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ABSTRACT
We use a combination of coarse-grained and all-atom simulations to assess the effect of a set of single-

point and multi-point mutations on dockerin, a highly mechanostable module from scaffoldin CipA from
Clostridium thermocellum. Our method was successfully applied to cohesin, another module from this
scaffoldin. We use all-atom simulations to predict structural shifts with respect to the native protein and
construct a contact map. We then analyze the mutants using a coarse-grained model based on that map.
We examine transitions in contacts between residues and find that alterations between chemically similar
amino acids lead to large changes in thermostability, which is measured by determining the probability of
protein folding for a range of temperatures. We have identified mutations that may lead to a substantial
increase in the thermostability by making systematic substitutions into alanine, whereas substitutions
into isoleucine lead to decreased thermostability. We use experimental data for lysozyme as a benchmark,
achieving promising results, however the uncertainty in our method is considerable.
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CONCLUSIONS
• The results for lysozyme correlate with the-

ory as long as neutral pH is used in the
experiment - it is a factor hard to recreate
in the simulation.

• Difference between isoleucine (lower ther-
mostability) and alanine (higher thermosta-
bility) is clearly visible in the results.

• The change of a charged residue into isoleu-
cine may change hydrophobicity too much,
but alanine is a promising candidate (gly-
cine may not suitable due to its increased
flexibility).

• We have identified mutations that would
lead to a substantial increase in thermosta-
bility of dockerin.

• Thermostability of the wild type protein de-
pends on the simulation preparation proto-
col, leading to large uncertainty in the re-
sults.

• Our theoretical method seems to be a valid
approximation for a rapid screening of the
effects of mutations in the mechanical and
thermal stabilities of proteins.


