLRFFNEYFRDSTY 481 QT‘IATYESL;J.'AAFKHG TIRPASIF 586 TN ottt SPAVSLGEFAPYV
CPTII MOUSE 368 VHFEHR VAYLRFFNEYFRDSTY 481 QTVATYESCSTAAFKHGRTETHCPASIF 586 IS e e apieena et s SPAVSLGEFAPYV
CPTII HUMAN 368 VHFEHR VAYLRFFNEYFKDSTYQ 481 QTVATYESCSTAAFKHGRTETIRPASYY 586 PTL 5 ot vttty SPAVNLGEFAPYV
CrAT HUMAN 339 LYYEHRAARGFPIVTLLDYVIEYTKE 445 QACATYESASLEMFHLGRTDTIRSASMD 550 R S AKTDCVFEGEPYV
CrAT MOUSE 33% MYYEH w PEIVALYDHYMEYTKE 448 QACATYESASLEMFHLGRTDTIRSASID 550 OOV B e smerene s AKTDCVIFEFGEYV
CrAT RAT 33% MYYHEH w PEPIVALYDHVMEYTKE 447 QACATYESASLERMFHLGRTDTIRSASTD 550 O B i s AKTDCVMEFGEYV
ChAT MOUSE 330 YVCEHEPEDGIVYLVQCTEHLLKHMMT 441 RLVPTYESASTIRRFOEGRVDNIRSATPE 547 B ittty TEPYY
ChAT PIG 330 YVYCEHEPEDGIVLVQCTEHLLKHMVE 441 RLVPTYESASTRRFHEGRVDNIRSATPE 547 MR s scmcamanaenanang s TEPYVY
ChAT HUMAN 438 VVCEHRPEDEIVLVQCTEHLLKHMTY 549 RLYPTYES SH RRFQEGRVDN[IRSATPE 654 L R YGPYY
HHEHHHHHH EE EEE
H1?2 E13 El4

Escuela Verano 1
UCM - Jul.05

Paulino Gomez-Puertas I ——

Biolnfo Unit. CBM




L-CPT1/M-CPT | L-CPT 1/M-CPT | conserved (Morillas et al., JBC 2003)
~

malonyl-CoA

)y Tf,'ﬁ;'_ll]ﬂll."d carriting K7.d
A @ conserved . 3\ v
malonyl-CoA ‘\\\ “\M
O regulated & ‘T
O y 571
O \ 671
CoT + 9 COT vaal . 5700
05 —4 oy, | — conserved
b @ palmitoy-CoA 5482
9 © o
Y706
CPT 11/ CAT FCACP
@ malonyl-CoA non regulated
malonyl-CoA non regulated e

A B

% Remaining Activity

% Remaining Activity

0 . . ? . e
FG Hegar,d.r 0 20 40 60 80 100 0 20 40 60 80 100
Malonyl-CoA (pM) Malonyl-CoA (uM)

1. 4. Effect of malonyl-CoA on the activity of yeast overexpressed L-CPT I {wild type) and several mutants. A, L-CPT I wils
ucld veldllo

Paulino Gomez-Puertas
Biolnfo Unit. CBM

UCM - Jul.05




(Cordente, L6épez-Vinas et al., JBC 2004)

acell Cos
h333 ¥ -
WG }
. ' |
A £ 0 A _
i i S
— j T 1 S107

A3 A N decanoil Cof
: -
M35 —\ E - - : i

C3&3
CrAT wild type ’ COT wild type

miyristoi CoA

acetibCof

COT G553M

FG HegardT I Escuela Verano 1
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Activity (nmal min’' mg protein ")

Cz

CrAT wild-type

Ca G G Ciop Ciz Cu Cis

Carbon chain length: Cr-CoA

=
2
a
e
a
=
| =
E
3
£
=
e
i
=
T
<L

g

CrAT M564G

Cz

FG Hegardt

Biolnfo Unit. CBM

Csa Cg Cg Cio Ciz Cia Cus

Carbon chain length: Ca-Cod

\Acti'.'it'_-.r (nmol min' ' mg protein” )

Activity (nmal min”' mg protein "

(Cordente, Lopez-Vinas et al., JBC 2004)

COT wild-type
.

Ce s Cw Ciz Cu Cs

Carbon chain length; Ci-CoA

COT G553M

Ca Ci Cg Cio Ciz Cia Cy

Carbon chain length: G-CoA

I Escuela Verano 1
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Model (Cordente et al, 2004; JBC)

Crystal structure (Hsiao et al, 2004; J

Paulino Gomez-Puertas I Escuela Verano 1
Biolnfo Unit. CBM UCM - Jul.05




protein-ligand interactions

(in silico docking)

'ﬂ“( oL © s malonyl-CoA
b .




Options

Paulino Gomez-Puertas s Escuela Verano 1
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Virtual Docking

ROOT

grid point

probe atom

Escuela Verano 1
UCM - Jul.05
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Virtual Docking

I Escuela Verano 1
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Virtual Screening

Escuela Verano 1
UCM - Jul.05
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homology-based docking

B—tubulin  (§ 7

o—tubulin /

M. Vicente

Paulino Gomez-Puertas Escuela Verano
Biolnfo Unit. CBM I UCM - Jul.05




FisZ-MgGTP Tubulin

Marure Srructoral & Molecuizy Biolagy 11, 1243 - 1250 (2004)
Published anline: 21 Movember 2004; | deit10,1038/nsmb255

VA V CenTe Structural insights into FtsZ protofilament formation

Paulino Gomez-Puertas Maria & Olival: 2, Suzanne C Cordelll & Jan Liwe!

Biolnfo Unit. CBM




http://capri.ebi.ac.uk

2 MNucleotide sequences | REE

#%e®* European Bioinformatics Institute

EBlI Home About EBI Research Services Toolbox Databases Submissions
CAPRI Critical Assessment of PRediction of Interactions

WRIME CAPRI: Critical Assessment of PRediction of Interactions

CAPRI community wide experiment on the comparative evaluation of
protein-protein docking for structure prediction

EOLIMD 1

EOUMD 2 Hosted By EMBL/EBI-MSD Group
EOUMD 3

EOLMND 4

ROUND & Documentation and Targets

BOUMD &
o MEW Bound 6

ROUMD B with 1 Target open for Registration 05-Jan-2005

To download the target coordinates you must agree to the following conditions at the time of download. Agreement {pdf)
Tao Register please email

Joel Janin, janin@2lebs. cnrs-gif fr, Kim Henrick henrick@E@ebi ac. uk

=end

Tearn Leader MName:

e-Mail Address:

otaff Position At your Institute:

If a Team is submitting

For each member please send Mame: & email:




CAPRI ROUND 5

Target 14: PROTEIN SERINE/THREONINE PHOSPHATASE-1
complex with MYOSIN PHOSPHATASE TARGETING SUBUNIT 1

‘ From: Roberto Dominguez (Boston Biomedical Research Institute)

Good: 38
acceptable: 32

Escuela Verano 1
UCM - Jul.05
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scoring:
‘RMSD between correct and predicted
positions of ligand.

-Correct location of contact surfaces both in
receptor and ligand.

*Correct prediction of residue contacts.

Paulino Gomez-Puertas e Escuela Verano 1
Biolnfo Unit. CBM e UC M - Jul.05



p

static molecule mobile melecule

¢

discretise | loop S e—
surface * finishad loop
rotate

pair
_ | _ potentails | ———= Is'-:crre complexes |
discrefize MatTx

\] L / !
I£: I biological information I—" I filter

e *

T select top 100
static grid

— p few predicted I lidock ]
e multidock
Qurier trans nrm] mobile grid complexes

'
\ [Emuier [msforml Figure 1: Flow diagram of overall docking method
T

I convolution

I reverse transfrom

| 3D-Dock. M Sternberg

I select best 3 l—-[ stack
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p

shifts (here 4,5)

o
m Convolved gnds

Static grid mobile gnd
Key
L[] score 0. empty cell
[1 score 1. surface of static. all of mobile
score -13, core of static
_' N P 1 overlap of mobile with surface of static
. - | overlap of mobile with core of static

Figure 2: Grid discretisation of molecules and calculation of surface complementarity

Paulino Gomez-Puerta: Escuela Verano 1
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Key to Scale +0.7 @ -0.7 O

KR V F MI LWYNCZQ A
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Alanine
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Proline
Methionine
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Tryptophan
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Cystine
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Glycine
Histidine
Serine
Threonine
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Integration of Evolutive Information:
Correlated Mutations
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lipids, forming a bilayer, with fwo apoA-TI proteins and 6000 water molecules,
altogether a 46,000 atom system.

Paulino Gomez-Puertas e Escuela Verano 1
Biolnfo Unit. CBM e UCM - Jul.05
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High Density Lipoprotein Particle. The model surrounded a circular disk of 160



Kinesin Motility

Kinesin is a force-generating enzyme, or motor protein, which converts the free
energy of the gamma phosphate bond of ATP into mechanical work. This work is
used to power the transport of intracellular organelles along microtubules.

A ohject plane B image plane

un Imm
. flexible glgss filter

e rotubule
translocation and
rotation
Walker, K., E.I), Salmon,

AL Endow ¢ 19907 Nature
SAT:TNI-TH2

: dual photdiode
microfubule ' detector ™
i "_'I';hinesin. [ | ]
tss sphere computer j

ned driven

http://www.proweb.org/~kinesin/ Liz Greene, Steve Henikoff & Sharyn Endow

Paulino Gomez-Puertas e Escuela Verano 1
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Kinesin Motility &

—

Cr _.

. o . . T =
Kinesin itself is an alpha2-beta?2 === ST
= Heawvy CThain 124KD
heterotetramer of two heavy and — Light Cnain” 64 Ko -

two light chains
How does kinesin walk along a MT protofilament?

Twisting

model

Floppy logic model

—

Alternate-sides model
http://mcll.mcri.ac.uk/wrongtrousers.html  Rob Cross & Minia Alonso

Paulino Gomez-Puertas
Biolnfo Unit. CBM
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Kinesin Motility [

Neurospora crassa kinesin

Song et al. (2001)

http://www.mpasmb-hamburg.mpg.de/ktdock/ Mandelkow lab

Escuela Verano 1
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Kinesin Motility

(Hoenger et al.2000).

Model of kinesin dimer (
walking along a ¥ ::
microtubule T g
protofilament. o Ay M
| http://www.mpasmb-hamburg.mpg.de/ktdock/ Mandelkow lab
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Kinesin Motility

Animated Model for
Processive Motility by Kinesin

http://www.scripps.edu/milligan/projects.html

Paulino Gomez-Puertas
Biolnfo Unit. CBM
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' Thick filament
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Animated Model for Muscle

Myosin-Based Moftility
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<pagomez@cbm.uam.es>

Preguntas, por favor...
‘ http://www.cbm.uam.es/pagomez

Paulino Gomez-Puertas e Escuela Verano 1
Biolnfo Unit. CBM . UCM - Jul.05



Paulino Gomez-Puertas e Escuela Verano 1
Biolnfo Unit. CBM e UC M - Jul.05



