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Summary:

The	de	novo	protein	design	revolution	from	the	last	decade	has	enabled	the	creation	of	a	wide	range	of	folds	with	hyperstability	and
structural	 accuracy,	 and	 customized	 for	 binding	 to	 target	 small-molecules	 or	 proteins,	 which	 opens	 the	 door	 to	 overcome	 the
limitations	of	natural	proteins	in	biotechnological	and	medical	applications.	To	date,	approaches	to	engineering	antibodies	rely	on
naturally	 occurring	 immunoglobulin	 backbone	 frameworks,	 and	 mainly	 focus	 on	 optimizing	 the	 antigen-binding	 loops	 and/or
multimeric	 formats	 for	 improving	 targeting	 efficiency	 or	 biophysical	 properties.	 Despite	 their	 exponential	 advance	 as	 protein
therapeutics,	 engineered	 antibodies	 have	 significant	 limitations	 in	 terms	 of	 stability,	 manufacturing,	 size	 and	 structure,	 among
others.	Additionally,	there	is	considerable	interest	in	regulating	the	activity	of	antibodies	through	endogenous	or	exogenous	signals
to	achieve	superior	site-selectivity	and	minimize	side	effects,	but	this	remains	challenging	to	engineer	due	to	the	complexity	and
lack	of	 structural	 control	 over	natural	 antibody	 frameworks.	Towards	 the	de	novo	design	of	 antibody-like	proteins	with	 superior
properties	 and	 expanded	 functionalities,	 we	 have	 recently	 pioneered	 the	 de	 novo	 design	 of	 immunoglobulin	 frameworks	 by
combining	 physics-	 and	 deep	 learning-based	 computational	 approaches,	 which	 were	 confirmed	 experimentally	 by	 combining
biochemical	methods	and	X-ray	crystallography.	Towards	designing	antibody-like	proteins	capable	of	binding	any	target	of	interest
under	the	control	of	small	molecule	drugs	or	peptides,	we	will	benchmark	different	computational	pipelines	to	design	ligand-binding
loops	in	close	proximity	to	ligand-binding	pockets	that	could	regulate	the	protein-binding	activity.	We	will	start	from	our	in-house
two-domain	 immunoglobulin	 frameworks,	 which	 can	 display	 pockets	 at	 the	 interface	 between	 the	 two	 domains,	 and	 tailor	 their
structure	 to	 accommodate	 sites	 for	 ligands.	 We	 will	 then	 design	 and	 analyze	 the	 coupling	 between	 ligand-	 and	 protein-binding
through	 a	 combination	 of	 deep	 learning-based	 structure	 prediction	 and	 design	 approaches	 (such	 as	 AlphaFold,	 RoseTTAFold,
DiffDock,	 ProteinMPNN,	 among	 others)	 and	 molecular	 dynamics	 simulations.	 Beyond	 the	 scope	 of	 the	 master	 thesis,	 the	 most
promising	designs	will	be	experimentally	tested	and	characterized	in	our	lab.
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Expected	skills:

Knowledge	on	Linux	and	scripting	languages	(python),	analytical	thinking,	curiosity,	strong	motivation	and	independence

Possibility	of	funding:

To	be	discussed

Possible	continuity	with	PhD:

To	be	discussed
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