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1. About NAPS

NAPS is an online portal for the construction and analysisProtein Contact Network
(PCN), also referred as Residue Interaction Network (RIN), or protein structure graph (PSG).
A protan structure can be represented as a network by providing the PDB id (or uploading
the PDB file) on the portahttp://bioinf.iiit.ac.inNAPSindex.php The snapshot of éhhome

page is shown ifigurel1.1.

NAPS Network Analysis of Protein Structures

Home

Protein Protein Complex MD Trajectories

PDB:
or

File : Browse... | No file selected.

Chain:

Network Type :

Weight :

Lower threshold(A):
Upper threshold(A):

Residue separation:

Figure 1.1: Home page ofNAPS portal.


http://bioinf.iiit.ac.in/GAPS/index.php

2. System requirement

The portal is browser independent and needs no added plugins to be installed in the browser.
On providing the PDBd (or upload PDB file), the construction of the network and other
computations are performed on the backend server and the data is sent back to the frontend
web browsers. The 3D structure of the protein, network visualization and other features are
displayed using javascript applets which are browser independent and utilize the client
resourceguser system resource3)herefore the upper limit of the structure size that can be
handled by the portal is determined by the system configuration of theFosexach page,

data transfer to/from the server is required only once while loading the page, after which all
the activities on the page are performed at the client site with no data transfer required
to/from the server. This enhances the performance sjebd portal.

The network visualization is performed using WebGL which is present in all modern
browsers. Some of the popular browsers with WebGL are:

Firefox Moxilla: Version4.0and above
Google Chrome:Version9 and above

Safari: Version6.0 andaboveinstalled on OS X Mountain Lion, Mac OS X Lion and Safari
5.1 on Mac OS X Snow Leopard.

The portal displays an error message if WebGL support is not available. If the browser
version is above the minimum required version stated above, it implies that Vieeh@hed
off in the browser. The user needs to manually enable WebGL in such a case.



3.

Network construction

The portal provides an option to constrimiiowing types ofnetwork representations of a
protein structure, depending on the type of analysjsired.

a)

b)

c)

d)

e)

C-alpha: An amino acid residue represented by thalgha atom is considered as node
in the network and an edge is constructed if the distance beawngsn ofC-alpha atoms
is within the lower and uppeéhreshold defined by the usgdefaultupper threshold= 7
A; lower threshold = @&).
i.  Unweighted All edges are considered equally important.
ii.  Weighted: Edge weighffor a Galpha weighted networis given by:
o 2
Q
whered; is the euclidean distance betweeslfha atoms af" andj™ residues.

C-beta: An amino acid residue represented by thbefa atom is considered as node in
the network and an edge is constructed if the distance bethe&betaatoms (Calpha
for GLY) is within the lower and uppehreshold defined by the usefdefault upper
threshold= 7 A; lower threshold = &).

i.  Unweighted All edges are considered equally important.
ii.  Weighted: Edge weight weighted network is givey:b
o 2
Q
whered is the euclidean distance betweeih&a atoms of" and;j" residues.

Atom pair_contact: An amino acid residue is considered as node in the network and an
edge is constructed if the distance between any pair of atorhe oégidue pair iwithin

the lower and uppehreshold defined by the usgdefaultupper threshold 5 A; lower
threshold = Q).

i.  Unweighted All edges are considered equally important.
ii.  Weighted: Edge weights given by the number of atom pairs witleutoff distance.

Centroid (centre of mass) An amino acid residue is considered as node in the network
and an edge is constructed if the distance betweatre of massf the residue pair is
within thelower and uppethreshold defined by the usdidefadt upper threshole 85

A; lower threshold = @&).

i.  Unweighted All edges are considered equally important.

ii.  Weighted: Edge weight weighted network is given by:

o P
Q
whered is the euclidean distance betwessmtre of masef i" andj" residues.

Interaction_strength: An amino acid residue is considered as node in the network and
an edge is constructed if timeraction strength between two residues is more than the
threshold defined by the user (default = 4%9) The interaction strengtdéis proposed by
Brinda and Vishveshwai@) is calculated as
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where,njj is the number of side chain atom pairs of the residaeslj within 4.5A. N;
and N; are the normalization values of the residues i and j given by Kannan and
Vishveshwargl) as shown irmable3.1.

I.  Unweighted All edges are considered equally important.
ii.  Weighted: The interaction strengthij is considered as edge \ghbt.

The choice of network type and threshold depend on the biological problem to be addressed.
The different network types and some example problems for which they have been used in
the past, are listed imable 3.2. The analysisof one protein structure as an unweighted
network is shown in sectiosi 11. The advanced options for analysis of protein complex
are provided in sectiobh2.

Long range interaction network (LIN)

A LIN is constructed by considering edges between resithatsare sequentially separated

by 10-12 residues along the protein backbdd®&l can be constructed by selecting a suitable
threshold residue separation at the home page. A range of 1 to 15 is available as threshold for
residue separation. Minimum resalgeparation of 1 is used as default, where edge is drawn
between any pair of residues satisfying the criteria of network construction, including the
adjacent residues of the protein backbone. Threshold of 2 or 3 is usually used to remove noise
in the netvork.

Table 3.1: Normalization value for amino acid residues used to construct Interaction Strength Network.

Residue Type Norm (N)
Alanine 55.7551
Arginine 93.7891
Asparagine 73.4097
Aspatrtic acid 75.1507
Cystine 54,9528
Glutamine 78.1301
Glutamic acid 18.8288
Glycine 47.3129
Histidine 83.7357
Isoleucine 67.9452
Leucine 72.2517
Lysine 69.6096
Methionine 69.2569
Phenyl alanine 93.3082




Proline 51.3310
Serine 61.3946
Threonine 63.7075
Trptophan 106.703
Tyrosine 100.719
Valine 62.3673

Table 3.2: Different network types and the purpose they are used.

Network Type | Edge weight | Purpose
Analysis of global network propertie€3, 4) Protein folding
§ . kinetics (5), Analysis of inter and intramolecular,
Co Unweighted communicationg6), Identification of proteins with similar fold
(7), Structural repeat identificatiqi@i 10)
Co Unweighted | Protein dynamic$ll)
Atom pair Unweighted | Protein fold(12)
contact Weighted Network analysis based on pgigochemical propertie€l3)
Centroid Unweighted | Protein core andxposed residue analyis4)
Isr::g%(mon Weighted Structural stability(2), Identifying sde chain clusterél)




4. Global properties

The global properties of the network are displayed in the netpraerty page along with

details of mtwork construction. This the first page shown after construction of the network.

The page can be browsed bglecting@ropertie6 o pt i on fdowmmenu bfe pul |
0Anal ysi s6 t ab . Thdsnapshot of theopgage foeam exarbpée mprotein NCR

(chain A) is shown irfFigure4.1.

The following global parameters are displayed on the network property page:

a) Nr: Number of nodes in the network. This represents the number of residues in the
protein (or complex).

b) Ne: Number ofedges in the network.
c) D: Shortest path distance between the pair of farthest nodes in the network.
d) R: Shortest path distance of the centre(s) of the network to the farthest node.
e) k: Average degree of all the nodes in the network.
f) I Average of shortest gabetween all node pairs in the network.
g) c: Clustering coefficient of the network
The following network analysis links are available on the netwookertypage:
a) View Network: Network visualization as described in section
b) Node @ntrality: Centrality aalysis as described in sectién
c) Edge centrality: Edge centrality as described in se@tion
d) Shortest path: Shortest path analysis as described in s@ction
e) k-cligue:k-cligue analysis as described in secton

f) Graph spectra: Graph spectral analysisadfacency and laplacian matrices as
described in sectiofhO.

g) Domain view: Visual analysis of mutiomain proteins as described in sectidn

The user can also select the type of analysis to be performed from taewalimenu of the
tab OAnamgnabas 6 fr om

Note: The global parameters, node centrality and edge centrality are not available if the
network has more than one connected components. A network is called one connected
component, if at least one path exists between each node pair of tloeknetw



Home

NAPS Network Analysis of Protein Structures

Network details

PDB: 1CRN
Analysis type: Single chain Global parameters
Chain: A Nodes:
Average degree: 7.61
Network type: C-alpha Eges:
Average shortest path: 2.86
Weight: unweighted Diameter: 7.00 = =
Clustering coefficient: 0.55
Lower threshold: 0 A Radius:  4.00

Upper threshold: 7 A
Residue separation: 1

Figure 4.1: Properties of the Network.

Network Analysis

| View Network || Domain View |

| MNode Centrality || Edge Centrality |

Shortest path
Graph spectra

The download option on the menu bar of this page provides an option to download:

a) Global parameters in a text file.

b) Edgelist file.



5. Network visualization

The netvork view page is dedicated to different options for visualizing the network along

with the three dimensional structure of the prot&ime network view page can be accessed
from other anal ysis pages by sel edhei3ddg OVi
strudure of the protein is shown using open source javascript based, dohetl(15). There

arefour types ofvisualization options availabla NAPS

a) 3D structural view

The 3D structure fothe protein is shown using open soujaeascript based applet, JSmol
(15).

b) Network View

Depending on the type of network construction chosen, a 3D graphicalsvéeawn in the
left panel To correlate the network to the protein structdine,nodesare plotted using the
actual coordinates of thepresentativetoms(C-alpha/Cbeta/centroidpf the corresponding

residuesin the PDB file The view page witmetwork view and3D structureview of the
protein1CRN (chain A)s shown inFigure5.1.

NAPS Visual Analysis
NAPS  Home View A He Dow

View: network 30

Highlight selection: o
Show: Al residues

Save Network Save Structure

Figure 5.1: Network view page with 3D network representation.

The nodes in the network view are represented in blue,aslole two types of edges are
shown, dark blue and grey{fhe dark blue edges tmthe backboneconnectivity of the
protein structug, while the grey edges represent all other nodes within a user defined cutoff
threshold of a nodeOn hoveringthe mouse owea node in the network viewhe node is
highlighted with pink color andhe chain numberresidue numberand residue type
correspondingo the nodeare displayed as shownin Figure 5.1. Two highlight selection
optionsare proviledon the network view page:
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i.  Highlight node: On selecting a nodg) by clicking it gets highlighted with red color
and the corresponding residue on the 3D structure representatigetsoghlighted
with red color as shown iRigure5.2.

NAPS Visual Analysis

View: network 30
Highlight selection: rode
Show: Al residues

Save Network Save Structure

Figure 5.2: 3D representation with node selection.

ii.  Highlight neighbor: In a dense network like PCN with many grey edges originating
from a node, it is desirable to have easy identificaticth@ immediate neighbors of a
node. On selecting a node with highlight selection as neighbor, the node and the
corresponding residue in JSmol apget highlighted in red color, and its immediate
neighboring nodes irthe networkview andthe correspondig residues in JSmol
applet are highlighted in yellow as shown ifigure 5.3. The residue ids of the
selected node ancsinheighboraredisplayedbelowthe JSmol applet.
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NAPS Visual Analysis

Highlight selecti
Show:

Neighbors of A46:A3, A4, A5, AB, AT, A1D, Ad4, A4E

Save Network Save Structure

Figure 5.3: 3D Network view with highlight selection as neighbors.

c) Contact map view

Contact map view is a twdimensional dot matrix representation of the network where a dot
(i, j) represents an edge betweenithandj" nodes and is shown Figure5.4. The contact

map view helps in visual inspection of interaction patterns and the long range interactions
within the protein structuréhe pattern of connectivity within a secondary structure remains
conserved which can be observed-igure5.4 where the edges within helix are highlighted

in red color.The residue id, chain and residue type of the two amino acids forming the edge
are displayed on taking the mouse on an edge in the contact maviesglectinghe edge,

the corresponding residues forming the edge are highlighted by red as shieigareb.4.

An option to add grid lines at intervals of 10 residues is provided as checkbox.

The download option on the menu bar of the Migation page provides allows download of:

a) Network view image in PNG format.

b) Structure view image in PNG formaNetwork view or Contact map, whichever is
selected.

c) Edgelist- a text file listing the node pairs sharing an edge between them.
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NAPS Visual Analysis

View Analysis PDB: 1CRN

Home

View: ContactMap -
Add grid

Save Network |Save Structure

Figure 5.4: Contact Map view.

d) Distance matrix view

The distance matrix captures the distance between the amino acid residues. The gjement (
of the matrix represents the distar{oeA) between" andj" residuesThe distance matrix

view provides a 2D representation of the distance matrix with color representing the distance
between the residues as showrfigure5.5. The residue id, chain and residue type of the
two amino acids represet by a cell in the distance matrix, are displayed on taking the
mouse on the distance matrix célh option to add grid lines at intervals of 10 residues is
provided as checkbox.

Note: Contact map and distance matrix views are available for systemsuwito 750
residues
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\ NAPS Visual Analysis

Distance in (A)
=2 =4 <6 <8 =10 =12 =14 =16 <18 >18
' N [ A
View: | Distance matrix
~|Add grid

Figure 5.5: Distance matrix representation of the network.

Sub-network view

Visual analysis of a subetwork based on physicochemical properties of the resahrebe
performed. Thenetwork 3D view provides an option to select specific residue types:
hydrophobic, hydrophilic and charged. On selecting one of the residue type, all the residues
with the selected physicochemical property are highlighted in the network 3D view and the

JSnol applet and edges are shown only between the highlighted residues, as shogurén
5.6 for hydrophobic residues.
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NAES Visual Analysis

Save Network Save Structure

View: Network 3D

Show: ‘ i Hydrophobic resxdues vl

Figure 5.6: Sub-network representation of network 3D view slowing Hydrophobic residues and edges
between them.
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6. Node @ntrality analysis

Centrality measure of a node provides a qtiaation of the topological importance of the

nodein the network. Different centrality measurbave been proposed for ranking tiales

in a complex network and quantifying their relative importaridee analysis of centrality
measures foa PCN can be performdally s el ect i ng tdptonfiolNthelppd cent r
down menal ysfi s66Ant a b alderetwhpeovide @ton tooemputesévenr
nodebasedcentrality measures:

a) Degree:Number of direct neighbors of a node.

b) Closenessilt is the inverse of total shortest path distance of the node to all other
nodes of the network.

c) Betweennessilt is the ratio of shortest patpassing through the node.

d) Clustering coefficient: It is the ratio of number of connected neighbors to the total
number of connections possible between the neighbors.

e) Eigenvector centrality: It is the eigenvector component corresponding the largest
eigenvalie of the adjacency matrix.

f) Eccentricity: Shortest path distance of the node to the farthest node in the network.
g) ANN degree:Average of degree of its immediate neighbors.

h) Strength: Weighted degree represented by cumulative weights of all the edges
connectd to a node. This is applicable only for weighted networks.

On the centrality analysis page table lists the centrality value for each residue for a chosen
centrality measure, on the right panel. Tiheeractivenetwork and 3D structureiew are
displayed on the left panelThe user can seletie centrality measure from a drop down
meny can sortit based on the residud or in descending order of the centrahtglue One

can also analyze the centrality value of any nbgeelecting iton the interative network

The corresponding residue in JSmol appietsimultaneously highlighted along with the
corresponding entry in thtable,in red color. Snapshot of the interactive analysiseitrality

is shown inFigure 6.1.
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' NAPS /Network Analysis of Protein Structures

Home Analysis - Help Download PDB: 1CRN Contact Us

Centrality: Deges -
Residue Degree
Al 7
oA T
A3 11
A4 12
A5 10
AB 7
AT 6
AB 6
AD 12
AlD 10
All B
Al2 9
Al3 10
Al4 B
Al5 7
AlG 9
ALT 9
AR R
Resl Res2
Select range: Mone =] Mome -
Sortby: Residue -
Colorby:| et .

Plottype: Line plot -

Figure 6.1: Centrality page showing degree centralitywith residue A2highlighted.

For each centrality measure, the followingtions are provided to aid in the analysis of
centrality measures:

a) Color by centrality: By changing the color option from default to centrality, the nodes in
the network view and the corresponding residues in the JSmol appiet colored
according to the centrality valuas a gradient of red (maximum) to yellow (minimum),
as shown irFigure 6.2. This helps in easy identification of residuegh high centrality
values which are likely to be the residues important for théirBensional fold of the
protein, or functionally importar{i.6).

" NAPS Network Analysis of Protein Structures

Analysis - ownload
Centrality: Degree
/ Residue Degree
\ Al 7
/ A2 7
: A3 11
¥ i Ad 12
'\L ’ A5 10
: | A6 7
> \ A7 6
AB 6
N—— A9 12
Al0 10
All 8
Al2 9
Al3 10
Al4 8
Al5 7
Al6 9
A7 9
. AR A
Resl Res2
Selectrange: |
Sort by:

Save Network Color by:

Centrality values normalized with respect to maximum

501 sS02 $03 S04 sS03 $06 507 S08 09 $10
C I

Figure 6.2: Nodes colored according to centrality values.
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b) Color by Hydrophobicity: By changing the o6Color bydé opt
nodes in the network view and the corresponding residues isthel applet are colored
according to the hydrophobicity values of the amino acid residue. The hydrophobicity
indicesfor 20 amino acids given by Kyte and Doolittle range betwetb to 4.5(17).

These values are colored in gradients of red to show hydrophobic residues and gradients
of blue to show hydrophilic residues, as showFRigure6.3.

NAPS Network Analysis of Protein Structures

Home

/ Centrality:
- \ Residue Degree
~ Al 7
A2 7
) A3 11
—~ o A4 12
A5 10
AB T
7\ A7 6
R A ol 555 = AB 6
\ /(f A9 12
9. Y A10 10
Wz, v Al 8
Al2 9
\ AL3 10
Al4 8
N A15 7
-~ i A16 9
\ | A7 9
i A18 6
Al9 5
Sort by:
Plottype: Line piot
Hydrophobicity values (Kyte and Doolittle) Color by: iHydropho -
< < = i = = Save Save

Network Structure

3 3 <4

I S e
/ - G,T F HEQDMNK R

Hydrophobic Hydrophilic

Figure 6.3: Nodes colored according to hydrophobicity.

c) Centrality Plots: By cl i cking the O6Generate plotd bu
centrality measure along the length of the protein, as showigure 6.4. A new page
opens whex the user can select the file type, line color and resolution of the plot. The
user can generate high quality images of the centrality plot for publication purposes and
save it by clicking on the download button.

d) Highlight residue range: A set of specift residues or a range of residues can be
highlighted by selecting the residue ids or the range from the drop down menu named
6Sel ect ranged6 provided wi Théhigh teptralify@adésor by
obtained from the sorted centrality taldlan be highlighted using this option.

e) Highlight neighbor: It is desirable to identify the immediate neighbors of high centrality
nodes of a networ k. Clicking a node with I
highlighted by red and its neighbosese highlighted by yellow color. The feature is
described in detail in Network Visualization section.

From the download option on the menu bar of this page the user can download:
a) Centrality values in tab separatest file.

b) Plots of Centrality measures NG format.

c) Network image in PNG format.

18



d) Structure image in PNG format.
e) Edgelist intab separatetkxt file.

Degree Plot

12

10

Degree

== > oF B
= W g =~ w0

A
TEY
EEY
GEY
Ley
GEY
Ty
ETY
Sty

B EE R E OB OE OB
e e e i et e T - O A T o
= W g = 0 = W N o=

Residue

Figure 6.4: Plot of degree centrality.
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7. Edge centrality:

The analysis of edge centralitynsear es f or a PCN can be perfor
c e nt roptibnifronythe puld o wn me naul yosfi s66Ant ab aThecobrttaet t op I
map view of the network is displayed along with the protein 3D structure and a table showing

the edge beteenness values. On selecting an edge on the contact map, the corresponding
edge in the contact map, the two residues in the JSmol applet and the edge betweenness value

in the table get highlighted by red color as showhigure7.1.

NAPS Edge Centrality

Home Analysis - Help

Analysis

R

Edge
betweenness

0.016449
0.023783
0.002335
0.005887
0.028591
0.037426
0.022095
0.014884

0.012957
0.003133
0.016048
0.034920
0.008795
0.008252
0.002711
0.006547
0.002489
0.027515
0.005769
0.028611
0.016681

.

Figure 7.1: Edge centrality page showing edge betweenness.
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8.  Shortest path analysis

Shortest path distance between two nodes in a network is the minimum number of nodes that
need to be traversed in @rdto reach from one node to the othEre shortest path analysis

can be performedby sel ecti ng topten frlors the putidevehrtmenp aft h 6
0Aanl ysi s6 t ab aThe usdr easdleot pvo resdues fromahe drop down list,

all shortes paths(if more than onepetween théwo nodesare identified andisted withradio
buttonsas shown irFigure8.1. Selecting ay path by clicking aadio button highlights the

nodes and edgedong thatpathin orange color irboth the network viewandJSmol applet
(Figure8.1).

Figure 8.1: Shortest path analysis page highlighting one of the paths between residue A27 and A46.

From the dwnload option othe menu bar of this pagiee user cadownload:
a) Shortest path between selected nodéexinformat.

b) Network image in PNG format.

c) Structure image in PNG format.

d) Edgelist file.
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