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Introduction (1)Introduction (1)

The central dogmaThe central dogma
Linear flow of informationLinear flow of informationLinear flow of informationLinear flow of information

DNA DNA RNA RNA protein protein 
But not converselyBut not conversely

ProteinsProteins
The function (or in a case of The function (or in a case of diseasedisease, the , the malfunctionmalfunction) of each ) of each 

  d    d   d    d protein is encrypted in its amino acid sequenceprotein is encrypted in its amino acid sequence
Easy to doEasy to do

DNA & protein sequencingDNA & protein sequencing

Difficult to do Difficult to do 
Protein Protein structurestructure & & functionfunction experimentsexperiments



Introduction (2)Introduction (2)Introduction (2)Introduction (2)

Gold Genomes DatabaseGold Genomes Database
http://www genomesonline org/http://www genomesonline org/http://www.genomesonline.org/http://www.genomesonline.org/

Sequenced and sequencing Sequenced and sequencing 
genome projectsgenome projects

Most protein sequences Most protein sequences 
No experimental annotationsNo experimental annotations

To develop To develop computational toolscomputational tools
to decipher the information to decipher the information 
encoded in encoded in protein sequencesprotein sequences

to predict their to predict their structurestructure & & 
functionfunction



I d i  (3)I d i  (3)Introduction (3)Introduction (3)

DNA  i l d  DNA  i l d  dditi l dditi l DNA sequences include DNA sequences include additional additional 
informationinformation that could not be extracted that could not be extracted 
from the corresponding protein from the corresponding protein 
sequencesequencesequencesequence

InstructionsInstructions for the for the controlcontrol & & regulationregulation
of protein expressionof protein expression

Prediction of Prediction of gene numbergene number in in 
completed sequencing genomes were completed sequencing genomes were 
not even closenot even close

E.g., Drosophila: 13,000 (2000) E.g., Drosophila: 13,000 (2000) 
19,000 (now)19,000 (now)

Study on Study on protein sequencesprotein sequences can by can by pass  pass  Study on Study on protein sequencesprotein sequences can by can by pass  pass  
the problems inherent in analyzing the problems inherent in analyzing 
only nucleotide sequencesonly nucleotide sequences



Introduction (4)Introduction (4)

Known protein sequencesKnown protein sequences
To analyze the information To analyze the information relating directlyrelating directly to a protein’s  to a protein’s  To analyze the information To analyze the information relating directlyrelating directly to a protein s  to a protein s  
structure & functionstructure & function

300 diff t th d300 diff t th d t  di t 2 d t t  f t it  di t 2 d t t  f t i>300 different methods>300 different methods to predict 2nd structure of proteinsto predict 2nd structure of proteins
Only a very fewOnly a very few are geared toward predicting are geared toward predicting functional classesfunctional classes



Predicting Features of Individual Residues (1)Predicting Features of Individual Residues (1)

Residues (shapeless) + Residues (shapeless) + peptide bondspeptide bonds = chain = chain →→ →→ →→ 3D 3D 
structurestructure (in a process of not fully understood)(in a process of not fully understood)

But, structure is determined for the most part, But, structure is determined for the most part, by sequence aloneby sequence alone



Predicting Features of Individual Residues (2)Predicting Features of Individual Residues (2)Predicting Features of Individual Residues (2)Predicting Features of Individual Residues (2)

Many proteins do not fold Many proteins do not fold 
properly properly in the test tubesin the test tubes, , properly properly in the test tubesin the test tubes, , 
they requirethey require

Additional informationAdditional information
required that is required that is not availablenot availablerequired that is required that is not availablenot available
in the in the sequencesequence oror
Required assistance from Required assistance from 
other proteinsother proteins to adopt their to adopt their other proteinsother proteins to adopt their to adopt their 
native structuresnative structures

Chaperonins Chaperonins 

AssumptionsAssumptions
Native 3D structure: Native 3D structure: energetic energetic 
i ii iminimumminimum



Predicting Features of Individual Residues (3)Predicting Features of Individual Residues (3)

Early pioneering Early pioneering structure prediction methods, structure prediction methods, tthe he 
structural characteristicsstructural characteristics of individual residuesof individual residuesstructural characteristicsstructural characteristics of individual residuesof individual residues

1)1) SimplifiedSimplified
It breaks the problem of structure prediction down into smaller elements It breaks the problem of structure prediction down into smaller elements 
Easy to handleEasy to handleyy

2)2) To identify residues with certainTo identify residues with certain features, e.g., features, e.g., 
membranemembrane-- or solventor solvent--accessible residuesaccessible residues



Solvent AccessibilitySolvent Accessibility

Each atom can be modeled as Each atom can be modeled as 
a Van der Waals sphere in a Van der Waals sphere in pp
three dimensions. The union of three dimensions. The union of 
the spheres give the molecular the spheres give the molecular 
surfacesurface

Not all molecular surface is accessible to solvent Not all molecular surface is accessible to solvent 
due to the existence of small cavities. due to the existence of small cavities. Rolling a Rolling a 
solvent ball over the Van der Waals spheres solvent ball over the Van der Waals spheres solvent ball over the Van der Waals spheres solvent ball over the Van der Waals spheres 
traces out the surface area experienced by the traces out the surface area experienced by the 
solvent.solvent. Solvent accessible surfaceSolvent accessible surface area (SASA) area (SASA) 
is a very important measure for quantitatively is a very important measure for quantitatively y p q yy p q y
determining the behavior and interaction determining the behavior and interaction 
tendencies of a protein tendencies of a protein 



Secondary Structure PredictionSecondary Structure Prediction (1)(1)

Protein Protein sequencesequence = = primary structureprimary structure
Sh t st t h s f sid s t d t  f  Sh t st t h s f sid s t d t  f  l l t tl l t t   Short stretches of residues tend to form Short stretches of residues tend to form local structureslocal structures = = 
secondary structuresecondary structure
Overall three dimension structure of a protein chain = Overall three dimension structure of a protein chain = tertiary tertiary pp yy
structurestructure

A A topologicaltopological organization & spatial packing of organization & spatial packing of smaller local smaller local 
structuresstructuresstructuresstructures

The The driving forcesdriving forces behind the formation of behind the formation of secondary secondary 
t t  t t  structures structures 

A complex combination of A complex combination of locallocal & & globalglobal forcesforces



Local ForcesLocal Forces

Acting Acting between residuesbetween residues, or , or betweenbetween the the residueresidue & the & the 
backbonebackbone of the proteinof the proteinbackbonebackbone of the proteinof the protein

Repulsion Repulsion betweenbetween hydrophobichydrophobic side chains of some amino acids & side chains of some amino acids & 
the the hydrophilichydrophilic backbone of the protein chain backbone of the protein chain 

The The interactioninteraction between between side chainsside chains & the surrounding solvent & the surrounding solvent 
(Pauling et al. 1951)(Pauling et al. 1951)

The subcellular environment of the The subcellular environment of the proteinprotein surrounding can also surrounding can also 
affect its secondary structureaffect its secondary structure



Global ForcesGlobal Forces

Global forcesGlobal forces
Forces exerted by Forces exerted by otherother   more distant partsmore distant parts of the structure of the structure Forces exerted by Forces exerted by otherother, , more distant partsmore distant parts of the structure of the structure 

Repulsing or attracting each other in  Repulsing or attracting each other in  complex mannerscomplex manners

T  T  di tdi t d  t t  d  t t  To To predictpredict secondary structure secondary structure 
ChallengingChallenging

Three typesThree types
Helices, strands, others Helices, strands, others (non(non--regular or regular or loop regionsloop regions))



HelixHelix

A corkscrewA corkscrew--like spiral of like spiral of the backbonethe backbone
with the side chains projecting outward with the side chains projecting outward p j gp j g
in different anglesin different angles

Several subtypesSeveral subtypes

The most common typeThe most common type
AlphaAlpha--helixhelix

3 6 residues in each turn of the spiral3 6 residues in each turn of the spiral3.6 residues in each turn of the spiral3.6 residues in each turn of the spiral

Hydrogen bondsHydrogen bonds between between the carbonyl the carbonyl 
(CO) group(CO) group of one amino acid & of one amino acid & the the (CO) group(CO) group of one amino acid & of one amino acid & the the 
amino (NH) groupamino (NH) group of the Cof the C--terminal, 4th terminal, 4th 
amino acid amino acid 



StrandStrand

Most common: Most common: betabeta--strandstrand
Two or moreTwo or more stretches of betastretches of beta--Two or moreTwo or more stretches of betastretches of beta
strands often strands often interactinteract with each with each 
other, other, through hydrogen bondsthrough hydrogen bonds

>2 different types of strands>2 different types of strands>2 different types of strands>2 different types of strands

RNase ARNase A: single chain, : single chain, antianti--parallel parallel Some known structures of Some known structures of ββ--barrelbarrelRNase RNase  s ngle cha n,  s ngle cha n, antant parallel parallel 
strandsstrands

Some known structures of Some known structures of ββ barrelbarrel
membrane proteinsmembrane proteins



LoopLoop

The local structures, The local structures, not not helix & not strandhelix & not strand
A few types of loopsA few types of loopsA few types of loopsA few types of loops



Analysis of Secondary Structure (1)Analysis of Secondary Structure (1)

Different amino acids tend to Different amino acids tend to “prefer”“prefer” being contained in being contained in 
different secondary structuredifferent secondary structuredifferent secondary structuredifferent secondary structure

Relating secondary structure to amino acid propensities Relating secondary structure to amino acid propensities 
reemphasizes the importance of reemphasizes the importance of local sequence environmentlocal sequence environment in in 
the formation of secondary structurethe formation of secondary structurethe formation of secondary structurethe formation of secondary structure

Most Most prediction methodsprediction methods
Predominantly rely on Predominantly rely on local sequence informationlocal sequence information in making their in making their 
determinationsdeterminations
But But nonnon--local forceslocal forces can be crucialcan be crucialff



Analysis of Secondary Structure (2)Analysis of Secondary Structure (2)

Extreme exampleExtreme example
TheThe Chameleon proteinChameleon proteinTheThe Chameleon proteinChameleon protein
(Minor & Kim 1996)(Minor & Kim 1996)

A stretch of A stretch of 11 consecutive 11 consecutive 
amino acid residuesamino acid residues adopts adopts amino acid residuesamino acid residues adopts adopts 
a a helicalhelical structure in one structure in one 
region & a region & a strandstrand at another at another 

Local information is not Local information is not 
h h enough enough 



Prediction Methods (1)Prediction Methods (1)

PHDsecPHDsec (Rose et al. 1994; 1996) & (Rose et al. 1994; 1996) & PROFsePROFsec (Rost et al. 2003)c (Rost et al. 2003)
Part of the Part of the PredictProteinPredictProtein (Rost et al  2003) service for (Rost et al  2003) service for Part of the Part of the PredictProteinPredictProtein (Rost et al. 2003) service for (Rost et al. 2003) service for 
sequence analysis & structure predictionsequence analysis & structure prediction
Both shares the same Both shares the same basic approachbasic approach
PROFPROF   i d & l  li t d i  f PHD  i d & l  li t d i  f PHDPROFsecPROFsec = an improved & overly complicated version of PHDsec= an improved & overly complicated version of PHDsec

AlgorithmsAlgorithmsgg
Machine learningMachine learning: learn from : learn from a large set of examples a large set of examples 

The training setThe training set
The The implicit rules & principles underlyingimplicit rules & principles underlying a certain phenomenona certain phenomenonThe The implicit rules & principles underlyingimplicit rules & principles underlying a certain phenomenona certain phenomenon



MachineMachine--learning Algorithms (1)learning Algorithms (1)

The success of machineThe success of machine--learning  algorithms dependent on learning  algorithms dependent on 
The careful choice of The careful choice of biologically based features used for biologically based features used for The careful choice of The careful choice of biologically based features used for biologically based features used for 
trainingtraining

E.g., the E.g., the residues surroundingresidues surrounding a particular residue i (i.e., the residue a particular residue i (i.e., the residue 
of iof i--n   i+n) have a tremendous effect on the secondary structure n   i+n) have a tremendous effect on the secondary structure of iof i n, … i+n) have a tremendous effect on the secondary structure n, … i+n) have a tremendous effect on the secondary structure 
of residue iof residue i

Input = Input = surrounding residuessurrounding residues + + target residuestarget residuesInput = Input = surrounding residuessurrounding residues + + target residuestarget residues



MachineMachine--learning Algorithms (2)learning Algorithms (2)

A A feedfeed--forward forward artificial networkartificial network
A machine learning mimicking the way A machine learning mimicking the way human human g g yg g y
brain processesbrain processes information when trying to information when trying to 
make make a meaningful conclusiona meaningful conclusion based on based on 
previously seen patternspreviously seen patterns

The input layerThe input layer
A protein sequenceA protein sequence

The output layerThe output layer
One of the One of the possiblepossible outcomesoutcomes

Whether a particular amino acid lies Whether a particular amino acid lies 
within an within an αα--helix, a helix, a ββ--strand, or an strand, or an 
unstructured (random) regionunstructured (random) region

The flow of information:The flow of information: 
one direction



The Neural Network The Neural Network 

The neural network receives its The neural network receives its 
signalssignals from the from the inputinput & passes & passes 
information information to the hidden layerto the hidden layeryy
through a neuron, similar to how a through a neuron, similar to how a 
neuron would fire across neuron would fire across synapsesynapse

In In the hidden layer,the hidden layer, the the strengthstrength
or or weightweight of the input being of the input being 
controlled by the controlled by the neuronsneurons

Many or several Many or several nodes (in input nodes (in input 
layer)layer) might influence the same might influence the same layer)layer) might influence the same might influence the same 
node in the node in the hidden layerhidden layer

No causeNo cause--&&--effect ruleseffect rules, only to , only to No causeNo cause && effect ruleseffect rules, only to , only to 
deduce the deduce the probableprobable relationship relationship 
between the between the inputinput and and outputoutput layerslayers

The only requirement is the The only requirement is the 
k l d  h  h  i  &  k l d  h  h  i  &  knowledge that the input & output knowledge that the input & output 
layerslayers



The Neural Network & PHDsecThe Neural Network & PHDsec

A supervised learning approach A supervised learning approach to deduce the relationship to deduce the relationship 
between the input and output layersbetween the input and output layersbetween the input and output layersbetween the input and output layers

Based on Based on the training set with known answerthe training set with known answer
Known three dimensional structures Known three dimensional structures 

The The secondary structuresecondary structure in which a particular residue is foundin which a particular residue is foundThe The secondary structuresecondary structure in which a particular residue is foundin which a particular residue is found
Other factorsOther factors influencing structural conformation influencing structural conformation 

The network attempts to learn the relationship between The network attempts to learn the relationship between the inputthe inputThe network attempts to learn the relationship between The network attempts to learn the relationship between the inputthe input
& & the output layersthe output layers

Adjusting Adjusting the strength the strength of each of the interconnected neurons to fine of each of the interconnected neurons to fine 
tune the predictive power of the network tune the predictive power of the network tune the predictive power of the network tune the predictive power of the network 



PHDsecPHDsec

PredictProteinPredictProtein
1)1) Sequence Sequence inputinput)) qq pp
2)2) The server searches for The server searches for known homologousknown homologous proteins that are assumed proteins that are assumed to to 

have similar structureshave similar structures as the queryas the query
An algorithm, called An algorithm, called MaxHomMaxHom (Sander & Schneider 1991) is used to (Sander & Schneider 1991) is used to 

d  d   lti l   li t lti l   li t (MSA)(MSA) f ll th  t ti  f ll th  t ti  produce produce a multiple sequence alignmenta multiple sequence alignment (MSA)(MSA) of all these putative of all these putative 
homologs homologs 

MaxHomMaxHom provides provides a profilea profile of of the evolutionary historythe evolutionary history of the sequenceof the sequence
Detailed information about Detailed information about each residueeach residue, revealing its , revealing its evolutionary evolutionary Detailed information about Detailed information about each residueeach residue, revealing its , revealing its evolutionary evolutionary 
conservationconservation & to what extent it can be & to what extent it can be replacedreplaced by other amino acids by other amino acids 
without changing its structure without changing its structure (*****)(*****)

The inclusion of The inclusion of evolutionary informationevolutionary information was was the single most the single most The inclusion of The inclusion of evolutionary informationevolutionary information was was the single most the single most 
important contributionimportant contribution advancing the predictive power of advancing the predictive power of 
secondary structure prediction over the last decadesecondary structure prediction over the last decade



http://www.predictprotein.org/newwebsite/meta/submit3.php



PSIPREDPSIPRED

PSIPREDPSIPRED (McGuffin et al. 2000)(McGuffin et al. 2000)
Based on a similar concept as Based on a similar concept as PHDPHDpp
1)1) Sequence inputSequence input
2)2) PSIPREDPSIPRED performs performs a PSIa PSI--BLAST searchBLAST search

To compose To compose a profilea profile that conveys the evolutionary record of each that conveys the evolutionary record of each 
iti  iti  position position 

The information then is fed into a system of neural network that The information then is fed into a system of neural network that 
predict secondary structure in three statespredict secondary structure in three states

PSIPREDPSIPRED-- support vector machine (SVM)support vector machine (SVM)--based methodbased method
(Ward et al. 2003)(Ward et al. 2003)

A powerful machineA powerful machine--learning algorithm learning algorithm A powerful machineA powerful machine learning algorithm learning algorithm 

CombinedCombined significantly better predictionsignificantly better prediction



PSIPSI--BLAST BLAST 

PSIPSI= = positionposition--specific iteratedspecific iteratedPSIPSI= = positionposition--specific iteratedspecific iterated



SAMSAM--T99T99

SAMSAM--T99T99 (Karplus et al. 1998), based on a two(Karplus et al. 1998), based on a two--stage stage 
processprocess

1)1) Producing Producing an evolutionary profile an evolutionary profile 
HMM approachHMM approach

2)2) P f lP f l  d   d      h  h l   l   2)2) ProfileProfile is used as is used as an inputan input to a machineto a machine--learning program learning program 
secondary structure predictionsecondary structure prediction

Major strengthMajor strength
To find To find remote homologsremote homologs to the query protein, i.e., proteins that to the query protein, i.e., proteins that 
are are evolutionarily relatedevolutionarily related to that sequence, but for which this to that sequence, but for which this 

l ti  i  l ti  i  diffi lt d t tdiffi lt d t trelation is relation is difficult detectdifficult detect
Because of their ostensible sequence divergenceBecause of their ostensible sequence divergence



HMMs in Protein Analysis (1)HMMs in Protein Analysis (1)

In the context of gene In the context of gene 
predictionprediction

HMMs is aimed at generating HMMs is aimed at generating 

Some of the positions are Some of the positions are 
absolutely absolutely conservedconserved; ; 

HMMs is aimed at generating HMMs is aimed at generating 
the best possible multiple the best possible multiple 
sequence alignmentsequence alignment for a given for a given 
protein familyprotein family

Position 4: only by Position 4: only by positively positively 
charged residuescharged residues;;

Considering a simple Considering a simple multiple multiple 
sequence alignmentsequence alignment of length of length 
six  six  

GapsGaps: : insertioninsertion & & deletiondeletion

six, six, 
QQ--WKPGWKPG

QQ--WKPGWKPG

QQ WRPGWRPGQQ--WRPGWRPG

QIWKQIWK--GG

QQ--WRPGWRPG

QQ--WRPGWRPGQQ WRPGWRPG



HMMs in Protein Analysis (2)HMMs in Protein Analysis (2)

Each of these observations can be Each of these observations can be 
represented by represented by different states in the different states in the 
HMMsHMMs

The match stateThe match state
= = the most probablethe most probable amino acid(S) found at amino acid(S) found at 
each position of the alignment each position of the alignment 
Match ~ misnomerMatch ~ misnomer

The match state takes into account The match state takes into account the the 
probabilityprobability of finding a given amino acid of finding a given amino acid at at 
that position of the alignmentthat position of the alignment
If the position is not absolutely conserve  the If the position is not absolutely conserve  the If the position is not absolutely conserve, the If the position is not absolutely conserve, the 
probabilities are adjusted accordingly, given probabilities are adjusted accordingly, given 
that residues found, sothat residues found, so

Probability (match state) Probability (match state) 

Insertion stateInsertion stateInsertion stateInsertion state

Deletion stateDeletion state
The sequence then has The sequence then has to jump over a positionto jump over a position
to continue the alignmentto continue the alignment



HMMs in Protein Analysis (3)HMMs in Protein Analysis (3)

The usefulness & elegance of this model comes from The usefulness & elegance of this model comes from the ability the ability 
to train the modelto train the model

Without knowingWithout knowing the alignment in advancethe alignment in advance
For For each sequenceeach sequence   the most probable paththe most probable path through the model is through the model is For For each sequenceeach sequence, , the most probable paththe most probable path through the model is through the model is 
determineddetermined
In turn, can be used to generate the best alignment of the In turn, can be used to generate the best alignment of the 
sequencessequencessequencessequences

Knowledge of these probabilitiesKnowledge of these probabilities allows for allows for new sequencesnew sequences to to 
be aligned to the original set or individual sequences can be be aligned to the original set or individual sequences can be be aligned to the original set or individual sequences can be be aligned to the original set or individual sequences can be 
scanned againstscanned against a series of HMMsa series of HMMs to see whether a new to see whether a new 
sequence of interest belongs to a previously characterized sequence of interest belongs to a previously characterized 
familyfamilyfamilyfamily



Evaluation of Performances (1)Evaluation of Performances (1)

The The correct evaluationcorrect evaluation of performance for prediction of performance for prediction 
methodsmethods

An art itselfAn art itself

C  i t kC  i t kCommon mistakesCommon mistakes
A rigorous split betweenA rigorous split between the the data setsdata sets used for used for trainingtraining
and and testingtesting
Not to provideNot to provide the the standard deviationsstandard deviations of their of their estimatesestimates

To compare To compare different methodsdifferent methods is very complicatedis very complicatedTo compare To compare different methodsdifferent methods is very complicatedis very complicated
Different criteriaDifferent criteria among all methodsamong all methods

Accuracy, coverage, positive vs. negative predictive power, Accuracy, coverage, positive vs. negative predictive power, 
sensitivity  specificitysensitivity  specificitysensitivity, specificity…sensitivity, specificity…



Evaluation of Performances (2)Evaluation of Performances (2)

Only Only a handful of methodsa handful of methods turned out over time to not turned out over time to not 
have been overestimated by their developershave been overestimated by their developersy py p

A A valid and reliable comparisonvalid and reliable comparison of different methods of different methods 
must be based on a benchmark analysis that uses must be based on a benchmark analysis that uses must be based on a benchmark analysis that uses must be based on a benchmark analysis that uses 

The same measurements, the same standards, the same The same measurements, the same standards, the same 
sequences to all methods sequences to all methods 

EVAEVA (Rost & Eyrich 2001)(Rost & Eyrich 2001)
ContinuouslyContinuously assesses the predictions of assesses the predictions of automatic servers automatic servers ContinuouslyContinuously assesses the predictions of assesses the predictions of automatic servers automatic servers 
Every week, the operators of EVA receive a list of sequences Every week, the operators of EVA receive a list of sequences 
of of proteins whose structuresproteins whose structures have just been determined by have just been determined by 
experimentalistsexperimentalistsexperimentalistsexperimentalists



Evaluation of Performances (3)Evaluation of Performances (3)

EVA EVA automaticallyautomatically submits submits these sequencesthese sequences as queries to all as queries to all 
participating servers & stores the results until the release participating servers & stores the results until the release 
f h  l d f h  l d of the solved structuresof the solved structures

As soon as the As soon as the experimentallyexperimentally solved structure is releasedsolved structure is releasedp yp y
EVA assesses the predictions received from each server & EVA assesses the predictions received from each server & 
score them accordinglyscore them accordingly

The best secondary structure prediction methodsThe best secondary structure prediction methods
Now reach levels of Now reach levels of threethree--statestate--perper--residue accuracyresidue accuracy
P tP t f id  di t d t l   b i  i   f id  di t d t l   b i  i   PercentagePercentage of residues predicted accurately as being in a of residues predicted accurately as being in a 
helix, strand, or randomhelix, strand, or random--coil conformation coil conformation > 76%> 76% (Rost 2001)(Rost 2001)
An excellent start point for secondary structure predictionAn excellent start point for secondary structure prediction



Evaluation of Performances (4)Evaluation of Performances (4)

A comparison on results of A comparison on results of PROFsecPROFsec and and SAMSAM--T99T99
Rat cytochrome C5 fragmentRat cytochrome C5 fragmenty gy g
Quite similar & similar to Quite similar & similar to experimental dataexperimental data

Gold ruleGold ruleGold ruleGold rule
Similar results from specific methods Similar results from specific methods based on based on 
different algorithmsdifferent algorithms = the reliability is higher= the reliability is higher

Metaservers are betterMetaservers are better
S s th t s b it S s th t s b it th   th   t   diff t t   diff t Servers that submit Servers that submit the same querythe same query to many different to many different 
prediction servers & use the results to generate prediction servers & use the results to generate 
consensus or consensus or juryjury--based metapredictionsbased metapredictions >> single >> single 

th dth dmethodmethod



Evaluation of Performances (5)Evaluation of Performances (5)

Different prediction methods disagreeDifferent prediction methods disagree
Differences in the Differences in the accuracyaccuracy of different methodsof different methodsyy

Genuine ambiguityGenuine ambiguity in the in the definitiondefinition of secondary structure of secondary structure 
statesstatesstatesstates

BetweenBetween two secondary elementstwo secondary elements (end & beginning), even with (end & beginning), even with 
experimental 3D structure resolvedexperimental 3D structure resolved

HardHard--toto--define case define case ff



Evaluation of Performances (6)Evaluation of Performances (6)

Prion proteinPrion protein
Responsible for Responsible for aggregationaggregation through a local flip through a local flip from helix from helix pp gg ggg g g pg p
to strandto strand in diseased individualsin diseased individuals

Bovine spongiform encephalopathy, scrapie & CreutzfeldBovine spongiform encephalopathy, scrapie & Creutzfeld--Jakob Jakob 
disease (Prusiner 1998)disease (Prusiner 1998)

All methods: fail to predict as helical, instead, strandAll methods: fail to predict as helical, instead, strand

••A computerA computer--generated model of how a prion generated model of how a prion 
protein might bind to a cell membrane. This protein might bind to a cell membrane. This 
shows shows two single protein moleculestwo single protein molecules  or  or shows shows two single protein moleculestwo single protein molecules, or , or 
monomersmonomers, bound to each other as , bound to each other as a double a double 
molecule, or molecule, or dimerdimer, and anchored to the , and anchored to the 
membrane surface in a vertical positionmembrane surface in a vertical position

••http://annualreport.jcs.anu.edu.au/2001/dbmb.http://annualreport.jcs.anu.edu.au/2001/dbmb.
htmhtm



Solvent Accessibility (1)Solvent Accessibility (1)

The area of The area of a protein’s surfacea protein’s surface that is exposed to the that is exposed to the 
surroundingsurrounding solvent solvent gg

These accessible regions have These accessible regions have the potential tothe potential to interact interact 
withwith other other proteinsproteins, , peptidespeptides, , metal atomsmetal atoms or or ionsions

Residues buried Residues buried in the interior of a protein structurein the interior of a protein structure
play important role play important role stabilizing its structurestabilizing its structure

    f    f    d   f   f    f    d   f Not Not be part of an active site of an enzyme, a binding site of be part of an active site of an enzyme, a binding site of 
a DNAa DNA--binding protein, or an interaction site in a signal  binding protein, or an interaction site in a signal  
transduction componenttransduction component

Spatial accessibilitySpatial accessibility of the residue to the solvent of the residue to the solvent 



A buried, A buried, unsatisfied hydrogen bondunsatisfied hydrogen bond
donor or acceptor is energetically donor or acceptor is energetically not not donor or acceptor is energetically donor or acceptor is energetically not not 
goodgood for the folded protein for the folded protein 

R id  t th  R id  t th  ff  b   b  Residues at the Residues at the surfacesurface can be can be 
antigenicantigenic

CavitiesCavities (internal 'accessible' (internal 'accessible' 
surface)surface) are are energeticallyenergetically not good not good 
unless unless 'properly' filled with water'properly' filled with water

Accessibility calculations can also be used to determine Accessibility calculations can also be used to determine proteinprotein--protein protein Accessibility calculations can also be used to determine Accessibility calculations can also be used to determine proteinprotein--protein protein 
contact surfacescontact surfaces. The area where the center of the water molecule can be is . The area where the center of the water molecule can be is 
called the called the 'accessible surface'.'accessible surface'. The surface of the molecule (black)The surface of the molecule (black) that can that can 
be be touched by watertouched by water is called the is called the 'accessible molecular surface''accessible molecular surface' The The be be touched by watertouched by water is called the is called the accessible molecular surface .accessible molecular surface . The The 
difference between these two values for the accessibile surface is very roughly difference between these two values for the accessibile surface is very roughly 
a factor 3. a factor 3. 



There are enough reasons to think There are enough reasons to think 
about accessible surfaces  In the about accessible surfaces  In the about accessible surfaces. In the about accessible surfaces. In the 
figure above figure above the outside of the the outside of the 
black areablack area is called is called the molecular the molecular 
surfacesurface and and the linethe line that indicates that indicates surfacesurface and and the linethe line that indicates that indicates 
where the center of where the center of the solvent the solvent 
probeprobe can be found that roles over can be found that roles over 
the surface is the surface is the accessible the accessible the surface is the surface is the accessible the accessible 
surfacesurface

Th  Th  d b lld b ll   tt  Th  bl  b ll  t  Th  bl  b ll  t th  l t l lth  l t l l th t th t The The red ballsred balls are are atomsatoms. The blue balls represent . The blue balls represent the solvent moleculethe solvent molecule that that 
roles over the surface. There is a little problem that is caused by the blue roles over the surface. There is a little problem that is caused by the blue 
areas. Obviously, a water can get there, but there is no atom there to assign areas. Obviously, a water can get there, but there is no atom there to assign 
the accessibility to  These little blue areas are called the the accessibility to  These little blue areas are called the reentrant surfacereentrant surfacethe accessibility to. These little blue areas are called the the accessibility to. These little blue areas are called the reentrant surfacereentrant surface



Solvent Accessibility (2)Solvent Accessibility (2)

To identify active residue to the solventTo identify active residue to the solvent

Most methods combineMost methods combine
Sequence profiles Sequence profiles 
Machine learning algorithmsMachine learning algorithms



Measuring Solvent Accessibility (1)Measuring Solvent Accessibility (1)

Square Ångstroms (ÅSquare Ångstroms (Å22))
0 0 (entirely buried residues) (entirely buried residues) ~ 300~ 300 ( residues on the ( residues on the surfacesurface( y )( y ) ((
of a protein)of a protein)
Two entirely exposed residues may have every different Two entirely exposed residues may have every different 
accessible areasaccessible areas

Based simply on Based simply on the chemical structurethe chemical structure of the amino acid at of the amino acid at 
that positionthat position

AssumptionAssumption: residues with : residues with long side chainslong side chains expose to a expose to a 
larger area to solvent than residues with short side chainlarger area to solvent than residues with short side chain



Measuring Solvent Accessibility (2)Measuring Solvent Accessibility (2)

The The percentagepercentage of of the surface of a particular residuethe surface of a particular residue
that is accessible to solventsthat is accessible to solventsthat is accessible to solventsthat is accessible to solvents

Dividing Dividing the actual accessibilitythe actual accessibility by by the maximum observedthe maximum observed
for a particular amino acidfor a particular amino acid
The amino acid type << The amino acid type << Ångstroms value Ångstroms value The amino acid type << The amino acid type << Ångstroms value Ångstroms value 

Earlier prediction methodsEarlier prediction methodspp
Thresholds that divided the 0% to 100% scale into two Thresholds that divided the 0% to 100% scale into two 
statesstates

Buried vs. exposedBuried vs. exposedBuried vs. exposedBuried vs. exposed
No good biophysical reason for choosing any particular No good biophysical reason for choosing any particular thresholdthreshold
7%, 9%, 16% or 25% 7%, 9%, 16% or 25% 



Measuring Solvent Accessibility (3)Measuring Solvent Accessibility (3)

25% 25% 
~half of all residues in a typical protein will be higher than ~half of all residues in a typical protein will be higher than half of all residues in a typical protein will be higher than half of all residues in a typical protein will be higher than 
this thresholdthis threshold

One half are exposed, the other half are buriedOne half are exposed, the other half are buried

http://pevsnerlab.kennedykrieger.org/bioinformatics/bioihttp://pevsnerlab.kennedykrieger.org/bioinformatics/bioi
nf11_proteomics_v5.htmnf11_proteomics_v5.htm



PHDacc & PROFacc (1)PHDacc & PROFacc (1)

Rost et al. 1996Rost et al. 1996
11 The sequence alignment & the construction of the profile The sequence alignment & the construction of the profile 1.1. The sequence alignment & the construction of the profile The sequence alignment & the construction of the profile 

MaxHom MaxHom 

22 The neural network The neural network 2.2. The neural network The neural network 
To assign To assign 1 of 10 possible levels1 of 10 possible levels of accessibility to each of accessibility to each 
residue in the query sequenceresidue in the query sequence

The square of the returned result (the state number) indicates The square of the returned result (the state number) indicates 
the %  accessibility of the residue the %  accessibility of the residue 

1 = 01 = 0--1%1%1  01  0 1%1%
2 = 22 = 2--4%4%
Ect. Ect. 



PHDacc & PROFacc (2)PHDacc & PROFacc (2)

Alternative: Alternative: the 10 statesthe 10 states could be grouped into a twocould be grouped into a two--state state 
scheme (10scheme (10--state scheme)state scheme)(( ))

>16% of the surface area is accessible to solvent >16% of the surface area is accessible to solvent exposed exposed 
≤ 16% ≤ 16% buriedburied



JPred JPred (1)(1)

Guff & Barton 2000Guff & Barton 2000
A prediction service that predicts both A prediction service that predicts both A prediction service that predicts both A prediction service that predicts both 

Secondary structureSecondary structure & & solvent accessibilitysolvent accessibility

To predict solvent accessibilityTo predict solvent accessibilityTo predict solvent accessibilityTo predict solvent accessibility
HMM + PSIHMM + PSI--BLASTBLAST
A neural network uses these A neural network uses these profilesprofiles to predict one of three to predict one of three 
categories of exposurecategories of exposurecategories of exposurecategories of exposure

0%, 5% and 25%0%, 5% and 25%
The output of predictions from The output of predictions from two different networkstwo different networks is is combinedcombined
to give to give an average relative solvent accessiblean average relative solvent accessible



Evaluation of Performances (1)Evaluation of Performances (1)

Accessibility to the surrounding solvent is influenced to Accessibility to the surrounding solvent is influenced to a a 
large extentlarge extent by by nonnon--loal affectsloal affectslarge extentlarge extent by by nonnon loal affectsloal affects

Less accuracy of predictionLess accuracy of prediction

EVAEVAEVAEVA
NoNo such largesuch large--scale continuous system evaluates solvent scale continuous system evaluates solvent 
accessibility accessibility 

TwoTwo--state accessibilitystate accessibility predictions predictions 
Eith  Eith  dd   b i db i dEither Either exposedexposed or or buriedburied
The accuracy of The accuracy of JPredJPred, , PHDaccPHDacc and and PROFaccPROFacc: : 7575--85%85%



Evaluation of Performances (2)Evaluation of Performances (2)

NonNon--binary predictionsbinary predictions, accuracy is more difficult to , accuracy is more difficult to 
measure (not “correct” vs. “incorrect”)measure (not “correct” vs. “incorrect”)measure (not correct  vs. incorrect )measure (not correct  vs. incorrect )

Exposed surface Exposed surface areaarea
PercentagePercentage of exposureof exposure

Possible wayPossible way
Correction coefficientCorrection coefficient (CC) relating the predicted values & (CC) relating the predicted values & g pg p
the actual solvent accessibility over a larger datasetthe actual solvent accessibility over a larger dataset

PHDacc: CC= PHDacc: CC= 0.530.53 (purely random correlation = 0) (purely random correlation = 0) 
Homology modeling: CC=0.66Homology modeling: CC=0.66

A method for A method for the direct predictionthe direct prediction of of tertiary structuretertiary structure
Only for Only for very close sequence homologyvery close sequence homology with an with an 
experimentally determined structureexperimentally determined structure



Evaluation of Performances (3)Evaluation of Performances (3)

Where Where known structuresknown structures are not availableare not available
Solutions:Solutions: JPredJPred   PROFaccPROFaccSolutions:Solutions: JPredJPred, , PROFaccPROFacc

JPredJPred
d   d   l  b l  dd   d   l  b l  dSecondary structure prediction + solvent accessibility dataSecondary structure prediction + solvent accessibility data

Results Results differ between methodsdiffer between methods: : substantialsubstantialResults Results differ between methodsdiffer between methods   substantialsubstantial
Source: difference in defining exposureSource: difference in defining exposure

PHDaccPHDacc: a residue : a residue >16%>16% accessible to solvent = exposedaccessible to solvent = exposed
JPredJPred: : 25%25%JPredJPred: : 25%25%



Evaluation of Performances (4)Evaluation of Performances (4)

ExampleExample



Transmembrane Segments (1)Transmembrane Segments (1)

Proteins that are Proteins that are 
embedded in the embedded in the cell’s cell’s 
membranemembrane

Cell interacting with other Cell interacting with other Cell interacting with other Cell interacting with other 
cells in its vicinitycells in its vicinity

Interaction with both Interaction with both 
intracellularintracellular and and 
extracellularextracellular sides of the sides of the 
membranesmembranes



Transmembrane Segments (2)Transmembrane Segments (2)

~1/4 of all proteins~1/4 of all proteins = = 
membrane proteins (Melen membrane proteins (Melen membrane proteins (Melen membrane proteins (Melen 
et al. 2003)et al. 2003)

Biomedicine importantBiomedicine important
T  b d l ss sT  b d l ss sTwo broad classesTwo broad classes

Insert Insert heliceshelices into the into the 
lipid bilayerlipid bilayer
Insert Insert strandsstrandsInsert Insert strandsstrands

EMBO reports 3, 12, 1133–1138 (2002)



Transmembrane Segments (3)Transmembrane Segments (3)gg
AssumptionAssumption

The transmembrane The transmembrane The transmembrane The transmembrane 
segments of proteins share segments of proteins share 
common biophysical common biophysical 
featuresfeaturesfeaturesfeatures

The kinds of sequence that The kinds of sequence that 
are able to are able to incorporateincorporate
themselves into an themselves into an themselves into an themselves into an 
environmentenvironment veryvery
different fromdifferent from that found that found 
within most cellular within most cellular 
compartments compartments 



Transmembrane Segments (4)Transmembrane Segments (4)

The basic biophysical The basic biophysical 
requirement for requirement for a residuea residue
to be buried in the to be buried in the 

Prediction methodsPrediction methods
Searching for Searching for long long 
hydrophobic stretches of hydrophobic stretches of to be buried in the to be buried in the 

membrane ismembrane is
HydrophobicityHydrophobicity

hydrophobic stretches of hydrophobic stretches of 
sequencesequence

Kyte & Doolittle (1982) & Kyte & Doolittle (1982) & 
improvementsimprovements

High degrees of High degrees of 
hydrophobicityhydrophobicity enable enable 
most most transmembrane transmembrane 

m tm t f p t i  f p t i  

mprovementsmprovements

Topology methodsTopology methods
The orientation of The orientation of segmentssegments of protein of protein 

actually actually to remain within to remain within 
the membranethe membrane, avoiding , avoiding 
the solvent on either the solvent on either 

The orientation of The orientation of 
membrane segments with membrane segments with 
respect to respect to the Nthe N--
terminusterminus of a proteinof a proteinthe solvent on either the solvent on either 

side side Proteins that begin on the Proteins that begin on the 
outside: outside: topology outtopology out
Proteins that begin on the Proteins that begin on the 
i id  i id  l  il  iinside: inside: topology intopology in



TopPredTopPred (1)(1)

von Heijne 1992von Heijne 1992
HydrophobicityHydrophobicity analysis + analysis of analysis + analysis of electrical chargeselectrical chargesHydrophobicityHydrophobicity analysis  analysis of analysis  analysis of electrical chargeselectrical charges

The The distribution of positively charged residuesdistribution of positively charged residues between the between the 
transmembrane helices (*****)transmembrane helices (*****)

Sequence stretches that are found to be Sequence stretches that are found to be rich in rich in 
hydrophobichydrophobic residues residues transmembrane helicestransmembrane helices

Stretches that are Stretches that are hydrophobicity hydrophobicity but fail to exceed a but fail to exceed a 
predefined cutoff of predefined cutoff of hydrophobicityhydrophobicity putativeputativepredefined cutoff of predefined cutoff of hydrophobicityhydrophobicity putativeputative
transmembrane helicestransmembrane helices



TopPredTopPred (2)(2)

The Von Heijne positiveThe Von Heijne positive--
in rulein rule

P iti l  h d P iti l  h d Positively charged Positively charged 
residuesresidues are are more more 
abundantabundant on on the inside of the inside of 
membranemembranemembranemembrane

ExampleExamplepp
Muscarinic acetylcholine Muscarinic acetylcholine 
receptorreceptor Q18007Q18007

M1: throughout the M1: throughout the M1: throughout the M1: throughout the 
neurons of the central neurons of the central 
nervous systemnervous system





PHDhtmPHDhtm

Rost et al. 1996; part of the PredictProtein service Rost et al. 1996; part of the PredictProtein service 
1.1. To construct To construct a profilea profile from from a multiple sequence alignmenta multiple sequence alignment

(MSA) (MSA) (MSA) (MSA) 

2.2. A neural networkA neural network predicts whether each residue is likely to predicts whether each residue is likely to 
be part of be part of a transmembrane helixa transmembrane helix

3.3. Another neural networkAnother neural network then is used to decide whether the then is used to decide whether the ..
protein as a whole is protein as a whole is a putative helix bundlea putative helix bundle integral integral 
membrane protein membrane protein 

4.4. The system predicts The system predicts the topologythe topology of the protein by applying of the protein by applying 
the von Heijne positivethe von Heijne positive--inside ruleinside rule to the network to the network 
predictionspredictionspredictionspredictions



ProfTMBProfTMB

Bigelow et al. 2004Bigelow et al. 2004
Specializing in the prediction of Specializing in the prediction of transmembrane transmembrane ββ--
strandsstrands

Multiple sequence alignments (MSA) to produce Multiple sequence alignments (MSA) to produce a profilea profileMultiple sequence alignments (MSA) to produce Multiple sequence alignments (MSA) to produce a profilea profile
that is fed into that is fed into an HMMan HMM

The HMM is trained on examples from one specific group of The HMM is trained on examples from one specific group of 
membrane proteins membrane proteins known as known as ββ--barrelsbarrelsmembrane proteins membrane proteins known as known as ββ barrelsbarrels

Proteins that reside in the outer membrane of Proteins that reside in the outer membrane of gramgram--negative negative 
bacteria, mitochondria, and cholorplastsbacteria, mitochondria, and cholorplasts



SOSUISOSUI (1)(1)

Hirokawa et al. 1998Hirokawa et al. 1998

Four main parametersFour main parameters
1.1. To calculates the hydropathy of residues To calculates the hydropathy of residues 

Based on KyleBased on Kyle--Doolittle indexDoolittle indexyy

2.2. To calculate To calculate the chargesthe charges of each of the residues of each of the residues 

3.3. To calculate the To calculate the amphiphilicityamphiphilicity
The distribution of electric charges around the helixThe distribution of electric charges around the helix

4.4. The length of the sequence is incorporated into the The length of the sequence is incorporated into the 
calculationcalculation



SOSUISOSUI (2)(2)SOSUISOSUI (2)(2)

Hirokawa et al. 1998Hirokawa et al. 1998

OutputsOutputs
A graph with A graph with the hydropathy profilethe hydropathy profile of the query sequenceof the query sequence
A “helix wheel” diagram illustrating the predicted A “helix wheel” diagram illustrating the predicted A helix wheel  diagram illustrating the predicted A helix wheel  diagram illustrating the predicted 
transmembrane segmentstransmembrane segments

The different features of the helix residues and enables The different features of the helix residues and enables 
visualization of the biophysical traits of the helix as a wholevisualization of the biophysical traits of the helix as a wholef p y ff p y f



TMHMM TMHMM (1)(1)

Krogh et al. 2001Krogh et al. 2001

HMMs are HMMs are particularly usefulparticularly useful in matching a sequence to a in matching a sequence to a 
predefined “grammar”predefined “grammar”

Transmembrane proteins tend to obey Transmembrane proteins tend to obey a relatively strict a relatively strict Transmembrane proteins tend to obey Transmembrane proteins tend to obey a relatively strict a relatively strict 
grammargrammar of of 

Alternating segments of membrane & nonAlternating segments of membrane & non--membrane segmentsmembrane segments
A wellA well--defined organization of positively charged residuesdefined organization of positively charged residuesA wellA well defined organization of positively charged residuesdefined organization of positively charged residues



TMHMM TMHMM (2)(2)

Krogh et al. 2001Krogh et al. 2001

TMHMMTMHMM
To match the To match the query sequencequery sequence to this to this grammargrammar, which is , which is 
derived from a set of wellderived from a set of well--characterized transmembrane characterized transmembrane 
proteinsproteins

To predicts the segments that are most likely To predicts the segments that are most likely to traverse the to traverse the 
membranemembrane & the & the most likely topologymost likely topology of the whole proteinof the whole protein

Example: protein Example: protein Q18007Q18007
Muscarinic acetylcholine receptor Muscarinic acetylcholine receptor Muscarinic acetylcholine receptor Muscarinic acetylcholine receptor 



h  l  f h  l  f d d d d The location of The location of predicted predicted 
transmembrane segmentstransmembrane segments, , 
their predicted topology, their predicted topology, 

d th  li bilit  f th  d th  li bilit  f th  and the reliability of the and the reliability of the 
predictionprediction



DASDAS

Cserzo et al. 1997Cserzo et al. 1997

Th  d  l  f  Th  d  l  f  The dense alignment surface The dense alignment surface 
(DAS) (DAS) 

To assess sequence similarities To assess sequence similarities qq
between segment s of the between segment s of the 
query protein & known query protein & known 
transmembrane segmentstransmembrane segments

Their biophysical similarity to Their biophysical similarity to 
stretches that were shownstretches that were shown
experimentallyexperimentally to be to be 
i t t d ithi  th  i t t d ithi  th  integrated within the integrated within the 
membranemembrane



Evaluation of Performances (1)Evaluation of Performances (1)

No continuous, largeNo continuous, large--scale system to assess and compare scale system to assess and compare 
the performances the performances pp

Developers’ reports: 75Developers’ reports: 75--95%95%
O ti i tiO ti i ti (Ch  & R t 2002  Ch  t l  2002)(Ch  & R t 2002  Ch  t l  2002)OveroptimisticOveroptimistic (Chen & Rost 2002; Chen et al. 2002)(Chen & Rost 2002; Chen et al. 2002)

Striking similarities between Striking similarities between TopPredTopPred & & TMHMMTMHMMgg pp
Q18007Q18007
Both methods predict that, Both methods predict that, 

Along the first 200 residues, the protein crosses the membrane Along the first 200 residues, the protein crosses the membrane 
five timesfive times
The protein does not cross the membrane at all over the next 400 The protein does not cross the membrane at all over the next 400 
residuesresidues
In last 200 residues  there are two transmembrane segmentsIn last 200 residues  there are two transmembrane segmentsIn last 200 residues, there are two transmembrane segmentsIn last 200 residues, there are two transmembrane segments



Evaluation of Performances (2)Evaluation of Performances (2)

Informative differences between Informative differences between TopPredTopPred & & TMHMMTMHMM
On which side the long, central stretch of the protein, between On which side the long, central stretch of the protein, between 

 200 d 600  d    h  b   200 d 600  d    h  b  positions 200 and 600, does not cross the membrane positions 200 and 600, does not cross the membrane 
Topologies???Topologies???

S l tiS l tiSolutionSolution
To submit the same sequence to yet another server, To submit the same sequence to yet another server, 
preferably one that uses preferably one that uses a different algorithmsa different algorithms than these than these 
two, and hope that the result supports one or the other, in a two, and hope that the result supports one or the other, in a 
majority rule fashionmajority rule fashion



Predicting FunctionPredicting Function

To extract To extract biologically important informationbiologically important information from a from a 
protein sequenceprotein sequenceprotein sequenceprotein sequence

Structure predictionStructure prediction
To predict secondary structure + solvent accessibility + To predict secondary structure + solvent accessibility + 
transmembrane helicestransmembrane helicestransmembrane helices…transmembrane helices…

Function predictionFunction prediction
CaseCase specific prediction specific prediction CaseCase--specific prediction specific prediction 

Did not result in automated tools for function prediction, but by Did not result in automated tools for function prediction, but by 
Annotation transferAnnotation transfer
Motifs & patternsMotifs & patterns



Annotation Transfer (2)Annotation Transfer (2)

Thousands of proteins have been characterized Thousands of proteins have been characterized 
experimentallyexperimentally in the labin the labexperimentallyexperimentally in the labin the lab

Their functions have been recorded in various protein databasesTheir functions have been recorded in various protein databases

Si il it  t th  Si il it  t th  l l i li  l l i li  i il it  f f tii il it  f f tiSimilarity at the sequenceSimilarity at the sequence level implies level implies similarity of functionsimilarity of function
(Next slide)(Next slide)

If a newly discovered protein bears high similarity to another, wellIf a newly discovered protein bears high similarity to another, well--
ch ct i d n  it is s n bl  t  ssum  th t th  h   simil  ch ct i d n  it is s n bl  t  ssum  th t th  h   simil  characterized one, it is reasonable to assume that they have a similar characterized one, it is reasonable to assume that they have a similar 
functionfunction

Some Some notable exceptionsnotable exceptionsSome Some notable exceptionsnotable exceptions
Proteins have different functions depending on their cellular locationProteins have different functions depending on their cellular location

“moonlighting proteins”“moonlighting proteins” (Jeffery 2003) (Jeffery 2003) 



Daylight ZoneDaylight Zone

Structures are Structures are 

Daylight ZoneDaylight Zone

Structures are Structures are 
more conserved more conserved 
than Sequencesthan Sequences



Annotation Transfer (3)Annotation Transfer (3)

Automatic predictions, several important pointsAutomatic predictions, several important points
To define To define a statistical thresholda statistical threshold of sequence similarity that of sequence similarity that To define To define a statistical thresholda statistical threshold of sequence similarity that of sequence similarity that 
permits the annotation transfer permits the annotation transfer 

This threshold differs from This threshold differs from one biological function to anotherone biological function to another, , 
needs to be determined needs to be determined ad hocad hoc forforneeds to be determ ned needs to be determ ned ad hocad hoc forfor

Each protein familyEach protein family & & 
Each biological functionEach biological function (Rost et al. 2003) (Rost et al. 2003) 



Motifs & Patterns (1)Motifs & Patterns (1)

To develop various methods To develop various methods to identify functionally to identify functionally 
important residuesimportant residues based on their conservation throughout based on their conservation throughout important residuesimportant residues based on their conservation throughout based on their conservation throughout 
evolutionevolution

Casari et al. 1995Casari et al. 1995

Conserved Conserved residuesresidues & conserved & conserved sequence elementssequence elements , it is , it is 
likely to be likely to be importantimportant functionallyfunctionally

But no putative function yet But no putative function yet 

The divergence between the sequence of a newly discovered The divergence between the sequence of a newly discovered The divergence between the sequence of a newly discovered The divergence between the sequence of a newly discovered 
protein & any other previously annotated protein is too wide protein & any other previously annotated protein is too wide 
to establish relatedness to establish relatedness 


