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Abstract The Technology Portal of the Protein Structure
Initiative Structural Biology Knowledgebase (PSI SBKB;
http://technology.sbkb.org/portal/) is a web resource pro-
viding information about methods and tools that can be
used to relieve bottlenecks in many areas of protein pro-
duction and structural biology research. Several useful
features are available on the web site, including multiple
ways to search the database of over 250 technological
advances, a link to videos of methods on YouTube, and
access to a technology forum where scientists can connect,
ask questions, get news, and develop collaborations. The
Technology Portal is a component of the PSI SBKB
(http://sbkb.org), which presents integrated genomic,
structural, and functional information for all protein
sequence targets selected by the Protein Structure Initia-
tive. Created in collaboration with the Nature Publishing
Group, the SBKB offers an array of resources for structural
biologists, such as a research library, editorials about new
research advances, a featured biological system each
month, and a functional sleuth for searching protein
structures of unknown function. An overview of the vari-
ous features and examples of user searches highlight the

L. K. Gifford - P. D. Adams (D<)

Physical Biosciences Division, Lawrence Berkeley National
Laboratory, 1 Cyclotron Road, MS 64R0121, Berkeley, CA
94720, USA

e-mail: pdadams@Ibl.gov

L. G. Carter
Beamline 4.2, Stanford Linear Accelerator Center, Menlo Park,
CA 94025, USA

M. J. Gabanyi - H. M. Berman
Department of Chemistry & Chemical Biology, Rutgers, The
State University of New Jersey, Piscataway, NJ 08854, USA

information, tools, and avenues for scientific interaction
available through the Technology Portal.
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Introduction

The Protein Structure Initiative began in 2000 and during the
first two phases of the initiative, PSI-1 and PSI-2 Centers
focused on rapidly determining protein structures on a
genomic scale and developed many tools and technologies
for this purpose [1]. The Structural Genomics Knowledge-
base was established in 2008 to provide a centralized access
point for data and technological information garnered from
the PSI effort. The Knowledgebase combined these advances
with publicly available resources to become a comprehensive
web resource intended to enable biological research [2].
Shortly after its inception, the Knowledgebase entered into
collaboration with the Nature Publishing Group to become a
gateway site to deliver editorial content as well as provide
access to the PSI data and public resources. At the beginning
of third phase of the initiative, PSI:Biology, the website
changed its name to the Structural Biology Knowledgebase
(SBKB; http://sbkb.org). The SBKB continues to offer an
array of resources for structural biologists, such as a research
library, structural biology updates, a featured biological
system each month, and a Functional Sleuth for searching
protein structures of unknown function.
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The SBKB is also a portal of portals, providing access to
discreet websites dedicated to experimental data tracking,
protocols, materials, annotation, modeling, PSI publica-
tions, and technology [1]. The PSI SBKB Technology
Portal (http://technology.sbkb.org/portal/) was established
during the second phase of the initiative and functions as a
repository for the technological developments catalyzed by
all stages of the PSI program. This web resource is com-
prised of over 250 tools and technology summaries repre-
senting each step of the protein structure determination
pipeline, the majority of which have been developed by the
PSI and are in use at PSI Centers. In addition, the Tech-
nology Portal functions as a conduit for communicating
technological advances to researchers at PSI Centers and
the wider scientific community, creating opportunities for
collaboration among scientists. Recently, the Technology
Portal home page was redesigned to present all features in
one easy-to-navigate page. In this article, we will describe
the features of the Technology Portal, such as searching the
technology pages and accessing the online resources in the
Technology Toolbox, which can be used to enable struc-
tural biological research.

Navigating the Technology Portal

The Technology Portal can be reached directly (http://
technology.sbkb.org/portal/) or by visiting the SBKB
(http://sbkb.org), selecting the Methods Hub, and clicking
on the Technology Portal link. In addition, information
from the portal can be accessed via the SBKB using a
keyword search. Once at the Technology Portal, users can
access all of the technology pages and online resources
through the homepage. Following is a full description of
the home page content and functionalities (Fig. 1).

Architecture of the Technology Portal

The Technology Portal website is hosted using Apache
HTTP Server software [3]. This web resource is con-
structed using Django 1.2, a Python-based web framework
[4] that queries the data stored in a SQLite database [5] and
displays these data as technology pages. The open source
software package, Django, has pre-developed tools for site
administration and provides a user interface for managing
database information content, such as entering new tech-
nologies, uploading figures, and editing existing records.

Searching the Technology Portal

The Technology Portal home page offers two ways to
search the technology pages: plain text and by
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experimental stage (Fig. 2a). A text search of two or more
words will automatically perform an AND search; placing
terms in quotation marks will produce results where the
words are adjacent in the text. Entering text in the search
box will perform a search of all technology pages and
return a list of results with the most recently edited pages
listed first, prioritizing technology pages containing the
newest information. Each technology is indexed by
experimental stage, so querying by individual stage in the
protein structure determination process can be used when a
more general search is desired. The experimental steps
currently indexed on the Technology Portal are: Target
Selection, Reagents, Cloning, Protein Expression, Purifi-
cation, Crystallography, NMR, Function/Annotation,
Modeling, and Dissemination Tools. Selecting one of these
categories from a drop-down menu will return an alpha-
betical listing of all records tagged for that particular
process (Fig. 2b). The user can browse the list of returned
items containing a title and summary of each technology
page and a link to the full article. Once the desired article is
located, the user can click the “More” link to get a tech-
nology page that contains a description of the technology,
figures, and information regarding publication, whom to
contact, web links, and availability, if applicable (Fig. 2c).

Exploring the Technology Toolbox
Featured Technology

The Featured Technology highlight is periodically updated
and focuses on technologies of interest to structural biol-
ogists. This section has been used to increase awareness of
a variety of specific PSI center-developed technologies;
Biosync, a widely used X-ray crystallography web resource
(http://biosync.sbkb.org) [6]; and the many robotic and
automation techniques in use at two of the PSI Centers for
Membrane Protein Structure Determination, NYCOMPS
and TEMIMPS.

Web-based Resources

The Web-based Resources section allows the user to browse
a list of technology pages describing web servers or web-
based tools that can be employed by structural biologists to
design, predict, and model results. Over 50 technology
pages detail and provide links to online tools for designing
[7, 8] and predicting experimental results [9—12], compar-
ing [13, 14] and annotating protein structures [15-17],
ligand binding and searching [18, 19], modeling [20-22],
data analysis and management [23-27], and more. This list
includes technology pages detailing databases for designing
experiments [9], modeling [20, 21], and determining func-
tion [28, 29], as well as the PSI Centers for High-
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Fig. 1 The PSI SBKB
Technology Portal home page.
The access point to the website
has several useful features
(clockwise from the top left):

a Main Menu containing links
to the main features of the
Technology Portal and a quick
keyword search box; b Search
area allowing users to access
information by keyword or
experimental step; ¢ The
Technology Toolbox,
containing a dynamic article on
a featured technology, and links
to web-based resources,
technology pages, the
Technology Portal YouTube
channel, and the Technology
Forum group hosted by the
Nature Network; d The PSI
SBKB Main Menu linking users
directly to myriad resources that
are encompassed by the SBKB.
The Main Menu and PSI SBKB
Menu are static and show up on
all pages to allow users a
shortcut to other information in
the Technology Portal or SBKB

Home Page
Technolegy Forum
SBKB YouTube

Web-based
Resources

Tech Websites

PSI:Biology Network

structural biology
update

targets

protein structures,
sequences, and
function

models

Welcome to the
PSI:Biology Technology Portal

Discover the latest technologies and methods used in high-
throughput structural biology efforts. Search - Learn - Get ahead in
your research.

Search the Technology Portal u

Search over 250 technology reports by text -or- browse by experimental type.

lsplen an experimental step :' ()

search by text, e.g. 'vector’ submit

methods
publications
about this site
about PSI

NPG resources

Questions or comments about this site? Contact the administrator at psi-tech@lbl.gov.

Featured Technology

Automating the Structure Determination Pipeline:

Advances by Two Membrane

Protein Centers

Web-based Resources Technolog

Find useful websites and online Explore the technology websites
servers that you can use to design, that are maintained by PSI:Biology
predict or model results, Centers.

Browse the Resources Access the Sites

Tech Videos Tech Forum

Watch videos of new technologies in
action on YouTube.

\(iI'l Tube

Ask questions and get updates on
the latest technology.

nature
Join the Forum

New!
Like us on Facebook!

Privacy policy | Terms of Use

Throughput Structure Determination structure galleries
[30-34].

Technology Websites

All four of the PSI:Biology Centers for High-Throughput
Structure Determination maintain web pages describing the
software, tools, and other technologies they have devel-
oped to relieve bottlenecks in protein structure determi-
nation. In addition, over half of the Centers for Membrane
Protein Structure Determination include technology and
methods pages on their websites that describe advances in
expressing, purifying, screening, and determining struc-
tures of membrane proteins. Clicking on the link in this
portion of the Toolbox returns a complete list of the

technology links on PSI Center websites, allowing for easy
access to more information and the opportunity to browse
the technologies in the context of the full scope of distinct
high-capacity structure determination projects.

Technology Videos

The PSI SBKB Technology Portal has established a channel
on YouTube (http://www.youtube.com/user/sbkbtech) to
house videos of technologies related to various stages of
high-throughput protein structure determination. Presently,
there is a movie of a large-scale fermenter in action [35], as
well as narrated demonstrations of technical advances in
crystallography [36-38] and NMR [7].
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Search over 250 technology reports by text -or- browse by experimental type.
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Joint Center for Structural Genomics

Processing of the cefl pellets through affinity purification is performed with a custom
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More.. | Related ariicies
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PSI:Biclogy
Network

Description

Knowledge of the detergent concentration s critical for cotimizing 20
crystalization, This concentration can be measured using i Box, 8 device
that determines the contact angle of a drop deposited on Parafilm as described in
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can b used to record pictures of the drop.

structural bilogy
update
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detergent in the sample, Software sctions avallsble for shape measurement
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based program calied “Xirace Drop”, and a Matiab-based program called “Drop
Shape Analysis for Detargent Concertration”. TEMIMPS website a0 can be
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Picture of a drop before and after tracing its profile and determining the contact

angie with the substrate. The red li the baseline of the substrate. The
green circke shows the elipse fitted to the drop, The yellow dotted lines show the
width and height of the eflipse and pink bnes show the contact angle. For this
drop, width to height rabio has been measured at 1.46 and contact angles at
4.6 degrees,
Publication

Kautmann, T.C., Engel, A., Rémigy, H.-W., 2006. A novel method for detergent
canoesiratian deterTination, Biophys. 1, 90, 310:317, Pubmed 1D 16214851
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Fig. 2 Highlight of the main search area and example of experi-
mental step search results. a Close-up of the Search area from the
home page showing the experimental step drop-down menu, with
Purification highlighted. b The first page of results received when
choosing “Purification” and clicking “Go” on the main page. Each
experimental step results page returns an alphabetical listing of

Social networking

The Technology Portal has several opportunities for social
networking. The PSI SBKB Technology Portal Forum group
(http://network.nature.com/groups/psikb_tech/) is hosted on
the Nature Network. This forum provides a place for users of
the portal to connect on a professional level, get more
information, receive email updates of technology posts, and
to ask the community questions about structural biology
technology. The PSI SBKB Technology Portal recently
established a Facebook page (http://www.facebook.com/
pages/PSI-SBKB-Technology-Portal/209476552428114?

@ Springer

technology pages displaying the title, summary, and links to the full
technology report and related articles. ¢ The highlighted page is a
typical technology page and contains the following sections: Title,
PSI center, Summary, Description, Figure and legend, Publications,
Contact information, and a Link

sk=wall). This web page allows for the Technology Portal to
communicate information about new content or other
changes to the website directly to users who have “liked”
the page. Participation in these social outlets makes it pos-
sible to establish a line of communication with users who
have indicated interest in learning more about technologies
that can be useful in their research.

In addition to these opportunities for information
transfer, all technology pages can be posted to social net-
working accounts on Facebook, LinkedIn, and Twitter,
allowing scientists to share what they think is interesting
with their friends and colleagues directly from the
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Technology Portal. The pages can bookmarked on Google
and del.icio.us for easy access from the browser at a later
date and each page can be shared or recommended to a
wider audience on stumbleupon, reddit, and digg it.

Menus

The home page has two menus on the left-hand side that
are accessible to the users regardless of which page they
are viewing: the Main Menu and the PSI SBKB Menu
(Fig. 1a, d). The links in the Main Menu provide an easy
way to quickly navigate back to the home page or access
the Technology Toolbox pages from anywhere in the
website. Another handy feature of the Main Menu is the
text search box that can be used to perform a quick key-
word search from any page of the website. The PSI:Biol-
ogy Network link allows users to peruse the list of
PSI:Biology Centers and Consortia for High-Throughput-
Enabled Structural Biology Partnerships and navigate to
their landing pages housed on the SBKB.

The PSI SBKB menu is similarly available and gives
users the ability to hop to the SBKB for further information
or tools. Once at the PSI SBKB, the user can still access
information in the Technology Portal by performing a
keyword search on the SBKB home page.

Synergy with other PSI:Biology resources

The Technology Portal works closely with two other
PSI:Biology web resources by using link-outs to connect
useful information between sites. The first collaboration was
established with the PSI Publications Portal (http://
olenka.med.virginia.edu/psi/), which contains all publica-
tion information and statistics for the more than 1,600 peer-
reviewed articles that have been published by the PSI over
the past 10 years [1]. If a publication listed on a technology
page can be found in the PSI Publications Portal, the user has
the opportunity to click on a link to search that website for
further information about the reference. Reciprocally, all
descriptions of articles in the Publications Portal referenced
by the Technology Portal contain a link to the appropriate
technology page. This allows users to access more infor-
mation about a given technology quickly and easily directly
from the Publications Portal.

Crosslinks have also been established with the other PSI
resource center, the PSI:Biology-Materials Repository
(PSI-MR, http://psimr.asu.edu/) [39, 40]. The PSI-MR
stores, maintains, and distributes PSI-created protein
expression plasmids and vectors. As of October 2011, the
materials repository has over 50,000 PSI plasmids and 85
empty vectors available for distribution. Several of the
technology pages are dedicated to describing the different

types of vectors designed and used by PSI Centers [41-47].
Each one of those pages informs users that the materials are
available from the PSI-MR and provides users with a link
to the page that describes these empty vectors in more
detail or takes them directly to an order page. In addition,
at several points on the Empty Vectors page (http://psimr.
asu.edu/EmptyVectors.html), the PSI-MR directs the user
to the Technology Portal for more information and pro-
vides a link to the appropriate technology page.

Conclusion

The Technology Portal is a resource dedicated to capturing
and highlighting technological advances that are instru-
mental to enabling structural biological research. This is
accomplished by maintaining a dynamic web site, inter-
acting with PSI Centers and members of the wider scien-
tific community, and using the web portal to disseminate
knowledge and provide tools scientists can take and use in
their research. We welcome feedback from the community
at psi-tech@lbl.gov.
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