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Abstract

Many biological functions result-from the.interactions between proteins. From
sequence information,. studies—have -revealed that the interaction interfaces are
conserved in hydrophobic environments. However, structure information is still not
clear enough to differentiate interaction interfaces from protein surfaces. In this study,
we analyzed two structural properties related-to-protein dynamics: the core interface
residues are closer to the<centroid.of protein, and-the weighted contact numbers of
core interface residues are larger than that of surface residues. The results suggest that
the core interface residues are nearness to the protein centroid and in a crowded

environment.
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Introduction

Classifying residues as surface exposed and buried, based on their solvent
accessibilities, is a simple but important step towards understanding the contributions
of the residues to the structural integrity’?. Surface exposed residues are often crucial
for interactions with other proteins and play functional roles while the buried residues
contribute more towards stability of the tertiary structures®. Proteins perform their
function by interacting with: other  molecules, such .as small ligands, lipids, nucleic
acids, and other proteins®. The-recognition of protein-protein interaction sites can be
used to identify functionally important amino acid residues, facilitate experimental
efforts to catalog ‘protein interactions, enhance computational docking studies and
drug designs, as well as enable functional annotation for the growing number of
structurally resolved proteins of tinknown functions®:

Identification of the interface between interacting proteins is an important clue to
the function of a protein. In general, the problem of recognition of protein—protein
interaction sites can be cast as a classification problem, that is, each amino acid
residue is assigned to one of two classes: interacting (interfacial) or non-interacting
(non-interfacial) residues®. The experimental methods such as yeast-two-hybrid
screening, immune-precipitation assays and Foster resonance energy transfer (FRET)

have been used for detecting whether two proteins interact with each other or not>”,
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but it is still difficult to use above experimental methods to identify which residues
are in the interaction region, called interface. By analyzing the surfaces of proteins,
the interfaces can be differentiated from the surfaces of component subunits in protein
complexes.

The characteristics of interface residues have been systematically studied. Lo
Conte and Chothia et al.® have analyzed the amino acid compositions of
protein-protein complexes. They discovered the interface residues are more aliphatic
and aromatic than the rest part of protein surface. Neuvirth'et al.? noticed that polar
and hydrophobic residues are more plentiful in the.interface than the rest part of
surface. Tyr, Met, Cys, and His are favored on binding interface®. Zhou and Shan et
al.® observed that. the interface residues are apparently more-conserved than the
non-interfacial surface residues.

The protein dynamics tell us the information about how the protein moves. It is
well-known that protein dynamics is highly correlated to protein function. The
experimental measurement of the oscillations of an atom around its mean position in a
protein structure is called B-factor. The B-factor (also called crystallographic
temperature factor and Debye-Waller factor) in protein X-ray structures is an
experimental evidence to protein structure dynamics and is closely related to the

number of non-covalent neighboring atoms®*. The Neuvirth et al.® analyzed the



B-factor of proteins in free form and revealed that the B-factor of interface is slightly
lower than that of the surface in the unbound state®. This result is consistent with the
finding that an interfacial surface region is less flexible than the rest of the protein
surface in unbound state™.

The protein dynamics are usually calculated by mechanical models. Molecular
dynamics (MD) simulation is one of the most famous mechanical models used to
describe protein flexibility. Molecular dynamics computes the movements of proteins
based on bond stretching, bond angle bending, bond. twisting, van der Waals and

electrostatic interaction™>*°

. The-main drawback of MD simulation is its high
computational cost’®*". Several prediction methods for protein dynamics elaborated
based on protein structures overcame this limitation. For example; the centroid model
(CM)®® and weighted contact. number model (WCN)™ developed by our group. The
CM computes protein dynamics directly from the protein geometrical shape. The CM
method is based on the observation that the deeper an atom is buried inside a protein
structure, the less it will fluctuate around its equilibrium position'®. The CM only
computes the coordinates of Ca atoms and plainly defines the center of mass of a
protein. The distance square between the Co atoms to the center of mass of the

protein is accordant to the thermal fluctuation. The atomic fluctuation is in fact

linearly related to the square of the atomic distance from the center of mass of the



protein'®. The weighted contact number model (WCN) calculates the number of
neighbor atoms which is weighted by inverse distance between two atoms of each pair.
The WCN computes protein dynamics from the protein packing. If an atom is more
crowded in a protein structure, the less it will fluctuate around its equilibrium
position™®. We use the CM and WCN to analysis the differences between interfaces
and the rest part of the surfaces. We applied the two methods to protein-protein
complexes and found the correlation between protein dynamics and interface residues.
In the work presented here, the distance to the protein centroid and the weighted
contact number were analyzed for-both interfaces and surfaces. These two structural

properties may give new sights on the comprehension of protein-protein interactions.



Materials and Methods

We use the ProMate database and ZW databases to analyze the components of
protein interface residues and surface residues. And we have further defined the
interface residues as core interface residues and peripheral interface residues. Core
interface develops the center region of interface and peripheral interface contrasts the
rim area of interface. The core interface and peripheral interface together form the
interface. We analysis the components and tendencies of core interface and peripheral

interface.

ProMate database

ProMate database’  contains. 57 protein-protein interaction structures. The
database consists of both the unbound and bound states for transient protein-protein
hetero-dimers derived from the PDB. The unbound and bound states of proteins
were determined by X-ray crystallography or NMR. The ProMate database has 42
X-ray structures protein structures in unbound form.

The ProMate database was extracted from a database of 92 bound monomers
longer than 85 AA. The combinatorial extension method (CE)** was prosecuted to
find each possible pair of monomers and one of them would be executed from

ProMate dataset. The highest sequence identity according to CE is 19.3%.
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The unbound structures were then derived from the bound structures. 57
monomers in bound form were found to have a highly homologous unbound form in

the PDB? by using BLAST??, with more than 70% sequence identity.

Z\W database

The ZW dataset contains 101 transient protein-protein complexes. The 101
transient protein-protein complexes-were retrieved.from the Zhiping Weng’s transient
databases. The Zhiping. Weng group had collected. 212" non-redundant transient
hetero-dimeric X-ray structures of protein-protein interactions®*:

To obtain data for hetero-dimers, the Zhiping Weng group only kept the records
of X-ray structures_ better than 3.25 A “and all the chains in the database are longer
than 25 amino acids.  They eliminated all homomeric records using the
BLASTCLUST algorithm®. A homomeric record was defined which all chains have
85% sequence identity to each other and at least 50% of the sequence was aligned. To
receive a non-redundant database of protein complexes, they used pairwise BLAST?
to check each pair of all chains in the database and deleted one complex of the pair
with 25% sequence identity.

And we have further used global sequence alignment to check each pair of each

chain in the database and removed one complex of the pair with 25% sequence



identity. We remained 101 transient protein-protein complexes in the ZW database.

Surface and interface definition

We took the bound state complexes apart and treated the subunits as the unbound
state of complexes. After clarifying the corresponding residues between unbound state
and bound state for protein-protein complexes, we explored the surface residues and
interface residues.

The accessibility(%) plays an important role in definition of surface and interface.
Accessibility(%) is presented as

22 100% 1)

Accessibility; (%) = .

Accessibility(%) of the i-th residue, Accessibility;(%), is defined as the ratio of the
solvent exposed surface area.of the i-th residue. SA; is'the solvent exposed surface
area of the i-th residue and Standard SA;is the standard value of the solvent exposed
surface area for this kind of amino acid®®. We use the DSSP program?’ to calculate
exposed surface areas in unbound state and bound state of protein-protein complexes.
We defined the surface residue based on the accessibility(%) in unbound state and the
interface residue based on the delta accessibility(%) upon complex formation®®. A
residue was categorized as a surface residue if its accessibility(%) in free form is

larger than 0. An interface residue is defined as the residue having lost accessibility(%)



upon complex formation. And we further separated interfaces as core interfaces and

peripheral interfaces based on the accessibilities(%) in bound state. If an interface

residue has the accessibility(%) in the complex smaller than or equal to 5, it is a core

interface residue, else it is a peripheral interface residue. An interface residue is taken

as either a core interface residue or a peripheral interface residue. The definition of

surface, interface, core interface and peripheral interface are showed in Figure

1~Figure 3, and one example is pictured'in Figure 4.

Amino acid components

We have calculated the amino acid propensities using the following equations:

Occurence Tqrget

(2)

Propensityr,, gt = o "
Where Propensityrqyger 1S.the amino acid type propensity of the target residues.

Occurencergrger , Occurences,yrqce  are the"amino acid type occurrences of the

target residues and the surface residues.

Secondary structure definition
The secondary structure is defined by DSSP?’ program. DSSP recognizes eight
types of secondary structure, depending on the pattern of hydrogen bonds and 3D

protein structures. The eight classes of secondary structures are defined in DSSP:



H: a-helix
B: residue in isolated p-bridge
E: extended strand, participates in 3 ladder
G: 3/10 helix
I: m-helix
T: hydrogen bonded turn
S: bend
U: undefined
These eight types are usually grouped into three larger. classes. helix (G,H, and 1),

strand (E and B), and loop (all others).

Centroid Model (CM)
Let Xo be the center of mass of the protein, which is express as
Xo = 2k muXi/ i my, 3
Where my and X are the mass and the crystallographic position of Co atom Kk,
respectively. The distance of the Ca atom i from the center of mass of the protein is
expressed as
= (X = Xo) (X = Xo) 4)

Where Xi and X, are the center of mass of the Co atom i and the protein. Each protein



of size N has the square distance of each Ca atom given by (7%, ...,1;2). The r?
profile is closely related to the thermal B-factor, which is given as
8r?
B; = ()(6X0X;) ()
The centroid model suggest the following interesting relation,
(6X;6X)~(X; — Xo)(X; — Xo) (6)
And equation (5) and (6) suggests that the fluctuation of a residue is usually

proportional to the distance between center of mass and its position.

Weighted Contact-Number model (WCN)
When the neighboring contact number of anatom is larger, the fluctuation of the
atom will be smaller-\We can define WCN model as
P =20 (1/ry?) (7
The equation (7) defines V;, the number of Cer atoms which surround the it* residue.

2

The influence of atom j to the atom i is attenuated by the factor 1/7;. rj is the

distance between Co atoms of residues i and j.

Z-score
On the mission to compare the results, we would normalize the ;2 of CM and
V; of WCN to z-scores as

10



Zy; = (xi - JZ)/O-x

(8)

X is the mean of x and is the standard deviation of x, where the x; represents

the ;2 of CM and v; of WCN.

Two-sample t-test

To compare the differences between interfaces and the rest part of the surfaces,

we use the two-sample t-test.

©)

Where x and y are the sample-means, s, and s, are the sample standard deviations,

and m and n are the sample sizes of the two groups. When a t is determined, a p-value

could be decided from the Student’s t-distribution table. If the p-value is lower than

0.05, the two sample have differences.

11



Results and Discussions

Amino acid components

The amino acid distributions of core interfaces, peripheral interfaces and
interfaces could give a general indication of relative importance of different amino
acids. Percentage frequencies and propensities of amino acids were calculated for
each amino acid type and the results were illustrated in Figure 5~10.

Cys, Trp, His, Met, lle are the most-dominant.amino acid types in the core
interface in the ProMate database and Cys; Trp, Phe, Tyr; and Leu are the most
abundant amino acids in the core-interface in the ZW dataset. Arg, Asp, Glu, GIn, and
Asn are the most dominant amino acids-in the peripheral interfaces in the ProMate
database. Arg, Glu, Lys, His and-Glu are the most dominant amino acids in the
peripheral interfaces in the ZW. database. We could observed that the core interface
prefers polar, uncharged and aromatic amino acids whereas the peripheral interface

likes charged residues.

Secondary structure constituents
The occurrences of secondary structures are represented in Figure 11~13. The
rigid secondary structures, helices and strands, are preferred in the core interfaces

compared with surfaces and the flexible secondary structures, loops, are unfavorable

12



in the core interfaces contract to surfaces. The flexible secondary structures, loops, are
preferred in the peripheral interfaces compared with surfaces and the rigid secondary
structures, helices and strands, are unfavorable in the peripheral interfaces contract to

surfaces.

Accessibilities and delta accessibilities

The accessibility distributions.inwunbound state are pictured in Figure 14~16. The
accessibilities of core interfaces are lower than that of surfaces and the accessibilities
of peripheral interfaces are higherthan that of surfaces. The analysis of accessibilities
revealed that the peripheral interfaces are significantly more accessible than the rest of
surfaces.

The delta accessibilities.in complexation are pictured in Figure 17~18. There is
no difference of delta accessibility distributions between core interfaces, peripheral

interfaces, and interfaces.

Evolutionary conservation

It is interesting to research the conservation degree of proteins if the
protein-protein interactions play important part in function. We measured the
conservation grades using the ConSurf database®. The conservation score of a residue

13



corresponds to its evolutionary rate. The residues evolve slowly are directed to be
conserved residues. The lower the conservation score obtained from ConSurf, the
higher the conservation degree the residue has.

We could see that the conservation scores are much lower in the core interfaces
in Figure 19. The p-values between core interfaces and surfaces in the ProMate
database and the ZW database are both 0.00. Figure 20 represents that there is no
difference between the conservation scores of peripheral interface and surface. The
p-values between peripheral interfaces and surfaces in.the ProMate database and the
ZW database are 2.39x 107 -and-5.30_x 10 sequentially. Figure 21 shows the
tendencies of conservation scores of interface and surfaces. We could see that the
conservation scores.are lower in the interfaces than that in the surfaces. The p-values
of conservation scores‘of the ProMate database, the ZW. database are 1.33 x 10,
1.66x 10™ sequentially. The ‘analysis of conservation scores revealed that the core
interfaces play important roles in protein-protein interactions and the core interfaces

are more conserved than the rest part of surfaces.

B-factors
The X-ray crystallization structures from Protein Data Bank offer the B-factor
information for each residue in proteins. The B-factors are the oscillations gained by

14



experiments and related to protein structure dynamics. The higher the B-factor the
residue has, the more flexible the residue is.

We analyzed the B-factor distributions in unbound form of the ProMate database.
We used the EMBOSS Pairwise Alignment Algorithm™® to search for regions of local
similarity and homologous residues between the two sequences of unbound state and
bound state for protein-protein complexes. We found that the B-factors in unbound
form of core interfaces are significantly lower than that of surfaces (Figure 22) and
the t-test comparing coretinterfaces and surfaces gave a p-value of 1.07 x 10°. The
B-factors in unbound form of peripheral interfaces are. slightly higher than that of
surfaces (Figure 23) and the p-value is 1.31 x 10™°. The B-factors of interfaces have
no difference with that of surfaces (Figure 24) and the p-valuesis 3.97 x 102 We
could notice greatly dissimilarity between core interface and surfaces. We could
observed from the B-factor presences that the core interfaces are more rigid than the
surfaces and the peripheral interfaces are slightly elastic than the surfaces in unbound
state.

Figure 31 depicts the protein structure of pdbid 1tmqg. We could exam the
B-factors of core interface and peripheral interfaces of the chain A of 1tmq in the
upper figure. The B-factors of 1tmgA were obtained from the homologous protein of
1tmgA, 1ljae_. The red color represents high B-factor values and the blue color

15



expresses low B-factor values respectively. We could contract the upper and lower
figures and perceive that the B-factors of core interfaces are much lower than that of

the rest of the surfaces.

Centroid Model (CM)

The centroid model (CM) only computes the distance square between each Ca
atom to the center of mass of the protein. The CM method is based on the observation
that the deeper an atom-is buried inside a protein structure, the less it will fluctuate
around its equilibrium position.

We measured.the CM distributions of protein-protein interactions in unbound
state. The CM of the.core interfaces is significantly lower than the CM of the surfaces
in unbound form (Figure 25) and the p-values of ProMate database, ZW database both
are 0.00. The CM of the peripheral interfaces is lightly higher than the CM of the
surfaces in unbound form (Figure 26) and the p-values of ProMate database, ZW
database are 2.77 x 10° and 0.00. The CM distributions have no significant
difference between the interfaces and the surfaces (Figure 27). The two sample t-test
gave p-values between the interfaces and surfaces of the two databases with 3.16 x
10, 2.70 x 10™ The core interfaces are close to the center of mass of protein
structures in the unbound state. The distances between peripheral interfaces and the

16



center of mass of protein structures are slightly longer than that between surfaces and
the center of mass of protein structures.

Visualization of the example of CM model was described in Figure 32. The
average distance between surfaces and the center of mass of 1tmgA is 22.62 A. The
distance between the core interface residue, W56, and the center of mass is 16.79 A .
The distance between the peripheral interface residue, E229, and the center of mass is

24.62 A . The distances of the core interfaces areshorter than that of the surfaces.

Weighted Contact Number model (WCN)

The weighted. contact number model (WCN) estimates protein dynamics by
calculating the protein packing denseness. The WCN model computes the number of
neighboring atoms which_is weighted by inverse distance between two atoms of each
pair. The WCN is based on that the more-crowded an atom is around its environment
in a protein structure, the less it will swing around its equilibrium position.

Examining Figure 28 reveals that core interfaces have much higher WCN than
the whole surfaces. The two sample t-test contrast the core interfaces and the whole
surfaces and gave both p-values of 0.00 in the ProMate database and the ZW database.
Figure 29 shows that peripheral interfaces have much lower WCN than the whole
surfaces. The two sample t-test contrast the peripheral interfaces and the whole

17



surfaces and gave both p-values of 0.00 in the ProMate database and the ZW database.
Observing Figure 30 reveals that the interfaces have lower WCN than the whole
surfaces. The two sample t-test contrast the interfaces and the whole surfaces and
gave p-values of 7.54 x 10™, 0.00 individually in the ProMate database, the ZW
database. The core interfaces have high packing densities and the peripheral interfaces
have low packing densities in unbound state.

We could also observe from Figure 33 that the core interfaces are sunken on the
surface and the peripheral interfaces are protruding on the surface. The example of
Figure 33 agrees with the results-of WCN model. It shows that core interface is in a

crowded environment and the peripheral interface is not.

Summary

The results of B-factors, WCN, CM suggest that the core interfaces are rigid and
the peripheral interfaces are plastic on the surface. The analysis of protein secondary
structures also supports the dynamic observations. The evolutionary conservation
measurements exposed that the core interfaces are more conserved in the surface
whereas the peripheral interfaces are not. It means the core interfaces play important
role in protein-protein interactions.

By observing the tendencies of core interfaces, we revealed the important sites in
18



protein-protein interaction are rigid. And we could further use these structure

tendencies to predict protein-protein interfaces in the future.
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(A)

(B)

Figure 4. Visualization of the core interface and the peripheral interface (PDB
entry 1tmq) (A) Chain A and chain B. (B) Chain A only. Visual graphics tool
Pymol was used to visualize the core interface and peripheral interface of 1tmgA. The
chain A was shown in gray and chain B was shown in yellow. The core interface and
the peripheral interface of chain A were emphasized in red and cyan independently.
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Figure 5. Comparison of the amino acid distributions between core interfaces and
surfaces in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 6. The amino acid propensities of core interfaces in unbound state of (A) the

ProMate database (B) the ZW database.
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Figure 7. Comparison of the amino acid distributions between peripheral interfaces
and surfaces in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 8. The amino acid propensities of peripheral interfaces in unbound state of (A)

the ProMate database (B) the ZW database.
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Figure 9. Comparison of the amino acid distributions between interfaces and surfaces
in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 11. Comparison of the secondary structure distributions between core

interfaces and surfaces in unbound state of (A) the ProMate database (B) the ZW

database.



70 ~

Occurence (%)

helix strand loop

Secondary Structure

H Peripheral Interface & Surface

(A)
S
3
S
5
3
(@]
helix strand loop
Secondary Structure
M Peripheral Interface M Surface
(B)

Figure 12. Comparison of the secondary structure distributions between peripheral

interfaces and surfaces in unbound state of (A) the ProMate database (B) the ZW

database.
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Figure 13. Comparison of the secondary structure distributions between interfaces and
surfaces in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 14. Comparison of the distributions of solvent accessibility between core

interfaces and surfaces in unbound state of (A) the ProMate database (B) the ZW

database.
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Figure 15. Comparison of the distributions of solvent accessibility between peripheral

interfaces and surfaces in unbound state of (A) the ProMate database (B) the ZW

database.
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Figure 16. Comparison of the distributions of solvent accessibility between interfaces
and surfaces in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 17. Comparison of the distributions of accessibility change between core

interfaces and interfaces in complexation of (A) the ProMate database (B) the ZW

database.
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Figure 18. Comparison of the distributions of accessibility change between peripheral

interfaces and interfaces in complexation of (A) the ProMate database (B) the ZW

database.
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Figure 19. Comparison of the distributions of amino acid conservation scores between

core interfaces and surfaces in unbound state of (A) the ProMate database (B) the ZW

database.
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Figure 20. Comparison of the distributions of amino acid conservation scores between

peripheral interfaces and surfaces in unbound state of (A) the ProMate database (B)

the ZW database.
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Figure 21. Comparison of the distributions of amino acid conservation scores between

interfaces and surfaces in unbound state of (A) the ProMate database (B) the ZW

database.
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Figure 25. Comparison of the CM distributions between core interfaces and surfaces
in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 26. Comparison of the CM distributions between peripheral interfaces and
surfaces in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 27. Comparison of the CM distributions between interfaces and surfaces in
unbound state of (A) the ProMate database (B) the ZW database.
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Figure 28. Comparison of the WCN distributions between core interfaces and surfaces
in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 29. Comparison of the WCN distributions between peripheral interfaces and
surfaces in unbound state of (A) the ProMate database (B) the ZW database.
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Figure 30. Comparison of the WCN distributions between interfaces and surfaces in
unbound state of (A) the ProMate database (B) the ZW database.
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(A)

(B)

Figure 31. Visualization of the B-factor of the core interface and the peripheral

interface (PDB entry 1tmq) (A) The chain A of 1tmq was colored by B-factors. (B)

The chain A of 1tmq was colored in gray. The core interface and the peripheral

interface were highlighted in red and cyan independently.
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mass was 16.79 A. The distance of th

center of mass was 24.62 A .

entry: 1tmgA) The

e peripheral interface residue, E229, and the
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Appendix

Homologous | Equivalent Homologous | Equivalent Homologous | Equivalent
monomer bound monomer bound monomer bound
1al19A 1brsD leza_ 3ezaA 1pne_ 1hluP
la2pA 1brsA leztA lagrE 1poh 1ggrB
labe 1bi7B 1f00l 1021 1ppp_ 1stfE
lacl_ 1fssA 1f5wA 1lkacB 1qgrA 1bmiIC
1lag6 2pcfA 1kl 1b6cA lrgp_ lam4A
laje lam4D 1flzA leuiA 1selA 1cseE
lajw_ 1ccOE 1fvhA 1dnlA lvin_ 1finB
laueA 1fapB 1g4kA lueaA lwer_ 1wqlG
lavu_ lavwB 1gc7A leflA Ixpb_ ljtgA
laye_ 1dtdA 1gnc_. 1cd9A 2bnh_ ladyA
1bleA ladyB 1hh8A 1e96B 2cpl_ lak4A
1bip_ 1tmgB 1hplA lethA 2f3gA 1ggrA
lctm_ 2pcfB 1hu8A lycsA 2nef. lavzB
lcto 1cd9B liob_ litbA 2rgf 1IfdA
lcye leayA 1j6zA 1cOfA 3ssi_ 2sicl
1dOnA 1cOfS ljae_ 1tmgA 6eep 2pcbA
1d2bA lueaB 1lba laroL 1jtgB
lekxA 1d09A 1nobA 1lkacA
1ex3A 1cgiE 1nos 1nocA
lez3A 1dn1B Ipco_ lethB

Tablel. List of proteins of ProMate database
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2prg B:C lebd AB:C 190y I:R
1h59 A:B le6e A:B lijk A:BC
1c4z A:D 1lgag A:B 1n2c AB:EF
levt A:C 1f80 A:E 1mah A:F
1dnl A:B 1stf E:I 1gcq B:C
Ixdt R:T 1f02 I.T Iwww VW:X
1t7p A:B 2btc E:I lim A:B
1go4 A:G 1gh6 A:B 1kgy A:E
1i85 B:D 1rlb ABCD:E lcly A:B
ljma A:B laro L:P 1914 A:B
lkac A:B lak4 A:D 1d2z A:B
1gcl C.G 1li3o ABCD:E 3ygs C:P
1f51 AB:E latn A:D 1lcs4 AB:C
1kmi Y:Z 1dkg AB:D lefu A:B
7cei A:B 1b6c A:B 3sgb E:l
lbvn P:T 1go0 A:DE 1fqv A:B
1gkz A:HL lughE:l 1k3z AB:D
1dpj A:B 1df9 B:C 1mdu A:L
1f83 A:BC ljiw I:P Im20 AC:B
1fak HL:T 1f93 AB:EF Imbu A:C
1jw9 B:D lnoc A:B 1fc2 C:D
1jtd A:B lhwg A:BC 1ml0A:D
1d5x A:C 1fg9 AB:C 1gvn AC:B
lide A:B lebp A:CD 1lo6s A:B
libl AB:E 1du3 A:DEF 1h2k A:S
2pcc AB leuv A:B 1mle A:B
1f3v A:B 1de4 CF:A 1094 AB:CD
1lpb A:B 1ghg A:B Inf5 A:B
lay7 A:B 1flt VW:X 1gzs A:B
1kkl ABC:H 1gxd A:C Inbf A:D
ldev A:B lycs A:B Imrl A:D
1100 AB:C LglaF:G

1dfj E:l 2sic E:l

1gdy B:R ljsu AB:C

ljch A:B 1is8 ABEJCIDHGF:KLOMN

Table2. List of proteins of ZW database
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