* Functions of proteins

Enzyme Catalysis, transport, storage, transmission
of nerve impulses.
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Polypeptide Chain
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Polypeptide Chain AGC plus 2 molecules of water
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Different Amino Acids

Aromatic amino acids

Tyrosine Tryptophan
Trp or W

Phenylalanine
Phe or F
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Protein Secondary Structure

Ball & stick

Ribbon
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Secondary Structure
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Beta Sheet

Antiparallel Beta-Sheet
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Primary Sequence

CGGSLLNAN--TVLTAAHC
CGGSLIDNK-GWILTAAHC
CGGSLIRQG--WVMTAAHC
CGGSLIREDSSFVLTAAHC

Primary structure of four related proteins

A possible

CGSLIREDVVITAAHC common

ancestor
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Inheritance : Errors

COGCSLI FLTAAHC Ancestor Cell
CEEELIREDESRVILTAAHC Daugkter Cell

1 3 5 7 9 11 13 15 17 19

* Similarities lead into Statistical Profiles
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Statistical Profiles

Family Members

Position 12345

CCGTL
CGHSV
GCGSL

CGGTL
CCGSS

Position 2 3

Prob(C) . 06 -

FProb(G) . 04 0.8
FProb(H) 0.2
Prob(S)
Prob(T)
Prob(1.)
Prob(V)
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Drawbacks of Profiles

« Pair wise Sequence alignment — all positions are equally important
 Multiple alignment gives some positions more conserved

»Profiles are complicated. Too many free parameters.
» Best scoring system not known.
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Hidden Markov Models

By Melinda and Prasana

Using HMM’s to understand Proteins . . .
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Ca-trace.

The metal atom and two water
atoms bound to the metal atom in
the active site are displayed as
well as residues binding to the
metal atom.
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Ca-trace,

helices displayed as
ribbons and strands as
arrows20
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backbone,

where a-helices are
coloured red and 3-strands
blue.
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Need for HMM’s

Profile methods have ad-hoc scoring
systems, complicated and having many free
parameters

Mathematical theory desired for deriving
scores in a model

HMM'’s introduced by G.A. Churchill in 1989.
Continued by CSE group from UC Santa Cruz
and others
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HMM Basics

Finite model describing probability distribution
over an infinite no. of possible sequences

“Generate” protein sequences by a random
process

Associated with state emission and state
transmission probabilities

Only sequence of states observed
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Issues in HMM'’s

» Scoring problem : Probability that a HMM
sequence could generate a given sequence

« Alignment problem : What is the optimal
sequence of states for generating a given
sequence

 Training problem : Determine a HMM that
best accounts for the given data
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HMM Architecture

“Emission” distributions of the match states m,:
Pxim), k=1,2,.. ., M

Delete states d,, and Insert states i,. There are M+1
insert states having distributions P(x|i,)

Probability of transition from state q to state r: t(r|q)

Sequence of paths to generate the sequence x,, X,, .
T XL : qu q1s =y qN+1
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The Equations

o P{X4, ..., X_; dgs A1, ---> Qns¢| Model}
= tmyelan).  €GilGien)-P Xyl )

where P(x;|q;) = 1 if g; is the delete state

In this way a probability distribution on the space of
sequences is defined
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Estimating parameters in a
HMM

* P{sequences| model}
= T[P{each sequence| model}
* Maximum Likelihood methods

* Maximum a Posterior approach

There is no known efficient way to calculate the best HMM
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Aligning and Scoring
Sequences

* Viterbi Algorithm
* Forward Algorithm
» Global Scoring vs. Local Scoring

» Classifying sequences :
— Threshold value : t > log,N - log,0
Where N : no. of sequences in the database
o : significance level (~0.01 to 10)
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Drawbacks of HMM'’s

* Linear model :
— not capable of capturing higher order correlations

« Assumption of position independence :
— Not good enough for fold recognition

» Model architecture, Integration of structure
information into profile HMM’s
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Profile HMM’s
Models multiple alignments

Probability parameters are converted into log-
odd scores

Score of residue xin a particular match state
is log(p,fy)
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Softwares for Profile HMM’s

* Profile Models :

— Insert and delete state associated with each match
state

— Insertion possible anywhere in the target sequence

* Motif Models :

— Insert states model the spaces between ungapped
blocks
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Protein Data
- sequence alignment ¥

> BAHG VI TSP
MLDQQTI NI | KATVPVLKEHGVTI TTTFYKNLFAKHPEVRPL FDMGRQESL EQPKALAM
TVLAAAQNI ENLPAI LPAVKKI AVKHOQAGVAAAHYPI VGQELLGAI KEVL GDAATDDI
L DAWGKAYGVI ADV

> GLBL_ANABR

PSVQGAAAQL TADVKKDL RDSVKVI GSDKKGNGVAL MITLFADNQETI GYFKRLGNVSQ
GVANDKLRGHSI TLMYALQNFI DQLDNTDDLVCVWEKFAVNH TRKI SAEFGKI NGPI K
KVLASKNEGDKYANAWAKL VAVVQAAL

> GLBl_ARTSX

ERVDPI TGLSGLEKNAI LDTWGKVRGNL QEVGKATFGKL FAAHPEYQQVFRFFQGVQLA
FLVQSPKFAAHTQRWSAL DQTLLALNRPSDQFVYM KELGLDH NRGTDRSFVEYLKE
SLGDSVDEFTVQSFGEVI VNFLNEGLRQA
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Hmmer Software

- hmmbuild

Bui Il d a hidden Markov nodel from an ali gnnent
> hmbui | d gl obi n. hmm gl obi ns50. nsf

Nunber of sequences: 50

Nunber of col ums: 308

Constructed a profile HW (Il ength 148)
Average score: 194.97 bits

M ni mum score: -17.88 bits
Maxi mum score: 242.22 bits

Std. deviation: 55.12 bits
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Protein Data

hmm model (matrix) .hmm (

HM\ER2 0 [2.2g]
gl obi ns50
148
Ani no
no
no

yes
hmbui 1 d gl obi n. hmm gl obi ns50. st
50

Thu Cct 24

-4 -1000 -1000
- 8455
1558 85 338 9 5 902 -1085
F G H K L
i->m Q-

-1020 -730
-381
-1115
-948
-381
-1115
-1069 € 1439 -2802

Hmmer Software

hmmalign

Align sequences to an HMM profile

>hmmalign -o globins630.ali globin.hmm

A obi ns630. al i

BAHG_VI TSP ..~ M.DQQTI NI | KATV. PV. .
. psvqgaaAQLTADVKKDLRDSW KV. .
. ervdpi TGLSGLEKNAI LDTW GK. .
- - VSANDI KNVQDTW CK. .
- GPSGDQ AAAKASW NT. .
_ - GLSAAQRQVI AATW KD.
GLBL_LUMIE ecl VTEGLKVKLQASAF. GH
GLBI_MORMR pi vdsgsvSPLSDAEKNKI RAAW DL
GLB1_PARCH gt | ai gshGDLTLAQKKI VRKTW HQ.
GLB1_PETMA pi vdsgsvp- ALTAAEKATI RTAW AP,
GLBI_PHESE - DONTLKRFKVKHQW QQ
GLB1_SCAIN psvydaaAQLTADVKKDLRDSW KV.
GLBL_TYLHE TDCG LQRI KVKQQW AQ
GLB2_ANATR psvqdaaAQLTADVKKDLRDSW KV.
GLB2_CALSO - - VSQADI AAVQTSW RR
APLSADEASLVRGSW AQ . .

. .. kKKQCGVLEGLKVKSEW
pi vdsgSVSPLSDAEKNKI RAAWDI
. s SDHCGPLGRLKVKQQW AKay gV.
ki 111 al ¢f aaaSALSAD STVOASF.
- - LSADQ STVQASF. DK. .

YECGPLQRLKVKRQW AE. .

)>_<<<_<_)>_<(‘;r-<—<<r-<)>—

globins630.fa

[nore]
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