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Introduction

You have a favorite protein
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Introduction

You have a favorite protein

PET plastic
(polyethylene terephthalate)
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Ethylene glycol Terephthalic acid

ed by bacteria for growth

» Wow, a PETasel!

» Has this already been described?

> |s it found somewhere else? Where?
» | want to find other PETases!
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Introduction

Let's BLAST the PETase

Basic Local Alignment Search Tool
Mon, 21 Jul 2025

BLAST finds regions of similriy between biological sequences. The | e areafew ighghts in o ltest BLASTrlease:

progrem compares nucleotde of protein sequences 1o sequence W

databases and calculates the satistical significance. Loammore 8] Dowrload BLAST+ 2:17.0nowt E Viee BUAST pewe
Web BLAST

select all 50 sequences selected GenBank  Graphics Distance tree of results  MSA Viewer

escrpton centicnane | % To Query PO pcs Lon

T SUEMIENATE  Sove Score Cover value | gent | A Accession
i 0enes 1618 1618 100% 00 10000% 3471064 CPOLgRG:
Vibrio gazogenes sirain PB1 chromosome 1, complete sequence. Vibriogazogenes 1416 1416 100% 00  9498% 3516273 CPOSISE
Vibrio gazogenes sirain DSM 21264 chicmosome 1, complete sequence Vibriogazogenes 1416 1416 100% 00  9498% 3516262 CPISIGADL
Vibio gazogenes ATCC 29988 DNA, chvomosome 1, complete sequence. Vibrio gazogenes 1416 1416 100% 00  9498% 3516247 AP248731
S CECT S0 00 chvousone 1 compes eggence o m me 00 s s sz

y e 180 26 cvomosome 1 complete senence 11 Ll oW0% 00 S2ew 76 CRLARESL
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Introduction

Let's BLAST the PETase

Basic Local Alignment Search Tool
N Mon21 w20z
BLAST finds regions of similarity between biological sequences. The E| Here are  few highiights in our latest BLAST release:
program compares nucleotide or protein sequences to ssquence w
databases and calculates the statistical significance. Leammore |8 Download BLAST+2.17.0 now! DS
Web BLAST

select all 50 sequences selected GenBank  Graphics Distance tree of results  MSA Viewer

escrpton conticname | M ToW QU E P

T SUEMIENATE  Sove Score Cover value | gent | A Accession
f aenes stan ATC Mg gazooenes 1618 1618 100% 00 10000% 3471064 CPOIgAG:
Vibrio gazogenes sirain PB1 chromosome 1, complete sequence. Vibrio gazogenes 1416 1416 100% 00  9498% 3516273 CPOSSET.L
Vibrio gazogenes sirain DSM 21264 chicmosome 1, complete sequence Vibriogazogenes 1416 1416 100% 00  9498% 3516262 CPISIGADL
Vibio gazogenes ATCC 29988 DNA, chvomosome 1, complete sequence. Vibrio gazogenes 1416 1416 100% 00  9498% 3516247 AP248731
Vibrio Spartnae CECT 5026 DNA ehvomosome 1. conpiete sequence. b spa 121 1321 100% 00 9264 4003627 AP24S01
ot spartnae srain 3.6 chromosome 1. complete sequence Vbosooe 1321 1321 100% 00 S26M 3817659 CPOMG2GA

» Found 50 hits from a few different species
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Introduction

What is indexed in BLAST exactly?

In BLAST nr/nt NOT in BLAST nr/nt
Well-assembled genomes Random pieces of sequenced genomes
Non-redundant Every version of every sequence
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Introduction

What is indexed in BLAST exactly?

In BLAST nr/nt

Well-assembled genomes

Non-redundant

0.1%

Roland Faure

NOT in BLAST nr/nt

Random pieces of sequenced genomes

Every version of every sequence

99.9%

Logan project



Introduction

The biggest database: the SRA

Planetary DNA/RNA sequencing S

S AN
“Library of Alexandria” for genetics

» All public sequencing data, 80 PB
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Introduction

Let's align the PETase with the data of the SRA

A
is MMNVLTKCKLA in ? @

Sequencing Repeat for every
dataset dataset
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Introduction

Let's align the PETase with the data of the SRA

A
is MMNVLTKCKLA in ? @

Sequencing Repeat for every
dataset dataset

2
2
2
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Introduction

At 1 Gbit/s, how much time to download the SRA?

A: 20 days B: 20 weeks
C: 20 months D: 20 years
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Introduction

At 1 Gbit/s, how much time to download the SRA?

D: 20 years
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Building the search engine

Goal: let's build a fast protein search engine

Google

» Return every protein in the SRA homolog to the query
» Very fast
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Building the search engine

How do web search engine work?

The Web
@ billions of pages

@ Bacteria that eat plastic bottles Large

Language Model
@ An enzyme that breaks down PET

@ The perfect croissant recipe

@ Champions League: tonight's results " imilar pages,
: close vectors

' Vector database
(512 dimensions)
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Building the search engine

How do web search engine work?

Query Large

Language Model
—

Nearest
neighbors B Bacteria that eat
e

plastic-eating enzymes plastic bottles

a An enzyme that
breaks down PET
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Building the search engine

How do web search engine work? Fast vector search

Hierarchical Navigable Small World (HNSW) index

. .
index level 2
[
few vectors
o— >e
H
i
i
~ ~ [ ] A
' \ index level 1
. ~ . V o v more vectors
|
i
i .
o« ¢ . ° o i o . A
o % o * . index level 0
. { w .v\' all vectors
& e ° == ¢ ® ®
o P every vector comparison: 10° distances
start @ quer nearest page .
query pag with HNSW: ~103 distances

10/24 Roland Faure Logan project



Building the search engine

How to translate this to SRA search?

The Web
@ billions of pages

a Bacteria that eat plastic bottles Large

Language Model
B An enzyme that breaks down PET —————»

B The perfect croissant recipe

B Champions League: tonight's results 7 Similar pages,
: close vectors

Vector database

Nearest

neighbors a Bacteria that eat
—_— plastic bottles

Query Large
N . Language Model
plastic-eating enzymes _—
“-. a An enzyme that
! breaks down PET
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Building the search engine

First step: reducing the size of the data

SRA

CAGCACGTAGCTAGCTCACGATC

27 millions accessions, 50 PB CACGTAGCTAGCTCACGATCTTT
GTAGCTAGCTCACGATCTTTAC
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Building the search engine

First step: reducing the size of the data

SRA

CAGCACGTAGCTAGCTCACGATC

27 millions accessions, 50 PB CACGTAGCTAGCTCACGATCTTT
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Logan-contigs

27 millions accessions, 1 PB CAGCACGTAGCTAGCTCACGATCTTTAC
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Building the search engine

First step: reducing the size of the data

SRA

CAGCACGTAGCTAGCTCACGATC

27 millions accessions, 50 PB CACGTAGCTAGCTCACGATCTTT
GTAGCTAGCTCACGATCTTTAC

Logan-contigs

27 millions accessions, 1 PB CAGCACGTAGCTAGCTCACGATCTTTAC

Logan-proteins

151 billion proteins, 25 TB ACGT;‘GCTAGCTCACGA

Identified protein-coding gene
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Building the search engine

Protein Language Models (PLMs)

O
(@] O
II4> An enzymethatdown PET| —» 8 8 8 4>
O
LLM
o 2 o
?
ﬁi@* MRIFGFFTLVAA o J 0 4
O O
O
PLM
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Building the search engine

PLMs vs sequence similarity

PETase MMNVLTKCKLALGIIAIFFSLPSFAVPCSDCSNGFERGQVP x
MSRQSRSSVVALACAASIVCVCAVGILSHSPGVARASSV sequence
similarity

\ embedding
similarity
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Building the search engine

PLMs vs sequence similarity

PETase MMNVLTKCKLALGIIAIFFSLPSFAVPCSDCSNGFERGQVP x
MSRQSRSSVVALACAASIVCVCAVGILSHSPGVARASSV sequence
similarity

v

embedding
similarity

v

similar fold
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Building the search engine

Let's build a protein search engine

Logan-proteins

@ 151 billion proteins, 25 TB

MRIKGFFITLIAIIFQ Protein
MRIFGFFITLVAIIGQ Language Model
MSIYHMKVRTITGKDMTLQP
MTFFLYISPMISILIGFK |
: similar proteins,
close vectors

Vector database
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Building the search engine

Let's build a protein search engine

Query Protein Nearest
MRVFGFFIALIAIVG Language Model neighbors MRIKGFFITLIAIIFQ
_—
Q MRIFGFFITLVAIIGQ

+ their SRA datasets
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Building the search engine

At 100 embeddings/s, how much time to embed the 151
billion proteins?

A: 5 days B: 5 months
C: 5years D: 50 years
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Building the search engine

At 100 embeddings/s, how much time to embed the 151
billion proteins?

D: 50 years
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Building the search engine

Embedding 150 billion proteins is too much

» 100 embedding/s on a GPU
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Building the search engine

Embedding 150 billion proteins is too much

» 100 embedding/s on a GPU
» 151 billion embeddings ~ 50 GPU.years
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Building the search engine

Embedding 150 billion proteins is too much

» 100 embedding/s on a GPU
» 151 billion embeddings ~ 50 GPU.years
» ~ $500,000
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Building the search engine

Cluster the proteins

dataset sequence structure

@ soil MKTLVAGFFIEPLRQ W
China 4—
MKTLVAGFFIEPLRQ

@ soil MKTLVAGFFIEPLRQ LSUUL))
France 4— w&))
p  l—
soil MKTLVAGYFIEPLRQ um})
Ia Argentina ‘— @ @ @ @

found in 4 datasets
@ wastewater MKSLVAGFFIEPIRQ W
USA 4—

@ 151 billion proteins —» @ 3 billion clusters

» Index only the clusters in the vector database
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Building the search engine

Logan-protein-search: the final search engine

Indexing
Logan-proteins Logan 50
151 billion 3 billion
MKTLVAGFFI. MKTLVAGEFFI. .. o
MRIFGFFITL. .. O o O
MSIYHMKVRT. . . o @)
— —
MRIFGFFITL. MAHLONSTYK. . . o O
MGQYRTDYKK. . . O
MSIYHMKVRT. gLM2
Vector database
Querying
MKTLVAGFFTI. . .
MKTLVAGEFI. ..
Query o O nearest Ly MKTLVAGYFI...
MKTLAAGFFT o O o neighbors L;MKSLVAGFFI. ..
e 59 — : f I > MRIFGFFITL...
O : o MRIFGFFITL. ..
- MRIFGFFVTL. . .
gLM2
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Looking for the PETase

Let's look for the PETase

» One hour computation (not google speed but not too bad)
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Looking for the PETase

Let's look for the PETase

» One hour computation (not google speed but not too bad)
» 300k results!

Query 10601 158 ) OGGAGAYNTLEGKDGDK - - - FKTP E 3 213
Query 10602 98 E R LGGGVYVVAEAADD R v 176
Query 10003 95 - GGGLALMLAAQRI - V h 149
Query_10004 130 JPER. GGWTLLDFLGGP! ) / \ G W -ADV 198
Query_10005 151 - - - 212
Query_l0006 99 148
Query_loee7 99 174
Query_10008 136 202

20/24 Roland Faure Logan project



Looking for the PETase

Let's look for the PETase

» One hour computation (not google speed but not too bad)
» 300k results!

Query 10081
Query 10002
Query 10003
Query_10004
Query_10005
Query_10006
Query_10087
Query_10088
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158

QGGAGAYNTLEGKDGD
NALGGGVVVAEAADDQ!
CAGGGLALMLAAQRP
HGGWTLLDFLGGPP.
QGGVGVFNAISEQP!
GGFTLLLAPRG-

K

213
176
149
198
212
148
174
202

Source: chillerispbyxueci.substack.com



Looking for the PETase

Let's test the plastic-degrading activity of the PETase

Displayed <« Expressed on cell surface

“/ o
il
FAST-P
AL
PETases { “emA «— Plastic-degrading activity
homologs
\ tul’l‘;‘[:[‘j:' \.eclur e
Time (h)

Logan: Planetary-Scale Genome Assembly Surveys Life’s Diversity, Chikhi et al., 2025
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Looking for the PETase

Let's test the plastic-degrading activity of the PETase

Displayed

than previously known
PETase!!

\ PETase from SRR23008605
degrades plastic faster

tuniptf vecior

Time (h)
Logan: Planetary-Scale Genome Assembly Surveys Life’s Diversity, Chikhi et al., 2025
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Looking for the PETase

Future: industrial applications

k enzyminer

Natural enzymes that

workinthereal “
process

An Al-native selection and validation layer for

biorefiners, bioenergy companies and waste processors.

22/24 Roland Faure Logan project



Looking for the PETase

Limits of this index

» Only full proteins
» Could be faster (7)

» 90% proteins missing in the database because of the protein
calling

called protein
~ ACGATGCTAGTGTACGATAGG —

ACGATTCTAGTGTACGATGTG ‘i\ /\’ GTGTACGAT

\
- ACGATTCTAGTGTACGAT —

missed protein
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Looking for the PETase

Take-home messages

> Most sequences are not in reference databases, they are in
random samples
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random samples

» The sequenced diversity of proteins is huge and difficult to
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» Protein Language Models can be used to represent proteins as
vectors
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Looking for the PETase

Take-home messages

> Most sequences are not in reference databases, they are in
random samples

» The sequenced diversity of proteins is huge and difficult to
explore

» Protein Language Models can be used to represent proteins as
vectors

» Web-inspired search engines are a solution, but still not perfect
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Looking for the PETase
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