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Iterative Method for Multiple Structure Superposition
of Proteins with Missing Data
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Abstract The main problem in three-dimensional protein superposition is that some amino acid residues
are missing in the superimposed target protein structures. However most multiple structure superposition
methods require the complete amino acid sequence. Current superposition methods deal with this problem
usually by excluding amino acid sequence from the proteins which leads to inaccurate results. Due to the
similarity of the homologous protein structures one structure of a protein may omit a region that is present
in another structure of the same protein. In this paper we propose a noval simple and effective method
( ITEMDM) for superpositioning multiple proteins with missing data. This method uses the idea of the
iterative of missing data to compute the protein superposition problem. The rotation matrix and the
translation vector are obtained by using the optimized least squares algorithm combined with matrix SVD
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decomposition method. We successfully superimpose the cytochrome C family and the standard Fischer’ s
database ( 67 pairs of proteins) by using ITEMDM method and compare them with other methods.
Numerical experiments show that our algorithm has the following advantages: 1) The operation time is
faster and the iterations” number is smaller when compared with the THESEUS algorithm. 2) The result
is more accurate and the operation time is smaller than PSSM algorithm. The results show that ITEMDM
can superimpose the three-dimensional structures of the protein with missing data.

Key words structure superposition; structure alignment; iterative algorithm; missing data
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Fig.1 Protein structures and positions before and after superposition by using iterative of missing data method for 10
cytochrome C proteins (A) Protein structures before superposition. ( B) Protein structures after superposition by using iterative
of missing data method( ITEMDM) . The method used the idea of the iterative of missing data to compute the protein superposition
problem. The rotation matrix and the translation vector were obtained by using the optimized least squares algorithm combined with
matrix SVD decomposition method
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Table 1 The comparison of iterative method with THESEUS for the same error

Proteins names ITEMDM time THESEUS time ITEMDM ite THESEUS ite
dlcih and dllfma 5.4 ms 10 ms 7 37
d2pcebb and d1lfma 4.7 ms 10 ms 4 17
dlcih and d2pcbb 3.6 ms 10 ms 6 27
d2pcebb and dlcih 5.4 ms 10 ms 8 27

ite: number of iterations

Table 2 The comparison of iterative method with PSSM method for missing data

Structure name Time ( ) RMSD ( A)
id1(size) —id2( size) ITEMDM PSSM ITEMDM PSSM
dlcih (108) —dllfma (103) 0. 009 0.3 0.5 0.6
dlcih (108) —d2pebb ( 104) 0.027 9.4 0.7 0.8
dlcih (108) —d1m60a (104) 0. 076 21.5 1.1 1.2
d2pcbb (104) —dIm60a ( 104) 0.097 7.4 1.2 1.3
dleih (108) —dlkyow ( 108) 0.022 3.8 0.6 0.7

Table 3 The comparison of iterative method with PSSM method for missing data

Structure name Time () RMSD ( A)
id1( size) —id2( size) ITEMDM PSSM ITEMDM PSSM
dlcih(835) —dlerj( 847) 0. 089 1.9 0.5 0.5
dlcih(835) —dlesu( 846) 0.079 1.9 0.5 0.5
dlcih(835) —dlesx( 846) 0.092 2.2 0.4 0.6
dlcih( 835) —dlyeh(847) 0. 088 2.9 0.8 0.8
dlcih(835) —dlu74d(847) 1. 642 495.7 1.0 2.0
Fig.2
o Fig. 2A dlcih RMSD
d11lfma Fig. 2B dlcih d11lfma 0
o Fig.2C  d2pcbb  dlu74d
Fig.2D  d2pcbb  dlu74d o
2.4 Fischer’ s
Table 4 Fischer’ s THESEUS o
(67 ) RMSD PSSM PSSM
Table 4 N N o 1)
RMSD PSSM RMSD o 2) o 3)

o PSSM o
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Fig.2 Protein structures and positions before and after superposition by using iterative of missing data method for

two sets

(A) Protein structures before superposition for dlcih and dllfma. ( B) Protein structures after superposition by

using iterative of missing data method for dlcih and dllfma. ( C) Protein structures before superposition for d2pcbb and

dlu74d. (D) Protein structures after superposition by using iterative of missing data method for d2pcbb and d1u74d. The

method used the idea of the iterative of missing data to compute the protein superposition problem. The rotation matrix and the

translation vector were obtained by using the optimized least squares algorithm combined with matrix SVD decomposition method

Table 4 The RMSD of pairwise superposition with PSSM for Fischer’ s dataset ( 67 pairs)

. _ ‘ . RMSD ( A)
PDB-dl (size) —— PDB-d2 ( size) -
PSSM ITEMDM

Imde ( 133) - life (131) 1.7 0.9
Inpx (447) - 3grs (461) 2.8 1.6
lonc (103) - Trsa (124) 1.9 1.0
losa ( 148) - 4cpv (108) 4.1 2.2
Ipfe (111) = 3hlab (99) 2.4 1.3
2emd (312) -~ 6ldh (329) 2.4 2.2
2pna ( 104) - 1shaa (103) 2.7 1.8
1bbha (262) - 2cceya (127) 3.2 2.9
1c2ra ( 116) - lyce (108) 2.9 1.7
1chra ( 370) - 2mnr (357) 1.7 1.0
ldxtb (147) = Thbg ( 147) 1.9 1.2
2bjl (213) - 8fabb (214) 2.4 1.7
leky (186) -  3adk (194) 3.7 2.9
Thip (85) -  2hipa (71) 1.6 0.8
2sas ( 185) - 2scpa (348) 3.1 1.9
Ifela (206) -  2fb4h (229) 3.5 1.5
2hpda (457) -  2cpp (405) 2.8 1.5
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( Continued Table 4)

, , , , RMSD ( A)
PDB-idl (size) —— PDB-d2 ( size)
PSSM ITEMDM

laba ( 87) - lego (85) 2.8 1.9
leaf (243) - dcla (213) 2.7 2.1
2sga ( 181) - Spip (223) 2.9 1.8
2hhma (278) -  lfbpa (316) 3.2 1.8
laaj ( 105) - lpaz (120) 2.8 1.5
561 (106) - ligz (81) 2.7 1.5
lisua ( 62) - 2hipa (71) 2.7 1.9
1gal (581) - 3cox (500) 3.2 1.6
Lcaub ( 184) - lcaua (181) 3.6 3.1
Thom (68) - 11 (77) 3.3 2.0
1k (103) - 2rhe (114) 2.9 1.7
2omf ( 340) - 2por (301) 3.2 1.6
1lgaa (343) - 2cyp (293) 3.0 1.5
4shva (1199) - 2thva (287) 3.3 1.7
8ilb (146) -  4faf (124) 2.7 2.3
1hrha ( 125) - 1rnh (151) 3.1 1.8
Imup (157) - libp (174) 3.3 1.5
lepel (172) - lcola (197) 3.3 1.7
2ak3a (226) - 1gky ( 186) 3.7 1.4
latna ( 372) - latr (383) 4.1 3.5
larb (263) - Sptp (223) 3.0 1.6
2pia (321) - 1fnb (296) 2.7 1.3
3rubl (441) - 6xia (387) 4.1 3.4
2sara ( 96) - 9t (104) 2.9 1.4
3cdd (178) - 2the (114) 2.2 1.0
laep ( 153) - 256ba (106) 2.3 1.2
2mnr (357) - 4enl (436) 2.3 1.3
1ltsd ( 103) - 2xsc (69) 2.9 1.4
2gbp (309) - 2liv (344) 2.4 1.2
Ibbt (186) -  2plv (288) 4.0 3.6
2mtac ( 147) - Iyce (108) 2.3 1.1
Itaha ( 318) - ltca (317) 3.3 1.6
Ircb (1129) - 2gmfa ( 121) 3.1 2.1
Isaca (204) - 2ayh (214) 3.3 1.5
ldsba ( 188) - 2urxa (109) 2.2 1.3
Ist_ (98) - 1mola (94) 2.6 1.4
2afna (331) - laoza (552) 3.2 1.8
1fxia ( 96) - lubq (76) 2.8 1.9
1bgeb ( 159) - 2gmfa (121) 2.9 1.3
3hlab (99) - 2rhe (114) 3.2 2.7
3chy (128) - 2fox (138) 3.0 1.5
2azaa ( 129) - Ipaz ( 120) 2.8 1.1
Lcew ( 108) - lmola (94) 2.9 1.8
leid (177) = 2the (114) 3.0 1.5
lerl (534) - lede (310) 3.1 1.9
2sim ( 381) - 1nsba (1390) 3.4 2.8
lten (89) -  3hhib (195) 2.9 1.4
lte (166) -  4fef (124) 2.8 1.5
2snv ((151) - Sptp (223) 2.8 1.2
lgpla (432) - 2trxa (109) 2.7 1.9
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