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e Web Services had

My old 'Web API' point of view ...

A web Application Program Interface, is a set of callable functions or methods that a web
application exposes as a public interface for communication with externa application.

... and the modern Web Services definition

"A Web serviceisacollection of functions that are packaged asasingle entity and published to the
network for use by other programs. Web services are building blocks for creating open distributed

systems..." [1]

[1] from "The Web services (revolution, Part 1",
http://www-106.ibm.com/devel operworks/webservices/library/ws-peerl.html
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REST isthe acronym for REpresentational State Transfer, andisa term coined by Roy Fielding [1]
in a dissertation attempting to describe formally the Web architectural style.

The argument is that the HTTP methods (GET, POST, etc.) define a limited set of verbs that can
be applied to an (in principle) infinite number of nouns (URIS).

This design has some beneficial effects:
a It allows simpler interoperation between otherwise uncoordinated agents  (web clients, servers,
spiders, etc.)

b. The HTTP semantics constitutes a coordination language general enough to  be of usein any
desired communication pattern. Its methods make it akin  to message passing or function calling
protocols.

C. Offering aservice isasimple as publishing a URL.

[1] Roy Fielding's Ph.D. dissertation  "Architectural Styles and the Design of Network-based
Software Architectures’
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"It's a spec and a set of implementations that allow software running on disparate operating
systems, running in different environments to make procedure calls over the Internet.” [1]

"It's remote procedure calling using HTTP as the transport and XML as the encoding. XML-RPC
is designed to be as ssimple as possible, while alowing complex data structures to be transmitted,
processed and returned.” [1]

It supports server introspection. Making it easy for a client application to interrogate and discover
the available methods and their paramaters.

XML-RPC also supports "box-carring” of requests, i.e. sending a series of RPC calls at one time.
Uses the system.multicall method.

It does not support message passing/redirection, or complex data type definitions. But it does
support mappings to simple and structured data types to/from many languages.

[1] from http://mwww.xmlrpc.org/
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Simple Object Access Protocol

It is a "lightweight protocol for exchange of information in a decentralized, distributed
environment" [1]

SOAP provides

XML based messaging

Support for message routing

Encoding rules for expressing data types (XML Schema)
Conventions for using SOAP for RPC

Transport Independence

Related specs and standards

WSDL, UDDI, MIME and DIME attachements, SOAP Authentication, eb XML, XML Security,
etc.

O O O O o

[1] from the SOAP specs, http://www.w3.0rg/TR/SOAP/
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Web Services Description Language

Used for describing interfaces for Web Services. It isagenera  specification independent of SOAP
(i.e. WSDL for REST services) and defines data types, interface definitions, transport bindings, and
service descriptions.

WSDL makes creating SOAP proxies simpler (either dynamic or static), it can also be used for
interface documentation, and can be integrated into development systems (code editors, class
generators, etc.).

Universal Description Discovery and Integration

Defines a system for automated publishing and discovery of Web Services, alowing registries to
be maintained for different purposes and contexts.

UDDI defines an API specification for publish and inquire for businesses and web services, a data
structure, and several XML Schemas for custody, subscription policy, replication, etc.
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Bioinformatics

A (fuzzy) definition

Bioinformatics studies the information content and data flow in a biological system or process. It
provides the link between the observations (data), the understanding of how a system works
(information), and the subsequent application of these principles (knowledge).

Research areas (by "dimensionality")

1D,2D: Gene identification in Genome, sequence analysis (similarity, evolutionary distances, etc.),
expression dynamics, etc.

3D: Structure similarities, dynamic changes, protein folding, structure-function relationships, etc.

nD: Protein ensemblesin acell, interaction networks, expression pathways, etc.
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What is happening in bioinformatics

o] All that research is producing incredible amounts of data.

0 No single human being can hope to grok what all the data means without integration of the
analysis from many sources.

0 A sizeable amount of that datais being made accessiblevia an interactive web interface, e.g.:
Protein Data Bank: http://www.rcsb.org/
GenBank : http://www.ncbi.nlm.nih.gov/Genbank

What web services bring to game

o] They make integration, collaboration, data sharing, and cross-domain data analysis possible and
simpler.

o] No need to re-architecture existing resources, e.g. usea SOAP server to access datain a non-web
aware system.
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- PDB Stats o

Increase in the number and size of new structures
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A quick definition
A protein that contains one or more metal ions which play a functional or structural role (sometimes
is both).

Human Carbonic Anhydrase |1 (1hca), ribbon representation

-11-
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Our research program

The MDB is part of a bigger research program, which focuses on metalloprotein research and design:
The Metalloprotein Bioinformatics, Structure, and Design Program

The Objectives

0 Figure out what makes a metalloprotein tick
0 Rational design and construction of new metalloproteins

What do we need to do

Understand the geometrical requirements to bind a metal

Figure out the effect of the environmental constrains

Devise methods to design the sites

Analyze the possible candidates

Make the sites

Find out where we suceeded and where we failed

Go back to step 1

These are the reasons why we built the Metalloprotein-site Database and Browser ...

N o g s~ WD

-12 -



Slide 12/43 M D B: De$rl ptl on February 06, 2003

What isthe MDB?

A database of quantitative data about metal-binding sites in proteins, created using automated tools
and algorithms for metal site recognition and extraction.

And aWeb Application that alows searching and analysis of this quantitative data.

... and what is becoming
All of the above, and aweb based library of methods for other applications and web sitesto use.

-13-
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List of metal-containing proteins (circa 1999)

<?php
(...)

require("sql.php3.inc");

Header (" Content-type: text/plain");

function nkCond($s) {
$S = n rT.Bt al :\ nmn i $S_ II\ mn
}

$rT.Bt al = ar r ay( n agII , n au" , n ball , n Call , n Cdll , n CO ,
“cr","cu","fe","gd", "hg","k","nmy",
“m", "mo","na","ni", "pb", "pt","v"
IIWIllllznlll’llsrll);

array_wal k($met al , "nmkCond") ;

$condition = inpl ode($nmetal ," OR");
if ($shownetal =="y") {

$fields = "source_id, metal ";
} else {
$fields = "source_id";
$qstring = "select distinct $fields fromsite where "
$gstring .= $condition." order by source_id";
$link = SQL_pconnect ();
(...)

?>
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e IMB @ Jena e

http://www.imb-jena.de/IMAGE.html
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viag the Periodic Table of Elements

The layout of the Periedic Table of Elements is from wWehbElements [http:/ www shefacuk/chemistry f'web—elements /]

Jump start select a metal from the Periodic Table and vou will get a compilation of PDE structure entries,
processed by the MDE, with this particular metal listed by molecule twpe, Only metals given in bold do
oCcur in biopolymer 20 structures currently included in the FDE /MDE, For a more complete compilation
of elements occuring in hetero components of either the PDE or the MDE use the Periodic Table Hetero
Components Database Element Browser,
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L Image Library
of Entries with manually generated images from the

Biological Macromaolecules : _
S EN A IMB Jena lmage Library are marked in bold .

Copper ( Cu ) Containing Entries

This list was generated from the Metalloprotein Database at TSRI (MDE):
http:/dmetalloscripps.edus
Contact: Jesus M, Castagnetts, metallodb@scripps.edu

Nucleic Acid

|3 entries found

Code Resolution Description

1439 1.20 SOMAE (2, 5 -DECHCPH*GP*CP*GP*CP*G)-37 ) COPPERCII} CHLORIDE SCOAKED
1ef46 1,30 SOMNAE (2, 57 -%DCFM==5==*CP*GP*UP*4P%M==5==*CP*C)-3" ) COFPERCII)} CHLORII
231d 2. 40 DMA (5 -DC*CP*CGP*AP*TP*CP*C)-3" 2 D&

Protein

|2 39 entries found

Code Resolution Description

dalv 2. 40 COFPER AMIMNE OXKIDASE FROM HANSEMULA POLYMORPHA METHYLAMIME OXIDASE
lai= 1.90 REDUCED RUSTICYAMIM AT 1.9 & RUSTICYAMNIN ELECTROM TRAMNSFORT
lada 1.89 AZUJRIN MUTANT WITH MET 121 REFLACED BY HIS, PH 6.5 CRYSTAL FORM, DATA
1a4b 1.91 AZUJRIN MUTANT WITH MET 121 REFLACED BY HIS, PH 6.5 CRYSTAL FORM, DATA
dagde 2. 45 AZUJRIN MUTANT WITH MET 121 REFLACED BY HIS, PH 3.5 CRYSTAL FORM, DATA
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We also have a lightweight molecular viewer (written in Java, approx. 70Kb in size) that is
embeddable by using smple HTML code in apage, e.g.:

<l-- Display sites in lhca and 1lnpc -->

<div align='"center'>

<f or m nmet hod=" PCST"
action="http://metallo.scripps.edu/services/renote/vi ewer. php"
nane="Renote MDB Viewer" target="_bl ank">

<i nput type="hi dden" nane="source_id[]" val ue="1lhca">

<i nput type="hi dden" nanme="source_id[]" val ue="1lnpc">

<i nput type="hi dden" nane="caption" value="1lhca and 1lnpc - Al sites">
<input type="submit" nane="subnit" value="Display sites in the MDB Viewer">
</ fornp

</ div>

Output:

Using the remote viewer

-18 -



=[=mx

MOE . - - .
1= MDB (Remote viewer - Metallopiotein Site Database and Biowser - Konaueror

(2 44 Macromole cular Model Manaaer |E”§”z|

‘Warning: Applet ‘Window
Recent Query |Cumu|ative Query I

Show | Hide | Delete |

Shown lDescription Metal
pdb-1hca-_-hg-1 Header: [lyaseloxo-acid) 02-apr-92 lhca] Title: [ ... hg __
pdb-1lhca-_-zn-1 Header: [lyase{foxo-acid) 02-apr-92 lhca] Title: [] ...
pdb-1lnpc-_-ca-1 Header: [hydrolase{metalloproteinase) 08-jan-92 ... ca
pdb-1lnpc-_-ca-2 Header: [hydrolase{metalloproteinase) 08-jan-92 ... ca
pdb-1npc-_-ca-3 Header: [hydrolase{metalloproteinase) 08-jan-92 ... ca
pdb-1npc-_-ca-4 Header: [hydrolase(metalloproteinase) 08-jan-92 ... ca
pdb-1lnpc-_-zn-1 Header: [hydrolase(metalloproteinase) 08-jan-22 ... zn

lhca and 1npc - All sites

| Transform Box

| Steren display

Previcus View
Window on model
Llindow on all
Maghnify Region
Reinitialize wiew
Float wiewer

-ViewlPicking |Labe|s |

0

The remote viewer is being used by several web sites, among them:

CaBP database:| http://structbio.vanderbilt.edu/cabp database/|

IMB at Jena| http://www.imb-jena.de/|

PROM I SE:| http://bioinf.leeds.ac.uk/promise/|
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| mplementing the services

Theinitial plan

0 Refactor basic functions, so they can beusedin the Ul aswell as the Web Services.
0 Implement wrappers for HTTP-based (REST) and XML-RPC interfaces.
0 Add a SOAP server and associated WSDL document.

... and the expanded plan

o] Add asynchronous modes of access the services.
o] Implement a tuple-space based access to query or analysisresults and other generated documents.

-21-
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The Base Library

A set of simple modular functions that can be wrapped in each of the services. Better that my
original design of kludging everything in parallel code sets.

HTTP- based

sglgquearyl )
get pdbf rommet all ) XML- RPC
getfilel )
| SOAP
Bazic | .
Functions Services
[ AFT) |
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function sglquery

February 06, 2003

<?php
requi re_once "DB. php";

/**

* Function to perform SQ queries
*

* @aram string $q

* @eturn array of results
*/

function &sqgl query($dsn, $query, $return_DB Resul t=fal se) {

$c = @B: : connect ($dsn);
if (is_object($c) & & !'DB::isError($c)) {
$c- >set Fet chvbde( DB_FETCHMODE_ASSCC) ;
if ($return_DB Result == true) {
$result = $c->query($query);
} else {
$result = $c->get Al l ($query);
if (lis_array($result))
$result = array();

$c- >di sconnect () ;

return $result;
} else {

}

return new DB Error("Error while accessi ng database --

-23-
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Side /s function getPDBFromMetal ™" %%

<?php

requi re_once "global s.inc";

requi re_once "DB. php";
/ * %

* Function to retrieve a list of PDB ids

*

* @aram string $ret al metal symnbo

* @aram string $node one of: first, last, random new

* @aram i nt $count nunber of entries to retrieve

* @eturn m xed array of results on sucess, false or a DB Error otherw se

~

function &getPDBFronh@tal($netal, $rmode, $count) {

= protein.source_id";

$fields = "distinct site.netal, protein.source_id, ";
$fields .= "DATE FORMNT(proteln rev_date, 'Y/n1@@ ) as revision_date,";
$fields .= "DATE_ __FORMAT( pr ot ei n. dep date, 'Y/ m%' ) as deposition_date,"
$fields .= "protein.expdata, protein.r value, protein.resolution,";
$fields .= "protein.authors, protein.description";
$from= "fromsite, protein";
$where = "where site.netal = '$nmetal' and site.source_id
switch ($nmode) {
case "last"
$ordlim= " order by protein.source_id DESC linmt $count";
br eak;
case "new'
$ordlim= " order by protein.rev_date DESC linmt $count";
br eak;
case "randont
$ordlim="";
br eak;
case "first”
def aul t:
$ordlim= " order by protein.source_id ASClimt $count";
br eak;

}
$query = "sel ect $fields $from $where $ordlint;
@B: : connect ( MDB_DATA DSN) ;
|f (|s object($c) && ' DB: : |sError($c)) {
$c- >set Fet chode( DB _ FETCHVODE = ASSCO) ;
$result = $c->get Al l ($query);
$c—>disconnect()
i f (!is_array($resu|t))
return fal se;
if ($node == "randoni') {
$n = count($result);
l'ist($usec, $sec) = explode(' ', mcrotine());
srand((float) $sec + ((float) $usec * 100000))
$indexlist = array_rand(range(0, $n - 1), $Count);
$randonresult = array();
foreach ($indexlist as $index)
$randonresult[] = $resul t[$index];
return $randonresult;
} else {
return $result;

} else {
return new DB Error("Error while accessing database --
}

?>

-24-
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A simple HTTP-based API

<?php
requi re_once 'globals.inc';
requi re_once 'api/api_functions. php'

if (isset($func) && !'enpty($func)) {

if (Yin_array($func, array_keys($api))) {
echo "Unknown function”;
exit;

}

/1 include the appropriate function
requi re_once "{$api[$func]}";
requi re_once "api/util_convert. php";

/1 SQ query w apper function
function sql () {/{{{/
if (!'$_REQUEST['query']) {
echo "<b>ERROR: M ssing paraneters. </b>\n";
return fal se;

}
/1 allow only SELECT, SHOW or DESCRI BE queri es

$al l owed = "~(sel ect| show| describe)"
i f (!ereg|($allomed trln($ REQUEST[ query']))) {
echo "<b>ERROR: Only 'SELECT', 'SHOW, or 'DESCRIBE queries are

al | oned. </ b>\n";
return fal se;

}

$result = sqgl query(MDB_DATA DSN, $ REQUEST[' query']);

if (is_object($result) & DB::isError($result)) {
echo "<b>ERROR ". $result->get Code().": ".$result->get Message()."</b>\n";
return fal se;

}
$format = isset($ REQUEST['format']) ? strtol ower($ REQUEST[ ' format']) : "csv";
switch ($format) {
case "wddx" :
$out = wddx_serialize value($result);
br eak;
case "serialize"
$out = serialize($result);
br eak;
case "tabl e"
$out = toTabl e($result);
br eak;
case "csv"
defaul t :
$fields = array_keys($result[0]);
$out = toCSV($fields);
for ($i=0; $i < count($result); $i++) {
$out .= toCSV(array_val ues($result[$i]));

br eak;

echo $out;
return true;

Y

/1 wrapper function to get PDB ids for a given netal
function metall opdb() {/{{{/
if ('$_REQUEST['metal "]) {
echo "<b>ERROR: M ssing paraneters. </b>\n";
return fal se;
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$netal = strtol ower ($ REQUEST[' netal ']);
$nmode = isset ($_REQUEST[' npde’ ]) ? strtolomer($ RECUEST[ node']) : 'first';
$count = isset ($_REQUEST[' count’ ]) ? intval ($_REQUEST['count']) : b5;

$format = isset ($_REQUEST['format']) ? strtol ower($_REQUEST[' format'])

$result = get PDBFrom\et al ($netal, $node, $count);
if (is_object($result) & DB::isError($result)) {
echo "<b>ERROR ". $resul t->get Code().": ".%result->get Message()."</b>\n";
return fal se;

}

if ($result == false) {
echo "";
return fal se;

}
switch ($format) {

case "wddx" :
header ("Content-type: text/xm");
echo wddx_serialize value($result);
br eak;

case "serialize"
header ("Content-type: text/plain");
echo serialize($result);
br eak;

case "rss"
header (" Content-type: text/xm");
echo toRSS($result, $GLOBALS[ ' server_renote']);
br eak;

case "csv"

def aul t
header ("Content-type: text/plain");
$fields = array_keys($result[0]);
$out = toCSV($fields);
for ($i=0; $i < count($result); $i++)

$out .= toCSV(array_values($result[$i]));

echo S$out;
br eak;

return true,

128330

/] execute the api wrapper function
$out put = $func();

} else {

/1 show introspection
requi re_once "general.lib";
function get _content ts() {/{{{/
return -1,
1288 8Y)
function get content() {/{{{/
$cont ent lib Content( __default
$content[' name' ] $ _SERVER[ ' PHP SELF]
$content['title'] = "NMDB - Web API (|ntrospection)',
$content[' page_title'] = 'MDB - Wb APl (introspection)'
$api desc = "<div align="center'>\n";
$api desc .= "<table wi dth="90% border="0" cellpadding='5">\n";
f or each ($GLCBALS['apidoc'] as $func=>$doc) {
if ($func == "get")
conti nue;
$api desc . = '<tr><td>\n";
$api desc .= "<table border='"0" w dth="100% cell paddi ng='0" cellspacing="0">\n'
$api desc .= "<tr><td bgcol or="#000000"' >\ n";
$api desc .= "<table border='"0" w dth="100% cellspacing="1" cell padding="5">\n'
$api desc .= "<tr bgcol or=' #eeeeee' >\ n";
$apidesc .= "<th align=' center'><i>Function</i>:<br /> $func</th>\n";
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$apidesc .= "<th align="left' >\ n<i>Paraneters</i>:<ul>\n";
foreach ($GLOBALS[' api parans' ][ $func] as $param=>$desc)
$api desc .= "<li>$param $desc</li>\n";

$apidesc .= "</ul>\n</th>\n";
$api desc .= "</tr>\n<tr bgcol or="#ddffff' >\ n<td col span='2"'>";
$api desc .= "<p><b>Description: </ b><br />";
$api desc .= htm speci al chars($doc)."</p>\n</td>\n</tr>\n";
$apidesc .= "</table>\n</td></tr></table>\n</td></tr>\n";

$api desc .= "</tabl e></div>\n";

$content[' body'] = $api desc;

$content['tinestamp'] = -1;

$content|[' page_ing'] = ' MDB Wb API: /i mages/ api . png:/services/api/index. php';
return $content;

Y

require_once "dochandl er.lib";
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<?php

i nclude 'slides/mdb/scripts/nmlb_tests.cfg';
$servi ce = MDB_SERVER. APl _URI ;

$fp = fopen($service,'r');

$out ="'";

whi l e($r = fread($fp, 4096))
$out .= $r;

fcl ose($fp);

echo $out;

?>

Output of the "Introspection” script

<t abl e>

<tr><td>

<tabl e border="0" w dth="50% cell padding="0" cellspacing='0">

<tr><td bgcol or =" #000000' >

<tabl e border="0" wi dth="100% cellspacing="1" -cell padding="5">

<tr bgcol or =" #eeeeee' >

<th align="center'><i style= font-size: lem' >Function</i>: <br /> sql</th>

<th align="left'>

<i style='font-size: lem'>Paraneters</i>:<ul>

<li style="font-size: lem'>query: urlencoded SQ query</Ili>

<li style="font-size: lem'>[format]: csv (default), wddx, serialized, table</Ili>
</ ul >

</th>

</tr>

<tr bgcol or =" #ddf fff'>

<td col span='2'><p style='font-size: lem' ><b>Description:</b><br />Genera
function to query a database server

Accepts a valid SQ query (&quot; SELECT&quot;, &quot; SHONquot;, or

&quot ; DESCRI BE&quot ; statenents only),

and an optioanl result format. Valid formats are &quot; csv&quot; (default),
&quot ; wddx&quot ; , &quot; serialized&quot; (PHP serialization), &quot;table&quot;
(HTML table).

Exanmpl e of use:

[ servi ces/ api . php?functi on=sql &np; quer y=sel ect +sour ce_i d+f rom+tprotei n+l i m t +10
&amp; f or mat =wddx</ p>

</td>

</tr>

</tabl e>

</td></tr></tabl e>

</td></tr>

<tr><td>

<tabl e border="0" wi dth="100% cell paddi ng='0" cell spacing="'0'>

<tr><td bgcol or="#000000' >

<tabl e border="0" w dth="100% cellspacing="1" -cell padding="5">

<tr bgcol or =" #eeeeee' >

<th align='center'><i>Function</i>:<br /> netall opdb</th>

<th align="left'>

<i style='font-size: lem'>Paraneters</i>:<ul>

<li style='font-size: lem'>netal: atom c synbol for the netal </li>

<li style="font-size: lem'>[node]: one of: first (default), last, random new</Ili>
<li style='font-size: lem'>[count]: how nany PDB entries to retrieve (default =
5)</1i>

<li style="font-size: lem'>[format]: csv (default), wddx, rss, serialized</li>
</ul >

</th>

</tr>

<tr bgcol or=" #ddf fff'>

<td col span='2'>

<p style="font-size: lem' ><b>Description:</b><br />Specialized function to
retrieve a list of PDB structures

containing a particular nmetal ion, as indexed in the MDB. The retrieva

nmode can be one of &quot;first&quot; (default) to get the first &quot;n&quot; PDB
ids (sorted
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al phabetically), &quot;last&quot; to get the |last &quot; n&quot; ids,

&quot ; randonm&quot ; to get &quot; n&quot ;

random entries, and &quot; new&quot; to ge the newest &quot; n&quot; entries
rel eased/ i ndexed.

The nunber of entries to retrieve is set using &quot; count &uot; .

The list can be formated as &quot; csv&quot; (default), &quot;wddx&quot;,
&quot ; rss&quot ;, or &quot; serialized&quot;

(PHP serialization).

Exanpl e of use:

/ servi ces/ api . php?functi on=net al | opdb&anp; net al =zn&anp; node=r andom&anp; count =5
&anp; f or mat =r ss</ p>

</td>

</tr>

</tabl e>

</td></tr></tabl e>

</td></tr></tabl e>
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Using the sgl() function

<?php

i nclude 'slides/mdb/scripts/nmlb_tests.cfg';

$query = "sel ect source_id, expdata, description fromprotein "
$query .= "where expdata not like "nm' limt 4";

$format = "table";

$g = url encode($query);

$func = "sql ";

$getstr = MDB_SERVER. APl _URI;

$getstr .= "?func=%$f unc&quer y=$q&f or mat =$f or mat ";
$result = inplode('',file($getstr));

echo "<hl align='center'>Testing the HITP based API</hl>
<b>Server used:</b> [ ".MB_SERVER
"] <br><b>Service:</b> ".API_URl ."]
<hr >

<h2>SQ@. query function</h2>
<b>Functi on vars: </ b><br>

[ query: $query] <br>

[format: $format]

<br><b>Using the URL: </b>".

wor dwr ap( $get str, 45, "<br>\n",true).
" <br ><p>RESULT</ b><br >

$resul t\n";
2>

Output:
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Slide 25/43 Testing: metallopdb()

Using the metallopdb() function

<?php

i nclude 'slides/mdb/scripts/nmlb_tests.cfg';
$netal = 'zn';

$format = 'rss';

$node = 'randomi ;

$func = 'netal |l opdb’;

$count = 5;

$getstr = MDB_SERVER. APl _URI ;

$getstr .= "?func=$f unc&ret al =$retal *;

$getstr .= "&mde=$node&count =$count & or mat =$f or mat ";
$result = inplode("",file($getstr));

echo "<hl align='center'>Testing the HTTP based API</hl>

<b>Server used:</b> [ ".NDB_SERVER
"1 <br><b>Service:</b> ".APl _URl."]
<hr >

<h2>Retri evi ng $count random zi nc containi ng proteins</h2>
<b>Functi on vars: </ b><br>

[metal: $netal]

[ count: $count]

[format: $format]

[ mode: $node]

<br><b>Using the URL: </b>".

wor dwr ap( $get str, 45, "<br>\n",true).

" <br ><p>RESULT</ b><br >

<pre>\n";

echo html speci al chars($result)."\n</pre>\n";
?>

Output:
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<?php

requi re_once " XM/ RPC. php";

require_once "slides/mdb/scripts/xmrpc_util.php";
require_once "slides/ndb/scripts/ndb_tests.cfg";

$c=new XM._RPC_C |ent(XNLRPC URI, MDB_SERVER NAME, MDB_SERVER PORT);
$f =new XML_RPC Message(' system | i st Met hods' );

$v=rpc_cal | ($c, $f)

print "<h2>Met hods avai | abl e at http://" . $c->server
$c->port . $c->path . "</ h2>\n";
if ($v) {

for($i =0; $i <$v->arraysize(); $i++) {
$rmarre:$v— >arraymen($i);
print "<hr noshade size=1><H3>" . $mane- >sca| arval () . "</H3>\n";
$f =new XML_RPC Message(' syst em net hodHel p');
$f - >addPar an( new XM__RPC Val ue( $mmane- >scal arval (), "string"));
$w=rpc_cal |l ($c, $f);

if (Sw {
$t xt =$w >scal arval ();
if ($txt!="") {
print "<H4>Docunentation</H4><P style='font-size: 1.0em'>${txt}</P>\n";
} else {

print "<P>No docunentation avail able.</P>\n";

}
$f =new XML_RPC _Message(' system net hodSi gnature');
$f - >addPar an{ new XM__RPC Val ue( $mane- >scal arval (), "string"));
$w=rpc_cal |l ($c, $f);
ifo(sw {
print "<H4>Si gnature</H4><P style='font-size: 1.0em'>\n";
if ($w>ki ndOF ()=="array") {
for($j=0; $) <$w>arraysize(); $j++) {
$x=$w >arraymem( $j ) ;
$r et =$x- >arraymen( 0) ;
print "<CODE style='font-size: 1.0em'>" . $ret->scalarval ()
$mane- >scal arval () ."(";
if ($x->arraysize()>1) {
for($k=1; $k<$x->arraysize(); $k++) {
$y=3%x- >ar r aynmen( $k) ;
print $y->scal arval ();
if ($k<$x- >arrayS| ze() 1) {

pri nt , ;
} }
print ")</CODE><BR>\n";

} else {
print "Signature unknown\n";

}
print "</P>\n";

}
}
}
?>
Output:

Met hods available at http://netallo.scripps.edu: 80/services/ xn rpc. php
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met hod. sql

Docurnent ati onGeneral function to query the MDB dat abase server

Accepts a valid SQ query ("SELECT", "SHOW, or "DESCRIBE" statenents only),
and returns the resulting rows as a structure.

Si gnature

struct method. sql (string)

met hod. net al | opdb

Docurnent ati onSpeci al i zed function to retrieve a list of PDB structures
containing a particular nmetal ion, as indexed in the MDB. The retrieva

node can be one of "first" (default) to get the first "n" PDB ids (sorted

al phabetically), "last" to get the last "n" ids, "randoni to get "n"
randomentries, and "new' to ge the newest "n" entries rel eased/i ndexed.

The nunber of entries to retrieve is set using "count".

The result can be returned as XM.- RPC structure, WDDX packet or RSS docunent
Si gnature

struct method. netal | opdb(string, string, int, string)

met hod. get
Docurnent ati onReturns the requested file. It accepts 2 paraneters:
the nane of the file, and (optionally) the whether the base64 encodi ng

will be done on the "raw' (default) file, or the file after being
conpressed with gzip ("gzip").
Si gnature

base64 nethod. get(string, string)

system | i st Met hods

Docunent ati onThis method lists all the methods that the XM.- RPC server knows how to
di spat ch

Si gnature

array systemlistMethods(string)

array system i st Methods()

syst em et hodHel p

Docunent ati onReturns help text if defined for the nethod passed, otherw se returns
an enpty string

Si gnature

string system net hodHel p(string)

syst em et hodSi gnat ur e

Docunent ati onReturns an array of known signatures (an array of arrays) for the
met hod nanme passed. |If no signatures are known, returns a none-array (test for
type !'= array to detect nissing signature)

Si gnature

array system nmet hodSi gnature(string)
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method.sg|

Using method.sgl from the XML-RPC service

<?php

requi re_once " XM/ RPC. php";

require_once "slides/nmdb/scripts/xmrpc_util.php";

require_once "slides/mdb/scripts/nlb_tests.cfg";

?2>

<b>net hod. sql : </ b>

<smal | >"sel ect source_id, expdata, rev_date, resol ution, description
fromprotein limt 10"</smal | ><br>

<?php

$nmet hod = "nmet hod. sql ";

$query = "sel ect source_id, expdata, resol ution, description "
$query .= "fromprotein where expdata like 'x-ray' and ";
$query .= "resolution >= 0.7 order by resolution limt 5";

$g = new XM__RPC Val ue($query, $GOBALS[' XM__RPC String']);
$nmsg = new XM._RPC Message( $net hod, array($q));

$c=new XML_RPC Cl i ent (XMLRPC_URI, MDB_SERVER NAME, MDB_SERVER PORT);
$r = $c->send($nsQ);
if (!$r->faultCode())

echo toTabl e( XM._RPC decode($r->val ue()));

} else {
echo "<pre>\n";
echo "ERROR ".$r->faultCode()." -- ".$r->faultString();
echo "</pre>\n";

}

?>

Output:
met hod. sql

"sel ect source_id, expdata, rev_date, resol ution,description
fromprotein limt 10"

source_id
expdat a
resol ution
description

1d8g

x-ray diffraction

0.74

Header: [deoxyribonucleic acid 23-oct-99 1d8g]

Title: [ultrahigh resolution crystal structure of b-dna decaner d(ccagtactgg)]
Conmpound: [nol _id: 1; nolecule: 5 -d(cpcpapgptpapcptpgpgp*)-3'; chain: a;

engi neered: yes]

Source: [nol _id: 1; synthetic: yes]

Keywords: [calcium alternate conformation, ultrahigh resolution, trp repressor,
pol yam de]

lgci

x-ray diffraction

0.78

Header: [serine protease 02-sep-98 1gci]

Title: [the 0.78 angstrons structure of a serine protease - bacillus |entus
subtilisin]

Conpound: [nol _id: 1; nolecule: subtilisin; chain: null; ec: 3.4.21.62; engineered:
yes; biological _unit: nononer]



Source: [nol _
baci | | us subt

[ 1; organismscientific: bacillus |lentus; expression_system
i
Keywor ds: [bac

;s]

d
|
illus lentus, hydrol ase, serine protease, ultra-high resolution]

li ua

x-ray diffraction

0. 80

Header: [electron transport Ol-nmar-02 1iua]

Title: [ultra-high resolution structure of hipip fromthernochromati umtepidunj

Conpound: [nol _id: 1; nolecule: high-potential iron-sulfur protein; chain: a]
Source: [mol __id: 1; organismscientific: thernochromatiumtepi dum organi sm conmon:
bacteri a]

Keywords: [ultra-high resolution, crystal structure]

1dpl

x-ray diffraction

0. 83

Header: [deoxyribonucleic acid 27-dec-99 1dpl]

Title: [a-dna decanmer gcgta(t23)tacgc with incorporated 2'-nethoxy-

3' - met hyl enephosphat e-t hyni di ne]

Conpound: [nol _id: 1; nolecule: 5 -d(gpcpgptpap(t23)papcpgpc)-3'; chain: a, b;
engi neered: yes]

Source: [nmol _id: 1; synthetic: yes]

Keywor ds: [ deoxyri bonucl ei c acid]

1m0

x-ray diffraction

0.85

Header: [hydrol ase 01-jul-02 1mi0]

Title: [ultra high resolution crystal structure of tem1]

Conpound: [rnol _id: 1; nolecule: beta-lactamase tem chain: a;, synonym tem1l; ec:
3.5.2.6; engineered: yes; nutation: yes]

Source: [mol __id: 1; organismscientific: escherichia coli; organi smconmon:
bacteria; gene: bla; expression_system escherichia coli

expressi on_system common: bacteria; expression_systemstrain: sfl120;

expressi on_systemvector_type: plasm d; expression_systemplasnd: palter ex ii -
tem 1]

Keywords: [acylation mechanism x-ray structure, ultra- high resol ution]
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Using method.metallopdb from the XML-RPC service

<?php

error_reporting(1);

requi re_once " XM/ RPC. php";

require_once "slides/mdb/scripts/xmrpc_util.php";
require_once "slides/ndb/scripts/ndb_tests.cfg";

$c=new XM__RPC O i ent (XMLRPC_URI, MDB_SERVER NAVE, MDB_SERVER PORT):

$nmetal = new XM__RPC Val ue(' zn');

$node = new XM._RPC Val ue(' random );

$count = new XM__RPC Val ue(5, $CGLOBALS[' XM__RPC Int']);

$format = new XML_RPC Val ue('array');

$nmet hod = ' net hod. net al | opdb'

$fm = "<h3>Paraneters: netal="s', node='s', count=d, format='s'</h3>";

printf($fnt, $netal ->scalarval (), $npde->scal arval (),
$count - >scal arval (), $format->scalarval());

$nmsg = new XM._RPC Message($net hod, array($netal, $node, $count, $format));
$r = $c->send($nsQ);
$v = $r->val ue();
if (!'%r->faultCode())
echo toTabl e2( XM._RPC decode($v));
} else {
echo "<pre>\n";
echo "ERROR ".$r->faultCode()." -- ".$r->faultString();
echo "</pre>\n";

Output:

Paraneters: netal = zn', node='random, count=5, format='array'

ROWN 1

met al
zn

source_id
1b2z

revi sion_date
1999/ 12/ 22

deposition_date
1998/ 12/ 03

expdat a
x-ray diffraction

r_val ue
0.17

resol ution
_36_



2.03

aut hors
c. k. vaughan, p. harryson, a. m buckl e, mol i veberg, a. r. fersht

description

Header: [hydrol ase 03-dec-98 1b2z]

Title: [deletion of a buried salt bridge in barnase]

Conpound: [nol _id: 1; nolecule: barnase; chain: a, b, c; ec: 3.1.27.3; engineered:
yes; mutation: yes]

Source: [nmol _id: 1; organismscientific: bacillus anyloliquefaciens;
cellular_location: extracellular; expression_system escherichia coli

expressi on_systemvector: pucl9; expression_system plasmd: pnt410]

Keywor ds: [al pha/beta protein, hydrol ase]

ROW 2

met a
zn

source_id
1du3

revision_date
2000/ 09/ 27

deposition_date
2000/ 01/ 14

expdat a
x-ray diffraction

r _val ue
0.29

resol ution
2.2

aut hors
s.-s.cha, b.-j.sung, b.-h.oh

description

Header: [apoptosis 14-jan-00 1du3]

Title: [crystal structure of trail-sdrb5]

Conpound: [nol _id: 1; nolecule: death receptor 5; chain: a, b, ¢, g, h, i;
fragment: extracellul ar domain; engineered: yes; nol _id: 2; nmolecule: tnf-related

apoptosi s inducing ligand; chain: d, e, f, j, k, |I; engineered: yes]
Source: [mol _id: 1; organismscientific: honp sapiens; organi smcomon: human;
expressi on_system escherichia coli; expression_systemcomon: bacteria; nol _id:

2; organismscientific: honpo sapiens; organi smconmmon: human;
expressi on_system common: bacteri a]
Keywords: [dr5, conpl ex]

ROW 3

met a
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zn

source_id
ledu

revision_date
2002/ 04/ 25

deposition_date
2000/ 07/ 12

expdat a
nnr, 30 structures

r _val ue
ERROR_NON_NUMERI C_FOUND

resol ution
ERROR_NON_NUMERI C_FOUND

aut hors
h. hanzawa, mj.de ruwe,t. k. al bert,p.c.van der vliet, h.t.timrers,r.boel ens

description

Header: [gene regulation 12-jul-00 1le4u]

Title: [n-terminal ring finger domain of hunman not - 4]
Conpound: [nol _id: 1; nolecule: transcriptional repressor not4; chain: a; fragnent:
ring finger donmin; engineered: yes]

Source: [mol _id: 1; organismscientific: honp sapiens; expression_system
escherichia coli]

Keywords: []

RON 4

et al
zn

source_id
lefq

revision_date
2001/ 02/ 09

deposition_date
2000/ 02/ 09

expdat a
x-ray diffraction

r _val ue
0.23

resol ution
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1.6

aut hors
p.r.pokkul uri,x.cai,magu,f.j.stevens, mschiffer

description

Header: [inmune system 09-feb-00 1lefq]

Title: [g38d nmutant of |en]

Conpound: [nol _id: 1; nolecule: kappa-4 immunoglobulin (light chain); chain: a;
engi neered: yes; nutation: yes]

Source: [nmol _id: 1; organismscientific: honp sapiens; organi smcomon: human;
expressi on_system escherichia coli; expression_systemcommon: bacteria;
expressi on_system pl asm d: pask40]

Keywords: [mutant, mononer, uranyl ion in crystal contact, aspartic acid in

bet a-sheet, protein stability]

ROWN 5

met al
zZn

source_id
1f op

revi sion_date
2001/ 07/ 20

deposition_date
2000/ 08/ 28

expdat a
x-ray diffraction

r _val ue
0.22

resol ution
2.3

aut hors _
c.s.raman, h.li,p.martasek, b.s.s. masters,t.|.poul os

description

Header: [oxi doreductase 28-aug-00 1f op]

Title: [bovine endothelial nitric oxide synthase henme donain conplexed with |-arg
and no( h4b-bound) ]

Conpound: [nol _id: 1; nolecule: nitric-oxide synthase; chain: a, b; synonym
endot hel ial ec-nos, nos type iii, nosiii, endothelial nos, enos, constitutive nos,
cnhos; ec: 1.14.13.39; engineered: yes; other_details: cacodylate (residue cac)
binds to sg cys 384 of both chains]

Source: [mol _id: 1; organismscientific: bos taurus; organi smcomon: bovine; cell
endot helial cells; expression_system escherichia coli; expression_system comon
bacteri a]

Keywords: [nitric oxide synthase]
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February 06, 2003

Server created using PEAR::SOAP

<?php

requi re_once 'globals.inc';

requi re_once ' SOAP/ Server. php'

requi re_once 'api/function.sqgl query. php';

requi re_once 'api/function. getpdbfronmetal . php'
require_once 'api/util_convert. php'

$SOAP_OBJECT_STRUCT=f al se
cl ass MDB_SOAP_Services {

var $nethod_nanespace = "',
var $di spatch_map = array();

function MDB _SOAP_Services() {
$t hi s- >net hod_nanmespace = 'urn: MDB_SOAP_Server';
}

function sql ($query)
if ('eregi ("~(sel ect|show describe)", $query)) {
trigger _error('Invalid query. Only SELECT, SHOW'.
"and DESCRI BE al | owed', E_USER_ERRCR);

}
$db = $GOBALS[' dsn'].$G.OBALS[' datadb'];
$result = @ql query($db, $query, false);
if (is_object($result) & PEAR :isError($result)) {
trigger_error($result->get Message(), E USER ERRCR);
} else {
return new SOAP_Value('result','Struct', S$result);
}

}

function netal |l opdb($netal, $node, $count) {
return $this-> donetall opdb($netal, $node, $count);

function rssnetal | opdb($netal, $node, $count) {
return $this->_donetal |l opdb($netal, $node, $count, true);

}
function _donetal |l opdb($netal, $node, $count, $rss=fal se) {
$count = intval ($count);
if ($count <= 0) {
trigger_error("Paraneter count nmust be an ".
"integer > 0, value sent: $count", E USER ERRCR);
}
$result = @et PDBFromet al ($etal, $nmode, $count);
if (is_object($result) & DB::isError($result))
trigger_error($result->get Message(), E_USER ERROR)
} elseif ($result == fal se)
trigger _error('No results were found', E_USER WARNI NG ;
} else {
if ($rss)
$pkt = t oRSS(&$result);
return new SOAP_Val ue('result','base64', base64_encode( $pkt));
} else {
return new SOAP Value('result','Struct', $result);
}
}
}
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$server = new SOAP_Server();
$mdb_services = new MDB_SOAP_Servi ces();
$server - >addObj ect Map( $ndb_servi ces) ;
$server - >servi ce( SHTTP_RAW POST_DATA) ;
?>
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Using the methods sgl, metallopdb and rssmetallopdb

<?php

requi re_once ' SOAP/ dient. php'

requi re_once "slides/mdb/scripts/ndb_tests.cfg";
$SOAP_OBJECT_STRUCT=f al se

$url = MDB_SERVER. SOAP_URI

$ns = 'urn: MDB_SOAP_Server';

$c = new SOAP_dient($url);

function niceQut($obj) {
echo "<table border="1">\n<tr>\n<td bgcol or =" #eeeeee' >\ n";
print_rec($obj);
echo "\n</td>\n</tr>\n</tabl e>\n";

}

function print_rec($obj) {
if (is_string($obj)) {
echo "<pre>\n$obj\n</pre>\n";

} else {
foreach ($obj as $key=>%val) {
if (is_array($val) || is_object($val)) {
echo "<b>$key</b>: \n".print_rec($val)."<br>\n";
} else {
echo "<b>$key</b>: $val <br>\n";
}
}
}
7>

<h2>Excerci zi ng the sqgl method</h2>
[query: "select source_id,description fromprotein limt 3']

<?php
$ret = $c->call ('sql',array(' query' =>'sel ect source_id, description fromprotein
limt 3'),%$ns);

ni ceQut ($ret);
?>

<hr >
<h2>Maki ng a deliberate error using the netall opdb nethod</h2>
[metal: zn][node: first][count: -3]
<?ph
$ret = $c->call (' netall opdb',array(’' netal ' =>'zn'
"mode' =>'first','count'=>-3), $ns);
if (PEAR :isError($ret))
echo "<br><b>00PS we got an error</b>\n";
ni ceQut ($ret);
?>

<hr >

<h2>Usi ng the metal |l opdb nethod correctly</h2>

[metal : zn] [ mode: random [ count: 3]

<?php

$ret = $c->call ('netallopdb', array('nmetal'=>'zn', 'node' =>'randoni,
"count' =>3), $ns);

ni ceQut ($ret);

?>

%hr>

<h2>Usi ng t he rssnetal | opdb net hod</ h2>

[metal: zn][node: last][count: 3]

<?ph

$ret = $c->call ('rssnetal lopdb', array(' netal'=>'zn', 'node' =>'last', 'count'=>3),
$ns) ;

ni ceQut (ht m speci al char s(base64_decode($ret)));
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?>

Output:

Excerci zing the sql nethod
[query: 'select source_id,description fromprotein linmt 3']

source_id: 1laoo

description: Header: [netallothionein 08-jul-97 laoo]

Title: [ag-substituted metallothionein from saccharonyces cerevisiae, nnr

m nimzed average structure]

Conpound: [nol _id: 1; nolecule: ag-netallothionein; chain: null; synonym ag-nt

bi ol ogi cal _unit: nonomer; other details: ag(i) substituted]

Source: [nmol _id: 1; organismscientific: saccharonyces cerevisiae; organi smconmon
baker's yeast; strain: 301n]

Keywor ds: [copper detoxification, nmetal-thiolate cluster]

0:

source_i d: laqq

description: Header: [netallothionein 31-jul-97 laqq]

Title: [ag-substituted netall ot hionein from saccharonyces cerevisiae, nnr, 10
structures]

Conpound: [rnol _id: 1; nolecule: ag-netallothionein; chain: null; synonym ag-nt

bi ol ogi cal _unit: nonomer; other _details: ag(i) substituted]

Source: [mol _id: 1; organismscientific: saccharonyces cerevisiae; organi smconmon:
baker's yeast; strain: 301n]

Keywords: [copper detoxification, netal-thiolate cluster]

1:

source_id: 2aw0

description: Header: [copper transport 08-oct-97 2aw0]

Title: [fourth metal-binding domai n of the nenkes copper-transporting atpase, nnr
20 structures]

Conpound: [rnol _id: 1; nolecule: nenkes copper-transporting atpase; chain: null
fragment: fourth metal-binding domain; ec: 3.6.1.36; engineered: yes;

bi ol ogi cal _unit: nonomer; other _details: ag(i)-bound state]

Source: [mol _id: 1; organismscientific: honp sapiens; organi smcomon: human;
expressi on_system escherichia coli]

Keywor ds: [ copper-bi ndi ng domai n, hydrol ase, copper transport]

2

Maki ng a deliberate error using the netall opdb nethod
[metal: zn][node: first][count: -3]
OOPS we got an error

error_nessage_prefix: PHP

nmode: Errno: 256

Fi | ename: /export/asd/ nmetall o2/ netall odb/ webdocs/ servi ces/ soap. php
Li neno: 46

| evel : 1024

code: SOAP- ENV: Server

message: Parameter count nust be an integer > 0, value sent: -3
userinfo: 1024

cal | back:

Using the netal | opdb nmethod correctly
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[metal : zn] [ rode: random [ count: 3]

metal : zn

source_id: leth

revi si on_date: 2000/ 08/ 24

deposition_date: 2000/04/12

expdata: x-ray diffraction

r value: 0.19

resolution: 1.90

aut hors: mj . boul anger, m kuki not o, m ni shi yama, s. hori nouchi, m e. p. nurphy
description: Header: [oxidoreductase 12-apr-00 1let5]

Title: [crystal structure of nitrite reductase asp98asn nutant from al cal i genes
faecalis s-6]

Conpound: [nol _id: 1; nmolecule: nitrite reductase; chain: a; fragnent: 40 - 376;
synonym cu-nir; ec: 1.7.99.3; engineered: yes; nutation: yes]

Source: [mol __id: 1; organismscientific: alcaligenes faecalis; organi smcomon:
bacteria; expression_system escherichia coli; expression_system conmon: bacteri a;
expressi on_systemvector_type: plasm d; expression_system plasm d: pet28]
Keywords: []

0:

metal : zn

source_id: 1ibh

revision_date: 2001/05/09

deposition_date: 2001/03/28

expdata: x-ray diffraction

r _value: 0.23

resol ution: 2.00

aut hors: me. stroppol o, a. pesce, md' orazio,p.o' neill,d.bordo, c. rosano,
m nmi | ani, a. batti stoni, mbol ognesi, a. desi deri

description: Header: [oxidoreductase 28-nmar-01 1ibh]

Title: [x-ray 3d structure of p.leiognathi cu,zn sod nutant mili]
Conpound: [nol _id: 1; nolecule: cu,zn superoxide disnmutase; chain: a; ec: 1.15.1.1;
engi neered: yes; nutation: yes]

Source: [nol _id: 1; organismscientific: photobacterium]l eiognathi;
organi sm common: bacteria; expression_system escherichia coli
expressi on_system common: bacteri a]

Keywords: [subunit interaction]

1:

metal : zn

source_id: 1lkwg

revision_date: 2002/09/18

deposition_date: 2002/01/29

expdata: x-ray diffraction

r_value: 0.17

resolution: 1.60

aut hors: m hi daka, s. fushi nobu, n. oht su, h. not oshi ma, h. mat suzawa, h. shoun, t.wakagi
description: Header: [hydrol ase 29-jan-02 1kwgy]

Title: [crystal structure of thermus thernophilus a4 beta- gal actosi dase]
Conpound: [nol _id: 1; nolecule: beta-gal actosidase; chain: a; ec: 3.2.1.23;
engi neered: yes]

Source: [mol _id: 1; organismscientific: thermus thernophilus; organi smcomon
bacteria; strain: a4; expression_system escherichia coli

expressi on_system common: bacteria; expression_systemstrain: jmlO05;

expressi on_system vector_type: plasm d; expression_system plasm d: pexnB]
Keywords: [glycoside hydrolase famly 42, trimer]

2

Usi ng the rssnetal |l opdb nethod
[metal: zn][node: last][count: 3]
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& t;rdf: RDF
xm ns: rdf =&quot ; ht t
xm ns=&quot ; http://
xm ns: m=&quot ; http
xm ns: dc=&quot ; http

[ I www. w3. or g/ 1999/ 02/ 22- r df - synt ax- ns#&quot ;
url.org/rss/ 1.0/ &uot ;

[ lusefulinc.conlrss/ manifest/ &quot ;
[Ipurl.org/dc/el ements/1. 1/ &juot ;

p:
P

&gt ;

&l t; channel
rdf : about =&quot ; http:// nmetal | 0. scri pps. edu/ servi ces/ soap. php&quot ; &gt ;
&t;title&gt; MDB - The Metall oprotein Database and Browser& t;/titl e&gt;
& t;link&gt;http://nmetallo.scripps.edu&t;/Ilink&gt;
& t;description&gt;Data retrieved using the MDB APl & t;/description&gt;
& t;itens&gt;
&l t;rdf: Seq&gt;
& t;rdf:l
rdf : resource=&quot ; http://metallo.scripps. edu/renote/renpte. php3?source_i d[ ] =9nse&anp; anp; |
/ &gt ;
& t;rdf:l
rdf : resource=&quot ; http://metall o.scripps. edu/ renot e/ renot e. php3?sour ce_i d[ ] =9i cv&anp; anp; |
/ &gt ;
& t;rdf:l
rdf : resource=&quot ; http://metall o.scripps. edu/renot e/ renpte. php3?source_i d[]=9i ci &np; anp; I
/ &gt ;
& t;/rdf:Seq&gt;
&t;/items&gt;
&l t;/channel &gt ;

&t;item
rdf : about =&quot ; http:// netal | 0. scri pps. edu/ renot e/ renot e. php3?sour ce_i d[ ] =9nse&anp; anp; et

& t;link&gt;http://metallo.scripps.edu/renote/renote. php3?source_id[]=9nse&anp; anp; metal []:
&t;title&gt;(Zn) 9nse [deposited on: 1999/01/13, revised on

2000/ 10/ 251 &l t;/titl e&gt;
&l t;description&gt; Header: [oxidoreductase 13-jan-99 9nse]

Title: [bovine endothelial nitric oxide synthase, ethyl- isosel enourea conpl ex]

Conpound: [nol _id: 1; nolecule: nitric oxide synthase; chain: a, b; fragnent: hene
domai n; synonym nos, enos; ec: 1.14.13.39; engineered: yes]

Source: [nmol __id: 1; organismscientific: bos taurus; organi smcomon: bovine; cell
endot hel i al ; expression_system escherichia coli; expression_system comon:
bacteria; expression_systemstrain: bl21]

Keywords: [hene protein, tetrahydrobiopterin]

Authors[h.li,c.s.raman, p. martasek, v.kral ,b.s.s. masters,t.|.poul os] ExpData[x-ray
diffraction] R-value[0.20] Resolution[2.24]& t;/description&gt;

&t;/itemigt;

&t;item

rdf : about =&quot ; http:// netal | 0. scri pps. edu/ renot e/ renot e. php3?sour ce_i d[ ] =9i cv&anp; anp; et

& t;link&gt;http://metallo.scripps.edu/renote/renote. php3?source_id[]=9i cv&anp; anp; metal []:
&t;title&gt;(Zn) 9icv [deposited on: 1995/12/16, revised on
1996/ 11/ 15] &l t;/titl e&gt;
&l t; description&gt; Header: [conpl ex (nucleotidyltransferase/dna) 16-dec-95
9i cv]
Title: [dna polynerase beta (pol b) (e.c.2.7.7.7) conplexed with seven base pairs
of dna; soaked in the presence of datp (0.1 millinmolar) and zncl2 (0.2
mllinolar)]
Conpound: [nol _id: 1; nolecule: dna polynerase beta; chain: a; ec: 2.7.7.7;
engi neered: yes; nol _id: 2; molecule: dna (5'-d(cpaptptpapgpa)-3") (dot)
(5" -d(tpcpt papaptpg)-3'); chain: t, p; engineered: yes; other_details: soaked in
the presence of datp (0.1 millinolar) and zncl2 (0.2 mllinolar)]
Source: [nmol _id: 1; organismscientific: honp sapiens; organi smcomon: human;
expressi on_system escherichia coli; nol _id: 2; synthetic: yes]
Keywords: [dna replication, dna repair, nucleotidyltransferase, conplex
(nucl eoti dyltransferase/dna)] Authors[h.pelletier, mr.sawaya] ExpData[x-ray
diffraction] R-value[0.18] Resolution[2.70]& t;/description&gt;
&t;/itemigt;

& t;item
rdf : about =&quot ; http://netal | 0. scri pps. edu/ renot e/ renot e. php3?sour ce_i d[] =9i ci &anp; anp; et
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& t;link&gt;http://metallo.scripps.edu/renote/renote. php3?source_id[]=9ici &np; anp; netal []:

n

&t;title&gt; (2Zn) 9ici [deposited on: 1995/12/15, revised on
1996/ 11/ 15] &l t;/titl e&gt;

&l t;description&gt; Header: [conplex (nucleotidyltransferase/dna) 15-dec-95
9ici ]

Title: [dna pol ymerase beta (pol b) (e.c.2.7.7.7) conplexed with seven base pairs
of dna; soaked in the presence of dttp (1 mllinolar) and zncl2 (1 mllinolar)]
Conpound: [rnol _id: 1; nolecule: dna polynerase beta; chain: a; ec: 2.7.7.7;
engi neered: yes; nol _id: 2; molecule: dna (5'-d(cpaptptpapgpa)-3") (dot)
(5" -d(tpcpt papaptpg)-3'); chain: t, p; engineered: yes; other_details: soaked in
the presence of dttp (1 millinolar) and zncl2 (1 millinolar)]
Source: [nmol _id: 1; organismscientific: honp sapiens; organi smcomon: human;
expressi on_system escherichia coli; nol _id: 2; synthetic: yes]
Keywords: [dna replication, dna repair, nucleotidyltransferase, conplex
(nucl eotidyltransferase/dna)] Authors[h.pelletier, mr.sawaya] ExpData[x-ray
diffraction] R-value[0.17] Resolution[3.10] & t;/description&gt;

&t;/itemigt;

&l t;rdf: Description rdf:|D=&quot ; mani f est &quot ; &gt ;
&l t; m: channel s&gt ;
&l t;rdf: Seqé&gat;
& t;rdf:l
rdf: resource=&quot ; http://metall o.scripps. edu/ servi ces/ soap. php&quot; /&gt;
& t;/rdf:Seq&gt;
&l t;/ m: channel s&gt;
& t;/rdf:Description&gt;

&l t;/rdf: RDF&gt ;
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Accessing web services

A possible problem

The client accessing the MDB web services has to wait for as long as it takes to get the results.
Thiscan bevery inefficient if complex queries or analyses are requested.

... and a solution: asynchronous access

o] Decouple the request and the retrieval of the results, to  allow scheduling of query execution to
periods of decreased server load.

o] Query result caching: if the same query is requested by different clients, it will be executed only
once.

o] Flexible result/documentation delivery. For example, an external web application can register
interest in knowing the latest metalloproteinsindexed inthe MDB, for that it will register a callback
service, amethod/protocol, and a  result format.
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Access modes

Results and
Documents
Space
(devel)

functions
(devel)
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Sync. access

Client Web Service Database
I I
I I
|

Query

Execute

Result
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Tuplespaces

What is atuplespace?[1]

"... (A) tuplespace is a shared datastore (the space) for simple list data structures (tuples). A very
simple model is used to access the tuplespace, usually consisting of the operations write (out), take
(in), read (rd) ..."

XML Spaces|[2]

"... An XML-space is a tuple-space made up only of XML-tuples--that is, a public repository or
buffer that can contain XML-tuples. An XML-space has a name, by which it is referenced, and it is
hosted on a server, along with any number of other (and other-named) XML -spaces ..."

A Sample XML Tuple

<pdb_i d>1hca</ pdb_i d>
<mdb_i d>1lhca_s1</ ndb_i d>
<netal _site>
<metal _center>
<met al >Zn</ et al >
<geonet ry>Tet r ahedr al </ geonet ry>
</nmetal _center>
</metal _site>

[1] http://ear|.strain.at/space/ Tupl €%620Spaces
[2] "XML-Tuples and XML-Spaces, V0.7" (1999) | http://uncled.oit.unc.edu/X ML/X ML Spaces.html |
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Async. access

Example of asynchronous access
We will assume that the client connecting to the MDB web services is capable of using different
protocols.
1. Web client asks for al Zn-containing proteinsusing the sgl() method of the XML-RPC server.

2. XML-RPC server returns aresult 1D to client, then schedules query to be  executed and results
stored for later retrieval.

Query is executed and result set stored using the assigned ID.

Client uses SOAP to retrieve result. Server retrieves stored result set, and formatsit as a complex
structure using the appropriate XML Schema.

W
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Async. access

Client Web Service Res. Serv. Database
|

————————————— Execute query

5 <
Y

| Result set

|
Iiet Result (ID)! >
S
Return Resulit (ID)

>
| Del Res. (ID) |
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Register interest

Example of callback registration

1.

Web client tells the SOAP server that it wantsto be informed whenever new Cu-containing
proteins are indexed inthe MDB. Gives as callback the URL.: http://www.example.com/newcu.jsp,
and wantsto recieve datain RSS format, using the HTTP POST method.

MDB Web services know how to use POST and format datain RSS, soa registration ID is
returned. ID can be used to unregister the callback, or modify it.

The following week, new protein structures are indexed. Five new  Cu-containing proteins are
found.

MDB uses the registered URL and POSTs a RSS formatted document with  information on the
new Cu-containing proteins.

Callback is repeated next week unless unregistered, modified, or if an error condition was
encountered the previous week (e.g. acritical HTTP error).
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Web Service Doc. Serv.

Register

Register
9 >

*-___--___-.___
OK Add

Document

Deliver Document

Deliver document
|

______________ 6 R'___"___“—__'b'
|
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0 MSE: The Metal-binding Site Evaluator. Performs afull analysisona user submitted PDB
structure, generating a complete report of the metal-binding sites, their geometry, first and second
shell ligands, hydrogen-bond interactions, etc. Uses our MSIT java application.

Analysis of 2sod.pdb

—| Netscape: MSE — Results of analysis of file: 2sod.pdb 2 ||
File Edit View Go Communicaior Help
(42 3 Soam 3340 & o
' wf "~ Bookmarks A Location: http: //metallo. scripps. edu/beta/nee /do_snalysis. php .|f| &7 What's Relaied

o
END OF PROCESS: Thu Jan 30 1o6:53:41 PST 2003

2sod_s1.desc

i

dite: Zsod_sl

[general]

number_of metal centers;2

number of first shell llgands 8
number_of metal ligand-atcm | bonds )
number_of _1igand-atom metal li%and atom_angles; 16
number of first_shell_h-bonds
number_of second_shell llgands 34
number of second shall h bonds;19
number_of intershell_contacts; D
number _of _intershell h-bonds;16
number _of disulfide-bonds;0

[metal_ centers]

metal_center_ 1;CU.l. D,pentacoordinated CU binding site
metal center atom_1;CU.CU.1.0

metal_center 2;EZN.2.0; Historted tetrahedral EN binding site
metal center 2_atom_1;EN.EN.

[first_shell_ligands]
# full residue name; denticity

HIS.d44.0;1
HIS.46.0;1
HIS.61.0;1
HIg.118.0;1
HOH.3.0;:1
HIS.h%.0;1
HIS.78.0;1
ASP.B1.0;1

[metal_ ligand-atom bonds]

# metal atom; ligand atom; distance; type
cu.cu.1.0,ND1 . HIS.44.0,2.0074546, M-1, bond
Cu.CcU.1l.0,NE2.HIS. 46.0,2.11031%91 ,M-L bond
CU.CU.1.0,NE2.HIS.61.0,2.2131639, M-L bond
CU.CU.1.0,NE2.HI8.118.0,2.0960212, M-L bhond
CU.CU.1.0,0.HOH.3.0,3.19681292, M-Water bond
ZN.2N.2.0,ND1.HIS.61.0,2.094699]1 ,M-1, bond
ZN.EN.2.0,ND1.HIS.69.0,2.140547,M-L bond

ZN.ZN.2.0,ND1.HIS.78.0,2.0375605,M-1. bond
ZN.ZN.2.0,0D1.ASP.61.0,1.9098946, M-0 bond

[ligand=atom_metal_ ligand-atom_angles]
# atoml ; atom2, atom3; angle; dist(1-2); dist(2-3); dist(1-3);t
ND1. HIS 44 a, CU 1 aQ, NE LHIS. 46 0, 130 2261? 2 0014546 2 11031

mna 1T =0 rrToe

? o ?356489 L H L PROPER

|

'IE_I

43 9% 9P @ \zf||

0  ClusterGeom: Java application that performs a geometrical analysis of iron-sulfur clusters ([4Fe4S)
and [3Fe4S]). Generates parameters and projections that can be correlated with cluster distortion

fromanidea geometry.
[4FedS] 2D projection
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0  Expansion of the analytical tools, to inél ucie: Chi_angle distributionsand 2D comparisons, Bond
angle distributions, Liganding pattern and parameter distribution correlations, etc.

Chi@1@-Chi @2@ distribution. All Histidines vs Zn(His) @3@X

T T T T T T T T T T T
360 |- -
A, s
300 |- o, T =
: ?% e . ._1: T -r\-\"' J.‘f.‘.
w‘-% ~
¥ e B ; l‘t' r
240 - cue - ¥ oy ]
_ 240 iy : R B
a | o L = |
g # - - &
= -' .‘- .ﬁ -
g‘ 180 — ey - 7
=L Pl J
™ - 5 < T o s
] it Ay ¥ ek Tk
120 Ry R
bof i = "
L 5. i ~3‘-.‘,. + % ]
i TR B
&0 - ¥ o Ty |
o _
| . L . | . | . L . | . L

Q &0 120 180 240 300 30
X, (degrees)

-56-



Slide 40/43

February 06, 2003

Summary

o

o

Bioinformatic Web Applications must implement Web Services. Small effort to implement them,
and high payoffsinterms of sharing, collaboration, and knowledge integration.

Use REST, XML-RPC, SOAP, or the [RPC flavor of the month]. Just keep them nice and simple,
your fellow researcherswill  love you for that.

REST isthe simplest way to share. We've been doing it since  the CGI spec appeared. No spec on
how to represent the returned data.

XML-RPC issimple, but data with complex structure might not be easy to  represent.

SOAP isamore complex, but it gives you more flexibility (XML Schemas, RPC and Document
Literal, WSDL, Service redirection, etc.)

Plan on synchronous and asynchronous access to improve performance. Consider XML Spaces
and similar Tuple/Data Spaces.

Usethe MDB Web Services. Usethe MDB Web Services. Usethe MDB Web  Services...
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Taks as Biocon 2003

o] "Integrating Distributed Bioinformatics Data Using Data Webs', Robert Grossman.

o] "Bioinformatics Data I ntegration Approaches via SOAP Web Services and XML", Jurgen
Kaljuvee.

o] "caCORE: Infrastructure for Communal Biomedical Informatics’, Peter Covitz.

o] "Best Practices for Designing XML Schemas for Bioionformatics', AyeshaMalik.

Elsewhere

o] MDB talks at http://metallo.scripps.edu/talks/
0 SOAP talks at http://talks.php.net/ (general issuesand implementations such as PEAR::SOAP and
php-soap)
0 REST Wiki at http://internet.conveyor.com/RESTwiki/moin.cgi/FrontPage
0  Article: "Do Web Services Need RPC?", Benoit Marchal,
http://www.devel oper.com/xml/article.php/1383941
0  XML-RPC specs at http://www.xmlrpc.org/
o] SOAP specs at http://www.w3.0rg/ TR/SOAP/
0 SOAP implementations at http://www.soapware.com
o] SOAP interoperability: http://www.soapbuilders.com/, http://www.whitemesa.com/interop.htm,

http://ww.whitemesa.com/r3/interop3.html
0 Tuple Spaces page at the XML Cover Pages http://xml.coverpages.org/tupleSpaces.html
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This and other MDB related talks at:

http://metall o.scripps.edu/talks
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