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Biological Sequence Analysis II

Andy Baxevanis, Ph.D.

Overview
• Week 4: Comparative methods and concepts

• 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
• Structures: VAST, Cn3D, and de novo prediction
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Protein Conformation
• Christian Anfinsen

Studies on reversible denaturation
“Sequence specifies conformation”

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

• “Starting with a newly-determined sequence,
what can be determined computationally about
its possible function and structure?”

Protein Sequence Analysis

• Common structure?
• Common function?
• Evolutionary relationship?
• Global or local similarity?
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Sequence Comparisons
• Homology searches

• 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

• Search can be “one-against-many” ProfileScan
CDD

or “many-against-one” PSI-BLAST

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
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Profile Construction
APHIIVATPG
GCEIVIATPG
GVEICIATPG
GVDILIGTTG
RPHIIVATPG
KPHIIIATPG
KVQLIIATPG
RPDIVIATPG
APHIIVGTPG
APHIIVGTPG
GCHVVIATPG
NQDIVVATTG

• Which residues are seen at each position?
• What is the frequency of observed residues?
• Which positions are conserved?
• Where can gaps be introduced?

Cons A    B    C    D    E    F    G    H    I    K    L    M    N    P    Q    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   18    0   13    0    0  -12   13    0    8   -3   -3   -1   -2   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   31    6    7    6    6  -41   19   11   -9    6  -16  -11    0   89   17   17   24   22    9  -50  -48   12
 G   70   60   20   70   50  -60  150  -20  -30  -10  -50  -30   40   30   20  -30   60   40   20 -100  -70   30

Position-Specific Scoring Table

Patterns

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

Phe
or Tyr Cys

not Val
or Ala

three
His

any
amino
acid

any two
amino
acids

any
amino
acid
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ProfileScan
• Search sequence against a collection of profiles

and patterns
• Databases available

• PROSITE profiles
• PROSITE patterns
• PfamA
• PfamB
• InterPro families
• HAMAP profiles (microbial)
• TIGRfam protein families

• http://hits.isb-sib.ch/cgi-bin/PFSCAN
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[FW]-[SGNH]-x-[GD]-{F}-[RKHPT]-{P}-C-[LIVMFAP]-[GAD]



NHGRI Current Topics in Genome Analysis 2005
Biological Sequence Analysis II

11

Parent-Child Relationships (Subfamilies)

Child entries are more specific than the parent
A match to the child entry implies a match to the parent
Signatures for the parent and child entries must overlap

Center Tree root
Inner circles Tree nodes
Outer circles Representative

model organisms

There is no significance to the placement
of individual nodes on the circles
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Conserved Domain Database (CDD)
• Identify conserved domains in a protein sequence
• “Secondary database”

• Pfam A and B
• Simple Modular Architecture Research Tool (SMART)
• Clusters of Orthologous Groups

• 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

• http://www.ncbi.nlm.nih.gov/Structure/
cdd/cdd.shtml
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Light blue      Low-complexity region
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PSI-BLAST
• Position-Specific Iterated BLAST search
• 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
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 …  … 
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 269

 502

Protein Sequence Analysis

• Common structure?
• Common function?
• Evolutionary relationship?
• Global or local similarity?

• Composition
• Hydrophobicity
• Secondary structure
• Specialized structures
• Tertiary structure
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Information Landscape

Information Landscape

Nonpolar

Polar Neutral

Polar Basic

Polar Acidic
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ProtParam
• Computes physicochemical parameters

• Molecular weight
• Theoretical pI
• Amino acid composition
• Extinction coefficient

• Simple query
• SWISS-PROT accession number
• User-entered sequence, in single-letter format

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

ProtParam Query
MNGEADCPTDLEMAAPKGQDRWSQEDMLTLLECMKNNLPSNDSSKFKTTESHMDWEKVAFKDFSGDMCKL
KWVEISNEVRKFRTLTELILDAQEHVKNPYKGKKLKKHPDFPKKPLTPYFRFFMEKRAKYAKLHPEM...

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       5.4% Lys (K)  97      13.3%
Asn (N)  28       3.9% Met (M)  25       3.4%
Asp (D)  58       8.0% Phe (F)  18       2.5%
Cys (C)   6       0.8% Pro (P)  39       5.4%
Gln (Q)  36       5.0% Ser (S)  67       9.2%
Glu (E)  98      13.5% Thr (T)  22       3.0%
Gly (G)  26       3.6% 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)   0       0.0%
Glx (Z)   0       0.0%
Xaa (X)   0       0.0%

Total number of negatively charged residues (Asp + Glu): 156
Total number of positively charged residues (Arg + Lys): 136
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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

Secondary Structure Prediction
• Deduce the most likely position of alpha-helices

and beta-strands
• Confirm structural or functional relationships

when sequence similarity is weak
• Determine guidelines for rational selection of

specific mutants for further laboratory study
• Basis for further structure-based studies
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Alpha-helix
• 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
• Extended structure

(“pleated”)
• Peptide bonds point in

opposite directions
• Side chains point in

opposite directions
• No hydrogen bonding

within strand
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Beta-sheet
• Stabilization through

hydrogen bonding
• Parallel or

antiparallel
• Variant:

beta-turn

Folding Classes

α β α+β α/β

Cyt c CD4 Staph Triose
nuclease phosphate

isomerase

Globins Orthogonal Split sandwich TIM barrel
Orthogonal Super-barrel Meander Doubly-wound
EF-hand Greek key Metal-rich
Up-Down Sandwich Open roll
Cytochrome Jelly roll OB/UB roll
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Neural Networks
• 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

• 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

Neural Networks

KP R P S S A Y

α RβOutput layer

Input layer

Hidden layer

“F
ee

d-
fo

rw
ar

d”
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nnpredict
• Neural network approach to making predictions

(Kneller et al., 1990)

• Best-case accuracy > 65%
• Search engines

• E-mail nnpredict@celeste.ucsf.edu
• Web http://www.cmpharm.ucsf.edu/

~nomi/nnpredict.html

nnpredict Query
option: a/b
>flavodoxin - Anacystis nidulans
AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVGELQSDWEGIY
DDLDSVNFQGKKVAYFGAGDQVGYSDNFQDAMGILEEKISSLGSQTVGYWPIEGYDFNESKAVRNNQFVG
LAIDEDNQPDLTKNRIKTWVSQLKSEFGL

Tertiary structure class: alpha/beta 

Sequence:
AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVG
ELQSDWEGIYDDLDSVNFQGKKVAYFGAGDQVGYSDNFQDAMGILEEKISSLGSQTVGYW
PIEGYDFNESKAVRNNQFVGLAIDEDNQPDLTKNRIKTWVSQLKSEFGL

Secondary structure prediction (H = helix, E = strand, - = no prediction):
----EEE------EEEHHHHHHH------EEEH---------------EEEE--------
---------------HHHH---EEEE------------H--HHHHHHHH------E--E-
-E--------------HH--E----------------EHHHHH------ 

α/β folding class
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PredictProtein
• Multi-step predictive algorithm (Rost et 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)
• Accuracy

• Average > 70%
• Best-case > 90%

• Search engines
http://www.embl-heidelberg.de/predictprotein/
http://cubic.bioc.columbia.edu/predictprotein/

>flavodoxin - Anacystis nidulans
AKIGLFYGTQTGVTQTIAESIQQEFGGESIVDLNDIANADASDLNAYDYLIIGCPTWNVGELQSDWEGIY
DDLDSVNFQGKKVAYFGAGDQVGYSDNFQDAMGILEEKISSLGSQTVGYWPIEGYDFNESKAVRNNQFVG
LAIDEDNQPDLTKNRIKTWVSQLKSEFGL

• SWISS-PROT hits
• Multiple alignment
• PDB homologues
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SignalP
• Neural network trained based on phylogeny

• Gram-negative prokaryotic
• Gram-positive prokaryotic
• Eukaryotic

• Predicts secretory signal peptides
(not those involved in intracellular signal
transduction)

• http://www.cbs.dtu.dk/services/SignalP/
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Transmembrane Classes
• Helix bundles

• Long stretches of apolar amino acids
• Fold into transmembrane alpha-helices
• “Positive-inside rule”

Cell surface receptors
Ion channels
Active and passive transporters

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

Outer membrane of Gram-negative bacteria
Porins (passive, selective diffusion)
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TopPred
• 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
• http://bioweb.pasteur.fr/seqanal/interfaces/toppred.html

TopPred
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TopPred

Predicting Tertiary Structure
• Sequence specifies conformation, but

conformation does not specify sequence

• Structure is conserved to a much greater extent
than sequence

• Similarities between proteins may not
necessarily be detected through “traditional”
methods
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VAST Structure Comparison
Step 1: Construct vectors for secondary structure elements

VAST Structure Comparison
Step 2: Optimally align structure element vectors

1 2 3 4

5

1 2 3 4

1 2 3 4

1 2 3 4

2 3 4

5

1 2 3 4

1 3 4

5

1 2 3 41 2 3 4

1 2 3

5

1 2 3 4

Protein 1 Protein 2

Alignment 1 Alignment 2 Alignment 3 Alignment 4
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Cn3D Viewer

Rendering: Tubes

Coloring: Identity
Red – matches
Blue – mismatches

VAST Shortcomings
• 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)

• Regardless of the “simplicity” of the method,
provides a simple and fast first answer to the
question of structural similarity
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P-value < 0.001
and

% Identity > 25
over at least 20 residues

Read the descriptions!

Worms Rendering Spacefill
Secondary Structure Coloring Charge
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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

Generate PDB file for new protein model

21DJH.pdb: 42.77 % identity
21DJG.pdb: 42.77 % identity
11DJG.pdb: 42.22 % identity
11QAS.pdb: 44.17 % identity
11QAT.pdb: 43.52 % identity
21QAT.pdb: 43.52 % identity
21QAS.pdb: 43.52 % identity

Target:         |==================================================|
21DJH.pdb       |        ---------                                
21DJG.pdb       |        ---------                                
11DJG.pdb       |        ---------                                
11QAS.pdb       |        ---------                                
11QAT.pdb       |        ---------                                
21QAT.pdb       |        ---------                                
21QAS.pdb       |        ---------

ATOM      1  H1  SER     1      24.219  22.954 -56.681  1.00 99.00
ATOM      2  H2  SER     1      24.770  21.435 -56.558  1.00 99.00
ATOM      3  N   SER     1      24.355  22.187 -56.047  1.00 25.00
ATOM      4  H3  SER     1      23.466  21.925 -55.671  1.00 99.00
ATOM      5  CA  SER     1      25.266  22.675 -54.976  1.00 25.00
ATOM      6  CB  SER     1      24.826  24.072 -54.504  1.00 25.00
ATOM      7  OG  SER     1      24.857  25.006 -55.591  1.00 25.00
ATOM      8  HG  SER     1      24.717  25.929 -55.233  1.00 99.00
ATOM      9  C   SER     1      25.471  21.750 -53.751  1.00 25.00
ATOM     10  O   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
• 3D-JIGSAW

http://www.bmm.icnet/uk/servers/3djigsaw

• ESyPred3D
http://www.fundp.ac.be/urbm/bioinfo/esypred

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

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

Protein Sequence Analysis
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Annual NAR Database Issue

http://nar.oupjournals.org

Understanding Analyses

Sequence Results

Inspection
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A User’s Guide to the Human Genome II

http://www.nature.com/
ng/supplements/

Commentary:
Keeping Biology

in Mind
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