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Introduction to PDB




Protein Data Bank (Established 1971)

e PDB 1%t online Open Access digital data
resource in all of biology

e Founded 1971 with 7 protein structures

e Single global archive for protein and
DNA/RNA experimental structures

e Open Access >244,000 structures!

o Adhere to FAIR Principles (Findability,
Accessibility, Interoperability and
Reusability)

« Members: RCSB PDB (US), PDBe (EMBL-EBI),
PDBj (Japan), and PDBc (China); plus EMDB
(3DEM) and BMRB (NMR)

o Accredited by Core Trust Seal and Global Structures that Inspired Launch of the PDB l

Biodata Coalition Protein Data Bank (1971) Nature New Biology 233, 223.
Worldwide Protein Data Bank (2019) Nucleic Acids Research 47, D520-D528.



RCSB Protein Data Bank (RCSB PDB) Services
Convert Global Data into Global Knowledge

>500 External
Data Resources

~250,000
Structures

Service O: IT Infrastructure Development and Management

Burley et al. (2022) Protein Science 31, E4482.
Burley et al. (2023) Nucleic Acids Research 51, D488—D508.




RCSB PDB Impact Across the Biosciences

SARS- _—
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Molecular Burley et al. (2018) Protein Science 27, 316-330. Production
Infrastructure Goodsell et al. (2020) Protein Science 29, 52-65.

Goodsell and Burley (2022) Structure 30, 55-68.
Burley et al. (2022) Protein Science 31, 187-202.




RCSB.org Research-focused Web Portal:
One-Stop-Shop for Public 3D Biostructure Data

e RCSB.org delivers
o >244,000 PDB structures

o >1 million Computed Structure Models
(CSMs) from AlphaFold DB
and the ModelArchive

e RCSB.org exploration and visualization
tools used by many millions of researchers,
educators, and students worldwide

e Provenance/reliability of both data types
are clearly identified

Burley et al. (2023) Nucleic Acids Research 51, D488-D508.
Burley et al. (2025) Nucleic Acids Research 53, D564—-D574.




Introduction to Plastic-
Degrading Enzymes




History of Plastics and Recycling

First man-made plastic was created in 1856

WWII led to expanded use of plastics for parachutes, aircraft windows, etc.
Plastics replaced more expensive materials for packaging after WWII

Plastic production reached 2 million tons/year by 1950

First plastics observed in the ocean in the 1960s

Municipalities began adopting recycling programs and mandates in the 1980s
Production rate surpassed 400 million tons/year by 2020

Only 9% of plastics are recycled in the 2020s due to high costs




Microplastics are Everywhere

The term ‘microplastics’ was coined in 2004

Microplastics have dimensions of 1 pum —5 mm

Nanoplastics have dimensions of 1 nm —1 pum

Humans are exposed to microplastics through
inhalation/ingestion

* Microplastics consist of varied polymers with
different properties




Common Plastic Uses and Structure

1 2
PET HDPE
polyethylene high-density

terephthalate polyethylene

milk jugs, detergent

drink bottles, food jars  bottles, toys, buckets

3 4 3 6
PVC LDPE PP PS
polyvinyl low-density polypropylene polystyrene

chloride polyethylene

takeout cups and
containers, egg cartons

pipes, medical
devices

cling wrap, sandwich Tupperware, bottle caps,
bags, grocery bags prescription bottles

° 1
\~O n
NP2 N

— ='n

o |

Stable carbon-carbon bonds

Hydrolyzable ester bond

|—> Susceptible to degradation




PET-Degrading Enzymes

PET hydrolases cleave PET ester bond * Carboxylic ester hydrolases are in
enzyme class (EC) 3.1.1--
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Bacteria Grow on PET

* Piscinibacter sakaiensis can use PET as a carbon and energy source

* In Piscinibacter sakaiensis, the PET monomers (mono(2-hydroxyethyl)
terephthalic acid or MHET) are further broken down by MHETase

allowing integration of carbon for cell growth

* PsPETase is more active than other known PET-degrading enzymes
(e.g. hydrolases, cutinases) on highly crystalline PET

o) o)
o HO
) HO . OH Cellular
~7 ~"0H metabolism




Commercial Enzymatic Plastic Degradation

Biotechnology company plans to build a plant to process 50,000 tons of
PET waste per year (out of >50 million tons, i.e. <0.1%)

See more information: carbios.com/en/



https://www.carbios.com/en/
https://www.carbios.com/en/
https://www.carbios.com/en/
https://www.carbios.com/en/

Why is PsPETase more active than other known
PET-degrading enzymes on crystalline PET?

"OH

PsPETase o

VS.
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cutinase o




Using RCSB.org to Explore
Plastic-Degrading Enzymes

Advanced Search
Sequence Annotations combined with Mol*

Pairwise Structure Alignment and Comparison




Harness the Power of RCSB.org Advanced Search

What search attributes can be used to identify PET-degrading enzymes?

https://www.rcsb.org/search/advanced



https://www.rcsb.org/search/advanced
https://www.rcsb.org/search/advanced
https://www.rcsb.org/search/advanced

Casting the Net for PET-Degrading Enzymes

What search attributes can be used to identify PET-degrading enzymes?

Enzyme classification number(s): https://tinyurl.com/rcsb-searchl



https://tinyurl.com/rcsb-search1
https://tinyurl.com/rcsb-search1
https://tinyurl.com/rcsb-search1
https://tinyurl.com/rcsb-search1
https://tinyurl.com/rcsb-search1

Search for PET-Degrading Enzyme CSMs

Toggle “Include Computed Structure Models (CSM)”
https://tinyurl.com/rcsb-searchCSM

Refine search to include CSMs only by selecting
“computational” on left panel



https://tinyurl.com/rcsb-searchCSM
https://tinyurl.com/rcsb-searchCSM
https://tinyurl.com/rcsb-searchCSM
https://tinyurl.com/rcsb-searchCSM
https://tinyurl.com/rcsb-searchCSM
https://tinyurl.com/rcsb-searchCSM

Narrowing the Search — Source Organism

How can we focus our search to address our question(s)?

Source Organism Taxonomy Name (Full Lineage): https://tinyurl.com/rcsb-search?2



https://tinyurl.com/rcsb-search2
https://tinyurl.com/rcsb-search2
https://tinyurl.com/rcsb-search2
https://tinyurl.com/rcsb-search2
https://tinyurl.com/rcsb-search2

Narrowing the Search — Chemical Similarity

How can we focus our search to address our question(s)?

Chemical Similarity: https://tinyurl.com/rcsb-search3

MHET

Chemical ID (C9C) can be used to narrow search further

— y.



https://tinyurl.com/rcsb-search3
https://tinyurl.com/rcsb-search3
https://tinyurl.com/rcsb-search3
https://tinyurl.com/rcsb-search3
https://tinyurl.com/rcsb-search3

Narrowing the Search — Chemical ID

How can we focus our search to address our question(s)?

Chemical ID(s): https://tinyurl.com/rcsb-search4



https://tinyurl.com/rcsb-search4
https://tinyurl.com/rcsb-search4
https://tinyurl.com/rcsb-search4

Explore Sequence-Structure Relationships Using
the Sequence Annotations Viewer and Mol*

Structure Summary - Sequence Annotation combined with Mol*

https://www.rcsb.org/structure/7XTW =2 https://www.rcsb.org/3d-sequence/7XTW?assemblyld=1

Sequence Annotations 3D Structure in Mol*

https://www.rcsb.org/structure/7XTW -2



https://www.rcsb.org/structure/7XTW
https://www.rcsb.org/3d-sequence/7XTW?assemblyId=1
https://www.rcsb.org/3d-sequence/7XTW?assemblyId=1
https://www.rcsb.org/3d-sequence/7XTW?assemblyId=1
https://www.rcsb.org/structure/7XTW

PDB ID pdb 0000

MHET-Bound State Captured via Active Site
Mutation

7xtw, https://tinyurl.com/3d-seq-7xtw



https://www.rcsb.org/structure/7XTW
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw

Sequence Annotation Shows MHET Binding
Site Residues

PDB ID pdb 00007xtw, https://tinyurl.com/3d-seq-7xtw



https://www.rcsb.org/structure/7XTW
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw

Sequence Annotation Shows MHET Binding
Site Residues

PDB ID pdb 00007xtw, https://tinyurl.com/3d-seq-7xtw



https://www.rcsb.org/structure/7XTW
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw
https://tinyurl.com/3d-seq-7xtw

Comparison of MHET Binding Modes

Broaden search outside of Piscinibacter sakaiensis

https://tinyurl.com/rcsb-search5



https://tinyurl.com/rcsb-search5
https://tinyurl.com/rcsb-search5
https://tinyurl.com/rcsb-search5
https://tinyurl.com/rcsb-search5
https://tinyurl.com/rcsb-search5

Gain Scientific Insights from Pairwise
Structure Alignment

https://www.rcsb.org/alisnment



https://www.rcsb.org/alignment

Pairwise Structure Alignment Reveals Amino
Acid Substitutions Repositioning Ligand

Substitutions (His 2 and Phe = |le) provide
active site flexibility, thereby increasing enzyme
activity

Read more here:
Chen et al. (2021) Nat Catal 4, 425-430

Structure alignment of PDB IDs: pdb 00007xtw and pdb_00007vve, https://tinyurl.com/pairwise-7xtw-7vve



https://www.rcsb.org/alignment?request-body=eJyljssKwjAQRf9l1hG0C4XuXPgHUgUpJSZTDeRRkylaSv7dSQXBtbvJnLknd4bHiHGCeoYwkAk%2BlTEijdF3CRl6hZ2WJKHupU2YBajgCV9UDl3QCDUM0sSnSQgCHNI96MK8dIWRW0lrbh44mSiOitXIv1xmQE9x6gxfw%2B58PHE6oUVVahSBTJP70D2jK95KoWWxEZzV32e1rXIWv76mOfzhW%2BfcshJ6Y5eubX4DOXNlAw%3D%3D&response-body=eJzdVm1v4jgQ%2Fi98Dihx3vebRSBEOD4nY5lDVYUopCxSgT0Ie1dV%2FPcdh76E6Ai7W92XK1IVZ%2BaZmdjzPOOXznr7uOt8eekcj%2Btl50uHLMP58vHB7hZO4HWdYPHQDdzisWuahRUGpPAdy%2BwYnUM5L48H9O%2F%2FkQo2kIPOyehsinKuQ82f1qvtptiWs81uWaDTt%2Fl6%2F%2Ff6UCCwZivKrzudstx0q7c6xL44HJ9KDHz3gjn2x0V5xFfVEjH751lVpP%2BnnOgiiqdiUa532yrp4XlztlI0PRSr2aH4q3phGYhdvi%2BJR04n4zKeUoNPxDNPp3vjo9zZ%2BzdWde%2BLFYbU33DXFpWcl%2BvtsvinyvFUbFflV3x0dbUt5QSXSP8DSsJ2qHMJdcIPKG5Se1arUbBl10q%2BhXUbWO8D69yo2fIaYO8XwKSRmVzs1i1seIkl1s%2FvNHEaYLd%2Bwg72T2tzONeagwTtee1LpE1qWb12qK7wt5vDud4cgXkDHDYOOKydkXejtYjrX%2B6zV8tsn%2B6Rp%2BV%2Bvj087vabefnGS8swX3%2F%2F%2BoSHY%2FZCy%2FGI6zmua5g9rNEO7dByCS5sfHZN3wvQYnRxbbtm6HrEcfXKIrbjoUPgo2toO6Yb%2BsQLdeQeQS0yQ981ifbE9yEhtu04emU6vuP4nlu5EtLzgzAMPMdErnSJ3zN93w5cyzcdI%2Bi5VuD6nmmbIRarpei42cz3z1rGDovdm4B%2Bnz8dUY0xEXZB%2BfxNK7NMu5VHR2%2Frq4PVs8N3hzyFqG40e1o0Xo2468diuyi66yWq3bp87mgh3KIAbmeYdb08FjOt%2FQd9MKa26IHwVCzfrLow4lkGcQNdNh6ihuJ56ZPz9bTYzha778V%2BvsJ8d6FnhP79WW1fU18V29%2FS2ls0tq0WOjmf6esbIo9DprWvjc5q%2Fu382TUvsyHJ9dLNhvBdVOZdB2LLthkvkLVzwm9KuZjSPBZcSEqBDSjQWAylygH%2FQS4gnsY0lmo6FZLTGJ9imtBEiXgqaZ4BJOPJJBY5ozCKh0olMokkB8miTADkAFmWUsriTGF0HksAEMk0HqsI4Wms0nhC0xj%2FgCVAKecC2JhSKjIqJhGA5EMAJZWQLBnS%2FoBHkFChOABlGCiCFHJOx9mQDRKOUUbQpxxiDjyjLInH41jRSTrOh2nEI5lPQVZRBJaYK4iGuaS8DxWZfq5NbePaYd6Q7sakqg%2B58NZtok26%2F9u53khcbyX3xswgjap%2Fba57n5nrjQvFxVz3rhHTaiFYdbO6bnRaeKuvRlep2ZazuttcC1tJ9zVSxykgrbMzrXNkiqQRshoUlVPNagYK4iGSTiWa18hKJnGZ0BQqXkcUgNEJi%2FN3XjOVcOR1PsRAEeQUMoZ0ZXzKcuS0AKpymrOIckQoGo%2FOpJYsT%2BggeyW1EkyKyUhGYznkEpRQLEE5GdBIKuQ0ZCOaiOE040yAlGKspmrA%2BhwrQMojozmlCaipTAAZzSbqzOgcud%2FnikeCsr4mNOf5qJ9VU%2B9%2FP3NPPwDrxGH%2B&encoded=true
https://www.rcsb.org/structure/7XTW
https://www.rcsb.org/structure/7VVE
https://tinyurl.com/pairwise-7xtw-7vve
https://tinyurl.com/pairwise-7xtw-7vve
https://tinyurl.com/pairwise-7xtw-7vve
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Conclusions




Conclusions

e 3D structures archived in the PDB are freely available to help guide
biotechnology research

e Advanced Search provided an entry point for RCSB.org to find
structures based on desired search attributes with Boolean logic

e Sequence Annotation highlighted key residues for PET substrate
binding
* The Pairwise Structure Alignment highlighted His = Ser and Phe =

lle substitutions in PsPETase that afford active site flexibility and
Increase activity

y.



Reference Materials on PET-Degrading

Enzymes

Molecule of the Month: Plastic-eating Enzymes

https://pdb101.rcsb.org/motm/277

PETase

Entries highlighted in this webinar:

Primary citation for entry pdb_00007xtw:
Yang et al. (2023) Nat Commun 14, 1645
Primary citation for entry pdb_00007vve:
Zeng et al. (2022) ACS Catal 12(5), 3033-3040

Primary citation for entry pdb _00005xh3:
Han et al. (2017) Nat Commun 8, 2106

Primary citation for entry pdb_00006gga:
Palm et al. (2019) Nat Commun 10, 1717



https://pdb101.rcsb.org/motm/277
https://doi.org/10.1038/s41467-023-37374-3
https://doi.org/10.1038/s41467-023-37374-3
https://doi.org/10.1038/s41467-023-37374-3
https://doi.org/10.1038/s41467-023-37374-3
https://doi.org/10.1038/s41467-023-37374-3
https://doi.org/10.1021/acscatal.1c05800
https://doi.org/10.1021/acscatal.1c05800
https://doi.org/10.1021/acscatal.1c05800
https://www.rcsb.org/structure/5XH3
https://doi.org/10.1038/s41467-017-02255-z
https://doi.org/10.1038/s41467-017-02255-z
https://doi.org/10.1038/s41467-017-02255-z
https://doi.org/10.1038/s41467-017-02255-z
https://doi.org/10.1038/s41467-017-02255-z
https://www.rcsb.org/structure/6QGA
https://doi.org/10.1038/s41467-019-09326-3
https://doi.org/10.1038/s41467-019-09326-3
https://doi.org/10.1038/s41467-019-09326-3
https://doi.org/10.1038/s41467-019-09326-3
https://doi.org/10.1038/s41467-019-09326-3

Transition to Extended PDB IDs
and PDBXx/mmCIF File Format

By 2028

4-character PDB IDs (e.g. 1abc) will be fully allocated.
After that, all new entries will be assigned only
extended PDB IDs.

Extended PDB ID Format
8 alphanumeric characters with prefix pdb_

e.g. pdb_00001abc

Entries with extended PDB IDs will

be available only in PDBx/mmCIF format.

All PDB users, including software developers,
and journal editors must transition to this format.

wwpdb.org/
Start using extended IDs and PDBx/mmCIF data files today documentation/new—format-for-pdb-idsd



Course Materials

Course recordings and
presentations may be published at
PDB-101.rcsb.org later this year.

They will not be emailed
separately.

Sign up to receive emails about
upcoming training events
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