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Until now we have talked about 2D sequence alignment

In general, the concept of alignment is a powerful
technique for analyzing a variety of data

Both DNA and proteins have 3D structure that can be
analyzed.




Introduction

* |n this lecture we will focus on protein
structure alighment

* This will include:
— Motivation for doing structure alignment
— Biology of protein structure
— Examples of alignment



Motivation for Protein Structure Alignment

Protein structure Antigens
determines function w v

* Sequence similarity isn’t the Antigen
whole picture Q%Amigenbmdmg site é

* Showing that two proteins
are folded similarly has real

biological significance
(“truth”)

* Ex. antibodies are proteins
that recognize antigens
based on shape

Antibody



Motivation for Protein Structure Alignment

Evolutionary
Argument

* Secondary and tertiary
structures are more
conserved during
evolution than the
specific amino acid C G-loop

sequence (Branden and 74y, EiEsEer 01
TRB1 HUMAN PLAEREH RCHmV QDK

ESLED

ESLED
Tooze) TRB3_HUMAN  EPEEGGR TCHV LAV ENLED
CASK_HUMAN kK@PFsv AVE! REA GGFRv
ULK4_HUMAN RESKTV AILC NW SNFECL
ULK4 MOUSE RESRTV AILC Nwv SNFECL
ULK4_Xenopus KESKSV AILR NWW TNESL
ULK1_HUMAN HBAFAV AVvEc kB ABFEF
ULK2_HUMAN HBAFAV AIlSs KB ABIFEF
ULK3_HUMAN SETYAT AIflc TR ARIFEF
HER 3_HUMAN SEVFEGT C | DHM ARF
WNK1_HUMAN REsSFkT Awce EJfA GELEL
WNK2_HUMAN RESFKT AWCE EfA GELEL
WNK 3_HUMAN RBAFKT Awce ERA GELEL
WNK4_HUMAN REBSFKT AwWCE ERv GELEL
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Primary structure of proteins:
protein sequencing
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Figure 3-15
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company



Protein sequence alignment in two dimensions

Escherichiacoli TGNRTIAVYDLGGGTFDISIIEIDEVDGEKTFEVLATNGDTHLGGEDFDSRLIHYL
Bacillus subtilis DEDQTILLYDLGGGTFDVSILELGDG

Halobacterium halobium

Archaea Sulfolobus solfataricus
Saccharomyces cerevisiae
Eukaryotes H .
omo sapiens
Gram-positive bacterium Bacillus subtilis
Gram-negative bacterium Escherichia coli
Figure 3-34

Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company

Consensus sequences reflect the most
common amino acid at each position.

Sequence logos provide a graphical
representation of a multiple sequence
alignment.

TFEVRSTAGDNRLGGDDFDQVIIDHL

I

Gap

Signature sequence

IGHVDHGKSTMVGRILLYETGSVPEHV|IEQH
IGHVDHGKSTLVGRLLMDRGFIDEKT|VKEA
IGHVDSGKSTTTGHLIYKCGGIDKRT|IEKF
IGHVDSGKSTTTGHLIYKCGGIDKRT|IIEKF
IGHVDHGKSTMVGR ITTV
IGHVDHGKTTLTAA ITTV
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Box 3-2figure 1
Lehninger Principles of Biochemistry, Sixth Edition
©2013 W. H. Freeman and Company



Evolutionary trees based on sequence analysis of

protein families

Chlamydia [
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L Escherichia coli
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[ Rickettsia
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Proteobacteria
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]
0.1 substitutions/site

Figure 3-35
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company
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Amino terminus

© carbon
O Hydrogen
@ Oxygen
O Nitrogen
@ Rgroup

The o-Helix

The a-helix is a 3.6,3 helix.
13 atoms form the ring that is
closed by a hydrogen bond.
Pitch: 5.4 A per turn (3.6
residues per turn)

(a) Carboxyl terminus

Linus Pauling




Both Left- and Right-handed a-helices are possible
However, most a-helices found in proteins are right handed

Left-handed
helix

Right-handed

helix i

¢
~—




Another major secondary structure is the B-sheet

There are two types of B-sheet

[ Antiparallel ﬁ]sheet
Top view

Figure 4-6b

Repeat distance = 7.0 A



There are two types of B-sheet

| Parallel|8 sheet
Top view

6.5 A

Figure 4-6¢

Lehninger Principles of Biochemistry, Sixth Edition Re peat d i Sta n Ce — 6 . 5 A

© 2013 W.H. Freeman and Company
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Tertiary Structure

Secondary structure elements such as a-helices, -sheets, and -turns are
arranged into supersecondary structures (also called motifs or folds).

Figure 4-21
Lehninger Principles of Biochemistry, Sixth Edition
© 2013 W. H. Freeman and Company
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Quarternary Structure

Although there is an infinity of possible protein motifs, the actual number
found among the proteins whose structure have been determined are
surprisingly few (~ 1000 fold entries in the SCOP database)

Larger polypeptides often are composed of domains, somewhat
independent regions linked by less well defined connecting bridges.




Protein Structure Alignment

We want to superimpose
two proteins and show
structural similarity

Common structural
elements (ex. alpha helices)
help guide the search for an
optimal structure
alignment based on a
distance metric 1) superposition

2) T'wo equiv. residue

Recall: structure determines  aections
function, so these

alignments have real

biological implications

aligna 1.1a 2.1 \

Result: =4 : After




Unaligned

We know these two proteins have similar primary structure based on
sequence alignment techniques. This tells us nothing about their
function or biological relationship.



(D)

Aligned

We notice that alpha helices line up and the two proteins have similar
overall structure. We now have some real biological evidence that the
two proteins are somehow related in function.



Some Methods and Tools

Methods Tools

DALI (Holm and Sander) ¢ TM Align

STRUCTURAL (Gerstein e RCSB Protein

and Levitt) Comparison Tool
VAST (Gibrat)

. * PROMALS3D
MINAREA (Falicov and _
Cohen) * Overview of Tools

from UCSF



http://zhanglab.ccmb.med.umich.edu/TM-align/
http://www.rcsb.org/pdb/workbench/workbench.do?action=menu
http://www.rcsb.org/pdb/workbench/workbench.do?action=menu
http://prodata.swmed.edu/promals3d/promals3d.php
http://www.rbvi.ucsf.edu/home/meng/grpmt/structalign.html
http://www.rbvi.ucsf.edu/home/meng/grpmt/structalign.html

