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Macromolecules play role in all aspects of organisms. Knowledge of theie 3D structures
is key for understanding how they work. Understanding their mechanisms of action is
an important step in fixing them when they go wrong, and therefore in designing drugs
to cure a range of illnesses. There are three main experimental techniques to study
these structures: Macromolecular X-ray crystallography (MX), nuclear magnetic
resonance (NMR) and single particle Electron Microscopy (EM). Usually the data
produced by these techniques are very noisy and the number of parameters of the
model to be estimated is very large, often exceeding 1000000. The problem is how to
extract optimal information from such noisy data? Extracted information should also be
consistent with prior knowledge about the macromolecules. Analysis of such large and
noisy data and derivation of biologically useful models with large number of parameters
require state-of-art statistical and computational tools. Solving such problems can
naturally be formulated in one of several ways such as Bayesian statistics,
regularization of ill-posed problems.
Our approach for solving this type of problems has several components1: 1) analysis
and organisation of prior chemical and structural knowledge in machine readable from2;
2) designing of prior probability distribution encapsulating such information; 3)
designing the likelihood function that links experimental data with the parameters of the
atomic models to be derived1; 4) designing posterior probability distribution that
combines prior knowledge and experimental data1; 5) optimisation of large system
accounting for the fact often the problem is often ill-conditioned1; 6) producing the
possible images that is used for manual and/or automatic critique and revision of the
model. By its nature the problem is highly non-linear and therefore large number of
iteration is needed for full convergence. To aid faster solution of the problem we also
develop graphical tools3 for manual inspection of model vs experimental data as well as
prior knowledge.
Our approach to regularised de-blurring, that is essentially a solution of inverse
problem with large number of parameters in the presence of noise and when blurring
function is approximately known, has similarity to Tikhonov type regularisations and it is
solved approximately using Fourier methods for one particular type of blurring function
– position independent blurring1. Application of developed tools to EM model
interpretation will also be presented4.
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