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Why to search for new proteins?

How to acquire new proteins?
= traditional approach
" metagenomic approach

=  bioinformatic approach

Bioinformatic approach

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

= How to recognize interesting sequences?

What to keep in mind?
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Why to search for new proteins?




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
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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
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a0 better understanding of structure-function relationships
Q novel properties

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

— proteins with desired properties - practical applications
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How to acquire new proteins?

= traditional approach
" metagenomic approach

= bioinformatic approach



0 traditional approach

DNA library

= efo¢
8

screening

sample Wa ™  isolation
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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, etc.

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

anh environment is lost
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O metagenomic approach

22 @0
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
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How to acquire new proteins?

0 bioinformatic approach

i i % 3 5
sequence database sequencing projects : A ;
q 3 B V™
'?:/f"& ,q‘*\gv
e "””zﬂ%’v‘x\’
"Howe | searcH | SiTe Her | TR 2|l Databases [ Human Genome [ Genkank | Map Viewar BLAST
Search across databases |[lin | GG | ETEr s
in silico “screening”
44 m :E;:tzg: biormedical literature citations and @ none E’ Books: anline books
79 i‘j PubMed Central: free, full text journal articles 2| none T OMIM: online Mendelian Inhertance in Man
none m Site Search: NCBI web and FTP sites 2| none ﬁ OMIA: Online Mendelian Inheritance i -
™ 1: 4B193218. Repore LinE [Hanthomonas.. [gi:115291795]
45 . g:lgét:ﬁ(i;:le: sequence database (includes @ none ;1 lsJeniEeenncg:s gene-oriented clusters of trg +gi |115£91795 | gb|2BI92216.1| LinE [Xarthomonas sp. ITHLE]
9 MILGARAT CEKKE IEIKEFMAY IDEFT DR ILE QHERET 3 SYLERIMPHC AFLRELIACDLI GAGDSD
39 -:-:- Protein: sequence database Z | none t, CDD: conserved protein domain databs KLDPS CPERYATYARHREDYTIALWMEALDT FDEVLEHDN 3 VL CFDNAEEHEER ) & L ATMERVTHFLEN
ANFPECYRDME QAFES Q& FEELVL QDT EVLP LI LEPL s EATMAA YRR TLAA FEARRPTL AR
4 lll Genome: whole genome sequences ] 12 6 3D Domains: domains from Entrez Stf TPIAGTPATAAHARDYAMILEESPIFKLY I RAFP RALTT GEMEDF L ETHEHTE I THaRAHE I QEDSED
, . . EIFAAIAATVEER
12 ?_ Structure: three-dimensional macromolecular @ | none |b|.‘ UniSTS: markers and mapping data
structures
r 2: AARODSSTE. Repore LinE [Splingomona.. [z 37965685]
=gi| 27962662 gb| 2205975 . 1] LinE [3phingomomas paucimobilis]
MELMAKFT CEKKE IEIKEFMAY IDEFT DR I LT QHERET 3 SYLERIMPHE AFLRELIACDLI GAGDSD
t h H D N A t FLDF3 CPERY T ARHRDT. DAL NEAT DL FOELAHIN -3 VL CF DA RREHEER ) - I AYHMEATHMEPLEN
ge n e sy n e s I S) re q u e S 4 ANFPEQDEDLEQAFES Q& FEELVL DT EVLE FLILEPL A EATMAL YRR TLAA FEARRPTL AR
IPIALTRAD AL ARDY A HILIESF IPKLE IRAEP CHLTT FEIEDE CRTWFROTEI TVA RAHE I QEDGFD
EIRSAIZAFVRELER2
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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
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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/ SEGUEMCE

= provided by EBI (European Bioinformatics Institute)

2 DDB! @JDDBII

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

= provided by National Institute of Genetics from Japan
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o GenBank, EMBL-Bank, DDBJ

annotated collections of all publically available nucleotide
sequences

freely available to the wide community

contain data obtained from genomic centers or research institutions
everyday synchronization of new or updated data

contain about 250,000,000 sequences (Feb 2024)

mostly automatic annotations — lower quality, errors
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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
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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 250,000,000 sequences (Feb 2024)

mostly automatic annotations — lower quality, errors
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Databases of protein sequences

a UniProtKB

= 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)

S50
. [ ]
UmPro.t.; BLAST Align Peptide search 1D mapping SPARQL Release 2024 _05 | Statistics & @ & Help

Find your protein

UniProtkB ~ Advanced | List [REEIel]

Examples: Insulin, APP, Human, P05067, organism_id:9606

UniProt is the world’s leading high-quality, comprehensive and freely accessible resource of protein sequence and functional information. Cite UniProt **

Proteins Species

UniProt Knowledgebase Proteomes

| N
L h Y

E Protein sets for species with sequenced Clusters of protein sequences at 100%, Non-redundant archive of publicly available

90% & 50% identity protein sequences seen across different

databases 2 5

Reviewed Unreviewed genomes from across the tree of life

(Swiss-Prot) (TrEMBL)
572,214 248,266,673




0 UniProtKB/Swiss-Prot

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

= source of reliable information

= contains “only” ~ 570,000 sequences (Feb 2025)

a UniProtkKB/TrEMBL

= automatic annotations — lower quality, errors

= contains ~ 250,000,000 sequences (Feb 2025)
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a large number of errors

= errors in sequences (wrong base, frameshift errors)
= wrong positions of genes
= exon-intron boundary errors

= errors and inaccuracies in annotations
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How to find target sequences?

= text-based searches

= sequence-based searches



0 Fasta sequence:

= Header starting with “>” followed by the sequence description

= Sequence data are on the new line

>Haloalkane dehalogenase LinB
MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNIMPHCAGLGRLIACDLI
GMGDSDKLDPSGPERYAYAEHRDYLDALWEALDLGDRVVLVVHDWGSALGEFDWARRHRERVQGI

AYMEATAMPIEWADEFPEQDRDLEFQAFRSQAGEELVLQOD
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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
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0 database retrieval systems

mouse[ORGN] AND kinase AND (exons OR introns)

e
ﬁ NCBI e oy Entrez,}é Life Sciences Search Engine_

HOME | SEARCH | SITE MAP PubMed |

2l Databaszes |  GenBank | | BLAST

|0 ] [Clear] Help

|/ Human Genome

Map Yiewer

Search across databases |
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0 database retrieval systems

Search across databases |muuse[DHGN] AMND kinase AND (exons OR intrnna“ GO | Clear| Help

- Rezult courts displayed in gray indicate one or more terms not founcd

PubMed: biomedical literature citations = ﬁ R =,

1258 1258 w and ahstracts (7] Books: online books (7]
PubMed Central: free, full text journal = OMIM: online Mendelian Inheritance in =

* articles @ 703 Man @

m site Search: NCBI web and FTP sites @ E:il::a:lsunllne Mendelian Inheritance in @

Mucleotide: Core subset of nuclectide = i =

152 152 ‘ TP EE [ 7] u‘ dbGaP: genotype and phenotype )
= i = UniGene: gene-oriented clusters of =

=4 EST: Expressed Sequence Tag recards 7] transeript sequences 7]

E]‘ GSS: Genome Survey Sequence records @) ﬂ CDD: conserved protein domain database (g

-8 . 3D Domains: domains from Entrez

96 06| &8 & Protein: sequence database 7] 6 Structure ]
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Text-based searches

0 advanced search options

Advanced Search? X

Searchingin

UniProtKB

Gene Name [GN]
Gene Name [GN] YDJ1

Taxonomy [OC]
AND -~ Taxonomy [OC] ~ Mammalia (mammals) [40674]

Keyword [KW]

AND ~ Keyword [KW] Activator [KW-0010]

Add Field

Remove

X Remove

b Remove|

Cancel
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Sequence-based searches

0 searches based on sequence similarity

= results not influenced by sequence annotations

O rely on the assumption that proteins with the same function

have similar sequence

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

~ MR WrN —
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Sequence-based searches

o BLAST

= Heuristic search of similarity on significant sequences
= Reasonable sensitivity and good speed

= Gold standard in sequence search

a PSI-BLAST

= “jterative BLAST” making use of multiple sequence alignment

= more sensitive search to detect weak but biologically significant

similarities between sequences

o HMMER

= Uses Hidden Markov Models for sensitive detection of remote homologs
= Slower than BLAST for simple sequence similarity searches

= Widely used in protein family classification and domain identification
36



Q Basic Local Alignment Search Tool

MEAAVKEEISVEDEAVDKNI
MEA
EAA ——=-= |
AAV Break query —_ - = =
AVK into words
VKE
KEE
T === |
Break database e ==
ISV sequences
into words I

Compare word list
by hashing
(allow near matches)




BLOSUM scoring matrix

Q Basic Local Alignment Search Tool

Ala 4
Arg -1 5
Asn_ -2 0 6
Asp -2 -2
Cys oy -3) -3 -3
GIn -1 1 0 0
Glu -1 0 0 2
Gly of -2 0 -1
His -2 0 1 -1
lle -1§ -3 -3 -3
Leu -1]| -2y -3 -4
Lys -1 2 0 -1
Met -1| -1} -2 -3
Phe -2 -3] -3 -3
Pro -1§| -2 -2 -1
Ser 1) -1 1 0
Thr o] -1 0 -1
Trp =-3) -3] -4 -4
Tyr -2 -2 -2 -3
Val oy -3 -3 -3
Ala | Arg

-4
-3
-3
-1
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-2
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-3
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-3
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0
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-1
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-1
1

-1
-3
-1

0

5
0
-2
-1
-1
-1
-1
1

Querysequencg R| P P Q G L F

Database sequence]D| P P E G V V

6
-4
-2
-2

1

3
-1

L’Exactmatchisscanned.
Score:l-:2|7 7 2 6 1 -1

|_’HSP

Optimal accumulated score = 7+7+2+6+1 = 23

4
1 5

-3 -2 1

-2 =2 2 7
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Sequence-based searches

QO BLAST input

m National Library of Medicine

National Center for Biotechnology Information

BLAST © » blastp suite

vesn  [JEE| MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNI

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) @ ciear Query subrange @

Or, upload file [ Browse... | No file selected. (7]

Job Title | |

Enter a descriptive title for your BLAST search (2]
] Align two or more sequences @

Choose Search Set

Databases @ standard databases (nretc.): M () Experimental databases LGl Sl L) Q ‘
For more info see What is clustered nr?
Compare [ select to compare standard and experimental database @
Standard
Database | Non-redundant protein sequences (nr) v |@
o | | exciuce

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown 9

Exclude [ models (xMixP) ] Non-redundant RefSeq proteins (WP) [ Uncultured/environmental sample sequences
Optional
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hits

O BLAST results

Score E-value
Sequences producing significant alignments Download ~ \Manage Colu ¥ Show e
selectall 100sequences 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 [Homo sapiens] 373 373 100% 2e-130 100.00% ME_005161.1
achaete-scute homolog 2 [Fongo abelii] 368 368 100% 3e-128 98.96% XP_0028214241
achaete-scute homolog 2 [Nomascus leucogenys] 361 361 100% 2e125 97.41% XP 0032821331
achaete-scute homolog 2 [Macaca nemestrina 356 356 100% 1e-123 96.37%  XP_011719606.1
achaete-scute homolog 2 [Piliocolobus tephrosceles] 356 356 100% 1e-123 96.37% XP_023039276.1
achaete-scute homolog 2 [Papio anubis] 297 297  100% 3e-100 95.85% XP_003909431.1
PREDICTED: achaste-scute homolog 2 [Chlorocebus sabaeus] 297 297 100% 3e-100 9534% XP 0080033311
PREDICTED: achaete-scute homolog 2 [Rhinopithecus bieti] 294 294 100% 3e-99 96.34% XP_0177417TE 1
PREDICTED: achaete-scute homolog 2 [Cebus capucinus imitator 271 271 92% 4e-80  96.07%  XP_017363199.1
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 85.39% XP 0178990831
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O 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 [Homo sapiens] 373 373 100% 2e-130 100.00% ME_005161.1
achaete-scute homolog 2 [Fongo abelii] 368 368 100% 3e-128 98.96% XP_0028214241
achaete-scute homolog 2 [Nomascus leucogenys] 361 361 100% 2e125 97.41% XP 0032821331
achaete-scute homolog 2 [Macaca nemestrina 356 356 100% 1e-123 96.37%  XP_011719606.1
achaete-scute homolog 2 [Piliocolobus tephrosceles] 356 356 100% 1e-123 96.37% XP_023039276.1
achaete-scute homolog 2 [Papio anubis] 297 297  100% 3e-100 95.85% XP_003909431.1
PREDICTED: achaste-scute homolog 2 [Chlorocebus sabaeus] 297 297 100% 3e-100 95.34% XP 008003331.1
PREDICTED: achaete-scute homolog 2 [Rhinopithecus bieti] 294 294 100% 3e-99 95.34% XP_ 017741776 1
PREDICTED: achaete-scute homolog 2 [Cebus capucinus imitator 271 271 92% 4e-80  96.07%  XP_017363199.1
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 84.97% | NP_001116463.1
PREDICTED: achaete-scute homoloa 2 [Caora hircus] 261 261 92% 5e-86 85.39% XP 0178990831
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Sequence-based searches

a BLAST Score

" raw score normalized on the basis of the scoring method
= sum of substitution scores and gap penalties

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

alignment

Q BLAST E-value
= number of BLAST alignments with a given or better Score that are
expected to be seen simply by chance (with random sequence)
* indicator of alignment significance (adjusted to the database size)
= 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
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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)
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a PSI-BLAST results

alignment

>rgbh |ARTT7010%.1 | Curl [Lyngbya majusculal

Length=341
Score =
Identities

ousry 2

Shijct 41

ousry 6l

Shijct 59

ousry 121

Shjct 159

ouery 176

Shijct 219

ousry 236

Shijct 279

303 bits (777

SEIGTGFPFDPHYVEVLGERMHYVDVEGPRDGTEVLELHGNET S 5YLWENITI FHV-AFSHRE
I + FFEF VEV &+ YVD & & PVLFLHGHNETSSYLWENIIE+YV A +R
LEIGSEEFPFFARKRTVEVEGATIAYVDEG-——SGQPVLFLHGNETSSYLWRNITEPYVVARGYR

CIAPDLIGMGESDEEFDLDYFEFDDHYVEYLDAF IEALGLEEVVLY THDWGESALGE HWAKENE
+APDLIGHME 5 KED++Y DHY ¥+D FI+ALGL+++VIVIHDWES +i3 A+ NF
AVAPDLIGMGDsAKPDIEYRLODHVAYMDGE IDALGLDDMY LV IHDWE SV IGMEHARLNE

ERVEGIACMEFIREI————-FTHWDEWEPEFARETE QAFRTADVGRELITDONAF TEGVLEE -
+Rv  +A ME + P B+++ F+ ERETADVE ++++D N F+E +LE+
DEVAARVAFMEALVEEFALPMESYEAMGEPOLGPLEFRDLETADVGERMY LDGNEEVETILEEM

CVVEPLTEVEMDHYREPFLEPVDREPLWRFPHEIPIAGEPANTIVALVEAYMNWLHOSPVE
VWVE L+E EM YR PF E F ++F E+FI GEFA AW WL SP+F
GVVESLsEARMARYRAPF PFTROSRLEPTLOWPREVEIGGEPAFARARVILENGEWLMASETIE

KELLFWGTPGVLIFPAEAARLAESLPNCKTVDIGEGLHYLQEDNPDLIGSEIARWLEG 2592
KLLF Bz L FE L+E++EN + +z & H+LOED+E LIG IA WL
KLLFHAEPGALAPKEVVDYLSENVPNLEVRFVGAGTHFLQEDHPHLIGQGIADWLER 335

i, Expect = 8e-81, Method: Composition-based stats.
= 148/257 (49%), Positives = 188/297 (63%), Gaps = 8/297 (2%)

&0

58

120

158

175

218

235

278
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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
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a 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)

46



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 evolutionarily related
groups
selection of a few representatives for each group

sequence-based searches using each representative as a query

potential false positive results — should be filtered

47



How to recognize interesting sequences?

sequence clustering

sequence comparison

information about host organisms
automated in silico enzyme identification

reconstruction of ancestral proteins



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

0 Tools:

= CLANS - visualization of pairwise sequence similarities in three-
dimensional space - overview of sequence space

(https://toolkit.tuebingen.mpg.de/tools/clans)

= CD-HIT - clustering and comparison of protein or nucleotide

sequences (https://sites.google.com/view/cd-hit/)

49


https://toolkit.tuebingen.mpg.de/tools/clans
https://sites.google.com/view/cd-hit/
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0 Clustering based on pairwise sequence similarities
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. ,)/ target protein family
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0 Clustering based on pairwise sequence similarities

haloalkane dehalogenases

+ H,0 — +
C-C hydrolases R TR W
OH 0 OH 0 d w
HOZCWR+ "0 HOZCMCH; HOJLR Y e
o e T 7 = v
. Haﬂh‘,#gﬂ e e
-
b | ‘\ ) .
perhydrolases e A epoxide hydrolases
0 0 B A4 owo . Moo
R)j\OH + H,0, —»R)LO,OH + H,0 R R ]
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Sequence comparison

O multiple sequence alighnment

= analysis of conserved residues within protein family - identification
of protein family members

O~k WhN —
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O multiple sequence alighnment

= analysis of conserved residues within protein family - identification

|| iII

V YY NFD

VA

of protein family members

O~k WhN —
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Sequence comparison

O multiple sequence alighnment

= analysis of conserved residues within protein family - identification

of protein family members

PO BN =
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O multiple sequence alighnment

= jdentification of sequences with unique features - proteins with
potentially novel characteristics or problematic for production

Shesp-
Sheama
Pelpro
Desace
Xanaxo
Aylfas
Chlaur
Despsy
Rhobal RAAVTM-2MST
Burcen wEOETM- Kl G- FENHA
My ctub KAFSRVMSSPP-—-NFEVERLIBA-BTEHR
Nocfar L--AELlC
Jansp- KRLGFEEROVMTM-ATATK
unchac POVEBOEVIDETIKAFRASNEEINEFTMAKNT SKMDE SKHE ATKEMYAOKBSWE SKBMPT GF LNSM-OMEDK LAKSKVEAYVHLLEOGLELEK LSErBTDLT
Erylit € | RSOPNMDVAGLFKR-GTPD
Polsp- PCFRAMREMCAKINPDEDVARLE AR~
Mycavi iliRYSPVLPAGRIVSV— D
Myctub RYSPVLPAGRLVIE - D
Mycavi DVWWRFREATTSAPOLNT GAFVOG— D
Maracu K SHSPWFPIGRIVOL— E
Caucre LNBSONTPELEVCE TG - D
Pseatl RABSOEVPEFPVACIIKG-ATVTA D
Psycry OOBSOET POFHVGGTIKS-BTVTK |
Shefri ROBSODVATF PTGNLINS-ACYST
Shefri FINYSOESVDE PAGOMINC-ASYVSD

b

anaut DEFTAMEYDLVTPSDLRLDOFMER-WAPT
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= jdentification of sequences with unique features - proteins with
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o multiple sequence alignment

O essential residues

= analysis of conserved residues important for function (catalytic,
binding, coordinating residues, etc.)

= |n UniProt/SwissProt -> Function -> Features -> list of active or

binding site residues
"

=
D

P QU (L ENNIN)— ¢
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Sequence comparison

0 phylogenetics

= establishment of evolutionary relationships among sequences

DatA : DelA
DbJA ;2620 DpsADhl/’-\ ©
Sav4779 DmiA DImA DhmA
DmbBDmpA
DmaA
' DsfA/iso-DsfA
DcbA . DhaA “ DpcA
N DpaA D@
LinB —= XX
DmbA DecA
DmsA
DspA
iso-DspA
DxxA root DcaA
Lu DdpA
DjsB "
y D%aA DrbA
DphprA Dpepall'A
DsoA DcpA DsamA
pbcA” 4 DsfB [ DssA
DsdA
DmbC e
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Sequence comparison

0 phylogenetics

= classification of sequences

DatA : DelA
DbjA . 1n2620 DhIA —° HLD-I
DmIA DpsA
Sav4779 DImA DhmA
DmbBDmpA
DmaA
HLD-II - DsfA/iso-DsfA
DcbA . DhaA “ DpcA
DpaA D@
LinB —= XX
DmbA DecA
DmsA
DspA
iso-DspA
DxxA DcaA
Lu DdpA
DjsB M
Jg%aA DrbA
DphprA Dpepall'A
DsoA DcpA DsamA
DbcA Dszd DssA
DsdA
. HLD-II]
DnfA
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0 phylogenetics

= information about experimental data— selection of novel proteins

DatA : DelA
PBIA Jann2620 DpsADhIA < HLD-I
Sav4779 \CTIA A DhmA
DmbBDmpA
DmaA
H LD'I I DsfA/iso-DsfA
DebA ~ PhaA QX _ %%EAA
LinB ' —— DxxB
DmbA DeccA
DmsA
DspA
iso-DspA DxxA . Dean no experimental
Lu DdpA data
DjsB .
GB"aA DrbA
DphprA Deparé«
DES)O?B 7 \DcpA DsamA
e s HLD-II!
DmbC i en
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Information about host organisms

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
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0 Genomes Online Database (GOLD)

» http://www.genomesonline.org/
= |ist of complete (>36,000) and ongoing (> 115,000) information
about individual projects and source organisms (Feb 2024)

O Entrez Genome

= http://www.ncbi.nlm.nih.gov/sites/genome
= provided by NCBI
= ~700,000 genome information by organism

= information about genome, source organism, genes, encoded

proteins, graphical representations, ...
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a GOLD

Metagenomes

&=, Classification

» Studies: 370

» Samples: 2642

Isolate Genomes

&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 37.56 @
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
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O Entrez Genome

Psychrobacter cryohalolentis

Psychrotolerant organism

Lineage: Bacteria[4048]; Proteobacteria[1682]; Gammaproteobacteria[750]; Pseudomonadales[122]; Moraxellaceae[51]; Psychrobacter[10]; Psychrobacter

crychalolentis[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 cryopegelia 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 MName RefSeq INSDC Size (Mb)  GC% Protein | rRNA tRMA  OtherRNA  Gene  Pseudogene
Chr - NC_007959.1 CPO00323.1 3.08 423 2,467 12 43 [ 2,537 4
Plzm 1 NC_007968.1 CPO00324.1 0.041221 383 44 - - - 44 -

Biological Properties

= orphology . . .

o Shape - Bacill ——

5 Shape - B biological properties
= Environment

o Salinity - ModerateHalophilic

o TemperatureRange : Psychrophilic

o Habitat : Multiple

[«] Genome Sequencing Projects
@ Choomosomes [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 = PRINASEZTZ, PRUNA13G20 | ASH139V @ 1 1 3.1 ©oa22 0 2881 250
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QO EnzymeMiner

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

Search for novel enzymes with particular activity
Only input is fasta sequence and essential residues
Filtering of sequences using catalytic residues, MSA, clustering

Annotations of sequences based on bioinformatics predictions,

information available in sequence and genome databases

2D space of sequence similarity network
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https://loschmidt.chemi.muni.cz/enzymeminer/

Automated in silico enzyme identificatio

QO EnzymeMiner

> LinB
MSLGAKPFGEKKFIEIKGRRMAYIDEGTGDPILFQHGNPTSSYLWRNIMPHCAGLGRLIACDLIGMGDSDKLDPSGPERYAYAEHRD
YLDALWEALDLGDRVVLVVHDWGSALGFDWARRHRERVQGIAYMEAIAMPIEWADFPEQDRDLFQAFRSQAGEELVLQDNVFVE
QVLPGLILRPLSEAEMAAYREPFLAAGEARRPTLSWPRQIPIAGTPADVVAIARDYAGWLSESPIPKLFINAEPGALTTGRMRDFCRT
WPNQTEITVAGAHFIQEDSPDEIGAAIAAFVRRLRPA

A4

Query sequences

E N UM E Annotated putative

—>
E enzymes
Essential residues
Y
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
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QO EnzymeMiner

ENZ/ME
MINER v

Submit new job Help Example Acknowledgements

JOE INPUT

‘ Swiss-Prot sequences @ ‘ Custom sequences @

Automated mining of soluble enzymes with diverse structures, catalytic properties and stabilities

‘ 1.1.1.1 - Alcohal dehydrogenase. (240)

Load example

Select sequences from table (max. 40) @ Select sequences from similarity network (max. 40) @
Accession ER@  Length Sequence plot @ e . K

[ aoao7sTMPO 9 340 mnmei \

(J a1a835 7 369 imme 1 o® s

O aicru 7 388 me ¢

O ailayz 14 304 IiHe 1 1t 1

J nxxaz2 14 381 Ime 111 1

(J asvxs 1 308 [ —

O aezrrs 0 382 | ¢

(J arzine 7 368 e 1 :

[ arzxos 7 369 imme 1

[ Buoas 7 369 imme 1

J ewrt 7 369 mnme 1

O Bamavo 4 254 I |

() e1acoe ] EEL] meil1 1

M ramean - e - - Select representative sequences of clusters @

*  Number of visitors: 3522
* Number of jobs: 625

CONTACT

Loschmidt Laboratories
*  enzyreminer@sd.munice

*  hitpsyfloschmidt.chemimuni.cz/

OTHER TOOLS

:-'.:'.-: SOLUPROT

& PREDICTSNP

3 o
s cven™
6 FIREPROT

HOTSPOT
¢ WIZARD

c CALFITTER

ACKNOWLEDGEMENT

el?ﬁ?.
CZECH

REPLBLIC
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TARGET SELECTI

TABLE

Target selection table

Select all i Deselect all
0.50

25 90
Solubility threshold: @  r—— Identity to queries: @ O £
Primary domains: @
PFO0561 (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... +  Kingdom Solubility Sequence length Domain annotatiol
D KAB2639994.1 haloalkane dehalogena... D4Z2G1 741 B 0.6026 294 Abhydrolase_1 2
D WP_084084852.1 haloalkane dehalogena... DA4Z2G1 727 B 0.6433 275 Abhydrolase_1
D WP_0T71575177.1 haloalkane dehalogena... D472G1 70.8 . . .
D AOY91276.1 haloalkane dehalogena... D472G1 705 Se q u e n Ce S I m I I a r I ty n etWO r k
D WP_071068776.1 haloalkane dehalogena... D472G1 70.2 Select network: @
D WP_066929894.1 haloalkane dehalogena... DA72G1 701 Identity: 50%, Nodes: 94, Edges: 1466 E| Download Cytoscape session (50 %)
D WP_096502050.1 haloalkane dehalogena... D472G1 69.9
D WP_071011817.1 haloalkane dehalogena... D472G1 69.8
D WP_015306650.1 haloalkane dehalogena... D472G1 69.8 L
D WP_110315832.1 haloalkane dehalogena... D472G1 69.8
D WP_064949090.1 haloalkane dehalogena... D4Z2G1 69.7
D WP_083164861.1 haloalkane dehalogena... D4Z2G1 69.7
D WP_057374253.1 haloalkane dehalogena... D4Z2G1 69.6
D WP_015290793.1 haloalkane dehalogena... D4Z2G1 69.6
O 2que.a Chain A, Crystal Struct... D472G1 69.5 b »




‘Global workflow Number of hits Timeline "
- A

Sequence searches 5661 sequences
Clustering 992 sequences
Multiple sequence alignment 658 sequences

Homology modeling

]
E
B =
. Putative dehalogenases
o H 2,905 sequences
L]
]
]

Calculation cavities

Prediction of sequence
characteristics

@Ia‘rdocking
N
Prioritization 530 sequences

Selection of genes

()]
£
c
[
2
o
"
o
8
B
£

Gene st'nthesis 20 sequences --II G e n e Sy nth es i S

v
Subcloning
v

24 Ll

2 Gene bank--» Gene expression T T 6 7

i seqguences
X © Low  Expression analysis 12 proteins |:|

nzyme YHigh

bank<42 Robotic activity screening 9 proteins

Purification 8 proteins
\
\Secondary structure 1]
Quaternary structure

Characterization
35 proteins

Thermostability
pH and temperature profile
Substrate specificity
Steady-state kinetics

Enantioselectivity

gy B°8 o

Biochemical characterization

Degradation activity
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EnzymeMiner use c

The most thermostable

enzyme T = 71°C

Activity

Substrate
specifity

Specificity

Enantioselectivity

Regioselectivity

v

Efficiency

dSe

Adyv. Bioinformatics |

MEnzymology 3+ years

Enzyme Engineering |

Enzyme Discovery |

pH
stability

Catalytic
efficiency

25+ years

30+ years
Temperature
optimum
Temperature
stability
Stability

0.01 0.1 1 10 100
Koo (s7)
The most catalytically

efficient enzyme (100x)

Enzymes active at near-to-

zero temperature
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Reconstruction of ancestral proteins

Il. Create atree < I

|. Collect sequences and align them

AZBIAENQP..
. AEEEALNQP..

@ —® @
. AE[ELNQP..
AERJALNQP..

(3 . AEBRJALNQP..

[1l. Reconstruct Ancestors

JVEREENQP..
..QEBJALNOQP..
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0 FireProtASR

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

Web server for automated ancestral sequence reconstruction
Ancestral reconstruction, successor prediction, latent space analysis

Design of stable proteins with good yields and broad specificity

? ‘3 ASR
a FI HE PRDT vi1.0 ‘ Fully automated ancestral sequence reconstruction

Submit new job Help Example Use cases Acknowledgement

SELECT THE STARTING POINT
SEQUENCE USER DATA o
.

STARTING F 5

(®) Enter own sequence

" () Upload sequence fils

MSEIGTGFPFDPHYVEVLGERMHYVDVGPRDGTP  ~
VLFLHGNFTSSYLWRNIIPHVAFSHRCIAPDLIGMG
KSDKPDLDYFFDDHVRYLDAFIEALGLEEVVLVIHD
Sequence : WGSALGFHWAKRNPERVKGIACMEFIRPIPTWDE
WPEFARETFQAFRTADVGRELIIDQNAFIEGALPKC
VWRPLTEVEMDHYREPFLKPVDREPLWRFPNELFI
AGEPANIVALVEAYMNWLHQSPVPKLLFWGTPGVL w

Loschmidt Laboratories
« fireprot@sei muni cz

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

0 FireProtASR

' Mutations =]
J ' Phylogenetic tree ][- Multiple-sequence aignment] Show substitutions v | Clustal |Sh0w all ancesfrals
¢ ks
] 58
e & a
g 8 |ss5ed
S §$§:35¢9g | & Py .
285845 & &
- E x g - 1 %J & é"& ~
1 2E5 g §5&
b 2 /&
5 & -
v ’ ¢
ol g/ 5}
.
)
o Lo )
o ? O £
— o
..“. - L =
i
\.l
D —
v
PRI
. Sequence information: node 227
8675 51 2 53 54 55 56 57 58 59 60 61 62 63 64 G5 66 67 62 69 FO 1 72 VI T4 7B Position: 62
44 R . .. . 4 N . . A .8 .. . . . B
5455 J — THE 55
s 32
Al 5
XP_03083808g Pl ?
R 0
XP_019625274 1 | ] N 0
WP_116714370.1 | ]
i1}
- B | 2
1 B ‘ ¢
—_ — Q 0
E 0
L A A A R T Mm A K R T v A T T G 0
|lit] mn Store sequence |




Number of enzymes

1234567 8 9101112131415161718192021222324252627282930313233343536373839404142434445464748495051525354555657

Thermostability distribution

| Wild types

Tm(°C)

Ancestors

o3y aAne[y

Ancestors: @

* AverageT, +9°C

* 60 % have higher T than the best WT
* enzymes with top activity
e Slightly better yields
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What to keep in mind?



What to keep in mind?

0 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
= false positive results: sequences should be filtered
o selection of proteins for experimental characterization
= clustering: classification and filtering of hits from database searches
= sequence comparison: classification and identification of unique sequences

= sequences from extremophiles: potentially adapted to extreme conditions

EnzymeMiner: automated identification of interesting catalysts

FireProt?sR: design of stable, soluble, and broad specificity proteins
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Q in silico identification and analysis of sequences - fast and

cheap way to identify new proteins
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