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g Proteins are fascinating molecules

c-Abl-1b protein kinase Protein domains can be extractedhand brought
back in close physical proximity\using intéracting
proteipspartners

The yeast'tWie-hybridtechnology

Panjakian et al.; JBC, 2013
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g Reconstitution of split GFP is a widely used

method to study protein-protein interactions
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Wang et al., ChemBioChem, 2009
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Inteins are special proteins

N-Extein Intein C-Extein

DNA: e ——
¢ Transcription
RNA: & ————r
¢ Translation
Intein
Protein:

COOH

Precursor protein

N-extein

C-extein

NH, ¢ Protein splicing

COOH

-+

NH, 'COOH

Mature protein Excised intein

Elleuche and Poggeler, Appl. Microbiol. Biotechnol., 2010



Q Protein splicing is a multistep process

Highly conserved motifs in the active site are needed for the splicing reaction

Erylmatz et al., ) Biol Chem (2014), 289: 14506-14511

Cys or Ser at the intein NierminM

In vitro protein splicing showed it is a' SELF-CATALIZ=D reaction

: g o , Hydroxyl or thiol containing residues
n\aMsn at the intein C-terminus o
N I ! b (Cys, Ser or Thr) at position +1



g Split inteins can reconstitute proteins

Inteins naturally exist as contiguous or split inteins



O Split inteins can be used to circularize

proteins

Circular proteins do not exist in nature

But we can make them using split inteins

Cireular proteins are more resistant
towards aggregation, proteolytic
cleavage and have higher
thermostability

Waldhauer et al., Mol BioSystems,
2015



O In synthetic biology and microbiology two

plasmids are often used



g Using one antibiotic could be advantageous @

Navaneethan
Palanisamy
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9 We used a rational approach to split enzymes

conferring resistance towards antibiotics

Splitting in flexible regions is
advisable

We used the webserver CABS-flex 2.0 to
calculate the root mean squared

Additienalcriteriaiforthe splice site fluctuation of Ca atoms

- Surface-exposed
- Notloeated in/near active site
- Located in a region of low conservation
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Q We started with kanamycin resistance

Palanisamy et al., Nature Commun., 2019



g We created the SiMPI toolbox

Chlroamphenicol

Beta<laet@mase
acetyltransferase

Hygromycin B Puromycin

phasphotransferase palanisamy et al., Nature Commun., 2019 acetyltransferase

Palanisamy et al., ACS Omega, 2020 Spectinomycin/streptomycin
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The use of SiIMPI helps improve vield of
o e Improve vl o Q)

valuable compounds

L-PAPA production from E. coli

It requires the Qverexpression of 6
enzymes



The use of SiIMPI helps improve vield of
o e Improve vl o Q)

valuable compounds

We constructed SiMPI versions of the
plasmids to compare them with the 24% more L-PAPA Flasks
original ones

SiMPI

Bioreactor
15% more L-PAPA

SiMPI
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O We constructed SiMPI lentiviral vectors

Can we select Jurkat T cells expressing murine TCR?



g We get 100% pure cell population

Claudia Juraske Anna Morath



g The selected cells are functional @

Palanisamy et al., Nature Commun., 2019



g SiMPI is based on the naturally split

gpd1-1 intein

Splitting different inteins could be necessary
or

Splitting an intein at different positians

Mirko Schmitz
&
Mehmet Oztiirk

We developed.the web server Int&in to predict active split sites in inteins
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O We gathered information on functionality

for a large set of randomly distributed sites

Gp41-1 intein

Npu DnaE intein

CL intein



O To create a predictive model we extracted

structural and biochemical features




We can predict with high accuracy |

site is active or inactive

Gaussian Naive Bayes model

Training data set

The model distingtishes bétween
different'splicing efficiencies

Accuracy: 0.78
Precision: 0.78
Recall: 0.76
MCC: 0.56



from the literature

Testing data set: 97 split sites (57 active, 40 inactive), 41 different inteins

Aranko, Wlodawer and lwai, Nature's recipe for splitting inteins. Protein Eng Des Sel 27, 263:271 (2014)

Accuracy: 0.76
Precision: 0.78
Recall: 0.79
MCC: 0.51

Submitted & on bioRxiv



g We employed Int&in to engineer novel

conditional inteins

Test application: control the activity of the Cre recombinase in mammafian cells
with blue light C-terminal construct

N-terminal construct
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g We get higher recombination for cells

exposed to blue light

Active Cre = EGFP gets expressed
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g Take-home messages

Inteins are super cool proteins!!

Circular proteins have interesting properties. They can be created using split inteins

Rational approach can be used to split enzymes conferring resistance towardsantibiotics —
100% accuracy!

With SiMPI you can select cells containing two plasmids with a single antibiotic

SiMPI can be useful in metabolic_engineéring projects in bacteria

Int&in: a web server to ptedict active split sites in inteins
Int&in can bewsed to.construct novel conditional inteins

Contralling Cre reconstitution with light is possible (but challenging)

=2
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g Some definitions @

MCC = Matthews Correlation Coefficient

Precision is how good(the model
is at predicting a spetific
category.

Accuracy tells you how many times
the ML model was correct overall.

Recall tells'youthow'many times the model was able Ma et al. |EEE ACCESS. 2023

to detect a specific category.




The data found in the literature are biased

towards active sites and certain positions

VS

# Split sites

Position of split site in intein

submitted



o We decided to generate our own data set @

We used model proteins to test protein trans-splicing

We performed Western blotting tosquantify the efficiency of splicing
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fragments have low affinit

O We can also explicitily predict sites at which the

We should be able to control the splicing reaction by regulatifg the
interaction between the two intein fragments

Franziska Tomas



We can increase splicing by the addition of rapamycin

Full length Splice
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O By using blue light-inducible dimerizers we should control

the reaction with light

We selected the iLID system

Guntas et al., PNAS (2015),112:112-117



O We can increase splicing by illuminating the cells with

blue light
M14/K15 L84/Y85 L95/K96 Split site
Full length gp41-Splice
1 oroduct - Ctrl D D D
95 kDa
Splice prod.
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N-frag.
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Load. ctrl
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43 kDa



We can increase splicing by illuminating the cells with

blue light
Full length  Splice V110/S111 D101/E102 Split site
gp4l-1 product - Ctrl D D
95 kba Splice prod.
4——
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