Betty Eskow , Amanda Huges -- Assignment 10 – PhD Intro class

 Summarize / Assess / Evaluate / Criticize an Existing PhD Thesis in Computer Science  (or “Computer Science and X”)

We reviewed the PhD thesis entitled “Algorithms exploiting the chain structure of proteins” by Itay Lotan. This thesis was submitted to the Department of Computer Science at Stanford. One of the co-advisors on the thesis is a very famous structural biologist, Michael Levitt, which made me extremely curious about whether the contributions would be weighted toward one of the two disciplines (computer science or biology) or balanced between them. 

Interestingly, the approach of this work was to attack the complexity issues involved in the computation of several protein structure problems. These issues are:  1.) the inherent complexity of the problem  2.)   the number of times a problem needs to be solved  and 3.)  the length of time required for computing simulations. All of these issues were addressed by taking advantage of the specific properties of a given data representation of protein structures with the overarching goal of reducing computation time.

The contributions of the thesis included improvements to three important algorithms used in the context of determining or comparing protein structures. The first contribution was a method for model completion to compliment experimental methods in determining protein structure. This was accomplished by using techniques similar to those used in robotics to hold portions of the structure fixed and only move at the “joints”.  The second contribution was in the area of computing the similarity of protein structures. The new method offered a tradeoff between speed and precision of computing nearest neighbors and classifying protein structures. The third contribution involved energy computation in protein structure simulation. By implementing a new data structure (which had been described previously in theoretical work but not implemented) the expensive calculations for determining self-collisions within the course of dynamic simulations were sped up, sometimes by a large factor. Most of the contributions were offered as publicly available software so biologists can take advantage of the computational speedups  achieved by the new methods.

The thesis was presented as three completely independent contributions that are linked together because all of them take advantage of a simplified data representation. Because the results were somewhat disjoint its not clear what future directions, if any, this research will take. And although he did an excellent job of making important computational contributions, there were not really any scientific contributions. In other words, all of the techniques described were improvements to existing methods. Enabling these methods  to be computed more quickly will certainly allow computation to occur on larger problems than could be accomplished before, and that is extremely important. However,  the types of problems that can be solved computationally and the accuracy of solving

these problems were not addressed in this work.  The implication was that the effort of  actually developing new simplified models for biological molecules was more in the domain of biophysicists and biochemists because a deep understanding of physics and chemistry is required. One other much smaller issue is that the term “inverse kinematics” which was first used in robotics is never actually defined, although it is referred to a number of times. There is a nice analogy between robotics and protein structure, and this could have been made more explicit to the reader.

