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Δ𝐸𝑡𝑜𝑡𝑎𝑙

𝑤𝑖 𝐸𝑖

Θ𝑖 𝑎𝑎𝑖

Δ𝐸𝑡𝑜𝑡𝑎𝑙 =  ∑ 𝑤𝑖𝐸𝑖(Θ𝑖, 𝑎𝑎𝑖)
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PDB Accession Code Resolution (Å) Enzyme Name Parent Domain Insert Domain Catalytic Residues

1WM1 2.1 Serratia marcescens prolyl aminopeptidase
4 - 135                  

247 - 316
144 - 238 S113, H296, D268, E232, E204

2WUF 1.9 Mycobacterium tuberculosis 2-hydroxy-6-oxo-6-phenylhexa-2,4-dienoate hydrolase
7 - 144                  

219 - 288
153 - 210 W270, N113, N54, R192

3ANS 1.98 Homo sapiens epoxide hydrolase
232 - 363                  

479 - 545
372 - 470 D104, H524, D496, Y466, Y383

3B12 1.2 Burkholderia sp. FA1 fluoroacetate dehalogenase
1 - 130                  

235 - 294
139 - 226 D104, H271, D128, W150, Y149

3GZJ 2.19 Rauvolfia serpentina polyneuridine-aldehyde esterase
10 - 112                  

202 - 263
121 - 193 S87, H244*, D216, Y123

aIndicates residue mutated back to WT.

Table 1. Benchmark set of two-domain protein complexes.
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Lowest Insert Domain RMSD (Å) Lowest Loop Pair RMSD (Å) Lowest Insert Domain RMSD (Å) Lowest Loop Pair RMSD (Å)

1WM1 2,086 881 1.331 0.362 0.84 1.1

2WUF 430 225 3.082 2.118 0.72 2.25

3ANS 7,899 1,435 0.747 0.510 0.89 1.96

3B12 998 437 0.637 1.220 0.86 1.62

3GZJ 10,034 3,153 2.180 0.540 1.197 0.68

Number of Unique HitsNumber of Hits
                         After Loop Closure                                                  Before Loop Closure                         

PDB Accession Code

Table 2. Benchmark results for native domain combinations.



α

PDB Accession Code N2 N5 RMSDbest RMSDscore FNatbest FNatscore Rankcatres

1WM1 1 5 1.46 (0.84) 2.35 34.04% (42.00%) 30.19% 1

2WUF 1 4 1.29 (0.72) 2.6 25.49% (39.58%) 22.81% 681

3ANS 2 5 1.38 (0.89) 2.8 25.00% (36.73%) 21.15% 7

3B12 5 5 0.88 (0.86) 1.02 37.50% (37.50%) 30.43% 1

3GZJ 0 3 3.612 (1.197) 5.537 35.71% (35.71%) 35.71% 3

N2, number of the five top-scoring decoy structures that have insert domain placements less than 2Å from the native insert domain placement; N5,

number of the five top-scoring decoy structures that have insert domain placements less than 5Å from the native insert domain placement; RMSDbest, 

RMSD between the insert domain of the lowest-rmsd decoy within the five top-scoring decoys and the native insert domain; number in parenthesis is the

lowest RMSD among all decoys; RMSDscore , RMSD between the insert domain of the top-scoring decoy and the native insert domain; FNatbest, frequency 

of native amino acids at designed positions in the decoy with the highest FNat of the five top-scoring decoys; number in parenthesis is the highest FNat

among all decoys; FNatscore , frequency of native amino acids at designed positions in the top-scoring decoy; Rankcatres, the rank of the lowest-energy

decoy among all decoys sorted by total score that has all catalytic residues placed at native positions.

Table 3. Quantification of funnel-shaped distributions found in Figure 3.
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Parent Domain 

Interface Energy
CST Energy

CST Energy + 5*Parent 

Domain Interface Energy

1WM1 1WM1 2,086 881 55 2,508 2 (4.17) 2 (4.77) 1 (4.77)

2WUF 1WM1 15,249 3,016 422 2,680 5 108 115

3ANS 1WM1 4,436 1,403 175 703 8 1 14

3B12 1WM1 10,269 3,307 450 688 1 103 36

3GZJ 1WM1 7,781 2,066 263 2,185 20 113 113

1WM1 2WUF 3,233 1,303 518 1,785 3 35 18

2WUF 2WUF 430 225 214 2,137 1 (7.20) 1 (18.95) 1 (7.20)

3ANS 2WUF 1,492 699 311 675 13 31 13

3B12 2WUF 1,171 582 187 465 28 26 33

3GZJ 2WUF 3,008 1,194 466 3,510 17 42 17

1WM1 3ANS 16,411 4,321 143 1,170 20 1 3

2WUF 3ANS 2,595 1,429 119 255 85 42 60

3ANS 3ANS 7,899 1,435 359 1,317 1 (2.64) 2 (19.98) 1 (19.98)

3B12 3ANS 3,220 1,672 40 225 11 6 4

3GZJ 3ANS 20,572 4,239 171 1,675 7 3 2

1WM1 3B12 1,809 968 77 72 1 1 1

2WUF 3B12 24,553 3,130 368 838 2 11 17

3ANS 3B12 861 504 17 62 165 77 62

3B12 3B12 998 437 78 301 3 (9.8) 2 (3.11) 2 (3.11)

3GZJ 3B12 1,331 640 19 12 237 64 66

1WM1 3GZJ 16,255 4,586 442 1,661 24 4 5

2WUF 3GZJ 15,108 4,128 417 2,400 27 7 11

3ANS 3GZJ 10,393 2,959 160 882 7 34 43

3B12 3GZJ 18,206 5,222 446 938 8 9 14

3GZJ 3GZJ 10,034 3,153 535 3,236 1 (15.117) 1 (17.983) 1 (6.783)

Table 4. Results of combining each insert domain with each parent domain.

Number of 

Closed 

Structures After 

KIC

Rank of Lowest Energy Structure (RMSD if native)

Native PDB ID of 

Insert Domain

Native PDB ID of 

Parent Domain
Number of  Hits

Number of 

Unique Hits

Number of 

Unique Matcher-

Filtered Decoys



 



α



Parent Domain 

Interface Energy
CST Energy

CST Energy + 5*Parent 

Domain Interface Energy

1WM1 1WM1 55 2,508 2 2 1

2WUF 1WM1 422 2,680 5 108 115

3ANS 1WM1 175 703 8 1 14

3B12 1WM1 450 688 1 103 36

3GZJ 1WM1 263 2,185 20 113 113

1WM1 1WM1 869 4,218 149 24 20

2WUF 1WM1 2,651 1,255 22 3 23

3ANS 1WM1 1,041 634 21 12 16

3B12 1WM1 2,638 987 2 2 3

3GZJ 1WM1 1,781 1,799 1 1 1

1WM1 1WM1 553 658 13 8 1

2WUF 1WM1 3,204 1,149 113 4 13

3ANS 1WM1 1,140 309 74 2 12

3B12 1WM1 3,160 549 128 1 38

3GZJ 1WM1 1,964 1,600 1 16 41

1WM1 1WM1 877 4,303 6 42 53

2WUF 1WM1 2,818 1,050 17 2 1

3ANS 1WM1 1,201 961 5 4 2

3B12 1WM1 2,916 793 1 17 79

3GZJ 1WM1 1,884 1,874 4 1 3

Number of 

Unique Matcher 

Results

Number of 

Closed 

Structures After 

KIC

1 (Residue 204)

Table 5. Effect of decreasing number of catalytic residue constraints originating from the insert domain on 

rank of native insert-parent domain combination.

Rank of Lowest Energy Structure

2

1 (Residue 232)

Number of Insert 

Domain Catalytic 

Residues

0

Native PDB ID of 

Insert Domain

Native PDB ID of 

Parent Domain



 



 

Molten Region = 4 Molten Region = 2 Molten Region = 0

1WM1 1.33 1.33 1.33

2WUF 3.08 3.04 4.25

3ANS 0.75 0.33 0.33

3B12 0.64 0.82 1.15

3GZJ 1.71 1.71 0.58

Lowest Insert Domain RMSD (Before Loop Closure)
PDB Accession Code

Table 6. Effect of decreasing the molten region on lowest insert 

domain RMSD in the benchmark set.
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Parent Domain Insert Domain

1FCF 287 84 28

1CJC 222 217 35

1EDQ 459 65 56

1IZ0 120 154 48

1L6J 222 167 18

1NPX 315 115 66

1UJ4 140 65 26

1VHO 231 66 14

1HKU 132 183 10

1QMH 235 87 34

PDB Accession Code
Total Number of Residues: Number of Residues at 

Parent/Insert Interface

Table S2: Subset of 10 PDBs from the Gray set.
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𝐸𝑖(𝑛𝑜𝑟𝑚) =  (𝐸𝑖 − 𝐸𝑚𝑖𝑛) 𝐸95𝑡ℎ − 𝐸5𝑡ℎ⁄

 

𝐵 =  
∑ (∑ 𝑑𝑖𝑗𝑃𝑖𝑖 ∑ 𝑃𝑖𝑖⁄𝑗 )

𝑁𝑗

𝑃𝑖 =  𝑒−𝛽𝐸𝑖(𝑛𝑜𝑟𝑚)
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https://codereview.stackexchange.com/questions/65031/creating-a-list-containing-the-rank-of-the-elements-in-the-original-list
https://creativecommons.org/licenses/by-sa/3.0/
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