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１． Background

and

Zhang Research Initiative Unit
purpose

of

the

project,

relationship of the project with other projects
The protein-folding problem of how the primary

can be successfully applied, it is necessary to reduce
the errors in the de novo models that are used as
templates for molecular replacement.

sequence determines its tertiary structure is one of
the great challenges in computational biology. It is

２． Specific usage status of the system and

known that all the information required specifying

calculation method

the tertiary structure of a protein is encoded in its

Fragment assembly is a powerful method of

primary sequence. Our ability to predict the

protein structure prediction that builds protein

structures of proteins from their sequences will

models from a pool of candidate fragments taken

enable us to understand of the biological functions

from known structures. Stochastic sampling is

that proteins play in the cell.

subsequently used to refine the models. The

There are two fundamental challenges in protein

structures are first represented as coarse-grained

structure prediction. One is the construction of

models

and

then

as

all-atom

models

for

precise energy functions that could be used to assess

computational efficiency. Many models have to be

the thermodynamic stability of a protein at a given

generated independently due to the stochastic

conformation state. The other is to find the global

nature of the sampling methods used to search for

minimum energy conformation in the complex

the global minimum in a complex energy landscape.

energy landscape. Both are formidable tasks to

We have developed a method called EdaFoldAA,

tackle. First, the basic physical forces that govern

which is a fragment-based approach that shares

atomic interactions are incompletely and poorly

information between the generated models and

understood.

computationally

steers the search towards native-like regions. A

prohibitive to search for the global minimum energy

distribution over fragments is estimated from a pool

conformation even if the precise energy function

of

were available.

iteratively-refined distribution is used to guide the

Secondly,

it

is

Recent advancement in computational methods
for protein structure prediction has made it possible
to generate high quality de novo models required for

low

energy

all-atom

models.

This

selection of fragments during the building of models
for subsequent rounds of structure prediction.
We have also developed

a method called

ab initio phasing of crystallographic diffraction data

NEFLIM that can identify novel fragments of high

using

those

quality from a pool of decoys with low energy. Using

encouraging achievements in ab initio phasing using

these novel fragments, our method can generate new

de novo models, its success is limited only to those

models with improved quality.

molecular

replacement.

Despite

targets for which high quality de novo models can be
generated. In order to increase the scope of targets
for which the ab initio phasing with de novo models

３． Result
The EdaFold program was evaluated on a
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benchmark of 20 proteins. Results were compared

success rate for solving phase problem using

with results obtained with Rosetta’s protocol and

molecular replacement.

showed

improved

concentration

of

near-native

models. The models generated with both approaches

５． Schedule and prospect for the future

were used to solve the crystallographic phase

We plan to use the principle of Estimation of

problem using the Phaser program. In this stringent

Distribution Algorithm for protein design. The

test, the models generated with our approach

problem of protein design can be considered as the

obtained a higher success rate.

inverse problem of protein folding. The sampling

We tested NEFLIM on a benchmark of 30 proteins.
The new set of fragments showed better performance

algorithm of Estimation of Distribution should also
be applicable.

when used to predict de novo structures. The lowest

By combining the improvement in main-chain

energy models predicted using our method were closer to

and side-chain sampling, the detection of low

native structure than Rosetta for 22 proteins. Following a

accuracy regions in an ensemble of predicted

similar trend the best model among top five lowest

structures and the development of methods to select

energy models predicted using our method were closer to

best decoys either by clustering or using model

native structure than Rosetta for 20 proteins. In addition,

quality assessment tools, we aim to obtain better

our experiment showed that the CA-RMSD was

protein structure models. These improved structure

improved from 5.99 to 5.03 Å on average compared to

models will facilitate the molecular replacement

Rosetta when the lowest energy models were picked as

solution to the phase problem giving a diffraction

the best predicted models.

dataset.
６． If no job was executed, specify the reason.

４． Conclusion
The

use

of

an

estimation

of

distribution

algorithm enabled EdaFoldAA to reach lower energy
levels and to generate a higher percentage of
near-native models. EdaFoldAA uses an all-atom
energy function and produces models with atomic
resolution.

We

observed

an

improvement

in

energy-driven blind selection of models on a
benchmark of 20 in comparison with the Rosetta
AbInitioRelax protocol.
We have noticed molecular replacement with de

novo models were highly sensitive towards the input
models. Correct input models were diverged from the
target structure mainly because of divergence by
local residues. We have found that reducing
structural
significantly

divergence
improves

due

to

local

the

quality

residues
of

global

conformations. Usage of those models increases

N/A.
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