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History

e ActivelCM plugin for browsers
was first introduced in 2009.

* |t gained a popularity for data
publishing and exchange.

* Plugin was build using NPAPI
interface which was supported
by all major browsers.

* |nearly 2015 Google announced
that Chrome is dropping support
for native code plugins.

 We were looking at possible
replacements and found a good
alternative.
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Publish and Share

A new method for publishing three-dimensional content. PLoS One. 2009 Oct 20;4(10):e7394.

doi: 10.1371/journal.pone.0007394
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Introducing ActivelcmlS.

ActivelcmlS is JavaScript
port of ICM shell and 3D
graphics.

Compatible with all modern
browsers

Does not require any
additional installation o ' e e

Full access to ICM scripting v -
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Binding of Man and UDP
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M obile device frien e o iy TRSPTR
complex with cofactor Mn®" and by-product UDP at 2.26 A

resolution, revealing the same conformation (purple) as in the
apo form (pink). UDP, which represents the by-product of the
sugar donor UDP-glucose after the glucosyl transfer reaction,

° o is positioned in the active site pocket via a mumber of
m r I I interactions with the protein. The uracil ring is sandwiched
between two hydrophobic residues TyrlS and Vals2. The

ribose 2' and 3' hydroxyl groups form hydrogen bonds with

the main-chain peptide bond of Leu9 and Asp102,
. . r . The UDP pyrophosphates are stabilized by the
active site Mn=" jon, which in turn is coordinated by a
@  conserved sequence motif containing Aspl02, Aspl04, and

H

Ligand-induced conformational change
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Technology behind ActivelcmlJS

* ASM.JS
= http://asmjs.org/

= Optimizable, strictly typed, low-level subset of
JavaScript

" Runs inside any modern web browser with only 1.5-
3 times slower than native code.

* Emscripten
= http://kripken.github.io/emscripten-site/index.html
= Compiles ICM C/C++ code into asm.js

* ICM shell and graphics compiled into JS code

= 350,000 lines C/C++ code
= Result JS library size 18M (4.7M compressed)



3D graphics and WebGL

* WebGL is a very
limited subset of @GL » <E§ebGL_
OpenGL

 We developed a
special layer which
translates OpenGL
calls into WebGL

* That allows to keep
the same codebase
and deliver highest
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ActivelcmlS object

* ActivelcmlS is a JavaScript object which
implements single ICM shell and graphics window.

 Can be embedded in any place in the HTML code

* APl is compatible with old Activelcm

<himl>
<head>
script src="http://molsoft_comslibsacticm.js"> </script>
</ head>

<div id=""con" style="width: 888px; height: 688px;'> {/div:

< scripts

Function onLoadActiveIcm()

i
act = new ActivelcmdS{"con'};
act.projectFile = "1xbb.icb"

*

</ scripts

< body>
</ himl >
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JavaScript/ICM shell integration

* |CM shell and scripting language is fully
accessible from within the web browser.

— Can run any local or remote ICM script

— Can run any list of commands from the web
browser

act = new ActivelcmJS{"con'});
/f Load standard macros
act.CallScript( "http://molsoft.com/lib/ macro' };

// display ligand as CPK
act .RunCommands{"display cpk a_H")

/7 display pocket residues
act .RunCommands{""display xstick Res{Sphere{a_H a_A}))"}




* Multiple ActivelcmlJS
objects on the same
web page are
allowed.

* Each ActivelcmlS
object can be
controlled separately
from the Ul and
JavaScript.

* Can be grouped for
synchronous rotation

[Entmi>

<head>

{script src="http://molsoft_com/~eugeneflibfacticm.js"><{/script>
</ head>

<table style="'width: 1860%; height: 186%;">

<t

{td><{div id="act1"” style="width: 186%; height: 186%; border: 2px solid #ABABAB"> {/div><{/td>
<td><div id="act2" style="width: 106%; height: 1086%; border: 2px solid HABABAB"> </div><{/td>
<A

</ table>

<script>

[function onLoadActivelcm()

{
act1 = new ActiveIcmJS({"act1"); acti.projectFile = "

ich”; acti1.AddToGroup(“'grp1™};
act? = new ActivelcmJS('act2"); act?_projectFile = ch™;

pose i

pose2._i act2.AddToGroup(''grp1");
H
</script>

</ hitml>




Additional features
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How to convert my old Activelcm
page into a new ActivelcmlS?

1. Open your project in ICM

0 Exports data to be viewed in web browser, 7 x

W Export Chemical Spreadsheets

¥ Export Graphics in WebGL

File Marm I W licrndiymyvpage. bkl

Browse |
Ok, I Cancel |

2. Choose File/Export and check
“Export Graphics in WebGL” option

publiss XV 5 3 5 moloftcom/~eugene/s

W 5 roliotcom/~eugene/ac x ¥ 5 MolsoftLLC:Welcomet x V3

€« c molsoftcom

IGERTNCANION O MASSENse ANG NOTSENTE PAENT MTANONS 0 We MAman gYZ| gene mar
cansed muscle weakness and cardiac arrhythenia, hnking glycogenn deficiency to a new
form of giycogen storage disorder (3]

Structural Features

Overall fold

We have deterruned the crystal structure of human glycogenm-1 catalyte domain
(WGYGI) i the apo form at 1.98 A resolution. hGYG1 adopts the classic architecture
of the giycosyltransferase type A (GT-A) fold, featunng a central six-stranded core -
sheet (ellow) encompassing the active site for the glucosyl ransfer reaction, flanked by
helices. In addifion hGYG1 contas three extension regions that are important for its
gucosyl transfer and substrate speciicaty. These include a coil-helx segment (Bd',
biue), a Pax subdomain (army, purple) that harbours the acceptor residue Tyr195, as

wel as a neighbouring C-terminal hairpin loop (green). In the apo form, part of the arm
and hairpin are disordered suggesting their intrinsic Sexsbility. hGYG1 (rvshlh:cs asa
homodimer, with the dimer interface formed by arm subdomain as wel as
segment connect S-P6 ofthe core (red). In this dimeric amangement, the Tyr195 sie-
chan is sitiated ~8 A fom its dimenc counterpart The structure of HGYG is highly
homologous to that of cabbit GYGI (PDB code 100), with a Co-RIMSD of 1.5 A and
92% sequence identity

the background colour can be changed to [WHITE] or [BLACK])
(TP 2: reset the view)
Binding of Mn and UDP

Ve have further determined the stuctire of KGYG1 in complex: with cofactor MaZ2*
and by-product UDP at 22
in the apo form (pmk) UDP, which represents the by-product of the sugar donor
UDP-ghucose after the ghicosyltransfer reaction, i positioned inthe acave site pocket
via a number of interactions with the protein. The uraci g sandwiched between
a0 hydrophobic residues Tyr15 and Val82. The ribose 2" and 3 hydroxyl groups
form hydrogen bonds with the main-chain peptide bond of Leud and Aspl

respectively. The UDP pyrophosphates are stabilized by the active site Ma“" ion,

which in tum is coordinated by a conserved sequence moti contaning Asp102,
Asp104, and His212

Ligand-induced conformational change

To provide snapshots of hGY(G1 along ts reaction path, and identiy possible
conformational changes during the glycosyl transfer reaction, we co-crystallzed wild-
type hGYG1 with MaZ*-UDP ghucose (PDE code 3T70) or Ma2*-UDP (PDB code
3TTM, 3T7N), and determined three structures from different ceystal forms. They
reveal a drastically different conformation of the enzyme compared to the apo form,
involving structural rearangements in three regions of the protein that influence active
site accessibiity These inchude a ‘ld' segment (a 60-91), a helix-tum-helix ‘acceptor
am’ (aa129-207) harbouring the Tyr195 acceptor residue, and the C-terminal loop
('C-loop’, aa 233-243) located close to the acceptor arm.

Superimposition of the two hGYG1 conformers reveals a mamum motion in the lid
gmens
conformation (blue) posiioned away from the actve s, leavng it accessible to the
on binding the cofactor (UDP glucoss), the lid adopts a closed

ongst the three fexsble regions. In the apo enzyme, the lid adopts an open
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3. Your page should be fully functional
And ready to use




Manual conversion for custom pages

<hitml>
<object id="fActivelcnmCtl" width="888" height="688" type="application/x-molsoft-icb" >
</object>]
{script>
act = document.getElementByld{"ActivelcmCtl");
Entml?

act.projectFile = "Lab5% B2AR.icbh";
<head>

{/script>
</hitml >

{script src="http://molsoft.com/™eugene/lib/acticm. js"><{/script>
</head>

<div id="ActivelcmCtl” style="width: 888pxz; height: 688px;"> {/div>

{script>

function onLoadActiveIcm{)}

{
act = new ActivelcmJS({"ActivelcmCtl");
act.projectFile = "Lab5% B2AR.icbh";

b

</ scripht

</himl >

Replace object tag with div container

Create ActivelcmlJS object and pass container ID as an
argument

Other APl should be compatible.
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Run time (sec)
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Demo

e Online services

— pdb viewer, and 2D to 3D conversion

e HTML export demo
— SGC data pack
— Docking hit list export
— APF hit list



Future work

* Develop GUI interface

— Tool bar which toggles various graphical
representations

— Menus

 Add more objects
— tables, plots, alignments



Links

* ActivelcmlS page

— http://molsoft.com/activeicmjs.html

* Technical reference

— http://molsoft.com/activeicmjstech.html
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