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Fig. 1. (color online) L and L-S Ramachandran plots of torsion angle of each amino acid in the loop region (amino acid ID

155-165, of protein 4h0a). The red squares in L-S Ramachandran plots indicate the regions whose occurrence probabilities

have been elevated to the maximum, and the deep red spots indicate the torsion angles in the native conformation. The

color of each plot represents the absolute occurrence number in each region, and the scale bar differs for each plot (details

not give here).
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Fig. 2. (color online) The conformations of protein
4hOa and the loop region: (a) The conformation of
protein 4h0Oa, with the loop region (amino acid ID.
155-165) colored in green; (b) the native conformation
of the loop is colored in green; the blue one is the initial
conformation corresponding to the final conformation
predicted by L algorithm, the red one is the initial
conformation corresponding to the final conformation
predicted by L-S algorithm; (c) the green line denotes
the native conformation of the loop, the blue one is
the final conformation predicted by L algorithm, and
the red one is the final conformation predicted by L-S
algorithm.
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Fig. 3. (color online) Ramachandran plots of each amino acid in the loop region (amino acid ID.190—199)

of protein 4gpv. For the explanations of the color, see Fig.1.
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Fig. 4. (color online) The conformations of protein 4gpv and the loop region: (a) The conformation of protein 4gpv,
with the loop region (amino acid ID. 190-199) colored in green; for the explanations of the colors in (b) and (c), see
Fig.2.
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Fig. 5. (color online) The RMSDs between initial de-
coys and native conformation, for (a) protein 4hOa
and for (b) protein 4gpv. Blue lines denote the re-
sults given by L algorithm, red ones denote the results
given by L-S algorithm. The horizontal axis indicates
the initial decoy numbered by their RMSD. The inset
in either figure denotes the RMSD of the optimal ini-
tial conformation and several suboptimal ones. It can
be seen that L-S algorithm outperforms L algorithm
in sampling the better initial decoys for (a), and L

algorithm outperforms L-S algorithm for (b).
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Fig. 6. (color online) RMSEs between the initial con-
formations, the final conformations and the native con-
formations of loops of length 12: (a) The results given
by L algorithm; (b) the results given by L-S algorithm.
The red lines denote the RMSESs between the final con-
formation and the native conformation, the green ones
denote the RMSEs between the initial conformation
and the native conformation, and the blue ones denote
the RMSEs between the initial conformation and the
final conformation. The horizontal axis is the index of
all predicted conformations of all loops (the algorithm
is performed 10 times for each loop), e.g. the index 1
to 10 correspond to the 10 predicted conformations of

loop 1.
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Fig. 7. (color online) The RMSE distribution of conformations: (a) The RMSE distribution of initial decoys, each
loop is predicted 10 times and about 103 initial decoys are generated each time, the sample of each subgraph contains
all the initial decoys of all loops of the same length, the sample size is 4.3x10%, 3.2x10%, 3.0x105 respectively for
loop length 10, 11, 12; (b) the RMSE distribution of initial conformations corresponding to final conformations
given in (c), the sample size is the same as (c); (¢) the RMSE distribution of the final conformations, ten final
conformations are obtained for each loop, the sample size is 740, 510, 450 respectively for loop length 10, 11, 12.

Blue lines denote the results given by L algorithm, red lines denote the results given by L-S algorithm.
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Table 3. The medians/means of RMSDs of the final con-
formations predicted by L algorithm and L-S algorithm.
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Fig. 8. (color online) D-values of backbone RMSDs predicted by L algorithm and L-S algorithm: (a) D-value of the
mean RMSDs; (b) D-value of the RMSDs of the optimal conformations. Loop index shows the numbering of the loops.
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Abstract

Loop region is necessary structural element of protein molecule, and plays significant roles in protein functioning,
e.g., in signaling, ligand recognition. Unlike the well-defined secondary structures (i.e., helix, sheet), however, loop
regions vary in structure and some of them are even not able to be measured by ordinary experimental methods. For
these reasons, computer-aided prediction of loop structure became a hotspot in bioinformatics and biophysics. Sorts of
algorithms have been developed for this purpose. So far, however, the prediction of long loop is still a challenge. Among
all the common algorithms, LEAP algorithm achieves the highest precision on long loop prediction. Our investigation
on a test data set with LEAP algorithm reveals that the ultimate loop structure predicted by LEAP is almost entirely
determined by the initial sampling of the conformation of the loop backbone. If all the backbone conformations in
the initial sampling are quite distant from the real (native) conformation, the ultimately predicted structure is also
distant from the native conformation, and the prediction accuracy cannot be improved obviously only by increasing
the computation time. In the original LEAP, the initial sampling is based on the rough distribution of the backbone
torsion angle (Ramachandran plot, R-plot) which doesn’t consider the sequence information of the loop region. Many
conformations which are far from the native conformation are most likely generated in the sampling. So there raises
the open question, is it possible to enhance the initial sampling to be more targeted to the native conformation? In
this paper, we suggest an approach to introduce the position-specific amino-acid sequence information into the initial
sampling of the backbone conformation, which may generate more targeted initial decoys. An algorithm of protein
secondary structure prediction, SPINE X, is used to generate rough but reasonable estimates of torsion angles of each
amino acid of the loop backbone in sequence-dependent way. We then combine these values with the original R-plot to
reconstruct a new R-plot for each amino acid in the loop, and the initial sampling is performed according to the new
R-plot. We applied this new algorithm to a test set of loops (generated from single-chain proteins in CASP 10), and
found the medians/means of RMSDs can reduce about 0.12 A/0.13 A, 0.25 A/0.27 A, 0.47 A/0.27 Afor loop sets of
length 10, 11, 12, respectively. Comparing to the original LEAP algorithm, the probability of making more accurate
predictions is almost doubled when using the refined algorithm. The logic of our approach is not limited to LEAP, and

can be extended to other algorithms which are also significantly dependent on initial sampling.

Keywords: loop structure prediction, initial conformation of peptide backbone, position specificity of

amino acids, Ramachandran plot
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