Dynamic conformational ensembles:
challenges of multiple time scales and

multidomain proteins

Zoltan Gaspari, Nora Epresi

Faculty of Information Technology and Bionics,
Pazmany Péter Catholic University, Budapest, Hungary

http://itk.ppke.hu/~gaszo | gaspari.zoltan@itk.ppke.hu

A previous application: small canonical serine protease inhibitors Detalls of the implementation

A SCR ensemble * In-house extensions for GROMACS 3.3.1 & 4.5.5, avallable for download on our home page
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multiple, unrelated protein families N5 '3 5 R I L e * Usage conforms to GROMACS conventions, restraints can be specified in the topology, other parameters in the run control file
> Substrate-like interaction with the target enzyme E = é 2 : | e ' » Order parameters (S°) implemented as described in [6] and with fitting to reference group at each calculation step
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> Conventional view of efficiency [1]: S o = =0 e S g | |9 * Modification #2: can be defined for sub-ensembles for the generation of ensembles reflecting motions on multiple time scales
> Rigidity of the binding loop is key % @ f_—g _5 _151- 1 0'2' S | 0‘2' il ' * NOE: pairwise averaging over replicas is implemented (similarly to the MUMO approach [7])
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flexibility in the prota_se _b'_nd'ng loop (ps-ns time scgle) - S s s R BT T 0 0z 04 o6 08 1 > Using synthetic S° values back-calculated from a 5 ns MD run (GROMACS 4.5.5,
> SGCI & SGTI Sma” Inhlbltors frOm desert IOCUSt Wlth mode 1 scaffold backbone Lys10 after fit to Trp25 amber993b FF TIPBP Water) fOI’ bOth domalnS Separately
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> Restraining in GROMACS 3.3.1. (0.3 ns, oplsaa FF, 4 replicas) with two fit groups

> Dynamic structural ensembles of the inhibitors are more diverse than SCR (single-conformer refinement) ones corresponding to the two domains

> At the same time, they are more realistic than those calculated by conventional methods
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> Enzyme-bound conformers are present in the solution state
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> The conformational transitions are much faster (ps-ns scale) than the association with the enzyme (ms time scale)

> No energetic cost of protease binding related to conformational changes in 'nanosecond-timescale conformer selection’

> This Is In agreement with the expectations of the rigid binding loop model [2]

The CoNSEnsX web server to analyze dynamic conformational ensembles

Input Server

Output
Compliance of NMR-derived
Structural Ensembles with

experimental data

PDB
format

Input a multi-model PDB file, an X-PLOR format MNOE distance restraint file and a
BMRE file to check the accuracy of the protein structural ensemble against
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experimental data. For more details on the method (including tests of
performance) and the usage of the service, please consult the ColNSEnsX help
page

CoNSEnNnsX

FDE file: Browse...

¥-PLOER file: Browse...
BMRB file: Browse...

=

Reset farm

X-PLOR & BMRB
format

Questions and suggestions regarding the CoMNSEnsX server should go to Zoltan Gaspari (szpari at chem.elte.hu)
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> Ubiquitin displays motions on the submicrosecond time scale that are not present on the ps-ns time scale [9]
> Using experimental S° values and back-calculated RDCs from the EROS ensemble (PDB ID 3K39)
> Restraining in GROMACS 4.5.5. (1.2 ns, amber99sb FF, 3X4 replicas)
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Challenges:
> Find the optimal combination of relative restraint weights as well as the number of replicas and sub-ensembles
> Find the motional modes that discriminate the motions on different time scales
> Try to understand the connections between motions by detailed analyss of residue-residue interactions
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