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Co je to enzym?



Co je to enzym?

Enzym = biologicky katalyzator

Katalyzator = latka nebo zafizeni, které urychluje chemickou
reakci, aniz by se samo béhem reakce spotrebovalo.

Uncatalyzed pathway

Catalyzed pathway

Energy

Products

Reactants

Extent of reaction ——

Potential energy diagram

https://courses.lumenlearning.com/suny-binghamton-
chemistry/chapter/catalysis/



Jaké biomolekuly mohou byt enzymy?

Proteiny = polypeptidy = bilkoviny

Miscellaneous
Proteins metabolites

/  Nucleic acids
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598 o
Inorganic ions

Glycans

Lipids
A - Ribozymes (RNA-enzymes) Composition of a typical mammalian cell (dry mass)
”'ff, - Deoxyribozymes (DNA-enzymes) Prescher, Jennifer A., and Carolyn R. Bertozzi. "Chemistry in living

systems." Nature chemical biology 1.1 (2005): 13-21.






Z ceho se skladaji enzymy (a ostatni proteiny)?

Aminokyseliny = zakladni stavebni bloky protein:
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3D struktura enzymu (a ostatnich proteinu) 9

Sekvence 3D struktura

MAPTVMASSATSVAPFQGLKSTAGLPV Folding
SRRSTNSGFGNVSNGGRIKCMQVWPI

EGIKKFETLSYLPPLTVEDLLKQIEYLLRS —

KWVPCLEFSKVGFVYRENHRSPGYYD
GRYWTMWKLPMFGCTDATQVLKELEE
AKKAYPDAFVRIIGFDNVRQVQLISFIAY
KPPGCEESGGN

1 pismeno =1 aminokyselina
Napf. M = Methionine, A= Alanine, P = Proline

Structure from AlphaFold DB (Varadi et al., 2022, NAR)
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3D struktura urcuje funkci

Substrat
@)

HO

RuBisCO enzyme

Produkt

Structure from AlphaFold DB (Varadi et al., 2022, NAR)
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Visualizace 3D struktury proteinu
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Vyuziti Al k navrhu enzymu
Priklad 1: Hledani vhodnych pfirodnich enzymu
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Priroda uz vyrobyla spoustu enzymu pro nas 1

Experimentalné ovéreno:

MAPTVMASSATSVAPFQGLKSTAGLPVSR
RSTNSGFGNVSNGGRIKCMQVWPIEGIK
KFETLSYLPPLTVEDLLKQIEYLLRSKWVP

Sekvence CLEFSKVGFVYRENHRSPGYYDGRYWTM ~NDREN NNN NNN
WKLPMFGCTDATQV LKELEEAKKAY PDA 200
FVRIIGFDNVRQVQLISFIAYKPPGCEESG D PDB Structures
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Mohammed AlQuraishi. ht?ﬁs]/gQKQQsQ.woredpQSSQ(%w/% 9/04/01/the-future-

of-protein-science-will-not-be-supervised/

Funkce




Predikce 3D struktury proteinu 1

Nobelova cena

Sekvence Struktura

MAPTVMASSATSVAPFQGLKSTAGLPV
SRRSTNSGFGNVSNGGRIKCMQVWP — —)
EGIKKFETLSYLPPLTVEDLLKQIEYLLRS
KWV PCLEFSKVGFVYRENHRSPGYYD

GRYWTMWKLPMFGCTDATQVLKELEE AlonaFold
AKKAYPDAFVRIIGFDNVRQVQLISFIAY phakFo
KPPGCEESGGN

QY openfold & ¥RoseTTAFold (TR

Democratizing AI for Biology




Jak predikovat funkci enzymu?

Substrat

Structure from AlphaFold DB (Varadi et al., 2022, NAR)

RuBisCO enzyme

Produkt
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Predikce funkce enzymu — CLEAN

Embedding space

Class

Input

Contrastive learning

Embedding of the input



Predikce funkce enzymu — CLEAN 2

I Same EC number o

l | Different EC number

: Positive sequence Anchor sequence : — > Negative sequence

| |

| e W BN Ee

ZTN : ]
Enzyme classification and EC numbers

class (main division) <« EC 1 Oxidoreductases

Input Class . E'E 2 Transferases
‘ subclass EC 2.1 Transferring one-carbon groups
csacievimsmsoron | EC -39 t Ec2.1.
. ribulose- serial number in the LEC 2.1.2.7 D-alanine 2-hydroxymethyltransferase
bisphosphate sub-subclass

Reaction: 5,10-methylenetetrahydrofolate + D-alanine + H,0 = tetrahydrofolate + 2-methylserine

« EC 3 Hydrolases
+EC4 Lyases
«EC5 Isomerases
«EC6 Ligases
«EC7 Translocases

carboxylase

N <— N <« | =
dist (query, EC) dist (query, EC) dist (query, EC)

Yu, Tianhao, et al. "Enzyme function prediction using contrastive learning." Science 379.6639 (2023): 1358-1363.



Prakticka ukazka 1: Predikce funkce enzymu

Ariane Mora

https://tinyurl.com/czai-clean



Vyuziti Al k navrhu enzymu
Priklad 2: Vylepsovani prirodnich enzymu
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Jak vylepsit enzym?

MAPTVMASSATSVAPFQGLKSTAGLPVSRRSTNSGFGNVSNGGRIKCMQVWPIEGIKKFETLSYLPPLTVEDLLKQIEYLLRSK...

|

MAPTVMASSATSVAPFQGLKSTAGLPVSRRSTNSGFKNVSNGGRIKCMQVWPIEGIKKFETLSYLPPLTVEDLLKQIEYLLRSK...

Huang, Tianyi, et al. "The Crystallography of Enzymes: A Retrospective and Beyond." Crystals 15.11 (2025): 966.
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Navrh prospesné mutace - Variant effect prediction 2

DESIGN
@ Find Novel Enzymes Improve Stability Design Ancestor
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HOTSrPOT HOTSrPOT HOTSPOT
WIZARD WIZARD WIZARD
Design Smart Library Design Loops Modify Dynamics
HOTSPOT HLOOP HLOOP
WIZARD GRAFTER GRAFTER
Suppress Aggregation Design protein-protein interactions
AGGRE ,
©) D rrrorMER
https://loschmidt.chemi.muni.cz/portal/
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Vylepsovani proteinu rizenou evoluci N

Traditional directed evolution
n iterations

Initial variant Mutagenesis Screening Discard low-fithess
variants

Soldat, Matous, and Jifi Kléma. "Directed evolution of proteins via Bayesian optimizationin embedding space."
2024 IEEE International Conference on Bioinformatics and Biomedicine (BIBM). IEEE, 2024.

p
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A

Jiang, Kaiyi, et al. "Rapid in silico directed evolution by a protein language model with EVOLVEpro.”
Science 387.6732 (2024): eadr6006.
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Higher activity
Higher fitness
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Vylepsovani proteinu rizenou evoluci o

Traditional directed evolution
n iterations

R R N R R R R A AN E N NN NEEEEEEEENEAEEEESsEEEEEEEEEEE

| G-
| G -
—mo — —
— D
Initial variant Mutagenesis Screening Discard low-fithess
variants
Machine-learning-assisted directed evolution
Initial dataset h lterations
 e— = Y 0] H :
| G - —
D C——HEoOCD
OR D | — - Y -
IR c— & = s J c::::::: ¢ mmam e Yesrens
| a— 5 Y )

_= Fit model Select Screening Augment dataset

. promising/informative
Model prior variant(s)

Soldat, Matous, and Jifi Kléma. "Directed evolution of proteins via Bayesian optimization in embedding space." 2024 |EEE International Conference on Bioinformatics and
Biomedicine (BIBM). |IEEE, 2024.




Prakticka ukazka 2: Rizena evoluce proteinu

Ofsa0

https://tinyurl.com/czai-mlde
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Vyuziti Al k navrhu enzymu
Priklad 3: Generovani novych enzymu
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Generovani novych enzymu

Sekvence

MAPTVMASSATSVAPFQGLKSTAGLPV
SRRSTNSGFGNVSNGGRIKCMQVWPI
EGIKKFETLSYLPPLTVEDLLKQIEYLLRS
KWVPCLEFSKVGFVYRENHRSPGYYD
GRYWTMWKLPMFGCTDATQVLKELEE
AKKAYPDAFVRIIGFDNVRQVQLISFIAY
KPPGCEESGGN

”Svaty gral molekularni biologie”

Inverse Folding

Struktura

Hydrolysis of long-chain polysaccharides to short chains of glucose polymers by
a-amylase enzymes
v Glycosidic bonds.
.b
enzyme
Maltose (short chains glucose
polymers)
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Evolution is limited to a tiny part of the designh space

Evolution + screening Directed evolution
Facte Apmale  Rng et THE NOBEL PRIZE

: present day 9 IN CHEMISTRY 2018
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g ~ 300 million
years ago
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Frances H. George P. Sir Grego

e A . \AJS i
570 ~ 900 million Arnold Smith Ninter

T “for the directed “for the phage display of peptides

evolution and antibodies”
of enzymes”

1.6 ~ 2.1 billion

years ago THE ROYAL SWEDISH ACADEMY OF SCIENCES

Huang, Po-Ssu, Scott E. Boyken, and David Baker. "The coming of age of de novo protein design." Nature 537.7620 (2016): 320-327.
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Generativni modely - Protein language models

G} ChatGPT

Read and fill in the missing words from the box.

bunny, only, parents, years, teddy bear,
school, have got, garden, name, birthday, nice

My name is Lisa. I'm seven old.

| go to , my class is 2.b. | live in a house with my

. | haven't got any brothers or sisters. I'man

child. My dad is really and
my mum is great. We a cat. It's name is Riki.
He likes to play in the very much.

| have got a lot of toys, but I'd like to have a big

and a small for my

/10

Lin et al., 2023, Science

..MA_ MR _LPLLA...

...MALWMRALPLLA...



Generativni modely - Variational autoencoder .

Training

Input representation One hot encoding MSA VAE
reconstructed sequences

aligned sequences
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Hawkins-Hooker, Alex, et al. "Generating functional protein variants with variational autoencoders." PLoS computationalbiology 17.2 (2021): €1008736.
https://github.com/alex-hh/deep-protein-generation



Generativni modely - Variational autoencoder .

Generation

MSA VAE

bOPEe [+@

10,000 generated sequences

- 9
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Sk

PC2

lllustrative image

T Sample latent representation
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.......
000000000

PC1

) MAVQGNAPVR...
MSKKEEKVIRPI...
MASSMGDMVN...
MAAVQANTTIQA...

Hawkins-Hooker, Alex, et al. "Generating functional protein variants with variational autoencoders." PLoS computationalbiology 17.2 (2021): €1008736.

https://github.com/alex-hh/deep-protein-generation



Generativni modely - Diffusion process .

-

g~ AL T 2
v b, 5
. > 1.4

https://developer.nvidia.com/

Opravovani Sumu ML modelem

maska maska maska

OO0V —= OOOVO +— - —= 00000

model model model



Generativni modely - Diffusion process

Baker Lab. Rfdiffusion. Baker Lab. Rfdiffusion.

Forward (Noising) Process

G single
- ({i. Step -
Gaussian ~ 5= “\¢ Protein
Noise /& =\ " —> o A\Ws - Structure

Xr AKX, X1 \ A Xy

Reverse (Generative) Process

Watson, Joseph L., et al. "Broadly applicable and accurate protein design by integrating structure prediction networks and diffusion generative models." BioRxiv (2022): 2022-12.



Prakticka ukazka 3: Generovani novéeho enzymu

https://tinyurl.com/czai-rfdiffusion



Thank youl!
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