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Multiple Sequence Alignments

* “The aminoacyl-tRNA synthetases, perhaps
better than any other molecules in the cell,

eptiomize the current situation and help to
under standard (the effects) of HGT” Woese
(PNAS, 2000; MMBR 2000)



Universal Tree
Bacteria Archaea

Euryarchaeota

Crenarchaeota

Eucarya

Animals
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Plants

The Universal Phylogenetic Tree inferred from comparative analyses of

rRNA sequences: Woese(PNAS, 1990)



Horizontal Gene Transfer

Bacteria Archaea  Eucarya

Full Canonical
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interdomain ) 4
HGT
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O’Donoghue and Luthey-Schulten, MMBR, 2004



Standard Dogma Molecular Biology

* DNA » RNA — > Proteins
° ROle Of A ARS‘) anticodonacetorstemtRNAPhe
* Charging of t—RNA/ '

anticodon loop

acceptor
tRNA stem

www.rpi.edu/dept/bcbp/molbiochem/MBWeb/mb2/part1/
25-trna.ppt



Charging the tRNA

Direct acylation

Glutaminyl-tRNA
GIn + tRNAGIn + ATP ~ GIn-tRNAGIN 4+ AMP + PP;

synthetase

tRNA-dependent amino acid modification

Glutamyl-tRNA
Glu + tRNAGIn + ATP ~ Glu-tRNAGIn + AMP + PP;

synthetase

Glu-tRNAGIn
GIn + Glu-tRNAGIn + ATP _ ~ GIn-tRNAGIn + ADP + P;j + Glu

amidotransferase

Woese, Olsen (UIUC), Ibba (Panum Inst.), Soll (Yale) Micro. Mol. Biol. Rev. March 2000..



Amino acid M ATP

| | + PP;
Aminoacyl-AMP

Aminoacyl-tRNA Synthetases catalyze linkage of the
appropriate amino acid to each tRNA. The reaction occurs in
two steps.

In step 1, an O atom of the amino acid a-carboxyl attacks the
P atom of the 1nitial phosphate of ATP.

www.rpi.edu/dept/bcbp/molbiochem/MBWeb/mb2/part1/25-trna.ppt



In step 2, the
2' or 3' OH of
the terminal
adenosine of
tRNA attacks
the amino acid
carbonyl C
atom.

(terminal 3'nucleotide
R | of appropriate tRNA)

Aminoacyl-tRNA




Aminoacyl-tRNA Synthetase

Summary of the 2-step reaction:
1. amino acid + ATP - aminoacyl-AMP + PP,
2. aminoacyl-AMP + tRNA - aminoacyl-tRNA + AMP

Overall Reaction:

amino acid + ATP + tRNA - aminoacyl-tRNA + AMP
+ PP,
Next step: EF and Ribosome for Protein Synthesis



Structure of the E. coli Ribosome
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The cutaway view at right shows positions of tRNA (P, E
sites) & mRNA (as orange beads).

Figure: Laboratory of Joachim Frank, Wadsworth Center
cryo-EM and 3D 1mage reconstruction



small
subunit | Fo) large

Sec61 channel

The cutaway view at right shows that the tunnel in the
yeast large ribosome subunit, through which nascent
polypeptides emerge from the ribosome, lines up with the
lumen of the ER Sec61 channel.

Figure provided by Joachim Frank, whose lab carried out the
cryo-EM & 1mage reconstruction on which these images are based.
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Step 1: Explore active site in catalytic domain and anticodon
domain.
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Horizontal Gene Transfer in Protein Structure

Sequence Phylogeny
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Structure Phylogeny
Class I AARSs

structure-based phylogenetics
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Structure Phylogeny Structure Phylogeny
Class I AARSs Class IT AARSs
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Multiseq

extension in VMD

a&la R VYMD 1.8.3a2 OpenGL Display

Extensions
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Conservation

Sequence Identity of Core
Less than 15%

Core Structure Conserved



Useful Web Tools

SCOP - Structure Database

NCBI Genomes — Sequence and Gene
Information

SWISSPROT - Sequence Database
PFAM Domain Architecture

Clustal Multiple Sequence Alignments
Hidden Markov Methods

Phylip Phylogenetic Trees

Matlab - Statistics UPGMA



Structural Classification of Froteins SCOp ( Astral Database)
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Protein: Aspartyl-tRNA synthetase (AspRS) from Escherichia coli

Lineage:

Root: scop

Class: All beta proteing

Fold: OB-fold

barvel, closed oy partly opened n=3, 5=10 or 5=8, preek—key

superfamily: Hucleic acid-binding proteing

Family: Anticodon-binding domain

barrel, closed; n=5, 5=10

Frotein: Aspartvl-tENA synthetase (AspRE)

this is N-terminal domain in prokaryotic enzymes and the fivst “visible” domain in enkaryotic enzymes
7. Species: Escherichin coli

PDB Entry Domains:
1, 1c0a EREEIR]

1. region al-106 EEREL]
o a“n < B4

complexed with fmg, Jme, Jmi, amo, R2u, psi, sod
1. region a:l-106
2. region bi1001-1106 ENEEL]

3, *@;

complexed With mg
1. region a:1-106 EXREL
2, region bi1-106
3. regionc1-106

b by =

b b
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Protein coding genes distribution map

To see map locations of genes, click on aregion in the map,

to Zoom in on that region
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Qrganism: Methanocaldococcus jannaschii
Genetde Code: 11

NCBI: Genomes

Gene Classificaton based on COG functonal catesories

Translation, ribosomal structure and biogenesis
Transcription

IHA replication, recombination and repair

Cell divi=sion and chromosomne partitioning
Posttranslational modification, protein turnouver
Cell ermelope biogenesis, outer membrane

Cell motility and secretion

Inorganic ioh transport and metabol ism

Sighal transduction mechanisms

Energy production and conversion

Carbohwdrate transport and metabol ism

Amino acid transport and metabol ism

Moz leotide transport and metabolism

Cosnzwvme metabol izm

Lipid metabolism

Secondary metabolites bioswvnthesis, transport ar
Gerieral tunction prediction onlw

Furictian unknowmn

Mo COG match

Lineage: Archaea; Euryarchaeota; Methanococci; Methanococcales;

Methanocaldocococaceae; Methanocaldocooous.

Complete genome sequence of the methanogenic archaeon, Methanococcus

jannaschii

Bult,C.J., White, O, Olsen,G.J_, Zhou, L., Fleischmann BT, Sutton, 3.5, Blake, J. A,
FizGerald, L. M _, Clayton B &, Gocayne, ] I, Kerlavage, A R, Dougherty B A |
Torb,].-F., &dams M.D._, Beich, C.1., Cverbeek R, Kitkness E.F., Welnstock K.G_,
Merrick,J. M., Glodek A, Scott,].D., Geoghagen, .5, Weidman,I.F._,
Fuhrmann, J L., Meguyen, D.T., Utterback,T., Kelley,].IW., Peterson,].D., Sadow PV,
Hanna M.C_, Cotton,M.I0_, Hurst, M. A Roberts K., Kaine B B., Borodowsky, I,
Klenk H.P., Fraser, C.M_, Smith H.O., Woese C.B. and Venter, ] C.

Science 273 (5278}, 1058-1073 (1996)
06337999
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protein—-protein B LA S T

Retrieve results for an

Nucleotide Protein Translations RID

Your Favorite Sequence in Fasta Format

Search

Set subsequence From: To:

N ——
Choose database | swissprot

Do CD-Search W

Now: (l=]1¥-%3}




Comments

Report from SWISS-PROT

o CATALYTIC ACTIVITY: ATF + L-aspartate + tENACAsp) = AWMP + diphosphate + L-aspartyl-tEN
o COFACTOR: Binds 5 magnesium ions per subunit (By sémilarity).
o SUBCELLULAR LOCATION: Cytoplasmic,

o SIMILARITY: Belongs to class-1I amincacvl-tENA svnthetase family.

Copyright

This EWISE-PROT entry is copyright. [tis produced through a collaboradon between the Swiss Institute of Bioinformatics a
outstation — the European Bioinformatics Institute. There are no restricdons on its use by non-profit institudens as long as its
modified and this statement is not removed. Usage by and for commercial entides requires alicense agreement (See

http /ey ish— sib. ch/announce/ or send an email to licensedish— sib.ch)

Cross=-references

ENMBL
Hesk

HAMAF

InterFro

Ffam

FEINTS
TIGEFAMS
FECGZITE
FroDom
HOBACGEN
BLOCES
Frotollet
Frotoldap

ABO10464, BAARIAST. ] - [EMEBL /GenBank fDDBI) [CoDingsequence]

Q52428; 1B8A. [HS5P ENTRY /FDE]
MFE 00044; —; 1.

FEIL [Family / Alighment / Tree]
[FEROOAS23; Asps_arch,

[PEROOA3EA; tRINA-gymt_2.

[PEOOZ31 2 tRIN A-gvnt_asp.
[PEOOAZ6S; tRINA_anti,

[FEOOE135; tRNA_ligase_I1.

Graphical view of domain structure,

PEOO1SE tENA-svnt_2; 1.
PEO1336; tENA_anti: 1.

PRO1042; TRNASYNTHASP.

TIGRO0A58; asps_arch: 1.

PE50862; AA TRNA LIGASE IL 1.

[Domain structure / List of seq. sharing at least 1 domain]
[Family / Alignment / Tree]




PFAM Report

Representative tRNA-synt 2 family proteins

This family may contain orerappdng domalns, o change the graphical view click hane

SYDC YEAST [Saccharamyces cefevisiae (bakar's yveast)] aspay-tma synthetase, ctoplasmic (2o 6.1.1.12) [asparate--tmaligasa) (asprs)

= D "

S0 CAEEL [Caenorhabditis elegans] aspamyk-tma synthatase [ec@.1.1.12) (aspatate——tma ligase )[asprs)

<o (D

S¥D HUMAN [Harna sapiens (human) aspamy-tma synthatase (ec@.1.1.12) [aspanata—-1na ligase)asprs)

— 0 -

SYD_RAT [Rattus noneqicus [fat)] asparty-tma synthetase j@c8.1.1.12) [aspatate—-tma ligase)asprs)

— 0 .



Maiple Sequence Algnment
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CLUSTALW: Multiple Sequence Alignment[help]

General Setting Parameters:

Qutput Format: | cLUSTAL =

Fairwise Alignment: SFAST/IAPPROXIMATE <SLOW/ACCURATE

Enter your sequences (with labels) below (copy & paste): APROTEIN <DNA
support Formats: FASTA (Pearsory, NEBEF /IR, EMEBL f5wiss Prot, GDE, CLUSTAL , and GUG/MEE

Or give the file name containing your query

Execute Multiple Alignment| Reset

ey




Sequence UPGMA Dendrogram - Clustal

TATI_A_

1ADJ O

—— 1BBW_A

~ TEQR_H

— TEFW_A

— 1B8A_A

— 1ASZ_ A

Specificity | Organism | PDDB code:chain | ASTRAL catalytic domain

Aspartyl Eubacteria | 1EQR:B dleqrb3
Aspartyl Archaea 1B8A:A d1b8aa2
Aspartyl Eukarya 1ASZ:A dlasza2
Glyecl Archaea 1ATI:A dlatia2
Histidyl Eubacteria | 1ADJ:C dladjc2
Lysl Eubacteria | 1BBW: A d1lbbwa2
Aspartyl Eubacteria | 1EFW:A dlefwa3




Phylogenetic (UPGMA) Tree -
Matlab

Molecular Phylogenetic Tree
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Pogorelov and Luthey-Schulten, UIUC 2003



Bioinformatics of Aquaporin Tutorial
Week 1I Perth

Highlights:

e Structural overlap
e Correlation conserved residues and
mechanism



University of Illinois at Urbana-Champaign
NIH Resource for Macromolecular Modeling and Bioinformatics
Beckman Institute

Aquaporins

Aquaporins in Human Body

3
i

s > \ ¥
More are suspected to exist, Jr ! blood cell
Congenital cataracts, Diabetes insipidus, . et

VMD Developers: Fatemeh Khalili
John Stone Elizabeth Villa
Dan Wright Emad Tajkhorshid
John Eargle Brijeet Dhaliwal

Zan Luthey-Schulten



Towards Understanding Membrane Channels
T he versaltlle, hlghly selective and efficent aquaporin

GIpF Structure (Stroud et al)
NAMD with full electrostatics
Periodic boundary conditions
NpT ensemble at 310 K

Ins equilibration

Protein: ~ 15,000 atoms

Lipids: ~ 40,000 atoms
Water: ~ 51,000 atoms
Total: ~ 106,000 atoms

4 hrs /ns — 1024 TSC CPUs

HF 11
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Peter Agre
(I 1/2 of the prize
UsA

Johns Hopkins University School
of Medicine
Baltimore, MD, USA

b. 1949

"' 1’ The Nobel Prize in Chemistry 2003

Roderick MacKinnon

@ 1/2 of the prize

Uss

Rockefeller University, Howard

Hughes Medical Institute
MNew York, NY, USA

b. 1956



The Aquaporin Superfamily

(Bacterial)
GLP cluster
(Bacterial
Glycerol . (Yeast)
t t o o i GLPY2 G .
ranspor GLPY1 ciryi AQPS (Bacterial)

(Bacteria
(Animal)

(Animal)

Water
ant)
transport

(Plant)

AQPdic
AQy AQPD

(Plant) /5By “nmb AQP cluster
(Yeast)

Heymann and Engel News Physiol. Sci. 14, 187 (1999)



Structure and Sequence Comparisons
Water/Glycerol Channels

Top view

2 AQP1, GLPF, AQPZ GLPF Sequence Conservation
from animal and bacteria
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