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MAIN TOPICS
The general theme of the workshop concerned the application of advanced theoretical and computational physics techniques to the investigation of the dynamics of macromolecules of biological interest. In particular, the meeting focused on the possibility of investigating the long-time dynamics of the protein folding reaction and of the protein-protein interaction, in the context of stochastic path integral approaches. 

Along with theoretical contributions, the meeting included a number of experimental talks. The purpose was to discuss the possibility of establishing direct collaboration between theory and experiment. In particular, a specific attention has been given to the experimental investigation of reaction pathways, under topological or special constraints. 

The main topics were

· Stochastic dynamics, path integral methods for molecular dynamics

· Coarse-grained description of macromolecular systems

· Experimental characterization of conformational transitions of proteins, protein-protein and protein-membrane systems
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SCIENTIFIC REPORT:
The investigation of the conformational dynamics of biopolymers is one of the fastest developing fields of research at the interface between physics, biochemistry and biology. 

From the experimental point of view, the field is experiencing a revolution, due to the development of powerful optical techniques such as optical tweezers, or single-molecule laser-jump fluorescence experiments, to name a few. These methods, along with  the development of nano-scale devices (such as nano-pores, nano-tubes) offer the possibility of investigating the dynamics of biomolecular processes under a wide range of external conditions, such as under confinement or topological constraints. Such a body of new-generation experiments is beginning to provide information about the thermodynamics and the kinetics of molecular processes, at an unprecedented level of accuracy, both under equilibrium and (most notably) non-equilibrium conditions. In particular, much insight is being gained in reconstructing the pathways of intermediate conformational transitions involved in the folding of proteins and in the aggregation of bio-molecules.

From the theoretical point of view, the problem of investigating the dynamics of biomolecules is strongly limited by its intrinsic computational complexity. The origin of such difficulties is rooted in the large number of degrees of freedom involved and in the co-existence of widely separated time scales, ranging from ps (vibration of covalent bonds) to ns (rotation of dihedral angles) to ms or even seconds (protein folding time). 

The decoupling of time scales makes Molecular Dynamics (MD) simulations of large systems very computationally inefficient and often impracticable. On the other hand, theoretical physicists and in particular nuclear physicists have a long-time experience in exploiting gaps in energy-momentum scales to device low-resolution effective theories for many-body systems. 

In recent years, it has been realized that the dynamics of macromolecular transitions in a solvent can be rigorously formulated using the path integral formalism. Clearly, such a formulation opens the doors to the application of the arsenal of nuclear physics tools to macromolecular dynamics. For example, in the last few years, progress has been made in the application of instanton theory to investigate rare thermal activated transitions, and in the use of renormalization group methods to integrate out the fastest molecular dynamics.  

RESULTS AND HIGHLIGHTS
The main purpose of the meeting was to bring together theoretical physicists and experimental biophysicists in order to explore the potential for applying path integral techniques to interpret the results of new-generation experiments.  The event was organized in the form of a small collaboration meeting (with participation under invitation) to encourage the discussion and the planning of future joint-works. 

The meeting consisted of joint morning sessions with oral presentations and afternoon round-table discussions. The latter were organized in the form of two working-groups, which focused on different projects.

As a result of these sessions, a collaboration project between the Trento University and the Texas University at Austin has been established, which aims at developing path integral approaches to protein-protein interaction dynamics, based on multi-scale modelling of macromolecular complexes. In addition, a collaboration between two experimental CNR groups, the SISSA and Trento theory groups has been established which aims at studying the dynamics of protein folding under confinement conditions in nano-structure. Finally, three scientists affiliated to the Cambridge University, Milan University and Trento University had the opportunity to progress on their on-going projects aiming at the development of a high-performance sampling technique to investigate rare biomolecular transitions in the context of  biased-molecular dynamics and kinetic Monte Carlo. 

In view of this network of collaborations, it is possible to argue that the workshop has successfully accomplished its main goals. 
Program of the 2nd Collaboration Meeting on Theoretical Physics Methods for Biology

June 28: Protein-Protein Interactions (experimental):

Morning section:

10:00-10:30 : Welcome and organization issues

10:30-11:00 P. Faccioli: overview of the collaboration projects and connections

11:00 – 12:00 F. Valle: Protein aggregation: single molecules and few molecules. From force spectroscopy to micro-fluidic confinement (experimental) 

Afternoon section:

14:00-15:00 M. Dalla Serra: Experimental characterization of the working mechanism of pore-forming protein toxins(experimental)
15:00-15:30: Coffe Break
15:30 –18:00: Meeting of the two working groups (see below)

June 29: Coarse-grained dynamics (theoretical)

Morning section:

9:30 -10:30  C. Micheletti: Modelling the internal dynamics of proteins: from the identification of dynamical domains to the comparison of large-scale movements in structurally-dissimilar enzymes (theoretical)
10:30-10:45 coffe break

10:45- 11:45 P. Faccioli: Effective field theory for long-time Molecular Dynamics (theoretical)
Afternoon Section:

14:30-15:30 G. Tiana: Protein folding inhibitors: the case of HIV-1 protease (theory-experiment)
15:30- 18-00: Meetings of working groups

June 30 Modeling protein complexes and advanced sampling methods

Morning section:

9:30-10:30 T.Skribic: Coarse-grained models for dynamics and thermo-dynamics of protein-protein and protein-membrane interactions (theoretical)
10:30-11:30 C. Bajaj: Modeling of Multi-Protein Complexes (theoretical)
11:30-11:45 coffee break

11:45-12: 45 S. a Beccara:  Dominant pathways in conformational and chimica molecular transitions (theoretical)

14:30-15:30 C. Camilloni: Atomic-detailed milestones along the folding trajectory of protein G
Afternoon Section:

14:30-16:00 Discussion section on theoretical models for multi protein complex and protein-protein interaction dynamics

16:00-18:00 Meetings of the working groups I and II

Description of the working groups:

· Working Group I:

Multi-protein complexes and protein-protein interactions: theoretical calculations needed, existing and future experiments

· Working Group II: 

Theoretical/computational approaches to long-time dynamics of complex macromolecular processes. Advanced stat. mech. techniques, numerical algorithms, computer programs
