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Overview

* Week 4: Comparative methods and concepts
e Similarity vs. Homology

Global vs. Local Alignments

Scoring Matrices
BLAST
BLAT

* Week 5: Predictive methods and concepts
* Profiles, patterns, motifs, and domains
* Secondary structure prediction

Iy  Structures: VAST, Cn3D, and de novo prediction
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Protein Conformation

¢ Christian Anfinsen
Studies on reversible denaturation —
“Sequence specifies conformation”

e Chaperones and disulfide
interchange enzymes:
involved but not controlling final state

e “Starting with a newly-determined sequence,
what can be determined computationally about

Iy its possible function and structure?”
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Protein Sequence Analysis

Protein
Sequence
Comparative Predictive
Methods Methods
Homology Profile Physical @ Structural
Searches Analysis [l Properties ll Properties

* Common structure?
e Common function?
¢ Evolutionary relationship?
¢ Global or local similarity?
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Sequence Comparisons

* Homology searches
e Usually “one-against-one” BLAST
FASTA

* Allows for comparison of individual sequences
against databases comprised of individual sequences

¢ Profile searches

* Uses collective characteristics of a family of proteins

i

* Search can be “one-against-many”  ProfileScan
CDD
iy | il or “many-against-one” PSI-BLAST
i “m:,}‘w
Profiles

» Numerical representations of multiple sequence
alignments

* Depend upon patterns or motifs containing
conserved residues

* Represent the common characteristics of a
protein family

* Can find similarities between sequences with
little or no sequence identity

» Allow for the analysis of distantly-related

proteins
il
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[FY]-Xx-C-x(2)-{VA}-x-H(3)

APHIIVATPG
GCEIVIATPG
GVEICIATPG e Which residues are seen at each position?
GVDILIGTTG . .
RPHIIVATPG * What is the frequency of observed residues?
KPHIIIATPG » Which positions are conserved?
KVQLIIATPG .
2
RPDIVIATPG » Where can gaps be introduced:
APHIIVGTPG
APHIIVGTPG
GCHVVIATPG
NODIVVATTG .. . .
Position-Specific Scoring Table
Cons A B c D E F G H I K L M N P [ R s T v w Y z
G 17 18 0 19 14 -22 31 0 -9 12 -15 -5 15 10 9 6 18 14 1 -15 -22 11
P ; 23 2 -2 12 11 17 -31 -8 1
H 5 24 -12 29 25 -20 8 32 -9 9 -10 -9 22 7 30 10 0 4 -8 -20 -7 27
I -1 -12 6 -13 -11 33 -12 -13 63 -11 40 29 -15 -9 -14 -15 -6 7 50 -17 8 -11
v 3 -11 1 -11 -9 22 -3 -11 46 -9 37 30 -13 -3 -9 -13 -6 6 50 -19 2 -8
v 5 -9 9 -9 -9 19 -1 -13 57 -9 35 26 -13 -2 =11 -13 -4 9 58 -29 0 -9
A 54 15 12 20 17 -24 44 -6 -4 -1 -11 -5 12 19 9 -13 21 19 9 -39 -20 10
T 40 20 20 20 20 -30 40 -10 20 20 -10 0 20 30 -10 -10 30 150 20 -60 -30 10
P ; 89 17 17 24 22 9 -50 -48 12
G ); 150 -20 -30 -10 -50 -30 40 30 20 -30 60 40 20 -100 -70 30
“'I'mnmﬂ'l"
Phe not Val three
.
or Tyr Cys or Ala His
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ProfileScan

and patterns

» Databases available
* PROSITE profiles
* PROSITE patterns
e PfamA
e PfamB
* InterPro families
* HAMAP profiles (microbial)
* TIGRfam protein families

“H““"ll“"“”“ * http://hits.isb-sib.ch/cgi-bin/PFSCAN
il

» Search sequence against a collection of profiles

[SYe)G) Motif Scan - Netscape ()
L @o Q @ Q [t hetp://myhits isb-sib.ch/cgi-bin/motif_scan | [Oosearch ) ‘go @
| &l [ hts Motif Scan 1 X

Result Database

Help

Protein Sequence
Input

Enter a protein
sequence in RAW or
FASTA or Swiss-Prot
format or a db:AC or
db:1D identifier

[FASTA format  ~]

Clear input
Reset page

H Motif scanning means finding all known motifs that occur in a sequence. This form lets you paste a protein
sequence, select the collections of motifs to scan for, and launch the search. Some general documentation is
available about the Prosite and Pfam collections of motifs. Another document deals with the interpretation of the

match scores. You should consult the home pages of Prosite on ExPASy, Pfam and InterPro for additional
information.

The scan might take a few minutes, thus if your proteins of interest are already in the sequence
databases (see list), the Query by Protein form is much faster, and the Protein Hub provides a collection of
tools that you might find useful.

Parameters

EFrosiTe patterns
I PROSITE patterns (frequent matchA
producers)
Database of motifs [ JPROSITE profiles
(db description) | prefile (more profiles)
|~ HAMAP profiles
EJpram HMMs (local models)

I Pfam HMMs (global models)

search

Question or comment about this page.

DT

B2 anl

ErEE S|
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[CXG)G) Motif Scan - Netscape
L GO Q 0 O [t hetp://myhits isb-sib.ch/cgi-bin/motif_scan ] (O search |
] [ hits Motif Scan 1

Query Hub Result Help Database

Scan Results

red here.

Query Protein

Database of X
motifs

Reference Falquet L, Pagni M, Bucher P, Hulo N, Sigrist CJ, Hofmann K & Bairoch A. (2002) The
PROSITE database, its status in 2002. Nucleic Acids Res. 30:23.

” Summary

Original output pat, prf, pfam_fs.

Matches map 20 70 @ & 100 130 0 180 180 200 280 200 200 280 510 520 590 380 0 10 410 80 40 400 510 < ommmmmn (0}
(features from — It} ’ ¢ ®

of the motif scan Legends: 1, pat:CYTO
are below the ruler)

Listof FT  MYHIT 449 458 pat:CYTOCHROME_P450 [!] €—@
matches FT  MYHIT 41 506 pfam_fs:p450 [I] «—Q
Match details
match detail match score motif information
e _iran
8 pat:CYTOCHROME_P450

Cytochrome P450
Status: ! cvsteine heme-iron

ErEE S|

72 ) | Done

I

®0o Motif Scan - Netscape
L GO Q 0 O [t hetp://myhits isb-sib.ch/cgi-bin/motif_scan ] (C\ search | ‘30
) [ hts Motif Scan 1
FGLGKRRCIG
»image ~
B B d
PPGPUWGLPF IGHMLTLG--~--~4 -KNPHLSLTKLSOQYGDYLOIRIGSTPYWYLSGLNT IKOALYKD
K S B = -
(GDDFKGRPOLYSFTL~- AQDALKSF-
1 0 u i) |l L] |
L ISKFOKL! 'TGAMCH NLYK
Status: !
¥ T pos.: 41-506
| raw-score = pfam_fs:p450
H SSKDFVENY--TSGNAYDFFPYLRYLPNPALKRFKNFNONF YL SLOKTYOEHYQDFNKN------ 450.5 Cytochrome P450
H = &«
. N-score = [Tentry ] <€ |
147.344
AT o L I E-value =
-S10DITGALFKH--~SENYKDNG--GL IPQEK IYNIVNDIFGAGFETYTTAIFWSILLLYT 9.6e-141
€ €
B o 1 -
oTY. SORPOLPYLEAF ILEIYRYTSFYP-FTIPHSTTROTSL
3 3
“
NG-FHIPKECCIF /FRPERFLTNDNTA--IDKTLSEKYMLFGLGKRRC
.
I a ] -
IGEIPAKWEYFLFLAILLHOLEF TYPPGYKVOLTPS' -GLTMKPRTCEHVQ
~ image ~
D =2 8 & &2 M [oone EeRCsi |
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e 006 pfam_fs:p450 - Netscape
Q@ O @ | [ o 1myhis 5b-sih chycar-bin v mot_entrymame=plam ;9450 ] [C\ search |
| &l s pfam_fs:p450 1
Entry pfam_fs:p4
HMMER2.0 [2.3.1] [ documentation at Sanger Institute ] 3:
NAME p450
ACC PF00067.10
DESC Cytochrome P450
LENG 499
ALPH Amino
RF no
Ccs no
MAP  yes
coM hmmbuild -f -F HMM_ fs.ann SEED.ann
coMm hmmcalibrate --seed 0 HMM_ fs.ann
NSEQ 52
DATE Sat Oct 2 17:06:11 2004
CKsSUM 4876
GA 13.00 13.00
TC 13.20 13.00
NC 4.48 4.48
XT -8455 -4 -1000 -1000 -8455 -4 -8455 -4
NULT -4 -8455
NULE 595 -1558 85 338 -294 453 -1158 197 249 902 -1085 -142 =21 =313 45
EVD -10.980991 0.710359
HMM A D E F G H I K L M N P [¢] R
m->m m->i m->d i->m i->i d->m d->d b->m m->e
-40 * =5208
1 -5254 -4976 -7829 -7450 -3505 -6831 -6481 -2766 -7126 -434 251 -=7039 4109 -6156 =-6707
- =149 =500 233 43 -381 399 106 -626 210 -466 =720 275 394 45 96
- -3 -10334 -11376 -894 -1115 -701 -1378 -1040 -9960
2 -341 -4053 -2487 -1927 -4384 1004 941 -4116 -92 -1591 -3147 -2225 3021 416 809
- -149 =500 233 43 -381 399 106 -626 210 -466 =720 275 394 45 96
- -3 -10334 -11376 -894 -1115 -701 -1378 -10000 -9959
3 -2696 127 =1233 -1340 =350 2514 -2929 -2249 -3303 -167 -1918 -3424 2110 =-3085 -3415
- -149 =500 233 43 -381 399 106 -626 210 -466 =720 275 394 45 96
- -3 -10334 -11376 -894 -1115 -701 -1378 -10000 -9957
4 -1240 -3459 -2690 -105 398 736 -2324 -3227 -1118 -294 -2601 -2392 3242 -185 -2484 ||
- -149 =500 233 43 -381 399 106 -626 210 -466 =720 275 394 45 96 | &
- 9783 _10334 _280A -804 111§ 701 -1378 -10000 -99&K . D [~}
H A A OF @2 [ oo BRIy
® 006 Pfam: p450 - Netscape

OO \) O \) Iﬂhﬂp //wwwi.sanger .ac.uk/cgi-bin/Pfam/getacc?PF00067

< | B4 Pfam: p450

Figure 1: 1mpw
Oxidoreductase

oxidation by cytochrome p450cam

Key:
. . Start  End

Domain Chain pegigue Residue

A 13 399

B 13 399
‘The Swissproy/PDB mapping was provided by
MSD
|1akd ~| Display pdb |

Molecular recognition in (+)-a-pinene

For additional annotation, see the PROSITE document ppoc00081 [Expasy|SRS-UK|SRS-USA]

anger

Protein families database of alignments and HMMs s
Institute

Accession number: PFO0067

Cytochrome P450s are involved in the oxidative degradation of various compounds. Particularly well known for their role in the degradation of environmental toxins
and mutagens. Structure is mostly alpha, and binds a heme cofactor.

Cytochrome P450

NEW! This family forms interactions with other Pfam families, to view them click here

INTERPRO description (entry IPR001128)

The cytochrome P450 enzymes constitute a superfamily of haem-thiolate proteins. P450 enzymes usually act as terminal oxidases in multicomponentelectron transfer
chains, called P450-containing monooxygenase systems and are involved in metabolism of a plethora of both exogenous and endogenous compounds.
P450-containing monooxygenase systems primarily fall into two major classes: bacterial/mitochondrial (type I), and microsomal (type II). All P450 enzymes can be
categorised into two main groups, the so-called B- and E-classes: P450 proteins of prokaryotic 3-component systems and fungal PA50nor (CYPS5) belong to the
B-class; all other known P450 proteins from distinct systems are of the E-class MEDLINE:7678494.

PROCESS : electron transport (G0:0006118)

T S I S

@ Seed (52) ¢ Full (3878) ' View 13 representative architectures
¢ View architectures for 3878 proteins

Format | Coloured alignment

Zoom 0.5 pixels/aa.
Get alignment | View HMM logo

View Graphic

DT

Further alianment options here

DDA F N

=l o]
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[XGXE)

Pfam: p450 - Netscape

o

wwwi.sanger .ac.uk/cgi-bin/Pfam/getacc?PF00067

0.0 0 0 m=

| ) <5,

B Pfam: p450

L

Cytoch

rome P450s are involved in the oxidative of various ¢

and mutagens. Structure is mostly alpha, and binds a heme cofactor.
This family forms interactions with other Pfam families, to view them click here

. Particularly well known for their role in the degradation of environmental toxins

Figure 1: 1mpw

Oxidoreductase

Molecular recognition in (+)-a-pinene
oxidation by cytochrome pd50cam

Key:
tart End
Domain Chain & Residue Residue
p450 A 13 399
p4a50 B 13 399

‘The SWISsprot/PDB mapping was provided by
MSD

lakd ~v| Display pdb

For additional annotation, see the PROSITE doc

Further alignment options here
Help relating to Pfam alignments here

‘ electron transport (GO:0006118)

ument PpoC00081 [ Expasy | SRS-UK| SRS-USA]

Alignment Domain organisation

@ seed (52) ¢ Full (3878)

Format | Coloured alignment ~|

Get

@ View 13 representative architectures
€ View architectures for 3878 proteins

Zoom [0.5  pixels/aa.
View Graphic

| View HMM logo |

Species Distribution

View alignments & domain organisation by species
Tree depth | Show all levels |
View Species Tree

Phylogenetic tree

@ Seed (52) ¢ Full (3878)

Download tree ATV Applet

The trees were generated using Quicktree
To find out more about ATV phylogenetic tree-viewer click here

ITERPRO description (ent PR001128)

The cytochrome P450 enzymes constitute a superfamily of haem-thiolate proteins. P450 enzymes usually act as terminal oxidases in multicomponentelectron transfer
chains, called P450-containing monooxygenase systems and are involved in metabolism of a plethora of both exogenous and endogenous compounds.
P450-containing monooxygenase systems primarily fall into two major classes: bacterial/mitochondrial (type I), and microsomal (type II). All P450 enzymes can be
categorised into two main groups, the so-called B- and E-classes: P450 proteins of prokaryotic 3-component systems and fungal P450nor (CYPSS5) belong to the
B-class; all other known P450 proteins from distinct systems are of the E-class MEDLINE:7678494.

PROCESS :

%]

al
=
MR ez Sl ] g
®0o Netscape
GO O @ Q |ﬂhmJ.//www.s.mger.ac.uk/Sof!ware/?hm/dam/jm!l/seed/PFDODS7.ShtmI
B http:/ /www.san.../PFO0067.shtml ]
'CMO_HELTU/34-499 PPGPI. PUPIFGNNLOVG . DDLNHRNETDEAKRE . . GEFHLE AKEVIHT TRNY
C752_SOLME/37-4 PPGPE. GNPVIGALPLLG. LAKMAKKY . . GPIMYL! G TLDINES
C762_SOLME/36 PPGPE. GLPIFGNHEELG. . . . . . TEPYKKMAVLRQKY . | GPVLWLKLGSTYTHVYOTHOASEELEXNADI SEANR . VTP =
C772_SOLME/43 PPGPP . GWPUVGNLLOVARS . . . GKPFFQIMRELROKY . .GP!PTLRHGTRTHIILSNADLVHEALILKGQV!ATRPREN -
C771_SOLME/28-497 PPGPP. GWPIVGNLFOVAGS . . . GKOFFEYIRDLKPKY . . GSIETL KGOT
CPT7_ONCMY/34-500 PPSEP. VFPLIGSLLSLRS . . . . NQAPHVLEQKLOOKY . . GHT v (KGRT
CPT7_CHICK/33-496 PRSLP . ALPLVGSLLOLAG. . . . HPOLHL OGRY . .GSL VUV KGK. H
CPT7_MOUSE/28-492 PRSLP. FLPLVGSLPFLPR. . KLOEKY . . GPIYSL TTAVIVGH KGKEFSGRPQUY
CPT7_HUMAN/28-493 PKSLL.SLPLVGSLPFLPR. . KLQKKY . . GPI' TTV. AKEVLIKKGKDESGRPQMA
CPT7_BOVIN/28-493 PRSLP. SLPLVGSLPFLPR. . FKEQEKY . . GPEYS| AREVLL
CPH1_CHICK/33-488 PPGPT.PEPTIGNVFOLNP. . . .WDLMGS . FKELSKKY . .GP!!TIHMFKKI\NI.YGYDIVKEAL!DNGEA!SGRG!LP
CPE1_HUMAN/33-489 PPGPF . PLPTIGNLFOLEL. . . . KNIPKS . FTRLAQRE . . GPVETLYVGSQ
CPCM_RAT/30-486 PPGPT. PLPIFGNILOVGY . . . . KNISKS.MCMLAKEY. .GPWTI(YM;MKPT\NI.YGYEVI.KEALIDRGEE!SDKMHSS
RABIT/30-486 PPGPT. PLPYVGNLLQLET . . . . KDINKS . ISMLAKEY . . GSIFTLYFGMKPAVVLYGYEGY I EALIDRGEEFSGRGIFP
RAT/30-487 PPGPT. PLPEFGNFLOEDM. . . .KDIRQS . ISNFSKTY . . GPVEFTLYFGSQPTVVLHGYEAVKEALIDYGEEFSGRGRUP
RAT/30-487 PPGPT. PLPEIGNFLOEDV . . . .KNISOS . LTKESKTY . . GPVFTLYLGSQPTVILHGYEATKEALIDNGEKFSGRGSYP
RABIT/20-477 PPGPT.PFPILGNILOIGI . . . .ODISKS . FTKLSEVY . . GPVETVYLGMKPTVVIHGYDAVKEALVDLGEEFSGRIVFP
RAT/34-491 PPGPT.PLPIIGNLLQLNL. .. .KDIPAS.LSKLAKEY . .GPVYTLYFGTSPTVVLHGYDVVKEALLOQGDEFLGRGPLP
TRABIT/34-491 PPGPT.PI . . -DATEQS . FLKLREKY . . GPVETY IL B
CPB1_RAT/31-488 PEGPR. PLPLEGNLEOLDR . . . GGLLNS . EHQLREKY . GOVE GTD’ TI8
RAT/33-489 PPGPT.PLPEIGNYLOLNT. . . .KDVYSS. ITQLSERY . . GPVETE
THUMAN/31-488 PPGPR. PLSILGNELLLCS. . . . QDMETS . LTKLSKEY . . GSMY P
TBOVIN/24-484 PPGPT. PLPVLGNLLOVDF . . . . EDPRPS . ENQLRRRE. . VT L ¥ DRPPPA
CPD4_RAT/37-497 PPGPV. PNPVLGNLLOXDF . . . . QNMPAG . FOKLRCRE.. . AFESVVVLNGL DTADRPPLH
CPDI_RAT/37-497 PPGPV. PHPVLGNLLOVDL. . . . SNMPYS . LYKLOHRY . . @DVESLOKGWKPMVIVNRLKAVOEVLVTHEEDTADRPPVE
b| cr11”oncuy/4s LPGPK.PLPEIGNVLEVY . . .. .NNPHES . LTAMSERY . . GSVFQT T I DLY
PQPPK . RNWFLGHLGLIHSS . . . EEGELYTQSLACTFG. . DMCCWNVGPWHAIVRIFHPTYEKPULFAP . . ARIVP . KDK
H T POPPK. RNWLHGHVGUYTPT . . . EQGLKELTRLVGTYP . . OGFLMNIGPHVPVITLCHSDIVRSILNAS . . ARVAL . KDY
[| cpan”numMAN/47-501 PGPP..T Q.E. QFP. . YAHPLWFGOF IGFLNIYEPDYAKAVYSRG. .
CP42_RAT/52-499 PSTP..SHWLWGHNLK. . . .. ..DREFQQVELTWVEKFP. L ..
CP41_RAT/52-504 PSPP. . BHWFFGHKOFQ. .G. . . DKELOQIMTCVENFP . . SAEPRWFWGSKAYLIVYDPDYMKVILGRS . .
CP4C_BLADI/37-5 EPGPT.AYPVVGNATEAIVP . . . RNKLEQVEDRRAKLY . .GPLYRIHAG.PIAQVGLTRPEHVELILRDT..
C4D1_DROME/34 MPGPP . VIPLVGHGHHEIGK . . PPHEMVKKIFEEMET
C6B1_PAPPO/31-495 VAGPK. PYPFFGNLKDSVLR RKPQVMVYK51wEr1>NEchnmnrysmmr.numvx.xxDFESrADRGVEI
C6A1TMUSDO/35 PHEE RSKYHIGEITADYYRKEKGS . . . DPLPGIFLGHKPAAVVLDKELRKRVLIKD . . FSNFA.NRG
C6A2_DROME/32-502 PHDA. . PHPL FYDYYNKYRKSG. . FPEVGFYFLHKPARFIVDTOLAKNILIKD . . FSNFA.DRG
CP33_HUMAN/38-493 PEPT. . PEPFEGNILSYHKG. . . . . . FEMFDMEEHKKY . . GKVWGEYDGOOPVLALTDPDMIKLYLVKEC . YSVFT . NRE
CP36_RABIT/37-491 PGPT. . PLPFIGTILEYRKG. .IIDFD!ECRKKY..GKHI'G!.!DGRQPLHVITDPDH!KTVLVKEC YSVFT.NRR
9-494 . PLPFFGTVLNYYMG. . . . . . LWKFDVECHKKY. . D! FSVFT.NRR
CPV1_MOUSE/48-488 YNKMY . I HVMKH; n.Y!SRT gsk
CPV1_CHICK/47-487 . KTY. .G TEIISKSSSYFHUMKHWN . YWSRF . GSK
CPN2_MOUSE/42-496 POYSR.NKNLKMIQELREQG. . . OENLHLEMHQUFREN .GPIPRHSVGKTQIVSVMLPEDIEKLHQVESMLPRRMHLEP
CPN1_BOVIN/42-499 PRCPE. NKNMRMLOTIWKEQS . . . SENMHL! L. .GPIER RMILEP
C11ATONCMY/50-507 PGLAR . NGLANLYSEWKLDG . . . FRNEHRVMVHNFNTE . . GPEYREKIGY YDSVNEIKPEMPAILFKAEGHY PKRLTVEN
C11ATHUMAN/52 PSPGD. NGWLNLYHEWRETG . . . THKVHLHHVONFQKY . . GPEYREKLGNVESVYVIDPEDYALLFKSEGPNPERFLIPP
C11ATBOVIN/52-510 PSPED. NGWLNLYHEWREKG . . . SQREHFRHIENFQKY . . GPE YET FEGSYPERYDIPP
CP27_HUM PRLGO.EREFFOLEVOG. Y. . . . ALQLHQLOVLYKAKY . PVRNDMEH
PID6_FUSSO/51 PGPFLARISRVWEEKKAAT. . . . .GNIHEIUMDEHRCH. . GPEVRIGPNRYDEDTMEALKITYRIGNALP . . KADYYIPE
CP53_ASPNG/36-509 PAPGLABFTNEWLLEOTRR. . . . . GHREVVUDNAHKKY . . GKLVRIAPRHTSIADDG . . . ALOAVYGHGNGFLKSDFYDA
CP7A_HUMAN/32-497 PPLENGLIPYLGCALOEG. ANPLEFLRANQRKH . . GHVETCKEMGKYVHFITNPLSYHKVECHG . . . KYFDWKKE
CPS1_YEAST/57 PLVEY . WIPWVGSAVVYG. MKPYEFFEECQKKY . . GDEFSFVLLGRVMTVYLGPKGHEFVENAKLADYSAEAAYA
CPXI_BACME/12-406 PKFQS . RAEEFFPEQWYK . EMENNSPVYEHEET. . . NTWNVEQYEHVKQUESNYDEESSDGORTT . IEVG. . DNS
TCMO_HELTU/34-499 VEDIFT. VY. PEFTNKVVQQ. DDPKKNPARATEG. . .
€752 SOLME/37-498 GATH. . MAYNAQDMVFAPY . GPRWKLLRKLSNLHMLGG. . . .X. ALENWANVRANELGHMLKSMFDASHVG . ER -
€762 SOLME/36 DVNQAHSYYQGSLATAPYG. . PFNRFORRICTIEMFVHKK . IS | ETEPVRRKCUDNMLKWEEKEANSAEKG . S§ =
€772 SOLME/43-509 PTRT. . VFSCDKFTUNAA! IRLKE. KERAEADAN. . . ... [~
5 G2 ) Done Sl ] g
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e 006 Pfam: p450 - Netscape

(=)
L OO \) O \) [B http://wewsanger ac.ukj cgi-bin Pfam) getacc7Pro0067 ] (O8search | do 3
i[m Pfam: p450 (%]

Cytochrome P4505 are invoived in the oxidative degradation of various compoun
and mutagens. Structure is mostly alpha, and binds a heme cofactor.

NEW! This family forms interactions with other Pfam families, to view them click here

. Particularly well known for their role in the degradation of environmental toxins

ITERPRO description (entry IPR001128)

The cytochrome P450 enzymes constitute a superfamily of haem-thiolate proteins. P450 enzymes usually act as terminal oxidases in multicomponentelectron transfer
Figure 1: 1mpw chains, called P450-containing monooxygenase systems and are involved in metabolism of a plethora of both exogenous and endogenous compounds.
Oxidoreductase P450-containing monooxygenase systems primarily fall into two major classes: bacterial/mitochondrial (type ), and microsomal (type II). All P450 enzymes can be
Molecular recognition in (+)-a-pinene | categorised into two main groups, the so-called B- and E-classes: P450 proteins of prokaryotic 3-component systems and fungal P450nor (CYPSS) belong to the
oxidation by cytochrome p450cam | B~class; all other known P450 proteins from distinct systems are of the E-class MEDLINE:7678494.

. . Start End
Domain Chain Residue Residue PROCESS : electron transport (GO:0006118)
A 13 399
B 13 399

‘The Swissproy/PDB mapping was pravided by
MSD

lakd ~| Display pdb |

For additional annotation, see the PROSITE document Ppoc00081 [Expasy|SRS-UK|SRS-USA]

Alignment Domain organisation
@ Seed (52) ¢ Full (3878) & View 13 representative architectures

" View architectures for 3878 proteins
Format | Coloured alignment

Zoom [0.5  pixels/aa.
Get alignment \ View HMM logo \

View Graphic |
Further alignment options here
Help relating to Pfam alignments here

Species Distribution Phylogenetic tree

@ Seed (52) " Full (3878)

NEw! View alignments & domain organisation by species
Tree depth ;| Show all levels | Download tree | ATV Applet |

View Species Tree |

The trees were generated using Quicktree
To find out more about ATV phylogenetic tree-viewer click here

DT

IRl OF a2z ()

=l o]

® 006 Pfam: Distinct architecture for all p450 domain proteins - Netscape

(=)
OOQ O \) [B http: /v sanger ac.uk cgi-bin Pfam p C=PF00067&verbose= _view=arc.1| [y Search | do 3

J(@efam: Oistinct architecwre foral | 3]

1 1
es database of alignments and HMMs Sanger

Institute

Distinct architecture for all p450 domain proteins

Distinct architecture for all p450 domain proteins

This family may contain overlapping domains, to change the graphical view click here

3460 proteins with p450 architecture |
C4GF_DROME [ drosophila melanogaster (fruit fly)) cytochrome p450 4915 (ec 1.14.-.-) (cypivg15)

— pas0 (574 residues) CTIED)

192 proteins with p450, p450 architecture
Q7P163 [ anopheles gambiae str. pest] ensangp00000024998 (fragment)

= pase s 456 [973 residues) (CEEEED

14 proteins with p450, Flavodoxin_1, FAD_binding_1, NAD_binding_1 architecture
QIHGEO [ gibberella moniliformis] fumép

paso D _Fro-binding.1 QY1115 resoues)

3 proteins with p450, p450, p450 architecture ‘
Q6U7Q8 [ cryptococcus neoformans var. grubii h99] cytochrome p450 lanosterol 14a-demethylase (ec 1.14.13.70)

e pA58 . PO (514 residues) CTED)

2 proteins with Peptidase_C48, p450 architecture
Q94HMS [ oryza sativa (rice)] putative cytochrome p-450 like protein

e I pase _[nszreswdua]"
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[CXG)G) Pfam: p450 - Netscape

GO Q O Q |ﬂ http:/ /www.sanger.ac.uk/cgi-bin/Pfam/getacc?PF00067
B Pfam: paso (%]

Accession number: PFO0067

Cytochrome P450 Add Annotation

Cytochrome P450s are involved in the oxidative degradation of various compounds. Particularly well known for their role in the degradation of environmental toxins
and mutagens. Structure is mostly alpha, and binds a heme cofactor.

NEW! This family forms interactions with other Pfam families, to view them click here

———
INTERPRO description (entry IPR001128)

The cytochrome P450 enzymes constitute a superfamily of haem-thiolate proteins. PASD T75eT 2 terminal oxidases in multicomponentelectron transfer
Figure 1: 1mpw chaing called P45D-containing monooxygenase systems and are invalved in melabolism of 8 p\ethora of both exogenovs and endogenous compounds,
Oxidoreductase P450-containing monooxygenase systems primarily fall into two major classes: bacterial/mitochondrial (type I), and microsomal (type II). All P450 enzymes can be

Molecular recognition in (+)-a-pinene | categorised into two main groups, the so-called B- and E-classes: P450 proteins of prokaryotic 3-component systems and fungal P450nor (CYPSS5) belong to the
oxidation by cytochrome p450cam B-class; all other known P450 proteins from distinct systems are of the E-class MEDLINE:7678494.

End
Domain Chaln Rsldlle Residue PROCESS : electron transport (G0:0006118)
A 13 399
B 13 399

The Swissprot/PDB mapping was provided by
MSD

lakd ~v| Display pdb

For additional annotation, see the PROSITE document ppoc00081 [Expasy|SRS-UK|SRS-USA]

T S I S

@ Seed (52) ¢ Full (3878) @ View 13 representative architectures

¢ View architectures for 3878 proteins
Format | Coloured alignment

Get | View HMM logo |

Zoom 0.5 pixels/aa.

View Graphic
Further alignment options here

MR ez =l o]

DT

[SYe)G) InterPro: Cytochrome P450 - Netscape

GOQ O Q [ np:/ jwwanebiac.ukinterpro/ Entryzac=1PRO01128 | (5 search ) S

¥ InterPro: Cytochrome P450 ]

Y \ucicotde ssquences v [08

EBI Home About EBI Research Services Toolbox Databases Downloads Submissions

Seauence Search | Databases Documentation FTP site |

Search InterPro

| search Entries

Cytochrome P450 71= help
IPR001128 | Matches: 4047 proteins. View matches: Pleass be aware that match views for antries matching mora than 1000 proteins may be siow.
Cytochrome_P450
Overview:  sorted by AC, sorted by name,  of known structure, grouped by taxonomy
Detailed: sorted by AC, sorted by name,  of known structure
Table: For all matching proteins, of known structure

Architectures

Name [7]| Cytochrome P450 | I:
Signatures [7]| PF00067:p450 (3834 proteins) ] [FWI-[SGNH]-x-[GD]-{F}-[RKHPT]-{P}-C-[LIVMFAP]-[GAD]
P450 (2932 proteins)
PS00086:CYTOCHROME_P450 (3175 proteins)
SSF48264;Cytochrome_P450 (4012 proteins)

Type (21| Family
Dates [7](1999-10-08 17:07:25.0 (created)
2000-02-17 17:11:42.0 (modified)

Children [7]|IPR002397; B-class P450

Itree]| IPR002399; Mitochondrial P450
IPR002401; E-class P450, group |
IPR002402; E-class P450, group Il
IPR002403; E-class P450, group IV

Process [7]| electron transport (GO:0006118)
Abstract [7]

The cytochrome P450 enzymes constitute a superfamily of haem-thiolate proteins. P450 enzymes usually act as terminal oxidases in multicomponent electron transfer
chains, called P450-containing monooxygenase systems and are involved in metabolism of a plethora of both al
monooxygenase systems primarily fall into two major classes ial (type 1), and mi (type ). All P450 enzymes can be categorised into two
main groups, the so-called B- and E-classes: P450 proteins of prokaryotic 3-component systems and fungal P450nor (CYPS5) belong to the B-class: all other known P450
proteins from distinct systems are of the E-class [1]

Structural links [71] SCOP 2.104.1.1
CATH 1.10630.10.
PDBIMSD - click here =
Database links [?]| PANDIT PFO0067 ]
S =2 A OF gz [ [oone == ] [
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006 InterPro: Cytochrome P450 - Netscape
GO Q O O [ nttp:/ www.ebiac.ukinterpro/ Entryzac=IPROD1 128
) [ @ InterPro: Cytochrome P450 1

5 OB ncicotide sequences v (08 2
Database

formatics Institute Map | EBl Quorics

EBI Home About EBI Research Services Toolbox Databases Downloads Submissions

Search Entries Search InterPro |

Searcl =l
(I Clid(e] Cytochrome P450 71= help
IPR001128 | \atches: 4047 proteins. View matches: Pleass ba awara that match views for antriss matching mora than 1000 protsins may b siow.
Cytochrome_P450
Overview:  sorted by AC, sorted by name,  of known structure, grouped by taxonomy
Detailed:  sorted by AC, sorted by name,  of known structure
Table: For all matching proteins, of known structure

Name [?]| Cytochrome P450

‘ Signatures [7]| PF00067;p450 (3834 proteins)

‘I PRO0385;P450 (2932 proteins)
PS00086;CYTOCHROME_P450 (3175 proteins)
SSF48264;Cytochrome_P450 (4012 proteins)
Type [71[Family

Dates [?](1999-10-08 17:07:25.0 (created) . . . e
2000-02-17 17:11:42.0 (modified) Parent-Child Relationships (Subfamilies)
Children [7]||PR002397; B-class P450

[tr - o o
B AT & Child entries are more specific than the parent

PRI 12; E-cls P450, I . . o
Eotston. E-class P4s0, group IV A match to the child entry implies a match to the parent

Process [7] electron transport (GO:0006118) Signatures for the parent and child entries must overlap
Abstract [7]

The cytochrome P450 enzymes constitute a superfamily of haem-thiolate proteins. P450 enzymes usually act as terminal oxidases in multicomponent electron transfer
chains, called P450-containing monooxygenase systems and are involved in metabolism of a plethora of both N P450-
monooxygenase systems primarily fall into two major classes: fal/mi ial (type 1), and mi (type I1). All P450 enzymes can be categorised into two
main groups, the so-called B- and E-classes: P450 proteins of prokaryotic 3-component systems and fungal P450nor (CYP55) belong to the B-class: all other known P450
proteins from distinct systems are of the E-class [1]

Structural links [?]( SCOP 2.104.1.1
H 1.10.630.10
PDB/MSD - click here =

Database links [7]| PANDIT PFO0067

N2 8 OF @2 [ oo I
[SYe)G) InterPro: Cytochrome P450 - Netscape
http:/ /www.ebi.ac.uk/interpro/ IEntry?ac=IPR001128
(*]
ﬁ[l}l InterPro: Cytochrome P450 1

COMe PRX000236

Blocks IPB001128

PROSITE doc PDOC00081
Taxonomy [7]| 4 Saccharomyces cerevisiae nclassified
384 Fungi i
77 Caenorhabditis elegans:
127 Nematoda

Archaea 5
acteria 576

2165 Metazoa yanobacteria 15

112 Fruit Fly- ynechocystis PCC 6303 1

599 Arthropoda ice spp. 345

1041 Chordata Arabidopsis thaliana 353

154 Mouse: ’ reen Plants 1258

168 Human Plastid Group 1263

3439 Eukaryota Other Eukaryotes 11

Examples
Q64459 CP3B_MOUSE
pi2oze CPD5_RAT - - i
H e e ——
| P3aze7 C2F2_MOUSE Center Tree root
- - —— e — Inner circles Tree nodes
P30612 CPSP_CANTR . .
e BTy Outer circles Representative
P21595 . g
i At model organisms
P26911 CPXH_STRGR - -
There is no significance to the placement
More prote T .
orepisiEns of individual nodes on the circles

IPR001128 Cytochrome P450
IPR002397 B-class P450
IPR002401 E-class P450, group | &
IPR002974 P450, CYP52
IPR00B069 E-class P450, CYP2D &= o
IPR00BO072 E-class P450, CYP3A -

pe7Em] EeRCsi |
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Conserved Domain Database (CDD)

 Identify conserved domains in a protein sequence

e “Secondary database”
e Pfam A and B
* Simple Modular Architecture Research Tool (SMART)
* Clusters of Orthologous Groups

e Search performed using RPS-BLAST

* Query sequence is used to search a database of
precalculated position-specific scoring tables

* Not the same method used by ProfileScan

o http://www.ncbi.nlm.nih.gov/Structure/

iy cdd/cdd.shtml

i waﬂd

[Xe)a) NCBI Conserved Domain Database (CDD) - Netscape

G @ 0 G =5 hitp:/ jwew.ncbi.nim.nih.gov/Structure/cdd/cdd.html Q search <
o Yo | ] ] 3

| &l = NCBI Conserved Domain Databa... |
Conserved |
Domains “-%f

PubMed Entrez CDD Structure Protein Taxonomy Help?
Search across Entrez [ | a5 |
CDD help » A Conserved Domain Database and Search Service, v2.02
NCBI
Handbook

Proteins often contain several modules or domains, each with a distinct evolutionary origin and function. NCBI's Conserved
Domain Database is a collection of multiple sequence alignments for ancient domains and full-length proteins. The CD-Search
service may be used to identify the conserved domains present in a protein query sequence:

CD-Search

CDART
Pfam Z  Submit Query Search Database | SMART v4.0 - 663 PSSMs  ~|

SMART Enter a Protein query as Accession, GI, or Sequence in FASTA format: N
oG 2 >Human DCC precursor

E

MENSLRCVWVPKLAFVLFGASLLSAHLQVTGFQIKAFTALRFLSEPSDAVTMRGGNVLLDCSAESDRGVP [}
[VIKWKKDGIHLALGMDERKQQLSNGSLLIQNILHSRHHKPDEGLYQCEASLGDSGSIISRTAKVAVAGPL [4]

Find CDs RFLSQTESVTAFMGDTVLLKCEVIGEPMPTIHWOKNQQODLTPIPGDSRVVVLPSGALQISRLOPGDIGIY [v]

In Entrez Read about the FASTA format description. Click here for advanced options.

-

mains

nked to 3D structure when
amily Herarchies

MR To Identlfy co d domalns In a proteln sequence, the CD-Search service uses the e position-specific BLAST algorithm. The query
cn3D sequence Is compared to a pcs.tm specific st om the underlying maln alignment. Hits may be displayed as a
palrwise aligni es main sequences, or as multiple alignments. CD-Search now Is run by default In
VAST parallel with p 5 szavcr‘:' Although the user walts for the BLAST queue to further process the request, the domain architecture of the
query may already dled
Research
Run CDART, the Conserved Domain Architecture Retrieval Tool, to <~arcr for proteins with simllar domain architectures. CDART uses
pre-computed CD-Search results to quickly Identify proteins with a set ains similar to that of the query
Read more about COD N
Last Revised
01/12/05 Marchler-Bauer A, Anderson JB, Cherukurl Weese- : g X , Hurw ackson VD Kc 2, Lanczycki C, Liebert
CA, LluC, Lu F, Marchler GH, b A, hang D, Bryant SH

CDD: a Conserved Domaln Datab: TAbstract [Full Te:

31

Marchler-Bauer A, Anderson JB, Ds e-Scott C, Fe cer LY, Jackson JD, 3 ), Liebert CA,

Liu €, Mede) T, Narchler GH, vazmccrk Nikolskaya A S| B Song J: en PA, Vasudevan
ang Y, varmma RA, Bryant SH. CDD: a cu s,

Abstract uu [Terms

domaln alignments.

DT

AR A @mn BRI
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[CXG)G) NCBI CD-Search - Netscape (=)
GO O @ Q [ = http:/ jwwncbinim.nin.gov/Structure/cdd /wrpsb.cai ] [C4 search ) ‘So @
| & [ = NcBl CD-Search I X
( .
< NCBI NCBI Conserved Domain Search

New Search C ” Prote Structure axonom ? =

RPS-BLAST 2.2.9 [May-01-2004]
Query= local sequence: lcl|tmpseq_0 Human DCC precursor . . .
(1447 letters) Light blue Low-complexity region

Database: oasis_smart.v2.02

[click on boxes for multiple alignments

\

[ 16 ] 16 ]

Show | Domain Relatives
@ .. This CD alignment includes 3D structure. To display structure, download Cn3D!

H Score E
PSSMs producing significant alignments: (bits) value

@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 67.1 3e-13
@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 61.7 le-11
@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 59.0 8e-11
@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 42.8 6e-06
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 63.5 3e-12
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 59.3 6e-11
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 48.1 1e-07
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 45.4 8e-07

@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 56.9 3e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 56.5 5e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 55.3 8e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 48.8 8e-08
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 47.2 2e-07
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 37.2 2e-04

al
=
S 2 8 OF @2 [ [oone Er=RCTIF)
®0o NCBI CD-Search - Netscape =)
GO O @ Q [ http:/wencbinim nih.gov/Structure/cdd wrpsb cgi ] [Cysearch do Q
= NCBI CD-Search 1 @
@ gnl|CDD|25322, smart00409, IG, Immunoglobulin;
CD-Length = 86 residues, 98.8% aligned
Score = 67.1 bits (163), Expect = 3e-13
Query: 337 PSNLYAYESMDIEFECTVSGKPVPTVNWMKN-GDVVIPSDYFQIVGGSN---LRILGVVK 392
Sbjct: 1 PPSVTVKEGESVTLSCEASGNPPPEVTWYKQGGKLLAYSGRFSVSRSGGNSTLTISNVTP 60
Quer: 393  SDEGFYQCVAENEAGNAQTSAQLIV 417
Sbjct: 61 EDSGTYTCAATNSSGSASSGTTLTV 85
@ gnl|CDD|25322, smart00409, IG, Immunoglobulin;
CD-Length = 86 residues, 91.9% aligned
Score = 61.7 bits (149), Expect = le-11
Query: 147 ESVTAFMGDTVLLKCEVIGEPMPTIHWQKNQODLTPIPGDSRVVVLPSG---ALQISRLQ 203
|| Sbjct: 2 PSVTVKEGESVTLSCEASGNPPPEVTWYK--0GGKLLAYSGRFSVSRSGGNSTLTISNVT 59
H Query: 204  PGDIGIYRCSARNPASSRTGN 224
|| Sbjct: 60 PEDSGTYTCAATNSSGSASSG 80
@ gnl|CDD|25322, smart00409, IG, Immunoglobulin;
CD-Length = 86 residues, 100.0% aligned
Score = 59.0 bits (142), Expect = 8e-11
Query: 246  PSNVVAIEGKDAVLECCVSGYPPPSFTWLRGEEVIQLRSKKY---SLLGGSNLLISMWTD 302
Sbjct: 1 PPSVTVKEGESVTLSCEASGNPPPEVTWYKQGGKLLAYSGRFSVSRSGGNSTLTISNVTP 60
Query: 303  DDSGMYTCVVTYKNENISASAELTVL 328
Sbjct: 61 EDSGTYTCAATNSSGSASSGTTLTVL 86
@ gnl|CDD|25322, smart00409, IG, Immunoglobulin;
CD-Length = 86 residues, 98.8% aligned w
Score = 42.8 bits (100), Expect = 6e-06 =
=28 T @mn Er=RCTIF)
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[CXG)G) NCBI CD-Search - Netscape
L @0 Q @ Q [ = http:/ wwncbinim.nin.gov/Structure/cdd /wrpsb.cai | [Oosearch )
| €[ = NCBI CD-Search 1

P

d NCBI NCBI Conserved Domain Search

New Search

RPS-BLAST 2.2.9 [May-01-2004]
Query= local sequence: lcl|tmpseq 0 Human DCC precursor —
(1447 letters)

Database: oasis_smart.v2.02

[click on boxes for multiple alignments

il 200 00 500 300 1000 1200 1447

— ——
D ED 3 E ED D D EB
=@

Show | Domain Relatives

H @ .. This CD alignment includes 3D structure. To display structure, download Cn3D!

Score E

PSSMs producing significant alignments: (bits) value
bmart00409, IG, Immunoglobulin; 67.1 3e-13

mart00409, IG, Immunoglobulin; 61.7 1le-11

@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 59.0 8e-11
@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 42.8 6e-06
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 63.5 3e-12
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 59.3 6e-11
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 48.1 1e-07
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 45.4 8e-07

@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 56.9 3e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 56.5 5e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 55.3 8e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 48.8 8e-08
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 47.2 2e-07
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 37.2 2e-04 |

B =28 0 e N oo e
[SYe)G) NCBI CDD smart00409 - Netscape
@O Q @ G [ = http:/ wencbinim.nin.gov/Structure/cdd/ cddsrv.cguid =smart00409&version=v2.02 ] (C\ search |
] [ = NCBI CDD smart00409 1

Conserved |
Domains SH3
aoEs =
Entrez [ CDD [ Structure Protein Help
smart00409.10 IG

Links: Immunoglobulin;

Source: Smart

Taxonomy: root
Proteins: smart00409 related
Related CD: 7 links

Statistics:
PSSM-Id: 25322 ; [E==nia0)

This domain model appears to be related to other CDs:

I

Aligned: 472 rows m \
PSSM ;

: 86 co

Status: Alignment from source DY
H Created: 12-Dec-2003 XD - )
Updated: 12-Dec-2003 -7 N o
Show Structure !
Program: [Cn3D -l [risoner ]
Drawing: | Virtual Bonds v/

(download Cn3D)

mouse over cd tag to display the number of PSSM pairs and cd name]

Format: [ Compact Hypertext ¥| Row Display: [upto 10 ~| colorBits: [2.0 bits |

Show Alignment
Type selection: | the most diverse members |

consensus 1 PPSVTVKEGESVTLSCEASG. [1].PPPEVTW YK.[2] 3] .NSTLTISNVTPE. [ 63

1IMCP_H 7 SGGGLVQPGGSLRLSCATSG. [ 3] .SDFYMEW VR.[6]. 5].ILYLQOMNALRAE. 93

1GYA 6 ALETWGALGQDINLDIPSFQ.[3].DIDDIKW EK.[3]. NGTLKIKHLKTD.[2]. 78

12X0 9 PKKLAVEPKGSLEVNCSTTC. [1].QPEVGGL ET.[1] 3] .WKHYLVSNISHD 62 o
gi 399208 25 QRPLLIVANRTATLVCNYTY.[4].KEFRASL HK.[4] 3].KVIFNLWNMSAS.[2]. 106

S (2 & OF &2 ) [oone I = ) [
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Drawing: | Virtual Bonds |

(download Cn3D)

mouse over cd tag to display the number of PSSM pairs and cd name]

006 NCBI CDD smart00409 - Netscape o
@O ®O @ O [ http:/ /wwe.ncbinim.nih.gov/Structure/cdd/ cddsrv.cqi7uid=smart00409&version=v2.02 ] (C\ search | 'So @
<1 = NCBI CDD smart00409 1 X]
Show Structure i ==
Program: [Cn3D <]

Format: | Compact Hypertext v| Row bispiay: |up to 10

Show Alignment -
Type selection: | the most diverse members v/

| colorsits: [2.0 bits +

consensus 1 PPSVTVKEGESVTLSCEASG.[1].PPPEVTW YK.[2].GKLL. 6].SVSR.[3].NSTLTISNVTPE.[2]. 3

1IMCP_H 7 SGGGLVQPGGSLRLSCATSG. [ 3] .SDFYMEW VR.[6].LEWI.[2 .IVSR.[5].ILYLQMNALRAE.[2]. 93

1GYA 6 ALETWGALGQDINLDIPSFQ.[3].DIDDI EK.[3].KKKI. 6].KLFK NGTLKIKHLKTD.[2]. 78

1ZXQ 9 PKKLAVEPKGSLEVNCSTTC.[1].QPEVGGL ET.[1].LNKI LLDE. [3].WKHYLVSNISHD 62
| gi 399208 25 QRPLLIVANRTATLVCNYTY.[4].KEFRASL HK. .AVEV. ) 3].KVIFNLWNMSAS.[2]. 106
H gi 461714 216 SNTFYAREGDQVEFSFPLSF.[2].ENLVGEL RW. .LWIS. 2].PLRFTLPQVLSR.[2]. 298

gi 6166597 64 PQGGTVKVGEDITFIAKVKA.[6].PTIKWFK.[1].KW. .AGKH. 3].TFEMQIIKAKDN.[2]. 137

gi 729801 4 QRTQYGLVGDTARIECFASS. [ 3].ARHVSWT FN. ].QEIS. .KSTLIIRDSQAY.[2]. 503

gi 124310 243 LKTISASLGSRLTIPCKVFL.[4].PLTTMLW WT.[1].NDTH. 4] .EVPLIFDPVTRE.[3]. 321

gi 1709202 281 REGETMSLGCRVVITPEIKH FQPEIRW YR.[1].GVPL. 3] .RATLTFSHLNKE. [2]. 341

consensus 4 GTYTCAAT. .SGSASS GTTLTVL

1IMCP_H AIYYCARN.[6].YFDVWG.[1].GTTVTVS 1

1GYA DIYKVSIY. [ . KNVLEK IFDLKIQ 1 g

12X0 TVLQCHFT. [2].GKQESM NSNVSVY

gi 399208 / DIYFCKIE. .VYNEKS.[1].GTVIHVR 1

gi 461714 GSGILTLN. .KGTLYQ EVNLVVM 321

gi 6166597 138 GNYRCEVT. .DKFDSC SFDLEVH 160

gi 729801 504 GKYNCTVV.[2].YGNDVA EIQLQAK 526

gi 124310 322 MDFKCVVH NTLSFQ

gi 1709202 342 GLYTIRVR MGEYYE

Cherukurl PF, De
PA, Yamashita R

Disclaimer

Privacy statement

&2 [ [Done

New Search

RPS-BLAST 2.2.9 [May-01-2004]
Query= local sequence: lcl|tmpseq 0 Human DCC precursor
(1447 letters)

Database: oasis_smart.v2.02

[click on boxes for multiple alignments

il 200 00 500 300 1000

D ED 3 E ED D D EB
=]

Show |Domain Relatives

@ .. This CD alignment includes 3D structure. To display structure, download Cn3D!

H Score

1200 1447

——— —

E

PSSMs producing significant alignments: (bits) value
@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 67.1 3e-13
@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 61.7 le-11
@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 59.0 8e-11
@ gnl|CDD|25322 smart00409, IG, Immunoglobulin; 42.8 6e-06
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 63.5 3e-12
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 59.3 6e-11
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 48.1 1e-07
@gnl|CDD|365 smart00408, IGc2, Immunoglobulin C-2 Type; 45.4 8e-07
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 56.9 3e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 56.5 5e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 55.3 8e-10
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 48.8 8e-08
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 47.2 2e-07
@ gnl|CDD|25286 smart00060, FN3, Fibronectin type 3 domain; One of three types... 37.2 2e-04

[SYe)G) NCBI CD-Search - Netscape ()
GO O @ O [ = http:/ wwncbinim.nin.gov/Structure/cdd /wrpsb.cai

|4 [ = Ncal CD-Search 1 X
< .
H) NCBI NCBI Conserved Domain Search

&2 [ [Done

ErEE S|
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[CXG)G) NCBI DART - Netscape

(=)
OO Q O \3 [ http:/ jwwwincbinim.nih.gov/Structure lexington/lexington.cai | (5 search ) do @

| & [ = NcBI DART I

('3 NCBI CDART: Conserved Domain Architecture Retrieval Tool

About CDART
0 2500 5000

FN3
uery A

16

Sinilar donain architectures
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Subset |by Taxonomy

Subset | by selected domains:
- cd00054 Calcium-binding EGF-like domain, present in a lar...
includes: pfam00008 cd00053 smart00181 smart00179

- cd00160 Guanine nucleotide exchange factor for Rho/Rac/Cd...

[ h==d d00174 Src homoloa domains: SH3 domains hind ta nrali
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PSI-BLAST

» Position-Specific Iterated BLAST search

e Easy-to-use version of a profile-based search
* Perform BLAST search against protein database

* Use results to calculate a position-specific scoring
matrix

* PSSM replaces query for next round of searches
* May be iterated until no new significant alignments
are found

* Convergence — all related sequences deemed found

* Divergence — query is too broad, make cutoffs more
stringent

m Nmmw
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NCBI BLAST - Netscape
w—

| @0 Q @ @ I|’chnp//W.mm.nlm.mh.guv/smm

2] [ % NCBI BLAST T

-
<3 NCBI

PubMed

Entrez BLAS’

About BLAST
Nucleotide
o News

« Mailing list

« References (megablast)

T OMIM
rew 15 Nov 2004 Download the BLAST poster from SC2004!

* Quickly search for highly similar sequences

BLAST

Taxonomy Structure

Protein

 Protein-protein BLAST (blastp)

© PHI- and PSI-BLAST

« NCBI * Quickly search for divergent sequences « Search for short, nearly exact matches
Contributors (discontiguous megablast) « Search the conserved domain database
* Nucleotide-nucleotide BLAST (blastn) (rpsblast)
BLAST Services o Search for short, nearly exact matches « Search by domain architecture (cdart)
* Search trace archives with megablast or
« FAQs discontiguous megablast
« Program
selection guide]
* Web service Translated Genomes
interface
o Translated query vs. protein database o Chicken, cow, pig, dog, sheep, cat
Software (blastx) o Environmental samples
« Protein query vs. translated database  Human, mouse, rat
« Databases (tblastn) o Fugu rubripes, zebrafish
o Translated query vs. translated database « Insects, nematodes, plants, fungi, malaria
(tblastx) « Microbial genomes, other eukaryotic
+ Executables genomes
« Source code
Support Special Meta
« Contact us e Search for gene expression data (GEO o Retrieve results by RID
BLAST) « Get this page with javascript-free links

« Align two sequences (bl2seq)

e Screen for vector contamination
(VecScreen)

e Immunoglobin BLAST (IgBlast)

 Human SNP BLAST Mew

Disclaimer
Privacy statement
Accessibility
Valid XHTML 1.0, CSS.

[XeXs) NCBI Blast - Netscape
J @0 Q @ @ [ http:/ /www.nchi.nim.nih.gov/BLAST/Blast.ci?CMD=Web&LAYOUT= _FORMAT- IGNMENT_ et | (G search ) go
1| = NCBI Blast 1

—
<3 NCBI

Nucleotide

Retrieve results for an
RID

protein-protein BILAST
=

Protein

>NP_002119.1 high-mobility group box 1 [Homo sapiens
MGKGDPKKPRGKMSSYAFFVQTCREEHKKKHPDASVNFSEFSKKCSERWKTMSAKEKGKFED N
YEREMKTYIPPKGETKKKFKDPNAPKRPPSAFFLFCSEYRPKIKGEHPGLSIGDVAKKLGEM
KQPYEKKAAKLKEKYEKDIAAYRAKGKPDAAKKGVVKAEKSKKKKEEEEDEEDEEDEEEEED

DDDDE
T | E— D}

Search

Set T T
subsequence From: To:

Choost

e n
daboze [swissprot ]

Do
CD-Search ~

\CIYHN ‘BCAST! Lol Reserausr [Ressram
\.
—

Options for advanced blasting

Limit by entrez or select from:[All organisms ~
query

Composition-based
statistics

&

Choose filter [~ Low complexity [~ Mask for lookup table only |~ Mask lower case

Expect |10

Word Size |3 ~|

Matrix [Blosume2 ~| Gap Costs [Existence: 11 Extension: 1~
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806 NCBI Blast - Netscape

GQ @o G O [ htto:/ rwwenchinim nin. gov/ BLAST/Blast.cgi7CMD = Web&LAYOUT = TwoWindows &AUTO_FORMAT =SemiautoS ALIGNMENTS =25 O8ALIGNMENT_VIEW=Pairwis & CLIENT 2 | (O Search ) SQ

|12 [ = Ncai Blast 1
Other advanced |
PHI pattern |
\.
—_—
Format
Show F Graphical Overview ¥ Linkout ¥ Sequence Retrieval © NCBI-gi| Alignment v in [HTML  ~|format
f;:—srﬁar::— I~ Masking Characted Default(X for protein, n for nucleotide) ¥| Masking Color| Black ¥/
Number of: Descriptions| 500 ~| Alignments|250 ~|
Alignment
View |Paimise K|
Format for . ... . X
I pSI-BLAST " With inclusion threshold:jo.001 I
Limit results
by entrez or select from:[All organisms ~l
query
Expect
value
range: |
Layout: |onewindow ~| Formatting options on page with results: |None =
Autoformat |semi-auto |
\.

[Done = e ]

866 RID=1106250303-23317-24174156760.BLASTQ4, NP_002119.1 high-mobility group box 1 [Homo sapiens] - Netscape

L GQ @o G O [ iy fwnchinimnin.gov/BLAST /Blast.coi | [Cusearch | go

|2 [ = RID=1106250303-23317-2417... |

Results of PSI-Blast iteration 1

Taxonomy reports

Distribution of 269 Blast Hits on the Query Sequence

[Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignnent Scores

1.2331;

o
a
g
"
2
5
g
»
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[Done = o] o
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® 006 RID=1106250303-23317-24174156760.BLASTQ4, NP_002119.1 high-mobility group box 1 [Homo sapiens] - Netscape
L GQO G O [ iy jwwnchinimnin.gov/BLAST /Blast.coi | [Ousearch | go
|2 [ = RID=1106250303-23317-241
Legend:
*® - means that the alignment score was below the threshold on the previous iteration
@ - means that the alignment was checked on the previous iteration
Run PSI-Blast iteration 2
Hit list size [soo
Sequences with E-value BETTER than threshold
Score E
Sequences producing significant alignments: (bits) Vvalue
W [ gi|123371|sp|P12682|HMGLl_PIG High mobility group protein 1 (HMG-1) 238 7e-63
mw [ gi|52783747|sp|P63158|HMG1_MOUSE High mobility group protein 1 (... 238 le-62 I
mw v gi|123367|sp|P10103|HMG1_BOVIN High mobility group protein 1 (HM... 238 le-62
W gi|123369|sp|P09429|HMG] HUMAN High mobility group protein 1 (HM... 238 le-62
M [ gi|20138433|sp|Q9UGV6 |HM1X_HUMAN High mobility group protein 1-1... 229  5e-60
mw [ gi|123373|sp|P26584|HMG2_CHICK High mobility group protein 2 (HM... 202 6e-52
mw [ gi|123382|sp|P07746|HMGT_ONCMY High mobility group-T protein (HM... 201 le-51
mw v gi|1708260|sp|P52925|HMG2_RAT High mobility group protein 2 (HMG-2) 194 2e-49
Mw [ gi|123374|sp|P26583|HMG2_HUMAN High mobility group protein 2 (HM... 193 2e-49
M [ gi|1708259|sp|P30681|HMG2_MOUSE High mobility group protein 2 (H... 193 2e-49
mw v gi|13878931|sp|P23497|SP10_HUMAN Nuclear autoantigen Sp-100 (Spe... 191 le-48
mw v gi|123368|sp|P07156|HMG1_CRIGR High mobility group protein 1 (HM... 188 9e-48 £
0 = o] o
®00 RID=1106250303-23317-24174156760.BLASTQ4, NP_002119.1 high-mobility group box 1 [Homo sapiens] - Netscape
L GQO G O [ iy fwnchinimnin.gov/BLAST /Blast.coi | [Cusearch | go
|2 [ = RID=1106250303-23317-2417... |
ww 7 gi|2495255|sp|Q03435|NH10_YEAST Non-histone protein 10 (High mob... 42 8e-04 B
mw v gi|6175054|sp|P36389|SRY HORSE Sex-determining region Y protein ... 42 8e-04 E
mw [ gi|22654148|sp|Q91zW1|TFAM_RAT Transcription factor A, mitochond... 42 8e-04
MW ¥ gi|6175076|sp|Q04888|SX10_MOUSE Transcription factor SOX-10 (SOX... 42 8e-04
mw v gi|6094380|sp|055170|SX10_RAT Transcription factor SOX-10 42 9e-04
Run -8 <€ @..6..6
Sequences with E-value WORSE than threshold
[~ gi|6831689|sp|095416|SX14_HUMAN Transcription factor SOX-14 >gi... 42 0.001
[~ gi|2506521|sp|P48434|SOX9_CHICK Transcription factor SOX-9 42 0.001
[~ gi|24638225|sp|Q9W7R6|SX14_CHICK Transcription factor SOX-14 42 0.001
[~ gi|19862533|sp|Q04892|SX14_MOUSE Transcription factor SOX-14 42 0.001
[ gi|1711465|sp|P54231|SOX2_SHEEP Transcription factor SOX-2 42 0.001
" gi|1351091|sp|P48431|SOX2_HUMAN Transcription factor SOX-2 42 0.001
" gi|3913481|sp|0Q24533|DICH_DROME SOX-domain protein dichaete (Fis... 42 0.001
™ gi|12644266|sp|P43267|SX15_MOUSE SOX-15 protein 42 0.001
" gi|1723428|sp|Q10241|CMB1_SCHPO Mismatch-binding protein cmbl 42 0.001
" gi|6094324|sp|P48432|SOX2_MOUSE Transcription factor SOX-2 42 0.001
[~ gi|136654|sp|P25977|UBF1_RAT Nucleolar transcription factor 1 (U... 42 0.001
[~ gi|136652|sp|P17480|UBF1_HUMAN Nucleolar transcription factor 1 ... 42 0.002
™ gi|729738|sp|P40621|HMGL_WHEAT HMG1/2-like protein 41 0.002
[~ gi|730136|sp|P40632|NHP1_BABBO High mobility group protein homol... 41 0.002 L
=
0 = o] o
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[ Xa)a) RID=1106250762-4215-51615365819.BLASTQ4, NP_002119.1 high-mobility group box 1 [Homo sapiens] - Netscape o
OO © O @ |[Erwsmminchinmnhgovaastimtes ] )| <, 6D
| <l [ = RID=1106250762-4215-51615... | %]

Results of PSI-Blast iteration 4

No new sequences were found above the 0.001 threshold!l ® 269
Taxonomy reports ¢
Distribution of 502 Blast Hits on the Query Sequence @ 502
[Mouse-over to show defline and scores. Click to show alignments

Color Key for Alignnent Scores
<) 40-50 50-80  NGO0SC00NINSEZ00MN

H{E‘q
RS

Protein Sequence Analysis

Protein
Sequence

Comparative Predictive
Methods Methods
Homology Profile Physical Structural
Searches Analysis Properties [l Properties

* Common structure? * Composition

e Common function? * Hydrophobicity

* Evolutionary relationship? * Secondary structure

¢ Global or local similarity? * Specialized structures

m Nmmw

e Tertiary structure
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Information Landscape

Nmm‘w

Information Landscape

Nonpolar

Polar  Neutral

Polar Basic

Polar Acidic

21
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ProtParam

e Computes physicochemical parameters
* Molecular weight
* Theoretical pl
* Amino acid composition
» Extinction coefficient
e Simple query
* SWISS-PROT accession number

» User-entered sequence, in single-letter format

* http://www.expasy.ch/tools/protparam.html

m Nmmw

ProtParam Query

MNGEADCPTDLEMAAPKGQDRWSQEDMLTLLECMKNNLPSNDSSKFKTTESHMDWEKVAFKDFSGDMCKL
KWVEISNEVRKFRTLTELILDAQEHVKNPYKGKKLKKHPDFPKKPLTPYFRFFMEKRAKYAKLHPEM. . .

l Compute parameters

Number of amino acids: 727
Molecular weight: 84936.8
Theoretical pI: 5.44

Amino acid composition:

Ala (a) 35 4.8% Leu (L) 57 7.8%
Arg (R) 39 5.43 Lys (K) 97 13.3%
Asn (N) 28 3.9% Met (M) 25 3.43
Asp (D) 58 8.0% Phe (F) 18 2.5%
cys (€) 6 0.8% Pro (P) 39 5.43
cln (9) 36 5.0% Ser (S) 67 9.23
Glu (E) 98 13.5% Thr (T) 22 3.0%
cly () 26 3.63 Trp (W) 11 1.5%
His (H) 11 1.5% Tyr (Y) 20 2.8%
Ile (I) 18 2.5% val (V) 16 2.2%
Asx (B) O 0.0%
Glx (z) 0O 0.0%

HH|| Xaa (X) 0 0.0%

Total number of positively charged residues (Arg + Lys): 136

Nnmﬂl"'
“m |||I| Total number of negatively charged residues (Asp + Glu): 156
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Expert Protein Analysis System (ExPASy)

* All tools available through a single Web front-
end, at http://us.expasy.org/tools

* Primary sequence analysis tools include:

ProtParam
Compute pI/Mw
Titration Curve
ProtScale
Plot any measurable (e.g., hydrophobicity)
by sequence position
HelixWheel/HelixDraw

Display protein sequence as a helical wheel

Nmm‘w

Secondary Structure Prediction

* Deduce the most likely position of alpha-helices
and beta-strands

e Confirm structural or functional relationships
when sequence similarity is weak

e Determine guidelines for rational selection of
specific mutants for further laboratory study

e Basis for further structure-based studies

23
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Alpha-helix

i Nmmw

Corkscrew

Main chain forms backbone,
side chains project out

Hydrogen bonds between
CO group at n and
NH group at n+4

Helix-formers:
Ala, Glu, Leu, Met

Helix-breaker: Pro

Beta-strand

i Nmmw

Extended structure
(“pleated”)

Peptide bonds point in
opposite directions
Side chains point in
opposite directions

No hydrogen bonding
within strand

24
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Beta-sheet

 Stabilization throug
hydrogen bonding

 Parallel or
antiparallel

e Variant;
beta-turn

i

Folding Classes

o p

Cytc CD4
Globins Orthogonal
Orthogonal Super-barrel
EF-hand Greek key
Up-Down Sandwich
Cytochrome Jelly roll

a+f

Staph
nuclease

Split sandwich
Meander
Metal-rich
Open roll
OB/UB roll

ao/f

Triose
phosphate
isomerase

TIM barrel
Doubly-wound

25
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Neural Networks

e Used when direct cause-and-effect rules
between the beginning and end states are not
known

* Beginning and end states must be related

* Neural networks attempt to deduce the relationship
between the beginning and end states

e Supervised learning approach

* Involves use of “training sets” where relationship is
known

* Based on data in training sets, network attempts to
“learn” the relationship between input and output
layers

“Feed-forward”

mnmw

Neural Networks

Output layer

Hidden layer

Input layer

26
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nnpredict

e Neural network approach to making predictions
(Kneller et al., 1990)

» Best-case accuracy > 65%

e Search engines

e E-mail nnpredict@celeste.ucsf.edu
* Web http://www.cmpharm.ucsf.edu/
~nomi/nnpredict.html

m Nmmw

nnpredict Query

option: a/b

>flavodoxin - Anacystis nidulans
AKIGLFYGTQTGVIQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVGELQSDWEGIY
DDLDSVNFQGKKVAYFGAGDQVGYSDNFODAMGILEEKISSLGSQTVGYWPIEGYDFNESKAVRNNQFVG
LAIDEDNQPDLTKNRIKTWVSQLKSEFGL

l o/ folding class

Tertiary structure class: alpha/beta

Sequence:
AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVG
ELQSDWEGIYDDLDSVNFQGKKVAYFGAGDQVGYSDNFQODAMGILEEKISSLGSQTVGYW
PIEGYDFNESKAVRNNQFVGLAIDEDNQPDLTKNRIKTWVSQLKSEFGL

Secondary structure prediction (H = helix, E = strand, - = no prediction):
——-—EEE--———- EEEHHHHHHH EEEH EEEE

--------------- HHHH---EEEE H--HHHHHHHH E--E

E HH--E EHHHHH

m Nmmw
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PredictProtein

e Multi-step predictive algorithm (Rost ez al., 1994)
* Protein sequence queried against SWISS-PROT

* MaxHom used to generate iterative, profile-based
multiple sequence alignment (Sander and Schneider, 1991)

* Multiple alignment fed into neural network (PROFsec)
e Accuracy
* Average > 70%
* Best-case >90%
e Search engines
http://www.embl-heidelberg.de/predictprotein/
http://cubic.bioc.columbia.edu/predictprotein/

wnﬂﬁn:

>flavodoxin - Anacystis nidulans
AKIGLFYGTQTGVIQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVGELQSDWEGIY
DDLDSVNFQGKKVAYFGAGDQVGYSDNFODAMGILEEKISSLGSQTVGYWPIEGYDFNESKAVRNNQFVG
LAIDEDNQPDLTKNRIKTWVSQLKSEFGL

PROF results (normal)

..........................................................................................

AA AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVGELQSDWEGIYDDLDSVNFQGKKVAYFGAGDQVGYSDNFQD
OBS_sec
PROF_sec EEEEEEE HHHHHHHHHHHHH EEEEE EEEEEE HHHHHHHHHH EEEEEEE HHHH
Rel_sec 978998 7 8888898887 8 7 7887 7 788888 886 7888
0.1.,.... 11.1.,.... 12.1.,.... 13.1.,.... 14.1.,.... 15.1.,.... 16.1.,....
AA AMGILEEKISSLGSQTVGYWPIEGYDFNESKAVRNNQFVGLAIDEDNQPDLTKNRIKTWVSQLKSEFGL
OBS_sec
PROfisec HHHHHHHHHHH EEEEE EEEEEE HHHHHHHHHHHHHH
Rel_sec 7888998887478 78 6887 788999998887 89
* SWISS-PROT hits
* Multiple alignment
* PDB homologues
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SignalP

e Neural network trained based on phylogeny
e Gram-negative prokaryotic
* Gram-positive prokaryotic
* Eukaryotic
* Predicts secretory signal peptides
(not those involved in intracellular signal
transduction)

o http://www.cbs.dtu.dk/services/Signal P/

Mil::muuu

0006 SignalP 3.0 Server - Netscape (=)

L @o ®O @ Q [ hep fweicbs dtu.dk servicesSignalP/ ] (O search | ‘go Q

) [ &5 SignalP 3.0 Server | -

ces PUBLICATIONS BIOINFORMATICS
GROUPS PREDICTION DATA EDUCATION
SERVERS. SETS PROGRAM
INTERNAL ces ces OTHER
BIOINFORMATICS COURSES BIOINFORMATICS
TooLS LINKS

CBS > CBS Prediction Servers >> SignalP [

CE NHM*)

SignalP 3.0 Server - new version -

%(aalP 3.0 servev predicts the presence and location of signal pepnde cleavage sites in amino acid ifferent and
ryotes. The method incorporates a prediction of cleavage sites and a signal peptide/non-signal peptide Breilon baced on B combinaton of Lavaral aritcial maural netorks amd hdden
Markov models.

SISATYNY 30N3ND35 TYDI901018 304 UILNZD

View the version history of this server. All the previous versions are available on line, for comparison and reference.

Background Article abstracts |  nstrucons | Output format

A
]
g
H
SUBMISSION £
<
|| Paste asingle sequence or several in FASTA format into the field below: g
H >P05019 Insulin-like growth factor IB precursor (IGF-IB) E H
MGKISSLPTQLFKCCFCDFLKVKMHTMSSSHLFYLALCLLTFTSSATAGPETLCGAELVDALOFVZ] 3
EFYFNKPTGYGSSSRRAPQTGIVDECCFRSCDLRRLEMYCAPLKPAKSARSVRAQRHTDMPKTOKY¥| e B
] [ 14D 3
2
Subrmita file in FASTA format directly from your local disk: H
Browse... s
£}
Organism group Method Graphics
 Eukaryotes ¢ Neural networks ¢ No graphics
¢ Gram-negative bacteria € Hidden Markov models @ GIF (inline)
€ Gram-positive bacteria @ Both ¢ GIF (inline) and EPS (as links)
Output format Truncation
@ Standard Truncate each sequence to max.[70 residues.
< Full We recommend that only the N-terminal part of each protein sequence is submitted.
€ Short (no graphics!) Enter 0 (zero) to disable truncation.
Submit | _Clearfields
Restrictions:
‘At most 2,006 sequences and 206,000 amino acids per submission; each sequence notmore than 6,000 amino acids.
Confidentiality:

The sequences are kept confidential and will be deleted after processing.

[ =2 8 0 &2 [ [pone EeRCsi |
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866

SignalP 3.0 Server - prediction results - Netscape

OO \) O \‘) [553 http:/ jwwicbs.dtu.dk/cai-bin/ nph-webfac  41F3C35406CBOAF

=
| G| S, 6D
a

<) [ SignalP 3.0 Server - prediction re... |
>P05019 Insulin-like growth factor IB precursor _IGF-IB_
SignalP-NN result: [
SignalP-NN prediction Ceuk networks): PE5819
T T T T T —
1o R
8.8 - 4
0.6 - R
¢
il
i
a2 | NI 1 L]
0.0 b TN e P T
MGKISSLPTQLFKCCFCDFLKVKNHTHSSSHLFYLALCLLTF TSSATAGPETLCGAEL YDALQFVC GDR
] 18 2e 30 48 58 68 78
Position
# d
>P05019 length = 70
# Measure Position Value Cutoff signal peptide?
max. C 49 0.241 0.32 NO
max. Y 49 0.406 0.33 YES
max. S 40 0.989 0.87 YES
mean S 1-48 0.464 0.48 NO
D 1-4 0.435 0.43 YES
# Most likely cleavage site between pos. 48 and 49: ATA-GP 7
=
S 2 8 OF @ [ o BRI

Transmembrane Classes

* Helix bundles
* Long stretches of apolar amino acids
¢ Fold into transmembrane alpha-helices

e “Positive-inside rule”

Cell surface receptors
lon channels
Active and passive transporters

* Beta-barrel
* Anti-parallel sheets rolled into cylinder

Outer membrane of Gram-negative bacteria
Porins (passive, selective diffusion)

m Nmmw
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TopPred

e Combines hydrophobicity analysis with the
analysis of electrical charges
* Calculates hydrophobicity profile
* Hydrophobic-rich regions marked as “transmembrane”

* Hydrophobic regions that fail to exceed a predefined
cutoff are considered “putative transmembrane”

* Topology prediction with and without putative helices

* Web-based search
e http://bioweb.pasteur.fr/seqanall/interfaces/toppred.html

m Nmmw

TopPred

anonymous

2 _‘l | “‘ { ] VoW | ‘y“ ) | W W“_
i \W | \V‘ JWW‘ h
‘ |

T

L
AN
1/

‘QV

| =

|
f “ { | fia

| L
-3 ! \‘ “{ H ‘A‘“‘“ “ J‘ | “ ‘\‘ “L il “ f} H
_ - ‘ | J “\ ”‘ f ‘ AT
N ‘u ‘w VTV |
|

ber louta |
Uppe cutoff ——
I

|

|

| g
I

hydrophobicity value

-6 hydrophbbicity 7
| 1 | | | 1

2] 100 200 300 400 500 600

start position of window in sequence
mH| Fri May 28 15:51:50 2004

i
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anonymous
Structure no. 1 [ segmen
Segments included: 1 2 3 4 5 6 7 ms
o
CYTOPLASH
Ll =31 = 21 Ll = 426
KR = 4 KR = 4 KR = 77

Ll =14 =131 = 24
KR = OKR = 1KR = 0

L1: Loop length EXTRACELLULAR

KR: Number of Lys and Arg

KR = 4 KR = ¢ KR = 77

s
[ sew
Ll =311 =21 Ll = 426

Ll =18 = 131 = 24

Hl KR = (KR = 1KR = 0

ln" |IIII|||III L1: Loop length EXTRACELLULAR
Ki

R: Number of Lys and Arg

Predicting Tertiary Structure

than sequence

methods

m Nmmw

* Sequence specifies conformation, but
conformation does not specify sequence

 Structure is conserved to a much greater extent

» Similarities between proteins may not
necessarily be detected through “traditional”
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VAST Structure Comparison

Step 1: Construct vectors for secondary structure elements

i mnw;ﬂ

VAST Structure Comparison

Step 2: Optimally align structure element vectors

1

12314

Protein 1 Protein 2

&

12 3 a4 12 3 2 3 4 1
y [ 5 k 5 l 5
12314 12314 12314 12314

I [
H”“"II““HH Alignment 1 Alignment 2 Alignment 3 Alignment 4
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Cn3D Viewer

Rendering: Tubes

Coloring: Identity
Red — matches
Blue — mismatches

006 2LIV neighbors - Cn3D 4.0

Nmm‘w

{ 2LIV neighbors - Sequence/Alignment Viewer

LI DIKVAVVGAMSGPVAQYG EF TGAEQAVADINAKGG I KGNKI YDDACDPKQAVAVANKVVNDGIKYVIGHLCSSSTQPASDI YEDEGILMI TP

LBP [DDIKVAVVGAMSGP I AQWG I MEFNGAEQA I KDINAKGG I KGDKI YDDACDPKQAVAVANK I VNDGIKYVIGHLCSSSTQPASDI YEDEGI LMI S P
VAST Short 1

* Not the best method for determining structural
similarities

* Reducing a structure to a series of vectors
necessarily results in a loss of information
(less confidence in prediction)

e Regardless of the “simplicity” of the method,
provides a simple and fast first answer to the
question of structural similarity
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SWISS-MODEL

* Automated comparative protein modelling server

* Web front-end at
http://'www.expasy.org/swissmod
Results returned by E-mail

BLAST search to find similarities in PDB by sequence

Select templates with sequence identity > 25% and
projected model size > 20 amino acids

Generate models
Do energy minimization

LT
||||| “mw Generate PDB file for new protein model

21DJH.pdb: 42.77 % identity
21DJG.pdb: 42.77 % identity

11DJG.pdb: 42.22 % identity

110aS.pdb: 44.17 % identity

110AT.pdb: 43.52 % identity

210AT.pdb: 43.52 % identity

210AS.pdb: 43.52 % identity

Target:

21DJH.pdb

21DJG.pdb

11DJG. pdb

110aS.pdb

11QAT. pdb

21QAT.pdb

210aS.pdb

ATOM 1 Hl SER 1 24.219 22.954

ATOM 2 H2 SER 1 24.770 21.435

ATOM 3 N SER 1 24.355 22.187

ATOM 4 H3 SER 1 23.466 21.925

ATOM 5 CA SER 1 25.266 22.675

ATOM 6 CB SER 1 24.826 24.072

ATOM 7 0G SER 1 24.857 25.006

ATOM 8 HG SER 1 24.717 25.929 . 00 99.
ATOM 9 Cc SER 1 25.471 21.750 -53.751 1.00 25.00
ATOM 10 0 SER 1 25.923 22.169 -52.684 1.00 25.00
ATOM 11 N LYS 2 25.227 20.460 -53.972 1.00 25.00
ATOM 12 H LYS 2 24.961 20.142 -54.878 1.00 99.00
ATOM 13 cA LYS 2 25.366 19.408 -52.943 1.00 25.00
ATOM 14 CB LYS 2 24.003 18.772 -52.622 1.00 25.00
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Structural Modeling Software

e 3D-JIGSAW
http://www.bmm.icnet/uk/servers/3djigsaw

e ESyPred3D
http://www.fundp.ac.be/urbm/bioinfol/esypred

e MODELLER
http://www.salilab.org/modeller/modeller.html

e Protinfo
http://protinfo.compbio.washington.edu

m Nmmw

Protein Sequence Analysis

Protein
Sequence
Comparative Predictive

Methods Methods

Profile Physical
Searches Analysis Properties Properties
| Dotit__ [ nnpredict _
 Fram
[ interPro | —Signar |
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Annual NAR Database Issue

Research

ww.nar.oupjournals.org

A database of the known 3D structure

http://nar.oupjournals.org

Nucleic Acids

VOLUME 33 DATABASE ISSUE JANUARY 1 2005
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Understanding Analyses
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A User’s Guide to the Human Genome 11
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into one comprehensive resource.
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