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ABSTRACT

Despite efforts during the past decades, loop modeling remains a difficult part of protein structure modeling. Several
approaches have been developed in the framework of crystal structures. However, for homology models, the modeling
of loops is still far from being solved. We propose DaReUS-Loop, a data-based approach that identifies loop candidates
mining the complete set of experimental structures available in the Protein Data Bank. Candidate filtering relies on local
conformation profile-profile comparison, together with physico-chemical scoring. Applied to three different template-based
test sets, DaReUS-Loop shows significant increase in the number of high-accuracy loops, and significant enhancement for
modeling long loops. A special advantage is that our method proposes a prediction confidence score that correlates well
with the expected accuracy of the loops. Strikingly, over 50% of successful loop models are derived from unrelated proteins,
indicating that fragments under similar constraints tend to adopt similar structure, beyond mere homology.

Table S1. Prediction results over the top 2 models. The average and its standard deviation and
median RMSD values reported in A. The RMSDs are calculated as root-mean-square deviation of the best
candidate loop main-chain atoms N, C,, C and O to the native loop. Bold values correspond to the best
values among all the methods.

subset method CASP11 | CASP12 | HOMSTRAD | <14 (%) | <24 (%)
best 2.18 2.31 1.65 24 66
Commong; DaReUS-Loop 3.34 3.63 2.80 12 34
Rosetta-NGk 3.48 4.17 3.05 8 28
DaReUS-Loop 3.52 3.94 2.98 10 33
Common,g,
Sphinx 4.58 4.47 2.88 9 30
best 1.43 1.63 1.65 28 76
CommonHC,; | DaReUS-Loop 2.45 2.84 2.80 14 39
Rosetta-NGk 3.01 3.67 3.05 9 31
DaReUS-Loop 2.56 2.81 2.98 12 39
CommonHC g,
Sphinx 3.58 3.65 2.88 11 36
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a)

T0807

R69-V75

model: 4xapA (67-81)
Protein Seq Id: 50%
Loop Seq Id: 42%
JSD-DOPE: 0.9A

4. NGK: 1.5A

PS2: 2.9A

T0807

A16-Q30

model: 4pmjA (14-36)
Protein Seq Id: 50%
Loop Seq Id: 60%
JSD-DOPE: 1.3A

NGK: 3A

PS2: 2.9A

T0807

R154-A162

model: 4xapA (152-168)
Protein Seq Id: 50%
Loop Seq Id: 33%
JSD-DOPE: 0.5A

NGK: 2.9A

PS2: 2.7A

T0800
L189-V195
model: 3go9A (448-462) p\
Protein Seq Id: 3%
Loop Seq Id: 28%
JSD-DOPE: 1.7A

T0807

G45-G58

model: 4xapA (43-64)
Protein Seq Id: 50%
Loop Seq Id: 78%

2 JSD-DOPE: 1.1A

T0854
\ L64-D73

model: 5irmA (432-449)
Protein Seq Id: 7%
Loop Seq Id: 30%
‘JSD-DOPE: 1A

NGK: 3.2A - NGK: 4A NGK: 4.2A
PS2: 3.3A PS2: 3.6A PS2: 1A
T0807 T0821 T0879
Y82-G87 K51-L57 D25-T31

model: 4pmjA (80-93)
Protein Seq Id: 50%
Loop Seq Id: 33%
JSD-DOPE: 0.9A

model: 3g5mA (72-86)
Protein Seq Id: 4%
Loop Seq Id: 28%
JSD-DOPE: 1.4A

model: 2y8uA (44-58)
Protein Seq Id: 21%
Loop Seq Id: 71%
JSD-DOPE: 0.5A

NGK: 4.2A NGK: 3.8A NGK: 2.5A
PS2: 3.6A PS2: 3A PS2: 2.5A
T0889 T0889 | T0891

N88-D101 T223-1230 G95-K99

model: 3gdfA (104-125)
Protein Seq Id: 23%
Loop Seq Id: 28%

model: 3asuA (217-227)
Protein Seq Id: 25%
Loop Seq Id: 37%

model: 3sz6A (113-125)
Protein Seq Id: 33%
Loop Seq Id: 40%

JSD-DOPE: 2A “§ JSD-DOPE: 1.1A JSD-DOPE: 1.2A
NGK: 5.4A NGK: 2.8A NGK: 2A

PS2: 3.6A PS2: 2.9A PS2: 1.8A
T0909 T0909 \ \ ) T0928
G106-A116 G153-Q169 WY —\ ~ D286-R294

i model: 3zscA (127-145)
Protein Seq Id: 10%
Loop Seq Id: 27%
JSD-DOPE: 1.2A

model: 2x3hA (205-229)
Protein Seq Id: 0%

-/ Loop Seq Id: 35%

{/* )sD-DOPE: 2.24A

model: 1e8nA (361-377)
Protein Seq Id: 8%

Loop Seq Id: 22%
JSD-DOPE: 1.4A

NGK: 5.8A 1 NGK: 18.3A NGK: 4.3A

PS2: 3.8A < PS2:18.1A PS2: 3.5A
T0944 T0945

0928 D181-S194 W244-v251

1 V183-E187

model: 4xpuA (50-62)
Protein Seq Id: 5%
Loop Seq Id: 80%

' JSD-DOPE: 0.6A

model: 2f20A (136-157)
Protein Seq Id: 27%
Loop Seq Id: 21%
JSD-DOPE: 2.7A

f model: 5¢ckrA (252-267)
Protein Seq Id: 12%
Loop Seq Id: 25%
JSD-DOPE: 0.7A

( . NGK: 3.4A NGK: 2.2A
N E,‘gf-;_;‘A PS2: 6.2A PS2: 1.8A
7 T0928
g L352-T367

model: 119zC (802-825) @ Crystallographic loop
Protein Seq Id: 5% @ DaReUS-Loop

Loop Seq Id: 25% ® Rosetta NGK
JSD-DOPE: 3.5A ® GalaxyLoop-PS2

NGK: 4.2A
PS2:5.6A

Figure S1. Examples of loop modeling in CASP test sets. Illustrative examples of predicted loops
are shown (a-s) to compare DaReUS-Loop (blue) with GalaxyLoop-PS2 (orange) and Rosetta NGK (green).
The crystal structure of the loops is colored in red. The CASP targets and loop residues are reported. In
addition, the percentage of sequence identity between the best candidates selected by DaReUS-Loop and
targets are shown, over both the loops and entire protein sequences. In addition, the flanked RMSD values
are reported for the predictions of every model.
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