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0 Why to search for new proteins?

0 How to acquire new proteins?
= traditional approach
= metagenomic approach
= bioinformatic approach

0 Bioinformatic approach

=  Where to find target sequences?
= How to find target sequences?

= How to recognize interesting sequences?

0 What to keep in mind?



Why to search for new proteins?




Why to search for new proteins?

= plenty of reasons



0 better understanding of structure-function relationships

= required for rational design
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0 better understanding of structure-function relationships

0 novel properties
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0 better understanding of structure-function relationships

0 novel properties

= stability

= temperature profile




0 better understanding of structure-function relationships

a novel properties

(,-Bw-s jowrl) AyiAnoe ol1oadg

temperature profile

stability
activity
specificity




0 better understanding of structure-function relationships

0 novel properties
= stability
= temperature profile
= activity
= specificity

= enantioselectivity
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0 better understanding of structure-function relationships

0 novel properties

= stability

temperature profile

activity

specificity

enantioselectivity



0 better understanding of structure-function relationships
0 novel properties

0 better starting points for protein engineering




0 better understanding of structure-function relationships
O novel properties
0 better starting points for protein engineering

— proteins with desired properties - practical applications




How to acquire new proteins?




How to acquire new proteins?

= traditional approach
" metagenomic approach

= bioinformatic approach



0 traditional approach

DNA library

N @@




0 traditional approach

"  microorganisms possessing target activity are enriched from the
environment and isolated in pure culture

= proteins or corresponding genes are recovered from organisms by
protein purification, DNA library screening, PCR with specific
primers,...

=  ® majority of microorganisms (> 99 %) cannot be cultivated using
standard techniques - a large fraction of the microbial diversity in

anh environment is lost



O metagenomic approach

DNA library

S
SRS
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O metagenomic approach

= jsolation and cloning of DNA extracted directly from environmental
sample (without culturing the present organisms)
= genes recovered by DNA library screening or PCR with specific

primers,...

= © enables to explore biodiversity of uncultured microorganisms




0 bioinformatic approach

<> NCBI
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0 bioinformatic approach

= sequence data from genomic and metagenomic sequencing
projects are stored in sequence databases
= jnsilico searching of sequence databases
— © fast and cheap way to identify novel proteins
- @ one cannot find what is not in the database (but there is a lot
of data - more than one usually needs ©)
= genes are recovered by gene synthesis or obtained from sequencing

consortia upon request



Where to find target sequences?




Where to find target sequences?

= databases of nucleotide sequences

= databases of protein sequences



o GenBank

= http://www.ncbi.nlm.nih.gov/genbank/
= provided by NCBI (National Center for Biotechnology Information)

0 EMBL-BANK
EMBL'

= http://www.ebi.ac.uk/embl/ SEGUENCE

= provided by EBI (European Bioinformatics Institute)

2 DDB! @JDDBII

= http://www.ddbj.nig.ac.jp/

= provided by National Institute of Genetics from Japan



o GenBank, EMBL-Bank, DDBJ

= annotated collections of all publically available nucleotide
sequences

= freely available to wide community

= contain data obtained from genomic centers or research institutions

= everyday synchronization of new or updated data

= © contain about 250,000,000 sequences

=  ® mostly automatic annotations — lower quality, errors



o UniProtkKB

= http://www.uniprot.org/

= provided by EBI, Swiss Institute of Bioinformatics and Protein
Information Resource

UniProt
®

) o
O nr Protein database

= http://www.ncbi.nlm.nih.gov/protein/

= provided by NCBI




a UniProtKB, nr Protein database

annotated collections of publically available protein sequences
freely available to wide community

contain data obtained by conceptual translation of coding
sequences from EMBL-Bank/GenBank/DDBJ or provided by
research institutions

© contain more than 100,000,000 sequences

@ mostly automatic annotations — lower quality, errors



o UniProtkKB

= rich annotations (e.g., information about function of protein and
individual amino acids, experimental data, biological ontologies,
classifications, ...)

= clear indication of annotation quality (manual vs. automatic)

UniProtKB

Protein knowledgebase

UniProtKB/Swiss-Prot
Reviewed
Manual annotation

o
UniProtKB/TrEMBL

Unreviewed
Automatic annotation




0 UniProtKB/Swiss-Prot

= high quality annotations, i.e., manually annotated entries or expert-

reviewed automatic annotations
= © source of reliable information

= @ contains “only” ~ 600,000 sequences

a UniProtkKB/TrEMBL

= @ automatic annotations — lower quality, errors

= © contains ~ 180,000,000 sequences
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0 large number of errors ®

= errors in sequences (wrong base, frameshift errors)
= wrong positions of genes

= exon-intron boundary errors

= errors and inaccuracies in annotations




How to find target sequences?




How to find target sequences?

= text-based searches

= sequence-based searches



0 database retrieval systems

= enable quick and easy search of many databases at the same time

= specification of queries using logical operators (AND, OR, NOT,...)

= Entrez (NCBI), SRS (EBI)

0 ® results dependent on sequence annotations

= erroneous, inaccurate or too general annotations
= synonyms

= misspellings



0 database retrieval systems

mouse[ORGN] AND kinase AND (exons OR introns)
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0 database retrieval systems

Search across databases |muuse[DRGN] AMND kinase AND (exons OR intrnnsj GO || Clear| Help
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O searches based on sequence similarity

= © results not influenced by sequence annotations

0 rely on assumption that proteins with the same function

have similar sequence

= ® not always true — close homologs vs. distant homologs vs. analogs

~OYN W —




o BLAST

= based on local pairwise alignment

a PSI-BLAST

= “jterative BLAST” making use of multiple sequence alignment

= very sensitive search strategy to detect weak but biologically
significant similarities between sequences



Q Basic Local Alignment Search Tool

MEAAVKEEISVEDEAVDKNI
MEA
EAA
AAV Break query
AVK into words
VKE
KEE
Eis
Break database
ISV sequences
into words

Compare word list
by hashing

(allow near matches)




BLOSUM scoring matrix
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Basic Local Alignment Search Tool
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Database sequence:D P P E G V V
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lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val




a PSI-BLAST input

= BLAST »=

Home  BRecent Results  Say

............................... MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNI

» HCBI BLAST! blastp suite: BLASTP prog|

My HCE1 2]

Welcome akllupe. [Sign Out

Enter Query Sequence
Enter accession number, gi, or FASTA sequence &) Query subrange &

LGARPFGCEEKFIEIRCERMATIDECTCD P ILFOHGNP TESYLWRNINPHCACLGRLIACDLIGH From I

) —

KTR— U
Or, upload file | Browse... | (7]
Job Title |

Enter a descriptive title for your BLAST search @

Choose Search Set

Database |Nnn—redundantprotein sequences (nr j (=1
Organism [0 Any C Human © A thaliana © Mouse © Custom...
Optional Search only sequences from selected organism @)




hits

a PSI-BLAST results

Score E-value
Sequences producing significant alignments Download ~ \Manage Colu ' Show 2]
select all 100 sequences selected GenPept Graphi Distance t f results Multiple alignmen
- Max Total Que E Per.

Description Score Score Cuv: value |dent Accession
achaete-scute homolog 2 [Homao sapiens] 373 373 100% 2e-130 100.00% NP_005161.1
achaete-scute homolog 2 [Pongo abelii] 368 368 100% 3e-128 93.96% XP 0028214241
achaete-scute homolog 2 [Nomascus leucogenys) 3e1 361 100% 2e1256 97.41% XP 0032821331
achaete-scute homolog 2 [Macaca nemestrina 386 356 100% 1e-123 96.37% XP_011719606.1
achaete-scute homolog 2 [Piliocolobus tephrosceles] 356 356 100% 1e-123 96.37% XP 0230392761
achaete-scute homolog 2 [Papio anubis] 297 297 100% 3e-100 95.85% XP_003909431.1
PREDICTED: achaete-scute homolog 2 [Chlorocebus sabaeus] 297 297 100% 3e-100 9534% XP 0080033311
PREDICTED: achaete-scute homalog 2 [Rhinopithecus bieti] 294 284 100% 3e-99 9534% XP Q177417761
PREDICTED: achaete-scute homolog 2 [Cebus capucinus imitator] 271 27 92%  4e-90 96.07% XP 0173631991
PREDICTED: achaete-scute homolog 2 [Callithrix jacchus] 269 269 100% 3e-89 9482% XP_0090069521
achaete-scute homolog 2 [Sus scrofa] 265 265 100% 1e-87 B84.97% NP_001116463.1
PREDICTED: achaete-scute homoloa 2 [Caora hircus] 261 261  92% 5e-86 8539% XP 0178990881



a PSI-BLAST results

Sequences producing significant alignments Download ~  Manage Columns ~ Show 2]
select all 100 sequences selected GenPept Graphics Distance tree of results Multiple alignmen
- Max Total Que E Per.

Description Score Score Cuv: value [dent Accession
achaete-scute homolog 2 [Homao sapiens] 373 373 100% 2e-130 100.00% MP_005161.1
achaete-scute homolog 2 [Pongo abelii] 368 368 100% 3e-128 93.96% XP 0028214241
achaete-scute homolog 2 [Nomascus leucogenys) 3e1 361 100% 2e1256 97.41% XP 0032821331
achaete-scute homolog 2 [Macaca nemestrina 386 356 100% 1e-123 96.37% XP_011719606.1
achaete-scute homolog 2 [Piliocolobus tephrosceles] 356 356 100% 1e-123 96.37% XP 0230392761
achaete-scute homolog 2 [Papio anubis] 297 297 100% 3e-100 95.85% XP_003909431.1
PREDICTED: achaete-scute homolog 2 [Chlorocebus sabaeus] 297 297 100% 3e-100 9534% XP 0080033311
PREDICTED: achaete-scute homalog 2 [Rhinopithecus bieti] 294 284 100% 3e-99 9534% XP Q177417761
PREDICTED: achaete-scute homolog 2 [Cebus capucinus imitator] 271 27 92%  4e-90 96.07% XP 0173631991
PREDICTED: achaete-scute homolog 2 [Callithrix jacchus] 269 269 100% 3e-89 9482% XP_0090069521

l achaete-scute homolog 2 [Sus scrofa] 265 265 100% 1e-87 84.97% | NP_001116463.1
PREDICTED: achaete-scute homoloa 2 [Caora hircus] 261 261  92% 5e-86 8539% XP 0178990881




a PSI-BLAST results

alignment

ogb |AAT70105.1 | CurlM [Lyngbyva majusculal

Length=341
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a BLAST Score

= normalized raw score
= raw score = sum of substitution scores and gap penalties

= higher is better, but does not adequately represent significance of
alignment

a BLAST E-value

= equal to the number of BLAST alignments with a given Score that are
expected to be seen simply by a chance
= jindicator of alignment significance

= results associated with the lowest E-values are the best

= hits with an E-value score > 0.01 belong to the “grey zone” — do not
trust them



0 BLAST alignment

= jdentity and similarity level between query and aligned sequence

= alignment length and coverage of query sequence - the alignment is
local, therefore one should always check that the alignment covers a

significant portion of the query sequence (e.g., the alignment may
involve only few amino acids from the query sequence - not
significant hit)




O text-based search

= good for finding evolutionary “unrelated” proteins with some

specific function

= alarge number of false negatives (missed proteins with target
function) and false positives (identified proteins with different

function) results due to erroneous or inaccurate annotations




O text-based search

O seguence-based search

= good for finding members of a protein family (i.e., group of
evolutionary related proteins sharing some specific function) - not
suitable for finding “unrelated” proteins

= potential false positive results (i.e., proteins belonging to other
evolutionary related families)

= searches using protein sequence queries are generally more
sensitive than using nucleotide sequence queries (20 different
amino acids vs. 4 different nucleotides)



O text-based search

O sequence-based search

O combination of text-based and sequence-based approaches

1.
2.

text-based search

subdivision of identified sequences into evolutionary related
groups
selection of few representatives for each group

sequence-based searches using each representative as a query

potential false positive results — should be filtered



How to recognize interesting sequences?




How to recognize interesting sequences?

sequence clustering

seguence comparison

information about host organisms
automated in silico enzyme identification

ancestral sequence reconstruction



0 clustering based on pairwise sequence similarities

= can be used for a fast and rough classification of sequences in large
datasets (thousands of sequences)

— effective way to filter results of database searches

— identification of members of individual protein families

= CLANS - visualization of pairwise sequence similarities in three-

dimensional space - overview of sequence space
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0 clustering based on pairwise sequence similarities
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0 clustering based on pairwise sequence similarities

haloalkane dehalogenases

C-C hydrolases S T
OH 0 OH 0
H02CWR+ "0 HHOZCMCH; HOJ\R \“d i e
== iy 7 ==
R
e
= i : 1, -
s o eans S
perhydrolases AR epoxide hydrolases
0 0 Jf ! 0 HO ©OH
R)LOH * M0 —yR)J\o’OH + MO | S R o



/\OH + HX

haloalkane dehalogenases

0 clustering based on pairwise sequence similarities

@ previously known members
+ new family members




O multiple sequence alighnment

= analysis of conserved residues within protein family - identification

of protein family members

O~k wWhN —




0 multiple sequence alignment

= analysis of conserved residues within protein family - identification
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O multiple sequence alighnment

= analysis of conserved residues within protein family - identification

of protein family members

PO B WN =



0 multiple sequence alignment

= jdentification of sequences with unique features - proteins with
potentially novel characteristics
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My ctub
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Shefri
Shefri
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0 multiple sequence alignment
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0 phylogenetics

= establishment of evolutionary relationships among sequences

DatA ;
DOIA  1ann2620 Dhia DelA
DmIA DpsA
Sav4779 DImA DhmA
DmbBDmMpA
DmaA
DsfA/iso-DsfA
DcbA . DhaA _ ~ DpcA
Y DpaA D@
LinB — XX
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DL pwi root DcaA
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0 phylogenetics

= classification of sequences

DatA 3 DelA
P samzez0  ONIA S HLD-I
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DmaA
H LD'I I DsfA/iso-DsfA
DcbA DhaA “ DpcA
DpaA D@
LinB —— DXX
DmbA DecA
DmsA
DspA
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]S "
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)
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S
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0 phylogenetics

= information about experimental data—> selection of novel proteins

DatA : DelA
OV samzez0 DA HLD-|
Sav4779 \Dm/A DImA DhmA
DmbBDmMpA
DmaA
H LD'I I DsfA/iso-DsfA
DcbA DhaA " DpcA
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LinB — DXX
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DmsA
DspA
iso-DspA no experimental
DxxA Dcah 0 experimenta
Lu - DdpA data
1S N
= DrbA
DphprA Dpearé«
DsoA = DcpA DsamA
DbcA DsfB / DssA
DsdA
. HLD-III
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0 extremophiles - microorganisms living in extreme conditions

= geochemical extremes (pH, salinity)

= physical extremes (temperature, pressure)

QO proteins from extremophiles

= often adapted to extreme conditions = unique characteristics,
useful for practical applications




O Genomes OnlLine Database (GOLD)

= http://www.genomesonline.org/

= |ist of complete (>6,000), ongoing (> 27,000) and targeted genome
(>1,000) projects

= information about individual projects and source organisms
0 Entrez Genome

* http://www.ncbi.nlm.nih.gov/sites/genome
= provided by NCBI

= data from more than 20,000 finished or ongoing genome projects
(includes almost 10,000 organisms)

* information about genome, source organism, genes, encoded

proteins, graphical representations, ...



a GOLD

Metagenomes

Isolate Genomes

&=, Classification

» Studies: 370

= Samples: 2642

&4 Complete Projects: 4169
& Incomplete Projects’ 17714

[® Targeted Projects: 1500

Organism Metadata

MIGS 22 &
MIGS 37.1 @
MIGS 37.2 &
MIGS 37.3 @
MIGS 37.4 &
MIGS 37.12 @

MIGS 37.5 @
MIGS 37.6 @
MIGS 37.7 @
MIGS 37.8 @
MIGS 15 &

OXYGEN REQUIREMENT
CELL SHAPE

MOTILITY
SPORULATION
PRESSURE
TEMPERATURE RANGE
SALINITY

PH

CELL DIAMETER

CELL LENGTH

COLOR

GRAM STAINING
BIOTIC REALTIONSHIPS

Aerobe
Rod-shaped

Nonmotile

Psychrophile
Halotolerant

Free living




O Entrez Genome

Psychrobacter cryohalolentis

Psychrotolerant organism

Lineage: Bacteria[4049]; Proteobacteria[1682]; Gammaproteobacteria[750]; Pseudomonadales[122]; Moraxellaceae[51]; Psychrobacter[10]; Psychrobacter
cryohalolentis[1]
Psychrobacter. These bacteria are commonly isolated from low temperature environments, Psychrobacter spp. are cold-adapted organisms that are

often isolated from extreme environments such as permafrost or the Antarctic ice. Psychrobacter cryohalolentis. Psychrobacter cryohalolentis,
formerly Psychrobacter cryopegella More

|| Representative

B Community selected, Calculated : Psychrobacter cryohalolentis K5
Psychrobacter cryohalolentis K5. This organism was isolated from saline liquid (12-14%) found 11-24 m below the surface within a forty
thousand-year-old Siberian permafrost at the Kolyma-Indigirka lowland in Siberia. This strain will provide insight into growth at extremely low

temperatures.
Human Pathogen: no
Type Name RefSeq INSDC Size (Mb) | GC% | Protein | rRNA  tRNA | Other RNA Gene Pseudogene
chr - NC_007959.1 CPO00323.1 3.08 423 2,467 12 43 [ 2,537 4
Plsm 1 NC_007958.1 CP000324.1 0.041221 383 44 - - - 44 -

Biological Properties

= [Morphology . . .

o Shape - Bacill —

S Shape: B biological properties
= Environment

o Salinity - ModerateHalophilic

o TemperatureRange : Psychrophilic

o Habitat - Multiple

[« Genome Sequencing Projects
[ X [1] B Scaffolds or contizs [0] (™ SRA or Traces [0] ' No data [0]
Organism BioProject Assembly  Status  Chrs  Plasmids  Size (Mb) | GC%  Gene Protein

Psychrobacter cryohalolentis K5 = PRINASE373, PRINA13G20 - ASMIZ00V @ 1 1 3.1 L4220 2881 25N




QO Enzyme Miner

= https://loschmidt.chemi.muni.cz/enzymeminer/

Query sequences

E N Z(M E ___,| Annotated putative
M | N E H enzymes

Other sequences [

Essential residues >

Solubility prediction




Automated in silico enzyme identificatio

ENZ/ME

M I N E H v1.0 Automated mining of enzymes with diversified function.

Submit new job Help Example Use cases Acknowledgements .0, XXXXXX Find job

INPUT

Hon, J., Borko, S., Bednar, D., Prokop, Z,
Swiss-Prot sequences @ Custom sequences @ Martinek, T, Damborsky, J, 2019:
EnzymeMiner: Web Server for Automated

Mining of Sequences Encoding Enzymes
Enter EC number... with Diversified Functions. Nucleic Acids
Research (in preparation).

PublfQed o 3

USER STATISTICS
JOB INFORMATION
e Number of visitors: -
Job title: ¢ Number of jobs: 60
Loschmidt Laboratories
Email: )
. ema
OTHER TOOLS
(&
q¢ PREDICTSNP
Next
¥

& oen
e’ FIREPROT

HOTSPOT
WIZARD

Keywords: enzyme mining, protein function, diversity, sequence space, computational characterization

R 4



JOB INPUT

Swiss-Prot sequences @ ‘ Custom sequences @ ‘

Upload input file k24

Query sequences (max. 40) @

Load example

>D4z2G1
MSLGAKPFGERRFIEIRGRRMAYIDEGTGDPILFOHGNPTSSYLWRNIMPHCAGLGELIACDLIGMGDSDELDPSGPERY
AYAFRHRDYLDATWEATLDLGDRVVLVVHDWGEALGFDWARRHRERVOGIAYMEATAMPTEWADFPEQDRDLFQAFREQAGE
ELVLODNVEFVEQVLPGLILRPLSEAEMAAYREPFLAAGEARRPTLESWPROQIPTAGTPADVVATARDYACGHLSESPIPELFE
INAEPGALTTGEMEDFCRTWPNOQTEITVAGAHFIQEDSPDEIGRAATAAFVRELEPR

>P22E43

MINAIRTPDORFSNLDOQYPFSPNY LDDLPGYPGLEAHYLDEGNSDAEDVEFLCLHGEPTWSYLYRFMIPVFAESGARVIAP
DFFGEFGESDEPVDEEDYTFEFHRNFLLALIERLDLENITLVVODWGGFLGLTLPMADPSRFERLI IMNACLMTDEPVTOPA

AT A N R T AN Y T T e T RT DO FMERW A D TT. TR AR A S A Y AL PR PN T EYVORCVREFDPEMURAORTIAMTNIT ETEFR

Upload FASTA
~

LY.
NG

Essential residue templates @ Add protein (row) i Add residue (column)

Accession Halide 1 Nucleophile Halide 2 Proton donor Proton accept:
N, W D W E D H

D4Z2G1 38 108 109 132 272

P22643 125 124 175 260 289

I Advanced options




TARGET SELECTION TABLE

0.50

Solubility threshold: @

25
Identity to queries: @ [

08

~———

Primary domains: @

PF00561 (Abhydrolase_1) X

Selected | Full Dataset | Extra Domain Known Organism Temperature Salinity Biotic Relationship

Disease Transmembrane 3D Structure

Accession ‘ Annotation Closest query Identity closest qu... 4+  Kingdom Solubility Sequence length Domain annotatio
D KAB2639994.1 haloalkane dehalogena... D472G1 741 B 0.6026 294 Abhydrolase_1 2
D WP_084084852.1 haloalkane dehalogena... DAZ2G1 727 B 0.6433 275 Abhydrolase_1
O WP_071575177.1 haloalkane dehalogena... D472G1 70.8 B 0.9399 270 Abhydrolase_1
D AOY91276.1 haloalkane dehalogena... D472G1 70.5 B 0.637 295 Abhydrolase_1
D TMJ55042.1 haloalkane dehalogena... DAZ2G1 70.3 B 0.5604 296 Abhydrolase_1
0O WP_071068776.1 haloalkane dehalogena... D472G1 70.2 B 0.6167 295 Abhydrolase_1
O WP_066929894.1 haloalkane dehalogena... D4Z2G1 TO.1 B 0.5727 288 Abhydrolase_1
@] WP_096502050.1 haloalkane dehalogena... DAZ2G1 69.9 B 0.6028 292 Abhydrolase_1
(J we_071011817.1 haloalkane dehalogena... D4Z2G1 69.8 B 0.6104 295 Abhydrolase_1
D WP_015306650.1 haloalkane dehalogena... D472G1 69.8 B 0.583 296 Abhydrolase_1
@] WP_110315832.1 haloalkane dehalogena... D472G1 69.8 B 0.5079 296 Abhydrolase_1
D WP_064949090.1 haloalkane dehalogena... D472G1 69.7 B 0.6071 297 Abhydrolase_1
O WP_083164861.1 haloalkane dehalogena... D472G1 69.7 B 0.5778 297 Abhydrolase_1
[J wr_057374253.1 haloalkane dehalogena... D472G1 69.6 B 0.8918 300 Abhydrolase_1
D WP_015290793.1 haloalkane dehalogena... DAZ2G1 69.6 B 0.8413 300 Abhydrolase_1
O 2QVB_A Chain A, Crystal Struct... D4Z2G1 69.5 B 0.9187 297 Abhydrolase_1




TARGET SELECTION TABLE

0.50

Solubility threshold: @

08

~———

Identity to queries: @ [

Primary domains: @

PF00561 (Abhydrolase_1) X

Selected | Full Dataset | Extra Domain ~ Known Organism  Temperature AR S

Select network: @
Accession ‘ Annotation Closest query Identity Identity: 50%, Nodes: 94, Edges: 1466 E|
D KAB2639994.1 haloalkane dehalogena... D472G1 741
. WP_084084852.1 haloalkane dehalogena... DAZ2G1 727
O WP_071575177.1 haloalkane dehalogena... D4Z2G1 70.8
D AOY91276.1 haloalkane dehalogena... D472G1 70.5
. TMI55042.1 haloalkane dehalogena... D472G1 70.3
0O WP_071068776.1 haloalkane dehalogena... D4Z2G1 702
O WP_066929894.1 haloalkane dehalogena... D4Z2G1 TO.1
@] WP_096502050.1 haloalkane dehalogena... D4Z2G1 69.9
(J we_071011817.1 haloalkane dehalogena... D4Z2G1 69.8
a WP_015306650.1 haloalkane dehalogena... D4Z2G1 69.8
@] WP_110315832.1 haloalkane dehalogena... D472G1 69.8
D WP_064945090.1 haloalkane dehalogena... D472G1 69.7
. WP_083164861.1 haloalkane dehalogena... D4Z2G1 69.7
[J wr_057374253.1 haloalkane dehalogena... D472G1 69.6
O WP_015290793.1 haloalkane dehalogena... D4Z2G1 69.6 o w0413 suu AUIyUOEse_ |
O 2QVB_A Chain A, Crystal Struct... D4Z2G1 69.5 B 0.9187 297 Abhydrolase_1 ‘




0 Proteins with exceptional properties

= improved stability, yields, specificity...
0 Resurrection of the most probable protein sequences from

past

= selection of homologous sequences
= multiple sequence alignment
= construction of phylogenetic tree

= reconstruction of ancestral sequences



|. Collect sequences and align them

- ATBINENQP.
. AEEALNQP..

- AEESENQP..
. AERJAENQP..

VEBIZENQP..
..QERJALNOQP..



Il. Create atree « ]

|. Collect sequences and align them

- ATBINENQP.
. AEEALNQP..

. AEELNQP..
. AERJAENQP..

VEBIZENQP..
..QERJALNOQP..




Il. Create atree « ]

|. Collect sequences and align them

. ALBIIENQP..
. AEEALNQP.. @
AEREENQP..

lEQP "lEQP"

[1l. Reconstruct

MEEIQP Ancestors
..QERJALNOQP.. ‘




0 FireProt®SR web server

= https://loschmidt.chemi.muni.cz/fireprotasr/

ASR

- - ‘
H IHE RD l v1.0 Fully automated ancestral sequence reconstruction

Submit new job Help Example Usecases Acknowledgement Job ID : EREEEEE [% Findjabl

SELECT THE STARTING POINT

Musil M, Khan R, Stourac J, Bednar D,
Damborsky  J, 20200 FireProt-ASR:
Web Server for Fully Automated
Ancestral Sequence Reconstruction.
(submitted)

SEQUENCE USER DATA

« Number of visitors: 2917
STARTING FROM SEQUENCE Load example I Number of jobs: 967

() Enter own sequence

(O Upload sequence file Loschmidt Laboratories
MSEIGTGFFFDPHYVEVLGERMHYVDVGFRDGTF ~ » fireproti@scimuni.cz

VLFLHGNPTSSYLWRNIIPHVAPSHRCIAPDLIGIMG

KSDKPDLDYFFDDHVRYLDAFIEALGLEEVVLVIHD »  httpc/oschmidt chemi muni.cz

Sequence : WGSALGFHWAKRNFERVKGIACMEFIRFIFTWDE
WPEFARETFQAFRTADVGRELIDONAFIEGALFPEC
VVRPLTEVEMDHYREFFLKPVDREPLWRFFNELFRI
AGEPANIVALVEAYMNWLHOSPYPELLFWGTPGVL ®
»
Validate V .
‘ elixir
LCIECH
REPLEHLIC

JOB INFORMATION

VIDEO TUTORIAL

Job title {optional) :

E-mail {optional) :

Previous I Next




0 FireProt®SR web server

= https://loschmidt.chemi.muni.cz/fireprotasr/

=]

|-l

| Mutations =
J = Phylogenetic tree " Dl muttiple-sequence aignment] Show substitutions v |Clustal |Sh0w all ancestrals
g =
i §
Fos
Ny
g ¢ . |iz5é
S &3 sz | oE Py .
R N £ &
- = = = o
R N § &
E %I % oF -gt t.:&
= s é‘,"‘? *
o5
& r &g
o/g) /)5S
.
T
o Lgo ,
0l 0 o £
— o
..“. : L =
\..
g —
603y Sequence information: node 227
rm?&r 52 53 54 55 5B 57 58 590 60 61 62 63 64 65 66 67 68 69 VO V1 V2 VI T4 75 Position: 62
Adg N EEEE . . e . 4 N . . N - . e . . . B
05y e — —_ —_ I — — T- 55
L H T TT sH 19
Al 5
S o | [ g it
e vz F | | B L N o
WP_116714370.1 - || . | . = T D 0
- -- — B — — — . C 0
f = == — —— = 1 |
[ — | — — g | Q 0
E 0
L AAARPAPATMAI KW RTWVATT ST S S TT G 0
Store sequence




What to keep in mind?




O sequence databases

* nucleotide: GenBank, EMBL-BANK, DDBJ; protein: UniProtKB, nr Protein database
= errors in sequences and annotations

0 database searches
= text-based: results influenced by sequence annotations
= sequence-based: identification of family members - BLAST, PSI-BLAST - E-value
= combination of both approaches: optimal strategy to filter false positives

o selection of proteins for experimental characterization
= clustering: classification and filtering of hits from database searches - CLANS
= sequence comparison: classification and identification of unique sequences
= seguences from extremophiles: potentially adapted to extreme conditions
= Enzyme Miner: automated identification of interesting catalysts

= Ancestral protein sequences with interesting properties



0 in silico identification and analysis of sequences - fast and

cheap way to identify new proteins




Xiong, J. (2006). Essential Bioinformatics. Cambridge University Press, New York, p. 352.

Claverie, J-M. and Notredame, C. (2006). Bioinformatics For Dummies (2" ed.). Wiley Publishing,
Hoboken, p. 436.

Steele, H.L. et al. (2009). Advances in Recovery of Novel Biocatalysts from Metagenomes. Journal
of Molecular Microbiology and Biotechnoly 16: 25-37.

NCBI Resource Coordinators (2013). Database resources of the National Center for Biotechnology
Information. Nucleic Acids Research 41: D8-D20.

Magrane, M. and Consortium U. (2011). UniProt Knowledgebase: a hub of integrated protein data.
Database 2011: bar009.

Frickey, T. and Lupas, A. (2004). CLANS: a Java application for visualizing protein families based on
pairwise similarity. Bioinformatics 20: 3702-3704.

Pagani, |. et al. (2012). The Genomes OnLine Database (GOLD) v.4: status of genomic and
metagenomic projects and their associated metadata. Nucleic Acids Research 40, D571-579.

Van den Burg, B. (2003). Extremophiles as a source for novel enzymes. Current Opinion in

Microbiology 6: 213-218.
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